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No Exploration, No Soul !

JVM Further Introduction
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2. Java HAR

2.1. Java & X

—MEE. AEMER. 26N, BEE. FEFEBRE. B
ZE. ot ZEENISHIEBEE — SmEX
Java 7& T THIR, & HHIYJTTHAL L Java ifiih 5« Java R4 Java FEFUHLA Java
T B2 L (Java APl BIATTIIC R W R B TR

Java #RFEITE Java FenziTHINS
S Java
Java IRH0D 3 + 3
FHREHSELE e
( java {4 A,
b\
v Java FRFE BN B &R g
Java HR1F R i 1EaE =
0
. i
=TE RS
v
BIERS
Java F 15 45 1
(.class 3T —

2.2. Java I K AFE




O apR.uz
©

uml.org.cn

Javatz FF B FF & AE *

class HelloWorld {
public static void main(String
., args(]) {
MEFIET a2 F System.out.printin(“Hello
I Hello World WaRdE:
BRE, HiERT } — :
177 HelloWorld SRS } i
- B AR AR T R
java

= PR PRI A AR ]
* class R HEIAENI2E &
I S 45 2 -
HelloWorld.java

GiRRAUE:

BT Jave XAH javacW BITER
= Hello World!
ETER:

java HelloWorld

2.3. Java Mizf7 )R

Javaiz (THYJE 12

A.class B.class C.class

1 11

Java Java Java

REFUBL | | EESUAL | | RESLAL

1

Object.class String.class

Aclass B.class C.class

EFEfclass 3 Java API#IClass3z 4
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Javaiz {THY[RIE

JavalB e F I BA 8. java)

JVM (Java Virtual

Machine) — JavafEHI#1

v —APEAHERETE

v B EXERATEN ER
; BiZpl St B EE K
Lime ey [ A IR .

ol b Wl aaEMEEERENE
HEeH Ak IE s . HERR.
FFaFE LB GHEME
SRY.

JavaE PR s £ (T R &8 . class)

Windows

Linux
o (e Tt R

TR N 1905 Java f815 Cjava 3CHF).

SR FE G R 151 Cclass S0

B Ja TR AN NAE, — BT RN, e S R A AR AT, B
2 A RIS S 1R A 328 R () e A S LA B R A T o

2.4, FOmiE iRt

o FEIRIFFRRR?
v REFBAPRMARESENER —MBAL, RN e e
SRYAKES, REMESR, E1TRIN B e B8 RO MR SR TR AR
v java BE M RNES, BRITHERIK. (HE Fcr+8y
55%)

public class HelloVidodd [ [ative Mathing Cods
public state vold maini String args] 1) { :
Siestern atit prirting’ Hallo Woridl" )
!

b

; Compiler @ Interpreter

Class File
Load .
l—"\> Java Virtual
Bylecnds =i Machine

2.5. “FHIKME




TP Q KR

uml.org.cn

T XK

v

fEFE: B—EFENBEAEn LETE ERRERS, BEGF+RE. #E
BENAFFEHHFFERAR. (VB. C/C+ . Java)

v JavaSEEAABHREMEAY, BAREFRSHENTUEEBHIEMTE.
v JavafPE A RS ERFHEF TR THRAMRENE, FTHFRAAGEE.

EHEF TS LXRMER? VWM (java Virtual Machine) B2 TEEEM. JVWMEE
TEFGZ ERER, g ERH—& B, ifETERE4 A E
Rl EEfT.
BEFATRENEN TS EHETLE: (1) BARFRTEE WA ESERERF
CPUME A MEHEMANER. (2) AT ikjavaLIFE LK, SunAFREAR
& _ERSASRa mER AN, EBRIHCPUiR SRR, (3) HKBRRF
ERMEREE KR, EEEMHEHIVMERS K. 4D JavafF BN
BITEIWMLE, A2 PENEEEETAE. (B5) IWMREFEHNAR, BFEYW
iéﬁﬁﬁﬁﬂ‘ﬁ BAHARES (6) JVMAR(EENE, A A8 15 B A R M i
1
E%’ﬁ—’l‘*ﬁﬁ: javafUiB MBI VMR A BRIE1T, (E18 javaiBiT KK
WORA: Write Once. Run Anywhere(— /4R S . B 4bIiEIT).

3. JVM HJER G

M ETTELEHE, Java ERUAL QOVMD AMERCORALE, SRR 19 JR)Z B R G E

SIS

ST Ty

A Java Java = F it F A

X HE i #r38 i
THIEEER

T % I @
| THFERD 2
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Class Files —®» Class Loader

Runtime Data Area f &

Stack Heap Method Area

PC Register Native Method Stack

‘1 R

—» Native Interface

Execution Engine

IVM A FR E5 0 F 2SR A1 RGN 2
A% (Class Loader) TF&R%:.
PATEHI% (Execution Engine) T &A%t
BATHFE . (Runtime Data Area) 444
A (Native Interface) 4114

3.1. B34 (Class Loader) T 340

FRHE 45 2 4 PR 58 442544 (U1 java.lang.Object)>k253% .class U N 23] Runtime data
area 1) method area(/77AX3K). T2/ 1 LL extends java.lang.ClassLoader 25K H CLIT)
Class loader,

3.2. PUTHI% (Execution Engine) T &4;

PAT 5 AR RS 25 (Interpreter), AT fERE M2, $RACHAE RGEHIT.

3.3. AHBEZ (Native Interface) 414

AHOEE A S S AN F I FEiE 5 00 Java FITH, 'ERIWIE @A C/C++F2F, Java
VEAR (R A C/CHREAT IR, BEARST R, 20— MR . BRI o/cH+FE7,
TN L TIIFRE T — X AL AR A native IACAS, B BARMGEL 2 Native
Method Stack "1 &1t native /575, 7E Execution Engine AT I IZ native libraries. H Hii% )7
AT BT, BRARE SAEE N, thanidd Java FEFIRAIFTEINL, BiE
Java RGEHA = W%, LRGN b e L/ L, DR R A (1) e AL Ak 1] PR T8 A5 1R
ik, el LA H Socket {5, i LAITH] Web Service 5555

3.4. 1247%4RE (Runtime Data Area) 41t

IBAT AR X HEA VM I . FATTIT A S R AU R B, 2 R A T iRis T,

— Native Libraies
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Java B RGUMILIIEESR, a Pz R Bh. #2% FORBATRARIS .
P A B AR PR AE I AT Ba X A7 e adE LR Loy

3.4.1. Java Stack (#%)

Fe A A7, /& Java FEIFIIEATIX, JEELLFEQIER I, a2 IR
FIEar I, LRSS AR W AA BRI, X TR A AE b S i m) i, LR R — 450,
ZARHL Over,

)RR T AP AR RS i e 7 A4 2 i g ?

Merb B AR A2 LR MU (Stack Frame) [P UAEAE, ARMUZE — N NAEX R, 22—k
£, M KT (Method) HUS AT IHEAR M85, 24— 074 A B - g™ 42 17 —A
Kt F1, JEg R NIRRT, A VS GR T B Jyik, TR F2 g B AR, TS
HeJE, S P2 AR, PR FL AR, EAGSTHRES R ).
HE Kt B RARAEAEH 2 B e ? Febiirh 32 20847 3 8 ¥
AH AL 5 (Local Variables), LG4 NSO i 25 UL R 7R N AL & 5
FedfE (Operand Stack), ik Hikk. AFRHIERME;
FeiiEl (Frame Data), EHERCAHF. TikEEss,

AT A KB — N Java £k, f1F &R
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Java Stack

7355223 | ( Method Index)

Ey NFitHE2Y ( Parameters)

=

ZittZsE ( Local vars)

Class File (2£&) Stack Frame1

A2 ( Return Frame)

i (Next Frame)

/

Fi£Z35| ( Method Index)

Ey NEtHE2Y ( Parameters )

ZttarE ( Local vars)

e %

Class File (&) Stack Frame?

v A2im ( Return Frame)

T (Next Frame)

BZRAE AT PN Ee, Fiiot 2 S dee ol HI K3k, SE AR, SR ik 2 U
T L, Kot 1 AR AT B, Hibd 2 A TR, AT 58RI AT 1 Ak ot
2, SRREA, R

3.4.2. JavaHeap (M)
—AN WM SEB R AFAE— AN HESAE, HE I AE I N T L1

10



FMNBAF LI T 2RI, T2 Tk WAL REHEA AT, DT AT 240U T
HEA A7 =53 -

>

Permanent Space 7K AAfF-fi X

TRAAFAEIR S — NS AE X 38, A7 JDK B &5+ 1) Class, Interface [
JCHE, W2 UE B RIS AT R 25 R, Bl e 23 e DX ) it 2 A
SRR RIS RDRCRLIES DG IVM A S BB XSk BT o R A7 o

Young Generation Space 41X

BAEDORRMEE . et TR, — AN E A, N, b [E]
g s, g, WX X a4y : X (Eden space) FISEA7H X
(Survivor pace), I IZRAGEETMIXYE new HKM. EAFAXAPA: 0 X
(Survivor 0 space) A1 1 [X (Survivor 1 space). 4t [ ()25 0] H 5 i, R X
CiRelfE90 S Y] V< b v A R i e P e P e v T i A T [ P SR P N
Bl I G P 5 | BN AT R 58 . AR5 g B Bl v () B R0 R B B B AF 0 1X
FEEAT O XA T, PR X @A R A, ARG E] 1 K. IRWR 1 X3l T
We? FER B EIFREX .

Tenure generation space F&& X

TR DX T ARAT AT A DX F 1 SR K JAVA S5, — it i S e XA X S5 K

AR EE

Kk A1zfigX (Permanent Space)

3.4.3. Method Area (J7[X)

JHE R ITAT LRI, X ORAE P 7 B R 71, DR S8Rk A Wi
R A AU AR A BEE 3L

3.4.4. PCRegister (FEFiH402%)

BN LREAA DRI, wle MR, SRR S, BT
BN AL

11
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3.4.5. Native Method Stack (AHh J72:4%)

A TTEAR S VM B FT R IEAE SR, HAR vM O BRIV LIZ AT VM RS IR %S
A 5 VAR A K BRI LAEH 2 Native 775G . B RISEELE S . Tl S 45 8f
SRTEIE, EEERREAINL CE Sun Hotspot FEINL) ELREEEA R v il vv #% & —
Ko FVM H—FE, XX S StackOverflowError A1 OutOfMemoryError S o

4. JVM AH% 5] B

4.1, 0. HEFERAATAX 2

e HERATIBON BRI, EIEXS B A K1 N A2 B Ar AR N A7
HOTBRBEZRE R, AL, HETHEE VM 1, 7 VM A HE A A7
AR B, T EAE RS VAR, HE, FRAFI new HISKIKIXT S 5L o

4.2. [ HEAAFH BIRAF BT A A0 ?

B W5, WINGRATE DRI,
4.3. [ FATENSLOIAREA AKX

2 SRR E, EFST RN E.
AR EAAAEVEIX. (Method Area) H1, SEIAREAFLEHENAE (Heap) H.

4.4, v): Java 7% (BRED B EALEIE & ALht?

e HRAGE, S DARAR I Jr A% it
FARKIUE: R R SRR I, 5 ISR 1 bk

4.5. 1. Afta<r=4 OutOfMemory?

% —H)ifi: Heap WAFT A LT HNAE T o XAIHELFUFEEfR, AZ U Heap WA W
T, SEUHTHIE AR R KT Heap B INAE, LLATILTE Heap I&75FH 1M, {FUZ 8T Fii
FINAETFEE 1AM, T2 B3R OutOfMemory T, 1T HELLS IR0 G HI i #7741 L 22 0.9M,
T2 I — Ik OutOfMemory . TR R GC B IOt & 7= AR s L, REAMR T .

4.6. I: FERINBEAZE, A Aiksr=4: OutOfMemory?

s RARKZEUGRZ T, Heap P PRI GRS K, RIEA T TR,

4.7. . KIa<re4: StackOverflowError?

Fre DU —AEFRIE Stack WAFRFRAEIR T, — i H s B0 B«
4.8. o). — Bl ErJ LA 24 JVM 2 JVM 2 Ji) ] DL D5 ?

e WA WM, HEEHEKZE T o IVM ZREANTT LU E T, RANRELE A-VM Hij ]
B-IVM ¥] Heap WAE, XJe AT HEM) . FELLRIZRAH) VM i, 2 I A-JVM Crack G520
2| B-JVM, IRAERRAE R D I,

4.9. 17): Mt Java ZERABERIHLE], 1 ANKH] C/C++ K 2N A8 B ?

B N TR, AR BEAGE R LT AR REST I U1 -

12
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4.10. ) A AUREA FEA A BB L] 2

2 BB EEHLEIEEAS VM E8ASE], JVM Specification MU 5E X T 5 [ BN 1, 2
P e T B R i % s, BARE A SIS REARIE], HR A, IR R P SEAE
B ERN

4.11. ). JVM B JERIIEEE X e S ) 7 MR RA AT (1 2

#%: Heap il Method Area s& 3211, HABHS ERAE 1.

4.12. A]: AHa R IT?

Z: )T /245 Just In Time, A 0SCRYFE IT 154 IVM 1— Nk, B I PAT S
B KA, X ABRERLAR . Java WIEA RIS 5 e — MR HETE =, g, RIS 3k
TS (byte code) WIZEXT IVM (1), B 75 ZE PRI 3R A2 AR B (native code) A REBE AL
MPAT, TRAFEMAMHIZ K T Sun R TIEPOZN B T —20pUh, oF, R
PERUR RS, B, FRAE VM ERREE AT, AU g R R, TR IR
Uy ) B s B ) AR RS SR T, TR IT AR T, X Al

4.13. [7]: A AR EIAERL A B A W System.ge()?

e AR R AE R 08 N AR A, Wgig Full GC, & TR EE T A TG s (Stop The
World Collection), RN FH GE A 521X AN 2

4.14. |0]: JVM A3 W Sb i 4k 250 2

% W2,
HEWAE S BeAF IR/ T LUOE S, BEA R HE A AE 1 =SB0 OB AR A Ll Al e

WA

5. &A Java HFEX S5 oOM

5.1. Mk

P C CHREFITRIITT RN BOR UL, AE A BRI, AAT TR AT e BT
(¥ 52 7 SO AT B Al TAR IR 57 s N R—— IR SRR AT B, A G —A6t
G A TR BN A A I 4E 54T

XFT Java FEFP 01K UL, ANFEEFONEE—AS new #RAELHRCXT delete/free, A G
PP AR AT A A A R, B OR T IVM B AE  DIERR S . AL, tIESZ IR Java
P B NAF IO A T VM, — BB A Y, S0 2RAS 1A Jvm 2 TSR T
WAFIKT, ASHEEE R DR 2o — IR IRHE AR <

5.2. JVM IzATI & X (1 3.4)

SHEIES M 3.4 BT, AT R A

5.2.1. @474 B (Runtime Constant Pool)

Class CHFHPRR THIIMMRA . FB. Jiik. BOSERRSEE BAN, BF 05 B 2N
14 (constant_pool table), A7/ m i Cnl AR =, X0 W AR AESS gk G gt N7

13
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IR GRAAD 78 (HE Java 5 IFANEOR M LA G ITUE A Class (1% =R 1
WA RERE AN 5 TR DR s, Ja A7 ST IR) e nREHT A ION B it (R LRLF) - String.intern()
7‘5‘?2)0

IBATIN S S VA I8, FARSZ BTV N AF R BRI, >4 Bt Gy i H i 21
WAFIS 23l OutOfMemoryError 53 .

5.2.2. AHLEHFZNAF (Direct Memory)

B NAEIFAE B FANLISAT I B X — 585, EARAHE AN AT AZ VM BT
FR X I (HZIX 0 WA 2 530 OutOfMemoryError S HHER,  IRIEFRAT 131X HL—ji
ik,

£ JDKL.4 HHMAT NIO 28, SIN—MIETRESZMWX I 1/0 773, erlbhsd 4
ML Native PR HAZ D CANNAE, SRIGIELE —ANAAELE Java HE BT DirectByteBuffer X
GAERIX BN A5 AT 8 . IXFEREAE— Ll 5o B mbERe, DUMBE% T4 Java
X FAHLHE b ke [m] 52 50

WARAHLEZE N DA S ZE) Java HER/NIBRSE], (HUZ IR WA e i 2 2
RN AP AL (GUFE SWAP X B0 Windows MEFLNAE) FIBREIR, —BURSs#35 P 5
BLE VM S, SR SEPR NAF I B -Xmx S 55 B, (HEH 2R WA, [R5
AN AE DR FR TP B A7 PR CELFSE Y3 R E REHRIBRED, 10 FES &Y
H I outOfMemoryError 5 o

5.3. 5E/% OutOfMemoryError (OOM)

FIRBHE X B, BT RS, HAAE VM Spec HERHHIA T 774 OutOfMemoryError
(G, TBERAT T S T — T, e LB R ARR, A0 R X 488 42 oOM i A
IR, [R5 5 N AEAH DG BN Z 2. B ST A2 2T Sun Hotspot
JEFUML 1.6 WRIVSEEL, X TA RN A F A FRRA P BRI, SEER eIt d R fedi R
2N o
5.3.1. Java #7742 OOM

Java HEAFTRUPI /2 XS G S, DRt AW N6 %, FF HARIE GC Roots X R 2 [A1F
AR AREI AT A oOM S MR BRI Java HEK/NCA 20M, ATTYURE, dEId 23
-XX:+HeapDumpOnOutOfMemoryError il FEAUHLAE HIIL OOM 3 (K i Dump Hi P9 A7 BIeA% LA
ffi#r. (5T Dump BUESCOR A TN 2, AIZ AT =5 (VM NAFE R IR
IVM N AE 5 AT SR A )

14



TEH1: Java #E OOM ik

/**

*VM Args: -Xms20m -Xmx20m -XX:+HeapDumpOnOutOfMemoryError
*/

public class HeapOOM {

static class OOMObject {
}

public static void main(String[] args) {
List<OOMObiject> list = new ArrayList<OOMObject>();

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

BATEIR

java.lang.OutOfMemoryError: Java heap space
Dumping heap to java_pid3404.hprof ...
Heap dump file created [22045981 bytes in 0.663 secs]

5.3.2. FFUAHL VAR =4 OOM

Hotspot JEMLIFANX 73 VM ARFIAH J 10k, DRIt -Xoss ZHUSEFr L2 ToRam), Hei =
W -Xss SR E « T VM AR FIA L 7 148 7E VM Spec iR T W Fh 74 : StackOverflowError
£j outOfMemoryError, A&7 M TCVEAR L 7 PR /) BCT B R AR A A7 /NI R AR AR LS5
i S AR SRS R R T O, AR I SEER T, X T RN 2 R i 3
MR TEIEAE RN 2E oOM, RSl 4 LAl 3R 1S SOF =4 .
- [ -Xss ZEHIRENAF R . S50 PO SOF S I (R HER IR BEAH A4 /) o
- ESCKREAMAR S, BRI B N RS . 4558 it SOF S I I HEAK IR
FEAH R4 /N o
- B LA E R Z AR AR B (S0 5, 4T R8I I3 i AbR B R 0, A3 01T
G iEas VPN BAF I ek b o ic. 455 SEPRACR RIS — A
TEH 2. VM BRI 75k ooM IR (IAE N2 1 AR )

/**

* VM Args: -Xss128k

*/

public class JavaVMStackSOF {

private int stackLength = 1;
public void stackLeak() {

stackLength++;
stackLeak();

15
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public static void main(String[] args) throws Throwable {
JavaVMStackSOF oom = new JavaVMStackSOF();
try {
oom.stackLeak();
} catch (Throwable e) {
System.out.printIn("stack length:" + oom.stackLength);
throw e;

BATEIR

stack length:2402

Exception in thread "main" java.lang.StackOverflowError

at org.fenixsoft.oom.JavaVMStackSOF.stackLeak(JavaVMStackSOF.java:20)
at org.fenixsoft.oom.JavaVMStackSOF.stackLeak(JavaVMStackSOF.java:21)
at org.fenixsoft.oom.JavaVMStackSOF.stackLeak(JavaVMStackSOF.java:21)

5.3.3. AT E 74 OOM

B E I S I 2, BT R 2 A8 String.intern()iX ) Native /71, HI T Eith
A VR Y, FoATT R T5 Bl 1 -XX:PermSize F1-XX:MaxPermSize PR il 772X /NI A] B 1l

R
T 3 TIN5 I ooM

/**

* VM Args: -XX:PermSize=10M -XX:MaxPermSize=10M
*/

public class RuntimeConstantPoolOOM {

public static void main(String[] args) {

/1 AEH List (REFEH TR, ] Full GC RN AT 4

List<String> list = new ArrayList<String>();
// 10M [¥] PermSize 7 integer ¥5 [l N 24774 oOM T
inti=0;
while (true) {
list.add(String.valueOf(i++).intern());

}

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

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

at org.fenixsoft.oom.RuntimeConstantPoolOOM.main(RuntimeConstantPoolOOM.java:18)

5.3.4. J7iEIX A4 OOM

16
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JTEIX I TAETH Class AHOAR B, BT AN RSP MR FRAT 15 ) CGLib B EEER A 51 bt
ANAERCRE) Class, (HAFEREME, XHEIMN XA P B 37 5 LR 4 255 5L b
N A I YariR 2 EIAMELL, 40 Spring. Hibernate X RUEATHAsRAS, #B4{# F 2] CGLib
KRN EIAR, MG Z, T EOBOR I 7 D T ORIESh A A ) Class Al LAn
BANAT -

I 4. fifl) CGLib A3 VA X HH UL OOM

/**
*VM Args: -XX:PermSize=10M -XX:MaxPermSize=10M
*
/
public class JavaMethodAreaOOM {

public static void main(String[] args) {
while (true) {
Enhancer enhancer = new Enhancer();
enhancer.setSuperclass(OOMObject.class);
enhancer.setUseCache(false);
enhancer.setCallback(new MethodInterceptor() {
public Object intercept(Object obj, Method method, Object[] args, MethodProxy
proxy) throws Throwable {
return proxy.invokeSuper(obj, args);

}
1;
enhancer.create();
}
}
static class OOMObject {
}

}

Caused by: java.lang.OutOfMemoryError: PermGen space
at java.lang.ClassLoader.defineClass1(Native Method)
at java.lang.ClassLoader.defineClassCond(ClassLoader.java:632)
at java.lang.ClassLoader.defineClass(ClassLoader.java:616)

... 8 more

5.3.5. 4k

BN IR, FRATIF 7 A REURL S I 1 Y A7 AT R (MR X, A AR B AR
EAETTRE 2 E OOM S . UK Java AR, {H OOM IR B FRATIFEARE L, AT
PR FRATT P SN A X 3 oOM e HE IR IR IR, 5 83T T Java B JRCER LI T
BEGL OOM i UL, M T A 2RSS ).
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6. RALIRCER SR A 20 BU SR g

6.1. MLk

HTHI4 T Java WAFEATIN KBRS 2y, FErPRE P8l VM RS A vERR =
ANDCRBEZ R A, BELREMT U e it B e IR A S AR I HEATHE AR A
gt B Aih 2 Bo 2 D WAFFEA PR AE Class SCIFERRIN L C A (il BE< 1 IIT 30
AW AT Le LA, (RORAR T LA 2 G P S TR D, DR LA DX A A7)
BEAR RN R 2 AR m O e 1, DR ) LA DA e 22 2% RE (RIS g 1) e

1M Java HERUFEX CEIREATIH ) WIA—FE, JA 1208 2Ry S8 iz AT i)
A BERIE 2 QIR LR B2, S E 5y AT 3 PO AT RCAR A2 Bh 2R 1), BATASCIR S0 He H i “
A7 73 55 [P A A R X B 00 AT

6.2. LiER S

FEHEHL AP Java G LT ITA X5, 72 RO B 2 20 IR L 52 2 rhfet
EAEAFE, WL R T, BT B AT AR A F R 5

| HEAP

garbage

Root set of / rha
references }/ / E 3
garbage \ ¥ /

6.2.1. 5|HUI4577% (Reference Counting)

BHIIIARYE, R AR 2 BB A R GO A6 I E 4 X B s n—AN5 T8t
G AT, RS 1SS UREG TR 1, ATATIN AR 0 IR S
LR AT BE PR AL I

FORAIUL, TR L, HE R R m, AR SO0 N e A
S5, AHS IV BE TCIE AR g SR 5 | TR 1R L

HEANT ARG F: X AR B 235 FBL by a, 4 Ab=B il B.a=A, FRILZAMX 2 %)
GHTAERISI, WShr BIX 2 G EAA AT REFPT I, (H2 5 TR ACE
AT

6.2.2. WIBEHYE (GC Roots Tracing)

TESERRAE T~ E S (Javas CH. Lisp), #EfFHMIBERFILAEN G- EIAE. 5k
FA B R — RV IR K “GC Roots” I A/ Wit i kAT ) TR, 44— X% 3 GC
Roots & 1L 5| 4% (Reference Chain) #Hi%, WHERH XS IEARTHK. £ Java iE&5 11,
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GC Roots fiff:
16 VM AR (i A AR 5D R H .
INEX RS I .
INI CBI— 5611 Native 592 W51

W AR AT ?

FIE—RZIT, BAOLPIIRERCERE: WARNRAEMITIRE R, KIWKEH
GC Roots AHIERZ IS EE, IS ER 2R —Ubnid, JFER R AT finalize() ik (iR
EAHRID. X HEFTER AT R BN AT %, ABIFA R 255 R s T4
KRBT, A7 BAE finalize() A AT N, HEEAIEIMT AR SINE 5 7
HOEANRGUHA B finalize() VAN S — UGEBSE T Aria MLy, Fi)S GC KT —
UORBER/NIRRIL, WIIRAE finalize() o4 G Dh 7R R A & CLUEEHDHT i 3 3 GC Roots (1134
Bmr, BEndtt B CIREREEA 5 B, RAESE —IRARIC I ER #A2 Bkt BILRE R i) S 5
USRS GOX IR BAT I, A eI B SEANIE T

s LR U, IX BN finalize() 725 A AT RETT ARSI ZARIN T, JFAMREEE
HBINRKF LAERDEA TR IR G o M, BFEWARFI R RS, AL
C/C++ I MHTI BREL, T TR E &, AFE IR, TOERIES R NF . &
LR AN BT SRy, A e eI try-finally W] LIS BEAF

6.2.3. Frid-iGkRAEE (Mark-Sweep)

WERIAT—hE, SRS bRl A TE BRI B 1 J5hRic T A R 5%,
SRJa R 5 2RI R
B E AR
BRI, AR C RN B A I R AN
NN, ARciE B R 2 A KR AN IESL N AE R s SR K2 T g 8L
Ja SEAE ] JCTR R B A R S A7 TSR AT A A g — IR K B SR A B s A

h TR, )7 (Copying) MWUEEFE I .

6.2.4. “Kil” (Copying) WHEH L

CR AT ARG A R, BRI I — 3, R NAEHSE T, CK LIS 1
XPGILHN B Gy —Pe b, SR A s R A T A A7 3 1) — i B s o XA AR IR N A7 [
TS S Xt AN 2R (TR, PR A7 53 P I LR g S FE 2 R P A e S S 2 O, LB RS B ME T g
Bf, SR E AR AT LT, S R, BT Rk

SURIKR L AN K A4/ T JEoR 2, KRR T R,

IRAE R M R AU L AR 2 ] T 3% — P R R RO A2 4R, 1BM A3 & 1T T0F 503K B AR
AN R 98% 2 5HAE A BT, PrLAFANT E42 i 1. 1 (W LuokRR 7 WAF =5 10], T2t A
1753 J— A KK eden 23 8] AT 2 B /b 1) survivor 25 [0], BRI A# ] eden A1 1 —1k survivor,
M[EISCNEE eden F survivor IEAFIE RS — Ui ¥ D12 55 4b—3k survivor ZF1A] b, SRJETH
P4 eden FIHIE [ survivor. Sun Hotspot MEFUALERIA eden FI survivor [ K/ E 8:1,
WA BEIUA 10% 0 N A7 2 TR 9K, 98%I1I%F G ][RI HUE —Mcds 5t 1 IR A,
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BATBA IMELRUE R IR AR LA 10% AN X SA735, 24 survivor 25 [A]ANGE IR, 77 4K
WA N A CER 2 AEAR) BT AR R (Handle Promotion ).

SRR RN BAETE 2w I, A P N R TGRSR VR 2% 50%
P A], S B BN ) 23 A AT 23 B AR DR T A X AE T A 0 B8 1009% 47175 A%
Ui oL, T A2 A — A e R X P Sk . DRI AT H 3 A —Fh B — S B
(Mark-Compact) 5.k, FRid ik FEm8R—FE, (HGS2 0 BA ST HARWE B, ML A AT
TSNS —im %5, SR )G HEaE PRI vl S LA N AE

6.2.5. “/MU4E” (Generational Collecting) Fivk

TR P AN 2 SRR A A K F o ARIEE” (Generational Collecting) 5%, 1XF
BRI 2 AR I, PR GAN ) () A3 R R A7 Rl o Lk s — 24t
Java MEZr OB AEARKIZ AR, IXFEm ] AR &N AR IR RCR P o M S S,
BrAEABER GC #A KA G a2, R D AT, Wtk = WL LT EAT DA
X 5 1 SR AR B mT BA S A

6.3. BIRAE RS
B S 2% A MRSV I ARSI, ] R SN L S AN ] 1 7 S B B2 2%

Young generation
Sarial Parallel
Parhiew Scavenge
N l,fﬁl
‘.5\ ll ; / |II
—i A [
Wi Vi 1|
P ..“x | / L
SO |
cMS \ v Paraliel Old
'\._\ . _Il'l{;
. l v
.| Serial Old
(MSC)
Tenured generation

FESRAE T 6 M TANFESEACRICER &% P INSCERSS Z T SR I Tt i ] e AT T T
LA BCAE I
FATII— DR B RIS, WA TR s, ARG E RS

7. JVMALES

7.1. WE&

7.1.1. H g
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Java ERUMLHY, BRI AIATLLSN K
TSI,
IR,

FEARSTY )AL S RA UG E, B AR IS EEA G 15 A B R A7
FME. “5IHE” ARRT EAARNZRMGIH, MARNREAL, WERGLARAEIXA “5 HE”
B2 s iR ik A

HARKTIAES: byte, short, int, long, char, float, double, Boolean, returnAddress.

JIHEAFE. KR, BORRIFIHA.

7.1.2. HESHE

HERBGERE AT IO HE, ARAT 6 EHEAAT T R R ULTE 2

STACK

—
=y

o IRRIBITHIHIEAL, TOHERAFME K BAL
B R FE P (R AT IRl R, RV W AT, sy it oy A PESCHfR s HE AR R FR) 2 K A 1
(ol RIS A0 TRAERE L.
£ Java I NERRE AN AT DR S RN, X AR S B, DN AN R 2
REPAT A PN, DRI 2T LRk THENDE P et i ARy At ie
AT, DRI L A (O AR B AT R (ERE ) HSRAR R Af R, ey
IBAPIRES . JRIRIPMERESE;  HER T 545 S
® N AEAEHEMERX 7 iR ? ERP AR ARG ?
By WA R, B T AR, ML T . XEEN T, 1S
ARG SR TG 2 B AR IXRRE RS . B ) R ARAE R Bt
(K35 5 T TR AT o
B, HESRRI B, AR HE R AT DL R (T LB 2 AN R D
][] — AR50 RFILEM R . — XM et T —Ma
B EARACH (I JEE A7), Ui, HER L i R AN A T LA
PPATRAIH, 4E T ]
=, HPUVIEITI RS, LR RGUSAT I B SC,  mr S AT B R a0
I H A e EREC, DIt RMEHAL i A IRE T o THEANTH, HErh
ARG o T AR 5 S B, RIS MIHE A3 23, A5 2l AT
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AIRE, AR T s R S R AT

WU, TR S HERRR [ SE 2E A e LS, T 6 5 7 KR ARG G5 AL I
FEFPAEPAT BT A (EE, HiFX SR GIN, A0 AF ) ) 8 2%
JiaRA T A, EEEE T AR MBS . MIRABES R, Rk
W, XM EE SRR, AR I RINAT A 5D, B
BATIZE, WAERR . BATEGR SRR MRE, HSERI4S T8 dR4H, W
95 AL AR (W B . ANAARIN, TS IRTT, #sEiRE.

® 7fJava ¥, main REURLEBIRIELS R, HEBEFIELE S,

PP ELISAT RO A — M. [/ CilEE—H, Java T Main g2 AL it
2 Java P2, 3R E main gk 2] T RFHRATION
o MR A? BRPFE4A?

HErPAE RN 5, B P AE I S LA B SR o 2 10 5 1 o — NSRRI RN AT
T, BCE UL T LA AR, (URAER T, — G N T —A dbtye 151 O
o B AL .

AT AAEIEARE A ISR 2 PR 3 2 8] 18 AN F T —— T B A Lk
B, i ELRDR SR FEAAY, T LR £ B Eh &K S I — — K [, Rk v A7l
T, W RSP B A AR SR GESIR A, RV AR A, %
ARERIFNKT G 05| S RAFBAEAR T, 10 LS LA — AN, R P Is AT i, A
MK EE T 2R G 1) o AFSRIEAISAL, G| A SR G AT T 5 T, A —AN kg
IR B — AN S HME R B o B LI — AN ) S, Java S B I ) 1)
® Java FSEfLHRIEHE? ERMETIH?

FEPEIXAN v 8, S B N A

AERE Y C AT, Java A FRE RS .
FEFPIEAT ACE AR R P AT I, TS EUL B, RAFAEAL ARSI % 5]
8. R HEAENSEA G

WL, B KR o Java 2 VA IIARIEZHUN, DUV fREE, Pl ed s ir s aEimm
(XA LAZ % C B . DL, AR Z A5 B AR Java s BEATARAE ], 3K AT i)
A, HAB AL C TR 2Rt

1E R 15 JT RIS HE R AT HTIE ? AEIsATRe, SEASIAN G [ AR BEE - FEI
AGEALAL, PTEL, WERSEAR S Uk W, BRI n AR O “ffe 5 HIE” (ARG I T, B
S B AL FEERBEASRAE e 4 FE o (HUZ MR NG HIT IR ReAteid 3 AS 5 L R
W FPARE (i A4k BUHEF X G, XA A ST BIZTIE A S o QR M AT 18 04
B SR NS, ARSI A, B S e s . Br bUXAME SO T
CAORFFI T o

X5, WIRRE SR, 2 EEASRA R . nT LS DXIR BB, X5
JEPEAFRGE R G, ML CRIARR 735 50, BRSNS 515 il B2
BB, YALE I EA G HEAREAT S, (HkE, WARSXAMEE 715 5 (R
—ARRGIHD, WA DB SOZ AT R R P A

HERIE T, HORTERP IS AT IAIRA RV o REFFISAT T ABCAH HE, (HRANREBRCA #R. T
e AT BEAE AR S5, Ui T HERDE — U A . AL, IR RO HERTER I 23 25 1
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A, AT Java (B MR FTRE .

Java W1, RRIR/N I -Xss SRE, YRR A EE LLE 2 I, TR ELE Y OIXAME,
T2 I java.lang.StackOverflowError 575 . i LI HE B AN 5 5 1 0 TGy Rl Py )5
IR A BE IS P AR A7 A A A g VR Rl e 3 A

7.1.3. Java X %KM

SEAKR SR R NG BDE R, XA Z UL T o X TARREAIMN Java X5, 1L
RAHHEAT T HE o

f£ Java 1, —A“%% Object MR MK/ 8byte, XK/ FURRAFHEH —MBAH AT
JETERIRT R KA. BN HTE A .

Object ob = new Object();

RFEAEREP S8R T —> Java MBI, (HAZ BT di 23] 0 4byte+8byte. 4byte
s LIS > Bt i) Java #rh ORA7 5 TR B e 2025 8] 1Ak 8byte WJJE Java HEH X ZRI(H
Kho R FITAT IR Java AEFEASSE Y (106 S A8 7 EEER AR 7K Object X§ 5, I AN R AFEI] Java
X5, RIS KT 8byte.

117 Object M ZIKN, T Tl i LLTH S IABRT SRR/ T

Class NewObiject {

int count;

boolean flag;

Object ob;
}

HARN Ky 205 K/ 8byte)+int K /N4byte)+Boolean “K/M1byte)+%¥ Object 5| H K/
(4byte)=17byte . (H /& [K 4 Java 7EXTX G N AE 43 FC I #52 LL 8 I3 E £ K4y, IR KT 17byte
(I 8 AR IR 24, BRIUEXT SR /Ny 24byte.

K FHREEE — FEARBMAIERRE KN B RN OS5 T, W
T BRI AR Gk B . BRI R/ N2 /b2 12byte (FHE—AM7% Object 22 /b7
B2 ED, 1M H 12byte WA W EAFTABUE L, [FE, B4 Java X% R/NE 8 HIHEELT,
Rt —AN AR R AR RN ED R 16byte. XA WAFE TSR RG], & 248 B A
RPN AT (N>2), FUERMENAE S &SR (BEMEART gk 7). Bk, nIaefis
RS DAF A 7F IDK5.0 BUE, AN T A%, B, Java BRINLSTE
AEAif 7 LA T AH Y. AL, o

7.1.4. 5|HIEH

X IR A -

® RSIM: HULIAT VIR BN RN G, SRS, B o
SRR FIWT S TN G RS, W RRG I, WA B R A

® HFIM: WG MMM GeAFARALH . H5ms I, BoIHERRIRO, ki
FUH L2 MRS 24 28 Ge A TR P AT R R 1 0 5 L AT [PDIT . SR8 N A7 LR
5K, IR L2 RIS I BT S RT3 Ta) s WRSER A7 AN & 46 A S 3B T Il
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BA)igit, RANLER A OutofMemory I, s S BEH S | FIAELENT
® 5551/ SIS GIHSREL, HRE N GARAME . (ARSI, 55951 FIAEELT
27 Q1 LN P e  EIE & A S e 2 S g DR oo e v RIS 5 R

s FIA B, BATRGE AR N A2 I i g | o iy e | R R 51 1Y b /b
o AT R AR A AT, 10 L B AE N A7 RN RS2 BRI O N O GeA7. R
RWAE ARG KOG, W DB S5 A GeAr BT, R Rk B e DT, A3 DL
R A P A ST TN R AT

7.2, FEA T I R s

T LAMANIR] ) 8 A 5 25 40 o s e Im s
7.2.1. AL EEA DR o)

5| it ¥ (Reference Counting) :+
bt EREEE. FEEENHEE—7518 » BNEE—T11t8 , HEE—7-5 AR — Tt Bin
BlE » BRWETECY 0 B R. EEREa R R A B (R E . +

friod5E: (Mark-Sweep) :-

Before GC

HEERTS A . i AR T o s s BN R , 2R R, IBFE
RN RER. HEEREEEE- TR FfT » SFEATEHR.

£l (Copying)

Before GC

2

4
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HEEIEATTE AT EE s , SR ERE S . fiEEMET . BHESE R, 1B
EEERPHINREERE S A—TEEP. (fEEE R AT EE ER PSR » BEE R E
Rl & HE = ST R TR R M TR, Bl WA EME. 28, hEEes S 2RAR,
REAREAEMRTFTE.

+
fric-EH (Mark-Compact) :+

Before GC :H

After GC || _::

HEEES T i R B . mESERE , E—BE WS SR E sl
NS, BoRMEEHE T, EESE IS BT E NS R TR b —t , IR
MRS T il RS S, AR hEe T S S sEaE. -

7.2.2. 25y XRG4

BEEWE (Incremental Collecting) :seetsis EMrs ,» B 1 R TR AT
EMz. T4nEH4BEE JOKS.0 cha s in 7y TR, «
+

HMWEE (Generational Collecting) ZEFHm S 46 AR /FEEANEE AN Ei%. 18
B MEREL. EEER FAML, HTRRE S AR S AT R (_ R AT R — ) 4T E
Wy, ENZEAOEDEEUEEE ¢ M J2SE1 2 Y ) HE B . ©

AT W B e e (e eRiE MR R BN T 1E » BEI NS SR s , IES , A=,
Y. 152, KRGS , MRS ERLMEEMEE , R ESS B ESIS. N,

SR AT LSRR (100N X5 BR TRISA SRS L.

,,_l
HATUEE i A SR A RS B T 4E , EIMEREt: , WES. A E CPUBERE ,
E AT F T A .

+
HEWE o T T e E S L S EE TR EM T SRS R ET g,
T A AR EMS R TEET » E » RATEHE B ST AR MES , RS SE L FA
o

7.3, B3 AT I 1Y i)
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/ A /\

7.3.1. W] X b7 3%

R T v, Sl I e P A o SN o6 S 5 R AT . B8R
[P PSR TR 0 FIX S RITAT o (XM JCiE MR AR 51 o PTEL, ek SEBL A
WL, HORE AR AT IR fi A, PRI R G, R RIR 5. A
FEIXFT ST SEBL A, Bes B NER ) LFFsaitame 2 BI1, AR LTk 2 R R80T 5 i LEAE 24 i
ARGAEIIN . LM HERTE K DO, PO SR AT REFPRAT T, i AR 22
XGRIEAEHAER], WL Java HITUG. AN, — OSSR N, Hk, R
A 2L, WA ZIUN IZLE L T 0T WY 1R B A A AT A 7

Root Objects Heap

T
-

[, Bk TSN, A RGUSATI I A A e 55, BB AF R s T e 1. 3XFE, LUK
ol Ar A s TP SV R i, FRATAT LR BHE IR 5, ST R B0 HE A At LK)
IR, RAGIZE LY e, RELL null 5IBE AL, FEHUBEL T —BILL Java
Ferh 51 RIITAS 2RI SRR s 00— RO BB, WA 2451 W& 2 T Rl 22
G o FEIXSER M BRI R, #OE T RS ISAT T A G, ANRER IR BN A
RIGNG, WA AR T I RIS, T LA 2 o gt AT i

PIE, S E e MR — RS (ava ik, BAZE, FH8.). MREFH Java Hopt it
Java FEFFHAT I main pREL. XA S, o BB B bR ac-E R O .

7.3.2. WA AL PR

HIFANA Java X EAFTEIN TR A —E M, B, ERPiefr—BOr i LUs, WiRAEE
TR, ey LU AR T o B o LA I 1R LA 4 3 SBSOICR 7 Bl R BRI A A
2B, DARBEISATROR AR PTEL, A6 LT $e B REA B m ik, =15 UM bs
C-AERR 3, T DU AR I ) L

7.3.3. ARSI R R I A A KD 52 B AT B2 (R AL i)

B P A M A A2 10, RSP IS AT e NI AE (BBl ) INAFIKT, —AMEI P
7, —ASEAE, NXE, PHELTER. Kk, £ RhREor X, STk
[PISCRT, A SR AR A ] (R B AP N IED s AR e AT B [Pl [P e il
Ja ARSI ] o XA SEBLUS SUR R B, T H e R AR 3 JE T 3

HZRXF 5 XA — MR BB, R 2 (A KPS K, 33 3% [ e ] oo
SAHMN A RRGEIE R, o A P B 15 BRI Tt S AR LRI DR 0P A 2 I 1) S SR AR ey ) B
HY, B R 5 I R SR LT 2248, A AR T LA 6 I, #iRA W R X
AR, AERXMELLT, BIRIESCR 2 O REUEAT I — M. XA g, AT
RBR B, AR, B P R R As T SR RN As AT AEIRA AT,
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P TR IR AL, ELRE DR O e A A ORI SCEE RO B, S ek e KK
s RGEHIAEBLRE S s AN REAIG, I, B 7 ) AURE 2 LA AR o o

7.4, AR EIER

7.4.1. A a AR

TP ACHI R (R SR , R TR A AR REE R AR A —HH.
b, AN A i PR G T LR AN TR R ae B 3K, DU ma [ DACe

1t Java FEFISAT R R, S5/ A RIS 5, Hop A7 S 02 54515 BAHSG, T
41 Http 153K [ Session A%, i, Socket iERE, IXISHF RNV S H A, Rk dy &
WK . (R — 2 5, FEOE R P Ia Tl R b 2R i I i AR o, X 6] 5 A= iy i 1)
PR, tetn: String X%, T HAREMEE, RGES™ AR EIXLEEN S, L%
G HR— kBRI AT =

AR AEANHEAT XS GAFIR I TR DX IR D01 5 A3 U7 30 [ g 00 o A 22 ) BEA TR
FER I TR 24, RIS DR A IR PSR o 2 g Bl A A i 5, EsizBr b, 3R A
WK AR BRI 5 5 3 o2 BT ROR N, DU AT REREAT TARZ Uk 1, (HA2 AT 1K IH A7 7E
DRI, 0 ARBE SR (PR 20 v ) SEARL, BEAT AR R 23, JEAN R A i SIS BUBAE AN AR
AT R i 15 e AR B2 40 [ A T [l

7.4.2. AR

——— e T

<Init Obj Alloc_ > Survivor Ratio
syt
From To
Eden Space
j - Space Space
Young Generation |

'

Tenured Space

Old Generation

Permanent Generation

RERUHLA LRI =M SE84R (Young Generation). £ /5 (Old Generation)
FiFEAR (Permanent Generation). FHFEAAR T ZAFUNZ Java KRG R, Hhik
WA BECEE IR Java X K R K. SERACTIAE 2 AR IR 23 2 6] b e S 5 i L3 K

o FIRM

BT BT AR R 5 1 SRS AR AR AR o SRR AR H Bt A2 ] e s (1 e B i T 4
i R R % . FRARD ZAX . — Eden X, A Survivor X (— 1T ). KEE%T
SAF Eden X H A . 2 Eden DX, A7 IR G0k 4 2 I 2 Survivor X (BRI T—AN),
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XA Survivor DX, BRI RAETE X SR 2 5 AN Survivor [X, 241X Survivor
2 TR, A Survivor XS SR I BLINSEAAIE RS, S 0“2
[X (Tenured)”. 5 ZF 7, Survivor IR/ EXSRRI, BEAEfE R AR, FLLR—A X Aa] gl
NP AFLE M Eden RISk XF 4, FIMNET—A Survivor K6t &, i & 242 X 1 R
H M Survivor K kX4 . 1 H, Survivor X EBAH —AEE M. RN, HRAERETT
%L, Survivor XGERLARCE AN Z AN (2T WA, AR AT UG I S A A2 A A7 AR I8
[F], 9D TR BN AR AT fE

o FER
EFERATL T N RBIR PSRRI S, s gos @20, ik, ar
LA AR A7 TR A — L2 by T IR R 52

o FAfk

H TS, W Java 28, 7VEEE . AU R PIlcEA B&Ewm, B4
Yo Ry AT Resh &4 Rk A 2L class, 5140 Hibernate &5, ZEIXFhB TR Bk H — LR
KRIFE AART [ R AE UK LB AT i RE BT G (2R . FF AARR /Ml ik -XX:MaxPermSize=<N> it
TR E,

7.5, WRICE AR A4

7.5.1. HEEE

-Xms: YIHHER /.

-Xmx: B KRN,

-XX:NewSize=n: % &FEHAKND.

-XX:NewRatio=n: &EFZAMTELZRII . Wih 3, FRFERAREGFELAENR 1: 3,

TR AR AU ZAAHT) 14,

-XX:SurvivorRatio=n: {F42 X Eden [X 54> Survivor X 1 HUAR . V& Survivor X AT 4.
4. 3, s Eden: Survivor=3: 2, —> Survivor X 5 EANEREAE) 15,

-XX:MaxPermSize=n: #&HALLKN,

7.5.2. WAEER K E

-XX:+UseSerialGC: # & HiT R,
-XX:+UseParallelGC: #&& ATt .
-XX:+UseParalledIOIdGC: # & AT 2 LERS .
-XX:+UseConcMarkSweepGC: # & jf & k.

2NN ML

7.5.3. BRI GETHE B E
-XX:+PrintGC
-XX:+PrintGCDetails

-XX:+PrintGCTimeStamps
-Xloggc:filename

7.54. JHATWERS A

-XX:ParallelGCThreads=n: % & IHATIEERIEERAEH ) CPU £, JFATIREELRFE AL,
-XX:MaxGCPauseMillis=n: ¥ & JFATUIEE R B2 0]
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-XX:GCTimeRatio=n: & [P 8] RIS TN T T E 20 te. A0 1/(1+n).

7.5.5. HRWES I E

-XX:+CMSiIncrementalMode: #&'& hi#ER. & H T8 cPU HM.
-XX:ParallelGCThreads=n: # & kLS FEMRUBETT R FATREER, FHK cPu B FH4T
WAL TR

7.5.6. FEAR/DIEEE

) I B TE) I 4 AT 2 < S5 BE A, T 212 0T 22 0 1) ARG M 17 s 1) PR 51 R 48 S B s 16 56 o
TEMEFE LT, SFERACIEE K AE IR W& /N o RN, 9D B 22 AR 4
FHEMEHNA: R BRE K, "IRERNE Gbit MIFEEE. R Ay % B i i) 5 2K,
BRI AT DAIAT AT, — & A 8CcPU LA BN .

7.5.7. FZAR/DNEF

W R E RIOESE IR : A2 A JF e dids, DL N R E OIS, —REHIEHR
SR STERFER RS2 H WIRHERE /N T, WL IE RN RO DL
Je N A=A G e b Ricii B 7 2 SR HE R T, TS K AR IS TR] . Bl Ak i 7
%, —TESH LN ARk

1. b R S B

2. FEAATERWAE AL

3. 54 GC

4. TeAEF AR 2 AR R i ) 1) L A3

IR ZATE S 0], — e m N H R .

29



