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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 Oracle’s products remains
at the sole discretion of Oracle.
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Beepernune
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BBe,EI,eH mne: nNpeanocCbiJyikKn

m Mbl, 4enoBekmn, XOpoLIo yMeeM nucatb
NoCNefoBaTesbHbIA COPT
m [lucatb napanensibHbIli COPT CIOKHO
| COXpaHI/ITb NNNH3NKO ﬂOCﬂe,U'OBaTEJ'IbHOCTVI?
m Xapasap BCE paBHO MOC/IEA0BaTENbHbIN ?

m «Pasgensii n BnacTeyiiy
m Pa3buTe bonblyto 3aaady Ha noasagayu
m BoinonnnTb noa3agadun napaaiesibHo
m [loknenTb pesynbTaThl
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BBepneHune: y>ke n Tak Bcé siCHO

Kaxabili gesenonep y>ke nucan Fork/Join:

ol o Fe®

split fork join merge
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BeeaeHue: npobnemsbl

m [lpuBet, 3akoH Amaana:

m [lope3ka 3agayn nocnefoBaTeNbHA
| CK}'IeﬁKa pPe3ynbTaTOB NOCNAEAOBATE/IbHA
m (ZOMUHMPYET BPEMSI UCMOSTHEHUS)

m banancnposka Harpysku

m [logHsaTne noTokos
m Paszpgava pabotsl

| |/|epava|L|eCK|/|e AEKOMNO3nNLUnNn
m [apaHTum nporpecca
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Beepenune: obwnii supg

Result solve(Problem problem) {
if (problem.smallEnough())
return solveDirectly(problem);
else {
(taskl, task2) =
split (problem);
(resultl, result2) =
invokeAll (taskl, task2);
return merge (resultl, result2);
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BeegeHune: 6aHanbHble npobaembl

Hna N-aproro aepesa raybuns K:
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BeepeHue: cyTb

m brokupytolee oxngaHue
TepsieT aKTUBHbIV MOTOK

m Vges: join() He pomkeH
3aHMMaTb NoToK!

m 3aCTaBUM «3acTpsiBLUMEY
NoTOKM paboTaTs:
TpebyeTcst Hexmnas
KOOPAVHaLUS
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[nsa HadmHaowmnx
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nsa Haumnaowmnx: API

m ForkJoinPool
m ...extends ExecutorService

m npuHMMaeT B cebsi Runnable'sl, Callable bl

m 1 BoobOue paboTaeT Kak ODbIYHBIG My

m ForkJoinTask<V>

m obuwmii npenok Bcex 3agay B FJP
m ynobHee cTaHOapTHbIE MOAKIACCHI:
m RecursiveTask<V> — c rasom
m RecursiveAction — be3 rasa
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dnsa Haymnnarowmnx: API

ForkJoinPool fjp = new ForkJoinPool ();

fjp.submit (new MyRunnable ());
fjp.invoke (new MyCallable ());
fjp.invoke (new MyRecursiveTask());

class MyRunnable

implements Runnable { ... };
class MyCallable<T>

implements Callable<T> { ... };
class MyRecursiveTask<T>

extends RecursiveTask<T> { ... };
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BanaHcupoBka 3apgay: noaxoabl

m 6aNaHCUPOBKa XOPOLLO PELIAETCA B AUHAMUKE
m Tpy 6a30BbIX NOAXOAA:

1. Work arbitrage: obwnii apbutp, pasgarownii
3afa4m; vacto obbivHas blocking queue

2. Work dealing: y kaxgoro ceoii Habop 3agay,
neperpy>eHHble NOTOKU OTAAIOT CBOM 33Ja4M Ha
CTOpOHY

3. Work stealing: y kaxgoro cBoii Habop 3aaaw,
cBODOAHbIE MOTOKN «KPaAyT» 3ajadu y
neperpy>XeHHbIX

=’Java ORACLE

Slide 13/54. Copyright © 2013, Oracle and/or its affiliates. All rights reserved.



BanaHcupoBka 3aga4: odepenb?

TPE(ABQ) submission throughput
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Banancuposka 3aga4: Work stealing

QVAVAVAWR ~ S il | —>

m JlokanbHasi odepelb ANS KaXKAOro NMOTOKa

m lock-free WorkQueue ~ ForkJoinTask<?>[]
B TWATENLHO W30/MPOBaHA OT OCTaNbHbIX AaHHbLIX

m Bnageney pabotaet ¢ ronosoii ovepean
m 6e3 cuHxpoHmnsauun!

m [lpyrue noToku MOryT «TbIpUTbY» W3 XBOCTA
m «stealing» ¢ MUHUMaNbLHOR CUHXPOHM3aLMei
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BanaHcupoBka 3agay: submit

m Kyzaa npoucxoaut submit () BHewHUx 3agay?’
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BanaHcupoBka 3agay: submit

m Kyzaa npoucxoaut submit () BHewHUx 3agay?’

B B roJioBy Ciiy4aliHoll odepean? CUHXpoHM3aLus!
m B XBOCT cnyyaiitoii ovepean? FIFO!

m OTgenbHas odepefb ANS BHEWHUX 334347

m Packneutb ovepean BxomaHbIxX 3a4au!

(/\/\/\/\,)(.) head wil | —>
\ head L tail | —
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BanaHcupoBka 3apgay: pesynbTaT

FJP submission throughput
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BanaHcupoBka 3apgay: pesynbTaT

FJP vs. TPE(ABQ) submission throughput ratio
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Twunnynas 3aa44a. B KoJe

private static class StandardTask extends RecursiveTask<Long> {
private final Problem problem;
private final int 1;
private final int r;

public StandardTask (Problem p, int 1, int r) {
this.problem = p;
this.1l = 1;
this.r = r;

}

@0verride
protected Long compute() {
if (r - 1 <= THRESHOLD) {
return problem.solve(l, r);

}

int mid = (1 + r) >>> 1;

ForkJoinTask<Long> t1 = new StandardTask(problem, 1, mid);
ForkJoinTask<Long> t2 = new StandardTask(problem, mid, r);
ti.fork(); // fork 1

t2.fork(); // fork 2

long res = 0;

res += t2.join(); // join 2
res += tl.join(); // join 1
return res;
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TunnyHas 3agada: B Koae, nodbnvrke

ForkJoinTask<Long> t1, t2;

int mid = (1 + r) >>> 1;
new StandardTask(problem, 1, mid);

tl
t2 =

new StandardTask(problem, mid,

tl.fork(); // fork 1
t2.fork(); // fork 2

long

res = 0;

res += t2.join(); // join 2
res += tl.join(); // join 1
return res;
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TunnyHasa 3apada: ewé bamrxe

ForkJoinTask<Long> t1, t2;

int mid = (1 + r) >>> 1;
tl = new StandardTask(problem, 1,

ForkJoinTask.invokeAll (t1, t2);

long res = 0;

res += t2.join(); // get result 1
res += tl.join(); // get result 2
return res;
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Tunununasa 3agaya: fork().join()

m fork()

B KJAAET B OYepelb N BO3BPALLLAETCA
B [3ET BO3MOXXHOCTb «YKPacTb» 3ajauvy

m join()
B «>XAaTb, MOKa 3aKOHYNTCSA»
B [aéT BO3MOXXHOCTb 3aHSITb MOTOK €eLié YeM-Hubyab
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TununyHasa 3agaya: join()

B Marnd Ha4nMHa€eTCA 3,1],er!

B MOXXHO CAenaTb OAHO W3 AENCTBUIA:

1.

ok wnN

BbINOJIHUTL 3TY jOIN-SLLYIOCS 3ajady
HaliTK B oYepeamn 3ajadvy W BbIMOJHUTb
MOWTUN B YY)XKYIO O4epelb U KYKpacTby» 3afady

3a6710KN POBaTbCA
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[naBHbI KO3bIpb: Uaew

m 00ObI4HO B NIOKAJIbHON o4Yepean Ky4da 3ajad
W MOYTV BCE MOTOKW MOYTU BCErga 3aHsTh
m OanaHcupoBska TpebyeTcs peako

B «YKpajZeHHas» 3ajaya 3aceBaeT o4vepeb
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[(naBHbI KO3bIpb: Task Trees
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naBHbI kO3bipb: Queue Occupancy

State distribution:

Thread timelines:
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[naBHbIN Ko3bipb: Workers State

120001 ‘Thread timelines: State distribution:
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Bbibop winpuHbl: npobnema

protected Long compute() {
if (r - 1 <= THRESHOLD) {
return seq();

X

return par();

m Kak BblbpaTs THRESHOLD?
W C/IMLIKOM MaJleHbKNii = Ky4a obbekToB-3aza4
B CAULWKOM BONbLIOKA = Maso napannesn3ma
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BbiOoOp WMpUHbLI: HAaNUBHbI NoaXoA,

TN
C’ 1
roe
N — pa3mep 3agaun,
C — konnyecteo CPU
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BbiOoOp WMpUHbLI: HAaNUBHbI NoaXoA,

TN
C 1
roe
N — pa3mep 3agaun,
C — konnyecteo CPU

[1noxo paboTaeT npu HepaBHOMEPHbIX 3aja4vax,
HECMMETPUYHbIX NMOTOKaX, HEMpeaCcKa3yeMbixX
3afepKKax.
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BbiOop wWnpuHbI: NpaBuibHbI MeTof,

N
I'= &1,

roe

N — pa3mep 3agauu,

C — konnyecteo CPU,
L — load factor

=Java
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BbiOop wWnpuHbI: NpaBuibHbI MeTof,

N
I'= &1,

roe

N — pa3mep 3agauu,

C — konnyecteo CPU,
L — load factor

Load factor gaér «3sanac» 3agay, Kotopble
aMOPTU3NPYIOT 3aL4EPKKI U HEPABHOMEPHOCTHU.
ObbiuHoe 3HaveHne L € [10..100]
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Bbi6op winputbl: threshold

FJP: Throughput vs. Threshold (problem size = 10M)

o

parallel speedup, X

10' 10° 10° 107
threshold

= Cold == Hot == Seq x16 == Seq x1
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Bbibop wiunputbl: load factor

FJP: Throughput vs. Load Factor (problem size = 10M)

=)

parallel speedup, X

10° 10° 10* 10°
load factor

== Cold == Hot == Seq x16 == Seq x1
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nsa npogonxxatroLimnx
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CountedCompleter: 3auem
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CountedCompleter: 3auem

WTF: 3abnoknpoBaHHble MOTOKM B XBOCTE?
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CountedCompleter: nomenbue

s s
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IR
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SEat
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PekypcugHble join()-bi B xBOCTE!

&
=’Java’  oracLe
Slide 35/54. Copyright © 2013, Oracle and/or its affiliates. All rights reserved.



CountedCompleter: nges

B OTCYTCTBUE paboTbl NOTOKU BNOKMPYHOTCS
pa3dyAnTb NOTOK — LeNoe Aeno
dem rnybxe pas3bueHue, Tem bonblue byanTb

Ha MENKNX 3ada4aXx NOXXNPAET BPEMA
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CountedCompleter: nges

B OTCYTCTBUE paboTbl NOTOKU BNOKMPYHOTCS
pa3dyAnTb NOTOK — LeNoe Aeno
dem rnybxe pas3bueHue, Tem bonblue byanTb

Ha MENKNX 3ada4aXx NOXXNPAET BPEMA

aes: BoT Obl y Hac bbn continuation-bi. ..
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CountedCompleter: nx ectb y Hac!

public abstract class CountedCompleter <T>
extends ForkJoinTask<T> {

// bind to parent
public CountedCompleter (CountedCompleter <?> parent) {

// compute as usual

public abstract void compute() { ... }
// pending count = how many subtasks are still alive
public void setPendingCount (int count) { ... }

// try to complete
public void tryComplete() { ... }

// to be called on completion
public void onCompletion() { ... }
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CountedCompleter: noruka

3agavax

m 0DOpa3ytoT AepeBo Ha

m VY KaXK4oi 3aga4dn
ecTb pendingCount

= KOJIMYeCTBO @ @
HEBbINOJIHEHHbIX
noa3agad
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CountedCompleter: noruka

void tryComplete () {

pendingCount - -;
if (pendingCount <= 0) {

onCompletion ();
if (parent != null) {

parent.tryComplete ();

o o,
s .
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04 s,
o ‘o,
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CountedCompleter: noruka

void tryComplete () {

pendingCount - -;
if (pendingCount <= 0) {

onCompletion ();
if (parent != null) {

parent.tryComplete (); o .,

o .,
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o e
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CountedCompleter: noruka

void tryComplete () {

pendingCount --;
if (pendingCount <= 0) {

onCompletion ();
if (parent != null) {

parent.tryComplete (); o .,

o o,
o .,
q“’ ”'o
' tryComplete! @
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CountedCompleter: noruka

void tryComplete () {

pendingCount --;
if (pendingCount <= 0) {

onCompletion ();
if (parent != null) {

parent.tryComplete (); o .,
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CountedCompleter: noruka

void tryComplete () {

pendingCount --;
if (pendingCount <= 0) {

onCompletion ();
if (parent != null) {

parent.tryComplete (); o .,
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CountedCompleter: noruka

void tryComplete () {

pendingCount --;
if (pendingCount <= 0) {

onCompletion ();
i 1=
if (parent != null) { tryComplete!
R 4
parent.tryComplete (); & .,
} & ",
R 3
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CountedCompleter: noruka

void tryComplete () {

pendingCount --;
if (pendingCount <= 0) {

onCompletion (); -
if (parent != null) {

parent.tryComplete (); o .,
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CountedCompleter: noruka

void tryComplete () {

pendingCount --;
if (pendingCount <= 0) {

onCompletion (); -
if (parent != null) {

parent.tryComplete (); o .,
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CountedCompleter: noruka

void tryComplete () {

pendingCount --;
if (pendingCount <= 0) {

onCompletion ();
if (parent != null) {

parent.tryComplete (); o .,
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CountedCompleter: noruka

void tryComplete () {

pendingCount --;
if (pendingCount <= 0) {

onCompletion ();
i 1=
if (parent != null) { \ J tryComplete!
parent.tryComplete (); & “,
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CountedCompleter: noruka

void tryComplete () {
pendingCount --;
if (pendingCount <= 0) {

onCompletion ();
if (parent != null) {

parent.tryComplete (); &~ .,
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CountedCompleter: B koge

public static class MyTask extends CountedCompleter<Void> {

public MyTask (CountedCompleter<?> parent, ...) {
super (parent);

}

@Override
public void compute () {
if (size < thresh) {
seq(...);
} else {
setPendingCount (2); // expect two subtasks
new MyTask(this, size / 2, thresh).fork();
new MyTask(this, size / 2, thresh).fork();
}
tryComplete(); // increment and try to call completion

=’Java’  oracLe
Slide 40/54. Copyright © 2013, Oracle and/or its affiliates. All rights reserved. _



CountedCompleter: nonyunnoco

KHUKAKNX pa3pbliBOB>» ¢
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CountedCompleter: peuenTbl

B C/AJIbHO JlydlWEe Ha MEJIKNX 3aa4qax

recursive: 450 £ 15 us
completers: 290 £+ 10 us

B TaK >Xe 6bICprI Ha KPYMNHbIX 3ada4d4ax

=Java
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CountedCompleter: peuenTbl

B C/AJIbHO JlydlWEe Ha MEJIKNX 3aa4qax

recursive: 450 £ 15 us
completers: 290 £+ 10 us

B TaK >Xe 6bICprI Ha KPYMNHbIX 3ada4d4ax

W CUJIbHO YCJIOKHSIIOT JIOTUKY COOPKM pe3ysibTaToB
(ynpaxHeHne qutaTento)

=’)ava ORACLE
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Over-signalling: npobnema

m pa3dyguTb BeCb nyn —
bonblias npobnema
Ha MeNKnx 3afadax

B XapaKTepHOe BpeMs
ANt OQHOrO MOTOKa
~ 50us

m 015 N noTtokos
MOXKET CBHECTb Ky4y
BPEMEHU

~ 50 log(N) ps

=’Java ORACLE
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Over-signalling: peweHue

~ 50 log(N) ps
B KOHCTaHTa OT HacC He
3aBucuT, Tonbko OS

B MOXHO TOJIbKO ba3y
norapudma
YMEHbLINTb

m «nosyHgapaly-mode:
OyanTb BCEX 1 BCS
npw BCAKOM YAODHOM
cnyyae

=’Java’  oracLe
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Common Pool: npobnema

— B B KOHLE KOHLOB!
~_ nepsbiii hand-off B
- nys TOPMO3UT BCE

W XapaKTepHoe Bpems
oT nepsoro wakeup'a
[0 MOJIHOTO
napasjaiennsma
~ 200us

=’Java’  oracLe
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Common Pool: pewenne

3acTaBuTb submitter-b
paboTaTk Ha Hacl

W ...OHM DyasAT nyn

W ...1 BOODLLE HA HacC
paboTatoT

Bemrpbeisaem 100us u
bonbue!

i
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Common Pool: peannzayus

m submitter-y Hy>kHO npukunyTbcs FIJPThread-om
m rae-To aepxaTb WorkQueue?

m 3aHATb WorkQueue y ForkJoinPool?

m y kakoro ForkJoinPool?

=’Java ORACLE
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Common Pool: peannzayus

m submitter-y Hy>kHO npukunyTbcs FIJPThread-om
m rae-To aepxaTb WorkQueue?

m 3aHATb WorkQueue y ForkJoinPool?

m y kakoro ForkJoinPool?

Cnenaem obLIECUCTEMHBIA Ny MO YMOAYAHUIO
= FJP common pool.

=’Java ORACLE
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Common Pool: API

public class MyTask
extends RecursiveAction { ... 1}

// submit to the pool.
pool.submit (new MyTask ());

// implicitly runs in caller.
// may submit to common pool.
new MyTask().invoke ();

// fire and forget
new MyTask().fork();

=’Java’  oracLe
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Common Pool: API

public class MyTask
extends RecursiveAction { ... 1}

// submit to the pool.
pool.submit (new MyTask ());

// implicitly runs in caller.
// may submit to common pool.
new MyTask().invoke ();

// fire and forget
new MyTask().fork();

Fork/Join — Hemnnto3opHast 4acTb NaaTgopMbl.
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dna npoknsaTbix
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Ons npoknatbix: False Sharing

m WorkQueue 4yBCTBUTENLHLI K Memory layout
m false sharing = 1-10x slower

m ocobeHHo u3-3a WorkQueue[] < nsaryT psigom

=’)ava ORACLE
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Ons npoknatbix: False Sharing

m WorkQueue 4yBCTBUTENLHLI K Memory layout
m false sharing = 1-10x slower
m ocobeHHo u3-3a WorkQueue[] < nsaryT psigom

Hac 3710 3agonbano, u mbl popcuposanm
paboTkl no @Contended:

@sun.misc.Contended
class MyClass {
private int myIsolatedField;

¥
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Ona npoknartbeix: TLR

m FJP nyxpaercsa B bbictpom ThreadLocalRandom
m TLR.current() ~ ThreadLocal.get()

| ,EIJ'IFI KPUTUHHOTO KOA4a 3TO O4YE€Hb NMJIOXO

=’)ava ORACLE
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Ona npoknartbeix: TLR

m FJP nyxpaercsa B bbictpom ThreadLocalRandom
m TLR.current() ~ ThreadLocal.get()

| ,EIJ'IFI KPUTUHHOTO KOA4a 3TO O4YE€Hb NMJIOXO

[MosTomy mbl yTawwmnnm TLR B Thread:

class Thread {
long threadlLocalRandomSeed;
int threadLocalRandomProbe;
int threadlLocalRandomSecondarySeed;

=’)ava ORACLE
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na npoknsaTbix: new intrinsics

B 13 COObpakeHWii aTOMapHOCTN:

class ForkJoinPool {
// packed state
volatile long state;

by

B 4aCTO HY)KHO AeNnaTh angeiT KOHKPEeTHbIX bUToB

m npuxoantcs genatb CAS loop

=’Java ORACLE
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na npoknsaTbix: new intrinsics

B 13 COObpakeHWii aTOMapHOCTN:

class ForkJoinPool {
// packed state
volatile long state;

by

B 4aCTO HY)KHO AeNnaTh angeiT KOHKPEeTHbIX bUToB

m npuxoantcs genatb CAS loop

[loaToMy y Hac Tenepb eCTb
Unsafe.getAndAddLong () coToBapuu.

=’)ava ORACLE
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: NMapannennam B moein [>xase

Fork/Join:
m [lyTb K napasnennsmy Ha naatdopme
Bcerpa ectb, Bcerga gocTyneH, Bcerga rotos
MECTKO 3aTHOHEH 1 THOHUTCH
[Moanep)xnBaetcst N1aTOPMOii Ha BCEX YPOBHSIX

MHO>XeCcTBO MOACKUCTEM Yyr)Ke UCMOSIb3YeT

MunnmoHbl NIEMMUHIOB He MOryT owmnbaTbes:

JDK 8, Scala/Akka, GPars, Clojure, X10, Fortress

=’Java ORACLE
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- Cecbinkm

m JSR 166 Interest:
http://g.oswego.edu/dl/
concurrency-interest/

m java-forkjoin-trace:
https://github.com/shipilev/
java-forkjoin-trace/

=Java
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