18
VM BAFERIE S XKiERER

mrEFA:

JVM P‘EI?#F*@

B = B s

mEfoaRERES, EasfahEiEAT,
hiEX
AFEREEHNnEnEER, 28, B85 HE.

1

Foois=fl, mEnHSTREHEEE I vE. = VM RmEENAFTSRE
Ke—BXE.

EARS: ZEIRE, BE: @R, REEThRER



Java FiERTHAFER . FREESTEESE, BEHE, SEE, 7EdO=
BR. R HS5H%EER.

Flibyyiste

TERASERiEEL, ARSFEMTGEE)R native FEBTES, ELWLES
ERFLRTH Java FiZES.

ERTEEE

HEEEA T T ESETRESHE. & VM AFEEEEM-BKE. AiTFT6E
1LrmmEf AEFTEEFEERN F—SFERTHTFTEES.

Java AESED

HiFar. miLEEH.

g static EMMEERS.

EEil: RiEREREHETE class P (final) EEEN-2wEEm
HESSIHE (ENEON=RES, FENSRIERS, AENSNERET).
JE RAM =i BEF kA GFHE=E.

HRE: new BIEMINTSIIEE, B Java ELVBEzxNEDWEEE FHEE
8.

EREF: EXXANTENNSMSIAEER (HRF=ENHE ) o EmER,
A=, HEANSEFHOATRE, BREREHE.

EARS: ZEIRE, BE: @R, REEThRER



Java ERIGSIERHAHTRI? HAREPIIKAN (Perm

Gen space)

NN MHEEETHEERK, rIeEffNSERlEsaE I vERE. 5&E JVM
EmfiEweE. WeEoNERTEEERGTEEERuAENEN SRS
[B] 4.

EAFESEFEENRATHUSERRN. FEfdsENARLGER, Aswi
oM. e SRERAATnAHER =T REEREEERWENESR. —
HIWEWESTxE HshdisEsza, Bs—EHaieEREFE=AE.

Java HEEFEREIR?EIE—T

FrERFT R E— I A REFEANSSEE—ER S EEARER,
Java RN EEWTLS , S0LHRL—NSRAB#SIANEE, EIXSEMN Tl
JLedEHE, s BN RN ENRFRERE. 8T Java EFRATFREMN
SIVETWIREWER, oJLUEEFSIA/|NpaE, fluamiids, 855148,
HEEINE#HEAANER, B4 GC :EMLIEWENM, FuFEaaRiEeE
LIEFIEME R AFE

import java.io.lOException;
public class GarbageTest {
J&*
* @param args
* @throws I0Exception
*f
public static void main(String[] args) throws IOException {
// TODO Auto-generated method stub

try {
EARS: ZEIRE, BE: @R, REEThRER



gcTest();

} catch (IOException e) {
// TODO Auto-generated catch block
e.printStackTrace();

}
System.out.printin("has exited gcTest!");

System.in.read();

System.in.read();
System.out.printin("out begin gc!");
for(int i=0;i<100;i++)

{
System.gc();
System.in.read();
System.in.read();
}

}
private static void gcTest() throws |OException {

System.in.read();
System.in.read();

Person p1 = new Person();
System.in.read();
System.in.read();

Person p2 = new Person();
p1.setMate(p2);

p2.setMate(p1);
System.out.printin("before exit gctest!™);
System.in.read();
System.in.read();

System.gc();
System.out.println("exit gctest!");

}
FEANS: EEREE, RS @R, FREEFhRERER



private static class Person

{

byte[] data = new byte[20000000];
Person mate = null;
public void setMate(Person other)

{

mate = other;

Java MRIAFMENER  fEwEBRUSEEREEwRBAN SIS AR
EEAZEAFILE, FEEEwREBNSE=E=ABRE, EEEarEaEETs
FECAISIAmS A S Y, ERE Java PRFHEN ZEHR, BEiH
R, AEEFSUEIRT —Mi%, LE—EFfEERAX MR, XANTTHH
—EH#®5IA, SR EEALEEER M =R W, =FE java &
AEHIlAFMEMER, fil, EFF&E, BONE T —TUSHEEFS (F
MHE—T2/ map H&9), HE-—EFBEHE, 2 MNISK—EE®EFTIIA,
EBEHAEREA.

BE Java FHAGFRE, —ERIIEFEFESPoZBRESERTIEFSRE,
HEEETMESETGORERT, IFR=Es, MAErEx- T IsETHFIHE.

M E—DH-EbEp A | EER T — AN AS ) =1AEkEl
SHEEHSIAT, BMEEAMESPETFNSABHEEH, EHTASESFAINE
EpExfilils, ZiMMEENSEASHNERNYN, EhSEMATFIERE.

TEARAEXRETHN L (ETEFSAEE=HEEPNEANTTE, FAFA=1EEEN

HEPEE, MEEFENLEEL ) FASEALILKEANT, EEEEITE
B, mEGILLENEERESE, S TERENUENERSZES null BH)

EARS: ZEIRE, BE: @R, REEThRER



BB A EEREEanfl T 7, LI THREESIAF AN T, FE
RflFASEREIN, EPLEFIN, SHNR=2FEH LT, El R
BEIEECSHEMNE, EFRERERE B NbIzE AHER.

public class Stack {
private Object[] elements=new Object[10];
private int size = 0;
public void push(Object e){
ensureCapacity();

elements[size++] = ¢;

public Object pop(){
if( size == 0) throw new EmptyStackException();

return elements[--size];

private void ensureCapacity(}{
if(elements.length == size){
Object]] oldElements = elements;
elements = new Object[2 * elements.length+1];

System.arraycopy(oldElements,0, elements, 0, size);

}

FrEMNFENZREZE, BuEENT 10 4m=, #E=5EEHE, S8R
==0, EEERNENFA, EEXFETUSEELERN, X3 FaTRET
WEAEITES LA, TEEW. EEREFEEENEREAE A —=SF T
ZHNER, R THEEANkEL, aMREET/LNKREME, RIEXE]

FEANS: EEREE, RS @R, FREEFhRERER



i

% o0

G

RATFRELE G 7, BEswstawm, BRE- T RARRASH®EEHN, S44
*xF. MEEEANETF.

public class Bad{
public static Stack s=Stack();
static{
s.push(new Object());
s.pop(); //IXBE—WREERFIHE
s.push(new Object()); // tEASTLGFEER T, STEETT

HB=E static, i—EFEIEFEDL, EEFMNEALIEFIA=ETEB=EIEE,
SR FELFER Stack 2285 100 400%, BAag2HmETE 100 MHESTE
#woWEI XN ZRESER, Stack ASEES 100 4518, EFNEERE
fBNE;EA, EAREMN—BEm#enEi, LiemIsIABHEERE!

AFtENE—MER . 3—PSEFEHE HashSet EaRLIE, FAE
BT TsPHNEeSHERFENTFE T, G, IsEdENEEES
EJFHEE HashSet E5HMHMBHEENAR 7, Z=ELF, BEE
contains FEERARN SR SIS AFLHFZSEZE HashSet EahiEEES,
BFEREAZNFHNER, ZBSSHALEN HashSet E5hEHBESAE
M, SRRRFIHE.

GC Bft4? AHAER GC

GC EHBKWEMNERE (GabageCollection) , AFGHEEREARERZ HIE
HHEE, SCRERRNAFRUESSREFRERNABEEZHEE, Java
E#He GC MET LBl ETELFRAEAMEZ BaaRW RFRE
B, Java EEEERHBRRESEARAFENETEESE.

EARS: ZEIRE, BE: @R, REEThRER



iRif Java LHAREINHLE

£ Java #, EFEREFAFEETFHERA—MNISAAFLN, MEAERTE
fTIfT. & VM B, 51 HiRAHERE, SEENERN, EEEERAFE
A=HiTh, ReasEilil=ANESaERAFEAER, A ERT, Sk
EioHHEMASIHNES, AEEFENAZRWNES S, 0.

MR- RES TS

HE— AN SRETEFLRERMAE:

1, - SIATHEGE

FrESI AT EERESE— T UsEE-PSIATEE, 55— 1T 55 I A=
TS E, ST EEN—, SIAEEE, THESERE—.. S—NUKHN5I AT
HEATH, REAENSRI=8#®5A, BWRE "SR S=whriEd,
SIRATFEIZE — P RIEAENEERBUSIBOE, OHERITS A SIANS
B, W= B Ms5|A&ENs A, fBalkit A B HW:mSIATHEEEARST, BE
EGiEEREE A, RLIERBELNS zaxRAEAEE.

2, mIEEE (SIAsEE)

EHZNEEE M—##RA GCRoots BIlISEHERATFER, B4R
F| GC Roots j=H{E M5 AsEER, WREBAILTSATTA.

It Java Pl{El GC Roots BI¥SEBL T L

EARS: ZEIRE, BE: @R, REEThRER



1. =Ef#AESSI RS

2, HmEXK=EGBEEREESIARES
3. AZEREERSIARTS

4, FhvrgiEtE INISIRAsES

BHEEFZFILUFE-—TISEGEHERDYW, BEEamE LRFEER, —70T
SA—ES#EAN. S PUKAEE GC Root B, XM KALASUSHE
B, mMEHT—PEENDE, SEREIENENEESERMAXIERIC,

MEBENSENEESHTFIETS GC Root #I51AEE, BAkKBEMS=HE —RIR
ICHEBIT—REE, RENSHEETHEENT finalize() Tk, &=
HES finalize() AESMECHELVIEAY, 45 aE=zpEN. ME=
MEFHERT finalize) 77, B HEHFESHE—TFA FQueue B9
FEAFIch, Eflfl=E—4 Finalize() HEXHT, BEESEMNEERLN, F
BEHIASRE—BEFECEDR, EEEAUE finalize() RATEERE X
£ TIE BB ABLEEM F-Queue WY —EFE, EflrNTFLRNESRMNERE.
GC ¥4+ F-Queue HRAPTSBITE RIS, X0, BXSEEER" B
#HhdW" =&, FE0H4.

LtREMIEY R R FNEER, kiR 2 FhENHE

Java EEPF—1EFHFSMESIATHEREWNE, & C++ EFEREXERN
AEFEEEMNOIETINE, EFEE Java EERARSEFNHEFrBEREEES
AFEER. A Fe Ml EWds , Java PRTSKABESR "1EAE" BEhE, B
BHKPESIAAEERE". NiREMIRIEIEAMNE L AETE, SAMERTLEL
FRANAE. NEOWHEEESEA I E2ENERIINERET, AoRan

EARS: ZEIRE, BE: @R, REEThRER



] e Mise—i2 B EE*E b

'*‘ﬁ} LED

B FiIARFER S THEE REEIsT ERANENsETEENRY, E5
& ABExE AR AT A WS E IS a8 s T O .

=] Sl #5705 sl 1 W EE iC ik B, 1RE hu ik B,

WRENRAERREEMA? LiRENEERII S EEAE
13? Bt LirEENEETHTRIREINT?

T GC ki, NEFZOENSE, GC MAERE XTSI FhLEL
EEFERAER. B, 6C EFERENASIICETEE®E (heap) PRIFRENS.
BidmamBERENSRE" TR, BEWNSE" FOEMN" . 25 GC @
E—ERSS AR B, GCMEERREIERFSE. rkl. EFa0LE
ZEohih4T System.gc(), BH GC i&ZfT, {EE Java ESHEHAERIE GC —
EESMT.

ftaEZosHuiRENL (DGC) ? SEMPIER?

DGC M mizEkme. RMI &R DGC :MEmiEmd. E>x RMI 8
= FEEMTnEN S5 A, mikpMeERRERERS. DGCC ER3| ATSEE
FEnETSEEENIRETFEH.

1T (serial) YIEEEEMBILE (throughput) IEEEERIXE
=ta?

EARS: ZEIRE, BE: @R, REEThRER



THENERERFTREFUFEALREER, cATHSFAENANELHE
FRAER. MSTWESRITACSHMMEA (FRAKRESE EFECM 100M
EOfIRTF) mEET.

£ Java 1, HRITABHRAILABLIREINL?

HTssEA T IS NAEFESEATBENRE, ZPUSEA LR
EIE T

Java AESESENERZELIR Minor GC 1 Major GC

1. JEFILEEHER Eden K73&

2, KEsEEHF NZ5/

3. <HEENUSEHEERZASFN

H bden Xiz® EEfr=EHEToER, EfTlsHT—2 Minor GC. Minor
GC BEEZELEEHLMMN Eden X, EX MW SEFHE, &EL 6C B
MESE, DWEEES,; Full GC/Major GC EE£&EE5M, —RBELZ T, &

HEEEM GC (HEAS#EE Minor GC, EEETES, okl Full GC =
Al T—iR Minor GC =R Hn®REzFANEWIEE.

ME—T JVM fhiuiRERENE? s aal=2t
47?

FhEfC R R

EARS: ZEIRE, BE: @R, REEThRER



Serial WESE

e Serial WEEHETRHA —SEEHTIVIRKET (E, HFEEHTIVIRK E
fEHE, BREeN T EEESEZEEELTE, ESHRWESRERS/RLLE, it
EAOLIsE T 4E.

HFREZE: S6HlEE

ParNew W £:%

5= ParNew IWiBWEEZE Serial WEERMNESEERSE. A TFIHR CPU =
EEZHENMNE, ParNew WESEZDLIEETES M WESESEFTIVIEWE T /E.

EETLES N WE T EMNNE,

HHEZE: E8EE

Parallel Scavenge W &322

Y= :' Parallel Scavenge WESE—FEHENEIEWESE, BECNH
ParNew HiEIAHAER.

Parallel\Scavenge WEENEMUESEN TR AE. EffWE:S, il
ParNew #1 CMS =E&WESR, BIIEXEX TSN A4E W ErEE. M
Parallel Scavenge WEEXFHNENAEH ERETHEHE. xERNEHE,
fEME CPU AFEfTh AiERNEEFM CPU SHREINSEE, FEHE = LB
izfTatE / (ABETEE + HiRWERE) . NREELETH 28 CPU B
BE 100 7%+, MATHRTHEHENEEA 1 9%, BATHERE 99%.

EREZ: SHEE

EARS: ZEIRE, BE: @R, REEThRER



- Cal

= SRR B & RE

Serial Old W&

e Serial Old WEREE Serial WERNESFEAES. XN ESRTER/T
EPRNAEFTEAZFENNNRKEERSE, tIRUWELRSREEAESDHIER
W,

EHEZE: Fo-E8

Parallel Old W2

¥=: ParallelhOld W& 2 Parallel Scavenge WEZRHNEECREF=E K
E£8EfF JDK1.6 [RFPHILA, BFrLAEE JDK1.6 =ar, FrE{Ua Parallel
Scavenge HgEfl Serial Old EFEZENEEANESZESER. Parallel
Old fiRWE£EEF0 Parallel Scavenge WESE—B, 0 E—F=FTEFHERNTE
WESS, # Parallel Scavenge WERE—EE S, OILIIIT Java HRFEHNEF
M 2R TR E SRS,

EHEE: Tic-EB

CMS W&

HFa CMS WEEEHai=sAWESdhhE SR ESE. CMS 2
Concurrent Mark Sweep, AEZF0LIFH, %E2—FETH Fio-EFE EEHFHF

AWIESE.

CMS ikl EsE —FLIGER RS EMe EA B WES. W HEFm:

EARS: ZEIRE, BE: @R, REEThRER



i i F Lt RARE | mPsE
CPU1 > | Wi

MEDTEH, CMS REZNTfEEEZElaA 4 M EE:

1. #Fdtwic (CMS initial mark) BiEe

2. HEWIC (CMS concurrent mark) ErEz

3. E#ITic (CMS remark) BiER

4, FHEBEE( (CMS concurrent sweep) BrEe

FREZ: S8 +iniciER

Hii

Gl hi R &8

wa: EESE HlBINC, FAmS, EFimic, S6iEkR,

EHSE: 8§ + nicERE

Java LIRSS AR

fric - @k =ENRWERZREEMAY, RIESFRAUEANE, SREER
EricEBERFOAWHN SR, AER—R4E. =5 EREEERE, BEESFm1T=E
Z[E:

EARS: ZEIRE, BE: @R, REEThRER



1. #ELSRT, FICHOBERNSERRE;

2, EFEAEREENAERL, BRLEEFEEsESEANNSE, BTFE
BREMEEATMEEEZ —® GC m{E.

SHlsE:

ATEHRIAEENE, SFREZETRARFESEENT H»ESHRESS, AEER
HERETN—7, 3B AFERRH, SISEEENESEFE_RREL,
BE—IIEEERE—HAEF BEE_ IS SHIE—B. BREAA
o, AENANEAS, ErAET LAERE—ENARE.
TERFZEEZHT TS, IFEKHEABEERE 111 £ila, MEFARFEINSH
8:1:1 =8f7, BAIHHEFS Eden K, ExEAFEPEAREFXN Survior
X. 2xE<sER Eden K, & bden EKiFE, SiSUSE83E " BAEFER
LE, #EBEE bden K, MR FEIITSASZ, LAET Survivor AE8T,
=REENSEBEISEBEIFEFIZSEMNTR. (java BN gAFEANESE
£

fric - EHE:

EEZEFEEHRTRRARGE - B, ~EAERFERNEE, SNSTFEER
=h, ERTEFNEENAEDE. ENARZLREEFTRITROEZERE
Al AT FENE —in, REBRERAOFRLMOITS, AR ER
RIT.

THUEE:

MEfEUINEWEX SR80, SRBEVSNEFERE, HEg A5
ERMEER. EFERPR, B THSEFRE, SR0UElsaTAENSEE,

EARS: ZEIRE, BE: @R, REEThRER



i

% o0

.
Bahat

BLxHMEASHEZ. EFAENYSEFEERR, EERM=EETS
EC1EIR.

fraERms=s, XMNF=ERML?

EMETENNEESFREEN T HE =0 iR ER I A= mERES.
FTEE MU MTFEE:

1. zh3Em=EE (Bootstrap ClassLoader)

A= Java #003EE, ILiE#E Java EFEHESIA.

2, BE=mEE (extensions class loader) :

EREmE Java BT EE. Java ELHIBHN=N=EEH— T BEE =, ==
BT HERERERFME Java =.

3. HFENFSF (system class loader) :

=iR1E Java, pr FARIEEREE (CLASSPATH) #ms Java 2, —fE3, Java W
ArEHEHTCESMINEFR . ol L4Eid ClassLoader.getSystemClassLoader()
FHFR .

4, FPEEMZENHEE

iEid4ti® javaldang.Classloader A =M.

R INEEEDFRFIRIRBLNFI?

EARS: ZEIRE, BE: @R, REEThRER



BAFEN:

WE=FEREANTIERES: IE—-ENEFWR rEMNFRER, =54
2HIENME X ¥, MBLERFJHECNEEE=MN, xalt, Bk, R
HHENS FREEFVEH TEIAMENEENFER, REHCINEESET
BHIARESHNEN, THHEEASESHENEESE.

W F= 3 Mt/ -

1. = AppClassLoader m#EHE —-~ class B, s8E£ =B EEZ=RAMEFE
%, MIBEEMTPERZIRS LLEMNFEE ExtClassLoader E5hk.

2. ¥ ExtClassLoader mnE—- class B, E8&ttFA=BE2EZEEmMEFE =
= MEEENMTF EFREZIRS BootStrapClassLloader £=hk.

3. ME BootStrapClassloader mEEM, =&HAH ExtClassLoader sH:=E0
£

4, - F ExtClasslLoader tbpn#sEM, W={EFH AppClassLoader Em%F, 0
£ AppClassLoader thinFExM, M=wHSE ClassNotFoundException,

m MEFE

EARS: ZEIRE, BE: @R, REEThRER



[EahZnEaE
BootStrap ClassLoader

i RN
Extension ClassLoader

RIF3FEF %L 88
Application ClassLoader

=

BES EM#ESE BE S ZEhn #;23
User ClassLoader User ClassLoader
WFEEIREA :

1. BEFHERAERNERXALIESENESMER,;

2, RiE Java EFE=BEIET., Java &0 APl ENERRsHHEETIR.

ft4% Class Xf§? Class XHEZRNIEEEIERMLE?

Class: :ZFE—EBL 8 UFTHEMSBEUMN_FHHE. S 2EN T Bi=nEHE
Hl.

EARS: ZEIRE, BE: @R, REEThRER



Class XHHEAEA—FELT C ESEEANMSERFEEE. HFNHE
NN ERMEIERE . TESHNE.

THEH: EEFHIEZE. Ll ul v, ud, u8 FEIKE T =1, 2 4=
T, 4hFT. 8 AFTHNEFSH, iEAxEENRE=F. R3I5IA. #E

EmFERE UTF-8 Sigamf=asE.

F: HE N THASHAEECHFHEEIMENESEIEXE. =8FHIE
&Ll info HE.

VM BiRETE, BESiER OOM MiER?

B rEdBiEiT K, EMKEIFoaEEERE OOM &R,
HEgH - java.lang.OutOfMemoryError: Java heap space

$2i#dtH - java.lang.5tackOverflowError
AR Z ALt - java.lang.OQutOfMemoryError: PermGen space

£ LEAN VM SHRME?

HiEXigS

1. Xms: #FEEHEI N

2, Xmx: BRI

3. Xsstava E-1MERER Stack F/N

4, XX:NewSize=n: BEFEMR TN

EARS: ZEIRE, BE: @R, REEThRER



5. XX:NewRatio=n: =SSl AHNLKE. 2: B 3, E-FEASE
ZfLtEESR 15, sEfOEIFEASES0H 1/4.

6. XX: SurvivorRatio=n: 8 Eden K5~ Survivor Kagtk{E. i
= Survivor EEMAA. @1 3, = Eden: Survivor=3: 2, —- Survivor X
O ENFEEMA 1/5:

7. XX: MaxPermSize=n: &AL,

WERGE

1. XX:+UseSerialGC: BESTHWES

2.  XX:+UseParallelGC:: == FTHESE

3. XX:+UseParalledIOldGC: BEHiTE=HWES

4, XX:+UseConcMarkSweepGC: 2= FHWESE

GC HETHiIEE

1. XX+PrintGC: FTEl GC pE@EEE

2. XX{:+PrintGCDetails: #TE0 GC #EHEER

3. XX:+PrintGCTimeStamps: & GC A9 EE

JVM ERIERIR

EARS: ZEIRE, BE: @R, REEThRER



AR Tt Java #i2, AUEEFMETELA Java B8, HBTMMI
MRS, | @SR jps

jinfo:

IEfTHES 8 Java System BRI VM s $iT2%8, Java.class path &8
B. @£ jinfo #HE pid

jstat:
mHEHIEMETRSERNGESITLE. wS$EIL: jstat -gc 123 250 20
jstack:

ALESR VM S SgiFrE EENETERNEESeAE. wdialjstack
#HiE pid

jmap:

MBETHFHIVM MEAEHNSAER (M FERENs, REHE) . @
4¥83.: ymap [option] pid

FEANS: EEREE, RS @R, FREEFhRERER



