LlabnoHbl napannenn3ama Parallel

Knacc Parallel npegoctaBnsetr aBa Haubosnee pacnpocTpaHeHHbIX wWabsioHa
napansiesibHo o6paboTKkM: NapannenbHble uMknbl (Parallel.For, Parallel.ForEach)
M NapannenbHbli 3aMycK HECKO/IbKMX HE3aBUCUMMbIX 3aga4 (Parallel. Invoke). Peanusaums
WabnoHOB NOCTPOEHA Ha 3aga4ax (tasks), noaTomy nNpu MCNofb30BaHUM MeToaoB Parallel
NnoaAepXKMBaTCA MeXaHM3Mbl OTMEHbI C Momoulbio 0bbekTa CancellationToken wu
06paboTKa MCKAoYeHUM TMNa AggregateException. BaxHol ocobeHHOCTblO WabnoHOB
ABNAETCA «MMNepaTUBHOCTbY. OnepaTop, cneayowmin 3a BbI3OBOM MeToAa Knacca Parallel,
6yAeT BbINONHATLCA TO/IbKO NOC/E 3aBEpPLIEHMSA BCEX 33434, HEABHO CO34aHHbIX B METOAE.

Parallel.Invoke

BbI3oB meTo4a NO3BOMAET «3anyCTUTb» (AO6aBVITb B o4yepeab rotoBbixX K BblIMO/IHEHUIO
3ap,at4) HECKOJ/IbKO pa6ow|x ANNIEMEHTOB N 0XKOaTbCA 3aBepLlleHnAa nx pa6OTbI.

Takum obpasom, BbiI3oB MeToga Invoke:

Parallel.Invoke (FuncOne, FuncTwo)

C NOMOLLbIO 33124 MOXKHO NepenucaTb cneayowmm obpasom:

Task taskTwo Task.Factory.StartNew (() => FuncTwo ());
Task taskOne Task.Factory.StartNew (() => FuncOne())
Task.WaitAll (taskOne, taskTwo);

MeTtoabl Parallel co3gatoT 3agayun He Ansa Kaxkaoro paboyero anemeHTta, a ans
Habopa 3agay, KoTopble 6yayT BbINOAHATLCA B OAHOM nNoOTOKe. [1OTOK, B KOTOPOM
OCYLLLEeCTBNAETCA BbI30B MeToAa Invoke, TaKKe UCNoNb3yeTcs ana 06paboTKM 31eMeHTOB.

Mcnonb3oBaTb meTog Invoke BMECTO HeMNocpeacTBEHHOrO MaHWUMY/AMPOBAHUA C
3aZ,@a4aMu Nosie3Ho, Koraa paboune 3nemeHTbl MOXKHO 3anyCTUTb OAHOBPEMEHHO (HEeT KaKow-
nMbo noAroToBUTENbHOM PaboTbl Nepes, KaxAoW 3agayeit) M BbI3bIBAKOWMIA NOTOK [O0/KEH
[OXAATbCA 3aBepleHusa paboTbl Bcex paboumx 3nemeHToB. Takaa CUMTyauus BO3HMKAeT B
anropuTMax TMna «pasaenai u snacteyin» (bbicTpan copTMpoBKa, obpaboTKa rpados).

B KauyectBe aprymeHTOB meToga Parallel.Invoke MOXHO yKa3biBaTb METOAbI,
NnAmbaa-BblparkeHMsA, a TaKKe MaccuB generatos Tuna Action:

Action[] actions = new Action[4];

actions[0] = new Action(() => Console.WriteLine (“one”));
actions[1l] = new Action(() => Console.WriteLine (“two”));
actions[2] = new Action(() => Console.WriteLine (“three”));
actions[3] = new Action(() => Console.WriteLine (“four”)):;

Parallel.Invoke (actions);




B KauecTBe napameTpoB BbINOJHEHUA B MeToAe Invoke MOXKHO YKa3aTb TOKEH OTMEHbI,
MaKCUMaIbHYO CTEMNEHDb Napanieinsma 1 VICI‘IOJ'Ib3yeMbIl7I NAaHNPOBLUUK:

ParallelOptions pOptions = new ParallelOptions/()
{
maxDegreeOfParallelism = 4,
cancellationToken = cToken,
TaskScheduler = tScheduler
i

Parallel.Invoke (pOptions, actions);

MapannentHblie uuknebl Parallel.For u Parallel.ForEach

MeTtoabl Parallel.For un Parallel.ForEach no3BoaAwT pacrnapannenntb
0bpaboTky wuTepauuii KA  06pPabOTKY 3/IEMEHTOB KaKOW-MBO  CTPYKTYpbl  AaHHbIX
nepeyncanmoro Tuna (maccms, cnMcok). MeToabl MMEOT HECKO/IbKO Neperpy3ok, No3sostolme
HacTpauBaTb Napannennsm obpaboTku.

B cnyyae HezaBMCMMOCTM 06pPabOTKM 31€MEHTOB MEepevymcaMmoro TMna MCnosib3yeTcs
CaMblii NPOCTOM BapuaHT BbI30Ba:

int[] data = new int[500];

int[] results = new int[500];

// TlocnemoBaTeJIbHEIM LMKJI

for (int i=0; i<data.Length; i++)
datal[i] =

// TlapasjeJIbHBEIM LUKJI

Parallel.For (0, data.Length, i =>

{

results[i] = SomeWork (datal[i]):

1)

Console.WritelLine (“Total sum: {0}”, results.Sum());

AprymeHTamu ABNAIOTCA TPAHUUBI MHOEKCA 1, KOTOPbIA MCNonb3yeTcA B Aenerate
06paboTKM 31eMeHTOB mMaccuBa. Kak M B nocnefoBaTeibHOM UMKAE, KOHEYHbIN WMHAEKC He
yyacteyeT B obpaboTke. [enerat Action<int> BbI3bIBA€TCA Ha KaxAOW UTepauum u B
KayecTBe aprymeHTa NPUHMUMAET 3HaYeHMA MHAEKCA LLe/IOYUCIEHHOrO TUNa.

Metos, Parallel.ForEach no3sonseT napannenbHo o6pabaTbiBaTb 3/71€MeHTbI

nepevyncammoro tuna.

List<string> words = new List<string> {“first”,
“second”, “third”, “four”, “five” };
Parallel.ForEach (words, s => Console.WriteLine(s));

MeTon Parallel.ForEach no3sBonfser co3gasBaTb NPOWU3BO/bHbIE UTepaTopbl B

oT/inyme ot Parallel .For.




// Vcnonb3yeM NpOM3BOJIbHEN uTepaTop: or 0 mo 500 ¢ marom 10
Parallel.ForEach (SteppedIterator (0, 500, 10), index =>
Console.WriteLine (“Index: {0}”, index)):;

double[] dblData = new double[500];

// VHuumanmusupyem naHHele Tumna double

Parallel.ForEach (dblData, InitData);

// BBIUMCIISEM KBaIpPaTHEM KOPEHb IJig KaXIOT'o B3JIEMEHTa MaccCHuBa
Parallel.ForEach (dblData, Math.Sqgrt);

MNapameTpbl UMKNa

MapannenbHble UMKAbI NOALEPMKUBAKOT BO3MOMKHOCTb YKA3aHMA TOKEHa OTMeEHbl U

MaKCMaZIbHYIO CTEMNEHDb Napaniennama:

Parallel.For (0, 1000,
new ParallelOptions ()
{ maxDegreeOfParallelism = 4,
cancellationToken = ctoken},
i => SomeFunc(i)):;

Jl0CpOYHbIM BbIXOA, U3 LMKNA

B nocnepoBaTenbHbIX LMKNAX YacTO MCMOb3YETCA OO0CPOYHbIA BbiIXO4, M3 LMKAA C
nomolLbio onepaTtopa break. [oOCPOUHbIN BbIXOA UCNO/b3YETCA B BYX TUNOBbIX CAYyYasnX:

® OWCK €AMHCTBEHHOrO PELIEHUA, KOTOPOE BO3HMKAET Ha 3apaHee HEeU3BECTHOM
utepauMM, Npu 3TOM pPe3y/bTaTbl BbINOJHEHUA MPeAbIAYWMNX UTepauuii  He
NpeAcTaBNAOT UHTEPEC];

e 06paboTKa BCEX MTEpaUUi A0 UTepaLuM, Ha KOTOPOM BbINONHAETCA onpeaeneHHoe
YCNOBWE; UHTEpPEC NPEACTaBAAIOT U BCE NPeALeCcTBYOWME UTEPALUMN.

Mpu nocnepoBaTeNlbHOM BbINOAHEHUM 06a C/ly4ad MOXHO pPeann3oBaTb C MNOMOLLbHO
ogHoro onepatopa break. lpu napansenbHoM BbINOAHEHUN WUCMONL3YIOTCA ABa Pa3HbIX
meToaa Stop n Break obbekta ParallelLoopState, KOTOpbI ABAAETCA apryMeHTOM

MmeToza obpaboTumKa.

var bagl = new ConcurrentBag<int>();
Parallel.For (0, 1000, (int i, ParallelloopState pState) =>
{
if (i == 50)
pState.Break() ;
else

Thread.Sleep (10);
bagl.Add (1) ;




var bag2 = new ConcurrentBag<int> ()
Parallel.For (0, 10000, (i, state) =
{

’
>

if (1 == 50)
state.Stop () ;

else

{
Thread.Sleep(10);
bag2.Add (1) ;

1)
Console.Writeline (“Break 50, Smaller: {0}, bigger: {1}”,
bagl.Where (i => 1 < 50).Count (),
bagl.Where (i => 1 > 50) .Count());

Console.WritelLine (“Stop 50, Smaller: {0}, bigger: {1}”,
bag2.Where (i => 1 < 50).Count (),
bag2.Where (i => 1 > 50) .Count());

BbiBoA,:

Break 50, Smaller: 50, Bigger: 20
Stop 50, Smaller: 38, Bigger: 24

Metos Break Bbi3BaH Ha 50-utepaumn. Bce uTepaumm C MEHbLUMMM HOMEpPaMMU
rapaHTMpPoOBaHO 6yAyT BbINONHEHbI, AXKe €C/IN OHU eLle He HaYaIUCb BbIMONHATLCA. MTepaumm ¢
60NbLWMMN HOMEPAMM OTMEHSIOTCA, €CIN OHW eLle HE HaYaNUCb BbINOAHATLCA. MeToa Stop
OTMEHSAET BCE UTePaLMM, KOTOPbIE eLle He HaYaIUCb BbIMONHATBLCA.

PaspeneHne AaHHbIX

PacnpegeneHune utepaumini no paboumm MOTOKAM OCyLLecTBASETCA MO0 NO PaBHbIM
AManasoHam  WMHAeKca (range-partitioning), /ambo no 6aokam  (chunk-
partitioning). Mo ymon4aHWIO OCYLLECTBAAETCA pa3AeneHne No AnanasoHy (cTaTvyeckas
Aekomnosnums). MAaHUMPOBLWMK A0 Hayana BbIMONHEHUA UMKNA pasgenser uTepaumm no
cBoboaHbIM paboumMm noToKam. B npouecce 06paboTKM LUMKNa HeET HeobxoAMMOCTM B
CUHXPOHU3aLMM gocTyna.

Parallel.For (0, 100, i =>
Console.WriteLine (“Iteration: {0}, task: {1},
thread: {2}”, i, Task.TaskId,
Thread.ManagedThreadId)) ;

B pesynbrate nonyvaem, 4Yto nepsble 50 uMTEpaUM BbINOAHANNCL OAHUM PaAbOYUM
noTokom, cneaytowme 50 uTepauunin BbINOAHAANCL BTOPbIM pabouynmm noTokom. CTaTmyecKas




Aekomnosnuma asnsetca 3PPeKTMBHOM NPU OTHOCUTENIbHO OAMHAKOBOWM BbIYUCIUTENIBHOWN
HarpysKe Ha Kaxkaown ntepauumu.

Yacto 06paboTKa i-anemeHTa 3aBUCMT OT HOMepa WMHAEKca. PasHas BbluMCAUTENbHAS
«Harpyska» npu obpaboTke 3/1eMeHTOB NPUBOAMT K HecbanaHCUPOBAHHOCTU MNapannesibHoM
0b6paboTKNM — HEKOTOpPblE MOTOKU ObICTPO BbLIMOJIHAT CBOKO PaboTy, a Kakne-To NOTOKU byayT
npoAo/iKaTb paboTatb. [lpu cTaTMYeCKON AEKOMMO3ULMM OCBOOOAMBLUMECA MOTOKM He
NMOMOTraloT 3arpy*eHHbIM, HO MOTYT MCNO/1b30BaTbhCA NAAHUPOBLIMKOM AN 06paboTKn Apyrux
3ajau.
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Mpw 6104YHOM (AMHAMMYECKOI) AEKOMMO3ULMM pacnpeseneHne 3N1eMeHToB (UTepauuii
UMKNa) no paboynmm NOTOKaM OCYLLECTBAAETCA AMHAMMUYECKN Ha NPOTAMKEHUM BCelt 06paboTKM
unkna. bnouyHaa pgekomnosuuma npueBoguT K 6onee cbanaHcMpoBaHHOMY pasbueHUID, HO
TpebyeT 3aTpaT Ha CUHXPOHM3ALUMIO AOCTyNa K 3/1EMEHTamM CTPYKTypbl. [NA BbINONHEHUA
67104HOM AEKOMMNO3ULMN HEOBXOAMMO MCMONb30BaTb 06BbEKT Partitioner NpoCTpaHCTBa

System.Collection.Concurrent:

// CIOMCOK B3JIEMEeHTOB

List<string> list = ..

Parallel.ForEach (Partitioner.Create(list, true), s => {
// OBpaboTka B3JEMEHTOB CHIMCKa

1)
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Bbluncnenmne arpermposaHHbIX 3HaYeHUM

Mpn 06paboTke UTEepaLUii LUMKAA MOXKHO 06paLLaTbCa K pasgeaembiM NMepemMeHHbIM,
Hanpumep, NP BbIYUCIEHUN arpernpoBaHHbIX BEIMYMH: CYMMbl, CPEAHErO 3HAYEHUA U T.M., HO
HeobXxoAMMO UCNOb30BaTb CPEACTBA CUHXPOHM3aUUK (6IOKMPOBKKM, aTOMapHble onepaTopbl).

Parallel.For (0, N, i =>
{
double d = Compute(ar([i]):
Interlocked.Add (ref totalSum, d);
1)

Ecan HeckoNbKO NOTOKOB, yyacTBylWMX B 06paboTKe umkna, byayT ocywectBaATb
obHoBNeHMe o0bwen nepemeHHOM, TO BO3HMKaeT npobnema TOHKM AaHHbIX. [nA
NPeAoTBPALLEHUA  UCKAXKEHUW,  MUCMONb3yeTCA  aTOMapHbIM  onepatop  gobasneHus
Interlocked.Add. Tem He MeHee, CUHXPOHM3ALMA BCEX UTepaLUIA ABNAETCA U3ObITOYHON.
Te ntepaunn, Kotopble 06pabaTbiBatOTCA O4HUM PabouMM NOTOKOM, BYAYT BbIMOAHATLCA CTPOrO
nocnefoBaTeNIbHO, U MO3TOMY MeEXAY HUMMU HET KOHPIMKTa A0CTyNa K 0bLen nepemeHHOM.

Knacc Parallel npepocTtaBnaeT neperpysky Parallel.For, KoTopas no3sosnet
MCNONb30BaTb YACTHbIE NepeMeHHble — 0bwue ANA BCeX UTEPALLM, BbINMOAHAOLWMUXCA B O4HOM
paboyem noToKe.

// BHUMCIIEHME apUOMEeTHMUECKOTO CpeIHeIro
int [] ar = new int[] {3, 2, 7, 1};
Parallel.For (
0, N, // mHIEKCH MaccuBa
() => 0.0, // MHMLMAaIM3alus YaCTHHX [IepeMeHHHX
(i, state, partial) =>
{// HeT HeoOBXOOMMOCTK B OJIOKMPOBKE OIepaTopa




partial += ar[i];
}’
// KOHeuHas penyKLMs UYaCTHHX [I1ePEeMeHHEBIX
partial =>Interlocked.Add(ref sum, partial))
) ;

avgValue = sum / N;

B aTtom npumepe neperpyska Parallel.For coaepsuT cneayolime napameTpbl.
MepBble ABa apryMeHTa 3a4atoT AManasoH utepaumii —ot 0 go N. TpeTuii napameTp onpeaenaer
AeneraT HMLMaAN3aLmMu. ITOT AeeraT Bbi3bIBA€TCA OAMH Pa3 B KaXKAOM MOTOKE, y4acTBYOLWEM
B 06paboTKe ntepaumin. YeTsepTbil aprymeHT 3a4aeT AesieraT 06paboTKn, KOTOPbIN Bbi3bIBAETCA
Ha Kaxkgoh utepauun. [enerat obpaboTKM NpPUHMMaET TPpM apryMeHTa: UHAEKC 3/1eMEHT],
06bekT ParallelLoopState W J/ioOKanbHas nepemeHHas, ob6lWas AN BCeX WUTepauui,
BbIMO/IHAIOWMXCA B OAHOM noToKe. [locneaHuit napameTp 3agaeT aeneraT QUHaNbHOM
06paboTkn. TakMm 06pa3om, BblYUC/IEHME CYMMbl PacrnapanneniMBaeTca C NOMOLLbI YaCTHbIX
CYMM B KaXX[,0M NOTOKE U arpermpoBaHmMem YacTHbIX CYMM B KOHLLe 06paboTkn. CUHXPOHM3aUUA
HeobxoAnMma TONbKO B PUHANBHOM Aenerate, Tak Kak 34eCb BO3MOKHa napannenbHasa pabota ¢
obulelt nepemeHHoM sum.

MakeTHana obpaboTka utepaumi

MeTton, Parallel.ForEach ob6bnagaer ele oaHOM NONME3HON neperpyskon,
NO3BONAOLLEN BbI3biBaTb 06PAabOTUMK HE HA KaXKaoM UTepaLmmn, a ToNIbKO N0 0AHOMY pasy AnA
Karkaoro paboyero noTtoka. B cnyyae 6onbluero umcna utepawmini, BO MHOIo pas npeeocxoasluee
yncno paboumx NOTOKOB, «NaKeTHaA» 06pabOTKa LMKAA MOXKET yBeNNYUTb bbicTpoaencTeme.
Huke npmBeaeH BbizoB meToaa Parallel.ForEach ¢ nakeTHoi 06paboTKoi.

Parallel.ForEach (
//
Partitioner.Create (0, N),
// HauajbHad MHMLMAIU3ALMA

() => O-Or
// OBpaboTumMk LUKIIA
(range, state, partial) =>

{
for (int i=range.Iteml; i< range.Item2; i++)
partial += ar[i];
return partial;
}y
// OUHAJIBHBEIL 3Tar
partial =>Interlocked.Add(ref sum, partial)

B KauyecTBe nNepBOro MapameTpa BbICTYNaeT pasfenuTesnb, KOTOPbIA co3aaeTcs Ans
obpabaTtbiBaeMoi CTPYKTYpbl AaHHbIX. B npumepe ucnonb3yeTcs neperpyska pasgenvrtens,
co3gatowan pag uenoix yncen ot 0 go N-1. Bropon napameTp onpegenser generat, KOTOpbIi
BbI3blBaeTCA NPU MHMUMANAU3ALMMN 0O6PabOTKM Ha KaxKaom NOTOKe. B npumepe aenerat obHynaeT




3HauyeHWe /OKa/IbHOW MNepemMeHHOM MOoToKa. TpeTuit napameTp 3adaeT Aenerat, KoTopbii
BbI3bIBAETCA B Ka*KAOM MOTOKE OAMH pa3 AnAa ob6paboTKM BCEX 3NEMEHTOB [AaHHOrO MOTOKa.
OeneraT 06paboTKM COAEPKUT TPU apryMmeHTa: MepBbli aprymeHT range — npeaocTaBnseT
AOCTYM K TPaHUYHbIM 3/1emeHTam, obpabaTbiBaeMbiM B AaHHOM MOTOKE; BTOPOW aprymeHT
stateTtMnaParallellLoopState npegocrtaBadaeTr BO3MOXKHOCTU NO 4OCPOYHOMY BbIXo4y U3
UMKNA; TPeTUN aprymeHT partial npeactaBnseT coboi NIOKaNbHYO NMEpPeMeHHY MOTOKa.
Hdenerat o6paboTKn BO3BpaLL@ET 3HAYEHME TuMa JIOKa/bHOM nepemeHHoON. Bosspallaemble
3Ha4yeHuA generatoB 06paboTKM UCNONb3YIOTCA KaK BXOAHbIE apryMeHTbl pUHaNbHOro AeneraTa.
B paccmaTtprBaemom npumepe Kaxablid NOTOK BbIYMCASIET CBOU NI0Ka/IbHble CyMMbl. DUHANbHbIN
Aenerat  BblYUCASET  UTOFOBYKD CyYMMYy C  MOMOLLbD  aTOMapHOro  onepatopa
Interlocked.Add. MNpumeHeHUe CPeACTB CUHXPOHM3AUUM B PpUHaNbHOM 0b6paboTumke
CBSI3aHO C BO3MOXHOW Mapa//ie/IbHOCTbIO BbI3OBOB. TaKMM 06pasom, B KarKAOM TMOTOKe,
y4yacTeylollem B 06paboTKe UMKNa, NOCNeAO0BaTe/NIbHO BbI3bIBAETCS WHULMANU3NPYIOLLNIA
nenerat, generat o6paboTkm n dmnHanbHbIN aenerat. Kaxkabii generat o6paboTku paboTtaeT co
CBOEN /IOKa/IbHOW MEPEMEHHOM, MO3TOMY CUHXPOHM3AUMA Npu 0bpaboTKe 31eMeHTOB He
TpebyeTcA.



