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CiTku gaHux (KkouBeepu aaHux, dataflows)

» TepMmiH «ciTka ganux» (Dataflow) nop’s13aHuM 3 nepeMillleHHSIM JaHUX Ta BBOAUBCS Ha
npoTuBary TepMmiHy «control-flow» (BUKOHaHHSI Ha OCHOBIi yIIpaBJsl0YUX ONEePaTOPIB).

= CiTKa CKJIaIa€EThCA 3 «OJIOKIB» Ta «3B’A3KiB».
» BJI0K — Ile KOHTelHep AJid KoAy, a 3B’130K (link) nepesae gaHi Bif ogHOro 6J10Ky A0 iHIIOTO.
* BJI0KM Takox MalOTb BXOAM (inputs) A/ OTPUMaHHA JaHUX Ta BUXOAM (outputs) [ BiAIPaBKU JaHHUX.
» Kousin 6J10K Ma€ AaHi Ha BXOZ|i, BiH CIIOKMBaTUMe 1X Ta nepeJjaBaTUMe BHYTPILIHIM QYHKIIIL
* Pe3ysbTaT po60TH QYHKIIil PO3MIILYETHCA HA BUXO/i OJIOKY.

» Akuio BUXiJ 06JI0KY 3’€JHAHO 3i BXOJOM IHIIOTO OJIOKY, laHi HaACUJIAIOThCA MO 3B’I3Ky Ha L[eW BXiJ, i mporec
PO OBXKYEThHCA JaJIi.

= KUIro4oBa ifiesi: JaHi, 10 HaAXOASaTh Ha BXiJl OJIOKY, CHPUYUHSAIOTh KOTO BUKOHAHHSI.
» [IporpamicTy He NOTpPiOHO cherniaJbHO ONUTYBATH BXiJ, 1100 MOOAYUTH JOCTYNHICTh JIaHUX.

= BbJiok pearye Ha iCHYBaHHH AaHHUX, TOMY TepMiH «peaKTHUBHE IIpOrpaMyBaHHA» JdBHO BUKOPHUCTOBYETbLCA OJIA
OIIHCYy CITKH JAaHUX.
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OcHOBHI NoHATTA A4 0i10110TeKH TPL Dataflow

= TPL Dataflow — noTy»kHa 6i6J1i0TeKa, IKa J03BOJISIE CTBOPUTH CiTKYy (KOHBEEP), a OTIM
(aCMHXPOHHO) HaZicJaTH 110 HUM CBOI JaHi.

= Dataflow BUKOPUCTOBYE JieKJapaTUBHUH CTUJIb IPOTPaMyBaHHS: CIIOYATKY MOBHICTI0O BU3HAYAEThCA CITKa, a
NOTIM MOYUHAETHCA 0OPOOKA JAHUX.

= (CiTKa OIMCY€E CTPYKTYPY, [0 AKIH NepeMillyr0TbCA JaHi.
= (OQkpeMi 6JIOKM MPOCTi, BOHHU BiZINOBiIal0OTh JIMIIIE 3a OAUH €Tall 0OPOOKH JaHHUX.

» Kousin 610K 3aBeplilye poOOTY HaJ CBOIMU JaHWUMH, BiH MlepeJila€ CBiM pe3y/bTaT yCiM MOB’I3aHHUM 0OJIOKaM.

Componentized Workflow

Step 2 Step 6
—b[ Step 1 Step 4
Notify
Step 8 lete
Step 5
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OcHoBHI noHdaTTda A4 6i6ioreKu TPL Dataflow

= 3a 6iosaioTekoro TPL DataFlow cToiTh iiess mpoCcTOro CTBOpeHHH KiJIbKOX ClieHapiiB, 30KpeMa:
= KouBeepiB nakeTHol 06po6ku (batch-processing pipelines)
= [lapasiesbHOI MOTOKOBOI 06p06KM (parallel stream processing)
= Bydepusania ganux (data buffering, joining)
= JlakeTHa 06poOKa JJaHUX 3 OAHOr0 abo Oisiblile JKepe.

= KoxXHHUH 3 [UX ClleHapiiB (patterns) Moke BUKOPUCTOBYBATHUCh OKPEMO ab0 KOMOIHYBATHUCH 3
iHIIMMHU CLleHapisiMH, 03BOJISSIOYH PO3POOHMKAM MIPOCTO BUPAXKaTH CKJa/IHI KOHBEEPH JIaHUX.

* [IJo6 BuxkopuctoByBatu TPL Dataflow, BctanoBiTh NuGet-naket System.Threading.Tasks.Dataflow.

» baoku (8y3.u, blocks, nodes) - 11e CyTHOCTI, IKi MOXKyTb Ha/ICUJIaTH Ta OTPUMYyBATH JaHi, Ta €
06a30BUMU KOMITO3UI[iIHHUMH OAUHUIISIMHU.

= biosaioreka TPL Dataflow Hagae kopucHi BOygoBaHi Tunu 6J10kiB (predefined blocks), ki MOKpUBaKOTb 6JIM3bKO
99% noTpeo.

= BOygoBaHi 6/10KM BM3Ha4YaloTh 0a30Bi onepalil dataflow-nporpaM Ta MOXyTb KaTEropiroBaTUCh Y 3 TPyIH:
" OJIOKH, IKi 06pOo6JIAIOTH JlaHi (BUKOHABYi 6J10KH, execution blocks);
" OJIOKH, IKi 6ydepusyroTh 41 36epiraroTh JaHi (6ydepusyroui 6s10ku, buffer blocks);
* G6JIOKM, AKI IpyNyI0Th JaHi B KosleKLii (rpynyodi 610y, grouping blocks).
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https://www.dotnetcurry.com/patterns-practices/1483/parallel-workflow-dotnet-tpl-dataflow

BukoHnanui 6,10ku (Execution Blocks)

* 06po06JIAI0Th AaHi MOJIOHO A0 TOTO, IK METOJAW NPUKMMAaIOTh AaHi Ta, MOXXJMBO, IOBEPTAKTh
3HAYeHHS].

» [Ipu ctBOpeHHi Bu nepegaere Func- abo Action-aesierat, AKMKA BU3HAYAE, 110 BUKOHABYHUHM OJIOK pOOUTHME 3
JIAHVMU.

* Bci BUKOHaBYi 6JIOKU MiCTATh BHYTPIIIHIKA O0ydep, AJi AKOTro 32 YMOBYAaHHAM BCTAaHOBJIEHO HEOOMEKEHY MICTKIiCTh
(unbounded capacity).

* bsiok ActionBlock<T> mae 1 Bxiz Ta He Ma€ BUXOY; eKBiBaJIeHTHUM KJacy Action<T>.
" BUKOpPHUCTOBYETHCSA NPU NOTPeOI 0OPOOUTH BXiJIHI /IaHi, IPOTE He MepelaBaTH 1X JaJjli IHIKUM GJIOKaM.
= YV KOHBEEPI JaHUX TaKUH OJI0OK 4YaCTO HAa3UBAKOTh CMOKOM (Sink).
= JIpu ctBopeHHi ActionBlock<T> npuiimae Action<T>-00’€KT, AKMM BUKJHUKAETbCA MPU HAJIXO/X>KEHHI JJAaHUX Ha BXiJ,.

* BHyTpimHil 6ydep npucyTHin Ha BxoZAi ActionBlock<T> Ta 3a yMOBYaHHAAIM Ma€ HeEOOMeXKeHY MIiCTKICTb, mpoTe 1i
MO>XHa 3MIHUTH 3a JONOMOro onuiu i3 nepesiveHna DataflowBlockOptions.

ActionBlock<TInput>
L
Input
" -—hr({: 3\
Task
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Bukonanui 6/10kn (Execution Blocks). ActionBlock<T>

public static void Run()
{ - HpI/IKJIa,L[ [IOKa3yeE 0a3oBe BUKOPHCTAaHHA 6HOKy

var actionBlock = new ActionBlock<int>( ActionBlock<T> Ta nepespayy faHux yciM Tunam OJI0KIB, AKi

n => Console.WriteLine(n)); MaroTH BXiJ
for (int i = @; i < 10; i++)

{ » OyHKIlig Post() cuHxpoHHO HajacuIae aHi 6Jl0KaM Ta MOBepTaE true,
actionBlock.Post(i); SIKIIO JlaHi OYJIM YCIMilIHO MPUKWHSATI.
} » Akmio 6J10K BiIMOBJISIETbCA IpUMMaTH JaHi, QyHKIlis noBepTace false

. . Ta He OyJle HaMaraTUChb 3aHOBO BiJMPaBUTH IX.
Console.WriteLine("Done");

* Tyt yncna Big 0 1o 9 npowrtoBxyroTscs (push) B actionBlock.

= BJIoK NpUKMae KOXXHe 3Ha4YeHHS Ta BUKJIUKAE Action<T>-00’eKT,
3aJlaHUU NIPU CTBOPEHHI.

¢+ Konconb otnagkwm Microsoft Visual Studio

Jone

= Mo>XeMo iMiTyBaTH JOBrOTPUBAJY Ait0 B 0JIOIi, J04aBIIX
Thread.Sleep(1000) y BignoBigHUK JI1AMO4a-BUpPa3s;

= BuBijg 6yae Tou xe.
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Bukonanui 6/10ku (Execution Blocks). TransformBlock<T1, T2>

Input

TransformBlock<TInput, TOutput>

A

Input buffer

Task

QOutput buffer

Output

_/

* TransformBlock<T1,T2> nyxxe cxoxxuu Ha ActionBlock<T>, npoTe TakoX Ma€ BUXiJl, AKUW MOXXHa
3’¢IHaTU 3 IHILIUMHU OJIOKaMHU.

* BiH ekBiBasieHTHUM Func<T1,T2> B TOMYy, 1110 NOBepTa€ pe3y/bTar.

» [loxioHo g0 ActionBlock<T>, BiH npuiiMae QyHKILil0 HA eTalli CTBOPEHHS, IKa ONEpPY€E BXiTHUMHU JIaHUMH.

» JlaHuM OJIOK Ma€ 2 6ydepu: Ha BXO/Ii Ta Ha BUXO/i; IPOTe Kpallle AyMaTH PO3IJISAaTH iX IK OJIMH.

= JIBa Oydepu noTpibHI, 1j06 3a6e3NeYUTH NepeJady AAaHUX Y TOMY K NOPAAKY, B AKOMY BOHU Ha/liMILJIH.

* BuxigHui 6ydep BUKOPUCTOBYEThCA AJiS BiJHOBJIEHHS MOYaTKOBOTO MOPAAKY JlaHUX.

15.03.2021
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Bukonanui 6/10ku (Execution Blocks). TransformBlock<T1, T2>

public static void Run()
{

Func<int, int> fn = n => {
Thread.Sleep(1000);
return n * n;

}s5
var tfBlock = new TransformBlock<int, int>(fn);

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

{
}

for (int i = @; i < 10; i++)
{
int result = tfBlock.Receive(); [m
Console.WriteLine(result); i

}

Console.WriteLine("Done");

15.03.2021

* ¥V npuksaagi ctBoproemMo TransformBlock<T1,T2> 3 pyHKIi€rO,
AKa MIJHOCUTH 0 KBa[ApaTy BXIHI 3HAYEHHH IT11CJId
CEKYH/JHOT'0 O4YiKyBaHH4 (IMiTYyEMO TpHBaJIMH NPOIEC).

tfBlock.Post(i); ¢ KoHconb otnagaku Microse

Jlna BuainenHsa ganux 3 TransformBlock<T1,T2> (i 6yab-sikoro 6J10Ky 3
BHXOJJ0M) BUKOPHUCTOBYIOTh CUHXPOHHUH MeTo/ Receive().

AKILO JOCTYNHUX JaHUX HEMAE, MOTIK OyZe NpusynuHeHo (suspend),
IIOKYW BOHU HE HaJiNAYTh.

Huka for nepenae yncaa Big 0 7o 9 B tfBlock.

3ayBaxKTe, 10 TYT “Done” BUBOAUTHCA MicJs APYKY BCiX BUXIJHUX
3HayeHb: MeTo/] Receive() mpallto€ CUHXPOHHO B TOMY >K IMOTOIIi, 11O i
UKau for.
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Bukonanui 6/10ku (Execution Blocks). TransformBlock<T1, T2>
pasom 3 ReceiveAsync(), Task.Result()

?“blic static void Run() = [IpukJsaj nokasye, K OTpPMMaTH aCUHXPOHHO JjaHi 3 ycix
Func<int, int> fn = n => { 6J10KiB 3 BUX0/laMH, BUKOPUCTOBYI04YU MeTo/, ReceiveAsync().

Thread.Sleep(1000); » .
B E( )3 » [leit MeTo/ moBepTa€e He 3HaYueHHA (K Receive()), a Task<T>-00’eKT,
)

}; SIKMM NpeACTaBJIsIE ONlepallil0 HaAX0AKEHHS.

» Bukiauk metoay Result() aa1s noBepHeHoro Task-00’eKTy 3MyIIye
nporpaMmy Oo4iKyBaTH, IOKH JlaHi CTaHYTb AOCTYIIHUMH, TAKUM YUHOM
for (int i = @; i < 10; i++) pOO6JISYM OMepalil0 CHHXPOHHOHO.

{
}

var tfBlock = new TransformBlock<int, int>(fn);

¢ KoHconb otnagkm Microsoft Visual Studio

tfBlock.Post(i);

// RecieveAsync noBepTa€ Task
for (int i = @; i < 10; i++)

{
Task<int> resultTask = tfBlock.ReceiveAsync();
int result = resultTask.Result;
// Buknauk Result o4ikyBaTume,
// Noku 3Ha4veHHA He 6yae rortose
Console.WriteLine(result);

}

Console.WritelLine("Done");
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Bukonanui 6/10ku (Execution Blocks). TransformBlock<T1, T2>
pasom 3 ReceiveAsync(), Task.ContinueWith()

public static void Run()

{

Func<int, int> fn = n => { " {KIIO BHECTHU 3MIHHU B INONEpPeNHIN NTPUKJIA/,
Thread.Sleep(1000); G 6 :
. . 3MOXKEMO OTPHUMATHU JdHI1 Bl OJIOKIB daCHMHXPOHHO.
return n n;
¥ » JlogaBaHnHs MeToay ContinueWith() 103B0JIsSIE TOJIOBHOMY

NOTOKY NPOAOBXKYBAaTH POOOTY 0€3 0O4iKyBaHHS

var tfBlock = new TransformBlock<int, int>(fn); .
AOCTYIIHOCT1 AdHUX AJId 39YUTYBAHHA.

for (int 1 =0; i < 18; i++) = TyT npozgoBxeHHs 3a4inae fito whenReady, 1ka BUBoJUTH
{
e3yJIbTaT y KOHCOJIb.
tfBlock.Post(i); pesy. y
} = 3HoBy “Done” IpyKy€eTbCA CIOYATKY, OCKIJIbKU TOJIOBHOMY

IIOTOKY HE l'IOTpi6HO O‘{iKYBaTI/I HaAXO0AXEHHA JaHUX.

(N C\Users\puasson

Action<Task<int>> whenReady = task => {

int n = task.Result; Done Jlns Toro, o6 Ko, cpaljoBaB, MOTPiOHO 3aCTOCYBaTH
Console.WriteLine(n); 0 Console.ReadKey() y Main().
for (int i = @; i < 10; i++)
{
Task<int> resultTask = tfBlock.ReceiveAsync();
resultTask.ContinueWith(whenReady);
// Konn 'resultTask' BMKOHaHO,
// Buknukaemo 'whenReady' 3 Task
}

Console.WriteLine("Done");
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KoHirypyBaHHSA GJIOKY

= Yci BOyzmoBaHi 6s10ku 3 TPL Dataflow Mo>kHa HasalmuTyBaTH, repealodu 00’ €KT-OIIIl B
KOHCTPYKTOP OJIOKY.

* BukoHaB4i 6J10KM 3acTOCOBYIOTh Kjac ExecutionDataflowBlockOptions, rpymnyrodi 6J10KH —
GroupingDataflowBlockOptions, a 6ypepusyroui 610ku — DataflowBlockOptions.

* Kinacu ExecutionDataflowBlockOptions Ta GroupingDataflowBlockOptions nopomxeni Big DataflowBlockOptions.

= Ha nopady no omnuii 3 6azosoro kjaacy, ExecutionDataflowBlockOptions TakoX BK/I0YalOThb
onuii MaxDegreeOfParallelism Ta SingleProducerConstrained.
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{

Kondirypysanusa 6/10Ky. Onnig MaxDegreeOfParallelism

B R Y * BJIOKM MO>XHa HaJIallITyBaTH [Jisl ONlepyBaHHS OiJiblle,

var generator = new Random(); Hi)K OAHI/IM NIMATKOM ﬂaHI/IX 34d pa3.

Action<int> fn = n => {

Thread. Sleep(generator. Next (1060)); 3a yMOBYaHHSM 006PO6JISIETHCS O/]HE 3HAYEHHS 3a pas.

Console.WriteLine(n); * Onnia MaxDegreeOfParallelism Bkasye KoMII'loTepy

}; napaJjieJibHO OllepyBaTH 6araTbMa 3HaYeHHSIMU.

var opts = new ExecutionDataflowBlockOptions { . .
MaxDegreeOfParallelism = 2 » BugosminuMo npukJiag 2 aasa ActionBlock.

b = JlojaMmo BUNaAKoBY 3aTpUMKY (delay) B actionBlock, 1106

var actionBlock = new ActionBlock<int>(fn, opts); 3pOOUTHU A0JATOK OI/IbII PeaSiCTUYIHHM.

for (int i = @; i < 10; i++)

{
}

Console.WritelLine("Done");

15.03.2021

= 3anycK NpuKJaaay MoKasye, AK NOPAJO0K BUXIJHUX 3HAYEHb
Bi/Ipi3HAETHCA BiJ MOPAJAKY BXiIHUX 3HAYEHb Y 3B’S3KY i3

actionBlock.Post(i); pPi3HUMHU 3aTPUMKaMH.
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Kongirypysanusa 6/10Ky. Onniga SingleProducerConstrained

static public void Benchmark2() = OnTuMisanisa gJad CUTyaLii, KOJIX JULle O4UH

{ -
var sw = new Stopwatch(); 0JIOK HaJla€ JiaHi iHIIOMY OJIOKY.
const int ITERS = 6000000;

var are = new AutoResetEvent(false); » KoMeHTap po3po6GHMKA oML

var ab = new ActionBlock<int>(i => { if (i == ITERS) are.Set(); },
new ExecutionDataflowBlockOptions {

SingleProducerConstrained = true = be3s OTIILLII: 3 OMIIIENO:
1 . .
> ¢ Boibpate Ch\Users\puasson\source\rg ¢+ Bobpate C\Users\puasson\source\rg
while (true)
{
sw.Restart();
for (int i = 1; i <= ITERS; i++)
ab.Post(i);
are.WaitOne();
sw.Stop();
Console.WritelLine("Messages / sec: {@:No}", e
(ITERS / sw.Elapsed.TotalSeconds)); ;;
}
71
} =

I
Laln]
7

I

o
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https://devblogs.microsoft.com/pfxteam/updated-tpl-dataflow-ctp/

bypepusywui 6,10ku. BufferBlock<T>

static public void Run() = He 3MiHIOIOTH JaHi, IlepeaHi yepe3 HUX.
{

var bufferBlock = new BU'F‘FQF‘BlOCk(iI’]t)(),’ . ICHy}OTb JIniie AJid 36epe>}<eHHH 91 PO3NOBCHOAXKEHHA NaHUX.

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

{ » BufferBlock<T> - nie FIFO-4yepra ganux, nozioHa g0
bufferBlock.Post(i); TransformBlock<T1,T2>, 3a BUHSITKOM TOTrO, 1110 BOHa He
} 3MIHIOE [aHl, 110 Yepe3 Hel NPOXOAATh.
for (int i = @; i < 10; i++) » [IpukJajg nokasye, 1m0 MoxxHa npuHATH (Post()) naHi Ha BXif 6JI0KY
{ Ta, BUKOpUCTOBYIOUM Receive(), BUAIIUTH iX 3 BUXOAY.
int result = bufferBlock.Receive();

Console.WritelLine(result); ¢+ C\Users\pua

}

Console.WriteLine("Done");
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bypepusyrwui 6,10ku. BroadcastBlock<T>

= BroadcastBlock<T> Moxe Hajfcu1aTH NOBiJOMJIEHHSI 6araTboM OJIOKaM TakK, 11100 BOHU
OTPUMYBaJIU KOIIil0 TOYAaTKOBOTrO MOBiJOMJIEHHS.

» Binbwictk BOyZ0oBaHUX 0J10KiB 3 TPL Dataflow Ha/icuialoTh MOBiJOMJIEHHS JIMIlIE OJHOMY GJIOKY: EPIIOMY, IKHUU
NpurMe NOBIJOMJIEHHS.

= [IpoTe iHKOJIM NOTPiOGHO 06POOGJIATHU MOBIJOMIEHHS KiJIbKOMa CIIOCOOAMHU.

» |Hma yHikasbHa puca BroadcastBlock<T> - BifcyTHiCTh BHYTpilIHBOTO Oydepa.
» {kuo HoBe MoBiOMJIeHHS oTpruMaHe 6J10koM BroadcastBlock<T>, BoHO 3aMiHUTh nonepeHE MOBiJOMJIEHHS.

» {kuo noaasablili MOTOKUHE NPUKMalOTh NoBigoMaeHHS, BroadcastBlock<T> He HamaraTuMeTbCsl TOBTOPHO MOT0
HajlicaTy. TiJIbKM MOTOYHE MOBIOMJIEHHS Oy/ie nepesaBaTUCh.

* Byab-AKOMy HOBOMY 0J10Ky, 3B’13aHOMY 3 BroadcastBlock<T>, aBTOMaTU4YHO HaACHUIaTUMETbCA HAUCBIXKILIE
MOBiZJOMJIEHHS, HABITh SKIIO BOHO He OyJio HeraHo oTpuMaHe BroadcastBlock<T>.

» [Ipu KoHcTpyroBaHHI BroadcastBlock<T> npuiiMae ¢pyHKIit0, MeTa K01 Iy0JIlOBaTH 3HA4YEHHS.

= (Cuig 3BepTaTH yBary Ha MOCUJIAJIbHI TUIU: KiJIbKaA OJIOKIB, AIKI HAMAraloTbCA 3MiHUTH 00’ €KT MOCUJIAJIBHOTO TUILY,
MOXYTb CTBOPUTH HENPUEMHI Oaru.

= Jly6sroro4a GyHKILiSI MA€E BUKOHYBATH IJIMOOKe KJIOHYBAaHHS BCiX MOCUJIAJIbHUX THUIIB AJi1 O€3MEKU.
= Xopolla peKoMeHJallifl: 3aBX U BUKOPHUCTOBYBATH HE3MIHIOBAHI 3Ha4eHHS B KOHBEEPAX JIaHUX.
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bypepusyrwui 6,10ku. BroadcastBlock<T>

static public void Run()

EEUESEBIERSIEsI s /11 IeMOHCTpallil 3’eAHAaEMO OJIOK 3 BOMa

{ .
var printerl = MakePrintBlock("printerl"); IHITUMH 6-}IOKaMH°
var printer2 = MakePrintBlock("printer2");
var bcBlock = new BroadcastBlock<int>(n => n); - printerl Ta printer2 BUBOJSATD r[pec])iKc,
bcBlock. LinkTo(printerl); printer2: 2 nepejaHuM IM IIPU KOHCTPYHOBAHHI Ta YUCJIO,
bcBlock.LinkTo(printer2); PI : fIKe BOHU OTPUMYIOTh
for (int i = 0; i < 10; i++) print 3 = bceBlock ay6utoe yucnaa Big 0 7o 9 Ta nepezae ix Kormii
{ ) 060M printer-6Ji0KaM.

bcBlock.Post(i);
} " BpaxoByH4YH BUKOPHUCTAHHS IMPOCTOr0 3HAYUMOTO
TUIY, AyOJitor04a QYyHKILiS TEX NpoCcTa: n => n.

Console.WriteLine("Done"); . ] .

} * Printer-6/J10KM OTPUMYKOTh OJJHAKOBI 3HAYEHHS, iX

print KOHCOJIbHUM BI/IBiﬂ nepemMexKOBYETbCA.
static ActionBlock<int> MakePrintBlock(String prefix) [ohsaks

g e Actionblockainty NakePTimlock SEring pret ) .

return new ActionBlock<int>(n =>
Console.WriteLine(prefix + ": " + n)

E
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bypepusyrwui 6,10ku. WriteOnceBlock<T>

var woBlock = new WriteOnceBlock<int>(n => n); ™ WriteOnceBlock<T> npuiimae sinine nepiie nepegaHe

for (int i = @; i < 10; i++) 3HA4YEeHHS Ta NOBEPTAE UOT0 MPHU Oy b-IKOMY 3BEPHEHHI.
{ . y .

woBlock. POSt(i); bJiok KOPpHUCHHUH OJIA 36ep1I‘aHHH KOHCTAHT.
} =y l'IpI/IKJIaAi HprIMaETbCH Ta 3daBXKAHU IIOBEPTAETbCA HYJIb, X04

meToau Post() Ta Receive() BUKJIUKaIUCh 6araTo pasis.
for (int i = 0; i < 10; i++)

{ ¢ CA\Users\puasso
Console.WriteLine(woBlock.Receive());
}

Console.WriteLine("Done");
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static public void Run()

{

Bydepusyrui 6;10xu. Onuii DataflowBlockOptions

= DataflowBlockOptions — 6aTbKiBCbKUH €1€MEHT

na ExecutionDataflowBlockOptions Ta

Action<int> fn = n => { GroupingDataflowBlockOptions, Tomy
Thread.Sleep(1600); peAcTaBJIeH] Ol TAKOX MOXYThb
Console.WriteLine(n); BUKOPHUCTOBYBAaTUCh 3 BUKOHABYMMU Ta

¥ rPyNyHOYUMH 6JIOKAMHU.

var opts = new ExecutionDataflowBlockOptions {
BoundedCapacity = 1
}; // 3apa€ po3mip 6ydepy 610Ky Ha ogHe MNOBiAOMNEHHSA

var actionBlock = new ActionBlock<int>(fn, opts);

for (1nt i=0; 1< 10; i++) ¢4 CA\Users\pua
//Console.WriteLine(actionBlock.Post(i)) ;|
actionBlock.SendAsync(i);

}

Console.WriteLine("Done");

15.03.2021

Koxxuum 6Ji0k y TPL Dataflow Mae BHyTpiliHiN 6ydep, AKUM
MOX>XHa KepyBaTH.

Y npukJaZii BCTaHOBJIEHO po3Mip 6ydepy (1) 3a 1onoOMOroxo
BaactTuBocTi BoundedCapacity.

[le 3HauuTh, o Julle 1 KoMipka 6ydepy BcepeHi OJOKY
3bepiraTuMe BXiZiHI JlaHi mepeJ iX 00poOKO1O.

3a yMOBYaHHSIM Oydepu MaroThb HEOOMEXKEHY MiCTKIiCThb:
BoundedCapacity Mo>kHa 3aaTy 3Ha4Y€HHA
DataflowBlockOptions.Unbounded (-1), 06 f03BoJIMTH
HeoOMeKeHUU po3Mip.

Axuo BoundedCapacity 6yge 0, B paHTaliMi BUKUHETbCH
BUHATOK ArgumentOutOfRangeException.

Y/BK, 2021 18



Bydepusyrui 6;10xu. Onuii DataflowBlockOptions

static public void Run() » Takoxk moTpi6bHO 3aMiHUTHU MeToz, Post()

{ Ha SendAsync() yHacJ1iJoOK MaJioro
Action<int> fn = n => { :
03Mipy 6ydepa.

Thread.Sleep(1000); P Py YCl) P

Console.WriteLine(n); " Illo6 no6a4yuTy NpUIHMHY LHOTO,
}; BiikoMeHTyHTe psAgokK 3 Post() Ta
var opts = new ExecutionDataflowBlockOptions { 3aKOMeHTyHiTe paZokK 3 SendAsync().

BoundedCapac%ty =1 . = MeToyj Post() mpoiToBxye nepiie 4ucao (HyJib)

}; // 3apa€ po3mip 6ydepy 610Ky Ha ogHe MNOBiAOMNEHHSA y actionBlock Ta nosepTae true.

SWMSWESHWIEELMIEINE = KoJsiM BiH HaMara€TbCA NPOIITOBXHYTH PEUITY
4YUCeJl, TO HE MOXe 1€ 3pOOMTH, OCKIJIbKU B
oydepi 6JI0Ky He 3aJIMIINAJIOCh MiCI.

var actionBlock = new ActionBlock<int>(fn, opts);

for (int i = 0; i < 10; i++)
{ * TakuMm 4MHOM, BiH IepepUBaE Nepeadyy Ta
Console.WriteLine(actionBlock.Post(i)); noseprac false.

// actionBlock.SendAsync(i);
}

Console.WriteLine("Done");
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Bydepusyrui 6;10xu. Onuii DataflowBlockOptions

static public void Run() * [Ipuknan Bukopucrosye onuito MaxMessagesPerTask,
{ o 1100 BU3HAYUTH KiJIbKICTh MOBiJJOMJIEHD, SIKY
Action<int> fn = n => { o K
Thread.Sleep(1000); 00poOATUME KOXKHUM Task-00’eKT.
Console.WriteLine(n + " ThreadId:" » Tyt Task, ctrBopeHuit 6;10koM actionBlock, 06po6iiTUME TiJIbKH
+ Thread.CurrentThread.ManagedThreadId); OJiHe TMOBiZOMJIeHHS, a HOBUM Task 6yse CTBOPIOBATHUCH JIJIs
s KO>KHOT'O IOBIiJOMJIEHHS.

var opts = new ExecutionDataflowBlockOptions {

MaxMessagesPerTask = 1 = 3a ymoB4aHHAM — DataflowBlockOptions.Unbounded (-1).

}; // xoxHa 3apava o6pobnaTume nvwe 1 NoBifomneHHs " Y TOM 4ac, 9K NOTOKU MOBTOPHO BUKOPUCTOBYIOThCH, JIULIE OJHE
// HoBa 3apa4va byne cTBOPWBATUCL ANA KOXHOMO HOBOrO MOBiAOMAEHHA MOBiZJOMJIEHHSI 0OPOOJSETHCA 3a pas.

var actionBlock = new ActionBlock<int>(fn, opts); » OOMeXeHHS KiJIbKOCTI l'IOBiZ[OMJIeHb Ha Task Moxxe

for (int i = @; i < 10; i++) 7] CAUsers\puassons JIOTIOMOTTU NIPUCKOPUTHU JOAATKU B IEBHUX BUIMA/KAX.
{ = 3 MipKyBaHb e(pEeKTHUBHOCTI GperMBOPK Ma€ MyJI MOTOKIB, 3

actionBlock.SendAsync(i); SIKOTO BiH «4epla€E» MpU CTBOPEHHI HOBOI 3a/ayi.

}

» ko 6J10K 6e31epepBHO TPUMAETHCS 3a MOTIK, OCKIJIbKU BiH
00p006JIsi€E NOCTIMHUM NOTIK JJaHUX, MEHIIIE MOTOKIB MO>KHa

Console.WriteLine("Done"); : S
( )3 BUKOPHUCTOBYBATH AJIs1 IHIIHX LJIEN.

= CTBOpeHHH HOBOIO OTOKY 3alMae Oisiblie 4acy, Hi>K IOBTOPHeE
BUKOPHUCTAHHSA CTApPOro, TOMY OOMEXYIOUYH KiJIbKICThb
MOBIZIOMJIEHD [JIS 33/1a4, MU BiZIIIYCKA€EMO MOB’I3aHUM MOTIiK
Hasag, [0 MyJly [/ BAKOPUCTAHHA B IHIIMX 00J1aCTAX JOJATKY.

15.03.2021 @Mapuenko C.B.,, YJBK, 2021 20




Bydepusyrui 6;10xu. Onuii DataflowBlockOptions

* Onuia NameFormat f03BoJs€ BusHadyaTu debug-

static public void Run()

{ . = .
var blockl = new BufferBlock<int>(new DataflowBlockOptions { time L CEISAZNG B1A06pa>}<aTH Cl)OpMaT AJIA 6HOK1B'
NameFormat = "Fu" = [IpucBo€HUY B OmNIil TEKCT Oy/Zie BiJ0OpaKaTUCh Y
P Bi/lJIaIHUKY.
var block2 = new BufferBlock<int>(new DataflowBlockOptions { = MoXXHa BUKOPUCTOBYBATH pOpPMaTOBAHUM PSAOK.

NameFormat = "Bar, Class: {@}, Id: {1}"
})s

Debug.Assert(false);

KOHTpOAbHbIE 3HaYeHWA 1

Fny6uHa nowcka: 3 AT |

Nmn 3HaueHwue
_Bar, Class: BufferBlock™, Id: 3, Count=0  System.Threading.Tasks.Dataflow.BufferBlock<int>
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I'pynyroudi (grouping) 6,10xku. BatchBlock<T>

static public void Run() * ['pynyrodi 6JI0KKU MOXXYTb KOMOIHYBaTH YaCTUHHU JaHUX Y

{

KOHTeWHep, 30KkpeMa List yu Tuple.

var batchBlock = new BatchBlock<int>(2); . ) ) o
(2); * [HKOJIM OKpEMHH eJIEMEHT JaHUX CaM I10 co0i 6e33MiCTOBHUH, a MA€E CEHC

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

{ JIV1IIe B KOHTEKCTI KOJIeKIIil.
batchBlock.Post(i); » ['pynyrodi 6J10KH J03BOJISIOTh 30UpPaTHU €JIEMEHTHU JIaHUX Pa30M Ta

} NpaLOBaTy 3 KOJIEKIIED AK EAUHUM LIJIUM.

‘EOP (int 1 =0; i < 5; i++) » ['pynyBaHHS JAHUX TaKOX MOXKe HiIBUILIUTH IPOJYKTHUBHICTB,
int[] result = batchBlock.Receive(); OCKIUJIBbKH 3M€HIJ.IYB.8.TI/IMG CUHXPOHI3adlllMH]I BUTPATH HA
foreach (var r in result) rnepegady €JIeMEHTIB.

{
} Console.Write(r + " "); = BatchBlock<T> npuiiMae noTik (stream) JJaHUX Ta TPYNye ix y

Console.Write("\n"); CIIMCOK.

}

Console.WriteLine("Done");

» Posmip nmakety (batch) 3agaeTbcs npu KOHCTpPyOBaHHI Ta Ma€e 6yTu 1 a6o
BMIIe; iHAKIIle B paHTAlMi BUKUHETbCSI BUHATOK
ArgumentOutOfRangeException.
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I'pynyroudi (grouping) 6/10ku. JoinBlock<T1,T2>

static public void Run() = JoinBlock<T1,T2> mae 2 Bxoau (Targetl i Target2), axi
{ :
var jBlock = new JoinBlock<int, int>(); KOM61HY€ B Tup1e<T1’T2>'
for (int i = @; i < 10; i++) » Takox icHye JoinBlock<T1,T2, T3> Ha 3 BXoAY Ta BUXiJl Y KOPTeEX
{ Tuple<T1,T2,T3>.
jBlock.Targetl.Post(i);
}
for (int i = -9; 1 < 1; i++) 4] CA\Users\puas
{
jBlock.Target2.Post(i);
}
for (int i = 0; 1 < 10; i++)
{
Console.WritelLine(jBlock.Receive());
}

Console.WriteLine("Done");
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I'pynyroui (grouping) 6/10ku. BatchedJoinBlock<T1,T2>

= BatchedJoinBlock<T1,T2> - kom6iHalig JoinBlock<T1,T2> Ta BatchBlock<T>.

» Ockisibku JoinBlock moBepTae KopTex i3 2x 4y 3x BXoJiB, a BatchBlock<T> - norpynoBaHi y cnucok BXiJHi
3HaueHHs, Batched]JoinBlock komb6inye 2 un 3 Bxogu y Tuple<T1[[T2[[> un Tuple<T1[|,T2[[, T3[]> BignosiaHo.

* ¥V Tou yac, 1K JoinBlock noBMHEH MaTH BCi BXi[Hi 3Ha4YeHHs Mepe/i YTBOPEHHSIM BHUXO/Y,
BatchedJoinBlock Moxe ¢popmyBaTH BUXi[HI 3Ha4eHHS HABITh NPU HEAOCTYIHOCTI BXITHUX.

= Bce %, BiH He reHepyBaTHUMe BUXi/l, IOKW He OyJie OCATHYTO 3aJlaHMi po3Mip nakeTy (batch) — 3arasibHoil
KIJIbKOCTI eJIEMEHTIB y 8CiX CIIUCKaX.

* Posmip makeTy nmoBuHeH 6yTH 1+, iHaKIle B paHTalMi BUKUJAaTUMeThca BUHATOK ArgumentOutOfRangeException.
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I'pynyroudi (grouping) 6/10Ku

. BatchedJoinBlock<T1,T2>

static public void Run()

{

var ListToString = new Func<IList<int>, string>(lst =>

{

1)

if (1st.Count == 0)
{

}

return "[]";

var result = new StringBuilder("[");

foreach (int n in 1lst)

{
result.AppendFormat("{0},",

n.ToString(CultureInfo.InvariantCulture));
}

¢ | C\Users\pu

result.Remove(result.Length - 1, 1);
result.Append("]");

return result.ToString();

15.03.2021

var TupleListToString = new Func<Tuple<IList<int>, IList<int>>,
string>(tup => {
var result = new StringBuilder();

result.Append(ListToString(tup.Iteml));
result.Append(" ");
result.Append(ListToString(tup.Item2));

return result.ToString();

1)

var jBlock = new BatchedJoinBlock<int, int>(2);
for (int i = @; i < 10; i++)
jBlock.Targetl.Post(i);

for (int i = -9; i < 1; i++)
jBlock.Target2.Post(i);

for (int i = @; i < 10; i++)
Console.WriteLine(TupleListToString(jBlock.Receive()));
Console.WriteLine("Done");

}

" YV npukJIaJii laHi CAHXPOHHO Ha/ICUJIAI0ThCSA B OAWH OJIOK 3a
OJIMH pas.

= Jleneratu ListToString, TupleListToString ﬁOﬂaHO 3 METOI0 BUBOAY
KOPTEeXy CIHUCKIB, yTBOpeHOro BUKJIUKOM jBlock.Receive().
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var

1)

var
var
var
for

}

I'pynyroui (grouping) 6/10ku. BatchedJoinBlock<T1,T2>

MakeDelayBlock = new Func<int, TransformBlock<int, int>>(maxDelay => = HpI/IK_}'[aA iMiTye ACHHXPOHHE HAaAXO4KEeHHS

var generator = new Random();

return new TransformBlock<int, int>(n => {
Thread.Sleep(generator.Next(maxDelay));
return n;

})s

bjBlock = new BatchedJoinBlock<int, int>(2);
delayBlockl = MakeDelayBlock(10090);
delayBlock2 = MakeDelayBlock(10090);

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

delayBlockl.SendAsync(i);
delayBlock2.SendAsync(i - 2 * i); // Te x 4ucno, ane BipA'€emHe

delayBlockl.LinkTo(bjBlock.Targetl);
delayBlock2.LinkTo(bjBlock.Target2);

for

(int i = 0; i < 10; i++)
Console.WriteLine(TupleListToString(bjBlock.Receive()));

Console.WritelLine("Done");

15.03.2021

naHux y bjBlock.

= CtBoproemo 2 TransformBlock-06’ekTa, sIKi nepenarTb
He3MiHeHI JaHI Mmicjad JedKol BUIlaJKOBOI 3aTPUMKH.

= (O6wuzgBa npup’a3adi (linked) go bjBlock.

¢ | C\Users\puas
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I'pynyroui 6;10ku. Onuii GroupingDatatlowBlockOptions

= IcHye 2 pexxumu onepauii g4 JoinBlock: xanionui (greedy) Ta HexkaioHuk (non-greedy).

" YV 2#cadioHOMy pedrcuMi 6J10K IpUMMAE BCi BXiiHI 3Ha4€HHS, AKi MOMY NPONOHYOTHCS, HABITh SAKIIO
BiH HE MOXe YTBOPUTH KOPTeEX.

= fKxio 6J10Ky NpONOHYETbCA 3HaYeHHs e Aja Targetl, BiH npuiiMe Iie 3HaYeHHsl Ta 09iKyBaTHMe Ha HaJXO[KEeHHs
Aanux ajsa Target2 nepes TuM, Ak cdopmyBatu Buxij Tuple<T1,T2>.

* fKio iHle 3HaYeHHA 3HOBY NPONOHYEThCA A/ Targetl, BoHO 3HOBY Oy/le NIPUMHATE, HE3BaXaK4YW Ha BiJICYTHICTD
3HavyeHHs Juig Target2.

" V Hesx#cadioHoMy pedcumi 6J10K NIpUHMMa€E 3HAa4YEHHS 32 YMOBH O4YiKyBaHHSI HA IPUUHSATTS JJAHUX
aung Targetl i Target2.

* HexaniOHUN peXXUM MOKe 3aCTOCOBYBATUCH [1JI1 YHUKHEHHS B3aEMOOJIOKYBaHb: 1K TUIbKU OJIOK IPUHUMAE
MOBiJOMJIEHHS, YKOJAHHUM iHIIKM GJIOK He MOXe OTPHUMAaTH 1ie MOBiJJoMJIEHHS.

* Tomy g nBox JoinBlocks 3 ix Targetl, 38’A3aHUMHU 3 OJHMM BUXOJ0OM Ta iX Target2, 3B’A3aHUMU 3 OJJHUM BUXOJOM
(mpoTe He TakuM, 9K i Targetl) Mox<e BUHUKHYTH Je/IJIOK.

» OpuH JoinBlock MoXke oTpuMaTH OJIMH 3 BUXOZIB, a iHIIKM JoinBlock — iHIIWK BUXiA: })KOAHOMY 3 IIUX OJIOKIB He
BUCTa4aTUMe JJaHUX [IJIs1 BUPOOJIEHHSI BUXiJHUX 3Ha4€Hb § KOPTEX.

» HasamTyBaHHS HexXaZibHOTO pexxumy AJ1s1 060x JoinBlock-iB 3a6e3neyunTs, 11106 Jiville OAWH OTPUMaB 00U/1Ba BUXOAHW Ta
3MIrI IporpecyBaTH.
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I'pynyroui 6;10ku. Onuii GroupingDatatlowBlockOptions

static public void Run()

{

var
var

for

{

for

for

opts = new GroupingDataflowBlockOptions
jBlock = new JoinBlock<int, int>(opts);

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

if (jBlock.Targetl.Post(i))

Console.WritelLine("Targetl accepted:

else
Console.WritelLine("Targetl REFUSED:

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

if (jBlock.Target2.Post(i))

Console.WritelLine("Target2 accepted:

else

{ Greedy

+ 1i);

+ 1i);

+ 1i);

Console.WritelLine("Target2 REFUSED: " + i);

(int 1 = 0; i < 10; i++)
Console.WritelLine(jBlock.Receive());

Console.WriteLine("Done");

15.03.2021

* [[pukaag feMOHCTPYE HEXAiOHY
= false }; HOB@,Z[IHKy.

" (OCKUJIbKM BUKOPHUCTOBYEMO CHUHXPOHHHUMH METO/
Post(), npu cnpo6i HaaiciaTu AaHi A Targetl y
nepiomy uukJi for 6yzne BigmMmoBa — jBlock He mae
JAOCTYNHUX AaHuX i s Target2.

= Tex i3 apyrum nukiaom for: JoinBlock BigmoBJisie
BCiM JaHUM, Ki MU HaMaraJiucb nepejaTu B
HbOTO y NepIoMy LukKJIi for.

28



var opts

I'pynyroui 6;10ku. Onuii GroupingDatatlowBlockOptions

new GroupingDataflowBlockOptions { Greedy = false }; m ,Z[JIH BaHYCKy AOAaTKy HeO6X1AHO BHECTHU KiJIbKa 3MiIH.

var jBlock = new JoinBlock<int, int>(opts);

» CrnoyYyaTKy 3aMiHUMO CUHXPOHHHH MeTo/, Post() Ha

for (int i = @; i < 10; i++) acMHXpoHHU# SendAsync().
{ o : .
Task<bool> task = jBlock.Targetl.SendAsync(i); = 106 BU3HAYUTH, YU NPUUMAIOThCA AaHi 6s10koM jBlock,
BisbMeMo Task-06’ekT, noBepHenui SendAsync(), Ta fogamo
// needed to captur‘e 'i' so we can use it in "~ ContinueWith" HpOﬂOBH{y}qu 3aﬂaqy HinIH 3aBepmeHHH Task.

int iCopy = 1i;

task.ContinueWith(t => {
if (t.Result)

{

Console.WriteLine("Targetl accepted: " + iCopy);
}
else
{

Console.WriteLine("Targetl REFUSED: " + iCopy);
}

3
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¢ CA\Users\puasson\source\re

[IpoaoBXKeHHA KOAY

1E°f‘ GIUSERCH IS ) = Temep Bce Lie MOXXEMO Ha/iCUJIaTH
Task<bool> task = jBlock.Target2.SendAsync(i); ﬂaHi OAHOMY target’y 3d pa3 y ABOX

// needed to capture 'i' so we can use it in "~ContinueWith’ L[I/IKJIaX fOI'
int iCopy = 1i;
= [Ipote ockinbku SendAsync()

task.ContinueWith(t => { ouikyBaTuMe, OKHU jBlock He nmpuiime
?c S JlaHi, BUBiJ| y KOHCOJII 6y/ie TpHUGJIU3HO
Console.WriteLine("Target2 accepted: " + iCopy); Uelialzk
}
else
{
Console.WritelLine("Target2 REFUSED: " + iCopy);
}
}s
}
for (int i = @0; i < 10; i++)
{
Console.WritelLine(jBlock.Receive());
}

Console.WritelLine("Done");




3aBepuieHHA po60TH 610Ky (Block Completion)

static public void Run() * Mo>XHa BKa3aTH OJIOKY 3yIIMHUTH 00POOKY JaHHUX 3a IONIOMOTIOH0

{
Action<int> fn = n => { meToay Complete().

Thread.Sleep(1000); - . . .
Console.WriteLine(n); Y npukJsazi 3HadyeHHs 42 HaACUJIAEThCS OJIOKY, a IOTIM BiH 3yNIMHSEThHCS,

}; OCKIJIbKH B HaCTYIIHOMY PAJKY BUKJMKaeTbcA actionBlock.Complete().

var actionBlock = new ActionBlock<int>(fn);

¢ C\Users\puasson\sou

actionBlock.Post(42);
actionBlock.Complete();

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

{
}

actionBlock.Post(i);
// Xo4 Mu Hapcunaemo 610Ky BCi gaHi, B1H BUKOHAETbCA
// nvwe pa3, ocKinbku BKasyemo iomy "Complete"

Console.WriteLine("Done");
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3aBepuieHHA po60TH 610Ky (Block Completion)

static public void Run() * KpiM 1IbOr0, TAKOX MOKEMO O4YiKyBaTH 3aBeplleHHS

{

aHUX OJIOKOM.
var block = new ActionBlock<bool>(_ => { O6pO6KH A

Console.WriteLine("Block started"); = Metox Completion() noseprtae Task, akuii npezcTaB/ise CTaH
Thread.Sleep(5000); 3aBepIlleHHs 00pOOKHU B OJIOII.
Console.Writeline("Block ended”); » [loIWMpEHUH CIIOCi6 MPU3YIIMHUTHU MIOTOYHUH MOTIK, IOKHU 6JIOK He
¥ 3aBepIIUTb 06PO6KY, - BUKJMKATHU MeToZ Wait() /1 ToBepHeHO]
3aaui.

block.Post(true);

= (13 »
Console.WriteLine("Waiting"); " Y npuk/azi 6;10x Busese “Block started“ upon entry,
O4iKyBaTHMe 5 CeKyH/J, a noTiM BuBeze “Block ended”.

» Mu HaJiCUJIAEMO 3HA4YeHHs true 6JIOKY, 1106 aKTUBYBATH MOroO, a
NoTiM HeraiHo BUKJHUKaeMO block.Complete(), 06 BkasaTy, 110
6JIOKY CJIiJj IepelTH y CTaH «complete», 4K TiJIbKU BiH 3aBepLUIUTh
OTOYHY POOOTY.

block.Complete();
block.Completion.Wait();

Console.WriteLine("Task done");

* [0JIOBHUH MOTiK NPU3YNUHSETHCS, TOKU OJIOK He 3aBEPIIUTh
¢4 C\Users\puasson\sou po6oTty 3a gonomoroto iHcTpyKLii block.Completion.Wait().

15.03.2021 @Mapuenko C.B.,, YJBK, 2021 32




3B’a3KH (links)

3B’SI3KU — Lie 3acib KOMYHiKallil Mi>k 6JI0KaMU.

= BJIOK MOXe 3’€JHyBaTHUCh 3 IHIIMMHU 6JI0KaMHU 3a fonoMorow MeTtoAy LinkTo() K cTaTU4HUI 4/leH K1acy
DataflowBlock abo meToj ek3eMmisipy JOBiIJIbHOTO OJIOKY, 110 peaJsi3ye iHTepdeiic ISourceBlock.

= TPL Dataflow nepesae faHi, 3aCTOCOBYIOYM Nepejady NoBiZoMIeHb (message passing).

Kouiy KizibKa 0J10KiB 3’€JHAaHi 3 BUXOJ0M, MOBiJJOMJIEHHS HAACUJIAETbCA KOKHOMY OJIOKY B
D ,
MOPAAKY iX 3B’A3yBaHHS.
» [lepmuii 6J10K, AKUH NpUIIMaE NOBiAOMJIEHHS, NIPU3BOAUTD 10 BU/IaJIeHHS LIbOTO NOBiZJOMJIEHHS 3 BUXiAHOI 4Yepru
(output queue’) OJIOKY-IpKepeJsia, TOMY iHIIMM 6JI0KaM Iie 3K MOBiJOMJIEHHS] He MTPOMOHYEThCS.

n 6BI/IHHTOK 3 npaBuJja — BroadcastBlock<T> - cnpoekTOBaHUM JIJ1s1 Ha/ICUJIaHHS MMOBiJIOMJIEHHS BCiM MOB’sI3aHUM
JIOKaM.

Kosin KijibKka 6JI0KiB 3B’3aHO 31 BX0OZI0M, IOBi/JOMJIEHHH 3 YCiX 3B A3KIB o6jez[H,yTbc51 (merge) in a
time-order fashion Ta npeacTaBJAOTHCSI BXOAY OJIOKY K EAUHUN BXIJJHUU 3B SI30K.

HOBi,Z[OM.HeHHH InepeaarnTbCd BIIOPAAKOBAHO.
= Jlyi 6JIOKY HEMOXKJIUBO PaHJOMHO BUAIJIMTY MOBiJOMJIEHHH 31 3B’A3KY — JIM1lle HACTYIIHE JOCTYyIIHEe MOBiJOMJIEHHS.

u HK’H_[O MOBIJOMJIEHHA HEMOXJ/IMBO BIJIPABUTH, TOAIL XKOJHE iHIIe ITOBIJJOMJIEHHS TeX He MOXKHa IepeJlaTy 110 bOMY
3B’SI3KY, TOMY MO>JIMBE B3a€EMOOJIOKYBaHHS.

= Y takoMy BUNaJKy BUKopucTOoByuTe BroadcastBlock<T>: BcepesunHi 6JI0Ky NOBiZJOMJIEHHS MOXYTb 00pPOOJIATUCD
HEeBIIOPA/KOBAHO Yepes napaJjesisM 4 by design, mpoTe peKOMeHAYETbCA BIOPAJKOBaHa 06po6Ka.
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3B’a3KkH (links). MeToa LinkTo()

static public void Run() " OCKiJIbKY 3B’I3KU HE € OKPEMUMU CYTHOCTSIMHM BiJl OJIOKIB y

{ . .
var bufferBlock = new BufferBlock<int>(); 1PL Dataﬂow, MPOTOKOJ TEPEAATL HOBIAOMIEHD

var printBlock = new ActionBlock<int>(n => KOHTPOJIIOETHCA 6J10KaMH.
Console.WritelLine(n)); = [leBHi 6;10KH, 30kpeMa BroadcastBlock<T>, MOXyTb MaTH pi3Hi

' . ' . npoueaypHy nepesadi noBiOMJIeHb.
for (int i = 0; 1 < 10; i++) . _
{ * Po3risHYTHM paHillle MPOTOKOJI € 3aTaJIbHUM CIIOCOO0OM 0OpPOOKH

bufferBlock.Post (i); MOBiIOMJIEHDb A4 OiJIbIIOCTi OJIOKIB.

}

bufferBlock.LinkTo(printBlock);

* TyT nmokasaHO HaWOi/bIll 6A30BUM Ta MOIMIKUPEHUM CIIOCIO
3B’s1I3yBaHHA 2 0J/10KiB: BCi 3Ha4yeHH4 3 bufferBlock
nepefarTbca B printBlock yepes 3B’430k.

¢ C\Users\puag

lone

Console.WriteLine("Done");
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3B’a3KH (links). Kizibka oTpuMyBauiB (receivers)

static public void Run()

{

var MakePrintBlock = new Func<string,
ActionBlock<int>>(prefix => {
return new ActionBlock<int>(n =>
Console.WriteLine(prefix + ": " + n));

b

var printBlock1l
var printBlock2

MakePrintBlock("printBlockl™);
MakePrintBlock("printBlock2™");

var bufferBlock

new BufferBlock<int>();

bufferBlock.LinkTo(printBlockl, n => n % 2 == 0);
bufferBlock.LinkTo(printBlock2);

¢ C\Users\puasson\so

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

{
}

bufferBlock.Post(i);

Console.WriteLine("Done");

15.03.2021

* [Ipukaazs JeMOHCTPYE, AK TUIIOBUM OJIOK HaMara€Tbcs
JJOCTaBUTH NOBiJOMJIEHHA KiJIbKOM OTpUMYyBa4daM: 6JI0KU
printBlockl Ta printBlock2 3B’a3ani 3 bufferBlock -
JPKepeJsIoM JIaHUX.

= JlogaHo ¢inbTp Ha 3B’A30K 3 printBlockl, 106 nponyckaTu Jiuie
[apHi YMcJia.

* OCKiJIbKM IIepIIMM BCTaHOBJIEHO 3B’A30K 3 printBlockl,
bufferBlock cnoyaTKy cnpo6ye JOCTaBUTH MOBiIOMJIEHHS MOMY.

» [IpeaukaT-QinbTp 6JIOKYE BCi HEMAPHI YMCJa BiJ HAJ[CUJIaHHSA
610Ky printBlockl, Tomy bufferBlock nortiMm HamMaraeTbcs
HagicaaTu ix y printBlock2 Ta HacTynHi 3B’A3aHi 6JI0KH.
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3B’a3kH (links). Kiibka mxepe (sources)

static public void Run()

{

var MakeDelayBlock = new Func<int,

1)

var
var

var

for

}

TransformBlock<int, int>>(delay => {
var generator = new Random();

return new TransformBlock<int, int>(n =>

{
Thread.Sleep(generator.Next(delay));

return n;
1)
sourcel = MakeDelayBlock(1000);
source2 = MakeDelayBlock(8090);

printBlock = new ActionBlock<int>(n =>
Console.WriteLine(n));

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

sourcel.Post(i);
source2.Post(i - 2 * i); // negate i

sourcel.LinkTo(printBlock);
source2.LinkTo(printBlock);

15.03.2021

8= [[pukJag NOKa3ye, 0 POOUTHCS, KOJIU BXiJ, 0JI0KY

3B’s1I3aHUU 3 KiJIbKOMa GJI0KaMHU-PKepesiaMH.

sourceBlockl Ta sourceBlock2 nepegaBaTumMyTh JaHi
through them unaltered mic/ia BUnagKoBoi 3aTPUMKH.

3anoBHHUMO sourceBlockl HeBig'eMHUMU 4yucaaMu Bif 0
1o 9, a sourceBlock2 — HepoaaTHIMU yuciaaMu Big O o -9,
111060 YTOYHUTH, 3BiIKU HAAXOJASATh JaHi.

O6ujBa 6J10KU-JKepeJia 3B’A3aHi 3i BxogoM printBlock,
SIKMM MPOCTO BUBOJAUTH 3HAUYEHHSI BXOAY B KOHCOJIb.

3 BUBOJY BU/HO, 1110, 1110 3HAa4YE€HHS BiJ 060X OJIOKIB-
JKepeJ1 IepeMillyoThbCA 3TiIHO 3 Y4aCOM HaJAXO/ KeHHH Ha
BXiz printBlock.
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static public void Run()

{

3B’a3KH (links). ®iabTp y LinkTo()

3B’13KM TaK0XX QIJIbTPYIOTh MOBiIOMJIEHHS, SIKi 10 HUX

var sourceBlock = new BroadcastBlock<int>(n => n); HpOXOAHTb-
_ : :
// snxopncToyemo BroadcastBlock, Wob BigkngaTH MeToz po3IIMpeHHs LinkTo(target, predicate) fo3BoJ1s1€
) T IIPUCBOITH 3B’13Ky QYHKIiIO-IpeIHKaT.
var printBlock = new ActionBlock<int>(n => » Ko)kHe MOBiJIOMJIEHHS TIepeBipSETbCA Ha BiZMOBiAHICTD

Console.WriteLine(n)); )
(M)s IpeJKaTy Ta IPU 33a/l0BOJIEHH]I YMOBH IepeacEThbCA

b
// Hapcunae nuwe napHi uucna B printBlock 3B’sI3aHOMY OJIOKY.
sourceBlock.LinkTo(printBlock, n => n % 2 == 0);

for (int i = @; i < 10; i++)

{
}

Console.WritelLine("Done");

sourceBlock.SendAsync(i);

TPL Dataflow 3a6e3mneuye, 11106 moBiJlOMJIEHHS
06pOOJIAJIMCH BIIOPSAAKOBAHO.

c] C\Users\puass » ko 3B’130K QiIbTPYE NOBiJOMJIEHHS, a iIHIIUX 3B’A3KiB /i
BiIMpaBKU HEMaE, CUCTEMA B3aEMOOJIOKYEThHCS.

= Jlyida yHUKHEHHA Takol CUTyalil TyT 3aCTOCOBYEMO
BroadcastBlock<T> y sikocTi mxepeJsia: BiH HaJiCUJIA€ JIHIIE
HaWOI/IbII CBiKe MOBiJOMJIEHHS, @ BIJIKMHYTI MOBiJOMJIEHHS
MPOCTO ITHOPYOThCA.
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3B8’a3KHM (links). ®iabTp y LinkTo() Ta NullTarget<T>

static public void Run()

{

var sourceBlock = new BufferBlock<int>();
var printBlock = new ActionBlock<int>(n =>
Console.WriteLine(n));

// Hapcunae nuwe napHi uyucna B printBlock
sourceBlock.LinkTo(printBlock, n => n % 2 == 0);

// NullTarget Bigkupae Bci oTpumaHi noBipgomneHHA
sourceBlock.LinkTo(DataflowBlock.NullTarget<int>());

for (int i = @; i < 10; i++)

‘ ¢ CA\Users\puass

sourceBlock.SendAsync(i);

}

Console.WritelLine("Done");

15.03.2021

Tyt 3acTocoByeMo BroadcastBlock<T>, 06 BifKHUHYTH
MOBiIOMJIEHHS, IKi HEMOXKJIUBO IepefaTu yepe3 QiJbTp
3B sI3Ka.

* YacTo noTpi6GHO BUKOPUCTOBYBATU PIIBTPOBAHI 3B’I3KU BiJ, OJIOKIB,
AKi He € BroadcastBlock.

= X04 MM 3aBKJaU MoxkeMo BcTaBadaATU BroadcastBlock<T>, nogaTkoBa
006po6OKa J0/laBaTUMEThCS A0 HAaKJaJHUX BUTpPAT i CHOBIJIbHIOBAaTUME
nporpamy.

[IpukJiaz mokasye Kpalium Crocio: 104aeEMO 3B’ 130K,
nos’asanuil 3 NullTarget<T>-6/10KOM 3i CTaTUYHOIO KJ1aCy
DataflowBlock, nicsist pisibTpoBaHOTr0 3B’A3KY.

* NullTarget<T> Bigxkuja€ Bci MOBiJOMJIEHHA, AKI HOMY HaJXOJATh.

» OCKiJIbKU MU J0JAEMO 3B’SI30K Mic/s QiJibTpOBAHOTO 3B’SI3KY,
sourceBlock HaMaraTuMeTbCs HaZicJaTH BCi MOBiJOMJIEHHS CIOYaTKY
6si0ky printBlock, a pemrty nosigomiiens — 610Ky NullTarget<T>.
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3B8’sa3kH (links). Onuii DataflowLinkOptions

static public void Run()

{

var bufferBlock = new BufferBlock<int>();

var printBlock = new ActionBlock<int>(n => Console.WritelLine(n));

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

{
}

bufferBlock.Post(i);

var opts = new DataflowlLinkOptions { MaxMessages = 5 };

bufferBlock.LinkTo(printBlock, opts);

Console.WriteLine("Done");

15.03.2021

» 3B’I3KW MOXXHA HaJallTyBaTH, 00
repejlaBaTy JiMllle BU3HAYEHY KUJIbKICTh
IMOBIJOMJIEHb IPOTATOM ICHYBAaHHA IIUX
3B SI3KIB.

* Y npukJiazi 3azaeTbcsa nosie MaxMessages
06’exTy DataflowLinkOptions.

* Togi npu cnipo6i nepegatu 10 3Ha4YeHb MO
3B’s13Ky (yucia Big 0 g0 9) 6yayTh HajicaaHi
JIVIIE Mepuli M'STh.

¢ | ChUsers\pL
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3B8’sa3kH (links). Onuii DataflowLinkOptions

static public void Run() ferrepees 33 YMOBYAHHSM OJIOKM HaMararTbCs NepeiaBaTU
{ lock2: C MOBiIOMJIEHHS I10 MEPIIOMY A0JAaHOMY 3B’SI3KY.

" AKu10 e HEMOXKJIMBO, 3B’AI3KH NEePEBIPAOTHCA 10 Yep3li,
IIOKH MOBIOMJIEHHS He Oy/ie IPUHHSTE.

var MakePrintBlock = new Func<string,
ActionBlock<int>>(prefix => {
return new ActionBlock<int>(n =>

Console.WriteLine(prefix + ": " + n)); s . . o )
1; (p )3 g » Koxxkuui BUKJHK LinkTo() nomae HOBUM 3B’I30K 10
BIZITOBIIHOI KOJIEKII|I.
var blockl = MakePrintBlock("block1"); = 3aparoun Append = false B 06’exti DataflowLinkOptions
var block2 = MakePrintBlock("block2");

Ta lepe/ialodn WOr0 METOAY LlnkTo() MOKEeMO
3/IINCHUTH peBepcC Ta J0JaBaTH 3B’ 130K HA IIOYaTOK
KOJIEKIII.

var source = new BufferBlock<int>();

source.LinkTo(block1); = ManbyTHI NOBifOMJIEHHS OYAyTh HaJICUJIATHUCh CIEPIINY
yepes 1eUl 3B’30K.
var opt = new DataflowlLinkOptions { Append = false };

source.LinkTo(block2, opt); = V koxi blockl 38’a3anuii nepuM, a block2 —

for (int i = 0; i < 10; i++) ,ZprFI/IM
{ . » [IpoTe npu BukJuKy LinkTo() 3 append omnuiero block2
source.SendAsync(i);
AA0JIAETHCsI HA [I0YATOK KOJIEKIII Ta OTPUMYBaTHUMe BCi
) } MOBiJJOMJIEHHS].
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PeuenT 1: 3B’s13yBaHHs 0JIOKIB

* 3a yMOBYaHHSM 3B’s13aHi OJIOKHM JiMIlle PO3MOBCIO/IXKYIOTh JJaHi; BOHU He PO3MOBCIO/IKYIOTh
3aBepllIeHHs a00 MOMHUJIKH.

» {kuio Ball NOTiK JaHUX JiHIHHUM (HallpUKJIaJ, Y KOHBEEPI), TO, CKOPpillle 3a BCe, BU 3aX04eTe PO3IMOBCIOAKyBaTH
3aBeplIeHHs [ MOMUJIKY. [[Jig 0boro BCTaHOBIThL napameTp PropagateCompletion a5 3B’A3KY:

var multiplyBlock = new TransformBlock<int, int>(item => item * 2);
var subtractBlock = new TransformBlock<int, int>(item => item - 2);

var options = new DataflowLinkOptions { PropagateCompletion = true };
multiplyBlock.LinkTo(subtractBlock, options);

// 3asepwenwe nepsoro BNoka aBTOMaTUYECKM PacnpOCTPaHAETCA BO BTOpOR BNoK.
multiplyBlock.Complete();
await subtractBlock.Completion;

15.03.2021 @Mapuenko C.B., YJBK, 2021 41



PeuenT 1: 3B’s13yBaHHs 0JIOKIB

= [licng 3B’A3yBaHHA JaHi OylyTh aBTOMaTU4YHO MePEMIIIAaTUCh BiJ, OJIOKYy-IKepeJsia [0 0JIOKY-
npurmMaya.

= [lapameTp PropagateCompletion nepemimiye He JiMlle JaHi, ajle i 3aBepIIEHHHA; IPOTe Ha KOXKHOMY eTalli KOHBEEPY
36iMHMM 6JI0K Oy/ie PO3IOBCIOZKYBATH B HACTYIIHUM 6JIOK CBili BUHATOK, yIaKoBaHUM B AggregateException.

" TakuM 4YMHOM, AKII0 MAEMO JJOBTMH KOHBEED, 1110 PO3IMOBCIOJKYE 3aBepIleHHs, 109aTKOBA IIOMUJ/IKA MOXe BKJIaJaTUCh Y
KiJIbKa ek3eMILIApiB AggregateException.

= AggregateException ma€ Kisibka MeToZiB (HanpukJaaz, Flatten), aki cupoiyoTh 06po6Ky MOMMJIOK Y TAKMX CUTYaLlifAX.

" BJIOKH MOTOKY JIaHUX MOXYTb 3B’SI3yBaTHUCh OJUH 3 OJJTHUM Pi3BHUMHU CIIOCOOAMMU; CiTKA MOKE MICTUTH
rajy>kKeHHs, 3’€/JHaHHS Ta HaBiTh LIUKJIU.

= Jlsi1 GIJIBLIOCTI ClieHapiiB 3a3BUYal BUCTAYa€ MPOCTOTO JIiHINHOTO KOHBEEPA.

* Tun DataflowLinkOptions Hazia€e psj apaMeTpiB, AKi MOXYTb BCTaHOBJIIOBATUCH 11 3B’A3KiB
(HampuKJaJ, Bxe BUKopuctanui PropagateCompletion), a nepeBanTaxeHa Bepcia LinkTo() Takox
MOK€e OTPUMYBATH QIbTPYHOUYMH NIpeaUKaT.
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Penent 2: po3noBCIOAXKEHHS MOMHUJIOK

* 3adaya:3HanuTHU Crocid pearyBaTU Ha MOMUJIKH, AKi MOKYTb BiIOYBaTHUCh Y CITLIi TOTOKY JaHHUX.

* BupiwieHHA: K110 JeJieratT, iepeJaHruy 0JI0Ky, BAKUIAE BUHSATOK, TO L€l OJIOK BXOAWUTHb Y CTaH
BiZIMOBH: BTPA4ya€ BCi CBOI JaHI Ta lepecTae NPUUMaATH HOBI.

=y KOAi OJIOK He BI/IpO6J'IH€ BI/IXiﬂHI/IX AdaHHUX; IIepaie 3Ha9Y€HHA BUJAd€E BUHATOK, a APYyTre - BTPA4YAd€ETbCA:

var block = new TransformBlock<int, int>(item =>

1
if (item == 1)
throw new InvalidOperationException(“Blech.");

return item * 2;

};
block.Post(1);

block.Post(2);
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Penent 2: po3noBCIOAXKEHHS MOMHUJIOK

* [[Jo6 nmepexomn0BaTU BUHATKHU Bij 6JI0KY, HEOOXiJHO O4iKyBaTH Moro BiaacTuBicTb Completion.
= BoHo noBepTae Task-00’€KT, AKMM 3aBePILIYETHCS NPH 3aBEPIIEHHI OJIOKY.

* fAxmo y 6Jsiowi BifbyBaeTbCA BigMOBa, TO i B 3aza4i Completion BoHa TeX CTAETbCA:

try
{

var block = new TransformBlock<int, int>(item =3
{
if (item == 1)
throw new InvalidOperationException("Blech.");
return item * 2;

1
block.Post(1);

await block.Completion;

}

catch (InvalidOperationException)

{

// 3pecke nepexBaTHBAETCA MCKAKYEHMe.

}
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Penent 2: po3noBCIOAXKEHHS MOMHUJIOK

try
{
var multiplyBlock = new TransformBlock<int, int>(item => | HpH pOBl‘IOBCIOLDKeHHi SaBepLHeHHH 3a ,[[OHOMOFOI‘O
{ K
if (item == 1) nmapaMeTpa 3B’13Ky PropagateCompletion moMHJIKY TeX
h Invalido ionEk i "Blech.");
Pe:u:zwi::: *n\zl? idOperationkException("Blech.") pO3HOBCI'O,ZDKy1'0TbCH.
H; . HpOTe BHUHATOK IIepeaaeTbCd HACTYIIHOMY 6HOKy, YIIaKOBAHOMY B

var subtractBlock = new TransformBlock<int, int>(item => item - 2);

AggregateException.

" Y KOoZi BUHATOK NEePEeXOIIIEThLCA B KiHI[I KOHBEEPA, TOMY BiH
nepexonuTb AggregateException, AKI0 BUHATOK

100 o ook Mo PO3IOBCIIXKYBaBCA 3 MONepeHiX 6JIOKIB.
= KoX/IHU OJIOK YITAKOBYE BXi/iHI IOMUJIKA B
AggregateException, HaBiTb AKILO HACTYIIHA IIOMHUJIKA
BXKe ABJIIE C00010 AggregateException.
" JKni0 noMu/IKa BiOYBAEThCSI HA paHHIN CTafil KOHBeEpaA Ta
BCTUTA€ MEPEMICTUTHUCH HA KiJIbKa 3B’A3KiB ynepes A0 il
multiplyBlock.LinkTo(subtractBlock, BUABJIEHHA, HOanKOBa H(?MHIIK& 6YA€ yHaKOBaHa B
new DataflowLinkOptions { PropagateCompletion = true }); AggregateExceptlon Ha KIJIbBKOX PIBHAX.
';‘:iii°1i§iﬁ§'§;§i§§ﬁé;mpletior.; = Metox AggregateException.Flatten() cnpoiiye 06po6Ky MOMHIIOK
} y TaKOMy CLeHapil.

catch (AggregateException)
{

// 3pecb nepexBaTbiBAETCA UCKAKYEHHue.

}
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Penent 2: po3noBCIOAXKEHHS MOMHUJIOK

* Bbyaytouu ciTKy (a60 KOHBEEP), MOAYMaNUTe HaJ, TUM, SIK OYAyTb 00POOJIITUCH TOMUJIKH.
" Y NpOCTHUX CUTYaALiIX MOKe OYTH Kpallle po3MOBCIO/P)KYBaTH OMHUJIKH Ta MePeXONJII0BaTH iX yCi B KiHIIi.

" YV GisIblI CKJIAAHUX, MOXKJIUBO, I0BEeEeThCA NEPEIPUTU KOKHUM OJIOK MPY 3aBePUIEHHI TOTOKY JaHUX.

* MOXJIMBUM IHIIKWW BapiaHT: AJi 30epexKeHHS Npale3JaTHOCTI 0JIOKIB pO3I/IsiAaTH BUHATKHU K
iHIIKWK pi3HOBUJ, JAHUX Ta AATH IM IIPOXOAHU M0 CITI[i 3 eJleMeHTaMU JaHUX, 1[0 IPAaBUJIbHO
00pPOOJISIThCA.

* [le ;03BOJIMTH 30€eperTy Nnpane3laTHICTb CITKKA NOTOKY JaHUX, OCKIJIbKHA OJIOKU He OyyTh ePeXOJUTHU B CTaH
Bi/IMOBM Ta NPOJOBXKYBaTUMYTb 0OPOOKY HAaCTYIIHOTO €JIeMEHTY JlaHHUX.
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Peuent 3: BUaaj1eHHA 3B’ A3KiB MK 60JI0KaMH

var multiplyBlock
var subtractBlock = new TransformBlock<int, int>(item => item - 2);
IDisposable link = multiplyBlock.LinkTo(subtractBlock);
multiplyBlock.Post(1);

multiplyBlock.Post(2);

// Ynaneuwe ceazei mexay ONOKamM.

// LaHHblie, OTNpaBneHHble Bblwe, MOryT BeiTe yXe nepegadsl

4 wnu He nepepadel No cBA3M. B peansHoM KOAE CTOMT pPaccMOTpeTR

// Bo3amoxHOCTe Bnoka using BmecTo npocToro Bwm3osa Dispose.
link.Dispose();

» CleHapid KOPUCHHUH, KOJIK HEMOXJIMBO 3MiHUTHU
GibTP AJ15 3B’I3KYy — J0OBEJIEThCS BUJIAJIMTU CTapUM
3B’SI30K Ta CTBOPUTU HOBUU 3 HOBUM QiJIbTPOM
(MoxuBoO, 3 DataflowLinkOptions.Append = false).

" TakoX MOXXe BUKOPHUCTOBYBAaTHUCh B CTpPAaTEriyHIN
TOYILi /111 NIPU3YTIMHKHW CiTKU NOTOKY JAaHUX.

15.03.2021

new TransformBlock<int, int>(item => item * 2); m

3adaua:y xoni 06poOKU HEOOXITHO JUHAMIYHO
3MiHHUTH CTPYKTYpPYy MOTOKY JlaHUX. lle HeTUnoBUM
CUeHapiu.

BupiwleHHs: 3B’ I3KU Mi>K O0JI0OKaMU MOTOKY JaHHUX
MO>KHa CTBOPIOBATH ab0 BUAAJISATU B OYAb-IKUU
MOMEHT;

» CTBOpEeHHs Ta BU/JlaJIEHHS 3B’SI3KiB € TOBHICTIO
IIOTOKOOE3MMeYHUMHU.

* [Ipu cTBOpeHHI 3B’A3Ky MiXK 6JIOKaMU 30€peXiTh 00’ EKT
IDisposable, noBepHenui MetogoM LinkTo() Ta 3HUILITE HoTO,
KOJIU NMOTPiOHO Oy/ie po3ipBaTH 3B’I30K MiXK OJIOKaMH.

fAk1o HeMa€e rapaHTii 6e3/1is9/JIbHOCTI 3B’SI3Ky, IPU HOT0
BUIAJIEHH]I MOX€e BUHUKHYTH CTaH TOHUTBHU.

= 3a3BUYaH BiH He CTBOPIOE MpobJseM; AaHi abo NPOXOAATh MO
3B’SI3KY Ilepe/l MOoro BUJaJIeHHSM, a00 He POXOASATh.

= Hemae YMOB 'OHUTBH, IO IPU3BEAYTH 00 ,[LY6JII-OBaHHH qHU
BTpATH JaHHX.
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Penent 4: cTBOpeHHsI BJIaCHUX OJIOKIB

* 3adaya:MaeMo JesKy JIOTiKY, Ky CJIi[i pO3MICTUTHU B HECTAaHJAPTHOMY 6J1011i TIOTOKY JAaHMUX.

= ]le 103BOJIMTh CTBOPIOBATH BeJUKI OJIOKH, LIIO0 MICTATh CKJIAJHY JIOTIKY.

" BupiwieHHs1: MOXHa BUJIJIUTH JOBIJIBHY YAaCTUHY CITKM IOTOKY JIAHUX, 1110 MICTUTH OJUH
BXIZJHUM Ta OJAUH BUXIJHUH 6JIOK 3a fonoMorow Metoay Encapsulate().

" POBHOBCIO,Z[)KGHHH AdHHUX Td 3aBEPIIE€HHA MI2K OUMHU KiHLleBI/IMI/I TOYKAMH 3aJIMIIATbhCA Ha COBICTI p03pO6HI/IKa.

= CTBOpPUMO 3 2 OJIOKIB HECTAHAAPTHUU OJIOK NOTOKY AAHUX 3 PO3MOBCI/PKEHHAM JaHUX | 3aBEPIIEHHS:

IPropagatorBlock<int, int> CreateMyCustomBlock()

{

wvar multiplyBlock = new TransformBlock<int, int>(item => item * 2);
var addBlock = new TransformBlock<int, int>(item =» item + 2);
var divideBlock = new TransformBlock<int, int>(item => item / 2);

var flowCompletion = newDataflowLinkOptions { PropagateCompletion = true };
multiplyBlock.LinkTo(addBlock, flowCompletion);
addBlock.LinkTo(divideBlock, flowCompletion);

return DataflowBlock.Encapsulate(multiplyBlock, divideBlock);
}
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Penent 4: cTBOpeHHsI BJIaCHUX OJIOKIB

* |[HKanCy/JIl04U CITKy B HeCTaHJAPTHHUM OJIOK, MOJyMauTe Npo Te:

" 4Ki mapaMeTpu NOTPiIOHO HAZlaTU KOPUCTYBaYaM.

SIK KO>KHUM MapamMeTp 6JI0KY MOBUHEH (YU Hi) mepeaBaTUCh Ballikl BHYTPIIIHIK Mepexxi; 4acTo JesKi mapaMmeTpu
0JIOKiB HE3AaCTOCOBHI a00 He MAKTh CEHCY, TOMY HECTAHAAPTHI OJIOKU 3a3BUYal BU3HAYAIOTh BJIACHI HECTAHApPTHI
napaMeTpu 3aMiCTb TOTO, 106 oTpuMyBaTH napametp DataflowBlockOptions.

= DataflowBlock.Encapsulate iHKarncysro€e suie CiTKy 3 OAHUMHU BXiJTHUM Ta OJHUM BUXIJHUM
0JI0KaMH.

Ax1o 9KMX0oCh OJIOKIB OiJibIle, CJIiJl IHKANCyJIF0BAaTH IO CITKY B CleljiaJIbHOMY O0’€KTI Ta HaZaTH AOCTYM [0 BXO/IiB
i BuxogiB Ak g0 Baactusoctei tuny ITargetBlock<T> (a1 Bxozis) i IReceivableSourceBlock<T> (a1 BUxXoziB).

Takox MOKJIMBO peasizyBaTH iHTEpPENCH NMOTOKY JAaHUX CaMOCTIMHO, IPOTE e HabaraTo CKJAaJHille.

KoMnanisgs Microsoft ony6JiikyBaJia CTaTTIO 3 OMMCOM HETPUBIaJIbHUX NIPUHMOMIB CTBOPEHHS HeCTaHAApPTHUX OJIOKIB
NOTOKY JAaHUX.
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PenenT 5: MoaAy/1IbHE TECTYBAaHHS CiTOK MOTOKIB JaHUX

[TestMethod] * 3adaua:B NOJATKY iCHYE CiTKa NMOTOKY JlaHUX. [loTpiObHO

public async Task MyCustomBlock AddsOneToDataltems(’

{

IIepEeKOHATHUCh Y IPAaBUJIBHOCTI il poOOTH.

var myCustomBlock = CreateMyCustomBlock();

myCustomBlock.Post(3); * BupiwieHHA: CiTKU IOTOKIB JAHUX He3aJIeXKHi, MAIOTb BJIACHUU
myCustomBlock.Post(13);

myCustomBlock . Complete(); TEPMIH KHUTTA U dCMHXPOHHI 3a CBOEIO ITPHUPOAOLO.

Assert.AreEqual (4, myCustomBlock.Receive()); n
Assert.AreEqual (14, myCustomBlock.Receive());
await myCustomBlock.Completion;

TakvuM YMHOM, HAMNPOCTILIWY MiAXif IX TECTYBAaHHA — ACUHXPOHHI
MOJYJ/bHI TECTH.

» [IpencraBieHUN MOAYJIbHUM TECT MepeBipsie HeCTaHAAPTHUHN 0JIOK
NOTOKY JAHUX 3 MONEPEAHbOTO peLenTy.

15.03.2021 @Mapuenko C.B., Y/IBK, 2021 50



[TestMethod]
public async Task MyCustomBlock_Fault_DiscardsDataAndFaults()
{
var myCustomBlock = CreateMyCustomBlock();
myCustomBlock.Post(3);
myCustomBlock.Post(13);
(myCustomBlock as IDataflowBlock).Fault(new
InvalidOperationException());
try
{
await myCustomBlock.Completion;

}

catch (AggregateException ex)

{

AssertExceptionIs<InvalidOperationException:(
ex.Flatten().InnerException, false);

public static void AssertExceptionIs<TException:(Exception ex,
bool allowDerivedTypes = true)

{
if (allowDerivedTypes && !(ex is TException))

Assert.Fail($"Exception is of type {ex.GetType().Name}, but "

Peuent 7: MoAy/IbHE TEeCTYBAHHSA
CITOK IIOTOKIB AAHHUX

* Moay/sibHe TeCTYBaHHA BiZIMOB He Take NPAMOJIiHIMHE.

+

%" {typeof(TException).Name} or a derived type was expected."); L

if (!allowDerivedTypes && ex.GetType() != typeof(TException))

Assert.Fail($"Exception is of type {ex.GetType().Name}, but "

$"{typeof(TException) . Name} was expected."):

15.03.2021

+

BHUHATKU B CiTKax MOTOKIB JaHUX YIIAKOBYIOTHCS B HOBYIO
00epTKy AggregateException Kax/bli pas, KOrja OHU
pPacnpoCTPaHAKTCS B CIeAYIOIMAN OJIOK.

B npuMepe uCIob3yeTcss BCIOMOTaTeJAbHbIA METO/, sl
IPOBEPKH TOTO, YTO UCKJIIOYEHHE OTOpacChbIBaeT JaHHbIE U
pacnpocTpaHsieTcs yepe3 HeCTaHAAPTHBIA OJIOK.

HpHMOG MOAYyJIbHOE TECTUPOBAHHE ceTeu MOTOKOB JdHHDBIX
BO3MOXXHO, HO HECKOJIBKO HEYAO6HO.

Ecau Bala ceTh gBJIIeTCA YacThIo 60JIbIIEro0 KOMIIOHEHTA,
BO3MOXKHO, Oy/IeT Mpollle OpraHu30BaTh MOAYJIbHOE
TeCTUPOBaHMeE JJis1 60JIbIIEro KOMIIOHEHTa (Toria ceThb OY/EeT
TECTUPOBATHCS HESIBHO).

Ho ecsiu Bl pa3pabaThiBaeTe HeCTaHAAPTHbIN OJIOK UJIU CEThb
JIJI1 TIOBTOPHOT'O UCI0JIb30BaHUs, UCIIOJIb3YUTE MOAYJIbHbIE
TeCThl BPO/ie ONIMCAHHbIX B 3TOM pelleNTe
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NAKYIO 3A YBATY!

HacrynHa Tema: /104aTKOBiI NUTaHHA KOHKYPEHTHOTO BUKOHAHHS KOAY
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Bukopucranusa TPL Dataflow. Ik nepeaaoTbCcA NOBiJOMJ/IEHHA?

* Many factors affect how, when and if messages are transmitted.

= For the most part, all predefined blocks transmit messages in the same way but some, like BroadCastBlock may
do things slightly different.

= Blocks attempt to transmit messages through links in the order they were added.
= Most blocks attempt to send messages to only one target block.
= For those cases, the block must decide in what order the target blocks are offered the message.
* The default is to offer blocks the message in the order they were added.

* Using the DataflowLinkOptions.Append configuration can force that a new link is prepended and not appended
to the collection of links.

* BroadcastBlocks and WriteOnceBlocks are designed to send messages to all connected blocks so the order they
were added is unimportant.

= Link filters can block a message before it gets to the block.

= If alink was added with a filter predicate and the message causes the predicate to return true, then the message
is blocked and next link in line is tried.
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Bukopucranusa TPL Dataflow. Ik nepeaaoTbCcA NOBiJOMJ/IEHHA?

Links that exceed MaxMessages block messages.

* The DataflowLinkOptions.MaxMessages property can limit the total number of messages that a link will transmit over
its lifetime.

= If this limit has been reached, the message is blocked.

Blocks can refuse messages.
= If blocks are in the completed state, error state or its internal buffer is full, the block will refuse the message.
= A WriteOnceBlock will refuse all messages except for the first it receives.

Blocks can postpone messages.

= Grouping blocks have the option to operate in non-greedy mode - it will only accept a message when all inputs have a
message waiting,

= In this case the block postpones the message.
= Either another block will accept the message or the block that postponed it can accept it later.

A non-deliverable message can cause a deadlock.

= TPL Dataflow will always transmit messages in order. For all blocks except for BroadcastBlock and WriteOnceBlock a
message that cana€™t be transmitted causes the block deadlock and wait until it can be delivered.

= A DataﬂowBlock.NullTarget is useful in this case.
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BHeceHHA 3MiH Yy X041 BUKOHAHHSA

= Blocks can be added and removed at runtime.

Adding a link at runtime is just calling the LinkTo() method as normal.

Unlinking a block can be accomplished by using the IDisposable object that is returned when you initially linked
the block.

Simply call Dispose() on the IDisposable to remove the link.

= Use this ability with caution.

With extensive use in various parts of your application you can never be sure what is connected to what and
makes debugging frustratingly difficult.

Modifying the delegate used in execution blocks at runtime is not possible.

However it is possible to design a delegate that chooses among a few different functions based upon some criteria.
Another option is to just replace the whole block by unlinking the old one and linking a new one.

But this also changes the order of links and thus messages transmittal will happen in a different order.

You'll need to determine on a case by case basis if this will cause problems.
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[liaTpuMKa CTaHy BCepeAHWHi BUKOHABYOI'0 0JIOKY

* In dataflow literature it is often recommended that blocks be stateless.
= While you should strive for this goal, sometimes it is not possible.
* Take for example an ActionBlock whose only purpose is to take its incoming data and add it to a collection.

= The most obvious way to implement this is for the block to retain a reference to the collection from one
execution to the next.

= At creation time, all execution blocks require a function or procedure that is called when the
block receives data.

= Most of the examples in this book use lambdas (a.k.a. anonymous functions) in the creation statement but a
lambda cannot retain state from one invocation to the next.

= The fix is to create a class that contains both the state and the lambda as a method of the class.

= Before creating the block you will create an instance of the class you just defined and pass the method as a
parameter of the block creation statement.

= The method can access the state held within the object and so the block is able to maintain state.

= For safety, this block should not set MaxDegreeOfParallelism greater than the default of 1 or you run the risk of
multiple threads attempting to update the state at the same time.
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[lepeTrBOpeHHs stateful-6/10Ky B stateless-0J10K

= It is always possible to convert a stateful block to one that is stateless but it requires a block
with multiple inputs and outputs.

= Since the predefined blocks do not offer this ability you will also have to implement a custom block before you
can use this technique.

* The concept is simple.
* Instead of retaining state, you send the current state on an output that is linked to an input of the same block.

= The block will still have whatever inputs and outputs needed for its normal operation but will now have one
additional input and output.

= Upon execution the block will get the current state and use it for the current set of input values possibly
updating the state.

* Once the block is done, it will send the new state to the output that is linked back to the input so it can use the
new state with a new set of values.
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[lopaau 040 NpoeKTyBaHHA nporpam 3 Dataflow

* [IpoekTyHTeE GJOKHU AJ11 IOBTOPHOTO BUKOPHUCTAHHSI.

One of the key aspects of dataflow is the ability to reuse existing blocks.

While reusable code has been preached for decades, it was the programming languages themselves that lead to
non-reusable code.

You don’t know if code is truly reusable until you have reused it at least three times.
Yet, re-usability is still something we should strive for and dataflow makes it easier.
Dataflow blocks should be free standing units.

Do not reference other blocks or anything outside of a block.

In one design I have seen, the author needed to ensure that both of the connected block were completed before
the subject block performed some operation.

He directly set a continuation on the tasks of the two blocks to accomplish his goal.
While it solved his problem this time, there is no way he could reuse the block elsewhere.

If you find there is no way to solve your problem without referencing external entities, then maybe they belong
inside the block you are designing.
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[lopaau 040 NpoeKTyBaHHA nporpam 3 Dataflow

» CTBOproHTE GJOKHM 3 HYJIS JIUIIE IPU HEOOXiTHOCTI.

While it is certainly possible to build a new block simply from the core interfaces of TPL Dataflow
(IDataflowBlock, ISourceBlock and ITargetBlock) it is rarely necessary.

Building new block by using the predefined blocks is much safer.

When building from scratch, you must ensure that the protocols are identical to the predefined blocks.
You can think of the predefined blocks to be equivalent to keywords in G#.

You use the keywords to build C# applications.

Similarly, you use the predefined blocks to build dataflow applications.

Creating a new block from scratch is akin to adding a new keyword to C# and as much care must be taken to
ensure it operates correctly.

I recommend using the DataflowBlock.Encapsulate<T1,T2> method to build a new block with the same interface
as the predefined blocks or to create your own, application specific, interface that all of your blocks will conform
to.

The key is that we don’t have to concern ourselves with the details of message passing, threading issues and other
details when we don’t have to.
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[lopaau 040 NpoeKTyBaHHA nporpam 3 Dataflow

= Po3pobsisrTe BaacHur Block-iHTepdeinc.

I often find myself developing my own interface that all of the blocks in my application implement.

Since the TPL Dataflow library makes no allowances for blocks that have multiple inputs and/or outputs, my interface
mostly deals with making it easy to get access to the internal blocks that act as the input and output connections.

Usually I use a dictionary with a key of type string or GUID to store the ‘BufferBlock’s that are the “ports” of my
applicdtion specific blocks.

All of my blocks implement this interface so that it is consistent throughout the application.

I will also wratp predefined blocks in this interface whenever I need to use them alongside my other application specific
blocks, again for consistency.

The idea is to create a layer above what is offered by TPL Dataflow to assist in having blocks with multiple inputs and
outputs and any other réquirements I need for that specific application.

Keep it simple. Don’t create a new messaging protocol or a new way to link blocks.
Reuse the basic operations that TPL Dataflow offers like LinkTo or SendAsync.

= BynbTe o6epexxkHuMU 31 36epexkeHHaM (Retaining) cTaHy B 6J10Kax.

15.03.2021

Blocks that retain state information from one activation to the next should be used carefully when
MaxDegreeOfParallelism is set to anything more than the default of 1.

This is because a single block will have a single state for all threads.
If the block is used in a multithreaded manner, there is a danger of multiple threads updating the state at the same time.

Additionally, this makes the block less reusable because you have to ensure that all future users of the block understand
the dangers of using the block in a multithreaded manner
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aaM 1100 NPOEKTYBaHHA nporpaM 3 Dataflow

= Favo
| |

= Avoi

r Application Specific Blocks Over Predefined Blocks.

For anything more than a trivial use of the TPL Dataflow library, your application should only use blocks that implement your
custom interface (as detailed above).

Even when you only need a BufferBlock you should wrap it in your own interface to maintain consistency.

Ehe TPL Dataflow Library should be thought of as the tools to build your house not the doors and windows that comprise your
ouse.

The library was designed to offer the needed abstractions for a variety of dataflow situations. It wasn’t designed with your
application in mind.

Many uses of dataflow require blocks to have many inputs and output, there may be application requirements that some blocks
take priority over others or you may want to make it easy to compose new blocK by using other blocks.

d Excess Synchronization and Blocks.

Every link requires some overhead to send/receive messages.

Eliminate unnecessary blocks to reduce the synchronization requirements.

A BufferBlock feeding into an ActionBlock could be redundant depending on the situation.
Remember that most predefined blocks contain their own buffer.

While I have preached making small reusable blocks, sometimes it is better to combine the functionality of a few connected
blocks into one for the sake of performance.

This reduces the amount of synchronization needed to transmit data between the blocks and the number of Tasks needed.
First design for re-usability, then if you need to speed things up, only then consider combining blocks.

TPL Dataflow is not designed for very “small” blocks (e.g. a single addition operation).

Medium to large blocks (about the size of a typical procedure or larger) give much better performance.
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[lopaau 040 NpoeKTyBaHHA nporpam 3 Dataflow

= Dealing with Loops and Cycles.

Anytime you have a link from an output of a downstream block to the input of an upstream block, there is a possibility
that the dataflow program could run forever without stopping.

This is not always a bad thing. Think of dataflow as being similar to electronic circuits.
Circuits are designed to operate continuously until the power is turned off.

In most engineering disciplines, the best creations are the one that run continuously for long periods of time without
faults.

Don’t be too concerned about designing dataflow applications that will terminate. If you need to stop them then you can
use the Complete() method or a CancellationToken.

This takes a change of attitude for most developers who were taught that programs that do not terminate are wrong.
Dataflow is just a different way to think about programming,

= Prevent Large Buffers.

15.03.2021

You must be mindful of the rate of incoming data to the rate of processing that data in a block.
A high rate of incoming data combined with a slow process could create a large backlog of data in the buffer.

To reduce the likelihood of this situation either increase the MaxDegreeOfParallelism or add more blocks to process the
incoming data.

But remember that these solutions could also cause the data to be returned in a different order than they arrived.
If maintaining order is required, consider using a BatchBlock to group together multiple data items to be processed at one
time.
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[lopaau 040 NpoeKTyBaHHA nporpam 3 Dataflow

= Data Should be Immutable.

Mutable data and parallelism go together like oil and water.

When using mutable data, anytime you have to split data between two blocks you will have to perform a deep-
copy of the object. This is very costly in terms of time and memory.

Of course sometimes it is not possible to use immutable data. In those cases you should design your classes to be
thread safe.

Use blocking collections, never refer to singletons or global variables and ensure that the platform functions you
are using are also thread safe.

= Use SingleProducerConstrained if Possible.

15.03.2021

In the previous chapter we covered how using the SingleProducerConstrained option can drastically speed up
your applications when a block will only ever have one source block.

The creator of the TPL Dataflow Library showed how, in his benchmarks, it was able to increase performance by a
factor of 3.

As there is no downside to applying this option, you should use it whenever possible.
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Penenr 4: peryJiloBaHHs 6GJIOKIB

= 3adauyda:MaeEMO CiTKy NNOTOKY [IaHUX i3 rajy>keHHsAM. [loTpiOHO opraHi3yBaTH nepejady JaHHUX 3
PO3I0iJIOM HaBaHTAXKEHHH.

* BupimeHHs: [lo yMo/i4yaHHIO O0JIOK, TeHEPHUPYIOIIMM BbIXOJHbIE JJAHHbIE, IPOBEPSET BCE CBOU
CBSI3U (B MOpAJKe UX CO3/IaHUsI) U NbITAETCS MOCJeloBaTe/JIbHO Mepe/laBaTh JaHHbIE T10
KaXkKI0OMy KaHaJy.

= Kpowme TOro, o yMo/JTYaHUIO KaXK/JbId OJIOK MOJAJEP>KUBAET BXOAHOU Oydep U MPUHUMAET NPOU3BOJIbHOE
KOJIMYECTBO JAHHBIX [0 TOrO0, KaK OH OYZIET rOTOB UX 00pabO0TaTh.

= JTO CO3JaeT NPo6JieMy B ClieHapWUH C BETBJIEHHEM, B KOTOPOM OJUH OJIOK-UCTOUYHUK CBSI3aH C
JAByMs 6JIOKaMU-MIPUEMHUKAMU: B 3TOM CJIydae BTOPOU OJIOK OyZeT NPOCTauBaTh.

= HepBbIﬁ 6J'IOK-1'IpI/IEMHI/IK Bcergaa 6yz[eT IIPUHUMATDb JaHHbIEC U 6Y(l)epH30BaTb HUX, TAK 4YTO 0JIOK-UCTOYHHK HHUKOTrJ4a
He 6Y[L€T [IbITATHCA II€peJaBaTb JdHHbIC BTOPOMY 6J'IOKy-1'IpI/IeMHI/IKy.

= [Ipo6sieMy MOXHO pelIuTb peryaupoBkon (throttling) 6/10KOB-IPMEMHHUKOB C UCII0JIb30BaHMWEM IlapaMeTpa 06J10Ka
BoundedCapacity.

= [lo ymosryanuio BoundedCapacity nprucBauBaerca 3Hadyenure DataflowBlockOptions.Unbounded, npu koTopom
nepBbIM O6JIOK-IPUEMHHUK OydepHr3yeT BCe JaHHbIe, /laKe eC/IU ellje He TOTOB K UX 00paboTKe.
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Penenr 4: peryJiloBaHHs 6GJIOKIB

* BoundedCapacity MOXHO IPUCBOUTL JIl060€e 3HaYeHHe 60JiblIe Hy A (UJIA, KOHEYHO,
DataflowBlockOptions.Unbounded).

* Ecaiv OGJIOKM-IPUEMHUKH YCIIEBAIOT 00pabaThiBaTh JaHHbIE, MOCTYNAKIHE OT OJOKOB-
MCTOYHUKOB, MPOCTOro 3Ha4eHus 1 OyAeT J0CTaTOYHO:

var sourceBlock = new BufferBlock<int:();

var options = new DataflowBlockOptions { BoundedCapacity = 1 };
var targetBlockA = new BufferBlock<int>(options);

var targetBlockB = new BufferBlock<int:{options);

sourceBlock.LinkTo(targetBlockA);
sourceBlock.LinkTo(targetBlockB);

* PerysiMpoBKa noJie3Ha AJisl pacnpejesieHUsi Harpy3kyu B KOHQUTrypaluysax ¢ BETBJEHMEM, HO OHA
TaK)Ke MOXKEeT IPUMEHATbCS Be3/ie, Ile BOSHUKHET HEOOXOJUMOCTb B PETyJIMPOBaHMUM.

= Hampumep, eciy ceTb NIOTOKA JAAHHBIX 3all0JIHAETCA JAaHHBIMU OT OIlepallui BBOJA/BbIBOJA, MOXXHO IPUMEHUTD
BoundedCapacity k 6J10KkaM CBOEH CETH.

= BsTtom CJydae Bbl HE IIpOo4YHUTaeTe CJIMIIKOM MHOI'O IdHHBIX BBO[[a/BbIBO[La A0 TOoro, Kak CeTb 6yz(eT K 3TOMY
I'OTOBA4, 4 BC€ BXOZHblIe JdHHbLIE€ HE 6y,ZLYT 6Y(1)epI/I3OBaHbI CeTbIO A0 TOI'0O, KadK OHAd CMOXET €ero O6pa6OTaTb.
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PenenT 5: mapaJsieJibHa 00pO06Ka 3 6JI0OKaMHU MOTOKY AAaHUX

* 3a7a4a: NOTPiOHO BUKOHATH MapaJiesibHy 00pOOKY B CiTIii MOTOKY JIaHHUX.

* BupimeHHs: [Io yMoJlYaHHIO KaXKibIK OJIOK MOTOKA JAHHBIX HE 3aBUCUT OT APYTUX OJOKOB.

= Korzga Bbl CBSI3bIBaeTe [iBa 0JI0Ka, OHU OYJYT BBINOJHATh 00pabO0TKy HE3AaBUCUMO APYT OT Apyra. TakuM o6pa3om,
B KaXK/Iy10 CETh NMOTOKA JAaHHbIX BCTPOEHA HEKOTOPas CTeNeHb eCTECTBEHHOr0 NapaJijieJiu3Ma.

* Ecau TpebyeTcs BBIUTH 3a 3TH PaMKH, — HalIPUMEDP, €CJIU OAWH KOHKPETHBIN 0JIOK BbINOJIHSET
MHTEHCUBHbIE BBIYUCJIEHUS HAa MPOILleCCOpe, — Bbl MOKETE JaTh KOMaHAYy 3TOMY OJIOKY
paboTaTh NapaJsijieJibHO C BXOAHbIMHU JJAHHBIMH, yCTAaHABJIMBAs apaMeTp
MaxDegreeOfParallelism.

» [lo yMoJsiuaHHIO 3TOMY MapaMeTpPy TOXe NMPHUCBAUBAETCS 3HAYEHHE 1, TO3TOMY KaXK/bIH OJIOK OTOKA JAaHHbIX
00pabaThIBAET TOJILKO OJJUH pparMeHT JAaHHbIX 3a pas.
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PenenT 5: mapaJsieJibHa 00pO06Ka 3 6JI0OKaMHU MOTOKY AAaHUX

* BoundedCapacity moxxHo npucsouTh DataflowBlockOptions.Unbounded niu 11060€e 3Ha4YeHHE,
6oJsibiiee 0.

» CJyieJyOIMH MpUMep MO3BOJISIET JIIOOOMY KOJIMYECTBY 33/ia4 YMHOXKATh JJaHHble OJHOBPEMEHHO:

var multiplyBlock = new TransformBlock<int, int>(
item => item * 2,
new ExecutionDataflowBlockOptions

{
MaxDegreeOfParallelism = DataflowBlockOptions.Unbounded

1)

var subtractBlock = new TransformBlock<int, int>(item => item - 2);
multiplyBlock.LinkTo(subtractBlock):
* [Tapamerp MaxDegreeOfParallelism ynpoiaet opranusanuio napasieibHOi 06paboTKU B 6JIOKe.
= CJIO)KHEee oNpeneauThb, KaAKUM 0JI0KaM 3TO NOTpeOyeTCH.

» OJMH U3 CIIOCOO0B 3aKJ/I0YAETCS B TOM, YTOOBI IPUOCTAaHOBUTD BbINIOJIHEHHUE MTOTOKA JAaHHbIX B OTJIaJYUKe U
IpoaHaJIM3UPOBaATh KOJUYECTBO 3JIEMEHTOB JJaHHbIX B ouepe/iu (T. e. 3JIEMEHTOB, KOTOphbIE ellle He ObIIN
06paboTaHbl 6JIOKOM).

" HeO)KI/IIL[aHHO BBbICOKO€ KOJIMYECTBO 3JIEMEHTOB JdHHBIX MOKE€T YKAa3bIBATb HA TO, YTO peopraHnu3annud UJin
[apasiejn3aigmudad MOIVIN ObI IIPUHECTH I10JIb3Y.
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PenenT 5: mapaJsieJibHa 00pO06Ka 3 6JI0OKaMHU MOTOKY AAaHUX

= MaxDegreeOfParallelism Takxe paboTaeT U B TOM CJiy4ae, €CJid 0JIOK MOTOKA JAHHbIX
BBINOJIHSIET aCUHXPOHHY0 00paboTKYy.

= B srtom ciyyae napameTp MaxDegreeOfParallelism sagaeT yposenv napasieausma — onpejieieHHOE KOJIMYECTBO
CJIOTOB.

» Kax/JbI¥ 3/1eMEHT JAaHHbIX 3aHMMAET CJIOT, KOrZa 0JIOK NPUCTYIaeT K ero 06paboTKe, U MOKUJAET 3TOT CJIOT
TOJIBKO TPH MOJIHOM 3aBepLIEHUH aCUHXPOHHOW 00pPabOTKHU.
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