TexHonorma PLINQ

TexHonorua PLINQ (Parallel LINQ) nossonaetr aBTOMATUYECKMU
pacnapannenusatb LINQ-3anpocbl a1a 06paboTKM IOKaNAbHbIX CTPYKTYP AaHHbIX.

IEnumerable<int> numbers = Enumerable.Range(l, 10000);
// TlocyiemoBaTEJILHEI Barpoc
var seqgQ = from n in numbers
where n $ 2 == 0
select Math.Pow(n, 2);
// OBBbaBJIgEeM 3anpoc, KOTOPHIM BHIIOJHIAETCHS [NapaJijiesIbHO
var parQ = from n in numbers.AsParallel ()
where n $ 2 == 0
select Math.Pow(n, 2);

Meton, AsParallel npeobpasyloT UCXOAHYIO  MOC/AeA0BaTe/IbHOCTb  TUMa
IEnumerable<TSource> B nocaefoBatenbHoCcTb TMNa ParallelQuery<TSource>
3TOT TUN COAEPKUT METOAbI-PACLLUMPEHMA C TEMU XKe UMeHamM, Kak u Tun IEnumeralbe<T>, HO
npeanonaratoLime BO3MOXKHOE NapannesibHoe UCNONHEHME HAa MHOTONPOLLECCOPHOM CUCTEME.
Opyroii cnocob BbINONHEHWA NApPaNNeNbHOro 3anpoca CBA3aH C MCNO/b30BaHMEM 06bekTa
ParallelEnumerable, KoTopbin no3sonAetr chopmMpoBaTb AManasoH aHANOTMYHO OOBEKTY
Enumerable:

// ANbTEPHATUBHEI BHIBOB I[apaJljIeJIbHEIX BallpOoCOoB

var parQ2 = from n in ParallelEnumerable.Range (1, 1000);
where n % 2 == 0
select Math.Pow(n, 2);

OcHoBHble 3Tanbl BbINOJHEHUA PLINQ-3anpoca: pa3sgeneHue AaHHbIX No pa60‘-IMM
NOTOKaM, napannenbHoe WwWCNoHEHNE 3anpoCoOB Ha KaxXgom MNOTOKe, arpernposaHue
Pe3ynbTaTOB B KOHEYHYIO NOC/N1€40BaTE/NIbHOCTD.

numbers.AsParallel () .Select (n => Math.Pow(n, 2)).ToArray()
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Yaoobcteo PLINQ 3akntouvaetcd B TOM, YTO BbINOAHAS HECKO/bKO 3amnpocoB K
nocnenoBaTebHOCTU, pa3aeseHne 31eMEeHTOB MO NOTOKAM OCYLLECTBAAETCA MO BO3MOMXKHOCTU
BHayasie 06paboTKU. DNeMeHTbl, NOMNaBLLUME B OAMH NOTOK NPW BbINOAHEHUN NEPBOro onepaTopa,
npoaoKatoT 0b6pabaTtbiBaTbCA B 3TOM MNOTOKE.

Ha pucyHKe n3obparkeHo BbINoAHEHME 3anpoca

ParallelEnumerable.Range(1, 6).Where(n =>n % 2 !=0).Select(n => n * n).ToArray();

Where Select
ToArray
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Kak 1 B cnyyae wabnoHoB kKnacca Parallel, ana 06paboTkM anemMeHTOB UCNONb3YIOTCA HE
TONbKO pabouyre NMOTOKM Nyna, HO U B MEPBYI0 oYepeab NONb30BATENbCKUI NMOTOK, B KOTOPOM
OCyLLLEeCTBNAETCA BbI30B 3anpoca.

var threads =
from n in ParallelEnumerable.Range (1, 1000)
select Thread.CurrentThread.ManagedThreadId;

B aTom 3anpoce coxpaHsem HOMep MNOTOKa, B KOTOPOM npoucxoauT obpaboTka
anemeHToB. Monyyaem, YTo NONOBMHA 3/1eMEHTOB 0b6pabaTbiBaeTCA B OCHOBHOM MOTOKE, Apyras
NnofoBMHa B paboyem NoTOKe nyna.

3¢ddeKTUBHOCTL pacnapannennuBaHuA

PacnapannenuBaHue BbINOMHEHMA 3anpoca CBA3aHO C HaKAaAHbIMM pacxofdamu Ha
pasfeneHve AaHHbIX, arpernposaHme pesynbTaTtoB. MHoOrMme 3akoHomepHocTM npu obpaboTke
PLINQ-3anpocoB coxpaHatTca: 4yem 6Oonblwe 3sn1emeHToB, Tem Bbiwe 3¢PeKTUBHOCTb
pacnapannennBaHuna; 4em 6osblue BbIYMCANTENbHAA CNOXHOCTb 06PabOTKM 3neMeHTa, Te Bbile
3¢ dEeKTUBHOCTb pacnapannenmnBaHus.

HekoTopble 3anpocbkl 061aaatoT HU3KOM 3PPEKTUBHOCTLIO — NOCAeA0BaTe/IbHbIE aHAN0rM
paboTtatoT 6bicTpee, Yyem napannenpHble. Hanpumep, 3anpocbl, CBA3aHHbIE CO CPaBHEHUEM
anemeHToB (GroupBy, Distinct, Join u gp.) pasgensatoT 3/IeMeHTbl C MOMOLLbIO X3LW-
CEKUMOHNPOBAHMA: Nepea pacnapansieiIMBaHMemM gNa Kaxkaoro sN1eMeHTbl BbIYMCAET X3LW-Koa,
3/IEMEHTbl C OAMHAKOBbIMM X3LW-KOgaMU 00beaUHATCA ANA 06paboTKM B OOAHOM MOTOKe.
CnoxkHas npoueaypa pasfefieHua 3HauuMTeNbHO CHUaeT 3ddeKT pacnapansienmBaHums
AanbHenwemn obpaboTkn. PaccmoTtpum cnegyowmini dparmeHT:




var threads =

from n in ParallelEnumerable.Range (1, 1000)
select Thread.CurrentThread.ManagedThreadId;
var diff = threads.Distinct () .ToArray();
int nThr = diff.Length;

3anpoc threads coxpaHAeT HOMep MOTOKA, B KOTOPOM ocyliectBaAetcs obpaboTka
anemeHTa. [nA nonyvyeHma maccmBa YHMKanbHbIX Homepos diff wucnonbzyem onepartop
BbIIBEHUA pa3nmumii Distinct wn onepaTop npeobpasosaHuns B maccuB ToArray. Ecam
M3MEHWUTb MOCNeAO0BATENbHOCTb OonepatopoB Distinct u ToArray, TO noaydyum bHonee
NPOU3BOANTENbHbIN KOA;:

var diff = threads.ToArray () .Distinct ()

BbicTpoaelcTBMEe BbLIMNOAHEHWMA BTOPOro BapuaHTa B 2 — 2.5 pasa npesblllaeT
napanfienbHyto Bepcuto. PasHbili NOpAA0K ONepaTopos NpUBOAUT K TOMY, YTO meTog, Distinct
NPpUMeHseTca AAs  MaccuBa, TO ecTb Tuna IEnumerable<T>, a He A4A4a Tuna
ParallelQuery<T>. Mo3Tomy BbI3blBaeTCA NOC/NeA0BaTe/IbHAA BEPCUSA MOMCKA Pas3/INYHbIX
3/1EMEHTOB.

3anpocbl Take, TakeWhile, Skip, SkipWhile paboTatoT TONIbKO C UCXOAHbIM
nopsakom 3nemeHToB. Hanpumep, 3anpoc Take (5) oTtbupaeT nepsble NATb 3/1EMEHTOB.
AHanusatop PLINQ He pacnapannenmsaeT Takme 3anpochbl.

[ns 06a3aTeNnbHOro pacnapannenmBaHma 3anpoca BHe 3aBUCUMOCTU OT 3PPeKTUBHOCTH
npumeHaeTcs mogmdmkatop WithExecutionMode ¢ napameTpom ForceParallelism:

var threads = “abcdef” .AsParallel ()
.WithExecutionMode (ParallelExecutionMode.ForceParallelism)
.Where (c => true)
.Take (3)
.Select (c=> Thread.CurrentThread.ManagedThreadId) ;




int nThr = threads.ToArray () .Distinct () .Count () ;

HecmoTpa Ha TO, 4To onepatop Where ¢GaKTUYECKM NPOMYCKAeT BCE 3/1EMEHTbI,
aHanusaTtop PLINQ-3anpocoB no ymon4yaHuio He pacnapannenmean 6bl BbiNosiHeHMe 3anpoca. Ho
pexum ForceParallelism no3BOAAET BKAOYMTb pacnapaiienvMBaHue, HanNpumep, B

OTN1a404YHbIX LenAax.

Ecnn Kakas-To yacTb 3anpoca o6A3aTeNlbHO A0XKHA BbIMOJHATLCA NOC/eA0BaTe/bHO,
HeobxoAMMO  BbINOJHUTL ObpaTHoe npeobpasoBaHMe ParallelEnumerable B
IEnumerable c nomolbio meToga AsSequential. Takoe npeobpa3oBaHNe MOXKET ObITb
Nnosie3HbIM, eC/IM B 3anpoce MCNOo/b3yHTCA MoMmoKoHebe30nacHele MeTogbl, NapansienbHoe
BbINO/IHEHME KOTOPbIX MOMKET MPUBECTM K OLIMBKaM.

var q = data.AsParallel()

.Select (item => DoSome (item) ) .Where(item => IsValid(item))
.AsSequential () .Select (item => DoSomeSeqg(item))
.ToArray () ;

MepBble gBa onepatopa Select MWhere BbINONHAOTCA NapannensHo. Nepes BbI30BOM
nocnegHero onepaTopa semeHTbl CobupatoTcs B 04HY NOC/Ne40BaTe/IbHOCTb.

Bypepuszaums

Mpu BbiNOAHEeHUM LINQ-3anpocoB 3/emMeHTbl o0bpabaTbiBatoTcA MOCNeA0BaTE/NbHO B
npouecce nepebopa, OTCYTCTBYET KaKasa-1nmbo bydepusauma pesynbratoB. TexHonorns PLINQ
NpeaocCTaBAsAeT TPU pexkmuma bydepunsaymm.

Mo ymonyaHuio ucnonbyetca aBTo-bydpepmsaums (AutoBuffered) - obbem bydepa
[ANA BbIMMCNEHUA Pe3yibTaToB OnpeaenaeTcs UCMONHAIOLLEN Cpeson.

var numbers = ParallelEnumerable.Range (1, 10);
var query = numbers.Select(n =>
{
Thread.Sleep (500);
Console.WritelLine (“Prepare item {0}, thread {11}”,
n, Thread.CurrentThread.ManagedThreadId) ;
return n;
1)
foreach(int i1 in query)
Console.WritelLine (“Got item {0}”, 1i);

Mpun obpaleHnn K NepBOMY 3/EMEHTY 3anpoca OCYLWLEeCTBAAETCA MapassesbHas
06paboTKa YacTn 31EMEHTOB.

Prepare item 1, thread 10
Prepare item 6, thread 11
Prepare item 2, thread 10
Prepare item 7, thread 11




Prepare item 3, thread 10
Prepare item 8, thread 11
Prepare item 4, thread 10
Prepare item 9, thread 11
Prepare item 5, thread 10

Got item 1
Got item 2
Got item 3
Got item 4
Got item 5
Prepare item 10, thread 11
Got item 6
Got item 7
Got item 8
Got item 9
Got item 10

TaK KaK YnCN0o 3/IEMEHTOB A0CTaTOYHO HEBObLIOE, TO MPAKTUYECKM BCE 3/1EMEHTbI BbIN
obpaboTaHbl Npu NepBom 06 paLleHnn K 3anpocy.

MonHan bydpepusaums (fully-buffered) no3sBonaeT BbINOJHUTb 3aMPOC NOJHOCTbIO
00 NpefocTaBNeHnsA pe3ybTaToB BHE 3aBUCMMOCTU OT YMCNA 3/IEMEHTOB.

var numbers = ParallelEnumerable.Range (1, 10);
var g = numbers
.WithMergeOptions (ParallelMergeOptions.FullyBuffered)
{
Thread.Sleep (500);
Console.WritelLine (“Prepare item {0}, thread {1}”,
n, Thread.CurrentThread.ManagedThreadId) ;
return n;
1)
foreach (int i1 in query)
Console.WritelLine (“Got item {0}”, 1);

ObpalleHune K NepBoMy 31eMEHTY MHULMUPYET NapanienbHyto o6paboTKy BCeX 31eMeHTOB

Prepare item 6, thread 10
Prepare item 1, thread 11
Prepare item 7, thread 10
Prepare item 2, thread 11
Prepare item 8, thread 10
Prepare item 3, thread 11
Prepare item 9, thread 10
Prepare item 4, thread 11
Prepare item 10, thread 10
Prepare item 5, thread 11
Got item 1

Got item

2
Got item 3
Got item 4




Got item
Got item
Got item
Got item
Got item
Got item

= O 0 J oy Ul

Pexxum ¢ nonHon bydepusaumen obnagaet xygaWMM BpPeMeHEeM MOJIyYeHUs MNepBoro

3/1eMeHTa, HO MONyYeHUe BCel pPe3yNbTUPYIOWEN NOCNenoBaTeNbHOCTU MOMKET 3aHMMaTb

MeHbLLE BPEMEHMU, YEM APYTUe PeXUMbl.

TpeTtuii pexknum He ncnonbsyet bydepusaumio.

var numbers = ParallelEnumerable.Range (1, 10);
var g = numbers
.WithMergeOptions (ParallelMergeOptions.NotBuffered)

{
Thread.Sleep (500);

Console.Writeline (“Prepare item {0}, thread {11}”,

n, Thread.CurrentThread.ManagedThreadId) ;
return n;

});
foreach(int i1 in query)
Console.WritelLine (“Got item {0}”, 1);

DNeMeHTbl BbIMMCAATCA NO mepe O6paLLI,eHVIﬂZ

Prepare item 1, thread 6
Got item 1

Prepare item 6, thread 11
Got item 6

Prepare item 2, thread 6
Got item 2

Prepare item 7, thread 11
Got item 7

Prepare item 3, thread 6
Got item 3

Prepare item 8, thread 11
Got item 8

Prepare item 4, thread 6
Got item 4

Prepare item 9, thread 11
Got item 9

Prepare item 5, thread 6
Got item 5

Prepare item 10, thread 11
Got item 10

[NopAanok anemeHTOB

MpY BbINONHEHUM NAPANNENbHbIX 3aNPOCOB HE rapaHTUPYETCA COXPaHeHue NopAaKa

3/1IEMEHTOB B pPe3y/bTUPYHOLLEN NOC/eA0BaTENbHOCTH.



select Char.ToUpper (c)

alblc|d|lelf » A|D|E|[B| F|C

[nAa rapaHTMpPOBAaHHOTO COXpPaHEeHWs nopagKka HeobxooMMO MCMNO/b30BaTb METOA
AsOrdered, KOTOpPbIA MOC/Me arperMpoBaHuUA pPe3ynbTaToB BbIMOJHAET BOCCTAaHOB/IEHME
nopsagkKa.

var q = “abcdefgh”.AsParallel ()
.Select (c=>Char.ToUpper (c)) .AsOrdered () .ToArray () ;

Ob6s3aTenbHoe ynopaaoUYnBaHMe PesynbTaToB NPUBOAUT K YXYALIEHWNIO 3GPEKTUBHOCTU
pacnapannenusanusa. Moandukatop AsUnordered no3Bonsetr CHATb TpeboBaHue
COXpaHeHUs NopsaaKa 1 NoBbICUTb 3GPEKTUBHOCTL pacnapanieNnBaHuA.

PaspeneHne AaHHbIX

PasbueHne 3sneMeHTOB NOCNe[oBaTENbHOCTM MO  MOTOKAM  OCYLLEeCTBAAETcA B
COOTBETCTBMM C OAHOW U3 TPeX cTpaTern: bnoyHoe pasgenenune (chunk partitioning),
pasgeneHve no pAuanasoHy (range partitioning), Xaw-cekumoHupoBaHue (hash

sectioning).

Xall-ceKUMOoHUpoBaHMe TpebyeT pacyeTa X3W-3HAaYEHUN ANA  BCEX 3/1IEMEHTOB
nocneaoBaTe/IbHOCTU; 3/IEMEHTbI C OAMHAKOBbIMU X3L-3HaYeHMAMM 06pabaTbiBatOTCA OAHUM U
TEM € MNOTOKOM. X3LWW-CEKUMOHUPOBAHME BbIMONAHAETCA A1 ONEpPaTopoB, CPABHUBAOLMX
anemeHTbl: GroupBy, Join, GroupdJdoin, Intersect, Except, Union,
Distinct.

an pasgeneHnn no AunanasoHy nocnenoBatesibHOCTb pa36MBaeTCﬂ Ha paBHOE 4Ynucno
9N1EMEHTOB, KaXa4aA nopuuna O6pa6aTbIBaeTCﬂ B O4HOM pa60L|eM noToke. Takoe pasgeneHue
ABNAETCA 00CTAaTO4YHO 3¢¢eKTMBHbIM, TaK KaK npuneBoanT K NONHON HE33aBMCUMOCTHU O6pa6OTKM
9/1EMEHTOB HA PA3HbIX MOTOKAX N HEe Tpe6yeT Kakoi-nnmbo CUHXPOHM3aUnn. HepocTtaTkom TaKom
AEKOMNO3NLUNN ABNAETCA HeC6aJ'IaHCMpOBaHHOCTb 3arpy>XeHHOCT NOTOKOB B C/iy4ae pPa3sHbIX
BbIMUCNUTENIbHbLIX 3aTPAT NPU o6pa60TKe 3/IEMEHTOB NOC/1e[0BaTE/IbHOCTMU.

Thread #1
9876.675 2
numb.Select (d=>Math.Pow (d,d))
9876.675 2 3 7
Thread #2

37




PasHana BblMMCAUTENbHAA Harpyska nNpu o06paboTKe 31eMEHTOB MPUMBOAUT K
HecbanaHCMPOBAHHOCTU 3arpy3Ku NOTOKOB.

OnHamunyeckoe pasgeneHre p[aHHbIX NO3BOMSET MNoAyuuTb 6Gosnee paBHOMEPHYHO
3arpysky MNOTOKOB, HO TPebylT CUHXPOHM3ALUMW MOTOKOB AN A0CTyna K UCXOAHOWM
nocnenoBaTeIbHOCTH.

Thread #1
9876.675
numb.Select (d => d * d)
9876.675 2 3 7
Thread #2
2 3 7

Mpu AMHammn4eckom (6104HOM) pasaeneHnn Kaxapli NOTOK, y4acTByoWuii B 06paboTKe,
nosy4aeT no GUKCMPOBaAHHOM Nopumumn anemeHToB (chunk). B KayecTBe nopunn mMoxKeT 6biTb U
0AMH anemeHT. MNocne 06paboTKM cBOEW NOPLMM NOTOK 06paLLAETCA 33 CAeAyoLLel Nnopumen.

Mo ymonyaHuio npu BbiNnoaHeHMUM PLINQ-3anpocoB BbINOAHAETCA pPas3geneHume no
ANana3oHy, KpOMe 3anpocoB, TPEDYOLWMX X3LW-CEKLMOHNPOBAHMA. A BbINOAHEHMA 3aNpOCOB
C AMHAaMUYECKMM pa3aefieHnem HeobxoAnMMOo UCMNOb30BaTb 06BEKT Partitioner.

var parNumbers = ParallelEnumerable.Range (1, 1000);
// Range-partition
var gl = (from n in parNumbers

where n $ 3 == 0

select n * n).ToArray();
// Range-partition
double[] ard =

new double[] {3.4, 56565.634, 7.8, 9.9, 2.4};
var g2 = ard.AsParallel () .Select(d =>
Math.Sgrt (d)) .ToArray () ;
// Block-partition
var g3 = Partitioner.Create(ard, true).AsParallel ()

.Select (d=>Math.Sgrt (d)) .ToArray () ;

MepBbiA U BTOPOWN 3anpocbl UCMONL3YIOT pa3desieHre No Auvanas3oHy. TpeTuid 3anpoc
MCNONb3yeT AMHAMMYECKYHD [AeKomnosuuuio. BTopoi aprymeHT metoga Partitioner.Create
3aflaeT pexum gekomnosunumu: false — pasgeneHve no amanasoHy, true — AMHaMuyeckas
(6nouHan) aekomnosnums.

O6paboTKa UcKkNHeHUM




NcKntoyeHusa, KoTopble MOryT Npou3onTM npu  BbinosHeHun PLINQ-3anpocos,
06pabaTbiBalOTCA TAK}Ke KaK U B Cnyvae 3afay c nomoupto obbekta AggregateException B
6noke catch. bnok try pacnonaraerca Tam, rae ocywectsnaeTca GpakTUYECKM BbI30OB
06paboTKN 3/1eMEHTOB.

var g = numbers.Select (n => SomeWork (n)) .Where(n =>
{
if(n > 0)
return true;
else
throw new Exception();

})
try

foreach(int n in q)
Console.WritelLine (n);
}
catch (AggregateException ae)
{
Console.WritelLine (“Some error was happened!”);
return true;

O6bpaboTKka 31emMeHTOB HauMHaeTcA npu nepebope anemeHToB B foreach-uukne.
NckntoveHne obpabatbiBaeTca B catch-6noke. O6bekT AggregateException coaepKuTt
CMUCOK OLWMBOK, BO3HUKHYBLUNX NpW 06paboTKke 3/1eMeHToB, B cnMcke InnerExceptions.

Ona 06paboTKM MCKNHOYEHUIA MOMKHO NPUMeHATb meToapl Flatten u Handle.

OTmeHa 3anpoca

Ona OTMEHbI BbIMOJHEHMA PLINQ-3anpocos ncnonb3yerca 06BbEKT
CancellationToken, KOTOPbIM NepegaeTca c NOMoLblo meToga WithCancellation.

CancellationTokenSource cts = new CancellationTokenSource () ;
var q = someData.AsParallel () .WithCancellation(cts.Token)
.Select(d => d * d);

// Bamaua, kKoTOpasd OTMEHMT 3alpocC
Task t = Task.Factory.StartNew(() =>
{
Thread.Sleep (100);
cts.Cancel () ;

1)

try
{

var results = data.ToList();

}

catch (OperationCanceledException e)

{




Console.WriteLine (“"The query was cancelled!”);

B sTOM dpparmeHTe OTMEHA 3anpoca OCYLLECTBAAETCA C MOMOLLbIO OTAE/IbHOM 3a4auu.
MNpn oTmeHe reHepupyeTca uUcknoveHue OperationCanceledException, KoTopoe npwu
Heobxo4MMOCTN MOXKHO 06paboTaThb.

ArpermposaHue BblYUCNAEHWUIA

Mog, arpervpoBaHuem (peaykumen) NOHMMAETCA BblYMCAEHUE KaKoro-nmbo Mtorosoro
3HayeHMA AnAa ucxogHoro Habopa sanemeHToB. MpUMmepom peayKLMM ABAAIOTCA: BblYMCAEHUE
MWHMMANbHOTO 3HAYEHUA, MaKCMMaNbHOTO 3HAa4YEeHWA, CYMMbI, MPOMU3BEAEHMA U T.A.

[NnA nonyyeHns arperMpoBaHHbIX Pe3y1bTaTOB MOXHO MCMNO/1b30BaTb MeToAbl: Sum, Min,
Max ANA BbIYUCNEHUA CYMMbl, MUHUMANbHOTO U MaKCMMa/ibHOTO 3HaUYeHMA.

Select (n => n*n)

Sum ()

12 > 1|4

30

numpbers
314 » 9 |16
11234 |5]|6 204

516 » 25|36

174
718 » 49 | 64

Peanusaumsa Npou3BO/IbHbBIX arpernpoBaHHbIX GYHKUMIA OCYLLECTBAAETCA C MOMOLLbIO
meToga Aggregate. B cnepgywowem ¢parmeHTe peannsoBaH MeTOZ  BblYMC/IEHUS
CpeAHeKBaApPaTUYHOro OTKNOHEHMUA

double CalcStdDevParallel (double[] data)
{
double mean = data.AsParallel () .Average();
double stdDev = data.AsParallel () .Aggregate (
// VHMUManms3aumsa JIOKAJbHOM IIepPEeMEeHHOM
0.0,
// BHUMCJIEHUS B KaXIOM IIOTOKE
(subtotal, item) =>
subtotal + Math.Pow(item - mean, 2),
// ATpervpoBaHMe JIOKAJIbHBIX 3HAUYESHUM
(total, subtotal) =>
total + subtotal,
// UroroBoe npeobpasoBaHMue
(total) =>




Math.Sqgrt (total/ (data.Length - 1))
) ;
return stdDev;

}

I'IepBbu‘& aprymeHT — Agenerat uHuunanmsaumn NOKaJIbHbIX MNepemMeHHbIX MNOTOKOB,
KOTOprﬁ BbI3blBa€TCA OAMH Pa3 ANA Ka*XXA0ro NOTOKa neped Ha4yasiom BbIYMCIEHUIA.

BTopoit aprymeHT — generat 06paboTKU Karkgoro anemeHTa, NPUHMMAIOLLNIN B Ka4yecTBe
napameTpoB TEKylee 3HauyeHMe JIOKaNbHOW MepemMeHHOM U 3HayeHue obpabaTbiBaemoro
3/1eMeHTa; BO3BPALLAETCA 3HaYEHME NIOKa/IbHOWM nepeMeHHOoN. [leneraT 06paboTKu Bbi3biBaETCS
AN1A KaXK[0ro snemeHTa.

(local, item) => local + item;

TpeTuih  aprymeHT MeToga arperMpoBaHuA  NPUHMMAET Aenerat  peaykuuu,
onpenenAloLWmin, KaKk YacTHble NnepemeHHble ByayT cBopayumBaTbCca (peayuMpoBaTbCA) B O4HO
NTOroBoe 3HayeHue. JeneraT pegyKkumm NpUMHUMaET TeKyLLee 3HaYEHNE NTOrOBON NepeMeHHOM,
NIOKanbHOe 3HayeHuMe MepeMeHHOM M BO3BpallaeT OOHOBJEHHOE 3HayYeHWe WTOroBoW
nepemeHHOoM.

(total, local) => total + local;

[eneraT peayKuMn Bbi3bIBAETCA CTONIbKO pa3, CKO/IbKO NOTOKOB y4yacTByeT B 06paboTke
MEeTOoAa arpernpoBaHus.

YeTBepTbIN aprymeHT — generat GUHaNbHOM 06pabOTKM UTOroBoM nepemeHHon. enerat
BbI3bIBAETCA TO/IbKO OAMH Pa3 NOC/e 3aBEPLUEHUA PeAYKLUNN NOKANbHbIX NEPEMEHHbIX.

(total) => Math.Sqgrt (total) / (data.Length - 1)




