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Safe Harbor Statement

Il The following is intended to outline our general product

direction. It is intended for information purposes only, and may
not be incorporated into any contract. It is not a commitment
to deliver any material, code, or functionality, and should not
be relied upon in making purchasing decisions. The development, release, and
timing of any features or functionality described for Oracles products remains at

the sole discretion of Oracle.
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BeeneHune
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Hanomunaune: 2016 rog,

* JDK 9 Early Access
https://jdk9.java.net/

* JDK 8u
* JDK 7 End of Public Updates in April 2015

& Java
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https://jdk9.java.net/

3mepenne: Performance
Mpueoanmsblie pesynbTaThl
* Intel® Xeon(®) E5-2680 (2x8x2, 2.7 GHz)
* Linux x64, kernel 2.6
* JDK 8
* OpenJDK JMH
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AHapxusi Ha bopTy
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He nbiTaliTeck nokunuyTs nopt: OTnabiTe n3 Omcka

class Point {
private double x, y;

void move (double deltaX, double delta¥Y) {
x += deltaX;
y += deltaY¥;

}

double distanceFromOrigin () {
return Math.hypot(x, y);

¥
void moveIfAtOrigin(double newX, double newY) {
if(x == 0.0 && y == 0.0) {
X = newX;
y = newY;
}
}
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He nbiTaliTeck NOKMHYTb NMOPT: 2 KanuTaHa
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HeCTHbIl, »aOHbI, XUTPbIA

Copyright © 2016, Oracle and/or its affiliates. All rights reserved. 10/43



Locks: Bcex non 3amok!

class Point {
private double x, y;

synchronized void move (double deltaX, double deltaY) {
x += deltaX;
y += deltaV;

}

synchronized double distanceFromOrigin() {
return Math.hypot(x, y);

}
synchronized void moveIfAtUrigin(double newX, double newY)
if(x == 0.0 && y == 0.0) {
x = newX;
y = newY;
}
}
}
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Locks: Yero bbl xoTenock

* BrokunpoBka Ha 4TeHue, Ha 3anuchb
* YTeHune be3 bnokuposkm

* Upgrade/downgrade (RL<>WL)

* [lpocToTa ucnosnb3oBaHus

* 1 4TobbI bbICTPO paboTano
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Locks: ReentrantReadWritelock
@since 1.5

* Lock, bnoknpoBka Ha 4TeHMe, Ha 3anuch
* PekypcuBHblili 3axBaT (reentrancy)

* [lpobHast bnokupoBKa, TaliMayTbl, NPEPbLIBAEMOCTb
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Locks: ReentrantReadWritelock
@since 1.5

* Lock, bnoknpoBka Ha 4TeHMe, Ha 3anuch

* PekypcuBHblili 3axBaT (reentrancy)

* [lpobHast bnokupoBKa, TaliMayTbl, NPEPbLIBAEMOCTb
* Conditions

* Fair/unfair

* Serializable. ..

* Memory effects

Copyright © 2016, Oracle and/or its affiliates. All rights reserved. 13/43



ReentrantReadWriteLock: Point

class Point {
private double x, y;
private final ReentrantReadWritelLock rrwl = new ReentrantReadWriteLock();

Copyright @© 2016, Oracle and/or its affiliates. All rights reserved. 14/43



ReentrantReadWriteLock: 3anuck

void move (double deltaX, double deltaY) { // exclusive
rrwl.writeLock ().lock();
try {
x += deltaX;
y += deltaV¥;
} finally {
rrwl.writeLock ().unlock ();

}

}
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ReentrantReadWriteLock: Ytenne

double distanceFromOrigin () {
rrwl.readLock ().lock ();
try {
return Math.hypot(x, y);
} finally {
rrwl.readLock ().unlock ();
}

}
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Locks: ReentrantReadWritelLock

* readLock() Ha yTenune, writeLock() Ha 3anuchb

* [MonpobyliTe HanWcaTb ONTUMUCTUYHOE YTEHME, FaPaHTUPOBATh
memory effects

* Downgrade WL—RL: 3axeat RL nog WL

* HaknagHble pacxogbl Ha ThreadLocal
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Locks: ReentrantReadWritelLock

“Most people know that | consider acceding to requests to support per-thread read
counts in JDK6 RRWL to be the worst decision I've ever made in j.u.c. But still
not as bad as someone’s decision not to make Thread.getld() a final method.”
Doug Lea
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Locks: ReentrantReadWritelLock

Y10 BHYTpPHM

* [lonxas NHKaNCynAayunA

* ThreadLocal<HoldCounter>
* AbstractQueuedSynchronizer

— ATomapHoe cocTosiHne: volatile int state
— Ouepeab oxugarus ¢ atomaphbimn obHosnennsimu (CLH - Craig,
Landin, Hagersten)
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Locks: AbstractQueuedSynchronizer

private transient volatile Node head;
private transient volatile Node tail;
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Locks: StampedLock
Osince 1.8

* [pumep n3 javadoc
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StampedLock: Point

class Point {
private double x, y;
private final StampedLock sl = new StampedLock();
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StampedLock: 3anuce

void move (double deltaX, double deltaY) { // exclusive
long stamp = sl.writeLock();
try {
x += deltaX;
y += deltaY;
} finally {
sl.unlockWrite (stamp);

}
}
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StampedLock: Yrenne

double distanceFromOrigin () {
long stamp = sl.readLock();
try {
return Math.hypot(x, y);
} finally {
sl.unlockRead (stamp);
}
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StampedlLock: OnTumucTnyHoe 4teHue

double distanceFromOrigin() { // A read-only method

long stamp = sl.tryOptimisticRead();
double currentX = x;
double currentY = y;
if (!sl.validate(stamp)) {
stamp = sl.readLock();

try {
currentX = x;
currentY = y;

} finally {
sl.unlockRead (stamp);
}
}

return Math.hypot (currentX, currentY);
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StampedLock: Anrpeiig

void moveIfAtOrigin(double newX, double newY) {
long stamp = sl.writeLock ();

try {
if(x == 0.0 && y == 0.0) {
X = newX;
y = newY;
}

} finally {
sl.unlockWrite (stamp);
}

}
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StampedLock: Anrpeiig

void moveIfAtOrigin(double newX, double newY) {
long stamp = sl.readLock();
try {
if(x == 0.0 && y == 0.0) {
sl.unlockRead (stamp);
// competitors come
stamp = sl.writeLock ();

if(x == 0.0 && y == 0.0) {
x = newX;
y = newY;

}

¥
} finally {
sl.unlock(stamp);
}
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StampedlLock: Anrpeiig

void moveIfAtOrigin(double newX, double newY) { // upgrade
long stamp = sl.readLock(); // Could start with optimistic

try {
while (x == 0.0 && y == 0.0) {
long ws = sl.tryConvertToWriteLock (stamp);
if (ws !'= OL) {
stamp = ws;
x = newX;
y = newY;
break;
}
else {
sl.unlockRead (stamp);
stamp = sl.writeLock ();
}
¥

} finally {
sl.unlock (stamp);

Copyright © 2016, Oracle and/or its affiliates. All rights reserved.

28/43



StampedLock: XuTpslii

¢ OﬂTI/IMI/ICTI/I‘-IHoe 4yTeHune
* Ecnu npoBepku HeygauHble, MOXXHO 3axXBaTUTb DIOKMPOBKY
— ObbI4HO yaauHble
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StampedLock: XuTpslii

¢ OﬂTI/IMI/ICTI/I‘-IHoe 4yTeHune

* Ecnu npoBepku HeygauHble, MOXXHO 3axXBaTUTb DIOKMPOBKY
— ObbI4HO yaauHble

* Bblurpsbiw

— Mano 3anuceii = B pasbl
— Het 3anuceii = Ha nopsagku
— ToNbKO NPOBEPEHHOE COCTOSIHUE SIBNISIETCSI KOHCUCTEHTHBIM
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StampedLock: OntumuctuyHoe yteHne

Tecr npon3sognTesibHOCTU
¢ l'II/ITaTeJ'II/l MblITAKOTCA HNTATb 6e3 6J'IOK|/IpOBK|/I N MPOBEPATD
* Yutatenm 4yntaroT nog ONOKMPOBKOI Ha YTeHMe

* [lncatenn nuwyT nog BAOKMpPOBKOV Ha 3anuch
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StampedlLock: OnTumuctudroe yterue
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StampedlLock: OnTumuctudroe yterue

* 0 nucateneii, 32 yutaTtens
— StampedLock (Optimistic) — ~1500x
— StampedLock — ~2x

* 1 nucatenb, 31 yutatens
— StampedLock (Optimistic) — ~200x
— StampedLock — ~3x
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StampedLock: [pyrue ceoiicTea

* [loBblweHne ypoBHsi BAOKNPOBKY

— MoxeT He 6bITb BblTpblLlla, €CNN HE OrpaHN4YMBaTh 3anncCb
— KoppekTHoe cocTosiHue
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StampedLock: [pyrue ceoiicTea

* [loBblweHne ypoBHsi BAOKNPOBKY
- MO)KeT He 6b|Tb BblTpblLlla, €CNN HE OrpaHN4YMBaTh 3anncCb
— KoppekTHoe cocTosiHue
* B wraTHOM BapuaHTe MOXeT bbITh B pa3bl beicTpee RRWL

— [lpn 3TOM noTpebnseT MeHblLE PecypCcoB
— MoxHo nepefaBaTbh MeTKy
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StampedLock: [pyrue ceoiicTea

* [loBblweHne ypoBHsi BAOKNPOBKY

— MoxeT He 6bITb BblTpblLlla, €CNN HE OrpaHN4YMBaTh 3anncCb
— KoppekTHoe cocTosiHue

* B wraTHOM BapuaHTe MOXeT bbITh B pa3bl beicTpee RRWL

— [lpn 3TOM noTpebnseT MeHblLE PecypCcoB
— MoxHo nepefaBaTbh MeTKy

* Ecan oyeHb xo4eTcs

— asReadWriteLock()
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StampedLock: Yto BHyTpY

¢ ATOMapHoe COCTOAHWME! volatile long state
* Ouepenb oxuganns ¢ atomapHsiM obHosnervem (CLH)
— co-waiters

* CocTosiHMe — meTKa ONA NCNONBb30BaHNA CHAPYXN
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StampedlLock: Kak paboTtaer

/* StampedLock sl: volatile long state */

stamp = sl.tryOptimisticRead(); /x*
double currentX = x; /*
double currentY = y; /*
if (!sl.validate(stamp)) { /*
stamp = sl.writeLock (); /*
X = newX; /*
y = newY; /*
sl.unlock(stamp); /*

lgﬁi)c‘_ag Copyright © 2016, Oracle and/or its affiliates. All rights reserved.

Sparrow

A: s = state */

B: x */

B: y */

C: see: state,x,y */

Barbossa

0: publish: state */

1: x */

1: y %/

2: publish: x,y,state */
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StampedLock: Habntogaemoe nosegerune

Reordering

validate
%)
volatile read
volatile write
CAS

U.getLongVolatile()

U.loadFence()

B: read B: validate
C: validate C: read
Y
Y
N
N
Y (doc)/N(hs)
N

<< <=<=<<

Copyright @© 2016, Oracle and/or its affiliates. All rights reserved.

Side
Effect
N
N
write
write
N

order
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StampedLock: StampedlLock
Kak paboTtaer (@since 1.8)

/* StampedLock sl: volatile long state */

Sparrow

stamp = sl.tryOptimisticRead(); /* s = state */

double currentX = x; double currentY = y;

if (!sl.validate(stamp)) { /* unsafe.loadFence () */
Barbossa

stamp = sl.writeLock (); /* CAS(state, nextl) */

x = newX; y = newy;

sl.unlock(stamp); /* CAS(state, next2) */
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[ psAaywnii cukeen
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StampedLock: Unsafe

private static final sun.misc.Unsafe U =
sun.misc.Unsafe.getUnsafe ();

// JDK 9
private static final jdk.internal.misc.Unsafe U =
jdk.internal .misc.Unsafe.getUnsafe ();
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StampedLock: Unsafe

// JDK 8
private static final sun.misc.Unsafe U =
sun.misc.Unsafe.getUnsafe ();

// JDK 9
private static final jdk.intermnal .misc.Unsafe U =
jdk.internal .misc.Unsafe.getUnsafe ();
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StampedLock: Unsafe

// JDK 8
STATE = U.objectFieldOffset (StampedLock.class.getDeclaredField("state")); // long
U.compareAndSwapLong (this, STATE, s, next = s + WBIT)

// Faster Atomic*FieldUpdaters
STATE = AtomicLongFieldUpdater.newUpdater (StampedLock.class, "state");
STATE . compareAndSet (this, STATE, s, next = s + WBIT)

// VarHandles

STATE = MethodHandles.lookup().findVarHandle( // VarHandle
StampedLock.class, "state", long.class);

STATE. compareAndExchangeVolatile( // or even compareAndExchangeAcquire
this, s, next = s + WBIT);
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Concurrency: Pecypcebl

* Java Concurrency in Practice
Brian Goetz, Tim Peierls, Joshua Bloch, Joseph Bowbeer, David
Holmes, Doug Lea

* Concurrency JSR-166 Interest Site
http://g.oswego.edu/dl/concurrency-interest/

* JMH
http://openjdk.java.net/projects/code-tools/jmh/
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Cnacubo: Q & A
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