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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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. Mporpamma

* BBeaeHue
(3a4eM 3TO BCE HYXHO)

* Fork/Join B JDK7
(KaK 9TO BCE peasin3oBaHo)

* [1pogBK1HYTbLIE BONPOCHI
(Ha KoTopble AoknaavnK 3HaeT OTBET)

* 3aK/iro4eHmne 1 Bonpockl U3 3asia
(Ha KOTopble AoKNaaAyYnMK OTBETA MOXET He 3HaTb)
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. 1.1 Punocodpckue npeanoChbISIKU

 [TapaniefibHbIN COMPT — LITYKA CI0XKHasA

 HecKo/nbKOo napaJsisies/ibHbIX MpoueccoB
- [lpoucxopaTt ogHOBPEMEHHO!
- Kak nx cuHxpoHusnposatb? Kak o0bmeHMBaTbCA faHHbIMU?

e [eln3eHbarn

- MHorune owmnoKN NPOABASOTCS B XMTPOCNNETEHMAX BPEMEH

- Jle6ar HacTONbKO 3aTPYAHEH, UYTO AeLleBsie HanncaTb MeasIeHHYH, HO
rapaHTMPOBAHHO KOPPEKTHYHO Nporpammy

* BnbNMoTeEKM Cy)XaroT NponacTb MeXAy KOPPEKTHOCTLIO U
ObICTPOAENCTBUEM

- [lpenocTtaBnsalT BbICOKOYPOBHEBLIE abCTPaKLUKM C SSBHO CEMAHTUKOW
- ... BKyne c npaBusiamym KOMMNo3uunm no3BosisoT cobmpaTb 60MbLUNE KYCKU
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. 1.1 Punocodpckue npeanoChbISIKU

* [locnepnoBatesibHble BbIYMNC/IEHUA

[aBHbIM-gaBHO Npuayman aansa dpoH-HenmaH
Bca 3agava BbINOTHAETCA B OAHOM MNOTOKE LEe/IMKOM
OueHb ycnelwHasa MeHTa/lbHas Mmoaesb

- ooy — pa3ymMHo-0HO3aauHble CylllecTBa

YNépnock B (pm3anveckne orpaHnyeHmnsa ana ogHoro notoka

- [pepenbl KBaHTOBaHNA BpeMeHn (= YacToTa npoua)
- Tpepens! ILP (= BHYTPEHHWIA Napasienn3m 3aaaun)

HaTypa/ibHbIM pacLUMpPeEHNEM CTaU10 HECKO/IbKO MOTOKOB
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. 1.1 Punocodpckue npeanoChbISIKU

« Pazgensanm n snacteyi (C)

« “Divide and conquer”
* lpea: pa3dbuTtb 60/bLUYIO 3aady Ha nog3agaydun

- Toraa noa3agayv MOXHO BbIMO/THUTb OHOBPEMEHHO
- MHoruve 3agaun pa3brnBaroTCcs eCTECTBEHHbIM 06pa3oMm

* IHTynumMs: xopowo, ecqiv noa3agayn He3aBUCUMbI

- MHauye TpebyeTca KOMMYyHMKaLMA Mexay noasagadyamu
- ...a 9T0 TPebyeT HETPUBMA/ILHOIO Ny1IaHnpoBaHus, nHade deadlock'n

Slide 8 of 61 | Copyright © 2012, Oracle and/or its affiliates. All rights reserved. = l avda O ne- ORACLE



. 1.2 [la Bbl 3TO Y)Xe U TaK 3HaeTe

* MHOrve 3aiaum yxxe cyTb TpuBmanbHbin F/J:

split fork join merge
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. 1.2 la Bbl 3TO Y)Xe U Tak 3HaeTe (2)

e [1pobnemsbl ¢ TPpUBUabLHbIM F/J:

 [lope3ka 3a4a4n Ha Kycku nocnegoBaresibHa

- CTtano 6bITb, MOXET AOMUWHNPOBAaTb UCIMOJ/THEHUE N CBECTU Ha HET BbIUTPbILL
OT NapasiiesibHOCTH

- Mpesa: amopTnu3npoBaTb Hape3Ky Mexay 3agadyamiu
« Cknerka pe3ynsTaroB nocsiegoBaresibHa
- Taxe nges
* KVepapxmnyeckmne gekomnosmummn?

- He 0o4eHb NOHATHO, YTO AenaTb, Koraa noAasazgavya MOXET Pa3dounTbCs eLlé
- Koro npocutb UCMNOMHUTL HOBbLIE 3a4a4n?

— CKO/bKO MOTOKOB HY)XHO A1A rapaHTuii nporpecca?

- Wpeda: uyTb no3xe
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. 1.2 O6wunm Bng D-n-C

o taskl n task2 — He3aBUCMMbIe Noa3agavn

« solveDirectly() BbInoONHAET 3a4a4y nocsieqoBare/ibHO
* invokeAll() 3anyckaeT noasagayn v XOET Ux 3aBepLUeHns
o split() BbINOMHAETCA N0 MECTY, a He NpeaBapuTeNnbLHO
* merge() BbINO/IHAETCA N0 MECTy
Result solve(Problem problem {

I f (problem snal | Enough())
return solveDirectly(solve);

el se {
(taskl, task2) = split(problem;
(resultl, result2) = invokeAl |l (taskl, task?2);

return nerge(resultl, result?2);

Slide 11 of 61 | Copyright © 2012, Oracle and/or its affiliates. All rights reserved. é) l avda O ne- ORACLE



. 1.2 Mpo6nemMbl ¢ HAUBHbIM NMOAXO40M

e 3agayn xayT apyr gpyra?
e 14 nNpocToThl, N-apHoe aepeso rMybuHbl K
e B Xxyawem cnydyae tpeobyerca (NMK — 1)/ (N — 1) + 1 noTok
e B lydllem cnydae Tpebyetca M*(K — 1) + 1 noToK
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. |.2 be3 continuation'oB " )XN3Hb rPYCTHA

« bnokupywulee oxngaHme
3aHNMaeT MOTOK

« Ecnu He 3HaTb NpeaenbHbIi L

napannennsm 3agadn u orpaHnunTb - |

KOJINYECTBO MNOTOKOB, MOXHO
HacTynuTb Ha deadlock

e aoes: join() He Ao/MKeH
3aHMaTb MNOTOK!

e BmecTO Tynoro oxmagaHusi MOXHO
caenarb Nose3Hyto paboTty

« TpebyeT KOOpAMHALUK C APYTMU
noTokamu

e 3HaunT, OO/MKEH BObITb apouUTP,
KOOPAVHUPYIOLLNA NCNOSTHEHME
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. Mporpamma

* BBepneHue
(3a4eM 3TO BCE HYXHO)

* Fork/Join B JDKY7
(KaK 9TO BCE peasin3oBaHo)

* [1pogBK1HYTbLIE BONPOCHI
(Ha KoTopble AoknaavnK 3HaeT OTBET)

* 3aK/iro4eHmne 1 Bonpockl U3 3asia
(Ha KOTopble AoKNaaAyYnMK OTBETA MOXET He 3HaTb)
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. I1.1: JIDK7 Forkl/Join API

e ForkJoinPool

« ... Implements ExecutorService

- T.e. Tyga MOXHO 3acblniatb U 06bl4Hble Runnable, Callable

$parallelism

- CKonbko O4HOBPEMEHHO BbINMOJ/THAKLWNXCA NMOTOKOB nogaep>xxmBatb

- He xécTtkuin npeaen, FJP MOXeT co3aaBaTb AOMOMHUTENbHbIE MOTOKW, Koraa
HY>XHO

$threadFactory

$uncaughtExceptionHandler

$asyncMode

- JTO He TOo, YTOo Bbl AymMaeTe (Noapo6HOCTM NONO3Xe)
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. I1.1: JIDK7 Forkl/Join API

e ForkJoinTask<V>

« AOCTpaKUMs ANns TUNUYHOK 3aga4un, HaNPSIMYH He
MCMNONb3YIOT, ECTb ABa NYyO/IMUYHbIX NOoAKMACCA:

- RecursiveAction: PekypcBHOe AENCTBME, HE BO3BpaLlatolee pesynsrar
- RecursiveTask<V>: PekypcnBHOe OencTBMe, Bo3Bpallatollee pesynsrar

* [lonb3oBarenbCckne 3agadun A0/MKHbI ObITb NOAKIaccamu
RecursiveAction nin RecursiveTask<V>

e [IpoaBWHYTblE NAaPHN MOTYT NOAKMACCUTBLCA OT
ForkJoinTask<V>

- [lpucHutca far Jlm — He roBopuTe, YTO Bac He npeaynpexgaiu

Slide 16 of 61 | Copyright © 2012, Oracle and/or its affiliates. All rights reserved. ?—_:) l avda O ne- ORACLE



. II.1: TUNUYHBLIX NPUMEP UCNOSIb30BaHUSA

/[l Java 7
ForkJoi nPool fjp = new ForkJoi nPool ();

/'l Java 8 (cxopee Bcero, 6yner Tax)
ForkJoi nPool fjp = ForkJoinUtils. getPool ();

/| xax o6munmit Execut or Servi ce
fjp.invoke(new MyRunnabl e());
fjip.submt(new MyRunnabl e());

/| xax o6munmit Execut or Service
fjp.invoke(new My Cal | abl e());
fjp.submt (new MWyCal | able());

/'l cneuunbuunse gna FIP
fjp.invoke(new MyRecursiveAction());
fjp.invoke(new MyRecursiveTask());

cl ass MyRunnabl e i nplenments Runnable { ... };

cl ass MWCal | abl e<T> inplenments Callable<T> { ... };

cl ass MyRecursiveAction extends RecursiveAction { ... };
cl ass MyRecursi veTask<T> extends RecursiveTask<T> { ... },;
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. I.2: BanaHcupoBKa 3agay

« XOpOLLUO pellaeTcd TO/IbKO B ANHaAMUKE

e 3ajaun MOTyT CU/IbHO OT/IMYaTbCS NO pasMepy

e [lpoueccopbl MOryT ObITb HEPaBHOMEPHO 3aHATbI U T.11.
» Tpu 6a30BbIX NOAXoAA:

o Apbutpax 3agau

- O6uwas oyepeab 3aaad

- O6uwada ouepedb 3aga4 ¢ MasieHbkMMK thread-nokasnbHbIMK Bydoepamn
* Work dealing

- Y KaxK[0oro notoka CBos oyepeab
- [leperpyxeHHble NOTOKM OTAAKT CBOW 3a4a4u Ha CTOPOHY

« Work stealing

- Y KaX[0ro noTtoka cBOsl ouepesp
- CB060O/IHbIE MOTOKM KPaayT 3afaun Y neperpyeHHbIX
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. I.2: BanaHcupoBKa 3agay

[pakTuKa 1 MHTYNUUS:

O6Lulas oyepeaib — 3TO M0X0
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. I.2: BanaHcupoBKa 3agay

* [Noaxon FJP — work stealing:

JlokasibHble ouyepean AN Kakaoro noToka

C ronioBoii ouepean MoXeT paboTaTb TOMbLKO Blagenel,

- 3OT0 aBTOMATM4YECKM npespatllaet ovepeb B ctek (LIFO)

- Jlaxe 6e3 CUHXPOHU3aLMK

- Ecnn nsBecTtHo, 4To oyepeab He NycTa, TO MOXHO HE CUHXPOHU3UPOBATbLCS

3 XxBOCTa XXe MOXET bpaTtb 1 Bnajgenet

- Torga oyepenb CTaHOBUTCA AeNCTBUTENLHO ovepeabto (FIFO)
- $asyncMode = true: paboTaeT XOpoLUO, Koraa HUKTO HE KONHUT

13 XBOCTa MOTYT ThIpUTbL™ 3aaun opyrme noToku

QAVAVAWR © 2

tail

* B Hepgpax TyHApPbI BblApbIl B reTpax ThIpAT B BEApa a4pa KeapoB
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. I.2: BanaHcupoBKa 3agay

» Kyaoa npoucxoanTt submit() BHeLWHNX 3aaa4?

e 3arBosgka:

- B ronosy oyepean noToka Hesb3A: TpebyeTca CUHXPOHN3aL NS
- B XBOCT TOXe 0CO6eHHO Henb3A: nopywmm FIFO/LIFO

« PelueHune: oTaenbHas oyepeab A1 BHELHUX 3a4a4
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. I.2: BanaHcupoBKa 3agay

» Kyaoa npoucxoanTt submit() BHeLWHNX 3aaa4?

e 3arBosgka:

- B ronosy oyepean noToka Hesb3A: TpebyeTca CUHXPOHN3aL NS
- B XBOCT TOXe 0CO6eHHO Henb3A: nopywmm FIFO/LIFO

e PelleHune: oTAaesibHasd odyepenb A4 BHEWHUX 3aday
- Wait. LLepnok, MHe KaXeTcs, Uu 3To eLwé ogHa rnobasibHasa ovepeab?
* PeweHne Ne2: naBante packnenm ovepeap!

- Kaxpgomy noTtoky no submission queue!
- KnneHTbl cnyyainHbiM 06pa3om My/IbTUNIEKCUPYIOTCA Ha 3TU oYepeam

(") €| bt il | —>
\ head o tail | —
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. I.2: BanaHcupoBKa 3agay

e KOHelU HeEMHOrO npeackasyem:

* Ha nycTbix 3agayax FJP pBET 06bluHble TPE B Kn0o4bs

FJP (async) score FJP async vs. TPE(ABQ)
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I1.3: TunuyHaa 3agava

private static class StandardTask extends RecursiveTask<Long> {

private final Problem problem
private final int [|;
private final int r;

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

}

@verride
protected Long conpute() {
if (r - | <= THRESHOLD) {
return problemsolve(l, r);

}

int md = (I +7r) >>> 1;
For kJoi nTask<Long> t1 = new St andardTask(problem |, md);
For kJoi nTask<Long> t2 = new St andardTask(problem md, r);

tlfork(); // dopxuyn pas
t2.fork(); // dopxuyn nsa

long res = 0;

res += t2.join(); // noxowruyn pas
res += tl.join(); // nxowuyn nea
return res; // saxoHuusau ynpaxHeHHe
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. I1.3: TunuyHaa 3agava

int md = (I +r) >>> 1;
For kJoi nTask<Long> t1 = new Task(problem |, md);
For kJoi nTask<Long> t2 = new Task(problem md, r);

tl.fork(); // dopxuysn pas
t2.fork(); // dopxuyn nea

| ong res = O;

res +=t2.join(); // nxouuyn pas
res += tl.join(); // npxouuynm nea
return res; // saxoHuHJH ynpaxHeHHe

Slide 25 of 61 | Copyright © 2012, Oracle and/or its afiliates. All rights reserved. f——_:) l avda O ne- ORACLE



. I.3: BazoBada ceMaHTUKa MeToaA0B

» fork():

 KnagéTt 3agady B ovepeb, 1 BO3BpalLlaeTcs

e KTO-HMOYAb APYro MOXET 3Ty 3ajady NoaAxBaTuTb
e join():

* bnokupyetcsa, noka 3agaya He 3aKOHYNTCA

e HO NOTOK TEPATb HA 3TOM Hesb34!

 FJP MOXeT AaTb eMy YTO-HMUOYAb MOBbLIMOJ/THATL
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. I.3: BazoBada ceMaHTUKa MeToaA0B

» fork():

« Knapgét 3agayvy B ovepeb, 1 BO3BpaLlaeTcs

o KTO-HMOYAb OpYrov MOXeT 3Ty 3aady NnoaxBaTuUTb
. join():

» BbnokupyeTtca, noka 3agayvya He 3aKOHYNTCH

e HO NOTOK TEPATb HA 3TOM Hesb34!

 FJP MOXeT AaTb eMy YTO-HMUOYAb MOBbLIMOJ/THATL
» fork().join()?

For kJoi nTask<Long> t1, t2;
tl.fork().join(); // & ysumen ma J1, wuto fork+join -- =To xopowo.
t2.fork().join(); // no nouemy- To oHo paboTaeT oueHb MenJeHHO . (

Slide 27 of 61 | Copyright © 2012, Oracle and/or its afiliates. All rights reserved. E’) l avda O ne- ORACLE



. I1.4: UTO MOXXHO caenaTb Ha join()-e?

Ecnin Mbl 4TO-TO join()-uUMm, 3HAYUT, Mbl 3TO HegasBHO fork()-Hynu

- 3HauuT, 3TO YTO-TO rae-To B nyne

Ecnun 3agaya Ha BepXyLUKe Moei oyepean, BbINOSTHUM

- A yero xgaTb y Mopsi norogpl?

Ecnn 3agada roe-to B MOen ovepeamn, BbINosIHUM

- CHayvana Hy)XHO Npo6GexunMcsi No ovepean, HaliT eé, 1 yaanuTb

- B async mode Bcerga 6ygem 6exarb 40 KOHua

Ecnv 3aga4a He B MOel ouepean, BbINMOSTHUM WU MOMOMXKEM

- 3HauuT, KaKoM-TO racKOHCKas KaHaslbs y Hac eé cTbipuna

- Ecnn nonyyaetcsa otobpath y CTbIpMBLLETO 3a4a4y Hasag, TO BbIMOHUM

- Ecnu HeT, TO nomoraem cTbipuBLLEMY

Ecnv BbINO/HATL HEYero, 6/1oknpyemMcs

- [axe ecnu ecTb BHelWHMe 3aga4u (sic!)

- ...HO MOCKONbKY Tpesa noTepsascs, Hy>KHO CKOMNEHCMPOBATbL ero OTCyTCTBUE
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. I1.4: Helping

« OOnH 3a BCex 1 Bce 3a 0gHOoro

Mbl 3HAEM, KTO O0/DKU/T Y HAC 3aga4y

Ecnu u3 Toun 3aayun poaAaTcd HOBble, OHN HaM HYXHbI
~  Mbl 6bl X N CamMK BbINOSTHUIW, €CNN Bbl HE NOABU/ICA 3TOT A4’ ApTaHbsAH
- VimeeT cMbIC/1 NOMOYb BbINOJSTHUTL HOBbLIE 3aa4n U3 odepean A'ApTaHbsaHa

Ecnn y HEro Toxe CTblpyuan 3agadvy, NOMoraem
TPaAH3UTUBHO

- [oToMmy 4TO 3aBUCUMbIE 334a4N MOTYT CTbIPUTb APYIME... KXM... MYLLUKETEPDI

OXoTuMCA TOJIbKO 3a 3aBUCUMbIMIK 3agavdamm

- WHauye puckyem starvation'om BHyTPEHHUX 3a4a4 Nof, HaNnopoM BHELLUHMX
- Bcs rpynnmMpoBKa NOTOKOB CHOKYCMPOBAHA HA UCMOMHEHUM TEKYLLINX
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. 11.5: BbIGOp cnoco6a join()-a

* |13 aHa/IM3a BHYTPEeHHOCTeN join()'a
TEOPETNYECKN cneayeTt onTuMasibHbIN CNocoob

« Kpome TOro, ectb Aipyrue cnocoobsi:
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. 11.5: BbIGOp cnoco6a join()-a

* |13 aHa/IM3a BHYTPEeHHOCTeN join()'a
TEOPETNYECKN cneayeTt onTuMasibHbIN CNocoob

« Kpome TOro, ectb Aipyrue cnocoobsi:

/'l naive:

For kJoi nTask<Long> t1, t2;
t1.fork();

t2. fork();

long res = 0;

res += tl.join();

res += t2.join();

return res,
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. 11.5: BbIGOp cnoco6a join()-a

* |13 aHa/IM3a BHYTPEeHHOCTeN join()'a
TEOPETNYECKN cneayeTt onTuMasibHbIN CNocoob

« Kpome TOro, ectb Aipyrue cnocoobsi:

/'l naive: [l smarter:

For kJoi nTask<Long> t1, t2; For kJoi nTask<Long> t1, t2;
t1.fork(); t1.fork();

t2. fork(); t2.fork();

long res = 0; long res = O;

res += t1.join(); res += t2.join();

res += t2.join(); res += t1.join();

return res; return res;
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. 11.5: BbIGOp cnoco6a join()-a

* |13 aHa/IM3a BHYTPEeHHOCTeN join()'a
TEOPETNYECKN cneayeTt onTuMasibHbIN CNocoob

« Kpome TOro, ectb Aipyrue cnocoobsi:

/'l naive: [l smarter:

For kJoi nTask<Long> t1, t2; For kJoi nTask<Long> t1, t2;
t1.fork(); t1.fork();

t2. fork(); t2.fork();

long res = 0; long res = O;

res += t1.join(); res += t2.join();

res += t2.join(); res += t1.join();

return res; return res;

/| standard:

For kJoi nTask<Long> t 1, t2;

For kJoi nTask. i nvokeAl | (t1, t2);
long res = 0;

res += t1.join();

res += t2.join();

return res;
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. 11.5: BbIGOp cnoco6a join()-a

* |13 aHa/IM3a BHYTPEeHHOCTeN join()'a
TEOPETNYECKN cneayeTt onTuMasibHbIN CNocoob

« Kpome TOro, ectb Aipyrue cnocoobsi:

/'l naive:

For kJoi nTask<Long> t1, t2;
t1.fork();

t2. fork();

long res = 0;

res += tl.join();

res += t2.join();

return res,

/| standard:

For kJoi nTask<Long> t 1, t2;
For kJoi nTask. i nvokeAl | (t 1,
long res = 0;

res += t1.join();

res += t2.join();

return res;
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/'l smarter:

For kJoi nTask<Long> t1, t2;
t1.fork();

t2.fork();

long res = O;

res += t2.join();

res += t1.join();

return res;

/'l super-standard (inlined):
For kJoi nTask<Long> t1, t2;

t2); t2.fork();

long res = 0;

res += t1.invoke();
res += t2.join();
return res;
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. 11.5: BbIGOp cnoco6a join()'a

e DKCMNEPUMEHT:

Naive: nuff said

Smarter: cka3blBaeTcs
nepexop join() — invoke()
Standard: ok

SuperStandard:
C3KOHOMWNN AECATOK
NHCTPYKLUIA

 BbiBOA:

[ToNIb3ynTECh, YUEM XOTUTE,
TO/IbKO HKOMHUTECH B
obpaTHOM nopsaake
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throughput, ops/sec
B C

FJP: Forking schemes (problem size = 10M, threshold = 10)

worker threads

m [\ajve === Smarter Standard == SyperStandard

4x10x2 Intel Xeon (Nehalem), RHEL 5.5
jsrl66.jar @ 2012-04-02
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. 11.6: Bbi6op threshold'a

e CNMLLIKOM MasIEHbKNI?

* OBepxefbl Ha MHPPaCTPYKTYPY
e CnunwkKom 60/bLLIoON?

* MaJiO NapasiniesnimdMa

e HamBHas NHTYNLUANA.

T = N CPU#

- N — pa3mep 3agauun

- CPU# — pgocTynHbI napannennsm

* B Teopuu paboTaeT XopoLUo, Ha NPaKTUKE M/10X0

- 3agaun 3aHMMaloT pasHoe Bpemsi, 6aniaHCUpoBKa cTpaaaeTt
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. 11.6: Bbi6op threshold'a

 [MpoaBUHYTas UHTYULINS:

T = N ( L* CPU#)

- N — pa3mep 3agauun
- CPU# — pocTynHbIn napaniennsm
- L —load factor (~= KonnyecTBO 3a4a4 Ha NOTOK)

* Load Factor meHee B/MAET Ha CKOPOCTb

e OTBA3aH OT pasMepoB 3aJayun 1 KosimdecTsa NMpoLeccopos
 TpyaHee oWNBUTLCS C BbIBOPOM
e OOblyHO NpuHMUMarT L = 8..16
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. 11.6*: Jlnpuueckoe oTcTynsieHne Npo 6eHUMapK

e "KOHLIEBbIE 3PPEKTHI”

* bBbuy Bcex 6eHUMapok, Ho ocobeHHo thread pool'os

CNOXHO KOHTPO/IMPOBaTh HakMaHble pacxo/pl

- AKTMBaUMs NOTOKOB (KOrga nys pas3roHsieTcsl)
- OxugaHve MKOMHOB NocneaHux 3aaad
- JleakTuBaLusi NOTOKOB (Koraa nyn ocTaHaB/IMBAETCS)

B HeHarpyxeHHbIx nynax K3 no nosHom nporpaMmme

- Ho 3at10 nmeeTcda BO3MOXHOCTb U3mepuTtb one-shot performance

B Harpy>eHHbIX nynax K9 HMBennpyTcs

- Ho 3aro nogaBnseTcs NMUWHWIA napannenmam oT nepekpbiBatoWmxcs 3agaq
- ‘“steady state” performance

[na Toro, Ytobbl XOTb YTO-TO NOHATL, HYXXHO U3MEPSATb
ob6a pexuma
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11.6: Bbi6op threshold'a

Saturated:
FJP: Forking threshold (problem size = 10M)

Unsaturated:
FJP: Forking threshold (problem size = 10M)

50000 50000

50000 50000

40000 = 40000 =
(&) (&)
Q Q
w w
o o
w w
o o
o o
5 30000 5 30000
o o
c c
[*7] [*7]
3 3
o o
2 2
L L
= =

20000~ 20000~

10000 - 10000 -

0= — 0=
1 | 1 I I 1 | 1 I I
0 20 40 80 80 100 120 0 20 40 80 80 100 120
worker threads worker threads
threshold == 1 10 100 1K 10K e 100K wem 1000K threshold == 1 10 100 1K 10K e 100K wem 1000K

4x10x2 Intel Xeon (Nehalem), RHEL 5.5
jsrl66.jar @ 2012-04-02

T=10M/ 16*80 = ~78K
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. Mporpamma

* BBepneHue
(3a4eM 3TO BCE HYXHO)

* Fork/Join B JDK7
(KaK 9TO BCE peasin3oBaHo)

* [1poaBVHYTbIE BOMNPOCHI
(Ha KOTopble AoKNnaaynk 3HaeT OTBET)

* 3aK/iro4eHmne 1 Bonpockl U3 3asia
(Ha KOTopble AoKNaaAyYnMK OTBETA MOXET He 3HaTb)

Slide 40 of 61 | Copyright © 2012, Oracle and/or its affiliates. Al rights reserved. %) l ava O n e OR AC'_G*’



. l1.1: ABTOMaTnueckmni Bbloop threshold'a

* /IHCNEeKTUpoBaHMe CBONX o4Yepeaen
 ForkJoinTask.getQueuedTaskCount()

- KonwnyecTtBo 3aga4 B MOel NnoKasibHOW oyepeamn
 ForkJoinTask.getSurplusQueuedTaskCount()

- KonuuyecTBo 3a7a4, KOTOpble OCTaHYTCS B MOei ouepeamn nocne
6a/1aHCMPOBKW (= KOrfa NPOCHYTCS BCEe CnsiLMe NOTOKM)

 EcTb 3ap4a4un? He Hago NnunnTb Agasnblie!

e XOpoLlo paboTaeT B Harpy>XeHHbIX nyfax
« [lpeanonaraem, 4To 6anaHCUPOBKA YXXe COCToSANAacCh
e Ecnmy meHa B oyepean X 3agay, TO y Bcex ToXe no X
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. l1.1: ABTOMaTnueckmni Bbloop threshold'a

« CTpaxyemcsa oT HenpaBwunbHOro threshold'a

FJP: getQueuedTaskCount() heuristics (threshold = 1, problem size = 10M)

protected T conpute() {
if (r =1 <= T1 || getQIC() >= T2) |
return problemsolve(l, r); . ///”,,—————-k
/| deconpose
}

e OOblYHbIE 3HaYeHuns:
T2=1.3

e B Harpy>XeHHbIX nynax f_
O/IM3KO K MMKOBOW . T

CKOPOCTH SST—

™

S w7 g

4x10x2 Intel Xeon (Nehalem), RHEL 5.5
jsr166.jar @ 2012-04-02
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. l1.1: ABTOMaTnueckmni Bbloop threshold'a

« CTpaxyemcsa oT HenpaBwunbHOro threshold'a

FJP: getQueuedTaskCount() heuristics (threshold = 1, problem size = 10M)

protected T conpute() {
if (r =1 <= T1 || getQIC() >= T2)
return problemsolve(l, r);

/| deconpose
}

ops/sec

throughput,

e OObIYHbIE 3HAYEeHNS:
T2=1.3

e B HeHarpy>XeHHbIX nynax y
e ———

paboTaeTt npuemsiemMmo

¢ HO CTaTquCKMVI threShOId BCé maintaned count == peak(static) w1 2 3 4 57 -
paBHO ObICTpee

4x10x2 Intel Xeon (Nehalem), RHEL 5.5
jsr166.jar @ 2012-04-02

=’JavaOne” oORAcCLE
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. l1.1: ABTOMaTnueckmni Bbloop threshold'a

« CTpaxyemcsa oT HenpaBwunbHOro threshold'a

FJP: getSurplusQueuedTaskCount() heuristics (threshold = 1, problem size = 10M)

protected T conmpute() { o
if (r =1 <= T1 || getsSQIC() >= T2) ~
return problemsolve(l, r); /\
/| deconpose g
} 04::::7 /

O6blyHble 3HaYeHus: |
T2=1.3

* B Harpy>XeHHbIX nynax %

throughput, ops/!

paboTaeT 6/1M3KO0 K
MMKOBOW CKOPOCTU

4x10x2 Intel Xeon (Nehalem), RHEL 5.5
jsrl66.jar @ 2012-04-02
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. l1.1: ABTOMaTnueckmni Bbloop threshold'a

« CTpaxyemcsa oT HenpaBwunbHOro threshold'a

protected T conpute() {

if (r =1 <= T1 || getsSQIC() >= T2)
return problemsolve(l, r);

/| deconpose
}

e OOblYHblE 3HAYEHUS:
T2=1.3

« B HeHarpyXeHHbIX nynax
paboTaet nyuuie, Yem

getQTC()

e YunTblBaET NpocTamBaroLime
MOTOKM

Slide 45 of 61 | Copyright © 2012, Oracle and/or its affiliates. All rights reserved.

throughput, ops/sec

FJP: getSurplusQueuedTaskCount() heuristics (threshold = 1, problem size = 10M)

worker threads

maintained surplus ==m poak(static) wem 1 2 3 4 5 w7 -

4x10x2 Intel Xeon (Nehalem), RHEL 5.5
jsrl66.jar @ 2012-04-02
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. I1.2: Managed Blockers

* TepseM NOTOKM He TOJ/1bKO Ha join()

« MOXHO NOTEPSITbL NOTOK HA 60N1ee NpPon3anyecknx Belax

Sleep()

[lonrme cucTeMHble BbI30BbI
/O

Locks

* HyxHo onoBectutb FJP 0 6/10KMpOBKe NOTOKa

Toraa FJP 6yaet meTb BO3MOXHOCTb CKOMIMEHCUPOBATb MNOTEPHD

B atom mecTe noasnattca Managed Blockers
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. I1.2: Managed Blockers

 interface ForkJoinPool.ManagedBlocker

 boolean isReleasable()

- ONTMMUCTUYHAS NOMbITKA 3a6N10KNPOBAThCS

- “true”, ecnun nonyuymnocs; “false”, ecnu He noayyYnI0Chb
 boolean block()

- [leccumucTryHasa G/10KMPOBKA, 3a4epPXXUBaeT NOTOK
“true”, ecnn xBartut; “false”, ecnu HyXXHO 6yAeT eLwé pa3 3abnoKMpoBaTbLCA

* ForkJoinPool.managedBlock(MB blocker)

 WHcTpyKTMpyeT FJP nonbiTatb cHacTbA

- Cpasy BblgeT, ecnu nosny4ymnocb 6e3 6510knpoBok (isReleasable() == true)
- 3abnokupyetcs 1 KOMMNEeHCUPYET MNOTOK, eCcnn B/I0KMPOBKA Taku CrIy4nUTCA
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. I1.2: Managed Blockers

e [lpnmep:

cl ass ForkJoi nSl eeper inmpl enents ForkJoi nPool . ManagedBl ocker {
private final [ong tineout;
private final TinmeUnit tinmeUnit;
private bool ean sl ept;

publ i ¢ ForkJoi nSl eeper(long timeout, TineUnit tineUnit) {
this.timeout = tineout;
this.timeUnit = tinmeUnit;

}

publ i c bool ean isRel easabl e() {
return slept;

}
publ i ¢ bool ean bl ock() throws InterruptedException {
I f (!slept) {
timeUnit. sleep(tineout);
slept = true;
}
return true;
}
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. I1.2: Managed Blockers

« Menkasa 3acapa!l
« FJP.managedBlock(...) akBuBaneHTEeH:
while (!blocker.isReleasable()) { ... }

« A BOT Takon ManagedBlocker moXHO Hanucarb:

public bool ean | sRel easabl e() {

return (result !'= null);
}
publ i c bool ean bl ock() throws InterruptedException {
try {
result = future.get();
} catch (ExecutionException e) { ...}
return true;
}
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. I1.2: Managed Blockers

« Menkasa 3acapa!l
 FJP.managedBlock(...) aKkBnBaJ/IEHTEH:
while (!blocker.isReleasable()) { ... }

« A BOT Takon ManagedBlocker moXHO Hanucarb:

public bool ean | sRel easabl e() {

return (result !'= null);
}
publ i c bool ean bl ock() throws InterruptedException {
try {
result = future.get();
} catch (ExecutionException e) { ...}
return true;
}

« future.cancel()? Surprise!

- BeckoHeYHbI UWK K BallM yCriyram

- [axe ecnu FIP.shutdown() nponaéT “ycnewHo”
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. I1.2: Managed Blockers

e Pro:

* [103BONSAOT BbhKaTb 60/IbLLE MpPon3BOANTE/IbHOCTH

- TMopgaepxunsaTb $parallelism, He cMOTpA Ha 3a610KMPOBaHHbIE MOTOKN

 [103BOMIAOT rapaHTMpoBaTh Nporpecc

- Oco006eHHO, KOorda rpynrbl MOTOKOB XAYT 4ero-to ogHoBpemMeHHO
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. I1.2: Managed Blockers

Pro:

* [103BONSAOT BbhKaTb 60/IbLLE MpPon3BOANTE/IbHOCTH

- TMopgaepxunsaTb $parallelism, He cMOTpA Ha 3a610KMPOBaHHbIE MOTOKN

 [103BOMIAOT rapaHTMpoBaTh Nporpecc

- Oco006eHHO, KOorda rpynrbl MOTOKOB XAYT 4ero-to ogHoBpemMeHHO

e Contra:

* B HaumBHbIX cxemax NpPuBOAAT K HeorpaqueHHowly POCTY
KO/M4YecTBa NOTOKOB Y S

- YT0, Hanpumep, MOXeT noBasinTb BCO JVM Lennkom
- (Bonee MsArkMe cxembl KOMMEHcaLy paspadarbiBaoTcs) [

' ) . ) <)
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. I11.3: Heckonbko FJP

« FJP akTnBHO pasroHserca no $parallelism notokos
* I/ He O4YeHb-TO OXOTHO cAlyBaeTCcs 0bparTHOo
* a) icnonb3yem oanH FJP Ha noacucrtemy

« BHyTpeHHMe 6a1aHCUPOBKM BCeX 3aaq

« BHYTPEHHsS KomneHcauus

« 6) Heckonbko FJP c orpaHunyeHHbim $parallelism

« Cyxaet obnactb ansa banaHcupoBaHud 3adad mexay nynamu

 FJP He KOMNeHCUpYT OXuaaHusa Apyr Ha gpyre

- CaomutTtar apyr B gpyra? Npusert, deadlock'n
- O6epHyTb ManagedBlockers? NpuBeT, ToNa NOTOKOB
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. l11.4: MapKnpoBku

HOrga xo4yetca mapkmpoBatb ForkJoinTask<V>

e Hanpumep, oTMETKa 0 nocelleHnn B obxoae rpada 3aaad

« Hanpumep, KOJINYeCTBO He3aBEPLUEHHbIX A0YepHUX 3aaau
FJT.set...Tag(short tag)

e BbICTaBndeT Ter

e short FJT.get...Tag()

e YpyTtaert Ter

 FJT.compareAndSet...Tag(short e, short tag)

e ATOMAapPHO BbICTaBMAET TEr
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. Mporpamma

* BBepneHue
(3a4eM 3TO BCE HYXHO)

* Fork/Join B JDK7
(KaK 9TO BCE peasin3oBaHo)

* [1pogBK1HYTbLIE BONPOCHI
(Ha KoTopble AoknaavnK 3HaeT OTBET)

e 3aK/iroueHmne 1 Bonpockl U3 3asa
(Ha KOTopble AOoKMaayYnMK OTBETA MOXET He 3HaTb)
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. IV.1: 3aknwueHue

» ForkJoinPool — knéeasa wrtyka

 OTnunyHagd NnpPon3BoANTENIbHOCTb

* [oHATHbIN pacwmpaembii APl 1 padymMHble ymMon4aHus

« Koe-rae Tpebyetcs py4HOW THOHUHT

« Hactpouknu fork threshold'a

* BNOKMPOBKN Ha AONToUrpatoLLImnx 3aaadax
e AKTUBHO paspabarbiBaeTcsl 1 AONUINBAETCS

 Hawnu 6ar nnu nepdpopmaHcHy npobemy?
« [lnwnTe Ha concurrency-interest@cs.oswego.edu
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. IV.2: QIA

* Puzzler ona ckyvarowmx (“4to HanevataeTca?”):

private final Atom clnteger counter = new Atom clnteger();

private void run() throws ExecutionException, InterruptedException {

}

Execut or Servi ce tpe = new ThreadPool Executor(...);

ForkJoi nPool fjp = new ForkJoinPool (...);

Callable callable = new Callable() ... { return counter.get Andl ncrenent(); }
RecursiveTask task = new RecursiveTask() ... { return counter.get Andlncrenment(); }

counter. set (0);
for (int ¢ =0; ¢ < 10; c++) { print(tpe.submit(callable).get()); }
println(", counter =" + counter.get());

counter. set(0);
for (int ¢ =0; ¢ < 10; c++) { print(fjp.submt(callable).get()); }
println(", counter = " + counter.get());

counter. set (0);
for (int ¢ =0; ¢ < 10; c++) { print(fjp.submt(task).get()); }
println(", counter =" + counter.get());

BapuaHT A: BapunaHT B: BapwnaHT C: BapwaHT D:
0123456789, counter =10 0123456789, counter =10 0123456789, counter = 10 UT0-TO ApYyroe.
9876543210, counter =10 0123456789, counter =10 0123456789, counter = 10

9876543210, counter =10 9876543210, counter =10 0123456789, counter = 10
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IV.2: QIA

* Puzzler ona ckyvarowmx (“4to HanevataeTca?”):

private final Atom clnteger counter = new Atom cl nteger();

private void run() throws ExecutionException, InterruptedException {

Execut or Servi ce tpe = new ThreadPool Executor(...);

ForkJoi nPool fjp = new ForkJoinPool (...);

Callable callable = new Callable() ... { return counter.get Andl ncrenent(); }
RecursiveTask task = new RecursiveTask() ... { return counter.get Andlncrenment(); }

counter. set (0);
for (int ¢ =0; ¢ < 10; c++) { print(tpe.submit(callable).get()); }
println(", counter =" + counter.get());

counter. set(0);
for (int ¢ =0; ¢ < 10; c++) { print(fjp.submt(callable).get()); }
println(", counter = " + counter.get());

counter. set (0);
for (int ¢ =0; ¢ < 10; c++) { print(fjp.submt(task).get()); }
println(", counter =" + counter.get());

BapuaHT D:
YTo-TO Apyroe.
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. IV.2: QIA

* Puzzler ona ckyvarowmx (“4to HanevataeTca?”):

private final Atom clnteger counter = new Atom cl nteger();

private void run() throws ExecutionException, InterruptedException {
Execut or Servi ce tpe = new ThreadPool Executor(...);
ForkJoi nPool fjp = new ForkJoinPool (...);
Callable callable = new Callable() ... { return counter.get Andl ncrenent(); }
RecursiveTask task = new RecursiveTask() ... { return counter.get Andlncrenment(); }

counter. set (0);
for (int ¢ =0; ¢ < 10; c++) { print(tpe.submit(callable).get()); }
println(", counter =" + counter.get());

counter. set(0);
for (int ¢ =0; ¢ < 10; c++) { print(fjp.submt(callable).get()); }
println(", counter = " + counter.get());

counter. set (0);
for (int ¢ =0; ¢ < 10; c++) { print(fjp.submt(task).get()); }
println(", counter =" + counter.get());

0123456789, counter = 10 BapuaHT D:
0123456789, counter = 10 HTo-TO Apyroe.
0000000000, counter =1
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. I11.5: Peucnonb3oBaHue ForkJoinTask

e RecursiveAction extends ForkJoinTask<V>
 ForkJoinTask<V> implements Future<V>

o XpaHuT pesynsraTt

« XpaHuT cocTtoaHne (done, cancelled, exceptional)

* llcnonb3oBaTb OAMH W TOT K€ MHCTAHC ONacHoO ;)

* ForkJoinTask.reinitialize()

e CobpacbiBaeT BHYTPEHHME COCTOAHNS

* [lo3BONISIET UCMNOMNb30BaTh MHCTAHC ONATb
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