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MoTuBauua: onpeaesneHUA

* BLOCKING — oaAMH NOTOK MOXeT He AaBaTb
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NONro



MoTuBauua: onpeaesneHUA

* BLOCKING — oaAMH NOTOK MOXeT He AaBaTb
paboTaTb APYyrMm NOTOKAM HEOrpaHUYeHHO
NONro

* NONBLOCKING = IBLOCKING



MoTuBauma: 6e3onacHOCTb

- 0>
L




MoTuBauma: 6e3onacHOCTb B Java

lock .lock ();

try {
doSomething ();

1 finally {
lock .unlock ();
}




MoTuBauma: 6e3onacHOCTb B Java

lock .lock ();

try {
doSomething ();

} finally {
lock .unlock ();

} Stack overflow!

=)

http://openjdk.java.net/jeps/270



MoTtmnBauusa: 6bezonacHocTtb B .NET :-)

1. try |
IS

3: lock .lock ();

4.

5: try {

6: doSomething ();

7 } finally {

8: lock .unlock ();

9: }

10: }

VMISDN: “Unexecuted finally blocks are executed before the
thread is aborted.”
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MoTuBauma: UHBEPCUA NPUOPUTETOB

HIGH

LOW - [
S
t
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MoTuBauma: UHBEPCUS NPUOPUTETOB

1. Connection conn = pool .acquire
2.

3. try {

4 execute(conn);

5. } finally {

6 pool .release (conn);

7.}

();
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MoTuBauma: UHBEPCUSA NPUNOPUTETOB

Connection conn = pool .tryAcquire
If  (conn!= null ) {
} else {

conn = Connection.create (...);

(5000 L);
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MoTtusauusa: deadlocks

" ContainersLauncher #27".
at AllocatorPerContext.getLocalPathForWrite (LocalDirAllocator.java:331)
- waiting to lock <B> ( AllocatorPerContext )

[3 other calls]

at LocalDirsHandlerService.getLocalPathForWrite (LocalDirsHandlerService.java:262)
- locked <A> (Configuration)

"New /O server worker #1 - 3"
at Configuration.getProps (Configuration.java:1373)
- waiting to lock <A> (Configuration)

[7 other calls]

at AllocatorPerContext.getLocalPathToRead (LocalDirAllocator.java:425)
- locked <B>(  AllocatorPerContext )
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MoTmnBauma: NnponsBoANTENbHOCTb

BLOCKING

IDEAL
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MoTuBauma: ntToru

be30onacHOCTb
NHBepcHA NpUopuUTETOB
Deadlock

[flponsBoaAaMNTENbHOCTHSb

LOW
LOW

LOW

High
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MoTuBauma: ntToru

be30onacHOCTb

NHBepcHA NpUopuUTETOB
Deadlock

[flponsBoaAaMNTENbHOCTHSb
YonobcCcTBO

LOW
LOW
LOW

High
High
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CTpyKTYypa: compare-and-set

bool CAS(T* address, T expected,
If (*address == expected) {
*address = new;

return true ;
} else
return false ;

|

new) {




CTpyKTYypa: compare-and-set

1 ||} T2
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CTpyKTypa: atomics

synchronized (... ){
if (starting )
throw new  AlreadyStartedException

starting = true ,;

}

doStart ();

0
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CTpyKTypa: atomics

1. synchronized (... ){

2. if (starting )

3: throw new  AlreadyStartedException 0;
4.

5: starting = true ,;

6. }

7.

8. doStart ();

1. if (! starting .compareAndSet (false , true ))
2. throw new  AlreadyStartedException 0);
3:

4: doStart ();
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CTpYKTYpa: races
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CTpYKTYpa: races

HH:



Ynpowaem: meHblle shared state

1:
2.

volatile
volatile

INt
INt

a,
b;
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Ynpowaem: meHblle shared state

1: volatile Int a;

2: volatile Int b;

1. class State {

2: final Int a;

3: final int b;

4. }

5:

6: volatile State state ;

26



Ynpowaem: obpaTtHo B blocking

1: Node node = new Node(key, val );

2.

3. If (table .compareAndSet (index, null
4. return null

5. else {

6: Node oldNode = table .get (index);
/.

8: synchronized ( oldNode ) {

9:
10: }
11: }

, hode))

ConcurrentHashMap
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Ynpoliaem: MmeHblle rapaHTUin

1. private final ConcurrentLinkedQueue queue
2. private final LongAccumulator  size ;
3:

4: public boolean offer(E e) {
size .accumulate (1L);

return  queue .offer  (e);




Ynpoliaem: MmeHblle rapaHTUin

1. private final ConcurrentLinkedQueue queue
2. private final LongAccumulator  size ;

3.

4: public boolean offer(E e) {

5: size .accumulate (1L);

6:

7 return  gqueue .offer (e);

8. }

assert g.size ()> 0 && g.peek ()!= null ;

FAIL!
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CtpyKTtypa: lock-free
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[Tpumep: busy lock

class

1:
2

3.
4:
5
l:

}

BusylLock {
boolean tryAcquire
void release();

void block();

0;
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CtpyKTtypa: lock-free

1: final  Atomicinteger state = new Atomicinteger
2.

3. boolean tryAcquire () {

4. while  (true ){

5: Int stateO = state .get (),

6:

7 If (isBlocked (state0))

8: return false ;

9:

10: » If (state .compareAndSet (stateO, stateO +
11: return true ;

12: }

13: }

();

1)
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CTpyKTypa: wait-free
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CTpyKTypa: wait-free

1. final  Atomicinteger acquired = new Atomicinteger ();
2. volatile boolean Dblocked ;
3.

4: boolean tryAcquire () {

5. acquired .incrementAndGet ();

6:

7 if (blocked ) {

8: acquired .decrementAndGet ();
9:

10: return false ;

11: }

12:

13: return true ;

14: }




CTpyKTypa: assist

yes

assist
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CTpyKTypa: assist

1. AtomicReference <Batch> batch ;
2.

3: void addToBatch (Object item) {
4. while  (true ) {

5: Batch batchO = batch .get ();
G:

7/ If  (batchO.tryAdd(item))
8. return

9:

10:

11: }

12: }
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CTpyKTypa: assist

1. AtomicReference <Batch> batch ;

2.

3: void addToBatch (Object item) {

4. while  (true ) {

5: Batch batchO = batch .get ();
G:

7/ If  (batchO.tryAdd(item))

3. return ;

9: else

10: batch .compareAndSet (batchO,
11: }

12: }

new Batch());
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[TponssoamnTenbHoOCTb: latency

signal
—_—

Thread 1 Thread 2
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[TponssogunTenbHOCTb: lock convoy

switch

ark

Thread 1 Thread 2 Thread 3

park
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[MponssoauTenbHocTb: throughput

BLOCKING

IDEAL

41



[MponssoautTenbHocTb: throughput

1: BusyLock lock ;

2.

3: void doBenchmark () {

4: if (lock .tryAcquire 0) {
5: try {

6: payload(); Il'e.g.
vé } finally {

g- lock .release ();
9: ¥

10: }

11: }

consumeCPWUx)
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[lponssoanTenbHOCTb: CAS

50

40

MOps sec

10

Threads

o CAS
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[TponssoanTenbHOCTb: synchronized

50

40

MOps sec

10

Threads

o-CAS

L] .
#&synchronized
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[lpon3BoAUTENbHOCTbL: contention

CAS/increment
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[lpon3BoAUTENbHOCTbL: contention

t

Ao

CAS/increment synchronized

http://mechanical-sympathy.blogspot.ru/2013/01/further-adventures-with-cas.html
http://www.intel.com/content/dam/www/public/us/en/documents/white-papers/xeon-lock-scaling-analysis-paper.pdf
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[TponssoauTenbHOCTb: batching

1: AtomicLong generator
2.
3: return generator .getAndincrement

0);
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[TponssoauTenbHOCTb: batching

1: AtomicLong generator

2:

3. return generator .getAndincrement @ ();
1: AtomicLong generator ;

2:

3. return generator .getAndAdd (1000);
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[TponssoanTenbHocTb: backoff

1: boolean tryAcquire (){

2. for (int 1 = 0;; 1++){
3:

4.

5: if  (isSpin (1))

6: for (...)

7 Runtime.getRuntime
8: else If (isYield (1))
ok Thread.sleep (0);
10: else

11: » Thread.sleep (1),
12: }

13: }

0.

onSpinWait  ();
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[TponssoanTenbHocTb: backoff

50

40

MOps sec

10

Threads

o CAS
B/ CAS + backof
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npOM3BO,£I,VITEI'I bHOCTb: NO stores

volatile HashMap<K, V> map;

V get( K key){
return  map.get (key);

}

V put( K key, V val ){
synchronized (this ){
map = copyAndPut (key, val ),

}

= =
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[pon3sBoanTeNbHOCTb: Stripes

RTNTRTE
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[pon3sBoanTeNbHOCTb: Stripes

150

MOps sec

50

.

Threads

6

o CAS
®CAS + backof
-+-CAS + stripes
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[ PON3BOANTE/IbHOCTb. KOHCEHCYC

NonBlockingHashMap

. void resize(Node(] oldTable , Iint newSize ) {
2» Node[] newTable = new Node[ newSize ];

3:

4. newTable .compareAndSet (oldTable , newTable );
D

6:

7.}

https://github.com/boundary/high-scale-
lib/blob/master/src/main/java/org/cliffc/high _scale_lib/NonBlockingHashMap.java#L752
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BbiBOAbI

MoTunsauua:
* B nepsyto o4yepeab — yaobcteo n performance
* Bo BTOpYIO — AeAN0KM, priority inversion, safety

CTpyKTYypa:

* MunHnmym onepaumm Hag shared variables
* He yoepknsaem non-blocking, echn oHo He HYy»XHO
* [apaHTuu: lock-free vs wait-free

Performance:
e Latency: HenpepbIBHOE BbIMNO/IHEHNE KOAa MOTOKOM
 Throughput: 6opemcs c contention, a He ¢ 6B10KMpoBKamu



Ccblnku

[lhowaakn:
* http://jsr166-concurrency.10961.n7.nabble.com/
* https://groups.google.com/forum/#!forum/mechanical-sympathy

Jltoan:
* Dmitry Vyukov- http://www.1024cores.net/

* NitsanWakart— http://psy-lob-saw.blogspot.ru/
* Martin Thompson- http://mechanical-sympathy.blogspot.ru/

[1pOeKTbl:

e JCTools https://github.com/JCTools/ICTools
« Agrona(Aeron)- https://github.com/real-logic/Agrona




KOHTaKTbI

Twitter:
* https://twitter.com/devozerov

GitHub:
* https://github.com/devozerov/ozerov 2016 jpoint
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