CpeactBa CUMHXPOHM3aLUMM

CUHXpOHM3AUMA HeobxogMma Ana KOOpAMHaUMKW  BbINOJIHEHMA MNOTOKOB. Takas

KoopAauHauma HeobxoaMma AONA COrNacoBaHUA NOPALKA BbIMNOJAHEHUA MNOTOKOB MAM ANA

COrN1acoBaHMA JOCTYNA NOTOKOB K pa3gensieMmomy pecypcy.

Cpepa Framework .NET npeaoctaBnaeT WMpPoKnin Habop cpeacTB CUHXPOHMU3ALUN.

bnoknposka

Join, Sleep, SpinWait

B3anMMHO-UCKNHOUNTESIbHbIN A0CTyn

Lock, Monitor, Mutex, SpinLock

CurHanbHble coobueHms

AutoResetEvent, ManualResetEvent,
ManualResetEventSlim

Cemadopbl

Semaphore, SemaphoreSlim

ATOoMapHble onepaTopbl

Interlocked

KOHKypeHTHble KonneKkuum

ConcurrentBag, ConcurrentQueue,
ConcurrentDictionary,
ConcurrentStack,
BlockedCollection

B/IOKMPOBKKU YTEHUA-3aNUCH

ReaderWriterLock,
ReaderWriterLockSlim

LWabnoHbl CUHXPOHU3aL NN

Barrier, CountdownEvent

B ocHoBe CUHXPOHU3aUUN NeXUT NoHATUE 6I'IOKMpOBKM — O4WH MNOTOK 6]10I-(l4pyeTC‘i| B

OXUAaHUKU onpeneneHHoro cobbiTna ot APYyrnx noToOKOB, Hanpumep, 3aBepweHuA pa6OTbI

onpegeneHHoro NnoToka naun OCBO60)-KAGHMF| pasaenaemoro pecypca.

OxngaHmne moxxet ObITb aKTUBHbIM MM NACCUBHbIM. an dKTUBHOM «OXNOAHUN» MOTOK

LUMKNNYECKN NPOBEPAET CTATYC OXKNOAEMOTO cobbITHS.

Thread thr = new Thread (SomeWork) ;

thr.Start () ;
while (thr.IsAlive) ;

Takas 6I'IOKMpOBKa Ha3blBaeTCA aKTMBHOVI, TaK Kak d)aKTW-IECKVI NOTOK HE MpeKpalwaeT

cBoelt paboTbl U He 0OCBODOXKAAET MPOLECCOPHOE Bpemsa Aaa APYruX MOTOKOB. AKTMBHOE

OoXunpgaHue 3¢¢GKTMBHO MOs1IbKO NPUN HE3HAYNUTE/IbBHOM BPEMEHU OXKNAOAHUA.




MaccMBHOE OXMAAHWE pPeannsyeTcs C MOMOLLbIO OMepaunoHHOM CUCTEMbI, KOTopas
COXpPaHAET KOHTEKCT MOTOKa M BbIrPY)KaeT ero, NpenocTaB/iAf BO3MOXHOCTb BbIMOAHATHCA
APYrMM NoToKam. Mpu HacTynaeHuU OXnpaemoro cobbiTs onepaumoHHas cuctema «byauT»
MOTOK — 3arpy’kaeT KOHTEKCT NOTOKa M BblaenseT emMy npoueccopHoe Bpemsa. [laccusBHoe
OXuAaHue TpebyeT BpeMeHM Ha COXpaHEeHMe KOHTEKCTa NOTOoKa npu BNOKMPOBKE U 3arpysky
KOHTEKCTa Npu Bo306HOBEHUM paboTbl MOTOKA, HO NO3BONSET UCMONb30BaTb BbIYUCAUTEIbHBIE
pecypcbl BO BPEMSA OXKUAAHUA ANA BbINOAHEHUA APYrMX 3a4ay.

B cneayowem ¢parmeHTe MCnonb3yloTcA ABa TUNa OXUZaHuA. B nepBom cayyae
NPMMEHAETCA UMKANYECKan NPOBEPKa CTaTyca. Bo BTOpom c/iyyae ucnonb3yeTca metog, Join.

class Program
{
static bool b;
static double res;
static void SomeWork ()
{
for (int 1i=0; 1<100000; i++)
for(int j=0; j<20; j++)
res += Math.Pow (i, 1.33);
b = true;
}
static void Main ()
{
Thread thrl = new Thread (SomeWork);
thrl.Start();
// AKTMBHOE OXMUIOaHME B LUKJIE
while (!b) ;
Console.WritelLine (“Result = ™ + res);

res = 0;

Thread thr2 = new Thread (SomeWork) ;
thr2.Start () ;

// OXumaHMe C BHI'PYXEHMEM KOHTEKCTa
thr2.Join () ;

AHann3 BbINONHEHUA MPOrPamMmbl C MOMOLLbD WHCTpymeHTa Visual Studio 12
«Busyanuszatop napannenMsma» nossosaseT  3apuKcMpoBaTb  OCOBEHHOCTM  3arpysKku
BbIYMCNUTENIbHOM CUCTEMDI.

3arpy3Ka npoueccopa npy akTUBHOM OXKMAAHWUW B cpesHeM paBHa 92%




KonHyecTEo NOrMYeckux Anep
—

35489 46115 56741 67367 77994
Bpema (Mc)

MpM NaccMBHOM OXKUAAHUU, OCHOBHOM MOTOK BbIrpy»KaeTca M 3aHaTocTb LM B cpeaHem
paBHa 50%.

KonuuecTEn Noriy ackux Anep

——
9831,1
Epema (M)

CywecTBytoT rmbpugHble cpencTBa CMHXPOHM3ALUMKM, codeTalowme B cebe JOCTOMHCTBA
aKTMBHOFO W MAaCCMBHOMO OXMAaAHUA. [MOpUAHY0 OGNOKMPOBKY UCMOAL3YIOT O6BEKTHI
CUHXpoHM3auuu, sBeegeHHble B .NET 4.0: SpinWait, SpinLock, SemaphoreSlim,
ManualResetEventSlim, ReaderWriteLockSlim w ap. MNotoku, 6a10Knpyemble ¢
NMOMOLLbIO TMBPUAHDBIX CPEACTB CUHXPOHM3AUMM, B Havane ¢asbl OXKMAAHMA HAXOAATCA B
AKTMBHOM COCTOSIHUWN — HE BbITPYXKAOTCA, LUKANYECKM NPOBEPAIOT CTATYC OXKUAAEMOTO CObbITUA.
Ecnn oupaHue 3aTArMBaeTCA, TO AKTMBHAA O/JIOKMPOBKA CTAHOBUTCA He 3PPEKTUBHON U
onepaunoHHasA CUCTEMA BbITPYKAET OXKNAAIOLNIA NOTOK.

CpeacTsa 418 B3aMMHOIO UCK/IIOHYEHUA

O,CI,HO N3 OCHOBHbIX Ha3HA4YeHUN cpeacrtB CUMHXPOHU3aAUNKN 3aKTHOYaAETCA B OpraHn3auunmn
B3aMMHO UCKNKHYUTENDBHOIO AO0CTYyNa K pasgenAaemomy pecypcy. N3meHeHunA 06IJ.I,MX AaHHbIX
OAHMM NOTOKOM He€ AONXHbl NpepbiBaTbCA APYrMMU NMOTOKaMM. d)parmeHT KO4da, B KOTOPOM



ocyuwecTenAeTca paboTa ¢ pa3genaembiM PecypcomM U KOTOPbIM LOMKEH BbIMOAHATLCA TO/IbKO B
0AHOM MOTOKE OA4HOBPEMEHHO, Ha3blBAETCA KPUTMUUECKOM CeKunei

public string data;
void DoSomeWorkl ()
{
Thread.Name = “First”;
data = “AAAA";
Console.WritelLine (“Thread: {0}, Data: {1}”,
Thread.Name, data);

void DoSomeWork?2 ()

Thread.Name = “Second”;

data = “BBBB”;

Console.WritelLine (“Thread: {0}, Data: {1}”,
Thread.Name, data):;

B aTom ¢parmeHTe npeanonaraetcs, YTo ABa MOTOKA M3MEHAOT 3HayeHue oblLuel
nepemeHHol data. Mocne BHECEHUA U3MEHEHM NOTOK BbIBOAMT HA 3KPaH HOBOE 3HavyeHue data
M MmA noTtoka. OTCYTCTBME CPEACTB CMHXPOHM3AUUKM MOIN0 6bl NMPUBECTM K HEKOPPEKTHOMY
pesynbTaty:

Thread: First, Data: BBBB
Thread: Second, Data: BBRBB

NoToK First BHeC CBON N3MEHEeHUA n co6mpancn BblBECTU COO6LLI,€HVIe, HO BTOpOﬁ NOTOK
ycnen BKANHNTBCA U USMEHUTb AadHHbIE.

BblaeneHne KpUTUYECKOM CEKLMM C MOMOLLBbIO KOHCTPYKUuK lock no3sonset nsbexatb
TAKOW CUTYaLUK:

lock (sync obj)
{
data = “AAAA";
Console.WriteLine (“"Thread #1 has changed
data to: {0}”, data);

Koraa oOAMH NOTOK BXOAUT B  KPWUTMYECKYID CeKUuMio (3axBaTbiBaeT 06beKT
CUHXPOHU3aLMK), APYroi NOTOK OXKMAaeT 3aBeplueHus Bcero 610Kka (0cBobOKAEHNA 0O6bEKTa
CUHXPOHM3aumn). Ecnn 3ab10KMpPOBaHO 6bINO HECKONIbKO MOTOKOB, TO MPW OCBOBOXKAEHUU
KPUTMYECKOM CEKLMN TONIbKO OAMH NOTOK Pa3baoKMpPyeTcs U BXOAUT KPUTUYECKYHO CEKLMIO.

Ona BblaeneHnAa KPUTUYECKOM CEKUMWU C MOMOLLbI KOHCTpyKumm lock Heobxoaumo
yKa3aTb 06beKT CUHXPOHM3ALMK, KOTOPbIM BbICTYNAET B KayecTse naeHTUdUKaTopa 610KMPOBKHK




Monitor

KoHcTpykumMa lock BBedeHa Ana yaobcTBa Kak aHanor npumeHeHua o6beKkTa

CUHXPOHM3auMn Monitor.

UTaK, KOHCTPYKLMA

lock (sync_obj)
{

// Critical section

aHaNorMyHa NpUMeHeHuo obbekTa Monitor:

try

{
Monitor.Enter (sync obj);
// Critical section

}

finally

{

Monitor.Exit (sync obj);

Bnokn try-finally dopmupytoTcs Ana Toro, ytobbl rapaHTMpPOBaTb 0CBOBOXKAEHME
610KMPOBKM (KPUTUYECKOM CEKLIMM) B CyYae BOSHUKHOBEHUA KaKOro-1Mbo UCKNOYEHMA BHYTPU
KPUTMYECKOM CEKLUN.

Kpome «0bObl4HOrO» BXO4a B KPUTUYECKYHO CEKLMIO Knacc Monitor npegocraBnAaeTr
«yCNnoBHbie» BXOoApbl:

b = Monitor.TryEnter (sync obj);
if(!b)
{
// BHIIOJIHAEM IOJIE3HYI paboTy
DoWork () ;
// CHOBa mnpofyeM BOMTY B KPUTUUESCKYKD CEKLMIO
Monitor.Enter (sync obj);
}
// KpuTuueckas CeKLMUI
ChangeData () ;
// BBIXOIVM
Monitor.Exit (sync obj);

Ecnn KpUTMYECKan CeKUMsA yrKe BbINMOIHAETCA KEM-TO APYrMM, TO NOTOK He BaoKMpyeTcs,
a BbINOMHAET nosie3Hyto paboTy. Mocne 3aBepleHna BCeX MoJIe3HbIX PaboT MNOTOK MblTaeTcA
BOMTU B KPUTMYECKYIO CEKLMIO C HNOKMPOBKOM.




Ecnn goctyn K KPUTUYECKON CeKLMWU A0CTaTOYHO MHTEHCUBEH CO CTOPOHbI MHOMECTBA
NMOTOKOB, TO MONE3HbIM MOXeT ObiTb MeTog TryEnter ¢ yKasaHMem WHTepBana B
MUIINCEKYHAAX, B TEYEHME KOTOPOTO MNOTOK MbITAETCA 3aXBaTUTb B/IOKUPOBKY.

while (! Monitor.TryEnter (sync obj, 100))
{
// TlonesHasa paboTa
DoWork () ;
}
// Kpurnueckas CceKUmud
ChangeData () ;
// BHIXOIOMM
Monitor.Exit (sync obj);

Ob6bekT Monitor Takxke npeaoctaBnseT MmeToapl AnA obmeHa CcurHanamu ¢
OXMAAWMMM NOTOKamMM Pulse n Wait, KoTopble MOryT 6biTb NOE3HbI 415 NPeA0TBPaALLEeHMUA

B3aMMO6l'IOKMpOBKM B Cnydae p860TbI C HECKOJIbKMMMU pa3sgenaembiMmmn pecypcamm.

B cneayowem dparmeHTe ABa NOTOKa MbITalOTCA 3aXBaTUTb pecypcbl P u Q. MepBbii
NMOTOK 3axBaTbiBaeT CHayana P, 3aTem nbiTaeTca 3axBaTutb Q. BTOpol NOTOK cHavana
3axBaTblBaeT pecypc Q, a 3aTem nbiTaeTcs 3axBaTUTb P. lMpumeHeHne 0bblYHOW KOHCTPYKLUK
lock npuBeno 6bl B HEKOTOPbIX CAy4yasX K B3aMMODBIOKMPOBKE NMOTOKOB — MOTOKWU ycnenu
3axBaTUTb NO OAHOMY PEecypcy W NbITalOTCA NOAYYMTb AOCTYN K HeAoCTalowemy pecypcy.
Cnepyrowmin dparmeHT pewaeT npobiemy ¢ nomolbio 0b6bekTa Monitor:

void ThreadOne ()
{
// TlonyuyaemM IOOCTYI K pecypcy P
Monitor.Enter (P) ;
// TeTaeMcsa 3axXBaTUTb pecypc O
if (!Monitor.TryEnter (Q))
{
// Ecau Q 3aHAT OPYyI'MM IIOTOKOM,
// ocBoBoxmaeM P u
// oxmunmaeMm 3aBepleHus pabOoTH NOTOKA
Monitor.Wait (P);
// OcBoBommiica pecypc P, cmesio 3axBaTeHBaeM U Q
Monitor.Enter (Q) ;
}

// Temepb y NOTOKA €CTb M P, u Q, BHIIOJHAeM padoTy
// OcBoBoxmaeM pPecypcChH B OOPATHOM MNOCJEIOBATEJILHOCTU
Monitor.Exit (Q);

Monitor.Exit (P);

void ThtreadTwo ()

Monitor.Enter (Q) ;




Monitor.Enter (P);
// BHIIOJIHAEM HeOoOXOoIMMyW pabdoTy

// OOs3aTeJyIbHBI CUTHAJ OJIsS [IOTOKAa, KOTOPHIM
// 3abJoKMpOBAaJICS NpPM BHIBOBe Monitor.Wait (P)
Monitor.Pulse (P) ;

Monitor.Exit (P);

Monitor.Exit (Q) ;

MepBbIN NOTOK Nocne 3axBaTa pecypca P nbitaetca 3axBatntb Q. Ecim Q yKe 3aHAT, TO
nepBbiii MOTOK, 3HasA, YTO BTOPOMY HYEH elle U P, ocBOOOXKAaeT ero 1 XAeT 3aBepllieHun
paboTbl BTOPOro MoToKa C obeMmn pecypcamun. BbizoB Wait 610KMpyeT nepsbid MOTOK U
No3BONISIET APYroMy MOTOKY (OAHOMY W3 OXWAANLWNX) BOUTU B KPUTUYECKYHO CEKLUUIO AS
paboTbl c pecypcom P. PaboTa 3a6/10KMPOBaHHOIO NOTOKAa MOXKET HbITb NPOA0NAXKEHA NOC/e TOTO
KaK BbIMOJIHAOLINIACA NOTOK BbI30OBET MeTod Pul se M 0CBOOOAUT KPUTHUUECKYIO CEKLMIO. TaKnm
obpas3om, nepBbIi MOTOK BO306HOBAAET paboTy He nocne Bbi3oBa Pulse, a nocsie Bbi30Ba
Exit (P) .

Mutex

O6bekT Mutex Mcnonb3yetcs, Kak M Monitor, ana obecneyeHns B3aUMHO-
NCKNOUYUTENBHOTO A0CTyNa K dparMeHTy Koaa. B ocHoBe o6bekTa Mutex nexxut Bbi3oB GyHKL MM
A4pa onepaunoHHOM CUCTeMbl, U NO3ToMy 6/J10KMpPOBKA € nomolbio Mutex aBnaeTca meHee
3pPEKTUBHOM NO CPABHEHMUIO C KNaccom Monitor U KOHCTpyKumen lock.

OTanume oT Monitor 3aKA4yaetca B BO3MOMKHOCTM MCMNONb30BAaHUA N06aNbHbIX
MMEHOBAHHDbIX 6J'IOKMpOBOK, AOCTYMHbIX B PaMKaxX HECKOJIbKUX I'IpMﬂO)KeHMﬁ. Takmm o6pa30N\, C
NnOMOLbIO o6bekTa Mutex mMOXHO OpraHn3oBaTb CUMHXPOHU3ALUNIO HECKOJIbKUX I'IpMﬂO)KeHMﬁ.
Fl,u,po OI'IepaLI,MOHHOﬁ CUCTEMbI KOHTPONUPYET B3aUMMHYIO WUCKAHOYUTENBHOCTb BbINO/THEHUA
KPUTUYECKNX CeKLI,Ml\/i. OAHMM 13 NnpumepoB NCnosib3oBaHUA Me)KI'IpOLI,eCCHOl‘a CUHXPOHU3aL NN
ABNAETCA KOHTPO/1Ib KONMYECTBA 3anyLWEeHHbIX KOnui NPUNOXKEHNA.

class MyApplication
{

static void Main ()

{

var mutex = new Mutex (false, “MyApp ver 2.07);

if (!mutex.WaitOne (TimeSpan.FromSeconds (5), false))
{
Console.WritelLine (“lpujaoxeHre yxe 3anymeHo”) ;
return;
}
Run () ;
mutex.Dispose () ;




static void Run ()

{
Console.WritelLine (“Welcome to MyApp ver 2.0%);

B sTom ¢parmeHTe co34aeTcA «KMMEHOBAHHbLIN» MblOTEKC. Bbi30oB meToga WaitOne
no3BoONAET OAHOMY MOTOKY MAM NPOLECcCYy BOMTU B KPUTUYECKYHO CeKumio. Bbi3oB meToaa
WaitOne pna A[ONONAHUTENbHLIX KOMWI MNPUNOXKEHMA BO3BpaALLAET MpPM3HAK 3aHATOCTU
KPUTUYECKOM cekuuu. Mo 3ToMy NpU3HaAKy NpUAOXKEHMEe pacrno3HaeT ¢akT, YTo Komnua yiKe
3anyweHa. BpemeHHON WHTepBan B 5C wcnonb3yetcA [nA CAyvyaeB, €CAM  3anylUueHHoe
NpUIOXKeHWe 3aBepLuaeT BbinonHeHne. OcBobOXKAEHWE MblOTEKCA HE BbIMOJIHAETCA, TaK KaK HeT
HeobxoAMMOCTM nepeaaBaTb ynpaBAeHWEe Apyromy npoueccy. Bropoin aprymeHT B Bbi3oBe
WaitOne yKka3blBaeT, YTO UCNOb3YeTCA OXUAAHME FN06aNbHOrO MbIOTEKCA.

CurHanbHble coobLeHun

CurHanbHble co0bLWEeHMA NO3BONAIOT Peasn3oBaTb Pa3Hble CXeMbl CUHXPOHM3ALMK, KaK
B3aMMHOE UCK/IIOYEHUNE, TaK U YCTIOBHYH CUHXPOHM3aLMI0. [pr yCNOBHOM CUHXPOHM3aLMKN NOTOK
H610KMpyeTCa B OXKMAAHUKN cObbITUA, KOTOPOEe reHepupyeTca B gpyrom notoke. MNnatpopma .NET
npepocrasnset TpU TMNa CUTHANbHbIX CO0bLLEHNI: AutoResetEvent,
ManualResetEvent u ManualResetEventSlim, aTaKMe Wab/ioHbl CUHXPOHU3ALUMN,
NOCTPOEHHbIe Ha CUFHaNbHbIX coobleHnax (CountdownEvent, Barrier). lepBble gBa
TMNA  NOCTPOeHbl Ha obObekTe AApa  oOnepauMoHHOM  cucTembl.  TpeTud  Tun
ManualResetEventSlimsasnaerca obneryeHHoOM Bepcuent obbekta ManualResetEvent,
aBnaeTca 6onee NPon3BOANTENbHbIM.

B cnepylowem ¢parmeHTe nABa NOTOKA MCMONb3YIOT OAMH M TOT Ke OOBEKT Tuna
ManualResetEvent. lNepBblil NOTOK BbIBOAUT COObLLEHME OT BTOPOro notoka. CoobueHune
3anuCbiBaeTCs B pasfensemyto nepemeHHyto. Bbi3oB metoga WaitOne 610KMpyeT nepsbii
MOTOK B OXKMAAHUWM CUTHANA OT BTOPOro NoToKa. CUrHan reHepupyeTca Npu Bbi3oBe meToaa Set.

void OneThread (object o)

{
ManualResetEvent mre = (ManualResetEvent)o;
mre.WaitOne () ;
Console.WritelLine (“Data from thread #2: ” + data);

void SecondThread (object o)

ManualResetEvent mre = (ManualResetEvent)o;
Console.WritelLine (™Writing data”);

data = “BBR”;

mre.Set ()




BbiBoa;:

Writing data..
Data from thread#2: BBRB

OTnnumna nHctpymeHToB AutoResetEvent u ManualResetEvent 3akaioyaroTca B
pexknume cbpoca cTaTyca CUrHa/IbHOro CobbITUA: aBTOMaTUYEeCKoe (auto reset) Uam pydHoe
(manual reset). CurHan c aBTOMATMYECKMM COPOCOM CHMMAETCA Ccpasy Xe mnocne
0cBO6OXKAEHMA NOTOKA, 610KMPOBAHHOrO BbI30BOM WaitOne. CUrHan ¢ py4HbiM cbHpocom He
CHUMaAETCs A0 TeX Nop, NMOKa KakoM-1Mb0 NOTOK He BbI3OBET MeTo Reset.

B cneaywowem ¢parmeHTe paccMaTpUBAOTCA OTIMYMA  CUTHAJIbHBIX COODLLEHMIA.
Ynpasnawowuii notok Manager 3anyckaeT nATb paboynx NOTOKOB U KaXKAOMY nepeaaeT OAuH U
TOT K€ CUrHa/IbHbIN 06BEKT. Paboune NOTOKM 0XKMAAIOT CUrHaNa OT YNPaBASAIOLWEro NOTOKa.

void Worker (object initWorker)

{
string name = ((object[])initWorker) [0] as string;
ManualResetEvent mre =

(object[])initWorker) [1] as ManualResetEvent;

// Waiting to start work
mre.WaitOne () ;
Console.WriteLine (“Worker {0} starts ..”, name);
// useful work

void Manager ()

int nWorkers = 5;
Thread[] worker = new Thread[nWorkers];
ManualResetEvent mre = new ManualResetEvent (false);
for (int 1=0; i<nWorkers; i++)
{
worker[i] = new Thread (Worker);
worker[i].Start (new object[]{“#” + i, mre});
}
// preparing data in shared variables for workers
// let start work
mre.Set () ;

Mpw ycTaHOBAEHUM COOLITUA Mre paboTy HAYHYT BCe OXMAaoLWme paboume NoTokK. Mpu
3ameHe obbeKTa Ha AutoResetEvent cobbiTve 6yaeT cbpacbiBaTbCA aBTOMATUYECKU U
«NOMMAET» ero TO/IbKO KaKOW-TO OAMH MOTOK. Takmm obpasom, obbvekT AutoResetEvent

MOXHO NCNONb30BaTb ANA peann3daunmn B3aMMHO UCKNKOYNUTENBHOIO A0CTYyNa.

static void ThreadFunc (object o)

{

var lockEvent = o as AutoResetEvent;
ParallelWork () ;




lockEvent.WaitOne () ;
CriticalWork () ;
lockEvent.Set () ;

}

static void Main ()

{

Thread[] workers = new Threadl[5];
for (int 1=0; 1i<5; i++)
workers[i] = new Thread(ThreadFunc):;

var lockEvent = new AutoResetEvent (true);
for (int 1=0; 1i<5; i++)
workers[i].Start (lockEvent);

B aTom npumepe nsaTb paboumx NOTOKOB YacTb PabOTbl MOTYT BbINONHATL NapaAnenbHo,
HO KaKOW-TO ¢parMeHT AO0/KHbl BbINOAHATL MOC/AEA0BaTENbHO (KpPUTUYECKan ceKkuums).
CoobueHne Tuna AutoResetEvent wucnonb3yetca ANA  OpraHM3auMm  B3aUMHO-
MCKNIOYMTENBHOTO  A0CTyNa K  KPUTUYECKON ceKuuu. OObBEeKT WHULMANU3MpyeTca C
YCTaHOB/IEHHbIM CUTHA/IOM AAs TOro, Ytobbl BHayane paboTbl OAMH M3 MOTOKOB BOLIEN B
KPUTMYECKYIO ceKumto. MNpu 3aBepLUEHMN BbINONHEHUS KPUTUUYECKOWN CEKLIMM MOTOK AAeT CUTHAN
OAHOMY M3 OXKMAALLMX NOTOKOB. NOPAAOK BXOXKAEHMA NOTOKOB B KPUTUUECKYIO CEKLMIO, TaKIKe
KaK M Npu Mcnonb3oBaHnn obbekta Monitor, He onpegeneH.

06bekT ManualResetEventSlim ¢yHKUMOHANbHO COOTBETCTBYET CUTHA/NIbHOMY
CcobbITMIO C  pydY4HbIM cbpocom. [lpumeHeHne rMbpuaHONM BGNOKMPOBKM  MOBbIWAET
NPOM3BOAUTENBHOCTb B CLEHApMAX C Ma/biM BpeMeHeM OXupaaHua. BbisoB meToaa Wait B
TEYEHWE OrpaHUYEHHOro MPOMEXKYTKA BPEMEHM COXPAHAET MOTOK B aKTMBHOM COCTOSHMM
(uMKNMYecKas NpoBepKa cTaTyca CUrHana), eCam CUrHaa He NocTynu, TO OCYLLECTBAAETCA BbI30OB
AECKPMNTOPa OXUAaHUA AApa ONEPALNOHHON CUCTEMDI.

ObbeKkThl AutoResetEvent, ManualResetEvent, a TakXe o06beKTbl
Semaphore, Mutex NPOMCXOAAT OT 06bEKTA, MHKAMNCYNPYIOLLEro AeCKPUNTOP OXUAAHUA
aapaWaitHandle. Tun WaitHandle cogepXuT nonesHble cTaTu4eckne metoabl OXKUaaHuA
HECKO/IbKMX 0O BbEKTOB CMHXPOHU3ALUMN s4pa:

var evl = new ManualResetEvent (false)
var ev2 = new ManualResetEvent (false)
(new Thread (SomeFunc) .Start (evl);
(new Thread (SomeFunc) .Start (ev2);

// OxupmaeM BCE CHUITHAaJIH
WaitHandle.WaitAll (new ManualResetEvent|[] {evl, ev2});
evl.Reset (); ev2.Reset();

// OxupmaeM Xo0THa OB OOVH CUI'HAJ

int iFirst = WaitHandle.WaitAny (new ManualResetEvent][]
{evl, ev2});




Cemadopbl

O6beKT CMHXPOHM3AUMM Semaphore OTAMYAETCA OT CUTHANbHbIX COBLITUI Hannunem
BHYTPEHHEro CYeTYMKa C YCTaHaBAMBAEMbIM  MaKCMMaJibHbIM  3HayeHnem. OB6bekT
AutoResetEvent MOXHO MHTEPNPETMPOBaTb Kak cemadop C MAKCMMabHbIM CYETYMKOM

paBHbIM 1 (gBOMYHBIN cemadop).

B cnepyrowem dparmeHTe paccmaTpuBaeTca npumeHeHue cemadopos. B Koae
ncnonbsyetca 06beKT SemaphoreSlim. BMecTo HEro MOMXKHO WMCMNONb30BaTb O6BLEKT

Semaphore.

// TlpuMeHeHUre cemMadopOoB
class SemaphoreSlimTesting
{
private static SemaphoreSlim sem;
private static void Worker (object num)
{
// Xmem curTHaja OT yIpPaBJISOIETO
sem.Wait () ;
// HaumHaem pabdotry
Console.WritelLine (“Worker {0} starting”, num);
}
private static void Main ()
{
// MakcuMmalibHag eMKOCThL cemadopa: 5
// Hauanbuoe cocrTodgHre: 0 (Bce OJIOKMPYIOTCSH)
sem = new SemaphoreSlim (0, 5);
Thread[] workers = new Thread[1l0];
for (int i=0; i<workers.Length; i++)
{
workers[i] = new Thread (Worker) ;
workers[i].Start (i) ;
}
Thread.Sleep (300);
Console.Writeline (“Paspemaem paboTy Tpem padoumm”) ;
sem.Release (3) ;
Thread.Sleep (200) ;
Console.WritelLine (“PazpemaeMm paboTy eme nByM paboumm”) ;
sem.Release (2) ;

B metoge Main nHuumanmsmpyetca cemadop SemaphoreS1lim. HayanbHoe 3HaveHue
BHYTPEHHEero cyeT4ymka paBHo 0, MakcMmanbHoe 3HaYeHue — 5. Paboune NnoTokn 6aoKMpytroTca,
TaK KaK cyeTunk cemadopa paBeH HyNt0. [NaBHbIA NOTOK YBENNYMBAET CHETYMK HA TPU €4UHNLbI,
TeM cambiM ocBoboXaan TpM NoToKa. MNocne HeboAbWOWM Nay3bl raBHbIN NOTOK ocBoboXaaeT
elle aBa NOTOKa.

BbiBOA, Nporpammsi:




PaspemaeMm paboTy TpeMm padoumMm
Worker 9 starting

Worker 6 starting

Worker 0 starting

Paspemaem paboTy eme OByM padboumMm
Worker 8 starting

Worker 1 starting

ATOMapHbIe onepaTopbl

Bnbnuoteka .NET 4.0 npepocTtaBnfeT BblICOKO3G(DEKTMBHbIE aTOMapHbIE OMNepaTopbl,
KoTOpble peann3oBaHbl KaK cTaTnyeckue meToabl Kslacca
System.Threading.Interlocked. ATOMapHble onepaTopbl NpeaHasHayeHbl ANA
notokobesonacHoro HeboKMpytoLLero BbINO/IHEHWNA onepauui HaZ4  AaHHbIMMU,
npenmyLLecTBeHHO Le/I04NC/IEHHOrO TMNa.

OnepaTtop MeTog Tunbl 4aHHbIX

YBenmueHne cHeTYMKa Ha Increment Int32, Int64

efnHuLy

YMeHblUeHne cyeTumKa Ha Decrement Int32, Int64

eanHuLy

JobasneHune Add Int32, Into64

O6MeH 3HaYeHUsIMU Exchange Int32, Into4, double,
single, object

YcnoBHbIN 06MmeH CompareExchange Int32, Into4, double,
single, object

YreHune 64-paspagHoro Read Into4

uenoro

ATOMapHOCTb 03HAYaEeT, YTo NPU BbINOSHEHMM ONEpPaTopPa HUKTO He BMeluaeTcA B paboTy
notoka. ®OyHKUMOHANbHO, aTOMapHble OnepaTopbl PABHOCUAbHLI KPUTUYECKOW CEKLUUW,
BblAE/IEHHOM Cc NnoMmoupblo 1ock, Monitor uam apyrux cpeacts CUHXPOHU3ALMM.

lock (sync obj)
{
counter++;
}
// MOXHO BHIIOJIHUTH C IIOMOIBI0 aTOMApPHOI'O ollepaTopa
Interlocked.Increment (ref counter);

ATOMapHble onepaTopbl ABAAKTCA HEO/OKMPYIOWMMM - MOTOK HE BbITPYXKAETCA U He
OXWOAeT, NnosTomy o0b6ecrneuyMBaloT BbICOKYHO 3PPEKTMBHOCTb. BbiNonHeHMe onepaTtopa
Interlocked 3aHMMaeT BABOE MeHbLUee BPEMSA, YEM BbINOJHEHME KPUTUYECKOM CEeKLUU C
lock-610KMpPOBKOM H€3 KOHKYpPEHLUUM

Onepatop Interlocked.CompareExchange no3BoaAeT aTOMapHO BbINOJAHUTb
KOHCTPYKLMIO «NPOBEPUTb-NPUCBONTLY?:




lock (LockObj)
{

if(x == curVal)
X = newVal;
}
0ldVal = Interlocked.CompareExchange (ref x, newVal, curVal);

Ecnu 3HayeHMe nepemeHHOM X PaBHO 3HAYEHWIO, 3343aBaEeMOMY TPETbUM apryMeHTOM
curVal, TO nNepemeHHOW MpPMCBaMBAETCA 3HAyYeHMe BTOPOro aprymeHta newVal.
BosBpalyaemoe 3HaYeHWe No3BOASAET YCTAaHOBUTb, OCYLLECTBUNACHL 1Y 3aMEHA 3HAYEHUS.

ATOoMapHbI onepatop Read npegHa3HayeH Ana MnoTokobesonacHoro 4teHusa 64-
paspAagHbIX uenbix uncen (Int64).YreHme 3HayeHMn TMNa 1ong (Int64) Ha 32-pa3psagHoi
BbIYNC/IUTENIBHON CUCTEME HE ABASAETCA aTOMapHOM onepauueint Ha annapaTHOM YPOBHeE.
MosToMy MHOronoTtoyHasa paboTta ¢ 64-pa3pAaHbIMK NEPEMEHHbIMU MOXKET MPUBOAUTL K
HEKOPPEKTHbIM pe3yabTaTamM. B cieaytoliem pparmeHTe NPOUNNTIOCTPUPYEM Npobaemy YTeHUs
nepemeHHbIX TMna Int64:

Int64 bigInt = Int64.MinValue;

Thread t = new Thread (() => {
while (true) {
if (bigInt == Int64.MinValue)
bigInt = Int64.MaxValue;
else
bigInt = Inté64.MinValue;
Yo
t.Start (),

List<Int64> 1stBig = new List<Int64d>();
for (int i=0; i < 1000; i++)
{
Thread.Sleep(100);
1stBig.Add (bigInt) ;
}
t.Abort () ;

Console.Writeline ("Distinct values: " + 1lstBig.Distinct () .Count());
1stBig.Distinct () .ForAll (Console.WritelLine);

B aTom npumepe 3HayeHMe nepemeHHON bigInt M3MEHAETCA TONIbKO B OAHOM NOTOKeE.
OCHOBHOWM NOTOK MepuMOAMYECKU YUTaeT TeKywme 3HadyeHuma bigInt. MOTOK t UMKAMYECKM
MeHAET 3HayeHue nepemeHHon bigInt ¢ MinValue Ha MaxValue u ¢ MaxValue Ha
MinValue. Tem He mMeHee, BblBOZ MOKA3blBaeT, YTO OCHOBHOW MOTOK MPOYMTAN U Apyrue
3HAYeHUA. ITU KNPOMENKYTOUYHbIE» 3HAYEHUA NOABUINUCH M3-32 HE aTOMAPHOCTU AEUCTBUIN HaL,
64-pa3pAaaHbIMM NepeMeHHbIMM — MOKa OCHOBHOM NOTOK MpoynTan nepsble 32 6UTa umncna,
AOYEPHUIM NOTOK U3MeHun cnegyrowme 32 buta. MpegnocnegHAa CTPOYKa BbIBOAUT YMCAIO
Pa3NIMYHbIX 3HAYEHUI NepemeHHOM bigInt, NPOYMTaHHbIX B OCHOBHOM MOTOKe. [ocneaHanA
CTPOYKa BbIBOAMT Ha KOHCO/1b BCE Pa3/INYHbIE 3HAYEHUA.




Distinct values: 4

-9223372036854775808
-9223372032559808513
9223372036854775807
9223372032559808512

[na yctpaHeHuna npobnembl Heob6x0AMMO cAeNaTb aTOMAPHbIM 3aMUCb U YTEHNE NepemeHHOM
bigInt:

Int64 bigInt = Int64.MinValue;
Thread t = new Thread(() => {
while (true) {
Int64 oldValue = Interlocked.CompareExchange (ref biglInt,
Into64d.MinValue, Int64.MaxValue);
Interlocked.CompareExchange (ref bigInt,
Into4d .MaxValue, oldValue);
o)
t.Start () ;
List<Int64> 1lstBig = new List<Int64>();
for(int 1i=0; 1 < 1000; 1i++)
{
Thread.Sleep(100);
lstBig.Add (Interlocked.Read(ref bigInt));
}
t.Abort () ;

Console.WritelLine ("Distinct wvalues: "
+ 1lstBig.Distinct () .Count());
lstBig.Distinct () .AsParallel () .ForAll (Console.WriteLine);

N3meHeHne bigInt peann3oBaHO c NOMOLWpBIO ABYX onepaTtopoB CompareExchange.
MepBbln onepatop nbiTaeTca npucBouTb MinValue, ecnm Tekylwee 3HayYeHWe pPaBHO
MaxValue. Onepatop BO3BpallaeT cTapoe 3HayeHue. CpaBHMBaA TeKyllee €O CTapbimM
3HauYeHMeM, onpeaensieM, MPOM3OWNO AU U3MeHeHue. Ecnn uameHeHua He 6b10, TO
npucBaMBaem MaKCMMasbHOe 3HavyeHue MaxValue. ATomapHoe 4YTeHUe peasin3oBaHO C
nomouwbto onepatopa Interlocked.Read. BbiBog pe3ynbraToB CBUAETENbCTBYET O
pelweHun npobaemol:

Distinct wvalue: 2
-9223372036854775808
9223372036854775807

Onepauun Hag 64 paspagHbIMM  UenbiIMWM Ha 64-pa3spagHoi cucteme ABAAOTCA
aTOMapHbIMM Ha annapaTHOM YpoOBHE, NMO3TOMYy He TPebyloT CpeacT8 CUHXPOHM3AUUM NpU
napannenbHoOM 3anucu M YteHuu. HOo npu napannenbHoOn 3anmMcu B HECKONIbKMX MOTOKaX,
BO3HMKaeT Nnpobiema roHKM AaHHbIX.






