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1.1 iR

Java MU IREIEE, B2 H—RINT AN RIS RS AR, X
AR IR T 528 0 TR R BT 6 B SRR, JE 2N TFIR AR
i BEAAG. DUIRS . KRS EMEE, WA 1R, EASH, Java EAKER
BT T 900 ZITHRIFIF &AL, BORSIRBARMRIFIT LA, #H Java KBEZEILT
fe6, B 1 LZ AN AL, 30 LB HRE LI TR e, BRAZHEE
£, URKEITE. FOREAIAbR &,
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Devices
GlassFish
Desktops
Phones
Televisions

Participation

P 1-1 Java BEARMIZ A

© UM R avafy) &1, EfIKRET: hip//www.java.com/zh_CN/about/,
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Java BEIRAG AT IZ AT, BR T BT — VAR P TR 1 X RS R 25
ERVEAT AR . SRR TP AR, ST “—RERY, FLERT 1
FAE ; EAREE T MERE 0 R AE AT AL, B OR T ABKIR A () A R AR
RS BT R A AT G R Ak, XA Java BT RB AR 27T 1)
MRS E R O RE B RSN, A ROk A B AL AR
A X (955 = 7SS R A B SCBAS A BE I DO RE -+ - Java B OF ) X 26 47 A BT (K F S
HMEBE TRRO BT MEH—F Java BIF R, ERTEFHR TRELE Java 1957
RS, ERFFE T BB —F Java SRR Px se BRSNS A IABLX
BRARZENAR, £ACES “BIFHEEARG” OEMMETR. S0/ —F
HARR, MRAERS A MMAREEBXLFAEOER, BAREFAT RR 6
Bt

ARSI BEE I Java FA PR EE MARRAF IR SUIUREE. fEAREd, RATEE
KR Java BRI RN ALK Java B BRAERIAR KA KBRS

1.2 Java BAREER

M= LY, Clojure, JRuby. Groovy %z T Java B b (93 5 R HAH K RTHD
JRT Java AR P — R MRATAELRE XL LA, Sun BIHTE X Java ARG
FEUTF LR :

Q Java BFRIHES

Q SFEELFF-£ L Java HEIUHL

Q Class ScfFzt

Q Java API K[

QO Sk B LA FF IR IX (955 =77 Java 257

FATATLUSE Java BFRIHET . Java AL, Java API 258X =445k N IDK (Java
Development Kit), JDK &l F3CHF Java BF I & /N3 EE, fEfREMAMAS, R Tk
WITE, H—LedJ7 22 L IDK KAV BA Java HARIKR . 554, ATLUE Java API 2R
Java SE API T45H Java HERIHLX F#E4H 6454 IRE (Java Runtime Environment), JRE &%

© DK 1.7ffyJava SE AP http:/download.oracle.comyjavase/7/docs/api/.
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1 Java BRFFEATIOBRAEFRBE. [ 1-2 7R T Java HRER TR G 9M %, LIK IDK Fil IRE
TR i

P 12 Java BARRR I FHINES

PA L SRAR A A RS S BERHEA T RIAM 0, A SR TRBOAR BT AR 55 (0 SR R %, 5%
HULAE IR Java BOARGTEM T A 5 TURRISY, Java ARG K 4 SFH, S508:

Q Java Card: SCHF—4 Java /MRFF (Applets) BITE/NNTFRE (IERER) ERIFA.

Q Java ME (Micro Edition) : X Java BIFIZ/TEB LN (FHl. PDA) LHFE,
Xf Java APLA FPHETAT, JFHIA T $F 3B ShECHRIO S RE, X MRAARTFR A J2ME,

Q Java SE (Standard Edition) : SCRFTH [ 5 Fi 408 (4 Windows T (R B FIRRIF) 19
Java V65, 424 TSEREAY Java Bl APL XA LIRTFR Y J2SE.

Q Java EE (Enterprise Edition) : SZH# L R4 MM 4L (4l ERP. CRM REFD
) Java P 7, BR T 44 Java SE APISb, iR XM T KA H FEHFRAE T HE I
B, XASRAARTRR S J2EE.

© ER B http:/download.oracle.com/javase/7/docs/ .
© XLy R—lhjavax HEREE, Tilljava* K04 M @A LIava SE APIRIBL LA, fH TN, —&6
HRGRY RAMAPUR KA T Bobotd, BB ET S T A Djavax 0% .
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1.3 Java ZRE$E

S —A Java RiASHEA: BISIAE LA 18 SEMIRTIR] T . eI SR —hiE], #5018 4Ead %
T, fEE 13 FiR R EL S, RAIER DK ELRRET 1.7 8. fEiX 18 4F R4
T IHOH Java ARG BORFBRAE. BUAEERATEAR EREE, WZRH Java ifiH HEd
RIFEh, FRE—T Java f9 KBS LT .

22
= “playoround”
(1998-12-04) i
ase1s T o
_ Oaktolava  astetson fra]
(1995-05-23)
" aoos o

1904 1995 1098 2000 2002 2004 2006 2008 2010 2012 2004 | 206
amses
. mat1 Ja
(1997-02:18) ~ awerzan . Jaass
st s (2013% 5K
. Jaale L e
(1996-01-23) o9 = JaasE9

B 1-3  Java HAR KRR AL

1991 4F 4 A, i James Gosling - F 4R i1 (Green Project) FFifJHZY, iritR)
9 H R FF R —FR B TES AR R T8 (L&, KA. BOELA) LEfTiiF
B, XAHRIB SRR Java IEF MRS : Oak CRAP). Oak MEI7ZEIN 2G5 L3RR
S, {EBEE 1995 4E KRBT A GE, Oak REIRE THOEA H B KR TTHE M IFAE
K Java .

19954 5 4 23 H, Oak ifFHB4& N Java, I HAE SunWorld k£ FIER K Java 1.0 i
A, Java il EH—WIRIL T “Write Once, Run Anywhere” fJI15.

1996 4F 1 A 23 H, JDK 1.0 %75, Java iE&HA TH—MEXBAMEZEITHE. DK 1.0
LT — AN ARERAT) Java BEHIBLSCHE (Sun Classic VM. JDK 1.0 BRAHIRFH AL
Java HEfIHL. Applet. AWT %,

1996 4F 4 F, 10 M5 2 9 AR R GEGLR 7 A WD HEZE L7 B iR Java BER . [I4F 9
A, BAKL 83 TAMIBIHT Java BARRHIE. 7£ 1996 4F 5 AJE, Sun AFFEEIAL
L1247 T ) JavaOne K4x, MU JavaOne BH 2t FEE T Java 165 T R H BE—EHH
R,
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1997462 A 19 A, Sun AR ZALT JDK 1.1, Java HeoR f— 26 B S Rl 132 508 (0
IDBE %) #BRAE IDK L1 AR LAH, JDK 1.1 RRETEARES « JAR S, JIDBC.
JavaBeans. RMI. Java it T—EMA R, WNERZE (nner Class) R (Reflection)
HB A XA R L A

HF 19994 4 A8 H, IDK 1.1 —3E&H £ 1.1.0~ L18AAREA. N L1425, &
A~ IDK EA#A - BEMAF (FRRE), 45124 ~ IPK LE4 - Sparkler (547). JDK
1.1.5 - Pumpkin (#§JR).JDK 1.1.6 - Abigail (PR, % T45).JDK 1.1.7- Brutus (i3,
WP BBORFFKGE) HIDK 1.1.8 - Chelsea (HI/RVE, Ii45).

1998-4F 12 4 4 H, JDK ik F— N EREMA MR A IDK 12, T8-S X Playground
GER - Sun 763X A A P8 Java SR RIF 4 A3 07, 4 HIER I L i B FHF
& H9 12SE- (Java 2 Platform, Standard Edition)s Tl A5l % FE % i) 12EE (Java 2 Platform,
Enterprise Edition) HIH APl 314 5 FF & (L J2ME- (Java 2-Platform, Micro Edition). 7E
AR R B (R EVER R IER £, W EJB. Java Plug-in< Java IDE. Swing %, Jf-HiX
A A Java EBAUBLE —WAE T JIT (Just In Time) 4328 (JDK 1.2 *F 348 3 11
UBL. Classic VM. HotSpot VM il Exact VM, F{H Exact VM HU7E Solaris & th 8Lt ; J&
TP EABLAR R B JIT SRR 60, T ZATARAFTAT Y Classic VM RUAELISMEERITE R
JIT 4i%88). 7EIEFH M APTESI L, Java IINT strictfp SLRF 5 HALE Java BTS2 F ok M ¥
FH#—F 5 Collections A . £ 1999 4F 3 A7 A, 454 IDK 1.2.1 A1 IDK 1.2.2 B4
AINAS A

1999 4£:4 4 27 H, HotSpot i il #L % 7, HotSpot & #] B — % % H “Longview
Technologies” f/NAIFF&, % HotSpot IR RH, X F/A FLE 1997 4E4 Sun 24 Al
W4T . HotSpot EEAIHLE AR ZES IDK 1.2 MIKINEF U, ERERNT IDK 1.3 B2
J& BT RiAS 9 Sun JDK BYERIAREAIAL.

200045 A 8 H, TS5 K Kestrel (EMLH) 19 IDK 1.3 KA, JDK 1.3 H%F T
DK 1.2 B E ERIUE SR E b (B8 SERETAY Timer API%F), JNDI fiR55 M JIDK
1.3 FFERBAE D —T0F & SR 4 4246 (LUAT INDI{L{UR — 34" &), {fi/Hl CORBA 1I0P 3
B RMI BB ML, %% . BARASEXT Java 2D # TRBBGE, R4 T KEFTH Java
2D APL, Jf B340 T JavaSound 26 /. IDK 1.3 4 1| MEIE A IDK 1.3.1, TRREN
Ladybird (¥(#), F 200145 A 17 HEA.
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FM DK 1.3 FF4, Sun 465 T4 . KARMR4E & i—4~ IDK (9 E/MA, A5
Prtirsn, W] KA 4B TERRAS U LA R A b TR B

20024E2 A 13 H, JDK 1.4 %75, TA{LS % Merlin (K54 ), JDK 1.4 /& Java 51
IEGE [ SRR — M4, Compaq. Fujitsu, SAS. Symbian. IBM %3 4 /A 6l 84 2 55
FESH A CHMOL A IDK L4, BRI+ ZER ALK, IAE L LW (Spring.
Hibernate. Struts %) fiE i HEAT7E IDK 1.4 2 b, 3 9k5E % 7 6351776 IDK 1.4 1 (9RR
Ao IDK L4 FRERAT TAREH AR, MIENFAR, SuE. NIO. HiE%, XML
FRBTAEH XSLT #4855 IDK 1.4 A REIER : 20024 9 16 H &l TAMLE X
Grasshopper (#F4E) (¥ JDK 1.4.1 552003 4F 6 A 26 H £ 43 9 TR S K Mantis () fy
DK 1.4.2,

2002 4FRJEE KA T —1F45 Java WA EHEXR, (HA05 1% Java 1% B0 A
SR, AR A/ R NET Framework 74 To AT R ARSI 152 HARFI
LY Java HIREHLE ZALHGBAR TG4 Java #K TRZITE. HEMZS, NETEGM
Java -G Z B KBRS B9 E) B A4 ekt .

2004479 A 30 H, JDK 1.59% 4, TS Tiger CE£E). MIDK 1.2 LI, Java e
AR LR — AR/, T DK 1.5 7€ Java 95 FIME A T A KB RGHE . Bi4n,
A, R, SR, M. AEKSK. BB (foreach fEFF) 4B
JREAEIDK L5 AR . fEMEBLAI APLR T L, XAREAMHE T Java AR (Java
Memory Model, IMM). 4T java.util.concurrent } &%, 54b, IDK 1.5 27 AT
LA H Windows 9x V- & BIJ5 — 4> IDK KA.

20064712 4 11 H, JDK 1.6 %4, T8RS Mustang (B 3). 7EXAREA S, Sun
445 T N IDK 1.2 FF 4 EL 4047 8 4% Jfj St ) J2EE. J2SE. J2ME (96 4 73X, i Java SE
6+ Java EE 6. Java ME 6 fyfir# 7730, JDK 1.6 fORGHEAAE - RUSHAES L% CAdAE
Mozilla JavaScript Rhino 5195050 . #{#t4%i% API A HTTP %38 API %. [N, X4
HEAXY Java MEABLI L T KR BCHE, AEBIS L . HE RERE H BE A

© IDKALSHATS, BHEER O S FELARRHMMERIDK LM%, D4R R AR
FFRMEAS (Developer Version, {filfiljava ~versionfii#fit) shAUKLERILS. 1.6. LIRS, TATFAR
A4 (Product Version) WM HIDK 5. JDK 6. JDK 7HIfr4J7 %, AHH T35, FiAissad—R
FFRIAS W IR
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ML Z .

72006 4F 11 7 13 H ) JavaOne k£ I, Sun /A B A s 2 24 Java JFUR, JFAERESR
H—ELnElP, BigiH JDK #9443 7E GPL v2 (GNU General Public License v2) #ill
TFATFT IR, FFEESL T OpenIDK 44U K s RS AT IS B o BR T b A ik 7 AL
(Encumbered Code, X#SHMUTIAR L2 Sun A S TALMRIEATIFIRAL A ) 4, OpenIDK JL
P44 T Sun IDK 94 #LFS, OpenIDK fffi it £ 43R, 16 DK 1.7, Sun JDK Fl
OpenJDK B T BSOSk IR B 2 4k, (RIS REA 582 —FE, FTLA OpenJDK 7 5 Sun
DK 1.7 A _F g2 ] — AR TP 2 077

IDK 1.6 £AG LA, TIPSR, JDK JFIR. JF% JavaFX. Z¥FfEl K Sun
WORHFIA, Sun 1€ IDK RRELASMASHS EFESR TRZ VIR, IDK WS A AR RIAE
Kt —A ERIAH S RHSE . JDK 1.6 F) H T4 1k —36 %A 7 37 4 Update A, 18 iR
7} Java SE 6 Update 37, F-20124F 10 A 16 H %Afi.

2009 462 A 19 H, TS Dolphin GEIK) 9 IDK 1.7 52 T HA— 4 HERMARAS .
AR5 IDK 17 SRR, —3LE T 10 A AR, FUR— A BEEARTRIT 2010 4
9 A 9 HESH, HlFAFER, JDK 1.7 A REE 7R .

M IDK 1.7 PR S RERLRIR TR, EAR R — ML F P E EE Y IDK I, Hep
1) Lambda T H (Lambda %A REGRSTR) . Jigsaw TH CGRIWUBHILSIR ). 3hiHE
H X H. GarbageFirst W4k 851 Coin i H GEF MWD FFIHX T Java L FHE =4
GOLHIEE . 15 JDK 1.7 FFR I, Sun 2 5] b FARARAE R SE SR 35 5 ARG AR,
23R PRSI AR 5 (AT eS0T 6 3%, B2 R0 4fESh JDK 1.7 MR TARRRIEH 1R 47 .
N T RREEH IDK 1.7 K “BESE” (9L Oracle 24 R Sun /ARG AR A E Ak AT
“BHRI”, KERIRDYT IDK 1.7 BisE AR, LMEGHE JDK 1.7 9 IERRRAES T 2011 457 A 28
H i A . “B iR 7 AR eI 52 Y Lambda T H . Jigsaw 35 F il Coin 351 H #3432
HEIERP| IDK 1.8 2P k%, JDK 1.7 i EZBHHE - REUHTH G1BUIES (G1 kA
A HR SR 4b F Experimental RZS, FLZ 2012 4 4 A (Y Update 4 A TER “F41E7). Mm@tk
Java EF TSR (JSR-292, SXIURHER] F TN LKA BT IERD . FHRAEME
B,

FHATAIE, JDK 1.7 4% T 94 Update fiiA<, ##if¥ Java SE 7 Update 9 F 2012
410 A 16 H & M Java SE 7 Update 4 i, Oracle JF 4 3§ Mac OS X #1E &%, IH7E



E1&E FEifJava 9

Update 6 FkSI5¢ 4 FFMAAE, RN, 7E Update 6 T3 X ARM 52 M T S0 5.
i, FIATHEAY JDK AT LAZEFT T Windows (R Windows 9%)+ Linux. Solaris il Mac OS
A b, HF ARM. x86. x64 Al Sparc 1A HLEHAAY,

2009 4 4 J 20 H, Oracle 2AFE A EK L 74 AZETTHIMHE I Sun 247, Java BitRM
M IESUH Oracle i (Java il 5 A S I AR THRIEARIFTA, £ JICP HLWHTER, RYE
JCP EZ S Sun 24 ] S F $E Oracle 2 W AU ). H T IAET Oracle 24 5 B £ 1 53 5b

~F R P Ak BEA 247, TESEMY Sun AR BB JE, Oracle /A 743 5| M BEA

A1 Sun ELHE 1 H AT = KR BB IR - JRockit Fl HotSpot, Oracle 22 ) & Ai7E A
K 1~ 2 4R M EIN, R ANME S (R PL AU MG, B A, WA
ARHHER, Java B BIBLE AN 7= M E KRB

4 Oracle B A HRUEM(FE, JDK 1.8 #%5— A ERAKETF 2013 4E 9 H %75, JDK 1.8
2 AAEAE JDK L7 PRI, BIZREETE IDK 1.7 PR AT, B Lambda %k,
Jigsaw (fRAE, BfiJF Oracle A7) X E 4 Jigsaw £ IDK 1.8 PIRATILEM, FHELESE IDK
1.9) #1JDK 1.7 R EIE—#4 Coin F.

AE 2011 41 JavaOne K £ I, Oracle 2A #1032 8] 7 JDK 1.9 BT R, A% M
Java HE SUDLRESS AT B0 GB 10 Java HE, RESSH BB S A MAREIAE R, 3 A4 Java
WHLETTRHS AR AT, fB6E A shil .

1.4 Java BRHERSE

bW RATAEEA Java AR ABEMIET Java HEARINEE, 5 X Java FIF RER L%
B E 5 Sun 24 R HotSpot B fIHLAE FIF fF, tiFifA — SR ¥ B &% % BEA
JRockit Fil IBM J9, {HXF JVM AIABUR (UL RAT Xt

M 1996 4] Sun 23 7 % A B JDK 1.0 1§72 & 9 Sun Classic VM 814K, 1 £ 3L
R V2 o e O oA L O MRS B, X — R, FRATTSE LIRS S AR AL
T, —ER M Java BEIHLRIKI K RS LB,

1.4.1  Sun Classic / Exact VM
UG RIGYAMAA, Sun Classic VM HTEARFTREARIEA, 3 SRERHIML A dir o 7L .05

©  “HotRockit” S H ¥ XAM4R: hitp://hirt.se/presentations/What ToExpect.ppt.
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{EALSEE “HER 55—k RTH Java AAL” (9367, BLEGA L RiCHE TR .

1996 4F 1 H 23 A, Sun 2% 7 &4 IDK 1.0, Javaifi & B R HA 1 W A0 ENE47 5
B, XA IDK P T B BUMLAL & Classic VM. XK HE 4L R Al A Al i e 2% o7 sk BT
Java fUFS, HOMLEEA] OIT SRR, RRAAATHEATAMEE . (RBANSMNE T T GRS, NT R
BT EE TIRIMABT RS, MBS EARE TR T . HPEX KRR LT java
-version fir4, HF&E BT EX T4 -

java version "1.2.2"
Classic VM (build JDK-1.2.2-001, green threads, sunwjit)

HoAH “sunwjit” AR Sun BELEISMEERIERS, HAL2 A9 SMER IR RIEA Symantec
JIT Al shulIT 2. FRERERS A G IF R A RERC & TAE, Xk ROBRI G0 SR 2 I 4 R 25 34T
RERRABAN G-I BITREEETHE. MLRENRITHRRRE AR
PRAH A TR P RN ] A PR, XSGR A AR A S A R RN R R A R A A,
R3S B B s SLLED G A T JIT 4R5F 854 A AR, BUTROR AL SER) C/CH B P
FARKER, “Java iBFRIE” #9IERBETEXIHEIT URTE R P O R ST R A

Sun (¥ HEALLHL B BA S5 7 22 2 Classic VM I i 9 4% F I R, $2THE1720%. 7€ IDK
1.2, $7E Solaris ¥ & KA it —# 4 4 Exact VM BIEERINL, EHPITRECLAEHR
AR ATE . AR IR SRR . P SRR A TAERAS. Exact VM
Al e R N AEAE B (Exact Memory Management, i 7] L4 1 Non-Conservative/Accurate
Memory Management) 754, I 1AL AT LI S Py 77 o 564 B 09 o8 B A 4 2670
BEINPIFE A — A 32 (LB R 123456, B ERIE— reference K4 1] 123456 H) P77
HEB R 123456 AORE R ERIBLIG A B A Bk, XHETREZE GC (Risligs)
BRI b SRR TR AT AR B . o FAE TR AAF A EE, Exact VM ATIX
HFFLLBT Classic VM 2T handler MR AR CRERMEFT GC G40k AT fE &9 5)
frE, EKHLAE R 123456 MIX SRS EIE) 654321, 1E3A WIHHE BRI NTE IR iE R
reference fYRTHE T, MERINLRARBUE WA R BTA b 123456 HIMETOR 654321 1, BTLAZMA
AIRHARFF reference (HAURESE), BHEBYCE MM RAA T —KIEERIOFFH, RIANIT
.

B A Exact VM IIBAR MRS Classic VM U5t TIF%, ([BRERMA ERFETR
ST 1 ) BB 0 75 1) HotSpot VM BTIRAY, #4283 47 48 B R A Windows Fl Linux
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& F I RIMAS. T Classic VM B4 A 1M A XEE TF%, B 48 JDK 1.2 Z R/ Sun
DK HifE—fY ML, 12 JDK 1.2 1, &5 HotSpot VM 347, {EBRIAEAIRIR Classic VM
P AT java-hotspot ZEUE)#: % HotSpot VMD, Tfii7E JDK 1.3 Bif, HotSpot VM i ERIAKE
L, {5 Classic VM {ifE N HEUBLE “HRIBEEE” R4 ([ java-classic U1, HE|
DK 1.4 fIFH&, Classic VM A 582038 R BRI T sh #8655 5 Exact VM —&HA T
Sun Labs Research VM Z 1,

1.4.2 Sun HotSpot VM

#ii2 HotSpot VM, Al 15 I 47 Java #2 )5 51 #6158, & J& Sun JDK #l OpenIDK 1 Ff #f
1 f 0L, th A AT AE AV R (9 Java RO, A —E A ABALGEMRE, XA48
BIERR “MGEIE" (BRI EH Sun AFIFE, MRH—%KHAN “Longview
Technologies” [¥/VA R ; B EXARMPLEA RN Java IBF M EE, ERIE
F Strongtalk VM, X MEALHLH A 24 2 BH AR SURSRIR T— 3K 5 Self iIFH L3 “3A%) C
BH 50% AL MBATRCR” 89 BARTS AL, Sun A AR S T XK ELWLAE T %
¥ EAWBMFE NI SMEERFCR, 78 1997 SFWH T Longview Technologies 247, Mgk
37 HotSpot VM.

HotSpot VM HE4k & T Sun 2 5 B AT EEUPLAG DA (LR 4R BI M AER R N8
), WHFS ACHEARMS, M &FRH HotSpot 119 # & & MBS RIS HWH A
CHSEPA VM 367 AP S2 7 6, HotSpot B R§ R —2&, HotSpot —JFHARE 2 M
K GC, T Exact VM ZH1 1.4 5 HotSpot JLF —FE A S HM. T Exact VM Al HotSpot
VM BBA~ 4 Sun EELFF VM =44, 7E Sun 24 &) A E8IE A i %18, HotSpot 71 Exact
HARREFEA ERHEFD, HotSpot VM 3 £ FRFBHRIN Al F1 7T LAE T BT RS 4R e BLAT
SR RIS, SRS AN TIT S5 PER8 IO M N BT AT AR . R — A ISR R
SO REAR S, W2 B AR AR A OSR (R L #R#0 SRiFahfi. it
EAR5 R AR XL B I AR, AT LA U0l S e i 1 o V) 45 5 A AT 1 B PR BUAS - 4,
T EL AN A R4 1 A B DRA TR S, BT 48 R B (6 3 AR/, R B 5
ABELHRBRAHER, 4R R R A UFS .

AE 2006 4E () JavaOne K£x |-, Sun /A 7] B A B 240 Java JFUR, FHAEBAJG 9—4F, R
Lo¥ IDK M-S CHA MRt f04% T HotSpot VM) 7E GPL B FAFF T U3, H7El
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SERY |- £#37 T OpenJDK. 3XFE, HotSpot VM i T Sun JDK I OpenIDK Pk BUH B #:
AL TDK T H (R34 L.

1F 2008 4EF1 2009 4F, Oracle 23 74> HIU W3 T BEA /A H] 1l Sun A 7], X #¥ Oracle ik [F
A T PIKPEF 10 Java BEHIBL : JRockit VM il HotSpot VM. Oracle /A R E A 7E AR A 4
K CRZRAERA IDK 8 (IBME) 258 BUX PR IPLI & THE, (MBI o
Jr R KF b A HotSpot (UAERE |-, ESH JRockit (OEFHHRFE, AN TRockit (113 I
#%5 MissionControl fI[t45, {{iffl HotSpot ) JIT 4% SR A MBI TR R %

1.4.3 Sun Mobile-Embedded VM / Meta-Circular VM

Sun 23 7 BT % ) b L AT AL AT A4 A AR 95 2%« LT SR R R SOAL, B
5b, Sun AdIEXMBEFRARN G, WEALBII G, FHIEH LB, £t
ZABHEA R H i, (UCRRITRIE. RIERMBR A, o A — i
BRI, 3046 e LML T A5 A SEAH K SUBIT K 1 Java BRIF 5K A 7T G LU B 4 -
Sun 247 KA A Java HEAILA -

(1) KVM

KVM 1 K & “Kilobyte” FIRE, TIRFAM N, Rk, SETHBM, HRETHE
BEHBM . 7 Android. iOS 4 BB FHLERME R4 BT L1 FHLF & LA B2
IR .

(2) CDC/CLDC HotSpot Implementation

CDC/CLDC 4 i /& Connected (Limited) Device Configuration, 7E JSR-139/JSR-218 $i
FHPHATE X, EREETH. BF4. PDA iR LE# % Java ffRHE N, il CDC-
HI VM Al CLDC-HI VM W2 Ef 1 —H B %5 . CDC/CLDC 44 Java ME Y EE 324E,
{HA H i Android F1i0S 43K F B SBF B & H A %, EXAGU, Sun MEERIHL
BT T RS A 0 B 9 48 0 T AR 0

(3) Squawk VM

Squawk VM Hi Sun A7]FF %, 3Z1TF Sun SPOT (Sun Small Programmable Object Technology,
—FhFF WiFi 245D, i 2581 F Java Card. 3X2— Java A0S HL AR A KA S UL
B, HPIEIMAIMARAS . FHIRIERS . RIS AR, SRR AR IR B AR
Java IEE ARG, DU CIEFRRT A VO MLEHA T .
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(4) Javalnlava

JavalnJava £ Sun 28 7 F 1997 4~ 1998 4F [l 4 1) — 4> 9 Bo & vk B g #0U6L, K44
FREATEAE M, R L Tava i RS I Java il A BHINGETTIREE, BERTIHNG “ LRI
(Meta-Circular, REMAIES A SREIIGETHRED . ERIUBITIES S A1 LB
Lk, AR NIT HIFES, AU AELUR RS BUAT . £ 20 HEAR J2 3 Java IERIBLAR A
REMRATARRAERE IR, FFRIXFOIE , AT U AT AR

(5) Maxine VM

Maxine VM il LTI JavalnJava JE 5 AL Bt e —IJLP2EEL Java (RFGLH (R
AT RS VM KBRS CIRFHRE) K ITIRI Java HEAUHL. 34900 H T 2005 45 FF
I, PIMERIERBZ Y, il Javalndava, Maxine VM $ER 73 “§Eil” RE, AL
1 IIT GeiF S ABER IR (HRA MR, TER AR B F T, HET s
ELZ4%E T HotSpot Client VM fy7KF-,

1.4.4 BEA JRockit / IBM J9 VM

A28 T Sun A R4 FEIPL, BR 7 Sun AwlLASh, HARHLL. A RMHFE AR
HERWLSEE, HehHBLRR . BE A MR BEA A IBM AR T .

JRockit VM 925k “ 5 - BERAY Java BIBL” 455, S 19 VM tLikAE
i), EJE BEA ARIE 2002 fF M Appeal Virtual Machines 23 Rl EIUHL. BEA 2 7K
B2 SRR 1) g R 5 R 1 PR 35 A% 3 0L P30 B B O AL IO, ol T8 0 T IR 5 28
B, BT AARK BT S S, R TRockit PSSR 6 A AT RS SE B, bR AR
B RS AR PRIR AT o BRI 5h, TRockit B2 B4 44 0 MissionControl JR 4514455543
SR, EARZ Java IR IML L —FLAE F45R K.

IBM J9 VM Jf R J2 IBM 24 6] ME — (1 Java HERIAL, 7id & B AH 3= 00 & R 1 Java i
W HL. IBM J9 VM JR A 2 58 JF & {05, IEX 4 FR & “IBM Technology for Java Virtual
Machine”, f#§ IT4), FURKAZFARBOT —21, WRBBEARM 9. 19 VM A1 1BM
Ottawa 5305 — 4 SmallTalk i EHIHLY RETIHY, A5 HERIHLA — 4 bug 2 8k
fB5E CHART IR, TAITIE T RIS T R B TR, R A 4 He 45L
HUBEFRH K8 1, JFKA R 35 Java M HERIBLRE B M J9 T . 5 BEA JRockit € 1ET R4
ARG, TBM J9 BT 5 (75 Sun HotSpot LR, BR—iRTF E MRS 285 T



i Systems ‘TE Ho!Spot R E %
UGG ATRLAT Vega RS EA0 Java HEAOLHL, R4~ Azul VM SGHHIK T LIS 38 36 A8 +-4 CPU
FIME GB YA RO BEREVE U, SR LK 790 B P S BT 440 GO fB) B3 e 4 28
HEHTEARACRILFI R S0 F45HE. 1€ 2010 4F, Azul Systems 23 7 FF b MEE {54 1 5,
KATT 1B Zing IVM, AT EAEIE FH x86 A EHRUHEET Vega RGMHHIE.

Liquid VM B BLAE #) JRockit VE (Virtual Edition), &/ BEA A RIFF&H, TLAHE
JE177E H % Hypervisor A4t I f4 JRockit VM fHEIIMLIRAS, Liquid VM R B HAE R
X REWE ACARSLAT ARG LED, MRS M%K%,
FH AL A i PR R e e U BB A T LR IR AP A, SRR, R
TP PSS, SR T AR R R A SRR B J1, B2 A Java BT RO BAAT
PR,

1.4.6 Apache Harmony / Google Android Dalvik VM

B A 4419 Harmony VM Fl Dalvik VM HAEFR S “ BEHILHL”, i A REFR I “Java e 1
HL7, (ERX P HEAUOL (AR BHREIEARER) SRR Java th F7=4 T A% K8
SEMIAPAR, F A LRI IFIR 20N 0 B Java S RGUH BB T RE.

Apache Harmony & — > Apache %k {4 3% & £ 1 T LA Apache License i FF ¥ 9 5 by 3
AT IDK L5 1 IDK 1.6 # Java BFIETFH, XAMAMYUHO. BOEACHELUIH
Java JE, FIFTATRAAE I fiiZ4T Eclipse. Tomcat. Maven 5% WLEY Java B25F, {H &5 %48
i TCKIAGE, FFATRATAFRA AR 4—K B8 D5 F RN B E, TAREM—% “Apache
W IDK” RBEH. MR- AREER ACHETER “WETF Java iis 7, AL AE

T Azb] 'Systeméﬁ\\ ;
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§ifizf TCK (Technology Compatibility Kit) A9FEZA MK, Apache 342 % EK Sun 4712
8 TCK ) FE2AL, (R —EMBIE4, HF) Oracle AFIAT Sun ARZSE, MFRXR
R, 20 S8 Apache HE4R3H HH JCP (Java Community Process) 41, X HAETHIE
Java FE X CE MK SR,

£ Sun #4 JDK FFIFE R Open)DK ZJ&, Apache Harmony FFUR (IR 34BE R A3MI55, #&
%% Harmony Tl H ({1 K2 5% IBM A Rl H 73 #F 2 Harmony T H 3 F /WL, 5
5 OpenIDK i H ¥ % . B4R Harmony ¥4 41 EIE AMMMELEZEH, BEEMFEN
T (HEA F R Java JEER ST B940RS ) B 4A P IBM ) IDK 7 523 & Google Android SDK 2
o, JUHJEN Android 1R R E] T RAMHESMEA

BiE] Android, SXAEE R SR AT B0ES BB IR & T 7E UL JLAF 8] i & JR oL 7R PP BT IS
KR B 228 T Java ME 7638 5+ Z4E PP IMAE, Android ik Java 155 B IEE#H
TR BRI SR, FURERIFAE Sun AR FEAER HHE— KB .

Dalvik VM & Android - & I BLOCHURERSY 2 —, BERATFRBT K G 4% A Dalvik
/N o Dalvik VM A R—A Java BEAUHL, B8 BHE Java AL, FEEFH
17 Java ) Class SCHF, (i FIIRR A AR 4RI A TVM P L AOARZEH . {LRE S Java X
HETLT%ENKR, EHATH dex (Dalvik Executable) 47 LUl i Class 3C{4% L ifif
Ko M Java iEIRRS B HAR Y, LU HERE IR #E4 ) Java APL 4. HT Dalvik VM B
# Android —j24t THRER R B, 7E Android 2.2 W T R HERIA 45885080, 7EPRATHERE
i TARKHHER -

1.4.7 Microsoft JVM B Eth

A+ JLEERY) Java JEIUHL R BREER Y, BR 2% b 4 28 AR Lo B K AT R b 12 P 3oL A Java
BABLSL, B ZERRA I ARNRE WL “AT 7 SERAEKE . Bl ]I
KANFIH VM HBIRAH—T .

ALV Java BT BT R AT BB ET, BUKA Y 2R Java BRI ZHFE (1
WAURIN, 5 Sun A F$3F Java BIEHIRL, 4 Java NBS & BARZE H4PETE Windows ()
BARRMKA TN EZEE). 7 Java BT AN (1996 4F~ 1998 4F, LIIDK 1.2 %
AROPR), EHREBERNZ —RAEN Y25 FIE1T Java Applets ¥, AR/ R T1E [E3
3C#¥ Java Applets REHTIFF & T H E ) Java IHL, RAX KB IHLRA Windows F & 1
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fiAS, HIR M Windows FHERERAFEY Java BEHIHL, E7E 1997 4E A1 1998 4R LW 4 1845
T (PC Magazine) Zeiki) “Hik#FL ", [EEFFAK, 761997410 A, Sun AFIERL
ICRIAR . AIEMT S RA RGN T, TERUE XA B 2R A Z o, XKL
HLAL R M W AEE 2 — B R RE B . X ) 45 SR B A R B 2000 J7 243 Sun A
R/ 7 R ZE T R4 45 Sun 24 R B EHIRIL 10 123670), AR RS Java MEAULBLEY
RIE, HBEHTEF= SRR Java HEPLASC G HATIURITEBR A0, EIHJS 76 Windows
XP SP3 i Java BB SE R IRE MR, Sun A FIHI B0 EHRA BHAK A 7 A ZRFHHE.
Windows XP #4423 Jim Cullinan FK : “FRATIESR T 3 4EA9IF WIFN Sun TH A, HmHi
AP IEFRAT7E Windows H132H¥ Java, BUERATFHMT, ATAL1LAEHIAR, BOKAAN
HIREBRT o7

AT T, WR M 4E Sun A FBARVFMAKA T, KA TR EERIF 2 X Java
HARMHBN, T Java Rt RLAHEARR? NET HARESKRER? B LRERA
B HAFEA AT h AT A BEIH Java BBDLEA CHIR, BHXEAREEHFTAH
-

Q JamVM.

Q cacaovm.

Q SableVM.

Q Kaffe.

Q Jelatine JVM.

QO NanoVM.

Q MRP.

Q Moxie JVM.

Q Jikes RVM.

1.5 R Java BARMIKN
7E 2005 4F, Java i H#EA: 10 JA4EH) SunOne $R K4 |, Java i 5 24 James Gosling
T —5E S “Java R F—A+4E7 BBPE. £ KR4 James Gosling -+ IRFE &5 R 2

© SunATfE CALRID . CEABFUHNY A CEREIFD LR T %, € dhsunss
A AW JEWind S
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SHEALA, X BAUM Java -5 LA RH E 2T I 5L 8 2 B BR & JE SR —
TIRSE 1~ 24> JDK RA A ) — Lo fRAT 7 BB A SR T A

151 {ERi

HURAC AR P P R S AT SR AT 4. BORBBER I — A EERAE. it
RIFR NGRS SR AP, AN T RGP — MU IR T AR T, 28, ¥
B RAREETERI ARG IAER A T AL B, BLHAL SR ST 45 RO RE BB o
PFHIRTHE . SR JLAF OSGi BAR MM K R %) BI7E JCP it BB AL R AR 3} 5o,
AT BB AR (3 DI FI T

FERA I Java ¥ £3 11, AR AT AE 200 BEHR AL 4R 1 3700 J2 1T ) S 0% A6 2007 4F, Sun
AR EEHE AL ISR-277 + Java BER RS (Java Module System), &[4y Java - & (4 bk
FEtRaf, RS2 4T LA IBM 2 5% & G #2549 ISR-291 « Java SE 814411 X% (Dynamic
Component Support for Java SE, X 3FR#k /& OSGi R4.1). Hi FAEIH AL £ ST
T Sun ARV RBEBESE ARk BRI, e84 Java SE 6 ISR 4T T R b
ALHR B S JDK 2t 78 Java SE 7 KRR, Sun 24 7 KA T — 97 B0 80 ok
SO ISR-294 + Java SR P IGBGEBUIAIE L HF (Improved Modularity Support in the Java
Programming Language), /RHFi% > ISR (BARA i, L2 Sun 24 Al L 2M 5 F ICP £
4U7E OpenIDK BN, T —A~4 % Jigsaw (HFEEDD 9 F 50 H 4 a3 ML 1E Java -6 th
A ARSI Java MBIIALZ 4 HATE WA 454, OSGi B4 % 77 8 R5.0 A, i
Jigsaw M Java 7 IR % Java 8, 1E 2012 4F 7 H XK EATHERF) Java 9 th B A, Mk
Fk, Sun 7EX GRS AL T 55, BRI —J7, Java BESALE 2 — T Kok
BELPS 75 HE 3

152 RBEiES

i) Java TR ST L MBI E I TR, BABEILT Java RN
BEIFRBRAERITE S, Java V& LW EHEFRAGRER N TR, FES T
SR CLRR 195 T S M IR, A8, fE— NI 2o, IR S Clojure iff
FHE, RRZHH JRuby/Rails, TIEER Java, B ACHE R I 0 R 2 3k

©  WIREH I PRI, AT LA FSb—AA (WABMOSGi: Equinox 5L, Fif 5hk
L) 1.
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S, TE, BOXE—REFREMBENG, &FEEZM0LIRIAEREE, 5
QA B T R APT —REOTES, A ENRARETE— MR L.
TERGEHJLAEE, Clojure, JRuby. Groovy 4E#i/E 1% & MG BRI K, ST
v AL VM), 2 R ARG 114 AT I A PR
SR A R R | 0 LA P I 2 AT ST S FAMYAEE T,
9P R R LT T 5 B H RS A B TR 0 — A N

Languages ¥ The JVM
i “JESS )
Lisp :
e Ni Sy JavaScript-
Core ice Basic é
G Simkin Eifiel i
o Groovy iffe e _
Tel —~ L AN Hojo Scala
Rexx JavaFX Scfigt——" P )
FScript
Tiger  Anvil Yass!
E SmaH - S ) L
Logo quer JRuby
Ada Cloj ure Homs Sather
Processing WebL  Dawn ™ Phobos .
BeanShell PO g seipe
Jy!hon Yoix PIC;’\:SA ObjectScript

B 1-4  ATLGETTEE VM 2 LRSS

B TR A REE S 5, R DEAMKI R MBRFER W TET Java BRI
FLIMREA, KPR AREXFZ LR A RME R ‘&7 BFRGAEHY MR

© AER— SN BT I v % T — RLABECARE Sh. (B Tavabfi o 2 AT — R 8
BB dynalang® net)) LAY T HHGEA
© A hup i i 005 o i
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5101, BAERBA T KR BEA m B (REIPE P th AER P PR PR . % 1-1 PFIRET ¥

R TVM LB
F1-1 BILESH JVM KHRRE

A" EF VM
Ada JGNAT
AWK Jawk
c C to Java Virtual Machine compilers
Cobol Veryant is Cobol
ColdFusion Adobe ColdFusion, Railo. Open BlueDragon

Common Lisp

Armed Bear Common Lisp. CLforJava. Jatha (Common LISP)

Component Pascal

Gardens Point Component Pascal

Erlang Erjang
Forth ‘myForth
JavaScript Rhino
LOGO jLogo. XLogo
Lua Kahlua, Luaj. Jill
Oberon-2 Canterbury Oberon-2 for JYM
Objective Caml (OCaml) OCaml-Java
Pascal Canterbury Pascal for JVM
PHP IBM WebSphere sMash PHP (P8). Caucho Quercus
Python Jython
Rexx IBM NetRexx
Ruby TRuby
Scheme Bigloo, Kawa. SISC. JScheme
FEXEEFTT Java IO |\ Java ZAMUIETS, K HRGEHE . K2 M TRFEAERGE

3R, LA ISR-292 K %00 — R 515 H My e (4 Da Vinci Machine 51 H . Nashorn 3|
% . InvokeDynamic #§4 . javalang.invoke %), #EZh Java BEIIHLI “Java 5 7 M EHLIHL”

T “ T UL 07 KSR .

153 BEFHT

04, CPU BEFHIRRITEE ZNRFRAAE N EHL, HEH R RBRNE, KT
REFRREI TR TR . B IDK 1.5 RE LA java.util.concurrent {33 T — ML
HLEERIFEAHESE. T JPK 1.7 #fil A 9 java.util.concurrent.forkjoin 30 FX 3% A HEAR#— K.
BEY FE. Fork/loin MURALHIEATREEN — LM%, W 1-5 PR, BATREMIT
A AR, (B RAE AR E RS EZ A, SR AR £ CPU BoL Rt R IR
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SebME SRR AN B 4L RAE %5 . 38 1 A Fork/Join #830 FRATTRESS FEMMINE M - HE 51 2%
[ipgie

T ave 8o A SR Cambaa TR A SRR FRA ava G & MG -

HEBR CHAT Java i 5 ARR OB A RARTLE FUR S BASRBENDD, MU
A TR A B R RN BRI EATAEAT, 3O Javar i AAEZ R ORER AR 000
WA WA R . _

B4, AEIAEHIT AR B AT OpenIDK [T [ Sumatra®™,  H iR 3AIE
SRR - FATRED B Al T CPUs £ PR U LS R U 2R OS] R JTAE HESEAL
KR —, GIIFC i 5 i) CUDA . Sumatra 75 H it /2 7 Java #{§t{# | GPY (Graphics
Processing nits) #l APU (Accelerated Processing Units) iZ i /IFER, LUSTHS itk
S Java 1 R EHY APL 5 Lambda AL IVM 8 3 ROUR 2 0EHE T 21

16 IDK SHE, AL BT & AR AT R ROR 9T AEAR . 40 Apache f#¥-Hadoop Map/
Reduce, 30— 8 5 M HORATHESS, BESHIZ AT A0 o b T4 g AL RS 4L AR 19 K 4
b, I HAELA—FR T SR A R T AL B TBRIHORCIRE - S55h, BT 40 Scala,
Clojure B Erlang KA H 48 IR RE A3 &

154 #—BFEEEA
Tava 5 W2 ETava K T — U7, ST FEMA T FISI%AL R, BhTEM.

S HRE: huplrwi favapis oo
=) E38 iz j
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HoE, TTEKSE. BIERSEE, (51 Java B E RTINS A TRRMEL. 1€
Java 7 (I FHERETE S, YU E MR E Java 8) R, Xt Java #EIEAT 1 53— KM
4%, Sun (BB Oracle Wil % ] B Java ifi 2 7E OpenIDK HHEST T Coin Fi HoX
Gi—AhFERS Java iEHE ISR, U0 T HERI BN SR AR A AE switch AR SCRFFAT B
‘o> PAERF. SERACTASEE . LA KBS HOMEE . T BERI try-catch-finally #54)
SEABEALE Coin 1 F 2 HPHRECINET -

B T Coin Wi H Z #b, 7 JSR-335 (Lambda Expressions for the Java TM Programming
Language) H15E X i) Lambda Feik 020K X Tava (58 25 A0 7 3 = AR K G0, T [
BRI AR T e 2k R

1.5.5 64 fIFRIA

TEJUAF 2T, EWIA CPU BLIFIASCRY 64 (4 T . Java KE SIBLAL 76 AR L2 Rk o 7
SO 64 (LRGHINIA . {8 Java BEFFIZATHE 64 (LAY B FEZ AT AR K IBSMEAT . #%E
AR, TR R OR & A BRI SR AN BRI, BT T 64 (RS A Java L
FATEMFEE S HNAE, 0 32 SLRGEEIMEIN 10% ~ 30% KINFFINFE . K, 24
LA RIERAE R BR, 64 A HERINLIE AT E EEAE & WD L P 2 w4 /5 T 32 AL L,
WKL 15% KA1 HERE2ERE .

{EEAE Java EE J7 i, v 2% T 26 4 1L 4GB IINFE, X F 64 {L A IHLAY
TR R, (AT R, V72 Ml AR 2k PR i AR B 5 07 A
32 LR TR . Sun tiE D) XSS, JHgH T —2%%, 7F JDK 1.6 Update
14 25, AT XM R EEHIEE (-XX:+ UseCompressedOops, XS HURHIL X
WE, HIAERRIRIA B BIHLAY Ergonomics AL EIZIFFIE ), FEBATIESE, ZhASHA RS
A LU PIAE TG, (LRIFIE R A ST PR, OYBTA7E Java HERLEY . 12
i Java HE IR R IGHE SR ARG, X SRR (DT IR B T B RO ARASA TTLASEEL, 1M H IR
AAREEFBAZHN, ERGITEAR. TRRURESRETORZYNE, FANRE6
X RARI T A RRAR 1o BB e — D 2R, TR T R A WH) 64 1
BRI —PFRCER MM SENT, WA B IPUR At A2 N 32 (LR JRE 64 {, TikE

© ComWIHFTT: hitp:/iwikis sun comvdisplay/ProjectCoin/Home.,
©  LambdaBH T hitp://openjdk java.net/projects/lambda/.
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ABLRT 64 S180 R K R 5e

1.6 i BEHKIF JDK

A~ IDK WIS, BEEERBEARZ —BR H T %% —% JDK, it BBk
FNBRER AR JDK A% T ## Java BIARMBRM I, BRIMSE—R, B E&HRIES
R, XEEMGEIARTE. %5, JDK PR E KB EERAMIL (Native) B, HE
BRI 1 A AN JDK AT Hack RORHE, #5675 % A S44i% 4 IDK.

BAEM % LA AT IDK ST UHERA 12688, f0 Apache Harmony. OpenJDK % .
# 8% Sun 2% A0 IDK J& BUZEE FI18 ) IZ 19 IDK fRAc, %E# 5# T OpenJDK #E47i% UKk 4
I

1.6.1 3$KER JDK RT3

B % B 45 W] 5 OpenJDK Al Sun/OracleJDK 2 [i], LA % OpenJDK 6. OpenIDK 7.
OpenJDK 7u il OpenIDK 8 43 H Z LR AKX R, XA B FHEHE F R4 PFEMEAIR IDK
JRAANRED X o

AR A48 649 Java % J& 52 sP AT T % 2] OpenIDK & Sun 7E 2006 4 AR AL Java IF I ifi
FERETE, XEM “FR” BB B EORBAEOER, BIREETRE AN, Hm
IcedTea®, UltraViolet 8 jit )\ OpenJDK SFSATAE th #0 RATHR. {BANRAUM “FFiE” FH
B GFBCTRERYRM) E&, 3 Sun H JDK 1.5 Z/G#FF4 1L Java Research License
(RL) WA Java W8S, EEMTHRARBE RL ¥ AHERFF IR E IDK
1.6 Update 23 A1) $E3X28 JRL ¥ ATHEM R Sun/Oracle]DK YRFS AT I AAR ) OpenIDK
REGHAT R, RART XL MNRRERZ, HARBEA LHRMARY, REF
PR R WA FFAE — SLE R, Oracle JDK R T #Ak 32 B, i OpenIDK 6 A 9 2 FF ¥ i)
FreeType. 4#&, “#[F” RESIAEPHH LA WA MR L, Oracle DK HiE &7 E— 2
Open JDK %A . FHMREIZHAE, BN JRockit B+ i 3 Y Java Flight Recorder.
HiitLAJF JRockit B9 MissionControl #48%) HotSpot 2 /5, H1£:L) Oracle IDK %47, [
Faiet.

© lcedTea: http/jicedtea classpath.org/wiki/Main_Page.
© UltaViolet: https: //www.reservoir.com/? q=uvform/form.
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Oracle ) i H % 7ii % # Joe Darcy 7 OSCON 2011 | X P # X R iy v HOIEL T
OpenJDK 7 il Oracle JDK 7 ZEFEFF ERAFM TR, P#FILA T RRAFRGRG (A 1-6
Bk, EREPEOR T RE LR & TR TEE LERMRED, FrARM%FEN
OpenJDK, #A< FATLLANYERE. DAEAIAATIE SR L& ME 1 Oracle JDK & —B .

“We have a lot in common.”

Note: figure not drawn to scale.
More sharing than pictured.

Open)}DK Oracle JDK

Font renderer Flight recorder

P 1-6  OpenJDK #l Oracle DK Z [] {3 &

F%¥%E—T OpenJDK 6. OpenIDK 7. OpenJDK 7u #fl OpenJDK 8 iX JL/M5i H 2 [a] i %
F, ME 1-7 (KRB Joe Darcy ) OSCON 2011 F/nH PR AE A ) %F, OpenIDK 7

nJDK 8

hito:/ig.openidk java.nelidkfidks.

b01 ... b10 Ciaen
enJDK 7 p11 b20 . p1a OpenJDK 7u1

hitp:/ihg openidk java.nejdkTujdk7u!

JDK 6 OpendDK 6bo1...b23 ..

6u1 6u4 6u10 6u26

P4 1-7 OpenJDK 6. OpenJDK 7. OpenJDK 7u. OpenJDK 8 Z[alf)3% %

© &bk hips: /bl I 0SCO Lo
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BA4F IDK 6 B, 4A¢ JDK 6 1 JDK 6 Update | E£% i, JDK 7 E&FFHIILT, LA
OpenJDK 7 J& B #& F IEAEWE & Y IDK 7 RS (1. (H%[EF) OpenIDK 7 HPARELAE LT
A& A SEbRA = 5%, HIL7E OpenJDK 7 Build 20 fY3EAE #1577 OpenIDK 6 433, B
IDK 7 FIHAEAIRED, TR —AFT USRS TCK 6 MM 4337«

20124E7 A, JDK 7 IER %A, 7 OpenIDK #1fi[Fl25 437 T OpenJDK 7 Update i F 4
JDK 7 #ATHEH A%, LhK OpenIDK 8 3 HHF th F —4 IDK KIRAHIBF & . & 8IT & T,
9T SR Bug M5 HRAE R 53 3 LT, I RESIE R e RO 4 X ERE 2 &1
L RADRRA H A5

OpenJDK 6. OpenJDK 7. OpenJDK 7u Fil OpenJDK 8 £ U5 #5 AT LL7E & T TAH 17 () I 5T
EHRE), EARGRER, EHEMTH R OpenIDK Tu, AN Tub.

3K B OpenIDK W3 7% 47 F # J5 5X, 3 of — # 2 il 5 Mercurial 1% 7% i A% 45 3 T 2L
Repository ' B B3 Y5 (Repository Hudik : http:/hg.openjdk.java.net/jdk7u/jdk7u), ZKHK
AR TARFFR .

hg clone http://hg.openjdk.java.net/jdk7u/jdk7u-dev
cd jdkTu-dev
chmod 755 get_source.sh

./get_source.sh

BB, MRAE A EHEHF Release Note BURFEL. HALZ
AbREHERN, BANRFEAR NA 300 MB £, HEXHERAS, EEHNRMEFL
A B AT Z RN . 53 4h, % ] Mercurial A 4 Git. SVN. ClearCase 5 CVS Z
REIEA T T RN K, MF ML, RURAB MR, WEETREN T
I PRFS4L, B2 A LA Source Bundle Releases BUH (Hudk : http://jdk7. java.net/source.html)
BUBTRAFI IS, FIA B BEMER T, —BOkSE, BREAE—ZW A EHL8H
—W, BRARG KR, {BHEM Mercurial & HIAA R A5 )7 EAREES £, BH TRIOE
OpenJDK 7 Update 6 Build b21 fR¥R#%42, 2012 4F 8 [ 28 H &4, KHf 99MB, MIE/E4N
339MB.

162 REB/R
A0SR T fE, 4% % g IR B E Linux. MacOS X Solaris | # # OpenJDK, X % I 7£
Windows -6 E &5 %, ATLRPEH KL, Ubuntu 10.10 Fl MacOS X 10.8.2 H 17 H
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., IR —EEE Windows -6 LSERARE, TISEAAMR A, EHERREABE IR
A FHNMTHE Windows T 4% OpenIDK 6 MBI, JFATHIEA M AIHED Lt T (filins
3 Plug #4Y), HARH—ESHEL, HLEHRAMEMERE, WREBRIHRZS.

FATEA 4 & F#EAT %, #REILEH ISP 1% — 38 U5 b ) README-builds.html
OB (T 7E OpenIDK R b3k RAE T 8RS P ERA X4 3R, B AHFLER ST
EEEOATIEH L. BARE TR LHTHIARK “Building the source code for the JDK
requires a high level of technical expertise. Sun provides the source code primarily for technical
experts who want to conduct research. (4ii% JDK TFEMM A LA, Sun #4E IDK W
HTEARERHATHRZIN” 2L, BRMREERE—REF, AR
/N ERE SR 1]

18 A YR 4R 3 T SR B2 64 (U 3RAE R G0, 4% A9t 64 1 (X) OpenJDK, 1 575 % 4
PR32 MU, BSEIAE 32 (RME RS LT, EH 0 L E B4 OpenIDK E AT E
512MB P71 600MB MBEALZS 6. 512MB B NFFIFARE A AT, id 600MB RRELRL
2 A HHURTE A7 OpenI DK IRFS T 7 (75 6], ESE A7, 600MB 5 5 £Ii8 tf 45
i, S SRS A 3GB (A RE PRI, AR S HidR AR R R AL 5
(Product, Debug. FastDebug %) ML), HIEH ZEMRIE SGB U EMZ RBER .

S RGeS E R BT 30, RS AR , SRR & P
HSR I, SRR —EARTTLL, SURBALES A TR

1.6.3 HMERRIEFRNE

1E MacOS 9l Linux _EHI% OpenIDK i3 LA # (HIXT T Windows i), X F
Mac OS, HELHERH AR XCode A Command Line Tools for XCode, 7E Apple Developer
¥ (https : //developer.apple.com/) EFILA%a#% F#k, XM SDK T OpenJDK i
%1% 8% LA & Makefile A0S 8062, 535b, BE S —1 6uld LU ERAR DK,
7 OpenJDK 545 MIRHE4 (Hotspot. JDK APL. JAXWS. JAXP---) B C++ %
Gy, BHERFNRM Java A S IE, FILHIFIXLE Java RFSF AR —A T HE
JDK, ‘BJ7FRX M JDK 2 “Bootstrap JDK”. #15£44i% OpenIDK 7, Bootstrap JDK £4ZUf il

© R, FATEOpenIDK TudFIZ IR HIRA A IE4IF i Mac OSFRY FIIDKA, ZRIAIMIA RATERILFIG I
BA A E TMac OSH R, HEMKTEH.
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IDK6 Update 14 B2 J5RINRAS, % IR JDK7 Update 4. BUFHE TR 1.7.1 UL
JiiAHY Apache Ant, FATFHAT Java iFAFSHE) Ant 4.

- F Linux K, FiEdE&K#E S Mac OS 244, Bootstrap JDK 1 Ant #2—H:
), 7£ Mac OS ! GCC %ii%¥#K Ui F XCode SDK, i Ubuntu H* GCC R IZ 2 BRINLRELFHY,
TEWRMA KR 43 UL, MRBARF GCC, %% binutils BIFT, 7€ Ubuntu 10.10 F 4
OpenIDK 7ud BT (AT LA I AT & — R 2 5E L«

sudo apt-get install build-essential gawk m4 openjdk-6-jdk

1i] libcup: 1i] xorg-dev xutils-dev
xllproto-print-dev binutils libmotif3 libmotif-dev ant

1.6.4 #H{TRIF

IETE FROGIFIFEETA B HREEF LT, RERIEBES REWOI S
L0 A B BEEIFE AL . OpenIDK ZERIBAHEM MM A RARSE, HAE
HARINME, UAZHEKHAP . LANG fil ALT_BOOTDIR, Ri#RREHEF LM, L5
WER:

export LANG=C
EW, TEGi RS RN B R AE B B £ tH Bl— > HashTable 9 B9 25 #5 6F F 9% . 53 4h—A> ALT_
BOOTDIR Z¥UZ A Hi # 5] Bootstrap JDK, 7E Mac OS EEH B AU T MR, HiER
Byt imat LA

export ALT_BOOTDIR=/Library/Java/JavaVirtualMachines/jdkl.7.0_04.jdk/Contents/Home

S, WREEZRRE T JAVA_HOME il CLASSPATH FANSF8EA5 i, TE4IFZRIL
B, B Makefile WA PREDAXHMEREE, SHEERR.

unset JAVA_HOME
unset CLASSPATH

HASFEREERAE——NAT, W 1-1 4 HEH H O W FINSE Shell 1)
&, EEUSHERERPHONE.

REOFL -1 FREERLE
FEERA, IALARE, FUHFFELHA—A HashTable ¥ NPE 8

export LANG=C
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#Bootstrap JDK %% #iE. LARE
export ALT_BOOTDIR=/Library/Java/JavaVirtualMachines/jdk1.7.0_04.jdk/Contents/

Home

# A BB THREHS
export ALLOW_DOWNLOADS=true

HATHFHREY, RE NP cPU WHHE T T
export HOTSPOT_BUILD_JOBS=6
export ALT_PARALLEL_COMPILE_JOBS=6

#HB Ak build HARMBRRE RHMAN LR, EARIKRZAEL,
#RAREH false, FM sanity BELRHD LMK TOK BRI HRE T
# WRELUE dev KA DEV_ONLY=true, XAFERLE 4T

export SKIP_COMPARE_IMAGES=true

# AR, FERAMRFLER— %
export USE_PRECOMPILED_HEADER=true

P ERFHAE

export BUILD_LANGTOOLS=true
#export BUILD_JAXP=false
#export BUILD_JAXWS=false
#export BUILD_CORBA=false
export BUILD_HOTSPOT=true
export BUILD_JDK=true

# BHEH MK

#export SKIP_DEBUG_BUILD=false
#export SKIP_FASTDEBUG_BUILD=true
#export DEBUG_NAME=debug

HEEREH false TUBTF javaws ol LB Java HH 2L X ¥ 48 build
BUILD_DEPLOY=false

HIETEREN false RF 2 build HERE. BALKCEALFRHKM,
#HEHER build B4 ESHEAE TR OOK R, FTUERS build BHT

BUILD_INSTALL-false

LR LS LYo S 22
export ALT_OUTPUTDIR=/Users/IcyFenix/Develop/JVM/jdkBuild/openjdk_7ud/build

FRFAFEERLALN, FREAMBFNFHR L (RAABGELIS R RH
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F Wl Makefile WAREHAE 2 AR ERLBRTEY) -
unset JAVA_HOME
unset CLASSPATH

make 2>§1 | tee SALT_OUTPUTDIR/build.log

EWEBLRZE, LA make sanity YA AN TRIFT A0S 25 LWIER. 0
VIR, AATLEE 2 R R HARBD S 1-2 FRAOH

REHFL -2 make sanity RE

~/Pevelop/JVM/jdkBuild/openjdk_7ud$ make sanity

Build Machine Information:

build machine = IcyFenix-RMBP.locaF -

Build Directory Structure:

" cWD = /users/IcyFenix/Develop/JVM/jdkBuild/openjdk_7ud
TOPDIR =
LANGTOOES_TOPDIR = ./langtools
JAXP_TOPDIR = ./jaxp N = -
JAXWS_TOPDIR = ./jaxws =
CORBA_TOPPIR = ./corba
“HOTSPOT_TOPDIR = ./hotspot
JDK_TOPDIR = ./jdk

Build Directives:
BUILD_LANGTOOLS = true
BUTLD- JAXP = true = - =
BUILD_JAXWS = true- =
BUTLD_CORBA = true
BUTLD_HOTSPOT = true
BUIED-JDK = true
DEBUG_ELASSFILES =
DEBUG_BINARIES =

e EHEA R, F TR T KRR AR

OpenJDK-specific settings:
FREETYPE_HEADERS_PATH = /usr/X11R6/include
ALT_FREETYPE_HEADERS_PATH =
FREETYPE_LIB_PATH = /usr/X11R6/1ib
ALT_FREETYPE_LIB_PATH =

Previous JDK Settings:
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PREVIOUS_RELEASE_PATH = USING-PREVIOUS_RELEASE_IMAGE
ALT_PREVIOUS_RELEASE_PATH =
PREVIOUS_JDK_VERSTON = 1.6.0
ALT_PREVIOUS_JDK_VERSION =
PREVIOUS_JDK_FILE =
ALT_PREVIOUS_JDK_FILE =
PREVIOUS_JRE_FILE —
ALT_PREVIOUS_JRE_FILE =
PREVIOUS_RELEASE_IMAGE = /Library/Java/JavavirtualMachines/jdk1.7.0_04.jdk/
Contents/Home
ALT_PREVIOUS RELEASE_IMAGE =

Sanity check passed.

Makefile i) Sanity #6253 72 i i1 7 441 PTG 09 BT AT SR A B, A0SR B “Sanity check
passed.”, ULHIAG AN BN T, ATLAA “make” #4478 OpenJDK %i#% (make R fN%
o BRINGF make all), #F{EH Core i7 3720QM / 16GB RAM fJ MacBook #L3§, 330 6 %
HIFRRE, SRAIFEA OpenIDK KM 20 43r4h, MIRLAUS, Hefith K0T m e H &
RN, WREE R S eRmET, RSS T ORI, WBREET UESHRN
S

#-- Build times —---------
Target all_product_build
Start 2012-12-13 17:12:19

End  2012-12-13 17:31:07
00:01:19 corba

HIFGEMZIG, HEA OpenIDK Ui#4 FIf) build/i2sdk-image H3% (24 build-debug. build-
fastdebug P H ), AR IDK 55844 R, S5 JAVA_HOME B3¢, #aTiU
MER—ASE8ER0 IDK (T, SRiFHORI ML, 7 -version Ar & A P OHLES 4 .

> ./java -version
openjdk version "1.7.0-internal-fastdebug”
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OpenJDK Runtime Environment (build 1.7.0-internal-fastdebug-
icyfenix_2012_12_24_15_57-b00)
OpenJDK 64-Bit Server VM (build 23.0-b21-fastdebug, mixed mode)

EREHBE, MR RATIEAR X0 IDK 4 HotSpot HELIFLLISNNZ, AR 5RIE
HotSpot BIHLATE (F1 AR B IHLES, HALE R FFEPATE A OpenIDK ) Makefile,
HEHEZART), B4 hotspot/make H 5 T ) Makefile # 1T H# BT, H S ¥
T — O, 3 R4 SULAL I B ) 45 SR 77 CAE build/hotspot/outputdir/bsd_amd64
compiler2 H 3O, FEAJFAT LB T ILA-H .

drwxr-xr-x 15 IcyFenix staff 510B 12 13 17:24 debug
drwxr-xr-x 15 IcyFenix staff 510B 12 13 17:24 fastdebug
drwxr-xr-x 15 IcyFenix staff 510B 12 13 17:25 generated
drwxr-xr-x 15 IcyFenix staff 510B 12 13 17:24 jvmg
drwxr-xr-x 15 IcyFenix staff 510B 12 13 17:24 optimized
drwxr-xr-x 584 IcyFenix staff 19K 12 13 17:25 product
IcyFenix staff 5108 12 13 17:24 profiled

XL SRR TR SRR, PRI, YRl A RBRET, (BR AR S
PR EIERA, HET R, BB RA NS, BT make frd K SHL.

ERFLRZIG. BITRBHZET, BEF T4 H R T envsh 0, X434
HAFEMA A4 ATREEMIGFEER, BHCLEA T “JAVA_HOME,
CLASSPATH. HOTSPOT BUILD USER” 3 1 ¥ibiZifk, @FEHN—~ “LD_LIBRARY_
PATH”, WZT:

coooooo

druxr-xr-x

&

LD_LIBRARY PATH=.:${JAVA_HOME}/jre/lib/amd64/native_threads:${JAVA_HOME}/jre/
1lib/amd64:
export LD_LTBRARY_PATH

SRIFHATUT Ar& e SR AL GXASH9)E 50884 N gamma), S A S .

« ./env.sh

./gamma -version

Using java runtime at: /Library/Java/JavaVirtualMachines/jdkl.7.0_04.jdk/
Contents/Home/jre

java version "1.7.0_04"

Java (TM) SE Runtime Environment (build 1.7.0_04-b21)

OpenJDK 64-Bit Server VM (build 23.0-b21, mixed mode)

© FERRFHLHE L, BE—HRERRAHER, bsdRRMac OSRYE (W HFreeBSD) , amd64Fi
64{1IDK (32{i/Ex86) » i s VM (Client VM#&R ).
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FE A C R EBPURIE TR, A R |

1.6.5 7 IDE TAD#TRIBAR

£ OpenIDK IRHS AR F, LT EIZAT. WAk BEM. RMNNECE
AT L % ) — SRR A HotSpot HESHL, ZEAIMRAL, FFHA RS fEE, ST L
GDB TR T . JWMEH T, FEXHRANLT M BRI TT RN R oS08 R B A
GDB Jill VIM 4i#8 383K IF % . 458 HotSpot £, AR AR{H A RSN34S ik T7E IDE 3RBL T
FRACAH GDB T HE. BER HotSpot JiF%, I 1REREI A —F “WfT7E IDE
#4T HotSpot TRISIAIL ",

%%, P NetBeans F¥i (http:/netbeans.org/) b T #IRHT A NetBeans, T H M 1k #H:
XFF CICH FFRIGTRANRA . ZHeJa, HE—IME, ®#HF “EFRARABH C/C++ T
H”, FEBRFCHFIE A OpenIDK H 3T hotspot H SRAEEAR, 77 I ¥ i3k He i oh b 45
“ER”, WE -8 FiR, RERE T2 E4E.

[~ — T —

i BREAR
L mwan HESERABRBNLARE:
i [ DveloB/VA iR BilIa opendk A otipon - | (MR- ]
[locathost B
TAMAM: Rk GNUGNU Mac SFB®a) ¢
BRERERO:
O Az @kmMakefileA)
© =#O

E R EAT, TSRS FAFERRANEE.

(cEse) (72> ) [ z0 | (_®n_)

[ 1-8  7E NetBeans €% HotSpot W H (1)
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#, fE IREMRRTAIE" TR “HABA R makefile”, A Makefile U
KB#% (FE hotspovmake FSETF), NP 1-9 FiR. Hid “TF—4” &, K “Wilmdd” &
BOHRITF N

${MAKE} -f Makefile clean jvmg
ALT_BOOTDIR=/Library/Java/JavaVirtualMachines/jdk1.7.0_04.3jdk/Contents/Home
ARCH_DATA_MODEL=64 LANG=C

wrme
sm BRIR
1 BARE WERRRBOSE.
z ::ﬁ @ EmEHH mkeﬁmm
4wt WA Makefile®: [io
5. WX
6. o
7 AEERROR Ot RR WHERE makefile(C)
RREAS): AIW),
RESEA

() HRXA BPETRANS)
build

R Makefife(G)

v RREETREMAR

125 ERRALN makefile’, WEHERN makefile TLUURIE, RH '{!lE
BEENREY makefile” AL ARAER WK makefile, MR

_w.

ey ) (<o) (72> ( =aw | ([ om

[E1-9 7E NetBeans @& HotSpot MTH (2)

OpenJDK. 7ud I} i Makefile 7 2% 55547 HHE IE 80 3K HCE) R G354 S 40 64z, 10
7 NetBeans 514 BUS IEB A, 1RIK AR 324, Pt B 40 F§ ARCH_DATA_
MODEE 28 Wit i€ J 64 {ir. 535M#S ¥ ALT_BOOTDIR Fl LANG ) FIRTH 2 24
Fit. Wit “SEAL” 4, HotSpot I H#EiX A S A B NetBeans 17 o

Ak, JXAHE HotSpot iEATAER - [k NetBeans HRACA HINH 45 1% t e (045 B HCAE B
TEARF R AL A LIS, X80Py A AFFEIH4 A1 NetBeans. 7E HotSpot T/ LMLt
FER AP bR “TRAE”, FEMRHAONEHE P RBL BT B, WRET S N
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/¥sers/IcyFenix/Develop/ JVM/jdkBuild/openidk 7u4 /hotspot/build/bsd/bsd_amdé4_
compi ter2/jvng/gamma Queens

I ¥ Queens & MaRefile JHI7% 5 87 i) — Bt/ \ 55 FHEL A Java AR FF, TS
WAL, XEEE R T, EEERTTI RO T Java BF.

BEH LV Java (REHATES, WURE BRI BAK Java RAESTE R AL R HATH .
VFSRBIM T T B BATAE HotSpot EMMBIER Sk, #RFIBUARM B RIATF W
W, B5 AT RS, RAPITIREGRRMBHERETMIET AN, kR Ewin,
JFLA HotSpot 11 T AT S8R {8 FF 4 K Gk A e 2%

-XX:+TraceBytecodes -XX:StopInterpreterAt=<n>

XASBEEFPELBIT SR <o> MFDELN, ELhBEFieT, AN
o ETAREERR DA, XS HINE] gamma JFEEIAT .

Bfn, BTREL HE PR ERSER, WHRATH env.sh BAFTIR BRI
PEEAERL, AEL1-10 BUR.

2 11| /Users/lcyFenix/Develop//VM/jdk... $
> W [Users/icyFenix) Develop/IVMjdkBu.._
o LO_LIBRARY_PATH = {Users ficyFenix/..
o mxan

Lad

oo

-
JUsers icyfenix|Develop JVM /jdkBuid /operjd.
JUibrary/javaJavaVirualMachines,jdk1.7.0_04.

7SUAVA_HOMEJ/jre /Wb r.jar: SUAVA_HOME] .

Comon) ()

[ 1-10  7E NetBeans F4J& HotSpot Wi H (3)
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SR EREZE,

v B8 HiE Java

— AR 487, T8 HotSpot TEMTELSEERT, B

BEPITA L java.c 19 main() J7i%, e AT LABCEBTAURLMRER, WA 1-11 FoR.

oo e T
TR B U9 OOBEETe
i B8 9% S@G LR Bu e
OB o
‘B
Pl
v share | int
e o = O
SR 280 (
a0t
> 8 L
P8 &
o = -
s 23
e Chnie 234 Invocat tooFunct ions ifng
T8 e =
> e e T T
» 9C_implementation 27 char =+ original_argv = argv;
Ld 28
e B e
s B » st
- o8 = S "
L i

[ 1-11  7E NetBeans " £/# HotSpot Wi H (4)

1T HotSpot MURFI LA, C/C++ IMBRIWMRE, HTETEHME, FURTDH
B3 Bl TENBRTRBNEERR, HiEES%.

REBi#EHR 1-3 HotSpot IRMLH

hotspot

—agent Serviceability Agent HyEH,
—make JA% build # HotSpot 4 MEE X#
F—src HotSpot VM BERG

| F—cpu CPU A RE

| F—os REAMARE

| bF—os_cpu RERL +CPU LA WHXRE

| ‘—share FEEXHFARD

| —tools =3

| | F—hsdis p.&=F 13

| | b—rIdealGraphvisualizer # server HEBHFARSTHAH TR
| | F—1launcher BB "java"

| |

—LogCompilation

© B REHIHRednaxelaFXHEHE: http:/hll

# —XX:+LogCompilation HiHi#) B & (hotspot.log)
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EEREFHAFOHANTR

| | —ProjectCreator 4K VisuaF Studio Hi-project X Fit

| L—m HotSpot- VMUK &

| F—aalc EEHEXY (LEH cpu Kos_cprf i r.ad
) HGEER

[ F—asm LhBERED

| F—c1 cifent HFH

| F—eci BARERNNRBS BT

| | classtile AXHEAE AEANMRFRERE RS

| = code HALERMRGHEE

t b compiler REBED

i F—gc_implementation GC H IR

i | F—concurrentMarksweep= Concurrent Mark Sweep GC #1%EH

| I Fgr Garbage-First GC #h35£8 CREA # A

EAcleg )
| | F—paraltelscavenge ParallelScavenge GC # ¥ (Server VI
k- FREAEH SRR CCER)

| | —parNew ParNew GC %3

| |  L—shared GC iy A L H,

| F—gc_interface GC M ED

| |— interpreter MEE, AF  REMRE - (EFRER) Mo
neHt RE " (EFMAER)

| F—1ibaar —hRMRHBRLEHN

| —memory WHEEERR (EHSRA cCBROERXE)

| F—oops HotSpot VM B3t SR LM I

| F—opto Server %##

| F—prins HotSpot VMEX AT, WHEHSFREN
native #4fe JvMTI 5

| F—runtime EHIHE (BEAREE. HFBAR. 4.
B4t

| F—services EERARGE oux L XA E gD

| F—shark T LLUM 8 01T HEE CEHHERAER)

| L—utilities —BERHTAR

L—test ST

1.7 FENG

AFART Java BARMRM 3 FAEL BRI — LR RS, TR LA T W
A 1 SIS 43— OpenIDK 7. fF N & 45| ¥4y, AT TJ5 IR L H93F
Hio FET I Java BORMIRILEIKE, J5TRE 104524 4 85 £ Java TEWAF R, Class
SCAEEEH SHATS % S RROL 1L R SR 5 )y T 9 5 B






#2%
3%
Fag
F5%

&S
F 3l A7 5 BRI

Java WA R 35 N A G & FF
BHMEBE A AR
RS S S M AR T A
R ES AT S 58
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Java 55 Ci+ (8145 — 3 1 PO 34500 B ATSE SR CSR-BER BT (RS “Toal ™, BES1 TR RO A
A, R AR .

2.1 #ER

XMFNEC. Cr+ BFIFRMIT RN FRL, ENFFERTR, (f1ERIH BBl
By R URNIHRIER TARR “SFAIAR” —BEH SR CBAR, X
FFG— DX RAERIT R BILLE OB THE .

X Java BFF B RYL, FERBIGLE S NFEERILE QMBI T, REGEEHE— new
BRAELT AR delete/free 0%, AR5 I AEHERA PO A28 1 AL, ey s AOLHLAS S 77
X YEERMREL . Aid, dIERKEN Java BF RAERFFEHIMAUI A T Java 20l
Bl — BB R A O TR ), SRR T LR B R R, R AR
IR S — TR R R T A

ATRE MO 1 H, BEEIEE LA Java BEHLAEHEN K, PHRIX
SERCUITE R ST B P AT B (O, 3 B LN PR AT TR PRI 1 4
4%5

2.2 BTREHERE

Java HEFIBLZE AT Java F2 7 )t 22 o 2410 8 BT B 10 9 P70 40 0025 1R ) B 20 I
B XEERREAE HE I, LR BIEARI A 1, A R R R AL R B T
FFAE, AT DI OB P SR SRS ST S AU B LA (Java BELHLALTE (Java
SE 7Y IHUE, Java HEIBHLETEINO PIFEHE £ 635 U FILAEATIHHAR KR, A0 2-1
FiR.
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FH R
Hative Method
Stack

FiEE
Method Area

# BT

Progran Counter Register

[] eprmspiEst MR
[ sezmm

B 2-1 Java BEAWLES T R0 X

221 EFIHHES

FH#A (Program Counter Register) R—RBUNINFFZN], © AEIER MaT4
RETPATIFWIBAIT SRR 88 FERRPLBESRAE (CURBSME, SFBRIBLT A
SR R T R RS, TR R RS TR R R R R R e
BT —#REJITHFIIES, 3. 3. Bk, SMALTR. SBARE SRR AT
BRI IR R TR

#1F Java ALY S SR B R B T YT HOF43 e Ab SR AT I (B B 7 R SE B
FEAEFAI— BRI 2], — AR X F RIS R— TR BRSRT— %%
BRRES. Wi, b TREVDSEEREIIERGHITLE, SRABBTES
RS, SRMBZEISER LAY, Mrrs, RIOTFFXENFRERY R
A" HNTE.

IRERBRELEPITHR—A Java Jrik, BT EEHOR AR ETEHIT 60 B L7 1504
LHyAE . ARIEAITIOR Native 78, A HBEHENHZ (Undefined). MHAFER L
JEHE——AME Java HEIIHLHLIE & BT BLE AR AT OutOfMemoryError 151 £ X 35k o

2.2.2 Java BN
SEFHEE—H, Java BAILEL (Java Virtual Machine Stacks) HLRERBRAR, T
WA S RBAHIR . AR 1 Java JP B BITEY M TEASRL . AT I TE BT O IR
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BB LB —MEDT (Stack Frame®) FIT/AA6RMARE. RIEHMR. it ikt
O%ER. S— M EAAAEESTER MR, REXRE — MR R DU R ARRE
AR .

2 A Java A7 X 4y W HE A AF (Heap) FIARPITE (Stack), KN4k Lkl
B8, Java PYFF X IR0 4 S BR O X B A% . SRR 4R 07 R B MEAT RUBE LI K & R E
R SHRNESRER BB ONFX BRI e " E£H
ERES% IR, THTHRN “t” MRMAEVRBBIR, & LR BBV )R
ERFEHS .

SRS BERAT T SRR A &5 RS A MR R (boolean, byte. char. short. int
float. long. double). XfR5|H (reference X%, EARERFMRAL, WRER A5 MR
SURIHIE S| AHES, dUATARR A — MR R A A RS AL S X AR )
returnAddress 25 GGE[) T — & F 1B ML) .

Feh 64 (A long Fl double 27 A RLIR 2 5 T 2 1N R R[] (Slot), FEAR I
WRBR G LA AR R BT 0 A AF 28 (B 4R PRI ] SE A B, 43 A — ATkt
AT T BN AL A R R FRELHEN, TEI7 ST A L% s
AEREHAA .

TE Java HEADLALAE T, XTXAKEALE T RIF SR 30R0L: SRR MR K T il
HUHLET ARVFHIREE, H il StackOverflowError 4 : AR MEHIHUAR T LISHAEY B CHATA
5 Java BERIHLER AT ShAY R, RS Java MESLUHLALTE A o S0 i 18 52 K JE M9 B ALLBILAR)
WRY R Tk B R B PIAF, ML OutOfMemoryError 53 .

223 FMGER

A1 77 #A% (Native Method Stack) 5 BN T R 3E B M FIRIEN MY, EA120E
) X B AR AR N B BIBLIAT Java Ik (MR FH) IR, WA sy
MEHIBLEEFHBA Native J7BfR45 . ZEMSLILIAE XA My bR b T ke P A TE L M
AEGHARGHIFRARBIAE, FIAARRBIPLAT L di . EEH MR G
Sun HotSpot HEEIHL) EHEEIEA My EARFBBINR A —h—. SIBAN—FE, Ak
Rt 24 i StackOverflowError Fl OutOfMemoryError 5% .

(Sl 1 TEA THAH R .
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224 Javaif

ST REHBIFHE, Java . (Java Heap) J2 Java HE SHLETHE BRI Y17 i K —S
Java HE RSB ILE N —RNTEKIR, TERBYUESIREREE. s KR E— B K
RAFBORIEG], JUPFA BRSBTS BT B A X SR7E Java HRAUHLALAE A
SRE: AR LB BB ARE AL FAPRCS; (HRREH TIT 4Res MR R 5 bR At
ﬂi%%&%’ﬁ [ FeEi0imN f&rﬁﬁiﬁ@ﬂc%&'ﬁ%’“%ﬁ SIS R ER A, BT X RER
ﬁﬂﬂ#ﬁt(ﬂiﬁﬁ’rﬂl@*%ﬁﬁ/ iRt T

Javar i B b W SR AR T A E BEDCH, BRI AR B IR BRI “GC 7 (Garbage
Collected Heap, F4f EABRFM “BIIE"). MFEENIMABERE, HTBZEKESRE
AER SRR - BTk Java il LIRS A FAE AR ¢ BB — S NE
Eden %[l From Survivor 22 [\ To Survivor Z5[A[% . MMTEARCHIFEERTA, SRILEH
Java M ATRER 43 th B AR BFLA #5BCZE 0P X (Thread Local Allocation Buffer; TLAB)..
AT sy, HEERAREX, ERBARE, FHEOBIREGREIE, H—
SRR TR A M PRI, SRE B ARCAAE. EATR, RO AAF K
SAVEFAFSIE, Java b i LIRS A KBRS, FHCS TR A 3 BA 1.

ARYE Java IHULIEAIRLE, Java HEAT LD THIHE EREL AP, HEps
ESEEGEAEIAT, BRI R A A . RS, BERTRASCHURRETE A/ Mg, wITEL
JEFTA IR A, Rk 2 A A AL AR R A FE Y RSk SC B AGE G -Xmx AP-Xms #E8)D .
RS PR AN AR E SIS, O EE Tk YRR, 4§24 OutOfMemoryError
W

225 FHEX

TP (Method Area) 5 Java ff—Hf, RENMRBLZHNFKE, CHEFHTH
WIS R AR BRI RIRE RS REE . BR Java BRI
MEEALTT R KR ) — B4, (R BRI — 4314 M Non-Heap (AEHE), HiY
REZSE Java HEXGPFFK .

© i3C: The heap is the data area from which memory for all class instances and arrays
s allocated.
O AT SN
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%I F 3 HLE HotSpot UL EFF K. MBRFMIF R H KR, BEAMEEEANEX
Bk “AKAM” (Permanent Generation), #AF LB#HIFARGM, (ULZHE N HotSpot #1151
HBT A GC MUY BEA X, sUH AR AR BINE K, Xk
HotSpot B IR Y 4 35 7T LAR A 3T Java HE—HEE B MG NAE, MBBE X LT TN ERRT
WA T . X T HABAIL (1 BEA JRockit. IBM J9 45) SEBRERFAEAAMN
FOMERI. JE L, AT SEBUT R X R T RS AN, N2 LA, Bk
AKX, BAERRIARR—FER, FNRE RSB E MR H S OkA
A -XX:MaxPermSize f)_FF, 19 F1 JRockit H32EA7 fff PIERE AT FH A7 A9 LI, 61 32
P ARG 4GB, A MBARD, WAAE RO (WA String.intern()) £ AR
HFBCRF AL FAARF B, Fit, T HotSpot HEMIHL, HRHEE Jr & A i B EE
B, WA I AANIFES U NR A Native Memory 3By X (4L TS, & HATE
22 A7) JDK 1.7 () HotSpot 1, B Z4BFA A AN FRFR AN H .

Java HEUBLALIE X7 32 X B RR AR 3 FEAR, B T Java HE— RER 7 B S A A7 AN T
DA A/ N TR AL, B AT DL BN SOt AR . MRS, SRR AT AR X
KIS, I AREAR A T kKt A AR B F—FE “KA” FFLET .
2 IR POAF IR AR R B Bt ) [ ORI S R R AR, — ROk, 3 s [l
RS AL AR, JUHRARINEE, RS2, (RS XS E
HEAELER . 1 Sun AF] BUG FIRH, % B3 T4 E M BUG s i TERA
) HotSpot HE LAt X oA 56 4 [ i 7 B A7 «

HR B Java i AL B S B B, M O ok K R BK R N AE 4 B W ORI, M
OutOfMemoryError 54 o

226 ETFIHESM

Z47AfH M (Runtime Constant Pool) JE2J ¥ X (—#5r. Class ST IR T KM R
A FBL IR EOEHAERS, B —MFEEEWEMY (Constant Pool Table), T
TR A B S R IR 531, A ARSI R AT B X B AT
peit: 8

Java BEHUHLRT Class PR —#4r (AAGEMFEH L) Mk RAMATHIE, 514

& JEP 122-Remove the Permanent Generation: http://openjdk java.net/jeps/122.
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AT TAEEIA SR AR L AU A R A SR BWUART . B RAIT, BXFi2
ATREH N, Java HEASUPLILIE B AT AR GO BOR, R [7) i) S 03t 7 S B9 K LB TT LA B
B E RSB A WA KR, it — 8Ok, BR TARAF Class U HRR IO 551
Sb, ESATEIPE IR PSS | AR TE B AT R R

SEATIE R R T Class SCHF# M H 73 4h— D EEFHMER A HZHEME, Java iBFIF
RERH R DA REMA 74, WakRIFAEBURA Class U M H A A kit
ATTIEIKIEATI # fk s, 24T 3 6] L T AR R A R, SORRRREROT R BRI
HA L HE S String 2549 intern() F ik .

REARIZATE H B R 7 3 K 9 — 4%, FARZZ B ik X NP IR, 240 B e 7 o
i EI AR SA 4 OutOfMemoryError 52«

227 BEEAE

B M7 (Direct Memory) JF A J2 HE #0081 32 47 B B4 X (9 — 3 40, 0 R 2 Java
HEBLHLHL A SO PO X S (L P A B S T L T B
OutOfMemoryError 54 13, ATLARRATHMEIX 1 2kt .

1€ IDK 1.4 F#i A T NIO (New Input/Output) 2, 5| AT —Fh3Ffi¥ (Channel)
Sk (Buffer) )10 772, B0 EAMEH Native BR¥UE B RCESNATE, RIF R —
AFEGEAE Java HE 1) DirectByteBuffer X4 4f h sk SR 7R (05 | FIHEATHRAE . SXAEREAE— L35
Steh B RFIEAE, PO T 7E Java HERI Native HE o ok 815 i 3508

IR, AHEHENTEGOSRALZE Java ARG, B2, BARNE, HETER
SRFIAYLENTE (35 RAM LUK SWAP KB 4T /ML S AbF0 48 54125 il ity R
Wil BRoS AR AR E BRIV SR, SHIBLFNFRE -Xmx $SHUER, HLK2Z
BEEHENAE, MR AR BB R TR AR (SR AURE R R R IRED,
TS BBh AP R 3 OutOfMemoryError 5% .

2.3 HotSpot FEIA# 3T S ERFh

MR5E Java EADLIEATIBIR K 2 /5, RATABNIE TRV, 58 TH
THETH TS AR, WPRSEEI—8 TR RPN F R IbAR TS, &

© X TFClass IR RAFFS 5| S MET S 6w .
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e A AR, WA R R AR X TSR AT A R, A i R
FRE FE LA AL AN AR — D 7R DO B AR B S ST SR e ay ), BH LI
FHEOHEALIL HotSpot 1% A N7 DX, Java MR 1), AT HotSpot BEALHLTE Java Hferhxt
ROYE, AHAVIREIG .

231 WREOIE

Java e —[TE N R REIE R, 16 Java BIF BT 022 P oA 204847 X3 G g g et
k. EEFRE L, QIEME (BT, RIFFIL) EHUUR— new XBFTHE,
PRI, 5 GOt R IR T4 Java 34, FEEHAM Class X525 (196
HRER— LR ?

IEBLEE] % new 540, B SEH EAEX MG S M S BORTRELE R B D () —
AEMFSTIM, HEREI S5 RRNARTOBMR. WTARLT. MRS
A IBBASAITH ZMEBA TR, A5 7 B A1 .

AERMBOEERG, BT RB LI F AL X QBN SRR MR KN E
FIMEBSE U E AT BT THERAE 232 WPNG), KRR T 5% H F
BRI NTEM Java RIS k. B Java SR NI R AT MBI, A Hiat
HINTFRRBAE—21, 2 RN S —30, TRIRIBE —MEEHE R A R R R 88, IBBT
SHEENTE BRATOURAEIR B 41 125 IR AR IR — B S5 50 A/ MBS BRI, SR 4 A7
AN “HEETRENE” (Bump the Pointer). WIS Java My AR IE R RIS, B FA
AN R AR TIACH, TR Tk o AT R BN T, RESLOLRE L i — 3]
R, TR IR PE R AT, 7ESMI I B 2 B — M 2 M K 25 1 41 44 %
KB, HEHIIER ERIER, RFHSEAREA “EWIIR” (Free Lis). 5
U Java HERBHMME, T Java 02 A ML IR B9 B AL 88 A 1A PR g e 3
DIREPE . BEIt, FEHE Serial. ParNew %4 Compact {7 ML 88, RET ARG HH AL
HARARTRE, TiT CMS BT Mark-Sweep S IEHIICEAERT, % R 28 IR31 % .

BRI 53 FT FIZS 0250, AT 53 SN0 B 56 8 ) 1 RS % 4 QR R 100 b
FREMAT Sy, RS S— MR 6B ORI E, 763 % R T I R R
B, TTREHBIEERXTR A SMILPIAE, HHEHEBORIMRIBH, Xt B X R T Fkm
FIRTENTFIHITOL. AP TTBAT PIRN TSR, — iR X B P25 1] 4 B AR A
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F——SCRR LR CAS B bR MR 7 SR SRR A5 7. 55 —Fh A T

SRS AR R AR R [ 2 BT, BRI Java HE T HUSESY B —/NR DY
17, FRUAHZRAZS ISk (Thread Local Allocation Buffer, TLAB). WEMRRENRAFE,
BRIEMALRAE TLAB LAMAL: HA TEAB FISEI4MECHIRY FLAB i, AFHRELE.
WHLR AT TEAB, ATLLER -XX:+/-UseTLAB SH0R B . -

WFESTESE RS, M IPLT ZE RS BE B 0 N AF 2 I BB R T A B R Uiz g,
AR TLAB, 3 TAE BT LURHIT TLAB S RRH#AT. XS HMEIRIET XH R
SLBNF BAE Java U HTT LLARRAT SR (8L AT EF?QE%TQEJE&?&B@&%%@HH
R ‘ ‘ E

BTk, mRAVIEX ST AEAIRE, GRS df A R
FIRMIEHIRE B SRR TT. SR GC HUEIR SEE . B s BAFRTE N SRt
%3 (Object Header) 21, HABBHINLMREETRA WRR, MREREARMSS, 5
Sk A ARRMRETR. LTFHELMBRNE, RIFEHEENE.

HEEETEMERZE, WEBIBLAMARE, —PHOMREL=ET, HMK Java B

TR AR, Viﬁ%ﬁﬂﬁ?ﬁﬂﬂﬂd#ﬁéﬁini& FEBRBHPAT, FHNEEREHENE. T

o Bhe — Ok L R BB invokespecial 54 BTHGE), PUT new 42 E A

AT <init> Frk, SERHGUEIRE R RSB TR, SR ILIETT X G B
P R

R E AT T 4 251 J& HotSpot AL bytecodelnterpreter.cpp B RS Bt (X ANt
IR H ST, EH RISV & FA AR . MAME IT 4B
PATHERRERT . Fif, XBAVDBATF T# HotSpot KIE M B R A A I ) «

REHL 2-1 HotSpot MREBAIRIH B

FAREEREH RS R RS HE

if (!constants->tag at(index).is_unresolved klass()) {
11 B & #4% & klassOop & instanceKlassOop (XHAT—HA4)
oop entry = (klassOop) *constants->obj_at addr (index):
assert (entry->is_klass (), "Should be resolved klass");
klassOop k_entry = (klassOop) entry;
assert (k_entry->klass_part () ->00p_is_instance(), "Should be instanceKlass");
instanceklass* ik = (instanceKlass*) k.entry->klass part();
1R SRR B BB B B
if ¢ tk->is_initfalized() && ik->can_be fastpath aLlocated(r )
{




46+ HTHS BHRFEEHOH

1B R KB
size_t obj_size = ik->size_helper();
oop result = NULL;
NERREREHRARIAFRERM
bool need_zero = !ZeroTLAB;
AT TLAB F AR R
if (UseTLAB) {
result = (oop) THREAD->tlab().allocate(obj_size);
)
if (result == NULL) (
need_zero = true;
/I E%E eden $ARAR
retry:
HeapWord* compare_to = *Universe::heap()->top_addr ();

HeapWord* new_top = compare_to + obj_size;
/* cmpxchg & x86 Wy CAS #14, XER—A cr+ Hik, Bt CAS FRABEF, wRIXKM,
#F retry YER, HERAFRHL ~/
if (new_top <= *Universe::heap()->end_addr()) {
if (Atomic::cmpxchg_ptr(new_top, Universe::heap()->top_addr(), compare_

compare_to) {

goto retry;
}

result = (oop) compare_to;

}
if (result != NULL) {
N REE, N X RA M
if (need_zero ) (
HeapWord* to_zero = (HeapWord*) result + sizeof (oopDesc) / oopSize;

obj_size -= sizeof (oopDesc) / oopSize;
if (obj_size > 0) {

memset (to_zero, 0, obj_size * HeapWordSize):
)

}
NRERFRAROURLERRAEE
if (UseBiasedLocking) {

result->set_mark (ik->prototype_header ());
) else {

result->set_mark (markOopDesc: :prototype ());
}
result->set_klass_gap(0);
result->set_klass (k_entry);
IR RI AN, #ERATT — A4
SET_STACK_OBJECT (result, 0);
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UPDATE_PC_AND_TOS_AND_CONTINUE(3, 1);
}

232 XNZRHIAEHE

1€ HotSpot HEMUBLH, X QAEMAFHFFERE AR T LUSH 3 B i . W43k (Header).
SCAI%eHE (Instance Data) FIXFFFHLFE (Padding).

HotSpot HEMHLA G Sk A 4E MRS 7 B SB—HBOHH T AERAXT 4 A 5 B384 T I e
WA EY (HashCode). GC AMUARHE. HIURAHRE. LBFFAMBL MR D, Wb
T B 3 4 R 0 K B TE 32 0N 64 FAYHEAIHL CRIFJRIRAE4T) R4 51% 32bit An
64bit, HHFREN “Mark Word”. XRFTBIFMHBITRBIRRE, HECLBIT 32 (1.
64 117 Bitmap 25K T AEIC R AOBREE, {HR Gk A5 B2 S04 11 B XA SO 6 R A
FERAR, BB B EE IR, Mark Word BB — R & B RCHR S 4 LU FE 2E A/
M E N R RZIFE R, ELREMRIRELH A SN, Fl, 7832
HotSpot MEUMLF, WIRKTRAL TABBEPRET, A4 Mark Word fy 32bit 2 ]y 25bit
SUTAFBEXT RIS TTS, 4bit Fl TAEMER RAMRAERS, 2bit HFAEREBBR AL, 1bie 852 0 0,
TTEHARRE CREZHUE. BREBGE. GCARd. TRED FXRMERHNENLE2-1.

21 HotSpot EIHLI Rk Mark Word

HHRAE R A "
MRIEFHF] ARMIEH 01 AT
Hratic R 00 B
a1 H BRI 10 Rk CGRERHE)
%, ARELEHEE 11 GC #Rig
IRERE D, R, X 5HRAER 01 T fRii

XFB Kb — AR RASRIRS, IS ) E A ATTRR 4R 4T, AP X
FEARBE X XGRS T B FEAFA I DL BB AR SRl LR KR
Hakl, BARDL, AR QA TCHIRE B R —EREL R A, B 233 TG
Fiob, WRXRIE—A Tava BAL, ARFERS Gk b AT — O F T S I RO B, 14
2 B AUHLRT LA ik 3538 Java Xt R ATCHORE (R B 905 Java Xt RGN, (H R B I TE RN
FREITCIE T E R ALK
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AR A3 8. 2-2 4 HotSpot HEfULHL markOop.cpp 9T GER) HE, BT 32bit
Mark Word HFFi#iRZS o

REHEE 2-2 markOop.cpp KB

IBit-format of an object header (most significant first, big endian layout below):

/I 32 bits:

"

A T T L —— >| age:d biased lock:l lock:2 (normal object)

/I JavaThread*:23 epoch:2 age:4  biased lock:1 lock:2 (biased object)

U size:32 | (CMs free block)

/I PromotedObject*:29 =---=-=-==- >| promo_bits:3 ----- >| (CMS promoted object)

T SH 1 9 B AR A S ILIEAE R AT AR LR TERR AU BT 45 i
KR TBNE . TIRRARIARTRE, BRAETFHRSEXH, WTHELFTRR, X
SR B FFREIRT- 232 31 He BABL S L SR W 280 (FieldsAllocationStyle) 17 B 1E Java U574 5E
SR BB . HotSpot M f5LBLBK A ) 43 i % B 4 longs/doubles. ints. shorts/chars. bytes/
booleans. oops (Ordinary Object Pointers), MMM 1Al LA i, AR IR T BE 195 B S R
SRRl TEMEXAITRAMFNER T, ERETE LHERS HIE TR, MR
CompactFields ZH{H 4 true (BRINH true), IBAFAZ PEAS (97 B th i fE S 46 A I Q %
AR EE R Z .

BT AR ARAETEN), WA E L, EIUGEE S AR .
i1 ¥ HotSpot VM 1) H 3l P4 778 B 78 45 BR QR AR st ik A U 8 2745 BB MO, /)i
Py BRI RNGAUR 8 FH HIHBAT . MX ST ELF R 8 FH MR (1
248, B, MXTRIHIBARI A BATI TR, R T A S TR A

233 MREGEAEL
ST T XS, I Tava BT T 28 B b AY reference $CHE SRR MEME 1
M EAEITG . T reference Z5RUE Java HEIBLALE s BHLE T — MG X RBIH, g
A SOXA B ABHZ A AR R B E AL PRI XS G B R, BT Ry =
IR T AL SIS Y . AT W78 7 2 G A R BB TR .
O WRE R ARSI Java HEHol 200 53 h— S AZESRAE AT, reference
FRAFRR B XA AL, TR R (A T S SR S IR 1 0 B
bl f5E, QP 2-2 FiR .
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Javalfi
Javai®
AR e : =
.
= o ’: ! T
short \‘;
reference !
=
FEE
Sk
1l
e pres e

P22 BRI xR
O AR Y B BRG], BB Java HE XS 0 45 J53 P AL 251 1 0o 0 B ) 6 AU
WEAAIRAE R, T reference "NAFREM EL AL XIS ht, 40P 2-3 7R .

Javak Javalfe
AR
short RIS
reference
ot

HEK N

doul
float
______ ARKTEH

A 2-3 Sl EEAR SRR

PR ST R A AT SRR 8] i B KA bk 2 reference AEA# I AR
ERIRRAE, TEXTRBA D) (BRI R S SORAR N IR AT R B S s AR
HISBIBARIE ST, T reference A Bt AT B .

BB B VR 7 A RO AFAL R B, B T — YA LA TR TR,
BT X RE VT RILE Java thAERAE, PRI 81 FL A 2 I 2 — TR % T SR AT AR
Ao BEAT I 09 12 HEIHL Sun HotSpot 1T 7, B R IS — Ry RiEATx TR, B
M BMTT R AFE R, 4R 5 RIORESGE AR 50 O 0 Ak 5
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2.4 . OutOfMemoryError B

# Java WSS RGHBA - BB ERETTRAS, MEALNRE AU SEA LA 7 X B
A K& OutOfMemoryError (F3CHR OOND ek iyal fig, AT L T LBk BIES % &
AR CRESHE 8 2-3 ~fREDHE B 2:0 (LB BAARHS), IR HAWI 4 IA S A 6
(R IEA R ML SR

FATRE R BEA B B SEALISIRIE Java BEALILG td a0 B E TR R
TERERIAZE « B, WA TP ESIIRAAARS RN, AR RN 0 B
FUREEDA DORA TR, R AR RIS FBGR S KR fr et AR BRI
LR ATk

FICRATE I KA T BT R R B MRS 3128 GEBR “VMArgs” J&
FHEREMSE), XLESET TR LR YL EH LR 0 T 7 R 2w,
IR R A G SR PITRAE, APEIRIRAE Java 502 EHE R Lk RIS (R

Eclipse IDE, T LI B 2-4 /& Debug/Run J145 (K% H -

run configurations

P
o WY Py e

24 7E Eclipse ity Debug T4+ B M550
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T RASHRREEE T Sun /A F i HotSpot EHWLIETTHY, Xt TAIFI2A 5] 49 AR R A 9
AL, BEORERFEATH AR AT R RA T2 5.

241 Java it

Java HEFI TAERERT RS0, HBERWiHIEX £, I EAHE GC Roots BIX 42 4 1]
s Bl R e 5 AL T B S0 B, IR A ZEX SRR B ik A A B R A S b 2
HENTER R .

AR . 2-3 *PRISRRA Java HERG K/ N 20MB, RATY R CHMERIB/IME -Xms SRS RA
18 Xmx ZH0E A —FERNALERHE A B R), 14 24 -XX:+HeapDumpOnOutOfMemoryError 7
DI A7 ) S Dump t MR A HER A B LUE 305 HEAT 4057

REHE 2-3 Java R HRERR

Ion
* VM Args: -Xms20m -Xmx20m -XX:+HeapDumpOnOutOfMemoryError
*+ @author zzm
L7

public class HeapOOM {

static class OOMObject {
}

public static void main(String[] args) |
List<0OMObject> 1list = new ArrayList<OOMObject>();

while (true) ({
list.add(new OOMObject());

)

}

BTG
java.lang.OutOfMemoryError: Java heap space

Dumping heap to java_pid3404.hprof ...
Heap dump file created [22045981 bytes in 0.663 secs]

Java HEPIFF K] OOM 570 RS2 KR LA i WLAK Y7 et SE AL . 241 30 Java HEPU77RE

©  KTHAFHRICCHIT TS, TSR,
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i, SRR B “javalang.OutOfMemoryError” 2R HE—L 4R “Java heap space”.

BRI 5, — BT BUR S o WFEBMR ST T (4 Eclipse Memory
Analyzer) % Dump i3 i e 5% i PR IHEAT A0 7, B AU R BN IR R T RS E
i, Rt RS BRR M T NTFIE (Memory Leak) i J2 77U Hi (Memory
Overflow). P& 2-5 8K T {#fi] Eclipse Memory Analyzer §TFF (U HEFEAH R BESC 1.

i

8 2-5 {dii] Eclipse Memory Analyzer ¥TFF iy il B i S 4

SRR AR, A — 2ol TR AR M8 5 GC Roots 951 FIEE. TRt
i 8 X G 1 (B ¥ B 72 GC Roots ARSI 5 Bur Sl 4R 88 vk 1 BRI E 189
PR T WX R R AT B K GC Roots 51 FIBERIEEL, ST LA AR B 5 o7 Hh T 6 1R
MR .

IRARAFAEMEE, BAITE B, OIR A77 o X G S AR AT, IRREIL 2
HEABLHESH (Xmx 5 -Xms), SHLAMAIEX R REET AR, AR
AR U AWK R RS K OB, R R R AT I M T
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HFE
DAb A3 Java HE PO RLE0G A LHE , Ab SRR SERIBIRR A AR, T RS20 RIF
Tl 3 B E,

242 EHMAAFAMTS AL
1 T7E HotSpot B AL I AR X 4) ESUHUAR FI A sy sk, Bk, %FF HotSpot 3K ik,
IR -Xoss BH (BEEAMITEARA/ND FE7E, (H52hR ERIRIY, Mk H b -Xss BH%
S KT HMHAMA NI AR, 7E Java HEHUBLAE iR T BIFE SN
O IR R AU BRI K T AL SO BCURIE, HHilit) StackOverflowError 524«
O ISR AR i i B R A AEZE ], U3 OutOfMemoryError 527«
K EIERH SR OL, BRI, (DA — AR RN« R
TR ARG RN, BURRENAAN, BREMARRZ AR, HAT b R —
FIPRHR T
FEEF TR, AU FIBR T AR O, S0 T F IR R Tk ki
HIBLP*E OutOfMemoryError 54, S%IRHILE AR LKA StackOverflowError 54, Mk ILH
AR ¥ 2-4 TR .
Q (H -Xss BEORPRRNFEA R, 455 il StackOverflowError 53, 57 B i
BRI BEAR B4/«
Q BT AR AMRE, SRMTTHEWEI AR AR, %558 il StackOverflowError
SR O HERR VR BEAR AN

REEL 24 BRGURINEM T % OOM Bt (INERE 1 KWRER)

Ju
* VM Args: -Xssl28k

* @author zzm

/

public class JavaVMStackSOF {

private int stacklength =

public- void stackLeak() &
stackDength++;
stackLeak () ;
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" public static-void main(String[] args) throws Throwable [

F oom-= new-J. KSOF () 7
Tty
oom. stackLeak () ;
} catch (Throwable e) { g
System.out.println("stack length:" + ocom.stackLength);

throw e;

r

_ IBTEEA:

stack length:2402

Exception in thread "main® java:lang.StackoverflowError
at org.fenixsoft.oom.VMStackSOE.keak (VMStackSOF. java:20)
at org. fenixsoft.com.VMStackSOR- Leak (VMStacksSOF . java: ZE)
at org.fenixsoft.oom.VMSTackSOF . Feak (VMStackSOF. dava:2)

------ SRR R

FRAEREN  AERTRET, TRRAFFRMRASREBMIRAR KA, SNFEE
EAMRCHIEAR, MR ARHLIL H 945 R StackOverflowError 524 o N

DA ARBR T MR, S AN S SRR 0T SR AT LA AN LR,
ARSI 2-5 PR o (ERJEBORE P A (R 4788 ) 50 S AR 25 ) s SR M K TR A FEAE AR FTIE R
AL, AT, AR LR RN, TR 5 A AR
S -

FUT I AN SRA, WAE R G0 B A il R A A LY, AT 32 A
Windows W14 2GB. MERUBLIRE 1 280K F ) Tava HE RIS e X T M550 47 RO RE A,
IR PIAE A 2GB- IR ZEBRED) Wik Xmx AR, FMZE MaxPermSize (A
JIEXEERE), BT HBERRENIEARD, AT U2, R IR A SRR B MR
FHSAEN, B R AR AERR AR A IR RS T AR S R BIAL A i
Ky BT LAREST B9LR R AL [ ARRERRZD, o7 SRR R 2 5 H0) T B PIAEAE AL

X AEE T LA R SRR G5 H 8, B StackOverflowError 5% i 47 4%
RHERRAT AR i, ARG, A S RBN W R FAE. MiH, QR LEGAS 5,
RRURBEAE R ZBOMBLF O BN B TR AR /N IE A — A, 7L R REBAAE K 2%



- - S HzE e WGEESAFEERE 0 55 -

6L T 5% 1000 ~ 2000 56 BAT IR, T IEW (97 ERHH AR, XAHEERL

FHERBM L R GRE RN SRR SR NS TEA BB AR EEE I 64

AR AL i S A OB B A R A ORI B (R MR A XY

TR FLE By ORI E “VRAPIAE” 09T BORMRIR PIFESE 977 3R R LB A S
REEE25 WURLBSHNFRNURY

[+ -
* VM Args: -Xss2M CRWBRFHRE k%) =
* @author zzm ~ _

- =

public Class JavavMStackOOM {

private void dontStop() &
while (true) {
)

)

public void stacKLeakByThread() (
while (true) {
Thread thread =new Thread (new Runnable()
= @override
pub¥ic void run(m { £
dontStop e

: Y

N

thread. staxt“/

¥
i .publxc static void main(String(] args) throws Throwable £
e e A UMS EACKOOM 65112 W "JavaVMSEackooM () ¢

oom. stackLeakByThread() ; ¢ B

EE MRS F, wRihE S S KET ERXERG, LREARA S I HF
£ Windows & 85 ALY, Java 49 A2 L s A FI R & 5000 M B A2 ERDS, e iR
BPATHA K TR, THS FRIEE £ AMIE.

o XF i e P % A28
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BATH

Exception in thread “main" java.lang.OutOfMemoryError: unable to create new
native thread

243 FERMETHESMMEY

A IEA T A R R B A — 4, PRI A IR i e R B e — AT
T$EE) IDK 1.7 FFARIELE oA A0 BB, Lt DI ARAS I — T s i 30 X R 0
SRS .

String.intern() 22—~ Native Jr#k, EMMEMAR: NRFHHHRBTESLET ST
Ut String XK TR, IR E M XA TR String 4% TN, ML String X
ALE TR INE) R Bk, JEELE I String XP4A951 . £ IDK 1.6 K2 AT A,
1T e SRR AR AR, FRATAT LA -XX:PermSize Al -XX:MaxPermSize Pl 77 i X.
F, NI R b B A R, AT 2-6 PR

REBEL2-6 BAHERBSHNAFEEHES

S
* UM Args: -XX:PermSize=10M -XX:MaxPermsize=10M
* @author zzm
¥/

public class RuntimeConstantPoolOOM (

public static void main(string(] args) (
MR List RRHEHEATA, #5Full GC MEY ERATY
List<String> list - new Arraylist<String>();
// 10MB #] PermSize # integer %M A R4 >4 ooM T
int 1 = 0;
while (true) (
list.add(String.valueOf (i++).intern());
t

BATER

Exception in thread "main" java.lang.OutOfMemoryError: PermGen space

at java.lang.String.intern(Native Method)

at org.fenixsoft.oom.RuntimeConstantPoolOOM.main (RuntimeConstantPoolooM.
java:18)
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WGEATHRPATAFE], B0 EMEH, 78 OutOfMemoryError J IR B i $2 /1
J3J2 “PermGen space”, LIIiEAT i 4 1k M/l F /7 ¥ X (HotSpot HEAALH HIAALL) Hy—
o

T DK 1.7 iE 47X B PR A BRI 92528, while FE3RH —ELBAT F 4. X T
BAFAF RN RSB, SERT AT A A R, RS 2-7 PR

RELHE 2-7  String.intern() & E 5| AKX

public class RuntimeConstantPoolOOM {

public static void main(String(] args) {
public static void main(String[] args) {
String strl = new StringBuilder (" it##L ") .append (" ## ") .toString();

System.out.println(strl.intern() == strl);

String str2 = new StringBuilder("ja").append("va").toString();
System.out.println(str2.intern() -= str2);
¥ }
)

XBARUISTE IDK 1.6 HIETT, 28 BIBA false, TIifE DK 1.7 HUET, £8F]—4 true
F—A> false, F=A2E SRR R : 76 JDK 1.6 1, intern() J7 ¥ 24t YRl B i 745 B S )52
AR AR, R B R A AR A TR R IS, T StringBuilder 82 M1
BEGITE Java b, FTLALARRFE A5, FHEE false. 1 JDK 1.7 (AR EAbIE
UL, B4 JRockit) B intern() SCBUAR LA MG, FURLEHR B i S v B 32 1)
511, Bt intern() 3& [ 45| F A1 StringBuilder 1 £ B9 AN 74 B S BR R — 4. %t str2
WAHGR ] false AN “java” XAFHFBLERAT StringBuilder.toString() Z AR £t B, 7
FEFRBPELEAENTINT, FEE “HRHB” GFEN, W TR XA TR
BRI, PG true.

D7k X TAERL Class BUAHRAZ R, WK% DIEWRF. M BN, FRIE. Fikil
WA, X TFRLEXKIRA MR, FEA 0 TR IBATA AL AR LI X, FBIR .
BRI Java SE AP UAT LAZHA =42 (41 41 ) GeneratedConstructorAccessor il
SBARIE), (AAEA KR PRI LB, 7EARTDIE 2-8 1, BH P CGLIbSH
PR T IRE TR A R T KRB

© CGLibJFHIIH: http://cglib.sourceforge.net/«
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(EAE AR R, FeAZEX AT PR TR PR AR R — S0, SRR
Lo 2 INBAESEBRRL T MATIOARE EMAESE, W0 Spring, Hibernate, 7EXTHPATHIRAT,
LA IS COLib X AT HMEA, WMIROIME, P T T7 5 KRR SN R
[) Class AT AMIERA WA 5350, JVM EMIEIEIRT (PIU0 Groovy %) il #h £ HF4 61/
FORLHIEF WA, BEXIEFIWRAT, dsms 5 s P 5108 2-8 A%
iE75

RIGiHEL 2-8 8 COLib EHARHRNIFHHEE

Jux
* VM Args: -XX:PermSize=10M -XX:MaxPermSize=10M
* Qauthor zzm
oy

public class JavaMethodAreaOOM {

public static void main(String(] args) (
while (true) {
Enhancer enhancer = new Enhancer();
enhancer . setSuperclass (00MObject.class) ;
enhancer.setUseCache (false) ;
enhancer . setCallback (new MethodT 0«
public Object intercept(Object obj, Method method,

Object[] args, MethodProxy proxy) throws Throwable {
return proxy.invokesuper (obj, args);

i
enhancer.create () ;

static class OOMObject {

BATEESR:

Caused by: java.lang.OutOfMemoryError: PermGen space
at java.lang.ClassLoader.defineClassl (Native Method)
at java.lang.ClassLoader.defineClassCond (ClassLoader.java:632)
at java.lang.ClassLoader.defineClass (Classloader.java:616)

. 8 more
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D7 vk U AR — R LR AR R, — AR OB B, U SRR
HBHT R . FEL R B A KR Class BT, W BRI TE M) IBCRBL . X255 5
BRT EERBIMEFEN T CGLib FITBAR MR F 250, W WMIES . K&t ISP 3z
A7 ISP AR (ISP 84— WIB AT T B4k Java ). HT OSGi WL (BPfR
[Fl— 2630, BARRMMASMB BRI RRGL %,

244 FHEBEATHRLE

DirectMemory % ft A @ 1f -XX : MaxDirectMemorySize 1§ &, WMRERIEE, WKL
Java HERERME (-Xmx $558) —#F, US4 2-9 i T DirectByteBuffer 3¢, B#:Eit K 41
FREL Unsafe SHIHEATHAFSHAL (Unsafe 29 getUnsafe() FikFRH T A5 93 MARA4 &
R A, QR A A rtjar AR GEM Unsafe MDRE). BN, BAREEH
DirectByteBuffer 530 P72l tH PIFFSE HH 574, (EEH S0 i F- 8T BLIE 44 R G
WSRATE, MBS T RRRAELESE, TRFHMMRE, FHIE R HR NI
42 unsafe.allocateMemory().

REWL 2-9 A unsafe FEREHATF

s
* VM Args: -Xmx20M -XX:MaxDirectMemorySize=10M
* @author zzm
g

public class DirectMemoryOOM {

private static final int _1MB = 1024 * 1024;

public static void main(String[] args) throws Exception {
Field unsafeField = Unsafe.class.getDeclaredFields () (0]
unsafeField.setAccessible (true);
Unsafe unsafe = (Unsafe) unsafeField.get (null);
while (true) (
unsafe.allocateMemory (_1MB) ;
}

3

ETER:

Exception in thread "main" java.lang.OutOfMemoryError
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at sun.misc.Unsafe.allocateMemory (Native Method)
at org.fenixsoft.oom.DMOOM.main (DMOOM. java:20)

i DirectMemory S AFFEREL, — AW R AY4HFAEZ4E Heap Dump SR RS WA
SEYSEH, MR PEE £ OOM ZJ5 Dump SCAFR/D, TR X E sk a6 T NIO,
IR T A% B 75— S AN 1 7 T A S

25 KE/NG

AT, AT T IR I AER TR, SR, H AR
FURSRAE AR S BONAF R S . BIR Java A RIS, (HIfERRHES B B RIHR I
AL, ATELURHIET & KU BRI W R 28 3 S AR Java BRI
SBT3 A0 SR (4 B T L6 1



530 Bpcs AR S A oy LSRG

Java 5 C++ Z A7 — 3 i N7 B A S B AN B BOUC AR BT LR B 7, Mt A
R, B ERE AR,

3.1 ik

BERKIRAE (Garbage Collection, GC), K4 AFBHLX I AR 2 Java i 5 B FEA:
M. $HE B, GC T Java AGE, 1960 4FHEA: T MIT f Lisp 55— 1 ELIE M A7
BN RAEIBEBARMET . Y Lisp BAEREIBHIRG, AMTREAEES GC HEERM 3
iR ain

Q WpLe 7T [ ?

Q frantfgE?

Q dnfa g ?

ZabEA SRR, H AT SHA RS A7 AR B A R, —YFR
KABHEAT “EBML” IR, IAMARNEE R THE GC MATESRIIR? A RRME . Y
T EHAAFAAT . AR D, 24RO A R ik B G 3 IR
AT LR XL “ ABhiL” BHOR S B0 W A .

AL ] A SR LA Rt PRI BAE, [ B KA VAR Java 1B . B2 TEART Java
WAFIEATIE X 45305, B THRO. SEMURR . A5 7 Bkk 3 AN K BB A2 T
A BARRTTK o AP AR WA RS 77 2 a8 A IR HH T 2R 5 DT 25 R ARG 4
BRI N AE AR ERAE KA ORI BEE A RS T &l T
PEREAT 2oL, (A SRR R IHE o, KK AT LUA N B4R I AT &),
PRI UA D SREY P S R I B A s FEO LA KR RS 5 B3 4% 18 I i
1R, DR Iy R A s R o, A B SR BRERBAZ I T o 10 Java HERIT 35 X AR —
B —MEO RS LIET RGN TR R, — IRk h SIS LR ERATG
TTREAR—HE, Bl T A TERR AL T2 171 I A AR 2 DU RE R 5, MRS VAR 40
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AR S Bh S B BCSR BT OB B AYTE, AR REREEIEE Ay “TE” LS
s 3 A -
3.2 MR

e B EAEA A Java R tp LR HRA TG 6l IR S 7EXTHE LT RIS, 55—
TFg AR RS R R 2 B ESE “AEI %, BIEESER “FEE” CHUR AT AR BT R
frxels diilohoE O

321 SIEHMEE

AR BRI SR EAAE PR RIARER: SRR — 3 RS, B
—MHTT SRS PREREREN 1 M5 SR, PR | R RS A
O % SRR TFREFF B, VR T XA AR 2 1 R A — A BAE TR TR A
B AT XA LA T AR A R

B, 5B, (Reference Counting) FYSCERLM M, HIEM R MM, A
MOMEL T EHRE— AR, WA 2 BE A MR RE, Flindk AR coM
(Component Object Model) 4 AR. {8 ActionScript 3 ] FlashPlayer. Python i& & FI7E itk
RS ST A )32 0 P 69 Squirrel EBRERET 5B AEE B B, B FHA
Java i SR IR AT 1 5 A HEOR R ERAE, IR R R RN R AR 4
AR AR5 | P ) A

BT R B F - T BRI B 3-1 A testGE() J i« W4 objA Fil objB #B AT B
instance. BE4 objA.instance = objB-J objB.instance = objA, BRILZAN, KP4 XERE (T
F51H, SRR LB AR B SN AT AR T, (SR EN TN IS BT, SRR
B EF RGN 0 T2 5 TP B i 0 GC AR B AT

REHHE -1 5| BITMEENRE

prx
* testGC() H#EHATE, obja i obiB £ F£H GCH?
* @author zzm

*/

public class ReferenceCountingGe (

public Object instance = null;
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private static final int _1MB = 1024 * 1024;

s

KRR SE U SRR, MERE eC HX P ARRRTHE KL
*/

private byte[] bigSize = new byte(2 * _1MB];

public static void testGC() {
ReferenceCountingGC objA = new ReferenceCountingGC();
ReferenceCountingGC objB = new ReferenceCountingGC();
objA.instance = objB;
objB.instance = objA;

objA = null;
objB = null;

N BB AXATR % GC, objA i obiB R F M B EIH?
system.gc()

[Full GC (System) [Tenure

0K->210K(10240K), 0.0149142 secs]

4603K->210K(19456K), [Perm : 2999K->2999K(21248K)], 0.0150007 secs] [Times:
user=0.01 sys=0.00, real=0.02 secs]
Heap
def new generation total 9216K, used 82K [0x00000000055e0000,
. £0000)
Eden space 8192K, 1% used [ . 55£4850,
0%0000000005d€0000)
from space 1024K, 0% used [ . 5de0000,
0x0000000005¢€0000)
to  space 1024K, 0% used [ ¢ 50000,
0x0000000005£e0000)
tenured generation total 10240K, used 210K [0x0000000005£fe0000,
)
the space 10240K, 2% used [ £e0000, 14a18,
14c00, )
compacting perm gen total 21248K, used 3016K [0x00000000069e0000,
7€a0000, )
the space 21248K, 14% used [ v 398,

0%0000000006cd2400, 0x0000000007€a0000)
No shared spaces configured.
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MIBATERFTILEEET, GC FEhE “4603K->210K”, R RV A K
REX AR RIS DS ECE ], 33t S LS ke ML A Al a5 | A s sk
WXt SR EAEIE . =

3.2.2 SAMOHER

HEEMARAREIES Uava, CF, HEQMBAER G HEM Lisp) M ERLHF,
B RARE ST A PESFHT (ReacRability Analysis ) FFIEAMREBIFRM . XAFEMEAE
BERUEE L — RIVMFRN “GC Roots” BN GAENEL R, WX B SRR, W%
| BOERBIBAERR NS FIBE (Reference Chain), 4—/ xR 3] GC Roots BA 1E(75 | HEAM %
CHETAITERL, BRI GC Roots BEARTGURFTIA) B, TUAEWI xSRI F) .t
P 3-1 B 7, X% object 5. oBject 6,object 7 B ARTLHIAT %W{E% bfﬂf'EGC‘Roots BA
ke, PR bfﬂ#@A&ﬁi}'J%ﬂiﬂl&ﬂﬁm‘ﬁ Lo o7

- GC Root Set

B nemEtons
[ =R

B 3-F AT R R R S AT [Eb
7E Java ifE T, AIER GC Roots HIXH G AT F EULRR
QB CRemirh a9 A AR 22D sha IR RI 4.
QiR X S IR 5 IR 5
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Q FisK g R RS,
Q Aty skep INT CEI—f& B Native 773 SUHBIX %

3.2.3 BiXsIA

Tt Rl i 51 A BRI R 05 RO, RE A ATA ST T S Y5
FEERBEGA, AEMRREBFERS “SI/” . 7€ IDK 1.2 LIGT, Java AR5 AR
SARAEGE : QN5 reference JSRY HORCHE HAFRE OB IR R AT B Sb— BN FEATIR AMIRE, 51K
BHRWFRRE AT R R, (R AT Beb, — 0 XA E LT A
SIHBE LA GRS, M TO#E % “aZ Rk, FZAE" B0 BEL
NS BRAVA MR AR - MAEERE RS, WREREEAFZD . R
PR IR 7E AT B R R AR R, AT LA et 2. R RG0S DI AR
AP RS

fE IDK 1.2 ZJ5, Java X5 HIEBESHAT TH 75, #6515 29385] F] (Strong Reference)
#5|A] (Soft Reference). $55|/4] (Weak Reference). Hz5|i] (Phantom Reference) 4 #, X
4 Fh5 | PSR BE IR AT o

Q 35| FsRAEIER PP Z A B AE e, 25080 “Object obj = new Object()” XA
518, RERS|HEREE, RIS aR AL R 2 FCR S X4

Q 551 HR iR — 200 4 FUEE AR AT R &, X F4KT | FIEBR B IR, E RS
BB NS 2R, S R ESGE FE 2 R E k ml . dn
XU EBCERA R BE N, A SME AR RN, EIDK 12205, BT
SoftReference J$4 BT A .

Q 5551 R AR L F X R, (R E MR RS TS — 8, BaEsH
KIRMIN G R BB FE BT — DO R e 2. RO TR, e
BIAFRE R, MK AR5 HERMX SR, €IDK 1225, #ET
WeakReference 2524 3L BLF5 5| F .

Q #5| AR5 FRELIES N, ERBHO—FTIHXR, —IMRETLE R
SURBTEAE, SERRRXIALA B AN, GEHE i | RS — X g
Bile ARG M 5 K HE— E R BB X R B A 28 Wi i 3 —
AFRGUEM. TEIDK 1.2 25, #4ET PhantomReference 2R LHMES | F .
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3.24 4£BEEZNT

BMEAE AT AT e R TR R R, tIFER “HRSERTT” By, XAMRENTE AL
F R BB, BHEES IR, ELBLHMKIRCHER « MR REHFTT
SEHESHTR K BIEAT 5 GC Roots MBI, 0B SHB—UIFTIH BT — R0
B, TR SRR SRR T BT finalize() k. MM RMAE S finalize() Fik,
#& finalize() JPiL T AHBMPIAML, BAVIEX PR HRERS “BHLERIT".

ISR A XS RAHE N A L EAT finalize() Jr ik, IRAX AN G0l 2008 72—
F-Queue MIBASI 2, JFAERAJE t—A~th EEHIDL B SR A9 (RPRSEZRAY Finalizer RA2F4,
. XEFHE “PAT" RAEEDNSMEX Ik, EHFRRESSHTBITER, X
B R, ISR — AR RAE finalize() Frikth BUTEE, SRE R4 THRORSR (kRS
B, KR A2 FEF-Queue BB AR QK AL F4H, HESBEA WA EKRS
Jt. finalize() J7 BRX RBMIE T AIB MG —UHLE, T GC KT F-Queue %5
SEATH /IR, RN R B finalize() IR E ©— REEH 5516
FET— X RS OCHREI AT, BFHE A S (this T) MRIAEAN IR RE XS AR
BUER, TRFES UCHRENT A BRI “EPREI ROSRA RS R B B
MRHEA EEMIABOI T o ARSI 3-2 th R AT7T LA B — X4 finalize() B BAAT
BB SR AT LI o

R\BFL 32 —AMRABRERBOER

Jan
* RERETT HA:

* 1. ARTER oC B B REK.

s 2. A ERAHERA -k, Bh— &Y finalize () FARSALUAEAHEA —%
* @author zzm

L'

public class FinalizeEscapeGC (

public static FinalizeEscapeGC SAVE HOOK = null;
public void isAlive() {
System.out.println("yes, i am still alive :)");

}

@override

protected void finalize() throws Throwable {
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super.finalize () ;
System.out.println("finalize mehtod executed!");
FinalizeEscapeGC.SAVE_HOOK = this;

public static void main(String[] args) throws Throwable {
SAVE_HOOK = new FinalizeEscapeGC();

HARE—REARKE T
SAVE_HOOK = null;
system.ge();
N B finalize % ERAERMIE, FUEH 0.5 PULHE
Thread.sleep (500) ;
if (SAVE_HOOK != null) {
SAVE_HOOK. isAlive () ;
) else (
System.out.println("no, i am dead :(");
)

NTEXERBE LEHELMF, ERIAERHAMKT
SAVE_HOOK = null;
System.gc();
/B A finalize # & ARMI, FATH 0.5 PUSHE
Thread.sleep(500) ;
if (SAVE_HOOK != null) (
SAVE_HOOK.isAlive () ;
} else {

System.out.println("no, i am dead :(");

BATHR:
finalize mehtod executed!

yes, i am still alive :)
no, i am dead :(

AAREGHE §L 3-2 MEFTHRAT LA tH, SAVE_HOOK X4 ) finalize() 7 B 55 8% GC I
M, I BRI T .

FE—MEBEREH R, R H PR SRR B, BUTARAR— Yk
B, —RERM BB AT — X finalize() J7HAER RSBRLE B, WEx
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LT —KEG B finalize() H A RBARIAT, B B HBATHRKT .

TER VLY AR, BT T X RIE A finalize() J7 ¥k MR T BEH A ISR AR 6
% EFIEREI KRG BRSO G, MR, EERWAFRERAHEHE, W
REASE C/CH BT R, TR Java RIBEA R T C/C++ ¥ R A5 # R T AT
IR BTN RS, AHER, TCIERIES ARG FIT . AL
DA EE A CORMISMIYEIR Y 2R TR, RS R AR — R AR
finalize() AEMEIBTAT T.4E, GA ty-finally S# AT AT UBAR B A7 B Jet, FFIA%E
FHWKRE LT LUEH Java ifi & P XA TR FETE.

3.25 OQOWHEEX

BENNKIHERX (SR HotSpot ML HIAAI) REARHBIER, Java HEHIHL
HTE F 1 S B 7T AN SR AL o K S BRSOl e, T L7 0 X PP kAT B SR e A
CHEMTIL” BB - ZEMER, R, LR AT — U R S — T L
11 70% ~ 95% =S ia], Tk AR BB BRI AR F it

AR EEROBCE B PR A M2 - R RORIE I . IO A S (i
Java HESR ORI GARR AL, LR R I R EIUORE), BIN— TR “abe” B %
AT WA, HEYRTRLEBAET—A String WL “abe” B, BANER, AR
FAEAT String XT3 HH R “abe” H i, WERAHAMMT AT XAFEE, WRx
BHACA AE RN, T LA EEYE, XA “abe” HEURSBURGHE M MRk . H R
fl M), Tk FROFSSI AL SHEM.

HE—DWRRTR “EFNRT AR, WEAE-IRRER TN Wk
PR S %I . LB ER R T 3 R4 R “ BRI

QKT ML BA T 28R, (gt Java Y A RTEAE LR A (T4 35451

Q &% ClassLoader B 25 [ .

Q) ZKXFRI java.lang Class SF 5 BATTEAT (T J7 05|, Fork e AT H0 07 ik )2 5407

[REES TP

HEAIBUAT LA B3R 3 AR T FIAAT NG, 3 BB “RIBA”, AR
KGR —FE, AT AR . EEXAHATEN, HotSpot HERWIIR{E T Xnoclassge 2
BT, 8T LU -verbose:class 12 -XX:+TraceClassLoading. -XX:+TraceClassUnLoading 757
* FE, He 1 -XX:+TraceClassLoading FJ LAZE Product FZf g $DLHL #fs
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Jil, -XX:+TraceClassUnLoading Z4{7%% FastDebug K HE AL HF -
TER R T4 2L, CGLib % ByteCode #E#. 3075 4: i JSP LA K OSGi iX 2%
1% [ 5 X ClassLoader H3) BASTH ERAILE A2 BATIRE, DURIEAARA 28 .

3.3 HiRMEREE

o TR R A S B RO BB AIY T ELAF 6 R UL P B e X
HAME, HA TR SRR, REA LRSS R R R .

3.3.1 i - BREA

AR BCE R R “ARiC - B (Mark-Sweep) Bk, MRIEMET—HE, Bk
S ChRL” A CTERR T BIAIBE s B SRARCHN T R BT R, FERRICSE R 4 — [
A BARC AR, B E bR SRR YRR RARICH R T SN R T . ZFTL
R AR RSSO 5 SR R B AR AL T R B B HR SR AT i
BEE. CREERRAPA . —DRBCRRME, FHCHSERBE A ROBRAARE ;. B—
ARZE R, PRCTEER 2GS A KR LR AR, S REB A KETRES SRR
FERR PP B AT AL P SO AR R, Tk AR B L M B AR T S A AR A % 55—
BRUSENIE . ARiC—IHBR R IR AT R A 3-2 PR

TR

1 R A =

E3-2 “bRid - kR SRR
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332 SHEE

H T RPBCR I, —FFRA “EH” (Copying) MR EIMAT, BH AT HNFR
BRI SR RAEFEFIR, BRAMALTN -0 X—RENFRTET, BHEEE
F X RE MBI AR LT, SR FHEC G i 772 6] — O . SRS SR
SRS X HAT N AF IR, SRR LA S B AR A O, RER BT
faet, HOGUFSECATERI, SCBUMTRE, BATEAL. FERFERGRM RGNS AT
SRR —, REKRET —ml. ERREROPITERMAE 3-3 iR .

TEBHPR A -

[E AR :

33 SR ER

BUAE 1 K DL R X R BCR k R BB AR AR, IBM AR TR RS,
RIS 98% & “HWIEL T i, FTLAMNATHERI 1 1 M BIRRIS NS R, T
SN PIFES R — BRBEK ) Eden 25 (8] FI BT 588 /N4 Survivor 25 (8], 43K {8 Eden A1 th—
B Survivor®. 4 [EYCET, Hf Eden F1 Survivor HE 47 # %) S — U ¥ Hb BT 0 B 53 40— s
Survivor %3 8] L, $¢J& i B # Eden MW 15 49 Survivor %5 6. HotSpot HEfIHLERIA Eden
A Survivor MR/INEBIRE 8 1, HUBRR UK A AR AT FH PO FR2S [ 2 6 A R A IR B 90%
(80%+10%), FUA 10% MINFFLM “TRA”". L8R, 98% HUXT4 T [l HR— i F s

© REFEHRIA—TF, fEHotSpot'h X FAMUIT XM BIBIEEFAD, SIBMBYBFICIFBA 23 BRIK
R ABIHIBMIBIIE RN T S0 AR5 09 8 SBT2E .



BIE WREEBSAGEIRER 0

i, el Ik RE B R U R Z T 10% BIXTRAFTE, 2 Survivor 25 [EI G F,
T BRI GX IR EER) #T/HB4A{R (Handle Promotion ).

WA 95 BB AR BE AT ELBRATT RARATA B A SRIRAEARLF, 7 98% M08 FHR A
BHEE, FARGRATAFRE R — U BN AR K, R EA— M EARE
PRUEISREARER SRR AT UMK P 08, IREATRA R R T WTERISHREHR
W, RIS B Survivor 55 [ WA 245 2 MIAEH b — YORTAE AR e TR 9 TE 1 X442
Bfs XSRS GO HHOE N A BB GRAURI A BAEAR . SEE A IR R A N A, 7E
AR AR SR AT U5 25 PV AR

333 #RC - BIEHE

SRS LR S R R TR S R RIRAE, BRI, ERER
o MURRARYE S0% HZ I, BUR B A SR I T A AR, AR IR Py e
ARG T00% TR MBATIL, FRLAE AR — MR AL Bt A o

HEREAERAORES, NS T 55 —F “$RiE - BH” (Mark-Compact) Fvk, FRit
EIIAE BT - W SEHE—RE, (RS TR LR T YR G AT, il
FRATAEIR X QAR —AEE), SRR ELBETF R RS O AE, “HRic — BT kg
REEME 3-4 PR

[EIBCR AR A2

[BRARE

F3-4 “bRic - B HRREE
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334 HRREEE

477 7 Ml B AL L A By W SR BRI “ A1 ARCHE ™ (Generational Collection) %, X
FEHIFBA AR EAR, PR QAFTE FIWI O AR G TR h L. —fRURAE Java
S AERABAENR, AR LUR IR & R AR ORI BOE M k. e
i, BRI R A KA RS, AT RAEE, IR A, REEA
A RAFIE X R AT AR . TR AR R I R S A AR . B s s
SPEHAT RO, MBI PR —IE” S “PMC—BEE” R T .

3.4 HotSpot KIE XM
329 3.3 FORFRIR AN T RGP AIE S0k ARSI, 45 HotSpot MEHLAL
SIS, W ORI R 5, A BRI DL B«

341 MEFRTR

AT E AT GC Roots T3R5 R ARAE R, TTHK GC Roots 4 5 £ %
FERJRERSIH (BN B eSS R SHAT LT3 (BB A A R %) &,
BIERZ R AL s KA O K, AR BB MG A S, IBAURSHERE
] .

S35h, ATAHESMAT A AT I 18] UGB R BRTE GC 308 L, R R3S T AR AT —
A REFOR— B PRI AT — X B B O RUEURAR FE R ST B AT R S
FR ARG AER AT AL, AT BT AR o 525 | e R TE AR W AL
Bl BRRRWE R TR ST BT S R M R A B (R . XA BB GC AT A T
Java PUTLAR (Sun KX {FSEFRN “Stop-The World”) MM P — P HEFHE, HFRES
B ULP) RERAEFPIIFCMS KRS T BT R R AT A

HI T BT 2 340 Java MESDUBLAE P A B2 B X GO CGXMETESS 1 #8440 Exact VM
i} Classic- VM BYBGEI i), B LS AT RGAF VR HSG, HEATE AW R ST
#ﬂlﬁh?lﬁl%ﬁﬁ@@l)ﬁﬁiﬁv AL 24 R 0 EL A R L 4 A T X R B L
1F HotSpot (¥ LB, 24— 418 A OopMap- (1 $HE A Mk B A H 0y, FE26 RS2
IREIHAEE, HotSpot BLIEAL G M AEA RS 1 Lo i 283 MORCHR V13 K, 75 DT Skt 72
i, dz%ﬁ%%wﬁﬁiai‘ﬁ&w%#ﬁ*%&&ﬁ%%tﬁﬁa XHE, - GC ZEH I L AT LA B
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FARAXLF R T . FEAIIREDIE A 3-3 & HotSpot Client VM 4= i f— Bt String.hashCode()
Tk iA RS, AT LA FI7E 0x026eb7a9 ALH call #5474 OopMap iti#, T#H T EBX #F
AR P IRES RN 16 B9 NFFR IR &4 — M SEX 4454t (Ordinary Object Pointer) (3]
G M call 454 FFHR ELH) 0x026eb730 (35 WAIARIAAIE ) +142 (OopMap it 5
(FREEHL) =0x026eb7be, HIl hit #54 A1k .

EHL 3-3  String.hashCode() 75 & 4+ il

[Verified Entry Point]
0x026eb730: mov teax, -0x8000 ($esp)

i; ImplicitNullCheckStub slow case
0x026eb7a9: call 0x026e83e0 7 OopMap{ebx=Oop [16]=Oop off=142}
i*caload
7 = java.lang.String: :hashCode@48 (line 1489)
{runtime_call}
0x026eb7ae: push  $0x83c5c18 i (external_word)
0x026eb7b3: call 0x026eb7b8
0x026eb7b8: pusha
0x026eb7b9: call  0x0822becO 5 (runtime_call}
0x026eb7be: hlt

342 2

A& OopMap HIMII T, HotSpot 7T LA HRs L MEB M SEAL GC Roots 4%, {H— RIS YT
TR : TTRE B XA, BB OopMap WAVELINISSIEH 2, Bk —%
FSHRE XTI OopMap, ABHETEARABSINEN, R GC M2 HRAN SRR .

Jibr L, HotSpot ULIIHHEA H 8 445 S HB4E R OopMap, WITIELAHRF], R “4f
FEMRLER " B TR SER, XA BF AL AN (Safepoint), BV AT HAEAEFTAT
HITERERFI F AT U GC, R LEBIA T & A A BEEH . Safepoint B3 2 BE AR BEA B
Tk GC M ALK, WAL FMEUB TS KBTI RR. L, 22K
TEREHA FRLBIF R A LB K A R AT BT AR UEEAT HE R B —— P R A
B4 PAT R LA Ak ¥ 4%, PR AT BB P K45 4 04 HE K 3 5 R T e B 32 4T
CARIHIPAT " I 0 BAHE MR FE SIS, B0 B VR GRS SR B %,
B ABA XL BB 15 44 £ 772 Safepoint.

X Sefepoint, 55—/ B 1Y A LR ANTAE GC & AERHEFA R GXBAaFEHR
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AT INTJEFIRLRAR) #8 “B” BURGL A% 28 L RHFWTF k. S RATIF T RS . 4
S Wi (Preemptive Suspension) 1B Wi (Voluntary Suspension), Hrhitseat iy
ATRELBOBPITREHREA, 7 GC KA, HIEIEHARELW Y, mRLHA
ARTWIH BT AEL LR L, RRELR, L “H7 LM b BEJLTRA BRI
SEHR S R B AR TN GC

i = B T AR Y GC B PR B AR IR, R ELEEXT AR R, (UL M it
AR, SDRBIITI S FRIARE, R RWER S L G S .
SRR I A2 R R A, BN L QIR SR E RN IR
13-4 ) test #5412 HotSpot £ RIGA TG4, YT BEFRBN, BB 0x160100 f
WA ST R AT, REBHITE test FAMBETE— D HKRHES, EBCEN S
WA PR RBLIGR, X RILRIE S E R LS AR R

REHE 34 BIES

0x01b6d627: call  0x01b2b210 ; OopMap( [60]=00p off=460}

i*invokeinterface size
i - Clientl::main@ll3 (line 23)
{virtual call)
0x01b6d62c: nop i OopMap{ [60]=Oop off=461}
;*if_icmplt
7 - Clientl::main@118 (line 23)

0x01b6d62d: test %eax,0x160100 i {poll}
0x01b6d633: mov  0x50 (%esp), besi
0x01b6d637: cmp teax, sesi

343 REXHE

{4 i Safepoint fLF B 452 £ MR T 40T A GC B [IRE, (ELSERRI 04036 R — .
Safepoint ML RIE T F2 7 AT, 78 A8 KK 9 B fi] P 3k £ 8 B 7T 38 A GC (1) Safepoint. {H
S BIF CRPAT” BEHEVR? BT IE IR E AR PATRLR B 4B CPU BRI, S ik
SELLRAL T Sleep RIS Blocked R, XAHRLE T ILWIRL IVM (K FWFifR, “E” B
LML PWHER, JVM SRR KT RS R B EH WAL CPU B, X T A
B, RTELLRX (Safe Region) k.

RRDIRAAE— BT Bz, BINR AR RADA . (e AR 0 fE 8 I
JFif GC #R%4 M, BATHATLIE Safe Region F UM & T 1) Safepoint.
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ELFRNITE Safe Region HGRAGNS, H5EARAHCEAHEAT Safe Region, AREE, 7
sk B ] L JVM B &R GC B, SR MEFRSLA O N Safe Region RESHILR 1. ERBER
JF Safe Region fif, CEMAHRARE LM TR S (RHREA GCHR), MRS
T, WL ST, TN RRALAT F EEICEI T A2 2T Safe Region (RIf 5 H 1k

B, EHFEHAE T HotSpot HEHLIALIN 25 K2 A A7 I B oL, (B HESLPL Anfer 2
RHHETINAE MR A B, B N FE AT A T2t R IMLAT SR AT GC Wi dis
19, WA ML AT —Fh GC MRS, FITARSERA HotSpot HHATHELE GC AR .

3.5 HIiREERR

ARG P W B 7 v B4 BB A LR I A EI Y LA SE 8L Tava
AR 03 B 2 RN T S BT BAT AR fT A, RO T R SRS 1 e
HIBUBT RSB BT B A R A2, I B — B2 RS ML P AR B 2 7
JHRFAEDR AL A A MERBTHE B BURAS . X BIIR AR5 T IDK 1.7 Update 14 2
JG 9 HotSpot HEHIAL (723 AW b IE R 48 1 7 A0 G1 AR RR, 2280 G1 3AL F 23R
&), XA S #9 T R AR W 3-5 BR .

‘Young generation

[ 3-5 HotSpot HEfIHLAYE, F U4 2E©

© PEFHRE: http://blogs.sun.com/jonthecollectorfentry/our_collectors.
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[ 3-5 AR T 7 MR TR RSB S, anRp MRS Z AT (LR, BT E
ATAT SO . HEIPUBTAL Y B, TR A T A RS AR e B e o
FOREHE I GRS R . SEA R B, FE AUMHT CMS A LIPS
B E AR, T REEN AR R .

PR KSR A [ R BT, RIS — LA BTN i
SEIATIRE, BN T Pkt — R ROCAERE . DA B BUAE A 1R R MR AR
B, IR T AR RS BT AT TR A0 FUR R FLA T SR A AR R
ELNFRRAEIEY « WRA Rl P HE AR TARE F 5E R MR A A 7E, K
HotSpot HERIWLk Wb B BUAR A SR AR AR T -

3.5.1 Serial Ix&E3%

Serial WHEARRAEA . KRN LRASAMEE, 2 (F£IDK 1.3.1 ZHD R
PR — . RRBELTREME, XMBERE— AR RES, BEn
“HZRR” SO RULBE & R & —A CPU st —AR UL 2 8 BRI SR T4,
R AE T AT RORURET, S HABTA  TAERRR, HE SRR “Stop
The World” X/ FHLFITR AR, (FIX0M TAESLbR L2 th U bLAE R & A S AR 6 3)
SEHL, FEFPTRTT LN BT P I AR S, SR B AR B A
LUERZ . EERGRE—T, BEREMHEVEET— /I RSE R S 48, ke
FH 4RO ? B 3-6 /RE T Serial / Serial Old R ZR BT«

CPUD PR 1

cpy 1e-RENRS -

CPU2 Arus 3 IERAMS MR E EERFRGIE-ROH L
APEE . WRFAAPOR EEHEAPWE

cPU3

Safepoint Safepaint

[l 3-6 Serial / Serial Old YAl 35477 B

% F “Stop The World” #7443 FI P 60N KK, HERAOLEYBEITH (1R 62 H0f%, (A
FARAERER - ARIBIOESRITEF RGOS, e iR L TR F L kE 5
SRR, WS — BT, R—AEARE, XHEREERITE? 7 X RE N ERA
BTG, BARBFMEI T AR R AT 7 R F— MEE M, HKbR bR ERE
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THEp RIS I £ |

M IDK 1.3 FFo, — BB BAE RGBT IDK 1.7, HotSpot ME1UHLIF 4 FH BA o 4 B 5 3 0
A TARLRAR D A7 [T BB 55 — EAEEAT A, A Serial WA 28 8] Parallel Wedj %,
% Concurrent Mark Sweep (CMS) J3% GC IR RS (LTS A Garbage First (G1) Iicdl
M, RAVEENT — AT QBRI SRR B, P SR A fa]
FERWTGRIT, ADRIVRBATINESE AR GXE T AELE RTST il ss). FREMK
BB B 0 T AR 4k Sk !

BEXE, EEMTC LI Serial HEBHARR— D “ETEM. A2 EKZEZ A"
TSR T ) AESCER L BUBLAE R ok, BRI HEBILETTE Client 8120 i MR A7 A= AR e A1t
e BWAHERTHAMAERNMTT - FATRR CGHMRERYRRBRI, M TRE
HA CPU BIBRBER YL, Serial WA 8t FRARBLHTIFG, & OB B R T
BRAFIRIG Y LRI . TP (R 5T 35 08, 5040 K AOUML BI A A 7 — RS
ALK, I IR E P EIRMBE (R A (BB AAE, ST R A
ASTERT), FATIN T SE A AT LR RS — E BN, RERRRE R,
BAAPPIBURAT LABESE . BTLL, Serial MOARARXS TH2T7E Client BIA T (M MERIMLR B — A4
TP

3.5.2 ParNew I&38

ParNew WA AT LI HRIL Serial WOAER M9 BRBMRA, B T 0 2 SR FIEAT BBl
b HARAT IR Serial WA TR BITA £ 2% (HIM0 . -XX:SurvivorRatio.
-XX:Pr izeThreshold. -XX:Handl ionFailure %), W4EH . Stop The World.
XEOIRCAI . EIERE S Serial B AS G2 —HE, ZELELL, PR RS T
MEZHREG. ParNew WA 1 TR AP 3-7 .

cPup ARk
cpuq BrsEz

AR TRER O
CPU 2 &
cpu3 FEsE [ —— uRHERPERE

WEHHAP SR

Satapoint Sabupoint

P37 ParNew / Serial Old I 488551777 R
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ParNew AR5 T 2 RABUAEZ S, HAb 'S Serial AR AR HIF A KE QBT 2 4L,
(BEHRZEFTE Server BT MM IBLH B REA0BT £ MR, R — D SHAEEX
BAREENFEER, BT Serial RN, HIl RA TS CMS BERRRE TE. 7£IDK
1.5 391, HotSpot #E t T — K76 38 38 R A o JLF- AT IA A A 0 B AR SRR B Mg 48—
CMS 448 (Concurrent Mark Sweep, 775 R J H PE 41 R BRI R, Xk licse a2
HotSpot B fUIHLPEE— 3K EIE# X L #93FK (Concurrent) WSS, BH—WILI T ikHR I
SABEFPALR GEA L) FRTE, FERSOITF R, SRHME T RS
FTH B ] BB EVRE A — D s EIARIE .

KRR, CMS MEREEMURES, HTM S IDK 1.4.0 ' ESAF7EAH LIRS
Parallel Scavenge A& TAFS, FFEAZE JDK 1.5 H{dH CMS SRR Z4ERMBHE, s A Akt
% ParNew T # Serial 8 28 i — 1~ ParNew U425 th 2 f ] -XX:+UseConcMarkSweepGC
TR HBRART A R RS, AT LU -XX+UseParNewGC IR IR HITEEE -

ParNew WCHERH1E B CPU BYFRBEF 48X R 24 1L Serial BURASEAFMROR, HEMT
LB ENITH, RSB R B A LIPS CPU IR B F A REE 5
2 E AR E AT AR Serial WCHEER . MR, BT LA GG CPU B KM, EXT
GC B 5 55 98 35 9 4 800 I AR AL Y . B BRIATF i MR SRR S CPU SR AR
[A, 7 CPUdEH % (8324, BE CPU S 4 BOIEAR, M4 32 MR
CPU RN MRE T) WIFE T, LA -XX:ParallelGCThreads 2 ¥4 KR i 17 4% i
EHRIRE

EBE M ParNew HE B4, BRELEMIUMALAIHFITORES. EXETR "L

BAZH, ALRAMBEBRANLA  FLFHT. XAMNLARAALLE T HBA, £k

FHIEE BN ETGERT, SNTAREL T,

o 47 (Parallel): 4% $ iSOk AT TH, 2B A P ABRBRETHFHRE.

e #% (Concurrent) : %/ P HALL B E AR BIIT (BR—ERHFT8, TREX
HHAT), A PAFE B YEST, WERKEARFET TS —A CPU k.

© Parallel Adh R e s WORERRESIES, T 5 Sha T S,
HARI T FHINEFS%: hitp://bl
collectors..
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3.5.3 Parallel Scavenge IN&8%

Parallel Scavenge Y48 2% R — M FTAARAE RS, TR MR aUER, SR
T LRSS - L XA ParNew #—4E, IPEHA A2 4R ?

Parallel Scavenge W HE 8 ¥ 5 B 36 TE A 5 HABMCE B R[], CMS 254 8y
e AR SR 8 4R R SR I P P R R Y (S 18], T Parallel Scavenge W #EBRAY H
FRIRSA ] — A AT FE R 9 FF 5 (Throughput). FRiE7Fnt & LR CPU I TiE47 F R HG
R fa] 5 CPU S IHFERT BB HL A, BIFRtdt = &84T A1 ARAS I 1E] / GE47F P ARG AT (E] +
SBR[, LSBT T 100 4360, Foh iR | S8, TRER R
99%.

PRGN [ A A A 7R PR T IO RRE R D R ST P A, T
At dk U AT DA R M LA CPU 1R, RIRE AT ME BT S, FEESEEGBEM
ATERELHIES .

Parallel Scavenge 4R 85424 T A SMH FRITIRGIT L i, S50 R EHI BRIl
PTG ] ) -XX:MaxGCPauseMillis Z%5 1 K B8 B 751 A/ -XX:GCTimeRatio 23«

MaxGCPauseMillis SHLVFIER— KT 0 BYZERE R AR AT REHLIRIE 77 ]
W AE SR IR B B R (o AN R BN EE AN AT 2 B 1 BB R/ — St R
HRGEA RN A TR, GC (ST I8 47 45 2 AT 75 b AR A2 1) B ) -
RGACHTE AT N2, W 300MB HiA: (U1 5E H i 82 S00MB HRIE, X B4 S B
WA A AR, TR 10 B — Uk, A 100 2R, BUEEMR S BPBUE—K.
ERUHPI 70 R, (T RORTE T IE, (HE RO FRT .

GCTimeRatio ZHHHR 2 ——AKTF 0 /T 100 S, iR Kokt ) & 2
OFEIAY EEE, AT T RAF AR ARIELSEIRE N 19, TRAPFRIBA GC AL &
BB 5% (I 1/ (14190, BUAEA 99, MR AVFRA 1% (B 1/ (1+99)) sk
e

TS5 RX R B Y], Parallel Scavenge WA A HFR N “FukBiEsk” Wk,
B L3RS 825, Parallel Scavenge I 4 #% 5 #1 — 4> 5 8 -XX:+UseAdaptiveSizePolicy
HRXRE. FR—AFXBE UXANISHTHZRE, RAFEF THEFERHK
/N (-Xmn). Eden % Survivor [X # b # (-XX:SurvivorRatio). & T+ & 4F {8 X % 4 @
(-XX:PretenureSizeThreshold) 4 WSH T, HeHIMLEHIE YT R A MEFT I TUBEMERE Y
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FAEE, BhA RIS B BRI A3 5 1] S K P B, BORRIR S SRR
GC FE I 159 M (GC Ergonomics) ©. WIREEH X TS EFRAK TH, FT.
RACAEAE BRIME BB, 8 Parallel Scavenge HAE 25 BTG H 3 7 815 SEMS 40 A 245 28 %) )
DA 55 5 4 I 25 50 UK R — S R e . LT B0 AC 1 P A7 SR IR B AT (A0 X
BE B KHE), SRJE 4T MaxGCPauseMillis 280 (3 X K4 WIR ] ) 2% GCTimeRatio
CHESCTER MR SRR —MEAL B4R, IR A0 2800 V845 T AR b UL
SERLT o EE LA 15 HEmE 1 Parallel Scavenge I AF 5 ParNew WCHE 2R I — P EE X F1.

3.5.4 Serial Old Ing=38

Serial Old J Serial AESRH EEMRMA, EFRBERE M BLRIERR, M 4R —
HH” Sk, BMKURAR 0 EE R LB RAE T4 Client B F B BIHLEH . 41HAE Server
BT, MAEEZEAPAME . —FHRESE IDK 1.5 LR ZATH R4 5 5 Parallel
Scavenge WU AR BMHC, 55— ABRBER AN CMS BRI AR, 703 RIUER &
Concurrent Mode Failure (M fH o 51 A #0006 765 T 6 P 25 P DEAR VRS . Serial Old WCSR 2859
TAEL PR AN 3-8 Fim

CPUD PSR 1

CPU 1-=RBEfRA

CPU2 PR 3 WERRREMEE EERENGIZ-BORE
AP 4 EHFTAOWE WEHAAPRE

cPU3

Sufepaint Safepeint

[l 3-8 Serial / Serial Old W4 #3217/ R

3.5.5 Parallel Old I&=28

Parallel Old J& Parallel Scavenge ARSI B AEMIA, MABLBM 4R —%H” &
o XAMCEAIAE IDK 1.6 A FFHIASRMER, FEMZ AT, $E1UK) Parallel Scavenge HitdE
W FAT R R . R, WRFEIEFE T Parallel Scavenge HH2%, H4ER

o HING: racl i i html.

© WEEM—TF, Parallel SHHPS et TEAEIIE, SRR
FIT Serial OlAKHE 2%, {HARXAPS e84 5 Serial O » BRAER TR
PRI LB L) Serial OIARAFPS MarkSweepit ATk, X B H tUR X F AL .
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B& T Serial Old (PS MarkSweep) WSEARSMHITEER: (GAILTS LI Parallel Scavenge 14k
I G CMS BRI A TAED? ), i FZ4-4R Serial OId WA % 75 R 5 5 B 1T HEfiE L
“Hi F”, T Parallel Scavenge WA 3% th oA 24 HE 7 AL 3R 775 ot Bt IR K AL AR,
TR RBEK E R T R LTS A RS 4L CPU MALERE S, TEBAFR AN HIFE
TFHRRRAIREE R, DR A L B ZE AR — 47 ParNew fil CMS (LA “4H A1,

ELF Parallel Old HURASIMBUE , “Frubit il ” MRS TA T R4 RIS R A
&, fEETAT LG LK CPU BEURMUS I &, #°T LAE S5 1 Parallel Scavenge /il Parallel
Old e 8k7%. Parallel Old ISR ) TAERT R NP 3-9 iR .

CPUO PR 1
CcPU1 AP®E 2
CPU 2uRRERA
CPU3 HBPER ¢

Safepoint Safepoint

[E:3-9- Parallel Scavenge / Paralle] Oldi 5 5747 7 55 ok

3.5.6 CMS s
CMS (Concurrent Mark Sweep) WA £ — R JR IR AR 540 [BEA F 4RO O 88
FERARK— 853 )-Java RETIAE YLK RIS EH B/S RO SEm b, 000 L L TR
S5 ROV L, AR AR AT R, LA PR BT AR . CMSIARE IR A
MEF (BF “Mark Sweep”) EREATLAEH, CMS WEBRET “bric—mg” 8
BRI, ’EE’JL&VEi;!ﬁtﬁx-f?ﬁmﬂfﬂﬁ*%%ﬁ*i)iﬁﬁi&—%, AN B,
45
Q#babric (ems initial mark)
M=t cms concurrent marky.
Q EHibrie (CMS remark)
- D}f&?%ll? (CMS concurrent sweep -
ﬁ#’ thkRiE. ORI IR AT “Stop The World”. ?)]&fii‘mﬂﬁ(ﬂ,“\
ARIC—F GC Roots ﬁEEﬁ)@@éﬂE‘m‘% BRI RARC BB R HE AT GC Roots
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Tracing 9t R, TR BRICH B T 6 1T & bR iC 1A 8] B8 FH P 02 Fr 4k 2 R T 9 300
E AR S B HS— R AR FRICIT R, AP BRI [ — & LA G ARIT B B K —
e, fHIE L IF AR AT .

1T AN i AR DR I SR A BARIT R A T B B S AR AR T LU 5 T P i
LAk, FTLL, AEMAR LRIE, CMS sk R A7 G AR 5 T P R — T A AT .
LF P 3-10 ] LA LECBEHE A A 2] CMS WO AR 32 1R 5 BR T OF A AN SR A 18] o

3, Sun 24 A ) — L8

CcPup FPEE: PRI 1 AP 1 PR |
cpuq PEEZ AP 2 BPWE 2 BPWE 2
Ccpua RmEs

cpu3 PR AP 4 BPHE o BPWE 3

Safepaint Sabupoint Subepeint Satepoint Suapeint

[€13-10 Concurrent Mark Sweep W4 881577 7 2 F

CMS 2 —FILF e, B EEhEELT LESERIRT - JFRKE. K
J7 3O P Bk 2 S I K AR 45 B4 28 (Concurrent Low Pause

Collector) {HJE CMS Mk A BIFERIFLEE, EALLT 3 I RIS

Q oMS WedE 8333 CPU e # #iUR. JL9E, W1 IF & B0 B FAR X CPU BER LA
U, IR, B RARR SBUN PSR, [HRSKA S T —HrLR
(H# 8 CPU Bt T FBOM AP AN, Bt RAFE. CMS BhAJE S ik
LRFEOR (CPU Bl +3) /4, MR CPU 7 4 MLLERS, FEREERIRINES
AR T 25% (¥ CPU IR, JF BB CPU Bl iR N FIE. {2234 CPURE 4
A GBI 24 B, CMS XPR R R AT AR IR R, ARk CPU Ttk
WK, BRI H— 2R IE TR S BATHUE R, BEFT AE S0 PR IF R PIT
BIRBEAL T 50%, JLIhib ATOEZ. N 1 ATXAIES, LR T —FiFR
“HIBHIF L YRS (Incremental Concurrent Mark Sweep / i-CMS) ) CMS W d 2875
i B R B CPU 4EAR PC HLARAE R G At & R S 4E 55 WL B B A8
—HE, BRLOFRIRC. WEMRMEIE GC R, M RBRRKIET, REWD GC
LA BEI A ], SR R B AR, EXH PR
A2, R TR IRV R SKEAEN, BMRET CMS B SRR
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R—f, EHAEAS, i-CMS ELWEYIN “deprecated”, BIARFHEM .

Q CMS Wi 4 25 6 3% 4b 32 7 8 B2 % (Floating Garbage), 7 fig i B “Concurrent Mode
Failure” T #3055 — WK Full GC 974 . H1F CMS I % 1§ HB B PR R AE
EATH, FRRERRIFIETT A AR AT B R R AW, X — ARk BAEAR e it
BZJE, CMS EHAE MUCBER AR Ef], REFRFF T K GC M A, X
ARy “IRSBR . R TR B P AR R BT, TR
0B B AT R O PO AR ) P R AR, PR CMS IR BR AR RE IR i
RIS RILERIL P E S BEOH T A TIE, WEBE RS ERGER K
A EF S, 7£JDK 1.5 MBIARE T, CMS B Y EAHH T 68%
75 (6 JE AR S B, R — MRIRSF IR, WRAERH AU KR R AT,
AT LASE 249 78 2§ -XX:CMSInitiatingOccupancyFraction {5 & # il % 7 4+ He, LA
{8 AR P 7 1 U RO T 3K O A5 O PE Bl 76 JDKC 1.6 1, CMS IBCHR A8 (53 3 R
BEERFE 92%. R CMS BT R (7 Bk ERIFHE, Mamm—%
“Concurrent Mode Failure” 50, X MERWLKH 30/5 4 IR « WakdJ A Serial O1d
WA BOR ERTHEAT LA A B, RSB T B T FFLABE S -XX:CM
SInitiatingOccupancyFraction i & 7% K 1R %5 5 3 B K fit “Concurrent Mode Failure”
R, PEREI TS .

Q FBARJE— R, TERTIF KL, CMS B—KEET “4Ric—ilk” Bk
WAy, AR X BT ELR RS A R AT ENRAOTE, T AR AR B R R R
B RARREEET . SEEAEER, AR RS RRAR, &
A IEFEREARAE FFA, (BRICEIR PR KA 1% 4572 18 5 43 B 24 /i 5
% PARERHME K Full GC. H T HRPUX A AE, CMS ISR T4 -XX:
+UseCMSCompactAtFullCollection JF X Z¥t CRRINBLETFEAY), FITLE CMS Wdkas
TUARMEZHEAT FullGC IIF I8 AFRE A A I 30 A2, I BB R R &
9, AR RERA T, BEE AR, BRI R R T B4 —1
2 -XX:CMSFullGCsBeforeCompaction, iX/™Z¥UE M T i B #UF7 £ 0K R R4 i
Full GC J&, BRFHR—WHFIRGHE) CRIMEN 0, FORBRUKIEA Full GC WHERHEITRE A
),
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35.7 G1un&sR
G1 (Garbage-First) W3 M4 WM B AR K R K RATF MR 2 —, F46IDK 1.7 B
5 S29 H B4R, Sun /A4 H A JDK 1.7 RoadMap B/, 8% IDK 1.7 #h HotSpot
LA — D EESAHE. M IDK 6uld thIFiEH Early Access A G1 WAERSIEIT &
ARER. B, I Gl YRR “Experimental” RZASFFLE T B4R HT ], ¥ % JIDK
7ud, Sun AFA NN ELE R RAMFIIEE, BT “Experimental” MR,
G T 1) R 45 St L FHY 9 B3RO 2% - HotSpot JF & FH AR T & i {2 (FE HuBC
WD) RATT LIRS IDK 1.5 th R AT CMS Wi ah. 5HAb GC WML, G B
T
QHAT5H%K « Gl REFEFIAIZ CPU. ZEINEE FIREAHLS, #AIZ4 CPU (CPU
# CPU #%0) H4i% Stop-The-World iR IF], 343 FE Ay S48 S AR 75 450430
Java RREAITHI GC B0fE, G R BRI 0T LUl i I & i 77 ik Java BRFHREEIAT .

QSR - SR — R, SMUBESTE G KRB LMER . BRI GI ATUR
FEHCABCE B RS AR AT L S GC HE, (BB RS R AR [F 6 77 20 2 4b BT 61 2
IR RANE LG T — Bl id 2 GC MIHA R LAIRBUE 47 A9 AR AR .

QA 5 CMS [ “PRc—HER” FIEAR, Gl WEHCRE RET “4ric—igm”
PRSI, MR (BI4 Region ZIA]) F3RFERET “HH” Fuksaiy,
BT, XPIFSEEABIERAT G1 BRI AR &= 723 B, O A
BB T FIAAE . SRR R TR ST, SBEA SAAR S Tk 4R
BB EZ AT AT A% T — %K GC.

Q ATBEE A - S GLAHAT CMS 895 —KPE%, MRS A& G1 f1 CMS 3t
[RIBOETE A fH GLBR TAESRAGEAh, A AR S o] F0U B T RERY, AL A
FH AR A — KB M ZERP IR 1] B, I RETE BTSRRI B )R8 8
N Z#, XJLPFELRELH Java (RTSD) MIRRKERS MR T -

16 G1 Z B A O 88 AT WO B S PR AR SR A ARk 2440, T G R TR IX
BEo BT GIWCHERRT, Java SEBYINAEAT SRR S A O B A AR KL B, B A Java HERI
TREDKAMEFH IS KL (Region), BIREMEAFARMBEROES, (LR
EENANHRYEREN T, BI85 Region CRIFEELD) WA,

G 2% 22 I LA A St S T U000 0 45 T () RS, DR T LA S0 e 7 A
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Java HE AT A K A BLEOKCAE . G BRER 451 Region HE A B3O BHE A fLAR D (IRl
A Bz S/ LR R IR 8 B0 D, FEJR B4 MR ESR, BRRARIE R
frc AR I, O S FICA i B A Region (X ik Garbage-First £ FR(KI ). BFMEH]
Region-$| 4F PHFZS ] LER AT (RAES A X BRI, (RIE F G PSR 7R R (i 1] P4 T 1A
PBUL AL AR IR .

GUITNTE “BHE” HBH, BRI TRAS, (EH o 3B Aot A
G PIRRERT - A AR M 2004 4F Sun R E X RH—FLGHIIE IR ERIS K O
T 10 4FRFEDD A I GT MR AR, & U — TR E) : 4L Java HE5 A Region
Jeie BB R AR EMAELL Region A SAHEAT T 7 WERIMELE, BFAEMRRES
KA : Region AAJAERILH. —AFRIBEAERA Region 1, EIAE HAEBEA
Region H i HALXT &5 A, 2 A A S84 Java HAERMM R RASIHXR. IEMATE
HEHEHEX RREBFAE MR, DRRBEAREA Java A REGEREGYE? X REH
SIFAEAE Gl A A, FURAE G EME N . fELLRTH s, B s —
BABEFENENFE, FAENRMBEGREEREIREG L, B EBOH A P A S
T A ) G P, o 2R S e AR 3 A AR ) B i 4RG3, B4 Miinor GC BORR
g FHEARL .

76 G1 WirdeRg e, Region ZIEAYXH R 5] LB A S 28 s A B AR AR S AR AR I A XS
%51/, EIPLEZGEH Remembered Set it & 410 . G1 #1441~ Region #i —1~ 5
ZXf 3 ) Remembered Set, HEfLIHLK BLELF#E % Reference 26 B BB HAT S 240, &7
#E—A~ Write Barrier #7H} Ui 5 #24E, 7 Reference 5| FIAY R % 4L F AR Region 22
th eI BIF PR R A A AU X RS T 3R 2, s,
f CardTable HLA & 3| Fi {5 BT 3 85| X S BT IR 4 Region () Remembered Set Z 7. 4§
PEATINFFEES, £E GC HRTT AU MEIEF “h A Remembered Set B ATARHIEAR X 4 4476ty
REAT -

AR e Remembered Set FBME, G1 A B BB ER BT RIS B LA F LA 45K

Q #E#FRIT Cnitial Marking)

Q %472 (Concurrent Marking)

Q BZ4RIE (Final Marking)

Q ¥ (Live Data Counting and Evacuation)
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At CMS W S E M AR I, —EEL KA Gl WAL S RN E/ELEM
CMS AREHMUZLL . PBEFCH BT HRARE—TF GC Roots REEHKFIMXI R, IF
FE3 TAMS (Next Top at Mark Start) (9{f, ik F—BBHFRIFIHAZTTH, L ER AT
it Region FEIEEHX R, XM B A E(FIILAR, (HFERTRAE. JFZFRCHTBUZM GC Root
FFRAXTHEF R AT RSO, RIMFER RO, BB, (HR 5P R
AT TBAPREH BN A T IEAEI T R Amic e B P AR P RS AR T R BOhmic = 4
BHHAR—EAARICIC R, REAHLHE X B B X SR fLIC RAE L Remembered Set Logs HLT,
FAARICH B 48 Remembered Set Logs H¥(# £ 5 £ Remembered Set ', X B B45
AR, (BRAIIATIIT. RS 7EME IE B B SEA 451 Region (9 [EWCHH(E AU ASAEA T4
I R P TS Y GC AR R G, A Sun 2 AR HURIE EORE, X
ANE B AT MRS PR T — R A AT, (R B H B ¥ 43 Region, AYTEIEF
FrATEE Y, 1 ELAEH AR AR B e R o TP 3411 BT DL AT R A B G
Y SRR B TR P I & A AR B

CPU 0 ARsR AP 1 AP 1
cpy 1 RPsE2 i AP 2 AP 2
cpy 2 BPuEs thEy PR 5
cpy 3 BRSE | EP#E 4 AP ¢

Safepoint Safepoint Safepoint Safepornt

FE3-11 Gl ESE TR EE

MT B AT Gl AR A #9 & A5 i [ B RS, G YA 88 JLF AT LA 8 A5 20 5 B s
AR, W% EXT GBI EMRIIEIEF R, BEMNE EEERAEEER
A XM AETIAEE T MM RRNRR S . SR A7 IREE T MRS 7 R B R T R R
2808, AL i 15 8 49 Java {3 5 4> Microbenchmark 72 F R QI HE . FEBR Java X452,
F -XX:+PrintGCDetails 4 S ¥KAF GC H R RRMEME MG REAEN, FiL, XT
G1 BB B PERERRSY, T T Sun LEE KB (Garbage-First Garbage Collection) 1
H— BAHR AR -

Sun % H} 9 Benchmark ) $ 77 B { % Sun V880 It 55 #% (8X 750MHz UltraSPARC III
CPU. 32G W%, Solaris 10 #AERYD). MATHIEA A, 43514 SPECbb CELIFT L Hcii
PERLF, HEFRFEIRNT R A 165MB, 455 Munt i M5 A 9545 AL I R]D A0 telco CHEALLEE
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TERIEIRS R, HEhAEIE S R0 100MB, 45 R MRS RE R B IE D b T
T, IS T — 4 ParNew+CMS WS 25 90X EHE . T WA#RRCE 5 CPU 8
AR 8 % GC &H.

FE I BB 6] (3K SE R EBR (Soft Real-Time Goal) Wi, 416 & B AW 4 Y
Bl B, AR, DL (XY) MIERFR, RRE Y ERARK AN GC BlEN
X 2H CHF CMS kRS, Jork HEEHE XA BAR, i s/ 7 AR BURARD .
AP BN R RE B AR 1 Java EA BT BTSSR, V%, avgV% Fl wV% 4351
RFHE LI .

V% : FORMGAS RS, B EFRRIAOMER, SR BRI BN (8] B 9
FR GC B a3 T ARVFHIRCK GC R H] .

avgV% : FURTERTA JbR GC i [l EAR AR ] T B, SEPR GC iRl ik GC i ]
HFEE S (SRR GC R RIEE R RR GC 1AL, PR LA BB H BD .

WV%: FRERRRGS R ] B, SCBR GC R[] 5 TR I B B 43 1 o

WRGER I 3-1.

#£31 WRER
Soft real-time goal statistics by Heap Size
configuration V% [avgV% | wV% | V% |avaV% | wV% | V% |avgV%| wv%

SPECjbb 512M 640M 768M
Gl (100/200) 4.29% | 36.40% [ 100.00% | 1.73%| 12.83% 63.31% 1.68% | 10.94% | 69.67%
Gl (150/300) 1.20% | 5.95%| 15.29%| 1.51% 4.01% 20.80% 1.78% | 3.38% 8.96%
Gl (150/450) 1.63%| 4.40% | 14.32% | 3.14% 2.34% 6.53% 1.23%| 1.53% 3.28%
Gl (150/600) 2.63%| 2.90% 5.38% | 3.66% 2.45% 8.39% 2.09% | 2.54% 8.65%
Gl (200/300) 0.00%| 0.00% 0.00%| 0.34% 0.72% 0.12% 0.00% | 0.00% 0.00%
CMS (150/450) 23.93% | 82.14% | 100.00% | 13.44%| 67.72%| 100.00% 5.72% | 28.19% | 100.00%

Telco 384M 512M 640M
Gl (50/100)|  034%| 8.92%| 35.48%| 0.16%] 9.09%| 48.08%| 0.11%] 12.10%] 3857%
Gl (75/150) 0.08% | 11.90%| 19.99%| 0.08% 5.60% 747% 0.19%| 3.81% 9.15%
Gl (75/225) 0.44% | 2.90% | 10.45%| 0.15% 3.31% 3.74% 0.50% | 1.04% 2.07%
Gl (75/300) 0.65% | 2.55% 8.76% | 0.42% 0.57% 1.07% 0.63% | 1.07% 291%
Gl (100/400) 0.57%| 1.79% 6.04% | 0.29% 0.37% 0.54% 0.44% | 1.52% 2.73%
CMS (75/225) 0.78% | 35.05%| 100.00% | 0.54%| 32.83%| 100.00% 0.60% | 26.39% | 100.00%

W 3-1 FORIIGERIT I, 3T teleo Heish, BR3LHE HARRMABERIEHITE 0.5% ~ 0.7%
ZI6], SPECjbb BiEZ—28, (AHFHITE 2% ~ 5% 21, MERHEH (X/Y) i HAEB/ N
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e B—J7E, ST AR GO ) Y LEARTRE A B IR T BN (KT,
7E (100/200). 512MB WIBCE T, G UCHRS B 1 FELend (o] i BE T 100% B RIFEREAT GC i)
RIS, T2 T, CMS KSR R E 2L, 350 Java AR TAOMB T
100% B[] #E4T GC L.

AEFFE RN A R, KBS B3 U SPEC b il 15 3K teleo (97 #4554 P 3-12 TR
£ SPECjbb (IR HI T, AFBLE T G BUEERRIN T —BATH, FibEFEk RS
ik GC B IE LK 3R, THITE telco BN F AR, AN ] B X 7 b 42t ) 525 w0 @ A5 AR A58 o
5 CMS WSS FFE BTG RT A E), £ SPECjbb ik, 7EHE%C R IT 768MB I, CMS
WAERRA 5% ~ 10% BIES, T7E telco WL, CMS HIFE 3 M B/ h—28, HA 3% ~ 4%
Efis

SPECjbb Throughput (G-F/CMS) i telco Throughput (G-F/CMS)
-~ 1230
i ~1220
4
g %1210
g glmo
=2 21190
z B180
i é 170
[E 1160
1150
384 512 896 1024 1140 g 640

640 768 512
Heap Size (MBs) Heap Size (MBs)

F3-12 bR RLR

TEE KM E PR T, 2% 51H—BR7E StackOverflow.com b 52K 5 # 5
e CRAEADIEN . BOHUBU R AR T P Gl KT 60 ~ 70GB WFE, 17
TEX R KATE 20 ~ S0GB Z [, M4 #5547 Linux #ER S, IDK AN 6u22. G1 5 PS/
PS Old AL, T KMLFALRAFIRR A E AT, ATRW, WRERE PS HiRE—MRUIKM R
KAVF GC wffal, EuniH 50 RN 5EM GC (-XX:MaxGCPauseMillis=50), {H7E 65GB i)
Java HEF A T BEAS B A9 BLBEAE IR R — UKk 30 B E 2 4P 1B K I Stop-The-World 3 7 ;
i G155 CMS Afitk, SARENIHESLE TAREE 1, CMS IR R RIVIEN 1, [BRRE
Oracle ¥ G1 WFFEERHE, FAE G1 2 RMAMMAH . IIRIRIAER IO 25084 1
BUIRIE, ARERBAT (R BUTE 2 4% G1, AR FLE SRS, K G1 e AT
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DU — AT e, SRR R R A, TR G IF AR R R AT 2485 1
32 138

358 BfGCHE
B GC H S RALTE Java WL RO SERE S B, & RS AHBRE AL, &
AREHEAR SR EARBRE | HEA S TR GC B, NfE# iEF
ZEFHAT, FHATHREI R, P T A 1 2k U QT 30 GC H.
R ) H I RAR R e H B SCBTRE R, Bfis L, R H
GRS AR — . (RN TP P B, AR H SRR —
3, Bl R BRI GC Ak

33.125: [GC [DefNew: 3324K->152K(3712K), 0.0025925 secs] 3324K->152K(11904K),
0.0031680 secs]

100.667: [Full GC [Tenured: OK->210K(10240K), 0.0149142 secs]
4603K->210K (19456K), [Perm : 2999K->2999K(21248K)], 0.0150007 secs] [Times:
user=0.01 sys=0.00, real=0.02 secs]

AT ABCT “33.125: 7 F “100.667: 7 AR T GC RAMMIE, XMBFHE RN
Java HERWLR B LK 2 R EL

GC HiEFF3ki “LGC” i “[Full GC” M T X UK BRI R, AKX
SR GC BRI GC M. WA “Full”, HBIXK GC KT Stop-The-World £,
il K BOBTAA R 438 ParNew ) H A2 B “[Full GC” GX—RUR B BT 44
ARSI KIS, FFLA S STW). WS IR System.go() kP& MUK, HR4
13X B R “[Full GC (System)”.

(Full GC 283.736: [ParNew: 261599K->261599K(261952K), 0.0000288 secs]

PEFHRM “[DefNew”. “[Tenured”. “[Perm” i~ GC ZAMXHER, X HBRMXIEL
PRSI GC SRR YIMKAY, I b ETRE T Y Serial HERE HIHTEIRE N
“Default New Generation”, FTPA@B /RIS “[DefNew”. USRI ParNew WA, #iA:IRAH
AN “[ParNew”, 4 “Parallel New Generation”. I35l Parallel Scavenge 4%,
ARERERFAENRFEN “PSYoungGen”, BERAAARIFE, £t KESRER.

JF 7 A% S MR I “3324K->152K(3712K)” & X “GC AT % W A7 X B B
AR > GCRZENAFERRE MR (ZAFERBREER)". METESZ5m
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“3324K->152K(11904K)” 7R “GC §if Java fEE MR —> GC J5 Java HEE A% (Java
AR ).

FER, “0.0025925 secs” FniZ% W AF X IR GC BT &5 AT B A], SAATRAD. A7 iR
AL T AR RO RS B, &0 “[ Times : user=0.01 sys=0.00, real=0.02 secs]”, iX B HifY
user. sys ll real 5 Linux £y time iy 4 B74 th 4964 [0 & L —20, 451K AW HEM CPU
BFIE] PSR Y CPU 38 A fF T 46 B 45 SR BT 4 1ok (9 B[] (Wall Clock Time).
CPU I 6] 5 e b 0 6 X S9,  3  ) 0 97 45 A5 3 0 S A BRI AN %5 A AL 1O
SRFLBME, T CPU [ AMUEX seent, HYREH L CPURELHINIE, SABE
YELB XL CPU BHE], FTLABEHE ) user 3K sys B (Al 5T real BHE]RSERIER Y.

3.5.9 WIRBEBZHEL
IDK 1.7 H AR BILE R AT, AR R R LR T RS ML
BMEMBITSH, 532 PRIETRESHHER KRN S,

#3-2 HRKEAXOEASY
8 R
UseSerialGC B HUHLIE 17 7E Client 8130 F iy BRI, 4THF M FF KR, 8/ Serial +
Serial OId YU R4 A 7T A7 B
UseParNewGC FTIFMIFRIF, 1 ParNew + Serial Old fyHCHR 8841 & AT AZ I
ATFFULIFXIG, (/] ParNew + CMS + Serial Old YA R4 A3t AT 77
UseConcMarkSweepGC [E14. Serial Old it 58 28 i Jy CMS Wit 4 88 t B Concurrent Mode Failure
RIBUE )5 A BUR AR
UseParallelGC HE HUPLIE AT 7€ Server BT 9 BRIAE, iI??ltt}?i!E‘r {8 A4 Parallel
Scavenge + Serial Old (PS MarkSweep) (it #841 £ #4777 I

TIPSR, {4 Parallel Scavenge + Parallel Old S B8 41 4347
WFEELR

7 4 AR P Eden X 8 5 Survivor K (9 & # .0, BiAW8, %
Eden : Survivor=8 : 1

HEEFHEEROHRANS, BEXNIBHE, KFENTSRMXR
HEBAEEFRSR

A BZEROIRER. AR RLEE R T —K Minor GC ZJF, 4
WA 1, L XA BB BB AR
UseAdaptiveSizePolicy A Java PRI AN Bt ABFRIGFR

RAESVF5 K0, BIEAF R R AR AR A AR B A
Eden #I Survivor [X fi) B4 %
ParallelGCThreads BEIAT GC IMBEAT AT AR

UseParallelOldGC

SurvivorRatio

PretenureSizeThreshold

MaxTenuring Threshold

‘HandlePromotionFailure
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(€3]

& R

GC B fi] & GBS L3, BRI 99, BPSLIF 1% B9 GC AL {X7E
{1 Parallel Scavenge BRI 42
MaxGCPauseMillis B GC MRAMBIE . {L/EHFT Parallel Scavenge WS #4241

B CMS W 881 AR I BAE FI 8 /0 5 b B SRCE . BRIAEY
68%, {LLERH CMS Wk aa 4

R CMS WU RRE ST RSB IR R B BEAEAT — N FERE A B, (X
TET CMS WS A A 20

B CMS WO AR LE 745 T 0B O S5 T RS 3 — YR P 17 B M S
AXAEN CMS AR RS A4

GCTimeRatio

CMSInitiatingOccupancyFraction

UseCMSCompactAtFullCollection

CCMSFullGCsBeforcCompaction

3.6 WFSHES B R

Java BARIRZ A BTARE Y 3 P E T SR T LAASE 4 B S L T RN . At
SO R AL R B AR RINAE . T RN —S, RIESHAT RREHE
IR R B R L BGE A, SR B — R — T AR A RS
AR L.

XRMPNIEOEL, R, RN AR (EAATRES T IIT %5 SR Oy iR
HATFFR AR AYEE®), X% EBSMRIERT A Eden X &, 0SS 30 T A MLk 4>
BN, HHEAAME A TLAB B4 e, A F il S B RAE 4T, 4MEity
MR R E S 2 B, A0TSR R R — R R 28 A, 8
Bl S INTEHIK I BRI .

PRI S UMM L5 B M3l 0 A2 SRR, Rl RS B B M . A4 F
T AR (] Client BB BINLEFT, BA T LIS IRSEE, BAFER, Ril
HSELER ] Serial / Serial Old K25 (ParNew / Serial O1d He4R 8414 BRI th KA —F)
B AF SRR AR S o BRI ARAR ) 00 H o R SR8 S — SRR R — T (i
P TURIACSE 28 4 77 5 A

3.6.1 XZRILFSHE Eden 538
REBMWOLF, MRAEFAEAR Eden KHAMEL . Y Eden KA RS2 MI#E4T RN,

©  TITEIE SR ARAHSEAR AT S A 11 58
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B & — UK Minor GC.

UL T -XX:+PrintGCDetails 3X MUK A% H BB H  HR MEIUDLTE % A= il
A7 HTED I FF I A, I EL7ESE AR th (A el 4 800 A7 45 DX O RO O . E 5B
REA, A7EEIECH AR — R ATER ISR it A R TRAEATAMT, A ALK A IR
%, HEREREEGRERE.

AR 35 B 3-5 1) testAllocation() J7 5 H, 22iX4MAC 3 4~ 2MB /ML 14> 4MB R/ X
%, fEEFTAHE -Xms20M, -Xmx20M. -Xmn10M X 3 PS8R T Java i K/hK 20MB,
AAY R, e 10MB AMEAF LR, FITH 10MB SR 4. -XX:SurvivorRatio=8 Y&
SE T Hi4: A Eden X 55— Survivor [X %3 [a] LB 8 « 1, AU H 45 S Al T LA Bi o 76
| “eden space 8192K. from space 1024K. to space 1024K” ({5 8., #7448 AT AlZs [ %
9216KB (Eden [X +1 /> Survivor X ff 4t .

447 testAllocation() 143 AT, allocationd Xt 2 ) i 41 i £ & 4= — K Minor GC, X K GC
LSRR 6651KB ZE 2y 148KB, i & 7 i T Bk WL B A B> (P2 allocationl s
allocation2. allocation3 =A™XHRABRAFIER, MAUHLILF-BA I EHI XD, XK GC
KA 24 allocationd 4} BCNFEHIETR, AP Eden B4 LT 6MB, FMAZEEEA
JELASYC allocation4 BT (K 4MB ¢, it &4 Minor GC. GC ] ML L & B E A )
34~ 2MB A/ R AT Survivor 23 [H] (Survivor Z5[H] HA IMB A/, Frbl 2
SRR LR AT B B AR 2

XK GC &5 H JG, 4MB 1 allocationd Xf % W0 F| 43 e 7€ Eden 1, [ G 2 1047 52 1)
£ 5 f Eden i ] 4MB (3 allocationd (5 /il ), Survivor %5 I, % 4 fU % i il 6MB (

IN 2. ion3 ¢ filD. it GC H AT LIESSX — 2.

B A 5 R E#) Minor GC A Full GC A H 2 R —H#H5?

Q # £/ GC (Minor GO = 8% A £ # AR IR EH1E, BA JavaF F X S HAEH
4§ ReHME, AT Minor GC 4F % 3%, — A ehkcak AL sk b

Q #44K GC (Major GC / Full GC) : 45X £ £ £ /K49 GC, T Major GC, ZF &4
M £ 5 — %k # Minor GC ({234k #5338, £ Parallel Scavenge M4 & &9 M S Kot Z3b A A4k
# 47 Major GC #) K #- it #i342). Major GC #9ik f —#& 4 Y Minor GC 1% 10 44 £
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REGHEL 35 HEAR Minor GC

private static final int _IMB = 1024 * 1024;

Jux
* Mm% #: -verbose:gc -Xms20M -Xmx20M -XmnlOM -XX:+PrintGCDetails
-XX:SurvivorRatio=8
¥
public static void testAllocation() {
byte[] allocationl, allocation2, allocation3, allocationd;
allocationl = new byte[2 * _IMB];
allocation2 = new byte[2 * _1MB];
allocation3 = new byte[2 * _1MB];
allocationd = new byte(d * _IMB]; /B3 —% Minor GC

BITHR
[GC [DefNew: 6651K->14BK(9216K), 0.0070106 secs] 6651K->6292K(19456K),
0.0070426 secs] [Times: user=0.00 sys=0.00, real=0.00 secsl
Heap
def new generation total 9216K, used 4326K [0x029d0000, 0x033d0000,
0x033d0000)
eden space 8192K, 51% used [0x029d0000, 0x02ded828, 0x031d0000)
from space 1024K, 14% used [0x032d0000, 0x032£5370, 0x033d0000)
to space 1024K, 0% used [0x031d0000, 0x031d0000, 0x032d0000)
tenured generation total 10240K, used 6144K [0x033d0000, 0x03dd0000,
0x03dd0000)
the space 10240K, 60% used [0x033d0000, 0x039d0030, 0x039d0200, 0x03dd0000)
compacting perm gen total 12288K, used 2114K [0x03dd0000, 0x049d0000,
0x07dd0000)
the space 12288K, 17% used [0x03dd0000, 0x03fe0998, 0x03fe0al0, 0x049d0000)

No shared spaces configured.

362 ANMREBHANEFNR

BRI SR, TEAR RGN Java Xt%, RIS RARF R
TR LU RS (KB BIF 9 bytel) BB R MBRIARISO . KSR B BIHLEG
PIAFSHRARBERE R — MR B B Java BEASISLALAE—40, LB — RGO NSRRI LRk
RWEI R WS R 1 SRR, SR MRHER L), W BIKN LA,
SBUATEEAT 025 I L A 5 S LA AR 32 ke < S &M



94 < HIES BHNEFEENH

HEAHLER L T —4~ -XX:PretenureSizeThreshold 28, 2K FX ML BEMHMXR HETEE
AEAQAMAD . SXRERY F 2B S0 7E Eden X BB Survivor [X 2 [0] & 4 K 1) AFSLH (B
=T FEARMEHRBERENT .

ATARAD 5 ¥ 3-6 1111 testPretenureSizeThreshold() 77 ¥4 /&, A1 ¥l Bden 25 [ JLF %
FEEEA, T EAEARE 10MB 25 [EBAE AT T 40%, ik 4MB (1) allocation %5 Bk 43 AL
TEZAERH, X PretenureSizeThreshold # i  3MB (REJE 3145728, X ASHARE
1% -Xmx ZHHBH - HHE 3MB), HIt#E 3MB XS E L HEAEEFAATIE.

SE#  PretenureSizeThreshold 4 4k 2 t Serial #= ParNew # #l % B A %, Parallel Scavenge
B B RINRIEIA RS, Parallel Scavenge I B — R RE B K. o Rk 2| L& A2t
Ad#3%4, T AK & ParNew v CMS a9k B4 4.

RIBHFL3-6 ANREZHNEER

private static final int _1MB = 1024 * 1024;

Jen
* vM#& #: -verbose:gc -Xms20M -Xmx20M -XmnlOM -XX:+PrintGCDetails
-XX:SurvivorRatio=8
* -XX:PretenureSizeThreshold=3145728
*/
public static void testPretenuresizeThreshold() (
byte[] allocation;
allocation = new byte(4 * _1MB); /EBEARELFRY

BATER

Heap
def new generation  total 9216K, used 671K [0x029d0000, 0x033d0000,
0x033d0000)
eden space 8192K, 8% used [0x029d0000, 0x02a77e98, 0x031d0000)
from space 1024K, 0% used [0x031d0000, 0x031d0000, 0x032d0000)
to  space 1024K, 0% used [0x032d0000, 0x032d0000, 0x033d0000)
tenured generation  total 10240K, used 4096K [0x033d0000, 0x03dd0000,
0x03dd0000)
the space 10240K, 40% used [0x033d0000, 0x037d0010, 0x037d0200, 0x03dd0000)
compacting perm gen total 12288K, used 2107K [0x03dd0000, 0x043d0000,
0x07dd0000)
the space 12288K, 17% used [0x03dd0000, 0x03fdefd0, 0x03£d£000, 0x045d0000)
No shared spaces configured.
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363 KHEIHNRBHAANZFR

TG 4R HE SUBLSR: i T SRS gl ) AR A BN A, R P T WAL o 2 731 R 3531 O 2
X G HCAE R AR, B R AE AR A T B AL B RPN X R X
T AT GIER (Age) THHCEE. WX RAE Eden AL I 224835 — K Minor GC JE 34417
%, IF ELAE¥E Survivor QA H0TE, K B EN B Survivor 23 AR, JF H X RFEREH 1. Xt
7€ Survivor X 14§ “ Bt ” — K Minor GC, 4RI RLRENN 1 %, YHEMFERME —ER
BECBRIAN 15 %), BSEEFRIEEN . MREFBEROFERBME TUELS
¥ -XX:MaxTenuringThreshold & #& .

4% 7] LLR 84> B LA -XX:MaxTenuringThreshold=1 #l -XX:MaxTenuringThreshold=15 %
i ifk 8 K AT AR TS 3 81 3-7 1) testTenuringThreshold() 77 ¥, 177 #% 714 allocation] %t
% % 256KB A 77, Survivor %5 [A] AT A A 44. 4 MaxTenuringThreshold=1 i}, allocation] f
LA R GC RABFEAZFENR, FAENRTHEMAANAF GCJFHEH T A 0KB. Tl
MaxTenuringThreshold=15 i, %5 —¥ GC %45, allocation] %t 55l it # 76 3 44X Survivor
230, XEEETAE IR 404KB A .

REHE 37 KBETHHRFANEER

private static final int _1MB = 1024 * 1024;

Jri

“ vM#% #%: -verbose:gc -Xms20M -Xmx20M -XmnlOM -XX:+PrintGCDetails
-XX:SurvivorRatio=8 -XX:MaxTenuringThreshold=1

* -XX:+PrintTenuringDistribution

*/

@SuppressWarnings ("unused")

public static void testTenuringThreshold() {

byte[] allocationl, allocation llocation3;

allocationl = new byte[_1MB / 4];

14+ 4 B EHAHERRAT XX:MaxTenuringThreshold B E
allocation2 = new byte[4 * _1MB];

allocation3 = new byte[4 * _1MB];

allocation3 = null;

allocation3 = new byte[4 * _1MB];

)

L MaxTenuringThreshold=1 S¥RIE1T )45 5+
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[GC [DefNew

Desired Survivor size 524288 bytes, new threshold 1 (max 1)

- age 1: 414664 bytes, 414664 total

1 4859K->404K(9216K), 0.0065012 secs] 4859K->4500K(19456K), 0.0065283 secs]
[Times: user=0.02 sys=0.00, real=0.02 secs]

(GC [DefNew

Desired Survivor size 524288 bytes, new threshold 1 (max 1)
: 4500K->0K(9216K), 0.0009253 secs] B596K->4500K(19456K), 0.0009458 secs]
[Times: user=0.00 sys=0.00, real=0.00 secs]
Heap
def new generation total 9216K, used 4178K [0x029d0000, 0x033d0000,
0x%033d0000)
eden space 8192K, 51% used [0x029d0000, 0x02de4828, 0x031d0000)
from space 1024K, 0% used [0x031d0000, 0x031d0000, 0x032d0000)
to space 1024K, 0% used [0x032d0000, 0x032d0000, 0x033d0000)
tenured generation total 10240K, used 4500K [0x033d0000, 0x03dd0000,
0x03dd0000)
the space 10240K, 43% used [0x033d0000, 0x03835348, 0x03835400, 0x03dd0000)
compacting perm gen total 12288K, used 2114K [0x03dd0000, 0x049d0000,
0%07dd0000)
the space 12288K, 17% used [0x03dd0000, 0x03fe0998, 0x03fe0a00, 0x049d0000)
No shared spaces configured.

L MaxTenuringThreshold=15 S8 47945 5 -
[GC [DefNew
Desired Survivor size 524288 bytes, new threshold 15 (max 15)
- age 1: 414664 bytes, 414664 total
: 4859K->404K(9216K), 0.0049637 secs] 4859K->4500K(19456K), 0.0049932 secs]
[Times: user=0.00 sys=0.00, real=0.00 secs]
[GC [DefNew
Desired Survivor size 524288 bytes, new threshold 15 (max 15)
- age - 414520 bytes, 414520 total
: 4500K->404K(9216K), 0.0008091 secs] B596K->4500K(19456K), 0.0008305 secs]
[Times: user=0.00 sys=0.00, real=0.00 secs]
Heap
def new generation total 9216K, used 4582K [0x029d0000, 0x033d0000,
0x033d0000)
eden space 8192K, 51% used [0x029d0000, 0x02de4828, 0x031d0000)
from space 1024K, 39% used [0x031d0000, 0x03235338, 0x032d0000)
to space 1024K, 0% used [0x032d0000, 0x032d0000, 0x033d0000)
tenured generation total 10240K, used 4096K [0x033d0000, 0x03dd0000,
0x03dd0000)
the space 10240K, 40% used [0x033d0000, 0x037d0010, 0x037d0200, 0x03dd0000D)
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compacting perm gen total 12288K, used 2114K [0x03dd0000, 0x049d0000,

0x07dd0000)
the space 12288K, 17% used [0x03dd0000, 0x03fe0998, 0x03fe0a00, 0x049d0000)

No shared spaces configured.

3.6.4 FHEHRFRHE

T REE IS ROR AR R ARG, R APLIE A K BOR A R A9 4E I AR )
T MaxTenuringThreshold A A FH&A4FAR, WNFAE Survivor %3 [a] HAH [ 4E 8¢ BT A X SR/ i)
SAFIATF Survivor 25—, AFEEKF RS TR I R AT LU BHEABER, T
45 MaxTenuring Threshold 1 ER A4 o

PATRED I 3 3-8 H 1) testTenuringThreshold2() 77 #, 3 1 -XX:MaxTenuringThreshold=15,
£ R BB ATEE R Survivor (9753 8] 5 ISR K 0%, T EA LBUBRIN T 6%, ik ik,
allocation] . allocation2 X S FHEHEA T EAFN, WBAFH 15 Z G FFE. FROIXP
AXFGAEKC LB T S12KB, IFHENVRFEER, 3R R GED] Survivor 25 ) —
SR, FRA] BRI — R new #4E, BMAKIAS N BALE AR RER S
£T.

REHL 3-8 HEMRERAE

private static final int _1MB = 1024 * 1024;

Jun
* vM#% #: -verbose:gc -Xms20M -Xmx20M -XmnlOM -XX:+PrintGCDetails
-XX:SurvivorRatio=8 -XX:MaxTenuringThreshold=15
* -XX:+PrintTenuringDistribution
o
@suppressWarnings ("unused")
public static void testTenuringThreshold2() {
byte[] allocationl, allocation2, allocation3, allocationd;
allocationl = new byte[ IMB / 41;
/lallocationl+allocation2 A F survivo % —%
allocation2 = new byte[ IMB / 4];
allocation3 = new byte(4 * _1MB];
allocationd = new byte(4 * _1MB];
allocationd = null;

allocationd = new byte[4 * _1MB];
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BATE R
(6C [DefNew
Desired Survivor size 524288 bytes, new threshold 1 (max 15)
- age 1: 676824 bytes, 676824 total
© 5115K->660K(9216K), 0.0050136 secs] 5115K->4756K(19456K), 0.0050443 secs]
[Times: user=0.00 sys=0.01, real=0.01 secs]
[GC [DefNew
Desired Survivor size 524288 bytes, new threshold 15 (max 15)
: 4756K->0K(9216K), 0.0010571 secs] 8B52K->4756K(19456K), 0.0011009 secs)
[Times: user=0.00 sys=0.00, real=0.00 secs]
Heap
def new generation  total 9216k, used 4178K [0x029d0000, 0x033d0000,
0x033d0000)
eden space 8192K, 51% used [0x029d0000, 0x02de4828, 0x031d0000)
from space 1024K, 0% used [0x031d0000, 0x031d0000, 0x032d0000)
to space 1024K, 0% used [0x032d0000, 0x032d0000, 0x033d0000)
tenured generation  total 10240K, used 4756K [0x033d0000, 0x03dd0000,
0x03dd0000)
the space 10240K, 46% used [0x033d0000, 0x038753e8, 0x03875400, 0x03dd0000)
compacting perm gen total 12288K, used 2114K ([0x03dd0000, 0x043d0000,
0x07dd0000)
the space 12288K, 17% used [0x03dd0000, 0x03fe09a0, 0x03fe0a00, 0x049d0000)
No shared spaces configured.

3.6.5 T@ENBEIBIR

% Minor GC Z Bil, K fHL £ S5 6 2 3 47 X oK AT 100 3 28 25 1 )2 465 K 7 4
fRFr A R B, WAL, B4 Minor GC T AR AR R 21, WRAR
Sz, W P4 25 HandlePromotionFailure % B (2 % R F IR R M. WA AW, T4
ARG A8 A AR AR RO T 2 25 R A T I IR B BB AE X R kN, R
KF, A% # 47 — K Minor GC, /R XK Minor GC A KK #Y : WH/ANT, &¥F
HandlePromotionFailure B AR fVF B K, AR i1 2 A ¥E4T—IK Full GC.

THER T “HR” BETHAXNK, IR, FEREREmkEss B
T WAEFIRSR, SUET P —A Survivor %8 FDRAE R0, B IR RS S 1
Minor GC JRABSAAE I ML AR 09 5 B0 B2 A 77 131 WSR2 AR PP BT S A7 08D, 3k
i TEAFACHAT A RCIIR, U Survivor IR A MIORT RV A BN, S HHREZiE
RAAL, BFREIATIRMIR, LR BEE A FIX B ROFIAR S, —i
H DR T ARAESL PR 58 ML PI 7 IF L2 AR Towk T ALE 1, 97 LA S I 2 B 48— U e
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WA AR RA RIS PEI/MEE AR R, 5 BFRORRZ M R, JER
AT Full GC ik EAEAM HE L 25 1]

BT AT B SRR — R S BRI T B, WAbR L, AR KK Minor GC 77
TR XTI, BT T HEE, RS S EHIR LI (Handle Promotion Failure).
InF BT HandlePromotionFailure 4200, it S 457 & WUR T#7 % & — K Full GC. MK
RS T S8 0 B TR IR R, {EAH8 431 L T #38 /2 2% HandlePromotionFailure JF 34T
JF, % Full GCE FHI%, SIATSIEH 3-9, i#i#7E IDK 6 Update 24 Z i B A iz
AT

RIBHL3-9 FEHEBR

private static final int _IMB = 1024 * 1024;

Jux
* VMAH: -Xms20M -Xmx20M -XmnlOM -XX:+PrintGCDetails -XX:SurvivorRatio=8 -XX:-
HandlePromotionFailure
&
@SuppressWarnings ("unused")
public static void testHandlePromotion()
byte[] allocationl, allocation2, allocation3, allocationd, allocation5,
allocations, allocation?;
allocationl = new byte[2 * _1MB]:
allocation2 = new byte(2 * _1MBl;
allocation3 = new byte[2 * _1MB];
allocationl = null;
allocationd = new byte(2 * _IMB];
allocation5 = new byte(2 * _1MB];
allocation6 = new byte[2 * _1MB];
allocationd = null;
allocation$ = null;
allocation6 = nullj

allocation = new byte[2 * _1MB];

L i = false ZHORIBITIEEH:

[GC [DefNew: 6651K->14BK(9216K), 0.0078936 secs] 6651K->4244K(19456K),
0.0079192 secs] [Times: user=0.00 sys=0.02, real=0.02 secs]

[GC [DefNew: 6378K->6378K(9216K), 0.0000206 secs][Tenured:
4096K->4244K (10240K), 0.0042901 secs] 10474K->4244K(19456K), [Perm
2104K->2104K (12288K) ], 0.0043613 secs] [Times: user=0.00 sys=0.00, real=0.00 secs]
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1 HandlePromotionFailure = true Z ¥R 1T (45 it

[GC [DefNew: 6651K->148K(9216K), 0.0054913 secs] 6651K->4244K(19456K),
0.0055327 secs] [Times: user=0.00 sys=0.00, real=0.00 secs]

[GC [DefNew: 6378K->148K(9216K), 0.0006584 secs] 10474K->4244K(19456K),
0.0006857 secs] [Times: user=0.00 sys=0.00, real=0.00 secs]

7€ IDK 6 Update 24 2 Ji, XMIAZ R 24 % 5%, HandlePromotionFailure 28 A2
S0 B AL Y 25 6] 4 B R AR O, W% OpenIDK M RIS ZE AL (WLARAS T 3-10), B
PRI R E )T HandlePromotionFailure 2%, HRAERMHELALAMHE, IDK 6
Update 24 22 J5 (I RLIN A5 4y F B AE AR A i 25 5 il KT8 A AR B K/ N3l 1 0 ¥ T P
PR/ L HEAT Minor GC, & NPT Full GC.
RFBHE 3-10 HotSpot hEEHEBEMNRBH B

bool TenuredGeneration::promotion_attempt_is_safe(size_t

max_promotion_in_bytes) const {
EERRA TR ELEE R
size_t available = max_contiguous_available(};

118 A B A A R T H KA

size_t av_promo = (size_t)gc_stats()->avg_promoted()->padded average();
NAERTHEARTRATFHEAADS RAXFRTHERARTAT SR cCHFARFAHRRER
bool  res = (available >= av_promo) || (available >=

max_promotion_in_bytes);
return res;

}

37 XEME

AR T BRI JUSK DK 1.7 v SR b, SO B A A RS R 5
AT IBIRIET Java BB E 34 P77 5 B B Im i 2R

PIFF BSOS BRSO A TE AR S I R R R e RE OF R BEN M EREAZ —, Bl
AL BT AR 2 7 A IR 4 S 25 DA B AR B RV 19 2, SR R S AR 92 B B 3R
LT PR A T A BRI R I Bl . BT B RS SHALG, BB
PRETRIET o, AL REBAT (- A SR M AAFIEAT . BRI, 23T L e, o
REPLBMIRB B, IABH TG RRRER T REMEH. WY SR, iR
TFORMFITES, ERH LA AT ST 00 LR AR A 2 RSl



Eaw RUOLEREN S e TR

Java 5 C+ Z 4 — 55 A7 SIS 2 EUM BT SROBCREEAR BT LY <5857, 85N A A
R, BREEN AL,

4.1 iR

ZeRd AT R T WL S B R & T4, MEREC SR T &
HESERE R B R . B RRAE N IE F IRRA T R, AR AR R R B SR T A
AT Y. BT RATRE, AT M SZBRA A B £ T AR ER UL AR HE B0 T 57

B RGE AN R AR 2R CHEER, HIREKRE THEEEZEM
AP FERR T B X BRI . BTHE. REER. GC K. ABRMM
(threaddump / javacore 3Cf4). HE#fHLEE (heapdump / hprof SUM4) 4. 2045 i FHTAE 4 1) e
PP FN 534 0 T AT LUMARFAT AT RCdR . e e B, (EL7E25 ) TG,
7 24 R T RACGER R AR RE M — B, B A TRE “BERAB”, Fufgys
TRERELIA TR

42 JDKHHLITIR

Java JF R N\ B 5E #5138 JDK f9 bin B3P A “javaexe”. “javac.exe” KB Hr 447
TR, (3R FTAFRF BLER T R JDK B bin B2 s H A TR F R . 45 IDK
SRTRAZ I, bin H R T ArA4T TAAHOR A S SR AR BN AIEIE . bin B
PN 4-1 FiR o

TEARTER, EHEWNEL TRAH T35, T F WL e LRI AL Rk T8 A
TH. EEEAE T FA Sun AFWER “3L47 M4 IDK MEFIE, FETERIF 05
BT IY WA HOR SR E R STR R 7 (unsupported and experimental) SA7=
i (HEISE b, 0N T RARAR A RE AR K, AEZEALTR. IR T PERE AT . ik

e index. html




102 i+ BIWS BAIHREEFENH =

IR ARARAH M

Documents (D:) » DevSpace » jdk1.6.0.21

RE v DR

wsimport.exe
wsgen.exe
unpack200.exe

tnameserv.exe

rmid.exe

rmic.exe
7 policytool.exe
(&) packager.exe

- Bl 4-1 SunJDK FIRTRHR

YL DK T B, 8 fEEE, W AES BRI & T R MRF B R /T,
BT IEED], RERYBERER 4-1 HIHBIE 3L “ K/, LA TREEBHA
AREETE 27KBAE AT . 4 IDK T AR R B E AT B R ACE, T
T i e AT TR K Z B jdklib/tools jar 25 ) — EWATETTE, BN EEMIIRER
TBJETE tools JEPEFIUAY . BB 4-1 FIEL4-2 PSR A 3 — TR ATA RS RITE .

BUANEE# G Y R Linux AR ) DK, @2 RIXLe T AR B F 2 Shell 4
BHET AR, AT vim EEFFEN.

IDK FF & BRI Java {{IGSR 5B 20 s T RURA R R AGE MR RPN E
B PIR, TR H BEA Y BR 45 T AL R Telnet MRS 38 EARTT 632 BRI
8B tools jar 2P BUIAGEE T, FRATAT LA 7 BRI oh S SR DD B3R A e s 0BT D o

©  tools jar AR FlavalIbRHEAPL, IRIIAKAHHE, REHH I/ (95 ¥ FLAEIEAT T Sun Hotspot
(2 Sun’A FIRGSE T IDK A BB LicenselfHB4HL, AIIBM J9. BEA JRockit) T, sl /e nt
FE R Boolsjar.
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([ B tools jar\sunitools - ZIP ERIAH, WEKRIN 11,9239
& KA ERE.. KB LzGi)

&l Folder

fipey Folder  2010/9/15 0:53
b attach Folder  2010/9/15 1:15
Lo hprof Folder  2010/9/15 1:10
b Folder  2010/9/15 1:00
& java Folder  2010/9/15 1:10
b javae Folder  2010/9/15 1:06
i Javep Folder  2010/9/15 1:10
b jinfo Folder  2010/9/15 1:10
3 jnap Folder  2010/9/15 1:10
& ps Folder  2010/9/15 1:10
i jstack Folder  2010/8/15 1:10
i dstat Folder  2010/9/15 1:10
ki jstatd Folder  2010/9/15 1:10
Ji nativeZascii Folder  2010/9/15 1:10
u serialver Folder  2010/9/15 1:10
b tree Folder  2010/9/15 0:53
dutil Folder  2010/9/15 1:10

[ 42 tools jar LI AEBRBE
TEHHHEANRE, AENANTRLHET Windows F & T # JDK 1.6 Update 21,
WS DK A, BAERGEARR, THFSCRE AT RERA B AL . k¥4 TR DK
1.5 PR B ARG, (B TR TRk M 22 AN AR, SIUEE I IDK 1.6 5k
KAEAENRHAZ, B IDK 1.6 ) TR IEWHAZITT IDK 1.5 ML i
B RZWAR—E. %41 P38 T IDK EEMS1T 4 TRNME.

B wREFAIATEENLETTIDK 1S HEMNZ LORE, ERAF BRI HKE
#m A4 “-Dcom.sun.management jmxremote” & IMX E R 2k, F 0 & FHH L AAL
AT IMX (8443 FABHTHAMRLRL), TNARKFLLERA, wRBBHEFEFT
JDK 1.6 89 Lz b, 78 IMX B KA LAY, ERILE 30 R B R ET R,

#4-1 Sun JDK MHEMGMAAETR

& ® EEHA
jps JVM Process Status Tool, 7R3 5E RGP T4 ) HotSpot HEIHIHLIARE
jstat JVM Statistics Monitoring Tool, FiF 4% HotSpot HELHL4% 7 T (935 17 B
jinfo C ion Info for Java, /R EEHHLACEATE
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(€3]

& TEHER

jmap. Memory Map for Java, £ REFIWLIYATT AR (heapdump SCI)

JVM Heap Dump Browser, Jii T4} heapdump X, ‘E428 L — HTTP/HTML i
F 8, RPN A EAER ISR
jstack Stack Trace for Java, S/REEIDIHL

jhat

421 jps: EHRMWLHIERTTIAR

JIDK MR Z /N TR % FHES % T UNIX fir & M8 4 H 3, jps (JVM Process Status
Tool) LA HIME. BRT 4 7R UNIX () ps 2 2 5b, EMIREA ps r24ML : ATLL
B TEAEEAT B I RR, Of SRR B IPLHAT 128 (Main Class, main() BEUFTERIZ) 4
FRELBGX LR (9 A B BAHLME — ID (Local Virtual Machine Identifier, LVMID). H4R31fE
R —, AR R JDK 447 TR, FAHAN DK TEREHERMAE
RV LVMID e 2 M P R 00— M LR . X FA M L R B35,  LVMID
ARG FERR ID (Process Identifier, PID) J&—%(H, {# ] Windows #94T 45 15 FR 48 a
# UNIX (] ps A4 0T AR B s ML R 09 LVMID, {EH0 S[R3 T 2 L,
TR AR A ARE LA, A8RE SLABHH jps M4 R FRMNAEA BEX S T .

jsp A At

jps [ options ] [ hostid ]

ips PATHEG:

D:\Develop\Java\jdkl.6.0_21\bin>jps -1

2388 D:\Develop\glassfish\bin\..\modules\admin-cli.jar

2764 com.sun.enterprise.glassfish.bootstrap.ASMain
3788 sun.tools.jps.Jps

jps AT LA IS RMI BHXAFHIIFIR T RMI IS5 (3 B g MBI BRR A, hostid 2 RMI HEA
FRAPEMEIENLE . jps MFALH HBEIULE 4-2.

#4-2 jps TRTEHT

# W % A
q S LVMID, %8 209 47k
-m it RS B2 B 3 4 K main() BB S M
A it EXHLL, MR (TR Jar £, $iH Jar B2
v i th AL Bt VM B
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422 jstat: RIUFAIHEREMTA

jstat (JVM Statistics Monitoring Tool) BT R LA FOE AT RES B 4T T
H. T RRA R RO LR R AR AE. BB NIT RIS
B, {ENCH GUI BRI, FURML T 4CASH GRS 28 b, SRR (L
HUERERIE R B B TR

jstat RN«

jstat [ option vmid [interval[s|ms] [count]] ]

%f v 4 # 38 o () VMID 5 LVMID 75 B85 50 B4 0 — 7« 40 SRR A o s 4Lt 22,
VMID 5 LVMID 2—##, SR delpluiee, 38 VMID ks stn 22

[protocol:] [//]1lvmid[@hostname[:port]/servername]

2% interval 1 count {4325 i [l AL, I RE WX P S, B R R—K.
TR B4 250 2RI —UHERR 2764 BIRUIIRL, —FLAEH) 20 YK, ARAr4 R

jstat -gc 2764 250 20

FET option 143 HI T A AAMBUEDLEE, FESH 3K M. BlCE. 2
ATIHRPEREL, BRI A SR 4-3 PR .

#4-3 jstat TREZHRM

Pl ]
~class AR AL, VRN B il
W Java HERDL, €45 Eden K. I/ survivor X, MR, KARFHER. M2

i . GC A SR
gecapacity WLAE 5 -go HANIR, (BRI Java o1 L R
~geutil A -go A, (It LB C WA & B FR A M
~gocause 5 goutil it —FE, (BREBSMEHFE LK GC RN
“genew WA GC R

i EHAE S - gonew EAHIF, fth EEXEMABIMRA . RNEE
~geold IHETFIR GC RS
geoldcapacity WEBPIE S - geold HAHIF, il RN

i KA TEIRA, Rl
~compiler Wl JIT PRI I GRS

il R E S T BRIk

© WEL SZi) Bt ityjstatd T 5L T AR D7 Al 7 i 2
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jstat MERRBE AR 2, AT TR R 0 — R, X LU M — A RIRIE 31 0
GlassFish v3 [l 4545 i PIA7IR U0 04 19 F 4 AN T 2078 M R4 R RSO B h a5 SR anfk
T 4-1 FTR o

RIWFL 41 jstat BITHB]

D:\Develop\Java\jdkl.6.0_21\bin>jstat -gcutil 2764
50 s1 E o 3 YGC YGCT FGC  FGCT Ger
0.00 0.00 6.20 41.42 47.20 16 0.105 3 0.472 0.577

BERERY . XGRS BOHEN Eden X (E, %R Eden) T 6.2% #9258, 7
/> Survivor [X (S0, S1, K Survivor0, Survivorl) BE#REZH, ZER (0, £7 Old)
KA (P, 7 Permanent) MISrHUME T 41.42% F1 47.20% (9751, FFFIEAT IR R
4 Minor GC (YGC, #JK Young GC) 163K, S#ER 0.105 %6, %4k Full GC (FGC, %R
Full GC) 33K, Full GC @#E#f (FGCT, /K Full GC Time) H 0472 %, Fi% GC SR
(GCT, #7K GC Time) % 0.577 #.

50 jstat TRAESESCACRES F U0 BRSO B AL, #9405 % S50 B
Visual VM 45 AT PR 4 W0 T B B2 A P R R BN RE B0 (EF IR 45 RS B A K ST 7 .
SCAEEH G T, EHAER & EA jstat fr SRR R —FiiE IR T .

4.23 jinfo: Java REESRTA

jinfo (Configuration Info for Java) ROfE A 32 i 2 6 A B B IHL A TS M. H
ips B4 1 v ZHCT UL A AL S BRI E M BTN, (B ASRAR e B R
MSBI RGN, BRT XIRVORSh, 3R BEEH jinfo B -flag MTHITAM T (AER
FRF JDK 1.6 SEA LREAME, (EFH java -XX:+PrintFlagsFinal #6755 BORIAA R —MRLF
HILEHE), jinfo 78 AT LU{# ] -sysprops #EITE ME1LUHLIE MR () System. getProperties() 9 P 25T Ef
k. X AAAAE IDK 1.5 RIS SR Linux UK IDK & A7, 46t RURHE T (5 B A Hsh
A, IDK 1.6 ZJ5, jinfo 7€ Windows il Linux -5 #8844k, I ELIA T ST 8 S50
REST5 FELMES -flag £+-] name 5% -flag name=value 153 —&B4M 24T 17T S0 M BIHLS R
fl. JDK 1.6 5 jinfo %4F Windows -4 IIRETIRA RS, FIRHET BEARN flag 570

jinfo fir &zt

jinfo [ option-} pid
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ATREGI: i) CMSInitiatingOccupancyFraction Sff .

C:\>jinfo -flag CMSInitiatingOccupancyFraction 1444
-XX:CMSInitiatingOccupancyFraction=85

424 jmap: Java REIRET A

jmap (Memory Map for Java) fir 4 FHl F4 USRI (—fR&FK A heapdump 5 dump
SCAF). MR jmap fir 4, BEAARE Java HERGRETR IR, BA s RN WF
Bt BN 2 8 it 9 -XX:+HeapDumpOnOutOfMemoryError 284, 7T A1k HE #1617
OOM 5% HMBLZJE H 314 R dump 34, @it -XX:+HeapDumpOnCiriBreak U T LU{# F
[Ctrl}+[Break] ik g #I4L4E AL dump X, XER#E7E Linux R F il Kill -3 fird & %8R
BHES “TRUE” — TR, HAESH] dump 3.

jmap B4 IR S T KB dump SO, 38 T AZE ] finalize hATBASY Java 3t
K AMRBPEAIEE, s, MuTH s RIS .

Fl jinfo A4 —*+¢, jmap 5 AP IHEETE Windows ¥ & FABRZ MM, BT 4 dump 3
{49 -dump IR F AR GALM L. 2508 & LT -histo EINTEFTA #4E RGAE
2 5b, HABETAS S AEAE Linux / Solaris F{E .

jmap fir AR

jmap [ option ] vmid

option BEI i) A B 5 B & L3 4-4.

®4-4 jmap TREEREG

# | % A

- AR Java HER BRI, #55RN : dumpilive, Jformat=b, file=<filename>,
Fof live FHYBYIRE H dump HAFTE IR

Pr— 7R 7E F-Queue 1% f¥ Finalizer LB AT finalize LM% R. R
#E Linux / Solaris ¥ £ FA

sh R Java MEVEAME G, IME IR ECRE, SHERE. SHMURKR
% . SUE Linux / Solaris V- F A%

-histo BRSPS EL, GEK. LONR. AR

LA ClassLoader 24 4t it 1 48 B8 k A R AR E. R AE Linux /

pemniat Solaris ¥ 5 F A

¥ 2 AUHLAERR AT -dump 0 AT WA LR, T A R SR A A
dump R, HAE Linux / Solaris ¥ & F A%
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ARG 4 4-2 208 A jmap 4B K — N IEFEIZFTHY Eclipse £ dump tREESCIFHIBIF, BT
1) 3500 R2idiad jps A4 A EH LVMID.
REEH 4-2 5/ jmap £/ dump T#

C:\Users\IcyFenix>jmap -dump:format=b, file=eclipse.bin 3500
Dumping heap to C:\Users\IcyFenix\eclipse.bin ...
Heap dump file created

425 jhat: EIAVUERAERBONT TR

Sun JDK 44 jhat (JVM Heap Analysis Tool) #4145 jmap #BCHHI, T jmap 4
RHERERETRAR . jhat PR T — ORI HTTP/HTML MR45 3%, /£ AR dump SCIFROSMTESRIG,
AN RS PR . A LIORER, EEFRTAES, BRIEEET LIHNBA N TR
AR, 0 — AR AN 2 & EARAE A jhat A5 4R AMT dump SO, EBEFEREA: —R—BA
CAETRF BT I IR 55 8% L BT dump SCfF, BIMERT LUK REME, SR04 dump 0
PF S B HABDLEES L BEAT AT, DR M T AR — SRR T EL W RERE A VR Rt R BB
HELEIALIELT, MEALEZ BT TRORET ;5 —ABEE R jhat A5 DIRE
AR R LB TE, S5 SOK S FAFIRY Visual VM, AR %l I F 44T dump SO Eclipse
Memory Analyzer. IBM HeapAnalyzer®% T 5, #BfsEHLH: jhat 338 K541 A5 BT D g
ARF ¥ 4-3 WOR T HH jhat 547 4.2.4 47 FRJH jmap A2 Eclipse IDE (¥ #EHRIBSCH .

REHE 4-3 (5 jhat 44 dump T4

C:\Users\IcyFenix>jhat eclipse.bin
Reading from eclipse.bin...
Dump file created Fri Nov 19 22:07:21 CST 2010

snapshot read, resolving...
Resolving 1225951 objects...

Chasing references, expect 245 dots....
Eliminating duplicate references...
Snapshot resolved.

Started HTTP server on port 7000
Server is ready.

© TS BRI, T SO P KIPAE, BTLL—BAEC4 (s
IDK. KATFHIIRS 88 bitkfT.

© IBM HeapAnalyzerfi FHH7IBM JOMIIMLAE RUAIBAIQ I, 44 HESBLIE s OBIQ U RIF R B, BF
LS TR AR o
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REEE R “Server is ready.” HOHERIE, FIFZEN YL RFFFEEA http://localhost:7000/ REFT
DA BISHHTEE R, Wk 4-3 PR

[ BRE 0 eenes Geetting st

Package org. osgi. service. url

< [0x5¢desal]
[0x5rddsea]
£ [0x716£558]

Package org. osgi.util. tracker

[0x5e73838)

ice =
erviceTracke: 2 [0x574090]
Genaes

@ et | RPAS 2R G Koo -

Fd4-3  jhat BISHHTEER

G374 SR BRI LA ST A2 R, ST P A IR A e B P
“Heap Histogram” (15 jmap -histo DIE—4F) 5 OQL BUAEHITIAE, A& T LUHRBINTEH BA
RN S, [RHRATENX SIS, M2 SQL BT WFE PR R T2 i)
Siit, HEA OQL AT XGRINE, WLABHABHE D MAH.

4.2.6 jstack: Java EHIRIFTA

jstack (Stack Trace for Java) x4 HI T4 HLAE 0B 4 i i 22 1O 28 2 e B (— Mk
threaddump 544 javacore SC{). LRI EA 4l HE B 8 — AR R TEAE AT 89 77
RS, AR H R AR B B R, AR RRBITE JE
AFF RSN E L S K I S 5 BRI I LA o TSR . R
BB jstack KA AR RO AR AR, RRAT UL AT R RO BB E R 4
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Hoft A, REGHE LY.
jstack fir 4%
jstack [ option ] vmid
option BET ) A A0 5 A S XL 4-5.
#*4-5 jstack TREERT

% W #® B
F T3 REWIRES,
- BRfERRSD, IR BIMIMTE
-m ISR FIA ST B ATIE, ATEARR C/C+H SR

ARHD T % 4-4 S8 jstack #EFF Eclipse REMEARMIBITF, BIF G 3500 il jps fir
4 #HEH LVMID.

REEL 4-4 (EF jstack EREBRER BLER)

C:\Users\IcyFenix>jstack -1 3500

2010-11-19 23:11:26
Full thread dump Java HotSpot (TM) 64-Bit Server VM (17.1-b03 mixed mode) :
"[ThreadPool Manager] - Idle Thread" daemon prio=6 tid=0x0000000039dd4000

nid=0x£50 in Object.wait() [0x000000003c96£000]

java.lang.Thread.State: WAITING (on object monitor)

at java.lang.Object.wait (Native Method)

- waiting on <0x0000000016bdcc60> (a org.eclipse.equinox.internal.util.
impl.tpt.threadpool.Executor)

at java.lang.Object.wait (Object.java:485)

at org.eclipse.equinox.internal.util.impl.tpt.threadpool.Executor.
run (Executor.java:106)

- locked <0x0000000016bdcc60> (a org.eclipse.equinox.internal.util.impl.
tpt. threadpool . Executor)

Locked ownable synchronizers:

- None

1EJDK 1.5 7, java.lang Thread 26473 T —> getAllStackTraces() 77 ¥ il T 3R B HE fLL4L
T BRI StackTraceElement X . {41317 1 7T LA 1of 1 B JLATARBD #E 52 A, jstack
BRI DIRE,  PE SRR H A A Oy i I BB BT, T LA G 0 5 8ok 25
B, WS 4-5 R, XREHH—NNER.
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Ruigp 45 BFEFRRLY ISP WA

<%@ page import="java.util.Map"$>

<html>

<head>

<title> RABHABL </title>

</head>

<body>

<pre>

<%

for (Map.Entry<Thread, StackTraceElement[]> stackTrace : Thread.
getAllStackTraces () .entrySet()) {
Thread thread = (Thread) stackTrace.getKey();

StackTraceElement[] stack = (StackTraceElement(]) stackTrace.getValue();
if (thread.equals(Thread.currentThread())) {
continue;
1
out.print ("\n&#: " + thread.getName() + "\n");

for (StackTraceElement element : stack) (
out.print ("\t"+element+"\n");
¥
|

5>

</pre>

</body>

</html>

4.2.7 HSDIS: JIT & B&RICH

T Java HWLIEF, AR T IR BIHLRE & 4 P AR S M BITE R, RATHTG
X ERAEHOR . RS R A AT . X HA S Sun BRI AP (Sun Classic
VM) FEEVIG, HREE SRR AR, WtEREME UL IE A 40T 05 R E AT 15 P
HUSEPF ORI AT T R K228, BRI b I R T HEBBLSC B g
SRR — RIS R A RE M RR . T AR, RATATRF R PIT I8 X R
GRS fEA) 1, fEFWRRE LA 24T, EAHRF TR R
HUREREY . YERRINGD I, FEFWIDRE LATMBA T ABXT, FEE MR
o,

SRR IF AT AT, LRI T (GDB. Windbg %) SHT & AR W9 T
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B BRI T UAE Java K HINL 2 B BRI, B K AT AR AL AT JIT i
H A ] CodeBuller il WA LI EL AL R A BRI CRIDHES
e SOBLIE A2 PP 0 1 SR P L ) RIS, RS A e R T BOR AR DR TR,
PR, A0 E fA——HSDIS FlF R EX S5 T - -
HSDIS & — > Sun F J5 {ft # it} HotSpot HE L1 JIF 4R AR (9 R SR 1. © RS
HotSpot ML IRRS 2 i, ~[ELUEAT S48 4 RO FF . € Project Kenai MRS W ATLA T 4L
F MRS . BRI L HotSpot B -XX: +PrintAssembly AT EAIL L A4
PR I R, FIREE 2 F KRR ﬁm{Eﬂ‘Jt{fi SRR LT LA
IRATARRD R 7 BT IRVEE . 23 T LUAR B A 2 PR AE R GEAT CPU 26K M Project Kenai B RJ3 |-
TR, RS IDK_HOME/jre/bin/client Fl FDK HOME/jre/bin/server H F+
EAF. ISR KRBT FRIERG CHU Windows MIBREA ) MlSh, TS & o MR
- HRFE—FC e
BT EER IR, WHREEE (A9 Debug ¥ FastDebug JiR % HotSpot, HHF A BT

X PrintAssembly 81U U A0S A Produit R HotSpot, VS E RSN

A=A -XX:+UnlockDiagnosticVMOptions 24, %4 LLALH N 4-6 5 49 1 MR AC I
OB RO, : -

oo S REEBLS WRRE

public class Bar |

int a = 1;
static int b = 2;

public int sum(int c) {
return a + b + ¢
1

public static void main(String[] args) {
new Bar().sum(3);

)

©  Project Kenai: htp://kenai.com/projects/base-hsdis.
© HLLVMIE-F A RABLH: hitp:/hilvm. group.iteye.com/.
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X BREY, FEUHLL T A AT
java -XX:+PrintAssembly -Xcomp -XX:CompileCommand=dontinline,*Bar.sum -XX:Compi

leCommand=compileonly, *Bar.sum test.Bar

Fb, ¥ -Xcomp RiLEMHLLGIFMABATN, SRARIIATLL “fifh”, AHER
AT R W BOR TS RE Mk & JIT %31%°. i -XX:CompileCommand R /B Rik4iF4 AN
B sum() I H H443% sum(), -XX:+PrintAssembly B4 th ICHRM A . R —LIRF A9iE,
TR % b BT RS 5 4-7 BRI .

REHL 47 WHRE

[Disassembling for mach='i386']
[Entry Point]

(Constants]
# (method) 'sum' '(I)I' in 'test/Bar'
# this ecx = 'test/Bar’
# parm0:  edx - int
# (sp+0x20]  (sp of caller)
0x01cacd07: cmp  Oxd (tecx),%eax
0x0lcacd0a: jne  0x01c6b050 i {runtime_call)

[Verified Entry Point]
0x0lcac410: mov  %eax,-0x8000 (¥esp)
0x0lcac417: push  %ebp
0x0lcac418: sub  $0x18,%esp i*aload 0
i - test.Bar::sum@0 (line 8)
;7 block BO [0, 10]

Ox0lcacdlb: mov  OxB(tecx),%eax i*getfield a
; - test.Bar::sumel (line 8)
Ox0lcacdle: mov  $0x3d2fads,%esi  ;  {oop(a
'java/lang/Class' = 'test/Bar')}
0x01lcacd23: mov  O0x68(%esi),%esi  ;*getstatic b
; - test.Bar::sum@4 (line 8)

0x0lcacd26: add  %esi,teax

0x0lcacd28: add  %edx, teax

0x0lcacd2a: add  $0x18,%esp

0x0lcac42d: pop  %ebp

0x0lcacd2e: test %eax,0x2b0100 i {poll_return}
0x0lcacd34: ret

©  -XcompfERLHT HIHOtSpotr P BUERR T, WISRIEH MR ALK MR B4, B MERBIAT, ML
JITHF.
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EBREIEARE, FE— AT

1) mov %eax, -0x8000(%esp): ALY .

2) push %ebp: AF L —ARWIFEDE .

3) sub $0x18, Y%esp: ZABFMWISHEEES A .

4) mov 0x8(%ecx), %eax : EUZLHIZEfEa, X B 0x8(%ecx) 7 ecx+0x8 MIFLME, A
T “[ Constants]” ¥ 127K T “this:ecx = "test/Bar' ", Kl ecx 77748 A (9 Bk 2 this X %
k. JRES 0x8 R this AT Rk, ZJFHREHAER a (YNAERIE . XURIE
“Java HE” HEOBAE.

5) mov $0x3d2fad8, %esi: MY testBar 777 B X (6.

6) mov 0x68(%esi), %esi: HRZAEH b, YRV “IFLX” Py,

7) add %esi, %eax Fladd %edx, %eax : P, K atbtc MfH, ATHEAIRASE a
TRAE eax 1, L b JLFE esi ¥, i ¢ %€ [Constants] ##8/R T, “parmO:edx = int”, B c 7F
edx 1.

8) add $0x18, %esp: MAIHEbI.

9) pop %ebp: K& E—kibi.

10) test %eax, 0x2b0100: #%ifjJy kiR [MI4LHY SafePoint.

1) ret: Frikig[E.

4.3 JDKHA#MHIR

IDK R THREEKRE AT T RSN, B8 WA TR FTAL T A : IConsole Fil
VisualVM, XP4~ T HJ2 IDK #YIER AR, BF#0 L “unsupported and experimental”
bRgE.

Frit IConsole f27F DK 1.5 B 1 # . 28 4 4 9 J S0UWL i 45 T B, i VisualVM 7€ JDK
1.6 Update7 A B %A, BAEE LMK Sun (Oracle) F RN £ A —HBAbFE T B,
I EELZ M IDK P43 Hi R A AT A 7 & R (4 R H

T G AT PR A R SO A RSB, A T — SRR, AR
EHHFBHEEN B, FEHSERRFR T LR, X LB A7 8

© VisualVME A H#i: https: //visualvm.dev.java.net/.
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B BRACH W RS AT A T MBI TR BB . B, SREmp
R FRE AR EPIE . )

4.3.1 JConsole: Java il SERBITHIEG

JConsole (Java-Monitoring and Management Console) J&—Fit4 F IMX 13- ¥4 4L W 4.,
AR TR ER A AR IMX MBean #4798, #F MBean A LRI, o+
i 1 6 95 25 00 BRSSO A & IMX RS RO BRPEREAT I ], PR IAA W4 B B
IConsole WitR M5 T

1./83h JConsole

i@t JDK/bin Ht Fif) “jconsole.exe” Jii5h JConsole J5, ¥ H sh8 R I AHLEITHI A
PR, AT EMT A CEE jps RAW T, WK 4-4 PR, Wk kB h— R
BRI F QAR o nl AR R et i ” ShAEREHInRIR S 3%, ShER LT
¥,

© MR

| &
| sun_tools jeonsole JConsole
ore eclipse equinex. lsuncher 1.1.0

RAR: | oe:

() (o ]

[l 4-4  IConsole i%:H W i
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A 4-4 AT LAFE Y, EF K YLAEBAEZEFT T Eclipse. JConsole Fl MonitoringTest =4~
KMy EALIERR, L MonitoringTest BEREH MR 10 “ RIGHAM " RBZ—. WNEEHEA
JConsole E M, LA P RE BT BB, CHFET, RE. KT VMR
“MBean” 6 1~ HU%, WNF 4-5 FiR.

(&) Jovs BEATILHE - pic: 2563 r‘.«-.fnil.la‘(t.z:i?r‘iu Moni toringTest

BATFRAER

100 b
80 Mb

I
|

|

60 Wb |
p | 4
10 b am E
20 Wb < namsm |
3

|
| 4
19:55 20:00 20:05 | 4

PR 202 m PH#EZ 101d m BAfE: 1004 W i

P 4-5 IConsole EHifi

MR TS B IR R L R ELE AT BRI, LR R e TR L
“ERRRT .\ “7. “CPUMAIRIL” 4 FMERMMIRE, XBHMARREE N7 AR .
“R” TUEMHFRILE, RANEHERTENA.

2. NfFEkE

CHART TUBAY T ATRALH) jstat A, T IS MR ST BB IIWLATE (ava
ARARD WAEILRES . RATET BTSN R 4-8 PHRIRAR— T MR, 2
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FTRHEE R IHLEECE « Xms100m -Xmx100m -XX:+UseSerialGC, X B fRAS AR LL
64KB/50 ZEFPA I Tk Java HER SUEHE, —IEBUFE 1000 %, (/] IConsole () “ A7 5T
AT MO, WA R FEDR R P 2 A

REFER 4-8 JConsole BMAHY

Jx
+ RESEHNR, —4 ooMobject KEIH 64KB
#
static class OOMObject {

public byte(] placeholder = new byte[64 * 1024];
)

public static void fillHeap(int num) throws InterruptedException {
List<OOMObject> list = new ArrayList<OOMObject>();:
for (int i = 0; i < num; it+) {
[ RAERERS, SISHEBENTHEMRR
Thread.sleep(50);
list.add(new OOMObject ());
}
System.gc () ;
¥

public static void main(String[] args) throws Exception {
fil1Heap (1000) ;
]

BFIETIE, & W DT LA B A Eden KIYZETEHZAITLR, W
4-6 iRk, TMMAEET KER G, SRIMBR Kk LK OTEBL. OF
EEARE AT LA i, 72 1000 KB FHATLEH, 384T T System.ge() JF, SIRBAH A
Eden il Survivor K#SHEA S 1, (HARKEEMHARE PR BIHEEDRE, R
FEHHE P BARAE System.ge() HEMATZIG VAL . BHMAHTRIL N IE, BEBA/INE
AL EE T, SRREAH.

D LR SBE R T Java HE 100MB, A& -Xmn B%, BN HEE
Mt £k

2) APTHATT System.ge() ZJF, H 4-6 FRAKBFERMALRIE MR BREFRE, 1
T Z AFTIREA fEL System.ge() FIYSCHLETTE B i R§ 427
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P 4-6  Eden X WAFEARIL

|4 Tavs EEMESBHE - pid: 1172 con fenizsofs, monitoring. onitoringTest
|2 =R B0 Nlh x]
| M s | 5% | WBew &
Bi%: TR “Eden Space” i .j s
30 Wb
25 Mb
20 Mb
15 Wb
10 Wb
5.0 Wb i)
0om « esn s
19:48
HEER
Wil 2010-11-20 19:48:54
| B 1,353Kb
ShER: 27,328 Kb
| EoAf: 27,328 Kb
GCl-Tﬁ C°PY QIS FRANTE
| 0.083 #»
kSweepCompact (1 I5UtRSE) RTFARIATIE]
054 3

[JRS 1 255« B 4-6 7R Eden %5814 27 328KB, A % & -XX:SurvivorRadio Z4(, Fif

LA Eden 5 Survivor 2] LB AERIME 8 : 1, $AEAEARESEIKLJ 27 328KB X 125%34 160KB.

T8 2 &5 « $UAT5E System.ge() ZJF, ZE IR AEFEIMGEE Y List<OOMObject> list X5
V3RAFIE, fillHeap() R URBA B, UL list M BAE System.ge() HATHF 3R 4L T1E I3

ZMe. MNHHE System.ge() B3N F fillHeap() 77 #: &M AIBLAT LA 4 3 M 47«
3. gREME

B L “AEE7 TS T AT BALI jstat fir 493, “ARFE” TUEMINARAY T AT
HUALHY jstack AT, 8 BILRBRS AT AT LAGE AR A TR HEAT W He A0 0T o ATTETUEAR jstack i

O MBS, RATER UL IR TIO IR, “TEfETRZ " A RIS A BB, BhX i E

TR RN

R R M B Slot Al AkiEH TS
OGRS
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W WA, SIS, SIS CGRBURZESD . 8RS 3 4-9 535 B0
JUFHE L .
REBEL 49 SBREFRRRBD

e
* BEEMHIET
*/
public static void createBusyThread() |
Thread thread = new Thread (new Runnable () (
eoverride
public void run() (
while (true) //$E414T
)
}, "testBusyThread"):
thread.start ();
)

Iar
* BRUGHIF
£
public static void createLockThread(final Object lock) (
Thread thread = new Thread(new Runnable() {
eoverride
public void run() {
synchronized (lock) {
try {
lock.wait ();
} catch (InterruptedException e) {

e.printStackTrace();

}
}, "testLockThread"):
thread.start () ;
)

public static void main(String[] args) throws Exception {

uffer br = new inew T (System.in));
br.readLine () ;

createBusyThread () ;

br.readLine () ;
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Object obj = new Object();
createLockThread (obj) ;
)

BFIEATIR, W efE <&M T main KT8, WA 4-7 Fi7R. HEERH B BN
BufferedReader {E readBytes 77 ¥ fh 451§ System.in B8 AL A, X HF2E 2  Runnable 4R,
Runnable {RAS ML 2 ¥ s BLIEA T A], {H readBytes J5 i K 2 B 3 B A SBT £33 20938
PATA ML XFER LIFER/ MG CPU B

#ig

Reference Handler
Finalizer
Signal Dispatcher

Attach Listoner .
tastBusyThrend et
BMI TCP Accept=0 3 Pzwa. 10.FileInputStrean. readBytes (Native Method)

RML ICP Connection()-192 188 |java. io. FileInputStrean. read (FileInputStrean. java: 199)

ML Schadider ) ~ |java. 0. readl . java:256) -

< m v e i i 3

[ 47 main 278
HeA5 Wit testBusyThread 2072, 411 4-8 FiT/R, testBusyThread 228 — BLAE AT 25 13K,
ISR 25 77 81— EL7E MonitoringTest java (U1 41 7748, 41474 : while (true). XA}
{6488 Runnable R3S, T HBATITRLBPITARAIBINE, SESTEI LR SWMITAE
o] L EVERFR UM, BORP G RF 2IREREZ Y CPU VR,

“#12 . o o -
main ¢ testBusyThread 2
Reference Handler : RUNNABLE

Finalizer S0 FEesE: o

Signal Dispatcher £

Attach Listener | I
| s |
RUT TCP Accept=0 I £t Test$1 ""‘Am} 2
BN ICP Conmection(1)-192. 168 } lang. Thread. run(Thread. java: 662) !
BT Scheduler @) N >

< 0 v

[€14-8  testBusyThread 72
[l 4-9 it 7R testLockThread LR FHE %515 % lock X4 notify 5% notifyAll J#kfg B, &
FEXIHBEAL T WAITING R, FEREMERERT AR 2R TH 6] o
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| Mtk Listener - f@H: testlockThread "
| testBusyThread. JAITING 7& java. lang.Object@3c83ad0 % x4 g
R 1CP Accapt-D Do mASM: 1

R ICP Commection(1)-192,188. | =
| BD Scheduler 0) ‘g‘}ﬂiﬁﬁ-

| ML server comection timsout
| BNL CP Consection @)-192. 168
A:III TCP Comnection(5)-192 168.

|| 1ava. 1ang. Object. waat (Native Method)

{|java. lang. Object. wait (Object. java: 485)
t Test$2. t. java: -

con. fenixsoft

[#4-9 testLockThread £ F2
testLockThread £ i 7 4b F IE # 19 1% B 4648, JLE lock XF £ ) notify() 24 notify All()
Pk e, XA RAE NS ARG . ARSI 4-10 WOR 14 JhHk FEBOMIE i SE 8

.
A 4-10  FEHRBEEG]

* BBRAHESET
L
static class SynAddRunalbe implements Runnable {
int a, b;
public SynAddRunalbe (int a, int b) (
this.a = a;
this.b

@override
public void run() {
synchronized (Integer.valueOf (a))
synchronized (Integer.valueOf (b)) {
System.out.println(a + b);

{

public static void main(String[] args) {
for (int i = 0; i < 100; i+4) {
new Thread(new SynAddRunalbe (1, 2)).start();
new Thread (new SynAddRunalbe (2, 1)).start();
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SKEBRAGITF T 200 DR LA HHEE 142 LAK 241 MMl K for TRFRRE AT MR, #1
AR S SEOEHE, FRIAEER AN, FESRBTRERA AERRER. —Rm
i, A for TEIFMUMIA L BT 2 ~ 3 Wk B BIRRIEAN, FRIFIRIREE . HMBEH R
A2 Integer.valueOf() J7 i3 F il X R A0 VA 14 AFI % %, [-128, 127] ZMA%K
FRPEA®, Y valueOf() EMEASRARANTEIZ N, HELHGE PIGAF P x4 gt
L, ARESIEFT 200 K Integer.valueOf() 7 % — 3 ik FAR 1 TR AR R M 4. Ran7E
FEARBRAPIA synchronized SRZ I & A T — DI, AFHSHIARTE A SHULE B
FFA 1) Integer.valueOf(1), £&#2 B G LM A FF4T 1) Integer.valueOf(2), LR HBKRFK
FEART R

IR IS, Al JConsole RARMAR MY “ KrWBIFELL” 4, HhB—HHY
“FRAL” DU, NP 4-10 BUR .

sz | 0t | |

- EE java. lang. Integer®76c3358b
java. lang. Thread. run(Thread. java: 662)

JE¥: Thread-43 wi
{475+ BLOCKED 5 java, lang. Int eger@7chdb375 L, JA#: Thread-12 |
PRESM: 1 FHR4: 0 :'
i |
com. ft xun(lhx*

i

J

14-10 RIS

Pl 4-10 TP AR 0 3 Wl /3% T 2R A4 Thread-43 78 % FF — M 4R 42 Thread-12 £ 45 Integer Xt
B, TR AR Thread-12 W W /R E LFESEFE A Integer X4, HZRRE Thread-43 £ 41, X
BERARBR AR, SR PRRNAE T .

4.3.2 VisualVM: Z5—HELBTA

VisualVM (All-in-One Java Troubleshooting Tool) J& ] H i v 1 Bl IDK % 7 i) T fiE &
SR IEAT WL MU e Ab SRR, I LT LB AL A sle — Bl o A5 2 B 7 3 ) SR gl
AR BT B B J77E Visual VM E(FSEBI S 11T “All-in-One” (9#iAFHE, HUR
FHEBRTBITHA, sBeabBAh, BT RE HAL T M AThAE. WEAESAT (Profiling),

SR VRCH LR Tjava.lan “ache .
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Visual VM (4 fE 43 B7 D1 B 52 5 HUAE JProfiler. YourKit %74\l FLU % 9 Profiling T HAA &
Abta g, i L Visual VM B4 —MRABIIAL « Ao E R M BT 4L TARK Agent i2
7, TR R B S BRI R S AR/, BAS AT L BB R AR A SR B . XM
SH4 TProfiler, YourKit % T HIGM S Z KA.

1.VisualVM # & BB S iR %K

VisualVM 3T NetBeans -5 77K, BULE—IFHat A& TH{F0 RIDAER R, sl
DR X, Visual VM AT LUEE]:

Q BREBPIRUKEBRAORE. FEEL Gps. jinfo).

Q W E K CPUL GC. HE. FERURLREFE (stat, jstack).

Q dump AR SR AR (jmap. jhat).

Q W RBIBIFETHEREAET, SR BORAIRZE . BAT0 AR R ik .

O BWLRFIRE . BERFEIAE,. & dump. WIF dump (5 SR — R

W, ALK PR R A TT & # AT Bug Rt

O Hf plugins HITERRAATRERE -

VisualVM 7E JDK 1.6 update 7 A B, (EDF AR & REBIEFEEAT T IDK 1.6 £
BRRE, TEARIRAE FAAHES, HEARE T AU 10 HEHUE A IDK 142 F RS,
PO R 4 FE0HME . 4E5 9T B RA R . 24Kk, JFAERTA S REARAESE SE M ) T3k,
F A I 4-6.

#4-6 VisualVM TERHHMRBMTIR

&M JDK 1.4.2 JDK 1.5 JDK 1.6 local JDK 1.6 remote
SETHSRE J v v v
RYRY v
R v N v v
BB < v v
HEAENEE M
M. #F3 Dump k7
MBean F5 v v v
JConsole ffif v v v

BB VisualVM /7, B Se AR 00 3 Bk b F 04T I, IO BRTE Visual VM i

© RTFIDKI6AFH, FEATHF-Deom.sun management jmxremote 2 A REHE Visual VMATHE .
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WA IMBAL AR, BAREAR . AR AT i R F AR IAME R AR T
{HRARE: VisualVM B BT RAR(F, AR 2 T T e B A a8, B S AT AT

JHERAFAE R R AL

BT LA F TR s, EAIE RS LR R abm LR, Ak TR — ¥
P — TR SEN, AR BOXHERE T nbm W E RIS TR, SRR
i1 JIDK_HOME/lib/visualvm/visualvm 1, A F TR, Visual VM 1 [ 3) 22
DL LA MR B LM H (a1, A FAE B IR T, e TR — “fkses”,
SN 4-11 BR AR PF TR, FEDURER) < ATFR(E” th2 T Y ATARAS VisualvM AT LA
IR, e PR PEIRFEA L B R SRk AR

o BZES ARHREEENE

E e P

UBR sl ] VisualVE-Glassfish
Vi sual WG sstish v
Java ME Profiler Snap O [(Hws: 13
VisualM-Extensions Platfora o | (B ViswalW fEfEh
Vi sual M-Sanpler Profiling 9 | )
BlracesVisusl Profiling o ||
Vizad WeSecursty Security © | |HlifHER
Yisedly® Eoissle Toslx O 1otk swnsle s1ucin civing m overvies of
Vienal Ve Wloms Teals © " aivanced moms toring capabilities of
VisualW-FufferMonitor Tools @ VisualV¥ Enhances momi toring of
Visual 6 Tools @ GlassFizh spplication server by sdding
SAPlugin Toals @ | ||specislized overview, new tab for
Visual ™ 05Gi Plugin Tools © | |monitoring HITP Service and the sbility
SysTray Tools @ | ||to visuslly select end monitor any of
Killapplication Tools o the deployed web spplications
Vi sual W-JymCapabilities Tools 9 =

TR A DIRERAY .

BEARE

o

Zae) | [ #ho

[ 4-11  Visual VM $if 5%

REAT MR H B ARG 2RO A BT 0F, SRS sy BRI, F a0

Pl 4-12 7R I F AR BERT 11, BRAT SR BR A BN AT 52 IR0 % o

©  HFLOHhE: http:/Visualvm java.net/pluginscenters.html .
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T
o g
Visnal W-TDA-Library-Component
ClferRaiE o
E-ta % g

F4-12 VisualVM $i {2 it 72
BRGEN, SRR R AR B R T, 0 413 BR. MR
e WP RAR PR AR IR, 7 B % T RE A 4-13 TP AT BT AR o

j») TA® BO® =
ree epinen e in 01
*it B B - v —
¥ vissam ey I
& ere cctipse vqun| A
‘m © org. eclipse. equinox. launcher. Main (pid 10112)
®iaE | e RS 1V s
L1 |
- oz
e
| ER: e -ﬂ\yu .u-m-x Launcher Muin
1| B o wis2 -vs nin2 ~arch 135 shonsplach ~Lumcher D | DevSpace Eelipse3 5 ecli
| e HotSpot ) Client I (17 G416, mixed mods, charing)
| Tova Home BR: 0 Devspace st 5.0.21
HEELR = S
| IR oRE BIERN dwmp: B
R * [ | RREH | W o
A Dump: 0 Dosgi.reqviredlavaVersionci S
B bmp 0 - -taesize
- il o “rawsize
i g RE .

[ 4-13  VisualVM F= 5l
VisualVM i “BER ", “UEPL7. “LFR 7. “MBeans” (K3AE ST 4149 IConsole 255
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A, EERE ECAAER M, FEE LM a6, T,

2. AR, N YEHERE AR

1€ Visual VM A A8 dump SCHATPIRN S, AT AT T OME— B

Q& “RARSE” 610 b AT i AR 1 4, ARG S “HE Dump”.

Q7 “ROHEF” 8 0 h R R A TR AR A, SRRTE “ W 5%

thifict “3 Dump”.

AT dump SCEEZ R, R B PR B B F AN — 1 [heapdump] 7T
SKIGFA L FFEE LTS PITH T ILEHEUR, E 4-14 FR. W0RFHFER dump IR
FFal K%kt 5, BAE heapdump 178 EAEEBEPE “ SN M, B VisualVM XHIH,
A HLHY dump SO Y ARG B SCOF BRI AT IF— A B AAFAER dump SCPF, S8t SO
SHhy RN SOk, BEEEEER FAY dump SCIFERAT.

o
@ Onm 6 [TEW O ow R
SO 8830 | SWA: 24 | Sh 211920 | HBAS

izs Pk
PR T8 #y @ a
w0 - as— “-
oe
om
or ]
= o i p— "
om o Tt (9

R | 0 iR | S EBERE | aBOTH 1 enERRne | 6w

P 4-14 5 dump SCHF

AHE DU 4% R iy A B2 T AR AT LU B 8 R JF dump B 932 4T B 2 8 System.

getProperties() [P %8

LRAHEER, “27 mRNLELZE NG DRGS0 5 FIR

FRFE, SO EEORAE AR, BOYRAR AR I, BT EE
AT WA, AT P OMASE Wk BAE, B <) HEE it



F4E BUNEENSSHRAETR P 127

%h 500 MBI R RIER . “OQL Ffil &5 7 AP ARIZEAT OQL AUIIAAIN, [7] jhat
AR OQL Zhfk—#f. AN THEER OQL ik M, WIS MAHH R D W%,

3. TR AR

E Profiler T4, Visual VM #R48t 17253247 181 77 3442 ) CPU $RAT i 18] 4347 LA B2 11
TESPHT, M8 Profiling SMT 5 S XTARFFIBATHEAEA HOBR AUSEA, BT A —RMORAEA: = 3R B eh
Cdzisreribsi

BIFERAT, SekEE “CPU” M “WAE” R —A, SRR YIHE SR R AR
FE AT, Visual VM 218 B3 B (6] 8 AR AT AL I 7 B . R R CPU 4MF,
MG BN BATRR. IATRER AR, MGy B LB X
BRIV BOX BT R 5 ). SATHRIE, Al I EATRN R, A 4-15
B

R
MR
Woee 9w BE -

i

P15 R IF AT CPU BT 5047
HEB EIDK L5Z6, A Client X F o ENMMAFLAFALT ELF— &2 4
£ 3R BAUEAL A F rtjar PR BIBAR IR A AL, mAREA A Bug
AR Bk, VisualVM 9 Profiler 39 At T fE2 B 24 K 5 ¥ d 3 S ALY B AL A Aok, PR
VAik # AT Profiling 37, AT A MALIL B 4 ) Xshare:off S 404 % M % 5% $ 404k,
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[ 4-15 X Eclipse IDE —Be#RAER AN FIMHTIAE AL, BE 4047 A C AYRLALIFRE,
AT LAHRERE ST R 55 0 B AR HE ST O ] SRR e, BN A AL A T ik

4.BTrace 335 HERER

BTrace & — MR “AT#” 4 Visual VM Hiff, A BHiR o] DURSTISATHRF . B HMER
RAEARGE Ik BERRFIEFT AR T, #sd HotSpot HEIMHLAY HotSwap B ARSENZ AN A JF A3
AR TR . T RERT S BRAE T P OB PR A B« 2 il BIR P B, (R HE
RO —LAREED, FUNESK. BRES, EFEMFRATHIREZS, UE
TGRS, Tt iR BRI FAEACAD LA R 24 I 2 A 7= R R 55 Tk B
fEfILRT, B8 BB SEHE ITA T 2R — R R AR R SE4 .

TE VisualVM %356 T BTrace #fH)R , T AR T FIAR A B A S L0 B T, 2t
B “Trace Application==” 38, 5763 A BTrace MR- X/ B A ARG —
) Java BRFFIF RIS, BEEA /N Java RS, WP 4-16 Bk«

P 4-16 BTrace ZhZHE:

© EHED: http://kenai.com/projectsibtrace/.
© HoSwapHiAR: {UISABBIEAR, HoSpoult MBLAVFIERTILEITHRGL T, TOHE 2 MARMAHRET.
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EENS T —BUARTTHAY Java fURIRETR BTrace MITIRE: 774 1000 LI R
B XA ECFARINAOLE R, AL AL 4-11 R
REH Y 4-11 BTrace MEFT

public class BTraceTest {

public int add(int a, int b) {

return a + b;

public static void main(String(] args) throws IOException {
BTraceTest test = new BTraceTest();
BufferedReader reader = new (new Inpu

(System.
in));
for (int i = 0; i < 10; i+4) (
reader.readLine () ;
(int) Math.round(Math.random() * 1000);
(int) Math.round(Math.random() * 1000);

int a
int b =
System.out.println(test.add(a, b));

BIFETE, 7E VisualVM TR F MM, 7E BTrace FUASHITE TracingScript Py
2 WARERASIRELR R 4-12 FoR.
REHE 4-12 BTrace Wik

/* BTrace Script Template */
import com.sun.btrace.annotations.*;
import static com.sun.btrace.BTraceUtils.*;

@BTrace
public class TracingScript {

@OnMethod (
clazz="org.fenixsoft.monitoring.BTraceTest",
method-"add",
location=@Location (Kind.RETURN)

public static void func(@Self org.fenixsoft.monitoring.BTraceTest instance,int

a,int b,@Return int result) {

println (" WARK :
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jstack();

println(strcat (" ¥ #k$&
println(strcat (" ¥ k&%
println(strcat (" ¥ k%K :", str(result)));

1
}

A “Start” HHUFR %N %), HIESTHF, W Output HIAR *h tH B “BTrace code
successfuly deployed” (7. FIFIZATIIRTRLE Output FEHCHF 24 Hi Q1P 4-17 FR B II
&8

|| Zfe) EREF® REe TA® SO0 WH0
'L 1]

EL T -
vimam
& oxe tenixsoft. nomitor

< org. fenixsoft. monitoring. BTraceTest (pld 4852)
Blrace Wiowtpat [ Qase-Patn
open .. @seve hs . | W stert Qiseer | § rvent ] Unsate
1o A

12
13 public static void func(@Self org.fenizsoft.nonitoring.BlraceTest instanc

u println(" IR ")

15 istackO:

16 printin(streat (/L8 % x(a))) |
1 printin(strcat(*)

18 println(strest(

Outpat
Blrace cods successiuly deploysd

org femixsoft monitoring BlraceTest. main Blracelest. java:20)
pEot w

P e
Fiktam 1009

P

sonitoring Blracelest. main BlraceTest, jova:20)

[ 4-17 BTrace BRERZER

BTrace MY LA VFE, TTENMNAR. S8 & EME FRBAEARMBA, EEHM
i B BTrace SATHEREMENL. EAGEBMRAAAIR ., MIRERBES ESHT,
H AL AT A ZAK W T —TF -
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4.4 FENE
BT B IDK KATH) 6 24T TR EFA TN SR B TR, R 9% i A1ix
L6 T HLTT LAZA (] REAL B AR KB FEF o
BX T IDK AT HZSN, % AR SEEL T ARARE, WEREEH KR Sun
ZFI#) IDK. 4F HotSpot (I HEMIL, RERGZMEAIX LA T RSAT AT, 0.
Q) IBM £ Support Assistant®. Heap Analyzer®, Javacore Analyzer®, Garbage Collector
Analyzer & fii T IBM J9 VM.
Q) HP i HPjmeter®, HPjtune i& i F HP-UX. SAP. HotSpot VM,
Q) Eclipse ) Memory Analyzer Tool® (MAT) i& T HP-UX. SAP. HotSpot VM, %%
IBM DTFJ ®ffi{/5 A TR IBM J9 VM.
Q BEA 1 JRockit Mission Control %% i F- JRockit VM.

©  http://www-01.ibm.com/software/support/isa/..

P by

ttps ibm
ib

https: /h20392.www2.h i TER.

htp://www.eclipse.org/mat/.

html

Oe®B8 @M

http://download.oracle.com/docs/cd/E13150_01/jrockit_jvm/jrockit/tools/index html.
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Java 5 C++ Z A1 3 B NAF B A SRS MR BOR BT LA i, AN B9 A
A, f A AR R

5.1 ik

B3R T bR Java WA A TR, 7EARMSCERI AR, BR T
WETASN, SRARR—MEEEMER., HEARESHEE S EA BN
BRG], 4 8 E) e DL e b AR 5 B 1 45 S AR5 RN, T KR Java BRIF S
FOLRE A AR 588, A TRAES T — DA TR A RIS IAT “ R 5
P WS, AR RERAEE RMEA EAR R .

5.2 RIS

AEE PR ROIK ISP T EH LA M — LV, EAH—/ NIRRT RS L
REMRREHROABLS . BTXE PGSR BN, ARG ZRGTRT,
SEERTSEBRIREER Ml 55 T — L5 ORI T o

521 BEEEEN EEFEERE

Bt —A 1577 PV/ RzcA BITER SR KR M U Bl 4 T RE(F RS, B ROBEAE N 4
A~ CPU. 16GB ¥BIFE, #MERSEN 64 {i CentOS 5.4, Resin /K Web fiR45-3%. M
AERA B R, FTA S IRER AT AR A T A B AR KRR . B
5K T RBA FIRE (R EE R T 64 G209 DK 1.5, Fifiat -Xmx Fl -Xms SH0H Java H
SETE 12GB. (I —Beit 1615 K B FURUR IR EAE, 00 28 % S S 399 B e 18] 5 iy g
B

R BHEATRGLE Z IR KWL H GC FIS B, RBIMLIEITIE Server
X, BB RALEOESE, EH 12GB #3E, — %K Full GC (ORISR R #G3k 14 B 3F
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b FRFRIER, Vil SR Z RSO NS R 7, RSB  SLRE i
SCASFIEP IR R, SRR RIBEHIEA T BER, BATE Minor GC hFFER,
AL T BMEAT 12GB (e, WAFMARBERMFESRR, R SSER Lo H I+ ILE
04T, 4 RIS FF RN R BUR BRI o

XSS TBIA R, #2588 b 0 2 R AR S5 K A3 P 77 AT BT
BEHPR (R B ] (K (5 0. BEA TR RTRE T 32 17 R 45 1.5GB f93E, A P FURCS: B {8 FE 36 1L
BN, HARRKE T RO, FIA S SIS LR TR RLRE, AR I/
4 Java HESMEENAE, AR AREME A9V BB TRIRTE.

TERERERE(T FIERY, AR EEA MR

Qi 64 37 JDK SR FHANTE.

Q AT 32 A B SUHLEE 37 32 48 S R A F B (R TT i

LRGP FOR A T — R E R X TP I [ R e R
S, ATLAS Java MEAUAL AL B Sk B T4 A2 A5 SER AT A AR Y Full GC JR £ 5113 2 8
1%, BOEEBIALEWEA P, B+ LA/ TIE— KA I —K Full GC, XA
VAT 3 7F BRBCHAT S AT 55 (89 7 R ik & Full GC $:%E [ 3h T 3 R IR 45 28 kA3 e AT 2
Tl 7E— M RE K-

] Full GC M H KRR B A B R R OEEE W4 K WERN, Bk
ZHOA R EAFN EURRIAR, IR REAT ALY . A A AP ] B AR =, ke
REGR B4R R B i

ERZBIHTY MR, EEX R RNIEBIL R R R R E TR, 2%
BMBHRE KA QMR . HERBEHEE, BYARAE B AN P E %
MIBLAT Full GC, XRERYIE, (R NAERT, RISk HRE 4 & WA RIE. R4t
INRBEE R 64 (i IDK REMANFE, 07 E% 18T T AL I Y fe

QO W72 IR S B < e 4

Q) BUBYBE, 64 fi7 JDK A AE R A4 8 1T T 32 42 IDK.

Q BRI R R, B Ao B B 7 A 06 L 6 T o 7 A S

R+ JL GB Y B AN Dump ), WA= T YL T kT 04«

O AT AE 64 i IDK IFEMI INAE— R 32 fi2 DK K, KR FHastigik, MR%

WA SR E B
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TR AT AR A SR, BB BN S PR RS M BT
32 fir i UL ST B AR AR TR R I RE (U U RSO A — A BT LR S R AR
FB/ME BAORSWABRSMAFRR D, RISEINGSE— RIS, LU RN
FrRRAEHIIHDR . EEA TR A AR RO FEFERE, BPEEEEM 64 (0 IDK,
VEZ R AR IEA — & MR85, BULE Y Z RE R AT (0 1 40 2% B BAEFE A

X EPE— YR LR e R R H AU T R BRI SRR, AR
FRORARE . AR MR TR, RTERRIES T B L R A A0 e
HIM R, P TE Session & M5 & AERER— MY R HBERE . RAVUUTER
FESEBF AR A, b RIE B — WAL (—BIRIE SessionID 44HE) H#—~FE
S B PR P R R AT 4 B 3 B A — N S BT AT A TRE T, SRR AT R BN B A R
SRS ARSI B T

2R, ROHBABSRTR, IREE R BN 2R E R, TS
P T — £

Q REEG SRS SRR, BMUASERETES, &SR ER A
RESICIFTE (CRHRIRBIRESS MAEED, RAESSFBI0 R4 .

Q0 AR AR5 o R M A PSS e e, S B, — MR R AR R ST A TS Y
SEHEML, SXREA T A RSN A T S A — S A R A R, REA LU
JHSE A INDLL (BN — 2 B AW LT REAHT SRE MY 1 REFF 85

QO &A1 A ASRA T e Gt 32 5] 32 (9 AR IR, AE 32 i Windows -5 Hh &4~ 72
SRR 2GB MINAT, HBEBELSMA AT, SE—REL HAEFF 2 1.5GB. 7£
2 Linux 3 UNIX R4t (4 Solaris) 1, A7 LUEFHE] 3GB J3 2 #43 4GB I 77,
{832 i spBSRZEIET 4GB (27) NTFRIMRH .

Q KRG A4S AR HashMap 1E4 KV 877) BIRH, EZ2BEN DS
HERBRE AR, FE BB S LA B, XEMRTT L% B A R
U TR

NATEXAHBE SR, BEFEDXANROZ S, BEHTETRRBNEY S
32 IDK (AR, M PR 2GB WAIHE (A FEE N 1.56B), HHT 10GB
WAF. TSNS —A Apache [ 55-1E A BT SRHBE AR BR A IR11] P 2% B850 PR P Xk o 37 S F LG
Heds, FEESCHIMR SS9 EE IR SR PTER B RNAFTIR, CPU FHIRBURIEBAR, [k
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CMS HEEFRBATRR . HE T AIARET, IR AT I AP, B O RE (T4
LG o =i

522 HEEBALSBOATHD

Fitn, H—4%F B/SHMIS RE, B{FRME 24 CPU. 8GB MFEHI HP NEIHL,
Hie 5 4% & WebLogic 9.2, #EHLE/EE) T 3 1> WebLogic 524, HIR—4~ 6 1 AMMEAR
BBt I TRFGAER, WAZMBA AT Session [f 4, (HEA — TR B LB
WA RAIE. TFRX BRI, b FREHEERREA, tiel
WK, SRR JBossCache I T — 2 RGHF. £REFFENIE, WFERFMNT —B
B E], AELB A DA S B T 00K A A A L R

TE P TF Ui 53 0 R B A IR, AR 45 97 MO B0 — BLIE 3, 48K P 77 B0 O 48
B SE 3) —AB R O PT 2 6], FF 3 R T SO o R B 42 o 77 4 P A
W, AR RREOE BT R E . FHgut, WA AT AR, RIFik IR
# -XX:+HeapDumpOnOutOtMemoryError ZHUE1T T —Beif ], 7RI — K ueth 25, %5
BT heapdump S, K3 BEEAFFEH KB org.jgroups.protocols.pbeast NAKACK %4,

JBossCache J2 % T [ 5 i) JGroups #EAT4EE ] 4 BR5E 1%, IGroups B FH BB 9 7 2
SHSLBUUR MR I SRR B LA, SRR R I B 2 R MR 49 up()
Al down() Jrik, H i NAKACK A% F FARES M9 A RU0F R E & . IBossCache Btk
0 5-1 R,

£l gf? Daemon Thread [DownHandler (VIE¥ SYNC)] (Suspended (breskpoint st line 401 in FAKACK))
= NAKACK down (Bvent) line: 401

FAKACK (Protocel). receiveDownEvent (Event) line: 517

UNICAST (rotocol). passDown (Event) line: 551

VNICAST. down (Bvent) line: 355

UNICAST (Protocel). receiveDownEvent (Event) line: 517

STABLE (Protocol). passDown (Event) lina: 551

STABLE. down (Bvent) line: 283

STABLE (Protocol). receiveDownEvent (Event) line. 517

FRAG (Protocol). passDown (Event) line: 551

FRAG. down (Event) line: 139

FRAG (Protocol). receivelownEvent (Event) line: 517

VIEH_SYNC (Protocol). passDown (Event) line: 551

VIEW_SYNC. down (Event) line: 166

= DownMandler. run() line: 121

[ 5-1 JBossCache HHli%
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TS B S5 K I T & A9 AT REME,  FEHIIASTAT LET/E GMS (Group Membership
Service) FI S EBICEI E TR FE AT, RIEMGE BALAHENAFPIRER . TTTUE MIS i) 55 3
A — AR HE SRR Filter, 44 BUCEIORAT, 28 — KRR R ), OF
LR AN ] [R5 B AT 5 R 2, A — AR P E— B R R REFE 2 B HLAS B Rk 7E
PRS- R R, AR — B 27 A BOK T BRI R, R i s R B R
A2 A AR S IS Rl RIS ELR Y, TR KR AE AR R
A, RYUEAE T TR

X A4S 58 b f) 19 B, BE A5 JBossCache () R I, AT MIS R 48 35 B 7 5K b Bk B
JBossCache B 7 1) maillist i it AR 2 Y L9 0 47 o1 570 DB, BB 0GR RRA LA T
Bk, T S T A R X — B A L T 0 B B (4 FI 24U TBossCache SRR EAT K [R]
HHE, TRV, ROVBIREA A — B BIA, ISR SR £
PR, (BRI o TR S EE, IR KB RIS R 1 4 «

523 HIHIMESBENHBER

B, —ASERE/NRITE - 3EF B/S BT HIRRYE, N T LHE P I AE IR
S BB IRBE, RGMT TR AJAX R (WK% Comet 5% Server Side Push),
A CometD 1.1.1 YA RS IGHERIESS, MRS 2SS Jetty 7.1.4, BE{H— A8 PCHL, Core
i5 CPU, 4GB WfF, i&1T 32 {i Windows #fERZE.

BRI KBRS S A L L AR S, IRSF AR —E R B, (EfR
MIERF R B, AT TR AT LS, M A KB BIR A,
i 32 (L RGEME D) 1.6GB sREEATILFINA T, M HIFR T HARBR, b Weush R
W HFAQE T M T . A -XX:+HeapDumpOnOutOfMemoryError, J& #& th 34 F£4 ) 17,
it YA S A A SO R AT P . BT RAFHER jstat 3F — L RATHHE, &AL
GC I AHi%, Eden X. Survivor K. ZEMRUBKANRNIFLTEERS “WHktaw, EH
AR, (ARER BRI A TERE SR, WERE AR, BJF, AR HEAR
i HEPRBIFHIEAR, SR 5-1 PR,

REHL 51 REER

forg.eclipse.jetty.util.log] handle failed java.lang.OutOfMemoryError: null
at sun.misc.Unsafe.allocateMemory (Native Method)

at java.nio.DirectByteBuffer.<init>(DirectByteBuffer.java:99)
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at java.nio.ByteBuffer.allocateDirect (ByteBuffer.java:288)
at org.eclipse.jetty.io.nio.DirectNIOBuffer.<init>

AN B AR B 2 B, B AR B AN AR SRR
AEFT . KFHEIRIE RGN IR AR T NI A R, X & RS S AT 32
{3 Windows - # F B & 2GB, Hh & T 1.6GB % Java #, Tii Direct Memory M 7E 3 A58
A L6GB iy Z N, PRI E Bk S AEFERIAR 9 0.4GB 25 18] H 43 th— 884, ZEBk R p
B A - BRI EATIY, B AUPLE SR 22 %) Direct Memory #ET [EIM, {H & Direct
Memory HIR BERBTAE. BAEIBFE, LI BAR L T A0 RN AT R g, &
AR LA T U5 Full GO, MAJF MU ” H EW BB NEREF S L, FUER
RE— LU0 tH 9 7F e U0 AT, J6 catch 44, TIZE catch BRELTT “ K" — . “System.
ge() ! e FERBHNEZARYT CEUATIFT -XX:+DisableExplicitGC FF6), ARk 1 AEIR i
W AEE DR FE RN, BOHRBRILE NIRRT TiAEO
CometD 1.1.1 fE48, IE4FA KAk NIO #2457 2 FIE) Direct Memory P77

NEBABRMABE N, BT Java ERKANRZSS, BATE R T HX LK R 2 5
BERNAT, X EBTA I RAE N R B R R R A BB

Q Direct Memory : 7] i f -XX:MaxDirectMemorySize i % K /N, 1 7 7 & i 410 1

OutOfMemoryError 54 OutOfMemoryError: Direct buffer memory

O RAEHERR - TR -Xss FRARD, NFEAREHH StackOverflowError (A6 Tk 4
i, BEEAECH MM Bi# OutOfMemoryError: unable to create new native thread
CHEFJEHE S, BIJCIRER BT HIRAR) .

Q Socket ZFFIX : %4> Socket i% 45 Receive fl Send HiAZBFEX, 4+5 ki A% 37KB
A1 25KB TP, MEREZHIE XA S B LA AT . RS, AT Al
IOException: Too many open files 523

O INTAREY: ASRARAG P (AT INTVRRA M, AR AHL e (X 7Rt R Ao

Q BHWLA GC: L. GC MRS IT U e — 2 A N AE .

524 IHERITSBRERS
BR—ARARIB RG] . —RFRENARS, B4E—& 44> CPU 19 Solaris 10
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HAERG b, R GlassFish R 5585 REAMOIIF KA RIR A%, % SR 06 R
1] LA, S BRAE R 0BG mpstat TR & B CPU M RARFS, IF H RS RS H
CPU BRI FFHAEMARGA S . XENRERWIE, BHHLTHPRAKY CPU
AAIRBIZ b B, A AR R IE R TR .

il iet Solaris 10 ) Dtrace 7 AT LA#E 7 24 1 1 5L T BB L6 7 i FAE 9% T e & 1) CPU Bt
Ui, Dtrace ZAT/F KBURINHE CPU BEIRMTEAE “fork” REEVAN. ARPTAR, “fork” R4
VA Linux FSRP=AEBTHERR 09, 7E Java EHIBLA, PRSI Java (BB Z RARREL
B, AN YA BB

BEMENREOIAR . BUAREGFEAR, BARBITER . SMAPRL
BTG BT —SMEB shell BIAR KRG REM— A5 8. PUTXA shell B4 23T Java i)
Runtime.getRuntime().exec() J7 A VA FIH . AR AT LIGAEI H 4, {BREAE Java i
LR R IFESTIRABRIE, BIEESMARA AR S RERIRATSE o, SR I U R
TR AR R AT Java EERIMLBATICAfr & RO - Sesele— AN Y AT YLIT A — P
B R SR, FAXHGER LTINS, BE R R, WREERIT
AR, REMIFERRA, A{UE CPU, WAEHHEBHRE.

FHP ARG g W XA Shell BIABAT #IEA], BOWMT Java 1) APT R3RBUXS6(F 8
i, REMIRETIER .

52.5 IRFEE JVM #iZEsiR

Bam, —ANHEF B/S ) MIS RS, BAFAME 24 CPU. 8GB AT HP R4, M4
AL WebLogic 9.2 (U2 522 WHMAFE RYL). [EHBfT—BRIFEE, S &ZAEary
6] 4 6 tH BLSEBE T S R SUALIE AR A B C ISR, R T4 hs_err_pid##tlog LR,
HRBRMEA T, WEYEISEN ST AN ARNROAR. NREHEDAUE
th, A SRV R RRITAA, BEESKRARNGRER, WIS 5-2,

REHL 52 FHHER2

java.net.SocketException: Connection reset

at java.net.SocketInputStream.read(SocketInputStream.java:168)
at java.io.BufferedInputStrean.fill (BufferedInputStream.java:218)
at java.io.BufferedInputStream.read (BufferedInputStream.java:235)
at org.apache.axis.transport.http.HTTPSender.readHeadersFromSocket (HITPSender .
java:583)
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at org.apache.axis.transport.http.HTTPSender.invoke (HTTPSender.java:143)

. 99 more

BRI E SN, B R R TR B RGRIL 5—1 OA I T4
B TE MIS REETAR AN FIMAEILRS, ZHEE Web JRF55E 51 OA [T/ R, BRI
WAL L 5] OA [/ 22 eh . 3T SoapUIL ik T — F IR F MM LA Web lR %, %
PR AT R 3 oA GBI [, 3 FLIE 145 FAR 2 e rh il

B MIS REMANIE, HIARTERARN, BT R 0A REHEHR, AT 4
1977 RV Web FS5, AELE) T 1 IR 45 S TE A S8 R A4, B TRDRRAC R SR T AR Web iR
SWATHER, FEAEGFFILREM Socket RN E, HAIERTRINLNIRZAES
JE AL RPN OA TP B KM MARIE D, 4 54
FHBCR A (AR RS SIS, REWELIEN .

526 RNISLHBENIBATSHEIEK

Bln, A —4J5 & RPC IR 55 2%, 7 64 G0 #AHL, P77 AL B K -Xmsdg -Xmx8g
-Xmnlg, {#iff] ParNew+CMS MR RA & . T X SMIR S () Minor GC B[R 2578 30 ZERBLU
Wy SERTT . (B EREA 10 240 nE—1~2) 80MB BB SO 21 4 77 HE4750HE
ST, AR AL W AE T AURLE 100 774~ HashMap<Long, Long> Entry, 7EiX Bt (al
i Minor GC B4 BT 500 ZEAPHISH, X FixMEWN RISEZ A T T, AAfam
T GC HEFR.

(Heap before GC invocations=95 (full 4):
par new gemeration  total 903168K, used 803142K [0x00002aaaae?70000,
70000, 0x0000, bb70000)
eden space 802816K, 100% used [0x00002aaaae?70000, 0x00002aaadf770000,
0x00002aaadf770000)

from space 100352K, 0% used [ 70000, 1910,
0x00002aaaebb70000)

to space 100352K, 0% used [0x00002aaadf770000, 0x00002aaad£770000,
0%00002a32e5970000)

concurrent mark-sweep generation total 5845540K, used 3898978K
[ 70000, 7£9000, 770000)

concurrent-mark-sweep perm gen total 65536K, used 40333K [0x00002aacae770000,
0x00002aach2770000, 0x00002aacb2770000)

2011-10-28T11:40:45.162+0800: 226.504: [GC 226.504: [ParNew:
803142K->100352K (903168K), 0.5995670 secs] 4702120K->4056332K(6748708K), 0.5937560
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secs] [Times: user=1.46 sys=0.04, real=0.60 secs]
Heap after GC invocations=96 (full 4):

par new generation total 903168K, used 100352K [0x00002aaaae?70000,
70000, bb70000)
eden space 802816K, 0% used [0xD0002aaaae770000, 0x00002aaaae?70000,
0%00002aaad£770000)

from space 100352K, 100% used [0x00002aaadf770000, 0x00002aaae5970000,
0x00002a2ae5970000)

to  space 100352K, 0% used [0%00002aaae5970000, 0x00002aaae5970000,
0x%00002a2aebb70000)

concurrent mark-sweep generation total 5845540K, used 3955980K
[ 70000, 7£9000, 770000)

concurrent-mark-sweep perm gen total 65536K, used 40333K [0x00002aacae?70000,
0%00002aach2770000, 0x00002aach2770000)

}

Total time for which application threads were stopped: 0.6070570 seconds

WBEX AR, ZBOFB 9 Minor GC R IR KT, B BR %7 A4 1R 110 48 K540 0o e 0
KRG, 7E Minor GC ZJi Eden Ml Survivor 2745 1 4b F 52 275 IR TLE M7 8048
SCEFHYITE], 800MB (9 Eden 25 [EIRRBHGH M M5 % GC, {H Minor GC ZJ7, #a:ftrss
KX RARREAFIE B FATIHH ParNew WA 268 AT 0 R A HIR %, XAE MR
R TERTA I RER WAL K MR LR, INRAFE MRS, SRS H
Survivor HFAERFIX S XF G5 | FH B0 IE R RE AN — MR RE, HIL S5 GC H & 8 # 2
K.

WRAEEAEIT, U GC LA FE AR pIX N EE, 7T 4 Survivor 23 [i] 22441
(MIAZH -XX:SurvivorRatio=65536 -XX:MaxTenuring Threshold=0 o # -XX:+AlwaysTenure ),
A AR AR A I 9% RAESE— K Minor GC J5 2 BI#EAZ4ER, %5 Major GC fHE -1 28
BT XA AT LA, AOARKRIER, AN REEGRRF, R 2 g
T AR A SR P Y HashMap<Long, Long> 45 A7 508 S0 1428 RIBCR KA

TR AR S — T %5 [ % %. 7€ HashMap<Long, Long>%5#d, H 4 Key Fl Value
FIFE R A B B RO R A ROBR, 36 16B (2X8B). XA 4% U MR 40 % A java.
lang.Long Xf $ 2 &, &4+ 5 H 4 8B ) MarkWord. 8B #) Klass $ £, £ /Il 8B 77 fif U4
) long ff. 7EXPIA Long ¥R 41 Map.Entry 2 /&, X £ T 16B HIxt %%, HKi5—1 8B
1) next 7 B 1 4B (1 int B (9 hash 2 Be, 0 T 45, BLHIRM 4B #0125 (B, BIFE
4 HashMap 7 %F3X 4~ Entry (9 8B (51, SXRERINPI N K B RET, SCBREE BRI NTE N
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(Long(24B) X 2) + Entry(32B) + HashMap Ref (8B) = 88B., 25 [E) 3 %K 16B/88B=18%, 5L
AT
5.2.7 3 Windows EH\AESEEIKETEIEE

B, A — A CBHTIRER GUISUERYF, 5 15 Rk — OB S, m
Fx7 30 B LAERA 15 SR, ARERIA R R i B D AT BUE LR R
BRI R RER, 3 F 8 K LR I S PR 2 B AR 2 — 5 B e A (B
ll5E 476 A A, A TR .

B RS E R, AR (Xmx256m), BFEAFFIAIFH B ER GC §3
(R FF I, {E 2 B A 2 3 -XX:+PrintGCApplicationStopped Time -XX:+PrintGCDateStamps
Xlogge : gelog.log Ji» M GC HaSCH ik TH-SaS 2 GC FBum, K5 GC il
FBFHIAE 100 ZRLLN, (BE/RELE MBI UHEE | 280N GC.

Total time for which application threads were stopped: 0.0112389 seconds
Total time for which application threads were stopped: 0.0001335 seconds
Total time for which application threads were stopped: 0.0003246 seconds
Total time for which application threads were stopped: 41.4731411 seconds
Total time for which application threads were stopped: 0.0489481 seconds
Total time for which application threads were stopped: 0.1110761 seconds
Total time for which application threads were stopped: 0.0007286 seconds

0

Total time for which application threads were stopped: 0.0001268 seconds

M GC H A5 rh 4 B B ] 45351 LK H A% B, G T -XX:+PrintReferenceGC 240,
RER A A BT AR, WEFREIT LA S, FIERIT GC shfEmmtEIRRARK, HMAE
£l GC, BIEEIFIA GC Z I8 B AR 1) & T 46 KH5)

2012-08-29T19:14:30.968+0800: 10069.800: [GCl0099.225: [SoftReference, 0 refs,
0.0000109 secs]10099.226: [WeakReference, 4072 refs, 0.0012099 secs]10099.227:
[FinalReference, 984 refs, 1.5822450 secs]10100.809: [PhantomReference, 251 refs,
0.0001394 secs]10100.809: [JNI Weak Reference, 0.0994015 secs] [PSYoungGen:
175672K->8528K (167360K) ] 251523K->100182K(353152K), 31.1580402 secs] ([Times:
user=0.61 sys=0.52, real=31.16 secs]

Bk GC HkZsb, EMEERIXA GUIRIFIAFE I — e, HEBvMERRER, %
TR IR o A AE R, RN AE A 25, PR PR BE R AR S IME R

e THLLY #: http:/hll Ip.ite
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T TAEATEBE A BB R R TR SO P T SRR GC I RRAT AT BB G S ST
SRR S BURIE# (9 GC #5801,

£ MSDN _b 2 HESJ5 B ik T X R A8, [k, 78 Java i) GUI ¥ f 2B G i FhBL R,
AT LEASAZ S “-Dsun.awt.keepWorkingSetOnMinimize=true” /s, XNSEAENFL AWT
FRRIY E#RA R, 140 JDK FHHY Visual VM, FHTFHHIER PR 7E K S e/ MU BE 45 3 B
Bio ERXANREIPMAZSEE, FEERIR.

5.3 3£ Eclipse BT EEML

RZ Java JF e N RAVATECRE— A ROEUBOLE0 THEAR BRI S T o7, AR
HARRG, MBS RIEZRIAS S, A RERAR, 524 hEHH)
RO RIS miE e OB, (BIRS smN FITE IR, I AN BER AR A R
RBET ., M — N Java FFRA B, BT L6 SRR A B IR 1S
RAVIERIIE, T2 5 AR 545 AT L b A st F e — WA 5
T Ao AT LA B HE R B 07 52 T B e AR

531 iBLAEINERFETRE

418 Bclipse fE0 H % TAERIEE IDE TH, TR HEBR (20 Kloework.
ClearCase LT %), {UFtifRRZs, fi5h Eclipse BLFI AT AR IFDRHBEEI TS ph, —HMHFER
IR RN, BERTXABRIE, YUEN Eclipse #47 “30717 L.

SEH VLS Eclipse 47 & /& 32 { Windows 7 R4, HELIHL % HotSpot VM 1.5 b64.
BE{F 4 ThinkPad X201, Intel i5 CPU, 4GB ¥FENTF. 7E4) 4 HIEE & 304 eclipse.ini Y, B
TH45E IDK WEE. RERAMEN S12MB LIEFFE T IMX B (FEFE VisualVM rhifi g
JEEREE) Sh, RECUBIEMTRE, JRIATCE N R ARASH R 5-3 TR

RILFL 5-3  Eclipse 3.5 AIMHEE

-vm
D:/_DevSpace/jdk1.5.0/bin/javaw.exe

-startup
plugins/org.eclipse.equinox.launcher_1.0.201.R35%_v20090715.3ar
--launcher.library

©  hitp/support microsoft. com/default aspx?scid-kb: en-us; 293215,
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plugins/org.eclipse.equinox.launcher.win32.win32.x86_1.0.200.v20090519
-product
org.eclipse.epp.package.jee.product
--launcher.XXMaxPermSize

2564

-showsplash

org.eclipse.platform

-vmargs
-Dosgi.requiredJavaversion=1.5
-Xmx512m

-Dcom. sun.management . jmxremote

HTE GG LR AT L, TR E ST — U B L
FHBIAR M B, BRI Eclipse S S1FFIA,  ELBVITA R FINARSE A 11 0 RER L RGE T
ARABE,  HEABLE TR T Visual VM BLY REJE(T VisualGC AT R4 . AR AL
RS BHOK Eclipse B RIWAAREER, BURE — KRBT RICHBARA O 1
Gl R G ARRE KA TRERE AT A R, BORFEA WA 52 B

Spaces X Graphs x|
Poea s 02d Fice  Compile Time: 3556 compiles - 1.999s i
S R AL R ) ABERA dkidid
Class Lesder Time: 9115 leaded, 35 mulosded — 4 11is
g | A (ARE |
GC Tine- 387 collections, & 149 Sy

Ty

Fden Space (11 SUOR, 1056281 9 HTON, 378 calirct

ul o

PP
H f Surviver | (3 9388, 1 2508): O
I skl ab
| 014 Gen (172.6258, 155 7BSH): U3 170N, 19 collectioms, 3 166%

[Pecs Gon (2560008, . 000R): 15 &

Survives 0 (3.938W, 1 250H): O

[ 5-2  Eclipse BRIETTHE

Eclipse Jf & A 8 FE I B0 A7 % A W 4% T B FLEERAR, 12 Visual VM &S o] i i
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Eclipse igf7 84t 4 BB IR B2 H T ORI etE, BHS T —ME %A Eclipse i
4, T %it Eclipse HJR ShERT. i ARG R, I HAAAR Eclipse RCP FF R H#
A, BT RBIARED R 5-4 i E B, AR, DREEREX MM, TR
F T EACES BATHIFEH KB T OR R BRI

REHL 54 Eclipse BhFMGEIHEN

ShowTime.java X #:

import org.eclipse.jface.dialogs.MessageDialog;
import org.eclipse.swt.widgets.Display;

import org.eclipse.swt.widgets.Shell;

import org.eclipse.ui.IStartup;

Jx
* %it Eclipse B 3 #EH
* @author zzm
#.
public class ShowTime implements IStartup {
public void earlyStartup() (
Display.getDefault () .syncExec (new Runnable() (
public void run() {
long eclipseStartTime — Long.parselLong(System.getProperty ("eclipse.
startTime"));
long costTime = System.currentTimeMillis() - eclipseStartTime;
Shell shell = Display.getDefault().getActiveShell();
String message = "Eclipse B##EF: " + costTime + "ms";

MessageDialog.openInformation (shell, "Information", message);

plugin.xml R&:

<?xml version="1.0" encoding="UTF-8"?>

<?eclipse version="3.4"2>
<plugin>
<extension
point="org.eclipse.ui.startup">
<startup class="eclipsestarttime.actions.ShowTime"/>
</extension>

</plugin>
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RS AT AR jar J5 HF Eclipse 9 plugins H3#, REREHILKIG, itk BRETFY
BHEIRAGEAE 1S #0247, WP 5-3 R .

B 5-3 eSS TRUR
HUE VisualGC Fil Eclipse fFEERIOE R, MAERIGRE T MRS 2T .
Q #ANE Bt B P HIRER 29 15 7.
QU HRJE —Ye SRR REA BRI BT 4.149 B, Moo,
® Full GC #fih% T 19 %, JLFERT 3.166 7.
® Minor GC #ifih % T 378 %, LHERT 0.983 #.
Qg o11s A, #ert 4.114 .
Q1T SRiEmt % 1.999 5.
Q s HIBL S12MB H3E P FE RS BE K 40MB BIHAEAR (31.5 19 Eden 25 [ AT/ 4MB ()
Surviver Z5[A]) LK 472MB HZ4EAR
FHBE, AL AR G L 2010 45358 PC HLEVERERBHRD), 15 %0H9
S B R SER A AT B2 I A, B VisualGC R BB SRR B, EE MR
FIR I (P 5-2 ##) Compile Time. Class Load Time. GC Time) 3E% 2%, & T %4
BRI b GBS MRS, BRI IIT SRS SRR G AR
BCHY, PR TE S AT, AR ASEBAT A T — L e XD LS
2 4 FHK 25 6 18] 1 #0432 9B Eclipse 7E R 815 IO R AR 0 2 0 RIS O BRSE,  FF LA
ATIRRAT BRI Y.

5.3.2 FHR JDK 1.6 MIMEE TR EBAE
R Eelipse JEATIRUEAIS— 25 3R SC AL RBLIORA AT P, 7 B SRR AELAL IS A
5 LB Sty g
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U IDK HIKREA R AT, TR R EE & E R LAOZA T EE 1L b A EARR
[O8RE, XERAEAT ERRNE T, SR AMTHIIN RZEA i 1rh B At %,
{5 BRI A SR 45 =7 SR RS T B/ ST LA ST R F —E (PR, 1A
FTR-AF=FREIEIDK 1.5, 1.6, E7 ~/SRAMIGMERITNT, A0S T LT 44>

QA 500 AN 74 e

(X500 FEK ArrayList <String> B, AHISH — 204 BB .

CX4E 8500 754 HashMap <Steing, Integer>, 48 —{F0HE i IF A& B H8, ML

RAESI
QU TEF500 F574 ArrayList <Sfring> HPAHEFI {4, FHEIEIHALE .
SANEA Y IDK S HHEFTIX 3 A FABH AR Y- WSS R A= e

erformance

Time (ms)
Java1l7
lavalé
Javals
| 1 { 2 3 a
iJWB 1.5 1453 5600 11844 68140
Mlavals 1250 5282 11328 56156
Blaval? 860 3895 9859 38349

P 5-4 IDK B HEREXS T

© MAFRUARPIEREERRE], SRR W= WAL R P E RS, AP FHRUDK A
R REAE B
© WG B R

7-wh benchmark-1-5-1-6-1-7
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B3 4 A~ 9 045 SRR R JDK 16 DK 15 47 K29 15% v R T, RAF
ot IDK AR5 4 A P O AS G 38 T A 1 A, B 5 i 3 R ke AL i i — 4 DK
LEIF R4 T T 25 SREARUHE R0 A B2 o i 1 B QMR B 38 — AR, T A
SPECjvm2008 3 58 i, 3 # JELAH BL AR A (9 TCK = rh 307 /W i F 61 ) R 3 3o LE —
ATREEA BUR ST, MR R U “ 445 MR, I8 IDK MATHER] 1.6
Update 21.

AN E B SR R, RIS MR B B I 45 RS RO ST
HWTHRE] IDK 1.6 ZJ5, YEREA T AL AR, EMAILMNZIE, Z#M Eclipse
BABTEULA RS SR RO — BRSNS M T NN, W0 5-5 Bk

An out of memory error has occurred. Consult the “Rumning Eclipse” section

of the read me file for information on preventing this kind of error in the
" fature.

You are reconmendad to exit the workbench.

Subsequent errors may heppen and may terminate the workbench without

warning.

See the .log file for more details

Do you want to exit the workbench?

[€5-5 Eclipse OutOfMemoryError

R AFFBE et FEH B RR 2 5h  BERT Eclipse #RGE R Mg i, (257
RIREE— EAAERSE, 30 WA B A0 9 L, T THRBR T eclipse.ini th i
IVM B REET 24b, EARBITERGETT S MR, HB) Eclipse 37 2 J5 BT I
TIUASSCHE BRI A3 52 % T, Al IDK 1.6 Update 21 A/BBA~ APIHBL T M At
W ] R 2

Wk, AL IDK 1.6 BT AR, ARG R A R BOM R T, R
AT 586 69 TR ELAR R — SR BRI, T VisualVM, WM B0 oh 6 P 72l

© HHRH: htp://www.spec.org/jvm2008/docs/UserGuide.htmi .
© TCK (Technology C ity Kit) J&— 45— 41 S T RALRA TR, T RE—
A TavateA i 5 BUERE 56 AT SLE M JavaF £ 00E, IR FLAF AN A0 5 50,
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LRSI 5-6 AP 5-7 Fw .

PeraGen

Fok: 536,870,912 HFH

Forh: 320,815,108 PEH B 129, 489,508 PFEH

s

B g 8 R

F5-6 Java HE BRI

8 [ Pernten

BoA: 67,108 858 MFH

Foh: 66,584, 578 MFH R o6, 459,952 MFT

£

B Perncen Arh B AERAY Perncen

P 57 RARMRR L
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7 Java HEFR WL ZR R, “HER/N T BORZE S R FTROHE T 69 iR — IR AR K Y 1E]
WRBEES, A7 A dh L TP A TARSEAD AU R e, RO B9t Stk ) LA, T
CEFIRME MRS R BORMET BRI R LR AT IR Y, BT
SRR RATIE R/ ME (Xms) SR (Xmx) MY, SRR —FFEIEH
PRER A, TR AT e B . « (IR LRI TR A B BIHLA
AR T IR, SR R A M EUS, AR, WETE EE,
Java HEGE FF L GERIEH M0, A ARI MR BA R T, “PermGen K/ " ML S
“{fi i) PermGen” MIMHLLILPE LT AE R, UMK AR PEA 0T YR, BTl
“fE Y PermGen” MRS TR, KACFWBRA2E LY R, BTl “PermGen
FAN AR L3R . B AR AR B R A AR BB B TR

FHHEBEE 5-7 hAARMBARR : “67,108,864 717, kR 64MB, X4
& JDK £ AR -XX:MaxPermSize 2509 45 5 K KRB B BT B0 BRIA B, it
JDK 1.5 /2 IDK 1.6, XMBRIAMERRRE 64MB. XIF Eclipse A MEAY Java B F i,
64MB R A AIAF 3 (] B AR AGEH, B MARIEH , B NT7E IDK 1.5 A Rk i B
e

E Visual VM ) “HE38 -JVM 2807 T4+, 4R3Ik A {1 JDK 1.5 #1 JDK 1.6 21T Eclipse
IS VM S8 RBUER JDK 1.6 fif, FATLNT 34~ IVM B8, kA 5-5 Fok.

REEH 55 JDK 1.6 i Eclipse BITHSH

-Dcom. sun.management . jmxremote

-Dosgi.requiredJavaversion=1.5
-Xmx512m

Wi IDK 1.5 4T, $EA4 4 2% IVM 23, AR Z ki — & EAF LR % B A AR
L RAERLY -XX:MaxPermSize=256M, ARSI 5-6 i o

KRB 5-6  JDK 1.5 i Eclipse IBITHIS 8

-Dcom. sun.management . jmxremote

-Dosgi . requiredJavavVersion=1.5
-Xmx512m
-XX:MaxPermSize=256M
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Ift a2 tEUR? B M Eclipse i) Bug List MG RIRF TAE - M JIDK 1.5 i=Z i
LA R AR B RX A B8, R TE eclipse.ini HE7E “—launcher. XXMaxPermSize 256M”
5 UE . 2 launcher—— i /it Windows T (5 7] 40,47 #2 JF cclipse.cxe, 8 ] ) {82 4 j2
Eclipse &7 74E Sun 23 A (¥ MR LAIL E 915, #ELI0SHURF bR -XX:MaxPermSize 1% i 43 HE
TUBLIERE, B — KR AL RAT Sun RO EBINLA B AARMES, WA
HotSpot HEUHLH B B XASH, JRockit HEIIHLAN IBM J9 MM A H 2R E

1£.2009 4 4 F 20 H, Oracle 24 AIIERSEA T XF Sun 25 MM, )5 Toid & ) BTk &
SRR, BRULRTARA Sun 284 T Oracle, T eclipse.exe BLRMRYERIF R R HIMT R &
4y Sun (4 E#IHL, 4 JDK 1.6 Update 21 *f java.exe. javaw.exe ff) “Company” J&¥EM “Sun
Microsystems Inc.” 4& % “Oracle Corporation” ZJ&, Eclipse # 58 4 R ALK BIML T,
P EAT R R A AU S Rl %

TRREZIG, R BT, launcher RN RUFth ASKUFE, BIZE eclipse.
ini A E -XX:MaxPermSize=256M X B HRRITLL T .«

5.3.3 R®IFEHEFORNFHE I

M Eclipse i Bf[a] B, F%F) IDK 1.6 i A A PERE SR FF R - 10?7 B AT
BTt ZUIA TS IDK 1.5 #2205 58 7 LRI B EZ i .

HRIEH ABRAL, Sun IDK 1.6 PEREF B BOMR MR EHIX T IDK LS TR E T
AR, BAREUA S EIRATR, (B RS AR, R T RS
LEMAEHE « 7E IDK 1.6 R Bh5E Eclipse T IMAERIASINARAT ] HL IDK 1S K T HaE —f%, K
ERRT, KRS IDK 1.6 AL IDK 1.5 8—4%, M5 R URE % 5-7 Fix,
SR RABIR AL 25 5

REFH 57 JDK 1.5 71 JDK 1.6 >4

#R JDK 1.6 By meket

C:\Users\IcyFenix>jps

3552

6372 org.eclipse.equinox.launcher_1.0.201.R35x_v20090715.jar
6900 Jps

e lins bug.cai 14,

137236.html.
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C:\Users\IcyFenix>jstat -class 6372
Loaded Bytes Unloaded Bytes Time
7917 10190.3 0 0.0 8.18

%R DK 1.5 X m .

C:\Users\IcyFenix>jps
3552

7272 Jps

7216 org.eclipse.equinox.launcher 1.0.201.R35x_v20090715.jar

C:\Users\IcyFenix>jstat -class 7216
Loaded Bytes Unloaded Bytes Time
7902 9691.2 3 2.6 4.34

AEARAI T, SEhNARA 18] L 9 22 B I R B — A~ BA W P R 45 SR £ 349 IDK 1.6
HZIMERL R L IDK 1.5 18, EHIIK T A CHLA LI Tomeat A GlassFish Ji ghid 8, 3k
WA B2 . EENERM Java 3K R, EH KRR X TFTHABHIHES, NS5
H BRI RN, SLIVE R AE— A PLAE EAEAE, T EL IDK 1.6 B4 Update iR 2 6]
WIFTER KRS

ZUWRRIE, L& LA EFA IDK BATHIBRE, 5295 R0 TS FERT 2 86
HeH . BIEFIIERNS - Eclipse (EFIH#Z, EMMBMIRAMBRITTLIANR TR, R
BAENMAR A AT TR RUE, PR i 24 -Xverify:none 28 (- #5571 TS50 1f o T
MR —TRAIE . AR BHUE, PIASA K IDK RN E B 454 BT %, TDK 1.6 B
FINER T FEVIA L IDK 1.5 18, (ERPIH ROFERTC 2308 TF%, MRBRE IR % % 58
FiRe RTESEMBETEE, SRR FHERIEREARS, REL TR TH
AT, RN BT .

HKEBHH 58 JDK 1.5 % JDK 1.6 HEUEFHEWE %t

H0 JDK 1.6 9K i B

C:\Users\IcyFenix>jps
5512 org.eclipse.equinox.launcher 1.0.201.R35x_v20090715.jar
5596 Jps

C:\Users\IcyFenix>jstat -class 5512
Loaded Bytes Unloaded Bytes Time

© XTIDK 1.65IDK 1. i SR hitp:
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6749  8837.0 0 0.0 3.94
@R JDK 1.5 ty K

C:\Users\IcyFenix>ips
4724 org.eclipse.equinox.launcher_1.0.201.R35%_v20090715.jar
5412 Jps

C:\Users\IcyFenix>jstat -class 4724
Loaded Bytes Unloaded Bytes Time
6885 9109.7 3 2.6 3.10

A 7T PRIEZ ST, DK 1.5 (VR0 FREE] T 13 82, 1Ml JDK 1.6 (KB
¥ IDK L5 1Ry, FRESDTH) 12 B4 A7, A 5-8 iR TEAHIERAT I {583 5 (s it
T, BRI £ IDK 1.6 fEHERE L 1 IDK 1.5 R4 624, 1381 2 /07E Eclipse /& &1 UK
JHBI 1, FHE DK R LR R 2 < iRl YRR,

4 5-8 EFT{E IDK 1.6 FHGHT TS E R R St il

RO, BT A I LAA, E VisualGC 1 WP i 28 i R T RTUAR Kl AT
FUFRERS : HIFEAHE] (Compile Time) HIU USR] (GC Time). WU i) 32 4 %
ARURET, WGER AT 2A0? BFAESA T2 AT AR 251 T LAY JIT 4%
SRR, AR TES, R TS, KRR AT - &
PR i) 45 HEAUALAY JIT 4 2% (Just In Time Compiler) 4ii%#4 /0 (Hot Spot Code) f
FEHE . FATIHIH Java B 3N T SIBUES TG 00, Java (US4 IR HOR IS TE MUY Class SCHHh
AFREAEFATHS (ByteCode), MEAMLIE AR AT RIAT WA 4, HR C/CH Hilf A
Ho TR B, HEEEEARAR A b T AR E TR R T RO E M, JDK 1.2 LUR,
MWHLAE T B ETT I RR RS, AR —BE Java i HUCHOA Bl —E R, MSwHE

© JDK 122 ML AT AR TR AT A, (AR SRS i, REERIRT TAF.
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S RARATAZ L TIT G 2 B i A b ARAS, BEF5IEATHEE Gt HotSpot HEAIMLA 7
). A AT RELEIBITIBI S SIE L C/CH IS RIS IR ER A, W
SRAB AT LOKSEAR £ RS E R A (015 B, SE AT LUR I — S REGH R T B, 7Efh
ACIRAFAS ST A A PR R AR ALSE [F1 4 . T LA Java PP FUBEACHD AT [l A ( 3 B2 it 3k )
ARG R, B AU B A R R I, A5 4T N 2 AR B AT R A o
Java M IZFTIIGRIF BK 0 A B A T A 1 o S REFR Y IE 0 (OB AT 1), Xl 2 1 I
BrEAY “ ikt 7.

MBI T — SR -Xint 2L SRIRRRISNE, SR K HIBLO 795 YR T Al Ry
7. MFPEE XA SHAE T Eclipse Ji 31K 2 BSR40 iR a1 KA — A “H4FH " 1y
AR, IBMBERBT, LIS, BRGNS FREE 0, {8 Eclipse i
SRR 27 B, BRI BBEER K SR PR & —F IDK 1.2 2
B4 AL OB (I8 4T

SRR ETAE RIS — DT, ERWLEAT S BRI AF 88 M B AUHLIZ AT E ~client
BRI, AR — MRS C1 RGBS, S ANEH — MRS R C2 AT T it
L) S A HE AR B 00 PRALHTIE, AR -server BE 0 HBAMHLIE B Eclipse #5-2 ( 115
C2AIFRR, XM VisualGC AT LA B st BEeh B UHLUH T Mt 15 BPAORT ] 204710 FS
S R I T A ) U AR XCPH Eclipse (955, C2 4 BT 1 RE (O SN BN o]
AR R ALEA THE MR 2 PRI, SRR -server MR — MRS BEEE . Rt
BOEARRIEA, RALE RIS -client BIHLKIEFT Eclipse.

5.3.4 PEAGRBEHINIRIERR

SR BRI , FF GC B %A 4, i GC i A R (Y
—H AR REENERAEM B E T, BT R MEEREN SR, TR
TR BB 040 B EF 6], T A KA A 4 33 i 7 330 90 900 58 £ 9 0 A W A
To FEHRZEME B, AT Al SRR SEAR W9 2e MBI . 7E RSB 4T — BR i)
Ji BEOTEUAI R, FIORAT RSO AR TR, (R RIS R B ST
MARWOEAER), FrEAE A ERER A4 B A5 T,

FE Eclipse Ji3 3 #) IR A6 A BE AR R, S0 1585, 2646 % 4 T 19 %K Full GC 1 378 ¥k
Minor GC, —3k 397 WK GC &t i Tt 4 RVROASUT, o iR At 1/4 (I ] 40 S 7 b 3
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et BB ET R A AR T < -

W AR A Minor GO, BLUAR GC By MR AT AR 1 B %A 1 378 )
Z 4. M VisualGC MBI AR, Eclipse /A B — &R T @it 70 K48, [FRnTE
SEATIERERRORAT 25 4%, 8 MRk BRI R, BTAT P SRS 5 B Y —
Ao (SafePoint) ARG HAARR G RERBPI. XEEET IS GC Mo SBREUAH
SE AR SRR AR R

Fi A GC B R A, RV IR TR AR A AU ZS BRI S8, Eden X
il E—4~ Survivor XiEARF] 35MB. FIHARA WA -Xmn SEGR AU K.

FRA—FI 19 K Full GC, FHilek 19 WIH “ARZE” X T 378 % Minor GC F 1),
R BRERT Y 3.166 B, (5 T GC Wl M4 K5y, BRAR GC [ i) 12 H AR MEAR I 40 5
], A VisualGC f i £2 P _L 7T B 15 ARSI HH, XK LB GC A &S ar i — T ix s
Full GC JEUnfal =2k iy, AR o 5-9 th LR BhRITARIY 2.5 BN AE|) 10 K Full GC iBt.

KEBEH 59 Full GCiak

0.278: [GC 0.278: [DefNew: 574K->33K(576K), 0.0012562 secs]0.279: [Tenured:
1467K->997K (1536K), 0.0181775 secs] 1920K->997K(2112K), 0.0195257 secs]

0.312: [GC 0.312: [DefNew: 575K->64K(576K), 0.0004974 secs]0.312: [Tenured:
1544K->1608K (1664K), 0.0191592 secs] 1980K->1608K(2240K), 0.0197396 secs]

0.590: [GC 0.590: [DefNew: 576K->64K(576K), 0.0006360 secs]0.590: [Tenured:
2675K->2219K (2684K) , 0.0256020 secs] 3090K->2219K(3260K), 0.0263501 secs]

0.958: [GC 0.958: [DefNew: 551K->64K(576K), 0.0011433 secs]0.959: [Tenured:
3979K->3470K (4084K) , 0.0419335 secs] 4222K->3470K(4660K), 0.0431992 secs]

1.575: [Full GC 1.575: [Tenured: 4800K->5046K(5784K), 0.0543136 secs]
5189K->5046K (6360K), [Perm : 12287K->12287K(12288K)], 0.0544163 secs]

1.703: [6C 1.703: [DefNew: 703K->63K(704K), 0.0012609 secs]1.705: [Tenured:
8441K->8505K (8540K), 0.0607638 secs] 8691K->8505K(9244K), 0.0621470 secs]

1.837: [GC 1.837: [DefNew: 1151K->64K(1152K), 0.0020698 secs]1.839: [Tenured:
14616K->14680K (14688K) , 0.0708748 secs] 15035K->14680K (15840K), 0.0730947 secs]

2.144: [GC 2.144: [DefNew: 1856K->191K(1B56K), 0.0026810 secs]2.147: [Tenured:
25092K->24656K (25108K) , 0.1112429 secs] 26172K->24656K(26964K), 0.1141099 secs]

2.337: [GC 2.337: [DefNew: 1914K->0K(3136K), 0.0009697 secs]2.338: [Tenured:

© R, AOUETEAP Tnativel CFBE T PR, 5 native U5 — MR S8 avax R GBI FIRR, FTLL
AT B 1A A

© AT AT ILA SRR SR LA RGC H & -XX:+PrintGCTimeStamps ($TENGCHFIA ]
-XX:+PrintGCDetails ($TEIGCIEAR{TE) - -verbose:ge ITENGCTE R, Mt NAE BT S8aiE, W
WAE) | Xlogge:gelog.
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41779K->27347K (42056K) , 0.0954341 secs] 42733K->27347K(45192K), 0.0965513 secs]
2.465: [GC 2.465: [DefNew: 2490K->O0K(3456K), 0.0011044 secs]2.466: [Tenured:
46379K->27635K (46828K) , 0.0956937 secs] 47621K->27635K(50284K), 0.0969918 secs]

355 PRI BT AR R AR R, X4 GC HARER T 10 K Full GC KL YR IA
LA BN MFE, B RE—K Full GC #HERIE — AU MY % 1536KB >
1664KB -> 2684KB -+ 42056KB -> 46828KB, 10 ¥k GC LU ZAFUA RN 1536KB
#"KF 46828KB, 4 15 B Eclipse 5, BARUA BY KE T 103428KB, UM%
FHIG, BAERARTATE 473MB, 4 Java HEBAR KA 512MB.

H & 3 A7 St {6 A7 EISCIR AR R B4R, 2 i) b 2 iR BRI P AR i i B
B, % iE A “ Tenured:25092K->24656K(25108K) , 0.1112429 secs”, 182 4R 41l 4
7 25108KB, PEAFE L] 25092KB (A % %/ Full GC, 4E3% 0.1T BHEMAAF (AR 3]
24656KB, FLEI T AT S00KB KA, XK GC BEAIAT {4 BICRER - (LXICT 5%
H e B L PTG AR AT DA T PR A R T AR SRR (K FELABERX 011 B JLP R TR
®T. -

th_EARSMERFLAS 4518 = Eclipse JEFBIRT, Full GC RZHURE i 24F U4 ity -
iy, HARARAS BRI SEAAT TR, N T Rty R R R RE IR O, FRAT
AT AT -Xms Fl -XX:PermSize 2R A Xmx HE-XX:MaxPermSize SRl —FF, ek
SR AL SRR B AR AR A A AR R B Tk, B SUB AT I T R

HERE L. (AT Y A AR A T RE128MB, B SRT AR RS GC s U
Java HEL KA RSP HIE S S S12MB AIO6MB, ML (E . 3L MR
HLASREPE, Eclipse # 1A TRRBCROKRISE N, AL RRA AT ERIARTE Visual GC L8l it
SEPRBARHEAT LT o Y eclipse.ini fic BEANFRESTT AL 5-10 B/R .

REBH P 5-10- AFAEEM Eclipse RREX#

—vm—

D:/_DevSpace/jdk1.6.0_21/bin/javaw.exe

-startup R R -
© WEBRI & B Heh (P AR, BT BT AR
BHPUEINE], s RS A Y FPRRILY “Virual” WTF.
e sl BlE A T 1Y) i o AR FAEH T E AN IR VMWare TAE, T

TEMERE NI, AR RS
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plugins/org.eclipse.equinox.launcher 1.0.201.R35x_v20090715.jar
--launcher.library
plugins/org.eclipse.equinox.launcher.win32.win32.x86_1.0.200.v20090519
-product

org.eclipse.epp.package.jee.product

-showsplash

org.eclipse.platform

-vmargs

-Dosgi.requiredJavaversion=1.5

-Xverify:none

:PermSize=96m
-XX:MaxPermSize=96m

BAEXAMREZ T, GC WML KRIEERAL, [ 5-9 J& Eclipse I3 315 1 40 4 W ¥R
£, HUEAT 8 Minor GC il 4 X Full GC, BFER A 1.928 £,

Spaces X Graphs x|

014 Pdew Compile Time: 2789 compiles — 1. 487s »
Mbidy b il B i

Cluss Lowder Time: 6630 locded, 0 malosded - | 382
1uld i i

Gf Time. 12 collactioms, 1 928s laxt Cruse: Syxtem. ge) - —
g i
Fien Spase (102 5008, 107 S00M): § 901K, B cellections, 526.811ns 1

Surviver 0 (12,7508, 12.7508): 0

Surviver 1 (12 750N, 12 750M). 0 e

so 1d Gen (384.0008, 384 000K): 66 3708, 1 collections, 1 4013 —|

& 5-9 GC ii¥)5 Mz s
EAGEROEFRIEATER, (DREFE—SHWE: M Old Gen WML LB, EFENERERE
SEAE 384MB, TINFEMHAL A 66MB, I H—EARFH, SE&RRI%& A Full GC A%, #B4
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% Full GC /5 4H9? i jstat - gecause #EI— FAUIL—K GC MRS, ILAUESHTH 5-11.
REBHL 511 Hif) GCFE

C:\Users\IcyFenix>ips
9772 Jps
4068 org.eclipse.equinox.launcher_1.0.201.R35x_v20090715.3ar

C:\Users\IcyFenix>jstat -gccause 4068

50 s1 E o » Yo YGCT ~ FGC  FGCT 6T LGCC  GCC
0.00 0.00 1.00 14.81 39.29 6 0.422 20 5.992 6.414
System.gc () No GC

MLGCC (Last GC Cause) 1" 5, J5 ok fit 7% 94 JH System.ge() & 2 filt % 19 GC,
ENFRREEE, XA RN GCTARFARMMMIE, HILTE eclipse.ini 11 A 2
HC -XX:+DisableExplicitGC J# #efi System.ge(). FFUIM i & BUH B30 ] () Full GC L2858 42
WA T, BAT 6K Minor GC, FEMT 417 28>, SiRLHT 4.149 Bl iWEAA 1L, (E4FR |
4y, HEAT GCIRIG Eclipse B i T REAER WIS, WA GC I RIBRAK A4 XHITE
K, BTERBATE1B%, WA 5-10 Fik.

8] Information

6‘ EclipseBEHFERT 1 7378ms

[§5-10  Eclipse J3 B

5.3.5 EFRNEBFFETR

BAE Eclipse i3 3148 A T, (LA A9R0ESSHUE AT, HE3E Eclipse JE 92K
TR, AR GR R SEAER . TN TR FEAE Eclipse H R — Ak 4 R Ho
FEFIGBATE  AURSHI%, P 511 RN T Eclipse MEAT(URYSHFIN MOE 17408, M
TTLAT WA U LCRERY 249 65 2680, AR (UK IELUCRERT 2 725 BFb. X4 T oK
B B GC MEERTIEAF, 65 AERAEMNHTHEEENE], B REK GC RHTHAE | £
B, EAAERITA 2K, R R B AR T,
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Graghe x

Compile Time: 6096 compiles — 4.346x
N AR R i ik

Clxas Losder Time: 8812 Losded, 0 walesded - 6 756

G EE

JMM e

T RN | T
4 4id i

Swviver 0 (2 750N, 12 7508). 0

L 1z 7508) 1 600K

G1d Gew (24.000K, 354.0008) 284 230K, 1 col

B S-11 GRS AT
FHERA — T HEME ) CPU PEIRMEATRSL. [ 5-12 J2 Eclipse 7£48 1] 9 CPU {#
FASMRE, WAL R PO R T AE 30% ) CPU WL, Kl CPU R

241 x

CRU GRRTER: 5 8% HREIBEzh: 0 0%

; I
‘ fy 1‘1\“'\?*‘“)\!“ “?Vu' \/&V\ [ 'MI\J EN\/»} \w ()

0:20045

Ecry FRRR B ﬁ&lﬂ&éxb

P 5-12 4 CPU sk
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IR BT AR R TE R, K BHTCPU FHIRTA R MEARI R AR

I GC S L. CPU VEWRE ARMCELNY, #FR T BT RH B Client B HEUBL
HEARIRIAER . BRI TBUOR A G .

Eclipse 8724312 5 (% 22 HARS M B IRSF, mFRIAE, & IMEBER

| Gl AL RO %, (] “ Run_in Backgroup” MHE—- AR — M4 SE TAE . EBT—

TN IR RBIMILA IS, RA S BB CMS R B Ak 2 U A 2
eclipse.ini # B AKX B S 41 -XX:+ UseConcMarkSweepGC. -XX:+UseParNewGC (ParNew
A B R AL CMS WURAS R BRI (IR 2], 5 BOURSS T REE TR, ZoRil
UL ORI 4 ST HIRE A ParNew FIHCMS WSS 3L ITHIT - S50 MOABE 2R, B
WA B 513 BT, 5 HORM S ITUCE SR L, R RSB 65 2R FRES]
TR SRR, BB SRIT R 725 ARG FRESLT 36 280,

Graphe L=
AL ENRR IR
il ik (BRLE R i

M‘.‘M‘-" i b |

T YRy T ypu—
TR

Compile Time: SME campilex = 4 0Tis

den Space (102 500K, 102 5008)° 23 200N, 57 cellestioms, 2.78%e

Seeviver 0 (12 isom, 12 7508) 6 3908

Serviver I (17 TSON, 12 7508) O

014 Gen (31_000N._ 334 DOIN): 228 5208, 6 collections, 7

B 5-13 485 ParNew #I CMS Y285 i GC %

B4R, CMS M B FUR GRS B R I — NABSY, FFARRERITE SRS TR 725
FRAR 36 BT . 7E GC HEFLFE CMS SEIFIH RIMIHE LR 400 28, Rl
R BEERR LS AEET .

B, xfTRBWUATER I REARREH T, U al LUR O — YR AL Y IR 35 4 1R
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thitfE, EARSHARATRESHFATELHE, WHIEE, Wi, Bavo%,
ST AL FE RS TR AL, SRS T 9 BB B AR K2 BIMEREE S BR TAE
AR BIRS2E, AREH S TR —LRR, S8 SEGEAT B Y TARSEEES
BARARFA B RMRUHA . B eclipse.ini EEEARIGHEH 5-12 FimR

REGHE5-12 B ERRESH Eclipse RE

-vm
D:/_DevSpace/idk1.6.0_21/bin/javaw.exe

-startup
plugins/org.eclipse.equinox.launcher_1.0.201.R35%_v20090715.jar
--launcher.library
plugins/org.eclipse.equinox.launcher.win32.win32.x86_1.0.200.v20090519
-product

org.eclipse.epp.package.jee.product

-showsplash

org.eclipse.platform

-vmargs

-Dcom. sun.management . jmxremote

-Dosgi.requiredJavaversion=1.5

-Xverify:none

-Xmx512m

-Xms512m

-Xmn128m

-XX:PermSize=96m-

-XX:MaxPermSize=96m

-XX:+DisableExplicitGC

-Xnoclassgc-

-XX: +UseParNewGC

-XX: +UseConcMarksSweepGC

54 FEE/NE
Java SN PITEEEER S RO BOR R B BIWLAS M R R AR L (AR S, XRE R
BB EAAE W RE R, EABKES 2 ~5 T, EHRIMSAN. BERS. KRIT,
TR RO SRS Dr BT TUME, 7Bk A Pl
- ABRT RPN I BHL N LR o T S5 O HIF IR G Class SO Sl
PATFERGH AR
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FoF RXMHeHh

F ¥ EIALE 0 RAH

F8¥F EBNFHBUTIE

F9¥ EWBAIITTRANHRH S TR



6T WU

ARESHIR LS RMA LT N TS, RAERRERN—/NME, HERBIES
KR —K

6.1 #Eik

IEAHES — W ALR PR AR - HAMLAAR 0 A 1, FTARMIE &
PP BV B h 0 1 | HR B BIRSSA RE TSI HLBAT 7. 10 B4R 2%
T, S REFFEHLR REERE] 0 A1, {5 TRIE 10 4F P UL KK R ST 7 L
Z R AR A R B R R, TR A4S AR 4 1A HE A ML AR
(Native Code) ELANFHEME—RREHE, BORBE BT IE SR T SREREMILEE S %
FRE s TG PR R AR AR A7 A X

62 TXMMER

IRISIHU CPU H24 R x86 —Fb, $RAERGL A4 Windows —Fh, AR Java i
ARSI, Java ZERIMNEEA: 2 i 6 4R Hd —MERERMERE DS “—RHT, BUNEST
(Write Once, Run Anywhere)”, SXEJEFESMFIE T RMATF AN G ohROT-£ FIRAGIESR . 6 TE
ZURFEHETESA IT g, AATRERAT Wintel F27E, A TAF A Wintel £7E, S MRFIEE
PHAREEAARRRRME RS E LRI RR. “ SYATL" WERA S ERER S
REFZ L Sun AFABIABREISEBR A AT TV LLEATES R G LA HEL, iXis
ML AT IR TIR AP S TR 7155, WIS T BT “— WS, BBt

AR 5 RS A P 6 5 — B R F A i X ——F 1775 (ByteCode)
BT G TRER R A, BRI REANT “FE” ZF, BEHENEEEEER
DL S Sb—Fh b SER T8 O E R BT R H T E M. BIHA ik, SR
SYRF BRI Java BEAHLIAAT Java BT — 0 BEAT SR AN K 230 LSBT . {EL7E Java

©  Wintel: B 7K Windows STncl A RINIS A &, 4l FRSRARIB.
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BB, W E Y 2% 8 S T ILHALE FEATAE Java BIHLZ ERORTREYE, B
TE S AT SCR %, 2 REE Tava AORTEHRAMAL 1 Java i F AL (The Java Language
Specification) K Java HE#IHLHLIE (The Java Virtual Machine Specification). 3 EL7E 1997 4F
A ) HE — IR Java HE WIALILE Pk £ R 3+ “In the future, we will consider bounded
extensions to the Java virtual machine to provide better support for other languages” (£33, &
1434 Java REBIBLBEATIE Y405, LMESE4F M- BB F BT FIVM Z 1), ¥ Java
HEWLARE DK 1.7 ~ 1.8 f9HE, JVM B8 ISR-292 24 B T XA Kk«

WEAH, WUHHAFFEYE ST Java i 5 250 &% th— KHTE Java iEHIHLZ 1
JBEFTIIES, 0 Clojure. Groovy. JRuby. Jython. Scala 2. {8 flitix 465 & (9 & H T fig
BARRIERE, EBRTESNAREERND, MEREGHER, HERRIE S Java BAHL
EET LR AR LR ERRELET & X BRI TE?

SEPUE T TR R TR R UL D EAE o Java EESIWLAFIALSE Java 7EPY
WEIEF S, BRY “Class SUF” SAMFE I RS RBTRIE, Class SUF o
T Java HERIBLIE S RARFSRLBE T HAMBER . ETRENTHHE, Java EHLR
SEELRAE Class PPV E R MIPERIERE AT LA, (AR TohREPEE S 8T URR
H—AEBE Java BERIPUITHESZ AT R0 Class SCEF. #R— MBI, HLESEXMMITEA,
AT EADTE S A SE B HR AT LK Java HEALDLIE Aifi 5 007 S 2e A . fldn, () Java %id
PRV LA Java REGGHIF A FEMET 19 FSAY Class SCfF, {87 JRuby I ABIE & B4R 28— HETT
VBRI RIF, Class CIF, MEWLIFARIRA: Class HIRIURMFES, WA 6-1 FiR.

F6-1 Java IHLIR BETE & KA
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Java B PHOAFE R, RAFHIEEA S AIE LBLHRE SR T IEALAE T
B, LTS A4 BB LIS SRR B E R W Java IR H A EIGEKR. Bk, H—
6 Java HEE A S THRA OIS T EEARRF W BA S TRA RO, X ES
LA T Java TR S RFHERRBE T 3R .

6.3 Class X HHEH

BT Class XSRS RATHREEAR. EEYLENT WAL A BN SIE
R« JRAEIBEEERAONRT, AREEANIESMEAZIHRERIP SRR
TR BN (R, R G T YR R T b e e LR, TR A3 B SR
TRBRHEEER —. WREBRAM T MBI, IAXTIRA AR B .

LEARTERT Class XHLMETHRE, RATHLL Qava BEWIALE (55 2 BO) (1999 4
%A, XRF IDK 1.4 BHRE Java BIPL) PHE LN TR, ZWANERRSE, HEHR
AEMIES . RIER Class FHBEEMBAERMN. FrF, RIMBELUFEE DK 1.5 ~IDK
1.7 SRURIN A P2 S ST BN IR B . A RYERI VR, A0SR XX RS AR
0, BNSHEEPTEFN (ava BRIPLHIE UJava SE 7)) KR, T LAFEEH HIFIBE
(http://icyfenix.iteye.com/) | F#Z|XA 4523 PDF.

EB AT/ Class THMM R AE—— A £ 5B 0L E, AL AR, X0
FR—RAFEAALMEL (S AIB0ETREEERRBAREER). AT, L5
R A HAAE T — A IS E H IR O S R M RAR A “Class TARR”, EHEE
HR—EAREIARG Y XL .

Class SCHEIE— 111 8 15745 4 MRl BB 10 — BV, 461 SCIBTT H PR IR S
HEHEPIZE Class SCIE2 R, b IR R IMETSTRRAT, SKAHA3HA Class SUFHTERRIIA AL
FAUBEFETOUERE, WA, MBEIEE SR 8 {5 b2 MR
i, LA IR R AE TR T 2 A R T A 8 (U A TR

1R Java EITUITEIALE, Class PSR RA—FERIT CHSBMKOISEHE

# “BigcEndinn” - 2 AL WA BRI ZEMAE
Bl “EJESPARC, PowerPC: UEE FAUF T A “ Little-
Endian”? 7 AAEBEE . Y - E
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TEREBR, SRR PGk A RRBCE LR . EAFSHNIER, JR IR BTARE LUX PO
HRRHERE, BFLAX RSN P .

T SRR TRAMBIEED, Llul. u2, uvd, u8 EAHRE 1LAFN. 240FW, 4
AFHMSAFHHEFSR, A ST LR ECT. K358, SRERF M
UTF-8 SRS MR T4 i

FIE BT SRR E AR R BT U0 S A BRI 4P ) Bk L
“ info” HFE. BT HBA RV KR ML ALMOME, BA Class AT ERR—3K
#, BHE 61 PFURMBIEIHR .

#6-1 Class THERX

%* & & B % =
ud magic 1
w2 minor_version 1
w2 major_version 1
u2 constant_pool_count 1
cp_info constant_pool constant_pool_count-1
w2 access_flags 1
w2 this_class 1
w2 super_class 1
w interfaces_count 1
w2 interfaces. interfaces_count
w2 fields_count 1
field_info fields fields_count
w2 ‘methods_count 1
method_info methods ‘methods_count
w2 attributes_count 1
attribute_info attributes attributes_count

TRREFAFSHARE, YHR AR LR BN E 0 2 MR, ZHSMA—
A 0 2 B PR N T S AR B A KRR — RIS R — KRR M
eSS

AR, EEBEEREY T, Clas AT XME SHRES, HFog
FAEMSHRAS, FTLER 6- T i BRI, it RIFFEREORE, 2 THIRaAm s
¥ €Byte Ordering, Class {4 F W Big-Endian ) XPEAY4IET, ERRBTHIRER, B
AFUREMAAETL, KERED, SEWFNE, BRLFSE. BTRRIE-LEF
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BT T BRI RS X

6.3.1 ¥ 5 Class XHHRA

HGA Class SUFATE 4 AFHFRABER (Magic Number), EHIME—ERRBEX O
AN AR LR B Class SCiF. RZ SCRHAEREER i b 60 PR SOR AT SR,
B R, A0 gif 20 jpeg 1 SIS R AEAT S (BRI R R Y R AT
SETRBETLRLITEMHIE, FASCOS RS T RS S Sl & T
R O XA B 1 B B2 R e Rl A O &SRB BT . Class 3¢
PEHBERAFRARA “TRBASE”, fJ%: OXCAFEBABE (HIHEE I 7 )~ X TBESETE Java
HFRA “Oak” IHT HIRHE (KA 1991 F11/E) RELHETRT . EbA—BRRABRY
Fisk, 4% Java IF & /NHEA)H9 LB AL A Patrick Naughton FTift : “FRAT1— B #E T % — L4750
6. Z5ICIHIFVE, BEPE OXCAFEBABE S [0 & RUIE A 3 4 WIMHE 5 3§ Peet” s Coffee th i
ZZ W Baristas WINE”, BXABEBLLFWBURE BE “Java” ZABIRAFRAHI .

BEHEE MR 4 DT IR R Class HEIOIRA S« S B 6 MFHRRMAS
(Minor Version), 3% 7 Fl%f 8 7R ENTAS (Major Version). Java (¥4 &M 45 FFi
{9, JDK 1.1 ZJ5 954 DK KA & A ERA S 1 BN 1 (DK 1.0 ~ 1.1 1 T 45.0 ~ 453
FIRAS), BifiAH JDK fBI R A ARTRIASE) Class 3CIF, BRBEIZEATLAG MIAH) Class 3
, BESCAE RO PR AT, LA SR THRE AR A S Class ST

40, IDK 1.1 REZFERRAS K 45.0 ~ 45.65535 I Class X, TREPITIRAS H 46.0
LA Ff4 Class X4, T DK 1.2 WIESTHF 45.0 ~ 46.65535 (4 Class 3Cff. BA7E, WHTH IDK
BN 1.7, AIAEREY Class S ERRA SHAMEH 51.0.

J TP, EHMER T B R Java D (RARIBEE 6-1), ATESF m A
FERHRE LA B/ MR TDK 1.6 414 Hi ) Class SCIF R AERR AT IR o

REHE 6-1 FEER Java REG

package org.fenixsoft.clazz;

public class TestClass {

private int m;

public int inc() {
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return m + 1;

&1 6-2 7% 9 R0 FH 7S ik i 4488 WinHex $THFiX 4> Class SUIFRISER, AT LAY R4t
B TPk 4 FH BNk FR & OXCAFEBABE, (RFEWIAS (55 5 AF%H 6 ~F15
{E% 0x0000, 17 A S A A 0x0032, o BRI 50, ZRRAS S 35K ST 7T
LA JDK 1.6 SEEA_ERA EHWLIATHY Class SO

Offset 0 1 2 3 4 S5 6 7 & 9 A B € D E F
0000000 CA FE BA BE 00 00 00 3 00 16 07 00 02 01 00 1D .......B........

2
DUDUDOI0 6 72 67 2F 66 65 6E 6F panag ¥ W [@)|2F 63 6C org/Femixsoft/cl
00000020 61 7 7A 2F 54 65 73 74— 07 00 04 szz/TestClass...
0000003001 00 10 6A 61 76 61 2! L2 F 62 6a /0,

...java lang

P62 Java Class SCFA9%E#
# 625t TAAJDK 1.1 B JDK 1.7, Fi IDK RA S R334 th IR INFIAT SR Class
SCPERRAS .

#6-2 Class XHEES

FIERARE -target B + t

JDK 1.1.8 AREHF arget BH 000300 2D 453
JDK 122 AHE (BRIAK -target 1.1) 00 03 00 2D 453
DK 1.22 -target 1.2 0000 00 2E 46.0
JDK 1.3.1_19 A GBRIAK -target 1.1) 0003 00 2D 453
JDK 1.3.1_19 -target 1.3 00 00 00 2F 410
IDK 142_10 RHE (BRI -target 12) 0000 00 2E 460
JDK 1.42_10 -target 1.4 0000 00 30 480
JDK 1.5.0_11 A CBRIAK -target 1.5) 0000 00 31 49.0
JDK 1.5.0_11 -target 1.4 -source 1.4 0000 00 30 480
JDK 1.6.0_01 il (BRI -target 1.6) 00 00 00 32 50.0
JDK 1.6.0_01 ~target 1.5 00000031 49.0
DK 1.6.0_01 ~target 1.4 -source 1.4 000000 30 48.0
JDK 1.7.0 At (BRIAK -target 1.7) 00 00 00 33 51.0
JDK 1.7.0 ~target 1.6 0000 00 32 500
JDK 1.7.0 ~target 1.4 -source 1.4 0000 00 30 480

6.3.2 E8M

R YA S Z G MR RA D, W T BN Class U2 IYERA
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EJE Class SCELHH 5 AT F IR BB, A 5 Class SCF25 MR R $HR
BHZ—, FIEERLE Class SO — A B RIAVEARIE

R R B RO R R B A, BT AR A TR A9 T 7 B 2 KR
B, (LA R AR ITEE (constant_pool count). 5 Java B FH J A —FEMRE, X
AFRITEORM | TR 0 FFIAH, WA 63 fiR, HiEbAR (WM . 0x00000008)
bS8 0x0016, BN HEHIA9 22, BB R b 21 TR, RSUMEMEEDN
1~ 21, fE Class UM MAEHIE 20, B4 0 JH 2SR A 1R B 810, X
R 76T A TR ) RO B R S A BURTE R B 0L TR R ARSI AME
fA— RT3, KRBT ARRS M 0 KR . Class IHEHH R4
WRMEERFORM L PR, W FHAMEARE, WEEORIIES. FREES. ik
R BRGS0 IR .

Gifeor 0 1 2 3 45 6 7 8 & 4 8 € D EF

00000000 A FE BA BE 00 00 00 32 00 U§ 07 00 02 01 00 1D .

00000010 GF 72 57 2F 66 65 GE 63 70 73 6F 65 74 2F 63 6C

00000020 51 7A 7A 2F 54 65 73 74 43 6C 61 73 73 07 00 04

00000030 01 00 10 GA 61 76 61 2F € mmWS® . [§]62 6A ...java/lang/Obj

00000040 55 63 74 01 00 01 60 01 O gaa g7 /€ 69 eet...m...T...ci
28 e 51 a1

0QO0U0Sy  6E 69 74 35 0100 0 L2001V, 0 Cod

63 HEbLH

WM EEAMMARN R . FER (Literal) M55 (Symbolic References).
FHiH CREET Java i SR E A K BB, WICATRS. FUH final 9% RE%F. T
55| IR TR W AOES, A T R =N A

Q A N 42RE 4 (Fully Qualified Name)

Q FEAZFRAHEASF (Descriptor)

Q Jr ik A PR AHRAT

Java fRESFEHEAT Javac HPRAGEHE, JEAIR C M Cor IRREA “3EHE” X—B B, TRTE
HEAHLINER Class SCHFBOBHR AT A S . WALV, 7E Class P AR SRIEH AT
FROBANFAREL, BXEFER. NS5 RS miE TkE s
HIEMWAEA Dk, R0 SR MR LETTa, TN R R
REEFFS 5, FEAEZSQIRR S s/ T ARAT . RS Bk B e aL > . 6T 2m0 IR
SAERMNE, 16T — T G RN IR R PR T DR AN UEAR .

R IR B AR — K, fEIDK L7 AT 1 M S A AR A R A5
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B, IDK L7 W 1 AR SRS s A A F R, UBISMEN T 3 (CONSTANT
MethodHandle_info. CONSTANT_MethodType_info fil CONSTANT InvokeDynamic_info, 4
BARLWROX 3 FEHRIORR, 7658 8 BT WIPATAO TR, R AT .

X 14 FHREA HERIREE, BRI — LR ul KRIIREN (ag, HRE
RF 63 PAREFD, ACF LT BB TFIA A R, 3 14 A BT Bk A
W#63.

#6-3 BEBHNTHERD
L w & MR

CONSTANT _Utf8_info 1 UTF-8 RIS FHF
CONSTANT Integer_info 3 T i B
CONSTANT Float_info 4 PEET R
CONSTANT Long_info 5 KEUFEHE
CONSTANT_Double_info 6 OO B TR AR T

7

8

9

CONSTANT Class_info RRBEO MRS
CONSTANT _String_info FRBEMFEE
CONSTANT Fieldrefinfo TR
CONSTANT Methodref_info 10 KLEIHE S
€ONSTANT _InterfaceMethodref_info— 11 BPOTERRSEHE

CONSTANT_NameAndType_info 12 F BT RS U
CONSTANT MethodHandle_info 15 R
CONSTANT_MethodType_info 16 AR R
(€ONSTANT-InvokeDynamic_info 18 E  Fn— AL

ZRTLKLR B RATBUBEE, RE X 14 FERRRE HIA HCHEH. PR
I 6-3 i MR HE I B, EMFRENL (RESHLAE : 0x0000000A) S 0x07, # 3 6-3
4R KB B AT CONSTANT Class_info 258, WATHOHRAR A RKRF D
HFF 551 fil. CONSTANT Class. info BIZEH LLARTH 3, W 6-4.

#6-4 CONSTANT_Class_info B REILH

% m L ) w =
ul | tag 1
w | " name_index o 1

i tag ARG, LRESYNE T, EAFRAHEKE ; name index f2—RIHE,
— rwﬁm*;/\ CONSTANT_Utf8 _info 2 M4 fit, s BAE Tk 2% <s&:%‘fétl> i)
gmzz z‘eiﬁ name mdéx{ﬁ <m@m 0x00000003) S 0x0002, TR 6] T ik
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R IR R, AkSEE 6-3 TR IS TN iR, EABRARAL Mkt . 0x0000000D) S
0x01, 2% 6-3 A% 3L R —4> CONSTANT _Utf8_info 25 f) % 5. CONSTANT_Utf8_info
HAUN LN H 6-5.

#£6-5 CONSTANT_Ut8_info 2 RATLEAT

% B % B # &
ul tag 1
w2 length 1
ul bytes length

length fE 5091 15X 4> UTF-8 RS (0 FAF B K ER 271, B/ M ERAEM KR
length 57747 (3% SR B8 & — (8 i UTF-8 45 B 4 79 R /R I 7 4F 3 . UTF-8 45 B 43 85 5 3% 3
UTF-8 %89 (9 X F12 : A "\u0001" B] "\007f" Z[H (¥ F4F (A2 F 1 ~ 127 iy ASCII %)
ARG RIS — D FHRZR, A 1 \W0080" E| 07" ZIBI T A FAF I 450 S FS FA AN
WHIR, A 1\a0800" B \uffF 2 [0 BT FAFAO G0 SRR IR UTTE-8 4RSI
EAFWRR

JEfESR—TF, T Class CfFd k. FEAF#ET 25| il CONSTANT _Utf8_info BU% fit
KR LR, FTLL CONSTANT _Utf8_info B % it I KA HE sk 2 Java ik, FEIA M
AR . T B AR KK BERE length MIROATE, BE u2 2AERIKHI RIS 65535, BTl
Java BEFFRANGLE LT Mt 64KB HICFHI BRI 64, WETEAE.

A 45 b 5X AN F FF 8 9 length . (R Mo 4ik : 0x0000000ED % 0x001D, 1 43k /& K 29
FA, G 29 F A EAFERAE 1 ~ 127 B9 ASCII 93t Bl LA ¥4, W% A “org/fenixsoft/clazz/
TestClass”, HXEBIFEZ LU HCENFWRA—TF, RALRNE 6-4 Brh 3R,

Offset | 0 1 2 3
00000000 CA FE BA BE
00000010 ' 6F 72 67°2F
U00U0UZG 61 7A 7A 2
00000030 01 00 10 6A

567 8 9 A5 CDETF
00 00 32 00 16 07 00 02 01 00 1D .......Zev......
65 6E 63 78 73 6F 66 74 2F 63 6C oxg/r-mnonzex
6573 74 43 6C 61 73 7B U7 00 04 ezz/TestClash..

76 61 2F_6C 61 6E 67 2F 4F 62 6A_...javaclang/Obj

P 6-4 % HH UTF-8 FRFE45H)

Bt Ak, ATHHT TestClass.class # fuch 21 M BEAPRIFEA, HAM 19 M5 R
AT LUE A KA T SR R S T RS R S A B R, R 19 R R
TR AR AT LS B LR RAT5E K. 7E IDK #) bin HRH, Oracle 24 F B2 A RAHES
WAL T T AT Class SUFFHBE TR« javap, (RFSH M 6-2 FhFI i T {#FH javap T
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ELHy -verbose 2 Ui th ) TestClass.class SIS W% (HTH 8P 25 s T 0 b ASO 1%
). FEIRATEG ZH BT, Class SO A R BUR A 5 R # R b i &, BT
T 6-2 H AN AR FE R SR UL R P A R [ E

REHE6-2 EM Javap HLHHHERR

C:\>javap -verbose TestClass

Compiled from "TestClass.java"
public class org.fenixsoft.clazz.TestClass extends java.lang.Object
SourceFile: "TestClass.java"
minor version: 0
major version: 50
Constant pool:

const #1 = class #2; Il org/fenixsoft/clazz/TestClass
const #2 = Asciz org/fenixsoft/clazz/TestClass;

const #3 = class #4; I java/lang/Object

const #4 = Asciz java/lang/Object;

const #5 = Asciz m;

const #6 = Asciz 1

const #7 = Asciz <init>;

const #8 = Asciz ov:

const #9 = Asciz Code;

const #}0 = Method #3.411; /I fava/lang/Object . "<init>"=)V
const: NameAndType#7: 48 : Jr<Enit>n: OV

const = Asciz LineNumberTable;

const Asciz LocalVariableTable:

const = Asciz this;

const Asciz Lorg/fenixsoft/clazz/TestClass;

const = Asciz inc;

const Asciz 01

const Field #1#19; //orq/fenlxsoft/clazzLTestClass m: I
const NameAndType #5:4#6; #m:1

const Asciz SourceFile;

-const. Asciz- TestClass.javaj - = .0~ —=

Mﬁiﬁ?%:& 6-2 AL s l‘rQZME %&ﬁ]ﬂ‘lﬁ/‘#‘ﬂﬂﬁ&‘a 2R RN Tt
SR JEES L 2T RS RS R TR, BT AR b
‘4“‘%‘5{1?}}(*‘&5&&5&* BB, 0 “I" “V7. “<init>”. “LineNumberTable”.

. “Loca}VanabIt:Tnble" %, ;z*béﬁskﬁﬁli&ﬂ':ﬁ ARHRBA A Y mﬁ%%i%%@
IXHGY B A A TR A 4 Tava 1&@%@E§&ﬂi& LE{TAﬂFﬁﬂﬂﬁﬁﬂ

ﬂa@%&ﬁ eld info). kTR Cmethod_info>. Rt Caibute :nfo) S TS
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SR BRI R <R TRAN N . BRI AR E R A AL
MBS GABEIKTRI AT BN Java hHy <67 BRI, Torkilaf F A H A
B — AR AR T I A%, EERAI AR EE R, FESAHERPH
KRS AT RE, XEANARLEEE S — S WA, RS, EEHX 14 FH R
L 6-6 UHEEER S .

®66 BEBIW 14 HERBANSHER

% & m A #* B # R
tag ul A1
CONSTANT_Utf8_info length u2 UTF-8 S 7F B A I 718
bytes. ul KIEH length () UTF-8 SFSHF4FH
CONSTANT _Integer | tag ul % 3
info bytes ud RSO ZERTAEAERY int £
tag ul %4
CONSTANT _Float_infc
ANT Flost ol ™ e i BT ot L
tag. ul Hhs
STANT.
CONSTANT Long info | o5 s eI R long f
CONSTANT _Double_| tag ul ik 6
info bytes u8 H BB NITFHEEY double {H
tag ul {7
CONSTANT_Class_inf
e [ index w 10 2 U 0 RIS
CONSTANT Sting info [—% L 5
ing_info
i index w T TR TR % 5]
tag ul K59
CONSTANT_Fieldref_| index w2 REFATRNERAE DRSS

CONSTANT Class_info #9333
41417 A FF CONSTANT NameAndType

info

index w2 Pidadl
tag ul i 10
" # 16 71 W) J5 ¥ 9 26 38 #F CONSTANT_
. E(I:’ONSTANT,Mnhoduf, index w2 Class info 9315
tniox @ 144 1 45 B B 2 %) i 3 §F CONSTANT_
NameAndType #9559
tag ul {11
CONSTANT Inferface-{ .. od 16175 77 o 9 12 LA 2F CONSTANT
Methodref_info i Class_info #9%3150
5 1 4 K K % %) 4 38 #F CONSTANT_
index w2

NameAndType (85151
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€3
% R WA ®x = S
tag ul K12
CONSTANT_Name- ™ son w TR Bk A B R
AR = B TSR R  RANES]
tag ul {ih 15
LA ~9 20 (1D, ©
CONSTANT-MEO0E | | e Yol ul (M T AR ik AR
Bt iote FITE R TR
reference_index w2 [ i el
tag ul ik 16
CONSTANT_Method- (AU B M AT R R TE
Type_info descriptor_index u2 ARG 4 BT AR CONSTANT_Utf8_info
W, R
tag ul {4 18
bootstrap_method_atr_| (LR 510 Class S HF 51 FI71E &
e sies index 1) bootstrap_methods[] 4 H9A BT
Dataichy AU A S WA R A RS,
- . o E 1% 51 Ak (9 00 T & CONSTANT
i A typeindex "2 | NameAndType_info %1, 7 Itk & R
EHRA

6.3.3 iHiAnE
AEHEMAHLIG, FHELWPDFHREINTE (access flags), W MRHMTFIH L
LB B CURRIHIEE, 5 B Class RATREN ;L L public J98; A X
H abstract H5: ANFRAAGIE, RABFEIN final 4, FURIBRERI Bbrbsny & LI 67.
#67 HiEkE

REER HEE & X
ACC_PUBLIC 0x0001 S K public 2%
ACC_FINAL 0x0010 BB Y final, RAKATRE
A SV invokespecial F YA S HOFT AR, invokespecial
ACC_SUPER 0x0020 B MIAEA IDK 1.02 RAEMBUE, I T KHIX RSB
R, IDK 1.0.2 Z/RGiEH t UL £
ACC_INTERFACE 0x0200 PR RN
JET Yy abstract 27, X T4 O RA MBI, HAR &MY
ACC_ABSTRACT 0x0400 K SRR
ACC_SYNTHETIC 0x1000 AR RS
ACC_ANNOTATION 0x2000 ARG R — AR
ACC_ENUM 0x4000 UL —
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access_flags ' — 3547 16 ARAEAL AT LAGEAT, 48T R X T H P g e, B AT
BIBREAL B R — A 0. LIRSS 6-1 sF g RATH B, TestClass £ — il Java 2, A
B, MR SHE TR, B public SCHE T4 B4 B K final A abstract, Jf HLE &
JAT IDK 12 ZJ5 M4 PR 254748 1%, HIHE 9 ACC_PUBLIC, ACC_SUPER 5 %4
¥, i ACC_FINAL. ACC_INTERFACE. ACC_ABSTRACT, ACC_SYNTHETIC. ACC_
ANNOTATION. ACC_ENUM iX 6 I 7 &1 2 4 B, B M & (¥ access_flags i { i A -
6x0001[0x0020=0x0021. P 6-5 AT LLF ti, access-flags bRk (fRESHLAL : 0x000000EF)

1 6-5 access_flags R

5% 0x0021.
COODUED |0 Si 65 73 74 43 68 61 TEes 28 ehreu-re o ot oo i
{i 59.00 52 03 5100 07 0055 00 b 200300 g o0 1. W
6.3.4 XFTS| RERSIEHORSIES .
SEAFE (this_class) FRKZKS| (super_class) #BEE— A u2 RMEORHE g &IHE
& Cinterfaces) f—2H u2 KRVMIHARRISE A, Class SCHF 7 HT B =T858 2 XA 2 9 4k
RRFR. KEFHTFREINRMEIES, LERTUHFERX LKA LRE L.
HF Java BFH A AW SIMK, FELALKRT LA 4> B T javalang Object Z5h, Fit
B Java ALY, BHULIRT javalang Object 4h, Fiff Java MK EIHEAR K 0. #
FEPEARR AR N2 I T PR, X BB ST £ LR implements 15/ (TR
IEANHATR AP, WG Rextends 6] I FUILTE A Z2 B A HE9 243 1 %23 A
At
KRG SLHRFIMEE R QBRI R bR 2 5, RRFI AR LR
P w2 RMERF RS, N4 B — %8 % CONSTANT Class_info f)2 A REH
fit, il CONSTANT_Elass_info 2678 65 fik i B9 3 318 FELL 4R 5 YA CONSTANT. U8
info R H RPN E G TR B 6-6 3R TR 6-E AT RKZT 2 Rt
MFEARGIES, AL —T——u2 ERABAR KB (8 (interfaces_count),
FARGEROAR . R L WAL, WZGHEME R0, BEEDNERSIER

O TElavaR LM T FUE LT IF&SHARE. TDK LSl TIRmE3HE bR N AEISR-202 i 7
W, 23t U ) HRTE AR LLISR-: o=
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TR ARFT A 6-1 P RIBIMART] ARG G HEARRIMNEE 67
7R o
!

66 KA ARAIE LM

00000000 06 01 00 OA 53 6F 75 72 63 65 46 69 6C 65 01 00 ....SourceFile..
000000ED 'OF 54 65 73 74 43 6C 61 73 73 2E 6A 61 76 61 00 .TestC .
00U0DUFU 21 DO U1 U0 U3 00 off 03 01 0O 02 00 DS 00 U 00 .
Q0000100 0C 00 02 00 01 00 07 03 08 00 UL 00 09 00 0D 00 ..

E6-7 XKE5|, KEEG EURIIEE

A B i 1k 0x000000F 1 FF 4 ) 3 4 w2 28R (K9 # 4351 7 00001, 0x0003. 0x0000, i
BRRRIN 1 RERIIN 3, BORIIEERNK 0, AWHIEREITR 62 T javap #r
SRR O, BRI H R, SR ARES I 6-3 BT

R\@EL6-3 MAEBENE

const #1 = class #2; Horg/fenixsoft/clazz/TestClass
const #2 = Asciz org/fenixsoft/clazz/TestClass;
const #3 = class #4; ! 3ava/lang/Object
const #4 = Asciz java/lang/Object;
PN
635 FERRKS

FBF# (field_info) FTHABENRERPEIMER. FBE (feld) MAFRHERLL
KSR AR B, ARSI v R A R AL ko FRATT AT AAE —ABAE Java thiiik— 14
FRADAETAFL? TSGR « FBRAMEMBE (public. private. protected &
WiRF), RIHIERBREER (static EWIFF). AT (finaD. I &R (volatile &
WigF, REEBMENFES). ATERFIML (ransient EHIFF) . FRMIELT AR
AR MAD. FERAKH. DRXSERS, SMEMARRARE, BAH LM
, BAWA, REAERRERIR. TFBRUAA8T. FEREE 255K
R, SXSCEEIEEER, FAESIE R R B AR . R 6-8 thIIH T FRKRI R
k.
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#6-8 FRREN
ElE S & K | 8 & ¥ ®n F & # H ®
u2 access_flags 1 u2 F attributes_count | 1
w2 Frnome_index | 1 atribute_info[* attributes atiributes_count
u2 descriptor_index |~ 1

TBAEMEFHEAE access_flags T s & 5P fikaccess_flags I H AL 20, 12
=A™ w2 R, ] DU SRR RERL S LK 6-9.

#6-9° FHIFERE

REER R & X
ACE PUBLIC E 0x000+ F B 5 public
ACC_PRIVATE E 0x0002 | FBUEE private
ACC_PROFECFED E 0x0004 FFBHLT protected
AEC_STATIE 0x0008 FEULH static
ACC_FINAL 0x0010 FBUET finak

) ACC_VOEATILE E 0x0040 B FBUER volatile 7

ACC_FRANSIENT I 0x0080. F  7BULH transient
ACC_SYNTHETIC B 0x1000 FEUEE IR (B i
ACC_ENUM [ 0x4000 F ¥BUES enum

ARIF, fESCPRAULTT, AE€C PUBLIC. ACC_PRIVATE. ACC PROTEETED =ik
T2 S, ACC_FINAEL. ACC_VOLATILE AN 4. 4012 b 9 F B AT
ACC_PUBLIC, ACC_STATIC., ACC_FINAL #5ifi, iXSEHBIEH Java A< 5 935 5 AU AT 21

BRI access_flags BRI MIF 311 : name_index Al descriptor_index. Efi1#BE A%
LT, SRS T B A PR R T BRI IR RR AT . DUTE T MR F “f
AR, HERAE” LR I U “ RRRE S K SRR AT B A

A BRUE 45 1R 204 BRARGE AR, LRI 3 6-1 o 9 fUFS B, “org/fenixsoft/clazz/
TestClass” X PR PLHGESR, (UURIELL LM 7 HHURT “/7 W, BTHkEs:
WA RURE 4 2 AT IR, FEH RS — RS MA— " ZRAMEAL g,
AR BAT LIRS AL 7ok S B FR, AR ine() 7736 m T RO B
HLFRM A “inc” A “m”,

MM FRRGE AR LA BB, Ik AT B AR ek, R i
HRHE FBAG R LA . Tk BB SRR LRI FLR . ARYE R
BAFH, HEABHAR (bytes char. double. float. int. long. short. boolean) 1B ft#
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TR A void KA — DN REFRAFR, WX SIBIUATH L3R 2 RE 4k
Fr, L% 6-10.
#6-10 HWAFHRAFHEL

RREH & X RAFH & X
B HA KA byte J HEAAA long
C HAHH char s HAHA short
D HAHH double z HAEA boolean
F HAKA float ve TR void
1 AR int L HA, 40 Liava/lang/Object

MFBARR, H-HEEHEH TR 07 FRRREEE, W—NE X “javalang.
String[][]” AU AR, HEBECRN ¢ “[[Ljavallang/String;”, — B “int])” HHi
N I

JHHSRFER AR T 0, RIRES IR, J5RPENIRTHE, SBIREBSH
(7 R IO B AE — HL/NEE S <07 Z . T void inc() B9HRAF A “OV”, J7 ik java.
lang.String toString() 4 i if 45 & “()Ljava/lang/String;”, J7 ¥ int indexOf(char[]source,int
sourceOffset,int sourceCount,char[]target,int targetOffset,int targetCount,int fromIndex) ff) # it
% “((cH[cin1”.

X FARHL I 4 6-1 1) TestClass.class SO 8, 7 B 4E-& Msthhik 0x000000F8 FF 4, 5
—A w2 AT B A 8RR fields_count, H1E 6-8 FT/R, JLfEN 0x0001, BEIXANSHA
—AFBREHE . TR AR EO R access flags BRaK, {4 0x0002, fR3 private &
4 ) ACC_PRIVATE #R#{% J 2L (ACC_PRIVATE AR I{H A 0x0002), HABMEHFF Jfi.
HF B4 FRAY name_index AY{H 4 0x0005, MARTSIEEE 62 51 th ity K fib kR AT 445505 5 TR LS
—> CONSTANT_Utf8_info AU F4F 83, HAHN “m”, REFBHRAFHY descriptor_index i)
{HH 00006, $1i B HEMAYFAFER “17, HUELLARE, FRATAT IR HFARTSE SR Y <
“private int m;”.

T B A AR AL 1 5 52 $OHE 9T B B descriptor_index A 1k B 45 T, i 7E descriptor_
index 2 i BREAH — AN RPERAA T —LLBUMOR R, FEE TR R P A S
EEWMFSMG R A TAG PO FEm, EHRERITESHR 0, LR T EHS

e it JH “Voi iptor” WA TR, HIIIERARBIRL A
—i k.
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BRI E R (B IR B m AR WHICA “ final static int m=123;”, ARRLATAEL e e —
I 4, F h-ConstantValue (LB PE, HABAE 1% & 123, XF attribute_info (9 JLAlIN %8, W7
6.3.7 i Jr R IBNE AR 19T H B R — 4 DA o

SUBNOLS e U1 09 0 v er 75 72 baes do os o0 b 010D

OUDUOUED UE 54 65 7374 43 6C 6L 73 73 2E 6A 0w

000000F 73 00 03 0a-03 06 o0 001 0343 O 08 e 5d oo

ominn 50 00 02 0301 a0 o7 0my 08 natm 50309 ooy 00 .
naieds

Ph6-8- FBIRA I

FBAEKA TR 2RI S O PARIDR 0T B, (B4 T REFHITRAS Java {4
R PORIE R TR, B UENIRAETT R T RIS DT, £ Bahfinds mshi
FBUGTFBE 5356, e Java I E P FBRIEERNS PN TR B R
A, ELAIR RIS FR, R PR, WRMAFRMHARR 3,
R B R A

6.3.6 JIERES
WSREAE F E TR TFERONZ . AT kRN R R, Chss
A Bt SR X R B R S T B AT R T SR — B R - IR L
[l B~ RUCEHE 7T (access_flags). ZFRESBI (name index). HIARFFRT|
(descriptor_index). /BHEREA Cattributes) JLI, W3 6-11. BRI H 05 LbAEw
oL, AXAE VTV A0 R 4 Y FT S 0 A4 X 5
*6-11 FiEkEH

* B & ® o B L 2 B # B
w2 access_flags 1 w2 attributes_count | 1
w2 name_index 1 attribute_info_| _attributes attributes_count
w2 descriptor_index 1

B % volatile 3¢ 5 5 1l transient 3¢ 8 5 78 A 4% 15 07 15, BF LA J7 3 3 10 5 9 47 & b
B H T ACC_VOLATILE #5 & fll ACC_TRANSIENT 45 &. 5 22 #1 % £, synchronized.
native. strictfp Al abstract 5 8 5 A LU 4 Jy i, BT L 07 ¥ 2 9 1 6] b i 0 T Acc_
SYNCHRONIZED. ACC_NATIVE.ACC_STRICTFP fil ACC_ABSTRACT ffik. Tk,
ARG B HBE AT 2 0L 6-12.
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#6-12 FEHERE

REER REE & X
ACC_PUBLIC 0x0001 JiESEA K public
ACC_PRIVATE 0x0002 TS N private
ACC_PROTECTED 0x0004 FALE R protected
ACC_STATIC 0x0008 TN static
ACC_FINAL 0x0010 Ji SRR S final
ACC_ SYNCHRONIZED 0x0020 JiHESEH K synchronized
ACC_BRIDGE 0x0040 Ty T S o PR AR A B o
ACC_VARARGS 0x0080 Jr TR E S
ACC_ NATIVE 0x0100 TN native
ACC_ABSTRACT 0x0400 JrHE A J abstract
ACC_STRICTFP 0x0800 FSEE R strictfp
ACC_SYNTHETIC 0x1000 Rk e L e

TTXE, WA REEE 2T LR, Ik 0E AT LAEE VIR ZFFRT]. Hik
FRGIFEERE, AR EE TR T 2 A Java 1UFS, L gidss st sy
WBIELSE, RN ERIEREE T —AAH “Code” MR, JRIERIEN Class i
AR R — BRI, HAE 6.3.7 TP RN

FA 1Ak LIMRESHE e 6-1 7Y Class SCIF RIS i RALA HATT, W0H 69 BTR, Jr
HREAMA L HAES - 0x00000101, 55—~ w2 R A A9 B CHLRIH AR Wh
0x0002, RFRAPHBANIE GBI BN GBI SLHIHIE RS <inie> MBS R
#inc(). H—MIEM VIR 0x001, HELE HA ACC_PUBLIC #i I, £FF&R3|
fE% 0x0007, AT 6-2 (R MG I A A “<init>”, $RFFRTIEH 0x0008, XFRiH
it “Ov7, JRH#RIEEE attributes_count RN 0x0001 REFIRIL T AR ME RS AH — TR
H JRHELFRRTH 0x0009, XRIH N “Code”, IR IT AT HSHIE .

0C0000FD 21 00 01 00 03 00 00 D001 00 02 0D 05 00 06 00 |

ocosoion 00 B0°160.01 000760 U8 00 T @0 55 00 00 o0 1L
00000110 21 Iﬂs 2)¢E7 UHTCIA B1 00 00 /.

M 6-9 JrikREHISH]

s

SFBRREMIBA, MRREIEAETHPRAHES (Override), FERMAH
R IR (LA I B ERIRERY, A7 AT RSt BUh 40 28 11 BRI ok, S



b
C R BTSN S, ARRPDERICR S O A R S, W Java A

180« WY EBHPTERG

U A © <clinits % MR A it 3%
S A Java i B (Overload) AU i TR T B Uy vk BLARHAIRI A 4 B 2
SRABHHIA A5 TR R AE R 540, R B4 MR R i A St

AL (LU R AT A EAT I PR . (ELRAE Class TP, ¥
A Ak — 2, - TORHGRATAR 5 & — B Ak AT LI AL, IR

. Tﬁ&émﬁl%fgﬁfﬂ%ﬂﬁ%, {HR A, ﬁﬁzﬁz%ﬁué‘&é‘éﬁF@a/r\ Class S

i,

6.3. fﬁﬁiﬁa
RIS O O iR RS uﬁiFi&:&%“tﬁ?*ﬁE’ﬂn 8.

* 5" Class SE kA7 H A ) R 5 EE*!”‘M&E‘JW}TW\ KEERMEARR, R RS S HR i
ML (= TMX%AETQ&&EF‘%W P FHREARSEA RS TR, (L
AABEQ‘J%%%E%BTUHE&&DF HAA EEXH‘JI&&{..MV Java HERUDLIEATIS £ MG e

ARICBYERE. hF BETESRT Class S F, Cava BEIBLANE R MDY BT 9B =

SEALSEBI 2 AR BE, T4 B Cava EIBLALAE CJava SE 75) feeet, fiE X
IRAEC LN E 21 50, AW AR 6130 T30 PRE X b TR o g X 9 B4
& 613 BRUHAEREX MR

[T GARE & x
Code R Tova (SRR F RS
ConstantValue TRE final R XN A
Deprecated %, IR, FRE BT deprecated i) 77 B I B
Exoeptions e RIS
j SR R B2 A R R
Eiclosingetbod Gl &?Zazf.\;mwwiifasmag;{:f 0

S <init>fll<clinit AR 7 WA BRI 108

© AE avalBLITE CGR2HD ) ) “ §4.4.4 Signatures” FH L Uavaili i CEMD ) 19 * §8.4.2
Method Signature” B 1584} 5 ST 7RI A7 BRI 44 L) B Javad CIB IR T #0 T B4 E 28 4, Java
BT RS2 S TIT k. BHOTUF RS HORRL, 117 5 R4 114 434 5 T3 1 (41
R BRATSRAR, WEEE TGRSR
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(€3]

REER

EALE

& X

InnerClasses

(3

kiSRS

LineNumberTable

Code /A1

Java BT 5 AR 4 BRI R

Local VariableTable

Code R {

o e e A A A

StackMapTable

Code A1k

IDK 1.6 BT (B A T A 26 KA 1 S0 GE Y
(Type Checker) o FildhEl b5 7 i o Ao Bt ik
AR T JETFICRAL

Signature

X ke TR

JDK 1S i SR AR T R A
MR TFMIT LSS, flavaifisith, (LT, &
T A T ik 0 2 RO 48 AR T 26
A5t (Type Variables) s Z%({t2% (Parameterized
Types), Wl Signature LS A EiCRERB AL,
H1F Java (92 RUR BB A B, 00 1 BGKR
A BBEERG FEE A RAL, WX
QLSRN

SourceFile

ES3S]

CRBICAF AR

SourceDebugExtension

A3t

JDK 1.6 71 8 ) J& #£, SourceDebugExtension J&
PERFAEREBSM IR L. S UEEAT ISP SCHF
BRI, ekl ok Java HERRORSE (18] ISP SCIFY1T 5
ISR-45 HLHE ik 2k Java T S, HIT E AR

FAHRIHETTAE Java KELBLP BT AR T — i
AT bRAESLE, (T Dy RtE
HRT LU TA7 SR BRI B A B i 8

Synthetic

XK. Ik#L TERE

BRI MR B SRR 1 SRR

LocalVariableTypeTable

JDK LS S IR E, B MARAER A A B
B RN TSR ZIR R SRR
A

RuntimeVisibleAnnotations

%, FER. FRE

IDK 1.5 (O b, O ot A T SR
RuntimeVisibleAnnotations J& ¥ JH T4 W] 85 4% 1
FSLEATHT (bR L2 AT AR AT R AT AT
Wi

DK 1.5 PETH AT YE, 5 RuntimeVisibleAnnotations

RuntimelnvisibleAnnotations | 3. Jrik#. TR R, S B VERFRIE TR AR T
Wiy

RuntimeVisibleParameter Sk DK 15 S

Annotations JRHESL, AR SR B

RuntimelnvisibleParameter ik JDK 1.5 7B 4 i J8 %, 4F Fil 5 Runtimelnvisible-

Annotations Annotations XL, FURREEFHX § 4 A B

— Sk M:}{IJK LS PRSI, T RIEM TR IR

S —— s JDK 1.7 i Y | FITRAF invokedynamic 1

25151 S0 B REAF
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XTI, B4R EN R DT A1 CONSTANT_US_info R # R
AR, R AR 56 4 A E XM, RS — 4 ud 94 R HE 2R T SR (6 B
ST TR — AN A HLI ) E R A 3% AL e 6-14- DI KA HT

F6-14 WitREH

% B & B H B
w2 attribute_name_index [
ut attribute_length L 1
ul info. attribute_length
1.Code it

Java FEFF i M oh (RARTS 283 Javac S AL SRS, SR A 15 46 4 A7 FHE Code
JRAE - Code JRHEH B Jr ik R IBHER A 2 o, (EDFARFT AR HE R UFAE X R,
U 1 SR G (K R AAEAE Code JBPE, WIRITHEEA Code BIEMEAE, AT
ZkipE ek 615 R .

#6-15 Code RiERMLEH

7 % ® R ® ®
w attribute_name_index 1
u4 attribute_length 1
w2 max_stack ]
w2 max_locals- L
ut . code_length 1
ul B code code_length-
T u2 L exception- table_length 5 1
exception._info exception. (able exception_table_length—
w2 attributes_count- 1
attribute_info attributes attributes_count

attribute_name_index J&— i 4§ (] CONSTANT Utf8_info B B R5|, # BIEEE N
“Code”, ALK T LIBIMEMBIELFR, attribute_length 577 TIRMEAEINICEE, i FEAELHK
FOIGRIERE 0N 6 47, BTLARHEE A K EE A N RIER KW S 6 7.

max_stack fU% T #4E $0kk (Operand Stacks) ¥ J #9 K {76 7 ¥k AT B AF R 1
2. SAEBORE AR Lok i VR HEALHLIE AT 0I5 BRI KA 5K 4 FEAR M (Stack
Frame) (PEBAERRGRIE .

max_locals 84 T 5 4 25 bk & BT 75 (977 d 25 W] 765X B, max_locals [#) % {i & Slot,
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Slot 2 42 1L 4y J5 8725 Ik 43 C oA 77 SO 44 FH A9 SR /N L. X5 T bytes char, float, int. short,
boolean il returnAddress %5 1 i A5 it 32 A7 B9 B 2628, &SR IRAREE 5 1 4 Slot, if
double il long JXFFl 64 37 MR ISHIN 75 BB/ Slot HAFH FEBH CRIRSLH ik
(0BT B4 “this™). B FUR W 40 FE 2 19280 (Exception Handler Parameter, St try-catch
AP cateh BTS2 SUMISEHE )« 7 A M T A S R A Bk A0 B e A B AOR AT S
Sh, FEARAETT R B T 2 AR AR, BRI )5 AR BT o Slot ZAIEN max_
locals BOfE, JEER Ry RRAE I 6P Slot il AT JH, 244 RESHHAT i — A Jo 028 it i 1 A3
B, B0/ S LT A 9 Slot 1T LABEILAb R 3R AR BEBTREIT, Javac %% 85 AR 5 1t (K45
IRHESTAC Slot 434 AATAE ], TS max_locals HIR/N.

code_length F1 code JHNEAF A% Java AR 7415 4 LD F 17464« code_length {7
FIIE, code B TAFART IS M — RIIF . BRAMFWIES, MAmMES
R ul BRI AT, YRBHLEIRE] code Hhg—AFATRGAE, T AR R XA
FATN MR 4484, I BT AN X 46 R TR A 7 B IREESEC LIS H S
U ERAgE . AT —A ul BRI AE G B 0x00 ~ OXFF, X+t 0 ~ 255,
R LI RA 256 42454, FIRT, Java HEMHUAIGE D 4 T P2 200 S4B (e X R
WHEA S X, TS 554 2 [ A% L6 3R AT A A B A B “ B AlLBLF 1R R 7.

%F code_length, 7 —{HEAEEMIE, BRETRE— ud KROKEM, Bt FR
KART LA E] 2921, B e HUARAE sp DA PR ) T — A7 B AN Su i 65535 A7 1T K
A, EVESER AT w2 K, SREEXARE] Javac IF A LR ARIE. —OK
YE G5 Java (RPN RER R 2 E R M5 — B A NER N ERER, SRR G X
AR IR . (EJR, SEReRsoRilol, BIANERIE— MREZRY ISP SCPFRT, SLut ISP 44
PR ISP WA RIS 15 BT —ATr ik 2ok, AT R hr e i I
(S5 PR T F BUAR R I

Code R Class SCIFH i BB — B A, I SRHE— Java BT h A0F B4 R 105
(Code, JyikfhM i Java fAH%) MITEHE (Metadata, 55, FBL. FikE LRHMA
D WIERSY, MBALEREA Class UM, Code JRHE THIAICHD, BT i3 AR B #6H
FHARTCHIR. THF Code JRHE R 5 6 T B IATH E N AN LEIR, AL
PEF I TAE P MT Java (UFSIE XML B TR RBEACRERE, Rt e s 71k
BN SR AR DL o] P R «
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AREELLCRGI 7 6-1 ) TestClass.class U MBI, W 6-10 FFR, 3 b —F5 54t i
A “<init>" J7ki) Code JRYE. & AORRAFER I IR A S YR I A hb D Oy
0x0001, 75X BRI 4 45 1] (49 4< 5 47 0x0005 . HE HEAHLIEIREN 7 47 i K Bk I B U, e 1R
BT B A SR 5 715, ISR S & RENF BTN FHIES . BiE “2A
B700 0AB1” (LK

1) A 2A, #8445 0x2A XRLHYHE SN aload 0, XAEA I8 SUZHESR 04 Slot
reference SR A 78 e ik FARAE BB I

) A BT, #5415 0xB7 4 5L #1454 7 invokespecial, X 4 1 4> £ £ JH & AR TH (1
rcfcmnceﬁsﬂ%&&ﬁﬂ“rﬂmx#&wwﬁ%&w% VAR B SB35 ik . private
FESE EIARM T e XATTEAT A w2 KSR BT — ATk, B
Inl'ﬁ‘mi&ﬂPBﬁ—/P CONSTANT _Methodref info 28805 i, Bt #0774 551

3) LA 00 0A, X/ invokespecial (B4, AL HL1H 0x000A X573 ity S il My
 “<init>" FILMFSEI.

4) BEABIL, #EEM 0xBI X BLHIH A N return, & SRR [ %, I FLIR A
voide JXAARSHATIR, M ks,

boro0103 o0 00 02 32 Si Z‘S o 00 Sé %0 03 0 06 30 50 00 |

uucun Bl oo 0o /..
ooco012a 00 DCTW o au*nc on o1 nww o0 03 00 0D .

[€6-10  Code @455 i

BB, (R B LRI S TR D OB . T SRR
SEAETR (R . Hefi AT AR « Java EANLIATE VLR IE TARAOR R A5, (0
GO IR T4 AR —BE, FEEIE4 (AN invokespecial) 5B SHA BHL,
KT AP TR A AR T R0 T A, FRATT AR DAk R A BRI IS 8 B ek,

MU javap 2 fBUE Class SCPF A 8953 5h—A 7 B 6952 1045 4t 55 1 3k,
L5 . 6-4 TR o

RIBES 64 Fjavap HEIHEFIBIES

1 EH Java RE
public class TestClass {



pubkic—int inc() {

rerurn m—+ 1z

C:\>javap--verbose TestClass
NEREBLSHMEARGHS 6-1, BRERHT AR
&
public org.fenixsoft.clazz.TestClass ()i
Code:
stack=1, Locals=l,
0: aload 0
1:

Args_size=1

invokespecial — #10; /Method java/lang/Object."<init>": )V
4:  return
LineNumberTable:

line 3: 0

LocalVariableTable:
Start Length Slot Name Signature

0 5 0 this Lorg/fenixsoft/clazz/TestClass;

public int inc();
Code:
stack=2, Locals=1, Args_size=1

: aload 0

: getfield #18;

: icomst 1

5:  iadd

/Field m:I

6: ireturn
LineNumberTable:
line 8: 0

LocalvVariableTable:
Start Length Slot

Name  Signature
o 7 0

this Lorg/fenixsoft/clazz/TestClass;

AR A FERE javap A “Args_size” B, TTRESAEEN « XAKEH A
BB IR <init>() Al inc(), XFAITERI BALBA S, NiF4 Args size
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LH 10 THERRESHIIRLERITERN, EBAE LR H S, I Locals X
WAALET 1 7 MBAXPENEER], KRR T —&: ML EE, #aT
LOE L “this” S8 U7 IR B 7 2 BTR B3 8o XA VT BLEIXY Java BIF MBS REE,
il e B ST BAIAEH R, (R Javac 58 PRAE SR PRRYIHRIEXT this KT BT IRF47E
Xef— ISR T, SRR FE R LI I S B0 i F SR A B RO E . BIAES:
B 8 SR A e v /D AR E — R 1B AT RSB RS R, R R P AT
B —A Slot MRAE M S EHIH S, ITESHEN | FHTH. X478 Hxfsep)
DI MR 6-1 i inc() JE AW N static, HF Args size RARLET 1 ik
HFT0T.

EFHIIE LS ZR MR DT EN B AR WAL CFXRKRHER) Ha, FuRst
F Code JRERBII RRMFHEAER, WRFI L 6-4 FERBA SR RAER .

FEREEAWE 6-16 FUR, EEFANFE, REFEYE LN - B LT HEE
4 start_pc /TOFI% end_pe 721 R4 end pe 47) HBLT %7K catch_type s H F%
#9535 Ccatch_type H#§ f]—f> CONSTANT Class_info %% 9% 51), M54 handler_
pe ATAREEAETE. 2 catch_type HIfEY O B, fRFAERES W UL #5752 4% 1 %) handler_pe 4bif
ATAbER.

#6-16 RERGEH

*¥ B 2 B o & %X B & B B &
w start_pe 1 w2 handler_pe 1
w end_pc 1 w2 catch_type 1

SR ARLRR b Java I 053, G PR B 3 22 AR 087 2 OBk i & ke S
Java 574 & finally AbERHLAIS.

FREGT . 6-5 22— BLiiR 5t RALEAE B F, X BRI E BN TEFTREE®
try-catch-finally AT LB . 7F BIEFWHZ T KEAYIEER TEA Java IR, B—
R BACE R [EHEE B AR LR A BT 2 BIRE R £ 07

5. TR

© 7fEIDK14 PERR AT jsrRireds U, {21422 FESUCHHER A SEGR
FIREHY 53 3 MR 25 B finally b A0 P B IUARAE 3B R B finally i X . 7EJDK 171 B 25448k
Class3C#Fh th Bjsrfredti 4, MPWBILFRIGS, BIUY RH.
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REWHEL6-5 FEREERT

I Java

HG

public int inc() {

int x;

try {

1

)

x=1;
return x;

catch (Exception e)

x = 2;
return x;
finally (

x

11 %% 6 #1 ByteCode ¥ ¥ BRFH %
public int inc():
Code:

Stack=1, Locals=5, Args_size=

Exc:
fr

iconst_1 /ftry3k®t x
istore_1
iload_1 /%% x ¥l returnValue ¥, MEf x=1

istore 4

iconst_3 //finaly 3ty x=3

istore_1

iload 4 //# returnValue ¥ B KB KT, %4 % ireturn KE
ireturn

astore_2 /% catch ¥ R X # Exception e Mfi, #fk#% slot 2 %
iconst_2 /lcatch k¥ # x=2

istore_1

iload_1 /4% x B returnvalue ¥, MBf x=2

istore 4

iconst_3 //finaly 3k ¥ # x=3

istore_1

iload 4 //# returnValue ¥ HHKEMET, B4 % ireturn KE
ireturn

astore_3 //WwREHATFRTF java.lang.Exception RIFXMRUF LAHRXE
iconst_3 //finaly % ¥ # x=3

istore_1

aload 3 N ¥RFAEEKRT, H#l

athrow

eption table:

om to target type

o 5 10 Class java/lang/Exception
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0 5 21 any
10 16 21 any

G s RIX B Java IRAGAE AL T 3 RS HRICTE, XN 3 KT BRI BITEERE . M
Java fURS I SCLUE, 3% 3 ZRRATRERRA SN

Q G oy ifATERep i BUR T Exception BULTRAIFH, WIEF] catch iBA1Hb

Q IRy A AR T Exception sILTFAM T4, WIFF) finally i8] b s,

Q ik catch M B BAEFT A, THE) finally 15 FHAb T

R [V EFAT bR I, 3k BT AIR FE 2R 7 A Java i 5 PR A TEH B
GAREE S B R  WUREAT MBS, AR 1: AL T Exception 523, EME{E R
2 WERMBLT Exception LISMGSEH, JrkdbiEnB, WATERIE. Rf1—RKMF—T
FARPATIRER, T2 LA ] oA SRR (3 [ 2

TR 0 ~ 4 17 FU MR A RE R R | RRAAA AR 0 x, IF ELHE LAY x 60152 3
— ORI A BT — A B k6 Slot - (G4~ Slot BT E7E ireturn 45 4 AT BIH 28
HEFIBRAART, MR R E . T YR, EHBXA Slot BT AL F
returnValue). AIRIXIFBAT IS, MSRSTEFIE S ~ 947, KR x BILK 3, AR
H Z HIRAFAE returnValue FPIRHEEL 1 BEASIBRAERET, J85 ireturn 84 2 L) int JEaiR 143
PERRTUR A, Jrikail. WSRMBLT 59, PC HAE8HRH 45 1047, %5 10 ~ 20 157
A SR AS 2 BRATAZE R x, ARG KA B x IR (IR returnValue, 5¢J P46 7054t x 1)
B 3 J7 HiR [ R returnValue R BT 9B 0 2 280 T HRAERRTI. MSS 21 7557 10
B, RS R x A 3, JRRRTRAO R M0, Jrikdsk.

RAFR GRS K BRI BLSE 0 (RO BERAE RN, IR TRATWOR T R o
JHe WERKKIX BRAPAK FAT B FR BEN, HCOAREE, XTRINMGTSE
WESR R, A 8 TR A AR R .

2.Exceptions @14

X HLAY Exceptions J& 2 7E 7 % 55 Code JRHEF %M —TUR e, WHFE 53
RO 5 1) 5 0 27 W o Bixceptions Ji P 144 FIT R 912 th 7 ik o AT RE A 1 1 2 2 5
' (Checked Excepitons), ULALEJ7 MR 7E throws XM R THIAEM A . & HL5H
W 6-17.
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®6-17 BiREH

* B & # B L & ® B B
w2 |attribute_name_index 1 u2 [ number_of exceptions |1
w4 |auribue_length 1 w2 [exception_index table | number of exceptions

Exceptions J& /%) number of exceptions J1/K 7 1: 7T A4 number _of exceptions Fit
TAESE, R R WA -4 exception_index_table Jfi# /15, exception_index_table Jit
— AN 1] % B CONSTANT Class_info UG, R T L2AFH KA.

3.LineNumberTable £

LineNumberTable /& 4 ] F 3£ Java ST 5 5 FWWATS (FUMMRHREE) 2
T3 B OCFR e B A RIEATIF 675 (4 R e, (ELBRIA 23 A B Class SCfF 2 v, AT RAAE
Javac 3 43 5 Fi] -g:none 5K -g:lines 16 55 e 10 5 B oR AR XA B AR B R A A
LineNumberTable Ji ¥, 0f 72 3 2 47 7/ ) fi 3 B AR ORI S 111 5o o, bbb RS 20
BN HEIAT S, JFELAETIARF (BRI R IRIG AT B E A LineNumberTable
JEER S W 6-18.

#6-18 LineNumberTable B4 %5H

*x B & H =B
w2 attribute_name_index 1
ud attribute_length 1
w2 line_number_table_length |
line_number_info line_number_table line_number_table_length

line_number_table J& 4> %{ fit 7 linc_number _table_length. %57 J line_number_info {1
4, line_number_info #4% I start_pc Fl Tline_number F> u2 2T AUEARTI, i # S5 17
TS, JRE A Java BT .

4.LocalVariableTable B 1%

LocalVariableTable Ja 4 /1 T4 i A% bl o Jo3 #8728 it 2 v 9725 1k 5 Java YA 52 LA 2% it
ZEERA, EWAREITH HF G, (IR 24 R Class 2, AL Javac
153 T -ginone B -givars BEIUR MR B E SR A MUX TR B . AR AT AR X TR P, S
KRR Y I A S XA Jr ki, A S84 PRl 2 %, IDEf4 & lmi%
arg0 argl Z M G FHUERA MBHA, XMBRIFETRA RN, (L2aHCHHREH
HBERAME, 1l FLAE 1201 ] AR B BB FR N L SCrp 3 B80(H. Local VariableTable
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TRVEREEH UL 6-19.
#6-19 LocalVariableTable & 454
FE & = 4 B
u2 attribute_name_index 1
ud attribute_length 1
u2 local_variable_table length 1
local_variable_info local_variable_table local_variable_table_length

JLri, local_variable_info 37 {3 17— 5 IRAD o 9 o A8 LAY SETE, 4549 3% 6-20.

#1620 local variable_info THE £#5

L & B B
w2 start_pe 1
u2 length 1
w2 name_index |
w2 descriptor_index E 1
w index 3

start_pc Al fength-J& 5 5l 2 1A o A8 B (/1= i JB 1 HF A £y 45 B A Jit M HC 1A
TR S TICRE, PO G R A R RS 0 2 T i A B

name_index Fikdescriptor_index &4 A i CONSTANT_ Utf8_info AU kg 42|,
IITRER T RS B ) 44 PR LA B R A B A 1 o

index XA R RETERRWURHZE B3R 1 Slot (MAiH . e NS EEIR AR 64 ik
K (double Fiklong), & I Slot % index Al index+1 M.

I fESE —F, 7EIDK 1.5 51 AIZBZ )5, Local VariableFable & ¥ 8 J T — A~ “ il bk J&
™ LocatVariableTypeTable, i ™7 44 i JR ¥E 44543 5 Local VariableTable 4 2, AL
S FH I S B9 BE 34 4 ¥ descriptor_index £ e i 1 7B I AF 4 4 (Signature), XETHE
PZRIERORBE, FERFPR LA A RER A0 15 BOE A By, MREMBIAZE, HF
TR T Z R SRR PR AEC, FALTR S REAER MR K T, BT
LocalVariableTypeTable.

5.SourceFile Bt

SourceFile Ja 1 T} T i 57 42 X A+ ClassSC {4 (Y RSSO AR ARt 2 T i 1,

© PERLSI0FE TSR 9% -
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T LSS Javac ) -ginone B -g:source PEIF X M s ER AL UK TE B 7E Java tht, Xf
FREJIAHKBE, BAMERR BN, (FRA SRR (A FIsh. R
ARG TURYE, b AR, AR AR 2 BN A AT R B S . XA R AR —
MERIRTE, Ha L% 6-21.

#6-21 SourceFile M4

[ % % u B
u2- attribute_name_index 4
ud F attribute_length E E
u2 sourcefile_index L
sourcefile_index $CHE U HE F1 4 it M CONSTANE U3 info RUHRIGRT], HEMER
PRSI S

6.ConstantValue B1£

ConstantValue J& 1 (AF F L8 0 AUDL 6 300 e S 2 MR, HA BE static X5
AR CRARRD ATTRUE A TURSE . 260k “inex=123" Fl “static int x=123” X
BEO S T SE SCAE Java FEFF R 3 ILA SR, R B S0LAL % 530 1 A AR A WAL 6 O LA
B ZIER A BRI . %4 T3 static 2870928 it (bR SE IR AL ) AP 76 5 1 Mo 3 2%
<init> Jrik TR o WO TR, WA PR ST AR - 7ERME R <clinit> Fr ik
ki # i fiEConstantValue J& k. EI AT Sun Javac 4 PRRRITEEE 2 AR final 1
static Je e i — DA R GRIOHEG BCHERR <R B, I HX AN R 6 SO
R B AR H java.lang. String 3%, BE4E AL ConstantValue JB MK HEF7RI a1k, W05
ANE B AT B final M5 ~ B JEAE A KA M F AT s DKL B <clinit> 7 B i
rmtaie.

FARA final K FA A “ConstantValue” B95 X, {H M HEHLALIE b 3 % 4 R4
R F B LA E T ACC_FINAL AR, H %K ¥ 4 ConstantValue J& P #7F Bt 2 L
i ACC_STATIC #5idiifii £, %-final 355 () % 5K £ Javac 447 3% 1 CACA ROBR . 1 %
ConstantValue [ J& ¥ i 2 B F 5 4< JS ALAT String, Kﬁ%ﬁ/ﬁi}dfiﬁﬁﬁl‘ﬁﬁﬂ- H
I B SR A (R R — A#E?&B@i%l%’ P T Class SCIERS 2 i 4 B2 b 47 5 34
TR A £ AR R 05 TR Ji LA SE ConsmmValueE&Eti&%ﬂ%ﬁmiﬁﬁﬁ#

, CcmsﬁamValue!éﬁl'akE‘Ji’*#mﬁé 22, e
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#6-22 ConstantValue B4t

¥ ® & ® o =
w2 attribute_name_index 1
ud attribute_length 1
w2 constantvalue_index 1

MEHE L AT LU, ConstantValue JE 1 & — & KB ¥, € attribute_length %
HEIE L E E K 2. constantvalue_index $4E T3 T % & ity o — > F i & % & 1031,
AR 7 BE 2 A R[], T it 7T LA 2 CONSTANT Long_info. CONSTANT Float_info
CONSTANT Double_info. CONSTANT Integer_info, CONSTANT _String_info # 1K) —#.

7.InnerClasses B4

InnerClasses J& ¥ F0 5% 3826 547 26 2 A 60 IR — AN i LT M,
TR F AR 2 N B LR E BT A 6 P2 I InnerClasses JAE. 2R PERISEH L2 6-23.

#6-23 InnerClasses B #4514

* m & B ¥ &
w2 attribute_name_index 1
ud attribute_length 1
w2 number_of_classes 1
inner_classes_info inner_classes number of classes

BRI number_of_classes (REHEILR LM NHAEIEE, F—AHLHEBHH—
A inner_classes_info AT . inner_classes_info F A4 W3 6-24.

%624 inner_classes_info FHIE#

e & B ¥ =&
w2 inner_class_info_index 1
w2 outer_class_info_index 1
w2 inner_name_index 1
w2 inner_class_access_flags 1

inner_class_info_index #l outer_class_info_index 4B /& #§ [ % # #; " CONSTANT Class_
info MHBIEKT, /HRK T WHRRE EXNHS3IH.

inner_name_index /24§ (8 # it CONSTANT_Utf8_info ZI# RIURE|, fLFXAHEE
HIAFR, INFRER HK, AT N 0.

inner_class_access_flags & N2 M FIFRE, 2L TF R access_flags, ' BB T
N 6-25.
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#6-25 inner_class_access_flags #i&

"~ RAER Y TR

-~ ACC_PUBLIC — ~ 0x0001 | AEREE N public
ACC_PRIVATE 0x0002- W A private
ACC_PROTECTED- E 0x0004 N ERAAEE K protected
ACC_STATIC P 0x0008~ WHEREN static
ACC_FINAL 0x0010- [ AEAREH final
ACC_INTERFACE 0x0020 P52 A synchronized
ACC_ABSTRACT 0x0400 [~ WHERZER Y abstract
ACC_SYNTHETIC™ 0xT000- F o BT 0k s i R P
ACC_ANNOTATION ~ — 0x2000 b REREER R IR
ACC_ENEM 0x4000 — F WERETR— R

8.Deprecated & Synthetic B1E

Deprecated il Synthetic B> & HE#S R F AR B XA A /R B, RAFEHFRAEN X 5l
BRI IR

Deprecated R FRRFEAS FREE L, CAWEFEEE N A HIEFER -
EAFLLES RS P H @deprecated ER TN E =

Synthetic J& ¥R I F Byl # H LI AR Java RIS E 7410, THEMGHRBAT
W, FEIDK kS ZJE, fRiR— K. FREETEREFERS BSEMN BT UREE
fFVIRIAR S ) ACC_SYNTHETIC #Ra&dl, H i BB 5 i & Bridge Method. FA i
ERPRER A 2 Ty ik BT B 2 D B Synthetic JRAEA ACC_SYNTHETIC 4538
fref—a, ME— SNSRI “<inic-” FPEFZEMIEL “<clinic” k.-

d 1 Synthetic J& R, RF6-26.
#6-26 Deprecated & Synthetic B hI&iE
%X B & ® o &
2 attribute_name_index 1
ud attribute_length 1

FH attribute_length BRI (ELA4T K 0x00000000, B A 8 A 4] J& M A7 AR

9. StackMapTable Bt

StackMapTable J&¥:7E DK 1.6 ZAF/FHEME T Class UMM H, ER—MERMLER
Y, (T Code BB BPESR T . X181tk £ 7E B LML I ER AN 75 BD UG TIE Iy B Wl Y
RFERIER (Type Checker) A1 (WL 7.3245), HATETHELIRT LA I FEVEAE 402 T4
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PRSI FIOUER .

XANRBI AR AR AR T Sheng Liang (W44 01 F /& M fLHLAT BA #P A 475 i 51 )
2 Java ME CLDC S F 5 A9 B IERS - 7 0 50F 2% 76 [FIRE AR LRI Class SCH-8 sk 0 AT 42
T R T IEB AT BAR M S BN W ESROAT AR A R BE, TRALE SR
B — RIIMBIELR (Verification Types) FIH:TFAE Class M2, g My X S I0HE
RS T RSB, I EHRT T W BRIEMPERE. XA RIS IDK 1.6
ARGt JFEAE IDK 1.7 oS AR A 2 T MM 00 7 B I 88 . 6 T MR SR T
FEIREE, (Java WAL (Java SE 7 B0O) 1£5 78 120 TUARIWRUHEAGE, 3 HLAMT
UEBIRTRTE T T, TR AR

StackMapTable J& ¥ 1405 % 2 & MWL (Stack Map Frames), S AMEBUHWIER S
ABRBRI AR T DT BB, T RR T B4 R R 8 i A Mok
ISR . ARG 25 W IE 25 2 1 R A 7 9 )2 A B R AR P 70 B K AR
FE—BF A REF QB AN, StackMapTable JB AL H L 6-27.

#6-27 StackMapTable Rit#45#

*¥ @ & B ¥ =
w2 attribute_name_index 1
ud attribute_length 1
w2 number_of_entries 1
stack_map_frame stack_map_frame entrics number_of_entries

(ava fEUBLMLAE (Java SE 7 D) WIBIHLAE : 7ERRA 2 K F 5% F 50.0 ) Class 3
A5 B 8 Code J& # h % 4 M # StackMapTable J& #, FEMi kB CH A — 4
K 2 9 StackMap J& ¥, 3 4~ StackMap J& ¥ % /5 il % @] F number_of entries & % 0
StackMapTable JE 1. — 77 Code R % HAEH —/ StackMapTable J& 1, 75 T4 i
i ClassFormatError 57 .

10. Signature J& 1t

Signature JEEE IDK 1.5 ZAGJF#NE T Class AUHAEZ b, B R — T 61 2 KR
e, ATLLHIR T IR YERA RS RYER P . DK 1.5 A WMIE T Java i
A, MR, RS B WA R B A RS A IR A T A i (Type
Variables) ®Z B (Parameterized Types), Nl Signature Ji # 2 3 & 18 718 M4 4 15
B ZPFUBATIERLRRE —NR RO RIERAR, RE N Java 165 0935 BR FH0 R 5%
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HEBAMZR, EFHE (Code JRHE) h, ZHFEBHF KRR, SHMKE) 25
A R (R AP AL R SC I (BB Javac SiiIFERE, HEAIOLAIHE R4
TARDMBEh ) A% %55 33 Backport, EFTHIULAEGE W 4 — LA RIPT &5 N AF2S [, B
WAL RBITIIRRTCRAR CH A FUZ R SCRE IR FIRRE, 2 BT 5 P 5 S5 23
RIS, BIAEFTIUR S AR B (5 B . Signature JRFERLE 9 T #RFhX A
TISEBERY, BUAE Java (K SLGT APT AREEFRIUZ RUAY, BAMBERRTRMREX MR, X T
Java iZ R, Signature JRYEFIATRIBERR, 7E35 10 BEARHRIFR AL IR L5833 — A Bk
BIFHKYHE . Signature IRIERIZEH LK 6-28.
% 6-28 Signature BitRY %4

*¥ B & B H B
w2 attribute_name_index 1
ud attribute_length 1
w2 signature_index 1

Fof signature_index WK AAAURE— % 3 BOBIIABRS| . W BAEL RS A a9
Zij& CONSTANT_Utf8_info 454, FRKBA. FELRELRFEERESL . QR4
Signature J&HERH MR, WIXAEEHRREES, WFMHTH Signature BRI %
RERYE, WX ADEMFR I ERRIES,, WF SR Signature MR FBEFRABEE, WX
GFRFBRES .

11. BootstrapMethods f&1%

BootstrapMethods J& ¥ 7E DK 1.7 & A5 M%) T Class UMM Z b, ER—AH 4.
BRI IR YL, (TR IRYER o XA B T4 invokedynamic #5451 931 97
HRERF. CQava BRIPLALE Java SE 7 B0) HUE, WRKEAKIMHLERKH Bl g2
i Bl CONSTANT _InvokeDynamic_info 25 %) ) ¥ #it, AR 4 1 A2 3C 1 ) & 4 2% L S 7
FE—~B1#i ) BootstrapMethods JR 1%, 534t Bl CONSTANT InvokeDynamic_info 2
AN B b B U, 2SSO 9 R e b R 2 A FLBEAT — 4 BootstrapMethods /i .
BootstrapMethods J& 55 JSR-292 1 ) InvokeDynamic 44> Fil java.lang.Invoke 433 & 4k % %
Yl BAGXNIRYEMMER], AFSEFHE InovkeDynamic 154 MOIZIEFIE, EHKLES 8
FEITH L WREENBEN, FEemnst.

H A #Y Javac BT JE 4 A InvokeDynamic 54l BootstrapMethods J& ¥, % it —
SRR T BA BRI EN], WVFERAMKR, 5 ISR-292 FARM—2, AR
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BE457F . BootstrapMethods JEAE 454 1L 6-29.

#6-29° BootstrapMethods R4 44

® B 2 R L LI
w2 attribute_name_index E
ud attribute-length B 1
w2 ‘num-bootstrap_methods 1
bootstrap-method bootstrap_methods num_bootstrap_methods

Hro 5 A EI-bootstrap_method Z5H4 L% 6-30+

#6-30 bootstrap_method JR%E#I%5H

L B B H B
w2 bootstrap_method_ref 1
w2 num_boofstrap_arguments =
w— bootstrap_arguments [~ num_bootstrap_arguments—

BootstrapMethods J& 1 *', num_bootstrap_methods 351 i 45 i T bootstrap_methods[}
BRSSO R E R RCR . T bootstrap_methods[] B G RA LS T —MEEH
#it . CONSTANT MethodHandle £ #8 R 510, ERET —15I1 9%k, S0 T3
RIEGESBATFF) (FTHEHZ ). bootstrap_methods[HE 4 BN R A VAL LT 3
AR
@ bootstrap_method_ref: bootstrap_method_ref I ) {E LA %1 i — 4> Xof 4 it i IO B 2 &K B .
H B TE A5G Bk {441 — 1~ CONSTANT_MethodHandle_info 4514

Q) num_bootstrap_arguments : num_beotstrap_arguments JA{E 4% i T bootstrap__arguments[]
BRI R

EEb X ]+ bootstrap_: TR (9 5 A IR B SR — A X i
Mo AR RG] R A X R S BUR T I 45— : CONSTANE-String_
info. CONSTANT_Class-info. CONSTANT=Integer_info. CONSTANT Long_info.

CONSTANT Float_info. CONSTANT Double_info. CONSFANT_MethodHandle-info
5% CONSTANT_ MethodType_info.

6.4 FUBELEN
Java HEBIBLIHE & D FH KB, AR IRAFEEE S LORT B,



HEW HHEM o 197

Opcode) AR BRBEFGMEE S MURIIREFTTSE (FRABRMER, Operands) M.
1T Java HESUHLSR PR () B AR HORR TTT AR A A7 2R A0SR PRI i) DX SN K ZE SR 8
BRI, BRSO S BT RMER, A —MRMEG.

FARHG SRR —FEA B RS BERI IS, BTIRH T Java i
RIS B K — A4 (B0 ~ 255), IXREDRAFHE S SR AOBRMERD MBCR AT it 256
S5 XHIF Class SR FE T 98185 (RIS IR MEBOR FEXT 57, X Rk REVR %5 M D WLAL FEAR
Lo — A F R BARABHR, ARG RAEEITR A o RRBUR A, IR —
A 16 (LA BE R AT SR BB TAFS FHFERRR O ENIMA N bytel M byte2),
ENE R XA«

(bytel << 8) | byte2

AR PR b2 PR R DUT 7 W RBUR — St (XAt kB
B, BOE T BRAEROKBERTSFS, SRRRsRAE T LIS B R S HOEMEIRAF S A7 iikig
PRAERY, R TR AT REARARAL VRS T SRR . XA SRR AT R /NI iR W AR
FEEHR Y Java I F BT Z AN M 4 B RERAMEART RIRER, H—HBEHES.

RAE S5 WAL FREGTE, B2 Java HEFBLAKAERERS AT LA T XA Db RS 24 B3
AR PATRADR IR, XM PITER R AR 2, ERIATT U 20 T A

do {
B#ITH pC HFBHMM L
REpCHFBUHTEE, KFEFORPRUREHS ;
If (FHBAEREHR) AFFDRPREREL;
PATRAED BT Xt ;

} while (FHEAKE > 0);

6.4.1 FPHBSHIBAER

1 Java EABLAGHS &30, KBTS A A T ILEAE IR R BB ARIE B . 41
0, iload $4 T MR BSAE R 2 AN AR int 0 KCHE VR AEOR T, T fload 384 AR MO
Ji float HAIMBCR . CPHAHE A (A LE R DUHL P RSP 6 22 2 11 ) — BTSSR S By, {ELAE
Class S e 4 3L 8RS

© FHBHSWAA LIBREFWHFM, A “wbleswitch” 1 “lookupswitch” B, hF eI
MBI, AT RRISTFN, AL R,
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RO SRR KM FATG L, BN AR AER B A A0k 1 4
U1 [ T HB R ER IR - TARRRY int RIBARIRE, 1103 long, sfU3 short, bAE
byte, ¢ftF char, f{U# float, d fL3 double, afl# reference. tLH—Le354 (RN h
BA I PIRAE LT F 1, A0 arraylength $54, E A REBIEAB 7/, H
PAEHOIGE REER— PR LRI G B4 S 5h— 1354, INTAIEBEIEL goto MRS
BRI K

BT Java BAUBLAARIERS K IE A4, FREMSS T HR A I ISR 3 54
BB MR TARK AT AR —Fh S X R K IR A BRI 1 Java HEBINUIFA 157500
WARKTIEE, AR 1RO LA A TR G RURVE T . B, Java 1
FABLHGE S X TR R R AR 0L T A RO B RS 20 E, BAlE . 154400
SHEMEH RIS R Java EBHIHE LR FEEFR R “Not Orthogonal”, EI3F
AR ST — R RERLROTE 40 )0 A N 8 4 T LA ZE 0 1 A I S
SR SRR SR O AT B R

& 631 FIHET Java SEIUHLAT SR SBAER MK F ARSI S, St o I AT
SRR AR A0 opeode S BYFE S BERR A T, AT DU B — A~ BRI T4 4
UnSRAE TR A SR SRR AT PTSIE IE (R 935, IR B UL 3w R i 2
BUBATIXGURAE . BIUN, load 36445 B-1E int EAUM iload, {HRNEA HRE byte 27 7 26
4.

W, M 631 PATLUE , KHAF5 4 ER A LB byte. char 1 short,
B EATHE A S HF boolean 2. 45 48 2 7F 43 1F WIS 1T I byte A short 270 A %
WEHAES § R (Sign-Extend) Jy 4R 1 int 2HI K04, H¢ boolean Fil char 25 B B 42 2 {1 5
J& (Zero-Extend) yAH . ff) int 2 B ¥(H. 52 KM, #ELHTE boolean. byte. short I char
HAVRBANT, AR5 B A ) int SR AT 1RSI SR AN TR, B, KRBT
boolean. byte. short Al char K AVELHRHIBRAE, S2BR L HRIL G AR B9 ine 287048 Hyiz k)
(Computational Type).

®6-31 Java BANIES AT BIRATY

opcode byte short int long float double char | reference
Tipush bipush sipush

Tconst iconst Iconst feonst dconst aconst
Tload iload lload fload dload aload
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(€]
opcode byte short int long float double char | reference
Tstore istore Istore fstore dstore astore
Tinc iinc
‘Taload baload saload | iaload laload faload | daload caload | aaload
Tastore bastore sastore | iastore lastore fastore | dastore | castore | aastore
Tadd = - iadd ladd” fadd dadd
Tsub- L isub Isub fsub dsub r
Tk b imul- Imul fimul dmul
Tdiv L idiv Tdiv fdiv- ddiv [
Trem- irem_ [ Irem frem drem
Tneg Lineg | Ineg— feg dneg
Tshl Fishl Ishl
Tshe F Fishr [ Ishr -
Tushr iushr lushr B
Tand iand land
Tor ior lor F
Troe ixor Ixor L
e ~i2b i2s i2r i2f i2d
BT F i - 2f [ 12d
27 E E £2i 21 r | f2d F
@r E | d2i E d21 d2f [ P
Temp F lemp [
Templ | fempl - dempl
. Tempg = E [ fempg [ dempg
if_TempOP [ if_icmpOP £ r if_acmpOP
Trewm | iowm | dotwm | fretwm | drotum- arcturn

i (e, R, i&ﬁ?nﬂ*Ai*ﬁﬁfAﬁ z—wﬁ B
S MR Java B ANLE SRR B R TR M PR RO S %%ﬁ?ﬁﬂ&#&mﬁk
;ﬂ»ﬁ X, BIOIS N AF T #i@m&,maﬁﬁﬁngﬁﬁmw‘
#%Bﬂb‘i%%ﬁﬁ%ﬁ‘] (Javaﬁﬁ).ﬂﬁﬁ\i (Java SE7 JON | B‘]% 685,

i X

642 mﬂm@ﬁﬁ% . 5 o ) iy
Mﬁﬂﬁﬁ#@mf%ﬁ&fﬁﬁ*%ﬁ%lﬁiw&ﬁﬁﬁ(L%lﬁ%%ﬂ#ﬁﬁ
e Mxm%ﬁ.zﬁméﬂﬁm$mﬁ,, < o T ',;f
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dload. dload_<n>. aload. aload_<n>.
Q #— M BEBRIEBOR A5 B[ AL & % ¢ istore. istore_<n>. Istore. Istore_<n>.
fstore. fstore_<n>. dstore. dstore_<n>. astore. astore_<n>.
QO # — 5 4 /i 4% B 2 4F $0k% < bipush. sipush. lde. Ide_w. 1dc2_w- aconst_null,
iconst ml. iconst_<i>. lconst_<I>. fconst <f>, dconst_<d>.
Q yRFHMERRGFARSHES: wide.
AR AR M BORAN R A B T R e AR AR O A TIRAE, RS, i
HCRAR S, INVIFEIXT S T BB TO 3R 1945 4t & T BRAEBOR S BN «
_ETEPTFIRE S BE R, A — M RUARIE S AR (I iload_<n>), XULiES
B AFSEbR ERARET —HE4 (HI4 iload <n>, EARE T iload 0. iload_L1. iload_2
iload 3 LRI RILATRAEBIEANNA — MRERIERES (HIW iload) MR
T, X TR THHHRIE AR, ENEMET BROBRER, A% EHTERIERN
e, SEhr FRMERRRIR ST S . BRT A4S0, ENNIMIE S RA BB RIS e
(714N iload_0 f)3E CSHEAEBCH 0 B iload #5418 X 58 @—F0 . IS Fm I iEfEAS
PAEe (Java HERIPUALIE) rhaE AR .

6.4.3 EHER

BREAAES AT R LR EAT M EER, O RER A TR
PR, K R ARG TS MR - I RBHE TR 1545 0P SRR 742
HHEHS, TRRBRAARIES, A Java BRYLAOBIERE, o FRA EELH byte.
short., char Fl boolean 2RIMHARTE S, X TFRABHRAEH, PR int KR EFE S
e BB RS ARIE A TER AR R RO S A ARR TR, A REAR
/AT

Q k464 iadd. ladd. fadd. dadd.

Q Wk4E4: isub. lsub. fsub. dsub.

Q Rek4E4: imul. Imul. fmul. dmul.

Q BREE4 idiv. div. fdiv, ddive

Q RARHE4: irem. Irem. frem, drem.

Q 454 : ineg. Ineg. fneg. dneg.
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Q #5454 ishl, ishr, iushr. Ishl. Ishr, lushre

Q #Aol#E4: ior. lor.

Q #4584 iand. land.

Q #efr Fak#E4: ixor. Ixor.

Q R [##154: iinc.

Q 44 dempg. dempl, fempg. fempl. lemp.

Java BEPLIGTE SR EHXFE THE (ava i3 ALE) sPHR M0 &R M BURIE
(B Qava BFHIE B3 BO) Tl 422 1 424 %) B BUREHTHES SHM%
i, BN IER BTN, HRTHSE—DRE XHECE R AR SRR H
L. W TRFSURULRIA SR, (EHE Java BAHUMLTE B A WIHH & ST 4 RS0
WAMGER AR, (IR T Mg R, FARAIES Gdiv AlIdiv) BARRAES
Cirem Fl Irem) tf >4t BUBR BN T 2 FBUR B ) ArithmeticException 5%, HA(Ef
fictish R g F AR U e s b

Java K BIERLAS SR MR HL S SRR LD BEVE AR, AT KA TBEE 754 ML B AL
SEMTT RG] WALRSE, Java BHRUWLLASE & SR IEEE 754 thiE YR E SR80
¢Benormalized Floating-Point Numbers) FI#Z% F#ii (Gradual Underflow) HLEAM . XLt
IR 2 ML S A SRR AN A 5 — 2L

Java HE UBLESR7EHEAT R AUVBGES AT, AT (048 345 RAR L0 70 & A B MRS R, 3
R RIS A P eom B R RO B (WSR2 5 0 —
B, W R AR PR A R N B . DR & ABER R TEEE 754 S5 A RIA & AR,
Bkl i BT e AR

TEARLR B BN BB, Java EIUHLAE I TEEE 754 470 P (pm B AR, X
P KGR SEORFHRY, /AR R F W EF .- R & ABDH
TE HARBE A i P BRI R A R F IR B A A BN 1 & AR . .

54 Java HEIUDLAEA PR S RGETENT, AL HEMTLEITR B% GXEFFHE Java
W PSR, TEEEE S IBEE 7549006 B PR A S ELARIR IS, IBEE 754 MR RN R
—HERATS), M NEAEPER I R A R S IT KRRR, IR
LEFBA I RO SE T, K ST NaN EDRFR . A (4 NaN (e e E
REfE, L5RHSLHR ENaN.
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TEXT long KTIBAHHEAT HARS, MUK AMAE S 00 LB 20, T4 7P AR AT He
S (dempg. dempl. fempg. fempl), HEfLHL 23R F IEEE 754 UV T 5 S04 o5 5 L8
(Nonsignaling Comparisons) 73

6.4.4 RABRIES

SHAUBEHAR 2 AT LK PR AR BRI TAI B R 4, S S A — R TS
PR ST ARAE, B FHRALTA S TF 3 B4R 1 7 1 Y 5 4 B K A
KA L To SRR AT — — X7 A9 [l

Java HEAUHLECHE SRS (DS Hi TG B A0RE BAE &) LU F SO 3 9 AL 2 30 B
(Widening Numeric Conversions, ~Ejl/INS FEI2K 280 1 Ao I 80 19 % 4 460 )«

Q int 265 long. float 5,# double 2%,

Q long 2595 float. double 2%,

Q) float 2673 double 2%,

AR A, ARFRAE LA (Narrowing Numeric Conversions) Hf, @441 i@ 3 i fd i 5%
BAGLORTEM, REFHAEAWIT « i2by 2. i2s. 120, 20 21, d2i. d21 F1 d2f. AEfk
BB T RE & S BRI R E AR IE RS . ARMGERR O, i BRTESS
BN RS

FEXF int 3K long 2T ALAEI N REMKA T AORHEE, St B 000U i ik 5 e b1
BLNAFHLSMINE, NRLE T MR, SO T it S BS54 A LA R
FIRIESR S . X AARE S ERR, VA FORAT S A TR R 0L, B EF IR, otk
SR SRBR TR N N FHELLT .

A — D AR B R T (T R T int 3 long 282 —) MURHE, #5208
DA -

O IR G2 NaN, BREESR SR ARR int 2K long 2 0.

O W37 S AR TGS KA9TE, PR HE A [EEE 754 MR & AMRTOE, %t

v, WRvEEREMT Gint 3R long) MFRMEZN, IHRERRE v,

Q B0, HHEE v RS, F8h T FrAERR MRk /N ER .

M double 270 51 float 2 B i A% {5 it 2 5 IEEE 754 1 5E i — %, iliaf IEEE 754
TR 3 e ABESR i AT B — T AU float 2SR OB ISR Hst A LR A
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N float 7R (35, HFIR 9] float 2T A IE 138, ISR 45 4% SR A 46 X (LA KT
T g float HARINIE, H#RE float KAIIEFIEITA, # T double 2%If NaN {EHf 1%
HUSE RN float JSHU(H NaN {H.

FRAE B A A T e 2 A L BRE R BR e AR R RSN UL, (E Java K
AL T s R 2 R A A Bl 4K e S T il S BUR AL L AT 52

6.4.5 WREIBSHAET
BAKL OB R R, {H Java LT 2901 B 09 QUL SHRAEGRH T A
[ F AR A (FESE 7 e YRR B A il 28 M 6 R QS R AR ). % G g
S5 BT LA i 57 6] 4 4 FRIBOR G5 ) s A R S R A T B LT K, X
HEWT.
Q QIR BATES: new.
Q BI#EANE S : newarray. anewarray. multianewarray.
QUi FB: (static FB, sEFONEERD MLBFE I static FB, REHHL
Bl (9354 getfield. putfield. getstatic. putstatic.
Q =BT R IR B BB A9 464 « baload, caload, saload, iaload. laload.
faload. daload. aaload.
Q 5 — MR B A S BB TR (9 FH 4 ¢ bastore. castore. sastore. iastore.
fastore. dastore. aastore.
O B K54 arraylength.
Q AR IBIAAIAHE 2 - instanceof. checkeast.

6.4.6 BRIFMKERER
R — A B G A T A HEARTISAE, Java HERIHLIRAE T — 20T L ERAEIRIE S
RS, e
Q H R EBUR AR DT — s A JCE HH4%: pop. pop2.
O S 01— A B AP O O T (L A7 B9 52 (L T 7 FE ABR T« dup.y dup2.
dup_x1. dup2_x1. dup_x2. dup2 x2.
O Fr A U A P BUAH T swap.
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6.4.7 RHIRBER

PR A4 T LIAL Tava BEAULDLA Al F ol e A E s R OB B & T A R e R
A BT — A SRS ITRT, WL EIRR, oA DR R S R A el
TR MHEY PC FAFARINME . BREBIRSMT.

Q&ML ifeq. ifit, ifle. ifne. ifgt. ifge. ifoull. ifaonnull. if icmpeq. if icmpne.

if_icmplt. if icmpgt. if icmple. if_icmpge. if acmpeq I if acmpne.

QE 445 tableswitch. lookupswitch.

Q T&MSIK: goto. goto_w. jsr. jsr_w. reto

1 Java EHIWLFHA % TH046 4 5 FIRALFE int 7 reference K7 I A AF43 32 LLBERRAE, H
T A BARR— SR null, A% 1A TR null {4

5RTE R ARE AT A B, 3T boolean K7, byte 3%, char 2B Fl short 27
B 5 S LR AR, AR ine TN HOBE R SE AL, TIXT T long . float 2570
0l double ZEAUE AR 43 32 LEARMRAE, WISEHATHIRIS R HOBGE 54 (dempg. dempls
fempg. fempl. lemp, W 6.4.3 49, BEHHARRE — P RAEREMEHRF, M5 FHRT
int 27 ) AR 4 3T LB SRR SE B SRS .l AR B AR AR R AL int
SR LB, int KA HERE @R M BN EE, FFLL Java LI int 2
RUB Fefh 3 STHE 4 R B FIGE KA

6.4.8 FEARIRODET
FrHEE SR PATRE) HES 8 EAKUR, XE GBI T 5 ST A
SR
Q0 invokevirtual 154 FI F I FIRT GBI SC B 7ok, AURRERAGSERRATMAT AR R
SHURD, X AR Tava TP AR AMRTT
Q invokeinterface 4 Fi FIRAIRE (3%, B LLEEITIHER — N EH T RAE 7%
HIXTR, RS A AT .
0 invokespecial 54> F ¥ — S SEASTRAN TR0 S0 Jr 0k, ADABSEBIANMAIL I o, Hh
A HERREI o
Q0 invokestatic H#-4 I FIHE % (static ).
Q0 invokedynamic 34/l FAEIE A7 B RBT (0 S BSEAR T3 | B 7o, 44T 1%
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Jrik, BT 4 HV8 FIHE4 B URZ HER L AE Java HEALULIIEE, T invokedynamic $
A (95 IRE AR 1 P T 5 | § T R PUE B
JrEE AR SRORA R, Ty kR EE A R AR R EE M KR KA, Wi
ireturn (43R [El{&ifE boolean. byte. char. short Fl int ZHIAHEF), Ireturn. freturn. dreturn
Al areturn, 53 5MEA — 5 return $5 UL void BTk SEBIRIRA LT A KA 1 Y
KBTI

6.4.9 RELEBET

1E Java 727 P @D 5 OBRAE (throw i %)) 45 i1 athrow $64% T8, BT H
throw iE4A) B FHFBLZS, Java BBVIIIEERME T L2170 75 SLEHAM Java
MDA R B S AR OLE H B . I, FERTE AR OB BOE ST, MBRECO B,
EINLEAE idiv 3 1div $54-FiH ArithmeticException 5% .

WifE Java E#ABL, AbFRFH Ccatch iBH)) ANREHFHHIELRLAMN RAZRY
ZofEE ] jor A ret FRET, BAACEAHT), TRRHRHERZRA.

6.4.10 BEHES

Java BRAUALAT LI SCREDT R 5 AT 8 — BB & R BRI, X B R) 5 458
RAEFAERE (Monitor) HKIFHY.

TR R R, B AUE TR A A, 96 BUE O R R (]
A2 . B HUALAT LU T ¥ % i M (9 J7 ¥ R 4549 ¥R 9 ACC_SYNCHRONIZED i [a b7
BT ERBEVNRAL . M EERR, BRESKSRE T %K ACC_
SYNCHRONIZED ViR &R A HiE, MREET, JTABRERERDFHAER, K
JEARERATI R YRR (B RIEH TSR ERER) WRMER. £k
PATHIE, PITRBA THER, HAEMLKREESERRER MR, IR R
IrEPATIRIE T 5%, I EAETEN IR I R H IR AR I A
BRSBTSt A SRR

R 25— Bt 4 4 I 5113 H /2 i1 Java 5 % F 9 synchronized i A HORFIRIN, Java HEHIHL
546444 monitorenter Fl monitorexit Fi#k$54 R 3 #F synchronized KB FHIEL, FEHL
3 synchronized S FHE Javac 4iiF355 Java BEAHLFIH SR YMELTE, BATHE 6-6
FETR RS .
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REi#L 6-6

REEFET

void onlyMe (Foo f) {
synchronized (f) {
doSomething () ;
}
}

HRSE, X BRI R T RS

Method void onlyMe (Foo)
0 aload_1

1 dup

2 astore 2

3 monitorenter

4 aload 0

5 invokevirtual #5
8 aload_2

9 monitorexit

10 goto 18

13 astore_3

14 aload 2

15 monitorexit

16 aload_3

17 athrow

18 return

Exception table:
FromTo Target Type

A2 F S PN

NEBBRTE (WA
NAEBRTEEFHE BB EEE Slot 2%
NUBRTRTE (B £) A8, FHhRy

A REER Slot 0 (W this #4) WAEAK
/I ¥ R dosomething () F #

N F#HERE slow 2 K (B £) Af
IR E R

NHEEHER, HhEE 18 KB
KRBT RRH B, LTERNEE Tager 13
NHBBEE Slow 2 WK (B £) A&

& S 1ckd
NHERBER Slow 3 MK (WREHE) A
IR REFRE S onlyme () J ik HEAH
Ik ERRE

4 10
13 16

13 any
13 any

R LAGRARTI Ty Bl i (TR T E AR, 7 P AL 48 4 monitorenter 15 4-%5
LGATHI R monitorexit 54, Ik E R G HE RS AR .

MARED 5 6-6 (97T FFH b /T AR B,y T ARIELE 7 2k 5% 56 S monitorenter I
monitorexit &M AT LLIEBECX AT, HIEME BB E— N REALEES, XARHAbE
AP ATALBA (5 B E R AIRAAT monitorexit 154,

6.5 AFZITMFAFEHR

Java HERIBULAANL T Java BEBLBIA FE R FFAEBAR S : Class SO R4
TR XN E SR HAERGESIRAY Java BEIBLSCBLZ 252 2000, HEALAL
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SIS N R R R E A R ava F G LB BRE AR 2 A T F-B o

AR B S A SE I B 4 R LR AE WAL A, Java KB AIHLSE BN/ REAS SRR
Class U IF RS2 BLAL A ZE L i Fava HERUIDLICES I3 S 02 Java HESLIMTRLIE — RUANZE
MBI PSR (A SR — R AHTHR A, B EF RIS, e Rl
BB i 29 53 BRSSP B AR SE 2 RAT 1, I ELRE ARG b T i B 55
BH AR R BRI Class SRR AT AR IE SIS, I HAS7EH 035 A8 BI5E
BRRE, IRSCIE R AT A AT 2 SE B SR X, s HURA G fTAbIE Class 3cff
SEARLIE A O MEN, REEEIIE D LR SR 6 -— BB,

TERHLSE I T M X AR SE ML Tava MEAUWLARTS B AL R TEMRATNFE R RES
H TR TR, SRS E R YT Java IESIHLISIRIT HARFISCE SR 4. BEAIMLEE
B E B A LT R

£ KA Y Java B LIRS ZE RSB A B LS Sb— Fh R SIIMLAG TS S48

KA i Tava i LA RS 72 0 B SRR AT i BRI AR A EDECPU A M5 44 (B JIT

PR REAR) .

A 52 SCH0 R RABILAN B A SO A 2 07 24 X e #0A ML S B A Bk = A R S B FR
Java HESLOUSIAR T ARAT LA A A AR R SEE, I B4R ST LIZER RN P A )t
RECRFEM. B, HBAMRITER.

6.6 Class XHEHHIER

Class SCPH4HI E Java SIS | RGT LK, COA+SEMAS. X+S4E0,
Java FARKRA T BIR ML, IDK WA SESM LOMIFE T 1.7, % FiEE.
APIBAK Java BARIKR TLU 7 HGAE M, Class XPELEH— LA T LARKAE BORT, Class
SRR R TS 1 SURIBCER L P A BB EIS, B A Class PRy
B, AR R R R AT TR RR A R I

WAL Cava B BIBLAE (352 50D 3 HEMERT LA MOTE, AR AZEIRSE Class I

© ERILBOHE— LIS SRS (Debuggers) . tEREMBLAS (Profilers) AIEPH4%28 (JustIn-
Time Code Generator) %47l fE7 &1l — @A “ BB A" BTE.

©  HREEN, SRR FE R R A AT LU, B, TDK1.0. 28 M # it invokespecial 4
3 X JDK 17340 T invokedynamict§ 4, 2 1k T retjsrif 4.
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R EBTBA, VitRE B MAT ACC_SYNTHETIC. ACC_ANNOTATION, ACC_
ENUM. ACC_BRIDGE. ACC_VARARGS #t 5 M. i J@ K% 4+, fEIDK 155
IDK 1.7 KA Z 1] — L5 T 12 TR 08 v, 5o 46 8 1 K043 i T 38 Java i 237 tH
HIEF AL, . BERSH. BR. SEEMRS. B8 LN T XHHEIGEMA
RIFE, BN IDK 1.6 MHTARIEI AR StackMapTable JE Y% I Java (UFS IR h FAFI
SourceDebugExtension J& .

Class (SR B B F AL ORMERI T RSN XRERGD R RUEMTTY
JRIEE S, 2 Java HARKRFIF G, B RPN BT A

6.7 EE/INA

Class X412 Java HEUBLIATS I EMBIRA L, W Java HEARERGERMRZ —. T
i Class USSR IE HE— 24 T BERWLITS A REE QL.

ATEEMVIART Class GRS NGRS, URSNRARE L. B
BTk . WL REBT N 6-1 ) Java fUS 5B Class SCAFREB], ASERRIITT RWUR T Class
BBRR MBI RERIITIIR . ISR 7 BETFHR, RATHUSIERY. E1TRI MR BB TG
WA BT S| bR B R R AT 1 «



BTR BHHLIIMEALR

ISR LR AA IR R T4, RAPERS SRR —/ N, HRGRIAS
R —K o

71 HER

L FERATT T Class SFFFRHR 1 SLARAIT, 7E Class SO th HR 1Y 4 b 137
TR T NAE e WL 2 S5 A RS AT R . T SBUPL AT AN 3R3X 26 Class SC4:? Class
SCiFe g B AT IUS & KA 4567 SRR AT TR Py 2

LR HR A BRI Class SCPEIARBINTE, JEECRMITRR . STt
Moy TG LB L BB Y Java 268, KRR HEALHLAG K IMAHLA .

IR G PR T E AT TARME S AR, £ Java if W B, KAMMR. &
BRVBIA 3 BB AL B AT WA SR, S OO LR 2 % S AR Y GO i — e
VEREFFHY, (B4 Java B FRF R E MO R TEPE, Java BRAT USIAY RIIES
FFHERA K BUEAT I3 2B Sh 25 0 B S ING o IN, A0RR T — A o
CUE R FARR)T, T LA B2 47 B R4 s JESe bR S B0 ¢ R T LUl f Java BUE XA
FISE SRR R A 0 1 PR T I 52 47 6 DA R 24 536 A R — A — i
IR BB IO — B4, SRS R Y 977 2 H AT E 2 AT Java BFEZ .
B ERE ) Applet. JSP BIARR & 29 OSGi Hi AR, #E6EH T Java i F B 47 MMM
k.

KT RE T R REP RO, A EATFAZN, BHERRAES L
Y€« Hi—, TESCBRASBLD, A Class SCFERA AT ABR % Java iB 5 P — Rz,
JESCHEAERS A7 MRARSEE TR DA TTARYE, T T O T A TR 9
LAY B, SR Class PRI —80, BHATEFRIN “Class
SCHF IFARRHE SN T RARRE R R 0930, X T “Class SCHE” YR — 8 — i
FIRFW, T TR
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7.2 EMBRIRIH
MBI B RPN AR, BIEBR AL, ERENEGRMAE . m

# (Loading). & i (Verification). M % (Preparation). ff 7 (Resolution). #J # ft

(Initialization)\ {#f/fl (Using) F#I% (Unloading) 7 KB, HIAT. H&. Mir3 4

WAOGEHRHNIEHE (Linking), X 7 BB & A UTANFE 7-1 F7R.

3 (Linking)

B 7-1 ReeEArA

B 7-1 b, ImEk. K. e mﬁwﬂﬂﬁzmm&mm#ﬁm%m, Seyhn gt
R X R AT I 4, TR BN — 52 - EAERESEE AL ] RIZEM B 1L
BB G EITAR, RN T IR Java IE T MIEITRSE (WRRABIBMERGgE). &
B, XBEFGHREHRIM TFih", MAZEHRIM T R SR, BMExs
PR Ay X S B AR AR A IR A AT Y, 0 S — B BT R R R
WIS~ B

f At TR EITRA NSRS — B MAR? Java HERIBLHLSE P8 75
LI, X AT LA A LA LS Bk B AR LR TFAAMLR B, AL
RREHGE TH B R S MRS B AT WAL (Tiingk. BiE. & A
BAEHZFITAR:

1) %) new. getstatic. putstatic 5 invokestatic iX 4 £ F WS40, WIEK WA WFT
dEhAe, MR SRR HAA. AR 4 S48 4 MRN DL Java RESHEE « (4 new
REEF LG RO BB S — K0S TR (Bifinal (5Mi. B EGIFIINGE
RAHE RIS TR ARHE, LR — N M S I s B

2) {#ifH java.lang.reflect LAy IR EHEAT S VA RURT AR, 40 SEABA HHAT L WIHA 1L
W e b & HA BRI .
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3) YL RMBHE, WU EIIL KA BRAT AT, T Sl R I
LMWL

&) MERHUSSE, HPTRERE A ERTHESL (BE main() TR, #
EVL B G A

5) M{fi ] IDK 1.7 BIBhAIET L, R — java.lang.invoke MethodHandle Sl #
J& W BT 45 5 REF_getStatic, REF_putStatic. REF_invokeStatic (77 ¥ 404%, I XAk
AR BB AT, WA E SR R A .

XTI S FhL i R EAATIA UG, LR s R T — MR R AU B 3
“HERA”, X 5 FgRh AT s — 2817 E505 . BRiezsh, BiA s A2
RER LBV, FABEEIH. FERE 3 PR a5, 55 AR
H7-1 ~ (R 7-3.

REHL 71 W3 ANHIFZ—

package org.fenixsoft.classloading;

Jax
* BB R BT

* BAFRIAKXNOBEFR, FLEXTF AL
wey

public class SuperClass {

static {
System.out.println("SuperClass init!");
}

public static int value = 123;
}

public class SubClass extends SuperClass {

static {
System.out.println("SubClass init!");
}
}

Jrx
* AREHEAXFRAT

*x/
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public class NotInitialization {
public static void main(String(] args) {
System.out.printin(SubClass.value);

¥

}

EARMRSIETZ)R, R4 “SuperClass init!”, TiARZHit “SubClass init!”. X} F#
BEE, BAHEER G FBRNLA SWGI, Bl T A05 Rk b
BTE, HSMELKMYIBLTIALMETREOPGEL. EFEFEME TROMBAL
HE, AE R SBUAE O AR BRI, AR T AL A A ST 3 F Sun HotSpot HE#2L
HLSE, AR -XX:+TraceClassLoading £ $0WAE R4 TR A MR .

REFE 72 #H5I AOHIFL

package org.fenixsoft.classloading;

Jae
* MBI B R R,

* ARHAELKTIA R, T2REREGIHC
W/

public class NotInitialization {
public static void main(String[] args) (
SuperClass[] sca = new SuperClass[10];

}

}

T AR, XEAEEM TR 7-1 'hi SuperClass, iB172 )5 & BBA i th
“SuperClass init!”, B84 % 2 org.fenixsoft.classloading.SuperClass AT ILI B . {H
X B W AR T 53 40— 42 “[Lorg. fenixsoft.classloadi lass” WIRIE
BrEG X TRPUIBRSE, BOFRR R A R, R AL SR
HEA KT java.lang Object M9 T2, BIEEEI: 157345 4 newarray filk .

XA T — A TEH AN org fenixsoft.classloading SuperClass B —4E¥esl, #4ih
B WRMERTT 2k PP AT ST AR AT A4 public #length JEHERT clone(F ) #8
FBAEX AN, Java B F PRSI L C/CH HIX %4 R R A bt T RUAE R
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FPTIRI T2, T C/C+ ELEERE AR AR A Bh . 7 Java iBE 1, HIG7 B R4E H2H
R 24 java lang. ArrayIndexOutOfBoundsException 54 «

REHL7-3 WS ANBIFZ=

package org.fenixsoft.classloading;

Jax
*ORHEARTRFATZ
C HREHFNBLENAR LA ERT, ARLARHERIAAEXHBOX, BhTFLMARY
E R L Eol
wxy

public class ConstClass {

static {
System.out.println("ConstClass init!");
1

public static final String HELLOWORLD = "hello world";
}

ax

- dF ER MR R FBE A

*ry

public class NotInitialization {

public statfc void main(Stringl] args) £
System.out.println(ConstClass . HELLOWORLDJ ;
L
)

ERRBIEZE, WA ConstClass init”, 3XRE X RIRTE Java BRSPS AT
ConstClass 25 ()% & HELLOWORED, {H 5L 7e 4R B Bl B RSB IL, C2Mtn
B “hello world” F#44%] T Notlnitialization 2 M, LUF Notlnitialization X 5t
€onstClass. HEELOWORLD £ 5 S bR 4 4% 19 NotInitialization 2 % BB #fit s 195 -
To bR, PR E Notlnitialization (] Class 32 #1374 ConstClass Z#4F5 51 HEA
KPS RAER I Class 2GR ARFAEFSTRAT -

AR IMBGE R SAA S BRRAT SRR, e O B SRR B EhA

© M, B RERATRA TR A%, TR RS VTl ixaload. xastoreF 1154 .
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PRI, A SRR BN, REARIERARSEDS “static{}” R4 HAI AL
By, TR RREEME “static{}” Mk, AMIFRIRSIEDAER “<clinit-()” 2H
RS, TP O T E XM R AR . 80 5K EEA BT X 56 R AT I VR 5 #
KA TEFRRATR P 37 Y DREMALA, FERILRELWHE
ZARUL T, (RO ILR, FERZE R B N &ME R T Wk, R
FOEMHBISCE O IR (g O e R D 4 Samiit.

7.3 EmFMLRE
B FARTATHEAUHE — F Java ARSI 20, WM. RIE. W&
A i 5 B ELBTIAT O B B

7.3.1 h0E

“IndL” J “2hn#R” (Class Loading) it BRMY— BT, A EWA MBI MER
KA. FEMRE, RBHLEEZRUUT 3 4.

1 S — 2 2R E 2 R ARIUE S 73

2) XA R W AP LM 1 A ek IX B AT R B 5

3) FEMAFRE R — MR AU java.lang Class XHER, AF4 77 8 X XK FIECE
BPEAR.

HEBPUNERX 3 QBRSO R A, BRI S B F 00 R 5 B2 A
SRH. Bl i — R R B A AR SR B R R X, TR
BT WBN A Class S AREL  HEHEHESERARA BT 15 T BRI . (B RERE
B M IBLEE T A INARB B R T — MBS PR TR S5, Java BIRIIED,
FEWAIE N HTFRA R WL G LI T MR, SRR REBER Java HAME
MAEX R b, Hilin.

QM zIP i, ARHW W, B2 B JAR. EAR. WAR AU 2ERY .

Q) A4S th KR, R 5 SR RO R FRI LA Applet.

Q BT A R, X35 R 08 9 B 2 00 R B AU R, 7E javalang reflect.

O X7 i it #<ini v RES AT
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Proxy 1, #tJ& fl T ProxyGenerator.generateProxyClass 3 Jy 4§ 5 £ [ 4 iU 30 b
“*$Proxy” fFRIRASH) —HEHIF AT .

Q A SCF A AR, BRI SRS ISP REA, B ER JSP SCIFAE iR LY Class 2.

Q MEHREE I, XA I, g serpal{FR %548 (4N SAP Netweaver)
AT LA LR P 22 e SR e e o S AR P AR SR (A 9 43 2«

AR TR A A B, — A AEB AR B e, AR Brhk
B —HERF RIS RIFEA R TR R, IR B HE T LAGE R Ge R A3
15| SRR, AT A A ZEEReSE 258, FFRA BT LU E XA
IR R F W RORBOT R (ES 283840 loadClass() J7i%).

X TR, WA PTAR, $EdA S Rl XM R, SR Java B 1L
HLE AR . (AR SA MBS PIAAREVINER, EAMARMITCHEIR (Element
Type, FIGRIAFHFTAMENLR RARERAMA[XQE, — B4k CFme
Bl © QIR AR LA T AN -

Q aRHAR A AR (Component Type, 1 ARSI i — MERERYAAD BT %

B, BRI AT b SR B AR 2 R A A, B CORE AR
LRI RE MBI L AR PR GXRREE, £ 74 HENFE, —4
R GRS — T — ) o

Q QR ER A RS AR (AN int[] B04D), Java BEIHLIESHHAL C FRid

55| FAINER K
QO B0 T A 5 S AL R AT A — B AR RS| AR, IR
FEHTT AR public.

KT RMBAERTE, BEHAEATR 7.4 W& TIVRR.

IR BEE RS s R SUMLA A 3 Rk R R BT G (s AR AT K
1, IR BORAT B 2 R RIWLSE B AT 52 5 M BIMLALAE SR I X A LA i
5. RIRTEWAFP LB —A javalang Class 29X R (GF1A W1 B HLE 2 7E Java i,
Xt T HotSpot ML =, Class %4 BAERK, ©RARBMR, HAMFEKAEFEXHE),
XX SR SRR T U ] 97 35 X B 30 S R SN 1

TN B S B B AR (I — BB TS SR R RIEEIE) R HATY,
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IR B AR, BT REC e TT R, (H X Ie AR BY Be 2 AT RO BIAE, AR
T BB B A, BB B TR AT A7) SR AR 2 R 0 S U <

7.3.2 WiE

RAEREBEBRB S — 2, X — B BRI R Class SCIF IS5 I A
SR SN DR, H RS H RIS TS,

Tava EF A BHEMIN R EMIET (KRR F C/CH HKBL), AL Java RAS T
TEACERE I AL R A R AR BRSNS RS R AL
BARISFT 2 RATHEN, AR FEM T, SR IR Aebni%. (HATIE 28t Class X3
R~ BLR i Java WEPAVETIHR - FLMITEMTRAS R, $6 2 G F ot il i 28 P 0
GEAFE Class . EFWIHESREEE, FiR Java ATSTERE MENG S5 85 R AT LI 8L
4 BT R FLARK R EEIUR AR AT, MR SR,
RAFRER RN RA T BT WM F BRI AN, AR IE R RN [ B4R B — T
L.

BUER B AR W WL XA BOR & P, FEET Java BV AR S
R, ABATHERERIAIE EiF, IER B TR R BB 26 T RGP X 5 T
ARSI 5. (ava HEBWIHA (552 BO) XEX MBI . 45598 2 LB 5 it
MA P FIR T —2 Class SR B MBS AL LR, WRRIERH ANFH AT E
Class U AHT,  BEHIHLEERI L HH—" java.lang. VerifyErro=5t 3 SR F AR %, HE
VR SR A RS i, QTR TR A, AR R AR R RIS,
2041 F AR Qava ERIBLHIE (Java SE7 B0V, KIEHE A BIEM B RIE (MR
| 10 SURMNE 130 50, XAFLF A RN A 24 B d . ZRIRATR, 4B ELER
BN Z ik, (ONEER L OUERYBERB L LSER F il 4 B BRI E i SOl AR
b TEEEREIE. FBRIE. 455 HBIL.

1. XHFRREHE

BB BERIEF WM ALFE Class UMMM, 3 ELABBCYATARA 0 B ALAL
B, X — BB AT REALE T X L BT <

Q 2 LUER 0xCAFEBABE FF3k.

Q . RIRASREE YA E 2N .
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O H R H R R A RS RRR M R A% B g ARG

O i B A AR T L e 75 6 PR A A U AF R it

CFCONSTANT Utf8_info ZUApH B EA AAFE UERS 4% 1504 - N

O Class- SC#Esh 4843 B SCHEA SFRAA BB 6y sk LA R 8

YR B, — BB BE MU s, RO FUR M HotSpot MEALLBEIRES it
PRE AN R B R 2 O R AR E AR AR IE A M R TR AE TRk
KZW, M ERFE R —A Java KAUEEATR . X BB RIERHE T i AT AT
16, FA T 3N B RIS - 5715 WA St A AR5 S5 DK o AT A7 - PR DL T e
3ANRHIERT B SR AT IX BOTERESEAIBEATHY, R B ERE T

2 TERIRIE

5 BRI HR A0S BT AT, DURES A M BAFE Java S HVE
HBER, XA BB AR A E SN F

EFXASETAIRS (B T java.lang:Object ZAF, FiA ISARR 247 2IO.

QX AR E R B MR T B RFHARNZEE B nabBHiiZ5).

Q SRR RIRS, AT Al N 2 BRI A Ik

QXPWTER, FEREGTREFATFE G R TRHKM final FB, HEHAA

FAMMAITETR, FInESHE—2, (R EERBAARRSE).

S BB £ A R R TTRUR (B TIE U, RIEARFAEARTEE Java HE AL
LR B

3. FRRIE

B BUR AR R R AR B, B B R i HR SR S AT
W R SR AE N FPAREI. TR W B SRR 5 S B R e R
AR RS 0T IR RIEATAC SR AT, (RAEBA 02107 SR AE B AT AN 22 f i i i UL
LA G, .

O (IR TR 20 SR A RO i O 26 ) 5 4 AR SURRRB AL & TAE, IR 2 th 3

© RBE. i -Cpp-
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BRENOL - SRR T int 28MMBAR, (BT long 2R A A
AERRH,

O BHEBk A & RSB BT IR IS RS 4 B

Q RIES R h 2 R SR AT R, BANTT LU — A F 2 XS SRR S B
RN, BRIEEM QRIS TREARLT, REENERELS 5 ERETRMR
KFR RESHTH—TEIERR, NRERAMAEER.

IR B TR B F W HRIE, H S RA W . ARk
Wl T FHBRIE, SRR —EREREN. MEFHRRIEZ ST T ARR
2, WARRIEX—g. XEH KT HEECEh—MREL S “Halting Problem” ©: i
M — s B AL, R T R P R T R 4 X A O —— AR RSB AR
Ho R AR R R BRI (8] 2 NS REAT

T RO T AR Y 5 S A b, AL B A T 3B SRk 25 6 BF ] 904 R AE S S
UEBTBE, 76 JDK 1.6 2 J5 ) Javac %i ¥ 2% Al Java EBIHL A HEAT T — U HE 4k, 4 ik i
Code JR P ) JB TR F N T —0 4% “StackMapTable” MR M, XT0R Mk T ik ik
FBTA AR (Basic Block, #&BUBSHIVIHRMA9RITH) FF AR A4 470 Bk 2 R M AR 1
FHIRE, EFFHRIENFE, RATERBRIFEIXLREYE®Y, ABEHRE
StackMapTable JREH KD FRRE AR . AR FHRIENE RIS HAE N AR A
T 54— e ] o

HHig I StackMapTable J& A7 7ERHB BB BLL I T RE, FTFLAR A AT AE7E BB T
Code JEHER[FIRT, 325 ARAHI 9 StackMapTable Ja #:35 i izh K #EUAL (0 2 70 50 WU 2 e 401 ML 3%
IHEARBEHIE .

£ JDK 1.6 ] HotSpot BEfLHLFH#HL T -XX:-UseSplitVerifier YR X TMAL, sKH
i FIBH -XX:+FailOverToOld Verifier B3R 75245 i 4 M0 9 it A1 61 ) I 26 Bl 5y 2l
178K . WfEIDK 1.7 25, XFEMRAGAF 50 49 Class S, 8RR 358 RBE

©  FEHLEIEE RAIBHE R — A A 2 AEAT PR ) 2 9 S5 HGEAT RO V. A0SR RV A7 A B
2T, AT — BRI A SRS S LI T EOAT . KPR B AR LR 24
RALHR LA CER, PELKR—RARAGEE. AAMERLREATSE . hip:/zh.wikipedia org/zh/FF
AR
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AR IR IR ME — (3 4%, R S R M B2 R 5 AR R 7 e

4. %S5 ARIE

BE— BB R AT WU AT S5 AL S IR, XA FAeahfER
TEEBE S = I BE—— T B R R A . AR5 IRIE AT AR UR X2 B S LS (it rh
HAMB S WEBHATICRERR, BN HERR FINA:

Q FFE31 A sE R T B R i 2 R E 2 R AR BIX R

Q 7EHE S PR EAFTERF BT B 7 Bl A L B R S A AR T R (R i A 7 B

QA S3IHA. FB. FHEIFEMY (private. protected. public. default) E7AT

B RTAVIIA o

F55 5 RRAER B 6 RFIRMRIT SRR IE W IUT, WRTHELF S5 HBIE, ALK
224l it —4> java.lang ibleClassC] SHIF, 40 javalang lllegal AccessError,

Jjava.lang i . java.lang. -5

A F WL INERPLBIR B, RIEMBLR— D EH EEN . AAR—ENE (Fhx
BIFBITHIRA WD MHEB. MRPTETHSRRG (EACRENEE=Tahmf
%) O LRI AR, B AL IR B3 T LA [ -Xverify:none ZHORKH]
KESHZBAERSE, LA AE R RIS AR et 6]

733 #&

HEAS B BUR IE RN AR AP AR ROV IRIH BT Be, XS AR BT (6 F AR I 77
EHATTEX PHATHR. XAPBEP AR ES P ERBOBETERE T, 5% X
R EHEAT A AP BE I (L A i (B static (BUAOAERD), TIAEIHIER, Sl
SAEX R L G B X R — S BUAE Java SEFP . HOK, X EBTELAMIMAME BRI T
RFURATIG T, B — DRI E

public static int value = 123;

TR Rk value 7 ¥4 B BEE IR BORIRAELN O AR 123, B3 B8 1 SR IF A4 AT AEAT Java
Jrik, THE value BAHN 123 ) putstatic 1§ RBRFHARIFE, FHT LML <clinit>-()
w2, FTRME value RRE R 123 MEIVERTERIIR LI BA 23047, % 7-1 51 T Java HBF
HEARIRL T
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R7-1 BEMBELVHBE

] ® @ wExn ® W
int 0 boolean false
long. oL float 0.0f
short (short) 0 double 0.0d
char "\u0000 " reference null
byte (byte) 0

LSRR, fE CEEWL TR ERTME, WX RSA e R R
KT BT BUR R A7 AE ConstantValue R ¥, JS7EHE & B BEAE fit value B 240116 1L
ConstantValue JEYEFTHRE I, (B% L RZEAERE value f5E LAE R«

public static final int value = 123;

I Javac 227 value 42/, ConstantValue JR1E, TEHES B BRI 2HR4E ConstantValue
BB EA value IRIHY 123.

7.3.4 MR
AT B K AOLBLRE 6 Bk Y (55 PR 0 B A B, 46 53 5 R i — 3
Y Class SCIFRESURI IR B4 Bt £, £ Class SC{#+0E A CONSTANT Class_info.
CONSTANT _Fieldref_info. CONSTANT_Methodref_info 453 %Y ) % it 1 B0, FR AT Y B ot
B RS | S5 S 5T AT A AR 2
QFFS5IH (Symbolic References): 7555 FLA—IAF SR TS IR0 B4R, 4550
DURAEATIE M T i, ST i AR TR S (80 HARE AT . 455315 kel
LHONFARIR, I B A —E L MBRBINTED . SRR A
AT A AR, (R ENIRE R RS 5 SR —BA, PR S5
TG R Y E XA Java BB Class SR
Q H#E5IH (Direct References) : F#:5 | I LU H #4516 BARAOISEE . AIXHRAS FEk
SR AR AR IR, B R LS B A RATC R, [
AN 5 FAEAR IR AU 0L B th e ) LB — MR AR . AR T s
JH, ARG B bR E B RTENTF P AETE .
ﬁmmﬂﬁz*%ﬁ%ﬂlﬁﬁﬁm&ﬁ’imﬁﬁﬁlﬂ E%‘k]’&&ﬁanewmy

checkcast. getfield. getstatic. i N interface.
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invokestatic. invokevirtual. ldc. ldc_w. multianewarray. new. putfield Fil putstatic iX 16 4>
FHTARMER 53 A F W20, S ENTFT S5 BT M BT, FTAR LG
BT LA AR T SR T 0 S 2 W AR A0 AR R 7 R P GRS 5 | IS TR BT, R
B S | PR R R A BT E .

X[ — 5 5| FIEAT B R AT SRR A WL $94%, BR invokedynamic #5 4 LASh,
THLIEBRAT DA 55— U (O SR AT A (TESSATR 3 R P e R B S | L IHE R AR
PUHEAIPRE) LR AT A AT, iR & EIEPIT 7 BWEanfl, sl
T EAE A RAE R — A9, R—R S5 HZ AT E SR, BAFLENEIH
SRHTHORRER Y — B [RERD, AR —UMATRILT . A4 HAHE & XA S i
b pSivazll eI

%t F invokedynamic 44, 1 AL DR A 37 o 24l B HEAS AT T 2 22 i invokedynamic
64 b 2 AT O S R, FRASTEIR G AR BTSSR T A invokedynamic 54t A
AR R invokedynamic $54- ) F AR gE R P F Bh &8 5 08 CHATOUEA Java 157
AL AR AT AR A), EARLAYSARR N S5V H ABRSERF” (Dynamic Call Site
Specifier), BXH “EhA” 1 & XL LI RIEFEPRETTEIX A48 S 0ORHE, MATAIES
BEMEAT. AAXEY, FCRTT AT AR “TE" M, ATLAERINISE AUMER M B, &%
FFF BT AT R AT AT o

NS BB AR O, TR KOk, BO R, FRAR. FEAM
R BR R T RS 5 AT, 4 51X R F % & i B CONSTANT Class_info,
CONSTANT _Fieldref_info, CONSTANT_Methodref info. CONSTANT _InterfaceMethodref
info. CONSTANT MethodType_info. CONSTANT MethodHandle_info fil CONSTANT
InvokeDynamic_info 7 ¥ BASTIC. T HF JFARATIE 4 #h5 | HIOARATRERR, )5 0 3 F
5 IDK L7 FEMEAET IR B, BT Java i E R—ITSKAEY, ElERHA
IM43 invokedynamic 154 HIHE LR, BAT MBS TRIBUAER) Java S0 L, 4 1E
o 8 T BB AE T VIR — AT

1. KR OOBRAR

EBCARTFETAL B2 D, A1 B — A MR RS 51 N AR 9 — A sk

© J“#¥KiH, CONSTANT String_infofICONSTANT | f_infoiX| TR WL
B, EARBA. EW, SRS,
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O C MBS, AR AP e A MR 19 R AT 3 A5k

D AR C AR — MR, RIS SRR N AR 4 584 D ik
MEMBXA2 Co EMBRERS, h TIOBIRIIE. FHRRIEAOFE, T &H A
MR IASIE, BIB9S THE T . — E AR B T 4E 1T 5
W, TR R

2) MR C R—MRAHZER, FFEHBANTTELRANE, Wit N WHRF R4
“[Ljava/lang/Integer” HIB, ARHF SHEIHES 1 SAOBUNIINRBA TR AR . W5 N (R
FFRTE BT R, HEMROTRLAUBE “javalangInteger”, HER i BEBIHLE R—
MR AR YE B AT R AR X 2

3) dnsR RS BREA HIUEMT SN, A4 C 7ML SRR B 2 — MR
KRBT, (BLEMATERZ AR ESEA TR S5 FIRIE, 5k D RERAX C MviaAR .
WREBARLVIFAR, 48t javalang Illegal AccessError 5% «

2. PR

BT — DR B FBAF 551, B S 2 X BRI class_index ST %3119
CONSTANT _Class_info FF 55| FIHEATARAT, ALl BOOTIm A as: O IS5 1 . nsise
FRHTXA S RS 5| (R B2 e B TAEAT SR, 04 B B A 5 5 | IR 1 S T
HRFFHTRITER, BT BITIR A9 KB O C 20, MM B SR b BB A F 4
Xt CHATIELEF BRI E.

1 IR CAGRAE T 64 B F BHGA AR S HARAIC R A B, SR XA
B E S, RGN

2) BN, WRTEC PSRBT ED, KRB ERN TR LRI RE MO MY
BRZHE, WSRO RS T R A AR R B A 5 EARAIDCRC R B, 3R B3 A5
BN EHS |, ARG,

3) &, M C AR java.lang Object (i, # &4 AR K R M FAE FBITERIR
X, WIREREPEE T AP AT B A 5 BRI R F B, TSR B3 A Be
EHESIM, IR,

4) E, FERAKM, b javalang NoSuchFieldError 54

© BRIERET LT CONSTANT Fieldref_infok RAYM % .
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S R AR F TS, A AR BT AURRIE, WRE R REX B
(VT ALIR, Kb java.lang Illegal AccessError 54 o

FESCBRRLRI, BEAPLAO SRS ST AT B4 b R ERAG EN A — Lk, InRA—
A& BRI H BUAE C MR R, SE IR H B SRAREM B B B, ARG
AT AEIE A GN%. TEIFSINAL 7-4 o, WURTERT Sub 29 “public static int A=4;”,
BO5Q%FNFETR A, FHRIEFHHIR “The fild Sub.A is ambiguous”, I HiE4i4%
BT

RIBHL 74 FREN

package org.fenixsoft.classloading;

public class FieldResolution {

interface Interface0 {
int A = 0;
1

interface Interfacel extends Interface0 {
int A = 1;
}

interface Interface2 {
int A = 2;
¥

static class Parent implements Interfacel {
public static int A = 3;
b

static class Sub extends Parent implements Interface2 {
public static int A = 4;

}

public static void main(Stringl] args) (
System.out.println(Sub.A);

)

3. HTTERAT
KIBEMHTHE DL RES FEMHT —H, T BISRMT KT R class_
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index O KT (7 B PR A2 B CUOAFS 51, NSRS, BT R C RoRix
%, BETRERPIE SRIINT S RAITRSEMIITELE.

1) STy HREE O 7 RS 5 Y B B2 SURAMF I, AnSRAE iR P & 3 class_
index *FFE3IH) C ZAHED, IPALEREN H java lang ibleClassCt St

2) WMFGER T 15, fE% C AR A A FABASTAL S HARAICE R Iy s,
SRA W AT R T L, BERAER.

3) B, £EK CHRATBITE LA W BB MBRAER S BARMIL R Aok,
HNSAT MR [T R S L, AR

4) B, AEH C LHMHE D B R ENHATE N 2 Fib A A R R A4 8 4 BRI
RS BRSO T o, INSRAFEDC IR TR, BEMI2E C BR—AMIR2E, XA A R4,
Hiltt} java.lang. AbstractMethodError 54

5) BN, EEFEARKLY, i javalang NoSuchMethodError.

BE, WREHGSEAINEEE T HES A, SR R TRURBIE, WRERA
A& ER VIR, #tH java.lang Tlegal AccessError 74

4. BOFERAT

AR R SO BT 4 1 7 1R I class_index SIS | (77 3 T B 92 B 11
S5, MRS, KRR CRARXAED, BFREAWIE 2RI F BT
SR O TR .

1 ST, WA D B & h R class_index (PIIRT] C RAKTTRE
B0, ARREEMH javalang ibleClassCl B,

2) BN, (N C PARREA LA RS B ARARICA A, A
BEXA TR HES |, ARER.

3) BN, EHEN CHRLENTRIHZENR, HF javalang.Object 2 (R H S @IE
Object ) ik, A7 T 14 FRRUIR AF 45 5 I ARADCREAO I i, 40 ST DS 83 A
EIEHEEI R, ARG,

4) BN, EEJBEARKIL HH javalang NoSuchMethodError 53 .

T8 O PR ST Tk BRI & public 19, FTUARAEZE VI IR A PR AGIIAE, (R 11 0y e

© ZBRPB6BALTFCONSTANT Methodref info BATAIZ .
© BRM6R AT CONSTANT InterfaceMethodref_info B IAIZS.
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IR SRR 24 A4t java.lang.Illegal AccessError 54 »

7.3.5 st

KL B RE MBS BRRIE 5, WRAEMBRR T, By T ZEIERE B R
JURRF AT Ll E S SRS 524, KSR S d R E SR B T
BB, A EIEFFIAPATE FSE LAY Java BFRD (RFREFH).

ERENB, EROSWE—RREEROVGE, TAENGBE, WARGERF S
LR S B AR 2R LA RAAB YO, SE T A5 S — AR RS - Wb
ALB B BT HE A8 <clini() Trk iR . AR T 02 Ph# <clinit-() Trik RIEAL R
), 7EXE, WAVEH—T <clinit=() FrERATE R h—Len] R AR R 121747 R A7
A, XER AR E N TIRE R R ARC.

Q <clinit>() 77 ¥ 2 oy 45 1 8% [ 3 o4 26 o i 7 7 26 22 b A R £ 350 1 A 1 25 0 ) R

Cstatic{} $o) P HGIEAIAIT=LfY, SRIFAUCHE IO R th B A 7E I R IR
TR FTBER, EAS B RV RE LERSIE AR Z AR, EXEE
ZIRH AR, AT AE AT LR, ERAREIR, MR 7-5 di

BIFHR .
RB#RE7-5 FEEASIAER
public class Test {
static {
i=0; % BT DL AL
System.out.print(i); WA EEBRRF " R

}
static int i = 1;

i

Q <clinit>() 7 ¥ 5 H M1 BRI (GRF BLRHIME R <ini() FHk) RFE, BERHE
3 A SR B UL 2 (RAIEAE T2 0 <clinit>() 7 Bk AT 207, Q2
<clinit>() 7 B APATIEE . HIHTER ML — M EHUTE) <clinit-Q J7 kK2 H
SE 2 java.lang Object.

O I FA2EHY <clinit>() JTIESEAT, WA BRE QK P E LB AT IR ERLETT

© EE AR T Javaifi 7 4F EMIClass X fF, FFAEHMIVMIETH .
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KA IR, ISR 7-6 o, FB B QEHSR 2 TIRL 1.
REHFLT7-6  <clinit>() FERITHEF

statfc class Parent {
public static int A = 1;
static {
A =12
)
)

static class -Sub extends Parent {
= - z.public static int'B = A: N » g - %
; o 2
publié. static .void-main(String[] args) -{
~ System.out.println(Sub.B);
J 4 <

- Q <clinit>()  HAT TR B RBFEN, WP AR PR B SR,
WA AR IR - 5 4 5 8 T BRI AL IR <clinit>() 7ok

QU O M A ATE, AT R AR LB - BRI 11 5525 AE2
SHER <clini( k. B0 SRRRGE, BATEDE <clinit( JrE R B
AR <clinit-(:H7 2k, PV YA B Frob i SRS . BRI A 2B L.
B4h, TSI AE R A L PR AT EE E G <clinit=() F77K

D IRILABAE— /2540 <clinit>() J7 it FRBAYH R ERBINE. kb, mEs
AEREIR SR — K, TRA REH — N R BT K <dlinit( Tk,
HABRBETELESEF, HEGHREIIT <clinicQ HEsEHE. MR
<clinit>0 J M FER R AR, BT AR IS P IR B SES, 7S R T
WL R L RARRARER) . AURIH 3 77 WO T SR e

RBHL7-7 FRW -

static class DeadLoopClass |
static {
/* WRAM ERA L5 4, RIFBMEF "Initializer does not complete normally"

© FRERMZE HMKBEARUERE, EMRBIT<clinic0H KM IFRLBIR B <clinioO N R, iR
R R PR A<clinib 077k [Fl— PRI T, —4%% HAMhib—K.
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HHER G */
if (true) (
System.out.println(Thread.cur 0 + "init lass™);

while (true) {
}

1

public static void main(String[] args) (
Runnable script = new Runnable() {
public void run() §
System.out.println(Thread.currentThread() + "start");
DeadLoopClass dlc - new DeadLoopClass ()
System.out.println(Thread.currentThread() + " run over");

1

Thread threadl = new Thread(script);
Thread thread2 = new Thread(script);
threadl.start () ;
thread2.start () ;

)

BATERINE, B — AR FCIRIF MR 800, 5h— SRR e SR .

Thread[Thread-0,5,main]start
Thread[Thread-1,5,main]start
Thread[Thread-0,5,main]init DeadLoopClass

7.4 FEMEH

R AL HPH A AR B P i) 3 i — A2 1 2 BR A 45 SR AR IR e 2K 9 — el
F” XA SIS Java RAUVISME XTI, DMELLS AR [ S s tnfa) R KB R E
%Ko LHXANIEQRABRFR S “HmE a7,

RIS AT AL Java B H (0—T0RIRT, R Java iBHWMATHEEREZ —, SRR
N T Wi Java Applet BFERTTIA & K. BIRFRT Java Applet HARMA FE% “FE#” ©,
{EXMBIRETELZWRIS, OSGiv AEE . REMBFETRAMAL, BN T Java A

© FRiMRE L iJava Applets, FEHABSISL, WATEER b, Java AppletsUiA% ) BAMIAT 5.
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HRP-REENEA, TERRZRMN, BZRME.

741 REXRNHEB

A ISR DT LIRS, (HETE Java BT PIREI M AT AR T2
TR B, S FAERE A, AR IR AR RA S — R L HAE Java
PP EME—bE, F— RIS, A — SRR AR XA A AR EE
fa—2 . WHPANRRER M%7, FATEXHANIRE F— IR maR iR T A#
B, BN, EEXEAZRET R —A Class 3K, BFE—EAGUMER, REmMREAN
IR, AP KBTS

XEFTHEN A%, RIERFESEM Class 3R equals() ¥ . isAssignableFrom() 7%
isInstance() 77 ¥ H9IR FIG5R, L A4E (M instanceof SE M F MR TR AR A ESMI.
RUAETRRMBR O, EFLAI T AR B R RIENGER, AEFR 78
PR T ARSI EEXS instanceof A TIE I LR AL o

REHKL78 T i XBFIERNGEROMNE

Jer
* %mw#BY instanceof XHFHF

* @author zzm
b
public class ClassLoaderTest (

public static void main(String[] args) throws Exception {

Classloader myLoader = new ClassLoader () {
@Override
public Class<?> loadClass(String name) throws ClassNotFoundException {
try {
String fileName = name.substring(name.lastIndexOf(".") + 1) +
".class";
InputStream is = getClass () .getResourceAsStream (fileName) ;
if (is == null) (
return super.loadClass (name);
1
byte[] b = new byte[is.available()];
is.read(b);
return defineClass(name, b, 0, b.length);
} catch (IOException e) (
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throw new ClassNotFoundException (name);

+i

Object obj = myLoader.loadClass ("org.fenixsoft.classloading.ClassLoaderTest") .

newInstance () ;

System.out.println(obj.getClass());
System.out.println(obj instanceof org.feni 1 ClassL Test) ;

}

BATE R
class org.fenixsoft.classloading.ClassLoaderTest

false

AR 7-8 h A S T — R A0SR A, MM, HEXNTFXARRKR
R T . TR B S AER —#H T Class SCfF. RATMAX A3
#]T —4 %K “org.fenixsoft.classloading.ClassLoaderTest” (2, 52 4k T i 4~ 3 g %t
S PATHIHEE R, BT LR X %4 56 2 2 org fenixsoft.classloading.
ClassLoaderTest 32 il fk ty 3 (%t ¢, {H S AT AT LU B, 53X 4 % % 5 % org fenixsoft.
classloading.ClassLoaderTest {5 B S B K 2 (K RHEHHR B T false, X2 B4 B ML AFLE T
P> ClassLoaderTest 2, — M RYEN IR F AR, Hob—RARMN AEX
BIKIMEBA AR, BEAREK A F—A Class S, (RBRRBIAMT IS, MATRITRA
AU AR RN false.

742 FEREIRER

M Java S SLHL 69 A B UE, LR BT RIOR MO INBRBE  — RS S AR
(Bootstrap ClassLoader), SMIEASHA CH B F LM, RIBHNLE SH—5: B—
FRLR ST BRI, SRSt Java I, Msr FRABAME, HHS

© XHEHARTHotSpot, {@MRP. MaxineF Bilbl, B4 M ibLA SR hilavai B, HMBootstrap
ClassLoaderti? f2 ti Javaifi & i A C+ 3B . B— 1, &Tumswwm&mmﬁmmmm
JRockitFIIOREH — MUK ClassLoaderffjJava2S77 4, {EJE M) M)
QEBARCH) H3LHLE, 3% Bootstrap ClassLoaderfty 35 il th Fobk B P g0 E .
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R4k & 1 5152 java.lang.ClassLoader.
M Java FFRA RIS EERA, LIMBIE T URIM S ERB—Le, SRS Java BIF
HEMEABILT 3 FRGR A AR
Q JH8h2#2% (Bootstrap ClassLoader) : R AT, XAFH 8 R ICHAEHE
<JAVA_HOME>\lib H % H1#), sL## -Xbootclasspath 2 ¥ 15 & BB Z by, I H
EMAUPIRS A (UEBSCHEZ RS, 0 rtjar, & ARAEE KB EMEALE lib B %
FUARLBMER) KEMBI RPN D . 5B IRIETLB Java B H#3|
i, FPERS HE RSN, WRTEEEMBHTRBRA T SIMRS, FH
B null RBEDAT, A0 RFS 3§ 45 7-9 T 7% W java.lang.ClassLoader.getClassLoader()

JrE RIS A B
WL 7-9 ClassLoader.getClassLoader() 7k AR B
fax
Returns the class loader for the class. Some implementations may use null

to represent the bootstrap class loader. This method will return null in such
implementations if this class was loaded by the bootstrap class loader.
%
public ClassLoader getClassLoader() (
ClassLoader cl = getClassLoader0();
if (el == null)
return null;

SecurityManager sm = System.getSecurityManager ();

if (sm != null) {
ClassLoader ccl = Cl der.getCallerClassLoader () ;
if (cel != null & ccl != cl && !cl.isAncestor(ccl)) {

sm.checkPermission (SecurityConstants.GET_CLASSLOADER_PERMISSION) ;
}
}
return cl;
}

Q /@AM (Extension ClassLoader) : X/~ # 4% Hi sunmisc.LauncherSExtClassLoader
I, ERFME <JAVA_HOME\liblext H e HIK), W java.extdirs REAFRITHE
(B RBBTAT2SPE, TFRHTT LU E Y R AS .

Q PR MN#RRE (Application ClassLoader): 3X /3R 481 sun.misc. LauncherSApp-
ClassLoader St8. 1 TX M2 M#AHE ClassLoader 71/ getSystemClassLoader() 775
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BRI, P — R AR S R AL AR . BRSNS X HAE (ClassPath) b
G NGB, TER T LA B A AR SR, A0SR R AT A G E
THOZINERAS, — MO T X MR AT R RSN 2E .
FRAT A L AR AR X 3 AR IS AR AT INAR, WRALE, EATLUA
O LIRS . SRS Z A R —
4 7-2 s
P 7-2 v R R 9 2 4R 8% 2 1) AY X AR K
KR, BRI AR M FE R IRBA (Parents
Delegation Model). MUEZE KRB ER R T T2
BB B A AR, KA MM LA A S
BRFINERAS . X AR Z R TR R
A4 AR (Inheritance) HIERFLH, Ti2H

{1414 (Composition) % F K& HAZ MK
. .

028 9 DUE ZIRBERYAE IDK 1.2 39 51 P72 AR ZIREL
A BRI T 2R ILRFA R Java B, BEHFRR—BREIEGARER, Wi
Java B EIERHIF R H O —FhAIERE LI R

PERRERN TS RR : MR- LRMEBEE T LEMBHHR, EEEF2EE
FLERIMBXAK, MR MHRBRARLEMAB LR, B BROL MBI
e, BT BRI R SR AR B 4 2 B BUR (00 ShS AR AR o, LA 2SR 28 R 9t
B E AR M IRER CERRELE PR RBFTRNZO M, FRE4sL2KA
ek,

i ISR BRSO R A LM Z MK R, A BT 5 LB Java 2Bl
HEMEMBBE—RAE T —HHARERNBRER. Bl javalang Object, EFFHTE
rtjar 2, FEIE BRI BEMARXAK, BAERBIRA L TR B TR 3%
PERARHEATINE, P Object AR IF (AR IBE AR 12, MR, WRER
FEFARCERIRBOY, & 2EmaRaE BT ZRMTE, MRS ASHE TN java
lang.Object (%5, HHAERFHY ClassPath 1, IRRGEAFH 2 HIMEANARFHY Object 2, Java
AR IR AT R B TERA R, BLFIRR A S8 — A IRAL. ISR A MR
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W%, LR ERE 5 rtjar KFEREALRBLN Java 2, HEEHMALERHE, (2
AR IEFT

BERZ IR FARIE Java BT (R EIEMEREE, EEasmademfn, s
3% 25 UR 9 £L B3 45 4 i £ java.lang ClassLoader K loadClass() 77 % 2 . 4R i & 7-10 B
R, BRI . SRR T AR, B R S 3R 88 £ loadClass()
Jik, FIMERES Az N BN B 2RSSR . IR AL BRI, Hh i
ClassNotFoundException 5% &, 8/ E C.#Y findClass() J7 AT .

RuiHR7-10

protected synchronized Class<?> loadClass(String name, boolean resolve) throws
ClassNotFoundException
{
Nk, RERRGERTEEH WERT
Class ¢ = findLoadedClass (name) ;
if (c == null) (

try {

if (parent != null) {
¢ = parent.loadClass (name, false);

} else {
¢ = findBootstrapClassOrNull (name) ;

)

) cateh (ClassNotFoundException e) |
1R R K m ¥ HE P ClassNotFoundException
HRARE BTk B B R

)

if (c == null) {

172 S BB sk 8 B B
HERAASH findClass F kR EME

c = findClass (name) ;

1

if (resolve) (
resolveclass (c) ;

}

return c;

© EMEHZEXT ACH2EE, 81T HdefineClass(O77 N — 1L “javalang” FFSkiy2th R L sh.
IR, A RUE A BABLA T R “java.lang SecurityException:Prohibited package
name:java lang” F# .
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7.43 BIFWGREIRRE

SR B AR R IRE R R — IR AR, TR Java T E RN A E
BN IR IR . 7E Java B HEF R HES HU2S INAR A EP AR MR, (LA BISh, 2]
EINThAE, DUEEZIRER BT 3 BN “HesR” L.

FEFE IR R A — W “ BBIR 7 H R A7 RORZIRAAN I BLZ AT ——BJ JDK 1.2
BATZET. BT IGERIREAIFE IDK 1.2 Z )5 A BB, T 2 104 8% A6l R 2 java.lang.
ClassLoader 7€ JDK 1.0 BHUERE 2A77E, WX EATEAEMA P H E OIS 1 LI
1, Java @it 5| ABGERIRERIN B A Ml — 20 2. X T EETHA, DK 12 256
java.lang.ClassLoader %/ T — 4 #7#Y protected 773 findClass(), FEMZAT, /M E4K java.
lang.ClassLoader f)ME— H #95t2 % T HE loadClass() J7 ¥k, B M BIHLIEHEAT 25 I A B
{722 V8 PRI ELES 64 FA A5 77 loadClassInternal(), 13X M7 ik M ME— BB R LA H TR
loadClass().

AT RATE 4 i loadClass() 7785 f1RFS, AR ZIR A EL AR BBt S BUAE X A Or ik
ZH, IDK 1.2 ZJ5 B AR RABH P 28 3 loadClass() J7¥%, TR 448 A C M2 miRB
5 3| findClass() 77 ¥ 1, £ loadClass() J7 ¥: ) @ 4 B AN AL ZE R e e, WM A Ty
findClass() J7 ¥R 52 AUMNAL, BAEREAT LARIERTS ok a2 8RR AT & SRR Y «

FURZIRBIRIAE K “SER " 2 MR B B BT BUN, SURZRIRTRIF
BT A A2 AR AR Y SE RIS A BE — (1 CRRZERI 28 eyl b 2 0 IR AR AT ), 2ER
RZIFLAFRHR “HEm”, REENTERIE A P IEAK APL (Bt AR 43
SE, HNREERN B B P R, IRKE 28

AR REM IR, — S BA 5582 INDI iR, INDI B C &R Java (45
WER S, EROARAD S B AN AR BS F AR (FE JDK 1.3 B AGE 20 rtjar), B INDI #9 B &9
R VEESA TR P IRMAR, EF R A h AL RSB AR E TE LA FF ) ClassPath
T {5 INDI # 42t (SPL, Service Provider Interface) H91UES, (BJHZHEMARAFRATAE “IA
R LRI L IRLTE 2907

R T R, Java B iHHABRREFFIAT M AREMK BRI KB ET X
2 i #X 4% (Thread Context ClassLoader). X 4~2 il #% #% Al LA il & java.lang. Thread 2 [
setContextClassLoaser() /5 b TR, MRCIBRBITEREE, BHEAXEET YR
AN S0 SRAE N P 6 25 PR IR A B B A3, R SR B AR R B AR 2%
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Ik
AT R L TSR IARAS - BEOT LU 0 HENE T, INDI B9 R A S
SR SCHAR B ST 1y SPHAUES R SCK AR B R TSR 28 5 e AR
BB, BORT R SEER LRI T 0GR IR0 S Y M A AR g, SRR b
T TR BRI — BN, (BRI 2T WA . Java BT Y B SPLAY
ARSI AR LA 5L, BINTINDL. JDBC. JCE, JAXB FIJBI%. ©
TGRS =K B St TP AP A P3RS 200, Pt
ty “SHASHE B R — 2N “HAF]” BB . (U HEE (HotSwap). B
CHot Deployment) %, 341 T WL 2000 FVEE P ABIG TR 00 H SERLAMEBRE, 35 1 Bl U
£, AT M, FURAT R TR B B, R HLBA TR .
HFAKTEHASE, TR — USRI AR TH (RXEF— k= KGR, XHLE
JE— YT RERREES R R P, SRS F RSB R B TF R4, B Al S TF
Rt FATRKIIRF S .
 Sun A AT HHFISR-294°, JSR-277 SHLALAE 5 ICP 41 BHRAHL AL 2 5 o 5 LA
JSR-291(BFOSGi R42), B4R Sun AR % Java BPULI ERHG MSFTE & & Jigsaw 1 B
1A EFOSG BN T LR “JES 1= 1y Java B MRS, Tl OSGi S BUALH LA B i)
SCHMIR S P XA 0950 46— D RTALHE (OSGi HFK A Bundle) #54—
AHBMAMALE, LT EE Y4 Bundle i5 4 Bundle 4 F 335 — B ML 5T
R HEE e
£ OSGiFRSET, SR EE A FERLXURE IR P AORPIRGS T, T2 2 M
SRBIRARGEH, ISR RIS, OSGEKHEI T HIF 440 %
B KL java * TSR BIRE LA B4
2) B KBRS B AR TR R IE
3) W, 4 Import FIFR A ZEIRS Export X 1-2A0 Bundle ISR I,
4) #W, #HYET Bundle i) ClassPath, i B C A2 In#R2e g .

© JSR-294; Improved Modularity Support in the Java Programming Language (. i .

© JSR-277: Java Module System (JavafiBiR%) .

©  WREHAJavalRILZ P RHOSGiA BN, TTLIMBEHNS A+ (RABKOSGE: Equinox il
. RS RAEKRE) .
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5) 750, #ZHRKIETEH O Fragment Bundle %, WIRALE, WZEIRS Fragment Bundle
[SESIERDIEs N

6) %M, #£4k Dynamic Import 5%y Bundle, ZEURZ NI Bundle K2R .

7 FH, ERRM.

b AR o R TS SR A RGEZR IR, AR M IS AR A AR P iy K
JLES LR

SEHBMEA T BRI XAARIEE LA A XU R IR FUU AT, (HiX
BOCRRIRT IR LB . DB REE CM, RO A REETTIA,
E—FIE. TEIN OSGE HEYS AR H A & LA RUEZIR M2 NS, I Ell Fx K
H T SEIHER B TR W ES M A RAEE A DS, (HAE Java BT B R A — 3k
i OSGi Htf 2R e ARARMAS 4 T/, ol T OSGi RS, RFTLIFRAER T2
IR KR

7.5 BN

ABAAT RIMBATRR NE. “RUE”, RS T R @R 5 BT
HERBLEAT T BB, BN T AIAL RSO0 T AR IR B BRI R S

St 6 RS T W EEAURAE, ARG IEE O SR ANA7E Class SUFHE L3, Wi Em
AFN AN X A A T LRI T, 58 8 TR T — KA A AL AT 0 7 5
MAE Class SCF BRI F 5.
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REGRIF AR NA DRI R T, RATEEMRERN — G, HRGRIES
RIBI—KE .

8.1 1k

BATHIHER Java BHLBBOC KIS Z—. “REPL” B—AHTF “BHpl” m
i, XPFOLAERA RIBIUTIS, RGBT HIITS SR el S AL B RS . AR
P SRR RGR T LR, TERWLAHATS | SN B S STH, BT LA A A7
AR GUATIIEMLAIRR, It E RS HATIRE A B E S 0T S it R

4 Java SRAUHLILE b 52 T AL F W RS TS A BE R, X MES AR 4
T DLATS RIS —SM R (Facade). FERFEIHEIPLEI T, $4751%¥AEHAT Java
I HIBHE T LA BEIAT GRMBERIIT) MARIRIAT GEILEIR SR8 4 A AR
TAT) FIFNBEHES, WATRERIHE A, HERTARSA LA RERIN GHRIFEHIT .
TEMSIR LB R, B Java IWLIBATS | 8RB0 . SARRTWIXH, At
HRRF VBTSRRI RIATER, A0 RSB f R
LI T7 IR AT ATBIAT

8.2 IE{THIRMIZH

HWIT (Stack Frame) & FSCRFEHIBLHEAT I ik AT IR BT 0BRSS M, SRR AL
HUZE AT I 3508 X P B BE AL (Virtual Machine Stack) SHURITH . HRMUERE T 7B R ¥
AhtaR. PRAEMRR. BhAERAT MR Bl 5 B A — N7 R IR IF R AT S8 AR
TR, SR — MR IR AR B AR R R

© A—EBHAL (MSun Classic VM) BN AFE/EMRERS, SUBBMERIT, 115 5h—2L il (BEA
JRockit) HPEBSFEAERIA GRS, FUBSBIRIT.
© WHNAERS N2 2T XK.
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MRS T R RE. BEROR. SRR YRR Bl A SRS R
PfE . EGERTF R, MNP EE KRR, SRORIEBRBEZ5E
ST, HES AR HERE Code BHEZ P, HH—MRMBEESREONE, FoR
SR AR AR, T (LU T AR LS

— AR R SR, REFEBRANL THRATRE. ¥ TR
Bl%KE, EEDHRES, BAMTREARMAZAZN, FRALFRB (Current
Stack Frame), 5iX/MERMUAICEBEH 7 iEFR K 1 HTJ7 # (Current Method). $HAT51%6:5E
ATHOITAT IS 440 FLAT X M AT R AT R AE, FERLEHIRL b, SRS AP 8-1
ELE &2 “fEn
Erud

Current Stack Frame

il ol
Local Variable Table

HiER
Operand Stack
AR
Dynamic Linking | | | ...

R
Retum Address

Hbin

Stack Frame n

2
Stack Frame 2

A1
Stack Frame |

Pl 81 ARMABLELTH

BTk PEAI VMR — T Rbieh 0 R i 2, IERGR. SRR, R Bl A A
AT R RS

O HMNEHES N6 THIHXAR.
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82.t SHXER

JRE R4 (Local Variable Table) J&— A RAF 25 - FITAFHOT B HOT N
FE XM RBIHAE R . 7E Java BIEHF A Class LR, SE7E 7 Code JBHERY max_locals
PO HE T 0T B A R R R R

JRFRAERFA AR LS RM (Variable Slot, T#K Slot) NE/NAGE, BRI 33
PRI U1 Slot Bt AF AN, FURRA SRt 81 A Slot R % RE L
~—7> boolean._ byte. char. short. int. float. reference B returnAddress S 7Y %, X 8 F
BURAARY, ERT LA 32 1N B R AE AL, (HIX R R S BT < 7 Slot
i 32 ALK B AP 1A A — S22 I, B SRV Slot B4 BE T LABEH AL BEAE . #24E R
Ge ok AL AT 2 47 . SUBEARUE BIIETE 64 (LAEHIMLAR BT T 64 i (o438 i 7 25 1]
FLHA—A Slot, HEIHLITE (X FF AR F BELL Stot 7ESL I E AR K 55732 (L HLHL
=3

BERBTTE £ 2] 1 Java BEIIBLE BOBAR], 7B AN B —F B, —4 Slot afLk
TR 320 A PRI RIR AL, Javaeth 732 47 LAY O $CHE B A Boolean, byte. char.
short. int, float.. reference “filreturnAddress 8 FI2ERS R 680 AL IARRE T LE
A Java B E AR BN R R MBS R RN (CRXPEERTE, Java 55 Java i
LIS A R R R AEAE A TR ZE Sy, W55 7 FF reference K AIFR AR M — A xh G 5L L
SIH, UL RN A B 0 K B WA R S DR A BRI . (B
K, MEAUALICL 3 AR S RS AT 045 R MOBIBA, — R DT P P el B 2
FURTRAE Java HE P AOBIRAFAAORRAAIBIE BT, RIS | b R oA 2 M A 4 B X 5 VR
BARKRETT AP AERE ORISR, FNTRESEI Java 1 5 ML R LR AR RS,
%% 8 F ) retunAddress 257 BRI AR LT, ERIFHFHEL jsro jsr_w Ml ret B,
T —RTFIBAELSMIE, R ER Java BERIHLE 20X LRSS S B % 4b 58,
RECEMRHENE.

X 64 G M9MARATY, e UL 2 LA 432 R 5 B 77 2 FE 4 BRI 3 SR 11 Slot 75 ] .

e i HAVMKEE, B HK SR R BIHA X, IR
GBI, BEREFE K EHTH HIR32A L IS 3

© IFRRFHIEEORRE MR R P, FIIICH; BIAMFR T (RIFRRTTUSTSD . B
AR, TAMRE . SRR EICH PR Iavail 5 BRI 19 R SHAARA RN .
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Java iEE PIHE (reference JSRINI AT BESE 32 (LB ATAESR 64 £i1) 64 FLHIRIRZER LA long
1 double Wi, [H/3—RAIR, XEIT long A1 double ¥iE A 3 HIFFHE M 7% 5 “long
double fFEFE FHEME” HE—WK long F1 double i MIEE S HI AWK 32 (1125 (K fifik
A, EE BT Java PIFPBIAYIN AT AR e — T o i, M FREEREET L
RO L, RAEAANMNIE, KidiES M EEN Slot RE NEFHAME, BAX5IRK
EAZ AR (RIS

BRWEE RS EM T REARBERE, RIENEERMN O TFHERBERRE
BA M) Slot ¥, 1RV R 95 32 (T BURK R AR, R3] n BRARFE T M5 0 4 Slot
IR 64 AT AR, WIBEH L[ B8 0 ot A Slote X T HI AR $E R
FEH—A 64 BIEHREIFIA Slot, ALY RAAE T 2BVl H AP FE— A, Java B HIHL
HUE BB ER T B B AT AR TR S, R LA e 2SI 0 R B B Bt
H5H .

FEEPATI, B GER R R SE R S BRI SR R R M B 3 R,
RYATHRSEGITE GIE static #9778, HRRAERLR P 0 ArFK3|# Slot AR T4
ITEFTRXT REGITIH, 77k h Al OB E B “his” RITREAEAMSE. H
RBEONEBSHRIGFHI, SR | FFRERIER Slot, BRFSFTER, BRI
Dy kAR E S A2 R FUAE P S BL AR ) Slot.

N TRV ARz, REAERR P Slot R LIE A, FikikhE LR,
HAEFEAR —E SRk, MR MRTF I PCIHHRMAC 2B % TR
BRI, ARXANAERXTRIA Slot SEAT LIS AR R . Aak, BOBERBOTER T AR
Wiz REILIsh, B —SHSMORNER, B, ARANIT, Slot A A& HEY W
REHBIEEAT Y, AR 81~ # 8-3 49 3 MEUR.

RuEE 81 RPEBR St S =

public static void main(string[] args) () (
byte[] placeholder = new byte[64 * 1024 * 1024];
System.gc () ;

© ERJavaFEREIE LN, XTRTHERES “longfdoublefIEF FHEDIE " SEE, HEAHE12
PTG,
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ARG 8-1 P RASRFIAL, B NTFBUFE T 64MB HOBHE, SRJS 8 40 U DL A7
KRR BRATIER BVLEFTSH I L “-verbose:ge” KB B RILMMEHIN R, RALE
System.ge() i217)5 3 BUA HUX 64MB (I MFF, T EZZITHIZR

[GC 66846K->65824K (125632K), 0.0032678 secs]
[Full GC 65824K->65746K(125632K), 0.0064131 secs]

B A 8 W placeholder BT 5 i) P9 77 B8 U8 4% 2f %, (A J 7€ $U 4T System.ge() B, 725 &
placeholder R4 TR Z M, HEHIHLH A RBFEIL placeholder FYPITF. FRFRATHEACTDE M
— T, ZERARES . 8-2 FHHFET .

RIDEL 8-2 RPLMRK Slot HAXHHRK KM INZ =

public static void main(String[] args) () (
(

byte[] placeholder = new byte[64 * 1024 * 1024];
}
System.gc () ;
i

MATHAESZIR, placcholder fIfF FIBMBFRFITEESE B2, MACEDBHE L, 7Eh
AT System.ge() HIBHE, placeholder B4R AIRERRREIIA T, (BT — F B, &%ILE
THERIT, ERA 64MB BNFARA BE, XUERHAR?

[GC 66846K->65888K (125632K), 0.0009397 secs]
[Full GC 65888K->65746K(125632K), 0.0051574 secs]

FEMFN AN, RSt XBRFHATE RS, 7EM System.ge() ZATIIA
—47 “inta=0;", BRI 8-3 (UBT .
REHE 8-3 R MR Slot B AXLIBW WA MI2Z =

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

{

byte[] placeholder = new byte[64 * 1024 * 1024];
)
int a = 0;
System.gc () ;
)

BABSYEERMICEIL, BT~ FRIF, HRIGKR NI B IEE T .
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[GC 66401K->65778K(125632K), 0.0035471 secs]
[Full GC 65778K->218K(125632K), 0.0140596 secs]

FEACTS T # 8-1 ~fRELI4 8 8-3 7, placcholder RE B M AOM AR P - JRpAR iR
i Slot B EEEA % T placeholder BAMTR MBI A H—vigsrh, RBRRCLEIFT
placeholder By/EISE (BAEILZ IR, WA TN RBHE R NIETIE, placeholder FLA BT
S I Slot A BT BT AL, FTLHEN GE Roots —HboMH RS2 R AR FF &
SET I R EBEE AT R T, AR AR T AR R . R R -
Tk, FUR AL — S RERT R OBRAE, TR L LT i T RR A b EE A
RAFEM AR, FERHIE K oull (. GTRABIRA int a=0, JRAE R R R
2 Slot 125) EARMAE— A0 ToRE SUMHRIE, X FRERAE AT DUVE S — R e AR IR NE. O
S T FINTEA o BRI I (A R RER R 7 P FIUCROA A B BT IARIEARME)
f-“AFEE” ML Tava HER M — A AR E 4 S (Practical Java) L “ RIS
REF SR null” A h— AR BRI, 2RI AR R LR IR, AR 22
A B SRR B R

BRI 8-1 ~(RAGH 8-3 AACTD /R I T IR null (LAY IRAEAESELLRENL FHSE
B A, R IR AR R A B null (A S AR, SR Y —
AR ) T A T o TP T A ANGRED AU, LA 24 2 A PR A i (e
Bk A R AR AR s, AT 8-3 ARRE AU AR L. LRI, BT
FAREVE, o IR nullELARAERAR AL A O B S AR 1T RT3 | S R e
L, R 6 EABTT MG, EHEIEMT 465 W “AfEHT. BALHR” AR
FEREARER 5 BRI R RSN IR, AR R XA E SRR e LB
EREIEATAS, A SRR LEHOE, B2t IIT 4E%AE, A RELIAT T
EFHR, B null (RIRAETELITE SRR ALJE BB BRI, X R 25 I B Ay nulk
R X, THERIEN AT, FEGC Roots B Hr!S fF R AT I IAT E
K, LINHEGIFRA, RELN N 82 ELTEIT SEJR, System-ge() HUATH AT LUEH
R, BAUS AT B 83 FE T

KFRHAERE, BH—RTHEMEIRIFR LR, PR R A G4
WA RICREAFAE “MEA W B, RS T REAOUERE, TRV Gl 2 B P K A AR
R, —WIEMERINE, RTREWMBE B UAWIRILIBE, T8 55 LHpr
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Wit B, BMELERIIR LI BB IT A W R R B X R, RERPIRRA 4
WsE PTG R R —RE, AR — AR AR B ST {H A AR (LR A R
19, REIKK Java PAEMTHE LT ERAEAE T AR TR AE BEBRIA O 0, A5 /RBUAERRIAY false 25
IHERBRIMEL. WRES T 5 8-4 B7R, X BURFY ISP R RRIEAT, A 4F 4R PRAR AETE S PRI ]
WA R RN — R, B SRR AR A B T A R R 0 A o T T AR A
R AT A5t 2 WAL B B AR I

REBFEL 84 FREMNKHER

public static void main(String[] args) {

int a;

System.out.println(a);

8.2.2 RIE¥Uk

HBAERHR (Operand Stack) % R AR, R —JFAKH (Last In First Out,
LIFO) #%. [AlJmBAEfitae—#E, HRAEBORR (0 Bk VR HE L 7E 48 PR B B3 5 A B Code JR 9
max_stacks B . R AEBOM Y — 40 3 T LUR AR B 09 Tava $UHE KA, 424F long A1
double. 32 fHUELIFT & AORRA TN 1, 64 REEIRARIFT & AR AN 2. FEHBEIITIO
AEATIH %, AR B BREEAR AR 2853 7E max_stacks YR P i 5 A IR A Al

H—AITERIRIF R BAT AR, XA I BAERURRZ 1, 80T AT B,
BHEF TG SR ER P E ARSREAR, WRR AR/ AREE. BN, fEMoE
AEGE A L o BB EAT B, LB FE T LA 7 B AR A5 R 4R MR R
fisgdtRE.

AT, BBINENTF IS4 iadd 7EE1T R ERAESOR T RESER TN A TR
CLAFATHA int BB, HPITRAHESH, MBS int EHRIFATN, REHH
YIS ERE YN

HRAEHORR HE 3 (4 RS TR & (05 AR IC RS, 7E 4R ARG it
B GBI — &, TELRRRY B RBERR AP R B R RIER — &, BUE
Y iadd $8 01, XAHES HTRABONE, EAERITH, BEERTIREATROSE
KAWAH int B, AREHIL—A long F— float {8/ iadd ArSHIMEIHLL .



HOHE EBMFHBHITIR 243

5hh, TSRS, ﬂﬁ/l\éfl!ﬁfﬁ%]ﬁﬁmﬁlﬁﬁﬁi?y RESHEMIE. AEKEE
AL Y 2 B AR £ fl— Lol AL B,

. gL
AFAEMH - EE. LTE
R S B RO 5 AR WA Sttt
SHRHTERBEEE R, XS JRLiE e

Fr AR AT S — e, () T -
BAEBAIF K HE X JREAE e K

EAEGRI SRS, BR[|

i E AN 8-2 PR . F 16 s

Java K $LHL () % B PAAT 51 S FK St E

K “ETARMBITIE, HebFrgm

R BRIMENRR. AR L

FHAOUTL AL BT I DR AR . P82 PRI N M

R R

8.2.3 ITERE

AR AL & — B ST 3 RSP AR WU B AT A5, R XA RS
T B AR RN 3% (Dynamic Linking). @355 6 SHMVFE, RATHE Class
SCEFRO R B A KBRS 5, RS 07 25 IS S RELA B RO s 10 Oy s i 4
SHIRERSE LS5 — M S TER AR B 58— i U RHERR RS (L B
SIM, SR SEAT. BT —YGE T MR N B, XA
WS ERE . XTI RO EMER, K 83 Wik,

8.24 FEEROMIE
Y AFEIFAPITIR, FA BT R AT LR XA H . RO SR T 5 S B
AT RE EINF 54, XAHEA AL R M B4 LRI R RE GHRY
T M DT AR VR D, R 75 R [ SR 4 26 T4 AR 8 80 oy 14 [ 45 4 3
YSE, SXFNER AT ROV IER 52 11 (Normal Method Invocation Completion) .
BH—FBRH R, A REPITE BRI T W, IR R B ) kg
BULETE, TS Java BERIHLA =L R, B RANES S8 athrow T4 SHE 4 7= 10 5

© BN WA SR,
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W, RELEAITENRERPRA RRBICR AW IS, ReFEOTRRE, XFRSY
Frek i E B M SER A O (Abrupt Method Invocation Completion). —A4NJ7 B fd I 5% 5€
R EGR i, RS A T LR FIE T A TR )

TR RATFGR 2, EHKREZE, BTRERABFEEAANCE, BFEA R
YRLEPAT, 7 RR L AT BE AR AR P R — L5 B, FIRA MK B 09 R T ik
R —okdl, FRIERIR S, AR PCIHHEES MR LERIE FIAE, bR
A AE S RPN RSB T 5 AR th B, SR [ M b R B 5 5 A B A AR E 1Y,
B — AR SRS

T ¥R L BRI RR L R ) T AR M AR DR B T BEBRAT ROBRAE A « 4K
HERIA N R R RO, HEREME (SRR FEA T E RSOk
1, e PC PRSIV S I J ik IS S R T — R 45 4% .

825 MKiNER

HEASHLALYE F VR ) 2 ALLBIL S B — 6 ML B A AR B 1 B B Rz b, i
SRR EER, XHE AT LB T BN BN, XEARFER. ERbRIF R
By BRI, TR EHhE S AR B 2RIE 2, FROMRMITES.

8.3 AiEHAA

DRI T I AT, I 2k B — B £ 45 AR U D O 3 AR
CEPR B — s, BEBERY ROk AT . ERFETH, T
FHRAEE . B EAIRE, EMECEYRE, Class XM HIFELE P AL EERRERH
HEHAER, — YT RIRAAE Class U B A7 S0 SURAFS5IM, TR IE1E KBREST
S AEA R SRR C otk Y T2 AT B LS D . MR Java 193K T 3R K A9 3)
AV RAES), (AT Java J7 IR BRI S Aok, BRI, HEE
ATHAIN A REFE BARIT R B

8.3.1 MBifT
SREERTE R T 07 RV TR, BT 7R R ) EBROT YA TE Class SO B E#ASRZ—1
R ST, AR, 2o 0T S 5 S B,



W BUMFHEHHTIIR o+ 245

BCRRATRERSLARTIE - PR T FUEZEAT Z AR — T E IR RAR, R B A
DR A E AT R AR T MR . BanE UL, A BRI E L. SiRRT
SRVRRTREAIUHRE TR AT IR AT (Resolution)

1E Java B E PRE “HIEHINTR, BITWIATAE” XAEORI KR, EEAREHATEM

A IIEPTIRYS, RiH SRMERKEK, FEESNBAAI RV, KBRS B R RE
TEN AT REE R AR ST RS AR, B S AT BT AT .

SZAKRIR, 7E Java BRBLB R T 5 RNEEAFHHES, H50mF.

Q invokestatic: AT .

Q invokespecial: JFASIBIMIE S <init> ik, AE FERRE T k.

Q) invokevirtual: 8 FHET A3 i) 5 % o

Q invokeinterface: Nk, RTEETTHFHE — L IULEE O X R .

Q invokedynamic = SE7EIZ 1T i 3 A8 BT th 9 FH A BRE A BT S I DT 3%, AU FEBAAT
WO, TEMLZRTH 4 SRVARIHE S, 50 URIE B R B AL TE Java BAUHLA TR B0, T
invokedynamic f§4- #4482 h L P BTELE (93| 907 e BRAE A

HZE g invokestatic Fl invokespecial 1 4~ V8 I () 77 ¥k, #B AT LATE MEAT I B o 2 v —

WFAIRRA, MEXNRIMARETE, AT, SOMES. QENE %, EilE
RN R AR SHEAT S5 | AT RO IR BT | . O AR R, 52
MR, AR (B2 final 77k, JECRRED. RIHFH 8-5 WA T — 1 BK
ERTR IR BT, HREBIR, #AT7 ik sayHello() AT AE/R 27 StaticResolution, ¥
AR F BT LB 38 o B A vk

RIGHEL8-5 FEBEMITIR

Jux
* W AMATRT

* @author zzm
+,
public class StaticResolution |
public static void sayhello() {
System.out.println("hello world");

)

public static void main(String(] args) (
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StaticResolution.sayHello();

)

14 7] javap fr 4 B X BBRIF T 1THS, 2RI T8 i invokestatic iy 4 ¥ F
sayHello() J7 ¥ «

D:\Develop\>javap -verbose StaticResolution
public static void main(java.lang.String(]);
Code:
Stack=0, Locals=1, Args_size=1
0: invokestatic #31; /IMethod sayHello: ()V
e 2 return
LineNumberTable:
line 15: 0
line 16: 3
Java HIRAEME I BBk T 4 invokestatic, invokespecial I 7 ik Z SNEH —F, i
B final {EHA0 7 . AR final J7 R0 invokevirtual 4RI, (HARd T E ok
B, WAHMA, FTLBRA kgl T E A%, NRERE BB
FEREME—(K) . 1E Java I H AR UL T final J7 iR —FhERE T ik
ORI —E R BENER, AREIYERTENE, ELXRRNBTHERS
BY RS HEREE N THENEETH, FEERFBTHEEZR. MK
(Dispatch) ¥ A U AT A 2 0 45 B0 L 7T RE AR SIS 09, ARG 5 UR K96 110 5% BT 49 g B4
WHESIR. XPLSRT XM PFBIAE R T BELSIR. BEZDR. HEHH
& BB ZHK 4 FARAAWSR, FTEERNEESBIILE EMIRE W,

8.3.2 /K

IR, Java R—ITHEXRFFIES, BN Java REERXTRA 3 D HAE «
kR, EFEMBA, AW UHRAINIRIE A 2R 7R SRR 0 — Lo AR IR T, fn
CEB M CEE” TE Java BIWLZ PRI, X BT YRRRIEE Lz S,
FATTR A BRI MR AN AT R TEBR Y HAR T 3«

© EEPRMSROMXMS (I FR” %) ERCHLA PR,



HeHE BEMFPHBHITIE < 247

1. S SR
FETFUA VER R AR SN RORT, B4 S T —Bee®s thBUE Wl (N 7 A9, &R
B —il, B TEFN SRR A, JFERA1EE B FSeX R AR E R
(Overload) ftA%, LASMTHERIHLAIGERSHE T ERA GO TS IR AR AS I 31 8-6
FRo
Rk 8-6 FEBEHRET

package org.fenixsoft.polymorphic;

Jex
* HEBEPRAT

* @author zzm

)

public class StaticDispatch {

static abstract class Human {

'

static class Man extends Human {
t

static class Woman extends Human {
t

public void sayhello(Human guy) (
System.out.println("hello,guy!");

¥

public void sayHello(Man guy) {
System.out.println("hello, gentleman!");

public void sayHello(Woman guy) {
System.out.println("hello, lady!");
}

public static void main(String[] args) (
Human man = new Man();

Human woman = new Woman () ;

© MK, DispatchiX Al —MAFAEBERELZ D, HCHAR LK FHIFR “Method Overload
Resolution” , {HEI & FFERHEPEEIG T FIT B “ BB . HULBin.
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StaticDispatch sr = new-StaticDispatch();
sr.sayHello (man);

sr.sayHello(woman) ;

hel¥o, quy!

hel¥o, quy!

AR - 8-6 P IRAS SE bR ER AR SO T i M B AR MBI, (SRS Java SATERSH
LR VR SR R AR T EM BTIETT A AL, (A A SR B T S AN Human-
HIERYE? FERFPX DA 5 m T (e XFA B ARER .

Humar man = new Man ()

FAHEE AL P “Human” FRAZERATEHALE eStatic Type), 30H MEHHAMIN I
AL (Apparent Type), SR “Man” MFRAZERE PR (Actual Type), HARKRIF
SERRAERUAERR T B AR AR R — A A, (X BRI A SR AR AT A (R A S, AF f A
SIS KEALWNAE, I ERA MBS LR R RN TisChr R 45 5
AEBITAPIHE, GENEGRIRR T I B A AN SRR A LR B 4 . BIOFF
AT

I EFEXEE

Human mam = new Man () ;
man = new Woman();

I AETER
sr.sayHello((Man) man)
sr.sayHellot(Woman)-man)

TR TP, I 2 A T B 8-6 B REBIARED R . main) BETRLA K sayHello()
FEM, TEHEERECERERENR 7 WETRT, SRS ERRA, BEeBk
TRASBEBORMEIEAER . AUF 2B ST PR UM R S BR 2 50 R /] s
B, AL (RGBSR AR 1 E AR T S M 5 S T R R ST RR AR )
SEMRAEI . I H SRR R AT AR, R, 7EAIFMEL, Javac RIFE SRS K
FERA P E MR TERRLA, FTLLEH T sayHello(Human) /£ 0B HAR, R4
IS5 S B main() 775 BIH 5 invokevirtual #8459 S%0h .
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A 25 TR S L W AT RS B 53 TR SRR Ay A S UR . RS MU Y SR
FRFBEER. BEMREAEFEGIEN B, P B A5 IR S 1ELER £ R L
HKUATH . S, GRS RRREHE I RN ERIRA, EARSWR TR ERRAH
R “ME—I7, TR R AEHIE A “EMEER” RA . XIS EIETER 0 A0 1 MR
BFHSEALIE A AR SR e AR BT, A AR ) R R T R 3
SEX, BT B B HARE, EHBHSLR N R ES LA &R
7. ACHDH B 8-7 JUR Tk “ A" R

Rikes-7 ERHECRRER

package org.fenixsoft.polymorphic;

public class Overload {

public static void sayHello(Object arg) {
System.out.println("hello Object");
2

public static void sayHello(int arg) (
System.out.println(hello int");
)

public static void sayhello(long arg) {
System.out.printin("hello long"):
}

public static void sayHello(Character arg) {
System.out.println("hello Character");

public static void sayHello(char arg) {
System.out.println("hello char");
}

public static void sayHello(char... arg) {
System.out.println("hello char ...");
)

public static void sayHello(Serializable arg) {
System.out.println("hello Serializable");
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)

public static void main(String[] args) (
sayHello('a');
)
)

EEERIBETE R

hello char

XARGF I, rar —A> char KEMEAE, ARSI HRBEAEAY char MER T B,
ANFEREN sayHello(char arg) 773k, BRSIESA R

hello int

R T W AShERIER, ot BRT AT RURE— TR, B MRERT 97 (F
¥ "a’ ) Unicode FUME N +HEFI%F 97), FILSEERY int W E R R AT RAITL
SRR sayHello(int arg) 73k, ARHEH &40

hello long

KIEACE TR E SRR, o SRUARE 97 205, M— SRR N KR 9TL, T
FCT ZHKAYy long WA . BHELEAMGHEA S H AL float. double FMTR, K
1 SEBR b B B AR REAkSE 4 B K, $ ] char->int->long->float->double F ¥ 54 B #E4T
DCRC. fHASICALE) byte M short AU TR, PIK char B byte 2K short MIFEHIR R4 M.
RAYRSETE R sayHello(long arg) J7ik, AR &

hello Character

ETRAET — K SN, a2 BAM TR KR java.lang Character, FLLILEZE)
T BRI Character FITEH, 4kLEH B sayHello(Character arg) /i, AR4IH 245 %

hello Serializable

B TS AR E LM, — A FRRBF S AR R
B hello Serializable, J& [ ¥ java.lang Serializable f& java.lang.Character 2 52 B{ i) — 4~
O, SEERMZERRERRRERAAL, (REH TRMELNT W O%R,
CLBEEH X R — W H 3% B, char o] 1L %6 8 i int, 1B f& Character /2 45 %f A 4 5%
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W Integer i, ‘5 FLHE % 4 M B4 AU & 95 B A9 4 1 R %o Character B K HL T 5 5 —
4~ 4% O java.lang.Comparable<Character>, 4l 5 [F] B H} 3L ¥ 4~ 2 %0 4} 5l 4 Serializable il
Comparable<Character> BT 7 %, HSENI7EMET MRS B R —HEN . 41048 TkH & B
AR IR AR, SRR, TR GRIE. TR UE R AT A 2 2 e T R
AR, 40 sayHello((Comparable<Character>)'a'), A RE4iiFifiat. T m4kLETERH
sayHello(Serializable arg) 777k, Hith &7«

hello Object

SRR char BARGHRNRET, MBEAENRYE, TG RER PN T LG
#, EPSE FR ARG, BT A A RSB null B, AT SR IE A
FRATHE sayHello(Object arg) Wik, i HiHe &84

hello char ...

TAERIEC AP HF AT, TRARSHERIEELRRICY, XAHET
T rar BT —NERHITR . EH AR char KRIERSH, EEERUER AT AR
int 264, Character 2%, Object ZAAFINE K SRR F it B EHWOR k. (HEFER
2, A —EAEPASECT ARSI H S AL, 10 char BEALN int, FEAEKBHPURART A,

ARED T 5 8-7 BOR T 4iiFHA AT MRS AMR HARH R, XA AR Java 1B H KT
EEEMA R WOR BT X B TR TR 01, B TR e U MR B LAST,
TESERR TAE LT A AT REAT SERR AT IR B3 SR MO/ (SR P T VR S 3R E Ay i v 4%
R, REBAME DL T AT R o ) A AT SR FLIE R < R T IR  MEA JLR S ik
BT TR ERANE B AL, — DGR FF 5 A A BIZAE 3R H oh 5 it
PR E AR .

PINEA — RUEE T RE A SR « EE VBRI S SR P Z A RIS
TR, EFRAERRRK LERE. e Biarkaad . fi, s,
AT R AR IR A TARAT, AT R B AR AT LI AR A Y, MR AR
A 1o R 0 S SR SE AR

2. SR

THRTEESR, RIETRE - THSMRMER, ENESHMHS—AEE

© ERPEFERAENENSE, T2 Wavaifi FHHEAY § 15.12.2.5 Choosing the Most Specific Method &7 .



252 <) E=HH BENBITFRE

Be—EE (Override) # %R & YJHKHE. AL AT 4 Man F1 Woman — &2
sayHello H Bl FR MR SIS IR, TR FUADTE 5 8-8 F FIR i RED.

RIDEE 8-8 FEBTHRAET

package org.fenixsoft.polymorphic;

Jox
* FEHAFRES

* @author zzm

w

public class DynamicDispatch {

static abstract class Human {
protected abstract void sayHello()
E

static class Man extends Human (
@override
protected void sayHeEo() {
System.out.printin("man say hello");

static class Woman extends Human (
@override
protected void sayHello () {
System.out.println("woman say-hello"};

pubkic static void matn(Stringll- args) {
Human man = new-Man();
Human- woman = new Woman () ;
man.sayHello();
woman. sayHello () ;
man- = new Woman();
man.sayHeFlo() 7

© A—FMSRIAY: PAEREMEN, EERHEN, FUIHESHREELGKD, BRANES.
BHEL X, B TR
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BATER:
man say hello

woman say hello

woman say hello

RAMETHERMEA S PATAR R, X F 0T w5 RN Java BIF R &
AL SE R FEFT IR o BUAE ) PR R I 6 —BF, R AUDILIR A ] 00 2 R PR A
*H?

R AT B AR U AN AR S, R A AN 2 A (AR A 2 Human 975 25
‘man Fil woman 7E ¥ H sayHello() 77 B 047 7 AR 947 %, 3 H 728 B man 78 B 0 I 5P 30
T T AREI k. SBOXAARMREERAE, RXFAAEROLFEEARR, Java ELIHL
AN AR S BRI SMIRTT IR BT REA (908 ? FRATMEF javap fir &4 X BRI A 74595,
SRR FHRER, WNGRIATEE 8-9 FiR.

RIBHE 8-9 main() HEMFHE

public static void main(java.lang.String(]);

Code:
Stack=2, Locals=3, Args size=1

0:  new #16; I/ class org/fenixsoft/polymorphic/Dynamic-
Dispatch$Man

3:  dup

4:  invokespecial  #18; /I Method org/fenixsoft/polymorphic/Dynamic-
Dispatch$Man."<init>": ()V

7:  astore_1

8:  new #19; /l class org/fenixsoft/polymorphic/Dynamic-
Dispatch$Homan

11:  dup

12: invokespecial  #21; /l Method org/fenixsoft/polymorphic/DynamicDispa

tch$Woman. "<init>": )V

15: astore 2

16: aload_1

17: invokevirtual  #22; /l Method org/fenixsoft/polymorphic/Dynamic-
Dispatch$Human. saylello: () V.

20: aload 2

21: invokevirtual  #22; /I Method org/fenixsoft/polymorphic/Dynamic-
Dispatch$Human.sayHello: () V

24: new #19; /f class org/fenixsoft/polymorphic/Dynamic-
Dispatch$Woman

27: dup

28: invokespecial  #21; //Method org/fenixsoft/polymorphic/Dynam
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icDispatch$Woman. "<init>": )V
31: astore 1
32: aload_1
33: invokevirtual  #22; I/l Method org/fenixsoft/polymorphic/
DynamicDispatch$Human. sayHello: ()V
36: return

0~ IS AT FITBRRESSITE, 1EFARHE S man 1 woman (¥ HFEZS A 98 A Man FI
Woman KRIE L EIMER, HXFDLORGIRFRES 1. 2 NEHERE Slot 29, X
A BRI T A X B <

Human man = new Man();

Human woman = new Woman () ;

HETRE 16 ~ 21 ARXEES, 16 20 B4 FHERIRI IR A BT R 805 | ARSI
Ti, PSR ERATH sayHello() LM FT A4, FRABERHE (Receiver) ; 17 121
ARITER TS, XFAEMAE S BT ITRAERSE, TRRHES (HR invokevirtual)
ARSH R RN 2 WA %R, ERBR T XA % & 2 Human.sayHello() #
FEIAD a—rH, (HRXFAES BRANTH BRI AHE. REREEN
invokevirtual #§4 M AR BRI IRV, invokevirtual $5 4 HIBTTH AT B RS H U
TRALE:

D REUREBR TN S — 1 TC R BT [ X R SEPRAER, 24k C.

2) WRAERA C th BN 5% Beeh O RARE AR 342 FRAAIAF RO 7%, IUSEEAT U7 )AL
Hely, ARE A MR ELXA A E RS A, HOERER . ARARIEL, MR javalang.
Illegal AccessError 5% «

3) B, HRYRERM T LKA C M4 RBHATH 2 SRR ABIETHE.

4) WRIRABA B AIENF . NHLH java.lang AbstractMethodError 5% .

1T invokevirtual 4 BATHYH— 5 RRFEZITHI & BNCH MO ERRKAY, BTLAPIC IR
SR invokevirtual #6430 % ik i SR S5 RMATEl T AR ERS A L, x4
BB Java I FOTRES AR . ROMERFFEEIT R S IR RIBE I I BITARA
SR BRI R B AR

3 BHRE SR

TPk B E S50 S BGERR A R S, XANE R R R ET (Java SHE
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) —F. BIBMRETEOFMGR, LIRS N B IRFE S IRPIFR . HIPIREAR

At BART R AT IR, ZOTRNRAR RS T— R At BRIt T .
FAPRMEAIRAE GERAM T, WFE LR R, At B L HE R

R T . (AT 8-10 5% T — Father fl Son —RKMt “—XRAMERIPLE” HBIT .

REHE8-10 BHRIS TR

/e
* BHRK. FARAT

* @author zzm

*/.

public class Dispatch {

static class 00 {}
static class _360 {}

public static class Father {
public void hardChoice (QQ arg) (
System.out.println("father choose aq");
}

public void hardChoice(_360 arg) {
System.out.println("father choose 360");
)

public static class Son extends Father {
public void hardChoice(QQ arg) {
System.out.println("son choose aq");
)

public void hardChoice(_360 arg) {
System.out.println("son choose 360");
}
}

public static void main(String(] args) {
Father father = new Father();
Father son = new Son();
father.hardChoice (new _360());
son.hardChoice (new QQ());
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BTEER:

father choose 360

son choose qq

A% main BRECT I T B hardChoice() J7i%, X YK hardChoice() J7 ik A R 4% AL
JE B2 BRI R T .

RAVRBRHIFN B OB, QAR HE/MRATE . X R H bR Iy kg
WRIEATH - ISR Father i Son, TRFEESHUE QQ AL 360, X U ERLE
SR S T Wi invokevirtual 454, BIZAE A BB B % Bk HP 6] Father.
hardChoice(360) & Father.hardChoice(QQ) 77 ¥ I#F 5 51 o P LARSE AN 5% B AT Ve 4%,
FLL Java ¥ AR S IRIR F 240 IR AL

AT ZATH B LA 4, bR A5 IRA L. 74T “sonhardChoice(new
QQO)” X AIRAT, S HEG ML, LT RRD BT X LY invokevirtual 541, Hi T4
PRI EL 22 i AR 7 7 (9 46 44 620 hardChoice(QQ),  HEFBUAILIAT A5 2 360 5 ok 3 9 2 8
“QQ” FIIRAE “HEIR QQ” A “FHi QQ”h X B HUINMARA, STBRAIIER I ik
VAR A S AT AT R0, o — R LS00 DL £ 00 PR 6 A Iy 2 ) B 2 P S B R J
Father i&J2 Son. A2 A — SR AERBEFARIR, BTLA Java 16 5 MUBASMRIR T M40 IR A8 .

MR ERIBUER SR, el T LRSS —4) . &K (HEBRLA Java 1.8) £ Java iff
ARTTBEZ R SBRMREET. SR SR Java iBE " RENXAEEALL
CAARAE, CHAE3.0 RZBTHIRRA S Java —HERBANINRIES, HAECH40 PIIAT
dynamic 285, AT LIAR T (B35S LB A 4R o

I E T Java I F IR IRRS, IR B NIRRTt o A
HiE CHn JavaScript) AT A AL S VEI TR . R Java S RULIZ 1WA
Wk, fE IDK 1.7 B ISR-292° B E T A IR S AT S I T, IDK 17
HHM 1) invokedynamic f ALY TR A —FONERAF WS4, REEHEE]
YH#X A IDK 1.7 BIRi451E .

4. NS TRIOER

B ARSI, AR RSB A FE2RS T, SRSk T

© JSR-292: Supporting Dynamically Typed Languages on the Java Platform (Java'¥-& (981255 3 %4%) .



H8W EUNFHBATIR < 257

HEAHLEE IR “ S 47 A EE, (BRI < B BN 7, o] R4S Fh izl
P I BEB AT o225 o

T B AR AR R BAE, T EL B ARG UR 97 1 ARUAS e et AR 5 BB AT R 7E S
9 TOBOR P I R AR ) B AR, BRITE ALY SEBR S B b S TR RR I 5 1, K4y
SIS £ BUE AT AR B R . XA AL, SR “BUEiL” FERR
FHAETTIEK S — AN HEJT R (Vritual Method Table, F5% vtable, ‘5ULXRifY, 7
invokeinterface $4THT th1 22 FI % 1 77 #: % —Inteface Method Table, f&#% itable), {fiJils
D RFG R ITCRR AR SR A . RATSEA IR B 8-10 FTXd I 0 e )7 v ey
AP, HkE 8-3 Bk .

Father i 24 Sony i
clone () clone ()
equals (Object) equals (Object)
finalize () finalize ()
getClass () gelClass ()
hashCode ) java.lang.Object hashCode ()
notify () R notify ()
notifyAll () notifyAll ()
toString () toString )
wait ) wait )
wait (long) wait (long)
wait (long, int) wait (long, int)
hardChoice (QQ) hardChoice (QQ)
hardChoice (360 ] W hardChoice (_360)
~ D
Fatherff) Sonff
ESitcd pidie

F8-3 ikt

HET R PG ST L BRA D s . AR TR PP RARES,
T )7 TR LR A M A TR T 0k B A TR — B0, HRAR 1 RSB
Ho WRTFRAPEL TR, FEIERPIHIAG SR8 1 THCIA A 1
Motk P 8-3 R, Son HE T K Father (94775, A Son )7 kR WA 16 Father %
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TSR AIEF k. fHJE Son il Father #5¥A4 HE K Object Tk, FTLLEAIM I kEFITH
I Object 4 &1 77 EAB1E 1 T Object AR

K TR T E, BAMRSARITE, R, FRE I LR DS B
BRSBTS, XEEMRRHR, (ITEAEARK IR, BT LR iy %
R | et BT AR (A O Stk

JrikdR AR B E B BT, e TR MR IR, BRI
R kR IR E .

SR ERESRER M FEL” TR BB T AT ERZN &
FMERVFIITRL T, BLMFIPIKESF (Inline Cache) FIEET “HRYKKR T (Class
Hierarchy Analysis, CHA) #AREGSFI7 A (Guarded Inlining) PHAPAERRE A9 “ W EAEAL
FEAPBE MR, LT AR ARNERAE LR, EETUSEAHE N
PR

8.3.3 HTRENESKF

Java HE UHL 71T SR -4 SR BOR A Sun 24 710955 — 3K Java M HUHLIE 1 2 JDK 7 i
ZRIH AR A B, — B RAEEMZE L. B IDK 7R, FIRESEL TR
T — ¥ A —invokedynamic 4. X FBIAMAIHE SR IDK 7 LI “EHBLERIEF
(Dynamically Typed Language) ZRFMTHEATHIMEZ —, 2% JDK 8 AT LUGA| 323 Lambda
RIAAMEARNES . AR, RATHTEA RS IDK 7 TR B AT A S AR
R -

1 SEBIES

TSR Java HEIPLIAShAS LTR35S REZ 0T, RAVESFUI HshBRREFRI A2 B
5 Java B Java WA AR ? TR IDK 17 REEELRIET BRI R,
BRARX A R RARA LB .

A RBELRETS? hELRIET KR EHLRAE N BB REAEZTY
ARG RN, W MFIEMIEFAME, WHMSS . APL. Clojure. Erlang, Groovy.
JavaScript. Jython. Lisp. Lua. PHP. Prolog. Python. Ruby. Smalltalk il Tcl 4. AH%tHY, 7
SRR TR R AYIE S (I C+ il JTava 25) SRAIRH I B ASRANES .

© HE. SELWATSHEES. BARETIFAL TS FERINE.
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S8 B it TR ? IRRATR G E P T LU B i 07 SOk B A2 “28
FiPE BTN AU AR CRTRFE . HRR T X B A Java U8, EREE
TEHGHEALELT?

publicistatic void main(Stringt] args) 't

int[1[1(} array = new int[T1EOL[-1};
}

X BRACHD AENS IE ¥ 4R 1%, (HE 17 A9 8 24 NegativeArraySizeException 4. 7 Java
RIS B T NegativeArraySizeException f2—AMEATISHH , Wi — Sk, i&
TSR BRI R AT 51X — AP A UL, S5 3EATI 57 9 MUK AL 001 B 5
%, IR UL NoClassDefFoundBrror (AT ST 529, I 2 S 50K B S 1
e — S TAERATRI Y LB L, HANANT Cava MBI ESRINEL, TIAE2 AR
BB WHBE LAl :

T, 76 CIEE, &R AR

int main(void) {
int i(1170](-11; Heee E#GF, ] “size of array is negative”
return 0;

)

HULFR, — A WB— R 2T Y B AR ATHIREAT, B — P2 B A 4 PRI AT
HBABAMBEFBERR, KREFTIE P ANER . R0 TFRARE “ KA
27, BT T — Ay A A A

obj.println("hello world");

BREA AHREE MR AT AT 4, (X TR, X —ATRE “ B3R
REFEMTH, ERE—MREKN L FCAHITROE L.

BRI X AT SAE Java i 51, FFELAERE obj Y BHZ2Y java.io. PrintStream, H
5§k obj B9 SE RS ARSI PrintStream ) 726 (S:BLT PrintStream #2111 1926) 4 R4k
9. A0, WA obj i F— B SEA M pri ing) 77, {H'5 Pri T BA 4R
KR, REHRARAT RGBT AR AR Sk,

ERAHIR] (A% 7E ECMAScript (JavaScript) si§5LIIAR—#E, Tit obj Bk ATR%
B, SO 5E PSR A printin(String) Jrik, ARy kA 6E AT AR .

S 2% 5177 A 6 IR 2 Tava 15 776 4 PR I91 6] C 4 printin(String) 77 3 52 8 (045 5 51 1
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(A Hg—4 CONSTANE InterfaceMethodref info # ft) ARG ik, A ik HHE4 1
SHAFHT) Class LI, FIATE X BARHS =

invokevirtual #4; //Method java/io/PrintStream.printlnr(Ljava/lang/String; )}V

BAKFSS FHL S T TPk AR BRI . ORATA TR BRUT . B%
KRNI AR PG E D, WS T, LT LABIR A B L T
7E ECMAScript S8 RIEF R, 285 obj A B R BA LN, Ah obj WA BAT KA,
Hi PRI B DBETE TR AR, BB IR XA 5 WA T T7 R T M) FLAR R
CHP7 i BRSO AR TATE ) A8 B ORI A8 A A 2600 ™ M A R B A R 7 iy —
AT EAFE.

T T ShEMBELRET XSG, GFEENT @RS, HELE
FEHEL, SERENE? SRR SAIIER, BRI BEwa,
ORI S R WL . WA T E R, BRI R G AT
VLB 2R e, 0RE S0 AR O A0 1) SRS FE SRS I B SR R B, ) T REAE
AR BB M AR R = AT E KA, 0T LI S A RR L K i R iF
P, FOULEHEARISF PR “BEM (AR TIATIAE, i BhA I e ST
2SO AR 1, B0 0 35 A G RO T R BRI

2.JDK 1.7 Saha#n

FEIAT LR, KBH Java T . AN GHELBET ZHAHAKR. Java 11
BLEEREENRE Java i FH WZEATF G, AEREAIFRIURT I, FE 1997 UM UJava
HEABLALAE) PR ALR T RN AR, AN Java BEAMLATIE Y105 e,
DIMEBE G0 SR AR A F 24T F Java EBWLZ b7 T HRTH S E S U EHBEXRESE
7F Java HIHLZ 1T, 40 Clojure, Groovy. Jython il JRuby 4, REMS7E [l — /> HEdulHL b
AT RGR RIS ALA T M S S S RMIE T R, R R A

RS, Java BEALDLIZ FI X AN & 1O S HS — MABA TR, BRI
VHHIJSTE = JDK 1.7 EARTI 7R85 24, 4 77154 Cinvokevirtual, invokespecials
invokestatic. invokeinterface) )55 — 1% $U#H S ¥ 8 A 19 77 74 A9 45 5 51/l (CONSTANT
Methodref_info 3% # CONSTANT InterfaceMethodref_info % ), #i 1 &2 # 8)it, Fikhy
PS5 HRER IR, T BhAS AT 77 RATEB T IA BRI B . XRE, 7E Java
HEAPL b SCI B SIS AR MM T (4Rt B4 5 A, ST )
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AT SR SR B SRR AIE D) RSB, S AL B K T B
W52 2 BERE I, AT REAS RSN Pk RE B A7 TF 8o A T LRI —26900% (A0 Call Site
Caching) kX SEFFRSREAS /N, (ECRRJRJZ LI S R S 78 ERHLZ R b 2k A ey
&, AR Java MEAHLIZ I L8R OGBS AR 0 PTEE SRR RN 1 Java P IR R R 2 —,
XL JDK 1.7 (JSR-292) H invokedynamic #5414 & java.lang.invoke {1ty BLAGHE AR 755t

3.java.lang.invoke 1

IDK 1.7 328U T JSR-292, A K java.lang.invoke f=5k /% JSR-292 (i — T B4 AL
Ghe XA AR F AR 2 AT ARSI R B A R S, 42
PE—FhowT ) 3h A5 4 E AR DT RA BOBLA, FR A MethodHandle. i3 ik 77 2 thiff A A At 2
HEAWiHE MethodHandle 55 C/C++ 1 Function Pointer, =# C# i) Delegate % [t — T .
HEABIF, ARBATESL AW RHET B3 18 C/C+ shas IR ok AR & Xl
PRE HREER SRR B, .

void sort(int list[], const int size, int (*compare) (int, int))

A8 Java VA F OB — 00, BIBEAT TN OO0 — AR B GHAT e o W 1O
IR — A compare() 77 () Comparator 4 11, BASZELT 3 M 0 A9X G4l B8,
140 Collections.sort() # 5 s X f):

void sort(List list, Comparator c)

AL, FEHIA Method Handle 2 J7, Java ¥ 7 1 B LA A 2 0L F R 345 4T s % BT 10
TTERFMTRT o (A5 8-11 HUR T MethodHandle A9 3EA ik, it obj J 2k
I R LAY ClassA 418 25 B PrintStream #5211 #9523 System.out), #B AT LA iF B ¥4 S
) printn() 7.

EiEL 8-11 MethodHandle R

import static java.lang.invoke.MethodHandles.lookup;

import java.lang.invoke.MethodHandle;
import java.lang.invoke.MethodType;

Jex

AR — BUR ] LB Jyjava.dyn, ¥ £85597 95 4 java.lang.mh, WNSLEEHAEILAVER) AR M A
045, TTRUEEN TER Kjava lang.invoke.
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* JSR-292 Method Handle & /i W7
* @author zzm

7

public class MethodHandleTest {

static class ClasshA {
public void println(String s) {
System.out.println(s);
}
}

public static void main(String[] args) throws Throwable {
Object obj = System.currentTimeMillis() % 2 == 0 2 System.out : new
ClassA();
/* it obj RARBALAK, TEXAHREARAE princln Fik
getPrintlnMH (obj) .invokeExact ("icyfenix");
)

private static MethodHandle getPrintlnMH(Object reveiver) throws Throwable (
/*MethodType : & “F kXM, G4 TH%WEEM (methodType ) ¥ - EH)
AfkEH (methodType () HZARUBHEHO) */
MethodType mt = MethodType.methodType (void.class, String.class);
/*lookup () # #% B F MethodHandles.lookup, X4 MfEfREME LT EREGH TN
TEAR FEEE, FAASREARRY T LA </
/rENERERAGRE-AEF ok, B Java BEHRN, FEE-ASKRBRN, REUF
U, BHRE this B MR, KASEOUNEKAES KT P HATHBY, TRERRT bindTo() ¥
ERERLIEEH -/
return lookup().findVirtual(reveiver.getClass(), "println", mt).
bindTo (reveiver) ;
}
}

bR b, F7Ek getPri ) AT i irtual 4 WPATHER, AR EHLSHK
IR EGAE Class SUFRFHHS L, TREE — A RAETERER. TXATEA L
B[ (MethodHandle X%, AJLAYLA S BAHAI kM —1 “5IH”. UMAER, AT
MethodHandle $7T LA 260 T F HIX A% ) R ] -

void sort (List list, MethodHandle compare)

M ETERBIFATLIF ), $H] MethodHandle 378048 A M, A s e RMEZE,
BE KBRS BRI, HIFIRIHE, RS R R AT LIS TR 2
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WS, WHAE Java TE S AR, MethodHandle BT A ABUR S Reflection 47 A%

ZARMZAL . i, EABE AT XX 5
DA R 3k, Reflection 1l MethodHandle Akl #5J AEASLY 1T, fH-Reflection J&~
FERE Java SISV J7E R, Ti-MethodHandle S27ERE 45 B 2K 7 1R o

#£ MethodHandles.lookup 4.3 4~ J7 ic(). findVirtual()s fin ial() IE
J R X i icy i irtual & i interface fl i ial X JLA&T
PR A I BATAURA AT 7, T K 2R 4R 1 7E 8 F Reflection APT I 2R 75 226
SN

(2 Reflection ¥ ffj java.lang.reflect. Method %4 3%t MethodHandle-#L fi- 1 java.lang.
inivoke.MethodHandle Xf 4 FT (& M7 0.2 . W2 J7 AAE Java — SO 2 THIIRIR, 6L
BT IREMAEA . SRR LB IR PR A R R ) Java SR PR B ELE
TR MBEATHIR . TR H (L& SPET I BRAORS B JEA ik
Pk, Reflection 2HKYL, 1l MethodHandle 224, .
Q #1F MethodHandle /X 5174 77 5 4 Ve A A0, BT LABRIE b KR HARLAE S Uy T
M R AL (D7 E M), £E MethodHandle b=t i 24 T L3R JH 2 DU B 2 S %
(B AR BN SE 3 ). TE ik S 28y B AT
MethodHandle 5 Reflection [ 1L i 91|24 i) X 54 e ) — (A T2 390 T 1 1
MM RITAR (LS 7E Java IS MEAT "« Reflection API (i3 HARE R K Java iF &
MR456%, T MethodHandle M3 HATT iS5 F T4 Java EIINLZ LRGIES, JEhads Java
HH.
4.invokedynamic $§4
AN —IFHAREREI T IDK 1.7 4 T B Sh BRBIE T, SIATH s KOTkiR
F #9545 1345 4 invokedynamic, ZJ5—ELRAT HHREIE, L ELACH T H 811 P
MethodHandle () 775 5 £ 1% )2 44 1% J5 th AR 4 7 I, invokedynamic 19 53¢, & {9 FH 2 b £ HF
i
TERFBEL, i ic #5455 MethodHandle B 1 2 —FERY, I T %
JFA 4 2% “invoke*” 547745 SHIRALI AL A REAUDLZ sh 1ol B, fer e 4k B bR ik 6
POEAU B RBL AR A PR Z 0, LA (EHBIEF IR AERNER
BE. TiH, AT BRI, TTRMEENERAN DR A, — R
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HEJE Java (U3 A1 APLKSEL, 53— I 50 Class HhCHUB . HhURSER. K,
U SRR AT ) MethodHandle #)F, A4 B invokedynamic 354t I AR HINE .
H—Ab5 A7 invokedynamic 4§ 4 ) AL E#EFR A “ ShA AL (Dynamic Call Site), X
KA M — D BB HHRRF T 1455 51 I CONSTANT Methodref info %4, i j&25
7 JDK 1.7 Hifil Aff) CONSTANT _InvokeDynamic_info % fit, MIXA~%i % fit ch AT LS 5] 3 190
i« 514977 (Bootstrap Method, It 77 ¥: 47 M 7E #3# i) BootstrapMethods J& #E 1), 75
AL (MethodType) FIZFR. 51907 AT EE SR, I HIR A java.lang.invoke.
CallSite Xf %, X AU FIE B AT AR5 % 1. HLE CONSTANT InvokeDynamic
info Ak PHREEOAE R, MAUHLAT LIERED I HHATSI SOk, NZEHE—4 CallSite 442,
SR AT FAR T i e BT T2 — NSRRI B TR AR A 1A, RTS8 8-12

AXFBi% % 8-12  invokedynamic 14 #R

import static java.lang.invoke.MethodHandles.lookup;

import java.lang.invoke.CallSite;

import java.lang.invoke.ConstantCallSite;
import java,lang.invoke.MethodHandle;
import java.lang.invoke.MethodHandles;
import java.lang.invoke.MethodType;

public class InvokeDynamicTest (

public static void main(String(] args) throws Throwable (
INDY BootstrapMethod() .invokeExact ("icyfenix");

public static void testMethod(String s) {
System.out.println("hello String:" + s);
)

public static CallSite BootstrapMethod (MethodHandles.Lookup lookup, String
name, MethodType mt) throws Throwable {
return new ConstantCallSite(lookup.findStatic(InvokeDynamicTest.class,
name, mt));
}

private static MethodType MT_BootstrapMethod() {
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return MethodType
. fromMethodDescriptorString (
" (Ljava/lang/invoke/MethodHandles$Lookup;Ljava/lang/
String;Ljava/lang/invoke/MethodType;)Ljava/lang/invoke/CallSite; ",
null);
i

private static MethodHandle MH_BootstrapMethod() throws Throwable {
return lookup() .findStatic(InvokeDynamicTest.class, “BootstrapMethod",
MT_BootstrapMethod());
1

private static MethodHandle INDY BootstrapMethod() throws Throwable (
CallSite cs = (CallSite) MH I () . invokeWi: (Lookup (),
"testMethod",

MethodType . fromMethodDescriptorString (" (Ljava/lang/String;)V", null));
return cs.dynamicInvoker () ;

3 BEARHS S MethodHandleTest Y FISEA L2 —FE), BAZHBATIMAERE, (1
JE B KB Y AR e A BRI HR )L, T invokedynamic 44 T i ) 45 FH 2 3 AE
Java B, MRHAM Java RN LHBIAET, FILOURSE Java 55 M%IFS Javac B4
I A A invokedynamic 4 F 1 (¥ 44— java.dyn.InvokeDynamic ()i 1 Hi
ATLASEER, (HJERBIGHE 7O, BrAE (] Java 15 7 KB 7R invokedynamic 454 HAEH— 2
AF5@fIME . John Rose (Da Vinci Machine Project i) Leader) %5 T —-UR I 07 15 4%
e invokedynamic i) T 82 T INDY O 52 U/ 454, A1 (A T Bk =1 it
KEMF N, KRBT I k4 AR RS, BRI LS E —
BE, FEAEMTRE INDY TRERE.

8 EARE AR T INDY §4 805 TR UG 1R IR A A 8-13 R (455
R javap fitt, PIRRTIRIN, RS TP HXMNED.

REHELB-13 i ic LR (2)
Constant pool:
#121 = NameAndType #33:430 /l testMethod: (Ljava/lang/String;)V
#123 = InvokeDynamic #0:4121 /1 §0:testMethod: (Ljava/lang/String; )V

© INDY F#uht: http:/blogs.oracle.com/jrose/entry/a_modest_tool_for_writing.
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public static void main(java.lang.String(]) throws java.lang.Throwable;

Code:
stack-2, locals=1, args_size=1
0: ldc 23 J/String abc
2: invokedynamic #123, 0 )/ TnvokeDynamic #0:testMethod: (Ljava/

lang/String;)V
7: nop
8: return

public static java.lang.invoke.CallSite BootstrapMethod(java.lang.invoke.
MethodHandles$Lookup, java.lang.String, java.lang.invoke.MethodType) throws java.
lang.Throwable;
Code:
stack=6, locals=3, args_size=3
0: new #63  J/class java/lang/invoke/ConstantCallSite
3: dup
4: aload 0
5: lde #1 /class org/fenixsoft/InvokeDynamicTest
7: aload 1
8: aload 2
9: invokevirtual #65  //Method java/lang/invoke/MethodHandles$Lookup.
findsStatic: (Ljava/lang/Class;Ljava/lang/String;Ljava/lang/invoke/MethodType;)Liava/
lang/invoke/MethodRandle;
12: invokespecial #71  //Method java/lang/invoke/ConstantCallSite."<in
it>": (Ljava/lang/invoke/MethodHandle; )V
15: areturn

M main() F g FAFSAIIL, AR B 7 9 4 4 B 48 8K invokedynamic, RIS
BORH 123 TR G AME 0 MBS BE HotSpot HHHIARE, 5 invokeinterface 184 A4~
B 0 S FEERE T BT o

2: invokedynamic #123, 0 /I InvokeDynamic #0:testMethod: (Ljava/lang/
Strings)V

A i choAT L, 38 123 009 i R “#123=InvokeDynamic #0:#121”7 38 B T 2 — I
CONSTANT _InvokeDynamic_info 2§ &) # ft, ¥ i B " 77 /1 69 “#0” A K3 T H M|
BootstrapMethods J& 1!k # ) 5 0 T (javap % 47 71| ti J& vk & 00 B AR 1 4, R id 7% 0 o AL
H—A5 87k, B BootstrapMethod()), M /i i i “#121” X3 5| F 4 121 WA 5
CONSTANT_NameAndType_info (%5, M BT LAKIOT A4 FRAIRSRTE, RS
Hithi#) “testMethod:(Ljava/lang/String;)V”,
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i —F BootstrapMethod(), X774 Java UAFS %47, 2 INDY P=AE ), HREH
AR ZE 5 e, T i 4 sk 4 4 ] MethodHandlesSLookup K9 findStatic() Fik, T
testMethod() 77 #: () MethodHandle, #R/5 fil'E Al —> ConstantCallSite X%, BiE, XX
43 A% invokedynamic 184> SEIUX testMethod() /7 ¥, invokedynamic &4 RV T
BRBENLREETERT

5. $4R 75 kS TR

invokedynamic 344 ST 4 % “invoke*” 14 TR 2 SRR B (053 IRIE AR h 1
B, TR MY RYGE . A Java IBLEIAH T SFFORIG — /NS, B H
it ABIT ORI 8-14 iR ), st BUARAR Y B AT LAY T A IR AL
ZJG, B4 LI R B

REBFE8-14 FikAREDE

class GrandFather {
void thinking() {
System.out.println("i am grandfather™);
)
¥

class Father extends GrandFather {
void thinking() {
System.out.println("i am father");
1
1

class Son extends Father {
void thinking() {
NHEEHELEHNE SRS (FRBEERT HRE)
N EAAAAMK % thinking () # 3%, TH "i am grandfather"

)

8 Java BFFh, ATLLE “super” XAETARIT (A BIR A i Jrik, (AAREIR
AR ITER? EEER AR FmRENRIOTRZE, AHSEE—TF, #£IDK 17
ZRITA B ARG MR

{E JDK 1.7 Z i, (ISR Java 15 5 fRMEAL FEX AR CRLREA BRF 1 D REAR A4,
O ASM 5 F S TR, JRERTE Son 2 (1) thinking() J7 ¥ *h ik 4RI — A L PRk AL
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GrandFather (%451 ], T invokevirtual 484 4R ¥ 4 2 1 B 7 v BE UK 1 S R U3
TT50UR, XA AL, 2P R ERSAE. 76 IDK 17 4, AT LME RS R
L 8-15 R R AR X A IR

R 8-15 &M MethodHandle SR HRAEX S8

import static java.lang.invoke.MethodHandles.lookup;

import java.lang.invoke.MethodHandle;
import java.lang.invoke.MethodType;

class Test {

class GrandFather {
void thinking() {

System.out.println("i am grandfather");

class Father extends GrandFather {
void thinking() (

System.out.println("i am father");

class Son extends Father (
void thinking() {
try
MethodType mt = MethodType.methodType (void.class) ;
MethodHandle mh = lookup () .findSpecial (GrandFather.class,
"thinking", mt, getClass());
mh.invoke (this);
} catch (Throwable e) {
}

public static void main(String[] args) {

(new Test().new Son()).thinking();
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BTSSR

i am grandfather

84 BTFHREMFHBMEHITSIE

MBI U r N B D SRR, WA T A, TRf A L T
TR PP A0, SRR, V2 Java ERUBLIGBT 3| SETERT Tava FURSG
AT GEAREAHAT) RURTRIGT G IR 387 AU AT P
RO, AT, RIS — FAMRRNETOT, e RBLIGTS 19 T 19

8.4.1 MEHIIT

Java IR LR BNANTERY “WRREAAT” M0IET, 1E Java VLR IDK 1.0 B, fba
SCEFI LCEHERY, (B2 WAL R R A0 T B 438885, Class SO+ i 4% 51
IREBRFEIATE R FNT, BT AT DL 1 2 A GEAEM I (9300 . PR, Java
RN T RS LB B A RS SR8 [0 GCI© (GNU Compiler for the Java)], ifi ¢/
C+ W F I B T R AT ROAEAS (0 CINT®), IR PEE S b 5 “ ORERAT ", %)
THA Java HEERBEBUR T ILPRIA B IHES, NAHIRE T RIS QSR LA Java
T RIS GBI TR, YRR TR IATA 2 AR 1) .

AR RAE, WA R BYLE AL, X TR R, SRR A
ASREBIIE. B, SRIRRRAAR T BATRE S . KA IR (O RS20 S ML A A LT o i 0L
REMAT IR A 21T, AT HLGL I 8-4 AL WHEH R GHF T B A R BT
ATENGIIE, AR AL 8-4 F FHARS L, MEAEEGIFEI BRG] B4
HLAMCFS A B B TP OB AR 40, 1 SR L AR RN T O i R

4, BFHEYL. Java BIHL, HEIE Java OILBETSEH EHHL (HLLVM) i
W RS AT BRI IE ORI, DA TR SE 0 R BT 17 4
AGEILSPHAETN, JERIY I S (Abstract Syntax Tree, AST). % [ LK%
RSB, AT RS LA S I O ) A 2 AR PO AT A A A8 0T L i B o T
PATHI%E, T — A TE R IRRS LB, A IKR OO+ il AT AR

© GCI: hp:/igee.gnu.org/javal.
& CINT: hitp://root.cem ch/drupalicontent/cint.
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— AT (e A SR Z AT AT SN — ST IR, X RRE Java
. URFH IS TRARAT S| S AR ch B R — D B B T 2 R, IR B R
JavaScript $UIT8E .

Java #i 5, Javac HiiER LR T EF RIS LA ST R TR R AR, B
3 VA R A R B 7 SR S W R DRI — R4 AR R AE Java HEAULMLZ ShiEAT
B, TR RE RS AE HEALOLA IR, BT LL Java 2 () SRR B ST 1R SE 3

842 BETHRNESKSETHERNETE

Java % 1% 4 A9 75 2 0, EAR RO — R0 3E T AR 1945 4 S48 H (Instruction Set
Architecture, ISA), 84 KM RTHIAGS . EIRBERESURIES T4,
AR 53— U P A0S S AR R A T AT AE BRI 1S 44, ISR BAE x86 1 i
B, BUEEE L, R IAERAIER PC YL B SRR AT O A, XS4
IAFTFRPAT T A, TSRS ETHEHORSRXWE Z A+ AR
[FI9E?

AT PEGF, S BIE X PFE SR 1017 SR, HTRIEORER
BRETHY:

iconst_1
iconst_1
iadd

istore 0

© M “HALT RENWST RS SWASH, AR TR S 4R SRR B AL
9, WHRBAFEBRXNSE. Javaik FES B E TR IR AT TR R YE .
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% iconst_| $§ SRR | EAKRSE, iadd 5 SHAR TP AR, A0,
RIFHEAER MR, R istore 0 JEAR T BCBI R3S R HE 04 Slot .
AT AR, AR AT R T

mov eax, 1
add eax, 1

mov 4 {8 EAX FAF 85 M0 0 1, SRJF add 54 FHERAMENN 1, S8R BRARTFAE
EAX #7723 HLI .

TR T TR AR SR T AR RO GRS TR — SRR iR,
PSS YT — 20 ?

RIZX 2B, AP RERNIEFFRER, I ERea R, mRe %k
SRR T A28, A LAFTEEFRRE T .

TR AR EER SR AT AL, F7E8 B ERGe, BF EERBuX L
T {27 47 58 U R T 388 40 55 52 B RE P O 205K BiAn,  BILAE 32 {7 80x86 1R A 4b F S o R 43t
T 84 32 {UMEAERE, T ARM FERR CPU (FEMATHYFHL. PDA AR Y MiAT ) —FPLETEES)
MHREET 16 4~ 32 fi il A 77 R% . SRpE BA%, APBRFAREEME XS
FAER, RRAT LA AL SR AT BRI — e I B BB RF TS . RTUEAE
45 FREN A AR AU R AP (e Bl SR SRR S AN A 2 — . RRZRM 1R S HRiE
F—SIUBIPEA, IFHME MRS (FHRR RTINS, MEibhki
SAREPE T RSO FFERSIEME R CRTEH B RSP RC R, Tz R
Tekk L) 4.

AR A R0 B BOR PUT B HIER B ARIB — 20 . BT R ERHLIG TR 4
A RR YA N TTETHE 73X — 52

BRSSO RIDAR N B, (ERSE U RIS BEBTR 46 & MUk — e e A A AR
B, BMER. ARBREAS A THE SIS, FRENR, RIMNENF
Zh, SRR VA R R OR A SRE B AR, AR TARTREEREE, AE IR SR AT B
HORET. A B LT DURBURTURF i F- B, 083 3R E U B A a8 o e LA
FEUIE, (Rt R AR AR T A SR AR A R By 3o R T A BRI AV A SR

© ETRMEYIYLE LOFER, WAETAIERELIL. WGoogle Android ¥ £ ¥jDalvik VM. B

#T 2 HHEBR - UZBUR
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B, BTLL S BT AR 2 SR B AT E SR e

843 ETHOMEBINTIR

YIS RIRC SR T, AT T B Java 0, BELERBHLA IR R0
PATH. B ST T 1017 MIF, XRRSERIEH RAKE MR T . B
T SR MGIT, W 816,

REBEL 8-16 —BEANHARS

public int calc() {
int a = 100;
int b = 200;
int ¢ = 300;
return (a + b) * c;

}

M Java EFHIFERA, X BATBA BRI, 7T LA javap G AF AR
EHFIIES, WIS 8-17 Fin.

REHL8-17 —BHENHARBUYFHBET

public int calc();

Code:

Stack=2, Locals=4, Args_size=1
0:  bipush 100

2:  istore 1

3:  sipush 200

6: istore 2

7:  sipush 300

10: istore 3
11: iload 1
12: iload 2

13: iadd
14: iload 3
15:  imul

16: ireturn
}

Javap FRX BARE® BB 2 (BRAE RO AN 4 /- Slot BRI RS ], BHREX
S L T 8-5 ~ P 8-11 36 7 3K, FIEAIRHA RIS 817 TR P ARAS, #
MO AR AR ik (A«
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- - ORI RBIL RO0MH
N 4. bipushfi - WOEFLLA 7
[ bipush 100 [0 wwsons i (-128-127)

Frien FARMERRTT, BBA

BY, YR AR BT, X
100,

o
2

3 sipush 200
6 amerez

T sipush 300
10 isteres

1 iloadt
iload 2

19 el

1 ilead3

15 mal

18 iretwn

F8-5  PiTRESHLALS 0 HFE ST

o T\ WML 20004,
istore_ 115 4 00/EFLE AR ARG
LT B0 A RIS 1

AR RS ot 44T

30 sipush 200 A (HFURBN 1SS 1k )

B istore2 WRM O, GREE

G e A CRb e R, b oMK
J9100, 200, 300, X4FHHS

10 isteres sy

1 et

120 iles2

1 i

1 ilesd3

15 il

16 iretwn w0

F 8-6  PATHAsHLAL D | Bt

FReT BRI R 11534,
iload 1354 WO FH A4S R R
B 11-Slon i i 6 U4 5 )

FUBRAFRORETI.

16: iretwn

87 AL 11 M5 S H RS
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C o wew ) ST R 1209154,
W B wrHEn ioad 2455 H45 A8 Siload 1
0 bipush 100 (2] %, e sl smEA

REBR

Ay e R A o
3:  sipush 200 T @R iaddfi & PAF 7RI
6 ez R DR
T i w0 0
8 issern ¢ [ ]
4 2 |20 |
i1 S
T
o
s Fioods
g

16 iretwn

F8-8  PUTHRESHLAEY 12 H995 2 M

PAT RS ML 1304 4,
indd 54 BYFE A SRAE SRR T
SKPMRTUCK ik, MR
%, REIRL i
indd$§ & PAT5E
avmutuzoo&'& Efﬂmno!x
A

18 iretwn

P 8-9  BUTIMESHIHEY 13 45 B 5L

= PATRBAIER 14054,
e b B iload_345 S4B FF A3 B8
Di M {100, A5 SlotHH B 300 FEA S A 0k
2 isteret o XSO A R
3 spush 200 300, T —#4 & imul &4 1
6 stz B Sk RARTUER Ak,
T e o o [ AR, REEEREHA
e T e
frterns 2 [z |} W,
1 fleas S B
12 ez
15 ——
B Iﬁt&
roiig
(N

[ 8-10  PUTIRESHER 14 (935 2 BRI
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PATHRES I 160574,
ireturndf 477 kB [l 4 2
—, BRI T AHRE
ORI ¥y B LR [ £ 7 VA R
A, BRIk, KBITER
AR

B 8-11 BATIRES ALK 16 H94E 2 T EL

ETRBAT AU — SR, BRI XTI B — S AR AR R Al
SLPRIIE S BA — B TR A BRI - EE L, SCPRIOL A BT A
HERARRZ B AR K, BORh 22 B 7 A 9 S R A2 K UL P 7 83 A BT A 28 A 2 X A B 7
WHEATHRA, B4, 7E HotSpot AUMLE, HRZLL “fast_” FFAMAFRMET WILHE S AT
AR R A TR LR TR BIATIERE, TR SRR ARA AT B IR £,

A, BATAKBFRFF AT o] LU ARG 4R — T, st
AP E A AR R A AR AROW IS Bacud e, FFERINEMTE TR .

8.5 FE/NG

AR, RAVHT T RADAEPATRIDN, MFTRIEFRKITE. WFTHETIT RN KT
W, MURBATRIENS R AELEM. (5 6. 7. 8 =Ted, WAIEI Java BIFRINFTE
FEES ITERA (BRI 9, LB AT 9 I EIEAR S REAT T YR, 5 9 TERATHE—
AR X ISR R T & 22 2 S

© RAKAILSHHUR P NE.



9T R PAT I REMIRHI S Tk

RESH R IL R AASLRETSR TE, RATRERS SRR, HR RIS
R —KS

9.1 ik

FE Class UG HATSI LM, P ORFEEEERMAEIRKE, Class
SCAFRASATFRAS XA, AU, AnfTi e, BRI T T S 4 SR
HEABUE BRI, PR R TR . SO R AT R, R
B RS2 BAX B R A Db, (UL BRI A L, E S I T WK
BN I0EH, IKSESBBR RN T Vb O RE R FESC U BEm . ZEAREh, SRATH
AT TS24 9 S S BRI 2 e Bl o i «

9.2 REISH

AERBISIHTESY, BHWE T 4 D0F, EFRIMBHBRF LS AR IHFH
BRI SRR B P 84T — DR E RSB Java IF &N REBEE AT 0 T Hai iR, Bob—1
ROUBIAR—E DN, (VS SR X R P AOEARS e. A2ie
ROIETIREE RS, IAEH H# TR RR.

9.21 Tomcat: IE4E692¢N04884243
FEULH) Java Web 45 #%, 40 Tomeat, Jetty. WebLogic. WebSphere s H:Ath %% % 1 4 51|
HERIMR ISR, AT A CE AR (— AR IE—A) . EI— AN AR Web
M5 2%, EP T LA
O 9828 2 [R]— I 55 28 L O A Web PR 2 97 041 £ Java 25 78 7T LA SC B AR EL IS S
BRBHEARTR, PR SRR 0T A 248t A — A58 = KRR R R AR,
ABEEDR— NP — AR 8 A — 0, RS S0 SR B/ B AR R R 2 e T
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DAL A S8 o

O BELER— S5 28 T4 Web AR BT 9 Java 2P AT AEASE R . XA
FSRAARH W, B, FPTTREA 10 M Spring 41K B B AR — 6
%48 1, #0540 10 63 Spring 4> HIFFRCTES A BLHARFF KGR HSReh, A 2RIRKRH
YRR P —— 3% 3 B R IR SR A2 () R ), ISR 2 P A e PR AR i 4R
M55 BEIIAE, NRABERAEILEE, HEILULIA I ok K RE LR 5 ) Blact BE R ) XU

O MR% 257 2R AT AR MR TE B B IR 2R B Web RARFRW. HAET, A5
Wi HY Java Web IR 5525 F St 266 Java B F RSB . B, MRFERAG WAL
PRI, —ki, HT RSB, MRS ARHTAE A A2 AR % N R 2
PETEARRNST. .

Q0 S ISP I Web 45 2%, K S 30 230K HotSwap ZI . AT, ISP 3L
f¢ﬁ£¥§ﬁi§ﬁﬁ Java Class A" RE i B SUBLIAT, {8 ISP SO i T H A0 SCAR 7 ff 57

SEAT 16 5 B R T K T4 =07 26 sRR JF 1 B Y Class SCF. T HL ASP

PHP Fil JSP 3046 R SUSL A BB BUR A EIA fE A —MRAR) %7 B RF, Hik
“EW” ) Web RS BRERLSCHF ISP A B IORERL, YAMA “IEEW” 1, Wis
FFEEA R (Production Mode) T ) WebLogic /It 55 #5 BRIARE A 24038 ISP 3C{H )
k.

B TAFE_ LRI, 7E30E Web REFIES, A9 —4 ClassPath BRI RHFR T, BT

A% R Web it 95 4545 “ RATIE " M4 T 4F JLA ClassPath B HLH AR IR =07 2%,
BHPEAE—IRAREL “lib” BX “classes” . BEBIARBE PR, RERRKVIE
SEEAR S S, W, A ERE A — DALY E R NS 0 SR A B
Java . BUTE, FEHBLL Tomeat flt 54508, F —F Tomeat FLHRE TR FH /2 e
LRSI o

1€ Tomeat HR45#9H, A 34 HF (“/common/*”, “/server/*” I “/shared/*”) W] LA

AP Java 267, S AMETT LAAN L Web BLFIFRF A £ H % “/WEB-INF/*”, —3t4 41, 48
Java S PERCE AR S0 H e i & UAHHIIT .

© TomcatfEApacheit & £ i) —FHIF W Java WebliR %28, UMbt Y. hup:/tomcat.apache.org. AR Mk

R Sxiiss AETomeat 6.xHBIAACE T, /common. /serverfil/shared=.
THRELAFI—ET.
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O B AE /common Flstr: PRI Tomeat HIAT ) Web R SERME -
Q HCBE /server Htrh: JSPERIHE Tomeat fE1, XA Web B AR I

Q 7 B 7E /shared H R - FEFE AT B
JIA 1) Web BB F LRI, 0
%t Tomeat H & AT Lo

Q) Ji & 7E /WebApp/WEB-INF H g
ZEPEALAL AT DAL Web R AR T
Fi, Xt Tomcat F1JL At Web 17 F 2
FRERATT W

R T XRFIXE HRGEH, FEXHRE
T B2 EEAT INERANFR B, Tomeat H & 3
T EAAMEES, XA L IR 2R S
HIXUCRBIRBADR LB, HX R E 9-1
FR .

TREHE A 3 DI IDK BRIAGR
BRE2InEES, X 3 MINERAFAIEFLESE 7
FEHDLEMRIL T 1 CommonClassLoader
CatalinaClassLoader. SharedClassLoader il
WebappClassLoader Ml £ Tomcat K & 5 %
HK M, EA15 5 4 /common/*.
Iserver/*. /shared/* F1/WebApp/WEB-
INF/* i ) Java 2. H 7 WebApp 26111
HARA Tsp HIMBRAHE W LAAEL N IB,
#§—> Web R FI/F 3¢ W — 1> WebApp 2

InaRAE, A ISP SRR —A Tsp 2 hnERA .

k& s

_—
[ Caﬂ]imCllssLouder] [ SharedClassLoader ]

4@

B 9-1  Tomcat FR5 85 (K128 INERAEH

A PR 9-1 9 2 Uk 5% % R AT U th, CommonClassLoader A /il # ) 2 #5 7T LA % Catalina
ClassLoader il SharedClassLoader & JH, T CatalinaClassLoader il SharedClassLoader [ & A i1 %
926 ) 5 %4 77 HH B R . WebAppClassLoader 7] LA{i /] SharedClassLoader INERE 926, {H 44
‘WebAppClassLoader 3 61|:2 [ 4 EL Wi & . 1l JasperLoader A4 fIN#R S B (XL IX A~ ISP SC{ B
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HPEHRMIE—A Class, B HILA HABRR THEF « L5 SGW B ISP XA E S
if, SRR EIRTHY JasperLoader MSEH, FFIAL FHRE L —ANHT Y Jsp 2SR AL H ISP
SCAF ) HotSwap Jifig.

*f F Tomcat ) 6.x it A<, R A 5% T tomcat/conf/catalina.properties A & 3C 4 ) server.
loader #l share.loader i /& 4" 4x ¥ iF. # 3/ CatalinaClassLoader 7l SharedClassLoader ) 55 f3l,
T2 AR A2 428 1 Hb 775 £ A CommonClassLoader FUSEHIALEF, T BRIA AL 3C
e AT BB X P4 loader W, Ji7 LA Tomeat 6.x JFFE A% % #142 /common. /server il /shared
EABFRBRINEIFE R Nib B3, XA H R A Y F LA /common H 3
HKPEHIAE . X2 Tomeat BHHHHBAN T ALK 28009 ¥ B 50 FT i — Tt TSR BRI
WA TR, AT LA A AL B SO SE server.loader A share.loader f) 7 2 5
Jéi I Tomeat 5.x (HNERAFYEH o

Tomcat fiNEE 4% Y SCBLTE T Sh lf, IF FR A T B 7 300 “IESE” 9GR2En ka8 w07
Ko WREHFEE EHARGG, BB5E2TA Tomeat S BASCREA B INER 2% 424 1 1
B, ABEYIE LKA TAMBR LR WEATR, HALERY BRI EEiLE
HEHET : WY SRS, WRA 10 4> Web LI FFHE A Spring Fe#F741
SURE I, AT UL Spring i3] Common 5 Shared H 5 F ik X $6#F 35, Spring Exf
FPRFHRHETER, QRERTFBIAP RPN, TP ORF BRIEWAE WebApp/
WEB-INF H3%f), 784 CommonClassLoader 5% SharedClassLoader il#k ) Spring {iififi}j
[I3ASFE AR B A B FE P BRI 0 7 SR AR 540 7 BEROMAE PN, MM IR E T AR 2
S XA R

922 OSGi: REHIXNHKBZRM

Java BFFAL X PG RX 24— - “F] JEE HSE, %7 TBoss BiHG : ¥ 32hmak
#, BLEA OSGi WFS”. /R “JEE HLL” A “ZSMBMAOMIL” HARR— I EHHE,
A, BEARX AT RELERR FF 5 i Tk, BT T OSGi 32 im k4% i F o 3¢
HIAhFIZ A

0SGi® (Open Service Gateway Initiative) J& OSGi % (OSGi Alliance) 5 #y—4N3E
T Java i FIBHBRIAMNE, XABARATH Sun. IBM. B ESAFAKRA LR, HEY

© OSGIEJ¥if: http://www.osgi.org/Main/HomePage.
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SRS R 5 SRS R o R K 4 R R AR A S A PR S, SRR I MUNEAE Java BISE
M BRI YRR KR, RAEC LM N Java iR h “HIL b7 gRRILIRAE, IF
HE %A T Equinox. Felix MM ST H. OSGi 7€ Java B ¥ 5 b 15 2 4 i) 1o 8 51k 1
Eclipse IDE, 53 5MEA 1 2 KRB HAMF £ 710 h 15 15 AR 55 2R A0 5L F sl BT 236 F OSGi 4L
VERSEHL, 40 IBM Jazz ¥ GlassFish E% £%. jBoss OSGi %.

OSGi iy ML (FR% Bundle) 5 %38 4 Java 2SR BIIE R KK, BiE—MELL
JAR M FEATHE, IF L A#AERE O AR Java Package #l Class. {H/&—/> Bundle i] A7 8]
B TR # ) Java Package (i i Import-Package 38 ), 17 AR 12 734 5t & 7 1) Java
Package (jiif Export-Package ##ii£ ). 7E OSGi HL [, Bundle 2 [a] ({4 #i % & MALS: i |-
JEARHARHR 2 B A8 g P SR 2 R (AR ), T L T L R
AR, — S5 L R B Export i () Package A"l R i 4h R V5 6], Hoftarg
Package 1 Class ¥f BRI K . BR T ARG OBIHR) 40 FOT AESEHI5E, 31A OSGi #9534
—AEEEH, KT OSGi (RFRITRE (URRATRE, AR —E4) LISLHM R
BRIEIRIIAE, MRF TR OB, TR, TR R R R
— RS, B RREFE R KGR A AR A R

OSGi Z i LLAEH L3k “HA” %A, BRI FE R MEMBEEH. 0SGify
Bundle ZANARA 20 SATHU, WA BENERER. BIA1, 34 Bundle B0 T—A gl
#it) Package, 15T HAh Bundle 4 9] %45 T X4 Package, R4 ik~ Package )2
BB AL ZIREA KAL) Bundle KA HTRA. T RIEAHIKR) Package i, £/~
Bundle fIARAHBRTEKR, FATEARMETIA Package 1 Class IR, A4 244 Package
TS HE R Bundle [IfKZE IR AR

F38h, —> Bundle /M## JH A Bundle LR 50, 2ARIE Export-Package 51| # /=
T FRE 30— A2 F Bundlef2 8 op T2 4 B Export, #F 5%/ Bundle
FS IR AR RPN R 234 LA Bundle S5, 17 H OSGi ¥4 th R 2 H A
Bundle 2 MERHR 4} BE4H% 1 Bundle JAb 3 .

BAWTLAR—F AL MBI T, {BBA/E Bundle A. Bundle B~ Bundle C =4
BiE, 3 HX =4 Bundle & KRB R ATE .

QO Bundle A: P& AFT packageA, il T java.® 161,

() Bundle B: WKt T packageA HTpacKageC, [dlIN-ULRHLT java* (.



O AMBERTERUNEONTER L 28F

" () Bundle C: 7% T packageC, Hi#iT packageA.

M2, 3 =4 Bundle [} 9250 4 — e
2RI Z IR U 9-2 i ' ParentClassLoader

1 A AT b BB 490G 929, P
JTIAPE 9-2 ch AR A RATIE A LA
BundleAClassLoader |-
Ry R BT AR
20K RO, JF B R T (S £
0SGi R MRMMRBBRER. — it (Bund:écasmax ] @ ‘ Dundle bR
BundleCElassLoader BundleBClassLoader

i, 7EOSGiff, fngk—-PEAERAeE
MEHAT A MBIRER 2 L2 thiR
105 245 %, I AR AT AEMEAT B FE 4
FEIHN

Q B java.® Tk ZIRGICI M AR .

Q &N, FRFIRLHEANE, BIRALIMBHINER.

0 #0, Import FE 52, ZEUR% Export -2 ¥)-Bundle (K2 .

QAN 24 47iBundle iy Classpath, (I B LB ARk

Q& 0, #RESTEH S Fragment Bundle 1, NS, NIZEJRLA Fragment Bundle ]

BRI

QLW #r3% Pynamic Import I Bundle, ZIRE AL Bundle 2 MARA N .

8w, AR

A 92 AR RF LA oy 75 OSG LT, JTER 2 2 I AR R IUR R IREEL i
ik, TERDGH 5 RIRR T —FE R 2 BFTH A BEHAE B FERESH . X FIREY
AN S HITE R B AP (R T PRI, T RS PR . BER B LS Y
#4—A1E OSGi 5 K B A 4 [ Equinox OSGi V- (BB MM H, BT 07 2 iU, RWBHRZ
RO R R A, BB th & LAY Bundle /5, R BULETSIF RIFHEF 20 th B
FER, FRATVRA SRR E) TIEBKIRA - WA EL T Bundle A #Kit Bundie B () Package B,
i Bundle B X HeHiT Bundle A ) Package A, BPI4 Bundle #5 J0E MRS 5 & £ 72
. FLANFSR % Bundle A JI# Package B FOZSHT, o 2 BE AT R LI
(java.lang.ClassLoader.load€lass) f£—* synchronized J77 > SRIGIBIRZEVRE Bundle-B ()

92 OSGi i8R EREEH
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IERFLE T, (EGERIX % Bundle B IE4FABNNE Package A H92E, EHIEHIE H 2 MmER
ST FIEK Bundle A BNEARALIE, BB B INERASEAEAF R AL BB SR, XS
AR 2H A O X~ HA T RS BGERE, B EITRMEAIES, ATk R
SRT. Equinox f#Bug List 17 3¢ FiX 2 RHERY Bug®, R T —ALUFEEERE AR A0 1R
BedrE—— P AT LA osgi.classloader.single ThreadEoads S5 fz 8148 2 8 174 i 7 238
THATEMBIIE. FEIDK L7 40 BAERLRAE L R T 2B RMIAT T — L 1 TH
FFER®, B IR 238 6 X BE B BT R

BRI, OSGi g T — MREIEMBIHALIF R AFE AT, T HE X T 5B A ERRRT
FEMEAES, FH A R HAR A I F e ST AR RIIUF IR AT, WIF &
PR AR OSGi Lt — MRS O FE, SXPEME TSR, ([EIFIEPTE AR HERE S
RILOSGI fEAERAEH, OSGFERMEEATNMEMFEN, E5IA THSMISEIE, #RTLH
AT RN FEM R AT -

9.23 FPBREMKZASHEREBHITIN

CFFER” HARM ABBOEAR, EEERD “FUBAER” X MHER WER
AFABFE Y Javassist. CGLib. ASM Z T3, BHX IDK B javac fr SR T
FEAE B “ M, I H javac tR— A Java I E B ROEIT, ERARIEERE
OpenJDK (] lang javac H %, BRAT B F 094 L,
B3 javac B IRAS RAMRIF AR, AT javac X FRATX AN FRBEKRSEKT . 7E Java
BT javac FIFWHEPESS, WHAFHTAERNYITEAMRSE, 10 Web IR% 28 ) ISP
HERS, IERAAN AOPER, EAMRWAMIENRIEA, B WIHER
AL T AR AEIE AT A BT WD R R AT I . R T FR L PR X ] 2 B Bh A AR B
BB T R AR AT R R TS M o

AR VR Java FF & A BB AT 3h 454030, B89 4T 88 A5 java.lang reflect. Proxy
B3 java lang reflect.InvocationHandler # 1, 1 % th il i Spring 3 fift it Bean ) 41 41 %
. MR Spring, AAZEELEMELAL BRI, FHAR Bean R H (R,

© Bug-121737: https: //bugs.eclipse.org/bugs/show_bug.cgi?id=121737.
© DK 1.7-Upgrade class-loader archi jdk java. i 52,

© W HIROpenI DKUY, #2 NAHBE I HMAXARE.
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3 4 7E Spring P FBER S AT B R A A 7 KA X Bean HATHEHREY. SHASRIE PR “3h
&7, SRERHER Java RISGSEBRRE TRIBAH “Wh” REMEH, SRHRBRETERT
HE IR — R TAEdE, TRSEH T AT LATE A S A LR R e, s AR
RESTH, YRR GFRABRBEERRE, M URREEA T AR ASRZ .

AT 4 9-1 BUR T — R iy S S RE A ik, SRR B R ATED— 4 “hello
world”, fREBZSHE HRAERIAA T EBATRIITEI —4) “welcome”. BATEH—TFRH, K
JEFFSMT IDK AN o

REBEL -1 HBREMEETE

public class DynamicProxyTest {

interface IHello {
void sayHello();
)

static class Hello implements IHello (
eoverride
public void sayHello() (
System.out.println("hello world");
}
)

static class DynamicProxy implements InvocationHandler {

Object originalObj;

Object bind(Object originalobj) {
this.originalobj = originalobj;
return
Proxy.newProxyInstance (originalObj.getClass () .getClassLoader(), originalObj.
getClass() .getInterfaces(), this);
}

eoverride
public Object invoke(Object proxy, Method method, Object[] args) throws
Throwable (
System.out.println("welcome");

return method.invoke (originalObj, args);
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public static void main(String(] args) {
IHello hello = (IHello) new DynamicProxy().bind(new Hello());
hello.sayliello();

}

EATERINT

welcome

hello world

ERICEE, ME—f “BE T #E Proxy.newProxylnstance() 77 ik, BRUtZ S FEBAT
TR sk 2 b o XA D BOR T — AN H T [Hello 932 1, 3F HAAHE T new Hello() S B14T
KRS, BRERIXA IR, TR BRFMAT 7RI, . S, FL. ERT
WG, BALMBGRIE, AT 0SB ARRBAIRENT L, MG EMA 1 sunmisc.
ProxyGenerator.generateProxyClass() J7 3 3 58 B AE AT 1T W 9 SAE, X AJr ik ol AFE B AT I
Pt — AR RIS 7T byte[] B4l IRABH —F X AEETINERREREFE T
seff2, ATRAZE main() 77 PAIA T HX 4D

System.getProperties().put("sun.misc.ProxyGenerator.saveGeneratedFiles",
"true");

A AR S BB TT T, BES TR 2 — D “SProxy0.class” RARIEE
Class X, 4% o] LUE WAL 3 9-2 s P

REHH -2 REFMHERBAMHRT

package org.fenixsoft.bytecode;

import java.lang.reflect.InvocationHandler;
import java.lang.reflect.Method;
import java.lang.reflect.Proxy;

import java.lang.reflect.UndeclaredThrowableException;

public final class SProxy0 extends Proxy
implements DynamicProxyTest.IHello

{

private static Method m3;

private static Method ml;

private static Method m0;

private static Method m2;
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public $Proxy0(InvocationHandler paramInvocationHandler)

throws

super (paramInvocationHandler) ;

public final void sayHello()

throus

try
{
this.h.invoke (this, m3, null);
return;
1
catch (RuntimeException localRuntimeException)
¢
throw localRuntimeException;
1
catch (Throwable localThrowable)
i
throw new UndeclaredThrowableException(localThrowable);

N Wb FRERE, %8 equals(). hashCode(). toString() = F EHKS
N EIANFEBAESY sayHello () FHAIMN.

static
{
try
{
m3 = Class.forName

org. fenixsoft.bytecode. DynamicProxyTest$THello") .
getMethod ("sayHello", new Class[0]);

ml = Class.forName("java.lang.Object") .getMethod ("equals”, new Class(] {
Class.forName ("java.lang.Object") });
m0 = Class.forName ("java.lang.Object") .getMethod ("hashCode", new Class[0]);

m2 = Class. forName ("java.lang.Object") .getMethod ("toString”, new Class[0]);

return;
]
catch (1 ion local on)
(
throw new ror (locall 0

3
catch (ClassNotFoundException localClassNotFoundException)
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{
throw new NoClassDefFoundError (localClassNotFoundException.getMessage (]):
}
)
}

XU EIUR AR A, EAEABE O RS — ATk, LIRM javalang.
Object H 4k 7& 3 ) equals()« hashCode(). toString() 7 ¥ #8 4 WL T % R i S 3, 3 H 46—
¥ 1 InvocationHandler Xf £ ] invoke() 77 # (fR#%rh g “this.h” #2523 Proxy HRTE
[y InvocationHandler S22 i) SRELBUX LT LN, AT ENKIIRLREANS
O Method X5 A BRI, BT EATCH VA sh A A — I, SEBR LARR e ST
InvocationHandler.invoke() H'Hy{CIRB 4 .

XA o I3 A P 5 generateProxyClass() J7 # HL 44 J2 44 7= 42 AR B S “$Proxy0.
class” HYFAHY, KRB A AU B ILSRERARYE Class SCIFAIR AT SR 7983, A1
AECBRIFL S, L byte 9 07 ELHEBER WD RIS B IRA L, SR AR 7 At P g
A — e A RIB . 3 TR A RRRATESRE, AR B AR F MR, &
SEGE A 09T I B A IS . ISR R B2 B T RS DR AR, T
LIFE OpenIDK ) jdk/src/share/classes/sun/misc 5 F #£ %] sun.misc.ProxyGenerator fJ¥#Y.

9.2.4 Retrotranslator: it JOK fRZ

—RORBL, LM E 7 b R R A S B, £ F —~AmE ik
BORMESE. FHREVRCHT 6 IDK WA, 8 Java HAL CH . C++ SR IF KR FF#2A7 T g
. LT R, BABEFIBR, BERAU B0 B EREARR, 6E
MEFRHOR M RURI B e I, R 2Z AT BT AR I RIS AR R L8 B ok g, — 4
Rt ity AR 22 R M B IR O BR » AT G R (B P i 4, BB AR S
HETA S JRHRGT, (R LEHTHAR L ASEAE T R, XHRF R MR KRR
501,

7E Java (LR, 45— WK IDK RIRA B9 & AT, #BFE B — 35 KM B AR R, T %t
Java B4R S WM ROKR), TBER IDK 15 &, B, BE. BEER. K
A BRBE BRI (foreach JFFR) - v WL, FEBA XL ER, Tava
BFGLREES, BERAERR, LREMIBEENSHILPERE “BARS” . i
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[FISI 1R F 24 < WS BR A RRF R, R SHBZE 15 ~HAEROREE LR B, AR
CRE TR BT RRERFENRES, DA 1.5 LISTRA K DK g2
FATHAT I IRIC 15 T BARERAE AR 24 LAY EE AT LUES S JDK fEAC 2 1A (/7 42, 4E JDK
LS PAGHRITHE] DK 1.4 K 1.3 f3RSED RMFM-A . AT oox M EE, —Fah
“Java [ 9 LF (Java Backporting Tools) FHET:, Retrotranslator X2 T H
A A —1.

Retrotranslator f #E R4 JDK 1.5 %% ik i Class SCIFH4 284 77 LU7E IDK 1.45( 1.3
LEFRSA, BRSO AR ZR. SR, B BRESH. BE
W B FAXLIEGAE, EERTL S IDK L5 RS AYHE . EREURME
R FEMS M SRRV, TAR T Retrotranslator SCRYE B HET ELAT LLAAE A LR, BMAEX
CHREREREEIN?

L ARSFHE Retrotranslator SIMAT7E IBARA IDK H BIILET AR JIDK By THRE, B ocBFNR
IDK FHGh SAREIRE IR ThAE. IDK ST T AR KBS LU F 4 26

OFtedniF 8 R A Bt . I Bl A IRA. SEPR LR IR AER A T Bl X

Fi3)7 BEIEA TIRE IntegervalueOf0n Float.valueOf(r ZKMRHG : A KBMAEL
B H SR T — MR RS RS BN SE B T
B T (ERTETCRE P R 2 ), HUNAO M7 B BB T 28R B Ue-

B2 X} Java APT 9/RAS13R . BFAEIDK 1.2 BREEA Y java.util Collections % — R34

25, 7EIDK 1.5 BH{R3EAHjava.utikconcurrent 3 & 1% .
QBEAEF VISR EAT R A W1 IDK 1.7 BESI A RESARE: sha s 8,
BT AL M AL BT — % invokedynamic 1 FEHE Ak SSHAH T DI RE. ARt
FHIBIE SR — A THIX BRE MRS, S TR S i )2 i T i e
Ji LA D L
QLA A . 40 DK 1.5+ 32 BEAG JSR-133 SHLE T & S Java N AFRE AL
(Java Memory Model;- IMM). CMS W48 2 2 f535h, kiahx FRFERFESHR_

L P27 et
S W T AT ER A BT S BRI R, TBATELLS %103,
@& JSR-133:- Java Memory Model and Thread on Revision (. i .
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FHAREI, (BN RS iR A0

b3k 4 T BEF, Retrotranslator HAESERIRTRIE, X T J i P9 26 B 46 e HUBL Y
RSB, — P R T B AR ERE N A, BN AESE R Mo 1 T
HIBORR b 52 R A AL, 75 U K AL AL T At 3% A 400 5 4 3 SRE Hh i B 4b F JDK iR
BYUEIL. A2 TT LRI IS sh ik, 45 26 BEBMIE A0 5 S — 4, 40 JDK 1.5 5IA
) java.util.concurrent {1, 3¢B5S2 i L AT Doug Lea FF & —£IF &4, 76 IDK 1.5 )
BZ AR E ZAFAE BT 1% 4 50 {4 dLutil.concurrent, 5| A JDK A H1 i3 # IDK FF % H
BASE[e] i T — S0t ), BT LABLAEIH (9 IDK SRR A DA, LA 7 26 B A 5 o T 52
B Retrotranslator "1 T — /4404 “backport-util-concurrent.jar” M2 (i 55— % %
“Backport ot ISR 166” f¥3 H B4t {08 IDK 1.5 g93F %40

T IDK 7E4% B BESEAT AL B (9 AR L0/, Retrotranslator M {8 i ASM HE4R B # %t
FUTHATAI . hFU Class SUPF RIS SRR BAMUE, FIUFHR IDK 134
JDK 14382 IDK 1.5, AEMF WiRAHHE SGERMIZ R B0, M8, A aER S
HFE Class () SCIFRLAS B I 49.0 2 F] 48.0 SRABAEERIAVE T, BT TS 4 SR B A 2
16, (ERITTEARAS BRI A PSR 00 AR R OB . LM, 76 JDK 1.5
ST enum 4T, {HJ Class 34 % # i) CONSTANT Class_info 2 %% 3 1 47
RAAENTIE LA, TPARRE LB IE ORGSR, BA AR, %A i
“CONSTANT Enum_info” ZM9 “BOEAFS 3”7 H k. HT LU enum S5 L3
b, BIRM Java ¥ BB ARG M class KT E UK, M interface KT LR
[l — 2K, (ESERR bR h Javac S RAHECH R IOBES, MFHRH0 MR, BT
SR T java.lang. Enum. EEIAER T values() 1 valueOR() 7 19338 Java i .

Retrotranslator X K02 B fif i) 3 22 4b 38 9 2B A H AL 2 M “java.lang.Enum” #
ey € B AT 2 P 4L & (Y “net.sfretrotranslator.runtime java.lang.Enum_”, # J5 FF
TERMF BV FFRE k£ ACC_ENUM FRERE. 4, X RR A S ARE, B
WREE L R E 2L, TR ARF SRR LI AR —E, values() Fl
valueOf() 7% HRTBEETS, HEMEEIIAKRIIK A RXKMG ST M, X
RGP 9-3 2 — I IDK 1.5 MM S Retrotranslator ¥ 4bHE iy
FATHIXS A .
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@ D:'Sowres'Concole\WebCant ent WEB-INF \classes  console. (&
. [ Minor version [
% L Constant Posl
® Interfaces Tonstant posl count ]
@ 4 Fields Access flags: 0:«)3;
¥ i Wethods This class: <o info #1 < fenix/console/domai
4 Attributes Super class cp_iafo £3|
Interfaces comt: 0
Fields count 5
Methods count: 4

§ Constant
@ Interfaces Tonstant pool count T

# j Fields Access flags: 0x0031 | [public final ]
# L Methods This class: o info # < fenix/console/domai
o & Mtributes Super cluss o iate mlGertirarowamed
Interfaces count o
Fields count 5
1| Methods comt .
I| astrivuter comt 3

[ 9-3  Retrotranslator #hIRRiTJF HIHCHE AT AT HINT 1L

9.3 XK. ACHFEINZEHITINAE

R AR T A a0 R R Bl Y - HEAE SRR, ARG
B BRI, H A 7 A L B R T F s eh, U A AT A
A, S GERG— BRI, AT RS A R A . R ERA —
SRS A AR B R 55 P AT — BRI AR, BRI LUSE LSRR A, (BB A
g A E AT AL IR S5 25 AT I AR A 42, S A 22 755 28 Java R G5 28 b o AL
Groovy Console fJJifi.

IDK 1.6 ZJG#:4ET Compiler API, A LAB) A M % Java BIF, BARREAARRIZhEH
FHRIGEE, (LM SPATIGER A FF R T A EIF R T . 6 IDK 1.6 2, tiTbl
S AT RS, S — 4 ISP U LAE SIS 88, RRIENIR AR HIETY, WA
IR 45 372 FF o A —1 BeanShell Script. JavaScript 24475 % (4l Mozilla Rhino®) 2
TTRIAMA . FEARTERSMISY, RATHHATI % 21606 T2 X BT F R4
RSB IR 55 P TI  ARAA D B

© Rhinolif: http://www.mozilla.org/thino/, RhinoE #i4 AJDK 1.6
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9.3.1 Bfx
S, TR “TERR S SRBATIRRARRY " SAMTRZAT, JE IR — F AR S i fLk
AR, A BRI A -
O AfK#: JDK A%, fE7E H AT 838 (19 JDK 5%, Wi IDK 1.4 ~ IDK
1.7 #8AT LAEAT o
) RS FA R 55 SRR T (R AR (TS = 26
Q AMRARERF, BEAEN R AT, AR Skt A B BE 174 AT T
.
Q %7 BeanShell Script 5% JavaSeript S MIA i 5 @K A KT, “IRIHAR" HE A
% Java i H .
Q “UarH TS 7 RS B4 R0 S, AT EREEE RIS T, X
B CATHE” WAR ALl 24 “IReH " HEs bR %A R
i, RS R R AY, ISARTD R M AR B S
Q“IGRHRED” APATEE RBEAR EIBI% P 3, PATEE AT LU HEAR FE i 1 5 B it
HEFHE S,
A5E LESIH I B, RS TERE T RFEME D TER? WiFSR kKSR
ARBORRE AL . SANA, 250 FPRTD (IR, Key— 4/ N 2o (9 FF i T st T A
T BRI IR SRR

93.2 R

AT IR, ROTBEMRLUT 3 M.

O fnfer 4 B 32T R 55 #R A9 Java 1RES?

Q T PATHIFZ G Java 1052

Q0 o Java (RESROTATAE 52

XFH AT, AP BT LIS, —FUZ A toolsjar 1 (£ Sun JDK/ib H
ST i com.sun.tools javac. Main 2838 4 % Java SCHF, X HSCHIE ] Javac fr 4452 —
FERY. SXFRE BRI BRAUREIA T BISMY JAR £, T ELRFFF “453E” 7E Sun 9 IDK F T,
FHE | H AL ) Y JDK R AHE tools jar #F £ (AR TRockit 1 J9 B HUPLELA XA JAR
1, (HE BRI LAETERD . 50 —F IR B R B AL 2 P AR, IR
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TASE Java RIS EIIRS 5, SXUTRAAFRA SEHUBEY, — BRSNS A% B % 7 i
—ERARERISNAES, (ERREFRRE Java (IS LA MRS SHEA R, A8 AMRAMER
SABRIPLES b2 5% Java BFFIOSREERRA .

FFHE ATV, FE— . BRITHERH Java RS, LN HA R
—/ Class 3%, SRFRAHAMA—TFRANHERTUT (BEHRCIEMEED, RITTLUE
FA—TF Java F ANE AN “main()” Frik). ERATEMZHEHERLL . —BEFERE
RRHBE . BT —RRAABIR, R AT RE R Y. #as. #I7. B4 1%
bR MRE VIR S R MR EA T BH, BRSBTS, HRRECH) Java 2
FERAT 52/ BB 24 AR IR A

BRI — A EE, RAVBIERFEFRES  (System.out) FIFRAESIRMH (System.
err) SRATEREI(R QUSRI R, (EARAES i R i DL R 2 R IE A0 VE U, R
i System.setOut()/System.setErr() J7 #: L4 t 310 5 141 B 1 © 5 A9 PrintStream Xf 42 | FA
AU SR, (B aX FA R . SRR R AT RO Bt
BT . BAKEIFRRAEMIMEE, R h TR EMERFGEK, RATT
BARA BN —FhIpik, B ELEEAEIAT A9 BT System.out M 551 FI B B RATTMEA 1
PrintStream MFFS51 M, RBBTEY S AR, HERX— SR EE.

9.3.3 I

ERFLARS, RINFEE-TRELER. EARRLALBRTBEMIN 44
XRFH BADEATEI R RTITUB S VIR TR, BT 9.3.1
FRFIEA5E 2 A HotSwapClassLoader, ELARFF RS ¥ 9-3 FiR .

HKM#E 9-3 HotSwapClassLoader f3Li

Jae
* AT EREANBAT XA WRE <or>
* {8 defineClass kT ik, RANHERMA YR KA 2MEAE loadByte %
* HMERHARR, 7ARREA R K ERAMEA loadClass ¥ ik #AT %
* @author zzm
*

public class HotSwapClassLoader extends ClassLoader {

public HotSwapClassLoader() ({
super (Hot 1 .class.getClassLoader () ;
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)

public Class loadByte (byteH classByte) ¢
return defineClass(null, classByte, 0, classByte.length);
1
)

HotSwapClassLoader i fif # ¢ 1§ {4 S 28 IF 22 2% (1 java.lang.ClassLoader) i .
protected-J5 i defineClass), Hef T2 MBI 15 AE B SSHAT 1Y Java 2 (-bytef] B4TF4 75
7 ClassXf 4. HotSwapClassLoader '3 %4 5 loadClass() 9% findClass¢) /%, [H #4015
ARINET- I loadByte() 7 V& 1, A MRS 1996 25 10 0 RS 5 (0 R I AR B R 5.
By, EHURRLRA, S IR IR A S0 MR« g R S i
4 HotSwapClasskoader 2 HUSEAMAR AR RS A MRS, 1X— 25 RSB A9 BAF PO IRAT AT
T 55 5 | SR, T IR A IR 6 9-3.

B ARSI java lang. Systeme £ e 1 3 1H FEETE X H-HackSystem % (i 72,
EE BT A Class SCPF R 19 bytef) Hedtsbr iy i it w5 4%, 45 9 ik oo o 45 5 P 2 0
CONSTANT_UHf8_info ¥ fit BT A 7450, FURARRLIMR IS AL 0-4 775 . ClassModifier
RO Bytel] MATHRAEAGHSY, LA bytef] 5 int Al String HAHFEHR, LU KITXT Byte[]
Bl PEHIRAEELHEAE ARG 1. 9-5 FRIY ByteUtils 1«

R#HA9-4 ClassModifier fysLH

Jen
* 8 Class Xfh WRARGEEN BAER A
* @author zzm
L

public crass ClassModifier {

Jre
* Class XH & #EAMI SRS
*f

private static final int CONSTANT_POOL_COUNT_INDEX = 8;

Jun
* CONSTANT_UL£8_info % & tag f&
27

private static final int CONSTANT_Utf8_info - 1;

Jan
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» REHT 11 MHEHEH KA, CONSTANT Utfs_info M &K, HAEFREKHE

By
private static final int[] CONSTANT_ITEM_LENGTH = { -1, -1, . B
5. 5, 5 )

private static final int ul = 1;

private static final int u2 = 2
private byte[] classByte;

public ClassModifier (bytel] classByte) [
this.classByte = classByte;

Jux
 fsk Bk P CONSTANT Utrs_info ¥ RIAE
+ gparam oldstr BRWHFHE
* Bparam newstr SREHTHE
* greturn B&SR
*/
public byte(] modifyUTF8Constant (String oldStr, String newsStr) (
int cpe - getConstantPoolCount () ;
int offset = CONSTANT POOL_COUNT_INDEX + u
for (int i = 0; i < cpc; i++) (
int tag = ByteUtils.bytes2Int(classByte, offset, ul):
if (tag == CONSTANT_Utf8_info) {
int len = ByteUtils.bytes2Int(classByte, offset + ul, u2);

offset += (ul + u2);
String str = ByteUtils.bytes2String(classByte, offset, len):
if (str.equalsIgnoreCase(oldstr)) (

byte(] strBytes = ByteUtils.string2Bytes (newStr);

byte[] strlen = ByteUtils.int2Bytes (newStr.length(), u2)

9,

293

9,

classByte - ByteUtils.bytesReplace (ClassByte, offset - u2, u2, strlen);
classByte = ByteUtils.bytesReplace (classByte, offset, len, strBytes);

return classByte;
) else {
offset += len;
)
} else {
offset +- CONSTANT_ITEM_LENGTH[tagl;

)
return classByte;
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* BREEAPERGHE
* @return ¥EMHE
f
public int getConstantPoolCount () (
return ByteUtils.bytes2Int(classByte, CONSTANT POOL_COUNT_INDEX, u2);

REHH 95 ByteUtils (=M

Je
* Bytes HMIAETR

* @author

*/

public class ByteUtils (

public static int bytes2Int(byteH b, int start, int len) {
int sum = 0;
int end = start + lens
for (int i = start; i < end; i+4)
intn = ((int) b[i]) & Oxff;

n=<<= (--len) * 8;

sum = n + sum;
i -
return sum;

public-static=bytef[} int2Bytes(int vaFue, int EFen) { 2
byte[] b = new byte(len];
for (int-i = 0; i < lens it+y (

b{len - i - 1] = (byte) ((value >> 8 * i) & Ox£f);

1
return bi

public statfc String bytes2String(bytel] b, intstart, int Ten) {
return new String(b, start, len); -

public static byte[F stringZBytes(String stry {
return str.getBytes();
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public static byte[] bytesReplace(byte[] originalBytes, int offset, int
len, byte[] replaceBytes) |
bytel] newBytes = new byte[originalBytes.length + (replaceBytes.length - len)];
System.arraycopy (originalBytes, 0, newBytes, 0, offset);
System.arraycopy (replaceBytes, 0, newBytes, offset, replaceBytes.length);
System.arraycopy (originalBytes, offset + lem, newBytes, offset + replaceBytes.
length, originalBytes.length - offset - len);
return newBytes;
}
}

# it ClassModifier 4t B J5 11 byte[] ¥ £ A 4% f& #; HotSwapClassLoader.loadByte() 77
SPATHINE, byte[] WAFERX BB SSIHZIE, 5% P I EHEAE Java RIS 311
HackSystem 3 B4 i%A4 iR Class 564 — R XFEH SCBLBERE S 1 & 7 S48 5 I i B0 T
(R EARBASE 02 (RRTESIA HackSystem), b4 T i 55 i 5 SO bm i i Hh /5 32 o)
SHARF R . FERITEEE R 9-4 AR 9-5.

5 Ji — A2 3 2 1 42 ) of #9344 4% java.lang.System Y HackSystem, X />3+h iy
FEBREAD, (HIHIR T out Al err BiA-# 2528 it UK B A ByteArrayOutputStream
4T ED B 45 89 [f— 4~ PrintStream X %, LA K40 T 5. i 5 ByteArrayOutputStream '
P75 getBufferString() A clearBuffer() 77 4t #EBRGA BB OAE T. HRMHF &
L UEK BT System 2 public J ik, AT S BEEMEL—F, HHIRE
SRRV T System JEX R A LTI E . PR EXLETT LM HE, AT 1E Sytem B R
HackSystem 2 J5, HATRESHIEFAN System BFART EATATT A4S, HackSystem ()
F IR A 9-6 BT/«

REHH 9-6 HackSystem AIZEIR

Jax
* % JavaClass ## java.lang.System Rt £
* BT out Merr s, ARWBEEHKRS system £E

* @author zzm
o 4
public class HackSystem {

public final static InputStream in = System.in;

private static ByteArrayOutputStream buffer = new ByteArrayOutputStream();
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public final static PrintStream out = new PrintStream(buffer):
public final static PrintStream err = out;
public static String getBufferString() {

return buffer.toString();

public static void clearBuffer() {
buffer.reset ();

public static void setSecurityManager (final SecurityManager s) {
System.setSecurityManager (s) ;

public static SecurityManager getSecurityManager() |
return System.getSecurityManager ();

public static long currentTimeMillis()
return System.currentTimeMillis();

public static void arraycopy(Object src, int srcPos, Object dest, int
destPos, int length) {

System.arraycopy(src, srcPos, dest, destPos, length);

public static int identityHashCode (Object x)

return System.identityHashCode (x);

I THEFAE Y %5 java.lang. System B4 H—H
I ERBAF N K System By 25Kk
1OEMEEE, AT I %

E, 4 NXHEELUIMGEE, ROTKEFRIE— 2 JavaClassExecuter, TR
SSMERMA L, AR LA SRR A2, STRAMBTIE. JavaClassExecuter 2
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A execute(7 - FAIABIRF G Class SCFAE K1Y byte[] ¥4 # # java.lang System K-
S 5UNIG, H HotSwapClassLoader HI AR/ —4™ Class #T4, HF HUHMAT exceute() i
PR E R — A 2 AR B SE B R — 2 PR SE B AN, SRV, ROAT IR A
Class %142 i#) main() 77 %, A0S0 BT S, K 5 % 15 .47 B BL HackSystem.out ' ~
SE R PR IX R A E BAE R TR 045 SRIE ). JavaClassExecuter {32 BLATS ANFRAD 1 88 9-7-
FiR.

RRHE 97 JavaClassExecuter fIEH

i
* Javaclass BUTTR
* @author zzm

-

public class JavaCrassExecuter B

e
* BATHHH LR A RE — 4 Java £ trbyte 4T <or> _
* #H@AXH byte 4 ¥R & Fava.lang.System B CONSTANT Ut£8_info ¥ &M & 4 3 #5
HackSystem %
* RATHE AR £ static main(Stringl] args) ¥, WELRHEKM Systen.out/err
EY s
* @param classByte K& —4 Java %M byte %4
* @return RAHR
. -
public static String execute(byte[] classByte) ¢
HackSysten.clearBuffer () ;
lassModifier-cm = new-ClassModifier (cTassByte) i

byte[] modiBytes = c.modifyUIF8Constant (“java/lang/System®, "org/fenixsoft/
classloading/execute/HackSystem™ ;

HotSwapClassLoader loader = new HotSwapClassLoader () ;

Class clazz = loader.loadByte (modiBytes);

try |{
Method method = clazz.getMethod ("main”, new Class[] { String(].class });
method.invoke (null, new String[(] { null });

} catch (Throwable e) {
e.printStackTrace (HackSystem.out) ;

}

return HackSystem.getBufferString();




208 <+ WEHH EMMBITFRE

934 WiE
ERERPITHRMRBIRTERT, ETRRERR - FRITGFHRRT . WRRR
WREGTE, WARTLMERE —A Java 2K, WETHE, R System.out i th {5 BB, B
49 TestClass, [FIRECEIARSS 2% C MIMME FH. R, LA ISP CHIFIA GRS
.98 FURMIMZ, BATLIZERI KR 25 E B M RIEFTHART .
RERE -8 Wik JSP

<%@ page import="java.lang.*" %>

<%@ page import="java.io.*" %>

<%@ page import="org.fenixsoft.classloading.execute.*" %>

<%
InputStream is = new FileInputStream("c:/TestClass.class");
byte(] b = new byte[is.available()];
is.read(b);

is.close();

out.println("<textarea style='width:1000;height=800'>");
out.println(JavaClassExecuter.execute (b)) ;
out.println("</textarea>");

>

R, LR R TRAMER, SREHXA JavaExecuter BT SR AURHR, 0
REEF T~ Class IHEIRS 2 ERBAHABLT. EHLRNMPITRET—4
“4bFE”, 2—A Eclipse #ifF, T Java XHHRIREEWBIRS 2, REHMITHNIE
5145 41 th B) Eclipse B Console 81 11 B, SXREBETT LAZEA RBHIBHERER S JLAT IR,
HEIRERIFBE R S5 B8 LSLBIEAT T o RAREIUMN, (HRRRARG, XAt
F, ik 9-4 iR,

Refresh Tasks Ctrl+Fs
3 Apply Checkstyle fixes
7| Run As

Debug As

B classpa
P profile As

B project : T
bl build prop|  ERSBLET 5 | Feix 121362

P 9-4 JavaClassExecuter F{i /il
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9.4 FENE

A 6~ 9 WA T Class IR, KMABKBHPIATI LM NE, LEN
ARBOWUR AR SRS, R T# T RIOTRITERF, 7 ERR e
B FH R,

ST RAITF RGN RBNMAR T, Wabix 4 FE PR, RATML T — T
HUBLIZ/EREIEAT Class SCHFIOMEEHIRL. X F RAKBIRA AP ITI, T HLRAR,
WM, BE N T EREEATEE, RIS RS AT iR LA R R
(AR BATES BB ROLR BN IS 10 BIFH, RITHRR B APERENIENT
HERE R AR RS M AR AR
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MISEHLRF B — K2, IR IR R g R B R A R, XA R —
TR KA FL TR, BIFRRET, SRT-ANREIGH [ IbmHEE.

10.1  #ER

Java ) AN HIR—B RBIE” GOBAELE, B EATRERAE N
A CHSEn “HiFaRionisg” TEAER—26) 18 * java SCIFFEZERY * class SCAFROIERR ; 1T
& AP G SEAT IR RS (JIT 4%4%, Just In Time Compiler) 157475575 UL B85 69
R R TRERAEH AR ATAIFE (AOT %ii%2%, Ahead Of Time Compiler) FHFEHI * java
SR RA RSB0 R . RS2 73X 3 Kawidad P — S8 LA (R MR S8

Q A4 IFEAT: Sun f9 Javac. Eclipse JDT FPAgRE R 41%88 (ECI) e,

QT 448 HotSpot VM 9 C1. C2 %ii¥a§.

QI AOT %;i%#: GNU Compiler for the Java (GCJ) =, Excelsior JET®.

3 A B RAF A KN Java BIFERIFNAMRILRES —%, AASNFECTE,
EHRBNE AT M R BOURFHE—RRRLR, BB RREL R T —
Tt BT RIFEEE, ROTF 7 F0E URBERM 2, EH Javac
BARIF A B TR LT B AT (7 IDK 1.3 27, Javac B -O fifks
BORREA RSO MWL AR RHERE R L 50 T 5 00 BB 4% 38 ek, kel
EAEABYEAE Hy Javac F=AE ) Class U/ (401 JRuby. Groovy %18 Class SCIE) tu[Al#ERE
B GIR BRARALTTH M LFAL . B Javac 0 T 4L 4% Java 1 5 iR R AR ALHE M
B B AR RS AR FARAIRR . MM S HAE G Java iR, BREGIERN <5
HHE” KL, WA KB RIDLERIZBOE R LR, TTRABE, Java o EDE4RIR 8702171

© IDTHIr¥AR: http//www.eclipse.org/jdt/.
© GCIYEHUi: http/igec.gnu.org/java/s
©  Excelsior JETEJr¥ifi: http//www.excelsior-usa.com/s
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HPE AR FRFFEAT R E TR, 10 AT AR I 4P 9 DR AL X TR P SRR UL
KREMEY]

10.2 Javac 4Ri¥=%
SIPTIRRG R T R — DU AR A SE BN R A R T B, Javac 4% 88 AR HotSpot S HIHLIR

B CH EE (AE R CIEE) LH, EASBMEH lava BERENEF, Xh

4li Java HFRFF R T 0 E OGP A R T AR KB GER .

10.2.1 Javac 8BS 518
Javac [ IRFSAFHCAE JDK_SRC_HO

T IDK H 5 i) APLSE, 3 R 5] T JDK_SRC_
HO! B :
R, AT RN A, AL | e
R EA KB . <t
LA Eclipse IDE S8 0], S —14 0 b4 il
“Compiler_javac” KJJava T7#2, #RJ5 € JDK_ 4 g :l‘::::c
SRC_HO! g * > i sowren
L B W B T R B E e, B
@) classpath
i 10-1 . B peoiect
SAEEE, HFSXF “AnnotationProxy [ 10-1 Eclipse #1f) Javac T2

Makerjava” TfiE& 4R “Access Restriction”, ¥ Eclipse {E454i%, Mk 102 B,

private Aanctation genersteAnnotation() {
return

3 Amotationfurser 15 ot accessible due to restriction'an Teniel tiheary

{Q)\culx The ..mwa (3 Object>)
| D DevSpacets i 8.0, 2155 eribAr 5
[

[ 10-2  AnnotationProxyMaker B4 4%

© XTUTHIROpenI DKIFFS, HEHA B,
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X FE 1 T Eclipse # JRE System Library FBRIAL & T — R I AR TS UF ) ML (Access
Rules), WIEAHHFIH T LA M BTAS 51 S, MR R, AT LGE
i SV ] JAR 42 e BT A S50 RIS i e A I, 10-3 R .

Java Build Path

e B ® U e i
d path

ary [JaveSE-1 6]

Trules () defined, sdind o 1]

v Tocation  Ofome)

ment deseripte

1 Path

the Library ' JRE Systen Library

2 library child enty,

B 103 BE IR

F AT Javac B IRESJE, BT LLIZAT com.sun.tools.javac.Main ) main() 77 ¥ 3 BT 4
BT, Sa AT R Javac (8 A BAT T AKX S, %R0 S5 BHTE Bclipse #9 “Debug
C ions” IR “A 7 PP

LIS R 52 T Class SUFROAE X, (B (Java BEWUIGE G2 B0) o, 8%
A% —7 “Compiling for the Java Virtual Machine”, {H#RLAZEFAIBRA, HRA
XU AE Java IREDSCHEFEAE S Class SCRFIIS IR BAT +50 MR i 52 X, 3% 3 Class
PEARPEER RIS b5 R IDK SCBHISERY, fE—SeMiiol, ARt Bl—BR L Javac
SRS TSR, (ELR BT 4R ARBLAR TF UG IR AT (10.3.1 47T 44 SRR (B 7).
M Sun Javac HIRTGHKA, HRTEAE LS A3 PifR, 4512

Q T S S R id .

EHR AL M AL TRAS A E AL R

CFoM S 7 i i A

X I BRZ KR ST 10-4 5
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[T H WAL RS RRER "__ h
Parsc and Enter ion Processis ¢ 010(1)

101

[ 10-4  Javac HFiiFidfEe
Javac iR EI/ERI A F /& com.sun.tools javac.main.JavaCompiler 2§, FiR 3 A~ if (0%
FEHRAE P AEX A2 AY compile() Al compile2() FiEH, Hrh ERMRGMA 10-5 FiR, BA4H
PERCOCHE () A FRak th B P AR IR 8 N HEESER, T EEATRAR — FiX 8 M REIT A+
LRk,

ini :] WAL WAL A SRR B2
/7 These method calls must be chained to avoid memory leaks
delegateCompiler =
processAnnotationsf — df2: BITEMALE
stopIfError {CompileState. PARSE, — H1.2: MARFER
[parseFiles)sourceFileObjects})}, — WRELL: AT BEMH

classnames) ;

delegateCompiler.compile2(}; ——> M#3: SHEFHBER

[case BY_Topo:
while {'todo.isEmpty{(}}
r I T

Jattributeftodo. remave(}))}):

[
break; | [

7 T T <
R34 ERFHH I3 WA SR RN SR R

B 10-5  Javac iR ) ARG

1022 BTSARTSK

ST B i B 10-5 5 Y parseFiles() 77k (B 10-5 PRI 1.1) 52 AT BaE
T G R VR R Al AT R AT A e R

1. %, EES

TSI R RARTS (9 AP WS 8 AARIT (Token) A, BANFRHRBFHE LN
FNTTR, MARCN R EE RN TR, XET. R4, FHEER. SRR RN
PRI, 40 “int a=b+2” XMMRBAET 6 MFIC, HFIR inte av = by +, 2, BAXEF

O EHkB: jave i ilati i html, ABIAKAHELT
THE.
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int i1 3 AL B E R4 Token, A FHF5r. 7E Javac BURFS, AMk4M it
2 com.sun.tools javac.parser.Scanner 253 5.

ST AT IR AR Token JFAIME ISR 0SB, MRIEER (Abstract Syntax Tree,
AST) JE—F IR R R P AU G5 M ORI FOR 7o, TR I — AT R
FEARES R ) — LA (Construct), BlINf. KA. BT, BHAF. B0, EEEE
AR R AR AT LR — A

¥l 10-6 JEHRHE Eclipse AST View fE{F 41T e i 3L BHRIB (O F GBI BLRT , 35 AT
3 1 5 P i AR AT — AN DA N 7E Javac BOIRFS R, BB SMHTIE AR T com.sun.
tools.javac.parser.Parser 28358, X ABYBL (i 443 - com.sun.tools.javac. tree JCTree
KFR, BRXRMPRLIE, FFEEREAR S PTG SO STRE T, 58 arE:
SLAERMRIEERZ L.

[# Package Explorer | % Navigator | S =)
FortRedirectServer. java (ST Level 3). Creation time: 16 ms. &

3 x| 4 =R
PACKAGE. o
IPORTS (3
. TweEs @
« TypeDeclaration [342, 1433}
> type binding: org fenixsoft,net. PortRedirectSarver

TIPE_PARMMETERS (0)
SUPERCLASS_TYPE: null
SUPER_INTERFACE_TYPES (1)
4 BODY_DECLARATIONS (5)
FieldDeclaration [387, 321
» FieldDeclaration [434, 751
) MethodBeclaration [S1¢, 11311
+ BethodBeclaration [1650, 751
MethodDeclaration {1730, 1021
> Conpilationlinit: org fenixsoft net PartRed
> comments (5)
> conpiler problems (@)
> AST settings
> HESOLVE_WELL_KNOVN_TYPES

P 106 HilGiF A Lt

2 WEHSE
SERT RS HRE LG, F BRI S R0, GRER 105§
enterTrees() Jy 3 (P 10-5 342 1.2) FRAY . #553% (Symbol Table) fpi—4H /%
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SHAE RS SR B e, B AT LU B AR Ay o K-V R EIE R (bR R
BRAERMARLH, TURAFASR. RRFSR. REMFSRS. FoERp
FECH R ARSI A B BB R IR MTR, FFS RIS M P28 H Tl L
Kt (A — DA TR ABERN BRI R R 80 A=A PR, 7 BRARIE R
B S A TSRO, RS SRR M SR AR B o

7 Javac JAUHSH, HIFEAFS #0527 com.sun.tools javac.comp.Enter 255281, it
9 PR — AN AL FEFIR (To Do List), 98 T 4 — ik B TT Il G B VAR i TG 45,
LK package-info.java (HISRAFEMIE) AYTRGLA 5 .

10.2.3 FREAL DRSS

fEIDK 1.5 2 J5, Javaifi 5 #46 T X IEM (Annotation) 1Y #%F, i %675 % 5 3% 3 f9
Java fRS—HE, SRAEGEFTHIELIEAE M. 7E IDK 1.6 th3CBLT JSR-269 ##E°, T —4
WA RIERAL TR AR AP TR IR ] M TAO B, TRATATLUE S A MR — A% 58
IRIE, FEXSeRR P, TR, . WIMSOERA P TR AR SR
AEALBRVER S RINHER AT T80, SRiRaRls [ BIMAT R SR M B R R, &
BB A S TEAR AL BB S BAT FEAH B AT BN 1L, 58— WIEFFFR A — 4 Round,
AL 10-4 Y FEIFR R

H T HIFISTEMAEIRIObRME APLIS, A 10OMCEA A AT RETWAIRa TR, T imsR
REMERICE, BB ERFSERA T IR e F), Frlla i A DAL IR oy
WRFLEDIRE AR R Aas ). B RSB, R T LU R AR Bas sk 52t
VFEITA FURBAEART P SE AN T, AR TERUR S50 th— MU P A YRR TR AR A0 (S50

HE Javac WL, A R V% 4b B 8% 69 91 4 1L o 72 42 7 initPorcessAnnotations() 7
¥ sE Y, T E B B AT 3 7 U JE 7E processAnnotations() 77 ¥ 1 5E B, 3 AN 7 B
W2 75 38 A4 47 00 T AL B BE  BE AT, WS 93E, 3 3 com.sun.tools.javac.processing.
JavacP i i 21 doP ing() 77 ¥4 B — A H 4 JavaCompiler X 42 Xt 45 1%
RS TRIEAT AL TR

10.2.4 BYOTESFTHEER
ESIZIR, SRS TR R MR SRR, R R — M HES

© JSR-269: Pluggable Annotations Processing API (i AXCHERFAEEAPT)
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HIREIF (AR, BTG ORI IR P A A B A . T3 SO B B4R S5 0 4 H L IE o
HOURRR P HEAT B SO AR AT AL, INEATM AT A, 260, R I Y 3 it
K X

int a = 1;

boolean b = false;

char ¢ = 2;

ST Bl B (2 T <

int d =a+c;
int d = b + c;

char d = a + ¢;

SRS SR BT A0 b 3 MRS OIS, A A REH RS M E B R EREAY, (B
R | PSS X RN B, BEASIE R, HARPERIE Java iE SRR
AR, KEGE CRE R TR OGBS RRRIE S 5 RN | T oM dort
B WHECHEEN, a. by c 9 EFICEXRE, 552, 3 FMEERAET LUEHFHIE.

1RERE

Javac BURPERTRR, 5 OIS B AN AR A L SO R B R AT R A 3R, 433
il 10-5 HFBT7RI) attribute() I flow() Fri% (SMSURTREA 10-5 bt B2 3.1 FI5d2 3.2) S8

FRURG A TR 2 1 A A S LS R AT E A O 7 B S R 2 6 O M
BRBREGICRSE. ERERESE, BA— BRI RITE, WRRIER
BHRE TR E L

.« INITIALIZER
HREASHS B3 23 e S ohicys oo e I
T ALEHEA EOVARER SIS “17, “2” LU oo
IS RECOVERED: false
FERF “+7, BRI HRITRZIE, CI LB QUALTFIED NAME:  int’
KIND: isPrimitive
R FEE 37, WA 107 iR, XAMEARKL CREATE ARRAY TIPE (+1): int(]
BINARY NAME: ‘I°
3 (Infix Expression) MIfHE 276 1H MM EARIE 3k AnoTiDE ) .
Pjava element: null
T (ConstantExpressionValue : 3). Hy T % i% i il Boxing: false; Unboxing: false
ConstantExpressionValue: 3|
TR AT, FTUERTBERE L “a=142" i 4 LEFT_OPERAID
HumberLiteral [105, 1]
HHE X “a=3”, RSB REEATHIBMA (L — . ﬁ’;%ﬁg:m;n
A~ CPU 54 158 it . HumberLitecal [169, 1]

bR IEAG 25 0 BRAE Javac IRHS B9 SE IS R com. H 107 WEYTE



#1008 28 GEE i o 309

sun.tools.javac.comp. Attr 25F1 com.sun.tools javac.comp.Check 2.

2. R BARHIR AT

B B A BT AR T SO I IE, T BAR A Hh VR R
RN A AT, 7 7 A R B T AR L SR AT K520 5 R B E A AL
0TGRS K AR (9 B P BT KA LR
— iy, BRI FFIK B, A — R S A TEA RSB AT A BT . T — A
% final B ROBCR BASHIR A OB T, WACEBTEH 10-1.

REES 101 final IEXEH

I Hsk— %A final #4

public void foo(final int arg) (
final int var = 0;
/ do something

i

It ¥ % ZRA final 45

public void foo(int arg) (
int var = 0;
/ do something

)

FEX T foo() Fr ik, 85 —Fh 7 vk M9 B HOM 5 A8 fik 5 SUBEH T final 44, 058
RN, PR A T IR SR B final BRI, ASREEBUE arg A var
AERAOME, AF R P BRI PR R 1 Class SCPRRALA (AT — UK 09, a5 6 T
MRMESHYE, RBERSFR EFAER. £ A KM, SRl EH
CONSTANT Fieldref info 445531/, FARBMBA VIR E (Access_Flags) MfFE, %
AL A PR R R Tk CRIRTHIFOTI), HALE Class SO HRTT BRI — 15
AR R RFTYIN final T B, HREASR YN final, WHETTHURBA MW, &
BB AR AR e S B AE IR . 7E Javac BRI AR, B RAEHIRAMTIIA O
[ 10-5 #1#) flow() Jr ¥k (XFREE 10-5 ity id 72 3.2), FL{RERAE I com.sun.tools javac.comp.
Flow 2558«

3. MRIEENE

T HRE (Syntactic Sugar), UWWHRBEARIE M, ZhEETIEVREREE - 8- 2k
(Peter J.Landin) ZHIR—AARIE, FEEHEIIET TRMOIFHESE, XMIEEES O
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BTSN, (RS DT (AR UM . BRI, AT BB AR AR P RO FT i, A
AR FF (R B P2 o

Java ERAHBIAF Z PR T “MRRHES 7 G T C# RIFZHM VMBS %),
JUR IDK 1.5 ZRTRRRA, “fEH” AR Java 1B S R 2 “WIR7 M— A REMEH.
Java TN F I 0 SR A TR B (I8 (08 AU A — ARSI, I CH
ZRIBAR B B CLR ST, KB AZHEM /7%, BRWLETIR s
1 EATHES PRI BOR VR ] A ERERA LM, AN SRR R . Java MK SIE YL
BEBRIR R AT 2R, 45 7E 103 Thitaiig.

1F Javac (RFS R, SHERBEIE R H dosugar() Ak, 76 com.sun.tools javac.comp.
TransTypes 24l com.sun.tools.javac.comp.Lower 2552 i,

4. FHEER

FATTAE R Javac HiPRi BRI — M B, 7 Javac Y75 I [ com.sun.tools.javac.
Jvm.Gen JORFEM. TG4 B BN (LD R 4 NS B (5 8. GEER, &8
) FALR TS BB, GRS TR RS B T

B, R A HEE 0 9 G4 i 8 <init-() 7 M MM R 38 <clinit>() 7 2k
TERCA B BERINENIRA Z g CEERE, 350 B 09 S AR i A I AR SRS WA by R0,
TR AR B SRAE (4 IR, T S R I — M B T Cpublic.
protected =¥ private) 5 42— BN BINM 1 B, XA THEE A G SR BRE 25
IR, SEPIAHITE R A AR R R — MRS R, G R A it F 52
BRI FH R “ (17 B M FRMIERM F R “static(}” $). BRAAIL L2 i
RIRAR AR LI 8 (UL HIHIESS, <clinito( 77k b EIE ALK
1 <clinit>( J7 ik, MWL A SRR KMIEBRIBAT, M7E <clinit>() Jr ¥k op 23 £k
1A H java.lang. Object () <init>() 7 % B9 AR D) 454 M i 8408 <init>() A1 <clinit>() 7 i 2
I BLARIE— S ST RS S BIRITE RS, ARG OISR, RS ST H AT B
T, EEFEKIEE T GennormalizeDefs() kA LB, Br Tt MUMIRE B LIS, B AT HUf
1 — RS B LA TR T 00 S BB 4R, A04E 545 o B B 69 StringBuffer %
StringBuilder ORI T HAMUAS HIMA A K To% T IDK 1.5) 14 append() #fF%

SERT X KR 25, BB T I R 15 B A 2 2554 com.sun,
tools.javac.jvm.ClassWriter 2, F X 1219 writeClass() 77 B4 52955, 25 s 2 Y Class
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S BN A R E A

10.3 Java i&EPERIBRIE

JUT- A FifE 7758 2 D S HL L — S BT (BT R IRTTF &, KM
ARSI T T ARG, ERENTRAERRRCE, SR AR M, AR
BN . R A —FRL AR R — AR RAT A, KIRIAIGET « &
Wi WY, AR LEF R PERE, TOAR RS R, B ESE .

ST 2, EEETT LR HOR AR RSB — 28 /MBI, X “/MEIR” TTREL
R CRIRTE, ERATERLZ TIRX L “/MER” )5 MR, IEREA AR L
A, TR TS,

10.3.1 ZESRAER

AL IDK 1.5 B —TURTAEIE, B AR RS HLER) (Parametersized Type) /5]
F, QSRR BT RO BRI  — B H X BRHRIAT LU, RO Ay ik
(R, SRRz RS R O RZ RS

1 REMILTE CH+ 1B H AR (Template) PR FFIRAERK L, 76 Java il F b TE B
A HIUE B RRART, FAEIE L Object 2T A7 267 1) 50 26 AN AU il e e 1 5 A Ak
SEPEENE (L. BN, EMARMAFECR, IDK 1.5 ZRHiH A HashMap (9 get() ik, R
A Object 34, T Java ifi & B I HTA (926 BUAR4E K T java.lang. Object, LA Object
e R AR AT o G AT T B . B S TERR A AT Ak, b A PRI B RS AT 6 2 0L
HLA XA Object FURREAARRMXT R . (EHIFWIE, HiFHTERAX A Object Y
SRR A, AR B 2 AR BRI TR AE A IE#TE, 5% ClassCastException
MR SRR FEITNZ T .

¥R ARAE CH A Java Z P {E I JF A UMD, L SCBE L 308 W ARAER S350, C
HUZ RIS AE R RS . 43FJ 9 IL ' (Intermediate Language, PAJiER, XAHEEZ
R —A G OLRF), sURZEFTHIG CLR H, EBRYIYAFAER, List<int> 5 List<String> i /&
PIAARRINER, SITERGETHAER, A AT ERMERRE, XFEIR N
BB, BT R RSB RO B A

Java iEE P RINAR—FE, & RAERFIRISPAEAE, TERIFIR TS, o
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LHB N BOREIAERR (Raw Type: SAHEEAD T, I HZEABIM 7 A T 3856
AUCES, B, b TR T Tava i F KB, ArrayList<int> 5 ArrayList<String> 3 2 Fl—
A BRI B SEBR L Java B —BHERAE, Java il T 0gIE RSCHIT AR A
PEBR, BT BRI 1 SE I A B R ORI
FRTH 10-2 22— B BT Java ERUBOBIF, TRATAT AR — F E4RR 04 R REREA,
REHFLE10-2 ZHE i

publfc static void maim(Stringl] args) {

Map<String, String> map = new HashMap<String; String>();
map=put (“hello”, "{REF ")
map.put(“how-are you?", "RETi&2 ");
System.out.printn(map.get ("hello™));
System.out.println(map.get ("how are you?"));

)

LB Java FRIVAHPEAL Class SCPF, 4RJ5 PS5 S 400 T L 04T R 4005 ek
SRZREBAI T, FBF M T Java 25 B2 AT S 8, W RIAUHAR 8] TSR,
ARG 2 10-3 Fi7R.

REEL10-3 FHEBRENGIT

public static void main(String[] args) {

Map map = new HashMap();
map.put ("hello", " #f ™) ;
map.put ("how are you2", "# 77 n;
System.out.println((String) map.get("hello"));
System.out.println((String) map.get("how are you?"));
}

1 IDK BV DA 14 b 28 OB 0 )y RS20 Java 1855 T8 30 S H60R2 S0
S WA BRI AR 2 A T2 R A8, BB AR AN Java 7525 AL
iz BT IR, 4IEEE % (Thinking in Java) — PR Bruce Eckel 118 T —8 37%
CXARRZA ) “HRAHIF IDK 1.5 thEgiZ RISTHL

AL RBUHIFZ T, A — S0 R T, B e PHERE E U7 RS phy TR
BAANETIN B 2T R L M T S O MZRNB—Le, WIRSERRRT Hi, B

ER g his-i bruce-eckel-eges-of
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HARE Java ZRRANRIM L CHZ RIS, WP PERRE M B EIPH T IR IHE SO T
HZ R EAE R AR AAA 2 (REFWIFAEAEN Java RZRIBEY, EAERLLL B FHSAFTEA L,
EH NN SRR L IZ R T — S BB AR (TR, BIAnRADTE 8 104 (BT,

REDFLE 104 LUFTHBREHR 1

public class GenericTypes {

public static void method(List<String> list) {
System.out.println("invoke method(List<String> list)");
}

public static void method(List<Integer> list) {
System.out.println("invoke method(List<Integer> list)");
}
}

W, REXBRREER, MERFIT? QIHRE S TER, XBRME
AHREB SR, B A B ¥ List<Integer> Ml List<String> 4% 2 /5 #BHBR T, W T —HERY
JRAEZER List<B>, HEBRSIME S BOX IR I O ES 2 B8 4. WHSER, TEE
HHFHO R T, EIABRMIEND? RARY, 2R A ] B 5 267 FUR ok
AP — IR, AR — AR 10-5 thigAz.

REHL10-5 YTRBREH 2

public class GenericTypes {

public static String method (List<String> list) {
System.out.println("invoke method (List<String> list)");
return "";

}

public static int method (List<Integer> list) {
System.out.println("invoke method(List<Integer> list)");
return 1;

1

public static void main(String(] args) {
method (new ArrayList<sString>());
method (new Arraylist<Integer>());
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PATEIR:

invoke method(List<String> list)
invoke method(List<Integer> list)

ARIHE A 10-5 5 HUFSHE AL 10-4 (9225 P4 method J7 EBRIN TR RIARFEIE, P
PAR B R B, J7 AT R D T, B BRI AR SHE FIRATST . XXk Java.
PR MR 2 5 T e 0 BEAS A A PR G 2

FRAGHE B 10-5 P 9 FE YR AR FERBE R, Z BT LUK YRS IF R Rl
BB method()- Iy EMA. 1A ] A3 FHE S ARELLAFFE— 1 Class U2 . %5 6 A
41 Class UHTr## (method_info)- MSURLS R 8 24053t rk ERE R AL R
BRFIEAS 4, IR [ D A S eI ISR 2, FRLLE A 2 S Rk, R
Class PR R 2 h, HERGARFAE5 & —BUGHA7 dit iEUSE 77 . WakRut, PIA
TRURAT M R AR 2 4 - AR FUEAR R, AR EA TR T LA I AE F— 1 Class
SCErh i

BT Java ZRIBIN, SRR GRIWUIE. SO F 09078 BI#SAT REXE JELAL
FERP A WA AR, R BT RBUE AR SRS . B, JCP 4Rt
REAUHLARREMGT T HIRCAO M, 5EA T i Signature. LocalVariableTypeTable % 37 &tk Fi
FARRAEREE R A 105 KSR RIS, Signature RFC b IR EE M —TUR M S A0MERT
BRAP M INEAEF W IR AR, MR R AR R B MO R
WAL T2HAIRIE B AEMR B BTSSR A BEIRAT 49.0-44 ERRASHY Class—
SCA Y D LAREE A IE 5 50 Signature S8,

AT BT AT B B B Bk X 95 B 4R S K R B 09, i F Eist<String> il

©  WREBHER I Sun DK 16MTavacti P4 TT4P%, JULMIBIE, AEokipse IDTRECIAERE, 0344
AT RELAR AR X BV, ECIPER 2478 “Method method (List<String>) has the same erasure method
(List<E>) as another method in type GenericTypes”™.
C= A WavalB BB (200D ) UDK RSEBURIIIA) #) “ §44.4 Signatures” FH K Uavaili 5 A
3D ) 1 “ §8.42 Method Signature”™ F 15 T4 X TFHIRMAT S S, LlMIavalbiBR
T UAHER 4, P 2 R T OE S A AE 7 e — R HR T WS A9ID, fETavaf 3 eh T 45
A4 ST T ik 4R SR BB RRL, i 2E-F Y5705 b B (25 45 V040 48 7 Ve FE R 2 R
For ABTURIERRF TR AR S, BESAMEELITRY, GEERE T OREER
X4,
© DK LSHIEBPLALARE S hitp:/fcp. i i jsr 924findex html
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List<Integer> B F o — 22, AT L BRI BIA A5 292 bRl AT 204032 BUE A BESE
RER, BR—FETL R MR R R, I ARSI LIRAL, S b
BEE R BN, Z0H Sun IDK 1.6 ) Javac A BB ALY, FLAbRAS S #H ECT 45iF a5 nT
REIEZAGRIE.

4k, M Signature B H B AT AT LA S50, BRBREFTEIBEER, ALOURXS T
) Code BV I F WRGHEATHERR, SE0R RO il RO E T RME R, X RRA16E
3 it 5 BORAS S R KRN AR AR AR

10.3.2 BHERL. FRESEHER

NSRRI, AR, B MBS (Foreach T5F) XCSSIEMEMN, Kotk
SR R EAR AR AR E SO/ R RUALL, P ORI AR R K2, LT
—RUHRENTRA — A . LN, BN Java i 5 B HREHELRNE. RITEL
ARG 8 10-6 FIRFSTH 8 10-7 s A Dok A6 76 i {EgR G 2 R AT AR .

REHE 106 BZEM. FHESEHEF

public static void main(String[] args) {
List<Integer> list = Arrays.asList(l, 2, 3, 4);
/I W RAE JOK 1.7 F, HA S —HEE T
# fit XA RGHE —$ M E K List<Integer> list - [1, 2, 3, 41/

int sum = 0;

for (int i : list) (
sum += i;

}

System.out.println(sum);

REBEL 107 AHRE. FRSEHRAREFZE

public static void main(string(] args) {
List list = Arrays.asList( new Integer([] {

Integer.valueOf (1),
Integer.valueOf (2),
Integer.valueOf (3),
Integer.valueOf (4) });

int sum = 0;

© AEATMZIE, B Project Coin —#2 BRI S} FIIDK 1851 T, {EJDK 1L7R R0,
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for (Iterator locallterator = list.iterator(); locallterator.hasNext(); ) (
int i = ((Integer)locallterator.next()).intValue();
sum 4= i;

}
System.out.printin(sum) ;
)

AU 10-6 O E TR, AFEA. QA WIS BREN S F#iE
A, ARG 10-7 WRAR T EAESIRIE M. ERBALGT, AshEm. Jmtea
VR B AR T X IV 6 AR 57 ¥, A5 9 Integer.valueOR() 15 Integer.intValue()
IR, T AR R MR A T IS A AR SE D, S th 2 (380 70 B 5 1 250
B lterable $EH WS . RUSHERL LS, SAERAMBMRER T — 4 ER0E%,
EARSEBZAT, BIT ARG R R RS .

E%%&ﬁi?&%ﬂ%@ﬁfﬁ, B RAS S A (E AR DR A )y, (ORI
10-8 WOR T FSh3EAN— Lo fist T

KR 10-8

public static void main(String(] args) {

Integer a
Integer b

Integer o
Integer d
Integer e

[

Integer f
Long g = 31;

System.out.println(c == d);
System.out.println(e == f);
System.out.printin(c == (a + b));

System.out.println(c.equals(a + b));
System.out.println(g == (a + b));
System.out.println(g.equals(a + b));

'

FIBESEARATE A 10-8, Bes ADIEABF A ME : —RiX 6 AHTENE MMM R 42 —
A 6 WITENER T, WEREEE SRS R ARET 1 P A 5 T LR 5
ok, LR HMIER, FULHAC ENLR—TF . LeESWEREETH, 5T
R =" BRABITAZHON TR L H AT, RN equalsQ IR
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AR KR, B RS PRARG PR R X R B S S A -

10.3.3 HRHHF

VPR BT IE T AR A T RO HRIFMRAR, W0 Cy Cr o i AL T AR R AT
(#ifdef) KEMAMEFIF. C. C++ ITILLTREE B A1 55 MV R A RIS R (i
A% % R #include FIALERATS), TTE Java i & 2 AR A (R BULEAE, B3N Java i &
RAMGFN R GFRIFIE—NGHF Java SUHE, TORKFIAT G PR BATT IO RS THAR TS
ARSI AL ERS T BT AR, I SO 2 A R AR BT {R B A
LEBRRS. TR Java i E R EH ANESLBUAARIEDR?

Java FE AT ABEAT Al E AR, TRt AR A 3 R0 if 1) ARASI A 10-9
PR, AT if AR R FHAL Java (RED, EAERFENBISH “B177, HARMFH
ZH HA4E “System.outprintln ("block 1") ;7 —%&ifh], HALWT ifiHMRAI—ITH
) “System.out.println ("block 2") ;”

RIBEL 10-9 Java BEMFERIE

public static void main(String[] args) {

if (true) {
System.out.println("block 1");
} else {
System.out.println("block 2");

)

ERARASGRIEIR Class SCHH ) R AIFL R

public static void main(String(] args) {
System.out.println("block 1");
}

SUREA R A i B ) i TR0 RIS B LSRR, AnSRAEATH B S AR A SR AT RE
JIRTEARERC, AT REAE R AT P IR AR, BRI, RS 10-10 BTARAIAR
TR AR SR A

REBHL 10-10 FREEAR MR BOREREMHRF

public static void main(String(] args)
N REBHEMR “Unreachable code”
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while (false) (
System.out.printla("");
}
b

Java 5T R PRR S, IR Java i 00— UM, AR A R B B0 SO
IR AR AT BT H BR I, 3 TARRTE SR RS BRI OB B (com.
sun.tools.javac.comp.Lower 1) 5Ei. M XA KM EB XM T if 154, FrL
ELIHAIRRIEAN Java 1B, REESTEHEENT, FItE RAESBERIEAR (Block)
YNBSS, A F0i S BUAR S SR R A Java ZEHO45H .

BRT AW Rz, HERE. AIA. B, ERSEMEGHREZ,
Java BT ADIAB TN, AT, BEZE. WIS, MECERIFAR (7 IDK
L7 SR @ switch SCRF try A TR ORI BEIR (FE TDK 1.7 H3fe) 45, EH AL
3L R ER Javac IRES. R4 Class UIFF A TR EfMAREH, BTRR LERR
H——NAT .

104 ik AR ERLER

IDK G EALERIMEA AT O B BB LS R, PORIROTFR B, B8 E
HRBIFRMELT, ROAHMBFRFOT R, GWHKXARE, £ IDK W&HFTR
SEHLTHT, SR P R R R, R T 11 B AL JIT St JLA
AAKBHLISL, BATRE FA 8 ISR-296 o S 4 AU TE M Ab 3R API KX IDK 4% F
RYTT 7= — S

fAREFIH AN TR RN T REMT BT F RS, DKW
HFTRERAILEE ., —BREET PRFTREOMS, WABE FiE TRIFEF
PERBIAF R ARG BRI R, HOHAE Java iR 5 7R, BT HIR 401 5 B IUDLDT 7 R4
R AR B IEME G 11 B0 EE PR B AN A . TR IDK AT SRiE A
ARG, AT THRATE iS4 IDK ARALART . FERINEEAS0IRD, BRHAR
TEMAbIEEE APLABICELAT AN TE

10.4.1 SLHEBHR
3o ) Yavac 6 V6 88 00 RS, 071018 6 U 28 54T Java TR RIS 4 I A
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BHE, 2R Tava B IRRS 8 7 T AR B RE 0. KSR R LR F CTSRXIRX”
%, BAABA & F WARNING #45 8, (HSERIHE BRSO KRBT SRR
. AETI, WRGBT SR <SR MBS TR, i CheckStyle.
FindBug. Klocwork %5, iX#6fi R THA —HRIET Java MBHGHHITRE, A LR
ST IR, AR, AT S AR AR APLRRE — S IH A
B4 XU B3 T H: NameCheckProcessor.

Mok, T IRATHI SRR N T % ST MBURBOR TR, WA R h T SRR Sk
CheckStyle 2 T ELi/*= 3%, FT 1k NameCheckProcessor [ H A7 th (X & H % Java F /7 fir 4 i
ATHRE, AR Cava EERE (B3 D) 88 6.8 WINEDR, Java BUF A4 B4R & Tl
AWHEHN.

Q% @En: FARNGAE TFEKE.

Qo Hawkas, EFNG.

-

o KRR HREAGAE BFEINE.

o Wi EREWMAEFHET UL, HAE N FRARE FUL.

IR BIMER A4 H: (Camel Case Name), EMNERIZFRITRRIIE, RIERAME
FAHONG FAER 4y M A BB R &, ANSE e —R, R M AT Java T
LA, BATHITHR BARERE W Javac G SRR — BN O ThRE, FERIFRIFIIART
LRFAE R (FEDD. k. FROGEERS.

104.2 (KRBT

VR AL AR APL SEBE— MR PRRRECE, WO T XA AP — SR AHIA.
FAT] S B T A Ak 7 35 60 100 T B4R A £ 2K javax i ing Al TOCESSOT s
XA S A oh LA — A~ WL J0UB (1) abstract 7 3% « “process()”s B Javac 48 1% 8% 1E AT
T i b T AR AR O B R T A B, AT LMK AN IR 9 5E — S8 “annotations”
BRI eV A A T RE T B AN PR (0 TE AR AR A, S B8 “roundEnv” Hhji e 2 2 X
A~ Round H1 3 B A 9T 4 BN 9 REHT S 7E X B R R 9 — A Element. 7 JDK 1.6 3

© TEIDK i i RPH RS A28, {HLBMA L RBEARKD , EHATIL
Hixsy.
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H1) javax.lang.model £ 52 X T F6 2 Eloment, 245 7 Java fo B b % AT TL 2, 01+
“ £l (PACKAGE): A% (ENUM). % ¢CLASS). ¥ f# (ANNOTATION:TYPE). B El
€INTERFACE). #%¢ {8 (ENUM_CONSTANT).  Bf (FIELD). £ # (PARAMETER).
M7t (LOCAL VARIABLE). 5 ( EXCEPTION_PARAMETER). J#: (METHOD).
#15 B ¥ (CONSTRUETOR). ##5iF A3k (STATIC_INIT, B static{} H&). 52435 4tk
(INSTANCE_INIT, B {} ). S¥{t2% (TYPE PARAMETER, BEiZ RIS MM%E)
FASE X HAMGE R S (OTHER)”. BT process() Fikbfe ABEZAF, B4 R
H BB BE “processingEnv”, & J& AbstractProcessor #t i —~ protected A5, 7 TEA
AEFRER )W Cinit() T7 W BT IOBHE) QUEE, AR T AbstractProcessor [ 7 fifba
AFICHD AT LA BB BT . B T AL B R A — 1 F SO, BRSO
. FATRAEIEE . SR T RSB B S A i

TEMHEIARER T process() Tk BRILEMZ AN, EABA TR S FHY Annotations: @
N d ionTypes Fl @Supp rsion, BT H AR T 30Tk AR AL T 55 % Hip 2
TEMPRROGER, FTLMIAR 5 %7 Rl ReAF At BT AT 0 T AR R G, 5 48 X Ao
MR REFREE AT AL TR LT AR ) Tava fUFS .

B ANVEMRAL AR LE B AT A S BN, I SRS 0 A o A TR 1 B
process()y JriA BEAT LUR ] —AMEH false fOA7 /R, 38 01418 255X Round B FLRD o 4 4
A A, JCAHI HEHT ) JavaCompiler STH, 51 YR58 AR A6 T A b FILES ot LR P i 44 A
 ATEBEELRR A NS, B process() 77 ik (K138 EHEES R false. SETVEMAN8 Y
APL SEF RN RIS, AT DAY T TT LA BHEATC OB BSOS . F Rk
F AT NameCheckProcessor f ALAAHY, ANfCFLIE 10-TFRTAS .

RETHE 101 w4 rocessor

/I FTELR »* v RREHEFTA Annotations

@supportedannotationTypes ("*")

M R¥H IOK 1.6 K Java R

@SupportedSourceVersion (Sourceversion.RELEASE: 6)

public crass NameCheckProcessor extends AbstractProcessor f—————

private NameChecker nameChecker;

Jee
* MR E Y
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2

eoverride

public void init (P gEnvironment pr ngEnv) (
super. init (processingEnv) ;

nameChecker = new NameChecker (processingEnv);

s
* AHRAE R AN RRATEHRE
.74

@override
public boolean process(Set<? extends TypeElement> annotations, RoundEnvironment

roundEnv) {
if (!roundEnv.processingover()) {
for (Element element : roundEnv.getRootElements())

nameChecker .checkNames (element) ;

}
return false;

A EEACHS AT LL % i, NameCheckProcessor i 4 ¥ 3 F IDK 1.6 B 15, EARR T
FHRE B AR, XHEMTIURDER “ m4HR 7, T 7E process() J7 i R 2 BT Round Y —4>
RootElement {3 £ —~4% % NameChecker #2588 0474 PR 25 2%, NameChecker f

AREBAARFSHE B 10-12 BT
REGHEL 1012 HEMEE NameChecker

s
* BEAHRAEHRERE.: <or>
* WREFALTERE, KoMl — N EE B WARNING £ &
*¥
public class NameChecker |

private final Messager messager;

NameC = new NameCl 0z

NameChecker (ProcessingEnvironment processsingEnv)
- Eav. 0z

this
¥
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Jan
* st Java BEA A #ATRE, RIE (Java EEME (B3K0D) ¥ 6.8 HWER, Java BEG4
B HETABR:
* <ul>
*o<li> XREU: HERRASLE, FFEAT.
* <li>Fik: HERRGLE, FFRAG.
* <li> FB
* <ul>
*<li> X, RHAEE: HORARLE, HFEAF.
<Li>HE: ERAHAS,
* </ul>
* </ul>
*/
public void checkNames(Element element) (
nameCheckScanner .scan (element) ;

Jon

* AHBREBEAX, HKT IDK 1.6 PH RN ElementScanner6<br>
* £l visitor BAY FIHhRE A 0T K

»

private class Nam extends El

id, Void> {

I
* WHEATHRE Java £
*f
@override
public Void visitType (TypeElement e, Void p) (
scan (e.getTypeParameters (), p);
checkCamelCase (e, true):
super.visitType(e, p);
return null;

Jxx
* REFERERTER
/.
@override
public Void visitExecutable (ExecutableElement e, Void p) (
if (e.getKind() == METHOD) {
Name name = e.getSimpleName ();
if

(name..c 15 (e.getEnclosingEl

t() .getSimpleName ()))
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messager.printMessage (WARNING, " — M7 3% " + name + "*
EYEXLEY, BEEWEERTLERE ", o)
checkCamelCase (e, false);
}
super.visitExecutable (e, p);

return null;

s
* BERBELRTEH
&
@override
public Void visitVariable(VariableElement e, Void p) {
// WRikA Variable RUFAHE, WHEATHEHE, TURRRASLERNLE
if (e.getKind() == ENUM_CONSTANT || e.getConstantValue() != null ||
heuristicallyConstant (e))
checkAllCaps (e) ;
else
checkCamelCase (e, false);

return null;

s
*HE-AERRERNE
£/,
private boolean heuristicallyConstant (VariableElement e) {
if (e.getEnclosingElement () .getKind() == INTERFACE)
return true;
else if (e.getKind() == FIELD && e.getModifiers().containsAll (EnumSet.
of (PUBLIC, STATIC, FINAL)))
return true;
else {
return false;

Jxx

* BEEANH Element REHANXA L%, WRIME, UHHESHR

*

private void checkCamelCase(Element e, boolean initialCaps) {
String name = e.getSimpleName () .toString();

false;

boolean previousUpper
boolean conventional = true;
int firstCodePoint = name.codePointAt (0);



2

BOEES BERESRERL

if

previousUpper =

(Character.isUpperCase (firstCodePoint)) {
true;
if (!initialCaps)

{
messager.printMessage (WARNING,

FRF K

e

"AM " + name + "" B YUANT
return;

} else if (Character.islLowerCase (firstCodePoint)) |
if (initialCaps) {

messager.prEntMessage (WARNING, " 4% ""

Ename £"" HEUAE
return;
}

Lelse

conventional =

= false;

if (conventional)
int cp = firstCodePoint;
for (int i = Character.charCount (cp); i < name.lengthf); i += Character.
charcount (cp)) ¢
©p = name.codePOEntAt(i);

if (Character.isUpperCase(cp))

if (previousUpper) (
conventfonal = false;
break;
) -
previousUpper = truer
} else N
previousUpper = false;
=
)
if (lconventional)
messager.printMessage (WARNING, " £# "™ + name + "» B 444 R4k
(Camel Case Names)-*, ef;
IS

Jan

CATRERE, ERF-ANLELARAENELTE, HABATULTUNARAS $4
A
private void checkAllCaps (Element e)

String=name = e.gefSimpleName().toString()



charCount Ep}).

}
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boolean conventional = true;
int firstCodePoint = name.codePointAt(0);

if (*Character.isUpperCase (firstCodePoint))
conventfonal = false;

else {
boolean previousUnderscore = falsei

int cp = firstCodePoint;~

for (int ¥ = Character.charCount(cp); i < name.length(); i += Character.

cp = name.codePointAt(i);
#f (cp == (int) '_') ¢
if (previousUnderscoref |
conventional = fadse;
break;
¥
previousUnderscore = true;
) else {
previousUnderscore = false;
if (ICharacter.isUpperCase (cp)

conventional = false;
break;

if (!conventional)

&6 ICharacter.isDigit(cp))

messager.printMessage (WARNING, " %% "" + name + "" HULHUAF
FHETULGL, FEUFRTL", o))
)

NameChecker ) 18 5 & & R H ALk, HEF LERS TRA—M| HXBE

WbV R A B 19047, B i — A 4k R T javax.lang.model.util

)

NameCheckScanner %, L Visitor 1 3% % 58 f XF 7% ¥ A4 () 38 J7, 5 5] #1447 visitType()~
visitVariable() 1 visitExecutable() A VTR, FBAMITHE, X 34 visit x4 A 06
BT 946 25, checkCamelCase() 5 checkAllCaps() J7 ¥ M I T35 Sk i 44 1k A4
K i 4 HL AR A
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HE A A FE 3 L NameCheckProcessor 11 NameChecker B 255 AT LA @ #5581, 4
THAERATA SRR, AU A 10-13 PR T B A A “ REHA 7 (LS, Hop
BB T7Hk BT B A AR B, (LR A Y Tavac 44X BEA I R 242
TRAE(—~ Warning {5 8.

REHLE10-13 BETHSLAFNESLHRBIG]

public class BADLY NAMED CODE {

enum colors {
red, blue, green;

}
static final int _FORTY_TWO = 42;
public static int NOT_A_CONSTANT = _FORTY_TWO;

protected void BADLY NAMED CODE() (
return;

1

public void NOTCamelCASEmethodNAME () (
return;

10.4.3 EFS5MR
AT LUE T Javac 419 “-processor” S¥ORIATHIER T MHF I EARAL LSS, 40
A ZATMRAL TR H93E, LS 5. 7T LI XprintRounds Al -XprintProcessorlnfo
BHORTL AL TRAREAF AT B, AU K NameCheckProcessor ({141 M7t
RS 10-14 BT7R .
REBHL 1014 TidR

D:\sre>javac org/fenixsoft/compile/NameChecker.java

D:\sre>javac org/fenixsoft/compile/NameCheckProcessor.java

D:\sre>javac -processor org.fenixsoft.compile.NameCheckProcessor org/fenixsoft/
compile/BADLY NAMED CODE.java
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org\fenixsoft\compile\BADLY_NAMED_CODE.java:3: ¥4 : %fk "BADLY_NAMED_CODE" BYAE
4WR&4#% (Camel Case Names)
public class BADLY_NAMED_CODE {

org\fenixsoft\compile\BADLY NAMED CODE.java:5: #4 : &% "colors" B % MUAT FHF%
enum colors {
org\fenixsoft\compile\BADLY NAMED CODE.java:6: %% : ¥ & "red" MY AMUATFHR
TR&AL, FAUFRTL
red, blue, green;
org\fenixsoft\compile\BADLY NAMED CODE.java:6: #4% : ¥ "blue" BL2HUAT FHR
TR e g, FEUFEFL
red, blue, green;
org\fenixsoft\compile\BADLY_NAMED_CODE.java:6: #¥4% : # & "green" 42 WUATFEH
KT &L, FEUFEFL
red, blue, green;
org\fenixsoft\compile\BADLY_NAMED_CODE.java:9: %4 : % & "_FORTY_Two" B % 43I X
EEHRTULSE, FAUFRHFL
static final int _FORTY TWO = 42;
org\fenixsoft\compile\BADLY_NAMED CODE.java:11: %4 : % # "NOT_A_CONSTANT" B % X
DNEFEF K

public static int NOT A CONSTANT = _FORTY TWO;

org\fenixsoft\compile\BADLY NAMED_CODE.java:13: %4 : & "Test" i % BUNE F &7 %
protected void Test() {

org\fenixsoft\compile\BADLY NAMED CODE.java:17: ¥ 4 : 4 # "NOTcamelCASEmethodNAME"
BB BUANG FET K
public void NOTcamelCASEmethodNAME () {

10.4.4 HEHERIF%ESG

NameCheckProcessor fJ35 i B F RER T JSR-269 ik A IERFALFERE APL i) —i42h
fie, M TIXH API LI I F 64 TR 5 Hibernate 54544 FH IE #¥E A9 Hibernate Validator
Annotation Processor® (4<ffi |5 NameCheckProcessor I $H 2 A %) HE A FEBA R

© EIHisi: htp:
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getter il setter 777 Project Lombok® (AR ELA7 JC R A4 BUAN AIEM TG R ) 45, &R
BEE A LA S H TN E I sl AR A .

10.5 ZAEE/IE

ek, RTINS L TR T Java ATBHIENFHBWLE, 4
BT Java R IE R, RN/ BTRT . AR S SRR MR R, ST T
AT A A TR AR S — RO BT A A LTS B AR A WA SE R SR B
RE, ENTMGIEIED, Dbk TR RN TRIRIWRIAE, 25 Javac 3K
¥ Java [RFSHEZS 4 F TG PR B “ROMGRITAS ", RN E FSER T WA ISR
RSP TAER, TR, B4 AN ETRIBATN <FRAES" 2R
TN AR A M BRI ILR DN T 2 U4 B 4 R T R KR
WORIRRIE RRFHRONSE, RARE DI — MEEE R, 655 11500, R
T2 IR SR PR IE A AR

© EFHiRL: bup//projectiombok.org/.
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GHSEHUR T BN — K, XRCRIE SRR P R A M RSE (D, X R ptan—
TR A F1 RS, BFARET, HATANRESEHE L mEs.

1.1 #Ek

16 ¥ 4 9 7 1 M L HL (Sun HotSpot. IBM J9) R, Java 2 J¥ # %) &2 il iof % %% 2%
CInterpreter) BEATARRERATAY, MR EIHLABEAF U RIGREGETR DA KA, BT
XEARFSIAE R “HARES” (Hot Spot Coded. A T Hw # RIS BATRCE, FEB1THE,
HEIADUHE AR AT R R L S A7 G AR IDLRRD, AT RZWBIMRAL, TR A
1555 R953 R38R R BB 451838 (Just In Time Compiler, T 3CHR AR JIT 43i%48).

BRI RR I A R T M ER S, Java BEANUALTE A HUE Java HESIWL I LTE
7B AR AEAE, SR RE SR S I R AR DK T RSB B, B 4RIR AR GRIE
PERBMILFIR . AR OE AT HE i o (IR AR 48 B — KR R UPLOE 55 5 B M B O I F Rz —,
B AR RN AL O BRI DL AR KT 035 fEATE R, ROVMEI R
A, BB SR AR B M A

1T Java MEACALALE B AT AR 24 SOOI 25 R A B B 419 B8 BLIZ AT SR B, BT LA K3
SUIRESE R R S B AL A I (Implementation Specific) 3¢/ RI%5, TR BRBLH,
AT R GIERE . B4R A5 AR L HotSpot ME1LHL Y i B A 4% 2%, MBI o R 454K
HotSpot HE#IHL. Aif, ARZHAISAARRR I RRHNOTH, BRAEFHLHAZE
PR, T 3 TR B R R 2% 01T 0 A R AR Z 40, Bk, 3 At
PR B AA BRI SH R L.

112 HotSpot Bl K A BI R4 1% 28

FEAN, RATHE T M HotSpot HEILHLA B B 4R B A9IE M1 RR, [FIRY, SBEMR
BUF LA
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Q 1] HotSpot HEFIWLE I B85 15 4iF A 317 (K248 2
Q 1] HotSpot K HIHLEE S HUFI A R B 45 196 25 2

O BT Aol 5 FRARRR A AT 2 AR B P A A DRUAT 2

Q WL RS B R PE R AR 7 AT 45138 g A s AR 2
Q0 fnaf AR AE RIS 4 PR A8 Ay A i R B AN A R A5 R

11.21 BREBSRKIFR

SRATIEARRBTATI Java SEHLULAR AR FE 25 5 R A AF A0SR, (ELIF % O
4Bl 40 HotSpot. 19 %, #BRIN G AMBR SHIFNC, MRS SHERPELAMNS . 4
T S SO RTS8, AR RS PT AR SRR R, 4 BRI, BT
TERFIEATIR, RO MRS, SRAEAT AR, SRR 2 0 R 45 % A M AR
ZJE, ATRRECE B HOBATRCR . MR ST AR BRI A (BB AR RS
o), AT AP, K2 MRS ITRITECR . RN, MR AT
TR GRS (0 AT, SRR St B S K S M AV HE T
AT B, MG R B R BT, AR T H 2R SR G A (L
B “FIREBE” (Uncommon Trap) Al LA :E ¥4 1k (ﬁeoptimimtion) B [F B iR A gk gt
AT CHSSP A R I SIPL P B 2 R AR HATRGBEALRY C1 B SHUE “SAEDT” B9
S, PRI, FERASERBLIGTA, R SRR ANRA T, WA 111 FTR.

BRI

R

A
B -1 R S RIS

© fER=REARMBLZ —IRockitR DB, EAMBAT MRS, Bt EA BRI «Hahmin
T A8, (HE EBSRE BB, KA — M 2B KRS Bh ]
©  ZERERIHLH S HH Client CompilerfiHC1, HServer Compilerfi HC2.
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HotSpot HEJULFLe P T A~ it 4648, S} 5IFK 4 Client Compiler #1 Server Compiler,
ARy C1 FHi%IEH C2 43RS (Ln Opto %ii¥#E). HATIEUWLK HotSpot B HIHL (Sun
%5 IDK 1.7 B2 HARAR G ERIAL) o, BRIAR AIARRRS 5 H b — A i ah BB A i U
TAE, BRI GHIES, BT EUYLETHER, HotSpot BN B SHIEAS
T EHLBRATE LR Al 1 BhREHREATEI, P LT LU “-client” 3% “-server” ZEFIRHI
$85E EAHLIZFTAE Client XL Server .

Tt K 4455 Client Compiler ¥4 Server Compiler, RS S5 ikt BLAL K7
ATEEBLRFR N “RAHIK” (Mixed Mode), FIMAILAMEFISEL “~Xint” $REIEWLEST T
“RRFHER” (Interpreted Mode), XIFAIFASTEARMATAE, LFARERM R LMAT.
FAb, ATLUEFSE “-Xcomp” SRHIHEMMLETTT “4iEH" (Compiled Mode) ©, X
R ASF AP, (DERBRABARFE RTINS FAARITER, T
LA 33 HEAOLIG) “-version” fir 4 A4 HHAE L Bk X 3 B, AnfRASE AL 111 R, B
BBRFEHS.

REBEL 111 BEIBUTER

Ci\>java -version

java version "1.6.0 22"

Java (M) SE Runtime Environment (build 1.6.0_22-b04)

Dynamic Code Evolution 64-Bit Server VM (build 0.2-b02-internal, 19.0-b04-
internal, mixed mode)

C:\>java -Xint -version

java version "1.6.0_22"

Java(TM) SE Runtime Environment (build 1.6.0_22-b04)

Dynamic Code Evolution 64-Bit Server VM (build 0.2-b02-internal, 19.0-b04-
internal, interpreted mode)

C:\>java -Xcomp -version

java version "1.6.0_22"

Java(TM) SE Runtime Environment (build 1.6.0_22-b04)

Dynamic Code Evolution 64-Bit Server VM (build 0.2-b02-internal, 19.0-b04-
internal, compiled mode)

F T BV % A% A A b AR T B2 o IR PP i AT I ], BRI O AL AR O e 1R

© AERHISun HotSpotr, ELZEH T -XcompB ¥,
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AL B ] AT RERE A T AR SR AR AR B R OO 1RAT, A B T RESE R AR
PRI B, SO ARRRT RO A R . O T R B R ST Z
SKEIRAET4, HotSpot EAUMLIE 2B ¥ /A FISHE41¥F (Tiered Compilation) SHERE, 442
HEHBLETE IDK 1.6 RIIBL, JEk— B4 TRkkp B, BAE JDK 1.7 ) Server #alHE
BHLPAENBRAR RIS . SRR R, LAMBSRER, ISR
[EI B GEIRIRI, Hh s
Q0 BFMEIAT, MEBRATHERLIEIIME (Profiing), AIARE | B4k,
Q1R WK ClHE, HFIHERENA AN, ETRA. TROML, mH
BRI AN R M P 01 4
Q%22 (R22UL), HHY C2 4%, HREKFHHRIFIABARD, BRELE
F—LeRBFERT B I BRAL, B AR AR Mo 5 B AT — SR TR A AR Ak
SLHESHE PR, Client Compiler Al Server Compiler ¥ & [FI TAE, ¥ ZALMERAIfEL
WE RGP, F Client Compiler 2RI 15 (4% 3 3, FH Server Compiler 3K HUH 47 451%
SRR, FEREREDAT AR B s T P AR S RE I B 15 R R 45

122 REFENRESMERMGE

FCH B, TEEITH RN AR R RN HUREY A%, B

Q BZREAG I .

Q BERMIITHIES .

WIHARAFEAR, —AIRBIRAEET, kRN RTRT IR EREE, TRY
CHSRRTD RIBTHIRGG TR MR T o T7 v SR i — s B LK
LI v R P A AE R SR e 2 YIRS R L, R OB A B TR B BT 0
B s AR L B A N 2 B AR 7

XEFR—FNE, o TR 7 AR SRR, DR B AR 2 LAy
EAEHRERTR, SRR BB AR T R M TR — AR, RS

©  Tiered Compilation#y #EE/EIDK 1.6 W1t B, HIDK 1 XX: ©+TicredCompilation S ¥k F
IR, WRATFR SRR, TN LETT #23, Server Compil 5853
RIFRAE, WAL E#itServer Compiler{d 7+ B H: http://
cRprzay < "
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R M ESMART AR 1, (BGFERHER 2B (AR IR 1R 4%
SR XFG RS R AR AT EIT B2, HIHIERIFRZ o - &# (On
Stack Replacement, fiI#74 OSR %%, B HARMUETEAR b, Frikmissrin 7).

AL XA SRR, B CFHiA D, TieR “SRIFTRTE”, B “LK
PATHRTGH”, BTl “ 2R BRR—ARE, PERALE, RIAKREORAE “2K”
YB? AV, R LTS A b R — BB AT i B KR e T X
PR, R EE T B GRS O AR (.

FIB— BB AR RGE RS, RS RTEAR BG4, BORERAT R A
(Hot Spot Detection), FSCHFF7#s #RllFFA — & BAIH ik AR BORA T 200, BiiE
BB IRIFSE A PIFRS, S5 .

Q 3 T RSB (Sample Based Hot Spot Detection) : SR X Fi 7 i i e L1 &
AN A 245 M RBRIORR T, IR EBEA (FIE) AW IR, T
AOERRR “HUHIE” e TR HS M 4R S BURTA J5%C, B 7T IR
BESWAHBOT BT R A RIFEITT), AR BRI — A i
PRI, 2 5 PR A 2 I R L o 1 1 4 53R 28 8 0 1 A 1

Q B TR ERI (Counter Based Hot Spot Detection) = 33X Fi 7 H: 9 HE #5101
KRBT ERABE) RS, SHITEORERE, SRR REE
B —E M BIERA R R BRI KRGO SRR, HE N
ARSI, T AR BRREDEN AR, BRENGIHEE
AT ANRE B

#E HotSpot HEFL A A58 —Ah——JE F B8 OB SIRII T o, BRI WA ook
M T BRI IS (nvocation Counter) FIEIIHH4CHE (Back Edge Counter).

FEE RIHLEIT SRR T, PR A — S B, ST
BT, Bhexfihk IIT ik,

AR SERARINE A B BB, 3B E T4e 7 vk B A B v
o EHEBRINBEAE Client BT & 1500 %, 78 Server B0 T2 10 000 %, XA BT 1
L HAUHLB I -XX . CompileThreshold S AN . 4— AW ik Bl IS, 25tz

© BRRFRITRI, FALMBEATIOER R, WET “B5E" (Trace) AURE BRI 447,
{RFireFox 11 (¥ TraceMonkeyIDalvik F RF A I T4 % B MM T 3K Ml e Jr o8
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HERAAER T Rt (ORA, WURAFAE, WIS ARG M AR ER T, IR
FFTEC B AT, A7 B e VR R SBRAEL N 1, R I vk A P s 5 e
AR 2 AR T T VT R B B . WUR AL R, A M i BT SR 2R 4
LI ER R ARFETR o

WMPEARBAEMTEE, PITIEHFR RS ERFRFIRTEM, MRS AMRERE R
R RPITFIE, HEHRCHIEREAIESRMIFTER. HAFTIESRZE, XMk
FEFIA DA R B R G B ST R, — R RO iR A g S B R A AR A
A NT RFEHZE R 11-2 FiR.

JavaJi¥EA D

[ 75 R AR J [&ﬁﬁ#ﬁﬂwﬂhﬁﬁt]

IR BRI R

PARRREDY RPAT I %

112 D7k RS R R R

IRABUEATEE, 7 TR SE T R AR RO B MO AT I 3 8, TR — A
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XPE AR, BB 2 P A R M — s TR BE, ARy v i
FHUCBTS AR JE AL & 420 45 BN 4 V6 B 4%, RS 7 ik i U RS st e om0 — 2,
AN PR A 5 7R R SRR I A9 BEUR. (Counter Decay), T ik B A [HIREFR 4 I 7 i 45 3
f9°F- 4 JE Y] (Counter Half Life Time). M7 R0 Y 3 M2 26 HE HIBLE AT HB3R BRI
HEAFRY, AT LA ML S 8L -XX « -UseCounterDecay MM 28, 1177 kMR 403
DL VAR XU, Xk, RERGEITHELEEK, 4RI EMERRPERA I
iy, J34h, FTLME -XX: CounterHalfLifeTime 2415 B2k S M0t fal, SAfrRA.

BUAERATERB R S — DS — RS, ERERREH Rk
ARESPATHIRELS, AEF BB 15 /5 BhA% i 46 S-FR 4 “[E141” (Back Edge). @48,
HSL IR ST H ARER A T % OSR Hik.

KT B RRR B, H4R HotSpot HE SUML 42 (8 T — A28 (01F J7 3 8 T S0 2% R
{f{ -XX: CompileThreshold fZ:#{ -XX: BackEdgeThreshold fftFH /"5 8, {H2 Y7 B
PR IR S, R IRAF BB 54— B 8 -XX : OnStackReplacePercentage
T EVR R A R e B, AR .

Q HAUWLIZTTLE Client BEF, FIHEES BT AR R :

Fri%ARAITEEEE (CompileThreshold) XOSR Eb# (OnStackReplacePercentage) /100

Jtrfr OnStackReplacePercentage BRIA (I 933, AISEAREURIAME, FB Client £13  181HL
Bl R i BIE D 13995,

Q BAWLZTTTE Server BT, MIZ RS B AL AR R

FE BRI HEEE (CompileThreshold) X (OSR tt# (OnStackReplacePercentage)-
FRFESRIIEILE (InterpreterProfilePercentage) /100

Jho BRINEH 140, InterpreterProfileP BRI Y 33,
QRARERIAEL, I Server MU HE BUHLIEI V1T ER8 A9 BIME K 10700,

i AR B AR B AR, A R BT AU B R B A B 2RI IR
A WA, EARUESHATE AR RAD, IR E SRR AN 1, SRS IO
VYRR AR 2 AR 7 R AR A B 2 B R A, M S
—/> OSR 4RIF IR, I EIEE A MO MR —2, DUEASLE MRS h HATIRTR, %
TR AR AR, BT LR IAE 1123 FoR.

© MEHMLBE, VN I A BT R R ARER R, BRI BT BOIRSR AR R B, Az AR RR LR AT LA
Sy H BRI F IO, BRI AT TR, A iRt
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BEIELRS

REGECHFIRE

1134 AR ] [ AT A RFIRAC
P B2 AT
ST B
k3
T4 8 L OSRAF R
R 2
PARRRE DT RAKGEIAT

Javaj ¥ig el

—

B 113 [l AR fh A B SR

SRR, R RN RO SRR, XA RS st
VTR ARAT A4 X YR MRS 0E IR, 20 90T M s 1 (Tt R 0 0 o
IR, BB FUCRRIE AT IS S B TRR R AR

B JE B, B 112 FIE 113 #LUHA T Client VM & BIR %7 X, 0T
Server VM Kb, BUTHISL & e R IHOHR T S e —de. WEE | T i id e Q4
KRN, RATHM HotSpot HEAMHLAYIEFS % — T, 7E MethodOop.hpp (—* methodOop
XEMET — Java i) . ELT Java IriEtEBAUHLPRINTEA R, AT FiR:
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interp_invocation count

|
/I | header |
/| klass |
" 1
/I | constMethodOop (oop) 1
/I | constants (0op) |
" |
// | methodbata (oop) |

|

|

access_flags [
vtable_index

result_index (C++ interpreter only)

/| method_size | max_stack
"

"

/I lintrinsic_id| flags | throwout_count |
"

/| num_breakpoints | (unused)

invocation_counter
backedge_counter

prev_time (tiered only, 64 bit wide)

| code (pointer)

o i2i (pointer)

/| adapter (pointer)

/| from_compiled_entry (pointer)

/I | from_interpreted entry (pointer)

i

/| native_function (present only if native)
/| signature handler (present only if native)

|
|
|
|
|
|
|
|
!
|
|
|
|
|
|
[
| max_locals | size of parameters
|
|
!
|
I
[
|
I
|
|
|
!
|
[
[
|
|
|
|
[
|
|

|

1

I

I

|

I

|

|
-1
rate (tiered) 1
I

|

I

|

|

I

1

I

I

|

AEXAWAFAR T, —ATHBER 32 bit, A ST AT 0 27 B AR 3
APHERALRAICHE . A from_compiled_entry il from_interpreted_entry XA HEAIA L«

11.23 Rigdie
AERNLE T, FISR I LA W BRI K, B2 OSR 4%k, MLz
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ARES PR ASE L Z 1, FBURIR K DA R ARSI T 4 PR B IR SR £ A AR Rk
FEehpkdT. P AT LU S $e-XX : -BackgroundCompifation ¥ 45 1L R ¥, w5 ikR &
$i PRI, — f‘]’JI'F}'JiEi%%‘“ ﬁlﬂ‘&&f\ﬂhﬁiﬂm&eﬁﬁﬁ#lﬁﬁrﬁ’““Etg’?ﬁ‘ HE
ERESi ﬁ{f&ﬁbﬁ#ﬁ““’l*ﬁ_ﬂ.ﬁ» E S -

G AR T G G R 4 B8 e T fF AR W2 - Server Compilér Fil Client
* Compiler M54 A MU A% 1R R A B A % T Client. Compiler S, 8 A i bt

M= BERDER, R E B AR T RIS HEREAL, W T VP REm Bk i &R LT B
FES— AW B, AP G R R 1A IR — B R R U 3ROR CHigh-

. Level Inferinediate Representaion, - HIR . HIR {ff Jib## 25 % 4} B . (Static Single Assignment;

SSA) MR ARACHMH,. 3 DTS HIR BB B2 T8 A

UGS, AR R R S R RO SRR . PO R R AR

(At 2 - TSR Hmzﬁmnsz

Lo ABE, KM )i 3 DHIR o157 Ef&%&*ﬂikﬂ}zﬂ; (LowLevel =

Intermediate lieprese;i.mn. LIR s {E I 2 26 HIR 52005 50— Se4i At - 7 ke e

T AL AR, L}{EitmR:‘_iﬂE&%t%Rﬁ%ié&i%ih . 3
R B B £ 0 X IR i T e

- CLincar Register A B

LR LARAA LR U&m%t 283pl;ole> fEdE, %Fﬁ"ﬁtm?{gﬁﬁ%w Client

Compiler ) KBTI B I 114 ﬁ)f/T‘ = =

o e e
e HIREILLR$#® |- LR e
PEAR G fEHIR B

LA

R r
E TR s
HIR (SSAFER) SR E A (R
i s

Iél 11-4  Client Compiter %4~
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i Server Compiler M % [ T i I 45 3 g S 280 K7 FH 3 4 Ml 553t ) Bl 80 455 51 0 o ok
WA, WR— RS R EGER, JLTAEIAE] GNU C++ HiF T -02 28
B EALSRIE, EaRATHT S 31, KIS HER (Dead Code Elimination).
YEHFEIF (Loop Unrolling). &3 ¥k IME (Loop Expression Hoisting). MR T %k
& (Common Subexpression Elimination). # fi{&#% (Constant Propagation). JEA bt i
(Basic Block Reordering) %, 2 3Mi—28 5 Java iff 5 HEPE B UV CH (RILE A, e
##EHBR (Range Check Elimination), %5 {HS#E#BR (Null Check Elimination, /SifJf-9EfT
A I AT T R AR R AR R AR IR, A — S R URE AT B AL T %, 5
b, AT GEAR YR A7 F8 25 5 Client Compiler $4HAO AR e F (3 8., EAT — 6 R RRUE A9 WOk O
A&, WISFHEE (Guarded Inlining). }SZHUR T (Branch Frequency Prediction) 4. AX#i
BT Sk R — 3B (LT BT 4M R

Server Compiler i) A {7 #853 BLAR R — R RMEI 2 QLM AERE, 7T LATSS A L b 30 3
e NRISC) M RHFERER . LIEINARIFIARMERTR, Server Compiler RSB/ AR
PE, AR E 2R R AR T R AR L B S PR AL R R%, T ELEAHRS T Client Compiler
G PR RO TR, T DA A AR (O BAAT A ], AATTAIGSNS T 40 45 1 )
FFE, BTLId A AR A AR 55 i 0 O FR S PRI Server B RIKLIETT o

AT, R T S AR R AARE A R (B S 440, WA 7 T AR, 1]
PER SR PR MR . AR, NT RiREBRAR B — A LT
TR BB A KA R ANy, AT RELUBE AR AR RIS TRIEA, 4, X Daba
X Java FFRRBLR BV, BTGV KA EMFFAE, IE4F HotSpot HEAUMLIRAL TP
TR T, ERATTLL “FI” IT HIFEMROMALRR, FEREEZHHTORX TR,

11.24 BERDFEGREFLSR

— kL, HEALHLA B g B R RSB, B LE R AT
ERGFPITIREG, X TP RS RA AR RATEREA R, EE EaARAE
B, AERBHCEOLT P A B R . R LA B T — e 2 T e iy th B 4
VRSO AT B (T s ) AOPRATIRIL, A HE A 23 A o] SASD R IR ke 2L ROV} 25
FATH.

A5 PR B 138 17 B HCH — 385> % B Debug 5 FastDebug REAMLE %2 £, Product it
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B HETLTE P P 4 S0 QR (0 AR R A 1555 1 BEM9 9 B C 481819 IDK,

U 3K SKIP_DEBUG_BUILD =X SKIP_FASTDEBUG_BUILD % #{ i% & 4 false, 1 7l LA 7F

OpenJDK I8 5 I ¢ 4% T # FastDebug it (1 JDK ( M\ JDK 6u25 2 J5 Oracle ¥ P i /4~ 7 2 fit

FastDebug i) JDK T4 T ). TR, A A (MR AT AN 8 112 FORAY Java fOAG.
REWEL 112 AR

public static final int NUM = 15000;

public static int doubleValue(int i) {
WA EFRATETHT IIT RAE AL
for (int =0; 3<100000; j++);
return i * 2;

)

public static long caleSum() {

long sum =

for (int i ;i o<= 1007 di+4)

sum += doubleValue(i);
}
return sum;

1

public static void main(Stringl] args) {
for (int i = 0; i < NUM; i++) {
calesum() ;
}
)

HHGEA TR BN, I ELAAS BT T A T BN 4, BRI R AR 7 B4
VL, PRI ZH-XX ; +PrintCompilation %R HE SN A BT 45 46 B iR AR AR
T EARRATEN R, AU 113 R (pd “%” Bt 1R b (5171 R
%1 OSR Hii%).

REBHEL 113 WEMRZORT

VM option '+PrintCompilation’

310 1 java.lang.String::charAt (33 bytes)
329 2 org.fenixsoft.jit.Test::calcSum (26 bytes)
329 3 org.fenixsoft.jit.Test::doubleValue (4 bytes)

332 1% org.fenixsoft.jit.Test::main @ 5 (20 bytes)




H1UE BB GEEE /i D 34

AACHD T B 11-3 it A9 BRIASS B P AT AR A main(). calcSum() #1 doubleValue() % 2
o, ATEAT LN S % -XX . +PrintInlining FER B UL 1 7 ik KA B, AnfRES
114 FR,

REHES 114 HEER

VM option ‘+PrintCompilation’

VM option '+PrintInlining'

273 1 java.lang.String::charAt (33 bytes)
201 2 org.fenixsoft.jit.Test::calcSum (26 bytes)
@9 org.fenixsoft.jit.Test::doubleValue inline (hot)
294 3 org.fenixsoft.jit.Test::doublevalue (4 bytes)
295 1% org.fenixsoft.jit.Test::main @ 5 (20 bytes)

@ 5 org.fenixsoft.jit.Test::calcSum inline (hot)
@ 9 org.fenixsoft.jit.Test::doubleValue inline (hot)

SRS 3 11-4 B4 i o 7T LA 31 97 2 doubleValue() # P H6 4% B calcSum() 1, ifif
calcSum() X 8% B4 F) 7 4 main() 4, BT LLRE SIWLFRKAFT main() J7 35 BB (26491 i
B, main() FEHRLZITHUO, calcSum() Fil doubleValue() J7 i AR AR S BAM, EAlM
PRSI B LB IR main() ik T .

R T AR R 25, IR LA — b A T B SRR A AP B TS  , ARit
TR AL o 0 A 1, ST RRATHBE BRI A R, BLARES IR I G A
(ISR & A T RER R 2. EIULBRAE T — L8 I RIC R 1, WLMEAKFIE-6 T
SICHRIERCAS R, Al 32 42 80x86 F- 5 I il hsdis-i386 & Bl 3§, HAY-G HiERL
45 B H hsdis-amd64. hsdis-sparc Fil hsdis-sparcv9 %, FJ LA F 8 B 2 %1% H R 4058 Bo 88,
SRJG ¥ HLTC B A JRE/bin/client 2 /server HSRF, RE 5 jvm.dil 4984440 ] B AT 8 k2 1001
T TERME ML T IR RS 25, AT AR -XX : + PrintAssembly S¥CER 4
BUTERGR T SRS T, BRI US4 4 427 45,

NABA HSDIS #{F L FF, LA LI H -XX : +PrintOptoAssembly (i} T Server VM)
XX : +PrintLIR (FIF Client VM) e HOARE T A S5 R0 R AT e, (RAD3E 1

© MXMER: hitp//wiki
© HSDISH BT AT LI LLF Huhk #6HL: http://hg.openjdk. t/jdk i
hsdis/o 535k, HIKRIHAT AT AT S4REF T 05 A32080x86 5 £ 4T A9 I 4G RCES, N7EITeye
R YET E RAHLE T A3 X (http://hllvim.group.iteye.com/group/share) H1AT L F#.
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11-2 B R 34 R4 (M -XX : +PrintOptoAssembly) Fiy# ihi 45 AN 4 11-5 FF
7Re MBI BERBE, I -XX : +PrintOptoAssembly 2 i #9045 AL E THEEH
R (EERER, TR AR IT HiFaS MR R,

RIBHEL 15 FNBBRILHEES BH)

000  B1: # N1 <- BLOCK HEAD IS JUNK Freq: 1
000 pushq rbp
subq rsp, #16 # Create frame
nop # nop for patch_verified entry
006 movl RAX, RDX # spill
008 sall RAX, #1
00a  addg rsp, 16 # Destroy frame
PoPq rbp

testl rax, [rip + #offset_to_poll page] + safepoint: poll for GC

R E S BB -XX : +PrintAssembly 280 i i I 4% 8. 7% 3 Debug 5% FastDebug
RO M AL A A BB A, 0 SR8 Product AR 6 B SUBL, U B A S B-XX -
+UnlockDiagnosticVMOptions T EIHLIZ W25 A e .

HNSRBR T AHARED A RO, A A — 5 PR A RS A IR LR AR, IR T
EAMERIS ¥ -XX : +PrintCFGToFile ({# Client Compiler) =% -XX: PrintldealGraphFile ({#i
i Server Compiler) 4 HEHIWLEE 4P AR 4T B IOBE (It Xt C1 4iFa8kit, &
HHF WL HIR MR, LIR AL AR, AR A MR il 2.
SAJE{# Java HotSpot Client Compiler Visualizer® (JF4H#F Client Compiler) % Ideal Graph

. Visualizer® (FAT4M7 Server Compiler) FTFFiX £e8U4 SLAE#EAT 4. LA Server Compiler 4
B, BHESPT—T T SRR BT R

Server Compiler i) 1 [] R % % 75 J& — £ 4 Ideal £ SSA J SR 4Rl (Program
Dependence Graph), 7 iz 17 Java £ J¥ () JVM £ % il A “-XX : PrintldealGraphLevel=2
-XX : PrintldealGraphFile=ideal.xml”, %1% /5 ¥ /™4 — >4 W ideal.xml {9301, BHET
Server Compiler 4iiFAID M R EfF B, 7 LAMEH Ideal Graph Visualizer XX 8615 B HE4T4M7 o

© EH¥A: http://java.net/projects/clvisualizer/,
© EHUA: htp/sswjku.at/General/Staff TW/igv.html.
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Ideal Graph Visualizer fii%% ideal.xml SCfFJ5 . 7E Outline WA _E4 /R BB T bR 4
PR IEBISR, W 11-5 BiR. X BN E Ik
JEARELHER 11-2 I ARES, Heh doubleValue()
FrERHBLT IR, KR TR R R IR AT

virtual jchar java.

R R OSR 4P A, ZEREE I 112 |3 ) ,,.g,u..,..,ﬁ.._,"'.‘,';.md.m:ﬂv..mum
o, BRI doubleValue) HMIMT A | mwewt”

%] Phaseidealloop 1

I, XAMER B GRARE , (H
IREBAATFIRAL, PATEIEIR 2 i CPU B 1A,
B4 KA VL BF BT AT BB A 1RR 2 £ coba e mton
FRFRRERT 9 F-BRA A, AE Java PICFERIR IR | : ke e Bt 143 deblovlisin
BRI RER O fE NG 2

RIFTER A, TURE T ES S T kA
(et B AP E ORIBIRALRE IR AR, BT S M BB AT 250 ) 1deal
P, FA15EFTIF “After Parsing” XABrBr. FICHRF], NT SGiFMEHRIFE—A Java Ik,
WA RATREARERAER, REA T USRI, B AR,
“ After Parsing” §tJ& Server Compiler RISZ SARHT, & BA HUE (T HRALAS 4 Ideal FFIR. 7E
TFEAEG, RELEIHARESAGENIE, WA 11-6 iR, S rRsieT
—AMERF AR (Basic Block), HABRMKESE LA ME—K—PADFME—K— 0,
RERASPE—FIESPIT T, IABAIR I AT AR BB (LFT— K .

fRESH # 11-2 () doubleValue() 77 ¥ B IR R F LMY FIATF, BEKEAPRINE, B
ROEBEWE RS RIS, X~ EREWE Java i E TE XNWELEWE (AR
b, ZSIERIA) AN Java BBWLAYEMETE (10 Safepoint #¥1), 5 —HHEIREH FALHE
FEARHS th— 47 B R AT AR A S LA A (BINFEFR) . 3 F0IF H ) doubleValue()
NSRBI S TR A MR, T AR I R N AT T LA T L

1D BFEAD, HIARY.

2) W& j=0, AT Safepoint $i), BEFER] 4) (RMFHA.

3) BT j++.

4) AR, R j<100000, BEEEE3).

5) #E i=i*2, #AT Safepoint 55, PRECEE .

F11-5 i H IR
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After Parsing  Iter GV 1 PhaseCPPl  ferGWN 2 Final Code

1.6 SEASRER (1D

VA EJUASEIR, [RE] Ideal Graph Visualizer 9/ b, SLRINAE 11-7 FrR iM%, Sk
RATERZEARFRAL, REFBI, RERERRIER AR NG, RF
WHBRAATLAT o

BEEEF X — A%, AT LATE Outline 4% |47 i “Difference to current graph”, ik#t
1 1 3053 BT S W B 4 BT T IF 9 deal BIZ I f 25 52, IR BEABRBINIRT, WL
5 @IR. % “After Parsing” F1 “PhaseldealLoop 17 B B i) Ideal [l #4722 40 H7, RBLAE
“PhaseldealLoop 1” B BABFFHAERINER T, WA 11-8 B, sk s EFrshs LR AR
ST
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> % virtual char javalang.String.charAtind)
v

& herow 1
] grrr—
fisid §

o
] Final Code

> G static ot org fenbusoRTest3 doublevalue(int
> (5 satk long orgfenixsoftTes3.caSomO)

& R

117 BARBRER (2) 118 HEARER (3)

M\ “After Parsing” BYBIF4:, —EFIRJFAY) “Final Code” BBt RILAF % doubleValue()
D7) Ideal PN BBV (AT AR, X HJR Java HEIMLZER DRI . BT RIGH
“Final Code” BB, AUZIEIRMIFRMIRT . VL5 L2 M Safepoint # i At —&
BT, AR VMR e S e AR, MBI AR LS R

BGHRE— FiE#, ZHH CFG 3 IdealGraph {4, 7% —/ Debug =% FastDebug
A HE ML R, Product R i) s VL IE R H X 26301«

1.3 HmERUER

Java BJF BAT— ML DU T SR AR RE T I b, 2 BT LA SRR
LR, BRE MU R AT 71 RS R RSN RER TR SRR S, A — AR A S R R A
RIS B BA LT SR AR 0 BT (AL BB e T I 43828 2 (£EIDK 1.3 205,
Javac ERRT -0 T, FLABAEMFHIAEMOEAMNRTIT ), FEle—Bokst, Hnt%
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BT A A AT S b Tavac PR F AT E MRS, FH, EEH L HotSpot fE
ADLBILE) BT 4% 25 7 UARES R 0 RS A B A o

1.3.1 RACRAREES

76 Sun B 7749 Wiki &, HotSpot HERBLIEH HIASI i T —MAHRS AR 2R, 2RI 25
FRB R A ATIRS (L3 1D, HPHRSLMGERORTR, WHESS
X Java EF (BB XEATEE Java IBIIHL LRSS ) AGBEAWRIEAR, &
ARSI IR, ZER UL, AR T E AL, ik
—RERRACHG H R4 T BRI b

£ 111 DMHRESRUEEA—K

El AR
HERSE (delayed compilation)
SHESF (tiered compilation)
AR & B4 Con-stack replacement)
(compiler tactics) FERAL (delayed reoptimization)
BFK#IEFR (program dependence graph lq)rc:enutmn)
BT (static single assi
SFMEEWF (optimistic nullness assertions )
SRMEMNT S (optimistic type assertions).
SRR (optimistic type strengthening )
BT AR A MK BB _Coptimistic amay length >
(profile-based techniques) WY R B FEEIST & (untaken branch pruning)
FAMEZANBE (optimistic N-morphic inlining)
53 J3MHFR (branch frequency prediction)
VBB (call frequency prediction)
AEFRBIET (exact type inference)
PAFEHEWT (memory value inference)
PIZEHHBRES (memory value tracking)
HEY& (constant folding)
HH iati

(iziffﬁtﬁzs) SRAEFFRIL Coperator strength reduction)
ZS (R FEISBR_ (null check elimination)
FRBWRLL (type test strength reduction)
HKARTWER (type test chmmmon)
R¥ALM Calgebraic si )
AT HRIAWBR (common ion elimination)
O AHAFY ST FE R A, BB AR 12 3 1R

R TIARRBLZ I HORT
© Muhk: hitp://wikis.sun. i
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= i )

E B E REER - #

= 3 JFFI %4 (conditional constant propagation)
TS (L d type narrowing)

(flow-sensitive rewrites )

| EFIRTTE (dead code elimination)

FSHT Cclass hicrarchy analysis =

ZHUMLIL (devirtualization)

%55 % f&Hk (symbolic constant propagation)

=H (autobox elimination)

(language-specific techniques)

{— #ki& 5}#7- (escape analysis )

BB Clock elision)

B (lock coarsening)

MBS (de-reflection)

FikURF Cexpression hoisting)

F23AF UL (expression sinking)

4 e - JUARAFH# B (redundant store elimination)
« y-and placement
HA4BAEI A3 Cadjacent store fusion)
A A5HES (merge-point splitting )
1 RIF (Toop unrolling)
TEFFRIE (Toop pecling)
A B F 44 Csafepoint elimination)

(loop transfarmations)

PEACTER 2} B Citeration range splitting)

Wi Kz #MEE (range check elimination)

|- @3Bk Cloop:vectorization)

2R
Cglobal code shaping)

Ik Cinlining)

LJRUISME (global code motion)

FTFHERRFHR (heat-based code layout)

Switch J## (switch balancing)

A CF4HE (local code scheduling)

< {RH334 60 (local code bundling)

FERMHFE (delay slot filling)

B %7385 (graph-coloring register allocation)

LPEFIE 4728 A0 (linear scan register allocation)

HEEA (copy coalescing)

Ccontrol flow graph

H#5r% (constant splitting)

HEBBR (copy removal)

A AVCAE (address mode matching)

144 AILMA (instruction peepholing)

T sEA R ANLAAFSE R (DFA-based code generator)
ERORAEARERKRE, AL TR RSN, BATIXEML
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AVFR AT AR, (BB B BRI R RME. T BRI A A AR B 2
B, EEHATLRBIT, KGR Java (MR R i JLR AL B AR R oy
RAMEF) UL Java RRESRBORTTE). B AMEIAITIFG, AESHTT 11-6 BiRo.

REEE 11-6 RUMHRBRE

static class B {
int value;
final int get() (
return value;
1
}

public void foo() (

T IR R, XA O R 1l S AR AR O SR T R AL B2 |, 4
ASEHESLAE Java W2 L0R), T IRARTTE, EFHMNT Java ifi 35 ME B AR X LG
HARBTEAE R

ARESHEIL 11-6 ARTE AW RN T, (RSN AR . S5— BT NI
(Method Inlining), 75 1 PR Y T S VLS 05 F HABOEALRE G, CMEZBOATA, —RE
BRI AR A CONGEST AR ), =R R LA AE AL 7 BLAF KR, 7 ik IR 2 I
AT AR FAE AW A RBUSSE 09I ALTF-BE, MITHRIBCE LRI RALRUR . U, 4 Fh4ie 2%
— R AR MIRAEALRAE RALFF O BRI . PIBER (0 AR ARSI 117 B

REBEL 17 WHEHRE

public void foo() {
y = b.value;
Il ...do stuff...
z = b.value;
sum =y + z;

}

SR AT TOARVIFI R (Redundant Loads Elimination), {E{ AR o] 3B “do

© At 13150_01/jrockit_jvm/jrockit i t jithtml,




2,

FUE RE-GETED I < 349
stuffe.” FAREH MRS bovalue 8010, ARELFT LUE “z=b.value” Bk “z=y”, A~
|47 “y=b.value” CLEARIET 2Ry Siob.value B—BU0Y, X FEREAT LA AR U544 b
(RS E T . AR bvalue B UR —FKIER, MW LHERXBE L E R A I TRIL
AIHBE (Common Subexpression Elimination), {AJE AT ICESTE AL 1F-8 iR
REHEL 118 TREHHERHRT

public- void foo() &
y = b.vaFue;
#l ...do stuffs..
z =y
sum =y +z;

}

B BRABHEATHE S 55 (Copy Propagation), IR J7E X BOFR T (138 B h I3 A A6 EAH
= BOFAER “27, BEAR “y” RESMEH, HILREUEH <y kU <27, &
Gk 2R SIS R 11-9F7R

REHE 11-0 SSEBORED

public void foo() &
y = b.value;
i ...do stuff...
Y =y
sum = y + y;

r

BRI TEDNBR (Dead Code Elimination ). J5FHACHS TFAE R K 6 A 24k
TEIMRHT, o n] AR SEANAT B X, Bk, & ERMHY “Dead Code”, FEUGIH
BAR9, Cy=y” BRA R, T WRIE T ORI R 11-10 FRR.

REEE 1110 #TEARBHBRNORET

public void foo() {

y = b.value;
#f ...do stuff...
sum =y + y;

}

L UG, ACEBI I 11-10 SAEGIH 3 11-6 Ik B AORCR R —50H, BRMH
WIRHAHT VLR RBEF WP S 2 2 H R0, JUTRCRI S E .
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SRR R AL B AR S BUR A A LR ST e, (E R BB E AR AT 0t T — A B
FORBERBAT BN, BFk, RAMEARSEER T LIRA REERR B AR Iz
frf, BN

QIEFERMZMMAHEARZ —: AL THREAMHER.

QIAFHRNBMMUEARZ — BAEERAENR.

Q BEEEMRAEARZ—: kA,

Q SRR AR Z —: Biksrbr.

1.3.2 AHFTRIANHR

AT RIS YW FEFHIRR LI AR, EOF UL R
RS E BT, JEHASERM R BB B A A R ERA KA, B
4 E MRXUCHBUE AN T AT Rk M FfhRisA B LB BB T
B U W S 1A G S B AT LA T . A0SR S A O LA BR TR -
HAHN, ERR AR AL FHARMER (Local Common Subexpression Elimination)s 4l
SRR S 5 T A A, IBRLER N 2R 36T RksUIHBR (Global Common

ion Elimination). 2R A0TSR E AOMALAL R, (BIRAFAEFE ARG

int d = (c *Db) * 12 + a + (a +b * )1

TR B A Javac SRR AR SHETIEGIOEIL, AR B AOAARDH ARED R 11-T1
TR EGEA I Java TR A0S 5 BRI LA

~REHE11T RHEARLNFHR

ikoad_2 %

imuE i1 ore

bipush 12 " #NI12

imuk Irit# (c *p) * 12
ikoad T ra

iadd rtftc*b) *12 ca
iload_1 ia

iload_2 33

1load_3 e

Fmul itke * o

Fadd I itha+o*e

Fadd W it# (c*b) * B2 +a #a + b * cE

Fstore 4
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W3k BT A B SLOLED I ARG, AT I R ORAL - AERRGIIE] “eb” 1
“hre” f—RERIFEIAT, T EZEEMIE b5 c WIRAZ. B, &Rkt
WA

int d =E * 12 + a + (a + E);

XA, GHRIRERATAE (BT HRRR BRIP4 A8 LA BRIy L R E) AT A~
FhiiAk: fOBULF (Algebraic Simplification), FEFikAAEN:

int d = E * 13 + a * 2;

Fk AT IE, BRI Lo 1E T AR XA R 2
FHEPALHARBGR, TTUSH (GRFED) EFR “eH”, HEREH Java BF DR 3
2006 4ERREY “FAEA") PIRAHRET .

11.3.3 HEHFETHER

BN A A B (Array Bounds Checking Elimination) J2 BIV I 45 3% &% i ) — W0 5
XM AR . ROV Java B 52— 1B LLMIET, WEAMES IR GA
1% C. C++ IRREFEA TR L RARIGEH M. 05— B4 fool], 7 Java i & il BT
% foo [i] WBMERGH S A 34T LT RIGKFRAE, B | LAWE >-0&& i <foo.
length XA, 7 NKHE 4 —AB17 0 5% ¢ java.lang. ArraylndexOutOfBoundsException
SRR TF 53 R — R RO S, BDEERRTE SO & T TR S DA, dnl LUk
AR B . (ERX FEBWLABAT F RIS, HRRHTTR KBS A — W E
WA BRAE, ST HA R M Vil R RS, XSt R — R HERE SR

T tifd, KT A, B RRAEERBIME, (BB RN U Z
ATHIE — ORI MR A MR FT A “ R A3EAE. G SRR L - B T AR —
AR, W0 foo [3], REAEGFHIRIEEARIAHTRIE foo.length HIfH, FFHIWI FiR “3”
WA, PUTHRMER AN T . B WA TR B VIR AR 2, AL
FEER A ROR AT ROV, A0 SR % A L 5 R YA HT s T LA S A A B B
FAGEAEX [ [0, foolength) Z P4, FRAESAEFR gk Al LULEAL Y T RASE MR, X
AT LA AR UM R Wi A

XA B R GG FRAEER A BERE, KREESHESRE Java BT 1L
HE C/C+H BIFEHRE, WHAMA 2153 ArrayindexOutOfBoundsException 574, 454
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4117 19] 2279 5| NullPointException, BR# 4% 214 ] ArithmeticException %, £ C/C++ FfF
i AR, — A/ 2 B Segment Fault £55 5K % Window ZRE 1 LAY “xxx
WAFAREN Read/Write” Z MR, ARFIAGFRITF MM BHE T . (HXSe R 2K At
FECT A ERST, Java B L C/CH+ HOE ZA9FH (BREA NG, XTIy — R
BaOFy, WRARFEALFENT, BAR AT AERA — A Java i F H C/CH EIBIH R, KR

Sby FENEAT ik SR B ——RGRSE AL, Java TR A I ARE PR RO R Y
KA X FERE . 2AHITF, BIIERF i — AR (BRI foo) KA R
P (BBURTEN value), HBLL Java Ph{RFSHFIR BEAUHLIIN foo.value BN .

if (foo != null) {

return foo.value;
else(

throw new NullPointException();
}

FEMARGRSR AL ) AL 2R L D PRAS T e 7 SRR i Py P

try(
return foo.value;

}catch (segment_fault) {
uncommon_trap () ;

)

HEHLE TN Segment Fault {5 5 195 R AL (AR EY uncommon_trap()), k¢
4 foo AR IR, X value i 17 1] S A 2O BE— UK foo 25 MY FFRI. ARATERI 24
foo TRy, IAUEE A5t A TR AR PR IFHtH NullPointException S, 36 i BAA
MHPEHRINBAS A, SRR RRFIPE, ST — RS R, % foo iR
IR, BRI, (BN foo S MZSHE, KRR & LR H18,
JELF HotSpot HEHIWLISS “HEH1”, & 2AMEET TSI Profile 135 Bl H Bht AL .

I RE A MR ERAEA R, 0 B4 (Autobox Elimination). %24
KBk (Safepoint Elimination). MBRE4H (D ion) %, EHRAHE——NHAT.

11.3.4 J55ERE
FENTT R UFA 2 P H AR B R D ik I, SRR AR AR AT B —, B T
FRT7 VA A Z5b, 0T 0 R SR o FOA 0 A6 T B Al 37 BLAF (R AERY, AL I
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11-12 FR 8 B0 T B T WIS AR (R AL F B R+ F9SE I testInline() J7 Ik Y A6
SRR TSRS, SR, R SRR T A RR e, ek R U
{i] “Dead Code”, BIWHISSFFHA, foo() Fil testinline() B 77 ik HL I A BEAF 4R AT REJZ A7 6
X

REHE 11-12 RMEARUHFTHE

public static void foo(Object obj) {
if (obj != null) {
System.out.println("do something");

}
1

public static void testInline(String[] args) (
Object obj = null;
foo (obj)

}

WA T R RAR G, AR B AR kiR <A BRI
sz, e BT E . (RSCHR b Java HESIBLAP 9 BRI AR TR WA AR A R
B, PR SRS B G PR A T — SR 55 ), SRS MR A A, KEH
19 Java J7 iR TCIEHEA T PO o

Tk NI LRSS 8 B UHIR Java JTRAMRATRISIRIEFIRORH R E A 41t . R
A7 /il invokespecial 184>V FIAAE 7 i LB 8% AC2ET7 B A B invokestatic 4
A ATV BRI A RAERBIATARITO, IR T L34 4 MOsk2 b, JLAbEY Java J5ik
P EAER AT AT T R W S A, I B T RRAEE S T — MAAR Iy ikt
Wt RZFERR I3 final #6077 X FISBRIE L, RS BN invokevirtual 8491, {6
AR A, Java ¥ E ISR BB BAN T A0, WTEZ, Java i E PBRINM LT %
SEHETT

X TR, GRS 106 1 E AR A TR o B A D RR AR, R
ARFBH B 11-7 S “b.get()” WIKR “bovalue” JgBIRITE, BRAMKE LT URTEHE b
PR AE A4 . BLUNAT ParentB Al SubB I EAARX RG2S, HHTEES TRHE
B get() ik, WA, REPITRIN get() BT IM get() ik, WEAEBITHIA RER
. R A .
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T Java 357 BB A T 16 X 4 9 4 B2 SRR AT 90, T Java X007 I RIA LI
Ik, P Java I3 T RRFE SO K S HE D R S MR R . AR R RN,
RN 2 R IE T, AR AT AN TR AT, MEERIL
FH final JAF KM K87

T R R N AL Java EIIDLBOTH AR TIRE I8k, BAERTIA T M4
Hy “HTIAIRICF ST (Class Hierarchy Analysis, CHA) BIHA, 3R —F%EF AR
FEF MR RAMHTHAR, B TFHEE B TR MRO%K S, KM EOREE LT Frse,
BARRELAETA . FREENMEESEL.

FFMAEIATERET, ISR IE, IS4 BTN AT LA T, SRR GG K
FRE NHARBE . ISRBBI R, M2 CHA A5 7 A AT Y A4 24 B
REA T PP, QR AEIR DA — AR, AR T CAHEAT PG, AN R P AR TG
ftl, TEBE—A “HAETT” (Guard K AFA BRI H Slow Path), FRASFHNEE (Guarded
Inlining). WRARFFH/S LT RS, BEIBL— & BATIIEREN £ 4 5 I iR A i 2k R
KARABMAE, AR B REDEE T A — B UH F 5. (AR T SBARER
BABFR, AT ER I LR, HESIMRREIIT, RE TR THE.

LR ] CHA 536 R AE RRAT B AR Y H AR 7 i T (e ids, W4 R 280 2 AT
dgefi— B 91, WRINIREST (Inline Cache) JRSEAIT IR, B-—HESI7E HAR K HEIE
WADZHGATE, EH TARGEREUR . fEREEEMMZN, WIKSERENS, 4
WM ELIR, BATCR T I RIS A, I BT 7 0 8 R A L e
W RRAS, G0 LA SR () B R B v B R A2 — 1, R3NP IBGE T L— BT
T & MR T I EHMCEA BN, BB F 20E G T 7 ik 0 2545,
XA B NI, AR T AR AT IR MR

JIREAGE, AEVFENE BT AR HUBLAEAT () POBAR 2 — Rt DA, R AL T B e R b Al
(KR ML ARG L, B T B2 A, X T UM RAR /N Gl o 28 e o e 2R 43
EOPERENCE BB B/ MRS . (RN 23 S ST A Bt P “ %
BR”, AERICE B 1 /MESESE, B A S M “ 64T T IR Bk S T AT

T.3.5 EHIT
AT (Bscape Analysis) J& F i Java B BN COIALHAR, 5% makik
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E TSR, TR AR T B, TR AL A T BRI ST A
SR RHEATT R R AT GBI « S~ R A kP BE SUR, e ATRE
BOMEIEFTIU, BIUE R TSGR B B, B ki . L IR A T AERE
SMERRARIIE], B S b R T DA R AR P U A S BUAE i, B kR ki

AR REEI — A0 R Rk R By R 2 5, ARSI F O A R R e AT AT
AR VIABK AN G, W AT AEA A AS AT — R R R AL, IR TR .

O 4 E4MAE (Stack Allocation): Java REMLHT, 75 Java HE b 5rBC QR % (9 P A755 )L
T2 Java BFF SUSRIEIHAR T, Java e 0 Gt 4 R AR L S AT LAY,
BTN RIS U, BT AU R BRI X RBE . LA SR B R 5
T LA O R R T AR 4, AR T RO e o bt B, a6 el e 3
AR S RE S I TR B E — DX R AR B b, AR QAR |
SBOAERE S — MR R R, X RT ok 09 P A2 DR T BB BRI R T4 58
AE—ENIHITR, R2 ity RGBT A7 p e BIAR K, SRR AR B AYRD, AR ARE
TR GORR SR 7 BRI T I B AER T, SR R T /MR Z

Q [@#1#8% (Synchronization Elimination): K244 B —ANHXFENT AL, f0L
PO REB I E — MR A SR AR, TEHRBARE T, AR A
BHERASHTES, XA S 0 7 AR Rt T LA BR A

Q #RE#H (Scalar Replacement): bifit (Scalar) JEfg— MR & TIE PR E /N
BOERRER 1, Java AL AR EAEARZER Ginty long SRR LI reference
R IR — MR, BT AP brat. IR0, R— SRR AT gk
GO, IREMARER AR (Aggregate), Java X QE R MM R A . IR
HE—A Java XY, HRIEEIFUTIE RO OL, K A A 2 A0 AR 53 AR ST a2
SRV RV R RO . AR AT IE I — X R ARSI, F XX
ATLABEIRIRCN i, TSER SIE ST 0 o ] R QA ARG, Tk LRl
FIZTAOX AT IR E B S RORACRE . O RIFSF . BR T AT LALERT R A9 K
FRAERTERR L GR LAFREMBER, A RO R 2P UL S e 2 M BRI AR 1 W33 2
RPN SEABE 2 5h, 0 AR LT B R AR

XTIV A 1999 FFME LKL, (AT Sun IDK 1.6 A ST kiR 747, 1

FLER AR XTI A oA R A, A AR ARG A . AS AR IR 3 R R LR IE
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b3 STHTIOVERE ISR AAE P T E AU RE . A0 RE T MR I — DX GUR A 2R, WE
TR BRI — ROV AT, T 4543 SR T I Rt R e B X —
AR RERERT (AR, NSO TSR BB LA AR X R, ARSI AT G (K e R
BEEETRIE T, 7L E R M LR AE R RN E A MR, (EL ] PR g AR RN B R R SE AR
RS BA— U, FETBRMTO— SR TB, W BB MR AR, hT
HotSpot R #HL H ATHY 32 B 77 R B0 L4 A e BLE SR e 4%, HIEAE HotSpot H 8 8
i L ereuilynia

TEMRLE R D, L% 437 J5 (72 3 7E MicroBenchmarks HYAEFE f3&E 17 H AR 6 19 A
8, (A KRR BRI, JUHR KRR T th I 1T & B S HEE % 44T T R th AR R e
FRSE, SPGB 0 0 v A 2 ) el s X R T B DA 4 R 2 )
FFTTRE, FTAZERK A — B A, B Server Compiler, LIRUAKIFRE dkisrio, £
FEEHLREA (40 JDK 1.6 Update 18) Hifk 8 2250 4 Wi 52 A28 1k 7 X itk k..

WRATE, I AFA T ST 3, P AT LME S8 -XX : +DoEscapeAnalysis
KT BIFI IRAMT, AT ZJE AT LUE S 24 -XX : +PrintEscapeAnalysis K2 5 /M7 45 R .
A TRRSHT R IG, FIP AT B4 -XX: +EliminateAllocations I bRt &k, ff
JH +XX : +EliminateLocks HJF )& A4 %, (#1534 -XX : +PrintEliminateAllocations %%
Pl R AL .

R BTSRRI AR R, (BREH R R AR — R
WRTTTR, TEAJRHMERBLT, Bhis A 6 & i — RISTAA Bt AR .

11.4 Java 5 C/C++ HI4miF8ExItL

REHAIF RN C/C++ &1 Java iHF W, EEHGM Java HF ALK “PITHE
BEAR” BT RIS R AL B AR B i T Java R thBUEY A 5% D 45084
AREREH, EERRERIITH Java 55 HERER S HLBAC T . (HERTEIRN SiFART 21
SHRF, Java EEAFRELEHE | C/CH —Fi T3 2 BRUARGKAMAEMAR, LR
TR ) SRR

© EIDK 1.6 Update 23 Server Compilers4 FF R4 BRIAFF I T 468 5147 «

© ClCHSlavatiRhds LPWT IR, SOTHSERH MRERSAT B X 07, A7)
KBRS EHREBAZMTE TR A" KT, BEELLRNBEY, &0
B (U N RIBATH A R 0257, IR S IPHBIENS .
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Java 15 C/CH++ RS IR XT L SEPR AR T e St BT AR 28 S S R AR IR L, AR
KA FWHSE T Java 55 C/C++ FUPEREXT HUIWZE SR, IR C/CH B Java 05, fik
ARG 2R WAL BT OO RA M LR, ORI S AU ERESE RS, BR TEATTA Sy API FESE
BUAEFIRLASh, JEARM LA T % “BRARIEA T 1 DR AR R i, 2%,
A AR LR HIBR T AR RCRI T BT EL, 5 S TS DR () AR AR A7
Ry, FERANIREBIED, BREXBRE S 4R MR

Java JERIWLAG I 4% 88 5 C/C++ IR ILILARIR AL, PTRESh T R HI S8 )5t R 1M
SEC A RIS — e 8 CF S0 (S — S B RIHLIT 7+ REMPERE S H0O:

By BRI SRR AR TT 0 R BT s AT, AT KRR IR, e
PO T Be o™ F 2 i TR WUR A R RR SV BRI PO (e I SRR
SRRF AR BB B R AE IR, i S A BV 2538 B8 SR (5 | A HMUBERRALEE A, T
2 38 A o L A L A A 8 PO P A BT AT

7 Java iR RSB MAEREAAET, RORBERA T E BRI R F A 2R
ARSI N A . NSEBUR T L, XA AL AU B T B S R
5, WS EDIRINAG A At BEHTE R VTR R A b R R R R AR
KRN X TRIRFMBA YT AT, ERERS ST, (R
PR DR B REAR DS 4TI ]

= Java B P EIABLE vinual SEEEE, (BRI BRRIEE AT CICH
X B AT T RO T AR A R EIEK T OO+ iRF, RERR A I 4Ri%
ARAEEAT—SetRAL CRNATHTAR S A YR IR ) BHEOMERE BT C/CH s AL i 28 .

VU, Java i FRTTLASIAY TRAIH S, 2ATHE IR0 24 T RESUIE AR P AR IR
R, XMRE 2R RAEAEETT, FOVRERELAE LRIFOLR, FE2RNK
AR RE LA LA SO SE AL SR BN R A 20 R B 2 B (N A AL T AT
TR T — S A

AL, Java EF PR RS FCHBIEHE EREFT e FUATT YA T SR A A BRAEAR b
GBS T C/CH MXTRIAT SR N AE BT, BE AT AEZEE AV RE, AT RRZERG b ohAL,
ISRTELL e AR AP RO AR 5 5, A0 AT MK FE J Lo 350, C/C++ rh T BE T
PR AT I BRI NAE, SAAE 4 R I RIFEERRE, NI | (U8B TTR

©- JavarfUIFRER T QU i R AT L IO — R RS R AL EOAR L AME ~ (A Y TR SRR
- RO EARL, TIARRC/CHIRME AT AT Fe itk b AFRCIT K.
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R, HER T IFRRCR) QBRI S

LTI T —KHE Java i S AN CICH (9954, AR Java BEELAOANIN C/C+ T, AHTREEH
IR T, Java i 9L VERE L 95 BACRA T BEBUT ZRCE B IREmA i, 3
LR, BNAYR. BOREGKLe “HIRRE” (RRERRN Java I OTFRECRMLL TARA TR,

B, A VAR Java () BIE 4% PRES AR ITT C/C++ MRS IL 4 B 28 A e Ml
T B, 78 C/CH R, BIZSMT (Alias Analysis) AIXEREREEEITE T Java. Java f
HR G AARAE T AR F A S, 2% ClassA Fl ClassB B 4k 7&K R, HEXT4 objA Al
objB A AT AR — xR, BIRRRR RN R4 -

void foo(ClassA objA, ClassB obiB) (
objA.x = 123;
objB.y = 456;
N RE obiB.y F& objA.x WHl 4, FTHERTURTHNY 123
print (0bjA.x);

'

Wi T objA Fl objB IAEX K HI I, V& SHARREA MR A T LIEAT (RHE
JF L RSO, BEEIRAEIT R, SUREAHLD objBy 55 objAx f 1 Rl — Rk,
TKRERE AT A2 4 M SE AT BN D P ) objA X O 123,

Java G8IF B8 50— A LA B A SHAEMEITHRE, BT C/CH SIF R FTA IR
GRIISEA, LA AT I B Oy LR 00 O AL B R A TC AT, AR B (Call
Frequency Prediction). 43 3% il (Branch Frequency Prediction). B ¥ #i4r 2
(Untaken Branch Pruning) %, JX4#F&N Java 5 5 A MPERE DL .

1.5 FENG

3510 ~ 11 BEZEAM BN T Java F207 IIRBS 46 120 7 15 A 52 1 P 4R AR A S L 25 %
IR, Javac T BIA IR A5 MEAULBL AT ) JIT 431 8800 PA T A 4 FR R LSRRG ] T— 1>
FE GRS AT B AR 1 1

AT, BAHE TR TR IHLAIR S ERM I % . HotSpot ( BI I 447E 2% . HHiFAhR 2%
o LABAOMT A RESBILA T B I SI BT JIT SRRAO SR AL R, B T LR I A4
PABARBATUR . % Java GIEBIITEA THE, A B TAE THE S SRR R 4548 7T LU
AR, B ARATEE O LM S A R AL
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% 12% Java AARE 5 LA
F13F HKAELLLHKAL



5128 Java PIFROR SRR

TSz 4b S0 1 RFRBA Amdahl 5 HERBREE AR EHORCA TR RE A SR Sh 1 R
ABRHE, dEASK RN TIPSR f ke DA .

121 #ER

AL S A I BT R AURAE R G PLP CR—TAEAIIE T . RS T, ik
AL LA, AOURFRAITRELE R BT, B4 — MEEE R HR
THRLALIAIA S S A AN R YT 2B AK, K lak i I ) 4 9E $% f A /O
o 45 3 5 2 0 PR VT i) b SRS A SR TS I I ] B AL T A R A B U 4R
&= DU — 6 F B ab B AR A SRR ) < FRME sk, AR 2 AR K R 5%
TSRS G LI 55 W2 R A 5 A0 ) b R AR A R TR TR

BT AR LA FRES R BRI 5h, — A M 55 5 R ek 2242 7 ARSI 55 0 A 53—
A LR A RS o i AR5 PGB Y G R IR, R Eb 55 A EL (Transactions
Per Second, TPS) REEMIEIRZ —~, EACRE FPP9 NI 5P EIREM S 1R 4 ih
TPS ST IR BRI AR B RR . TR RS, BFLREIF A& iR
THEAT AT, BORARREE o RZ, REBZFINEHENL B, Ko RKFIURF

W RAES o
M55 i 22 Java A RHK G2 —, XA GURIRT 4 T Java BT TR — 2R}
B, AL G A I R AR R 0 SUR IR 95 SR IF 2 (K M0 22— AT I 2 O T 1)

LT R B A A AR 2 R S . A Java ST R BDLR O TR X TR, SRR AR
BTTBEAR T AR O HLA R R RIS 2% . 4 A 2RSS A L P DL AD TR AT fle 2 2%
RIS, GG B A TE ARSI AR G TR 4B 4, TSR AL B A S e ) R 55

@ AmdahliE AR GEAIFT IS BT 0 TR SR £ 4b GETIEAE S, AR A PRI
FAHAL AR R R GETRCEZ FM R R . EWAE B R R R R R AL
FPR B R BAOFEA TR TR K LR

©  ALMUE S AAUORET L, 95 A TavaCard . B ahH 08 S8k J: Ho 4o 1 k.
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LRI BZ S AT AR KRR PR S, T A B
ABERTEE (IR 7 S BT I R AR BRI NS, T AEIT R I PR LR R — RS R RLT DUR
AT e R

CRIROR R RAATYRE Java ERIDLEY BT — 35y, M2 EE N GRS %
LRFR . BERAR 0] T AT SR G B — R R Ry

12.2 WHHRES—HHE

TEE YR Java BT AR AIRZ AT, AV —MptE L T i — it
BRI A R, LI B 0 K AR S e AL (R A R AL Z b, BRI A
(357 X T R LI S BtAT AT R B R Lo

GEHEHIFRPITE TAERAES " 5 BRI PR %R 2
BERKFR, BRI, F0F ENZHEXRIFRARETOIBARE, Hh—4 &
B AR L R R B FAT S5 A AT B LR AbFRAS “THEE REAESTAL, AbFRAREA
EHNELHE, WEBGEREE., FHEHARS, A 10 BRI Rk
ARG BN IE AR )0 th FIHSALI A AR5 & 5 A0 FRAS (012 S A JLAN BRI
ZEBE, FTCABURTHE AL R GEE A AN A 22 D5 3 R AT B2 T A TR 2835 S 11 8
A7 (Cache) RAEHPIFF 5 AbTURE 2 ] 4928w - ff iz B0 22 P RO HCHE S B0 iAo, ik
BHRERESAT, MEH A HUEAAEAERL EINFEZ A, SR LIRS s A AR A
ST,

BT B GRAF IR BAR G MR R T AD TR 2R 55 A AR I, (LR N LR %
R R AL, FAESIAT —Hi0E . 24 —FE (Cache Coherence). TEZAL
HERRGT, WA H O M REEAE, WEN IR —E AT (Main Memory),
B 12-1 B MEAAEH RS 9B FAL S5 100 KR — e A X AT, T RE S B0 By
BRI 3, WRARRACFOL, ARF L 5] 2 A2 LR R Vg ?
TR BRI, 75244 EE 28 Vs ) GEAF I AR R — e i, ERS I ELARE DMk
BEATHRAE, X 2P MSIL. MEST (llinois Protocol). MOSI. Synapse. Firefly & Dragon
Protocol 4. FEATHHLLYARINN “ AU —id, AT AR N R OB DM,
HRESE 9 AP SRR BT HEA TS DI B B RS R4 A L8 T LA AT R — AR B0
AR, T Java EALBLLAT 1 RN AERURL, 3F ELIK U R 00 A DT LB S R 0 B A7
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Vil ELAT AR T L.

B

REFR |8

B 12-1 GhERRE. ST, EMAFRIBCERR

BT SN ER G AE 2 5h, S T AL FRAE S 02 S T R B B S R, AbEE R
ATRES X ARESHEATALIF AT (Out-Of-Order Execution) {4k, AbERZSS7EIIEZ 4 AL
FPATIRLREM, FIEZEER SIUFHITIEE SRR — B, B R BRERF & ME AT
FHSE T SHART DT —B B, R — AR S R S — T
SR EIGER, IRAFUF A R TR 9 585 UF R ARIIE. SAIRAFAALIT BT Rk
2L, Java HESIALAY) PR 4% 85 o A 26 U HE S FHEF (Instruction Reorder) 4k,

12.3 Java ATEHER

Java HEAHLALIG H IR B E X —Fh Java PHAFHEALS (Java Memory Model, IMM) 35 #k
AR ARAE RE M NAF R 22 5, ASEBIL Java BFAERFOF- & T AR AEA T — B
WAFIRCR . EMZ AT, ERBFET (I C/CH %) FH Y B (4 AR RN
WTFEL, Hitt, 2l TARRTYE EAFFRENES, AURSERFE—EVE LIRS
LIEW, MERI—IF 6 LHRVIMBERE N, FEs st R FRKTE &

SE X Java WAFRERDIFAE— 125 5 B 30R, X MRRIAATE U R 7™, A REiL Java
(935 R NFE AR 2P B s (R, e IS R A, 1S apLA S oA
SEASH B R SRR A R (AFAERE. AR S M R 0184 K
RBOELF A RATHE . i KB I TEME R, 7EJDK 1.5 (SEBLT JSR-1339) RAif5,
Java WIFHRBIE RIS HER T .

© A avaP FRURRASE H ATIECEMUN0Y, BIFEIDK 122 5 7 RRIFZEIDK 1SHh5E i 9 AEHR .
© JSR-133: Java Memory Model and Thread Specification Revision ¢ ) in .
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1231 FABS5TEAE

Java PIFERTRNIG 3B F BRI SE SCRLIF A VAR REAG VS DRI - BDZE REFDIBILF R A2 SR A7
B PR PO FE T B S SRR 24049 . AR 2B fik (Variables) 5 Java 4 BT i)
RAFXS, CEETEOFE. BEFRMEREENRMCE, HARERERS
IESY, WREHRABBANS, AT, ARRASEAETFE. B TR
TF B PRATIAE, Java AP IFBEAT BRIDUT S | S0l FHIAL B 48 (6 R 52 A 17 AR S APR A E
AFHEATACT, AL I8AT R B et 0 AR A T A (R IAA TIG0FF i JEAR Afi o

Java WFFBURIBLE T BT BOZE EABAF 8 £ 947 (Main Memory) 7 CBAb i £ 7
SRR ENAE B TR, BT AT A, (ELAR (R LA R —
WP HRLEEAE AT TAENTF (Working Memory, 755 Fij T iJf 9 4b 045 5 M A7 2
W, BTN PR T BOZRBR B B EALERIAE e, LR R AT
FHRME GERG RIS BFHETAENLEPIEAT, WA ERES EAFPrERe. A
17 B R AR 2 [ TC Tk ELEE VT IR X 7 TAR AR e fit, 2R 128 B A A4 i 2 5 EEm ad £
KRR, R, ENTE. TAENF=ERCLRAWAE 12-2 Pis.

SR FTUR ERAE. TAERAF SRS 2 REBTUFI Java WAF XU Java 3t #R. OF
X EIHFARFE—NZREOPFERISY, XPHEA ERUAXRE, WRWNE —EEGRT

() e
() o

B 122 SRE. ENME. THENE=ENZEXR GEF5E 12-1 30 H

© MANESREEEXK S WRRDIERR A BEHIHHR R &IRE
3%, {H freference s SHEJavatR i RIE &, ERREAAM.
© HALHELIXBMA N P RIA" RHEER, d BAR T VIR 10MBIOX R, dREX

1OMBRIAFFELHI—GHE W thoRAG? 7, 032 B3RSttt SXAXFRIGTIH. 3R PRA
FBURATATREAFLERS L 09, (BASAT LS X G T — .
© R volatileZE f KA T B Rt UaX

2UED . B B HEAE B P o IRTELEBIS.
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R, ARMARTE. FPIAE. TARMAFEESE SORT, LPAFEERTT Java HEh KT R B
BAEEAYS, TTAEPAF X BT PR b (94 . MSEARIZ K 8L, NPt i
XRE TR PR R AE, TR T ARG GBI THE, ANl (BRI RGEA IR
G ATRE SR TARMAEALSBAPbE T fr an ek BT o, OBt EH VRS S
BTN,

1232 ABEEIRREERIE
KT EWAES TAENAEZ I BRI B8 BT I 3 9 F7 35 B TAE N
17+ AT TAEAAE R A5 [ A2 A STRARTS, Java PIAFBURARSE SUT LATF 8 Fifiskse
e HEAMALSE B AATRAIE T 1 B i B — R AR R BT (0. R AT 4MY (XHF double Al
long FHIMARASE, load. store. read Fil write $RAETERLETA ERVFA IS, XAMFIMILE
12.3.4 WHEYE =,
Qlock (8D fEMTENFFMER, S —DAHBRED — R 5 AR .
Qunlock CAHD = T ENAFHAEE, B~ FRRE A E BB IR, &
HUR B REA T A A AR .
Qread GEHO : {EATF EAMFNER, BE—EROMENENEFERBIRBTE
PIFET, LAMEREST Y load SRR .
Qload (FA) : AT TAEALEIAE, I read Foff I P77 78 B0 TR
TAEN R R A
Quse (ERD:ERF TAENFIRR, B TENER—MERIELBAIITY,
B4 HE DL B — T B B R (O (00 5 W B4R A b S AT AR
Qassign (B{E) = AT TAEMAEEE, B AIETS SRR IR T4F
VIFFIZE L, 4 H AL B — 2478 R R A 7 4T 4 A I PR TR AE .
Qi store (FEfif) « AT THEANFERASHE, EHTARRAE T — MR A% 3 Er
h, DMERE ) write B

© BT EGIBAR, JavaiE iR RAF TR RAIBATR, 1T EUHLKUF, 4 Mark Word (

. GCBR. GCHEME. FIAMIFTE) | Kiass Point Tt ) B—SRTFHRF
AN BERAR SRS BRI R8T WX ST RS, AT ARAFAER D o
© MTEFRAEAEIEEE, BAISR-13330H T, BELHFAR 58

BT U REE T JavaWFERUIFRATE)
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Quwrite (H5A): fEHTFERAFRAS R, EHt store $eff A TP D A5 5] 92 it (9 {EL A
A XA s

RO AR N AEE B TAENAE, IR BT #4RAT read 1 load #4F, &

SREEAHR TAEAE RS [ £ AE, REEIUF AT store F1 write $44F. TERL, Java NAF
BRI R BOR R AR AU IUT AT, TS GE R ST AR, read 5 load
ZIAl, store 4 write Z ELZ AR ARG A0, WG ENFEP IR a\ b HEATUIEIRE, —Ff
A BT 2 read a. read b, load b, load a. FRULZS;, Java WFERIRLEMLE T 74T 1=
At 8 FHEAC SRR A2 2 4T R -

Q KA read Fl load. store Fl write #4F 2 — Sl B, BIARSRVF— AR A
BTRATAENAEARESZ, S TAENFRRRES TEE N IR B2 AW .

Q RAVF—MEBEIFEMEOLH assign $fl, B RAE TARMAEHBUE T 25 467500
AR AT

Q RAVF—MERRRERE M (BAT R R assign #4E) HEEHR MR TN LER
PZUES LN

Q —MHAE S BT RN AR CUEAE 7, RAVRE TAEPIAE eh BBt — AN R Bb R
1k (load 5% assign) A5 &L, A&yl R 48 90HE use. store B Z R,
WASEATIL T assign Fl load $ff.

Q — A ) — M 2 e — SR RN AT lock #24F, {HL lock 444 AT ARl — 4
LBEEPITER, LWHRAT lock 5, RAPATHIFEREN unlock $ef, A4S
MR

Q WX — A AERAT lock $RAE, ARHF 20 %8 TAEAAE IS REBOME, FEBRATS 19668
FHRXAERAT, & EEHNAT load R assign FAERI A ILAS REAO(E .

Q A RS WA B lock BRAESIE, ARREAR AVFA EHAT unlock $4E, WA R
3% unlock — MM BE (LM 2L it o

Q XA AAT unlock #RAEZ R, AAISEHEIL A 2B B E A7 D (AT store. write
B,

IX 8 FiPIAF TR LA K L SRAUBR S, BRI L RYJE AR A9RT volatile i) —BeRERERLE

WO LRIERHE T Java B2 7 PR P FEUT RAEAEIF R TR0, o TRz SR 4 38
RSP AE, SRR AARBRBT, BT LALE 12.3.6 50 B3 A 03 i S — A 252000 057 5
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WA R A, FAHE — AR RIS T R AL A

12.3.3  3F volatile B BHIFERAMY

KB volatile AT LAt & Java BEHUFLIRBLI BRI FEHH, HRECIERES L
WIEH . SERMEE, UETFESRFABIRREENE, BATTLRERBIES
(i A — ER ) synchronizod HE AT 15, T volatile /8 ik i i XUk 5 T 1 M 5 4088
SRAE G UM EARAT RS, AR R ATTH 45 6 89— St 1) 52 57 15 2 volatile FOE X BIR
4.

Java FAFREIRE volatile % I'T5E S T —SEHERR AU BUN, FEA 3508 U BRI D1 (OB
L B IR ATE SRR A SR — F XA R L

WA XN volatile 2 S, MR BIFIRREE, S R ORUEILTE REX A AR
AL, XL AT R RS T AR, BRI T IEL AR R
ST BRI TS B AR — A, A RO SRR ) 4 34075 S E v
RS, BN, SR A SRR, AR TR S, BA AR B
TERAE A G52 F 2 J5 FEMK 1 A7 AT BEBOAE, BV A 2% 7% B AT L.

X volatile ZFRATAEILYE, 29 2B TER A SBE, KN FHRRST “volatife T4t
XEFAT LSRN BT LAY, ¥ volatile 735 ik AT (95 SR 148 37 20 5 3 BB AR AR 2,
i volatite 25 BEAEA LB R — B0, FTAEET volatile B REIIIE /IR FRES
7. AERE RIS B RS AR . “HET volatile TRAGERAI K
TRAEAH” KA. volatile X RAES AR TARNAE P EAE— BRI (E44 2
B TR AEH, volatile 25 REASTT LUREAEA —FUHREBL, ittt T U 2 AT U7,
BB RS — SN T LA R SR, L Jave B AIEHIE
ARBTHEME - S volatile A8 RETE R & F—HERA L ARG, T LI R - BT Y6
WA VSR, AU 12-1 PR BT .

REHEL 12-F volatile HIEH

e

* volatile % A & H Mk

* @author zzmr
“f
public class VolatileTest |
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publ¥c statfc volatile int race = 0; _

public static void increase() [

racetf;

¥
private static finak int THREADS_COUNT = 20;

publ¥c stassc voidEmain(Stringl] args) {
Thread[E threads = new Thread[THREADS_COUNTL;
for (int £= 05 i < THREADS COUNT; i++) {
threads[:]" = mew Thread(new Runnable (k- (
@0verride. .
piblic void rurt) -
for. (int i = 07 i < 100007 i+#) {
increase () ;
% + -
;-
T e
threads([i}.start();:
}

IFERRE R RRBER b g
while.(Thread.activeCount (3" > ¥) 5
Thread.yield ()

Systeri.out:printin(race);

¥

BRI A T 20 MR, B MRER race BRI 10000 U F HBME, MIELLEAE
TRESS IEWIF R MR, RS A RN %A 200000, EEBITEXBBZIE, FARSIK
BMERMER, T2 EABYGETRIY, 48RS A—F, R/ 200000 f
BT, HRMAR?

SR BRTE H 3IEH “racet+” 21, KA Javap [ 41X BARHS /5218 BHL AL
H12-2, KA — AT I increase()- J7 5 7E Class SO T2 H1 4 2% 7 TiS 35 S HLBLEY
(return FAARRH race++ =AM, XEIRAFURHH) NFHIRME HRAS B i
IFERRIMIQIRBET « 24 getstatic 1§23 race A EIREHRIEAR TN, volatile X EEFHHIE T race
M AE LT R IEHINY, {FURFEIRAT iconst 1. jadd JXELHE 4 IRTE, FALAETTAEE 240 race
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BT, TAESRAER DU R R T A AR08, 7L putstatic 64 A7 )5 RE AT RESL
/N race {HIFIE B ENFEZ
REHE 122 VolatileTest HFH1

public static void increase();
Code:
Stack=2, Locals=0, Args_size=0
0: getstatic #13; //Field race:I
3:  iconst_1
4:  iadd
5: putstatic #13; //Field race:T
8: return
LineNumberTable:
line 14: 0
line 15: 8

FWHE, BHEAEMAEFAF TSR R, PR R, P DR Ge th
RA—RFHEES, WHRERIIT A SRR TR, KPS MR
PATRE, ARERE EIEITF ST A RSB EME L, AURRRENIT, —RFHHES
17T AR AL IR T R AL ARG 4, AL BEFT -XX+PrintAssembly 2 ¥l th [T 45K 44
LU, B EE RS E, I E S E SRR AL BT AL A
WIS

H1F volatile 25 hk R AELRIERT Wb, FEARPFA AT RGBSR S, RIMIRE
sEs gl (i synchronized 5 java.util.concurrent FEIIR T AR FHE .

QS FEE R AHBUE R Y AT, ok AR IR U B — R B R (.

Q ZRAHE S HANRE LRI RS SREAH,

TFEAR AN (RT3 12-3 7R (93X 265 SRS A 6 1 volatile ZERRIEHIF K, X4
shutdown() J7 BB E IR, BEORIUERTA L2 Sh HATHY doWork() J7 R B T oK.«

REEL 12-3  volatile Ky HIFR

volatile boolean shutdownRequested;

public void shutdown() {
shutdownRequested = true;
}

public void doWork() {
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while (!shutdownRequested) {
// do stuff
}
¥

{8 volatile 25k I35 —AiF SURAEE 145 2 THEIF R4, 338 28 i AU £ (RAEAE %
T v BT S R o BT AT R L4 SR 9 07 AR RE AR B IE B 94520, T AR B AR IEZS Bt Wk £
B AE (90U 55 R ARG oh AT BT — B R A 7E— AR 9 7 TR AT o R PR R
FK A, R Tava R AFEUR o RER (0 T 6 “ RBR N R BN AT L7 (Within-
Thread As-1f-Serial Semantics) .

AR AR KA S F, RATE RIS — T HRBE R A IE S BT &1
WRIFHIFZAT, FORERIF ARSI % 12-4 FR .

RIBHR 12-4 WEBHF

Map configoptions;

char[] configText;

1K RLHE XA volatile

volatile boolean initialized = false;

MR T REAE S A FHAT
ARBEREREL, SERTKEH initialized B H true Bt HAREETH

configOptions = new HashMap () ;

configText = readConfigFile (fileName) ;
processConfigoptions (configText, configoptions);
initialized = true;

MBI TREE LR B+ HAT
/%% initialized ¥ true, RELBRACLRERERFEMBLER
while (!initialized) {

sleep();

)
NERBE A PO FHRER S
doSomethingWithConfig () ;

ARRD 0 12-4 FAOEF R —BROUARS, HfRngm e +au R, RERNELmT
S — ARSI B R TR . AN55E X initialized 25 R B 7 volatile 184, $LTTfE
Sl TESEHIFHOEA, FBAFRE A PRIG—H0F “initialized=true” HHHTH
1 GXEEAM Java (EADIRTD, (EFHE O EHETF RIS RORAERIE, BATHITR
AR A AR AR R ATHAT ), SOREAERTR B oh I D L5 L A AU T A 1 B
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b

i volatile 3HE5 M 7T AEE G I R LA 42 B2

$e 4 T IR R A ST R BB )y, BT LI BT 2
Bb, A TR L BRARMEE AT R TR AT volatile SCHET 2 ANl 58 111 & FHEFFOE
ey, ORI 8 12-5 B —BEARMER DCL HGIRES, AT LIEEAA volatile FIAMNA volatile
KA BT B AR5 GRS JIT KRCHRARE, 3% 4.2.7 1.

ADHE 12-6 DCL B

public class Singleton {

private volatile static Singleton instance;

public static Singleton getInstance() {
if (instance == null) (
synchronized (Singleton.class) {
if (instance == null) {
instance = new Singleton():
'
b
)
return instance;

}

public static void main(String(] args) {
Singleton.getInstance () ;

}

HiPR)E, XBURFSNT instance A REBRETSF QIARASHT A 12-6 Fim .

RBHL 12-6
0x01a3de0f: mov $0x3375cdb0, $esi i...beb0cd75 33
{oop('Singleton') }
0x0la3del4: mov %eax, 0x150 (3esi) .89865001 0000

0x0la3dela: shr $0x9, sesi
0x0la3deld: movb  $0x0,0x1104800 (Sesi)
0x01a3de24: lock addl $0x0, ($esp)

.clee09
6860048 100100
i...£0830424 00
i*putstatic instance

singleton::getInstance@2s

©  volatileljt #ef 4 THEF 91 XAEIDK 1.5 A B2 &AL, HATHIDK EREENG 5 B Hvolatileth A A

¥ N (38 volatileZE BATR MLE ATFAE R HEFRIED . XS REIDK
152t avat P ik 2 2 MU FIDCL (RUBRR ) R
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ERA A & B, @A LA T volatile B9 R, WRIHJF (AT mov %eax,
0x150 (%esi) SXAMERIMTIRIE) ZHATT—4 “lock addl $0x0, (%esp)” #fE, XA
FEA 2 F— A7 (Memory Barrier 5 Memory Fence, 35 T k¥ i 7 g 488/ i 9 54
EHF R AR ATALE), R4 CPU Wil lA7ed, JFARTEENTERrEE o (HURAT
FiA S E £ CPU AR — g, HHAE—MEWIS —A, % AR Rk fIE—
FWT . XAHES P “addl $0x0, (Yesp)” (3B ESP A(F2RMMEIN 0O BARR—A M
CRAEAZRETA R 2 8448 2 nop £ B 1A32 FHHHUE lock BRI nop 64
D, XELET lock W%, i 1A32 Tt ERFERREMA CPU M Cache 5 AT NAF,
HEASEHRLT RS CPU B#F AP BTRAL (Invalidate) H Cache, XFHERMEAI ST
%t Cache HHOAE AL T —UCHTHI N4 Java WAFHE T UER) “store il write” #:FES. ATLLE
SR HRE, ATERTE volatile AFfR AN AL CPU SLEIATIL.

AR T AR LTS A EHET R ? WBECFARH EUF, 18 EHEFRIE CPU R T ALVFHE
% AR A AR BUE HUIBUT 43 FF 5005 45 4 ML Pl B B TCAR B . (B R R e R R A HE,
CPU T E A E B4 FEHE A A DL LA R AR T AEAS HH IE BRI BT AG R . B IS4 1 JRH0dE A
PN 10, 54 2 B A hEOMEIREL 2, $54 3 fhak B PAofEmE 3, XAHES LA
42 RAKME, ERZEKITFEAREEHE— (A+10) *2 5 A*2+10 BRAMSE, #H
/A 3 MLEHRES 1. 2 ZaTekE b, HERIE CPU TR IR AL B EHRIE
B REFRICE EB A A 1 B EEIT. BTLAFEAH CPU . EHEFARKHARAFH. Hik,
lock addl $0x0, (%esp) 4 1EMEM RIS EINAER, kA FTH Z B BT 20075
e BREBR T “H4 EHEF T WAFBR R AR .

AT volatile (¥ IR, BENE B ERSRRIFRE AN THPIE volatile (13
X——E AR AT AR A AL R TRE G ? RIS, volatile [ 2
YL v AR B SEEAR T8 (T ized 3¢ i 5 java.util 2 B 80,
BB T e APLAT B S AT B 2 I B AR AL, (A8 TR AR M RAE M AN volatile 322 1L
synchronized £ 4. M5k volatile & &5 H T HA, FRATLABE — I volatile 25
TEARAER AR RE S E A RULF B A 425, (HREHRAEN AT RS —2, R EHE
FEA AT A £ 9 77 B A 4 RARIEAL B 28 A R A BT AT ARLEDE ltk, K%
FFHET volatile 9 SIFFRITIRT LA, RATLE volatile 5812 BEREAY ME—HRAR AL

© Doug LeaZilii T4 T + hitp://g. i html
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volatile )i SRE 1 2 6 FH 3% S TR -

FEATRRIG, FA1E LT — T Java A7 BRI X volatile 28 5 SCHRFSRAI . M
T RAR AL, VAW S5 ERBA volatile B AE ft, S A 7EHEAT read. load. use.
assign. store Fil write $RAFR T ZE L 40 AL

O BA 4L T 0L V BATHIRT— A Bh0E R load (AT, LR7R T A AEx Akt V AT
use B « FFH, RAYKEE T MR VIFTHE— DR use (i, LT A
AEXTEBE V HUAT load BifE. &R T XA V 4 use BIFETT LA AL T XA R
V {f load. read BIAFHIIK, WAELE I GXAHMERIE TAENES, G
FEF V RTEBL AT LRI B O, T ARIEREE LA A i V BT
BEBURIED .

Q HASEH T ARV SIATIRT— S assign AORHEE, L8 T A AEXMERL V ST
store B+ HH, HAYLE T AARE V BIFTIE —A SR store (IR, BT A
REXTAERE V PUAT assign B4, R T XHER V # assign ZHFERT LA KRR T X748
BtV ) store, write SIEARSCHE, WAL R B GRAMMERLE TAENLES,
WISV IFEAL 2 B e, TR AR T RS Sl v
B0 .

Q fEE S A RERE T X V SCHIN use 3 assign B0, BUESIE F RN A
I load B, store B1E, BUSEBIHE PR FIBE FAHRBLMXE AR V ) read 3 write 3
fF s Kllit, BESHE B &R T X8R W SIHIAY) use 5L assign 30E, BE#EG
JEAFHE B HOCHK Y load 3K store B11F, BEEIE Q RANBIE G HIRIA X AE R W i)
read 8 write Z1F. 15 ASET B, M4 PRETF Q GRAHMMER volatile 51 fi) 4
BALYHASEHF R, RERBORITIUF SBIFRBUFHRD .

12.3.4 X4F long #] double BYZEEAYRFZRALNY

Java A 77 B B3R lock. unlock. read. load. assign. use. store. write iX 8 /> # {4
BATFFE, (HREMT 64 (LABARLR (long A double), FEMIRIHHEHIE LT — AN 5
FAEIRUE < SLVFHE LR AT B volatile MM 64 (80N 101325 RV S A K 32 LA
FEAHEAT, B AT R AAML S BL 45 T AARIE 64 BB ZEAUM load. store. read Fil write iX
4RI THE, SRR PTIEY long Al double YIRS THEPIE (Nonatomic Treatment of
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double and long Variables) o

EA ZARFRIETE A IF R volatile (1) long 5 double KR AE L, I FLIRI %
ERTHAT IR R, 8 A SRR T fE £ IR — P RER IR, AR IR S
{HARE T PR R,

Rt B EIRE] <A R I (76 ATR A Java BAUHLA R & B,
[H % Java U FEHETE S8R A0 1F B BIHLASHE long Al double 28 it i 3 5 SE MU T4 1F, A
VP HE AL P SRR S B N LA SRR GO BRAE, T HLR “SREUEL” LIRS
FESBRIT R, HETA R G T 0 R HHRBLL P AR 64 (IO 1 B B AR T
AR, TR AT 7E S5 ARFS B — AR A 7 ELAE T 51 long A double 2B R 117 W1

volatile.

1235 R34, TRESEFE

PYA5E Tava WTERTRLAOATCHRAERIRBLIN, FRATFE IR B — F X MR FFAE. Java 14
TPRIRLR B SR FE I R A AL R T AT LAEANAT RS 3 MR EESRHET A, R
BAHT — T RSB T 3K 3 M.

RFH (Atomicity) : H Java P3 A7 B R S B BERAIE Y J5 14 78 Bt B2 47 445 read. load,
assign. use. store Al write, FRATABATLAUKHARIRIH WIS R AR TYER (6
Sh3fE long A double AYFETRATFHEVE, 4 RERGXAFFHMATLIT, BAKEBX
e JLP AR LR AERPISMERL -

WRRHG R E A E IR AR THOHE (L% 2835)), Java WEFHRELE T
lock Al unlock B X FIFR, B MEAULA I lock F1 unlock # 11 BL BEFF M4 i f
F, (BREIRAE T I 8 2 R A TS 4E 4 monitorenter 1 monitorexit 3 Bt 3K i (4 FH X WA~
AR, XA WS R WE) Java U85 k2 7] 42 R ——synchronized X, PHIHAE
synchronized H2 [H] ({7 L I FHE

AR (Visibility): AR Y MRBREHR T B ARG, JbLRGEE T G
FXAEM. bRV volatile 28 & AT R ATE HEAIITIRAT X — 4. Java PIFFIRALLE
SETEAE BB BSOS HERT (E 5 T =7, TR AT A 3 P A7 R 2 B R e - A1
Fo e A J7 RSB AT ALY, TEH R A A volatile AR RAR S W, W iE AR E
5 volatile ZE X HI, volatile (RAFFRILIUGIE T H {8 AL BN R4 B LM AE, ARG KA
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PRSI PITERIRT . B, AT LA volatile fAE T 2 SRR A AR S A0 TT LM, T @
AR A REARIEX — £

BT volatile 24b, Java i B4 FRESCHAT WAL, BP synchronized fil final. [l
e AR X —ANERPUT unlock #RAEZ AT, AL R B E NS (AT
store. write $4E)” XAFUMHARE, T final SXEFHYTT MHRE: B final BIGHF BHEH
A — BARILSER, FFEMERSBAIE “this” M5IFfERHE (his 5| MR —HR
faba S, HAREA ATREER A S HVIRE WAL T 8" M), ML
BAHRAEE W final FEAOM. (AR 127 PR, AR5 BAET AE, EIIRSR
AR R E 1

REHE12-7 final SATRHE

public static final int i;

public final int j;

static {

i=0;

// do something
)

{
17 BT NERENE DK TR
3 o=0;
// do something

}

AR (Ordering) : Java PIAFRERY A9 FF ¥ 7E A T V% volatile I L iF At T,
Java BUF A RAREOE LT DUSSE 0 — R0 RAEALRRRAER, BT 1R A AT 7 60
IR MRBRP WIS —DRE, A NRMERRETFE. fkaRE CRRARI S
F7#9iEX” (Within-Thread As-If-Serial Semantics), /& FAlff “# 4 AT BKM “ THE
WS ERFRSER” BE.

Java i & $#24t T volatile F1 synchronized B > 5% 8 7 3 AR 2 72 22 1] 42 4 10 41 I 1,
volatile S8 F 7 SRt & T2 I8 S HHEFAIE X, 1 synchronized & “ — M f7ER
— AN S — SRR RN AT lock BRE 7 BCARRUNBRAGAY, BAAPEE T HA7 7 — 4
PP RIS AT A .
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SRsEH R 3 A E WAL, % A B K synchronized SeBEFAET B 3 FitE
PR IHGEESAT AR 3L — RO R T TR TTRE” . TR, KABSMROIE R
BAEERAE U synchronized 52 . synchronized ) “J7 fig” LI T EBARIF R
WG B < TTRE MR, B SRR R, R PR 13
- REDPSRAE A

12.3.6 FITRERW
IR Java PIFFAUIEL AT 7 FE HEABAL O volatile 1 synchronized 52 ik M6 4H —
SRR SR, (BRRIHESS Java J AT A BAERIE — &, XRH

Sy Tava 1B S A —A “YEATH " (happens-before) (IR . X FENWAEHEE, ERAW: - -

FURREAAEES . ARRBTAMEBEMRS, WX AF, Hf1nT DUl L& — K
F R R TR T PR 2 B 7 AT REFRAE s (4 AT Fa

WEGKFF “SATEE” FUHEMRM A, SRR R Java WAEHH tiE LI PIT
B ERRF LR, WAGIRIE A AT R THAE B, LRSI R/ M B 201,
1 A P MBI E B ISR, R @IS TS R K T A
VAT . AR, AT RRA AR RATH AR TR BT,
T 12-8 AR X 3 EIEH RS

REHL 128 EATREFRNRE 1
/1 AT RHEERE A BT

i=1

11 UTHREESE B TR

3= s

/1 UTREERE CHRAT

i=2

AR A FIBE “i=17 ST RAE TR B WEME <=7 MATTLIFERELREB
RRAERITIE, 208§ E—EST 1 BHIMERNREARD . —RERIERTRER
W, “i=17 MEERTUBNEER , “REAR CEY “HYH" K8 A RELRZERH
ABLBYUER | . IAETRSELRE C, RIVKAIFRE A MLR B M ETA
KR, MR C IR A AR B (I MEZE, BRARE C S4E B BAKTRE
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KA, M MHSREOR? KREAHE! | F2EA M, FHHLR C AR i (%M
BB B WD, dATAEAS, XEHMELR B SAFE IR IRR MR, RAE
ERBELE.

TR Java PIAFHERI T —2 “ RIRMY” SeATRAERR, RUHEITEE KR RIS
WBIREAFAE, AT LIRS BB . AR MRAEZ M R RARFERS, I H Tk
T UMLK, EATREBATIU TR, B L AT LA S (TR R M7 T

Q #EFRFEMU (Program Order Rule) : FE—NERRN, #HERFRBIT, B5EM
T BRAE 5647 2 TG R R AOEE . MERRIIE, RIS B MONF TR R
I, BB PRI LE .

Q HRMEMRU (Monitor Lock Rule) : —> unlock #4547 % 4 T % [d — iy
lock #fF . 3X BRI IR — AN, T <R AR LAY SR IR .

Q volatile Z@MA (Volatile Variable Rule) : Xf—4 volatile 25 it ()5 #E 4647 & 4 T
JE TR AN R SRR, LAY ST IR 1) L SRR o

QO £2RFHMA (Thread Start Rule) : Thread X4 start() J ik 561F & 4 F A B
— .

O ZA2&IEMN (Thread Termination Rule) : £ i) #8647 K A T8
FOZAERGI, Fefi TR LA Thread join() /75455, Thread.isAlive() Hi& [ E 25 F-B
B RR E ZE BAT

O ARFEAMA (Thread Interruption Rule) : X2 F2 interrupt() 77 ¥ A9 VA i 4647 % 4 F
B TR B RS R I B P TSR R K 4, 7T LA i Thread.interrupted() 7 3k 5]
BB PR

Q S KLLEMA (Finalizer Rule) : — I RIHIAILTER G REHITE ) %457
RHETFER finalize() I HIFF1A .

Q) fE32 4 (Transitivity) « W15 HR4E A JE17 %26 THR1E B, #4E B 2615 %4 Tk C,
FRRETT AAS A A SBAT R THRAE C M%5iE.

Java i E RAUESE] 2 F BARBERR AL AL 7 95647 & MU BE R FXSE T, B8
78— T UGPSR o B R A LA, % T B S e R Mk i, 3t
RABREELRAE, EHETUMN FEX AT H8E—F “RH ERSENE 5 “HATR
&7 ZIA AR . SR GIF A 12-9 FR.



$128E Java AHHBISKE - 377

REEL 129 KITRERMTG 2

private int value = 07

pubilc void setValue(int value){
this.value = value;
}

public int getvalue() (
return value;

}

AR B 12-9 P R Y & — 41 F O R i B9 getter/setter 77 %, R AFAELRAR A A
B, &R AKE (A LRY%EIR) WA T “setValue(l)”, SRR B 1 F— a4
“getValue()”, ABALFE B WCBIHR FE A 42

AR ST — F AT R A P i &0, B FRA TR B h LR A LR B
WAL, AAE—AERRS, FTUEIT RPN EAE R s M TRA RS, BRmARL
4 lock Al unlock #fE, I LA BRBUEMMAE : ¥ value B BA B volatile X715
i, BFLA volatile S MUMAE Fl: J& HIROLRAR B #C 1k rPITALIN XS4 45 LM o s
WERA KR FONEA —NEAREITRERN, ARG —REREBTARE, H
WFATAT LUK E A R A (e fEat ] LS TR B, HRERMELE B I “getValue()”
ITAAR LR, BAER, R AR R R A .

IS8 A SXAN I REDE? BRATI 2 A W L 17 8 60 )7 ST ARE B+ AT getter/
setter J7 ¥ #F5 A synchronized J7ik, BUREEEAT LIS FTERBIEAN ; FALE value & LK
volatile 54k, 1 T setter J5 5 Xf value MR A value HIJRAL, 12 volatile Xt 7 A
5k, PR AT LIZEAT volatile 2B BEMLIE S SAT R AKX R -

sl LR ET, RATTUS G . — MR <R LIS RE” RREXAHRES
JERATRE RIR— AR “RATEA” BT h RIS I L
SekdE” we? AR, X MERRERRILE, —NEKETREZRERN HS T
By SORGIF AR L 12-10 BizR.

REEL12-10 FATRERUTHI 3

11 UTREER—A BB EHAT
int i = 1;

int j = 2;
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ARSI 12-10 9P ARRRMEEAFER — N REZ o, RIBRFRYAN, “int =17 g8
PERATRAET “int j=27, B “int j=2" MUTD5ER TSGR BARAT, RIFALMATT
RAEMMTEGYE, FDBN AR AT INE R E

LRI TERERAAED T — G ¢ I R MUY 5 7T A D) 2 ) A 1 A
KREGRFR, FrATA G 3 %% 2 R MR R EZ IR MUY AL, — Ui
AR K o o

124 Java 5478

HRR—EEMRBERE 0 PHP PIRH LI ZHEIH LD, (LRI Java B i
B KREBMSEBBATFRR . HARNZA BIHGFER Java EWLIOKE, TFirs)
Java 7, BATHEM Java B BTE RIS BIF1E HHE.

1241 AI2695LM

FATRIE, LR R R R TR DT AL, SRBIOTIA, ATIAE— R B
USRAPATHEES TP, B ARRRBEAT LIS SRR YEE (N/Ell . SO 1O %), MATL
SEPABE (AR CPU TR A SEA R ),

EMOGIAERGAPARE TRADGI, Java i 5 B T 1R FIBEHAIAE R 474 F 0t
LBBIENS LI, 40 LT start() FIEREEH java.lang Thread 2H95: BIREA R T
— AR RATEE S Thread 25K FP5 A0 Java AP H B2 p9 25, BT ST A
S B Native (. 7E Java APT #1, —4 Native D7 AP REBR A XA A R T v
WP 6 TR T ERLI CUMMTTAER K T IR Native F7ik, i, EEE
FRCEBF BB SHXMTED. ERGLI, fE#0AY oiREE Y “RAEMLEL”
Wi AR “Java EREEGSIHL 7,

FIEARERAT 3TN G ARRFSCIL. T P S 0 TR PR P A s
BYGHBRIRALTI.

1 ERRZERLHR

PR (Kemel-Level Thread, KLT) $LEHEBEHRIERLNE (Kemel, FHHK)
SRR, A i Y BORSE AR B, MR SRS (Scheduler) TR
HATHEE, R I RBMIT S B B A b b AP BERAR AT LAV R — A4
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5, SRHRERGRA AN IR AL B, SSRGS LR A (Multi-
Threads Kernel).

BF—BASEEREANGARE, RS EHNERRN—FR R0 — R R
# (Light Weight Process, LWP), RBEHMHBEMERILEN E X LFHLRE, hTEi R
BRI R~ NERB R, FEAERISABARE, FRARREHRE. SRR
FHABREGNELBRZE 1 1 BRRHRA—X—HRBER, A 123 FoR.

M 12-3 RREEHESHBLRZE 11 MR

TN BB SR, AR G R O — S P B 2T, BN — AR
SRR RS FEET, SRR MRS T, BREBRIGEREA EIRR
e W5k, RTRETAZRRELAN, FUSHRERE WeIR. WwHRRL, BHE
HATRGFM . TARGHARRM R, FTEAFME (User Mode) FINEA (Kemel
Mode) HkEIR. K, SMEREMBHETEN —NNERBIR, FitRRgHR
EMFE—ERAETR GNABRRRORERD, Bit— RGOS RESERIEOREAH
(N

2. {ERAPEELR

M ERPE, —AERBAERRNERE, S®ATAKR R L& (User Thread,
UD), B, WA Bk, SREARGOERTHARE, HBREEBROTIHHLERE
HUAENBZ B, SRR RGAA, AR LB .

T S B P RBE IR SE R RIS R RARIE b RAENBA B AL RS
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PRSI, PR, FL . BB PSR, AT MR .
WRBF I, XARBEAT RS AL, IR AT U AR R B HAR R RE R,
AT RO KRB BOR, S A
B D i SRR th T PR AR S, X
RS S P EBRZM 1N ORI L
(MEFAEAY, P 12-4 PR .

FEHH P LR R B T AR E RGN
AR, HRMETUH RENRN LR, Fih
MR R M EE A RF B O . RRM
U, OB AR T R R A, WH 124 BRSREZN 1N #ER
T ARAE R G CBA SRS SR AL B, ARTE AN “ BELSERNMAT AR, 488 5 45 v b fe]
HARRMITE AL IR | R R SR S BRI, B R AR . AT
P LRSI R — A AR 2%, IR T RIEAR LI S RBME RS h (1 DOS)
WELBREF S DR SRTROBIFS, AP LR EBE®RD T, Java.
Ruby %57 5 #0828, RO S

3. EAAPLENERRHZES TR

KRR TIRBA R BRI 2 P RF [ S, B — R RS
PAR-RBEANERA R, EXMRASHT, WAAEAPMRR, WIEERREER. 1
PIRRGERGERRN AR TP AN, UL P ARG OIE . UM, RIS, OF
HAT AR R MR P ARBTG5 R SRR M 9 1 P2 R A
R I OBRIE, SR RT LA A R SR AR A2V T B A B3RS, JF ELFH P B 1
ARG R e AR T, KRR T 86 BB S 2 B SR KR o 7 SX R A B
Arh, APABRSEREBROBEILERER, WHN:MMUER, WE 125 Fin, X#H
R B HRBBR,

VP& UNIX RPN RSE, 10 Solaris, HP-UX ZE#BHAE T N - M A0 AR 5231

© AT “Ea 5 “mFAE IR FHLARS 5 PRI
. B » AR 3 AL et
i
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[er] [erd]
H12-5 FPLBRSREEHEZEN: M LR

4.Java ZREMHER

Java RFRAE IDK 1.2 ZHil, RETFHA “RELE" (Green Threads) /LB TH
9, TWifE DK 1.2 7, SRAEBBEIESONHE T RAE R G A RBEORH. Fit, EHMNK
IDK fRAH, B RS SCREE R RN, FERARE LICE T Java DLV B
WS, X STEARRFEF & EBA AR, UG T thIF R BRSE Java R H B
FHERFR AR AR S . SRR X AR I AR AUA =AW, 4 Java BT 1Y
RISFLEFTR AL, L2 FERREEIIM .

% F Sun JDK K, &9 Windows A5 Linux AAS L 6 FH — % — A 42 B4R R S BLAY
— % Java RELEBGT B — KB BBABRZ P, BK Windows Fl Linux R G5B B R
B —X— e,

i 7€ Solaris - & o, 1 T # 1F % 45 ) 20 72 R vk T AR B 24§ — % — (Gl i Bound
Threads 3 Alternate Libthread S8) K& £ Xf% Cifl if LWP/Thread Based Synchronization
EID WRFER, HILTE Solaris MY JIDK Htuxd B4 T AF 544 RN S5 -
-XX:+UseLWPSynchronization (BRIA{H) Fl -XX:+UseBoundThreads ¥ ] # 4 & K 1l
B PR R A

12.4.2 Java &i2IAE
LRI B R G R AR S RO B AT B, R S S R, 4 BB

© Windows FA 40 (Fiber Package) . Linux FATNGPT (FE24MMMAEIR) HLHIN : MBI, (B E
BT R E
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[l 302k B2 98 [ (Cooperative Threads-Scheduling) Fi4f (5 sUZR#2 & (Preemptive Threads-
Scheduling).

ISR NE R B R SRR R, SRRAITAIE R B o], REHEACH
THEMATE T 2R, BEMBEBMRGEDHRBIA SR L. DER SRR LA
B, T TRREHE [ SR TR A S TAR R, e AR A O R
S, FIABRA T ARBES NS, Lua EE P DRI BRXLEH. EHRHL
WRIE . RBHATHERATER, EEOR - RBREEGRE, —EASNREHTL
B, IARFRS— EHEEIRE. RALIAIH Windows 3.x RYUHLR M PR 2k s
REHBREEFMN, WERFE, —PHERBRALL CPU BUTIHE AT it B4R
Edil 8

IR SR SRR AL, IAE LA R RGOR S EATHE], LR
WAHREA G KIE (FF Java 1, Thread.yield() P LA3LH BATEH ], {ELR B HORNATOTIE
i, REAGREEFADEND . EXFLAMERMEN TR, REOPITHE R R
SN, AR M REFBEA R EN D, Java (R H9LLA 7 XA
ARES. SR FTA Windows 3.x () FAAXS, 7E Windows 9x/NT P4 B2 A8 Fi#
SORSEME R, MNP TR, RATET LU AL S B AR R,
A E T FRRG B

B Java RBEE R ARG A SR, HERIIELTU “HI” REAFKLLRL
SHEE— SAATHE D, T4 — SRR AT A S} AL — 25— BB 7T LA AT R B R
GOKFEI. Java BHFE—IHBET 10 MUBINERMEH (Thread MIN_PRIORITY % Thread.
MAX_PRIORITY), FEPIRHEIRMHALT Ready RASHT, PhOCSBRHRTRRAS RSk
BIAT.

Rit, KBRS RASER, SR Java (LB BATE RGO FUE LR [k
LI, FTLRER R AR RBOR TRAE RS, RATARERERABRLRBIAR
B, (HRIFRWABAES Java REMMIEG ——XPR, 40 Solaris 177 2147483648 (2)
FiEsES, {2 Windows ik HA 7Fh, H Java KRR CREWREE T, PEETF—
SENRRATLT, (B Java KRR PR, RAEREIULMEESMHFRNR T,

© TEIDK/GEERRA T AT RELHRBEER (Coroutines) Jr st HHATAAE S 4bRE, MIXBORIATEIL: hip:/wikis.
sun.com/display/mlvm/Coroutines.
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F12-1 7R T Java &K S 15 Windows LRAR Y S 2 il 6 %4 57 OC R, Windows V- £3 f)
JDK #h{d i 7B THREAD_PRIORITY IDLE Z M)A 6 Pl r 564k .

#12-1 Java REMRERS Windows LBIEEBZ BRI X R

Java EERER Windows ££# 4k 54
1 (Thread MIN_PRIORITY) THREAD_ PRIORITY_LOWEST
2 THREAD_ PRIORITY_LOWEST
3 THREAD_ PRIORITY_BELOW_NORMAL
4 THREAD_PRIORITY BELOW NORMAL
5 (Thread NORM_PRIORITY) THREAD_PRIORITY NORMAL
6
7
8
9

THREAD_ PRIORITY _ABOVE_NORMAL
THREAD_ PRIORITY _ABOVE_NORMAL
THREAD_ PRIORITY _HIGHEST
THREAD_ PRIORITY _HIGHEST
10 (Thread MAX_PRIORITY) THREAD_ PRIORITY _CRITICAL

FICHE ARG AR, SRR —2F-& BRI R 054
AR — &7, B A LR TR BRI S - (RSB TRE SRS 1 A7 s .
Bk, € Windows RYEBAFAE— DN “HESESHERERS " (Priority Boosting, 43K MEL -
KD WIhE, ERREIEAME Y REAR - M RBEPITIFRIE W5 17 3%, oF
FELMGS SRR Se 2 e SRR ATRS (8], P, FRATTAS AR o il P SE ok 5 4 ol
HFIWT— AR HR A Ready (R FERES SEBATIHE— 4

124.3 RS
Java i ERE LT S HARDRAS, AEAERE B AL — R LA B A b — i
R i S HRAS T c
D (New): BUEEM AT AT TR . -
QHiE47 (Runable) : Runable 0§ T HAE RAAFRA Y Running At Ready: (it
AT HORAS IR E T EIEAEGT - AT REIERE 5505 4 CPU e ARG T
£ TRUBAER (Waiting): AT SuRA (0L BR £obi S CPUAATAN I, 515
BEH AR MR . 1T 7ok 2R A T A SRS«
o WA E Fimeout Z¥H) Object.wait() ik .
o WAL Timeout 24(H] Threadjoin() J7#.
® LockSupport.park() Ji%.
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Q BT (Timed Waiting) : b FRUFRRAMRE A LI CPU HATHE, Ak
TSR PR B, E—EREZEENShREH SRR, LTk
SALREMA RS FRRS:

e Thread.sleep() Jy k.

o i T Timeout 24¥) Object.wait() J7i%-
o &E T Timeout 24U Thread join() J7 k-
® LockSupport.parkNanos() i ¥«

® LockSupport.parkUntil() /.

QBH%E (Blocked): SRAEBHET, “BHERS” 5 “FRERE” HRFIR: “PHERES”
AEGREE KRB D HEB B, AT S — MR A SRR KA« T
CERPRE” MRAE SR — B,
HE MR R . FERT R
AR KRR, SRR IEA

Q %5 (Terminated) : B4 A2
KERE, LRBRELERIIT.

LR s MORSTEBBIRFE F kA | Weitng

(B A 2 AR, BN HRXR
e 12-6 Fim.

P 12-6 SRFREFBEER

125 KB

AR, RATESET M T Java WIS R, RISVHR TR FHE. ATl
Mo H LS Java WAPRIRIGIRBL, BURAMAT SATRE IR RAE . 54h, i
T T ARARAE Java 1A 2 PR AMATSLINA)

KT “BHOFR” XAEE, AR EENET R0 EH IR, 1 13 %
o FRA KT SORR AR DL SE B “ 07, LA BB LA T 145 (9 3 4 AR 4
BT AR T B



H13u HmReSitt

It B AEFRIY) 2 B A% Amdahl B R S R LR ST ML AR 4 R L 3h 1 AR
ARSI, dRAK “IER” HRAYLER M M SR

13.1 #ER

TR RTROTN, BRERSHRUBENLON, B ASIEEME RS S,
LRSI, SRRV B %A, BRI FA S S, SRR
Jr A ELHEGTETH SN A ff BE 25 R AR B 1, B T ) i R A AR AR AR . SARR
S 61 404 S AR B DS 0 96 2 S PR, BB AN A
X RE—FRSY, BRETT LALEFR A B R DARF & BS54 S A 7 SR E R SURE Y

T R ) AR B ABAR KR T+ T BB TF 5 00 A P BRI A T LUK B M, {0
BB L 2 R TR At S 5 U, A VRAERR SIS XS
AT TR, SRRAERPITAIYIE, XRMREE HOB) A&/ P B
BRI B, TS T AL P R AR E R B . AR, RPN
RE B — ik, R AULRE HHL SR AT, SR R AT
RFHSSE L, BRI, XFRHA R RRORR " K HERERIE
I RMIERYE, SRR b SCBIRIR . A B 58 AT ARIE I 52 ) TE AN (] S B 42
TR,

13.2 £ERE

“CRBRET XANAR, MIEMASROBFRBSUT, EEERLREEREAN
AT BB 20 BEAE L, (ELR AT B — R K P B LR B R AR R
HHHHN, BHE LRI Google THHREMME, RIWELEMT “WR—AMRAUR
AW MEBRFN G, IERRRRL 20" KFENE X —H R RRERERN, HR
AR P RIENE T B B
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%% Ak (Java Concurrency In Practice) HI/E# Brian Goetz X} “Zf% 4" A ik
M S MBI — AR, AR S e B A AT I ERBE T Y
MZEHFPUT, WATIHTHSNOFR L, SE TR AT ST AT A DM ERAE, Jfx A
TR AT IR ARG IEHO LR, A0 SRR IR 4.

XANE AT, EERRRL AT & — M - ARFA SR T T
DEGEHERETE WERRSE), SHAHIFEOCEEB0NE, R E R
BB TR R BIE SR BRGNS AURAM R, ISR AS B, fEX L5
Seeh, RATEBLHIXE LB —LE, WAIE PR LRTH” BEH “RRIH 7,
EANE L HABHA AR A TS, ROVRT UK RRRELT, FHAEB L E
X BAEFHHCT, REFEEMRGFN.

13.21 Java iEShHLiER S

RAVELH TREL R —MIGE X, W FRBIHE— FAE Java 5, K%L
BRI ? AR RERLE RN AR TIHENART S, RRE T2 R
B IAE LS AR TP AN, B A0 — BEAC AR A R & 3L BT MO, R4
MRBLE SRR, BT RATIIT IR AR A S B 52 40T X i)

BT EIRA SRR, A BN T LRI % A AR BB — T
HAETIORA R, RIERR L 2N “RLBE” MBEFATF, BRI LI Java B h
BRI IRIR B R 5 % . AR, AMAEEA. HMAEES, KRGS
B

1. KA

AE Java W 1 CFFAR IDK 1.5 LUR, B Java POFE SRS E 2 J5 10 Java i), ARAT
4 (Immutable) HIXTR—RLRELH, Tib~RRMITETIER T ERRAE, HAR
T UEFERIRAT (TR A AR BN, AE405 12 BETRATIRE] final JCHL 54 e 0 T T it 99 25
P, B ARAERR G IR ok BT R4 this 5 IR AN L)
ARILHMAT T SR AT AR LU, AE WA SH R CESMREZ A TR SR
Ao RIS AT 5 R AR

©  EFRIST7 ¥t EBrian Goetz{EIBM developWorkers |- % %) — b SCHR i), KILT “Fefl]” L0l RE
AT EATIR S k.
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Java HEE T WURIEEROR R A RIR LR, A4 REAEE U final XHET
TR URIEERA AR . MRICERIR R R, AR BERIE R I A&
XFCRA = A AT A AT, AR SR (13X 3%, R 9548—4 java.lang String 26
Xg, BRI X R, AT ER substring(). replace() Fl concat() £
ARSI E TR, R 2R El— R TR X R

PRAEXTSATH AL B COREMBRARER, Horb IR 0t b RS
(S REAR TN final, XPETERORE PRBUERZ G, ERMEARATEN, BT $ 13-1
java.lang.Integer 3t IELIT/R K, B0 DA PIRBIRAZE R value 5 L final RARFLRAE AL,

REHL 13-1  JDK 1 Integer 3 #I3E &

Je
* The value of the <code>Integer</code>.
* @serial

*/

private final int value;

s
* Constructs a newly allocated <code>Integer</code> object that
* represents the specified <code>int</code> value.

* @param value the value to be represented by the
* <code>Integer</code> object.
o i
public Integer(int value) {
this.value = value;
)

1€ Java APT PAFERATEZOREAY, BT _LEHRBIAY String Z5b, HRROEA ML
A, LA java.lang.Number 34> T2, 4 Long 1 Double 25 ¥ {13 2%, Biglnteger Al
BigDecimal 4 A BHE K ; {H]R] % Number f9F KR T4 AtomicInteger Fl AtomicLong
MIFAEARAT SR, B AGR R XA TR, A4,

2 BHEERE

# XL % 2 5E 2 L Brian Goetz 4 R L 2 E X, XAE LR
B, —DRELR REBITRIRGET, AT M E R AR E
FHARKH), AR RYILIROMRM . 4 Java AP HPAREE I CRARLAWE, kZ
BARARAERT LR 2. RATATLUERL Java APT H— AR “Hint 24" MRE%E 4



e e BEEH BRER ey
FARRELLN 4k RALEE.
T I java util Vector S MRUET RIS, ATHDTA Tava BT RATHA R A
W FAER add0) get() il size() EATr AR synchronized IS HiIKL, S BREHCRIRAE,-
TS R 0. (LR BV B A R R R R B K
BAHBERLTFET, WA TR 132 PR,

" REFEL 132 74 Vector FRRSMIL

private static Vector<Integer> vector = new Vector<Integer>();

pubFic static void main(String[l args) [
while (Crue) {
for (int i = 0; i < 107 i++) {

vector.add (i) ;

Thread removeThread = new Thread (new Runnable() {
@override
public void run() {
for (int i = 0; i < vector.size(); i++) {

vector. remove (i) ;

b

Thread printThread = new Thread (new Runnable() {
@override
public void run() {
for (int i = 0; i < vector.size(); i++) (

System.out.println((vector.get(i)));

h:

removeThread.start () ;
printThread.start () ;

J/FERB AL S o R, TS HRAER R

while (Thread.activeCount() > 20);

IEATEE RN«
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Exception in thread "Thread-132" java.lang.ArrayIndexOutOfBoundsException:
Array index out of range: 17

at java.util.Vector.remove (Vector.java:777)

at org.fenixsoft.mulithread.VectorTest$l.run (VectorTest.java:21)

at java.lang.Thread.run(Thread.java:662)

RIS, RAX BTN Vector 1 get(). remove() Fl size() Frik#bR LM, R
ARFAGFHER, QR ALEDT R RS F S R AT, S BRI R AR L
f, BORIRS — A RBR I ERR T MR T AT, REFE i SRR
%, FEHDQ V7B Rt 24— 4 ArrayIndexOutOfBoundsException. 4l 5 2 (i3 BE A
REIEWI AT F 25, ATAMSAIE removeThread Fl printThread f5E X BURANfRASH . 13-3 B
RHIHET -

REHEL 13-3 BAMANRS URIE Vector i FIMRRRE M

Thread removeThread = new Thread(new Runnable() (

@Override
public void run() {
synchronized (vector) {
for (int i = 0; i < vector.size(); i++) {
vector.remove (i) ;

1

N

Thread printThread = new Thread(new Runnable() {
eoverride )
public void run() {

synchronized (vector) {
for (int i = 0; i < vector.size(); i++)
System.out.println((vector.get(i)));

1

ni

3. AR ERSE

MM R B LS MRRATE R X L NRRE S, ERERIEXX AR
BAERARE AN, RAVEVEHREAR T EHB MO IR, (R R T SRR I
LV, R AT A U O G AT 9 5] 25 T BOR R P R (9 IE b . TR RS T 2
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13-2 ACHDIE 5L 13-3 B RAR AR % 20 I B A9 2 91

A8 Java ifi /R KABSHOEAR S KR TR, 14N Vector, HashTable. Collections
1) synchronizedCollection() 7 AL R A% .

4. LREEE

ABACA AR QAR B AR LA, ELRE T LS o 75 98 FF 98 1 W e 0 ) 2
BORDGIER SRR R T2 A, RATFH p— AR R R R LR, AL
IR X — B . Java APL R KIS ISR FARRBMAN, WISHIH Vector F1
HashTable HX 1 (% 4526 ArrayList Al HashMap %5,

5. £k7Exd

SR LRI VA FH R TR I T ] A4 0, 5 1 25 R BRI oD 0 FH 0 £
o MF Java i3 KA g R4S BLRRAYE, SRR SRR HET 2 B HS AR B
1M LI AT F A, R G

LT L 7L Thread 21 suspend() il resume() J77%, IS4 B/ 22 [l i 45
A MREM G, IR, BRI AE, W R, i
IR TR T RS, AR AT AL FEBURIR 0, AR suspend() Fi W 925 Btk 2 B
HEEANAT resume() ITBANERRR, RMEHTAE B A 300 T tLiE Sl T AN B0, suspend() il
resume() JiIKCLLEBE IDK S HIBEST (@Deprecated) T. # WLAGLFEX ¥ MOBRAEEA System.
setln(), Sytem.setOut() 1 System.runFinalizersOnExit() % .

13.22 BKEZSHNIMAE

TR THARSBRESZIR, BHEEN— M UERERA LT LR LS, K
HAALTJE— P AT AT S e T, 52, I e 4 SIS ATk
IR, (DML B A5 R R B T4 TR, Ak, RRS4E af5
TRRBEL A LIS BRI 5 WP 4 A LA BT B, AT o TR TS 26, 1L
T T T AL 2 F BB, (RO I TR SRR (R
e

1. ERES

TR % (M ion & ization) 2 UL (t— B LK TE o PELR I F Bt
VLD S 0 22 A eI VT PIAE SO, (RE S MO ) — A 2 B A (a2
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s, QPR AR KR TR S BE i —Fh T B, A (Critical
Section). HJFHt (Mutex) FfF 54t (Semaphore) #5/2 ETMHF LIy Hitt, fEiX
AR, TR, FBRR: TRLNE ASRAD.

18 Java 1, e BEAR B 5 JF (6] 45 FBERJE synchronized G827, synchronized X4 285
HF LT, SAER LB E 53 B L monitorenter FI monitorexit X P4~ 1T G464, X P
AF AT ER T B4~ reference 285 (B BORAR W EBUE MM BRI L. W Java BT P K
synchronized i # i T AP 5S40, ACHIZX XL reference ; WIRBA AT E, I3
HRH% synchronized 16 16 ) & S 1) Jy i S 2 i, RHORHIRE ) X G 2 Class X Gk Ay
iR

AR LA AR, 7EIMAT monitorenter FE AR, FAEE KM LB, R
BAXT QBB WA YRR T LA T RABE BB RR N 1 MR,
FEPAT monitorexit 45 4 I 2oHFBTHACAR I 1, MITARR Y O B, BUBBREI. ANSRFKHGTS
BRI, MR BB IS, HBIX R S RO I

16 M ABLALIE X monitorenter il monitorexit 1T A HidR e, 47 P SR T BAE R 19
T4, synchronized [l BT ] — SRR BRBLR AT T ALY, A2 HBLA O A CHBEN S .
U B BAEC A MR BRIATEZ 0T, 2R RIBARAIEA . 5 12 Tk, Java
(RFRE MG BIRAE R M FAERBZ 1Y, IR PR — R, #w B R
GERHEN T, DRI P SRR BB A, BIHARZS B 2 HE SR 2 (R b 2 2
il b FARED T LA A58 (i synchronized #HiF) getter() 3% setter() J73%), ARAHH
FEAIS )47 AT G L P ARES AT BB IR 224 . ITLA synchronized 2 Java i 7 H— T B4
(Heavyweight) [W#4F, #2507 FAREAEW ST B M NI T A SRR ME. i HE
HLA B 22 AT — S AL, AR AR RGEFLRE R Z AT INA — B A RES R A2, st
BEIABIOLEZ .

B T synchronized 2 4b, Ffi1i& AT LA /] java.util.concurrent ¢ F3CFK J.U.C) i
AMB (ReentrantLock) <B4, fE4A % L, ReentrantLock 4 synchronized 784 {LL,
A RS —FEROR R AR, RISk LA MK, —EIh APLZ TN T8
Clock() il unlock() 77 AL A try/finally iBA B SEMR ), 55— A F B IR AE 1 24 J22 T 4 1L
#i. Aif, M synchronized, ReentrantLock Hifil T —2i54ahfit, EBATLIT 331 %F
TR RSB, LRI LAGRE AR A
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O 418 A o TS 45 R A B0 R RS R R OB B 10, TF A1 R B LR TR 1T LA 4
BFEAETE, WOHARFRILAL TN, e TR Xk BT ) I [ 2 AR AT
W
Q AV B 2 AR AR — M, 20452 A A e M S AR U B A
T AR 2P BN HIE S — 00, BRI, (R — 45 B0 R A A Pl 2 278
. synchronized H! (A2 IEZAF-AY, ReentrantLock MRIANY 5L F UL 24T, fHAT
LA sk A3 AR E R R PR BRIP4
Q B E Z A HeAF L1 — 1 ReentrantLock 4f % T U] 4 £ 4~ Condition X 4, i
1 synchronized 1, i X} % 1) wait() £l notify() 5% notifyAll() J7 7% il 1 52 B — A
TIRAE, WAREAME T DR KA, B A BSMAI—A8, i
ReentrantLock MZEAXFEAS, LW newCondition() 77 HI AT .
WA B L3R DB, BB ReentrantLock fit —AMRAFHYRESE, AR NS IE TrERES
IEWE? T synchronized Fil ReentrantLock AVEREMI, Brian Goetz % i BiF4i7E JDK 1.5 5
HEALES, LK IDK 1.5 540 Xeon AMBIAEIREE NI 1 —Z1ARu BEXT LAY SCIRS, SIB045 R
Ll 13-1 AP 132 B

Single Processor (Windows)

=z 08
2
o '—X—'\
E 04
02 S
1 2 4 3 16
Threads

FE13-1 IDK L5, SUabsias ¥ wimh aiag fnk fx t

B 131 AP 13-2 WTLLA ), S FRIRHE T synchronized B 75 ik i F BSR4 4
ifil ReentrantLock I 4 A< (R R 45 il — 4~ LA YK F 1. 5 3Lij ReentrantLock TEfE4F,

© AR K P AR FBrian Goetz JIBM developerWorksSE5 (i 3:  (Java theory and practice:More
flexible, scalable locking in JDK 50) . JSCHuhER::  hup: i 1p1026477
S TACT= 10SAGX52&S_CMP=cn-aj.
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A synchronized ¥4 JE KB EAL AR M. S22 A K RALIEY] 13X —xi, JDK 1.6
SPIA T AR A A BRI AL (13.3 WIRATEL S HRX LetEALH D, DK 1.6 RAT IS,
Tk % 5 synchronized 5 ReentrantLock [RIHEREREA 5G4 T B, WSS 9%
JF R IDK 1.6 801 F B S, YEREK 28R BV ReentrantLock IERH 1, HEHIHL
5 S 3K (g P R 14 2 TR ) T Y synchronized, T LA ZHE{EAE synchronized
RESEBIA R BT, fE5e% AT synchronized HEATIRIZ o

Dual XeonHT (Linux)

12

JA
508
R
206
H
& \}/‘f

0.2 3

0

% 2 4 8 16
Threads
8132 JDK 1.5, A Xeon ZhF{ R FWIFMA A 7L BT LE
2 FEERY

B[R] 0 2 0 ) R A S A TR B A R T R (P B I, PR s b ) A
J7BH %N 4 (Blocking Synchronization). MALFEIE(H 75 L, HJF LR T— ik ol
F R HEw, MR RER X MOER A RIBRE (lAin gD, BRI, B
IR R B A S MBS, TN GX EIHS RS, SR LRI
SARALIRK — A AR LE MG P S ROEF . G5 SRR R A AT B
TR EM AR . B RO SRR, BATA T B - 2T rhseitil
SRV SRR, BT, BURSCHEATHRE, WA HAL AR IS R, ARt
RINT ¢ RSB P, P T g, ISR RERBCLAL I RMETHE R IR
R RAWH T, HBRINNIED, KR RILEIF R RN 1 2 AT E R R,
PR M R ] 53 R AR BH ZE TR 25 (Non-Blocking Synchronization) .

N AEH VLR T R SRS BRI AR R R A RBIEATIE? DOATRATHE
AR IR I A5 PR A TP, SRR 20RARIEE? AR T A P T (R4 R BRI
BMAREBLT, FTARN AR R AU, BHME—NE X LR REGEL
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YCHAE 1T A S — AR AL FEAHE SR AESE AL, AR A A

Q WikJFiZE (Test-and-Set).

Q 3R (Fetch-and-Increment) .

O 58He (Swap)e

Q H4IF2e# (Compare-and-Swap, F3CFk CAS).

Q0 finask B / S&4FA7% (Load-Linked/Store-Conditional, T 3CFk LL/SC).

e, RUEEY 3 &2 20 AR B AATAE T REFIE SR P ERHE S, IS M
FRARIURAL SRR, T ELBPA 220 B AN BRI . 7E 1AG4. x86 5L HEHHA
cmpxchg 84> 56 B CAS BB, 7E sparc-TSO 47 casa #§ 4 528, i 76 ARM Fl PowerPC 42
IR, A3 1drex/strex #8458 M LL/SC 93 fE.

CAS B2 WA 3 MREE, S RRNAFLE (FE Java AT LR IRIR 525 R I FT
Hodik, IV #ERO. IREBUNE (A FoR) MEE 0B 2R). CAS #AMITH, HH
{0 VA INBUIE A i, LIRERFIHE B BH VMM, FUERAITER, HEX®R
REEH T VI, BERE VRIEE, LR R R T

AEJDK 1.5 ZJ5, Java B2JF 74 AT LA AT CAS $4E, % 424E i sun.misc.Unsafe 2% B [fi
f#) comp; plnt() il comp: dSwapLong() % JLA 7 A B 42 06, H SUHLAE P 36 %F
BOSETT AT RRPRARTE, EPR 4R VE R AR R — ROF A ML MUALTRAE CAS 154, WA
AR, SH T AA G R TRRkE & T,

Hi T Unsafe JEARRSAEER P AR IF I FIR92S (Unsafe.getUnsafe() B FRAS FBRH T 5UF
JAEN AN AE (Bootstrap ClassLoader) fN#K M Class A B iRE), Fk, W05 R = 5
TR, BA RGBS I Java APLRRIEME S, W01.U.C RN BEIETE, Hiw

dSet() il getAnd ) BFPEEBEA T Unsafe 2665 CAS #45.

FAIAYE—BAESS 12 T2 b AT R He i 18] B U KT 7 0o 5 ) CAS B Bt o BHL 52
[F125, AR ANARAD T o 12-1 AR . FRATHE 235 3 B 20 4~ F1 1% 10000 Yk AR AE B
volatile AR TV, IBAMGTA AL E BT THER? 8 “race++” #4ER increase()
Jrik ARLR AR MR — Ak, R AR RS R 13-4 FORIES, ARk
WoRErE.

© MR B FRAL IR K ) EAFR R A BB (Intrinsics) , KA EI4T R GA# Math sin() %«
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REBHE 13-4 Atomic HEF BMIEH

Jex
* Atomic & B HEHM K

*+ @author zzm

p

public class AtomicTest {

public static AtomicInteger race = new AtomicInteger (0);

public static void increase() {
race.incrementAndGet () ;

private static final int THREADS_COUNT = 20;

public static void main(String(] args) throws Exception (
Thread[] threads = new Thread [THREADS_COUNT];
for (int i = 0; i < THREADS_COUNT; i++) {
threads[i] = new Thread(new Runnable() {
@override
public void run() {
for (int i = 0; i < 10000; i++) {

increase();

i
threads[i].start();

while (Thread.activeCount() > 1)
Thread.yield();

System.out.println(race);

BATEERAT

200000

M Atomiclnteger {08 int 5, EFHIE T IERIIISER, —YI#F%35)T incrementAndGet()
DT BB R R, AR 13-5 FTR.
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REHL 135 incrementAndGet() 73 JOK i§#S

e
* Atomically increment by one the current value.
* @return the updated value
*/

public final int incrementAndGet() (

for (;:) {
int current - get();
int next = current + 1;
if (compareAndSet (current, next))

return next;

)

incrementAndGet() Jr #AE— P TERRAAFR b, A2l — A HS AT K 1| BB HR S B
Lo WIS T, ARBEMIAERAT “FRIR - RE SRR R E 24 T, TRAIKIEF
AT TR, BEIR RN Ik

JRAE CAS FRAARSE, {H AR R JE 0k W o LR A 45 B0 BT M, 3R H CAS
BRSPS BIF AR SE SN, FEAESCREI — R - WIS — ARV MU R
AfH, JF BRSO A R A B E U5 A, IRIRATRLAE R B A A B A Rk
A T ? 0 e B B AR S EOR T B, SRR LA A, TR CAS AR AR
A E MR BAT BBt . XANWTFFR A CAS $:4E “ABA” M. 1.U.C 4 T x4
TR, A T — A BRIC IS T 51 I “ AtomicStampedReference”, & AT LA 1148 ik
HLIRASKARIE CAS MYTERTE . Aid H DR BLX AN e “X1 7, KM T ABA [
MRS R IR PE, SR S ABA IR, UM S5 19 T (R 45 7T Bl oS
TR

3. ERSHR

FEUERRE S, AR —E BT, WHERAEELR. RS R
B I A IESE RO FBE, IR AASR AR W KA SHAR, TR AR RS 4
Il S ORAETERPE, R 2AT — SR KA AL A G, A4 T MM S 3 B

FTENRE (Reentrant Code) = ARG fAEfLAY (Pure Code), T LAFEARELIAAT
IOAT ATt 20 s, 10 00T 59 40— B I E A ), T4 M RGE [/
AR AT R . MR R AR, T B APER A R, B AT URIE
ARG A, WDIEAT AT T A RO RRS R e ey, BRI BFAT YRR 22 & 0 AR A e 7T
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AR,

AT AR A — S SERIRRE, R R (M ORI A I R GEVE . TS
R AS AR SO A L AR AT AR D B e FRATTOT LS — ) 80 S A S
IRARE AR A TTEAMN . R, EHGREZAUETT ARG, R A TR
W, RERBARIR AR R LR, IR0 T AR, MR R R A

LA MAFRE (Thread Local Storage) « UNSFe—BEf U ity 22 R 21 5 HoAARAT G
5, IREA X S AR  AUS SR  REGIEAE [ — R PAT? IRARPIE, BeATTRET L
LR T L B BRI TE Rl — MR R I, Bk, AR B ARIE R R AN SRR
EgalibInN

Ay SRR 00 7 AR 0 UL, R A3 I e A A AR (< A — T
7 B B LR S e B AR R P S, b R =~ DT S
JE: AL Web 38 ALy« — AR — 4B 5 SR FE” €Thread-per-Request) 4R 75
A, KRR R EEASAR - Web [l 5 3 B FHA MT EA FHZR AR s SO it R 22
frEa

Javaifi Fh, MR — T RE S LA, RELLAETH volatile JCHEF A EN “ 548
L e A R BRI, Java TTAERAT FAL CHEP _ declspectthread) XA
B30T, ANk 2 a] RIS java.lang. BhreadLocal 264 5 BUER B A M AE S (U B g 194>
24 P24 Thread %} 42 #647— 4~ ThreadLocalMap 342, X% G 4¢4# T —41L) ThreadLocal.
thireadLocalHashCode-Jg §,  BA7< o 2% 72 725 fit Jy {8 ) K~V i %, ThreadLocal At 4 kit 24
ik F f-ThreadLocalMap ) i/ [i] A 1, 4§ — ThreadEocaF A R 4L & 1 — 90— JC -
threadEocatHashCode fif, (4 XA AR FELAAE LR K-V ROUEfR Il R (1 A 28 B2 i o

133 #MEL

EBOF % S JDK TS5 8 DK 1.6 i~ T E ik, HotSpot HE LA A1 B 71551 Wi
A FAERE T KR A L LA BB, WEERMERIE (Adaptive Spinning) .- HHER
(Lock Efimination), #ii#l4f (Lock Coarsening). 4&HE4¢8t (Lightweight Locking) ALfii I 4t
(Biased Locking) %, SXUEHRHMEN T LR MHE BACHHL S8l AR ISE 4 B,

©  {EVisual C++J “__decispec(thread)” XBF, HifEGCCH L “_ thread” .
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AT B R PP R A TR

13.3.1 BiegiSB8&N Bk

W AT R T R A, B30T % (745 X Pk e e K 0 5 i BEL S Y S B,
AR R R TR (PR RR T R A g i, e PRAEAA RN IE REREHE K TR K
Wy [, LAY IR A A T EBIE VR 20T b ISR Bt RS R i
R — Bt Ta], T X B ] R AR R AT . R B — L gk
%, BRI EL LR RN IR ATHAT, RATEAT AL m R B IRARAR “ RS —
B, B FES Y RATR ], AR BIR R R F R SR b TR RS
T, Tl AT URBIAT AR CABE), XTE AR @ B .

FIESAE JDK 1.42 B Z5IA, RARIIARZXHIK, 7T LU -XX:+UseSpinning
BHORITIA, £ IDK 1.6 TREE LB T . SRR BIZE, FAERBxHb
FUMBOE I ZR, RS B S T RO RY, EE B AL S RS T
PR, QARSI TR IR, (UBESERAAECR SR N AT, 2, SRR T it )
WS, HEA FIERILRAR N2 I REAL TR RS VE IR, TR MBI R TAE, R 2kt
fi EAOIRSY . PR, F AR A A EA —E BREE, AN A BERAT T PR A B
WA NGB, SRS I X SRR T o A REREI BN 100K, I
AT LU FH S8 -X X PreBlockSpin H H i .

1EIDK 1.6 SIAT FUERLM EREBE. F3E B RER A FHERI B R PR T, W2 th iy
—URAE [ — b ) (1 ERS ] B A HIAT (RS R . IRAER — AN b, RS
FERIRLR S HRARL B, B BUINRBIEEEITH, I B2 Rk ( et iR
TTRERFAR T, METEH AV VRS R T K I ], A 100 AMEFR. S4h, IR
REFRAB, (BRI AT, IRAE UG BRI A T A W b 4 WAL 72, LAk
WINPT ISR A T HELL B, BB IETT MPERE MR BRI SE R, B LpLYE
PP RLAAR UL T 22 MR R, HEALLMLAE S/ IR I T

13.3.2 BLHEER

BRI M ADLBN I R AR AEE TR, 0 — SR SR IFIA, (R B AR B 7T fig
AFAESETE RO S5 BT I BR o BSIOR00 J BE  ARA W THh SM AT (O S d% (25 11
TEOLPHIRT R AR, QIRHINTE—BERFS T, Y BT BORE R 2 ki it 2 T
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AT 2], IBELAT A Y ek RS, A ENREBAA, B
TTRBRTEAEA T

WP LA RER], BRI, 6T RHLR S BRI Ak, B
FUT 5 ORI, [EARTEWI R A BRSO T ZR R AR
VPRI HE I AR 5L A AR, RIS Java BRIF 3R R AL G VP T
FAHSHEH AR . BADRBAEGH A 13-6 thgfl 7, KBRS P AR (ORI 3
A FRFEBRINGLE AR, TR 7 I bR X A R .

KREBEL 136 —BELKLERFHRD

public String concatString(String sl, String s2, String s3) {
return sl + s2 + s3;

b3

FATWAGH, T String & — AR AT ARRY, X FAF 4 09 5 B0 AF SR 1 2 LB

f String X S A HEATAY, [ Javac 4 iF 85 24 String FE#: 0 B 44k, 7€ IDK 1.5 28,

22 4Lk StringBuffer X % ff) % 5% append() #F, 7 JDK 1.5 R LU 9 A eh, 254kl

StringBuilder %142 (93445 append() $ef, BIMURBIE IR 13-6 RO AT REL A AARIS T 4 137
REDHE 137 Javac BALEHFH RIERBE

public String concatString(String sl, String s2, String s3) {

StringBuffer sb = new StringBuffer();
sb.append (s1);
sb.append (s2) ;
sb.append (s3) ;
return sb.toString();
)

BUAE RGN H 5k B ARG B ¥ B Al 215 2 44> StringBuffer.append() J7 % i #5 47 —
AFEHR, BURLE sb XS, HAPLILGEA G sb, AR S K BT 1 B 25 1 R b R i 4
concatString() 4 #: M. HEYE, sb BT FIAAGEAR S “#ki%” B concatString() ¥k
Z4bh, HABARERDIEE, Eik, BRXEAR, R IUBE SN, 7ERR S

© HWH, BARBGER S HGA T, WEER TREIDK LSZATINR, 955 LR

LAY StringBuilder K SEMFAFRIHE, I RSB, (B AR L FIX A TS Javaxt § a1 )
Wb
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WZJa, KBRS 2 A B R T B AT T .

13.3.3 g8t

S, RAVERT R R, SRHEREAE R 5 B A BRI R h— R
SRR W SRR P A AT R, SRR T ST M A AR R AT RS/,
RAFAERTE S, REFFBMAR LA R eS8,

RESPHEBLT b SRR TE A, ER A0SR — R B B P SR — A X R
SUMBRRGL, B MR HBUE IR IR, ISR A RS, AT H
R4 B th 22 SBOR L B A FE

AR 3 13-7 FIELER) append() 77 HEHEIR F X A5 5L, NS KR SUBLIRII B4 3 4f —
A BRAEAI R — D3RI, AR MBAEL GG R L) DI RIEFIMh
i, EMREBIE 13-7 0, WY RES— A append() #AE2 W P % L JF — > append()
fEZJG, R RTEM—RRAT LT .

13.3.4 RBEH

BRRYUL IDK L6 ZPMAMBF BB, TEFHH RGN TR
YR RORSIE LB 1, HMAEGBPURRAR Y “ER%” 8. & mERm
—REE, BRGSO RARARERREO, TR SRRSO T,
WG TR B R A R T B (PRI

EHRE R, DR 2 UER] R 1 B SR AIE MR A2, AU HotSpot HEHSLAL
BT CRERKASP) HNFEARIFAMN A . HotSpot HEMPLAIXS 3k (Object Header) 4+
AL, B TR B EITRE, WA (HashCode). GC 4ME
4Pl (Generational GC Age) %, X HBAMBUR IR BETE 32 R 64 RLAG ML 53 51% 32bit
N 64bit, FIFRENR “Mark Word”, B RIILE BGRB8 . Foh—FB4FIT
FEARAE I 7 0 DR SRR A fi 6, ISR BN QUTE, LA — RIS R4 77
B

MR KRR EGHR A S L BIREROBIEHRA, B LS R,
Mark Word 38 R — P [ i o 45 # DM ZE AN 9 25 ] AR R I 015 B, 2
XS RICRES N COFEREA M. B4, 7E 32 {9 HotSpot HEIUALAF 4ok BEBE MR A
T Mark Word ) 32bit %5 ] s ) 25bit Fil T4 4% S A FS (HashCode), 4bit Jil 77t
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RAMUAERS, 2bit FHTAEAEBIRERL, 1bit FEh 0, fEILMRE CRitHRBie. TitRoE.
GC rigs AR FXRMEEENERE 13-1.

% 13-1 HotSpot E#IHL¥ &Kk Mark Word

R REN R
MRIEE . ARMER 01 RE
e iR 00 BRAEBE
i E ARG IEH 10 Rl (RS
=, ARECREE 11 GC ##iE
PRIELRAR 1D, R AR, XPRAMRAER 01 A1

TS A T X R R G, RATIEEEGE [ B R R RS PUT SR . R
HEATRIE BTG, S R WA B BE (BURENE “017 RE), MUY Sk
1M AR AR E S — 8 H SR (Lock Record) WYZEIH], JHFAEHEHIM 5 H TRy
Mark Word f9$% 01 (B IT 455 4345 NN T — Displaced Hif4, EP Displaced Mark Word), X
R AR 5 X Sk RAS QN 13-3 FFR .

IR, B PLHE AT CAS $E 2500 % % 1) Mark Word 37 4748 8] Lock Record (K45
Bo MBEAFEHHERN T, WAXARBRIA TR RO, I AR Mark Word
BRGNS (Mark Word (R 2bit) N “007, BIFTRIEH R4 TRERYERSE, X
AL AR S 0 G Sk BMRAS AP 13-4 B/ o

Execution 1 Execution
k Object stack Object
ark word
Method hash | age | o1 | ™ Method K
activation [ e activation i
Lock displaced hdr . hash | age [ 01
record owner : owner
M 13-3 R CAS BAEZ TR B 13-4 BR%ECAS BEZ SRR
LXtRHRES SxRHRE

IR TR T, BRWLE SE SRR Mark Word 2758 7 2 RTZ A b
W, SRR R RO EHA T KRB, ARRERT AR B A R ARG AT, B

©  HI3-3FE 13-4 KT Y f Staff Engi PT “The Hotspot
Java Virtual Machine” .
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BT A 4 B S u ORI 5 T . AR PR ERES AR IR RR
BRI, BN ERRS, BRENREMAER “107, Mark Word HFEHEHIRERTE
TR (R MR, R SR BRI A 2R .

R AR R R RGN B R, B AR B AR CAS SRR AT, R
X %19 Mark Word 38445 6] % R A2 BIHE %, ARREA CAS #4379 Mark Word I
£ &Y Displaced Mark Word it [l , NS #ulsh, ¥ L ERBER T, R
B, B AR ORI, IR E AR B IR, AR R R

St G BREAR TR P R M AR AR R X AR08, TER 5 R A AR
AW, KR DEREE. WRRATES, BRAMEN CAS R4 THHELR
WETFRT, BAURAEETE S, BT ERRAGTFAISh, BMINRA T CAS #4E, BIAER
SEFIINILT, BRI G R

13.3.5 {REAEH

i i IDK 1.6 H5IAM—IBIHEA, B B R I BRSO 7E T 3E SO T B 45
G, AR R R BT B AR BRI AE TSRS AU O T CAS M
BRI G 0 TR i, AR 0 B R AR TETE S BN L T AL AR HR I BR 5, 3% CAS #
YT .

RS “f 7 SREOK R WK W7, EEERXABSMETFE—A
P EMAE, MRERETRMPATERS, ZOWAT SO ORBIUR, WA 81
LA AT R FAT I 2 o

R BTN T A A 2 B 36 T X4 Sk Mark Word 55 4% B 2 ) B 2 4F it
IR 1 B A i R A R 2 AR AT SR BB AT IMLR A TR 8 RS
#(-XX:+UseBiasedLocking, BLJ JDK 1.6 BYBRIAED, A4, LSBT Go— B BRKEUH
R, R 2RSSk AR ALR N “017, EMRABIR. FBHAEH CAS #EiR3k
TUEX A PR R Y 1D {8 FAEX S Mark Word 2 7h, Q5 CAS #0545 15 1 8t
B SRR LS A UCHE A KA UM 9 IR S, RESSAMILAR AT LR B AT A AT R 5 44 (9t
Locking. Unlocking KX} Mark Word ffJ Update % ).,

A IR LKA, AR AR IR R B TR A A
THBE MR, MBI M (Revoke Bias) JFREFIRMBE BRELN “017) s R%H
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SE RGN “007) BPRA, IR E SRR A AR R BTR R T (R B
et BN L 3T R Mark Word #96 R NP 13-5 Fi7.
SRR

AR E B

SRR P BRI

0
U AW P AR
e l ]ﬂm

‘pointer to lock record m

W RABERN R
ik
[_pointer to heavyweight monitor [10]
BB RHE N R
E13-5 g, BREBUIPREH IR Mark Word HIE R
A 1 8 T L8R A (R 5 e R P b B R — AT AU (Trade
Off) MR, WS, EHA—EBEMRFETAH, NRRF PRSI BGR
WEDARFMKRRVI, IR RES AN . ERAR SRR T, AR
FAB ¥ -XX:-UseBiasedLocking He2 (1 1) B AL 5 i o LA T B o

IR RO BE

SRAN. SERAgEmR R

S X
SRR

13.4 KB

AN T LRRE LI RS RIS I T 2 M M LG SR 242 1 S
FHENAT R AUHLR T LB RO & ORI — 5 BHE A b o

WERWRMBY QAP BTSN R R R R—TT2R, T 1 #IFRE
FRYURZ R, WRERXTTZARMBR RO, dR R KO B R B4 R
L=






F& A
HEB
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%D
W& E

%% Windows # # OpenJDK
BEBITF ISR
HotSpot A #uht £ &4 4k
*HFMES (OQL) WA~
JDK Ji £ MR A Hik
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A1 3RBEX JDK RS

B St e B JDK 4%, OpenJDK 6 Al OpenIDK 7 #B2FF Uiy, IEASER AT LIZEE
1) = TE (http://epenjdk java.net/) ERF], OpenIDK 6 H S M OpenIDK 7 A~
FLETFI G, RS MBEREIDK 1.7 A1EH IS, 35— 43T LU TCK 6 /4 DK 1.6
SEHL, RULEBEARIE OpenIDK 7L HMF “FETHERE” —d, JIHXPIAMRA K R 2% 5
AR K -

HBRTA BRI, 238 Mercurial {O A B8 T ELMk Repository 1 1 BB
BYED (Repository #thi —http://hg.openjdk.javanetjdk7/dk7), 3 REE MR, MARA
B L4 Release Note HAHAIAE, A ik Boh ARSI T —26, M
& Mercurial TG4 SUNR ClearCase BLCV'S 2 2 MURRAF HET HIRRES Bee 53— Rt R
HETRE I TEGMETET, LI Source Releases I CHfik : http:/download java.net/
openjdk/jdk7/ )= BAFF AL (IRAS, — MR DEARE— A SEH—IK, BARE RN, fH
W BT V% . 4 T M= OpenIBK 7 Early Access Source Build bI2IRE, 2010:4F 12 f 9—
B%ATRY, KHE81.TMB, MFERZY 308MB.

A2 RHEBK

AR AT R, 4B FEUWUR R 7E Linux 5 Sofaris- I #8# OpenIDK, X % H: 7 Windows ¥
G LRSS, T H M4 E AR B 0 VR R R TE Linux F4R IR, IR — e s
Windows F-£ E41%, HBGER KB E— T IR+ A9 README-builds.html 304 (Litde
OpenIDK R _t i JE 75 T 4R AU B AT I 03 SO ), PR ot e 5 8 0 5 1 4 4
AR L BRE TR LA “Building the-source code for the JDK requires a high
level of technicakexpertise. Surr provides the source code primarily for technical experts who want
to conduct research (%% JDK T 2RI K LM BAR, Sun 4% IDK RS T HA L FikT
BIRZHLY” A% T (R UERBEH RS AR, WRAE b FETR— 88 K% % 0 £ g ]
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HBARIEH o

B FAEA YRS MR SR AR (E 32 (% Windows 7 F & T 4% x86 LY OpenIDK (it
32 {9 IDK), WNRTFEH R x64 M, IELEEFRBHEE— 64 IR ERSE. B %
VW BB A SO AL JRAF ICE NTFS # 3 ISCHE R GEh, B FAT32 STk ST R/
BRI S FEEN I LB - RIFEDTE S12MB K NFEF 600MB (R 175 1] .
S12MB (N FFEEA EARAT LOR-A AT, it 600MB R 525 7] {(U{LZ 45 £7 K OpenIDK YiFY
FURXAHT2, B2 A, 600MB HERTRAAERARGEE, WL T80
TH. KETL Y, SRk, BEERED (B RERTR CH 5IFER, ATR VS
[ IDE) FE ML 1GB (7.

X BB R — A BER BRI (31, R RREUTE , AR R o
ZEhE A E R, SRR —EART L, RS N E 5 E . CYGWIN IR R RS
BOSMY IR, XM T Linux Fl Windows MREAIE2EMIFT S, RITWBALELAC
RIS

A3 MBHIFRE

e A PRIRBE IS — 2 R B LM — 1 CYGWIN®. X 2 —/N7E Windows F- & FHE#l
Einux BATERBERAAEREE T — R Linux fr 2 HF. TE CYGWIN (IR PR 7 4
F {1 ] GNU Make X $14T Makefile SCIF (C/C+H BT Bl ETRBGE, 04 U# ] Java, HRIE

RIS CH A K ANT BRARATIL T %% CYGWIN RERREEZEIbAZSS, Wb

A PRI TR ST IS, USRI R H 0, PRI A MR
TP T T

= FA1 REFIREREMCYGWINIR =

XHE S% a ik
arexe Pevel [ binutils | The GNU assembler, linker and binary utilitics i
make.exe Devel £ make The GNU version of the ‘make’ utility built for EYGWIN.
mé.exe Interpreters P m4 GNU ion of i Unix macro processor
cpio.cxe | Bils cpio A program to manage archives of files -
gawkeexe Utils- awk Pattern-directed scanning and processing language
_ fileexe Utils= file Determines file type using ‘magic-numbers
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(€3]
XHE F% a iR
zip.cxe Archive zip Package and compress (archive) files
unzip.exe Archive unzip Extract compressed files in a ZIP archive
free.exe System procps Display amount of free and used memory in the system

CYGWIN %35 5 il vkt R i A-1 PR

Select Packages.
Select packages tonstal I

sl (O] e CBw s

Cotegory  Current Wew 5SS
Ly
B Accessibility @ Defaalt

 Adein O et
OSup W oW S e Wilities for ner
OSip M oW Sk e Veics oen
Oskip e W 3k cygrunsrv. NI/¥2K servi
2.4 631 Qlep e O Tk libattrl: Shared lib £c
@skp e e Bk shutdown' Shutdoewn, ret
QS oM 0 alecng: Nert gunerat

M A-1 CYGWIN %45 i

RS A R LK RIF . IDK PO RS (Java B HIALE IDK
Native J7 Bk SCH4) A CH i S RAVRN CIHERE A9, H SRR B T8 56
FFRFFELEAE Microsoft Visual Studio C++ 2003 (VS2003) HFi#4745i%, [FRtHL7E Microsoft
Visual Studio C++ 2010 (VS2010) Fillistis, F7LABaF Rt RiX M 4% 28 2 — AT 4%
IR VS2010, IS ATE4TERZ HE LA T Windows SDK v 7.0a, HNATAEAE 12
£ FRXA SDK, It H ¥ PlatformSDK FH 5. 1 T Visual Studio 2010 & IDE J2 i 2 1y,
BEMUCF T VS2010 Express HHEH M) C+ Hii% 88, BBA R I0, (0%
HFARERS LA, UL PERR 4 Visual Studio C++ 2010 3% Visual Studio C-++ 2010
Express [UH#AT4 %

TR A R — AU, CYGWIN I VS2010 %235 2 J5 £B & 75 84K 2 45 () PATH 375
AR P EAH T A9 bin HREAR, G002 IFRIE VS2010 9 bin H % — % ZfE CYGWIN
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1) bin F R Z AT, K AEK BB 9 bin H 24 B ACE ME Y “linkexe”, HRAA
VS$2010 {1534 45 AT LL5E R OpenIDK M4«

W s IDK SRS = SRR TR O SR EH T 1 IDK. VTR HAH
T—— A T AR/ G R A e 3R — SR 7 (AP A SRR G
Jy IDK 445 (15484} (Hotspot. JDK APL, JAXWS. JAXP-+--)- 41 (fpfE 1 il C++ 45
W, TS ARSI G Java B SPSCIRHT PRI PR Java RADT Z B4 THRI
IDK, E’;‘m‘ui/k IDK 2} “Bootstrap JDK”. Tfi%#i% OpenfDK 7 ({3, Beotstrap JDK MAfH
JHYDK6 Update T8 [FHIRA, 23 1 HIF2 JDK6 Update 21,

J& 5 AP JE F =4~ Apache ANT, JDK ' Java fOFSER4MB R4 ] ANT JIASHEFT
G, ANFMAERTE 1.6.5 AL, BSOS E Java IUAEREAIA, XA I E R BN B
FAERE, EEAHER

A4 EFEERBITE

Wi id, OpenIDK T IS IFRA AT 100%, EARRETEIFBRETHUL
TAFAE. OpenIDK 7K F JG K% 4 i TP IS8 IR BB B0 0 - AR, HEDESK,
i IDK AT ERXEAMATRA, HHFRZ N “IDK Plug” ©, ‘EfFIARTIE I Source Releases 7T
WSEAT LI F 4%, 7E Windows -4 #9. JDK Plug £ Jar GLAYJE XI24LEY, JHL T X K4
A AR

java -jar jdk-7-ea-plug-bI21-windows-i586-09_dec_2010.jar

EATFRHE 2 R INE A-2 AR BGYRX, SRl ACCEPT B232 0, #AJGE Plug TRFI
S F R BV 22358 15 2 3 — M FRBEZE B “AET _BINARY_PLUGS_PATH”. ZERL(E Witk
DK Plug f%4eHte, JRHAIFRIFMTEMBIE.

[ FETLEIDK Plug 55, PRI T ES I IDK WIZFER L, X4V IDK T
Java ARFS 4 S RUARSRAT T M, AN SRAUAL 2 AR AERE— 1> HotSpot HESSLHL A% 1% W AT LA A«
BB EBSFR 25 “Optional Import-JDK”, 71T 1L F 4 FBLIE Bootstrap JDK KJi5A7HT
0, RAEEL L —A44 “ALE JDK_IMPORT PATH” HySREFAERRSI JDK K% H 7.

© fE20114, IDK plugB &RHERET, (A EHEAREHEME2010412 9 H £75HIOpenIDK b1211
AT EKLIDK plugs
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Binary License for OpenJOK

‘Sun Microsystems, Inc Binary Code License Agreement

SUN ICROSYSTEMS, INC. (SUN") IS WILLING TO LICENSE THE SOFTWARE TO YOU
NLY UPON THAT YOU AGCEPT ALL OF THE

BINARY CODE LICENSE AGREEMENT (AGREEMENT"). PLEASE READ THE AGREEMENT

CAREFULLY. BY DOWNLOADING OR INSTALLING THIS SOFTWARE. YOU ACCEPT THE

FuLL
TERMS OF THIS AGREEMENT.

[accepr | [ oecume |

B A2 DK Plug 23

SRJG R 22— KT 2.3 i) FreeType®, XJ2— e St M F A e, JDK () Swing
#43H JConsole X T HBMMBIE . LRIF/RE A FFH2 R “ALT_FREETYPE_LIB_
PATH” #1 “ALT_FREETYPE_HEADERS_PATH”, 4} 445 il FreeType %% H 3 F ) bin H
AN include HR. 53MEA — AUH J7 SRS B AT R B8 2677 ZE 40 3545 23T FreeType £ bin
HFNAZ| PATH SFHZE R

SRV T # Microsoft DirectX 9.0 SDK (Summer 2004), 2%/ k414 2908MB, FEMUKE
JrRs LR — TR LR B T Rk, ERGEIA. RRJFH I IFEAR “ALT_DXSDK_
PATH” #§I#] DirectX 9.0 SDK %% H 5.

RIFHETFR—4H “MSVCRIO.DLL” MISHAEEEE, MRREERTELE T 220
Visual Studio 2010, ARXACHLEAYUSRAERE], AN R— T tAEHR B A0 0 T Rt
hk, KHEA 744KB. ELFFHIAER “ALT_MSVCRNN_DLL PATH” $4[3X A4N304 B # i B
SR WAL BRI VS2003, SXAHARY Y “MSVCRT3DLL”, BILEREHA R
WEHEAAIM, MERABIE, W TR “Bootstrap JDK” ) bin B Frh B tiA —4,
HHEARAE.

A5 HITHRIF
BAETE T RAORIFFREAKBI B REFLT, BIFRITER EX BRI — LB
DA ARSI -

© FreeTypeE T httpi/fwww.freetype.org/
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T SEHAT VS2010 1 VCVARS32.BAT, iXMttAb s 39 H i) 1% R 8 INCLUDE,
LIB Al PATH LA ERSHR, ansmEH —F FUR T8 TR ais I m e F T e,
A REE R B E T A% T 4 ARSI B A-1 RO . HtAbBRizEAT 58 2 SR EET
“ALT_COMPILER_PATH” FF5i25 i3k Makefile %158 7EMb B AT AR 2145135

FES “ALT_BOOTDIR” il “ALT_JDK_IMPORT_PATH” /585745 4 i) fi i 4251
% IDK 1.6 924 A 5. H3r “ANT_HOME” #5[i Apache ANT ({1 %2%% H 5. # S MIFREIE
RBZ, ATH#EHRE, EHE T —MAEHLMEES 2%, WRFBEE A1 B,

REGHEE A1 RETEGE

SET ALT_BOOTDIR=D:/_DevSpace/JDK 1.6.0_21
SET ALT_BINARY_PLUGS_PATH=D:/jdkBuild/jdk7plug/openjdk-binary-plugs
SET ALT_JDK_IMPORT_PATH=D:/_DevSpace/JDK 1.6.0_21

SET ANT_HOME-D:/jdkBuild/apache-ant-1.7.0

SET ALT_MSVCRNN_DLL_PATH=D:/jdkBuild/msvcr100

SET ALT_DXSDK_PATH=D:/jdKkBuild/msdxsdk

SET ALT_COMPTLER_PATH=D:/jdkBuild/vcpp2010.x86/bin

SET ALT_FREETYPE_HEADERS_PATH=D:/jdkBuild/freetype-2.3.5-1-bin/include
SET ALT_FREETYPE_LIB_PATH=D:/jdkBuild/freetype-2.3.5-1-bin/bin

SET INCLUDE=D:/jdkBuild/vcpp2010.x86/include;D:/3dkBuild/vepp2010.x86/sdk/
Include; $TNCLUDE®
dkBuild/vcpp2010.x86/1ib;D:/JdkBuild/vepp2010.x86/sdk/Lib; $LIBY
D:/jdkBuild/vepp2010.x86/1 1B%

SET PATH=D:/jdkBuild/vcpp2010.x86/bin;D:/jdkBuild/vepp2010.x86/d11/x86;D:/
Software/OpenSource/cygwin/bin; $ALT_FREETYPE_LIB_PATH%; $PATH%

R ETEAATRIE, B, H SO RA R, (H RN 5 A AR
UESR P R AOREA . —TURBUGHFSEAE R JAVA_HOME, X ARMEH : 55— R R
TEFOSCHIRIE RS L E, ARARBTER SO R LA IFRMIMRA N TF RSN 30
CEED”, (ERH IR - XISAE S RIS — D I Tl LR . ISR MR B AR
BBk RS — 4> “BUILD_CORBA” M3RSTAE R, M E W false, HKIH%P% CORBA ¥4},
75 Java IDL Cidlj.exe) 24 *.idl {4 A CORBA i R AR fURS (K B 15 237 A4 o SCHERE,  TiTX
e SRR 2 U AR VT 3 B PR

ST RREHEA THEZR, RIATFAUFRFET. BEAKHE (Cmdexe) Fig
AT R A M 5 7 0 150 PR A A O AL B LI, #RJS A bash 7 A Bourne Again Shell 33
Csh = ksh LT LA, 405 JDK % RAS A7 4E “jdk_generic_profile.sh” X~ Shell 7%,
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SEHATE, ##H TR OpenIDK 7 B121 BB A XA SCAF T, FTEAE A make sanity 3%
AR TR R ELWER. R, T2 25 2 LT
A-2 BRI .

REEE A-2 make sanity RE

D:\jdkBuild\openjdk7>bash

bash-3.25 make sanity
cygwin warning:
MS-DOS style path detected: C:/Windows/system32/wscript.exe
Preferred POSIX equivalent is: /cygdrive/c/Windows/system32/wscript.exe
CYGWIN environment variable option "nodosfilewarning” turns off this warning.
Consult the user's guide for more details about POSIX paths:
http://cygwin.com/cygwin-ug-net/using.html#using-pathnames
(cd ./jdk/make && \

TS ST PTS N 1T

OpenJDK-specific settings:
FREETYPE_HEADERS_PATH = D:/jdkBuild/freetype-2.3.5-1-bin/include
ALT_FREETYPE_HEADERS_PATH = D:/jdkBuild/freetype-2.3.5-1-bin/include
FREETYPE_LIB_PATH = D:/jdkBuild/freetype-2.3.5-1-bin/bin
ALT_FREETYPE_LIB_PATH = D:/jdkBuild/freetype-2.3.5-1-bin/bin

OPENJDK Import Binary Plug Settings:
IMPORT_BINARY_PLUGS = true
BINARY_PLUGS_UARFILE = D:/jdkBuild/jdk7plug/openjdk-binary-plugs/jre/lib/rt-
closed.jar
ALT_BINARY_PLUGS_JARFILE =
BINARY_PLUGS_PATH = D:/jdkBuild/jdk7plug/openjdk-binary-plugs
ALT_BINARY_PLUGS_PATH =
BUILD_BINARY_PLUGS_PATH = J:/re/jdk/1.7.0/promoted/latest/openjdk/binaryplugs
ALT_BUTLD_BINARY_PLUGS_PATH
PLUG_LIBRARY NAMES =

jdkBuild/jdk7plug/openjdk-binary-plugs

Previous JDK Settings:

PREVIOUS_RELEASE_PATH = USING-PREVIOUS_ RELEASE_IMAGE
ALT_PREVIOUS_RELEASE_PATH =

PREVIOUS_JDK_VERSION = 1.6.0
ALT_PREVIOUS_JDK_VERSION =

PREVIOUS_JDK_FILE
ALT_PREVIOUS_JDK_FILE =

PREVIOUS_JRE_FILE
ALT_PREVIOUS_JRE_FILE =
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PREVIOUS_RELEASE_IMAGE = D:/_DevSpace/JDK 1.6.0_21
ALT_PREVIOUS_RELEASE_TMAGE =
Sanity check passed.

Makefile i) Sanity #6533 B4 ) 1 4% PR IT R (0 57 A SR B A5 6k, W0IRA £ “Sanity check
passed.”, BLBKE A RRE A T, A LUSTA “make” 44T % 4 Makefile, %8 # {fi /il Core
i5/4GB RAM MHLER 4 iF 4 TDK AHER S/ o QIR A TBOU T 22 ARG SR 08 1 9%
WA, B Sk A PRI E . JF HEAAE F— R Z AT EPIT “make clean” 3K
PR b Y G PRI 0 31

HPESERZ G, 17T OpenIDK #R 8 F (4 build B 3%, HHERARZDEAE —THRIFFH
JDK ZEFREAFH T2 $UT—F “java -version”, BEFILAH SHLARMAZ R IDK TIE, RA

R



Fifs B B HIPLF RS 4R

FHHB BiEs BN

0x00 nop fHAZA M

0x01 aconst_null A null #fEE FEH G o
0x02 iconst mT™ A int B - e EATT

0x03 iconst_0 [ H int B CHEL ER I

0x04 iconst_I A int B 1 ik ER T

0x05 | iconst 2 Hf int & 2 HERR ST

0x06 iconst_3 it A3

0x07 iconst 4 i ine R 4 Heik FH T .
0x08 iconst_5 L it B S HE% TR 7
0x09 = Iconst 0 H long A 0 4% FEHEI

0x0a lconst_1 H long AU 1 3% FREH

0x0b feonst0 i float 14 0 #Ei% E R T

0x0c [~ feonst_| # float 81

0x0d feonst 2 Hf floar K02 fiEsk TR

0x0e deonst_0 A double Y 0 #E% ERTH _
0x0f doonst_1 H§ double -1 ik EALT

0x10 bipush 3 TR RO (-128~127) HE% BRI

Ox11 sipush - MEBR R (-32768-32767) M BT

0x12 [ lde #f int, float B String ¥ A N BEMLLPIfE 2 T KR 15T

0x13 Ide_w A-int.float K String AYHF BRI RENS % ST (RESD

Ox14 Ide2_w # long 5 double 5 3 BHEL H RN FHE R EREIT (RES))

0x15 iload AR SE ) int BA B RS FHRTIE

0x16 lload HEHSE ) long HIAHIAS REAERS SRR T o
0x17 | fload HFIE5E Y float ﬂAﬁﬁ’EE#ﬁsiﬂiﬁ

0xM [ dload HHEE ) double AUz T B
0x19  F  aload- E HEHSE ()5 | 2SR A o o 58 A T

Oxla iload_0 N A int A BHER AR T

Oxlb iloads I 4 int A0 i i AR T

Oxle | iload 2 int YA 7 MK R T

0x1d iload_3 AU int ﬁl&i&l{ﬁﬂfﬁfﬁm

Oxle lload_0 HHE—A long BIAY

oxif lload_1 HEEE A long FIA i B % F AR TR
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FHH BigH EEEN
0x20 lload_2 A4 = long KA S AT
0x21 lload 3 A§5FPUA long HAC Al S AR
0x22 fload 0 4§54 float A REHER ST
0x23 fload_1 A float RAR M8 BEHE K AR T
0x24 fload_2 A=A float RUA M X TR
0x25 fload 3 H5E DA float B AR A ikl AR T
0x26 dload_0 H5 45—~ double AUA M B FAR T
0x27 dload_1 554> double AU A5 BEHE 2% FHRTH
0x28 dload 2 =4 double BUARHl 7 it % F AR T
0x29 dload 3 A5 PUA double YA 3% AR T
0x2a aload 0 AR RA M RS BRI
0x2b aload_I HH=A5 i
0x2¢ aload 2 A=A UNIA A R ST
ox2d aload 3 AU SN A 2 B % BT
0x2¢ iaload A int RUEALEE A5 (0 TS AR TR
ox2f laload A long RVBCALHEE R 5| R ST
0x30 faload # float UYL | £3:13
0x31 daload A double BYH I KT | M HHEL ERTT
0x32 aaload A 5| AR E AR5 | (% AR T
0x33 baload 44 boolean 5 byte BIMAL fit i %5 | ) (LR B ARTI
0x34 caload A char BUH IR 5 R | WA HERE R
0x35 saload A short FVIALTE 5 45 | Y fHL % B B T
0x36 istore HPERTIL int BUAAAE At A28 B
0x37 Istore AR long AUBAHAF A E A M0 it
0x38 fitore AERTI float VMAEAF A &AM 7E B
0x39 dstore AHRTI double AVBIAF A S 405 ik
0x3a astore AR | R AT A A it
0x3b istore_0 HPRTIL int RBAIF A — AR
0x3¢ istore_1 APRRTIL int RBAHAE ASE AR
0x3d istore_2 AFERTIL int RBAAAEASE = A e it
0x3e istore 3 T int RBEAF A I A 78 B
0x3f Istore_0 HFARTH long BB A A% B
0x40 Istore_1 AR long RIBAEAE AR A AH A B
ox4l Istore_2 HFHRTH long FUBUIAE ASE = A2 B
0x42 Istore_3 AT long FVBAE A SN A U2 i
0x43 fstore_0 HeHRTU float AUMATAE A — A B
0x44 fstore_1 AT float AVIIRAF A — A A ZE it
0x45 ftore 2 AR float RUMIAF A =4 Ao it
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FHE BhiasF EEEX

0x46 fstore 3 HAARII float FUBHAE A SN A A B

0x47 dstore_0 HHER T double BB AF A S — D AHAE B

0x48 dstore_I HHHRTH double RUBAITAEAS — A A it

0x49 dstore_2 HFAR T double KUBL{AAE AR = At

Oxda dstore_3 HAFRTI double AUBEAEA S5 U A A Bt

0Ox4b. astore_0 RIS AR A — A A i

Oxde astore_| ARG | IR A — A A it

0x4d astore_2 HRTS | RV A = A i i

Oxde astore 3 RIS AV A 0 ol

Ox4f iastore AR int RBAEAE AR A 1R R R

0x50 lastore AT long FUBKAHAEA I

0x51 fastore PRI float BUMAEAE A SE AL R RS I (L B

0x52 dastore HARTI double RUMAHAE Elis

0x53 aastore AR | IR AEA £kl

0x54 bastore #§TH boolean B byte IH{ATFA EElios s

0x55 castore HPERTIL char AVHEAFA AR5

0x56 sastore HEERTH short FUMAAFEA R3rE

0x57 pop B RER long 2% double 24AI ) )

oS8 pop? HERTUM — 4 (4 T long 5 double %%1) SR MK (X T4F long 5 double

BSLARRD Fhh

0x59 dup SR TR IH SR ARR T

0x5a. dup_x1 p) FA P SRR T

0x5b dup_x2 g4 H=A GRE) E R AR

ke dup2 EHHRIT—1 (34T long B double #%)) HFIA (X4 F4F long 5 double AL

AR BAIFH B FEARR T

0x5d dup2_x1 dup_x1 484 FIRUEREA

0Oxse dup2_x2 dup_x2 154 XA

0x5f swap ARG P BT . R AESE long 3% double 2570)

0x60 iadd AT int HERIEARDTU

0x61 ladd AR TP long e AT

0x62 fadd HeHe U float HEREART

0x63 dadd HEBRTIP double RSN EH 45 B ARTH

0x64 isub HERRTUPY int BB A 45 FIE AR T

0x65 Isub HAR TR long HEG R AR T

0x66 fsub AR float HHEERIEARD

0x67 dsub AR DUF double I SR AR TR

0x68 imul AR int AERIEART

0x69 Imul AT long HLERE AT




KRB EUNFHBIESE o 417

[¢:9)

FHEB BigH HEEX

0x6a fimul PRI float RIBHA AR IEH LR IE AR

0x6b dmul HeARTH double VEAAAITRIFH 45 R IEARDU

0x6c idiv HRTA int HREART

0x6d Idiv AR TR long I ESRIEARTE

0x6e fdiv HPETURY float UMK EARBRIFHE L5 R A BRI

0x6f ddiv AHRTAF double AUAITHIR T4 48 R ARRTI

0x70 irem HRETHA int RO FEIRRE 445 SR ARRTR

0x71 Irem HAR TP long AU (AT HOHE 34 45 SR ARR T

0x72 frem AR float AVER{FAE BURLIZ TP 4 SR ARRTI

0x73 drem HAAR A double RUMAE BUBE S M55 R FEARR T

0x74 ineg HEAR I int VB SUOTAG 45 R ARRTI

0x75 Ineg HEARTH long FUBCHIR BUTHEEE SUE AR T

0x76 fncg HEARTI float BB G L RIEARRTR

0x77 dneg HrET double BUSHEIK G IFHE 45 S ARR T

0x78 ishl A int BB RS (T B 45 RIE AR T

0x79 Ishl 4 long RUH{ HEEEREARTU

0x7a ishr A int REEA CERFE) BAHEE OR SR EARRT

0xTb Ishr i long BUBUAH GRS ) A4 R EARTH

0xTe iushr Af int REAA CRRFS) BAEE NSO S REART

0x7d lushr Hf long MM (CERS) BAREMBOMEREART

0x7e iand KPR TIUP int RUBAEAE “Befi 5 " IR R AR

0x7f land HPHRTUP long RIBAE “Heli 5" FHH4E R AR

0x80 ior HEHRIUR int RIBUEAE “ BT IR TPHEE RUEART

0x81 lor HAARTHF long RUBAAE “ el al” I8 AR

0x82 ixor HERTURY int AAATE “ Bl R B0 IRAEREART

0x83 Ixor AFHRTRF long BUBAHAE “ B0 Rl JPHEAE AT

0x84 finc AHEE int WARMIEEE (0 i i =25

0x85 i2l AR int R long FUHFFHF 4R FE AR

0x86 i2f AR T ine AR 3 A % R Aoat BUBDFHF S5 RIEARRTH

0x87 i2d AT int & double BBAHFFHEERIE AR

0x88 2i A§HTI long 18, int RV IFHELE SIEARRTR

0x89 12f HFART long. 18 float MBI 45 REEARLTR

Ox8a 124 HFERII long AV MIFHUR, double BVBEIFH 45 RIEAR T

0x8b £2i HER T float 8, int BT RIEARTR

0x8c 21 HPHRTI float RV (GRS AL long VML FLIEARRTH

0x8d. 2d HHR I float double B EUIFH 45 R AR TR

Ox8e 2i HHRTH double A8 int RIMAEHE LR AR T

Ox8f d21 LTI double 78, long RUBHIFHI 45 R AR T
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FHE Bias HEEX

0x90 df HFERT double float RBAAIFHARIE AR

0x91 i2b AR int byte BUHIFHLE R AT

0x92 i2c AR int char RIS IFH#4 FEEARRTI

0x93 i2s AR int short BRI I 45 RIEA BRI

0x94 lemp HCABER T long RUHMI A/, SEHEER (1. 08 -1) FEART

HEEAR TIPS float RBMMIA/D, IFHEER (1, 0 -1 RARD; M —

s | fome! A “NaN" . # -1 EARDE

5506 — HEAR TP float BB/, JPHEER (1, 08 -1 EARD: Y —
AR “NaN” B, # 1| FEARRT

T dompl HEAR TIPS double BB A K/, IHEER (1, 0B -1 AR ; Y
—AHAE “NaN” Bf, ¥ -1 AR

G dompg HHEE TP double RUBAIMIA/, FEHEER (1L 05 -1 RARTL: 43
— AR “NaN” B, 1 RARTR

0x99 ifeq 2T int RUHAHS T 0 1B

0x9a ifne R int RVBEA% T 0 M BLEE

0x9b it T int BB/ T 0 BB

0x9c ifge AT int HAERFHFT 0 0BT

0x9d ifgt AERT int RBAEAT 0 B BEEE

0x9¢ ifle T int BB/ TFR% T 0 BB

0x9f if_icmpeq int BBAAM A/, HEERGT 0 1B

0xa0 if_icmpne int BB K/, HEERAETF 0 BB

Oxal if_icmplt BRI int BB A KD, HERNT 0 B BkEE

Oxa2 if_icmpge HLBRR TP int AUBAR A/, HEERATRET 0 mBEsE

0xa3 if_icmpgt HCBAR TR int BRI A/, MEERATF 0 FEBkSE

Oxa4 if_icmple FEERTP imt R K/D, HESUNFRET 0 Bk

0xas if_acmpeq JEL Y

Oxa6 if_acmpne CEEAR TP S A, LS RS B

0xa7 goto B ikaid

0Oxa8 st B R 16 47 offset (T8, IFHF jor T — A S bk FEARTU

Oxa9 ret B 21 B A BB E ) index TE AR (—t jor o jsr_w KA G

Oxaa tableswitch JHT switch RAFBERE, case fiiE4E (AIEKAEHS)

Oxab lookupswitch JATF switch R VFBESE, case (AL (AIEKMEHS)

Oxac ireturn 77 B E int

Oxad Ireturn T 77 3B [ long.

Oxae freturn 77 338 I float

Oxaf dreturn 77 858 [E] double

0xb0 areturn LRI R L% 85

Oxbl retum A HRTJr 338 ] void

0xb2 getstatic IR AT
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(€]
FHE Bhigs HEEN
0xb3, putstatic
0Oxba. getfield I AT
0xbS putfield
0xb6 invokevirtual LSS
0xb7 invokespecial TRRIAH T s, SO i, R T
0xb8 invokestatic TRHRET %
0xb9. VAN T
Oxba invokedynamic LR
0xbb new QIR AN IR REEART
BlE— M EEOFHEHE 0 in. foat. char B K¥A, IFHHSIFEEA
Oxbe newarray o
0xbd anewarray UE—ANBIAIE (i, B0, BUD W%, IS REEARD
Oxbe arraylength KRR EARD
0xbf athrow ARG S B
0xc0 checkeast KRHRIFES, BRI ClassCastException
Oxel instanceof R R R A, DK 1 RARRTR, U 0 FEARRTR
Oxc2 i AT RS IERFEL R
0xc3 ‘monitorexit BRI, TR RS
Oxc4. wide P RA M R T

Oxes

‘multianewarray

Ol E AR R R B R (AT, BRI &R
EMREE, FHIHEREEARD

0xe6 ifnull 2y null i BEFE

0Oxe7 ifnonnull A null B BEFE

Oxc8 goto_w TR (EZD

0xc9. jstw SRS E S 32 i offset 1, FPAF jor_w BT il S Mk HABRTI




[t C HotSpot JEHHLEESH R

ASHFLL IDK 1.6 HFHRHE, IDK 1.6 4 HotSpot EIIHAREIERESE (Unstable
Options, BPLL -XX: FFL 24K, JDK 1.6 BIREIIHLPABER 660 £4), {#H -XX:+PrintFlagsFinal
SHATLUE P SR LR BIME CBRIARAL4E Diagnostic A Experimental (9S40, 115
FE, LA A -XX:+UnlockDiagnosticVMOptions/-XX:+UnlockExperimental VMOptions — i&
D, FHEEE RS AQS T HPR AN GERSTRMREIRD o, SRR

AW 3 F:

Q -XX:+<option> FFJ& option Z¥{ .
Q -XX:-<option> %] option Z¥{.
Q -XX: <option>=<value> ¥} option ZHHI{Hi% & K value.

C1 HEEESH
M LN HANE
DisableExplicitGC BRIAKH WK System.ge() 7 oA A B RLRUR
ExplicitGCInvokes Wik U B System.ge() ¥ 4 32 i 430 3% e 48
Concurrent U CMS WA BT R
5 5 EHBLIEFTEE Client AT 69BINE, $TIFHLHF
UseSerialGC Clent BAMEMEIATIR | 4675 Seral+Seri O1d RIS it 1147
AR [
y ATIFMIFKIG, P ParNew+Serial Old iy 428
UseParNewGC BRI MBI
ATIFULFF G, (A ParNew+CMS+Serial Old )
" W B A BT AR, TR CMS WO B
UssCOpMITkSieboc. | R Concurrent Mode Failure, Ml Serial Old e 4K B 6 ff2
el e
" BAUPLEATEE Server BT HMBRINE, ITH I
UseParallelGC ;’;‘;&z :’; BRI | e 6 Parallel ScavengosSerial O1d HKCAK B

AT EK
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B4 BUAE ERNR
RIAEH FTFF U IF XS, 4 i Parallel Scavenge + Parallel
UseParallelOldGC A [ rea—
SurvivorRatio ALK 8 AR Eden KIS Survivor KIRM A B KA
’ 3 HETABEEROX I, REXBBOE.
‘PretenureSizeThreshold TR A B P HAE AR A
BABEEROM LR, B0 S BR—
MaxTenuring Threshold BRIMER 15 W Minor GC 2/, AFHHARHINN 1, Y@UXBH
BB R AZ AL
e N 3
UseAdaptiveSizePolicy BATFR SRR AT ST XA ORI

HOLFY

HandlePromotionFailure

IDK 1.5 R ABTARABRIA K,

RERVSRBREY BEERGBRZEAR
J2 BARE {3 4 AR 864~ Eden A1 Survivor XA BF 47 X

IDK 1.6 BRINFF iR
L FRETF 84 CPUR BRI
ParallelGCThreads i % CPUSCHR (H, £ T 8/4NAF| BLEIFT GO BBETIF MBI
I CPU $ R/

§ GC HH1H] 5 BB ELAR, BRIAGEY 99, BIALIF 1%
SeTaRetio Bus 9 GC . (AEH Parallel Scavenge HAEHF AR
MaxGCPauseMillis T Mﬁ;;;&;ﬂd{ el LA Porllel Scavene
(CMSInitiatingOccupancy BIAEY 68 BE CMS W AR I B B0 IR
Fraction B, SUERR CMS R A2
UseCMSCompactAtFull BT WE CMS W B8 TE U BB JE R W R AT —
Collection ATERA B, (LB CMS BUEARM A
CMSFullGCsBefore R BB CMS R R AEIAT# T U R MUR R TR 3
Compaction —YCHAER T B L. (TR CMS WS A8 A

BUTFR 7E Full GC %4 Z A& —K Minor GC
v s N 1k GC A BERBIHIGT, MR THE, RH
UseGCOverheadLimit BT %7 OuOMemory 54
5 AT A ARE K F AT R, BRSRA
UseTLAB Server AT R LR
y . 4 Xmx fi b Xms {H A, 3 7T LL3h & f 4 A
MaxHeapFrecRatio IS 70 ” A S
. i £ % Xmx {5 1 Xms fHA B, 3t 5] L3 SR R
e R R B S B RN T LA 1 30
MaxPermSize KEBSHES FARIMER 64MB ARARBBAN
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C.2 EIR4RiIZESH

B4 LS ERRR
Client 7 FBRAGA 1500, Server
AT 10000

CompileThreshold Ay v B SRR B L

OSR %, EJ2 OSR MV 4R340
K428 FATHRE BackEdgeThreshold
il i

ReservedCodeCacheSize KEBSHES T BIMA R 32MB B S5 28 4% 0 RESRTT U AAHL

Client BURFBRIAER 933, Server
BEFR 140

OnStackReplaccPercentage

C.3 KEm#HEBU

B8 A | ERAR
v " 148 StackMapTable {5 .69 A AR B BCR VAN AT, LU
UseSplitVerifier BRI e R
" = , R AT
FailOverToOldVerifier BATFi ®, WRIFE A ’
RelaxAccessControlCheck BRIAKH TEBER B R 28 U 0 R
C4 BLBEXSH
B8 I B EANER
UseSpinning | IDK 1.6 SIATEAT, IDK 15 X | P B et RS B
PreBlockSpin EOAE A 10 {5 A I BRIA B 5 BV
UseThreadPriorities WAF R BEHIA AR %
UseBiasedLocking B RV MGG, QR R
UscFastAccessorMethods | #RATF R;Z;gﬁxgg; HEH; ERFHE
C5 HaesH

ERNR
ARG R, e R R
DK 1.6 INFFR, DK 1.5 BRIASEH] | AL IR, AR B A
SOPHTA BRAIE AR 74
MRITRE, AEFKNERITT, TR
PR RGN

AggressiveOpts

UseLargePages
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(€3]
B EOAT ERANA

FRHSE RN TEST T, XIS B
LargePageSizeInBytes kK aMB ﬂ:z 5 m; ﬁl RRAE
StringCache BT REWHTRBEE, IR

C.6 WS
BH BRIAME EANE
HeapDumpOnOutOf MemoryError | SRIAKH] LERE WA R AR A AR, CH R A R
OnOutO! oryError FEAIME WA SR, PATIRE S
OnError E N ERROR S#H#Hf, PATHIREM S
PrintClassHistogram o mﬁ: [etrl]-[break] PesE 04 th A5 PRA, 424 T jmap-histo
PrintConcurrentLocks BAXH | ATELUC RS
PrintCommandLineFlags BRAXH | TEWE SERLBLI AR E S
PrintCompilation WK | ATEN I R
PrintGC BAKRH | 4TER GCfRG
PrintGCDetails BRIAKH ATED GC 4R
PrintGCTimeStamps BRI ATED GC #E iR
PrintTenuringDistribution BIAKH ATEN GC JEHAREMEIRX R K/
TraceClassLoading BRIAKH | 4TI 8
TraceClassUnloading BRI FTERIERGT S
Printlnlining BN ATERIT AT R
PrintCRGToRile e g: CFG Hf5 B4 E13C#F, HA DEBUG R HIWLA S Hfit
PrintidealGraphFile R ;ﬁ Ideal [Ei B4 B30 1F, R47 DEBUG RUBHIHLA itk
v B —= =

UnlockDiagnosticVM Options BRIAKH E;:ﬁ:::g:r\;;gs e SR p AR R
PrintAssembly BiAKH ATERBI 45 ) S AL




Fisk D XRAMIEE (OQL) Hfr®

D.1 SELECT F4J

SELECT F4 fHl T#i & 2 iR T B MORFE ORI P Bt A% . IR E Bt
BRI, I EARIMXMERTRIGTIHR, ATLUEM “*”, X544 SQL iFAFI S
W, .

SELECT * FROM java.lang.String

1EERENETRI

AT SR E R ERROFE, 1.

SELECT toString(s), s.count, s.value FROM java.lang.String s

AL “@” FF 5K Java RGN MAT R8T —RIIWA R
ERHORIKHL S TR B, -

SELECT toString(s), s. s.@retai FROM java.lang.String s

KTMGBIV IR RANE, TUSR T “BHEERS.

2.EAZIRE

TTLME AS TR R MBS TRA, 0

SELECT toString(s) AS Value,
s.@usedHeapSize AS "Shallow Size",

s.@retainedHeapSize AS "Retained Size"
FROM java.lang.String s

TTEAMEF “AS RETAINED SET” 7R AE S SACRKIOX R4S, .
SELECT AS RETAINED SET * FROM java.lang.String

3 HEMA— PRI REFTE
AILMSH “OBJECTS” M54 SELECT FAIsh & Rl RSB H 56748 x4, .

©  AME5R8HI H Eclipse Memory Analyzer Tool (MAT, Eclipsettt S IPS7E5MT TH) MIOQLIBEICHY .



B D MRKEMEE (OQL- W o 425

SELECT OBJEETS dominators¢s) FROM fava.lang.Strfng s

EFHIFH, B “dominators()” HE SR XA, B, WRBH “OBJECTS”
g R MERE [ AR S B SR T “OBIECTS”, R
A4 OQL JBA AL F4A WA — AT G o

4 HEBEE R

1 “DISTINCT” e al AHEBRGS RTINS, -

SELECT DISTINCT classof(s) FROM java.lang.String s

BT, R “classof()” AOYEFRIR FIXFR TR Java 2, MR, FEEFHH
S G AT RIS java.lang String, L, AR LEAGE A PRAMA DISTINCT XEF, & _
4% SRR LR ] BT B A B RO —RE B A0ATIE R, JEHSATICRAP AR java lang.
String 2%,

D.22 FROM Ff]
1.FROM FAEEBEZ B %
OQL i) % /£ FROM T4 S i1 Bl L #4784E. FROM Ty Tl LIS 1A
L E R AT IR
b B AL, W
SELECT * ¥ROM java.lang.String-
2) 53 IE WFRA R IR — A AT A, s
SELECT * FROM "java\.lang\..*"
3) SERHATGAEREE YR R AT A, A0
SELECT * FROM 0Oxel4al00
4) X R AEHERE AU T g 1D AT A, 0
SELECT * FROM 3022
5) FEFHMPILEREPHITER, W:

SELECT * FROM (SELECT * FROM java.lang.Class c WHERE c implements org.eclipse.
mat.snapshot .model.IClass)
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T ) 2 R [ A R IR e BT SEBL T “orgeclipse.mat.snapshot.model.IClass” % 1
WO o T T 935 E S PR 1 U 8836 T RORE AOROR, & TRV T ISnapshot X} £t
Tk

SELECT * FROM $snapshot.getClasses ()

2.88F%

BT “INSTANCEOF” M4 2 T30 A 205 B2 b, 1.

SELECT * FROM INSTANCEOF java.lang.ref.Reference

BEAERMZEREPH LG W ftR 1 Ph ES)
HIXHR, BAEA#RA R java lang ref. Reference. ¥ 12 i 1 47 A IR 25 2.

SELECT * FROM Ssnapshot.qe[ClassesByName("javaAlanq.raf.Reference", true)

el T - 3]

#E FROM F4J R ] “OBIECTS” 3645 AT LIAE 1k OQL 47 i1 9 6 B AR T 19 5
B, fm:

SELECT * FROM OBJECTS java.lang.String

BAFEW LRI WY AT TR, T AT — X%, Lt java.lang.
String XY Class ¥4

D.3 WHERE ¥4
1.>=, <=, >. <, [NOTJLIKE, [NOT] IN (%R
WHERE FAII FHEMAM R, BINB L SRR B, . -

SELECT * FROM java.lang.String s WHERE s.count >= 100
SELECT * FROM java.lang.String s WHERE toString(s) LIKE ".*day"
SELECT * FROM java.lang.String s WHERE s.value NOT IN dominators (s)

2.=, 1= (ZTF#HIE)
SELECT * FROM java.lang.String s WHERE toString(s) = "monday"
3.AND (5t “5” @)

SELECT * FROM java.lang.String s WHERE s.count > 100 AND s.@retainedHeapSize >
s.@usedHeapSize
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4.0R (Ff “m” #45)
HRfF B BT AR TGaAR RSO AZ, s

SELECT * FROM java.lang.String s WHERE s.count > 1000 OR s.value.@length > 1000

5. XFRIAR
SCFFBAGE TR FRE BR, KRR ull, .

SELECT * FROM java.lang.String s
WHERE ( s.count > 1000 ) = true
WHERE toString(s) - "monday"
WHERE dominators (s).size() = 0
WHERE s.@retainedHeapSize > 1024L
WHERE s.@GCRootInfo != null

D.4 RBiFEgs
1. P R IR IR 3 R R
XS PIAE IR T LGB SRR < MAFORIE” ST, A
[<alias>.] <field>.<field>.<field>...
2.7/18] Java Bean B1E
#

[<alias>.] @<attribute> ...
i/ @ 5%, OQL A LA Java X R M WAFIEHE. T #RFI T —28% FIfY Java
.

Bix #0 i3 X
objectld REPXR ) 1D
objectAddress R S ML
. Class RELILINES
EREHR Tabjees usedHeapSize XH%.69 Shallowsize
retainedHeapSize XT4) RetainedSize
displayName TR BB
ESOE Iclass lassLoaderld D
AR larray length BRI

3.14F OQL Java F7i%
L=
[<alias>.)@< ik > ([< RER > <KEX>]) ...
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h“0” &4 MAT @R —1> OQL Java J7 kiR . X ik b VA ARl I ST
). # RLEY OQL Java JFEUN T
Bi#F ®0O HE EX
getClasses() RBFARGEE
Ssnapshot fsnapshot | gelClassesByNamel(Sting name boolean | o0
includeSubClasses)

Class obj Ll hasSuperClass() AR RA LK, WEEFE true

peotieet | isAmayTypeO W Class FEBHH, WG e

4.0QL By E R

A

<function> (<parameter>)

ERERR 1ER
toHex( number ) A AATENRE

toString( object ) ) BMER— TR BRI RN
inators( object ) 3B [ A

outbounds( object ) I RSNG|

inbounds( object ) il

classof{ object ) BRI B
inatorof( object ) B F A A RBA R E -1

D.5 OQL iE=H BNF JEx

B

HiE

SelectStatement =

"SELECT" SelectList FromClause ( WhereClause )? ( UnionClause )?

(( "DISTINCT" | "AS RETAINED SET" )? ( "*" | "OBJECTS" Selectltem |

SelectList 5 | o sdlesni)
o .. | (PathExpression | EnvVarPathExpression ) ("AS" ( <STRING_LITERAL> |
<IDENTIFIER> ) )?</IDENTIFIER></STRING_LITERAL>
PathExpression ( ObjectFacet | BuildInFunction ) ("." ObjectFacet )*
("$" <IDENTIFIER> ) ("." ObjectFacet )*
ObjectFacet (("@")? <IDENTIFIER> ( ParameterList )? )

ParameterList

X

"¢

e

FromClause u=

"FROM" ( "OBJECTS" )? ( "INSTANCEOF" )? ( FromItem | "(" SelectStatement ")" )

(<IDENTIFIER> )?
Fromitem .o | (ClassName| <STRING_LITERAL> | ObjectAddress ( *," ObjectAddress )* |
Objectld ("," Objectld )* | ion )
ClassName #= | (<IDENTIFIER> ("." <IDENTIFIER>)* ("[]")* )
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€3]
B FiE
ObjectAddress <HEX_LITERAL>
Objectld <INTEGER_LITERAL>
WhereClause "WHERE" Conditional OrExpression
ConditionalO: Conditional on ( "or" Conditi ion )*
. ("and" Equali ion )*
R, fon | "1=" Relai H*
( |">" Pri ion | ™
i | | ( LikeClause | InClause ) |
“implements" ClassName ) )? )
LikeClause ("NOT")? "LIKE" <STRING_LITERAL>
InClause ("NOT" )? "IN" PrimaryExpression
i Literal
(" ( ConditionalOs | SubQuery ) ")
PathExpression
EnvVarPathExpression
SubQuery SelectStatement
Fometion (("toHex" | “toString" | "dominators" | "outbounds" | *inbounds" | "classof” |
i ") (" ConditionalO: fon ")" )
thedt (<INTEGER_LITERAL> | <LONG_LITERAL> | <FLOATING_POINT_LITERAL>|
<CHARACTER LITERAL> | <STRING_LITERAL>  BooleanLiteral | NullLiteral )
BooleanL iteral “true”
ialse
NullLiteral <NULL>
UnionClause ("UNION" "(* SelectStatement ")" )+




K E JDK By il $hidk

KAEBAM IDK [ IEA (JDK 1.1.6 ZJR IRRAR), LUK IDK B B 945 Fp T EL i) 75 2
FEAR, ERATLAM Oracle 23 @l IRISES | F 405

EHRE FhF IBRS EHBEM
1996-01-23
DK 1.0
1997-02-18
JDK 11 Sparkler 1997-09-12
Pumpkin 1997-12-03
Abigail 1998-04-24
Brutus 1998-09-28
Chelsea 1999-04-08
Playground 1998-12-04
JDK 1.2 (none) 1999-03-30
Cricket 1999-07-08
JDK 1.3.0 (HotSpot 1.3.0-C) Kestrel 2000-05-08
JDK 1.3.0 Update 1 (HotSpot 1.3.0_01)
JDK 1.3.0 Update 2 (HotSpot 1.3.0_02)
JDK 1.3.0 Update 3 (HotSpot 1.3.0_03)
JDK 1.3.0 Update 4 (HotSpot 1.3.0_04)
JDK 1.3.0 Update 5_(HotSpot 1.3.0_05)
JDK 1.3 JDK 1.3.1 (HotSpot 1.3.1) Ladybird 2001-05-17
JDK 1.3.1 Update I (HotSpot 1.3.1_01)
JDK 1.3.1 Update la (HotSpot 1.3.1 01a)
JDK 1.3.1 Update 2 (HotSpot 1.3.1_02)
JDK 1.3.1 Update 3 (HotSpot 1.3.1_03)
JDK 1.3.1 Update 4 (HotSpot 13.1_04)
JDK 1.3.1 Update 5 (HotSpot 1.3.1_05)

© TFERWEME: hup: 139210 html.
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)

Ed3

FHAR

IBRRS

EHEH

JDK 1.3

JDK 1.3.1 Update 6 (HotSpot 1.3.1_06)

JDK 1.3.1 Update 7 (HotSpot 1.3.1 07)

JDK 1.3.1 Update 8 (HotSpot 1.3.1_08)

JDK 1.3.1 Update 9 (HotSpot 1.3.1_09)

JDK 1.3.1 Update 10 (HotSpot 1.3.1_10)

JDK 1.3.1 Update 11 (HotSpot 1.3.1_11)

JDK 1.3.1 Update 12 (HotSpot 1.3.1_12)

JDK 1.4

JDK 1.4.0 (HotSpot 1.4.0)

Merlin

2002-02-13

JDK 1.4.0 Update 1 (HotSpot 1.4.0_01)

JDK 1.4.0 Update 2 (HotSpot 1.4.0_02)

JDK 1.4.0 Update 3 (HotSpot 1.4.0_03)

JDK 1.4.0 Update 4 (HotSpot 1.4.0_04)

JDK 1.4.1 (HotSpot 1.4.1)

Grasshopper

2002-09-16

DK 1.4.1 Update 1 (HotSpot 1.4.1_01)

JDK 1.4.1 Update 2 (HotSpot 1.4.1_02)

JDK 1.4.1 Update 3 (HotSpot 1.4.1_03)

JDK 1.4.1 Update 4 (HotSpot 1.4.1_04)

DK 1.4.1 Update 5 (HotSpot 1.4.1_05)

DK 1.4.1 Update 6 (HotSpot 1.4.1 06

JDK 1.4.1 Update 7 (HotSpot 1.4.1.07)

JDK 1.4.2 (HotSpot 1.4.2-b28)

Mantis

2003-06-26

JDK 1.4.2 Update 1 (HotSpot 1.4.2_01)

JDK 1.4.2 Update 2 (HotSpot 1.4.2_02)

JDK 1.4.2 Update 3 (HotSpot 1.4.2_03)

JDK 1.4.2 Update 4 (HotSpot 1.4.2_04)

DK 1.4.2 Update 5 (HotSpot 1.4.2_05)

JDK 1.4.2 Update 6 (HotSpot 1.4.2_06)

JDK 1.4.2 Update 7 (HotSpot 1.4.2_07)

JDK 1.4.2 Update 8 (HotSpot 1.4.2_08-b03)

JDK 1.4.2 Update 9 (HotSpot 1.4.2_09-b05)

JDK 1.4.2 Update 10 (HotSpot 1.4.2_10-b03)

JDK 1.4.2 Update 11 (HotSpot 1.4.2_11-b06)

JDK 1.4.2 Update 12 (HotSpot 1.

JDK 1.4.2 Update 13 (HotSpot 1.

JDK 1.4.2 Update 14 (HotSpot 1.4.2_14-b05)

JDK 1.4.2 Update 15 (HotSpot 1.4.2_15-b02)

JDK 1.4.2 Update 16 (HotSpot 1.4.2_16-b01)

JDK 1.4.2 Update 17 (HotSpot 1.4.2_17-b06)
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R
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Ea

FhAREUHUEE

IBRRE

RAAM

JDK 1.4

DK 1.4.2 Update 18 (HotSpot 1.4.2_18-506)

JIDK 1.4.2 Update 19 (HotSpot 1.4.2_19-b04)

JDK 1.5

JDK 1.5.0 (HotSpot 1.5.0-b64)

Tiger

2004-09-29

JDK 1.5.0 Update 1 (HotSpot 1.5.0_01)

JDK 1.5.0 Update 2 (HotSpot 1.5.0_02-b09)

JDK 1.5.0 Update 3 (HotSpot 1.5.0_03-b07)

DK 1.5.0 Update 4 (HotSpot 1.5.0_04-b05)

JDK 1.5.0 Update 5 (HotSpot 1.5.0_05-b05)

DK 1.5.0 Update 6 (HotSpot 1.5.0_06-b05)

DK 1.5.0 Update 7 (HotSpot 1.5.0_07-b03)
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