PaboTta c 3aga4yamu

3apgaun (tasks) ABNAOTCA OCHOBHbIM CTPOUTENbHbIM G10KOM 6uUbAMOTEKM Task
Parallel Library. 3agayun npencraBnatoT cobor paboume snemeHTbl, KOTOpble MOryT
BbIMNO/IHATLCA NapannenbHo. B KayectBe paboumx 3/1eMEHTOB MOTYT MCNOb30BATLCA: METOAPbI,
Aeneratbl, NAM64a-BblparkeHuUA.

static void HelloWorld()
{
Console.WritelLine (“Hello, world!”);
}
static void Main ()
{
// Vcnosab3yeM OOBUHEII METOI
Task tl = new Task (HelloWorld):;
// WcnonbsyeM mejieraT Action
Task t2 = new Task(new Action(HelloWorld)):
// Vcnonb3yeM Oe3LMAHHHIM OejierarT
Task t3 = new Task(delegate
{
HelloWorld() ;
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// VicmonbsyeM JjiaMOma-BHpaxeHUe

Task t4 = new Task(() => HelloWorld()):
// VicmonbsyeM JjiaMOma-BHpaxeHUe
Task t5 = new Task(() =>

{
HelloWorld() ;
})
Task t6 = new Task(() =>
{
Console.WritelLine (“Hello, world!”);

1)

// BamnyckaeM 3aladn

tl.Start(); t2.Start(); t3.Start();
td.Start (); t5.Start(); te.Start();
// HDoxumaeMcs 3aBeplleHMS 3amad
Task.WaitAll(tl, t2, t3, t4, t5, to);

PaboTta c 3agayamu, Kak NpaBuao, BK/AKOYaeT TPU OCHOBHble onepauuun: obbsaBaeHUe
3afaum, AobasneHMe 3a4a4mM B oyepenb rotoBbiX 33434, OXMAAHUE 3aBEPLUEHUSA BbINOAHEHUA
3a/aum.

PaboTa c noTokamu:

Thread threadOne = new Thread (SomeWork) ;
threadOne.Start () ;




threadOne.Join () ;

Paborta c 3agauamu:

Task taskOne = new Task (SomeWork) ;
taskOne.Start () ;
taskOne.Wait () ;

BakHOe OT/IMYMe 3aKN0YaeTCA B TOM, YTO BbI30B MeToAa Start Ans 3a4aum He co3gaeT
HOBbIA MOTOK, @ MOMeLlaeT 3aJa4vy B oyepeab roToBbIX 3a4a4 — Myn NOTOKOB. MNaHUPOBLLMK
(TaskScheduler) B COOTBETCTBUM CO CBOMMM NpaBMaamm pacrnpenenser roTosble 3a4a4m no
paboymm noTokam. [encTBma NN1aHUPOBLLMKA MOXHO KOPPEKTMPOBaTb C NOMOLLbIO NapameTposB
3aa4. MomeHT $haKTMUYEeCKoro 3anycka 3agayun B obuiem cayvyae He onpeaeneH u 3aBUCUT OT
3arpy»eHHOCTU nyna NOTOKOB.

[na 6onee NaKOHUMYHOrO «3anycka» 3a4auv cyuiectsyeT WabaoH, 3aMeLlatoLLmMiA 3Tanbl
06bABNEHNA U Ao6aBNeHUA 3a4a4M B Ny NOTOKOB:

Task t = Task.Factory.StartNew (SomeWork) ;

OxunpaHne 3aBepuweHna KOHerTHOVI 3a4a4n ocyuwectsndaerca € nomouwbro meTona
Wait./na oxnaaHua 3aBepLlUeHMA HECKOIbKMX 33434 CYLLECTBYIOT CTaTUYeCKMe MeTobl Knacca
Task, npuHMMaloLwne B Ka4yecTse aprymeHTa Mmaccus 3a4au:

Task tl = Task.Factory.StartNew (DoWorkl)
Task t2 Task.Factory.StartNew (DoWork?2)
Task t3 Task.Factory.StartNew (DoWork3)
// HDoxumaeMcs 3aBeplleHrsS XOTS OB OOHOM 3alauu
int firstTask = Task.WaitAny(tl, t2, t3);

// HDoxumaeMcs 3aBeplleHMdI BCexX 3alau
Task.WaitAll(tl, t2, t3):;
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MeToapbl oXKuaaHna WaitAll u WaitAny mMOryT NpMHMMaTb B Ka4ecTBe aprymeHToB,
KaK mMaccuB 33434 (oAWH napameTp), Tak U cammn 3343a4u (MPOM3BOIbHOE YMCNO MapaMeTpos).
BbizoB WaitAll 6J0KMPYET TEKYLMIA NOTOK A0 3aBepLlleHUA BCEX YKasaHHbIX 3a4ay. Bbizos
WaitAny 6N1OKMpPYET TEKYLMIA NOTOK 40 3aBepLUeHUs XOTA Obl O4HOM U3 YKa3aHHbIX 33434 U
BO3BpaLLaeT HOMep NepBOM 3aBepPLIEHHON 3a4a4MK.

CraTtycbl 334a4um

3apaya MOXKEeT HaxoauTbCA B HECKO/IbKMX cocTtoaHuAx: Created, Running,
WaitingToRun, Faulted, Canceled, RanToCompletion,
WaitingForActivation, WaitingForChildrenToComplete. lNepexoapl mexay
OCHOBHbIMM COCTOAHUAMM N306PaXKEHbI HA PUCYHKE.



Created

WaitingToRun

Running

Canceled Faulted RanToCompletion

Mpw o6baBNEeHMM 3a34a nony4yaeT cTaTyc Created. 3anyck 3a4a4un ¢ NOMOLLbIO MeToAa
Start uwam StartNew nomewaeTt 3agadvy B Nya NOTOKOB €O ctaTycom WaitingToRun.
3apava, BbINONHAOWAACA B AAHHbIM MOMEHT, MMeeT cTaTyc Running. Cratyc Canceled
COOTBETCTBYET 33434e, OTMEHEHHOM € Nomolbto 0bbekTa CancellationTokenSource.
Cratyc Faulted — npu BbINONIHEHMM 33Z,@4M NPOU30LLIA KaKasa-To OWKMbKa, HeobpaboTaHHan B
Koae 3agauu. lNpu ycnewHom 3aBeplieHnn 3agaum - cratyc RanToCompletion. 3agaumn-
NPoJoNKeHUA (CM. HUMKE) HauyMHaloT co cTaTyca WaitingForActivation. Mpu Haanumm
OOYEPHUX BIOMKEHHBIX 33Ja4y POAMTENbCKAA 3ajava nocne 3aBeplieHus cBoeirt paboTbl
(Running) oXxungaet 3aBeplieHunn BJIOXEHHbIX 3apay co cTaTycom
WaitingChildrenToComplete.

PaboTa c AaHHbIMK B 33Ja4e

B 3apaye MOXKHO onepunposatb BCEMU MNepemMeHHbIMH, HaxoaAWMMUCA B obnactu
Buagmmoctu. Ecnm pa6qu171 9N1EMEHT 3TO METOoL, Knacca, TO pa6OTaTb MOXHO C nepemMeHHbIMH
3TOro Knacca. Ecnam pa6OLIMM ANNIEMEHTOM ABNAETCA ﬂﬂM6,ﬂ,a-Bblpa)~KeHMe, TO pa60TaTb MOXHO CO
BCEMU NNOKAJZIbHbIMU NEepPEMEHHbIMU METOLA, NOPOXKAAOWEro 3a4a4y.

class Program
{
static string programName;
static void ShowTaskInfo (object taskName)
{
Console.WriteLine (“Task name: {0}, Task ID: {1},
thread id: {2}, Program name: {3}”,
taskName, Task.CurrentlId,
Thread.ThreadId, programName) ;




static void Main/()
{
programName = “Working with data”;
Task tl = Task.Factory.StartNew (new
Action<object> (ShowTaskInfo),
“First worker”);
Task t2 = Task.Factory.StartNew (o => ShowTaskInfo (o),
“Second worker”);
string t3Name = “Third worker”;
Task t3 = Task.Factory.StartNew(() =>
ShowTaskInfo (t3Name)) ;

[na nonyyeHua pesynbtaTa paboTbl 3a4a4M CyW,EeCcTBYeT cneumanbHbii TMn Task<T>.
CBolicTBO Result coaepKuT pesynbtaT 3agaun. ObpalleHne K cBoicTBy 610KMPYET NOTOK A0

3aBeplUeHMA 3a4a4u.

static void Main ()
{
long 1Number = 123456789;
Task<double> SqgrtTask = Task.Factory.StartNew((ocbj) =>
{
return Math.Sqgrt ((long)obij);
}, 1Number) ;
// HDoxumaeMcsa 3aBeplleHMS BBUMCIIeHUN 6e3 gBHOM OJIOKUPOBKU
double sqgrtNumber = SgrtTask.Result;
Console.WriteLine (“Result: {0}”, sqgrtNumber);

an 06bABNEHUN 3a4a4n nam npm cnoanb3oBaHUN wabnoHa StartNew MOXKHO YKa3aTb
PAL Ba*XHbIX NAapPamMeTpoOB:

e TOKeH oTmeHbl (CancellationToken), C NOMOLWLbIO KOTOPOrO MOXHO
peann3oBaTb «COrMacoBaHHYO» OTMEHY 33a43a4u;

e onuumn 3agaum (TaskCreationOptions), NO3BONAIOWME CKOPPEKTUPOBATL
AEeNCTBUA NIaHUPOBLLMKa Npun obpaboTke 3a4auu;

® MapameTp 3a4ayu - aprymeHT MeToa, aCCoOLMMPOBAHHOIO C 3a4a4en;

® MNAaHUPOBLLMK, KOTOPbLIN ByaeT ncnonb3oBaTbca ANA 06paboTKM 3a4aun.

BnoxkeHHble 3aaa4un

B KoAe 3a4aum MOXKHO 3anycKaTb BNIOMKEHHbIE 3a4a4u, KOTOPble MOTyT BbITb A0YEPHUMMU
n HegouyepHMMU. HepouepHue 3agaum 0b6n1aaatoT HE3aBUCUMMOCTbIO OT POAUTENLCKOM 3a4auun:
poAUTENb He A0XNAAETCA 3aBepLUIEHUNA BAOKEHHOM 3a4a4M, CTaTyCbl 33434 He B3aMMOCBSA3aHbl.
[ovepHAn 3aaa4a AeACTBUTENbHO ABNASAETCA BAOKEHHOW — POANUTENb A0XKWAAETCA 3aBepLIeHUA
[loyepHel 3a4a4m, CTaTycbl 3a4a4 NPU UCKIHOYEHUAX B3aMMOCBA3aHbI.

Task tParent = Task.Factory.StartNew( () =>




Console.Writeline (“Parent task starts”);
Task tl = Task.Factory.StartNew( () =>
Console.Writeline (“Inner task”));
Task t2 = Task.Factory.StartNew( () =>
Console.WriteLine (“Child task”),
TaskCreationOptions.AttachedToParent) ;
Console.WritelLine (“Parent task ends”);
1)
tParent.Wait () ;
Console.WriteLine (“Parent task really ends”);

BbiBO4, npuBeseHHOro d)parmeHTa onpegenAaeTca 3arpy>eHHoCTtblto CUCTtembl U nyna

NOTOKOB. Tem He meHee, MOXHO 6bITb yBEepEeHHbIM, YTO BbI3OB tParent .Wait () 3asepwuTca

TOJ/IbKO MNMoc/ie BbiBOAA BJIOXKEHHOM AOHepHEVI 3a4a4n. BoiBog, BJIO’KEHHOM HEﬂ,OqepHEVI 3a4a4un

MOXET bbITb M nocne 3aBepueHunn pOp,VITEJ'IbCKOVI 3a4ayun.

Parent task starts
Parent task ends

Child task

Parent task really ends
Inner task

MexaHn3M OTMeHbI 3a4ay

BCTpOGHHbIl‘a MEXAHM3M COF/1aCOBaHHOM OTMEHDI 3a4a4 No3sBonAeT yHMd)MLI,MpOBaHHbIM

o6pa30M Peann30oBbIBaTb KOPPEKTHOE AOCPOYHHOE 3aBepLUeHNE BbINOTHEHNA 3a4au.

Ana peannsaumm mexaHn3ma OTMeHbI HGO6XO,CI,MMO BbINMO/THNTbL Cheaytowme warun:

Co3patb 06bekT CancellationTokenSource B o6aacTM BUAMMOCTU METOAa,
KOTOPbI NOPOXKAAET M 3aMyCKaeT 3a4auy.

Monyuntb 06beKT CancellationToken, 4epe3 KOTOPbIA  OCYLLECTBAAETCA
B3aMMO/eNCcTBUE C 3a4a4el

Mepenatb 06bekT CancellationToken Npu 3anycke 3agaun.
PeannsoBaTb B 3aga4e npoueaypy oTMeHb

Mpn Heob6Xxo4MMOCTN OTMEHbDI Bbi3BaTb MeTog Cancel () .

O6pa6OT‘-IMK OTMEHbDbI 3a4a4Yn MOXKHO peasin3oBaTb nmbo B camoi 3a4auve, NMB0 HasHauUTb

OT,£||el'IbeIl‘;1 aenerart, KOTOprl;'I 6y,£|,eT BbI3blBaTbCA NpPpU BO3HUKHOBEHUWUN CUTHANA 06 oTmeHe

3a/aum.

static void Main ()

{

var cts = new CancellationTokenSource () ;
var token = cts.Token;
Task tl = new Task (() =>

{

while (true)




DoSomeWork () ;
if (token.IsCancellationRequested)
{
// Kom o6paBOoTKM OTMEHEH
SaveSomeData () ;
break;

}
}, token);

tl.Start (),
Thread.Sleep(1000);
cts.Cancel () ;
tl.Wait();

var cts?2 = new CancellationTokenSource() ;
var token2 = cts2.Token;
// PermcrpupyeM o00paBOoTumMK OTMEHH
token2.Register (() => {
Console.WritelLine (“Task #2 was cancelled”);
throw new TaskCanceledException();
1)
Task t2 = new Task(() => {
while (true)
DoSomeWork () ;
}, token2);

t2.Start () ;
Thread.Sleep(1000);
cts2.Cancel () ;
t2.Wait () ;

B nepBoH 3a4a4€ CUrHana OTMEHblI KOHTPOJINPYETCA B pa60L|eN\ UnMKne C nomoulbto

cBoictBa IsCancellationRequested. Bo BTOpoi 3agaye oTmeHa obpabaTtbiBaeTca C

MOMOLLBIO Aenerata, KOTOpbI perncTpmpyeTca meTogom Register.

UcKknoueHmna B 3aaa4ax

UcKkntoueHus, KOTOpbleé MOTYT BO3HUKHYTb NMPU BbINO/IHEHNW 3a4aM, O6pa6aTbIBalOTCﬂ B

Koae metoaa, KOTOprﬁ O6'bﬂBJ'Iﬂ€T, 3aNyCKaeT U OXKNAOaET 3aBepLleHNA 3a4au.

volid SomeMethod ()

{

Task tl = Task.Factory.StartNew (WorkOne) ;
Task t2 = Task.Factory.StartNew (WorkTwo) ;
try
{

Task.WaitAll (tl, t2);

}
catch (AggregateException ae)




// ObpaboTka OmMMOOK

MNCKNIOYEHUA MOTyT BO3HWMKHYTb B HECKO/IbKMX 3afadyax. lMoatomy pans obpaboTku
WCKNIOYEHUI NapannenbHOro Koga wucnonbdyerca 06bekT TMna AggregateException,
KOTOPbIV arpernpyeT Bce BO3HUKHYBLUME UCKAOYEHUS. CNIMCOK e4MHUYHbBIX UCKAOYEHNI MOXKHO

NONYYNTb C NOMOLLbIO CBOMCTBA InnerExceptions.

catch (AggregateException ae)
{
foreach (Exception exc in ae.InnerExceptions)
Console.Writeline (exc.Message) ;

Ecnum y 3a,aum ecTb BNOXKEHHbIE floYepHME 3a43a4M, TO 06BEKT exc NpeAcTaBaaeT cobow
onaTb TMN AggregateException W pns 06pabOTKM WCKAOYEHUI [0YepHUX 3ajad
HeobXoAMMO BO BNIOXKEHHOM UuKAe 0bpabaTtbiBaTb a1eMeHTbl exc . InnerExceptions.

MeTog Flatten () obbekta AggregateException BO3BpaLAET BCE UCKNOYEHMUS,
BO3HWKHYBLUME B 33J3a4ax W BNOXEHHbIX 33Ja4yax B OQHOM CNWCKe, Aenaa b6onee ynobHOM
0bpaboTky.

Task[] tasks = new Task[N];
// obbaBigeM M 3alyckaeM 3aladn

// OBpaboTka MCKJIIOUEHUN
try {
Task.WaitAll (tasks);
}
catch (AggregateException ae)
{
foreach (Exception e in ae.Flatten () .InnerExceptions)
Console.WritelLine (“Message:{0}”, e.Message);

MeTtog Handle no3BoAAeT HasHaynTb ,C||el'|el'aTbI-O6pa6OT‘-IMKM AONnA  KOHKPETHbIX

UCKNOYEHUN:
Task tl = new Task(() => {
throw new OutOfMemoryException(); });
Task t2 = new Task(() => {

throw new DivideByZeroException(); 1});
tl.Start(); t2.Start();
try |
Task.WaitAll (tl, t2);
} catch (AggregateException ae) {
ae.Handle ( (inner) => {
if (inner is OperationCancelledException) ({




// 0bpaBOoTuUK MCKIIOUSHUA
return true;
} else if(inner is DivideByZeroException) {
// obpaBOoTuUUK MCKIIOUSHUA
return true;
} else
return false;

P

Henerat, onpeaensemblin B metoge Handle, Bo3Bpauwaer true, ecan WckaouYeHUe
obpaboTaHo, u false, ecnm ncknoyeHme He obpaboTaHo.

3a4a4n-nNpoaoKeHunnA

3afaun-npoaonXKeHna npegHasHayeHbl ANA NNAaHUPOBAHWMA 3arfycKka 3agadvy nocne
3aBeplleHMa npegwecTsylowmnx 3af4a4 € TemMm WIM  MHbIM  CTaTyCOM  3aBepLlieHuA:
OnlyOnRanToCompletion, OnlyOnCanceled, OnlyOnFaulted,
NotOnCancelled, NotOnRanToCompletion.

// OcCHOBHas 3amadya, BHIIOJHAWLIAS PACUET
Task tl = Task<int>.Factory.StartNew(() => FindDecision());
// BBIBOI pes3yJIbTATOB B OTIEJIbLHOM 3alaue
Task t2 = tl.ContinueWith ((prev) =>
Console.WriteLine (“Result: {0}”, prev.Result),
TaskContinuationOptions.OnlyOnRanToCompletion) ;
// ObpaboTumk ommbOK
Task t3 = tl.ContinueWith ((prev) =>
Console.WriteLine (“Error: {0}”,
prev.Exception.InnerException.Message),
TaskContinuationOptions.OnlyOnFaulted) ;
// Bamaua ObljIa OTMEHEeHAa
Task t4 = tl.ContinueWith ((prev) =>
Console.WritelLine (“Task was cancelled”),
TaskContinuationOptions.OnlyOnCanceled) ;

I'IepBaﬂ 3a4a4va ocyuwecTtBnaeTr OCHOBHOM pacyer. Cne,a,yrou.l,me 3a4a4n BbINMOSIHAKOTCA B
3aBUCMMOCTHN OT CTaTyCa 3aBeplleHUA nepBoM 3a4a4n. BTOpaﬂ 3a4a4a BbINONHAETCA NpPwU
yCcnewHOM 3aBepLUEHUMN. TpeTbﬂ 3a4a4a BbINO/HAETCA NPU BO3SHUKHOBEHUNA HeO6pa6OTaHHOI'O
NCKNTIOYEHMUA. quBepTaﬂ 3aa4a BbIMNOJIHAETCA TOJ/IbKO B C/1y4ae OTMEHDbI nepBoﬁ.

3343a4M-NPoOAO/IKEHNSA MO3BONAIOT 6e3 [ONONHUTENbHbIX CPEACTB CUMHXPOHM3aLMK
peann3oBaTb KPUTUYECKYH CEKLMIO M KOHCTPYKUMIO Bapbepa:

// ObBbaBIgeM 3amauy, KOTOPHEE MOTYT BHIIOJHATLCH NapaliyieibHO
Task[] tasks = new Task[3];
tasks[0] new Task (Workl) ;
tasks[1] new Task (Work2);
tasks[2] = new Task (Work3);
// TJlaHVPYeM BHIIOJIHEHVE KPUTUUECKOM CeKIUU




Task tCr = Task.Factory.ContinueWhenAll (tasks, (tt) =

// Kpurmueckas CeKLus

}) g
// TlapasjesbHbe 3alaun
Task t5 = tCr.ContinueWith (Workb);
Task t6 = tCr.ContinueWith (Worko) ;
// BamnyckaeMm 3amaduu
tasks[0].Start (); tasks[l].Start(); tasks[2].Start();
// OxmumaeMm 3aBepleHMS [IOCJIeNHEN 3alaun
to.Wait () ;
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