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PE g AR R A S A Java FERINLZ .

W SIRROAS B — S T RRAS FRIE AR, Java # S ANWT 58 8 B B0, R UEAT B IAAR,
IXERERE N4 T RN R AL . A BANSESUHE S Java BERIHUAT G — 2850 i,
TEAB R R P EFIEN KK IE T A K JavaT /L B — S SCEfy 12, ik KEE
AT TR AR Java SR

1.1.1 S5%EkBNMAS

I 1) % 06 AR G A 229808 B JF R AN Wi, i OOA (Object Oriented
Analysis, [fii 1% %142 H7). OOD (Object Oriented Design, i [a) % %115t it), LAANIFA
A B IS A ME Y OOP (Object Oriented Programming, [fi i) % % (94 ). B T ¢ 2iiE
HEHGES RPN SN, RN K2 EO % #8240 8 i m xf 2585 s 90E 5,
C#. C++. Ruby. PHP %. XEEmgiil 5 J0i0 & A BT R B s & S IR AR 1T bk A 4 i
EERELK, a5 X E RS E S, Java R3S AR EME W2 A 4)
T Java [f) 5 T # AL

O R RE T

O 24 PEps:

O L&

O A

O FE&ME =J7 A

Java Z T LABERE S B “ R gm i, MALIEAT” (Write Once, Run Anywhere), IjAn]#
197 56 249 R 7S . Rl C/CHZE AR GE (Mg BRI VE 5 ANIR], Java JEARHS K BRIA S 1R 45 B0 112
AHATARY (AHHLASTE L), MR EA FE@EMAEN TS, RAEAFET6 Java LI
P sz BRL A SR ], (E AT R AR 1K AT R AR —RE Y, BT AT S A4 Java
SIS AR KRR, WA 1-1 iR, RGP ILAUER Java KR &6 1L
B, [ IR GE AR TR Ak, R Java RTINS IZ AT 4E Java JERIBL, X L%
B (K4 B 1 ER 0 2 MR A E “B@ B 1, HeA)id B Java 192 R A AAR IR £ A K 4
(R 2, AR TH bR RA, MmRFER TR MR Java 19805 & BN 46 4
P X FRbE TRFM A, UK AR R, ANAER. BdlL A, R

@ JME (j-Monkey-Engine) Ff JyHilik: http://www jmonkeyengine.org/-

Java [ERLHLRT UE



W15 Java KR E5H 3

Pl S A B o 2 ' 22 A B AN 4 B R B i ) BR 4%

| Windows 0S|
L .

F1-1 Java #5745k

TERNGAEAEA B B 95 (1R P RE % 76 1 e L0 A2 8 BCAT IR 223K, I8 4 X st 5
(R R A IS ] 20 2 FEBOR 2547 RO T A AT 18 A AT 55 o B0 R 4 IR &85 M AT Hi AT
AT, AT BLE AR R R AT &%, — FLRE P IRAT S — AME 5 f R 2B S0, fEAE
A7 0] HE BRI F 2l oA AR S AR AT o 2l B 0K P 0 6 IS, T RL I e K
JXIAT 55 M\ 2 vh 3 0 L ke, BRI AR S B AR R R R EEARIEAT . N AR
KL, FRAT AT DAL 2 LR JF R LR AE 55 EAT 20 5 A Je b e RN, R
ST L TERIAT Z IS5, IXFEI R B v SEH8) 00 3R 23 A B e IR AT 2805

T 65 I 25 45 TR Ab 3 8 AR R, 1 2 70 SRS 00 1 5 5 IR 55 4% 16 b B8 8 ) I A7 AE Pk
FERT, DRI A A P B 055 v B8 b A 4 25 8 18R FH 20 A X284 1) 5 Ak 3B N I o AT 7840
I 23 At IR B R B — AN 03 20 R AR FRATE 55, A BEBE I K B I AT 0%, JF Hik gy
A BB A7 4 DL R R TH RS e e A0 o] T o Java 545 4B ke X 43 A X A (1) S 3 it LU 3 oe 3
Lt it Java EE M5 T ) RMI(Java Remote Method Invocation, Java € £ J5 72 i H] ). JIMS (Java
Message Service, Java 7§ BUR%S) SFHIAK.

HE 423X A 44 1) AL AF 0348 K 2 MOT RN B 5 AN 22 180t 1 B A=, e X0 G i v 1) —
Pl g o AE AL N TR N ARS8 T 38w A2 7 RCR A 5 T3 R A i s A FIHE L, 1A
S HE AR 5 SCIR PR 32 24, AN AT DA SE i 2 i e B AR, (] B 3 B 9% 4 T T (1 O 5 S
W, R SR B A I b E A T RE S, TS B A R PR 4 AR 2 AN T I

B AE Java V& L1085 = J5 FRURAE L LT Bl ik & O 15 45 OB, ml DL AN AU,
00 A () FEAN SRS Y o, B A ] L BRI B = 7 FTFUEAE R B2 T IR “iZ 7, MARA TR
LA BT 7 A U B 11 Spring HESE N BIREAT A4 o TFR N I AT LLEFE 6] Spring $2 44
()4 FR oy fE, B L ] LOR 8 b 2% T SKIE PR AL Spring (3850 Dh g 4. WR AR EALA]
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MVC”, Spring 2t 3 £ RESTful XU ) Spring MVC, H 4 R 5 1Al S =77 MVC HE4E it
TrCgeEm: wRAHEATH Spring kL IEE, HE4 Spring ol KA 4.x AW 244
WSS an RARKS AR EAT #3045 #, Spring $2 4t Spring Security; W1 S A A T3 45 1 £ A
Ji 4%, Spring $2 {45 1) ORM SR HEmg, o+ B 4% ] Spring JDBC (Spring JDBC ¥ {Y
MU S0 L 4E i IDBC i 74 e g b3, B0 TDBC (1 7 & A 53 1 file o XUk 2 42 54 11D 15
AFFAJERESS . dn RARPRARAE A Hadoop HEAT Mg 5 B4 A B8 Fir iy S 1 B2 % B 2 STl AC
Spring $2 1t Spring Hadoop: # % 41 R ¥R J& Android (17T & A b1, Spring M FE2{ILJE T Mobile
AR 1) 8 SR S IR

MIREEH AL N Spring T HFMEML, REMEFANK, Java HIESE A7
SR R A At B 2 0 BRI R R YR A X SRR, A AT JE I E R ER AR R S A il (1A )
L gE, —— b IREN A Java HRIE R, HLSEIX A & Java S KR HAFIM & .

1.1.2 iFEEHMTIRIESR

Java 7K T CiE S HELREE K, Him T C+HBES M REBEA, PrLld € T Java K
HIE S B EMEMAA. RAOVEBEIE, K REFEAR MBI R0, Fra MR EER R EEER T,
M 25E L—A2, B4R H SR ERERIE ? T ok 3, @RI T VAR BT — AN i B
2, JBMER T & XA S &R “ 285", kWA T KR —FR5] 1787, BRIX
PEM BRI B0, A0 B3 LRSSk L aitb 0 2605, KEEVFSRIL, Java iHTA4S
WS i AR H R I 10, R AN R RS PE R vl b o eI, PR AN Bal Bl XiF £ ot
FRRAE, XUTTEAER ARG, RPHNT Java i) RARITTHELE B

O XK@

O b7t

O #ER (FAaskey. HE2Rer:

O ¥Ef# (@Annotation 2878, Hiik KAL),

O BERR (JRGEIEET, 51 HERD;

O E@t (FE. BE):;

O EFEFaREL;

O #HEa (AEEHEA. AHEHERD:
O ¥ A B

@ MVC (Model-View-Controller, % Z-¥EZ-#HI2) & Famfn, ¥ D REFH>H 3
Je s, AR A R s T o RO R TR, R U 6 B S 33 SR /e 1S A 5 T AR
iy A 75 2 0 A7 BT S B Tk 25 4 A
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FTAE Java KR4 S

O Jriktk.

XA LT 0] X % (Object Oriented) [FIRFME 2 (M R F5 45 — R ANl 42 (6 K. 1 1)
YR H AT RATHIE, Kb XBMNEETERGMWEE LB AT, REFTFREAR
PLT ) X R RS e i s G R dEd0pE . § v R g v N T R . R AE BV 2
b, FFRANRATLAAEREF R HEER new KB FOIEH A0S, IFiRE]S 7 %0 —
A5 (reference). fEMLKFK T EEE, Java PG HBREL A LN T C++hiigE, W
A5 SR AR B R (AU — A5 T S SE PR, a2 Ui IT & A 5 IR ASBEAE R
Jerh S RS Al , i AUE G BT “AE=517, Wl 122 Fion. EFE A RE
AAEEXS RS, 51 L RV AEAE, R S — A, A e g g — At
R 2 KR, BELHRELIEFH - DNRE, Bk TG ERE, ki
1T T <init>() J5 ¥z

B 12 5IHXHR

TER B AT R VE 2 T EAVE — IR 2 E, BEAGAR KBS WIETTE, WiETr
PR H R T R UL R AR . {E Java TR BYIAGAL AN G S0 [
—NMERME, BT CERERME, WIMAARE @R IFARE MRS, HENNEIIH Java
WG EfE e, WM B ATT e, I BAEGR AR F, IR (A #3E T A hn
A3 ) A5 A 2 422 HEOUR A NG 338 47 I3 1K), SR A AR I e O T A ORARE X B A A AT R
#h BRI IR L .

1.1.3 [ASERAIEH

Java RIBEEA XA L OLHA - HEAMHERT, NEEAERWMAMENE, Java HEZAZT
KA AFT . 1991 4 Sun 23 @ f) James Gosling (Java & 55 (1 EEEIH N F ANk A
WARIFR T —FMufE Oak (—FEH ML) MgFEE S, HSC Oak #2 W4 Java il 5 1)
BT S, FUREMI O e T, Oak S HFEALSIERZHEAMEE. AF 1994 4,
% H LA 3W (World Wide Web) (IRAGE A &, b1/ Oak 45 T — /MU 4E HotJava 1]
W8, X A3E] T Sun 2 &K1 AT E Scott McNealy 32 FF, 8% Java A 1 LLAR 2L 0

TR ARG E K], 1995 4F Oak iff 5 (F #4404 Java, [@4EIEA{E Sun World X
2 %A T Java 1.0 BiiAS, Jf B # k4R 4 T “ Write Once, Run Anywhere” [f] 115 . JL5 Java
(75 404 BNME M, 5 —K Oak /NG IEESINER, BSOS HNE SREME a8 7L
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6 1.1 AiH Java

B, FREA NN Java (Java S B JE 05 228 P=wmmlk i — AN 505D 6 W 8iE S,
XA BRCAF 3 T S A N AL S D I 1), kR Java Koy 4 ML HTIE 5. AT Java S bE T %
Prkel, 2 K2+, W IBM Microsoft. DEC %MK T Java (8 IR, JF #4510 448 PC
Magazine V¥4 1995 ¢ | KL F R =, MILIF R T Java A & . L4 2010 4 1T |3k
Oracle HiFHC Sun 28 ], Java W S GA 51 T 704 o sk VF A7 8520 TF RN DY (08 bn “ R
Java AR, HME KZHOT RN RREH —F, #5A4 Oracle ¥ Sun & —fF4f i,
7 Java AR KICH R KIS ZE, Oracle IXFEHI L2 R H & FH RS 1T LA Java
FEABZ, FEFMRFEMEL.

Javal.0 IEXRAFT A F MG HAT L, BT 46 IDK PRCE DA B 28 SCHLIY Java
MEFUMLAE (Sun Classic VM), X ZHF Applet. AWT 254 K. H#| 1997 4 Javal.l {£ 1.0 (1)
Stz AN T JDBC. JAR K0S FF. JavaBeans. RMI S5H0K, JfAE i b IF UG %
FF RN IR SR AE T, Java I EA T LREHT AR 15 F 5 .

1998 4 Sun A a]l KA T Javal.2 fRAS, FFAESERRA N Java KI5 4 3 Fle&h ke Bh7 H1 4k
AR AR R 3, & 12SE (hRdERRD . J2EE ({MERRD A1 JI2ME CRSfRj D . 1E
IXANRA S BE N T EJB. Java Plug-in. Java IDL. Swing 25 A, Jf I Sun 22 @] &k (¢ IDK
FONE T OJIT 40 i 2%

2000 4 Sun 2 |l KA T Javal.3 BRAS, (HIXANMAIFE A SIHERKZ MEARRSCE, MU
(EERIRPE BT — 2o sudt. B E 2002 1F Javal.4 MR R AT AR E Ak, IXEKAT Java
OV T LR M L ) et . Javal.d AT A 2 HFePE, WA, . NIo. [
A XML AT 8% 0 XSLT H6 8 55 o i 424 H [ A 5206 K A b 15 8R4 £ # Y H Javal .4 11
WA, JF HAR AR5 55 07 FRUE 7= S (R FE L %) Javal 4 WA T 1) R Al 7s .

2004 4 Sun 2 @] KAl 1 Javal.5 WA, [RIEF SR 1.5 AR AT G, G 2R Java ROAS
MUh LA JavaS. Java6. Java7 FRUEAT 4. EFBIRA T, Sun 26X Java &AM RA T
EEZ SR, 1S5 AR X EZZmASu M2, LT SEEA APLEK
T AL . Wi @ s ER/ARA . 2. M5, @Annotation. AR K 2%, foreach. HFi/E
M IFAT RS

2006 4F Sun 2 @) KA T 4% Oracle WV 2 AT ¥ 55 J5 — ANWOA Java6. {EiZ/RA, Sun 28
7 2038 T M Javal.2 JFEGOMUH G 12SE (ARUERR D J2EE (AMERRD HI I2ME CRSfjfi) i
2973, H4 K Java SE (FrdER). Java EE (Vi) F1 Java ME CHfii ). Java6 [ o4
B2 RARILLE NN, 2B CLR D X S8 B 3% [Pl . 8 TR B 38 45 i (X SV B O
[F4E Sun 2> &) 1E 30 & 4if Java UL GPL (General Public License) v2 [ JF I Wp ST P4 A
FF, JF#L T OpenDK *f Java f¥7 95 4GRS FEEAT A7 5 2 .
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B1E Java KRR i

H1 Sun 22 /4 S HES) Java7 W& T4E, 2010 4E iF 8% Oracle 24 &) Y, 1 Oracle
AR EF Java7 MG SE0F R T4E. T Java7 UM TN EAEH £, XA A S5 Oracle ¥4 &5
SrUIREREAT #8Y, IR F Java8 [IRKA T REREST KAl . Java7 [ IE RARA AR AE 15 722 0
i TERRHSE, EGINT W ZHIMEAR, LLWEH T Java X RS 4K H) Fork/Join
T, WEE S, FE Java BRIVLA B T F 2 SO E, tin Java7 $24ET
Gl BSR4 . RAEAAR M 1 Be B o s I %5 .

1.2 Java EEHI=

Java MR R 450 2 Java 4ifRiB 5 . 1765, Java APL F1 Java B RIS 4 359 HlSr
HIM KR A B . 8OFIR 2 IR AT A 258 22 003N, B RIS S
Java FEF 0%, whla e 2] 71X 4 FhEaR . e BATE A Java HFEiE 5 95 4F Java BT
MPRACHS, SRJS Java §i i gn i 25 71 50K Java JRACAD 4 % 0 74565, 235 Java ERIHL 71 574%
IR MG 2 BE UF 1R TN AR AR W, SRS RS G 1R N N B B IALAS TR A e T, Xl —
A SEHENR) Java B G 55 21 S5 2 AT 1) 45 0 ik % o

1.2.1 Java &#I2iE 5

Java i FEili 52— FBIAEM™ME . MRS OL, TR R S 2 EIHT Y
BOFE S, EHART CIHlEEMIREGH, P T CHIXTRAER, Bl Java KAESE &
BEMLE KA. JF 1 Java &% T C Al C++PF S RS 0E g, . R Ise
. AshNAEE R, B A R A SR 2 WL A0 ) B A B ) ) PR 1) 4%

1.2.2 =156

Java S W HEAE 16 H BB 8 T 76 A OB T 45 € I W BRAE 1 AR VE RGBS T agdT, b
2 UL Java BRI SE LS T SRR A L SE 2 F RS . Java Z T DA RE S R DL FE R
M ze 4P ) B, 8557 & B R PE A ) 8, f BB R R A Java YRACAY I gn 1R A5 R OFAE R
AHHLERIEAY, MATE. Y Java AU R F TG, WRBEARKF&
bz AT, G 0 VR G 3, A R N Java YRS RLTE — K gm i T A bz AT, IX R 2 Write
Once, Run Anywhere” {1840, FTLAVEE T Java P IF AT T BB FUERAE R8T
g R ALEZ 1T, HEX N KGR E M Java BITHEE, Java FFEI AT LLig{T, A

@ AHHLASHE A W LA TSIl CPU BLEREAT RS IR0 AT . JERBUB A0 — ikl . HLES 4R 200 & h
010 B R 50 A0 P R AN 2L, BB AR B PR BT AR A T T R AT, RIS ThRE. 13 1F K0 DT Ei s
§, LABOE SES RPTAF AL B A .
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8 1.2 Java HEH S

REAT G Java HEAUHLA S BLAN T AL, AH B AT G R PRAT 1O 5 75 B py 25 400 12
—FE .

W2t 4 d&FH760 (ByteCode) We? % (Java ERINLITE Java SE7 B 14 ik sk
B ATAT g FETE 5 B dn i a5 Wi 2 I F A Java BN N IE . TSR UL A
RIS, Bl — AN R E RS SOPE, R S Bl R LT IR B R B AT . R A
BT TR R AT R ARG SRR, LEWRE AR “ class” SO, BE AT
i S A ISR I A 4 SRy I — (1) — AN Rl B 1 A e SUAE R (E Xt I AR 4e s, SR L AN —
SE A L REAFAETE SO L, o ] DU I 2R3 48 8% H B s A i A ik

TR A A A LB R, L A F T AN AR A 1 3 B A DX 4 BUg BT LA G 18 R A I
Fo BOEAGEA TR IGE R, T 16 0. 32 0. 64 A7 KL K B AR A I 1 2 AL 4 AN FI
8 A 8 AL ALK KR AN, 271 B U L $4 R big-endian MIUS A 579 £ b Bk B AR A
AL T AE Mk B i ) SRIEAT A f o AR U, — 40 8 77 W AL F T AL T — AN 5¢
HE 1R S

1.2.3 Java API

API (Application Programming Interface, N IF/F4mfe £z 11) J&— 2L s w L,
A N PR 5 0 RN D3k T R A s A £ A U5 o] — AL 2 (1) 68 0, 1 S G 75 i i)
VRS R PR AR A B CAERLEIRI AT . Java APL B SCRF S & R L 2, 13 Java
P2 38 AT AR] . 1 3 5t . 84 Java AP " JLSIZ 6 35 (13 /2 Java HOFERE KRR &, & fe 4t
— &5 n] T ML FR GE B U A AR AE T3 7.

1.2.4 Java EIHL

Java i AR K205 & Java BEFUANL (JVM, Java Virtual Machine), K 741 Java F
JFHSIEATAE Java ERIHLA . JVM Z BT ARk 20 VM, 2R 2 th— 4L RE B e il
(A% o 5 HL. TVM 1 32 BAT 55 5k 2 S 508 7 1 T B 0 B L o, AR /4 15 Dk X NP & |
I HL2E 48 2 AT, WE 1-3 Pros.

Sun % & ff) HotSpot VM R i% /&t k £ T & A B i BB () — 3K d E B Java i SUML, & 2
JDK i1 OpenJDK H ik 45 [ 45 (1) — sk MEFANL, [RIFEt A H wi i m b 8™ 19— 3K Java R AUl
Blo HXHEMUHEEZH KB AR NELT/NAF “Longview Technologies” HF A& Bit t
Felr), JaRIX KA A Sun A FWIE S, HotSpot MEFIML R FEHL A AN IE | .
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B8 Java KELH 9

Java%ii¥ HiFf i Javaig {7 g

JVMIE Ry

P 1-3 i g 00 L A8 4T 3]

HotSpot VM J& H #i i il b tERE RN FRAMEZ —. © R &AM IIRE, U8
Tk 0y fi K — Ak AR P 1 T v B T A R A R R IRBUR: & AR B bR I e AR
fiy”, SR8 L A KA XE JIT (Just In Time Compiler) 4% 2585 7 150 B 240 1% 9 A HubL
#5454 . 7 HotSpot VM Wi, HIEFgm a8 SR8 270, il gs 45 55 R 28 11 B ()
AR, B AT LAGRUE R I e S B ), (] B O R S AR SRR ST BT PR AR, JOF EUG g AR 0 T4
T S B AR T — @ FERE ) 3K . #f) 1% U HotSpot & — K il Ff 2% 15 4 1 2% JF A2 0 s UBL, Gk
BT — AN B KA 2 /0 F A5 4E 4 Sl R IE AT, 38Rl I e s AT I, X
i B A ST ) R

HAR Java HEIUNLIE I 4 A 5 0 22 5K R OUBL P 0 S B — s R P i RE 28 1 9 1 28 A7
(A 248 K 7 %8, (8L ATl 0 b oK 25 5803 U A ML A8 SR FH B B84 < 3K 2 DR 8 4 g SULBL S 30 1 i fik
R 2% 0T LA BT S R AEAE T, 10 AS 06 55 5 g 10 28 4 0 9 1% 50 LR PAT . XFET LA RF 2 AL
W g et ). JF BB FRP IS AT i ) M HERS . iR AR B W AHEE AT, AR S R R I T RE
B AT P A8 10 7 TR 4 1 g AL B8 48 4, DA ERUEE & (1 P2 P4 AT 2% . HotSpot VM H A ik
A A IIT % 1% 8%, 43504 Client Compiler FI1 Server Compiler, {H K2 ¥ i FIAT 8§ F5 4
Cl 4mik8sfl C2 4miFas. FFAR A b LUE i dy 4 B 345 52 B A8 FH W6 — Fh g i35 28 g, R
A5 B0 F HotSpot £ M4 # 1F 2 4e i AS 15 ) FI L 8% 0 B 0 REUEAT B Bl £ . R TF R AR
i o] BLIE i 4y 4 2 3045 & HotSpot VM B JiC 2 A8 FH 58 A 4w 1R NG, 38 /2 58 R SRmg , i
FRATTH HE UL T2 K o A MR SRS, IS G O B4 5 1 T 1K) A, T R T A R R R
S BAT R IAT o 2 B AT LA ] 58 4 4 1F SR, {EL R R %070 4R 2 1 4 18 2% JCVEREAT (R Bk
I F AT, X AR RE S B AT, B 1-4 FroR.
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10 1.3 ZHE5ACHE Java & TS

B 24 i

\ Rl Ak

M 1-4 HREEES Y NIT S i ad

Java7 84 JF f3 70 )2 90 %% (Tiered Compilation) W, 1 C1 4a PR 4% F1 C2 4 iF 2% 4H 1. P
VEIL AR AT Wi 26T 55 o C1 G af 20 7 WA EAT W SR ] SEM IR AL, LUIA B S R (1 4 i
M 1 C2 S iFas 2 J 8 — S8 BEREIT S IR A0, DASRIDCSE &F 1) 9w 136 i i .

52 BR T HotSpot 2 4k, HEri il EABANZ — 2L [ FEIL 75 1 Java MERILPLA= &, thin 1BM
A AR IBM J9 VM, LA K Oracle YU () BEA JRockit VM %5, Oracle 23 a4 45 ) 4L i
A, f HotSpot VM 1 JRockit VM & -4 —, {E HotSpot VM ({1 fili 2 | %% & JRockit VM
AT A W

1.3 ZES5BE Java IEZITHIE

Jirid AR IL S, e RIILES . AT 4R IE UMM G 2 5 2 i, JRATT i o s S
Java ‘P E T 0— RANFRAEEFIZEITHEL . Java (1217 58 T HIRATFR 2 4 JDK (Java
Development Kit, Java 8 & T H41). JDK /& Oracle 28 7 32 4L (1 ] 1~ 2 #¥ Java FiJFigfr
FIFR T HA. P aE Java i@ {THES. Java 1. H Al Java API. KZ ] LM Oracle (157
Jiu N8 IDK THA, AKBHARFREIEN jdk7-ul5-x86 WA, WILKFKILL T
A PBREF— B RA, S 0] BE8E 5 DR RRAS () 8 1 5 B0 I — 28 A — BUR A5 i .

1.3.1 Windows METHRESEHE

M) N & IDK Ji, K AT LIRS ER A L s SORURS P9 Rp AR AR EAT JDK (%23, ™Y
R U i, FRATT AT LA AR 223 H ook P HBL— A “java” CfFYE . iz S de N ik A
B “jdk” SCEYE Y “jre” XFJ. “jre” RPN ILUE R E Java AP 415 Java

EATHEE, M “jdk” e ER T A AR Java AP M ST B4, b —2E Java T H K
Java API J5fith .

{E jdk B¢ jre SCPEJM bin HXF, % JDK S\ EZEAWATH, 705152 Java BEEUPLA
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B1E Java KR4S 11

Java Al 5 4 E 4% o Java MESUMLAIY L “Java.exe”, 1] Java fif i 4 2 22 Y {5 “ Javac.exe”. 4
NI E — S M TR, AP a7 58w b il K 5K HEAT YF A8 e F

M) ZH N IDK Ja, RATETFLEAN LR ERE A S, EREARH ML 2%
Fol RIITHE IEFAAT Java NHIFER . 4R W S0 v fii B e %547 IDE (HERTT R A BE)
TH, #ig EATFEAME IDK, (HW R EW Java FIFITREAMIZITH, Java i2 {7 R
MEHEXREE T JF HX T Eclipse 2 /¥4 IDE T Hifi s, ASIH LN E IDK, FiLLE
LR BN S N EUf IDK JiF, A (1) 0 SR AC ¥ 4F Java FREGAS &, IXAE(E A — 95 KR .

£ Windows 855 N ACH Java RIGAZ B LU ) 8, JE#E “ REGUEPE->FA 8028 87, JFr i o
N 3 NIREAR E S R A

0 JAVA_HOME=IDK % % # 1%
[0 PATH=JDK % %% 4% \bin 4%
[0 CLASS PATH=.

L E A A EE A A S, FRATIE A LUl L 4T T Windows #EHI G A v 4 “javac” KA H
Java MEEAR BERE R AONACE , W AN %Gy A S IR MR A B, WIEWE Java SR
BAREOLRE R . K5E LB 4 “java -version” BEF il % (1) IDK A .

1.3.2 LinuxHARETHEZESHE

1.3.1 W YHE 7 56 T Wl £F Windows BB e3¢ SCHE Java i 47 58 o {H 7R bR ) #2 7
FERaE R, FRAVEAE 75 B R 9 S 4F (1) Java FEFFEBEAE Linux P& FIgq7T. A XA
VAR T BAE Linux #:4F 248 L SRCE Java [ — RIS HES. L9 F Windows 1 & #Hl
Eede ke, Linux FREEF Y Java %8s 50 & ) %19 R BBl — L.

(EFFEAAE Linux 385 F 23 5RCE Java AT REE 200, KX & 5T E6 0k B O s
BT 2% Linux #1E R%. MR W R REA 2 KRB EZEST Linux AE 8 E, KA
Al LLAE A ML 23— A HEUHL T RS 2 Linux 381, i1 B §ili i B4 8 2 7P Linux
BAE RGERAS, TTRES S S SR i Linux (977 & A 53 IEHE, T LA 28 % HE 97 FL
V£ R4 R A A ubuntu-12.04.1-x86/x64 , P g 1% W A< 5t 1 4 4 A Uf FNAEAL, 18 & NIl fik Linux
BERZN T RN R

19— ) 1) B At A 855 O ME 4% & LU, kT LA 3%k Oracle [ 7 3 -E“r#&%g&m?tim JDK
TOHAL, sRFOE T T Linux A& R0 shell iy 4 g 7 28 4 A dr 4 “sudo apt-get install % F5”
BEAT JIDK 1) F#k. & IUEFEM Linux %% 3R AN jdk7-ul5-linux-x86. 12l F#i4f JIDK
G, AT IR, IR AT RTER SE I H R BI ] 58 AE Linux #4E R4 M) Java 12 1T
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12 1.3 ZHS5RECE Java iz T B

W L%,

MRy e Java BT IR, BATTUYR T AL E Java MBS A& . 7T Linux 4 F
(¥) shell iy 44 i T 254 A fr 2 “vi \etc\profile” X} profile SCPFHEAT 4 M, 16 &k 5 — 17 57 14
F3INHEERESH:

0 JAVA_HOME=JDK % %% 1%
0 PATH=IDK % %% 4% \bin #1%
[J CLASS PATH=.

R IIRC B 4 AR B HOMRAFIR S, KT EHAT &4 “source /etc/profile”
AP B AL X IR ATIE AT LAE I 4T FF Linux 74 N shell dr 4 i@ H7 288 A\ fr 4 “javac”
A Java MBI BRI ACE, WA N %y A JE R ] (0 S R, RS Java (1)
WA R CANCE KL, KFE ] LUB R @4 “java -version” B & 24§ %34 (1 IDK WA .

JLF BT 47 1) Linux #:4F RGPS5 %% Java I24T 55 (OpenIDK), 1 52 15 9 A7 45
SE MR E ) IDK WA, MERBWKEALEL ZH . R0 BRI 8 ] i Al 2
IXFE 7E Linux F 3% Java R4S B8t £ 4.

1.3.3 %45 Java i¥2F

N UIABE S HE R TR G, 5 P RA B ORKEE B — A Java NJHFT.
ZXARFARH T, WSS H S Ml —BOrE ey, A E LM Java i 5 LAY
:I~l__-LL~°

IR S A 8 # Editplus TH, 88 PR VUSRI HE 2, (RA7 A SOt )G
Bk “java”. (EULTEAEEE KK, XML MESLRFEM Java BRI ZFR—3, &N Javac
G0 1 2% JCIE NG VR BIT R E 1) Java YRACRS Bl Dh 4 1F 4 A UM RS S0 Wl R TR

K83 1-1 Java EBFETRH

/**
* — AR Java FEIT
*
* @author JohnGao
*f
public class HelloWorld ({
public static void main(String[] args) {
System.out.println("Hello World");
}
}

Java FESLHLKS UF
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ERFE R G, main pRECE R Java BRI E A ASE AL TACES AT 3547 &, Java
FEFF#i22 LA main of 0V 4 o F o8 2500 00 5000 2 8O0 55— s A S B B SE 04T 1) LA T 55,
RO AE Java 8 5 o0 HS2 Sz qE# RRIE R < J5 17,

System & Java API [ FiiE X2, FEEA R A R EEEE RS APL (192515
e, LR R N B3 nT BAE A System AU getProperty ("os.name") bR EUHR L 4 A 1 F
AWM RALIR. R LR =6 b 595 8 (1%t H0 55 & i PrintStream 285 ) printin iR
e, 1 System.out KPR bk A2 U I 19 R S8 A B 5 H L PrintStream AU,

1.3.4 HmMEHEIT

MRERIIHG 1.3.3 W F <618 DUR il A, R RGFEESGHR LN “ java”
Jei» WA LAAE ] JavaC % i 28 0 L E AT 1 i 90 1% . U8R 1R SR 1R AT 55 0 7 B o€ A Hh AT AR
AT E, WREARESRE B R Java AR E N EE IEMmFETE . K
K AT IF Windows ¥l &, VI3 Java JACK T AL BR AR 05, SN Q01 4 B 20 B0 ] Bl o)y
¥ Java PEACHD G 16 18 1505 SO
“Hrit: \>javac L \FK4L . .java”

YR I Java EACHE g iR RS R, JavaC gik2sS1E S Java PRACES A R 2% H &4
AN HPEACH AR —BUE G4 “.class” (71T SCF . KK AT IF Windows #£Hil &, V)
3 Java TR TR AR NS, NI R iE LR A S AT Java FRIF

“B12: \>javac HHB\KL . java”
i I 1T Lk Java FRIF A, BHIEH S 0T AE R

Hello World
1.3.5 X<EFEHRTH

Java H T KZE X T 51 A KT Hepmil S I8 st & Java API i ILE LI —
YE 4R S (U public. private. class %), XUESCEET Y Java iBES MR EAK, FAETT
RN G AR R 7 B FhoR e st 2 T4 38, ik, Beas, NEAERF
A UL A SR AR T, ST AR Z AR R . EML TR EREMERK, Java IETEET RN
SEFF RN B RVFERF P XA RS, X — i RK - Z AL, KWk
PR UIBNE R

HST AU Java, ATATFLFBVHIE & 3 T bR 2= 77 1) i 2 A4 1l 75— 1) i 4 B
o HUAR i 44 B0 I A S R B ROT RN B — 8 EAAE, XA TP TR R NG —KHah
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AR KGF Ak o G RAR A B2 AR G 5 0 A QB4 7 S A (¥ ] sk RO 470 P 5 Sl 7 420847 3k 8 = 15

R TR R TF I A 44, FFR N BN 4% 80 7 B RS 1007 AT kR R, i “Xxxx 7.
1A B . TR i 4% B “SETE ) (7 EE T AR s, LR R ENE, el
“xXxxX”o MxXf TR A, FFRNRNTFEEG A ENS, W “comaxxx.xxx”. &
i) i 44 W B AR K, B A B F RE AR R S 10 07 Xt AT hios, Hedn “XXXX 7. 4R
R H AP, XN TR R, FFRA G LUER ¢ 7 fre kT oEl.

FCge B4 iy 44 U I AN R, PR OA SR ARSI — b ST A6, (HA i 5 44 W 4 fch 2 A2 1)
IV NIRRT RS X IS R

O ASEERA R S i 77 SO s 1 BEAT dir 44, 55 46 JURE T 3 307 4

O AEAE RS 07 AR ST 8T 4, i “@H4¥%.....&* O -+=", fH
SRV S “ 7 HEBUSE AR RTE 5758

O WURT EAECT W77 A bRom T AT fr 46, ANBERRIEAE B 7R — (s

O FARnfFASRE LR 7 AT A 44

—ABR LR IT R T 065 A S0 B R A R 5 2 4 B9
IR 2 0 ST AR B A A 5 AT R R TE R 0 R 5 7 S AR
FFA A — A BB A U — AN T U AR 18 1 0

O 0 P 0 2 2 th 30— SR o S0 7 R AT SR O PR WAV 3 CAPL 55 540
R SC TR A R S A AT — A RS R TR A
B S U, AR F R HMAA LTF R, B M2 AT T HkRE, 9 B 3 0
HEP ) BB A XA

1.4 Java B ARBIFTRFME

2005 4E 6 H 28 H, HAKR— I Z LI KN R HFEK Java One A # N2 b, Sun 2 #]
2 M Scott McNealy 5E 7 ] Java 2 % James Gosling [ -k T 4 & it 42 7, X AN /& Sun
/A% James Gosling 1+ -+ Z K GH P TAER 5 @ FUBHE, (A8 SR Java D& RN
5 EN TR —. EA Java One TF & # K& LHIEHIRK, James Gosling fif
T sy “Java HAR T —ASTE” BEUE.

1.4.1 Java #iR{L 5 OSGi &R

UL JLAESR, Java MEHRAL— B —ANLBUE KK 8. A ST 22 R le ? L5E
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P B BR AR I SRS TR RN R FE R KB R Ge T, REWSKE R0 b 1045 — A ShRERE gk 47 Jh 7
(R TF AR EL R IZFE MU s AN OLBE S A7 B R & Al 55 B 2 1] (O RE 2[5 IS 3AS Re 8
PRUE 9 5 — BEHR A AL RTINS 25 3 M RGUIEAR IS AT . MR BRI A 5 LU — P&,
HH B RN TR RGP IR AR & RO A BEAT 70, DAL & MBI Z [ (AT, JF 5 X
R bR A A R 4 1 S22 SR AT A L TR (R

JEE Java H BT &AL IDK A B gL E AR, (HIX LT FF A GEBH A4 FF & A f1 ik
H OSGi $ RAF A Ak G B2 1) 85 3% . 545 2007 4E I HE , i Sun 28 7 & 5 3448 ) ISR-277
(Java B fb R4 My IF&H @ JICP AR M H %, X EELH T JCP £ K44l #
¥ IBM 28 6] #2451 JSR-291COSGi R4. 1A N T Java BH AL 30 bR HE . H 2 Sun 22 7] £F Java7
FE, FRIRHEAE JSR-294 (Java BEHAL R 40 1 SO S2FF) M, n i B R0 2 ok R T .
A E Sun 247 HEEREEETT JCP 441, 7€ OpenJDK H 6 7 — /N4 Jigsaw 8] 10 H k5t
Bl Java B b gn FEE AR, (ENZ I H #4700 28 81 3) Java 9 thiEfT R A . WATEANIR Jigsaw fiE
HIEF]ZE Java 9 L, #E H AT & OSGi $AK HL 2 /& Java Bt b ya bk, AEAKIN
Sun 7\ {EIX — I R H AT 4 <R il RS DUR IO 2 . BRVFAE S 2L 1K Java BRAH, FRAT
et & 2 Jigsaw 5 OSGi Hi RS, L[N Java (PR 1b g B 717 KB A

1.4.2 Bk

(EAR ZAELLHT, AR Java ERINLY & LIZATHF Java ifi S S MRF, X E sl
RO, (HBEAE Java7 MIER KA, XCLARE —NFEMEZLK S, Java EHIHL
(¥ ¥ v A 1E T JSR-292 M I A SU B T IZ AN AR U o Bl AT 0 T R 1 52 % BE H A 38
EF3F RN GG B — 14 Java 06 5 BEAT U H TR & B AT L AL, WER Java i 5 fiE
i 15 Ho A g B 5 AT IR S e, AEBERE IRAN 0 B A AL, [N SCRENS BT SEA 4 #2365 1
AR G b i PR B AR 1) B, X TCRE S — PSR A I B o LIS B RELE Java iRVAJE T IF AN SC
FrOAErE, AR Java NI TCTE SR, B A 20 FE 15 5 RES AT RSO, HmiF4s
R B F AT S, Java R UPLAR RE 98 45 JU R B0 A BRI ANE 1T, X2 A A
LAE R A S AR H B Lr At .

APLE TR KR S PR, SRV AER RN X T, e R AT
11 Java i 5 UL R AL FZE SRS MM RF . X DI ERCIT R AT, Java BHIHL
J 4 fie s iR AR Java iE S 9 S IOFLFWE? HK Java ERMHURAAS K0Ia AT 7E 3L A R 1
FLIF B2 P g A B S E I, g UL RS SOfF. Wl Java ALY
S LR, ALY Java iF5 “A8900E 7, JUR g R A 5 1090 1% 45 Rl 2
WAL Java HEAUDLAO A SR A 9 R UL HABKA SR, el D aRK T
F, RN wRE MBI R IS AT, Wk 1-5 P
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P 1-5  Java HESUBLIG 4508 5 0 L KR 1E

U SRAT AT S P2V 55 010 i 13 45 R0 T LU AL 0 R 1 2 R R RN R K A B 8
KUFAET LLZATAE Java EAANLA B, (ERC R T BER, AT AT K (AT (] i B i 55 o R
o B PR A R T, A SR EEXT Y. Java HESUML S B (V8 55 RRAS o Ll K 5 3R -
Ruby (JRuby). JavaScript (Rhino). PHP (IBM WebSphere sMash PHP (P8). Caucho Quercus)
SO 75 I G R 5L AT R I 1 R R S B AR AR

1.4.3 {EH Fork/Join EZ22sLI 4% FH 1T

Bt A a0 A B KT ) mE R AR T, SE FHLE R B s B &1 CPU K OHE M Z
HEBEREHEAR, M4SN PC W& I FAR S &% H AR i 530 OG0 1) M R e ok 2 0
LB HEAES . E5ROR - RmEES PSS L FZEIHTHH, LY L L4
7RIS, EBK T E T KA B FTEIR, S 3aiX 2 vl EVEBR L AR HE 5K S . Java
FLAE 2 B I ARG R 1) B 4%, 35 28 JF 0 SRR SRR O0F RO B, B BE R 2 R & 10 H 3 &%,
FHRANDAERE Java G 7850 R H BT A o] AT B A% L — 2 S R IR AT b AT 55 . AT LAAE
Javas FRA %, Java Bt #FH 1L JISR-166 L HI5E, (F java.util.concurrent 14 F 4 JF
RN FRAE T B FRURLRE 0 2 A% AT THHESE , DU X R 38 T RN BE 1 0847 1 SR, OF
ANGEAE AL B bk B4 N iR IO FE B o DR A Rk TR BE () R AT TH 8, MR TE A kAl
HHTA T Y EAZ L AT AT RS A B, H B A A R, A 0T RS B0 Y B A
L hb T2 R AERER A

BT RURLJE (K IFAT TS IFAS RS 7 598 2 A2 AL FE AR IO PERE,  BTLL Java SR AT X
JSR-166 MTEREAT T — RANMBEKE T, FF4E JavaT A 4E java.util. concurrent.forkjoin {1
T T R TAORLE (8 2 BOEAT 5T Fork/Join HEZE . iZHESE A0 BT R 2 28— T 45 i fb
e/, R TSR A IR AT A BEPERE . T OR UG, AT AT DA — AME S R T A
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TALS, BHEXMES LN, RIGE D TARSMT IHT IS, HEITSBATERKR, B
B BN E I — DR HBHMTS, Xk e Fork/Join HEZES2 G 4000 B 34T R, WK
1-6 7.

Join /\Join Fork  Fork

@

Sl ST

B 1-6  Fork/Join HEZ48 it 5 A AY

k& T Java7 fef8 @ At R Fork/Join HEZESC IR 22 4% AT iH 840, JFIRHE 4 & Apache $2
fIL1¥) Hadoop® Map/Reduce HE 42 th i — A w5 24 g & BP0 vH S AE 28, & o TR AR N DA JL30
FACREN AR IR 55 2% L ACEE TB Al EE . R IE A —MegmfiE 5 AR KR, e
N T RRIFAT ISR, LW Scala. Clojure 1 Erlang 55 . IX R4 FEil 5, ANk T i )
X% (Object Oriented) [R5, [FINESL G T AU FE SR E . BUR H AT Java [ FERfE
545 ) eR B Gm RS , (AR R & B AR AE R T4, ANid Java Wik & ATI/E Java8 42t %] Lambda
(532 FE, X ASMRSE Java X T BB EmMER AL .

1.4.4 FEMIEEHFHE

Java7 WUBHTRFVE B 2 1 2 AR ETE L Z [ 0 78, IXXS T Java 1816 S FH AR ROk o vk
KUtk A AW KT . el switch Rk AR SRAEX) String KRB CHF. B —dbHlF
THIE () 52 X+ try-with-resources S H 2 85 Y7 B . cache 1 ) RIA A AL, Z B “<>7
R HE WIS 545 CRF . B0 S0 R 48 N102.0. Fork/Join #5445,

Java7 fBEh A O (3 77 JE B A5 F I SO R 48 N102.0 2k . FIH N102.0, FFAA
NG5 0 /O 4071, BRA B SO R g b B2 KR Il ER1E, (8 TR N G S 4 h oK

® Hadoop &AM RGIAM LK, h Apache B& STk H P Al LLEAS T #4704 UK 2 40
AR L T R A A RS, 78 20 FI AR B 10 8 ) oy 308 R A7 it . Hadoop SR T — N2 A0 F &
4¢ (Hadoop Distributed File System, fijFK HDFS) . HDFS 74 i &8 ML Rr s, JF HBCUF AR
(EAR R Clow-cost) fEAF Lo i HE 4@t &2 4% Chigh throughput) Ky ] N TRy (0 Bodfe 36 15
AT 458 KO8R 4 (large data set) (K% FFE . Hadoop IR EE M LR B 2%, & thF 2 JTu R .
MRS S HDFS, {7k Hadoop HEHYH T 47619 »3 LISCAF. HDFS Off FAIO [y E 2
MapReduce 1%, %5401 JobTrackers Fl TaskTrackers ZH B .
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EH B IF BAE /O BB T, H4 SCHE M 1 #8245 RZE (0 TOCP (Input/Ouput Completion
Port, i A/ SE MU ) D SEBLICE M 520 1O, T A% H 1/O )3 80 R 40
FH I,

ME — JSEUR (1) 5 A2 SR A A G0 4 Java7 H ) Lambda F£iAR, HI¥0 2] Javas P HEIT R A .
ANid Y Lambda KA X FE BRI, Rk Java B2 MK BERGFLI0EK, XH Java
VAT RN 01 () Gt > 3 #0277 SR BK B SE W, B2 33 o B0 g R A0 A S (19 JLAE 9 1R 1) fig ik
R

1.4.5 FiEF| 64 LRI

AR B3 —3K 64 A AL PR B UE A= AN A JG, Sun 2 F]BERIHE L T 1] T S2 55 64 £7 R 40110
JDK. XS AL 400 32 AL MEFANL, 64 47 R SUMLET H % 00 B R34 2 vl LLVS ) KA A, Al
i KB ENTE 32 A7 ALK 55 K] F N A7 43 R BR 52 46 7 4GB, I FL Java HE[X [ K/t S
JEA(E Windows I & Fie K BEW E #] 1.5GB, MMi4E Linux ‘& N AW H AL E 2 2GB~
3GB I LR, e Ui, Java HEX 8] P47 K/ B b 7 ARG T AR B T 6. BB 32
A7 HEFUNLTCTE G 2 K W AF IS FERI N 3 56, B4 64 A7 REFAML IR H B 00) 52 D5 E ol 355, 64 437 1
PIHLZ BT LARERS Ui ) K AE, RFCAIRAT 64 frrFeEH 4K, Xt & -0k i) KN 471
KEEE.

£ JDK1.6 Updatel4 WA Z 5, 64 A7 ML LRE M A RIS b b A 32 47 1B 4L
i, 1X F 32 K4 OOPS (Ordinary Object Pointers, il % % 384%1) M 32 17 K 3 64 17 )5,
CPU Cache Line ") n] ] OOPS #& /b, X Ff — k4 & H H 5w Jf: BF (K CPU 028 {18 1l %,
XL 64 A7 ERINLLETERE L2 BT UAYE G T 32 AL INLM E B R K . Hh FEBEAE 64 fir
FEFANL R P KB T B RN, BHEEBMNIH, £ HFEMH 2 L)L 12
L GB INAE, XX TALGe1 32 A7 RIN UK i A& 8 GRS R 1 32 7 PLEE BE 11
T A KNAE), HEEIKEE 64 AL REFINL 2 304 . (2 BIX 4 KM W AF TR X T GC Kl
Bk AR E RN ER, ERRAES T GC EHAT W A7 RIS 8] 74 HFE 3 K1 1)
V) 5[] B 10 0 T R A A £ R 1 S5 A B R 2 K o Bl A 4> 64 L K FUUHL IR 3 8 B #, VM
(113 #E 145 JDK 1.6 Update14 fRASTFUGFR A T fa %t R 4a Dhfie, mid vh, F85F R4k 2 i
I FF A IR VE R 64 MTIRENR4E N 32 4, LA CPU L4718 HI Ze ik B HL T+ 64 3 1 4
PLZ T PEREM H 1.

(VL SRR, WERPTAE Y 64 A7 LI AL Update14-Update22 2 [i], ]
LU ot %6 15 “ -X X :+UseCompressedOops” St T i Fig bt I 4 D B, M7t Update23 A Z )i,
FE B IR 45 D) BERs 22 Bk 48 T )5
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1.5 S3SE&k: It Open]DK

1% F| OpenJDK (S KEIHFASEA B4, 48 CentOS. Ubuntu %55 1 1) Linux & 17/
BAE RS b, JLT-#BT%¢ Open)DK 1E N8R4 ) Java 1847 M 8BE . — Mk ist, {EH] OpenJDK
28504 n] LUl K 2 BN R g 55t B A R I E S B E /6 OpenDK HhigfT. ™M
Gt YR ALUEEAN) I 5 48 JDK 1K) A S8 SE I JRURE , B4 0% H 8 F-4n i — 42 JIDK LL & Debug HotSpot
W) s de BRI P75 T II AL %% Open)DK 75 2 2 AR IFMBLARIIE, ebr BIZ0EIF
W, U E T RN R R IR A shell iy 4, B LRI 4R iR £ 1 A IDK.

{t OpenJDK '}, Bk T HotSpot & [ C++UAKIRE T/ RM C ML %L SHw5E4, K
Mo N A H A AE ] Java S ME R, thln Java BYFEREEAES . B RU T EFE AR E
JDK ', JFR AT LLiE$E Apache Harmony CiZJiiH &1 2011 4 10 HEAfF1EIF ).
OpenJDK “5 it 174 i% . % 1EF| OpenIDK [N HH AT 2, FrUAA PP/ OpenIDK
{1 Ay 3 IR G 1F 2 1) T U DK RRAS &

1.5.1 JDK 5 OpenJDK X %%

OpenJDK fil] #. 3K 36 5t & Sun/Oracle JDK #]—Ff FF# IR 4, {H OpenJDK 4! Jf A J& 1~ Sun

Bl Oracle 25 ik 2a &, &)@ FIFEAEX, (BT 4284 A # o] LA HES Java A K RIHAR K

JEAH DTk . Sun 24 & FLAE 2006 4F B 9 B A 20K JIDK LA GPL v2 (1) U5 P O3 1T U5 X

A TF, HEH 2009 4E Sun A A IERKAE —DIER IDK fRA, A& 4 i

OpenDK. H i JF%& A 72 48 1) OpenJDK7 45 Oracle JDK7 (1 ACHS JL T J& — B —FERY, ME

[P X 5 8 A Oracle JDK7 w878 43 AR A5 P51 g R AL 1) 8 F OpenIDK7 o JUREAE H] oA (1 4 R
HEAT AR, BRUILZ AN BATAEMT I 5, i 1-7 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

& 1-7 OpenJDK % Oracle JDK [f] X &

© P4}k T hitps:/blogs.oracle.com/darcy/resource/OSCON/oscon2011_OpenJDK State.pdf 3441
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1 OpenJDK7 AN[f], OpenJDK6 Fil Sun JDK6 ({954 55 W47 45 82 K2 5, K1l OpenIDK6
XA OpenIDKT )Ny 32, 4 TR 4 Java6 sHE, OpenIDK6 w1 i 47 %
T Java7 B H45E . I H OpenIDK il Sun/Oracle JDK (U ACHS FF ¥ M AN ], OpenJDK
KM & GPL V2 ¥4, 1fi Sun/Oracle JDK E ] ()] J& JRL (JavaResearch License) pisl.
KM GPL V2 WU A 1) OpenIDK Y5 ARAS oV 75 Mk FH i, 1 R AT JRL P & 4 [¥) Sun/Oracle
JDK AR TS B T AN ANBHEFAE o Bt 2 #b OpenIDK 1 3 A2 3% Deployment i fiE, Lt
41 Browser Plugin. Java WebStart £ Java #86il [I#R 55, DH U FF & A 52 VL4 OpenIDK Hfii
XS ThEE . B T JLikAd FH Deployment ZhfiE4h, OpenIDK "t A4 11,7 Rhino #l Java DB
TR, k2, OpenDK S FUE— MK AR JIDK i, HT OpenJDK [(F)AS5E 4
PE, BRI € A 2 PR HERR (1) JIDK RRAS, Bt LAAR s JC 725 1 % 48 FH Java fibR. fH i 544 1]
Icedtea I T ) OpenJDK fRA, M A4 “java -version” fi, W4 IR Java A S, i
I OpenJDK Jft A 5 o

JL45 Open)DK 7& %467 [fii Al Sun/Oracle JDK i AFAE— € 25 5, H T2 584 0] LA 2 A
ZHMN %5, IF H OpenIDK i 4 IF & A GAWEFT JDK [ A 38 92 10 Ji #3454t 1 {4 .

1.5.2 EHF OpenJDK REEHIHEE JVM ( TaobaoVM )

{EH] Java £ K% 5 () REE, JoBEAE AL P BRBE b 75 ZE X Java MERUAMLIEAT (55 00 P80 T 15,
BEAR R 3 Java EIINLETRREOR, EF MG K2 0 IF RN B 2 A5 U505 8 1 2 0
b TS H LS E B KT Java HEARNH T, B4R TSR AR
X} Java RESRIHLBEAT AL OWE ? ¥ % 3 R B BAXT Java ERANLAPLAE TAE H 92 . A 2450
ER S EORH L, MR a T8N A SIS R S LR Sbrif N g 50, &
OpenJDK {55t bl i 15 MK 1K) HotSpot JEACHS, ¥R & W T 5 L 8 i mPEfE Java
UM L——TaobaoVM.

BE 4R A &5 6 Ml 55 RV B 8 I — 3K Java FERUNL, B4 M BE L6 SRAE B — Sk (1 N
Y5 b4k Oracle ‘B 77 () HotSpot S5%, &l 1-8 o, {H I #icu [ RE AR & W, a2
TSP . BT DA B R AR TaobaoVM HEATH TG, 1 LAZ % jvm.taobao.org H1[1)
1A 4 % — 4> TaobaoVM, (HUIRFFENHAESELFRMIE b, EFILEEW =/t &
WK 2= AR

Vi 5 1R 5 A P A et 18 K = 1K) HotSpot YR ARSI B € il i) TaobaoVM™, S5 ™ £
X Eki, (BT Java BESAMHLYE ARG R, 207 EAKA I CPU K8, i ut, &
i TaobaoVM (¥ il % #% ', CPU A #5423 — 4.1 Intel CPU, H. % % F BCR I )2 Intel C/CPP

(D CiEsE¥E bk http:/os.51cto.com/exp/velocity2012/ppt/wangcheng.pdf.

Java FEFUALRE
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Compiler #AT4 T, LAMLRXT GC PEREREATHE T B 7RIS IE 2 R 4h, TaobaoVM ik H] T
cre32 F58 4 S JVM intrinsic PAAE INT (03 I FRY, Wl 1-9 k.

i UL ROR

YGC R axftt, 6u32

120 | 117.2907

= HotspotVM
uw TaobaoJVM

Specjbb2005 SpecJVM2008

aAlibaba Group

B 1-8  TaobaoVM (111 14 4 i &4 1

TaobaoJVM Intrinsics

o cre32454 SEIIIJVM cre32 intrinsic
« W l%¥|Hadoop, TestDFSIO, Throughputii+40%-180%

7000

8000 +

i —o—21ib CACONG
3000 - Purene
| e CRC32(ntrinsic)
2000
1000 600.074
795.991
° - —— :
12 4 B 16 32 64 128 295 S12 1024
Bvtes
Alibaba Group
Cantiangm & Progriststy

B 1-9  JVM intrinsic P INT ¥ 8 F JF 44
W T LEPEREA AL AT F A2 T 3K, TaobaoVM i&4E HotSpot fI3EREZ B KIRET £ T —
e S I B S PL . Be BT Y GCIH (GC invisible heap) # A SEH off-heap, IXHFE— Ak
A LUK 2 iy B W K 16 Java XF %M heap B8 & heap 2 4t 3F H GC ANHEE BE GCIH i i)
Java A%, IXFEMUR K AR b R BRIK T GC MEICE R LR T GC IR, JFH
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GCIH XN GUEREW (2 A Java BRI R P SL LS. HAbY EREA R PMU
hardware 1] Java profiling tool F1i2 W t/ph T HE 245

1.5.3 T # OpenJDK E{LHED

KZK 0] LLE % http://openjdk.java.net/ N4 OpenIDK [JUEARCHS , A G 13 52 ik T v 715 11
JDK WAy openjdk7-ud0. SRR A LLIESE F & AL A ) OpenJDK, {H &y T i fu vt
G RIS FE RO AR — SE AL BRI, BT LR KOS B AR FF AR 5 — ST IDK A .

MEE R 3 OpenI DK [F ¥ AAY — LA P Fh 75 X o — M HEAE ] Mercurial fRAF H T2
M Repository ' check out HJ54 A, (HuhkJy: http:/hg.openjdk java.net/jdk7u/jdk7u40). {HH |-
#0 K Z2 B0 Java JT & N D3 8% 1 I A #1438 Mercurial T 248 A, LL A M Repository 1 check out
HOEAC S FEI KA, AR TR A X M 75 X Ah, KREGE AT LR T3 F 80 77 20N
http://download.java.net/openjdk/jdk7u40 F %% OpenJDK [ J5AHS .

M) R 84 OpenIDK ) zip G IF iy 4 “unzip” F L EAT M5, o) LUAE fif Tk
Ji (f) OpenJDK #2 H 5% F 4% #] README-builds.html. % 3CRSH V4 Hud A T OpenIDK [15¢
L IR, BT LA AR S — SRk OpenIDK, B 4 5 152 1% SRS W) 45 2 s o

1.5.4 HMIEHFHIFINE

ATSREI, R ALBERIR S A IDK (4 SR, K A a Tk 4 IDK K
Debug HotSpot I & 5 11 B Fr i 3o M0 R (E BT 450 962 1, R0 2% FHE 00 G278 %556
DRk SRR B TR DR T SR L, 0 ST R 1 5 4 P ) U
JDK.

KFEJLT 0l LAEAT I (1) R G T & L35 4 Open)DK (4% B3R 85E, L W1 Linux *F* & \Mac OS
-6 FEJE Window 14 L # T LUK EE 40 R BT . A AL ZEAE Window 1 & A4 1 4w PR EA
35 00 4 AR R, i FLIS A S HiE . K4 Window V-6 MY ZEAK#E Cygwin 55 i AL
B, 9 S R A DA R B I R E AP, BT AR IR BEAE Linux P& LA g B
B, ARXF Windows 3K U ARG &t sl AR, 340 5 i B R L%

A3 A (%) Linux %47 KA ubuntu-12.04.1-x86, 3L Linux WA N 3.2. kUil #
R TEE, B FRMESMEWERmFARE, BERHmiIFH JIDK, EHE FHA %
3% Bootstrap JDK. GCC. Make fl Ant 25— R 5110 H 4K #i. 7£ OpenIDK fk ' HotSpot
AT CHUL IR S T AR C ANCSE S MEA, KB WA SEHZAEH Java i 5 %
By, LU Java (IRERESE S, BT LUK I 2 B T4 1% Java A0S JDK,  FAiTnT EA
¥ H AR 2 A Bootstrap JDK . 1 C/C++4 5 1 ACHS W 75 E2 4 FHl GCC % ¥ 25 BEAT % 1%, 7E Ubunto
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HGCC B A L2224 T o ™ OpenIDK 1 (K BT AT WA 26 B 2 D 4w i% IS ) F (94T 45 5k
/& Build #4F . 1] Bootstrap JDK 4111 Java 183 3248 1] Ant T H 4T Build, fij{f il
GCC % BF 11 C/CHHRAL I 75 B A4 TH Make T H 4T Build.

A5 g P S P18 D £ 350 ) A MRR A

[ Bootstrap JDK Jit 4<: openjdk6-b31;
O GCC % i¥a AL : 4.6.3;
O Make T.HIRAN: 3.8.1;
O Ant T HRMA Jy: 1.8.2.
WERANAT -2 F 8% 1% JDK Bl (60— RS0 H #agt, a7 LUE & F dr & — e Rk
RIiHesE i, T B
sudo apt-get install build-essential gawk m4 openjdk-6-jdk

libasound2-dev libcups2-dev libxrender-dev xorg-dev xutils-dev
Xllproto-print-dev binutils libmotif3 libmotif-dev ant

YR AT A AT, W2 A B R EORN 2 H 4n %F Open DK FT il (10— 5 %1 151 H 4 i,
IZFE AL AT LURE KK B ) F 2 e R g ok, 4 SO ML BN B4 AT % b 2.
1.5.5 FITES OpenJDK IR iF

IR L OpenI DK T i (4 R IS )5, e B T S0 18— SR B AR S 8, A
{E4i 18 OpenIDK RIS {k, 5 2] FX SE BT AL B fig 5] 5. 2% README-builds.html £
AT ORI I, b JU47 LANG fil ALT_BOOTDIR iX 9 AN 355 45 B 4 45 F- 5 i
Y, FoAh R BT AR 2404 9 1F Open)DK B 347 v LL{E I BRINE, 0 F PR

£53 1-2 R EHIE Open)DK REMIFIETESH

# B 1 A
export LANG=C

#5E X Bootstrap JDK k1%
export ALT BOOTDIR=/usr/lib/jvm/java-6-openjdk

#SCVEAE S PR B b 1 8 F B KR
export ALLOW_DOWNLOADS=true

#FAT G 1 SRS BT St 1) 32 R A e
export HOST_ BUILD_JOBS=4

# 4 FH ol i Sk SCAF . nodi g i
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export USE_PRECOMPILED HEADER=true

FRTFENE, WRARE, W% opendDK P HIFTANE, HIEREK
export BUILD LANGTOOLS=true

export BUILD JAXP=true

export BUILD JAXWS=true

export BUILD CORBA=true

export BUILD HOTSPOT=true

export BUILD JDK=true

#251F build sy
BUILD_INSTALL=false

#4 TE S 1) 47 il B 42
export ALT OUTPUTDIR=/home/johngao/openjdk7/build

AR Lk A L O R
WARNINGS_ARE_ERRORS=

AT G, TR g R AR B G AT A
make 2>&1 | tee /home/johngao/openjdk7/build-log/openjdk.log

1 R Dy B B 9 1 Open) DK T 5 IR GG, 4 T ME SRR IR T8 04T, BH &

WK ZKAEMR S5 1) Open)DK AR H & G — A shell JIAS, #5 IR N ARG E 2. O T 56 AIE
AR AR R A IR, T LUMERT 4 “ make sanity” BEATAEIN, A0 R TR

K% 1-3  {E A make sanity &l

root@johngao-virtual-machine: /home/johngao/openjdk7/src/openjdk# ./build.sh
Build Machine Information:
build machine = johngao-virtual-machine

Build Directory Structure:
CWD = /home/johngao/openjdk7/src/openjdk

TOPDIR =

LANGTOOLS_ TOPDIR = ./langtools
JAXP_TOPDIR = ./jaxp

JAXWS TOPDIR = ./jaxws
CORBA_TOPDIR = ./corba

HOTSPOT TOPDIR = ./hotspot
JDK_TOPDIR = ./jdk

Build Directives:
BUILD LANGTOOLS = true
BUILD JAXP = true
BUILD_JAXWS = true
BUILD CORBA = true

Java B RANLKE



B & Java (AR 25

BUILD_HOTSPOT = true
BUILD_JDK = true
DEBUG_CLASSFILES =
DEBUG BINARIES =

Hotspot Settings:
HOTSPOT_BUILD JOBS =
HOTSPOT_OUTPUTDIR = /home/johngao/openjdk7/build/hotspot/outputdir
HOTSPOT_EXPORT_PATH = /home/johngao/openjdk7/build/hotspot/import

Bootstrap Settings:
BOOTDIR = /usr/lib/jvm/java-6-openjdk
ALT BOOTDIR = /usr/lib/jvm/java-6-openjdk
BOOT VER = 1.6.0 [requires at least 1.6]
OUTPUTDIR = /home/johngao/openjdk7/build
ALT OUTPUTDIR = /home/johngao/openjdk7/build
ABS_OUTPUTDIR = /home/johngao/openjdk7/build

—H LM HENE—

OpenJDK-specific settings:
FREETYPE_HEADERS_PATH = /usr/include
ALT FREETYPE HEADERS_ PATH =
FREETYPE LIB PATH = /usr/lib
ALT FREETYPE LIB PATH =

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 =

PREVIOUS RELEASE_IMAGE = /usr/lib/jvm/java-6-openjdk
ALT_ PREVIOUS_RELEASE_IMAGE =

Sanity check passed.

IR “make sanity” &, WHHH HEEGR “Sanity check passed.”, H#&H1E
] 4 15 45 QU TR R A A AR R B IE %l LAAAT make $#fE. fESLHSEREEE AR, &8
i ¥ S OpenIDK i, 4uifidFE &M ke, EBHSEMEIFNMFE T A/ 2247 1
[, T AR 5 L 1 G i L B P it O S A B AT o AR G U G e gn R, g R R I 23 LA
.

A D4 % 55 OpenIDK Ji, T iy i H & 55 87 B 5 B R AT IR 2 48 B2 9 #F
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4T —

ANSEHE(F) OpenIDK, 41 K iz :

#-- Build times —-=—=-—=—--—---
Target all product build
Start 2014-06-28 15:51:42

En

00:
00:

00

00:
00:
00:

01

d
01
37

01

35
38
36

:03
:07:

48

2014-06-28 16:59:30
:57
:57
:00:
00:
253

corba
hotspot
jaxp
jaxws

Jdk
langtools
TOTAL

MR A H R R el ORI, % G B OpenIDK —JLKEHT 1 /NBF 07 43 48 72,

1 rh HotSpot 1 JIDK ¥4 Bl FEAE I e A, KHE T T 8EA S 1R A 95%. 9 124w v &f
OpenJDK Jii, KFEAa/LUB A& ALT OUTPUTDIR T 47 fifi 45 47 6 21 9 3 )5 1)
OpenJDK 2 [ 55, 7E48 H 5% 19 j2sdk-image Fl 3%, BT A7 8010 A 25 5 2 4 13 )5 1) OpenJDK .

M IRAT N A “java -version” B, fH ] LA G COF F % 310 OpenI DK [ AN (7
L'a ’ &H ]\ﬁﬁﬂ—\.:

root@johngao-virtual-machine:/home/johngao/openijdk7/build/j2sdk-image/
./java -version

openjdk version "1.7.0-internal"

OpenJDK Runtime Environment (build 1.7.0-internal-root 2014 06 28 15 51-b00)
OpenJDK Client VM (build 24.0-b56, mixed mode)
root@johngao-virtual-machine: /home/johngao/openjdk7/build/j2sdk-image/bin#

bin#

1.5.6 $4TEIH HotSpot HI 4R iF

5 4 ¥F OpenIDK ELIE A7 W 51 J3 (f Hu U5 J& 7E HotSpot ) 4 1% 7 4, 1M IF %2 4>
OpenJDK, JiT LA J ) 5L AR/ Bl Dh 4 1% 4 HotSpot fii 247 Debug, WAl LA{E OpenJDK i
RS H 5% F () /hotspot/make Fl s il Make v 2 04T Makefile BEIASRI v 8K % i
HotSpot fl4i ¥ OpenIDK J$1Bh, #2275 % 1IN B¢ ¥ LANG Al ALT_BOOTDIR X 2 454
BiAR R, W N PTR:

K53 1-4 EBHiF HotSpot FIRMIMELT ESH

#B0E W I 0
export LANG=C

#5 X Bootstrap JDK HIEf1E
export ALT BOOTDIR=/usr/lib/jvm/java-6-openjdk
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#4001 i IR A7 fiff % 12
export ALT OUTPUTDIR=/home/johngao/openjdk7/build-jvm

make jvmg jvmgl 2>&1 | tee /home/johngao/openjdk7/build-log/hotspot.log

Tt & 4n ¥ ¥~ OpenIDK i /2 H%i ¥ HotSpot, 7 i B A HEAR A4 DA WA &
Wi, BTLAZE A {5 %6 ¢ HotSpot Bf, M ¥ T LANG fil ALT_BOOTDIR LA K $5 3t 4 1 Jii
{76i# M 421 ALT_OUTPUTDIR M 1545 &,

{t/hotspot/make [] % | [f) Makefile JiI A+, 52 X T HotSpot (¥4 % H brZS Y, Horp - 9%
{045 T product. optimized. fastdebug il debug 5 4 Fp& i, Wl FFis:

£53 1-5 Makefile B A& & HotSpot &) 4%i% B FRZEE!

# Typical Cl/C2 targets made available with this Makefile

Cl VM TARGETS=productl fastdebugl optimizedl jvmgl

C2_VM TARGETS=product fastdebug optimized jvmg

ZERO_VM TARGETS=productzero fastdebugzero optimizedzero jvmgzero
SHARK_VM TARGETS=productshark fastdebugshark optimizedshark jvmgshark

COMMON_VM PRODUCT_TARGETS=product productl docs export_product
COMMON_VM_FASTDEBUG_TARGETS=fastdebug fastdebugl docs export_fastdebug
COMMON_VM DEBUG_TARGETS=jvmg jvmgl docs export_ debug

# JDK directory list
JDK_DIRS=bin include jre lib demo

all: all product all_ fastdebug

ifdef BUILD CLIENT_ONLY

all product: productl docs export product

all fastdebug: fastdebugl docs export_fastdebug
all debug: jvmgl docs export debug

else

ifeg ($(MACOSX UNIVERSAL),true)

all product: universal product

all fastdebug: universal_fastdebug

all_debug: universal debug

else

all product: $(COMMON_VM_PRODUCT_TARGETS)
all fastdebug: $(COMMON_VM_FASTDEBUG_TARGETS)
all_debug: $ (COMMON VM DEBUG_TARGETS)
endif

endif
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all optimized: optimized optimizedl docs export optimized

allzero: all productzero all_ fastdebugzero
all productzero: productzero docs export product

all_ fastdebugzero: fastdebugzero docs export_ fastdebug
all debugzero: jvmgzero docs export debug

all optimizedzero: optimizedzero docs export optimized

allshark: all productshark all_fastdebugshark
all productshark: productshark docs export_ product

all fastdebugshark: fastdebugshark docs export fastdebug
all debugshark: jvmgshark docs export_ debug

all optimizedshark: optimizedshark docs export_optimized

t 1% 1% J5 ) HotSpot 5 ZHEAT I, FrlAEZ MM Make @44 “make jvmg
jvmgl”, IXFE— K T HotSpot 14 i H x5 /& debug 451 .

D4 P &F HotSpot J&, KT LLE L 552 ALT_OUTPUTDIR HiC & ¥ 47 fif it
124k 3 4 1% 5 ) HotSpot AR H 3%, 7EM H s F 2 % linux_i486_compilerl HI linux_
486 compiler2 . 1L linux i486 compilerl H & F N A &% /51 Client VM, Ifi
linux_i486_compiler2 H =& F ) 2 W & 4w 1% fi5 f¥) Server VM.

{F jvmg HkP AT T4 “./test_gamma” Wi 4 UE HotSpot 4 45 5, W1 F Froxs:

root@johngao-virtual-machine:/home/johngao/openjdk7/build-jvm/
linux_1i486 compiler2/jvmg# ./ test_gamma

Using java runtime at: /home/johngao/openjdk7/build/j2sdk-image/jre

openjdk version "1.7.0-internal"

OpenJDK Runtime Environment (build 1.7.0-internal-root_2014_06_28_15 51-b00)

OpenJDK Server VM (build 24.0-b56-internal-jvmg, mixed mode)

Al B5 C8 D6 E3 F7 G2 H4
Al B6 C8 D3 E7 F4 G2 HS
Al B7 C4 D6 E8 F2 G5 H3
Al B7 C5 D8 E2 F4 G6 H3
A2 B4 C6 D8 E3 F1 G7 HS
A2 B5 C7 D1 E3 F8 G6 H4
A7 B5 C3 D1 E6 F8 G2 H4

o oW
« s e & e s

8
—HERHENE—

90. A8 B2 C5 D3 E1l F7 G4 H6
91. A8 B3 C1 D6 E2 F5 G7 H4

92. A8 B4 Cl1 D3 E6 F2 G7 H5

JLRE B8 K D 4 B B HotSpot, {EE(EIEAT 2 A, AL T EAE K jvmg H & FHJ env.sh
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A ZHA TS L2487 JAVA_HOME. CLASSPATH Al HOTSPOT BUILD USER iX 3
MBI R, (HEF B —/ LD _LIBRARY PATH 4G, 41 F fix:

% 1-6 §E LD_LIBRARY_PATH HIE T &

${JAVA HOME:=/home/johngao/openjdk7/build/j2sdk-image}
CLASSPATH=.:${JAVA_HOME}/jre/lib/rt.jar:${JAVA_HOME}/jre/lib/ilSn.jar
HOTSPOT BUILD_USER="root in hotspot"
LD_LIBRARY PATH=.:${JAVA_HOME}/jre/lib/i386/native_threads:

${JAVA HOME}/jre/lib/i386
export JAVA HOME CLASSPATH HOTSPOT_BUILD_ USER LD_LIBRARY PATH

M RDIAC E 4f LD_LIBRARY _PATH M348 )5, W] LA AT env.sh A5 5 HotSpot,
JFAE M #ir % “gamma -version” % fH H 3K F- %1% 1 HotSpot RASE &, W FFiR:

root@johngao-virtual-machine: /home/johngao/openjdk7/build-jvm/

linux 1486 compiler2/jvmg# . ./env.sh
root@johngao-virtual-machine:/home/johngao/openjdk7/build-jvm/

linux 1486 compiler2/jvmg# ./ gamma -version
Using java runtime at: /home/johngao/openjdk7/build/j2sdk-image/jre
openjdk version "1.7.0-internal"

OpenJDK Runtime Environment (build 1.7.0-internal-root_2014_06_28_15 51-b00)
OpenJDK Server VM (build 24.0-b56-internal-jvmg, mixed mode)

1.5.7 SHRmIFERMA)—LEZFHEZLTE

IR AR S — IR iR Gn A OpenIDK 20 # H00i %% 1% HotSpot, JL TR MM E] —xtE
JIE ) 0 st e F o e 1 O OB AR R B 2, DR D R e R BT I I KA &2 (B
Bootstrap JDK. GCC. Make F1 Ant %5 — Z %1 (#) 50 H 4K 461D, /> 4O 88 AR ) el 5 2 5%
Wi 4G . AP AN AE T 3 B LR LI G 1R A R LA RO N IR AR R T R IER KB H

1. MEKRBATE

CEAT S VR AT, KSR R AT A 1 I00 H ARS8 R ) B BOF e o W SRl B AE S 1%
AR A 2 FBOTE H, AT LR IR B AE i ALLOW_DOWNLOADS, 4l | Firs:

export ALLOW_ DOWNLOADS=true

2. 10 B ki kA (o) @

{4 1% Open)DK7 I %, K5 — & B7F i Bootstrap JDK. GCC. Make FIl Ant 554 #i
(FI A . Horh Bootstrap JDK (¥R A< 24 2518 [ jdk-update-14 585 & fAS, GCC S i 25 (19 iR A
W] 4.3 B AT, 1f] Make T B RRA A ZAE ] 3.8.1 B RA, fn Ant TR
) B AR D6 2548 ] 1.7.1 B R A .
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3. Linux A#ZMAid S

AT W] LAAT JT /hotspot/make/linux  F S H1ff) Makefile [l 4, # 4 SUPPORTED OS_
VERSION Ft S (BT A7 Linux WAZRAS S . W B8 2FT (1 Linux WA 55 T Makefile i
AR ETRE SCHRF A BB, AT LA R RS N s B A I (9 Linux fRAC S, 0 R s

SUPPORTED OS_VERSION = 2.4% 2.5% 2.6% 3.2%

B TR LAE A BT Ah, BT LALE Makefile A, @i ERRACES A R, fEdniF
INSEIT Linux WAZ AR 22 A2 B8, Wk s
check os_version:
#ifeq ($(DISABLE_HOTSPOT_OS_VERSION_ CHECK)$ (EMPTY IF NOT SUPPORTED),)
# $ (QUIETLY) >&2 echo "*** This OS is not supported:" “uname -a ; exit 1;
#endif
JRRAEARBHNEET 3 P ECBH WL G 1R 4R LA SR I 1) il ok 7 58, A0 4 R el FE oh 758K A7 K
2 JCIETORHR) Ta) L, B DAY H I T At Ay G20l i A A v Uy AT L, )G K
KR HAB D) .

1.5.8 {#£MH GDB I E Debug HotSpot

GDB /& GUN F ¥4 LKA 1) — 2K H T 7E Unix/Linux i C/C++ACHS ) BEA i i T
H., GDB MY A Fi a7 8 L oh e Ak, R 24290 GDB (1% 1K iy 218 n] LA {§ i) GDB
T H. 4R T Al LU#E ] GDB 1. H Debug HotSpot #b, AT nf LAAE FH 24 47 46 £F () IDE T
H, tcun: Eclipse. NetBeans . /REEHIA EAL MM IDE TR M5, {HAF
i GDB T HHIHE IR G, BrUAARA 8L GDB A #il, K K5 < W4 /& Linux 355 F Debug
HotSpot.

HESR & Debug HotSpot, HZ4 iR BIA I & b AN nf DT . 1 jvmg H sk [¥) hotspot i /&
PR A, A voE A KB EE BT KK, W R PR

€73 1-7 hotspot Bl A& f &YIRIX(E 2

# This is the name of the gdb binary to use

if [ ! "$GDB" ]
then

GDB=gdb
fi

# This is the name of the gdb binary to use
if [ ! "$DBX" ]
then

DBX=dbx
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f£i
# This is the name of the Valgrind binary to use
if [ ! "SVALGRIND" ]
then
VALGRIND=valgrind
fi

# This is the name of Emacs for running GUD
EMACS=emacs

# Make sure the paths are fully specified, i.e. they must begin with /.
REL MYDIR="dirname $0°
MYDIR="cd $REL_MYDIR && pwd”

# Look whether the user wants to run inside gdb
case "$1" in
-gdb)
MODE=gdb
shift
-gud)
MODE=gud
shift
-dbx)
MODE=dbx
shift
-valgrind)
MODE=valgrind
shift
*)
MODE=run
i

esac

# HotSpot IK#ilH) JDK 1%
JDK=
if [ "${ALT_JAVA HOME}" = "" ]; then
${MYDIR}/jdkpath.sh
else
JDK=$ {ALT_JAVA HOME%%/jre};
fi
if [ "${JDK}" = "" ]; then
echo Failed to find JDK. ALT JAVA HOME is not set or ./
jdkpath.sh is empty or not found.
exit 1
fi
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# We will set the LD LIBRARY PATH as follows:

# o SJVMPATH (directory portion only)

# o S$JRE/1ib/$ARCH

# followed by the user's previous effective LD LIBRARY PATH, if
¥ any.

JRE=$JDK/jre
JAVA_HOME=$JDK
export JAVA HOME

ARCH=1386
SBP=${MYDIR}:${JRE}/1ib/${ARCH}

# Set up a suitable LD_LIBRARY PATH or DYLD LIBRARY PATH
OS="uname -s’
if [ "${OS}" = "Darwin" ]
then
if [ -z "$DYLD_ LIBRARY PATH" ]
then
DYLD_LIBRARY_PATH="$SBP"
else
DYLD LIBRARY PATH="$SBP:$DYLD LIBRARY PATH"
fi
export DYLD LIBRARY PATH
else
# not 'Darwin'’
if [ -z "$LD_LIBRARY PATH" ]
then
LD LIBRARY PATH="$SBP"
else
LD_LIBRARY_ PATH="$SBP:$LD_LIBRARY PATH"
fi
export LD LIBRARY PATH
fi

JPARMS="SQ@ SJAVA_ ARGS";

# Locate the gamma development launcher
LAUNCHER=$ {MYDIR} /gamma

if [ ! -x SLAUNCHER ] ; then
echo Error: Cannot find the gamma development launcher \"$LAUNCHER\"
exit 1

fi

GDBSRCDIR=$MYDIR
BASEDIR="cd S$MYDIR/../../.. && pwd’

init_gdb () {
# Create a gdb script in case we should run inside gdb
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GDBSCR=/tmp/hsl.$$

rm -f $GDBSCR

cat >>$GDBSCR <<EOF
cd “pwd®
handle SIGUSR1 nostop noprint
handle SIGUSR2 nostop noprint
set args $JPARMS
file SLAUNCHER
directory S$GDBSRCDIR

# MPATH InitializedIVM bR E I % PAT T 2
break InitializeJdVM

run

# Stop in InitializedVM

delete 1

# We can now set breakpoints wherever we like
EOF

t

case "S$MODE" in
gdb)
init_gdb
$SGDB -x S$GDBSCR
rm -f $GDBSCR
gud)
init gdb

# First find out what emacs version we're using, so that we can
# use the new pretty GDB mode if emacs -version >= 22.1
case ~$EMACS -version 2> /dev/null® in
*GNU\ Emacs\ 2[23]%*)
emacs_gud_cmd="gdba"
emacs_gud_args="--annotate=3"

rr

*)
emacs_gud_cmd="gdb"
emacs_gud_args=
;i
esac
$EMACS --eval " ($emacs_gud_cmd \"$GDB $Semacs_gud_args —-x $SGDBSCR\")";
rm -f $GDBSCR
dbx)
$DBX -s $MYDIR/.dbxrc $LAUNCHER $JPARAMS
valgrind)
echo Warning: Defaulting to 16Mb heap to make Valgrind run faster,
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use -Xmx for larger
heap
echo
$VALGRIND --tool=memcheck --leak-check=yes --num-callers=
50 SLAUNCHER -Xmxl6m S$JPARMS
run)
LD PRELOAD=SPRELOADING exec S$LAUNCHER S$JPARMS
P
*)
echo Error: Internal error, unknown launch mode \"$MODE\"
exit 1
esac
RETVAL=§?
exit $RETVAL

{t£ Debug HotSpot 2, FKATET LKA hotspot BIA T Frikigit) JDK kA . 41 JF
jdkpath.sh A< Bl o] £ & 2K #6 (1) IDK BOASE B, W FFioR:

JDK=/home/johngao/openjdk7/build/j2sdk-image

A DK I RRAS S, {8 0] f# ] 4y 4 “ /hotspot -gdb TestDemo ” #4T Debug HotSpot,
b R -

root@johngao-virtual-machine:/home/johngao/openjdk7/build-jvm/
linux_ 1486 compiler2/jvmg# ./ hotspot -gdb TestDemo
GNU gdb (Ubuntu/Linaro 7.4-2012.04-Oubuntu2) 7.4-2012.04
Copyright (C) 2012 Free Software Foundation, Inc.
License GPLv3+: GNU GPL version 3 or later <http://gnu.org/licenses/gpl.html>
This is free software: you are free to change and redistribute it.
There is NO WARRANTY, to the extent permitted by law. Type "show copying"
and "show warranty" for details.
This GDB was configured as "i686-linux-gnu".
For bug reporting instructions, please see:
<http://bugs.launchpad.net/gdb-linaro/>.
Breakpoint 1 at 0x804bd5d: file /home/johngao/openjdk7/src/openjdk/
hotspot/src/share/tools/launcher/java.c, line 1270.
[Thread debugging using libthread db enabled]
Using host libthread db library "/1lib/i386-linux-gnu/libthread db.so.1".
Using java runtime at: /home/johngao/openjdk7/build/j2sdk-image/jre
[New Thread 0xb6al5b40 (LWP 6321)]
[Switching to Thread 0xb6al5b40 (LWP 6321)]

Breakpoint 1, InitializeJVM (pvm=0xb6al52c8, penv=0xb6al52cc, ifn=0xb6al52c0)
at /home/johngao/openjdk7/src/openjdk/hotspot/src/share/tools/launcher
/java.c:1270
1270 memset (&args, 0, sizeof(args)):
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(gdb) 1list

1265 1InitializeJVM(JavaVM **pvm, JNIEnv **penv, InvocationFunctions *ifn)
1266 {

1267 JavaVMInitArgs args;

1268 jint r;

1269

1270 memset (&args, 0, sizeof(args)):

1271 args.version = JNI_VERSION 1 2;
1272 args.nOptions = numOptions;

1273 args.options = options;

1274 args.ignoreUnrecognized = JNI_FALSE;
(gdb)

tH 17 hotspot JAIAS B¢ 48 T W7 s B2 4%, BT LAY HotSpot $4.47 #| Initialize) VM() ef £ i) 11
il ok WR A % HotSpot 444 AT F— 474K, W n] LUEJH dy 4 “step” B# “next”.
Horp iy A “step” 4L T Eclipse Debug (1144 F5, {5 S Ui i% iy 2 2 1E o6 50 1 67 A next”
WL T 458k Fo, A RUENSRE. W FFiR:

(gdb) next

1271 args.version = JNI_VERSION 1 2;

(gdb) next 5

1288 r = ifn->CreateJavaVM(pvm, (void **)penv, &args);
(gdb) step

[New Thread 0x9f7d4b40 (LWP 6296) ]
[New Thread 0x9f£753b40 (LWP 6297)]
[New Thread 0x9f5ffb40 (LWP 6298)]
[New Thread 0x9f5aeb4d0 (LWP 6299)]
[New Thread 0x9edffb40 (LWP 6300) ]
[New Thread 0x9ebffb40 (LWP 6301)]
[New Thread 0x9f55db40 (LWP 6302)]
[New Thread 0x9e9ffb40 (LWP 6303)]
1289 JLI_MemFree (options);
(gdb)

W R A B EARIEAT, W LU iy 4 “continue”, 1R iR :

(gdb) continue

Continuing.

Hello HotSpot...

[Thread 0x9e9ffb40 (LWP 6303) exited]
[Thread 0x9f5aebd40 (LWP 6299) exited]
[Thread 0x9f7d4b40 (LWP 6296) exited]
[Thread O0xb6al5b40 (LWP 6295) exited]
[Thread 0x9%9ebffb40 (LWP 6301) exited]
[Thread 0x9edffbd40 (LWP 6300) exited]
[Thread 0x9f5ffb40 (LWP 6298) exited]
[Thread 0x9f753b40 (LWP 6297) exited]
[Thread 0xb6al6700 (LWP 6292) exited]
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[Inferior 1 (process 6292) exited normally]

1 HotSpot MIACHS A AT 5E 7, 24t Java 2% TestDemo 11 F 77 Hh A . b1 g
KE ALY GBD T HMM A, kvl LLEE & HotSpot 484 )L 15 Debug HotSpot, Ai1%f |-
AlA = A B4 B R A S, SR T Debug 1) 77 38 5 %5 5) Nk K K X HotSpot J&E /2 512 L Jsi 4
1 R

1.6 AREIB/INGS

AREEFVEMMA T Java ARG K. Java IETHABEM R RMACE, LU Java $E A
AKIVR R, b RKEKXS Java EEARE T —NEEAARURFE N . 1M 75 A 5 (1) 5 A/ 1
EHEEEAYHE T gmiEl — £ B AN OpenJDK, 1§/} GDB T H Debug HotSpot.
ENEBMIR, EFARZE DR ZE —SBONE MBS E AR, it S aak s i
MEIEr g, A KA 7R 4 35 JR . HotSpot MFIER LI FE . PIAF 20 FC b5 37 3 nlig
AT 51V T AR UAR G 7 7 i, ik K 5K 5 4 (i b T fi% Java UM
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g 2 %

T B RIERE

Java IR WJUEA () H & A T E A MO 155 I 4 B 68 R FO B 1E R BE RigqT,
AR UL Java BT SEILES P SRR R4 S R RS . Java Z BT LLREBE iR R T ()
AR, BB S, B A S R R Java JEARHD 16 g 1R 45 LT AR S A
BLasda 4, AT, Y Java BHEACHS D)9 PEBCF- RS Ja, W RAEAH K& Lifnis
17, MIETG E kg vf, st/ 3 Java Y65 HL TG — I 4w 13wl 0T Ak Abiz 47, X5k /2 “ Write Once,
Run Anywhere” [ A8, BT LA E T Java F2J7 76T (Al 4 FE 660 04 F0 # 1F R GLH B85 1 &6 Ak % 5
Fgtr, REXNIFE#EA% M Java IB1THEE, Java FEFE AT LU 1T, BARENTE
() Java BEFUAHLA S IAT T AR A FE, HZ2ENLERBITH SN A E . Ba
AL —AN Java F2IF IE 6 H0IZ AT JVM o, Java J5A5 5 6 200 B2 4 4 6 A 75 &5 JVM BTG
FA . TR, FFRANRAEAER Java i S5 > Java 1717 I 75 S48 Java LG,
111 45 050 B 0 9% A 71 B PO IR ST A A JVM OB, TR Ok 6, AU i g R A% 10 3 BT 5k
N BT A Java IBTEIEM Java ABS A4 F56 TVM BEG I F 55 B S0 A

2.1 javac fmiE3FEIT

AP 1.2.2 i, Xt Java IS EE R T — RPN DH, BANAFIFIHES
93 EIRATE R RIEABR T IX AN 1E B Java PRSI0 4 13 45 R WA AR C/CH+—FETA
LB R4, MR F R ? G KEMAmE, X5 Java 5HEEKMN S V& LM
JEB A4, Java Z BT LLAESE SZE “ Write Once, Run Anywhere” (— X%, 44bizir),
R EMHEAD T MRk, FMESA Y TR - E AR Ry, IEAEEE
¥ Java FESWLIGSEELAN 55 AR R, RS RAT I AT RS AL FE, Xt
W AT 4 Java (R THE A48 Java B4 PR 45 B 52 b BLAT T 638 IR 0 550 i iy JE A b
PlLas$e 2 m H AT (e
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38 2.1 javac i i)/t

Java YA PR S5 K BF ML T IR 2R E R G MY IAEE A G — SR, ([ TITRA
GUSTREM T K T- A Sl % . DO AT IXFE, R L. 5F 6 KSR 4 fiehs
TEM AR K, F Java $E AR E — T TMES M AR IERNE S, WIS KMsh A i
. B R4 HAUYRA 2 IF Java JF & N DA 6 FSE Java RIS T PERE, (HE 15 K%K
FfF, Java W OAS P28 A ME 75, U EARAPE REAR S — T4 FRiE 5 o LS DX HeF i A,
KB ERIAST Mt Java AR, AHAE 1.1.3 1epsd 2848 K idk, F JDKI1.0 BAH, Java FiJ¥
FIEEIT R EAR WA, XAER A Java M IR 2SS AEW IR, HIXHEALE Java
HE AR, REul, RIFREirEiSmftiE s LSRR 2 REE LR, HIFkE
FEFFIg AT PRI R g B4 o ANREAEUEE, B FHERBRBIZIREK, JVM LA R 2%, ik
A S BE R0 T 4% 8%, 2P, Java 0% T XM RIREI, FUFMSITHR O
KB TR ROR C/CH+REIF—8m Ry, JF H Java 8K 3 S & 2 BB ZE C/C++
KLU, BTl &K R IX AN E R . /0 KR T B R, A Loz 847 S i ga e
EE, RAEBEHT RN mEES.

Java YRS [ 4 13 25 ROE 7, I8 8 E W AT P R AR BERE K Java YRIY G RN
Wt AAHHXA EAT ML HC EAE “PATH” BB A1) javac ik . javac & —FifiEle
¥ Java JERS G OF 0 TR AT R IR AS, I T EA SEABIE 8 FAH RN T 4hika,
(K 4K javac G 1R 4% 1) 9 R I BE U RRA T — AN e AN AT i 1R Bl 4

2.1.1 javac 5 Eclipse Compiler for Java 43i¥ &%

HotSpot VM - ¥ A 5 il 3K i v 4 1F 25 L GEAE ] javac SRR 7 1569, ook 84 1%
ERFF A IVM RS ER vl LA#E JVM BT U, Bt LA Java BT S 9 3 2% 9L, BR T javac Z4h,
AT — PR K S8 20 (%) A i g 24, I8 5 & N B LE Eclipse 11 () ECJ(Eclipse Compiler for
Java) 4ii¥as. MUGHADIFRAN RS IRELN Eclipse [ FE L Z{EH] JIDK 54 OpenJDK
o () javac S % 8% K g 1 7 6, HSIASRIXFER), Eclipse 1 BT FH K EC i i 4 3 4% 5¢ 4
A EFRM, I HATLAR javac AHEE S, $E %3 0l LUK javac ELFF .

M javac (4B GIFE A, ECY & —Fiit (% F 48 . & Eclipse ', “IT R ABHWS
SEARID G, A “Ctrl+S™ PREERENT, ECT %% 48 BT R I 90 % 75 52 8 AR 2w 7 30 20 1O U5LRY
BATHAT O, MAEFREASRmIE. Bt ECI M4 IFBE W javac IR EM &,
SR % IR AN javac AHLE LS KBOL R —FEM . X P RKTHEER, A ka8 A %
W B o EARAR A T (R B AR, 1 R X 46 FL AL Ak 41 15 B8 2245 HotSpot ) JIT % PF 25 51 ot

ECJ MY /& Eclipse (K845 N B A7 4t 4 1% 2%, /£ Tomcat o} [A] B 2 (i H] ECJ 9 3 4% K G
¥ jsp 0. HI T ECJ 4 % 8% /2 R JH GPL v2 [ FFUE M CEAT URARRS 2 9, FrEL, KE LA
% 3 http://archive.eclipse.org/ N #& ECJ g i &% (1) U5 65 2E 47 ) B A2 S) EL &0 IO K
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2.1.2 javac M{EA SHRAEEXINE =

W ARAE S — WA javac 4 %25 K¥F Java MIPEACHL 3% 0 050, 84 al Ll &
R T4 “javac -help” £¥ % javac 2 1% 8% 1 EL A FH 7 2 R0 — 6 o v 2 o i .

HAKATZ:

javac <JEI> <¥FE >
o 18 00 45

-9

-g:none
-g:{lines,vars, source}

-nowarn

-verbose
-deprecation
-classpath <#f2>
-cp <#fE>

-sourcepath <@fe>
-bootclasspath <#fif>
-extdirs <Hx>
-endorseddirs <Hax>

-proc: {none,only}

—processor <classl>[,<class2>,<class3>...

-processorpath <>
-d <Hz=x%>

-s <Hz=x>
-implicit:{none,class}
-encoding <#ifig>
-source <RA>
-target <[RA>
-version

~help

-Akey[=value]

-X

-J<tr>

A= AT AR AE B

AN AT AT I A R

SR RS R s R

ANE AT ] %

G AT IR B IEE BT IO BB B
A R arT BIPEALE

65 2 H P 288 SO e R Ak R A 04 40
658 1 R P 28 SO0 R B A B RS (0 4
5 5 AR A A U5 SO A B

i 5] S A

i wHEIYE H KA E

B 525 4 I RRUEBR A2 A B

PR T PAT A R A BE AN / Bl 1R

BLEAT R RRALFRRE ¥ (R 4 R Geil BROA I8 R bR
5 5 A HVE B AL PR Y A

6 5T A7 1O I 2 SO A B

F 58 A7 A BRI U8 SO (R4

&5 A5 0 B2 5| F SO A st S

& 5 P8 SCAHAE A ) 7 7 g 5

PR 5 ¥ 5 A 1) 5 A A

R E VM RRAS [ 2 S

[ENEPS

iy b M T 2

A 58 0 T R b TR T 1) 3 T

i H A AR AE SR T (1 2 B

Y <drE> BB ETHRSE

AR 2.0 TR AR T Akt R AR, FS R FARA T T 104 G
PRATHOR IO R iR, [KH7E SR IFE PR L R ek, JRATTSE 2 2 E IDE TR o {13 X
¥ ey, IF LR ARG RPN RA, BIFAREWETEFEEIT N AT IERE.
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40 2.1 javac gmiFas i

2.1.3 HwmFFIE

AAAE 1.42 TR G LR IId IVM FEARL Y Java 5 “ARESE”, TE S5 E HRT
AT METT(E JVM R, A B IR K e B 4 R I & Java EAUMLIO A SBTE 4. 145 %
PARILARE B R E Ee — MBI TSSO, 3RS R N LIT R B IR 3B 17

MFE R XA S 2 S5, B ORIRATE K T % javac M4m0, L SE T i 4 i 5
KA AR AR A Java Y5 RS 9 30 4T W I BT 75 S22 5 10— 24 1% A0 BB . javac S iR 84
4 Java YESGRIF AN — DNE R FIE X, EEEKLT 4 MBE, S0 ST —E
TR — 08 SURRNT— A 7S, W 2-1 fios.

JavaF{tig

int valueA = 100;
int valueB = valueA,;

v
TokenF¥ % FHTHY
Token.INT 010101011...
Token.IDENTIFIER

Token.EQ

2-1 javac (¥4 1% 5 5%

P PEM R — B R EMT, IR AT TAT AR IAEMATIE? £E Java ih 59, KREEFAME
RFEABAEH B, PFrid @ FRemie Java API Wi TIE LI — L7554 (Wl public.
private. class 55 ). IS Z 1) VA AT S0 S 2 K Java YRAY IR SCBRE T A BR R A 55 N R A
WA TF & Java WLV Token FF 41, SR 5 44 fRUFE G O A0 DU BE AT VL FEAZ G, 3 At A
TR R

MAVEMRT AT ARG, javac AL REA B IF A0 AN BL R IEIR T POl
VE VR AT R (6 502 K5 1] VE AR AT JS ) Token P91 485 00 — BR G5 K A0 B 3l BB 200, AR BATT
i, —Atry B S E 28 LA catch B3 finally FA), X5 2& 15 MR HT A2 K.
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L AT BRI javac MUAME A B T TR AT RLE — NI EL, Rk R
SURHT < F T VAT 28 T AT L1 e V4 9 S 8 T 1 7 4 S 32 B
SR E VA R K B A 53 , T L85 SR AT (10 L 103012 2 1 6 2 T VT 2 B = 2
(Y A 9 A M50 T 0 0 2 00 T SO AT I 19 1 2 7

™ javac JERCRNEMENT  EEMENTRNE ST S 3 NP R)E, BJE U R PUT FRY
G 1o XA D BRI R AE HE A G 136 0 2 P dp E SR A O I e T, AN K R AT R S R i 4
=g iE PR NG, A REE EHR# javac G 1%F &% 1) 4 136 J5U HE .
2.1.4 T # javac &HiF=ZiEG

(6 1E 2CTF 46 () 132 A1 27 2] javac G iR 48 I URAY 2 0T, KK 56 W 2 4K javac (1% AY . javac
) 95 69 4L % 7€ OpenJDK ', fr LAt S AR JF % A7 N 4 OpenJDK 15, 0] LA 5E M
http://download.java.net/openjdk/jdk7 " HEAT F &, 2 Al R javac ¥,

{t Open]DK 1, javac [f)¥i6i4 {2 & 7F /langtools/src/share/ W api
classes/com/sun/tools/javac H &, Wi 2-2 fix. : code
@ comp
X IVM AT T R FF R SN A% 508, HotSpot 31952 & fle
BT C bl A T DR C RIE SRS S T, Kt ~
(7 B javac i IEALET, MRS BEIG TR, Wita @ model
javac i B S B 4R A S5 45 2 48 ) Java i 5 S HOVE 2 1 3F A & rio
1) C/C+HHARTE? sz IR A 1 javac YRS A 9 2RI C/CHHAR :”mh
55 (1, SUASREZE G KR T HotSpot KB D B4R (11 & resources.
15 F1] C-H+LL R R A /DL C RNLGE 3 BT S 4h, — e bR b B services
FE” (0T R B4R Java i S HATRE T o 3T Java FFRA & sym
B 55, IXEBERE— AR I I, B0 K K B 4 -y
R e 2 5 ) 0 7 1 9 5 3 B B Laiicherjavs
| Main java
2.1.5 i8H compile() A EHITHIE 5] serverjava

g 2-2  javac ¥t H 45
VORI B AT, e A A B ARAE OR 90 SR AR
PN, ATk, WA REAL javac Gnif a8 MU H A p L WA,
EM KR FHEFESE, BT javac 582K Java i 5 AT S 19, B L% RS 3 5 28 10 8 R
EETAE, O AT javac [VE S HE N4 ULF Eclipse T H ) Java TFEH .

6 1E S TFEEVE# javac 1% 13 0 BB 2 1 K%K 8 56 #k B com.sun.tools.javac.main. Main %,
G PR T — AN XA 4B W I T S 7 i compile(), IXFERIFRARER LLE
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FEAERE T U8 T Z 07 190K F bR V8 SO 9 0 75 60 S0k . W R TR
K55 2-1 A compile() A EMITHIE

/**

* @author JohnGao

*/

public static void main(String[] args) {

com.sun.tools.javac.main.Main compiler = new com.sun.tools.javac.main.
Main ("javac") ;
/* W compile () HiLHATHhiF */

compiler.compile(new String([] { "d:/TestOl.java" }):

FRARAL =B, compile() /7 %% H AR SCAER ) Java AR %L F 965, Hrp
compileO)M N ESHUE — DB EA, X EWE FF RN AT BA% i 54 Java P53
f, an] IEREAH £ N SR 12, 90— A] compile() /7 AT HE S 40 . W00 AT

K15 2-2 PHITHHLEGRIF
/* P compile () HiLATHE g E */

compiler.compile (new String[] { "d:/Test0Ol.java", "d:/Test02.java",
"d:/Test03.java" });

AR E R PR Java PO IS REATHE RSN, compile() J7 i (1 g i H b2 b Y S
PR FFE G H 3 N o i B, 20O 3T S ¥ e, AR B P AR
Y5 SC A 44 BRI 1 7 9 A A

{EME R T EER, compile() s i A 5 HIJFAS R & AT 4 R RE ), M0 A& AEIE AT I th
B BT Y LA 1 S P 5V BB 8 B R S . AN T compile() 7 A I FEG AE javac
gL BRIOATSE . W R PR:

£%3 2-3 compile()FEHI TR AT

public int compile(String[] args) ({
Context context = new Context();
javacFileManager.preRegister (context);
// can't create it until Log has been set up
int result = compile(args, context);
if (fileManager instanceof javacFileManager) {
// A fresh context was created above, so jfm must be a javacFileManager
((javacFileManager) fileManager) .close () ;
}

return result;
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2.2 WELAERBITE R

EVAMRNT A javac G B AR AT AT R RIS — . FEVEMAT LR, e ik T 8%
fe F BMAL 55 92K Java YRS K SC B T RIAR 725 75 55 N AL O FF & Java TR LIS
Token J# 41, SR 44 M5 2 R NGUF- B0 IO BE A7 VT RC A SR, LA kg Ji 488 1 8 Y0 A T 2L SR A 4%

7t javac 4 ¥ 4%, GalVAMAHT 8%8% 11 /& com.sun.tools.javac.parser.Lexer, ‘&1 B R E
S AL T4 R (¥ Scanner 2K, 1% K MIX % 5541 th ScannerFactory T.) §i i i & . Scanner
H M EAT 5 S AL R A AR 7 I Java 5 SO 0 KB A RbORTFEN A, RS
Y ILEE O 15 Java TEVE VG Token 741 (EUb KXW B &, o oria ik T/ If
AE J& Scanner 2§, ifil /& com.sun.tools.javac.parser.JavacParser 25, 1% 35 (1) xf % SC 9 i
ParserFactory 1. fioiflad. W2, i JavacParser 28 67 o7 45 il i) v A A7 1 1) L AK 41 Y5
ifif Scanner A AX SL A& B7 57 13 UG A5 o 1 7 FF 52 & L& Y5 Token Fy 1) 2 1] R 4T 55, tn &
2-3 iR

1. i A compile() 5 i
2. B Parsefiles())‘u‘a‘i
P :

3. BA pame{))‘i%@'] EJavaciParser?T 4

1o

4. BA DarseCompilationUnit(iF‘ii

j 5. 8 A nextToken() 77 & 3 B Token

. =
6. iE B Token

70 BT BERRT

B 2-3 i) ik b LR
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44 2.2 A VRN D IR

AA54E 2.1.5 R T com.sun.tools.javac.main.Main 2 (¥] compile() /7 i (€118 i, 54
R RIATHIT s — L — L IR N B compile() ) 72 4 a5 2.

156t compile() 75 ¥4 ¥ Hl com.sun.tools.javac.main.javacompiler 25 [f) parseFiles() 75 V2,
1% 77 1) AT 45 w2 1R parse() 7 i< 3K B JavacParser 2 (1) %F % 512491 , 4R )i i H] JavacParser
F 1) parseCompilationUnit() 7 AT 1d iE MM, W R FToR:

K83 2-4 parse()AEHTERRE

protected JCCompilationUnit parse(JavaFileObject filename,
CharSequence content) {
long msec = now();
JCCompilationUnit tree = make.TopLevel (
List.<JCTree.JCAnnotation> nil(), null, List.<JCTree> nil());
if (content != null) ({
if (verbose) {
log.printVerbose ("parsing.started", filename);
}
if (taskListener != null) {
TaskEvent e = new TaskEvent (TaskEvent.Kind.PARSE, filename);
taskListener.started(e);
}
/* 6@ JavacParser XS] */
Parser parser = parserFactory.newParser (content, keepComments(),
genEndPos, lineDebugInfo);
/* W H parseCompilationUnit () kAT Wl ikENT */
tree = parser.parseCompilationUnit();
if (verbose) {
log.printVerbose ("parsing.done", Long.toString(elapsed(msec)));
}
}

tree.sourcefile = filename;
if (content != null && taskListener != null) {
TaskEvent e = new TaskEvent (TaskEvent.Kind.PARSE, tree);

taskListener.finished(e);

1
return tree;

LR AR s, i ParserFactory T.J [f) newParser() /7 ik f 5 il 4 JavacParser JS (1) X}
% 5245 , JavacParser 25k T- com.sun.tools javac.parser.Parser % 11, 3§ 85 | Parser 4% 1]
parseCompilationUnit() 77 #% . parseCompilationUnit() /772 #] LA {5 52 sl 22 i # 200 SR (19 K% 0o BT 1
th1% 77 ¥ 41 22 1 FH Scanner 25 [ nextToken() 77 72 3K HU L Token Jim 1 44 HE 45 5 (¥ 6Ly R 00) it 4 7

(UM
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2.2.1 Token F 3%l

VLS T SR AE OO IR Java YRS () X BE T AR RS ARG, S HERIGS
Java VL MVE 1) Token J¥ 41, A84 5T 354 4 & Token WE ? SZF% I Token J&IEH A& — 41 X) ¥ Y&
75 4 B 1) 53 PR 81 o ] BROR G, Token LSt — MM KAY, & L T W2 54 Java
VA RV 55 U5 7 7 B G AR N O RCS . o T R K B B 18, A Bortl T a4
com.sun.tools.javac.parser.Token Z8 /1 [ FT A ML 485 B, 40 F i

X85 2-5 Token ks g

EOF,

ERROR,

IDENTIFIER,

ABSTRACT ("abstract"),
ASSERT ("assert"),
BOOLEAN ("boolean"),
BREAK ("break"),

BYTE ("byte"),

CASE ("case"),
CATCH("catch"),

CHAR ("char"),

CLASS ("class"),

CONST ("const"),
CONTINUE ("continue"),
DEFAULT ("default"),
DO("dO") ’

DOUBLE ("double") ,
ELSE("else"),
ENUM("enum") ,

EXTENDS ("extends"),
FINAL("final"),
FINALLY("finally"),
FLOAT("float"),
FOR("£for"™),
GOTO("goto"),
IF("if"),

IMPLEMENTS ("implements"),
IMPORT ("import"),
INSTANCEOF ("instanceof"),
INT("int"),

INTERFACE ("interface"),
LONG("long"),

NATIVE ("native™"),
NEW("new") ,

PACKAGE ("package™),
PRIVATE ("private"),
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2.2 iaAlVEfR T R

PROTECTED ("protected"),
PUBLIC("public"),
RETURN("return"),
SHORT ("short"),
STATIC("static"),
STRICTFP("strictfp™),
SUPER ("super"),
SWITCH("switch"),
SYNCHRONIZED("synchronized"),
THIS("this"),
THROW("throw"),
THROWS ("throws"),
TRANSIENT("transient"),
TRY("try"),
VOID("void"),
VOLATILE ("volatile"),
WHILE ("while"),
INTLITERAL,
LONGLITERAL,
FLOATLITERAL,
DOUBLELITERAL,
CHARLITERAL,
STRINGLITERAL,

TRUE ("true"),
FALSE("false"),

NULL ("null"),
LPAREN(" ("),
RPAREN(™)"),
LBRACE("{"),
RBRACE("}"),
LBRACKET (" ["),
RBRACKET ("]1"),

SEMI(";"),
COMMA(","),
poT("."),
ELLIPSIS("..."),
EQ("="),
GT(">"),
LT("<"),
BANG("!"),
TILDE("~"),
QUES("?2"),
COLON(":"),
EQEQ("=="),

LTEQ("(_:") ’
GTEQ(">="),
BANGEQ (" !="),
AMPAMP (" &&") ,
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BARBAR("|1|™),
PLUSPLUS ("++"),
SUBSUB("--"),
PLUS("+"),
SUB("-"),
STAR("*"),
SLASH("/"™),
AMP("&"),
BAR("|"),
CARET("™"),
PERCENT ("%"),
LTLT("<<"),

GTGT (">>"),
GTGTGT(">>>"),
PLUSEQ("+="),
SUBEQ("-="),
STAREQ("*="),
SLASHEQ("/="),
AMPEQ (" &="),
BAREQ(" |="),
CARETEQ(""="),
PERCENTEQ ("%="),
LTLTEQ("<<="),
GTGTEQ (">>="),
GTGTGTEQ (">>>="),
MONKEYS_ AT ("@"),
CUSTOM;

222 BRIBFEHESE Token Z BT X F

ERFEAFAMEE T, TS RAT AW T R b, 2L &%) Token 44 M Fi5 A2 (1 5t
J LN E AT D AL 56, I AN 2 HECSR R RS 7 15 2 & 1 70 SKAT il i e, I8 AqE st =4
THANBE): BRI TR G RS R T K Token 11?7 SLUCKE YRS 715 48 & B
Token Jii, iV AT 4% SO R A 05 sUORAF IR S 745 B 5 55 Token Z [] X} K 2R ?

SR S ANBE ) AR IR B o VR AT A8 K YRS R S G B 4 N Token ZHT, &5E
BhE D P EAEE R — AN Name X%, W2, 85— DU 7RG
JE—/> Name %/ %, #RJ5 1 H com.sun.tools.javac.parser.Keywords 2 11 57 5 [ [f) Token ¥4t
1% . Keywords £ Token (B A& B AT ) Name X%, SR S5 R I A7 1
& Name %f % () 4 &2 Table H, XL KIEI F LS 5 Token Z [8] ) X WY 5% 28 hl e D 4
Sk T, WK 2-4 Fiome 4RI R XS R G R T, e VAR AT 88 T B NS TR
{7ix e Nt v % 2, HE4 Keywords 257 (¥4 key 5 TR A7 U515 F 75 5 & 55 Token Z (7] (1)
XN KR .
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) one-toone . . .

B 2-4 FIFERY Token [14F W X &

MKKFFE R T TS Y Token Z ) & Wil by g2 0 N K RS, 3 N oREH 1K
AR GBI — AN BE W o XF 5K R EESR AL A7 1 4 Keywords 21841 key thivg, B
2R, BEAR Name X% 5 Token Z [ K) 4l —Fh one-to-one [FIXf N X &, 4 & 7l
i Name X %5 n] LLKE U505 7 7 42 & 5 45 9 %4 (1) Token? i S S 3R KR 16, Y i) V2 A6 7 8%
i S YR TR G 4 Token I, ik &3l it Names 2522 1 /] Name 2% fromChars()
JI i ARE — A Name A %, SR )5 76 FH Keywords 2511 key() J7 ¥2: I 4% A iX A Name % %k n]
DL RS ) R HCHS % N 1K) Token,  IX B — 2k dal 725 fift M 2% B0 ]yl T b K 900 00 5 7 7 B & 460
Token. 1 K flT7R:

K15 2-6 %534 Token

/* L Names Y Name ] fromChars () /753K Name X% */

name = names.fromChars (sbuf, 0, sp):;
/* MRHE Name XF Z IR 52 XN Token */
token = keywords.key (name) ;

2.2.3 VA key()FiEZIKEUIEZE Token

B — DU A SR — A Name X%, — B M 44 S5 Token 2 i) 5 Ih #
HR ATV R G, 4 1 VAT 2% U Keywords 28110 key() 7 &0, 4 N 55 Token %V f{] Name
X G AT LA SR CHE 7€ (1) Token. U1 R Fiai:

X85 2-7 key()HFERITENKT

public Token key(Name name) {
return (name.getIndex () > maxKey) ? IDENTIFIER : key[name.getIndex () ]:
}

R R, WAL F AR A Token 2 (0] XS I Ok Rl AR AF AE B4 key P, MHrh
Name £ 1) getindex() /5 i TR [F] Name Xf R TR 9|, WL X ANR G807 AN EA key
SR FR 2 1) Tokens

2.2.4 A nextToken()77 i itHE Token BB M
I B — AR SR LS package BT S WL import JCEEFE B LL K class B AA(E BV
WA, B4 %1 28 A0 AT )V A A0 TR, 1 9% & B ] VA AR AT 48 18 ] Keywords 261 key()
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JT NG VR A - 7 5 A W 3 A XV 1) Tokeno 4 5 5y 3K HU B4 52 (1) Token J&5, JavacParser 255
SXVETE i (1 55 — A~ Token J& 75 /& Token.PACKAGE, 1% UL BC 5 I (011% , 1 1y i) v e A 3%
AR —A> Token, #k&4EVLHC /& 75 /& Token IDENTIFIER, Token.IDENTIFIER % )W [£] 5 7%
LGB P PR R, PR UCH Token.DOT. Token.IDENTIFIER F1 Token.SEMI,
51X 1T Token FFHIRE N IF A FF 4 &l & “package Fr/RfF LER/RFF 2,7 %0t iX 4T Token /¥
SICRC P IR 2 s — 5281 package X#E T A AN ek T, WA 2-5 Fix. ZJG
JavacParser 28 id £ 44z X A T e K 00) 4% 2352 UC e 5 432 1) HoAth Token 15 & .

e

¥ 2-5 fi# BT package KT

AR F LT RN Keywords 211 key() /7 AU L &R HE Name X5 I XF WV (1)
Token, SRy A A4 il 2 8 AT 28 BF — URIKEX Y] Token #B4F 5 i) 2 f# A7 119 DS A A8 0 2 HE 51238
key(O) /5 410 AL & Scanner 2511 nextToken()777%, H4 nextToken() /7 ik a8k 2 5@ X FF
% Java iV VE ) Token 1352 0T K o

2.2.5 i parseCompilationUnit() 77 & 1T il xR4T

Vi) Y2 A T 0 % 0 S RS 5 Y T Token A& 77 ULHC com.sun.tools.javac.parser.JavacParser
45 7F parseCompilationUnit() 77 727 & I VCHEL RN . A PTE 2.2.4 15 &id Token 13 Y
JIi 7 A 46 Scanner J5ff) nextToken() /7 ik HEAT ¥ Ml 1, A Y Hyis X F] Token J&,
parseCompilationUnit() /7 12 {# £ 4% [ Java Wi YGRS K Token [ UL FCIR > o 1 /2 15, Token
(2 U P 55 Token (¥ DT R/ 046 4R 15 B4R K7 — 5, Token R HURE I ¥ 52 B 52 T A+ A H5 00
NN i% Hi B AT 4 Token, IXFE—3k, aliEAR AT 2% (8 2 1% 45 € 1) Token B2 UM iR 1] £ UL AC
G — 3% Token. A T8 KK EH {#, A% T parseCompilationUnit() /7 % 1) 5¢ %
R0, W R PR

{5 2-8 parseCompilationUnit() 7 3% B9 52 AKX 55

public JCTree.JCCompilationUnit parseCompilationUnit () {
int pos = S.pos();
JCExpression pid = null;
String dc = S.docComment () ;
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22 AT

JCModifiers mods = null;
List<JCAnnotation> packageAnnotations = List.nil();

if

}

/xSRBS B TETE </
if (S.token() == MONKEYS AT)
mods = modifiersOpt () ;

/* fRNT package KEET */

(S.token () == PACKAGE) ({

if (mods != null) ({
checkNoMods (mods. flags) ;
packageAnnotations = mods.annotations;

mods = null;
}
S.nextToken () ;
pid = qualident();
accept (SEMI) ;

ListBuffer<JCTree> defs = new ListBuffer<JCTree>():;
boolean checkForImports = true;
while (S.token() != EOF) {

}

if (S.pos() <= errorEndPos) {
// error recovery
skip (checkForImports, false, false, false);
if (S.token() == EOF)
break;
}
/* R import KT */
if (checkForImports && mods == null && S.token() == IMPORT) {
defs.append(importDeclaration());
}
else {
/% FRRTR LS SO o i~/
JCTree def = typeDeclaration (mods) ;
if (keepDocComments && dc != null && docComments.get (def) == dc) {
// 1f the first type declaration has consumed the first doc
// comment, then don't use it for the top level comment as well.
dc = null;
}
if (def instanceof JCExpressionStatement)
def = ((JCExpressionStatement)def) .expr;
defs.append (def) ;
if (def instanceof JCClassDecl)
checkForImports = false;
mods = null;

}

JCTree.JCCompilationUnit toplevel = F.at(pos).

TopLevel (packageAnnotations, pid, defs.tolList()):
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attach(toplevel, dc):

if (defs.elems.isEmpty())
storeEnd(toplevel, S.prevEndPos());

if (keepDocComments)
toplevel.docComments = docComments;

if (keepLineMap)

toplevel.lineMap = S.getLineMap () ;
return toplevel;

A AR 735 h . parseCompilationUnit() /5 72 2 $4 W8 Token (1 UC Jic B 00 A4 7 fid B
package XA W], import XX T W], iX% Token UCHC/& )i, MM I )5 —
Wt AT class TAALE Bl BB VLM BT U SR A4 1T 52 )T, parseCompilationUnit() /5
15 22 ¥ Token Fy #4445k — BRESHI AL IR 4 BB TEM

2.3 BEBINTER

) V2R AT 2% K Java BT T () OK B T MUBR AR 1F S N SO 15 1 Java il VA1)
Token J¥41, 4 MU 5 (K ML= LU JE AT DL MCR B i 4 PF 2l X E B | A G PRET B
B VR AT 0 3R e BT BT, 4R 0 AL #F UL RC IS 1) Token /¥ 1 #2(5 J — BRES M AL il B2
VETIR o R B, VR BTG () Token F 1 3L SIEE FF AN 52 i, D 4 IX 2 Token FTACK 1
S AR IR AN IR AR A, 3 DT B AT 4 AR E (03 T PR SLAT OG- A sk — B
Token HEAHEK o iy T VAMEMT I 1 AT S0 00 0 AL SR IXLE ) Token ZHRIEM) Java
TR ITE B AR — AN ATHLIA AR, e —A try WA JG10H E 24% £ catch 5R#
finally ¥4, IXH AL T8 I8 BT 20 BRIGAT 55

(EAE VT AL b, AN AR B & com.sun.tools javac.tree. JCTree #5. JCTree
Sebr b S EM T R AN BN SRR AT O R, RO LM P I AN A
A s B b B el I 4k AR T JCTree 28, I HIX BB LT mUx) G0 LU & N B
e XAE KT, Wk 2-6 k.

VR o (4G — ANV SR b HR ek A Ak K T JCTree 28, Jf HIXSEIETL
WO ARSI S N N 4 KA NV Y Tree 410, b iE v 48 JCCatch LR T
com.sun.source.tree.CatchTree 33 L1 I [ I 4k & T JCTree 25, JCTree 17 £ FTAR & Mk & —

S Ab FEVE A) 9 16 cache ).
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¥ Tree - comsunsourcetree
O* ICTree - com.sun.toolsjavac.tree
@5 JCCatch - com.sun.tools.javactres JCTree
@ % JCCompilationUnit - com.sun.tools javactres JCTres
v @* JCExpression - com.sun.toolsjavac.tree iCTree
O% JCImport - com.suntools javaciree JCTree
®@° JCMethodDec! - com.sun.toolsjavactree )CTree
@° JCModifiers - com.sun.toolsjavactree.)CTree
v @* JCStatement - com.sun tools,javactree JCTres
% )CTypeParameter - com.sun.toolsjavactres)CTree
®° TypeBoundKind - com.sun.toolsjavactree )CTree
ArrayTypeTree - com.sun.source.tree

CaseTree - com.sun.source.tree

CatchTree - com.sun.source.tree
CompilationUnitTree - com.sun.source.tree
ExpressionTree - com.sun.sourcetree
ImportTree - com.sun.source.tree
MethodTree - com.sun.source tree
ModifiersTree - com.sun.sourcetree
ParameterizedTypeTree - com sun.source.tree
PrimitiveTypeTree - com.sun.source.tree
StatementTree - com.sun.sourcetree

TypePammﬂ_srTree com.sun.source.treeK

eqaooaoeooeoao

UnionTypeTree - com.sun.source.tree
WildcardTree - com.sun.sourcetres

¥ 2-6  JCTree SifikTi 4k /& X &
2.3.1 A qualident() 5 %4 package i&ET A&

G F 2% AT 1Al VAT AU SRR, parseCompilationUnit() /5 7% 4 4% f Token 1 VT fc J U] 4
AT package BT B . import JCBEF 5 B, 4iX 4% Token #RVCECRR I J5 , ) V2 A bt
M fJa— P 2T class ARG R . ALK EXFEER, RE parseCompxlatlonUmt()T/L
2 4 o 15 0 A A A AT I ) R A, B VAR AT D RO S AR R AR A AR, e
) FE) G A P 8 v e AT 7 AT VR VR AT

M) VL R AT 8% B I K package KB F 7 W 4 Token JF 58 BGiRiE MM S, 2 A 1T
qualident() /5 Z: i 4l Token.PACKAGE fi# 47} package 157275 fi. Wl FHioR:

£%3 2-9 qualident() AR EE KD

public JCExpression qualident () {
/* fR¥T g JCIdent WBILTI AL */
JCExpression t = toP(F.at(S.pos()) .Ident(ident()));
while (S.token() == DOT) {
int pos = S.pos();
S.nextToken () ;
/* fR¥T M JCFieldAccess iBVE AL */
t = toP(F.at(pos).Select(t, ident()));
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}

return t;

(EVE LR BT D3RR, i com.sun.tools.javac.tre. TreeMaker 2 11 3t 61l 4t JCTree K17 & 15
TR, B b TreeMaker 2S5 ANTEVAMENT 2%, AN L T8 VL8 B 6 A L 44 4 5 0
& 11 parseCompilationUnit() /7 iE AT #8il. W1 2R package <8 75 B o L 5E SC—2% H st
qualident() 77 2t 25 Wi 1 05 V2 A 07 25 K5 JL BT A — > JCldent iB7AT 55 . W R TR

X%3 2-10 Ident() A AR TEAR S

public JCIdent Ident (Name name) {
/* WY Name A RMEHTH — 4 JCIdent EIETIM */
JCIdent tree = new JCIdent (name, null);
tree.pos = pos;
return tree;

LR R, T package XEETF Ak Hg X —Z Hk, FrLliEkmiras e
B LM I — > ICldent VAT . RZ ™ package X T Wb LA 29 H %N,
qualident() /7 72 5 23 0 i G FR 6 AR 1 7 08 FE VAR WT 25 65 package J<8E - A WH R AT N ik &
ff] JCFieldAccess &A1 M. W FFi:

£%3 2-11  Select()AEHITER D

public JCFieldAccess Select (JCExpression selected, Name selector) {
/* KR4 Name M R EHTHKE JCFieldAccess BILTI A */
JCFieldAccess tree = new JCFieldAccess(selected, selector, null);
tree.pos = pos;
return tree;

Tl VAR AT 2% 2 BT LA UK IR RS “F FF AR & e k) Token F ﬁu,mlﬂmﬁ&%mmﬁwmm
Hr it B e L2 %t Token 4% FE 45 5 (19 15T/ 10 000 338 47 VT RO AR 36, I8 2 VB VA A 28 2 15 ] DL LR AT
i Token J¥ 3145 $L A8 M7 Ay 8 VA0 B #7500 A WE 2 A7 41 W %% 1dentOF Select() 772 (1) 7712 %
¥, AR Token, IflfEY5 Token %W ) Name X % . a2 i, 75T E VM 8k
FABVE S, e T B Token #%3 Jy Xb M ff) Name X% .

{EMRHT JCIdent 8V ALHY IdentO) /7 S50 A T identO ik, LSRN 5
Token % W [¥] Name %%, W F .
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LT L R

X583 2-12  ident() /ARy

Name ident () {

if (S.token() == IDENTIFIER) {

Name name = S.name();

S.nextToken () ;

return name;

} else if (S.token() == ASSERT) |

if (allowAsserts) {
error (S.pos (), "assert.as.identifier");
S.nextToken () ;
return names.error;

} else {
warning (S.pos (), "assert.as.identifier");
Name name = S.name () ;

S.nextToken () ;
return name;

}

} else if (S.token () == ENUM) {

if (allowEnums) {
error(S.pos (), "enum.as.identifier");
S.nextToken () ;
return names.error;

} else {
warning(S.pos(), "enum.as.identifier");
Name name = S.name () ;

S.nextToken () ;
return name;
}
} else |
accept (IDENTIFIER) ;
return names.error;

7 qualident() 77k, i FEVEMENT 251 1dent() 7 LM HT JCIdent iE35 1T b, 1L
LB BN ident() 5 VMR [FIE . ident() /7 72 IR [H4E A Bl L ) 2l i Token.name (1) 77 0¥
Token #3 Jy X N (] Name Xf %, iXFE—d¢, 1B W MEHT %50 07 LLHR $5 Name % % a2 it #r tH

—~ JCldent 15717 5 .

2.3.2 @A importDeclaration() 7 = &4 import i ix#H

4 I R HT package VB VAT S, VEVAMENTIOT — DU MEHT import TEVARS o G 1R AR 1E
PAT EEM AT R, £ UUAC BT Token J&75 /& Token.IMPORT, W1 Token VCLHCHLL),
parseCompilationUnit() 7 v 5 2 I /il importDeclaration() 75 % #i #f Token.IMPORT fi# HT 4
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import VM. 41 N AT

X853 2-13  importDeclaration()75 % B 5= £ 53

JCTree importDeclaration() {
int pos = S.pos/():
S.nextToken () ;
boolean importStatic = false;
/* UUAC Token.STATIC */
if (S.token() == STATIC) {
checkStaticImports () ;
importStatic = true;
S.nextToken () ;
}
/* R Name W L EHTH — 4 JCIdent IBVETI A */
JCExpression pid = toP(F.at(S.pos()).Ident (ident()));
do {
int posl = S.pos{():
accept (DOT) ;
/* RS Name X RIENT B IR E JCFieldAccess iBIATI AL */
if (S.token() == STAR) { '
pid = to(F.at (posl) .Select(pid, names.asterisk));
S.nextToken () ;
break;
} else {
pid = toP(F.at(posl) .Select(pid, ident())):;
}
} while (S.token() == DOT);
accept (SEMI) ;
/* ¥ JCIdent Ml JCFieldAccess ik A 4 IJCImport AR */
return toP(F.at (pos) .Import (pid, importStatic)):;

R R, 15 UCAEC Token. STATIC, I F##ll import ¢ 8 F 75 B vp J& 5 0 &
static F#A S A . $# F K importDeclaration() /5 72 {# 2% 1 F 5 V2 fif 7 2% (1) 1dent() 77 V2 b itk —
A JCIdent PEVEAT 5, W import B R W R 2 g H o, 002 U DT AR AT ARG
Select()77 1%, ¥ IR HT M ik 2= JCFieldAccess 157475 &, X1 HTf# M1 package 1817 i
= —FE .

HAE L AR T 2L R D) @ HT JCldent A1 JCFieldAccess 1572715 s J5 » importDeclaration() /7 i
2 FHE VAR AT 25 (0 Import() /7%, ¥ Z WAL (5T A ) — &R JCImport ik
B, R FrR:

Java FEHLIALKS U



56 2.3 iRIEMNTD R

K55 2-14  Import() /5B &L RT

public JCImport Import (JCTree qualid, boolean importStatic) ({
/* fENT JCImport EWER  */
JCImport tree = new JCImport(qualid, importStatic):;
tree.pos = pos;
return tree;

A AR BT 25 (1) Import() /772 2344 JCldent R JCFieldAccess 1527 245 # & 5 —# JCImport
VLR, IXFE—2K, JCldent F1 JCFieldAccess 7% st £ 4F A JCImport 15 LB 1) 75 &
fAfE. HTAESRBFRIE S, FURELXEE LA import KEFHY, B4
parseCompilationUnit() /7 i P #8 ) 2 38 3 118 P13 AR 1) 77 U AT JCTmport 1A, SR 565 Ho A7
it tE— N EEGH.

IR AT package Fl import VR4S, WEIEMENTIOES — 52 class EAGT R
fift At k) — A ICClassDecl i 744 .

2.3.3 A H classDeclaration() 75 % f##7 class i& & #t

BT L ROEEWEIERS, WAKRHE NG P LM class EHER. 4iE
2SR HT 2% K import JCBE S 75 W EMT A JCldent A1 JCFieldAccess 5745 1 i JF 88 & 0 #f
JCImport &AM G, 1E parseCompilationUnit()[¥] 77 % N st 2338 i typeDeclaration() /7 7 if
] classOrInterfaceOrEnumDeclaration() /7 ¥ class = {445 B f#HT A — 4 JCClassDecl 2
. R PTR:

X% 2-15 classOrinterfaceOrEnumDeclaration() 75 5% # 5T # X 73

JCStatement classOrInterfaceOrEnumDeclaration (JCModifiers mods, String dc) {
/* ULEC Token.CLASS */
if (S.token() == CLASS) {
/* AR REENT I — JCClassDecl iBERK */
return classDeclaration(mods, dc);
}
/* ULHE Token.INTERFACE */
else if (S.token () == INTERFACE) {
/* KO KRENT A —P JcClassDecl BEM */
return interfaceDeclaration (mods, dc):;
} else if (allowEnums) ({
/* ULEC Token.ENUM */
if (S.token () == ENUM) ({
/* FE RS RUENT N — i ocClassDecl BVER */

return enumDeclaration(mods, dc);
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} else {
int pos = S.pos/();
List<JCTree> errs;
if (S.token() == IDENTIFIER) {
errs = List
.<JCTree> of (mods, toP(F.at (pos) .Ident (ident ())));
setErrorEndPos (S.pos());
} else {
errs = List.<JCTree> of (mods) ;
}
return toP (F.Exec(syntaxError (pos, errs, "expected3", CLASS,
INTERFACE, ENUM))):;
}

} else {
/* ULHL Token.ENUM */
if (S.token() == ENUM) {

error (S.pos (), "enums.not.supported.in.source", source.name) ;
allowEnums = true;
/* PG MR ENT ) — Wl oCcClassDecl BVEM */
return enumDeclaration (mods, dc);
}
int pos = S.pos|();
List<JCTree> errs;
if (S.token() == IDENTIFIER) {
errs = List.<JCTree> of(mods, toP(F.at(pos).Ident(ident()))):
setErrorEndPos (S.pos());
} else {
errs = List.<JCTree> of (mods);
}
return toP (F.Exec (syntaxError (pos, errs, "expected2", CLASS,
INTERFACE))) ;

Y 3 B AE BAT WL R AT AR AR5 classOrInterfaceOrEnumDeclaration() /5 74 H 11 4
fiii Token f&77UCHAC Token.CLASS, IR UCALEIh#t 1 classDeclaration() 7 ¥%:44 class 44

5 R BT A — B JCClassDecl i ¥ 8, & W K 4k 42 VT i Token.INTERFACE & #
Token.ENUM,

=

MK EFHEEE, LW UaiI R B RKA | B BRIk F RS LKA, TE LT 4540
204 HARMT 29— JCClassDecl EEM . A AfR ¥ classOrlnterfaceOrEnumDeclaration() /7 i
rf1 24 ¥ Token UCAT Token.CLASS, 4> 1% 77 4 17 57 i ] classDeclaration() /7 ¥4 25 28 ! fi
K Jy— i JCClassDecl M« W1 Ffizs:
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X#5 2-16 classDeclaration()75 5% 89 5= ¥ X 55

JCClassDecl classDeclaration(JCModifiers mods, String dc) {
int pos = S.pos();
accept (CLASS) ;
Name name = ident () ;

List<JCTypeParameter> typarams = typeParametersOpt () ;

JCExpression extending = null;

if (S.token() == EXTENDS) {
S.nextToken () ;
extending = parseType () ;

}

List<JCExpression> implementing = List.nil();

if (S.token() == IMPLEMENTS) {
S.nextToken() ;
implementing = typelList();

}

/* AT AT A R, IRAE S 2/

List<JCTree> defs = classOrInterfaceBody(name, false);
/* KRBT S B AN R ocClassDecl WK */
JCClassDecl result = toP(F.at(pos).ClassDef (mods, name, typarams,

extending, implementing, defs));
attach(result, dc):;
return result;

LR AR R B, classBody [FIfii 4T Hi classOrinterfaceBody() 7 #: 1 i . M4 classBody
NS RS T — AR T AR R iR NIRRT e R R B £ A T
AT G , R AEEE— A List 2 &b, JF B LM T 8511 ClassDef() /7 iE¥ 1L ¥ 6 N
—HKR JCClassDecl &L . W K Pras:

858 2-17 ClassDef() A £ 802K

public JCClassDecl ClassDef (JCModifiers mods, Name name,

List<JCTypeParameter> typarams, JCExpression extending,
List<JCExpression> implementing, List<JCTree> defs) {

/* f#¥r JgcClassDecl &M */

JCClassDecl tree = new JCClassDecl (mods, name, typarams, extending,

implementing, defs, null);
tree.pos = pos;
return tree;

M I K classBody N A B AT IR ¥ 5 h — M JCClassDecl & VAWM 5,
parseCompilationUnit() /7 i 5t 2% P8 FH & VA i BT 25 (1) TopLevel() /5 ¥4 Z i i it i) package
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AT R import VAR class 15720 45 4 2645 B AT 4% & O — 8 JCCompilationUnit 5 i5:
B o R TR

X33 2-18 ToplLevel()H M T E KT

public JCCompilationUnit TopLevel (List<JCAnnotation> packageBAnnotations,
JCExpression pid, List<JCTree> defs) {
Assert.checkNonNull (packageAnnotations) ;
for (JCTree node : defs)
Assert.check(
node instanceof JCClassDecl
| | node instanceof JCImport
| | node instanceof JCSkip
| | node instanceof JCErroneous
|| (node instanceof JCExpressionStatement
&& ((JCExpressionStatement) node).
expr instanceof JCErroneous), node.getClass().
getSimpleName ()) ;
JCCompilationUnit tree = new JCCompilationUnit (packageAnnotations, pid,
defs, null, null, null, null);
tree.pos = pos;
return tree;

}

R AR A B h, JCCompilationUnit 2844 25 1F A #EANE LM AR 1 21, e R A
EVER R AT A A AL B 2-7 FioR.

[€] 2-7  JCCompilationUnit i 2 B

MG R R T AT R G ol LA R A A E TS T, g Oa
FRINREERT T o B TR VR B4 U N B A 7 B AT ARG — BB, s v SR BT 3K

2.4 BMREATER

T PR U SURR T A5 R 20T, BRATY 9 S Sk [R5 A8 A 0 VA BT A e AL 3R 1
VEMRAT A G R B AN B A AR AT 2R L 5TH Java YREG TP SCHR T AR R T
S g ARG T A Java TEVAIRTEIN Token JF 81, 4R 45 JUHR 52 FRO I M DU RE AT UE C A o
VAT RS, G R AR SN B R0 S AN B, R IR AT BT E IR T
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I K0 e 1A MEAT IS 19 Token FFFI1¥EG 0 —BREML M B BEM . E0L KK S,
E PRV AR ATT 25 0 AT i B T8V B0 I A Rl L HE N ) 21 8 G 1 B B, 3K PR 3 I 12 A
R RAEE I ASTE R, T H ST HIAE 55 32 A T #5 A0 iR 20 BB oh B 26 (0B i 8
MEINTER . (Bl SURITL R 2L P10 — S E, W FpR:

O &AW TR BRI IR A (0 S Wi 7 ik

£ A AT AT K B AR BEAEAE AT 2 B S 4 & Vi1
KA AR B R R A S5 {E LA

¥ String BRI JIEATE I H

Ky A ACHS o i) BT A R A VB ) R AR Tk

TR

O fi#ks Java iB L8 .

Oooooao

MRFAEGS A Java FRFF,  QRRE P A F A B ok 3O SUHISE T vk, At i
B OEPATVE SUREHTI . & e il SURE AT 28 0 B ARR LIS IN— DN B S MBE MG ik W R pis:

K3 2-19 FREHE

/**

* o ST 0

*

* @author JohnGao

*/
public class Test ({

public static void main(String[] args) {

new Test () ;
}
}

/**
* il X T2 A
*
* @author JohnGao
*/
public class Test {
public Test () {}
public static void main(String[] args) {
new Test () ;
}
}

Java B—ITMEMMBMBIES, EVHRLERN —NRREZAE, HALHYHERNR
PRBCR A, B LABR T o R BN N JE B 1 Bk 4 K35 J7 4k, R SURRHT 83 e SR A 4R 8 M2 i
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KL BT AT 1 5 R (5 5 | R A 2 IR) 2 A5 U C o 5 46 7 () RF )8 138 U b 25 BB 1 T
i, 2 th il U 28 T 5TR S FRF R BT A (RIS AT 3, REHEH T try-catch i 6l
APk, s AT throws XEEFRAMEATIIE . X B NGBS, 8RF
XK 2 BOT RN GAES IR I #EAE LI () — 4 1] B, A3 & — A String 28789 [ 48 & o
MREELZNFHEGERIFELFHF S “+"HEE ki, KZRTEAHE T £ 4 String X% 2
M ESR A, MG KK AR LY String (1% S 80R 55 &R RSN, v RHE90fE
it o o 1F AR CE AT VR SUREMT I, 240 A String B RP 2B/ ZANE EMH BIFEL 5+
HETE i, WRMEAEE, BRI RUNSHLE I —DF/HR, X EH BT SERE.
LU TR
K3 2-20 EEHE
/* SR8 G OIF PR R R 2T */
String str= "Java BRWUKREUE, * + "E&: &k
/* EXBNSEIFTHRERZE */
String str= "Java BN, fEE: &Sk

BESR AR ] T String KR, AEEH H#R B, TN EE Java 15752 L 4
% 8 FhR MG EIE AR, Hph M Unicode 4ufd#% N1 char 28] LLA FA7 6kt 5 B AT A 10
SCEAE L, ARZ R R R R A 16bit, AR, char 28U pAR B ELAERE £ fif o0
F4F, 1 String KR T TR WA F R E B ? SR IRSAEBNER char H4 i 77 Ak
HEAT 4%, H92 [ E String MM Ja A HMER L, String FER 5 2 Java 182 1w LI —Fh
LI FAAE 27 5 B BIE 44, HR)Z SR & 8 KK LB T XA B 72 m

B

M — RAVE SURIT PR ZG, AR T — DN 5E B MM IF TS, Hi i 85K &
FHIXAN 78 )5 AR K S 7804 Java 74565

25 HEFETEE

RN ik 33 4 KT s B AT RIE U E R G, PTRRAT R B AN C e bR
523 T, W4 javac G i 28 A AT 55 52 1 ] com.sun.tools.javac.jvm.Gen R IXFRIE A
%N Java FATRL M. HSEPT B IR TS, ARSI A Java VARG Java FURY
WO TR IVM BTG I W R0 S0 . A K E B EER, IVM MR MBRUE I TR GF
B 8 ), LAY, fE VM T (1R 1 A0 T B AN AR H Aok e B .
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2.6 SEdk: B javap TR AR HT 16

2.6 S3SE&%: {8 javap TEDASETHE

) javac 4 PR A IR IIAEACEY 2-19 G i3 0 7R S L (8 S /e VR SOOI IR 2 H 3 F AR S
A AR I G 28 % 0« class™ 1) Y IH A1 S B 0 S R e P SR A
WA K, RG] DAAd ] SCAR G 4 88 4T JF 7 W 6 S b2 890 3s . AR BHE¢E A8 ] UltraBEdit 4
g, A UltraBdit ASIAE TH 58, o FLI) g 9ok

HRINFT IS fS . UltraEdit 4488 (82 O 304 57 WS SO b N A0k + 5
ER A REAT W o JLA T PY S 7 15 4 OXCAFEBABE, 1X 4 N *Mtkw T Sl i magic.
] B R U, magic BUA2E JVM R T R38BT i IR F1 ks SO JE 5 1 — N B &0 7 68 3.
WP KNS WA LA, WAta IVM AN A W SO I 45 44 18] 7 122 AR 56 71 it SCE e 2
sz et At R EA, DA EE#RH P 252 XA F i S EescsctniE
Z34, PrLh Java 811 F% H"»‘thut )i % FEYITE magic 5 HEE 5 DRI 6 NF AR
M SOFL SR EIRIRA S, 3 7 ADNFE 8 NF I HlEgmidM ERAS . ik 2-8 Fias.

P 2-8  FATES Al A5 R

/,lll/L)\a\’flll CoIEE, W% A7 15 65 SC A MLT, HAAEHHMER I BR R IX 7 Bk . &%
(Java FEPIHLIL S (Java SE7 WD) MR RS, “F 145 41 m b B ik (m|»LJ‘i 73 &),
H N f?‘lsi)i'-/f\@ﬁ'?”:f“ 105y B 7 X 4y Bk, Ll)u't:/'i TR BRI RS E T, BT
16 7 32 £+ 64 {7 KM BRI MIER 2 1~ 4 DR 8 A 8L F T RE R, 2FTE
PEITUR S 44 8 big-endian N7 Ry A7 715 (8 ok e fum IR 4 7E M bk 5 i 7)) SR AT £ 4
g S, —4 8 AL F AL F A IR T — A e R TS S

J T AR AT T SRR A 2R, KA AT LU H] JIDK E A7 B javap T H K I 4w

/

R RSO, FEREHIG H A @ A “javac -help” BITT ¥ javap l.!<rfdii-1-4»fflll 71 A
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2 PTG R R 63

— bR L TR
H AR
javap <i£EIi> <classes>
S o 3 T 4 -
-help --help -2 FTENEH A B
-version hi A A7 B
-v -verbose FTED B 045 8
-1 FTENAT B Jm i A ek
-public SR 7R 22 LA R Rk 51
-protected BIRZ ORI A LK 5
-package SR AL/ R/ A LRI BT CBRIA)
-p -private BT A )RR 5
-c B Ga AR
-s FIEN N A % 42
-sysinfo BRREGE (1R, K/, HIY, MDS WA bR
-constants BIRFAHE
-classpath <path> i 5€ 70 Ak A5 4R FH P RS0
-bootclasspath <path> 5| S MALE

AT W R Z H T SO AT 20 3R P U SUIR AT 88 2 75 22 0 A 850 UM il T i i K R B &
WD ESHREWIETT %, URFRFH — String XL RNBAEZANFHBERELR
RS “+7 AEA R, EXRITSRESHILE I NP/ Ba PRk
I L — B fa] ) Java AR REATIRAE, W1 FFios:

88 2-21 WIEEXBTEHEL

/**
* B UE T SR AT

* @author JohnGao

*/

public class DemoTest {
/**
* @param agrs
*/

public static void main(String[] agrs) {
final String STR = "Java MEMHUEHE, v + "fE&: &Mk
System.out.println (STR) ;
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64 2.7 9k AEH GCJ i iF 454 Java U5 H5% 5 Be 4 1% 0 A< Hh L 2% 45 4

MRIFE A Java PERE S F N AT SO G, EEEHIE BG4 “javap -¢” AT
TSSO N AT R R . W R TR

{853 2-22 DemoTest £ FHLES

Compiled from "DemoTest.java"
public class DemoTest ({
public DemoTest () ;
Code:
0: aload_0
1: invokespecial #1
// Method java/lang/Object."<init>":()V
4: return

public static void main(java.lang.Stringl[]):;
Code:
0: getstatic #2
// Field java/lang/System.out:Ljava/io/PrintStream;
3: ldc #3 // String Java RN, 1E&: &HE
5: invokevirtual #4
// Method java/io/PrintStream.println: (Ljava/lang/String;)V

8: return

fE b3k e g 1% J5 AR o, T VAR AT 28 80 S5 ) DemoTest KA 7 — MBS A
Wit Jiik, JEH String ERPMEZDELF S “+7 AEL - BOFHFREERBRIIEIN
T AFRHHR X TF P — 75524, tb i aload_0.invokespecial . getstatic
M, MIARTEARZ M PHRIGEZ N, R KR, o] AT S % B RN %

2.7 SE&%: B GCJ ®miFEF Java RIS B ERIFNSIMIAL
BES

LE R F A ANIE Java PG G 18 45 B 0718, (X IR IE4exd . K24 Java JERGER T
Al LIE ] ECJ. javac %% jif i 4 1F 8% 4 128 4 7 15 65 4h, 38 ] LUA# ] GCJ (GNU Compiler for the
Java Programming Language) % ¥ #5451 B 84 08 AL 28 F5 208 1T, 2 il, —BAE
H] GCJ %1% 236 Java JEAS4 1 0 AHUHLASHE 4 LG, Java F2)5 5k o] LU & JVM FR 580 37
EAT. HATAMRLBELN “ iR ” BEHL (Meta-Circular JVM), 435 /& Javalnlava
Kl Maxine VM. FTifi “ o83 f5 00k 2 t Java 155 0 595 B EHL 21217 Java f2
J, I T SR AT e AR S, DR A AT W B 1S S A A R A R AR XS A ) L, HLE X
R FAL A A S Sk M R T I —

JavalnJava /& i Sun 22 @76 1997 EWF & M — 3K A L5 R L. 7 561X 38 U
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W2 w0 R -

HLIFAE R 5C KM Java IS5 1, HIX Javalnlava 6735 B 27 AL 7618 B RINL T 4 Rt s
ey, g Ui, JavalnJava Hosh FUR — AN 1 Java FLF, 7528 d A i 4 1% 2804 2L
G VR F TR SO I P AE R R AL R S A 12 4T Java FEJF . JR4E Javalnlava
Al LIS AT Java BiFp, R IGRERNLA T HIF & A W E JIT 4nik 88, Java FE7 M RE K 5
B BATRRRIZAT, PUIEIT SRR . WWEAH, JavalnJava Wi H JLFC LK T .

& T Javalnlava Z4b, A —KWERZF AT “TCHEH” EHL, AL Maxine VM.,
HIXF T JavalnJava K, Maxine VM AL EAT JIT 4aifds, - HIXA Launcher /&Kl C
WS S A, oAb AZ OB e A R K Java 1B H H S 90N, B )L Maxine VM 1)
G VR4 RO AR ML AR FE 4, R Maxine VM 58 4> 0] LAZE AN T 1 5 B BRI BA185 R il a7
1£47 Java FE/¥ .

1] GCJ %3254 Java Y59 % Ky A HW L2545 2 FAEH] Javac 9 PF a4 15 7 15 60— FF
i B o BTN ARG SL g8, DS AILEE, KK T LLE 5% hitp://www.thisiscool.com/gee_mingw.htm
F#% GCJ i s M BoH A, AP EMHT GCI 4miFath 4.3, 7EMLTH IR RK, KR
AN GCJ Yi A AU KA, 1 BB LG 1F SCFERF, BrLESOR K H 3% R 8ORAE ] &
FRAT) GCI % Ed% . 2 F8LF GCJ % 4% I Dok Sl [ 5, 1 26 o 2245 \thisiscool-
gee\gee-ecj\bin H 34NN F] PATH M5 &, RGFTIFEHIEHA 2 “gcj --help” RIn]
7] gej G 3 A 10 A A F O 20RT— S bRl i T & .

MR E A GCY i A A B RG, KEREESE R E M GCI 4iif
244 Java JFHD G E N A M ML HE 4 . A FEZAT, BATE AT EmE — A H01 Java
iR, R s

K15 2-22 —AEEH Java BF

/**

* o Java VAW ELBEG VR0 A LA I 4

*

* Qauthor JohnGao

x/

public class GCJTest {
public static void main(String[] agrs) {

System.out.println ("Hello GCJ #¥fds!");

}

}

PRI FAE R AR — N EMA, JFFAES GClTestjava SCPFMIIR 2% H
N, G A o A A gej S RS TR TR
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66 2.8 ARG

f£%3 2-23 gcj WIRIEHS

gcj -c -03 GCJTest.java
st.o --main=GCJTest -o GCJTest.exe -03

Fikgs B 2. GCJ 4 PRy iU 2 R4E Java YO IFH —ANEEA N “o” HIXR
A &S B RS A i 2 v] LA LR CPU BT U SR AT I A HL 28 45 2 - R )5 GC)
i VF 2% PHAR G I A0 BT link AN “exe” MITHATRR . WK 2-9 Pros.

5| GCJTest.exe 2014/8/3 18:56 HERE 37,664 KB
__ GCJTestjava 2014/8/3 18:45 JAVA 7% 1 KB
@] GQJTest.o 2014/8/3 18:56 O X% 3 KB
[ startbat 2014/3/3 18:56  Windows Bt&H2.  1KB

e 2-9 4% Java U5 %4 0 4 A< L pL 2% 5 2
B T AT LS Java U565 4 0% 4 A< i HL 88454 5b, T 0TS SCAERD jar #4904 ) B th al LAfE
GCJ % P B JEAT 40 F M0 0 GCITestjava % B D T AT HRUF U5 o 3k Bl b XU il
GClTest.exe {2z AT 4, il 2-10 o,

P 2-10 A7 g i S 0 nT AT B Y

JLUEAE ] GCJ 4 i 8% 0T LUK Java IR RS 40 13 0 A HUHL AR $R 4, (HR7E KPR i T AL Fe o
EH A VUL A, A IXFE K Java FEIF4 A0VE S “ Write Once, Run Anywhere”,
I EL& ¥ ol AT FE P 2 )5 () Java BPA B & sk JLHJE, BRI GCY i 4320
LUZe ) Java (R 3L 6l 28 PE SR AL SR, i SLAb i 58 = 7 #F GCI gmid 88 s JCREN J1 . P DAdwe i
i 1 i HotSpot H () JIT % 1% 28 22 157 AHUHL 33452 M 3h 5% 7 T4 .

2.8 XKRET/IING

A EF RN T T javac G i3 8% (10 4 12 J5U R, A 55 T G PRIk B b (6 i) VA AR AT 2D 3R
VRN AR U SRR BT AL B TR 4 A EE IR DR, AT R, A E
SR T RS T SE O Y Token A2 ) (e 4t 2, LA Token (19 3R HUHE I A0 DG fic K00
1] 70V V2 A0 KT FUAG SURR AT A0 R p, A S50 DR AR T V5 V2 A BT 2% Il Ke - Token ¥ A1 D4y XJ W2 (1)
package 52 1 i, import i 44 R class Wi, LLAGE AT 8800 IEEM 2/ 78, A
] e 2 AT 0 T RS S o EAR T SEANT, BH RG] T Wl 6 javap T HOKE 7
W R SO R G R IS UEAT A0 B, LA (8 ] GCI 4 B 2% Java J5AS B340 1 0 A pL AR 48 4 ie
1T
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e I

T ED I

iE b, K0T LAWIA M 0 Java GRS 9% 55 52 Q4] 4 i 5 26 1% 2% Gavae) & 2h 4
A —ATEE Java BRHUIGH EA00 300 7 5 M 4k He A ok, JL N S A (.
FEART 18] 43 B A5 DX 43 BEVR BT LA JE V8 A 7 5 I o B0 050 A 7 b S 10, BT A0 16 174 32 {7
64 VAT ) B4 R K 2 AL 4 AN FD 8 AN 8 A B R &, B B I 4 i
big-endian MUF A7 745 £E Mk S ARAY, R4 75 e b bk dse e A7) Sk BEAT A fiki (1, Bk 2
Ui, 2 8 AL AL TR T — A e B R S o IS A AT (R N 43 A SE
8O VE G TR SO R BEAT PEAR . L K SRS B A 7 Y 0 SO A 16 N S AL I 2 K

3.1 FPIBIHEIARBREMR LSS

2% (Java EFUIWLIIE Java SE7 R (A KRFE, B A7 W0 SCAF L SEHO N A5
PJRME— I — MR FEOMEXEE . PSR P20 T C i 5 45 Mk
T &5 K R R T TR SO 3o A T 8 5 80 T B SER A S AR R AR T
R AR M A8 T Citem) .

FF—INERELFE ST . SR UASOZ T B . S nf LASE R4, A I i« BEAS R 7,
B AR F AT SO, B T ™ A (R b AT 3% S A7 80, L P8 I AN 3 AT AT 1 43 B 455 X
BT . EME KK TR EER, ERXANEMAS DA R B g, om0 o SR, I
PEM S EUR TSR AR, Wk 3-1 Fior.

F31 FHEXHHRE CBEAERY

ul AN, B R
u2 2ANEAT, RS RR
ud 4T, B EER
us 8 AP, A
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s 3.0 TR SO P A 4

R 2 A TR 5 BB T A 2 15 b 5o 0K i 1) 52 & Sod 28 8, BT 4 2 10 )5 43 4 2 1
HI “_info” #MATS R, HHF W XHLR e k&£, EREHFETE, 81
HIRRERLLT C 5 MEANET R KRR R P MIL, (HE Lk EEM T B i AR5 %
RIBEAT VG ), PR 2R 3R o B — T00 10 4K B 0 AN 18 s L T 28 (6 o 10 24 480 — AN i 45 4 ok S i
HURRA S 0 5 2N [ 5 0TI A, 3K AN B Ak (5 mT LR B0 22 5 | 16 07 ot Lk AT U
o A ANF ARG SO RS A — AN ClassFile 458, 1 F Fis:

X383 3-1 ClassFile &#3

ClassFile {
u4 magic;
uz2 minor_version;
u2 major_version;
u2 constant_pool count;
cp_info constant_pool[constant_pool_count-1];
u2 access_flags;
u2 this_class;
u2 super_class;
u2 interfaces_count;
u2 interfaces[interfaces_count];
u2 fields_count;
field_info fields[fields_count];
u2 methods_count;
method_info methods [methods_count];
u2 attributes_count;
attribute_info attributes[attributes_count];

1

KT ClassFile 45 f FI#6A5 &, W FPrR.
(1) magic (EAR)

—ANH O F AT 4 AN FH A 0xCAFEBABE, i FR2 4 MK (magic
number). BEARGZ IVM TR BT i B F AR SO 18 a2 — A 80 B & i s
WP RFE WA ALAR, Hfha IVM ASE I ) W7 SO J5 48 48 1) 75 12 R B3 7 4 it S
We? sk SRR A AR ZEAT, AR EEfRH PR E 2K Fah 77 g ot
G 44, FTLL Java B EAIFRA R E. BAE 1991 4F Oak i AHE AN Java
I, XS magic Bt C&HiE FR T, HSEH OxCAFEBABE 1F 24 15 i SO 1) magic &A1
—BUNE . 4 IVM BT E TR E LR B . AN, IF BAE S CIZ R ERA
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B3R PR 69

& magic, ML OXCAFEBABE &K 4t S 4E 45 # 4 (1M ME & B8 Peet’s Coffee 11 % ik
() Baristas (—FPWinEf 2 87), JF HEEHR T Java XA AR 4 F 0 H 1.

(2) minor_version (/XMIA S ) Fl major_version ( EJfiA5)

FRIRAE magic ZJA M1 4 AT 100 G PR 10 AR 5 R RROAS 5, AT R R T
CAFRASS o 7P W RSO ERRA S A M, IRIRA S m, 84K A 745 5 SO 1Y
A5 B E A Mam, AT SO RRAR S5 KN Jy 2 1.5<2.0<2.1,

BEAF Java BORMIAE B, AWiP 708 SHRErE, 7900 bR bl R AR
o, FAEERFWE R HRASHEMZ ZRAEL. T IVM S, 7960304 iR
AR E TR I A SRR S, UG EIRA S I RAKIRA S 2, JVM
A BERS VLI — AN 760 SO R WS SCE I RRAS S T VM BT RS AL FR (A 80T L
W2 Java BEFINLAGAS 2 A X AN F 7605 30 0F, Lot de s iAS (9 TDK 4 i i =9 65 S0k, [
SRAREAEARIR A JVM Hs 47, 15 W04 2 M i java.lang. UnsupportedClass VersionError 5,
AL R A JVM HIBE ) R e I2 AT AR ARCAS JDK % 1 17 95 65 31 .

(3) constant_pool_count (¥ 5l il%(#4%) Fl constant_pool (4 &iith)

FEF RSSO, R AR R RRAS 5 R0 3 AR 5 i T (1) 55 5 bt o1 598 R R .
b R S o A O B IO, ) g T R S e b A I K B 2 R T
i 5% J) g KR K4S Tt . B b A T AP A i (Literal)) MFF 55| H (Symbolic
References) Wi K w1, Hyim 47X @RS REIT VI RK, Bl F5 iy &
() B HOFAS ] , PR A0 3 it 2 A sk 75 2208 0 — A 2 AN FEAT R E v B ok gk
Wy RSP R EHA L DR EN . KK EER, HEbHES PSR EZMN o
FUGBEAT UE R, AN 1 OFLGR, iR, R R A 2 ANE SR, HEEN D 2, K
BEEHE R E BB IR AR 0 AT, 8 0 EMARAEALE, X A H ek 2
H T A R B H A AT AN 5 TR e AT AT S I, BRA T DA R B b R U e Z 5 | ik
BAH 0 KKK

R AR F R S FAE . final W EMESME, WSS NS T M
BEOMA2WRES (Fully Qualified Name). FE L FRAMIAFF (Descriptor), LA ik
LIHRRERTF. KT F XA ERGE, W FR.

15 3-2 FHMS “javap -verbose” BEFTHRXEHFHEEHESR

Compiled from "ConstantTest.java"

public class ConstantTest extends java.lang.Object

SourceFile: "ConstantTest.java"
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70 3.1 FTE SR A IR 4Lk S R

minor version: 0
major version: 50

Constant pool:

const #1 = Method #7.#18; // Jjava/lang/Object."<init>":()V

const #2 = String #19; //  Java MU U

const #3 = Field #6.#20; // ConstantTest.valuel:Ljava/lang/String;
const #4 = String #21; /1 fEE: W

const #5 = Field #6.#22; // ConstantTest.value2:Ljava/lang/String;
const #6 = class $#23; // ConstantTest

const #7 = class #24; // Jjava/lang/Object

const #8 = Asciz valuel;

const #9 = Asciz Ljava/lang/String;;

const #10 = Asciz ConstantValue;

const #11 = Asciz value2;

const #12 = Asciz <init>;

const #13 = Asciz OV;

const #14 = Asciz Code;

const #15 = Asciz LineNumberTable;

const #16 = Asciz SourceFile;

const #17 = Asciz ConstantTest.java;

const #18 = NameAndType #12:#13;// "<init>":()V

const #19 = Asciz Java HERIPURS U ;

const #20 = NameAndType #8:4%9;// wvaluel:Ljava/lang/String;
const #21 = Asciz fE&: mMk;

const #22 = NameAndType #11:#9;// wvalue2:Ljava/lang/String;
const #23 = Asciz ConstantTest;

const #24 = Asciz java/lang/Object:;

£ CiEE P, WR-ABRFHLREMN AP R RE, BAfEsEEn, ek B E
AL E CRUARDS T PESCIEIT SRS B S #CS fERF R, R T B3 &0 A kb i 1) eR
HUPH] o (HAE Java TPERIIFARIZFERD, DA 7 1050 SO b OF B & & A 5 i 7 Bt s
ANHEMRER, WY, A Java BRIPIEZATE, A B SR XN A5
UM, FFE S EHTEY BOR X L7 5 5| M MO Bk S I MG, Java HERUPLA fE IE % fEH] -

ZHTEHAE 3.1 A h g e Rl St h P dh Bl i b . BRF S Bk, REm%
AN TE A9 5 B0k A At 2 A D B IR I — B S BOHE SR R, Bir A AR A AR A
“_info” BEATHRM . MALH EMIIRS KR - DHEHILLHZ PR, Java7 —ILE
14 FhRRATHRN M BRI O TH RS, WHRE 3.3 %), Wk 3-2 i,
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HIFT FEHEIF 71
*3-2 FEEHPrR%ER

CONSTANT_UtfS8_info L | utrs %Wﬁ F ?? i
CONSTANT _Integer_info 3 R I
CONSTANT _Float_info 4 BRSPS R A
CONSTANT Long_info S 2RI
CONSTANT Double_info 6 KUK BE 77 228 R i
CONSTANT _Class_info 7 Kl # OS5
CONSTANT String_info 8 T 2R 1 7 1 i
CONSTANT_Fieldref _info 9 FRMT S5/
CONSTANT Methodref info 10 TR 5]
CONSTANT _InterfaceMethodref_info 11 B omikrr s 5
CONSTANT_NameAndType_info 12 FB R IR T 51
CONSTANT_MethodHandle_info 15 R TGN
CONSTANT_ MethodType_info 16 bR Jj ik R
CONSTANT InvokeDynamic_info 18 broR —ANsh A& J7 iR

(4) access_flags C(iJjlalfr&)

SRR AE R Rt 2 S5 1 2 AT U ) bR AR, U ) A B A T R A el
UG RIACPR . B i i) bs 58 I B2 100 SCPE e I 2808 R s {3 B U )48 1 1
WE—Fh; &AL abstract XKEEFEMIM IS WL abstract BT %R, ANfE
FRic A final 287 B2 0 FIRERAS R VFREARIC N final 8855, Ui bR 00 X, ik 3-3 A

/INo

3-3

S AR

*

4R

ACCPUBLIC 7 0x0001 L] %J ubl i. r ymm K AT M )
ACC_FINAL 0x0010 N final, AN fRVFA IR
ACC_SUPER 0x0020 4 H | invokespecial 84 1, i TERF kAL B IK B 2K T ik
ACC_INTERFACE 0x0200 b 8 SR i AN
ACC_ABSTRACT 0x0400 W %y abstract, ANHEWS 4 92 16 1k
ACC_SYNTHETIC 0x1000 7]k synthetic, FRiRIFAE Java R84 i1
ACC_ANNOTATION 0x2000 bR TR R T
ACC_ENUM 0x4000 FRARBLAS FRY
VillbrE it 16 MrETTH, AEHATREX TR 3-3 1 84, X TRk

WRBIMFRE, it —HERREN 0, I H Java BRINIE LI R E .
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72 3.1 T SO P R AL R A R

(5) this_class (% 5]) Hl super class (EHAZEF])

BV bR EZ G0 4 DFAT R R IMBRRS], RKRIIMBRRT R ASETR
g ) H R s R b —N KA CONSTANT Class_info 7% fJ5i. CONSTANT Class_info
tag Ml name_index PH#B7rH#I M, tag /& — /> HF CONSTANT Class info 18 (1% &, i
name_index W& — AN [a] & SR 5 K P KA CONSTANT U8 info # IR 5|, it
IXANRGIME RN AT AL B 3R HL B CONSTANT Utf8 info # &I &M E 4 7 a8, wE 3-1
Fiw. fisskdt, RESIH THiE qai K emRe 4, mEXERI A T6e a8 r s
EMGES .

#1 tag:CONSTANT _Class_info(7)
- _

: value:1 name_index:7

#7 tag:CONSTANT_Utf8_info(1)
length:18
bytes:"com/test/UserLogin"

B 3-1 KRG FE LS R D &K E A

EMKFKFEFER, Java iBEMGEHE T — N EARTFRIN A Z AR, B2,
BEZ%g| e —4. 1T javalang.Object ZFTHRBMEA, WA P —NHKEEIFE
A 8 kAT A, WA EEBEHN %2 Object, HACKERIIMMEM M 0, Xk
RZATEFH VI, A T2 G INAEA 5| I H fE it b fAE T 5 SOy, S al U
Tyt R U5 R G RE N 0 RiEAT RN .

(6) interfaces count (17 %(2%) F interfaces (3 [13%)

BIRAERRIIFBERIIZ G 4 D7 E D BES Mg DR R D EE I TR
AUMATRBRFEEONEREREORE, A RETEERE, 7T, BRTHEER
PR P T U N 1 FFERTEBOSL, AR MBS SR AR 0 JFaRTH B, T DR SERR
EME AN S, ERE T AT B O R Y R R O RIIES,
XA FE 5| B AT A T AT R O MR O R RE A .

(7) fields_count (FREiH%(#8) M fields (FEBIFEK)

R 1 VS 112 TR R B A 7 B MR T B F B SO P — 1
FARY SO field_info R B BLR K IERME LR IOHEEA . 1R
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RYpr W — B S, FBRER TR AN A R — A field_info &5 K (1) B4 15
i) K UL, field_info M T &R — A F BN E 865 B, L F BN FRR B Ui 45 145 Cpublic.
private 5 protected ). J& AR L 2 LB (static BIHFF ). R E L & (final BHFF)
Fo AKX FHEER, FREPIHIEEHFERAEBMNR T YR8 & OmpEF8], AR
HEMEBEEENFEGE. KT field info T RLEWGE R, HMIE 3.4 9.

(8) methods count (J7iiH%48%) 1 methods (J774%)

KR FBOM B M F B R 2 G MU i B MR ik Bl R R —4
FATS SO () method_info RS, i AR WG —NEAESE, HiEERBNE—
AN 1 3 B8 A 201 & — > method_info 454 () E0 4% 101 . 1] B K 15, method_info A T 7R i K 8l
RO P REATER R RIE, L EbR R HIERIVI B (public. private Y
protected ). J7iEIIRIAME M KT LM SHAE RS . CHAKXFETE, HTERPHES
(7 4G B T Uar B # R ORI E %k, A% ABEENHIEGER. XT
method_info T[] & 45 f 5 B, 15601 3.5 19,

(9) attributes_count CJ&TEiT£#8) Ml attributes (JgEME&R)

B PRAE 7 VR B R VR 2 05 R R v B AR R R R R A T AR TR OR T
TS SO A Y attribute_info 3 SKL . 1 J& MEF [ 2 0T FBOERMITIER R — DA
8, @R P AR — S A5 # L 20— attribute_info 45 44 () £ 4 3 . 5 — 4> attribute_info
A — TR HR S 45 1) H B #1 % b CONSTANT Utf8_info MRS, EZRAH TREMHN S
PR o

J@ PRI L BAE ClassFile &, FERMZEERS, HLHR S XKES, i
AR F AT SR T RN DA IS B Rk S F BB SCINAE B #5A 5 77 EH K 1
i E. 5T attribute_info W RLEME R, 1EHEE 3.6 11,

3.2 SSIA

Wt A T F & (Litera) FIFF55|H (Symbolic References) ¥ KK
P, oyl gy R RS R BEAT U R, AR S SRl 3 FhREER K T4 R A
Ayl AMRES . H A BRI R T .

FEF T SCAF v, A0 A BRAE 46 AT LAJH Tl 28 a4 11 o T e % 1 oo S B
#6248 4% FRORN 7 BEROR B . BRIE 2 4h, 8 XAERSH DR IT5ik, hRaa
B — AN H A RN T I AR AT
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3.21 EKEBEOWNZSIRESR

PR SO R I B AT S B L 44 R #2 E 4S BR E 4 (Fully Qualified Name)
(1575 SR BEAT R MM, W3k 3-1 Fizk. CONSTANT Class_info #H1{¥) name_index /& /M &
i) 5 B A1 F rh — A28 CONSTANT _Utf8 info 5 SIHAIZR 5], ok ix A2 5|48 B n] Bk
DRI CONSTANT_Utf8 info #§ I rh (142 B & F45 F . IS4 bl W, Kek# i m
2 PR PR A7 7 — A2}y CONSTANT _Utf8 info 5 B 1 .

2% (Java EHPLIIE Java SE7 IR M KRE, Hin—4 Object KM 4 & 4
A java.lang.Object, {HZ7EFAR 3T, SBRELPMES “” $HS “/7 #H47 7TIUL,
W /2 13, java/lang/Object 4" J& Object 2 B 7E 745 ) SCF b (0 N 38 R 1 K. 84 1% Java API
R — S IR, LA 11 Map 7675 5 S0 vh (19 4 BR 52 4 2 java/util/Map, String 26
R 0 SO o (1) 4 BR A 44 W 2 java/lang/String .

3.22 EHBRAEWR

CEF SO b, 2K 82 1 b BT e SCI BT AT - B 44 BRI iy 1 42 Rk 11 A2 4 1D 107 80 44 ok
HEAT A L —AN4517) java/lang/String JS R iR [1] 6 %Y 3y String (1) toString() /7 ¥ 11 i
LA FREE AL “toString”. Lbin— NG M4 10 java/util/map F R [F128 Y 4y int 1) size() 77 5 1 1
BPAAFRR L “size”s EHANKTEERE, TBREE TENTRARPARES LA« “7,
“I7 F0“/” ZELL ASCII Al Unicode 744 (1 %7~ 1 3

3.2.3 #HiRF

KEEOPEXMTFRAMGERTHEEE MR ALK, EE0E DR
(Descriptor), #ifiid 7B (R F5 07 0 F B 145, $R 75k WIRR 2 A r ik 7 . o
K, FBRR T TR B R, i AR R W TR v AR (R 28 R LA K T vk
M E. KBNS ENF . FBIATF (Field Descriptor) J¥%1, Wl FR:

K55 3-3 FEREBAFTFT

FieldDescriptor:
FieldType

ComponentType:
FieldType

FieldType:
BaseType
ObjectType

ArrayType
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BaseType:

B

Cc

D

F

I

J

S

VA
ObjectType:

L Classname ;
ArrayType:

[ComponentType

R A 7R H, BaseType 28 24 A1 (1) 4R 77 B AR R (1 & SOk A2 4 28 8 P 3L A ¥ 2678,
ObjectType KM H AR TF “L” PRI & UM X R IR, i ArrayType KA b [ 4l id
FED7 BT AR R 1 % SOk A B4 28 2 . #E IE K K 5 3274 7, BaseType. ObjectType L & ArrayType
R AT — MRS ASCIT FRMERRIEA . FREBFHIMBERGE, Wx
3-4 7N

*3-4 TFREATRER

b i
byte FRRR

B

c char FRAR

D double KUK L7 R AR
F float HUORGRE T IR
I int B

J long K3y

S short iR i)

z boolean A /RA Y

L reference X HR

[ reference B AT

Wt % 3-4 TATAT LAARAACAS 3-3 R F BRAR TS, i B s 2 “B” i,
415 58 S T Tk — A byte R REARE . W T Bl 75 & “Ljava/lang/String;” ()
i, MWatiE M T#rR A javalang.String BRI F)SEH] (7 ObjectType H'1f) Classname
TR —AEREFEZDRERESRL). K THARE, FRAMAR “[C” PrAURME Ot
f—A char 88U — iS04, B4 B2 — > char KR — 4ERCAH WIAE I R 75 “[[C” Bt
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R, I
KK IR BB 25, B FRIATIER BT ik 1. 1 F i e
K34 kiRt FT)

MethodDescriptor:

( ParameterDescriptor* ) ReturnDescriptor
ParameterDescriptor:

FieldType
ReturnDescriptor:

FieldType

VoidDescriptor

VoidDescriptor:

A%

LR R, J7iEHAR T (Method Descriptor) H L& T S H A FF (Parameter
Descriptor) Fl1i& [A|{# 4fi if 7 (Return Descriptor) . 2 #Uffi il 75 FH 14k — AN I vk () 2 8o
HRIRIS BN, i R R R A A T4 S i A R E A B, R E R 7 P
VoidDescriptor i T &7~ M #i /7 i 3F & A AT IR BIE KR, AU HZ — 4 void KA, RTHS
W v, B XM J7 ik A javalang.Object getinfo(java.lang.String userName,int
age,boolean sex), M 4 H X N M) 7 vk R FF OB N % & “ (Ljava/lang/ObjectlZ)
Ljava/lang/Object ”. U1 S 4k & X (1) 75 ¥ I 8 A7 A& AT A7 (1) 75 72 2 8L java.lang.Object getinfo(),
S 2 L 36F N 1) 7 VA A B N 1% 42 “ (OLjava/lang/Object”s

%% (Java ML Java SE7 W) MIREIERRE, WR AT iEHE AT,
T2 8 XN 7 15 O R I BACEE RN %/ T35 T 225, X FSEBImEme 075k, i 26
A% B 28 this, AidiX — SR i 7 ik BB 1R AT R, it h Java g AUBLAE I A
S Ty v B AL T 4R 4 o SE B this 28000 B X4k .

3.3 B

EH A AR Kk, BRI R R RBOF A &, R E R R 2 g S 2d i
AN 2 AN EA R R EOR R G R A R BRI A 2R R Java7 b LR
14 Fh 2R A AT R (0 B, (R B R (ks SR AT e A, e
AN RIS A 1 AT “tag” TUERIF L, ERYT R I AR AR,
W 3-2 Fiac. 15 info[ 130 i P9 2 MUK gk T tag (2828, o kit 51 2 v e 2o 10 3 T A%
A, W FrR:
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K63 3-5 EEHMBEARK

cp_info

ul tag;

ul info[];

3.3.1 CONSTANT_Utf8_info & EInN

B Eh 5 £ H, CONSTANT Utf8 info ¥ & I —Fpfdi H ek id i) UTF-8 4 fid#k X
KAFAE W W SO/ REE DA PRE 4 . T Beal 77 A I 18] B 44 Bk LA K R A 1 45
RS E . CONSTANT_Utf8 info # RINM R LG R, WA,

f£% 3-6 CONSTANT Utf8_info 44

CONSTANT _Utf8_info

|
)

ul tag:

u2 length;

ul bytes[length];
}

ERACRG R ) b, tag T B TR I HL AR RURIRS 5, 84 CONSTANT_Utf8_info
W R tag JAE U 5 CONSTANT _Utf8_info(1). length J548 W] T JiF 4 bytes[ 13l f¥) £ 2H
KB (Y80, 1 bytes[15UE — AN T 17 6if o & 7 77 55 B0 byte B4l fEM KK T E
T, SO UTF-8 i X 5464510 UTF-8 i ik X2 A7 7 — & X 5, Sdkdk iy
UTF-8 4w #% :0 A “\u0001’ ~ “\u007f" Z M FFFEH 1| MFARkER: A “\u0080’
~ \uO7ff" Z A FFH 2 AFHRFEAR: MM \u0800" ~ “\uffff’ Z [&] ) FFF Y
451 UTF-8 4% X —FEAE A 3 AN F k&R X TEGI UTF-8 4 iS4 NI BE 2 {5
B, KFEa L& % (The Unicode Standard) (A 6.0.0) #f#) 3.9 15 “Unicode Encoding
Forms”.

3.3.2 CONSTANT Integer_info &=
{EH B )% 1, CONSTANT Integer info B0 T {7l — 4 int 2 AL ¥ H 815 Bl

TR K K 3 BiE 7%, CONSTANT Integer info % &I (UL L & A7 6 int KAUK{E, HAL
LEREATAT (07 5 5| B {5 .. CONSTANT Integer info % mINMREEHE R, W HHPR:

Java FEAUHLEE UF



78 33 %

HE
o
2

fX#5 3-7 CONSTANT Integer_info 4544

CONSTANT Integer info

{
ul tag;
ué4 bytes;

}

E g 465 75 1 Hh . CONSTANT _Integer_info # & 15 1 tag Tl (1) {5 & CONSTANT _
Integer_info(3). tH T int 2SR —BEHI A7 504 32 A7, Mk bytes T & 5 1] 4 D, %
M big-endian MU 25 47 il — 4> int JSBL(F){H .

3.3.3 CONSTANT_Float_info & &In

(R i H R T, CONSTANT Float_info % &I ] T47fif — 4 float 7% 815 8.
FI CONSTANT _Integer info % & I1—4F, CONSTANT Float_info % & Il 1 [m] Bf t AN 23 47 ik
FERIAF S 5 G R, e 2 T4t float X [K){i. CONSTANT Float_info i & il
MREGEE, WFR:

{£%3 3-8 CONSTANT_Float_info k4544
CONSTANT_Float_info
{

ul tag:
u4 bytes;
}

G a0 r i & 24 KM T, CONSTANT Float info % B Ji ) X 45 4 5
CONSTANT _Integer_info # S I R &M HL L& — B M. ERRE G F,
CONSTANT Float_info % &I tag Tl [f){ii 5 CONSTANT Integer info(4). T float 2%
() I H S int 2B (0 HE AT BRIRE A2 32 4, PRI S SE 16 bytes T0[R]FF 0K 5 4 4
T, 9F4% M big-endian F A7 it — A float 2B (1) 4H .

3.3.4 CONSTANT_Long_info =N

{FH Hit %] %, CONSTANT Long_ info % S I T {7 i —1> long KA M H R R

214X CONSTANT Long_info % S I S & H T 47 % long KR ME, IFAFEAEMTIRT S
51115 E.. CONSTANT Long_info ¥ IR R &5 M(E B, W FFxs:
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{X#3 3-9 CONSTANT Long_info 444

CONSTANT_Long_info

{
ul tag;

u8 bytes;

AR A5 25 ), CONSTANT Long info % f Il # tag Jii ({5 & CONSTANT
Integer_info(5). T long ZERYM) —HEHIALEH 64 17, KU bytes HUKs 2 A I 8 N1, I
% 1 big-endian JIi 7 A7 i — > long FER! HI1E .

3.3.5 CONSTANT_Double_info & &In

76 H Bt %%+, CONSTANT Double info % &1 ]l 717 — /> double 2B ()% B A5
S F1Z |7 Y] CONSTANT Integer info. CONSTANT Float info UL 2 CONSTANT Long_info
W B I —FF, CONSTANT_Double_info ¥ & 10 J A7 AT (0 75 5 5 HAE B, (XA ST
17 double Z5 M (K] fl{. CONSTANT Double info ¥ Jii () % 45 ¥ {5 B, Wi FAfR:
{£%3 3-10 CONSTANT _Double_info F 4544

CONSTANT_Double_info
{

ul tag:
u8 bytes;

}

& A % 75 ) F, CONSTANT Double info % & Jil *F tag T i { A
CONSTANT Double_info(6). T double 28R () 3 #4740 55 long YA 3k 67 B — ¥
[F)REHR AL 64 7, DRI JE 8L bytes I 5 FE 6 A T 8 A1, JF 4% big-endian W 25 47 fifi
—~ double ZEH [¥){H .

3.3.6 CONSTANT_ Class_info & =In
{5 B %) F ', CONSTANT Class info # & i T~ 47 i — A48 ) & & it 41 R o

CONSTANT Utf8 info 7 &5 CifFdi% 3.3.1 15) (4% %5]. CONSTANT Class_info ¥ i
WM REHELR, W FFR:
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{X#3 3-11 CONSTANT Class_info F 4544

CONSTANT_Class_info
{

ul tag:;
u2 name_index;

}

E R AL 75 ), CONSTANT Class_info % & 5 tag Jil () {f & CONSTANT
Class_info(7). ifi name_index W& — /M4 o) % & it 41 & of — N2 8 ) CONSTANT _Utf8 _info
ORI AR, WEXARGME R AT I 3Kl CONSTANT _Utf8_info # i th — 42
ORI E S TR

JVM s & =Fh g FIE B, 0. KA (class type). FAEA! (array type) FliE
FI2K% Cinterface type). HIMAT WL, ¥4l [ FEH AT R k&R, 4 CONSTANT Class_info
WaEI LA MR THAKHARXR, W EE name index T H ) & 5] 14 45 1A
CONSTANT _Utf8 info # St HURIKH — M EAMMB AR . K THA KR, FERHAER
“IC” TR & SR 2 — A char BB —4E 804, B4 W L — > char 2881 (1) — 4 £ 41 0
EHARERRF “[[C” HITRR, KILEHE. EHAEXTEER, BT Java ilBE MG E T —
N ) B K 4E B L RESE AT AT 255 4, DR B0 ROA 15 B 2t L REBE A B 255 NI 7S

3.3.7 CONSTANT_String_info & 2N

{E % Bith ) £ h, CONSTANT String info ¥ & 0[] T 47 % — AN 45 10 % & ith 5] %
CONSTANT_Utf8_info # &I Cii§[#i3 3.3.1 19) M A% 5. CONSTANT String_info % &
W RERER, W FFR:

fX%3 3-12 CONSTANT_Class_info &4

CONSTANT_String_info
{

ul tag;

u2 string_index;

b

bR AR A% 75 4] b, CONSTANT String_info % & 5l th tag I f9{ 4 CONSTANT_
String_info(8). i name_index M j& — AN ] i 5 K h 2K A ) CONSTANT_Utf8_info
BIA %S, WX ARG AT &I 3R I CONSTANT _Utf8_info i &t 1l 1 ) 3 5
FFef
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3.3.8 CONSTANT_Fieldref info & & I1R

{E % fE it 41 & b, CONSTANT Fieldref info % & 10 JH T £F fifs 38 1) 5 & jth %)) % o
CONSTANT _Class_info # &5 (iF[# 1% 3.3.6 15) Fl CONSTANT NameAndType info % &t
I CigBEE 3.3.11 19) A% E5]. CONSTANT Fieldref info B RLEMEE, W F
7 :

€73 3-13 CONSTANT _Fieldref info #4544

CONSTANT Fieldref info
{
ul tag;
u2 class_index;
u2 name_and_type_index;

}

F & R % o8 ] f , CONSTANT Fieldref info # & Ji & tag J0 () {5 N
CONSTANT Fieldref info(9) . class_index il & () {5 W] & — /> 4§ | % & ith 5] &
CONSTANT _Class_info & S Il A A ZE 5], Wik XANZR 5 1E BRI Al s Dy i i 4967 7 Bt Jad
128 ok #2110 . 1fif name_and_type_index 5+ {8 [ /2 — /M ) & Sty R & 5],
WA 1% & 5IME 45 7 1) /& CONSTANT _TypeAndType info 7 & J0l, il i JX /N 28 5| BRI n ple
FRIDE 1|1 B 1] 5 44 BRI 7 B R 1 .

3.3.9 CONSTANT_Methodref_info & &N

(e it %) F 1, CONSTANT Methodref info % f il fil CONSTANT Fieldref info % it
W—FE, #H TAA% 45 A % Btk R CONSTANT Class_info &I i 3.3.6 11)
Fil CONSTANT NameAndType info 7 I (i i 3.3.11 77) M4 %E5]. CONSTANT
Methodref info % & [ R 45 FfE B, W PR

{£%3 3-14 CONSTANT_Methodref_info &4#4

CONSTANT_Methodref_info
{
ul tag;
u2 class_index;
u2 name_and_type_index;

}

RS 4] ', CONSTANT Methodref info % 1+ tag Wi ¥ {5 CONSTANT
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Methodref_info(10) . class_index i H ¥ {5 W) J& — A $i ) % &t i %1 %& F CONSTANT
Class_info % &I A MR G|, Wil iX ARG E B AT s #5224 57 77T B2 (Rt
HeR 7592, 1fi name_and_type index i+ (O {E [A #E L & — AN g & By £ b &9,
AR Z % 5IE 45 7 [f) &5 CONSTANT _TypeAndType_info & &I, il i iX 4N % 5| {8 B ] a1
TR 1 I 77 3% 1) 16 B 44 FR AR S i iR 7

3.3.10 CONSTANT_InterfaceMethodref_info & & IR

{F W it 41 & P, CONSTANT InterfaceMethodref info % #t Jii il CONSTANT
Fieldref info UL/ CONSTANT Methodref info 7 & I0—Ff, & T AE6& 46 m) & &t ) %
CONSTANT _Class_info % ft 5l (i [ 1% 3.3.6 17) Al CONSTANT NameAndType info 7 it
T CUs a8 3.3.11 15) A 8% 5] CONSTANT InterfaceMethodref info 5 i Il ft) & 45 k4 {5
B, W FAR:

fX%3 3-15 CONSTANT _InterfaceMethodref_info 4544

CONSTANT _InterfaceMethodref info
{

ul tag;

u2 class_index;

u2 name_and_ type index;

}

b i AL 5 < ) . CONSTANT InterfaceMethodref info % & Ji ff tag Il ) {1 A
CONSTANT InterfaceMethodref info(11). class_index 5= (K )& — AN 45 ) &5 itk 41 & op
CONSTANT Class_info & S IMIAT 85, 8 iXANZ 518 BY n) 5l 2 6 58 67 77 75 e
ML (ARG 775 . 1 name_and type index T ({8 [A] #F th 2 — /N5 1m0 5 & it
sl g s], AN %% {145 6] (1) /£ CONSTANT _TypeAndType_info # b3, il i ix />
FR 4 L B ) e S AREC4 T T T UK i B 2 R R T VAR A

3.3.11 CONSTANT_ NameAndType_info & B In

(E s %) %, CONSTANT NameAndType info & B I 147 fif 45 11 % & ith 51 26 o
CONSTANT _Utf8 _info % & 15 CiF[# 1% 3.3.1 3 A% 5] CONSTANT_NameAndType
info  H IR LG R, W FHR:

%5 3-15 CONSTANT_NameAndType_info R4#4

CONSTANT NameAndType info

{
\
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ul tag;
u2 class_index;
u2 descriptor_index;

}

IR R, CONSTANT NameAndType_info % it 1 tag Ji (1) (i & CONSTANT
NameAndType_info(12). class_index il o [ fE W) & — AN 45 1) 3 it 1) & v CONSTANT _
Utf8_info I A AR 5], Wi X AN F 1 E B AT s Dy SR HCE 410 5 Bl 77 125 (1) 1) 1 44
PR B S — NS IR (K) 77 75 44 FR<init>. 1 descriptor_index T 0 (K48 [AIFE th AL — AN 7] 9 B it
5|4 H CONSTANT _Utf8 info # MR T], kX A2 51 e RP nf gl Dy 3R 05 Y 5 7 B ok
TR T

3.3.12 CONSTANT_MethodHandle_info & &I

(EH 4% h, CONSTANT MethodHandle info. CONSTANT MethodType info, LA
}2 CONSTANT InvokeDynamic_info % 5 1l /& Java7 Hfrdf 1) 3 A9 I, JVM Rk 414
PRALX 3 ANHERINH QRN T AR F L RSB S M AN LN
CONSTANT MethodHandle info % & 5 J¥ 4f; VF i, CONSTANT_MethodHandle_info i it Jii
FUH T RAR LMW . CONSTANT MethodHandle info %5 5 10 () R 45 {5 BN, i F T :

%3 3-16 CONSTANT_MethodHandle_info & 4544

CONSTANT_MethodHandle_info
{

ul tag;
ul reference_kind;
u2 reference_index;

}

| i 4R 9 o5 ) 1, CONSTANT MethodHandle info & # 1l o tag 10l ¥ {H A
CONSTANT MethodHandle_info (15). reference_kind Jii " (FI{H L Z(E 1~9 Z[i], "ERIE
T J54: reference index M () Ay UMY, 5 vk AW 28 B IR B 38 7 D VA A R ) S T R A T
Sy i reference_index i H fE W f& — AN & [ & S IR A A ER S, 2% (Java AL
I3 Java SE7 BRI K E . W1 B reference_index T [KI{H 4 1.2.3.4, H 4 reference_index
T (R4 R — AN 48 1) R 51 CONSTANT Fieldref info & I (i[53 3.3.8 1)
f1Z25l, HTRRD—AFEBEIEN AN R reference index ML A 5. 6. 7. 7,
A4 reference_index 3 o {8 M) J2& — N4 ) Bt it 51 & ' CONSTANT _Methodref_info # fi
W CGERE 3.3.9 ) MRS, TR NNy kel M T Q@2 I Ik R
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reference_index IMIMEH A 9, AL4 reference index Il ¥R ) J& — /N 4§ 1) %5 &b it %1 4 op
CONSTANT _InterfaceMethodref_info % w1 (i %1% 3.3.10 %) &S|, M F&5 %10
LGV 7 i A h .

3.3.13 CONSTANT_MethodType_info & £ Ii

fr % & ith %) & ', CONSTANT MethodType info % & i Fl T & 75 Jy ¥ 1t 26 A4,
CONSTANT_MethodType_info % B I f0 &£ 45015 B, W0 Fx:

€73 3-17 CONSTANT_MethodType_info F444

CONSTANT_MethodType_ info

{
ul tag;
u2 descriptor_index;

}

LR 7R B, CONSTANT MethodType info # f1iirh tag T (f){ & CONSTANT
MethodType_info(16). descriptor_index il ff]{E W] & — ™45 n) % FEith 5 & of CONSTANT _
Utf8 info % I GIFHEE 3.3.1 1) MAEMERS, HTFRRTIERHRT.

3.3.14 CONSTANT_InvokeDynamic_info & &Il

(% fih# & $, CONSTANT InvokeDynamic_info # &I T %7~ invokedynamic §&
A pT B 5 75 ( Bootstrap Method ). 45 SHFAER AR AR ( Dynamic Invocation
Name). ZERERIRFIER, LA IR 2 A& S5 (Static Arguments)
)% &7 %). CONSTANT InvokeDynamic_info % I [ & 45 #{5 B, 0 F .

f£%3 3-18 CONSTANT _InvokeDynamic_info 4544

CONSTANT_ InvokeDynamic_info

{
ul tag;
u2 bootstrap _method_attr_index;
u2 name_and_type index;

}

& AL % 7 5] &, CONSTANT InvokeDynamic info % # Tl " tag Il (1) {6 A
CONSTANT InvokeDynamic_info(18). bootstrap_method_attr_index Il 1) {F £ Z50i % 4 i 5
T L 51 5 /719 bootstrap_method EZH A 2L 5. Il name_and_type_index il f'] {&
) S — N 48 1) &b 1) o CONSTANT NameAndType info & I CiF i 3.3.11 77) 1
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RG], T 2RoR T3 T 0 1R 948 BRI 7 1 A 75

3.4 SRR

HUE KK AR LTS, {E Java WL 0 LR A RVFE N RREE QR HEH A B A
MR RS R F 2 R 7 B 2 9R SR 7 B A bk 22 1) T Ak () 4 R BUAS # ) B, 8 4 3K 3 2
SLVFo AU, Java HIBEUFE T2 BT A o iFIX A E B2 0 T 8 % — e R0 2 1 53 3
oL AL, WRAR T SRAH [ 4 St B 2 SRR R R 4 RRAR IR 60 7 B, I8 4 AR S ]
A7 0] B4 5 0 H AR B FUR 2 R Java AT AS RUVFIX 4 il

EFR S, B — field_info IAIX N —DREEE DI FRE R, HT %
RN FR GG R, WP RS Ui &5 (public. private =¥ protected).
AR 2 S A B Cstatic (BUHFF) T2 W & (final (B47F) % . M KK T EEE,
H1 T 4766 £ field_info J0Uh (1) 7 BUE BOIFAS GG 75 W48 7 74 P9 3B s ARG B o 1) Ja) 3 A it
DAl e 22 AN AR i 2 18] (1) 4 SO &R 2 — FEI6, 84 Java WA VE D ARAS So 4 — Dl
Hrh A2 A R RF LRI T B . (HER Java GEMVEH R, T 9604+ ath
18 VAR I E A B A M R bR 7R 75 2 R 10 7 B ME— 1) 4% 1 5 2 X S B 22 1] FR) 38 3 75 AN g A
[il. field_info BIAIFR L KI5 B, W FHTR:

855 3-19 field_info 44

field_info {
u2 access_flags:
u2 name_index;
u2 descriptor_index;
u2 attributes_count;
attribute_info attributes[attributes_count];

}

FRR R, access_flags T (¥I{E F T 47 il 70 28 53038 2 1 b 75 Bl 52 Bt BT FH 380 11
Vi M5 . access flags Wb &EfE B, WK 3-5 Fix.

% 3-5 access_flags kR EER

W] 7 B 0 i 4 96 0 public

ACC_PUBLIC 0x0001 7t
ACC_PRIVATE 0x0002 7 B U5 e B 5 private
ACC_PROTECTED 0x0004 75 B 7 B UG ) 5 1 75 B protected
ACC _STATIC 0x0008 A FERA Y h R
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EEE S
: - RERH b Sl Sk
ACC_ FINAL 0x0010 A &%ﬂﬂ K ﬁnnal aéitl
ACC_VOLATILE 0x0040 A TFERAY A volatile
ACC_TRANSIENT 0x0080 P A FBAS S R B
ACC_SYNTHETIC 0x1000 P AN B G 8% BB
ACC_ENUM 0x4000 P AR R R TR

2% (Java ERIHLIETE (Java SE7 W) IR KE, EXRF =010 7B, HAgER
ACC_PUBLIC. ACC_PRIVATE LA % ACC PROTECTED iX 3 /Mbr ik o ity 3o —/NME b F B
35 ) & 6 75 22 7 W, 1 ACC_FINAL FBUAfil ACC_VOLATILE 7B A fo VF [ B o ] — 4> F
BribAT AW . i R O ) o B B U e A i RF e, LB 88 {E I ACC_PUBLIC .
ACC_PRIVATE & ACC_PROTECTED iX 3 Mr&EH M —4. AKX THEFEE, WA
access_flags Wi & A H Bl kr s, —HZREERN 0, I H Java IBRINLIL L 200 208 B¢ .

name_index I H 1) R U2 — A48 8] H i 41 R CONSTANT _Utf8 info (i[5 3.3.1
) WERIMA MRS, WX ARG R AT Bk D 3R Y AT B R R .
descriptor index 0+ (4R [R) Bt 2 — /N8 1) % S ith 51 & oh CONSTANT _Utf8 info #f f Jil (1)
&G, ARG B AT B 3R ECY 5T B RA £ . attributes_count TR BH T fF &L
attributes[ ]9 ) U2 1 1%, attributes[ 1500 (1) & — > Bl B3 #8620 — A attribute_info 45 1) 1) 54
PRI G2 3.6 45D

3.5 FAIR

MG KK ZE0E, 76 Java iGZZ M ERA RVFE— /N KA E D R SEI 24 7k
B4 (BB SHEERESHAEO MEMIE, mRERF S 2 A 0758 4
(R 75 v, 0 S g 13 %K TR E R AT Gk . B UE, Java HBTEF AT BT LAAS f iR IX
AR TR T W — A D B ORI, WA, R AR EE O E
AN L MFE R T vk, 8RN 1% W] 7 0 Vs 9] B4 5€ 10 H bR 77k EWe? Kt Java i
BIMTEAR FCVFIX A 28R A A — A2l 4 1 b 5 B 2 AN 2 R R 0 7 4t JF AN 2
AT LA, 761 [ %f % (Object Oriented) [£] % #& (Polymorphism) ¥§t 4, 75 7% #E 4K (Overload)
ELF A LU AR XA 5, RAEME— R EERWNR, WRBFELMTEER, BaAHThik
Z Vi)t )7 k38 44 — e A e

fEF WS Ed, 44> method_info JHUHRRS N AF — Kl #H 8 O IR B, 80
Hidn 1% 88 7 A (T v A B (et 2% DO ER 7 v <clinit>() R0 9 il 4] 4 4k J5 i <init>())
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MFFR —ATHEN G R, W IrEbORTE . TV B % (public. private &
protected) JiiLMIR MK LUK T S 505 B 4% . A0 KFEF B, S Java ik
WAL AN SCVFAE — A 2K 1 5 W 2 A VA B AR (0 77 v, AR 2R Java T8 1 00 A¥1
B FATRY SO AV R SO VAT I Z AN U 15 MR B T 1 M — B 4 s 2 3 i i )
(1R MEASGEAH [7] . method _info T & 45 k(5 ., Wl F TR

{875 3-20 method_info F 4544

method_info |
u2 access_flags;
u2 name_index:
u2 descriptor_index;
u2 attributes_count;
attribute_info attributes[attributes_count];

!

HUE AL 113 C28 % BL T . method_info Jil 1) £ &5 K15 B 55 field_info T ) 2 45 M 5 &
JUTF Bk . LR R Bt , access_flags Tl A (0 {8 1] 47 il 75 A & 4% 11 v 5 1]
J5 VIS B B U5 B 1 75 . access_flags T bR B B, WE 3-6 Fiox.

% 3-6 access_flags MR EER

. BEaR ’ E ﬁ Al PR el e B , e T b
ACC PUBLIC 0x0001 FE 5 R U 4B 5 75 4 public
ACC PRIVATE 0x0002 7Y U I AE R R private
ACC_PROTECTED 0x0004 RIS ik 0 ) e A& 15 75k protected
ACC_STATIC 0x0008 A ANk WYl STy ik
ACC_FINAL 0x0010 W AT 4 final J5 ik
ACC_SYNCHRONIZED 0x0020 A4 — A~ Ji ik 4 synchronized 77k
ACC_BRIDGE 0x0040 ¥ —AJr ik bridge Ji ik
ACC_VARARGS 0x0080 RARHERAERBH
ACC_NATIVE 0x0100 ¥ — AWk native T %
ACC_ABSTRACT 0x0400 A4 — AN Tk Wk abstract J7 ik
ACC_STRICT 0x0800 NI YN strictfp Jik, 1% FP-strict 37 sk a(
ACC_SYNTHETIC 0x1000 T Ay 4 e 0R () - B b g R AR R

%% (Java BEIPLIIE (Java SE7 )Y WA KRG, EXRP AL, Hagld
A} ACC_PUBLIC. ACC_PRIVATE LA} ACC_PROTECTED iX 3 A& v i Hodr — AN 0 7
RV B LAY .. MR EE T A LM ACC_ABSTRACT #idk, MAEM
ACC PRIVATE. ACC STATIC. ACC FINAL. ACC_SYNCHRONIZED. ACC NATIVE LA
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J ACC_STRICT by s #0203 B o 10 b 88 Ve () J7 V6 75 W U5 m B M 79 i, g g 43 1
ACC_PUBLIC Hl ACC_ABSTRACT #ri&i, FRitbz S A BT G dR S 8 A REAE ], A4
WAk Ty i <clinit>() ] LA Ff ACC_STRICT bridi

EIE R K & EiE R, <init(Q % R A4 A ACC_PUBLIC. ACC _PRIVATE Ll J%
ACC_PROTECTED #5 i . ifi <clinit>() /5 B T ACC_STRICT Z 4N BT A3 b 25 #B 1 1% ¥k 200,
K A AEAT invoke 2 3815 G H8 4t ik M Fl <clinit>() /7 i, & 77 SRS 78 28 n 48 1) it
Fiepgk VM BT .

name_index J5 o {)4E ) & — A4 1) % B 41 K CONSTANT _Utf8_info (i [ 3.3.1
W) OWEDM A ARG, WX AR GIE B a] pk Py 3k B Y 5T A R A R i
descriptor_index I [ {H A AE R /2 — AN 0] St 41 & CONSTANT_Utf8 _info i f 0]
H#E S|, WX A2 G A B a) sl h SR HCE) /T 7 A IR 15 . attributes_count TR T )
4 attributes[ ]I AL ALK&, attributes[ 50 1) BE— AN Bl 53 #4620 & — A attribute_info 4544
AR i B 3.6 19).

3.6 BME

J@ M1 RS SO e JLFBfi A AT L, tbdn ClassFile. field info T, method info il fil
Code_attribute T # 4 @t . B RAEMAEL, W FPrR:

X553 3-21 attribute_info R4

attribute_info {
u2 attribute_name_index;
ud4 attribute_length;
ul info[attribute_length];

}

b ik AR 5 7R B b, attribute_name_index T ) H & — N 4F W) W & it 5] K P
CONSTANT _Utf8_info CiFldiE 3.3.1 7)) ®WEIMMA MRS, @EidXANRGMERN AT )3k
I3 2 iy J8 1k 0 {7 B 44 FR . attribute_length J4E B T 4L info[ )T B K (AL JFAE
§i% attribute_name_index i il attribute_length T N (W2 45 6 A7 15 KD, info 155 H [ 5 7
B AWM ER —C BFE RS, WU, info[ 15 ) B 1 G5 K15
Boe 4 aw W, A TR BHEE E.

% (Java ERINUIIE Java SE7 WR) MHIERA, HET I XL 21 Frive U,
e 3-7 Fim. o T RERS IE A AR 7 15 R S, Java RESUNLRLIE — R ZORPTA N Java i
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FUBL S B8 4 28 fiE 95 11 51 H Code. ConstantValue F1 Exceptions iX 3 M@k, Mtk 4h, HT
9B Java 15 K PE () InnerClasses. EnclosingMethod FiI Synthetic % 57 4b 3 AN 1 th [l B 104 %
HEWE 7 Java MESLHLIT RG] . if 56 T~ Hofh — Lo il se B EsR# A 52 B (Java EHRIHLELE fo
VF I S 2 1 45 16 7 RS SCOR R SR MR R TR A I 1 U, ARt e g M AN R 08 5 A 1 @
VAR, Java SESUNLAEIE AT IS4 35 BRI 2 5 AR OE A ROR M), RASEE IR, 84 st a4
WA EAT

F3-7 HEMEXEM

. mHER  JavaSE | A" |
Code 1.0.2 453
ConstantValue 1.0.2 453 field_info
StackMapTable 6 50.0 Code_attribute
Exceptions 1.0.2 453 method_info
InnerClasses 1.1 453 ClassFile
EnclosingMethod 5.0 49.0 ClassFile
Synthetic 1.1 453 ClassFile. method_info. field_info
Signature 5.0 49.0 ClassFile. method_info. field_info
SourceFile 1.0.2 453 ClassFile
SourceDebugExtension 5.0 49.0 ClassFile
LineNumberTable 1.0.2 453 Code_attribute
LocalVariableTable 1.0.2 453 Code_attribute
LocalVariableTypeTable 5.0 49.0 ClassFile
Deprecated 1.1 453 ClassFile. method_info. field_info
RuntimeVisibleAnnotations 5.0 49.0 ClassFile. method info. field_info
RuntimelnvisibleAnnotations 5.0 49.0 method_info
RuntimeVisibleParameterAnnotations 5.0 49.0 method_info
RuntimelnvisibleParameterAnnotations 5.0 49.0 method_info
AnnotationDefault 5.0 49.0 method_info
BootstrapMethods 7 51.0 ClassFile

3.6.1 Code Bt¥

AT RN I 6 AR 7 VTS S, Code Jai 2 Java MEFUDL AL TR K 3 M@tz —,
Code J& 1A% T~ mthod_info Jif¥) @ ¥EF . fFAkYL, —A Code J& ik £ T4 iA M
TR A DS A — S B A5 Bl . EBE KK EER, JFAERTA 9 mthod_info XL+ 454
4l Code Jath, b e e85 11 {8 ] abstract X85 75 W 4l 5 75 i RS KB 7
native 7 B (K A 5 25 AN AL & Code JE %, BRibZ 4k, HABAEAT ) mthod_info I #8420
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W Code J&TE. Code JBIEMRLMIMGEE, W FHiR:

%3 3-22 Code_attribute 453

Code_attribute {
u2 attribute_name_index;
ud4 attribute_length;
u2 max_stack;
u2 max_locals;
u4 code_length;
ul code[code_length];
u2 exception_table_length;
exception_info exception_table[exception_table length];
u2 attributes_count;
attribute_info attributes[attribute_count];

}

ik G 8 7% 5 o, attribute_name_index I () {EH A2 — AN 48 W) W R b A1) & P
CONSTANT _Utf8 info CiFldiE 3.3.1 ) #EBKA AR, @idix AN %5E N AT s 3k
HCR) Y 50 8 PE T B 44 FR, BRI RFH “Code”. attribute length Jii45 W] T Code & M (8 1 K &
(AN HFEAUHE attribute_name_index JJifil attribute length Tif/E N FiR 4 6 N7 KA.
max_stack JFRE T 00 A7 i 4R AE BOR () B VR B - max_locals THR 2 T Y H0 7 1L 5
WEF CEFREE 8.1.1 1) FrfaifeE oMK . code length Tidg I T i 4 code[ )3 It £ 41
KB, A id code_length [R{E 20K T 0, 5L U, code_length Jil [ {ELANfE I 4 2%, 1l codel[]
T e () B b3 it S 7 925 1 715 5 . exception_table length S35 B T J5 45 exception_table[ 13 [¥) %%
AU, 1 exception_table[ 17 $L 55 J — 4> exception_info (141 %, % —/ exception_info
T T4 ik — A 5 5 R . attribute_count HUFE W] T J5 4L attributes[ ] I B KB, M
attributes[ ] 55 1 (1) 5 — AN Al 5 #B 24 25 — A attribute_info 45 #4) (1) H04E 17

3.6.2 ConstantValue B

Fl Code J& T —#¥, ConstantValue J& ' [FIFE R & T~ Java ERLBL L ZUR A 1 3 4N 1
2 —, ConstantValue J&E{7 T field_info T J@tE& . A field_info 1 (1) J& ¥F & 5%
2 WAL & — > ConstantValue J@&PE, %)@tk 1 2 T8 %0 Java Mg RAHLGCHACHS A i 28748
GX ARG E) PATVIERE. BRkyl, KB EMPIGEEREG PR T L.
— R (0D VI E<clinit()5E K, 115 —F W B ConstantValue J& ¥ 56 i -
W — AR R final 0 ostatic XA SCHEEFIEN G, JF B8O 8 YT R 4G K R sk
java.lang.String 28 %Y ()i, X ANKAF B K AE 4% ConstantValue & PERATHIREILIRAIE, 22—
AR B AN R I AT # final SCREF B0, Bl BOME 2 B 4 & R 4G 2K Y 5+ java.lang.String
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PR, 4 BE B <clinit>() 77 ¥ 58 % H W BR AL 3 06 . 26 T <clinit>() 77 14 45 85 2 ] 0 2
A AT VIR R, G 7.2.5 15,

% (Java ERIHLIIE (Java SE7 fR)) MR KA, Java BRIHLE Z GBI ER T
field_info &[] access_flag Hi 04 2 % B 47 ACC_STATIC #5idi, 1l ACC_FINAL kpadi 3fAF &
W, e R AR, RO AU SR AT S R 48 X final KT HERMA. EIEK
XKt BIE R, WR field_info £ ) access_flag Ti Jf % 7 # % & ACC_STATIC br&it, A
Java RERIHLER 4 4 2% 52 . ConstantValue J& (1 8 45 F945 &, Wi NPT

{£%3 3-23 ConstantValue_attribute &K 4#4

ConstantValue_attribute ({
u2 attribute_name_index;
u4 attribute_length;
u2 constantvalue_index;

}

b AL 3 R 6 F . attribute_name_index T P (1) {E & — A 4R W H &b A R
CONSTANT _Utf8 info Gk 3.3.1 ¥) HEIMA KRR, Widix A5 E R a] sk
I 7 J P ) R B 44 R, B 775 H “ ConstantValue ”. attribute_length J () F 7K 22 [ 52 4 2.
ifii constantvalue index Ji 7 () {E0 ) f& — AN 45 1) % & it 51| & h CONSTANT _Long_info (i [ i
3.3.4 i), CONSTANT Double info Ci#[#i% 3.3.5 15). CONSTANT Integer_info (i [# i
3.3.2 1), CONSTANT Float info Ciff[#i% 3.3.3 5) 5k# CONSTANT_String_info (i [ i
3.3.7 49 HHRIUN A BRG] .

3.6.3 Exceptions B4
F1 Code J&¥E LA K% ConstantValue J&1E—Ff, Exceptions &t A Ff )& T Java gAML AL
SRR 3 ANJ@YEZ —, Exceptions J&YE{Z T method_info M) EMEEL P . £ 4

method_info Jil [t & 1 % i £ S A& — A Exceptions J& 1, @M 2T T A48 H ™
Wi 77 38 ok 8 7 throws W] e (9 7 % 15 . . Exceptions MR HEE, W FFix:

{£%3 3-24 Exceptions_attribute & 4544

Exceptions_attribute {
u2 attribute_name_index;
u4 attribute_length;
u2 number of exceptions;

u2 exception index_table[number of_ exceptions];
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F R A R ] b, attribute_name index T o () {H & — AN 45 ) H R b %) E b
CONSTANT _Utf8_info Ciff[#l i 3.3.1 §9) W RIK ARG, lidiX A& 1E o] s o3k
TR P 4 FK, RIFFFHR “ Exceptions”. attribute_length J5i 45 W] T Exceptions Ji ¥
B (AL JFA(LES attribute_name_index 15 fl attribute length J07E 4 [ &5 6 4~ F 14
I SE ). number_of exceptions JIIEH] T fi4E exception_index table[ |5 ff) %20 K- J&, ifif
exception_index_table[] Jil H (] & — A~ pk 3 # 4 W2 — AN IR W R 4 &
CONSTANT _Class_info CiFRE 3.3.6 17) W EIMA MRS, WX NG v s h 3k
I Y /i 75 vl it SC B T throws nl BEM H (1) 79 (5 L.

3.6.4 LineNumberTable B4
MR KEKAERR I & g, &% &5 SR R T H P S @ AT 5 LU RS
TR A BT @ 1 SO 46 FR oK 20 A R e m) F8, 8 G SR A S A R R S I, HERR S R

eb AN AT AT (R R AT A LA SR R AR S BT (1) SR 48 Bk, K5 W) nT LLLE {4 T A i G F 25 8%
Java {UHE 25 1% 0 715 (5 I € JE 0 “-genone” B Al . W1 B FToR:

X% 3-25 g EIEI “-g:none”

Exception in thread "main" java.lang.ArithmeticException: / by zeroat Test.main(Unknown

Source)

L A G R B E AT IE TR “-ginone” B, AR AFEF R — BB R R R, HERRE Bl
P AS 2 3 AT AT R B R AT 5 A SR R AR BT Ja 1K) SO 44 FR . ] 5K 1, LineNumberTable
J&YE B T 48 Java AR 4T 5 5 O SO R G RS AT S 18] R RN K &R
LineNumberTable /& — /N uli @, ‘&7 T Code_attribute i [¥] J& ¥ % ' . LineNumberTable
BRI R A HEE, W FHR:

{£%3 3-26 LineNumberTable_attribute 4544

LineNumberTable_attribute {
u2 attribute name_index;
ud4 attribute_length;
u2 line_number_table_length;
line_number_info line_number_table;

}

ik A B % 6] o, attribute_name_index T bR H A& — AN 4R ) W E b 4 &
CONSTANT Utf8 info CiFldis 3.3.1 1) W EIMA KRS, WX A2 o 5/ af s )3k
HCF Y w8 Pk 4 FR, B F A5 H “ LineNumberTable ” . attribute_length 10l 45 W]
LineNumberTable J& 1 {8 (1) K % (At A~ fL4E attribute_name_index JiUFl attribute_length il
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EWIEL 6 N7 1K) . line_number_table length W45 H] T f54E line_number table[]
WAL, 1f] line_number_table[ 17+ ) AN B 74 #6045 T start_pe 1 line_number iX
A u2 BEFPEAEI,  start_pe H T RRF A0S SCHF R 0 709475, 1M line_number W T
TR Java (RIS AT 5 .

3.6.5 SourceFile B1%
1 LineNumberTable & —#f, SourceFile J@¥ERIFEHE —ADulik)@E, %@ T
ClassFile HJ@PERF, FFd Fe A 7 0 08 SCPE VR ST 2 FR o 2 S AE 2 PR I8 58 AT 3k 10

“-gmone” I, MAREFH — BB HE I, HERAE B PR it A 24 AT O HRAT 5 AR
B R A g 1 S 44 PR, i ARES 3-25 Frz . SourceFile J&PEI R G MfF R, W FPTR:

f£%3 3-26 SourceFile_attribute 4544

SourceFile attribute ({
u2 attribute_name_index;
ud4 attribute_ length;
u2 sourcefile_index;

}

R AR S 7 1 B, attribute_name index Y R {EH & — AN B WOH R b 51 R R
CONSTANT Utf8 info il 3.3.1 49) W RIAA MRS, XA~z E D al ik
R Y i @ e R R 44 FR, BN 7R “SourceFile”. attribute length Y5l (B # 7K g[8 2 4 2.
if] sourcefile index T+ [ {EL /& — N4 ] & &b 1 K CONSTANT_Utf8_info (i[5 3.3.1
) ERIMA KRG, WX AR G R A] ) SRR SO S A4 R

3.6.6 LocalVariableTable B 4%

LocalVariableTable J&¥: T4k R E R GERMEE 8.1.1 1) FHETLREY Java
R o s SO AR R 2 6] (9 %) B K %R, LocalVariableTable J& — AN nl ik J& ¥, 1% J8 PE AL T
Code_attribute 3 (1) J& P % ' . LocalVariableTable J& ¥ 1R 455 &, W1 FPrs:

{£%3 3-27 LocalVariableTable_attribute & 4544

LocalVariableTable_attribute ({
u2 attribute name_index;
u4 attribute_length;
u2 local variable_table_length;

local variable_info local_variable_table;
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R ALY 5 5] f,  attribute_name index Jil P (1) {E JE - AN 5 1) B b 5] £ op
CONSTANT _Utf8_info Ciff [ 3.3.1 15) & &I A 2051, it iX A2 5144 B o] Bl 1l 3%
ISCM i e Pk P 1 B 2 Bk, BEE 45 HE “ LocalVariableTable V. attribute length 545 W] T Code
JEVEEI KIS (AL A attribute_name _index Jiifll attribute length Jii/F A (2 45 6
ANF KB ). local_variable_table length I W] T fii4E local variable table[]3 (1 # 21 K
J&, ifi local_variable_table[]F 11 [¥] &A™ il 61 &6 €L 4% [ start_pc. length. name_index .
descriptor_index f1 index 5% 5 > u2 A 144l 1 . start_pc Al length T ] 1~ 27 Jay i 48 &
I A iy 83T 4 10 <7 0 6 D B & R LA VU I 42 5 10 KC T, start_pe+length Bt S Ja 5 AR &
FE T S o (A FH SR Rl ;. name_index FI descriptor_index i A (148 ) Ff # 5& — N 4
] ¥ b 71 & o CONSTANT _Utf8 info & & Il [ A 2% 51, 10 ik X /N2 515 B Al 5l 3 3K B
FI) 1 {5 AR () AT AL R AR B . 1f0 index WU TR KR A R AR A RED Slot
ARG I E .

3.6.7 InnerClasses B

InnerClasses J&E ] Tk W 51 ER 2 W kLR, @ PELL T ClassFile
M E R . fMispeul, WmBRE—ANE Ed e XN, Banimdmitasias e
o H T AL 5 1 N #525 2E % InnerClasses J& ' - InnerClasses J& P51 # 45 K5 B, W F s

{£%3 3-28 InnerClasses_attribute & 4544

InnerClasses_attribute {
u2 attribute name_index;
u4 attribute_length;
u2 number of classes;
inner classes_info inner_classes;

}

bR QRS 7% i) b, attribute_name_index i ¥ {H A& — AN 45 1) W R 8 R o
CONSTANT Utf8 info Cif§lis 3.3.1 37 #EIIM AR, WX AR5 ME Ry sl 3k
IR Y AT e B B 4 PR, BIF 75 5 “InnerClasses”. attribute length Tif§#] T Code J& 1 {H
F R (ANt I ABLEE attribute name_index JiF attribute length Ji7E AN )& 4 6 S5 17 1)
[£J# ). number of classes T4 ] T J5 4L inner_classes[) 70 8040 <18, e — K 5T
5 Z /AW, 1] inner_classes[ 170 1 (1) 55 4> il 51 # /& — 4> inner_classes_info il ') £ 4%
I, M TFRANBESE.
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3.6.8 BootstrapMethods Et&

tn# 3-7 Fisn, BootstrapMethods J& 1 /& 75 Java7 2 )5 Hr i 8| = iy b v, %@

fi T ClassFile (@ P&+, H T{R4 invokedynamic 5845191 S 7 ER &% . # (Java

REALRLYE (Java SE7 WY A KE, W EAYE ClassFile 589 1) 4 it /047

- CONSTANT _InvokeDynamic_info # & 10 (i i i3 3.3.14 17), HE-4IX4 ClassFile 454

1) g P 2% b b 20047 — AN B ) BootstrapMethods J& 1, Jf Fl ClassFile £ @t £ i %
L& {7 —1 BootstrapMethods J& . BootstrapMethods J& P [ & &5 K5 B, W FFins:

N

153 3-29 BootstrapMethods_attribute 4544

BootstrapMethods_attribute {
u2 attribute_ name_index;
u4 attribute length;
u2 num_bootstrap_methods;
bootstrap_method bootstrap_methods;
}

ik AL 1S 5 ) b, attribute_name_index J0 o[ AR — AN $E ) W Rt B R
CONSTANT Utf8 info il 3.3.1 47 W RIMAMES], EidXARGME R ] )3k
R AT @ e s 2 FR, B EFFH# “BootstrapMethods . attribute_length Ji458] T Code
JBPEAE R (AN 3 A BLFE attribute_name _index T fl attribute length T 7E N (2 45 6 4
4K L ). num_bootstrap_methods i 45 W] T 74 bootstrap_methods[] 55 (¥] 041 K B, 1
bootstrap methods[ |7 4 [¥I {8 & — N4 [a] & &t it 41 & ' CONSTANT_MethodHandle_info %
TG 3.3.12 1) FEERBMA ARG, eNRET —olwiiik, B8 E TGS
HAZHMIF Y (A fE A% ). bootstrap_methods[] il 1 (1) & A Bl b3 # L FE T
bootstrap_method ref. num_bootstrap_arguments Fil bootstrap_arguments iX — /> u2 R 1) %
P 1 . v bootstrap_method ref I H (1) B & — AN fi5 m) A ith %1 & f CONSTANT
MethodHandle info % &1 (i (i 3.3.12 15) % S0 47 2% 5] num_bootstrap_arguments
TG W T Ji 4 bootstrap_arguments[ 3 (K £ 41 £ &, 1 bootstrap_arguments[ 1361 1 (1] 48 1) & —
ANF 1) %) % CONSTANT Long info (i i 3.3.4 7). CONSTANT_Double_info
(i 4% 3.3.5 15). CONSTANT Integer info Ci#[i% 3.3.2 17). CONSTANT_Float_info (i
1% 3.3.3 ). CONSTANT String_info Cif[#i¥ 3.3.7 15). CONSTANT Class_info (il
i# 3.3.6 7). CONSTANT MethodHandle info Ci# [ i% 3.3.12 7)) 3 #% CONSTANT_
MethodType info Ciff i 3.3.13 1) H & IUNA AR5 .
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3.7 AREB/ING

AEELEVEMM YR T EME . FRER., J71EE a2 55 555 6 SOk 16 o8 350 41 ple &5
Ko T FA6S 3042 Java FEFFSEIRES & 03 A, 2 RSORS00 SCAF IR P 5 4 ik 45 #4)
HT WM THZIE, 8 FRIBEENY, BATKE S LS T AR LE 7 T iEE 4
SEUTLE Java RERIAL AT .
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ST HotSpotBYLauncher

IVM BT sh &) a2 5, A REWS IE #1847, 1f4E HotSpot ' Launcher i & 11
XS - T4 KL HI Java FER A RS, 8P IFASZ 1R % HotSpot 183 it #
AT, MAMEKTEIFG, BEHSWHIRNEK —EDE HotSpot (K5 AL H # o 2 — 4557 % .

4.1 HotSpot BVRIBEHRSH

(6 TF R 1E IR % 2] HotSpot (¥R S 2 7, K%K 15567 20 171 HotSpot (11U it H 3% 45 i)
R ERER IR s UL R — AN H b BT RS 8 D BB S B AT 4 o A A5 RS T A X
SE )R, ATRE ST AR P Hb B 1 R4 3] HotSpot (F1¥E65 . /245 HotSpot 2 )& T- OpenIDK
WH P — A Dhe 74, {2/ HotSpot HI7E# /™ OpenIDK Jil H w548 T AE % & 2 (1) H 7
T LAA 45 L5 %) HotSpot T H (¥R S 3E1T VEE, K5I 7 XiE HotSpot B A] .

{Efi# )1 )5 7] HotSpot Jf% H 3 ', % agent. make. src Fll test iX 4 4> 1 [ E#I K T
HotSpot ¥ fith (¥ 444 H Sk 454 . b agent Hk R % T Serviceability Agent )%/ bty 512 YL ;
make H & F& TH T build i HotSpot 1) & R HC & SCIF: 1M sre H e M i 5 o fg 8 221y —
NMTHZ, ZHXTFEET HotSpot AT ML (L. 5 CPU MAHCSIIL. SHRME
AWM REI . 56 L KMEASEB . HotSpot A% L Ih eI . %2 GC S, Ll
RBAT G A S ): BT test Hx P E T HotSpot AH G 1) — 26 i 55 il ik
1 .

(EME T SR M KK, R Java 7K T C il 5 MIEVESTH, P T C++ili 5 X Bp
R, AR Z RS RAF AR — € IVEL ZE 5. PITLL Java JTF RN GA4E ) 1 HotSpot U HY
I, T3 AN EAF R AR E AT BRI, I SO HAR I Bl & Wy R SR B
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HotSpot [ ¥5 5% H sk 45k, W FHrR":

| p-concurrentMarkSweep Concurrent Mark Sweep GC I35

f-agent Serviceability Agent K%/ 5
-make HF build !} HotSpot 7% Fid & 1
f—src HotSpot [T #HH%
|  F-cpu CPU AKX
| Fos FRAE RGO ALY
|  Fos_cpu HAE RS +cru WAL G HIE AT
| L-share F & LKA HE AR
| —tools TH
| | p-hsdis S G
| | |-1dealGraphvisualizer ¥ server dmiFas 0 h S AT AL T H
| | F1launcher JAEERFYjava”
| | FLogCompilation F5-xX:+LogCompilation fiith )& (hotspot.
log) W Rk 5 25 5 ) v Pl A 2P L
| L-ProjectCreator BB Visual Studio I project XFM T H
| L—vm HotSpot VM M#Z L CHS
| j—adlc -G ik SCAF (BTN cpu 8 os_cpu B * . ad
SCAF) g VAR
| f—asm WG 25 42 1)
| f—c1 client #ifa% (XHFEvc1i”)
| f—ci ARG IER M A ILRS 7 NBhA g i85 3 v M8
| f-classfile KX (BFEERMBM AL TRE)
| f—code By A A B AR R 1Y i
| f—compiler M VM P FH B 25 G 1 2% 1 4 1
| l—gc_implementation GC 9B
|
|

| Fo1 Garbage-First GC S
(A Z 10 5048 e HESE)
| | FparallelScavenge ParallelScavenge GC [FJ3EH (server
vM BRAAE R Z KK e HESR)
| | }parNew ParNew GC S
| | L-shared GC (3L SEH
| }—gc_interface GC ¥ 1
| f-interpreter fREESS, QIS “BitMBEa” CEAHBRAER) M
“CH+RREART (B TIRAALERD)
| f-libadt i B Ak
| f-memory WA E M X CERRA ce HEAR B AEX )
| }—oops HotSpot VM (KX} % &40 i 5
| f—opto server 4iifdy (XFR c2”8 Opto”)
| f—prims HotSpot VM HIXFAMEE N, (0465 40 bRk
native 4 F gvMTT SCHL
| f-runtime AT S (AR . ga AR, B

@ HotSpot [1¥H% H & &5 8451 H A 13
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S 5 5
| }-services R F K SRR oMx 2 S WA BT g iR 2 0
| f—shark BT LLvM ) T1T aidds CROOTICRRATAERD
| Lutilities EE NIRRT

L test PR IGINA

HAT R FGRiG #E HotSpot (¥R H SR &5 K 5, A g SE PR M 428 HotSpot th & — > H %
P KR RE D REA RSB

4.2 Launcher &77"

Launcher J&—FH FJaah JVM BEREM R Bh48, JF H T DARR 4 28 51 ) 53 4 w3 F A (5] 1)
Launcher, —F&EX M Esh 4y, Wkl KK Windows ‘& A HEIN java.exe Fil
javaw.exe FEJF. AIE BT SREBEGE, USRI HAE R ma& E ]
T4 4T Java 8 GUI #2575, a2, M javaw.exe AT Java F2 )7 B0 AN 2 Wom AT AT (1) 7
FE(f 445 B e 95T Launcher [f) 54448 7 sURIBRAEE IUAC &, R 50T AZEFE 66 A
fir 4 “java-help”, KR

HAKH %
java [-options] class [args...] (BATH)
iy
java [-options] -jar jarfile [args...] (44T jar M)
i T A0 4
-d32 i 32 A B AR (i RmT )
-d64 1 64 P B AR (an KW A
-client EFE"client"VM
-server EFEserver"vM
-hotspot JErclient"vM MFESCHE [ ], BN v £
client
-cp H3EM zip/jar XM RIKE
-classpath HF zip/jar CHMRMREIEA “; 7 KK
H#, sARRIEM z1P RIRSFE, M TR
-D<name>=<value> WE ARG E
-verbose[:class|gc|jni] Ja v 4
-version A 7 RORR AR G AR
-version:<value> TENE MR A A GE1slT
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-showversion a0 LB P A gk 4t
-jre-restrict-search|-no-jre-res f{EMAMES O /FEEH %M orE

trict-search

-2 -help i B HE Bh I B
-X fiiy L JE A AR 3 IR 9 B
-ea[:<packagename>... | :<classname>]

-enableassertions|[:<packagename> {435 E KRS K S
...l :<classname>]
-disableassertions|[:<packagename R AR R T

>...|:<classname>]
-esa | -enablesystemassertions ARG WS
-dsa | -disablesystemassertions HHARGH S

-agentlib:<libname>[=<options>] I # A HLAL H E <1libname>, #] Wil —agentlib:
hprof, % 1§ % [# -agentlib:jdwp=help i
—agentlib:hprof=help

-agentpath:<pathname>[=<options>] $i 56 B B A% 44 N A HLAK 34 )22

-javaagent:<jarpath>[=<options>] m# Jgava mEESMRE, WS java.lang.
instrument

-splash:<imagepath> 1 R 48 2 1 G B 7= A 3 f

KET I AEINA Launcher HUi& EMBLEI, HL M™% & X ER U, Launcher FL&
— AR T BN AT A, HE ST R A JRE FREEHT Windows P& R i) jvm.dll 2 &5
P (Linux “F & F 22 libjvmiso). 76—4> IVM [KEFE N 8, HREBAT — AN 2 1) Java
Py, st dt, SAT 2 A Java FRJFR, Wi ERE RN E3) T 24~ VM 2. 1 1.5.6
Fidr, AR RBE T 4] 4 i — > Debug WA (1) HotSpot, P LAK T ARRER J7 i, K nl LA
i F] Java ()% —Fl 5 2 2% gamma. 7£ HotSpot ' Launcher &£ ] C i& & 4 5 (1, XF Lk gamma
1 java Ja AHERILHE & VRS LT 2 — B —Fm, (UfFEEbEER, a2, /& OpenJDK
i gamma F1 java & L] £ 7] — %5 Launcher #5655 2 . gamma (1) 55 /£ HotSpot [ 5 H 5%
N, K% Al LL{E/hotspot/src/share/tools/launcher/java.c 14K %] . 1M java H1Jf-{E £ & 7F HotSpot
Mg H = ~, 44 & 7£/jdk/sre/share/bin/main.c .

J&% Launcher 3 F /& HotSpot fI#% L, % NV i%Z 5 & HotSpot H LLAL “ A " 1 D) EAR
B, HEERZIXFE, EHNMTAETERNR A FEHX Launcher MUESBEAT HIHT? JLSE T /%
Launcher (4047 5 B8 2 6% A & L. BESR Launcher & JVM a8 8%, A LR S HE it
574 F] HotSpot (4% 0SS 3T IVM $ATHIGR ML, LA o si 4E 5 TVM R A2 i Sl 30
it LLFRf# Launcher (3017 JREE, &G HE HotSpot 125 —
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4.3 PBER Launcher B9 {71312

ABIFAE IR — A BATHE Java BIRPUS B BIRERY), AAZEIMH, KBS
LA A 15 A Z R HH R A B HotSpot Y HARSEILAN Y F o X T4 8 L AR ZLRA T ST JVM
BRI SOED T WA HFT Java TFRN R E, AR S0 22 R0 D) AR 2245 31 19

JLERE—A Java JFR A DA XF Launcher (K18 A #BIE 5 #43&, (HX IFAMLEXS Launcher
(AT IR AL 7 Widg 4, AT AR FR & 5 L UF# OC T Launcher (41T 3 F5 3500 A J50A4 41115 .
1T HotSpot () Launcher /& X C if 54 5 (1), AT LA T H & — & C &5 TR M8 b4 i,
ARSI AF AL o B UTRARSUL SR L BT Java 80K, 0 AE TGk B AR A 5 1) — Le AT
), HEFE Java (KBRS AR H CHEE, FTCAR T — L8] 5 C B IRt — E REWS BE
filt. (EIERITUE VR AT, EFHE T EHXRE R X TEBHEE T, FERKXTH
ANk s B AR b, SO e HAA O B S5 R AN S EN T .

4.3.1 {€ /A Launcher Bzl JVM

Launcher M &8 3 45 R AT RS, Wk 4-1 BiR. a3 8) Launcher Jo,
5 3E N F| Launcher (8153 8h R, X — SR Java F2/7—#F, Launcher [£ /5 2)) R 3R] FE 12
main(). main()& 30 AT 55 1 ST AN S AT IS, DLAJA B — AR E AR LT TVM
IR AL RN ] Java F2)F 18 main() 7% .

1 4-1 Lauher ﬁ‘ﬁﬁ’;

4 main() Bl BURIN BB IEITE, iR AN EF LR LA JavaMain()R E i

JavaMain() B % () 3 BAT %2 1 S0 A Initialize VMO EL . B142 8 3C,  Initialize] VM() R

HEL R IVM WIS I AR DE T, {8 Initialize] VMO 8 A B 21 9F A B & #1406 VM 1
57, i 2 e U A Hh B B NI CreateJavaVM() 25 56 BCEL IE & B JVM HI4R 16 .

VM WAk 5E R » Launcher #3245 i T LoadClass() b 20f GetStaticMethodId()e& %1,
AR Java FRFF IR KRB % YT IX PP BE, Launcher A2 i H] A<
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102 43  PREE Launcher M7 1L F2

PR %4 jni_CallStaticVoidMethod()444T Java F£ %) main() /7% .

B J&i Launcher i 2% i JH A< 1 26 54 jni DetachCurrentThread Wi T 5 F 26 FL & B: . Y%
5 ELFEWIFIER T, Launcher 4 — H S5 F T A IIEF# 2 F2 (non-daemon
thread) EIATE W, AR5 A AL %0 jni DestroyJavaVMOR JVM BT 855 . 75
FRMEKSK, (€ IDKI2 JRAZAT, A7 EE A VR IVM $UTHIS, /e JDK1.2 & )
SERRA TR B A R, R B R R VER JVM AT A 5%

4.3.2 BIhEE main()

* Launcher &I A8/, B 4ea it AF] main() & £rb 3t 51847 BRBE A O 1) J) 48 Ht ik
TTHIERAE  WIERAL I 1) Ja) P AR B AN AE R 1 i 48 B A2 47 PR BT I 75 22 T 3, 769 1] JavaMain()
PR, th AT BRI AR B AR IR I 25, R TR

KHg 4-1 MU SBETHRREXNEHRES

/* HIR SIE AT B OCH R i A B+ /

char *jarfile = 0;

char *classname = 0;
char *s = 0;

char *main_class = NULL;
int ret;

InvocationFunctions ifnj;

jlong start, end;

char jrepath[MAXPATHLEN], jvmpath[MAXPATHLEN];
char ** original argv = argv;

2458 B AR 5% SR AR BT 4f Ak TAE 5 » main() ek 35 F — 0 W &G @ S8 47 2R 5E, Wi F iR
K83 4-2 GIEEBITHIERE

/* QLB TR */

CreateExecutionEnvironment (&argc, &argv,
jrepath, sizeof (jrepath),
jvmpath, sizeof (jvmpath),
original argv);

printf ("Using java runtime at: %$s\n", jrepath);

1 SR — FR A TSI AE A AR AR RE S R AT S8 1R, Launcher B & #A4T 2 main()
BREINRF AR, 8 — SR b B4R 2] JavaMain()R& BT TVM H) 46 4655 AT
K TAE. R RFHERERE, — HA mainOR B /330 T B £, Launcher mf 2 Bl 2E J5U 7 2k
FE, W R
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K#g4-3 GBI HERRPITREES

/* B ASE AR L AT avM AR R Java FF M main () ik */

struct JavaMainArgs args;

args.argc = argc;

args.argv = argv;

args.jarfile = jarfile;

args.classname = classname;

args.ifn = ifn;

return ContinueInNewThread(JavaMain, threadStackSize, (void*) &args):

J TAE KK 5, APt T main()ek EH) 58 A, 1 FPiR:
53 4-4 BH;EFE main()BITEKD

int main(int argc, char ** argv)
{
/* WAL S IEAT IR B OGN JR A i~/

char *jarfile = 0;

char *classname = 0;
char *s = 0;

char *main _class = NULL;
int ret;

InvocationFunctions ifn;
jlong start, end;
char jrepath[MAXPATHLEN], jvmpath[MAXPATHLEN];

char ** original argv = argv;

if (getenv (" JAVA LAUNCHER_DEBUG") != 0) {
_launcher_debug = JNI_TRUE;
printf("————_JAVA_LAUNCHER_DEBUG—-——\n");

#ifndef GAMMA
/*
* Make sure the specified version of the JRE is running.
*
* There are three things to note about the SelectVersion() routine:
* 1) If the version running isn't correct, this routine doesn't
. return (either the correct version has been exec'd or an error
was issued).

2) Argc and Argv in this scope are *not* altered by this routine.
It is the responsibility of subsequent code to ignore the
arguments handled by this routine.

3) As a side-effect, the variable "main_class" is guaranteed to
be set (if it should ever be set). This isn't exactly the
poster child for structured programming, but it is a small
price to pay for not processing a jar file operand twice.
(Note: This side effect has been disabled. See comment on

*

*

* ok ok ok kK
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* bugid 5030265 below.)

*/

SelectVersion(argc, argv, &main class);
#endif /* ifndef GAMMA */

/* copy original argv */

{

int i;
original argv = (char**)JLI MemAlloc(sizeof (char*)* (argc+l));
for(i = 0; 1 < argc+l; i++)

original argv[i] = argv[i];

}

/* QIALBATHE */

CreateExecutionEnvironment (&argc, &argv,
jrepath, sizeof (jrepath),
jvmpath, sizeof (jvmpath),
original_argv);

printf ("Using java runtime at: %s\n", jrepath):;

ifn.CreatedavavVM = 0;

ifn.GetDefaultJavaVMInitArgs = 0;

if (_launcher_debug)

start = CounterGet():;
if (!LoadJdavaVM(jvmpath, &ifn)) {
exit (6) ;

}
if (_launcher debug) {
end = CounterGet () ;
printf ("%1ld micro seconds to LoadJavaVM\n",
(long) (jint)Counter2Micros (end-start));

#ifdef JAVA ARGS /* javac, jar and friends. */
progname = "java'";
#else /* java, oldjava, javaw and friends */
#ifdef PROGNAME
progname = PROGNAME;

felse
progname = *argv;
if ((s = strrchr(progname, FILE SEPARATOR)) != 0) {

progname = s + 1;
}
#endif /* PROGNAME */
#endif /* JAVA ARGS */
++argv;
—=argc;

#ifdef JAVA ARGS

Java EFUHLNE U
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/* Preprocess wrapper arguments */
TranslateApplicationArgs (&argc, &argv);
if (!AddApplicationOptions()) {
exit (1) ;
}
#endif

/* Set default CLASSPATH */
if ((s = getenv ("CLASSPATH")) == 0) {
S _ Il.ll;
}
#ifndef JAVA_ ARGS
SetClassPath(s);

#endif

/*

* Parse command line options; if the return value of

* ParseArguments is false, the program should exit.

x/

if (!ParseArguments (&argc, &argv, &jarfile, &classname, &ret, jvmpath)) ({
exit (ret);

}

/* Override class path if -jar flag was specified */
if (jarfile != 0) {
SetClassPath(jarfile);

/* set the -Dsun.java.command pseudo property */
SetJavaCommandLineProp (classname, jarfile, argc, argv);

/* Set the -Dsun.java.launcher pseudo property */
SetJavaLauncherProp () ;

/* set the -Dsun.java.launcher.* platform properties */
SetJavalLauncherPlatformProps () ;

#ifndef GAMMA
/* Show the splash screen if needed */
ShowSplashScreen() ;

#endif

/*
* Done with all command line processing and potential re-execs so
* clean up the environment.
*/
(void) UnsetEnv (ENV_ENTRY) ;
#ifndef GAMMA
(void) UnsetEnv (SPLASH_FILE_ENV_ENTRY) ;
(void) UnsetEnv (SPLASH JAR ENV ENTRY) ;
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JLI_MemFree (splash jar entry);
JLI MemFree (splash_file entry);
#endif

/*
* If user doesn't specify stack size, check if VM has a preference.
* Note that HotSpot no longer supports JNI_VERSION 1 1 but it will
* return its default stack size through the init args structure.
*y
if (threadStackSize == 0) {
struct JDK1_1InitArgs argsl_1;
memset ((void*) &argsl_1, 0, sizeof(argsl _1));
argsl l.version = JNI_VERSION_ 1 1;
ifn.GetDefaultJavaVMInitArgs (&argsl 1); /* ignore return value */
if (argsl_1l.javaStackSize > 0) {
threadStackSize = argsl_1l.javaStackSize;

}

{
/% U AN ZE R AT oM RI A R gava FRIF I main () Ak */
struct JavaMainArgs args;
args.argc = argc;
args.argv = argv;
args.jarfile = jarfile;
args.classname = classname;
args.ifn = ifn;
return ContinueInNewThread (JavaMain, threadStackSize, (void*) &args);

4.3.3 HTEFLEPHIT JavaMain()eR #L

AT S E R, HEA E Y mainOBR B eI ITHRE MR )G, fama el aE
FLFEFHATIH JavaMain() ek 3. JavaMain()ef £ 76 2 B main() eR £ 4% 38 1 R 1K —
eAR R SR, ARG HIEAAL LA LB Y S SR AR B, R R

K45 BEZISHFNBRL-LENEER

/* W main () RBCPEIRIRMERRSH ~/

struct JavaMainArgs *args = (struct JavaMainArgs *)_args;

int argc = args->argc;

char **argv = args->argv;

char *jarfile = args->jarfile;

char *classname = args->classname;
InvocationFunctions ifn = args->ifn;

Java UMLK UF



% 4% M7 HotSpot (1) Launcher 107

/* WG R — S R A B~/
JavaVM *vm = 0;

JNIEnv *env = 0;

jstring mainClassName;

jclass mainClass;

jmethodID mainID;
jobjectArray mainArgs;

int ret = 0;

jlong start, end;

WA KK IE, AL RIAE FRTE A ch BT LA A 3 A B0 218 780 (1) ok 45 4,
Lt i JavaMainArgs. JavaVM. JNIEnv Fl InvocationFunctions 25380, 54 C i 5b, &
A7) UK IX 8 R0 KOS S5 M RR O S5 KA . B 4 BT i S5 kA4, a7 Bk 3 st Al i 8 1 struct
DR G A I b AS [) () K00 S 1Y sl ek BOHR ™ 20 B0 r) — e ik BSOS 45 ) o R A R AR Bl T
B KR B G54, A0 S5 R AR RV B A AE — S AT 2200« B SE S5 R A rh e v ] 22
Fh B A Y, 3X — fURTECA b ) S B R RS [R), oA () 465 4 1) 45 4 4 AR 5 mT LA Sz B AT
BWRAH .

MRKFEKHMA 2L TG, REF QS SR 1 ek 2R B BAK 7 5T B 28T 45 .
L0 0 o B AR AF R N I AEVIGRAE IVM. M Java FEF K main(O) 7. WiOT F 4R %
BRAT IVM B85 hiE L.

JavaMainArgs 25 %! i [ 504 25 Y HLAE main() R $0S 38 28 F2 U8 F JavaMain() e 24 5 C
AR E U T o JavaMainArgs KR (A 454, Wi R Aok

£%3 4-6 JavaMainArgs ZRY4H X 44

struct JavaMainArgs {
int argc;
char ** argv;
char * jarfile;
char * classname;
InvocationFunctions ifn;};

JavaMainArgs 28 % of i 75 B 3% A S48 K AU 4, £ 75 B InvocationFunctions 2 7Y .
InvocationFunctions Z& 7Y H S alt i — AN A /b L R e 5 45 K 44, F1 JavaMainArgs 87—
FE, InvocationFunctions ff JavaMain()ek E(HAT Z 8t &8 tf 7 H P I{E. Invocation-
Functions J5 7 b 40 25 (1) eR UER £H S5 00 N it H bR e 80, W B s

[0 CreateJavaVM --> JNI_CreateJavaVM

@ RYEEE: A A SRR TR A H bR R B R
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L) GetDefaultJavaVMInitArgs --> JNI_GetDefaultJavaVMInitArgs

JavaVM 8 o 40,55 1) bR BOR B BT $i5 11 (1) 1 b bR 50 3 9202 T T 58 10 67 T 0 2 R 52 3 T
1T IVM R 5 DhRg, b pR BUEE 048 it Initialize]VMO) B8 B0 ZEIE T35 52 . JavaVM 2K 7Y
AL ) eR AR B S N G H BR R B R TR

[J DetachCurrentThread --> jni_DetachCurrentThread
[0 DestroyJavaVM --> jni_DestroyJavaVM

T INIEnv X O & MR BUHREEZ, A BSMAHE — 52T . M Th¥ ek Bds 5t
i 7] H AR ek 80, I H IVM B W1 aR AL 5 G B 3 4.3.4 35, Launcher 5t 2 #4417 LoadClass()
fl GetStaticMethodId() 8 ¥ . " LoadClass() & %0 /1] T35 B Java FEIF M 303, 1fi
GetStaticMethodId() e & U F T~ 3R X Java F&J¥ 1018 2h Jr ik . Wi R ATz

{X#3 4-7 LoadClass()#1 GetStaticMethodld()&& £

/* 3R Java BIFMIEEIE */

mainClass = LoadClass(env, classname);

/* 3R Java MBS ik ~/

mainID = (*env)->GetStaticMethodID(env, mainClass, "main","
([Ljava/lang/String;)Vv");

MK AR Java #2711 3 302881 )3 ) 77725 )5 » Launcher 5t 28 ] CallStaticVoidMethod()
R BT Java P 1K) main()/77%, W AR

R 1B 4-8 #IT Java BFEH main() A E

/* AT Java £ main () ik */
(*env)->CallStaticVoidMethod(env, mainClass, mainID, mainArgs);

1 Java FE ¥ U417 5%€ J5 , Launcher if £ il if JavaVM 28 B o (1) g8 B 45 5L
DetachCurrentThread 5[] 4< b % %1 jni_DetachCurrentThread()W7 7T 5 - £k F¢ 2 (] (& $: .
FHR:

K 4-9 A S ELREZEREE

/* WiIF S B ] g */

if ((*vm)->DetachCurrentThread(vm) != 0) {
message = "Could not detach main thread.";
messageDest = JNI_TRUE;
ret = 1;

goto leave;
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MRS LM T IE R )5, Launcher i< — HESBEFERTHARIETI LR
(non-daemon) 4= ATE5 A, SRJFIH I JavaVM 25 b (1) b8 346 51 DestroyJavaVM §§ fi) 4
i K 4 jni_DestroyJavaVM(O) X JVM $UATH % . W1 F s

K5 4-10 % JVM

/* RS gvM */
(*vm) ->DestroyJavaVM (vm) ;

F% jni_DestroyJavaVM() BRI £ i LLXF JVM AT IS 4h, 76 Java FE/FH, FFR A ikl Ll
i1l System.exit(0)#) 75 33X JVM $AT 8. — BAEFE b &0 IVM AT
Launcher ¥ AN 2 FE 4k 23047 jni_DestroyJavaVM() e& %1 .

KT AE R B T, AR T JavaMain() ek 801 56 #ARS, R TR
£15 4-11  JavaMain() iR #8952 L5

int JNICALL JavaMain(void * _args)
{
/* W main () REHEEEROERS L ~/
struct JavaMainArgs *args = (struct JavaMainArgs *)_args;
int argc = args->argc;
char **argv = args->argv;
char *jarfile = args->jarfile;
char *classname = args->classname;
InvocationFunctions ifn = args->ifn;

/* PR BCE ) — R AR~/
JavaVM *vm = 0;

JNIEnv *env = 0;

jstring mainClassName;

jclass mainClass;

jmethodID mainID;
jobjectArray mainArgs;

int ret = 0;

jlong start, end;

/*

* Error message to print or display; by default the message will
* only be displayed in a window.

*/

char * message = "Fatal exception occurred. Program will exit.";
jboolean messageDest = JNI_FALSE;

/* Initialize the virtual machine */

if ( launcher debug)
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start = CounterGet () ;

/% Wt M */
if (!InitializedJVM(&vm, &env, &ifn)) {

ReportErrorMessage ("Could not create the Java virtual machine.",

JNI_TRUE) ;
exit (1) ;

if (printVersion || showVersion) {

PrintJavaVersion (env) ;

if ((*env)->ExceptionOccurred(env)) {
ReportExceptionDescription (env) ;
goto leave;

}

if (printVersion) ({
ret = 0;
message = NULL;
goto leave;

}

if (showVersion) {
fprintf (stderr, "\n");

/* If the user specified neither a class name nor a JAR file */
if (jarfile == 0 && classname == 0) {

PrintUsage () ;

message = NULL;

goto leave;

#ifndef GAMMA
FreeKnownVMs (); /* after last possible PrintUsage() */
#endif
if (_launcher debug) {
end = CounterGet () ;
printf ("%$1d micro seconds to InitializeJVM\n",
(long) (jint) Counter2Micros (end-start)) ;

/* At this stage, argc/argv have the applications'
if (_launcher debug) {

int i = 0;
printf("Main-Class is '%$s'\n", classname ? classname : "");
printf ("Apps' argc is %d\n", argc);
for (; 1 < argc; i++) |

printf (" argv([%2d] = '%$s'\n", i,

arguments */

argv([i]):
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ret = 1;

* Get the application's main class.

* See bugid 5030265. The Main-Class name has already been parsed
* from the manifest, but not parsed properly for UTF-8 support.

* Hence the code here ignores the value previously extracted and
* uses the pre-existing code to reextract the value. This is
possibly an end of release cycle expedient. However, it has

*

* also been discovered that passing some character sets through
* the environment has "strange" behavior on some variants of
* Windows. Hence, maybe the manifest parsing code local to the
* launcher should never be enhanced.
*
* Hence, future work should either:
* 1) Correct the local parsing code and verify that the
* Main-Class attribute gets properly passed through
* all environments,
L 2) Remove the vestages of maintaining main_class through
* the environment (and remove these comments).
*/
if (jarfile != 0) {
mainClassName = GetMainClassName (env, jarfile);
if ((*env)->ExceptionOccurred(env)) {

ReportExceptionDescription (env) ;
goto leave;

}

if (mainClassName == NULL) {
const char * format = "Failed to load Main-Class manifest "
"attribute from\n%s";
message = (char*)JLI MemAlloc((strlen(format) + strlen(jarfile)) *

sizeof (char));
sprintf (message, format, jarfile);
messageDest = JNI_TRUE;
goto leave;
}
classname = (char *) (*env)->GetStringUTFChars (env, mainClassName, 0);
if (classname == NULL) {
ReportExceptionDescription (env) ;
goto leave;
}

/* 3KEL Java FEIFHIEBIAE */
mainClass = LoadClass(env, classname);
if (mainClass == NULL) { /* exception occured */
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const char * format = "Could not find the main class: %s.
Program will exit.";

ReportExceptionDescription (env) ;

message = (char *)JLI MemAlloc ((strlen(format) +

strlen(classname)) * sizeof (char) );

messageDest = JNI TRUE;

sprintf (message, format, classname);

goto leave;

}

(*env) ->ReleaseStringUTFChars (env, mainClassName, classname) ;

} else {
mainClassName = NewPlatformString(env, classname) ;
if (mainClassName == NULL) {
const char * format = "Failed to load Main Class: %s";
message = (char *)JLI MemAlloc((strlen(format) + strlen(classname)) *

sizeof (char) ):
sprintf (message, format, classname);
messageDest = JNI_TRUE;
goto leave;

}

classname = (char *) (*env)->GetStringUTFChars (env, mainClassName, 0);
if (classname == NULL) {

ReportExceptionDescription (env) ;

goto leave;

}

/* 3RW Java BEFIEEIA *~/

mainClass = LoadClass (env, classname) ;
if (mainClass == NULL) { /* exception occured */
const char * format = "Could not find the main class:

%$s. Program will exit.";
ReportExceptionDescription (env) ;
message = (char *)JLI MemAlloc((strlen(format) +
strlen(classname)) * sizeof (char) );
messageDest = JNI_TRUE;
sprintf (message, format, classname);
goto leave;

}

(*env) ->ReleaseStringUTFChars (env, mainClassName, classname) ;
}

/* KW Java BRIFMABNTTiE */
mainID = (*env)->GetStaticMethodID(env, mainClass, "main",
"([Ljava/lang/String;)V");

if (mainID == NULL) {
if ((*env)->ExceptionOccurred(env)) {
ReportExceptionDescription (env);
} else {
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message = "No main method found in specified class.";
messageDest = JNI TRUE;
}

goto leave;

{ /* Make sure the main method is public */
jint mods;
jmethodID mid;
jobject obj = (*env)->ToReflectedMethod(env, mainClass,
mainID, JNI_ TRUE) ;

if( obj == NULL) { /* exception occurred */
ReportExceptionDescription (env) ;
goto leave;

mid =
(*env) ->GetMethodID (env,
(*env) ->GetObjectClass (env, obj),
"getModifiers"™, "()I");
if ((*env)->ExceptionOccurred(env)) {
ReportExceptionDescription (env) ;
goto leave;

mods = (*env)->CallIntMethod(env, obj, mid);
if ((mods & 1) == 0) { /* if (!Modifier.isPublic(mods)) ... */
message = "Main method not public.";

messageDest = JNI_TRUE;
goto leave;

}

/* Build argument array */
mainArgs = NewPlatformStringArray(env, argv, argc);
if (mainArgs == NULL) {
ReportExceptionDescription(env) ;
goto leave;

}

/* AT Java /¥ main () Hik */
(*env)->CallStaticVoidMethod (env, mainClass, mainID, mainArgs);

/*

* The launcher's exit code (in the absence of calls to

* System.exit) will be non-zero if main threw an exception.
¥

ret = (*env)->ExceptionOccurred(env) == NULL ? 0 : 1;
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/* BTG EEREZ )&~/

if ((*vm)->DetachCurrentThread(vm) != 0) {
message = "Could not detach main thread.";
messageDest = JNI TRUE;
ret = 1;

goto leave;

message = NULL;

leave:
/* B gvM */

(*vm) ->DestroyJdJavaVM (vm) ;

if (message != NULL && !noExitErrorMessage)
ReportErrorMessage (message, messageDest) ;
return ret;

4.3.4 A JNI_CreateJavaVM() & £ #1444k HotSpot

A4S 4.3.3 T4 T 45K 4K InvocationFunctions 28 %4 H 61 57 () & ¥4 41 CreateJavaVM 2
B, 4L CreateJavaVM B W 1) H b b8 £5E /& INI_CreateJavaVM() .

M4{F Launcher H il JavaMain()e& Z0 FH Initialize] VMO BAEUR , Initialize] VM () & $0{# 2>
I sk oF B R El CreateJavaVM S 7Y 45 ] A<l bR 4 INI_CreateJavaVM()5& % HotSpot [ #] 464 .

K TAE RS 8, AB/RHT Initialize] VM) & B 52 340D, W1 R AT
55 4-12  InitializeJVM() & £ 89 T #4453

static jboolean InitializedVM
(JavaVM **pvm, JNIEnv **penv, InvocationFunctions *ifn) {
JavaVMInitArgs args;
jint r;

memset (&args, 0, sizeof (args)):;

args.version = JNI_VERSION_1_ 2;
args.nOptions = numOptions;
args.options = options;

args.ignoreUnrecognized = JNI_FALSE;

if (_launcher_debug) ({
int 1 = 0;
printf ("JavaVM args:\n Wy §
printf ("version 0x%081x, ", (long)args.version);
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printf ("ignoreUnrecognized is %s, ",

args.ignoreUnrecognized ? "JNI_TRUE" : "JNI_FALSE");
printf ("nOptions is %1ld\n", (long)args.nOptions);
for (i = 0; i < numOptions; i++)
printf (" option([%2d] = '%s'\n",

i, args.options[i].optionString):;
}

/* Gl R BAREHR M ALY ONI_CreatedavavM () R EGEMK JvM WIGRTL */
r = ifn->CreatedavaVM(pvm, (void **)penv, &args);

JLI MemFree (options);

return r == JNI_OK;

{EA M bR KX INI_CreateJavaVMO) N, 985 2 WA HRAT JVM IIPTEE40WE 2 K500 LLLE
INT $ 117 4% 31 HotSpot [T B AR UG AL 4057 G 5 3228 5 %5 ). [ 524 136, INT_CreateJavaVM()
B $5CSLE T L 75 78 /hotspot/sre/share/vm/runtim/thread.cpp * Threads i [¥) create_vm() ek
HOKR e 2% 5E % HotSpot #1454k . Wi R PR :

£%3 4-13 @M Threads # &Y create_vm ()& &

/* B gvm */
result = Threads::create_vm((JavaVMInitArgs*) args, &can_try _again);

4.3.5 1AM LoadClass()eR##XEX Java Bzh3
MR IVM AT YU 4L )5 » Launcher 545 ] LoadClass() ek 203K M Java £ 17 18 )i 4)
%o &“T‘Fﬁﬂ_\':
K#5 4-14 3KEY Java Bah3E
/* KW gava BRI B */

mainClass = LoadClass(env, classname);

Z FT L3R Java FE 7 1) JE 30 28, J& IRk 5 4 46 U CallStaticVoidMethod() pR AU 11T Java
FEF ) main) k2 w0, i E/RHENSHETIEE. I B LoadClass() ek 2 N 0,
FindClass() ek %5 2 il ik B A& A\ (1) )i 2 K 44 BB 8 H An 2K Y .

hTAE KK BT @, APBRE T LoadClass() el £ 5e 840, W FFrx:
{58 4-15 LoadClass()i £ A T ¥ {L53

static jclass LoadClass (JNIEnv *env, char *name)
{
char *buf = JLI MemAlloc(strlen(name) + 1);
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char *s = buf, *t = name, c;
jclass cls;
jlong start, end;

if (_launcher debug)
start = CounterGet();

do {

c = *t++;

*s++ = (¢ == '.") 2 '/'" : c;
} while (c != '\0");

/* BB HBRRE +/
cls = (*env)->FindClass (env, buf);
JLI MemFree (buf) ;

if (_launcher_debug) {
end = CounterGet () ;
printf ("%1ld micro seconds to load main class\n",
(long) (jint) Counter2Micros (end-start)) ;
printf ("---- JAVA LAUNCHER_DEBUG----\n");
}

return cls;

4.3.6 @M GetStaticMethodId()&#43kEX Java IBs3h 5%

4 Launcher & J)3KEE] Java FRIFHI A8 )G, M GetStaticMethodId() efi £ 3k HX
Java FEIF I 80 771 . H 52 GetStaticMethodld J& T- 45 #4944 INIEnv 8B 11 of B g4, %280
XF 1N (F) H bR 66 %0k jniGetStaticMethodld(). 41 F 7 :

£%3 4-16 3KEL Java BEFHIBEN A%
/* KW gava BEEMB S Tk */

mainID = (*env)->GetStaticMethodID(env, mainClass, "main",

"([Ljava/lang/String;)V");

F LoadClass() ek % —#f, 7 CallStaticVoidMethod() ki EH AT Java F2/7 (1) main() /s
VEZ T, RFET B AR D S Hu TR .

4.3.7 V8 A CallStaticVoidMethod() & # #1147 Java BahFiE

2 D3RI Java F2F (1) J3 3 25 M1 5 84 74 )5 » Launcher 23 ¥ H] CallStaticVoidMethod()
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R BT Java FEIF I8 main() /5%, W0 R TR
K3 4-17 4T Java 12FH main() 5%

/* AT Java B main () FiiE */
(*env)->CallStaticVoidMethod (env, mainClass, mainID, mainArgs);

CallStaticVoidMethod() b8 $U2 J& T- 45 ¥ 44& INIEnv BB (¢ ef B384, %2R N i H b
¢ %04 jni CallStaticVoidMethod(). 1Ml 7£ jni_CallStaticVoidMethod() e % i 3 S I T 40 & 7
/hotspot/src/share/vm/prims/jni.cpp "] jni_invoke static()pk &K AT Java FL/F 1 main()Jy
e W R PR:

%3 4-18 jni_invoke_static()& £/ 5 B3

static void jni_invoke_static(JNIEnv *env, JavaValue* result,
jobject receiver, JNICallType call type, jmethodID method id,
JNI_ArgumentPusher *args, TRAPS) {
methodHandle method (THREAD, JNIHandles::resolve jmethod id(method_id));

// Create object to hold arguments for the JavaCall, and associate
// it with the jni parser

ResourceMark rm(THREAD) ;

int number of parameters = method->size_ of parameters();
JavaCallArguments java_args (number of parameters);
args->set_java_argument_object (&java_args);

assert (method->is_static(), "method should be static");

// Fill out JavaCallArguments object

args->iterate( Fingerprinter (method).fingerprint() );
// Initialize result type

result->set_ type(args->get_ret_ type());

// it Jgavacalls KRR Java FEF M main () Jiik
JavaCalls::call (result, method, &java args, CHECK);

// Convert result
if (result->get type() == T_OBJECT || result->get_type() == T_ARRAY) ({
result->set_jobject
(JNIHandles::make local(env, (oop) result->get_jobject())):

{F jni_invoke_static()ER %A &, JavaCalls #7454 M GetStaticMethodld()pf ¥+ FR X H] —
A4 RME— ()71 1D, RIG¥ S Ch kG, Ol call() sk U & AT Java 127
() main() /% . BR O] LABAT Java F2/F 9 main() /7 vL4, FEF AT 6 Java J7 VAT #
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LMWL JavaCalls 55 i I A, JavaCalls 1) 3k 3C 4 4 {E /hotspot/sre/share/vm/runtime/
javaCalls.hpp 1.

h TSRS 5 B 8, AR T JavaCalls #E3k b 75 W (9 BT 45 v 8 11, dn R BT 5%
X85 4-19 JavaCalls #R P EERAEREQ

class JavaCalls: AllStatic {
static void call_helper(JavaValue* result, methodHandle* method,
JavaCallArguments* args, TRAPS);
public:
// Optimized Constuctor call
static void call_default constructor (JavaThread* thread,
methodHandle method, Handle receiver, TRAPS);

// call special

// The receiver must be first oop in argument list

static void call_special (JavaValue* result, KlassHandle klass,
Symbol* name, Symbol* signature, JavaCallArguments* args, TRAPS);

static void call_special (JavaValue* result, Handle receiver,
KlassHandle klass, Symbol* name, Symbol* signature, TRAPS); // No args

static void call_special (JavaValue* result, Handle receiver,
KlassHandle klass, Symbol* name, Symbol* signature, Handle argl,
TRAPS) ;

static void call special (JavaValue* result, Handle receiver,
KlassHandle klass, Symbol* name,Symbol* signature, Handle argl,
Handle arg2, TRAPS);

// virtual call

// The receiver must be first oop in argument list

static void call_virtual (JavaValue* result, KlassHandle spec_klass,
Symbol* name, Symbol* signature, JavaCallArguments* args, TRAPS);

static void call virtual (JavaValue* result, Handle receiver,
KlassHandle spec_ klass, Symbol*name, Symbol* signature, TRAPS);
// No args

static void call virtual (JavaValue* result, Handle receiver,
KlassHandle spec_klass, Symbol*name, Symbol* signature, Handle argl,
TRAPS) ;

static void call virtual (JavaValue* result, Handle receiver,
KlassHandle spec_klass, Symbol*name, Symbol* signature, Handle argl,
Handle arg2, TRAPS);

// Static call
static void call_static(JavaValue* result, KlassHandle klass,

Symbol* name, Symbol* signature,JavaCallArguments* args, TRAPS);

static void call static(JavaValue* result, KlassHandle klass,

Java [ RN UF



% 4% 5T HotSpot (1) Launcher 119

Symbol* name, Symbol* signature, TRAPS);

static void call static(JavaValue* result, KlassHandle klass,
Symbol* name, Symbol* signature,Handle argl, TRAPS);

static void call static(JavaValue* result, KlassHandle klass,
Symbol* name, Symbol* signature, Handle argl, Handle arg2, TRAPS);

// Low-level interface
static void call (JavaValue* result, methodHandle method,
JavaCallArguments* args, TRAPS);
b

4.3.8 iAM jni_DestroyJavaVM & £ $5 2% HotSpot

M ITh 5 E L LW T % $% 5, Launcher it 4 — B2 f5 R F b BT A7 10 4 <k P 48 R
(non-daemon) 4fFHATE K, KRG JavaVM 258 o1 1) o B4 £ DestroyJavaVM §5 [i] A
$s 28 %5 jni_DestroyJavaVM() X} HotSpot #4174 5% .

if 42, 75 {E /hotspot/src/share/vm/prims/jni.cpp ' f] jni_DestroyJavaVM() e £ P4 i SLif ] T
Threads (1] destroy vm()eA #3524 5¢ /% HotSpot (18 5% . W1 K Fios:

K53 4-20 HEHK JVM

jint JNICALL jni DestroyJavaVM(JavaVM *vm) {
#ifndef USDT2

DTRACE_PROBE1 (hotspot_jni, DestroyJavaVM__entry, vm);
felse /* USDT2 */

HOTSPOT JNI DESTROYJAVAVM_ ENTRY (

vm) ;

#endif /* USDT2 */

jint res = JNI_ERR;

DT _RETURN_MARK (DestroyJavaVvM, jint, (const jint&) res) ;

if (!vm_created) {
res = JNI_ERR;

return res;

}

JINIWrapper ("DestroyJavaVM") ;
JNIEnv *env;
JavaVMAttachArgs destroyargs;
destroyargs.version = CurrentVersion;
destroyargs.name = (char *)"DestroyJavaVM";
destroyargs.group = NULL;
res = vm->AttachCurrentThread((void **)s&env, (void *)&destroyargs);
if (res != JNI OK) {
return res;
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}

// Since this is not a JVM_ENTRY we have to set the thread state manually
before entering.

JavaThread* thread = JavaThread::current () ;

ThreadStateTransition::transition_ from native (thread, thread in vm);

/ /A SRR B VM

if (Threads::destroy vm()) {
// Should not change thread state, VM is gone
vm_created = false;
res = JNI OK;
return res;

} else {
ThreadStateTransition::transition_and fence(thread, _thread in_vm,
_thread_in native);

res = JNI_ERR;
return res;

4.4 3LCER: 7£ Launcher PHRNIEE X REFUEER

K KR Launcher MIHATIERE )G, {8 ] LT 464 F 228 7E Launcher )35 64 h s in—
S SR BR BB . [ X RE— K, 111/1\?3%?5?!3‘]%7&253?’EP%’quiﬁﬁﬂé“ﬁl HotSpot ]
i RS R, BRSEHY, BEE TaBE P RIAER EEMN.

10 A B S i/ A, IRATEM AU S & 7E Launcher #§H] CallStatic VoidMethod() e
BHATZ 00, F H e X REd 5 L4, CallStaticVoidMethod () bR B0 1) — 2448 B 240 Wi F
FiR:

KH5 4-21 K0 setParameters() & &

/* {EV8H callStaticVoidMethod () BREZ AT, 5IHAHLA RS ~/
setParameters (env, mainClass, mainID, mainArgs);

/* PAT Java FEIFH main () Tk */

(*env)->CallStaticVoidMethod (env, mainClass, mainID, mainArgs);

FkiE A, % # {E CallStaticVoidMethod() B& £ $h AT 2 AT I HI T B & X 88 %
setParameters() 5| fl T 4% i 45 CallStaticVoidMethod() BR % ff) — 26 & & Z % . H %

setParameters() 5k 3P BT AL & I Dh g U 51 7 X 24 i Sk i R B2 8, IRt — & A
FERMD. W FAR:
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K13 4-22 BENX setParameters()i

/*
* GIHERESHER
*of

void getParameters (jstring mainClassName, JNIEnv *env, jclass mainClass,
jmethodID mainID, jobjectArray mainArgs) {
printf ("EINEWBEESH ... ") ;

%I ¥E Launcher (1) 5 65 5 8 4 3F 5, KK E o] LL{E ] GDB T R ik Lk ix B A .
MFEF AT B setParameters() B A BT, fi A fr 4 “step” HSUEANBNZ R B A HIX
N4 “info args” Jo, {HE&%it setParameters()B& ¥ 5| X LB B S, WF
B 7

(gdb) info args
mainClassName = 0xb680ab5dc
env = 0xb6809148
mainClass = 0xb680a5e0

mainID = 0xb6858990
mainArgs = 0xb680a5f0

A5 1.5.2 A4 T HT OpenIDK ¥ B € il () TaobaoVM, 1E I 2E ¥ A5 A il AR A A
/) ) B AR SE Ty o 5 (O B AR A A EC T 38— Az s i N, AR A F] HotSpot
PRS2 B SO B I Sl Y, R IR Rz EF A TIEN B 5 Ik %547 s — Lo 5y
PEo BNIX P SR E, RIS S AR A W B ORSKRIFE XS B, v L2
R 2 YR I 77 THI & 22 HotSpot HIURTE B & 4 78 57 (1 T A8 SE IR, IXAE AN 0T LA Bh 47 56 47 Hh B
fi# HotSpot, EAELEVRAE JVM SUEAH A H iR 1)IE 18 .

45 AXREBE/ING

A EEFFENIEEHIAT T Launcher (52 B040 55 Mg 4T 72, Hp#aE T Launcher & F
TS 1T A BEK 3 2 eR 5 main(). ELFE B JavaMain(). #4516 JVM (1 InitializeJVM()
R %, KL Java FEFFJE 81281 LoadClass()efi %0, 3RHN Java Ji 5777 (1) getStaticMethodld()
M %, WA Java FLF main() J7 % [ CallStaticVoidMethod() B8 % . W7 JF 3= £k F% 3% 2 1)
DetachCurrentThread() &8 £ A1 455 JVM [f] DestroyJavaVM() ek 4 .

YRFIMR T AT IR M NS, P A3 F A GDB sl HAh IDE T H AT
PR ERER, AR X A URTE R ST M2 2 R B i)

Java HERIHLEE UF



%D

SltTHotSpotBY#Ia{b 1T 12

ZHEH RS 4 5h g 248 Keid, 1 Launcher %1 57 i Jil HotSpot A% LS X JVM 44
T4, AR E M BT 4E IVM AN . 2 JIVM 8] 46 14 1 S0 s a2t
HotSpot $41T RN I ATIE 41, IF BAEBI a4k i #2 ik il &2 HotSpot H — S8 L0 BEHR I 4] 1
e CLEnBIah 1k os B VMG RBAR S M . BEhEE . VI 2 RBias), BTl T fi#
HotSpot MI#I 4G FEXT TREME LA M R A B BB M & . AT P k¥ & %
HotSpot 1 1) B 73 44 B AR Bk S B A0 46 A et R ik 47 VR

5.1 HotSpot BYfIARIELR

ERTH LA, ABEMMUIE T X T HotSpot YA HE 4 N2, i T
HotSpot Y% N4, gmiFLA @A GDB T Hi#t4T Debug; (& b &, AP IEANFT
Launcher [¥EFG4YR, A KFEHIHT T Launcher 42 W47 5 5 HotSpot 1. (fif A &5 I 43 4 4
Z AT Z, I RFIERAHIHT HotSpot ¥ 4 fbid 74 .

A1 #4182 i Launcher 33 4E4 JVM 8 dn 8 1, A4 Launcher H (1) i 4))
PR ET main() B 2 F £ 5 T R A JavaMain()eR £, 2t InvocationFunctions 28 7Y (1) pf 5 £
CreateJaval]VM 4§ [i] A< 1 p& %0 JNI_CreateJava]VM() 5¢ il JVM [ ¥ 4 1L T 1F . 1 /&
JNI_CreateJava]lVMQ)e& £ N 3851 L Fl T Threads FEH[¥) create_vm() el BUK 5 44 52 il JVM
IRk . fF IE X IF 4R JER create vm() pR 090 3 42 WA W 446 IVM Z i, K50 S ml i
T, {f Launcher Jii 5} HotSpot i}, JK&B4) 1) 2 HE & 75 &0 2 8 i ok BCFR 45 1) A ek B, 15
£ A B8 B0 38 8 B B AR e B 2 SE BRI R ? AR 4 f it nT WL, I 06 1) R RSE B A A
HotSpot A L5 K 4% .0, W 5-1 Fios.
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N

i

5-1 HotSpot (¥ ¥4 pl 5

ATk KK BES B4 1 P A% HotSpot 4 — MR T AT Thig, LAAIRGE— A ik,
5K REE SE i 2 Hh il BRI ThRE R T R A & EWE— MR R, BT LU PR & B K
xK il 2N & 4 HotSpot A f) iX 4% 3 i #% Ht . HotSpot [ Tl /2 8% $h f1, & &
/openjdk/hotspot/src/share/vm 41, 43524 adlc. asm. cl. ci. classfile. code. compiler, gc.

interpreter. libadt. memory. oops. opto. Prims. runtime. services. shark fl utilities.

JLH HotSpot i TS MM LA %, {EL 5 AR 45— AMBL BT 4045 ) 350 il 3 56 0 I
Horp,

adlc BEER R BT AL (1) Dh e N 7 & ik SCAF ) SR 18 28

asm FEHL P BT AL & (W DhRE AT R 28 9% 1 .

cl Bitkh B B ThEEA client S 4% .

ci S BT AL I D e 0 Bh A 13 8 10 A LIRSS/ B &S A8 B VM 410,
classFile #H b T & M ThEE W KSR (BEEMBRRSE/FTEE).
code FEHR BT 6L 55 (1) Th 6k 2 45 A B AR RS F) i 28

compiler HH T & M ThAE N A VM I B ARSI E L.

ge B f1 g interface Fll gc_implementation ¥ i 7r I Ak, JLeh ge_interface Hith h
AL & shiE b GC 1421, 1l gc_implementation #H H BT 6L & (I ZhBE N GC (15K
By Jf HLiz#idh b B T concurrentMarkSweep. gl. parallelScavenge. parNew
Fl shared X 5 ANEEM T, concurrentMarkSweep T H&H T BT AL & M D) HE A
Concurrent Mark Sweep GC (55 HL, gl FHEHRS BT & K1 2hEE A Garbage-First GC
s EL CANE 21048 GC HE4R), parallelScavenge —F 3 vh fir 6, 75 [ Th g X
ParallelScavenge GC [f]5EH (server VM ERIA A F & 1) 704850 GC HESE), parNew
TR o T 10 5 i A ParNew GC (1581, shared F 3 Fr & A2 E A GC
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1) $L 38 SE IR .

® interpreter LR T AT AE N N FRARRE B, CUHE CBIHUMRR BY T CROTRRAEAD)
L “CHHRB A" CHITRRALED.

@ libadt HBEH P T AL E I DI RE N — Lo S IR S5 4 .

® memory BRI FTAE M IhEE A N EHM K (ZHRK GCHELE MK ).

® oops BEHFFTEE D HE N HotSpot VM 13 % R 48 (19 S 3 .

® opto BEH T E I ThEE N server 4iiF2s (XFR “C2” =f “Opto™).

® Prims B TS K IIAE A HotSpot VM (I%f #h3 10, 038 74 b E % ¥ native
oA IVMTI 5231

® runtime BHRTTEE K DhEE ST SCREE (ARSI, i, B
RFE.

® services BRI BT AL G ) ) A B IR SCRF IMX 2 8045 BRI RE 8 1 .

® shark HEHFETAEHKIIRE NI T LLVM 8 JIT 4 i% 88 CEIRALERD.

® utilities IR T4 & K D ) —Se A ) T H K.

5.2 Prims &R

7 HotSpot ', Prims A ER ) 3= BAT % w2 f s 3 AL AM SRR R U5 0] JVM NS84 BV X6t 4b
YraE , XEeRE 0 FEAHE T INL. JVM. JVMTI #1 Perf, t & 5-2 FiiR.

B 5-2  Prims #& B (1) X 4F i 1) 2 101

5.2.1 JNI F&Eth

JNI (Java Native Interface, Java AHb$Z 1) FARFAE Javal. 1 RRAS [P I 5l D28 )40 04
Java ‘FEFRAEM — 35, AR A AR O T ZH 2 INI Ve ? FRATESENIE Java JES M)
GRIRLE R FNY, FAEIFIERAMILEES, M2 M-S Java BRI IF GRS 4
HAPR s T @ AL 4. w2, Java M mELE RN T SIRKERIFERS
R FR A A AT C B0 — LS4 M, MBS P EMMAERE, FRANRATRETHS LS,
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EE i R A A8 A Java B2 25 U7 ) &2 45 4 2R 0 R0 4 38 0 1 0 5t OU) L 48 e gk 0y, A
AR T EAEH INI 80RiE Java AR RS FH AR TE S W B AN ETRE.
HotSpot MU b LT VFZLL “jni_ " PR R HL, XL R 3Hl 2t C/CHH RIS 4 S i A
HACHS, AT ibSMEAR A JVM o i A b e SO

HIRAERE T P A INT BOR U I A M 7 vk HE S 2 3R Tl B 1K) - 8 28 U 4E Java ARG o
7] — AN ] G 8 F native BT 4 B 05 VA ARG K 9 S A 19 Java ARG 4 3 Ol 45 R4 SCAF
JEAE M a4 “javah -jni” BIRTAER— DX jni kO30, BEH®E C/C+HARIS I A sl
AEREE S P 2 AT Java ACRD i) static AR ER 2 25 hn 8 R0 AT pleth i A A0S . Gk 5-3
BT

JavaDriverJNLjava|  PavaDriverJNLclass| |JavaDriverJNLh|

CPPStringFilterINLdIl CPPStringFilterINLepp
CPPArrayFilterINLdIl CPPArrayFilterJNLcpp

P 5-3 i ONT 4 AR R 4 3t 75 vk

5.2.2 JVM Fi&Etk

JVM B INT B s BRAR SR, IX2 KA JTVM BURTE INT BRI Th g2 EREAT T
P 7 HAN INT R AR L, TVM BEdeh i 6 5 A 7 A f R 5 TVM AR R Z iR
B iRy, B “IVM_” FFSRINBR B #OR th A AR SE LA Java API.

KEZHAEHBK Java AP P ThRE, LS H o #0728 A AR 2 50, X4t
IifE4r %445 java.lang.Object. java.lang.String. java.lang.System. Thread #:{F. 1/O #:1F
&, X FIFRARM S, BFHFAROXLEEZIH, Bk b Java FEFF B SR LR
XEETRER . A TAE KK E 7, AP T 5% 7 /openjdk/hotspot/src/share/vm/
Prims/jvm.h 3 ({13543 B A A S SEER (Y Java APL. Wi R Bios:
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£%3 5-1 jvm.h B9 EER

/*

* java.lang.Object

*/

JNIEXPORT jint JNICALL

JVM IHashCode (JNIEnv *env, jobject obj):;

JIJNIEXPORT void JNICALL
JVM_MonitorWait (JNIEnv *env, jobject obj, jlong ms);

JNIEXPORT void JNICALL
JVM MonitorNotify (JNIEnv *env, Jjobject obj);

JNIEXPORT void JNICALL
JVM MonitorNotifyAll (JNIEnv *env, Jjobject obj);

JNIEXPORT jobject JNICALL
JVM Clone (JNIEnv *env, jobject obj);

/*

* java.lang.String

®/

JNIEXPORT jstring JNICALL

JVM_InternString (JNIEnv *env, jstring str);

/*

* java.lang.System

*/

JNIEXPORT jlong JNICALL
JVM_CurrentTimeMillis (JNIEnv *env, jclass ignored);

JNIEXPORT jlong JNICALL
JVM _NanoTime (IJNIEnv *env, jclass ignored);

JNIEXPORT void JNICALL
JVM_ArrayCopy (JNIEnv *env, jclass ignored, jobject src, jint src_pos,
jobject dst, jint dst pos, jint length);

JNIEXPORT jobject JNICALL
JVM InitProperties (JNIEnv *env, jobject p);

/*

* java.io.File

#f

JNIEXPORT void JNICALL
JVM_OnExit (void (*func) (void)) ;

/*
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* java.lang.Thread

*/

JNIEXPORT void JNICALL

JVM_StartThread (JNIEnv *env, jobject thread):

JNIEXPORT void JNICALL
JVM_StopThread (JNIEnv *env, jobject thread, jobject exception);

JNIEXPORT jboolean JNICALL
JVM_IsThreadAlive (JNIEnv *env, jobject thread);

JNIEXPORT void JNICALL
JVM_SuspendThread (JNIEnv *env, jobject thread);

JNIEXPORT void JNICALL
JVM_ResumeThread (JNIEnv *env, jobject thread);

JIJNIEXPORT void JNICALL
JVM_SetThreadPriority(JNIEnv *env, jobject thread, jint prio);

JNIEXPORT void JNICALL
JVM_Yield (JNIEnv *env, jclass threadClass);

JNIEXPORT void JNICALL
JVM_Sleep (JNIEnv *env, jclass threadClass, jlong millis);

JNIEXPORT jobject JNICALL
JVM_CurrentThread (JNIEnv *env, jclass threadClass);

JNIEXPORT jint JNICALL
JVM_CountStackFrames (JNIEnv *env, jobject thread);

JNIEXPORT void JNICALL
JVM Interrupt (JNIEnv *env, jobject thread):;

JNIEXPORT jboolean JNICALL
JVM_IsInterrupted(JNIEnv *env, jobject thread, jboolean clearInterrupted);

JNIEXPORT jboolean JNICALL
JVM_HoldsLock (JNIEnv *env, jclass threadClass, jobject obj);

JNIEXPORT void JNICALL
JVM_DumpAllStacks (JNIEnv *env, jclass unused);

JNIEXPORT jobjectArray JNICALL
JVM_GetAllThreads (JNIEnv *env, jclass dummy) ;

JNIEXPORT void JNICALL
JVM SetNativeThreadName (JNIEnv *env, jobject jthread, jstring name);
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/* getStackTrace () and getAllStackTraces () method */
JNIEXPORT jobjectArray JNICALL
JVM_DumpThreads (JNIEnv *env, jclass threadClass, jobjectArray threads);

/*

* java.lo.ObjectInputStream

*/

JNIEXPORT jobject JNICALL

JVM AllocateNewObject (JNIEnv *env, jobject obj, jclass currClass,
jclass initClass);

JNIEXPORT jobject JNICALL
JVM_AllocateNewArray (JNIEnv *env, Jjobject obj, jclass currClass,
jint length);

JNIEXPORT jobject JNICALL
JVM_LatestUserDefinedLoader(JNIEnv *env) ;

5.2.3 JVMTI F4EHR

JVMTI (Java Virtual Machine Tool Interface, Java ME#IHL T HEE 1) Z7E Javas AR
i S 43t ) —Fh B T HXAR JVMPI (Java Virtual Machine Profiling Interface, Java fE #0147
$:11) F1JVMDI (Java Virtual Machine Debugging Interface, Java MEFANLUEAEE 1) ()9 1%
PO, JFRA G AT LGESHE IVMTI 8 0 Q1R F (Agent) X Java F2 /31T AL A
b, BAENAAE SR CPUME IR ML T % . JVMTI 2R, Wl 5-4 Fios.

JVM

Monitor

Events

[E 5-4  JVMTI 42 455 4

Agent ] LUAZ AT 19 JVM SEGIT RUBCERIG F0F, X B g pp R BT, & DA [
VB B 7T SO AC R [RIE JVMTI 4245 T A2 1 h gk g, LAE R0 Java F2v
(3E4TIRA . Agent L JVMTI Fri i 15 JVM BHTIEAE, JERZP I JVM 1is17
RA, T 5IETHM Java BT A UL, AL 5 BRI IE #2417 . Agent ] LUE T
MBS C VB ShRREMAMIE SHTRE, LB EREEN T AEE, Java F2F 8301
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A N BOX A BN A RERE RN 0T . BT IVMTI $5 DK 8218 Agent 7] LU {88 b S I X6) Java 282
RSV IRES, WIEE TR AN RS AR FIEITE 2 TREFRN TIEER, HES
Fr At .

5.2.4 Perf Fi&th

B T INIAEH ., JVM BEERFT JVMTI R, ¢F Prims BEER b & — A8k, st
Pref Bl . 1ZBIHLE sun.misc.Perf XK )2 SEHL, KB AFRELL “PERF_” FFk, M Tl
JVM N #5(#) Perf Data 115 2%.

5.3 Runtime &R

tHT HotSpot H AT & T Z Bik FI 7 Bibk 4 £, FrUAAZEAL S X Prim Al Runtime
EHANE IVM WG 3 VDA DS RS ER BEAT U8, 1o o6 T 0Ab ik, R 5 ) AT LA i 158 32 U
i a2 A ) o Ath JVM SCRY I 5 sRBEAT TR 2E 2], ABNAHE L £ k.

Runtime #HR 7 HotSpot ¥y JF# EE M . Wi 8 X, Runtime I LHERIELT
PR, BN A E T2 FE, e X7 &KL M Thread FAEHR . Frid Mk
% JVM ZECRIE ) Arguments FAEH . 4E Bl stub ) StubRoutines 1 StubCodeGenerator
FHEH, RORY) LAWK Frame FHEHR . VCHC %1% 5K 1) CompilationPolicy fF#iH. os #]
AL E) Inmit PRI, B T 608 H A & F2 ) VMThread 7 A5 8 F0 fl 480 L % 0 8 1E 19
VMOperation F#EHAE . b 748 K5 5556 758, A 45-6] T & {£/openjdk/hotspot/src/
share/vm/runtime/vm_operations.hpp #1[f] VMOperation #5552 S 00 # VE AR . 101 F BT s -

X838 5-2 VMOperation # R E X f94#Z% DR 1EER

#define VM_OPS DO (template)
template (Dummy)

template (ThreadStop)

template (ThreadDump)

template (PrintThreads)
template (FindDeadlocks)
template (ForceSafepoint)
template (ForceAsyncSafepoint)
template (Deoptimize)

template (DeoptimizeFrame)
template (DeoptimizeAll)
template (ZombieAll)

template (UnlinkSymbols)
template (HandleFullCodeCache)
template (Verify)
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template (PrintJNI)

template (HeapDumper)

template (DeoptimizeTheWorld)
template (GC_HeapInspection)
template (GenCollectFull)
template(GenCollectFullConcurrent)
template(GenCollectForAllocation)
template(GenCollectForPermanentAllocation)
template(ParallelGCFailedAllocation)
template(ParallelGCFailedPermanentAllocation)
template(ParallelGCSystemGC)
template(CGC_Operation)
template(CMS_Initial_Mark)
template (CMS_Final_Remark)
template(G1lCollectFull)
template(GlCollectForAllocation)
template(GlIncCollectionPause)
template(EnableBiasedLocking)
template(RevokeBias)
template(BulkRevokeBias)
template(PopulateDumpSharedSpace)
template(INIFunctionTableCopier)
template(RedefineClasses)
template(GetOwnedMonitorInfo)
template(GetObjectMonitorUsage)
template(GetCurrentContendedMonitor)
template(GetStackTrace)
template(GetMultipleStackTraces)
template(GetAllStackTraces)
template(GetThreadListStackTraces)
template(GetFrameCount)
template(GetFrameLocation)
template(ChangeBreakpoints)
template(GetOrSetLocal)
template(GetCurrentLocation)
template(EnterInterpOnlyMode)
template(ChangeSingleStep)
template(HeapWalkOperation)
template(HeapIterateOperation)
template(ReportJavaOutOfMemory)
template(JFRCheckpoint)
template(Exit)
template(LinuxDllLoad)

B (Template) s CHZwmAE RIS, nlJEXT T Java FFRAN G S, X T HOH
VRS R U B AT LB A, (R CHIRARAR D Java 172 BUTE L BUE ARG . AT SR UL
Java 12 BB VLMV B Bl SR T CH+ P B, ARG Java 2 B MR RREE X EOR T
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AR FIERE SCEMZ BRAE, i “PhIZ A7, Java 32 BIARHD 8 2052 B AN A 9 11 o 2k
A& JVM it B[R i e A iz BUARAD 5 ARz AU AS, (UL Java [ E TSI TR R
Cerasure) KX IZ BACRSBEAT UK. T IBBRERAE VESR (K300 2 Java V569 o (172 B 475 6L 5L Fo i 45
B G 1 T 30T 15 S )R S R AN R B AT AT 2 A R R U, AR
E4 PRI A S g AR, L Pz B (R S ) 2 e B 4 Object 8%, Jf4E 52 bx
S Y o 7 A 80 A2 0 EL AR B SR, 0 G+ FRASE A D) 2% o 4 1 IF sl K ASE AR 2 L o 1)
RIS JORE BT A% 33 1) 45 5 B8 2280 A B X R 1 H AR AR

5.3.1 Thread F#&th

Thread FHEHHE LT JIVM P FPLEFE Y, o3 0 2 5P 26 FE (daemon thread) I
JEFH L (non-daemon thread). LB FILEL & — 4> Threads TR T 447 IVM
P FEBA ), JF B Threads B 1 /) create vm()ef KU 28 52 il IVM #1461k -

5.3.2 A create_vm()EEI5E X HotSpot IR L ¥tk

HotSpot ¥ dHfbid PR LR T 2%, PR E L, LB EER LM VIHEL DR,
Sr i os BERIVILEAL . RBVERE . SRR SNPGRS RBERMVIGHE. T
5K ) 1 8, AP 7RE T 18 75 /openjdk/hotspot/src/share/vm/runtime/thread.cpp (]
create_vm() BRI E AT . 1 R TR

f£%3 5-3 create_vm()&F B T E KT

jint Threads::create_vm(JavaVMInitArgs* args, bool* canTryAgain) {
extern void JDK Version init();

/* KERA */

if (!is_supported jni_version(args->version)) return JNI_EVERSION;

/* HIgsA N AR */

ostream_init();

/* BLHE Launcher M) —2EAHXS % *+/
Arguments::process_sun_java_ launcher properties(args);

/* TEAER] TLS ZATHIdE os BEER */

os::init();

/* WG RGRYE */

Arguments::init system_properties();

// So that JDK version can be used as a discriminator when parsing arguments
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JDK_Version_init();

// Update/Initialize System properties after JDK version number is known
Arguments::init_version_specific_system properties():

/* ZEIENT +/
jint parse result = Arguments::parse (args);
if (parse_result != JNI_OK) return parse_ result;

if (PauseAtStartup) {
os::pause() ;

}

#ifndef USDT2

HS_DTRACE_PROBE (hotspot, vm__init_ begin);
#else /* USDT2 */

HOTSPOT_VM_ INIT_BEGIN() ;
#endif /* USDT2 */

/* SR AU B (] >/
TraceVmCreationTime create vm_timer;
create_vm_timer.start();

// Timing (must come after argument parsing)
TraceTime timer ("Create VM", TraceStartupTime);

/* f#HT ARGS JEXTAAF. H. KIEFS os BBREVIMSL M AT MG +/
jint os_init_2 result = os::init_2();
if (os_init_2 result != JNI_OK) return os_init_2 result;

/* VIEAL TLS */

ThreadLocalStorage::init () ;

// Bootstrap native memory tracking, so it can start recording memory
// activities before worker thread is started. This is the first phase
// of bootstrapping, VM is currently running in single-thread mode.
MemTracker: :bootstrap single thread();

/* Wigatehmificx ~/

ostream_init_log();

// Convert -Xrun to -agentlib: if there is no JVM_OnLoad
// Must be before create vm_init_agents()
if (Arguments::init libraries_at_startup()) {

convert vm_init_libraries_to_agents();

}

// Launch -agentlib/-agentpath and converted -Xrun agents
if (Arguments::init agents at startup()) {
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create_vm_init_agents();

}

// Initialize Threads state
_thread list = NULL;
_number of threads = 0;
_number_ of non_daemon_threads = 0;

/* VIRt R B EE K, e BRI RGR +/

vm_init globals():

// Attach the main thread to this os thread

JavaThread* main_ thread = new JavaThread():;

main_thread->set thread_state(_thread in _vm);

// must do this before set_active handles and initialize thread local_storage
// Note: on solaris initialize thread local_storage() will (indirectly)
// change the stack size recorded here to one based on the java thread
// stacksize. This adjusted size is what is used to figure the placement
// of the guard pages.

main_thread->record_stack_base_and_size();
main_thread->initialize_thread_local_storage();

main_thread->set _active handles (JNIHandleBlock::allocate_block());

if (!main_thread->set_as_starting_thread()) {
vm_shutdown_during_initialization(
"Failed necessary internal allocation. Out of swap space");
delete main_thread;
*canTryAgain = false; // don't let caller call JNI_CreateJavaVM again
return JNI_ENOMEM;

// Enable guard page *after* os::create _main_thread(), otherwise it
// would crash Linux VM, see notes in os_linux.cpp.
main_thread->create_stack_guard_pages();

/* Wkt Java EE MRS RY +/

ObjectMonitor::Initialize() ;

// Second phase of bootstrapping, VM is about entering multi-thread mode
MemTracker: :bootstrap multi thread();

/* WAL R +/

jint status = init_globals();

if (status != JNI_OK) {
delete main_thread;
*canTryAgain = false; // don't let caller call JNI_CreateJavaVM again
return status;
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// Should be done after the heap is fully created
main_thread->cache global variables();

HandleMark hm;

{ MutexLocker mu(Threads lock);
Threads::add(main_thread) ;
}

// Any JVMTI raw monitors entered in onload will transition into
// real raw monitor. VM is setup enough here for raw monitor enter.
JvmtiExport::transition_pending onload raw_monitors();

// Fully start NMT
MemTracker::start () ;

// Create the VMThread

{ TraceTime timer ("Start VMThread", TraceStartupTime) ;
VMThread: :create () ;
Thread* vmthread = VMThread::vm_thread();

if (los::create_thread(vmthread, os::vm_thread))
vm_exit during initialization ("Cannot create VM thread.
Out of system resources.");

// Wait for the VM thread to become ready, and VMThread: :run to initialize
// Monitors can have spurious returns, must always check another state flag
{

MutexLocker ml (Notify lock);

os::start_thread(vmthread) ;

while (vmthread->active handles () == NULL) {

Notify lock->wait();
}

assert (Universe::is_ fully initialized(), "not initialized");

if (VerifyBeforeGC && VerifyGCStartAt == 0) {
Universe: :heap () ->prepare_ for verify();
Universe::verify(); // make sure we're starting with a clean slate

}

EXCEPTION_ MARK;

// At this point, the Universe is initialized, but we have not executed
// any byte code. Now is a good time (the only time) to dump out the
// internal state of the JVM for sharing.
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if (DumpSharedSpaces) {

}

Universe::heap () ->preload_and_dump (CHECK 0) ;
ShouldNotReachHere () ;

// Always call even when there are not JVMTI environments yet,

since environments

// may be attached late and JVMTI must track phases of VM execution
JvmtiExport::enter_start_phase();

// Notify JVMTI agents that VM has started (JNI is up) - nop if no agents.
JvmtiExport::post _vm_start();

{

TraceTime timer ("Initialize java.lang classes", TraceStartupTime);

if (EagerXrunInit && Arguments::init libraries_at startup()) {
create_vm_init libraries();

}

if (InitializeJavalangString) {

initialize class(vmSymbols::java lang String(), CHECK 0);
} else {

warning ("java.lang.String not initialized"):;

}

if (AggressiveOpts) {
{
// Forcibly initialize java/util/HashMap and mutate the private
// static final "frontCacheEnabled" field before we start
creating instances

#ifdef ASSERT

klassOop tmp_k = SystemDictionary::find
(vmSymbols::java util HashMap (), Handle(), Handle(), CHECK_0);
assert (tmp_k == NULL, "java/util/HashMap should not be loaded yet");

#endif

klassOop k_o = SystemDictionary::resolve_or_null
(vmSymbols::java_util HashMap (), Handle(), Handle (), CHECK_O0);
KlassHandle k = KlassHandle (THREAD, k 0);
guarantee(k.not_null(), "Must find java/util/HashMap");
instanceKlassHandle ik = instanceKlassHandle (THREAD, k());
ik->initialize (CHECK_O0);
fieldDescriptor fd;
// Possible we might not find this field; if so, don't break
if (ik->find local field(vmSymbols::frontCacheEnabled name (),
vmSymbols::bool_signature(), &fd)) {
k()->java _mirror()->bool_field put(fd.offset(), true);
}
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if (UseStringCache) {
// Forecibly initialize java/lang/StringValue and mutate the private
// static final "stringCacheEnabled" field before we start
creating instances
klassOop k_o = SystemDictionary::resolve or null
(vmSymbols::java_ lang StringValue(), Handle(), Handle(), CHECK 0);
// Possible that StringValue isn't present: if so, silently don't break
if (k_o != NULL) {
KlassHandle k = KlassHandle (THREAD, k_o);
instanceKlassHandle ik = instanceKlassHandle (THREAD, k());
ik->initialize (CHECK 0);
fieldDescriptor fd;
// Possible we might not find this field: if so,
silently don't break
if (ik—>find_local_field(vaymbols::stringCacheEnabled_name(),
vmSymbols: :bool signature(), &fd)) {
k()->java_mirror()->bool field put(fd.offset (), true):;
}

/* WA Java 1) — LR EE +/
if (InitializeJavalangSystem) {
initialize_class(vmSymbols::java_lang_System(), CHECK 0);
initialize_class(vaymbols::java_lang_ThreadGroup(), CHECK_0);
Handle thread_group = create_initial thread group (CHECK 0);
Universe::set_main_thread_group(thread group()):;
initialize_class(vmSymbols::java_lang_Thread(), CHECK 0);
oop thread object = create initial thread
(thread _group, main_thread, CHECK 0);
main_thread->set_threadObj (thread object);
// Set thread status to running since main thread has
// been started and running.
java_lang_Thread::set_thread status(thread object,
java_lang Thread::RUNNABLE) ;

// The VM preresolve methods to these classes.

Make sure that get initialized
initialize_class(vmSymbols::java_lang reflect Method(), CHECK 0);
initialize class(vmSymbols::java_lang ref Finalizer(), CHECK 0);
// The VM creates & returns objects of this class.

Make sure it's initialized.
initialize_class(vmSymbols::java_lang Class (), CHECK 0);
call initializeSystemClass (CHECK 0);

// get the Java runtime name after java.lang.System is initialized
JDK Version::set runtime name (get java runtime name (THREAD)) ;
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CHECK
CHECK _
CHECK_
CHECK_
CHECK _

CHECK_

JDK_Version::set_runtime version(get_java_runtime version (THREAD)) ;

} else {

warning("java.lang.System not initialized");

if (InitializeJavalangExceptionsErrors) {

initialize_class (vmSymbols::java_ lang OutOfMemoryError (),
0):
lnitialize_class(vaymbols::java_lang_NullPointerException(),
0):
;nitialize_class(vaymbols::java_lang~ClassCastException(),
0);
;nitialize_class(vaymbols::java_lang_ArrayStoreException(),
0);
initialize_class(vaymbols::javaﬁlang_ArithmeticException(),
0);
lnitialize_class(vaymbols::java_lang_StackOverflowError(),
0) 7
lnitialize_class(vaymbols::java_lang_IllegalMonitorState—

Exception (), CHECK_O0);

CHECK _
} else {

initialize class(vmSymbols::java_lang_IllegalArgumentException(),
0);

warning ("java.lang.OutOfMemoryError has not been initialized");
warning ("java.lang.NullPointerException has not been initialized");
warning ("java.lang.ClassCastException has not been initialized");
warning("java.lang.ArrayStoreException has not been initialized");
warning ("java.lang.ArithmeticException has not been initialized");
warning ("java.lang.StackOverflowError has not been initialized");

warning ("java.lang.IllegalArgumentException has not been initialized");

initialize class(vmSymbols::java_lang_Compiler (), CHECK_0);

//
/7
//
//
//
//

More hackery - the static initializer of java.lang.Compiler adds the
string "nojit" to the java.vm.info property if no jit gets loaded
through java.lang.Compiler (the hotspot compiler does not get loaded
through java.lang.Compiler). "java -version" with the hotspot vm
says "nojit"™ all the time which is confusing. So, we reset it here.
This should also be taken out as soon as 4211383 gets fixed.

reset_vm_info_ property (CHECK_0);

quicken_jni_functions();

/7

if

Must be run after init_ ft which initializes ft_enabled
(TRACE_INITIALIZE() != JNI_OK) {

vm_exit during initialization("Failed to initialize tracing backend");

}
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// Set flag that basic initialization has completed. Used by exceptions
// and various debug stuff, that does not work until all basic classes
// have been initialized.

set_init completed();

#ifndef USDT2

HS_DTRACE_PROBE (hotspot, vm__init end):
#else /* USDT2 */

HOTSPOT_VM_INIT END();
#endif /* USDT2 */

/* LR RESABLI G AL S BRI TR] * /

Management::record_vm_init completed();

/* FRERMBAE */

SystemDictionary::compute_java system loader (THREAD) ;

if (HAS_PENDING_EXCEPTION) {
vm_exit_during_initialization (Handle (THREAD, PENDING EXCEPTION)) ;

}

#ifndef SERIALGC
// Support for ConcurrentMarkSweep. This should be cleaned up
// and better encapsulated. The ugly nested if test would go away
// once things are properly refactored. XXX YSR
if (UseConcMarkSweepGC || UseGlGC) {
if (UseConcMarkSweepGC) {
ConcurrentMarkSweepThread: :makeSurrogateLockerThread (THREAD) ;
} else {
ConcurrentMarkThread: :makeSurrogateLockerThread (THREAD) ;
}
if (HAS_PENDING_EXCEPTION) {
vm_exit during initialization(Handle (THREAD, PENDING EXCEPTION)) ;
}
}
#endif // SERIALGC

// Always call even when there are not JVMTI environments yet, since
// environments may be attached late and JVMTI must track phases of VM

// execution
JvmtiExport::enter live phase();

/* WG os BRI S RS, KHBRMNLA RTLLE os BIEMMKFESHEE *+/

os::signal_init();

/* JA3)) Attach Listener ZfE */
if (!DisableAttachMechanism) {
AttachListener::vm start();
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if (StartAttachListener || AttachListener::init_at_startup()) {
AttachListener::init () ;
}
}

// Launch -Xrun agents

// Must be done in the JVMTI live phase so that for backward compatibility

// the JDWP back-end can launch with -Xdebug -Xrunjdwp.

if (!EagerXrunInit && Arguments::init_ libraries_at_startup()) {
create_vm_init libraries();

}

// Notify JVMTI agents that VM initialization is complete - nop if no agents.
JvmtiExport::post_vm initialized();

if (TRACE_START() != JNI_OK) {
vm_exit during_initialization("Failed to start tracing backend.");

}

if (CleanChunkPoolAsync) {
Chunk::start chunk pool cleaner_task();

}

/* BIRACENE Gk ds */
CompileBroker::compilation_init():
/* ¥4k Management FEHR */
Management::initialize (THREAD) ;
if (HAS_PENDING_EXCEPTION) {
// management agent fails to start possibly due to
// configuration problem and is responsible for printing
// stack trace if appropriate. Simply exit VM.
vm_exit (1)
}

if (Arguments::has profile())FlatProfiler::engage(main_thread, true);

if (Arguments::has_alloc_profile()) AllocationProfiler::engage();
if (MemProfiling) MemProfiler: :engage () ;
StatSampler: :engage() ;

if (CheckJNICalls) JniPeriodicChecker: :engage () ;

BiasedLocking::init () ;

if (JDK_Version::current().post_vm_init_hook_enabled()) {
call_postVMInitHook(THREAD);
// The Java side of PostVMInitHook.run must deal with all
// exceptions and provide means of diagnosis.
i£ (HAS_PENDING_EXCEPTION) {
CLEAR_PENDING_EXCEPTION;
}
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MutexLockerEx ml (PeriodicTask_lock, Mutex:: no_safepoint check flag);
/* JA%) WatcherThread &#2, HUASCRRE I 2855 B WITEAT 45 ~/
WatcherThread: :make startable();
// Start up the WatcherThread if there are any periodic tasks
// NOTE: All PeriodicTasks should be registered by now. If they
// aren't, late joiners might appear to start slowly (we might
// take a while to process their first tick).
if (PeriodicTask::num_tasks() > 0) {
WatcherThread: :start ()

}

}

/* L os BEERAIIRLI Pl */

os::init 3();

create_vm_timer.end() ;
return JNI_ OK;

5.4 PR¥R HotSpot BV¥IIB{LITFE

A4 5.3.2 45 RH] T create_vm() R B e AR, A T REH HUT AN KK U
fi HotSpot 7EMI AL I FE B2 I (f — SE Ve D 3R . i P

(1) P 5EAT IRAKS

(2) K AL 75 S FF 40T i INT AR, JF ] ostream_init() bR 2001 46 b 4 tH AR ER

(3) 1] Arguments BEH ] process sun_java_launcher_properties()if £/ & Launcher [f]
— LA R SR

(4) WA initOR B 4E 10 os BiHR, f4E: BEHLEA A 4F (Random Number Generator).
VAT HEFE id (Current Process id). kg & it Ih 2% (High-Resolution Timer). W {7 5t R )
(Memory Page Sizes), LK f##7 50 (Guard Pages) 55:

(5) ¥ItE—2e R4 @ e, Lbin: java.version. java.vendor Fll os.name 55 :

(6) Z $5 i b i % i PAML I G 2 1 i) 55 5

(7) {EMENT args ZHUG I os BRI init 200K A7, Ak SRS os BIRE D)
A K 1R 43 BEAT WI AL +

(8) P B b 3 e B 45 10 i b TR

(9) Wi H % agent £ Chprof. jdid [03&, WL IFE 3D

(10) ¥R A 2R
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C11) #¥laEtk TLS #idh,

(12) M vm_init_globals() ek ) 4 {6 4> Jy i 454, 45: FFHE (Event Log),
os [ L IR iE . PERESE VI EdE N AF (perfMemory), LA N 174328 (chunkPool) %5

(13) Gl Java F 4

(14) VI s 25 m# 2% (Bootstrap ClassLoader). CodeCache. fi#F2%. JIT %ii¥ 5%,

NI. &A%t (System Dictionary) %;

(15) ¥ aiEld i Java ELFE G IF B FLRA T

(16) fil# VM Thread:

(17) Uik Java API ") —2ESLAE2E %, Lkl java.lang.String. java.lang.System.
java.ang.Thread . java.lang.ThreadGroup. java.lang.reflect.Method. java.lang.ref.Finalizer .
java.lang.Class, UL java.lang.OutOfMemoryError % lang U [ 3EmHE 2 %

(18) Ji5h Signal Dispatcher £k %

(19) ¥4t T 4wk 2%, JF )3 30 HotSpot Jw R AXHE 2L 2 ;

(20) Jii5h HotSpot H1 ) —Sbhhi Bh 28 7

5.4.1 AR initOF0 init_2() & X B 1L os IR

JEE os BEHR— LT ELE ) 3 IRWIGG AR R, (0 ARG RS ESR B, initOAT init_2()
BRBUA i os BERYIEHAL IR o IBASE — A initO R BURAE TLS Z 80, 1Mo 58 — i A
init 20 eR B JE7E args ZHUENT 2 5, 23, initOMT init_2() ek 505 5l 2 7 A 6] () B HL
X} os BEERBEAT WU AR

K e H AR B os BEERME — kGG b, Bt WA initOR . 2958 — kil
A init() R HO os BEBRBAT VIGG AL BT, % eR BN B2 W1 4R 1 — LL 8 € i RSERC E . /& HotSpot
1, os BEHLAL Y 7F /openjdk/hotspot/src/os H k1, Jf HAEZ H & F XSWRIEERMEREK AR,
R 53 A %N A F R E RGP, A5LL Linux P& A6, initOR init_2() sk H#&
% {¥/openjdk/hotspot/src/os/linux/vm/os_linux.cpp .

{E initOBR EL B, B e & E page (/e a0 BT R:

K58 5-4 init()EREHKIBRER 1

Linux::set page size(sysconf(_SC_PAGESIZE)) ;
if (Linux::page_size() == -1) {
fatal(err msg("os linux.cpp: os::init: sysconf failed (%s)",
strerror (errno)));

}
init_page_sizes((size_t) Linux::page_size());
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MWE T page K/NGE, R RS initialize system info() R 5% 5 A4b FE 8L B0 E
VI b B 8%, DA ARIREUSE PR I B N A KA, 3B N K ANMEAE 4 R A &
_physical memory 1. 1 Ffixs:

RAG 5-5 init()EEEAIICRIH R 2

void os::Linux::initialize system info () {
set_processor_count (sysconf (_SC_NPROCESSORS_ CONF)) ;
if (processor_count() == 1) {
pid t pid = os::Linux::gettid();
char fname[32];
jio_snprintf (fname, sizeof (fname), "/proc/%d", pid):
FILE *fp = fopen(fname, "r");

if (fp == NULL) {
unsafe chroot detected = true;
} else {

fclose (fp);
}
1

_physical memory = (julong)sysconf( _SC PHYS PAGES) *
(julong) sysconf (_SC_PAGESIZE) ;
assert (processor_count() > 0, "linux error");

}

MK IE AT IRIAT 5E 2 G, (84 A pthread self()bflﬁé’ﬁﬁXu\ﬁ:ifth]’] ke, JIf
B HARLAAE 4 525 5 main_thread W o 7F initO) B EUI AR R, 2P clock init()e& E ] 41k
ESNINE

Y init() B BT SE UG, S TFUAIRNT args 280, EE WA init 2() ek B4k LEXT os 5
AT WIasfh . M —RVIGEHAT, 3 RV EZ RN A, . %Y os
Fi B 85 D) A 9K 1R 98 43 BEAT WD 4R AL .

7 init 20 R BN T, 1SS U] fast thread clock init() R AI0O0 PRod 28 Fit i it 47 %)
U4k, B8 J5 U8 T mmap() B8 300 e L = AT, DA RO K DTN AT o #5221 ] SR _initialize()

BRI WAL S, Z3EE S 4B %L SR hanlder, FIfZFE0AT I FE 4 ) Suspended/
Resumed 4bFf . 41 K fyox:

£%3 5-6 SR _initialize() & £ AY ST B 53

static int SR_initialize() {
struct sigaction act;
chat *83
/* Get signal number to use for suspend/resume */
if ((s = ::getenv("_ JAVA SR SIGNUM")) != 0) {
int sig = ::strtol(s, 0, 10);
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if (sig > 0 || sig < _NSIG) {
SR_signum = sig;

assert (SR_signum > SIGSEGV && SR_signum > SIGBUS,
"SR _signum must be greater than max (SIGSEGV, SIGBUS), see 4355769");

sigemptyset (&SR_sigset);
sigaddset (&4SR_sigset, SR_signum);

/* Set up signal handler for suspend/resume */
act.sa_flags = SA_RESTART|SA SIGINFO;
act.sa_handler = (void (*) (int)) SR _handler;

// SR_signum is blocked by default.

// 4528190 - We also need to block pthread restart signal (32 on all
// supported Linux platforms). Note that LinuxThreads need to block
// this signal for all threads to work properly. So we don't have

// to use hard-coded signal number when setting up the mask.
pthread_sigmask (SIG_BLOCK, NULL, &act.sa_mask);

if (sigaction(SR_signum, &act, 0) == -1) {
return -1;

// Save signal flag
os::Linux::set_our_sigflags(SR_signum, act.sa_flags):;
return 0;

MR NS S ARG, BERE RSN LT — RYIMACE, LB LR R
Ny SRR FENIUAR S . W T PR

K85 5-7 init_2()REHIRIBH KR

os::Linux::min_stack _allowed = MAX2 (os::Linux::min_stack_allowed,
(size_t) (StackYellowPages+StackRedPages+StackShadowPages) *
Linux::page_size() + (2*BytesPerWord COMPILER2_ PRESENT (+1)) *
Linux::vm_default page _size());

size_t threadStackSizelInBytes = ThreadStackSize * K;
if (threadStackSizeInBytes != 0 &&
threadStackSizeInBytes < os::Linux::min_stack_allowed) {
tty->print_cr("/nThe stack size specified is too small, "
"Specify at least %dk",
os::Linux::min_stack_allowed/ K);
return JNI ERR;
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}

// Make the stack size a multiple of the page size so that

// the yellow/red zones can be guarded.

JavaThread::set_stack_size_at_create(round to(threadStackSizeInBytes,
vm_page_size()));

Linux::capture_initial_stack(JavaThread::stack_size_ at create());

MR FRARRC B sE T, MU M set_createThread lock() ef £ 9 46 1L IsF 4, LA A2 i FH)
prio_init() & BV L LR BN e R MG 2% . o1 IX — RAML 2 S5, init 2088 BN 5E L T
X os AR IR BIU L .

5.4.2 Y& vm_init_globals() SR ¥ =B EHIELEH

11,75 7 /openjdk/hotspot/sre/share/vm/runtime/init.cpp ' (£ vm_init_globals() e& £ 52 B 1 %)
A S B S5 MR UR AL, X6 A oy B 45 0 - AL ES . Java TORUAR R R L Ar C A S A
M2 A7 X« WA KB, W14 4k ChunkPool I Perf Data %5 . U1 K fios:

X753 5-8 vm_init_globals()&& # R TR

void vm_init globals () {
check_ ThreadShadow () ;
basic_types_init();
eventlog init ();
mutex_init () ;
chunkpool_init();
perfMemory init();

5.4.3 Y3 init_globals() R # B = /LR

init_globals() B 52 L T 48 4% e BEER B W) 44k, X064 SR BB )% 1 HotSpot ¥ 5 RE#%
Ly, FBALES IMX () management FHt . Code Cache fbk, StubRoutines #ikk, Universe fi
o RS MIEL . BIBCRMBIHR stubs BIERAE . O TAE KK E 7, AHRE TREE
/openjdk/hotspot/src/share/vm/runtime/init.cpp "' init_globals()ef £ 5¢ # AL . W F iR

f£%3 5-9 init_globals() & & A SE B K 7

jint init_globals () {
HandleMark hm;
/* WAk oMX ) management fEE */
management_init ();
/* ¥Ith1k bytecodes #ith */
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bytecodes init();
/* WA RBER AR ~/
classLoader_init();
/* FHAAARTY mHE 2% A B+ /
codeCache_init():
VM_Version_init();
os_init_globals();
/* W1k stubRoutines BIERIGEE 1 BrEX ~/
stubRoutines initl();
/* WAk universe BH */
jint status = universe_init();
if (status != JNI_OK)

return status;

/* WIGRALIRRE ds B +/

interpreter init():;

invocationCounter_init(); // before any methods loaded
marksweep init();

accessFlags_init();

/* IRABRCR R~/

templateTable init();

InterfaceSupport init();

SharedRuntime: :generate_stubs();

universe2 init(); // dependent on codeCache_init and stubRoutines_initl
referenceProcessor_init();

jni_handles_init();

vmStructs_init ();

vtableStubs_init();
InlineCacheBuffer init():
compilerOracle _init():
compilationPolicy init();
compileBroker init();
VMRegImpl::set regName () ;

if (!universe_post_init()) {
return JNI_ERR;
}
javaClasses_init(); // must happen after vtable initialization
/* VG stubRoutines BEHLHIE 2 B */

stubRoutines init2();

// Bll the flags that get adjusted by VM Version init and os::init_2
// have been set so dump the flags now.
if (PrintFlagsFinal) {
CommandLineFlags::printFlags(tty, false);
}

return JNI_OK;
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55 XRET/INGS

REEF RN FHTT HotSpot K% 004 BRALH LA R ILHI GG FE, Pl T os
BEHR I PI AR« A2 5 HOE S5 W R 4 R BT VI A AL 55 . I AAE B — AN, BH K Sl
K2 E#E HotSpot MIZITHINAFX, AKRFKHEMNH IVM HIB1TH WX UK EHBIN
LR ML, AR SR 73 R BB by A A A7 23 (R ST ST N i i o] 43 Aic, fEWBELJ3 A, LA
B 3 e Je dn AT g AT (Bl
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% 6 =

REoD B Shk O

(ERITT 46557 20 Java (B AR, EWHHEA i & VRl AT, MM Java % 'S FEIF 4% b A
Wb AR C/CHHE T2 4 B R A A7 7 e 55 M. A AE B LS L M7 T, 3L S
A CREBET, WRKEKX IVM B BN AR E BERALEIAS TR 00E, B A XK S I KO
AFEFH KR ARNKEM MDA IVM BT I A A7 XL B 3 A 475 BT, ik KK AR
FrAF RE B P 7 T 0 P9 A 1) S TE N T S A, AR L ARG, LA K A BC S e B AT
(4] i

6.1 JVM BYIZTITAREFEXESHS

W AFAE T LT S B oy 408 3 48 00 FE B A, AT A3 47 I (0 R e ko 0 #0075 AR S N
1iE At B, BWFEFR LR IERIET. 5 C/C+HES ML, 1] Java i 5 %S M5
T I A i 2 4 b Ay A5 — AN X R AR G 5 0T Y. (1) A A TC R A A7 [ 0058 A O pR B, X SR
T IVM (K s WAE T ERNLED, (648 Java JT % A B3 o] LA BE R 44 ) 55 5 vb g s ok, 5L
i KE T B S SRR,

JRE JVM 1) B 3 WAFE EHLHI R KR T Java AR AN B FERCE, H 2 MR E X
ok A B T PN A I R RN P A T KURS, (HR I Java TR R A FEAKEE T “ BB,
WAIXK SR —In kM, B E B E S 9910 Java T A& A b3 (E R H B0 P A7 68 Y s e 7 i)
AR DR B RE . EM T ERE AR, T AL IVM ¥ 0 3 W 175 B LG 3 Hh A=
8 A, FTCAT B JVM FU58 2 WAe] sk IR 3 43 BC N AR BT N AF 16, it B A E 3 2
HAAMKEKELIET f# JVM SN G, A fetS /£ W OutOfMemoryError i, R
W RS E AR SRR RAE. 2% (Java ERIVLTE Java SE7 M) A kK
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B, IVM AHE X T ARG T I 0 A T SN AE K, WP 6-1 Fis”,

RUNTIME DATA AREA

NATIVE METHOD
WA STACK

NATIVE
LIBRARIES

[l RuNTIME DATA AREAS SHARED AMONG ALL THREADS
[] THREAD SPECIFIC RUNTIME DATA AREAS

B 6-1 JVM IZ 47 N A7 IX

IVM [ B AT Z BT A& IR FEXE TVM (N A &5 R R o0 o 2 AT N AE X, 1 BRoh B
— /NS N AE X BRI AT % B I &, AR 0 DT AE A A BB R R, o S g A X AR
i WA TR IR 2 R0 TVM (04 S8 AR 80 w2 Ui, SRR JVM R sl 6 &, £
BEA JVM (I8 tH A 5. % — 389 W AR DI S5 2R F i) A R AR — 3%, SRRl 2k
PR T Ui B0, Bl 2o F2 007 O Y 5% o SR AN ] (0 A7 X AE AP R R R A i 3 B Ay
—E XA, EIERA — AR R AR BT, SR A i R (R3S AT N AR

6.2 ZKIEXESEAGX

il 6-1 iz, JVM o A A7 X AT BRI 52 05 AR R AS ] 2 SCR R L SRR FE A
PRI FTIBRFEIL 4R K2 ol LSS VER DT AT I e R L U 1) () — RN X, BRI
TP RIS AT I 3 B = A AT X

6.2.1 Java X
A ST 45k 2800 Java FFR A RIS, Java HEDX N AZE 1S & 5 o0 B0 RN i $2

BEHINAEXZ —, BEEHADK Java & A G 2R 5 HURLRE HUK TVM ob (1) 3 7 DX BE i
WAXA Java HE (heap) M1 Java #% (stack), S IXFHHAEAR 20 A4, (H& MR

@ B KRIET . hitp://www.blogjava.net/images/blogjava_net/nkjava/jvmstructure.png.
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6w NAESAC S B o]l —

B E R LA S RO T IX 2 DNNAEX A K 2 Java JFR N BB TR . Java HEIX 7E
IVM JE BRI B G2, JF B 78 S B i N A7 25 1) dhon] LR ASIELE 1 .

Java MEDC 2 —HUH] T A7 il AF G S B 0 9 A7 X, [ B J& GC (Garbage Collection, 17 3%
WSS AT R I I X, RS2 A Java HEIX R GC M E ALK, B4 GC
B AT o] e 22 08 KN A7 A TR (R B Rl R PEREIS . D T peiX AN 8, JVM 147
THEHIE G 2 T BN R LB A E R Java HEX . EHAE 1.52 Whe g i@k 1
OpenJDK & &£ 5 il {f) TaoBaoVM, .1 17 () GCIH (GC invisible heap) % A3ZH off-heap,
45 iy F ALK Java 3 % M heap T2 & heap 2 #b, Jf . GC ASHESS B GCIH W (1) Java
%, LAHIE B BRK GC RT3 T GC RICRCR I H Y. BRItz 4h, Bk S
e EARCEMRAE AR GERE 6.5.2 17) AR ZFIE GC [ AL T GC U8R 1)
—Hp A, XFE—3K, Java HEDKHUR AN R Java MPR N A7 S GO ME — &4 T .

LEGE4E IVM 1 Java X a] AR 0 s — K A dn AR R i e i xf %, X
ZE0F B 00 B R 9 T A R, i S Ah 20 B AR i BRI AT AR R, e b i 1 4
WO IERENS 5 IVM [ i FE B OR B — 380 IR 7 X 28 AN [w) A iy F 1) Java XF %, W%
K WA [7] fty 17 30 e S S, o AR th i A= . H a1 JL 7B A (1 GC &84 FH Zr AR B 500%
Fr LA Java HEDX 1 5 9E s E— B4 4 (G, & AT LLRI 2 A BT AEAR (YoungGen) F1E AR
(OldGen), HrhEr A48 X nrLLEI 4> & Eden %[0 . From Survivor %% [#] fl To Survivor %% [H],
ﬂu@ 6-2 Fﬁ/ﬁo

%iﬁ:(YoungGen)

P 6-2  Java HE[X o 4R
WESR Java HEIX H] T-fE ik Java AP SCfl, HEAHER K/NE IVM B8l DL BOELF T,
KAl LLA T “-Xmx” il “-Xms” KT E. HAdEm “-Xmx” H T RRHEX R
BRI AR, T “-Xmx” WA T 2R HEX i KN AE. — BHEX P Ae KAV “-Xmx”
BT 4G 5E (i KA, F 2 M H OutOfMemoryError 5+ 1 .
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6.2.2 FHERX

JIEIX AN Java HEDC—#F,  [RIRER R RVFBOITA IS REIEZ Vi A el TR
Java KMEMER, . B H R, BN AR . 1 3E ok HOR % 38 77721 71 6
WAL Sl 15 ORI a6 A o 2 B0 IR R 7 VS Kt o SRS Java REFUHLIEVEXT J5 7%
DR R ARSI 7 SO A AR K, (& 7E HotSpot 1, 7k AUAX HUE & 4 B ar, Sk
B BB ETE Java HEX P, WU, TRk R )E T Java HEX K — B9 .

T AE IVM U 8 g A g, I L 'es 78 SEBR 1R N A7 7% (8] 0 A Java HE X —FE&R W] BL
ANVEBEN o 7T — R BRFR IS AT N AF X, A —2E Java JFR A BT B8 IR R0 7 7%
X Fr 2 g7k A 4L ( Permanent Generation ), X & %5 J& [K 4 Jy v6 X B 7wl DL IS o 3% il
“_XX:MaxPermSize” B E WA K/NATEhAY A, HALK Java HEXIBFESME 4 GC A
Frimle, B E A a] A AR S A A T AR IS AT I R T VR X B, X T VX
PR FIRZ KA EOE R R . 2 arth it 1, R IEX IFA SR Java HEXIR 4 40 %
WHAT AR, R I F AR R 5 7 X R (R B st K S AN S e R, G SR A A UK
AN} T X HEAT WAE I T B0 R GC RIS H FRAXER R 732 X e [ 6 2 vt AT S Y S 4

X R A AT RE R A N Ari e, — BT R A AR RN R I -X X Max-
PermSize” FT g (1 KW AT I, 4224 OutOfMemoryError 57 ¥ .

6.2.3 ZfTHE=Eit

IEAT I H R T AR R sy, AN SO R T E R R
MLOFBL TR R VSRR B4, A E s BN R iR (Constant Pool
Table), HS4 & T I & 5 & 7 9 B S E b e ith R (RIS AT I RoR T . s AT I a5t vh
A, 87 20 Pl AS [) 10 B, B 4 30 STl 48 W A £ 5500 7 T e B Is AT AR AT S A e g SR AR (0 T
R E B . B AT IR R TR S g R VE 5 MRS R (symbol table), {HJEE T
WEMBH S REENEE L,

KA B AR R JVM i, s S GU S 2 RN RS AT I . A
R F R, T ANEATIN R T B A7 SRR TR IK, — BT E I N A R
JINERSE 7 i X T R R A B KA, 38 AT I b (R R 2 l HY OutOfMemoryError 577

6.3 ZIEMBEREEX

FER RIS A7 AR [], R R AT AT X AS SO VR A R R 07 T 1) R RE R Y
TFIX R B o VBT I 10 0 ST 2 AT U I 1) — 28 A7 X, 46 PC W A7 4% Java He AT
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P 3 ANNAEIX .
6.3.1 PC H1Es8

T IVM & TR 480, BT LT ] (838 4 #1075 240 it AR R ok e e, R KK
W EER, ARPBETH &M IVM H1¥) PC %7 /7 4% (Program Counter Register) JfiE/2) X AT
TRV A A 3%, sRVPIE LR ) PC (H B S MG Y), JF B AR 5 5 & — L AN 211
W JVM H ) PC A A7 a5 & XY B PC A5 A7 48 (1) — P B, e R A, A d)d
5 2R R 0 A d AR — B0 W R AT R BT AT (R 7 1 A Java Jiik, 4 PC % AT
B EE AT SR A dhik, Rz W R native Jrik, X PC A A7 A% 1) {2
%% (undefined).

RKEHEBHE T, PC HFAE N AW E NARFA? JRATEEIE I H K 2 2 F
FE—ANREE M 1) B 2 AT H P 3 — AN ERFR I 7 T4, CPU & AME AT 55 D1 e, B4
T e % E A 3 A R % AN R IE AE AT B AT S R A ik, SR AP IRE RIS N R
ANERFEHER S LA PC A7 &%, IXFE R AR 2 ) LLEAT M ok 5, AT AN 23
BUAH B THRMIR Ol . AT IR T PC 5 A7 s IO PE IR E (¥, (B A7 it 5 35 it i 4 st ik S0A7 £
ZRIWE? TVM IR 55 B A R 23 0 5 B2 1 0% PC AP A7 s IO EDR WA T — SR Nz AT AT 4
FEM R4, R Java BEIUHURE IF B0 Wi 2K — 2 ORI M AL Sl PC %
£ 2542 TVM (K A A7 DX o i — — AN B A7 Wl 0 5 224t OutOfMemoryError 57 ¥ (1932 17 i
WAFIX .

6.3.2 Java ¥k

{€ Java MEFUHLELE . Java FtBnl LAREFRZ 4 Java ESAPLER (Java Virtual Machine
stack), ‘&[] PC {78 —FEA SR FERA, OF H A Gy 8 W 5 2R 00 4 & 8 IR 5 — 5. Java
FeH T A7t ki (Stack Frame), 1fi ol b By 47 filf (1) 5 2 Ja) B A8 e 6 . B AR kR, LLROT L
SRS, G AR & 765 8 &b dh 4T VR 40 UF

7 6.2.1 Yith, EFHYLH KT Java HEX R Java #0E ¥ 2 JF &N 03 B 5 O I AN IEAT
A AEX . Java HEX P EESRAFA IR AT R 556, A4 Java F i i Ja i A2 5t 25 2 FH 1A il
BRIGUHEBHEHA . B 5| H (reference) LA returnAddress K. &% (Java HE L HLK
i Java SE7 JR ) HA K & , returnAddress 2B 5 52 A Java gAML P98I gL 4 Boaks 2K
SR T RoR— & F 484 118156 (opcode). fH returnAddress ! {E Java ifi 5 1 &0
FEASAEAEFRRT N B2 RS, (S ARGV B 4T I B 0K returnAddress BRI . IS IFR
AR TCEERRITF o 346 returnAddress 288, {H7E Java7 2, KB HIH] T finally
TSI .
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Java B OV 5 0 R 5 /NI ) fr sl 2 nT sh A& RE R A K/, (0 75 B3 R K
XK, IR Java Bt vOE R B KNI A, — BLERFR I Sk 0 B AR 28 i i JVML BT R V1
BN, JVM 2t —A4 StackOverflowError 5%, &2l —4 OutOfMemoryError
R

6.3.3 M IER

AHh 7 %8 (Native Method Stack) Hl T AL 777 (native J5ik, LblwifEf C/C++

THERR M B ARSC I A, SEE R IVM 2 il I AT 5 SCFF native J7 72, BASMK T AL Stk
W R] PAJG 75 SE IR A 77 M . ANad— B IVM S BT A U5 VAR, B A e 4 F Java bk
—HE, FOVE A SE IR R A R A AT B AT RE I N AE KN, JF ELAS b S AR TR R A 2 Pl
StackOverflowError 2¢{# OutOfMemoryError 7 -

6.4 MeERRX

EFGMALE 4.2.4 /NP AR Prims BRI PERF, 7F Prims Btk MRt 24 7o
VFR AN SRR U5 1] JVM 345 B A Ui 82 01, SLrh PERF 3R /& sun.misc.Perf 2 i
S, R RRESELL “PERF_” BT Fk, A T4 JIVM W) Perf Data tH 4028 . 15
BOR UL, P AR S X JVM SR AR — B Ny £7 3L X, L I A R e U 1) JX R X3k o i) Perf
Data (PERE W ECHE ), LAMCSEELAN AL 7 4% VM [ PEREFR A%, ANEL Java M RUHLAL G
KA WA oK — s S L g X .

6.5 BaARGEER

BIFAAERLER AN EEBURIIEE, X T C/CHIF RN BT 5, A ATTa] LU i
J2 T B 4% R R o — AN R S A R, BORESE [ S A R R A, SCRERS BN R X R
FETT, DU BATEE X R 7 KPR A Fah W AR B . S Fah WA 8RR A 5 R0, H2
L Heu [ PR R AR H B R, TR N AR BT H R R S, AESRSENE DL P AETE & E e
)4 S BORE A AT R b i 5t OF HL— FUH LIRS L, TF RN DA 23 K A ) I [ YR 28
) AL b, BT LA T 5l P9 A B — R B ) A A R A )

FHNAAEE RS R AL EAL I EFFRIERIZITR? LG RkE LRt
P9 A7 30 A P A T R X BT A I AR R . AR R PR 2 A AR B R, R R ORE AT
Tt — A Lo A L0035 Sk R 4 R AT SRR — AN BE R T 9 | T R B A A ) i, A R b S URR T
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THERME —AICE, MBI THICERRECEAFEIIE, BRENHETF T EAMFOE
WG, XK oK, BER A TG E BT o A A AR 25 IRDHE K I8 TR I, I Py A7 R
JAE WA M FE AN L2 SR FE R B, (HE — BUR AR A7 M ER, R o 6 vl A A7k 2
B I, HEFIIANA, B& R 8. 07 H AR T At sE ok i, R
ARSI, ERFEIFER, WARR SRR st TR B 2 — . sF T AN AR
FAT R % B AR GEPE RN RGP A Ol T AR O, (HOR X A AT R AN IR
B RES 1 Gt — AN Xk B B A 7 8 T 7 A 2 i R T T ok PR 089 P A 2 1) o DR SR AR 114
TAEFEIRA ZAS, BORRE A 28, A A7 A 1) 3504 m) R AM A9 M ik A AE 1 5 I AX
YR ENSSRTESRANBE . 1 B RE e o 0 mT I A A2 fq Ok b, B2/ B L8 T0 ik i B v
3 BC N A7 22 18] 5 | R A 35t 2 I

ERIEAA T T T WAFE BT BE2 7 80P H I 08 108 0 A I DR, 4 B R AT i
KT # IVM [ A WAFEEILE . B3 WA B R R R EHITRA R Fah & 5N {7
o0 it 5 (R, X RE AN A 8 PR AL P4 A7 itk 385 R0 9 £ 4t 00 XURGS . o 3 1K /2 1 3 N A BEBL
HREW AT RN R ELETHS WS . HEXNT Java FRARM S, HWAFE G
E—ANREF, MBS EKS B8, MARXESE KA, B EHN S 5% Java
FF N G A R T o I P9 A7 it B s A7 ) R A e 1) TR BB 00 o BT CA T AR JVM I E B N A
SEAMANFRIKRER A ESEE, AAGAERETHIVM 2 ERNFE, RITA
fE W% 7E 18 W, OutOfMemoryError B, 4R id HhfR 48 55 2 7 o H A& A7 1) 80 R0 fig e ) 38 . 7
MAmEES T, ANAFAEEIH CE L R AKMKEES, FrolbR T Java XA T
H ) W AR F AL AN, B4 1% Lisp. C#. Python. Ruby %5 4w F2i% & [RAE AKX T A 3)
PN A7 B AL A >R S5 B N A7 16 30 7 43 TG AR B [a] g 4% 1 o

6.5.1 AFSERIE

JRAE Java KB IK N A7 53 B AT DU £ 78 HESMUEAT , (AN W] SN ZALAULUE A T R GC
[P R LA K 3T GC RIS I — R4l B F B, BT LA Java HEX 7588 & 70 e /476l i 52 451
MEEXIR, X—SABREFHEERER. 2% (Java EMPLIE Java SE7 IiK) HHA K
FH, IVM & =Fg| FIZER, Rl KR (class type). 41K A! (array type) FlE 1
57 (interface type), X85 T2 B4 (1) (& 0] 43 0] el S S i) . K2l S 8] LA B SE B T A4 1 1)
IRAE S BT Eh A B EE, A IVM A G T A T Ay 3K 06 246 7 6] 0 I ) X S SEA e 7 A
HLAG g — AW ) Java XS, Q1R LE Java iEVEJE T AR — R AR 2
— AR new KBETRIAT, (HEEIVM P EH X AR T, Hhapb R
et oS R % . fiskil, MiE%ZHEH new KEFEIE —A Java X% E, JVM Bk
SR AIXA new 1AM S HAEELER B be 18 DR S5, RERE SR
25| AN NIRRT CERINA T k. MG S S| GRS 7 5, %k
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6 IR R Z S L 5E A T LA SE G /6 RS I T G A A A7 s ), R K
IVM K 200 HeEAT WAF 0 L, AAF AT A I 928 . ] 6-3 T os.

Eden? i}

E6-3 N ITRL

HFH RS BN R R M ER R RS, IVM 3R E T % BN A
W] 4y e EWE LAY O S R RR, OF Bl TN AR M BCSEVE S A AF IO L GE I 6.5.6 715D
UM, FrLLE TR EHE GC AT N FRIE 2B SN R = N . R
A7 25 ) LA 3 R A R 5 A, BN RCR AR S 3 ik, titkz m4gE R4 4
W N IR FCE AR S IFRIC R E, M HN R B A N, LR B S SR B (e A
B A B ECAE S — AN W N A L, IX B e 7 2 iy AR 4 ( Bump the Pointer),
[ W) H el 25 N %1 % (Free List) 04T N A7 7 .

S PRI RE S, Java MEDK YLk R HE P Al n0 G, 34 v BLRI g O O A5 AR
(YoungGen) FIZ4AX (OldGen), Hrp#i BN X nl LAk 4> 4 Eden %%[i]. From Survivor
20l To Survivor 25 0] o 84X G 5461 58 T I A7 it /0 HE DX cpr (R W8 — /N XCHR B e 2 AR KA
CL 5B AE TVM RIS AT I B0 X ohr, 3 (XOR 7 IO 2 R 3L s I, AT AT e #2418 ] LA )
FHX PG X IR SR, BT XL IVM thAEE %, Rt R T
MHE X oK1 4 A7 S TR R R R FR e A1, BT LA 0 T B CRUE B R VR 5. SR T2
A EE, R —ADAERESBNF I CEMIN BRSO R G, JVM Sk
£ TLAB(Thread Local Allocation, A% £& Ft 43 Fic 22 i X ) vb D % SE 9 73 i A 47 45 6], TLAB
7F Java HEX h 2 —HREFREAH XK, ©HETE Eden AN, BT 0l LAk R— RYAAEL R
A ) B AL, (RN E RE SR T N A R A A i, DR IR AT AT LK XX b N A7 2 BC T AR
TR A 53 C T

SR 3 % Se B RS B8 7E TLAB T REh M ARC N A7, {H JVM i 55 /&4 TLAB £
BN AR BC I B k, ERRE T, FFR A B AT LU R “ -X X:Use TLAB ” % & J& 5 T i TLAB
sshil. (EMKFEE R, TLAB FEIMHNAAIEH AN, BAER FAOLY A% Eden %311
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1%, PRI ATV LLIE LI “-XX: TLABWasteTargetPercent” % & TLAB %% [a] B /5 /il Eden
P E RN — BXSRAE TLAB 758 43 BC W A7 RGN, TVM 32 2304 8 o4 1 nstipL
A OR AR B AR (571, T ELEECE Eden 2SR AL N AF, W15 244 Eden 4% ] th ) G4
FCAAERT, JVM 24047 Minor GC, B % 5% ] LAZE Eden %] R 4} L A7 0 1k Clin B J2 x)
SN EREE LA AL . b T RERS B A7 U FR R X R N A S I I DRGSR B, AR BRI 757
/openjdk/hotspot/src/share/vm/interpreter/bytecodelnterpreter.cpp 1 7 7 5 il B 2% 4064 H Bt
(CEZ N, B EH A2 interpreter *ﬁﬁ%?ﬂ‘]*ﬁ*ﬁﬁ?&%)e W R R

{£%3 6-1 bytecodelnterpreter.cpp B4t %3 A E& 1

if (!constants->tag_at(index).is_unresolved klass()) {
// Make sure klass is initialized and doesn't have a finalizer
oop entry = constants->slot at (index) .get_oop();
assert (entry->is _klass (), "Should be resolved klass"):;
klassOop k_entry = (klassOop) entry;
assert (k_entry->klass_part () ->oop_is_instance(), "Should be
instanceKlass");
instanceKlass* ik = (instanceKlass*) k_entry->klass_part():
if ( ik->is_initialized() && ik->can_be_fastpath_allocated() ) {
size t obj size = ik->size_helper():
oop result = NULL;
// If the TLAB isn't pre-zeroed then we'll have to do it
bool need zero = !ZeroTLAB;
/* KGR 7 EAE TLAB AR NAE */
if (UseTLAB) {
result = (oop) THREAD->tlab().allocate(obj size);
}

if (result == NULL) {
need_zero = true;
// Try allocate in shared eden
retry:
/* WRAE TLAB P AL A A RO, W EEAE Eden FABCHAE */
HeapWord* compare_to = *Universe::heap()->top_addr();
HeapWord* new top = compare_to + obj_size;

if (new_top <= *Universe::heap()->end_addr()) {
if (Atomic::cmpxchg_ptr(new_top, Universe::heap()->top_addr(),
compare_to) != compare_to) {
goto retry;
}
result = (oop) compare to;
}
}
if (result != NULL) {
/* FY LTS P A A AT B AR~/
if (need_zero ) {
HeapWord* to zero = (HeapWord*) result + sizeof (copDesc) / oopSize;
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obj size -= sizeof (oopDesc) / oopSize;

if (obj _size > 0 ) {
memset (to_zero, 0, obj size * HeapWordSize);
}
}
if (UseBiasedLocking) {
result->set _mark (ik->prototype header());
} else {
result->set mark (markOopDesc: :prototype()):
}
result->set klass gap(0);
result->set _klass(k_entry);
/* BXERTIAANE */
SET_STACK OBJECT (result, 0);
/* HUFT PC W ARSI TR AR S Mk */
UPDATE PC_AND_TOS AND CONTINUE (3, 1);

X BRI BCAF T AR, VM B2 TR B B 2 V1 s 1k X % szl .
JVM B 562 %8 43 AL 16 N A7 28 ) AT BE A AR L, X — PR VR OR 1 % B0 36 6 7 BUAE Java
ARG rf ] LAAS A7) 6 6 el e % A L 2 I BE B U 1) 313X 26 =7 B 1) B340 25 7 i o 1 1) %
{8 . A 7549 T 455 75 /openjdk/hotspot/src/share/vm/interpreter/bytecodelnterpreter.cpp 7 7
fd fifp R A5 AR B W R TR

{£%3 6-2 bytecodelnterpreter.cpp R9{X %3 F E& 2

/* By IC I K AE A () B AT B IR~/

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);
}
}

Kt o L J (0 9 A7 25 R BEAT BAE VIR AL JT . VM 502 90 46 A0 0 5 S R iz i) i dl (A
HotSpot 1, A 477 ] v T A7fik % B B B A S IX PN ), B Xt R gl ARG
FESEHT PC AP 7 e P I T 4R A k. 23X —RIIMEL RS, 4> Java Xt 556
A S IE FLE B AT -
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6.5.2 RS S ESES

T 2R KO, Java HEDK CLZR AN TR 0P G A7 43 FC I E — SE %, W R A S GC 10
[T R TH GC A IO I o] LAAEE Y HE AN B R o H AT dse o W0 10 ME ST it B
A 2 I T 328 38 73 W7 AT 2 R S A R ) R B, SR S 3 I ME DX 1) L R B 1 A b 43
W A7 (]

BEi® 5> H7 (Escape Analysis) Jj& JVM fEHUTHERELIL Z AT 0 —Fp oy br iR, &1 H Ak
H bl & 53 B Ay S . TSR UE, M — RSl E XA RN B2 )G, B
BURAL PR T 7k, — B AN i 51 G, XA R Gt Rt & A= 7 ke, ez
8 AETTEAE N 0 B3 8 AT B AR SR 5 I, JVM g2 b 30 AE Bt vh 4 i A
{fE25 0], R FrR:

K73 6-3 HLHDERH

/**
oI5 N TR M o

* @author JohnGao
*/
public class StackAllocation {
public StackAllocation obj;
public StackAllocation getStackAllocation() {
/* JiIRI] stackAllocation AR EH], KA kR */
return null == obj ? new StackAllocation() : obj;
}
public void setStackAllocation() {
/* R AR EEATE, AR~/
obj = new StackAllocation();
}
public void useStackAllocationl () {
/* SIRIR ARG, RARE. +/
StackAllocation obj = getStackAllocation();
}
public void useStackAllocation2() {
/* XS EE R Tk, REERR. «/

StackAllocation obj = new StackAllocation():;

T 0 R AR RN AE, Dk GC sk 5 BT B3 al e . B2 £ B A T v 1 i
F A e, £l Bl A 7 vk AT 45 A s 8, ehtknT WL, A b A3 R BTy IR N A A DR
2Bt A5 KRG AR T B . F JDK 6u23 fRA Z 5, HotSpot 1 ERIA#E D4 HF I3 T 6 737,
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ﬂﬂ/ﬂﬁ HA B AR, R AN S W e DU JE T “-XX:+DoEscapeAnalysis” & 2 FF J
WEAR M, LA AGE L E T “ -XX:+PrintEscapeAnalysis” 7t 7 16 1% 23 HT ¥ 075 126 45 5 .

6.5.3 XHRAEMHEE OOP-Klass &Y

I A3 BE I N AR T BT BRI AG T, VM 3 R Rl 2 %) %) R 347 52 4k
& HotSpot ™1, 3 % 5481 4k 45 1 0 AF 3t A& ) 46 A X % S R S8 25, it L A7 i % % s 490 4 5
)N A7AT Jas 5 B X AN K, an B 6-4 BT . SE AT ST UG R, X% sk 8
FH -4 fit Mark Word oo ¥l #8618, Horb Mark Word 2 ] T A7l % iz 17 I 1 5
Pifi B, kin HashCode. GC RS . BUIRESHRE . LREFFA BT, fom ZeF2E 1D i fm)
A T B 25 o 1 oG B8 4 BT R 14 1) 5 v X H bR R 2 S B, AR e 103 st oo HHE He
Bla] CAAE A 2 A7 2 /TR BRI 2R H AR,

instanceOopDesc

Mark Word _mark:markOop
48 3
X%k _metadata:wideKlassOopzinarrowOop

S B

padding XFIFE (] REARTED

¥ 6-4 XI5 AN A

B TR 2 b, PAEA TR ) 5 — 3 53 5 o S 49 KA o S R s B T AR A e AR
HI6 %R S AR () B B CEARIRA: TR M F B B, AR AL S50 b 1) - B
P T &5 B Java Fhow XITF A K4, &% 3 JIVM 4 LK g 2 5
(FieldsAllocationStyle) [fJ52mi, 4R FF & A G2 i LAl oL %k 7 “-X X:FieldsAllocationStyle ”
BEE JVM [P 4 e 3 i 2 4. HotSpot ik 4 23 44 0 longs/doubles . ints. shorts/chars .
bytes/booleans. oops 1] 73 e S W > 847 40 i, AHAS K AT 41 W %% HotSpot k44 1973 Aic 5 i
Ja e KB, HEHA B F] 7 B R R B . R R KT B R, AR R XA TR
IR0 R, el e AR R A v] g2 TR IR AE 2R 20T .

KK AR Java KR AE N AE PR WA fE IS, 3 R ORIRATH KRG H JVM 505 2 i
] ik Java FEUL KK RGN, H3 Java ifi “RE’_"/]\LF'WM 5o BATAE JVM ik R
S5 W R P X B R HLl . OOP-Klass B 2 F T 477 Java 2% DL R % 92451
() — R 8CHE 454, Hovh OOP (Ordinary Object Pointer, il xf G45%F) FI T34 X % 10 55 4
{51, ifi Klass WU T4 0f G se i i H bR 28, it & 3 Klass 52 & —/~ 5 Java FEARR
N[ JVM IR Y X S A, JRATT b ) LA JERR 2 CHHX 554K
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OOP Y Klass H S 9 AN AH B30 S7 AH S 50 S 0% AR 1 SIS B, 3 MBS 1 6, 35 7
/openjdk/hotspot/src/share/vm/oops Btk 1, J 4 OOP-Klass #8855 5%t % (¥) 4 A7 A5 Ja 2 ] AT
fH A KZEWE? 78 IVM hxd %kl /& i OOP %t % instanceOopDesc e 755 [ (K 2H 25 4 ) ]
arrayOopDesc A R K K7D, 1M %F Gk o 1k o Bods F5 51 BT 48 17 (19 24 8 X B H bR 28289 ) 2 i
Klass 4] instanceKlass Xf R &1 (K41 H] arrayKlass % %317 %), HTLE JVM
Fox—A Java KX A, 46 OOP-Klass B f4E i, i KB % — F IVM & i
T Bt B0 % 5| U5 1) B A R X B BRI ? Wl 6-5 Fian, JVM nl Ll it xf %
5| FE HE #f 5 A7 31 Java HE X 91 /) instanceOopDesc X %, 3X ¥ B o] e 2 1 1n) 21 %5 % 10 5 1) 45 &L
MY ) H bRt 0 R AR, JVM U2 i 47 6if 7F instanceOopDesc ¥ 7T 504 Fi& £
SEAL B A7t 6 771X 1 1) instanceKlass Xf % | .

)

e R TEET

JrikX }

B 6-5 A% Uil gL

6.5.4 GC®EH

GC (Garbage Collector, BIRWHAS) & JVM b (13 A 78 BHLEI A BAASEBL . 1
HotSpot 1, GC M TAEAT4 EZnr LARI 2 Jg 9 KBk, 43 il 3 A7 16 20 25 23 IS ANz 35 (9T e .
MAERITHNESRZAT, GC HASWNHNFT TR, ZiiEefiod, HEFH JVM
P TE T B A A S B B ARAL, DR 2% SR EUAS () () 7 R OB SR, o ARWCBE el b i
4. BETJUTRTA B GC #R K A RIS VA BRAT B3R R, BT LA Java HEIX 40 SR8 32
Wbl A g, B el LRI A A4 (YoungGen) FILESEAR (OldGen), HAgi (LA
XAl LLI4> & Eden #F[a]. From Survivor %5 [8)fl To Survivor Z5[6], #ef)ifvi, WAF= A5
A% AT R4 e A AT GC BT MW AE RS RIS SE U, GC BT BA A B X % 93 iE
WA AN, FE DX 4 HAE il A A A TP 0 X R 5 A7 1), WAL L2 A0 T T I, R R 2
GHETT, WA L AR . T RN AR R, GC 2R U JE X B
(A7 23 18], 8 A4 A2 88 6 a] I P 47 25 1) 43 B 45 38 1 ) % i 1

K BH—F, BbRic 4 3035 10 6 HI A GBI o FH 0¥ P9 A 25 1) 4] g AT [RiC 2 — AROR 5849
P9 A7 27 ) Th B P AE I FEAA B T o BB A B, GC s 2SR AT B3R D, i FL IRl 5732 20

Java ERUHLKG UF
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AEH KRG, — 58 AN REIE BN A7 P AF TS IO SR R I, AR BEIE R O & PE T S A
W S i M IET gt o i H GC PRAT P A7 [0 EF B A0 2 12 A0 38 e 280, AN L 25 80 AP 1 B K
BN VRD AR A5, LR G A AR e AN GC AT R SR RO, A W] G b £ 7 A
WAFIE R, R 0 BRI R P9 2 28 Bl A AT e 2 SNSRI N AF IR, IXFF — R & S8R H
AL R S 0] N A7 2 BR 48 BRI B, AN v LA T s 4 S50 00 B N A v G B 2 6.5.6
o

EFZWEO T, GC R AW REVEREMIMAL, FTLlZ% (HotSpot W47 HE
FEA) HIRERKE, nTLUURME LR 6 sURIEAL —3K GC MtERE, W FFiR:

O FrnbE: FEAF A9 AT I [R)/CRE PP B 3& AT B )+ A A7 (RS A B 1))

O WRWAEETTRS: bR b EG BRI 28 BT &y N ) B S (6] i BE
O ] AT SRR Iy, T2 PP 6 A R P Al T 452 0 I ) 5

O WedEgiA: HxE TN AR AT, SRR E R LR,

O He=E0a): Java HEDKFT o (A A7 K7D

OO PR — N xh 5 HE A= 3045 [ B 28 1 1D I )

6.5.5 Hritkkric: RMEBFEE

{E GC AT BRI Z AT, B 56 5 ZEDC o th N A7 P RS AR X 5, IR 2 LSBT
W%, RAHECHCRETMN R, GC A EHRATH R BICR, R Br & A7
2 0], DX AN R BT 0T BARR Z B R AR B e B AAE JVM R ST R AT ARl — Ak
ToXTRIE? KB, M — AN XR O A AT 14705 S Akge 5 I, StaT LUE AL 2
2P

BT B D LB W B3R bRC S, 0 o) T RO AR I R Sk . AN A
HotSpot FIK#4r JVM w48 Fi Ji5 38 1 b B2 b ad 9 S0 s B . SR 5 | R ok SO S B
{8, PATBCRBAE, (BRI FIEA S ML — BRI B, B3 2 5 w0 BB R AR ()
KEErE o B T ol A BOES REE th R — ST R B DA B 5 T a4 Hbs
o G AR AEE X B S AT, S A AR R A E I S 1, A ESIT R E SR 1, 5T
B PR R 0 (IR, HiERAE ZX R Ce A B AE i 2 5], AT LAghnic 33k
0 %o R I 7 A RAL T A AT AT o L, AELAE SR S LR AT TR R R
AT B AETE R S5, (B e ATV e 2 1) A7 R AR L5 TR 51 R ok B s o 0 6 ) sk o
ALk 0, XFEE ST B GC AT P A7 [T 7Kz TG V288 T 0 JH ot 5 P oy T 660 1A 474 1]
W7 T RE S| A A il i

% 18 B 5| I VH SO 2 RbRid th C 8 SE T EAE /AR H I HI AR %, JVM i
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vEEATTNAE T T 59 A — Bl B R bRl kbRl b S B, R e AR R R S X TS A
Sk, AR AR R ST ANOL R RE A S L] B0 R0 PRAT S R SR A, B S R R T LA
R AT 5 ) T BB b — 6 L T ) X G DR L5 | 3 SR T 2 O B A i R i)
B, Bk AR R I A A . TR B, MR R AL R R A R G Al b A, IR B
NI AR B ARA RS FOEE N H s 22 &l (ERRERTEE, WP
X RAES PR RS B M EOEREAE ), WRBAXY AR, MEKREZNRE
22561, {#in] LL{E instanceOopDesc (1) Mark World H# tLbrid ot . il 6-6 Fias.

P 6-6  FliT xS G2 15l ik

TERRAR R SEET, AT RESB AR R AR A LR ) PG R 0 S A AR R, AR
S G b TAERE I A AR AT AT AWE? 7E HotSpot 1, fRATGIESHEE TLUF 5 AN Io#:

Java IR0 %51

AHh 7 AR %5

JEAT I R T 5

T IX R A T X g A

B — AN N () il — B0 28 L 1) Class X % .

Oo0ooOoogao

6.5.6 HItREIY: HSRIEKEEZE

6.5.5 WEEAMM AR T o6 T AR T AR X EESC IR EE, B4 2T X 73 A A7 P A7
R RBET X B R, GC $ T R AT 45 3 2 AT B 3 [ OB T TE JH % % B ol A 1 A7 4
i), LU A A2 98 0 T A A 45 ) o ot B R A7 . o TR BRI AR 2, BTLA
ABIARITEATLE— 515, SUEEEHIE IVM b LB WK = R SRl SR SR AT
Uk, R RR:

O brid—iE R % (Mark-Sweep):
O &EHI&EE (Copying):
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O Frid— R4 5 7% (Mark-Compact).

BRI B AR SRR LB 1 S A R A 56 R4 A
BYBAAT, 40 B R SARIC R o A TR ATIXE T 53 00 R A A2 ST T 3 b e — R 5
AT HOCRAG T, SR A, o1 T BT 147 D1 T L6 o P00 P4 425 ) 7 7
fi e B ARELEA P A7 B, ST o 27— A, WA SR SR 8 2 8 0
PO ) 4 B B K A 5

M THRTE GC {E B b id AN AF B BUX PN BRI AT R, IVM I8 4Rt 7
FAN RO, R EHIEE . BT IVM 4K 2 B LBk A, 4
o SRS AE B R, P LRSI 2 N TR A . 2T A et ol TR
MEE, Java HEDC 01 A B HFE— LA 40 10E, ] LLRI 2 B 4R (YoungGen) FIZ AR
(OldGen), A g AL T LA 4> &3 Eden %5[A] . From Survivor %% [a] fil To Survivor %% ] .
7t HotSpot 1, Eden %% [i] 155 4F ¥4 4™ Survivor 25 [d] B4 BT v (0 EE 1) /2 8:1, MSRIF R A bin]
LUt id 3835 “-XX:SurvivorRatio” i # XA 43 (8] L . 44T — XK Minor GC CHrAEARI 1
P lnlO BF, Eden 2% 0] A (R A7 6 4 B S 4 I B To AN, I HZ i1 224 i — X Minor
GC JF7E From 7% [8] Hp A7 3 B SR IR X G SR04 47 52 (1) 1 [R) PE R 25 4 S 31 To I . fEIE K
Kt BER, WL WFMFFERTE L T, Eden A1 From 7[R th U f7 75 X £ A S # 2 H13] To
BN B RAEE X R AE R T R T “-XX:MaxTenuringThreshold” BT 4§ & (1
BE N, KA EES TR ZENR T HIRY To 250 ) 78 A B RE N, A735 % % [F) FE 2
BEESTREEEN T, WE 6-7 BraR®. 4T AT R E) To 25 6 8l & % 7t 5
ZAERE, BN REIRX S, XHEWE GC nfUXXEDEIT T R 2HIT X
Minor GC, B Ho AT o FHI 0 A A7 23 1)

Young Generation

Old Generation

P 6-7 AT S il S AT Minor GC Z il

AT 58 Minor GC 2 )i, Eden %% [0 Fl From 75 44 & 8035 2%, MAFHE BRI S0 &
WA AR AE To XN, 4 F K From 45 A Al To 4% [ALKF 2> B #ef B, Wil 6-8 fizx. sk

@ 1 6-7. E6-8. & 6-10. K 6-11. 18 6-12 ¥k T (HotSpot W7 E HE (M 15) .
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SHISETCAEH AL To Survivor 7% [MAE Jhy— A I i 1) 25 ) A8 46 ff €1, 450 75 S U g
Survivor 7% ] th — B ZUE Y, Xk BB . R S SRR % 5 AR AT Minor GC,
EREHIFAER T2 PN ER, BoYZER xR Ea At gk, 58
LE SRR i i A 0 N IEBES 55 TVM B4 iy AR5 — 350 Bt DA SR AR ARt R &R S A
1T AT [BDSCAS A 75 BERAD D B i) 0 23 (8], i HOd 2% 5 30U 2 10 5 0 4R 2 i 1) GC () AT
BE,

Young Generation

Eden

To From
- m Su'v.wor spaces

Old Generation

H 6-8 S SE EE AT Minor GC 2 )i
A A7 R S A 0 TT LA A AR AR (R SR AT BORAR T, iy FLAE AT

VR 45 55305 th SR A= o A R b i A A7 T I BB B A2 SR 2R BT AT (R A7 X B RS B)
F) AN HESE I A7 A A R, AR JF AT Full GC CEFEARII B a1, 804 FRZ 2 Major
GC) [HIW T R X BT o T A AF 23 )0 M B D AT IR 4 2 e, O FIAR R B A7 825 3 —
W, Wz A YERE AR N IR RO AR SRR FREE OB R B AT, T
LA 464l 4 (Bump the Pointer) H AR ciodi &l i A% SoKEHT X %20 Mo 41 58— AW A
FEALE by TR o Bl A A7 R (4

7t HotSpot ™', &M, GC T HI i A7 WO ik b 20 245 5 3 A AR 2 AR
S R S TR, AR R AR [ AR A ], AT AN ) B SRR L. B
% (HotSpot A7 B 150, 9 A= AR 95 1ty S WSc 88 S 00 ok DA S R
PR AR T T AE G B % IR X S 7 O B Ul T, R0 LAAT Rk M AR P S S, DAY
Minor GC I, — 52 SR i 2R PR o it 7 A= A e (¥ A A7 24 ) 03 40 L ABE /N, T B [ s
PEAR I — s 2 A H A . (L A A P S YA AR I (R CSETR  TR Dk & A AR BT AT A
S 4 R AR K, O LB AR T ORI A s ), T LUE ARG Full GC IR A=
SR A 4G Minor GC —FEARE, At — BALF & & —1K Full GC W, & FE 3 B K1Y
W7 5K 52 i, I8 2 15 AR AR o A8 R bR 30— R 0 A B — P 4 TR AT B 3 I EOKs 25 2 A
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6.6 NIIRUNEESS

HRFIHERE IVM N AF RIS, 1 FoRIRATIERGESE IVM [ 3 9 7756 1 1 B
RSCBL, BI GC. Wi T JDK MIRRA AL T sy ik eh, Mtk Java NRIEEARTE T LM
GC WA, Lbln: Serial/Serial Old W4 2% . Parallel/Parallel Old W42 %% . CMS (Concurrent-
Mark-Sweep) 8 4%, LUK M JDK7 Updated WA JF U426 (1) G1 (Garbage-First) i 8 8855,
i 6-9 fiox .

€ 6-9  HotSpot (] GC

TS, AR R RS E A GC, Ll Serial W5 8% & — 4~
R A AR SRS 8% e SR S S [T OET AR AR IR B g AF 25 ] . 298K JVM 7658
PrizArd f b, B AR Z AR & B GC W 4 G AE — i L W AT B R m AT 55 2R
B ALK GC MZFEAH) GC M, WIRWRA /] LA & 46— AEH], Ak /e e by F R ad f e,
BAERMEZENR GC TN R WM A &, & F A& RN 5.

EIERX U R R SR B 20T, KX EAEFTETHANEF EEHMS, W FFxR:

O &7 2 FFA7 R

O Ik “Stop-the-World” HLHl.

AT RIS 2 A [ — B T By S eV — R Rk Ak, WiEROR UL, 44> CPU AT H]
i, R EEH —A CPU Al FHAT R R BIBCRE, JF B7EBAT B Rl i, PP i) T1EZk
B S EE, YhRWE THETREA SRS Z AT Em TELR, X R 17 R
ANt FIEATER P i R Client #X1 JVM FF & AR BE 0 R 223K, JF B Client £
FHIN AR AT T Server SRR T /AN, DRtk H 47 Ik #2576 Client £E20 R )
JVM . R AT RO e, FFATICEE AT LUIE I 24> CPU (RIS AT B2 3% [ml e, PRtk 7t 7
AR FE R, A FE A7 R R {E ] T “ Stop-the-World ™ HLHI N Hil 57k . Wil 6-10
B .
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Serial Collector Parallel Collector

YYYYY
‘ <+——— Stop-the-world pause —» Ij {:"7 '

|

\AAAA}

& 6-10  h 47 [EIHC S F 17 BB DX 5

BE T AT R RO AT Rz 5, BT R IRATT R T T & ORI “ Stop-the-World”
PLiil. it “Stop-the-World” HLHI 75 Kiz AT BRI, b7 S S 88 & AE W A7 ]
W i FE RS R BT A I LRSS, A 58 A7 RIS A 2 Pk 2 2 AT #8151 A2
Fio i “Stop-the-World " H B 75 #4481 Minor GC Wi, t T8 A AR i P4 A7 725 [a) 38 5 #1
/0N, I LA 45 B ()t AF mT 32 (0 & BV B2 N, ANl — BLH AR 2 4E AR Full GC i,
TP () T4 2R P 4B 458 PR N (DK 2% B, X FE A LB B Java HE=5 0] BT 4 BRI N AF K/ K.
faj Bk it , NS IALER K, AT Full GC (¥ B[] 5 25 BR A, A 1) T A 46 2 ol 45 1K) s 1) 2
MK LLHECWIHE ), BT H R R, Bitas wEABZAL 5% B
GB [N A7, 40 S 7 108 SRR A 1 T 6 L BE BB 28 AE AT Full GC I, XE 22— K
e, W FH PSR A, XA R AR TR AR R T, R RS
KHP, BrCLIVM BB AR T OF A Rl A 2 LI 4 %9 “ Stop-the-World ™ #LHI ) 87 45
WA, — BAE I IF R BIROS . 8 [ — i R B P, N R 1 A e R Ry R i SR e R oK 2 ()
WHE AT A X8 T. L RE W B, HE Har bk, W02 H a7 sB i Gl W 25 i
ARF| TR E “Stop-the-World”, BT LA i1 4 i S BB 28 BOR AL 75, BRI i
Foln g, IR R AT e 4n R B SRt i g2 .

6.6.1 &E1TEIYL: Serial BLESF

Serial WEEREM TH MNP, EXRMEHFE. RA7REMN “Stop-the-World” L il
(1 75 SCBAT W AE B . 76 SLI0 JIDK A, BT B AN SR AR R B 1 R R B O B 1B 4
K—FE RIIFBORAS, FTLAE CPU MR T A M 5L K, /] Serial AR 28 04T A4
B G e 4E LT e — ik FR, JF B Serial W AE 34 th 4 HotSpot ' Client BT BT
AR R B AR .
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B TR AR A, Serial WA 28 B2 4L H T304 T 2 RS SR 4E 1) Serial Old W BE 58
Serial Old W4 &% [ FF R A 7 5 AT KR “ Stop-the-World” BLHI, S I i A7 [9] Wae 5 9
TR E bR il — i 50k . A R B, W JVM Z R A CPU 15 15
B, AE ] Serial W4k 25 +Serial OId WA 25 (1941 & /4T Client #X R 9 4 47 [DBOKF 2 & A
MIIEFE . Z AT 84 L4 Boik, ST 5 A7 (R i 5 B 4 2% 58 F T K 25 Hont 87 45 ik 1) 325k AS e i
Client H3 F 9 JVM th, i1 CPU A 75 ZAR B HbABAT %5 U145, 1R o LA A 280088 4 % 2R A A0
O R P A ) — B A RS, BOARBAT HR AT RIS PR AR FR R () A e R, (ER [l R A
AEE) o AEREF, PR G AT LUB I EE I “ -XX:+UseSerial GC” F 5 5 5 8 il Serial
AR PAT N AF [FIAT 55

6.6.2 FF1TEIY: ParNew WrE %

un F 15 Serial A& BT A AR B P FE L MRS, B4 ParNew WA 28 ) /& Serial WA 28
12 &P A . ParNew WCAE 8B T KM AT I 77 SC3AT N A7 R Ah, ek b R 4R 28
Z N8 JLFEBATAEA X 5], K24 ParNew WCHE &5 7587 A AR b [A) FF & R 1 &2 i 7L A “ Stop-
the-World” #LHil .

KEBHE—F, T ParNew WAE B A T IRAT I, B4 /& 15 o] LAWT € ParNew i 4E
2EM I BCRAEAE M I 52 F#ES LE Serial WHESS S 20 ? W Bt ParNew WUESSIZEITER
CPU 16 T, oLl FH £ CPU. LS FEAEF % YR A0, i Scnl LUE
b 58 b P S, SR TR R AR B H R W B E CPU Z PR AN L R, ParNew
W28 AN WA 2 L Serial WCAE S BT MR, HUAR Serial WUERSS &AL T 84T R, {Hil T- CPU
AN A AT 45 D) e, DRt ] LA 0k G 2 2 R A8 Bk R e PR AR ) - S A R . BT A
MER S bk, Serial WA B IOEH AL JVM 2R T % CPU 15 EIRBEh, 1 ParNew
FR MMM PBNEARIAAE L CPU. 2SN EHEES, JF B 7658 R B 1 N H 35 5t
i, ParNew W{EE#%+CMS (Concurrent-Mark-Sweep) W 841 & AT Server #:0 F N A7
[FIOL A e i £ . R, FFAR N BT DUl &I “ -XX:+UseParNewGC” T3l 45
&l ParNew AR 8540017 N A7 DCAE 55 -

6.6.3 IEFEEHEMEMSE: Parallel YESS

#k H A1 5, HotSpot [ F AE4CH BR T #45 ParNew WHE 8% 42 & T 3847 [RIEC 1) 41, Parallel
W A B R RE R SR T S50k, IR AT IR “ Stop-the-World” HLi#l. A3k BT ParNew W4
2 OA K IEATI, 5% CPU MITE EIABI T AR GEHE T GC i[RI WU8% FIFE 1y 16 A7 i
&, 84 Parallel WCEE SS tH IR 2 75 2t — 262 1 ParNew WAE S A ], Parallel o4 2% v] LA
PR i et B A, PRt M RR 1 Ak AR SR B SR B 28 . ERE R, FF R RS
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LA B I “-XX:GCTimeRatio” % & AT P A7 [0 OIS )57 5 TVML 3 47 4 I8k Ji) (1 L 481
g L 6 GC AT SR, AR 1VA+N), BRIAE R 99, s i, $ 54T 1%[H I )
AT A AR BREZ b, Parallel W4k 284 32 fEE I “-XX:MaxGCPauseMillis” ¢ &
AT W AF I “ Stop-the-World ™ HLE 04T 452 IF () BEL, Wi S48 58 T 1% 0% 300, 54 Parallel
LA 38 0 25 ) R B i 8 10 IR 1) 9 PR P 58 1 oA A [T

(E I K 5K B R, A0 B O 88 b A i BRI A 3R X P AN H AR L 52 R A7 6 A T35 4 1)
H I DU W RS L AR A 5, A0 B A A7 [T S (R B AT 450 ) S b BR 110, (HIX K 2
B GC i B A (1) 45 I ) SR AT A A7 R A St SRS B LR SE SR AR %%, B4 T BRAE 4
OANAT N A [RDSCT R B 455 I ], I RE A8 A5 b AT N A7 e, (B a1 T 87 A2 AR N A2 1
G RAN T BN P AF ) R . 227, 7E 60s (19 VM B AT A HL, BRI GC
T JE 20s/IK, W4 60s N —IL AT 3 IR AR IR, % AR IR GC FEIF 100ms K it
B, L AT 300ms CHI 60/20%100) #% T #0AT P AZRIC o E S D S 3R A4 3% T
“-XX:MaxGCPauseMillis” ME /NG, BRI W AE 25 a2 A sh i 5, M K% #
T, A S )N R 7R S AR, A GC IR AT S il 2 B . Z Wi 7E 60s [ JTVM
RUZ AT I (A) B, B2 A7 300ms 8 T AT N AE RN, i WA GC AT AR A1 E 10s/
K, 60s WK AT 6 KN AF IR, 1% B AE R GC KERT 80ms K iH 5%, HARE b -8 {Ent
I E 4 T, (Hig#& 3245 480ms CEI 60/10%80) #% FH T HUAT W A7 R, 18 B S B % 11
FiE T o T LR A BCE X AN E TN, — 8 W B R AT e 2
. Parallel WAE 8% IE 20t — /N “-XX:UseAdaptiveSizePolicy” # ff] T-i% & GC 1 1 5h %>
AR /IR T S, — FLB B X AN I 5, 0 B R T RN DK AS 15 75 22 5 75 1R e 8B AR AR
ML q W S50 T, JIVM SARYE B 5 1 Y aTE 170 Dl o) 4 R R IX L A0 L S 4

1 Serial WP —FF, Parallel WA S5 B A5 H] T P0AT 2 40k B4R 1Y) Parallel OId 1Y
1 %%, Parallel OId W% 2% K M T b id — JE 48 553k, {H [3 FE B2 36 T JF 47 [0 e fn
“Stop-the-World” HLifil. 7EFEF i PL5E N 3% 5, Parallel 4L 45 +Parallel Old i 4E
MAAPAT Server B F 1N AF[EDECK & R AR MIERE . ERFT, TR b nT Ll i ik
T “-XX:+UseParallelGC” T35 & 1 H] Parallel WCAE 253047 W 47 [FDCAT: 55

6.6.4 {KIEiR: CMS ( Concurrent-Mark-Sweep ) Y5 2%

SRR AR AR e N 3 5t b, Parallel WCSE 2% +Parallel Old W #8841 & 4T
Server BEaX, I 1) A7 [RDBCEE 23 22 ANES 13 BE . (ELE 78 5065 58 20 e 3. 30 R 5K LU A vy 1) i H
B, KEREAERG AWMU, MABEEIN L LZHER. BT IREIRN%E,
JVM (8 A8 738 T30 47 R K] CMS (Concurrent-Marking-Sweep) WS, ‘&t
AT 0 Z AR R 2%, th T LAFRE Mostly-Concurrent 8. 2% . CMS K& 4 3 K 7k
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RS Y03 A A ST 0 A RO b i — PR S0, 1A R A i — i
ik, JF AR “ Stop-the-World” HLAII th BRI #T (04145 . (EM KR FEVER, M2
B3 A0 2R 1 AT B B B A ), CMIS 9 S B 1 5 ST A, ST 3 3 T L
R K 4 BB, R B

O #l4fbrid (Initial-Mark) BB

O JfA&#rid (Concurrent-Marking) B/
O Fkbrid (Remark) B

O JFA&i#EFR (Concurrent-Sweep) B .

CMS WS &8 1 [l 31 LA — AR 2D MR bR ac B BEIF 4R, AEIX AN B B, B A BT
A1 TAF LR 230 “ Stop-the-World ™ ML T H B0 BT (1) B 455, X AN BEI) 6 AT 55
AL BRI HY A A R B S g AR A S TR I H bR SRS AR, — FURRIC 5E 2 G 2 K
B2 ATHCE A BT A N &R . 32 N B S R bRC B BE, T IX AN BER 3 BT 45 0 2
W Z BT A AT A B bR e M B A % . 7 CMS B & HUAT N AR i, LR b Fax ey
P B AR T AT FRIL T, H2 T AEIF R bR B B, B ) TAR 2o R & by SR S 4k
FE IR 28 47 80 28 XAs 17, R AR I & bsac B BORR JE 15 A3 2000 O 2 A1 B b i k7 3% 119 6 FH %t
RS X AR E S, A TR A RS, CMS SRR IRERCH B, xRk,
JF 2RI A “ Stop-the-World ™ HL I 7 P 7 HE I K6 8T (0BT 455 . LA £ 0 2 57 3% X6 % #1108 0 ik
U HIEMbRRIC . M vIEERIL . AR PRICRTE bR il =AM B, CMS &% &t
N B R BRI BEARAT N AR, R U X S B S N A s ). i pE 6-11 B

Serial Mark-Sweep-Compact Concurrent Mark-Sweep
Collector Collector
Y uj_u_ug
- Stop-the-world pause > J «+—— Initial Mark
1 «4——— Concurrent Mark
f
1!'
Stop-the-world pause — ¢ & & & & & 1-1—“"‘"’*
Y | ———— Concurrent Sweep

222112

P 6-11 B 7 IF R CMS A%
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S CMS AR RS K IO 547 a8 2 6 JLH 4R F7 10 R0 T VRObR V0 3 1 AN B B e 47 4R
it AT “ Stop-the-World ™ B 27 58 £ vh 1) TR 46 2, Tﬁﬁ@ﬁl‘ﬂﬂTAiﬁK (At
AL LLUE W E T A B 3B B A ARAS 21 52 4 R T B Stop-the-World”,  FLJ& 1] fi b F# %
B4 I (] 7y 2

EZ AT B AL 0L AR R eSS b, thin: Serial Old ¥4 %% . Parallel Old
SO A £ 37 I IS0 BV 38 2 SR AT bR A — T 47 oK BBE Sl 4T Full GC Ja 7= W AE#E . 1fi CMS
WCER % 11 57 SR OB SR VE SR IO H 2 Al — 5 B, IR RWRAE IR AT 58 WA RIS i T ik
AT YA DT 1 G FE R 50T o FH £ P A 225 TR AR AT T R A A B 82 11— S g A7 b, AN m] JRE s 25
FEAE -SSR R, WP 6-12 TR . B4 CMS (E b B % B 43 it P A7 5 ) i, K ik A T 46
EFflE4% (Bump the Pointer) %K, 1fii HUBEREIEFE SN FIRE (Free List) AT N A7 50 AL -

P 6-12 ki —if B2 5 7= A I N A R

F HotSpot 1, 3 WS8R PAT 5E WAF RIS, RN A7 5 B e = A A2 e s IS4
) LR 0 3 4 A N S A N WA A TR S 0 B X Ay BRI A7 28 ) o Tk, 251 JVM
TUYEY — AN B, Horh BT SR N AR A2 > AT A 28 ) o ] AR BRI AR AR R AT A O
BB, 25 B3R R e 37 3 — AN 55 30000 BT A7 K/ — SO 28 N AF S T A7 0 28 B 4
S . R BN AE WE T AE AR G MR B, CMS I A 8% 3R I 3R T ¢ -XX:+UseCMS-
CompactAtFullCollection”, H-F¥8 & AT 5 Full GC Ji7 /& 75 X} N A7 25 (R AT I 4 # 2,  LA
I 3B B N AE R B 72 A o AN f T A A S 4 B P R T T R ARAT BT AR O (1) ) AR 45 it
e K AR S e, Rk CMS i AR 88 L R A 5 A — AN I T “ -XX:CMSFullGCs-
BeforeCompaction”, Jfl T & 7 04T £ 2> K Full GC Ji X WA 25 M EAT R4 46 8. BT 2
PR N AERE R AN, CMS WUE RS IE A7 AE — DA 2RI 0] 80, AR A A 70 I R b il B Be el T
TP 1) T A 2 R R 0 i B 2 R A2 () I 8 AT Bl A g AT 1, I8 4 A 91 R b B B 2 ™
BT B B, CMS B TG IE R X B S B AT R D, B S T EOX B A b
Pkt B AT B K M e, T LBERE AE R IRRAT GC I, BRI L8 2 i AR 4 [P
(19 P9 A7 45 1)

MK FH R, A Full GC JLTF OBk Z E AR e Rl AR 44 1], (HSE B I
Full GC [ [H] i 3 i 20 AS B 80 PR T 2 4E AR, O™ kg 2 Bk i, Full GC [l v il L
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T T RAHEZ W, Kk Full GC ¥ 23tk Minor GC FE %% 51 K i) i i) o 58 ik bz 3 Wi 4 .
{t HotSpot ', BT CMS W5 % 2 S (1 AT f] I Ath & 4 A 57 0 ie 42 28 76 B 17 N A7 [l g i
K 22 AT Full GC (G 1 WUHE 25 (1 17 5B 8 1 LA 2k R 2 9 Mixed GC), ifil CMS
e A A8 HIR L EE I “ -XX:CMSInitiatingOccupancyFraction” ] J- ¥ & 4 Z AL (4 N 47 1F
IR IE B 2 /0 1 o3 LE A IR AT A A TR (IRARCA Y JDK 84 {4 68%, JDK6 K& UL F i
ABINEND 92%), X B H N A7 EIWGE B AR T 24448, imdesE s m, ikl i
I THUAE W] LAAT 2L PR AR Full GC MIBATIRE. MR IFA U] T CMS WHESS 2 Ja, wik
AL EMA Full GC T, — H CMS £ #uA7T i FE o Hi B “ Promotion Failed ” 5§ “ Concurrent
Mode Failure” I, F53RE al g4 fih % Full GC 1 4E . AEREIFh, JF& A b af LU i 32 1
“-XX:+UseConcMarkSweepGC” 3k Fzh 45 i€ 1 H CMS 4 8 AT N A7 [T 55

6.6.5 Xigi{ksHHX: G1 ( Garbage-First ) Y25

Gl WHES MBI E R A TR CMS esESsmi AR, Misskii, G123k IR T Al
I K+ ARE IS LA B 7 455 s 1) B0 w48 £ X34k AR B SR BB 8 o R0z i A A L i B
R 28 #RAN TR (A 46 CMS W4E38), G176 B b it S8 nl LA A AT A iy P 11 28 3L
PN AR L, G EHEKE T A Java HEX, SO RIFE RS L T AR HE A R
7 A 0 E RBE 3% (BT, 8 72 G 1 IF 3 K A% Ge 4 BB 2 1 AR AR RN &2 AR A S 7 AR AR
R A AR EEA), MRERK Java HEX KI5 12 2 048 A /A [H] (1) 3 37
Region ¥, %/~ Region B2 [A] n] & AN IELL A, TR/ ME 2% (] (1) S B /il o, %
gl 4E IMB % 32MB Z0a], P 6-13 Fias. XEERISr 1 4F 4k 41 n) BLSE f s e 7t
GC [t [B] e 2% A 47 % “ Stop-the-World ™ AL ()87 455 B ) LA IO I RE Ty frdk i, L3
Bl G B0 IF M BORS AE 2 B FE B S I ) 25 . SRR G OWCHE 88 A AT W A7 e, 1R
S R TS AN Java HE X of — 2 b ] R AE B K Region B, Mifiy ] LUGEE R (% LATE - #F 4%
FIHE¥A Java HEX (IR —A Region Hth 5| % —4 Region Bty xt g, )it
Remembered Set £ A 4 A HEF D . T AT W A7 I “ Stop-the-World ™ #L Il (1) 5 {5
INf 1) B nr 4%, AR T Parallel WA 5, JLAF Parallel WO &% 92 fihak ol -XX:
MaxGCPauseMillis” 44 il F2 5 108 45 b ), (ELRE 48 K PN A7 1) 725 TA) R T8O 76 b, 38 45 e i) 3
AR R e A A, AU R AT BE 1 16 UM I R P, H M s R OR R N A7 (R B
Wk B ] —E S A A A R e R R R, BTRAR AR E MR % 1
T Gl WCES R HERH, RO 5 T N A7 BRI — 2% Region B, FTLL G158
(1) 47 452 I () 45 BB i mT 4% o
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/

KEA

# 4 S (YoungGen)

FEFEX (Survivor)

ZER(OldGen)

\ Javal X /

4 6-13  Jk T Region Htf¥) Java HEIX i &

G1 R 28 (F AT I R ) LRI 7 A 6 B BL, I R s

PIikrid CInitial-Mark) BB

X 584148 (Root-Region-Scanning) /i B ;
Jf & ki (Concurrent-Marking ) Bir B :

P ARIC (Remark) BB

Wk (Cleanup) BB

O # 01 (Copying) Bt

DDDDD

Gl W AE BT L S CMS WU S BL. ZEWIZE AR C B Berh, FRF R AT (1) TAE S
FE#¥% 2 I k) “ Stop-the-World ” L 1y tH B0 46 35 (00 #7425, &% B BO ) 2 AT 45 & A il
Root-Region. — FLERIC 5¢ 2 Ja ik 42 Wk B 2 1 4 BT A (R B N e f o 4 PR ik A 21
FR DX S HE B B, 1% B AT 45 2 F14 Root-Region 15| Z A AU —4% Region
A EPAT SE %P BEZ G, A BETT IR T — OB B A A A7 [T

I R hRAC B AT S 5 kA Java MEX R IAEIERT S, BT BOIFA S §
BRI 452, DRI A RUAT IR R P A OB R AR N A7 RDBCET BT . PR IR B B R D A b
I B[R RE S 3 T “ Stop-the-World” HLHEIKY, 1B B 32 BAT 55 /2 58 B A A HE X o 47
WL B (FHRAC o T BRARC I Bt = 3B M, 8 Se 2t S BT TS R SO 8 R4t
[1(H 1) Region ¥, K J54L# Remembered Set, fEUL KK T EER, XMW #IER S
P N TR, SR JF R B A5 R () — 4% Region ¥R, FE¥EMTMBIZ TR K S . &
5 (£ UL B b & 3k T “ Stop-the-World ™ HLEIKT, % H B 1 3 BAE 55 /2 4 A7 05 % 5 741 21
K Adi 3k () Region Herb. 922 Jidix 6 N BUR, G WCHE S 19 A £ [RICAE 55 s 52 SE il T
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(KT GRS HE Z N A1 S % Oracle T 77 3CR " ). EREFEP, TF& A BT BLE i %
T “-XX:+UseGIGC” K F a4 E ] G1 ot 284047 9 17 [AIRAT % .

LR E W EE R, RS G WERKIWILUR A H bR &N 7 L B8 CMS e 5,
{HUIZK I SR N S 204 4 7= A 55 v IDK WA T+ 2% 31 IDK 7 Updated J 55 & (KA, %%
5 CMS RS VI3 G1 A%, B H TR PP IR %47 I A “ Stop-the-World ” LA 5 5%
Rt A IS ) FR 45, VA R AT B AR FF A i IR AN, 38 G K] 1 9 S8ORE e b IR — 26 T v T
il 1) JRUBG: o

6.6.6 HIRUWERRIMEXIATIAEE

=i VM LN BT & 55 40 o B2 B B R R S I 4% 2003 T 3k T e
(A AT IXRE A G % S 4f o JVM BEAT AR AR . B Ak B8, TVM ) 3 50 C B K Bn)
PLXI 23 O b Ak IR AE AR HEE I, SL A bRl IE I0 S Java KR SLHL Y 55 ) 2K 52K TVM 4
0SB, T A ME R TN AR 2, DR R A AR U JE T0URR AT ) BE A S 4 1 I AR AR b el
IO

Fz6-1 AFEERAEE
= wal | e ' SRR T
-Xms Py A7 1Y W E Java HEX (01U 9 A7 ] Y Java HEX N A7/ T 40%HT . TVM
1/64(<1GB) 205 N A7 VRS B T0-Xmx BT S0 9 (%) 0 KR
-Xmx 7B NS EEdip] i Java HE X 1) 5 KW A7 2l HIf Java HEK A7 K T 70%KE, VM i
1/4(<1GB) 22K W A7 VR BRE - Xms T H 5 1A o 11
-Xmn ¥ x B AE AR (Y oungGen) [H) Y 7 -Xmn W {7 K/h2& Eden % [a]+2 A
Survivor “E A fE, T 5 A BUAC Ok A
HEf 3/8
-XX:NewSize K B EUH EAR(YoungGen) (VI ELIN AT | AL T -Xmn 254, (5 HE 97 42 7= B85 op
J-Xmn, #M T X% E T NewSize/
Max-NewSlze 1] 4 {7 Kb
-XX:MaxNewSize | # I 15 B A (Y oungGen) (1) 5 K I A7
-XX:NewRatio Tx B AL (Eden 45M)+2 4> Survivor | i£Jil-XX:NewRatio=4 i, &/xFiE 5 &
2D H5EFEMRMM, AEK | FAIGMRED 4. MR CeRE Tk
AR J5i Xmn, 00 JC 200 5 % i 6l
-XX:PermSize YRR AEIY 1764 | BEE T XK HIAR N (7 ux
-XX:MaxPermSize | WHLWAFI 1/4 | BETE A7 X A B KM Ar ik

@) Gl W ERM: http//www.oracle.com/technetwork/cn/articles/java/gl gc-1984535-zhs.html.
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(=%

%6

PN A7 93 IBE 5 1 3 el

173

i

i

-XX:SurvivorRatio

F 55 5k 2 4~ Survivor

LB Eden [0/ 5 2 4> Survivor % [W){#) | Eden %% [il] 7 () {45 T
4PN L) A 801
-XX:TLABWasteT | 1% '@ TLAB %5 [6) fif 5 ] Eden %0 | ¥ &

argetPercent

£ £ 90 He K

#*6-2 GCLAEEE

.

-XX:+UseSerial GC

[n]

Serial W HE 25 H 1T

Serial Old W # 2%
H AT Il

JET-XX:+UseSerialGC BJLA T ah 45 5 4E /i Serial i
1 2% +Serial Old Y42 88 41 & HAT A A7 [l

-XX:+UseParNewGC

ParNew W5 2% Jf

17 i

Serial OId Wt 2%
HAT [R]

TEI-XX:+UseParNewGC BJLA T-2045 52 1] ParNew
W 25+ Serial Old WS 25 20 75 01T A 77 Il i

-XX:+UseParallelGC

Parallel 48 2% Jf

7 1nl

Serial Old W fE 4%
ATl

it 1L -XX:+UseParallelGC B] LA T 2 45 52 {ii H Parallel
A % +Serial OId B # AL 5 IAT A7 R

-XX:+UseParallelO1dGC

Parallel Y 4 %% JF

1l

Parallel Old Y& # 4%
FHAT I

il i -XX:+UseParallelOlWdGC 8] LA T 40 i i {8
Parallel Yt 4 2% +Parallel Old W& 1 8% 41 &40 T W A7 (8]

-XX:+UseConcMarkSw
eepGC

ParNew Wi 38 Jf
7l

HEMHH CMS 1y
EH/IFRMW, %

-XX:+UseConcMarkSw
eepGC
-XX:-UseParNewGC

Serial W4 2% AT

[l

H K Hl Serial OlId
4 2 R AT Il

{#A-XX:+UseConcMarkSweepGC BJ LA T & 4§ 5 fi#f
I ParNew W 42 25 +CMSS i 4 85 +Serial Old W S 2541
GHITW AT (55 {8 ) ParNew+CMS 4165 |, 24
i1 ConcurrentMode Failure 5 Promotion Failed i ,

IS FS ParNew+Serial Old 41 7

-XX:+UseG1GC

Gl g I

HAT AT A7 1l

ik

#%6-3 GCixIfE

Serial i 4 2% -XX:MaxTenuringThreshold GC MR B E, B8 H 1R (YoungGen) A7 iifi & % % FH-&

AR (O1dGen) IF FF 88 1 15 %

ParNew i f£ %

-XX:MaxTenuringThreshold

i,

GC MCEE 52 #H AR A (Y oungGen) A7 i 4 2% T+ &
FAL(O1dGen) 1) EEE 1L 15 %

-XX:+UseAdaptiveSizePolicy

A VIEE Java HEX P B AN 7R, LR GC VR

Parallel/Parallel
Old W45

-XX:ParallelGCThreads

17 S S I £ R K

-XX:+UseAdaptiveSizePolicy

H) A A% Java HEX N & ANXIII N A D BLE GC o AREER

-XX:MaxTenuringThreshold

GC P ARAFE R R, B B A U (YoungGen) {7 i 0 %% Tt &
AL (O1dGen) [ S 1 15 %
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6.6 LI fCEE B

gR
GCEm . |t BT ik
Parallcl/Parallel | -XX:GCTimeRatio BT A A L B 9T & JVM 02 7 4 I T L 6 4
Old it 53 05 99), A0 1(1+N)

-XX:MaxGCPauseMillis

B E AT W A7 IR Stop-the-World ™ L ()47 5 i (] 54 i
(ZIE T X} Parallel WU 4E 88 45 %0

CMS Wt 4%

-XX:ParallelCMSThreads

B BRI 2R R B

-XX:CMSFullGCsBeforeCompaction

HT CMS R b il — i B ik, BT LACERAT 58 A7 T2 )5
SPENAFRR . KRS TR E AT 2 DK Full GC JE R
WA A7 () JEAT S 47 % 8

-XX:+UseCMSCompactAtFullCollection

H1 - CMS KM bRl — i B 570k, B BLAEAT 58 N A7 il 2 )5
S NAERE R . IR T TR S AT Full GC b
W A7 25 ) HE A7 HE 4 5 5

LI,
lEfIx

CMS et 2s -XX:CMSlInitiatingOccupancyFraction | =43 4= fXeh i 1 A7 {1 304 5 2 /b 11 50 L i fis 001 1A 17 1]
W (ARRR A (f) IDK 8K 28 0 68%, JDK6 M b bR A Bk 45 fi
0 92%)
-XX:+UseCMSInitiatingOccupancyOnly | fC i HotSpot 4 bl A e v i 1 20 i o BT W A7 [l gy
A false)
-XX:+CMSClassUnloadingEnabled iR CMS W 85 BAT N A7 i
-XX:+CMSIncrementalMode FERA CPU IS BLF 4 1 15
XX:CMSlnitiatingPermOccupancyFraction | ¥ ¥ 77 i [X (1) 4 17 i H] % 311 {5 04T A A7 [T
QN -XX:G1ReservePercent B¢ Jh 4% DR 5 (i 0 T o A T4 bl LR b ol

AR CHE AR 10%)

-XX:G1HeapRegionSize

W Region () K/, ik 2 %, §alH % 1 MB #| 32 MB
H b i M ez /) 119 Java HEW (7 I/ &I 23 1 24 2048 4 Regions

#*6-4 G

C fBhiE Al &

T R

B ﬁﬁ XD

ik

-XX:#PrintGC

FT BN i S 25 1 BE sl 15 B

-XX:+PrintGCDetails

FTED 37 B 2% T VR (115 B

-XX:+PrintGCTimeStamps

AT EVEE SO 2% TF G ST T RO IR () ik CRE AR 1))

-XX:+PrintGCDateStamps

F1EQBE OB B8 F S AT I I a) 8% C 1T 307K A0

-XX:+PrintGCApplicationStoppedTime

T E 57 SR8 2% 3 B R 4 158 A g 1)

-XX:+PrintTLAB

§TEN TLAB 7% ] () { H] 15 5L

-XX:+PrintTenuringDistribution

F1ED K Minor GC & B () A7 5 18 W1 1) 8 411

-XX:+PrintHeapAtGC

FTED GC il J& 1 40 1 HE B A 6

-Xlogge

i€ GC &% th ¥ 12
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6.7 SE&k: GC BiE&EDH

AT R ROL, RE IVM I8 B 8 A7 BEEHL K KR TH T Java ﬁ&)&uﬂ’]ﬂ“*ﬂri
&%MK%‘PEXL%}MW&TVatzL@*uw&mLLﬂ’Jm&i ESE U Java TR A Gt
Wl T “ HBh”, BAXKGSR—IHRAE, B™ B E2S 551k Java H&AJ\H-EF%LLULW
Af-Yi H S 58 A 1) SN At e ) RS U 66 0 o BRIE 2 A6, 2 GC 7% A SE e R 32 4T 18 TPk e I S,
FEan Al “Stop-the-World” ML 5 30F 5 th B I (] (R 8 458, sk GC A 4 AT P9 77 ]l
SRR A TSN, FRATLARTE B T IX e GC H 8 KA AR R (1 8 %5 0 kb
B WS, T GC H G EEHEE A VM PERE AL RT IR AL Rl , MR A1 N A

AW K BRI AL, MRS GC HAEMBE L 00, b KK GC H &P W
7%, S AT BERE SR AN GC H A e b HE AR PR R AL EEM R T

6.7.1 AR GC HEMETREX

#£ HotSpot 1, Serial/Serial Old Y #E 2% . ParNew W 4E 3% . Parallel/Parallel Old W £E 2%
CMS WEEAR M G1 WSS — KB IRBE S & B AR et HE R RIER . A k%
ALy, PRAES— PP RS SRFTEN ) GC H AL AR, KHER T CMS W HE &% Al
Gl qﬁl%?‘ﬁ] BN GC HEM SRR Ah, HAd 75 s B X B S #8 KRN o 6T Wl £
PR ic AT A ATEIE GC H&, WA LLS %K 6-4 | ik miok 47T % & .

1. Serial/Serial Old Y& 8/ H ERR -

[GC [DefNew: 21463K->375K(27648K), 0.0213175 secs] 21463K->20855K(99328K),
0.0213743 secs] [Times: user=0.01 sys=0.00, real=0.02 secs]

[Full GC [Tenured: 375K->362K(71680K), 0.0043782 secs] 375K->362K(99328K),
[Perm : 148K->148K(12288K)], 0.0044761 secs] [Times: user=0.00 sys=0.00,
real=0.00 secs]

2. ParNew &I AERR:

[GC [ParNew: 21463K->464K(27648K), 0.0450565 secs] 21463K->20944K (99328K),
0.0451287 secs] [Times: user=0.03 sys=0.02, real=0.05 secs]

3. Parallel/Parallel Old &£ HERR

[GC-- [PSYoungGen: 21409K->21409K (26880K) ] 82849K->82849K (98560K) ,
0.0104002 secs] [Times: user=0.05 sys=0.00, real=0.01 secs]

[Full GC [PSYoungGen: 21409K->0K (26880K) ] [ParOldGen: 61440K->41411K(71680K) ]
82849K->41411K (98560K) [PSPermGen: 1616K->1614K(12288K)], 0.0467510 secs]
[Times: user=0.11 sys=0.00, real=0.05 secs]

B R R H B e Parallel/Parallel Old W 25 4T BN GC H A& M, K KK HARUHg X
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P BE SRR 2R 4T BN GC HAE N2 (P %2 ik GC H &, FFTEIEAT i F F Minor GC
Al Full GC #AT 7 —k. Hrd “[PSYoungGen: 21409K->21409K(26880K)]" & & 1T 5
Minor GC Jii B AEARHI W A7 48 FH 8, “PSYoungGen” 4y BT [0 [t A {7 X 2678, 3 5 B7 4 1T
B e W B 28 2 % UIAH DG (¥ (LA Parallel/Parallel Old W4 4% 265l B /EAR N “PSYoungGen”,
AN “ParOldGen”. K ALK “PSPermGen”), “21409K” 5 A= AL M1 T (19 P 4748 1]
o, “21409K 7 b B A AR IS (9 N A7 (T 8, “26880K ™ g B A4S 10 B N AE K/
“82849K->82849K(98560K) " XA Java HE[X [F #EAK P AE 4 I, “82849K ™ Jy HE [X [1] i i
WA RT3, “82849K ™ Jy MEIX [ ¥ A A7 18 F %6, “98560K” 2 Java HEX [ 5 4 17 K
/ve #0.0104002 secs” LK HE A UAT Minor GC [FIFERT, LLFE Xy 847 . “[Times: user=0.11
sys=0.00, real=0.05 secs]” ] 3 NS H 55l 4 FEIFFERT . FRGERE R R SE BrAERT .

W [ Parallel WEESRFTENH GC HAE WA G, #: T REATH K 747 Parallel Old WU AE 2%
FTEN GC H k. H “[PSYoungGen: 21409K->0K (26880K)]” 8% 25 #Hr AL AL 10 A A7 48 FH % .
“[ParOldGen: 61440K->41411K(71680K)]” K& AT 5¢ Full GC Ja Z AR W A 1EH] %,
“61440K” Jy & AR RIS R (K N A7 A FH %, “41411K 7 by ZAEAC RIS 16 N A2 4 T %,
“71680K” A ZAFEACHI B N AE /DN . “82849K->41411K(98560K)” L4 Java HEX [ 844 4
LR 3 . “[PSPermGen: 1616K->1614K(12288K)]” X # /K AN AAAE T E, “1616K”
7K AAREIBCHT () A 2, “1614K” gk AAR [BICIS O A7 48 FH 36, “12288K” K A
PRI B A AE KA. “0.0467510 secs” RFEH A IXHAT Full GC (FIFERT .

4. CMS fE&r H AR

[GC [1 CMS-initial-mark: 61892K(81920K)] 61892K(100352K), 0.0001474 secs]
[Times: user=0.00 sys=0.00, real=0.00 secs]

Total time for which application threads were stopped: 0.0397105 seconds

[CMS-concurrent-mark: 0.005/0.005 secs] [Times: wuser=0.00 sys=0.00,
real=0.00 secs]

[CMS-concurrent-preclean: 0.000/0.000 secs] [Times: user=0.00 sys=0.00,
real=0.00 secs]

[GC[YG occupancy: 173 K (18432 K) ] [Rescan (parallel) , 0.0001639 secs] [weak
refs processing, 0.0000073 secs][scrub string table, 0.0000315 secs]
[1 CMS-remark: 61892K(81920K)] 62066K(100352K), 0.0003017 secs] [Times:
user=0.00 sys=0.00, real=0.00 secs]

Total time for which application threads were stopped: 0.0004123 seconds

[CMS-concurrent-sweep: 0.000/0.000 secs] [Times: wuser=0.00 sys=0.00,
real=0.00 secs]

[CMS-concurrent-reset: 0.002/0.002 secs] [Times: user=0.00 sys=0.00,
real=0.00 secs]

R CMS WS 5 2 01 59 4 LR B M BCR 24T BN Y GC HASE R A E KA. K
KM —TF, EHYWLL 6.6.4 1hxt CMS BEER AT REEAT LI B UM, AN
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T e, EATAT LK CMS (1 GC HAS X2 A ¥ i bR i CInitial-Mark) . JF % b5 id
(Concurrent-Marking). #f X #Fric (Remark). JF& iR (Concurrent-Sweep) iX 4 4> 1
B BOdEAT PR A%

B 45 CMS & LA —NFRZ AW FRIC CInitial-Mark) B BEAVE b TRUS, 76 XA B B o
v T A 1) A 2R R 00K 2% [X 24 “ Stop-the-World ” ML iy H BLZT 0.0397105 FEI¥I%ET {2 (4n
KA GC H G RERS ST EI H RS 3 (198 455 18 (), U) mT A i FH 32 150 - X X :+PrintGC Application-
StoppedTime” FEAT B E Do X AP B T BT 55 5 2 b ic o4 A7 o 8 e PR 3t R 4 4 Pr i
P H bR GRSk, HAPATHER 0.0001474 7,

R RS UENF) I A ARid (Concurrent-Marking) B BE, X AN B & BAT 55 5t & 4%
Z B AN AT SE 0 GARAC A B B ot T B BORE P R T R R 4 R0 S B R R [ i s
AT AL 84T, OB BOF A S IR 15, AT FERT 0.005 7.

(EE AT I & EFE (Concurrent-Sweep) Z i, CMS £ %) 2 Bl (57 3% X % X bR ic
(Remark), LUl f& 2 BT # A5 id b B HIRF i 5l X RS &8 B 8 . M 46 A5 il
(Initial-Mark) BB —#F, %M B FFE 2 K8 “ Stop-the-World ™ ML T HFLLY 0.0004123
T, BZHATFER 0.0003017 #.

128 it wl UG bR id (Initial-Mark) . Jf & 451 ( Concurrent-Marking) FI1H: X b5 ic (Remark)
AP Z G, CMS S 2 23 N B A B (Concurrent-Sweep) B BEFAT W A7 RIW, #
JBUBE G X6 S BT o7 FH B A7 25 ). “0.000/0.000 7 AR R A5 I A3 BRFERT CPU BB () R 8% b i
) G SR A& AL #E ( Concurrent-Preclean) H1Jf /2 # ¥ (Concurrent-Reset) %[ B,
MPATEIX 4 N E B BG, CMS BRSBTS st F A e T .

5. G1Ug&=HEr B ERR:

[GC pause (young) (initial-mark), 0.00182844 secs]
[Parallel Time: 1.4 ms]
[GC Worker Start (ms): 159.5 159.5 159.5 159.6
Avg: 159.5, Min: 159.5, Max: 159.6, Diff: 0.2]
[Ext Root Scanning (ms): 0.6 0.2 0.5 0.3

Avg: 0.4, Min: 0.2, Max: 0.6, Diff: 0.3]
[Update RS (ms): 0.0 0.0 0.0 0.0
Avg: 0.0, Min: 0.0, Max: 0.0, Diff: 0.0]

[Processed Buffers : 0 0 0 6
Sum: 6, Avg: 1, Min: 0, Max: 6, Diff: 6]
[Scan RS (ms): 0.0 0.0 0.0 0.0

Avg: 0.0, Min: 0.0, Max: 0.0, Diff: 0.0]
[Object Copy (ms): 0.8 1.1 0.8 0.8
Avg: 0.9, Min: 0.8, Max: 1.1, Diff: 0.3]

[Termination (ms): 0.0 0.0 0.0 0.0
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Avg: 0.0, Min: 0.0, Max: 0.0
[Termination Attempts : 2 1 3 2
Sum: 8, Avg: 2, Min: 1, Max: 3, Diff: 2]
[GC Worker End (ms): 160.8 160.8 160.8 160.8
Avg: 160.8, Min: 160.8, Max: 160.8, Diff: 0.0]
[GC Worker (ms): 1.4 1.3 1.3 1.2
Avg: 1.3, Min: 1.2, Max: 1.4, Diff: 0.2]
[GC Worker Other (ms): 0.1 0.1 0.1 0.3
Avg: 0.1, Min: 0.1, Max: 0.3, Diff: 0.2]
[Clear CT: 0.1 ms]
[Other: 0.3 ms]
[Choose CSet: 0.0 ms]
[Ref Proc: 0.3 ms])
[Ref Eng: 0.0 ms]
[Free CSet: 0.0 ms]
[Eden: 1024K(80M)->0B(79M) Survivors: 0B->1024K Heap: 80M(200M) ->80M (200M) ]
[Times: user=0.06 sys=0.00, real=0.00 secs]
[GC concurrent-root-region-scan-start]
[GC concurrent-root-region-scan-end, 0.0005536]
[GC concurrent-mark-start]
[GC concurrent-mark-end, 0.0000599 sec]
[GC remark [GC ref-proc, 0.0000138 secs], 0.0011348 secs]
[Times: user=0.00 sys=0.00, real=0.00 secs]
[GC cleanup 180M->180M(200M), 0.0004300 secs]
[Times: user=0.00 sys=0.00, real=0.00 secs]
[GC pause (young), 0.00114628 secs]
[Parallel Time: 0.9 ms]
[GC Worker Start (ms): 228.1 228.1 228.1 228.3
Avg: 228.1, Min: 228.1, Max: 228.3, Diff: 0.2]
[Ext Root Scanning (ms): 0.3 0.3 0.2 0.2
Avg: 0.3, Min: 0.2, Max: 0.3, Diff: 0.1]
[Update RS (ms): 0.0 0.0 0.0 0.0
Avg: 0.0, Min: 0.0, Max: 0.0, Diff: 0.0]
[Processed Buffers : 2 0 0 0
Sum: 2, Avg: 0, Min: 0, Max: 2, Diff: 2]
[Scan RS (ms): 0.0 0.0 0.0 0.0
Avg: 0.0, Min: 0.0, Max: 0.0, Diff: 0.0]
[Object Copy (ms): 0.5 0.5 0.6 0.5
Avg: 0.5, Min: 0.5, Max: 0.6, Diff: 0.1]
[Termination (ms): 0.0 0.0 0.0 0.0
Avg: 0.0, Min: 0.0, Max: 0.0, Diff: 0.0]
[Termination Attempts : 1 1 1
Sum: 4, Avg: 1, Min: 1, Max: , Diff: 0]
[GC Worker End (ms): 228.9 228.9 228.9 228.9
Avg: 228.9, Min: 228.9, Max: 228.9, Diff: 0.0]
[GC Worker (ms): 0.8 0.8 0.8 0.7
Avg: 0.8, Min: 0.7, Max: 0.8, Diff: 0.2]
[GC Worker Other (ms): 0.1 0.1 0.1 0.3
Avg: 0.2, Min: 0.1, Max: 0.3, Diff: 0.2]

, Diff: 0.0]

.0
1
1
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[Clear CT: 0.1 ms]
[Other: 0.1 ms]
[Choose CSet: 0.0 ms]

[Ref Proc: 0.1 ms]
[Ref Eng: 0.0 ms]
[Free CSet: 0.0 ms]

[Eden: 1024K(79M)->0B(79M) Survivors: 1024K->1024K
Heap: 180M(200M)->180M(200M) ]
[Times: user=0.00 sys=0.00, real=0.00 secs]
[Times: user=0.02 sys=0.00, real=0.01 secs]

AT AR E, GRS PTTENK GC HE WA M rI LA S % Oracle 1) J7 SRR UEAT
g, AHEA L U

6.7.2 (M GCHisto TESHEZBAE

LEAEFEIREE p o S AR GC H kA M sl A 4 IVM P BE R (R AR 4 s 2 e —
AR L PR A (AT 5% o T HE IS 00 F AR PE BB o ) H S SRS R, USSP IR S 1B AT 20 B A5 b 9
ANEHAM, BT LA B — S B AL A T H R B IRATT T GC H S H S AN ik .

B 7 AT LAX GC H GBS Lo s Hrdbh, A7 —2eL [ 1 SE 0 20 4 (10 B AL A1 1T . 8
Z A B X e S R TR SR A Bh T &N 53 43 A R A7 i) AN A RE 8 4 IS TR) S R B, AT
GiRFSTEMEHAMER. HArtb s H M LK GC H&E 2 b T H A GCHisto
GCLogViewer. HPjmeter 1 GCViewer 5§, %4 fi i H ({134 /& GCHisto T.H., FrLAfE FoRAE
LA GCHisto T H 4Bt 17#H# . GCHisto s 53] Sun 2 @] H i1 —3KHE T Java i 5 % 5 i
TR GC HE&ES T TH, KZnILLE K https:/java.net/projects/gchisto 4% GCHisto [f]
Pbd .

M KK FNEUF GCHisto T R I h9m iS5, v H4ZIE1T/gehisto H & F ) Main
2%, o E B A TREAT G — A0l LU AT 1 jar #9F, 244K 5% 5 ik Bl — A 7 X iZ2 47 GCHisto
D] L AT 5 « GCHisto J8 2l 31 B3 5 N gelog Ji, FRATE o] AR St v St i A= s (1 G vk
G5 RKRBEAT . WK 6-14 P,

#£ GCHisto T HMG it A+, A T 83447 GC 117X % Minor GC [ {X %1 Full GC
IR R “Stop-the-World” HLHI T -5 B0FE 78145 W) 46 bR 10 R PR i IR, GC AT K
B E A ey AT GC BIFER . GC [ F X FER AN/ B KFEIN S . 8RR T 4iit &5 14k,
i ] LAY ) L I e A gl A N B A AT R . W 6-15 P
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[ABGC Stats | Chart: Num | Chart: Total GC (sec) | chart: Avg (ms) rcm_su_n_m(ms; | Cnart: Min (ms) | Chart: Max (ms) |

Num Num (%) | Total GC (s..| Total GC (%)| Overhead (. Avg(ms) | Sigma(ms) Min(ms) | Max (ms)
4 10000% 0011 10000% 0.37% 27 5081 0147, 0.
GC 1 25.00%| 0.010 94 42%) 0.35% 10% 0.000/ 10365 10
6C 0 000% 0000  000% 0.00% (X 0000 0.000 0 §
Mark 2 50.00% 0000  283%  001% 01 0011 0 147] 01 ]
1 25.00% 0.000] 275%: 001% 0302 0.000 0.302 0.302

T R S R AT S RS U SN S WA Y

[% 6-14 GCHisto . FL {145 1 71

m"‘"t“""‘"‘"‘"" o F!

| Chart: Total GC (sec) | Chart: Avg (ms) | Chart: Sigma (ms) | Chart: Min (ms) | Chart: Max (ms) |

/]
e e ey Y STy en s e g e VTR reced RS < Y

[ 6-15 GCHisto [ 4k 43 #7451

18 F GCHisto T L S i % Al o J7 (8 M AR ge.log 338 A o X ME ) 48 1 45 R A0 B AL
Mg R, IF BT GCHisto TR ZFFIIEACHS K, BT LU RS, 584 ) LABH
{EH DR At 2 EREAT DO BET R .
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6.8 ZSL&%: O dump X

dump SCAFSE bR Ea& — 0 WAFBER SO, &t sk T Java ERINLAE S — > i 21 984 i =5
(i) o (1) P9 A7 Al P B0 o 7RSS BR T ARG R b, JF RN BT LAARHE dump SCPF SR 4T 43 b R
AR AR AT L & R A OutOfMemory 5t it . — MR UL, A2 dump SCHF5H LK
T Bt 2l L {6 A JDK 1415 (1) jmap T H, P45 JDK [ 45 [ jhat T.EL . IBM HeapAnalyzer
T. M 8% # MAT (Memory Analyzer Tool) %5 T H gt b4 047 .

6.8.1 {EMH jmap TR 4 dump 324

jmap #& JDK H A 00— 3K & 1TH T4 dump O 89 T B, @ ok 4 A% T H G 9 thod
(14 B dump SCAF . IF & N B3 nf LAZERE 6 & i\ fir 2 “jmap -help” & % jmap T H i) B {4 ff
HI 77 M — S bR i ARG & . 4 B TR
HARH
jmap [option] <pid>

jmap [option] <executable <core>
jmap [option] [server id@]<remote server IP or hostname>

Lo 3 T, 45
-heap G AN HE S A VRN S S, 45 GC IfER] . MERCEG R, LLEAWNAF
i AR B 5%
-histo W HEAS P R g R, B, R AR
-permstat A ClassLoader K& it 1142 4 th kK AR N AR S B
-finalizerinfo i th 55 £ 28 25 1 X 545 B
-dump Az % dump SCAF
-F 1 R SN LE A X -dump 3 T AT AR AT i I, 53 AT 2B B dump SO
-h | -help jmap T H (¥ {3 FH # Bhir 4
-J<flag> ¥ flag BG4 IEEIEAT I ERIHL.

e K F FHBVERE, jmap T HA —#4rE PR T 7€ Linux # Solaris - & FEH], 1M
Windows V& FHE i F (k5 147 “-histo” Al “-dump”. —#kii, Al T4 dump X
k1) “jmap -dump:live,format=b,file=heap.bin <pid>" $ 3 L} M1 jmap dr &2 —.
TR dump SCAEERBCRERE, DMK 5 SO S A, R K N AE BB A B dump ST
i HERE 9l S K I B ) R 5 A
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182 6.8  SEA%: 3 HT dump A

6.8.2 {E£/A MAT ( Memory Analyzer Tool ) TE4#f dump 324

LA 252 Kok, IDK (A0 jhat Tt al LL3Y dump SCREREAT 2047 AS 3k 46 52 B
WAL RE R, jhat TH MR KO, K24 jhat TR RAREM, FT LA
T RN GAEAE L FEE ] IBM HeapAnalyzer T H8#% MAT (Memory Analyzer Tool) T £
KX dump SCAFEAT 5007 o 84 AT B 928/ 2B F B MAT T H 40,k K5 gk fn 4
i & k3 dump SCEEBEAT 2047

MAT T HJ& Eclipse #2111, IXHEWE MAT T HA AT LSS T, 38 0] LAAE b 4
P Uk A AL Eclipse S, K% 0] LA 3¢ http:/www.eclipse.org/mat/downloads.php <
B MAT T H TR A . MAT T AR R AR H 7 (8, 032 42 0 T K W AE 1K dump SO
W, AT RUIE S B B 2 AR RAEHE A ) e BT G A KN . S B . x| %
R AT OQL X% Axify, LA nl IR J7 b3k th % % GC Roots (FIAHKAR B, IR A b5
FE AV [ A 53 T ) AL

MY R Bl MAT TH 5, 32 AT “ \MemoryAnalyzer-1.4.0.20140604-win32.
win32.x86\mat\" H 3¢ F[f] MemoryAnalyzer.exe B 7] /%3y 3 5 MAT. K T J5 {# 5 4L (#1380 ,
EAPRAE T — BT, W AR

K53 6-4 FFH R dump ST ALK AT

/**
* —server -Xmsl024m -Xmx1024m -Xmn384m -XX:+UseParallelOldGC
* -XX:+PrintGCApplicationStoppedTime -XX:+PrintGCDateStamps

-XX:+PrintGCDetails
* —-XX:+HeapDumpOnOutOfMemoryError -XX:HeapDumpPath=D:/heap.bin

*

* @Qauthor JohnGao

*/
public class GCTest {
public static void main(String[] args) {
final int 1IMB = 1024 * 1024;
byte[] valuel = new byte[ 1IMB * 100];
byte[] value2 = new byte[ 1IMB * 100];
byte[] value3 = new byte[ IMB * 100];
byte[] valued4 = new byte[ IMB * 500];
byte[] value5 = new byte[ 1MB * 100];

}

RS s 49 o 3 5 -X X+ HeapDumpOnOutOfMemoryError "A1-“ X X:HeapDumpPath ”
PR & Xk & Y B e ig 4T i B OutofMemory B, B EFRE I H X AR —M ™
BT JVM (P HE N AE dump SCPFE, WA HR & 300 “ XX:HeapDumpPath” 02 76 i1 H 5% M2k
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1% dump SCAF o FEUE KRR @ EE R, A jmap T H, MAT T H A #8488 5484 5% dump
A, AR BRI A JUT A A e AT AR A M, K ER T B A b, PRt
jmap+MAT T H & 508 WL dump ST M4l & .

MPAT A 6-4 R R, 04K 2 K OutofMemory, 4R 5 76 BT HE & (109 H 5 K 4%
F)A B dump SCPE ST, BATE ] LU I MAT T HSREEAT 2007 T« 4800 B30 MAT Ji7, il
WIS I File->Open heap dump” T TFR ) dump SCAFHF 2 5% Overview I IR,
e 6-16 Fios.

Size: 300.4 MB Classes: 392 Objects: 5.9k Class Loader: 3 Unreachable Objects Histogram

~ Biggest Objects by Retained Size

288.2 KB
N5

Total: 300.4 MB
java.lang.Thread @ 0x1b8d0b30 main
Shallow Size: 104 B Retained Size: 300 MB

& 6-16  Overview 1% I #1. 4]

7t Overview JEIUALEE , DAGEIR B I B2 T FRIT N AF RGN — S AR5 |, Horp
5 — P A [ 9060 10 O B A AR 2 T AN [R) LR A8 19 P9 A T RE S B ot SR U AT g R
OutofMemory 4GS 15, AT AT LLE I Dominator Tree S HLEORBEATHE A (MAT T H
(LA —Fhai B B, 941 OutofMemory 52 JF ANA7AE— /N il 5 1 77 sCRHER, - DRAT
AN W5 FN 2 B A RE AR B ) BT (), WK 6-17 Frox.

f. Dominator Tree %I R B 77, PN A7 0 BT A7 1R X 52 104 2 42 RPN A7 1 RE 1 1 44 A o BIMIC
PEATHER o, Bkl WACHS 6-4 th 5] % OutofMemory (K1 JLAN KA R &M bR d 46 T B A7 .
Horp “Class Name” JiJ& Java 2504 %4 “Shallow Heap” il “Retained Heap” il 7>
5 (19 2 R B A 5 T R A RS, LA RS AR B FIE i 5 | T R R R B A A7 R/ B A T
“Percentage” TN JT] T 7Rk XF B FEFT (5 484 dump total ) 73 Ho
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184 6.9 AF/G

PR

:;MM dominator_tree &% I / o e ¥ ‘ !
Class Name Shallow Heap | Retained Heap  Percentage
P <Regex» =Numeric> <Numeric o Numeric»
» & javalang.Thread @ Ox1b8d0b30 main Thread 104 314,573,392 99.87%
&2 class sun.nio.cs.ext GBK @ 0x1b9345f0 System Class 32 107,016 0.03%
o [ sun.nio.cs.ext ExtendedCharsets @ 0x1b912db8 32 68,272 0.02%
¢ d€) class javalang.System @ Ox1b8db708 System Class 32 60,384 0.02%
o [} char[28672] @ Ox1b8df2a8 \ufffd\ufffd\ufffd\ufffd\ufffd\ufffd\ufffd\ufffd\ufffd\ 57,360 57,360 0.02%
5 &) class java.nio.charset.Charset @ 0x1b912d20 System Class 40 19,120 0.01%
|+ [B sun.misc.Launcher$AppClasstoader @ Ox1b8d0b98 80 15,664 0.00%
| b B class javaio.File @ Ox1b8df190 System Class 32 11,960 0.00%
1 48 class sun.nio.cs.StandardCharsets @ Ox1b911668 System Class 152 5.376 0.00%
v & class java.util.Locale @ 0x1b937e10 System Class 152 4,024 0.00%
| & &) class sun.utillocale.BaseLocale @ 0x1b93c2d0 System Class 8 3,064 0.00%
| b & class javalang.Classloader @ Ox1b8d6e18 System Class 2 2712 0.00%
{ v &€ class javalang.CharacterDatalatinl @ Ox1b93bef0 System Class 24 2,680 0.00%
| © &) class sun.misc.Metalndex @ Oxit ) System Class 8 2336 0.00%
|+ &£ class sun.misc VM @ 0x1b909b78 System Class 64 2,056 0.00%

%] 6-17 Dominator Tree i% i 4, ¥

6.9 ARSI

AREEH G EMM IR T Java HEX . HEEX . BITH R, PC FAFa%. Java AR,
A Hh T VR DA R M B S S IX %% 7 ANYE HotSpot FRAER EE MBI NAX G, REHEAEX
HotSpot (¥ [ 3 P9 4755 BEHLEIEAT TIRARIVHE, b s 70 S A7 2 ic S 2, 2B 4y
Frfks F4YAE . WAEAR &5 OOP-Klass BEAY . Bidfoxt S nfbric, LLRAS[A BB R 5
oo MK K HEMR E B3 N AE S BRI A0 RS, AT XA T Serial/Serial Old W 4E 25 . ParNew
W4 5% | Parallel/Parallel Old Wt AE 28, CMS W E 28 M1 G1 AR 38 554 H IAF sie TIAEAF )
Szl N R, EFH VR T WA R GC HEMEAT M, LA A jmap+MAT T H K5 #r
dump L 1F.
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K D0EA LS

ATA — AN B A A ) 2 AR e 2028 D 5 E K 480 SERE R AR AL 3 N | —
H— AR Ih A Jid X 3 AN PR JG, el AR R B A T, FF & A 5 AT AR R T
hur R A E RS R BAG B (n: §RSTB BASTIED, BEE A new KEET N
HAVE X B H] . RN — AR I B JVM h RS, H 3 B s W 7 bk,
E R EEA i A W B 2 TS R T .

7.1 ENDHEIS

TEIE TG IR 2R IR 2 0T, EH AL EE AN KENE TR, KAZn
AR JVM BAT AL AT . sk UL, ZENER R0 3 BT 5w AR B — AN 4
M s AR B E UL 25 ) —HERIF M B IVM N, RGN — A5 H AR 20 N 1
java.lang.Class %f % SE 0] o 28 N#R 8% 5 5t BLAE Javal.0 A, ARSI (5 B2 54l s g 1 w6
A& Java Applet N T 4 B0F A2 HoR, {H AN 4 K 4K 48 N7 OSGi. =7 17 b i i 2 4503k K s 5 ¢
XEEIRINT Java BN R THE NS0/ R BB BRI, HERAZEF eI er
JVM P8, XA AR I 4 Ak gk 2 BB 8% B0 R % RN ) 25 Hb B AT 28 I ke 1

—MRABF LR, Java R A AT EAEFE P b B A 2R, R TNk
MM EN BE R CEE ., G KIS Java RN G JLTF-ETE H & (1) 46 T 4F o WL
i java.lang.ClassNotFoundException 5 % 84 java.lang.NoClassDefFoundError 54, FTLA A T
O E X 2 e LI A T R R S O, T RSN B ES I AL s s TR
Java JFR A G AU ESR I — T IERE, BRI AT IXRE A BENE A8 H I 7 3 A0 ISk DR okt o AR 48
WS HH AL ) AR ) . BRI A, AR R BRI N g b, LN A S SRR
) A5 0 28 B T B G 1R S 1R N R SO REAT N A R AR, IR S S R INEERATAE T, R
AL, PR AN BT LAZERE P R RS e RN 4848 ok F 07 & SRR, LS s il —
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S 1 2 K Ab PR IE 4

2% (Java EAUNUIE (Java SE7 FRO) IR AA , TVM SCHF 95 R0 26 50 (1) 24 I 4 28,
73 51 43 2 I # #% (Bootstrap ClassLoader) Fl [ 5 X 2 145 2% ( User-Defined ClassLoader).
TEUE R K T SR, MR Bk UE, A U gs — I 2 FF b i JF R A B A LI
—REMB A, (B E Java BRIV IE A X 4 & X i 2 ¥ 4 IR E T4 % 2% ClassLoader
I A BRI 9> h B e XN . e KBS A T R4y, 76 FLIe P A1 i 5
FIE BB AEANE 34, WFHR:

[J Bootstrap ClassLoader;
[J ExtClassLoader;
[J AppClassLoader.

Bootstrap ClassLoader tHFRZ 4 3K MR, ©H C+HE 5495 IFHREE IVM N,
ELRTUNE “JAVA_HOME/lib” H X HIFT A KA, s ikl “-Xbootclasspath ™ f 5
% 7% 19 T4 258 . ExtClassLoader 1 AppClassLoader J&%: T ClassLoader, Jf FL#5 /& 1]
Java iE G TS, ATH EZ A TTME “JAVA HOME/lib/ext” § R H b (1 B 43 374,
1 Ji7 & W) 3 32 97 57 hN 4% ClassPath H XS AT 8. W R s

KEB7-1 RRIZEMEBIFBAMBER

/**
AN [A) 2 T 2 A% 1 hn 4 2 Y

* @author JohnGao

*/

public class ClassLoaderTest {

public static void main(String[] args) {
/* Bootstrap ClassLoader fiSiM# JAVA HOME\1lib HgH )2 Hy ~/
ClassLoader loader = System.class.getClassLoader():;
System.out.println(null != loader ? loader.getClass().
getName () : null);

/* ExtClassLoader fiFiIN# JAVA HOME\lib\ext H X [\H »/
System.out.println(CollationData ar.class.getClassLoader().
getClass () .getName ()) ;

/* AppClassLoader 3T N# ClassPath HREHFHIHER +/
System.out.println(ClassLoaderTest.class.getClassLoader () .
getClass () .getName()) ;
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I R

null
sun.misc.Launcher$ExtClassLoader
sun.misc.Launcher$AppClassLoader

EIRACH R, S ilE getClassLoader() 5 v B DI 3K EX T H bR 2 Nk 22, & [n]
fE#t/& —4 ClassLoader [MUR4A LB, HXA K iLkHIHIEB T ClassLoader, ifi J& T
java.lang.Class.java.lang.System £ 1 % {“ JAVA_ HOME/lib”H 3% #, H1 Bootstrap ClassLoader
TITINA, (H R R 2 R AR 88 A AR A Null, MRIXFAR R LB RALGE,
M2 N R sh A8 A B CHHl S S IR EE JVM A, Frblsibis R4 aH
Null. sun.text.resources.CollationData_ar {457 “JAVA_HOME/lib/ext” " & H 34,
ExtClassLoader 15714k . Ifi ClassLoaderTest F/EZEH HOME M —4 Java 2, U517
ClassPath H &, Kt AppClassLoader 1157 N .

7.1.1 33 ClassLoader

T SR> ) 2R A% Vi A AT TSR T LAE R R PR S [ RN a8 ok
BroE SR MBGE N, DAESCH—2 [ g XA EHE. £RFPRS A HE XM
R EAER R RS, T 24k A& % 26 ClassLoader Jf 5 H findClass() 7 LI Al 24
G50 1 SE SCRINEAR 5, 8 n] AFEFR b i H] loadClass() 77 12 3k 52 B0 28 hn 4 48 1

EE —A B LNk, RATLH S 3 ClassLoader H 1) — 6 b4 3 H 1)
Fiid, WA FREF K S oeX S 7 bt AT v . Wk 7-1 Bros.

% 7-1 ClassLoader B9 B A5E

getParent() IR [0]1% 28 4525 1) 8 2 4K 2%

loadClass(String name) I# % PR name (K128, IR [B145 YL 4 java.lang.Class 2 1) 5 i
findClass(String name) 4k 4 FK 4 name (28, JR[RI45 A java.lang.Class J () 9
findLoadedClass(String name) ik A PN name () CE BN 02, R[BIZE R ) java.lang.Class 2 (1) 5 )

defineClass(Stri b b,i ~
efineClass(String name,bytel] BNt | v st b o 60l 266 Java 2., JE[EI4E L java lang Class 9 B

off,int len)

resolveClass(Class<?> ¢) R E A Java K

{I 4 7-1 t}1, ClassLoader [¥] getParent() /7 72 Fl T $R I H5 SN 28 0 2 4k 2% . 4% 18
FOEZRIRAR GEREE 7.1.2 ) M, BT EshXmikEz s, By as— R mess
N AZANA AR INE S, thin AppClassLoader [ 3 N4 28 3t /& ExtClassLoader. U
FHrR:
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188 7.1 KRS

K#37-2 £ getParent() A A KRB Y AT 2 M B RO B AL ME R

/**
RIS I A% ) 2K 0 4 2%
*
* @author JohnGao
*/
public class GetSuperClassLoader {
public static void main(String[] args) {
/* RECE PR MR ~/
ClassLoader classLoader = GetSuperClassLoader.class.
getClassLoader () ;
System.out.println ("MaIKM#EM->" + classLoader.getClass ().
getName ()) ;
/* FREGHEE MBS */
classLoader = classLoader.getParent();
System.out.println ("MATKMIBLAHMBELEME B ->" + classLoader.
getClass () .getName ()) ;
}
}

FE Fe it

MATA NI BE->sun.misc.Launcher$AppClassLoader
AT RN AR BRI ->sun.misc. Launcher$ExtClassLoader

R, — AN Java 28— B 4k& A % 2K ClassLoader, JfH 5 H findClass() /5 ¥
Ja, EMegRE N EEXEMEET . —BEH T, findClassOF! defineClass()ifl & & —
EHAMHM . £ES findClass() /7L, 7 LAE @ AHN (K2 # A B84, tetn, W —A
T SO AEGR E ( BHR R AT T S b B, LABH b Ho A N BEAT S 1F, B 43X AN B )
T S AE Bl g VM W2 R/, B e T A B R AT MR R, UM LS,
"] LA ] defineClass() 77 145 fif % )5 1) byte $04H #% # 4 — 1~ 2K11) Class X % 52491 .

{# il defineClass()ist B 715 65 (I B8 IR AR T éfE, & T L2 Mg, S22 LR
RINRE — AN KM, BB AL T defineClass() 77 i Ho b ¥ hy — K1 Class X %5
Bl fEMER R T EER, WORABELRY B D] IVM NI S (Link), Al Ll
i FH resolveClass() /712, “44R 0T LLHI JVM ik £ B % A8 £ 4 B A AT B 4 1

7.1.2 MEFIREB
EHAA T WP KRENBT KA 2 REMBE, AR P LK 3 MRN8,

4% %1% Bootstrap ClassLoader. ExtClassLoader fl AppClassLoader. 388 JF % A b th nl LLAE
FEF 4 S — 1 [ 58 XA 38 K 5 X Lo 8RN 1) 28 #8 28 JL R U AT KN 55 - KK
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%N, EPATRIMBAL S 5, Wi OR— DA AR ME— L ? 28I AR S — )
To MFATERE K FHEEEME LT — & A G G TFHL, (0 R/5 68 2 o i
TAEANNBA FEFHICEEFEN, TRAGHER T/ FHIRB R, R KRR SR
ERA&E RN B — & 2H A RERTHL. SR B PTG TN EEIEG, B REH
% T FHLZATHGR BT E % (CFALRBER MR — 0O, HEA NS F/IGFEHMRESR, t
BN FHLREAT BRI, 10 B NGRS DL ks TR K FHLEE I E MG, JF &
/NG A A VR AR DR PR AR e B R o SV AR R RR OB AR BE AN M, /I B A R A R R X )
SREBT B, RS RSN SO FHUECT A BRI G, e 2[R Rk /N S 9 S A
— 6 A 0 R KR BE T AL AE TN O A R A S AR S, DR 0 S RE AT AE 43 I HEAT BE 4
TR /N R S ) SCEE T IR B T F LA SR AL, IS SE A KRR # B SRR AR S, N
BT XM ERERFFIFEKT .

A EIRCEARS O, (E I ERI 04 2% 1 i ZL I AEH AR L. Java HEFAMLIY &
WA — AR 2 ) WEEZRIRAEAY (Parents Delegation Model) 122 IR AL il K 24 5 26
AR AL . AR XCE R IR N, BT B sh ka2 o, v — Kk
SEEN LI — SN RS, bt AppClassLoader [ 28 n#k 8% i /& ExtClassLoader, If]
FFRN G A CHE WA E %8s B85 mt /& AppClassLoader. A8 4 4 — /N2 N 28 F 1
B — A KM BAT S I3, SRS LR R FE I, 112K BT 55 IR & e 2R n £ 4%
2PUT, 2R MB R AMEK TR, BERIRGETZM BB 1k W
RN B B T N R IRA I, 2K 2 AT 45 B R145 2 10 R — RNk &
AT B W 7-1 Fros.

B 7-1  MCEZIRBLLY
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190 7.0 A A%

A8 YR Z IR B RS (1) R s 3 12 e 98 AT SO B R — AN 2K 104 M — 1, Y2 F R i 24
R E A4 AR R 280 CLE &R 50 com.test.User), N4 28 76 04T Ik i ik i, B4 2 46 1L
MBI P HE—ADE, Re 2 AREHAT N, B AGEI defindClass() 77 VE BT B 1)
m#E, JIVM it R . AT T ER I, AR T e &M% K ClassLoader 1)
loadClass() /7%, %77 (1 285k 2 NOE B IR A 7F 15 L 2 i B HARSEBL . R Fras:

K3 7-3 WERREBEEITHR

protected Class<?> loadClass (String name, boolean resolve)
throws ClassNotFoundException
{
synchronized (getClassLoadingLock (name)) {
/* EERREHRERZ ARG CEW Bt 7 o~/
Class ¢ = findLoadedClass (name) ;
if (c == null) {
long t0 = System.nanoTime();
try |{
/* WRAAAEE IS AR, MBIRG A INB AT InE ~/
if (parent != null) {
c = parent.loadClass (name, false);
} else ({
/% UVRAAEB ISR, E R URESS T 15 8 045 2 h
rn# ~/
c = findBootstrapClassOrNull (name) ;
}
} catch (ClassNotFoundException e) {
/* Uit classNotFoundException S I, MR WR AT B A N4 4%
IR =/
}

if (c == null) {
/% W GG A R A, W aiTmE ~/
long t1 = System.nanoTime() ;
c = findClass (name) ;

// this is the defining class loader; record the stats
sun.misc.PerfCounter.getParentDelegationTime () .addTime (t1l - t0);
sun.misc.PerfCounter.getFindClassTime () .addElapsedTimeFrom(tl) ;

sun.misc.PerfCounter.getFindClasses() .increment () ;

}
}
if (resolve) {
resolveClass (c) ;
}

return c;
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FIRAR R, M de2 i findLoadedClass() /7 K0 75 H bR 260 2 A7 & 75 CL 4 4% Bl )
IR T, R B BN, U AL S #2814 loadClass() 7 ik, BRI MEAT %
IR WIS, WRAGFLEBIINE S, it findBootstrapClassOrNull() /7 i i
FH A M 7572 findBootstrapClass() B4 Z IR 45 02 19 )5 ) 2SN 4% 28 L AT k. S 68 2 #%
#e Pt ClassNotFoundException 5 IF, U] W A4 68 28 N 48 8% JC 7248 H bR 28 80, 8 20 ) 1L
REs 8 1 1 B findClass() /7 VAT 28 308 4 .

EM R R FEEE, BT Java BRINIINIE T B A 00 2R 2 028 8% (00 n 4 ML — 2 2
M XCERIRBA, JUR@BCR X R 77 A 2o Lb e Tomeat o, 2804k 28 5 % 1 (1) hn
BHL A% GE () XOE R IRBER AT — 58 X, B 19 2 2 248 B i 3 — S 2 1 n 84T 45
I, HAES BT BATINE, Y MBCR, AW K IMERAT 55 ZUREE ' 1 2N 4% 8% 2¢
AT, X [H e Serviet BV 4 77 i — Fh Ak .

7.1.3 BEMNXEmMELF

— R, AERR T IF R U B O S 1 g R INEER K S ERAY 3 SN as
SR BAT HINERAT S O DL ILSE IR 2 W, A AE — S8R R (0 N T 37 5eh s S i il 26
AR TR FRATT I SR, AR B AERR T R g S 8 SO TN A R T 5 S n AR
D, DAMESE I —26 5 g A 3E . Ll BB iR SO i, AN R SO A G
P SR BEAT T I a AL B, A ARk SN B3R AT I BAR AR, By o0 SR S
fil s Kb BE, NN VXA P IR & IVM ML, EAR MR
f SCA o O RR T b R A R U 4R e 2 nE R N, AppClassLoader gt 2 AT %5 &R 1)
Kt # . AppClassLoader = % 1 57 J#K ClassPath H sk K AT A7 2884, {H& W 4 n 4511 26
ROFR A WA AE ClassPath HgH iy, FRIFHEAH &Mt java.lang.ClassNotFoundException
SEH . N T AL X SERERR N g 5, PR BT AR R RS H e R .

REUHE AR FE e v S — A [ 58 N 88 o A 17 B, LR Ak AR B 555 ClassLoader,
IHH 5 H findClass() 5 v B 0] o 7E K K 75 B &, R4 Java BRI AT R4 T-Hh %
2 ClassLoader [¥) 28 0% 28 #0140 4 B 5 UM EES, (H2 AP L EoR B, i Java FFR
NRGE M HEXEMBILSE AR T Java 7K REM AR, SEbr EE U R T
Java BTSRRI — 3 e W PR

K3 7-4 HEBEXEMEBE

/**

xR UK AR

* @author JohnGao
*./
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K A%

public class MyClassLoader extends ClassLoader {
private String byteCode Path;

public MyClassLoader (String byteCode Path) {
this.byteCode_Path = byteCode_ Path;
}

@Override
protected Class<?> findClass(String className)
throws ClassNotFoundException ({
byte value[] = null;
BufferedInputStream in = null;
try |
in = new BufferedInputStream(new FileInputStream
(byteCode_Path + className + ".class"));
value = new byte[in.available()];
in.read(value);
} catch (IOException e) {
e.printStackTrace () ;

} finally
/* BEIBUR */
if (null != in) {
try {

in.close();
} catch (IOException e) {
e.printStackTrace() ;

}

}

/* ¥ byte BAE B A — NI class M RLEH] */

return definetltass(value, 0, value.length);
}

public static void main(String[] args) throws Exception ({
MyClassLoader classLoader = new MyClassLoader("D:/");

System.out.println ("HN# B ARZEH A INELE->"

+ classLoader.loadClass ("Test") .getClassLoader ()

.getClass () .getName ());
System.out.println (" 2[5 INE KB R MB R ->n

+ classLoader.getParent () .getClass () .getName()) ;

}

FEFrdan than F

g B Fr2 28 N# 88 ->MyClassLoader
MATE MBS OEAE M ->sun.misc.Launcher$AppClassLoader

bR AR R R, B R TGRS — A E IR AR N B E H SRR R,
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i+ H AR Test I AE 4 & 7E ClassPath H s, [ 98 th st TCVE 4% AppClassLoader $447 113 .
FEFEFY TR HR € T gk H b2 AL 10 28 N4k 2% /2 MyClassLoader, 4 ‘&t B AT & BRI R AL %,
MyClassLoader 2% 4% ff XU 55 IR B B 65 Test KM AT &% BIR L MK n#k 58, i
AppClassLoader #2344 RUX Fh 77 B & IR T2 (0 5 3 248 8%, R A 4 26 n 4% 28 192
AT B, A2 AN AT 5518 [7] 45 MyClassLoader $44T . %% 75 85 findClass() 77 v i
F55E T LU A9 A I H AR KB 7503 VM W8, ARG iE defineClass() 77 1%
H FLR 0 K — NI Class X5 524

7.1.4 ZFEA{IL ClassNotFoundException & &

XfF Java JF & AN Gi1fi 5 » java.lang.ClassNotFoundException 24411 J& 71 5 br FF & it F2 o HY
PAE RS L — — BB T, XERHEEELR N FRAN AT AR T
Class.forName() /5 %8 # ClassLoader.getSystemClassLoader().loadClass() /7 2 i 2 b hn &% —
ANRBFTGIREH, AW R — BT %55 0, ok B RN B a8 AT 2 hn 2 AE
55 M, TR A SN A JCVEARHE BT HE s (142 IR 4 IE A M iR B H AR

EARAS 7-5 R, EFAE T Class.forName() /7 72K 5 20N 8% — A4 bR & 4 A7 AE I
KAy, FEFEEITN ¥ S H java.lang.ClassNotFoundException 7 % . 1 K 7R

X3 7-5 fh% ClassNotFoundException 7 &

/**
* fih )z ClassNotFoundException 5
*
* @author JohnGao
*/
public class ClassNotFoundTest ({
public static void main (String[] agrs) {
try {
Class. forName("java.lang.Object ");
} catch (ClassNotFoundException e) {
e.printStackTrace();

}

}

T e it

Exception in thread "main" java.lang.ClassNotFoundException: java.lang.
Object
at java.net.URLClassLoader$l.run(URLClassLoader.java:366)
at java.net.URLClassLoader$l.run(URLClassLoader.java:355)
at java.security.AccessController.doPrivileged(Native Method)
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at java.net.URLClassLoader.findClass (URLClassLoader.java:354)

at java.lang.ClassLoader.loadClass (ClassLoader.java:423)

at sun.misc.Launcher$AppClassLoader.loadClass (Launcher.java:308)
at java.lang.ClassLoader.loadClass (ClassLoader.java:356)

at java.lang.Class.forName0 (Native Method)

at java.lang.Class.forName(Class.java:188)

at ClassNotFoundTest.main (ClassNotFoundTest.java:8)

FiRARI 7= ) o, ZE#F AL forName() /5 i 48 5E T — N4 E % 4 java.lang.Object {128

B, A BRI AR, W4 AppClassLoader 7& ClassPath H 3% A 3% K R (F
RN ] LLAEFE P h 4 ] System.getProperty(“java.class.path") J5 ¥ 25 [ 24§ ) ClassPath []
KD, RERA MBATE S AT KM, BAFEF S &Mt java.lang.ClassNotFoundException 5

7.1.5 ZE{I NoClassDefFoundError &%

il java.lang.ClassNotFoundException 5% —#¥, java.lang.NoClassDefFoundError [A] ¥ tH
AP T RO R P IR e i L.

7EARHS 7-6 - b, ZE#FSIH T Spring (LA M 44F F LAWI 4R 4L ToC 2%, R HEN
Al g i, HEFRFEE TR RS, W R IE#E S| BB K AH 5K Spring ¥4 1F
if, B2l java.lang.ClassNotFoundException 5 %5 . 1 F fix:

£5% 7-6 fi%& NoClassDefFoundError &

/**
* i’k NoClassDefFoundError 5¥#
*
* @author JohnGao
*/
public class NoClassDefFoundTest ({
public static void main(String[] args) {
/* M# spring () Toc BLE LM, HVILHM Toc B */
new org.springframework.context.support.
ClassPathXmlApplicationContext ("root-context.xml");

FE P b

Exception in thread "main" java.lang.NoClassDefFoundError:
org/springframework/context/support/ClassPathXmlApplicationContextat
NoClassDefFoundTest.main (NoClassDefFoundTest.java:10)Caused by:java.lang.

ClassNotFoundException:
org.springframework.context.support.ClassPathXmlApplicationContext

Java JERAHUKS U



BT KIEILE 195

at java.net.URLClassLoader$l.run(Unknown Source)
at java.net.URLClassLoader$1l.run (Unknown Source)
at java.security.AccessController.doPrivileged (Native Method)
at java.net.URLClassLoader.findClass (Unknown Source)
at java.lang.ClassLoader.loadClass (Unknown Source)
at sun.misc.Launcher$AppClassLoader.loadClass (Unknown Source)
at java.lang.ClassLoader.loadClass (Unknown Source)
. 1 more

M ERACE R il i g S, EfE i 4 “java NoClassDefFoundTest” #4472 i, 'L
LYW RS S = O M 2 A AR R, st 25 Bl i java.lang. NoClassDefFoundError 5% .
T LAK K AE S Br i A # b, UL AR AL P= B BE ch AT I H fB B I, — g EAER AL, il
TR I E BT 40 38 B BT A58 = 7 R 1 B e 0 e B Th 5 L D 3 .

7.2 EEVINETE

LERT T LA /N o, KR S A58 T N EES 1) 1 ST 55 iR MR — A I A B 44 K
PO I R R JVM N, RN A5 HAREXS VY java.lang.Class X}
B, IR INE A FTRAT KN BRAE OO R T TVM o 80 B2 o i — AN B Bt
2, — DB ML RELHE . EEMYIGAX 3 AP E. W 7-2 B,

B 7-2 el B

i Sk U 26 [ N AR B B R 1 8% T BTRR S — N S 1K A BRUE 44 R BRI R 11 — 3k
B RE IVM N3, I EE AT I W AE X R iR, SRS e el — > H A
KK i) java.lang.Class X B Sf (Java HzfUHLREIE JF A WA R — 2 EA7 it/ Java
HEX Hr, [K i HotSpot VM ¥E#44 Class X G A76# (5 H7EX ), IXA Class XIS 48 H a3l &
1 g 75 X Hp % 2K 1 4% R BOHE 1 U ) N 1o i B B B L) S e R K e I dE] JVM
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) R T R B AE B A IR IVM IS AT DR AR R, AR T B B0 e g E L o
F AT 3 AF B e oh B AE B B 32 AT 45 50 50 UE R 5 R A S IVM B,
REB RN F TR, TR W R T B SRR SR . 8 ST
BRAFKUESE: AP BN EEZAESHEZ N KD HIAHSERSRAFEN, JFHILRE—
MGG (TR RA XS, 8 e 92 ) 48 B AS e 15 1R P ) i g BT B B 1) 3 2
155 WK Bt R P R 5 51 & i Oy BEESIHL, Aid Java IEFUNUREE IF R A W
B BESRAR AT B B — S SEAL WA AT > DR BE A T A B mT LA BRI A6 0 2 IR PR AT o 8kt
P i B Ja — B e 2 Wl tk, EIX A B, VM 206 — AN K T A static K8 F 4R
R AR GEGE AT — i, WURIAT IR WA R, 04000 2 48 FI P 46 2 110 48 i i 2 HT7E
HER BT BUE JVM g JLEE BIRIAGE, R WURFE b & A 0 i A i 8 4R s B B 1
A BT A BMEI R 2 Z AT ISR R 2 W RAAT 2 static LRSI, 84 1E VD a6 AL Bir Bt
H, VM R AT static AURS R b2 SCIH T #8845 .

Java FEAUHLREVE AE RN BORE AR HLE SR 06 T8O G, {5 Java fERLHLAEE 20
WIRRLE T 2RI R AL, ol B, — AN el 4 1 i A R 5 ) i T 0T B0 4
BAE, W FPR:

O A—PNREENE—NH TRl bR new BT RS 80751140

O WH—NEBFESTER (RIZEF 759 04T invokestatic 154 )+

O WA DMERSREOMBEFER, SaXEfHET BT EREN (WEFY
fihef, AT getstatic 84 5L putstatic F§4 ), AL final KB 15 1 1) i 24 7 BURR
Ab, BRI — A gn iR R R RE K

O M Java API [ % 7 vk CHe i Al java.lang.Class " [ J7 ik, s #
java.lang.reflect £, * ILA S (1) 7724

O ¥E—ANEIRAEZE Java B RIHLITE I 6 SR W14 10— A 2K, B RS
ZIHE T 5 A AR R AT D

O JVM Ja 3h & main() 77 V&1 8 2 0T .

EREFHFIIHN 6 B SR T SRR, i S AR T 3 )
A, B eI S8 AN RBEPATVHMERNE . EHARKTEER, & DREY
U Ak 2 B0 2 B SR e () R R A 8 I AR AL BR A L (B0 TR T, X AN A 2 A5 0F A&
Flo FUA L0512 0 b s B (R AR i B A I, % D A B i A S 18 D SR
BANEE O IR A B 1 BRIR A R AR AL i BRI S Ak, a2 B, £ D IR ERAE AT M 4L
PRI, B IR 2 1 A ZIR T ST VI IR b R AT

KT Ak KK G i FR R R AL, B A AR 7-7 AR Bk KK R — A RAE R
AT NI 72 o B R AR I — S R AR A . I R PR
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KRB 7-7 IRIF\E—A RO F RGBT H

/**
xR — A TRT SR 1 R 2 81 T 2 ML
*
* Qauthor JohnGao
*/
public class LoadingTest {
public static LoadingTest obj = new LoadingTest () ;
public static int valuel;
public static int value2 = 0;

public LoadingTest () {
valuel = 10;
value2 = valuel;
System.out.println ("before valuel->" + valuel);
System.out.println ("before value2->" + value?);

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

System.out.println("after valuel->" + valuel);
System.out.println("after value2->" + valuel2);

}

P

before valuel->10
before value2->10
after valuel->10
after value2->0

LR RFI R, W KEAL O HE, F €S A ALE main) 7 7EHF 4T ENY Loading 28
(A4 & valuel F1 value2 FRIME#EA 1, {H SEPr FFE e 5 28 0 tH I 45 A2 valuel %5 T 10,
1M value2 4T 0. 7& Loading KMMiE T iEH, RECLWEFHELR valuel F value2 # i
LXIREN 10 T, FF BAEMET AT T BN 45 R R 10, WA 4A45 main() /7
W RA B ? MEEK LA BEMIERES, BraA MMt S RET NS
FEAEARAWE ? G TR

KEG 7-8 4§ 7-7 B A ED AL B VBRI

public static int valuel;
public static int value2 = 0;
public static LoadingTest obj = new LoadingTest():;

FEFHH T
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before valuel->10
before value2->10
after valuel->10
after value2->10

AR WA AR G obj (AR RS A B A 7S W AL & value2 2S5, BRI B 1K 4
SRR TURME 30T, XA AWE? fRiskid, 24K mss¥ Loading 2 hn#k it
JVM Wil G, SfETTiEX R A B— AN 5% 8% N (1) java.lang.Class Xf % 5265, 2433F A 3 #E
#HHT BN, JVM 23 Loading K911 3 NS RSB AL A, I L% B YIE 0
(valuel FI value2 fI¥I4GME R 0, 1 obj MIFILRME N K null). 448 5 B 2 4k 75 b I v) 4
PR B, R o 2 () i L 45 SR 30 2 RUARBS I BRAT A X T o 7E4RES 7-7 -fildh, B
i oobj MWK, 2 IVM B ST RIS 7k, I8 s A2 & valuel F1
value2 Z I FFA VI UGE, Bt Ui, PILHITRAE obj 5, valuel Fl value2 BT 54 (1914
AL 10, H Rk IVM SR B Fp A & valuel 2 & L FH EHRATHILEIL, BT valuel 3%
A WA e AT R 1, DRk & BB B A & value2 b, XHEAER LB T,
JF HABRACS 7-7 7 v R 1 g5 2 (1) it 45 R 5 P AN — 800 “ SRt ey 7. R 2R
T value2 TR A 10, {H 244047 3 value2=0 525 T- I 5 0F i A48 & value2 &S H4T
TR R AE, a2 ud, 2wy (0 Wk 45 1 0 2 7 o P 2 WU My o v R (e R 1, 1K
WAL AT A value2 (4 AEH A 0, MAER 10 MEERK . RiufER 7-8 w6ldh, E&
FEACHS (R PAT U BE4T 7 e, JL4E value2 [RIAFtLZE it 2 MR ER1E, (His)a — IR
TN AE 10, T AR P d5c 28 16 fin ) 405 S5 ol R 7 34— 3%

7.21 mmEFE=FETE

I Bt N A A BT BT, 2 AR R A AU 2 B FE R i — AN B
B, [FFER 2 MBGL P 8 — AN B, il S SR04 7 EE R MGG LB B EC & A Rk
AN e N R . 2 AT A, SN B Bk A2 e 2 A% 1 SR — A
A4 B 2 42 R S B 2R 1 BER EATIRE] IVM N, JF ARG AR IS AT I A X R i i
XA, RIEH LS — S H AR R N K java.lang.Class X %5261 (Java M HRLPLELIE
FEE A WGBSR — s B AR K AE Java HEX 1, [k HotSpot VM IE##4 Class X R A7 7 77
LX), IXAS Class A% AE H G & 7E b 77 i X H iz 28 10 & FhEUE 1 U i) N 1. A5 il 22
$EWE K%, OPP-Klass FEAMC R — XL H AR B2 th Klass 1K) instanceKlass X %
For CEUH A arrayKlass X %2717, ANl Klass FliE %2 1l f] java.lang.Class 3£ AN g5,
A% Klass [l Tiz47, 1fi Class 2] T Java i )2 M0 %) AP1, Klass 1 {5 _java_mirror ¥
B4R 1 Class.

U3k 4k 7k ClassLoader 37 5 H findClass() 7 S8 — A H @ XEM#E 2 G, Wi
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RITE S INBCAF B H AR 7 RS B A E M, XHERE, FFR A AT AN
AT SO P G, G RE S A G b B EL, A AT LA B R AR ECH A 2
T JVM ERUHLIFAS SO BE AR L, R AT i B F 1 BS 7F  IVM B,
DR A 5 2R B BB B b, TVM 2 56 E BT I8 Y — B8 T 55 U 60 3 A B 75 23 % R SRLAL
A B 7 R

2% (Java [EAUHLITE Java SE7 W) AOFR KA, O it Bl 2 n 1 BOR If7 22k ok
] SR, MO RA G I AR RS ot QU R, 10 e JVM R 47 i AR 5 21 1%
G, AR TR RBPAT EMEIR MBS L. SIRBAK CFRFEKR O it
. W PR

O R TRRB LSRR, TR A REYE AT 52 SO 7 id U5 hn 48 A1 61
HHA C T RER,
O JVM {8 T R 19 70 26 28 28 R0 H 41 i B ok 1) i i B 41 26

R ICHE BB G R AL, Bl C #ihsid b e S it R AR R E RIS
Sk e BN C #abRc A e # T  F RINEEE G . AEWAE L, TVM AR RN
AR A B C MRIAR B . WORBA R o KRR I AR, B Ml g o) P
UG RIS RL I Ry () s, 5 U B4 SR K nT o ) MRS BB R 9 public.

7.2.2 ISUEMER

AN B R Th B N AR 8% I JVM NI JE, e T R B F S AT R R
6, HELEIMEE IVM H 2 3G B &2 IVM Mg 1T RPIRAS T 20 S uE R AE
J& TR — AN B Wil 7-2 ok, R Y AR RN Z S, A e AT R
UEERAE, {EJE JVM B # A1 AR — 2 2 i X Fp oy AT 2. ot i, o
S VM (9 2SR B 26, 76 HotSpot VM 1, fndk. SRAFE. #E & R4k £ i [
A AN EHAT, BB Boh AT IR A S B TVM E AT eI 4R 1 2 Ja #El
1T BRIk 4, SRR Berb () — S0 50 0 8 VR 4 2 RUn B B — AT, 1] AS 22 55 45 N 38 56 ik
ZIEASPAT R UE ER 4, Lo 2 — AN —RE I BB EHE IVM AT, B 20
e D EAE, LA AR IX e T HERIE B VM ERIBLAE AR R, s Kk $80IVM
R TR . 2T H U2 Kk, BAFME JVM BT AT 19— 5 51 50 UE 3 1 KB0T LRI 2 4
BRI UE . 18X BRERIE, RS SRS, BafeRmEpr B, Kurkr B m
B B F VRN 2 5 2 — AT, 1% B AIE 1 32 BAT 45wl R K £ >4 1 0 A5 A < A S
REGS IVM BTG, 2 N R A S, R R — AN O A S TVM
Sl S java.lang. VerifyError 5#% o #6050 UE 5 A A 96 SCAE AP 0 AT DY A
4 OXCAFEBABE, &1 2.6 /N{h 84 Kit, X 4 AFAHTAREM S U 2 magic, i
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R, magic 2 JVM T RS BT AU B bR SCMF 7 R — N 28 A VE R 70 R S
HEFIAE magic JGHIZE 5 ANFIEE 6 N FE W ATARER IS SRR F R A S, T4 7 AR 8
AN F R G B ) ERRA S, 50 UE 18 SO ) 35 RROAS 5 R RRAS 5 () R A 2 A 3K 560 1 4T
% —, PAWRZERAR IDK J M F 30, ARNEEAMRAR TVM HFizfT,
0 JVM 2P java.lang.UnsupportedClassVersionError 54 . fEM KK FHETFE, REIX
— B R RAE R A R AR RN AT B e R, (HE B8 EAAR R TR AER B .

FAT 2ol ws I AE 2 5 » N EBAS A 2 iR 2 0 — 3t o1 B0 £ B 88 77 v X
o TS 4 Y 3 A 06 UE R A AR B AE DA P AT . 3T R IVM O 2 FFUR AT T — B B
(56 E 5 F T 1E X B 36 UE B 1 3 8 2o 0t o B 5 BT IR, X AN KAERT Be i) EEAL S
FARRIUET WHSE R R E S Java i, W FATR:

O K& —A#bric A final (92882 05 IREE,

O BAE—ANEFM final HiEEBHRIRELRBITES;

O RBEESIRERZ MEAEARREN L EEY (S aME, HE7ERN
REMEAED.

D HAT S LHAUEZ 5, JVM # PRl & A RERAER B EX AN KAER B
JVM &0 KB T ERATRAE, LR — D RITTEERATE, Aaxt IVM AR R
W, Angx RS E VM R EERE B . R R A 8.1.2 YR SR S BOISHE, AE 3R AR Bk i 8L
P A AUHAT IEF I ERAE, LA RELE AR 2 4 int KA REUE TS, AT AT 26 long AL
B 248 1E, B0 A AR 2 4> double KU B(E S, (£ iadd 45X E AT Inikis S5
Bt B .

FERAE M B R R — DR UESRE b, ) 32 SR H R R 1) B A A S 5 BT R, T
WX — A B AR Z AR 5 HRIE. FHAKFTFEER, B TE IVM FRESIE,
SRR B R AT R AR A AR R AR E AR 2R R R IX — AN B B 50 U U > AE R AT B B A
SPAT o TR SR L, AR AT B BT 55 LR B B AT 5 51 e i Oy H S
i, 255 FAKAE I 3 BAE 5 82 K E 7 SO0 HRESI X5 S5 HEEIE
i, H R RER B AT 5 5| Pl A B A A e R E e B R e O RA |, B R
TS 5| FH o 0 2 A 215 B0 1 A6 U 44 22 5 B 1 Wi 2 IRAT U ) R A 5

VM AT ZRAFM BUE . BiE S AT BREEM BRI F—NER B .
7.2.3 HEEBEME

RN B AE T B, TVM BT R ZE AR S LR S A IR T K X P R £ B
KA BAAT VLG AL, X B BTHAT AR LR A O JE R AR 2 I d B B i a4, GX L
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DO D K B BT A i A2 B BN AP 1), OF A LB — AN WIURE (138 84T 7= A%t
% LS B AR R AN AESLERAE VS IR Py, M AR P Fah AT IR 8R4 W FFR:

RT7-2 RELBS5IHEENMKE

byte (byte)0
short (short)0
int 0

long OL

float 0.0f
double 0.0d
char “\u0000’
boolean False
reference null

MR E T EFRE, JVM SELH S I AN S RF boolean 2874, R IL#E JVM B, boolean
KA AE B0 — A int B, WIUGME N 0 thilfR R F false. 249K boolean 2K (148 &,
JREALE VM P a5 int 889 RS2, (HAERTGE AL B B2 BRI 4646 o — A false 1H -

7.2.4 fRIFMEX

R B 28 7 s B B B PR 6 G B B R 2 B B2 A, iR RARE NBE R R I R S
EHTIRAERY B . Z BT UL, BT Java MEAUHLRE JF BT WA Al B SR AR AT i Bt — 8 22448
JGLFF 4R AT 5 DR G AT B BT LS BT AR A0 2 5 PR ARAT o TRTEROR UL, AT BT B 3 AT S5
R F R RS sl MBSOy B SIH, BEE. &0, TR RS
G
7.2.5 WL E

FNBOL R R JE AN BUs 2 WA, EXABT B, JVM 2R AR T
static KT hRR WA GG AT i, WERPAT IR EFSRE, Mamie &M fEEm
7 5P 2 AT EE S B BCh TVM g R E IR, HRWRFE P OIF R A SRR R
PG R, T2 TR MR Z AT TR R R HAT B static fURTER,
I AAENIEA B b, TVM 0K AT static AURG B b 32 U BT A #4E

6 Java B, JFRON G AT LUGE I {3 AT 46 AL v f0 B 8 S I B AL TR A0 AN KP
KA PAT YR ERAE . W F AR
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KEB7-9 WAL ETE

/**

* AE R IR AL ) B AR RG22 &

*

* @author JohnGao

*/

public class InitTest {
public static int valuel = 100;
public static int value2;
static {

value2 = valuel;

H
H

BT AT (2622 B a6 A6 AU R B S ACRD IR EB 2 AE Java YE S BRAT 7 15 A% 4w PRI, B 617 95 G
PR BAE R AR B, A TE — MR IR I T, XA TR <clinit>() 75 ik 0 TR,
XA TG AT ARERR 2 0 MGG T5 3%, TR T4 SR, W) BLRR 2 0 45 LRI ah A6 75 v 1
HORBE, <clinit>()J7 % IAE R HIAR 46 — AR b 284 B, A HT T 7 46 5E (B o i 2 i
(EAER B Beh IVM O KB B W GR1E .

BE AR <clinit>() 77 ¥ 75 4w 3 F 719 B A e A2 B, 820 AT L vl LA i iy % “ javap” oK
BH G V5 I AT RS S . A R BT R

KFL 7-10 InitTest KR FHFIIES

public class InitTest {
public static int wvaluel;
public static int value2;
public InitTest();

Code:
0: aload 0
1: invokespecial #1 // Method java/lang/Object."<init>": ()V

4: return
static {};

Code
0: bipush 100
2: putstatic #2 // Field valuel:I
5: getstatic #2 // Field valuel:I
8: putstatic #3 // Field value2:I
11: return

H

Wi REaX LRE R iR R AN, A4 A B T SO OB
<clinit>() /7127 Hosg bk 73559 S0 oF static { kA& <clinit>() /772, HU javac % i 895 H 44
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TFHEAT TS0 O AR T4 4 sun.tools.java H 3 F ) Constants fl MemberDefinition
KA B, R TR

KRB 7-11  HRIFF A ER<clinit>() 5 S5 R BFR

package sun.tools.java;

public

interface Constants extends RuntimeConstants {
I/ sws
Identifier idClassInit = Identifier.lookup ("<clinit>") ;
VA

}
package sun.tools.java;
VAR

public
class MemberDefinition implements Constants {
L wss
public final boolean isInitializer() {
return getName () .equals (idClassInit);
}

public String toString () {
if (isInitializer()) {
return isStatic() ? "static {}" : "instance {}";
} else // ...

3 HATAT invoke 2 ZM=F TS Hg 4 th ik A H <clinit>() 7 ¥k, B R i% )5 vk HUREAE 2R N
Bk A VM BT . 8BRS R, <clinit>() 772 8 £ AT InitTest 8 ff124
ARG valuel [WIUEILERTE, 4 valuel WIEAMLSERRG, BT RA ST S bt 48
i ovalue2 PATHILAMLERTE .t & 15 28 A8 B (W R AT 5 5 SCAE AR Hh 1 288 2% o 11 I
A, A B AR o 28R B AR A S e E B AR R Z AT AT .

LR TR, R AW EEBRNE, LR EWPRATYISE, B
SAR SRR HI G, (B2 FE<clinit>(O) 7 ¥E W T E A 2 B X B K M <clinit-(O) 7k, &
tH IVM St RUEAE — D2 <clinit>O) 7 EAT 200, & R K <clinit>() 77 % © & AT
T WG AN IR AT B HEEZE, A java.lang.Object 3 2 2 XN B K,
aE AR B R, java.lang.Object [RIFEtH & &2 5 — MR AEPAT RGBSR, K5
A EVNUEIXA RS A K R A EE.
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IVM 25 OR— D RAE BB RE R b, W2 2 AT Z RN 4616, AU
JURE SO VRS B — DR AT MR P B A 0 HE AR (R R I i 0055 4, SUH AR TG sh 2k
PATTER KM IRAE Z )G, A S A0 IEAE S 15 ) HAh 2 R

LRI UL BT B SRR AR T B AE 1 6 SO R A — S <clinit>( 77 %, R — AN
HOFRAH BB KRR R, WRAFHSAMES, AN RAERWFERN TG, 7
I A& <clinit>()J7 %o R AIR — AN Rrp B W AR &, E B A W 48 2R A8 i
H1 46 A T ) LA R i A A SRR AT W1 a6 AL 3R A I, S F B W SO R AN S S
<clinit>()J5 % BRIbZAh, R —MRPEEHE final B KRB BYIHMHIES), M HIX
U S AR B ) 0 A R ) SR T 4 1F I R R ROA K, ARG IR S (0 RS SCIE R AR A S
<clinit>() 7%, Wt ul, AR T EHRAT Java AR A 28728 B AT U R 1 192K
YL VBF 2 5 A S AE 7 1 SO b A ii<clinit>() 7 7k

7.3 SLEk: FHEEHENI0ER SRS

Java VRSOOSR 45 R ERAE 0 F IR SCrF, RGN “ class” 3L, B ALE
REMOF, BAVIEAA LFE B G 1 J5 1071000 SO AR A AL — 28 S g 3 T B AR P
(163 74 L) S A e S 3 g U8 SC A DA DM 58— e A O 5 0 Kol £ R, JU L B H AT 9 4% 1 H 2 ¥
B, HERMII)CGEKRE, #XNEFEM Java R4i1F TR HBAFHERH. BaLEAGER
5 T A 2 ARGV S (1 35 R ST A S G 1F T B2 /0 T DLJEL ik — S8 R 0 A o B R SR
D745 R I G R P S . RV RTINS AR 2, B BRI FH AR H oK
431 LR 35 A ] 3DES AR IN A S IE AT T H oS sk ah B (K0 il # R AR, OB AfE
A IR SE N T R, B R S8 3DES X BRI S5k G 1 S 19 7 6 S AT n s Ak
B, FFLERAT N IR AL A 2B S K B SN A8 R JB R SR BB, LA
E 2 IR 28 P S0 — 28 [ 5 SO AR R IE 4, bE X n S B0 7Y R ST SRAT Al AR
1E%%.

16 1F 3K TR U5 %) 2 1% S5 B0 1 0 SO ST g i 4 A 2 A, BRATT B e kAR — FAE 42
3DES #¥:. 3DES thA] LAFRZ A Triple DES, ‘& /& DES Mn% Sk —Fi X, {#H 3 4% 56
A7 R X B AT = o ® . ROk UE, TR NLE S AE DG e, JSUR DES # i iK)
B K AR 1S 2 5 s 5 JI AR, 3DES B & v F RS At — FhodH ) a7 s ik 7 v, d ik 1
DES [f13 501 8 Sk 5L Bk, AN BBt — R B e s i Bk, it it 3DES
X} T DES KUt 5 %4> . 3DES Hhnfig it fan -

O mad#2 A : C=Ek3(Dk2(Ek1(P)))-
O st #2 4: P=Dk1(EK2(Dk3(C)))-
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Ek(O)F1 DkOACZ DES Sk i) s ffig 25 it 2, K 183 DES Sy {F &4, PACEMN
3, CHRREFE L. M KEX 3IDES HiLAM T )G, % FRBATEAEKRES, £RFF, W
AT A Java API %} 3DES SLyEHE AL A 2 Kk dd B b Bos 04T nfid 2 846 . i F FioR -

K85 7-12  {£ /3 3DES EiAMITHIE MR EIRIE

/**
* {fH 3pES Bkt H AR BOHE AT g A e
* @author JohnGao
*/
public class Use3DES {
/% SE TR EAE IRk ~/
private static final String ALGORITHM = "DESede"; // & XM,
al H

/**
* fE ] 3DES Sixt H AR EE AT R 4

*

@author JohnGao
@param key
192 AL key

i ELARAT I ) K

*

*

*

*

*

* @param src
*

*

* @exception Exception
*

* @Qreturn byte[] AT G 1 EH
*/
public static byte[] encrypt (byte(] key, byte[] src) f{
byte[] value = null;
try |{
/* HERELEH key */
SecretKey deskey = new SecretKeySpec (key, ALGORITHM) ;
/* Xt bR B AT I A </
Cipher cipher = Cipher.getInstance(ALGORITHM) ;
cipher.init (Cipher.ENCRYPT MODE, deskey):;
value = cipher.doFinal (sxc);
} catch (Exception e) {
e.printStackTrace () ;
}

return value;

/**
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*

] 3DES Sikx H AR B BT 17 5% 45 1F

* %

Qauthor JohnGao

* *

@param key
* 192 LI key

* @param src

* i LT iR 1) A A
* @exception Exception

* @Qreturn byte[] FUATE® G M H s
*/
public static byte[] decrypt (byte[] key, byte[] src) {
byte[] value = null;
try {
/* LR key */
SecretKey deskey = new SecretKeySpec (key, ALGORITHM) ;
/% Ok HAREOE AT R R~/
Cipher cipher = Cipher.getInstance (ALGORITHM) ;
cipher.init (Cipher.DECRYPT MODE, deskey);
value = cipher.doFinal (src);
} catch (Exception e) {
e.printStackTrace () ;
}
return value;

}

@Test
public void run() {
try {
byte[] key = "01234567899876543210abcd".getBytes () ;
byte[] encoded = encrypt(key,
"R B . .. " .getBytes ("utf-8")) ;

System.out.println ("M% 5 ¥ ->" + new String(encoded)) ;
System.out.println ("f# %G ->"
+ new String(decrypt(key, encoded), "utf-8")):;
} catch (Exception e) {
e.printStackTrace () ;

FEF-fan b n 1

e BdE->p E-19 R ko fi5
ifp 5 I PR Bt — > AR H e . . .
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AR R, encrypt() 7 v AT S5 2 A 3DES SVA T H Fr B AT in %
BetE, T 3DES & X RRINAR R, BT LLEBAT N 2 BT S — U Ll i SecretKeySpec
R R key, SR AE Cipher 44T init() 77 VLR, 52484 Cipher. ENCRYPT MODE,
gk A T T T AT (R BR VR N N B AR, S doFinal()Jy ks 43 6 H b B st 42 4 5 1)
RO A B a5 e IR Bl o RS R AE R AL TN B 8, R AR decrypt() 77 VA T il AR
Cipher #UAT init() /7 VA AT LR Cipher. DECRYPT_MODE.

4K K AT 91 55 N A% AE Java 387 2 HAE I AP 4L (1) J5 Vsl AT 3DES 5772 (1) I it %
BB S, BN R IRATT BN 5 i X G 3 IS 10T S S AT 3DES s, pEEH A
S hN K A N S ) RS SO e, BnE . W FETR:

K3 7-13 HKEBEXEMBHINMEFHFHEX4NITRE

/**

N

*

* Qauthor JohnGao

*/

public class MyClassLoader extends ClassLoader {
private String byteCode Path;
private byte[] key;

public MyClassLoa@er(String byteCode Path, byte[] key) {
this.byteCode_ Path = byteCode_Path;
this.key = key;

}

@Override
protected Class<?> findClass (String className)
throws ClassNotFoundException {
byte value[] = null;
BufferedInputStream in = null;

try
in = new BufferedInputStream(new FileInputStream
(byteCode_Path + className + ".class"));
value = new byte[in.available()];

in.read (value);
} catch (IOException e) {
e.printStackTrace () ;
} finally {
/* BEBUR */
if (null != in) |
try {
in.close();
} catch (IOException e) {
e.printStackTrace();
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7.4 AETEE

}

}

/* X IINE G B SO AT R R B E </
value = Use3DES.decrypt (key, value);
/* ¥ byte A FKHA—KN Class XFRIH| */

return defineClass(value, 0, value.length);

}

public static void main(String([] args) {
BufferedInputStream in = null;

try {
in = new BufferedInputStream(new FileInputStream (
"D:/TestDemo.class"));
byte[] src = new byte[in.available()];

key) ;

in.read(src);
in.close();
/* XFRINRE key */
byte[] key = "01234567899876543210abcd".getBytes();
/% SERF R SO IAT I R AE </
BufferedOutputStream out = new BufferedOutputStream/(
new FileOutputStream("D:/test/TestDemo.class"));
out.write (Use3DES.encrypt (key, src));
out.close();
MyClassLoader classLoader = new MyClassLoader ("D:/test/",

System.out.println(classLoader.loadClass ("TestDemo")
.getClassLoader () .getClass () .getName());

} catch (Exception e) {

}

}

e.printStackTrace ()

R R, A S R TR TR SO AT TN E R AR, EERHRAAZE
HAE S A CHS M B & XN EES N 5 107 1565 S0 34T 88 3 5 AT IR 1 .

74 EBEING

AT H VEM M PR T 2R A0 BN e K dk . EER MG 3 A EEFT B
Horp K B ep, 8 0 2 A A% AT DR AR AUEEAT TR A URAR . BLIE W T 7E R T
AN R SN A ok TR SO0 In L LA R e S B — 4 G AR FEE AR .
KRFEFRELEMBHLEG, ABOT 50K 2H EIHR IVM B IHRAT 51 850 50 W 47 ¢

REEET:0p
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SIFTHotSpotBYZ8+4
REISHITSIZE

AN S, E R AR A SR IR A A R P28 5 4, X T e {4 B2V S
B IR AR W) 7 5 T K Mo R X N B I A AL AR R A 2 S T LA e SR HEAT 1IE R IR B
AT o Bl B R D HER, SfEE S B — 22— UHhais AR08 4877 K H B A 7 idast
A&, e X RESRESZHATFNAS K, B Java 2 KM E S RIRACH g %k 45
PR R AHNLARIR A, MR RN, XERERIFER-BAMKBTRENTFEE,
SE4 ] I B4R RE5 M s, — IR iE AL Ab iz T (Write Once, Run Anywhere).

BESR Java fUG% 10 2 26 45 B2 7150, 02X B Mg /o iRe i ik M m os 17k
sk, WSO SENLUIFASRE S B4 ) X 2 b [ AURY . HotSpot VM J& H iy i ifii L & 1 & U BL Y
REBAEZ —. C R AR S B 4 F 28 00 47 (384, MRESUBLE BRI %, MR REAS T LA
S RFEAE L, T AS 40 35 15 BV I 4 136 28 45 0 4 1 52 ICEF AT IZFE T LA £ 2 A B iF
i) . JF HBEAE R T I ) pHE R, BOA 4 R 25 B3 A4 AE T, ARAE ORI Th e, A1
(B ) R g 3 0 A HPL AR 4R 4, DUREBUCE @R F AT AR . 45K, Java BFMIE
frdEfe R AR, CER T o LU C/CHFEfF—Bm R, JF H Java 5K A &
(11 2 L FIFE R C/CHIEIkR LA .

8.1 #xkMBYLE A 544
7F Java ERIFLHELYE 3, Java £% (Java Stack) th o] LL# FR 2 4 Java EFULHLFE (Java Virtual

Machine Stack), ‘E[d] PC F /7% —FEALE LA M, JF B A a5 2R 00 4 an A WOk
Fr—8, Java #8 B T-fifig#k i (Stack Frame), [fi#&mih ) 1 Si (76 R R | . H1E
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Bk, BhASBERM I ILIR BME FE B .

{EM X% (Object Oriented) 5, 2 (Class) S5X% (Object) it fi KA 4
& TBRMINER A KM EEMBITE. P RE, B AT LLER R — AN )
R BT, W5 VE N AT AR AR g — AR R — RG] AT A7, DR e R TR
w4 1R R, A 7 MR 2 a]) XA EAE AREI DS R IE 2 fa) ok i, kit —Fh T3¢
Fr IVM 8 RIAAAT R T 07 EE R B 450, e R DT IR MISAT IR BT, 48— N7 i 1 e 2
F— AN ST 1 A i LU A R T S RD RO R, ARWTAE R A A R R I B, PR R AT T
EWPAT S R, A — AN TriE N BT 4 R FR, s N Java de—A
i AN B B B i R, I B R A ER A RS R & IE W # AL W ik KK
B, ARG TS R ARWUR A VR AE B9

CERRIIT AR, Ja) 50 2 o 3R RN 45 A B8Ok BT 75 (0 2% B K /N S R U gl T LA S A i e ok, O
{RAFAE T 1211 Code JEPE, gk 2 Ut, HRWist 7T 2R 2 KM W A7 25 0 58 4 Bk T- HAx
(1 IVM SEBLAT T3 v B 2 BE B S B N AF . fE— SR sh &b, A 200 IE R $AT M 77k
FIEEMT CRE TR A28, X AW AR Z 0 4 HT AW (Current Frame), 5 471k
LA AF N7 FR) 7 9 2 2407 795 (Current Method), & SUX AN J7 2858 & 24 i 2¢ (Current
Class). 1/ 8-1 fra.

ELIETE

=

Javatf

Pl 8-1 Hui 4l 4 #

KEIH—F, BER—ANERRE b B 00 1 AR T IR 7 i AR TA A i e, 62 tn
PN EAERAT I AR T B A A F R AR, S ET AR S R AR ? W R BT
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KB 81 HATHmR B

/**
* R TR 2
* @author JohnGao
%/
public class CurrentFrameTest {
public void methodA () {
System.out.println (" 4u7FMwIXt N1 /i ->methodA™) ;
methodB () ;
System.out.println (" XFI W N #iZ->methoda") ;
}
public void methodB() {
System.out.println ("4 FIEWIXS N1 ik->methodB") ;
}
}

Bk R Rl h, R 5 method A() 77 i A X6 I A AR Wi 2 224 BT AT, A6 4 4 methodA()
JIEN BT methodB() /¥R, WEH —/N5 methodB() 77 i AH XS IV i) BT AR Wi 4 4 i
i el g, a2, BRFEREHBCKR 2B Y% methodB() /7 ik. A1 methodB() /i
PATSEROFIR G, MATHERWIBE 2 8 E 75, A7 — Al S B AR O A A .

8.1.1 RBifTEZR

JAPBAE i E (Local Variables Table) tn] AR Z AW AMAR B XK, ©REE DL
Pirh . 4% S8 X, SR AR R R B T A VA S RO XA T RN I R AR B, XS
PERAAIE K R E AR . M55 (reference), LA returnAddress 2875 . Ja) i 4% it
T2 PN 0 2 B O/ INE S B S T LA e i ROoR, IR IRAFLE VA Code @ PR« KEK A
% —F, BRI iEAR A K R AR B 2 A7 il 20 AR i b 1 R 3 AR i R LAY, IS 4 Tl 4 M dE 6
Y1 8 5 A8 B AR T R AE A AE R i AR B e v Wi 2 LS i S e SUAE D7 VAR A ) i i AR
ASib B A A T A4k, EEE S, AW R A S R, A A
X % A A7 A5 ] R S ) Kl b, BEAORF BRI AE G AE Java HEX Y. WIEROR UL, SRR BT SO
K VB A7 AE Java B, R Z WIAFGEAE Java HEX .

Jai i As B R ] LR MR LTI T AR SR R — A 2Rl T8tk R (Linear List) [
A Lhif) . % (Java ERIPLIIE Java SE7 W) MR KA, Jmilas &% b/ 1 47 i
HGE Slot (ZEEAE), —4 Slot n] LA{7fifi — N2 %4 boolean. byte. char., short. float.
reference L& returnAddress /N T-80%% T 32bit (#{E, 2 4 Slot A LAf7fii— /N HN long
5% double [fJ 64bit {ti. IVM & JmiAs xR 44 Slot #AR— MU RG], HEik
XA B B AT R ) B R AR B PR E B R AR BE, Uil RS 0 FRER BN TR IR

Java HERAHLAS UF
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HRECKM Slot KJZ, W 8-2 fin. EM KK FHEFER, 1T long Fl double 2R itk
BRI 64bit, B2 4fF X 2 NEAGFREEER, Big B AR 2 A4 Slot,
Rits B ) 7] JR A B R A 64bit ()R AR BT, NEEAH AT AR AT X i
b —> double R (W {E 77 it /6 i AR SR b 4L Slot MU MRS A ny MIRATF5 EEUH X A
JRtBAR A, HF BRI RG] o T LU n R a1 B4, AR D52 64bit
1) B4 A :l%%?‘%ﬁ*‘iﬁﬂ%%‘éﬁﬁﬁ 2 AN ELE) Slot K A7 fiti— A~ 64bit [, Java RERIAL
iﬁﬁ?iﬁ;i#‘&ﬁ'ﬂﬂﬁﬁﬂﬁ X FEL T ERYE VM BRI E . BRikz 4, —4 Slot

FTEN %G 2 KN AF 0] Java HERUHLIE G ) RE 4 A7 DA A (0 2SR, (B dr {8 ] 32bit
14 17 7% (8] il 147 fi boolean. byte. char. short. float. reference /% returnAddress %52 7Y )
B, MRXIFAZERA Slot N AF K /NE— & &1 52 & 32bit, B4 Slot (N A7 K/ feiF
FRAEALFR 2 . HRE R G0k IVM 2B AR (] 1 7 26 AH S (19 28 44

2/~Slot#F i —1~64bit &

ﬁ&m@i%lﬁﬂzﬁfﬁ R RE J

B 8-2  MRIEZR S| Uiinl 5 i A a2 b B

IVM A 5 #8748 5 oK 56 B 7 VR HT I 1 2 Kot i, 4 — A SE B D vA g TH B %
B T VE S O T5 A4 0 52 SCIRD Ja) 0 A o 2% 2 TR LY e 52 1 81 J) 7 A i 3R b i g — A
Slot o Vil 25124 0 [ Slot — & 7 fif Y S L5 # I SE ) U5 i AR B (6 51 Gl I Java
B VEJZTH IR “this” JCBEF 68 0] Uy ia) 23X AN S0, 11 )5 L0 HAb T2 BOm 5 ik AW € X
i 5 2 A ) 2 4 MWL I ) FR AR R R 510 1 [ Slot {7 AL & T R .

8.1.2 IR1EX%

B —ANPOT T R T A E R AR R R LA, B E — AN JE 4% i (Last-In-First-Out)
I VESORR, thal LLRRZ A %A Ak (Expression Stack). 5 1F £k Al s 648 i R AL U5 i) 77
K EFEEEHERKNZER, R IR R Uy i) 22 51 677 3Ok BEAT 8008 Ui ) (1), 1f & 3l kb v
{9 N A T G B A Sk 58 B — VR B U 1) o A5 — AN 5 1 Bk #1025 4 — AN Wt 1 AR R T T A
Ko, — 32bit (B T LU — A AL R VR BE SR A7, 1 2 AN BRRL AR VR L Uy L AR
17— 64bit HIEE, 295R V5 BOkk BT 75 10 28 B R /INFE G 36 0T mT LA 58 e Bk, JF IR
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fAAE 210 Code JEYEH .

{f HotSpot ', B} T PC #ffds 2t MLk AAE MM AT A, FRZATNE
$¢ Jeid, HotSpot H AT )4V &0 5 4o 1k NAR A MRk 5E Ak, H4 B 7T WL, HotSpot [
PAT 1L IR 3 T R N, AR e 4 A7 88 2840 . TSR L, B AR Bt 2
JVM ST 518 H) — A TAEIX, 29— A7 i A s, — AN i A o e 2> Bt 2 4 ) e
K, AHIZA BRI BB AR 0, RARERITHE RS, A 2a &M &N
T AR AR KOE P BT AR AR R AR o LN AE — AN D5 v A B A AT — 1 B n
FAEER, BT EMNRELR PR FH ERATE TR BUE AR, FIEERATRERE,
Kz Ha R WFFR:

K18 8-2 BITIMZZHMFTHBES

public void testAddOperation();
Code:
0: bipush 15
: istore_1
: bipush 8
: istore 2
: iload_1
: iload_2
: iadd
: istore_3
0: return

H W o0 U WwN

E FRFARIES e, S i “bipush” FEKEE 15 M byte K AIEH N int
KRG AN ERVEBAR AT (4T byte. short F1 char 28R (I EAE ANFRZ /T, SHEHHN int
KR, MRIIARRZ G, “istore_1” 8RS AT TTUC R M BIF A AR TEER S
Vil &5 1 1 Slot L. 8 F R IRAT“ bipush " F8 2K H{E 8 I AR5 , 18 id “istore_2”
FRA BTG E BRI e R ER R Uiin & 514 2 # Slot L. “iload_1” 1 “iload_2”
AN THRMARLZ TP UIRZRT N 1 A2 K Slot L HE 15 A1 8 FH s A EAEHUR 1)
BRI, BEH “iadd” 0 EASHIX 2 ANEUE AR BAT INEIE B G B s S48 REH EA
T, “istore_3” 84 & EH L R I RMERRP U R ZESI N 31 Slot E. &5
“return” 54 MVE A A0 2 i PAT SE 2 G IR R 1 . EERVERUR T, — Tl E %
ANFIZ5 (subcomputation) HkEHEAT, —4>Fiz Fid #2145 5 o] LUk HoAth 4 B iz S AE A .

EWKF T EER, ERESR D B LT IEFRBRAE. WInARAENER 2 o
int 67 (BB JS , AR E A48 long SR (¥ HU(H 2R AE, BE AR 2 4 double KA A fE
J&, A iadd $5 4 X EATTIAT INVEE ST LT L .
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8.1.3 BhisH#kHE

BE— AN RRWTA SR T 455 SR R B AR A B 2 A, B AL A — AN ) 32 AT I v
W ARMWUIT & 77 VA 5 AL X AN S A H SR A T SRR 9T 7 3 (0 AR e % SC I h A Bk
#% (Dynamic Linking). £ 6.2.3 1ith, E# W 4HE LSBT M, —/4NE 805351
SRR T 5 RMMRAE B FB VAL KB RS BAh, Bas TR, A
s R (Constant Pool Table), HIS4 1z 47 i H & ith 5t 2 7 17 55 SC2F o 3 vt 38 (138 47 i
BRI o AE— DA, $R—ATE A T B MO Ab 7 g, w2 3 itk
PR AR5 51 (Symbolic Reference) KR RIF, IS4 sh ASBEBMEMRZE N T
IXUCRF 5 g | 4 4 9 o 5 v B S H .

{EIVM 1, 555 g | 3 o8 WA 7 ik B S S5 07 gh e pLElA . 24—
SO e B TVM N BRI, G SR ) B AR T IR AR SRR I AT &, HLE AT IR EEAN AR
I, 82 A X A Ol B ¥ W TR RS g o B | S FE iR 2 i & . MR
Gy A U () 7 VAR g PSSV A E R OR, R U, HUREREAE R T S AT N R vk
g ol o A5, T X R g | Aol 72 B & 2 A0 It sl g FR 2 o sh &% .
BE AR 5 | FH 1) B 4t 75 o055 7 iR g e HUEIAR ¢, B AR saft A R ikgh e e ? £F Java H— 4L
AT AP Ty, IS8 (Early Binding) MR #4E5%E (Late Binding). Jiji
20850, UG s A R I H AR v an RAE Sm AR vl A, HOE AT IR EEASAR I, B )
F XA 7 B e R B AT SR 5, X FE ok, B T T RO 0 H AR T L TR R — A,
DT abt b sl T DA P i A B 4 01 07 SO A5 5 o | A 4 o 45 L o A S SR U P R 7 VA D
PEWICIER A e ok, SRR {EFR I8 AT SHIAR 48 S B (19 28 B 0 58 AH G (R 77, XA 485 77 K
W AR 2 A e e . AE R TR RmAE S, HTARS AR & W A5 —
gk, F ARt VA AEE VR B £ & (Polymorphism) FREMESKSEIL A ES
(Override) #AF, tmiadit, TR MmEE T A E L R AEE— R
a2 7o, B R . HAE SPOE S MBS i, BRIT Java —RER T X S
I gmFE TR 5 WAk 2, R XK gFEE 5 B E XS EAFE— @ M ZzEa], (2 et
Z AR AR — A S, AR AR SRR e . AR 2 S W M 2R, BEARIX 2K
FETE S H & ZARE, B4 ARt E & S e R 0 PR g 7 A

75 Java 1, JFR A ANl EEAE R e b B a4 5 R — AN 51 W B AR IS AT U SR U 40
i, ORBRT final J7ik4h, JUF-BTA 7R A2 BOAZE TR E /. I T PK:

K55 8-3 RRHAYBE R

/**
* WEWI4EE (Late Binding) il
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*

* @author JohnGao
*/
public class LateBinding {
public static void getName (Animal animal) {
animal.name () ;

}

public static void main(String[] args) {
getName (new Tiger ());
getName (new Pig());

}

interface Animal |
public void name () ;
}

class Tiger implements Animal {
@Override
public void name () {
System.out.println (" Tiger, HIRAET Animal");
}
}

class Pig implements Animal ({
@Override
public void name () {
System.out.println (" Pig, HIKRAET Animal");
}
}

(F FRFEF 7R 6o, #8210 Animal 275 Tiger f1 Pig B ANIRAESS, IF ﬂﬁﬁ’l\ﬂﬁﬁi%ﬁli
H7EM name() i k. T AEG W IE A LateBinding 2S5 ) getName() Jy 7490 ¥ ity %2
VW — 4 name() /7 ik, Wk A E A S ABE RN 7 OB 5 5| oy B, Rtk
X =KW ik 3 TR e B R g, SRR B FAERE N T 2B,
b5 2 A& AR R, i R B g4 TR SRR 7 KR S gl R O R SO,
X—RKM e T AR enAEBERE. AR RKEKTFEIR, N™EEX LXK,
7 Java S I AN AEAE MR R BUONE &, TROR IF RN B3 F AN 5 B A F AT o] O B 5 25 AR
/R Java P — AN HE BR B TRk U, Java AT AT — AN I8 [ 5 vk S #E R % R ek B

CATTAR Y T CH+i8 5 o 1 R pR B CC+rp U 75 248 ] OC B F virtual ok 2 x0E . W
PR b A B 5 7 A M R B RRAE B, ) a] DL ] OGBS final SR AR I IX AN T7
.
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8.1.4 JHiXkiREME

—ANTTEAEPAT I B A S e AR 45 R — RO IR IE R T SE R A —
Fofr J0) 2 77 2% 5 Y P S8 B 0 SRR T VR IR H R e, A X R R, W 0 2 BTy ik
FEPAT R T B A A AT 0 53 5 I, JF By e AT I P op — LA 51 i 3 (]
FE I, A0 7 L AR RER 9] 25 7 R T #, AS ik — AN J7 VA6 18 U8 56 il 2 ) 98 35 W
B FH W — AN IR (148 4 3 75 EEAR PR J 3253 [ {8 1) 5 B B0 B R M 5« AE 1545 4, R 1A
845 ireturn (iR [A{H /& boolean. byte. char. short Fil int ZER i {# fi] )| Ireturn. freturn.
dreturn BL & areturn, 55 4MEFT — A return f5 A S B R void 755 SEEIRIGRL T L. K
M O RIE T i AER .

5575 1 0E R Y 78 BRAR B B 3R T vk S R 9 B iR S TR 98 R 4 T ik
FEPAT R b AT e 2 BN JELL R IR 4R 2 S BUIVM I 75 %, JF HOX S8 53 8 5 2900 7
HHR A IMEBAT AL B, BRE TTEAE AT R P BT athrow $54 B XM R, JF
FLAE 580 771 A B A i RIX A 70 . B2, WER— AT AT R il 7 e, i
PIEATTIEAE T 58 B2 5 R AS 22 AT AT AA] (103 [P 3R (9] 5 e ) 1 P 38

To v 21T 77 32 R Y 5 R T S A EEAE AT 58 i T IR (R ) 2 R4
A0 by B X AN A 2w AR T AR A YRS 2 RS R AT . 2 AT 2R 4R A, fE T ik
WEB R T 5 b —AJ7iknt, oA —AN 5 a0 7 VAR X I B A i g B th ok 75 ik
e G, uremibl 2 % 38, 87— AN Hbil R 0 1 AT Eam, 45 R A 69 7 i
R IR EME R, R PE K2 8RN AT AR R A Hokk b, IR PC F AR
% i BT I AR L .

8.2 HotSpot (PIITS|ERIZLIFIEEY

MEAH, e LLZAE sk, Java ERINLIERR b & — N Java 8 5 A5 # k).
HRFHEEE RS BHE 1,42 9248 F0L 515 5 LXK, 4 JRuby. Rhino.
PHP (IBM WebSphere sMash PHP(P8). Caucho Quercus) Al Scala Z 214 F2£ 18 5 4< & H 5k
AT Java B, MRKET Java WL FRF 000 BB T3 8. A dithaT i,
Java F AR 9RO 5 2 Java ERUHL (JVM, Java Virtual Machine), [K24 BT f) Java F2)57 &z
FTAE Java FERINLIANEE. Java HEAUHLZ BT ARCRR Z 0 EAANL, 2 B8 ke i RV BT R S 11
—Fh RS SN, R EAT S R S SR RS B IL N ARRE/ E NE B EY
PLESHE A AT, AT 51 SR 11 ST AT IX AT 45 (0 K B, B RS Java AN AP B
(2 i 2 —
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MR Java JESANLRLTE 35 A B0 Bk BUAT 5 | BT N % K FH IR R 23 E 2 DIT 4wiF 2810
ST SR BAT F AT R A, AN R Javal.0 BUAS (I (% Sun A AR T — 83 T4l R B
ARSI Java FEFUHL (Sun Classic VM), {H i T8 88 BT AR EFIR T, Fred®) T 1998
F Sun 2 A KA Javal 2 RA B %, B TRIN 4180 NIT 48 HBL T, #5745 T Java
BULLEIZAT R B KR . 149 HotSpot VM 1N &K FH () J2 il FR 28 55 JIT % i 28 IR A7 10 07
FHFEPATAIEIES, ERNUE SRR, RS EAREEH, MALERRFRS
Tl 3 58 AT, IXFE T AR BVF 2 AL E R g RS 18] . IF BB R s AT i ) i HERS

AMHLERR L, LRSI @ I FE P AT 2%

BESR IR Z] THATS1 %, HMAEAIEE Java RERIHLIO KRR, Wik, X T 444
MK REIABL, EMERE B o AR, 18 Google A7 %14 Android *F & #F & [f] Dalvik
FE AU 2 J T 27 47 5% A2 M 10 o A I SR 3 1 B X 48 4 1) ke UL AE 52 v R0 S B0 b A Xof >k 13
ST MR, o B TSRS PR M RS Rk T A AE A M Mk R e B UM S &
X5, % 8.2.2 1), KK[FAE—T, Java i SR IH W EZERZE N THEWAEIRA R
BRPIET? BT iA R B & KA — L RIEZRA RS, Kk James Gosling &+
4 N4 HotSpot VM &£ T HE T8 B ARL . KRR BH —F, REHRAXTE W45 R
J& Java FEIF IO LI T & T (MERI R 3N 1% & HotSpot VM I1E ER B A E R Tk A
RFEE T, AR AAKLER B I T A a2 ? Z it 7, B P4
FIE v SE Bl B EnfE s, ArUAEdE IR Z IR RE FIEBARA LM B RZEAT. A
Java L2 _EoRUE, Tk X T XS M— RS “47R7, BrUAAT 51 AT b gt 2l i i
Il — AR 7 2R AT 6 4 o B2 — AN FOT R R BHE, — A5 SaT 5 VAR R R [ 4 6 AR
o7t it B 2 B gt R, Bl £ Bl A O R R i B, A BE A VR BT S RO A SR, B
245 — A J7 AR B BAT S A R, B N A Java AR — AN BT N AR B HH AR R AR

8.2.1 ZAiHI[IES

EVH LI b, A HLARR 2 e AE LA A AT, 84 76 1E SUJF 4R JH## HotSpot H (19
PAT 51 R FEWATHRAT 70598 & Z 00, AT SR T FH2a—NSTES . AL KRG
L, AT H 2 — L 1R Z W (1 B AR ARG SR R S AR SR AN Y UR R AT 2

ER— TR B ME R A REFRE S, Java GiFL RBEM T 5IEZBRERG MY A1
FK I — Lo v, (/3T R U AT et R RvE T A Bk 55 . AR T IE UULUE — sk
LB F A KB RAMC, B ARE HEIE TR RE L b, WS I RSN
TAMHLES TR A, T I LR e aE s TVM BT I 714, SR,
LA HoAt A B 5 8 o A8 4 AR B AL — A Java FRIFIEATHEOR, AT 5 7 24 T TS 4R
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MR/ G QST R AHUL B IR A A LA, WISk, VM BT A T
EHEE IR ANSESEH.

MAGTETEAT 2 ML ARTE LW ? HLERHE S L R AERs B CPU B8 R IF AT (45
2o E UL BERI SR A A RN I I WL AS T A e 10 ) R R O S A R, R 1 ke
TR T ERATA AR R ThRE, MIRVERONTR € T % B2 HIE S0/ EG LU M L3k
RVEE. KB A RAFEAEANE B (7802 5. h THLERIES Y CPU &%
K, BTUUAEF KM CPU Bt M ML a8 A2 ik AW, JF B 11948 4 2400k 1 22 R
Ko EHRKTGEER, HTEERFRAFFRERES, K I 5 A B3 #0 2 8 (05 110 1) %
LM EHET (i Java, Python. JRuby %), Jf H A @iZ4ih S8R W HLEIE S L1100
ik a2 DT, TFRN RO AT B R T AN [A) 1 4 B 4844 B 4 ke 1 22 3

8.2.2 HiFmmRaS5kXEMZEXS

fE 8.2 740, B SURMI R I A T K T 4 17 35 S0 RO U400 2 ) FR DX 300 o M R 1A%
e U £ Be vt 0SB b SE BN ] S — A B s A AL LR JVM B E TS, A
e N R 2 A\ 571 THT TR K 9 3 32X 75 ol S 2 T f X031 5 L KR S R 2 s 3 e A 1 b 4 A
I R (1 e Ak AN R 3SR B R

BAERR

S 75 A 2% SR K AR 5K 3R 4 2 1) g AR JBT 11 [X )5 A 2 A T IR 4R A AR, 8
8.2.1 HHER YN KKIMLA A RAMHLAE L, 154 05 d 45 1 1 045 1 B0 3 20 by
B BRI RE T 482 BEHATH AFFMThae, miREBTEE THES ISR EL,
LA K AR LSRR R A . K ag S5 RAF R AE A B (A A7 8808 Ak ) % . B2 M 15 4
RAET BIARE, BAVE R LUK R 2 R 20 b F bk 4 & - Huhk i & bk A8 bk
fR25 n bR 2, I KEFEER, BT o2 D ARE, Kbl w454 5T e
AAEER) n bk ERFEH T, T HAEAM RS RAIEMEL - thhkig 4. Mk
e M =Mk e o0 X, kTGRS LA IR IR 4 0 .

B AASG] ¥ M ik 452 Z [ B R AR AEA A D We ? LA Huhk iz 2 4, f6 AN oo
IEHARAET, =ik ARG AT LS RE 2 A BRI 1 AN LA Gl RS, IR IR BERE I AL
oKy —ori MM EREAGE R WFHR:

K75 8-4 =iitIESHIRTHR

op dest, srcl, src2

W, AT = M3 4 BT T TCAE SR AR O T LIS . B AT
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KR AR 1 A b hE 45 4 25 PAT — T JCiE SR, X wn{a g ? st LAY 8-2 A,
1] “iadd” 452 EAEMSE, B 2IEHIIRMEA MEdiTiEE, MaTIHELS a5
AT W 7 3 51 = ik 8 4 55wk A HU0E 05R A7 fits H bR 2 B2 3 2 500 Sl K T —
Pl B2 ol K I i 5 0« 85 %6 2 th “bipush” S8 5{H 15 M byte ZEHIFEH Jy int KR )5
JE N8 BRI A T (31 bytes short Fl char 287U (R {E E AR Z 1T, SN int 284Y),
M AKRZ S, “istore 1" $§ A8 2 51 ST AR TR UG 3 AR A7 A 20 R B AR B 3R b U 1] R 5
11 Slot bo 2 FRBIRIAT “bipush” 82K EME 8 ARG, i “istore 2”7 f&
A KK TG 2t BT AR il (5 SR AR e R h U i &R 51 4 2 1 Slot L. “iload_17 Al “iload_2”
A SN TTH R AR R RSP UIM RS 1A 2 (1) Slot _ERIEE 15 A1 8 T I A 1E SR
Helii, S#eAr “iadd” fRAMESRIX 2 AN EUE H B AT Inikis 85 618 5 45 R H ANk
I, “istore 3" $RA &S H 45 R WA IR MR Z R Ui &S50 3 /) Slot L.

B AR O %K #18 L 48 i 7 1 R SCAF o R i 2 SR it AR 2 T T Bk A 4 1, I A {3
HEFR A2 A AbfAbWe 7 HSE T o hESE A0 L A 4R 22 BA E R &, W — 1
TSR, BRT AR 2 N RBEFERITE RS, AR R 8 ML F WHEAT R R, RAFRY
A A — AN RN, XU B E 2 A A T A AR 4 o DRI A ) S ok
MEREE b, {3 Z bk ie 2 MO R R AR IR . MRAAMLRSH, Tihkfs4
JOEIA R RS, (R E e — MR E A FZE bk 3R S s = bk 4R 1R %
LI RN TE A . LLWnAE x86 “F- & T (1) CPU 454 & 2 T ik ¥R &1, WERSEMK
— IR IS FARAE, L EEIR A TR AE R 2 ARSI,

H TR AR R

O BitRscIE RS, &M TRIEZR0 RS
O BETT T 95 £ 25 9 73 e L
O RLHEEmMEE.

S R UPLIE P T 36 T AR IO 284, A (CHE A4 Bt L ok A S Bl b2 SN ] 8, i FL BE0E A
FRUESZMMRG. FridBEZmR, EHEL FRERIE L CPUBHMEREL T, NFH
AN R B CLEImBLTR & . FTEDHLE ). QRO A0 A0S, 76 8 3 A B A L AN /)
R A %A A TR R R A AT T AR E BB T . ROk, A
AN 7 VA B I, — AN 5 2RI 7 AR R I R 24 A it R B BB R, A Bl A
J7 VA B B0 e, B A R AR AT A R B BB IR A B A T R R B AT 45 R
(Pt FE . A R A5 Java B — AN ERIUA B B AR B0 R . JF B R T A B A
T8 ST, G AR AL o 4 1 Bk o it T e 224 9 b AT A HR AR R AR I O .

H T TR 24 1 22 B4 2 1 B AT T AU R X AR T T AR A, BT DA it EAR
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A AN T B TR AT A7 A% (1 20 T 1) B, DR KR T Ak T R U BLZE 24 B i i s 2T . JR AT
HEE T2 Java FEF LIS VP EIEITHEA, HEAFWHEIEA IR E TR
JVM N B AT 5 158 97 508 SRR /4 i 0 N1 & BT BS 45 A 30T, R I T 2 A7 s o
I JVM B R 2 K 45 Java F2IF S AR IS F G 05, 12 K k7 — 26 25 47 98 45 /b k2
FHABAMBITES (A CISC AbFE 3% 1 245 /7 850100, i 32 f71) x86 #t
HA 832 Ml &7 8% (A EBP fl ESP HBsi /2 6 4>, FR7E—fR#65L ), sy
RISC AbH 2% (1) & Fl 25 f7 28 BUR 2 — 2%, 5] n ARM A5 16 /> 32 {3 ] 27 /7 2%, Sun ] SPARC
£ w 0BG 24 NMEH AL (8 in, 8 local, 8 out)), 43K A% Java 2
Fr GBS IE % A 24T F 2%, XILTFRAMEN . AR AKEHEER, L% Google 2 &l
K 1) Dalvik & — AR ARM V& 1M 35 v 192 T 25 47 8% 4240 S B0 (1 B AL, (2 4% 7 X
kUi, Dalvik #3856 M Java BRIV EOREAT 8 MSEBL, I Heistr it A
A E X L ScfE, 42 Android “F & &R K dex .

R 7 VR RSB SE ANty A, LLRBE T T A A7 A 20 AR R A AN, TR AR
PAPLIEA — AR ATt SRS BIIE T, AR B o e 7 2% BT A2 BRI 5 4 4 AR R R 5
BB o KA N A R T T MU AR 4 B AR SCPE R, BR T AR EE 2 M RBEFE AR A4, Al
AL 8 7 T REAT XS, BAER LA —AFH R, RRERERLAEZHT
o] ] T Al AR AR 2 . T T S A7 a8 28 1) Dalvik RESUNLAT AT (7 15 B 8 2 A 30 & K
FI 16 L XCF 15 (7 AT B .

ETHFREMORA

O PEREIL T AT AL
O 2% D4 25 58 B TR AT

CRERAE, TSR Tk fis 2 vt iE A Tl A ERIL (e HotSpot),
{H 52 B b 1 25 47 28 4240 (1) BB UM LA B8 20 273 550 @ %4 . 51 F RednaxelaFX 1t {8 3C ¢ UL
BER—) P — BRI T A AN B R WL A 0 bk 48 A B, (1
&5 B — TR AE B IR MR T AL TR 2 AR AR TR A, XAt SRR HFEE LN
64 4k Cinstruction dispatch) KECHI N AF /5 R E. T U5l WAF 2 BUTIERE K — A E
T, —HhhbdE A ek = hhbde 4 BAR TR A B R E, BSOSk U AT LA D i
L F e TRAE, 84 IR W AF /S B X Sk Bt AR sE /b .

O tf rHihk: hitp:/rednaxelafx.iteye.com/blog/492667 .
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8.2.3 ETHRKZEHMu0i&it

HRK L HIE HotSpot MEUNLIE T AU G, B# T ok KFKICBAUE— Tk
A7 5 BEAE AT A R b U W o] 5 HOAH SC 1K) — S 4L B [R1AZ VR 1R, 2 K SR B A< 5 T 1 ik
(KPR IG AR 2 X AT 5 8 (0 5 e vk A7 S R I DR T i

tnpE 8-3 fizr, {E JVM 1, PC 747451 Java Fe &[] @ LR FE A MIZ AT N IX, JF
HeMAdda RS Aa B2 fes 30, 84983 1M HEENRx, JVM
43 A AR 2 FE A BT — N ST ) PC AT A7 28 1 Java B 25 1) o A4 4 4R 2 18 F — /N 7 vk B ik,
— N5 2 i V2R 6 Y £ 24 A0 kol th S B 2 Bl G ok, IR A 6 E 2 AT SRR B Bk A7 B 4 ()
o, BB TR R A TG, FEREE TN PAT S R # S, B A — AT MM
W B ATE R R, w0 N A Java B — DN ERMTMA A F B A R . Bl 2
4 AR, AR RR. BERE. hEBEEMTZREREE, Kb RHEERE
B T A7 715 BORUSE A7 AR SR 10 30 AR i, X Sl 0 2 A L 68 % 28 Tk M 3K
B Xt % 5| (reference) LK% returnAddress 2874, 1y # 1 HoH W E A AT 51 10 — iz
TR TR, T 176 7 ik A0 S0 AT L R b 0 25 bl i 25 s > i 4 v AT 1 7 o A4
B4 e ik, AR Wil s A BE R INAT &5 2 TOST R Tk S S O B
S| — 7 iRAE AT A L R Rl W RS R (Al 4R A, 2K O VR IR R B R [B] 4

.
f”:‘:ﬁili-}iﬂ

Tk

JavaHE[X

P 8-3 AT 51 A Bt

TE KK 7 B B, BT S E AT M 7 o FO S G BT A A B 7 T SR 2 e K
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Bl PC FAras, MMMATHE RIS, PC FABMEHH F— &9 EHiT s
s o HIRTTIEAERAT I R o, AT 5 A AT R 230 it A7 1 R T A B e b ik % 5
HER S A7 B A7 A AE Java HEDCH AT RSBIE R, LRGBS %3k o 1) 0 B Fi 6 2 6 B0 H
PRAT B AR ARG B .

8.2.4 AH call_stub()ERE# 1T Java FiE

£ 2.3.7 Wb, EHAGZEUMHEIL Java /830K main() 2 T #EITHI. Bk S H
Launcher i ] CallStaticVoidMethod()efi ¢, CallStaticVoidMethod()ek %¢J@ T~ 45 f44& INIEnv
KA R A, Z KRN M H AR R £ A jni_CallStaticVoidMethod() - /£
jni_CallStaticVoidMethod() e8 £ A 5 3 il FH T £ 7% & /hotspot/src/share/vm/prims/jni.cpp ' (¥
jni_invoke static() B8 %0, 1fi 7€ jni_invoke static() PR %{ N ¥, JavaCalls ¥ %% & % M
GetStaticMethodId() e $H SR HX H — > 42 5y Mk — (9 75 3% 1D, AR5 ¥ LR o ikl s, 15
JE L call()Bf E & AT Java FE 5 1K main() /775 . 48R R T o] LLARAT Java F£5° 1K) main() 75 7%
Gb, B TR ETA I Java J5 VEARAT B W EAK A6 JavaCalls #& 8 k 5¢ B . JF i JavaCalls #5
B 5T G 5 MR 7 AR T I R 2 AR

7t JavaCalls A HR (1) S B0 4575 — 4> call_helper()e& 0, 1% e& BT 1E H] w2 i H CallStub()
of AT Java J5ik, RN 7 ERR BHE G LR & . Bt KK &, CallStub()
oA B LR — AN R R B, SO N Y H bR e BCA StubRoutines BEH (1) call_stub() e £ .
call_stub() e £ (1) J5 4 4 12 7 7 /hotspot/src/share/vm/runtime/javaCalls.cpp 1.

T A RFK B E T, APl T call_helper()ek F 5 486, Wi FFioR:

X155 8-5 call_helper()& /Y2 &K 3

void JavaCalls::call helper (JavaValue* result, methodHandle* m,

JavaCallArguments* args, TRAPS) {

methodHandle method = *m;

JavaThread* thread = (JavaThread*) THREAD;

assert (thread->is_Java_thread(), "must be called by a java thread");

assert (method.not_null(), "must have a method to call");

assert (!SafepointSynchronize::is_at_ safepoint(), "call to Java code
during VM operation");

assert (!thread->handle_area()->no_handle _mark_active(), "cannot
call out to Java here");

CHECK_UNHANDLED OOPS_ONLY (thread->clear_unhandled_oops() ;)
// Verify the arguments

if (CheckJNICalls) {

Java [ERINLKG
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args->verify (method, result->get type(), thread);
}
else debug only(args->verify (method, result->get _type (), thread)):

// Ignore call if method is empty
if (method->is_empty method()) {
assert (result->get_type() == T_VOID, "an empty method must return
a void value");
return;

}

#ifdef ASSERT
{ klassOop holder = method->method holder();

// A klass might not be initialized since JavaCall's might be used
during the executing of

// the <clinit>. For example, a Thread.start might start executing
on an object that is

// not fully initialized! (bad Java programming style)

assert (instanceKlass::cast (holder)->is linked(), "rewritting must
have taken place");

}

#endif
assert (!thread->is_Compiler thread(), "cannot compile from the
compiler");
if (CompilationPolicy::must_be compiled(method)) {

CompileBroker::compile method(method, InvocationEntryBci,

CompilationPolicy::policy()->initial compile level(),
methodHandle (), 0, "must be compiled", CHECK) ;
}

// Since the call stub sets up like the interpreter we call the
from_interpreted_entry

// so we can go compiled via a i2c. Otherwise initial entry method
will always

// run interpreted.

address entry point = method->from interpreted entry():;

if (JvmtiExport::can_post_interpreter_events()

&& thread->is_interp only mode()) {
entry point = method->interpreter_entry();

}

// Figure out if the result value is an oop or not (Note: This is a
different value

// than result type. result_type will be T_INT of oops. (it is about
size)

BasicType result type = runtime_ type from(result);
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I

bool oop_result flag = (result->get type() = T OBJECT [
result->get_type() == T_ARRAY); a
// NOTE: if we move the computation of the result val address inside
// the call to call stub, the optimizer produces wrong code.
intptr_t* result_val_ address =
(intptr_t*) (result->get_value_addr());

// Find receiver

Handle receiver = (!method->is_static()) ? args->receiver()
Handle () ;

// When we reenter Java, we need to reenable the yellow zone which

// might already be disabled when we are in VM.

if (thread->stack_yellow zone_disabled()) {
thread->reguard_stack();

}

// Check that there are shadow pages available before changing thread
state
// to Java
if (l!os::stack_shadow_pages_available (THREAD, method)) {
// Throw stack overflow exception with preinitialized exception.
Exceptions::throw_stack overflow_exception (THREAD, __FILE ,
__LINE_, method):
return;
} else {
// Touch pages checked if the OS needs them to be touched to be mapped.
os::bang_stack shadow_pages():

}

// do call
{ JavaCallWrapper link(method, receiver, result, CHECK);
{ HandleMark hm(thread); // HandleMark used by HandleMarkCleaner

StubRoutines::call_stub() (
(address) &link,

// (intptr t*)&(result-> value), // see NOTE above (compiler problem)
result_val_ address, // see NOTE above (compiler problem)
result_type,
method (),
entry point,
args->parameters(),
args->size_of parameters(),

CHECK
)i

result = link.result(); // circumvent MS C++ 5.0 compiler bug
(result is clobbered across call)
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// Preserve oop return value across possible gc points
if (oop_result flag) {
thread->set_vm_result ( (oop) result->get jobject()):
}
}

} // Exit JavaCallWrapper (can block - potential return oop must be
preserved)

// Check if a thread stop or suspend should be executed

// The following assert was not realistic. Thread.stop can set that
bit at any moment.

//assert (!thread->has_special runtime_exit condition(), "no async.
exceptions should be installed");

// Restore possible oop return
if (oop_result flag) {
result->set jobject((jobject)thread->vm result());
thread->set _vm_result (NULL) ;
}
}

8.2.5 #XINZE7F ( Top-of-Stack Cashing ) AR

SR FRATHS D2 5118 HotSpot [IHAT 5 | K FH 1 I JF & 3 T F A7 48 1 484, HIX IFAR
# HotSpot VM MSEHLF A MEFH BT A8 R . FHARLYE CPU P IARM T Z
—, BRIt CPU FIEH EEM mEAME I —BOkB, TSNS EE TR,
HEEA N FR /SR ELHEA L, AL FABRFBRNEFER, AEFETH
CPU HAEMBEEAFRMAMEAN . FHAETEHTERAAILERS . BEMN T4
Y RAT (1) 48 4 bk 55 K

BEHAE 8.2.2 NP WG VEAN ) BT L A A7 2R B A A AR M 2 ) I D, RV R TR AR
() ke UL BT A P (0 %% ik Fg 4 58 00 S48, {HL 58 B — TR0 A £ I fik a0 SR 5 2456 1T B 22 O A AR AT
R4, 3[R It R A T B £ 045 4 UK Cinstruction dispatch) IR ECFI A A7 132/
BIE. BT ERESCRAAEE N AR, DR PR AT N AR /S A AR R AT
o N T RGGXAN S, JVM R E A4 T AR T84 (ToS, Top-of-Stack Cashing) %
A, BT E ST BV CPU AT, LULFRCX A E/S B, _—IHAT
5| S AT BE

¥ HotSpot VM i, TosState ] T-4#fiif & 2 W4T il 5 Top-of-Stack fJ4RZ, Top-of-Stack
A LA A — R EZ DT . A7 {H TosState X N 4 (ML 25 2 ik . HotSpot VM
— LA 9 B TosState, 1 FFR:
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153 8-6 TosState

// TosState describes the top-of-stack state before and after the

// execution of a bytecode or method. The top-of-stack value may be cached
// in one or more CPU registers. The TosState corresponds to the 'machine
// represention' of this cached value. There's 4 states corresponding
// to the JAVA types int, long, float & double as well as a 5th state
// in case the top-of-stack value is actually on the top of stack

// (in memory) and thus not cached. The atos state corresponds to the
// itos state when it comes to machine representation but is used

// separately for (oop)
// (e.g. verification code).
enum TosState {

btos =
ctos =
stos =
itos =
ltos =
ftos =
dtos =
atos =
vtos =
number
ilgl
}i

0,
’
’
r

’

1
2
3
4
5,
6
7
8
O

~

’

/]
£

_states,

type specific operations

// describes the tos cache contents

// ¥TNZE{F byte/bool KA HIR
// BETIZEAF char R EUE

// FTZEAF short RAIHHE

// FRTRZEAT int HHEE

// FeTZEAF long R RIKHE

// FTEAF float RARIEH

// FRTEAE double R

// FTZEAF object HKRVE R

// KTNEAF tos RBEHE

// illegal state: should not occur

ML BE SRR Foked, 44047 30 int KA INikiE 5w, SESUE T LR S+
Bt 5 400 g A AR AR R A . SLrh “dadd” 484 TG ERERR PG 2 /S int 2R AR T
ZWE, PUTIEEE AR int REMNEHEREFIEART. EHARFEEE, EHRELK
B o (¥ B 2 2 BE AT IE AR IO 4R A, LRI RERE AE ANKR 2 A int BRUOEE S, 24T EA1 41
long 2 [ B0l 2 ¥ 4E, B Ak 2 4 double KR HME 5, AT “iadd” 82X EAI AT
IS AR A . AT, AR TG A H AR T R N AR IR 1R T
AT 51 AT %, 475 HotSpot VM [H ¥ 5 S B A, 4% T 7C 35 9 38 /& ] S0 AT £ /B 4
VeI 2 A< 45 ] T 43, % 7 /openjdk/hotspot/src/cpu/x86/vm/template Table_x86_32.cpp ' 1]
iop2 fe A Bk, W T HrR:

K75 8-7 iop2 IS HER

void TemplateTable::iop2 (Operation op) {
transition(itos, itos);

switch (op)
case add
case sub
case mul

{

__pop_i(rdx); _ addl (rax, rdx); break;
: _ mov(rdx, rax); __ pop_i(rax); __ subl (rax, rdx); break;
__pop_if(rdx); __ imull(rax, rdx); break;
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case _and : __pop_il(rdx); __ andl (rax, rdx); break;
case _or : __pop_i(rdx); __ orl (rax, rdx); break;
case _XoOr : __pop_i(rdx);  xorl (rax, rdx); break;
case shl : __ mov(rcx, rax); _ pop_ i(rax); __ shll (rax); break;
case shr :  mov(rcx, rax);  pop i(rax);  sarl (rax); break;
case ushr : ___mov(rcx, rax); _ pop_i(rax):; o shrl (rax); break;
default : ShouldNotReachHere () ;

£ R A - B o, transition() R 211 4 0% A2 36 AT HIT /S (1) TosState /& 5 77 & 23K .
Rt U, EHAT “iadd” $54 Z W0, TosState WAZffifR L itos, MIATIZ S 2 J5 118 H &5
Wt [ B0 20 itos. MBI KRR G, W R ITHEC & nikis HAR A uE, 4% rdx A7 4745 1 rax
WAL RSP A AR N, BB 4 REATAE rax A frav G IR AL, B TAR T C % I ESR
FEAE AR, DRt 3 75 X N A A M AT 1/ B R AE T .

8.2.6 Efk: RERFTHRMESIANPITSER

6 8.1.2 45, 252 0 1 40 M 54 5 BT 5 ) S (T AR AR A AT, I ARIXAY
SR PSR, R JVM R SEIRAR 1 ASS A . B fE HotSpot MEFUALA, IR
i ok A R AT 5 B — NS AT I AR, e i B0 BUR R A AE R AE Bk, (00 T e
X8, HTTRBEHMEFEYIE CPU A (A8 . B BE SR B 348 (1 3 AT 51 FE A I
700 B 5 92 B AT P R ) 2 A SR AFAE — e 220, RA — n a LR E R, siig i
W R AE ML EER, WA kUi, HotSpot HEANL I 4h 45 & # e Ak TR UM . B
P T ik K 5% B 4 dth FR AR AT 5 | SR RAT AP IR, ZE R 2 0l I A B 0 S A T HEARRS 8-2
LA P 32 3F 5 1 300k R K RUE B T S BURY f BAT 5| R AT P 3R . I 8-4 521 8-9 Fre.

PCETE -W #2%4 t"bipush'f6 4 ¥ 5 (615
@i@ﬁt HiEis \ 4 Mbyte%&ﬁ&jbim?éﬁ}ﬁ EA
2: istore_1 BUTEE |1 shortficharE R EE AR Z

3: bipush 8 B, E¥HEBZRAINER)
5: istore_2 2
6: iload_1 3
7: iload 2 . -/
8: iadd r ™
9: istore_3 ﬁ{‘ﬁ ﬁ&
QO: return / L BT 15

e 8-4 ATIE ALK O (M ERAEHE 2
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\
- PCEES _ HRMARLE, “istore_145
(ot  ®iEss L 4 e e k.
e: bipush 15 - N FREREZERTVEES
I | swsux [ | o || A0S
3: bipush 8
- 2
5: istore_2
6: iload 1 3
7: iload 2 \_ J,
8: iadd - N\
9: istore_3 BIEHUR
Qe; return / BT |
B 8-5 ATIEA NN 2 MRS
PCE T — B TR KT bipush™fé 4
(Fostmst  Wicms | 1 lbpgtel
e: bipush 15 7 ™~
2 istore_1 EW&‘% 1 15
e R G 2
5: istore_2
6: iload_1 3
7 iload 2 \ Y,
8: iadd s ~
9: istore_3 ﬁftﬁﬁ
10: return J BT 3
\ J

[ 8-6 MATIEAHhHER 3 RS

(eomtt  HfEms )
9: bipush 15
2: istore_1
3: bipush 8
6: iload_1
7: iload 2
8: iadd
g: istore_3
Qe: return /

e a
BHETER |1 15
2 8
3
\ =7
(miess )
L B

J

it istore_2"E4 R TE
HEFFRERTERERPH
8% 5] H265Slot k.
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45 8 % 4T HotSpot [ 48 Fy ki 7Y 55 Hh 47 5| 4
f FF |
PCHTS :] “iload_1"f54 & 5 B4 BHER
R CT A g ) E$FEES A0S0 E 1%
9: bipush 15 e ™~ (E15!ﬁl$)\ﬁf’ﬁﬁﬁﬂ‘)ﬁﬁ,
2: istore_1 BUHTER 1 15
3: bipush 8 " 5
5: istore_2
SR ;
7 iload 2 . /
8: iadd ~ X W
9: istore_3 BIESHR
10: rigturn 15
K / . &]ﬁ J
B 8-8 HATIEA NN 6 KR4S
PCEHE — “iload_2"54& 71 ks BHER
(omit  ®iEms | J bt ikl st lolpiny
0: bipush 15 - ~  ESEHFEABRMEHRMRT.
2: istore_1 BHTER | 15
3: bipush 8 2 s
5: istore_2
6: iload_1 3
TR R )
8: iadd ( N
9: istore_3 ﬁftﬁﬁ BT — 8
10: return 15
\id | )
# 8-9 HATIEAHhbE N 7 ERER A
PCEHE -1 EE A iadd {5 4 @LH A
(omit  ®iEs A\ J L T
: bipush 15 s N EREREFHFEANR.
2: istore_1 EHTER 1 15
3: bipush 8 2 s
5: istore_2
6: iload 1 3
7: iload 2 .
SRR R | A
9: istore_3 BRfEHR
Qe: return ) fﬁ]ﬁ—’ 23

P 8-10 HhiTHR &Mkt A 8 MERIEIR S

Java [ RIHLKE



230 8.3 fHEEAYS JIT 4 i 2%

PCEES [: “istore_3"j5 4 £ 452 ML R
(ewst  wienis I ) wrERERTEREHE
0: bipush 15 - ~ %5/ 438Slot . & /5 return”
2: istore_1 E%%iﬁ 1 15 ﬁéﬁ‘]fﬁﬁﬁﬁ%ﬁii&ﬁ?ﬁﬁﬁ
3: bipush 8 Z EHTRERE .
5 istore_2 = 8
6: iload_1 3 23
7 iload_Z W J/

. iadd '

& B 1
QQ: return j BT )

B 8-11 PATHRAHbhE A 9 RIS

8.3 MRIESZE JIT fmiFE3s

HLYE Javal.O AR BS f%, Sun 28] & A T —3K 4% 4 Sun Classic VM (1] Java AL, &
() 1 At 5 5 — R Java REALML, 76 XK R SAHL AN B LR AE MR 8%, AR
ARG R R R EBCRAE NI, AR Java MERINL R GE6E 4632 1T i SHAC S SR B AT R RE
PAT, FBEFREE T ERE T AR AN . HZ W4 1) HotSpot VM F X N B RS, MNEFR
SEHEM) JIT (Just In Time Compiler) %48, 1t Java ERHLIEAT I, AR R 25 A0 B I 4 1%
A REREAH BEME, S AECKAMNE . KK EEE, Lt 2L KRB ST BT,
i A K FH B G 19 4% BEAT G SR ARAT, B T RS A A e X N T B B A sl BL 88 R
Ao VP ST RN LA B e 5, BEAR HotSpot VM H LN & JIT 4wik s 17, M4
AT 208 T E AT TR AR K “HE 27 FRIF AT HEREWE ? HE AN JRockit VM W 5 A&
i REay, FATR A AR AR i g R B R R AT, RERIFRPATHER S IEE &SR
(EUF Y76 3 20y ) o 3R 5 2 46 2l S8 A IR I 1) SR B AT 9 19 o RF 17 IR 45 3 N FH SR 38, 3 Bl I )
AR R REESL, EHX FHREEFEP PN RS, FRTEERHMESS
B I G 13 8% T A7 110 22 4 Sk e Y — AN P i 5.

REAR HotSpot VM R H T BB G i 248, 8 43X st SR 519 i G 1550 A H ML 28455 2
St FIEAT AT % - 7 HotSpot VM o1 N ik A7 A AN JIT 4w i 28 , 70 71 4 Client Compiler # Server
Compiler, {HAKZEH5H FERATHEARA C1 dmiFadA C2 HiFds. AN o] LUl an
A 2 NHE 3 Java RN AEIZ AT I 21 )i AE R W — b B IS 9 625, Q0 B BT

O -client: {55 Java JEFUNLIZITAE Client X F, JFEH Cl 4miF a8
[0 -server: {57 Java MERINLIZATAE Server #a T, A C2 44y .

B 7 oa LB aRHE e Java MERUHLAEIE AT B B0 8 AU — b RO 4 R A8 40, BRIANSOL T
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HotSpot VM | 2% i 5 £ /F R G AS 15 4 BENL 28 1 B {1 6 B shik B IE AT EMp— R AL R,
PLECK FHWE—Fh R g i 88 o TR EAKBE, C1 gmifds 2xt 7 W M BEAT ) s fn o] SE L1k, LA
BRI G RS 1 C2 G i A & g He g R FEI B Ak, USRI B 1) 4 1% T
o ALAE Javal A Z 5, —BHIFRANGBERTF P EXTFEmEL “-server” i, BtE¥S
FFIa 57 12490 1%% (Tiered Compilation) Hilg, i C1 gwiF a5 C2 % 5 8% A1 I P 3 W) R 04T
G 1FAT 55 o AN A FAHRARAC Y, RN B ML RE S 0 it dy 4 “-XX:+TieredCompilation” F
B I I 53 2 G 1R W

Z R Y KO, BT LT HotSpot VM J& K i B 2% 15 BV I 4 1% 28 IR A7 1 4444,
IRTF RN G n] LR 9 BRI N 3 5%, a0 i R a0 Java MEAUUHLER A2 (EI8 47 i 51K
RSt A K MR AR 01T, IR 78 A R BV 4 PR 28 AT . 1 R

O -Xint: 584K MR 28 B AT F2 e
O -Xcomp: 5¢ 4 K HI BV i 4 126 28 455 X P A7 2 17
O -Xmixed: KRR 85 +80 i g% 28 1) & BEAL BT R .

MR K HEERE, WR Java BIIPLEIZTN E2RAMBEHRNAT, B2 R0 % P 4%
Ko LA TAE, T8 58 SR SEMRE S B AT MR AT . RZ R Java [BHINL{EIE
AT I 5 A SR BITISS G 1 25 B AT LA T 25 0 8 2 £ LV I 0 36 4 JC R EAT IR IR G 0 B A AR
7, CABAORFEFF RE WS B 2% A 04T .

pH T B RS 2 1F 2% oK A DL 8% R A B0 gn B HEIR B TIgAT I, Btk Java RIS AT AR

3K B T 0 LAFD C/C++FRF — 8w PR D o 3X E LD N JIT 4 i 4% n] LLER Xof J1 26 43 %5 b
T FE A« A2 ACRD Ml IR BE A A 1T A A 3 A8 (R AR RS D0 1 T T vk 52 4 HE T U 3z A7 i A
BRMGE . JIT 4 i 2% 4 3 10 A Hh DL 2% 45 2 bb B3 26 i ) A s WL 2% 48 2 P A 5 S i BT 0%
WL EE AT 48R T o Lb 41 Python SEBLY PyPy $0AT 8%, LU C S CPython fif# Ff 2%
EN RN, HEENE, ERFNETERE LT, PyPy ¥ iL2& CPython iR 28 17T
MM 1 2 5%, XX NT RS DI—NF el . I H Java HEAR 0 5 1% 2 0%
[ RE L C/CHH L LA, BT il & BT Kot e IX N EHE . /e KR S, AR bk
A B R S, R ROEN T RANH S B mEE S .

8.3.1 &5 HotSpot BIiZITHH FLITHEX
JLAS M Javas BUASTFEG, 1500 F HotSpot VM £ M4 # 4 RSkt A 15 Wy #E P25 (¥ fulf
PEYE B [ Bk R 9T 35 SEIZATAE Client # F, B RIEITHE Server BUF, A4 pLA M)

P il 9 3 A ) — A 4 RE BB AE A SR 75 &% MR 55 98 G0 " IS AT R EEARAENE 2 T K 3,
L % S L, JF H A AE(E 2GB s UL EIPIFLHLAE . HotSpot VM ik 22 A i 75 & Mk
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FAEA” MbrdE, FEE &Ll Server BRIE1T. AR FEER, WHER 327
) Windows “F- 5, HotSpot VM 7EAT 151 N #ELL Client #:iz 17 .

R KK A B A 4 4 AT HotSpot VM EIZ 47 I Bk 45 J2 LA 4 RE (A g 47, oy LUl it dy
%4 “java -version” HEATE R, W FFTR:

X%3 8-8 #HiTEr% “java -version”

java version "1.7.0_15"
Java (TM) SE Runtime Environment (build 1.7.0_15-b03)
Java HotSpot(TM) Client VM (build 23.7-b01, mixed mode, sharing)

T 2EH ML LR 28 E RS 32 {7/ Windows, [Ntk HotSpot VM ¥4
EPELL Client #RZ1T. R W R AL Server #0217, Ww] LLE X Hbifid 6y 4 “java
-server” 5§ ifil HotSpot VM LA Server #:0iZ17. W FFis:

%3 8-9 #HITH S “java -server -version”

java version "1.7.0_15"
Java (TM) SE Runtime Environment (build 1.7.0_15-b03)
Java HotSpot(TM) Server VM (build 23.7-b01, mixed mode, sharing)

nAReY 8-8 FIALHY 8-9 T/, HotSpot VM 7EERINE AL F #8425 F A B¢ 25 + Bl i 4 % 2%
MR AR AL R AT . fE 8.3 Wi, RN Gl LUl iy 4 545 5E Java EIUNLITEE
T SR T fi9R JR 45% 30 J2 BV e 4 1 2% 0 7 ST R I . BT

X453 8-10 #MITHZL “-Xint” 1 “-Xcomp”

>java -Xint -version

java version "1.7.0_15"

Java (TM) SE Runtime Environment (build 1.7.0_15-b03)

Java HotSpot (TM) Client VM (build 23.7-b01, interpreted mode, sharing)

>java -Xcomp -version

java version "1.7.0_15"

Java (TM) SE Runtime Environment (build 1.7.0 15-b03)
Java HotSpot(TM) Client VM (build 23.7-b01, compiled mode, sharing)

R RN IR SR EA @4 “-Xint” 8 “-Xcomp” f#if, HotSpot VM BKiLK
Fl “-Xmixed” MRABIA.

8.3.2 MRESIHITIEVLGI SHIMELR
fE 122 Wivh, EHYESHTL Java FLFSLHLES P 6 A SR 711 EARDEAN,
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IVM Bt FH TR AL B Al o 7 36 2 Java 27 SCIRES F G4, IR 038 4 R
A& PR T N E A A LRS84, T UE A= T S AR R 88 4632 4T IR B AT R 324 1
PATR P HAR I . T AR S AE Bk AN S B B AR AT 9, HUEBR T Java B H 2 4h, EH Y
Z @ OE S IR ORI TR 2804710, b Python. Perl. Ruby %. {HE{EA K, HT
il BE AR IAT AR R RN 0, JF B — 4% C/CH+FE 7 BT AL, B E B A
HotSpot VM H EL48 P R S 33E ) JIT & i 2%, {H Java B (AT 1 A B 2 sl /b bk 2 bl — 2t
FFARIE T fi# Java BT RN APTRME, AN TR WM, T MR 38 A AT B4R 24 o ()
i 5 AR AR T AN n B KR DTk

T RZHE Java FFR NG, 0 RS PATHLHI BRVFIF A SRR BB . & oK
Yo 2 Java RERUNLIE Bl I 2 AR TR SCAR LT X 57 6 SR AT R 0 7 33 AT . R 28
FOER S EFRBE M EHLE —DsTe “BiEE", P Prns “ i x
NF- 6 A AL 3SR S AT . 2~ FF RS PR AT S RUG, #E FHRYE PC A7 /7 4%
LR T — & T ER AT T AT E S AT AR R AE, X SR AR S B0 TAENLE, Rt
SRR AR I TAR(ESS .

i T 2% (AT 45 3l 12 B DT85 7 1 B 48 2 BB 4 X N T & I A H ML 28 48 2 4T . 7€ HotSpot
VM 1, fif# B 2% 3 % i Interpreter BEHF1 Code Btk #4 k. Ho Interpreter £k SCHR T fif B 2%
BRI RE, A RS T AR R MR REAS, A0 Bk BEAR MR AR R CHHfRRE AR .
il Code #& bk F % F T-45 #E HotSpot VM EIZ 1T I A s AR AL 2845 4 . B2 A P4 Tk
4 [l S8 iX P AN B I A

Interpreter iR

Interpreter FLHRSCHL T AR AR AL L D fig, AR EEAHE T AR KRS, o
SRR AR AR CH+ R aS . P BIBU R A T TR IELEAER], T CHH R4 B TR
AHIFBA LR . 7F HotSpot VM, HLAR i BE 4% F1 C++# #2288 73 73 1 Interpreter Bk
ff] Templatelnterpreter {1 fl Cpplnterpreter T AR SEHL . FRIEZ 4F, Interpreter f5EHR ik
& — AN IER EELN PR, IR Abstractinterpreter FHR, iZARH g ST T g b
TR R B AR R 2 A B B B AT A, LIRS T — S5 F 8B RMAILERE.

Code #R

Code itk 3= 3 ] 7% ¥ HotSpot VM TEIZ 1T I £ s A ML 88§82 . 7E Code Fithrh,
AEARE KM CodeCache FHIHL, ZMH AR WACREE AR, T EM T84t
HotSpot VM 7EiZ 1T It A s A WL 88 16 4 o 24 Java ERUNLAE BhI, 276 A 4723 1) b O Hogp
—H NI, EIIH TRAAILSRES, ZTRSTEX —ERaSHRNERENLF. =
SRIF &N B3 ] LI 3 4 3 I 1 B AR RS R AF X (0 A A7 K/, R R

Java FHERLHLKG UE



234 8.3 B JIT gnif s

*81 KBEFRNAFLENEE

b5 T | s ik #iE
-XX:CodeCacheExpansionSize V CR RSN PS A AU 22 77 X3 e K/ B 5 LPW
-XX:InitialCodeCacheSize R REEiIPS e E AU 22 17 X I W1 4 N A ok
-XX:ReservedCodeCacheSize ¥ GHK BB ARB LR AT X 1 e K A7 Tk

8.3.3 JIT %miF=FHI TIEVL S SRR

HotSpot VM 4T 5| % 3= 32 sy iR 2% 15 JIT S ik as bk, JF HLAEIZ 1r it Wl Ir & A i
JEEA B L IE “-Xint” 8% “-Xcomp” B AFREMATHIA, 24 HotSpot VM W44 Hf 23 LU
KR 28+ RO B g 1R 8% VR A BRI I HAT R P . YRR B LR 3 JIT % 885 7 1 6D
HES X NV & AL 2845 2, W75 2R A0 4 U AT AR M o - K T IRAE S
S G RN A AR RY O RS, AR O “ASARRS T, JIT %68 (Eas AT I 2 R R At
e R (1 P ARES R IR BE AL, R IL B SR VR X  B IA L PL AR IR 4, BLt
PETF Java FEE AT HERE, Xk 44 HotSpot VM £ #i FK.2 k3 HotSpot (1) )51 1A . fift B¢ 45
5 0T 4w RS WAT WL, W 8-12 Pror” -

[ 8-12  Client VM #38 F (K B P AT 15 g iF P04 T

@) 14}k T RednaxelaFX (] (JVM 43 =: Java Program in Action) PPT.
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M AR ™ 1B LR ME S BEREAT 4087 Hai 2, — BAREL 5036 5 BRI %

\\\\\\\\

PRI, W 8.3.5 1Y

£ HotSpot VM 1, JIT % if &% £ 2 C1 B, Opto BEHLAI Shark Btk Ky k. e C1
BEHSZIL T Client Compiler 4 1% 2%: 1 Opto #HSCHL T Server Compiler 4% 2%, itk €2
% 1F 45 1 nT LLYEFR 2 4 Opto % i 4%; Shark B NS T —ANEEF LLVM 4% 8% . 1
PR ZE R, AR RT T 5 SN EMNE X C1 SiFds, MmX T C2 Hwikd
15 Shark BRI A, R AT LAZ 2% J0Ath JVM SCR ER# B #2713 HotSpot VM [H1 54 .

8.3.4 SEHMIFRME

ZHIE A Y R Kad, BB T HotSpot VM £ AR 15 4 R G0 IR A 5 4 FEHL 3% 1 B 1
PERE A B IE BRI AT E MR — PR A XN, BASCR TR —Fh RO B 4w iR 88 . W SR IF &OA BLl ik Ay 4
“-client” % :\H55E Java ERINLIZATAE Client BEX T, 2B SFA Cl HwiFdE, kRzWiz
1T1E Server LU N, I C2 Switdd. ALAE Java? RAZG, —HIFRANRARFHE
AfgEA WA “-server” I, WA SIS ESHF (Tiered Compilation) HWEg, # Cl1 %
PEAS A C2 9 PR35 AR L UME L FR AT G 1RAT 55 o 40 2 G 13F SR 4 2 AR 40 4 138 2% B AT 4 13
AL S e, RIZF AR R BERZ R, W FFR:

O %0 L2 PP iR SR AT, (EMRESSIFATIT e thRE I ThRe, WA — )2
Pt 76 5

O 12 FEFH C1 k8 i AMLEE 2 HAT, Cl giF e 71 ik 17 i
AT SER DU, DAk B SR ) e 1 0 X

O %2 2 BFH C2 40484 1 N A MMLER 5 2 PAT, H C2 iF S 2 83— 4L5%4 1%
FEIRF I AP A T RE E H 2 0, HEA JRmEERREEGEE
BEAT — 28 A n] S BOE AL

O % 3 2 FFh C1 % B as 9 i 0 A HL 88 48 @ AT, REEPE e B SEAT AL 5 it

O 542 FLIFh C2 40 i aed i N AP AR 15 & AT, MEATE 2.

1,7 7€ hotspot/src/share/vm/utilities/globalDefinitions.hpp H M 25 £ %! CompLevel & X
T HotSpot VM [ 4 i)z K, 1 FFiR:

{£%3 8-11 globalDefinitions.hpp # E X K 4miEE X

enum CompLevel {

CompLevel any = =1;
CompLevel all = -1,
CompLevel none =0, // Interpreter
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CompLevel simple =1, // C1
CompLevel limited profile =2, // Cl, invocation & backedge counters
CompLevel full profile =3, // Cl, invocation & backedge counters

+ mdo
CompLevel full optimization = 4, // C2 or Shark

Y Java EALAE S S, EREES AT LU SR AR AR, T AS 0 S A B I 4 1 2 4 T G 1 o2
B AT, XFERT LU B2 AL E Mg ], B TAETESS 0 2. £ TRk & 4 i 5
WA R e s B RO S A 2 R R AR 3 R, e 3 Rk RER RS, K aBE P
B 4 2. AL KR TFEER, fwiFdft, JFARIA MR AR #TH Ee d R
4 EPATHR B, BROh I R R — S AR AR, M EERAAS | EIATH .

8.3.5 # AIRMIThEE
TR 40 RS 2 Rk, — AN ORI Tk, BUE R AN TR A
TR B 2 G IR PR BT LABE R 2 S “ 3 siARRS 7, R0 nl DUE T JIT 4 ik 884w 3 A

LB R A o X T AR Le e AR 10 7k, TIT 408 8% & 8 AN 7 TR #0AE b 9 i3 H AR R 3L
HIR A HONLBRHE A . BT T 7 v A4 o S PR KR 2 G A, JIT S 26 2% 1) 4 36 H A
[Fi) R 2 %o # A 7 vk T AR AR R A, el T IR g 3 7 SRR AEAE T VE B AT I R b, Rl
Frz Ak B, sRfii#xh OSR (On Stack Replacement) % ¥ .

—ANMEFR A ST E T AT 2 D IRAE IR A AT LU B AR AE? R U, A AR N
B, JIT Gii% a8 A4 SRkl “ROTARRD " a0 AHHLERE ST . i — BUACRS R A5 4t

K T SO i #A S 4RI, HotSpot VM K& 4 B — A7 ik #0372 DM ANRI SR i i
Bse, 450k i A v #3% (Invocation Counter) A1 11 %(#% (Back Edge Counter).
Hoeb o B0 F TGt v G K i D3 v RS ) R T e AR AR AT IR ER
WH . — ELHEANJ7 B R FR AR B PAT UK e BT A R R BB, 8T AN E A
SACHD 7, DA A AT LABE JIT % i3 88T 4w R ER 15 o 1 Th B8 (K 34 T R DN A S B 1R SRR
i, TR A o By A — A 7 v A ST RN E A B AN RA AT TR T LR S AR LR SR IO TR R
F -2, ANt SR FH I Ry 2R oF R U0 A S R e, K AL A R S R, RO —FER R
A B AARES T BRI T .

8 S T VR T BB TR ER VR . ARSI TE UL T, Client VM BT 19 777K I F IR 3K
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L 1500 WKEF, ¥k T %@ e Server VM #iF, F7 &1 R EGE I 10000
K, A=k NT 9%, 98 FF RN B o] LUE &I “-XX:CompileThreshold” ¥ & 77
MBS BIE . W 8-12 FioR, MR, B R A R s R
BWOLH NT wmiFH{PAT IR, B EFAERIFEABRA, WRAAEKIE, WHAT L %1%
GF A HE AL B8 42 o W RN LE JIT S 3 )5 BRRAS, 82 00045 7 i i R A B8 (e n 1, 8K
Jei ) W 7 3 R P R R (R v B (B AT N 2 R0 A5 B ik 2 A o A g i I, G
SIS, K JIT GiF RIS — AN YA A ERAT AR IE I K .

MR 7R P BOES P BT GE v (R U7 v R IR BOF R — AN IR B, T — N B IR
. iR, RS NEN A SR B a2 WA R, — B B RE ) i
V] o B, SR 2 i I R R R BT AR AN B G iR bR, A XA T SR
HIB 50%, XANHIB I FE sk wliFR 2 77 i 8 v B 2s i A BE VOB 1 i B [A) B A AR 2
h U7 R P B GE v TR R . 3R AT IR R B & AEEAT GC A — AT, X
SRIF AN G Al LUl i % 350 “ -XX:-UseCounterDecay ” >k 3¢ M ik IR IR, X FE— kR ik
RIS EZ MRS R FEHEABEBOSL XN RE. BT o BOE M &M
“_XX:-UseCounterDecay” H%< M E W B A, 460 LUA#E 1T “-XX:CounterHalfLifeTime”
VB TR S B B ] 4 .

EHARTFEFR, WREFPFEA EAEE “-XX:-BackgroundCompilation” ¢
“_Xbatch” JEINI, HotSpot VM IHAT 5| i 2 4 23 4% it S P B AE S5 & PAT S R AE 55
B TAEL RS A S IS, M2 BB IAT 7 XS HAT R, BT RIS %
R AR ERAE T SniF 28 am iR ocin, 50 e dn Bh 45 WAAT C L iR of AL 25 5
%o RZWRREF PR EIX 2 ANETE, W ERAE RS KA FEDEPATHRIFES, X
Bk — B s R A G AT S5 I, FEF I TAR LR RN o B {5, B3 JIT % 1% 4% 5 K
Wi¥hh, FBFEARKRHAT. WK 8-13 fiox.

MRFK AT E ARG, BN REH RN KK UM b — N8 [t
28, FEEANEBL T, Client VM B IR CEGH I 993 R, K2 fid & T 4i¥: MAE Server
VM #F, fERR RO 10700 YR, A&l T 4ii¥. L5 HotSpot VM Ay [alid v ¥ 2842
T — AN T E 7 v TR A B 8% B (I “ -XX:BackEdgeThreshold”, {H 2 4] HotSpot
VM SE bR b IR RAE R ik I, WO RN ROH R @ i B A — A iE
“_XX:OnStackReplacePercentage ” /i) #2 b iff % [ L vt A as o (e, HoubH A .

O Client VM BxU R, [a]id ot £ 28 i) i 48 o 5724 5
(CompileThreshold * OnStackReplacePercentage) / 100
O Server VM #3013 v+ H 28 i B 8 v 5 5K
(CompileThreshold * (OnStackReplacePercentage - InterpreterProfilePercentage)) / 100;
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Ye ¥ lﬂﬁ&ﬁ
1 WATRZE
4 1 WATHZ

Bl 8-13(a) Sl R4S PRAT 55 15 i B 1R 45 1

< y lﬂﬁﬁﬁ

1&%%%

l&ﬁ%ﬁ

B 8-13(b) [ 4 A0 i (1 5 5 e P R
A TAE R BB T8, A 7R Bl T AR T B Ak i 4 7 4 AR RO ARRS T B R TR
K85 8-12 MRA4IFRIFRM

class InvocationCounter {

private: // bit no: |31 3| 2 | 1 0 |
unsigned int counter; // format: [count|carry|state]
enum PrivateConstants {
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number of state bits = 2,

number_of carry bits = 1,
number of noncount_bits = number of state bits +
number of carry bits, - B
number of count bits = BitsPerInt -
number of noncount bits,

Il sws

}i
/] ...
i
void InvocationCounter::reinitialize(bool delay overflow) {
InterpreterInvocationLimit =CompileThreshold
<< number of noncount bits;
InterpreterProfilelimit =
((CompileThreshold * InterpreterProfilePercentage) / 100)
<< number_of noncount_bits;
/...
if (ProfileInterpreter) {
InterpreterBackwardBranchLimit =
(CompileThreshold * (OnStackReplacePercentage-
InterpreterProfilePercentage)) / 100;
} else {
InterpreterBackwardBranchlLimit =
((CompileThreshold * OnStackReplacePercentage) / 100)
<< number_ of noncount_bits;
}
}

WP 8-12 fin, MEREIRIBB] K ELAIR AR, WS ATV A A B
K PAT RS BUR B AFAE S 15 RRAS, WURAFAE RS, WIBRAT C 48 9 13 4F (0 AL 25 45
o WURARAEAE T Gi% 5 IRRAS, 82 WK (Rl o e (a0 1, R A 7 2 v 5
2% (005 1030 VK508 (B AR N 2 R 75 R 5 [ 10 v 38 1) AR, SRR L (A R PR AT
A OSR 4iiFidK, IF HIBEL T HAR M E AR L, DUEGREL /MR &5 h TR IS, 51
JIT i PEAR IO 4 PR 4T AL

FEME KR TR, T Rl vk B8 oF B A7 M7V U v B PR AR AR R (1 i
i, R[] 3 v 038 BT T 0 390 R 214 0 7 VR A P AR R A AT 1R R 1 A X K

84 AXRETBE/INGS
AUE TR AT S I T VRIS, 68R 5T BT AR R . AR ST VEAN U T

A B R WA . BhAEERE UL KO R [ME S AR LA RS K IR, SO KSR
Hb LA T T 27 A7 5% 404 0 A% 3 42 M 1) R FOUDLZE BT A0 S B ¥ DS o 5 S AU U 1] R A
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BB 2GRS T EREM T I, KRR XNIEE AR &, A RKENH T HotSpot 1)
e IZE 47 (ToS, Top-of-Stack Cashing) A J& W] 4% 10 T & 4= R AT EY HE CPU [ %5 47
. BRT A KREAN 4 HotSpot VM (R ZE FI AR Ab, 22 2 340 5 Al B 4 A JIT 4 % 2% 19 T AR UL

\\\\\\\\

ABERABMGR, URFKEEZABRIA ARG, JIRIETEL S HotSpot VM 1)
VRS HEAT R B A 43T, IXRE A BE IR JER )2 s B (1 A TR ER A
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JavaZFri81EE5514

Java7 {EIEVE)Z M BT RIS & 4EH K0, Java EH#HN1 R TF RN B4 5 1
FOEEREE B9 R T A DB 85 285 M, k. try-with-resources i), Rl “<>”
KRHEWIZ AT A R FHE. FHEE FmE% . switch #5137 4F String 2650,
mutil-catch FF £ NI102.0 LRSS . A WIS A BF 2 0TI 28 5 186 15 1245 1 it
T, b KR LI BEAR JavaT 15155 JZ 1 b BT A7 R 0 25028 FAE 52 B JF A i R o i A X e
RV BT R 1 2 af At

A.1 try-with-resources i& ]

ELERRF R R, PR REH T AT h R /O %, DataBase i%#%.
Socket HEHEAF UL, I HLAEM GRS, 075 B HEAT DRURAY (D T AR o SROX 0 98 U5 A A
Lt (ale, s —H bR Java BEAUHLA B A B8 BT IR A0S0 Bl R e RO PR BE OB, ANy B KRR E
W T B YR o PO R AT

£ Java7 Z A, FFR N G AT LAFERE P o € X finally 7 @) S 30 T3 (1) %8 U5 B, o R B s

KEB A1 FEFERE

try {

/* RIEYIGEWIEAE BRI </
} finally {

/* BRIREW T +/

Z T LAk ] finally G BT 9% U5 0 [ WL T4, di 2 2 10 J DR AR 38 T fimally 1) (9 o4
AT HLE . BB, MR EET IR RERE, WA SEBEAN RS KRG
AEIG . BUR finally ) B2 88 9 B T RN 00 56 BBt U [BTWL,  ELx T Wil A Java )
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TFRN TS, SN RERIEG, & X finally 74, 8% finally TAJ{CH
PR AT DR YR BDRCER AR, IR — R TF 3 VR IR RIS S B0 R TR RN B “ Wi k2T A
S0

20 A7 AL —Fh 7 SRR 0 OR 08 U5 70 1 PR &5 R S, WA 2 553 Fahlalie, e fighs s
HEBEIEE P ? AR Java EAINLE BN AA B EHLE—FE, PR A R R 51T,
AN TG 5 P 200 T F X B AT B (RIS . dan o] [ ie . SLAE JavaS IOEHiE, BT AT Al [a] g % U5 2 R 4R
BASEBL T Closeable £ 11, FHHEE T %8 10 N M close() /7vk, LA SR % U5 [m] e 45 1
Java7 X} Closeable # 1t T —26 %%, 1 FFiR:

X523 A-2 Closeable 0O

/**
* A {@code Closeable} is a source or destination of data that can be closed.
* The close method is invoked to release resources that the object is
* holding (such as open files).
*
* @since 1.5
¥/
public interface Closeable extends AutoCloseable {
/**
* Closes this stream and releases any system resources associated
* with it. If the stream is already closed then invoking this
* method has no effect.
*
* @throws IOException if an I/O error occurs
*/

public void close () throws IOException;

iR R T, Closeable 43 14k & T AutoCloseable 4% 1. 2% & 3| F 5 3 17 %8 P (7]
()8, Java & M14E Java7 i XF Closeable £ 113H4T T4 R, # Bh T & A\ 2 e % )i )
o ¥ B YR A sh ik E B AR

4 JavaAPI BT A A [ AC F i 905 24 250 #4101 2 4 () 432 1 S B AutoCloseable 2 [ /5, Java
(B FATNALE Java? ()i Z2 T 3R UE T try-with-resources 5 1), LLIL SEBR 8 2 5% Y5 45 B .
WF e mmmEE, BHRRBIWEE R SERELEAREHRANE, A
try-with-resources & ) M % & X AE try i ) RIEX P . W23, WA try A RENE SCHFE
NEIER, HEH - EHRRYE, W hE XA try 52K XA B %0 A0RE T
AutoCloseable 2 11. Wl F fr7s:
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KB A3 BHNRFREHE

/**
* ffif] try-with-resources i f) S B [ &) % 545 B3
*
* @author JohnGao
*/
public class AutoResourceManagerl {
public static void main(String[] args) {
try (BufferedReader read = new BufferedReader (new FileReader (
"resource path"));) {
read.readLine () ;
} catch (IOException e) {
e.printStackTrace();

}

AR R, i TAEH T try-with-resources i A SEEL E B B EL, BT LAAF R A
B AN AE Y P2 5¢ BufferedReader 895 J5 52 X finally F )3t 1T Fah PR [Pl . BRik2Z 4b,
try-with-resources if fi) 1R IE XN IBIE R & X ZABEN R, HHITH -2 RERSHA
PEH. N THEANRNS, X—UEERA#ITH, LHFHhsH. WHFHxR:

KIBA4 ZHRBEMEDIRRER

/**
* ffiff] try-with-resources i fJsLIL & HJHFEA M A 3) 7 U5 5
*
* @author JohnGao
*/
public class AutoResourceManager2 {
public static void main(String[] args) {
try (BufferedReader read = new BufferedReader (new FileReader (
"resource path")):;
BufferedWriter write = new BufferedWriter (new FileWriter (
"save path")):) {
write.write (read.readLine());
} catch (IOException e) {
e.printStackTrace();
}

PR FEE ARG G, try-with-resources i 71 i &£ X T BufferedReader Al BufferedWriter
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XA RIS IR AR, b2 MBS RS <7 2. YRFHRATE NG, BaRIEEH
A 230 FL 0 AT IR AT e 1 -

MW RKEFEREZ, £/ try-with-resources & H) BEW I T & A 53 NI (144 F7 55 5 o
“RRTE” k. RE QLA R Atk FIRE AR, B8 TER PR R AR A5k
M & Fh S AR, IRAMD T TS 5 s B AL, o R XA BE (R A & ik ok
7E BB Tk 1 S 4F “Papt” A

4 YR RIS T 6 GBI, R R B8 Y [RTAAR I & B T80 YR % T o Y Java
FAWLAR ) N B PR Al R A R UR, (AN S [R5 R 549 o an B B s

KRB A5 BEHEREEEMRMERRKS

/**

* A B IRAT S X R AR R A

*

* @Rauthor JohnGao

*/

public class AutoResourceManager3 {

public static void main(String[] args) {

BufferedReader readl = null;

try (BufferedReader read2 = new BufferedReader (new FileReader (
"resource path"));) {
readl = read2;

} catch (IOException e) {
e.printStackTrace () ;
}
System.out.println ("readl 5K RLEEETCEMATEIB->" + readl
== null);
}
}

FEFF4 s F -
readl Frol ARIX S5 62 G EEPATHIR->false

R R G S, 1E try-with-resources 15 1) N ¥ read2 15| HI{E 4 readl, JFH ™
W B 5E R read2 S5, 1930 VEAS FAE S AT B UR DGR . REBAT T SRR, {H read]
Y8R BT 2 11T read2 (5| T, b ot AT AL 3% 90 [0 WACff S AN A8 T e Rl

R LE R A3 try-with-resources i F S 75 8, {H 2 15 75 2 K MK 57 finally 1412
finally ¥ A 7 Java7 2 Al B0 26 K 2 ot i N #5211 F 3 ¥ U [ SC B A, (ELRR B SE Bk 55
=3k, finally T )ik BE N T T8 R AAT TG LA« L AHRAT 7 IFF BRI R T .
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A2 JZBIHY “<>7 ERUENNIZET

FAE Javas IR, Java IBEEH ST £ T F 2 S EEEYE, Kb HNEALANE
o ZRRMARKIEEXE, ERHIY S8 Java APL #RAE TRAKE, i
Java EEHERBAE A T2 BUEEHATEM

BAIAEZ BB R B ML AT, RAREEAERL b SOE A TR 80 R 2L 0
WET %, ZILFRBEBEING. B Java &1 T15ERMRMEES, PR LERIE
R SU1 R 6 2500 R A5 P 00 R A 2 A . AR IO R R 12 BB R L /T, RATE
EAERR P P SOX AP R B PRI BE KA. Object fE R AT A RBLIEBE, FRAR
AT LLEFEAER] Object fE0 “IEA” MIBUERROKE XK., BOsE ik, HERFPEE
f#i Object BEATHRAF - M HAE R IL LR ARW A2 A, B ERL LSRG R, 8HIM
R TT E K Object S 3UHE 0 BT R HRAF 10 R AR KA, TRV IE 10 5% e bl iR
FAKAEEGRFH, FTUABRNRATER R ERAT SR D 2 et RinZ 20l
UM AR &F ok 73X Pk, JF BRI AAOR TR 22, ERMAERME S kRS, 258
AL RE A RAR TH S I I .

A FTEAT A FETZ B ? 72 B A% o & L S 3 2 S 8L 2K 8¢ (parameterized type),
FriB 8RR, g — K. MO8 T iEERFH AT ER LA ALR, m
EIZfT ARSI &I E . R U, ERFPER TRBSEK, BT
CABERRZ Rz B2 iz B RNz B v

TEFR o 58 SC— A2 B S R (1) S 5] B, A% s 2 L 28 70 2 50 50408 28 20 o 2 AR E L g =2 5
FH2E A (reference type), 1A 2RI A! (primitive type), 7 WK Lk IEME L gwiE. B
XHAARERIF RN A RIS T A A X 2 g 8 /Y, BRI JeAT 17T AR A Javas $2 4L 1
Hah R/ ARFENLE, ARG RB MR RARAT MRV SH, XU THEAR
i & JLFEZEHE . W FRR:

KL A6 ZEUIRH

/**
* 2 RRp
*
* @author JohnGao
*/
public class GenericTest {
public static void main(String[] args) {
List<Integer> value = new ArrayList<Integer>();
for (int i = 0; i < 10; i++)
value.add (i) ;
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}

FACH R, S List FIRASH0h Integer K8, X Bk KA XA List
B P REAF i IO s KA ILRE 2 Integer 2870, i AN AC U A7t HOA BOHE 2 B . /8 SE B i) IF
RO R R, AT EE AL S W RN s R RS BB KA, IF HAESE Bz B,
D3R R SR E R S HOR B i A I 4 R T A AR — PR AL RE % T A2 BU I 2K R &
HOE L2 AE JavaT 1, JF AN 53 AT LA 27 HEWTIZ 5775 T AL K S MU R E X

B AN BRI AR, BER O R T HRMS BB R, B aELFIEZ
RU, FRATTI AT LAE A Java7 $RPEH) “<>” KRUHERHEH AT RURBE SR ER € L. K
FHE 732 A AN S AT LA ] A 28 28 2 B 11 B 50 S, 0 e S X1 T S R 1Y 2 B0 i R 2 s S
ANTR) i e A g B R, NIRRT SH G — . QT B

RIBA-7 ERAEBBHZEFEULBESHNEEEN

class Type<T> ({
T obj;
public T getObj () {
return obj;
}
Type (T obj) {
this.obj = obj;
}
}

/**
A R R T IE AT AL R T S B R E X
*
* @author JohnGao
*/
public class GenericTest2 ({
/**
* @author JohnGao
*/
public static void main(String[] args) {
/* fEH Java7 Z AT IZ AR E SRR S BB KA ~/
Type<String> typel = new Type<String>("str"):;
System.out.println ("iZH Type MERSH A >
+ typel.getObj () .getClass () .getName()) ;

/* AR T HE T IS FEAF R R B S B e 3 +/
Type<Integer> type2 = new Type<>(1000);
System.out.println ("{Z& %K Type MEBSH K->

+ type2.getObj () .getClass () .getName());
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1
}

Ferrgmt o~
2R Type AR B H N ->Java.lang.String
2 Type MAMBH N ->java. lang. Integer
LR R, AR R R T R SR R, KRN S S A
FEFE s AT I 5 ) HE W7 52 8146 32 B4 8 I S VE R A 4 RE I 5088 B B T B e 2R 0 S 80, X REm)
Fo X R A, WS NP RN B T (848, ARG L T EVR I R A

A3 BIRITHEIFEE

BE I EOE AR FF 5 ATV B BL 7 773, b ok ST LR 5 A T {5 5 2005 40l — 3t
HHG A REAE T SERL P AT £ Al R A Ao B TRVECAT IR 2 B, SRR T SEHL R OB AT
HEF L NBER S E AN R

Java 5 C/C++ili i BEAZE, K4 Java iS5 4K T C il MEES K, JFSm T C++
(R 0F SAERY o BT LAF AN B2 e 8 76 2 Y o LA S 187 B A e B 0 1) Uy a2 5 SCHaE )L/ \ 3k ol
b ) . B Java7 MIEUKRIG, FF% N 5 5845 ] BAEFE e vh B8 E 1B
A o 2 SRRV I8 1T I 038 Sk A o, 79 R 2 8 31 20 1) 11 2 o) 502 4 ol 1 0k o) 328 47 4 ot
(R KK B, R RIBOE v EPL P M — RS g U B, B 0 R 1 AN
TR, BN EE B —. BAMT AR IR ITX 2, IO Fhs 2
s E B AR RN BARE e 3t HI & 10110011 7] LLE AL (1011 0011) , 564 10110011B.
£ Java o A I BN, FIIE AT LA “0b”. W R TR

K13 A-8 MR T#HFIFEE

0b10111001;
0b11111011;

int valuel
int value2

o

Java MEVERLNER T R TF R A B HEAE Java A0HS A 75 B E 80T I{E 4h,  Integer 2K
RUARAE T 33 ) K0 1) SLARRE BN B Tk . W R B R

K58 A-9 FREIEEFIIZ @R

/**
N[ 3t o B 2 ) Y e A

* @author JohnGao
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®/
public class NumberConvert {
/**
* @author JohnGao
*/
public static void main(String[] args) {

/* FESChEbH A </

int decimal = 0;

/* 5 SONBERIEUR B o~/

final int OCTAL = 0123;

/* 8 SCHNHERIR BOA T~/

final int HEX = 0x123AF;

/x G T HERIE R A~/

final int BINARY = 0b010001101;

decimal = OCTAL;

System.out.println ("Octal -> Decimal: " + OCTAL);

System.out.println("Decimal -> Octal: " + Integer.toOctalString
(decimal)) ;

decimal = HEX;

System.out.println ("Hex -> Decimal: " + HEX);

System.out.println("Decimal -> Hex: " + Integer.toHexString
(decimal)) ;

decimal = BINARY;

System.out.println("Binary -> Decimal: " + BINARY);

System.out.println("Decimal -> Binary: " + Integer.
toBinaryString (decimal));

Pt F
Octal -> Decimal: 83
Decimal -> Octal: 123
Hex -> Decimal: 74671

Decimal -> Hex: 123af
Binary -> Decimal: 141
Decimal -> Binary: 10001101

A4 FEETFTELSZRS

Java7 {£i5E %2 10 b S5O 2 T 0 58 XA B BB AR A B 7 BT A
PEAN AR T AS R 26 L Bk U K ) B e, HrP R T Java7 B dT As ) i o {8 7
VL. T HERI R RO R RO, BT L RT LUK I U 0 B B T R AN KR

FERE I oh i SOEOE S T E R AR T 8, 08 7 T ol 38 807 T (R AN V7 i B O i el
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PRSIV R 8 float FUOSORS SV R % double #9A0) “FHIMEMI K. W RARYE 55 755K, (EFLR
AN S ALK int RRUFEAE, sRVFERSER I T, FRATAS 538 i AR ] 82 iR 50 . (A
XA KL int RAF KA long KRF IR, 75 5058 A HR 5 AE S 75 T 20 9% h BT o
SO R A KR ? B EBBE T mER TN, Javal RVFERATS «_” #AT78ME D5,

JIXFE—3K, ARRSADURT LA AR T Al ettt B RS 4 SR FR P 10 5 M 4E 4 v . i BT
KB A-10 BEFEEDS

/* V1o R ECTIRE */

long integer = 1000_0000_000L;

/* D)oy RS HME >/

float singlePrecision = 1000_1000.1001F;

/* D)5y RO L7 HIE */

double doublePrecision = 1000_1000_1000.1001_1002D;

n AR A BUE V) 5y, B4 Java Bl 28 (JavaC JmiFas) (04 IR A 4 i3 il
FIE, SR Java RSP AAELEH TFRATEED S <7 i, BEY)
SRS T HASAE BT WSO, RO AERE TG 7 S 2 Java EFUBLIG N4 A 4R,
oA LU o B PR R BUE V) A AR A g R R . E “javap -¢” A A H D A-10

o AL 5 T BV 23 7 461 i 3 O ) - R S R A, R BT
KB A-11 KRB A-10 RiFFF I

Compiled from "Test.java"
public class Test
long integer;
float singlePrecision;
double doublePrecision;
public Test();

Code:
0: aload 0
1: invokespecial #1 // Method java/lang/Object."<init>"
4: aload 0
5: ldc2_w #2 // long 100000000001
8: putfield #4 // Field integer:J
11: aload 0
122 ldec #5 // float 1.0001E7f
14: putfield #6 // Field singlePrecision:F
17: aload 0
18: 1ldc2 w #7 // double 1.0001000100010011E11d
21: putfield #9 // Field doublePrecision:D

24: return

HORY
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A.5 switch FRIXI\SZHF String S HY

Java H YN TFR N LA AL T W Fp T 5 0 R PR 04T TR FE (0 2 B 00 B 6) . — R IT R
N GUAER BB) if-else-if B4); HAh—Fh L switch 4. BURLE SEBR 0 IF & B o FF %
N GAER] if-else-if 154 0] DAY RHAAT 2 88 70 3¢, SR 7E SR PE IS 0 FAE T switch 1B f)44
AT R 8, [ I &8 A 2 3 b

WAL Java7 i, switch if 1) (1) Rk A S LAEAE T byte. short. int Fl char 4 B Jii 4 ¥4
KM, IFHA VP E X ERMRIEE. R Java7 (1 EA KK, switch i f) 0 fo i 5
X5y — Rl i) A ME, k& String KA. switch i f 45 KM, (R EF A 7 Kt A H
e, RS bR FF A F b, W R BRI R, PR A B NAZIS AR switch
2y SO A L IR Y M PAT R . W R PR

K1 A-12 switch EEFERX

switch (expression) {

case constantl:
statement sequence
break;

case constant2:
statement sequence
break;

case constant3:
statement sequence
break;

case constantéd:
statement sequence
break;

default:
statement sequence

}

ERARR R G, 2SN BB R R E R EH S REXEHILAHK case
i, WRFEFRITEIRZEHEA S5 RIEXEHMICACH case B, WXWAT default 16 5751 H
A% {E switch 7, default T2 TIER, WREA ZTH), IFHREXME S
1) case {H#BUCHCRIGIT, AR HAT switch [CFBR P AT A RZMICHEE] — 1 case
E A%, B2 PAT 1% case (P AIARSK AR, EHBIFE AT 58 BIF DD break. X HLAT— il
TR R, WR case P AT break I, N2 K IKAT BIREFF K2 -

£ Java7 Z i, FFARN W RAREAE switch i 6) € LT FFR B RIA X ER, HE—1)
HPEAHESE char 2B, (HUR W RANE AL 747 Hh I, switch @A RA LREN J1, AL
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IXTCRE L Z AT — Pt & . HBEA Java7 (0 1F KW, FFR A GL W4T LAZE switch 8 1) b ff
FF 75 B BB A A, a2 50 switch i 4 o o] LU B #3248 1 String 270 5 X ik 01 .
W pros:

K73 A-13  {FH String 28 7 X switch BRI FixR(E

/**
* ffifl] string AN X switch A HRIERY
*
* Rauthor JohnGao
Haf
public class SwitchTest {
public static void main(String[] args) {
/* i switch W), RIENXMN string BRI ) 8 Rt +/
final String USER_ACCOUNT = "JohnGao";
final String USER_PWD = "123456";
switch (USER_ACCOUNT) {
case "JohnGao":
switch (USER_PWD) {
case "123456":
System.out.println ("M /"K*5: " + USER ACCOUNT + "RIEx") ;
break;
default:
System.out.println ("M F'M*5: " + USER ACCOUNT + "M ANHIR") ;
}
break;
default:
System.out.println ("H/'MK*5: " + USER_ACCOUNT + "AN{FfE");
}

Pt F
K5 : JohnGao Wi ¥ sk

LR R, EHETIKE switch HAJBHL T — MR F XA BRY
AV I H i R AT L, R A A5 AR R R (5 B R 2800 0 G S R R D R AR
2, Wi Gkt k. USSR R B . 247 RS F I DA R B R H SR BC KA,
THRAAE g —FhiR, 9 KSR ARl R g R Z Al

A.6 mutil-catch 514

FEVHSEMLARE T, 5800 AR R A A7 W1 a) B A AL IR B R o AR IR 40 1) 2 2
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W AR S AR B, (B Java AU FFRON SAHR AL T — b Ok A7 2R R0 45 H Ak 1) S A R LA
AT T AL R A B DR R IR AT S M ST ER AT ARG, sk U, P 2 42 LG
it B FEPATH . — HRFPAESAT IR b R A%, 5SS T e /8 B AT HL
& NTBE 28I AT o BT LAIRAT 0 A AL R PP 08, 4 R A S5 75 00 0 I A2 W A0 30 4T 4 2%
AL .

7F Java P, FITA5 10 50 A0 I 28 K R 7k . Throwable & T A 5 M 025, %2504
2 MNEHEEIREZ: Exception 1 Error, 1 A-1 <.

Error —}_ """ — OutOfMemoryError
— VirtualMachineError | — ==eeee
StaclkiverflowError
Thr owabl
owabie ; EOFException
I0Exception ————— *rret
FileHotFoundeException
Exception 4—m——* """
RuntimeException
|
ArithmeticException secess FullPointerExceptior """ IllegalfrgumentException

¥l A-1  Throwable [1J 5 ¥ Ik 2= 45 #

Exception & T 1) nl Ik S 1R H R I, I HZ BB 5 vl LLRI 43 W 18 47 I 5
F— ek 5 84 AE R b i R 2 8 S AT T B 4 3R 9T Ab BRI e i n) LABR Ry R as 47 i
RBH, RZWFRZ NIBATH 5% . I Error &AW PR PE 8 2B, A8 il s
R KA Java BIANLAEE, tban A7 . B KK BE R, T Error 287 (1) 57334 Pk
SR A, RZ 28 R S 0 AT A B b B b AT 3K S A B .

try. catch. throw. throws il finally 5 5 5 % AL B OCHE TR T Java 53 3 AL FE ) 7 &
e, SN Z AT R T B MO AE AR K BG4 Java o, S AL BE OGP ANRE
PR T, g R, R AR AR AT — A SR OB T, R R I R L SAE ] S A
PSS )RR SRS AR

TESEBR  IF & B e, JF & N A AT U try-cache V5 A E AT 5 9 IO il 2K F0 AL B . o
try V5 ) P9 AL 5 10 2 W AT S U AR RS B, T cateh R PN IR AL 1 S I O
KA, BT IR A EACRS E . in RFFETF B S — N E, TR throw 6
e, SRR AR, AN TR AN — A e 2 A R, AT LS throws X
W, BT finally 70 E LR R AEAT RGO “ LAAT” MR RS S W h
VIR

Java FEUHLAS UE



Wik A Java7 BNV VA L | 253

KB A-14 FEHEKRSLE

/**
* S I AR A B
*
* @author JohnGao
*/
public class ExceptionTestl {
public static void main(String[] args) {
try |
/* R E A o fE M BREU S~/
System.out.println (100 / 0);
} catch (ArithmeticException e) {
System.out.println ("0 NEEWAE ABREIUITIET \n" + e);
}

0 ANRERS 1 A BRBOE1TIZH
java.lang.ArithmeticException: / by zero
R R, B A catch TR RIA A E I 575 280 ArithmeticException,
M try 5 6) A AT 8 I AR R A, S A PR 2 R A catch A
o fih e S R R REATULAC, 4 SR UG C RS U PR AT 7 5 4l 2R A0 A B R 4

R try AP 2 R LRI E, RN R EAERERS £ catch T4,
A HAEE A catch THA)H 2 X —4 Exception KM 75 . S SLPr I R L fE
PGS 2 catch TRIHATREMREGEH FlLE s, HEB catch TH%E LRAF)
TACHD 5 W B e A e 4, nl 2 H 4w L7 Exception KR 5% £ — 1 catch FH)h it
TR IR, RN E MR E RN 28 TES, FBWBAR T REMkEna
AL . WA REAAAE R, BEREWEL 5 RS (A b HE, [R) F t A A AES JE
[ A e 47 2 B A Java7 M IE R KIG, mutil-catch 5 PE 50 & A T f# Wi 28 ju] (80 i A= 1) .

mutil-catch 41 S0 VR TF R A SR 505 BB cateh 70 R S ki SCOKC 4 FE 1 5 3 2 0
LS . AR A catch FAITTLUERI S )7 S X EARHLM, MRFEET
RS, SRAE S [ EIURE XAE catch TIPS A RHLA, 0 FHUR

£%3 A-15 mutil-catch EEAFR

try {
/% BT R A AR B~/
} catch (ExceptionTypel | ExceptionType2 e) ({
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/* il BEAT SR A B AN B </

} catch (ExceptionType3 | ExceptionTyped e) {
/% il BEAT SR A PR AR e+

}

FEAE ] mutil-catch £ f7, 52 AL catch 1) P 1) i 8 R BROA A B bR ic 4 final K78,
5 A WA REXS LS T REAT B ./t SOR KA BB T AT 1) I 6 R Y o2 XA — A catch 1)
o, KA X RE R HHE C X Exception F¢ o KBS . fESEBR TR A R, JRATT AT DARR 4 Y %
T, AR R B AE— A catch T, R4l R w i AREE . i oAb
HERIN) a] BLsiE B A AR —A catch FAJiy, K47 78 43 B A mutil-catch F9%FE, A e84 79
TSR R B A S5 ) . i R BT

13 A-16 {#H mutil-catch R FESNEBRE

/**
* ff ] mutil-catch $tkdfiik 5 ab M 55
*
* @author JohnGao
*/
public class ExceptionTest5 ({
public static void main(String[] args) {

try |
/% IR T /0 B fE o Bl R </
run();

} catch (IOException | SQLException e) {
e.printStackTrace () ;
}
}

/**
* R T /0 $R 1 B O A R A

* @author JohnGao
@throws IOException

@throws SQLException

P

* @return void
*/
public static void run() throws IOException, SQLException {
if (Math.random() < 0.1D)
throw new IOException ("FEIFfEMATEFE P I 1/0 BERMEH ") ;
else
throw new SQLException ("FiJ¥£E AT b P bt 0 8o 14 U 1ol RO )
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FEPP i

java.sql.SQLException: FR/F7EHATIL R th B0 0 HE vy i ok g 5t
at ExceptionTest5.run(ExceptionTest5.java:33)
at ExceptionTest5.main (ExceptionTest5.java:12)

A.7 NIO2.0 XHRBEBIHES

MK K Fefih Java 1) 55—~ Hello World F&J¥ T 4f, @t 26 H] 3 Java 58 K1Y 1/0 H4 A, Lk
i1 System.out fl System.in i5 7). M4 /0 £ ARFTTE LI AW ? LAY 170 510k 2 %
P AN FUECHE S R R, AT AT LUK AR 2 A Stream Cift, B E A E ) X AMS .

VO BORSA ERIT AT AR L MR L~ (AR T Java 155, (EAT0 %L i
Gt VO BRIz 1D, B JUTFJEI I T RN 5% #84E B B s B AE A7 170
PR E GRS A HE T RA I RE . MBORJZ T ER G, A8 RE R /5 e v 5 — MR
SO Hds 9 8 P L 25 TR AT CRUD #:4F, 248 H] Socket HARMEAT 19 26 3 {7 45
IXIEFEARRZ AT VO RN S BRbZ b, BT A8 A fi (R i, L7 M fisk i
FEHLEEI —Z), 1/0 BeR O TIFIRIE/E T, B ARE &L b n 8 JF B WU 4 2R 40 S0 s
TS % Bl AL, Wr i SRk BT I )« Do I 4% difp A ol 2 B B a0k i 2 1 T IO K
RO AR, X R A T B V0 BR.

€ Java ', 9 I E PR BRI KR, WG EOT R RN AL, B 2 W T i O
i A-2 A& A-3 FroR. fEILT EEPREE NS, Bl IR R, IR AN U UL A S e £
SO A ST S R YR, oA A 0 R 0 S5 AT T LAFR 2 A B

Pl A-1 A AR 8 KRR A 1) B

Program

B A-2 AL i B 95 b 5 N B

Java APL 34 T BRI BRI, 409 T 150 (LA byte A 0738/ Hdi ) FI7 AL
(LA char A 87 i3/ 5 $d ). 74990 A A B 45 B0 (K A /A AR 8 T O (R R ik, T TR
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5 A T AU ) D A B B A R T R A, TR
#& Unicode a3, AL R AT LASE e S RF PR . JF BLAE RS8Rt
XA R R B TR LA byte A BALT, 1 FAFHLL char b B, FRFRAMY
SRR AT R G HRAE, RS TR BRI S, X — R T REE A . (R IX
PRSP, RAARNGZE A 2 KRB, I 5 AR L A 1 7 T 3 S T

Java () 3CfF R GEEE i java.io K javanio WAL A AL B . WAL Java7 Z i, SO
FERAE — ) FRLLAR R0 . MR EH X HILH I RRL, E 2 124 51 Java API X S0 9%
FEAE. LnIRAH ERS —NE RN VO FEFER, FRARLRFEERERZ AN,
R iR

K3 A-17 24 1/0 LAY SO & HI KNG IR AE
/* S H bR SO R </

BufferedInputStream reader = new BufferedInputStream(
new FileInputStream (COPYFILEPATH)) ;

byte[] content = new byte[reader.available()];

reader.read(content);

/* K SRR ARG G SR H ok +/

BufferedOutputStream write = new BufferedOutputStream/(
new FileOutputStream (PASTEFILEPATH)) ;

write.write (content) ;

LRI 7R, ARG S — A 0 SO SRS, AT AT AL AR
U R R N R EIRFE AR BB, IR AIRE A LA T Java7 X U RS — IR H R

Java7 #EHH T 48 1) N10.2 API LA o028 &t 5% SO BRI ANE, {E /5 4E java.nio.file L F
{§ Jf} Path. Paths. Files. WatchService. FileSystem % iX JL/A>% FH 28 84 ] LUAR & b ol /b JF %
N A% SO R ) G fR o S AN Path 2 1R 4R DS, Path 82 11 (¥ KE 26 T fig S92 T LAY java.io
1 R File RREM, MRXLDEEUR T R E. ARG, FRANGATL
1564 {8 ] Path $: 1 F1 Paths K8, MIZKREUCCAFR ) — & %1 B R 30E B . Path 5 0F H 7%
#® A-1 JiR:

F A1 Path EOMERAZE

EREe

getNameCount()

R 24 S 4Y 8

getFileName()

java.nio.file.Path

BN E TR

getRoot()

java.nio.file.Path

HNET BRI IEPS

getParent()

java.nio.file.Path

ARH 2 i S EOCHR H R
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BT R A A S TFUROR IATHE Path B 1A Paths Y2200 9 AR SCAHR L F 013
o WRPTR:

X753 A-18 {EH Path 305 Paths 28

/**
* A path #1115 Paths JARIUL 415 B

* @author JohnGao
*/
public class FileTest {
public static void main(String[] args) {

Path path = Paths.get ("Hf&: /3Xf");
System.out.println ("3 SA%:" + path.getNameCount ());
System.out.println ("X & :" + path.getFileName()) ;
System.out.println ("X EFX:" + path.getRoot());
System.out.println ("Xff EHKGEHSK :" + path.getParent());

R AR R e, 25 {8 A Path 32 11 A0 Paths 28 8 n] LUAR J5 {88 1 5 1) 3 H bs SCAE BT
AR R o HRIX LA HUE B, W IF AN G AR SO AT HoA AR I e R 4, Eodn e
R I . B MIBRSEEAE, WA LU Files KRBT B /E . Files K 80% H 5k sk
A-2 IR

F A-2 Files BB R A

createFile() java.nio.file.Path TEAR E 10 H AR 5 5% 68 B S0

delete() void T3 i i e B A8 0 S A s S AP

copy() java.nio.file.Path A48 € H AR B AR 10 SO S B 55— A S

Move() java.nio.file.Path 4R € H bR R AR 10 S e B B AL A2 T . I M BRI S

BEAR ( F A% S0 /O 5 3SE B — AN SO R 521 -5 8 Wk ] B0 10 50 A 40 S8 49 I R, 8 24
i 14 B SR BB 2 B0 7R W T HY Files 818 25 B0 — AN SO S S RGMG R AF - 2 | P

K53 A-19  Files £XAIBY{EMA

/**
* ffH Files JEAYSEHL SCIF &I 5RG I 45 A4

* @author JohnGao
*/
public class FileTest ({
public static void main(String[] args) {
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Files.copy (Paths.get ("#f2: /U SCfF") , Paths.get ("MfE: /B X)) ;

}

LARACHS R B, (] Files REURE B SCAF, ARXS THE4E10 17O 77 2k 6 58 fn Jy {8
FOTRT 8, DR HL AR R4 S K 2 FB B A8 45 N10.2 APL, JFR N B SUil i 15k 45 2 4 1)
Al

Java7 A FF RN Q- HE T —E2H 1 X R hAE, A SO . et eliF 1R
Z MR IFFATE R ORI T & R E M, A KK R R R R A T REJS ) Web
Ay YUHERGHEHHEN, FRANREHEN LT FER, KA Web 74— H
B S RASAE G, #4 H)RENIXLE “ARL” JFHEATA N 0 3B fE . Web 7 3%
PR IR AT T B[R] BF 0 2 A 1 SO/ MR Bh B8 B LAASIR AN, SOPF I B 2 GE ) B BXT T Java
XHRGE KRR ZRAEREXN. “YRMFRFNE, Java7 1M IhEEZ D fr 4 — 2%
PEREF DhHE L AOGREE, (BB Java JREMUARMIEAR, EFME LS4 — K, GEW LI
e DL K AE AR S “m T AT g

WRALEFE P #5 B A Java7 MO DhGE, A AFRAT% 7 2 T i# java.nio.file £
) WatchService & 1, %3 OAMEL IS, &8 B AE HAAR REM Y. JFRAR
a] LLiE i i /1] FileSystems 27! () newWatchService() /772, Ml 3KH ] WatchService % 111

53 A-20 3KEY WatchService $# O BYIR4E LI

/* 3KEl WatchService #EOMIRAESIH */
WatchService watchService = FileSystems.getDefault ()
.newWatchService () ;

SCA W e T A IR ), SR M R R AR A I R SE B AR . DT RN banl LAAE
java.nio.file {2 F[¥) StandardWatchEventKinds ZS 4 I 3 o = i 35 f ok o ST Fi0F26 2, fE
KRR HEEER, M 2 WatchService S5 —& T M. StandardWatchEventKinds
PEAIGRALR 3 Fp LI F A, W T TR

0 ENTRY_CREATE: SCAFak e B it e it
0 ENTRY_DELETE: U8l 3C 42 i B 24
(0 ENTRY_MODIFY: U0 1 e ditt .

W2 F R 2E % 4 i i) {F ] WatchService 2878 K 5 I SCAF 4% . Wl R v
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K3 A-21  CHE

/**
* il watchService B SEHL SO W d%
*
* @author JohnGao
*/
public class FileTest {
public static void main(String[] args) {
/* WP H bR AE x/
Path path = Paths.get("C:/");
try {
/* BRI S+
WatchService watchService = FileSystems.getDefault ()
.newWatchService () ;
/xRNSO WA I BT A A«
path.register (watchService, ENTRY_ CREATE, ENTRY DELETE,
ENTRY_ MODIFY) ;
/x PRI S *
while (true) {
WatchKey watchKey = watchService.take();
/* IEAOR AT SO+
for (WatchEvent<?> event : watchKey.pollEvents())
System.out.println (event.context () .toString ()
+ " HMAEREM, v 4+ event.kind());
if (!watchKey.reset())
return;
}
} catch (Exception e) {
e.printStackTrace () ;

}

}

RS R, SR T A0l {d ] WatchService £ 1R S SCHE WA F, B RT L,
fif 1 WatchService JFH @B A7, HERMGEFEE X F A RE®RR, REHA
FileSystems 257! [{] newWatchService() /7 72 £ @ WatchService X} %, # FKi& 7/ Path 3
1) register() /7 i£7E M WatchService SE1 A i #5 $it . X SRR L Z 2 AER IF 5,
% 5 SR W I AE FR %4 WatchKey K 3R BT A fish S i 4% = 4 (09 ST B aT .

(ESEPR AP EE D, /O B S BCMERERSL, XERAIH NN SEE, BEAE
RN EEHEMRLR B . R Windows FREE T A % /0O BERUSR S 701
SN, LA 0 AR A AR R AR S o R D 2% 2 i ) B B R LR U T IR 5 88 W A7 T
R BRI 2 (BHE—MRALEM — DR, Jf HiXLeg 22 BiE R LR
HARAL T, PR A R FE A BRAT BsF 1) DK 3L 6 0 B () o I ) PR K B O R e R RS, AN
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CPU ZMSLHALS DI, JLAY MBI b U f, AERGRFHE. €51
s i Fe b, SRECPH %€ 1/0 SRR S 40 A xS AT, ME— B B0 T R AR 1k 1 SR 46 1
B PR CHENL . £E AT iy 0 BB A P A R I, L0 (00 9 Mt 2 JF & N RSk o i L 32
PRI R RE S, K2 TF RN G i B 0 H B A Linux FiZ4T. BR Windows Py %45
PN 2, Linux PR RO IR X EMR RS . SLHT I8 2% 72 40 % 1 st AR 40l
T, R AR, EHEFERKEBWA, M FIFRERRSONAZET, —BRA
PHLZE 1/0 FEHY ToRE A2 A 5 AN AT LK

Java ff] I/O # B i [7]20 1/O 520 /O # k. AP /O #7404 Bl € /O FEFH %€ 1/0,
M{E Windows #85 FHEHMA T 10CP ) 1/0 #i%, iR HFEX L4 /0. 10CP
(Input/Output Completion Port, i A /4yt 5¢ B 1) ) 8K Ui J& — M R LK mtE e 7 4 170
B NIRRT A 16 VO SR M B AR REL M AT, B2 55050 )FR 1]
5% . Java7 X} IOCP ¥EAT T iR FE 33, XS I R A 617l LAfEF 1OCP API 4% 5 & %4 (1) 40 A
KW EHAKFHFEFEE, BT 10CP {XR F{EHE Windows “F& L, Ky @R LA
Linux V& A (Linux *F& _Ea] LLUEE Epoll #i4l IOCP S2H).

AL MBmELE M FF RN BN, 7€ Windows P& FHAER LA 170 HALE
IOCP, Linux V& FN& EPOLL. fHJE EPOLL }AH H E& X LA 54 /0, EPOLL H &
LEL AT REHBBERL TIOCP i . BRI A44 M Unix MR mFLHIRIS, £ E A VO 48R )8 T
/O #ERY, iU EPOLL M52 8 T2 A V0. & R UL 0 VO FF1E 2 2005 & LA
TR

O 1/0iEKS /0O #EASH %€,
O FFIEREF A S 5E /0 #4E, hEEE R LR AP SCPr /O $#:4F, H £ &5

BLAE Javad WRAIE %, NIO (Java New Input/Output, Java B A/a ) # B, Al
BIF RN AT LA ZE 1/0 (e h AN F I k. H495 NIO IRAR K, F I
beirm, HEEEZARAREmANL CHal kA% =77 NIO 7 4 Mina. Netty).
(B P fi# JEPH & 1/O M SR BEIE R AEH A L E, SR MEE N iR K A PR ZE 1/0 #4510 Aii X
N ZRB . R BT

K73 A-22 fEFPMEZE /0

/**
* LG KBHZE T/0

* @author JohnGao
® [
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public class I0Test {
public static void main(String[] args) {

try |
ServerSocket server = new ServerSocket (8888);
Socket clist = server.accept():
BufferedReader reader = new BufferedReader

(new InputStreamReader (clist.getInputStream())):

/% RWCE 170 WRITBELIE */
System.out.println(reader.readLine());

} catch (Exception e) {
e.printStackTrace () ;

}

}

AT LAARE 10 (19 TN 2% R4 4 /0 KA 170 e A9y . EIRACH 7R 41
th, % SRR PHSE 1/O BN, Wl LAAR W A R B 2 v R ) 4R T IR S5 S W R R 9%
U R AT RN & PR 1/0 SR, R4 & fE reader.readLine() /7 i AL PH %€ . B B B Th UK
) 1/0 iEKE, MRS A S TFEHATEPR 1/O #4E. & % 10 BT 70 i A AR,
T ARAIE AR 25 3 5 2% S AR A R I 2 1 » BATIANTR A g B — 4 25 7 i A 4 8 OFF R A 3 1 2
FEHAT /0 ¥4, MRELHFERITRERES, RFCaeBAFRARSEXAMT .

HEBH % 1/0 FIPH%E VO B KMIARET, JEFH%E /0 AL VO iR = pH%E, R
WL R AR S A WE 1O gk, JEPHZE /O & “RREERRME” VO WEk, HAEKE
S J5 iR T LG AT 170 H4E PR ZEIE K HEFE . Java7 oI JF & A B4 10CP API #4774 1/0
s, XEATFRARARLE RO VO REME, KWARFPIER VO #iE K 2iBEitsn
BERALE LT, HERFEMIFRMAIER.
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4 Bhid 7 14k
0x00 nop T AE
0x01 aconst_null FF null #E % 5 K T
0x02 iconst_ml HF int 81 HE T AR T
0x03 iconst_0 H int B 0 HERX% F HE T
0x04 iconst_1 A int B 1 HEEF R
0x05 iconst_2 H int BY 2 HER% AR T
0x06 iconst_3 HF int BY 3 HERE F R T
0x07 iconst_4 16 int B 4 HEi% 5 H IO
0x08 iconst_5 F int B 5 HERXE S AL T
0x09 Iconst_0 + long %Y 0 HEi% 4 kR 00
0x0a lconst_1 #F long Y 1 HERE % kR T
0x0b fconst_0 # float %4 0 HEi% % £ 0
0x0c feonst 1 + float %Y 1 HE 1% % kR T
0x0d fconst 2 4 float Y 2 #Ei% 5= k& Tl
0x0e dconst_0 #4 double %Y 0 HE% 42 4 i
0x0f deonst_1 +4 double B 1 HERL 5 ke il
0x10 bipush FFR TR R (-128~127) HERE B AR T
0x11 sipush F— R RH R (-32768~32767) HEIX F T
0x12 lde # int, float B String 74 B A it P HERX 2 HR I
0x13 Ide_w ¥ int, float 8¢ String BY 5 B M A Bt h HERE AR TH CRE&R G

@O 52 KW T (Java BESUALMYE (Java SE7 D) )
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gR
me T wiew s SRR SR R e
0x14 lde2_w 44 long 50 double 78 7 it fE M fik it vho HfE32% 58 4% T <%:%:v‘l‘) |
0x15 iload FH45E 1 int KA HE AE B HERX 5 R T
0x16 lload H 45T 1Y) long BY A b 4 ik HE 1% 5 % 0l
0x17 fload FE 4 E 1Y float YA HE A it HEIX 4 4R TH
0x18 dload F4EE 1 double Y A< M A% i HE 3% AR TH
0x19 aload HEAR 10 5 28 Y A bl A ot 0% 2 R TH
Oxla iload_0 A int BYACHE AR B % R T
0x1b iload_1 A int BUAHL AR B HEX AR T
Oxlc iload_2 A int B A Hh A AR A AR T
0x1d iload_3 YA int BA AR A 42 R T
Oxle lload_0 F 58— A long B A A B HEE B AR T
ox1f lload_1 A5 A long B A h A8 it HE 1% 55 AR 0
0x20 lload 2 458 =4 long Y A ih A% Hik HE 1% 5 Ak T
0x21 lload_3 F4 VYA long B A Hh A8 ik HE 3% % B T
0x22 fload 0 A5 — 1 float Y A< Hh AR it HE X 22 AR T
0x23 fload 1 H5 5 A float YA AR Bk HE 1% 55 4 T
0x24 fload_2 5 =4 float B AH AR B 4% E 4R T
0x25 fload 3 H 5 VYA float Y A< dh A4F it HE % 45 £ 15
0x26 dload 0 H5 58— double % A< iy 45 Bt HE 1% % AR T
0x27 dload 1 55 4 double B A HhAF 5 HE % T A T
0x28 dload 2 5 = double %A Hh 45 i HE 1% %5 ¥R Tl
0x29 dload 3 H S PUAS double 7Y A M A B HE % 524 T
0x2a aload_0 W5 — A 5] HI 2 A A i A% ik HE % 2 e T
0x2b aload 1 HF 5 AN G 28 R A M A 1% 5 AR T
0x2¢ aload_2 A =51 R 2R A i A e HE 2 A AR O
0x2d aload 3 H 2 DY AN 5| 2 R A A % AR T
0x2e iaload # int BUECAL 3R E R 5| 10 HERS AR T
0x2f laload 5 long BB R F 51 10 (E HEE F AR T
0x30 faload # float BUHAL & R 5| 19 (H HEIX B AR TH
0x31 daload #4 double B KAL) B HE 1% AR TH
0x32 aaload W5 R BRI E R HE 3% F A T
0x33 baload # boolean I byte B! %41 45 & & 5| i (H HE X E AL T0
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gk
0x34 caload H char BUECAL R E 2R 9| 10 (L HEIZ £ 4R T -
0x35 saload H short BHCALR E £ 51 O (0 HE % 55 K TR
0x36 istore AR T int B A7 AR A M B
0x37 Istore HHe T long B HA 7 A48 52 A b 2% it
0x38 fstore FE T foat RYELA A7 AH7 5 A4 b
0x39 dstore F6FLT0 double Y B 7 AN Ji 52 A M 28
0x3a astore AR TS 280 K A7 N4 S8 A A
0x3b istore 0 FEEET int BUEMHAF NS — DA MR &
0x3c istore 1 FEARTI int RUEHAANSE AN AH R B
0x3d istore 2 AT int BB AF A = A AR &
0x3e istore_3 A HR T int BY 800 A7 A DUAS A b
0x3f Istore 0 F AT long B AF NS — D A b A B
0x40 Istore_1 HH T long BB A7 A A A b AR
0x41 Istore_2 HEHR IO long BB AF NS = DAL AR B
0x42 Istore_3 FEHE T long BY B F £ A58 PUAS A fh 5
0x43 fstore 0 A TR float BUHUAL A7 NS — A A M AR 4
0x44 fstore | T float BUKELAF A — A Al &
0x45 fstore 2 A0 float BB AF AN SR = A A 28 it
0x46 fstore 3 F T float Y O A7 A S DY A A b A8 it
0x47 dstore 0 H BTl double RYE{I A7 A S — A A AR 4t
0x48 dstore_| ¥ He 0 double Y {EL A7 N3 A AR BE
0x49 dstore 2 FEHR Tl double BY AU{E A7 N5 = A A AR Kt
Ox4a dstore 3 H5He T double L HAI A7 A S8 DY A A M AR it
0x4b astore_0 RS R AT A A
Ox4c astore | H R T 5 | T B B AF NS AN A AR
Ox4d astore 2 FE R T 5 | FH B R Ar NS = A A
Oxde astore_3 FeHe T 5| F BB N SO A At A i
0x4f iastore FEHE T int RUEH 7 A 2 B MR E RO E
0x50 lastore FH LT long Y MU A7 NG & B 4R E R o {7 &
0x51 fastore FFEE T float Y B A7 A48 i BUAL M 45 2 & O 1AL
0x52 dastore R T double LKA 77 A 52 HOAL I i 2 & 9 | 008
0x53 aastore A A 05| HI B B A7 AN e B FR e R &
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0x54 bastore 5 H T boolean 5 byte ’ﬁwﬁfﬁff)\iﬁ‘i;fﬁﬁi H‘Jfﬁlﬁﬁiil 1&‘%‘.
0x55 castore BT char RIEEGF AR E AN E RSV E

0x56 sastore F5 & T short B EUE 7 A5 & B g e E oI H

0x57 pop RT3 CHUE AN RE A long 58 double 2572 11))

0x58 pop2 T — 4 (long 5 double 2 ) sf Py M EMi# dl CHiAh)
0x59 dup 52 1 e TOU KA - S T He A\ R T

0x5a dup_xI1 S ) R TOUHCARE 4 8 A K270 i T N e T

0x5b dup_x2 SRR THBUE I =4 (BN S TR AR T

0x5¢ dup2 AT — 4 (long 5k double ALy ) sk A~ (IiAth ) K -4 52 {1 T A #& T
0x5d dup2_x1 dup_x1 § 4 [ AR5 A

0x5e dup2_x2 dup_x2 #8541 XWUAE R A

0xsf swap A5 b g5 T 140 7 A B0 B4 B AN fiE A2 long 5 double ZERUf))
0x60 iadd ASH TP int B BTN 6 45 B A AR T

0x61 ladd FFARTOUA long B ¥ AR InJF 4% 45 3 e ATl

0x62 fadd HERR IO float 8 HUN 41 0 5 K5 45 S e AR T

0x63 dadd AR T double R HA A I K 45 4L I AR T

0x64 isub AT int BB A 0K 45 B N BT

0x65 Isub FEAR TP long 7Y HCMEAH 0K 45 S TR N A T

0x66 fsub R TO P float Y K AH vl I 45 25 BLIE N K Tt

0x67 dsub 5 H 0P double 7 E( AH W 45 L I A K& T

0x68 imul FE R TIUA int B8O AH SR 45 B AR T

0x69 Imul P T long Y KA AH I 45 45 B He AR T

0x6a fmul FF R TH P float %Y A A 36 JF 45 45 AL A AR T

0x6b dmul FEER TP double %Y AH 3 05 45 AL I A AR THE

0x6¢ idiv R TO int B BOE AT I 9 5 AL R AR T

0x6d ldiv AT long B BUELAR BR F3 45 5L A H 0

0x6e fdiv R TOUM float %Y A AR BR JF46 45 ALK AR T

0x6f ddiv HHE TR MY double #Y B AP AR BR 4 &5 W IR A AR THE

0x70 irem HEER TR int BB 1 HUBLZ 57074 45 R AR T

0x71 Irem A HETO long BY AR 1 HOAUIZ B4 &5 B IR AR T

0x72 frem H AR TP float B B 1 HUBEIZ S 4 45 LR A AT

0x73 drem B T5 P double Y H A 1 HUBLE S JF 4% 45 B I A # T
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A.7 NIO2.0 X A% A

b & DR o T A
0x74 ineg HERR IO int B E(R HR 054 45 9L IR AR T
0x75 Ineg FFHTH long BB HY Gt 345 45 IR AR TR
0x76 fneg HEAR 0L float Y BTN G Ke 45 JL T\ K 15
0x77 dneg AR T double Y % HY 61 3 5 45 4L I A KL Til
0x78 ishl A int BBUH 268 (748 52 G0 80K 45 B TR AR T
0x79 Ishl + long B HUE A B 07 4 58 (L HOF ¥ 245 B ARG T
0x7a ishr ¥ int ROBUEAT (FF5) B ALIR & A 8O K 485 AR T
0x7b Ishr A long BUBUEAT (TS BALIR A7 8O A4 45 UL e A RE 61
0x7¢ iushr it MEHHA CER S ) BALIRE 008U K 45 R T
0x7d lushr H long RUBUHAT CEMYS) BALHEE (IO 45 B AR TH
0x7e iand R AR TIA int BRUBE “H 57 FFH 45 RIEAKTH
0x7f land HEAR TIPS long BUBUIAE “HA 5" HoH 45 A AR TH
0x80 ior AR TIM int BUBUME “ I8 A 45 B AR I
0x81 lor AR T H long RUEUEAFE “HLfrER” H ¥ 45 B AR T
0x82 ixor T int BUBEME “ AR RIS R E A BT
0x83 Ixor FEARTO A long RUBAEAE “ 4 5 ml " JE4 45 B I A BT
0x84 iinc 4R E int B REW AR 2 G, -y 422D
0x85 i21 HE R T ine 700 % (1 9 ) 0 B long BB 4 45 L N KR T
0x86 i2f HEER T int 750 5510 9 0B 15 R Noat BB I 45 45 FE AR T
0x87 i2d FEE T int 7R %4 £ 95 ) 5% 15 R double 7Y % 8 I 5 45 5L IR A KR T
0x88 12i AR IO long %Y H A1 58 % 5 1 imt R BC(E I 4 SR A RR T
0x89 12f FHEE T long B9 $ (8 5% I 55 10 0 float Y 85 (E0 K 45 L HE A KR 0
0x8a 12d HFHL TN long % A4 55 1) % 6 1 double %Y {8 3 45 &5 B H A KR T
0x8b £2i H5ER T float Y % i 5 1 4% Ak int KU B JF 4% 45 B N HR T
0x8¢ f21 FFHRTO float %Y KA 58 Y 4% 4 1k long RYEUH JF4% 45 Tk N\ K i
0x8d f2d A5 H T Float 78 40 {11 95 il #% 4% ik double 78 ¥R I 45 S s A B Tl
0x8e d2i FEZ 0 double 7 KA 5 ) % e i int Y BOE I8 45 R AN BT
0x8f d21 4TI double Y £ {F 58 il #% A long B BUAE JF K 45 R IE AR TR
0x90 d2f 4% T double R H{f 5 il 5% 1 float B HF 45 45 B e AR T
0x91 i2b H5 R TO int 754 B (15 908 5 40 byte BB I 45 S R T
0x92 i2¢ H B T it 700 KM 98 160 4 400 A char BB 8 45 L TE N BRI
0x93 i2s HEER T int 7Y %5 5 95 1) 5 45 R short BY BB I &5 B EE A MR T
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0x94 lemp LB TP long UK K/, FFH4EH (1, 0, -1) JEAKETI

0x95 fempl FEB AR IO float BUBME K/, JEH LR (1, 0, -1) FRATH: M3h 4N %fy
J3 NaN i, #-1 s AT

0x96 fempg FEBERTH float B A/, FHMEE R (1, 0, -1) JEARTH: 2H b —/NH
4 NaN B, K 1 AR T

0x97 dempl PLBH T double UMM AN, IRHEETH (1, 0, -1) FRAHRT: Hih—A4%
{29 NaN i, -1 A HTi

0x98 dempg HEA R T double BB RN, JFHE R (1, 0, -1) HRAFRT: M — A%
{9 NaN Itf, # 1 IR T

0x99 ifeq AR T int BUEC % T 0 B Bk

0x9a ifne BRI int BB AE T 0 N BEEE

0x9b iflt T int BB/ T 0 B BEAL

0x9¢ ifge R T int BRI K TA5 T 0 i k4%

0x9d ifgt BT int BB T 0 i BEE

0x9e ifle BRI int BB A T4 T 0 i BhEE

0x9f if_icmpeq LER AR T int BUE(E KD, 9485 % T 0 mhBks:

0xal if_icmpne LR T int B 8O K/, M85 BN T 0 I k4%

Oxal if_icmplt LER AR TIPS int RUBUE K/, 45 00T o ks

Oxa2 if_icmpge LR AR TP int BURCA N, MK T2 T 0 mhigkss

0Oxa3 if_icmpgt LER AR TR int RUHC(E AN, M85 R KT 0 I BEsE

Oxad if_icmple LER AR TP int BUBUE A/, A4 8D T35 T 0 i BkE:

0xa$ if_acmpeq e R T 5 | FH R B, 22 45 AT A5 e Bk

0xab if_acmpne PER R T 5 | R B, 2 &5 SR AN AR A5 i Bk

Oxa7 goto To 5 A Bk

0xa8 jsr B¥: F 1758 16 17 offset (L, I jsr F—2454 Huhl [ A TR

0xa9 ret IR |0 5 A b A8 AR SE 1K) index MUAR AL E (M jsry jsr_w BEAEHD

Oxaa tableswitch AT switch & FBk4%E, case k4 (WBKEEIRS)

Oxab lookupswitch H T switch 2 E k4, case (IANES: (AT EKERSL)

Oxac ireturn MR J5 R 18] int

Oxad Ireturn M 7723 8] long

Oxae freturn MM R ] float

Oxaf dreturn M 411 J7¥432 [B] double

0xb0 areturn =L w7 T CIRS B X M|
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A.7 NIO2.0 X1 ARG %A

Oxb1

return

M U5 i 0] void

0xb2 getstatic KR E LM AL, 8 HEEAED

0xb3 putstatic 45 FE 1) 2 1 e A e (i

0xb4 getfield IR € I e 4, IR FUAE B A B Tt

0xb5 putfield Ja 4 FE 2 0 5 1 3k (L

0xb6 invokevirtual W FH 29 77 vk

0xb7 invokespecial R 3 Ty vk, SIS T, R DT ik

0xb8 invokestatic R R R S T ik

0xb9 invokeinterface i H % 10 7 ik

0Oxba Invokedynamic Vi 8l & Ty vk

0xbb new G — AR, RIS HME R BT

0xbe newarray O — AR R R (int, float, char...) [%4L, F#IL5I A AR T

0xbd anewarray Bl — A gl A c, Ben, B4 A, RIS HEE AR T

Oxbe arraylength R B0 K T O e AR T

0xbf athrow HEH T S

0xc0 checkcast R0 S A B 40, K50 A IE R i HY ClassCastException

Oxcl instanceof RO Xf RO B RARE R R gH, WK 1 AT, AN 0 B AR TR

0xc2 monitorenter SRR B, H TR O vk e R) B B

0xe3 monitorexit RIS BB, T [)25 7 ik sl w0 e

Oxc4 wide PR A b A2 B A 98 AE

0xcS multianewarray B 4 5w JE BRI o 4 RS 0 2 YERAL (AT IR A, BREARD AR S YR
HOACBERDD o 0 H 5| I A AR T

0xc6 ifnull 4 null i B

0xc7 ifnonnull A null i BE44

0xc8 goto_w LA AEBRE CREID

0xc9 jsr_w BhHE B H70E 32 {7 offset f7 8, FHHf jsr_w F—F IG5 A Huhk e AR T
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