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HotSpot JVM Architecture
Class Files

j-» T

&

SEPEBIRE (Runtime Data Area)

ZIRER T

: \

load link initialize run engine

running data area
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WA R RGERWE, ARABMALACPU (5P (8] L,
RPN RGN TR 0T is AT . JuMPA A7 F]WZETJava{’t'
frd R N fF R rAC. EEEAOSRERS, fRAET i
ANE ) avmRt T A E R 4 T UM B_QHLT:'HI £
REFUBLMEA, KR TF4

CPuea]

YRS

Native Method Stacks Pragram Counter Register
[ BB F A ) (Rt )

TEE 0 (BEA) mm 2 (BEB) ‘5'5:4 3

JVM Stacks

b, CERp oy -m

Heap (X )

<4 AL

AT IE FERO, AT iEE



JavaBUMELTEFHEFETHESRHIMNETHAREERE, BvE —SMEEN
flEzmaR, MEENUNBHTER. S4—LNASEE——FEY, XES5ERME
MR EE A R S T O EAHER.

REMARRERALTY, SEMNHFHELT. B fj/

> S8R RBUGEEFTHRE. £ Rt -
> EFEEE. B ENAT GRARSET=E. REBRT) B U
1

[
A s HEC
N | S | |
Doa]| |[Desl| |[DesT]
[ows ]| ([ows ]| [ |
| | |
r Y
=
= a=ir . S m=1

Threads will share the heap and the method area with
each other

Class Runtime

java lang Object
java lang Runtime

public class Runtime
extends Object

Every java application has a single instance of class Runtime that allows the application to interface with the
environment in which the applicaton 1$ running. The current runtime can be obtained from the getRuntine

method

An application cannot create its own Instance of this class

BEAS TV — A Runtime G, BIAIEATIHASE, M T A EE NS
A HERE: 2 7R IAnE.

one JVM corresponds to only one Runtime entity

2— £ T2




. ﬁﬂ%J?HW&MEGQEOmmﬁW-¢WMﬁ¥¢ﬁH#ﬁm
7o

* {fHotspot JVMHL, BENERFIARLERIE RGEMIAH LR M .
7 AN Javafk BHERIFHATLLS, SEn AN RE R A HLZL R
ER @&, JavafkfEAreib)a, ARt 2 ei.

o PAE RGN TTHTA LB RN ZHEWM L BUEM AT HMcpPu b, —BA
MeeRFe itk sh, EmeifgavasR i ()run () Hik.

I
TR BESRE

T R consolesi# RAEM MR T, MIERBEE AN SER
EIBT. IXEEGAEA A MTpublic static void main(String[])
(mainZRfe LA K BT iX P mainfk e H OO 2R R

XEEEN G 6 RYERFL(EHOt spot JUMHL FERELUTF JLAS:

> BRNGER : XRRXAVIRERABEIVMEEZL S TS WA, IXBELMET
FRBEREZEHNFEERMNEREVMEI ZL S, EHEFFLTE., ZHR
{ﬁ?’_}ggzﬂ@.ﬁ"stop-the-world”ﬂﬁfiﬁ‘lﬁlﬁ, HEHUE, ZREEUR
®IE .

> FBRMESSER : IR E AR E HEEFaEMN (thinkl), eil—RFTFEBE
AR ERAT.

> GCHR : XRFREMEIVMERF AN IITETHRETIH.

> RFRE  IRLBEEETHSBFILRFRT RHAE.

> BEAESEE  IPLERRESHESI, ETARBETERAZSN A EH
fTitig.

04ALAFHHE
(PCH A &)

~ —



<> PC Registerf43 Oz

Stack Area
Threadl | Thread2 | Thread1
Native
Stack Frame | Stack Frame | Stack Frame i
Stack Frame | Stack Frame | Stack Frame
A |os|ro Jwva Jos | [wa |os|o
Runtime Data Areas

JUMPEIR i $F %58 (Program Counter Register) 1, Register HIHLFETF
CPUMITESE, FERTHELSHEXNTHER. CruRERTIERARIIFEFEHBIEFT.

ZE, FERS A EFAEHNEFTER. SUFBRENEHPCTHISR (RAWLSHHEB) £F M
M(EHRARFYT)  FEUTESIE—ERLREMRE. IVMPLHPCEFRATY)EPC
FERO-FHHRES.

{EH :

PCH £ 88 T K AE il 48
&R &L,
DS AT &
RS, T 5 ik
F %%,

one stack frame represents one function



)

e E BRI P AR, LT T LR ANIC . BRI I R AR 0 45
fifr X 35

. (I;ZJVMFJE‘J’['H’,_ BAREA T H MR EE, ARG, LH
5 JE W) e e d R R 3. &
o ATfIRFE]) - ADERFEE DA NIRRT, WRERATR0 W L. B
B 2 AE 08 AT 2R IR e R Tava T ik ovMig £ ik, 3R,

MR REE T native ik, WRARIZT(E (undefned) .

(o) (o) 0
~  PC Registerfi3 UsEEss

o ERBEFEERETERE, 3. 6. dhE. RAELE. SRR E SR
LIy A it A IR A T R A T

o P TARREE TN UREIL S T BRI ORI 4 T
ST S

o CEREME N ETava B PEAG HE EfoutotMemoryError
1158 (14 I

a—g [ ]

Next feature of PC is about OOM and GC.

Method area\heap have GC,but PC register\JVM stack
have no GC.

PC doesn’t have the warning of out of memory,others
except PC may overflow,but they have OOM

2— #HPI)iR A



0 %pliseR

Wiz

public int minus();
descriptor: ()1
flags: ACC_PUBLIC
Code:

iconst_3
1} |istore_1
2} |iconst 4
3t |istorig 2
iload_1
iload_2
isub

FoEes | ) | S

line 15: @

line 16: 2

line 17: 4
LocalvariableTable:

e 8
2 6

stack=2, locals=3, args_size=1

Start Length Slot Mame Signature

@ this Lcom/atguigu/java/PCRegisterTest;

1

e I

BEES

ESinht ({Sisithht ) y
s};k-z, localﬁs, args_sizesl

BIERSTRE, BIE 2 | i s
2|istore_1
3{|bipush 20
E istore_2
= 64[iload_1
PUTS|E 74|iload_2
84|iadd
[ 94|istore_3
HEseES 104[1dc ) // String abc
/ 5 k 124|astore 4
14 |getstatic #3 // Field java/lang/System.
CPU PCHFaE
v EANEREE Y
(ERPCHEFREFRFHRIESIUE AR ?
A AERPCHFRRCREMNEEAINITIIULIR ? &
e} -0
F ycpui EAFE DI A AR, X5

gi{%an:KL‘UE-‘. SRR A% AT R TT a4k 3
T

JVMEY ¢ 1T g 28 ol o BB L pCHr 47

BOYPORIE T RPHLIATFH ARy 7
4.

HEA




PCEHFRAM ASRIENERENLT ?

RNFAERENSKBE I BRENHERARGRTEPR I LKBHFE, cpU
NG TR, ZRLRSUEH PURIKE, NARIESETER? AT Y
BRI ERE M RBEERTHSNFNRESEL, REOHDEZERAHNG—IEE
HAE—/pcHEFS, X RENIKBEZEETLHHTRITE, AMASLHARE
FiHaER.

B TFceuet [ FRIRH, RSREEHFERTIRS, G-/ WENNZ, —/ 4B
ERFFELBFRFH AR, REPTEIKEPH—FES.

ERLRFALEFPHREE, NARESETER? FIRKEEURE, He™EE
CHRFIHHENRM, BEFTRBES I RBZAEREE.

PCEF® | 5 T 17_ ]
1 2 3
CPU
<§> CPU B WriiEs

CPU MR cPu JrECES A AFEFFHIRTE], SEALRFEREC
@B, FRAEE MRS E ).

(EXM L BATTUARMTIT Z AN, ARFHATAE, FE
ZAT

HAEMM F: 244 cpu, —RIRRAEERE PR 085,
el b B, — PR R SO Ry, AR ST .

o — O —— o)
H4T : vs AT
‘ R ]
— e — — O___‘_r__' o 0
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05-E 4
B IEA
H e
| EEERE
R
| fEEE

(¥ EHH

\

BEQEE omomoe

—EINMER

11 toiaxmia
O T ——
RGN, Javali SRR, AREPE-fepuBt
VIR, BTUAAHERL T A #4725 10
o 0
RAVRIEY 6, AN, GHERE LM, WROUEERETEE, SlE R
(I ohfEd EE LS. (]

O




O AEhEESH & s

0 : o

RIS 0L, A A | ]
QW KRMEIRIIE (I, AT, S SRR MR O
AR P00, HOERE AT AL o

STAx v

-{il=

usually we put object in heap,as for some other datas
like referencing addresses or something like local
variables or interim variables,we put them in stack

o pee——

: il .
i JavaFUPLE 442
JavafiffLK (Java Virtual Machine Stack) , HWihngavafk.
RN ERRAAE VRN A SO B, TERIR IR AN I AR i
(Stack Frame) , XMMA KM Tavaliikiiil.
> RFRATT

o Ed ) L
2: i JR AN ZE R B

. W
W gavaBRNIE(T, RGN AR (SRR . 1R
SUMHAE) . TBAMGER, 365 5 ik gL, |

> IR vs 1 GSE (SURKE) I

> BAEEAR vs SITAOUAR (k. ¥l )

o

stack frame is the basic unit to save data. One stack
frame corresponds to one function.



One stack corresponds to one thread

public void methodA() {
int i = 10;
int § = 20;
methodB();
}
public void methodB(){
int k « 30;
m:40 int m = 4@;
}
0" ‘
kd ™ fez i A
_ SRR AT — AN ik
j:20
i:10
FelfF¥ 28 (LD
51 e

° fslaﬁz-mmﬁwmmmmft, Vi ] R T R L —
® JVMI'{ER Javakk MIERE LA B4

> AT, BT O R ) .

| E1-4
> PAFEHUG IR T A sl
#H-3
© T AL AE A BT Il iR —
» GC ; OOM s
LS
B ETAE WE
Ferbor et B 50

® Java KE{UHLELIE FCVFJava bkl /N2 8l 4 ) B 2 (8] e AR .

» MBRHEE N TavaERILER, A fE— N Tava BB P LA 2 Lt
A DAZELRFE 6 e 000 ook s . i RARFR I R 2 BC AR 2 BBt Java
BEIHLR TV A B, JavaBbLIE S —14
StackOverflowError B#.

» MRIavaERPUER 0 LAY T, I IL7E 25084 R B fix e i vy 51 /2
WG A7, sk E R HER ARSI AT S0 N A 2o R XL S LER
A aava B SWH— outOfMemoryError BH.



Vidi
Y Gt P 1 e StackOverfLowError
* @author shkstart
* @create 2020 || 9:08
*f

3 public class StackErrorTest {

» public static void main(String[] args) {
1 @ main(args);

I
} I

£ ERISEENE Qe

o BEERAARD

RIVTLAEE S -xss AN R LB B ARTE, ROKNEERETREHEY
BAFERE.

package com.atguigu.java;

Vet
¥ il £6 o1 105 0 StackOverfLowError
¥ @author shkstart
* @create 2020 |1 9:08

¥

& BLAMN F: count : 11420

¥ REEA D M : count : 2465
1e */

13 public class StackErrorTest {
private static int count = 1;

3 public static void main(String[] args) {
14 System.out.println(count);
5 count++;
(O] main(args);
! }



StringTest Main class: com.atguigu java.StackEs
2tring E

hkStart VM options: ~X =V=HI—

x

StackErroriest

© M Templates

Program arguments:

Working directory: D\workspace_ideaS\uvv

BhEEtA? @

O O ®

K MANEBRAAE O, RPESEAZ LKW (stack Frame 1 )46 A .

O {EIXAEREE FIEERI TR LA Z H A M — W (Stack Frame) . o

o RRWUR - AAEIXER, R ANERE, 4ERFTTTIAPATIEE PSR EEEE .

- - -

m3.

o cOPRIEXRME: . ME

[e BREAEN. fie.‘/[}:l (. FE. ) . method
O

O

O
O RiB{TEE WS

&
Q s O O
o JVMILIERT SavatRil it RATM A, SRR EE AN R, MAE “ e
G/ “IaiEdl” TR, i
o (E—#iHENRF G, —AaHak b, Ref—ANiEshm. B S A YR IE
CERAT I AL Bl CRRTGT R ) A& 200, XA Eeiis 5 " i i
o (Current Frame) , '5ATEMWiAHS O Fridiash A& Ml ik (Current o
Method) , FESUXAMHLEMBME "W (Current Class) .
o PATIIFBITIATAT A T4 4 SLER R AT He i 1 T R .
o WIRTEZTTILFWM T LAk, REME M S 0@ oK, TERRN
Toidm, IRONHEOY AT

O Q

(o)



Riz{TFE

WgdVMDeme U workepace

>

E v VY vy

g v v v

-

hixa

ok

Hik3

Pad

I

Z

Bkl [rmeemcemeeeee-

B idea

[0, chapter0l
[ chaptero2
s chapterds
[V chapteroq
1, chapteros

v s

deas\JVMDemo

v [N com.atguigu

> Dujava
v Dajwval

& stackFrameTest

i chapteros.iml
[, chapter06
5 chaptero7
5 chopterod

0 rhanterna

StackFrameTest -

method1 () FF Ha3hiT

method2 (FFF MEIAT ==

method3 () FFIEFAAT . -
method3() EPH &

- Y e -
2
=
2
-~
El
45
Fips

- ZhNEM

public class StackFrameTest {
public static void main(String[] args) §
StackFrameTest test = new StackFrameTest();
test.methodl();

)

public void method1(){
System.out.println("methodl() FFEE#LIT...");
method2();
System.out.println("methodl () PATHH...");
}

StackFrameTest > mainQ



BETEE ) rains:

« AEREFFESHRMERAFEZEELS Ha, BTRTRE—-ITRMZPS5 A
A= LRI,

« MRIWHEW/ATRMGE, FEEODZEF, SpRNSEERTEIRITER
AR, &%, BEHVSEFSHEM, EWRT— I RMERRCEIEM.

¢ JavaZEERMEERHOAX, —HEERNRIGEE, xiﬁm urnfé; 5
f—HERERE. FEERASHRAX, H&STEMRE

threads are isolated,so stack frame in thread can not

refer to each other
A

— - iﬁ»
J VAN ?fif
F . N

2



Ali uses outer space to share data among instances

x
* iAo S @ IERARL Ulreturn AfCE @ iR 1 BRI IR FERI AT, LA U R AT
¥
%
public class StackFrameTest {
public static void main(String[] args) {

try {
StackFrameTest test = new StackFrameTest();
test.method1();

} catch (Exception e) E
e.printStackTrace(); I

System.out.println("main() EWLH");

© HHRIAERLEH o)

BRI A7 il AT
» Ei%ER/E (Local Variables)

o #{E#i% (operand Stack) (EEARH%)

« Zh7AE884E (Dynamic Linking) (BRIERZTHEREOTESIR)

o FizBEEMH (Return Address) (RAZEFEHRFEFRFEHED
o —XifER

£ HRrERE

BEA BRI A7 i A f \/
« B¥ERFE (Local variables)

o #{EYHE (Operand stack) (ERFEZEXH)

+ ZhASEE3E (Dynamic Linking) (EEEETHE
o FHizEEHH (Return Address)
o —EEMER




it is similar between static block and dynamic linking ,
just two different perspectives.

How many stack frame there will be depends on the size
of each stack frame which depends on the size of local
variables and operand stack

=L IR £ £ fEn

EAvERel

JR S ik
Local Variable Table

W SR
Operand Stack

&
Dynamic Unking

Hr ki S ok

Return Add s

‘TR RER

Ofi#%2

D1

3— BHEPEER

(Local Variables)

O BEPTEERFE (local variables) U riez
1 @

. m%ﬁﬁxmmwzhmm%ﬁﬁmﬁ$mﬁl&

o SO, T T AR B MO AT PR R A AR,
XM KA B FIEARIRAR. XI5 (reference) , LUK

returnAddress 4.

Co TR R IR R AR b RIS, B A e

,(/ /\I”J By

| Ryl A B R AT T M 8 & AR TES RN ok, FIREEN L nJCOde
- B M maximum local varlablesiﬂﬁmﬁ’ (E s AT N R A2
AR o) AR i R 1 N



§7 KFSlothiRg _——

g
o

o BRI A R A R 0 i ndex O T 1, BIMCHLK I 109 3145 |
mo

. RWERE RIANERRERSIot (ERE)

' e PR B A o A IR R T R () & P S AR R R (8%, 91T :
& (reference), returnAddress¥¥%!. 6

o fERBAREKY, 3267BLAMNEE R 5T/ slot ({045
i returnAddress¥H) , 64fIf)K% (longMidouble) HHHfslot.

» byte . short . char fEfFAT#ES%H Nint, boolean L{M*
feyint, 0 Fiifalse . 4F0 Fktrue. | :

» long fldouble W|HIEM A4 Slot. |
O REFEE®E (local variables)  QEEs

o TRLg MRS RO D RE . BRI, B, J7IARCE T K
g%, MRS, EHNBENEHERES, EHRTERRFIK,
E BT AR, LA A 7 i T A () S RO SR i ) 2

Mk T B0, FEOURE T KR 2D
+-—'- ¥
« [T Rt S AT AT AEATEBTY, RS

U;fﬂﬁ*"f’Eﬁ'rié‘;}_'hk?{"iﬁdﬁﬁ?ﬂ%‘*%&ﬁ‘rﬁlﬁlﬂ’Jf"iiiiﬁia Mg RS,
Bl AT AR S, R AR R S 2 S

Name: cp nlo #30 <main>

Descriptor:  cp info #31 <([Ljava/lang/String;)V>
Access flags: 0x0009 [public n\
| Copy signature to clipboard |

INRIATIIIEN IO WO HILRTS,

Code length ®  Code length means the length of
bytecode

this “L” means reference



2 > B Constant Pool

il Interfaces : v oo
3P public static void main(Strin > i felds Atiibute name indec 'cp info #28 <UnoNumbsrTable>
) G Attribute | 18
LocalVariablesTest test =~ 5 Metods ol
’ [0 <init>
int num = 10; v (1) main Specific info

v I (0] Code
B0 LineNumt

Nr. Start PC Line Number
14

i N

B

1
1
1
1‘~\
1
1
1
2

4 = > Bu[S)tese
2 public void testl() { > B Attributes
21 Date date = new Date();

22 String namel = "atguigu.e
] String info = test2(date,

1 8 2 1 cp info #34
test
2 1 S 2 ¢p info #35
3 the number below Start

PC means the variable starts from this number-line to
the end of the whole function field.

The length means the variable’s effective field length.
&7 EFSlotfhiBg YrEezs

e

(o} O Q
o SEURMALHCSRE R IR A R AN index0 T4, FIBEHKE-11E5145
I I

o AR, REAMEHETTRSLot CRRHD

o
Co RIS A TR T TT R A R A AR A (8K, GITIREY |
o (reference), returnAddress®HfY4 . o

o ERMBAREY, 32600LLAMBER R EH—Fslot ({U1E
returnAddressEH) , 642 (longfldouble) A slot.

» byte . short . char fEfFffRT#E4%5 Nint, boolean L#M*
e Nint, 0 Riifalse . 40 Fiktrue.

» 1ong ﬂldouble W) o5 98 M ’I‘Sloto




S M A REERRTNE A slot BA R A%S, BRI RS WATRDE |
I ENERESE TN B ERE

o B4 EPITERCE A R, ’E!?‘J?‘J‘&?ﬁ#ﬁff%ftWﬁﬁx%%*&%i%éﬁﬁﬂﬁO
FiEREEEERRTHE—slot L ‘

i 5 #3_mm L
s MRBEFHREERREP—64bitdimE —
TRES, RWMERAN—1ESIEIT. (k o[ m | intk
. Uiﬂlongéﬁdoubleﬁﬂﬁil) 1 ona long m
o WMRIBIMESIEFERFLMFZEE, 3 foat | foatp
B ZM RS AthisBLFEREindex N 0| —
Slotih, XANSHERSHENALEH | oW
5.
6 reference Object t

/755

public static void testStatic(){
LocalVariablesTest test = new LocalVariablesTest();
Date date = new Date();
int count = 10;

7/ //thls B AN 0T 250 75 72 00 V5 6 2 0 A !
System.out.println(this.count); I

as
for function which is not static,there will be “this”
putting at the top of the slot at first and its index is O

System.out.printin(count); teneral intormation SEhD
. . 4 Constant Pool

A Krthis BREANGETEF 2505 20 L S i B g Fe e ! ¢
Lt S it VRRERE Inkesfaces Attribute name index: cp info #28 <iocalVariabieTable

// System.out.println(this.count); 1 :":"‘:“m Attribute length: 32

} | B 10] main
B [1] teststatic Specific info

B (2] <init>

K FSLot B 0 2R &Y (3] test1

// IFd :" . B it ot StartPC  Length
public LocalVariablesTest(){ | @ (0] LineNumberTable 4
g B e

this.count = 1; B (4] test2 35

} s tests
B (6] testd h 32

| Attributes

public void testl() {
Date date = new Date();
String namel = “"atguigu.com";
test2(date, nanel)i
System.out.println(date + namel);
}

typical feature “this”.

If we are careful enough,we can find that the number
below Start PC and the number under Length in each



line add up to the same which is 43

System.out.println(date + namel); i g;:’:;‘:"‘ specmc im0
: { ? [2';;::0* Nr. StartPC  Length  Index Nam
Hl & 10) ineNumberTable  [© 0 33 0 = info #33
i 3 1) LocalVariableTa... is
public String test2(Date dateP, String ni . . w:ﬂl! wisbets... | < Ly i ..
dateP = null; ‘ vim l?“’““ ) R loko 248
" " . (0] LineNui able > 0 33 2 info 446
name2 = “songhongkang"; " ‘m"‘*' .
char gender = 'B*; > BN Attributes ' : i i m ‘

return dateP + name2; i

) =

double type and long ty;pe occupy two slots

T T T e ——— Y A —

BT B ERRTOMUETLULEAS, NR—IBHAZRLTREAR
CHEZEHBEMFNBAXRRBRAVRLEALEBIXROME, T

—

T A RNV Prop—
v
void testa() { ? g%ng“
= 10 Nr. StartPC  Length  Index Name
3803 - & 10 LineNumberTable .
’ @ 111 LocalvariableTa.. [0 4 4 (p info #53
v 3] testd b
5 v [o]COdQ 1 0 13 0 cp info 839
pace ! i 0] LineNumberTable this
b=a+1; i 1] LocaivariableTa.. > 2 1 1 s
v I 4] test2 Ma
v I {0) Code
R e (0.2 i O£ 1B IRb 5 3 s Lot A 17 Y |‘l }:} t;.::m::q.
rc=ma+1; — v B [5eests
— | v I [0) Code
& 10} ineNumberTable
& 11 LocalVariableTa...

please pay attention to “b” and the index of “c” which is
equal to “b”’s because of recycling mechanism



(e O
S %6 DSRESHETENIL o

s BRRSEREZE EREFESAEXNEROMFHEAKSE.

o RINAEXZERREFRXNBLDNE, F—RRE “EENE" , RTREW
e, MEAXRDRETE, B—KUEE “WGEL" TR, BRTFEFAERES
EXHIGE.

« FEERVBEAEHR, BRXRRFAFERSNHLNLE, IRFRF—E
EXTRBXEVNLANANNGEE, TUTERA,

IXPFRAAS R RN, B GERE N .

HARHRY o 5IHEHERTY
YR ® MAEHL: EREFTRT, ATEITILER A A4 fE R
X Linkingtfprepareftf%: #XERMAGRH ---> initial fh@: 5B BHRECH TIPS CFT st ]
S
@ JsLaR

L
TR 75 BRI o HABIKET o FIHEHERY
R R A W or: o WA EIEFRT, LT ECA BG LB
KN Linkingfipreparelitfé: #rXEREAGM ---> initial TR :_
AT RURE SUYEIER, FLE i o R PR ], AT BGA G
© AR e, ST B80! BN, aiF Al |
l <
}
1/ E Rl 2T CE 8RN TR S Fs Lot 3900 %
int c =a + 1;
} z

/*
TROHH: PREBIBN 1 o HAMMBY o 5IHIEHEEY
FEf e B o W 5 © WEERE: AEUHRE. ABEE DL P IA B4 TR G

KW :  Linkinglpreparelitfl: A TEMARM ---> initial fTEL:

ST RN QIR SO b R B R, TR AR

@ MRt R, LA By TR, WA .

b4
public void testSTemp(){
int
System.out.println(num);// (& 507 E: & finum A2 i1 Mk




N\

¥ & WmiE
/ #hFEiRER

. (ii’r‘ﬁ’P?ILP.
fE T AT I

sH—50

o JRTRAR R e (K A Bt R (R T [l

SR R Sl T 42 81 ) Jo i AR 2
7 AP B SO A

+

2R HZ 5] T M S

L AL S A

if the variable in variable table no longer exists,then
there will be no pointer from this variable,as a
consequence the object which is indicated by this
pointer in heap will be collected by garbage collector.

4— FTFEIX

(Operand Stack)

% LA T

the operand stack here is made by array,so it can get all
features inherited from array



O IpERE

WriEEx

Q-

e

. & /‘Zﬂlﬁﬁ&ﬁqﬂﬁlﬂ’“ﬁﬂﬂiiiuﬁh ﬂ@.@—/‘l‘)&ﬁ‘:ﬁﬁ

(Last-In-First-Out) RIEE{EER, WwLIFRZ ARELRE

(Expression Stack) -

o REIAR, ETEMITEREP, REFVEES, ERPEASEERER |

Q mg B A (push) /4% (pop) -

> FEFVEESEEEANRENRR, KROFVBESHBERRY
%, ERENEREEREAR.

> . $AT EH

15

T
>

HETHE

) IRIEsE

TH RFOFERE

23

HETTER

Wi

SR W ) i IR

2 0] {7 (1) 1%

%V

0

FUIR [ {00 42 BN TR P e f |

Hbed, FEFrCcH LD T — R ENTHFTIHES.

o BRAERCR P TR RER RN TR S 00 F S R ILAS, X ihgeik
L ARAERSTR ENIMEATIAE, R ESR AT R P O SRR B EAR MG

2 Wi B KL
o S5k, RINBLoava IR R IR |

RS QL

o}
iRiEsEE

EFRRIIT SIS, ST RN |

0
ULEE

o HEAMHOLHBNIRER T RS RBERELUS, EEE NE %N
(Last-In-First-out) MPe{EXk, WnTLARRZ NIA A

(Expression Stack) .

o BRMESOER, fETEEAATIE R,
4%, WK (push) /HE (pop) -

> RS IR NG A SR EEGR, JER0Y ISR S5 BRSO

B fMEfE e RfEAR.

» e BT,

15

HETTE

 iscalhfF |
—

RB 7% 4, s N BRI

L, SRAARERAE

23

HETE




A iR Qs

LREER ] THRA R ©

’ReE %s UL

o) o
o HRENCR, EEM TR SRR R, FE i o
I Y FEfE 4 (A .

e PRIEERR LR TVMBLIT IR — A TAEIK, AN N0 IT S P AT o R ek,

a ANET E it S0 2 B O ok, XA R E R R Y.

o B ANPRIESUR A 2N AT A IO BRI T TR B, SRR K

L IRIEERIE I T, (RAEETTIEMICode B, Mmax_stackfl)

° . )
Lo BRI - e R AR T LME A Java iR 2 .

% > 32bitfY2K ST ANE R R

> 64bitRYZ RS & T M4 e B fir i g

FRAE RO E R T 10 3 51 00 07 A AT 88 vl Y, AR R el i e

b e il i L el Nt e T i MIETRRTPA) |

A, —BE4ER , SrERsEEn | . .
like local variable table,once an

array is created,its length is determined.but these two
structures are totally different.

Although operand stack is made by array, it can not use
index to access data.



» oEjwa 3G FEF T SLoT B R A LT o

~ [ javal ” "
B cavahbidt @ public LocalVariablesTest(){

& stackFrameTest 31 this.count = 1;
fmchapter0s.iml LocalvariablesTest
Terrinal:  Local Loseal () +

descriptor: ([Ljava/lang/String;)V
flags: ACC_PUBLIC, ACC_STATIC

Code:
stack=2, locals=3, args_size=1
a: nmﬁ* #3 f/ class comfatguipu/javal/LocalVariablesTest
i 3: dup
4: invokespecial #4 f/ Method "<init>™:()V
7: astore_1
B: bipush 1a

I 10: istore_2

=T W inE:

lng

o U0 AT R A, JUIRIE (G SR R Bk
Hoheh, FFURRCH (MR T R ERIT 7 1 4

. ﬁﬂﬁ&*E%Mﬁﬁ%%%ﬁ%?ﬁﬂﬁ@%ﬁﬂﬁmﬁm.ﬁm%ﬁ
A (A VR AL TRGUE, RN A IMARIL R R () AR S0 BT BRI,
i BUE ISR

« 5k RINBLoavaE RAPLEIMEFE S FORAE RO T I 88, T i BARaY
iR S .

o— TCELARER

< KBk e

=

3 A1 e is 2 i
R N N e e L e P 2o ERORL  Iastnlr 7R [Ty

public void testAddOperation():

Code:
0: bipush 15
2: istore 1
3: bipush 8

5: istore 2
6: iload_1

7: iload 2

8: iadd

9: istore 3
10: return



lic void testAddOperation() {
® iibyte. short. char. boolegn: #EUlint V30
byte 1 = 15; |

& KiBiEkE Wiz
(iesmst  ®iEle e R

ERs | 1

2 istore_1 MEERE 1

3: bipush 8 2

5: istore 2

6: iloed 1 3

7: iloed 2 " J

8: tadd s "\

9: istore 3 !lftﬁﬁ

10: return 7 15

o | o |

PCERS

(Besit  MiEus ) v :]
-H bipush 15 - —
I, | onxx [ [ =
3: biputh 8 -
5: istors 2 |
6: 1load 1 3 \
7: flosd 2 \, : J
8: i0sd o re—
9: istore 3 BN |
2 i J A

we can see that there is no index which is number
0,cause index 0 has been taken by “this”.

wiEms A [I]] ’M /1 j

bipush 15
istore_1
bigush s
istore 2
iload 2
iadd
istore_)
return
> L
PC
bipush »
tatore_ RETRE [ 15
bipusk 2 = <
istore_2 | acallY)
1load ! 3
— v
fadd !
istore_3 RERL 0 [+ "\l
return 1 2
| 3
"I —o 2
” PCR S
s - DR
Bipush 15 ( - ~
istore_1 RETRE |1 15
bipush B
2 .
fstore )
ilood 3 F1)
ilosd 2 . . e

o . S the bytecode will



be translated to machine-code by execution engine,then
the code will be sent to cpu to execute.

we can see the picture above,it’s obvious that the depth
of the operand is two and the size of local variables is
four.and we can contrast it to this pic:

Looe:
stack=2, locals=4, args_sia
@: bipush 15
a2 = L=y, N

e —————- 10 bipush ¢
int m = §; -
1 14

= 22 3 saters 3

_1__-———*fﬁmf

15 returs

6— INLZF (Top-of-Stack

Cashind) &R

GFTEERE, M T SR E R O T AL A T omss, 0 |
W — TR A i R 0 IR T BEE 2 R RIE S, XM s
AT HEEE L1954 2UE (instruction dispatch) IKECHINA |
1/ T

T TR UL A RRE N AP O, TSR M IR AT AR TR AR |
WA AT S . AT EYUX A, HotSpot JVMIY A RS R T
%ff (ToS, Top-of-Stack Cashing) AR, YFHRTHGEEIEAL
M CPUl A7 801, CLREAER A7/ 55 0B, S THAT 91400
AT B ‘

Hire: ESED | hTEER
\ o

7 = @ﬁt‘zﬁﬁ

(Dynamic Linking)




a3

L\
a2 \\
Bl

O AR S RIE RS BT %S ) oy

o G ANER A RR AL & — AN NS AT RS Bl b Z B e A Gl A
W EIXA G B F SRR T SCRE B A I ACR% RENS S L o & b
(Dynamic Linking) . Hl: invokedynamicff4

o fEJavaili SOIF 0G0 BT S IC Ry, BT AL BRI i ) AR A
NS5 H (symbolic Reference) f?:(fﬁ’.classf{f'”f‘f@a
Letm: R — AN A EE A T A Rl B, A Bk R )
FEM TS 5l RERN, BAshEEEEAMERIEAE N T3R5 5 5
A il R 5 i 00 4% |

+
S
b2l e, i - EE::>
e o -—c ma aoc =~
Compiled from "DynamiclinkingTest.java™
public class com.atguigu.javal.DynamicLinkingTest
minor version: @
major version: 52
flags: ACC_PUBLIC, ACC_SUPER
#1 = Methodref #9.%23 // java/lang/Object."<init>":()V
é #2 = Fieldref #8.#24 // com/atguigu/javal/DynamicLinkingTest num:I
:' #3 = Fieldref #25.#26 // java/lang/System.out:Ljava/io/PrintStream;
#4 = String #27 // methodA(). ...
£ #5 = Methodref #28.#29 /I java/io/PrintStream.println:(Ljava/lang/String;)V
g #6 = String #30 // methodB()....
: #7 = Methodref #B8.#31 // com/atguigu/javal/DynamicLinkingTest.methodA: ()V

if you notice the annotations behind each line,you will
find that there are symbols like “()V”which means the
funtion return void and there is no parameters.



Every variable in constant pool will only appear
once,and every machine-code are able to use the
variables in this pool when they need to refer.

& R EE R TR Eia07 %31 ) s
| Method Area Heap
|
Thread —— LT

ERENE | EHFERIE

Hative .
Stack
1

]
—

2o

let me explain the pic above,firstly,the Thread is made
up by PC register,Native stack and stack.The Current
Class Constant Pool Reference in stack is going to have a
pointer to running-time constant pool.The whole
process is called dynamic linking.

A U A S 531 Wi
(€
OB ATERE IR ?

WERLAEH, Wi Rt SRR, TR0 R,

8— FFuYiAm




& FiEEYRE Wiz

¢

Dt 57 0B R AR BB,

o it |
MRS AR SvMA R, 0 TR ) F bR S SR T,
FLEATHMERE ARSI . KRS T4 I o 2 4 ) FR e 8 51 I
O RFERRL Joih A5

® .

o SRR 0 7 SRR R R e ok, R, RBENSTERYiaty
U ARSI R A SOy SRR, IR RSO R R & Ak
e, et L s, |

> FaiEAE R (is. Wis

R NRTIERI SRR FYEE (Early Binding) FIGIBIEEE x
. (Late Binding) . #HER—ATFE. FEREREG S5 My
jéiﬁ"}lmﬂﬁiﬁlﬁs EURE—R.

o |
LIRS A A R 0 bR RAE SR 0T R, LI ATWIHRES AR,
o TR A J7 3 5 B Y S RGIAT IS, SRRE—R, b FORG T MM E
L R B8P A 5 20 1551 A0 |
EBEA. |

o Mg (]
SRR B R TE SR W R I e PR, R RENBTE RIS T WML B

Bﬁ%lﬁl*fﬁtiﬁ/zﬁ‘]ﬁ*‘n& :zﬂwﬁ»v?:kttmxﬂuwuﬁemmn: i

statlc linking corresponds to early blndlng,whlle dynamlc
lining corresponds to late binding

\
\
\

public class Animallest {

@ public void showAnimal(Animal animal){
animal.eat();// & Jy: BE MR E
1)
@ public void shouwtunt(Huntable h){
h.hunt();// &8 K. B
}



d } > B (0] <init>

~ I {1] showAnimal Specific info
B (0] Code
@Override B 12] showHunt Bytecode  Exceptiontable  Misc
+ . > B [0] Code ————
» @] public void hunt() { > M anrbutes 0 alead_t
System.out.println( ! invokevirtusl 2 <com/atguige/Javal/Anizal. sat>
return

. ¥

public class AnimalTest {
1 @ public void showAnimal(
1 animal.eat();// £

2 }
1@ public void showHunt(Hu
1 h.hunt();// &8 %

A 13

the instance above:Huntable is an interface,Animal is a
class which implements Huntable.

. # W 0] Code HPECITIC INFQ
System.out.printlaf . o o e
i > M (2] et Bytecode  Esception table  Misc
¥ > I (3] hunt 10 mlead B

» I Attributes

i 1 invokespecial 2 <com/atpuima’ javal/Cat. dindss>
class (at extends Animal in a ‘

public Cat(}{
e

publie Cat{String name)
this();

class (4! extends Animal implements Huntable{

public Cat(){
super();// W K HEIHE
}

public Cat(String name){
this();// &M YIWHE

the instance
above:represent early binding



7 FIiEHRr Yrig

B AT S 200 SR it 25T Java— R BT T R RO MR S S
MR L, JUEXRBEGET S ETHERR EAAE—E 0 2ER, ekt
Z UL REFH — A0, AR W IR R AR AR R A ST 1) 0 G
WESRIX — 2 [ il 15 L& 2 A% e, B4 B 28 5K L 28 5L W45 52 Fg 4P
5 PR AR 5L

Java PF ] — A4N304 A7 ix K 8L & 0B s BN iE, 78S Ferhili s
PR (CH+ P IS B G Fvirtual R AE ) . MfETava
I A A LA A B oA BERFAERS o] A G T £inal Kbr
XN HE.

K BEMEE - B ESIEESE YRS
@

Tk g
e T IAENR TR WIR A T LRI TR, AR B TSR
o AXFE IR AR L |
o 0

o WAL BT, finalliik. SORERE. QAP K kS H——
L+ SERITRE T

T o 3 L O

FRM KM BRENLTNATHR: © ROEEKRR @, 7‘1‘?2&[1‘13! G

& FEMRR : BEESIESE OEm

 BUHSRET T LR ZERAES:
e
© 1. invokestatic: HHEBEHRE, RIFMERER—AZERK
2. invokespecial: #MHA<init>FE. RERLEFE. RITH R EE—FiZRE
3. invokevirtual: EBFREEFE
. 4. invokeinterface: EAEROAE |
0 (o]
e AARMITES: |
. 5. invokedynamic: ZIEMITERMEBAAHNFIE, RERT

;Hﬂ@&?ﬁéﬂc&ﬁﬁlﬂlﬂi%ﬁ- FEMERHTATANAFR, Tinvokedynamic4RIX
 FHBFAESTEME. X¥Finvokestaticii$Minvokespecialifi4 MBI FEH N
R E, BN (finaliZiRATpRat) BABHIE-

Sfinvokevirtual
showFinal(); AABfXul 4 ik Ao fifinal . FREEFRBE, BrLlt) Kl 4k R el ik, |
we



need to be careful with “final function” which is called a
virtual function but actually it can’t be rewrite.

And if we put a prefix “super.” before “final function”, it
will turn into “invokespecial “

EUETT AW, 3 F RS AT RERS EE T
LRI
Sfimvokevirtual MethodInterface in = null;
showCommon { ) ; /finvokeinterface
infa(); in.methodA();
' HiERGEA : £Finvokedynamicl§$ OB
o

Y . 0
o JVMAISE S ALk, LB TavaThR AN T
invokedynamicfﬁ'%‘* ERETJavay T EhEHBRES ) FEFmin—

Pk
« {HEfETJavaT P H iR IE LR invokedynami cf§ & 10 7rik, wEER
ASMIXFPIEZ A T A k™ L invokedynamicig 4. fi¥JavasffiLambda |
FEAM M, invokedynamicif &ML, EJavadf 447 T ELEERL R
Jral.

« Java7 N a) g .%'ﬁ*‘ia'i’?FF]’HEJﬁJEITJavaLEHHiW,ﬁIH’:Jﬂ%ﬂ, [ER
X Javaili 5 BN FED, Xz b E S 2y, o TRy
P, MR ’“"ﬁ&#m&%mﬂ EEJava FE M EIERIEF iR,

o

ﬁﬁmm *vaokedynamlc}‘é‘% Wiz

P U HERE Y PO i oA

B E RSO A 00 DO R AE T R 0 AR R R IE
BT, WRRHARERERER, RZENERLIAE.
iis‘éﬂ‘n*ﬁ.ﬁ[l’:l SRR, RASRENEE RAINER A SR YER,: BhERY
(-)iﬁﬁ'ﬁ;ﬂ%i&‘ﬁ{ﬁm%?ﬂfﬁ.@.. ERGARYPER, ERESHARYEEE,
R AW A B AL BRI

“Java: Strlng J.nfo = “atgulgu”; //1nfo = atguigu;

—Q



R — R —
} v 00 (2] main
Bytecode Exception tadle Misc
> T 3] lambdasmainsl Y‘K— s :

»  public class Lambda { > o 4] lambdasmainso 0 mew #2 ceom/stguizu/ javad/Lasbda>
public void lambda(Func | Attributes ;3 dw
| invokespecial %} <com/atguigu/javal/lambda {imitd>
return; i 7 astore_l
} -+ Mun: Bootstrasietnods #0>
: 15 mstore 2
= T 1l mload
4 public static void main 15 alosd 2
Lambda lambda = new 15 invokevirtual 55 <com/stguigu/javaZ/Lazbca. lanbda>
o 1% aload 1

i1 20 invokedynamic #6 <func, BootstrazMethods 1)
25 invokevirtual %5 <com/etguizu/iaval/lazbda. lasbda>
return true; i 25 return

Func func = s -> {
b5

lambda.lambda(func)

& FERRARE : HiEESHER Uriszss

Java ifi i OIS I AN -

1. REVBEFRMOF-PARFRTO ROIKEFRY, 2(F c.

2. MEPERY ¢ PRASEFRPOHERFRFELLHITHEFOHE, WETHERE
I2, MBEIUREXMAZOHEFESIH, ERIESR: DETELT, WEE
java.lang.IllegalAccessError ®%.

3. BN, ZEREFERENTELRER ¢ HEIXAETE 2 SHREARIETE.
4. MRBEZARIEEZRHZE, WE java.lang.AbstractMethodError®E®.

IllegalAccessErrorf#i:
BB R A REREE— T, ARSI GRERETE. —&
B, XML BRBEEE. IIFRORREEETH, REH—NRRET REEH
&Ee
normally we need to find a proper function between
extended class up and down layer by layer when we get
the function,Obviously it is too complex,so we need

virtual variable table



P HENER : BEER UL

o
o {EHIM REHFEP, SRR B2EMR, WRERGIEK
() e it o 808 8 R G 00F) Ty §4 Jr M o 4 A a0 F R 0 1% s T i e ) )
PATRCE . Bk, AT HEEERE, oM IERRIEX @ AT LR
(virtual method table) (HHENikiAS HILERP) LM

Fl BRI R I
o RAKPEE A EIER, R A TEINERA T,

o]

o MARETTIETAT AN oA Gl ?
N T3 1R AR SSMER A S B B QU@ I TR A1 4R 1L, %Wj&ﬁf‘m%fﬁ#ﬁﬂ_;

W2 G, IVMEHEZBH kRS R,
! Rt ot e itk i o o N -
virtual method table will be initialized while resolve

phase

O HEGAE : xR WriEs

clone{)
equals(Object)
Finalize()

clone()

¥ﬁ]1 : equals(Object)

Finalize{)

getClass()

getClass()
hashCode()

hashCode{)
Notify()
toString()
wait()
wait{long)
__hardChoice(QQ
hardChoice(_360)

Notify()
toString()
wait()
wait{long)

| _hardChoice(QQ

| hﬂ hoice(_360)

Father
1T =

% extends

A0 HERER : B AR
6502 -




e 3

==

UriEEs

0 clone()
o i equals(Object)
Dogh‘ﬁ Tk 2 finalize()
etCla
gelass (ot implements Friendly { i hgd‘;hc:;;:':) Object 27!
public void cat() { s notifyl) i
| } 6 notifyAll()
6 public void sayHello() a 7 toString()
3 8 wait()
. interface Friendl:
| public void sayGoodbye() { 9 wait(long) o H 4 (
é ) 10 ellof) i ¥ wvoid sayHello();
| protected void finalize() { T , void sayGoodbye();
4 3 class Dog {
9 public void sayHello() {
}
6 < : T
‘class (ockerSpanicl extends Dog implements Friendly { Wn:::tr"_‘g t:JStrmg() ¢
public void sayHello() { super.sayHello(); } ; Ao Rosss
6 public void sayGoodbye() { \ ) ¥
i wm: PEEEE T TTE—— +c
B L. J— A s === - &NAEE = TP
S e anR-Ewe (27 U SemSefas A - = st smatan - ||& G & At [+ S04 interface Friendly {
L Qs £ =% ez

® void sayHello();
void sayGeodbye();

}

CockerSpaniel
(&0 SR P 5

gclass Cat hph;nts Friendly {
public void cat() {

}
6 public void sayHello() B

public void sayGoodbye() {

6
}
protected void finalize() {
¢ }
}

class (ockerSpanic!l extends Dog implements Friendly {
public void sayHello() { super.sayHello(); }
6 public void sayGoodbye() {

-
-

clone()
equals(Object)
finalize()
getClass()
hashCode()
notify()
notifyAll()

wait()
wait{long)
Eayhiellol) |
sayGoodbye () |

CLONGOUVBWN O

swz W

class Dog {
public void sayHello() {
}
public String toString() {
return "Dog";

}

e B T -

T

now

K HERER : BAEE

class (at implements Friendly {
public void cat() {
H
public void sayHello() {
}
public void sayGoodbye() {
}
protected void finalize() {
}

public String toString()#f
}

class CockerSpaniel extends Dog impl

public void sayHello() { super.
public void sayGoodbye() {
}

63 —=— = clone()
l . . equals(Object) =

-0 Cat 2 finalize()
e o SV BN 2 3

getClass() X
hashCode() >

notify()
notifyAll()

wait()

wait(long)

sz PR




O— ZF#FiZ [E ik

(Return Address)

it e
.o BT EE
a3
\\
\\
tta2 e
~

a1

<><> BiZiBEltllE (return address)

S —————d

o FEICRIMZ T i Mpc P (7 24 001 -
o ATREMEH, TR
> TEHAAT IR
> HBALHE R, JEEWIRY

o EiImaERp A OB, £E 7GR S ARYR A1 3% T i A I T A
LRI R, WHZMpcil-& "I AR IR (] bk BT TT 32
Wi 400 F— A8 400 Mkl . il B R H—ratatil | 2 TNl

KA, B — A SRR A8 B Z
M
o

- BiZiREIEE (return address) Wit

1{}-
4 o
DA by J7EkOi g R KRR RE. SR, 7 BT 1k
RO} SHI%'S. € N f'kl'-f‘b%lfk HEIR [ H R T 2 B i P fE Sk . vt pC
A AF A, LTI T IA AR ST T &

IR SE R DA B A e DY X TE T .‘ii_'i,i-_;"ﬁ'.??a"..'.;u&*-': LR AL
el 2T 3 e A A el 1Y) 0 |8 4 u |



5 ﬁiﬁﬁﬁlﬂhﬂ: (return address) @)H’A’i

M ATREIFEAT IS, RAT PR ST LR X AN Tk

1. AT 5 B BT A LR R E 5S4 (return) , £
feigés BRI, WERIER e O

> —AAEEESRARALERRRE AT~ EERSERBRASZEDE
BEFRREAETE.

> ETHNESP, BOESEFireturn (HiRE{EAboolean. byte. char.
shortMint#E e #A) . 1return. freturn. dreturnilZareturn, %
SMER — P returnff S HEH AvoidfIFiE. LML E. ERNBOMNVS

WHEER.

@ BiZiBElllE (return address () &iEES
O AT R B A| T B (Exception) » HHEKARMBHE |
LT AR 5 R e R A e D e ik
: RSB . RS e |
PR R  RR O RAAA, fRREA RR LR, FEAER
B L L |

if the exception happened from 4 to 16,it should be
handled by processor in line 19

& Methodinterface L] A {
~ @son 77
v Emjawa3 {78 public void methodl() throws IOException {
& ReturnaddressTest
S\ i aihaathadTshla s RetumAddressTest > method20
Terminal: Local - toaal® -+
12: aload_1
13: invokevirtual #5 // Method java/io/IOException.printStackTrace:()V

Exception table:
from to target type
. 11 Class java/io/IOExcepti

Tine 72- 4



TR 1 Try i
@ Huntable .

v & Lambda java
® Func

Attribute length: %

Specific info

& Lambda
v & sonjava
© Fatner
@ Methodinterface /¢ }
& son 17

Nr. Start PC Line Number

72

e pesa 78 public voi
£ ReturnAddressTest FileR
ileRe

> & vVirtualMethodTable java
iy chaoteros im 8 char[]
> I chapter0§ e Py
) I chapter07 RetumAddrass g
Terminal:  Local Local () +

11: astore_1
12: aload_1
13: invokevirtual #5
16: return
Exception table:
from
4 8 117 Class java/io/IOException
b 4Run  Z6TODO | BN Terminal = Q: Messages

BHiZREfE (return address) W%

od java/io/IOException.printStackTrace: ()V

(€
0 : o
AR b TREICGR R0 AT R AR R g, W RS BRI
IR PRIEECE AR PR T B P (B . Bt ® eC
A AFA TS, LTI T T &

o o

IR E R VR e OV R DCOMPE T 8 570 se st FUR A 2
| S At b R A e ()R [

o}

o
o

HREUEX
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