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TexHuueckaa nnatpopma VK
> 12K cepsBepos

7 UOos

> 4 T6/c c/)

> 100K rps Ha Hoay (4 anpa) —
—

p?9 < 100 mc

>19B Java

®VK Bugeo, VK 3BoHkn, RuStore u gp.


https://ok.ru

> 100 knacTtepos

Do 600 Hoa/knacTep

> 1K knueHToB/Kknactep
No 150K rps/Hoay
CnekynATUBHbIE 3aMpocChl

"Oner AHacTtacbeB. NewSQL = NoSQL+ACID
20ner AHacTtacbeB. 3QdeKTUBHbIE HafEeXHble MUKPOCEPBHUCHI


https://habr.com/ru/company/odnoklassniki/blog/417593/
https://habr.com/ru/company/odnoklassniki/blog/499316/
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KnneHT — y4acTHUK knacTepa

[TpOCTO HE XpaHUT AaHHble

Obuiaetcs no BHyTpeHHeMy npotokony C*
YuactByeT B Gossip

KoopauHauua Ha knmneHTax

Ho ecTb HIOAQHCHI
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Cluster
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N7
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N5

NO

Cluster
B

N1

N2

N3
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| private static class MSHandle {

2 public static final IMessagingService instance =
3 new MessagingService();
i}

5
s public static IMessagingService instance() {
7 return MSHandle.instance;

s}



i public static final Schema instance = new Schema();
i public static final Gossiper instance = new Gossiper();

1 public static final IFailureDetector instance =
2 new FailureDetector();

1 public static final StorageProxy instance =
2 new StorageProxy();

1 public static final StorageService instance =
2 new StorageService();



ClassLoader per cluster

N7

N5

NO

Cluster
A

N1

N2

2

N3

NA/

A

Cluster A
ClassLoader

Cluster B
ClassLoader

A

N7

\ 4

N5

NO

Cluster
B

N1

N2

N3

NA/
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Messaging
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Messaging
Service

Outbound
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ACK n CMD

Messaging
Service

Messaging
Service
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Thread per connection

ey i ACK : .
,I OutboundTepConnection ————————> IncomingTcpConnection &
ey CMD : : “a
,7| OutboundTcpConnection '—'-)l ¥ IncomingTcpConnection l»\*
Messaging : : Messaging
Service : ACK : _J Service

‘-I IncomingTcpConnection '(—I — OutboundTcpConnection Ik =

\\\ : CMD : "

IncomingTcpConnection OutboundTcpConnection



KnneHT — TOXE YHaCTHWNK KN1aCTepa

5 | ACK , 4
1| OutboundTcpConnection |—>| IncomingTcpConnection }\
e : : N
7 — © CMD . : >
/y| OutboundTcpConnection I—->| IncomingTcpConnection |\*

Messaging
Service

A 3

N

N

A
Messaging

© ACK | Service
$‘~| IncomingTcpConnection I(—| OutboundTcpConnection Ik’ =

e
7

AN _ —  CMD —
‘i IncomingTcpConnection |<—| OutboundTcpConnection |‘
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Kaxabln KNUeHT: No 4 NoToKa A9 KaXXA0Wu HoAbl

Kaxpasa Hopa: no 4 NOTOKA 419 KaXXA0ro KNUeHTa
N KaXKaoWu Hoabl

TbicAYM coeanHeHM/NOTOKOB B Ka)/40M npoLiecce
Bce coegnHeHns/noTokn akTUBHbI
N ceTeBon goctyn B 06€ CTOPOHbI



3Jkcnnyatayms

CoeanHeHna client — node M node <+ node
NoanepxaTb KNueHToB 3a NAT/VPN

OnTuMmn3sayna
ObcnyxmeaTb HEBGONABLWKUM NyNOM NOTOKOB



[TepenTn Ha Async 10
Ncnonb3oBaTh BXoaAWMUe coeguHeHnn
[lepepaBaThb faHHbIE B 06€ CTOPOHDI



1 void listen(InetAddress localEp);

s void receive(Messageln message);

s void sendOneWay(MessageOut message, InetAddress to);

7 void sendReply(MessageIn request, MessageOut response);

9 void shutdown();



1 void listen(InetAddress localEp);

2

3 void ;

4

5 void sendOneWay(MessageOut message, InetAddress to);

6

7 void sendReply(MessageIn request, MessageOut response);
8

9 void shutdown() ;



1 void listen(InetAddress localEp);

2

s void receive(Messageln message);

4

5 void ;

6

7 void sendReply(MessageIn request, MessageOut response);
8

9 void shutdown() ;



MessagingService

1 void listen(InetAddress localEp);

s void receive(MessageIn message);

5 void sendOneWay(MessageOut message, InetAddress to);

7 void sendReply(MessageIn request, MessageOut response);

9 void shutdown();

A0
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Messaging
Service

Fabric

O

accept()
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Messaging

Service Fabric € O
* accept()
Node Node Node
10.0.0.1 10.0.0.2
Connection Connection Connection
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Messaging

Service Fabric <:>
acceptl()
Node Node Node
10.0.0.1 10.0.0.2 ..
Connection Connection Connection
In Out In Out
r 7 L 3 7

A0
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‘Messaging . O
Service »| Fabric
+ accept()
Node Node Node
10.0.0.1 10.0.0.2
Connection Connection Connection Connection
ACK CMD
In Out
AN /.

A0
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Messaging

Service Fabric O
accept()
Node Node Node
10.0.0.1 10.0.0.2
Connection Connection Connection Connection

ACK CMD

In Out In Out

} // //

socket




1

2

3

~

10

11

public abstract <A> void connect(
SocketAddress remote,
A attachment,
CompletionHandler<Void, 7 super A> handler);

public abstract <A> void read/write(
ByteBuffer dst/src,
long timeout,
TimeUnit unit,
A attachment,
CompletionHandler<Integer, 7 super A> handler);



1 void completed(V result, A attachment);
2
3 void failed(Throwable exc, A attachment);



3aBeplunnachk N1 Npeablaylian 3anucek/uteHne?
MonHocTbio N1 3anucanu/npounTtann?

MOoXHO HauyMHaTb NapcuTb/oTNPaBNATh
cnegytouwee coobuieHne?

B kakoM noToke Bbi3Banca callback?
4T0 1 OT KOro HY>XHO 3aWwMaTh?



CompletionHandler

1 void completed(V result, A attachment);

2
3 void failed(Throwable exc, A attachment);

A0
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Messaging . O
Service Fabric
accept()

Node Node Node

10.0.0.1 10.0.0.2

Connection Connection Connection Connection
ACK CMD
In Out In Out
L 4
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Messaging

Service Fabric <:>
accept()
Node Node Node
10.0.0.1 10.0.0.2 ..
Connection onnection Connection onnection
.. ACK CMD -
In Out In J Out
v 7
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MpocTon nocnepoBaTenbHbIN KOJ,
Obcny>knBaTb TbICAYU COAUHEHUN
Ha HebonbwoM nyne noTokoB



@'oken?) 2018

Baaum Llecbko
OAHOKaCCHUKU

Peak TMBHbIM pa3daTymK
ok.ru/music




Proxy client

ﬂ Security check IDv3 tagging
External “\-- -

@n% Pub | Sub [ > Pub | Sub
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Thread 1

Thread 2
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Thread 2
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MoTtokoBan 06paboTka AaHHbLIX C noMoLbio Actor
Model (d ADD 2012

Akka B Anpekc A JPoint 2014

PeakTusHbin pa3patuunk ok.ru/music
(@ Joker 2018


https://www.youtube.com/watch?v=MHceN2Y2-IE
https://www.youtube.com/watch?v=MHceN2Y2-IE
https://incubos.org/posts/2014/04/18/jpoint/
https://incubos.org/posts/2018/10/19/ok-music/
https://incubos.org/posts/2018/10/19/ok-music/

one—actor

1/ k%

2 * Implements sieve of Eratosthenes.

3 *x <p>

4 * Allocates a child {@link Divisor} when a new prime is found.
5 * Sifts candidates to the child if can't divide them.

6 * <p>

7 * Supports recursive {@link #collect(Collection)} request which
g8 * {@link #stop(}s all the children in the chain starting from
9 * the last item.

10 *

11 * Qauthor incubos

12 *x/
13 class Divisor extends Actor<Divisor.Message> {

A0
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1 class Divisor extends Actor<Divisor.Message> {
2 final long prime;
3 Divisor next = null;



CocToaHMe

1 class Divisor extends Actor<Divisor.Message> {
2 final long prime;
3 Divisor next = null;
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CocToaHMe

1 class Divisor extends Actor<Divisor.Message> {
2 final long prime;
3 Divisor next = null;

A0
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1 Divisor(

2 Supervisor parent,

3 long prime,

4 ExecutorService executor) {
5 super (parent, prime, executor);
6

7 this.prime = prime;

s}



KoHcTpynpoBaHue

1 Divisor(

2 Supervisor parent,

3 long prime,

4 ExecutorService executor) {
5 super (parent, prime, executor);
6

7 this.prime = prime;

¢ }

A0
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KoHcTpynpoBaHue

1 Divisor(

2 Supervisor parent,

3 long prime,

4 ExecutorService executor) {
5 super (parent, prime, executor);
6

7 this.prime = prime;

s }

A0
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KoHcTpynpoBaHue

1 Divisor(

2 Supervisor parent,

3 long prime,

4 ExecutorService executor) {
5 super(parent, prime, executor) ;
6

7 this.prime = prime;

s }

A0
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1 void onChildError(Actor<?> child, Exception e);
2
3 void onChildStop(Actor<?> child);



Supervisor

1 void onChildError (Actor<?> child, Exception e);

2
s void onChildStop(Actor<?> child);

p (o]
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Supervisor

1 void onChildError(Actor<?> child, Exception e);

2
3 void onChildStop(Actor<?> child);

p (o]
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1 @0verride

2 public void onChildStop(Actor<?> child) {
3 assert child == next;

4

5 stop() ;

6}



1 static final class Check extends Message {

2 final long candidate;

3

4 Check(long candidate) { ... }

5}

i static final class Collect extends Message {
2 final Collection<Long> to;

3

4 Collect(Collection<Long> to) { ... }

5}



1 @0verride
> protected void receive(Message message) {

3 switch (message) {

4 case Check check —-> doCheck(check.candidate) ;

5 case Collect collect -> doCollect(collect.to);

6 default -> throw new IllegalArgumentException();
7 +



1 void doCheck(long candidate) {
2 if (candidate % prime == 0) {

3 // Not prime

4 return;

5 +

6

7 if (next == null) {

8 // New prime discovered

9 next = new Divisor(this, candidate, dispatcher);

10 } else {

1 // Pass through

12 next.check(candidate) ;
13 }

%}



1 void doCheck(long candidate) {
2 if (candidate % prime == 0) {

5 +

6

7 if (next == null) {

8 // New prime discovered

9 next = new Divisor(this, candidate, dispatcher);

10 } else {

1 // Pass through

12 next.check(candidate) ;
13 }

%}



1 void doCheck(long candidate) {
2 if (candidate % prime == 0) {

3 // Not prime

4 return;

5 +

6

7 if (next == null) {

8 // New prime discovered

9 next = new Divisor(this, candidate, dispatcher);

10 } else {
1 // Pass through
12 next.check(candidate) ;

13 }
1%}

A0
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1 void doCheck(long candidate) {
2 if (candidate % prime == 0) {

3 // Not prime

4 return;

5 +

6

7 if (next == null) {

8 // New prime discovered

9 next = new Divisor(this, candidate, dispatcher);

10 } else {

12
13 }
%}



1 void doCollect(Collection<Long> to)
2 to.add(prime) ;
3 if (next == null) {

4 stop();

5 } else {

6 next.collect (to);
7 }



1 void doCollect(Collection<Long> to) {

3 if (next == null) {

4 stop();

5 } else {

6 next.collect (to);
7 }



1 void doCollect(Collection<Long> to) {
2 to.add(prime) ;
3 if (next == null) {

5 } else {
6 next.collect (to);

7 +



1 void doCollect(Collection<Long> to) {
2 to.add(prime) ;

3 if (next == null) {

4 stop(Q);

5 } else {

7 +



i var dispatcher = new Dispatcher("eratosthenes");

> var stopped = new CountDownLatch(1);

s var supervisor = new Supervisor(] {

4 (@Override

public void onChildError(Actor<?> child, Exception e) {
onChildStop(child);

}

NV 0O N o o

(@Override

10 public void onChildStop(Actor<?> child) {
1 stopped.countDown();

12 }

ek

1. var sieve = new Divisor(supervisor, 2, dispatcher);



1

> var stopped = new CountDownLatch(1);

s var supervisor = new Supervisor(] {

(@Override

public void onChildError(Actor<?> child, Exception e) {
onChildStop(child);

}

NV 00 N o o &~

(@Override

10 public void onChildStop(Actor<?> child) {
1 stopped.countDown();

12 }

2 L

1. var sieve = new Divisor(supervisor, 2, dispatcher);



i var dispatcher = new Dispatcher("eratosthenes");

2

s var supervisor = new Supervisor(] {

(@Override

public void onChildError(Actor<?> child, Exception e) {
onChildStop(child);

NV 00 N o o &~

}
(@Override
10 public void onChildStop(Actor<?> child) {
1N
12 }
ek

1. var sieve = new Divisor(supervisor, 2, dispatcher);



i var dispatcher = new Dispatcher("eratosthenes");

> var stopped = new CountDownLatch(1);

s var supervisor = new Supervisor(] {

4 (@Override

public void onChildError(Actor<?> child, Exception e) {

NV 0O N o o

10

12

13

14

}

}

onChildStop(child);

@Override

public void onChildStop(Actor<?> child) {

}

stopped.countDown();



i for (long i = 3; i <= 1000; i++) {

2 sieve.enqueue(new Check(i));

3}

4

s Deque<Long> primes = new LinkedBlockingDeque<>();
s sieve.enqueue(new Collect(primes));

7

s stopped.await();

9

10 assertEquals (997, primes.getLast().longValue());



i for (long i = 3; i <= 1000; i++) {

2

3}

4

s Deque<Long> primes = new LinkedBlockingDeque<>();
s sieve.enqueue(new Collect(primes));

7

¢ stopped.await();

9

10 assertEquals (997, primes.getLast().longValue());



BbiyncneHwue

i for (long i = 3; i <= 1000; i++) {
sieve.enqueue(new Check(i));

+

2
3
4
5 Deque<Long> primes = new LinkedBlockingDeque<>();
s sieve.enqueue (new Collect(primes));

7

s stopped.await();

9

10 assertEquals (997, primes.getLast().longValue());

A0
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i for (long i = 3; i <= 1000; i++) {

2 sieve.enqueue(new Check(i));

3}

4

s Deque<Long> primes = new LinkedBlockingDeque<>();
s sieve.enqueue(new Collect(primes));

7

8

9

10 assertEquals (997, primes.getLast().longValue());



i for (long i = 3; i <= 1000; i++) {

2 sieve.enqueue(new Check(i));

3}

4

s Deque<Long> primes = new LinkedBlockingDeque<>();
s sieve.enqueue(new Collect(primes));

7

¢ stopped.await();

9

10



400 LOC 0e3 3aBucumMocTen.
[ all classes ]
Overall Coverage Summary
Package Class, % Method, % Line, %

all classes 100% (7/ 7) 100% (31/ 31) 100% (133/ 133)

Coverage Breakdown

Package Class, % Method, % Line, %
one.actor 100% (7/ 7) 100% (31/ 31) 100% (133/ 133)
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1 out.write(...,

2 new CompletionHandler<Integer, ByteBuffer>() {
3 @0verride

4 public void completed(...) {

5

6 enqueue (Ready . INSTANCE) ;

7 +

8

9 @0verride

10 public void failed(...) {

1

12 enqueue (WriteFailure.INSTANCE) ;
13 }

14 1)



1 out.write(...,

10

"

12

13

14

new CompletionHandler<Integer, ByteBuffer>() {
@0verride
public void completed(...) {

@0verride
public void failed(...) {

enqueue (WriteFailure. INSTANCE) ;

1)



1 out.write(...,

10

"

12

13

14

new CompletionHandler<Integer, ByteBuffer>() {

1)

@0verride
public void completed(...) {

enqueue (Ready . INSTANCE) ;

@0verride
public void failed(...) {



Messaging essaging
Service Service

JVM

localhost

A0
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10 M coobuweHnn no 1 Kb B ogHy cTOpoHy
OTtnpaska naykaMun no 100 K coobuieHnn
He 6onbwe AByXx Nayek B NoneTe

[ 113

Ha cooblweHmne



‘Messaging .
Service »| Fabric
Node Node Node
10.0.0.1 10.0.0.2
Connection Connection Connection Connection
ACK CMD
In Out
»* /7
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ACI/IHXpOHHa‘FI 3dlnCb

1 /%%

2 * Othrows WritePendingException

3 % If a write operation is already in progress on
4 X this channel

5 x/

s public abstract <A> void write(

7 ByteBuffer src,

8 long timeout,

9 TimeUnit unit,

10 A attachment,

11 CompletionHandler<Integer,? super A> handler); %

136









write(M1)

socket



= XO












write(M2)

socket









M4

M3







]

M4

= XO






M4

write(M3)

socket
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socket



7 11s/msg, ecnu no ogHoOMy
, ecnu batyamn no 128 Kb
Untaem Toxke 6aTyamu yepes offheap B In



1 M coobweHnn
Kaxxgoe Tyaa n obpaTtHo
NocnepoBatenbHo

4 s



1 void enqueue(M message) {

2 messages.offer (message) ;
3 tryScheduleToExecute() ;
4}



1 void tryScheduleToExecute() {

2 if (on.compareAndSet(false, true)) {
3 try {

4 dispatcher.execute(this);

5 } catch (Exception e) {

6

7 }

8 +



‘Messaging . O
Service »| Fabric
+ accept()
Node Node Node
10.0.0.1 10.0.0.2
Connection Connection Connection Connection
ACK CMD
In Out
AN /.

A0

158



=X

Node
10.0.0.2

117 Thread 1
Thread 2

Connection
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Connection
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Node
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Call stack BMecTo context switch?

1 @0verride
> public void execute(Runnable command) {
3 Thread current = Thread.currentThread();

4 if (current instanceof DispatcherThread) {

5 // Use the call stack instead of context switch
6 command.run() ;

7 } else {

8 super.execute (command) ;

9

}

A0
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1 10:28:17,508 org.apache.cassandra.service.CassandraDaemon$2 Exception in thread Thread[Fabric:17007:51,5,main]
2 java.lang.StackOverflowError

3 at sun.nio.ch.AsynchronousSocketChannellmpl.read(AsynchronousSocketChannellmpl.java:295)

4 at org.apache.cassandra.net.async.connection.In$1.completed(In.java:166)

5 at org.apache.cassandra.net.async.connection.In$1.completed(In.java:154)
6
7
8

at sun.nio.ch.Invoker.invokeUnchecked(Invoker.java:126)
at sun.nio.ch.Invoker.invokeDirect(Invoker.java:157)
at sun.nio.ch.UnixAsynchronousSocketChannellmpl.implRead(UnixAsynchronousSocketChannellmpl.java:553)
9 at sun.nio.ch.AsynchronousSocketChannellmpl.read(AsynchronousSocketChannellmpl.java:276)
10 at sun.nio.ch.AsynchronousSocketChannellmpl.read(AsynchronousSocketChannellmpl.java:297)
11 at org.apache.cassandra.net.async.connection.In$1.completed(in.java:166)
12 at org.apache.cassandra.net.async.connection.In$1.completed(In.java:154)
13 at sun.nio.ch.Invoker.invokeUnchecked(Invoker.java:126)
14 at sun.nio.ch.Invoker.invokeDirect(Invoker.java:157)
15 at sun.nio.ch.UnixAsynchronousSocketChannellmpl.implRead(UnixAsynchronousSocketChannellmpl.java:553)

16



Messaging

Service Fabric O
accept()
Node Node Node
10.0.0.1 10.0.0.2
Connection Connection Connection Connection

ACK CMD

In Out In Out

} // //

socket




sun.nio.ch.Invoker

1/ k%

2 * Returns true if the current thread is in
3 * the given channel's thread pool and

4 * we haven't exceeded the maximum number of
5 * handler frames on the stack.

s x/
7 static boolean mayInvokeDirect(
8 GroupAndInvokeCount myGroupAndInvokeCount,

9 AsynchronousChannelGroupImpl group) {

A0
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OrpaHnyneaem call stack

1 @Override

2 public void execute(Runnable command) {

3 Thread current = Thread.currentThread();

4 if (current instanceof DepthCountingThread) {

5 DepthCountingThread thread = (DepthCountingThread) current;
6 int depth = thread.depth;

7 if (depth == throughput) {

8 super.execute(command);

9 } else{

10 thread.depth = depth + 1;

11 try {

12 // Use the call stack instead of context switch

13 command.run();

14 } finally{

15 thread.depth = depth; o
16 } x
17 }

176



i class DepthCountingThread extends Thread {
2 int = 0;

4 DepthCountingThread(

5 Runnable target,
6 String name) {

7 super (target, name);
8 +



PingPongBenchmark RTT

® 54 us BbINO
® 47 115 npun throughput == 1
® 38 /s npu throughput == 4

A0
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64 KB send: > 20 Gbps n > 40 Kmps

64 bsend: > 1 Gbpswun > 1 Mmps

64 KB ping-pong: > 14 Gbps 1 > 15 Kmps
64 b ping-pong: > 80 Mbps n > 30 Kmps



PackaTka B production

Transports

Original Reports / OgHoknaccHuky / Logs / Daily / Daily NewSqlOperations

& Shortlink & & Table # Edit ¥ download

<

352,733,822,852

() Select All
282,187,058,281 @ = in.fabric =
O — reuse.fabric
211,640,293,711 O — force.fabric
0 — in.original
141,093,529,141 () — fallback.original
O == transport
70,546,764,570 (@] blacklisted.fabric
@ — unreachable.fabric
0 - @) evict.original
26 Apr 2019 Jul Aug Sep Oct Nov Dec Jan Feb 2 Apr 2020 (] = evict.fabric v
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[pabnu

Video DAO Duration Avg.

.Dashboards / OgHoknaccHuku / Video / Video Monitoring / DAO / Video DAO Duration Avg

29,343,425

24,636,428

19,929,432

15,222,435

10,515,439

5,808,442

1,101,446

ALw,

A

A

A

]\AM_ ‘JV\AAAAQ\J/A‘ St OGO OOSOLOD O
VYR

& & & Shortlink &

02:00

04:00

06:00

08:00

DB

10:00

12:00

14:00

16:00

18:00 20:00

22:00

24:00
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1
2
3
4
5
6
7
8
9

10
11

enum Checkpoint {

INIT, // NEVER USE OR DELETE

DEBUG, // Used only for unit tests

ACCEPTED, // Accepted for sending

ENQUEUED, // Enqueued for sending

BATCHED, // Became part of a batch to be sent

SENDING, // Just before sending

SENT, // Just having sent

RECEIVED, // At the destination

DELIVERING, // Before delivering to MessagingService

RESPONDING; // MessagingService responds to request
(o)
x
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HavanbHbl timestamp

Cnucok (Checkpoint, At)
Paspewexne At 1 Mc, max 16 ¢

At kak VarUint

Bcerpa cepnanusoBaHa B byte[]
1-3 6aunTa Ha Checkpoint

Heckonbko pecAaTkoB 6anT Ha Tpaccy



[Tepnoanyeckn 200 Mc ot SENDING fo RECEIVED

Bxogawme coeamHeHna Tenepb NCNONAb3YOTCA AN
ncxoaALMx coobuweHUn.




®nanbl KoopanHaTopoB Kaxable 1/5 MuH

Query processing errors & € &shotlnk &

Dashboards / OaHoknaccHukn / Photos / NewSQL Photos / Query processing errors

1,191
993
794
596
397
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—-XX:+PrintGCApplicationStoppedTime
-XX:+PrintSafepointStatistics
—-XX:PrintSafepointStatisticsCount=1

Achtung!

® [laukun cobblTum (Bulk)RevokeBias
e [lecATKMX Nay3 no AECATKY MUNNNCEKYHA




Eliminating Synchronization-Related Atomic Operations with
Biased Locking and Bulk Rebiasing

Kenneth Russell

Sun Microsystems, Inc.
kenneth.russell@sun.com

Abstract

The Java™programming language contains built-in synchroniza-
tion primitives for use in constructing multithreaded programs. Ef-
ficient implementation of these synchronization primitives is nec-
essary in order to achieve high performance.

Recent research [9, 12, 10, 3, 7] has focused on the run-time
elimination of the atomic operations required to implement ob-
ject monitor synchronization primitives. This paper describes a
novel technique called store-free biased locking which eliminates
all synchronization-related atomic operations on uncontended ob-
ject monitors. The technique supports the bulk transfer of object
ownership from one thread to another, and the selective disabling
of the optimization where unprofitable, using epoch-based bulk re-
biasing and revocation. It has been implemented in the production
version of the Java HotSpot™ VM and has yielded significant per-
formance improvements on a range of benchmarks and applica-
tions. The technique is applicable to any virtual machine-based pro-
gramming language implementation with mostly block-structured
locking primitives.

David Detlefs *

david.detlefs@alum.mit.edu

upon monitor entry, and sometimes upon exit, to ensure correct syn-
chronization. These techniques fall back to using OS mutexes and
condition variables when contention occurs.

A related class of optimizations which can be termed biased
locking [3, 7, 9] rely on the further property that not only are most
monitors uncontended, they are only entered and exited by one
thread during the lifetime of the monitor. Such monitors may be
profitably biased toward the owning thread, allowing that thread
to enter and exit the monitor without using atomic operations.
If another thread attempts to enter a biased monitor, even if no
contention occurs, a relatively expensive bias revocation operation
must be performed. The profitability of such an optimization relies
on the benefit of the elimination of atomic operations being higher
than the penalty of revocation.

Current refinements of biased locking techniques [12, 10] de-
crease or eliminate the penalty of bias revocation, but do not opti-
mize certain synchronization patterns which occur in practice, and
also impact peak performance of the algorithm.

Multiprocessor systems are increasingly prevalent; so much so
that uniprocessors are now the exception rather than the norm.



Biasable Mode Normal Mode

Object allocation I (not biasable)
|
Biasable, unbiased initial look Biased toward thread T K‘ bi
mnitial loc! revoke bias t
—> currently
I 0 |1|01| I I llIOII I I g IO]Iunlocked
|
\_/ or lock unlock
bulk rebias !
(effective transition) ! "
| - currently
| | stack pointer [ 00] locked

Figure 2. State transitions of an object’s mark word under biased locking.



OTnpodunuposan % STW-onepauunu
—e VMThread: :execute --cstack dwarf

BiasedLocking::revoke_and_rebias(Handle, bool, Thread*)

com/sun/jmx/remote/security/MBeanServerAccessController.queryNames

p (o]

3https://github.com/jvm-profiling-tools/async-profiler
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https://github.com/jvm-profiling-tools/async-profiler
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Produced by async-profiler

“HenpepblBHoe npodunuposaHue B obna

ke c nomouw,bto eBPF @ JPoint 2022
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https://www.youtube.com/watch?v=EcmR2BOeVZE
https://jpoint.ru/talks/c835c8cdc7fcba30116b1475a601d034/

JMX-MoHNTOpP X0OUT B CEPBUC Pa3 B MUHYTY
one-log OTNpaBAsdeT cTaTy KaxAable 5 MUH
one-log «Tporaer» biased JMX ObjectName
[Tay3bl HA COTHU MUNANCEKYHA 13-3a RevokeBias
KoopanHaTop cunTaloT MEPTBbLIM



JEP 374: Deprecate and Disable Biased Locking

Owner Patricio Chilano Mateo
Type Feature
Scope |DK
Status Closed/Delivered
Release 15
Component hotspot/runtime
Discussion hotspot dash runtime dash dev at openjdk dot java dot net
Effort XS
Duration XS
Reviewed by Coleen Phillimore, David Holmes, Mikael Vidstedt
Endorsed by Mikael Vidstedt
Created 2019/12/03 14:24
Updated 2021/08/28 00:39
Issue 8235256

Summary

Disable biased locking by default, and deprecate all related command-line options.



YacTble Full GC Ha cTopaaxxax

1 List<ExpiringMessage> batch = queue.extractBatch();
2 ee.

s out.write (...,

4 new CompletionHandler<Integer, ByteBuffer>() {
5 (@Override

6 public void completed(...) {

7 .ee

8 // Tracing

9 fillTraceState (batch);

10

A0
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JDK / JDK-8202252
o (aio) Closed AsynchronousSocketChannel keeps completion handler alive

v Details
Type:
Priority:
Affects Version/s:
Component/s:

Labels:

Subcomponent:

Resolved In Build:

CPU:
0s:

O Bug Status:
Br3 Resolution: Fixed
7,8,10, 11 Fix Version/s: 12
core-libs

additional-information-received azul-interest dcs-pso  jdkllu-fix-request jdkllu-fix-yes jdk8u-fix-request
jdk8u-fix-yes oracle-bp redhat-interest reproducer-no webbug

java.nio

b01

x86

0S_X

A0
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// invoke handler and set result

1

2 CompletionHandler<Void,Object> handler = connectHandler;
3 +

4 Object att = connectAttachment;

5 PendingFuture<Void,Object> future = connectFuture;
6 if (handler == nul1) {

7 @@ -405,6 +406,7 @@

8 this.readBuffer = null;

9 this.readBuffers = null;

10 this.readAttachment = null;

"+

12

13 // allow another read to be initiated

14 enableReading();

15 (@@ -600,6 +602,7 @@

16 this.writeBuffer = null;

17 this.writeBuffers = null;

18 this.writeAttachment = null;

19 +



1 List<ExpiringMessage> batch = queue.extractBatch();
2 ...

s out.write (...,

4 new CompletionHandler<Integer, ByteBuffer>() {
5 @QOverride

6 public void completed(...) {

7

8 // Tracing

9 fillTraceState (batch);

10

A0
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i List<ExpiringMessage> batch = queue.extractBatch();
2 eee
; AtomicReference batchRef = new AtomicReference<>(batch);
. out.write (...,

5 new CompletionHandler<Integer, ByteBuffer>() {

6 (@Override

7 public void completed(...) {

8 eee

9 // Tracing

10 fillTraceState (batchRef.getAndSet(null));

11

A0
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Andrei Pangin @AndreiPangin - Jul 16, 2019 e
° Found a severe memory leak in production with @incubos. Turns out to be a
X bug in JDK Async 1O. Ironically the bug is marked as P5 - the lowest priority

"cosmetic" problem. No fix until JOK 12. bugs.openjdk.java.net/browse/JDK-
820...

O 1 n 6 Q 23 M
35 Vladimir Ivanov @iwanOwww - Jul 16, 2019 v

1. It's perfectly fine to raise bug priority even after the fix arrived.
2. Aleksey @shipilev might be interested in putting it on 8u & 11u backport
list anyway ;-)

O 1 m 1 QO 8 O

Aleksey Shipilév v
@shipilev

Replying to @iwanOwww @AndreiPangin and @incubos

In backporting queue for 8u and 11u now.

A0

11:55 PM - Jul 16, 2019 - TweetDeck
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Aleksey Shipilev added a comment - 2019-07-16 12:13

Users report this as the "severe memory leak in production" here:
https://twitter.com/AndreiPangin/status/1151174582856011776 -- raising priority.

Aleksey Shipilev added a comment - 2019-07-16 13:51

Fix Request (8u, 11u)

Backporting this fix resolves the serious memory leak in aio. Patch applies cleanly to 11u, and requires usual reshufflings
in 8u. New test fails without the product patch (has unusual failure mode: timeouts on failure, when tracked reference is
not GC-ed) in both 8u and 11u, and passes with it. Additionally, tierl passes in 11u and 8u.

Andrei Pangin added a comment - 2019-07-16 14:32
In our case the symptoms are a bit different than in the bug description, but the same fix works fine.
The problem is caused by the writeHandler holding a reference to a CompletionHandler long after the write operation

completes. Since we had ~3000 async channels, and each CompletionHandler retained several MB of data, the
application exhausted 10 GB heap rather quickly. Setting writeHandler=null in finishWrite() solves the issue.

Andrei Pangin added a comment - 2019-07-21 06:55

Added another test for this bug (AsyncChannelLeak.java), which demonstrates the above scenario.

A0
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COG,EI,I/IHGHI/IFI HE pa60Ta+0T N HE PBYTCH

,D,porlaeM nakeTbl:

$ iptables -A INPUT -p tcp --dport 65000 -j DROP
$ iptables -A INPUT -p tcp --sport 65000 -j DROP

Csexxue Bxoaalwmne coeguHeHUA
BmecTo CTapbix noOTeHUnanbHO NOABUCLUUX.

A0
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Gossip Tonbko client — node 1 node <+ node
Boinununu EchoMessage
B(bl)kntoueHne TpaHcnopta 6e3 downtime



Production

Bxopslme cooBLLEHUsA OPUTMHANIBHOTO/ACMHXPOHHOTO TPaHCnopTa

540,000,000,000
490,583,000,000
441,166,000,000
301,749,000,000
342,332,000,000
292,315,000,000
243,498,000,000
194,081,000,000
144,664,000,000

95,247,000,000

45,830,000,000 P e S -—

10 Oct 2022

Nov

a—
9 Nov 2022

— infabric
— inoriginal
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[loTokM Ha Hope

6,916
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4,637
3,498
2,359

1,220

o Mt

01:04 03:04 05:04 07:04 09:04 11:04 13:04 15:04 17:04 19:04 21:04 23:04
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Bpema GC, mc

138
119
100

81

" I A A

43

24
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CeTeBble nakeThbl
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[TOTOKM Ha KNUeHTe

3,352
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1,618
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462
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2 Apr 2020
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Llenn AOCTUTHYTDI

MeHbLie noTokKoB
HeT coefinHEHUI K KNMeHTaMm
Ynyqwunnu metpukn GC

XoyeTca 6onbwen NponsBoANTENbHOCTU —
none3anTte B KOPHbIe KOMNOHEHTbI

3HanTe n nwobute ceon cTtek — rpabnu Besge



o

v Details

Type:
Priority:

Component/s:

Labels:

Change Category:

Complexity:

[Cassandral / CASSANDRA-15066
Improvements to Internode Messaging

Improvement Status:

2 High Resolution:

Messaging/Intern Fix Version/s:

ode
None
Quality Assurance

Challenging

Fixed
4.0-alphat, 4.0
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