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Threadthread=new Thread"'thread name) { Threadthread=new Thread) {
publicvoidrun() { publicvoidrun() {
/I do xxx /I do xxx
} }
5 %
thread.star{); thread.setNamé€'thread name);

thread.star();
publicclassMyThreadextendsThread {

publicMyThread) { Threadthread=new Thread(task // P ~ k F
supe"thread name); thread.setNaméx 1 KNS R Yy I YSh
} thread.star();
publicvoidrun() {
Il do xxx _ - P
) Threadthread=new Thread(taskg U0 K N5 |1 R
} thread.star();

MyThreadthread =new MyThread();
thread.star{();

@
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thread.interrupt();

Threadthread=new Thread(interrupt test") {
publicvoidrun() {
for (;:){
doXXX);
if (Threadinterrupted)) {
break
}

} @
3
thread.star();

publicvoidfoo() throws InterruptedExceptior
if (Threadinterrupted)) {

throw new InterruptedExceptiof);
}
}

- | Y i

Threadthread=new Thread(interrupt test") {
publicvoidrun() {

for (;;){
try {
doXXX);

} catch(InterruptedExceptiore) {
break

} catch(Exception e) {
/I handle Exception

}

} @
3
thread.star();

g )

Alibaba Group



ThreadLocal

ThreadLocadT> H local variablé I ~ A w
I W We g i L Wal v
initialValue() : T o ° W @ - Y | o ° b
g::g'.v-;lue) W :i. ) II . A C N "E W @
remove() N f A
a
To keep state with a thread (usdad, transactionid, loggingid)
To cache objects which you need frequently
> §
~ ThreadLocal o~ h T R 1§
'E  ThreadLocal A removel ¢ 4 A 0 g

7~ statig] ThreadLocal d R i removey

Alibaba Group
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(¢

ExecutorService

Task Submitter Executo
Thread

TaS k S u b m |tte r Task | Task | Task | Task | Task Thread

_ Executo
Task Submitter Thread

>

java.util.concurrent.Executors Executor A~ Executors ¥ « &
ExecutoA
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ExecutorServicexecutor =Executors.newSingleThreadExecpr

Callable<Object> taskrrew Callable<Object>() {
publicObject call(throws Exception {
Object result ="...";
returnresult;

|8

Future<Object> future executor.submiftask);
future.get();//

Task Submitter

1 0.0 ¢

Future<T>

cancelpoolean) : boolean
isCancelle@) : boolean
isDond) : boolean

get): T

get(long, TimeUni) : T

~

Runnable
Callable

Callable s A N

Task Executor

Future<Object future =executor.submiftask);

» Callable<Obijecttask =new Callable<Object>() {
publicObject call(fhrows Exception {

Il [ K F Object result X T
/l K F ¥ v  ExecutionException return result;
future.get(); }
/l 3 - v  TimeoutException J
future.get(3, TimeUnitSECOND;S
Task Submittes Executor 7
, N a Futureg Future a !
e e cancel get(timeout), N Q 7

o
Ot

g Future R h

RﬁB g
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producer consume

O O

Il Lo \or(;;){

blockingQ.pufobject); \ blockingQ.také); / Lo
., a nm ', a t - C g

Java . | ~

ArrayBlockingQueue <

LinkedBlockingQueue <« bw

SynchronousQueue < sizei 0

PriorityBlockingQueue

CompletionServic€BlockingQueue+ Executor)

TransferQueudJDK T SynchronousQueue fz

Alibaba Group
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Queue<kE>

add(E) boolean
remove() : E

offer() : boolean <

poll() : E
element() : E
peek() : E

A

ird

0O

a  BlockingQueue

Rv

t " 3, Blocking

b

a4
VA

[ Queue W

BlockingQueuegE>

pULE)

take() : E

offer(E, long,TimeUni) : boolean
poll(long, TimeUni) : E
remainingCapacitg)

BlockingQueug§ ~
a_ offer poll 3

a  put

a

take

offer pollA
a offer pollA

drainTq(Collection<? super E>)nt <
drainTaCollection<? super Emt ) :int

a drainTo

P

Alibaba Group
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final BlockingQueueObject>blockingQ= new ArrayBlockingQueugDbject>(1],
Threadthread=new Thread("consumer thread") {
publicvoidrun() {
for (5;) {
Objectobject=DblockingQ.pol);// 1~ b W
handle(object);

}
}
3

final BlockingQueueObject>blockingQ= new ArrayBlockingQueugObject>(1],
Threadthread=new Thread("consumer thread") {
publicvoidrun(){
for (;;) {
try {
» Objectobject=blockingQ.také;// |
handle(object);
} catch(InterruptedExceptiore) {
break
} catch(Exception e) {
/I handle exception
}

}
}
3




X Q

final BlockingQueueObject>blockingQ= new ArrayBlockingQueugObject>(1;
Threadthread=new Thread("consumer thread") {
publicvoidrun(){
for ;) {
try {

» Objectobject=blockingQ.polll, TimeUnitSECOND;3/

if (object ==null) {

continue // Al T
}

} catch(InterruptedExceptiore) {
break

} catch(Exception e) {
// handle exception

}

}
}
3

Alibaba Group
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classBlockingQ
private ObjectnotEmpty=new Objec();
private Queue<Object¥nkedList= newLinkedListObject();

publicObject take(xhrows InterruptedExceptio
synchronizednotEmpty) {

if (linkedListsiz€) == 0) {

notEmptywait(); <

}
return linkedLis.poll();

}

publicvoid offer(Objectobject) {
synchronizednotEmpty) {
if (linkedListsiz&) == 0) {

wait b~

-

wait b H

H |

notEmptynotifyAll); <

}
linkedListadd/object);

notify notifyAll b~ AYy

A

n waita notfiya notifyAll4 a

=y

Alibaba Group



v L Q(2)

classBlockingQ
private ObjectnotEmpty=new Object();
private ObjectnotFull=new Objecy);
private Queue<ObjectinkedList=new LinkedListObject();
privateint maxLength= 1Q

publicObject take(throws InterruptedExceptiod

synchronizednotEmpty) { <
if (linkedListsiz€) == 0) {
notEmptywait();
}

r=
1
1
L=d

No#

notEmpty notFulk

synchronizednotFul) { <
if (linkedListsiz€) ==maxLength {
notFullnotifyAll();

}
return linkedListpoll();

}
}
publicvoid offer(Objectobject) throws InterruptedExceptioq

synchronizednotEmpty) { <
if (linkedListsiz€) == 0) {
notEmptynotifyAll);
}

NoZ

notEmpty notFulk

synchronizednotFul) { <
if (linkedListsiz€) ==maxLength{
notFullwait();

}
linkedListadd(object);

=y
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classBlockingQ

privateLocklock=new ReentrantLocf; <
private ConditionnotEmpty=Ilock.newConditiof); <

vy A Q@3)

private ConditionnotFull=lock.newConditio(); <
private Queue<ObjectiinkedList= new LinkedListObject();
privateint maxLength= 10;
publicObject take(xhrows InterruptedExceptioq

locklock);

try {
if (linkedListsiz€) ==0) {

notEmptyawait));
}

if (linkedListsiz&) ==maxLength{
notFullsignalAl);
}

return linkedListpoll();

}Hinally{
lockunlocK);
}

}
publicvoid offer(Objectobject) throws InterruptedExceptioq

locklocK);

try {
if (linkedListsiz€) ==0) {

notEmptysignalAl); <
}

if (linkedListsiz&) ==maxLength {
notFullawait();
}

linkedListadd(object);

}Hinally{
lockunlocK);
}

~ awaita

a [ 3
mJ
e ~ YV - @ Condition
await b~ aYy Condition A
await by -~ w A
H[F ® A
signal signalAll b AYy
A
signah siganlAlf a



ReentrantLock4A Synchronized ***

Synchronized Lockj T M v Lock [
Condition <« synchronize@& Lock Condltlon m ¥
synchronized.ock ¥ Condition Synchronized Lock
n" Ms. ¢
JDK5 Synchronized b Lock =~ Il i JDK6 1
X RI g
R Lock Condition waitd notiffyd notifyAll¢ 6
Lock . o Condition
lock(); c await();
Kll_gglg; z:gzg:glo < . .
awatl -> walt
_ singal-> notify
synchronzied singalAlt> notifyAll

lock();

unlock();

wait();

notify(); )

notifyAll();
Alibaba Group




Monitor ***

: :
:  AJ
. ‘, . , ava

OO otiiea /] ® X”O”f‘ed va synchronized

O notified : O style monitor
A Mesa style O O O
monitor with [ 29| O — ey
two condition b.q N q W/
variables a i wait b g wait
and b I O I O

anes|
anes|

<

http://en.wikipedia.org/wiki/Monitor_(synchronization)

In concurrent programming, a monitor is an object intended to be used safely by more than one thread. The defining dtarat@monitor
is that its methods are executed with mutual exclusion. That is, at each point in time, at most one thread may be exegofiitg mmethods.
This mutual exclusion greatly simplifies reasoning about the implementation of monitors compared with code that may bedéxquarallel.

Monitors also provide a mechanism for threads to temporarily give up exclusive access, in order to wait for some cormitinatidefore
regaining exclusive access and resuming their task. Monitors also have a mechanism for signaling other threads thattsochk kbanel been
met.

Monitors were invented by..A.R. Hoar§l] andPerBrinchHansen [2] and were first implemented iBrinchHansen's Concurrent Pascal
language.


http://en.wikipedia.org/wiki/Monitor_(synchronization)

X Atomicinteger

classCounter {
privatevolatileint count= Q

publicsynchronizedroid increment() { g n count++ v
count++;
}
publicint getCounf) {
return count;
}
}
classCounter {

private Atomiclntegercount=new Atomiclntege();

publicvoid increment() { - - —
countincrementAndGe); a AtOFﬂIClnt?geH, b ¥ 3 Y

} nA

publicint getCounf) {
return count.get();
}
}

X f U Nng dA N
J QJ g java.util.concurrent 1 U |

~

AtomicBooleara Atomicinteger a AtomicLonga AtomicReference



X Lock-Free

classCounter{
privatevolatileint max= 0,
publicsynchronizedoid set(nt value) { «

if (value >max) {

max= value
}
}
publicint getMax) {
return max
}

}

classCounter {
private Atomiclntegemmax =new Atomicintege();

publicvoid set(nt value) {

—for (5;) {

int current =maxget();
if (value > current) {

CAS » if (maxcompareAndSéturrent, value)) {
»  Dbreak
}else{
continue
}
} else{ break }
}
}
publicint getMax) {
return maxget));
}
}

n ¥

LockFree b v A
2@ Ne ‘

W

Y CASCompareAndSégt

y

=y
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X Lock-Free

classCounter {
private Atomiclntegemax =new Atomicintege();

publicvoid set(nt value) { .
int current; < 3 - W
do{ } 7 b forg;;) v
current =max.gef); R2Xg6KATE S
if (value <= current) {
break
}

}while (fmax.compareAndSéturrent, value));

}

publicint getMax) {
return max.gef);
}



(Non blocking Synchronization)

v G ) Q x Wae ) A
" Noy " Blocking Synchronization " Nonblocking
Synchronization A
i W @ [ x M 7 s Wa )
[ b U T [s We A A mutexa
semap‘hore A b ) v An deadlock ~ " livelock
n 1~ priorityinversion ™ Y 1 v I A
W Y T3 Fab Ty Wait-Free
‘ W T A Va bw T
T r A
_ o LockFree
Non-blocking Synchronization '
Waitfree - . S Obstruction-Free
Wait-free K Kv b Y HpP b
A Wait-free G perthread =~ Yy w starvationfree A
’ il Wait-free b G starvationfree 0 3 :
AL <~ w A Atomic
Lockfree
LockFree G T W @ 1 A & @ Locklessbased
b starvationfree ~ 4 v ok - W W
@ n bula - 7 ¥y w  systemwide
A Wait-free LockFree A Lockbased
Obstructionfree
Obstructionfree K v TWe Ve ™y H
o Az v Ty Aw T k ~ Obstructionfree
T Ne b~ A LockFree Obstructionfree A




\ X Lock-Free

classBeanManage{
private Map<String, Objectmap = newHashMaString, Objeci();

publicObjectgetBear{String key) {
synchronizedmap) {
Object bean =nap.get(key);
if (bean ==null) {
map.put(key,createBeal));
bean =map.get(key);

}
return bean;
}
}
}
classBeanManagef
private ConcurrentMag:String, Object®nap=new ConcurrentHashMagString, Object>();
publicObjectgetBear{String key) {
Object bean snap.get(key);
if (bean ==ull) { - ~
map.putlfAbsentkey,createBeaf)); < a ConcurrentMap @
bean =map.get(key); a
} A
return bean;
}
}
ConcurrentHashMagh LockFree No n 3
6 n Ol ¥ Writerh] g ConcurrentHashMap J
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publicclassSequenceDaextendsSqlMapClientDaoSuppdrt
publicbooleancompareAndS€6tring nameint value,int expect){
Map<String, Object> parametersiew HashMap:String, Object>();
parameters.puf'name’, name);
parameters.puf'value', value);
parameters.puf'expect”, expect);

/I UPDATE sequenceSET value = #value# WHERE name = #game# AND value = #ejpect#
int updateCount= getSqlMapClientTemplafeupdate( Sequence.compareAndSegparameters);

return updateCount== 1; \ UpdateCount
} CompareAndSet

publicclassSequenceServide
@Transactiongpropagation PropagationNOT SUPPORTED

publicsynchronizedoid increment(StringequenceNamyg{

for () { < S
int value =dao.getValuésequenceNamg w
if (dao.compareAndS¢sequenceNamevalue +, value)) { Y CASCompareAndSgt
break Y

}

\.JJ e ~  @Transactiongpropagation PropagatiomOT_SUPPORTED



X

publicclassSequenceDaextendsSqlMapClientDaoSuppdrt
publicint getValueForUpda{&tring namej
/[ SELECT value FROBequenceVNHERE name = #name# FOR UPDATE
return (Integer)getSqlMapClientTemplafequeryForObjedt' Sequence.getValueForUpdateaame);

}

publicvoid set(String nameint value) {
Map<String, Object> parameters = nelashMapg:String, Object>();
parameters.puf'name”, name);
parameters.puf'value”, value);

/I UPDATE sequenceSET value = #value# WHERE name = #name#
getSqglMapClientTemplafeupdate('Sequence.séf parameters);

}

publicclassSequenceServide
@ Transactiongpropagation PropagationrREQUIRBED

publicsynchronizedioid increment2(StringgequenceNamyg{ PR
int value =dao.getValueForUpdatgsequenceNamg <
dao.set(sequenceNamevalue + 1);

>

LockFree ¢ v T od A N
1« ) Q) ¢




X CopyOnWriteArrayList

classEngine {
privateList<Listener> listenersrrew ArrayList<Listener>();

publicbooleanaddListenefListenetdistener) {
synchronizedlisteners) {
return listeners.addlistene;

}
}

publicvoid doXXX) {
synchronizedlisteners) {
for (Listenetistener: listeners) {
listener.handl€);

}

classEngine { l

@

privateList<Listener> listenersrrew CopyOnWriteArrayLististener>();

publicbooleanaddListeneflistenelfistener) {
return listeners.addlistener);
}

publicvoid doXXX) {
for (Listenetistener: listeners) {
listener.handl€);

}

COWwW . R a

N mi
ConcurrentSkipListMap
ConcurrentSkipListSet
CopyOnWriteArrayList
CopyOnWriteArraySet

@

a  CopyOnWriteArrayList
b A




X

W a CAS © ®wa
AtomicXXA ConcurrentMapg CopyOnWriteList ConcurrentLinkedQueue
Y W a R” T - v A
y n o - A
Y Dump Stac_,kTracfe o linux/ 5 kill -3 id> j§tackcl <Ppid>
a_ Jconsole :': StackTrace A
Vi “ b
Z W
yA W “ Lock tryLock JDKT ~ Phaser A

€L
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v n -X CoutDownLatch

finalint COUNT = 10;
final CountDownLatcleompleteLatch= new CountDownLatcfCOUNY;

for (inti=0; i < COUNT, ++i) {
Threadthread=new Thread(worker thread "+1i) {

publicvoid run() {

/I do xxxx

completeLatch.countDow(), <

}
h

thread.star{(); R LW @ o .
) CountDownLatcB W @ A
completeLatch.awaf); <
final CountDownLatcktartLatch= newCountDownLatc{l);
for (inti=0;i<L0;++i) {
Threadthread=new Thread(worker thread "+1) {
publicvoid run() {
try {
startLatch.awaif); <=
} catch(InterruptedExceptiore) {
return; P B ; [
} CountDownLatch W @
Il do xxxx A
}
I3
thread.star{);
} .
/Il do xxx

startLatch.countDow(); <

Alibaba Group




Onoe X CountDownlLatch

final CountDownLatckatch =new CountDownLatcfl);
Threadthread=new Thread(l ¢ 2 Nijréadi){
publicvoid run() {
Il do xxx
latch.countDowif);

}
2
thread.star();
latch.await);

final ObjectcompleteSignat new Object();
Threadthread=new Thread(worker-thread") {
publicvoid run() {
/Il do xxx
synchronizedcompleteSignaK
completeSignal.notifyAl;
}

I3
synchronizedcompleteSignal

thread.star();
completeSignal.wafj;

P N
¢p 1  CountDownLatch

final Locklock=new ReentrantLocg);

final ConditioncompleteSignat lock.newConditio();

Threadthread=new Thread(worker-thread") {
publicvoidrun() {

Il do xxx
lock.locK);
try {
completeSignal.signal )
}Hinally{
lock.unlockK);
}
}
h
lock.locK);
try {
thread.star{();
completeSignal.awd(;
}Hinally{
lock.unlock);
}

Alibaba Group



Barrier

® &

© e
1| @

time

Barrer
Barrer
Barrer

@0 @&

A barrier : A barrier is a coordination mechanosm (an algorithm) that forces
process which participate in a concurrent (or distributed) algorithm to

wait until each one of them has reached a certain point in its program. The
collection of these coordination points is called the barrier. Once all the
processes have reached the barrier, they are all permitted to continue past
the barrier.



v n -X CycliBarrier

classPerformaceTest
privateint threadCount
private CyclicBarriebarrier,
privateint loopCount= 1Q

publicPerformaceTegint threadCounj {
this.threadCount=threadCount
barrier=new CyclicBarridthreadCountnew Runnabl€) {
publicvoid run() {
collectTestResu(};
}
D;

for (inti = 0;i <threadCounf ++) {
Threadthread=new Thread("testthread " +i) {
publicvoid run() {
for (intj = 0; j doopCount ++j) {

doTes();
try { .
barrierawait); < 8 Barrier v
} catch(InterruptedExceptiore) { . A
return;
} catch(BrokenBarrierExceptios) {
return;

) JDK7 | ¥
- n | Phaser

thread.star();

}
}
privatevoid doTes() { /* do xxx */} . '

privatevoid collectTestResut{ /* do xxx */ } Alibaba Grou p
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ScheduledExecutorService

scheduleRunnablecommand, long delayJimeUnitunit) : ScheduledFuture

schedule(Callable<V> callable, long del@yneUnitunit) : ScheduledFuture
scheduleAtFixedRai®unnablecomand longinitDelay, long period,TimeUnitunit) : ScheduledFuture
scheduleWithFixedDela@iRunnablecommand, longnitDelay, long delay,TimeUnitunit) : ScheduledFuture

ScheduledTasRubmitter ScheduledExecutorService

ScheduleFutureObject future =scheduler.schedulgask, 1, TimeUnit. SECOND Sepy-
DelayedWorkQueue

Il [ K F
Il K F F w  ExecutionException Tasic | Taskc Taskc] Taskc | Task ‘D

future.get));

110 K
future.cancey);

java.util.concurrent.Executors ScheduledExecutorService A~ Executors /"
Y « R ScheduledExecutorServide
JDK 1.5 v ScheduledExecutorServiceb A Pa java.utilTimer w

w b ScheduledExecutorServide



TimerWheel

) TimerWheel G A @
BSDd T l | ACE T BSDT 1 H
W \ b ¢ Y OF
A
0O |1
7 / 2
6 3

a’ TimerWheel .} ACH Microsoft UnifiedComunication

Managed APfj W' TimerWheed

Alibaba Group



JDK70Q 7Y é Fork/Join

p 0 5 ' Moore bw¥
[f) A M3 a W @
@ TP by [ Ve TT
W TP p Y ww': A ~ D
T X v B b A
0 ~  p 3 h p
") i # * fork-join
Forkjoin ., uNe H 0 v No
Y & Y Y _ 1A
@ ) LT ~ fork T
©join 77 e . [Ww A




Fork/Join X Hu

publicstaticvoid main(String[jargg throws Exception {

}

final ForkJoinPoamnainPool= newForkJoinPod);

int len =1000* 1000* 10;
int[] array = newnt[len];

mainPool.invokéew SortTaskarray,0, len - 1));

publicstaticclassSortTaskextendsRecursiveActiof

privateint[] array;

privateint fromindex

privateint tolndex

privatefinal int chunksize= 1024

publicSortTasknt[] array,int fromindex int tolndex) {
this.array= array;
this.fromindex=fromindex
this.tolndex=tolndex

}

@Override
protectedvoid compute() {
int size #olndex- fromindex+ 1,
if (size <hunksizg{
Arrayssort(array,fromindex tolndey);
}else{
int leftSize= size 2;
SortTasheftTask=new SortTaskarray,fromindex fromindex+ leftSizg;
SortTaskightTask= new SortTaskarray,fromindex+ leftSizet 1, tolndey);
this.invokeAl(leftTask rightTasR; <
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Doug LeaMr. concurrency ~ p :: O ) ® At
util.concurrenft b = JSR166 ; A'— A 1 D é Concurrent Programming
in Java: Design Principles and Patterdsi L A Scalable Eliminatidmased Exchange
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JAVA @@M@@N@V IN PRACTICE

ssssssssss
A :g.,..';:':.: Brian Goetz Tim Peierls
(%] JoshuaBloch Joseph Bowbeer ¥
David Holmes Doug Lea

" oW 5 ¥ ¥
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Gadi Taubenfeld

Synchronization
Algorithms
Concurrent

Programming


http://www.faculty.idc.ac.il/gadi/book.htm

O ¢

N L
0 F
http://en.wikipedia.orqg/wiki/Cateqgory:Concurrency control

.F
http://en.wikipedia.org/wiki/Parallel_computing

.F
http://en.wikipedia.org/wiki/Non-blocking synchronization

Herb Sutter @ . h
http://www.gotw.ca

DouglLea @, h
http://g.oswego.edu/

http://www.cs.wisc.edu/transmemory/biblio/swnbs.html

ACE ¢ 0 v
http://www.cs.wustl.edu/~schmidt/tutorialspatterns.html

Linuxp
http://www.ibm.com/developerworks/cn/linux/tcn-lockfree/

http://www.khronos.org/opencl OpenCL
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A Brief History of Time

Introduced Adopted In
mainstream

GUIs 1973 (Xerox Altc ~198489 (Mac)
~199095 (WIin3.x)

Objects 1967 Gimulaj ~199398 (C++, Java)

Garbage Collectior 1958 (Lisp) ~19952000 (Java)

Generic Types 1967 (Strachey) ~198x (U®oD Ada
~19952000 (C++)

Internet 1967+ ARPANnet ~19952000
Concurrency 1964 (CDC 660(~2007%2012




2010 CPU
L 2N TN .
20102-8 20103-29 20103-31
* 45nm 45nm 45nm
r 12 19 23
r 567mn? 692mn? 684mn?
8 12 8
4 1 2
CPU / 8/32 12/12 8/16
32 4 8
/ 256 /1024 A8 /48 64 /128
h 3.8G 8 ~ 23G 12 ~ 2.26G 8 ~
h CPU 243.2 GFLOPS 105.6GFLOPS  73.32 GFLOPS
CPU p 68.2GB/s 4A3GB/s 34.1GB/s
D 8.5GB/s 3.58GB/s 4.26GB/s
p 10 42GB/s 8.13GB/s 12.8GB/s
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