3. PaboTa c NoTOKamu

B cuctemax ¢ obuieit NnamsaTbio, BKAOYAA MHOTOALEPHbIE aPXUTEKTYPbI, MapannesbHble
BbIYMCNIEHMA MOTYT BbIMONHATLCA KaK MNPWU MHOTONPOLECCHOM BbINOAHEHUWU, TakK U Mpwu
MHOTOMOTOYHOM BbINOAHEHUN. MHOroONpPOoLLEeCCHOE BbINO/IHEHME NoApasymeBaeT opopmieHme
Ka)kaoM noAasagayv B BUAe OTAE/IbHOM nporpammbl (npouecca). Heaoctatkom Takoro noaxoaa
ABNAETCA CNOXKHOCTb B3aMMOZAENCTBUA noa3anad. Kaxkabii npouecc GYyHKLMOHMPYET B CBOEM
BMPTYa/IbHOM afpecHOM MPOCTPAHCTBE, HE MepeceKalowemMca C aApecHbIM MPOCTPAHCTBOM
Apyroro npouecca. [1na B3aumoAencTeus nogsagady HeobxoamMmo Mcnonb3oBaTh CreumasnbHble
CPeAicTBa MENKMPOLLECCHON KOMMYHMKauuu (MHTepdencbl nepegadym cooblueHuit, obuime
dalinbl, 06BEKTHI AApa ONepPaLMOHHON CUCTEMBI).

MOTOKM NO3BONAIOT BbIAE/NINUTL MOA33a4a4n B pPaMKax OA4HOro npouecca. Bce notoku
O4HOIo NpunoxeHumA pa60Tar0T B paMKax o4HOro agpecHoro npouecca. na B3aVIMOAEI7ICTBVIFI
NOTOKOB HE HYXHO MNPUMEHATb Kakue-nnbo cpeacTBa KOMMYHMKaumu. T[1OTOKM  moryT
HenocpeacrtBeHHO O6pal.l.l,aTbCﬂ K O6LLI,VIM nepemeHHbIM, KOTOpble U3MEHAKT APpyrne noToKu.
Pabota ¢ O6IJ.I,I/IMI/I nepemeHHbiMmn npmnBoanT K HeO6XO,CI,MMOCTM ncnonb3oBaHmMA cpeacTts
CUHXPOHU3aUUN, perynmpyrowimmm nopAagoK paGOTbI NOTOKOB C AaHHbIMW.

MoTokn ABNAOTCA 60onee NerkoBecHOW CTPYKTYpPOM MO CPaBHEHMIO C MpOLLeccamu
(«obneryeHHble» npouecchl). MoaToMmy napannenbHaa paboTa MHOXKECTBA MOTOKOB, PeLUAOLNX
obLwyto 3agauy, 6onee adpdeKTMBHA B N1aHE BPEMEHHbIX 3aTpaT, YemM napannenbHaa paborta
MHOKeCTBa MPOLLeCCOB.

CTpyKTypa NoToKa

MOTOK COCTOUT M3 HECKONbKUX CTPYKTYp. A0po momoKa — copepuT nHdopmaumo o
TEKYLLEM COCTOAHMM NOTOKa: MPUOPUTET MOTOKA, MPOrPAaMMHbIN W CTEKOBbIA YyKasaTenwu.
MporpammHbIA U CTEKOBbIE YKa3aTeNn 06pa3ytoT KOHTEKCT NOTOKA U NO3BONAIOT BOCCTAHOBUTD
BbIMO/IHEHME NOTOKa Ha npoueccope. BAOK OKpyXKeHMA NOTOKA - COAEPMKUT 3ar0/I0BOK LLENMOYKHU
06paboTKN UCKNOUYEHUI, NOKAZIbHOE XPaHUVULLE AAHHbIX AR NOTOKA U HEKOTOPbIE CTPYKTYpPbI
AaHHbIX, UcnonblyemMble MHTepdelicom rpaduyeckmx ycrpoiicts (GDI) u rpadumkoit OpenGL. Ctek
NO/Nb30BaTE/NIbCKOTO PEeXXUMa — WUCMNONb3YeTCA A/A NepefaBaeMblX B METOAbl JIOKaNbHbIX
NnepemMeHHbIX U aprymeHToB. CTEK peXKuma agpa - UCMONb3YeTcs, KOrga KoL MPUIOMKEHUA
nepegaeT aprymeHTbl B GYHKLMIO ONepaLMOHHOM CUCTEMbI, HAXOAALLYIOCA B peXxnme agpa. Aapo
OC BbI3blBaeT COHCTBEHHbIE METOAbI M UCMIONb3YET CTEK PEXKMMA AAPA ANA Nepesaymn NOKaNbHbIX
apryMeHTOB, a TaK¥Ke A1 COXPAHEHUSA NIOKANbHbIX MePEMEHHDbIX.



CocTofiHUA NMOTOKOB

Kaxkablh MOTOK MOXKET HaxoAMUTbCA B OAHOM M3 HECKOIbKUX COCTOAHUN. [OTOK, rOTOBbIM
K BbIMOJIHEHWUIO M OXMAAWLWMA NPefoCTaBAEHUA [O0CTyNa K LEeHTpaibHOMY Mpoueccopy,
HaxoAmUTCA B COCTOSIHUM «[loTOBbINY». [MOTOK, KOTOPbIA BbINOJHAETCA B TEKYWMA MOMEHT
BPeMeHMU, MMmeeT cTaTyc «BbinonHsowminca». NMpu BbINONHEHUM ONepaLmii BBOAA-BbIBOAA UK
obpauweHnin K GyHKUMAM sapa onepauMoHHON CUCTEMbI, MOTOK CHMMAaeTca C npoueccopa u
HaxoamuTcA B cocToAHUM «Oxnpaet». MNpu 3aBepeHnM onepauuii BBOAA-BbIBOAA UM BO3BpaTe
13 PYHKUMA Aapa MOTOK MOMELLAeTCs B o4yepedb FOTOBbIX MOTOKOB. [lpyn nepeknryeHuu
KOHTEKCTa NOTOK BbIrPYKaeTcAa N NOMELLAETCA B o4epenb roToBbIX MOTOKOB.

MpuocTtaHose
CmHan

[oTOBbLIN BbinonHAwoWMNC

BblTecHeHue

3aBepLueHne onepaymi
BBO/Aa-BblBOAA, BbI3OBOB

dYHKUMM agpa

Onepauun BBOAA-BbIBOAA
Bbi3oBbl GYHKUMI A4pa

[NepekntoyeHne KOHTeKCTa

1. 3HauyeHWa perucTpoB npoueccopa AN MCNONHAIOWEroCA B AaHHbIA MOMEHT MOTOKa
COXPAHAITCA B CTPYKTYype KOHTEKCTA, KOTOpas pacrnonaraeTcs B Agpe noToka.

2. W3 Habopa umeloWMXCA NOTOKOB BbIAENSETCA TOT, KOTopomMy OyaeT nepenaHo
ynpasneHune. Ecnv BbIBpaHHbIM NOTOK MpUHAANeXuT apyromy npoueccy, Windows
nepeKkntoYaeT gas NpoLeccopa BUPTyaibHOE afpecHoe NPOCTPaHCTBO.

3. 3HayeHWs U3 BbIOPAHHOM CTPYKTYPbl KOHTEKCTA MOTOKA 3arpysKakwTcs B pPerncrpbl
npoueccopa.



PaboTa c notokamu B8 C#

Cpepga ucnonHenma .NET CLR npepoctaBnsaeT BO3MOXKHOCTb paboTbl € ynpaBasemMbimu
notokamm 4epes o06bekt Thread npocTpaHcTBAa MMeH System.Threading. Cpeaa
NCNONHEHWA CTPEMUTCA ONTUMMU3MPOBATb PaboTy ynpaBasemMbIX MOTOKOB M MCNO/1b30BaTb AN1A UX
BbINMO/IHEHMA NOTOKMN MPOLLECCA, CYLLECTBYIOWME HA YPOBHE ONepaunmoHHON cuctemol. Moatomy
co3pgaHue noToKos TMna Thread He Bcerga conpaAXeHo ¢ Co3gaHnemM NOTOKOB NpoLLecca.

OcHOBHble 3Tanbl paboTbl

// VMHuLMammsaumua IOTOKAa

Thread oneThread = new Thread (Run) ;
// Bamnyck noToka

oneThread.Start () ;

// OxumaHue BaBeplueHUs I0TOoKa
oneThread.Join () ;

B KauecTBe pabouyero snemeHTa MOXHO MCMNONbL30BaTb METOA, Knacca, Aenerat MeToaa
nnn nAmbaa-BbiparkeHue. B cneaytowem pparmeHTe co3garoTca TPy NOTOKa. MepBbili NOTOK B
KayecTBe paboyero asnemeHTa NPUHMMAET CTaTU4Yeckuin meton LocalWorkItem. Btopo#
NOTOK MHULUMANU3INPYETCA C NOMOLLbIO NAMDOAA-BbIparkeHUs, TPETUI NOTOK CBA3bIBAETCA C
MeToA0M 06LLLeA0CTyNHOro Knacca.

class Program
{
static void LocalWorkItem ()
{
Console.WritelLine (“Hello from static method”) ;
}
static void Main ()
{
Thread thrl = new Thread(LocalWorkItem);
thrl.Start () ;
Thread thr?2

{

new Thread (() =>

Console.WriteLine (“Hello from
lambda-expression”) ;
1)
thr2.Start () ;
ThreadClass thrClass = new ThreadClass(“Hello from
thread-class”) ;
Thread thr3 = new Thread(thrClass.Run);
thr3.Start ()

}

class ThreadClass

{
private string greeting;
public ThreadClass (string sGreeting)
{




greeting = sGreeting;
}
public void Run ()

{

Console.WritelLine (greeting);

BbizoB metoga thrl.Join () 6/10KMPYET OCHOBHOWM MOTOK A0 3aBeplueHus paboThbl
noTtoka thril.

Thread thrl = new Thread(() =>
{
for (int 1i=0; i<5; 1i++)
Console.Write (“A") ;
1)
Thread thr2 = new Thread(() =>
{
for (int i=0; i<5; 1i++)
Console.Write (“B”) ;
1)
Thread thr3 = new Thread(() =>
{
for (int i=0; i<5; 1i++)
Console.Write (“C”) ;
)
thrl.Start ();
thr2.Start ()
thrl.Join () ;
thr2.Join () ;
thr3.Start () ;

4

B O6LLI,€M Clydae nopAaoK BbiBOAa NMepBOro M BTOPOro NOTOKOB HE onpeaeneH. BbiBOA,
TPETbEro NOTOKAa OCyLECTBNAETCA TO/IbKO NOC/1€ 3aBepLLEHNA pa60TbI noTokos thrl n thr2.

MoHO NONY4YNUTb TaKNe pe3ysibtaTtbl:

AAAAABBBBBCCCCC

nnn

BBBBBAAAAACCCCC

MaflOBepOFITHbI, HO BO3MOHbl BaAPpUaHTbI

AABBAAABCCCCC

nnn

AAAABBBBBACCCCC




lNepenava napameTpos

O6uieHMe C MOTOKOM (nepedada MapameTpoB, BO3BpPalLEeHWE pPe3y/bTaToB) MOXHO

peann3oBaTb C MOMOLLbIO rnobasnbHbIX nepemMmeHHb>bIX.

class Program
{
static long Factorial (long n)
{
long res = 1.0;
do
{
res = res * n;
} while(--n > 0);
return res;
}
static void Main ()
{
long resl, res2;
long nl = 5000, n2 = 10000;

Thread tl = new Thread(() =>

{

resl = Factorial (nl))

1)
Thread t2 = new Thread(() => { res2=Factorial (n2); }):
// BamnyckaeM [IOTOKMU
tl.Start () ; t2.Start () ;
// OxXumaem 3aBeplleHMS TOTOKOB
tl.Join () ; t2.Join () ;

Console.WritelLine (“Factorial of {0} equals {1}V,

nl, resl);

Console.WritelLine (“Factorial of {0} equals {1}V,

n2, res2);

CyLLl,eCTByeT BO3MOXHOCTb nNepenatb napameTpbl B pa6oqm71 MeTo NOTOKa C NOMOLLbIO

neperpyskn metoga Start. CurHaTypa paboyero metoza ctporo ¢puKcuposaHa — anbo bes

aprymeHToB, NM60O TONbKO OAMH aprymeHT TMna object. Moatomy npu HeobXoAMMOCTU

nepenayn HECKO/IbKMX NMapaMeTpPOB B pa6oqu\ meTtoge HGOGXO,CI'MMO BbIMO/IHNTb NPaBU/IbHbIE

npeobpasoBaHuA

class Program
{
static double res;
static void ThreadWork (object state)

{
string sTitle = ((object[])state) [0]

as string;

double d = (double) (((object[])state) [1]);

Console.WritelLine (sTitle);
res = SomeMathOperation (d);




}

static void Main ()

{
Thread thrl = new Thread (ThreadWork):;

thrl.Start (new object[] {“Thread #1”, 3.14});

thrl.Join () ;
Console.Writeline (“Result: {0}, res);

Pabota B nAMb6Aa-BbIparKEHUAX U aHOHUMHbIX Aeneratax ¢ obwMmn nepemeHHbIMU

MOXET NPUBOAMTL K HENPEACKAa3yeMblM pe3yabTaTam.

for (int i=0;1i<=10; i++)

{
Thread t = new Thread(() =>

Console.Write (Y"ABCDEFGHIJK” [11)) ;
t.Start ()

OKuzaem nosyunTb Bce ByKBbI B CNy4aliHOM NOPSAAKE, a NoJlyYaem

BDDDEEJJKK

EcAn B CTPOKOBOW KOHCTaHTE OCTaBUTb To/IbKO 10 ByKB, nonaras, YTo UHAEKC i MOXKET
6bITb 0T 0 40 9, NoNy4aem oWnBKY « MHAEKC BbllLeN 3a FpaHmMLLbl MaccmMBa.

I'Ipo6nema CBA3adHa C TeEM, 4YTO Npu 06bABNEHMN NOTOKA Aenerat metoga nnu ]'IﬂM6Aa-
BblpaxKeHne coaepHMTt To/IbKO CCbIJIKY Ha UMHAOEKC i. Koraa CO3AaHHbIﬁ NOTOK HAa4YUHAET CBOIO
pa60Ty (I)aKTW-IeCKoe 3Ha4YeHne MHOEKCa yxXe O0aBHO y6e>+<ano Bnepea. lNocnegHee 3HavyeHue
MHAOEKCa pPaBHO 10, uto M npunsoanT K BO3HUKHOBEHWUIO WUCKNKOYEHUA. MCI'IpaBMTb AaHHbIﬁ
d)parmeHT MOXHO C NOMOLLbIO ,CI,OI'IOJ'IHMTGI'IbHOﬁ nepemeHHof&, KOTOpaA Ha Ka)KAOﬁ nTepaynm

COXpPaHAET TeKyLlee 3Ha4yeHne nHOeKCa.

for (int 1i=0; 1<=10; i+
+) |
int 1 copy = 1i;
Thread t = new Thread (new delegate (
Console.Write (YABCDEFGHIJK” [1 copy]))

t.Start (),

Tenepb y KaXA0ro NoToka CBOA He3aBUCMMaA MepemMeHHas 1 Copy C YHMKalbHbIM

3HayeHneMm. B pesynbTaTe nosyyaem:

ABCDEFGHUK

AN B NPOU3BOSILHOM NOpPAAKE, HO BCe BYKBbI NO OA4HOMY pasy



BDACFGHENK

MNpuocTtaHosaeHMe NOTOKaA

MeTtog Sleep () no3BONAET MNPUOCTAHOBUTb BbINOJIHEHME TeKylero MnoTOKa Ha
33Z1aHHOE YNCNI0 MUNSTUCEKYHA,:

// TlpuocTaHaBauBaeMm noTok Ha 100 Mc
Thread.Sleep(100);

// TlpuocTaHaBJIMBAEM IIOTOK Ha 5 MMH
Thread.Sleep (TimeSpan.FromMinute (5)) ;

Echm B KauectBe aprymeHTa yKasbiBaeTcA Hoab Thread.Sleep(0), 7O
BbINO/IHAIOLMNCA NOTOK OTAAET BblAENEHHbIA KBAHT BPEMEHM M 6e3 OXKMAAHUA BKAKOYaeTCA B
KOHKYPEHLMIO 33 NnpoLeccopHoe BpemA. Tako npuem morKeT 6biTb Mose3eH B OTA3[04YHbIX
uenax gna obecnevyeHnA napannesbHOCTU BbINOJIHEHUA onpeaeneHHbIXx pparmeHTOB Koaa.

Hanpumep, cheayowmin pparmeHT

static void ThreadFunc (object o)
{
for (int i=0; i<20; i++)
Console.Write (o) ;
}
static void Main ()
{
Thread[] t = new Thread[4];
for (int 1i=0; i<4; i++)
t[i] = new Thread(ThreadFunc) ;

t[0].Start ("A”); t[l].Start(“B”);
t[2].Start(™"C”); t[3].Start(“D");

for (int 1=0; i<4; i++)
t[i].Join () ;

BbIBOAWUT HA KOHCONb:

BBEBBEBBEBBBBBBBBBBBAAAAAAAAAAAAAAAAAAAACCCCCCCCCCCCCcccccccbbbbD
DDDDDDDDDDDDDDD

MapannenbHocTb He HabntogaeTcA, TaK KaK KaXKAablid MOTOK 3a BblAeNEHHbIA KBAHT
NPOLLECCOPHOro BpemMeHM ycneBaeT obpaboTtaTb Bce 20 uTepaumit. N3meHMm Teno uwmkna
paboueit dyHKUMM:

static void ThreadFunc (object o)
{

for (int 1i=0; 1i<20; i++)

{




Console.Write (o) ;
Thread.Sleep (0);

BbiBog cTan 6onee pasHoobpasHbIit:

AAAACACACACACACACACACACACACACACACAACCBBDDDBDBDBDBDBDBDBDBDBDBDBDBDBC
CCDBBBDDBBDD

CywectByeT aHanor metoga Thread.Sleep (0), KOTOpbIA NO3BONAET BEPHYTb
BblZle/IeHHbIM KBAHT — Thread.Yield (). Mpun 3Tom BO3BPaAT OCYLLECTB/IAETCA TOJIbKO B TOM
Cny4yae, ecnvM gnsa agapa, Ha KOTOPOM BbIMONHAETCA AaHHbIM NOTOK, €CTb APYroM roTtoBblA K
BbIMO/IHEHUIO TMOTOK. HeoctopoxHoe npumeHeHune metogoB Thread.Sleep (0) w
Thread.Yield () MOXeT NPMBECTU K yXyALleHWUO BbICTPOAENCTBUA U3-32 HE ONTUMANIbHOIO

MCNO/Ib30BaHMA K3LW-NaMATHU.

CBoMcTBa NOTOKA

Kaxkabl NOTOK MMeeT pAg, CBONCTB: Name - UMA NOTOKa, ManagedThreadId — Homep
NnoToka, IsAlive - NpU3HaK Cyw,ecTBOBaHUA NOTOKa, IsBackground — npu3Hak ¢OHOBOro
noToKka, ThreadState — cocTossHME NOTOKa. 3TU CBOMCTBA AOCTYMNHbI U ANA BHELIHErO BbI30BA.

// OBbaBigeM MacCHUB [IOTOKOB
Thread[] arThr = new Thread[N];
for (int i=0; i<arThr.Length; i++)
{
arThr[i] = new Thread (SomeFunc) :;
arThr[i].Start () ;
}
for (int i=0; i<arThr.Length; i++)
{
// BHBOIMM MHOOPMALIMI O IMOTOKAX
Console.WritelLine (“Thread Id: {0},
name: {1}, IsAlive: {2}7,
arThr[i] .ManagedThreadId,
arThr[i] .Name,
arThr[i] .IsAlive);

CBOMCTBA  TEKyLIero MOTOKA  MOMHO  MOAYYUTb C  NOMOWb  0b6beKTa
Thread.CurrentThread. Cnegyowmin ¢pparmeHT C NOMOLLbIO MexaHM3ma pedaekcuu
BbIBOAMT BCE CBOMCTBA TEKYLLErO NOTOKA.

using System;

using System.Reflection;
using System.Threading;
class ThreadInfo

{




static void Main ()
{
Thread t = Thread.CurrentThread;
t.Name = “MAIN THREAD”;
foreach (PropertyInfo p in t.GetType () .GetProperties())
{
Console.WriteLine (“{0}:{1}",
p.Name, p.GetValue(t, null));

}

BbiBOS, BCex CBOMCTB TEeKYLEro noTokKa:

ManagedThreadId: 10

ExecutionContext: System.Threading.ExecutionContext
Priority: Normal

IsAlive: True

IsThreadPoolThread: False

CurrentThread: System.Threading.Thread
IsBackground: False

ThreadState: Running

ApartmentState: MTA

CurrentUICulture: ru-RU

CurrentCulture: ru-RU

CurrentContext: ContextID: O

CurrentPrincipal: System.Security.Principal.GenericPrincipal
Name: MAIN THREAD

MpuopuTeTbl NOTOKOB

MpuoputeTbl MNOTOKOB OMpeaenAlnT o04YepedHOCTb BblaeneHna goctyna Ko W[
BblicOKOMpPUOpUTETHbIE MOTOKM MMEIOT NPEUMYLLECTBO M Yalle Nony4vatoT goctyn K UM, yem
HU3KoNpuopuTeTHble. [prUopuUTETbI MOTOKOB 3adatoTcA nepedyncneHnem ThreadPriority,
KOTOpOe MMeeT NATb 3HaYeHu: Highest -Hausbicwuii, AboveNormal —Bbllwe cpegHero,
Normal -cpegHuit, BelowNormal —HUXKe cpeagHero, Lowest -HM3WURA. M0 ymonyaHumio
NOTOK UMeeT cpeaHUI npuopuTeT. Ana nsmeHeHnAa npuopuTeTa NOTOKa UAN YTEHUA TEKYLLEro
MCNonb3yeTca CBOMCTBO Priority. BauAHMe npuMopuTeTOB CKasbiBAeTCA TONbKO B C/yyae
KOHKYPEHUMN MHOXeCTBa NOTOKOB 33 moLHocTtu L.

B cnepytowem dpparmeHTe NATb MOTOKOB C Pa3HbIMU NPUOPUTETAMMU KOHKYPUPYIOT 33
poctyn K UM ¢ agpyma agpamu. Kaxkgbiii NOTOK YyBENMUYMBAET CBOM CUETUUK.

class PriorityTesting
{
static long[] counts;
static bool finish;
static void ThreadFunc (object iThread)




while (true)
{
if(finish)
break;
counts|[ (int) iThread] ++;
}
}
static void Main ()
{
counts = new long[5];
Thread[] t = new Threadl[5];
for (int i=0; i<t.Length; i++)
{
t[i] = new Thread(ThreadFunc) ;
t[i] .Priority = (ThreadPriority)i;
}
// BalyckaeM IOTOKM
for (int i=0; i<t.Length; i++)
t[i].Start (i) ;

// IaéMm moTokaM BO3MOXHOCTHL mnopabtorars 10 c
Thread.Sleep (10000) ;

// CuTHaJ O 3aBepleHUM
finish = true;

// OxXumaem 3aBeplleHVS BCEX IIOTOKOB
for(int i=0; i<t.Length; i++)
t[i].Join () ;
// BHIBOI pPe3yJIbTATOB
for(int i=0; i<t.Length; i++)
Console.WritelLine (“"Thread with priority {0},
Counts: {1}”, (ThreadPriority)i, counts[i]):

BbiBOA, Nporpammbl

Thread with priority Lowest, Counts: 7608195
Thread with priority BelowNormal, Counts: 10457706
Thread with priority Normal, Counts: 17852629
Thread with priority AboveNormal, Counts: 297729812
Thread with priority Highest, Counts: 302506232

JloKanbHOe XpaHunwe NoTokKa

Tunbl, 06bABNAEHHbIE BHYTPU paboyeint PpyHKLUMM NOTOKa, SBAAKTCA SOKa/bHbIMU — Y
KaK4oro nNOTOKa, BbINOAHAOWEro OGYHKUMIO, CBOM KOMWW (NpuMBaTHble AaHHble). Tunbl,




obbsAB/NEeHHblE BHe paboyen GYHKUMM MOTOKA, ABAAKTCA OOWMMW Ona BCEX [MMOTOKOB
nepemeHHbIMU. M3meHeHnsa 06X AaHHbIX B OAHOM NOTOKE OTPaXKaloTca B APYyrom NoToKe.

CyliecTByeT BO3MOXKHOCTb OMEpPUpPOBaTb C  JIOKAJIbHbIMW  AaHHbIMKU  MOTOKA,
0b6bABNEeHHbIMU BHe pabouelt GyHKUUM, Hanpmumep, B 06L,ea0CTynHOM Knacce. [NepBblit cnocob
3aK/toyaeTcs B 06bsABEHMM CTAaTUYECKOrO MOAS, JIOKAZIbHOTO A5 KaXKA0ro NnoToKa.

B cnepyowem ¢parmeHTe paboyas YHKUMA NOTOKA UCMOJIb3yeT OObBEKT
nonb3oBaTenbckoro Tmna Data. B atom Knacce

public class Data
{
public static int sharedVar;
[ThreadStatic] public static int localVar;
}
static void threadFunc (object 1)
{
Console.WritelLine ("Thread {0}: Before changing.. Shared:
{1}, local: {2}",
i, Data.sharedVar, Data.localVar);
Data.sharedVar = (int)i;
Data.localVar = (int)i;
Console.WritelLine ("Thread {0}: After changing.. Shared:
{1}, local: {2:",
i, Data.sharedVar, Data.localVar);
}
static void Main ()
{
Thread tl new Thread (threadFunc) ;
Thread t2 = new Thread (threadFunc);
Data.sharedvVar = 3; Data.localVar = 3;
tl.Start(l); t2.Start (2);
tl.Join(); t2.Join();

BbiBOA;:

Thread 1: Before changing.. Shared: 3, local: 0
Thread 1: After changing.. Shared: 1, local: 1
Thread 2: Before changing.. Shared: 1, local: 0
Thread 2: After changing.. Shared: 2, local: 2

OrpaHVI‘-IeHVIH aToro cnocoba cBsizaHbl C TEM, 4TO anVI6\/T MCNONb3yeTCA TOJZIbKO CO
CTaTU4ECKMMU NONAMU U UHNUNANTN3ALMA NONA OCYLLECTBNAETCA TO/IbKO OAHUM NOTOKOM.




BTopolt cnocob 06bsBNEHMS /IOKaNbHbIX AaHHbIX 3aK/JAKYaeTcs B WMCNOAb30BaHUKM OObeKTa
ThreadLocal<T>:

static void Main ()
{
ThreadLocal<int> localSum = new ThreadLocal<int>(() => 0);
Thread tl = new Thread(() => {
for(int i=0; i<10; i++)
localSum.Value++;
Console.WritelLine (localSum.Value);
1)
Thread t2 = new Thread(() => {
for (int i=0; i<10; i++)
localSum.Value--;
Console.Writeline (localSum.Value) ;

P

tl.Start(); t2.Start();
tl.Join(); t2.Join();

Console.Writeline (localSum.Value) ;

Monyyaem:

10
-10
0

MepBblt NOTOK YBENNYMBAA CBOWN CYETYMK, BTOPON YMEHbLUA, @ TPETUM (F1aBHbIN NOTOK)
HWYEro He AieNan Co CBOMM JIOKANbHbIM CHETYMKOM, MOSTOMY nosayyaem O.

TpeTnit cnocob 3aKnoYaeTca B UCMO/b30BaHMUM JIOKA/bHbIX CNOTOB NOTOKa. JocTyn K
cnotam obecneynBaetca C Nomowbld MeTogoB GetData, SetData. Ob6bekrT,
NOAEHTUOULMNPYIOLLMIA CNOT, MOMKHO MONYYUTb C MOMOLLbIO CTPOKOBOM KOHCTaHTLI. MpumeHeHne
CNOTOB ABNAETCA MeHee MPOM3BOAUTENbHbIM MO CPABHEHUIO C NIOKA/IbHbIMU CTaTUYECKUMMU
nonAamu. Ho moxket 6biTb NonesHbiM, ecin paboTa NOTOKA CTPYKTYPUPOBaHA B HECKO/bKMX
MeToAax. B Kaxaom meToae MOXKHO MOAYYUTb AOCTYM K CI0TY NOTOKA MO ero UMEHW.

public class ThreadWork
{
private string sharedWord;
public void Run(string secretWord)
{
sharedWord = secretWord;
Save (secretWord) ;
Thread.Sleep (500) ;
Show () ;




private void Save(string s)
{
// TonyuaeM MOeHTUOMKATOP CJIOTa [0 MMEHU
LocalDataStoreSlot slot =
Thread.GetNamedDataSlot ("Secret");
// CoxpaHaeM IaHHbEe
Thread.SetData(slot, s);
}
private void Show ()

{

LocalDataStoreSlot slot
Thread.GetNamedDataSlot ("Secret");

string secretWord = (string)Thread.GetData(slot);

Console.WritelLine ("Thread {0}, secret word: {1},
shared word: {2}",

Thread.CurrentThread.ManagedThreadId, secretWord,
sharedWord) ;

}

}
static void Main ()

{
ThreadWork thr = new ThreadWork():;

new Thread(() => thr.Run("one")) .Start ()
new Thread(() => thr.Run("two")) .Start ()
new Thread(() => thr.Run("three")) .Start();

Thread.Sleep (1000) ;

BbiBOA, Nporpammbl

Thread: 15, secret word: one, shared word: three
Thread: 16, secret word: two, shared word: three
Thread: 17, secret word: three, shared word: three

I'IepemeHHaﬂ sharedWord asnaetca pasp,enﬂelv\oﬁ, no3ToMy BbIBOAUTCA nmocnegHee
n3meHeHume, BbINOJIHEHHOE TPETbUM MOTOKOM.

[yn noTokoBs

Myn NOTOKOB NpeAHa3HAYeH ANA YNPOLLEHUA MHOFONOTOYHOM 06paboTku. MporpammucT
BblaenaeT GparmeHTbl Koga (paboume anemeHTbl), KOTOPbIE MOXKHO BbIMNONAHATL NapannebHO
MnaHMpoBLIMK (cpena BbINOSHEHMA) ONTUMA/IbHBIM 06pa3om pacnpeaenseT paboune afnemeHTbl
no paboumm notokam nyna. Takmm obpasom, Bonpocbl 3GPeKTUBHOM 3arpy3kM oNTUMANbHOTO
YMCNa NOTOKOB PELLAOTCA HE NMPOrPamMMMCTOM, @ NJAHUPOBLLMKOM (MCNONHAIOLWEN Cpeson).
Ele oAHMM [0CTOMHCTBOM MPUMEHEHMUA NyNa ABNAETCA YMEHbLIEHME HAKMAAHbIX Pacxonos,
CBA3AHHbIX C PYYHbIM CO343HMEM W 3aBEpPLUEHMEM MOTOKOB AN Kax[oro ¢pparmeHTa Koaa,




AoMnycKatowero pacnapannenvsaHue. MNyn NnoTokoB ucnonb3yerca aas obpaboTkM 3agay Tmna
Task. 3agaun 06napgatoT PALOM MNONE3HbIX BCTPOEHHbIX MEXaHW3MOB (OXMAAHWUS, OTMEHHbI,
nNpoAoNXKeHUA U T.4.). [oaToMy ANnA pacnapansienvMBaHusa pabounx 3/1eMeHTOB peKoMeHayeTcs
MCNoNb30BaTb MMEHHO 33aJayn unu WwabnoHbl Knacca Parallel. HenocpeactseHHana paboTa ¢
nynom 6e3 ABHOro onpeaeneHna 3agady MoXKeT ObiTb NnosesHa, Korga HeT HeobxoaMmocTu B
AOMO/THUTE/NIbHBIX BO3MOXHOCTAX 06beKTa Task.

[na pobasneHuns paboyero anemeHTa UCNOb3YETCA METOZ,

// HoBaBjeHnue MeToma 0es3 napaMeTpoB
ThreadPool.QuequeUserWorkItem (SomeWork) ;

// HoBaBjeHue MeTOoma C IapaMeTpoM
ThreadPool.QuequeUserWorkItem (SomeWork, data);

B cnepytowem pparmeHTe NPOUANIOCTPUPYEM OCHOBHbIE 0COBEHHOCTH Nyaa NOTOKOB.

for (int 1 = 0; i < 10; i++)
{
ThreadPool.QueueUserWorkItem( (object o) =>
{
Console.WriteLine ("i: {0}, ThreadId: {1}, IsPoolThread: {2}",
i, Thread.CurrentThread.ManagedThreadId,
Thread.CurrentThread.IsThreadPoolThread) ;
});

[obasnaem B nyn notokos 10 3k3emnnapoB 6e3bIMAHHOrO Aenerata, 06bABNEHHOIO B
BMAE NAMbAa-BbiparkeHUs. B paboyem anemeHTe OCyLECTBAAETCA BbIBOA, 3HAYEHMA UHAEKCA |,
HOMeEp NOTOKa M NPU3HAK TOrO, YTO NOTOK NPUHAANENKUT NYNY.
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Y6expaem, 4to AeNCTBUTENbHO BCe paboume 31eMeHTbl BbINOJHANUCD NOTOKaMK Myaa
(npu3sHak IsPoolThread paBeH true). Bcero B 06paboTke y4acTBOBANO TO/IbKO ABa MOTOKA.
[Ona npuBeAeHHOrO KOAa BO3MOMHA CUTyauua, Korda Bce paboume snemeHTbl byayT
06pabaTbiBaTbCA B OAHOM NOTOKe nyna. Bo Bcex paboumx anemeHTax OCyLEeCcTBAAETCA BbIBOA,
OLHOrO U TOrO e 3Ha4YeHUA MHAEKCA i, paBHoro 10. 3To CBA3aHHO C ACMHXPOHHOCTLIO 3aMycKa
paboynx 31emMeHTOB — OCHOBHOM MNOTOK MpoAoKaeT obpabaTbiBaTb UWMKA M yBeanYMBaTb
3HaYeHMe WHAeKca, a paboune 3snemeHTbl aKTUYECKM elle He BblinonHAtTca. [Ana




npeaoTBpalleHns Takon CUTyauuMm HeobxoAMmOo MCNO/Ib30BaTb MHAWBUAYA/bHbIE KOMWUU ANSA
Ka*K40ro afiemMeHTa.

3ameHMM paboTy € Ny/IOM Ha py4YHyH PaboTy C NOTOKaMMU:

for (int 1 = 0; i < 10; i++)
{
new Thread((object o) =>
{
Console.WriteLine ("i: {0}, ThreadId: {1}, IsPoolThread: {2}",
i, Thread.CurrentThread.ManagedThreadId,
Thread.CurrentThread.IsThreadPoolThread) ;
}) .Start () ;

BbiBOA, KOAa ByAeT cneayowmm:

i: 1, ThreadId: 5, IsPoolThread: False
i: 1, ThreadId: 6, IsPoolThread: False
i: 3, ThreadId: 7, IsPoolThread: False
i: 4, ThreadId: 8, IsPoolThread: False
i: 5, ThreadId: 9, IsPoolThread: False
i: 6, ThreadId: 10, IsPoolThread: False
i: 7, ThreadId: 11, IsPoolThread: False
i: 8, ThreadId: 12, IsPoolThread: False
i: 9, ThreadId: 13, IsPoolThread: False
i: 10, ThreadId: 14, IsPoolThread: False

Kaxablt paboumnii anemeHT obpabaTbiBanca B CBOEM MOTOKE, HE BXOAALLEM B COCTaB
nyna. C MHAEKCOM i onATb ecTb NPobaemMbl, HO BO3HUKAIOT OHU rOPas3fo pPeXke U He Tak SBHO
NPOABAAIOTCA — KaKoe-TO pa3Hoobpasue B BbIBOAE BCE-TaKU €CTb. ITO OBBACHAETCA TEM, YTO
onepauusa pobaBneHuA pgenerata B oO4Yepedb BbIMNONHAETCA ropasgo  bbicTpee, uyem
MHULMANM3aUMA 3anycKa HOBOro MOTOKA. MoKa Ha BTOPOM MTepauuu OCyLecTBASeTCa 3anyck
NOTOKa, NEePBbIN NOTOK Y}Ke NPUCTYNUA K paboTe M NpoymTan TeKylee 3HaYeHne nHaekca. ns
rapaHTMpoBaHHOW pPaboTbl KaXK4oro MOTOKAa C YHUKaNbHbIM WHAEKCOM Heobxogumo
MCMNONb30BaTb KOMWUU MHAEKCOB, CO34aBaeMble Ha KaxKa0n ntepaumu:

for (int i=0; i<10; i++)
{
int y = 1i;
ThreadPool.QueueUserWorkItem( (object o) =>
Console.WriteLine(y));
new Thread(() => Console.WriteLine(y)) .Start();

OCHOBHbIM HeyA06CcTBOM paboTbl C Ny/I0M, ABASETCA OTCYTCTBME MEXaHWM3Ma OXUaaHuA
3aBepleHna paboumx 3snemeHToB. Heobxogumo wucnonb3oBaTb NGO KaKuMe-TO CpeacTsa
CMHXPOHM3aLMM (Hanpumep, CUrHaNbHble cooblieHns ManualResetEvent,  wabnoH

CUHXpPOHM3auMn CountdownEvent), iMb6o obwme nepeMeHHbIe.




static void Funcl (object o)

{
var ev = (ManualResetEventSlim)o;
// Pabora
Console.WriteLine (“Funcl: Working..”);
ev.Set (),

}

static void Main ()

{
ManualResetEvent ev = new ManualResetEvent () ;
ThreadPool.QuequeWorkItem (Funl, ev);
ev.Wait ()

B pabouyto pyHKLMIO Nepegaem CUrHaibHoe coobuieHne. OCHOBHOM NOTOK 610KMpyeTCs
B OXMAaHMM curHana. Pabounii noTok nocne 3aBeplieHnsa paboTbl reHepupyeT curHan. B ciydyae
paboTbl HECKOJIbKMX TMMOTOKOB MOXHO MCMO/Ib30BaTb MacCMB COODLEHUM W MeTof
WaitHandle.WaitAll AnAa oxXngaHma CUrHanoB OT BCEX NOTOKOB.

class Program
{
static void Main ()
{
var events = new ManualResetEvent[10];
for(int i=0; i<10; i++)
{
int y = i;
events[i] = new ManualResetEvent (false);
ThreadPool.QuequeWorkItem( () => {
SomeWork () ;
events|[y].Set ()’
1)
}
WaitHandle.WaitAll (events);

Kaxaplt pabounin anemeHT onepupyeT CO CBOMM YHUKANbHbIM CUTHA/IbHbIM OOBbEKTOM.
Mocne 3aBepLueHUsa paboTbl, B Aenerate yCTaHaB/NMBAETCA CUrHANbHbIN 06beKT. OCHOBHOM NOTOK
[OXKMOAeTCa 3aBepLUeHns BCcex paboyunx 31eMeHTOoB.






