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[RIER
ESHRIHITIRE
1. &id)

Clock Cycle Time

FITAOEE S ASIERAOELERE |, T CPU By Clock Cycle Time ( BI$REIRARY A ) , SFE50R0EFIZ , EEE CPU &
fBEIRBIAYER/NATIBIER(T |, ELamis 4G FEBTAY CPU AY Clock Cycle Time B2 0.25 ns , {EAXTIEL , BeAiJE _E3EEAY
Cycle Time & 1s

BN | BT —FINERS—RFE— MBI HEEARTE

CPI

BRISSEEE LRI AR , FRLASIH T CPI ( Cycles Per Instruction ) 38<$TE YRR
IPC

IPC ( Instruction Per Clock Cycle ) BD CPI B9fEI% , F=E NI ARG TAIESE

CPU $A{TRIME

TERPRY CPU HUTRTIE) , BPERAIRIEIREIAY user + system BB , ATLAA FEIIATURER

2R CPU HTATE = #8S%L * CPI * Clock Cycle Time

2. BRESLAOMEE

II—5R&FES0 D, REE—FKE. —FKalWFinT..

E=5&

LGS BREAIIITREED 7 5 N8R

o KBEER 100
o AKX 1093
o ImiEZF 10935
o REILHR 1092
o HEZTIHHE 1071
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zmm || s |
f W-
EFES | EiEE | 2K | IniTizE | SRS | S0 | EEER | 220K | miEns | FEEE | EEEE EAEC
g ES FEGEE | 2K | miEEE | AEHR | BESHE | £8iE% | ERibK | miEae | AEHR g£t5&
E=ES EEGES | ERIK | iEEE | AEHR | BEEEE | EEES | FRK | miEae £\EQ
FEIES FigER | 2K | NiEAE | FEEE | B0 | ZEER | ZFhK ELES
EhES FEiER | ZRK | M | FEdHR | =g | FEES FH5E

BERBE—IA , &IEERIBRRE : bEEHEE 10 DHPRREREFX 5 4% RANE—FRENETERE , £
BRI _FBNRE DR, .

3. RS EHEIL

B b, MARAIERERSRITT A— T AR — S HTATEIERISAY CPU 18S. ATAXAMIE ? ATLEEHES
TR LABRID B — MNNENMNER |, Blan , BRIESET LIS A ¢ BUES - 18SRE - TES - AENE - 3UE
BE X 5 MR

IF [ ID MEM | WB
l},. IF|1D|EX | MEM | WB

IF | ID|EX | MEM | WB

e instruction fetch (IF)

e instruction decode (ID)

e execute (EX)

e memory access (MEM)

e register write back (WB)

EASEIEFERAIE T | XEESHE M RULIBTEFIES LI SRAT | X—ATE 80's
2] 90's Fhit S iE T I BERMRIE (L,

1=

PR | 5 TRIEFRERIIKE |

ETEARIRIRER | EAHESREINER | fIa0
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// BILAEHERIGIF

int a = 10; // 1#E%1

int b = 20; // $8%2
System.out.println( a + b );

// ABEEERFRYGIF
int a = 10; // #8§%1
int b = a - 5; // 182

&% . Scoreboarding and the Tomasulo algorithm (which is similar to scoreboarding but makes use of
register renaming) are two of the most common techniques for implementing out-of-order execution
and instruction-level parallelism.

4. SZTHFTIK RIS IEER

EMJC CPU STHHBRIESTIAKE | HISHFERIHIT BUES - BIFME - PUTIES - WEHA - HESE AILE
 IUATLARRZ SRBIESTHKE. XY CPU AJLAE—MTSHEHAR , BRNETAFESHAEMER (85T —

a-\m THIBIREKNEZUWES ) | IPC=1, AR L , RKEHAHAEREREZIESHNITHE , BETEES T
B AEMER,

1=

ST ( Pentium 4 ) XIFEIX 35 FiftZkek  (ERTIHEASHES

IF ID | EX |[MEM

lf IF ID

EX

t IF

1D

WB

5. SuperScalar 21z

IF

MEM

WB

EX

MEM

WB

1D

EX

MEM

WB

REHERE RS MUTERIT , AREREHEIERENE—TE , JUBAS N EEE ST, #5%155’%%

TTE  XEFALUESFIE

>1
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2,56 | [zmes | 220k [ s | saws [ 5=08
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=)\5S xammn | mamk | nbael | FRHE | asae
ENES anEs | mRmk | nbak | FRNE | mene
FHES *Es | ZE0k | bk | FEHA | BsnE |
=@ | [z [ =2k [ obes [ zauE | 5=
ey BB | 2K | InDEH | FEHR | BxdE
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SEES HaEn | moomk | bl | xene | mse |

|l|

IF
IF

ID
ID
IF
IF

EX
EX
ID
1D

WB
WB

IF

IF

CPU EFH13IRIE

MEM

WB

MEM

WB

EX

MEM

WB

EX

MEM

WB

1D

EX

MEM

WB

ID

EX

MEM

WB

1. CPU EBEE1S
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CPU Core CPU Core

| |
' : ' '

A

BE (puEF

% root@yihang@l ~ lscpu

Architecture: x86_64

CPU op-mode(s): 32-bit, 64-bit

Byte Order: Little Endian

CPU(s): 1

On-line CPU(s) list: 0

Thread(s) per core: 1

Core(s) per socket: 1

Socket(s): 1

NUMA node(s): 1

Vendor ID: GenuineIntel

CPU family: 6

Model: 142

Model name: Intel(R) Core(TM) i7-8565U CPU @ 1.80GHz

Stepping: 11

CPU MHz: 1992.002

BogoMIPS: 3984.00

Hypervisor vendor: VMware

Virtualization type: full

L1d cache: 32K

L1i cache: 32K

L2 cache: 256K

L3 cache: 8192K

NUMA node@ CPU(s): 0
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BELR

M cpu FJ ANOEERIRIThEHR

Bires 1 cycle

L1 3~4 cycle

L2 10~20 cycle

L3 40~45 cycle

WF 120~240 cycle
BE cpu BFHT

% root@yihang@l ~ cat /sys/devices/system/cpu/cpu@/cache/index@/coherency line_size
64

cpu EERIRFIHEURIXEER

[BAERE] [EAUZRS ] [RZE]

PIFE
HE  HiF

00000
&= 00001
ETO 00010
0123456789ABCDEF.. 00011

000 1 1 00100 —
001 o0 0 00101
010 1 0 00110
o111 1 00111
100 o0 0 01000
101 0 0 01001
110 0 0 01010
111 0 0 01011

01100 ol
01101
01110
01111

2. CPU &=
EUE e SN
o RIFEA , HEEEFTRIESI
o FIMTREEN
o 0 ERFEEGEEENEFT
o 1 BMEMAIRCEE—
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» — 5, {RIERTEREETEIE
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3. CPU E1F—5E

MESI {19

1.E. S. MRESHEFTERRI LUK CPU RISEAR
2. ERSHIEFT , BEEK , SRSEA M, XEHAMABEFNS
3. ENESRYEFT | RURIMZEFTHNERE  RE , EXH SRS

CPU Core CPU Core CPU Core CPU Core
EiF
F3  mHu  Bfec HE
000 1 1 6000 000 0 0 000 0 0 000 0 0
001 0 0 001 1 0 XXX 001 0 0 001 0 0
010 0 0 010 0 0 010 1 0 yyy 010 0 0
011 0 0 011 0 0 011 0 0 011 0 0
100 0 0 100 0 0 100 0 0 100 0 0
101 0 0 101 0 0 101 0 0 101 0 0
110 0 0 110 0 0 110 0 0 110 0 0
111 0 0 111 0 0 111 0 0 111 0 0

4. MIRSRYERT | RARIMZEFTINEERE  RE |, BBHEERF (SIS ) PIREFTEMN AT (B

6. (AR ) BAERF  HCEA SRS
5. SERERT , BEIEK , £ 4. IR
6. S IERVERFT | BRIMZEFTHIRMURE , RE , BESZN IR
7. IRSHERT  BIRIEK , N EFZE

CPU Core CPU Core CPU Core CPU Core
k-3
®3 AR EtE\ \ L/ 7 - A 5/
000 1 1\ \ éago 000 0 1 8000 000 0 1 8000 000 o0 0
001 0 o\ N\ 01 0o M N 01 0o A K 001 0 0
010 0 0o\ N INJowo o o o0 o /o 010 0 0
011 o 0o\ o7 0 011 o~ o \ 011 0 0
100 0 o\ ~T00. 0~—__0 0 0 100 0 0
101 0 0 \ 101 0 0 — || [[101 N\ 0 101 0 0
10 0 0 N\ 110 0 0 110 0\ 0 10 0 0
111 0 0 AN 111 0 0 111 0 \ 0 111 0 0
o~ /
\_/v R —

4. AERE

Memory Barrier ( Memory Fence )
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o UM

o BFE (sfence ) (RIFEIZFREZRIN , WHEXENN) , HELEEFZF

o MR (Ifence ) RIFEZFRZE , WHFZEANZE , MEREEFHENEE
o« BFlE

o EFESHRESENFN  FaBERECANNBIHEEREZR

o FEFESHRESCERFN  ARBEFEERNIBHMDIERFE A

t1 A2 static i static j volatile static k t2 &5 static i static j volatile static k

putstatic BN

putstatic BN

putstatic BN, H5HEE

getstatic AN, HEFEE

putstatic EEY

putstatiic JEEY

t1 &8 static i static j volatile static k t2 &R static i static j volatile static k

volatile [FIH

volatile RYERESLIREZNTFFRE , Memory Barrier ( Memory Fence )

e XFvolatile REBMIEIESHERIMANERFE
o ¥ volatile TEANEESCHISINNIELFE

1. AMRIRIERT DL T
o 5FFE (sfence ) (RIFEZFREZAIN , WHEZENKH , BRSEEFZEF
° public void actor2(I_Result r) {
num = 2;

ready = true; // ready & volatile W{EWSHE
/! BEE

o THZFE (Ifence ) RIEEZFRZE , MHZ=HEREN , MENEEFPRNEE
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e public void actorl(I_Result r) {

/] EFFE
// ready £ volatile EEUETERRE
if(ready) {

r.rl = num + num;

} else {
r.rl = 1;
)
}
t1 %58 num=0 volatile ready=false t2 Z%i2
nuL=%
I
ready=true -
BEREE
EERRE
1EHBready=true
1B num=2

t1 &8 num=90 volatile ready=false t2 &8

2. WfARIER

o EFESHRIESENF , FaBEREZRNABAHEEREZE

e public void actor2(I_Result r) {

num = 2;
ready = true; // ready & volatile WEWERE
/] BEE

o EFESHRIESENFN , ARBEREZEINBHAHEEREZR
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e public void actorl(I_Result r) {

/] EFFE
// ready 2 volatile EEUETIERRE
if(ready) {

r.rl = num + num;

} else {
r.rl = 1;
)
}
t1 %58 num=0 volatile ready=false t2 Z%i2
nuL=%
I
ready=true -
BEREE
EERRE
1EHBready=true
1B num=2

t1 &8 num=90 volatile ready=false t2 &8

ERABEE | FRERRIESTHE

o SFRENEMIEZ ERNZREHERIRMIIER | (BEFERIDZRECaEmE
o MERMERRIEE RZRIE T ALEREX B ARKER T
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t1 &8 volatile i=0 t2 &8
15EHYi=0
R L L
1SEEYi=0
................................ s
i+l
- ----" g
BEAi=1
................................ >
i-1
-t g
BAi=-1
M ==-mm-cmmcssssssssssss=========
t1 &8 volatile i=0 t2 &2

3. double-checked locking [AJR&

LAZEERY double-checked locking A& /o4l

public final class Singleton {
private Singleton() { }
private static Singleton INSTANCE = null;
public static Singleton getInstance() {
if(INSTANCE == null) { // t2
/] BIRpRIEEE  MZERIERIRE synchronized
synchronized(Singleton.class) {
if (INSTANCE == null) { // t1
INSTANCE = new Singleton();
}

¥
return INSTANCE;

PAERISCEIRF R -

o fRIESCANL
o ENXfEMA getinstance() A synchronized N8t , [ELE(FERERTTTEI0EL
o BHIEEH , BEXEN—R : 58—/ if(FHE7T INSTANCE Z8 , EERSHRZH
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BESEATMET | CERIRIBEBRRER |, getinstance J5EXNAIF B

0: getstatic #2 // Field INSTANCE:Lcn/itcast/n5/Singleton;
3: ifnonnull 37

6: ldc #3 // class cn/itcast/n5/Singleton

8: dup

9: astore_0

10: monitorenter

11: getstatic #2 // Field INSTANCE:Lcn/itcast/n5/Singleton;
14: ifnonnull 27

17: new #3 // class cn/itcast/n5/Singleton

20: dup

21: invokespecial #4 // Method "<init>":()V

24: putstatic #2 // Field INSTANCE:Lcn/itcast/n5/Singleton;
27: aload_o

28: monitorexit

29: goto 37

32: astore_1

33: aload_o

34: monitorexit

35: aload_1

36: athrow

37: getstatic #2 // Field INSTANCE:Lcn/itcast/n5/Singleton;

40: areturn

Hreh

o 17 FREEMSR , BXYKRSIAALL // new Singleton
o 20 RFEH—MIXIREIA // 5| FAitbiE

o 21 RFAMA—IKREIR , ERMESE

o 24 FRFMB—IISREIRA , W{ELs static INSTANCE

B jvm LT © FeHUT 24, BIIT 21. INRFANEIE O, 2 IR REERFRSIHAT
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t1 INSTANCE t2 t1 INSTANCE t2

17: |new

20: dup

241 putstatic(#5 INSTANCE [ifE)

0: getstatic(¥REX INSTANCE 5|F3)

30 ifnonnull 37GHBFRAE, B 37 1)

37:|getstatic(JREX INSTANCE 5|F)

40: aretyrn(GRME])

[EdZEINES

21: invokespecial (JABMIETTIE)

t1 INSTANCE t2 t1 INSTANCE t2

KEIET 0: getstatic IX{TAITE monitor I=HEIZAM , EBRUGEZBIEGEIFRATRUAIA , STLGT monitor 15X
INSTANCE ZT-2f9(E

XA t1 ERFTTRIGHIET AT | WREBETETFERITRSRMETE | 3P4 2 ZRRIRFE— 1K)
st ST EERIEA )

X4 INSTANCE {sEF3 volatile {&1mRIE] , BILAZERISSEEHE , (BEEETE JDK 5 LA EAYRRAR] volatile Z2EIFHRL
4. double-checked locking fi#iR

public final class Singleton {
private Singleton() { }
private static volatile Singleton INSTANCE = null;
public static Singleton getInstance() {
// EHLEZEEER , ASHNREI synchronized{{HEHR
if (INSTANCE == null) {
synchronized (Singleton.class) { // t2
/] ETFEHEEECEOESA , ATLIBHR—X
if (INSTANCE == null) { // t1
INSTANCE = new Singleton();

}
return INSTANCE;

FI5HB_EERHE volatile 5SS HIZER

[ff e======cozs=azozcsscoszcosazasmomo0s > IS INSTANCE ZEERJEFIE
0: getstatic #2 // Field INSTANCE:Lcn/itcast/n5/Singleton;
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3: ifnonnull 37

6: ldc #3

8: dup

9: astore_0

10: monitorenter -----------------
11: getstatic #2

14: ifnonnull 27

17: new #3

20: dup

21: invokespecial #4

24: putstatic #2

[l =eccescssccccccononnonsnnancas
27: aload_o

28: monitorexit ------------------
29: goto 37

32: astore_1

33: aload_©

34: monitorexit

35: aload_1

36: athrow

37: getstatic #2

40: areturn

// class cn/itcast/n5/Singleton

------ > (RIERFE. TR

// Field INSTANCE:Lcn/itcast/n5/Singleton;

// class cn/itcast/n5/Singleton

// Method "<init>":()V
// Field INSTANCE:Lcn/itcast/n5/Singleton;

______ > BIAX INSTANCE ZENERERE

------ > (RERFE, 0K

// Field INSTANCE:Lcn/itcast/n5/Singleton;

N FERERANBFTR , E5 volatile TESIIARTEREEE ( Memory Barrier ( Memory Fence ) ) , fRIETH

[5I=
o TN

o BFE (sfence ) RIEEZFREZRI 1 WHELENN , BESEEFLF
o MR (Ifence ) RIEEZFIEZfE 2 WHETSAHZE , IMENEEFPEIEE

o Bt

o EFESHRESENFN  FeBEREZANNBHEEFREZE
o FEFESHRIESENIFN  ARBEREERNIBHMDIERE A

o FRERIEEXZEMEAA lock f§LHES% CPU ZARIATIMESEFE
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t1 INSTANCE 2 t1 2 INSTANCE
17: [new
20: |dup

21: invokespecilal AFBHIETE)

0: getstatic(¥REY INSTANCE %Iﬁii':ﬁﬁiﬁ$ﬁ§)

24: putstatic(Zs INSTANCE MR(E, HEFME)

3: ifnonnull 37(HIARZ, Bk 37 17)

37: |getstatic(3KEY INSTANCE 3|FH)
49: areturn(iRME])
[EdZEINES
t1 INSTANCE t2 t1 t2 INSTANCE
final [
2 - =1
1. 125 final TERIRIE
7 7 volatile JRIE , FXILL final RUSCEILLRE R T
public class TestFinal {
final int a = 20;
¥
FHig
0: aload_o
1: invokespecial #1 // Method java/lang/Object."<init>":()V
4: aload_©
5: bipush 20
7: putfield #2 // Field a:I
<-- EFE
10: return

&I final TEMNMMELSET putfield 5k, AFEXFESCZIFERASMASRER | (RIEFEHELIREE
BRYERA2HIA 0 RIER

2. 3XBY final T2/ R
Monitor [FIH
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Monitor #ENFE A SRR ETR

B Java XWSEBATLAKEL— Monitor X945t , WN5R(#EH synchronized XI5 L8l ( BER ) 2/ , ZWSHLM
Mark Word S8 E8E Monitor ITSAIIEET

Monitor Z5¥a980
WAITING
Thread-0 Thread-1 Monitor
BLOCKED
A
WaitSet '/,%
EntryList | Thread-3 Thread-4 Thread-5
Thread-2
Iy Owner

e NIFFEAE Monitor &2 Owner J3 null

e 4 Thread-2 11T synchronized(obj) #&¥5 Monitor BIEFEE Owner &4 Thread-2 , Monitordd REEE—
/N Owner

e 7E Thread-2 L$#iAYidFE+ , 405 Thread-3 , Thread-4 , Thread-5 34T synchronized(obj) , FE=HA
EntryList BLOCKED

o Thread-2 YUTSRIESATBHATAL , SAEIRER EntryList cREFSOATRRER Y , SRMRTRIFAT

e [Efh WaitSet Ff9 Thread-0 , Thread-1 2Z 8BS 8] , (BREAHEFHN WAITING IRASHLELRE | FEH
wait-notify BFSo5Hr

= I=1H
* synchronized /REFHNE—RI5AT monitor 778 _EIARRIHER
e 0 synchronized BIMSRASKEXIEIZS , ANEMLL RN

synchronized [RIE

static final Object lock = new Object();
static int counter = 0;

public static void main(String[] args) {
synchronized (lock) {

counter++;
¥
¥
IR AIFTIRB /9

public static void main(java.lang.String[]);
descriptor: ([Ljava/lang/String;)V
flags: ACC_PUBLIC, ACC_STATIC
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Code:
stack=2, locals=3, args_size=1
0: getstatic #2 // <- lockB|F ( synchronizedFHs )
3: dup
4: astore_1 // lock3B|A -> slot 1
5: monitorenter // %% lockIIZ MarkWord B Monitor 155t
6: getstatic #3 // <- i
9: iconst_1 /] EREH 1
10: iadd // +1
11: putstatic #3 // -> 1
14: aload_1 // <- lock5|F3
15: monitorexit // ¥ lockITE MarkWord EEE, IEEE EntrylList
16: goto 24
19: astore_2 // e -> slot 2
20: aload_1 // <- lockS|F3
21: monitorexit // & lock¥&R MarkWord EE, MAEE EntrylList
22: aload_2 // <- slot 2 (e)
23: athrow // throw e
24: return

Exception table:
from to target type
6 16 19 any
19 22 19  any
LineNumberTable:
line 8: ©
line 9: 6
line 10: 14
line 11: 24
LocalvariableTable:
Start Length Slot Name Signature
0 25 0 args [Ljava/lang/String;
StackMapTable: number_of_entries = 2
frame_type = 255 /* full frame */
offset_delta = 19
locals = [ class "[Ljava/lang/String;", class java/lang/Object ]
stack = [ class java/lang/Throwable ]
frame_type = 250 /* chop */
offset_delta = 4

i 3

FiER BRI synchronized AEEFHBIESHERAIL

synchronized [FI2# B

1. iE SR

REFUNVEAZR  UR—INREXESLIERINMN , (EINHOEERETN (EHERERSF) |, BBATLL
ERBREREEML.

RERHUNIERERSEH , AMEEPAR synchronized
BB TTERER , FIBE— IR0
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%ﬁﬂ:a BEITHE RS WEDBEITHE, RINEETH

static final Object obj = new Object();
public static void methodl() {
synchronized( obj ) {
/] EIER A
method2();
¥

}
public static void method2() {

synchronized( obj ) {
/] BER B
}

BUEEBHER ( Lock Record ) X35 , B NAFEEPRVRIMEISE 3 — M HCRAEH . NETLAFMEBIENSRM
Mark Word

Thread-0 Object

Hashcode Age Bias 01

Klass Word

lock record fittht 00 Object body

Object reference

o 1IiCZHh Object reference 8BTS , FHEiXFH cas ik Object B9 Mark Word , ¥ Mark Word BY{ETZ
ABHCR

Thread-0 Object

Hashcode Age Bias 01

Klass Word

lock record Hitht 00 Object body

Object reference
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o YN5R cas BHARLT , MSLPFIET SICRUHIANRTS o0 |, RIRHIZEAZEXISING , XETERINT

:

Thread-0 Object

lock record ftht 00

Klass Word

Hashcode Age Bias 01 Object body

Object reference

o LR cas KW , BFFHER

o MREEHTHIECEIFE 7% Object WEERD! , XITRIPBE=S , HAMFKIIRE
o WREBECHITT synchronized SIEN , BBAFRII—k Lock Record EAENARIITEL

:

Thread-0 Object

lock record fitht 00

Klass Word

Object reference
Hashcode Age Bias 01 Object body

Object reference

e iBH synchronized {AB: (R ) ASEEVES null KIBHES: , FEEA , XNEBWMCR , FrE
NiHR—

AE T B P IX MG I &R IpAE—E  FiE: 400-618-9090
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www.itheima.com ﬁﬁﬁﬁlTiﬂ’%ﬁHﬂ NEDEITHE, EilET{TN
Thread-0 Object

lock record tittht 00

Klass Word

Hashcode Age Bias 01 Object body

Object reference

o HEH synchronized {{iB5R ( BT ) BHERAMEARN null , 1XEI(FER cas & Mark Word BYEIRELE3T5R

>|_

o B BRI
o S, WIIREAGHT T HEKADET KOERAN , EABRRBRITIE

2. iRk

INRESHINEERBAGIRES |, CAS BMFRERT , X —FMERMEEHELEALNSIN ETEERM (B
RF) | XNREEH T  BRERIEAEERDL

static Object obj = new Object();
public static void methodl() {
synchronized( obj ) {
/] BEER
}

e ¥4 Thread-1 TR ERINBAT , Thread-0 BEHZIIEIN T R 28K

* Y

Thread-0 Object Thread-1

{ lock record it 00

Klass Word

Hashcode Age Bias 01 Object body lock recod ikt 00

— Object reference Object reference =
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) YBBREFR | tuREMnT

www.itheima.com S| THE @

BEPBEITHE, RINEETH

o XA Thread-1 AR ERELM , HEANBEFAKRIE

o BPJ9 Object Xd5:HiE Monitor 8 , ik Object fgmIEER ittt
o SARBETCHA Monitor fi§ EntryList BLOCKED

Thread-0 Object Monitor
l Monitor iitht I~
WaitSet
l Klass Word I
EntryList #| Thread-1
Hashcode Age Bias 01 Object body Owner
=1 Object reference

4

o 4 Thread-0 BHERELEHREESIRT , (£ cas & Mark Word RYBEIRELITER:L |, LW, XETSHENEERHF
TAE , BPiZAR Monitor itEtFFEE Monitor X988 , i8E Owner 79 null , IREE EntryList 1 BLOCKED £f2

3. EhEflift

ERMEFANHE , EILUERBEIESRE TN | SIRSFIEAZEERY ( BIXEHEFEECERE TRE
R, BT [ XEHRISAER A LA R R,

BiEEIRAIAIENR

Z%i21 (core1 k) YR Mark Z122 (core2 k)

10 (EE#)

iHaESEEE , $XBY monitor 10 ( EE8 ) EEBUEFT

B2 (hng) 10 (EEE291 ) EEEH
PATREIEIR 10 (2291 ) EEEH
PATRIZR 10 (EEHN ) EEDHSH ipRIREEER | SRBX monitor
PATRIZR 10 (EEH ) EEDUSH BieEin
HIT7eEE 10 (EEY ) EEDUSH BhesEi
B2 ( fEe ) 01 (7E#4) BheEin
10 (EEE29 ) EEEH BH (nst )
10 (2291 ) EEEH HATREIER

5T B P X @M IR G s SR I A —)Z HiE: 400-618-9090



af://n513

) YBBREFR | tuREMnT

www.itheima.com | 755 | T 507 & 42 HMEDEITHE, RIEETS
S)irEEneSEN P
%21 (core1 L) 5 Mark &2 2 (core2 L)
10 (EEM)
iBEIEIEIR , FRKEY monitor 10 (EEH ) EEDUSH
BRI (D0 ) 10 (EEY ) EEDUSH
HATRIE R 10 (EEY ) EEDUSH
HATELSHR 10 (EEEY ) EEHUSTH iAlAELR | 3REX monitor
PUTELER 10 (EEEY ) EEHUET S)irE=me
PATREIEIR 10 (&8l ) EEBUSH BieEi
PATREIEIR 10 (EEH ) EEDUSH BieEi
HATRIER 10 (EEEH ) EEPUEsT pEZE

o BIERSH CPURTIE , 8% CPU Blesi2iR%E , St% CPU Ble A BERIFIMSS.

* ffJava 6 Z/SENEMIEREIENAY , ELAIISKRRINIAS—XREIREERINTD , BBAINAIXR BRI RS
= MEERIUX ; Rz P EREERBN , B2, HIRERE.

* Java 7 ZIGAREEHIZ BT R BIELRE

4. (%5
RENIELESEN (MECXNERE ) |, &XENDAEERIT CAS 2E,

Java 6 FEINT RESEREHF—EMMN : RBFEIREER CAS F5LE 1D IREFIXISRAI Mark Word 3k, ZfE&I
XMELFE ID REHCHMERRERS . AHEH CAS. IEREFARERS , XM NRMITZEERE

g

static final Object obj = new Object();
public static void mi() {

synchronized( obj ) {

/] SR A

m2();
}

}
public static void m2() {

synchronized( obj )
/] BEER B
m3();

-~

}

¥
public static void m3() {

synchronized( obj ) {
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OERIEE | tE5EXET
/) ﬁ%ﬁi’i:; BRITHERE NEDPEITHE, BIEETHN

/] BER C

ZERt
m1ERsynchronized(obj) ——F #icHE & markword
et V..
""""""" =37 %1 s>
m2AJEHsynchronized(obj) ——F #ic® &t markword—— XI&R
"""""" 213727 = ol
m2AJEHsynchronized(obj) ——F #ic® &t markword
"""""" SRR
=BTk
m1AYEHsynchronized(obj) ——F ThreadID ### markword
m2AEFsynchronized(obj) B ThreadlD EFEEC— W&
m2EFsynchronized(obj) B ThreadID EBEEHC

IREIRZS
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OIBER | #88EET
@%&Zﬁ% | SRiTRE R REPEITHE, RAEETHN

EZ—TXISKER

|
| Mark Word (64 bits) | State |
B e O |
| unused:25 | hashcode:31 | unused:1 | age:4 | biased_lock:0 | o1 | Normal |
O e — |
| thread:54 | epoch:2 | unused:1 | age:4 | biased_lock:1 | o1 | Biased |
e e e |
| ptr_to_lock_record:62 | oo | Lightweight Locked |
o eceees L e soeceenemaaa e |
[ ptr_to_heavyweight_monitor:62 | 10 | Heavyweight Locked |
e e |
| | 12 | Marked for GC |
R e |
— I REERT

o MRABRTRAM (BUAFFE ) | BBAXISEIES , markword (B9 0x05 BIERSE 3 {8 101 , XATEH
thread, epoch, age &40

o REMENARERY , A2EEFERZEIARY , NREERIER , FJLI0 VM 28] -
XX:BiasedLockingStartupDelay=0 SEZEFHZEIR

o MNRXBEHEmAE , APAXISREIER . markword {E/9 0x01 BIEfg 3 {75 001 , iXAFERY hashcode,
age #9 0 , 5—XFZI hashcode A &MR{E

1) WREER%FE
2) Mz mE

class Dog {}

FA jol B=HTEKEENSLER (ERXERY R T jol LLERHENERS )

/] AINEPIEEL -XX:BiasedLockingStartupDelay=0

public static void main(String[] args) throws IOException {
Dog d = new Dog();
ClassLayout classlLayout = ClassLayout.parseInstance(d);

new Thread(() -> {
log.debug("synchronized Ri");
System.out.println(classLayout.toPrintableSimple(true));
synchronized (d) {
log.debug("synchronized §1");
System.out.println(classLayout.toPrintableSimple(true));
}
log.debug("synchronized f§");
System.out.println(classLayout.toPrintableSimple(true));
}, "t1").start();
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il

11:08:58.117 c.TestBiased [t1] - synchronized Hi
00000000 00VVVO V0LV VVVVLVVO VVVVVLO 00RO V0RO V101
11:08:58.121 c.TestBiased [t1] - synchronized
00000000 00VVVY 0VVVVVVO VPO 00011111 11101011 11010000 VVLV101
11:08:58.121 c.TestBiased [t1l] - synchronized f§
00000000 00VVVO VLYV VYO 00011111 11101011 11010000 0VLO101

T=

SETRESEIRISRENS | ZiE id BEfE TSRS

3) ML

F FENRARIE I THIERIN VM 22§ -xx:-UseBiasedLocking ZEFA{mIEIHH

it
11:13:10.018 c.TestBiased [t1] - synchronized Bi
00000000 0VVVVY VLYV VVVOLVVO VVVVVLO V0RO VOBV VVLRVO1
11:13:10.021 c.TestBiased [t1] - synchronized &
00000000 000V 0VVVVVVO VVVRVVO 00100000 00010100 11110011 10001000
11:13:10.021 c.TestBiased [tl] - synchronized [§
00000000 00VVVY V0PV VDOV VVVVVRO 00RO VOBV VVLRVO1

4) Mz hashCode

o EERSHR—FARIRE hashCode B , E—IRARZ 4R

5058 - YIS hashCode
AT XISAY hashCode , {B{RMEBAIXIS MarkWord HFERIZZAE id , A1RVER hashCode S SH R MBI
B

o BRERMESEMICRPICHE hashCode

o EEFHIESTE Monitor Hi25 hashCode

B8R hashCode [F{ERRMAS , 1I0EXE -XxX:-UseBiasedLocking
i
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11:22:10.386 c.TestBiased [main] - J&EF hashCode:1778535015
11:22:10.391 c.TestBiased [t1] - synchronized Hi

00000000 00V 00V 01101010 0VVVVL10 01001010 01100111 VVLLVO1
11:22:10.393 c.TestBiased [t1] - synchronized &

00000000 000D 00VVVVVO 0VVVVOVO 00100000 11000011 11110011 01101000
11:22:10.393 c.TestBiased [t1] - synchronized f§

00000000 000V 00V 01101010 0VVVVL10 01001010 01100111 VPLLO1

HiH - He%iEERSR
LEHCHRERREIISE | SERESFHRVRRRH

private static void test2() throws InterruptedException {

Dog d = new Dog();
Thread t1 = new Thread(() -> {
synchronized (d) {
log.debug(ClassLayout.parselnstance(d).toPrintableSimple(true));
¥
synchronized (TestBiased.class) {
TestBiased.class.notify();
¥
/] WRAR wait/notify fEF join W NEAVERE
/] B9 t1 SRERREAR , ANRELETEHR jvm EREA t2 &I, [KESRE id B2—HRY
/*try {
System.in.read();
} catch (IOException e) {
e.printStackTrace();
3/
F, "tlh);
tl.start();

Thread t2 = new Thread(() -> {
synchronized (TestBiased.class) {
try {
TestBiased.class.wait();
} catch (InterruptedException e) {
e.printStackTrace();

¥
log.debug(ClassLayout.parseInstance(d).toPrintableSimple(true));

synchronized (d) {
log.debug(ClassLayout.parseInstance(d).toPrintableSimple(true));
¥
log.debug(ClassLayout.parseInstance(d).toPrintableSimple(true));
}, "t2");
t2.start();
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il

[t1] - 00000000 00000VVO 000V 00000 00011111 01000001 00010000 00000101
[t2] - 00000000 000VVVOO 0000V 00VVVO 00011111 01000001 00010000 00000101
[t2] - 00000000 000D 00V V00O 00011111 10110101 11110000 01000000
[t2] - 00000000 00VVVVVO DVVVPVVO VVVVVVO VOVVVO VOOV VPRV 001

{eisE - A wait/notify

public static void main(String[] args) throws InterruptedException {
Dog d = new Dog();

Thread t1 = new Thread(() -> {
log.debug(ClassLayout.parseInstance(d).toPrintableSimple(true));
synchronized (d) {

log.debug(ClassLayout.parseInstance(d).toPrintableSimple(true));
try {

d.wait();
} catch (InterruptedException e) {

e.printStackTrace();

)
log.debug(ClassLayout.parseInstance(d).toPrintableSimple(true));
}
}’ "tl");

tl.start();

new Thread(() -> {

try {
Thread.sleep(6000);

} catch (InterruptedException e) {
e.printStackTrace();

¥

synchronized (d) {
log.debug("notify");
d.notify();

}
}, "t2").start();

il

[t1] - 00000000 000VVVVO VVVVCVOO VPRV 0PV VVVVVVO 0VVVO 00101
[t1] - 0000000 000VVVOO VVVVLVOO 00V 00011111 10110011 11111000 000101
[t2] - notify

[t1l] - 00000000 000D 00OV 00V 00011100 11010100 00001101 11001010
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=5 B | E8EEET
s YRIERR | FRRSET KEhEITHE, RIEETH

WEERR

WMRVREBARWEZNERRN |, BFEEF , XIREATEHRE T1 (ONRMEN<SERRR 72, ERASEENS
B9 Thread ID

SHEEREMEERT 20 X5 | jvm RXEFES , REFARREE TR , TRESEGXENRINMRTER RRE
INBNEAE

private static void test3() throws InterruptedException {

Vector<Dog> list = new Vector<>();
Thread t1 = new Thread(() -> {
for (int i = 0; 1 < 30; i++) {
Dog d = new Dog();
list.add(d);
synchronized (d) {
log.debug(i + "\t" + ClasslLayout.parseInstance(d).toPrintableSimple(true));

¥
synchronized (1list) {
list.notify();
¥
y, "t1h);
tl.start();

Thread t2 = new Thread(() -> {
synchronized (list) {
try {
list.wait();
} catch (InterruptedException e) {
e.printStackTrace();

¥
log.debug("===============> ");
for (int 1 = 0; 1 < 30; i++) {
Dog d = list.get(i);
log.debug(i + "\t" + ClassLayout.parselInstance(d).toPrintableSimple(true));
synchronized (d) {
log.debug(i + "\t" + ClassLayout.parseInstance(d).toPrintableSimple(true));

}
log.debug(i + "\t" + ClassLayout.parselInstance(d).toPrintableSimple(true));
¥
y, "t2");
t2.start();
}
it
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[t1] - © 00000000 00P0PORO GOGPGR0 0POPEEER 00011111 11110011 11100000 00006161
[t1] - 1 00000000 00P0P0RO GPGPGR0 0POPERER 00011111 11110011 11100000 0006161
[t1] - 2 00000000 P0OPOPENO OGPGR0 0PEPEEEO 00011111 11110011 11100000 0006161
[t1] - 3 00000000 00POPORO BOGPGR0 0PPEEEO 00011111 11110011 11100000 00006161
[t1] - 4 00000000 00P0POR0 GOGPGR0 0PPEEE 00011111 11110011 11100000 00006161
[t1] - 5 00000000 P0POPEOO OGPGR0 0PEEEEEO 00011111 11110011 11100000 0000161
[t1] - 6 00000000 P0POPENE OGPGR0 0PPEEEO 00011111 11110011 11100000 0006161
[t1] - 7 00000000 00P0P0RO GOGPGR0 0PPEEEO 00011111 11110011 11100000 00006161
[t1] - 8 00000000 00P0P0RO GPGPGR0 0PPERER 00011111 11110011 11100000 0006161
[t1] - 9 00000000 POPOPEOO OGPGR0 0PPEEEO 00011111 11110011 11100000 0000161
[t1] - 10 00000000 P0POPERE G0CPCR0 0PPEEED 00011111 11110011 11100000 00006161
[t1] - 11 00000000 00P0P0R0 GOGPGR0 0POPERER 00011111 11110011 11100000 0006161
[t1] - 12 00000000 G0P0P0RO GPGPGR0 0POPEEER 00011111 11110011 11100000 0006161
[t1] - 13 00000000 POPOPENO OCPGR0 0PEPEEEO 00011111 11110011 11100000 0006161
[t1] - 14 00000000 00POPER0 OGPGR0 0PPEEEO 00011111 11110011 11100000 00006161
[t1] - 15 00000000 00P0P0RO GOGPGR0 0PPERER 00011111 11110011 11100000 0006161
[t1] - 16 00000000 P0POPEOO OGPGR0 0PEEEEEO 00011111 11110011 11100000 0000101
[t1] - 17 00000000 POPOPENE GOGPGR0 0PPEEEO 00011111 11110011 11100000 0006161
[t1] - 18 00000000 00POP0R0 GOCPGR0 0PPEEEE 00011111 11110011 11100000 00006161
[t1] - 19 00000000 00P0P0RO GPGPGR0 0POPERER 00011111 11110011 11100000 0006161
[t1] - 20 00000000 P0POPE00 0OGPGR0 0PEPEEEO 00011111 11110011 11100000 0000161
[t1] - 21 00000000 POPOPENE GOCPGR0 0PPEEEE 00011111 11110011 11100000 0006161
[t1] - 22 00000000 00P0P0RE GOGRGR0 0POPEEEO 00011111 11110011 11100000 00006161
[t1] - 23 00000000 00P0P0RO GPGPGR0 0PPERER 00011111 11110011 11100000 0006161
[t1] - 24 00000000 POPOPEO0 OGPGR0 0PEPEEEO 00011111 11110011 11100000 0006161
[t1] - 25 00000000 00POPERO GOCOGR0 0PPEEEE 00011111 11110011 11100000 00006161
[t1] - 26 00000000 00P0P0R0 GOGPGR0 0PPEEER 00011111 11110011 11100000 0006161
[t1] - 27 00000000 00P0PE00 00GPGR0 0PEPEEEO 00011111 11110011 11100000 0000161
[t1] - 28 00000000 POPOPENE GOGOGR0 0PPEEEO 00011111 11110011 11100000 00006161
[t1] - 29 00000000 00P0PORO GOGPGR0 0PPEEEO 00011111 11110011 11100000 00006161
[t2] - ===============>

[t2] - © 00000000 POPOPEOO GOGPGR0 0PEPEEEO 00011111 11110011 11100000 0000161
[t2] - © 00000000 POPOPEOE GOGPP0R0 0PERECO 00100000 01011000 11110111 6OGEG0E0
[t2] - @ 00000000 00P0P0RO GOGPGR0 0POPOREO 0BOGRG0O POPORERE BOGPEER0 0PERE081
[t2] - 1 00000000 00P0P0RO GPGPGR0 0POPERER 00011111 11110011 11100000 0006161
[t2] - 1 00000000 POPOPEOS 0OGPPER0 0PGSO 00100000 01011000 11110111 GOGEEEE0
[t2] - 1 00000000 00POPER0 GOCOGR0 0POPERED 0BOGPG0D POPEREOE BOGPEER0 0PERE061
[t2] - 2 00000000 00P0PORO GOGPGR0 0PPEEEO 00011111 11110011 11100000 00006161
[t2] - 2 00000000 POPOPEOO GOGPPER0 0POREOCO 0V100000 01011000 11110111 OG0
[t2] - 2 00000000 POPOPENE GOCOGR0 0POPERED 0OOGPRER POPEREOS OBERER0 0PEEE081
[t2] - 3 00000000 00P0P0R0 GOGPGR0 0PPEEEO 00011111 11110011 11100000 00006161
[t2] - 3 00000000 DOPOPORD DOPOPORD 0OPOPERP 00100000 01011000 11110111 ©GEGEERO
[t2] - 3 00000000 P0POPEOO GOGRGR0 0PEPEREO 0PGPPER PEPEREOS GPGEPER0 0PEEE0O1
[t2] - 4 00000000 00POPERE BOCPGR0 0PPEEEE 00011111 11110011 11100000 0006161
[t2] - 4 00000000 00POPORE GOGPP0R0 0PORERGO 0O100000 01011000 11110111 6EGEG0E0
[t2] - 4 00000000 P0POPEOO 0OGOGR0 0PEPEREO 0BPGEPER PEPEEEOS GPGPPER0 0PEEE0S1
[t2] - 5 00000000 POPOPEOO GOGPGR0 0PEPEEEO 00011111 11110011 11100000 0006161
[t2] - 5 00000000 P0OPOPEOE GOOPP0R0 0PORERCO 00100000 01011000 11110111 GOGEE0E0
[t2] - 5 00000000 PPEPEOO GOGPGR0 0PEPERCD 0BPGEPER PEPEEEOS BPEPPERE EPEEE0S1
[t2] - 6 00000000 P0POPEOO 0OGPGR0 0PEPEEEO 00011111 11110011 11100000 0000101
[t2] - 6 00000000 POPOPEOE GOGPPER0 0PEREOCO 0O100000 01011000 11110111 OGEE0E0
[t2] - 6 00000000 00P0P0R0 GOGOGR0 0POPERED 0BOGPR0O POPERERE BOBPE0R0 0PERE081
[t2] - 7 00000000 00P0P0RO GPGPGR0 0PPERER 00011111 11110011 11100000 0006161
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[t2] - 7 00000000 000000V 0VVVVVVO 0VVVVVRO 00100000 01011000 11110111 00V
[t2] - 7 00000000 00000000 00000V 00000V 00000V 0000V 0000V 0000001
[t2] - 8 00000000 00000000 000000V 0000000 00011111 11110011 11100000 00000101
[t2] - 8 00000000 00000000 000DV 00000V 00100000 01011000 11110111 0000V
[t2] - 8 00000000 00000V 0VVVVVLO VYV VDV VVVVVROD 00V 000001
[t2] - 9 00000000 00VVVVVO 00000 00000 00011111 11110011 11100000 00000101
[t2] - 9 00000000 00000000 00000V 00000V 00100000 01011000 11110111 0000V
[t2] - 9 00000000 000000V 0VVVVVRO 0VVVVVRO 00DV VVVVVRRO 000V 000001
[t2] - 10 00000000 0000V V0V 00V 00011111 11110011 11100000 00000101
[t2] - 10 00000000 0VVVVVVO 00OV 00000000 00100000 01011000 11110111 00OV
[t2] - 10 00000000 00000000 00000V 000DV 000DV 000V 0000V 0000001
[t2] - 11 00000000 000000V 00DV 000V 00011111 11110011 11100000 00000101
[t2] - 11 00000000 00VVVVVO 000V 00000 00100000 01011000 11110111 000V
[t2] - 11 00000000 00000000 00000V 00000V 00000V 0000V 0000V 0000001
[t2] - 12 00000000 000000V 00000V 00000V 00011111 11110011 11100000 00000101
[t2] - 12 00000000 000DV V0DV 00V 00100000 01011000 11110111 00V
[t2] - 12 00000000 00000000 00000V 00000V 00000V V000V 0000V 0000001
[t2] - 13 00000000 00000000 00000V 00000V 00011111 11110011 11100000 00000101
[t2] - 13 00000000 000000V 000DV 0VVVVVRO 00100000 01011000 11110111 000V
[t2] - 13 00000000 00000000 0OVVVOVD V0LV 0VVVVVBO 0VVVVBD VOBV 00001
[t2] - 14 00000000 0VVVVVVO 000V 0000 00011111 11110011 11100000 00000101
[t2] - 14 00000000 00000000 00000V 00VVVVRO 00100000 01011000 11110111 0000V
[t2] - 14 00000000 00000V 0VVVVVRO VVVVVVRO V0V V0V 000V 0000001
[t2] - 15 00000000 00VVVVVO 00000 0000 00011111 11110011 11100000 00000101
[t2] - 15 00000000 00000000 000000V 00000V 00100000 01011000 11110111 0000V
[t2] - 15 00000000 000000V 00000V 0VVVVVRO 000DV 00DV 000V 0000001
[t2] - 16 00000000 00000V 0VVVVVVO 00O 00011111 11110011 11100000 00000101
[t2] - 16 00000000 0VVVVVVD 000V 000000 00100000 01011000 11110111 ©0VVVVOO
[t2] - 16 00000000 00000000 00000V 000DV 00000V 0000V 0000V 0000001
[t2] - 17 00000000 000000V 0000V 00000V 00011111 11110011 11100000 00000101
[t2] - 17 00000000 000DV VVVVVVRO V0V 00100000 01011000 11110111 00V
[t2] - 17 00000000 00000000 00000V 00000V 00000V 0000V 0000V 000001
[t2] - 18 00000000 00000000 00000V 00000V 00011111 11110011 11100000 00000101
[t2] - 18 00000000 00000V 0VVVVVRO 0VVVVVRO 00100000 01011000 11110111 00V
[t2] - 18 00000000 00000000 00000V 00000V 00000V 0000V V000V 000001
[t2] - 19 00000000 00000000 000000V 0000000 00011111 11110011 11100000 00000101
[t2] - 19 00000000 00000000 00000V 00000V 00011111 11110011 11110001 00000101
[t2] - 19 00000000 00000V 00DV 000V 00011111 11110011 11110001 00000101
[t2] - 20 00000000 00VVVVVO 000V 0000 00011111 11110011 11100000 00000101
[t2] - 20 00000000 00000000 00000V 00000V 00011111 11110011 11110001 00000101
[t2] - 20 00000000 000000V 0000V 00000V 00011111 11110011 11110001 00000101
[t2] - 21 00000000 000DV V0V 00O 00011111 11110011 11100000 00000101
[t2] - 21 00000000 0VVVVVVO 00000 00000 00011111 11110011 11110001 00000101
[t2] - 21 00000000 00000000 00000V 00000V 00011111 11110011 11110001 00000101
[t2] - 22 00000000 000000V 0VVVVVVO 0000V 00011111 11110011 11100000 00000101
[t2] - 22 00000000 00VVVVVO 000000 0000 00011111 11110011 11110001 00000101
[t2] - 22 00000000 00000000 000000V 00000000 00011111 11110011 11110001 00000101
[t2] - 23 00000000 000000V 00000V 00000V 00011111 11110011 11100000 00000101
[t2] - 23 00000000 00000V 0VVVVVVO 000V 00011111 11110011 11110001 00000101
[t2] - 23 00000000 00VVVVVO 000000 00000 00011111 11110011 11110001 00000101
[t2] - 24 00000000 00000000 00000V 0000000 00011111 11110011 11100000 00000101
[t2] - 24 00000000 000000V 0000V 00000V 00011111 11110011 11110001 00000101
[t2] - 24 00000000 0000V 00V 00V 00011111 11110011 11110001 00000101
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[t2] - 25 00000000 000000V 0VVVVVVO 000V 00011111 11110011 11100000 00000101
[t2] - 25 00000000 00VVVVVO 000000 00000 00011111 11110011 11110001 00000101
[t2] - 25 00000000 00000000 000000V 0000000 00011111 11110011 11110001 00000101
[t2] - 26 00000000 000000V 00000V 00000V 00011111 11110011 11100000 00000101
[t2] - 26 00000000 00000V 00DV 00V 00011111 11110011 11110001 00000101
[t2] - 26 00000000 00VVVVVO 000V 00000 00011111 11110011 11110001 00000101
[t2] - 27 00000000 00000000 00000V 00000V 00011111 11110011 11100000 00000101
[t2] - 27 00000000 000000V 00VVVVRO 00000V 00011111 11110011 11110001 00000101
[t2] - 27 00000000 0000V 0VVVVVLO 00V 00011111 11110011 11110001 00000101
[t2] - 28 00000000 0VVVVVVO 000V 0000 00011111 11110011 11100000 00000101
[t2] - 28 00000000 00000000 00000V 00000V 00011111 11110011 11110001 00000101
[t2] - 28 00000000 000000V 0VVVVVRO 000V 00011111 11110011 11110001 00000101
[t2] - 29 00000000 00VVVVVO 0000V 00000 00011111 11110011 11100000 00000101
[t2] - 29 00000000 00000000 000000V 00000V 00011111 11110011 11110001 00000101
[t2] - 29 00000000 000000V 00000V 00000V 00011111 11110011 11110001 00000101
=t

SRR REEIERT 40 X5 | jvm SXERE , BCHSLREE T |, REARAZFE. TRENEAIFENR
HEZARAREE , FEAONSREERERER

static Thread t1,t2,t3;
private static void test4() throws InterruptedException {
Vector<Dog> list = new Vector<>();

int loopNumber = 39;
tl = new Thread(() -> {
for (int i = ©; i < loopNumber; i++) {
Dog d = new Dog();
list.add(d);
synchronized (d) {
log.debug(i + "\t" + ClassLayout.parseInstance(d).toPrintableSimple(true));

}
LockSupport.unpark(t2);
¥, "t1t);
tl.start();

t2 = new Thread(() -> {

LockSupport.park();

log.debug("===============> ");

for (int i = @; i < loopNumber; i++) {
Dog d = list.get(i);
log.debug(i + "\t" + ClassLayout.parseInstance(d).toPrintableSimple(true));
synchronized (d) {

log.debug(i + "\t" + ClassLayout.parseInstance(d).toPrintableSimple(true));

}
log.debug(i + "\t" + ClassLayout.parselInstance(d).toPrintableSimple(true));

}
LockSupport.unpark(t3);

b2
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t2.start();

t3 = new Thread(() -> {

LockSupport.park();

log.debug("===============> ");

for (int i = @; i < loopNumber; i++) {
Dog d = list.get(i);
log.debug(i + "\t" + ClassLayout.parselnstance(d).toPrintableSimple(true));
synchronized (d) {

log.debug(i + "\t" + ClassLayout.parseInstance(d).toPrintableSimple(true));

}
log.debug(i + "\t" + ClassLayout.parselInstance(d).toPrintableSimple(true));
}
3, "t3");

t3.start();

t3.join();

log.debug(ClassLayout.parseInstance(new Dog()).toPrintableSimple(true));
}
SEEH

https://github.com/farmerjohngit/myblog/issues/12

https://www.cnblogs.com/LemonFive/p/11246086.html

https://www.cnblogs.com/LemonFive/p/11248248.html

5. filiiEbR

BERR

@Fork(1)
@BenchmarkMode (Mode.AverageTime)
@Warmup(iterations=3)
@Measurement(iterations=5)
@0utputTimeUnit(TimeUnit.NANOSECONDS)
public class MyBenchmark {
static int x = 0;
@Benchmark
public void a() throws Exception {
X++5
}
@Benchmark
public void b() throws Exception {
Object o = new Object();
synchronized (o) {

X++;
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java -jar benchmarks.jar

Benchmark Mode Samples Score Score error Units
c.i.MyBenchmark.a avgt 5 1.542 0.056 ns/op
c.i.MyBenchmark.b avgt 5 1.518 0.091 ns/op

java -XX:-EliminatelLocks -jar benchmarks.jar

Benchmark Mode Samples Score Score error Units
c.i.MyBenchmark.a avgt 5 1.507 0.108 ns/op
c.i.MyBenchmark.b avgt 5 16.976 1.572 ns/op
B
SHERIRESIRINY , SHEFERESIREN | JLMERSHEAATRMM | RTRE T2 SR,
wait notify [RIE
WAITING
Thread-0 Thread-1 Monitor
BLOCKED
I
WaitSet '//%
EntryList | Thread-3 | Thread-4 | Thread-5
Thread-2
Iy Owner
o Owner ZFERMEMHAHE , B wait 737% , BIETHEAN WaitSet Z5/g WAITING A7

e BLOCKED F1 WAITING BULEFEERRbFIRSRIRAS |

e BLOCKED ZFfE£7E Owner SRR pEiAd1GEs
o WAITING &f22

Entrylist Efisa%
join [RIH

ERAERIIGESRIE alive K&

A5H CPU Bl &

t1.join();

5T B P X @M IR G s SR I A —)Z HiE: 400-618-9090

&7F Owner ZF2EM notify 5 notifyAll BTIREE , (BIREEEHARKE SIZIFKE

URESEIN



af://n768
af://n784

OERIEE | tE5EXET
/) %&ETE:; BRITHERE NEDPEITHE, BIEETHN

FNHT TEAMCES

synchronized (t1) {
// BREELIEHAN t1 B9 waitSet &F, BF t1 174
while (t1.isAlive()) {
t1l.wait(0);

}
}
T=

join IR (RIPHEEE] i, Be%2
park unpark [FI#

BMAIEEEECH— Parker X5 , HI=ZPDHEM _counter , _cond 1 _mutex FJEUI
o ZFEFMGE—NIRA |, Parker GiEGMEESETHNEE , FMUTEFMTFHLEEPHIKE. _counter FFLEGH
NEATIR (0 85ER , 1 AFRE)
o FH park EEEFTABERE MRER

o WREMTIRFER , BPALHEIKEI
o MRBATIRRRE , BPAFHFE | draraiit

e YA unpark , FIFLLSTHRRE
o YNRIXATEABAENKE |, RIGEELL fh4rLLRIH
o WBXATEABRIEIEIT , BRATRMEER park B , (NEHFEERTIR | AHEBYkLaHt
» AAEETEER , ZXERA unpark (X&ANFTE—HERTR
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Unsafe.park £ N

7

Parker-0

_mutex _cond! Thread— /{ Thread-0 |

(4) caunter—

_counter = 0

\ 2/

1. BRIEAZAA Unsafe.park() 73i%
2. 188 _counter , KfERA 0, iIXAT , K1 _mutex B~
3. BN _cond R4ESEEE

4.1 & _counter =0

Unsafe.unpark(Thread 0) -\
(2)
Parker-0
(1) r
_mutex _cond! Thread-0 | .. [ Thread-0 )
----- TQ / /
~ counter = 1 (3) /

KM} _counter=0

1. VAR Unsafe.unpark(Thread_0) /5i% , iR& _counter /9 1
2. %8 _cond &HZTEFHI Thread_0

3. Thread_0 {kSi&fT

4.1%8 _counter 90

5T B P X @M IR G s SR I A —)Z HiE: 400-618-9090




EEEZET
%w%ifn,:;;; SRITHERE NEDEITHE, EilETTN

Unsafe.unpark(Thread 0)

Unsafe.park ___________(2 i N

Parker-0

(1)

_mutex cond /{ Thread-0 |
~»| counter =1 4«———(4) counter=0

e —

1. 8 Unsafe.unpark(Thread_0) /5i% , i8& _counter /9 1
2. HEIZAEVER Unsafe.park() 5%

3.#0& _counter , NIERA 1, XAITELELHEE , HREUETT
4.1%8 counter 90

AQs R
1. #EiR

£FR2 AbstractQueuedSynchronizer , EEZEXHHFIERAIRIZ 28 T EAIELE
B
e i state BMERFRRRFAVAS ( o GEAHEEER ) | TEE AP AMAZS | EHIN{EI3REY

EIES G

getState - JREX state A7
setState - i¥ & state K&
compareAndSetState - cas HlHIRE state JRZS

HMEELERERE—MEEREHIRE , MEEER T LARITFZSMNMEERRER
o RMTHET FIFO RUZEBATI , 25(1TF Monitor B EntryList
o RMHTERILIMERS. REENH , SHFS I RMEZE | T Monitor Y WaitSet

O O O O

FRFELPIXHF—LTE (ZRAHE UnsupportedOperationException )

e tryAcquire
e tryRelease
e tryAcquireShared
e tryReleaseShared
e isHeldExclusively
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IRENMAOZESS

/7 SNERERENGHSI
if (!'tryAcquire(arg)) {
/7 NBA, BILUEHEPEZEHRIZFE park unpark

BRI LS

/7 WNERBEEIRLTN
if (tryRelease(arg)) {
/1 PREEEIREIET

2. SCPRATIE A\ il

BEXRLEE

final class MySync extends AbstractQueuedSynchronizer {
@Override
protected boolean tryAcquire(int acquires) {
if (acquires == 1){
if (compareAndSetState(0, 1)) {
setExclusiveOwnerThread(Thread.currentThread());
return true;

¥
}
return false;
}
@Override

protected boolean tryRelease(int acquires) {
if(acquires == 1) {
if(getState() == 0) {
throw new IllegalMonitorStateException();
}
setExclusiveOwnerThread(null);
setState(9);
return true;

}

return false;

protected Condition newCondition() {
return new ConditionObject();

@Override

protected boolean isHeldExclusively() {

return getState() == 1;
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BEXH
ETEENESSE  RESEMAQS | TH— MRS E M

class MyLock implements Lock {
static MySync sync = new MySync();

@Override

/] =1, AR, EANFRBASY

public void lock() {
sync.acquire(1);

@Override

/1 =8, AN NSRS , AT4THA

public void lockInterruptibly() throws InterruptedException {
sync.acquirelInterruptibly(1);

@Override

/] EBRR, ABENIRE] , RS

public boolean tryLock() {
return sync.tryAcquire(1);

@Override

/1 B8, RN HENSRBAS , BEIR

public boolean tryLock(long time, TimeUnit unit) throws InterruptedException {
return sync.tryAcquireNanos(1, unit.toNanos(time));

@Override

/] TERU

public void unlock() {
sync.release(1);

@Override
/] ERFHEE
public Condition newCondition() {

return sync.newCondition();

Wif—TF

MyLock lock = new MyLock();
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new Thread(() -> {

lock.lock();

try {
log.debug("locking...");
sleep(1);

} finally {
log.debug("unlocking...");
lock.unlock();

}
},"t1") . start();

new Thread(() -> {
lock.lock();
try {
log.debug("locking...");
} finally {
log.debug("unlocking...");
lock.unlock();

)
},"t2") . start();

et
22:29:28.727 c.TestAgs [t1l] - locking...
22:29:29.732 c.TestAqs [t1l] - unlocking...
22:29:29.732 c.TestAgs [t2] - locking...
22:29:29.732 c.TestAgs [t2] - unlocking...
AR

NRBATEAR , RMECESHEE ( RSFTEI—IX locking )

lock.lock();
log.debug("locking...");
lock.lock();
log.debug("locking...");

3. 143
iR

BHEFRE2ECBY—MELSSHREINS—IMEENELRE  AUIATEAMELNESE | 8k, XBAT
TTE , TREISR166 (java HEEIRE ) FEIRT AQS , Mt T IXFhEARIRILE AR,

Btx
AQS ETHUHTIEL BT

o [BERRAIRENB acquire FIFFEERINRAZ=IZIRENE tryAcquire
o FRENSEERIHLE
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o BIFTHTEGHHLH]
o JRAEHBIRIEZAE
o FMHANHEBRIBISHE

BLHAIMRERR

Instead, the primary performance goal here is scalability: to predictably maintain efficiency even, or
especially, when synchronizers are contended.

gt
AQS HEABHEELRER
SRENBAZ S

while(state JREARFAIFFREN) {
if (AFIHIRRBILERE) {
NWFHEZE
b
b
EENES7E N

BEIRYIZAE

if(state JRERFT) {
REPEZEAILIE (s)
}

B

o [BEFUEP state K&
o [HERIKELIE
o HEIFRATY

1) state igit

e state {# volatile Bitd cas (RIEFEEHABOEFE
e state A7 32bit int SREEIFEISIRE | EAZRIER long TREZFAETMANERHAIEE

2) [EEREiRIT

o BHBRYISHIZZEEFIRERY api B suspend # resume , {BE(IZAATBERY , EANRLEARY resume
ABA suspend ERAIAZ!

o FRRFIIARMER park & unpark SRECIMLEFEATE SIS , BERRIEEZEIHE T | 5t unpark B park thig
[BIRR

e park & unpark ZfRIZAEN , MARE RSN |, Bt EE /s

o park ZFRAATLUEE interrupt ¥R

3) ASligit

o {EFT FIFO SFENSGHBATY , FASTFILIRBAT!
o IRITEHMEL T CLH BAY , ER—FPEREFHIPATY
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AL
head —
Dummy
tail
)
head

Dummy

tail — Node prev

BAZIHE head # tail FAMEETTo R , #8AF volatile {BIBBECS cas (£ , BT RE state HIPTRIRES

NBAfRES | RFBEETR tail WERIRFME

do {

// JERRY tail

Node prev = tail;

// A cas HR¥E tail RYEHH EXY node
} while(tail.compareAndSet(prev, node))

HBADCES

// prev B2E—1MER
while((Node prev=node.prev).state != IREBIRZ) {
¥

/] RELTR
head = node;

CLH ¥4k -
o B, EARILE
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o RiE , TEZE
AQS FE—EL75 M T CLH

private Node enqg(final Node node) {
for (55) {
Node t = tail;
/] BAFIFRIRIRBITER tail A null
if (t == null) {
// ¥ head M null -> dummy
if (compareAndSetHead(new Node()))
tail = head;
} else {
// % node BY prev I&EAFERM tail
node.prev = t;
/1 ¥ tail MESERY tail REH node
if (compareAndSetTail(t, node)) {
// B3k tail B next B node
t.next = node;

return t;

FEMT AQS HIHARTHES

[© ¢ Fairsync | @ © NonfairSync
/Y\ M M
i
1
[

e CountDownlLatch p= FairSync
| i oy s
I 1

acreates |
G g qeorsates!
i i i

|
____________ 1 ]
| acre:,alex

-> Semaphore

ReentrantLock [
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|
|
|
|
|
| C
|
|
|
|
|
|
|

!

ConditionObject

T

©  Node

1. IERFHCIRRIE
IREREBGRTE
SENBEETHAE , AN TR

public ReentrantLock() {
sync = new NonfairSync();

¥

NonfairSync #4¥&BE AQS

RERSN

MNonfairSync

state = 1

head

tail

Serializable

AbstractQueuedSynchronizer

)
£~

I

= ReentrantlLock
*L (] Tﬁ (f
£ Sync

— 5

)

-

NonfairSync FairSync

exclusiveOwnerThread

B =F LI

AR ST B DR A4 I G i 3t e 3

//_\\

Thread-0

—Z i 400-618-9090
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MNonfairSync
LCAS =R 0-> 1, &0
state = 1 ~H 2 tryAcquire 1B 20= state HEET. W
head
. Thread-1
tail
exclusiveOwnerThread - Thread-0
Thread-1 #1477

1. CAS =145 state H 0 U9 1, BEREKM
2.3 tryAcquire iB8 |, iXAT state BER1 , ERIBIAKM
3. TR addWaiter iB48 |, #31& Node BA%I

o BEPEB=AZF % Node B waitStatus K7 , HA 0 BEVAEERS

o Node BI8IzE 2 HIEAY

o HrhZE— Node A Dummy ( W5t ) SiiEE , ARG, HAKELEGE

NonfairSync
state = 1
/o\ /o\
head - Neode(null) - - Node(Thread-1)
A
tail -
exclusiveOwnerThread - Thread-0

PR acquireQueued 1BiE

1. acquireQueued SE—NEEIARFARTEINIREH , KMUSHA park [HZE
2.MNRESREE head (HEETRL ) |, ABAEIK tryAcquire EIHIRENE , ZPAXAT state {38 1, KW

3. A shouldParkAfterFailedAcquire 48 , $5813K node , B head Ay waitStatus X4 -1 , IX;XiR[E] false
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MNonfairSync

/o\

!

state = 1
/A
head - Node(null) - - MNode(Thread-1)
tail -l
exclusiveOwnerThread - Thread-0

4. shouldParkAfterFailedAcquire #1758 EEEIZ! acquireQueued , BRR tryAcquire SIRIRENE , Z49AXAT

state 38 1, KW

5. BRI shouldParkAfterFailedAcquire Y, 1IXBTEAERTK node BY waitStatus B42 -1, IXRIRE]

true

6. N parkAndCheckinterrupt , Thread-1 park ( JRE&FER )

MNonfairSync

/o\

Node(Thread-1)

!

state = 1
/\
head - Node(null) -
tail -
exclusiveOwnerThread - Thread-0

BIRBZMEER BRIRERFRN |, BRXMEF

JAN A\

A\ /o\

Node(null) ‘H‘ Node(Thread-1)

‘4—.—‘ Node(Thread-2)

}4—}‘ Node(Thread-3) ‘

f

NonfairSync
‘ state = 1 ‘
‘ head }——D{
‘ tail |=
exclusiveOwnerThread }—4r-‘

Thread-0 ‘

Thread-0 Bt , A tryRelease ;A% , dNERALTH

e 1ZE exclusiveOwnerThread /3 null
e state=0
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NonfairSync

state =0

AN A\ A\ /\

‘ head F‘b{ Node(null) ‘d—b‘ Node(Thread-1) ‘d—h‘ Node(Thread-2) }d—b‘ Node(Thread-3) ‘
o
i

i

tail

exclusiveOwnerThread }7 ‘ null ‘

HEIBAZIAA null , FH head BY waitStatus = -1 , #HA unparkSuccessor iz
HEIR\FIHE head FRTAI— Node (iREUHERY ) |, unpark ("&HIZTT , A4I5hBPJ Thread-1

[EF] Thread-1 Y acquireQueued FRF2

2N
NonfairSync i No_d_e_(;lulll
1

state =1

AN VAN /o\

Node(null) ‘4—" Node(Thread-2) }4—»‘ Node(Thread-3) ‘

B !

exclusiveOwnerThread }7

v

tail

‘ head }
\
|

‘ Thread-1

WRINBIEIN (18E=F) | SRE
e exclusiveOwnerThread 3 Thread-1 , state =1

o head 1IEMENINI Thread-1 Fi{EfY Node , i%Z Node ;&= Thread
o [BEARY head EAMNGERRTTT , MR RkEI

RXAHREECLAERES (FFFAIAE ) |, HIAIXAIE Thread-4 7

NonfairSync
‘ state = 0 ‘
A\ A\ A\ /0\
‘ head }7—&‘ Node(null) ‘4—’{ Node(Thread-1) ‘H‘ Node(Thread-2) ‘H‘ Node(Thread-3) ‘
[ = | L f
exclusiveOwnerThread ’i4b‘ null ‘
&

T —‘ Thread-4 ‘

WNRARIGNH Thread-4 (575G

e Thread-4 #i8& 9 exclusiveOwnerThread , state =1
e Thread-1 BRIFHA acquireQueued FiFE , FRENBIKM , EFTHN park [EHEE

DEIRES

// Sync #¥iEB AQS
static final class NonfairSync extends Sync {
private static final long serialVersionUID = 7316153563782823691L;

// DNEESEIR
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final void lock() {
/] BE%A cas BX (KR ) B state N 0 BUA 1, MNRATHERTIFE 7IRHH
if (compareAndSetState(9, 1))
setExclusiveOwnerThread(Thread.currentThread());
else
/] SNREHEM , HEN 6

acquire(1);

/] ©) AQS WREGIRRYITIE, EFNE, BUELRL
public final void acquire(int arg) {
// © tryAcquire
if (
ItryAcquire(arg) &&
// 2 tryAcquire IR[E|A false BF, 5c/@F addWaiter @), 3E#E acquireQueued @)
acquireQueued(addWaiter(Node.EXCLUSIVE), arg)

) {
selfInterrupt();
b
}
/8 BN G

protected final boolean tryAcquire(int acquires) {
return nonfairTryAcquire(acquires);

// & sync BEIIEKMTTIE, HERE, BIELLt
final boolean nonfairTryAcquire(int acquires) {
final Thread current = Thread.currentThread();
int ¢ = getState();
/] WREREIRIEH
if (c == 0) {
/] =RA cas G, XEBEAIMTIFATM: AZGE AQS BAFI
if (compareAndSetState(0, acquires)) {
setExclusiveOwnerThread(current);
return true;

¥
¥
/] MIRBEKETH, FEERIREE, RARETHEN
else if (current == getExclusiveOwnerThread()) {
// state++
int nextc = ¢ + acquires;
if (nextc < @) // overflow
throw new Error("Maximum lock count exceeded");
setState(nextc);
return true;
}

/7 SRR, [EZIERL

return false;

/] @ AQS HFIIRAVITIE, FEIUE, MRt

private Node addWaiter(Node mode) {
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/] VEERIEAZRERE— Node W& LE, #ERIHHER
Node node = new Node(Thread.currentThread(), mode);
// WR tail FA null, cas =id4E Node XIZRION AQS PAFIESEB
Node pred = tail;
if (pred != null) {
node.prev = pred;
if (compareAndSetTail(pred, node)) {
/] kR
pred.next = node;
return node;

¥

/7 E3E Node AN AQS, HAN N
eng(node);

return node;

/] N AQS WEIRAYITIE, FSEIFNE, BUELRL
private Node enq(final Node node) {
for (55) {
Node t = tail;
if (t == null) {
/] E&E, RE head AIBETR (FYMERE , &N o)
if (compareAndSetHead(new Node())) {
tail = head;
}
} else {
// cas ZJE Node JIZRION AQS BAFIEED
node.prev = t;
if (compareAndSetTail(t, node)) {
t.next = node;
return t;

// @ AQS HEIRAYISIE, FHEIFNE, MUELRL
final boolean acquireQueued(final Node node, int arg) {
boolean failed = true;

try {
boolean interrupted = false;
for (55) {

final Node p = node.predecessor();
/] E=MHRRE head, RREFIBC ( HRIEFEINA node ) 7, ZIHIREN
if (p == head && tryAcquire(arg)) {
// 3RENREIN, REBC ( HEIE%EXIRMAY node ) A head
setHead(node);
/] E—NT5R help GC
p.next = null;
failed = false;
// REIFFYHRIC false

return interrupted;
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¥

if (
// FIRTEERNE park, HA ©
shouldParkAfterFailedAcquire(p, node) &&
// park 2%, IkAT Node RYIRZSHEEST Node.SIGNAL (V)
parkAndCheckInterrupt()

) {

interrupted = true;

}
} finally {

if (failed)
cancelAcquire(node);

// 0 AQS WREIRAIITIE, S{EFNE, BUELRL
private static boolean shouldParkAfterFailedAcquire(Node pred, Node node) {
/] R E—M B RAVRE
int ws = pred.waitStatus;
if (ws == Node.SIGNAL) {
/] EATREAERE, IABCHEEF T

return true;

}

/] > o FREGERE

if (ws > 0) {
/] EANTREGH, BRAEMRIREIEAEEENT A, REZINEEIREL
do {

node.prev = pred = pred.prev;
} while (pred.waitStatus > 0);
pred.next = node;
} else {
/] RREREEZE
/1 BTFRINREXAKL, WHEEEE , XNEERE F—PMIRUAE Node. SIGNAL
compareAndSetWaitStatus(pred, ws, Node.SIGNAL);

}

return false;

// 0 PEEZLRIZE

private final boolean parkAndCheckInterrupt() {
LockSupport.park(this);
return Thread.interrupted();

}
}
T=

o REFE unpark EHYEITMAYEIIKTI AT waitStatus == Node.SIGNAL SERE , AT =Y
waitStatus /RE

L
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// Sync #¥iEEBE AQS
static final class NonfairSync extends Sync {
// FEBISCIR
public void unlock() {
sync.release(1);

/] AQS WFIIRMTTIE, JI(RFNE, MUELtLt
public final boolean release(int arg) {
/1 EREREL, HA ©
if (tryRelease(arg)) {
// BAFUSLTIA unpark
Node h = head;
if (
/7 BABIARA null
h = null &&
// waitStatus == Node.SIGNAL AEEZE unpark
h.waitStatus != 0
) A
// unpark AQS HEEFRIZFE, HA O
unparkSuccessor(h);
}

return true;

}

return false;

// &) sync BEISEKATTIE, FHERE, MLt
protected final boolean tryRelease(int releases) {
// state--
int ¢ = getState() - releases;
if (Thread.currentThread() != getExclusiveOwnerThread())
throw new IllegalMonitorStateException();
boolean free = false;
/] FFEN, RB state i o, ZABHALN
if (c == 09) {
free = true;
setExclusiveOwnerThread(null);
}
setState(c);
return free;

/] O AQS WEHRAIFTIE, FEIHE, MAELtat
private void unparkSuccessor(Node node) {
/] QNSRS Node.SIGNAL EIXEEIREH o
/] BRI LA
int ws = node.waitStatus;
if (ws < 0) {
compareAndSetWaitStatus(node, ws, 9);

/] HEIFE unpark BITIR, BATRM AQS BAFIRMRE, RHIREET R5chif)
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Node s = node.next;
/] AERBEWBEIITR, M AQS BATINEERHKEIFIERIERE unpark AT
if (s == null || s.waitStatus > @) {

s = null;

for (Node t = tail; t != null & t != node; t = t.prev)

if (t.waitStatus <= 0)
s = t;

}
if (s != null)

LockSupport.unpark(s.thread);

2. AJENFIE

static final class NonfairSync extends Sync {
Jf ooo

// Sync BUEIIHKAIITIE, FERNE, MIELLh
final boolean nonfairTryAcquire(int acquires) {
final Thread current = Thread.currentThread();
int ¢ = getState();
if (c == 09) {
if (compareAndSetState(©9, acquires)) {
setExclusiveOwnerThread(current);

return true;

}
¥
/] MRBERETH, FELERLRLE, TRRETHEN
else if (current == getExclusiveOwnerThread()) {
// state++
int nextc = c + acquires;
if (nextc < @) // overflow
throw new Error("Maximum lock count exceeded");
setState(nextc);
return true;
¥

return false;

// Sync BUEIIHKAIITIE, FERNE, MELLh
protected final boolean tryRelease(int releases) {
// state--
int ¢ = getState() - releases;
if (Thread.currentThread() != getExclusiveOwnerThread())
throw new IllegalMonitorStateException();
boolean free = false;
/] ZIEBEN, RB state BA o, ABEMALID
if (c == 0) {
free = true;
setExclusiveOwnerThread(null);
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setState(c);
return free;

3. A THRIRIE
FaTFTERIE
FIEI(T |, BMEEHFIRT , ST AQS St , —BEEFRREHIEH e EMNB CRI T 7

// Sync #¥5EE AQS
static final class NonfairSync extends Sync {
Jf ooo

private final boolean parkAndCheckInterrupt() {
// MNRFTHFRCERE true, N park £5%38
LockSupport.park(this);

// interrupted =iEMRITRIRC
return Thread.interrupted();

final boolean acquireQueued(final Node node, int arg) {
boolean failed = true;

try {
boolean interrupted = false;
for (55) {
final Node p = node.predecessor();
if (p == head && tryAcquire(arg)) {
setHead(node);
p.next = null;
failed = false;
/] ERFEIXEMWE, FREREFTHIRS
return interrupted;
}
if (
shouldParkAfterFailedAcquire(p, node) &&
parkAndCheckInterrupt()
) A
// WMRZES interrupt #HIREE, REFTHPIASS true
interrupted = true;
¥
}
} finally {

if (failed)
cancelAcquire(node);

public final void acquire(int arg) {
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if (
ItryAcquire(arg) &&
acquireQueued(addwWaiter (Node.EXCLUSIVE), arg)

) A
/] WNERFTHRES true
selfInterrupt();

}

static void selfInterrupt() {
/] EFEEE—IR T

Thread.currentThread().interrupt();

AT THRE

static final class NonfairSync extends Sync {
public final void acquireInterruptibly(int arg) throws InterruptedException {
if (Thread.interrupted())
throw new InterruptedException();
/] MREBIXEEH, HEAN O
if (!tryAcquire(arg))
doAcquirelInterruptibly(arg);

// O EFTHRAOSRENBERAE

private void doAcquirelInterruptibly(int arg) throws InterruptedException {
final Node node = addWaiter(Node.EXCLUSIVE);
boolean failed = true;

try {
for (55) {
final Node p = node.predecessor();
if (p == head && tryAcquire(arg)) {
setHead(node);
p.next = null; // help GC
failed = false;
return;
¥
if (shouldParkAfterFailedAcquire(p, node) &&
parkAndCheckInterrupt()) {
// TE park SFEFUNREME interrupt SFHAULL
/] XEHERERE, MASEREN for (5;)
throw new InterruptedException();
¥
¥
} finally {

if (failed)
cancelAcquire(node);
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4. 2 FHEEINFIE

static final class FairSync extends Sync {
private static final long serialVersionUID = -3000897897090466540L ;

final void lock() {
acquire(1);

/] AQS WFIRMTTIE, JI(EIUEE, MUELtAt
public final void acquire(int arg) {
if (
ItryAcquire(arg) &&
acquireQueued(addwWaiter(Node.EXCLUSIVE), arg)
) 1
selfInterrupt();

/] SFIRATFHEZEXFIET tryAcquire F5iEAISEIR
protected final boolean tryAcquire(int acquires) {
final Thread current = Thread.currentThread();
int c = getState();
if (c == 09) {
/] FeteE AQS PAFIFREBERIRTIR, REFERS
if (!hasQueuedPredecessors() &&
compareAndSetState(0, acquires)) {
setExclusiveOwnerThread(current);
return true;

}
¥
else if (current == getExclusiveOwnerThread()) {
int nextc = c + acquires;
if (nextc < 0)
throw new Error(“"Maximum lock count exceeded");
setState(nextc);
return true;
¥

return false;

/] O AQS MFIIRAVITIE, FEINE, MRt

public final boolean hasQueuedPredecessors() {

Node t = tail;
Node h = head;
Node s;

// h 1=t BFIRFMTIFE Node
return h = t &&

(
// (s = h.next) == null F¥RAFIFEBEEE_

(s = h.next) == null ||
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/1 BENFIFE LR R AR
s.thread != Thread.currentThread()

);

5. FHEELINRIE

BN FUREEIHNNE—NFHFY , HLHERE ConditionObject

await ififg

FHA Thread-0 8% , V8 await , # ConditionObject Ay addConditionWaiter {2

BlEEFAY Node R -2 ( Node.CONDITION ) , 3% EB£ Thread-0 , IO NZE(EBATIRER

ConditionObject /2\

‘ firstWaiter }*44 MNode(Thread-0) ‘
‘ lastWaiter }—41

NonfairSync

state = 1

/A\ A\ /A\ /\
‘ head }——4 Node(null) ‘H‘ Node(Thread-1) ‘4—.—‘ Node(Thread-2) }-C—D‘ Node(Thread-3) ‘
B f
i

exclusiveOwnerThread }74&_

TR AQS | fullyRelease iii2 , BRI 28 _ LRI

tail

ConditionObject /2\

firstWaiter }7—&‘ Node(Thread-0) ‘

— L|==EEEEEER

NonfairSync

state = 0

A\ A\ A\ N
‘ head }——D{ Node(null) ‘H‘ Node(Thread-1) ‘4—.—‘ Node(Thread-2) }4—»‘ Node(Thread-3) ‘

tail I-—‘-

exclusiveOwnerThread }7

unpark AQS BAFIFEI F—ME R, BFEHM , RIRIRBEMRFEIE , B4 Thread-1 FTFALH
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ConditionObject

firstWaiter

lastWaiter

},
}_

NonfairSync

state = 1

head

/A

—b‘ Node(Thread-0)

/N

A\ /o\

|l

tail

Node(null)

}d—b‘ Node(Thread-2) ‘

}1—.‘ Nod e("m.ead—.?')

[

exclusiveOwnerThread }—

park fHZE Thread-0

ConditionObject /;_\
‘ firstWaiter }——h‘ MNode(Thread-0) ‘
‘ lastWaiter }—4f
AN
NenfairSync [ '
i Node(null) {
‘ state = 1 ‘ '
AN A\ o\
‘ head I =| Node(null) }d—b‘ Node(Thread-2) }4—.‘ MNode(Thread-3) ‘
- - f
exclusiveOwnerThread }74&_
H =
signal 2
1% Thread-1 E3EM%EE Thread-0
ConditionObject AN
firstWaiter - Node(Thread-0)
lastWaiter f
NonfairSync
state = 1
/N AN /o\
head - Node(null) - Node(Thread-2) - Node(Thread-3)
I
tail R
exclusiveOwnerThread - _

HHA ConditionObject Y doSignal iit2 , BUEZEFBASIFSE— Node , B Thread-0 Ff7E Node
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EPEITHES, BINEETH

ConditionObject
firstWaiter - null
lastWaiter f
/A
NonfairSync Node(Thread-0)
state = 1
/A /A\ /o\
head - Node(null) - Node(Thread-2) - Node(Thread-3)
A
tail -
exclusiveOwnerThread "-r'-_

H1T transferForSignal ;A2 , $5iZ Node NI AQS BAFIEEEE , ¥ Thread-0 AY waitStatus 24 0 , Thread-3 A9
waitStatus 25 -1

ConditionObject

firstWaiter }74-_‘

‘ lastWaiter | ?

NonfairSync

‘ state = 1 ‘
2N A\ A\ /o\
‘ head }——% Node(null) ‘-I—h-‘ Node(Thread-2) ‘d—b{ Node(Thread-3) ‘-I—h-‘ Node(Thread-0) ‘

T w 1
exclusiveOwnerThread }—4h-_

Thread-1 BRI , HE unlock A |, B

gL

public class ConditionObject implements Condition, java.io.Serializable {
private static final long serialVersionUID = 1173984872572414699L;

/] BAFFOR
private transient Node firstWaiter;

/] BE—1TEFEEFTR

private transient Node lastWaiter;
public ConditionObject() { }

// &) FI— Node ZEZFEINFI
private Node addConditionWaiter() {

Node t = lastWaiter;

// FRFEEEUHERY Node MBAFISERMIFR, T &
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if (t != null & t.waitStatus != Node.CONDITION) {
unlinkCancelledWaiters();
t = lastWaiter;
}
/] BIE—REXZRIZAEAVET Node, iRINZEPAFIEER
Node node = new Node(Thread.currentThread(), Node.CONDITION);
if (t == null)
firstWaiter = node;
else
t.nextWaiter = node;
lastWaiter = node;
return node;

/] VEEE - EIREUENE N RERE AQS AT
private void doSignal(Node first) {
do {
/] BRRETRT
if ( (firstWaiter = first.nextWaiter) == null) {
lastWaiter = null;
}
first.nextWaiter = null;
} while (
/] BEEFIFRY Node ¥%BE AQS PAFI, RATHERETRNGSHER ©
ItransferForSignal(first) &&
/] BAFEET R
(first = firstWaiter) != null
)5

/] SMEBERTTIE, FIEENE, MUt
// O MBRTARESREE, RE] false FRERAM, BB
final boolean transferForSignal(Node node) {
/] WERIREBLEFRE Node.CONDITION, JBBHEGH T
if (!compareAndSetWaitStatus(node, Node.CONDITION, ©))
return false;

// TAN AQs BAZIEEHEB
Node p = enq(node);
int ws = p.waitStatus;
if (
/] E=A T REGH
ws > 0 ||
/] E—ATIRABEREIRTS Node. STGNAL
IcompareAndSetWaitStatus(p, ws, Node.SIGNAL)
) {
// unpark EGHFEZE, ILE&REEIRRLSRE
LockSupport.unpark(node.thread);
¥

return true;

/] =ERREE - FEBAFIRIFIETRIEHBE AQS AT
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private void doSignalAll(Node first) {

lastWaiter = firstWaiter = null;

do {
Node next = first.nextWaiter;
first.nextWaiter = null;
transferForSignal(first);
first = next;

} while (first != null);

// B
private void unlinkCancelledWaiters() {
/) ooo

/] REE - AR REERE, EIE dosignal MIFCFHEEEINGL
public final void signal() {
if (!isHeldExclusively())
throw new IllegalMonitorStateException();
Node first = firstWaiter;
if (first != null)
doSignal(first);

/] EEPEEE - WIUFERAREERE, Eb dosignalAll RFEHEE RSN
public final void signalAll() {
if (!isHeldExclusively())
throw new IllegalMonitorStateException();
Node first = firstWaiter;
if (first != null)
doSignalAll(first);

/] REFTERSES - BEEIMKIREE
public final void awaitUninterruptibly() {
// FI— Node EZHBAFI, I ©
Node node = addConditionWaiter();
/] BRHRIFEN, I @
int savedState = fullyRelease(node);
boolean interrupted = false;
/] MR RIESEEZE AQS PAFI, PHE
while (!isOnSyncQueue(node)) {
// park FHZE
LockSupport.park(this);
/] WNREFTH, (NREFTHIRS
if (Thread.interrupted())
interrupted = true;

b
/] REEfS, EMEFH, RKEMBGEN AQS BAFY
if (acquireQueued(node, savedState) || interrupted)

selfInterrupt();
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/] INEBRTTIE, EIRNE, Itk
// B ERREEAREEN , FEE state £FEM
final int fullyRelease(Node node) {
boolean failed = true;
try {
int savedState = getState();
if (release(savedState)) {
failed = false;
return savedState;
} else {
throw new IllegalMonitorStateException();
¥
} finally {
if (failed)
node.waitStatus = Node.CANCELLED;

}
}
/] TR - FERHEENENMKEITHIRS
private static final int REINTERRUPT = 1;
/] TR - FERHSFFARIHER
private static final int THROW_IE = -1;

/1 FIFFTHTEC
private int checkInterruptWhileWaiting(Node node) {
return Thread.interrupted() ?
(transferAfterCancelledWait(node) ? THROW_IE : REINTERRUPT) :
0;

// @ RIFFTHTEL
private void reportInterruptAfterWait(int interruptMode)
throws InterruptedException {
if (interruptMode == THROW_IE)
throw new InterruptedException();
else if (interruptMode == REINTERRUPT)
selfInterrupt();

/] FERF - BEEIREERFTHT
public final void await() throws InterruptedException {
if (Thread.interrupted()) {
throw new InterruptedException();
¥
/] BI— Node ZEZHFBAZI, I ©
Node node = addConditionWaiter();
/] B RIFERIM
int savedState = fullyRelease(node);
int interruptMode = ©;
/] MRZTRIEKBEZE AQS PAFI, PHZE
while (!isOnSyncQueue(node)) {
// park BHZE

LockSupport.park(this);
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// WNEREFTHT, BHEEFATY
if ((interruptMode = checkInterruptWhileWaiting(node)) != 9)
break;
¥
/1 BHERBASE, RIS AQS BAFIAIHE
if (acquireQueued(node, savedState) && interruptMode != THROW_IE)
interruptMode = REINTERRUPT;
// FAEEBIERY Node MBAFIEEZRMIER, T O
if (node.nextWaiter != null)
unlinkCancelledWaiters();
// NIFBFTHTETS, W @
if (interruptMode != 0)
reportInterruptAfterWait(interruptMode);

/1 EF - BRRIGRESF THTEER
public final long awaitNanos(long nanosTimeout) throws InterruptedException {
if (Thread.interrupted()) {
throw new InterruptedException();
¥
// FI0— Node EZFRAFGI, I &
Node node = addCondltlonwalter(),
/] B RRFERIEL
int savedState = fullyRelease(node);
/ RISERISHARR
final long deadline = System.nanoTime() + nanosTimeout;
int interruptMode = ©;
/] MRETRIEKBEZE AQS PAFI, PHZE
while (!isOnSyncQueue(node)) {
// BiERt, BHERFS
if (nanosTimeout <= OL) {
transferAfterCancelledWait(node);
break;
¥
// park FEZE—ERTE, spinForTimeoutThreshold JJ 1000 ns
if (nanosTimeout >= spinForTimeoutThreshold)
LockSupport.parkNanos(this, nanosTimeout);
// WNRFTHT, BHEEFT!
if ((interruptMode = checkInterruptWhileWaiting(node)) != 9)
break;
nanosTimeout = deadline - System.nanoTime();
¥
/] BHESIE, EFEIXE AQS BAFIATHL
if (acquireQueued(node, savedState) && interruptMode != THROW_IE)
interruptMode = REINTERRUPT;
// FrEEBIBER Node MBAZISERMIER, T O
if (node.nextWaiter != null)
unlinkCancelledWaiters();
// BIFEFTHERS, W @
if (interruptMode != 0)
reportInterruptAfterWait(interruptMode);
return deadline - System.nanoTime();
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// EF - BRFIERESFIRTEGERT, BiERUTF awaitNanos

public final boolean awaitUntil(Date deadline) throws InterruptedException {
/] ooo

}

/] ERF - BENRIREERFTHIEGERS, BHEZ(UTF awaitNanos

public final boolean await(long time, TimeUnit unit) throws InterruptedException {
/] ooo

}

// TBI5E & ...

IESHHRE
1. EIfgiRiE

ESANER— Sycn B28s , EEFIS. state FHER—
t1 w.lock , t2r.lock

1) t1 BRTOESH , 25 ReentrantLock IIYHELLIRERHZ AL , FRISSHIRSET state HIME 16 {1 , Tkt
FEFNE state 195 16 fiI

EESH sync

MNonfairSync

state =0 1

head = null

tail T
exclusiveOwnerThread Il*_

2) 2 $117 r.lock , XEFHNIZEBIAY sync.acquireShared(1) imfg , BESHEA tryAcquireShared iit2. MIRES
Bi54E |, ABA tryAcquireShared iR[E] -1 FRREM

tryAcquireShared IR[EWEZRT

o -1 FFKM
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EPEITHES, BINEETH

o OFETRLY , (EISHKTS SRR
o EHETAY  MESESEEN VEHSARERE , ESHRE 1

=51 sync

MonfairSync

state = 0 1

EE

head

tail

L J

exclusiveOwnerThread

3) IXBFRIFHA sync.doAcquireShared(1) ifiti2 , BISEtBEIEA addWaiter FIIT AR , ARZAETHREKIRES
Node.SHARED #&=fj3F Node . EXCLUSIVE #&=, , jF&EIAT t2 (BT EERRZS

=5 sync

NonfairSync

state = 0 1

head

/o\ /o\

Y

tail

MNode(null) -

Node(t2) Shared

Y

exclusiveOwnerThread

Y

4) 2 2EEECHTREAEE ., MRE , BB XA tryAcquireShared(1) SREIHIREN

5) NRIRBMII , 7 doAcquireShared | for (;;) flBEA—IX , IERIIKTIRAY waitStatus B4 -1, 5 for (;;) BFA—
K2 tryAcquireShared(1) 305RIERAELL , BBATLE parkAndCheckinterrupt() &k park
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ESH sync
MNonfairSync
state = 0_1
A\ /o\
head - Node(null) - - Neode(t2) Shared

= ]
s ]

exclusiveOwnerThread

Y

t3r.lock , t4 w.lock

XFEAET | RIRNA t3 DSESFN t4 IS8, XHRE) 11 BARFE S | Bl3eR T TERIET
EESHl sync
NonfairSync
‘ state = 0_1

JAN /N A\ /o\

7 P T, L - ‘

‘ head I "—*} Node(null) ‘4—!-‘ Node(t2) Shared }4—&‘ Node(t3) Shared ‘ﬂ‘ Node(t4) Ex

| - | }

GXCIUSiveow“er.rhread I =_

t1 w.unlock

XIS EZISHAY sync.release(1) A2 , FHA sync.tryRelease(1) BIh , TRt FEAVEET

S sync

NonfairSync

‘ state =0 0

AN AN AN /0\

A . L\ % ‘

head | =| Node(null) - Node(t2) Shared Node(t3) Shared - Node(t4) Ex

| |
‘ tail | T
|

exclusiveOwnerThread |

Y

null ‘

E T RHTIREERFE sync.unparkSuccessor , Bl _IREiETT , iXAT t2 £ doAcquireShared &
parkAndCheckinterrupt() &M Eiz1T

X[EIBE—IX for (;;) $14T tryAcquireShared BEZHMILHEESTHENI—
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EESH sync

NonfairSync

‘ state =10

/A /A /A\ /o\

g A 7\ i,

‘ head I =| Node(null) ‘ﬂ‘ MNode(t2) Shared }4—&‘ Node(t3) Shared ‘4—&‘ Node(t4) Ex ‘

R !

exclusiveOwnerThread |

v

null ‘

XAT 12 BRIREIETT , K t2 A setHeadAndPropagate(node, 1) , BRAFAET R#HENLTR

ESH sync

state=10
/A\ AN /o\

S %

head Node(null) - Node(t3) Shared - Node(t4) Ex

f

exclusiveOwnerThread

Y

Y

null

EBRI%5T , 7 setHeadAndPropagate 75/ ARIARIGE F— M RES R shared , IR ENEA
doReleaseShared() ¥ head BPIAZSM -1 B 0 FIEEEZ — | iXAT t3 £ doAcquireShared i
parkAndCheckinterrupt() &M% EiE1T

ESHH sync

state =10
/o\ /\ /o\

% 5 7 M. ;

head Node(null) - Node(t4) Ex

= !

exclusiveOwnerThread

i

%
E
;

Y

null

XEIFERE—IX for (;;) T tryAcquireShared BEIIMI ST E0—
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BS54 sync

state =2 0
/o\ A\ /o\

head - Node(null) e Node(t4) Ex

= !

exclusiveOwnerThread

é
:
;

null

Y

XAT 13 BRIREIETT , 3 K 3 A setHeadAndPropagate(node, 1) , BIRAFAET RHEHLTR

i e ]
state =2 0
/A\ /o\
head o= MNode(null) (= MNode(t4) Ex
tail T
exclusiveOwnerThread - null

TN REAR shared 7, FILASYREEIREE t4 FRIET =
t2 r.unlock , t3 r.unlock

t2 # sync.releaseShared(1) 1, &S tryReleaseShared(1) itit#UE— , (BRTFTIHEEFALZT
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, o —
NonfairSync /
| |- —
state = 1.0 -t
AN /o\
head - Node(null) - Mode(t4) Ex
tail T
exclusiveOwnerThread - rull

t3 # sync.releaseShared(1) & , JH tryReleaseShared(1) iLiH#ua— , XERHEATT , HA
doReleaseShared() #§3kT =M -1 B9 0 FHIRAEEE— , RD

E51H sync
MNonfairSync
state =0 0
/o\ /o\
head - MNode(null) - Mode(t4) Ex
tail T
exclusiveOwnerThread o= rull

ZJ5 t4 #£ acquireQueued # parkAndCheckinterrupt &MREIE1T , B for () XXBECEEZ , HEIREHID
FFr, tryAcquire(1) B, IEBELER | iRIEER

AE T B P IX MG I &R IpAE—E  FiE: 400-618-9090




OIBIER | tEBEET
@%ghﬁ* -t - BEDEITHE, RAEETD

www.itheima.com

ESH sync
MonfairSync
state =0 1
/o\
head - MNode(null)
tail T
exclusiveOwnerThread Il*_

2. [RES 53 thr

=l B

static final class NonfairSync extends Sync {

/] ... BEBEXRAE

// 9NEBEE Writelock 73i%, FfEIHhiE, MUELLAL
public void lock() {
sync.acquire(1);

}

// AQS WEIRMTTIE, FIEFIE, MIELtLt
public final void acquire(int arg) {
if (

/] ERIRIEEHARH
ItryAcquire(arg) &&
/] EHERIEFEEEEEI— Node X5 b, I 9ImbiE
/7 BEN AQS BAFIREZE
acquireQueued(addwWaiter (Node.EXCLUSIVE), arg)

) {
selfInterrupt();

}

// Sync BUEIIKAIITIE, FERNE, MELLh
protected final boolean tryAcquire(int acquires) {
/] REE 16 fiI, KERSHA state T3

Thread current = Thread.currentThread();

int ¢ = getState();
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int w = exclusiveCount(c);

if (¢ 1= 0) {
if (
// ¢ 1= 0 and w == 0 FTIEITH, =HE
==0 ||
// %05 exclusiveOwnerThread FAEHCDZ
current != getExclusiveOwnerThread()
) A

/] RIBHRW
return false;
¥
// SHTEEBEHE 16 i, REE
if (w + exclusiveCount(acquires) > MAX_COUNT)
throw new Error("Maximum lock count exceeded");
/1 SEEAN, RSN
setState(c + acquires);
return true;

¥
if (
/! FAMTEMHESZEE, &E
writerShouldBlock() ||
/] EREBOTERH
IcompareAndSetState(c, ¢ + acquires)
) {
/ RSB
return false;
}

/ 3RISHIRTN
setExc1u51veOwnerThread(current);

return true;

// IEAFH] writerShouldBlock SRiR[E] false, FTEEE
final boolean writerShouldBlock() {
return false;

IEgi%ﬁi?ltﬁzhﬂbi%E

static final class NonfairSync extends Sync {

. BRETCRAES

// WritelLock F3i%, F{EENE, HUELL:
public void unlock() {
sync.release(1);

/] AQS #REISRAEVFTR, ToRIENE, MUELEE

public final boolean release(int arg) {

/] ERERE A
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if (tryRelease(arg)) {
// unpark AQS HREFAILIE
Node h = head;
if (h != null & h.waitStatus != 0)
unparkSuccessor(h);
return true;

¥

return false;

// Sync BEIIRRIITIE, FHEFNE, ML
protected final boolean tryRelease(int releases) {
if (!isHeldExclusively())
throw new IllegalMonitorStateException();
int nextc = getState() - releases;
/] BARTEANNRE, SHHHE00 o, A EREMKIY
boolean free = exclusiveCount(nextc) == 0;
if (free) {
setExclusiveOwnerThread(null);

¥
setState(nextc);
return free;

. s 0‘ n
ol w7
static final class NonfairSync extends Sync {

// ReadlLock J5ik, FS{EINE, MUIELLLL
public void lock() {
sync.acquireShared(1);

/] AQS MEERRIITIE, FIEIFENE, MLt
public final void acquireShared(int arg) {
// tryAcquireShared IR[EIGa%], FIKBUEMILM
if (tryAcquireShared(arg) < 0) {
doAcquireShared(arg);

// Sync BUEIIKAIITIE, FERNE, MELLh
protected final int tryAcquireShared(int unused) {
Thread current = Thread.currentThread();
int ¢ = getState();
/] MRBHECHESFEEM, KEUZHEM
if (
exclusiveCount(c) != 0 &&
getExclusiveOwnerThread() != current

) |

return -1;
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}
int r = sharedCount(c);
if (
/] EAZIEE (NREESH  EBZEE), HE
IreaderShouldBlock() &&
/] INFIEBEEL, AR
r < MAX_COUNT &&
/] =BT
compareAndSetState(c, ¢ + SHARED_UNIT)
) 1
/] ... BEEAEEAB
return 1;
}

return fullTryAcquireShared(current);

/] JERFH readershouldBlock & AQS AFIFHE—NMTHRESESMU
// true MIZPEZE, false MIAPHZEE
final boolean readerShouldBlock() {

return apparentlyFirstQueuedIsExclusive();

// AQS WEISRMTTIE, FIEIE, KTl
// 5 tryAcquireShared INEEE(U, BEARUIEIN for (5;) FRBUEHE, HUTIIREHTEE
final int fullTryAcquireShared(Thread current) {
HoldCounter rh = null;
for (55) {
int ¢ = getState();
if (exclusiveCount(c) != 0) {
if (getExclusiveOwnerThread() != current)
return -1;
} else if (readerShouldBlock()) {
/] ... BEEAEENNB
¥
if (sharedCount(c) == MAX_COUNT)
throw new Error("Maximum lock count exceeded");
if (compareAndSetState(c, ¢ + SHARED_UNIT)) {
/] ... BERAEEND

return 1;

// AQS HESRMTTIE, FIEFIE, Tl

private void doAcquireShared(int arg) {
/] BEREEIZRELEI— Node X5 LE, R AHL=IEL
final Node node = addWaiter(Node.SHARED);
boolean failed = true;

try {
boolean interrupted = false;
for (55) {

final Node p = node.predecessor();

if (p == head) {
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// B—IREIREGED

int r = tryAcquireShared(arg);

/] B

if (r >=0) {
// &
/] r RREUARRY, EXELRE 1 RITHER
// (T12EE AQS HF—" Share T )
setHeadAndPropagate(node, r);
p.next = null; // help GC
if (interrupted)

selfInterrupt();
failed = false;
return;
}
}
if (

/] REERIGEHKMAIIEEE (AI— M ER waitStatus == Node.SIGNAL )
shouldParkAfterFailedAcquire(p, node) &&
// park ZRIZHE
parkAndCheckInterrupt()
) {

interrupted = true;

}
} finally {

if (failed)
cancelAcquire(node);

- AQS WEIRAIFTIE, FDEIHE, MFELtht
private void setHeadAndPropagate(Node node, int propagate) {
Node h = head; // Record old head for check below
// ZREBT/ head
setHead(node);

// propagate RNEHZERR (FIIIHZEHHESE )
// & head waitStatus == Node.SIGNAL @ Node.PROPAGATE
// BME head waitStatus == Node.SIGNAL Bf Node.PROPAGATE
if (propagate > @ || h == null || h.waitStatus < @ ||
(h = head) == null || h.waitStatus < 0) {
Node s = node.next;
/] MRBRE— T REERSFHFHFIUITR
if (s == null || s.isShared()) {
// HN O
doReleaseShared();

/] O AQS WFIIRAVTIE, FHEFNE, MLt

private void doReleaseShared() {

// WNER head.waitStatus == Node.SIGNAL ==> @ FkIH, F—Tm unpark
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// W18 head.waitStatus == @ ==> Node.PROPAGATE, RNTfER bug, WEEDIT

for (55) {
Node h = head;
// BANIR BT R

if (h != null & h != tail) {
int ws = h.waitStatus;
if (ws == Node.SIGNAL) {
if (!compareAndSetWaitStatus(h, Node.SIGNAL, ©0))
continue; // loop to recheck cases
// =TI unpark SNSRALTHIREES
// ??Eijtj: TIRUAR shared, 4*4E doReleaseShared
unparkSuccessor(h);
}
else if (ws == 0 &&
IcompareAndSetWaitStatus(h, ©, Node.PROPAGATE))

continue; // loop on failed CAS
}
if (h == head) // loop if head changed
break;
}
}
}
S ST ES Y

static final class NonfairSync extends Sync {

// ReadlLock 73i%, JofElEiE, MUELLAL
public void unlock() {
sync.releaseShared(1);

/] AQS WEGHRAVFZIE, FEFNE, MUELtLh
public final boolean releaseShared(int arg) {
if (tryReleaseShared(arg)) {
doReleaseShared();
return true;

¥

return false;

// Sync BEIIHRRITTIE, FHEME, ML
protected final boolean tryReleaseShared(int unused) {
. BRAEEAIRE
for (55) {
int ¢ = getState();
int nextc = c - SHARED_UNIT;
if (compareAndSetState(c, nextc)) {
/] ERTH ARSI E CIRBUEEIERE, B ME TR PR
/] HE o AREIERN

return nextc == 0;
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// AQS WESRMTTIE, FIMEFIE, MUIELtat
private void doReleaseShared() {
// WNER head.waitStatus == Node.SIGNAL ==> @ FIH, F—Tm unpark
// Y08 head.waitStatus == @ ==> Node.PROPAGATE
for (55) {
Node h = head;
if (h != null & h != tail) {
int ws = h.waitStatus;
/] NFEHECEREOARBIEN , BBATER waitsStatus B9 o
// BALE unparkSuccessor #ZXH(T
if (ws == Node.SIGNAL) {
if (!compareAndSetWaitStatus(h, Node.SIGNAL, ©0))
continue; // loop to recheck cases
unparkSuccessor(h);
}
/] WIREBER o T, B8 -3, FRRAMEENE , WEXESE bug Hif
else if (ws == 0 &&
IcompareAndSetWaitStatus(h, 0, Node.PROPAGATE))

continue; // loop on failed CAS
}
if (h == head) // loop if head changed
break;

Semaphore [RI8
1. DNEREEGTRTE

Semaphore BIG— MELE , permits BUHR (AR , HATRIKET permits SHZRIE T B , 2E
S RS RE I —

NIFF#4 , permits ( state ) /93, iXAT 5 MNEFEIGREVEIR
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[=h=]==!

\

MNonfairSync

state = 3

111

/]

head

tail

{BRi&E+ Thread-1, Thread-2 , Thread-4 cas 4510 , M Thread-0 1 Thread-3 T4 , HA AQS FAF!
park fHZE

B58

NonfairSync

‘ state = 0

A\ A\ /o\
‘ head I #} Node(null) }4—’{ Node(Thread-0) }4—’{ Node(Thread-3) ‘

‘ tail =

XAt Thread-4 BELT permits , JAZSENT

=58

NonfairSync

/4 — - o =
‘ head I =} Nod 1)} }4—»{ Neode(Thread-0) }4—’{ Neode(Thread-3) ‘
| |

tail

£k Thread-0 =5k , permits BIRIREN 0, IREB SN head T, MiFF/R>KAY head T941 , unpark 2
T3kHY Thread-3 T , BT permits 2 0, Etk Thread-3 FEZXREINEEIRFEN park K&
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E58 A
. 1N .
NonfairSync i. No;I;_{;nuII) i
/\ /o\
_ head - Node(null) -t - Node(Thread-3)
A

2. B8 h

static final class NonfairSync extends Sync {
private static final long serialVersionUID = -2694183684443567898L;

NonfairSync(int permits) {
// permits B[] state
super(permits);

// Semaphore J3ik, JS{EIEE, MUELLLL
public void acquire() throws InterruptedException {
sync.acquireSharedInterruptibly(1);

/] AQS WFIIRMTTIE, JI(EFUEE, MUELtAL
public final void acquireSharedInterruptibly(int arg)
throws InterruptedException {
if (Thread.interrupted())
throw new InterruptedException();
if (tryAcquireShared(arg) < 0)
doAcquireSharedInterruptibly(arg);

/] ERIRIGH =R
protected int tryAcquireShared(int acquires) {
return nonfairTryAcquireShared(acquires);

// Sync #RIIEMTTIE, FHEME, BUELLt
final int nonfairTryAcquireShared(int acquires) {
for (55) {
int available = getState();
int remaining = available - acquires;
if (
// NRFEIBER, REIGREL, TR, #HAN doAcquireSharedInterruptibly
remaining < 0 ||

// SN cas XN, IREIEE, FTIREVHRID

compareAndSetState(available, remaining)
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) A

return remaining;

// AQS WESRMTTIE, FIMEFIE, MUIELtat
private void doAcquireSharedInterruptibly(int arg) throws InterruptedException {
final Node node = addWaiter(Node.SHARED);
boolean failed = true;
try {
for (55) {
final Node p = node.predecessor();
if (p == head) {
/] BIREHIRENAA]
int r = tryAcquireShared(arg);
if (r >=0) {
/] BEEALAZHBA (AQS ) , FTE NodeiREJY head
// WIER head.waitStatus == Node.SIGNAL ==> 0 ¢TI, T—/Fm| unpark
// UNER head.waitStatus == @ ==> Node.PROPAGATE
/] r RRETARFRE, 79 0 NWASHEERE
setHeadAndPropagate(node, r);
p.next = null; // help GC
failed = false;
return;

¥
// RN, RELE—T waitStatus = Node.SIGNAL, TFHHBEN park FHZE
if (shouldParkAfterFailedAcquire(p, node) &&
parkAndCheckInterrupt())
throw new InterruptedException();
}
} finally {
if (failed)
cancelAcquire(node);

// Semaphore J3i%, FH{EINE, KIELtL:
public void release() {
sync.releaseShared(1);

// AQS WESRMTTIE, FIEFIE, HMUIELtL:
public final boolean releaseShared(int arg) {
if (tryReleaseShared(arg)) {
doReleaseShared();
return true;

}

return false;

// Sync HEIIRATTIE, FHERE, BUELL
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protected final boolean tryReleaseShared(int releases) {
for (55) {
int current = getState();
int next = current + releases;
if (next < current) // overflow
throw new Error("Maximum permit count exceeded");
if (compareAndSetState(current, next))
return true;

3. 731+ XA E%H PROPAGATE
R bug

e releaseShared f3i%

public final boolean releaseShared(int arg) {
if (tryReleaseShared(arg)) {
Node h = head;
if (h != null & h.waitStatus != 0)
unparkSuccessor(h);
return true;

}

return false;

e doAcquireShared 7%

private void doAcquireShared(int arg) {
final Node node = addWaiter(Node.SHARED);
boolean failed = true;

try {
boolean interrupted = false;
for (55) {

final Node p = node.predecessor();
if (p == head) {
int r = tryAcquireShared(arg);
if (r >=0) {

/] XBELBT
setHeadAndPropagate(node, r);
p.next = null; // help GC
if (interrupted)

selfInterrupt();
failed = false;
return;

}
if (shouldParkAfterFailedAcquire(p, node) &&

parkAndCheckInterrupt())

5T B P X @M IR G s SR I A —)Z HiE: 400-618-9090



af://n1355

OGS | EEESRT
4 ) R | R S nn BEPEITHE, RAEEFD

www.itheima.com

interrupted = true;
}
} finally {
if (failed)
cancelAcquire(node);

e setHeadAndPropagate /5%

private void setHeadAndPropagate(Node node, int propagate) {
setHead(node);
/] BEREIR
if (propagate > © && node.waitStatus != 0) {
Node s = node.next;
YV St
if (s == null || s.isShared())
unparkSuccessor(node);

-

o BRIRTFAEFRIEAFIFIEABASERIBERA  head(-1)->t1(-1)->t2(-1)
o BRRFEREESERMIT3IM T4, BRIFNE T3 /5 T4

by 1=
BIEE
t1 2 3 4 sync 1 sync 2 3 4
parkandcheckInterruptfsE
parkAndCheckInterruptfHEE
head(-1)->t1(-1)->t2(@)
releaseshared(1)
unparksuccessor (head)
head(®)->t1(-1)->t2(0)
1 IREHIT, BARERNL
tryAcquireshared(1)
sdtHeadAndPropagate (t1Node, p)
head(-1)->t2(8)
releaseshared(1)
unparksuccessor (head)
head(0)|->t2(0)
2 WEHT, HARBIRL
tryAcquireshared(1)
setHeadAndPropagate (t2Node, )
head(e)
t1 2 3 4 sync 1 sync 2 3 4

=t bug RIER
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1 t©2 3 4 sync 1 sync 2 3 4

parkAndcheckInterruptfHE|

parkAndCheckInterruptfH%E|

head(-1)->t1(-1)->t2(0)

releaseshared(1)

unparksuccessor (head)

head(e)->t1(-1)->t2(e)

1 IREHT, IRERAL

tryAcquireShared(1)

releaseshared(1)

iBE

setHeadAndPropagate (t1Node, p)

head(-1)->t2(0)

1 12 3 4 sync 1 sync 2 3 4

ESRINRAITRE

1. T3 @M releaseShared(1) , EiZ/AMA T unparkSuccessor(head) , head BIEFRESM -1 2R 0

2.T1 B F T3 B SEMIEEE , V3 tryAcquireShared , [RIRIREIE/ 0 (FREXEIRTY |, (EISBRIREIR
)

3. T4 A releaseShared(1) , tEAT head.waitStatus 79 0 ( LEAHEZRIAY head 0 1 A RE—"head ) , FNEE
&%, AR unparkSuccessor(head)

4.T1 SKEUSSERIN , A setHeadAndPropagate A , EAAHERE propagate > 0 ( 2 FIRENEHRHE
propagate (FIRFFE ) ==0) , NTIARIREEFIRER , T2 LLIEEAZIGREE

bug (€8

private void setHeadAndPropagate(Node node, int propagate) {
Node h = head; // Record old head for check below
// REBTA head
setHead(node);

// propagate TAEHERR (FINIHFEHHESE
// B head waitStatus == Node.SIGNAL Ef Node.PROPAGATE
// BIFE head waitStatus == Node.SIGNAL &Y Node.PROPAGATE
if (propagate > @ || h == null || h.waitStatus < @ ||

(h = head) == null || h.waitStatus < 0) {

Node s = node.next;

// MRRHEE T REERFHHEFTIMITR

if (s == null || s.isShared()) {

doReleaseShared();

private void doReleaseShared() {
// %08 head.waitStatus == Node.SIGNAL ==> @ ¢TI, F—/T5& unpark
// UNER head.waitStatus == @ ==> Node.PROPAGATE
for (55) {
Node h = head;
if (h != null & h != tail) {

int ws = h.waitStatus;
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if (ws == Node.SIGNAL) {
if (!compareAndSetWaitStatus(h, Node.SIGNAL, 0))
continue; // loop to recheck cases
unparkSuccessor(h);
}
else if (ws == 0 &&
IcompareAndSetWaitStatus(h, ©, Node.PROPAGATE))

continue; // loop on failed CAS
}
if (h == head) // loop if head changed
break;
}
}
barkindcheckInterrup S

parkAndcheckInterruptBHsE|

head(-1)->t1(-1)->t2(@)

1oop
[ doReleaseshared ()i ]

head(-1->8),| head(8->-3)

head(e)->t1/(-1)->t2(@)

unparksuccessor (head)

1 WREHAT, FREIRNL

tryAcquireShared(1)

loop
[| doReleaseShared () FUfEIE | 1

head(-1->0), head(e->-3)

head(-3)->t1(-1)->t2(@)

setHeadAndPropagate (tiNode, b)

head(-1)->t2(8)

1oop
[ |doReleaseShared () Uit | 1
head(-1->8), head(@->-3)

Ht13t4 head(e)->t2(0)

Htisis 15 t2

1 t©2 3 4 sync t1 sync

1. T3 J@FH releaseShared() , E$ZJ@R Y unparkSuccessor(head) , head FYERFIRESM -1 TH 0

2. T1 BF T3 BYSSEWIELEE , JF tryAcquireShared , {RIIRENE 0 ( SREXEIATD , (BIRBRIRTIR
=)

3. T4 J8A releaseShared() , IltAT head.waitStatus 79 0 ( tKEHSERIAY head 0 1 P AE— head ) , BB
doReleaseShared() I§FfFIAEE /I PROPAGATE ( -3)

4. T1 $RBYSEE/MTD , A setHeadAndPropagate Bt , 12! h.waitStatus < 0 , MiTTEF
doReleaseShared() I&EE T2

ConcurrentHashMap [RI#

1. JDK 7 HashMap FH4&5thHE
izt FCE3
E3

o FfE |DK7 TE(T , B BHHEFN hash ROHHEITIEEHE T
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public static void main(String[] args) {
// Wi java 7 FERLEEFRY hash ERIEE
System.out.println("{KEN16HT , iR A1A9key");
for (int 1 = 0; 1 < 64; i++) {
if (hash(i) % 16 == 1) {
System.out.println(i);

¥
System.out.println("{KEN320T , @ ~RAO1H9key");
for (int 1 = 0; 1 < 64; i++) {
if (hash(i) % 32 == 1) {
System.out.println(i);

}

// 1, 35, 16, 50 HANA16HT , BIE—MER
final HashMap<Integer, Integer> map = new HashMap<Integer, Integer>();
/] 12 TR

map.put(2, null);

map.put(3, null);

map.put(4, null);

map.put(5, null);

map.put(6, null);

map.put(7, null);

map.put(8, null);

map.put(9, null);

map.put(10, null);

map.put(16, null);

map.put(35, null);

map.put(1l, null);

System.out.println("# ZFgIA/Nmain]: "+map.size());
new Thread() {
@Override
public void run() {
/] W& 13 TR, RETS
map.put(50, null);
System.out.println("# B A/ Thread-0]:"+map.size());
¥
}.start();
new Thread() {
@Override
public void run() {
/] & 13 MR, REV S
map.put(50, null);
System.out.println("# B A/ Thread-1]:"+map.size());

}
}.start();

final static int hash(Object k) {

int h = 0;
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if (@ != h && k instanceof String) {
return sun.misc.Hashing.stringHash32((String) k);

}
h ~= k.hashCode();

h ~= (h >>> 20) ~ (h >>> 12);
return h ~ (h >>> 7) ~ (h >>> 4);

FEHESIN
X TEE idea

£ HashMap j&#3 590 17Nl =

int newCapacity = newTable.length;

WreR RSN T |, BRIRiL HashMap £ 87 32 BF , 7B 9 Thread-0 5 Thread-1 BHET3E

newTable.length==32 &&

(
Thread.currentThread().getName().equals("Thread-0")| |
Thread. currentThread().getName().equals("Thread-1")

B {E A TUERE Thread , BNEEIR Thread-0 B , Thread-1 ILiEREIRTT

BT | IR ETRRIRT R ES T T |, Bl

KEI160T , 1 FR/I1A0key
1

16

35

50

KE/93200 , @ TR/g18key
1

35

¥ &Ik [main] 12

ETRHAY BnEEE
£ HashMap j&#S 594 17INET A=
Entry<K,V> next = e.next; // 593

if (rehash) // 594
Jf ooo

XENTMER e TF0 next TTRAVAZ |, Thread-0 BBEZHIITEI 594 17, F5 594 hEBHRIN— MR (544
Thread.currentThread().getName().equals("Thread-0") )

XAIRILATE Variables EHRIZRZE] e 1 next TE , fFA view as -> Object BETPRIAS
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e (1)->(35)->(16)->null
next (35)->(16)->null

f£ Threads ERi&H Thread-1 Eiz{T , JLABRHEHI QBLHFAIRASIUT | Thread-1 7 FETHK

newTable[1] (35)->(1)->null

THREAN:13

XAT Thread-0 IMZ7E 594 &b, Variables HIRZTE2RVRSEEZA

e (1)->null
next (35)->(1)->null

A2AWE , H79 Thread-1 i SETH#EREEMANRTTRMANGEZRL | BUERHEIIRT | 8 Thread-1 B2
RIFEH , (BELER/G Thread-0 REHSEHEIT
BRI LRSI (F8 ) NIERIEHAY=4ET

T—1EIAE 594 , 15 e TR newTable §E3Rk

newTable[1] (1)->null
e (35)->(1)->null
next (1)->null

T—HAEAE] 594 , 5 e HHTZ newTable fifzRk

newTable[1] (35)->(1)->null
e (1)->null
next null

BEERD

e.next = newTable[1];
// XBF e (1,35)
// T newTable[1] (35,1)->(1,35) EARE—IMI%

newTable[1l] = e;
/] BERE e 1ERHERL, TEHEERK

e = next;

/1 B next & null, SENT—MERNIEH, EIHRESKT

Rt
HashMap B9 ASEHER Y SR

// J& table iITFBZE newTable
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void transfer(Entry[] newTable, boolean rehash) {
int newCapacity = newTable.length;
for (Entry<K,V> e : table) {
while(null != e) {
Entry<K,V> next = e.next;
// 1%k
if (rehash) {
e.hash = null == e.key ? @ : hash(e.key);

}

int i = indexFor(e.hash, newCapacity);

/] 2 &

// BETTEMA newTable[i], & newTable[i] {EA#TE=RI next
e.next = newTable[i];

newTable[i] = e;

e = next;

Ri% map HFHIIATTRE

EiRsEER | 18 [THR] (key,next)
[1] (1,35)->(35,16)->(16,null)

SI2 a TE 1 & | HEYEEREE e I (1,35) , MEHPER next 3 (35,16) &2 a &S

&2 b FEaT
FEIRMER
[1] (1,null)

BRMER
[1] (35,1)->(1,null)

FEZIRIER
[1] (35,1)->(1,null)
[17] (16,null)

UBREIZFE a , LASEEPEE e M next HIKE , SIHEIRTERNSTET e NABHHN (1,null) , M next HIW
BHEHH (35,1) FEAE (1,null)

FEIRTEER

[1] (1,null)

BIRER  FRXAT e 2 (35,1) FHEA (1,null) FTLA next X2 (1,null)
[1] (35,1)->(1,null)

=IRMER , e B (1,null) , M@ next 2 null, B e #APERL , X e.next LT 35 (2 &)
[1] (1,35)->(35,1)->(1,35)

BRI T

MG
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o REFRHE , REANESLATMNE MERTIFLIER 2R map &5
o |DK8 BRI FHEEMT AR , FHRBTRMAEERL (MEFRFIST S—EIY ) | BRAERERE
BHESLABNI TR ZET &, ESUNEEER (07 55505 )

2. JDK 8 ConcurrentHashMap
BEERMEFAERE

// BRAA o

/] EH¥aes, A -1

/] BYBEE, A -1+ T BEEH

/] SVANEH BTG 8 TREY SRIEHER)

private transient volatile int sizeCtl;

// EEAN ConcurrentHashMap Fi@— 1 Node[]

static class Node<K,V> implements Map.Entry<K,V> {}

// hash &
transient volatile Node<K,V>[] table;

/] ¥ BERY # hash R

private transient volatile Node<K,V>[] nextTable;

/] T BENREA bin E5EEE, R ForwardingNode fF/9|H table bin AISLEER
static final class ForwardingNode<K,V> extends Node<K,V> {}

// FBTE compute LA computeIfAbsent BJ, FARG(I, ITEHKEERIEIE Node

static final class ReservationNode<K,V> extends Node<K,V> {}

// YER treebin RYLTIA, 7Ff#E root 1 first
static final class TreeBin<K,V> extends Node<K,V> {}

// YEA treebin BYTSM, 7FfE parent, left, right
static final class TreeNode<K,V> extends Node<K,V> {}

BELE

// 3REX Node[] #ZE i A Node
static final <K,V> Node<K,V> tabAt(Node<K,V>[] tab, int i)

// cas 1B Node[] #%ZE i /> Node BYE, c AIBE, v HFHE
static final <K,V> boolean casTabAt(Node<K,V>[] tab, int i, Node<K,V> c, Node<K,V> v)

/] BEFEHEM Node[] #5E i 4 Node HYH, v AFE
static final <K,V> void setTabAt(Node<K,V>[] tab, int i, Node<K,V> v)
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SRR
AJLABRISEIL T MBI | TEMETS AP ET table UK/, LIURES—RERRZ SHIEEE

public ConcurrentHashMap(int initialCapacity, float loadFactor, int concurrencylLevel) {

if (!(loadFactor > ©.0f) || initialCapacity < @ || concurrencylevel <= 0)
throw new IllegalArgumentException();

if (initialCapacity < concurrencylLevel) // Use at least as many bins
initialCapacity = concurrencylevel; // as estimated threads

long size = (long)(1.0 + (long)initialCapacity / loadFactor);

// tableSizeFor {HARMMIETERIANE 2°n, B 16,32,64 ...

int cap = (size >= (long)MAXIMUM_CAPACITY) ?
MAXIMUM_CAPACITY : tableSizeFor((int)size);

this.sizeCtl = cap;

get iiE

public V get(Object key) {
Node<K,V>[] tab; Node<K,V> e, p; int n, eh; K ek;
// spread J3iEREHRRIREIEREIEE
int h = spread(key.hashCode());
if ((tab = table) != null & & (n = tab.length) > 0 &&
(e = tabAt(tab, (n - 1) & h)) != null) {
/] MNRLEREEEEETKN key
if ((eh = e.hash) == h) {
if ((ek = e.key) == key || (ek != null && key.equals(ek)))
return e.val;
}
// hash AREERTRZ bin £ BHERE treebin, XEHEM find 75iEKEK
else if (eh < 0)
return (p = e.find(h, key)) != null ? p.val : null;
// [EEBRER, F equals LB
while ((e = e.next) != null) {
if (e.hash == h &&
((ek = e.key) == key || (ek != null && key.equals(ek))))
return e.val;

}

return null;

put iZiE

LATE4RTEFR (table ) , $83RMEFR (bin)

public V put(K key, V value) {
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return putVal(key, value, false);

final V putVal(K key, V value, boolean onlyIfAbsent) {
if (key == null || value == null) throw new NullPointerException();
/] Hh spread mERGEBMRN, BBEEIIFA hash 4
int hash = spread(key.hashCode());
int binCount = 0;
for (Node<K,V>[] tab = table;;) {
/] f RERLTR
// fh BHERLEERAY hash
/] i ZHERTE table HRITAR
Node<K,V> f; int n, i, fh;
/] B table
if (tab == null || (n = tab.length) == 0)
// ¥J%a1t table {ERT cas, F&FE synchronized BUEERLIH, HNT—RTEIR
tab = initTable();
/] BREERATR
else if ((f = tabAt(tab, i = (n - 1) & hash)) == null) {
/] INGERSLERT cas, Fo& synchronized
if (casTabAt(tab, i, null,
new Node<K,V>(hash, key, value, null)))
break;
}
/] BT &
else if ((fh = f.hash) == MOVED)
/] BItZfE, ENTRER
tab = helpTransfer(tab, f);
else {
V oldval = null;
/] PHERERSLT A
synchronized (f) {
/] BIRERA\GERLT RIRB
if (tabAt(tab, i) == f) {
/] BER
if (fh >= @) {
binCount = 1;
/] BEER
for (Node<K,V> e = f;; ++binCount) {
K ek;
// HKERERER key
if (e.hash == hash &&
((ek = e.key) == key ||
(ek != null && key.equals(ek)))) {
oldval = e.val;
// B
if (lonlyIfAbsent)
e.val = value;
break;
}
Node<K,V> pred = e;
/] BERERNTRT, g Node, BINENRE

if ((e = e.next) == null) {
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pred.next = new Node<K,V>(hash, key,
value, null);
break;
}
}
}
// 12
else if (f instanceof TreeBin) {
Node<K,V> p;
binCount = 2;
// putTreeVal RF key EBRCEEMENT, &, NWIREIXIFAY TreeNode
if ((p = ((TreeBin<K,V>)f).putTreeVal(hash, key,
value)) != null) {
oldval = p.val;
if (lonlyIfAbsent)
p.val = value;
}
}
}
// TERGEERSLTI RAYHL
}
if (binCount != 0) {
if (binCount >= TREEIFY_THRESHOLD)
/] WMNRBERIKE >= RHLEHE(8), FHTHERIELLEN
treeifyBin(tab, i);
if (oldval != null)
return oldval;
break;
}
}
}
// 18N size IR
addCount (1L, binCount);
return null;
}

private final Node<K,V>[] initTable() {
Node<K,V>[] tab; int sc;
while ((tab = table) == null || tab.length == 0) {
if ((sc = sizeCtl) < ©0)
Thread.yield();
/] EE sizeCtl IRE -1 (FRTWIEAMK table)
else if (U.compareAndSwapInt(this, SIZECTL, sc, -1)) {
/] X584, G table, XETHELKERH while() fEHAH yield HE table g
try {
if ((tab = table) == null || tab.length == 0) {
int n = (sc > ©) ? sc : DEFAULT_CAPACITY;
Node<K,V>[] nt = (Node<K,V>[])new Node<?,?>[n];
table = tab = nt;
sc =n - (n >> 2);

} finally {
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sizeCtl = sc;

}

break;

}

return tab;

// check 2ZH] binCount HJ/NEX
private final void addCount(long x, int check) {

CounterCell[] as; long b, s;
if (

/] BEAET counterCells, [ cell EfN

(as = counterCells) != null ||

// &&HB, [ baseCount EfM

1U. compareAndSwapLong(this, BASECOUNT, b = baseCount, s = b + Xx)
) o

CounterCell a; long v; int m;

boolean uncontended = true;

if (

// X8 counterCells
as == null || (m = as.length - 1) < @ ||
/] BKE cell
(a = as[ThreadLocalRandom.getProbe() & m]) == null ||
// cell cas HEBAMTEIRY
I (uncontended = U.compareAndSwapLong(a, CELLVALUE, v = a.value, v + X))
) A
// BUEENMETEEcell, EIMNEFRX
fullAddCount(x, uncontended);

return;

¥

if (check <= 1)
return;

/] REGTEANE
s = sumCount();
}
if (check >= 0) {
Node<K,V>[] tab, nt; int n, sc;
while (s >= (long)(sc = sizeCtl) && (tab = table) != null &&
(n = tab.length) < MAXIMUM_CAPACITY) {
int rs = resizeStamp(n);
if (sc < 0) {
if ((sc >>> RESIZE_STAMP_SHIFT) !=rs || sc == rs + 1 ||
sc == rs + MAX_RESIZERS || (nt = nextTable) == null ||
transferIndex <= 0)
break;
// newtable B&EOIET , BtV &
if (U.compareAndSwapInt(this, SIZECTL, sc, sc + 1))
transfer(tab, nt);
}
/] BEH A , XA newtable FREE
else if (U.compareAndSwapInt(this, SIZECTL, sc,

(rs << RESIZE_STAMP_SHIFT) + 2))
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transfer(tab, null);
s = sumCount();

size it EifiiE
size IZTHESCPRARAETE put , remove N ESTTRAVEEZ +
o KBRS KRE , A baseCount EN0iHEL

o BRFRE , #EE counterCells , MEAPAT— cell ENITHEL

o counterCells ¥JE8EFA cell
o MR RFLEREZL , =CIEFAY cell RENITEL

public int size() {
long n = sumCount();
return ((n < OL) ? © :

(n > (long)Integer.MAX_VALUE) ? Integer.MAX_VALUE :

(int)n);
}

final long sumCount() {
CounterCell[] as = counterCells; CounterCell a;
// ¥ baseCount IH#ISMAE cell HEEM
long sum = baseCount;
if (as != null) {
for (int i = @; i < as.length; ++i) {
if ((a = as[i]) != null)

sum += a.value;

}
}
return sum;
}
Java 8 #2H ( Node ) + ( %% Node | £IZ# TreeNode ) LITEUEEFR (table ) , $43Rf&FR ( bin )

o ¥Rt , R cas KREFARLE MBI table

o 1L , X tablelength <64 B , Fe=idY & , #81d 64 Bt , FH bin.length > 8 Bt , 2IGHERRIL, , HLITFE

£ H synchronized 85tk

e put, 3NFRiZ bin EKEIE , RFEE(FEA cas B bin ; MMRELET , PUEHERSLHITEREE put IE , TR

I0ZE bin IEE

o get, THIRFXFERIETNM | ¥ BIET get FEZIRIR ForwardingNode BER1E get B{FERT

table X

o A, AL bin FERHHT , BEX bin 34T synchronized , (BXEHNERE CER&EHAETED
i, SNEEBEEETE bin TS , F BFEHRE 1/6 T RS HEH table &
o size , TCENMEURFTE baseCount F1 , FFARHINEZIRIFE CounterCell[] e, HREFITEENEM

BpA]
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iBfE T http://www.importnew.com/28263.html

HESCIR Cliff Click's high scale lib

3. JDK 7 ConcurrentHashMap
TYEIRT— segment 148 , B segment XIR—HEHH

o i : MRS NEEHEARN segment SChREIRBMZEAY |, X5 jdk8 FRESHAY
o TRex : Segments FEZAKNA16 , XNBEVBNIECEHAERZE T , HERRMIBIIARML

Vs L

public ConcurrentHashMap(int initialCapacity, float loadFactor, int concurrencylLevel) {
if (!(loadFactor > @) || initialCapacity < @ || concurrencylLevel <= 0)
throw new IllegalArgumentException();
if (concurrencylLevel > MAX_SEGMENTS)
concurrencylLevel = MAX_SEGMENTS;
// ssize WVRE 2~n, Bl 2, 4, 8, 16 ... "/~ segments ZLHEATIA/M
int sshift = 9;
int ssize = 1;
while (ssize < concurrencylLevel) {
++sshift;
ssize <<= 1;
}
// segmentShift EGAR 32 - 4 = 28
this.segmentShift = 32 - sshift;
// segmentMask EXIAE 15 E 0000 0000 0000 1111
this.segmentMask = ssize - 1;
if (initialCapacity > MAXIMUM_CAPACITY)
initialCapacity = MAXIMUM_CAPACITY;
int ¢ = initialCapacity / ssize;
if (c * ssize < initialCapacity)
++C;
int cap = MIN_SEGMENT TABLE_CAPACITY;
while (cap < c)
cap <<= 1;
// BUiE segments and segments[0]
Segment<K,V> s0@ =
new Segment<K,V>(loadFactor, (int)(cap * loadFactor),
(HashEntry<K,V>[])new HashEntry[cap]);
Segment<K,V>[] ss = (Segment<K,V>[])new Segment[ssize];
UNSAFE.putOrderedObject(ss, SBASE, s@); // ordered write of segments[0]
this.segments = ss;

HiETeRy , W NERTR
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Segments #¢H

0 HashEntry #0¢5
1 \ i

10

11

12

13

14

15

BJLAEE ConcurrentHashMap ;@B LIIEYIAK , = SRAAREF
Hrh this.segmentShift #] this.segmentMask FIEFRIRER key AY hash L5RITECEHEA segment
fign , HRIEE— hash {B3K segment I& , BIEBAIAMRAFEN this.segmentShift {i

| w28 >
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put iZiE

public V put(K key, V value) {
Segment<K,V> s;
if (value == null)
throw new NullPointerException();
int hash = hash(key);
// iTEE segment TR
int j = (hash >>> segmentShift) & segmentMask;

/] 3K18 segment XI5, FIMTEEA null, SNEIEZ segment
if ((s = (Segment<K,V>)UNSAFE.getObject
(segments, (j << SSHIFT) + SBASE)) == null) {
/] XEAEEHERESENA null, AAEBERERAIMZ segnent A null,
// BELEE ensureSegment EBF cas JSTVIRIUEIZ segment T&tE
s = ensureSegment(j);
}
// HHN segment Hput JRFE
return s.put(key, hash, value, false);

segment 4& TAJE A ( ReentrantLock ) , B put 7538

final V put(K key, int hash, V value, boolean onlyIfAbsent) {
/] =iENEA
HashEntry<K,V> node = tryLock() ? null :
// FNRARIN, #HAN scanAndLockForPut 72
/] WRREZ#% cpu &S trylock 64 IR, HEN lock ififE
// E=REAE, ERLIMEEZDRERRTEIRE, NRLBIELEL%
scanAndLockForPut(key, hash, value);

/] PUTEIXER segment BEMERINMS, ATLAREHIT
V oldValue;
try {
HashEntry<K,V>[] tab = table;
int index = (tab.length - 1) & hash;
HashEntry<K,V> first = entryAt(tab, index);
for (HashEntry<K,V> e = first;;) {
if (e != null) {
/] B
K k;
if ((k = e.key) == key ||
(e.hash == hash && key.equals(k))) {
oldvValue = e.value;
if (lonlyIfAbsent) {
e.value = value;
++modCount;
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break;
}
e = e.next;
}
else {
/] g
/] 1) ZRIEFHET, node BEMHAE, next fEMAERL
if (node != null)
node.setNext(first);
else
// 2) GUEEHT node
node = new HashEntry<K,V>(hash, key, value, first);
int ¢ = count + 1;
/1 3) ¥E
if (¢ > threshold && tab.length < MAXIMUM_CAPACITY)
rehash(node);
else
// % node {EMHERL
setEntryAt(tab, index, node);
++modCount;
count = c;
oldvalue = null;
break;

b
} finally {

unlock();
}

return oldValue;

rehash &fE

KREM put o, FALRERIKXE TH , B rehash BAREERLIERE

private void rehash(HashEntry<K,V> node) {
HashEntry<K,V>[] oldTable = table;
int oldCapacity = oldTable.length;
int newCapacity = oldCapacity << 1;
threshold = (int)(newCapacity * loadFactor);
HashEntry<K,V>[] newTable =
(HashEntry<K,V>[]) new HashEntry[newCapacity];
int sizeMask = newCapacity - 1;
for (int 1 = @; i < oldCapacity ; i++) {
HashEntry<K,V> e = oldTable[i];
if (e != null) {
HashEntry<K,V> next = e.next;
int idx = e.hash & sizeMask;
if (next == null) // Single node on list
newTable[idx] = e;

else { // Reuse consecutive sequence at same slot

HashEntry<K,V> lastRun = e;
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int lastIdx = idx;
/] TR, RAJBEE rehash f5 idx ARHITREM
for (HashEntry<K,V> last = next;
last != null;
last = last.next) {
int k = last.hash & sizeMask;
if (k != lastIdx) {
lastIdx = k;
lastRun = last;

}
newTable[lastIdx] = lastRun;
/] RRTRBENE
for (HashEntry<K,V> p = e; p != lastRun; p = p.next) {
V v = p.value;
int h = p.hash;
int k = h & sizeMask;
HashEntry<K,V> n = newTable[k];
newTable[k] = new HashEntry<K,V>(h, p.key, v, n);

¥

/] FB5TRK, AIMANFRITR

int nodeIndex = node.hash & sizeMask; // add the new node
node.setNext(newTable[nodeIndex]);

newTable[nodeIndex] = node;

// BHER9FERAY HashEntry table
table = newTable;

B, A

public static void main(String[] args) {
ConcurrentHashMap<Integer, String> map = new ConcurrentHashMap<>();
for (int i = @; 1 < 1000; i++) {
int hash = hash(i);
int segmentIndex = (hash >>> 28) & 15;
if (segmentIndex == 4 && hash % 8 == 2) {
System.out.println(i + "\t" + segmentIndex + "\t" + hash % 2 + "\t" + hash % 4 +
"\t" + hash % 8);
}

map.put(1l, "value");

map.put(15, "value"); // 2 &N 4 15 B hash%s SEMARE
map.put(169, "value");

map.put(197, "value"); // 4 ¥'&A 8

map.put(341, "value");

map.put(484, "value");

map.put(545, "value"); // 8 ¥ & 16

map.put(912, "value");
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map.put(941, "value");
System.out.println("ok");

private static int hash(Object k) {
int h = 9;

if ((@ !'= h) & (k instanceof String)) {
return sun.misc.Hashing.stringHash32((String) k);

h ~= k.hashCode();

// Spread bits to regularize both segment and index locations,
// using variant of single-word Wang/Jenkins hash.

h += (h << 15) ~ oxffffcd7d;
h ~= (h >>> 10);

h += (h << 3);

h 2= (h >>> 6);

h += (h << 2) + (h << 14);
int v = h ~ (h >>> 16);

return v;
}
get s
get BSFRINGE , AT UNSAFE 5iA(RIETRI UM | T BEEF |, get TREFMMIBRIANS |, get FREMME
SRS

public V get(Object key) {
Segment<K,V> s; // manually integrate access methods to reduce overhead
HashEntry<K,V>[] tab;
int h = hash(key);
// u 73 segment WREFHEFNREE
long u = (((h >>> segmentShift) & segmentMask) << SSHIFT) + SBASE;
// s BN/ segment
if ((s = (Segment<K,V>)UNSAFE.getObjectVolatile(segments, u)) != null &&
(tab = s.table) != null) {
for (HashEntry<K,V> e = (HashEntry<K,V>) UNSAFE.getObjectVolatile
(tab, ((long)(((tab.length - 1) & h)) << TSHIFT) + TBASE);
e !=null; e = e.next) {
K k;
if ((k = e.key) == key || (e.hash == h && key.equals(k)))
return e.value;

¥
}
return null;
¥
size ItHiRE
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o HEFTTRANEE , SeAMBHERIRX , NRAEFRRERIN—F , AN EUERHRE
o WIRA—H , HTER , EEUREET 3, BATE segment #iifE , EFFTENEURE

public int size() {
// Try a few times to get accurate count. On failure due to
// continuous async changes in table, resort to locking.
final Segment<K,V>[] segments = this.segments;
int size;
boolean overflow; // true if size overflows 32 bits
long sum; // sum of modCounts
long last = oL; // previous sum
int retries = -1; // first iteration isn't retry
try {
for (55) {
if (retries++ == RETRIES_BEFORE_LOCK) {
/] BIEHRE, TECEFTE segment FHANHA
for (int j = 0; j < segments.length; ++j)
ensureSegment(j).lock(); // force creation

}
sum = OL;
size = 0;

overflow = false;
for (int j = 0; j < segments.length; ++j) {
Segment<K,V> seg = segmentAt(segments, j);
if (seg !'= null) {
sum += seg.modCount;
int ¢ = seg.count;

if (c < @ || (size += c) < @)
overflow = true;
}
}
if (sum == last)
break;
last = sum;
}
} finally {

if (retries > RETRIES_BEFORE_LOCK) {
for (int j = 0; j < segments.length; ++j)
segmentAt (segments, j).unlock();

}

return overflow ? Integer.MAX_VALUE : size;

LinkedBlockingQueue [FIE
1. EFRINBALEA

public class LinkedBlockingQueue<E> extends AbstractQueue<E>
implements BlockingQueue<E>, java.io.Serializable {
static class Node<E> {
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E item;

/**

*

T=fERZ—

- HIENEHT R

* - BE, RERHR

* - null, RRERERETR, BRET
*/

Node<E> next;

*

Node(E x) { item = x; }

YR sEER last = head = new Node<E>(null); Dummy TG , item 3 null

head last

vy

Dummy

itern

next

L—PMTHRNBA last = last.next = node;

[ head [ tast ]
vy

Dummy MNode Dummy Node

BR—PTEABN last = last.next = node;

next

head last
Dummy MNode Node
item / item / item
next next next

HBA
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Node<E> h = head;
Node<E> first = h.next;
h.next = h; // help GC
head = first;

E x = first.item;
first.item = null;

last

Mode

item

next

last

Mode

item

next

last

return x;
h = head
head | I n |
x l..?__l
Dummy Node
item item
next next
first = h.next
f-____ f-____
head I first
5: /“l B _\_J
Dummy MNode
item item
next next
h.next = h
f-____ l'-____
head J I first
Sl /“ B \
Dummy Node
item > item
next next
head = first

Mode

item

next
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( n )7 fist }[ head jast
/N T/
Dummy Node Node
item > item / item
next next next

E x = first.item;
first.item = null;
return x;

head last
Dummy Node
item / item
next next

2. INsis3th

==fmZb==EF A7 FIESHF] dummy 75

o B8, BA—WZ  ZBRAVFE—IEIE (E-B8iRSEE | Ji—) T
o FMIEH , B—MZ  TLRIFRNLER (—MEFES—NEERE ) T

o HBERESHBRELARARBT
o EFFEEEFTELIZNRBRT

HERED
o ITRGSEAT 283 (B4E dummy T/) |, putlock fRIEAIR last TRAVEAER S | takeLock fRIEAYZE
head TRlL&ER S, FIBSHRIET AAFIHMNRBE=S
o UPRBHET 28 (BI— dummy TR, —DNEETR ) XIHE , (DARREHSFRINSR , Foa=5
o HTRREET 18 (F—1 dummy T/ ) IXBT take ZLFZ2H notEmpty Z4EE , BRF , SEE

// FBF put(BEZE) offer(IFPHZE)

private final ReentrantLock putLock = new ReentrantLock();

// FBF take(PEHZE) poll(IEFEZE)

private final ReentrantlLock takeLock = new ReentrantLock();

put ##{F

public void put(E e) throws InterruptedException {
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if (e == null) throw new NullPointerException();
int ¢ = -1;
Node<E> node = new Node<E>(e);
final ReentrantLock putLock = this.putLock;
// count FERUEIFITERITEN
final AtomicInteger count = this.count;
putLock.lockInterruptibly();
try {
/] T E
while (count.get() == capacity) {
/] EITRERMEF: FFF notFull
notFull.await();
}
/] B=AI, NBAEITHEHI—
enqueue(node);
c = count.getAndIncrement();
// BRTBEC put LS, BAFIEE=(, HECUERM put 22
if (¢ + 1 < capacity)
notFull.signal();
} finally {
putLock.unlock();

}
/] SIRBAFIFE— TR, UEE take £F8
if (c == 0)
// XEBJERKIE notEmpty.signal() MIAE notEmpty.signalAll() EATRIVRS
signalNotEmpty();
}
take #F

public E take() throws InterruptedException {
E Xx;
int ¢ = -1;
final AtomicInteger count = this.count;
final ReentrantLock takelLock = this.takelLock;
takeLock.lockInterruptibly();
try {
while (count.get() == 0) {
notEmpty.await();
}

X

dequeue();

c = count.getAndDecrement();

if (c > 1)

notEmpty.signal();

} finally {

takeLock.unlock();
}
/] SORBAFIFRE—AZAT, UEE put i
// MREENEEHITHN, F—NMEEHE ¢ == capacity, BEFE&KFRE ¢ < capacity
if (¢ == capacity)

// XEREBKIE notFull.signal() MAR notFull.signalAll() BATHISESE

signalNotFull()
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return x;

H put IREE put EATEBESEAE

3. MEELLER

FE5IEE LinkedBlockingQueue 5 ArrayBlockingQueue HIMERELLER

o Linked SX#FBER | Array iEFIBR

o Linked SLI2%%3K | Array SLELEZ(AE

e Linked 2SN , T Array EEIRHHIIALL Node #748

e Linked MR NBASLERLHT Node |, [ Array i Node 212ET6IEIFAY
e Linked FIEEL , Array —HE84

ConcurrentLinkedQueue [RIE

1. #&{h ConcurrentLinkedQueue

#4aEs

package cn.itcast.concurrent.thirdpart.test;

import java.util.Collection;
import java.util.Iterator;
import java.util.Queue;

import java.util.concurrent.atomic.AtomicReference;
public class Test3 {

public static void main(String[] args) {
MyQueue<String> queue = new MyQueue<>();
queue.offer("1");
queue.offer("2");
queue.offer("3");
System.out.println(queue);
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class MyQueue<E> implements Queue<E> {

@Override
public String toString() {
StringBuilder sb = new StringBuilder();
for (Node<E> p = head; p != null; p = p.next.get()) {
E item = p.item;
if (item != null) {
sb.append(item).append("->");

}
sb.append("null");

return sb.toString();

@Override
public int size() {
return 0;

@Override
public boolean isEmpty() {
return false;

@Override
public boolean contains(Object o) {
return false;

@Override
public Iterator<E> iterator() {
return null;

@Override
public Object[] toArray() {
return new Object[0];

@Override
public <T> T[] toArray(T[] a) {
return null;

@Override
public boolean add(E e) {
return false;

@Override

public boolean remove(Object o) {
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return false;
}
@Override

public boolean containsAll(Collection<?> c) {
return false;

@Override
public boolean addAll(Collection<? extends E> c) {
return false;

@Override
public boolean removeAll(Collection<?> c) {
return false;

@Override
public boolean retainAll(Collection<?> c) {
return false;

@Override
public void clear() {

@Override
public E remove() {
return null;

@0verride
public E element() {
return null;

@Override
public E peek() {
return null;

public MyQueue() {
head = last = new Node<>(null, null);

private volatile Node<E> last;
private volatile Node<E> head;

private E dequeue() {
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/*Node<E> h = head;
Node<E> first = h.next;
h.next = h;

head = first;

E x = first.item;
first.item = null;
return x;*/

return null;

@Override
public E poll() {
return null;

@Override
public boolean offer(E e) {
return true;

static class Node<E> {
volatile E item;

public Node(E item, Node<E> next) {
this.item = item;
this.next = new AtomicReference<>(next);

AtomicReference<Node<E>> next;

offer

public boolean offer(E e) {
Node<E> n = new Node<>(e, null);
while(true) {
/] FREETIR
AtomicReference<Node<E>> next = last.next;
// S1: BIEERTAM next & null, cas M null ZFFTHS
if(next.compareAndSet(null, n)) {
/] XBEIHY last ERREFEBT, next FATT, HELREM cas BERW
// S2: E#T last AEEE—MTR
last = n;
return true;
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