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- FoEi-FOmE (JFREE)
H FF=TH
- LeAEih
=LUh
- Lock
- Semaphore
- Countdownlatch
= CyclicBarrier
= ConcurrentHashMap
- ConcurrentLinkedQueue
- BlockingQueue
< CopyOnWriteArrayList
— disruptor
{ guava =52
] u:ﬁ@ Balking J

LT B FIX @M &R A —E g 400-618-9090



%E_l,*;r“,\ EEEERT

www.itheima.com Eiﬁ"ﬁlTiﬂl’%ﬂﬁﬂ NEEITHE . BAEEG
i ]
i: CompletableFuture Guarded Suspension
i ?_*?_‘%'JlllﬁF?'_)
| PR EHEH
|: project-reactor WorkThread
spring webflux Thread per Message }
2 —p =] FrrE RS
FRZIEEERE i
t thE
Actor - 55—H1%
L alka
| - #/—
FiTRE
t 79
3£y

1.4 TR

s BEMFFERE—WIFEE

o LELLER , FEAREANY Java Web &, Jdbc FF&. Web fRS32:. HHTVERN 4 2IBE
o EHTFDK8 , RIFXIRIMARIE. lambda B—E T

o XAT sIf4j FJENHE | XEIFAYLE

e XF7T lombok {&t java bean {5

o LBNEREEET  XBE—IFRISLE

pom.xml K0T

<properties>
<maven.compiler.source>1.8</maven.compiler.source>
<maven.compiler.target>1.8</maven.compiler.target>
</properties>

<dependencies>
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<dependency>
<groupId>org.projectlombok</groupId>
<artifactId>lombok</artifactId>
<version>1.18.10</version>

</dependency>

<dependency>
<groupId>ch.qos.logback</groupId>
<artifactId>logback-classic</artifactId>
<version>1.2.3</version>

</dependency>

</dependencies>

logback.xm| BEEI T

<?xml version="1.0" encoding="UTF-8"?>
<configuration
xmlns="http://ch.qos.logback/xml/ns/logback"
xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xsi:schemaLocation="http://ch.qos.logback/xml/ns/logback logback.xsd">
<appender name="STDOUT" class="ch.qos.logback.core.ConsoleAppender">
<encoder>
<pattern>%date{HH:mm:ss} [%t] %logger - %m%n</pattern>
</encoder>
</appender>

<logger name="c" level="debug" additivity="false">
<appender-ref ref="STDOUT"/>
</logger>

<root level="ERROR">
<appender-ref ref="STDOUT"/>
</root>
</configuration>

2. HiE5%i4=
FERE
o BRI

o FTHF RIS
o LFEEANA

LT B FIX @M &R A —E g 400-618-9090


af://n129
af://n130

OERIEE | tE5EXET
/) %ﬁﬁﬂi% BRITHERE NEDPEITHE, BIEETHN

2.1 Hiz5%iE
HiE

o EFMEESTIEIEER  BXLESEET  EEEE MG NEE CPU , BURINEERE. £
ESBETURTEFEREME. WEFRE, HENEARMNBIES. EERT. EEI0/

o I—MEFBIET , NEEINHEXMEFRBRERT | IR T — 1 HE.

o HIEFATLAMAREFAI—1ES]. AEBDIEFAILIRINIE TSN SEAIHIE (HINCER. EE. Nikss
%)  WERREFRREEN—PEOHE (FIINNSZEER. 360 R2PTE)

%iz
o —MNHEZRAUSH—FIS L.

o —MEEHME—NMESR  BIECRPIN—RFEIESU—ERIF3LLS CPU AT
o Java i, SAR(FARNAERN , HEFAREDERIS/NENL £ windows RHIERNENRT , R2MF
SRR AR
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ZEXILL
o HEEAR LEEMUAY , MAEFETIHER , 2HEN—F&
o HEMBEHZENRER  WRFEZEF , HERENEERLS
o HIZEBERAER
o FE—&ITENANHIZESFRA IPC ( Inter-process communication )
o AENTENZERIHEREE  FEEIMNGE , FHETHERIMY , fla0 HTTP

o LIEBEENER , BNCIIHEHERNRE , —MIFES M EETILRR— M HE=XE
o LEERE , SiE F T XNMAA—R EEHE E RSO

2.2 HT5HE

Bz cpu T, SAESIRER  SBTHUT 8. IRMERFHE—MBREMEESERRS | 15 cpu BURTEA (windows
THER&NGR 15 28 ) DEFRRERFER , REMT cpu ELA2E (IIEA1RE ) RIDERIEER , AR
WE FEMETHN . BEA—DIERE ¢ HST, BT

—IRSEIXFN SRR ER cPu BUBIEFRAFH A . concurrent

CPU BdEA 1 EA 2 EA 3 BEA 4
core 57 iR 2 %KiE3 ZHiZ 4
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cpu

core

oy EL1 EL1 591
5$2 52 15$2 5$2
553 553 553 553
524 524 524 554
525 525 525 525
5L 1827 1887 1887
528 528 528 528
55N S S S
HE1 HFE2 HEE3 HEE4
ZtZ cpu ™, B % (core) EBEILAAEIRITAAZ | IXAMERERETLLEFTH.
CPU AEA 1 AR 2 AR 3 AEA 4
core 1 g 1 28 1 g 3 %I 3
core 2 57 ) K4 iE 2 ZiE 4
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cpu

core core

B B = B
B$2 B2 = E$2
8<3 853 B<3 E<$3
554 554 a54 1254
B<5 2S5 BS5 B<5
18<6 1856 8<6 12<$6
= = =y ST
B<8 B<8 B<8 2<$8
559 559 B<9 1E<9
oAl B<n Ben fa<n
i1 FEE2 ZiE3 ZFE4

5|F3 Rob Pike RI—E&{#HIA :

e HA& (concurrent ) 2E—AIEIRRT ( dealing with ) {4 1ERYEE
o F{7 (parallel ) EE—AFEEIFM ( doing ) Z4HIBHIEE
BIl=

o REEFIMIR. ITHRE. SHRFRD , — P ARRIBEMXSHE | XHEFA
o KETLETMRE , —EXEE , XNREHA BT (XNer-ERS , fliRRe—0 , —
MARBRE , B—PAREEFT )
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o ET3INRE , —NEMIR. —MNEFTHBE. —NEED , BEAT , IXIAEHFT
Rob Pike &%

e golang IESHIEIIEE
e Rob Pike - BEBR!

2.3 luF
* HRZREREE (R=601)
LUBRTS AR MR

o HFESFFHERIRE , ARERELTHERL
o FHEEFFERRME , ML THERS

1)i&it

SEAEALALTTERITENSEN (AIAEEETEHES ) LB s 4T | RIRIEBUR(FRZE T 5 01, 40
RRBEADAENS , X 57 cpu HABMAT , HERBEEEE. .

2) 55ig

o WANEINES , S EEEIME N S IRIELUIRERT | X — NS EBsAE R | R TEE
o tomcat B9FL serviet BEFMLBEH , 1L LZOIRFERIRIAYRIE |, E22EZE tomcat BITIFE&FR
o Ui fEFh , TR TEMIRIE , BERFEZE ui KR
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* MAZIREE (RRH11)
EAFIFSH cpu BIESE  IREDSITHER. SR TENGR T3 NIE , RESHHEERTA.

e 1 10 ms
itE 2 T 11 ms
TE 3 % 9 ms

CEFEE 1 ms

o WIREBTHT , BPASHEEEAIRTERE 10 + 11 + 9 + 1 = 31ms
o (BUNREMZ cpu , BMZODBERLE 1 ITHE 1, &2 & 2, &E3HITHE 3 #fAa3 4
SAERHITHY , WEMBRERTRENIMEFEETE |, BD 11ms HREINECREERESEE 12ms
e
BERSZ cpu FEERENER |, BIZIDAR R RIT
1)i&it
>>>>> (I8 [RIFZRER-Z=11] <<<<<
2) &g
1. B1Z cpu T, SERIEFBELIMRESREFEITHE | REANTEEBEARRES 2B , ARKERLRER
cpu , FEF—NEESGA cpu , JINEERETE
2. Z¥#% cpu AILAFHTHEANEIE | (BRERIRSERETHERERES BRI
o YIS , £kt BESKY |, HITHIIT , IRTLURSEFNETHE. BAEMEITEE
SEBRER D (2R [[IARERE] )
o WARBRASEHEERY , (ISNBENNERAR , BEFRDTIREIRIERNX

3. 10 #MEAR S cpu , REFAN—ARFENUGHERRIZ [FBZ; 10] | XIS TLEAERAARA cpu , (BFE—
BEFRF 10 R |, IREERDFIRLIZE. FrAZBREER (JEEZE 10] 70 [R5 10] ik

3. Java &5

FERE
o SIEFIETHR
. BELE

o ZFZ API

3.1 iR IEITEIE
Bix— , BiEfER Thread
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/] BIEEFENISR

Thread t = new Thread() {
public void run() {

/] BHITRUESS

¥

s

/] EnhEE

t.start();

40 -

/] EIESERNISERREIEIEERT | EF
Thread t1 = new Thread("t1") {
@Override
// run F5ERSEIL T BHATHES
public void run() {
log.debug("hello");
}
s
tl.start();

il

19:19:00 [t1l] c.ThreadStarter - hello

5i%— , {6l Runnable fig& Thread

B [Zef2] A0 (ES3] (BTN ) 9FF

e Thread XFELE
e Runnable ANiE{THIES ( ZREEHITHIRED )

Runnable runnable = new Runnable() {
public void run(){
/] ERITRIESS
}
s
/] BIEEFENISR
Thread t = new Thread( runnable );
/] EnhEE
t.start();

a0 -
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/] BIEESTIR
Runnable task2 = new Runnable() {
@Override
public void run() {
log.debug("hello");

}
b

/] B8 RASNSR; S8 BERERT  EE

Thread t2 = new Thread(task2, "t2");
t2.start();

it
19:19:00 [t2] c.ThreadStarter - hello
Java 8 LAFRILAERS lambda & &3

/] BIEESTIR
Runnable task2 = () -> log.debug("hello");

/] BH1 BRSNS, 582 BERERT  HE
Thread t2 = new Thread(task2, "t2");
t2.start();

* [RIEZ Thread 5 Runnable BJ%XFH
47 Thread BYIRRS , IB/EE5S Runnable F9%EK
NG

o FiE1 BRIBEEIEASEHET I , HiX2 2IBEENESOsHAT
e M Runnable BERZ54EHESH AP Bices
e FJ Runnable 1HF5SEMHEE T Thread HiR(IKER , BERIE
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553E= , FutureTask Bg& Thread

FutureTask BESSHRIL Callable S:BURYS4Y , AARAMIEAIREILERAIBR

/] BIEESTIR

FutureTask<Integer> task3 = new FutureTask<>(() -> {
log.debug("hello");
return 100;

s

/] B¥1 RESHR; S8R BEAERT  HE
new Thread(task3, "t3").start();

/] FLAEEE , BPEERF task FUTTENER
Integer result = task3.get();
log.debug("4ERE: {}", result);

il

19:22:27 [t3] c.ThreadStarter - hello
19:22:27 [main] c.ThreadStarter - #Z£ER2Z:100

3.2 MESANRIZRINETT
TEREE

° BT
o S, AHFAES
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3.3 BEEHESENLE
windows

o (FZEIRELIEEHENLIZE , oI LARRRILHTE
e tasklist BEEHE
e taskkill FRILHFE

linux

* ps -fe BEEMBIHE

* ps -fT -p <PID> BEFENHIE (PID ) HIFBL%IE
o kill SRILHFE

* top &AE HiEREREE

® top -H -p <PID> BEF/HIE (PID ) BFTELE

Java

* jps MOBEEME Java HiE
® jstack <PID> BFEHRA Java HiZ ( PID ) RMEEEINE
* jconsole REEEA Java HEPLEETER (EFR@E )

jeconsole InfEISIEHCE
o FELUNTAEITIRAY java £
java -Djava.rmi.server.hostname="ipit}ll> -Dcom.sun.management.jmxremote -

Dcom.sun.management . jmxremote.port="iE&%K]" -Dcom.sun.management.jmxremote.ssl=-BBLLEE -
Dcom.sun.management . jmxremote.authenticate=R&HIAUE javazk

o {EH /etc/hosts STHE 127.0.0.1 BETEFHZ
WMEREBIANIESE) , IREEMINI TS

e 54| jmxremote.password 3Zf4

o & jmxremote.password F jmxremote.access XA4AINPRSD 600 BIAFrE & LS
o JEERHEN controlRole ( BF4% ) , R&D ( ZH3)

3.4 * [FIEZ ZI=iE1T
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5t

Java Virtual Machine Stacks (Java %)

Fefi JERRDE JVM Fhiat, . 7AXETAR . HHRERAHERNTE ? HSIMELE | 81 EEME | Bl
MIMENESE—RERE.

o BMEHESMEM ( Frame ) Bk , WNEEXTTEBERI TS RIIAE
o FMEIEREEE—NEMEM , MNESRIEERITAIRRTTIE

%2 F F32i#e ( Thread Context Switch )
EALT—LRRSE cpu FEHITHRIRIGRE | TR — MERERE

o ZF2MY cpu BFEI RS

o HIR[EM

s BESMARNGERTEST

o HAEBCHAT sleep. yield, wait, join, park. synchronized, lock &%
2 Context Switch R4RS , FERBERFRFIRZEINS , FIRES—MEEIVIAT | Java RXIRAIHES
MEFEFITEIES ( Program Counter Register ) , BRIWEARICE F—5% jvm IESRIHITHEIIE , REFAZFABRY

o WSHIEEFITHEE. EUWHEFEMEMAER | WSHRE. B, REIE

¢ Context Switch SRERESFNIMERE

3.5 BAZE
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BiERA

start()

run()

join()

join(long n)

getld()

getName()
setName(String)

getPriority()

setPriority(int)

getState()

isinterrupted()

isAlive()

interrupt()

interrupted()

currentThread()

static

static

static

TReisER

Ba—" itk
12, TERTRIZAE
&17 run 73k
SRRIRAS

s =l =R
ARRE

FSRARIE T
R

ERFEARIB T
REREEFEN

=

FRENEFE I EERY
Ay id

IRENEAER
(B
IRENEAZ R

1BEAEM IR

SREREFEINE
TR EHEFT
T,

HEREES

( l_lﬂﬁ =1 5';':5
)

FTHREAE

FIRTHRIZAER
ERETHR
SRENRILETER
1TRIEAZ

bt 3=

start TiERRIEAEHENNE | EEAEA—EIZ
=17 (CPURIHBRIRRDETE ) . BIMEENRH
start7ARBEEA—R , REATSRSHM
lllegalThreadStateException

WNERTEAIE Thread XISRAT{EIE T Runnable 228, M
2B VEA Runnable #E9 run 733% , BNIER
INHTHERIE. {BRLABIE Thread RYF3ENISR |
RBEEIATH

id ME—

javarFAELARIMSTHRZ~10 BUEBER , BKRIMSTER
BEIRRIZEAEMR CPU TAEAINE

Java FEFRIREZER 6 1 enum Fs , 2808 ¢
NEW, RUNNABLE, BLOCKED, WAITING,
TIMED_WAITING, TERMINATED

TR RS

WNERAFTHTLRFRIETE sleep , wait , join £SEGHITHT
RIZFEMIE InterruptedException , FFi&kR FTHMR
B NRFIMBVIETE TSR | WSIRE 1T
T ; park BULEREMTHT , th2IRE FHTRC

2Bk FIRRC

LT B FIX @M &R A —E g 400-618-9090


最大等待时间n


=5 B | EEEEET
G bl Rt KEhEITHE, RIEETH

BixaA static = IjeEi5iEE e

AR TRIZ
FERIRNZER |,

sleep(long n) static {RBRATLEE cpu
MEdEREHEE
L5752

RN RERS
yield() static IEHEEIEREYY | FERN TSR
CPURYfEF

3.6 start 5 run
B run

public static void main(String[] args) {
Thread t1 = new Thread("t1") {
@Override
public void run() {
log.debug(Thread.currentThread().getName());
FileReader.read(Constants.MP4_FULL_PATH);

¥
s
tl.run();
log.debug("do other things ...");
}
i

19:39:14 [main] c.TestStart - main
19:39:14 [main]
19:39:18 [main]

19:39:18 [main]

.FileReader - read [1.mp4] start ...
.FileReader - read [1.mp4] end ... cost: 4227 ms
.TestStart - do other things ...

0o 0 0 0

FERAITE main &F21E1T , FileReader.read() FiATERIRERIHY
iEF start
B EIAMCEBAY t1.run() B

tl.start();

il
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19:41:30 [main] c.TestStart - do other things ...

19:41:30 [t1l] c.TestStart - t1

19:41:30 [t1l] c.FileReader - read [1.mp4] start ...

19:41:35 [t1] c.FileReader - read [1.mp4] end ... cost: 4542 ms

FERRIE t1 2B T, FileReader.read() FiEARAEREMH

MG

o EEERA run RETLAEFHITT run , IRBEHFHIZAE
o {%F start 2EMHFHILAZ | BIFHISAZEESNIT run FEMLRE

3.7 sleep 5 yield

sleep

1. JEF sleep £1LXMBILFEM Running N Timed Waiting 387 ( [EEE )

2. HELAEILAER interrupt 73 AFTUTIEFEREIRAVERAE | IXAT sleep 757ASHELE InterruptedException
3. EBRERENEERV S ZIEE T

4. W F TimeUnit B4 sleep & Thread A9 sleep SRIXEEIFAIAEM

yield

1. Y88 yield £iEMBILEFRM Running BN Runnable SHERE | REBRERITESEE
2. BB RI T B F R OS5 B S

Lt R

o HREARAIR (hint) EERMTEEZLE  BENNE—NMER  BESRTLUBEE
o YN8 cpu LEIRIT , BRAMSCRBHILAZRIXGESHINA | 8 cpu (BT, AERIVFRIER

Runnable taskl = () -> {
int count = 9;
for (55) {
System.out.println("---->1 " + count++);
¥
s
Runnable task2 = () -> {
int count = 0;

for (55) {

// Thread.yield();

System.out.println(" ---->2 " + count++);
}

1

Thread t1 = new Thread(task1, "t1");
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Thread t2 = new Thread(task2, "t2");

// tl.setPriority(Thread.MIN_PRIORITY);
// t2.setPriority(Thread.MAX_PRIORITY);
tl.start();

t2.start();

* RIFZEE (FH12)
3.8 join I3ikiFH%F
PHAFE join
TEEIRAZHAT , FTED r BHA ?

static int r = 9;

public static void main(String[] args) throws InterruptedException {
testl();

}

private static void testl() throws InterruptedException {
log.debug("FFHE");
Thread t1 = new Thread(() -> {

log.debug("FHR");

sleep(1);

log.debug("455E");

r = 10; tl
})s
t1.start (g ~i1.j0in() t

log.debug("25RA:{}", r);
log.debug("45%");

DT

o RNELIZNLAZE 1 BFHTHRITRY , 1 ZEFE 1 WZEZARERE r-10
o MELE—FHAEITED r AR , FTLAURBETENH r-o

BRIRTSIE

o fsleep TART? AHA?
e Hjoin, IN7E t1.start() Z/FRMA]

join

Sleep Runing->Timed Outing( )

* MAZRE (ZHI1)

VIR RERH , SR
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Sleep是有Runing->Timed Outing(阻塞状态)，万一不顺序执行呢？

同时等待多久时间呢？而join函数不用计算，可顺序连接线程

t1.join()

让主线程同步等待t1线程执行完成

看代码更像是先让t1执行完成


OERIEE | tE5EXET
/) %ﬁﬁﬂ§$ BRITHERE NEDPEITHE, BIEETHN

o FESFFHERIRE , AR THERY
o FEESFFHERRE , MEEHELETHERE

main
tl.start
1s 5§
r=10
\ t1 &IF
tl.join
4
FESIER
i@, FERAS cost KAZ/DFD ?
static int rl = 9;
static int r2 = 0;
public static void main(String[] args) throws InterruptedException {

test2();
}

private static void test2() throws InterruptedException {
Thread t1 = new Thread(() -> {
sleep(1);
ri= 10;
1
Thread t2 = new Thread(() -> {
sleep(2);

r2 = 20;
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12 2s
})s t1.statr, t2.start

long start = System.currentTimeMillis();

tl.start();

t2.start();

t1.join(); 1. 1s  tl.join t2 1s s t2
t2.join(); t2,.join

long end = System.currentTimeMillis();

log.debug("rl: {} r2: {} cost: {}", rl, r2, end - start); 25

DI

o FE—Njoin : HF t1 B, 12 FigHELL, MEET
o FEANjoin : 1s 5, FUTEI, t2 BiE177 1s, BB REBEF 1s

SNEREREIFRA join B ?

RELHEERH

20:45:43.239 [main] c.TestJoin - rl: 10 r2: 20 cost: 2005
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t1执行1s
t2执行2s
先执行t1.statr,再执行t2.start


t1.执行1s后，t1.join执行完成。然后这时t2已经执行了1s。然后1s后，t2执行完成。
t2,.join执行

故共执行2s


Y BDIEFER | fumsnt

www.itheima.com | i 1 T3 & 42 BMEDEITHE, RIERETHN
main main
tl.start t2.start
| |
1s 7§ 2s g
l ,, ,, |
r=10 t2.start tl.start r=20
| |
\ t1 &1k 2s & 1s 5 t2 &b
1 N/
tl.join r=20 r=10 t2.join
|
t2 &1k t1 2&1F
/ \
t2.join - {XEZ1s tl.join - TEEF

BHIAY join
0518

static int rl = 9;

static int r2 = 0;

public static void main(String[] args) throws InterruptedException {
test3();

}
public static void test3() throws InterruptedException {

Thread tl = new Thread(() -> {
sleep(1);
rl = 10;

1)

long start = System.currentTimeMillis();

tl.start();
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/] BREPITERETE join 4

t1.join(1500);

long end = System.currentTimeMillis();

log.debug("rl: {} r2: {} cost: {}", rl, r2, end - start);

il

20:48:01.320 [main] c.TestJoin - rl: 10 r2: O cost: 1010

IREEATE]

static int ri1 0;

static int r2 = 9;

public static void main(String[] args) throws InterruptedException {
test3();

}
public static void test3() throws InterruptedException {

Thread t1 = new Thread(() -> {
sleep(2);
rl = 10;

})s

long start = System.currentTimeMillis();
tl.start();

/] HEHITERSSH join FR
t1.join(1500);

long end = System.currentTimeMillis();
log.debug("rl: {} r2: {} cost: {}", rl, r2, end - start);

il

20:52:15.623 [main] c.TestJoin - rl: @ r2: @ cost: 1502

3.9 interrupt 5iEi¥E%F

$TBR sleep , wait , join AI%ETE

XA EE SIS NS

FTUT sleep RUZFE, SIBHIWRZ | LA sleep J9f)
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private static void testl() throws InterruptedException {
Thread t1 = new Thread(()->{
sleep(1);
}, "t1");
tl.start();

sleep(0.5);
tl.interrupt();
log.debug(" FTWPIRZS: {}", tl.isInterrupted());

il

java.lang.InterruptedException: sleep interrupted
at java.lang.Thread.sleep(Native Method)
at java.lang.Thread.sleep(Thread.java:340)
at java.util.concurrent.TimeUnit.sleep(TimeUnit.java:386)
at cn.itcast.n2.util.Sleeper.sleep(Sleeper.java:8)
at cn.itcast.n4.TestInterrupt.lambda$test1$3(TestInterrupt.java:59)
at java.lang.Thread.run(Thread.java:745)
21:18:10.374 [main] c.TestInterrupt - FTHPIAZ: false

FTRRIE R ISI TR
STHRERSIE TALRIE, FRBEITHIRES

private static void test2() throws InterruptedException {
Thread t2 = new Thread(()->{
while(true) {
Thread current = Thread.currentThread();
boolean interrupted = current.isInterrupted();
if(interrupted) {
log.debug(" FIBRIRZ: {}", interrupted);
break;

}
b 2

t2.start();

sleep(0.5);
t2.interrupt();

il

20:57:37.964 [t2] c.TestInterrupt - FIWRRZ: true
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$TR park &2
FTWr park &8, A2BTHTRIRS

private static void test3() throws InterruptedException {
Thread t1 = new Thread(() -> {
log.debug("park...");
LockSupport.park();
log.debug("unpark...");
log.debug ("FIRPIAZS : {}", Thread.currentThread().isInterrupted());
F, "t1M);
tl.start();

sleep(0.5);
tl.interrupt();

il

21:11:52.795 [t1] c.TestInterrupt - park...
21:11:53.295 [t1] c.TestInterrupt - unpark...
21:11:53.295 [t1] c.TestInterrupt - FTBPIRZ : true
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WRFTHIFRICE SRR true, T park £558

private static void test4() {
Thread t1 = new Thread(() -> {
for (int i = 0; 1 < 5; i++) {
log.debug("park...");
LockSupport.park();
log.debug ("¥THPIAZ : {}", Thread.currentThread().isInterrupted());

1
tl.start();

sleep(1);
tl.interrupt();

il

21:13:48.783 [Thread-0]
21:13:49.809 [Thread-90]
21:13:49.812 [Thread-0] c.TestInterrupt - park..

21:13:49.813 [Thread-0] c.TestInterrupt - TTﬁﬁkku»: true

c.TestInterrupt - park..
C
C
C
21:13:49.813 [Thread-0] c.TestInterrupt - park..
G
c
C
C
C

.TestInterrupt - TTHﬁJtuﬁ : true

21:13:49.813 [Thread-0] c.TestInterrupt - ?Tﬁﬁ{kuﬁ . true
21:13:49.813 [Thread-0] c.TestInterrupt - park..
21:13:49.813 [Thread-0] c.TestInterrupt - ﬂ&)ﬂku . true
21:13:49.813 [Thread-0] c.TestInterrupt - park...
21:13:49.813 [Thread-0] c.TestInterrupt - FIWPIKZ : true

=2

oJLAM#ER Thread.interrupted() SRFTHTIAZS

3.10 AHEFRITTE

EE—EREFERNGE  XESECER , S2BIAEARBIR | EEFETtH

BiE& static IgEisAE

stop() (F LR T
suspend() =i (&7 ) %87
resume() WE LTI T
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3.11 FEIESTIREIE

FOMBIRT |, Java HIEFBEFGMALIZENETER | 72ER. B—MMIARNZAZRTIREIE , RBEECIFT
PEFRIEITERT | BMETIPERENNIEIRE TR | tRREHIER,

5

log.debug("FHRIEIT. .. ");

Thread t1 = new Thread(() -> {
log.debug("FREIT. .. ");
sleep(2);
log.debug("IZ{T4E55R. . .");

}, "daemon");

/] REZEFENTIREAE

t1.setDaemon(true);

tl.start();

sleep(1);
log.debug("iz{T455K...");

il

08:26:38.123 [main] c.TestDaemon - FFRIETT...

08:26:38.213 [daemon] c.TestDaemon - FHRIZT. ..

08:26:39.215 [main] c.TestDaemon - IE{T45ER. ..
=

o LIR[EINEELIEFE —FPFIPEAE
e Tomcat f9 Acceptor # Poller Zef2&B2FHE&AE | FrlA Tomcat #E shutdown B<fE , A&25%
FelBs2anEk

3.12 AHIRES
XEMNM IRMER SR EmimiAny
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aAE

:

HETRE

v 1
R

:

ZBILRKE

o [¥aNE] NEEESEHEIZ THIENSR | BRSBRIFRGLEAEREX
o [AEITKE] (MENRTS ) IBIZLAECEWEE ( SRIERGLEAZREL ) | LA CPU FEHT
o [IETRE] $#83RET CPU BIE S THAORES

o X CPUMERASR , &M [EPRE] #iRE (FETRE] | SRS LT

o [FEERE]
o WNSRFATIEZE AP, 4 BIO 55X , IXEHZLAZLIRASAE] CPU , 2SHEAE ETUDHR |, BN
(PEZIRZ]

o % BIO iB{FcEE , SHIRERAIMEEERNLIE , BiRE [MNiaTIRE]
o 5 [EaiPihE] MXFIZ | 3 [[EEBIRE] NELERRREBC(]I—BEANRE , BAESH—BEASERE
BEEA]

[RIPRE] FREAECETRE  EnAMELER  FaBRRAHERTS

3.13 "R
XZM Java APl EEIRIEAR
HRAE Thread.State #7238 , 7 FIRZS
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Qi
2
RUNNABLE
"
TEHS [F—
5
6

NEW ZRFENIMEEIZE , (BERKEER start() ik

RUNNABLE 4IEFET start() F&ZE . JE3 , Java APl EEAY RUNNABLE RZSHE T BERSK EEM
[FEFRE] . UEFPRE] 0 [ERRE] ( BT BIO SHHIZIZEE | 7£ Java BEAK S |, BRI
EAIET)

BLOCKED , WAITING , TIMED WAITING #FE Java APl ZEX [[ERRA] WMES , BESERSER—T
ES4

TERMINATED HZARADIEITE

NEW

N

TERMINATED

3.14 3
FREDER (5t5)5%) | BHRKERNSEERRLE | =75

o ZEE" , AWNEAE (IWPANME ) RIRKEFRIRE

o XHNEZ. REMEETESSHT
o ME—BITENT 4 1MEE , BRIRE

o i sleep(n) RILERTE. HKIESHFEZERIRTIE)
B - LLDER (GtFITi%)

BEm% , R M LEHENEE A, ERSSRAEER 2 , ERWEBEIIERZRTD , LRXRE
FEFHAB AR SEES |, FAILNA.

SN ? TRER BT FRAHT.
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b, IEEERE. MENERE | TGRS ; KEEE 5%, FNEE; XBET , ZHEET. B4
72

o JNER KR ELEUK , UEXLE  EFEEITRINIAE | R, KRIT. ERM; FKFF
T EERR.
o INED : FiF LR TR, oK  IRRESRM  ERM —IRE | EKRK  BEKFFT 8

%u%O
o TNEAW I NHIKEE  ELRUK , BUEX L, 85K KFATZE  SRICITHRM , TRERT 8
%u%o

BB—FhiEERdIE ? FefJBE—IREW | B—MINELT , ERMNEEE T I,
XE/NE , BXE5F , LS| HEFEREEF S EERNEIEE.

IR , RRERITK | BRI KAURTR. iRFFK. IREM. RNARESRM , SiABEER , B
XERZERNAHR. SIREEXR AR MOAIEEERS T

WoKES 19580 — KEFPK 1595%h
%%ﬁlﬁﬁji}\
%%Wzﬁ%:;;/
7]

MXNE EALI—IREL |, DERRHE160 (M7NES. AHRE205 ) . MRBMHEETR, ESIF
R, NISFEEMEFX N |, MARMERMEAT. B, BREEN. ERMEHAT4DH , K
BIRI A ST RYRS RIS

BN XIFGRERE  RZTESL. BNERERMSFIRE  IZRE—O—HIZ , XEEEEERES. B8
HEZW , IREMENER , FEEFAN. EEATIAEGERNTIZEREY |, HERFEEGEREX
ABRT, A5Z7T  LBITF , EEGF/LAMES. XRST | BHER, Thh%  HEHNBHERE
& AXREN'HIER. BT AR5 R T —aER=8090 iE. SHEERAMAAREX
7, ERZI, SR, TX—RTZ/E | REFRESHA T REREC.

TEAREE , e, BRI, 3R [ XEAK , MERE—TARGEIL . BRI LAGHA

0
@
_|_
#
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B

VeSS, YOIHR, BRI 49 e

EXRXZEINEXE  BETFROASHINE , X EAFE O E T .
XEHNEZZNESENS , BERARELEY  FEEMLENITSSE. XD EEAN—EkRERE
R , B2 , FNRAXMZIEREREE , BEATHZA.
* NAZHRE (KR )
FENE
FENERETER
o ZFECIE
o ZFEEE api, Ul start, run, sleep , join, interrupt &
o RS
o NAETE
SR | EEAERTEIR , HESRERSHITRRRE
REME TR | Sz ERE

BPER : join

RENL - FIERERLRE | BRIRMNSR

o [REESHE
o LAREATIAVE : tk. kM. ETIUDMR. RS
o Thread FMEIES T AUIRS

O O O O

o LIMEZFIMERELE
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4.3 \5*%&:2 =] *E
FEARE

H= AR
synchronized
HREREDHT
Monitor
wait/notify
AR R
EERTE

Lock

4.1 H=HERAYEE
NG
o« BE (BERG) B—NIEBEANER (CPU) | IHEBIBERLE , M—rUMe

N/

|

=]

o /NEE. /I (KFR ) FERXNEEFHT IS | FHEIRINESLE TR
o (E/N\EIARRE—24/NIIEFRERE , MHREE/NGE—S (sleep) , NEREXRZIR EMFAT (FBRioE) , B
FIEEE—RIE , IRIFEREEET (wait ) XLERAFRA (HE )
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BRFATEN, S FRE, kRS
IMNMIB RS SR iR ) o r_-_z}z
=g - & = -

// svemﬂzlsﬁm £|

InputStream OutputStream

XL R | ERISFIFER ( A8tk T ) FREERTUE

o INZERRER | Zlﬂ% %/J\@ﬁé%ﬁ NG RERLF

T2, BERN— , BT NMNE [HMIBAR—=  BRERER ]

X, 2/ \eaPRERIEHE | ERETUSSNLER  FARRE , RZITA

RPTIOTERESR , FEFE—LHEER  MFEENRSE (TEREF ) 7%, UEERET
—NEIEA ( FF)  B-LEsREicESLE

o TERERIXHRY

< EEHIHAE 0

BEE+

—EIAE 1—!-|
IEEEL

SHEER 0

o ERHETHMNESR , B—RERKETEH

o NEERIEENTHIAE O T +1 BE , MKENRSRIER

o BEIR [/, (FAURNEZET  ZBIAT  IBREEREE ], TROESUE [ERE , ERE.. I FHOH
B—nFEERT (L)

o EEW[INZ, ZIRT 1, NNEEBERTECALESE 07— 1158 , BER -1 BAZICK

o XEPNZHIMEEATT  BENWMEET /G : VNE , BIR DXREEEIE] , I ethiRighaER 15
ATEIER
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L
Y
. : ————EEUA o—h-l
l [
Eﬂg:ﬁ, AER-1 \>4

> SEEE -1
e =Egm 1 —

o NNEHNIERTSE CIREE , (BEICARNERE 1 AR 0

Java BY(FIR
TEAMETEXIIAME 0 S E— MU | — MREDR , B 5000 Xk , ZEE 013 ?

static int counter = 0;

public static void main(String[] args) throws InterruptedException {
Thread t1 = new Thread(() -> {
for (int 1 = ©; i < 5000; i++) {
counter++;
}
}, "t1h);

Thread t2 = new Thread(() -> {
for (int i = @; i < 5000; i++) {
counter--;
¥
b, e2");

tl.start();
t2.start();

tl.join();
t2.jo0in();
log.debug("{}",counter);
¥
[ARE S Hr

DA FHOSERATRERIESL. TE. . FMHAR ? BF Java BRIEESTENEN , BRHAREFHRE , BEYKE
iR, WM FTHRER T

BIEIRST i++ TS (1 HEREER) | LR EWTH VM FHEES ¢
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getstatic i /7 FEERSTEINE
iconst_1 /] EEHEEL
iadd // Bif

putstatic i /7 BESENETNGSEZEL

XA i R

getstatic i /7 REGEHSEEINE
iconst_1 /] EEEEL
isub // Bk

putstatic i // BEHNENEFEAERSEZEL

M Java FIRTFREUNT , AR ERIBNE | BREEEETFHLERFPHTEIERR |

ERE

staticinti=0

EE1 i++ £12 2 i--

INREBLAZL L 8 ITRBRIVFHIIT (A2%EE ) iR :
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57 Nl salne i

getstatic i iEHY o

iconst 1 /HEREH 1

U

iadd %, ZER 1 =1

putstatic i A 1

getstatic i j5EEX 1

iconst 1 /HEREH 1
isub %L, &AEW i = o

2.0

putstatic i SN o

4

57 static i

HS—/—

BZEAETIX 8 (TSR RERIRIETT
HIRERIIENR |
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izl SFE2 static i

getstatic i 15EHY o

<

iconst 1 /HEREH 1

isub ik, ZAEAN i = -1

i) 134715

getstatiq i 3EEX o

iconst 1 JERES 1

iadd %, ZERN i =1

putstatic i A 1

LT

4

putstatic i A -1

ZiEl 57 =) static i

HIMEERIIER |
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izl SFE2 static i

getstatiq i 1EHY o

iconst 1 JHEREH 1

iadd %, &ERN i =1

LT

getstatic i 3EEY o

<

iconst 1 /HEREE 1

isub %L, ZHEAN i = -1

D

putstatic i AN -1

4

RO ERX®
putstatic i A 1 R
57 el 57 =) static i
G5 Critical Section

o —MEFETEMHEASRIRBIE
o [FAEHESNLARNAIHERR

o BSNEIEEHERFHLHBIRARE
o T_g/\gf$£5dt§a=*:ﬁbk‘——jT*{"FHTZQ’:'E?E/%\Q% . = I EIRR

o —RIIBRANRFENHEF RN LIZTEERE , MXRABRAIGTRE
pign , FEABFRIEFRX
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static int counter = 0;

static void increment()

/7 IEHRK
{
counter++;
}
static void decrement()
/7 IEFHREK
{
counter--;
}

=554 Race Condition

SPEAEEIRARXAHT , BTRBITEARRMSEERTEN | RZAKET REFRM

4.2 synchronized f#R5 2
*NMAZER

AT ERBIGRXVRSHGRE | BESMFRAILIULZIER.

o MEERAMRRZ : synchronized , Lock
o IFEEXNBILE | FFEE

RREMEFIRZEAIRRRTTE © synchronized , SRARR LIAEIE , BMATRAY (M5] , EXBERNOARILE—
RAESRE—NEEERFE (NE#] | HeSEaBREX [(N5il] HaBRE. XEmsRIEREH
LA AR AIHTIRR X RRIRES | RREOLIE LR

e 3=
B java P E SRS EBETLASRA synchronized &= k56 , (BB 1F2EXEIRY

. Eﬁmﬁﬁllmﬁ[ﬁ’]ﬁu FHRE | B—HZIREE— R TIRR XA
R RBETEEMTHISRE. FAR. B2 MEHEFTFREEEE TR TR
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synchronized

M
=y

synchronized (X&) // %21, #£F22(blocked)
{
IHFRX

fR

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

public static void main(String[] args) throws InterruptedException {
Thread t1 = new Thread(() -> {
for (int i = @; i < 5000; i++) {
synchronized (room) {
counter++;

}
b 1)

Thread t2 = new Thread(() -> {
for (int i = 0; i < 5000; i++) {
synchronized (room) {
counter--;

}
Yo "t2");

tl.start();

t2.start();

tl.join();

t2.join();
log.debug("{}",counter);

&

WaitSet Owner ‘

E Hgg —

[ 1]
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R LA AISREL, -

® synchronized(X45) FHIXIS , AILMBSA—EE (room ) , BE—AO (17]) BERE—REA—A
HTIHE , &2 1, 2 BEAENA

o HZFE t1 H11TEI synchronized(room) BYREEFLL t1 FNTXANEE , HBUETIEETHR , FEIRHIT
count++ {XAS

o XEHERINER t2 HIZfTEIT synchronized(room) BY , BRI IEEHUET , REEEIINERS  RET LT
%, [EEEFT

o XAEIRDGE t1 B9 cpu BFBEIRAZERSE  #BBH 719N ( AEERER AT T WRHME—EHIITIRE ) |
XY IAREUERY , 11 REEPY | 2 ZEAEEEINSHAEK , RETXREE t1 HEBEXRREHNE R
BEFFI A

e Ht1HUT5E synchronized{} RMAINAD , XEHEA M obj FBIEIHFAMEFF I LAV , IREER 2 ZF2HEH
RLLEMR. 12 HFRXATATTLUHAN obj BlE] , $HETIIEEERE , FUTER count-- {3

FRERER

LT B FIX @M &R A —E g 400-618-9090



1§E‘?§§B§
REERFR E NTDEITHE, BIEETH

www.itheima.com Ts:_ K THE M

ZAg1 57 ) static i EIOSE]
SRR ‘
EEESEn
getstatic i j5EEY o
iconst 1 /HEFEE 1
isub %L, ZFEN i = -1
I R
SHIRENEL | #%FHZE (BLOCKED) oo
........... R
putstatic i N -1
EEE=Ein
TEREL | FHIREEPESERYEAE
‘ >
HaE
getstatic i EEEY -1
iconst_1 /EEEE 1
iadd fmi%, 2R i = o
putstatic i 5N @ R
HE
FERIEN |, FFIREZIRZRAYLTE .
ZAg1 57 ) static i EIOSER]
BE
synchronized SCAREAMRBIRIE 7 IEREXARBIEFYE | [EFRXANRBEXNIIMNERT DN , FSWEED
HRRTFTH.

ATINRER |, 1BEE TEAYR
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o YIS synchronized(obj) FIFE for fEEIARYSNE , RN(ETERAR ? - JRFIE
e YN t1 synchronized(objl) MM t2 synchronized(obj2) SEFEE(E ? - 85
e WNERt1 synchronized(obj) M t2 IRBINSEARE ? ANAIEAR ? - IR

HEFIRI R
BB =T RN

class Room {
int value = 9;

public void increment() {
synchronized (this) {
value++;

public void decrement() {
synchronized (this) {
value--;

public int get() {
synchronized (this) {
return value;

@S1f4j
public class Testl {

public static void main(String[] args) throws InterruptedException {
Room room = new Room();
Thread t1 = new Thread(() -> {
for (int j = ©; j < 5000; j++) {

room.increment();
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)
}, "t1);

Thread t2 = new Thread(() -> {
for (int j = @; j < 5000; j++) {
room.decrement();
¥
b, "t2");
tl.start();
t2.start();

tl.join();
t2.join();
log.debug("count: {}" , room.get());

4.3 75i% ERY synchronized

class Test{
public synchronized void test() {

}
}
ENT
class Test{
public void test() {
synchronized(this) {

}

class Test{
public synchronized static void test() {

}
}
ENT

class Test{
public static void test() {
synchronized(Test.class) {

}
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A0 synchronized B9%5i%
A0 synchronzied RI7TERFLEAAETMMAIA | REZLHBA (HFLEBIEFHZERN )

FmiBRY" 22/ \$i"
HSORi 2% synchronized $HEAIEMR XIS
fE5R1 ;12821

@S1f4j(topic = "c.Number")
class Number{
public synchronized void a() {
log.debug("1");
}
public synchronized void b() {
log.debug("2");
}
}

public static void main(String[] args) {
Number nl = new Number();
new Thread(()->{ nl.a(); }).start();
new Thread(()->{ nl1.b(); }).start();

HR2 : 1sig12 , 802 1sf5 1

@S1f4j(topic = "c.Number")
class Number{
public synchronized void a() {
sleep(1);
log.debug("1");
}
public synchronized void b() {
log.debug("2");
}
}

public static void main(String[] args) {
Number nl = new Number();
new Thread(()->{ nl.a(); }).start();
new Thread(()->{ nl.b(); }).start();

fER3 :31s 12823 1s 18132 1s 1

@S1f4j(topic = "c.Number™)
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class Number{

public synchronized void a() {
sleep(1);
log.debug("1");

}

public synchronized void b() {
log.debug("2");

}

public void c() {
log.debug("3");

public static void main(String[] args) {
Number nl = new Number();
new Thread(()->{ nl.a(); }).start();
new Thread(()->{ nl1.b(); }).start();
new Thread(()->{ nl.c(); }).start();

1ER4:21s 51

@S1f4j(topic = "c.Number")
class Number{
public synchronized void a() {
sleep(1);
log.debug("1");
}
public synchronized void b() {
log.debug("2");

public static void main(String[] args) {
Number nl = new Number();
Number n2 = new Number();
new Thread(()->{ nl.a(); }).start();
new Thread(()->{ n2.b(); }).start();

1ER5:21s g5 1

@S1f4j(topic = "c.Number")
class Number{
public static synchronized void a() {
sleep(1);
log.debug("1");
}
public synchronized void b() {
log.debug("2");
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public static void main(String[] args) {
Number nl = new Number();
new Thread(()->{ nl.a(); }).start();
new Thread(()->{ nl1.b(); }).start();

BER6 : 1s512, 52 1s)5 1

@S1f4j(topic = "c.Number")
class Number{
public static synchronized void a() {
sleep(1);
log.debug("1");
}
public static synchronized void b() {
log.debug("2");

public static void main(String[] args) {
Number nl = new Number();
new Thread(()->{ nl.a(); }).start();
new Thread(()->{ nl.b(); }).start();

1ER7 :21s /51

@S1f4j(topic = "c.Number")
class Number{
public static synchronized void a() {
sleep(1);
log.debug("1");
}
public synchronized void b() {
log.debug("2");

public static void main(String[] args) {
Number nl = new Number();
Number n2 = new Number();
new Thread(()->{ nl.a(); }).start();
new Thread(()->{ n2.b(); }).start();

HR8 : 1s 512, 82 1sf5 1
@S1f4j(topic = "c.Number™)
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class Number{
public static synchronized void a() {
sleep(1);
log.debug("1");
}
public static synchronized void b() {
log.debug("2");
}
}

public static void main(String[] args) {
Number nl = new Number();
Number n2 = new Number();
new Thread(()->{ nl.a(); }).start();
new Thread(()->{ n2.b(); }).start();

° QD% b'ﬂ]lxﬁ/\; 1 J\”%*Eﬁé
o MRE(MEHZET , RIFENIRNEEERBENE , XoHHER

o MRRBITERME  WLERE
o WMRFEEERF  WXRABRRAX A FTEZELIELE

RifZEEEXERZR?
.« BERERERLERSN
o (EEHEESI RIS

o MRZMSIKBUETENERILR , ERGIEREN
o WRZMSKABIEANERFTEE  FELBLERE

BHEELERESH

public static void testl() {
int i = 10;

i++;

BMEAEREA test1() ITANBHRE || SEBMEAEAMATPREES) | Bt FER=

public static void testl();

descriptor: ()V
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flags: ACC_PUBLIC, ACC_STATIC

Code:

stack=1, locals=1, args_size=0
0: bipush 10
2: istore_©
3: iinc 0, 1
6: return

LineNumberTable:
line 10: ©
line 11: 3
line 12: 6

LocalvariableTable:
Start Length Slot Name  Signature

3 4 0 i I
SNE]
Thread-0 Thread-1

test1 t£ia E test1 & E

bipush 10 bipush 10
istore 0 istore 0

ifnc a i iinc a1
return return

BEEERIS | BEEARE

FE— T HRZERNGITF

class ThreadUnsafe {
ArrayList<String> list = new ArraylList<>();
public void methodl(int loopNumber) {
for (int i = ©; i < loopNumber; i++) {
/1 { IR, SFERSEMY
method2();

method3();
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// } IEFRX

private void method2() {
list.add("1");

private void method3() {
list.remove(9);

AT

static final int THREAD_NUMBER = 2;
static final int LOOP_NUMBER = 200;
public static void main(String[] args) {
ThreadUnsafe test = new ThreadUnsafe();
for (int 1 = @; i < THREAD_NUMBER; i++) {
new Thread(() -> {
test.methodl(LOOP_NUMBER);
}, "Thread" + i).start();

Hoh—iERE , MNR&KFE2 iA5K add , Z#21 remove RS :

Exception in thread "Threadl" java.lang.IndexOutOfBoundsException: Index: ©, Size: ©
at java.util.ArraylList.rangeCheck(ArrayList.java:657)
at java.util.ArraylList.remove(ArraylList.java:496)
at cn.itcast.n6.ThreadUnsafe.method3(TestThreadSafe.java:35)
at cn.itcast.n6.ThreadUnsafe.methodl(TestThreadSafe.java:26)
at cn.itcast.n6.TestThreadSafe.lambda$main$@(TestThreadSafe.java:14)
at java.lang.Thread.run(Thread.java:748)

T

o T NEEFEFH) method2 S5|ARIERRE— IS HM list kRZEE
e method3 5 method2 #7HEE
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-

\ Thread-0 Thread-1
method3 &g method3 &5 /
this.list | | this.list
method2 &0 method?2 i
N — — L
~ this.list | | this.list =
method1 &b method1 #&in

5 list (280 BEREE

class ThreadSafe {
public final void methodl(int loopNumber) {
ArrayList<String> list = new ArraylList<>();
for (int i = @; i < loopNumber; i++) {
method2(1list);
method3(1list);

}

private void method2(ArrayList<String> list) {
list.add("1");

}

private void method3(ArrayList<String> list) {
list.remove(9);

}

BARASE LRERE T
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o

o list 2EHTE , BN EERANSEEERRES , RBHE
e [ method2 FUSEEM method1 PIEEIIRA , 5 method1 F5|HE—INIF
e method3 BIEEH9 TS method2 #8E

i
Thread-0 Thread-1
method3 i ' method3 b5
| list | | list 1

N method2 i | method2 i | /
~{ list | | list =
method1 b5 method1 &5

~— list | | list —

FERIEEIRFRTRAVEE |, WISRIE method2 1 method3 BI75IAEEUA public SAESREBLIEL SR ?

o [ER1 : BHELRERER method2 ] method3
o [EN2 : E1ER1 B9EA E , 79 ThreadSafe FERINFE , F3EEBE method2 8¢ method3 75i% , B

class ThreadSafe {
public final void methodl(int loopNumber) {
ArraylList<String> list = new ArraylList<>();
for (int i = ©; i < loopNumber; i++) {
method2(1list);
method3(1list);

}

private void method2(ArraylList<String> list) {

list.add("1");
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}

private void method3(ArrayList<String> list) {
list.remove(9);

}
¥

class ThreadSafeSubClass extends ThreadSafe{
@Override
public void method3(ArrayList<String> list) {
new Thread(() -> {
list.remove(0);
}).start();

MZAMEIFALAEH private B final 264 [ZR2] NENRE , BHSFHENFE (7]

BREERSX

e String

e [nteger

e StringBuffer

e Random

e Vector

e Hashtable

e java.util.concurrent & FHIZE

XERCNIRLAELTERER | ZMEERRCIIE— M SLARENTTEN | BEETEeH. haLEE#EN

Hashtable table = new Hashtable();

new Thread(()->{
table.put("key", "valuel");
}).start();

new Thread(()->{
table.put("key", "value2");
}).start();

o BN IEREFHY
o EERCNSNLENASARRERTR  WamHHT
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HERSXFIENHES
DI TEABREEERZE ?

Hashtable table = new Hashtable();

/] SF21, FE2

if( table.get("key") == null) {
table.put("key", value);

}

ZFE1 57 ) table table

get("key")==null -

get("key")==null -

put("key", v2) -

put("key", v1) -
575l Zefg2 table table

AT RLETLM

String. Integer FEPRAAZR , ENERTIIREATLINZE | EHENNSGEHREERTEMN

BRFEITEELED , String B replace , substring F757% [BILA)] BZER , BPAXLT AN BANEIRIELE R
2908 ?
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public class Immutable{
private int value = 0;

public Immutable(int value){
this.value = value;

public int getValue(){
return this.value;

ANERFEIBHI—MENNRYTS AN ?

public class Immutable{
private int value = 0;

public Immutable(int value){
this.value = value;

public int getValue(){
return this.value;

public Immutable add(int v){

return new Immutable(this.value + v);

SEfIH
i -

public class MyServlet extends HttpServlet {
/] RERRE?
Map<String,0bject> map = new HashMap<>();
/] BERE?
String S1 = "...";
/] RBRE?
final String S2 = "...";
/] RBRE?
Date D1 = new Date();
/] RBERE?
final Date D2 = new Date();

public void doGet(HttpServletRequest request, HttpServletResponse response) {

LT B FIX @M &R A —E g 400-618-9090


af://n1751

OERIEE | tE5EXET
/) %&Eﬁi& BRITHERE NEDPEITHE, BIEETHN

// R LAEE

2 :

public class MyServlet extends HttpServlet {
/] BRBRRE?
private UserService userService = new UserServiceImpl();

public void doGet(HttpServletRequest request, HttpServletResponse response) {
userService.update(...);

public class UserServiceImpl implements UserService {
// ICRERIXE

private int count = 0;

public void update() {
Il coc

count++;

53 :

@Aspect
@Component
public class MyAspect {
/] RBRE?
private long start = OL;

@Before("execution(* *(..))")
public void before() {
start = System.nanoTime();

@After("execution(* *(..))")

public void after() {
long end = System.nanoTime();
System.out.println("cost time:" + (end-start));

4 :
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public class MyServlet extends HttpServlet {
/] BRBLRE
private UserService userService = new UserServiceImpl();

public void doGet(HttpServletRequest request, HttpServletResponse response) {
userService.update(...);

public class UserServiceImpl implements UserService {
/] RBRE
private UserDao userDao = new UserDaoImpl();

public void update() {
userDao.update();

public class UserDaoImpl implements UserDao {
public void update() {
String sql = "update user set password = ? where username = ?";
/] BBERE
try (Connection conn = DriverManager.getConnection("","","")){

J) ocoo
} catch (Exception e) {
/) coo
¥
¥
}
5

public class MyServlet extends HttpServlet {
/] RBRRE
private UserService userService = new UserServiceImpl();

public void doGet(HttpServletRequest request, HttpServletResponse response) {
userService.update(...);

public class UserServiceImpl implements UserService {
/] RBARE
private UserDao userDao = new UserDaoImpl();

public void update() {
userDao.update();
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public class UserDaoImpl implements UserDao {

/] RBERE

private Connection conn = null;

public void update() throws SQLException {
String sql = "update user set password = ? where username = ?";
conn = DriverManager.getConnection("","","");
/) ooc
conn.close();

f5l6 :

public class MyServlet extends HttpServlet {
/] BBRE
private UserService userService = new UserServiceImpl();

public void doGet(HttpServletRequest request, HttpServletResponse response) {
userService.update(...);

public class UserServiceImpl implements UserService {
public void update() {
UserDao userDao = new UserDaoImpl();
userDao.update();

public class UserDaoImpl implements UserDao {
/] RBLRE
private Connection = null;
public void update() throws SQLException {
String sql = "update user set password = ? where username = ?";
conn = DriverManager.getConnection("","","");
1 ooc

conn.close();

7 :

public abstract class Test {

public void bar() {
/] BRBRE
SimpleDateFormat sdf = new SimpleDateFormat("yyyy-MM-dd HH:mm:ss");

foo(sdf);
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public abstract foo(SimpleDateFormat sdf);

public static void main(String[] args) {
new Test().bar();

Hrh foo BUTHEAHER  TRESEARENERE | IR NIVERE

public void foo(SimpleDateFormat sdf) {
String dateStr = "1999-10-11 00:00:00";
for (int i = 0; 1 < 20; i++) {
new Thread(() -> {
try {
sdf.parse(dateStr);
} catch (ParseException e) {
e.printStackTrace();

}
}).start();

BEER JDK R String SS9

1518 :

private static Integer i = 0;
public static void main(String[] args) throws InterruptedException {
List<Thread> list = new ArrayList<>();
for (int j = 0; j < 2; j++) {
Thread thread = new Thread(() -> {
for (int k = @; k < 5000; k++) {
synchronized (i) {

i++;

}
"+ )
list.add(thread);
}
list.stream().forEach(t -> t.start());
list.stream().forEach(t -> {
try {
t.join();
} catch (InterruptedException e) {
e.printStackTrace();

1
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log.debug("{}", i);

4.5 ZJER
SERGS
W TERBETFELERSTE | FEAMIE

public class ExerciseSell {
public static void main(String[] args) {

TicketWindow ticketWindow = new TicketWindow(2000);

List<Thread> list = new ArrayList<>();

/] FARFHELHESDIKE

List<Integer> sellCount = new Vector<>();

for (int i = @; i < 2000; i++) {

Thread t = new Thread(() -> {

/] PITXERIREEM
int count = ticketWindow.sell(randomAmount());
sellCount.add(count);

})s
list.add(t);
t.start();
}
list.forEach((t) -> {
try {
t.join();
} catch (InterruptedException e) {
e.printStackTrace();
¥
1)

// SEHERIER
log.debug("selled count:{}",sellCount.stream().mapToInt(c -> c).sum());
/] FIREE
log.debug("remainder count:{}", ticketWindow.getCount());
}
// Random NLERELE
static Random random = new Random();
// BEHL 1~5
public static int randomAmount() {
return random.nextInt(5) + 1;

class TicketWindow {

private int count;

public TicketWindow(int count) {
this.count = count;
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public int getCount() {
return count;

public int sell(int amount) {
if (this.count >= amount) {

this.count -= amount;
return amount;

} else {
return 0;

}

B4, BTEREBITAT , AtA?
List<Integer> sellCount = new ArraylList<>();
pUIEY 12N

for /L %n in (1,1,10) do java -cp ".;C:\Users\manyh\.m2\repository\ch\qos\logback\logback-
classic\1.2.3\1logback-classic-1.2.3.jar;C:\Users\manyh\.m2\repository\ch\qos\logback\logback-
core\l.2.3\1logback-core-1.2.3.jar;C:\Users\manyh\.m2\repository\org\slf4j\slf4j-
api\l.7.25\sl1f4j-api-1.7.25.jar" cn.itcast.nd4.exercise.ExerciseSell

Felike>
W FTERDESFELERSNE , FEX5E

public class ExerciseTransfer {
public static void main(String[] args) throws InterruptedException {
Account a = new Account(1000);
Account b = new Account(1000);
Thread t1 = new Thread(() -> {
for (int 1 = 0; i < 1000; i++) {
a.transfer(b, randomAmount());

}

}, "t1);

Thread t2 = new Thread(() -> {
for (int 1 = @; i < 1000; i++) {

b.transfer(a, randomAmount());

¥

¥, "t2");

tl.start();

t2.start();

t1.join();

t2.join();
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// EEEIK2000XEHIEEERT
log.debug("total:{}", (a.getMoney() + b.getMoney()));
}
// Random HN&FEL S
static Random random = new Random();
// BEH 1~100
public static int randomAmount() {
return random.nextInt(100) +1;

class Account {
private int money;

public Account(int money) {
this.money = money;

public int getMoney() {
return money;

public void setMoney(int money) {

this.money = money;

public void transfer(Account target, int amount) {
if (this.money > amount) {
this.setMoney(this.getMoney() - amount);
target.setMoney(target.getMoney() + amount);

XEFBIETAT , A4

public synchronized void transfer(Account target, int amount) {
if (this.money > amount) {
this.setMoney(this.getMoney() - amount);
target.setMoney(target.getMoney() + amount);

4.6 Monitor S

Java J5k
LA 32 fSIEEAN B
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E7ERNEA
Josee e e s se e e n e |
| Object Header (64 bits) |
e oo |
| Mark Word (32 bits) | Klass Word (32 bits) |
A — - |
ESEENOE

[ Mark Word(32bits) | Klass Word(32bits) | array length(32bits) |

Hrh Mark Word 51879

[ Mark Word (32 bits) State |
e |
| hashcode:25 | age:4 | biased_lock:o | o1 Normal |
e |
| thread:23 | epoch:2 | age:4 | biased_lock:1 | o1 Biased |

Lightweight Locked |

Heavyweight Locked |

Marked for GC |

64 (IEEHAN Mark Word

|

[ Mark Word (64 bits) | State |
B e |
| unused:25 | hashcode:31 | unused:1 | age:4 | biased_lock:0 | o1 | Normal |
e e R |
| thread:54 | epoch:2 | unused:1 | age:4 | biased_lock:1 | o1 | Biased |
e Jemommm o |
| ptr_to_lock_record:62 | o0 | Lightweight Locked |
e B |
[ ptr_to_heavyweight_monitor:62 | 10 | Heavyweight Locked |
o e |
| | 12 | Marked for GC |
e Jmommm o |
sETE
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https://stackoverflow.com/questions/26357186/what-is-in-java-object-header

* [RIEZ Monitor(§)

* [FIEZ synchronized

N E S
G E

e ZF-JVM

o /N\FE - LFE

o INIZ - ZfE

o [BlE] - Xig

e FEiE)]L - B - Monitor

e BEI]L-/INERE - BERB

e EiEi])L -2l EINEERE - fREBd

o MEFZE - — P ENRAEBHEEEENX 20 HE

* TEEZIBZF - MEREZENRIREE , REIZEAT R

NNEEEFERBBRETEAMECATIN (RFE) | &4, tBEM@Ee , S LR, $UE]. X5,
BIEMEFT T, BIAEEATT] , N TIEERERY.

B2 | REERNRARMKEREBNERN. NRERREE , BRI EREFN , INEaXA , I
B LA, SR EBCKRIT | BiREEEBIITER ?

INEAVNERRT T, AT | MR2iEREE |, ECECHBEEREID |, EMINPaslE— , B
WERHTIEISHEEE  BRAREN  MREECH , BAMAILUAT] , XEEEMENT. T—HERE
BHER , BPAREIJ9ME | FRBRIXSTS RS JAY75 .

&3k, NEEERT |, RK—RIEBFASEXNEE. NEERXERERS , BH8 , EALMNIESET |, A1)
PRDTAS AR,

T2 NETREN R ETECHEF : UNeTREREE  HEAZR] | TRKREFERER , RERTFEE | B
LARBEIR LTI, BRI LIRS EREE. MRXPEEECAZRXNEER , BBARERAER/INFERNETER
=, FARAEBESI.

EFMEBRIREIZRT |, IR T | £ 20 MEEZI LT BT , B HE. EkttE CiiREZ
KT XEPNGZERT (HERXEEE )  ERMES— M MRENEZINEF |, FHREBERS. &
FREXMAERE , BET—FHEESARTE | L NABERET |, JUERE X LB CHEF

B3k, ABMMSMREINE , EEZATT BT , XEEEEAEAET  RegEHE

* [FIE2Z synchronized i#fif

4.7 wait notify
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IMNEE - A ATE wait

BATREANHRE | NI THE
ENEINR—E S REM EEAE)E S—HIEE , KR

&

[ ]
WaitSet Owner ‘

RIATATIER, &
(MBS R iR

| =2 (@22

TREXEAT—EKREZE (FA wait 757%) | iWEEIREZE (WaitSet ) FEXT , BIXEIBERTT |
HEARTLBZEBINZHEHE
BEVN\MEEESR , KM—7 [{REMRZNT 1 (A notify 753% )

&

[ ]
WaitSet Owner ‘

RBTA TEN, &
MBS RER {RENIEE T

] s 2-

NETRUUBHAEE , EfEATS AT

&

° WaitSet Owner ‘
\ed | \or
a H ARl
* R Z wait / notify
API 4G

e obj.wait() 1HHN object MHEEHILIEER] waitSet i
® obj.notify() 7E object EIFTE waitSet SFHILARFHE— N IREE
® obj.notifyAll() it object LIFTE waitSet HFAKIELERIRET
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ENIEREAEZ B TIMERITFERR |, BT Object WKRAVTIE, DABRBILNISRAIB , ARERAXILNTE

final static Object obj = new Object();
public static void main(String[] args) {

new Thread(() -> {
synchronized (obj) {

log.debug("HT....");

try {
obj.wait(); // it&AEFobj E—EEFFNE

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

¥

log.debug("HEMES....");

b
}).start();

new Thread(() -> {
synchronized (obj) {

log.debug("HfT....");

try {
obj.wait(); // 1t&FEfEobj E—EHEFTE

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

}

log.debug ("HEM....");

b
}).start();

/] EEFERDERIT
sleep(2);
log.debug("IEEE obj FEHEEE");
synchronized (obj) {
obj.notify(); // MaEEobj E— A2
// obj.notifyAll(); // iEEobj ERTEEFLARE

notify FY—FhER

20:00:53.096 [Thread-0] c.TestWaitNotify - HfT....
20:00:53.099 [Thread-1] c.TestWaitNotify - HifT...
20:00:55.096 [main] c.TestWaitNotify - [%EE Ob] _t;itgﬁgif
20:00:55.096 [Thread-0] c.TestWaitNotify - EHBEM....

notifyAll f94%
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19:58:15.457 [Thread-0] c.TestWaitNotify - #{T....
19:58:15.460 [Thread-1] c.TestWaitNotify - #H1T...
19:58:17.456 [main] c.TestWaitNotify - MEFE obj J:Hbéé%&
19:58:17.456 [Thread-1] c.TestWaitNotify - HE{{....
19:58:17.456 [Thread-8] c.TestWaitNotify - HERE....

wait() FIESTERBOISRAEL , BN WaitSet HFHX , NMILEALEFNSIREIRAIEE. LRSS, 52
notify A1k

wait(long n) BEIRAVESR, B n BREERFR , BEH notify

4.8 wait notify BYIERfHRE
FHEZRITEER
sleep(long n) #1 wait(long n) BIXKZHI

1) sleep & Thread /5% , M wait 2 Object B757% 2) sleep AHBES&HIF synchronized Bc&fER |, B wait TE
1 synchronized —i2Fd 3) sleep TEREARAIREIRT , ASREHISBIAY |, B wait EZFFRIRHESEROTSREL 4) ©1i]
IRZ TIMED_WAITING

step 1

static final Object room = new Object();
static boolean hasCigarette = false;
static boolean hasTakeout = false;

BETENBRLTREAT , AFA?

new Thread(() -> {
synchronized (room) {
log.debug("BIRiZ ? [{}]", hasCigarette);
if (!'hasCigarette) {
log.debug("iRMA , FHR ! ");
sleep(2);
b
log.debug("BIR;Z ? [{}]", hasCigarette);
if (hasCigarette) {
log.debug("BILAFFIATFIET");
b
}
Y, "NEg").start();

for (int 1 = 0; 1 < 5; i++) {
new Thread(() -> {
synchronized (room) {
log.debug ("BILAFFIATFIET");
¥

3, "HBA").start();
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¥

sleep(1);

new Thread(() -> {
// XBBBEARENN synchronized (room) ?
hasCigarette = true;
log.debug ("EEITIR ! ");

b, "EER").start();

il

20:49:49.883 [/\EG] c.TestCorrectPosture - BIR;Z ? [false]
20:49:49.887 [/\EF] c.TestCorrectPosture - j&IA , 8l !
20:49:50.882 [1XMAHY] c.TestCorrectPosture - YAZEITIR !
20:49:51.887 [/\E@] c.TestCorrectPosture - BYHIZ ? [true]
20:49:51.887 [/\E] c.TestCorrectPosture - BILAFHATE T
20:49:51.887 [HEA] c.TestCorrectPosture - AILAFHATET
20:49:51.887 [HEA] c.TestCorrectPosture - ALIFHATET
20:49:51.888 [HHEA] c.TestCorrectPosture - BJLAFHATET
20:49:51.888 [HEA] c.TestCorrectPosture - BJLAFHATET
20:49:51.888 [HEA] c.TestCorrectPosture - AILAFHATET

o HETENLE  S$E—BMEE , JEEXK

o /\EELLFRWVRERR 2s [ BEEER , MUERIERNEER , B A IRIBER

e 07T synchronized (room) f& , HiFt/\eaERER L 71 JRER , MEIRAIZREH] , main iZiN
synchronized FiiF& main 228 kA

o RIRTZIE , EF wait - notify ALl

step 2

BETEAISEITIE , A2

new Thread(() -> {
synchronized (room) {
log.debug("BIRiZ ? [{}]", hasCigarette);
if (!'hasCigarette) {
log.debug("iZMA , Stz 1 ");
try {
room.wait(2000);
} catch (InterruptedException e) {
e.printStackTrace();
}
¥
log.debug("EIFiZ ? [{}]", hasCigarette);
if (hasCigarette) {
log.debug("AILAFFETET");
¥
}
Y, "/INEE").start();
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for (int i1 = @; 1 < 5; i++) {
new Thread(() -> {
synchronized (room) {

log.debug ("BILAFFIATIET");

¥
}, "HEA").start();
¥
sleep(1);

new Thread(() -> {
synchronized (room) {
hasCigarette = true;
log.debug("EEITIR ! ");
room.notify();
}
}, "IEMERT").start();

il

20:51:42.489 [/NEF] c.TestCorrectPosture - BIFE ? [false]
20:51:42.493 [/N\fg] c.TestCorrectPosture - j&iH , Fc8ix !
20:51:42.493 [HBEA] c.TestCorrectPosture - ALAFHATET
20:51:42.493 [HEA] c.TestCorrectPosture - BJLAFHATET
20:51:42.494 [HEA] c.TestCorrectPosture - AJLIFHATET
20:51:42.494 [HEA] c.TestCorrectPosture - BJLUIFHATIET
20:51:42.494 [HEBA] c.TestCorrectPosture - AILAFHATET
20:51:43.490 [EMARY] c.TestCorrectPosture - YAZEITIA !
20:51:43.490 [/\EF] c.TestCorrectPosture - BIHIR ? [true]
20:51:43.490 [/NEF] c.TestCorrectPosture - BJLAFFATET

o BRTHETEILAZEZEAITR
o [BUNREHEECLIZBEFERMGE?

step 3

new Thread(() -> {
synchronized (room) {
log.debug("BiHi% ? [{}]", hasCigarette);
if (!hasCigarette) {
log.debug("i&MA , TR ! ");
try {
room.wait();
} catch (InterruptedException e) {
e.printStackTrace();

}

log.debug("BIRi%Z ? [{}]", hasCigarette);

if (hasCigarette) {
log.debug("AILAFFAETET");

} else {
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log.debug("i&TFAiE. .. ");

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

new Thread(() -> {
synchronized (room) {
Thread thread = Thread.currentThread();
log.debug("#PSEIXEZ ? [{}]", hasTakeout);
if (!hasTakeout) {
log.debug("iRINE , BHE ! ")
try {
room.wait();
} catch (InterruptedException e) {
e.printStackTrace();

}
log.debug("FMEXEIR ? [{}]", hasTakeout);
if (hasTakeout) {
log.debug("AILAFFETET");
} else {
log.debug("i&TFHE...");

}
Y, "NEZ").start();

sleep(1);
new Thread(() -> {
synchronized (room) {
hasTakeout = true;
log.debug("SMSEEITIR | ");
room.notify();
}
}, "IESMSERYT) .start();

i

20:53:12.173 [/NEF] c.TestCorrectPosture - BIFE ? [false]
20:53:12.176 [/N\f@] c.TestCorrectPosture - j&iH , Fc8i& !
20:53:12.176 [/\&Z] c.TestCorrectPosture - #PSEIEZRE ? [false]
20:53:12.176 [/N&Z] c.TestCorrectPosture - ;&HME, SCEis !
20:53:13.174 [IZHMERY] c.TestCorrectPosture - AMSEZE|TIE !
20:53:13.174 [/\EA] c.TestCorrectPosture - BIHiR ? [false]
20:53:13.174 [/\EF] c.TestCorrectPosture - j&FAGE...

e notify RBEREHIEEE— WaitSet FIRIZAE | IXESUISREHBEAZRAFTT | BAMAIREIREER 7 IEMRAIE

2, A [FEERGEE )
o BRIRFTIE , B notifyAll

step 4
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new Thread(() -> {
synchronized (room) {
hasTakeout = true;
log.debug("FNERITIR ! ") ;
room.notifyAll();
}
}, "IEHMEERY") .start();

i

20:55:23.978 [/\EF] c.TestCorrectPosture - BIi% ? [false]
20:55:23.982 [/\EF] c.TestCorrectPosture - j&IA , &8s !
20:55:23.982 [/\&Z] c.TestCorrectPosture - HPSEIEZRR ? [false]
20:55:23.982 [/\ZZ] c.TestCorrectPosture - j&4ME , fBie |
20:55:24.979 [1X4MEAY] c.TestCorrectPosture - AMSEZE|TIE |
20:55:24.979 [/NZZ] c.TestCorrectPosture - #PSEIXE& ? [true]
20:55:24.980 [/\&] c.TestCorrectPosture - BJLAFHATFET
20:55:24.980 [/\EF] c.TestCorrectPosture - BIRiR ? [false]
20:55:24.980 [/N\fg] c.TestCorrectPosture - J&FHGE. ..

o M notifyAll {ERERENELFZAOMEER QR |, (BEEA if + wait FIMNE RS |, —BEEARMIL , UKBER
FIRAN ST
o fRRTFE , A while + wait , HEEARRLIL , BIR wait

step 5

15 if ¥4 while

if (!hasCigarette) {
log.debug("i&MA , L= ! ");
try {
room.wait();
} catch (InterruptedException e) {
e.printStackTrace();

Bel=)

while (!hasCigarette) {
log.debug("i2IR , TH= ! ");
try {
room.wait();
} catch (InterruptedException e) {
e.printStackTrace();
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il

20:58:34.322 [/\E@] c.TestCorrectPosture - BIR;R ? [false]
20:58:34.326 [/\f@] c.TestCorrectPosture - j&{H , FcBis !
20:58:34.326 [/\%Z] c.TestCorrectPosture - #PSEIXE&Z ? [false]
20:58:34.326 [/\%Z] c.TestCorrectPosture - j&4ME, HcBie !
20:58:35.323 [I£HPMEERY] c.TestCorrectPosture - YPSEE|TME |
20:58:35.324 [/\{&Z] c.TestCorrectPosture - HPSEIEZR&Z ? [true]
20:58:35.324 [/\&Z] c.TestCorrectPosture - BAILIFHATET
20:58:35.324 [/\EF] c.TestCorrectPosture - j&IH , &8s !

synchronized(lock) {
while (ML) {
lock.wait();

}
/] FiE

/1 B— Az
synchronized(lock) {
lock.notifyAll();

4.9 Park & Unpark
E(ER

EAIE LockSupport 7%

/] EEHEI%RE
LockSupport.park();

/] WREEANGIEREIT
LockSupport . unpark CE{E&EXS)

5% park B unpark

LT B FIX @M &R A —E g 400-618-9090


af://n2052
af://n2053
af://n2060
af://n2061

=5 B | EEEEET
G bl Rt KEhEITHE, RIEETH

Thread t1 = new Thread(() -> {
log.debug("start...");
sleep(1);
log.debug("park...");
LockSupport.park();
log.debug("resume...");

},"t1t);

tl.start();

sleep(2);
log.debug("unpark...");
LockSupport.unpark(tl);

i
18:42:52.585 c.TestParkUnpark [t1] - start...
18:42:53.589 c.TestParkUnpark [t1] - park...
18:42:54.583 c.TestParkUnpark [main] - unpark..
18:42:54.583 c.TestParkUnpark [t1] - resume...
5% unpark £ park

Thread t1 = new Thread(() -> {
log.debug("start...");
sleep(2);
log.debug("park...");
LockSupport.park();
log.debug("resume...");

3, "t1Y);

tl.start();

sleep(1);
log.debug("unpark...");
LockSupport.unpark(tl);

i
18:43:50.765 c.TestParkUnpark [t1] - start...
18:43:51.764 c.TestParkUnpark [main] - unpark...
18:43:52.769 c.TestParkUnpark [t1] - park...
18:43:52.769 c.TestParkUnpark [tl1] - resume...

=

B

5 Object B9 wait & notify #8EL
e wait , notify ¥ notifyAll &4REZA Object Monitor —#2fF8 , 0 park , unpark i

LT B FIX @M &R A —E g 400-618-9090


af://n2079

1§E’}§§B§'F
%ﬁtﬁﬂ::; BRITHERE NEDPEITHE, BIEETHN

e park & unpark ZLAZFENEASR [(FBE] A0 [1REE] £672 | M notify REEFEHIREE—NEFEAZ | notifyAll
RIRFERTEEGEHE | SAHPA [#5H8]
e park & unpark BJLAS S unpark , 1 wait & notify A<gE4E notify

* [RIEZ park & unpark

4.10 EFIEBLIEINTIER
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NEW

Qi
2
RUNNABLE
">
TEHES [~
5
6

N

TERMINATED

ﬁiiﬁﬁéﬁﬁg Thread t
&% 1 NEW --> RUNNABLE

o MiFRA t.start() J3ART, BH NEW --> RUNNABLE

&% 2 RUNNABLE <--> WAITING

t &F2A synchronized(obj) IRENTXIHREF

e M obj.wait() JF5ERT, t ZFEM RUNNABLE --> WAITING
e M obj.notify() , obj.notifyAll() , t.interrupt() AT

o =&SHELTH , t BFEM  WAITING --> RUNNABLE
o =L , t BFEM  WAITING --> BLOCKED

public class TestWaitNotify {
final static Object obj = new Object();

public static void main(String[] args) {
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new Thread(() -> {
synchronized (obj) {
log.debug("HUT....");
try {
obj.wait();
} catch (InterruptedException e) {
e.printStackTrace();

}
log.debug("HEMRMB...."); // W=
}
},"t1") . start();

new Thread(() -> {
synchronized (obj) {
log.debug("HT....");
try {
obj.wait();
} catch (InterruptedException e) {
e.printStackTrace();

}
log.debug("HEMRAD...."); // Wims

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

sleep(0.5);
log.debug("I%EE obj FHELIE");
synchronized (obj) {
obj.notifyAll(); // MfEobj EFIESREIE W=
¥

15/ 3 RUNNABLE <--> WAITING

o MBIKIEAMA t.join() FHIERT , LBTLEFEM RUNNABLE --> WAITING
o FERNMHIEETt ZIEWRALMEE FEF
o t ZBEITER , HEATHALIEN interrupt() BT, ZHAIKIEM WAITING --> RUNNABLE

&% 4 RUNNABLE <--> WAITING

o LFIZFZVER LockSupport.park() JiESLLYBIZRFEM RUNNABLE --> WAITING
e M LockSupport.unpark(BirEAE) EERTEHIE Y interrupt() , S1LBEREIEM WAITING -->
RUNNABLE

&8 5 RUNNABLE <--> TIMED_WAITING

LT B FIX @M &R A —E g 400-618-9090


af://n2155
af://n2169
af://n2179

=5 B | EEEEET
G bl Rt KEhEITHE, RIEETH

t &FEF synchronized(obj) FREX 7 XI5REfE
e JHH obj.wait(long n) J5iERT, t ZZFEM RUNNABLE --> TIMED WAITING
o tAEEESNEEIET n=ZF, 8ER obj.notify() , obj.notifyAll() , t.interrupt() AT

o TEEHIATD , t &FEM  TIMED WAITING --> RUNNABLE
o TEEPLLM , t ZEFEM  TIMED WAITING --> BLOCKED

&5 6 RUNNABLE <--> TIMED_WAITING

o UBIEKIFTAA t.join(long n) FiERT , ZBUZFEM RUNNABLE --> TIMED WAITING
o ITEERHMAREAt ZENRNGME L5
o HEIGEESHEEYE T n 28, St ZBTITER |, AR T HIEEN interrupt() BT, HAIEREM

TIMED_WAITING --> RUNNABLE

&% 7 RUNNABLE <--> TIMED _WAITING

o HBILAEVAMA Thread.sleep(long n) , =BIZFEM RUNNABLE --> TIMED_WAITING
o MEIEBREEIEETT n =F , HETSIEM  TIMED WAITING --> RUNNABLE

&8 8 RUNNABLE <--> TIMED_WAITING

o UFIZFZTAR LockSupport.parkNanos(long nanos) BY LockSupport.parkUntil(long millis) B, iBigk
EM RUNNABLE --> TIMED_WAITING

o iEF LockSupport.unpark(BiR&FE) ERJAATHIZ Y interrupt() , BREEFENT , SILBETREEN
TIMED_WAITING--> RUNNABLE

5% 9 RUNNABLE <--> BLOCKED
o t&fEF synchronized(obj) FREN T ITSRMMATUISRTESHSMI , ML RUNNABLE --> BLOCKED

o 5 obj PIARIERRLSREHRITREE | SMRERIZXIS FFE BLOCkED MIAEEF =T , IREY t KiE=F:
A%IH , M. BLOCKED --> RUNNABLE , HELMAIZLFE(I%A BLOCKED

&% 10 RUNNABLE <--> TERMINATED

LHEIKIERTEREIE T5eEE , HE\ TERMINATED

4.11 2B
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SIEA TR
—EAETEEINIE | . ¥3 , EMET.

WENREFS , NEER , BURRB—EEF (— &M ) B9E |, BAFRERE
BIRTTIERERZNBER (SR )
fgn

class BigRoom {

public void sleep() {
synchronized (this) {
log.debug("sleeping 2 /NES");
Sleeper.sleep(2);

}

public void study() {
synchronized (this) {
log.debug("study 1 /NEF");
Sleeper.sleep(1l);

BigRoom bigRoom = new BigRoom();

new Thread(() -> {
bigRoom.compute();

},"/NEE") . start();

new Thread(() -> {
bigRoom.sleep();

},"INEZ) cstart();

FIRER

12:13:54.471 [/N\E@] c.BigRoom - study 1 /MBS
12:13:55.476 [/N\%] c.BigRoom - sleeping 2 /)Y

Eetid
class BigRoom {

private final Object studyRoom = new Object();
private final Object bedRoom = new Object();

public void sleep() {
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synchronized (bedRoom) {
log.debug("sleeping 2 /NEY");
Sleeper.sleep(2);

}

public void study() {
synchronized (studyRoom) {
log.debug("study 1 /NET");
Sleeper.sleep(1);

RIRPITES

12:15:35.069 [/N\fg] c.BigRoom - study 1 /MBS
12:15:35.069 [/\&Z] c.BigRoom - sleeping 2 /N

KRR E A

o it , BELUSEAKRE
o b, MR—NEIEFERITIXESEH , MBEBKRETLH

4.12 &Ikl

FE

BXERER | —MIEF RSN , XIME S KETH

t1 &18 FKE AdZ B, ETRESREN uisk OB t2 &f8 FK1E sxis B, BTFSRAEFEL Axs BOBH I -

Object A = new Object();
Object B = new Object();
Thread t1l = new Thread(() -> {
synchronized (A) {
log.debug("lock A");
sleep(1);
synchronized (B) {
log.debug("lock B");
log.debug("#{E...");
¥
}
3, "t1t);

Thread t2 = new Thread(() -> {
synchronized (B) {
log.debug("lock B");
sleep(0.5);
synchronized (A) {

log.debug("lock A");
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log.debug("#{E...");
)
Jo TE2Y)8

tl.start();
t2.start();

ER

12:22:06.962 [t2] c.TestDeadlLock - lock B
12:22:06.962 [t1] c.TestDeadlLock - lock A

TEAIFEH

o MFEHRTLAGER jconsole TR |, BiE (A jps EALAE id , B jstack FEAFEHH :

cmd > jps

Picked up JAVA_TOOL_OPTIONS: -Dfile.encoding=UTF-8
12320 JIps

22816 KotlinCompileDaemon

33200 TestDeadlLock // IVM HFE

11508 Main

28468 Launcher

cmd > jstack 33200

Picked up JAVA_TOOL_OPTIONS: -Dfile.encoding=UTF-8

2018-12-29 05:51:40

Full thread dump Java HotSpot(TM) 64-Bit Server VM (25.91-bl14 mixed mode):

"DestroyJavaVM" #13 prio=5 os_prio=0 tid=0x0000000003525000 nid=0x2f60 waiting on condition
[0x0000000000000000 ]
java.lang.Thread.State: RUNNABLE

"Thread-1" #12 prio=5 os_prio=0 tid=0x000000001eb69000 nid=0xd40 waiting for monitor entry
[0x0000000011541000 ]
java.lang.Thread.State: BLOCKED (on object monitor)
at thread.TestDeadLock.lambda$main$1(TestDeadLock.java:28)
- waiting to lock <@x000000B76b5bT1cO> (a java.lang.Object)
- locked <0©x000000076b5bf1de> (a java.lang.Object)
at thread.TestDeadLock$$Lambda$2/883049899.run(Unknown Source)
at java.lang.Thread.run(Thread.java:745)

"Thread-0" #11 prio=5 os_prio=0 tid=0x000000001eb68800 nid=0x1b28 waiting for monitor entry
[0x000000001 44000 ]
java.lang.Thread.State: BLOCKED (on object monitor)
at thread.TestDeadLock.lambda$main$0(TestDeadLock.java:15)

- waiting to lock <@x0000VRR76b5bT1doO> (a java.lang.Object)
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- locked <0x000000076b5bf1cO> (a java.lang.Object)
at thread.TestDeadLock$$Lambda$1/495053715.run(Unknown Source)
at java.lang.Thread.run(Thread.java:745)

// LD

Found one Java-level deadlock:

"Thread-1":
waiting to lock monitor ©x000000000361d378 (object ©x000000O76b5bflcO, a java.lang.Object),
which is held by "Thread-0"

"Thread-0":
waiting to lock monitor 0x000000000361e768 (object ©x00000OO76b5bf1lde, a java.lang.Object),
which is held by "Thread-1"

Java stack information for the threads listed above:

"Thread-1":
at thread.TestDeadLock.lambda$main$l(TestDeadLock.java:28)
- waiting to lock <@x000VRR76b5bf1lcO> (a java.lang.Object)
- locked <0x000000076b5bf1de> (a java.lang.Object)
at thread.TestDeadLock$$Lambda$2/883049899.run(Unknown Source)
at java.lang.Thread.run(Thread.java:745)
"Thread-0":
at thread.TestDeadlLock.lambda$main$@(TestDeadLock.java:15)
- waiting to lock <@x00000LO76b5bT1dO> (a java.lang.Object)
- locked <0x000000076b5bf1cO> (a java.lang.Object)
at thread.TestDeadLock$$Lambda$1/495053715.run(Unknown Source)
at java.lang.Thread.run(Thread.java:745)

Found 1 deadlock.

o ERIEMEEEINBINF
o BIMIKRBATENIEENTHER , SHHELE—BEEFSF , WFXMER linux TEILUEE top STEE!
CPU HFERY Java #12 , BFIA top -Hp #iBid REMEWNELE , &REHA jstack HiE

B RMERE
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L

BOUEFR , BAERRS.

o fIIRMIHESE , BEMZR , BE MR , IZREEERE.
o IZIRNEAMRETIZ , KR EHE 5 RRT  SUEEREGFILZIERERT.
o MRHEFHEFONAZEE , BCHESH

[E S

class Chopstick {
String name;

public Chopstick(String name) {
this.name = name;

}

@Override
public String toString() {
return "fEF{" + name + '}';

}
}

class Philosopher extends Thread {
Chopstick left;
Chopstick right;
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public Philosopher(String name, Chopstick left, Chopstick right) {
super(name);
this.left = left;
this.right = right;

private void eat() {
log.debug("eating...");
Sleeper.sleep(1);

@Override
public void run() {
while (true) {
/] FRBEFEF
synchronized (left) {
/] REEFHEF
synchronized (right) {

/] WEiR
eat();
}
/! WFEFEF
}
/! BREFEF
b
}
}
ME

Chopstick c1 = new Chopstick("1");

Chopstick c2 = new Chopstick("2");

Chopstick ¢3 = new Chopstick("3");

Chopstick c4 = new Chopstick("4");

Chopstick ¢5 = new Chopstick("5");

new Philosopher("7BHEHIE", c1, c2).start();
new Philosopher("fHHIE", c2, c3).start();
new Philosopher("WE+TZE", ¢3, c4).start();
new Philosopher("FfHisaf4E", c4, c5).start();
new Philosopher("PE K=", ¢5, cl).start();

PTARESR , BHITATET

12:33:15.575 [H4&AIK] c.Philosopher - eating...
12:33:15.575 [I/EE+2f=] c.Philosopher - eating...
12:33:16.580 [PIEK{E] c.Philosopher - eating...
12:33:17.580 [[UEK{E] c.Philosopher - eating...
/! FEXE, FATET

{58 jconsole t&MFEEE , AT
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BER: fEKE
JR7ZS: cn.itcast.Chopstick@l540e19d (%iF1) LHIBLOCKED, iHEZ: FHHEAIE
SPEIEE: 2, B&EE: 1

HARERER :
cn.itcast.Philosopher.run(TestDinner.java:48)
- B84E cn.itcast.Chopstick@ed6f6e28 (FEF5)

BIR: SRR
JRZS: cn.itcast.Chopstick@677327b6 (£5F2) LERIBLOCKED, HEE: tHAIE
BPEHLEE: 2, RE&E: 1

AR IRER :
cn.itcast.Philosopher.run(TestDinner.java:48)
- B#ME cn.itcast.Chopstick@1540e19d (fEF1)

BFR: HERE
RZ: cn.itcast.Chopstick@l4ae5a5 (#F3) LAIBLOCKED, HHEE: TELEE
DRSS 2, BERE:

AR ERER:
cn.itcast.Philosopher.run(TestDinner.java:48)
- B8E cn.itcast.Chopstick@677327b6 (fEF2)

B WELEE
JRZ: cn.itcast.Chopstick@7f31245a (fF4) LHIBLOCKED, HHEE: MHITFlF
B 1, SR 1

HERERER :
cn.itcast.Philosopher.run(TestDinner.java:48)
- B8FE cn.itcast.Chopstick@l4ae5a5 (fEF3)

AR HhsFS
R cn.itcast.Chopstick@ed6fee28 (fF5) LAIBLOCKED, HBEE: FIEKME
SPELEET: 2, BEEE: o

AR ERER :

cn.itcast.Philosopher.run(TestDinner.java:48)
- B#E cn.itcast.Chopstick@7f31245a (fiF4)

XTI BRI R |, PUTA TRBIER | 132809 EERIE] W&, BRT 8N , BEESFNIHETRIRE
i

it
TEHHIVER MR BRI AR | RITEBIAER , Fi

public class TestLivelock {

static volatile int count = 10;
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static final Object lock = new Object();

public static void main(String[] args) {
new Thread(() -> {
// BEEIRE o EHEIR
while (count > 0) {
sleep(0.2);
count--;
log.debug("count: {}", count);
}
}, "t1").start();
new Thread(() -> {
// HHEEEE 20 IBHTER
while (count < 20) {
sleep(0.2);
count++;
log.debug("count: {}", count);

)
¥, "t2").start();

p/Lhe::
REHRRPBIEELS , —MERRTRAFAR , BEIERE CPUBEHIVT , thREEBER  TURIERT

ZiEn  HHESHET RS R R

TEHEH—THBRN—MEARHGIT | SoREEERINF ISR Z BRI R

57 ol HFE2 ITRA PUEL:]
____________________________ =g
HE
____________________________ =mgRme
e
Y T . N A o
___________ AR
57 ol ZFE2 PO PUEL:]

UEAINENER 7 IR ES
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ZFE1 57 =) TEA POEL:
____________________________ SRR .
HE
........... SRR
_______________ FEE AN«
T PO .. N N .
HE
57 ol HFE2 ITRA PUEL:]

4.13 ReentrantLock

HEXFF synchronized EE&EII TR
o TIARHT
o OJLAIS EBATAY A
o TILUZERAFH
o XIFENKHEE
5 synchronized —#£ , E3HFAEAN
BEXNEE

// 3RERSH
reentrantLock.lock();

try {
/7 IEREX

} finally {
/] FERU
reentrantLock.unlock();

AEA
AJEANRIER—MARNRERIRE TXIEH | BARACRXIEUNAEEE | EILENFIBRIRBUXIEH
RBATEANY , BIAFRREHET | BOBSWBiEE
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static ReentrantLock lock = new ReentrantLock();

public static void main(String[] args) {
methodl();

public static void methodl() {
lock.lock();
try {
log.debug("execute methodl");
method2();
} finally {
lock.unlock();

public static void method2() {
lock.lock();
try {
log.debug("execute method2");
method3();
} finally {
lock.unlock();

public static void method3() {
lock.lock();

try {
log.debug("execute method3");
} finally {
lock.unlock();
}
¥
i

17:59:11.862 [main] c.TestReentrant - execute methodl
17:59:11.865 [main] c.TestReentrant - execute method2
17:59:11.865 [main] c.TestReentrant - execute method3

aTFTHR

ANl

ReentrantLock lock = new ReentrantLock();

Thread t1 = new Thread(() -> {
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log.debug("/Ez...");

try {
lock.lockInterruptibly();

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

log.debug (" EHIHNIFRPHFTHT") 5

return;

)

try {
log.debug("3KETHI");

} finally {
lock.unlock();

}

}; ||t1|| ) ;

lock.lock();
log.debug("3KETH");
tl.start();
try {
sleep(1);
tl.interrupt();
log.debug("HUTFIHT") ;
} finally {
lock.unlock();

il

18:02:40.520 [main] c.TestInterrupt - KB T8
18:02:40.524 [t1] c.TestInterrupt - 2rf...
18:02:41.530 [main] c.TestInterrupt - HITFIHR
java.lang.InterruptedException

at
java.util.concurrent.locks.AbstractQueuedSynchronizer.doAcquireInterruptibly (AbstractQueuedSynchr
onizer.java:898)

at
java.util.concurrent.locks.AbstractQueuedSynchronizer.acquireInterruptibly(AbstractQueuedSynchron
izer.java:1222)

at java.util.concurrent.locks.ReentrantLock.lockInterruptibly(ReentrantLock.java:335)

at cn.itcast.n4.reentrant.TestInterrupt.lambda$main$@(TestInterrupt.java:17)

at java.lang.Thread.run(Thread.java:748)
18:02:41.532 [t1] c.TestInterrupt - ZSHANISFEPMEFTHT

TR BA gz, BBARMEFEAT interrupt thARSIEERFhlT

ReentrantLock lock = new ReentrantLock();

Thread t1 = new Thread(() -> {

log.debug("/@5...");
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lock.lock();
try {
log.debug("3R1ETHI");
} finally {
lock.unlock();
}
3, "t1Y);

lock.lock();
log.debug("FKIETHL") ;
tl.start();
try {
sleep(1);
tl.interrupt();
log.debug("HATHTHT") ;
sleep(1);
} finally {
log.debug ("B T ") ;
lock.unlock();

il

18:06:56.261 [main] c.TestInterrupt - KB THI

18:06:56.265 [t1] c.TestInterrupt - J3&...

18:06:57.266 [main] c.TestInterrupt - HUTFIBR // XBT t1 FHREREIEFTH, MEMSEEESEH
18:06:58.267 [main] c.TestInterrupt - FERL Tt

18:06:58.267 [t1] c.TestInterrupt - FKE T

g
SIS

ReentrantLock lock = new ReentrantLock();
Thread t1 = new Thread(() -> {
log.debug("/3&0...");
if (!lock.tryLock()) {
log.debug("3REZZIKM , IR[E]") ;

return;

}

try {
log.debug("IRETHL");

} finally {
lock.unlock();

}

}, lltlll);

lock.lock();

log.debug("3R1ETHI");
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tl.start();

try {
sleep(2);

} finally {
lock.unlock();

il

18:15:02.918 [main] c.TestTimeout - $KE T Hi
18:15:02.921 [t1] c.TestTimeout - F3f...
18:15:02.921 [t1] c.TestTimeout - FRENZZISKN , iR[E]

HBRTRI

ReentrantLock lock = new ReentrantLock();
Thread t1 = new Thread(() -> {
log.debug("B0...");

try {
if (!lock.tryLock(1l, TimeUnit.SECONDS)) {

log.debug ("KENZESF 1s R , IX[E]");
return;
¥
} catch (InterruptedException e) {
e.printStackTrace();

}
try {
log.debug("KETHI");
} finally {
lock.unlock();
¥
3, "t1Y);

lock.lock();
log.debug ("3RG TH");
tl.start();
try {
sleep(2);
} finally {
lock.unlock();

il

18:19:40.537 [main] c.TestTimeout - $KB T Hl
18:19:40.544 [t1] c.TestTimeout - Zrf...
18:19:41.547 [t1] c.TestTimeout - ¥KENZERF 1s [N , iRE

S

M8 tryLock SRR ZREARa)R
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class Chopstick extends ReentrantLock {
String name;

public Chopstick(String name) {
this.name = name;

@Override
public String toString() {
return "fEF{" + name + '}';

class Philosopher extends Thread {
Chopstick left;
Chopstick right;

public Philosopher(String name, Chopstick left, Chopstick right) {
super(name);
this.left = left;
this.right = right;

@Override
public void run() {
while (true) {
/] ERFKEEFHET
if (left.tryLock()) {
try {
/] EBRIRIEAFHEF
if (right.tryLock()) {

try {
eat();
} finally {
right.unlock();
}
}
} finally {

left.unlock();

private void eat() {
log.debug("eating...");
Sleeper.sleep(1);

LT B FIX @M &R A —E g 400-618-9090



=5 B | EEEEET
G bl Rt KEhEITHE, RIEETH

ReentrantLock ERAEARLTRY

ReentrantLock lock = new ReentrantLock(false);

lock.lock();
for (int i = @; i < 500; i++) {
new Thread(() -> {
lock.lock();
try {
System.out.println(Thread.currentThread().getName() +
} finally {
lock.unlock();

running...");

}
}, "t" o+ i).start();

/] 1s ZIEEFEH
Thread.sleep(1000);
new Thread(() -> {
System.out.println(Thread.currentThread().getName() + " start...");
lock.lock();
try {
System.out.println(Thread.currentThread().getName() +
} finally {
lock.unlock();

running...");

}
}, "EBATHEA").start();
lock.unlock();

SETHIEN |, BlSEHEE L

IR XA —ELREEN

t39 running...
t40 running...
t41 running...
t42 running...
t43 running...
BITHEN start...
BITHEN running. ..
t44 running...
t45 running...
t46 running...
t47 running...
t49 running...

BARFE
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ReentrantLock lock = new ReentrantLock(true);

SERITIEN | BEREREELH

t465 running...
t464 running...
t477 running...
t442 running...
t468 running...
t493 running...
t482 running...
t485 running...
t481 running...
BITHEN running. ..

RNFY—RBLE | SEEFRE | FESHRER SR

FHTE
synchronized FthEEMATE | MER(THFEIERER waitSet (KE=E , BARMHAHERTFHN waitSet EF
ReentrantLock BYRMAEEELY synchronized SEAZAMET , ERIFZNRMUZER , XFEFLL

e synchronized EEPERNHERMHILIZEE—AREEFHE
e 1M Reentrantlock XFHBAARBE , BENFHENWKREZE. TNFREHNNEZE. MBS =R
A

FREES:

o await GBI EIREH

e await B{T/E , e, HA conditionObject &1F

o await FULAEIRIGEE ( B3I, SGBRY ) BNEEF=TF lock 8i
o 5 lock BRI , M await [EAEEHAT

B+ :

static ReentrantLock lock = new ReentrantLock();

static Condition waitCigaretteQueue = lock.newCondition();
static Condition waitbreakfastQueue = lock.newCondition();
static volatile boolean hasCigrette = false;

static volatile boolean hasBreakfast = false;

public static void main(String[] args) {
new Thread(() -> {

try {
lock.lock();

while (!hasCigrette) {
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try {
waitCigaretteQueue.await();

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

}

log.debug("ZEZEITEHRIEAE");
} finally {

lock.unlock();

}
}).start();

new Thread(() -> {
try {
lock.lock();
while (!'hasBreakfast) {
try {
waitbreakfastQueue.await();
} catch (InterruptedException e) {
e.printStackTrace();

)

log.debug("FEITEHEE");
} finally {

lock.unlock();

b
}).start();

sleep(1);
sendBreakfast();
sleep(1);
sendCigarette();

private static void sendCigarette() {
lock.lock();
try {
log.debug("EEMERT ") ;
hasCigrette = true;
waitCigaretteQueue.signal();
} finally {
lock.unlock();

private static void sendBreakfast() {
lock.lock();
try {
log.debug("IERERT");
hasBreakfast = true;
waitbreakfastQueue.signal();
} finally {

lock.unlock();
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i

18:52:27.680 [main] c.TestCondition - IXB&EFRT
18:52:27.682 [Thread-1] c.TestCondition - ZZ|TEHNERE
18:52:28.683 [main] c.TestCondition - EMHET
18:52:28.683 [Thread-0] c.TestCondition - ZZTEMIRA

FENE
AERNEEEARENE

o DITSLEHHZZREN , BELRBHRERETIRRX
{#F synchronized EF#RRIGFXINLER SR

o EiZ synchronized X I5iE%
o E3Z synchronzied IIEE R EFIESHIEIBE
o E#Z wait/notify EE 5%

o (£ lock ERFFRIEFRXASER -
o Ei& lock FIERMT : AI4TH. BEERS. AFH. FME
o FROMREBNLEREN. ERENLIERERAEA
o TRLAERERIERIRR | FEBM. TEBL UL
o NF7SHE

o BHJx : {#H synchronized 8 Lock IXBIHZHRIRE FBR
o [@F : {#F wait/notify 8 Lock BIRM T ERIAZILIZEIBER

o REAE

o monitor, synchronized . wait/notify JRI#
o synchronized i RIE
o park & unpark [RIg

o RPEINZIRIPIHEF
o FENZEFEHEE
o RIFHEINZIRFFEH

5. HSRBEZAF
FERE

LAY Monitor FEXFNRBILAHFZEZER , RIEIRFRXABRRTFE
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X—ER(ITA—SRANZIHZTERZELEEN (ATH] IRESKIESHITINE [BF4] B/
5.1 Java ITFIREL

JMM Bl Java Memory Model , BEX T FF. TIERFHSHEE , [REXNE CPU 78, 7. BERE.
CPU 185111t 5%.

JMM REELA T LANGE

o JRFM - (RIEE ?r %ﬁﬁuéﬁ&fﬁzw}@mﬂfﬂn
o TJIUME - {m;‘a 5:Cpu EFH0Rm
o BFM - RIHESAST cpu iBSHTMMRIRIT

5.2 a] il
EBALNTER
FERE—NIIE |, main &FEXT run TEAESTTF t LREAAIN , ST t ZFELEELL !

static boolean run = true;

public static void main(String[] args) throws InterruptedException {
Thread t = new Thread(()->{
while(run){
Jf cooc
¥

1)
t.start();

sleep(1);
run = false; // SFRtARUFEANE TR

P4 ? 5H—T -
1.0, t ZAENIFFIENERFERT run BEZIT/FRTE.
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ERF

static boolean run = true

&%= t &2

2. B t EEMENERFHER run BYE | )IT RiFSHFSRK run HEEFEEC TFRFTNSRERT |
RIS ERFS run B9IGE) , IREE

EREF

static boolean run = true

boolean run = true /
JC

N
t &=

EgEdi e

FEiE

3.1®MZJE , main ZAREKT run BYE , FESEERF , M t EANBCTFREFFHNESREFPENIXMEE
AYE , ERXITRIRE
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FAEF
ﬂatic boolean run = false
Z N / Bkt
run=true run=false boolean run = true

—

JL JU
hd N

&2 t &2

R E
volatile ( ZZERE=F)

EHLIRREIMMRTEMEFSHREER | A LIBRLENE CHTERFHERZENE  WREIEFHIRE
THIE , ZAZR(E volatile TEFEEHRMFER

AL vs [RFMHE

BIEBIFA RSS2 WS | BRENRES MEAEZE , — MY volatile TEANEKRIZ—PMEAZER]
FRERIERTE | (NBE—IBLE | S MELENER - EOANFHIBERRXAER

getstatic run  // 2FE t KB run true
getstatic run  // %F2 t FFEY run true
getstatic run  // %F2 t 3REY run true
getstatic run  // %F2 t KB run true
putstatic run // 4%F2 main {&X run B false, {H—X
getstatic run  // %52 t $FEY run false

EER— T Z B SR 2 EAI0F - NERE— i+ —1 - |, REMRIEERISE | TeERRIE<STIE

/] BRiBIRE e
getstatic i /7 SRR KA SERRIAE &iENi-e

getstatic i // SREL-EESTEINE &%iENi-o

iconst_1 /] &L EREEEL

iadd /] EFE1-BEE ZfERi=1

putstatic i /) SGREL-BEEHNEFASSEEL H5TEI-1
iconst_1 /] &R EREEL

isub // ZfE2-BiR FEWi=-1

putstatic i // GFR-BENEHNEFEAGRSTEL H5TEI=-1
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i¥& synchronized IEAHREEATLURIER SRR F M | (ERRRERBRAZENT M. BRRE
synchronized 2B TEEJIR(E , HREENER

WNERERIEIFIRIFEEIRFANN System.out.printin() 2&IMRIEEANN volatile {EIRFT | LL72 t HEEIEMREER
X run ZLEANERT , B—EAHA?

* BRI CPU B1F4EM

5.3 AFiE

VM STEARBIERMERIIRT , JLUEREQHTIE , BE TE—RAB

static int i;
static int j;

/] ERAN AT TRERE

i=...;
j= ...

AJLAER] , EFR5%T IER BT | NERENERASTERN. L, EEBEERTR , BERLE

is= )
j: >
taLAZ
J= .5
is= 3

XFMEEIR e IESERE] | ZEAE T [IBSER] SMIERIE. ATAERERHSSXILE ? M CPU
PUTIESRIFIERIE R —TIE

* [RIEZIESH/FAT

IBRRIGER

int num = 0;
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boolean ready = false;

/] &1 T A
public void actorl(I_Result r) {
if(ready) {
r.rl = num + num;
} else {
r.rli =1;

/] SFE2 HTIEE

public void actor2(I_Result r) {
num = 2;
ready = true;

I_Result 2— % , B— 1B r FRREER | @), AIREIERE) Ui ?

BREFXASHT

B &F21 ST | XAt ready = false , FTLUHA else D245 8R 7 1

E52 : LG22 ST num = 2, (BigSRIBRINIT ready = true , 421 YT , iIREHA else £, R

B3  LA22 H4TE ready = true , 21 HUT , XEFEN if 937, BRA 4 (EH num BEEHUTIET )

BEREFR , EREFAUER 0 ASAMEE !
XIPIER TZ 222 11T ready = true , tHREIZAZT , BN if 932, #8019 0, BYIEIZFE2 14T num =2
BERZEABEET

XMIMSRUEFESERE , )T WmiESFEEI T —EMN XM ASFEEIAENAZEEN

E8f java FFEEMTEA jcstress https://wiki.openjdk.java.net/display/CodeTools/jcstress

mvn archetype:generate -DinteractiveMode=false -DarchetypeGroupId=org.openjdk.jcstress -
DarchetypeArtifactId=jcstress-java-test-archetype -DarchetypeVersion=0.5 -DgroupId=cn.itcast -
DartifactId=ordering -Dversion=1.0

Eli# maven INH , AT

@3CStressTest

@outcome(id = {"1", "4"}, expect = Expect.ACCEPTABLE, desc = "ok")
@outcome(id = "@", expect = Expect.ACCEPTABLE_INTERESTING, desc = "!IlI")
@State

public class ConcurrencyTest {

int num = 9;

boolean ready = false;
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@Actor
public void actorl(I_Result r) {
if(ready) {
r.rl = num + num;

} else {
r.rl = 1;
¥
}
@Actor
public void actor2(I_Result r) {
num = 2;
ready = true;
}
¥
T

mvn clean install
java -jar target/jcstress.jar

SEHBNBENER | BRESF—RER

*** INTERESTING tests
Some interesting behaviors observed. This is for the plain curiosity.

2 matching test results.
[OK] test.ConcurrencyTest
(JVM args: [-XX:-TieredCompilation])

Observed state Occurrences Expectation 1Interpretation
0 1,729 ACCEPTABLE_INTERESTING !!!!
1 42,617,915 ACCEPTABLE ok
4 5,146,627 ACCEPTABLE ok

[OK] test.ConcurrencyTest
(IWM args: [1)

Observed state Occurrences Expectation Interpretation
0 1,652 ACCEPTABLE_INTERESTING !!!!
1 46,460,657 ACCEPTABLE ok
4 4,571,072 ACCEPTABLE ok

AILAEE , IR 0 RERE 638K , BIAREUHENIRL , BEREEHIT .

BRBGE

volatile {Z1RRIZEE , FTLAS RIS ERF

@JCStressTest
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@outcome(id = {"1", "4"}, expect = Expect.ACCEPTABLE, desc = "ok")
@utcome(id = "@", expect = Expect.ACCEPTABLE_INTERESTING, desc = "!III")
@State

public class ConcurrencyTest {

int num = 0;
volatile boolean ready = false;
@Actor
public void actorl(I_Result r) {
if(ready) {
r.rl = num + num;

} else {
r.rl =1;
}
}
@Actor
public void actor2(I_Result r) {
num = 2;
ready = true;
}
}
ER

*** INTERESTING tests
Some interesting behaviors observed. This is for the plain curiosity.

@ matching test results.

* [RIEZ volatile

happens-before

happens-before #liE 7 W HELTENSIRIENECEEMERIET L , EEUNMSEFMEN—ENNRE | it

FFLAT happens-before I , IMM FHABERIE—MEENHEZEZENES | WTFHEE&EHZEZZERERL
o LRIEMRH m ZEINTENS , MFHE TR m IS E &R ZEZE2ANET I

static int x;
static Object m = new Object();

new Thread(()->{
synchronized(m) {

X = 10;
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)
},"t1") . start();

new Thread(()->{
synchronized(m) {
System.out.println(x);

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

o ZFEXT volatile TEME |, XWF FRECEENZTEANET N

volatile static int x;

new Thread(()->{
X = 10;
},"t1") . start();

new Thread(()->{

System.out.println(x);
},"t2") . start();

o ZHE start BINRENT , SHZEAETHREHZZERNEAT I

static int x;
X = 10;

new Thread(()->{
System.out.println(x);
},"t2") . start();

o HREARANEENS  WHELEEMEEREINETN ( LLINEELEREA t1.isAlive() 8 t1.join()FF
ZER)

static int x;

Thread t1 = new Thread(()->{
X = 10;

3,1

tl.start();

t1.join();
System.out.println(x);
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o ZGFE t1 $THF €2 (interrupt ) BIXIRENE |, MTEMEAZEN 2 SHTHENREAETN (@
t2.interrupted & t2.isInterrupted )

static int x;

public static void main(String[] args) {
Thread t2 = new Thread(()->{
while(true) {
if(Thread.currentThread().isInterrupted()) {
System.out.println(x);
break;

¥
3, "t2");
t2.start();

new Thread(()->{
sleep(1);
X = 10;
t2.interrupt();
},"t1") . start();

while(!t2.isInterrupted()) {
Thread.yield();

}
System.out.println(x);

o XWZEMIME (0, false, null) N5 , WHELENZZEAERTR
o EBEREM, WIR x hb-> y FH y hb> z BBAEH x hb-> z , BLE volatile BBGIESEHE , B ~EAYFIF

volatile static int x;
static int y;

new Thread(()->{
y = 10;
X = 20;
},"t1") . start();

new Thread(()->{
// x=20 XJ t2 AJI, MRS y=10 thxJ t2 AJNY
System.out.println(x);

},"t2") . start();

BERIEREZEBNEFFSHRETE
2% HB17h
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B> |11
balking {&z{ 358
#AEE dolnit() HIENEER—X , TERELIESERE , A ?

public class TestVolatile {
volatile boolean initialized = false;

void init() {
if (initialized) {
return;

¥
doInit();

initialized = true;

}

private void doInit() {

}

ZiERSBEI5®

BOREARELIITE , i, WX, SRR, MK | WoTErscll MABERGIRIS ( BEA
getinstance ) l&iERE , HEEEEFRIEHE

HiXT : KINBHESEZ RIS EE
BN\« KINBASSEZBRLIISRWENE | MEEXERZNIRET el

// B : AHADD final
// 18)RR2 : YNSRSCI 7 FraieEEr], REMH-ASKRS LR FR 7 L E IR (5]
public final class Singleton implements Serializable {
/] 8RR3 1 A ARENTAE? BEEEHLEREIEIEERAISTE?
private Singleton() {}
// A4 XA RS RHMRIE RGN SRR E R e ?
private static final Singleton INSTANCE = new Singleton();
/7 185 A ARMERSTTIAMARERE INSTANCE IREJ public, RHRANERVER
public static Singleton getInstance() {
return INSTANCE;
}
public Object readResolve() {
return INSTANCE;
¥
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2

// 18R - B eI 2 an{aI BRI AN ETRY
// [E1RR2 : KR pIERIER R A BRI
/] 1B)RE3 : WA RE R R ST IRIA R
// 1E)RR4 : B EABIRER R FrF IR (5]
// 18RS« RGBT RN U R HINT
// 18086 : KA EABIANRAEMN—LL R G U RTAIHIIR B B Z AN T
enum Singleton {
INSTANCE;

public final class Singleton {
private Singleton() { }
private static Singleton INSTANCE = null;
DITXENERERS, FHiREEHARSR
public static synchronized Singleton getInstance() {
if( INSTANCE != null ){
return INSTANCE;
}
INSTANCE = new Singleton();
return INSTANCE;

CH4 : DCL

public final class Singleton {
private Singleton() { }
// 1901 : BRREAHAZEND volatile ?
private static volatile Singleton INSTANCE = null;

// 1ARR2 : RSEUSCEL3, WRHHIXEEEIREN
public static Singleton getInstance() {
if (INSTANCE != null) {
return INSTANCE;
}
synchronized (Singleton.class) {
// [BIRR3 : A AREEXEMNATHET, ZRAHENE 75
if (INSTANCE != null) { // t2
return INSTANCE;
}
INSTANCE = new Singleton();
return INSTANCE;
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public final class Singleton {
private Singleton() { }
// EREL : BT XA RN
private static class LazyHolder {
static final Singleton INSTANCE = new Singleton();

}

// 182 : ERER R AR HRITE

public static Singleton getInstance() {
return LazyHolder.INSTANCE;

}

PIENGE
AEERHFET MM E

DU - B VM ERES 1EE
BFY - B VM i8S EHEF LS R
happens-before M

[FIE75TE

o CPUIESHIT
o volatile

o FMERZIEREZCAY volatile KU
o [RFHEIZ balking

6. - \?*EiZ%?ﬁ
FERE

e CAS 5 volatile
o JRTFEEL

e [FF5IA

o [RFERMN=E

e Unsafe
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6.1 R H

BUTEXK , RIE account.withdraw BGRTEHEIER S

package cn.itcast;

import java.util.ArraylList;
import java.util.List;

interface Account {
/] ZREURER
Integer getBalance();

/] BER
void withdraw(Integer amount);

/**
* FIENREE 1000 NMEE , BNEEM -10 JT BRI
* WNERMITARETN 10000 BBAIEHEHIESRMNSE ©
*/
static void demo(Account account) {
List<Thread> ts = new ArraylList<>();
long start = System.nanoTime();
for (int 1 = 0; i < 1000; i++) {
ts.add(new Thread(() -> {
account.withdraw(10);
1)

}
ts.forEach(Thread: :start);

ts.forEach(t -> {
try {
t.join();
} catch (InterruptedException e) {
e.printStackTrace();

1
long end = System.nanoTime();
System.out.println(account.getBalance()

+ " cost: " + (end-start)/1000_000 + " ms");

[RETRHARLEEZ ST

class AccountUnsafe implements Account {
private Integer balance;

public AccountUnsafe(Integer balance) {
this.balance = balance;
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@Override
public Integer getBalance() {
return balance;

@Override
public void withdraw(Integer amount) {
balance -= amount;

FATIRACAD

public static void main(String[] args) {
Account.demo(new AccountUnsafe(10000));

FORAIHITEER
330 cost: 306 ms

AMtarze

withdraw Tj_;f

public void withdraw(Integer amount) {

balance -= amount;
}
XM AYF T
ALOAD © // <- this
ALOAD ©
GETFIELD cn/itcast/AccountUnsafe.balance : Ljava/lang/Integer; // <- this.balance
INVOKEVIRTUAL java/lang/Integer.intValue ()I // I8
ALOAD 1 // <- amount
INVOKEVIRTUAL java/lang/Integer.intValue ()I // 8
ISUB /] L

INVOKESTATIC java/lang/Integer.valueOf (I)Ljava/lang/Integer; // EERERE

PUTFIELD cn/itcast/AccountUnsafe.balance : Ljava/lang/Integer; // -> this.balance

ZEFEITIVE

ALOAD ©
ALOAD ©
GETFIELD cn/itcast/AccountUnsafe.balance
INVOKEVIRTUAL java/lang/Integer.intValue
ALOAD 1
INVOKEVIRTUAL java/lang/Integer.intValue

ABSTTT & DA 90k 4 i

// thread-0 <- this

// thread-0 <- this.balance
// thread-o iFfg

// thread-0 <- amount

// thread-0 iKfE

El
7

M IAE—)ZE G 400-618-9090
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ISUB // thread-@ ix
INVOKESTATIC java/lang/Integer.valueOf // thread-0 Z5ERIEFS
PUTFIELD cn/itcast/AccountUnsafe.balance // thread-@ -> this.balance

ALOAD © // thread-1 <- this

ALOAD ©

GETFIELD cn/itcast/AccountUnsafe.balance // thread-1 <- this.balance
INVOKEVIRTUAL java/lang/Integer.intValue // thread-1 IFf8

ALOAD 1 // thread-1 <- amount
INVOKEVIRTUAL java/lang/Integer.intValue // thread-1 #Ff8

ISuUB // thread-1 J&i%
INVOKESTATIC java/lang/Integer.valueOf // thread-1 Z5ER%ERE

PUTFIELD cn/itcast/AccountUnsafe.balance // thread-1 -> this.balance

o BIZAYELIE
° ZIZRESNIE

R RS-

BEBEIRIELS Account XYSRINEH

class AccountUnsafe implements Account {
private Integer balance;

public AccountUnsafe(Integer balance) {

this.balance = balance;

@Override
public synchronized Integer getBalance() {
return balance;

@Override
public synchronized void withdraw(Integer amount) {
balance -= amount;

EERA

O cost: 399 ms
R BIR-To 8

class AccountSafe implements Account {
private AtomicInteger balance;

public AccountSafe(Integer balance) {

this.balance = new AtomicInteger(balance);
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@Override
public Integer getBalance() {
return balance.get();

@Override
public void withdraw(Integer amount) {
while (true) {
int prev = balance.get();
int next = prev - amount;
if (balance.compareAndSet(prev, next)) {
break;
¥
¥
// BILAB A NERITTIE
// balance.addAndGet(-1 * amount);

HATIEACHED

public static void main(String[] args) {
Account.demo(new AccountSafe(10000));

HRHIPUTEESR

0 cost: 302 ms

6.2 CAS 5 volatile

BIEIEZIRY AtomicInteger HIERTTIE  REPFFHRBAMKFRIFHEZENSIER S, PBACEWNALIAITE ?

public void withdraw(Integer amount) {
while(true) {
/] BEAREE BRI
while (true) {
// tCANZEEITIBE 1000
int prev = balance.get();
/] TEXANEREE 1000-10 = 990
int next = prev - amount;
/*
compareAndSet IEEMIXMEE , /£ set A, Kb prev SHFIHE
- A7, next {EE , IR[E false FKMW
Ean , BIRNEAEE LM TIRNE , SRIECEWIR T 990
BRARLIZAIXIR 990 FAERT , HA while TREIAEIR
- —5, LA next iRENFE , IRE] true TN

*/
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if (balance.compareAndSet(prev, next)) {
break;

}

HAfIXHE2E compareAndSet , BRYEFRFE CAS (125 Compare And Swap 9% ) , BXREIRFIERIE.

HFE1 Account g ZFE2

SRENREN 100

10 = 90

BEIENA % T

cas(100, 90)

Y

SRERER 90

10 = 80

BEIENN se T

cas(99, 80)

RENAREN 80

1o = 70

cas(89, 70)

57l Account XI& 57 =)

T=

HSE CAS MIEER | lock crpxchg $54 (X86 2344 ) , 7E&MZ CPU RIS HX CPU THRAEBBIRIE [R5
%) BT
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o EZIIRET , B MMZHITENT lock BUIESHT , CPU SILRELBHE | HXIMZIBLIESHITRE: , B
FER%, XMEEFASWEAERIEENSIETINT , RIE T SPMEENRFRIENERYE | RRF
AY,

tEES

@S1f4j
public class SlowMotion {

public static void main(String[] args) {
AtomicInteger balance = new AtomicInteger(10000);
int mainPrev = balance.get();
log.debug("try get {}", mainPrev);

new Thread(() -> {
sleep(1000);
int prev = balance.get();
balance.compareAndSet(prev, 9000);
log.debug(balance.toString());

¥, "t1").start();

sleep(2000);
log.debug("try set 8000...");
boolean isSuccess = balance.compareAndSet(mainPrev, 8000);
log.debug("is success ? {}", isSuccess);
if(!isSuccess){
mainPrev = balance.get();
log.debug("try set 8000...");
isSuccess = balance.compareAndSet(mainPrev, 8000);
log.debug("is success ? {}", isSuccess);

private static void sleep(int millis) {

try {
Thread.sleep(millis);

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

AR
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2019-10-13 11:28:37.134 [main] try get 10000
2019-10-13 11:28:38.154 [t1l] 9000

2019-10-13 11:28:39.154 [main] try set 8000...
2019-10-13 11:28:39.154 [main] is success ? false
2019-10-13 11:28:39.154 [main] try set 8000...
2019-10-13 11:28:39.154 [main] is success ? true

volatile

REHAZTEN , ATRIEZZENTIMY , FEEH volatile (i

EALBREMRRZEFHFSMRZE | AT LIBREIENE CHTFEFIERZENE | WREIEFPIRE
ERHE | SAER(F volatile TEFRZEZR(FER. BI—PLAEXT volatile LEANEN , B — LA W,

T=
volatile (V{VRIE T HZZEM NN | IEHELIZEBEIIRNE , (BFERRISSIEEM ( FRERIER
)

CAS /RfERf volatile AREIEINEIH =R EAEHERSTI [PLRFHATIR] AIZER

P ATBEES

o THIERT , BMFETIXKMN , LAZREEEIRIET , IRBIFER , M synchronized 1L FETEIRBIRSBIRIAT
12, RE LT, HNBE. T s

o LIERIFEERIE FNEE  SRIEiTH , ERERR , —BERE TN, MIFCEREERE. 8K,
SRIREENSEFIX. B, INE... kEFEHETT , RNtk

o BERHIBERT  RAKEERIET , E2HY CPU YIS , CPU X BT EIRHIE | iﬁﬁﬁﬁi@l‘ﬂﬁﬂ@
8, HEEEEETHINRIE | BEATESHNEE , BERHTRESZER | PASHANTETRE
BB T,
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NEW

RUNNABLE

fs\m/./“\

TERMINATED

CAS RF=

#5& CAS # volatile ATLASCIRLHIF & |, IEFITARES). Z2#% CPU BEET.

o CAS BETHRMBAIBAE : &ARMAELT , MABIRSIERIENHZTERE | BN THIRKRER , HeTREB
B,

e synchronized 2ETAAMBAIEE | RASNAYEL | SIHEHCLERIENHZEE | T LETHURIESE
B, FEGE TR, (R BN,

o CAS MR LHIFHA. THEEHK , BIFEFEXHTDEIIER

o RAAKEBFER synchronized , FILAGIEARSIBAANIEE | XESEREHNRERRZ —
o {BINRTZ=SEHZY , ATLMERIEHMAERE | RIMBESSHN
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6.3 [RFEEN
JUCHEBERHT

e AtomicBoolean
e Atomiclnteger
e AtomicLong

LA Atomicinteger /91

AtomicInteger i

/1 BB (1 = o,

System.out.println(i.

/1 BEIEFIREN (1

1,

System.out.println(i.

/] BRFEREL (1 = 2,

System.out.println(i.

/] REXHER (i = 1,

System.out.println(i.

/] SREFIME (1 = o,

System.out.println(i.

// DMEFEREX (1 = 5,

System.out.println(i.

/1 RERFEH (1 = o,

new AtomicInteger(0);

R i =1, iRE] 0) , FLUTF i++
getAndIncrement());

L BUUF ++i

incrementAndGet());

R i=1, RE 1), HUF --i
decrementAndGet());

ZRi=0, RE 1), FUUF i--
getAndDecrement());

R i =5, RE 0)
getAndAdd(5));

ZR i =0, RE 0)

addAndGet(-5));

p A iM=ERE, BR 1= -2,

&[] o)

/] BERREHINRERERIERT |, (EREEELENER
System.out.println(i.getAndUpdate(p -> p - 2));

/] BEFFERE (1 = -2, p A9 i HOEANE, &R
/] EREREPRGRIERERIERF | B8 éﬂlaa%?mﬂ’ﬁﬁﬂ
System.out.println(i.updateAndGet(p -> p + 2));

0, XA o)

/1 FBFHE (1 =0, p A i M=EAHE, x ASHL, £R i = 10, &E o)
/] ERREPRRERERIERF |, BRMFETENER
// getAndUpdate YNIRFE lambda H5|ATINBRIBSEIEE  ERIEZEEER final B

// getAndAccumulate FJLABE 2%{1 X3|IB/NBERIBEFEER , (BEEAEATE lambda FREMAMZE final
System.out.println(i.getAndAccumulate(10, (p, X) -> p + X));

// HHEFHREL (i = 10, p A i MHREIE, x A5H, BER i = o,
// EFREHRRERMRIERT  (BEREEELEIER
System.out.println(i.accumulateAndGet(-10, (p, x) -> p + X));

i&[E o)
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6.4 [R¥5|H

AT LFEIRFSIAEE?

e AtomicReference
e AtomicMarkableReference
e AtomicStampedReference

BATEE

public interface DecimalAccount {
/] SREURER
BigDecimal getBalance();

/] BGR
void withdraw(BigDecimal amount);

/**
* IDiERSEE 1000 NMEE , BNEEM -10 T AYRIE
* YNSRYIIARE/Y 10000 BRAIEMHIERNZLE 0
*/
static void demo(DecimalAccount account) {
List<Thread> ts = new ArraylList<>();
for (int i = 0; i < 1000; i++) {
ts.add(new Thread(() -> {
account.withdraw(BigDecimal.TEN);
1)

}
ts.forEach(Thread: :start);

ts.forEach(t -> {

try {
t.join();

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

1

System.out.println(account.getBalance());

IHERHARAY DecimalAccount L , LIRS AIENGRIEIE

AEZLZIM

class DecimalAccountUnsafe implements DecimalAccount {
BigDecimal balance;

public DecimalAccountUnsafe(BigDecimal balance) {
this.balance = balance;
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@Override
public BigDecimal getBalance() {
return balance;

@Override

public void withdraw(BigDecimal amount) {
BigDecimal balance = this.getBalance();
this.balance = balance.subtract(amount);

L ELH-(ERH

class DecimalAccountSafeLock implements DecimalAccount {
private final Object lock = new Object();
BigDecimal balance;

public DecimalAccountSafeLock(BigDecimal balance) {
this.balance = balance;

@Override
public BigDecimal getBalance() {
return balance;

@Override
public void withdraw(BigDecimal amount) {
synchronized (lock) {
BigDecimal balance = this.getBalance();
this.balance = balance.subtract(amount);

LELH-ER CAS

class DecimalAccountSafeCas implements DecimalAccount {
AtomicReference<BigDecimal> ref;

public DecimalAccountSafeCas(BigDecimal balance) {
ref = new AtomicReference<>(balance);

@Override
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public BigDecimal getBalance() {
return ref.get();

@Override
public void withdraw(BigDecimal amount) {
while (true) {
BigDecimal prev = ref.get();
BigDecimal next = prev.subtract(amount);
if (ref.compareAndSet(prev, next)) {
break;

TRACRS

DecimalAccount.demo(new DecimalAccountUnsafe(new BigDecimal("10000")));
DecimalAccount.demo(new DecimalAccountSafeLock(new BigDecimal("10000")));
DecimalAccount.demo(new DecimalAccountSafeCas(new BigDecimal("10000")));

4310 cost: 425 ms
0 cost: 285 ms
0 cost: 274 ms

ABA [EJRE K iR

ABA [BJR%

static AtomicReference<String> ref = new AtomicReference<>("A");
public static void main(String[] args) throws InterruptedException {

log.debug("main start...");

/] ZREYE A

/] BYMHELEWECERENT ?

String prev = ref.get();

other();

sleep(1);

/] =HEA C

log.debug("change A->C {}", ref.compareAndSet(prev, "C"));

private static void other() {
new Thread(() -> {
log.debug("change A->B {}", ref.compareAndSet(ref.get(), "B"));
}, "t1").start();

sleep(0.5);

LT B FIX @M &R A —E g 400-618-9090


af://n3080
af://n3081

=5 B | E8EEET
s YRIERR | FRRSET KEhEITHE, RIEETH

new Thread(() -> {
log.debug("change B->A {}", ref.compareAndSet(ref.get(), "A"));
}, "t2").start();

}

et
11:29:52.325 c.Test36 [main] - main start...
11:29:52.379 c.Test36 [tl] - change A->B true
11:29:52.879 c.Test36 [t2] - change B->A true
11:29:53.880 c.Test36 [main] - change A->C true

FERNEHIMBHETENESHRIIE A 2EHEE , FEERGNZEIXFIM A 08 B X 0] A FI1ER , NRFLIE
HE .

REFHEERE (id7)] £=T8 | BBAECH cas BBXW , XBT , (NHRERTEN , FEBN—MRES

AtomicStampedReference

static AtomicStampedReference<String> ref = new AtomicStampedReference<>("A", 9);

public static void main(String[] args) throws InterruptedException {
log.debug("main start...");
/] ZREYE A
String prev = ref.getReference();
/] FERAS
int stamp = ref.getStamp();
log.debug("hRA {}", stamp);
// MRFEERHECEETI , RET ABA TR
other();
sleep(1);
/] =HEA C
log.debug("change A->C {}", ref.compareAndSet(prev, "C", stamp, stamp + 1));

private static void other() {
new Thread(() -> {
log.debug("change A->B {}", ref.compareAndSet(ref.getReference(), "B",
ref.getStamp(), ref.getStamp() + 1));
log.debug("EHhRA/ {}", ref.getStamp());
}, "t1").start();
sleep(0.5);
new Thread(() -> {
log.debug("change B->A {}", ref.compareAndSet(ref.getReference(), "A",
ref.getStamp(), ref.getStamp() + 1));
log.debug("EFiRAS {}", ref.getStamp());
}, "t2").start();

B
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15:41:34.891 c.Test36 [main] - main start...
15:41:34.894 c.Test36 [main] - KRZA o
15:41:34.956 c.Test36 [tl] - change A->B true
15:41:34.956 c.Test36 [t1] - EEFFIRAA 1
15:41:35.457 c.Test36 [t2] - change B->A true
15:41:35.457 c.Test36 [t2] - EIIRAA 2
15:41:36.457 c.Test36 [main] - change A->C false

AtomicStampedReference BJLASIRF5 |FIIEIRAS | BERETFSIARMIZNERE , W: A >8> A -
c , i@JAtomicStampedReference , FAIJATLARNIE , 5IFAZEFIEEER T TLR,

BEEE , AAXROSIAREERTIUR , RRBAIXOEEEML , LB T

AtomicMarkableReference

PRISRAER EA

Vi)
—\
BAVAINESS \ﬂ/_:?é

B
l

BRI EES

AtomicMarkableReference

class GarbageBag {
String desc;

public GarbageBag(String desc) {

this.desc = desc;

public void setDesc(String desc) {

this.desc = desc;
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@Override
public String toString() {

return super.toString() + + desc;

@S1f4j
public class TestABAAtomicMarkableReference {
public static void main(String[] args) throws InterruptedException {
GarbageBag bag = new GarbageBag("iEif rHik");
// B2 mark ALABIE—IMRE , TrLIRESH T

AtomicMarkableReference<GarbageBag> ref = new AtomicMarkableReference<>(bag, true);

log.debug("FLAE start...");
GarbageBag prev = ref.getReference();
log.debug(prev.toString());

new Thread(() -> {
log.debug("FTHBAMILLIE start...");
bag.setDesc("FhikLE");
while (!ref.compareAndSet(bag, bag, true, false)) {}
log.debug(bag.toString());

}).start();

Thread.sleep(1000);

log.debug("F&PEBIE— IR ? ");

boolean success = ref.compareAndSet(prev, new GarbageBag("ZThikES"), true, false);
log.debug("#2TA?" + success);

log.debug(ref.getReference().toString());

i

2019-10-13 15:30:09.264 [main] FZFE start...

2019-10-13 15:30:09.270 [main] cn.itcast.GarbageBag@5fofd5a0 i v itk
2019-10-13 15:30:09.293 [Thread-1] ¥JHHB4HLIE start...

2019-10-13 15:30:09.294 [Thread-1] cn.itcast.GarbageBag@5fofd5a0 ZTiziRLs
2019-10-13 15:30:10.294 [main] ELLFEABHE—RETHRIRLS ?

2019-10-13 15:30:10.294 [main] AT A ? false

2019-10-13 15:30:10.294 [main] cn.itcast.GarbageBag@5fofdsa0 ZhifRLe

LA T BASAEAD |, B
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6.5 [RF&IH

e AtomiclntegerArray
e AtomicLongArray
e AtomicReferenceArray

BATEE

/**
S, REEE. JURSEAZSNANEERENA
S , REBEKENAE
SH3 , Bi%f5i% , BfE array, index
S84 | FTENEENTTE
*/
// supplier 1RRftE FTHEF ()->EBR
// function FRE —PBE—NMER (B ->ER , BiFunction (B%,588R2)->4%
// consumer jH#EEH —NSHCKER () ->void, BiConsumer (&%1,&#12)->
private static <T> void demo(
Supplier<T> arraySupplier,
Function<T, Integer> lengthFun,
BiConsumer<T, Integer> putConsumer,
Consumer<T> printConsumer ) {
List<Thread> ts = new ArrayList<>();
T array = arraySupplier.get();
int length = lengthFun.apply(array);
for (int 1 = 0; i < length; i++) {
/] BANEFEITEUEIE 10000 JRIRIE
ts.add(new Thread(() -> {
for (int j = 0; j < 10000; j++) {
putConsumer.accept(array, j%length);
}
1)

ts.forEach(t -> t.start()); // BaIFIEEE
ts.forEach(t -> {

try {
t.join();

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

})s /] EFBESAEER

printConsumer.accept(array);

AREREE
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demo (
()->new int[10],
(array)->array.length,
(array, index) -> array[index]++,
array-> System.out.println(Arrays.toString(array))

[9870, 9862, 9774, 9697, 9683, 9678, 9679, 9668, 9680, 9698]
iy
ZLRIEA

demo (
()-> new AtomicIntegerArray(10),
(array) -> array.length(),
(array, index) -> array.getAndIncrement(index),
array -> System.out.println(array)

[10000, 10000, 10000, 10000, 10000, 10000, 10000, 10000, 10000, 10000]

6.6 FE =R

e AtomicReferenceFieldUpdater // 15 =E&
e AtomiclntegerFieldUpdater
e AtomicLongFieldUpdater

FIRFEREHES , JLASINISRAVE M ( Field ) HITRFE(E . RBEECS volatile (ZIRRIFRRER , NS LI

=R
Eadar

Exception in thread "main" java.lang.IllegalArgumentException: Must be volatile type

public class Test5 {
private volatile int field;

public static void main(String[] args) {

AtomicIntegerFieldUpdater fieldUpdater =
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AtomicIntegerFieldUpdater.newUpdater(Test5.class, "field");

Test5 test5 = new Test5();
fieldUpdater.compareAndSet(test5, 0, 10);

// 1EBETN field = 10
System.out.println(test5.field);

// 1BEREIN field = 20
fieldUpdater.compareAndSet(test5, 10, 20);
System.out.println(test5.field);

/] BRI field = 20
fieldUpdater.compareAndSet(test5, 10, 30);
System.out.println(test5.field);

il

10
20
20

6.7 [RFZENNz5
RINZFERELLER

private static <T> void demo(Supplier<T> adderSupplier, Consumer<T> action) {
T adder = adderSupplier.get();

long start = System.nanoTime();

List<Thread> ts = new ArrayList<>();
/] 4 N2, BAERN 50 B
for (int 1 = 0; 1 < 40; i++) {
ts.add(new Thread(() -> {
for (int j = ©; j < 500000; j++) {
action.accept(adder);
}
1)
¥
ts.forEach(t -> t.start());
ts.forEach(t -> {
try {
t.join();
} catch (InterruptedException e) {

e.printStackTrace();
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}
s

long end = System.nanoTime();
System.out.println(adder + " cost:" + (end - start)/1000_000);

Et# AtomicLong 5 LongAdder

for (int i = @; 1 < 5; i++) {
demo(() -> new LongAdder(), adder -> adder.increment());

for (int i = 0; i < 5; i++) {
demo(() -> new AtomiclLong(), adder -> adder.getAndIncrement());

il

1000000 cost:43
1000000 cost:9
1000000 cost:7
1000000 cost:7
1000000 cost:7

1000000 cost:31
1000000 cost:27
1000000 cost:28
1000000 cost:24
1000000 cost:22

HESRANRRARER , MEEE RS , ’EZ/NEMN&EIT , Therad-0 0 Cell[0] , i/ Thread-1 &0
Celll1]... REBERILCE. XHEE(IEZINMERENARR Cell TE |, FLUEAT CAS EIfLM , MRS

ab
BEo

* jEf32Z LongAdder
LongAdder 2¥ &K @author Doug Lea ( KEfZ= ) BIER , IRITHAIIEEREIS
LongAdder BTN

// BNNERTTEEE, WS

transient volatile Cell[] cells;

// EhitE, MERRE=F, WA cas RIMMXME

transient volatile long base;

// 1& cells Bkl BRY, A 1, FrNst

transient volatile int cellsBusy;
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cas i

/] AERTER! ! !
public class LockCas {

private AtomicInteger state = new AtomicInteger(9);

public void lock() {
while (true) {
if (state.compareAndSet(0, 1)) {
break;

public void unlock() {
log.debug("unlock...");
state.set(0);

iz

LockCas lock = new LockCas();
new Thread(() -> {
log.debug("begin...");
lock.lock();
try {
log.debug("lock...");
sleep(1);
} finally {
lock.unlock();

}
}).start();

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

}
}).start();

il
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18:27:07.198 c.Test42 [Thread-0] - begin...
18:27:07.202 c.Test42 [Thread-0] - lock...
18:27:07.198 c.Test42 [Thread-1] - begin...
18:27:08.204 c.Test42 [Thread-0] - unlock...
18:27:08.204 c.Test42 [Thread-1] - lock...
18:27:08.204 c.Test42 [Thread-1] - unlock...
* RIEBZ A=

Hrh Cell B9 RNNEATT

/] BIEEFATIHE

@sun.misc.Contended

static final class Cell {
volatile long value;
Cell(long x) { value = x; }

/! REENGE, X cas ARFHITEIN, prev FTRIBE, next FRAE
final boolean cas(long prev, long next) {
return UNSAFE.compareAndSwapLong(this, valueOffset, prev, next);

}
/! ERRAEENE
¥
BAEFRE

EESREFIERELR
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CPU Core CPU Core

v v " v

—msemr | | —memes —gseEs | | —mmes
—REF —REF
ZREF
A
M cpuF KEOFZRIBIThEHR
HiFes 1 cycle (4GHz B9 CPU #£950.25ns)
L1 3~4 cycle
L2 10~20 cycle
L3 40~45 cycle
AE 120~240 cycle

E79 CPU 5 RFHIEEERFA  FEETEEIEEETHRIEIE,

MEFUEFTARN , BMEFTHNE—RAT , —RE 64 byte (84> long)
EEFRIARIEREUERISRIE |, BIR— SRR EFERRERONEFITH

CPU E{RIEAERI—EE | SIRFE CPU OER THIE , HE CPU U NAYEE MR THISRY
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CPU Core

CPU Core

\

5 BRI BRC MR

000 O 1 [

001

#3  Hor S ﬁ
1 1 [ [ [ ]
0 0 /

000
/ —
]

01 0 0——

H
Ky — F 4
Cell[0] Cell[1]
6000 8000

AF

EH Cell BEUAFR , EREHRESFMEN , — Cell A 24 3 (16 FHHIRISELIN 8 =R value )
WEFTAILET 2 MY Cell W&, XEEQSET :

e Core-0 E{& Cell[0]
e Core-1 E{& Cell[1]

FTCHEHE T | #SSEXITS Core FIEFITHREL , Ll Core-0 H7 cell[e]=6000, Cell[1]=g80e0 ZEZN
Cell[@]=6001, Cell[1]=8000 , iXATail Core-1 FUETFITEY

@sun.misc.Contended FISRARRX/NARR , BRIFREEEFERLFEIONSRa RIS 128 FH R/
padding , \Tik CPU BXISTNEREF HARRNERFT | X |, AFERI B EFI TR

#3  EH  HEe ﬁ &5 BME B x

00 1 1 L T T T [T T T [ ] [o00 o 1 ¥

001 0 0 001 1 0O [T T T T T T T |
y_s
Cell[0]
6000
-— AEE
Cell[1]
8000

FINEEFATERGE

public void add(long x) {
// as FNERENNEBATTEA
// b FERE
/] x REIME
Cell[] as; long b, v; int m; Cell a;
/7 BN if RIS

// 1. as B, XRCEREIRS, HA if
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/] 2. cas %5 base BENBTRM T, Fx base RETRS, #HA if
if ((as = cells) != null || !casBase(b = base, b + x)) {
// uncontended ¥~ cell i&B=SH
boolean uncontended = true;
if (
// as EZEOIE
as == null || (m = as.length - 1) < @ ||
// HEEEINA cell KRB
(a = as[getProbe() & m]) == null ||
// cas {5MBILETERY cell EINLLM uncontended=false ( a JIMBILEFERY cell )
I'(uncontended = a.cas(v = a.value, v + X))
) {
[/ N cell FUHBIEE. cell BUEAYRE

longAccumulate(x, null, uncontended);

add fiieE]

add
__BEI
3yzs cas base 2l T RO
TRl
i525)]
\/—\-1— =] M
ZRIEIE —— cells BIET—> cas cell &N
A longAccumulate
FHE— YEIEE cell 2EX0UE
e E LGl —

final void longAccumulate(long x, LongBinaryOperator fn,
boolean wasUncontended) {
int h;
/] SRIZERELEXNA cell, FEMHEM— h EFRRESRIZEGIES cell
if ((h = getProbe()) == 0) {
// #J4aHE probe
ThreadLocalRandom.current();
// h JINIFTHY probe {H, FARXIML cell
h = getProbe();
wasUncontended = true;
}
// collide /J true RIEBEY A
boolean collide = false;
for (55) {
Cell[] as; Cell a; int n; long v;
/] BEBT cells
if ((as = cells) != null & (n = as.length) > 0) {

// E&E cell
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if ((a = as[(n - 1) & h]) == null) {
// 73 cellsBusy fN8d, €U cell, cell HIVIBEINEA x
// BXION break, TM4KEE continue {BIN
¥
/] BRE, SEHENNN cell K&K cas
else if (!wasUncontended)
wasUncontended = true;
// cas E=REM, fn BAE LongAccumulator A null, EE LongAdder 3 null
else if (a.cas(v = a.value, ((fn == null) ? v + x : fn.applyAsLong(v, x))))
break;
// AR cells KEBEBITRAKE, HECEY S, BELEXNNAY cell X&E cas
else if (n >= NCPU || cells != as)
collide = false;
// B3R collide A3 false HAMSD, MASHANTHEHR else if HTHHT
else if (!collide)
collide = true;
// DOt
else if (cellsBusy == 0 && casCellsBusy()) {
// NN, TR
continue;
}
/] BERLFENIRIAY cell
h = advanceProbe(h);
}
/] ERE cells, =4S cellsBusy AN
else if (cellsBusy == 0 && cells == as && casCellsBusy()) {
// DNEERREN, #EAHK cells, |RIFAKENRN 2, FHER— cell
/] BEOR break;
¥
// ERFIEREM, =iis base E
else if (casBase(v = base, ((fn == null) ? v + x : fn.applyAsLong(v, x))))
break;

longAccumulate FRFEE]

cells gl

__BI— QUE cells FANAL— cell T‘

_— cellsATFERARIIgeRHE hng

=7V \ return
S

\ /
- cas base &l ———— kb
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cell Bl
cells?FfE&celliZtlEE —6liEcell
/ T~
ot -——EEEU\\*
EEAANE SIK NN —R— return
‘\\\ -

BEAENIEN longAccumulate B, RFIXIIN— cell JIKR ( FHEI—P7)

cas cell

—
B return

cells 7F7E & cell BEIE— cas cell N /ﬁ—\
— EEBIT
ESis EABIdcPULR AR R ce 11
I g — s

wEANO

j24v]
\ S e

SRR ESRIET sum 73i%

public long sum() {
Cell[] as = cells; Cell a;
long sum = base;
if (as != null) {
for (int i = ©; i < as.length; ++i) {
if ((a = as[i]) != null)
sum += a.value;

}

return sum;

6.8 Unsafe
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ik

Unsafe MSRIZM TIFRRER , BIEATR. LA2RT730E , Unsafe WA REEZAA , REGBERIAE

public class UnsafeAccessor {
static Unsafe unsafe;

static {

try {
Field theUnsafe = Unsafe.class.getDeclaredField("theUnsafe");
theUnsafe.setAccessible(true);
unsafe = (Unsafe) theUnsafe.get(null);

} catch (NoSuchFieldException | IllegalAccessException e) {
throw new Error(e);

static Unsafe getUnsafe() {
return unsafe;

Unsafe CAS 1#{E

@Data

class Student {
volatile int id;
volatile String name;

Unsafe unsafe = UnsafeAccessor.getUnsafe();

Field id = Student.class.getDeclaredField("id");

Field name = Student.class.getDeclaredField("name");

/] RSP REZERRZE

long idOffset = UnsafeAccessor.unsafe.objectFieldOffset(id);
long nameOffset = UnsafeAccessor.unsafe.objectFieldOffset(name);

Student student = new Student();

/] R cas HiEBIRRRTENE

UnsafeAccessor.unsafe.compareAndSwapInt(student, idOffset, @, 20); // IR[E true
UnsafeAccessor.unsafe.compareAndSwapObject(student, nameOffset, null, "5K="); // iR[A true

System.out.println(student);

il
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Student(id=20, name=3K=)

SERBENXA AtomicData SLYLZ BILLFE L £ RIE T EEL Account SCH]

class AtomicData {
private volatile int data;
static final Unsafe unsafe;
static final long DATA_OFFSET;

static {
unsafe = UnsafeAccessor.getUnsafe();
try {
// data JEM1E DataContainer XKRHFHIWZE , BT Unsafe BEESHIEIZEM
DATA_OFFSET = unsafe.objectFieldOffset(AtomicData.class.getDeclaredField("data"));
} catch (NoSuchFieldException e) {
throw new Error(e);

public AtomicData(int data) {
this.data = data;

public void decrease(int amount) {

int oldValue;

while(true) {
// FEHZEZEIRE , JUEX—TIIAR , B2 data FEHSRITRIER
oldvValue = data;
// cas ERIEH data A |BE + amount , SNREAEHEMBIRIELAEN T , IRE] false
if (unsafe.compareAndSwapInt(this, DATA_OFFSET, oldValue, oldValue - amount)) {

return;

public int getData() {
return data;

Account SCI
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Account.demo(new Account() {
AtomicData atomicData = new AtomicData(10000);
@Override
public Integer getBalance() {
return atomicData.getData();

}

@Override
public void withdraw(Integer amount) {
atomicData.decrease(amount);

}
s

¥, =1\
e CAS S5 volatile
o AP|

[RFEEH
RF51R8
[RFEER
FEREHER
[RFEN=

e Unsafe

o *FIEGHE

o LongAdder J&Rf5
o fIH=

O O O O o

7. HEEBI 2 A 0]
IPERE
o RAJEEEAIfER
o ARAJEKIRIT
o FIRSHIGIT
7.1 B HRSEHRRY (R
IR
TERIEEEITE , BF SimpleDateFormat AEZAEREHY
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SimpleDateFormat sdf = new SimpleDateFormat("yyyy-MM-dd");
for (int 1 = 0; 1 < 10; i++) {
new Thread(() -> {
try {
log.debug("{}", sdf.parse("1951-04-21"));
} catch (Exception e) {
log.error("{}", e);
}
}).start();

BEREXJLEHI java.lang.NumberFormatException B,& HIIAIERBAI B EBREITEESR | w0 -

19:10:40.859 [Thread-2] c.TestDateParse - {}
java.lang.NumberFormatException: For input string: ""

at java.lang.NumberFormatException.forInputString(NumberFormatException.java:65)

at java.lang.Long.parselLong(Long.java:601)

at java.lang.lLong.parseLong(Long.java:631)

at java.text.DigitlList.getlLong(DigitList.java:195)

at java.text.DecimalFormat.parse(DecimalFormat.java:2084)

at java.text.SimpleDateFormat.subParse(SimpleDateFormat.java:2162)

at java.text.SimpleDateFormat.parse(SimpleDateFormat.java:1514)

at java.text.DateFormat.parse(DateFormat.java:364)

at cn.itcast.n7.TestDateParse.lambda$test1$0(TestDateParse.java:18)

at java.lang.Thread.run(Thread.java:748)
19:10:40.859 [Thread-1] c.TestDateParse - {}
java.lang.NumberFormatException: empty String

at sun.misc.FloatingDecimal.readJavaFormatString(FloatingDecimal.java:1842)

at sun.misc.FloatingDecimal.parseDouble(FloatingDecimal.java:110)

at java.lang.Double.parseDouble(Double.java:538)

at java.text.DigitList.getDouble(DigitList.java:169)

at java.text.DecimalFormat.parse(DecimalFormat.java:2089)

at java.text.SimpleDateFormat.subParse(SimpleDateFormat.java:2162)

at java.text.SimpleDateFormat.parse(SimpleDateFormat.java:1514)

at java.text.DateFormat.parse(DateFormat.java:364)

at cn.itcast.n7.TestDateParse.lambda$test1$0(TestDateParse.java:18)

at java.lang.Thread.run(Thread.java:748)
19:10:40.857 [Thread-8] c.TestDateParse - Sat Apr 21 00:00:00 CST 1951
19:10:40.857 [Thread-9] c.TestDateParse - Sat Apr 21 00:00:00 CST 1951
19:10:40.857 [Thread-6] c.TestDateParse - Sat Apr 21 00:00:00 CST 1951
19:10:40.857 [Thread-4] c.TestDateParse - Sat Apr 21 ©0:00:00 CST 1951
19:10:40.857 [Thread-5] c.TestDateParse - Mon Apr 21 00:00:00 CST 178960645
19:10:40.857 [Thread-0] c.TestDateParse - Sat Apr 21 00:00:00 CST 1951
19:10:40.857 [Thread-7] c.TestDateParse - Sat Apr 21 00:00:00 CST 1951
19:10:40.857 [Thread-3] c.TestDateParse - Sat Apr 21 00:00:00 CST 1951

B - R
XA BEEARRITT | (ERSRIVEIERE FARK | FIRERT -
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SimpleDateFormat sdf = new SimpleDateFormat("yyyy-MM-dd");
for (int 1 = @; 1 < 50; i++) {
new Thread(() -> {
synchronized (sdf) {
try {
log.debug("{}", sdf.parse("1951-04-21"));
} catch (Exception e) {
log.error("{}", e);

}
¥
}).start();
¥
B - ArJE

RN REREBELENIBRE (BE) | PBACHELIEZEH  BARFEARIELN | XEFNRE
Java FBRE |, GIa07E Java 8 5 , IR T —NTRIB EBSEUMLEE ¢

DateTimeFormatter dtf = DateTimeFormatter.ofPattern("yyyy-MM-dd");
for (int i = 0; 1 < 10; i++) {
new Thread(() -> {
LocalDate date = dtf.parse("2018-10-01", LocalDate::from);
log.debug("{}", date);
}).start();

A& DateTimeFormatter BI3ZAY :

@implSpec
This class is immutable and thread-safe.

AR, LIRER— PR R,
7.2 Rajgsigit

B—NARENFER String HKBREARTERT , LLEAH | RI— T AT RIRITHIESR

public final class String
implements java.io.Serializable, Comparable<String>, CharSequence {
/** The value is used for character storage. */
private final char value[];

/** Cache the hash code for the string */
private int hash; // Default to ©

7 ooc
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final BY{EFH
KINZZE, EPREREMERZ final Y

o BIEA final EIHERIE TIZBIERRIER | FEEEN
3RA final {EIHERIE TiZEPIVSIAABERER | BILEF AR A=

RIPHEER

BERFRIE , FAFREN , BB —LIRIESUEXRSEN |, tal substring & |, BMATHME —BXLHIES
SMEISEERRY | BLA substring J9f31

public String substring(int beginIndex) {
if (beginIndex < @) {
throw new StringIndexOutOfBoundsException(beginIndex);
}
int subLen = value.length - beginIndex;
if (subLen < @) {
throw new StringIndexOutOfBoundsException(subLen);

}

return (beginIndex == @) ? this : new String(value, beginIndex, sublLen);

KIMEREBRIFR String BUMIES ZBIE T — MR8 , BHEANXIMIIEEE | 28X final char[] value
TIEK

public String(char value[], int offset, int count) {
if (offset < @) {
throw new StringIndexOutOfBoundsException(offset);
}
if (count <= 0) {
if (count < 0) {
throw new StringIndexOutOfBoundsException(count);

}

if (offset <= value.length) {
this.value = "".value;
return;

}

}
if (offset > value.length - count) {

throw new StringIndexOutOfBoundsException(offset + count);

}

this.value = Arrays.copyOfRange(value, offset, offset+count);

ZERERIMIZE |, WIS FFENSRE , 24 charl] value , MRBSHHTES . XFHEIT ORI AT S kE
SRHENFERIRZA (RPN ( defensive copy ) ]
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* RIEZ final
7.3 BIRE

£ web BERF BT , iRIT Serviet Bf AT RIEREEZ S , #SBAXFAVEIN , AF Servlet REMRTE |, X
MBHIUMREERRRLIELEN

EAMAERRFIMEEALFRSES | BISERASEMRS ) (TRE]
FEME

o FETIEER

. FEIIHIGIH

o *RIEAE

o final

8. - \?EQZIE

8.1 &zl
1. BREXZiEit

Thread Pool
Blocking Queue
tl —t—poll—
t2 ----r----poll------p task 1 —— task 2 — task 3 ————put—— main
<
t3 se=-tes=-poll----f

$B . BENESRIKED
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@FunctionalInterface // {E4AZRRE%
interface RejectPolicy<T> {
void reject(BlockingQueue<T> queue, T task);

FE2 - BENXESAYY

class BlockingQueue<T> {

/] 1. {ESAF

private Deque<T> queue = new ArrayDeque<>();

/] 2. B
private ReentrantLock lock = new ReentrantLock();

/] 3. EFFERHETE
private Condition fullWaitSet = lock.newCondition();

/] 4. BBEEFRMZE
private Condition emptyWaitSet = lock.newCondition();

/] 5. BE
private int capcity;

public BlockingQueue(int capcity) {
this.capcity = capcity;

// BRI EEIREN
public T poll(long timeout, TimeUnit unit) {
lock.lock();
try {
/] ¥ timeout GFT—EEHEAY YARD
long nanos = unit.toNanos(timeout);
while (queue.isEmpty()) {
try {
// REHEEFRIRETE
if (nanos <= @) {
return null;
}
nanos = emptyWaitSet.awaitNanos(nanos);
} catch (InterruptedException e) {
e.printStackTrace();

}

T t = queue.removeFirst();
fullWaitSet.signal();
return t;

} finally {
lock.unlock();
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// BEZEIREX
public T take() {
lock.lock();

try {
while (queue.isEmpty()) {
try {
emptyWaitSet.await();
} catch (InterruptedException e) {
e.printStackTrace();
¥
}

T t = queue.removeFirst();
fullWaitSet.signal();
return t;

} finally {
lock.unlock();

// BEZEERN
public void put(T task) {
lock.lock();

try {
while (queue.size() == capcity) {
try {
log.debug ("FERFINESBAGY {} ...", task);
fullWaitSet.await();
} catch (InterruptedException e) {
e.printStackTrace();
}
¥

log.debug("IONESBAG {}3", task);
queue.addLast(task);
emptyWaitSet.signal();

} finally {
lock.unlock();

// TR EEEERN
public boolean offer(T task, long timeout, TimeUnit timeUnit) {

lock.lock();

try {
long nanos = timeUnit.toNanos(timeout);
while (queue.size() == capcity) {

try {
if(nanos <= 0) {
return false;

}
log.debug ("FFMANESG {} ...", task);

nanos = fullWaitSet.awaitNanos(nanos);
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} catch (InterruptedException e) {
e.printStackTrace();

¥
log.debug("IAN{ESPBAG {3, task);
queue.addLast(task);
emptyWaitSet.signal();
return true;

} finally {
lock.unlock();

public int size() {
lock.lock();
try {
return queue.size();
} finally {
lock.unlock();

public void tryPut(RejectPolicy<T> rejectPolicy, T task) {
lock.lock();
try {
/] FIHBAFIR A
if(queue.size() == capcity) {
rejectPolicy.reject(this, task);
} else { // BZR
log.debug("INESBAF {}3", task);
queue.addLast(task);
emptyWaitSet.signal();

}
} finally {

lock.unlock();

HR3  BEXNGAE

class ThreadPool {
/] 1ESBF

private BlockingQueue<Runnable> taskQueue;

/] GREES
private HashSet<Worker> workers = new HashSet<>();

/] RROEFEEL

private int coreSize;
// FREUESSEIAOERTATIE]
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private long timeout;
private TimeUnit timeUnit;

private RejectPolicy<Runnable> rejectPolicy;

/] BUTES
public void execute(Runnable task) {
/] HESERBBY coreSize BY , BEEAULS worker SISHHIT
// MNRMESEGERIT coreSize AT, IINESIAFIETE
synchronized (workers) {
if(workers.size() < coreSize) {
Worker worker = new Worker(task);
log.debug("#i& worker{}, {}", worker, task);
workers.add(worker);
worker.start();
} else {
// taskQueue.put(task);
/1 1) 5F
/] 2) TENES
// 3) iLEBERGHES T
/] 4) iLERERHES
// 5) WEREBSHITES
taskQueue.tryPut(rejectPolicy, task);

public ThreadPool(int coreSize, long timeout, TimeUnit timeUnit, int queueCapcity,
RejectPolicy<Runnable> rejectPolicy) {
this.coreSize = coreSize;
this.timeout = timeout;
this.timeUnit = timeUnit;
this.taskQueue = new BlockingQueue<>(queueCapcity);
this.rejectPolicy = rejectPolicy;

class Worker extends Thread{
private Runnable task;

public Worker(Runnable task) {
this.task = task;

@Override
public void run() {
/] PATIESS
// 1) & task A=, PUTES
/] 2) 3 task HUTTEE , BEEMNESIFEREUESFHHIT

// while(task != null || (task = taskQueue.take()) != null) {
while(task != null || (task = taskQueue.poll(timeout, timeUnit)) != null) {
try {

log.debug("IEFEHAT. . .{}", task);
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task.run();
} catch (Exception e) {
e.printStackTrace();
} finally {
task = null;

}

synchronized (workers) {
log.debug("worker #HEFR{}", this);
workers.remove(this);

4

public static void main(String[] args) {
ThreadPool threadPool = new ThreadPool(1,
1000, TimeUnit.MILLISECONDS, 1, (queue, task)->{
/] 1. &
// queue.put(task);
/] 2) TERBRERF
// queue.offer(task, 1500, TimeUnit.MILLISECONDS);
// 3) IBRARERGFES T
/] log.debug("HFF{}", task);
/] 4) iLERERMHES
// throw new RuntimeException("{EZHITEM " + task);
// 5) iBEAEBCHITIES
task.run();
1
for (int i =0; i < 4; i++) {
int j = i;
threadPool.execute(() -> {
try {
Thread.sleep(1000L);
} catch (InterruptedException e) {
e.printStackTrace();
}
log.debug("{}", J);
1)

2. ThreadPoolExecutor
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I ExecutorService
4
TTTTTTTTY
|
1 ScheduledExecutorService c ThreadPoolExecutor

c ScheduledThreadPoolExecutor

1) &ERIRE
ThreadPoolExecutor {8 int 95 3 ASRFREIETIRE |, 1K 29 (ERTELIEHE

=3 HERUTHRE S-IEBRZERATIE

‘ﬁ 3 H

RS2 & £ . i1

RUNNING 1M1 % %

S UTEEN o N v ABUEMESS | (B IBEZEATIRIS
F5

sTOP e N N SHRTIEERITANESS | FHFEZ=ENS
E55

N WG FSERITREE | EIIEKIESN 0 BDISHEHAN
et

TERMINATED 011 - - REERE

ME= EEbs , TERMINATED > TIDYING > STOP > SHUTDOWN > RUNNING
XEERFHEE—NRTEE cl F , BIIRBEAERSSSAENNEZN— , XEMALIA—IR cas [RFER(F
AT E

/] ¢ RIBE, ctlof REERNHE
ctl.compareAndSet(c, ctlOof(targetState, workerCountOf(c))));

/1 rs AE 3 URFRLEBIRE , we BR 29 ARLENEL, ctl BEFHEA]

private static int ctlof(int rs, int wc) { return rs | wc; }

2) 9iERHE
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public ThreadPoolExecutor(int corePoolSize,
int maximumPoolSize,
long keepAliveTime,
TimeUnit unit,
BlockingQueue<Runnable> workQueue,
ThreadFactory threadFactory,
RejectedExecutionHandler handler)

e corePoolSize IZLEAZEI B (RSIRENZIZED

e maximumPoolSize B ALFEEE

o keepAliveTime 4E7ZATE] - $HIIRSETE

 unit BFEJERL] - SIIRBEIE

e workQueue FHZERAFI

e threadFactory Z&F2 1) - AJLANLKIECIRBATRNFEF
e handler E4a55H%

TR

LT B FIX @M &R A —E g 400-618-9090



OERIEE | tE5EXET
/) %&Zﬁ’i;; BRITHERE NEDPEITHE, BIEETHN

“iEitc=2,m=3
| KRR |

77 F551
W57 = E552
FEZERASI

size=2

11553

1E554

o LFEFNIFHAIRBHIE  S—MISEXGEHIETE | SIEtStE— NSRRI TES.

o LAFEHUAZR| corePoolSize FHRBLIETH , IXATBIINGES |, FIIIAMESSBINAworkQueue PAFIHE
BA , ERIETHIIEIR.

o UNERPAFIEE THERBAS , BBAESEI TBASTIA/NET , 28 maximumPoolSize - corePoolSize #HAYZ:

o YNEREAZEENX maximumPoolSize {HAEFES XIS HUTIELERIR. BBRI jdk 24t T 4 7Ll , HE
ERESRBIRM T SC

o AbortPolicy 1EJEE&EHIH RejectedExecutionException BE , IXEEATKES
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CallerRunsPolicy iHRAR&E I TES
DiscardPolicy EAXIES
DiscardOldestPolicy BFFIFEREINES , AMESEMRZ
Dubbo HYSCHR , #EHBE RejectedExecutionException BEZEISICRAR , 7 dump &iEH%ER , B
ESRVIT
Netty BISCHR , REIE— MR TIES
o ActiveMQ RYSCER , HtBRTEAF (60s ) SIHBIABAGY |, A2 BB E X AELZRRS
o PinPoint FYSCHL , BT —MEARIEHE | SF—=H R EHER5RE
e HFIEYERE , #BidcorePoolSize M SEFFNR—RITEIZBESM , FEERTTERE , XMHIEH
keepAliveTime #0 unit &4,

O O O O

o

I RejectedExecutionHandler

c DiscardPolicy c DiscardOldestPolicy c CallerRunsPolicy c AbortPolicy

RIEXMIIETTIE | JDK Executors eI T RE T J5iAK I ST RIERILAS D

3) newFixedThreadPool

public static ExecutorService newFixedThreadPool(int nThreads) {
return new ThreadPoolExecutor(nThreads, nThreads,
oL, TimeUnit.MILLISECONDS,
new LinkedBlockingQueue<Runnable>());

iR

o DEIEE == RALAEH (IRBEHCEAERKEIRE ) | Bt THERATE
o MEEPFIZTHRN , TLARERHENES

Y ERTESEEN , BXFERRIES

4) newCachedThreadPool

public static ExecutorService newCachedThreadPool() {
return new ThreadPoolExecutor(®, Integer.MAX_VALUE,
60L, TimeUnit.SECONDS,
new SynchronousQueue<Runnable>());

B

o RULATER 0, BRALAZHR Integer MAX_VALUE , MISEAZAIRAEFHTREIZ 60s , BKE
o EPEEKTEAZ (60s FALARIL )
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o WEEFERILATBREE
o BAFIRRY SynchronousQueue B RE | BIRERE | IRBLIERNERNHER (—F2tk. —FX

&)

SynchronousQueue<Integer> integers = new SynchronousQueue<>();
new Thread(() -> {
try {
log.debug("putting {} ", 1);
integers.put(1);
log.debug("{} putted...", 1);

log.debug("putting...{} ", 2);

integers.put(2);

log.debug("{} putted...", 2);
} catch (InterruptedException e) {

e.printStackTrace();

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

sleep(1);

new Thread(() -> {
try {
log.debug("taking {}", 1);
integers.take();
} catch (InterruptedException e) {
e.printStackTrace();

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

sleep(1);

new Thread(() -> {
try {
log.debug("taking {}", 2);
integers.take();
} catch (InterruptedException e) {
e.printStackTrace();

}
},"t3") . start();

i
11:48:15.500 c.TestSynchronousQueue [t1l] - putting 1
11:48:16.500 c.TestSynchronousQueue [t2] - taking 1
11:48:16.500 c.TestSynchronousQueue [t1] - 1 putted...
11:48:16.500 c.TestSynchronousQueue [t1] - putting...2
11:48:17.502 c.TestSynchronousQueue [t3] - taking 2
11:48:17.503 c.TestSynchronousQueue [tl] - 2 putted...
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i BN S RMANGIEHARBEESEAIGK  IRE LR, ZESHTTE , TR 19 HERRE
B, BRESHERES B8 MESHTHEBRRENER

5) newSingleThreadExecutor

public static ExecutorService newSingleThreadExecutor() {
return new FinalizableDelegatedExecutorService
(new ThreadPoolExecutor(1l, 1,
0L, TimeUnit.MILLISECONDS,
new LinkedBlockingQueue<Runnable>()));

}
FRBS :
FEZMESHBANT. LEHETEN 1, ST 18, SATHEFIEBA. ESHIT=E , XE—R%E
ARSI,
X5l :

o BCEE— M BREEHRTHIITES , MRESHITEMMAIIBARBIHTHNKIENE , MEfEtitSimE—
NERE | (RIEAVIER T

e Executors.newSingleThreadExecutor() ZFENEIRZ A1 , FBElIBX

o FinalizableDelegatedExecutorService N FERIZZIMERIET, , RIIMEEE T ExecutorService #21 ,
I R8ETEFE ThreadPoolExecutor HAEEHITTE

e Executors.newFixedThreadPool(1) ¥J8&Rt A1 , LUGIERRILUER
o XIIMRERIR ThreadPoolExecutor X958 , AILABEE[SIEFE setCorePoolSize F AR T1EEX

6) {2315

/] BUTIESS
void execute(Runnable command);

/] 1R3MESS task , FIREWE Future FREESHUTER
<T> Future<T> submit(Callable<T> task);

/] 123Z tasks FATEES
<T> List<Future<T>> invokeAll(Collection<? extends Callable<T>> tasks)
throws InterruptedException;

/] RBR tasks HFFEES , HiERIEE
<T> List<Future<T>> invokeAll(Collection<? extends Callable<T>> tasks,
long timeout, TimeUnit unit)
throws InterruptedException;

/] $R3Z tasks HATEIES  WRMESIEAIIHUTRE , IRBIMESHUTESR  HBEESEH
<T> T invokeAny(Collection<? extends Callable<T>> tasks)

throws InterruptedException, ExecutionException;
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/] $R3Z tasks HHATEIESS , BMESSIOAIIITREE , IRBIESHUTEAR , HEESEE | miBifadiE
<T> T invokeAny(Collection<? extends Callable<T>> tasks,
long timeout, TimeUnit unit)
throws InterruptedException, ExecutionException, TimeoutException;

7) KAt

shutdown

/ *

SARHIRESEESY SHUTDOWN

- FEENGHES

- (BERRESSHMITR

- AR EEERSAZATHT
*/

void shutdown();

public void shutdown() {
final ReentrantLock mainLock = this.mainlLock;
mainLock.lock();

try {
checkShutdownAccess();

/] (EBEFEMIRTS
advanceRunState (SHUTDOWN) ;
/] REFTHRZES IRERE
interruptIdleWorkers();
onShutdown(); // ¥ R ScheduledThreadPoolExecutor
} finally {
mainLock.unlock();
}
/] ERBE (RBIBITNEETLINIZIEL | IREBETHEREEISE)
tryTerminate();

shutdownNow

/*

LREMRSEES sToP

- FEENGHES

- SRAFIRRYESIRE

- A interrupt AISTUHMTIEEHITANESS
*/

List<Runnable> shutdownNow();

public List<Runnable> shutdownNow() {

LT B FIX @M &R A —E g 400-618-9090


af://n3676

OERIEE | tE5EXET
/) %&Eﬁ% BRITHERE NEDPEITHE, BIEETHN

List<Runnable> tasks;

final ReentrantLock mainLock = this.mainlLock;

mainLock.lock();

try {
checkShutdownAccess();
/] AEBEFEMIRTS
advanceRunState(STOP);
/] FIEATE LR
interruptWorkers();
/1 SREXBAFIRFRIRIESS
tasks = drainQueue();

} finally {
mainLock.unlock();

}
/] EiEE
tryTerminate();
return tasks;
¥
HeR*

// A~FE RUNNING RSHILAE |, L5 /ARIRE] true

boolean isShutdown();

/] GFEBRESEERRE TERMINATED
boolean isTerminated();

// VBF shutdown 5§ , AT EBEXEHASESESHEESEITER | AR EEELTE T TERMINATED [Sifts
15, LRI EE S

boolean awaitTermination(long timeout, TimeUnit unit) throws InterruptedException;

8) (ESSIFE =it

£ [MESHELARD] THREIIANZAY . SILAGER java.util Timer SESLIERIINRE , Timer BMURIETEBZA , B
HTAEASEHEHR— M IEREE | FAraESHEHRTHITH . B—iEREE—MESERT . si—
ESHEREREEHHESTMEZFHES.

public static void main(String[] args) {
Timer timer = new Timer();
TimerTask taskl = new TimerTask() {
@Override
public void run() {
log.debug("task 1");

sleep(2);
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¥
TimerTask task2 = new TimerTask() {
@Override
public void run() {
log.debug("task 2");

s

// R timer FHOIAWMES  FEEAIFE 1s BFHIT

// {BRF timer WRE—NMEEEINFHATINZIFRUES , Bt [1E551] AORERS , #2007 [1E5S2] 89T
timer.schedule(taskl, 1000);

timer.schedule(task2, 1000);

i

20:46:09.444 c.TestTimer [main] - start...
20:46:10.447 c.TestTimer [Timer-0] - task 1
20:46:12.448 c.TestTimer [Timer-0] - task 2

{$F ScheduledExecutorService M5 :

ScheduledExecutorService executor = Executors.newScheduledThreadPool(2);
/ HMAEMES | BLEEIIEME 1s BT
executor.schedule(() -> {
System.out.println("{E551 , H147HJE : " + new Date());
try { Thread.sleep(2000); } catch (InterruptedException e) { }
}, 1000, TimeUnit.MILLISECONDS);
executor.schedule(() -> {
System.out.println("{E552 , HfTEJE : " + new Date());
}, 1000, TimeUnit.MILLISECONDS);

il

{F531 , $4FAYE : Thu Jan @3 12:45:17 CST 2019
{E532 , $4TAYE : Thu Jan @3 12:45:17 CST 2019

scheduleAtFixedRate 5l = :

ScheduledExecutorService pool = Executors.newScheduledThreadPool(1);
log.debug("start...");
pool.scheduleAtFixedRate(() -> {
log.debug("running...");
}, 1, 1, TimeUnit.SECONDS);

il
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21:45:43.167 c.TestTimer [main] - start...
21:45:44.215 c.TestTimer [pool-1-thread-1] - running...
21:45:45.215 c.TestTimer [pool-1-thread-1] - running...
21:45:46.215 c.TestTimer [pool-1-thread-1] - running...
21:45:47.215 c.TestTimer [pool-1-thread-1] - running...

scheduleAtFixedRate 5 ({ESSHITRIIENET T [EIFRATIAE )

ScheduledExecutorService pool = Executors.newScheduledThreadPool(1);
log.debug("start...");
pool.scheduleAtFixedRate(() -> {
log.debug("running...");
sleep(2);
}, 1, 1, TimeUnit.SECONDS);

WO - A, TR 1s , TR, RTESHUTRIE > [EfRATE , B [E] 217 2s

21:44:30.311 c.TestTimer [main] - start...

21:44:31.360 c.TestTimer [pool-1-thread-1] - running...
21:44:33.361 c.TestTimer [pool-1-thread-1] - running...
21:44:35.362 c.TestTimer [pool-1-thread-1] - running...
21:44:37.362 c.TestTimer [pool-1-thread-1] - running...

scheduleWithFixedDelay i+ :

ScheduledExecutorService pool = Executors.newScheduledThreadPool(1);
log.debug("start...");
pool.scheduleWithFixedDelay(()-> {
log.debug("running...");
sleep(2);
}, 1, 1, TimeUnit.SECONDS);

oM - —FFA |, EAY 1s , scheduleWithFixedDelay RYEIfER E—MESESR <> AT <> FT—MESFE Fr

LAEIPRERE 3s
21:40:55.078 c.TestTimer [main] - start...
21:40:56.140 c.TestTimer [pool-1-thread-1] - running...
21:40:59.143 c.TestTimer [pool-1-thread-1] - running...
21:41:02.145 c.TestTimer [pool-1-thread-1] - running...
21:41:05.147 c.TestTimer [pool-1-thread-1] - running...

TR BANEIEORIN - SEHEE | SRS TN SMATFITIHBA. ESHITREE | X
RIUASHRER. AR TEREREFTRIES

9) IEfRIBMITIES 7R
i EHERE
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ExecutorService pool = Executors.newFixedThreadPool(1);
pool.submit(() -> {
try {
log.debug("task1i");
int i =1/ o;
} catch (Exception e) {
log.error("error:", e);

1)
i

21:59:04.558 c.TestTimer [pool-1-thread-1] - taskl

21:59:04.562 c.TestTimer [pool-1-thread-1] - error:

java.lang.ArithmeticException: / by zero
at cn.itcast.n8.TestTimer.lambda$main$0(TestTimer.java:28)
at java.util.concurrent.Executors$RunnableAdapter.call(Executors.java:511)
at java.util.concurrent.FutureTask.run(FutureTask.java:266)
at java.util.concurrent.ThreadPoolExecutor.runWorker(ThreadPoolExecutor.java:1149)
at java.util.concurrent.ThreadPoolExecutor$Worker.run(ThreadPoolExecutor.java:624)
at java.lang.Thread.run(Thread.java:748)

73352 : {5 Future

ExecutorService pool = Executors.newFixedThreadPool(1);
Future<Boolean> f = pool.submit(() -> {
log.debug("task1");
inti=1/ 0;
return true;

s
log.debug("result:{}", f.get());

il

21:54:58.208 c.TestTimer [pool-1-thread-1] - taskl
Exception in thread "main" java.util.concurrent.ExecutionException:
java.lang.ArithmeticException: / by zero
at java.util.concurrent.FutureTask.report(FutureTask.java:122)
at java.util.concurrent.FutureTask.get(FutureTask.java:192)
at cn.itcast.n8.TestTimer.main(TestTimer.java:31)
Caused by: java.lang.ArithmeticException: / by zero
at cn.itcast.n8.TestTimer.lambda$main$0(TestTimer.java:28)
at java.util.concurrent.FutureTask.run(FutureTask.java:266)
at java.util.concurrent.ThreadPoolExecutor.runWorker(ThreadPoolExecutor.java:1149)
at java.util.concurrent.ThreadPoolExecutor$Worker.run(ThreadPoolExecutor.java:624)
at java.lang.Thread.run(Thread.java:748)
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10) Tomcat Zigith
Tomcat 7EHRERFHZE 7 L&Azt

e LimitLatch FIRPRIA , ATLMEHISRAEZ ML, 25U ).U.C Ry Semaphore [FEFE#H
o Acceptor Rfazs [#UTHHY socket iEH]

e Poller ItAZ=IANT socket channel 285 [FiEH 10 4]

o —HOE , FHE—MESTISR (socketProcessor ) , #A544 Executor LefgithabiEd

o Executor ZAEt P TIEAEREZHRE EIEK]

Tomcat ZFEitHY B Y ThreadPoolExecutor , {TATHBARE
o WERPDLEAZHIAE] maximumPoolSize

o XATALIIZIMG RejectedExecutionException B&
o MEEREINBESINNG , ANRELY , FHiH RejectedExecutionException F&

JERD tomcat-7.0.42

public void execute(Runnable command, long timeout, TimeUnit unit) {
submittedCount.incrementAndGet();
try {
super.execute(command);
} catch (RejectedExecutionException rx) {
if (super.getQueue() instanceof TaskQueue) {
final TaskQueue queue = (TaskQueue)super.getQueue();
try {
if (!queue.force(command, timeout, unit)) {
submittedCount.decrementAndGet();
throw new RejectedExecutionException("Queue capacity is full.");
}
} catch (InterruptedException x) {
submittedCount.decrementAndGet();
Thread. interrupted();
throw new RejectedExecutionException(x);
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} else {
submittedCount.decrementAndGet();
throw rx;
¥
}
}
TaskQueue.java

public boolean force(Runnable o, long timeout, TimeUnit unit) throws InterruptedException {
if ( parent.isShutdown() )
throw new RejectedExecutionException(
"Executor not running, can't force a command into the queue"
)s
return super.offer(o,timeout,unit); //forces the item onto the queue, to be used if the task
is rejected

}
Connector ft&

[0 EOAME ]

acceptorThreadCount 1 acceptor ZizE

pollerThreadCount 1 poller 2=

minSpareThreads 10 ZEFEEL , BN corePoolSize

maxThreads 200 BAREFEEL , B) maximumPoolSize

executor - Executor &FR , A5 | TEHAY Executor
Executor &iEfiE
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[iTy=10 AiME i5BE
threadPriority 5 SRR
daemon true EATIP&E
minSpareThreads 25 ZIERFEEL , BN corePoolSize
maxThreads 200 BRALZAEEL , B) maximumPoolSize
maxIdleTime 60000 LoretErzad(E) , RN BOMERD 1 o
maxQueueSize Integer.MAX_VALUE RAFIHEE
prestartminSpareThreads false IR B RS SR EIiTE5
= 7 ARSI
e
RIS — RS < BL%E "

T B RIS <« BASRE
—2 . flENasE

3. Fork/Join

1) &
Fork/join 2 JDK 1.7 IIABIFBILAESCI , ERIIINE—FoiaBE , EBR TR TESIFOH cpu ZEE
=8

FMBRYES RS |, BE— I KESIFA AEE LERNIMES | EEFRERDILERKRE., RIBREX—L1
8 WIEFHR. SERARRED. EALIRDaBER TR

Fork/Join TEXTRRIERE LI\ T 2442 | ATLUES MESH DB EH AR RIIEFERTH | LIRATIE
B

Fork/Join BRAREIFES cpu DK /IMERIFLIE

2) &M

1R3Z4E Fork/Join ZRFZBANTESS EE D& RecursiveTask ( BIRENE ) 5 RecursiveAction (J&BIRENE ) , FlE0TF
EENT—NT 1~n ZBREEHCRFIANESS

@S1f4j(topic = "c.AddTask")
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class AddTaskl extends RecursiveTask<Integer> {

int n;

public AddTaski(int n) {
this.n = n;

@Override
public String toString() {
return "{" + n + '}';

@Override
protected Integer compute() {
/] WIR n BEAR 1, JLLKEBLERT

if (n ==1) {
log.debug("join() {}", n);
return n;

¥

/] BAESHITIRS (fork)

AddTaskl t1 = new AddTaskl(n - 1);
t1.fork();

log.debug("fork() {} + {}", n, t1);

/] BFf(join)ER

int result = n + tl1.join();

log.debug("join() {} + {} = {}", n, t1, result);
return result;

AIE1RAZES Fork]oinPool SRHAT

public static void main(String[] args) {
ForkJoinPool pool = new ForkJoinPool(4);
System.out.println(pool.invoke(new AddTask1(5)));

ER
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[ForkJoinPool-1-worker-0] - fork() 2 + {1}
[ForkJoinPool-1-worker-1] - fork() 5 + {4}
[ForkJoinPool-1-worker-0] - join() 1
[ForkJoinPool-1-worker-0] - join() 2 + {1} = 3
[ForkJoinPool-1-worker-2] - fork() 4 + {3}
[ForkJoinPool-1-worker-3] - fork() 3 + {2}
[ForkJoinPool-1-worker-3] - join() 3 + {2} = 6
[ForkJoinPool-1-worker-2] - join() 4 + {3} = 10
[ForkJoinPool-1-worker-1] - join() 5 + {4} = 15
15
FIEBRER
43—, 33—, {23, {1
/ t2 4 + {3} t3 3 + {2} to 2 + {1} . te
t1 5 + {4} €10 ) SNPSR Cogt ) SR
pET R b SR
Lecid

class AddTask3 extends RecursiveTask<Integer> {

int begin;
int end;

public AddTask3(int begin, int end) {
this.begin = begin;
this.end = end;

@Override
public String toString() {

return "{" + begin + "," + end + '}';

@Override
protected Integer compute() {
// 5, 5
if (begin == end) {
log.debug("join() {}", begin);
return begin;

/l 4, 5
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if (end - begin == 1) {
log.debug("join() {} + {} = {}", begin, end, end + begin);
return end + begin;

// 15
int mid = (end + begin) / 2; // 3

AddTask3 t1 = new AddTask3(begin, mid); // 1,3
t1.fork();
AddTask3 t2
t2.fork();
log.debug("fork() {} + {} = ?", t1, t2);

new AddTask3(mid + 1, end); // 4,5

int result = tl.join() + t2.join();
log.debug("join() {} + {} = {}", t1, t2, result);
return result;

SRISIRANLS ForkjoinPool SH4T

public static void main(String[] args) {
ForkJoinPool pool = new ForkJoinPool(4);
System.out.println(pool.invoke(new AddTask3(1, 10)));

[ForkJoinPool-1-worker-0] - join() 1 + 2

1}
O w

[ForkJoinPool-1-worker-3] - join() 4 + 5

[ForkJoinPool-1-worker-0] - join() 3
[ForkJoinPool-1-worker-1] - fork() {1,3} + {4,5} = ?
[ForkJoinPool-1-worker-2] - fork() {1,2} + {3,3} = ?
[ForkJoinPool-1-worker-2] - join() {1,2} + {3,3} = 6
[ForkJoinPool-1-worker-1] - join() {1,3} + {4,5} = 15
15

FRERZF=T
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{3,3}
{1,3}—
t2 {1,2} + {3,3} —{1,2}
V. .. .. to
’~~.’ .'~.3_,¢" 0"
------------- > R

8.2)J.U.C

1. * AQS |[RIE
2. * ReentrantLock [RIE
3. iES5H

3.1 ReentrantReadWriteLock

LI PninE TSR, XEHRER =58 i i TR, RS HUTHIEETRY select ...

from ... lock in share mode

BH— EaEE AEOBIERMEHIRIFAUER read() 73i%  SHURIFEUER write() 73i%

class DataContainer {
private Object data;
private ReentrantReadWriteLock rw = new ReentrantReadWritelLock();
private ReentrantReadWritelLock.ReadlLock r = rw.readLock();
private ReentrantReadWriteLock.WritelLock w = rw.writeLock();

public Object read() {
log.debug("REUEHL. .. ") ;
r.lock();
try {
log.debug("iEEY");
sleep(1);
return data;
} finally {

log.debug("TERIZEL. .. ");
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r.unlock();

public void write() {

log.debug("FKENSH. . .");

w.lock();

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

} finally {
log.debug("BHEH. .. ");
w.unlock();

AR EBHES ATLAFEAR

DataContainer dataContainer = new DataContainer();
new Thread(() -> {

dataContainer.read();
¥, "t1").start();

new Thread(() -> {

dataContainer.read();
¥, "t2").start();

HiHER |, MIXERILAEER Thread-0 $45EEAIE] , Thread-1 AR EAZ S0

14:05:14.341 c.DataContainer [t2] - $REVIESA. ..
14:05:14.341 c.DataContainer [t1] - FREVIESK. ..
14:05:14.345 c.DataContainer [t1] - EEX
14:05:14.345 c.DataContainer [t2] - iEHX
14:05:15.365 c.DataContainer [t2] - BFMUEHL. ..
14:05:15.386 c.DataContainer [t1] - BRMGEHL. ..

Wi 18-S9t 1HEEE

DataContainer dataContainer = new DataContainer();
new Thread(() -> {

dataContainer.read();
¥, "t1").start();

Thread.sleep(100);

new Thread(() -> {
dataContainer.write();

¥, "t2").start();

HEER
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14:04:21.838 c.DataContainer [t1] - ZKEGESA. ..
14:04:21.838 c.DataContainer [t2] - FKEVGHA...
14:04:21.841 c.DataContainer [t2] - B
14:04:22.843 c.DataContainer [t2] - BHEHL. ..
14:04:22.843 c.DataContainer [t1] - 3EEY
14:04:23.843 c.DataContainer [t1] - BRMUEHA. ..

S-S54 BRBEEEERN , XEMAULT

EEEIR

o EBIASTFEME
o BEARFAEAR i?—: RIFFRIREAIEIR TG , R SEERNEHRAEF T

r.lock();
try {
Il ooo
w.lock();
try {
/) ooo
} finally{
w.unlock();
¥
} finally{
r.unlock();

o BN | BIFEEHRIIBR AR

class CachedData {
Object data;
/] BEBY, NRELX , FEEFTE data
volatile boolean cacheValid;
final ReentrantReadWriteLock rwl = new ReentrantReadWritelLock();
void processCachedData() {
rwl.readLock().lock();
if (!cachevalid) {
// RIS R/ HIEH
rwl.readLock().unlock();
rwl.writeLock().lock();
try {
/] FIREEHEAECERN T B, BN &R, BRESEN
if (!cachevalid) {
data = ...
cacheValid = true;
}
/] BERFIE, BHEH, XEEBIIHEERENER
rwl.readLock().lock();
} finally {
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rwl.writeLock().unlock();

}
}
/] BCRTEUE, BERUEHt
try {
use(data);
} finally {
rwl.readLock().unlock();

}
}

* MRZEE

* ESHNRE

3.2 StampedLock

1Z35H DK 8 I , BATH—LMMNIENRE | CRSREEER RN, SiiiEeiics (8] 8
DnfEsEed

long stamp = lock.readLock();
lock.unlockRead(stamp);

MRS

long stamp = lock.writelLock();
lock.unlockWrite(stamp);

SRWLEE , StampedLock 32#F tryoptimisticRead() Fi%& (A RWIE ) |, EBGEEEEEEM—IR B WMRKLEE
o, FRXEESLSESIRE | SRR SFER , IRRKISEY , EEEFIABUEM , RIEEIERE.

long stamp = lock.tryOptimisticRead();

/] YaB
if(!lock.validate(stamp)){

/] BFR
}

RM— BUEERRR NERD BIERIEIRIFEUERN read() 73i% , BYRIPEUEN write() J3i&

class DataContainerStamped {

private int data;
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private final StampedLock lock = new StampedLock();

public DataContainerStamped(int data) {
this.data = data;

public int read(int readTime) {
long stamp = lock.tryOptimisticRead();
log.debug("optimistic read locking...{}", stamp);
sleep(readTime);
if (lock.validate(stamp)) {
log.debug("read finish...{}, data:{}", stamp, data);
return data;
¥
/] SRR - 1B
log.debug("updating to read lock... {}", stamp);
try {
stamp = lock.readLock();
log.debug("read lock {}", stamp);
sleep(readTime);
log.debug("read finish...{}, data:{}", stamp, data);
return data;
} finally {
log.debug("read unlock {}", stamp);
lock.unlockRead(stamp);

public void write(int newData) {
long stamp = lock.writelLock();
log.debug("write lock {}", stamp);
try {
sleep(2);
this.data = newData;
} finally {
log.debug("write unlock {}", stamp);
lock.unlockWrite(stamp);

Wi = LML
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public static void main(String[] args) {
DataContainerStamped dataContainer = new DataContainerStamped(1);
new Thread(() -> {
dataContainer.read(1);
}, "t1").start();
sleep(0.5);
new Thread(() -> {
dataContainer.read(0);
}, "t2").start();

BWHER | JLIERISTRR A INEN

15:58:50.217 c.DataContainerStamped [t1] - optimistic read locking...256
15:58:50.717 c.DataContainerStamped [t2] - optimistic read locking...256
15:58:50.717 c.DataContainerStamped [t2] - read finish...256, data:1
15:58:51.220 c.DataContainerStamped [tl] - read finish...256, data:1

Wi =5 AUACIEERMIMES

public static void main(String[] args) {
DataContainerStamped dataContainer = new DataContainerStamped(1);
new Thread(() -> {
dataContainer.read(1);
}, "t1").start();
sleep(0.5);
new Thread(() -> {
dataContainer.write(100);
}, "t2").start();

}

HEER
15:57:00.219 c.DataContainerStamped [t1l] - optimistic read locking...256
15:57:00.717 c.DataContainerStamped [t2] - write lock 384
15:57:01.225 c.DataContainerStamped [t1] - updating to read lock... 256
15:57:02.719 c.DataContainerStamped [t2] - write unlock 384
15:57:02.719 c.DataContainerStamped [t1] - read lock 513
15:57:03.719 c.DataContainerStamped [t1l] - read finish...513, data:1000
15:57:03.719 c.DataContainerStamped [t1] - read unlock 513
=

e StampedlLock AZIFRHETE
e StampedLock A3ZFEFRIEAN

4. Semaphore

B ER
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['sema forl (558 , FRIRHIRERRS HIIHZRIRAISAE EIR.

public static void main(String[] args) {
// 1. €U semaphore &
Semaphore semaphore = new Semaphore(3);

/] 2. 10NEERIRNEIT
for (int i = 0; i < 10; i++) {
new Thread(() -> {
// 3. IRBUFE]
try {
semaphore.acquire();
} catch (InterruptedException e) {
e.printStackTrace();

}
try {
log.debug("running...");
sleep(1);
log.debug("end...");
} finally {
/] 4. BERGFRT
semaphore.release();
}
}).start();
}
}
Tt
07:35:15.485 c.TestSemaphore [Thread-2] - running...
07:35:15.485 c.TestSemaphore [Thread-1] - running...
07:35:15.485 c.TestSemaphore [Thread-0] - running...
07:35:16.490 c.TestSemaphore [Thread-2] - end...
07:35:16.490 c.TestSemaphore [Thread-0] - end...
07:35:16.490 c.TestSemaphore [Thread-1] - end...
07:35:16.490 c.TestSemaphore [Thread-3] - running...
07:35:16.490 c.TestSemaphore [Thread-5] - running...
07:35:16.490 c.TestSemaphore [Thread-4] - running...
07:35:17.490 c.TestSemaphore [Thread-5] - end...
07:35:17.490 c.TestSemaphore [Thread-4] - end...
07:35:17.490 c.TestSemaphore [Thread-3] - end...
07:35:17.490 c.TestSemaphore [Thread-6] - running...
07:35:17.490 c.TestSemaphore [Thread-7] - running...
07:35:17.490 c.TestSemaphore [Thread-9] - running...
07:35:18.491 c.TestSemaphore [Thread-6] - end...
07:35:18.491 c.TestSemaphore [Thread-7] - end...
07:35:18.491 c.TestSemaphore [Thread-9] - end...
07:35:18.491 c.TestSemaphore [Thread-8] - running...
07:35:19.492 c.TestSemaphore [Thread-8] - end...
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* Semaphore i3

* Semaphore [FIE

5. CountdownlLatch
FRHITERERSIME | SSFERETRENTRT,
HohigES AR EFHYE |, await() ARSEFTEIAZE , countDown() FARLETEUR—

public static void main(String[] args) throws InterruptedException {
CountDownLatch latch = new CountDownLatch(3);

new Thread(() -> {

log.debug("begin...");

sleep(1);

latch.countDown();

log.debug("end...{}", latch.getCount());
}).start();

new Thread(() -> {

log.debug("begin...");

sleep(2);

latch.countDown();

log.debug("end...{}", latch.getCount());
}).start();

new Thread(() -> {

log.debug("begin...");

sleep(1.5);

latch.countDown();

log.debug("end...{}", latch.getCount());
}).start();

log.debug("waiting...");
latch.await();
log.debug("wait end...");

}

et
18:44:00.778 c.TestCountDownLatch [main] - waiting...
18:44:00.778 c.TestCountDownLatch [Thread-2] - begin...
18:44:00.778 c.TestCountDownLatch [Thread-0] - begin...
18:44:00.778 c.TestCountDownLatch [Thread-1] - begin...
18:44:01.782 c.TestCountDownLatch [Thread-0] - end...2
18:44:02.283 c.TestCountDownLatch [Thread-2] - end...1
18:44:02.782 c.TestCountDownLatch [Thread-1] - end...@
18:44:02.782 c.TestCountDownLatch [main] - wait end...
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LB GLARRER |, BT

public static void main(String[] args) throws InterruptedException {
CountDownLatch latch = new CountDownLatch(3);
ExecutorService service = Executors.newFixedThreadPool(4);
service.submit(() -> {
log.debug("begin...");
sleep(1);
latch.countDown();
log.debug("end...{}", latch.getCount());
1
service.submit(() -> {
log.debug("begin...");
sleep(1.5);
latch.countDown();
log.debug("end...{}", latch.getCount());
})s
service.submit(() -> {
log.debug("begin...");
sleep(2);
latch.countDown();
log.debug("end...{}", latch.getCount());
1)
service.submit(()->{
try {
log.debug("waiting...");
latch.await();
log.debug("wait end...");
} catch (InterruptedException e) {
e.printStackTrace();

}
})s

}

fant
18:52:25.831 c.TestCountDownLatch [pool-1-thread-3] - begin...
18:52:25.831 c.TestCountDownLatch [pool-1-thread-1] begin...
18:52:25.831 c.TestCountDownLatch [pool-1-thread-2] begin...
18:52:25.831 c.TestCountDownLatch [pool-1-thread-4] waiting...
18:52:26.835 c.TestCountDownLatch [pool-1-thread-1] end...2
18:52:27.335 c.TestCountDownLatch [pool-1-thread-2] end...1
18:52:27.835 c.TestCountDownLatch [pool-1-thread-3] end...0
18:52:27.835 c.TestCountDownLatch [pool-1-thread-4] - wait end...

* MAZRLFHEESEEEETE

AtomicInteger num = new AtomicInteger(9);

ExecutorService service = Executors.newFixedThreadPool(10, (r) -> {
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return new Thread(r, "t" + num.getAndIncrement());
1
CountDownLatch latch = new CountDownLatch(10);
String[] all = new String[10];
Random r = new Random();
for (int j = 0; j < 10; j++) {
int x = j;
service.submit(() -> {
for (int 1 = 0; i <= 100; i++) {
try {
Thread.sleep(r.nextInt(100));
} catch (InterruptedException e) {
}
all[x] = Thread.currentThread().getName() + "(" + (i + "%") + ")";
System.out.print("\r" + Arrays.toString(all));
¥
latch.countDown();
})s

}
latch.await();

System.out.println("\nEX¥FFE...");
service.shutdown();

hiE)E
[t0(52%), t1(47%), t2(51%), t3(40%), t4(49%), t5(44%), t6(49%), t7(52%), t8(46%), t9(46%)]
==

[te(100%), t1(100%), t2(100%), t3(100%), t4(100%), t5(100%), t6(100%), t7(100%), t8(100%),
t9(100%) ]
TS .

* MAZRAEFHFSNMEERBER

@RestController
public class TestCountDownlatchController {

@GetMapping("/order/{id}")

public Map<String, Object> order(@PathVariable int id) {
HashMap<String, Object> map = new HashMap<>();
map.put("id", id);
map.put(“total", "2300.00");
sleep(2000);
return map;

@GetMapping("/product/{id}")

public Map<String, Object> product(@PathVariable int id) {
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HashMap<String, Object> map = new HashMap<>();

if (id == 1) {
map.put(“name", "/INEZHE");
map.put(“"price", 300);

} else if (id == 2) {
map.put("name", "/JNKFH");
map.put("price", 2000);

¥

map.put("id", id);

sleep(1000);

return map;

@GetMapping("/logistics/{id}")

public Map<String, Object> logistics(@Pathvariable int id) {
HashMap<String, Object> map = new HashMap<>();
map.put("id", id);
map.put("name", "HIERE");
sleep(2500);
return map;

private void sleep(int millis) {
try {
Thread.sleep(millis);
} catch (InterruptedException e) {
e.printStackTrace();

rest AE VAR

RestTemplate restTemplate = new RestTemplate();
log.debug("begin");
ExecutorService service = Executors.newCachedThreadPool();
CountDownLatch latch = new CountDownLatch(4);
Future<Map<String,0Object>> f1 = service.submit(() -> {
Map<String, Object> r =
restTemplate.getForObject("http://localhost:8080/order/{1}", Map.class, 1);
return r;
3
Future<Map<String, Object>> f2 = service.submit(() -> {
Map<String, Object> r =
restTemplate.getForObject("http://localhost:8080/product/{1}", Map.class, 1);
return r;
s
Future<Map<String, Object>> f3 = service.submit(() -> {
Map<String, Object> r =
restTemplate.getForObject("http://localhost:8080/product/{1}", Map.class, 2);
return r;

s
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Future<Map<String, Object>> f4 = service.submit(() -> {
Map<String, Object> r =
restTemplate.getForObject("http://localhost:8080/logistics/{1}", Map.class, 1);
return r;

Hs

System.out.println(fl.get());
System.out.println(f2.get());
System.out.println(f3.get());
System.out.println(f4.get());
log.debug ("HTEEE");
service.shutdown();

19:51:39.711 c.TestCountDownLatch [main] - begin
{total=2300.00, id=1}

{price=300, name=/\NE=Efg, id=1}

{price=2000, name=/J\KFHl, id=2}

{name="Rj@PRE, id=1}

19:51:42.407 c.TestCountDownlLatch [main] - HfT55kE

6. CyclicBarrier

['satkiik ‘beerie] fEIMIE | ARHITEAZME | FRLEHER M. WEMRE [THENES] | 81EER
TEIRNFE BELS IRZIER await() J5iAHTHR | SFEHEEEHRE [THEN ] /S, 0T

CyclicBarrier cb = new CyclicBarrier(2); // PNER2BFASUREHIT

new Thread(()->{
System.out.println("ZFE1FFES. . "+new Date());
try {
cb.await(); // BNEAREH , EF
} catch (InterruptedException | BrokenBarrierException e) {
e.printStackTrace();
}
System.out.println("&FiZ1444E M FinfT. . . "+new Date());
}).start();

new Thread(()->{
System.out.println("ZF22FF48. . "+new Date());
try { Thread.sleep(2000); } catch (InterruptedException e) { }
try {
cb.await(); // 2 BfF , LRENEE2 , BEUElT
} catch (InterruptedException | BrokenBarrierException e) {
e.printStackTrace();
}
System.out.println("&FZ2444E M) FinfT. . . "+new Date());
}).start();
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= o] O s,
7. KEEREE XM
BENREES R ERE 1.U.C REES
/ \ ﬁﬁﬁcouectifnsag;a;ﬂl;ﬁ EFHCollectifnsﬂgﬁif{léjtﬁ / \
Hashtable Vector SynchronizedMap SynchronizedList BlockingZ CopyOnWriteZ ConcurrentZ
SRR EEGRALUND A=K

o REBIKIELELESRYU Hashtable , Vector
e M Collections EITHNEELZEES , W :

Collections.synchronizedCollection
Collections.synchronizedList
Collections.synchronizedMap
Collections.synchronizedSet
Collections.synchronizedNavigableMap
Collections.synchronizedNavigableSet

Collections.synchronizedSortedMap

O O O o o o o o

Collections.synchronizedSortedset
® java.util.concurrent.*
BERNE java.util.concurrent.* THEIELEEGER , AILIKIME(1EME , EEEE=3KHEA ¢
Blocking, CopyOnWrite, Concurrent
e Blocking K& SLIME T8 , FHEAARBZENGE
o CopyOnWrite Z KA EMFFHIEXIRE
e Concurrent ZARINZSE
o WEMRSEIEER cas it , —RILURHRESEHLE
o F5—Et

» WHRISE—ENE , Fla0 , SREEEERRT , MRERAREEN , AR LA ERH TR
B XEAEZIBR

n RANGE—EUE | size BAFRLZ 100%
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ConcurrentModificationException , NEB4*4EHRHA
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8. ConcurrentHashMap
%3 : BiEitey
AR EE

static final String ALPHA = "abcedfghijklmnopqgrstuvwxyz";

public static void main(String[] args) {
int length = ALPHA.length();
int count = 200;
List<String> list = new ArraylList<>(length * count);
for (int 1 = @; i < length; i++) {
char ch = ALPHA.charAt(i);
for (int j = ©; j < count; j++) {
list.add(String.valueOf(ch));

}
Collections.shuffle(list);

for (int 1 = 0; 1 < 26; i++) {
try (PrintWriter out = new PrintWriter(
new OutputStreamWriter(
new FileOutputStream("tmp/" + (i+1) + ".txt")))) {
String collect = list.subList(i * count, (i + 1) * count).stream()
.collect(Collectors.joining("\n"));
out.print(collect);
} catch (IOException e) {

}

TRIRCED | ARSI T SEAREB RIS

private static <V> void demo(Supplier<Map<String,V>> supplier,
BiConsumer<Map<String,V>,List<String>> consumer) {
Map<String, V> counterMap = supplier.get();
List<Thread> ts = new ArrayList<>();
for (int 1 = 1; i <= 26; i++) {
int idx = i;
Thread thread = new Thread(() -> {
List<String> words = readFromFile(idx);
consumer.accept(counterMap, words);

1
ts.add(thread);

ts.forEach(t->t.start());
ts.forEach(t-> {

try {
t.join();
} catch (InterruptedException e) {

e.printStackTrace();
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System.out.println(counterMap);

public static List<String> readFromFile(int i) {
ArrayList<String> words = new ArraylList<>();
try (BufferedReader in = new BufferedReader(new InputStreamReader(new FileInputStream("tmp/"
+ 1 +".txt")))) {
while(true) {
String word = in.readlLine();
if(word == null) {
break;
}
words.add(word) ;
}
return words;
} catch (IOException e) {
throw new RuntimeException(e);

(REMEVZSEIR NS

o —RIEMH—" map &5 | BRGEHENTRIEMEER | key T |, value HiHEL
o " RRM—AERME, RETHIREMN 253 map £ELAK BiF List

IFHfERE HNIZ 28 ERiE I 200 X

{a=200, b=200, c=200, d=200, e=200, =200, g=200, h=200, i=200, j=200, k=200, 1=200, m=200,
n=200, 0=200, p=200, =200, r=200, s=200, t=200, u=200, v=200, w=200, Xx=200, y=200, z=200}

TERISEELS
demo (

// Bl map &5
// Bl ConcurrentHashMap XJAKT ?
() -> new HashMap<String, Integer>(),

/] BT
(map, words) -> {
for (String word : words) {
Integer counter = map.get(word);
int newValue = counter == null ? 1 : counter + 1;
map.put(word, newValue);

DS

BiRBEE ? FHut
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demo (

() -> new ConcurrentHashMap<String, LongAdder>(),
(map, words) -> {
for (String word : words) {
// FERABEER putIfAbsent , tA5EREIRIRE E—XHY value , BERERIRE] null
map.computeIfAbsent(word, (key) -> new LongAdder()).increment();

)5
SEMRE2

demo (
() -> new ConcurrentHashMap<String, Integer>(),
(map, words) -> {
for (String word : words) {
/] BERE  TRRTFRE

map.merge(word, 1, Integer::sum);

)s

* ConcurrentHashMap |18
9. BlockingQueue

* BlockingQueue [FIE

10. ConcurrentLinkedQueue

ConcurrentLinkedQueue fYi%it+5 LinkedBlockingQueue IEE & , B2

o WIE (8] , B—%  ILRIFRNERERR (— MBS —NEERE ) U7
o dummy TIRAISINILAE [81] HRBUERNBRENSR |, BRRF
o REIX (8] AT cas KL

ZESL |, ConcurrentLinkedQueue NMEIRZEIEESTHY

flanzBfAY Tomcat B9 Connector £5#4RY , Acceptor fERASF=E[A Poller B & ELESHHEEM , [ERRAT
ConcurrentLinkedQueue ¥ SocketChannel 5 Poller {&5F3
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11. CopyOnWriteArrayList

CopyOnWriteArrayset EERISH [KESLIRAT SARER B , EHXURMERERESEEN— &
BSURRTERTEA LT | RSTARIMECLENHEARE  EESE. LEnEHf)

public boolean add(E e) {
synchronized (lock) {
// 3REXBRVEEE
Object[] es = getArray();
int len = es.length;
// N ( XBRWBFERIVRE  BFAFINEBIREE )
es = Arrays.copyOf(es, len + 1);
/] TR
es[len] = e;
// EHEIBrEEE
setArray(es);
return true;

-

XEBRYERSHRARZ Java 11, 1£ Java 1.8 PEEBRIZTENBIMAZ synchronized
HESHRIEFRME! | Fian :

public void forEach(Consumer<? super E> action) {
Objects.requireNonNull(action);
for (Object x : getArray()) {
@SuppressWarnings("unchecked") E e = (E) x;
action.accept(e);

&5 MEE5E0] NNBESR

get 55—
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CopyOnWriteArrayList

—get{0)} - array - 1 2| 3

arrayCopy ———»| 2 | 3

remove(ld)

Thread- 0 |  Thread-1 |

AE = #E

1 Thread-0 getArray()

2 Thread-1 getArray()

3 Thread-1 setArray(arrayCopy)
4 Thread-0 array[index]

AEZUL | (BiEEHsLFE

&R —HE

CopyOnWriteArrayList<Integer> list = new CopyOnWriteArrayList<>();
list.add(1);
list.add(2);
list.add(3);
Iterator<Integer> iter = list.iterator();
new Thread(() -> {
list.remove(0);
System.out.println(list);
}).start();

sleepls();
while (iter.hasNext()) {
System.out.println(iter.next());

}

RERES—HUMHALF

o HUERERY MVCC B2 —HUERIRIN
o FREM—HMERFEN  FTENE
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