TnnoBble moaenu napannenbHblix
NPUNOXKEHWNN

CylecTByIOT C/iegytoLimMe pacnpoCcTpaHeHHble MOAENN NapaneNbHbIX MPUNONKEHWNN:

® MoAeNb AenernpoBaHua («ynpasnaroWmin-padbouminy);
® CeTb C paBHOMPABHbIMMK y3/1aMu;
e KoHBelep («nponsBoguTenn-notTpebutenm»);

Kaxkgaa mopgenb XapaKTepusyetca cobcTBeHHOM ,D,EKOMI'IOBMLI,VIEI‘;I pa60T, KOTOpan
onpegendaeTt, KTo OTBeYaeT 3a nopoxaeHne noasagayd m npu Kaknx ycaoBmAax OHM CO344aH0TCA,
KaKkune MHd)OpMaLI,MOHHbIe 3dBUCUMOCTU meXay noa3agav4yamMmm CyLLeCTBYIHOT.

Modenb OnucaHue
Modenb LleHTpanbHbIA NOTOK («ynpaBasaoWmiiy) co3gaer «pabouyne» NOTOKU U
Oese2upos8aHusA Ha3HA4YaeT KaxXAOMy M3 HUX 334a4y. YNpasBaAlWMA NOTOK OXMAAeT

3aBepLieHuMA paboTbl NOTOKOB, COBUpPAET pe3yibTaTbl.

Modensb ¢ HeT LeHTpanbHOro y3na, Bce NOTOKM y4acTBYOT B 06paboTke.
pPasHONPasHsIMU

y3namu

KoHseliep KoHBelepHbI Noaxo4 NpMMeEHAEeTcsa ANA No3TanHoi 06paboTkM NoToKa

BXOAHbIX AaHHbIX. BxogHble paHHble o6pabaTbiBatloTcA  CTPOro
nocnenoBaTesbHO.

Moaenb aAenernposaHua

B Moaenn penermpoBaHus BblAeNAeTcA OAMH LEHTpasbHbl MOTOK (MeHezKep,
ynpaBAAloWMi, Mactep) M HECKONbKO pabouymx MNOTOKOB. YNpaBAAlOWMKA NOTOK 3anyckaet
pabouse nNOTOKM, nepesaeT MM BCe HeobXoAMMble [aHHble, KOHTPOAMPYeT paboTy w
obpabaTbiBaeT pe3ynbTaTbl NOCAE UX 3aBEPLUEHUA.

K mogenu generMpoBaHUA OTHOCUTCS Tak HasbiBaemas cxema «fork-join». dtan “fork”
(pa3BeTBneHWE) — penermpoBaHne MOAHOMOYMM paboymm NOTOKaM: CO34aHWME, 3anyck,
nepegaya napameTtpoB. dtan “join” (npucoeauHeHue) — OXMAaHWEe 3aBeplleHus pPaboThbl
MOTOKOB.



fork join

CambiM NpPOCTbIM crnocobom peanmnsaumm cxembl fork-join ABNAETCA NPUMEHEHUE

wabnoHa Parallel.Invoke:

Parallel.Invoke (workerl, worker?2, worker3);

LWabnoH napannenbHo 3anyckaeT paboume snemeHTbl U 61O0KUPYET OCHOBHOM NOTOK A0
3aBepLieHma paboTbl.

Echn B rnaBHOM MOTOKE BbINONAHAETCA KaKasa-n1nmbo pa60Ta napannenbHo C pa60‘-IMMI/1
NOTOKaMu, TO MOXXHO UCNO1Ib30BATb 06beKTbl Task u BCTPOEHHbIE MEXaHU3Mbl OXKNOAHNA.

Task tl = Task.Factory.StartNew(..);
Task t2 Task.Factory.StartNew(..);
Task t3 Task.Factory.StartNew(..);

// TapannenbHasa paboTa LeHTPaJIbHOTO y3Jjia
fManager () ;

// Oxunmaem 3aBeplmieHud pPaboThH
Task.WaitAll(tl, t2, t3);

// ObpabaTeiBaeM pe3yJibTaTh

fResults () ;

Ob6DBEeKT CUHXPOHM3auMM CountdownEvent no3BOAAET BbINOAHATL KOOPAMHALMIO
paboTbl ynpasnsowero n paboumx notokoB. O6bBEKT 06nafaeT BHYTPEHHUM CYETYMKOM,
KOTOPbIN YyCTaHaBAMBAETCA NPU MHUUMANM3auumn obbekTa. MMpu 3aBepleHuMM paboTbl Uau
[OCTUXKEHMM KaKoro-nmbo sTana paboumii NOTOK Bbi3biBaeT MeToh Signal, yMeHbLIaoWmi
BHYTPEHHUIA cYeTumK. Koraa BHYTPEHHWA CYETYMK CTAHOBUTCA PABHbIM HY/O, OOBEKT
CUrHANM3MpPyeT NOTOKY, OXKMAAIOLWEMY C MOMOLLbIO MeToga Wait.

static void Main ()

{

int N = 5;
CountdownEvent ev = new CountdownEvent (N) ;
Thread[] workers = new Thread[N];

for (int i=0; 1i<N; i++)
{
int y = 1i;
workers[i] = new Thread(() => {
DoSomeWorkl (y) ;




ev.Signal () ;
DoSomeWork?2 (y) ;
1)
workers[i].Start () ;
}
while (!ev.IsSet)
{
ev.Wait (TimeSpan.FromSeconds (5)) ;
Console.WriteLine (“{0}-pabouux =zaxkoHumIM”,
ev.CurrentCount) ;
SaveCurrentResults () ;

Mpu MHMLMaNn3aLMm 06 bEKTA YKA3bIBAETCA HaYalbHOE 3HAYEHWE BHYTPEHHEro CHeTYMKA
obbekTa. Kaxkabii pabounii NOTOK Npu 3aBepLleHnn PaboTbl yMEHbLLAET 3HaYeHME CYETYMKA C
NOMOLLbIO MeToZa Signal. YMeHblUeHMe cYeTUMKa ocyLecTBaseTca noTokobesonacHo. Koraa
3HAYEHME CYEeTUYMKA YMEHbLUMTCA [0 HyNsa, OOBLEKT CUHXPOHWM3AUMM  CUTHANU3IUPYET
0XXMAaoLWemMy rnaBHOMY NOTOKY, NPW 3TOM IN1aBHbIM NOTOK pa3baoKMpyeTcs.

Kpome 610KMpPYIOLEro OXWUAAHUA C MOMOLLbI0 MeToAa Wait, TakKe MOXHO
NCNONb30BaTb NEPerpysKy, NPUHMUMAIOLLLYIO B Ka4ecTBe apryMeHTa MHTepBaa B MUIIMCEKYHAAX,
B TeYeHMe KOTOPOoro MoToK B6aoKupyeTcs. TeKyllee 3HaYeHUe BHYTPEHHEro CYeTYMKa MOKHO
y3HaTb C MomoLllb0 cBoMcTBa CurrentCount, cBoMcTBO IsSet no3Bonser onpeaenuntb
YCTaHOBNEH 1N CUTHAN UM HeT.

ObbekT Barrier WHKancynMpyeT 6apbepHYl CUHXPOHM3AUMIO C BO3MOXKHOCTbIO
HECKONbKUX 3TanoB. [pu 6apbepHON CUHXPOHM3AUMM HECKONbKO YYaCTHMKOB MOTyT
napannenbHO BbINONHATL CBOK paboTy. Mpu 3aBepweHUn pPaboTbl YHACTHUKM O0KMOAKOTCA
ocTanbHbIX. Mocne 3aBepieHna paboTbl BCeX y4aCTHUKOB BbINOHAETCA GUHANbHBIN 06paboTunK
Ha [JaHHOM 3Tane. [ocne 3aBepleHns paboTbl GUHaNbHOro o06paboTuMka HauyMHaeTcs
cneayrolmii aTan, u paboTa y4aCcTHUKOB BO306HOBAAETCA.

3tan 0 dtan 1

MpM  MHMUMaNM3auMM OBBEKTa  YKa3bIBAaeTCA YMCAO  YYacCTHUMKOB bapbepHoW
CUHXPOHM3aLMM U AENerat, Bbi3blBaEMbI B KOHLLE KaXK40ro aTana.




Barrier bar = new Barrier (3, (bar) =>
{
Console.Writeline (“Phase: {0}Y,
bar.CurrentPhaseNumber) ;

1)

Action worker = () => {
Workl () ;
bar.SignalAndWait () ;
Work2 () ;
bar.SignalAndWait () ;
Work3 () ;
}i
var wl = worker; var w2 = worker; var w3 = worker;

Parallel.Invoke (wl, w2, w3);

MeTtoa SignalAndWait curHanusupyeT o 3aBepLlieHUN PaboTbl 4aHHbIM YY4aCTHUKOM
N GNOKMpPYyeT MOTOK A0 3aBeplueHus paboTbl Bcex yyacTHMKoB. O6bekT Barrier nossonser
N3MEHSATb YNC/I0 YYaCTHMKOB B Npouecce paboTbl.

PeKypcrBHbIe aNropuTMbl OTHOCATCA K MOAENAM AeNerMpoBaHua. B kauectse npumepa
PacCMOTPMM anropuTm ObICTPOM COPTUPOBKU. ANTOPUTM PEKYPCUBHO pa3buBaeT AuanasoH
yMcen Ha ABa AManasoHa B COOTBETCTBMM C BblOpPaHHbIM BeAyMM 31€MEeHTOM — NeBbIi
ANanasoH COAEPMKUT TONbKO 4YMUCNA, MEHbLUME WU pPaBHble BeAyLemy 3/1eMeHTY; NpaBbii
ANanasoH CoAepKUT umncna, bonblune Beayllero anemeHTta. PacnapannennsaHue anroputma
CBOAMUTCA K OAHOBPEMEHHOMY BbINONHEHUIO 06pPabOTKM NEeBOro M NPaBoOro AnanasoHa.

static void ParallelSort (T[] data, int startIndex, int endIndex,
IComparer<T> comparer,
int minBlockSize=10000) {

if (startIndex < endIndex) {
// MaJsio 3JIEMEHTOB — BHIIOJIHAEM I[1OCJIEHOBATEJIbLHYI0 COPTUPOBKY
if (endIndex - startIndex < minBlockSize) {
// TlocnemoBaTeJibHAS COPTUPOBKA
Array.Sort (data, startlIndex,
endIndex - startIndex + 1, comparer):;
} else {
// OmnpenessgeM Benymmii 3JIEMEHT
int pivotIndex = partitionBlock(data, startIndex,
endIndex, comparer);
// obpabaTeiBaeM JIEBYK M MNPaByl YacTb
Action leftTask = () =>
{
ParallelSort (data, startIndex,
pivotIndex - 1, comparer,
depth + 1, maxDepth, minBlockSize);
1)
Action rightTask = () =>
{




ParallelSort(data, pivotIndex + 1,
endIndex, comparer,
depth + 1, maxDepth, minBlockSize);
1)
// wait for the tasks to complete
Parallel.Invoke (leftTask, rightTask);

}

// OcymecTBisgeM lepepacrpeneijieHre >SJIEMEHTOB
static int partitionBlock (T[] data, int startIndex,
int endIndex, IComparer<T> comparer) {

// Bemymmil sJIeMeHT
T pivot = data[startIndex];
// TlepememaeM BenylmmMi SJIEMEHT B KOHEI] MacCuUBa
swapValues (data, startIndex, endIndex);
// MHIOeKC Benylero 3JIeMeHTa
int storeIndex = startIndex;
// LUKJI IO BCEM 3JIEMEHTaM MaccuBa
for (int i1 = startIndex; i1 < endIndex; i++) {
// uileM 3JIEMEHTH MEeHbIIVE WMJIM PaBHLHE BeoylleMy
if (comparer.Compare (data[i], pivot) <= 0) {
// rnepeMmemaeM B3JIEMEHT ¥ yBeJMUMBAEM MHIOEKC
swapValues (data, i, storelndex);
storelIndex++;

}
swapValues (data, storelndex, endIndex);
return storelndex;

}
// OBMEH 3JIEeMEHTOB
static void swapValues (T[] data,
int firstIndex, int secondIndex) {

T holder = data[firstIndex];
data[firstIndex] = data[secondIndex];
data[secondIndex] = holder;

static void Main(string[] args) {
// generate some random source data

Random rnd = new Random() ;

int[] sourceData = new int[5000000];

for (int 1 = 0; i < sourceData.Length; i++) {
sourceData[i] = rnd.Next (1, 100);

QuickSort (sourceData, new IntComparer()):;




OcHoBHas npobnema pPEKYPCUBHbIX aNrOPUTMOB  3aK/OYAETCA B CHUMKEHWUMU
addeKTMBHOCTM Npu Bonblioh rnybuHe pekypcun. s orpaHUYeHna pekypcMBHOIo pasbuneHuns
MHOXEeCTBa LAHHbIX MPUMeHAeTca noporosas BennymHa MinBlock. Ecnm yncno anemeHToB B
6/10Ke HEe3HauyuTeNbHO, TO BbINOJIHAETCA HEPEeKYpPCMBHaAA COPTMPOBKA (My3blpbKoOBas WAM
COPTMPOBKA CO BCTaBKaMu). PacnapannennsaHme 6b6ICTPON COPTUPOBKU NPUBOLMT K €LLLEe OAHOMY
MCTOYHWUKY HaKNaZHbIX PacXofo0B — PEKYPCMBHOE MOPOXKAEHME 33434, KOHKYPUPYHOLWMX 33
paboune noTokn nyna. Mpu Mcnonb30BaHUM MOJIb30BaTE/IbCKUX NMOTOKOB (paboTa ¢ obbeKkTamm
Thread) KoHKypeHUUsi byaeT daTanbHOM — PEKYPCUBHOE MOPOXKAEHUE MOTOKOB MPUBOAUT K
3HAUMTENIbHbIM HaKNAgHbIM pacxogamM. [nA KOHTPONA cTeneHW napannennsma npUMeHALoT
HeCcKoabKo noaxoaos. Cambii NPOCTOM CNOCOD 3aKtoYaeTca B KOHTpoAe rybuHbl pekypcumn —
ecnun rnybuHa pekypcum npeBbIaeT HEKMIA NOPOT, TO BbIMOAHAETCA Nocnea0BaTeibHaA bbiCTpas
COPTUPOBKa.

static void ParallelSort (T[] data, int startIndex, int endIndex,
IComparer<T> comparer,
int minBlockSize=10000,
int depth = 0,
int MaxDepth)

// TlocrmenmoBaTejibHAg COPTUPOBKA
if (endIndex - startIndex < minBlockSize)
InsertionSort (data, startIndex, endIndex, comparer);
else
{
// OmnpenejssgeM BenOyuui SJIEMEHT
int pivotIndex = partitionBlock(data, startIndex,
endIndex, comparer):;
// obpabaTuuk JIEBOM YaCTHU
Action leftTask = () =>
{
ParallelSort (data, startIndex,
pivotIndex - 1, comparer,
depth + 1, maxDepth, minBlockSize);
}) g
// obpaboTuMK MNPaBOi YaCTH
Action rightTask = () =>
{
ParallelSort(data, pivotIndex + 1,
endIndex, comparer,
depth + 1, maxDepth, minBlockSize);
}) g

if (depth >= MaxDepth)
{
leftTask () ;
rightTask() ;

else

Parallel.Invoke (leftTask, rightTask);




FnybuHa pekypcum ABAAETCA NPOCTbIM KPUTEPUEM, HO HE ONTUMa/bHbIM. MpK Naoxom
BblbOpe Beayllero snemeHTa, 6/10KM 6yayT HepaBHOMEpPHbIMU, U TAybuHa pekypcuu ana
0bpaboTkK Kaxkgoro 6/10ka byaeT pasnyHoi. Ecan npaBan 4acTb COAEPKUT MAJIO S/1IEMEHTOB,
To o0bpaboTka npaBoit YyacTM OyaeT 3aBeplueHa AO0CTaTo4HO  bbicTpo. [MoaTomy
pacnapannenvMBaHue obpaboTKM 1IEBOM YaCTN MOXKET OCYLLECTBAATLCS M Npu bonblien rnybuHe,
yem 3a4aHO napameTpom MaxDepth. PeannsoBaTb «afanTMBHbLIAY NapanienvMsm MOXKHO C
NOMOLLbIO Pa3aeAeMoro cHeTYMKa (GaKTUYECKUX BbIMOMHAIOWMXCA NapannefibHbiX BbI30BOB.
Mpu napannenbHOM 3anycke H6bICTPON COPTUPOBKM - CHETUMK YBENMUMBAETCSA, MPU 3aBEPLUIEHUM
napannenbHbIX BbI30BOB — CYETYMK YMeHblUaeTcA. M3meHeHMAa cyeTyMka Heobxoammo
BbINONHATb aTOMapHO C MOMOLLbIO MeTo408 Interlocked. Increment,

Interlocked.Decrement

static int parallelCalls;

static void ParallelSort (T[] data, int startIndex, int endIndex,
IComparer<T> comparer,
int minBlockSize=10000)

// TlociermoBaTejibHAg COPTUPOBKA
if (endIndex - startIndex < minBlockSize)
InsertionSort (data, startIndex, endIndex, comparer);
else
{
// OmnpenesgeM BenOymmi sJEMEeHT
int pivotIndex = partitionBlock (data, startIndex,
endIndex, comparer):;
// obpaboTuuk JIEBOM UYaCTHU
Action leftTask = () =>
{
ParallelSort (data, startIndex,
pivotIndex - 1, comparer,
depth + 1, maxDepth, minBlockSize);
1)
// obpaboTuMK MNpPaBoO YaCTH
Action rightTask = () =>
{
ParallelSort (data, pivotIndex + 1,
endIndex, comparer,
depth + 1, maxDepth, minBlockSize);
1)

if (parallelCalls > MaxParallelCalls)
{

leftTask();

rightTask() ;




else

Interlocked.Increment (ref parallelCalls);
Parallel.Invoke (leftTask, rightTask);
Interlocked.Decrement (ref parallelCalls);

MaKkcumanbHoe 4YuUCNo MnapannenbHbiX Bbl30BOB MaxParallelCalls MOXHO
BbIOMPATb B 3aBMCMMOCTM OT YMCNA ALEP BbIYUCAUTENBHOM CUCTEMDI:

MaxParallelCalls = System.Environment.ProcessorCount / 2;

Takum obpasom, ona ABYALEPHOM CUCTEMbl paspellaeTca OAMH MapaniebHblii BblI30OB ABYX
MEeTOA,0B.

Mopaenb ¢ paBHONPaBHbIMU Y3/1aMK

B Mmozienn c paBHOMPaBHbIMUM y31aMK BCE NOTOKM (MK 334a4M) y4acTBYOT B 06paboTKe;
LEeHTPa/IbHOro y3na HeT. PaboTa y3/10B MOXeT OCyLEeCcTBAATLCA NapaaiesibHo. 3aZaun, B KOTOPbIX
OEKOMMNO3NLMA OCYLLLECTBAAETCA MO AAHHbIM, ABAAIOTCA NPUMEPOM MOAENMN C PAaBHOMPABHbIMMU
y3namu. Ona peannsaunm anroputmMoB C Napannesim3amom no AaHHbIM MOXHO MCNO/Ab30BaTb
cpeactBa TPL, aBTOMATUUYECKM OCYLLECTBAAIOLWME AEKOMMNO3ULMIO N arperaunto pesybTaTos C
YYETOM BO3MOXKHOCTEN BbIMUCAUTENBHON CUCTEMbI U TEKYLLEN 3arpy*KeHHocCTblo. B 3Ty rpynny
BXOAAT WabnoHbl Parallel.For, Parallel.ForEach, aTakxe TexHonorua PLINQ.

B cnepytolem npumepe paccMaTpUBAETCs MaTPUUYHOE YMHOXKEHWE C AeKOMMNO3MLMEN No
CTPOKaM nepBoM MaTpuubl. Kaxkabiit pabounii noTok (noasafava) onepupyer ¢ OL4HON UM
HECKO/IbKMMM CTPOKaMM MepBON MATPULLbl U BCEIM BTOPON MaTpuuen. TakMm 06pa3om, KaxKabln
MOTOK BbIYUCNAET COOTBETCTBYIOLWME CTPOKU pe3ynbTupytoweln matpuubl. Ana addeKkTmBHoro
pasaeneHna CTPOK MaTpULbl MOXKHO MCNONb30BaTh WabnoH Parallel.For.

Parallel.For (0, N, i => {
for (int j=0; J<N; J++)
for(int k=0; k<N; k++)
Cli,3]1 += A[i,k] * B[k, Jl;
1)

B mopenu c paBHONpaBHbIMK y31aMKn paboTa KaKAOro y4acCTHMKA MOMKET BK/HO4YaTb
HECKO/IbKO Nocne0BaTeIbHbIX 3TanoB. [pumepom MHOrosTanHom obpaboTkm asnsaetca wWabnoH
Map/Reduce. O6paboTKa 31eMeHTOB BK/OYAET C/ieaytoLime 3Tanbl:




1. Map. ObpaboTKka anemeHTOB, GOPMUPOBAHUE ANA KAXKAOro 3/1€MeHTbl Napbl
«KHOY-3HAYEHMEY, TPYNNUPOBKA 3/1EMEHTOB MO K/THO4YaM.

2. Reduce. O6paboTKa crpynnmMpoBaHHbIX 31€MEHTOB M BbINOJHEHME ANA KaXKA0N
rpynnbl 3a4aHHOW peayKumm.

Mpumepom WwabnoHa Map/Reduce aBnseTtca 3adadva NoAcyETa BCTPEYAaEMOCTM CNOB B
Tekcte. Onepauma Map co3gaeT ANA KaXK[0ro YHUKaNbHOrO C/10Ba Napy «KAKY-3HAYEHMEN, KNtoY
COOTBETCTBYET C/OBY, 3Ha4YeHMe paBHO eauHuue. Bce cnosa rpynnupytotca. Onepauma Reduce
BbIYMC/IAET KOIMYECTBO CN10B B KaXKAOM rpynne.

// Onepauwa Map
// TeHepupyeMm Hape Kiou-3Hauehnme (word, 1)
ILookup<string, int> map =
words.AsParallel () .ToLookup(p => p, k => 1);

// Onepauma Reduce
// BHUMCIISEeM BCTPEeUYaeMOCTb CJIOB
// OrbupaeM C YaCTOTOM BCTPEYaeMOCTHM OoJjiblie 1
var reduce = from IGrouping<string, int> wordMap
in map.AsParallel ()
where wordMap.Count () > 1
select new { Word = wordMap.Key,
Count = wordMap.Count () };
// OroBpaxeHue pPes3yIibTaTOB
foreach (var word in reduce)
Console.WriteLine (“Word: ‘{0}’; Count: {1}”,
word.Word, word.Count):;
Console.ReadLine () ;

Ona nosbiweHns 3GpGeKTUBHOCTM anropmuTM MOXKHO NepenucaTb B Buae ogHoro PLINQ-3anpoca:

var files =
Directory.EnumerateFiles (dirPath, “*.txt”) .AsParallel();

var counts = files
.SelectMany (f =>
File.ReadLines (f) .SelectMany (line =>
line.Split (delimeters)))
.GroupBy (w => w)
.Select (g => new {Word = g.Key, Count = g.Count()});

B nepBoii CTPOKE MHULMANUZUPYETCA NEPEUYUCIMMBIA CMUCOK GalNoB C pacluMpeHnem
*txt B8 pgupektopum dirPath. Cnucok ¢annoB  npeacrasaser  cobov  Tmn
ParallelQuery<File>, no3ToOMy BCe 3anpocbl BbINOAHATCA MapannenbHo. [lepBbln
3anpoc SelectMany popmupyeT 0b6LWmMIA CNNCOK CNoB 13 BCex parnos. [na pasaeneHuna CTpok
danna Ha cnosa ucnonb3yetca maccms pasgenutene delimeters. Onepatop GroupBy
ocyLLecTBAAET rPYNNNUPOBKY C/10B, NocneaHUin onepatop Select ana kaxxgom rpynnbl popmmpyet
6e3bIMAHHBIN TUN ¢ nonamn Word n Count




Moaenb KoHBenepa

B mozenun koHBeliepHoN 0bpaboTkm (pipelines) NOoTok obpabaTbiBaeMbiX AAHHbIX
NPOXOAWUT Yepe3 HeCKONbKO 3TanoB. [1poxoXAeHWe 3TanoB OCYLWECTBAAETCA CTPOro
nocneposatenbHo. MNapannenvMsm AOCTUraeTcAa 3a CYeT OAHOBPEMEHHOW 06paboTKM pasHbIX
3/1EMEHTOB Ha Pa3HbIX 3Tanax.

Ecnn nocnepoBaTeNibHOCTb 3/1EMEHTOB 3apaHee onpegeneHa W nopAagoK 06paboTku
3/1IEMEHTOB He BaXKeH, TO A/A pacnapannenvsaHua 3¢deKTUBHEEe MCNoib30BaTb MOAE/Nb C
paBHONPaBHbIMK y31amMKn (wabnoH MapReduce, wabnoH Parallel.For). KoHBelepHan
06paboTKka BO3HMKAET Npu paboTe ¢ Nnocnen0BaTeIbHbIMW NOTOKAMU AaHHbIX (MOTOKM COBbITUIA,
MOTOKM BWAEOCUIHANIOB, MOTOKU M300paxKeHuin), a TaKKe Npu MHOrosTanHolh obpaboTke
3/1eMEeHTOB NOoC/e0BaTeNbHOCTM B CTPOro 3a43aHHOM NopAaKe.

PaccmoTpum  KoHBeiep, obpabaTbiBalowmini AOKymMeHTbl. O6paboTka [AOKYMEHTOB
BK/IIOYAET c/ieAytolme 3Tanbl: 3arpy3ka AOKyMeHTa (M3 ¢alina, U3 NnoYToBOro cepsepa v T.4.),
NpoBepKa npaBonucaHus, GopmaTMpoBaHWe, OTNpaBKa AOKymeHTa. O6paboTKka A0KYMEHTOB
BbIMO/IHAETCA CTPOro NocneA0BaTe/IbHO, TO eCTb NEPBbLIM OTNPABAAETCA TOT AOKYMEHT, KOTOPbIN
3arpy»eH nepsbiM. Ho npu opraHnsaumm KoHBelepa 06paboTKa pasHbIX JOKYMEHTOB Ha pPasHbIX
aTanax MOXeT OCYyLLEeCTBAATLCA NapannesibHo.

3arpyska | Mposepka | ®opmaTtnpo- | Otnpaska
[LOKYMEHTa | npaBonucaHus " BaHue | pokymenTa

Peanunsauuio KoHBeliepHON 06pabOTKM MOXKHO peann3oBaTb C MOMOLLbIO 3343y M
KOHKYPEHTHbIX oyepegen. Kaxpan 3agadva peanusyeT 3Tan KOHBeKepa, oyepeam BbICTynakoT
6ydepamu, HaKanAMBaOLWNUMMN SINEMEHTbI.



3arpyska
OOKYMEHTOB

-

MpoBepka
npaBonMcaHmA

dopmaTtmnpoBaHume

OTnpaBKa AOKYMEHTA

-

MocnepoBaTenbHbIN aNrOPUTM 06PabOTKN M306paKeHU BbITNAANT cneayowmm obpasom:

while (bWorking)
{

doc = LoadDboc(..);

spelledDoc = CheckSpelling(doc);
formattedDoc = FormatDoc (spelledDoc);
Send (formattedDoc) ;

nDoc++;

[na peanusauum KoHBeMepa Heobxoammo BBecTU bOydepbl, NpesHasHayYeHHble ANA
napansienbHon paboTbl, 1 0GOPMUTL 3Tanbl B BUAE ACUHXPOHHbIX 33434

var downloads = new BlockingCollection<MyDoc> (limit) ;
var checked = new BlockingCollection<MyDoc> (limit) ;
var formatted = new BlockingCollection<MyDoc> (limit) ;

var factory =
new TaskFactory(TaskCreationOptions.LongRunning,
TaskContinuationOptions.None) ;

var loadTask = factory.StartNew( () =>
LoadingDocs (downloads)) ;

var checkTask = factory.StartNew (() =>
CheckingDocs (downloads, checked));

var formatTask = factory.StartNew(() =>
FilteringDocs (checked, formatted));




var sendTask = factory.StartNew(() =>
SendingDocs (formatted.GetConsumingEnumerable ())) ;

Task.WaitAll (loadTask, checkTask, formatTask, sendTask);

3agaun cosgatoTea ¢ napameTpom LongRunning, YTobbl C KaxKAbiM 3Tanom 6bin cBA3aH
COBCTBEHHbIN NOTOK, U NNAHUPOBLLMK HE OLLeHMBAN MPOU3BOANUTE/IBHOCTb BbIMOJIHEHMA 3a4au.
3a/1auM YMTaIOT 31EMEHTbI U3 OZIHOM oYepeaun U NULLIYT B Apyryto. Ecan Bo BXogHOW odepean HeT
3/1EMEHTOB, TO MOTOK B/IOKMpYeTCA AN OXUAAHMUA NOCTYNIAEHUA 3nemeHToB. Ecamn BbixogHan
oyepeab NepenosiHeHa, TO MNOTOK, OCYLWECTBAAWMIA 3anncb, OGIOKMPYETCS B OXUAAHUM
N3BNEYEHUA, XOTA Bbl OLAHOrO 3/1EMEHTA.




