[1TNaHWMPOBLLMK 33434

MNaHMPOBLIMK 33434 WrpaeT CBA3YHOLLYIO pPOAb MeXay 3agadamu (paboummu
a1eMeHTaMM) U NOoTOKaMKU. MHOMKeCTBO 33434y NPUNONKEHUA BbINONHAETCA OOHUMU U TEMU Ke
PaboyMmMmn MOTOKAMM, YMUCNO KOTOPbIX AUHAMMYECKM ONTUMU3IMPYETCH NAAaHUPOBLLMKOM C
YY4ETOM BO3MOXKHOCTEM BbIYMCAUTENBHON CUCTEMBI, GAKTUYECKOM 3arpyKeHHOCTU CUCTEMbI U
NPOrpeccom BbiNONHEHMA 334a4. [NaHUPOBLYMK 33434 BKAOYaeT B cebs oyepeam 3agay (oaHa
rnobanbHan U MHOXECTBO JIOKa/IbHbIX o4epeaeit), ctpaTernm pacnpegeneHns 3agad n paboune
NOTOKK, KOTOpPble GpaKTUYECKN BbIMONHAIOT 33434M.
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OpFaHM3aLI,MF| napannenbHoOro npunoxeHna C NOMOLbKO nysla NOTOKOB NO3BONAET

n36exKaTb HaKNaAHbIX PACXOAO0B, CBA3AHHbIX C 3aMYyCKOM U 3aBepLUEHNEM NOTOKOB A/1A KaXKA0ro
dparmeHTa B Nporpamme, ,0NycKatoLLero pacnapanienmsaHme.

Takum 06pasom, NPUNONKEHME COCTOMT M3 OCHOBHOFO MOTOKA, B KOTOPOM MOFYT
3anyCcKaTbCA HOBble MO/Ib30BaTE/IbCKME MOTOKM, M Habopa paboumx noTokos. Paboune NoToKM
CYLLECTBYIOT Ha NPOTAXKEHUM BCEW KMU3HU MPUNONKEHUA; N3HAYANbHO HAXOAATCA B «CNAWEM»
COCTOSIHUM, HO MOTYT BbITb 3a4eNCTBOBaHbI A1A 06paboTKM NoAb30BaTENbCKUX 3a4a4. Paboune
MOTOKK BK/AtOYatoTCcA B 06paboTKy, ecnm B Koge nporpammbl ectb pabota ¢ obbekTamu
6mbnnotekun Task Parallel Library (Task, Parallel, PLINQ) nnu HenocpeactseHHas paboTa ¢ nysiom
notokos ThreadPool.

B cnegytowem o¢parmeHte npoBepaAemMm, AeNCTBUTENbHO M paboume MNOTOKM
ocyLecTBnAOT 06paboTKy N0/b30BaTENbCKMX 334a4:



static void Main ()
{
Action IsPool = () => {
Console.Writeline (Thread.CurrentThread.IsThreadPoolThread) ;

}

Console.Writeline (“Paralle.Invoke”);
Parallel.Invoke (IsPool, IsPool, IsPool, IsPool, IsPool);

Console.WritelLine (“Paralle.For”);
Parallel.For (0, 5, i => IsPool());

Console.WritelLine (“Task”);
Task.Factory.StartNew (IsPool) .Wait (),

Console.WriteLine (“"Thread”) ;
new Thread(() => IsPool()).Start();

}

UTaK, nonyyaem, 4to 3aga4va Task BbiNnoaHAeTCA B nyne, metoabl Parallel.Invoke,
Parallel.For He ABHO CO34at0T 3a4a4u, KOTOPble TOXKe BbINOAHAITCA B nyse. Metog Main
M NONb30BaTENbCKUIM MOTOK He ABAATCA paboymmm notokamu nyna. Yacte paborthl,
onpegensiemoint B metogax Parallel.Invoke, Parallel.For, MOXeT BbINOJHATL B
OCHOBHOM NOTOKe.

Myn NOTOKOB COCTOMT M3 rnobanbHOM oYepeamn, opraHM3oBaHHOM No npuHumny FIFO, n
MHOKECTBa /I0Ka/IbHbIX oYepeaei, opraHn3oBaHHbIX No NpuHuuny LIFO. AucumnanHa oyepegm
FIFO (first-in, first-out) npeanonaraet, YTo NepBbiit 406ABNAEHHbIN 3N1€MEHT NePBbIM NOCTYNUT HA
0bpaboTky. Paboune notokn obpauwlaroTca K rnobanbHOM ovyepedu M MOJy4aloT 3adady Ha
06paboTKy. [JOCTyn HECKO/NbKMX MOTOKOB K O4HOMY pecypcy — odyepeam 3agady — Tpebyer
NPUMEHEHWNS CUHXPOHM3AUUKN ANA u3beraHma Npobembl FOHKM AaHHbIX. CUHXPOHU3MPOBAHHbIN
[OCTYN MOTOKOB CHWMKaeT bbicTpoaelicTBue 06paboTkn. Yem MmeHblie «BblYUCIUTENIbHASA
Harpyska» 3aZad, TeEM Yallle NOTOKM COPEBHYHOTCA 33 AOCTYN K oYepean.

Ana YMEHbLWEHNA HAaKNa4HbIX PaCcXo40B, CBA3AHHbIX C HeO6XO,£I,MMOCTbI-O CUHXPOHWM3aUNn
AO0CTyna MNOTOKOB K rnobanbHoM oyepeaun, B CTPYKTypy nysaa NOTOKOB BBeAEHbI /IOKA/IbHbIE
oyepean. Kaxkgaa nokanbHasn oyepeab COOTBETCTBYET O AHOMY pa60l-|eN\y NOTOKY.

NloKanbHble ouyepeau npeAHa3HayeHbl AN BAOXEHHbIX 3afay. 3aj4auyu, KoTopble
06BABNAIOTCA M 3aMYyCKAlOTCA M3 NO/Mb30BATE/NIbCKOrO MOTOKA, ABAAIOTCA 3af3a4aMu BEpPXHEro
ypoBHA (top-most level tasks). Takue 3agaunm nomewaroTca B r106anbHyl0 ouyepeab U
pacnpeaenstoTca no pabouymm notokam. Mpu BbINOAHEHWUM 33434 BEPXHErO YPOBHA paboumnii
NOTOK [,06aBAAET B CBOIO /IOKA/IbHYIO 04epeb BCE BAOXKEHHbIE 334a4W.




(mobanbHas ovyepeab 3agad

Pabouuii notok Nel

T6 5

Pa6ounii moTox Ne2

T4

JIOKa/1bHAA JIOKa/1bHAA
oqepess o4epess
AKTUBHASA
1.3 —~ \AKT”BH&"" 2.5 ——_ 3agaya
\3aaaqa N
t1.2 t2.4
t1.1 t2.3
t2.2
t2.1

BnorKeHHble 334a4M NOMELLAOTCA B JIOKA/IbHYIO odyepeab paboyero noToka,
BbIMNO/HAETCA POAMTENbCKAs 3agava. JIoKanbHble oyepean opraHM3oBaHbl No nNpuHuuny LIFO
(last-in, first-out). TNepBOi B/OMKEHHOW 3ajayelt, KoTopas OyaeT BbIMNONHATLCA paboynm
notokom, byaer Ta 3agadya, KoTopas AobaBneHa B oyepedb nocnegHen. Takon nopsaok
06bACHAETCA BO3MOXKHOWN NOKA/IbHOCTBIO AaHHbIX. [locneaHss gobaBneHHas BNOXKEHHas 3a434a

ncnonb3yer o6u.|,14e AadHHbIE B 6AnKanwem OKpPYy*XeHnn.

B KOTOpOM

Task t = Task.Factory.StartNew(() =>
{
// TOTOBMM IaHHHE OJ4 nomsagaum 1
datal = f1 (data);
// npobaBigeM B odepenbr HNonsanady 1
Task tl = Task.Factory.StartNew(() => { work(datal):;
// TOTOBMM IaHHHE OJ4 [NOoO3ajadn 2
data2 = f2(data);
Task t2 = Task.Factory.StartNew(() => { work(data?);
// TOTOBMM OaHHHE IJI4 Hon3ajadm 3
data3 = f3(data);
Task t3 = Task.Factory.StartNew(() => {work(data3);
// oXmmaem 3SaBeplleHMS IO0L43amau
Task.WaitAll(tl, t2, t3):;
1) ;

)

1)

1)




Bnaropapa cTpaterMm nnaHUpoBLWMKa inlined execution (CM. HUXKe), HE CTOMT onacaTbCs
GNOKMPOBKM MOTOKA, €CAN MNOCNefHAA BJIOXKEHHAA 3aJaya CCblIAaeTcA Ha npeaplayLlyto
nogsanavy (oXKuMaaeT 3aBeplueHma Uamn cobbiTuA U3 Npeablaylein 3agaum).

Onuus PreferFairness

Ecnn obpaTHbIM NOPALOK BbIMONHEHWUS 33434 He KenaTesieH, TO MOXHO MCMo/b30BaTb
onuuio PreferFairness npu co3gaHuu 3agay. Takue 3a43a4n NOMeLLAloTCs B r0banbHyto
ouyepeab. OpraHmsaums rnobanbHol ovepeam no npuHumny FIFO nos3BosAeT HageaTbes, YTO
BNIOXKEHHbIE 3a/1a4M, CO3ZaHHble c onuuelt PreferFairness, byayT BbINONHATLCA B MOpAAKe
nobasneHus.

PaccmoTpum cnegyowmin dparmeHT:

static void Main ()
{
Task tMain = Task.Factory.StartNew(() => {
tl = Task.Factory.StartNew(() =

t2 = Task.Factory.StartNew(() => ..);

t3 = Task.Factory.StartNew(() => ..,
TaskCreationOptions.PreferFairness);

t4 = Task.Factory.StartNew(() => ..,

TaskCreationOptions.PreferFairness);

)

B sTom ¢pparmeHTe — 04Ha 334243 BEPXHEro YPOBHSA, KOTOPas NOMeLLaeTcs B rn1obanbHyto
ouepenb. MNpu 06paboTke 3agaum tMain B ogHOM 13 paboymx NOTOKOB BNOXKEHHbIE 334aum t1 u
t2 nomeLaoTCcA B JIOKaNbHYIO oYepesb AaHHOro paboyero noToka. 3agaumn t3 u t4 cosgaHsbl C
onuuel PreferFairness, noatomy gobasnatoTca B rnobanbHyto odepeab. Mopasok 06paboTku
B/IO’KEHHbIX 33434 NIOKaNbHON oyepean — obpaTHbIM nopaaky pobasneHus. CHayana byaer
obpabatbiBaTbcA 3a4a4a t2, 3aTem t1. 3agaum t3 u t4 obpabaTbiBatoTcs B NopsaKe AobaBneHus,
T.e. CHayana t3, 3atem t4. B kakom paboyem noToke pakTMyeckn byaeT BbIMONHATLCA 3a4a4m tl,
t2, t3 1 t4 3aBUCUT OT 3arpyKeHHOCTU ApYyrnx paboumx notokos (cm. mexaHuam WorkStealing).
Ho MOXHO cKasaTb, 4To AnsA 3agay tl u t2 co3gaHbl NpeanocbiIKM NOC/Nef0BaTeNbHOIO
BbINONIHEHUSA B TOM e paboyem NOTOKe, YTO U poAUTENbCKanA 3a4a4a tMain. Ans 3agad t3 u t4
CO34aHbl NPeANOCbIIKM NapanienbHoro BbiNoJHEHUA B Apyrux pabounx notokax nyna. Cheayet
He 3abblBaTb, YTO BbINONHEHWE BNOXEHHbIX 33434 B APYrux paboumx NoToKax MOXKeT 6bITb
COMPSAXKEHO C HAKNAAHbIMW PAcXo4aMm NPU UCNOb30BAHUN AAHHbIX POAUTENbCKOW 3a434M.

Takum obpasom, onuma PreferFairness NPUMEHAETCA HE 419 U3MEHEHUA NopaaKa
BbIMONHEHMA 3a4a4 (4NA 3TOro npole M3MeHUTb NOPAAOK A06aBNEHUA B/IOXKEHHbIX 3a4ay B
NOKaNbHYylO o4yepeab), a Ans obecrnevyeHUs yCA0BUIA NapanieNbHOro BbIMONHEHUA B/IOXKEHHbIX
3a/1a4 B pa3HbIX pabounx NoToKax.




OnTMMM3aumMA BbINONHEHMA 33434  BbIMOMHAETCA C MOMOLLbID TpPex CTpaTerun
NJIAHWPOBLLMKA: CTpATerMa 3aMMCTBOBaHMA 3aday (work-stealing), cTpaterya AMHaMUYeCKOro
N3MeHeHUs Yncna paboumx NoTokos (thread-injection), ctpaTerus inlined execution.

Crpaterma Work Stealing

Ctpaterua work-stealing 3akntio4aeTcs B TOM, YTO CBOOOAHbLIA pabounii NOTOK MNpwu
YCNOBUM OTCYTCTBUSA OXKMUAAOWMX 33434 B r1ob6anbHOM oyepeam 3aMMCTBYET 3a4a4y Y O4HOro 13
3arpysKeHHbIX pabounx NoTokoB. [Na pelieHMa Npobaembl CUHXPOHU3AUUM A0CTYN K KaXKaoM
JIOKa/NIbHOWN o4yepeam OCYLLECTBAAETCA C MOMOLLbIO ABYX KAwouen: private key — yKasaTesnb Ha
nocneaHuin Ao6aB/eHHbIN 31eMEHT (3a4a4y), KOTOPbIA MCNOb3YETCA TONbKO OAHUM pabouymm
NMOTOKOM - AepxKatenem ouyepean; public key — ykasatenb Ha nepBblit 406aBNEHHbIN 3/1EMEHT,
KOTOPbI UCMOb3YETCS CTOPOHHUMM PabounMMmM NOTOKaMM AN 3aumMCcTBOBaHuMA (work-stealing).

JlokanbHas oyepenb NnoToka

T1.2 T1.3 T1.4 T1.5 T1.6 T1.7
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CMHXpOHM3aLI,MF| peannsoBaHa TOJIbKO A4 OTKPbITOro K/AK4Ya, TaK KaK CyuwecTByeT
BO3MOHOCTb O6paIJ.I,eHMﬂ HECKOJ/IbKUX CBO60,CI,HbIX pa60‘—IMX NMOTOKOB K JIOKa/IbHOM oyepeaun
3aHATOro noTtoka. MexaHu3m 3auMCTBOBAHMA 3343y BHOCMUT KOppPeKTnBbl B o6pa60TKy
B/IOXKEHHbIX 33aAa4y. Ecnn 3amMmcTBOoBaHMe 3ajadv He nponcxoanT, TO BJZIOXKEHHbLIE 3a4ad4u
BbIMNOJIHAKOTCA NOCnenoBaTe/ibHO B O4HOM pa6oqu\ NOTOKE B nopAaaKe O6paTHOM ,ﬂ,06aBl'IeHMI-O.
Mpn 3aMMCTBOBAHUN B/IOXKEHHbIE 334a4m MOTyT BbINONTHATLCA NAPaNNENbHO B Pa3HbIX pa6oqu
NOTOKax.

Crpaterua Inlined Execution

Crpaterua inlined execution npumeHaeTca B c/iyd4ae O/IOKMPOBKM BbIMONHAMOLLENCA
3afauun. Ecnum BbinonHAOWaAACA 3a4a4a 610KMpPyeTCA BbI3OBOM OXUAAHUA 3aBEPLUEHMA 3a4a4M,
KOTOpasa HaxoAWUTCA B JIOKA/IbHOM o4yepeam 3TOro e paboyero MoTOKa, TO MNAHUPOBLLMK
BbIMONHAET 33434y M3 ouvepeam. Takaa cTpaterns nossonser nsbexaTb B3aMMOBOKMPOBKM
paboyero notoKa (dead-lock), KoTopas MOXET BO3HUKHYTb MpPW onpeneseHHOM nopsake
BNIOYKEHHbIX 3a/1a4 B 1OKaIbHOM ovepean. CTpaTterus inlined execution npumeHseTca TONbKO ANA
3a/ia4y B /IOKaNbHOM o4vepean 610KMpoBaHHOroO paboyero NoOToKa.

PaccmoTpum cneayrowmin dparmeHT:



static void Main ()

{

Task tParent = Task.Factory.StartNew( () =>
{
tChildl = Task.Factory.StartNew(() => ..);
tChild2 = Task.Factory.StartNew(() => ..);

tChildl.Wait () ;
P

B 3amauye tParent noo4yepeaHo A06aBnAlOTCA B JIOKaAbHyt ouyepedpb tChildl,
tChild2. MNpegnonaraeTcsa, YTO CHayana AOJ/XKHA 3aBepWwKTb CBOK paboTy poauTenbckasn
3ajauya, 3aTem ynpasneHue byaeT nepenaHo 3agadve tChild2, U TONbKO NOC/Ae 3TOrO 3ajaye
tChildl. Ho onepatop oXuaaHua Wait 610KMPYeT poauTeNbCKyto 3aaady. bes ctpaterum
nnaHupoBWwuKa Inlined thread TeKywmi pabounii NoToK 6bin 6bl 3a610KMpPOBaHHbIM. Ho B
AEeNCTBUTENbHOCTU NNAHUPOBLUMK (cpesa BbinonHeHusa) ¢ukcupyeT BbizoB Wait u nepepgaet
ynpaBneHue oxmaaemon 3agave tChildl.

Ctpaterua Inlined execution paboTaeT npu Bbl3oBax Wait ANA KOHKPETHOW 3aJauv B
NIOKaNbHOM o4yepean U Npu BbizoBe WaitAll ANA OXWOAHWUA HECKONbKMX 3aJay /IOKa/IbHOM
ouyepean. BbizoB WaitAny He NPMBOAMT K Nepeaaye ynpaB/ieHUA BAOKEHHbIM 3a4avyam. ITO
CBA3aHO C TeM, YTO B c/lydae meToga WaitAny BO3HUKAET cMTyauma HeonpeaeneHHOCTU — KoMy
nepepatb ynpasneHne? BnoeHHasn 3agaya, KoTopan byaeT BbibpaHa NepBol 418 BbINOAHEHUA
n bypetr nobeautenbHuuen. Metoa oxupganua WaitAny U3HayanbHO npeanonaraert
CopesHOBAMEIbHOCMb BbINONHEHWA 33434 C Le1blo BbiiBAeHUA nobeantenn — 3a4aun, Nepso
3aBEPLUMBLLEN BbINONHEHME.

Crpaterna Thread-Injection

CtpaTterua thread-injection npumeHaeTca A8 ONTUMMU3ALUKM YMCNA PAabOYMX MOTOKOB.
MpUMeHsAIOTCA ABa MeXaHU3Ma AMHAMMYECKOTO M3MEHEHMA YMcna pabounx NoToKoB. MNepBbiit
MeXaHU3M MPUMEHSeTCA C Lenbio n3berkatb 610KMPOBKU Paboumx MOTOKOB: MIAHUMPOBLLUK
nobasnseT elle oanH pabounii NOTOK, eciv He HabatogaeT nporpecca Npu BbINOAHEHUW 33434M.
Mpn 3TOM NNAHUPOBLWMK He pasnMyaeT, HaXxOAWUTCA AU MNOTOK AENUCTBUTENbHO B
3a6/10KMPOBAHHOM COCTOSIHUM, OXKMAAA KaKoro-1Mbo cobbiTMA, UAM NOTOK 3arpyKeH nosie3Homn
AnntenbHon paboton (long-running task). B cnyyae BbINONHEHWUA «AJIMHHbIX» 33434 Takad
cTpaTerna NNaHUPOBLUMKA He y/ydyllaeT, a AarKe yXyAlaeT npousBoguTenbHoCTb. Mpu pocte
yucna NOTOKOB BO3HWMKAET KOHKypeHUMs 3a ¢M3MYecKue sapa BblYMCIUTENBHOM CUCTEMBI,
NOABAAIOTCA HaKAaAHble pacxodbl Ha MepekNtoYeHne KOHTeKcToB. YTobbl  m3berkaTtb
HenpaBUbHbIX AeMNCTBUIA NNAHUPOBLLMKA PEKOMEHAYETCA AenaTb 6onee KKOPOTKMEY 3a43a4M, a
OJIMHHbIE BbIYMCINTENBHO-EMKME 334341 3anyCcKaTb € onumen LongRunning:

Task t = Task.Factory.StartNew (VeryLongComputing,
TaskCreationOptions.LongRunning) ;




3Ta onumA BbIHY)KAAET NAAHUPOBLUMK BblAENUTb ANA 334344 COOCTBEHHbIN NOTOK U He
KOHTPO/IMPOBATb NPOrpecc BbINONHEHMA AaHHOW 3a4a4un. MOTOK «AJIMHHOMY 334a4M He BXOAUT
B rpynny paboumx nNOTOKOB nyna, NO3TOMY NAAHMPOBLUIMK HE MPUMEHAET CTpaTernu
onTMMmsaummn paboTbl 3STOrO NOTOKA M HE MUCMNONb3YeT NOTOK ANA BbIMONHEHWUA APYrMX 3343,
oXugatouwmx 8 nyne.

BTopoit mexaHu3m cTtpaternm thread-injection no6asnseT unu yaanaet paboyne noToku
B 3aBMCMMOCTM OT Pe3yNbTaTOB BbINONHEHMA Mpeablaywmx 3agad. Ecnm ysennyeHue ymcna
NOTOKOB NPMBEO K POCTY MPON3BOAUTENBHOCTHU, TO NNAHUPOBLLMK YBENNYMBAET YUC/10 MOTOKOB.
Echn npou3BOAUTENBHOCTb HE pacTeT, TO YMC/IO MNOTOKOB COKPALLAETCA. IBPUCTUYECKUN
aNropuTM CTPEMMUTCS HaWTU ONTUMAJIbHOE YMC/I0 TMOTOKOB MNpUM  TEKyLWen 3arpyske
BbIYMCNUTENIBHOM CUCTEMbBI. YMEHbLUEeHNE 06beMa 33434 TaKKe MOMOraeT NIaHUPOBLUMKY HAUTK
ONTMManbHbIA BapuaHT. BTOpol mexaHM3M [ONONHAET MNepBbll U MNO3BONAET U3bexaTb
HeorpaHuyeHHoro go06asneHns pabounx NOTOKOB 63 yayyleHns NPON3BOANTENbHOCTMU.



