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Curey oM 3HAYUTETbHBIM (PeHOMEHOM B 06TACTH KOMITBIOTEP-
HBIX TEXHOJIOTHIi CTAHET JOCTYITHOCTh MaCCOBOTO MapaJiieJi3Ma
ISt IPOCThIX cMepTHBIX. Ceffuac pa3paboOTYMKI MOTYT TIPEIO-
CTAaBUTH B HAIllEe PACIIOPSIKEHME GOJIBIITYI0 BBIYUCIUTENLHYIO
MOII[b, Ye€M KOT/1a-Jn00, 0JHAKO BhIPakeHNe KOHKYPEHTHBIX
BBIUMCJICHUI JIJIs1 MHOTUX BCe elle ocraercs npobaemoit. Ctusen
yIeJsieT BHUMAHHe 9TOit pobJIeMe, TIoMOTast JIydIiie pa3oOpaThest
B KOHKYPEHTHOCTHU, MHOTOITIOTOYHOCTH, MO/IEJIN PEAKTUBHOTO
[POrPaMMUPOBAHYSI, MTAPAJIJIeJ3Me U MHOTHX JPYTUX TeMax
B 9TOM JIOCTYITHOM, HO MOIPOOHOM PYKOBOJICTBE.

Cxomm Xanservman (Scott Hanselman),
enasnvlil aomunucmpamop npoexma, ASPNET
u Azure Web Tools, Microsoft

Paznoob6pasue onucanHbix METOI0B 1 (hopmat cOOPHUKA Perler-
TOB JIEJIAIOT ATY KHUTY UI€aThHBIM PYKOBOJICTBOM MO COBPEMEH-
HOI KOHKypeHTHOCTH Ha 1tatdopme .NET.

Jlorcon Cxkum (Jon Skeet),
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lpeaucnoBue

JKuBoTHOE Ha 06JI0KKE — MYCaAHT, MJIN MaJaiicKast maJbMoBast KyHUIA, —
MOKAMYH, OTIMYHO TTOAXOUT /IS TIPEJICTaBIeHNs TeMbl aTOH KuUTH. [Toka
s He yBU/IEN 0OJIOXKKY, sl HHYETO He 3HAJI O HEM U [MOITOMY PEIUJ TOUCKATh
nudopmaiuio. MycaHru cUnTaIoTCss BPEAUTESIMU, TIOTOMY YTO 3aCOPSIIOT
CBOWM TIOMETOM Yeplaku U mryMdT. VX aHanbHbIE jKejie3bl BBIIEISIOT ce-
KpeT ¢ TPOTUBHBIM 3armaxoM. MycaHT OTHOCUTCS K MCUE3AIONINM BUIaM U3
KaTeTopuu «BpI3bIBaloNie HaUMeHbIIIee OMaceHres, UTO M0 CYTH SIBJISETCS
MOJUTKOPPEKTHBIM aHAJIOTOM YTBEPKIEHUS «YOUBaiiTe CKOJIBKO YTOMHO;
HUKOMY He KaJiIko». MyCaHTH 1oe/laloT CIIeJibie TLI0/bl KOEHHOTOo jiepeBa
(xodeliHble BUITHN ), KOTOPBIE TIPOXOIAT Yepe3 UX JKeTYI0UHO-KUTITEeTHBbIH
TpakT. Komm-1yBak, O[MH 13 caMbIX IOPOTUX BUJOB Kode B MUPE, [leTaeTcs
13 KoeHBIX 3epeH, M3BJICUEHHBIX U3 UCTPakHEeHN MycanTa. [lo yTBepxk-
NIeHUAM AMEPHUKAHCKON acCOTMAINN CIIENTHANTH Kode, «OH TTPOCTO MMeeT
HETIPUSATHBIN BKYC».

Bce aTo fesaeT Mmycanra njieasbHBIM CUMBOJIOM /LIS KOHKYPEHTHOH 1 MHOTO-
MOTOYHOI pa3paboTKu. JIJish HETOCBSIIEHHOTO KOHKYPEHTHOCTh U MHOTO-
MOTOYHOCTH HeXKeJaaTebHbl. V3-3a HUX JOOPOMOPSIIOUHBII KO/ HAUMHAET
BeCTH cebst COBEPIIEHHO HETOCTHKIMBIM 00pa3zoM. COCTOSTHYSI TOHKHU U T. /1.
HPUBOAAT K KaTacTpoduueckum cO0sim (KOTopbIe, TIOX0Ke, BCEr/a Mporcxo-
JISIT B TIPOJIAKIIIEH WJIK BO BpeMst ieMoHcTpanun ). Hekoropbie paspaboTanku
3aX0/IAT HACTOJIBKO /IaJIeKO0, YTO 3aABJ4I0T: «[loTokn — 3710», U MOJHOCTBIO
nsberaioT KOHKypeHTHOCTH. HeMHOTrOUunCIeHHas rpymnia pa3paboTInKOB
BOIILJIA BO BKYC U MCIOJIb3YEeT KOHKYPEHTHOCTH O€3 OMaceHuil; HO MHOTHE
B [IPOIILJIOM Y7Ke 00KUTAINCh Ha Heil, M OT MPOIIJIOTO ONbITa Y HUX OCTAIIChH
HETNPUSTHbIE BOCTIOMUHAHUS.

Tem He MeHee /1711 COBPEMEHHBIX MTPUIOXKEHNT KOHKYPEHTHOCTh CTAHOBUT-
s IPaKTUYeCKy 00s13aTe/IbHBIM TpeboBaHeM. B HaIm a0 M0Jb30BaTENb
X0ueT BUAETh uHTepdeiic, ObICTPO pearnpyoIinuil Ha IPOUCXOISIIEE, a Cep-
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BEPHBIM MIPUJIOKEHUSAM TPUXOAUTCS MACIITAOMPOBATHCS 10 GecrpeneieHT-
HBIX ypoBHEil. KOHKYPEHTHOCTD CIIOCOGCTBYET PelieHu o PodaeM B 0001X
HAIIPABJICHUX.

K cuacTbio, cynecTByeT MHOKECTBO COBPEMEHHBIX OMOJINOTEK, KOTOPbIE
SHauUMenbHO YIPOIIAIT KOHKYpeHTHOCTD! TTapasienbHast 06paboTKa 1 acuH-
XPOHHOE NMPOTrPaMMHUPOBAHUE MTePecTasn ObITh YAeJI0M N30paHHBIX. ITH
O6UGJIMOTEKH MOBBIIIAIOT YPOBEHD aOCTPAKIINHU, BCJIEACTBHE Yero pa3paboTKa
MacITabupyeMbIX PUIOKEHUI ¢ XOPOIIEi CKOPOCTHIO PEAKIH CTAHOBSIT-
Cs1 BIIOJIHE peasibHbIM JIeJIOM JIJIst J1I0060T0 paspaborunka. Eciu B mmporiiom,
KOT/Ia KOHKYPEHTHOE MIPOrpaMMUPOBaHKe ObLIO UCKIIOYUTETBHO CITOKHBIM
JIEJIOM ¥ BbI Ha HeM 0OOJKIJIMCh, PEKOMEH/IYIO C/IEIaTh HOBYIO TIOTIBITKY, BO-
OPY/KMBIIKCH COBPEMEHHBIM MHCTPYMeHTapueM. Mbl, HaBepHOE, HUKOT/Ia He
CMO’KEM Ha3BaTh KOHKYPEHTHOCTb MPOCTHIM JIEJIOM, HO ceiiyac OHa yKe He
TaK CJIOKHA, KaK paHblire!

[ina Koro HanucaHa 3Ta KHUra

Irta KHUTA HalMCaHa Uit pa3paboTYMKOB, KOTOPBIE XOTSIT OCBOUTH COBpPE-
MEeHHbIE TTO/[X0/Ibl K KOHKYPEHTHOMY TporpamMmmupoBatuio. [Tpeamnosnaraercs,
4TO YUTATEJb yiKe 00sazaer onbiToM porpammupoBanus NET, Bkiouast
HOHUMaHue 0000IIEHHBIX KOJIEKIIN, epedncisieMbix 00bekToB 1 LINQ.
3HaHNWe MHOTOIIOTOYHOTO WM aCHHXPOHHOTO MIPOTPaAaMMUPOBAHKS HE TI0-
Tpebyercst. Ecain y Bac nMeeTcsi HEKOTOPBIN OTIBIT B 9TUX 00JIACTSIX, KHUTA
BCE PABHO MOJKET BaM IIPUTOUTHCST, TOTOMY YTO B HEll TPeICTaBIe€Hbl HOBbIE
6ubsmorekn — GoJiee H6e30MaCHBIE U TPOCTHIE B KCIIOJIb30BAHU.

KonkypeHTHOCTD T10J1€3Ha B TIPUIIOKeHIsIX ioboro Tura. HeBaxHo, paboraere
JIVL BBI HAJI HACTOJIBHBIMI, MOOUIBHBIMU WUJIH CEPBEPHBIMU MTPUTOKEHUSIMU;
B HAIIY THA KOHKYPEHTHOCTD CTAJIa TIPAKTUYECKH 00sI3aTeTbHBIM TPeOOBAHIEM
BO BCEX CUTyallUAX. PBHBHTI)I, IIpUBEAECHHDBIE B KHUTE, IIOMOTYT BaM C/I€JIaTh
M0JIb30BaTENbCKIE HHTEP(ENCH H0Iee OT3BIBYMBBIMU, & CEPBEPHI — JIYUIIIE
MaCLHTa6I/IpyeMbIMI/I. M1 YKE€ JOCTUTJIN TOYKHU, B KOTOpOfI KOHKYPEHTHOCTDb
HOJTy4HJIa TOBCEMECTHOE PACIIPOCTPaHeHNe, i TOHUMaHNe 3THX TPUEMOB U UX
IPUMEHEHMIT CTATI0 OJHUM M3 BaJKHEHIITNX HABBIKOB ITPOGECCHOHAIBHOTO
paspaboTrunka.

[InA Koro HanmucaHa 3Ta KHWra 11



Mouemy s Hanucan 3Ty KHUTrYy

Ha 3ape cBoeii kapbepbl sl ©3y4aj MHOTOIIOTOUYHOE TIPOTPAMMUPOBAHUE Me-
TOZIOM TIPO0 1 OMUOOK. 3aTeM 51 U3ydasa aCHHXPOHHOE MTPOrPaMMHUPOBaHIE
MeTo/10M P00 U ommboK. XOTS U TO U APYTOe TPUHECIO MOJE3HBIN OIIBIT,
s1 OBI IIPEIIIOYE]T IMETH TOT/Ia HEKOTOPbIE HHCTPYMEHTBI U PECYPCHI, KOTOPbIe
JOCTYIIHBI cefivac. B yacTHOCTH, MOfIepKKa async W await B COBPEMEHHBIX
a3bikax NET — macTosiee cokpoBuiie.

OpiHako ecsin 06paTUTHCS K CETOAHSIIITHUM KHUTAM U JIPYTUM pecypcam JIJist
U3y4YeHUsI KOHKYPEHTHOCTH, TIOYTH BCE OHU HAYMHAIOTCSI C U3JIOKEHUST O0JTh-
IIUHCTBA HU3KOYPOBHEBBIX KOHIEMIHiT. OOBIYHO TPUBOIUTCS TPEBOCXOIHOE
oTcaHUe TTOTOKOB U MTPUMUTUBOB CUHXPOHU3AIINH, & BBICOKOYPOBHEBbBIE
MEeTO/Ibl OTKJIAIBIBAIOTCS Ha TIOTOM, ecJii BoobIie paccmarpuBaiores. [Tosa-
rafo, 9T0 MPOUCXO/INT 110 IBYM IPUUYMHAM. BO-TIepBbIX, MHOTHE Pa3pabOTUNKH
KOHKYPEHTHBIX [TPOrpaMM (BKJI0YAs MEHS ) HAUMHAJIM C U3YYeHUsT HU3KO-
YPOBHEBBIX KOHIIETIIIUN U TTOIOJITY KOPIIEIN HAJl OTTUCAHUSIMU CTAPbIX METOZIOB.
Bo-BTOpPBIX, MHOTHE KHUTH OBLIM HAITUCAHBI IABHO M COEPIKAT YCTaPEBIIINEe
CBEJIEHUS; C TTOSIBJIEHIEM 00JIee HOBBIX CPEICTB KHIUTH OOHOBIISLINCH, HO, K CO-
JKaJIeHn1o, HoBast MH(pOopMaITis pa3Meliansach B KOHIIE.

Cuuraio, UTO TAKOH OX0/ HeBepeH. B aToli KHUTe paccMaTPUBAIOTCS MOJIbKO
COBPEMEHHBIE TTOIXOIBI K peaTu3aiu KOHKYPEHTHOCTH. DTO BOBCE He 3HAUUT,
YTO MOHUMAaHWE BCeX HU3KOYPOBHEBBIX KOHIIETIINI He TPUHECET BaM MTOJTh3bI.
Korna s nsyuyan mporpaMMupoBanye B KOJIJIEKe, HAa OJHOM 13 KYPCOB MHE
[PUIIIOCH CTPOUTH BUPTYAIbHBIN MTPOIIeccOp 13 Habopa 2IeMEeHTapHBIX JIO-
TMYECKUX BEHTHUJIEH, a Ha JIPYTOM — M3y4aTh IIPOrPaMMHUPOBAHNE HA S3bIKe
accemOirepa. 3a BCro MpohecCHOHATIbHYIO0 Kapbepy sl He CIIPOEKTUPOBAJ HU
OJIHOTO TTPOIIECCOPA ¥ HATIMCAJ BCETO MAPY IECSTKOB CTPOK acCeMOJIEPHOTO
KOJIa, HO TTOHNMaHWe OCHOB TPUHOCHT TTOJIb3Y exkefineBHO. U Bce ke myurre
HAuMHATH C BBICOKOYPOBHEBBIX a0CTPaKIIMil; Ha MOEM IIePBOM Kypce Ipo-
rPaMMHUPOBAHUS PacCMaTPUBAJICST BOBCE He s3bIK acceMbJiepa.

ITa KHUTA 3aHUMaET OTIpe/leIeHHYI0 HUIITY: OHA CO/IePKUT BBeJieHue (U cIpa-
BOYHWK) TI0 KOHKYPEHTHOCTHU C UCTIOJb30BAHNEM COBPEMEHHBIX METOIOB.
B neit paccMaTpuBaioTcst pa3muHbIe BUIBI KOHKYPEHTHOCTH, BKITIOUAs TTapaJi-
JIEJIBHYI0 00pabOTKY, aCHHXPOHHOE M PeaKTUBHOE TIporpaMMupoBanue. Tem
He MeHee B Hell He pacCMaTPUBAIOTCS YCTAPEBIIIME METOJIbI, KOTOPbIE OTTUCAHBI
B JIDYTUX KHUTAX U CETEBBIX PECypcax.
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Tunorpadckue cornaweHuns

B aToii kHUTE IIPUHATBI CJaE/yIonire TI/IHOI‘pa(I)CKI/Ie corylatieHmuA:
Kypcus

I/ICHO]IBSyeTCH JJIA 0603Ha‘{€HI/IH HOBbBIX TEpDMUHOB.
MOHOWMPUHHBIVA WPUT

[Tpumensercs ayist obOpMIIEHUS JIMCTUHTOB TIPOTPAMM U TIPOTPaM-
MHbIX 9JIEMEHTOB BHYTPH OOBIYHOTO TEKCTA, TAKUX KaK MMEHA Mepe-
MEHHBIX U (DYHKIINH, 6a3 JAaHHBIX, TUIIOB JIaHHBIX, IEPEMEHHBIX OKPY-
JKEHUST, THCTPYKITUHN 1 KJIIOYEBBIX CIIOB.

TaK BblAenATCA COBETbI U npennoxeHuA.

Tak o6o3HavatoTCA npegynpexngeHna n npefoctepexKeHns.

CTpykTypa KHUN

KHura umeer cienyonyio CTpyKTypy:

O B rmase 1 comep:kutcs BBeZieHUE B PAa3JIUYHbIE BUbI KOHKYPEHTHOCTH,
OIMCAaHHbIE B KHUTE: TTapaJijieJIn3M, aCHHXPOHHOE U PeaKTUBHOE TTPOTPaM-
MUPOBaHUE, TOTOKU JJAaHHBIX.

O Brmasax 2—6 npeacrasieno 6osee ogpodHOe BBEAEHNE B PASHOBUHOCTU
KOHKYPEHTHOCTH.

O B xaxmoli n3 OCTaBIINUXCS IJIaB PACCMATPUBACTCSI KOHKPETHBIN aCTIeKT KOH-
KYPEHTHOCTH; OHHU TaK;Ke MOTYT PACCMATPUBATHCST KaK COOPHUK PEIeHuUit
TUIMYHBIX TPOOJIEM.

CTpyKTypa KHUTM 13



Pexomenyio mpountats (M 1o Kpaiiteil Mepe MpoCcMOTPETD ) TIEPBYIO TJIABY,
JlasKe eCJIM BBl yoke 3HAaKOMBI ¢ HEKOTOPBIMM Pa3HOBUIHOCTSAMU KOHKYDEHT-
HOCTH.

Ha moment otipaBku kuurn B redaTs NET Core 3.0 ermre naxoanTtes na
cTaauu 6eTa-TeCTUPOBAHSI, TIOITOMY HEKOTOPbIE HIOAHCHI ACHHXPOHHBIX
TIOTOKOB MOT'YT U3SMEHUTHCA.

bnaropgapHocTy

IJTa KHUTa IIPOCTO HE CMOTIJIa OBI TOSIBUTHCA O€3 IIOMOIIIN MHOKECTBa JIIOZIeﬁ!

I[Tpes e Bcero xouy BeIpa3uTh OJ1arogapHocTh cBoemy Tocniony u Criacuresito
Nucycy Xpucrty. [IpuaATHE XpUCTHAHCTBA CTATIO CAMBIM Ba;KHBIM PEIIeHTEM
B Moeii xkusHu! Ecin Bam oHazoOuTCs 10MOJTHUTEIbHAS MHMOPMAIINST IO HTOM
TeMe, BBl MOJKETE CBSI3aThCsI CO MHOM Ha MoeM caliTe http://stephencleary.com/.

Takske s Garogape cBoeii ceMbe, IPOCTUBILEH MHE BCE TO BPEMS, KOTOPOE
st Mor ObI TIpoBecTH ¢ Heil. Korza st Hadas paboraTh Hajl KHUTOM, HEKOTOPbIE
Ipy3bs roBopuin MHe: «Ilomporaticst ¢ cembeli Ha cemyrormuti roa!» A mymad,
YTO OHU Iy TAT. Mos skerHa Mauan u Hamu getu Jc-/u 1 IMMa TPOSIBIISLIN
MOHUMaHUE, KOT/Ia 5T TPOBOJIVJI JIOJITHeE JTHU 32 pabOTO, a TOTOM MHUCAJ TI0
BeuepaM U BbIxoaHbIM. Criacn60 Bam BeeM. S mo6tio Bac!

Koneuno, ata kHura Obla Obl 1aJIeKO He TaKOW KaueCTBEHHOM, ecan Obl
He MO peflakTopbl U HayuHbie peaakTopsl: Ctusen Tay6 (Stephen Toub),
ITerp Onpgepka (Petr Onderka) («svick»), Hux ITanauno (Nick Paldino)
(«casperOne»), JIu Kamn6enn (Lee Campbell) u Iegpo @enukc (Pedro
Felix). U eciii B KHUTY TIPOKPAJIMCh KaKHe-THO0 HETOUHOCTH — 3TO IIEJTHKOM
ux Buna... [llyuy! Ix MHeHMe 0Kka3ano HeoleHnMYTo TOMOTIh B (hOPMHUPOBAHNT
(¥ McTIpaBJIeHIN ) MATEPHAJIA, @ 32 BCE OCTABIIECS OMTUOKI, KOHETHO, OTBEYAIO
TOJIBKO 5. Beipaskaio ocobyio 6marogaprocts Ctuseny Tayoy (Stephen Toub),
KOTOPBII HAYYUJI MEHSI «TPIOKY C JIOTHUECKUM apryMeHToM» (perent 14.5)
U pacckasaji 0 6ecuncIeHHbIX HI0AHCaX, CBA3aHHbBIX ¢ async, 1 JIun Kamnbemnny
(Lee Campbell), kotopsrii momor mue ocBoutb System.Reactive u cienatsh
MOi#1 HabJTIOIaeMBbIil KOl H0Jiee MIMOMATHYECKIIM.

Haxownel, s xouy 1mo0/1arofaputh HEKOTOPBIX JIO/EH, OT KOTOPBIX 5 y3-
Has 00 atux Merogax: Crusena Tay6a (Stephen Toub), JTionnana Bumnka
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(Lucian Wischik), Tomaca Jlesecka (Thomas Levesque), Jlu Kamn6enna
(Lee Campbell), coo6imectso Stack Overflow u popymos MSDN, a Taxske
YYaCTHUKOB KOH(EPEHIINIT 110 TPOrPaAMMHUPOBAHUIO B MOEM POJIHOM IIITATe
Muuuran. Mue HpaButcst 6bITh 4acThio coobirectsa paspaborurnkos 110,
U €CJIU 9T KHUTA KOMY-TO OMOYKET, TO CTOUT OGJIATOIAPUTH MHOTHX JPYTUX,
MOKA3aBIIHX TPABUIBHBIN MyTh. Criacu60 Beem!

0T u3pgarenncTBa

Bamu 3amevyanust, peiyio;xKeHyst, BOIIPOCHL OTIIPABJISIATE 110 afpecy comp@
piter.com (u3naTenbeTBO «IIuTepy, KoMIbIOTEpHAS PETAKITNS ).

MbI OyieM pajibl y3HaTh Ballle MHEHHE!

Ha Be6-caiite nzmaresbcTBa www.piter.com BbI Halizere moapoOHyo nH(Op-
MAI[UIO O HAITUX KHUTAX.

OG6parure BHUMAHUE: TI0 BCEIT KHUTE aBTOP JIaeT TIEPEKPECTHBIE CCHUIKH HA
perientel. HymepoBanHbie T03aroTOBKY B TJIaBaxX M ABJASIOTCS 9TUMU pe-
HEeITaMU.



TNMABA 1

KoHKypeHTHOCTDb: 061ue cBeieHus

KonkypeHTHOCTB (concurrency) sIBJSIETCST KJIIOYEBBIM ACITEKTOM ITOCTPOEHUST
KPAaCHBBIX IPOrpaMM. B Teuernie iecsTHIIETHIT KOHKYPEHTHOCTH ObLIa BO3MOJKHA,
HO PeaJIN30BbIBAJIACD C U3PSIIHBIME TPYIHOCTSIMU. KOHKYPEHTHbBIE TPOTPAMMBI
CO3/IABAJIN TPYIHOCTHU C HAITMCAHWEM, OTJIQJIKOI 1 CONTPOBOXK/IeHNEeM. B utore
MHOTHE Pa3paboTINKH BEIOHUPaITH GoJiee POCTOI Iy Th 1 30erain KOHKYPEeHT-
Hocti. Biarogapst 6ubmoTekam 1 SI3BIKOBBIM CPEICTBAM, IOCTYITHBIM JIJIST CO-
BpeMeHHbIX 1TporpamMM .NET, B Hailu THU KOHKYPEHTHOCTD JIOCTUTAeTCs TOpas/io
nporie. Kommamnus Microsoft crana snjepom IBUKEHUS K CYIIIECTBEHHOMY
MOHWKEHUIO TJIAHKHU CJIOKHOCTH KOHKYPEHTHOCTH. Koria-To KOHKypeHTHOe
POrpaMMUPOBaHUe OBLIO Y/IETIOM 9KCIEPTOB; HO B HAIIU THU KAKIbIA pas-
paboTYnK MOsKeT (1 OJIKEH ) BJIaJeTh CPEACTBAMI KOHKYPEHTHOCTH.

3HaKOMCTBO C KOHKYPEHTHOCTbIO

[Ipesx/ie ueM MPOI0IIKATH, CTOUT PAa30OPATHCS C TEDMUHAMH, KOTOPBIE Oy /Iy T
MCIIOJIb30BATHCSI B KHUTE. TO MOU COOCTBEHHbIE OIPEIETEHNSI, KOTOPbIE
s1 MOCTOSTHHO MCIIOJIB3YIO JIJIsl TOTO, YTOOBI PA3JINyYaTh PA3HbIE METOIBI TPO-
rpamMmupoBanus. Haunewm ¢ xoukypenmuocmu.

KOHKypeHmuocmb
Broimonnenne Cpa3y HECKOJIbKHX JIEMICTBUI B OJTHO M TO K€ BpeEM:I.

Hanerocs, mone3HOCTh KOHKYPEHTHOCTA COMHEHUH He BhI3bIBaeT. [ prmnoskenus
JUUIST KOHEYHOTO TI0JIb30BATE/IS HCIOIB3YIOT KOHKYPEHTHOCTD, YTOOBI Pearnpo-
BaTh Ha BBOJL JAHHBIX [I0JIb30BATEJIEM 60 8pems 3amic B 6asy paHHbix. Cep-
BEPHbIE MTPUJIOKEHUS UCTIOIb3YIOT KOHKYPEHTHOCTD JIJIs PEaKI[UU HAa BTOPOI
3a1poc B XO7I€ 3aBepIIeHUs TIePBOTO 3ampoca. KOHKYPEHTHOCTb TPUTOIUTCS
B 1100011 CUTYyaIlH, KO/l IIPUJIOKEHUE JOJLKHO JieJIaTh YTO-TO OJ{HO BO BPEMSA
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paboThI HAZL 4eM-TO APYTUM. [IpakTiHuecKu oO0e TTPOTPaMMHOE TTPUIOKEHUE
MOJKET BBIUTPATh OT MPUMEHEHUS KOHKYPEHTHOCT.

MHorue pazpaboTYNKH, CJIbIIIIA TEPMUH «<KOHKYPEHTHOCTh, HEME/IJIEHHO JiyMa-
10T O «MHOTOIIOTOYHOCTH». TeM He MeHee 9TU B TIOHATHUS CJIeyeT Pa3InIaTh.

Mmnozonomounocmo

Dopma KOHKYPEHTHOCTH, UCIOJIB3YIONasd HECKOJIbKO MTPOrPAMMHBIX
MTOTOKOB BBITIOJHEHTI.

MHOTOIIOTOYHOCTH OTHOCUTCST K OYKBAJIbHOMY HCIIOJIb30BAHUIO HECKOJIBKIX
10TOKOB. Kak ObL10 IPOEMOHCTPUPOBAHO BO MHOTHX PEIleNTaX KHUTH, MHOTO-
MIOTOYHOCTD SIBJISIETCST PA3HOBUTHOCTBHIO KOHKYPEHTHOCTH, HO, GE3YCIIOBHO, 3TO
He eduncmeennas hopma. HerocpecTBeHHOe UCIIO/Ib30BaHIe HU3KOYPOBHEBBIX
BU/IOB MHOTOIIOTOYHOCTHU B COBPEMEHHBIX ITPUJIOKEHUSIX TPAKTUUECKU He UMeeT
CMBICJIa; BHICOKOYPOBHEBbIE a0CTPAKIINH TIPEBOCXO/ISAT MHOTOTIOTOYHbIE CPE/I-
CTBa CTapOIi NIKOJIBI KAK 110 MOIIIH, TaK U 110 addektuBHOCTH. [10 9T0I TprunHe
PaccMOTpPEHHE YCTAaPEBIIUX CPEICTB OyAeT cBe/ieHo K MUHIMyMy. Hu B oiHOM
113 MHOTOITIOTOYHBIX PEIIETITOB 3TOM KHUTH He UCTIOIb3YIOTCS TUTIBI Thread WJIN
BackgroundiWorker; OHI GBLITH 3aMeHEHbI 0JIee KAYeCTBEHHBIMI ATETEPHATHBAMI.

Kax Tospko BbI BBo/IuTE KOMaHIY new Thread(), Bce KOHUEHO: BAIII ITPO-
€KT y’Ke COZIEPKUT YCTAPEBIINIA KOJIL.

Tonbko He TOAYMalTe, YTO MHOTOTIOTOYHOCTH MepTBa! MHOTOIIOTOYHOCTH ITPO-
JOJIKAET JKUTD B NYJLAX NOMOKOE — MOJIE3HOM MECTe [IJIsT TOCTAaHOBKU pabounx
oTIepaItiii B ouepe/b, KOTOPoe aBTOMAaTHYECKU PETYINPYeTC B 3aBUCUMOCTH
OT Harpy3Ku. B cBoIo o4epep, € TTyJI0M TOTOKOB CTAHOBUTCS BO3MOKHOM OJTHA
BaskHast (hopMa KOHKYPEHTHOCTH: MapaJijieibHas 00paboTKa.

Iapannenvnas obpabomra

Boinosnenue 60J1bII10ro oobemMa pa6OTI)I 3a CHET pacClIpe/ieJIEHNA €€
MEKAY HECKOJIbKUMU ITIOTOKAMU, BbIIIOJIHAEMbIMU OJJTHOBPEMEHHO.

[Maparenbhast o6paboTka (MM MapaJuieJibHOE IIPOrPAMMUPOBAHIE ) UCTIOIB3YET
MHOTOIIOTOYHOCTD JIJIsI MAKCUMAJTbHO 3 (EKTUBHOTO UCIIOJIb30BAHUST MHOTO-
SIEPHBIX TIpoTieccopoB. CoBpeMeHHbIE MTPOIECCOPBI YaCTO UMEIOT HECKOJIBKO
sep, ¥ pu OOJIBIIOM 0ObeMe BBITIONHAEMOI paboThl OBLIO ObI HEPA3yMHO
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MOPYYaTh BCIO pabOTy OHOMY SIZIPY, B TO BPEMsI KaK OCTAJIbHBIE TPOCTANBAIOT.
[Tapasutesbaas 06paboTKa pacrpeaessier padboTy MeK/LY HECKOJBKIMU TOTOKA-
MU, KQK/IbII 13 KOTOPBIX MOKET BBINOJIHATHCST HE3aBUCUMO Ha OT/EJIBHOM SIZIPE.

[Mapasrenbpaas 06paboTKa ABJSETCS OLAHON U3 PA3HOBUHOCTEN MHOTOIIOTOY-
HOCTHU, 2 MHOTOTIOTOYHOCTD SBJISIETCST O/IHOH U3 PAa3HOBU/IHOCTEN KOHKYPEHT-
HocTH. Taxke cymecTByeT ipyrasi pa3HOBUAHOCTh KOHKYPEHTHOCTH, KOTOpast
BA)KHA B COBPEMEHHBIX TTPUIOKEHUIX, HO He TaK XOPOIIO 3HAKOMA MHOTUM
pPa3paboOTIMKAM: ACUHXPOHHOE NPOZPAMMUPOBAHUE.

Acunxponroe npozpammuposanue

Pa3HOBI/II[HOCTB KOHKYPEHTHOCTH, UCITIOJb3YIONasAa O6eH_[aHI/IH njin
O6paTHbIe BbI3OBbI JIA ITPEAOTBPallleHUA CO3AaHUA JIMITHUX ITOTOKOB.

Obewarnue (future/promise), win npednameuenivlii mun — THIL, IPEACTABIISIO-
Ui HEKOTOPYIO OIepaliio, KoTopas 3aBepiiuTcest B Oyaymiem. [Tpumepsr co-
Bpemenubix TumoB obemannii B .NET — Task u Task<TResult>. bosee crapbie
acunxponnbie API ncnosb3yior o6paTHbie BHI30BBI U COOBITUSI BMECTO
obemanuii. B acMHXPOHHOM MTPOrpaMMHUPOBAHUH IEHTPAJIbHOE MECTO 3a-
HUMAaeT ujiest aCUHXPOHHOU onepayuy — HeKOTOPOH 3aIlyIlleHHOH orepariui,
KOTOpAasl 3aBEPILUTCS Yepe3 HeKOTOpoe BpeMs. XO0Tsl ollepallust IPo10JIKaeTcs,
oHa He GJOKMPYET UCXOIHDII MMOTOK; MOTOK, KOTOPBIN 3aIlyCTUJI OePAIINIo,
CBOOOJIEH [I7IsT BBIMTOJHEH ST IpyToii paboThl. Korma omepariust 3aBepIinTcs,
OHa YBEOMJISIET CBOE OOEIaHMe WIN aKTHBU3UPYET OOPATHDIN BBI30B WJIN
cobbITHE, YTOOBI TPUIOKEHNE Y3HAJIO O 3aBEPIIEHUH.

AcCUHXPOHHOE TTPOTPAMMUPOBAHIE — MOIIHAS PA3HOBUIHOCTh KOHKYPEHT-
HOCTH, OHO JI0 HEeJIaBHETO BPeMeHH TPeOOBAIIO YPE3BBIYAITHO CJIOKHOTO KOJIA.
baarosapst nojiep:kke async v await B COBPEMEHHBIX SI3bIKAX ACUHXPOHHOE
MPOTPAMMUPOBAHIE CTAHOBUTCS ITOYTH TAKUM JKe ITPOCTHIM, KaK 1 CHHXPOHHOE
(HEKOHKYPEHTHOCTH ) TPOrPaMMHUPOBAHME.

[pyras dopma KOHKYPEHTHOCTU — peakxmusroe npozpammuposanue (reactive
programming). ACHHXPOHHOE ITPOTPaMMUPOBaHNE TIOJIPA3yMeBaeT, YTO IPH-
JIOJKEHHE 3aMyCKAeT OIepaIinio, KOTopast 3aBepInutest B Oyaytiem. PeaktuBHOe
MPOTPaMMUPOBAHNE TECHO CBSA3aHO C ACMHXPOHHBIM IIPOTPAMMIUPOBAHNEM, HO
B €TI0 OCHOBE JIESKAT ACHHXPOHHbIE COOBITHSI BMECTO aCMHXPOHHBIX OTIePAINii.
AcvHXPOHHBIE COOBITHSI MOTYT He UMETH (DAKTUYECKOTO «HaYasIa», MOTYT IIPO-
HCXOAUTH B JII0OOE BPeMsT 1 MOTYT MHUIIMMPOBATHCSI MHOTOKpaTHO. O/IMH 13
MPUMEPOB TAaKOTO POJ/ia — BBOJL IAHHBIX TTOJTb30BATEIIEM.
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Peaxmusnoe npozpammuposanue

JlexapaTiBHbBII CTHIIb IPOrPAMMUPOBAHUS, TP KOTOPOM MIPUJIOKEHUE
pearupyer Ha cOOBITHSI.

Ecau paccmaTpuBaTh IpUIOKEeHUE KaK OTPOMHbBINM KOHEYHBIN aBTOMAT, 110-
BeJIeHIe TIPUIIOKEHSI MOKET OBIT OTIMCAHO KaK PEAKIINST Ha CEPHIO COOBITHIT
¢ OOHOBJIEHIEM CBOETO COCTOSTHUS Ha Kaxk0€e coObITHe. ITO He HACTOJIHKO
abCTpaKTHOE WM TEOPETHYECKOE OIpeesieHne, KaK MOKET MOKa3aThCsT:
C COBPEMEHHBIMU (hpeliMBOPKAMU 9TOT METOJ] BeChbMa TI0JIe3€H B PeaThbHBIX
MPUJIOKEHUSIX. PeakTHBHOE MPOTpaMMHUPOBaHe He 00s13aTeTbHO KOHKY -
PEHTHO, HO OHO TECHO CBSI3aHO € KOHKYPEHTHOCTHIO, TOITOMY B KHUTE OYIyT
W3JI05KEHBI €T0 OCHOBBDL.

OObIYHO TIPU HATMCAHUM KOHKYPEHTHOMN TIPOrPaMMbl TIPUMEHSIETCST KOMOU-
HAIMs PasHbIX METOMOB. B OOJIBIINHCTBE MPUIIOKEHUIN UCTIOIB3YETCS KaK
MUHUMYM MHOTOITIOTOYHOCTb (Uepe3 ITyJI TOTOKOB) ¥ ACMHXPOHHOE ITPOTPaM-
MupoBaHue. Bol MokeTe cBOOOIHO CMeIMBaTh pasHbie (hOPMbI KOHKYPEHT-
HOCTH, UCTIOJTb3Y S TIOIXOIATINT MHCTPYMEHT JIJIST KAYK/I0N YaCTH MPUITOKEHUS.

BeefeHne B dCMHXPOHHOE nporpammupoBaHue

ACHHXPOHHOE IPOrpaMMHUPOBaHIe 00JIa/IaeT IBYMSsI TIaBHBIMU [IPEUMYIIECTBA-
Mmu. [TepBoe xapakTepHo a1 TporpaMu ¢ rpacdudeckum untepgeiicom (GUI),
npeHa3HAYeHHBIX /IS MT0Jb30BaTE Id: ACHHXPOHHOE IPOrPaMMHUPOBaHNE
obecrieurBaeT OBICTPBII OTKJINK. KaskioMy 13 Hac TOTMaaanuch IporpaMmbl,
KOTOPBIE BAPYT 3aBUCAIOT BO BpeMsi pabOThI; ACHHXPOHHAS TPOrPAMMa CMOKET
OBICTPO pearnpoBarh Ha JeHCTBUSI MOJIb30BaTEST BO BpeMst paboThl. Bropoe
[PEVMYIIECTBO XapaKTePHO IS TIPOrpaMM, paboTaloNX Ha CTOPOHE cep-
Bepa: aCHHXPOHHOE TIPOrPpaMMUPOBaHNe 00eCednBaeT MacIITaOUPyeMOCTb.
CepBepHoe PUIOKEHNE MOKET B HEKOTOPOH CTeTeH MacITabupoBaThCsI 38
CUET MCIIOIb30BAHUS TTyJIa IIOTOKOB, HO ACHHXPOHHOE CEPBEPHOE MPUIIOKEHIE
06BIYHO 00JIAIAET HA MTOPSIIOK JIYUITUMU BO3MOKHOCTSIMU MacIITabupOBaHISI.

O6a 1penMyIIecTBa aCHHXPOHHOTO TIPOrPAMMUPOBAHUS 00YCJIOBIECHbI OTHUM
U TEM JK€ aCIIeKTOM: aCHHXPOHHOE ITPOrPaMMHUPOBAHIE 0CBOOOKIAET TOTOKH.
Jlst GUI-niporpamMm acHHXpPOHHOE TIporpaMMmupoBatie ocBoboskaaer UI-1oTok;
9TO MO3BOJISIET TPAGUIECKOMY TTPUJIOKEHUIO COXPAHUTD BBICOKYIO CKOPOCTb
OTKJIMKA HA BBOJI TIOJIb30BaTENA. /{19 cepBEepPHBIX MPUIOKEHUN AaCUHXPOHHOE

BBepeHMe B aCMHXPOHHOE MPOrpaMmMmMpoBaHme 19



IIporpaMMmnpoBaHne OCBO60>K].[EI€T TIOTOKHU 3aITPOCOB U ITO3BOJIAET CEPBEPY UC-
11OJIb30BATb CBOM IIOTOKHM JIJISA O6CJIy>KI/IBaHI/IH OOJIBIIErO KOJIMYECTBA 3alIpOCOB.

B coBpemennbix acuuxpoHHbIX npuitoskenuax NET ucnosb3yrores asa Kio-
YeBBIX CJIOBA: async U await. KiroueBoe c10BO async 100aBiisieTcsi B 00bsIB-
JIeHUe MeTO/Ia M UMeeT JABOMHOe Ha3HAueHUe: OHO Pa3peliaeT UCI0JIb30BaHNe
KJIIOYEBOI'O CJI0BA await BHYTPU 9TOTO METO/Ia U TPUKA3bIBAET KOMITUIATOPY
CreHepUpOoBaTh JJIsI 3TOTO METO/Ia KOHEUHbBII aBTOMAT 110 aHAJIOTUU C TEM,
Kak paboraer yield return. MeTo/| ¢ KJIIOUEBBIM CJIOBOM async MOKET BEp-
HYTb Task<TResult>, ecii OH BO3BpaliaeT 3HadeHue, Task — eCcam OH He
BO3BpalllaeT 3HAYEHN; WIN JI0O0H APYTOil «CXOMHBIN» TUI — TaKOil, Kak
ValueTask. Kpome Toro, async-MeTo MOKET BepHYTh IAsyncEnumerable<T> UK
IAsyncEnumerator<T>, €CJIM OH BO3BpalllacT HECKOJIbKO 3HAYEHUI B TIepeYnC-
sennn. «CXOMHbIE> THUIIBI TIPECTABIISIIOT OOEAHsT; OHU MOTYT YBEIOMJISITD
BBI3BIBAIONINI KOJI O 3aBEPIIEHUN async-MeTo/a.

Wsb6eraiite async void! Bo3aMoKHO cO3/1aTh async-MeTojt, KOTOPBIH BO3-
Bpauaer void, HO 9TO ClelyeT jie/laTh TOJIbKO IIPU HAIUCAHUU aSyNC-
obpaborumka coObrTrit. OObMIHBII async-mMeTosn 6e3 BO3BPAIIaeMOro
3HaYeHNs JI0JIKEH BO3BpaIarh Task, a He void.

C y4eToM BCETO CKa3aHHOTO PACCMOTPUM KOPOTKHH IIPUMED:
async Task DoSomethingAsync()

{

int value = 13;

// ACMHXPOHHO OxMaaTb 1 cekyHay.
await Task.Delay(TimeSpan.FromSeconds(1));

value *= 2;

// ACMHXpOHHO oxupaTb 1 cekyHay.
await Task.Delay(TimeSpan.FromSeconds(1));

Trace.WriteLine(value);

}

async-MeTO/l HAUMHAET BBITIOJTHSATHCS] CHHXPOHHO, KaK U JII000H IPYTOit METO/I.
BHyTpu async-MeTo/1a KOMaH/Ia await BBITTOTHSIET ACHHXPOHHOE OXKUIAHKE 110
cBoeMy aprymenTy. CHauasia OHa IPOBEPSIET, 3aBEPIINIACD JI OTIEPAITUS: €CTTH
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714, TO METOJI TTPO/IOJIKAET BBITTOMHATHCSA (CHHXPOHHO). B TPOTHBHOM ciTydae
await IIpUOCTaHaBIMBAET async-MeTO/ 1 BO3BpalllaeT He3aBeplIeHHYIO0 3a/1a4Yy.
Korza oneparus 3aBepinTes o3/iHee, METO/L async ITPOIOJIKAeT BLITOTHEHHeE.

async-MeTOJl MOKET PAcCMaTPUBATHCS KaK COCTOSTINH M3 HECKOJIBKUX CUH-
XPOHHBIX YacTeH, pa3/ieJIeHHbIX KOMaHlaMu await. [lepBasg cuHxpoHHas yacThb
BbLITIOJIHAETCA B IIOTOKE, KOTOprfI BbI3BaJI METO/I, HO I'I€ BBIIIOJIHAKOTCSA IpyTrue
cuaxponnble yactu? OTBET Ha 9TOT BOTIPOC HE TIPOCT.

[Ipu BeITIO/THEHWY await /71T 3a1a9u (CaMblil PACTIPOCTPAHEHHBIH CIleHAPUIT)
B MOMEHT, KOT/Ia await peliaeT IpuoCTaHOBUTH METOJI, COXPAHSIETCSI KOHMEKCM.
ITO TEKYIIUH 0OBEKT SynchronizationContext, €cjII TOJbKO OH HE paBeH
null (B 9TOM cilydae KOHTEKCTOM SIBJISIETCS TEKYINI 0ObeKT TaskScheduler).
MeTo1 BO30GHOBJISIET BBITIOJTHEHIE B 9TOM COXPaHEHHOM KOHTEKCTe. OOBIYHO
koHTeKcTOM siBageTcsa Ul-kouTtexct (a1 Ul-moToka) mam KOHTEKCT ITyJia
OTOKOB (B GOJIBITMHCTBE APYTUX CUTYaIHii). Eciii BbI IuiieTe mpuioxkeHme
ASPNET Classic (1o Core), TO KOHTEKCTOM TaKKe MOKET ObITh KOHTEKCT
3ampoca ASPNET. B ASPNET Core ucmonb3yercs KOHTEKCT ITyJia TOTOKOB
BMECTO CTIEIIMAIbHOTO KOHTEKCTA 3aIpoca.

Takum 06pa3oMm, B TIPUBEJEHHOM KOJIE€ BCE CHHXPOHHBIE YaCTHU MBITAIOTCS
BO300HOBUTH IIPOJIOJIKEHIE B UCXOJHOM KOHTEKCTe. EC/IM BBI3BATh METO/
DoSomethingAsync u3 UI-noToka, Kaskiast U3 ero CHHXPOHHBIX YacTeil Oyaer
BBITIONTHATHCA B 9ToM Ul-mmoTOKe, HO ecsii BBI3BATh €r0 U3 MOTOKA U3 TyJia
MOTOKOB, TO KasK/lasl U3 CUHXPOHHBIX YacTeil Oy/eT BBITIOJHATHCS B JIIOOOM
MOTOKE M3 TyJ1a TIOTOKOB.

Yro6bl 0GOUTH HTO TIOBEAEHIE IO YMOJYAHUIO, MOKHO BBITIOJHUTD await MO
pe3yJbraTy MeTojla paciiupenusi ConfigureAwait ¢ niepejiaueii false B mapa-
MmeTpe continueOnCapturedContext. CJIGI[yIOHII/Iﬁ KOJI HAUMHAET BBIIIOJIHEHUE
B BBI3BIBAIOIIEM MTOTOKE, & TIOCJIE TIPHOCTAHOBKY await OH BO30OGHOBJISIET BbI-
IIOJIHEHNE B IIOTOKE M3 I1yJIa IIOTOKOB:

async Task DoSomethingAsync()
{

int value = 13;

// ACMHXPOHHO OxMpaTb 1 cekyHay.
await Task.Delay(TimeSpan.FromSeconds(1)).ConfigureAwait(false);

value *= 2;

// ACMHXpPOHHO oxMaaTb 1 cekyHay.
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await Task.Delay(TimeSpan.FromSeconds(1)).ConfigureAwait(false);

Trace.WritelLine(value);

Xoportieit PaKTUKO# IIPOrpaMMUPOBAHUST CINTAETCSI BhI3bIBaTh Configure-
Await B 6a30BbIX «OUOJMOTEYHBIX> METOIAX U BO30OHOBIATH KOHTEKCT
TOJIBKO TOT/IA, KOT/IA TOTPEOYeTCsT — B BAITUX BHEITHIX METOIAX «ITOJb-
30BaTEIbCKOTO NHTEpdeiicas.

KimoueBoe ¢10Bo await He orpaHIHBaeTCcss paboOTOM € 3a1a4aMi, OHO MOJKET
paboTath ¢ J0ObIM 00bEKTOM, donyckarouwum oxcudanue (awaitable), mocrpo-
eHHBIM 110 olpezieienHoi cxeme. Hanpumep, 6ubimoreka Base Class Library
BKJIIOYAET TUIT ValueTask<T>, KOTOPBII COKpAIIAET 3aTPATHI MAMSITH, €CJIU
pe3yJbTaT B OCHOBHOM SIBJISIETCSI CHHXPOHHBIM; HAIIPUMED, €CJIM PE3yJIbTaT
MOZKeT ObITh IPOYMTAH M3 KaIlIa B aMsITh. Tuil ValueTask<T> He ipeoOpasyercst
B Task<T> HAIpAMYIO, HO CTPOUTCS TIO CXeMe, JOIMyCKaIoIel oKujanue, mo-
3TOMY MOJKET NCITOJIb30BaThCA € await. Takske CymecTBYIOT IpyTHe TPUMEPHI,
U Bbl MOJKETE CTPOUTH CBOM COOCTBEHHbIE, HO B OOJIBIIMHCTBE CJTyyaeB await
noJrydaeT Task Ui Task<TResult>.

Cy1iecTByeT iBa OCHOBHBIX CIIOCO0A CO3/IAHNUST 9K3eMILISIPOB Task. Hekotopsie
3a/1a41 [IPEJICTABJISAIOT PeabHbIIA KO, KOTOPBIH I0JI5KEH BBIIIOTHATHCS ITPOLec-
COPOM; TaK1€ BBIYVCIUTENIbHbBIE 3aJa4y JOJIKHBI CO3aBaThCs BBISOBOM Task.
Run (1 TaskFactory. StartNew, eCjiit OHU JIOJIZKHBI BBITIOTHATLCS 110 Olpejie-
JIEHHOMY pactucanuio). /[pyrue 3aauu MpejiCTABISIOT Y6e00MICHUS; TAKTE
3a/1a41, OCHOBAHHbBIE HA COOBITUSX, CO34AI0TCs TaskCompletionSource<TResult>
(nnm omHOM M3 cOKpaleHHbIX hopm). boapmmHcTBO 3a71au BBOIA,/BBIBOIA
CIOJIb3YeT TaskCompletionSource<TResult>.

O6paboTka omubOK ¢ async M await BBITJISIIUT JOTHYHO. B ciemyromem
(parmenTe Kojia PossibleExceptionAsync MOXKeT BbIZATh UCKIIOYeHNE Not -
SupportedException, HO TrySomethingAsync MOJKET IIEPEXBATUTDh NCKJIIOYECHIE
€CTEeCTBEHHbIM 06pa30M. TpaccupoBka cTexa nepexBadyeHHOT0 UCKII0YEHUS
COXpaHAeTCd 6e3 HMCKYCCTBEHHOM yIIaKOBKHU B TargetInvocationException
1 AggregateException:

async Task TrySomethingAsync()

{
try
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await PossibleExceptionAsync();

¥
catch (NotSupportedException ex)

{
LogException(ex);
throw;

}

Korna async-meTos BbiziaeT (MJIM PacipoCTPaHseT) UCKII0YeHEe, OHO I10-
MellaeTcss B Bo3BpalaeMblil 06beKT Task, 1 3a7aya Task 3aBepuiaercst. [Tpu
BBITIOJTHEHNH await [JIs1 9TOro obbeKkTa Task omeparop await IoJry4yaeT 3TO
HCKJIOUeHre U (3aHOBO) BBIJIAET €0 TaK, YTO MCXO/[HAST TPACCUPOBKA CTEKA
coxpansiercs. Takoll KoJl, Kak B IpUMepe HUXKE, 6yaeT paboraTh Tak, KaK O/KI-
JlaeTcCs, eCJi PossibleExceptionAsync ABJIAETCSA async-MeTO/IOM:

async Task TrySomethingAsync()
{

// WckniwyveHne nonagaeT B Task, a He BblAaeTCcA HanpaMmyiw.
Task task = PossibleExceptionAsync();

try
{

// Vcknwyenne u3 Task exception 6yaeT BbigaHO 34ecb, B Touke await.
await task;

}
catch (NotSupportedException ex)

{
LogException(ex);
throw;

}

OTHOCUTETHHO async-MeTOOB CYIIECTBYET OfHA BaKHAT PEKOMEHIAIN:
[PU UCIIOJIb30BAHUU KJIOUEBOTO CJIOBA async JIydlile 03BOJIUTh eMY pac-
MPOCTPAHATHCS B BailleM Kojie. Eciii BbI BBI3bIBaeTe async-MeTO/I, CIeYeT
(B KOHEYHOM HMTOTE) BBITTOJHUTH await 719 BO3BpallaeMoil UM 3aa4u.
Bopurech ¢ uckymennem BbI3BaTh Task.Wait, Task<TResult>.Result wiau
GetAwaiter().GetResult(): aTo npuseger K BzanmoOsokuposke (deadlock).
PaccmoTpum ciemytoninii MeTOI:
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async Task WaitAsync()

{
// await coxpaHWUT TeKywWwuin KOHTEeKCT ...
await Task.Delay(TimeSpan.FromSeconds(1));
// ... 1 nonbiTaeTcA BO306HOBUTb METOA B STOW TOYKE C DTUM KOHTEKCTOM.
}
void Deadlock()
{
// HadaTb 3apepxky.
Task task = WaitAsync();
// CMHXpOHHOe 6noKMpOBaHME C OXMAAHWEM 3aBeplWeHWAa async-meTona.
task.Wait();
}

Koz B aTOM nipriMepe cosact B3auMoOJIOKUPOBKY 1pu Bbizose u3 UI-KoHTekcTa
i korrekcta ASPNET Classic, motomy uto 06a 9T KOHTEKCTa IOy CKAIOT
BBIITOJTHEHUE TOJIBKO OJITHOTO ITOTOKA. Deadlock BBI3OBET WaitAsync, UTO IIPUBO-
JIAT K HAaUaJy 33/IepsKKU. 3aTeM Deadlock (CMHXPOHHO) OXKUJIAET 3aBEPIIEHUS
9TOro MeTo/a ¢ GJOKMPOBAaHWEM KOHTEKCTHOTO motoka. Korma 3azep:kka 3a-
BEpPIINUTCS, await IbITaeTCs BO30OHOBUTD WaitAsync B COXpaHEeHHOM KOHTEK-
cTe, HO He CMOJKET, TaK KaK B KOHTEKCTE ysKe eCTh 3a0JIOKUPOBAHHBIN MMOTOK,
a KOHTEKCT JIOITyCKaeT TOJbKO OIMH MOTOK B JII000i MOMEHT BpeMeHu. Baa-
UMOOJIOKUPOBKY MOKHO MPEAOTBPATUTH JABYMSI CIIOCOOAMU: UCTIOJIB30BATh
ConfigureAwait(false) B WaitAsync (UTO 3acTaBJisieT await UTHOPUPOBATD
€ro KOHTEKCT) UJIU K€ UCIT0JIb30BaTh await ¢ BBIZOBOM WaitAsync (UTO Ipe-
BpaiaeT Deadlock B async-MeTOT).

HWcnoab3yiiTe async 110 OJHON IIpOrpaMMe.

Ecom BoI X0THTE GOJIEE TOAPOOHO N3YUIHTH async, KomaHust Microsoft mpejto-
CTaBJISIET BEIMKOJIEITHYT0 IOKYMEHTAIIUIO 110 3TO Teme. PeKoMeH 1y to mpovi-
TaTh 110 KpaliHeit Mmepe 0630p «Asynchronous Programming» u «Task-based
Asynchronous Pattern (TAP)». Kpome aToro, Tak:ke HMeeTCst JOKYMEHTaI s
«Async in Depth».

AcunxpoHHbie TOTOKU OepyT OCHOBY async M await ¥ PacIIupsiioT ee JJist
paboThI ¢ MHOKECTBEHHBIMI 3HAYEHUSIMU. ACHHXPOHHBIE TIOTOKU CTPOSITCS
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Ha OCHOBE KOHIIEIIIMI aCHHXPOHHBIX MEPEYHUCIAEMBIX 00BEKTOB, KOTOPbIE
HIOXOKU Ha 0ObIUHbIE TIepedncsieMbie 00beKThl (enumerables), 3a nckioue-
HHEM TOT0, YTO [TO3BOJISTIOT BBITIOJHUTH ACHHXPOHHYTO PAOOTY TIPH MOy YeHUN
CJIELYTOIIETO HJIEMEHTA MTOCJIEI0BATETbHOCTU. DTO UCKIIOUUTETHLHO MOIITHAS
KOHIIEIIHs, KOTOpast GoJiee o poOHO paccMaTpuBaeTcs B riaBe 3. ACHHXPOH-
HBIE TOTOKK OCOOEHHO TMOJIE3HbBI TOT/IA, KOT/Ia MMEETCS TT0CIe[0BATEIbHOCTh
JaHHBIX, TIOCTYTAIONIUX OO MTOOANHOYKE, b0 Omokamu. Hanpumep, ecim
npusokenune oopabareiaer otBeT API, B KOTOPOM HCIIO/Ib3yeTcst pasbuenie
Ha CTPaHMIIBI ¢ MTapaMeTpaMu limit u offset, aCHHXPOHHBIE IIOTOKU MOTYT
cTaTh Wea bHOIT abcTpakiineil. Ha MOMEHT HalicaHust KHUTH aCHHXPOHHbIE
MOTOKU OBLIH JIOCTYITHBI TOJIBKO Ha HOBelux 1iatdopmax NET.

BeepeHue B nMapannenbHoe nNporpammupoBaHune

[TapasuiesibHOE TPOrpaMMHUPOBAHHUE CJIEYET UCTIOJIb30BATh B JII000I CHTYaIINH,
B KOTOPOII Cepbe3Hblil 00bEM BBIYUCAUTENbHON PabOThI MOKET ObITh pasie-
JIeH Ha HesaBUcHMbIe 6J10Ku. [lapajuiesbHoe TIporpaMMUpPOBaHIie BPEMEHHO
HOBBIIIAET 3arPy3Ky IIPOIECCOPa JJIst YIIydIleHUst IPOITYCKHON CIIOCOOHOCTH
CHCTEMBI; 9TO MOKET OBITh MOJIE3HO B KJIMEHTCKUX CUCTEMAaX, B KOTOPBIX ITPO-
[[ECCOP YaCTO MPOCTAMBAET, HO B CEPBEPHBIX CUCTEMAaX OOBIYHO HEYMECTHO.
Y 60JIbIIMHCTBA CEPBEPOB MPHUCYTCTBYIOT HEKOTOPBIE BCTPOEHHBIE CPEICTBA
napaienama; Hanpumep, ASPNET o6pabaTbiBaeT HECKOJIBKO 3aIIPOCOB Ia-
pasutenbHo. Harnmcanue mapaJiiesibHOro Kojia Ha cepBepe MOKET IIPUHOCUTD
M0JIb3Y B HEKOTOPBIX CUTYAIUSX (€CJIU BaM U386CMHO, YTO KOJUIECTBO OJHO-
BPEMEHHO 00CJ/Iy;KUBAEMBIX 10JIb30BaTes el Beeraa OyieT HU3KNUM ), HO, Kak
[PaBUJIO, MapaJlJie/IbHOe TIPOrpaMMHUPOBaHKe Ha cepBepe OyaIeT KOH(PIMKTO-
BaTh CO BCTPOEHHBIMU TTAPAJIJIEJIbHBIMU CPEJCTBAMU U HE TIPUHECET HUKAKO
peasbHOM O3B

Ectb aBe (hopMbI Tapaiie IbHOTO TPOrPaMMUPOBAHMS: NAPALIEAUIM OAHHDIX
u napaiienusm sadau. Tlapaniennsm TaHHbIX BOSHUKAET TOT/IA, KOT/Ia HMEETCst
HabOP 2JIEMEHTOB JaHHBIX, OKUAAIOINX 00pabOTKH, 1 06pabOTKa KasK10ro
(dhparMeHTa JaHHBIX B OCHOBHOM HE 3aBUCHUT OT APYrux ¢hparmMeHTos. Ilog
Hapa/IeIM3MOM 3a/1a4 MOHMMAETCS TaKask CUTYallrs, B KOTOPOIl UMeeTCs He-
KOTOPBIH 11yJ1 pabOTBI, T/1e KasKAbIi (hparMeHT paboThl B OCHOBHOM HE 3aBUCHUT
ot ocTambHbIX. [Tapasiemam 3a1ad MOKET ObITh IMHAMUYECKUM — €CJIU OJIH
(dbparMeHT paboThl MOPOKAAET HECKOAbKO JOMOJHUTENBHBIX (ParMeHTOB
paboThI, OHKM MOTYT OBITH T0OABJIEHBI B ITYJI PaGOTHI.
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W3BecTHO HECKOJIBKO PA3HbBIX MOJXO0/0B K peajin3allui napajjiejn3ma JaH-
HBIX. MeTozx Parallel.ForEach IBJIsIeTCS aHaJIOTOM IIUKJIA foreach I JOJIKEH
HUCII0JIb30BATHCS TaM, T7I€ 9TO BO3MOJKHO. Parallel.ForEach pacCMaTpuBaeTCs
B pertenite 4.1. Kiacc Parallel TaksKe TIO/IepKUBAET Parallel. For — aHaJoOT
MUKJa for 1 MOJKET UCIOJIb30BAaTHCA, €CJIN 06pa60TKa OAaHHBIX 3aBUCHUT OT
nHiekca. Ko, HCTIOJIB3YIONNH Parallel.ForEach, BBITJISAUT TPUMEPHO TaK:

void RotateMatrices(IEnumerable<Matrix> matrices, float degrees)

{

Parallel.ForEach(matrices, matrix => matrix.Rotate(degrees));

}

Ipyroit Bapuant — PLINQ (Parallel LINQ), mpegocraBistioniiii MeTo.
paciupenus AsParallel st 3aripocoB LINQ. Parallel Gosee achheKTHBHO
pacxomyet pecypcel, uem PLINQ; Parallel syyiiie cOCyIIECTBYET C IPYTUMHU
mporieccamMu B cucreme, Torga kKak PLINQ (1o ymoruamimio) 6yaeT mbITaThCst
PacIpoCTPaHUTHCS IO BCeM TpoiteccopaM. K HemoctatkaMm Parallel cienyeT
OTHECTH TO, 4TO OH Tpebyet Goee siBHoi peanusaiuu; PLINQ Bo MHOTHX
cJIyJasix Mo3BoJIsieT mucath OoJiee aeranTHbIi Ko PLINQ paccmarpuBaercst
B perierite 4.5 1 BBITJISIIUT TPUMEPHO TaK:

IEnumerable<bool> PrimalityTest(IEnumerable<int> values)

{

return values.AsParallel().Select(value => IsPrime(value));

}

Yro 6bl BbI HU BHIOPAJIH, €CTh OJ[HA PEKOMEH/IaIKsl, KOTOPast CIIPaBe/InBa Py
BBITTOJIHEHUH TTapaJiieIbHON 06pabOTKH.

Ba1oku paGoThl JOIKHBL OBITH HE3aBUCUMBI JAPYT OT JAPyra HACTOJIBKO,
HACKOJIBKO 9TO BO3MOKHO.

Hesasucumocts 610Ka pa6OTI)I OT BCEX OCTAJBHBIX OJIOKOB 0OecIIeYynBaeT
MaKCUMM3aAIIUIO IapaJljiejn3ma. Kak To/ibKO BbI HaYHETE MCIIOJIb30BaTh CO-
BMECTHBII AOCTYII K COCTOSAHUWIO B PA3HBIX ITIOTOKAX, IIPUAETCA CUHXPOHU3U-
POBaTh JOCTYIT K O6UleMy COCTOAHMUIO, 1 Balli€ IIPUJIOKEHNE CTAHOBUTCS MEHEE
TapaJjlyieIbHbIM. CHHXpOHI/IBaHI/IH 6omee HOIIpO6HO paccMaTpUBaETCA B IJIaBe 12.

PesyJibrarel mapasuiesbHO 06paboTKu MOTyT 06pabaThbiBAThCSI PA3HBIMHE CIIO-
cobaMu. BbIX0/l MOJKHO TIOMECTHUTH B HEKOTOPYIO PA3HOBUIHOCTD KOHKYPEHT-
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HOM KOJJIEKITUH WJIH Ke TTIPOBECTH arPeTPOBaHNE PE3YJIBTATOB /TS TIOTYIEeHUS
CBOJIHOTO TIOKa3aTeJsl. ArperupoBaHue 4YacTo PUMEHSIETCS B TapaJLJIeTbHON
06paboTKe; Takast Pa3sHOBUAHOCTH (DYHKIIMOHATBHOCTH «OTOOPasKeH e,/ CBepT-
Ka» TaKKe MOJIEPKUBAETCS MEePErPY;KEHHBIMU BEPCUSIMU METOJIOB KJacca
Parallel. ArpernpoBanue OoJiee OAPOOHO pacCMaTPUBAETCS B PellenTe 4.2.

[laBaiiTe paccMoTpuM HapasiiesnnsM 3ajad. Ilapasnsennsm 1aHHbIX OPUEHTUPO-
BaH Ha 00pabOTKY JaHHbIX, a apalJIe/IN3M 3a/1a4 — Ha BBITIOJIHEHIE PabOThHI.
Ha BbICOKOM YpOBHE MeK/y apaljIeJIu3MOM JJAHHBIX U TapaJljIeJIn3MOM 3a-
JIa4 eCTh MHOTO 00111er0; «06padoTKa JaHHBIX» MOKET PACCMaTPUBATHCS KaK
PasHOBUIHOCTH «pabOThI». MHOTME 3a/[auul apajiieIi3Ma MOTYT PEIaThCst
JI0OBIM U3 9TUX CII0COO0B; UCnob3yiite ToT API, KOTOpBIN ITOKaxeTcs BaM
GoJiee eCTeCTBEHHBIM JIJIsT TEKYIIEi 3a/1aun.

Parallel.Invoke — O/iHa 13 paSHOBI/II[HOCTefI MeTo/1a Parallel, KoTOpas peain-
3yeT pa3HOBU/IHOCTD MapaJljiein3Ma 3a/1a4 TUIIA «BETBJIeHIE,/00beIMHEHUE.
ITOT METOI PACCMATPUBAETCS B PelenTe 4.3; BBI IPOCTO TIepeaeTe IeIeraTos,
KOTOPBIE JIOJKHBI BBITTOJHATHCS TTAPAJIIIETHHO!

void ProcessArray(double[] array)

{
Parallel.Invoke(

() => ProcessPartialArray(array, 0, array.Length / 2),
() => ProcessPartialArray(array, array.Length / 2, array.Length)

)s

void ProcessPartialArray(double[] array, int begin, int end)

{

// LencTBMA, WHTEHCUBHO MCNONb3ylWWe npoueccop. ..

}

Tun Task M3HAYATBHO OBLI pa3paboTaH ISt MapalieJu3Ma 3ajiad, XOTsl OH
TaK)Ke UCIO0JIb30BAJICS JIJISI ACMHXPOHHOTO IIPOTPAMMUPOBAHUS. DK3EMILIISIP
Task — B TOM BH/ie, B KOTOPOM UCTIOJIb3YeTCs B Mapalyieu3Me 3a/1a4, — Ipes-
CTaBJIsIET HEKOTOPYIO paboTy. MeTo/I Wait MOJKET MCIIOIb30BAThCST TSI K-
JAHWS 3aBEPIIECHNUS 33/I1a4H, 2 CBOMCTBA Result 1 Exception — I IOJTydYeHUS
pe3ysbraTtoB aT10it paboTsl. Ko, vcnosb3yomuii Task HAPSAMYIO, CJIOKHEE
KO/Ia, B KOTOPOM HCITOJIb3Y€eTCsT Parallel, HO M OH MOKET OBITH MOJIE3HBIM,
€CJIU CTPYKTYypa Mapajijiejin3dMa HeM3BecTHa /10 CTaZiuu BeiosiHeHus1. C aToi
PasHOBUIHOCTBIO IMTHAMUYECKOTO HapalIeJII3Ma KOJIMIeCTBO HEOOXOIUMbBIX
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(dhparMeHTOB paboThl HEM3BECTHO /10 Hayajia 0OPabOTKH; 9TO BBISICHSETCS BO
BpeMs BbINOJIHeHKs. B o61iem cirydyae auHaMudeckuii pparMeHT paboThl 10J1-
JKeH 3allyCKaTh BCe JI0UepHIe 3a/1a4i, He0OXOJMMbIE eMY, a 3aTeM OKUAATh UX
3aBepiienus. Y THIA Task IMeeTCs CIellnaIbHbIi (Jiar TaskCreationOptions.
AttachedToParent, KOTOPBIII MOKET HUCIIOJIB30BAThCS Ui ATOM Tienn. /[uHa-
MUYECKUH TTapajieIu3M PAcCCMaTPUBAETCS B perienTe 4.4.

[Tapamntenusm 3aj1a4 JoJIKeH CTPEMUTLCS K HE3aBUCUMOCTH COCTaBJIAIONINX,
KaK ¥ [apajiiein3M Janibix. dem Gosiee He3aBUCUMBI BAIITH I€JIEraThl, TeM -
(bexTuBHEE Mporpamma. Kpome Toro, eciu iesieraTsl 3aBUCHMBI JIPYT OT JIPYTA,
WX TIPUETCS CHHXPOHN3NPOBATD, & CHHXPOHU3AINS YCI0KHAET HAMCAHNe
PaBUIILHOTO Kozia. [1pu mapasiiesiiame 3a/1a4 cieyer 0COOEHHO BHUMATETHHO
CJIEIUTD 32 TIEPEMEHHBIMU, COXPaHEHHBIMU B 3ambikanusix (closures). [TomuuTe,
YTO B 3aMBIKaHUAX COXPAHAIOTCS CCBIIKY (2 He 3HaUY€HUs ), M 9TO MOKET IIPU-
BECTHU K HEOUYEBUIHBIM CUTYAIUSAM C COBMECTHBIM MCIIOJIb30BaHEM JJaHHDBIX.

O6pa6oTka omubOK NP BCeX THUIAX MapajieJn3Ma OpraHu3yeTcst aHaao-
ruyHo. Tak Kak orepaliuu BbIOJHAIOTCS apajliesibHO, B IIPOrPaMMe MOTYT
BO3HUKHYTb MHOKECTBEHHbBIE UCKJIIOYEHNS, II09TOMY OHU YIIaKOBBIBAIOTCS
B MICKJIIOUEHUE AggregateException, 3airyckaeMoe B Balll KO DTO IMOBeJIEHUEe
OCJIeI0BATENIbHO pean3yeTcs 1711 Parallel.ForEach, Parallel.Invoke, Task.
Wait u 1. 1. Tum AggregateException COMEpPKUT TIOIE3HBIE METOBI Flatten
1 Handle, yripormaioniye Ko 00paboTKu OInuGOK:

try

{
Parallel.Invoke(() => { throw new Exception(); },

() => { throw new Exception(); });

}
catch (AggregateException ex)

{

ex.Handle(exception =>

{

Trace.WritelLine(exception);
return true; // "obpaboTaHo"

s
}

OO6BIYHO He TIPUXOAUTCST OECTTOKOUTHCST O TOM, KaK MyJ MOTOKOB OPraHu-
3yeT BbIToJHEeHe paboThl. [TapajiensM JaHHBIX W 3a[a9 UCIOJb3YIOT
IMHAMUYECKHU Peryaupyembie pacnpedeaumenu (partitioners) s pacipe-
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fesieHus paboThl MEKIY pabounMu moTokamu. I1yJ MOTOKOB yBeIuauBaer
KOJIMYECTBO MOTOKOB 110 Mepe HeobxoaumocTu. OH uMeer oiHy pabouyio
0Yepe/ib, M KasKAblH MOTOK U3 IyJIa IOTOKOB UCIIOJIb3YeT COOCTBEHHYIO pa-
6ouyio ouepe/ib. Korja oToK U3 myJia CTaButT B 04epe/ib JOMOTHUTETbHY IO
paboTy, To CHayaja OTIPABJISIET ee B CBOIO 0Yepe/ib, Tak Kak paboTa 0ObIYHO
CBS3BIBAETCS € TEKyIUM pabounm ssemenToM (work item); Takoe mosee-
HI€ 3aCTaBJsAET MOTOKKM 3aHUMATHCS CBOEH COOCTBEHHON Y4acThio paboThI
U MaKCHUMM3UPYET MPOIEHT nonaganuii B kam. Ecim y Apyroro noroka
HeT paboThl, OH 3abupaer paboTy U3 oUepean APYroro moroka. Kommanms
Microsoft morparuia MHOTO CHJI Ha TO, 4TOOBI ITyJI TIOTOKOB 10 BO3MOKHOCTH
paboTtas a(h(HEeKTUBHO; CYIIECTBYET MHOKECTBO HACTPOEK, KOTOPhIE MOKHO
U3MEHSTh JIUIS IOCTHKEHUST MaKCUMaJIbHOTO ObicTpoeiicTBust. Ecan Bamm
3aj1auM He CJMIIKOM MAJIbl, OHY JIOJIKHbBI XOPOTIO PaboTaTh ¢ HACTPOHKAMK
10 YMOJIYAHUIO.

321/13.‘11/1 JIOJIZKHBI OBITH HYU CJIUIITKOM KOPOTKMMM, HU CJIUIIKOM JIJTUHHBIMH.

Ecau 3apaun mosryyaores CIUNIKOM KOPOTKUMMY, TO 3aTPAThl PECYPCOB Ha
pasOueHIe JaHHBIX Ha 3a/a4k U IIJIAHUPOBAHKE 9THX 3a/1a4 B 11yJie IOTOKOB
HAUMHAIOT UTPATh 3HAYUTEIHHYIO POJib. ECN 3a/1au¥ CIAUIIKOM JITUHHBIE, TO
ITyJI TOTOKOB HE MOJKET IMTHAMIYECKU PETYJINPOBATH PAaBHOMEPHOE pacipeie-
senne paboter. TPyaHO 3apaHee OIPENETUTD, KAKYIO 3a/1a4y CJAEAYET CIUTATh
«CITUTITKOM KOPOTKOM» MJIU «CIUIIKOM JITTHHHO»; 3TO 3aBUCUT OT PEIIaeMoit
3a/a4u ¥ MPUOIU3UTENbHBIX BO3MOKHOCTEH 0bopynoBanus. Kak mpaBusio,
s CTapaioch JeJIaTh CBOM 3aa4l Kak MOKHO GoJiee KOPOTKUMHU Oe3 CO3aHust
1po6JieM GbICTpoeiicTBHs (eciin OBICTPOAEIICTBIIE BHE3AITHO T1a/IaeT, 3HAYKUT
3aj1a4u CJAUIIKOM KopoTkue). Elite ydtiie He paboTaTh € 3a1a4aMu HAIIPSIMY 10,
a BOCIIOJTb30BaThCs TUTIOM Parallel niau PLINQ. 9tu BeicOKOypOBHEBBIE (hOP-
MBI TIapaJIJIeJI3Ma COIeP/KaT BCTPOECHHBIE CPEICTBA PacIpeiesieHust paboThl,
KOTOPBIE PENIAIOT ATY 3a/1a4y 3a Bac (1 BHOCSAT HEOOXONMbIE KOPPEKTHPOBKHU
BO BpeMs BBITIOJIHEHUS ).

Ecin BbI XOTHTE TI1y63K€E UBYUUTD TEMY APAIETbHOTO IPOrPAMMIPOBAHIS,
TO JiydInasi KHura 1o s3toil teme — «Parallel Programming with Microsoft
NET» Kosuna Kamn6esura u ap. (Colin Campbell et al., Microsoft Press).
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BeeaeHune B peakTuBHOE nporpammupoBanue (Rx)

V3ydeHne peak TMBHOTO TIPOTPAMMUPOBAHMUST 3aHIMAET GOJIbIIIE BPEMEHH, YeM
apyrue GopMbl KOHKYPEHTHOCTH, @ COITPOBOKIECHUE KOZIa CO3/1aeT GOJIbIIE TIPO-
GJ1eM, eCJIV TOJIBKO BbI HE DKCIIEPT B 00JIACTH PEAKTUBHOTO IPOrPAMMUPOBAHMSL.
Ho eciin BbI He TI05KasieeTe BpeMEHN M CUJI, pEaKTUBHOE [IPOrPaMMUPOBAHIE
OTKPbIBAET UCKJIIOYUTETBHO MOIIHBIE BO3MOKHOCTH. PeakTiBHOE MporpaMMu-
pOBaHIeE MO3BOJISIET PACCMATPUBATH MOTOK COOBITUI KaK MOTOK MaHHBIX. Kak
[IPABUIIO, €CJIH COOBITHIO EPEAAIOTCS KaKHe-TM00 apryMEHTbI, TO B KOJIE JIyUIIie
UCIIOJIb30BaTh System.Reactive BMeCTO OOBIYHOTO 06pabOTYMKA COOBITHIA.

Panee maker System.Reactive HazbpiBasicst Reactive Extensions; aTo
Ha3BaHMe 4acTO COKpalnasoch 10 «Rx.» Bce Tpu TepmMuHa oTHOCATCS
K OJIHOU TEXHOJIOTUU.

PeakTuBHOE MPOTPaMMIPOBaHNE OCHOBAHO HAa KOHIETIIUN HAOII00AeMbLX
nomoxkoe (observable streams). IToanucasimick Ha HabJTIOAE€MBbIil TTOTOK, BbI
Oyete 1oJIydath JH000€e KOJTMYECTBO JIEMEHTOB JaHHbBIX (OnNext); MOTOK
MOJKET 3aBEPUIUThCS OAHON oMMOKOM (OnError) UK YBEIOMIEHUEM «KOHEI
noToka» (OnCompleted). Hekoropbie Hab01aeMbie MOTOKKM HUKOT/IA HE 3a-
BepiaoTcs. Peanbibie mHTEP@EHCH BBITTISAAT TaK:

interface IObserver<in T>

{
void OnNext(T item);

void OnCompleted();
void OnError(Exception error);

}

interface IObservable<out T>

{

IDisposable Subscribe(IObserver<TResult> observer);

}

OjtHaKO BaM HUKOT/Ia He TIPH/ETCST Pean30BaTh 9T uHTEpdeiichl. Bubmmoreka
System.Reactive (Rx) kommannn Microsoft comep:RuT Bce peaansariii, KOTo-
pbie MoryT nonazobuthes. Ko Reactive B KOHEYHOM UTOTe OUEHD ITOXO0K Ha
LINQ; ero mozxHo paccMaTpuBaTh Kak cBoero poza «LINQ to Events». System.
Reactive comepsxxut Bce Boamokuoctu LINQ, a takke m06aBiisieT 60JIbIoe
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KOJIMYECTBO COOCTBEHHBIX OMEPATOPOB — OCOOEHHO TIPEAHAZHAYCHHBIX JJIST
paboTer co BpemeHem. Clieiyoninii Koji HAUMHAETCS ¢ HE3HAKOMBIX OIIEPATOPOB
(Interval u Timestamp) U 3aBepHIaeTcs Subscribe, HO B cepeiiHe HAXOATCS
orepaTopbl Where 1 Select, KOTOPbIE OJUKHBI ObITH 3HAaKOMBI BaM 110 LINQ:

Observable.Interval(TimeSpan.FromSeconds(1))
.Timestamp()
.Where(x => x.Value % 2 == 0)
.Select(x => x.Timestamp)
.Subscribe(x => Trace.WritelLine(x));

[Ipumep Ko/1a HAUMHAETCS € 3AITyCKA CUETYNKA TI0 [IEPUOIUYECKOMY TalilMepy
(Interval) u 1o6GaBJIeHVsI BDEMEHHON METKH JIJISt KasKI0TO COOBITHSI (Timestamp).
3arem coObITHS (DUIBTPYIOTCS TAK, YTOOBI BKIIOYATUCH TOJTHKO YeTHBIE 3HAUE-
Hiist cueTyrka (Where), BBIOGUPAIOTCS 3HAYEHUST BDEMEHHOI MeTKY (Timestamp),
MOCJIE YeTO KAKII0e MOCTYITUBIIIee 3HAUEHIe BPEMEHHON METKU 3aITUCHIBAETCST
B OTJIauuK (Subscribe). He GecriokoiiTech, €c/ii HOBbIE OIePaTOpPbI (HAIIPH-
Mep, Interval) MOKAKYTCS HETIOHSATHBIMU; MbI PACCMOTPUM UX 11033Ke. [loka
IIPOCTO NTOMHUTE, uTo 9T0 3anpoc LINQ, oduennb noxoskuii Ha yke 3HaKOMBIe
BaMm. [1aBHOe oTsinune 3akiaodaercst B Tom, uto LINQ to Objects u LINQ to
Entities ucrionbayior modean svimsieusanus (pull model), mpu koTopoii epe-
yucyrenne 3ampoca LINQ «BeITATHMBaeT» Aaniible U3 3ampoca, Toraa kKak LINQ to
Events (System.Reactive) ucnosbayer modeav npomankusanus (push model),
[P KOTOPO# COOBITHS MOCTYAIOT U [IEPEMEIIAIOTCS 110 3aIIPOCY CaMu 110 cebe.

Ompesesierne HaGTIO[AEMOTO TOTOKA He 3aBUCHT OT €ro TOAICOK. [Tocmeruit
pUMep SKBUBAJIEHTEH CJIEAYIONEMY KOIY:

IObservable<DateTimeOffset> timestamps =
Observable.Interval(TimeSpan.FromSeconds(1))
.Timestamp()
.Where(x => x.Value % 2 == 0)
.Select(x => x.Timestamp);
timestamps.Subscribe(x => Trace.WritelLine(x));

Jluist THIIa HOPMAJIbHO OTIPeesisATh HabI01aeMble TIOTOKU U JIeJIaTh UX J10-
CTYTIHBIMU B BH/IE pecypca I0bservable<TResult>. 3aTeM pyTHE TUITHI MOTYT
HOAICHIBATHCS Ha 9TU TIOTOKK WJIH OOBEMHSATD UX € IPYTHMU OTIEpaTOPaMu
JUIST CO3/IaHUsT IPYTOTrO HAOJII0IAEMOTO MTOTOKA.

[Momnucxka System.Reactive Tax:ke aBsiercsa pecypcom. OnepaTopsl Subscribe
BO3BpAIAIOT peann3aiunio IDisposable, KOTOpas MPEACTABISIET MOAMNICKY.
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Korna Bam KO/[ 3aBEPHIUT ITPOCIyIIBaHE Ha6JIIOI[aeMOFO IIOTOKa, OH JOJIZKEH
IPpEKPATUTDb CBOIO IOAITUCKY.

[Moanucku BeyT cebst O-pasHOMY € XOJOIHBIME U FOPSIYMME HAOJIIOIaeMbIM I
obwvexTamu. lopsiuui (hot) Habur01aeMblit 00BEKT TpeICTaBIIsIeT COOOM TTOTOK
COOBITHIA, KOTOPBIN BCET/Ia HAXOAUTCS B IBUKEHUH, U, €CJIU ITPU MOSIBICHUN
COOBITHST HET HU OJTHOTO TIO/ITUCYKKA, OHO TepsieTcst. Harpumep, iepemerie-
HIe MBI SIBJISIETCSI TOPSIYUM HabJII01aeMbIM coObITHEM. Y x0.1001020 (cold)
Ha0J101aeMOT0 00beKTa COOBITHS He MOCTYIIAIOT OCTOSAHHO. XOJIOHbII Ha-
6JII0/1aeMBIT 0OBEKT pearnpyeT Ha TOAMUCKY, HadHAsT TTOCJIe[0BATETHHOCTD
cobprtuii. Harmpumep, 3arpyska HTTP siBiisieTcst XOJI0MHBIM HaOJII0[aeMbIM
00BEKTOM; TIOJITUCKA MHUTIHUPYeET oTipaBKy 3arnpoca HTTP.

Omneparop Subscribe TaksKe Beerja J0JKEH MoJydarh mapaMeTp o6padoTKI
omun6oK. B mpeapymmx mpuMepax aToro napameTpa HeT; HuxKe MpUBeIeH
6oJiee IPABUJIBHBIN TIPUMEP, KOTOPBII Oy/IeT IPaBUJIbHO pearnpoBaTh, €CJIu
Hab/II0Jae MBIl IIOTOK 3aBEPIIACTCS € OIIUOKOIL:

Observable.Interval(TimeSpan.FromSeconds(1))
.Timestamp()
.Where(x => x.Value % 2 == 0)
.Select(x => x.Timestamp)
.Subscribe(x => Trace.WritelLine(x),
ex => Trace.WritelLine(ex));

Subject<TResult> — OJIMH U3 TUTIOB, KOTOPBII MOXKET ITPUTOIUTHCS TIPU IKCTIE-
pumenTax ¢ System.Reactive. OH HaroMIHAET PYYHYIO pealnsalinio Habroma-
€MOoro IToToKa. Bari ko MosKeT BbI3bIBaTh OnNext, OnError 1 OnCompleted, a 00b-
€KT 6yﬂeT neperaBaTb 9TU BbI30OBBI CBOUM ITOANMCYNKAM. Subject<TResult>
XOPOIIO MTOJIXOJUT /111 9KCIIEPUMEHTOB, HO B PEAJIbHO dKCILIIyaTUPYEMOM KOJie
JIydliie UCI0JIb30BaTh OMEPATOPHI BPOJIE TeX, KOTOPBIE MOKAa3aHbl B riase 6.

Cy1trecTByeT MHOKECTBO TTOJIE3HBIX omepaTtopoB System.Reactive, u B aToit
KHUTE PACCMaTPUBAIOTCS JIUIIH OT/EJbHbBIE TIPUMEPDI. 3a AOMOJHUTENIbHON
urdopmarmeii o System.Reactive pekoMeH/IyI0 00paIaThesi K MPeBOCXOIHON
asekTporHO KHUTEe «Introduction to Rx» (http://introtorx.com/).

BeepeHue B Dataflow

Bubimoreka TPL Dataflow — unTepecHoe couetanye aCHHXPOHHbBIX ¥ ITapaJi-
JIEJIBHBIX TEXHOJIOTHIA. DTa 6UOIM0TEKa MOKET ObITH TOJIE3HOM JJIS TIOCTIEI0-
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BaTEJBHOCTU TIPOIIECCOB, KOTOPbIE AOJIKHBI TPUMEHATHCS K BaIllM JAHHBIM.
[Ipeacrasbre, uTO HYKHO 3arpysuth garubie mo URL-aapecy, pazo6path
ux, a 3areM o6paboTaTh MapauieabHo ¢ Apyrumu ganubiMu. TPL Dataflow
0OBIYHO MCIOJIB3YETCsI B Ka4eCTBE MPOCTOTO KOHBEHepa: TaHHbIE BXOIAT
C OJTHOTO KOHIIA U [IEPEMEIIAIOTCS, TOKA HE BBIHAYT ¢ Ipyroro KoHa. OpHako
Bosmosxknoctu TPL Dataflow stum ganeko ne orpanndupaiorcs; 6ubanore-
Ka cIiocobHa CIpaBUThCS ¢ ceTyaThiMu (esh) crpykrypamu Jr060ro Thia.
BbI MosKeTe OTpeiesiATh B CETSAX BETBICHUS, 00beAMHeHNs 1 TITKAs — TPL
Dataflow o6paboraer ux Tak, kak HyskHO. Ho B OOJIBIINHCTBE CJIyYaeB CeTH
TPL Dataflow ncrosb3yiorcst Kak KOHBeHepbl.

BaszoBbIM CTPYKTYPHBIM ajieMeHTOM ceTr moToka manibix (dataflow mesh)
asisiercs 610k nomoxa dannvix (dataflow block). Biiok Mmosker 6bITb 610KOM-
IpUEMHUKOM (TIOJIyYeHre AaHHBIX ), OJIOKOM-UCTOYHUKOM (TIPOU3BOJICTBO
JIAHHBIX ) WJIN UX cOYeTaHreM. BIIOKM-UCTOYHMKI MOTYT CBSI3BIBATHCST € OJ10-
KaMU-TIPHEMHUKaMH /17151 (GOPMUPOBAHMSI CETH; CBSI3bIBAHIUE PACCMATPUBAETCSI
B perenire 5.1. BIIOKU SBJSIFOTCST MOJIyHE3aBUCUMBIMU; OHKM 006padaThiBaiOT
JIaHHbIE TI0 MePe MOCTYTJICHUS U TIEPEIAiOT Pe3YJIbTaT Aajbiie. B oObraHoM
criocobe ucnosb3osarust TPL Dataflow BbI cosmaere Bee 6J10KH, ycTaHaB-
JIMBAeTe CBSA3M MEXK/y HIMU, a 3aTeM HaYMHAETE 10/[aBaTh JaHHBIE C OJTHOTO
KoHIIa. /laHHbIE TIOC/IE 9TOTO BBIXOJAT C IPYTOro KOHIa caMu 1o cebe. Ere
pa3 yTOUYHIO, YTO BO3MOKHOCTH TIOTOKOB JIaHHBIX 9TUM HE OrPAaHUYMBAIOTCS;
MOJKHO CO3/IaBaTh CBSI3U 1 00ABJISTh UX B CETh B TO BPEMST, KOT/IA MO HIM
repeMeraioTcs JanHble, HO 9TO BeCbMa HETPUBUAJIbHBIN ClIEHAPU.

Baoku-npueMHuKE cogepkaT Oydepbl A1 MoTydaeMblX anHbix. Hamnm-
que 6y(bepa TIO3BOJIAET UM I10JIy4aTb HOBbIE 9JIEMEHTDI ITaHHBIX [/lda’KE B TOM
cilydae, ecJii OHU ellie He TOTOBBI K MX 00paboTKe; 9TO MO3BOJISIET JaHHBIM
nepeMenaTbest 1o cetu. Takas Oydepusars MoKeT co34aTh MPOBIeMbl
B CI€EHApUAX C BETBJEHHUEM, B KOTOPbBIX O/INH 6]IOK'I/ICTO‘{HI/IK CBA3bIBaA€TCA
¢ iByMst GJI0KaMu-TIpueMHnKaMu. Eciii y 610Ka-UCTOYHIKA UMEIOTCS IaHHble
JLUISL OTIIPABKH 110 HAIIPABJIEHUIO TOTOKA, OH HAUMHAET MPe/IaraTh UX CBOUM
CBSI3aHHBIM OJIOKaM 110 0HOMY. [T0 yMOJIYaHUIO TIepBbIi OJI0K-TTPUEMHUK
IPOCTO MOJIydYaeT ganubie u Oydepusyer ux, a BTOpoil OIOK-IIPUEMHUK 9TU
JlaHHble HUKOTIA He mosryauT. [Ipobiema peraercs orpanuuerueM 6ydepos
GJIOKOB-IIPUEMHUKOB; 9Ta TEMa PacCMaTpUBaeTcs B perente 5.4.

Ecau uto-To noiizier He Tak, NPOMCXOAUT 0mka3 6JI0Ka — HATPUMED, eCIIn
06pabaTbIBAIONIHIT [IeJieraT BbIIaeT UCKII0YeHne mpu 00paboTKe sjieMeHTa
nanubix. Kora B 6J0Ke IPOUCXOIUT OTKA3, OH TIEPECTAET MOIYYaTh JaHHBIE.
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[To ymo4aHuIo 9TO He MPUBOAUT K HAPYIIEHUIO PabOTOCIIOCOOHOCTH BCei
CETH, a IT03BOJISIET IEPECTPOUTD 3TY YACTh CETU UJIU IIePEHAIIPABUTD JJAHHbIE.
TeMm He MeHee 9TO HeTPUBUAJIBHBIH CIIeHAPUiA; B OOJIBIINHCTBE CJIy4aeB 0ObId-
HO HY’KHO, YTOOBI OTKa3bl PACTIPOCTPAHSIINCH TI0 CBA3SIM K I[EJIEBBIM OJIOKAM.
[ToTok aHHBIX TOXKE MOJ/IePKUBAET 3TOT BAPUAHT; €IMHCTBEHHbIII HEOUeBU/I-
HBII aCTIeKT — UCKJI0UeHNe, PACIIPOCTPAHsIEMOe TI0 CBSI3SIM, YIIAaKOBBIBAETCS
B AggregateException. CieoBaTebHO, IPU JIUHHOM KOHBelepe MOTYT TI0-
SABJISATHCSI UCKJIFOUYEHUS ¢ GOJIBINON IIyOMHOI BJIOKEHHOCTH; IPOOIEMY MOKHO
000ITHU € ITOMOILBIO METO/1A AggregateException.Flatten:

try
{

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

{
if (item == 1)
throw new InvalidOperationException("Blech.");
return item * 2;

1)

var subtractBlock = new TransformBlock<int, int>(item => item - 2);
multiplyBlock.LinkTo(subtractBlock,
new DataflowlLinkOptions { PropagateCompletion = true });

multiplyBlock.Post(1);
subtractBlock.Completion.Wait();

}

catch (AggregateException exception)

{

AggregateException ex = exception.Flatten();
Trace.WriteLine(ex.InnerException);

}

O6paboTka ombOOK B MIOTOKAX JAaHHBIX OOJIee TTOAPOOHO PacCMaTPUBAETCSI
B perterire 5.2.

Ha 1iepBblil B3rJIsI C€TH MOTOKOB JIaHHBIX OY€Hb IMOXO0KK Ha HaOJII01aeMble
notoku. Kak y cereil, Tak ¥ y MOTOKOB CYIIIECTBYET KOHIIEIIIHSI 3JIEMEHTOB
JIaHHBIX, KOTOPbIEe B HUX NepeMeniaiorcs. Kpome Toro, y cereii u'y HoToKoB
€CTb KOHIEHIIINK HOPMaJIbHOI'O 3aBEPIICHUA (yBeI[OMJIeHI/Ie O TOM, 4YTO AdaH-
HbIE TIEPECTAIN TIOCTYIIATh) W 3aBEPIIEHNUST ¢ OTKA30M (YBEIOMIICHUE O TOM,
4TO B X0/1e 00pabOTKM JaHHBIX TPOU30IILIA HeKoTopast onOka). Ho System.
Reactive (Rx) u TPL Dataflow obragator pasabiMu BoamoskHOCTsiMI. Ha-
6oaemMbie 00beKThl RX B 0011eM cirydae Jydiine 6JIOKOB MOTOKa JaHHbIX
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IIPU BBITIOJTHEHUH JIIOOBIX ONepalyii, CBI3aHHBIX ¢ XPOHOMETPaKoM. Biroku
HIOTOKOB JIaHHBIX B O0IIEM ciiydae Jiydiie HabogaeMbix 00beKToB Rx ipn
BBITIOJTHEHUH TTapaJLieIbHOI 06paboTku. Ha KoHIenTyaabHOM ypoBHE paboTa
Rx HamoMuHaeT HaCTPOUKY 0OPAaTHBIX BBI3OBOB: KasKIblil IIar HaOJI101aeMOT0O
00beKTA HATIPSIMYIO BbI3bIBAET CJie/yonuii mar. C Apyroii CTOPOHbI, KakK bl
6JIOK B CETH MOTOKA JaHHBIX TIPAKTUYECKH HE3aBHCUM OT BCEX OCTAJIbHBIX
6s0koB. Kak Rx, Tak u TPL Dataflow umeior cobcTBerntbie 061acTi Ipu-
MEHEHUsI, KOTOPbIE 0TYACTH TIepeKpbiBaloTcs. OHM TakKe XOPOIIo paboTaroT
BMeCTe; B pelieniTe 8.8 paccMaTpUBaIOTCS BO3MOKHOCTU B3aUMOIeCTBUS
mexay Rx u TPL Dataflow.

Ecsam BBI 3HaKOMBI ¢ akTOpcKuUMU (ppeliMBopKamu, To yBuaute, uto TPL
Dataflow Ha mepBbIil B3rJIsi iMeeT psizt o6Imux dept ¢ HuMu. Kaskaniii 610K
MOTOKA JIAHHBIX HE3ABUCHUM OT J[PYTUX — OH 3aITyCKAET 3a/1a4M JIJIsI BBITIOJTHEHUS
paboThI 110 Mepe HeOOXOMMOCTH (HAIIPUMED, BBITIOJTHEHMSI TPe00PasyoIero
Jilesierata WM mepeadn BhIBOJA ceayioniemy 00Ky ). MoKHO Takke Ha-
CTPOUTD KaXK/IBII OJIOK JIJIs TAPAJLIETIBHOTO BBITIOHEHMUST, YTOOBI OH 3AITyCKaJl
HECKOJIBKO 3a/1a4 jiJ1s1 00pabOTKH JONOJHUTETBHOTO BBOJIA. V13-32 5TOTO TIOBE-
JIEHUST KJKIBIH OJIOK OTYACTH HATOMWHAET aKTOPA B aKTOPCKUX (hpEiiMBOPKax.
Ho TPL Dataflow He gaBisieTcst OJTHOIEHHBIM aKTOPCKIM (PPEiMBOPKOM;
B YaCTHOCTH, OTCYTCTBYET BCTPOEHHASI MO/IIEPIKKA KOPPEKTHOTO BOCCTAHOBJIE-
HIISI TIOCJIe OMMOOK MITH IOBTOPHBIX TToTbITOK. TPL Dataflow — 6ubamnoreka
¢ PYHKIIMOHATBLHOCTBIO, CXOAHOM ¢ (PYHKITMOHATHLHOCTHIO aKTOPOB, HO He
SIBJISIONIASICS TIOJTHOIEHHBIM aKTOPCKUM (PPEIiMBOPKOM.

Camble pacipoCcTpaHeHHbIE TUITBI 6JI0KOB — TransformBlock<TInput, TOutput>
(ananor LINQ select), TransformManyBlock<TInput, TOutput> (anasuor
LINQ selectMany) u ActionBlock<TResult>, BBITIOJHSIONIAH JeseraTa I
Ka’k/IOTO 2JIEMeHTa JaHHBIX. 3a AOMOJTHUTEeNbHON nHpopMalueiit o TPL
Dataflow st pekomenayio obpamarbest K gokymentaiuu MSDN (https://
docs.microsoft.com/en-us/dotnet/standard/parallel-programming/dataflow-task-
parallel-library?redirectedfrom=MSDN) u pykoBozacTBy «Guide to Implementing
Custom TPL Dataflow Blocks» (https://blogs.msdn.microsoft.com/b/pfxteam/
archive/2011/12/05/10244302.aspx).

BBefieHue B MHOTONOTOYHOE NPOrpaMMNpOBaHNe

Iomox aBasieTCs He3aBUCUMBIM NCTIOHUTENIeM (executor). Kaxaprii mporiecc
COCTOUT U3 HECKOJIBKUX TOTOKOB, U BCE 3TH IIOTOKKW MOTYT BBITIOJHATDH Pa3HbIe
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orepaiuu ogHOBpeMeHHO. KaskIblil 1T0TOK nMeeT cOOCTBEHHbII HE3aBUCHMBbII
CTEK, HO OH COBMECTHO MCIOJIb3yeT MaMATh CO BCEMU OCTaJbHBIMU ITOTOKAMU
npoiecca. B HEeKOTOPBIX MPUIOKEHUAX CYIIECTBYET OJIUH CIIeIIUaJIbHBIN 110-
Tok. Hampumep, mpuaokeHns ¢ TOTb30BaTENbCKIM UHTEPMEHCOM MMEIOT
oauH crenuaabibiii UI-10TOK, a y KOHCOJIbHBIX NPUJOKEHUHN CYIIleCTBYET
OJIVH CITeIMaIbHBIN TJIaBHBIN TTOTOK.

¥ kaxxnoro npuioskenus NET umeercs 1y notokos. [1yJ1 TOTOKOB coepsKuT
HabOp pabOYNX TTOTOKOB, TOTOBBIX K BBITIOJIHEHUIO JIF00OO# pabOThI, KOTOPAst UM
Oyner HazHaueHa. [1yJ1 TOTOKOB OTBEYAET 3a OIPe/iesIeH e KOJTMYeCTBA ITOTO-
KOB, HAXO/ISIIIIXCS B ITyJI€ TIOTOKOB B JIIOOON MOMeHT BpeMeHu. ECTb iecsiTku
HACTPOEK KOH(MUTYpanuu, ¢ KOTOPBIMUA MOKHO 3KCIIEPUMEHTHPOBATH JIJIsT
M3MEHEHUS 3TOTO TIOBEJIEHUS, HO 5 HE PEKOMEH/IYTO 3TO JIeJIaTh; ITyJI TOTOKOB
ObLT TIIATETHHO ONTUMU3UPOBAH [IJIsT OOJIBITUHCTBA PEATbHBIX CUTYAIHIL.

Co3saBarb HOBBIE TOTOKK CAMOCTOSITE/ILHO BaM He roTpedyercst. EquHcTBeH-
Hasl CUTYyalusl, B KOTOPOH MOKET BO3HUKHYTh HEOOXOIMMOCTb B CO3/IaHU
9K3eMILISIPOB Thread, — co3anne moTokoB STA s COM-B3auMoieiicTBUI.

[ToTOK OTHOCHUTCS K HIU3KOYPOBHEBBIM abcTpakiiusim. [1yJ1 mOTOKOB HAXOUT-
s Ha 9y Th GoJiee BBICOKOM YPOBHE abCTPAKIINH; KOT/IA KO/ CTaBUT PaboTy
B Ouepe/ib IMyJia MOTOKOB, TO CaM IIyJI TIOTOKOB B CJIy4ae HeOOXOAUMOCTI
03200 THTCST O CO3IAaHNN TOTOKA. AGCTPAKIINH, PACCMOTPEHHbIE B KHUTE, Ha-
XOJISATCS Ha eliie O0Jiee BBICOKOM YPOBHE: MapasiiebHast 06paboTKa U MOTOKK
JTaHHBIX CTaBAT PabOTy B 0Yepelb MyJIa MOTOKOB 10 Mepe HeOOXOIMMOCTH.
Koz, ncmosb3yioniuii 9Tu BEICOKOYPOBHEBbBIE aOCTPAKIMHU, TIHIIIETCST TIPOIIIE,
4eM KOJI, paboTaoIIuil ¢ HU3KOYPOBHEBBIME a0CTPAKIHSIMI.

ITo aroii mpuunHe TUIbl Thread 1 BackgroundWorker B KHUTE HE paccMaTpu-
BaroTCs BooOIIe. VIX BpeMs MpoIILio.

Konnexkuuu gnsa KOHKYPE@HTHbIX ﬂpl/ll'lO)KEHI/Iﬁ

Cy1ecTByeT mapa pasHOBUIHOCTEH KOJUIEKIIUH, KOTOPbIe MOTYT IIPUHECTH
MOJTh3Y TIPU KOHKYPEHTHOM MTPOTPAMMUPOBAHUN: KOHKYPEHMHBLE KOANEKUUU
u Heusmensemvle Kounekyuu. Obe KaTeropuu KOJLTEKIHIT PacCMaTpPUBAIOTCST
B iaBe 9. KoHKypeHTHbIE KOJUIEKIHH TTO3BOJISIOT HECKOJILKUM MTOTOKaM OGHOB-
JISITh UX OZIHOBPEMEHHO ¢ obecriedeHreM Ge30macHocT. MHOTHE KOHKYPEHT-
HbIe KOJUTEKIMN UCTOIB3YIOT chumKu (snapshots) TekyIero coctosiHust, 4To0bI
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OJIMH TIOTOK MOT TIEPEYNCIIATH 3HAUEHUST, TOKA IPYTOIT MOKET T0OABIISATD HITH
yHAJISTh 3HaueHust. KOHKYpeHTHbIE KOJLIEKIN 0OBIYHO paboTatoT ahheKTHB-
Hee TIPOCTOi 3alUThI 0OBIYHON KOJUIEKIINH ¢ ToMoITbio 6okupoBok (lock).

C HemsaMeHAeMBIMI KOJUIEKIIMAMU eJI0 00CcTOUT nHave. HemsMensaemad
KOJITIEKIINS JeHCTBUTENBHO HEe MOKET M3MEHSITHCS; BMECTO 9TOTO IJIST MO-
MupUKAIUT HeU3MeHIeMOH KOJIEKITUH CO3/IA€TCsT HOBas KOJLTEKITH, TTPEe]I-
CTaBJISAIONIAs UBMEHEHHYIO KOJIJIEKITUIO. DTO MOKET TIOKA3aThCs YKACHO
Hea(pDEKTUBHBIM, HO HEM3MeHsIeMble KOJJIEKITNN Pa3lIesioT MaKCUMaIbHO
BO3MOJKHBIN 00hEM TTAMSITH MESKLY 9K3EMILIIPAMU KOJIJIEKIIHIL, IT09TOMY BCe
He Tak 110X0. OIHO U3 JOCTOMHCTB HEN3MEeHIeMbIX KOJLJIEKIINI 3aK/II09aeTCsI
B TOM, 4TO BCE UX OIlePaINU ABJISAIOTCS YUCTBIMU, TOITOMY OHU OYEHb XOPOIIO
paboTaior B couetaHuu ¢ (yHKIIMOHATBHBIM KOIOM.

CoBpemeHHas pa3paboTka

Y MHOTI'MX COBPEMEHHBIX TEXHOJIOT I €CTh O/HO CXOZCTBO: OHU (DYHKIIMOHAJb-
HBI 110 CBOEH 1pupo/ie. B 1aHHOM ciydae peub netT He 0 QYHKYUOHATLHOCTU
B TOM CMBICJI€, UTO «OHU JIEJIAIOT TO, UTO TIOJIOKEHO», & B CMBICJIE CTHJIS TTPO-
rpaMMHUPOBAHNS, OCHOBAHHOTO HAa KOMIIO3UTINK (PyHKIN. U ecm BB BO3b-
MeTe Ha Boopy:keHne (hyHKIIMOHATBHBIN MEHTATUTET, BAIld KOHKYPEHTHBIE
apXUTEKTYPbI OY/IyT MEHee 3aIy TAHHBIMU.

OnHuM 13 TPUHIUTIOB (DYHKITMOHATBHOTO ITIPOTPAMMUPOBAHUS SIBIISIETCST Y-
cmoma (1. e. oTcyTCTBIE TTOO0UHBIX 2(h(HeKTOB ). Kaskplit KOMIOHEHT PereHust
MOJTy4aeT HEKOTOPOe 3HaYeH e (-5T) Ha BXO/Ie U BBITAeT HEKOTOPOe 3HaYeHe(-51)
Ha BBIXOJIe. ITH KOMIIOHEHTBI JIOJKHBI HACTOJIBKO, HACKOJIBKO 9TO BO3MOXK-
HO, 130€eraTh 3aBUCUMOCTH 3THX KOMIIOHEHTOB OT IJI00AIbHBIX (MJIH OOTITHX )
HepeMeHHbIX MM OOHOBJIEHSI TJI00ATbHBIX (MJIH OOIIHX ) CTPYKTYP JTAHHBIX.
Jto CIIpaBEAJINBO AJIS1 JIIO6I)IX KOMIIOHEHTOB: async-METOA0B, ITapaJjie/IbHbIX
3amay, onepanuii System.Reactive niu 610K0B MOTOKOB faHHBIX. KoHeuHO,
PaHO MJIN MMO3HO Ballll BbIYMCJIEHUA JOJIPKHBI Ha YTO-TO IMMOBJIUATDH, HO KO
Gyzet GoJiee BIIETAaHTHBIM, €CJI BBl CMOKETE IPOBECTH 00padomKy B UNCTHIX
6JI0Kax, a 3aTeM TIPOBOIUTH OOHOBJIEHUSI C PE3YIbMaAmami.

[lpyroii mpunIMn GyHKIIMOHAIBEHOTO TPOTPAMMUPOBAHIS — HEUSMEHAEMOCTID.
HensmensteMocTh 03HAa9a€T, 4TO OJIOK IAHHBIX HE MOJKET M3MeHSIThCsT. [Touemy
HEM3MEeHSIEMOCTD 110JIe3HA B KOHKYPEHTHBIX rporpammax? OzHa U3 IpUInH
3aKJIIOYAETCS B TOM, UTO JIJIs1 HEM3MEHSIEMbIX JJAHHBIX He Hy’KHA CHHXPOHU-
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3aIUs; eCJIU JTaHHbIE He MOTYT U3MEHUTHCS, TO CHHXPOHU3ANNS CTAHOBUTCS
n3nuiHeli. Kpome Toro, HemaMeHsieMble JaHHbIe TTIOMOTAIOT TIPEeI0TBPATUTh
no6outbie 2 ekTol. PazpaboTunky Bee yaile UCHoJIb3yI0T HEN3MEHsIeMble
THUIIBI, U B KHUTE MPEJICTaBICHO HECKOJIBKO PEIENTOB, B KOTOPBIX PACCMATPH-
BaIOTCSI HEUBMEHSIEMble CTPYKTYPBI JIAHHbIX.

0 KnoYeBbIX TEXHONOINAX KpPaTKo

DpeiimBopk NET B HeKOTOPOI CTETIEHY TTO//IEP;KUBAET ACUHXPOHHOE TIPOrPaM-
MUPOBaHUE C CAMbBIX IIEPBBIX BepcHil. TeM He MeHee aCHHXPOHHOE ITPOrPaMMU-
poBatue OBIIO T0CTATOYHO TPYAHBIM fesioM 10 2012 roxa, korga B NET 4.5
(Bmecte ¢ C# 5.0 u VB 2012) nosiBUIHCH KJIOYEBbIE CJIOBA async U await.
B aToii KHUTe BO BceX aCHHXPOHHBIX PEIeNTax UCITOIb3yeTCsl COBPEMEHHBIT
MOJIXO/L C async/await v eCTb PEIelThl, IEMOHCTPUPYIOIIKE B3aUMO/IENCTBYE
async 1 OoJiee CTapbiX IaTTEPHOB AaCHHXPOHHOTO MporpaMmmupoBanus. Ecin
BaM TIOHA0OUTCS MOJIEPIKKA CTaphIX IIaThOopM, oOpalaiiTech K MPIosKe-
HUIO A.

Bubsmoreka Task Parallel Library 6bura npencrasiena 8 NET 4.0 ¢ nmosiHO#
HOIEPKKON KaK MapaJiiein3Ma JaHHbIX, TaK U TapajiuiesinsMa 3a1ad. B namm
JIHM OHa JIOCTYITHA Jake Ha TIaTGopMax ¢ MEHBIIUME PECYPCaMM, BKIIOYast
mMobubHbIe Tesedonbl. Bubanoreka TPL nocrpoena wa 6ase NET.

Komanza paspaborunkos System.Reactive npuiokunia HeMajo yCUIIHA It
MOAIEPKKU MaKCUMATbHOTO KoJmdecTBa miaatopm. System.Reactive, kax
U async C await, IIpeOCTaB/IseT MoJIe3Hble BO3MOKHOCTH /IS JTIOOBIX TUIIOB
MPUJIOKEHNH — KaK KJINEHTCKUX, Tak u cepBepHbIX. [lommepskka System.
Reactive noctymnna B rakere System.Reactive.

Bubnnoreka TPL Dataflow oduinmanbHo pacpocTpaHsieTcs B COCTaBe MakeTa
NuGet g5 System. Threading.Tasks.Dataflow.

Muorue koHKypeHTHbIe KoJsunekiiuu BcTpoeHbl B .NET; Takke cymrectBy-
IOT IPYTUE KOHKYPEHTHBIC KOJIJIECKIINHU, COAECPKAINNECS B ITaKeTe System.
Threading.Channels. Heusmensembie KOIeKInn JIOCTYITHBI B ITaKeTe System.
Collections.Immutable.



TNABA 2

OcHoBbI async

B aroii rmaBe 6y 1y T npeicTaBIeHbl OCHOBbI UCIIOJIb30BAHMSI CHHTAKCHCA async
U await /I aCHHXPOHHBIX orteparinii. Mbl pacCMOTPUM TOJBKO eCTECTBEHHBIE
acuHxpoHHble onepanuu: 3anpochl HTTP, komarbl 6a3 JaHHBIX ¥ BHI3OBBI
BeO-CIIyKO.

Eciu nmeetcst omepartiust, cosaroniasi MHTEHCHBHYIO HArPY3KY Ha IIPOIECCOP,
KOTOPYIO BbI XOTeJIN Obl pacCMaTPUBaTh Kak aCHHXPOHHYO (HArpuMep, 4TOObI
oHa He 6sokuposaia UI-nioTok), o6parnaiirecs K riase 4 u perenty 8.4. Kpome
TOTO, B 3TOM IJlaBe PACCMAaTPUBAIOTCS TOJIBKO OIlE€PAIK, KOTOPbIE OJIMH pa3
HAYMHAIOTCS W OJIMH Pa3 3aBEPIIAIOTCST; €CIM HYKHO 00padaThiBaTh IIOTOKU
cob6bITHii, obpamniaiitecs k riasam 3 u 6.

2.1. [lpnocTaHoBKa Ha 3afilaHHbI Nepuoj BpemeHH

3apava

Tpebyercst (aCHHXPOHHO ) IPHOCTAHOBUTD BBITIOTHEHHE TIPOTPAMMBI Ha HEKO-
TOPBIii mepuoj; BpeMenu. Takas cUTyalus 4acTo BCTPeYaeTcs IIPU MOy IbHOM
TECTUPOBAHWUM WJIN PEAIN3ALUN 33/1€P/KKH UL IOBTOPHOTIO UCIIOJIb30BAHUS.
Omna Takske BO3HUKAET TIPU TTPOTPAMMHUPOBAHNN MTPOCTHIX TAaHM-ayTOB.

PeweHne

Tum Task COEPKUT CTAaTUUECKUN MeTOJT Delay, KOTOPBIM BO3BPAIIaeT 33124y,
3aBepIIAIONIYIOC MTOCTe UCTeYeHNs 3aJaHHOTO BPEMEHT.,

B caenyiotiieM ipuMepe orpeiesisieTest aCHHXPOHHO 3aBepiiiaeMast 3aj1ada. [1pu
nMuTalum aCI/IHXpOHHOI;’I orepanun BaXHO IIPOBEPUTH CI/IHXpOHHbIﬁ ycrex
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Y aCHHXPOHHBIN yCIeX, a TaKXKe acCMHXPOHHYI0 Heyaady. Caenyiomuii mpn-
Mep BO3BpallaeT 3a/a4uy, UCI0JIb3yeMYyI0 /UIS cilydast aCHHXPOHHOTO ycllexa:

async Task<T> DelayResult<T>(T result, TimeSpan delay)

{
await Task.Delay(delay);

return result;

}

IKcnonenyuanvias 3a0epicka — CTpaTeris yBeJIMIeHNsT 33/1ePIKEK MEK/LY T10-
BTOPHBIMY TIOTbITKaMU. Vcnosb3yiiTe ee mpu paboTe ¢ Be6-ciryskbamit, 4To6bI
He TIeperpy:KaTh cepBep MOBTOPHBIMU ToTbITKaMu. Huske mpuBesieH npumep
[IPOCTON PeaIN3aINK1 IKCIIOHEHI[UAJIBHON 3Q/ICPIKKU:

async Task<string> DownloadStringWithRetries(HttpClient client, string uri)
{
// ToBTOpWTb MOMbITKY Yepe3 1 cekyHAy, MOTOM 4epe3 2 U 4epe3 4 CeKyHAbl.
TimeSpan nextDelay = TimeSpan.FromSeconds(1);
for (int i = 0; i != 3; ++i)
{
try
{
return await client.GetStringAsync(uri);
}
catch
{
}

await Task.Delay(nextDelay);
nextDelay = nextDelay + nextDelay;

// MNonpoboBaTb B NOCAeAHWI pa3 U paspewnTb pacnpoCcTpaHeHue OWWUbKM.
return await client.GetStringAsync(uri);

}

B peanbHOM Kojie st GbI PEKOMEH/IOBAM PUMEHUTD O0JIee KaueCTBEHHOE
penrenue (Harnpumep, ucnoabsyiomiee 6udanorexy Polly NuGet); ko,
MIPUBEICHHBIH 3/1€Ch, SIBISIETCST BCETO JIMIITb TIPHMEPOM UCTIOIB30BAHMNS
Task.Delay.
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Task.Delay TakykKe MOKHO UCTIOJTb30BATh /IS OPTAaHU3AIIH IIPOCTOTO TalM-ayTa.
OO6bI4HO 1151 peajM3aliii TaiiM-ayTa UCIIOJIb3yeTCst TUTI Cancel lationTokenSource
(petenit 10.3). Ero MoskHO ymakoBaTh B Task.Delay ¢ HEOTpAHUYEHHON 33/IepK-
KO, 4TOGBI TPEIOCTABUTH 3324y, KOTOPast OTMEHSIETCST 10 MUCTEUEHIHN 3alaHHOTO
BpeMeHH. HakoHerr, ncmob3yliTe 3aa4y ¢ TaiiMEPOM B COUETAHWH C Task.
WhenAny (peTienT 2.5) /I pean3aiini «MsrKoro» taitm-ayTa. Cieyrontui
HpUMep BO3BpaIaet null, ecim ciy:kOa He BEPHET OTBET B TeUeHUE 3 CEKYHL:

async Task<string> DownloadStringWithTimeout(HttpClient client, string uri)
{

using var cts = new CancellationTokenSource(TimeSpan.FromSeconds(3));
Task<string> downloadTask = client.GetStringAsync(uri);
Task timeoutTask = Task.Delay(Timeout.InfiniteTimeSpan, cts.Token);

Task completedTask = await Task.WhenAny(downloadTask, timeoutTask);
if (completedTask == timeoutTask)

return null;
return await downloadTask;

}

N xotst Task.Delay MOKHO UCIIOJIB30BATD JIJISI PEATUZAIIHT «MSITKOTO» TaliM-
ayTa, y TaKoTO MO/IX0/Ia eCTh CBOM orpaHndenus. Ecim B omeparun nmpomcxo-
IIUT TaliM-ayT, OHA He OTMEHSETCS; B IPE/IbIYTIIEM TIPUMepE 33/1aua 3aTPy3KH
MPOJIOJKUT IPUEM JIAHHBIX W 3aTPY3UT BECh OTBET IE€PeE]] TEM, KaK MOTEPSITh
ero. Pekomenryemoe petieHrie OCHOBaHO Ha MCIIOJIb30BAHUT MAPKEPa OMMEHbL
(cancellation token) B kauecTBe TaiiM-ayTa ¥ iepejiaue ero orneparun Harpsi-
MyI0 (GetStringAsync B mocaenaeM npumepe). [Ipu sTom omnepanust MmoxeT
0Ka3aThCd HEOTMEHSAEMOI; B 9TOM cirydae Task.Delay MOKET MCTIOTb30BATHCS
JIPYTUM KOZIOM JIJIST MMUTAIINH JIeHICTBUI, BBHITTOTHSIEMBIX 110 TaiiM-ayTYy.

MoAcHeHue

Task.Delay HETLIOXO TIOAXOMUT JJISI MOYJIBHOTO TECTUPOBAHIS ACHHXPOHHOTO
KOJIa MJIW PeaTM3aIliy JIOTUKU TIOBTOPHBIX MONBITOK. Ho ecsirt HyskHO peann-
30BaTh TAlM-ayT, JIYYITHNM KaHIuAaToM OyaeT CancellationToken.

[lononHutenbHasa uHpopmauus

B perienire 2.5 paccmarpuBaetcst HCIIOJIb30BaHue Task.WhenAny JIJIsT OTIpe/ie-
JIEHUS TOTO, KaKast 33/la4a 3aBEePIINTCS IEPBOIL.
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B pernerite 10.3 paccmaTpuBaeTcs ncrorb3oBanne CancellationToken B Ka-
yecTBe TaliM-ayTa.

2.2. Bo3BpaLueHue 3aBepLUeHHbIX 3afa4

3apava

TpebyeTcst pea30BaTh CHHXPOHHBINA METOJ ¢ ACHHXPOHHON CUTHATYPOIA.
Hanpumep, Takast cutyaiusi MOKeT BOSHUKHYTh, €CJIM Bbl HacJe/lyeTe OT
ACHHXPOHHOTO HHTEpdeiica nim 6az0BOTO KJIacca, HO XOTUTE PEATH30BaTh €10
CUHXPOHHO. ITOT TIPHEM 0COOEHHO MOJIe3eH TPU MOIYJIHHOM TECTHPOBAHUN
ACMHXPOHHOTO KO/1a, KOT/Ia HY KHA TTPOCTas 3arIyliKa WiIu UMATHPOBaHHAS
peanusanus 751 aCMHXPOHHOTO MHTepdetica.

PewwieHue

MoskHO ncmob30BaTh Task. FromResult I CO3/IAHMS U BO3BPAIIlEHUS HOBOTO
00beKTa Task<T>, yoKe 3aBEPIIEHHOTO € 3aIaHHbIM 3HAUCHUEM:

interface IMyAsyncInterface

{
Task<int> GetValueAsync();

}

class MySynchronousImplementation : IMyAsyncInterface

{
public Task<int> GetValueAsync()

{
return Task.FromResult(13);

}
¥

JL71s1 MeToI0B, He MMEIOIUX BO3BPAlllaeMOr0 3HaUeHUs, MOKHO UCIIO/Ib30BAaTh
Task.CompletedTask — KaIIMPOBAHHBIN OOGBEKT YCIEITHO 3aBEPIIECHHON 3a-
nayu Task:

interface IMyAsyncInterface

{
Task DoSomethingAsync();
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class MySynchronousImplementation : IMyAsyncInterface

{
public Task DoSomethingAsync()

{
return Task.CompletedTask;

}
¥

Task.FromResult IIPeIOCTABJIAET 3aBEPIIEHHbIE 3a/]Ja4l TOJBKO JJIs yCIIel-
HBIX pe3ysabTatoB. Ecii moTpebyeTcst 3aada ¢ APYriuM TUIIOM Pe3yJIibTaTa
(marrpumep, 3a/1a4a, 3aBeprieHHas ¢ NotImplementedException), BBI MOKeTe
HUCII0JIb30BATh Task.FromException:

Task<T> NotImplementedAsync<T>()
{

return Task.FromException<T>(new NotImplementedException());

}

Anajornaso CYIIIECTBYET METO/I Task. FromCanceled /1711 CO3/IaHM 3a/1aY, YKE
OTMEHEHHBIX U3 33laHHOr0 MapKepa CancellationToken:

Task<int> GetValueAsync(CancellationToken cancellationToken)

{

if (cancellationToken.IsCancellationRequested)
return Task.FromCanceled<int>(cancellationToken);
return Task.FromResult(13);

}

Ecsu B cuHXpOHHOI peasu3alini MOKeT ITPOM30UTH OTKa3, lepexBaThiBaliTe
WCKITIOUEeHNS U UCTIOTh3yHiTe Task. FromException 7151 X BO3BPAIICHUS:

interface IMyAsyncInterface

{
Task DoSomethingAsync();

}

class MySynchronousImplementation : IMyAsyncInterface

{
public Task DoSomethingAsync()

{
try
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{
DoSomethingSynchronously();

return Task.CompletedTask;
}

catch (Exception ex)

{

return Task.FromException(ex);

MoAcHeHue

Ecuu BbI peasinsyere acCHHXPOHHBIN WHTEPdENC CHHXPOHHBIM KOJIOM, U30e-
raiire m00bIX (hopM 6s10KUPOBKH. V36eraiiTe GJIOKMPOBAHMSI C TIOCIELYOITM
BO3BpAIlleHUEeM 3aBEPIIEHHON 3a71aul B ACHHXPOHHOM METOjIe, €CJIUT METOT
MOJKET OBITh pearn30BaH aCHHXPOHHO. B KauecTBe KOHTPIPHIMEPa PACCMOTPIM
cpenctBa utenus Tekcra u3 Console B . NET BCL. Console.In.ReadLineAsync
GJIOKMPYET BBI3BIBAIOIIHUI TIOTOK, TIOKa He Oy/IeT MPOYNTaHa CTPOKA, TOCIe
Yero BO3BpalllaeT 3aBePIIEHHYIO 3a/1auy. Takoe 1oBe/leHne He UHTYUTHUBHO,
OHO IIPEIOHOCHIIO CIOPIPU3bI MHOTUM pazpaboTurkam. Eciii aciHXpOHHBIIT
MeTO OJIOKMPYETCsl, OH He MO3BOJISIET BBI3bIBAIONEMY [TOTOKY 3allyCKaTh
JIPyTHeE 3a/1a41, 4TO IIPOTUBOPEUUT UJIe€ KOHKYPEHTHOCTH U MOKET ITPUBECTH
K B3aUMOOJIOKMPOBKE.

Ecan BBl perysgpHuo ucrnosnb3yete Task.FromResult ¢ OJHUM 3HAYEHUEM,
MOLyMaiiTe 0 K3IINPOBAHNY 3afauu. Hampumep, eciu BBl OUH pa3 CO3AAIN
Task<int> ¢ HyJIEBBIM Pe3yJIbTaTOM, M30€eTaiiTe CO3MaHNs IPYTHX IK3EMILISIPOB,
KOTOPBIE JIOJKHBI OY/IyT YHUUTOKATHCS B X0/1e YOOPKU Mycopa:

private static readonly Task<int> zeroTask = Task.FromResult(®);
Task<int> GetValueAsync()

{

return zeroTask;

}

Ha normuyeckoM ypoBHe Task.FromResult, Task.FromException u Task.
FromCanceled SIBJISAIOTCS BCIIOMOTATETbHBIMI METOZAMU U COKPAIIIEHHBIMU (hOp-
MaM¥ 0000IeHHOTO THTIA TaskCompletionSource<T>. TaskCompletionSource<T>
HpecTaBIsieT coO0i HU3KOYPOBHEBBII THII, IOJIE3HBII J1JIsT B3AMMO/IEHCTBSI
¢ IpyruMu (hopMamMu aCHHXPOHHOTO Kozia. B ob1ieM cirydae cieryer mpuMeHsITh
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cokparnieHHyio popmy Task.FromResult ¥ poficTBeHHbBIE (hOPMBI, €CITH XOTUTE
BEPHYTbH YsKe 3aBepllieHHYI0 3a/auy. Mcnonb3ylite TaskCompletionSource<Ts
JUIST BO3BPAIIlEHUsT 3ajavi, KOTOPast 3aBEPINAeTcsl B HEKOTOPbIi MOMEHT Oy-
AYIIETO.

JlononHutenbHasa uHpopmauus

B penterite 7.1 paccmaTpuBaeTcs MOYJIbHOE TeCTHPOBAHWE ACMTHXPOHHBIX
METO/0B.

B pernenire 11.1 pacemaTpuBaeTcs Hacje0BaHUE async-MeTOOB.

B pemnenite 8.3 mokasamo, Kak UCITOJIb30BaTh TaskCompletionSource<T> /I
006006IIEHHOTO B3aUMOIEHCTBUS € APYTUM AaCUHXPOHHBIM KOJIOM.

2.3. llepepaya nupopmanum o xoge
BbINOJIHEHNA onepauum

3apava

TpebGyeTcst oTpearnpoBaTh Ha MPOTPECC BHIIOJTHEHHUS OTIEPAIIUH.

Pewenune

Ucnionb3yiiTe TUIIBI IProgress<T> U Progress<T>. Baill async-MeTO/1 10JIKEH
MOJTy4aTh apryMeHT IProgress<T>; 371eCh T — TUII ITPOTPECCa, O KOTOPOM BBl
XOTUTE COOOIIATD:

async Task MyMethodAsync(IProgress<double> progress = null)
{

bool done = false;

double percentComplete = 0;

while (!done)

{

progress?.Report(percentComplete);

}
}
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HpI/IMep MCITIOJIb30BAaHMA B BBI3BIBAIOIIIEM KO/ €:

async Task CallMyMethodAsync()

{
var progress = new Progress<double>();
progress.ProgressChanged += (sender, args) =>
{
}s
await MyMethodAsync(progress);

}

MoAcHeHue

ITo seficTBYOIIMM COTJIANIIEHUSM TTapaMeTp IProgress<T> MOKET ObITh paBeH
null, ecTu BBI3BIBAIOIIEH CTOPOHE HE HYKHBI YBEOMJIEHUS O IPOTPecce;
BKJIIOYUTE COOTBETCTBYIONIYIO IIPOBEPKY B CBOI async-MeTO[I.

ITomuMTE, YTO METOT IProgress<T>.Report 00BIYHO ABJIAETCSA ACUHXPOHHBIM.
ITOo 03HaYaeT, 4TO MyMethodAsync MOJKET IIPOJOJIKUTDH BBIIIOJIHEHUE II€PE/]
COO0IIIEHIEM O mporpecce.

[To aToit npuumnHe Jay4le OIUPEENUTb T KAK Heusmeraemoiti mun (I 10
KpaliHeil Mepe Tur-3Havyenue). Ecan T gBisieTcss M3MEHSIEMbIM CCHIJIOYHBIM
THUIIOM, TO BaM TIPUJIETCST CAMOCTOSITETHHO CO3/IaBaTh OT/IETbHY IO KOO ITPH
KaK/I0M BbI30Be IProgress<T>.Report.

Progress<T> cOXpaHsAeT TeKYIINH KOHTEKCT MPU CO3TAHIHN U aKTUBU3UPYET
CBOIT 06PATHBIN BHI30B B 9TOM KOHTEKCTE. ITO O3HAYAET, UTO €CJIU Progress<T>
koncrpyupyercs: B Ul-1oToke, TO BbI cMOKeTe 0OHOBHUTD TOJIb30BATETbCKUT
unTepdeiic u3 ero 06paTHOTO BBI30BA, JTaKe €CJIU ACHHXPOHHDIA METOJ BbI-
3bIBAET Report 13 (GPOHOBOTO IIOTOKA.

Ecan METO/I ITOJAAEPKUBAECT YBEAOMJIEHNA O IIPOIPECCE, OH TaKXKe O0JIZKEH
IIPUJIOKUTH MaKCUMaJIbHbI€ YCUJIUA [JIA ITOJJEPIKKI OTMEHDBI.

IProgress<T> He OrpaHMYMBACTCA OJJTHUM aCUHXPOHHBIM KO/IOM,; KaK IIPOrpecce,
TaK 1 OTM€Ha TaKyKe MOTyT (I/I I_IOJI)KHI)I) NCIIOJIb30BATbCA B JOJITOCPOYHOM
CUHXPOHHOM KO/I€E.

LlononHutenbHasa nHGopmayus

B pentenire 10.4 paccMaTpuBaeTcs OIep;KKa OTMEHBI B ACTHXPOHHBIX METO/IAX.

46 [nasa 2. OcHoBbI async



2.4. 0XxuaaHue 3aBepLUeHUA rpynnbl 3apay

3apava

¥ Bac ecTb HECKOJIBKO 3a/la4, 1 HyKHO ITIOJI0OK/1aTh, ITOKA OHU BCE 3aKOHYATCA.

PeweHune

DpeiitMBOPK MIPEOCTABIISIET [IJIs 3TON 11esi MeTo/ Task.WhenAll. MeToj
MOJTy4aeT HECKOJIbKO 33/1a4 ¥ BO3BPAIIAeT 3a/1auy, KOTopasi 3aBepIaeTcs pu
3aBEPIIEHUN BCEX YKA3aHHBIX 3a/1a4.

Task taskl = Task.Delay(TimeSpan.FromSeconds(1));
Task task2 = Task.Delay(TimeSpan.FromSeconds(2));
Task task3 = Task.Delay(TimeSpan.FromSeconds(1));

await Task.WhenAll(taskl, task2, task3);

Ecau Bce 3ajaunt UMeIOT OMHAKOBBIN TUII pesyJibTaTa U BCe 3aBEPIIAIOTCS
YCIIENTHO, TO 3a/1ada Task.WhenAll Bo3BpalllaeT MacCHUB, coaepmamﬂﬁ pe3yJib-
TaThl BCEX 3aj1a4.

Task<int> taskl = Task.FromResult(3);
Task<int> task2 = Task.FromResult(5);
Task<int> task3 = Task.FromResult(7);

int[] results = await Task.WhenAll(taskl, task2, task3);

// "results" copepxut { 3, 5, 7 }

Ectp meperpy-kernas Bepcus Task.WhenAll, KOTopas ToJiydaeT IEnumerable
C 33/1a9aM7; TeM He MeHee S He PeKOMEH/YIO ee NCIT0Ib30BaTh. KaxabIii pas,
KOT/Ia S CMeTTBaro acMHXPOHHbIHN Koz ¢ LINQ, Ha Moii B3TJIs/1, KO TOJTyJaeTcst
6oJ1ee MOHSITHBIM, KOT/IA 51 SIBHO «<MATEPUAIM3YI0» TI0CIIE[0BATENBHOCTD (T. €.
06pabaThIBAIO MOCJIEIOBATENBLHOCTD € CO3/IAHNEM KOJUIEKITNN ):

async Task<string> DownloadAllAsync(HttpClient client,
IEnumerable<string> urls)

// OnpepenuTb AeicTBue, BbiNONAHSAeMoe Ans Kaxgoro URL.
var downloads = urls.Select(url => client.GetStringAsync(url));
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// ObpaTuTe BHMMaHME: 3aJayu ele He 3anyleHsl,
// noTomy 4TO nocsiefoBaTeNbHOCTbL He 6bina obpaboTaHa.

// 3anycTuTb 3arpy3ky pna Bcex URL oAHOBpeMeHHO.
Task<string>[] downloadTasks = downloads.ToArray();
// Bce 3apayu 3anyuweHsl.

// ACHMHXPOHHO OXMAATb 3aBepleHusa BCeX 3arpysok.
string[] htmlPages = await Task.WhenAll(downloadTasks);

return string.Concat(htmlPages);

MoAcHeHue

Ecam kaxue-1m0O0 331241 BBIIAIOT UCKIIIOYEHMS, TO Task . WhenAll coolOmaeT 06
OTKas3e CBOEii BO3BPAIIEHHOIT 32141 ¢ 9TUM UCKoueHreM. Ecim cpasy HecKob-
KO 3a/1a4 BBIIAIOT UCK/IIOUYEHME, TO BCE 9TH UCKJIIOUEHUS TIOMEIAIOTCS B 3a1a4y
Task, Bo3BpalaemMyo Task.WhenAll. Tem He MeHee TPU OKUIAHUK STOMN 3aa4n
OyzIeT BBIIAHO TOJIBKO OIHO U3 HUX. EC/M HYKHO KaK/10€ KOHKPETHOE NCKITI0Ye-
HUe, TTPOBEPBTE CBOMCTBO Exception 3a/1aum Task, BO3BparaeMoi Task.WhenAll

async Task ThrowNotImplementedExceptionAsync()
{

throw new NotImplementedException();

}

async Task ThrowInvalidOperationExceptionAsync()

{

throw new InvalidOperationException();

}

async Task ObserveOneExceptionAsync()

{

var taskl
var task2

ThrowNotImplementedExceptionAsync();
ThrowInvalidOperationExceptionAsync();

try

{
await Task.WhenAll(taskl, task2);

}
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catch (Exception ex)

{

// "ex" - nubo NotImplementedException, nnbo InvalidOperationException.

async Task ObserveAllExceptionsAsync()
{

var taskl = ThrowNotImplementedExceptionAsync();
var task2 = ThrowInvalidOperationExceptionAsync();

Task allTasks = Task.WhenAll(taskl, task2);
try
{

await allTasks;

}

catch

{

AggregateException allExceptions = allTasks.Exception;

}

Kax npaBuJio, st He OTCJI€KNBAIO BCe UCKITIOUEHUS TIPU UCITOTb30BaHUH Task.
WhenAll. OOGBIYHO JOCTATOYHO OTPEATUPOBATH TOJIBKO Ha II€PBYIO BbIJITAHHYIO
omubKy, a He Ha BCe.

O6paTI/IT€ BHUMaHME: B IIPpEAbIAYIIEM IIpUMepe MeTOAbl ThrowNotImple-
mentedExceptionAsync 1 ThrowInvalidOperationExceptionAsync He BBIJAIOT
CBOU HCKJIIOUEHUS HAIPSAMYIO; OHU UCIIOJIb3YIOT KJAIOYE€BOE CJIOBO async,
IO2TOMY HCKJIIOYEHU TePEeXBAThIBAIOTCS U IIOMEIAIOTCS B 3a/la4y, KOTOpasd
BO3BpallaeTcss HOpMaJIbHBIM 00pa3oM. ITO HOPMAIbHOE TIOBEIEHUE METOIOB,
KOTOPbIE€ BO3BpAIIAIOT TUIIbI, JOIIYCKAIOIINEe OXKUJaHUeE.

NlononHutenbHas HpopmaLms

B pemenre 2.5 paccMaTpuBaeTcst OKuiaHKe 3aBepIieHust Jo0oil 3a1aun us
TPYIIIIBI 3371a4.
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B penernre 2.6 paccMaTPUBACTCA OKNAaHNE 3aBEePIICHNA KOJUIEKITUN 3a/1a4
C BBITIOJTHEHUEM JIECTBUIA IIpn 3aBEPIICHUN KasKI01 3a/1a49M.

B perterrre 2.8 paccmatpuBaercst 06pabOTKa UCKITIOYEHNT 17IsT METOZIOB async Task.

2.5. OxxupaHune 3aBepiieHuns noboi 3apaun

3apava

EcTb HeckosibKo 3a1a4 1 TpeGyeTcst OTpearnpoBaTh Ha 3aBeplieHue Joooii
3a/1au1 U3 TPYIIIBL. 3a/1ava yalie BCero BCTPeUaeTCs IIPU BBITIOJTHEHUH HECKOTb-
KUX He3aBUCUMBIX TIOTIBITOK BBITIOTHEHNS OMIEPAITUU B CTPYKTYPE TIEPBOMY
pocTaercst Bee». Harpumep, MOKHO 3alIpOCUTh OUPIKEBbIE KOTUPOBKH Y He-
CKOJIBKUX BeO-CITysKO OTHOBPEMEHHO, HO MHTEPECYET BAC TOJILKO TIEPBBII OTBET.

PewwleHue

Ucnonb3yiite MeTos Task.WhenAny. MeToj Task.WhenAny 11oJry4aeT rocjeioBa-
TEJILHOCTD 33/1a4 1 BO3BPAIllaeT 33/1auy, KOTOPas 3aBEPIIACTCs ITPU 3aBEPIICHUN
J000# 13 3a/1a4 TOCJIe/I0BATEIbHOCTH. Pe3yibratoM BO3BpallleHHOW 3ajiaun
SIBJIIETCS 3aBepIieHHas 3a1a4da. He oropuaiitech, ecyiv 9T0O TPO3BYYAIO HETIO-
HSITHO; HEKOTOPBIE BEIIU TPYAHO OObSICHITD, HO JIETKO MOHATH Ha ITPUMepe KOoJIa:

// Bo3BpawaeT ANWHY AaHHbIX nepBoro otTeBeTuBwero URL-agpeca.
async Task<int> FirstRespondingUrlAsync(HttpClient client,
string urlA, string urlB)

// 3anycTuTb obe 3arpy3ku napanienbHo.
Task<byte[]> downloadTaskA = client.GetByteArrayAsync(urlA);
Task<byte[]> downloadTaskB = client.GetByteArrayAsync(urlB);

// OxupaTb 3aBepweHuAa nwbor M3 3TUX 3ajad.
Task<byte[]> completedTask =
await Task.WhenAny(downloadTaskA, downloadTaskB);

// BepHyTb ANWHY AaHHbIX, 3arpyxeHHbix no 3Tomy URL-appecy.
byte[] data = await completedTask;
return data.Length;
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MoAcHeHue

3anaua, Bo3BpalieHHas Task.WhenAny, HIKOT/IA He 3aBEPIIAETCS B COCTOSHIT
0TKa3a WJIN OTMEHBI. JTa «BHEITHAS» 3ajlada BCET/Ia 3aBepIaeTcs yCIelHo,
a ee pe3yJIbTUPYIOIee 3HAYeHUe TPeICTABIISIET COOO0IT TEPBYIO 3aBEPIIEHHYIO
3a71auy Task («BHYTPeHHIOI» ). Eciii BHyTpeHHSIs 3a71aua 3aBePIINIach C 1C-
KJIIOYEHUEM, TO 3TO UCKJIIOYEHHE He PACITPOCTPAHSIETCS Ha BHEITHIO 33/1a9y
(Bo3BpalleHHyIo Task.WhenAny). OOBIYHO Balll KO OKUIAET BHYTPEHHIO
3aj1avy TOCPECTBOM await, 9TOOBI 0OECTIEYNTDH OTCIEKUBAHIE BCEX HCKITIO-
YeHUT.

Korna nepBag 3amaua 3aBepiaeTcs, IoyMaiiTe, He OTMEHUTD JIU OCTAJIbHbBIE
3asaun. Ecoim ipyrue 3a/1aum He OTMEHSI0TCS, HO K HUM He ITPUMEHSIeTCS await,
oHu pocto repstrores. Ilorepsanuble 3a7a4n 0TpadaThIBAIOT 10 3aBEPIICHS,
HO WX Pe3yJbTaThl UTHOPUPYIOTCA. Bce NCKITIOUeHNsT OT MOTEPSTHHBIX 3a1a4
Takzke OyyT pourHopupoBanbl. Eciiv 911 3a1auu He Oy/yT OTMEHEHbI, OHU
pogo/IKAT paboTaTh 1 HeA(PHEKTUBHO PACXOL0BAThH PecyPChI (TOAKIIOYEHUS
HTTP, noxkiaodyeHus K 6asze JaHHBIX, TaliMepbl U T. [1.).

Be1 MoskeTe ncrosb3osath Task . WhenAny 711 peaiu3ay TaliM-ayTa (Halpu-
Mep, [IPU UCII0JIb30BaHuu Task.Delay Kak OJJHOH U3 3a/1a4), HO TaK IOCTYIIATh
He pekoMeHtyeTcs. Bostee ectecTBeHHO BbIpaskaTh TaliM-ayThl OTMEHOM, 1y OT-
MEHBI eCTb JIONOJHUTEJIbHOE IPENMYIIECTBO: OHA IT03BOJISET e CTBUTEIBHO
ommerHumo onepanuio(-1) B ciaydae TaliM-ayTa.

Jlpyroii antunarrept Task.WhenAny — 00paboTKa 3a/1a4 1o Mepe MX 3aBepliie-
Hust. CHavaIa MOKeT TI0Ka3aThCsl PA3YMHBIM BECTH CITUCOK 3a/1a4 W yIAJIITh
KaK/IyI0 3a/1a4y W3 CIIUCKa Mpu 3aBepiiennu. [Ipobaema B TOM, 4TO TaKoe
petenvie BoinosHgeTcs 3a BpeMst O(N?), XOTs CyIIeCcTBYeT aITOPUTM CO Bpe-
MeneM O(N). [Ipasunpusiii anroputm O(N) paccmaTpuBaetcs B peliernTe 2.6.

NlononHutenbHas HpopmaLms

B perernre 2.4 paccMaTpuBaeTcst ACMHXPOHHOE OKH/IaHUE 3aBEPIIEHIS BCEX
3a1a4 u3 Habopa.

B perienite 2.6 paccmaTpuBaeTcs oXXuaHUe 3aBePIIEHNS TPYTITIBI 33/1a4 C BBI-
MTOJIHEHUEM JICHCTBUIN TTPU 3aBEPIIEHUN KaKI0M 3a/1a4n.

B perenite 10.3 paccMaTpuBaeTcst UCTIOMb30BaHE MapKepa OTMEHBI 7S pe-
aJu3anuy TaiM-ayTa.
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2.6. 06paboTka 3agay npu 3aBepLUEHUN

3apava

Vmeercst KOJIEKITHS 3aj1a4, KOTOPbIE OY/IyT UCIOJIb30BAThCsI C await; TpeGyercst
opranuszoBaTh 00pabOTKY Kak[I0H 3a1auu Hoce ee 3aBepiieHus. [Ipu atom
00paboTKa KaskI0H 3a/1a4M JOJKHA TIPOMCXOIANUTH CPasy JKe MOCJIe 3aBepIleHus],
6e3 OKMIaHNUsT IPYTUX 3a/1au.

Cuienytonuii ipuMep 3aycKaeT TP OTJIOKEHHbIE 33/1a4H, a 3aTeM OKU1AeT
KOKAYIO U3 HUX:

async Task<int> DelayAndReturnAsync(int value)
{
await Task.Delay(TimeSpan.FromSeconds(value));
return value;

// B Tekywei Bepcuum meTton BbiBOgMT “2", "3" n "1".

// Npu >Tom mMeTon AONXeH BbBoguTbL "1", "2" un "3".

async Task ProcessTasksAsync()

{
// Co3paTb nocnenoBaTeNbHOCTb 3ajad.
Task<int> taskA = DelayAndReturnAsync(2);
Task<int> taskB = DelayAndReturnAsync(3);
Task<int> taskC = DelayAndReturnAsync(1l);
Task<int>[] tasks = new[] { taskA, taskB, taskC };

// OxuMpaTb Kaxayw 3agady Mo nopsamky.
foreach (Task<int> task in tasks)

{

var result = await task;
Trace.WriteLine(result);

}
}

B aroii Bepcuu Ko oxuaeT Kaxk1ylo 3aiady B HOPsIIKe 110C/1e10BaTeIbHOCTH,
XOTSI TPETbsI 3ajiada B 110CJIel0BaTE/AbHOCTH 3aBepliaeTcs nepsoit. Koz not-
JKEH BBITIOJTHATH 00paboTKy (Harpumep, Trace.WriteLine) Mpu 3aBepiIeHIN
KaKJI0M 3a/1a4i, He JI0’KU/IasICh 3aBepIIeHU IPYTHX.
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PeweHne

EcTb HECKOBbKO pa3HbIX MOAXOI0B K PEIIEHNTO 2TON 3aa9u. MeTo1, KOTOPbIi
OIIVMICAH ITEPBLIM B 3TOM PEIIEIITe, SIBJISIETCS PEKOMEH/IyEeMbIM; IPYTOI OMK1caH

B pazzene «Ilosicaennes.

[IpocTeiitee pemenne 3axmiovaercs B pehaKTOPUHTE KO/IA U BBEJIEHUH BbI-
COKOYPOBHEBOTO async-MeTOJIa, KOTOPBIN 00eCIIeunBaeT OKMIaHNe 3a[aun
u 06paboTKy ee pesyJsibraTa. BeiHecerue o6pabOTKI B OTAEIbHBIA METO

CYTIECTBEHHO YITPOITaeT KO/

async Task<int> DelayAndReturnAsync(int value)

{
await Task.Delay(TimeSpan.FromSeconds(value));
return value;

async Task AwaitAndProcessAsync(Task<int> task)
{
int result = await task;
Trace.WritelLine(result);

}

// 3ToT meToh Tenepb BbIBOAMT "1, "2" un "3".

async Task ProcessTasksAsync()

{
// Co3paTb noc/iefoBaTeNbHOCTb 3aAad.
Task<int> taskA = DelayAndReturnAsync(2);
Task<int> taskB = DelayAndReturnAsync(3);
Task<int> taskC = DelayAndReturnAsync(1l);
Task<int>[] tasks = new[] { taskA, taskB, taskC };

IEnumerable<Task> taskQuery =
from t in tasks select AwaitAndProcessAsync(t);
Task[] processingTasks = taskQuery.ToArray();

// OxuAiaTb 3aBepweHua Bcel 06paboTku
await Task.WhenAll(processingTasks);

}

C HPYFOﬁ CTOPOHBI, 3TOT KO/L MOJKHO 3allMCaTb B CJICAYIOIIEM BUIE:

2.6. O6paboTKa 3afay Npu 3aBepLIeHnn
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async Task<int> DelayAndReturnAsync(int value)

{
await Task.Delay(TimeSpan.FromSeconds(value));
return value;

// 2TOT meToa Tenepb BbIBOAMT "1, "2" un "3".
async Task ProcessTasksAsync()
{
// Co3paTb noc/iefoBaTeNlbHOCTbL 3ajad.
Task<int> taskA = DelayAndReturnAsync(2);
Task<int> taskB = DelayAndReturnAsync(3);
Task<int> taskC = DelayAndReturnAsync(1);
Task<int>[] tasks = new[] { taskA, taskB, taskC };
Task[] processingTasks = tasks.Select(async t =>
{
var result = await t;
Trace.WritelLine(result);
}).ToArray();

// OxupaTb 3aBepweHusa Bcel 06paboTKM.
await Task.WhenAll(processingTasks);

}

[TokazanHblii pehaKTOPUHT — caMoe dJIeraHTHOE U TIOPTUPYEMOE PelIeHne
npobsieMbl. OGpaTnTe BHUMAHUE: OHO HECKOJIBKO OTJIMYAETCST OT UCXOAHOTO
Ko/a. B aTom pemennu 06paboTKa 3a/1a4 BBIOJTHIETCS KOHKYPEHTHO, TOT/IA
KaK B MCXOAHOM KoJie 3a1auu OyyT oOpabaThiBaThes 10 04HOH. OOBIYHO 5TO
He CO3/aeT 3aTPYAHEHUT, HO eCJIU TaKoH c1riocob 06paboTKK B Ballieil cuTya-
MU HEJIOIYCTUM, PACCMOTPHUTE BO3ZMOKHOCTD UCIIOIb30BAHUS GJIOKHMPOBOK
(pettenT 12.2) uiu caenyIonNiero aJbTepHATHBHOTO PETIIEHHS.

MoAcHeHue

Ecsmi pehak TOpHMHT He laeT MPUEMJIEMOTO PellieHust, ecTb asbrepHaTiBa. CTu-
Ber Tay0 (Stephen Toub) u Iskon Ckut (Jon Skeet) paspaboranu MeTo/ bl
pacIInpeHusi, BO3BPpaIaoliie MAaCCHB 3ajla4, KOTOPbIE 3aBEPIIAIOTCS TI0 110-
psizky. Perenie Ctuena Tay6a (Stephen Toub) moctymso B 6iiore Parallel
Programming with NET (https://devblogs.microsoft.com/pfxteam/processing-
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tasks-as-they-complete/), a pemenue Isxona Cxura (Jon Skeet) — B ero 6Jiore,
mocBAIeHHoM nporpamMmmupoBanuio (https://codeblog.jonskeet.uk/2012/01/16/
eduasync-part-19-ordering-by-completion-ahead-of-time/).

hdeToapacundpeﬂuﬂOrderByCompletionTaK3«3AOCTyneHJB6H6ﬂH0TeKe
¢ OTKPBITBIM KOo71oM AsyncEx (NuGet-makeT Nito.AsyncEx).

C TakuM METOZIOM pacHIMpeHusi, Kak OrderByCompletion, NI3BMEHEHUS B UC-
XOJTHOI BEPCUM KOJIa CBOJSTCS /10 MUHUMYMa:

async Task<int> DelayAndReturnAsync(int value)
{
await Task.Delay(TimeSpan.FromSeconds(value));
return value;

// 2TOoT meToh Tenepb BbiBOAMT "1, "2" un "3",

async Task UseOrderByCompletionAsync()

{
// Co3paTb noc/iefoBaTeNlbHOCTbL 3ajad.
Task<int> taskA = DelayAndReturnAsync(2);
Task<int> taskB = DelayAndReturnAsync(3);
Task<int> taskC = DelayAndReturnAsync(1l);
Task<int>[] tasks = new[] { taskA, taskB, taskC };

// OXnpaTb KaxAoW 3ajayn No mMepe BbIMOJHEHUA.
foreach (Task<int> task in tasks.OrderByCompletion())

{

int result = await task;
Trace.WritelLine(result);

}
}

JlononHutenbHasa uHpopmauus

B pererre 2.4 paccMaTprUBAETCA aCUHXPOHHOE OKH/IaHWE 3aBEPHIECHUA 110~
CJIeJOBAaTCJIbHOCTHN 3a/la4.

2.6. O6paboTKa 3afay Npy 3aBepLIEHUN 55



2.7.06X0/ KOHTEKCTa NPY NPOLOIKEHUHN

3apava

Korza async-meto/1 BO30OHOBIIsIET paboTy 1ocjie await, 0 yMOJIYaHUIO OH
[POIOJIKAET BBITIOJIHEHUE B TOM K€ KOHTEKCTE. DTO MOKET CO3/1aTh IIPOOJIEMBI
¢ 6picTpoeiicTBrEM, eciii KoHTeKcToM Obl1 Ul-koHTeKkcT, a B UI-KoHTEKCTE
BO30OHOBJISIET PabOTY GOJIBIIOE KOJUYECTBO async-MeTO/I0B.

PeweHne

YroOb n36esKaTh BO30OHOBIIEHUST B KOHTEKCTE, HCIIOJIB3YIITe await /IS pe3yJib-
TaTa ConfigureAwait 1 niepesaiite false B apamerpe continueOnCapturedContext:

async Task ResumeOnContextAsync()

{
await Task.Delay(TimeSpan.FromSeconds(1));

// DTOT MeToAL BO30OHOBNSETCA B TOM Xe KOHTEeKCTe.

async Task ResumeWithoutContextAsync()

{
await Task.Delay(TimeSpan.FromSeconds(1l)).ConfigureAwait(false);

// OTOT meToA TepAeT CBOW KOHTEKCT npu BO30OHOBNEHUW.

}

MosAcHeHne

Hasmune cmmikom GoTbIITOro KOJIMYeCTBA MPOIOJIKEHIH, BbIoHseMbix B UT-
IIOTOKe, MOYKET CO3/IaTh ITPob.IeMBbI ¢ ObIcTpojieiicTBIeM. Takue mpobieMbl Tpyi-
HO JINarHOCTHUPOBATh, [IOTOMY YTO 3TO He e/[HHCTBEHHBIN MeTO/I, 3aMe/JIAIONIN I
cucremy. Cxopee, ¢ yBeJIMYeHNEM CJI0KHOCTH ITPUIIOKEHUS TI0JTb30BATEIbCKU
nHTepdeiic HAYMHAET «KPOBOTOUNTD M3-32 THICAY MEJIKUX TTOPE30B».

OcTaeTcst TOHATH: CKOJIbKO TIpoposkenuii B UI-TToTOKe IpeBBIIIaeT A0Imy-
ctuMblit Topor? IIpocToro m 0{HO3HAYHOTO OTBETA HA ATOT BOIIPOC HET, HO
Jlhiorman Bumuk 3 Microsoft ormacuin pekoMeHgaImo, KOTopas UCI0Ib30-
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Bastach komauoit Universal Windows: 0k0J1o cOTHM B CeKYH/LY — HOPMAJIHHO,
HO OKOJIO TBICSIUU B CEKYH/IY — YK€ CJIUIIKOM MHOTO.

Jlyurie o6oiitu Ty 1pobsieMy ¢ camoro Hadasa. [lJist Kak/I0To HAITMCAHHOTO
BAMH async-MeTOJIa, ECJIN OH He JIOJIKEH BO30OHOBISITHCS] B NCXOHOM KOH-
TeKCTe, MCHOIb3yiiTe ConfigureAwait. Hukakux Hey06CTB 9TO He CO3/ACT.

Takske CTOUT YYUTHIBATh KOHTEKCT NMPU HAIIMCAHWK async-Kojaa. OOBIYHO
async-MeTo/[I I0JKeH TH00 TpeboBaTh OTpe/iesieHHOro Kontekcra (pabora ¢ Ul-
ssneMerTamu i sarpocamu /orBeraMu ASPNET), 1160 6biTh ¢CBOOOAHBIM OT
KOHTeKcTa (BBITOTHSSI (DOHOBBIE oTlepaliun ). Ecan y Bac uMeeTcst async-MeTo.
C YacTsIMU, TPEOYIONTIMHU KOHTEKCTA, U YaCTSIMHU, CBOOOHBIME OT KOHTEKCTa,
pPaccMOTpHTE BO3MOKHOCTD €ro pasbueHust Ha jiBa (1u 6oJiee) async-MeTojia.
Takoii Io/IX0/1 TOMOTAeT OPraHU30BaTh KO/ 10 YPOBHSIM.

NlononuutenbHas H$popmaLms

B riaBe 1 paccmaTpuBaetcs BBe/ieHIE B ACHHXPOHHOE TPOTPAMMUPOBAHUE.

2.8. 06paboTKa ucknioueHuit U3 metoaoB async Task

3apava

O6paboTKa NCKITIOUEHNUTT SIBJISIETCS BAKHEHTIEH 4acThIO JIF0OOM IIPOTPaMMHOI
apxuTeKTypbl. CIIpOeKTHPOBATD KO IS YCIIEHITHOTO Pe3yJibTaTa HeCJI0KHO,
HO CTPYKTYpa KOZIa He MOJKET CUUTATHCS TPABUIIBHOI, ecyin B Hell e 06pada-
TBIBAIOTCS MOTeHIIMabHbIe ook, K cuactbio, 00paboTKa HCKIIOYEeHUH 13
METO/IOB async Task peasn3yeTcsl MPsSIMOJINHEIHO.

PeweHune

Wckmouennsa MOKHO TTEPEXBATHIBATH IIPOCTOM KOHCTPYKITHETH try /catch, Kak
BbI ObI CJIEJTAJIH JIJISI CHHXPOHHOTO KOJIa:

async Task ThrowExceptionAsync()

{
await Task.Delay(TimeSpan.FromSeconds(1));
throw new InvalidOperationException("Test");

}
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async Task TestAsync()

{
try

{

await ThrowExceptionAsync();

}

catch (InvalidOperationException)

{
}
}

Vckmrouenns, BIIaHHbIE 3 METOZOB async Task, TOMEIIAIOTCS B BO3Bpala-
eMblii 00beKT Task. OHU BBIZAIOTCS TOJIBKO IPK KCIIOAb30BAHUY await ¢ BO3-
BpallaeMbIM 0ObEKTOM Task:

async Task ThrowExceptionAsync()

{
await Task.Delay(TimeSpan.FromSeconds(1));
throw new InvalidOperationException("Test");

}

async Task TestAsync()
{
// WcknwYeHue BbiAaeTCA METOAOM W MOMewaeTcs B 3agaudy.
Task task = ThrowExceptionAsync();
try
{
// 3pecb ucknw4eHne 6byaeT BbJAHO MOBTOPHO.
await task;
}
catch (InvalidOperationException)
{
// 3Becb UCKIKW4YeHUe MpaBU/IbHO MepexBaTbiBaeTCA.
}
}

MosAcHeHne

Koraa B MeTO/le async Task BbIJIaeTCs UCKJIIOYEHNE, DTO UCKJIIIOYEHUE CO-
XPaHAETCA 1 BKJIIOYAETCA B BOSBpaHIaEMI)IIL/,I 00beKT Task. Tak kak METO/IbI
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async void He nMeroT 0ObeKTa Task I pasMelleHns NCKII0YEHN, 11T HUX
HCIIOJIB3YETCS JIPyToe TOBe/ICHUE; TTepeXBaT UCKIIOYEHUM 13 METO/IOB async
void paccMarpuBaeTcs B periente 2.9.

[Ipu mcnosp3oBanny await c 3azaueit Task, B KOTOPOIl TPOU3OIIIES OTKA3,
MepBOe UCKJIIOYEHNE 3TON 3a/1a4l BBIJIAETCS TIOBTOPHO. Ecyi BbI 3HAKOMBI
¢ mpobJieMaMu MOBTOPHOM BbIZIA4N UCKJIIOUEHU T, MOTYT BOSHIUKHYTb BOITPOCHI
0 TpaccupoBKax creka. He comHeBaiiTech: Ipy IOBTOPHOH BbIjIaue NCKITIOYEHUST
HCXOJ/IHAS TPACCHPOBKA CTEKA OY/IET TIPABUIIBHO COXPaHeHa.

Taxag KoHUryparus MoKeT OKa3aThCs U3IUIIHE 3aITyTAHHOU, HO BCS 3Ta
CJIOKHOCTD PabOTAET HA TO, YTOOBI B TPOCTOM CIIEHAPUH HCIIOIB30BATICST ITPO-
cTOl KO/1. B G0JIBIITMHCTBE CIIyYaeB KO/l IOJKEH PACTTPOCTPAHSITH HCKITIOUEHUST
13 BBI3BIBAEMBIX ACUHXPOHHBIX METO/IOB; BCE, UTO HYJKHO ClleJIaTh, — HC-
M0JIb30BATh await ¢ 3aj1a4eii, BO3BPAIIEHHOI U3 ACHHXPOHHOTO METOJI, ¥ 3TO
UCKJTI0YeHe OY/IeT PacipoOCTPaHSIThCSI €CTECTBEHHBIM 0OPa3oM.

Boamoxuer cutyarun (HampuMep, ¢ Task.WhenAll), B KOTOPBIX Task MOXKET
coJiep;KaTh HECKOJIbKO MCKJIIOYEHUI, a await MOBTOPHO BBIJAET TOJbKO
mepBoe M3 HUX. 3a MpUMepoM 06pabOTKY BCeX MCKIIOUEHM oOpariaiitech
K perenty 2.4.

NlononHutenbHas H$popmaLms

B penerlre 2.4 paccCMaTpuBaeTCA OKNAaHue [AJIsd HECKOJIbKUX 3a/iad.

B pernernire 2.9 paccmaTpuBaroTCst METOIBI TIEpeXBaTa NCKJITOUEHUH U3 METO/IOB
async void.

B pernenite 7.2 paccMaTpuBaIOTCS UCKIIOUEHUS MOYJIBHOTO TECTUPOBAHUS,
BBIZJAaHHBIE 3 METOOB async Task.

2.9. 06paboTKa ucKnoueHNit U3 MeToA0B async void

3apava

Nwmeercs Meton async void. TpeGyercst 06paboTaTh UCKIIOUEHMS, PACIIPO-
CTPaHEHHbIE U3 ATOTO METO/IA.

2.9. O6paboTKa UCKTIOUYEHNIA 13 MeTOLOoB async void 59



PeweHne

Xopoliiero perieHns He cyliecTByeT. Eciim BO3MOKHO, UIBMEHUTE METOJI TakK,
4T0OBI OH BO3BpaIias Task BMECTO void. B HEKOTOPBIX CHTYyaIUsAX 9TO HEBO3-
MOJKHO; HallpUMeEP, IPEJCTABETE, UTO HYKHO IIPOBECTU MOLYJIbHOE TECTUPO-
BaHUe peasnsanuu ICommand (KOTOpas AO0JIKHA BO3BpaIiaTh void). B atom
ciydae HeoOXOIMMO TIPEIOCTABUTD MIEPErPYKEHHYIO BEPCHUIO BAIIIETO METO/IA
Execute, KOTOpas BO3BpaIiaeT Task:

sealed class MyAsyncCommand : ICommand

{

async void ICommand.Execute(object parameter)

{

await Execute(parameter);

public async Task Execute(object parameter)

{

... // 3pecb pa3smewaeTcA aCUMHXPOHHaA peann3auusa KOMaHAbl.

... // Dpyrue cocTtaBnawwne (CanExecute u T. 4.)

}

Jlyurie u3beraTh pacrpocTpaHeH s HCKIIOYEHUH U3 METOJOB async void. Ecim
K€ BBI JIOJKHBI UCTIOTh30BATh METO/I async void, pACCMOTPHUTE BO3MOKHOCTD
YIaKOBKHU BCETO KO/ B OJIOK try ¥ IPsSIMOiT 06PabOTKU UCKIFOYEHU.

CymiecTByeT U Apyroil BO3MOKHBIN c110co0 06pabOTKN MCKIIOYEHNI U3 Me-
TO/IOB async void. Korma MeTos async void pacmpocTpatseT UCKITIOUeHHe, 9TO
HUCKJIIOYEHHE BBIJIAeTCs B KOHTEKCTE SynchronizationContext, akTUBHOM Ha
MOMEHT HauaJia BBIIIOJHEHUS MeTo/ia async void. Eciin cpesa BbITIoTHEH U
npeaocrasisteT SynchronizationContext, TO 0OBIYHO OHA IIpeIoCTaBJIsIeT MeXa-
HI3M 06pabOTKK STUX BHICOKOYPOBHEBbIX HCKJIFOYEHUH Ha IJI06aIbHOM YPOBHE.
Hanpumep, WPF nipenocrasiisier Application.DispatcherUnhandledException,
Universal Windows — Application.UnhandledException, a ASPNET —
UseExceptionHandler.

Takske BO3MOKHO 00pabaThiBaTh UCKJIIOUEHUST U3 METOL0B async void I10-
CPEeACTBOM yIIpaBiieHus SynchronizationContext. Hamucarb coOcTBEHHbBII
BapuaHT SynchronizationContext HEIIPOCTO, HO MOKHO BOCIIOJIb30BaTbhCs
TUIIOM AsyncContext u3 Oecrmatnoii Benomorarenbnoit NuGet-6ubamnorexkn
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Nito.AsyncEx. Tuir AsyncContext 0COOEHHO I0JI€3€H JJIsT IPUIIOKEHUT, He
UMEIOIUX BCTPOEHHOTO 00bheKTa SynchronizationContext (Hampumep, KOH-
COJIbHBIX MPUJIOKeHNH 1 cayx6 Win32). B cieayiomiem npumepe AsyncContext
HCIIOJIb3YETCS JIJIST 3aITycKa 1 00pabOTKY MCKIIOUEHWI 13 METO/IA async void:

static class Program

{

static void Main(string[] args)

{
try

{
AsyncContext.Run(() => MainAsync(args));

}

catch (Exception ex)

{

Console.Error.WriteLine(ex);

// TNoxon Kop!!!

// B peanbHbiX NPUNOXEHUSX He UCMoNb3yhTe MeToh async void
// 6e3 KpaillHeih HeobxoAMMOCTH.

static async void MainAsync(string[] args)

{

MoAcHeHue

OjHa U3 IPUYNH, TT0 KOTOPBIM CTOUT OTAATD MPEANIOUTEHNE async Task mepe;t
MeTo/ZlaMU async void, 3aK/JII04aeTCs B TOM, YTO METO/Ibl, BO3BpalarIue Task,
mpoiile TecTUpoBaTh. Kak MUHUMYM Teperpy3ka MeTO0B, BO3BPAIIAIOIINX
void, MeTo/laM1, BO3BpallalONIUMHU Task, TPeoCcTaBUT MoBepXHOCTH API,
YIOOHYO [IJIsl TECTHPOBAHUSI.

Ecaum my:xHO TpemocTaBUTh BaIl coOCTBEHHBIN THIT SynchronizationContext
(Harpumep, AsyncContext ), Oy/IbTe BHUMATEIbHBI U HE YCTaHABJIMBANTE 9TOT
KOHTEKCT SynchronizationContext B ITOTOKaX, KOTOPbIE BaM He TIPUHAJJIEXKAT.
Kax mpaBmniio, aTOT THTI He 0OJKEH pa3MenaThCs B TIOTOKAX, B KOTOPBIX OH
y:ke ecTb (Hampumep, UI-ToTokax nin KIaccmuecKnX MOTOKax 3ampocoB ASP.
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NET); takske He cTONT pa3MeniaTh SynchronizationContext B TOTOKaX 13 TyJia
IIOTOKOB. [71aBHBIH IIOTOK KOHCOJILHOI'O IIPUJIOXKEHUS IPUHAJIICKUT BaM, KakK
U BCE II0TOKU, KOTOPbIE BBl CAMOCTOSITEIBHO CO3/1aeTe BPYUHYIO.

Tumn AsyncContext HaxoauTcs B makeTe Nito.AsyncEx.

JlononHutenbHasa nHGopmauma

B penenre 2.8 paccmaTpuBaercst 06paboTKa NCKIIOYEHUI ¢ METOJAMK async
Task.

B petniente 7.3 pacematpuBaeTcs MOAYIbHOE TECTUPOBAHUE METOIOB async void.

2.10. Co3panue ValueTask

3apaua

Tpebyercst co3aTh METO/I, BO3BPAIIAONINiT ValueTask<T>.

PeweHne

ValueTask<T> HCIIOJIb3yETCS KaK BO3BpAIlaeMbIii TUTI B CUTYaITUAX, B KOTOPbIX
0OBIYHO MOKET OBITh BO3BPAIeH CHHXPOHHBIN PE3YJIBTaT, a ACHHXPOHHOE 110-
BejieHre BCTpedaeTcs peke. B obineM ciaydae B Koje MPUIOKEHNS CIeAyeT
HCII0JIb30BaTh B KAYECTBE BO3BPAIAEMOr0 TUIIA Task<T>, a He ValueTask<T>.
PaccmarpuBath ucrosib3oBanue ValueTask<T> B KauecTBe BO3BpaIllaeMoro
THTIA CJIeZIyeT TOJIbKO ITOCTIe TPOMDUINPOBAHNSI, KOTOPOE ITOKA3bIBAET, YTO ATO
[PUBEJET K MOBBINIEHNIO OICTPOAEICTBIA. BripoueM, BOBMOKHbI CUTYyaIlUH,
B KOTOPBIX TpebyeTcs peasn3oBaTh METO/, BO3BPAIIAONINI ValueTask<T>.
OpnHa U3 TaKUX CUTyallnil BCTpeyaeTcs TIPU UCITOJIb30BaHUYN WHTepdeiica
IAsyncDisposable, MeTOJ DisposeAsync KOTOPOTO Bo3BpaliaeT ValueTask. 3a
6oJ1ee MOAPOOHBIM MOSICHEHIEM aCUHXPOHHOTO 0CBOOOKIEHUSI PECYPCOB 00-
parafitech K perenty 11.6.
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[Tpocreiimuii croco6 peanusaliii METO/Ia, BO3BPAIIAIOIEero ValueTask<T>,
OCHOBaH Ha MCIOJIb30BAHUM async 1 await, Kak U OOBIYHBII async-MeTO/I:

public async ValueTask<int> MethodAsync()

{
await Task.Delay(100); // AcuHxpoHHas paboTa.

return 13;

}

Hepeako meTon, Bo3spamaiomuii ValueTask<T>, criocobeH HEMEITIEHHO
BEPHYTH 3HAYEHUE; B TAKUX CIYYasAX MOKHO IPUMEHUTH OIITUMU3AIINIO /IS
5TOTO CIleHApUs C UCIOJAb30BaHUEM KOHCTPYKTOpa ValueTask<T>, a 3aTeM
Hepe[[aBaTb praBJIeHI/Ie MeI[JIeHHOMy aCI/IHXpOHHOMy MeTO[[y TOJIBKO HpI/I
HEOOXOIUMOCTH:

public ValueTask<int> MethodAsync()
{

if (CanBehaveSynchronously)
return new ValueTask<int>(13);
return new ValueTask<int>(SlowMethodAsync());

}

private Task<int> SlowMethodAsync();

AHanorYHbII 0/IX0/1 BO3MOSKEH J1Jist ValueTask 6e3 mapaMeTpusaniu. 3/1eCh
KOHCTPYKTOD 110 YMOJYaHUIO ValueTask HUCIOJIb3yeTCs /11 BO3BPALlCHUS
YCIIEITHO 3aBePIIEHHOr0 00beKTa ValueTask. B ciiemyroriem npuMepe nokasaHa
peanmsaliiys IAsyncDisposable, KOTOpast BBIIIOJIHAET CBOIO JIOTUKY aCMHXPOH-
HOT'O OCBOOOSK/IEHUST OJTHOKPATHO; IPK OY/LYIIINX BbI30BAX METO/I DisposeAsync
3aBepllaeTcs YyCIEeHO U CUHXPOHHO:

private Func<Task> _disposelogic;

public ValueTask DisposeAsync()
{
if (_disposelLogic == null)
return default;

// TlpuMeYaHue: 3TOT MPOCTOW MpUMep He ABAAETCA NOTOKOOE30MacHLIM;
// ecnm cpasy HecKOnbKO MOTOKOB BbI3OBYT DisposeAsync,
// noruka moxeT 6bITb BbiMONHeHa 6onee ogHoro pasa.
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Func<Task> logic = _disposelogic;
_disposelogic = null;
return new ValueTask(logic());

MoscHeHne

BoJIbIIMHCTBO METO/IOB JIOJIZKHO BO3BPAIATh Task<T>, TOCKOJIBKY ITPHU ITOTPe6-
JIeHUY Task<T> BO3HUKAET MEHBbIIE CKPBITHIX JIOBYIIEK, YeM IIPU TTOTpedIeHn N
ValueTask<T>. ITogpobHocTu cMm. B perenre 2.11.

Yame npu peanusanuy naTEepdEiicoB, UCMOAB3YIONNX ValueTask Uan
ValueTask<T>, MOKHO IIPOCTO IPUMEHAITD async U await. Bosee cioxHbIe pe-
aJIM3aIMU HYKHBI TOT/Ia, KOT/[a BbI COOMPaeTech MCI0b30BaTh ValueTask<T>
CaMOCTOSITETIBHO.

Perrenust, paccMOTPEHHbBIE B 9TOM PellelTe, COOTBETCTBYIOT O0JIee POCThIM
U pacIpoCcTpaHEHHBIM IMOJIX0IaM K CO3/IaHUIO 9K3eMILJIIPOB ValueTask<T>
u ValueTask. EcTb apyroii crioco6, 6oJiee MOAXOASIIUN IS CJIO/KHBIX CIIeHA-
PHEB, B KOTOPbHIX BBIIEIEHIE PECYPCOB JOJIKHO OBITH CBEZIEHO K aOCOMOTHOMY
MUHUMYMY. B 60J1ee cI0KHOM pelieHIr Bbl KIIUPYeTe WK OMEIIAETE B ITyJI
peanuzanuio IValueTaskSource<T> U IOBTOPHO UCTIOJb3yeTe €€ 1T MHOTTX
BBI30BOB ACHHXPOHHBIX METOIOB. 32 BBOIHBIM OITUCAHIEM CJIO;KHOTO CIIEHAPIIST
obpaiaiitech K gokyMenTanuu Microsoft 1o Tuiry ManualResetValueTask-
SourceCore<T>.

[lononHutenbHas uHpopmauus

B perenire 2.11 paccMaTpuBaioTCst OTpaHMYEHUST TP MOTPEOJICHUN TUTIOB
ValueTask<T> 11 ValueTask.

B perterrre 11.6 paccmarpuBaeTcst aCHHXPOHHOE 0CBOOOJKIIEHHE.

2.11. Norpe6nenne ValueTask

3apaua

Tpebyercst oprannusoBath OTpebieHne ValueTask<Ts.
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PeweHne

Camblii TIPOCTOIT ¥ MPSIMOJIMHEIHBII c110co0 moTpebieHust ValueTask<T> HIIH
ValueTask OCHOBaH Ha await. B GOJIBITMHCTBE CJIyYaeB 3TO BCe, YTO BaM He-
00X0INMO C/IeTaTh:

ValueTask<int> MethodAsync();
async Task ConsumingMethodAsync()

{

int value = await MethodAsync();

}

Taxske MOKHO BBITIOJIHUTH await 1OCJIe BBITIOJHEHNS KOHKYPEHTHOM oriepaliuu,
KaK B cJIy4dae C Task<T>:

ValueTask<int> MethodAsync();

async Task ConsumingMethodAsync()

{
ValueTask<int> valueTask = MethodAsync();

... // Dpyras napannenbHas paboTa.
int value = await valueTask;

}

Oba BapmanTa TIOAXOIAT, TOTOMY UTO ValueTask OJKMIAETCS TOMBKO OMH Pas.
ITO OJTHO U3 OrpaHNYeHMi ValueTask.

ValueTask mim ValueTask<T> MOKET OKU/IATHC TOJIBKO OJIUH Pas.

Yro06bl c1e1aTh 4TO-TO GoJIee CJI0KHOE, Tpeobpasyiite ValueTask<T> B Task<T>
BbI3OBOM AsTask:

ValueTask<int> MethodAsync();
async Task ConsumingMethodAsync()

{
Task<int> task = MethodAsync().AsTask();

... // Dpyrasa napannenbHas paboTa.
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int value = await task;
int anotherValue = await task;

}

MHorokpartHoe oskuganue Task<T> abcomoTHO Ge30macHo. Takske BO3ZMOKHbI
JIpyrue orepainuu — HallPUMEpP, ACHHXPOHHOE OKU/IaHUE 3aBepIIeHUsT He-
CKOJIBKUX omepariuii (cM. perent 2.4):

ValueTask<int> MethodAsync();

async Task ConsumingMethodAsync()

{
Task<int> taskl = MethodAsync().AsTask();
Task<int> task2 = MethodAsync().AsTask();
int[] results = await Task.WhenAll(taskl, task2);
}

Tem He MeHee 111 KaKI10T0 ValueTask<T> MOKHO BbI3BATh AsTask TOJIBKO OJIUH
pas. Camoe pactpocTpaHeHHOE pellieHne — HeMeIJIeHHO Hpeo6pa3OBaTb ero
B Task<T>, a B JlaJibHEHIIIEeM UTHOPUPOBATD ValueTask<T>. Takxke 3ameuy, 4To
BbI HE MOJKETe OJJHOBPEMEHHO HCI0Jb30BaTh await M BbI3BATDH AsTask i
OJTHOTO ValueTask<T>.

B 6oJibIMHCTBE IPOrpaMMm CIeAyeT JMO0 HEMEIJIEHHO BBITIOJHUTD await st
ValueTask<T>, 00 peodpa3oBaTh 3HAUCHUE B Task<T>.

MoscHeHne

[pyrue cBoiictBa ValueTask<T> IpelHa3HAYCHBI 711 HETPUBUAIBHOIO HC-
nosib3oBanust. OObIYHO OHU PabOTAIOT HE TaK, KaK JPYTHe U3BECTHBIE CBOICTBA;
B YaCTHOCTH, /It ValueTask<T>.Result fefiCTBYIOT Gosee sKeCTKIe orpaHuye-
HUSL, 4eM Jiuist Task<T>.Result. Ko, KOTOPBII CHHXPOHHO MOJIYYaeT pe3yJIibTar
OT ValueTask<T>, MOKeET BbI3BAThb ValueTask<T>.Result miu ValueTask<T>,
GetAwaiter().GetResult(), HO 9TV KOMIIOHEHTBI HE TOJI’KHBI BBI3BIBATHCS /10 3aBEP-
1eHust ValueTask<T>. CHHXPOHHAsT 3arpy3Ka pe3yJisrata U3 Task<T> OJIOKUPYET Bbl-
3BIBAOTINI TTOTOK JI0 3aBEPIIEHUST 3a/1a9M; ValueTask<T> TAKUX TapaHTHIA He J1aeT.

CunxponHoe moJrydeHue pe3yasTaToB oT ValueTask min ValueTask<T>
MO3KeT ObITb BBIIIOJHEHO TOJIBKO OZIUH Pas3, ocJIe 3aBepiienus ValueTask,
1 9TO 3HaYeHune ValueTask yoke HE MOKET UCIIOJIb30BATHCS /I OKUJAHUA
WK IpeoOPasoBaHms B 3a/a4y.
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Puckysa nmoBroputhed, Bce e CKaxKy: KoTJia Balll KOJI BbI3bIBACT METO/I, BO3-
Bpalmauii ValueTask niau ValueTask<T>, OH JOJIKEH b0 HeMeJIeHHO
BBITIOJIHATD await I 9Toro ValueTask, MO0 HeMeJIEHHO BbI3BaTh AsTask
11 ipeobpasoBanus B Task. Bo3aMOXKHO, 9Ta IpocTas peKOMEHIAINs He 1C-
yepIblBaeT BCE HETPUBUAJIbHbBIE CIIeHAPUU, HO 6OJIbHII/IHCTBy MIPUIOKEHU I
9TOTO 6yz[eT BIIOJIHE JOCTAaTOYHO.

NlononHutenbHas HpopmaLms

B penenite 210 paccMaTpuBaeTcsl Bo3BpallleHue 3HaueHni ValueTask<T>
1 ValueTask 13 BalllnX METOOB.

B perenitax 2.4 u 2.5 paccMaTpuBaeTCs OJHOBPEMEHHOE OXKI/[aHIEe HECKOJIb-
KUX 3a/1a4.



TNMABA 3

ACMHXPOHHbIE MOTOKM

ACHHXPOHHBIE TOTOKH — MEXaHU3M aCMHXPOHHOTO MOJIYYEeHUsT HECKOJbKUX
971eMeHTOB IaHHBIX. OHU CTPOSATCS HA OCHOBE ACHHXPOHHBIX TIepevyncsie-
MbIX 00beKTOB (IAsyncEnumerable<T>). Acunxponnoiii nepeuucisemviii 00o-
eKxm TpeicTaBsieT co60i aCHHXPOHHYIO BEPCHUIO MEPEYNCIISIEMOT0 00beKTa
(enumerable); T. e. OH MOKET TPOUBOAUTH HJIEMEHTHI 110 TPEOOBAHUIO TSI
HOTPEOUTENS, U KaK/IbIi SJIEMEHT MOKET OBITH MTPOU3BEIEH ACHHXPOHHO.

Ha moii B3risi/I, 0J1€3H0 CPaBHUTD ACMHXPOHHBIE TTOTOKH € JAPYTUMH, O0JIee
3HAKOMBIMU TUITIAMU U NTPOAHAIN3UPOBATH Pas3anyus. ITO IIOMOTaeT Jiydlie
3allOMHUTD, B KAKUX CJLy4asX CJIeyeT UCII0JIb30BaTh aCHHXPOHHbIE IIOTOKH,
a B KaKWX CJIydasx Oojiee yMEeCTHBIMU OYyT APYTUE THTIBL.

AcuHxpoHHble noToku u Task<T>

CraHmapTHOrO aCHHXPOHHOTO MEXaHU3Ma C Task<T> IOCTATOYHO TOJIBKO JIJIst
ACHHXPOHHOIT 00pabOTKM O[HOTO 3HAYEH U JaHHBIX. [Tocse Toro Kak Task<T>
3aBEpIIUTCs, BCe KOHYEHO; O/IHA 3a/aua Task<T> HE MOKET IPeJOCTaBUTh
CBOMM HOTpebuTe M O0siee OIHOTO 3HaueHus T. Jlaxke ec/iu T peJcTaBisier
€000 KOJLTEKIINIO, 3HAYEHUE MOXKET OBITh MTPETOCTABIEHO TOJBKO O/IH Pa3.
3a urdopmarireii 06 UCMOIB30BAHUY async ¢ Task<T> obpaiaiTech K pas-
neny «BBeeHne B acCHHXpOHHOE TIPOrPaMMHUpPOBaHUe» IaBbl 1, a B riase 2
6oJiee TIOAPOGHO paccMaTPUBAETCsT MCIIOJIb30BaHue async ¢ Task<T>. [lpu
cpaBHEHMHU Task<T> C aCHHXPOHHBIME IOTOKaMK MbI BUAUM, YTO aCHHXPOHHbIE
OTOKHU OoJiee MTOXOKU Ha MepeyncysieMble 00beKThl. A UMEHHO: IAsync-
Enumerator<T> MOXKET MPEJOCTABUTH JTI0O0E KOJIUIECTBO 3HAYEHUN T, 10
onmHOMY 3a pa3. Kaxk u IEnumerator<T>, IAsyncEnumerator<T> MOXET UMETh
HEOTPaHUYEHHYIO [ITUHY.
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AcuHxpoHHble notoku u IEnumerable<T>

IAsyncEnumerable<T>, Kak cjie/lyeT U3 Ha3BaHUS, ABJISIETCS aHAJIOrOM IEnume-
rable<T>. HOH{aJnyl, 9TO HEYJIUBUTEJIBHO; 00a IT03BOJIAIOT HOTpe6I/ITeJIHM
MIOJIy4YaTh 3JIEMEHTHI 110 OJTHOMY 32 pa3. B uMeHU Jke CKPBITO PUHITUITHATBHOE
pasyinune: oJluH I/IHTep(befIC ACUHXPOHEH, a JIPYTOil HeT.

Koraa Bami Koz mepe6upaer IEnumerable<T>, TO OJIOKUPYET KasK bl DJIEMEHT
u3 nepeyncisgeMoro oobexra. Eciin IEnumerable<T> IIPeACTaBISIET HEKOTOPYIO
oleparuio, CBA3aHHYI0 ¢ BBOJIOM,/BBIBOJIOM (TaKyIO, KaK 3ampoc K HGase JaH-
HBIX 1M BbI30B APT), To Koi-1ioTpe6uTeib B KOHEUHOM UTOre OJIOKUPYETCs
110 BBOJLY/BBIBOJIy — CUTYyaIlus OTHIO/b He ujeajbHast. IAsyncEnumerable<T>
pa60TaeT TOYHO TaK K€, KaK U IEnumerable<T>, HE CYUTAA TOrO, YTO OH aCHUH-
XPOHHO T10JIy4aeT KaK/IbII CJIe/[y 01U 2JIEMEHT.

AcunxpoHHble notoku u Task<lEnumerable<T>>

Huuto He MellaeT aCHHXPOHHO BEPHYTH KOJIJIEKIIUIO, KOTOPAsl COeP>KUT
6oJiee OIHOTO 9JIeMEHTa; TUITHYHBIN TprMep — Task<List<T>>. Tem He MeHee
async-MeTO/Ibl, KOTOPbIE BO3BPAIIAIOT List<T>, MOTYT BBITIOJTHUTH TOJIBKO
OJIHY KOMAH/Ly return; KOJJIEKIIUS JI0JKHA ObITh 3alI0JTHEHA /10 BO3BPAIICHMSL.
Jlaxke MeTO/IbI, BO3Bpalialonime Task<IEnumerable<T>>, MOTYT aCUHXPOHHO
BEPHYTH MEPEUUCISIEMBIIT 0OBEKT, HO TOT/Ia 9TOT TIEPEUNCIAEMbIl OOBEKT
obpabarbiBaercst cuaxponHo. [Tpencrasbre, uto LINQ-to-Entities comepsku
Meton LINQ ToListAsync, Bo3Bpamamoiiuii Task<List<T>>. Korma aToT MeTon
BBITIOJTHsIETCST TTpoBaiiepom LINQ, oH mo/keH B3auMoelicTBOBaTh ¢ 6a30it
JAHHBIX U [TOJIYYUTD BCe MOAXO/SIINE OTBETHI /10 TOTO, KaK OH 3aBepIINT 3a-
MOJTHEHUE CIIICKA U BEPHET €TO.

[IpuHiMIManbHOE OrpaHuueHme Tula Task<IEnumerable<T>> 3aKJ0YaeTCS
B TOM, YTO OH HE MOKET BO3BpallaTh 3JIEMEHTDI 110 Mepe MOJIYUYeHHUs; eCJIU BO3-
BpalllaeTcst KOJJIEKINA, OH JIOJIKEH 3arpy3UTh BCe CBOU 3JIEMEHTDI B ITaMSTh,
3aII0JTHUTD KOJUJIEKIIMIO, @ 3aTeM BEPHYTh BCIO KOJLIEeKIMIo cpa3sy. Jlaxke ecin
Bo3Bparaercs 3ampoc LINQ, o MoskeT aCMHXPOHHO ITOCTPOUTD 3TOT 3a1IPOC,
HO TIOCJIe BO3BPAIIEHUsT 3aIIpoca TIOJydyeHre 9JIEMEHTOB U3 Hero OyAeT mpo-
HUCXOJUTb CUHXPOHHO. IAsyncEnumerable<T> TOKe BO3BpalllaeT HECKOJIbKO
9JIEMEHTOB aCUHXPOHHO, HO OTJINYME B TOM, YTO IAsyncEnumerable<T> MOXET
ACUHXPOHHO JIEICTBOBATH C KaXKIBIM BO3BPAIAEMBIM 3JIEMEHTOM. JTO Ha-
CTOSANIMI ACUHXPOHHbBIN MOTOK 2JIEMCHTOB.
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AcunxpoHHble notoku u I0bservable<T>

HabmotaeMbie 00bEKTHI SIBJISIFOTCSI KCTHHHBIM BOTLIOIEHUEM aCHHXPOHHBIX
[IOTOKOB; OHU T€HEPUPYIOT CBOU YBEJAOMJICHUS 110 OJJHOMY C ITOJIHOI[EHHOM
HO/IEPIKKOIT aCHHXPOHHOTO reHepupoBanus (6e3 Giokuposanust). Ho mar-
TepH norpebieHust 0GbEKTOB Ik I0bservable<T> MOJHOCTHIO OTIUYEH OT
IAsyncEnumerable<T>. [TogpoGHOCTH 0 I0bservable<T> cM. B riiase 6.

Y1065I TOTPELIATH I0bservable<Ts, Koz gokeH onpeneantb LINQ-momo6mbii
3aIpoc, uepes KOTOPbI Oy YT IPOXOANTH HaOII0[aeMble YBEIOMJIEHNS, TI0C/IE
Yero MmoAnrcaThcs Ha HabJrroaeMblil 0ObEKT I 3aIycKa moToka. IIpu pabore
¢ HabJroaeMbIMU 0OBEKTAMK KOJ[ CHavyaIa OIIPeIeIseT, Kak OyIeT pearupoBaTh
Ha BXOJISIIIME YBEIOMJIEHHMS, a 3aTeM BKJIIOYaeT UX (OTCI0/Ia U «PeaKTUBHOCTb>
B HazBaHuwn). C Apyroii cropoHsl, morpebdaerre IAsyncEnumerable<T> OueHb
HOXO03Ke Ha 1ToTpebiieHne IEnumerable<T>, KpOMe ACUHXPOHHOCTH.

Taxske BO3HHKaeT pobJeMa 00paTHOTO IaBIEHHUST: BCE YBEIOMIICHHUST B System.
Reactive CMHXPOHHBI, [IO9TOMY CPasy e II0CJIe TOT0, KaK YBEAOMJIEHHIE OHOTO
9JIeMEeHTa OTIIPABJISETCS TOAIMCYNKAM, HA0II01aeMblii 00bEKT IIPOAOJIKAET
BBITIOJIHEHNUE U MIOJTyYaeT CIIEAYIONINIT DIeMEeHT st Iy OIMKAIIK, BO3MOKHO —
¢ MOBTOPHBIM BbI30BOM API. Ecain moTpebstiomuii Ko UCIIOIb3yeT MOTOK
ACMHXPOHHO (T. €. C BbIIIOJTHEHUEM HEKOTOPOI'O aCMHXPOHHOI'O Z[efICTBI/IH JJIA
Ka’k/[0r0 YBEJAOMJIEHUs TIPU €ro HOCTYILIEHUH ), TO HAaGII01aeMblii 00beKT
OIIEPEANUT HOTPEOIISIONNI KO,

Yio6Ho cunTath, 4TO I0bservable<T> paboTAET MO TPUHITHITY TIPOTATKIBAHST
(push), a IAsyncEnumerable<T> — o npuHItuity BortsiruBatust (pull). Habrro-
JlaeMblii TOTOK MPOTATKMBAET YBEAOMJICHUST KOLY, HO ACHHXPOHHBIN TOTOK
TACCHBHO TT03BOJISIET KOY (aCHHXPOHHO) BBITATUBATH aHHbIe. TOIbKO KOT/Ia
MOTPEOJISTIONTII KO/ 3aIIPOCHT CJIEAYIONIMN 9JIeMEHT, HabII0AaeMbIil TOTOK
BO30OHOBHT BBITIOJTHEHHE.

Utoru

[Toxamnyii, cTOUT paccMOTpeTh TeopeTudyeckuii mpumep. Muorue API nosry-
YaloT mapaMeTpbl offset u limit /715 cO3/laHUs CTPAHUYHONM OpPTaHU3aIUN
pe3yabTaToB. lomycTruM, BbI XOTUTE ONPEAeJUTh METOI, KOTOPBIH TMOydaeT
pesyasTatel oT AP ¢ moep:kKoif cTpaHMYHOM OPTaHU3aIluY, U METO TOKEH
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O6pa6aTbIBaTb CTpaHUIbI, I{TO6I)I 9TUM HE IPUXOANJIOCh 3aHNUMATbhCA HAlllTUM
BbICOKOYPOBHEBBIM METO/IaM.

Eciom MeTo Bo3BpaiiaeT Task<T>, BbI OTpaHUUMBAETECH BO3BPAIlEHUEM TOJBKO
OTHOTO T. DTO HOPMAJBHO /i ofHOTO Bhi3oBa API, pesyasraTom koToporo
ABJISIETCS T, HO OH He OyIeT TI0X0 paboTaTh B KA4eCTBE BO3BPAIIAEMOTO THUIIA,
€CJIH BBl XOTHUTE, YT0OBI MeTO/I Bbi3biBasl API HEeCKOJIbKO pas.

Ecim meTon Bo3Bpamiaer IEnumerable<T>, MOKHO CO3/IaTh ITUKJI, KOTOPBII
nepebupaet pesysabrarsl API o cTpanuiiaM, BeI3bIBast €T0 HECKOJIBKO Pas.
Kazkprii pas, korga Metoz oOpariaercs ¢ BoizoBoM K API, or ncnosbayer yield
return ¢ pesyJibraTaMu 9Toii crpanuilbl. laibheiinme Bbi3oBbl AP HeoOxoau-
MBI TOJTBKO B TOM CJIy4ae, ecJiv iepednciieHue mpoaosskaercs. K coskanenuio,
METO/IbI, BO3BpaIatolire IEnumerable<T>, He MOTYT OBITh ACHHXPOHHBIMMU, TAK
4TO BCe BbI30BBI API BBIHY K/ICHbBI OBITH CHHXPOHHBIMHU.

Ecom meton Bo3Bparaer Task<List<T>>, MOXKHO CO3/IaTh ITUKJ, KOTOPBIH 110
crpanuiam repedupaer pesysbrathl API u BeisbiBaer API acunxponno. Tem
He MeHee KO/l He MOKeT BO3BPAIaTh KAK/bII 2JIEMEHT TIPH TIOJyYEeHUN OT-
BETa; eMy IPU/IETCS IIOCTPOUTD BCE PE3YJIBTAThl U BEPHYTH UX OTHOBPEMEHHO.

Ecui Batr Mmetos Bo3Bpaiaer I0bservable<T>, BBl CMOKETE MCIIOJIB30BATH
System.Reactive jiIs1 peasimsaruy HabJII01aeMOTo MOTOKA, KOTOPbhIil HaunHa-
€T 3aIPOChI MIPU TOAIKMCKE U MyOIMKYeT KasKIAbIi 9JIeMEHT TIPH MOJTyYEeHUH.
Ab6crpakiyst paboTaeT 110 IPUHITKITY BbITAJTKUBAHS; ISl TIOTPEOIISIONIETO
KOJIa BCe BBITJISIIUT TaK, CIOBHO pe3ybTaThl APl mpoTtamkuBaioTcs um, 910
HECKOJIbKO 3aTPyAHsAeT 06paboTKY. I0bservable<T> OyIeT JIydllle MOAXOAUTh
JUISI TAKUX CIIEHAPHUEB, KaK MOJTyYeH e 1 peakius Ha coobimenust WebSocket/
SignalR.

Ecou Bamr metoz Bo3BpalaeT IAsyncEnumerable<T>, MOJKHO CO3/1aTh €CTECTBEH-
HBII IIUKJI, UCTIOJIb3YIONINIA KaK await, Tak M yield return JiJis CO3/laHUS Ha-
CTOSIIIIEr0 ACHHXPOHHOTO TIOTOKA Ha 6a3e BBITATHBAHMA. IAsyncEnumerable<T>
OTJINYHO ITOJXOJIUT JIJII TAKUX CIIEHAPUEB.

B Tabu1. 3.1 puBeeHa CBOIKA PA3IMIHBIX POJIEH PACTIPOCTPAHEHHBIX TUTIOB.

Ha moment caaun kuurn B tedatb NET Core 3.0 Bce erre HaxoanTcs
B (basze Gera-TeCTUPOBAHUS, TIOATOMY MOAPOOHOCTH ACUHXPOHHBIX I0-
TOKOB MOI‘yT N3MEHUTHCA.
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Ta6nuua 3.1. Knaccupukauma tTmnos

OAHO MK HECKONIbKO  ACUHXPOHHO BbiTarusanue unu
3HaueHuit WIN CUHXPOHHO npoTankuBaHue
T OnHo CUHXpOHHO -
IEnumerable<T> Heckonbko CMHXpOHHO -
Task<T> OnHo ACHXpOHHO Bbitarusanme
IAsyncEnumerable<T> Heckonbko AcuHxpoHHo BbiTarusanue
IObservable<T> OnHO M HeckonbKo ACUHXpOHHO [poTankusaxue

3.1. Co3aaHKe aCMHXPOHHDBIX NOTOKOB

3apava

HysKHO BepHYTb HECKOJIBKO 3HAUYEHMI, IPU HTOM KaxK0e 3HaYeHHe MOKET
noTpeboBaTh HEKOTOPOH ACHHXPOHHOI PabOThI. 3aa4y MOKHO PEITUTh OJI-
HUM U3 JIBYX ITyTeI:

O EcTb HECKOJIbKO 3HAYEHUI, KOTOPBIEe TpebyeTcs BepHyTh (Hampumep,
IEnumerable<T>), a 3aT€M BBIITOJHUTH HEKOTOPYIO aCHHXPOHHYIO PaboTYy.

O Ectp omHO acuaxpoHHOE Bo3Bparienne (Kak Task<T>), TTocjie KOTOPOTO JI0-
GaBJISIOTCST IPyTHE BO3BpalllaeMble 3HAYEHNSI.

PeweHune

Bosspatenne HeCKONBKNX 3HAYEHUN U3 METO/Ia MOKET OCYIIECTBIATLCS
KOMaH/IoH yield return, a aCHHXPOHHBIE METO/IBI UCIIOJB3YIOT async 1 await.
C acHHXPOHHBIMHU TIOTOKAMHU MOKHO O0BEIMHUTH ATH JIBa TIOIX0/Ia; TPOCTO
HCIIOJIb3YiiTe BO3BpallaeMblii TUII IAsyncEnumerable<T>:

async IAsyncEnumerable<int> GetValuesAsync()
{
await Task.Delay(1000); // AcuHxpoHHasa paboTa
yield return 10;
await Task.Delay(1000); // [pyrasa acuHXpoHHas paboTa
yield return 13;
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ITOT MPOCTOH MPUMEP TTOKA3BIBAET, KaK await MOXKET UCITOIB30BATHCS B CO-
YeTaHW! C yield return JJIs CO3/IaHUS ACHHXPOHHOTO TTOTOKA.

B npyrom, 6oiee peaJiiCTUYHOM IIPUMEPE aCHHXPOHHO TiepeOupanTcst pe-
3yabraThl API, ncmonb3ytoriero mapaMeTpsl i CTPAHUIHON OpraHu3aIuu
Pe3yIBTATOB:

async IAsyncEnumerable<string> GetValuesAsync(HttpClient client)

{
int offset = 0;
const int limit = 10;
while (true)
{

// TNony4uTb TeKywyw CTpaHuuy pe3ynbTaToB U pa3obpaTb MX.

string result = await client.GetStringAsync(
$"https://example.com/api/values?offset={offset}&1limit={1imit}");

string[] valuesOnThisPage = result.Split('\n');

// TlpousBecTu pesynbTaTbl ANA DTOW CTpPaHWLbI.
foreach (string value in valuesOnThisPage)
yield return value;

// Ecnu 3To nocnepHAA cTpaHuua, paboTa 3aKoH4YeHa.
if (valuesOnThisPage.Length != limit)
break;

// B MpOTMBHOM cC/ly4yae nepenTu K crefywwei cTpaHuue.
offset += limit;

}

Korma MeToz GetValuesAsync HaunHaeT paboTy, OH BbIZA€T aCHHXPOHHBII
3aMpoc MePBOM CTPAHUIIBI TAHHBIX, TTOCTE Yer0 TTPOU3BOIUT MEPBBII dJie-
menT. Korza Oyaer samnpoiineH BTOpoil ajieMeHT, GetValuesAsync BbIJaeT
€r0 HeMeJIEHHO, TIOTOMY 4TO OH COAEPKUTCS Ha TOI Ke MepBOil cTpaHuIle
nauHbix. Coreytonuil aJieMeHT Takske HaXOUTCS Ha 3TOH CTpaHUIIE... U T. [I.
1o 10 snemenToB. 3arem 1pu 3amnpoce 11-1o ajemenTa ObLIM TIPOU3BEIEHDI
Bce 3HaUeHUd B valuesOnThisPage, U Ha TIEPBOI CTPAaHUIIE 9JIEMEHTOB yiKe
He OCTaJI0Ch. GetValuesAsync IIPOJOJIKUT BBIIIOJTHEHNE CBOETO ITUKJa while,
nepeijieT K ciaeayoneil CTpaiulle, BLIIOJHUT aCUHXPOHHDIHA 3a1IPOC BTOPOI
CTPAHMUIbI JAHHBIX, TIOJYYUT 0OPATHO HOBYIO IPYIIILY 3HAYEHUH, TIOCJIE YEro
npousBesietT 11-ii ameMenT.
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MoAcHeHue

C camMoro MOMeHTa IOSIBJIEHUSI async U await 10JIb30BaTe n 33/[aBATUCh BO-
IIPOCOM, KaK MCIIOJIb30BaTh UX C yield return. B Teuenne MHOTHX JIeT 9TO ObLIO
HEBO3MO’KHO, HO aCHHXPOHHBIE TIOTOKU BBEJIH 9TY BO3MOKHOCTE B C# 1 co-
spementbie Bepcun NET. B 6osiee pealucTHUHOM TIprMepe CTOUT 0GPaTHTh
BHUMaHKE Ha OJIHY 0COOEHHOCTH: ACHHXPOHHAast paboTa Hy KHa He JIJIS BCEX
pe3yJabTaToB. B npuBesieHHOM TpuMepe ¢ ATHOI cTpanuilbl 10 ToIbKO pu-
GJIMBUTEILHO OHOMY M3 KaskAbix 10 ajieMeHTOB OTpebyeTcst aCHHXPOHHAS
pabota. Eciiu pasmep crpanuiis paset 20, To acMHXpoHHast paboTa morpedy-
€TCs TOJTBKO OTHOMY U3 KaK/bIX 20 971eMeHTOB.

IT0 OOBIYHBII MATTEPH ¢ ACMHXPOHHBIMU HOTOKaMU. /11 MHOIMX IIOTOKOB
GOJIBIIMHCTBO ONEpaIii ACHHXPOHHOTO Mepebopa Ha cCaMOM JieJie CHHXPOH-
HO; ACUHXPOHHBIE TOTOKU TOJIBKO TIO3BOJISIIOT aCHHXPOHHO TIOTYYHUTD JTI0O0M
CIIETYIOINH 2JIeMEeHT. ACHHXPOHHBIE TOTOKH ITPOEKTHPOBAJINCH C YIETOM KaK
ACUHXPOHHOTO, TAK ¥ CHMHXPOHHOTO KO/Ia; BOT TIOYEMY aCUHXPOHHBIE TIOTOKN
CTPOSITCS HA OCHOBE ValueTask<T>. Mcromnb3yst ValueTask<T> BO BHyTPEHHEN
peasnsanuu, aCMHXPOHHBIE TOTOKU MAKCUMU3UPYIOT CBOIO 3(PHEKTUBHOCTD
KaK TIPU CUHXPOHHOM, TaK U IIPU ACUHXPOHHOM TIOJyYeHUH 2JIEMEHTOB. 3a
JIOTIOJTHUTETbHON MHMOpMaIinei o Tute ValueTask<T> U O TOM, B KAKUX CUTY-
aIugX ero YMecTHO MCIO0Ib30BaTh, pacckasano B perente 2.10.

Korma Bb peanuzyete acCHHXPOHHBIE TTOTOKH, TTOyMaliTe O TIOIEP5KKE OTMEHBI.
B penenire 3.4 1ogpo6HO 06CyKIAETCS OTMEHA ¢ ACMHXPOHHBIMU TIOTOKAMYL.
Hexoropbrie ciienapuu He TpeOYIOT peabHON OTMEHbI; TIOTPEOISIONIIN KO/T
BCEr/Ia MOKET OTKA3aThCst OT TIOJIYYEHSI CIEAYIONIEro aeMeHTa. ITo abco-
JIFOTHO HOPMAJIBHBIIA TIOIXO/ IPH OTCYTCTBUU BHENIHETO UCTOYHUKA JIJIST OT-
MeHbl. Ecain BbI X0THTE, 4TOOBI ACHHXPOHHBII IIOTOK MOKHO ObIJIO OTMEHHUTh
Jlake B MPOIIeCCe MOJTYYEHHsI CJIELYOIIET0 3IEMEHTa, TO CJIeAyeT 00eCeYnTh
HOJIEPKKY OTMEHBI C UCIIOJIb30BaHNEM CancellationToken.

LlononHutenbHas uHpopmauus
B perente 3.2 paccmarpuaercs motpebiieHne aCHHXPOHHBIX TOTOKOB.

B perternre 3.4 paccmarpusaercst 00paboTKa OTMEHBI 11 ACHHXPOHHBIX TIOTOKOB.

B penente 2.10 npusegena 6osee nmoapobHast mHbopMaims o ValueTask<T>
U O TOM, B KAKUX CUTYAIUSIX €r0 YMECTHO UCTIOIH30BATD.
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3.2. llotpeb6neHune aCMHXPOHHBIX NOTOKOB

3apava

Tpebyercst 06paboTaTh Pe3yJIbraThl ACHHXPOHHOTO MOTOKA, TAKIKE HA3hIBAEMOTO
ACUHXPOHHBIM TIEPEYHCIIAEMBIM OOBEKTOM.

PeweHune

[TorpebiieHne acCMHXPOHHOIT OIIEPAIN OCYIIECTBIISIETCST KIIOYEBBIM CJIOBOM
await, a JIUIst MOTpebJIeHHsI TEPEYNCIIEMOr0 00beKTa 0OBIYHO UCIIOIB3YETCsI
foreach. Ilorpebiienne aCHHXPOHHOTO TIEPEUUCTIEMOTO 00BEKTA OCHOBAHO
Ha 0OBEeIMHEHUH ATUX [BYX KOHCTPYKIMI B await foreach. Hampumep, st
ACHHXPOHHOTO MEePeYncisieMoro 06beKTa, KoTopblil BeiaeT orBeTsl API 1o
CTpaHWIIaM, MOKHO OPTaHU30BaTh OTPEOJICHUE U BBIBECTH KayK/IbIil 31€MEHT
Ha KOHCOJIb:

IAsyncEnumerable<string> GetValuesAsync(HttpClient client);

public async Task ProcessValueAsync(HttpClient client)
{

await foreach (string value in GetValuesAsync(client))

{

Console.WriteLine(value);

}

Ha xoHIenTyasbHOM YpOBHE BBI3bIBAETCS METOJ GetValuesAsync, KOTOPbIii
BOo3BpalaeT IAsyncEnumerable<T>. ITuxs foreach 3aTem co3zaer aCI/IHXpOHHbeI
HepeYrcInTe b Ha 6aze aCMHXPOHHOTO EPEYNCIAEMOro 00bEKTa. ACHHXPOH-
HBIE [IEPEYNCTUTETN Ha JIOTHIECKOM YPOBHE TIOX0KH Ha 00BIYHBIE TTEPEYNC-
JIUTEJIN, HE CUUTAst TOTO, YTO ONEPAIUs <IIOJYYUTh CICAYIONUI dIeMEeHT»
MOKeT ObITh AaCHHXPOHHOMN. TakuM 0Opasom, await foreach OyeT 0KuIaTh
HOCTYIJIEHUS CJICYIOIIETO BJIeMeHTa MJIU 3aBEePIIeHUs aCHHXPOHHOTO Tepe-
yucauTess. Eciv ajieMeHT ocTy I, To await foreach BBIIIOJHUT CBOE TEJIO
LMKJIA; €CJIM ACHHXPOHHBIN TI€PEYNCINTEb 3aBEPIIEH, IPOUCXOAUT BbIXO]
U3 IUKJIA.

Tak:ke MOKHO BBIIIOJIHUTH ACMHXPOHHYIO o6pa60TKy KayK/10I0 sJIeMeHTa:
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IAsyncEnumerable<string> GetValuesAsync(HttpClient client);

public async Task ProcessValueAsync(HttpClient client)
{

await foreach (string value in GetValuesAsync(client))

{

await Task.Delay(100); // acuHxpoHHas paboTa
Console.WriteLine(value);

}
¥

B atoMm ciiydae await foreach He TIepexouT K CJAEAYIONEMY 9JIEMEHTY /10 3a-
BepIeHs Tesa ukia. Takum 0Opas3oM, await foreach aCHHXPOHHO MOJYYUT
MePBBLIif aJIeMEeHT, IOCJIe Yer0 AaCUHXPOHHO BBITIOJIHSAET TeJI0 [IUKJIA JJI IEPBOTO
9JIeMEHTa, 3aTeM aCMHXPOHHO I0JIyyaeT IepBblil 2JIeMeHT, aCHHXPOHHO Bbl-
ITOJTHSAET TEeJIO IIUKJIA JIJIsd CJIELYIOIIETo d/IeMeHTa U T. JI.

B await foreach ckpbiTa KOMaH/la await: K Oollepalluu «IIOJYUYUTb CIEYIO-
Ui BJIeMEeHT> npuMeHsieTcst await. C 06bIYHON KOMaH/10# await MOKHO
000 TH HESTBHO COXPaHEHHDIIT KOHTEKCT C MOMOIIIbIO ConfigureAwait (false),
KakK ormucano B paszesie 2.7. ACHHXpOHHBIE TIOTOKHM TaK:Ke MOJ/IEP;KUBAIOT
ConfigureAwait(false), KOTOpPBbIE IEPEAAIOTCS CKPBITBIM KOMaHAaM await:

IAsyncEnumerable<string> GetValuesAsync(HttpClient client);

public async Task ProcessValueAsync(HttpClient client)
{

await foreach (string value in
GetValuesAsync(client).ConfigureAwait(false))

{

await Task.Delay(100).ConfigureAwait(false); // acuHxpoHHas paboTa
Console.WriteLine(value);

}
}

MoAcHeHue

await foreach — caMblii IOTUYHBIN CITOCOG TTOTPEOJIEHUST ACHHXPOHHBIX TM0-
TOKOB. SI3bIK TTO/IIep:kUBaET ConfigureAwait(false) /Ui IPeOTBPAICHUS
KOHTEKCTa B await foreach.
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Takske BO3MOJKEH BapHaHT C Iepejiadeil MapKepoB OTMEHbI; 3TOT BAPUAHT
4yThb CJIOKHEE N3-32 CJIOKHOCTH ACMHXPOHHBIX TIOTOKOB (9TOT BAPHAHT Pac-
cMarpuBaetcs B periente 3.4). M X0Tst BO3MOKHO ¥ €CTECTBEHHO NCTIOIb30BATh
await foreach //ist MOTPE6IEHUST ACHHXPOHHBIX TOTOKOB, €CTh OOTTMPHAS
6ubsmoTeka acHHXPOHHBIX orepaTopoB LINQ; nanbosee momyasipHbie 13
HUX pacCMaTpPHUBAIOTCS B perenTe 3.3.

Teso await foreach MOKeT OBITH KAK CHHXPOHHBIM, TaK ¥ aCHHXPOHHBIM. 17151
ACUHXPOHHOTO CJIyYas MPaBUJIbHO PEATU30BaTh €r0 HAMHOTO CJIOXKHEe, YeM
C IPYTUMU TIOTOKOBBIME abCTpaKIusiMu (Harpumep, I0bservable<Ts). ITO
00BSCHSIETCST TEM, UTO HABJIIOIaeMBbI€ MOMUCKH 0JKHBI OBITh CHHXPOHHBIMH,
HO await foreach JIONyCKaeT eCTECTBEHHYIO aCHHXPOHHYIO 00pabOTKY.

Konctpyxinsg await foreach reneprupyer KOMaH/y await, NCMOJIb3YEMYIO JIJIs
OTIePAINHN «TTOJIYYUTD CJIEYIONINI aJIeMeHT»; OHA TaKKe FeHepupyeT KOMaH/ Ly
await, MCIOIBb3YEMYIO JIJIsI ACHHXPOHHOTO OCBOOOK/IEHUSI TEPEUNCIITEMOTO
o0beKTa.

NlononHutenbHas HpopmaLms

B penenre 3.1 pacCMaTpUBa€TCA CO3JaHNE€ aCUHXPOHHDIX ITOTOKOB.

B penenire 3.4 paccmaTpuBaeTcst peanusaris OTMEHBI 11T aCUHXPOHHBIX
MIOTOKOB.

B perntenire 3.3 paccmarpuBaiorcst ocHoBHbIE MeTO1bI LINQ /17151 acCHHXPOHHBIX
MMOTOKOB.

B perterire 11.6 paccmaTpuBaeTcst aCHHXPOHHOE 0CBOOOKIEHNE PECYPCOB.

3.3. Ucnonb3oBanue LINQ
C aCMHXPOHHbIMU NOTOKaMM

3apava

Tpebyercst 06paboTaTh ACMHXPOHHBII MOTOK € UCIOJIb30BAHUEM YETKO OTIpe-
JIEJIEHHBIX ¥ XOPOIIIO TIPOTECTUPOBAHHBIX OTIEPATOPOB.
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PeweHne

IEnumerable<T> nommepskuBaer LINQ to Objects, a I0bservable<T> mojyep-
xuBaer LINQ to Events. Oba tuma moaiepRuBaoT OHOIHOTEKH METOI0B
pacCIIIpeHsI, KOTOPBIE OTIPEETAIOT OMEPATOPHI, UCITOTb3yEMBIE /11 TTIOCTPO-
eHUs 3a1POoCOB. IAsyncEnumerable<T> Tak:ke BKJoUaeT moanep:kky LINQ,
npenocrasiasemyto coobuectsom NET B NuGet-niakere System.Ling.Async.

Hampumep, onnn m3 caMbIx pacpocTpaneHHBIX Bomrpocos o LINQ 3axioua-
€TCST B TOM, KaK UCITOTb30BATh OTIepaTop Where, ecyiu IpeAnKaT Where SIBJISETCS
ACUHXPOHHBIM. BBI XOTHTE OT(PUIBETPOBATH ITOCIET0BATENLHOCTH HA OCHOBAHIHT
HEKOTOPOTO aCUHXPOHHOTO YCJIOBUS — HaIPUMep, HeOOXOIUMO IIPOBECTH
HOUCK KaxK/I0T0 ajeMeHTa B Oase qaHHbIX win API, 4To6bI y3HATD, TOJKEH
JI OH OBITH BKJIFOYEH B UTOTOBYIO TIOCJIEIOBATEILHOCTD. Where He paGoTaer
C aCHHXPOHHBIMHU YCJIOBUSIMH, IIOTOMY 4TO ofiepatop Where Tpedyer, 4ToObI
€ro JieJieraT Bo3Bpalllay HeMe/IJIeHHbI CUHXPOHHBIN OTBET.

Y acHHXPOHHBIX TIOTOKOB MUMEETCsI BCIIOMOTaTe IbHast OMOIMoTeKa, onpeie-
JITIOMas MHOTO TOJIe3HBIX orneparuii. B ciaemxyiomniem npumepe WhereAwait
SBJISIETCS TTPABUIHHBIM PEIIeHTEM:

IAsyncEnumerable<int> values = SlowRange().WhereAwait(
async value =>
{
// BbINONHUTbL HEKOTOPYKW ACUHXPOHHYW paboTy ANA onpepeneHua
// TOro, BONXeH NU SNeMeHT b6biTb BKJIWYEH B pe3ynbTaT.
await Task.Delay(10);
return value % 2 == 0;

1)

await foreach (int result in values)

{

Console.WriteLine(result);

// TpousBoAWUT MOCNEfOBaTeNbHOCTb, KOTOpas 3aMeasnseTcs
// B npouecce BbINOJHEHUA onepauuu.
async IAsyncEnumerable<int> SlowRange()
{
for (int i = @; i != 10; ++i)

{
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await Task.Delay(i * 100);
yield return i;

}

Omnepatopsr LINQ /1519 acMHXPOHHBIX TOTOKOB TaK)Ke BKJIIOYAIOT CUHXPOH-
HbIe BEPCHH; €CTh CMBICJ TIPUMEHUTh CHHXPOHHYIO oTiepalinio Where (Select
U T. JI.) [UIst ACHHXPOHHOTO TI0TOKa. Pe3yibrar Bce paBHO IIpecTaBIIsieT COO0M
ACUHXPOHHBIN TTOTOK:

IAsyncEnumerable<int> values = SlowRange().Where(
value => value % 2 == 0);

await foreach (int result in values)

{

Console.WriteLine(result);

}

37iech MPUCYTCTBYIOT Bce 3HaKoMble orepaTopel LINQ: Where, Select,
SelectMany u gaske Join. Muorue omepatopsl LINQ Termeps MOTYyT momy4uaTh
ACMHXPOHHBIX /IeJIeTaTOB (KaK B MPUBEAEHHOM ITpuMepe ¢ WhereAwait).

MosacHeHne

ACI/IHXpOHHbIG ITIOTOKH pa6OTaIOT 110 IPUHIIUITY BbITATUBAHUWA, II0O9TOMY 3/1€CH
HET OIIEPATOPOB, CBA3aHHbIX CO BDEMEHEM (KaK JJIA Ha6JIIO,7_IaeMbIX O6'beKTOB).
Throttle u Sample 3/1€Ch HE UMEIOT CMbICJIA, TAK KaK 9JIEMEHTDBI BHITATUBAIOTCSI
N3 aCMHXPOHHOTO ITOTOKa I10 Tp€6OBaHI/IIO.

Metozapr LINQ 1711 acHHXPOHHBIX TIOTOKOB TaKKe MOTYT IIPUHECTH T10JIb3Y
st OOBIYHBIX MEPedncIsieMbix 00beKToB. OKa3aBIINCh B 9TOH CUTYAIUH,
MOYKHO BbI3BAaTh ToAsyncEnumerable() [ J11060r0 IEnumerable<T>; TOT/A BbI
nosyyuTe nHTepdelic ACMHXPOHHOTO TTOTOKA, KOTOPBIN MOKHO UCIIOJIb30BATh
cWhereAwait, SelectAwait 1 IpyruMu oriepaTopamMu, KOTOpbIe IIOAAeP:KIBAIOT
ACUHXPOHHBIX JIeJIETaTOB.

[Ipesx e ueM orpysKaThest B TIOAPOGHOCTH, HEOOXOIMMO CKa3aTh Mapy cJIoB 00
nmenax. [Ipumep B 9TOM pelienTe Coyib3yeT WhereAwait Kak aCUHXPOHHBIH
akBUBaseHT Where. [Ipn n3ydennn onepatopos LINQ s acHHXpOHHBIX TT0-
TOKOB BbI YBUJIUTE, 4TO OJTHU M3 HUX OKAHIMBATOTCS Cy(hhUKCOM Async, a ipy-
rue — cyhpurcom Await. Omiepatopsl, 3akaHImBaIoNIreCs cyhhUKCOM Async,
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BO3BPAIAOT OGBEKT, [0y CKAIONIMIA OKUIAHNE; OHU IIPEACTABJISIOT OOBIYHOE
3HaUEeHNe, 2 He ACUHXPOHHYIO MOCJIeI0BATENBHOCTD. OmrepaTopsl ¢ cyhhUrcoM
Await ITOJTy4aloT aCHHXPOHHOTO JleJieraTa; Await B UMeHHU T10/Ipa3yMeBaeT, YTO
OHU (haKTUYECKH BBITTOJHSIOT await ¢ TIepeJJaHHbIM MM JI€JIETaTOM.

Mpr ysxe pacematpuBaiu mpumep cyddurca Await B carydae ¢ Where 1 Where-
Await. Cyddurc Async npuMeHsieTcsl TOJIbKO K 0nepamopam mepMuHayuu
(termination operators) — onepaTopam, KOTOpbIe U3BJIEKAIOT HEKOTOPOE 3HA-
YEeHUE UJIN BBIIOJTHSIOT HEKOTOPBIC BBIYMCJICHIS Y BO3BPAIIAIOT ACHHXPOHHOE
CKaJIIpPHOE 3HA4YeHMe BMECTO aCHHXPOHHOI nocJesoBaTesbHocTH. [Ipumep
TaKOTO omepaTropa — CountAsync, Bepcust Count JIJTT aCHHXPOHHOTO TTIOTOKA,
KOTOPasi MOJKET II0/ICYIUTATD KOJUYECTBO 3JIEMEHTOB, COOTBETCTBYIOIIAS He-
KOTOPOMY IIpe/IUKaty:

int count = await SlowRange().CountAsync(
value => value % 2 == 0);

[Ipenukar MoXKeT maxdce ObITH ACHHXPOHHBIM; B 3TOM CJIyYae MCIOTb3YeTCsI
orrepaTop CountAwaitAsync, TOCKOJIbKY OH TIOJyYaeT ACMHXPOHHOTO JieJierata
(KOTOPBIiT Oy/IET NCTIOJIB30BATHCSI C await) ¥ MPOM3BOAUT OHO TEPMUHATIBHOE
3HauEHUE:

int count = await SlowRange().CountAwaitAsync(
async value =>

{
await Task.Delay(19);
return value % 2 == 0;
s

OrnepaTopbl, KOTOPbIE MOTYT [TOJIy4YaTh J€JIEraToB, CYIECTBYIOT B JIBYX UMEHAX:
¢ cybdurcom Await u 6e3 Hero. Kpome Toro, oriepatopbl, BO3BpAIIAIOIIIe TeP-
MUHAJIbHOE 3HAYEHIE BMECTO AaCHHXPOHHOTO MTOTOKA, 3aBePIIaioTcs cyhhuk-
coM Async. Ecsii ortepaTop moJsrydaeT aCMHXPOHHOTO JiejieraTa 1 BO3Bpariaer
TepMUHAJIBHOE 3HAUEHME, TO nMeeT oba cyhdukca.

Omnepatopnr LINQ ams acmHXpOHHBIX MTOTOKOB HaxoxsaTca B NuGet-
makete /1A System.Ling.Async. [lomomanuTtensueie onepatopsl LINQ
JI7Is1 aCHHXPOHHBIX TTOTOKOB HaxosaTcst B NuGet-nakere /7151 System.
Interactive.Async.
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NlononHutenbHas HpopmaLms

B perterite 3.1 paccmaTpuBaeTcs IpOU3BOACTBO ACUHXPOHHBIX TOTOKOB.

B pertenre 3.2 paccmarpuBaercs morpebieHne aCHHXPOHHBIX TOTOKOB.

3.4. ACMHXPOHHbDIE NOTOKU M 0OTMEHa

3apava

Tpe6yeTc51 MEXaHN3M OTMEHbI ACMHXPOHHDBIX ITOTOKOB.

PewieHue

He Bcem acMHXPOHHBIM TOTOKaM He0OXoInMa oTMeHa. [lepedrcieriie MoKeT
OBITD TIPOCTO OCTAHOBJIEHO ITPU AOCTIKEHUN YCIoBYs. Ec/i 510 euHcTBeHHAS
PasHOBUIHOCTH «OTMEHBI», PeaJlbHO He0OX0AUMAas B IIPOTPaMMe, TO TOJTHO-
IEHHAs OTMEHA He HY3KHA, KaK ITOKA3bIBAET CJIe/YIONUI IIPUMep:

await foreach (int result in SlowRange())

{

Console.WriteLine(result);
if (result >= 8)
break;

// lpousBoAMT MnocsiefoBaTeNIbHOCTb, KOTOpaA 3amMenniAeTcs
// B npouecce BbIMOJIHEHMA onepauuu.

async IAsyncEnumerable<int> SlowRange()

{
for (int i = 0; i != 10; ++i)
{
await Task.Delay(i * 100);
yield return i;
}
}
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YacTo OGbIBaeT 1M0JI€3HO OTMEHSTh ACHHXPOHHBIE TIOTOKH, TaK KaK HEKOTOPbIE
OTIepaTOPBI TIepeIaloT MapKepPhbl OTMEHBI CBOMM MTOTOKAM-UCTOUHUKAM. B aTOM
CIleHapUM CJIeYeT UCIIOJIb30BaTh CancellationToken JIJIsT OCTAHOBKU await
foreach U3 BHEIIIHETO KOZA.

async-MeTO/I, BO3Bpalaoinil IAsyncEnumerable<T>, MOXKET 1OJIy4YaTh Map-
Kep OTMEHBI, JIJIsl YETO ONPE/eJIIeTCs apaMeTp, IIOMEYEeHHBIN aTpruOyToM
EnumeratorCancellation. [Tocsie 3TOro Mapkep MOXKHO MCITOJIb30BaTh ecTe-
CTBEHHBIM 00pPa3oM, JIJIsi 4€r0 OH 00bIuHO Tnepepaercst apyrum APU, moary-
JaIOIINM MapKepbl OTMEHBL:

using var cts = new CancellationTokenSource(500);
CancellationToken token = cts.Token;
await foreach (int result in SlowRange(token))

{

Console.WriteLine(result);

// Tlpon3BOAMT noOC/AefoBaTe/IbHOCTb, KOTopasa 3ameanfeTcs
// B npouecce BbiNOJSIHEHWUA OMepauun.
async IAsyncEnumerable<int> SlowRange(
[EnumeratorCancellation] CancellationToken token = default)

{
for (int i = 0; i != 10; ++i)
{
await Task.Delay(i * 100, token);
yield return i;
}
}
MoAacHeHune

B aToM mpumepe CancellationToken TiepenaeTcs HEMTOCPEACTBEHHO METOLY,
BO3BpAIAOINIEMY ACHHXPOHHBINA TTEPEUNCTUTETh. JTO CAMBI PACIIPOCTPa-
HEHHBIII BADUAHT UCIIOJIb30BaHUSI.

BoamoskHb! M IpyTHE ClleHapuH, B KOTOPBIX KOJI TTOJy4aeT aCHHXPOHHBIT
IIEPEYNCANTENH M XOUeT IPUMEHNTD CancellationToken K IEPEYNCTUTETIAM,
KOTOpBIe OH UCII0Jb3yeT. Mapkepbl OTMEHBI UCITOJIB3YIOTCA NIPU 3aILyCKe
HOBOTO TIePeYHCIeHUS [IJIsI TIEPEUNCIISIEMOT0 0OBEKTA, TI09TOMY €CTh CMBICJI
HCII0JIb30BaTh CancellationToken MMeHHO TakuM oOpazom. Cam mepedyric-
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JISIEMBIN 00BEKT onpedensiemcst METOZIOM SlowRange, HO OH He 3aITyCKAeTCsT
710 MOMeHTa ToTpebseHust. BhiBatoT qake CUTYaIlnd, B KOTOPBIX pasHbIe
MapKepbl OTMEHBI JIOJKHbBL II€peaBaThCA Pa3HbIM II€PEUYNCICHUAM 1epe-
YHCIISIEMOTO 00BEKTA.

BxpaTite OTMEHATHCSI MOKET HE TIEPEUNCIIEMBIN OGBEKT, HO TEPEUHCITUTETb,
CO3AHHBIN HTUM TIEPEUNCTIEMBIM 0OHEKTOM. ITO HETUITUIHBIH, HO BasKHDII
CIEHAPUIi NCIIOJIb30BaHUSI; UMEHHO I10 3TOI IPUYMHE AaCUHXPOHHBIE TOTOKN
MO/IJIEP’KUBAIOT METOJ paciiupeHus WithCancellation, KOTOPBI MOXKET UC-
MTOJTb30BATHCS JIJIST TPUCOEIMHEHNST MapKepa CancellationToken K KOHKPETHOM
ATEepANU ACUHXPOHHOT'O IIOTOKA!

async Task ConsumeSequence(IAsyncEnumerable<int> items)

{
using var cts = new CancellationTokenSource(500);
CancellationToken token = cts.Token;
await foreach (int result in items.WithCancellation(token))

{

Console.WriteLine(result);

// Tlpou3BOAMT MoOC/NefoBaTeNIbHOCTb, KOTopas 3ameasifeTcs
// B npouecce BbiNOJNHEHUA oOnepauuu.
async IAsyncEnumerable<int> SlowRange(
[EnumeratorCancellation] CancellationToken token = default)

{
for (int i = 0; 1 1= 10; ++i)
{
await Task.Delay(i * 100, token);
yield return i;
}
}

await ConsumeSequence(SlowRange());

[Tpu Hammauu atrpubyTa EnumeratorCancellation KOMIHIATOP 0OECTIEYUT
nepenady Mapkepa m3 WithCancellation mapamMeTpy token, TOMEYEHHOMY
EnumeratorCancellation, 1 3alIpOC OTMEHBI TeIlEPhb 3aCTABUT await foreach
BbIJIATh UCKJIIOUEHUE OperationCanceledException Iocie TOro, Kak OH 00-
paboTaeT HECKOIBKO MEPBBIX 9JIEMEHTOB.
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Meton pacipenusi WithCancellation He IpensATCTBYeET ConfigureAwait(false).
O6a MeToa pacIIuPeHst MOTYT ObITh OObEAMHEHbI B IIEMOYKY

async Task ConsumeSequence(IAsyncEnumerable<int> items)

{

using var cts = new CancellationTokenSource(500);

CancellationToken token = cts.Token;

await foreach (int result in items
.WithCancellation(token).ConfigureAwait(false))

{

Console.WriteLine(result);

}
¥

NlononHutenbHas MH$popmaLms

B pernterire 3.1 paccmarpuBaeTcst co3iaHne aCHHXPOHHBIX TOTOKOB.
B pernenre 3.2 paccMaTpuBaIoTCss aCHHXPOHHBIE TTOTOKH.

B rnase 10 paccMaTpUBACTCA KOOIIEPATUBHAA OTMEHA B PA3HBIX TEXHOJIOTHAX.



[NABA 4

OcHoBblI NapannenbHoro
nporpaMmmupoBaHuA

B aToii rimaBe TIIpeaCTaBJACHbBI ITAaTTEPHDI ITaPaJIJIEJIbHOTO IIPOTPaMMUPOBaHU .
[TapasienbHOe TPOrpaMMUPOBAHUE UCTIONB3YETCs IS pasOreHust GJIOKOB
paboThl, OTPAHUYEHHBIX [0 BHIYUCIEHUSIM, U PACIPEIETEHNST UX MEXKIY He-
CKOJIbKMMHU TIOTOKaMHU. PerenTsl napasiesabioil 00paboTKi OPUEHTHPYIOTCS
TOJIBKO Ha cueTHYI0 paboTy. Ecsin y Bac UMEIOTCsT oneparinu, aCHHXPOHHbIE 10
cBoeil ipupojie (Harpumep, paboTa, CBsI3aHHast C BBOZOM /BbIBOJIOM ), KOTOPbIE
JIOJIZKHBI BBITTOJTHITHCS APAJLIETLHO, 0OpalaiTech K riase 2 u perenty 2.4.

AbGcTpakiy napaiiebHol 00paboTKH, PACCMOTPEHHBIE B 9TOI TJIaBe, sSB-
astotest yacthio onbsmorekn TPL (Task Parallel Library). Bubimnoreka TPL
sBasieTcst yacThio gppetimBopka NET.

4.1. NapannenbHad 06paboTKa faHHbIX

3apava

Vmeercst KOJIEKITHSE TaHHbBIX. TpeGyeTcst BHIMOTHUTD OTHY 1 TY 5Ke OTIePaIio
C KQK/IBIM 2JIEMEHTOM JIAHHBIX. JTa OTepaIns ABISETCS OTPAaHUYEHHO 110
BBIYMCJIEHUSM U MOKET 3aHSATh HEKOTOPOE BPEMS.

PewieHue

Turn Parallel cOAEPKUT METOJ ForEach, paspabOTaHHBIN CIIEIUATBHO /IS 9TON
3amaun. Cremayiomuii TpruMep ToJydaeT KOJJIEKITUIO MAaTPUIL ¥ TTOBOPAYNBaAET
3T MaTPUIIBL:
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void RotateMatrices(IEnumerable<Matrix> matrices, float degrees)

{

Parallel.ForEach(matrices, matrix => matrix.Rotate(degrees));

}

Bo3MOKHBI cCUTYaINK, B KOTOPBIX MPEKIAEBPEMEHHO TPeOYeTCst TPepBaTh MUK
(HampuMep, Tpy 06HAPY KEHITN HeAEHCTBUTEIbHOTO 3HaveH s ). CoremyTonmii
npumMep oOpartaeT Kasxk/yo MaTpHILy, HO TP 0OHAPYKEeHUU HeJeHCTBUTEb-
HOI MaTpuIlbl UK OyeT IpepBaH:

void InvertMatrices(IEnumerable<Matrix> matrices)

{

Parallel.ForEach(matrices, (matrix, state) =>

{

if (!matrix.IsInvertible)
state.Stop();
else
matrix.Invert();
1)
}

ITOT KOJI KCITOJIb3YeT ParallelloopState. Stop /sl OCTAHOBKH ITMKJIA U ITPEOT-
BpAILeHMs JIOOBIX JaIbHENIINX BbI30BOB TeJIa [UKJIA. YUTHUTE, UTO LUK SIBJISIETCSI
MAPAJIETbHBIM, TIO9TOMY MOTYT YKE BBITIOJHATHCS IPYTHE BBI30OBBI TeJIa ITKJIIA,
BKJTIOYAs BBI30BBI JIJIST 3JIEMEHTOB, CJICTYIONIIX TTOCIe TEKYTIEeTo. B mpuBeneHnHOM
[pUMepe KOJIa eCJIM TPEThsl MaTPUIIA He SIBJISIETCst 00PATHUMOM, TO IIMKJI TIpe-
PBIBaeTCs ¥ HOBBIE MaTPHIILI 00pabaThiBaThCs He OYYT, HO MOJKET OKa3aThCs,
41O ysKke 06pabaThIBAIOTCS APyTHe MATPUIbI (HAIIPUMEp, YeTBEPTast ¥ IIITast).

BoJiee pacripocTpaneHHas CUTyal[UsT BCTPEYaeTcst TOTIA, KOTaa Tpedyercst
OTMEHUTD MAPAJJIETbHBIN ITUKJI. JTO HE TO JKe, ITO OCTAaHOBKA ITUKJIA; IIIKJI
0CMAanasIueaemcsi USHyTPU U ommensiemcs 3a CBOUMHU tipeesamu. Hanpu-
Mep, KHOIIKa OTMEHbI MOJKET OTMEHUTDH CancellationTokenSource, OTMEHSIsI
napasiebHbIN IIUKJI, KaK B CJEAYIOIIEM IIpUMepe:

void RotateMatrices(IEnumerable<Matrix> matrices, float degrees,
CancellationToken token)

{
Parallel.ForEach(matrices,
new ParallelOptions { CancellationToken = token },
matrix => matrix.Rotate(degrees));
}
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Cieryet MMeTh B BULLY, UTO KasK/as TTapajiieibHas 3a/1a9a MOKET BBITTOTHATHCS
B IPYTOM TIOTOKE, TI0ATOMY JIF0O0€ COBMECTHOE COCTOSTHYE JIOJIKHO OBITH 3a-
urnieHo. Creyonuii npuMep oOpariaeT Kask /[y MaTpUILy W MOACYUThIBACT
KOJIMYECTBO MATPHIL, KOTOPbIE OOPATUTD HE YIAIOCh:

// TpumeyaHue: 3TO He camaa >¢pPeKTMBHAA peanunsaumsa.
// 3To BCero nvwb MpUMep UCMNOSb30BaHUA 61OKUPOBKM
// BnA 3awuMThl COBMECTHOrO COCTOSHUA.

int InvertMatrices(IEnumerable<Matrix> matrices)

{
object mutex = new object();
int nonlInvertibleCount = ©;
Parallel.ForEach(matrices, matrix =>
{
if (matrix.IsInvertible)
{
matrix.Invert();
¥
else
{
lock (mutex)
{
++nonInvertibleCount;
¥
¥
1
return nonInvertibleCount;
}
MosacHeHne

Mertoj Parallel.ForEach IIpeloCTaB/IsSIET BO3MOKHOCTD ITapaJljieIbHOMN 06pa-
GOTKU 75T IOCJIE/IOBATEILHOCTH 3HAUeHN . AHaornarHoe pemnrerre Parallel
LINQ (PLINQ) mpenocraisieT mpakTHU4YecKu Te ske Bo3MoskHocT B LINQ-
nmogobHoM cuHTakcruce. OIHO U3 pa3anunil Mexay Parallel u PLINQ 3za-
kiovyaercs B ToM, uto PLINQ mpezmosnaraer, 4To MOKeT UCIIOJIb30BATh BCE
s/ipa Ha KOMIIbIOTEpeE, TOr/la Kak Parallel MOXKeT TMHAMUYECKU pearupoBaThb
Ha U3MEeHEeHUs YCIOBUI ITPoIleccopa.

Parallel.ForEach peaJusyeT mapaJiedbHbIH UK foreach. Ecan BaMm mo-
TpebyeTcst BHIIOJTHUTD MapaJiliebHbII MK for, TO Kjiacc Parallel Takke
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MO/IIEPKIBAET METOJT Parallel.For. Meros Parallel.For 0COOEHHO MOJIe3eH
pu paboTe ¢ HECKOJBKIMU MacCUBaMU JIaHHBIX, KOTOPBIE MOJIYYAIOT OUH
MH/IEKC.

JlononHutenbHasa nHGopmauus

B penierire 4.2 paccmatpuBaeTcs mapasiieTbHOE arperipoBanne cepuii 3Have-
HUI, BKIIOYas CyYMMUPOBaHUE W BBIYKCJIEHNE CPEIHUX 3HAUEHUIA.

B pertenire 4.5 paccmarpuaiotcest ocHoBsl PLINQ.

B rinase 10 pacematpuBaeTcs oTMeHa.

4.2. apannenbHoe arperupoBaHue

3apgaua

Tpebyercst arpernpoBaTh pe3yJIbraThl P 3aBePIIEHIH TapaJlIebHOM omepa-
1uu (PUMEPBI arPernpoBaHus — CyMMUPOBAaHUE 3HAYCHUI I BBIYUCIICHIE
CPENHero).

Pewenne

st moaiepskKKy arperupoBaHus KJjacc Parallel MCITOJIB3YeT KOHIIETITUIO
JOKANOHBIX 3HAYEHUT — TIePEMEHHBIX, CYIEeCTBYIONUX JIOKAJIbHO BHYTPU
MapaIeTbHOTO MUKJA. DTO O3HAYAET, YTO TEJO ITUKJIA MOXKET TTPOCTO 06-
paTUThCA K 3HAYEHUIO HAIPAMYIO, 6€3 HeOOXOAUMOCTH CUHXPOHU3AI[UN.
Korzma 1iuks roToB K arpermpoBaHUIo0 BCEX CBOUX JIOKAJIBHBIX PE3YJIBTATOB,
OH JIeJIaeT 3TO C IMOMOIIbIO /lejieraTta localFinally. CﬂeﬂyeT OTMETHUTD, YTO
nesieraTy localFinally He HYKHO CUHXPOHU3UPOBATH JIOCTYTI K TIEPEMEHHOMN
N1 XpaHeHus pesyabsrara. [[pumep mapaniesbHOTO CyMMUPOBAHUS:

// TpumeyaHue: 3TO He camaa >¢pPeKTMBHAA peanunsauusa.
// 3To BCero nvwb MpUMep UCNOSb30BaHMA 610KUPOBKM
// BnA 3aWuTbl COBMECTHOrO COCTOSHUA.
int ParallelSum(IEnumerable<int> values)
{

object mutex = new object();

int result = 0;
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Parallel.ForEach(source: values,
localInit: () => o,
body: (item, state, localValue) => localValue + item,
localFinally: localValue =>

{
lock (mutex)
result += localValue;

1)

return result;

}

B Parallel LINQ peanusoBana 6oJiee TOHSTHAS MOAEP/KKA arperupoBaHus,
4yeM B KJlacce Parallel:

int ParallelSum(IEnumerable<int> values)

{

return values.AsParallel().Sum();

}

O'Kkeit, 910 OBLI JEMIEBbIi TPIOK, moToMy 4To B PLINQ peasmsoBana BCTpo-
eHHad To/iZiep>KKa MHOTUX PACTIPOCTPAHEHHBIX OTIEPATOPOB (HATIPUMED, Sum).
B PLINQ rax:e mpemaycMoTpera 00001eHHast TOAIEPKKa arperupoBaHmst
C OIIepaTopoM Aggregate

int ParallelSum(IEnumerable<int> values)

{
return values.AsParallel().Aggregate(
seed: O,
func: (sum, item) => sum + item
)5
}
MoAcHeHune

Ecam BB yske ncnosb3yeTe Kace Parallel, cyeayeT UCTIOTb30BATD €T0 MO
Nep:KKy arperupoBanud. B octampubix cayuagx moazepxka PLINQ, kak
paBuJIo, oJiee BBIPA3UTEIbHA, & KOJ| OJTy4aeTCst KOpoye.

NlononuutenbHas H$popmaLms

B perterrre 4.5 usnosxennt ocnoBsl PLINQ.
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4.3. llapannenbHblil BbI30B

3apava

Nmeercst HaGOp METO/IOB, KOTOPbIE IOJIKHBI BBI3BIBATHCS MAPAJIIETIbHO. TH
MeTO/BI (B OCHOBHOM ) HE3ABUCUMBI JIPYT OT IPYTa.

PeweHne

Kurace Parallel copepsKUT IPOCTOI MeTO Invoke, CIIPOEKTUPOBAHHBIN J1JIst
TaKKX ClleHapueB. B cieyromem npuMepe MaccuB pa3buBaeTcst HaJBOE, U JIBe
HOJIOBUHBI 00pabaThIBAIOTCS HE3aBUCHMO:

void ProcessArray(double[] array)

{
Parallel.Invoke(

() => ProcessPartialArray(array, 0, array.Length / 2),
() => ProcessPartialArray(array, array.Length / 2, array.Length)
)
}

void ProcessPartialArray(double[] array, int begin, int end)

{

// 06paboTka, MHTEHCUBHO MCMOAb3YylWasa mpoueccop. ..

}

MeTO/:[y Parallel.Invoke TaKXe MOYKHO IlepeJaTb MaCCUB JI€JIEraToB, €CJIn
KOJIMYECTBO BHI3OBOB HEM3BECTHO 0O MOMEHTA BLITIOJIHCHUII:

void DoAction20Times(Action action)

{

Action[] actions = Enumerable.Repeat(action, 20).ToArray();
Parallel.Invoke(actions);

}

Parallel.Invoke mmoajep:XxuBaeT OTMeEHY, KaK U Jpyrue MeTO/bl Kjacca
Parallel:

void DoAction20Times(Action action, CancellationToken token)

{

Action[] actions = Enumerable.Repeat(action, 20).ToArray();
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Parallel.Invoke(new ParallelOptions { CancellationToken = token },
actions);

MoscHeHne

Merton Parallel.Invoke — OTJIMYHOE PEIIEHHE JIJISI [IPOCTOTO MAPAJIETbHOTO
BbI30Ba. OTMeUy, UTO OH Y3Ke He TaK XOPOIIIO TOIXOAUT IJI CUTYaIlni, B KOTO-
PBIX TpeOyeTcsl akTUBU3UPOBATh AEHCTBUE ISl KasKIOTO dJIeMeHTa BXOAHBIX
JIAHHBIX (111 TOTO JIyUIlle UCIIOJIb30BaTh Parallel.ForEach), MJTH €CJIH KasKI0€e
JieiicTBYE TPOU3BOAUT HEKOTOPBIH BBIBOJ (BMECTO ATOTO CJIeTyeT UCTIOTh30BATh
Parallel LINQ).

NlononHutenbHas H$popmaLms

B penerite 4.1 paccmaTpuBaetcst MeTo] Parallel. ForEach, KOTOPBII BBITIOTHSIET
JeficTBHE 71T KaXK/I0TO AJIeMEHTa TAHHBIX.

B perternire 4.5 paccmarpuaercst Parallel LINQ.

4.4, lnnamuyeckuii napannennsm

3apaua

Tpebyercst peam3oBaTh GoJiee CIOKHYIO MapalIebHYIO CUTYAIHIO: CTPYK-
Typa ¥ KOJUYECTBO MapalJIeTbHbIX 33/1a4 3aBUCUT OT UH(MOPMAIIUU, KOTOpast
CTAHOBUTCS U3BECTHOM TOJTBKO BO BPEMS BBITIOJTHEHMS.

PeweHne

B 6ubanorexe TPL (Task Parallel Library) menrpanbHoe MecTo 3aHUMAET
Tt Task. Kimacc Parallel u Parallel LINQ — Bcero siniinb yo0HbIe 06epTKU
JUIsE MOIIIHOTO THIa Task. Ecimm moTpebyercst peannsoBath AMHAMUYECKHIT
MapaJIIeIn3M, MPOIIe UCIIOIB30BATh TUT Task HATPSIMYIO.

B npuBeieHHOM HIKe TPUMEPE IS KasKI0TO y3Ja OUHAPHOTO JiepeBa Heob-
XOJIMMO BBITTOJIHUTH HEKOTOPYTO 3aTpaTtHyio 00paboTky. CTpyKTypa aepeBa
HEU3BECTHA JI0 CTAJIUU BBIITOJHEHUS, I09TOMY 3TOT CIIEHAPUI XOPOIIIO T10-
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JOMIET IS IUHAMUYeCKOro napasieansMa. Metoz Traverse oO6pabaTbiBaeT
TeKYIIU y3€JI, a 3aTeM CO3/IaeT /IBe ToUepHIe 3a1aUH, 0 OAHON I KaK IO
BETBU I10/] y3JIOM (B JAaHHOM TIPUMEPE TPEATIONaraeTcs, YTO POAUTENbCKIE
Y3JIbI JIOJKHBI OBITH 06pabOTaHbI /10 Mepexojia K JOYepHUM y3jiaMm). MeToz
ProcessTree HaulHaeT 0OPabOTKY, CO3/aBast POJAMTETbCKYTO 3a/1a4y BEPXHETO
YPOBHS U OKUIAs €€ 3aBEPIIECHUS:

void Traverse(Node current)
{
DoExpensiveActionOnNode(current);
if (current.Left != null)
{
Task.Factory.StartNew(
() => Traverse(current.Left),
CancellationToken.None,
TaskCreationOptions.AttachedToParent,
TaskScheduler.Default);

}
if (current.Right != null)

{
Task.Factory.StartNew(
() => Traverse(current.Right),
CancellationToken.None,
TaskCreationOptions.AttachedToParent,
TaskScheduler.Default);

void ProcessTree(Node root)
{

Task task = Task.Factory.StartNew(
() => Traverse(root),
CancellationToken.None,
TaskCreationOptions.None,
TaskScheduler.Default);

task.Wait();

}

@Jiar AttachedToParent rapaHTHUPYeET, 4TO 3a/lada Task IS KQUKIOM BETBU
CBHBHBaeTCﬂ(:Saﬂaqeﬁ:TaskCBoen)pOﬂMTeﬂbCKon)y3ﬂa.ThKMLlo6pa30M
CO3/IAI0TCS OTHOIIEHUS «POIUTEIb/TTIOTOMOK» MEK/LY 9K3eMILIIpaMu Task, MO-
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JIeTIPYIOMIMY OTHOTIIEHUS «POUTENH/TIOTOMOK» B y3J1ax fepeBa. Pomuress-
CKIe 32/IaU¥ BBITIOJTHAIOT CBOETO JIEJIeraTa, MOCJIe YeT0 OKU/IAI0T 3aBEPIIEeHIs
CBOUX JIOUEPHUX 3a/1a4. VIcKiIioueHus oT 109epHUX 3a/1a9 PACITPOCTPAHSIOTCS
OT I0YEPHUX 3aa4 K CBOEH pOAUTENbCKOI 3aaue. Takum 06pa3oM, ProcessTree
MOJKeT O’KMIATh 33124 JJIs1 BCETO JIePeBa, JIJIsl Yero JOCTaTOUYHO BbI3BATh Wait
JUIsI OJTHOM 3a7iaum Task B KOPHE JiepeBa.

Ecnm Bama cutyaliius He OTHOCUTCS K KaTETOPUU «POIUTENH/TIOTOMOK», BbI
MOJKETe 3alJIaHuPOBaTh 3aIycK JII0O0IT 3aauu TIOCe IPYToii 3aaduu, uc-
1oJIb3yst npodocenue. Ipopomxkenne (continuation) nmpejacrasisier coO0i
OT/IETBHYIO 337124y, KOTOPAs BBITIOJHAETCS TTOCJI€e 3aBepIIeHNs NCXOHOM:

Task task = Task.Factory.StartNew(
() => Thread.Sleep(TimeSpan.FromSeconds(2)),
CancellationToken.None,
TaskCreationOptions.None,
TaskScheduler.Default);

Task continuation = task.ContinueWith(
t => Trace.WritelLine("Task is done"),
CancellationToken.None,
TaskContinuationOptions.None,
TaskScheduler.Default);

// AprymeHT "t" pna npomonxeHua - TO xe, 4TO "task".

MoAcHeHue

CancellationToken.None 1 TaskScheduler.Default NCIIOJL3YIOTCS B IIPEABI-
IylieM rnpuMepe kozga. Mapkepbl OTMeHBI paceMarpuBatoTcst B penenite 10.2,
a TVIAHUPOBIIMKY 337124 — B penente 13.3. Beerna srydie siBHO 3a/1aTh I1J1a-
HUPOBIIUK TaskScheduler, I/ICHOJIbSyeMbeI StartNew 1 ContinueWith.

Takast cTpyKTypa POAUTENBCKUX U IOYEPHUX 3a/1a4 TUTTUYHA JIJIS IMHAMUYe-
CKOro I1apaJjijiejan3ma, XoTs U He obgsaresnbHa. C TakuM e yCIIeXOM MOJKHO
COXPaHUTb KAKIYI0 HOBYIO 3a/1a4y B [IOTOKO0OE30IIACHON KOJLIIEKIIUH, & 3aTeM
OKUJAThb 3aBEPIIECHNS UX BCEX C UCIIOJIb30BaHUEM Task.WaitAll.

Vcnonb3oBanue Task JUIsT TapajieIbHOW 06pabOTKU MPUHITUITHATBHO
OTJIMYAETCS OT UCTIOJb30BaHMst Task JIJIst aCHHXPOHHOM 06paboTKH.
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Tun Task B mapajiieIbHOM TPOTPAMMUPOBAHUY CJIYKUT JIBYM 1IEJISIM: OH MOKET
MPE/ICTABJISATH MAapaJLIebHYI0 WU aCUMHXPOHHYIO0 3a/1auy. [TapasienbHbie 3a-
JIa4yr MOTYT MCIIOJIb30BaTh OJIOKMUPYIOIIIE METO/IBI, TAKUE KaK Task.Wait, Task.
Result, Task.WaitAll u Task.WaitAny. IlapaiienbHbie 3aaun TakKe OOBIYHO
HCIIONBb3YIOT AttachedToParent JIJIsl CO3/[aHNS OTHOIIEHUN «POAUTENH/TIOTO-
MOK» MeKAY 3amadamu. [lapannenpabie 3a1a4u caeiyeT co3/aBaTh METOAMU
Task.Run min Task.Factory.StartNew.

C 1ipyroii CTOPOHBI, ACMHXPOHHBIM 3ajiadyaM CJIeyeT u3beraTb OJOKUPYIONIX
METO/I0B B II0JIb3Y await, Task.WhenAll 1 Task.WhenAny. ACI/IHXpOHHbIe 3aauyn
He JIOJKHBI ICTIOJIb30BaTh AttachedToParent, HO OHI MOTYT (hOPMUPOBATH HE-
SIBHbBIE OTHOIIEHUS «POIUTEIb/TIOTOMOKS, UCTIOJIb3Y4 OKUTaHKE JAPYTUX 33/1a.

NlononHutenbHas MH$popmaLms

B pernenite 4.3 paccmarpuBaeTcs mapasjiesibHbIN BbI30B TOCTEI0BATENBHO-
CTU METOJIOB B TOM CJIy4ae, €CJIi BCE METOJIbl U3BECTHBI HA MOMEHT HavaJia
apaJiebHO paboThl.

4.5, Parallel LINQ

3apava

TpebyeTcst BBIMOTHUTD MapaIeIbHy 0 06paboTKY MOCIEI0BATEIBHOCTH JIaH-
HBIX, 4TOOBI CreHEPUPOBATD JIPYTYIO UX TTOCJIE/I0BATENBHOCTD I 06001IIeH e
9TUX JIAHHBIX.

PewieHue

Muorue paspaborunku 3HakOMbI ¢ Texrosorueit LINQ, mossoJistionieii mpo-
rPaMMHUPOBATh BBIUYMCIEHUS C TIOCAE0BATETBHOCTSIME, PaOOTAIOMIEN 110
npunimny Bertarusanus. Parallel LINQ (PLINQ) pacumipsier aTy HOAIeP:KKY
LINQ napaJsuiesibHoi 06pabOTKOM.

PLINQ xopoiiio paboTaeT B IOTOKOBBIX CIIEHAPHUSIX, KOTOPbIE TTOJYYAIOT MO~
CJIeI0BATEIBHOCTD BXOAHBIX 3HAUCHWIT U IIPOU3BOJAT I10CJIe/I0BATEIbHOCTD BbI-
XO/IHBIX 3HaueHn . Crie Iy o1l IpoCcTol IpUMep IPOCTO YMHOKAET KasK/IbIi
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3JIEMEHT TOCJIeI0BATETFHOCTH Ha 2 (B PEATbHBIX CIICHAPUAX BBITTOTHIAIOTCS
ropasio 6oJiee cepbe3HbIe BHIUMCIEHNST, 4eM TIPOCTOE YMHOKEHHE):

IEnumerable<int> MultiplyBy2(IEnumerable<int> values)
{

return values.AsParallel().Select(value => value * 2);

}

ITpiMep MOKET TeHEPUPOBATh CBOU BBIXOHBIC 3HAYCHUS B TIOOOM TIOPSIKE;
9TO TIOBEIEHNUE UCITOIb3yeTcs 1o yMordanuio B Parallel LINQ. Takske MOKHO
oTpebOBaTh, 4TOOBI COXPAHSIJICST UCXOHBII OPSIIOK. B cieayroriem mpumepe
006paboTKa BeeTCs TapaljieibHO, HO ¢ COXPaHEHUEM MCXOIHOTO TOPSIIKA:

IEnumerable<int> MultiplyBy2(IEnumerable<int> values)
{

return values.AsParallel().AsOrdered().Select(value => value * 2);

}

Ilpyroe soruunoe npumenente Parallel LINQ — arperuposatue nimt 06001ie-
HI€ JIaHHBIX B TapaJieIbHOM peskumMe. B cirerytonieM mpumepe BbIOTHSIETCST
apaJiebHoe CyMMIPOBAHUE:

int ParallelSum(IEnumerable<int> values)

{

return values.AsParallel().Sum();

MoAcHeHne

Kracc Parallel XopoIro MOAXOMUT 71T MHOTUX cileHapueB, Ho kox PLINQ
noJtydaeTcst 6oJiee poCThIM IIPU arperipoBaHnuu WU TIPeodpasoBaHUN OHON
MoCIeI0BaTETbHOCTHU B IPYTYI0. ClleyeT MOMHUTB, YTO KJIacc Parallel BesieT
cebs1 6osree KOPPEKTHO ¢ APYTUMU MpolieccaMu B cucteMe, yem PLINQ; atot
(hakTOp CTAaHOBUTCS OCOOEHHO CYIIECTBEHHBIM ITPH BBITIOJHEHNUH TTAPaJLIeh-
HOI 00pabOTKK Ha CEPBEPHOIT MaIlIHE.

PLINQ mpesioctaBiisteT napasieabHble BEPCUU MHOTHX OIIEPATOPOB, BKIIIOYAS
dunprpanmio (Where), mpoeknuio (Select) M pasHble BUBI arPETUPOBAHUS,
TakKuye Kak Sum, Average 11 6oJiee ob1yio opMy Aggregate. B ob1em ciryuae Bee,
4TO MOKHO cie1aTh ¢ 00br9HbIM LINQ, Takke MOKHO cIe/IaTh B apasiieJ bHOM
pesknme ¢ PLINQ. B pesyabsrate PLINQ cTaHOBUTCS OTJIMYHBIM KaH/IUIATOM
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1T TiepepaboTku cytecTByionero koga LINQ, KoTopsiii BRIUTpast ObI OT BBI-
MOJIHEHNS B TTAPAJIJIETTHHOM PEKUME.

NlononuutenbHas HpopmaLms

B penieriTe 4.1 paccmaTpuBaeTcs UCIOIb30BaHUEe Kaacca Parallel 75 BbI-
MOJTHEHNS KOJIa /7T KaXKI0TO 3JIeMEeHTa B TT0CIIe/[0BATENbHOCTH.

B pernenrre 10.5 paccmarpuBaercst orMeHa 3arpocos PLINQ.



TNMABA 5

OcHoBbl Dataflow

TPL Dataflow — Momnag 6ubanoTeKa, mo3Bodionas co3aTh ceTh UIn
KOHBeliep, a 3aTeM (aCHHXPOHHO) OTIIPaBUTh 110 HUM cBoM gaHHbie. Dataflow
HCTIOJIB3YeT MEeKJIAPATUBHBIN CTUIb ITPOTPAMMUPOBAHUS; T. €. CHaUaIa BB
HOJIHOCTBIO OTIPeiesIsieTe CeTh, a 3aTeM HaurHaeTe 0OpabaThiBaTh JaHHbBIE.
CeTh OTMCBIBAET CTPYKTYPY, IO KOTOPOIT TepeMeIaroTcs Jannble. /{1 aToro
MPUETCS B3TJITHYTh HAa CBOE MPUJIOKEHUE TI0]] HECKOJBKO WHBIM YIJIOM, HO
[IOCJIe TOTO KaK BbI CIeJIaeTe ATOT Iar, moTok gqanubix (dataflow) craner camo
c060ii pa3yMeIONIMCST KaHIUIATOM JIJIT MHOTHX CIIEHAPHUEB.

Kaskmast cerb cOCTOUT U3 Pa3indHbIX GJOKOB, CBSI3AHHBIX JIPYT C IPYTOM.
Ot/iesbHbIe OIOKK IPOCTDI, OHN OTBEYAIOT TOJIBKO 32 OJIMH 3TAIl 00pabOTKI
nanubix. Korza 6710k 3aBepinaer paboTy Hajl CBOUMHE JAHHBIMI, OH TIepeiaeT
CBOI1 PE3YJIBTAT BCEM CBSI3AHHBIM OJIOKAM.

Yrobsr ucnosnbzoarh TPL Dataflow, ycranosure B cBOeM MPUIOKEHUN
NuGet-maker u3 System.Threading.Tasks.Dataflow.

5.1. (BA3bIBaHUe 6/10KOB

3apava

Tpebyercst csizarsb Os10ku Dataflow muist cozpanus cern.

Pewenne

Baioku, npegocrasisiembie 6ubanorexkoit TPL Dataflow, onpeznessior Topko
camble Oa30BbIe cocTaBisgoIme. Muorne nosesnbie Metonsl TPL Dataflow
B JIEICTBUTELHOCTH SIBJISIOTCS METOAMU paciiupeHus. MeTo 1 pacirmpeHmst
LinkTo IIPeIOCTAB/ISET IIPOCTON MEXaHN3M CBSI3bIBaHMsI OJIOKOB IIOTOKA JaHHbIX:
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var multiplyBlock = new TransformBlock<int, int>(item => item * 2);
var subtractBlock = new TransformBlock<int, int>(item => item - 2);
// Tocne cBA3biBaHWA 3HayeHuA, Bbixogawve u3 multiplyBlock,

// 6ynyT BxoauTb B subtractBlock.
multiplyBlock.LinkTo(subtractBlock);

[To ymosTyanuio cBsi3aHHbIe OJIOKH TOJBKO PACIIPOCTPAHSIOT TaHHbIE; OHU He
pacrpocTpaHsoT 3aBepiieHwe (nin omuoK). Ecim Balil OTOK JaHHBIX JIHEEH
(mampuMep, B KOHBeliepe), TO, CKOpee BCETO, BBl 3aXOTUTE PACTIPOCTPAHATD
3aBepinenue. YToObl pacpocTpaHsATh 3aBepiieHue (1 ONOKH ), yCTAHOBUTE
rnapameTp PropagateCompletion /1711 CBS3M:

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);

// 3aBepleHne nepBoro 670ka aBTOMAaTUHECKM PaCnpoCTpaHAeTCs BO BTOpOW 6/10K.
multiplyBlock.Complete();
await subtractBlock.Completion;

MoscHeHne

ITocte cBs3bIBaHMS JAHHBIE 6y,7_[yT ABTOMATUYECKU IIepeMeEIAThCS OT OJI0Ka-1C-
TOYHUKA K 6JIOKy-HpI/IeMHI/IKy. [TapameTp PropagateCompletion riepeMeriaeT He
TOJIbKO JIaHHBIE, HO U 3aBePIIIeHNE; TEM He MeHee Ha KayK/I0OM JTalle KoHBeliepa
cOOITHbBIN 6JIOK 6yneT PacIpoCcTpaHsTh B CJIEYIONTNIA 0JIOK CBOE HCKJIIOUEHHE,
yIIlaKOBaHHOE B AggregateException. Takum 06pa30M, €CJIM UMEETCS JJIMHHbBIN
KOHBeliep, pacIipoCTPaHSIONINI 3aBepIlIeHUs, UCXOIHAS ombKa MOKeT ObITh
BJIOJK€HA B HECKOJIbKO 9K3eMILISAPOB AggregateException. AggregateException
COJIEP’KUT HECKOJIBKO METOJIOB (HarpuMep, Flatten), yIIpoIaionmx o6pa60TKy
onrboK B MOZOOHBIX CUTYAIUSX.

broxu moToka maHHBIX MOTYT CBI3BIBATHCS APYT C IPYTOM MHOTUMHU Pa3-
HBIMU CIIOCOOAMU; CETh MOKET CO/EPIKATh BETBJICHIS, COCMHEHUS U JakKe
1UKJIBL. /17151 GOMIBITMHCTBA ClleHapUeB OOBIYHO XBATAET IIPOCTOTO IMHEHHOTO
KoHBeiiepa. MbI 6y/1eM paboTaTh B OCHOBHOM C KOHBeiiepaMu (M pacCMOTPUM
BeTBJIEHMsI ); GoJiee CJIOKHbIE CIIEHAPUH BBIXO/IAT 32 PAMKH KHUTH.
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Tun DataflowLinkOptions mpejocTaBIsieT psj HapaMeTpoB, KOTOPbIe MOIYT
yCTaHABJIMBATLCS JIUIs1 CBsI3el (Kak, HallpuMep, llapameTp PropagateCompletion,
WCIIOJIb30BAHHBII B 9TOM pellleHNN ), a lleperpyskeHHast Bepchs LinkTo Takke
MOZKET MOJIy4aTh IPEUKAT, HCIOIb3YIOMMICS 1711 (DUITBTPAIlIN TaHHBIX, TTepe-
JlaBaeMbIX uyepes cB:3b. /lanHble, Ipore/nne yepes GUILTP, HepeMeliaioTcs
110 CBS13Y; JaHHble, He IIpolie/iine yepe3 (GUIbTp, He TePSI0TCs, a IIbITaloTCs
IPOIITH TI0 ATTBTEPHATUBHOI CBsI3M (M OCTAIOTCS B OJIOKE, €CIIN APYTOiT CBSI3N
He cyTecTByeT). Ec/ii a/IeMeHT aHHBIX «3aCTpeBaeT» B OJIOKE, TO ITOT HJIOK
He [TPOU3BOIUT JIPYTUX 2JIEMEHTOB ITAHHBIX; BECh OJIOK IIPHOCTAHABINBAETCS
/10 U3BJIEYEHU DJIEMEHTA JIAaHHBIX.

JlononHutenbHas uHpopmauus

B pertenre 5.2 paccMaTpuBaeTcst pactipocTpaHeHHe ONTHOOK MO CBSI3SIM.
B perterire 5.3 paccMaTpuBatOTCst CBSA3KM MEXKLY OJIOKAM.

B perenre 8.8 paccMaTpuBaercst CBsisbiBaHKe OJOKOB IIOTOKA JAaHHBIX ¢ Ha-
6/moaeMbIiME TIoTOKamu System. Reactive.

5.2. PacnpocTpaHeHue owm60K

3apava

Haiitu crioco6 pearnpoBaTb Ha OHH/I6KI/I, KOTOPbIE MOT'YT ITPOUCXO/IUTDH B CETU
IIOTOKa JaHHbIX.

Pewenune

Ecin nenerar, nepegannbiii 6JI0KY OTOKA JaHHBIX, BBIZAET UCKIIOYEHIE, TO
9TOT GJIOK BXOAUT B COCTOSTHUE OTKa3a. BJIOK B COCTOSHIM OTKa3a TePSIeT BCe
CBOM jlaHHbIe (U IepecTaeT MpUHUMATh HOBbIE). B ciremyroiieM Koze 6JI10K He
MIPOU3BOIUT HUKAKUX BBIXOIHBIX JAHHBIX; IEPBOE 3HAUEHIE BBIJAET UCKIIIO-
YeHue, a BTOPOE TMPOCTO TEPSIETCST:

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

{
if (item == 1)
throw new InvalidOperationException("Blech.");
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return item * 2;
1
block.Post(1);
block.Post(2);

Y1o6b1 IepexBaTbIiBaTh UCKJIIOYEHUS OT 6JI0Ka TIOTOKA JJAHHBIX, HEOOXOIMMO
OsKIJIaTh €ro cBoiicTBa Completion. CBOIICTBO Completion BO3Bpallaer 00BEKT
Task, KOTOPBIN 3aBepIiaeTcs MPY 3aBepIleHiy 6JI0Ka, a ecii B OJI0Ke ITPoKC-
XOJIUT OTKa3, TO U B 3a/1aue Completion TOXKE IIPOUCXOAUT OTKA3:

try
{
var block = new TransformBlock<int, int>(item =>
{
if (item == 1)
throw new InvalidOperationException("Blech.");
return item * 2;
})s
block.Post(1);
await block.Completion;

}
catch (InvalidOperationException)
{
// 3Lecb nepexBaTbiBAETCA WUCKJHYEHUE.
}

Korzma BbI pacmipocTpansieTe 3aBepIilieHNe ¢ TTOMOIIBIO TTapaMeTpa CBIA3U
PropagateCompletion, ommOKH ToKe pacrpoctpansiores. OQHAKO UCKII0YeHUE
mepesacTcsd cleayolIemMy 6J10Ky, yIIaKOBaHHOMY B AggregateException. Cie-
JIYIOIIUIA TPUMED ITepexXBaThIBACT UCKJIOUYEHNE B KOHIIE KOHBelepa, 03ToMy
OH IIepexXBaTUT AggregateException, €Ciin UCKII0OYeHNE OBLIO PACIIPOCTPAHEHO
U3 TIPEBIAY X OJOKOB:

try
{

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

1)

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

new DataflowLinkOptions { PropagateCompletion = true });
multiplyBlock.Post(1);
await subtractBlock.Completion;

}
catch (AggregateException)
{
// 3Becb nepexBaTbiBAaeTCA UCK/KHYEHUE.
}

Ka b1t 610K yIiakoBBIBAaET BXOJSIINE OMIMOKHU B AggregateException, axke
ecJIv BXOZsIast ommnbKa ysKke nmpejcrasisiet coOoi AggregateException. Econ
ormmnbKa IIPOMCXOANT Ha PaHHEH CTaIui KOHBelepa 1 yCreBaeT epeMeCcTUThCS
Ha HECKOJIbKO CBsI3el mepeji TeM, Kak OyaeT oGHapysKeHa, HCXOAHAast OlTOKa
6yz[eT yIlaKOBaHa B AggregateException Ha HECKOJIbKUX YPOBHAX. MeTox
AggregateException.Flatten ympomiaer 00paboTKy OMIMOOK B 9TOM CIIEHAPUH.

MoscHeHne

3aHumasich mocrpoeHueM cetu (MM KOHBeliepa), IoyMaiite HaJl TeM, KakK
OyayT o6pabarbiBaThCst OMMOKN. B Gosiee POCTBIX CUTYalUsAX MOKET ObITh
JIydllIe PacipoCTPaHUTh ONMOKN U IIepexXBaThIBaTh UX BCE CPa3y B KOHIE.
B 6oJiee CII05KHBIX CETSIX BaM, BO3MOKHO, TIPUETCS TIPOBEPUTD KasKIblii GJIOK
IPU 3aBEPIIEHNH OTOKA JaHHBIX.

Tax:ke BO3MOKEH JPYTOil BADHAHT: €CJIM BbI XOTHUTE, 4TOOBI GJIOKH COXPAHSLIN
paboToCIIoCOOHOCTD MEPE] IUI[OM UCKIIOYEHMIT, MOKHO PacCMaTPpUBATh KC-
KJIIOYEHUS KaK JIPYTYI0 PAa3HOBUIHOCTD JIAHHBIX U JIATh UM TIPOXO/IUTH Yepe3
CeTb C IPaBUILHO 06pabaTbIBAEMBIMU dJIEMEHTAMU JaHHBIX. VICIIoIb30BaHIe
9TOrO0 MaTTepPHA IIO3BOJIAT COXPAHUTH PaOOTOCIIOCOOHOCTD CETH IIOTOKA JAHHBIX,
Tak Kak caMu GJIOKU He OyIyT MePEXOANTH B COCTOSTHIE OTKa3a 1 IPOIOJIKAT
00pabOTKY CJIEYIOIIEro IeMeHTa JaHHbIX. 3a JAOTIOJHUTENbHOI nHbOopMa-
et obparaiitech K perenty 14.6.

JlononHutenbHas uHpopmauus

B pertenre 5.1 paccMaTpuBaioTCst CBSA3U MEKY OJIOKAMHU.

B perterire 5.3 paccMaTpuBaeTcst pa3pbiB CBsI3€il MeK Ty OJIOKaML.
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B penenre 14.6 paccmarpuBaercs IIepeMelieHne HCKIIIOUeHIH BMecTe ¢ Jat-
HBIMH B CETH TTOTOKA TAHHDIX.

5.3.Ynanenue cBaA3eit mexay 6nokamu

3apava

B mpottecce 06paboTKN HEOOXOAMMO TUHAMUYECKH U3MEHUTDH CTPYKTYPY
[IOTOKA JIAHHBIX. DTO HETUITMYHBII ClIEHAPKHA, ¢ KOTOPBIM BbI BPSI/L JIM KOT/Ia-
76O CTOJIKHETECh B KU3HH.

PeweHne

Casi3u MEKRNY OJI0KaMI ITOTOKA JaHHDBIX MOKHO CO3/laBaTb WJIN YAAJIATH B JItO-
601 MOMEHT; JlaHHbIE MOT'YT CBO6OI[HO IPOXOJUTD I10 CETU, M ITO HE ITIOMECUIACT
6e301macHo CO3/1aBaTb UJIN Y/IAJIATb CBA3U. Kax CO3/1aHHME, TaK U yAaJIEHUE
CBA3€el ABIAIOTCS TOJHOCTHIO TIOTOKOOE30IIACHBIMMU.

[Tpu cosmanum cBsI3U MKy OJIOKaMU MOTOKA JAHHBIX COXPAHUTE OOBEKT
IDisposable, BO3BPAIEHHBIN METO/IOM LinkTo, U YHUUTOXKbTE €T0, KOT/A TI0-
TpebyeTcst pa3opBaTh CBsI3b MEKLY OJOKAMMU:

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

multiplyBlock.Post(2);

// YBaneHue cBA3en mexay 6nokamu.

// DaHHble, OTMNpaB/ieHHble Bblle, MOrYT ObITb YXe nepepaHbl

// vwnu He nepepaHbl No cBA3W. B peanbHOM Kode CTOUT paccMOTpeTb

// BO3MOXHOCTb 6n0Ka using BmMecTO mpocToro Bbi3oBa Dispose.
link.Dispose();

MosacHeHne

Ecnu Her rapanTim, uyTO CBSA3b Ge3/eiiCTBYeT, IPU €€ YAAJEHUN MOKET BO3-
HUKHYTH COCTOsiHUE TOHKY (race). Ho cocTostHie TOHKN 0OBIYHO HE CO3/[aeT
pobJieM; TanHble JIO0 MPOXOIST O CBSI3H, EPe/l TeM KakK OHa OyIeT YHUY-
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TOKeHa, JTMO0 He MPOXOAAT. 3[eCh HEeT YCIOBUiT TOHKH, KOTOPbIe MOTJIU Obl
[PUBECTH K AyOIMPOBAHUIO WU ITOTEPE AaHHBIX.

CrieHapuii ¢ pa3pbIBOM CBSI3W HETUITNYEH, HO M OH MOJKET IIPUTO/IUTHCS B He-
KOTOPBIX cuTyanusax. Hampumep, HEBO3MOXKHO U3MEHUTH (DUIBTP 71T CBS-
31 — TMPUAETCS YIATUTD CTAPyIO CBSI3b W CO3/IATh HOBYIO C HOBBIM (DUIBTPOM
(BO3MOJKHO, ¢ TpucBanBaHueM DataflowLinkOptions.Append 3HaueHUs false).
Taxske ynasieHue CBSI3U B CTPATETMUECKON TOUKE MOKET NCIIOJIb30BAThCA JIJIS
[IPUOCTAHOBKHU CETU IIOTOKA JaHHBIX.

[lononHutenbHasa uHpopmauus

B penernre 51 paccMaTpuBaeTCA Co3/1aHNe CBsI3€en MEXIY OIOKAMUL.

5.4. PerynupoBaHue 6nokos

3apava

WmeeTcst ceTh ITOTOKA JIaHHBIX C BETBJICHUEM. Tpe6yeTCH OpraHmn30BaThb Ilepe-
a4y JaHHBIX C PaClIPE/ICJICEHUEM HAI'PDY3KU.

PewieHue

ITo ymosruanuio 6JI0K, FeHEPUPYIOIIIIA BBIXOIHBIE IaHHbIE, TIPOBEPSIET BCE CBOU
cBsA3K (B IOPSIIKE X CO3/IAHUS) U MBITAETCA MOCIEA0BATENbHO IiepeaBaTh
JIaHHbIE 110 KasKA0MY KaHnasry. Kpome Toro, o yMor4anuio KasxkAblii OJIOK MoJ1-
AepAKUBaET BXOAHOM Oydep v MpUHUMAET IPOU3BOJIbHOE KOJMYECTBO JIaHHBIX
JIO TOTO, Kak OH OyzieT roToB uX 00paboTaTh.

IT0 cozaeT MpobIeMy B CIIEHAPUH ¢ BETBJIECHUEM, B KOTOPOM OUH GJIOK-
HCTOYHWK CBSI3aH € ABYMs OJIOKaMU-TIPUEMHUKAMU: B 3TOM CJIydae BTOPOi
6710k Oyztet mpoctanBath. [TepBblii GJOK-TIPHEMHUK Beeria OyaeT IPUHUMATh
nanubie u OyhepusoBaTh X, TaK 4TO OJOK-UCTOYHUK HUKOT/A He OY/IeT TIbi-
TaThCs MepelaBaTh JaHHbIE BTOPOMY OJIOKY-TIpHeMHUKY. [IpobsiemMy MOKHO
peuuTh pezyauposkoii (throttling) 6;10K0B-IIPUEMHUKOB € MCITOIb30BAHUEM
napameTpa 6s10ka BoundedCapacity. ITo YMOJIYaHUIO BoundedCapacity 1ipu-
cBauBaeTcs 3HaueHne DataflowBlockOptions.Unbounded, Ip1 KOTOPOM II€p-
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BBl O/I0K-TIpreMHKK OyhepusyeT Bee JaHHble, aKe eCJIH ellle He TOTOB K UX
obpaboTke.

BoundedCapacity MOXKHO IIPUCBOUTD Jt060e 3HAUEHIEe OOJIbIe HyJIs (MIIH,
KOHEYHO, DataflowBlockOptions.Unbounded). Ecii 6/I0KM-IIPUEMHUKH yCITe-
BatoT 00padaThIBaTh IAHHBIE, TOCTYTIAIOIINE OT OJIOKOB-MCTOYHUKOB, IIPOCTOTO
3HavyeHus 1 OyzeT 10CTaTOuHO:

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);

MosacHeHne

PerysmpoBka mosie3Ha /iy pacrpe/iesieHns Harpy3Kku B KOH(QUTYPAIUASX
C BETBJIEHWEM, HO OHA TaKyKe MOXKET IPUMEHAThCS Be3Jie, T7le BOSHUKHET
HEOOXOMMOCTD B perynupoBanuu. Hanpumep, ecjiu ceTh IOTOKA JaHHBIX
3aII0JIHAETCS JAHHBIMU OT OIlepary BBOJIA/BBIBOJIA, MOKHO TPUMEHUTH
BoundedCapacity Kk 6J10KaM cBoeil ceTu. B aToM cirydyae Bbl He TipounTaere
CJIMIITKOM MHOTO JITAaHHBIX BBOJIa/BBIBOJIA IO TOTO, KaK CETh OY/ET K 9TOMY
rOTOBA, & BCE BXOJIHbIE JIaHHbIE He OyAyT Oy(hepr30BaHbl CETHIO 10 TOTO, KaK
OHa CMOKET ero 06paboTaTh.

JlononHutenbHasa nHGopmauus

B pertenre 5.1 paccmarpuBaercst CBsi3bIBaHue OJOKOB.

5.5. lapannenbHas 06paboTKa c 6nokamu
NOTOKA AAHHbIX

3apava

Tpe6yeTC$I BBITTOJIHUTD TIapaJlJIe/IbHYIO 06pa60TI<y B CETU ITOTOKa JaHHbBIX.
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PeweHne

ITo ymoJruaumio Kax /bl 610K HOTOKA JaHHBIX He 3aBUCKT OT JAPYTUX OJOKOB.
Korya Bt cBsi3biBaete /iBa 0710ka, OHE Y1y T BBIMOJIHATH 00PabOTKY HE3aBUCH-
MO IpYT OT ipyra. Takum 06pasoM, B KaKIYIO CeTh OTOKA JAHHBIX BCTPOEHA
HEKOTOPast CTEeleHb €CTECTBEHHOTO MapaJlie/Ii3Ma.

Ecuu TpebyeTcst BBIATH 32 9TH PaAMKH, — HATIPUMEP, €CJIU OJIMH KOHKPETHBII
GJIOK BBITIOJIHSIET MHTEHCUBHBIE BHIUMCJICHHS HA TIPOIECCOPE, — BBl MOJKETE
JlaTh KOMaH/y 9TOMY OJIOKY paboTarh Mapajiie/IbHO ¢ BXOAHBIME JTaHHBIMH,
yCTaHaBJIWBas MapaMeTp MaxDegreeOfParallelism. [lo ymonmuanuio aTtomy
HapameTpy TOsKe IPUCBAanBAeTCs 3HaYeHMe 1, T09TOMY KasKiblit OJI0K TTOTOKa
JaHHBIX 06pabaThIBAET TOJIBKO OMH (hparMeHT JlaHHbIX 32 Pas.

BoundedCapacity MOKHO IIPUCBOUTH DataflowBlockOptions.Unbounded 1n
nmoboe sHavenue, Goubiiee 0. Creaylonuii mpruMep Mo3BOJISAET JTI0OOMY KO-
JIMYECTBY 3a/lad YMHOKATh JJaHHbIE OJ{THOBPEMEHHO:

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);

MoAcHeHue

[TapameTp MaxDegreeOfParallelism yIIpOIIaeT OPraHU3AIUIO TTAPAIIICTbHON
o6paboTku B 6710Ke. ClrojKHEe OTIPeeIUTh, KaKUM GJI0KaM 9TO OTPeGyeTcsl.
OiH 113 ctoco6OB 3aKTI0YAETCST B TOM, 4TOOBI TPUOCTAHOBHUTD BBITIOTHEHUE
[IOTOKA JIAHHBIX B OTJIQYKKE U TIPOAHATU3MPOBATH KOJMYECTBO SJIEMEHTOB JIaH-
HBIX B 04epe/u (T. €. BIeMEHTOB, KOTOPBIE elile He Ol 00paboTaHbl GIIOKOM).
HeoxunpaHHO BBICOKOE KOJIMYECTBO 9JIEMEHTOB IAHHBIX MOYKET YKa3bIBaTh Ha
TO, 4TO PEOPraHU3alMs WK Tapajieu3alts MOIJIU Obl IPUHECTH OJIb3Y.

MaxDegreeOfParallelism Takyke paboTaeT U B TOM CJIydae, e O6JI0K MOTOKa
JIAHHBIX BBITTOJTHSIET aCHHXPOHHYIO 00paboTKy. B aTOM ciryuae mapameTp
MaxDegreeOfParallelism 3a/laeT yposenv napaiieiusma — onpeaeaeHHoe
KOJIMYECTBO ¢10mos. Kaxk Il 9/IeMEeHT aHHBIX 3aHUMAET CJIOT, Korjaa OJI0K
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IPUCTYTIAET K €r0 00paboTKe, U MOKUIAET ITOT CJIOT TOIBKO IPH MOJTHOM 3a-
BepIEHU aCHHXPOHHO 06pabOTKH.

NlononuutenbHas HpopmaLms

B perterire 5.1 paccmarpuBaeTcst cBsi3biBaHMEe OJIOKOB.

5.6. Co3gaHue co6cTBEHHBIX 6/10KOB

3apgaua

VmeeTcst HEKOTOpast JIOTHKA, KOTOPYIO TPEOYETCST PA3MECTUTD B HECTAHAPTHOM
6JI0Ke TTOTOKA IAHHBIX. DTO TI03BOJIAT CO3/IaBaTh GOJIbIIIE OJIOKH, COIepIKaIIne
CJIOKHYTO JIOTHKY.

PewwleHue

MOKHO BBIZEIUTD JIOOYIO 4aCTh CETH IMOTOKA JAHHBIX, COAEPIKAIILYIO OJNH
BXOJHOI U OZIWH BBIXOHOI OJIOK, C TOMOIIILIO METOZA Encapsulate. Encapsulate
dhopmupyer 6J0K 10 IBYM KOHEYHBIM TOYKaM. PacrpocTpaHenue JaHHbIX
U 3aBeplieHrue MEKIY 9TUMU KOHEUHBIMU TOYKAMU OCTAIOTC Ha Balllei OT-
BeTcTBeHHOCTH. CJle/lyoInil KO/ CO3/1aeT 13 JBYX OJIOKOB HeCTaHAapPTHBIN
6JIOK IIOTOKA JAHHBIX C PACIIPOCTPAHEHUEM JAHHBIX U 3aBEPIICHUSL:

IPropagatorBlock<int, int> CreateMyCustomBlock()

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

return DataflowBlock.Encapsulate(multiplyBlock, divideBlock);
}
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MoAcHeHue

WHKarcymmpyst ceTh B HeCTaHIAPTHBINA OJIOK, TIOLyMaiiTe O TOM, KaKiie mapa-
METPBI BBl XOTUTE TMPETOCTAaBUTH TOJIb30BaTesIM. [lomymaiiTe, Kak KaskabIi
mapametp 6JI0Ka 0JKeH (MJIH He J0JIKEH ) epe/laBaThes Ballieil BHY TpeHHel
CeTH; BO MHOTHX CJIyYasiXx HEKOTOPbIe TTapaMeTpbl OJI0KOB HETTPUMEHMMbI
WJIM He UMeROT cMbicsia. [1o 3Toil mpuyrHe HecTaHIapTHBIE OJIOKU OOBIYHO
OIPEIETISIIOT COOCTBEHHBIE HECTaHAAPTHBIE TTAPAMETPBI BMECTO TOTO, YTOOBI
noJry4yaTh ImapameTp DataflowBlockOptions.

DataflowBlock.Encapsulate MHKAICYJIUPYET TOJBKO CETh C OJHUM BXO[HBIM
1 OJJHUM BbIXO/IHbBIM 6]IOK3.MI/I. Ecin Y BaC UMeEETCA CETb C HECKOJIbKUMU
BXOZHBIMHU U/WJIY BEIXOJHBIMU OJI0OKaMU, IIpeJHA3HAYCHHAS 1J1sI IIOBTOPHOIO
HCIOJIb30OBaHUA, BaM CJIEAYET MHKAIICYJIMPOBATh €€ B CIIeIINaJTbHOM 06'1)‘
€KTe U MPeJOCTAaBUTD JIOCTYII K BXOJIaM U BBIXOJIaM KaK K CBOMCTBAM THUIIA
ITargetBlock<T> (/171 BXOZOB) U IReceivableSourceBlock<T> (IS BBIXOOB).

Bce atu npumeps! ucnomb3yioT Encapsulate 719 CO37aHUS HECTAHAAPTHOTO
6J10ka. Takke BO3MOKHO peaim30BaTh MHTEPGEICH MOTOKA JaHHBIX CaMO-
CTOSITEJILHO, HO 9TO HaMHOTO cyoskHee. Komnanust Microsoft ony6imkosaiia
cratpio (https://devblogs.microsoft.com/pfxteam/paper-guide-to-implementing-
custom-tpl-dataflow-blocks/) ¢ onmrcanmemM HeTPUBUATBHBIX TTPUEMOB CO3/IaHU
HECTaH/IAPTHBIX OJOKOB MTOTOKA JIAHHBIX.

[lononHutenbHasa uHpopmauus

B penerite 5.1 paccmaTpuBaeTcst cBsi3bIBaHue OJIOKOB.

B perterire 5.2 paccMaTprBaeTcst pactipocTpaHeHHe OMIMOOK TI0 CBSI3SIM MEKILY
KaHaJlaMU.



FNABA 6

OcroBbl System.Reactive

LINQ — Habop sA3BIKOBBIX CPEJACTB, KOTOPbIE MOTYT HCIIOJIb30BaThCS pa3-
paboTyrKaMu JIJIsT BBIAAYK 3aIPOCOB K MOCIEA0BaTeIbHOCTAM. /IBa caMbIx
nonyJisipabIx iposaiizepa LINQ — LINQ to Objects (Ha 6a3e IEnumerable<T>)
u LINQ to Entities (1#a 6ase IQueryable<T>). EcTh MHOKECTBO IPYTHX MPO-
Baii/IepOB, UMEIOLIMX CXOAHYIO OOIILYIO CTPYKTYPY. 3arpockl 00padaThiBalOTCs
B orioskerHoM pexnme (lazily), a mocietoBatesbHOCTH TeHEPUPYIOT 3HAYE-
HUS 110 Mepe HeoOxoanmocTu. Ha KOHIenTyaIbHOM YPOBHE UCTIOJIb3YETCs
MOJIEJIb C BbimsAzUsanuem; Ipu 06paboTKe 31eMEHTbI-3HAYEHIS N3BJICKAIOTCS
13 OYepein 10 OJTHOMY.

System.Reactive (Rx) unrepnperupyer coObITHS KaK IIOCAE0BATETbHOCTH
JAHHBIX, TIOCTYTAIONINUX ¢ TeyeHrneM BpeMeHn. COOTBETCTBEHHO RX MOKHO
paccmarpuBaTh Kak LINQ to Events (Ha 6a3e I0bservable<T>). [l1aBHOe
pasynurie Mexay HabJogaeMbiMi OObEKTaMU U IPYTUMU MTpoOBaiiiepaMu
LINQ saksogaercs B TOM, 4T0 RX ricTiosb3yeT Mo/iesth mpoTaIKuBaHus, T. €.
3aIpoC OTPEJIEIISIET, KaK MPOrpaMMa pearupyeT mpu MOCTYICHIH COOBITHIA.
Rx crpoutes na 6aze LINQ u no6aBiisier HOBbIe MOIIIHbBIE OTIEPATOPHI KaK
METOJIbl PACIIUPEHUS.

B aroii rmase paccmarpusaiores 6oee Tunuanble onepanuu Rx. Ilomuure,
gyT1o Bce onepatopsl LINQ Toke AOCTYTHBI, TaK YTO MPOCTHIE OTIEPAIIAN —
dunprpanusa (Where), mpoekiusd (Select) U T. 1. — Ha KOHIIETTyaJbHOM
ypOBHE paboTalOT TaK e, Kak U ¢ JI00bIM ApyruM nposaiigepom LINQ. Dtu
pacrnipoctpanennbie orneparuu LINQ 37ech He paccMaTpUBaiOTCs; MBI CO-
CPEeIOTOYMMCSI Ha HOBBIX BO3MOKHOCTSIX, KOTOpble Rx mobGasisier k LINQ,
0COOEHHO MpeHA3HAYEHHDBIM JIs1 PAOOTBI CO 8PeMEHEM.

Yro65I Hcmoab3oBaTh System.Reactive, ycranosute NuGet-maker s System.
Reactive B cBoeM TTpUJIOKEHUN.
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6.1. llpeo6bpa3zoBanue codbiTuin .NET

3apava

Nmeetcst coObITHE, KOTOPOE JOJKHO HHTEPIIPETHPOBATHCS KaK BXOJAHOMN
moTok System.Reactive, renepupytomuii fanabie Yepe3 OnNext MPU KaKIOM
WHUIWPOBAHUN CO6I>ITI/I5{.

PeweHne

Kiacc observable ompezesier HeCKOJIbKO IIpeobpasoBareieil coobrTuii. Bosb-
mUHCTBO coObITuil (hpeiimBopka NET coBmecTrMO ¢ FromEventPattern, HO,
€eCJIM Bl COObITUS He COOTBETCTBYIOT 001l CXeMe, UCIOJIb3yiiTe FromEvent.

FromEventPattern Jiydiiie BCero paboTaeT ¢ THUIIOM jiejierata CoObITHsT Event -
Handler<T>. DTOT THII JiejieraTa COOBITHS UCIOJIb3YETCsSI BO MHOTHX OoJIee
HOBBIX (hpeitMBopKax. Hampumep, Tui Progress<T> ompeesieT coObITHe
ProgressChanged ¢ TUIIOM EventHandler<T>, 9TO II03BOJISET JIETKO YIIAKOBATh
€ro B FromEventPattern:

var progress = new Progress<int>();
IObservable<EventPattern<int>> progressReports =
Observable.FromEventPattern<int>(
handler => progress.ProgressChanged += handler,
handler => progress.ProgressChanged -= handler);
progressReports.Subscribe(data => Trace.WritelLine("OnNext:
" + data.EventArgs));

OTtMmeuy, 9TO data.EventArgs CUJIBHO TUITM30BAH C TUTIOM int. ApryMeHT-
THT FromEventPattern (int B MpUBeIeHHOM IIPUMePE) COBIAIAET C TUTIOM T
B EventHandler<T>. /IBa JIHM6,ZIa-apI‘yMeHTa FromEventPattern IIO3BOJISAIOT
System.Reactive moanuceiBaThCst U OTMEHSITD TTOITMCKY Ha COOBITHE.

Bomnee HOBBIE (DpeliMBOPKY TTOTB30BATENHCKOTO NHTEP(hETICA NCTIOTB3YIOT
EventHandler<T>, 4YTO IO3BOJIAET JIETKO UCITIOJIb30BAaTh X U3 FromEventPattern,
HO OoJiee cTapble TUIIBI YacTO OIPEesSIOT YHUKAJIbHBIN TUII JlejieraTa /s
KaK/10TO coObiTus. OHU TaKKe MOTYT UCIIOJIb30BaTbLCA C FromEventPattern, HO
9TO MoTpedyeT HECKOIBbKO OoJibiieil paboThl. Harrpumep, TuI System. Timers.
Timer ompenenseT coObITHE Elapsed, OTHOCAIIEeCS K TUILY ElapsedEventHandler.
[Tomo6HbIE cTapbie COOBITHSI MOKHO ylakoBaThb B FromEventPattern:
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var timer = new System.Timers.Timer(interval: 1000) { Enabled = true };
IObservable<EventPattern<ElapsedEventArgs>> ticks =
Observable.FromEventPattern<ElapsedEventHandler, ElapsedEventArgs>(
handler => (s, a) => handler(s, a),
handler => timer.Elapsed += handler,
handler => timer.Elapsed -= handler);
ticks.Subscribe(data => Trace.WriteLine("OnNext:
" + data.EventArgs.SignalTime));

OO6parute BHUMaHUE: B 3TOM TIpUMepe data.EventArgs TakKe UMEeT CHJIb-
HYIO TUTTU3ANUi0. APTyMEHTBI-TUIIBI FromEventPattern Temepb copepsKkaT
YHUKAQIbHBINA TUT 06paboTYMKa ¥ TIPOU3BOIHBIN THI EventArgs. [lepBbrii
Hﬂmd6ﬂa—aprywﬁﬂrrFromEventPattern COJIEPKUT Hpeo6paSOBaTeHb Event-
Handler<ElapsedEventArgs> B ElapsedEventHandler;Hpeo6paSOBaTeﬂb HE
JleJIaeT HUYero, KpoMe TIPOCTOit Tiepeadrt COOBITHSI.

CuHHTaKCHC OTIPe/IeJIEHHO CTaHOBUTCS HeyoOHbIM. Hike npuBeieH Apyroi
BapUaHT, UCIOJb3Yomuil ompaxcenue (reflection):

var timer = new System.Timers.Timer(interval: 1000) { Enabled = true };
IObservable<EventPattern<object>> ticks =
Observable.FromEventPattern(timer, nameof(Timer.Elapsed));
ticks.Subscribe(data => Trace.WriteLine("OnNext: "
+ ((ElapsedEventArgs)data.EventArgs).SignalTime));

[Ipu Takom moaxoze BBI3OB FromEventPattern BBITVISAUT HAMHOTO TTPOIIIE.
[Tpu 9TOM y HETO €CTh OJMH HEJOCTATOK: MOTPEOUTEb He TI0JTydaeT JaHHbIe
¢ cuJIbHOM Tunu3arueil. Tak Kak data.EventArgs OTHOCUTCS K TUITY object,
BaM IPUETCs IpeoOpa3oBaTh ero B ElapsedEventArgs CaMOCTOSTEIBHO.

MosacHeHne

Co0ObITHsSI — PacHpOCTPaHEHHBI UCTOYHUK JAaHHBIX /IS TOTOKOB System.
Reactive. B atom perente paccMaTpuBaeTrcst yiakoBKa JIOObIX COOBITHIA,
COOTBETCTBYIOIINX CTAaHAAPTHON cxeMe cOObITHS (B TIEPBOM apryMeHTe CO-
JIEPIKUTCST OTIIPABUTEN b, BO BTOPOM — THII apIyMEHTOB coObiThst). Jlaxke
€CJIY BBI UCII0JIb3yeTe HeOObIUHBIE TUIIBI COOBITHI, BbI MOKETE UCIIOJIB30BAThH
neperpyskeHHble BepCU MeTo/ia Observable. FromEvent, 4TOOBI yIakoBaTbhb UX
B HaOJII01aeMbIil OO BEKT.

Korma coObITHsT yIAaKOBBIBAIOTCS B HaO/I0aeMblii 00bEeKT, OnNext BHI3bI-
BaeTcs MPU KaxkJ0M WHUIIMUPOBaHUU coObiTHs. Koraa Bl mMeere €10
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c AsyncCompletedEventArgs, 9TO MOXKET IIPUBECTU K HEOKUTAHHOMY ITOBEJE-
HUIO, TIOTOMY YTO JII00O0€ HCKII0YEeHHUE TTepelaeTcs Kak JaHHbie (OnNext), a He
Kak omubka (OnError). Hampumep, paccMOTPUM CJIEAYIONLYI0 00EPTKY st
WebClient.DownloadStringCompleted:

var client = new WebClient();
IObservable<EventPattern<object>> downloadedStrings =

Observable.

FromEventPattern(client, nameof(WebClient.DownloadStringCompleted));
downloadedStrings.Subscribe(

data =>
{
var eventArgs = (DownloadStringCompletedEventArgs)data.EventArgs;
if (eventArgs.Error != null)
Trace.WriteLine("OnNext: (Error) " + eventArgs.Error);
else

Trace.WriteLine("OnNext: + eventArgs.Result);

¥

ex => Trace.WriteLine("OnError: + ex.ToString()),

() => Trace.WriteLine("OnCompleted"));
client.DownloadStringAsync(new Uri("http://invalid.example.com/"));

"

Korma WebClient.DownloadStringAsync 3aBepIaeTcs C OINOKOM, MHUIN-
upyercsa COOBITHE C UCKIIOYEHUEM B AsyncCompletedEventArgs.Error. K co-
JKasenuio, System.Reactive BocmpuHIMaeT ero Kak coOBITHE JAHHBIX, TAK YTO
IIPU BBIMTOJIHEHUN ITPUBELEHHOTO KOl 6y/1eT BBIBEJIEHO COOOmEeHNe OnNext :
(Error) BMECTO OnError:.

HexoTopble OAIUCKY ¥ OTMEHBI TIOAIMCKN HAa COOBITHUS JOJKHBI BBIITOJI-
HSATHCS M3 OIPeeJIeHHOro KOHTeKcTa. Hanpumep, MoAnmncKa Ha cOObITUS
mHorux Ul-a1emenToB fosmkHa BeimoHAThes u3 Ul-nioroka. System.Reactive
MPEIOCTABJISIET ONIEPATOP JIJIsI YIIPABJIE€HN KOHTEKCTOM CO3/IaHUsT U OTMEHBI
HOJITUCKY: SubscribeOn. B GosbinHCTBE cirydaeB Oe3 oriepatopa SubscribeOn
MOKHO 0OOHTHCD, TOTOMY 4TO OOBIYHO TIOANNCKHU, oTHOCsmuecst K Ul, co-
snatoresa u3 Ul-toToka.

SubscribeOn ympaBJsieT KOHTEKCTOM KO/, B KOTOPOM JT0GABJISIOTCS
n ynasstiorest obpaboruriky cobbrtrii. He myTaiite ¢ oniepatopom ObserveOn,
YIPaBJISIONIAM KOHTEKCTOM /ISl YBEAOMIIEHUHI HabIi01aeMoro 0ObeKTa
(nmeseraToB, repeiaBaeMbIX Subscribe).
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LlononHutenbHas HpopmaLms

B penerite 6.2 paccmarpuBaeTcs u3MeHeHE KOHTEKCTA, B KOTOPOM MHUTINH-
PYyIOTCST COOBITHSI.

B perntenire 6.4 paccMaTpuBaeTcst peryinpoBKa COOBITHI IS IPEIOTBPAIIEH ST
neperpysKu.

6.2. 0TnpaBKa yBeJOMIEHUI KOHTEKCTY

3apaua

System.Reactive cTapaercs meficTBOBATh 1T0 BO3MOXHOCTH MOTOKOBO-HET-
TpasibHO. TakuM 06pa3om, yBeaoMIeHust (Harnpumep, OnNext) Oy/IyT Bbiaa-
BaThCs B TOM TI0TOKE, KOTOPbII OKaskeTCst TeKynnM. Bee yBesomienms OnNext
MPOUCXO/IAT MOCJEI0BATENHHO, HO HEOS3aTEIbHO B OJTHOM MOTOKE.

YacTo ObIBaeT HY;KHO, YTOOBI HTH YBEJAOMJIEHUST BbIIABAJINCH B KOHKPETHBII
kouTekcT. Hampumep, Bce manumnyasamnuu ¢ Ul-amemMenTamMu DOJKHBI OCY-
niectBaAThC B Ul-T10TOKE, KOTOPOMY ITPUHA//IEKAT 3TU BJIEMEHTBI, TO3TOMY
€eCJI BbI OOHOBJISIETE TI0JIb30BATENBCKII HHTEP(DEIC B OTBET HA YBEIOMIIEHHE,
MIOCTYTIMBIIEE B TOTOK U3 ITyJia TIOTOKOB, He0OX0MO TrepeiiTit K Ul-moToky.

PeweHune

System.Reactive nmpenocrasiisier onepatop ObserveOn Jis TIepeMenTeHus
YBeIOMJIEHUH K JIPYTOMY TIJITAaHUPOBIIUKY.

B caemytomem npumepe omepaTtop Interval UCIOJb3YETCS AJS CO3MAHUS
yBeloMJIeHU I OnNext OJIMH pa3 B CEKYH/LY:

private void Button_Click(object sender, RoutedEventArgs e)
{
Trace.WritelLine($"UI thread is {Environment.CurrentManagedThreadId}");
Observable.Interval(TimeSpan.FromSeconds(1))
.Subscribe(x => Trace.WritelLine(
$"Interval {x} on thread {Environment.CurrentManagedThreadId}"));
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Ha moeit mammme BbIBO/[ BBITVIAAUT IPUMEPHO TaK:

UI thread is 9

Interval @ on thread 10
Interval 1 on thread 10
Interval 2 on thread 11
Interval 3 on thread 11
Interval 4 on thread 10
Interval 5 on thread 11
Interval 6 on thread 11

Tak kak Interval paboTaer 110 TaiiMepy (6€3 IPUBI3KU K KOHKPETHOMY I10-
TOKY), yBeZOMJIeH! Oy YT BbIJaBaThCS B IOTOKE U3 I1yJia IOTOKOB, a He B UT-
noroke. Eciin Bam norpebyercst 06HoBUTH UI-371eMEHT, BbI MOKETE HAIIPABUTD
9TU YBEJIOMJIEHUS Yepe3 ObserveOn U TepeaTh KOHTEKCT CUHXPOHU3AIUH,
npencrasistonuii Ul-motok:

private void Button_Click(object sender, RoutedEventArgs e)
{
SynchronizationContext uiContext = SynchronizationContext.Current;
Trace.WriteLine($"UI thread is {Environment.CurrentManagedThreadId}");
Observable.Interval(TimeSpan.FromSeconds(1))
.ObserveOn(uiContext)
.Subscribe(x => Trace.WritelLine(
$"Interval {x} on thread {Environment.CurrentManagedThreadId}"));

}

Tax:ke ObserveOn yacTo ucnombdyercs A7 Bbeixoga u3 Ul-moToka B ciayuae
HeOOXoAMMOCTH. J[OTyCTHM, HYKHO BBITIOJTHSITH HEKOTOPbIE BHIYNCIICHUS,
CO3JIal01I1e BBICOKYIO HArPY3Ky Ha IIPOIECCOP, IIPU KAXKIOM [epeMeeHun
MbId. 110 yMoganuio Bce COOBITUS TIepeMEIeH s MBI WHUIHUPYIOTCS
B UI-moToKe, 11 ¢ TOMOTITBIO ObserveOn BbI MOXKETE IIEPEMECTUTD 3TU YBEIOMIIe-
HIS B TOTOK U3 ITyJIa TIOTOKOB, BBITTOJTHUTH BEIYUCIEHNS, 4 3aT€M ITEPEMECTUTD
yBeJIOMJIeHHs 0 pesybraTax ooparo B Ul-moTok:

SynchronizationContext uiContext = SynchronizationContext.Current;
Trace.WriteLine($"UI thread is {Environment.CurrentManagedThreadId}");
Observable.FromEventPattern<MouseEventHandler, MouseEventArgs>(
handler => (s, a) => handler(s, a),
handler => MouseMove += handler,
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handler => MouseMove -= handler)
.Select(evt => evt.EventArgs.GetPosition(this))
.ObserveOn(Scheduler.Default)
.Select(position =>

{

// CnoxHble Bbl4MCIEHUA

Thread.Sleep(100);

var result = position.X + position.Y;

var thread = Environment.CurrentManagedThreadId;
Trace.WriteLine($"Calculated result {result} on thread {thread}");
return result;

})
.ObserveOn(uiContext)
.Subscribe(x => Trace.WritelLine(
$"Result {x} on thread {Environment.CurrentManagedThreadId}"));

BpImosIHIB 3TOT IPUMeED, BBl YBU/IUTE, UTO BEIYMCJICHIS BBITIOTHSIOTCS B TOTOKE
U3 ITyJIa IOTOKOB, a pe3yJisTaThl BbiBojiATCs B UI-TI0TOKE. BBI TaKKe 3amMeTHTe,
YTO BbIYUCJIECHUA 1 PE3YJIBTATBI OTCTAIOT OT BBO/[d; OHU ITIOMENIAIOTCS B OUEPE/LDb,
MIOTOMY YTO MECTOIOJIOKEHIE MBITITH OOHOBJISIETCST Yalile, 4eM Kaskznie 100 Mc.
B System.Reactive mpeaycMoTpeHO HECKOIBKO BO3MOKHBIX PEIIEHNH 3a1au;
O/THO 13 HUX — PETryJIMPOBKA BBOJIA — PACCMATPUBAETCA B perienTe 6.4.

MoAcHeHue

B neiictBuTesnbHOCTU ObserveOn mepeMeliaeT YBeAOMICHUS NIAHUPOGUUKY
System.Reactive. B aTom pettente paccMaTpUBaOTCS TIAHTPOBIITUK IO YMOJI-
yaHuio (IS IIyJ1a MOTOKOB) M ofuH crocob cospanus Ul-ImanupoBiimka.
Orneparop ObserveOn yaiile BCEro UCIOJIb3yeTcst st epemenierust B Ul-
MOTOK W M3 HETO, HO TIAHUPOBIINKU TAKyKe MOTYT TIPUTOUTHCS BO MHOTHX
NIpyrux ciieHapusx. bosiee cIoHbBIN clleHAPWH, B KOTOPOM TIJIAHUPOBITUKH
MOTYT IIPUHECTH T0JIb3Y, CBSI3aH C UMUTAIIUEN TIPOXOK/IEHUS BPEMEHU TIpU
MOJIYJIBHOM TeCTUPOBAHWNH (paccMaTpuBaeTcs B perente 7.6).

OuiepaTop ObserveOn yipaBJsieT KOHTEKCTOM JiJist HAGJI0aeMbIX YBEIOM-
sernii. He myTaiite ero ¢ orepatopom SubscribeOn, KOTOPBIH yIIPaBIISET
KOHTEKCTOM JIJIsI KOJIa, 100aBJISIONIEro U yAAIAIonero o6paboryuku
COOBITUIL.
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NlononHutenbHas HpopmaLms

B pernente 6.1 paccMarpuBaercst co3gaHue mocjieaoBaTeabHocTeil Ha 6ase
CcOOBITUI 1 UCITOJIb30BAaHMUE Subscribeon.

B perternre 6.4 paccmarpuBaeTcst peryJmpoBKa MOTOKOB COOBITHIA.

B perterire 7.6 paccmaTpuBaeTcs CrieUATbHBIH TJIAHTPOBIIUK, MCTIOIb3YEMbIHT
TP TeCTUPOBaHNU Kozia System.Reactive.

6.3. [pynnupoBKa faHHbIX COOBITHIA
cucnonb3oBanuem Window u Buffer

3apava

VmeeTcst oc/ie[oBaTelbHOCTh COOBITHH, TPEOYETCsI TPYIIITMPOBATH BXOSIIIE
COOBITHS IO Mepe UX MOCTYIIeHus. /[pyroii IpuMep: BbI XOTUTE PearnpoBaTh
Ha TTapbl COOBITHI MJIN HA BECH BBOJL B ITPEJIEIaxX IBYXCEKYHHOTO OKHA.

PewieHue

System.Reactive mpegocTaBiseT mapy onepaTopoB /i TPYIITUPOBKU BXO/I-
HBIX MOCJIELOBATEIBLHOCTEHN: Buffer 1 Window. Buffer coxpaHseT BXO/JHble
COOBITHS 10 3aBEPIIEHUsT TPYIIIIBI, TOCJE YEro TepelaeT uX BCe cpasy Kak
KOJIJIEKITMIO COOBITHIA. Window JIOTHYECKH TPYIITMPYET BXOAHbBIE COOBITHS, HO
mepezaeT UX Mo Mepe MOCTyTIeHus. Bo3BpaiiiaeMbiM TUTIOM Buffer ABIsgeTCS
IObservable<IList<T>> (IIOTOK COOBITHIT KOJIJIEKIIHIT), 2 BO3BPAIAEMBIM THITOM
Window — IObservable<IObservable<T>> (ITOTOK COOBITHI TIOTOKOB COOBITHIN).

B cnenyromniem nmpumepe onepatop Interval UCMOJIB3YETCH I CO3AHNS €Ke-
CEKYH/IHBIX YBEeIOMJIEHUI OnNext, 1ocJie 4yero Oyepusyer ux 1o JaBa:

Observable.Interval(TimeSpan.FromSeconds(1))
.Buffer(2)
.Subscribe(x => Trace.WritelLine(
$"{DateTime.Now.Second}: Got {x[@]} and {x[1]}"));
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Ha moeit Mammue aTOT KOJL TeHepUPYeT IMapHblil BBIBOJ KaXK/ble /[Be ce-
KYH/IbL:

13: Got @ and
15: Got 2 and
17: Got 4 and
19: Got 6 and
21: Got 8 and

O N VW

B caemyioniem nmpumepe Window UCIIONb3YeTCs ISl CO3AAHMUS TPYII U3 ABYX
COOBITHIA:

Observable.Interval(TimeSpan.FromSeconds(1))
.Window(2)
.Subscribe(group =>
{
Trace.WritelLine($"{DateTime.Now.Second}: Starting new group");
group.Subscribe(
x => Trace.WriteLine($"{DateTime.Now.Second}: Saw {x}"),
() => Trace.WritelLine($"{DateTime.Now.Second}: Ending group"));

1)
Ha Moem koMIibroTepe aTOT IpUMeEp ¢ Window BbIZIAET CJEIYIONINN Pe3yIbTaT:

17: Starting new group
18: Saw @

19: Saw 1

19: Ending group

19: Starting new group
20: Saw 2

21: Saw 3

21: Ending group

21: Starting new group
22: Saw 4

23: Saw 5

23: Ending group

23: Starting new group

ITU MPUMEPHI TOKA3BIBAIOT PA3INYNS MEK/TY Buffer 1 Window. Buffer ojknmaeT
BCceX COOBITHUII B CBOEI TPYIIITe, a 3aTeM MyOJINKYeT O/IHY KOJIJIEKIINIO. Window
TPYIIHUPYET COOBITHS aHAJOTUIHBIM 00Pa30M, HO TIyOJIUKYET COOBITHS O
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Mepe TIOCTYILIEHUsT; Window HeMeIJIEHHO MyOInKyeT HabIoaeMbIil 0OBEKT,
KOTOPBIiT TTyOJIUKY€ET COOBITHS IS STOTO OKHA.

Kak Buffer, Tak U Window paboTafoT ¢ BpeMEHHBIMU UHTEpBajaMu. B cire-
AYIOIIeM pUMepe Bce COOBITUST TIePEMENTEH ST MBITIN COOMPAIOTCST B OKHAX
MPOIOIKUTETBHOCTHIO B 1 CeKyHIY:

private void Button_Click(object sender, RoutedEventArgs e)

{

Observable.FromEventPattern<MouseEventHandler, MouseEventArgs>(
handler => (s, a) => handler(s, a),
handler => MouseMove += handler,
handler => MouseMove -= handler)
.Buffer(TimeSpan.FromSeconds (1))
.Subscribe(x => Trace.WritelLine(
$"{DateTime.Now.Second}: Saw {x.Count} items."));

}

B saBucumocTtu ot TOTO, Kak epeMeniaeTcsa MbIITh, Ha 9KpaHe IT0JKEeH T0-
SIBUTBCS BBIBOJI CJIEAYIONIETO BUIA:

49: Saw 93 items.
50: Saw 98 items.
51: Saw 39 items.
52: Saw O items.
53: Saw 4 items.
54: Saw O items.
55: Saw 58 items.

MoscHeHne

Buffer 1 Window BXOZISIT B UMCJIO UHCTPYMEHTOB JIJIS TIOATOTOBKY BBOJIA U TIPU-
JIaHWs eMY HY>KHOU (hopMblL. I pyToii 1osie3Hblil IpreM — PeryJnpoBKa — pac-
cMaTpuBaetcs B periente 6.4.

Y Buffer u Window CyHIECTBYIOT ApyTHe IeperpysKeHHble BepCUM, KOTOPbIe
MOTYT UCTIOJIb30BATHCST B OOJIEE CIOKHBIX ClieHapusiX. [leperpysKeHHble Bepcun
c IITapaMeTpaMu skip 1 timeShift IO3BOJIAIOT CO3/1aBaTh I'PYIIIILI, IIEPEKPHIBAIO-
muecs ¢ IpyTUMU IPyHIIaMy, UJIN IPOIYCKATh 9JIEMEHTBI MEKAY I'PYIIIaMU.
Takske ecTb meperpyskeHHbIe BEPCHUH, TIOMYYAIOTINE IeJIeTaTOB, YTO TTO3BOJIIET
JTUHAMWYECKU OTIPEIeJIATh TPAHUIIBI TPYIIIL.
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LlononHutenbHas HpopmaLms

B perernrre 6.1 paccmaTpuBaeTcs co3ganue MoCIeA0BaTeIbHOCTEN U3 COOBITUIL.

B perternire 6.4 paccmatpuBaeTcst peryJinpoBKa MOTOKOB COOBITHIA.

6.4. KoHTponb NOTOKOB COOBLITUI NOCPEACTBOM
perynupoBKu 1 BbI6OPKH

3apava

Tunnunas npo6ieMa py HallMCaHUK PEAKTUBHOTO KOZIa — CIIUIIKOM ObICTPOE
nocryiierre coObITrii. CAUMKOM ObICTPbII TTOTOK COOBITHIT MOKET MPEBbI-
CHUTb BO3BMOKHOCTH Ballleil TPOTPaMMBL.

Pewenne

System.Reactive nmpemocraBiisiet onepaTopsl, IpeiHa3HaAYE€HHbIE CIIETTUATBHO
JUUIST TIPEIOTBPAIIEH ST «3aTOIIEHUS» TaHHBIMU cOObITHIL. Otreparopbl Throttle
1 Sample TIPEIOCTABJISIIOT IBa Pa3HbIX CIIOCOOA KOHTPOJISI HaJl OBICTPO TTOCTY-
HAOMUMU COOBITUSIMU BBOJIA.

Orneparop Throttle ycTaHaBJNMBAET CKOJIb3sIIIEEe OKHO TaliM-ayTa. IIpu mo-
CTYILIEHUH BXOJTHOTO COOBITHSI OKHO TaliM-ayTa cOpacbiBaercst. [1o ncreyenvu
OKHA TaliM-ayTa MmyOJIHKYeTCsT 3HAYeH e TIOCIETHETO COOBITHSI, TIOCTYTUBIIIETO
B I'PaHMIIAX OKHA.

Cueayromuii mpuMep OTCIEKUBAET ABUKEHIS MBI U UCIIOJIb3YeT Throttle,
4T00BI COOOMIEHNST 06 OOHOBJIEHUSIX BBIJIABAJIMCH TOJBKO B TOM CJIy4ae, eciiu
MBIIIb OCTaBAJIACh HEMOABUKHON B TEUEHIE CEKYH/IbL:

private void Button_Click(object sender, RoutedEventArgs e)
{
Observable.FromEventPattern<MouseEventHandler, MouseEventArgs>(
handler => (s, a) => handler(s, a),
handler => MouseMove += handler,
handler => MouseMove -= handler)
.Select(x => x.EventArgs.GetPosition(this))
.Throttle(TimeSpan.FromSeconds(1))
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.Subscribe(x => Trace.WritelLine(
$"{DateTime.Now.Second}: Saw {x.X + x.Y}"));

}

BBIBOII CEPbE3HO U3BMEHAETCA B 3aBUCUMOCTHU OT HepeMemeHHﬁ MbIIIH, HO
OIH M3 PE3YJIbTATOB 3allyCKa Ha MOEM KOMIIbIOTEPE BBITJIAAE TaK:

47: Saw 139
49: Saw 137
51: Saw 424
56: Saw 226

HaHpI/IMep, Throttle 4acTO UCIOJIb3YETCS IIPU aBTO3AIIOJIHEHUH: I10JIb30BaTE b
BBOAUT TEKCT B TEKCTOBOM IIOJI€, 1 ITOMCK AOJIKEH Ha4YaTbCA TOJIBKO IIOCJIE
TOT'0, KaK ITOJIb30BATEJ/Ib 3aBEPIIUT BBOI.

Sample UCIIOJIB3YET APYTOIL MOAXO K KOHTPOJIIO GBICTPBIX MOCIEA0BATEIBHO-
cTeil. Sample yCTaHABJIMBAET PETYJISPHBINA TAlM-ayT U MyOIUKYeT Moc/eHee
3HAUEHUE B 9TOM OKHE MPU KaXkKIOM MCTeYeHnH TaitM-ayTta. Eciu B mepuos
BBIOOPKU He OBLIO TIOJYYEHO HU O[HOTO 3HAYEHIsI, TO 32 HTOT TIEPUOJ] PE3Y.JIb-
TaThl HE MyOJIUKYIOTCS.

Cremytomuii mpumMep OTCAeKMBAET TePEeMEIIeHNS MBIITH U OCYTIECTBIISAET UX
BBIGOPKY € CEKYHAHBIME WHTEpBalaMi. B oTiimume ot mpumMepa ¢ Throttle,
B IIpUMepe € Sample /A IPOCMOTPA JAHHbBIX HE HY/KHO JIePKATh MbIIIb He-
MO/IBUKHON B TeUeHNe CEKYH/IbI:

private void Button_Click(object sender, RoutedEventArgs e)
{
Observable.FromEventPattern<MouseEventHandler, MouseEventArgs>(
handler => (s, a) => handler(s, a),
handler => MouseMove += handler,
handler => MouseMove -= handler)
.Select(x => x.EventArgs.GetPosition(this))
.Sample(TimeSpan.FromSeconds(1))
.Subscribe(x => Trace.WritelLine(
$"{DateTime.Now.Second}: Saw {x.X + x.Y}"));

}

Bor kax BbITJIALE pe3yJibTaT Ha Moel MalliInHE, KorI'/la g4 CHadaJla OCTaBUJI
MBbIITb HeHOlIBH)KHOﬁ Ha HECKOJIbKO CEKYH/, a 3aTE€M HEIIPEPBIBHO /IBUTAJI €€:

12: Saw 311
17: Saw 254
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18: Saw 269

19: Saw 342
20: Saw 224
21: Saw 277
MosAcHeHne

Peryamposka 1 BBIOOpPKa — OCHOBHbBIE MHCTPYMEHTBI KOHTPOJISE 4PE3MEPHOTO
nortoka BBoza. He 3a0bIBaiiTe, 4TO BBl MOKETE JIETKO BBIIOJTHUTD (DUIBTPAIUIO
ctannaptabiM oniepaTopoM LINQ Where. MokHO cunTaTh, YTO OIIEPATOPDI
Throttle u Sample TTOXOXKHM Ha Where, TOJHKO OHU BBITTOJHSIOT (DUIBTPAIIUAIO
10 BpeMEHHBIM OKHaM, a He 110 JaHHbIM coObITHIL. Bee Tpu onepaTopa moMo-
raloT B3SATh M0/ KOHTPOJIb CJUIIKOM ObICTPbIE BXOAHbIE IOTOKH, HO JeJaf0T
9TO Pa3HBIMU CIIOCOOAMIL.

[lononHutenbHasa nHGopmauus

B penenire 6.1 paccmaTpuBaeTcst cosaHue MOCIeA0BaTETbHOCTEH 13 COOBITHIL.

B penerre 6.2 paccMaTpUBAECTCA USMEHEHHWE KOHTEKCTa IJIA Bbl/Ia41 COOBITHUI.

6.5. Tanm-ayTbl

3apava

Osxuaercst, 4To COOBITHE MOCTYIUT B TEUEHHE OMPEAETEHHOTO BPEMEHH.
Tpebyercst 0becrednTh CBOEBPEMEHHY IO PEAKIIHIO TPOrPAMMBI JasKe B TOM
caydae, ecaiv coObITHE He mocTynuT. Yaiie Bcero mopoOHbie 0KIIaeMble CO-
OBITHS SABJISIOTCS OAMHOYHBIMU ACHHXPOHHBIMU OTlepanusamMu (HalpuMmep,
OKMJIaHKEM OTBeTa Ha 3arpoc Be6-CIIyKObI).

PewweHue

Omepatop Timeout ycTaHABAUBAET CKOJB3AIIEe OKHO TaliM-ayTa B CBOEM
BXOJIHOM MOTOKe. [Ipu KaxK/10M MOCTYIJIEeHUU HOBOTO COOBITHS OKHO TaliM-
ayra c6paCbIBaeTC51. Eciu taitm-ayT uctexaer 0e3 MOJIy4YeHUST COOBITHA B OKHE,
orepaTop Timeout 3aBeplIaeT IIOTOK C YBeAOMJIEHUEM OnError, COIEPIKALIINM
HCKJIoUueHne TimeoutException.
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Crenytomuii iprMep BbIaeT BeO-3ampoc K YCJIOBHOMY OMEHY U yCTaHaB-
JIUBaeT TalM-ayT MPOAOIKUTETbHOCTHIO B 1 cexyHay. UToObI 3aMyCcTUTH
Be0-3a11poc, B KOJIE MCIOJIb3yeTcst ToObservable jiuist ipeobpa3oBanust Task<T>
B IObservable<T> (cMm. pertent 8.6):

void GetWithTimeout(HttpClient client)

{
client.GetStringAsync("http://www.example.com/").ToObservable()
.Timeout(TimeSpan.FromSeconds(1))
.Subscribe(
X => Trace.WritelLine($"{DateTime.Now.Second}: Saw {x.Length}"),
ex => Trace.WritelLine(ex));
}

Timeout MI€AJIBHO MOAXOINT JIJIsi ACHHXPOHHBIX OIepaIiii (Takux, Kak Beo-
3aIIPOCHI ), HO MOKET IIPUMEHSITHCS K JTII0060MY TIOTOKY coObITHIL. B ciiemytomem
nmpuMepe Timeout TPUMeHSETCA K TepeMeIeHUSM MBIIITH, C KOTOPBIMU ITPOIIIe
9KCITEPUMEHTHPOBATE!

private void Button_Click(object sender, RoutedEventArgs e)
{
Observable.FromEventPattern<MouseEventHandler, MouseEventArgs>(
handler => (s, a) => handler(s, a),
handler => MouseMove += handler,
handler => MouseMove -= handler)
.Select(x => x.EventArgs.GetPosition(this))
.Timeout(TimeSpan.FromSeconds(1))
.Subscribe(
x => Trace.WriteLine($"{DateTime.Now.Second}: Saw {x.X + x.Y}"),
ex => Trace.WriteLine(ex));

}

Ha cBoeii mammne g iepeMecTI MBIIIb, a TIOTOM JIepsKaJjl ee HeMoIBUKHON
B TeueHune CEeKyH/Ibl, IIOJIYYUB CJEYIOIINe PE3YyJIbTaTbl:

16: Saw 180
16: Saw 178
16: Saw 177
16: Saw 176

System.TimeoutException: The operation has timed out.

Yyrute, 4TO IPU OTIPABKE OnError UCKJIOYEHUS TimeoutException IOTOK 3a-
BepIIaeTcsa U MepeMeleHs MBIIIN [IePecTaloT IPOXoAuTh. BosmoxkHo, Takoe
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MOBEJICHAE OKayKeTCs HevKesIaTeIbHBIM, TI09TOMY y oIlepaTopa Timeout cylme-
CTBYIOT Ileperpy>keHHble BEPCUU, KOTOPBIE II0JICTABJISIIOT IPYTOM IIOTOK ITPU BO3-
HUKHOBEHWH TaliM-ayTa BMECTO TOTO, YTOOBI 3aBEPIIATD IIOTOK C UCKIIOUEHUEM.

Kon cremytomiero mpuMepa oTcieKUBaeT TepeMelleHnsT MBITITN 10 BO3HUK-
HOBeHU TaliM-ayTa. [locsre TafiM-ayTa KOJ HAaUMHAET OTCIEKUBATD METIKN
MBIIIBIO:

private void Button_Click(object sender, RoutedEventArgs e)
{
IObservable<Point> clicks =
Observable.FromEventPattern<MouseButtonEventHandler,
MouseButtonEventArgs>(
handler => (s, a) => handler(s, a),
handler => MouseDown += handler,
handler => MouseDown -= handler)
.Select(x => x.EventArgs.GetPosition(this));
Observable.FromEventPattern<MouseEventHandler, MouseEventArgs>(
handler => (s, a) => handler(s, a),
handler => MouseMove += handler,
handler => MouseMove -= handler)
.Select(x => x.EventArgs.GetPosition(this))
.Timeout(TimeSpan.FromSeconds(1), clicks)
.Subscribe(
x => Trace.WriteLine($"{DateTime.Now.Second}: Saw
{x.X},{x.Y}"),

ex => Trace.WriteLine(ex));

}

Ha cBoeii mammie s mepeMecTHJI MBITIb, ITOTOM JE€PKAJ ee HEMOABIKHOM
B TeUeHWe CEKYH/IbI, a 3aTeM IIeJKHYJT B TIape Pa3HbIX Touek. V3 ciremyiommx
Pe3yJIbTaTOB BU/IHO, YTO JI0 HACTYIIJIEHNsT TallM-ayTa MBIIITb OBICTPO TIepeMe-
[AJIACH, IIOCJIE YEro IOCAeL0BAN ABAa MEJIUKA:

49: Saw 95,39
49: Saw 94,39
49: Saw 94,38
49: Saw 94,37
53: Saw 130,141
55: Saw 469,4
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MoAcHeHue

Omepatop Timeout UTpaeT BaXKHYIO POJIb B HETPUBUAIBHBIX MPUJIOKEHUIX,
MOTOMY UTO B H/ieajie Bala MporpaMMa Beer/ia I0JIKHA PearnpoBaTh Ha MPo-
UCXOJIsAIee, YTO Obl HU MPOUCXOANIO BOKPYT. OH 0COOEHHO IMOJIE3€eH TIPH
BBITIOJTHEHUH ACUHXPOHHBIX OTIEPAIUil, HO TaKyKe MOXKET ObITh MPUMeEHEH
K JII000MY TIOTOKY coObITHil. OOGpaTnTe BHUMaHKE: UCIIOJIb3yeMast Olepalus
He OTMEHSIETCST; B ClTydae TaliM-ayTa OHA ITPOJIOJIKUT BBITIOJIHEHNUE 10 TeX 1O,
MOKA He 3aBePIIUTCS YCIEeXOM WU HeyIaueil.

NlononHutenbHas HpopmaLms

B penente 6.1 paccmarpuBaercs cosjaHue mocjaegoBaTebHOCTel Ha Oase
COOBITHI.

B pertenite 8.6 paccmarpuBaeTcst yriakoBka aCMHXPOHHOTO KOJIa Kak HabJIio-
JIaeMOTr0 TIOTOKA COOBITHUIA.

B pentenite 10.6 paccmaTpuBaeTcst oTMeHa MOAITMCKN HA TIOCJI€/I0BATETbHOCTH
B pe3yJibrare CancellationToken.

B penenre 10.3 paccmarpuBaeTcst UCIIOIb30BaHNE CancellationToken 1715t
TaiiM-ayTa.



TNABA 7

TecTupoBaHue

TectupoBanue — BasKHEHITHMI (haKTOP KayecTBa IPOrPaMMHOTO 0OECTIeUEHUS.
B nocnemnme rozipl Moy IbHOE TECTUPOBAHME TOJYYMIIO TOBCEMECTHOE Pac-
[POCTpaHeHNe; TAKOe BIIEYATIEHIE, YTO O HEM TOBOPSIT U MHUIIYT OYKBAJIbHO
noBcioxy. Muorne pa3paboTYMKN BbICKA3bIBAIOTCS B MOJIB3Y PaA3pabomru
yepe3 mecmuposanue — CTUJIS TPOTPAMMUPOBAHNS, KOTOPBIA TapaHTUPYET
HaJIMYKe UCUEPIIBIBAIOIIUX TECTOB ITPU 3aBepIleHnn puioskenust. [Ipeumy-
IIEeCTBAa MOJIYJIBHOTO TECTUPOBAHMS JIJIST KQ4eCcTBa Ko/a ¥ O0IEero BpeMeHu
pa3pabOTKN XOPOIIO U3BECTHBI, U BCE K€ MHOTHE TIPOTPAMMUCTBI ellle He
MUY T MOJIYJIbHbIE TECTBIL.

Pexomenyio mucath X0Tst b HECKOIBKO MOLYJIBHBIX TecToB. Hawrmre ¢ koza,
B KOTOPOM BbI YBEPEHbI MeHblIe Bcero. [Io MoeMy OIbITY, MO/YJIBHbBIE TECThI
006JIa/IaI0T IBYMST OCHOBHBIMU ITPEUMYIIIECTBAMU:

O Jlyumee noHumManue Kojaa. Boi 3Haere, 4T0 yacTh NPUIOKEHUS paboTa-
€T, HO TIOHSITUSI He MMeeTe, KaK? JTa MbICJIb OCTAETCS IJe-TO Ha 3aJHEM
IJIaHe, HO MOTOM TIPUXOAMT KpaiiHe CTpaHHOe coobuieHre 06 ommnoKe.
Hamnucanue MOLYJIbHBIX TECTOB JIJIS T€X YacTell KOJa, KOTOpPbIe BaM Ka-
JKYTCS CJIOKHBIME, — TIPEKPACHBII CII0CO0 PasodpaThCs B TOM, KAK OHU
pabotaior. [Tocsie HanMcaHust MOLYJIbHBIX TECTOB, OMMCHIBAIOIINX €T
MOBe/IeHIE, KO/l epecTaeT ObITh 3aralouHbIM; y Bac MOSIBJSAETCS HAOOP
MOAYJbHBIX TE€CTOB, OIMMNCHIBAIOIINX €T0 ITOBEeAEHNE N 3aBUCUMOCTHU OT
JAPYTUX YacTel Koja.

O ¥YBepeHHOCTb IPU BHECEHNH H3MEHEeHHI1. PaHO MK MO3/1HO BBI TOTYIUTe
3aIpOC Ha Pea3alfio HOBOI (hYHKITHH, /I KOTOPOTO IIPUIETCS] UBMEHUTD
MyTAIOMIWI KOJI, U Y:Ke He YJIAcTCs CJleJIaTh BUJI, YTO €r0 He CYIIeCTBYEeT
(s1 3Ha10, KAKOBO 3TO; CO MHOH TaKOe TOKe cJIydasnoch). Jlyurie neiictBoBath
Ha OllepesKeHune: HAITUIIUTE MOJLYJIbHbIE TECTHI JIJIsI HENPUSITHOTO KOJIa,
MOKa He TPUIIIeJT 3aIIPoC HA HOBYIO (pyHKIMOHANBHOCTD. [Tocse Toro kak
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TeCThbI OYIYT TOTOBBI, Y BAC TIOSIBUTCST CHCTEMA PAHHETO MTPELYTPEsKICHIS,
KOTOpasi HEMEJJIEHHO OTIOBECTHT BAC 00 M3MEHEHUSIX, HAPYIIAIOINX CY-
HecTByIollee MoBeeHne. A ecii Bbl cCOOMpaeTech BKIIOYUTh HOBBIN KO/I
B TIPOEKT, MOJIYJIbHbIE TE€CTBI TIPUAALYT OOJIbIIE YBEPEHHOCTH B TOM, YTO
M3MEHEHU B KOZIe He HapylIaT CyIeCTBYIONEro [I0BEICHUs.

Oba mperMyIIecTBa OTHOCSITCSI HE TOJBKO K BaIeMy KOJLY, HO U K KOy JIPYTUX
pa3paboTIMKOB. YBEPEH, UTO €CTh ¥ Apyrue mpenmyiiectsa. Cokpariaer J
MO/IyJIbHOE TeCTHpPOBaH¥e YacToTy omubok? Cropee Bcero. Cokpariaer Jim Mo-
JyJIbHOE TecTUpOBaHue obIiee BpeMst paboThl Hal ipoekTom? Boamoskro. Ho
HPENMYIIECTBA, OTIMCAHHBIE MHOIO, SIBJISTIOTCST OECCTIOPHBIMI; 51 HAOJIIOIA10 UX
KayK/IbIil pas, Kor/a MUIIy MO/LYJ/IbHbIE TeCThI. B 00111eM, TaK st poraralInpyo
MOJIYJIbHOE TeCTUPOBAHUE.

Bce perteniTor, cosepskaniuecss B 3TOH riaBe, OTHOCSATCS K TECTUPOBAHUIO.
Muorwue pazpaboTduku (J1aske Te, KOTOpbie 00BIYHO IUTITYT MO/LYJIbHBIE TECTHI)
MIapaxaloTcs OT TECTUPOBAHUS KOHKYPEHTHOTO KO/a, TAK KaK CYUTAIOT, YTO
9TO CJIUNIKOM CJI0KHO. HO Kak TMOKaKyT TH PelenTbl, MOLyJTbHOE TEeCTH-
pOBaHMe KOHKYPEHTHOTO KOJIa IAJIeKO He TaK CJIOXKHO, KAK OHM TTOJIaTaloT.
Pa3paboTunki COBpeMEHHbBIX WHCTPYMEHTOB U OMOIMOTEK (TaKnX, Kak async
u System.Reactive) yaesniu 3HaunTebHOE BHUMaHUE TECTUPOBAHUIO, U 3TO
MPOSIBJISIETCS HA MPAKTUKE. PEKOMEH/IYIO UCIIOJb30BaTh 3TU PEIEIThI JIJIs
HanmmcCaHusg MOAYJbHbBIX TECTOB, OCO6€HHO €CJIN Bbl HEITaBHO MUMeeTe 1eJ10
C KOHKYPEHTHOCTBIO (T. €. HOBBIII KOHKYPEHTHBIN KOJ Ka’KeTCS CAUIIKOM
CJIOKHBIM WJTU TTYTAIOTIM ).

7.1, MOAYIIbHOE TeCTUpoBaHne async-metooB

3apava

Nwmeerca async-METo/, AJisd KOTOPOro HeO6XO,Z[I/IMO IIPOBECTU MOAYJIbHOE
TECTUPOBaHME.

PewieHue

Mmuorue coBpemertbie (hpeliMBOPKU MOLYJIbHOTO TECTUPOBAHUSI — BKJIIOYAsI
MSTest, NUnit u xUnit — moamep:;KuBaIOT METOBI MOJTYJIBHOTO TECTUPOBAHUST
async Task. B MSTest mozepskka sTux TecToB nmossuiach B Visual Studio 2012.
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Ecam BBI mcionmbayeTe ApyToit (hpeiiMBOPK MOYJIBHOTO TECTUPOBAHNS, BO3-
MO’KHO, BaM IIPUZETCS MEePETH Ha ITOCIEHIOI BEPCHIO.

[Ipumep async-monpyaproro Tecta B MSTest:

[TestMethod]
public async Task MyMethodAsync_ReturnsFalse()
{

var objectUnderTest = ...;

bool result = await objectUnderTest.MyMethodAsync();
Assert.IsFalse(result);

}

DpeitMBOPK MOLYILHOTO TECTUPOBAHUST 3AMEYAET, YTO METOJT IMEET BO3BPa-
IIaeMbIi TUTI Task, U OXKUAET 3aBEPIIEHUS 3a7JaUn TIepell TeM, KaK Cc/eaTh
OTMETKY O IIPOXOKJCHUN WU OTKA3€e TeCTa.

Ecsm Bain ¢hpeitMBOpPK MOJIYJIBHOTO TECTUPOBAHMS HE TIOJIEPAKUBAET MOJLYJIb-
HbIE TECTHI async Task, TO eMy MPUAETCSI TIOMOYb C OKUIAHUEM TeCTUPYEeMON
acMHXPOHHOU ortepaiiny. OJIMH U3 BapUAaHTOB — MCIIOJIb30BaTh GetAwaiter().
GetResult () ISt CHHXPOHHOTO OJIOKHPOBAHISI 110 3a/[a4e; €CJIH [OCJIE OTOIO UC-
[10JIb30BATh GetAwaiter () .GetResult () BMeCTO Wait (), 9TO MO3BOIUT U30EKAThH
06epTKH AggregateException, Korza B 3a1a4e poun3oiiger uckiodenue. OHaKo
s TIPEIIIOYMTAIO CITOJIb30BaTh THII AsyncContext 13 NuGet-1makera Nito.AsyncEx:

[TestMethod]
public void MyMethodAsync_ReturnsFalse()
{
AsyncContext.Run(async () =>
{
var objectUnderTest = ...;

bool result = await objectUnderTest.MyMethodAsync();
Assert.IsFalse(result);

1)
}

AsyncContext.Run OXHJa€eT 3aBEPIIEHN I BCEX aCUHXPOHHBIX METOLOB.

MoAcHeHue

Wmwrarst (mocking) aciHXpOHHBIX 3aBUCHMOCTEN Ha TEPBbIN B3TJIS/T KaKeT-
¢sI HEMHOTO HeYKJTIoKeit. Beer/ia skeaTeibHO XOTsT ObI TPOBEPHTH, KAK BAIIN
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METOJIBI PeaTupPyIoT Ha CUHXPOHHBIHN ycreX (MMUTANN ¢ Task.FromResult),
CUHXPOHHBIE OMOKN (MMUTAINS ¢ Task.FromException) ¥ acHXPOHHBIH
yerex (uMuTalus ¢ Task. Yield 1 Bo3BpalllaeMbIM 3HaUeHNEeM ). Task . FromResult
1 Task.FromException paccMaTpuBaioTcs B peliente 2.2. Task.Yield MOJKET HC-
II0JIb30BaTbHCSA JJIsI IIPUHYAUTEIBHOTO IIPUMEHEHN aCUHXPOHHOIO II0BEICHUS
W 33/IeMCTBYETCS TIPEKE BCETO MTPU MOLYIbHOM TeCTHPOBAHWH:

interface IMyInterface

{
Task<int> SomethingAsync();

}

class SynchronousSuccess : IMyInterface

{
public Task<int> SomethingAsync()

{
return Task.FromResult(13);

}
}

class SynchronousError : IMyInterface

{
public Task<int> SomethingAsync()

{

return Task.FromException<int>(new InvalidOperationException());

}
}

class AsynchronousSuccess : IMyInterface

{
public async Task<int> SomethingAsync()

{

await Task.Yield(); // MpuHyauTeNbHO BKJKWYUTb ACUHXPOHHOE MOBeAEHMe.
return 13;

}
}

[Tpu TecTUpOBaHUU ACUHXPOHHOTO KO/ B3aUMOOJIOKUPOBKH U COCTOSTHISI
TOHKU MOTYT MIPOSIBJIATHLCS Yallle, 4eM IIPU TECTUPOBAHUN CUHXPOHHOTO KOJA.
1 cunraro nosie3HbIM HasHAUeHUe TaliM-ayTa Ha ypoBHe TecTos; B Visual Studio
MOKHO 100aBUTD B pelienne (haili TECTOBBIX HACTPOEK, B KOTOPOM MOKHO
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3a/1aBaTh TAWM-AyThI /7T OTAEABHBIX TECTOB. 3HAYEHNE TI0 YMOTYAHHIO /I0CTa-
TOYHO BEJTUKO; OOBIYHO 1 KCTTOJIB3YIO JIBYXCEKYHIHBII TaliM-ayT YPOBHSI TECTOB.

Tumn AsyncContext HaxoauTcs B makeTe Nito.AsyncEx.

NlononHutenbHas MH$popmaLms

B penenre 7.2 pacCMaTpuBalOTCA aCMHXPOHHbBIE METO/Ibl MOZYJIBHOT'O TECTH-
POBaHUsA, KOTOPbIE JOJIJKHBI IIPOBAJIUTHCA.

7.2. ACMHXPOHHbIe MeTofbl MOLRYNbHOO
TeCTUPOBaHUA, KOTOPbIe He AOMKHbI MPOXOAUTD

3apava

Tpebyercst HanUCaTh MOLYJIBHBIN TECT, KOTOPBIil TIPOBEPSIET KOHKPETHBIN
OTKa3 MeTo/ia async Task.

Pewenne

Ecuin BbI 3aHMMaeTech pa3paboTKO /It HACTOJIbHBIX KOMITBIOTEPOB MJIH CEpP-
BepoB, MSTest rmo/iep;KUBaeT TeCTUPOBAHUE HAa OTKA3 C TOMOTI[BI0 O6BIYHOTO
KJiacca ExpectedExceptionAttribute:

// Wcnonb3oBaTb 3TO pelleHNe He peKOMeHAYyeTCA; CM. HUXe.
[TestMethod]

[ExpectedException(typeof(DivideByZeroException))]

public async Task Divide_WhenDenominatorIsZero_ThrowsDivideByZero()

{
await MyClass.DivideAsync(4, 0);

}

TeMm 1e MeHee 3TO He Jiydquiee peuieHue: ExpectedException 0OBIUHO ABJIAETCA
IIPpN3HAaKOM ILJIOXOTO I[PISafIHa. OmnﬂaeMoe UCKJIIOYEHNEe MOKET OBbITh BbI/IaHO
JII0OBIM 13 METO/10B, BbI3BAaHHbIX BalllUM METOA0OM MO/YJ/IbHOI'O TECTUPOBAHWA.
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bonee kauecTBeHHbBIN KO ITPOBEPLAET, YTO UCKJIIOYEHUE OBLIO BbIJIaHO KOHK-
PETHBIM (l)paFMeHTOM KO/la, a HE MOAYJIbHBIM TE€ECTOM B I1E€JIOM.

Muorue coBpeMeHHble (hDPeMBOPKU MOIYJIBHOTO TECTUPOBAHUS BKJIIOYA-
10T Assert.ThrowsAsync<TException> B TOI uiam naoi ¢popme. Hanpumep,
ThrowsAsync 3 xUnit MOKHO MCITOJIB30BATh TaK:

[Fact]
public async Task Divide_WhenDenominatorIsZero_ThrowsDivideByZero()

{

await Assert.ThrowsAsync<DivideByZeroException>(async () =>

{

await MyClass.DivideAsync(4, 0);
})s

He 3a0y/1bre 1CIo/1b30BaTh await ¢ 3agaveii, Bo3BparieHHoi ThrowsAsync!
KimioueBoe ¢s10B0 await pactipocTpatsieT Bee 00Hapy KeHHbIe HAPYIIEHUs
TeCTOBBIX yCa0BHiA. Ecii BbI 3a0yere await u nmpourHopupyere mpej-
YIPeKeHe KOMITHIISITOPA, BAIl MOJIYJIBHBIH TeCT Beeraa OyIeT Mpoxo-
JIUTD YCIIENTHO HE3aBUCHMO OT ITOBEJIEHUST METO/IA.

K coxanenuio, HekoTOpbIe (DPEHMBOPKMA MOYJIBHOTO TECTUPOBAHNS HE CO-
JiepsKaT SKBUBAJICHTHBIX async-COBMECTUMBIX KOHCTPYKIIUH ThrowsAsync. Ecim
BbI OKQKETECh B TAKOH CUTYyaIlnu, co3/iaiiTe cOOCTBEHHDII aHAJIOT:

/// <summary>
/// TapaHTWpyeT, 4TO ACUHXPOHHbIN AeneraT BblAaeT WUCKHYEeHue.
/// </summary>
/// <typeparam name="TException">
/// Tvn OXMAaeMoro MUCKANYeHuA.
/// </typeparam>
/// <param name="action">ACUHXpOHHbIN AeneraT ANA TeCcTUpoBaHuA.</param>
/// <param name="allowDerivedTypes">
/// DOMKHbI N NPUHUMATBLCA MPOU3BOAHbIE TWMbI.
/// </param>
public static async Task<TException> ThrowsAsync<TException>(Func<Task>
action,
bool allowDerivedTypes = true)
where TException : Exception
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try

await action();

var name = typeof(Exception).Name;

Assert.Fail($"Delegate did not throw expected exception {name}.");
return null;

}

catch (Exception ex)

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

Assert.Fail($"Delegate threw exception of type
{ex.GetType().Name}" +
", but {typeof(TException).Name} or a derived type was
expected.");
if (!allowDerivedTypes && ex.GetType() != typeof(TException))
Assert.Fail($"Delegate threw exception of type
{ex.GetType().Name}" +
", but {typeof(TException).Name} was expected.");
return (TException)ex;

}
}

MeTo MOJKHO MCIIOJb30BaTh TOYHO TaK e, Kak U J1000il Apyroil MeTos
Assert.ThrowsAsync<TException>. He Sa6yabT611CHOHb30BaTb await ¢ BO3-
BpalaeMbIM 3HaYeHueM!

MoAcHeHue

TectupoBanue 06paboTKM OMKMOOK HEe MeHee BakKHO, YeM TeCTHPOBaHUE
yCIenHbIX crieHapues. [Lojkanyil, OHO ake BaskHee, TIOTOMY UTO YCIeHIHbIe
ClIeHapMU BCEr/ia IIPOBEPSIIOTCS TIePe/l BBIITYCKOM [TPOrPAMMHOTO MPOLYKTA.
Ecnu npusoxenue Beiet cebsi CTpaHHO, 9TO IPOUCXOAUT U3-32 HETIPEIBH/ICH-
HOH ONMOOYHON CUTYATVH.

Ho s pekomenyio paspaboTyrikaM BO3IEPKUBAThCsE OT ExpectedException.
Jlyuiie npoTecTUPOBATh BbIIauy UCKJIIOUEHUS B KOHKPETHOU TOYKE BMECTO
TOTO, 4YTOOBI TECTUPOBATH UCKJIOUEHME B JIOOOH MOMEHT BO BPEMS TECTa.
Bmecto ExpectedException rcmosb3yiiTe 6o ThrowsAsync (MJIH €T0 aHAJIOT
B BalieM (GpeiiMBOpKe MOJLyIbHOTO TECTUPOBAHUS ), IMOO €r0 Pean3aluio,
KakK B ITOCJIeHEM IIPUMepe KOJla.
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NlononHutenbHas HpopmaLms

B pernelre 71 paccMaTpuBalOTCA OCHOBbBI MO/1yJIbHOI'O TECTUPOBaAHWA aCUH-
XPOHHBIX METOLOB.

7.3. MopynbHoe TecTUpOBaHNe MeToA0B async void

3apava

Mmeetcst MeTo/| async void, [ist KOTOPOro HEOOXOAMMO HAIIUCATh MO/LY/IbHbIE
TECTBI.

PeweHne

Crorr.

Takoii curyanuu Hy:kHO u3beraTh Bcemu cuyiamut. Eciu Metox async void
MO’KHO 1Tpe0Opa3oBaTh B METOJI async Task — C/IeJIaiiTe aTo.

Ecomm Banr metos 06s13an GBITH METOIOM asyn void (Hampumep, [JIsi COOTBET-
CTBWSI CUTHATYPe MeTo/1a nHTepdetica), pacCMOTPUTE BOSMOKHOCTD HATTMCAHWS
JIBYX METOJIOB: METO/Ia async Task, COIEPIKAIIETO BCIO JIOTUKY, 1 0OEPTKU async
void, KOTOpas IPOCTO BbI3bIBAET METOJ async Task 1 OKHJAeT pe3yJbTaTa.
Meton async void yIOBIETBOPSIET TpeOOBaHUSIM APXUTEKTYPHbI, TOT/a KaK
MeTOJT async Task (€O Bcell IOTUKON ) TPUTO/IEH I TECTUPOBAHUS.

Ec/ii uaMeHUTh METO/L HEBO3MOKHO Y BbI 8blHYNICOEHbL 3aHUMATHCSI MO JIb-
HBIM TECTHPOBAHKEM METO/Ia async void, 9T0 ToKe BO3MOKHO. Vcronbayiite
KJIacc AsyncContext u3 6ubanorexu Nito.AsyncEx:

// He pekomeHayeTcsA; CM. Janee B 3TOM pasgjene.
[TestMethod]
public void MyMethodAsync_DoesNotThrow()
{
AsyncContext.Run(() =>
{
var objectUnderTest = new Sut(); // ...;
objectUnderTest.MyVoidMethodAsync();
1
}
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Tur AsyncContext 0XXuiaeT 3aBepHICHUS BCEX aCMTHXPOHHBIX OTIePAITNi ( BKITIO-
yast MeTO/IbI async void) ¥ paclpoCcTPaHseT BbIIAHHbIC MU UCKJIIOUCHHUSI.

Tumn AsyncContext HaxoauTcs B makeTe Nito.AsyncEx.

MoAcHeHue

O11H0 U3 BasKHEHMIINX IPABUJI async-KOJa — 10 BO3MOKHOCTHU U30erarhb async
void. HacTosTenpHO pekoMeH Iy To TPOBeCTH peakTOPUHT KOIa, & He MCII0JIb-
30BaTh AsyncContext JJII MOJAYJIbHOIO TECTUPOBAHUS METO/IOB async void.

JlononHutenbHasa uHpopmauus

B penerre 7.1 paccMaTpuBaeTCA MO/1YJIbHOE TECTUPOBAHUE METO/I0OB async Task.

7.4. MogynbHoe TecTMpOBaHKe ceTeil MOTOKOB aHHbIX

3apava

B npusioskenun cymecTByeT ceTh MOTOKA JaHHBIX. TpedyeTcs yoeanToest
B IPaBUJILHOCTHU €€ PabOThI.

PeweHne

CeT MOTOKOB JIAHHBIX HE3aBUCHMBI; OHM UMEIOT COOCTBEHHBII CPOK JKU3HH
Y ACUHXPOHHBI 110 ¢BOEH npupojie. TakuM 06pazoM, caMblii TIPOCTON MOAXO/
K UX TECTUPOBAHUIO — ACUHXPOHHBIE MOJIYJIbHbIE TeCThbl. CIIeYIOMmnii MOy Th-
HBII TECT MPOBEPsIeT HeCTaHAAPTHBIN OJIOK MOTOKA JaHHBIX U3 perernTa 5.6:

[TestMethod]
public async Task MyCustomBlock_AddsOneToDataItems()
{
var myCustomBlock = CreateMyCustomBlock();
myCustomBlock.Post(3);
myCustomBlock.Post(13);
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myCustomBlock.Complete();

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

}

K coxanennto, Moty TbHOE TECTIPOBAHNE OTKA30B HE CTOJIb MTPSMOJIUHEITHO.
[les1o B TOM, UTO UCKIIIOYEHUS B CETSIX TIOTOKOB JAHHBIX YTIAKOBBIBAIOTCS B HO-
BYIO 00ePTKY AggregateException Kask/bIil pas, KOT/la OHU PacIPOCTPAHSIOTCS
B cJie/tytoIuii 6510k, B cireryionieM npuMepe UCIOIb3yeTCst BCOMOTaTe IbHbII
METOJI JIJIsl TPOBEPKH TOTO, YTO UCKITIOUYEHIE OTOPACHIBAET IAHHbIE U PACITPO-
CTPaHSIETCS Yepe3 HeCTaHAAPTHBII OJIOK:

[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
$"{typeof(TException).Name} or a derived type was expected.");
if (!allowDerivedTypes && ex.GetType() != typeof(TException))
Assert.Fail($"Exception is of type {ex.GetType().Name}, but
$"{typeof(TException).Name} was expected.");

+

+
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MoAcHeHue

[Ipsimoe MojysibHOE TeCTUPOBAaHUE CETEl MOTOKOB JAHHBIX BO3MOKHO, HO
HECKOJIbKO Heyno0Ho. Eciin Batma ceTh sIBISIETCST 9acThI0 GOJIBIIEr0 KOMITO-
HEHTa, BOBMOKHO, GY/IET MPOIIle OPraHU30BaTh MOLYJIbHOE TECTHPOBAHUE JIJIST
6oJIbIIETO KOMIIOHEeHTa (TOT/Ia ceTh Oy/IeT TeCTUPOBAThCst HesiBHO). Ho ecoin
BbI pa3pabaTbiBaeTe HECTAHAAPTHBIN GJIOK WJIH CETD JIJISt TOBTOPHOTO MCIIOJb-
30BaHMS, UCIIOJIb3YHTE MOIYJIbHBIE TECTHI BPOJIE OMMCAHHBIX B ATOM PEIIEIITE.

JlononHutenbHasa uHpopmauus

B penenre 7.1 paccMaTpuBaeTCA MOIyJIbHOE TECTUPOBAHUE asynCc-METO/I0B.

7.5. MopynbHoe TecTMpoBaHue HabniogaembIx
06bekToB System.Reactive

3apava

YacTb Baltieil iporpaMMbl HCIIOJIB3YeT I0bservable<Ts. TpeGyeTcst opraHuso-
BaTh MOJIYJIbHOE TECTUPOBAHUE ITOI YACTH.

PewieHue

System.Reactive comep:RuT omiepaTopsl, TeHePUPYIOTINE TTOCTEA0BATEILHOCTH
(Harpumep, Return), a TaksKe JAPYTrUeE OMepaTopbl, KOTOPbIe MOI'YT PeoOpaso-
BaTh PEAKTUBHYO TIOCJIEI0BATEILHOCTD B OOBIYHYO KOJIJIEKITAIO HJIU 3JIEMEHT
(nammpumep, SingleAsync). Takue omepaTopsl, Kak Return, MOTYT MCIIOJIb30-
BAaTHCSI JIJIs CO3/IAHNUST 3arJIyIIeK [Jist HAOJTI0IaeMbIX 3aBUCUMOCTEI, a TaKie
OIepaTophI, KaK SingleAsync, — JIJII TECTUPOBAHUS BHIBOJIA.

Cuaenyromnuii kox mosydaet cay;k0y HTTP B kauecTBe 3aBUCUMOCTH ¥ TIPU-
MeHseT TaiiM-ayT k BbizoBy HTTP:

public interface IHttpService

{
IObservable<string> GetString(string url);
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public class MyTimeoutClass

{

private readonly IHttpService _httpService;

public MyTimeoutClass(IHttpService httpService)

{
_httpService = httpService;

}

public IObservable<string> GetStringWithTimeout(string url)

{
return _httpService.GetString(url)

.Timeout(TimeSpan.FromSeconds(1));

}
¥

B mannowm ciydae TecTupyercs Kaace MyTimeoutClass, KOTOPBIN ToTpedisier
3aBHCUMOCTD HabJII0/1aeMOT0 00bEKTa U TeHEPUPYET HaOMI0IaeMblil 00hEKT
Ha BBIXO/IE.

Orneparop Return BO3BpaIlaeT X0JO0IHYIO ocenoBarebHoCTh (cold sequence),
COCTOSTITYTO M3 OJTHOTO 3JIEMEHTA; OH MOKET MCTIOIB30BATHCS JITIST TOCTPOEHUS
npocThix 3ariyiiek. Omeparop SingleAsync Bo3Bpaiiaet 00beKT Task<T>, 3a-
BepIIaeMbIil TIPU MOCTYIIEHUH CJIEYIOIIEr0 COOBITUS. SingleAsync MOKET
HCITOJTb30BAThCS B MTPOCTHIX MOAYJIBHBIX TECTaX CIEMYIONIEeTo BUIA:

class SuccessHttpServiceStub : IHttpService

{

public IObservable<string> GetString(string url)

{

return Observable.Return("stub");

¥
}
[TestMethod]
public async Task MyTimeoutClass_SuccessfulGet_ReturnsResult()
{

var stub = new SuccessHttpServiceStub();

var my = new MyTimeoutClass(stub);

var result = await my.GetStringWithTimeout("http://www.example.com/")
.SingleAsync();

Assert.AreEqual("stub", result);
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B kome 3armmytiex urpaeT BaKHYIO POJib 0niepaTop Throw, KOTOPBI BO3BPAIIAET
HaOM0aeMBIil OOBEKT, 3aKaHYUBAIONIHMIACS ¢ OMMUOKOIT. C MOMOIIBIO 3TOTO
oreparopa MOJKHO THCATh MOJLYJIbHbBIE TECTHI ¥ JIJIsl OIUOOYHBIX CJIyYaes.
B carepytotiieM mpuMepe UCTIONBb3YETCs BCIIOMOTATENbHBIN MeTO/T ThrowsAsync
u3 pernenra 7.2:

private class FailureHttpServiceStub : IHttpService

{
public IObservable<string> GetString(string url)

{

return Observable.Throw<string>(new HttpRequestException());

}
[TestMethod]

public async Task MyTimeoutClass_FailedGet_PropagatesFailure()
{

var stub = new FailureHttpServiceStub();
var my = new MyTimeoutClass(stub);

await ThrowsAsync<HttpRequestException>(async () =>

{
await my.GetStringWithTimeout("http://www.example.com/™")

.SingleAsync();
1)

MoAcHeHue

Return 1 Throw XOPOIIIO TIOAXOMAAT JJIst CO3/IaHusT HaOMI0JAeMbIX 3arJIyIIIeK,
a SingleAsync NpeOCTaBJsieT IPOCThIE CPEACTBA TECTUPOBAHUS HaOI0/1a-
eMbIX 00BEKTOB ¢ ACMHXPOHHBIMU MOYJIbHBIME TECTAMU. DTa KOMOMHAIIM
HEILJIOXO CIIPABJISIETCS € MPOCTBIMU HAOII0AaeMbIMUA 0ObEKTaMM, HO KOT/Ia
BbI HaunHaeTe paboTaTh CO BpeMeHeM, X BOSMOKHOCTEH OKa3bIBACTCS HELO-
cratouno. Haripumep, eciu Bbl XOTUTE POTECTUPOBATH (DYHKITMOHAJIBLHOCTD
TaliM-ayTa MyTimeoutClass, MO/LYJIbHBIM TECTAM ITPUJIETCS OKUIATD HYKHBII
MpoMeKyTOK BpeMeHu. OTHAKO TaKOe Pellientie HesTb3sT Ha3BaTh KAUeCTBEHHBIM:
OHO CHIZKAeT HaZIE)KHOCTh MOYJIBHBIX TECTOB 32 CUET BBEIEHUS COCTOSHUS
TOHKH ¥ TJIOXO Macitabupyercst ¢ 106aBJIeHHEM HOBBIX MOJIYJIbHBIX TECTOB.
B petnienite 7.6 paccmaTpuBaeTcs clieMaJbHbIN MEXaHU3M, C TIOMOIIBIO KOTO-
poro System.Reactive mo3BosieT co3maBaTh 3arIyIIKY 71T CAMOTO BPeMeH.
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NlononHutenbHas HpopmaLms

B pasgene 7.1 paccmarpuBaeTcsa MOAYJIbHOE TECTUPOBAHUE async-MeTOMIOB,
KOTOPOE MMeeT MHOTO OOIIEr0 ¢ MOAYJbHBIMU TECTAMU, OKUAAI0NIIMU
SingleAsync.

B pertenire 7.6 paccmarpuBaercst MOLYJIbHOE TECTUPOBaHME HAGJIIO[aeMbIX
MOCTEeTOBATEIbHOCTEH, 3aBUCAIINX OT ITPOXOKIEHUS BPEMEHU.

7.6. MoaynbHoe TecTMpoBaHMe HabniogaeMbix
o6bekToB System.Reactive c ucnonb3oBaHnem
UMUTaLMN NTAHUPOBAHUA

3apgaua

Wmeercst HabmoaeMbiii 00bEKT, 3aBUCsIIHIT 0T Bpemenn. TpeGyercst Harmicath
MOJLYJIbHBIN TeCT, KOTOPBIiT He 3aBrces Obl 0T Bpemenu. K unciy nabmoae-
MBIX 0OBEKTOB, 3aBUCSIIIX OT BDEMEHH, OTHOCSITCSI T€, KOTOPbIE UCIIOTB3YIOT
TaiiM-ayT, OKHa/Oydepusanuio 1 peryJaupoBKy,/Bei60pKy. HyskHo mipoBecTn
MO/LYJIbHOE TECTUPOBAHIE TAKUX 0OBEKTOB, HO TaK, YTOOBI MOLY/IbHBIE TECTHI
BBITIOJTHSJTICh 32 TPUEMJIEMOE BPEMS.

PeweHune

KOHC‘{HO, B MO/1yJIbHBIE TECTbI MOJKHO BKJIIOYUTDH 3a/I€PIKKY, HO Y TAKOI'O pe-
ImeHnA €CThb /IBa HeJJOCTaTKa: 1) BBIIIOJIHEHWE MO/IYJIbHBIX TECTOB 3aHUMAET
60JIb1IIE BpeEMEHU; 2) BO3HHUKAET COCTOAHHNE TOHKH, IIOTOMY 4YTO BCE MO/LYJIbHbBIC
TECTbI BBIITOJMHAIOTCA OZHOBPEMEHHO, a IMOCJAEA0BATE/IbHOCTD BbIITOJIHEHM A
CTaHOBUTCA H(ﬂTpeZ[CKaSyeMOfI.

Bbubmmoreka System.Reactive (Rx) nmpoektupoBasach ¢ ydeTom motpebHocTei
TecTHpoBaHus; Hosee Toro, cama 6ubanoreka Rx mpoiia TiareabHoe Mo-
JyJIbHOE TecTrpoBaHue. YToObI c1e1aTh BO3MOKHBIM TIATETbHOE MOLYIbHOE
TecTHpoBaHue, B Rx Oblia BBeeHA KOHIETIHS NIAHUPOSUUKA, T KAXKIbII
omneparop Rx, paboraiomiuii co BpeMeHeM, Peain3yercsi ¢ UCIIOIb30BaHIEM
9TOTO aOCTPAKTHOTO TLIAHMPOBIIHUKA.
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Yrob6bl Batn HabJI01aeMbie 0GBEKTBI MOKHO OBLIIO TECTUPOBATH, HEOOXOANMO
JIaTh BO3MOKHOCTD BBI3BIBAIONIEH CTOPOHE 3a/1aTh IJTaHUPOBIIMKa. Harpumep,
MOZKHO B35ITh KJlacc MyTimeoutClass 13 perenta 7.5 1 106aBUTh IIAHKPOBIIHMKA:

public interface IHttpService

{
IObservable<string> GetString(string url);

}

public class MyTimeoutClass

{

private readonly IHttpService _httpService;

public MyTimeoutClass(IHttpService httpService)

{
_httpService = httpService;

}

public IObservable<string> GetStringWithTimeout(string url,
IScheduler scheduler = null)

{
return _httpService.GetString(url)
.Timeout(TimeSpan.FromSeconds(1), scheduler ??
Scheduler.Default);
}

}

3areM Bbl MOKeTe U3MeHUTH 3araymky cay:kOop1 HTTP, uro6bl oHa Takske
MoJJIEPKUBAJIA JIAHWPOBAHWE, U BBECTU TIEPEMEHHYIO 3a/IEPXKKY:

private class SuccessHttpServiceStub : IHttpService

{
public IScheduler Scheduler { get; set; }

public TimeSpan Delay { get; set; }

public IObservable<string> GetString(string url)
{

return Observable.Return("stub")
.Delay(Delay, Scheduler);
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Tenepb MOKHO JIBUTATHCA BIIEPEJ U UCIIOJIb30BaTh TestScheduler — TuIl,
BKJIIOUYEHHBIN B OnbmoTeky System.Reactive. TestScheduler mpegocTaBJisieT
MOIIIHbIE CPE/ICTBA YIIpaBJeHusl (BUPTYaJIbHbIM) BpEMEHEM.

TestScheduler HaXoAUTCS B IakeTe OT/EJIbHO OT OCTAJIbHBIX yacTeil
System.Reactive; HeoOXOAMMO yCTAaHOBUTD I1akeT NuGet Microsoft.
Reactive.Testing.

[TestMethod]
public void MyTimeoutClass_SuccessfulGetShortDelay ReturnsResult()

{

var scheduler = new TestScheduler();
var stub = new SuccessHttpServiceStub

{

Scheduler = scheduler,
Delay = TimeSpan.FromSeconds(0.5),
s
var my = new MyTimeoutClass(stub);
string result = null;
my.GetStringWithTimeout("http://www.example.com/", scheduler)
.Subscribe(r => { result =r; });

scheduler.Start();

Assert.AreEqual("stub", result);
}

ITOT KOJT MOJIETTUPYET CETEBYIO 3a/IEPIKKY TIPOAOLKUTENLHOCTDHIO 0,5 CEKYH/IBI.
Ba)KHO OTMETUTD, YTO BBIIIOJIHEHUE I9TOTO MOZ[yJIbHOI‘O TeCTa HEe 3aHUMaAET
0,5 CeKyH/IbI; Ha MOEH MaIlliHE OH BBITIOIHSIETCS TPUOJIU3UTETbHO 32 70 MUJI-
sucekyn. [loycekynanast 3ajiep;kKa CyIecTByeT TOJIbKO B BUPTYaJbHOM
BpeMeHu. [[pyroe 3aMeTHOE OTJIMYKE 3aKJII0YAETCSI B TOM, YTO STOT MOJLYJIbHBIN
TECT He SIBJISIETCSI ACHHXPOHHBIM; TaK KaK BbI HCIIOJIb3yeTe TestScheduler, Bce
TECTHI MOTYT 3aBEPIATHCST HEMEJJIEHHO.

[Tocsre TOTO Kak B Kojie OY/AYT UCTIONB30BATHCS TECTOBBIE TIAHUPOBIIUK,
[POTECTUPOBATH CUTYAIIUHU TaiiM-ayTa Gy/IeT HeCTOKHO:
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[TestMethod]
public void MyTimeoutClass_SuccessfulGetLongDelay_
ThrowsTimeoutException()

var scheduler = new TestScheduler();
var stub = new SuccessHttpServiceStub

{

Scheduler = scheduler,

Delay = TimeSpan.FromSeconds(1.5),
s
var my = new MyTimeoutClass(stub);
Exception result = null;

my .GetStringWithTimeout("http://www.example.com/", scheduler)
.Subscribe(_ => Assert.Fail("Received value"), ex => { result

= ex; });
scheduler.Start();

Assert.IsInstanceOfType(result, typeof(TimeoutException));
}

U cHosa BeinoiHeHNE Tecta He 3annmaet 1 cexymnay (nim 1,5 CeKyHibl); Tect
BBITIOJIHACTCS HEMEJIEHHO C MCTTOIb30BAaHNEM BUPTYaJTbHOTO BPEMEHH.

MoAcHeHue

B aToMm pernenite BBl e1Ba COMPUKOCHYJINUCH C IIAHUPOBIIUKAMU System.
Reactive u BupTyampabiM BpeMereM. PekoMeHIy10 TPUCTyIaTh K HAITMCAHUIO
MOy JTBHBIX TECTOB TOT/IA, KOT/Ia BRI HAYHETe McaTh Kof System.Reactive; co
BpEMEHEM Balll Kojl Gy/IeT CTaHOBHUTBCS Bee OoJiee CJIOKHBIM, HO BbI OyzieTe
YBEPEHBI B TOM, UTO Microsoft.Reactive.Testing ¢ HUM CIIPABUTCA.

TestScheduler TaKyKe COAEPIKUT METO/IbI AdvanceTo 1 AdvanceBy JIJII YaCTUYHBIX
nmepeMeIniennii B BUPTYaJIbHOM BpEMEHU. DTH METOBI MOTYT OBITD TIOJIE3HBI
B HEKOTOPbBIX CUTYaIIUAX, HO BbI JJOJIKHBI CTPEMUTHCS K TOMY, 4TOObI Kask /bl
MOJIYJIbHBIN TECT TTPOBEPSI UTO-TO OJHO. Boobe, nisg TECTUPOBAHUS TaliM-
ayTa MOKHO HAIUCATh OJIUH MOJLYJIbHBIN TECT, KOTOPBI YaCTUUHO ITPOABUTAET
BHepes TestScheduler u y6€>KZ[a€TCH B TOM, 4TO TaﬁM-ayT He IIPOU30IIIeJT CJAUII-
KOM PaHo, a TOTOM BBIBOJIUT TestScheduler 3a BpeMs TaiiM-ayTa 1 yOexKIaeTcst
B TOM, YTO Ha 3TOT Pa3 TaliM-ayT npousoliies. TeM He MeHee 5 MPeIoYnTaIo
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pasesaTh MOJYJIbHbIE TECThI HACTOJIBKO, HACKOJIBKO 3TO BO3MOKHO; HAIIPH-
Mep, O/INH MOy JIbHBIHN TECT MPOBEPSIET, YTO TalM-ayT He TPOU3O0IIIEJT CAUITKOM
paHo, a IPyroil MOAYJIbHBII TECT — 4TO OH ITPOU3OIIET O3/IHee.

JlononHutenbHasa MHGopmauus

B perterre 7.5 paccMaTpuBaioTCsI OCHOBBI MOJLYJIBHOTO TECTHPOBAHISI HAOJIIO-
Jla€MbIX I10CJIe/]0BAaTeIbHOCTEIL.



FNMABA 8

B3aumopeucrteue

ACI/IHXPOHHOG, IapaJ/uiejibHOE, pEaKTUBHOE IIPOI'PaMMHPOBaHUE — KaiK10€
13 HUX Ha CBOEM MeCTe, HO KaK OHU pa6OTaIOT B COY€TaHUU /IpYyT C ﬂperM?

B aroii riaBe paccMaTprUBaIOTCS Pa3/IMuHble CLICHAPUH B3aUMOCHCTBUN, KOTO-
pble HayJaT Bac 00beINHSTH Pa3Hble OAX0Ibl. Bbl y3HaeTe, Kak OHI B3aUMHO
JIOTIOJIHSIIOT JIPYT JAPYTa, BMECTO TOTO YTOOBI KOHKYPHUPOBATH; Ha TPAHMIIAX
COTIPUKOCHOBEHHUSI IBYX TTOJIXO/IOB TIOYTU HET KAKUX-THO0 HEPOBHOCTE.

8.1. ACMHXpOHHble 06epTKM ANA «Async»-MeToA0B
¢ «<Completed»-cobbiTuamm

3apava

CyImecTByeT cTapblii aCHHXPOHHBIN TATTEPH, B KOTOPOM HCIHOJIB3YIOT-
cs1 METOIBI ¢ UMeHaMu Buaa OnepayusAsync U COOBITHSI ¢ UMEHaMK BUJIA
OnepavusiCompleted. TpeGyeTcst BBIMOJHUTD OTIEPAINIO C UCTIOTIH30BAHUEM
CTapoTO ACMHXPOHHOTO MATTEPHA U NCIIOTH30BATh await ¢ Pe3yIbTaToM.

[Marrepu OnepavyusiAsync/OnepayusiCompleted Ha3bIBAETCS AaCHHXPOH-
HBIM TaTTepHOM Ha ocHoBe coObituii (EAP, Event-based Asynchronous
Pattern). Onu GyayT yIiakoBaHbl B MeTO/I, Bo3Bpatiaionii Task u peasm-
3YIOIIMI aCMHXPOHHBII ITaTTepH Ha ocHoBe Task (Task-based Asynchronous
Pattern).
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PeweHne

C IIOMOIIIBIO TUTIA TaskCompletionSource<TResult> MOKXHO CO3/1aBATh O6epTKI/I
JIJIT aCUHXPOHHBIX onepaum‘/’l. TI/IHTaskComplet ionSource<TResult> yIpaBJseT
Task<TResult> 1 TI03BOJISIET 3aBEPIIUTD 33/1a4y B HY;KHBI MOMEHT.

B ceylonieM IIpuMepe OIpeesaeTcss MeTO, paclIupeHus 1Jisd WebClient,
KOTOPBIN 3arpyskaeT cTPpoKy. Tut WebClient ompesensieT MeTObI Download-
StringAsync 1 DownloadStringCompleted. C UX TIOMOIIIBIO MOKHO OTIPEIETTUTh
meTo/[ DownloadStringTaskAsync

public static Task<string> DownloadStringTaskAsync(this WebClient client,
Uri address)

var tcs = new TaskCompletionSource<string>();

// 06paboTka cobbiTMA 3aBepwMT 3aAavy M OTMEHUT CBOW perucTpauun.
DownloadStringCompletedEventHandler handler = null;
handler = (_, e) =>
{
client.DownloadStringCompleted -= handler;
if (e.Cancelled)
tcs.TrySetCanceled();
else if (e.Error != null)
tcs.TrySetException(e.Error);
else
tcs.TrySetResult(e.Result);

3

// 3apeructpupoBaTb cobbiTue M *3aTem* HavyaTb onepauuiw.
client.DownloadStringCompleted += handler;
client.DownloadStringAsync(address);

return tcs.Task;

MoscHeHne

Jror KOHKPETHBIN IPUMEP He CJAUIIKOM I10JIe3€H, TOTOMY UTO WebClient yike
orpeniessieT DownloadStringTaskAsync, a Bbl MOJXKETe MCII0JIb30BaTh boJiee
y/:[06Hy10 JJIL async Bepcuio HttpClient. Tem He menee aToT IIpueM TaKKe MO-
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JKET UCITOJIb30BaThCA 1A B3aHMOHeﬁCTBHH CO CTapbIM ACMHXPOHHBIM KO/IOM,
KOTOprﬁ €lle He OBLIT OOHOBJIEH JIJIA VICITOJIb30BaHUA Task.

B noBOM KO/IE BCer/ia cieyeT NCIoab3oBaTh HttpClient. Mcmomp3yiiTe
WebClient TOIGKO B TOM CJTyJae, ECIIH BbI pabOTaeTe ¢ YHACTETOBAHHBIM
KOJZIOM.

B 006brunoii curyaiuun TAP-MeTox aist 3arpy3Ku CTPOK OyAeT Ha3bIBAThCs
OnepauusiAsync (Harpumep, DownloadStringAsync); TeM He MeHee 3Ta CXeMa
(hopMUpOBaHUsI NMEH B JIaHHOM cJiydae He paboraert, otomy uto EAP yike
oTIpesiesiieT MeTO ¢ TakuM uMeHeM. B takom ciygae TAP-meTomy mpucsa-
nuBaerca nms OnepayuaTaskAsync (Harnprumep, DownloadStringTaskAsync).

ITpu cosganuu ob6eprok 1yt EAP-MeTo10B CylecTBYeT BEPOSITHOCTD TOTO, 4TO
«CTapTOBbIN» METOJl MOKET BBIJIATh UCKJIIOUEHUE; B TIPE/BIYIIEM TIPUMeEpe
9TO MOJKET ITPOM30UTH B DownloadStringAsync. B aTom ciryuae Heo6Xoanmo
PEINTD, PA3PEINTh JU UCKIIOYEHNTO PACTIPOCTPAHATHCS U MEPEXBATUTD
HCKJIIOYEHNE U BbI3BaTh TrySetException. B GOJBIIMHCTBE Ciiydyae UCKJIIO-
YeHUS, BBIJAHHBIE B 9TON TOUKE, MPOUCXOAAT OT OMMUOOK MCITOJIb30BAHMS,
[O09TOMY HEBasKHO, KaKOil U3 BapHaHTOB BbI BeiOepere. Eciin BBl He yBepeHbI
B TOM, SIBJISTIOTCSI JIM UCKJIFOYEHUST OMNOKAMU MCIIOJIb30BaHUSI, PEKOMEH/LY 10
IepexBaTUTh NCKJIIOUEHNE U BBI3BATh TrySetException.

NlononHutenbHas MH$popmaLms

B peuente 8.2 paccmarpusaioress TAP-o6epriu aist metonos APM (Begin-
Operation 1 EndOperation).

B perterrre 8.3 pacemarpusatorcest TAP-06epTKu 17151 TI0OBIX THIIOB YBEIOMIICHHIA.

8.2. AcuHXpoHHble 06epTKM Ana metopoB «Begin/End»

3apava

B crapom acmHXpOHHOM TaTTepHE UCIOJIL3YIOTCA MTapbl METO/IOB C UMe-
Hamu BeginOnepauus v EndOnepayus, a Takke 06beKTOM IAsyncResult,
MPEJCTABJISIONINM aCUHXPOHHYIO oriepaiiuio. imeercs onepaiius, peainso-
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BaHmHast Ha 6ase CTApOro aCHHXPOHHOTO TTATTEPHA; TPEOYETCsST OPraHn30BaTh
ee 1oTpedIIeHre ¢ KJII0YEBbIM CJIOBOM await.

[TaTTepn «BeginOnepauusa/EndOnepaunsa» Ha3bIBAETCS ACUHXPOHHON
Mojennio porpammupoBanust (APM, Asynchronous Programming
Model). On 6yzeT ymakoBaH B METOJI, BO3BPATIAIOTINI Task 1 peansyro-
MU ACHHXPOHHBIH maTTepH Ha ocHoBe Task (Task-based Asynchronous
Pattern).

PewieHue

JIyummii cioco6 ynakoBkrn APM — ucnosib3oBaHme OHOTO U3 METOIOB From-
Async ¢ TUIIOM TaskFactory. FromAsync UCIIOJIb3yeT TaskCompletionSource-
<TResult> BO BHyTpPeHHEI peajusaliui, HO Ipy co3iannu obepTku aas APM
FromAsync HAMHOTO ITPOIIE NCITOJIb30BATh.

ITOT TIpUMeEp OTpeeisieT METO PacIiupeHus 1 WebRequest, KOTOPBIH
otnpasJser 3anpoc HTTP u nonydaer orser. Tun WebRequest ompeje-
JdeT BeginGetResponse U EndGetResponse; BbI MOJKETE OIIPEJIEJIUTH METO]
GetResponseAsync B CJIEIYIOLIEM BU/JIE:

public static Task<WebResponse> GetResponseAsync(this WebRequest client)
{

return Task<WebResponse>.Factory.FromAsync(client.BeginGetResponse,
client.EndGetResponse, null);

MoAcHeHue

Y FromAsync eCcTb MHOXKECTBO MEPeTrpy>KeHHBIX BePCUil, OT KOTOPBIX TOJI0BA
uaeT Kpyrom!

Kax mpaBuio, syydiire Bcero BbI3BIBATH FromAsync Tak, Kak 3TO C/IeJIaHO B Ha-
nreM nipuMepe. CHauasia iepejiaiite Metojt BeginOnepauyus (e BbI3bIBAS €T0),
3areM Tepeaiite metos EndOnepayust (Toxe 6e3 BbI30Ba). 3aTeM repenaiTe
BCe apTYMEHTHI, KOTOPbIE TToJIydaeT Begin Onepayusi, KpoMe MOCTeTHUX apry-
MEHTOB AsyncCallback u object. Hakoner, nepeznaiite null.

He Boi3biBaiiTe MeTos BeginOnepauust niepesi BbI30BOM FromAsync. MoKHO
BBI3BATh FromAsync C Tiepefadeit 0o0BbeKTa IAsyncOperation, IOJIly4eHHOTO OT

8.2. ACMHXPOHHbIe 06epTkM AnsA MeToaoBs «Begin/End» 145



BeginOnepauus, HO IPU TAKOM BBI3OBE FromAsync TIPUIETCST UCITOJIb30BATh
MeHee 9 PEKTUBHYIO PeaTH3aIIHIo.

Bo3aMoxkHO, Bac MHTEpeCyeT, ToueMy B PEKOMEH/IOBAHHOM TIaTTepHE B KOHIIE
Bcerzia 1nepegaercs null. Metoz FromAsync HOSBUJICSA BMECTE C TUIIOM Task
B .NET 4.0, iepez mosiBsienneM async. B To BpeMst B aCHHXPOHHBIX 0OPaTHBIX
BBI30BaX OBLIO MPUHSATO UCIOJb30BaTh 0OBEKTHI state, a TUIT Task ToOaIEp-
JKUBAET 3Ty BO3MOXKHOCTH € TMTOMOIIBIO CBOETO MeTo/ia AsyncState. B HoBOM
ImaTTepHe async 0OBEKTHI state yoKe He HYKHBI, II09TOMY B IIapaMeTpe state
MOJKHO Bcerjia repeziaBath null. B Te qHu nmapameTrp state MCIIOJIb30BAJICS
TOJIBKO JIJIsI IPEAOTBPALICHIS CO3JaHus dK3eMILIApa 3ambikanus (closure)
IpY ONTUMHU3AIUNA UCIOJIb30BAHNA TTAMITH.

[lononHutenbHasa uHpopmauus

B pertenre 8.3 paccmarpuBaercst Hancanue TAP-06epToK J71st T06BIX THIIOB
YBEZIOMIIEHUH.

8.3. ACMHXPOHHble 00epTKKN ANA Yero yrofgHo

3apava

EcTb HeTHIIUMUHAS WM HeCTaHAAPTHAS ACHHXPOHHAS OIlepaliis UIn cOObITHE.
TpebGyercst obecniednTh UX NOTPeGIEHUE ¢ KIIOUYEBBIM CJIOBOM await.

PewieHue

Tur TaskCompletionSource<T> MOXKET UCTIOTB30BATHCS JIJIsSI TOCTPOEHUST 00D~
eKTOB Task<T> B J0O6GHIX creHapusx. C momorpio TaskCompletionSource<T>
MOKHO 3aBEPIIUTD 33/1a4y TPEMsI Pa3HBIMU CIIOCOOAMIL: C YCIIETTHBIM PE3YJIb-
TaTOM, C OTKA30M MUJIU C OTMEHOI.

Jlo nosBienus async kommanus Microsoft pexoMenzoBasa UCIOIb30BATD
nBa apyrux acmaxponnbix natrepua: APM (pemnent 8.2) u EAP (penienit 8.1).
Opnnako u APM, u EAP 6b111 0CTaTOYHO HEYAOOHBIMU, 8 B HEKOTOPBIX
CUTYaIlUsIX WX OBLIO TPYAHO peasn3oBaTh. I1o 9T0i IpUUYNHE MOSIBUIACH
Heo(duIMaIbHasA cXeMa, OCHOBaHHas Ha 0OpaTHBIX BbI30BaX, C METOJAMU
CJIeIYIONIEero BU/A:
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public interface IMyAsyncHttpService
{

void DownloadString(Uri address, Action<string, Exception> callback);

}

Taxume MeTOIBI CJIEYIOT COTIANIEHNIO, COTJIACHO KOTOPOMY DownloadString
3amyckaeT (aCHHXPOHHYIO) 3arpy3Ky, a IPW 3aBepIieHnn callback aKTHBH-
3upyercst au6o ¢ pe3yabraTtoM, Jn6o ¢ uckirodeHneM. OO6bIYHO callback
AKTUBU3UPYETCS B (POHOBOM MTOTOKE.

Hecrarnmaptible acHHEXpOHHBIE METO/BI (BPO/IE TIPUBEIEHHOTO B TPEBIAYITIEM
npruMepe) MOTyT ObITh YIIaKOBaHbI B TaskCompletionSource<T>, 4TOOBI OHU
ecTeCTBEHHBIM 00pa3oM paboTasu ¢ await, KaK B CJIeLyIOIEM ITPUMepe:

public static Task<string> DownloadStringAsync(
this IMyAsyncHttpService httpService, Uri address)

var tcs = new TaskCompletionSource<string>();
httpService.DownloadString(address, (result, exception) =>

{
if (exception != null)
tcs.TrySetException(exception);
else
tcs.TrySetResult(result);

1)

return tcs.Task;

MoscHeHne

Tor ke maTTepH TaskCompletionSource<T> MOXKET UCTIOTH30BATHCS JIJIST YTIAKOB-
KU1 J100bIX ACHHXPOHHBIX METO/IOB, KAKMMH OBl HECTAHIAPTHBIMU OHK HU OBLIIH.
Cnauasa co3maiite 9K3eMILISAp TaskCompletionSource<T>. 3aTeM OpraHU3yiiTe
06paTHBII BHI30B, 4TOOBI TaskCompletionSource<T> 3aBepIIas CBOIO 3a1a4y
COOTBETCTBYIOIIINM 00Pa30M. 3aIyCTUTE ACHHXPOHHYIO OMEPAITNIO U HAKOHEI]
BepHHTE 0OBEKT Task<T>, CBA3AHHBIN ¢ 5TUM TaskCompletionSource<T>.

B aToM maTrepHe BaxKHO ObITh Y8epertbiM B TOM, YT0ObI 0OBEKT TaskCompletion-
Source<T> Bcerjia 3aBepiiascs. TiareabHo nmpoayMaiite 06paboTKy OMmnboK
" y6e111/1Tec13 B TOM, 4TOObI TaskCompletionSource<T> 3aBepIIajcs COOTBET-
cTByIOIMM 00pa3oM. B mocsieiHem nprMepe UCKII0UEH NS SBHO EPeIaloTcst
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O6paTHOMy BBI30BY, TaK 4TO OJIOK catch He MOHAI00UTCS; HO HEKOTOPBIE
HecTaHJapTHBIE IAaTTEPHBI MOT'YT HOTpe6OBaTb mepexBaTta UCKIIOUeHM B 06-
PaTHBIX BbI30OBAX 1 BKJIIOYEHU UX B TaskCompletionSource<T>.

JlononHutenbHasa nHGopmauus

B penenre 8.1 pacemarpusaiorest TAP-o6eptku mist metogos EAP (Onepa-
uusiAsync, OnepayusiCompleted).

B penenre 8.2 pacemarpusaiorces TAP-o6epriu s metogoB APM (BeginOne-
pavus, EndOnepavust).

8.4. ACHXPOHHbIe 06epTKN ANA NapannenbHoro Koaa

3apgaua

Cy1iecTBYyIOT apasiiesbHble BRIUYUCIeHUs (CO3/aloniie HArpy3Ky Ha Mpo-
I[ECCOP), KOTOPbIE BbI XOTUTE MOTPEDISITH € TIOMOTIBIO await. OObIYHO ObIBaeT
HyKHO, 4T0ObI UI-T10TOK He OI0KMPOBAJICS B OKMIAHUN 3aBEPIIEHUST ITapaJi-
JIEJTbHBIX BBIYUCTIEHUT.

PeweHne

Tun Parallel u Parallel LINQ ucmoib3yroT 1y TOTOKOB JIJIsI BHITIOJTHEHST
napasuiesbHoi 06paboTk. [Py 5TOM BBI3BIBAIOIIII TOTOK TAKKE BKITIOYAETCST
B YKCJIO IOTOKOB MAPAJLIETbHON 06pabOTKH, TaK Y4TO MPH BBI30BE TTapai-
serpHOTO MeTozia n3 Ul-moToka mosb3oBaTebeknii nuTepdeiic mepectaHeT
pearrpoBaTh Ha JAEHCTBI MOIb30BATE IS /10 3aBepIieHnst 00paboTKH.

Yro0bl OJIH30BATENbCKIIT MHTEPDEIC He GIOKUPOBAJICS, YIaKyiHTe mapaJ-
JIeJIbHYI0 00paboTKy B Task.Run ¥ IPUMEHNTE await K Pe3yJibraTy:

await Task.Run(() => Parallel.ForEach(...));

KimioueBoii acieKT 9TOTO perenTa 3aKI09aeTcst B TOM, 4TO MapalIeTbHbIi KO/
BKIIOUACTN BbI3LIBAIOWULL NOMOK B CBOIA T1YJI TOTOKOB, MCIIOJIb3YEMBbIX JIJIs TTa-
pamienbHoi 06paboTku. ITo oTHOCcUTCs Kak K Parallel LINQ, Tak u k kiaccy
Parallel.
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MoAcHeHue

ITO IPOCTOH PelerT, HO ero YacTo yImycKaroT u3 Buay. Vcnosb3ys Task. Run,
BBI IT€peMelaeTe BCo MapaiebHyo 06paboTKy B IyJI IIOTOKOB. Task.Run
BO3Bpaiiaer 0ObeKT Task, MPEJACTABJISAONINN MapasieabHyo pabory, a Ul-
MTOTOK MOKeT (ACUHXPOHHO) OJKU/IATh €r0 3aBEPIIEHUS.

IT1O0T pettent oTHOCUTCS ToabKO K Ul-Komy. Ha cTopowne cepBepa (Hampumep,
ASPNET) napajutenbiast 06pabOTKa BBIIOJTHIETCS PEAKO, TIOTOMY UTO Ta-
paJLIesiu3M yke 00eCTriednBaeTcst CEpBEPHBIM XOCTOM. 10 9TOM MpuunHe KOjt
Ha CTOPOHE cepBepa He J0JIKEH HU BBITIOIHSITD TTapaJIeIbHY 10 00paboTKY, HH
nepesiaBaTh ee MyJry MOTOKOB.

NlononHutenbHas HGpopmaLms

B riaBe 4 paccMaTpuBalOTCA OCHOBHBIC ITPUHIIUIIBI ITapaJlJIEJIbHOTO KO/4A.

B riase 2 paccMaTprBaOTCA OCHOBHbBIE IIPUHITUITBI ACKHXPOHHOTO KOJA.

8.5. ACMHXpOHHbIe 06epTKM ANA HabnofaemMbIx
o6bekToB System.Reactive

3apava

Mnmeetcs HAOIOAEMBII TTOTOK, KOTOPbIN Tpe6yeTC${ HOTpe6JIHTB C MCIIOJIb-
30BaHNEM await.

PeweHne

Cnauaja H€O6XOI[I/IMO PEIINTD, Kakue coOBITHA Ha6JIIOI[aeMOI‘O 00beKTa B I10-
TOKe COOBITUI Bac UHTEPECYIOT. Camble pacClipoCTpaHEHHbIE CUTYallUN:

O Ilocnennee cobpiThe MEPE] 3aBEPILECHIEM IIOTOKA.
o Curenyolee coObITHE.

O Bce cobbiTus.
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Yro0BI OJIYIUTH NOCIeOHee COOBITHE B TIOTOKE, MOKHO TIPUMEHUTH await
700 K pe3yJIbraTy LastAsync, TH60 K HAOI0[aeMOMY OOBEKTY HATIPSIMYIO:

IObservable<int> observable = ...;
int lastElement = await observable.LastAsync();
// vwnn: int lastElement = await observable;

Korza BbI ucmiosib3yeTe await ¢ HabJOaeMbIM 0OBEKTOM HITH LastAsync, KOJI
(acMHXPOHHO) OXKMUJIAET 3aBepIlIeHNs TOTOKA, [TOCJIe YeTo BO3BpalllaeT Moce/l-
HUI a1eMeHT. Bo BHyTpeHHel peamn3annn await MOAMACHIBAETCS HA TTOTOK.

Yro6bl TOJYyINTh Credyiouee COOBITHE B TIOTOKE, UCIIOIb3YiiTe FirstAsync.
B careyioniem Kojie await TTOAIICHIBAETCS HA TOTOK, IIOCTIE Y€TO 3aBEPIITAETCST
(¥ OTMEHSIET MOAIIICKY ) CPa3y JKe € MOCTYIIEHHEM TIEPBOTO COOBITHUSI:

IObservable<int> observable = ...;
int nextElement = await observable.FirstAsync();

I[JIH OTCJIEKUBAHKS BCEX COOBITUI B IIOTOKE MOKHO BOCIIOJIb30BaThCsI ToList:

IObservable<int> observable = ...;
IList<int> allElements = await observable.ToList();

MoscHeHne

Bbubmoreka System.Reactive 1pegocrasiisier Bce MHCTPYMEHTbI, HeOOXO/11-
Mbl€ JIJIsI TOTPeOIeHNs IOTOKOB € UCIIOJIb30BaHUuEeM await. EAMHCTBEHHbII
HIOAHC 3aKJII0YAEeTCsl B TOM, YTO TIPUAETCS AyMaTh O TOM, OyAeT Jn 00beKT,
JOIYCKAIOMIMIA OKUIaHUe, 0KUIATh 10 3aBeplIeHns MoToKa. VI3 nmpuMepoB
JIAaHHOTO pelienTa LastAsync, ToList U cOOCTBEHHO await GYIyT OKUIATh 3a-
BepIIeHMs TIOTOKA; FirstAsync OyeT 0KUAATH TOJIBKO CJIELYIONIErO COOBITHS.

Ecau atux mpumMepoB BaM HEZOCTATOYHO, BCIOMHUTE, UTO B BallleM PacIio-
psixerun Best Motnb LINQ, a Takske manumysatopsl System.Reactive. Takue
orepalnu, Kak Take 1 Buffer, IOMOTYT B aCUHXPOHHOM OKHMJaHUN HeobOXxo-
JIMMBIX 9JIEMEHTOB €3 OKUIaHKsI 3aBEPIIEHUST BCETO TIOTOKA.

HekoTopbie onepaTopsl [Jist HCIOJIb30BAHUS C await — TaKue, Kak FirstAsync
U LastAsync, — He BO3BpamiaioT Task<T>. Eci BbI IJIaHUpYeTe UCIIOIb30BATh
Task.WhenAll uun Task.WhenAny, TO BaM ITOHAZ0OUTCA OOBEKT Task<T>, KOTO-
PBIiT MOKHO MOJTYYUTD BBI30BOM ToTask /I7IsT TI060T0 HAOII01aeMOT0 0O BEKTA.
ToTask BEPHET OOBEKT Task<T>, KOTOPBIiT 3aBEPIITAETCS C TIOCJEAHNM 3HAYEHIEM
B [IOTOKE.
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NlononHutenbHas HpopmaLms

B paszene 8.6 paccMaTpuBaeTcs MCIOAb30BaHNE ACHHXPOHHOTO KOZIa ¢ Ha-
OJI01aeMbIM TIOTOKOM.

B pasmene 8.8 paccmaTpuBaercst UCIIOIb30BaHNEe HAOMIOMaEMBIX TOTOKOB
B KayeCTBe BXOHbBIX JaHHBIX /s OJI0KA MOTOKA JaHHBIX (KOTOPBIH MOKET
BBITIOJIHSITH ACHHXPOHHYO PaboTy).

B paspnene 6.3 paccmarpuBaeTcs HCIOIb30BaHUe OKOH U Oydepusaum 1s
HabJII0IaeMbIX TIOTOKOB.

8.6. Habniopaembie 06epTKU ANA AaCUHXPOHHOTO Kofa
B System.Reactive

3apava

VmeeTcst aciHXPOHHAS OIIEPaIlst, KOTOPYIO TpeOyeTcst 00 beANHUTD C (hyHK-
[IMOHAJIbHOCTBIO HAGJII0IAEMBIX OOBEKTOB.

PeweHne

Jlio6ast acHHXPOHHAS OIlepallis MOKeT MHTEPIIPETHPOBAThCS Kak HabJI01a-
€MBIl TIOTOK, KOTOPBI /leJIaeT OJHO U3 IBYX:

O NPOUBBOIUT OJAWH JIEMEHT, TI0CJIE YETr0 3aBepIIaeTCs;
O BbIJAET 0TKa3 6e3 TeHepUPOBAHUS KaKIX-I100 2JIEMEHTOB.

Jlnist peanmusanu aToit Tpancopmaiinu B 6ubsmoreke System.Reactive cy-
IECTBYET MIPocToe peobpa3oBaHue Task<T> B I0bservable<T>. Coemytommuii
KO/J[ 3aITyCKaeT aCHHXPOHHYIO 3arPy3KY BeO-CTPAHUIL, HHTEPIIPETUPYS €€ Kak
HaOJTI01aeMYT0 TTOCJIEIOBATETBHOCTD:

IObservable<HttpResponseMessage> GetPage(HttpClient client)
{
Task<HttpResponseMessage> task =
client.GetAsync("http://www.example.com/");
return task.ToObservable();

}
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Pentenue ¢ ToObservable npe/iosaraet, YTo Bbl YK€ BbI3BAJIN async-MeTO/|
1 y Bac nMeetcsi 00beKT Task 15T Tpeobpa3oBaHusI.

[ pyroii monxo1 0CHOBAaH Ha BBI30Be StartAsync. StartAsync Takske BBI3BIBAeT
async-MeTo/l HeMEIJIEHHO, HO € TIO/IEP/KKOIT OTMEHBI: €CJIU MOIHICKa OyIeT
OTMEHEHA, TO async-MeTO/[ OTMEHSIETCS:

IObservable<HttpResponseMessage> GetPage(HttpClient client)
{

return Observable.StartAsync(
token => client.GetAsync("http://www.example.com/", token));

}

Kax ToObservable, Tak 1 StartAsync HeMe/JIEHHO 3aIyCKAlOT aCHHXPOHHYIO
orepanuio 6e3 OKUIAAHNST TOANUCKN; HabII0IaeMbIN OOBEKT SIBJISIETCST «TOPSI-
auM». ITOGBI CO3ATD «XOJIOHBIHY» HAOIOaeMbIil 0OBEKT, KOTOPBIT 3AITyCKAeT
ollepalnio TOJbKO IIPU MOAIKCKE, UCIO0JIb3YiiTe MeTO/| FromAsync (KOTOPBIi
TaK e MOJIIepKUBAaeT OTMEHY, Kak U StartAsync):

IObservable<HttpResponseMessage> GetPage(HttpClient client)
{

return Observable.FromAsync(
token => client.GetAsync("http://www.example.com/", token));

}

FromAsync CyIIIeCTBEHHO OTJIMYAETCs OT ToObservable 1 StartAsync, KOTOpbIe
BO3BpAIAOT HaOM0aeMbIil OOBEKT JJIST YIKe 3alyIIEeHHO async-OTepaliim.
FromAsync 3amycKaeT HOBYIO HE3aBUCUMYIO async-OTIePaIinio Kayk/Iblil pas,
KOIJIa CO3/LaeTCs MO/INCKA.

Haxonerr, MOKHO UCTIONTB30BATD CIIEIUAbHBIE TIeperpy>KeHHbIe BepCUH Select-
Many JIJIsI 3aIlyCKa aCHHXPOHHBIX OTIEPAITNil LIS KAsKA0TO COOBITHS B ICXOHOM
IIOTOKE 10 Mepe UX MOCTYIIeHUS. SelectMany Takke MOJIEPKUBAET OTMEHY.

CJreyIoniuii mpuMep ImoaydaeT CyIecTBYoIui 1oTok cobbituii ¢ URL, mociie
Yero MHUIUUPYET 3arpoc mpu noaydennn kaxaoro URL:

IObservable<HttpResponseMessage> GetPages(
IObservable<string> urls, HttpClient client)
{
return urls.SelectMany(
(url, token) => client.GetAsync(url, token));
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MoAcHeHue

Bubmmoreka System.Reactive cyiecTBoBaa 0 MOSIBIEHUS async, HO 9TH
(u npyrue) onepaTops ObLN 10OABIEHBI [7IsI HOPMAJIHLHOTO B3AUMOIECTBIS
C KOZIOM async. Pekomen y1o 1CI10/1b30BaTh OIIMCAaHHbIE B 9TOM PeLelITe olepa-
TOPBI JIasKe B TOM CJIydae, ecJiu Ty ke (DyHKIIMOHAJIbHOCTD MOXKHO ITOCTPOUTD
C MCIOJIb30BaHMEM JIPyTrux oneparopos System.Reactive.

JlononHutenbHasa uHpopmauus

B penenre 8.5 paccmaTtpuBaetcst notpediienne HabIogaeMbIX TIOTOKOB B aCHH-
XPOHHOM KO/IE.

B pertenire 8.8 paccmarpuBaercst HCIOIb30BaHNe GJOKOB MOTOKOB JTAHHBIX
(KOTOpbIe MOTYT COZIEP/KATh ACHHXPOHHBII KOJ[) KaK HCTOYHUKOB HaOJI0/1a-
€MBIX TIOTOKOB.

8.7. ACI/IHXPOHHI:IE MOTOKU U CETU NOTOKOB AJdaHHDbIX

3apava

B onnoit yacTu Bamero pereHust UCIOJIb3YIOTCA aCHHXPOHHBIE TTOTOKH,
a B JIPyroil — CceTu MOTOKOB JaHHBIX. TpebyeTcs: OpraHn3oBaTh Mepeaady
JTAHHBIX MEK/LY HUMM.

PewieHue

[Torpebiienue Channel Kak aCHHXPOHHOTO IIOTOKA BCTPOEHO HEIIOCPEACTBEHHO
B TUII Channel; mogpo6HocTH cM. B perente 9.8. ITorpebienne 6moka TPL
Dataflow kak acHHXPOHHOTO MOTOKA MPOUCXOAUT HEMHOTO CJIOKHEE, HO
6e3ycyioBHO peasbHO. Ha Moit B3rJIsij1, TIpolie CHavaa OMpeIeJuTh MeTOL
pacumpenust s 6JI0KOB IOTOKOB JaHHBIX, KOTopble aeaaior ux API Gonee
CXOIHBIM C Channel, a 3aTeM MCIIOJIB30BATh X KaK ACHHXPOHHBIN TIOTOK C TI0-
MOIIIHIO ATOTO METO/Ia PACIIIUPEHTL:

public static class DataflowExtensions

{
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public static bool TryReceiveItem<T>(this ISourceBlock<T> block,
out T value)

{

if (block is IReceivableSourceBlock<T> receivableSourceBlock)
return receivableSourceBlock.TryReceive(out value);

try

{
value = block.Receive(TimeSpan.Zero);
return true;

}

catch (TimeoutException)

{
// Ha [aHHbli MOMEHT [OCTYMHOro 3JieMeHTa HeT.
value = default;
return false;

}

catch (InvalidOperationException)

{
// Bnok 3aBepweH, 3/eMeHTOB 6o/blie HeT.
value = default;
return false;

}

}

public static async IAsyncEnumerable<T> ReceiveAllAsync<T>(
this ISourceBlock<T> block,
[EnumeratorCancellation] CancellationToken cancellationToken =
default)
{
while (await block
.OutputAvailableAsync(cancellationToken).ConfigureAwait(false))
{
while (block.TryReceiveItem(out var value))
{
yield return value;
}
}
}
}

Hoz[po6HyIO UHOOPMAITHIO 06 anI/I6yTe EnumeratorCancellation CM. B pe-
ernre 3.4.

154 maga 8. Bzaumogeiictarie



C MeToIoM paciiMpenus u3 MpUBeIeHHOTO TPUMepa 060 BEIXOIHOI 010K
IIOTOKA JIAHHBIX MOKET UCII0JIb30BAThCSI KAK ACUHXPOHHDBIN II0TOK:

var multiplyBlock = new TransformBlock<int, int>(value => value * 2);

multiplyBlock.Post(5);
multiplyBlock.Post(2);
multiplyBlock.Complete();

await foreach (int item in multiplyBlock.ReceiveAllAsync())
{

Console.WriteLine(item);

}

Takske BO3MOKHO MCITOJIb30BATh ACHHXPOHHBIN IMIOTOK B KAU€CTBE MCTOUYHMKA
3JICMEHTOB /I OJI0Ka II0TOKA AAHHBIX. Bee, 4To /1715 5TOro MOHai00uTCs, — 3T0
LUKJI, KOTOPbII U3BJIEKAET 9JIEMEHTDI U [IOMEINAET UX B 0JI0K. B mpusegennom
HUZKE KOJIe IEHCTBYeT Mapa AOIyIeHNH, KOTOPbIe MOTYT OBbITh HEIIPUEMJIEMbI
B HEKOTOPBIX CLIeHapHUAX. Bo-1epBbIX, Ipeamoaraercs, 4To 6J0K JOJKeH 3a-
BepIIaThCS IMPU 3aBEPIIEHUN TOTOKA. BO-BTOPBIX, OH HAUMHAET BBITTOJHATHCS
B CBOEM BBI3BIBAIOIIEM IIOTOKE; B HEKOTOPBIX CLIEHAPHAX ObIBAET HYKHO, YUTOODI
BECb IIUKJI BBIIOJHAJICA B TIOTOKE U3 I1yJIa [IOTOKOB:

public static async Task WriteToBlockAsync<T>(
this IAsyncEnumerable<T> enumerable,
ITargetBlock<T> block, CancellationToken token = default)

try
{
await foreach (var item in enumerable
.WithCancellation(token).ConfigureAwait(false))
{

await block.SendAsync(item, token).ConfigureAwait(false);

}

block.Complete();
}
catch (Exception ex)
{
block.Fault(ex);
}
}
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MoAcHeHue

[IpenmnosaraeTcst, 4TO METOBI PACIIUPEHUS B TOM PeIelTe CTAaHYT OTIIPaB-
HOIl TOYKOI /I fajbHeiinell paboTel. B acTHOCTH, METO pacuIupeHust
WriteToBlockAsync OCHOBaH Ha HEKOTOPDBIX JOIYIIEHUX; ITPEK/IE YEM I10JIb30-
BaThCsI STUMK METOIAMH, 00513aTEIbHO MTPO/IyMaliTe UX MOBeAeHNE U YOETUTECh
B TOM, UTO OHO COOTBETCTBYET Balllell CUTYyaIu.

JlononHutenbHasa uHpopmauus

B pertenire 9.8 paccmarpuBaetcst morpebiienuie Channel Kak aCHHXPOHHOTO
MOTOKA.

B pertenite 3.4 paccmMaTpuBaeTcs OTMeHa aCHHXPOHHBIX TOTOKOB.
B riiase 5 npeacrasienn penentst s TPL Dataflow.

B riase 3 TIpeaCTaBJAEHbI PEHEIITHI A/ ACMHXPOHHBIX ITOTOKOB.

8.8. Habniopaembie 06bekTbl System.Reactive
Observables u ceTn noToKa AaHHbIX

3apava

B oxHoit yacTu perneHus NCIoIb3yoTest HabmogaeMbie 00bEeKThI System.
Reactive, B ipyroii — cetu MOTOKOB JaHHBIX. TpebyeTcst opraHu30BaTh UX
B3aMMOJICHICTBHE.

N y nabmogaembix 06bekToB System.Reactive, 1 y ceTeil IIOTOKOB JJaHHBIX
CYIIECTBYIOT CBOM 00JIACTH TIPUMEHEHNST, KOTOPbIE TIEPEKPBIBAIOTCST HA KOH-
HENTYaJbHOM YPOBHE; 9TOT PEIENT MTOKA3bIBAET, KAK JIETKO OPTaHN30BaTh UX
COBMECTHY0 PaboTy, 4TOOBI BbI MOTJIM BHIOPATH HANJTYUIITUI MHCTPYMEHT JJIsT
KaK/[0i 4acT paboThL.

PewieHue

Jluist Havasma pacCMOTPUM UCTIOJb30BaHKe OJI0KA MOTOKA JAHHBIX KaK BXOJa
st Habuioaemoro oroka. Coreytonuii mpumep cosaaer 6ydepHbiii 6J0K
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(KOTOpBIiT He BBITIOIHSAET HUKAKOi 00pabOTKI), a TaKsKe HaOJII0IaeMbIil 1H-
Tepdeiic Ha 6aze aTOTO H70KA BHIBOBOM AsObservable:

var buffer = new BufferBlock<int>();
IObservable<int> integers = buffer.AsObservable();
integers.Subscribe(data => Trace.WritelLine(data),
ex => Trace.WritelLine(ex),
() => Trace.WriteLine("Done"));
buffer.Post(13);

Kak G6ydepubie 610kH, Tak U HabJI0aeMble TOTOKKM MOTYT 3aBEPUIaThCs
HOPMAJIbHO WJIK € OIINOKOI, 1 MeTO/ AsObservable 1peoOpasyer 3aBeplieHie
6J10Ka (MM 0TKa3) B 3aBeplieHne HaboaaeMoro motoka. OHako ecim B 610Ke
POKMCXOAUT OTKA3 € BbIAaUeil UCKIIOUEHMs], IPU Tepejiade HaOI01aeMoOMy
MOTOKY 9TO MCKJII0YeHHe OyIeT yIakoBaHO B 00bEeKT AggregateException.
[Tpoucxosinee HAOMUHAET MEXaHU3M PACIPOCTPAHEHUsT OTKA30B CBSI3aH-
HBIMI OJIOKaMU.

HenamuoTO C/105KHEe B3ATh CeTh U paboTaTh ¢ Heil Kak ¢ IPUEMHUKOM JIJIst
HaOsmoaemMoro notoka. Crieyoniuii Koji BhI3bIBaeT AsObserver, 4TOObI OJI0K
MOT MOAIMICATHCS Ha HAOJIIOaeMBbIi MOTOK:

IObservable<DateTimeOffset> ticks =
Observable.Interval(TimeSpan.FromSeconds(1))

.Timestamp()
.Select(x => x.Timestamp)
.Take(5);

var display = new ActionBlock<DateTimeOffset>(x => Trace.WritelLine(x));
ticks.Subscribe(display.AsObserver());
try
{
display.Completion.Wait();
Trace.WriteLine("Done.");

}

catch (Exception ex)

{

Trace.WriteLine(ex);
}

Kak u nipesx/ie, 3aBepiienne HabJIi01aeMOTo IIOTOKa IIpeoOpasyeTcs B 3aBep-
menue 6J10Ka, a Jo0ble OMMOKN U3 HAGJII0IAeMOro MOTOKA IPeodpasyioTes
B OTKa3 0JI0Ka.
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MoAcHeHue

Y 6JI0KOB TIOTOKOB JIAHHBIX ¥ HAOJII0AeMBIX TIOTOKOB Ha KOHIIENTYaJIbHOM
YPOBHE €CTh MHOTO OOIIEro: Yepe3 HUX MPOXOIST JaHHbIE, B 000UX CIIydasx
MOJI/IEP’KUBAIOTCS 3aBepIIieHre U 0TKa3bl. OHU MPOEKTUPOBAJIUC JIJISI PA3HBIX
crienapues; 6ubanoreka TPL Dataflow npeanassayanach 17151 KOMOMHAIIMIL
ACMHXPOHHOTO U TapaJjIeIbHOTO TporpaMMUpoBanus, a System.Reactive —
ISl PEAKTUBHOTO TPOTrpaMMUpOBanusi. Bripouem, 3T0 KOHIIENTyalbHOE Tepe-
KPBITHE COBMECTUMO B JIOCTATOYHON MePe, YTOOBI OHU OYEHBb XOPOIIIO U eCTe-
CTBEHHO PabOTaJH JPYT C JIPYTOM.

JlononHutenbHasa uH$popmauus

B perierre 8.5 paccmarpuBaercst motpebsierie HabmoaeMbIX TOTOKOB B aCHH-
XPOHHOM KO/I€.

B penenre 8.6 pacCMaTpUBaA€TCA UCITOJIb30OBaHME aCMHXPOHHOI'O KOZla B Ha-
6JIIOlIaeMI)IX ITIOTOKax.

8.9. lpeobpa3zoBaHne HabnwaaemMbix 06beKTOB
System.Reactive B aCMHXPOHHbIe NOTOKM

3apava

B oTes1bHOIT yacTy Baliero perieHus HCIoJb3yoTcest HaburoaeMbie 00bEKThI
System.Reactive. Tpebyercst TOTPeOISITh MX KaK aCUHXPOHHbIE TIOTOKH.

PewieHue

Hab6umonaembie 06bekThl System.Reactive paGoraror 1o NpUHIKITY TIPOTAI-
KUBaHUA, a aCUHXPOHHBIE ITIOTOKWU — 110 IPUHIIUITY BbITATUBAaHUAI. A 3HAYUT,
HEeOOXOUMO TIPEKIE BCETO MOHITh, YTO CYIIECTBYET KOHIENTYalbHOE He-
cootBercTBHE. TpebyeTcst 06ecednTh OTKINK JJIsT HaOII0[aeMOTO TIOTOKA
Y COXPAHUTh €r0 YBEIOMJIEHUS JI0 TOTO, KaK OHU OY/IyT 3arpoIieHbl moTpes-
JISTIOIUM KOJIOM.
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Camoe MPAMOJIMHENHOE pellieHre YrKe BKIIOUeHO B 6I/I6JII/IOTeKy System.Ling.
Async:

IObservable<long> observable =
Observable.Interval(TimeSpan.FromSeconds(1));

// TPEOYMNPEXAEHME: MOXeT MOTpeb6nATb HEOrpaHUYEHHYHW MaMATb; CM. obcyxaeHue!
IAsyncEnumerable<long> enumerable =
observable.ToAsyncEnumerable();

Meton pacmupenus: ToAsyncEnumerable Haxoautcst B NuGet-makere
System.Ling.Async.

BayxHo OHATB, 4TO 9TOT MPOCTON METO/I paciiupeHus ToAsyncEnumerable BO
BHYTPEHHE! peasn3aliiy UCII0Ib3yeT HEOrPAHMUYEHHYIO Ouepe/lb «IIPOU3BO-
UTENb/ToTpebuTeNb>. 110 CyTH OH He OTIMYAeTCsl OT METO/Ia PACIITUPEHS,
KOTOPBII BBl MOKeTe HAIIUCATh CAMOCTOSITENILHO C UCTIOJIb30BaHNEM Channel
KaK HeOTPaHMYEHHOW OYePe/in «IIPOU3BOAUTEb/ TIOTPEOUTEb

// TIPEOYMNPEXOEHME: MOxeT MOTpeb6nATb HEOrpaHUYEHHYW MaMATb; CM. obcyxaeHue!
public static async IAsyncEnumerable<T> ToAsyncEnumerable<T>(
this IObservable<T> observable)

{
Channel<T> buffer = Channel.CreateUnbounded<T>();
using (observable.Subscribe(
value => buffer.Writer.TryWrite(value),
error => buffer.Writer.Complete(error),
() => buffer.Writer.Complete()))
{
await foreach (T item in buffer.Reader.ReadAllAsync())
yield return item;
}
}

ITH peleHns MPOCTHI, HO UCIOIb3YIOT HEOTPAHUUYEHHBIE OUePEeTH, TOITOMY
MOJTb30BATHC UMM CJIEYyeT TOTHKO B TOM CJIydae, €CIU BBl YBEPEHBI, UTO TT0-
TpebuTeIh CMOKET (CO BpEMEHEM) He OTCTaTh OT HAOMIOAeMbIX COOBITHIA.
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Ecm morpe6urens B Te4eHne KakKoro-To BpeMEeHH OTCTaeT OT IIPOM3BOAUTEIS,
HUYEro CTPAIIHOTO; B 9TO BpeMs HabJIiojaeMble COOBITUSI COXPAHAIOTCS B OY-
depe. Ecim norpebutesib o BpeMeHeM JOTOHUT €ro, IIPUBEJEHHbIE PEIIeHIs
GymyT paboTaTh HOpMaIbHO. Ho eciin iponsBoauTesb Beeria paboTaet ObicTpee
noTpebuTes, HabJo1aeMbie COOBITHST TPOIOJIKAT MOCTYIaTh, Gydep Oyaer
PACIINPATHCA ¥ CO BpEMEHEM 3aliMeT BCIO MAMATH IIPOLECCa.

Yrobbl n3beKaTh MPOBGJIEM C TTAMSATBIO, MOKHO BOCIIOJIb30BAThCsI OTPaHMU-
yeHHOH ouepenbio. [IpaBia, BaM pUaeTcs pennuThb, 4TO Ae1aTh ¢ JUITHIMA
aJIeMEHTaMM, ecJii HabJIio1aeMble COOBITHSI TIeperoHsT odepeab. OMuH 13
BO3MO’KHBIX BAPUAHTOB — OTOPOCUTD JIMIITHUE DJIEMEHTBI; B CJIEAYIOIIEM ITPH-
Mepe OTpaHNYeHHBIH KaHAJ UCITOTh3YEeTCS AT YHUITOKEHUS CAMOTO CTapOTO
Ha0JII01aeMOTO YBEOMJIEHU [IPH TiepernoaHenun Oydepa:

// NPEAYNPEXOEHWE: BO3MOXHa NOTeps 3N1EeMEHTOB; CM. obcyxaeHue!
public static async IAsyncEnumerable<T> ToAsyncEnumerable<T>(
this IObservable<T> observable, int bufferSize)

var bufferOptions = new BoundedChannelOptions(bufferSize)

{
FullMode = BoundedChannelFullMode.DropOldest,

}s
Channel<T> buffer = Channel.CreateBounded<T>(bufferOptions);
using (observable.Subscribe(

value => buffer.Writer.TryWrite(value),

error => buffer.Writer.Complete(error),

() => buffer.Writer.Complete()))

await foreach (T item in buffer.Reader.ReadAllAsync())
yield return item;

MosacHeHne

Ecnu Bam nipoussoautesib paboTaer ObiCTpee, YeM HOTPEOUTEb, TPUAETCS
7160 6y hepru30BaTh 3JIEMEHTBI TIPOU3BOAUTEIS (B ITPETIONOKEHNH, YTO TIOTPe-
OGUTEJIb CO BpEMEHEM €T0 JIOTOHUT ), INOO OTPAaHUYUTH X KOJIMYeCTBO. BTopoe
peTieHre B 9TOM pelenTe OTPAaHNINBAET 9JIEMEHTHI TPOU3BOIUTEIII 3 CUET
MOTEPH HIEMEHTOB, He ToMeInaonuxcs B Oydepe. Takike MOKHO OTPaHIINTh
HJIEMEHTBI TPOU3BOAUTEIS C TOMOIIIBIO OITEPATOPOB HabII0JaeMbIX 0O BEKTOB,
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npefHa3HavYeHHbIX /IS 9TOU 1€/, — TaKuX, Kak Throttle uiau Sample; 3a
HOZIpO6HOCT$IMI/I o6pau1a171Tec1> K perenty 6.4. B 3aBUCUMOCTH OT BaIllluX TO-
Tpe6HOCTeﬁ MOKeT ObITh JIyYIlle TPUMEHUTH Throttle UK Sample K BXOJHOMY
Ha6J11011aeM0My O6’beKTy nepez ero npeobpasoBaHueM B IAsyncEnumerable<T>
OJIHMM U3 CII0COOO0B, OIUCAHHBIX B 9TOM PELEIITE.

Kpome orpaHndeHHBIX 1 HEOTPAHUUEHHDBIX OUEPE/Ieil CyIeCTBYeT TPETHI
BapUaHT, KOTOPBIH 3/1€Ch HE OIKMCAH: MCIOJIb30BaHe 0OPATHOTO JaBJIEHUS
(backpressure) s yBemomienust HabJII01a€MOTO TIOTOKA O TOM, YTO OH
JIOJIKEH TIePecTaTh MIPOM3BOUTD YBeIOMIIeHUs, ToKa Oydep He OyaeT ToToB
nputsaTh ux. K coxanenuio, B System.Reactive marreps o6paTHoro gasjie-
HU ellle He CTaHAapTU3NPOBaH, TO9TOMY HA MOMEHT HATTMCAHUI KHUTH 9TOT
BapuaHT erie He 6b11 paboTocnocobHbIM. O6GpaTHOE JaBJIeHUE — CIIOKHBIIT
U HEOIHO3HAYHBII [IATTEPH, & B PEAKTUBHBIX OMOIMOTEKAX JIJIST IPYTUX SI3bI-
KOB OBLJIM peaju30BaHbl pa3Hble MaTTEPHBI 1JisT 00paTHOTO AaBjeHust. IToka
HesICHO, TipuMeT Jii System.Reactive ot U3 9TUX HATTEPHOB, U300PETET JIN
COOCTBEHHBIN MATTEPH OOPATHOTO JABJIEHHSI WU ITPOCTO OCTABUT TIPOOIEMY
006paTHOTO [aBJIEHUST HEPA3PEIIEHHOIL.

NlononHutenbHas MH$popmaLms

B penienite 6.4 paccmarpuBatorcs oneparopsl System.Reactive, npegHazHa-
YeHHBIE TSI PETyTUPOBKY BBOJIA.

B perterire 9.8 paccmarpuBaeTcs ncrorb3oBanne Channel Kak HEOTPaHUYEHHON
OYepeIN «ITPOU3BOIMUTEND/TIOTPEOUTEND>.

B perenrre 9.10 paccmaTtpuBaeTcst ncmoib3oBaHue Channel Kak 09epen BbI-
GOPKH € TIOTEPEii 2JIEMEHTOB IIPHU MEPETOTHEHIH,



FMABA 9

Konnekuun

[TpaBuJIbHBIN BBIOOP KOJJIEKIIMI YPEe3BBHIYANTHO BasKEH /IS KOHKYPEHTHBIX
NPUJIOKEHUH. Peub He 0 CTaHAAPTHBIX KOJJIEKIUSIX BPojie List<T>; mosaraio,
BbI O HUX Y3Ke 3HaeTe. B aToil raBe st Xouy MpeCTaBUTh HOBbIE KOJIJIEKITNH,
MpeIHA3HAYEHHbIE CTIETINATbHO 71 KOHKYPEHTHOTO UJIN ACHHXPOHHOTO UC-
MTOJTb30BAHUS.

Heusmensemvie KorieKyuu IPeACTABISIOT OO0 9K3EMILISPI KOJLIEKIIHIA,
KOTOpPbIE HE MOTYT U3BMEHATHCA HU IIPU KaKUX YCIOBUAX. Ha HepBbeI B3TJIAL
MO’KET II0KAa3aThCs, 4YTO OHU a0COMIOTHO OECIIOIE3Hbl; HO HEM3MEHSIEMbIE
KOJIJIEKITUN YPE3BBIYANiHO TI0JIE3HBI Ia’Ke B OHOTIOTOUHBIX, HEKOHKYPEHT-
HBIX IPUJIOKEHUAX. OHepaLII/II/I, JIOCTYIIHbIE TOJIBKO [JIA YTEHUA (HaHpI/IMep,
[epPeYrCIeHre) BBIIOJHSIOTCS ¢ HEN3MEHSIEMBIM 9K3EMILISIPOM HAIIPSIMYIO.
Omneparuu 3anucy (Harpumep, 106aBaeHe 3J1eMeHTa) BO3BPAIlaloT HOBbIIA
HeUn3MeHIeMbII IK3EMILJIAP BMECTO U3MEHEHN A CYHIECTBYIOIIETO 9K3EMILJIA-
pa. ITO He HACTOJIbKO Hea((EeKTUBHO, KaK MOKET ITOKA3aThCs, TOTOMY 4YTO
B GOJIBIIUHCTBE CIy4aeB HeU3MeHsieMble KOJUIEKIINU COBMECTHO UCTIOIb3YIOT
66BNy IO YacTh cBoeil mamsaTi. Kpome Toro, HenaMeHsieMble KOJLIEKIUI 00-
JIAIATI0T TAaKUM TIPEUMYIIECTBOM, KaK HesBHAsE 6e30IacHOCTh 00OpalleHus U3
PA3HBIX TOTOKOB; €CJIU KOJIJIEKITUU HE MOTYT U3MEHSITHCST, TO OHU SIBJISTIOTCST
MOTOKOOE30MMaCHBIMHU.

Heusmensiembie kosmekinu Haxozastcest B NuGet-makere System.
Collections.Immutable.

Heunsmensiemble KOJIJIEKIMU — OTHOCHUTEJbHO HOBOE fABJICHUE, 1 CTOUT IIpU-
MEHATDH NX B HOBbIX pa3pa60TKax, TOJIBKO €CJIN BaM He€ HYIHCEH M3MeHSIEMbII
IKIEMILJIAP. Eciu Bbl He 3HAKOMBI ¢ HEM3MEHSIEMbIMU KOJIIEKIUAMU, PEKO-
MEH/IYIO Ha4yaTb C perernTa 91, dKe €CJIN BaM HE HYKEH MMEHHO CTEK NJIN
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odepesib — B 9TOM PEIeNTe PacCMaTPUBAIOTCS HEKOTOPBIe 00IIUE TTaTTePHbI,
3a7IeICTBOBAHHBIE [IJIT BCEX HEU3MEHSIEMBIX KOJLIEKITUN.

Ectb criermanbhbie crocobbl 6oiee ahGeKTUBHOTO KOHCTPYUPOBAHUST HEN3-
MEHSIEMbIX KOJIIEKITHHT ¢ GOJIBITIM KOJUYECTBOM CYIIECTBYOIINX 3JIEMEHTOB;
B IIPUMEPAX U3 9TUX PEIEINTOB 2JIEMEHTDI 100ABJISIIOTCS 110 OHOMY. B 0KY-
menTanun MSDN cogepskurcs noapobuas ndopmarust 06 ahHekTuBHOM
CO3/IaHNK HEM3MEHSIEMBIX KOJIIEKI[UI, €CJIU BaM TIOHAZ0OUTCS YCKOPUTH
MPOTIECC MHUTIHATT3AIIH.

0 [lomoxobesonacvie KOLIEKUUIL. DT U3MEHSAEMbIE DK3EMILISPbI KOJJIEKINI
MOTYT U3MEHSIThCS HECKOJIbKUMU TIOTOKaMU OJIHOBpeMeHHO. [ToTokobe30-
[IACHBIE KOJUIEKIMU UCIIOJIB3YIOT COUETAHUE [eTATU3UPOBAHHBIX OJIOKM-
POBOK U IIPUEMOB, He UCIIOJIb3YIONHX GJI0KMPOBKM, KOTOPOE FapaHTHPYET,
4TO OTOKM GY/1yT GJIOKMPOBATHCSA HA MUHUMAJILHOE BpeMst (2 0ObIYHO He
G10KMpyIoTCst BoBCe). B cirydae moToko6e301acHbIX KOJIEKIIUI [IPH [epe-
YUCJIEHUY KOJIJIEKI[UH CO3/IAETCSI €€ CHUMOK, [IOCJIE Y€T0 TIePEeUnCIeHIe
BBIIIOJIHSIETCS ¢ 9TUM CHUMKOM. KioueBoe IIpeENMyeCTBO HOTOKO6630—
[aCHBIX KOJIEKIIUIT — BO3MOKHOCTH GE30I1acHOr0 0OpallieHns K HUM U3
HECKOJIBKUX TIOTOKOB IIPY TOM, 4TO Oliepariuu GyiyT 6JI0KUPOBATh BaIll KO/
Ha MUHUMaJIbHOE BpeMst (Wi He OJIOKUPOBATh BOOOIIIE).

O Komnexyuu <npoussodumens,/nompeduments. ITH IK3EMILISIPHI M3MEHSI-
€MbIX KOJLIEKI[UI IPOEKTUPOBAIUCH C KOHKPETHOM! 1IEJIbIO: Pa3PELIUNTh
(BO3MO’KHO, HECKOJIBKUM ) TIPOM3BO/IUTENISM 3aHOCUTD 3JIEMEHTBI B KOJI-
JIEKIUIO, B TO BPeMsI Kak rmoTpebutesin (KOTOPHIX TOXKE MOXKET ObITh He-
CKOJIBKO ) M3BJIEKAIOT 3JIEMEHTBI N3 KOJUIEKITNH. TaknM 00pazoM, KOJITEKIN
UTPAIOT POJIb MOCTA MEK/LY KOJIOM IPOM3BOIUTEIST M KOZIOM TTOTPeOHTE ST
C JIOTIOJTHUTETHHON BO3MOKHOCTBIO OTPAHMYUTH KOJIMYECTBO 2JIEMEHTOB
B KoJlIeKInu. Kossiekinm «pousBoiuTeib,/ moTpeduTe by TakKe MOTY T
UMeTh OJIOKUPYIONMi nin aciHXxporHbil API. Hanpumep, eciv KoJiiex-
M TTyCTa, GIOKUPYIONIAsT KOJIEKIS «ITPON3BOANTEND/TIOTPEOUTEb>
GJIOKUPYET BBI3BIBAIOIIAN OTOK-TIOTPEOUTEND /10 TOTO MOMEHTA, KOT/Ia
Oyzet 106aBIIEH HOBBII 3JIEMEHT; C JIPYTON CTOPOHbI, ACHHXPOHHASI KOJLIEK-
VST <IIPOU3BOJIUTEID/TIOTPEGUTEb> MTO3BOJISIET BBI3BIBAOIIEMY MOTOKY
ACHHXPOHHO OKM/ATh H0OABIEHNST HOBOTO JJIEMEHTA.

B pernenrtax aToii ry1aBbl HCMONB3YIOTCS Pa3HbIE KOJUIEKITUHU <TIPOU3BOUTEND,/
noTpebuTesb», obsajalie pasHbIMi permyiiectsamu. Tabsmna 9.1 mo-
MOJKET OIIPEEJUTHCS, KAKYIO KOJIJIEKIIUIO CTOUT MCIIOJIb30BATh B KOHKPETHOM
cyJae.
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Ta6nuua 9.1. Konnekyum «npounssoantens/notpebutenns

MpusHak Channels Blocking- Buffer- AsyncProducer- Async-

Collection<T>  Block<T> ConsumerQueue<T> Collection<T>

(emaHTnKa ouepeam v v v v v
(emaHTyKa cTeKa/ X v X X v
MYIIbTUIMHOXeCTBA

CuHXpOHHbIi1 APl 4 4 v v v
AcuHXpOHHbIi1 API v X

MoTeps snemeHToB 4 X X X X

npu nepenoNHeHnn

MpotectupoBaH v v 4 X X
Microsoft

Bubmoreka Channels naxogures B makere System. Threading. Channels,
BufferBlock<T> — B makere System.Threading.Tasks.Dataflow,
a AsyncProducerConsumerQueue<T> n AsyncCollection<T> — B mmakere
Nito.AsyncEx.

9.1. HenameHaemble cTeKkn U ouepeam

3apava

Bam HYXHa KOJUIEKIIUA — CTEK UM O4€PEb, KOTOPasd NU3MEHAETCA HE OYEHD
YacTo 1 K KOTOpOfI MO’KHO 0€30T1aCHO 06pamaTbc;1 13 HECKOJIBKUX ITOTOKOB.

HaHpHMep, oyepe/ib MOKET MCIIOJIb30BaTbCA JIJId IIPEACTaBJIEHUA ITOC/IE10~
BaTeJIbHOCTU BBIIIOJTHAEMbIX onepaum‘/’l, a CTEK — JIJIA IIpeACcTaBJIEHUA I10CJIe-
J10BATEJIbHOCTHU onepaum‘/’l OTMEHDBI.

PeweHne

[Ipocreiine HensmeHsieMble KOJJIEKIIUU — HEM3MEHsieMble CTEKU U o4epe-
au. TTo cBoeMy MOBeIeHUI0 OHU OYEeHb OJIM3KU K CTAHAAPTHBIM KOJIIEKITASIM
Stack<T> ¥ Queue<T>. B oTHOImEHNM GBICTPOAECHCTBIS HEU3MEHSIEMbIE CTEKU
1 ouepen 00JIaaloT MPAKTHYECKU TaKOI JKe BPEMEHHOU CIOKHOCTHIO, 4TO
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" CTaHJlapTHbIE CTEKU 1 O4Yepe/[v; BIIPOYEM, B IIPOCTHIX CIIEHAPUAX C HaCThIM
00OHOBJIEHNEM KOJIJIGKHI/IP,I CTaHAapPTHbBIE CTEKN U O4YEPEN p3.6OTaIOT 6I)ICTpee.

Crexn otnocsTes k kateropun LIFO («Last In, First Outy, T. e. «mocenanm
3atiest, TepBbIM BbItiesrs ). Crielyonuii mpuMep co3/aeT MyCToi Hen3MeHsie-
MBII CTEK, 3aHOCUT B HETO JIBA AJIEMEHTa, epebUpPaeT 9JIeMEHTDI, TOCJIe YEro
U3BJIEKAET 2JIEMEHT U3 CTeKa:

ImmutableStack<int> stack = ImmutableStack<int>.Empty;
stack = stack.Push(13);
stack = stack.Push(7);

// BbBOoauT "7", 3atem "13".
foreach (int item in stack)
Trace.WriteLine(item);

int lastItem;
stack = stack.Pop(out lastItem);
// lastItem ==

OG6paruTe BHUMaHKE: B 9TOM IIPUMEPE MHOTOKPATHO TIePe3aIiuchiBaeTcst JIo-
KasibHad epeMenHas stack. Henmsmensiembre KOJIIEKINN CTPOSATCS HA OCHOBE
[aTTEPHA, B COOTBETCTBUU C KOTOPBIM OHU BO3BPAIAOT 0OHOBJIEHHYO KOJLIEK-
II0; CCHLIKA HAa MCXOHYIO KOJIJIEKIIUIO OCTaeTCst 6e3 n3MeHeHn . ITo 03Ha-
YaeT, 4YTO €CJIM NMEETCS CChIJIKA Ha KOHKPETHBIH 9K3eMILIIP HEN3MEHSIEeMOiH
KOJIJIEKITUY, OHA HUKOT/Ia He U3BMEeHUTCs. PaccMOTpUM cre/ly ol mpumMep:

ImmutableStack<int> stack = ImmutableStack<int>.Empty;
stack = stack.Push(13);
ImmutableStack<int> biggerStack = stack.Push(7);

// BbiBOgMT "7", 3atem "13".
foreach (int item in biggerStack)
Trace.WriteLine(item);

// BbiBOAMT ToOonbko "13".
foreach (int item in stack)
Trace.WritelLine(item);

Bo BuyTpenmei peaqusaiuy Ba cTeKa COBMECTHO UCTIOJB3YIOT ITaMsITh, BbIjle-
JIEHHYIO JIJIs XpaHeHus aieMmenTa 13. Takas peanusaius BecbMa 9 GeKTHBHA,
K TOMY K€ OHa TI03BOJISIET JIEFKO CO3/IaBaTh CHUMKH TEKYIIIEr0 COCTOSIHUS.
Kaskaplil 9K3eMILISAp HEM3MEHSIEMOM KOJLIEKIUU II0TOKOOE30IIaceH 110 CBO-
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el Ipupo/ie, HO Heu3MeHdeMble KOJLIEKIIUU TaK:Ke MOTYT UCIIOJIb30BAThCA
B O/IHOITIOTOYHBIX ITPUJIOKEeHUSIX. [To MOeMy OIBITY, Heu3MeHseMble KOJIJIEKITUN
0COOEHHO YIOOHBI TIPU UCIOJIB30BaHUU (DYHKIIMOHAIBHOTO KOJIa, a TaKKe
pU HeOOXOAMMOCTH XPaHUTh OOJIBIIOE KOJIUIECTBO CHUMKOB KOJIJIEKITUH,
KOTOPBIE IOJKHBI TIO BO3MOKHOCTHA COBMECTHO MCITOJIb30BATh OJHY MaMSTh.

Ouepemn TOXOKM HA CTEKH, HO OHW OTHOCATCA K KaTeropuu cTpykTyp FIFO
(«First In, First Out», T. e. <11epBbHIM 3allleJ1, TEPBHIM BbIIE ). Cirery ot
MIpUMep CO3/IaeT MYCTYI0 HeM3MEHsIeMYI0 ouepe/lb, IIOMeIaeT B oUepe/lb ABa
9JIeMEHTa, epeOUPaeT 3JIEMEHTDI, & 3aTeM U3BJIEKAET SJIEMEHT U3 OUePeIn:

ImmutableQueue<int> queue = ImmutableQueue<int>.Empty;
queue = queue.Enqueue(13);
queue = queue.Enqueue(7);

// BbiBOoauT "13", 3aTem "7".

foreach (int item in queue)
Trace.WriteLine(item);

int nextItem;

queue = queue.Dequeue(out nextItem);

// BbiBOAMT "13".
Trace.WriteLine(nextItem);

MoAcHeHue

B aToM perienTe mpeicTaBIeHbI IBE TPOCTEHTIINE HEM3MEHIeMbIe KOJIJIEKITNN —
CTEK 1 0Uepejib. B HeM Takske n3J10KeHbI HEKOTOPbIE BasKHbIE TPUHIIUITBI ITPO-
e€KTUPOBaHUS, CIIPABEIMBBIE 71T BCEX HEM3MEHSIEMbBIX KOJITIEKITHIA:

©] SKBGMHJIHP HeU3MeHsIeMOU KOJIJIEKITUN HUKOI'/la HE USMEHACTCA.

O Tak Kak K3eMILIAP HUKOT/A He U3MEHSIeTCsT, OH OTOKOOE30TaceH 1o
CBOE mpupo/ie.

o HpI/I BbISOBE€ U3MEHAIOIIETO METO/da /1JIS Hen3MeHsIeEMOU KOJIJIEKIINM BO3-
Bpallla€TCA HOBasd U3MEHEHHAasA KOJIJIEKIIMA.

HewusMmeHsieMble KOJLIEKITUH SIBJISTIOTCS TTIOTOKOOE301IACHBIMI, HO CCBLITKU
Ha HUX II0TOKOOE30IIACHBIMU He SIBJISAIOTCS. [lepeMeHHast, CChLIAoIasicst
Ha HEM3MEHSIEMYIO KOJJIEKIINIO, HYK/IA€TCs B TAKOI ke CHHXPOHU3AIIN-
OHHOU 3aIuTe, Kak u Jiodast Apyras nepementast (cM. raasy 12).
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HeusmensieMbre KOJUIEKIIUN MIEATBHO MOAXOIAT AJIsk XpaHEeHUs 00IIero co-
crossams. C IpyToi CTOPOHBI, B KaUeCTBe KOMMYHUKAIIMOHHOTO KaHala OHU
paboTaioT He Tak XOpolio. B uacTHOCTH, HeU3MeHsAeMble Ouepe/Iu He CIIeyeT
HCII0JIb30BaTh /LIS llepeJiadyu JAaHHBIX MEK/y IOTOKaMU; OYepen <IIPOU3BO-
JIATEJTb,/TIOTPEOUTENb> TIOAXOISAT JIJIsT 9TOU 11T HAMHOTO JIyYIIIe.

ImmutableStack<T> u ImmutableQueue<T> HaXOAATCA B IMaKeTe System.
Collections.Immutable.

NlononHutenbHas MH$popmaLms

B pertenire 9.6 paccmatpuBaioTest motokobe3omnacHbie (OJIOKUPYIONIHE) W3-
MeHsIEMbIE OUePEe/IN.

B pertenire 9.7 paccmarpuBaiotcest morokobesomnactbie (6JI0KUpYIOINe) u3-
MeHSIEMbIE CTEKH.

B penienite 9.8 paccmarpuBaioTcst async-cOBMECTUMBbIE U3MEHSIEMbIE OUEPE/IH.
B penenite 9.11 paccmaTpuBaloTcs async-COBMeCTHMbIe U3MEHSIEMbIE CTEKU.

B penerire 9.12 pacemarpuBatorest 6I0KUPYOIINeE /aCMHXPOHHbBIE H3MEHsIeMbIe
ouepesu.

9.2. HemsmeHsaemble CnnUCKU

3apava

HysxHa cTpyKTypa JaHHBLIX C BO3MOXKHOCTBIO UHJEKCUPOBAHUS, KOTOPas
U3MEHSIETCs He CJAMIIKOM YacTo ¥ JI0IycKaeT Oe301acHble 00palieHs 13 He-
CKOJIBKUX ITOTOKOB.

PewieHue

Cnucox — CTPYKTYpa JaHHbIX O6H.I€TO Ha3Ha4Y€eHMA, KOTOPasd MOJKET MCIIOJIb-
30BaTbCA AJIA XpaHEHWA paSHOO6paBHbIX JaHHBIX COCTOAHUMA IIPUJIOKEHN .
Heunsmensiemble criicKu MOJZIEPIKUBAIOT MHAEKCUPOBaHME, O/IHAKO Bbl JOJIZKHbDI

9.2. HemsmeHsieMble ClUCKM 167



VUUTBIBATD WX XapaKTePUCTUKU ObicTpoaeiicTBrst. OHU He TOJIKHBI paccMa-
TPUBATHCS KaK TPUBUAIbHAS 3aMeHa JUIST List<T>.

Immutablelist<T> HOJJMEPKUBAET IIPUMEPHO TE K€ METO/bI, YTO U List<T>,
KaK IMOKa3bIBAIOT CJAEAYIOIIIE IIPUMEPDI:

ImmutablelList<int> list = ImmutableList<int>.Empty;
list = list.Insert(0, 13);
list = list.Insert(9, 7);

// BbiBOoguT "7", 3atem "13".
foreach (int item in list)
Trace.WriteLine(item);

list = list.RemoveAt(1l);

Bo BHyTpeHHeill peasnn3anny HEM3MEHSEMOTO CITHCKA UCIOJIB3YeTCs IBOMYHOE
JIEPEBO, YTOOBI IKIEMILISIPHI HEU3MEHSIEMOTO CITUCKA MOTJIH MAKCUMU3UPO-
BaTh 00BEM TTAMSITH, UCTIOIB3YEMbIi COBMECTHO C APYTHUMU 9K3EMILISIPAMH.
B pesysibraTe /1515 HEKOTOPBIX PACTIPOCTPAHEHHBIX OTIEPAIIAI CYTIECTBYIOT
pasynuus B ObICTPOAECHCTBII MesK/Ly Immutablelist<T> U List<T> (Tabu. 9.2).

Ta6nuua 9.2. Paznnuus B ObICTPOAENCTBUN AJ1si HEU3MEHSEMbIX CMTCKOB

Onepauus List<T> ImmutableList<T>
Add AmopTu3upoBanHas 0(1) O(logN)
Insert O(N) O(logN)
RemoveAt O(N) O(logN)
[tem[uHpexc 0(1) 0O(log N)

CTOUT OTMETUTD, YTO orepanust UHAEKCUPOBaHU /111 ImmutableList<T> 00-
namaet cioxkaocThio O(log N), a e O(1), kKak MOKHO ObL10 GbI 0KMAaTh. Ecim
BbI 3aMeHseTe List<T> Ha ImmutablelList<T> B CyIIECTBYIOIIEM KOJIE, CIIEIYET
Y4eCTh, KaK Ballli aJITOPUTMBbI 0OPAIIAIOTCS K 9JIeMeHTaM KOJIJIEKIIHH.

ITOo 03HAYaeT, YTO cJelyeT UCII0JIb30BaTh foreach BMeCcTO for TaM, I/ie 9TO
BO3MOXKHO. [rkt foreach o Immutablelist<T> BermosHsgeTcs 3a Bpemst O(N),
TOT/Ia KaK IIUKJI for 10 TOH ke KoJuiekiuu Beinosnsercs 3a Bpemst O(N * log N):

// Nyduwnii cnocob nepebopa ImmutableList<T>.
foreach (var item in list)
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Trace.WriteLine(item);
// Toxe 6ypeT paboTaTb, HO HaMHOro MeasieHHee.

for (int i = @; i != list.Count; ++i)
Trace.WriteLine(list[i]);

MosAcHeHne

ImmutableList<T> — XOpOIIast CTPYKTypa JaHHBIX 00IIET0 HasHAYEHMsT, HO 13-
3a pasnunii B ObICTPOENCTBUY BbI He CMOXKeTe Oe3/[yMHO 3aMEHUTD €il Bce
List<T>. List<T> 9aCcTO UCIIOJIb3YETCs IO YMOTYAHUIO — UMEHHO 3TY CTPYKTYPY
JMaHHBIX CJIEAYEeT NCIOJb30BaTh, €CJIN TOJABKO y BaCc HET BECKUX IIPUYNH 171
BbIOOpA IpyToil Kosutekimu. Kosutekius ImmutableList<T> He HACTOJIBKO pac-
IIpOCTpaHena; CIeAyeT TIATEIbHO TPOAaHATN3NPOBATD IPYTHE HEN3MeHsIeMbIe
KOJIIEKIUH ¥ BBIOPATB Ty, KOTOPAS JIydIlle BCETO MOXO/NT //IsT BAIIEH CUTYAITHTL.

ImmutablelList<T> HaxoauTcd B ITakeTe System.Collections.Immutable.

JlononHutenbHas uHpopmauus

B penienite 9.1 paccmaTpuBaioTcst Heu3MeHsieMble CTEKU 1 04epeii — CTPYKTY-
PBI ITAHHBIX, CXOAHBIE CO CTTICKAMU, HO OTPAHUYNBATOIINE TOCTYIT HEKOTOPHIM
aJIeMEHTaM.

B noxymenTanum ImmutableList<T>.Builder B MSDN (https://docs.microsoft.
com/en-us/dotnet/api/system.collections.immutable.immutablelist-1.builder?redirec-
tedfrom=MSDN&view=netcore-3.0) paccmaTpuBaercst 9 HEKTUBHBII C110c06
3aII0JTHEHNST HEU3MEHSIEMBIX CITCKOB.

9.3. HemameHsaemble MHOXKeCTBA

3apava

Hy:kma cTpyKTypa AaHHBIX, He PACCYUTAHHAS HA XpaHeHne [yOJIMKaTOB, KO-
TOpAst He CJUIIKOM YaCTO U3MEHSIETCSI U IOTyCKaeT Ge30macHble 0Oparienust
13 HECKOJIbKUX MOTOKOB.
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Hampumep, nnzexc coB n3 daiiza MoKeT ObITh XOPOIITIM KaHIUIATOM /TSI
MPUMEHEHNST MHOXKECTBA.

PeweHne

CymiecTByeT /iBa THUIIA HEU3MEHAEMBIX MHOXKeCTB: ImmutableHashSet<T> —
KOJIJIEKITUS YHUKAJIbHBIX 2JIEMEHTOB U ImmutableSortedSet<T> — OoTCOpTU-
pOBaHHAs KOJUIEKIINST YHUKATBHBIX 3JIeMEHTOB, THITbI 00JIa/IAf0T TIOXOKIM
nHTepdercoM:

ImmutableHashSet<int> hashSet = ImmutableHashSet<int>.Empty;
hashSet = hashSet.Add(13);
hashSet = hashSet.Add(7);

// BeiBOoguT "7" n "13" B Henpeackalyemom nopsake.
foreach (int item in hashSet)
Trace.WriteLine(item);

hashSet = hashSet.Remove(7);

Tonbko OTCOPTHPOBAHHOE MHOJKECTBO /IOIIYCKAET MHAEKCUPOBAHUE I10 aHa-
JIOTUM CO CITMCKOM:

ImmutableSortedSet<int> sortedSet = ImmutableSortedSet<int>.Empty;
sortedSet = sortedSet.Add(13);
sortedSet = sortedSet.Add(7);

// BeiBOauT "7", 3atem "13".

foreach (int item in sortedSet)
Trace.WriteLine(item);

int smallestItem = sortedSet[0];

// smallestItem ==

sortedSet = sortedSet.Remove(7);

HecoprupoBatHbie U OTCOPTHPOBAHHBIE MHOKECTBA 00JIa1al0T CXOHBIM
6bicTpozeiicteueM (Tabu. 9.3).

PeKOMeHI_[yIO HCIIOJIb30BaTh HECOPTUPOBAHHOE MHOKECTBO, €CJIN TOJIBKO Bbl
He yBE€pPeHbl B TOM, YTO OHO JOJIZKHO OBITD OTCOPTHUPOBAHHDBIM. MHuorne TUTIBI
IMOA/IEPIKNUBAIOT TOJIBKO 6azoBoe PaBEHCTBO, HO HE IIOJIHOE CpaBHEHUNE, TAK
4YTO HECOPTUPOBAHHOE MHOKECTBO MOJKET MCIIOJIb30BATbCA IJIA 6OJIBILIETO
KOJ/IM4eCcTBa TUIIOB, YEM OTCOPTUPOBAHHOE MHOKECTBO.
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Ta6nuua 9.3. bbicTpoaeicTerie HeNn3MeHAEMbIX MHOXKECTB

Onepauus ImmutableHashSet<T> ImmutableSortedSet<T>
Add 0(log N) 0(log N)
Remove 0O(log N) 0O(log N)
[tem[uHaexc] - O(logN)

OnHo BajkHOE TIPUMEYaHue M0 MOBOY OTCOPTHUPOBAHHBIX MHOKECTB: WH-
nekcupoBanue st HuX BoinosHsiercst 3a BpeMst O(log N), a we O(1), kax y
ImmutableList<T> (cM. pertent 9.2). ITO O3HAYAET, YTO B JAHHON CUTYaIIH
JlefiCTBYeT Ta Ke PeKOMEeHIAIMsI: NCII0Jb3YiiTe foreach BMecTo for TaMm, rie
3TO BO3MOKHO, ¢ ImmutableSortedSet<T>.

MosAcHeHne

HeusmeHsieMble MHOKECTBA TTOJIE3HBI, HO 3a110JIHeHHE GOJIBIIOTO HEU3MEHSI-
€MOTO MHOKECTBA MOJKET ObITh MeJIJIEHHON orepaieil. ¥ MHOTUX HeH3Me-
HSIEMBIX KOJIJIEKITUI NMEIOTCS CeI[HaJbHble TTOCTPOUTETN, KOTOPHIE MOTYT
HCTIOJIb30BATHCS JIJIsT OBICTPOTO UX MTOCTPOEHHS B UBMEHSIEMOM BHUJIE C TTOCJIE-
AYIOIUM TTPe0OPA30BAHIEM B HEM3MEHSIEMYIO KOJLIEKIIHIO. ITO OTHOCUTCS
KO MHOTMM HEM3MEHSIEMBIM KOJITIEKIUSM, HO, Ha MO B3TJIsI/, OHI OCOOCHHO
MOJIE3HBI JIJIT HEU3MEHSIEMbIX MHOKECTB.

ImmutableHashSet<T> 1 ImmutableSortedSet<T> HaXomATCsd B IIaKeTe
System.Collections.Immutable.

NlononHutenbHas HpopmaLms

B pemente 9.7 paccmarpuBaioTcst MOTOKOOE30TIaCHbIE U3MEHSIEMbIe MYJIBTH-
MHOKECTBA, CXO/HbIE C MHOYKECTBAMU.

B perernite 9.11 paccMmatpuBaioTcst async-COBMECTUMbIE U3MEHSIEMbIE MYJTh-
TUMHOKECTBA.

B noxymenTarmm ImmutableHashSet<T>.Builder B MSDN (https://docs.microsoft.
com/en-us/dotnet/api/system.collections.immutable.immutablehashset-1.builder?redir
ectedfrom=MSDN&view=netcore-3.0) paccmarpusaercs 3G EKTUBHBINA CIIOCO0O
3aM0JHEHNA HEU3MEHACMBIX XCIIMPOBAHHBIX MHOKECTB.
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B noxymenTtarum ImmutableSortedSet<T>.Builder B MSDN (https://docs.
microsoft.com/en-us/dotnet/api/system.collections.immutable.immutablesortedset-1.
builder?redirectedfrom=MSDN&view=netcore-3.0) paccMaTpuBaeTcs 9pHeKTUBHBIIT
cr1ocob 3aroJIHEeHIS HEU3MEHSIEMbIX OTCOPTUPOBAHHBIX MHOKECTB.

9.4. HensmeHsaemble cnoBapu

3apava

Hy)KHa KOJLIEKITUA <<KJIIO‘{/BHEUIGHI/IE‘>>y KOTOpasd He CJIUIIKOM 4aCcTO U3MEHA-
€TCA U JIOITyCKa€EeT OesormacHble O6paH.I€HI/I$I N3 HECKOJIbKUX IIOTOKOB. HaHpI/I-
MED, B aTOU KOJJIEKIWU MOTYT XPaHUTBHCA JaHHbIE CCbIJIOK B HOHCTaHOBOQHOﬁ
T8.6JII/IH€; JaHHbI€ CCbIJIOK PE/IKO NU3MEHAIOTCA, HO OHU /10JIKHbI OBITH JOCTYIIHbI
[JIs1 pa3HbIX IIOTOKOB.

PewwieHue

EcTb 1Ba TMTIa HEM3MeEHsIEMBIX MHOKECTB: ImmutableDictionary<TKey, TValue>
1 ImmutableSortedDictionary<TKey, TValue>. Kax HETPY/HO J1I0raiaThCs 110
NMeHaM, €CJIM DJIEMEHTBI ImmutableDictionary CaeAyIOT B HEIIPEACKA3yeMOM
nopsiake, ImmutableSortedDictionary TapaHTHPYET, 9YTO €TI0 3JIEMEHTHI CIEYIOT
B ITIOPSIZIKE COPTUPOBKU.

ITU TUIIBL KOJLJIEKIIUI UMEIOT OYEHbD II0X0KIE COCTABJISIONIIE:

ImmutableDictionary<int, string> dictionary =
ImmutableDictionary<int, string>.Empty;
dictionary = dictionary.Add(10, "Ten");
dictionary = dictionary.Add(21, "Twenty-One");
dictionary = dictionary.SetItem(10, "Diez");

// BbiBOaMT "1@Diez" u "21Twenty-One" B Henpeackasyemom nopanke.
foreach (KeyValuePair<int, string> item in dictionary)

Trace.WriteLine(item.Key + item.Value);

string ten = dictionary[10];
// ten == "Diez"

dictionary = dictionary.Remove(21);
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OGpaTuTe BHUMaHKE HA UCTIOIb30BaHKe SetItem. B n3MensieMoM croBape MOK-
HO GBIJIO OBI TIOMBITATHCS UCIOJIB30BATh KOHCTPYKIIUIO BUA CLOBAPL[KAOU] =
= dJlemernm, HO HEU3MEeHAEMbIE C/JI0OBapu A0JI;KHbI BO3BpalllaTb O6HOBH€HHbIﬁ
Hen3MeHsIeMbIi CJIOBapb, MTO3TOMY BMECTO 9TOI'O OHU JOJIZKHBI UCITOJIb30BAaTh
METO/ SetItem:

ImmutableSortedDictionary<int, string> sortedDictionary =
ImmutableSortedDictionary<int, string>.Empty;
sortedDictionary = sortedDictionary.Add(10, "Ten");
sortedDictionary = sortedDictionary.Add(21, "Twenty-One");
sortedDictionary = sortedDictionary.SetItem(10, "Diez");

// BbiBoguT "1@Diez", 3aTem "21Twenty-One".
foreach (KeyValuePair<int, string> item in sortedDictionary)
Trace.WritelLine(item.Key + item.Value);

string ten = sortedDictionary[10];
// ten == "Diez"
sortedDictionary = sortedDictionary.Remove(21);

HecoprupoBaHHbie U OTCOPTUPOBAHHBIE CIOBApU 00JIaal0T CXOAHBIM Obl-
CTPOMIECTBIEM, HO I PEKOMEH/IYIO NCII0Th30BATh HEYTIOPSIAOUEHHBIE CJIO0-
BapH, €CJIU TOJHKO He TpeOyeTcst, YTOObI 3JIeMEHTBI OBLITM OTCOPTHPOBAHBI
(tabu. 9.4). HecopTrpoBaHHbIe cJI0Bapyd MOTYT paboTarh B 1[€JIOM HEMHOTO
6bicTpee. Kpome TOro, HeCOpTHPOBAaHHBIE CJIOBAPU MOTYT UCIIOJIb30BATHCS
¢ JIIOOBIME THITAMU KJIIOU€El, TOT/Ia KaK OTCOPTUPOBAHHBIE CIIOBAPU TPEOYIOT
MTOJIHOI COBMECTUMOCTH TUTIOB WX KJIIOUEH.

Ta6nuua 9.4. bbicTpoaeicTBMe HEM3MEHAEMbIX CJIOBapei

Onepauus ImmutableDictionary<TK,TV> ImmutableSortedDictionary<TK,TV>
Add 0O(log N) 0O(log N)
SetItem 0O(log N) O(log N)
Item[key] 0(log N) 0(log N)
Remove 0O(log N) 0O(log N)
MoacHeHne

[To ombITY CKaXKY, YTO CJIOBAPU SIBJSIOTCS TIOJE3HBIM 1 OOIIETIPUHSTHIM
UHCTPYMEHTOM IpH paboTe ¢ COCTOSTHUEM NMpUiIoKeHust. OHM MOTYT HC-
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MOJTb30BaThCA B JTI0OBIX ceHapuAax, CBA3aHHbIX C KJHO‘IaMI/I/SHaIIeHI/IﬂMI/I
NN I10JICTAaHOBKaMU.

Hensmensiemble CJIOBapH, KaK 1 /Ipyrue HemsmMeHAaeMbI€ KOJIJIEKIIUU, ITOAJA€EP-
JKNBalOT ME€XaHU3M [1JIA 3(1)(1)8KTI/IBHOI‘O IIOCTPOEHU A CﬂOBapefI, COZIEPIKalI X
OOJIBIIOE KOJINYECTBO 3JEMEHTOB. Haan/IMep, €CJIN NCXOAHbI€ CChIJIOYHbIE
MaHHbIE 3aTrPpysKat0OTCA B HavaJie pa60TbI IIpOrpaMMbI, Bbl CMOJKETE BOCIIOJIb30-
BaTbCA MEXaHM3MOM HOCTpOHTGJIGfI I KOHCTPYUPOBaHUA NUCXOJHOT'O HENS-
MECHAEMOTI'O CJIOBap:. C IlpyFOﬁ CTOPOHBI, €CJIN CCbIJIOYHbIE TaHHBIE CTPOATCA
IIOCTEIIEHHO BO BPEM BBITTOJIHEHM A, BEDOATHO, MOKHO 6leeT BOCITIOJIb30BATbCA
OOBIYHBIM MeTO0M Add HEM3MEHAEMbIX CJIOBapeﬁ.

ImmutableDictionary<TK, TV> u ImmutableSortedDictionary<TK, TV>
HaxozsaTes B makere System.Collections.Immutable.

LlononHutenbHas nHGopmayus

B perenire 9.5 paccMaTpUBaIOTCS MOTOKOOE30TIACHBIE M3MEHSIEMbBIE CJIOBAP.

B noxymenTtarnmy ImmutableDictionary<TK,TV>.Builder B MSDN (https://docs.
microsoft.com/en-us/dotnet/api/system.collections.immutable.immutabledictionary-2.
builder?redirectedfrom=MSDN&view=netcore-3.0) paccMaTpuBaeTcst 9 PeKTUBHbIIT
c110co6 3ar0IHeHNs HEU3MEHsIEMbIX CJI0Bapeii.

B nmokymenTanuu ImmutableSortedDictionary<TK,TV>.Builder B MSDN
(https://docs.microsoft.com/en-us/dotnet/api/system.collections.immutable.
immutablesorteddictionary-2.builder?redirectedfrom=MSDN&view=netcore-3.0) pac-
cmarpusaercs 3G(MEKTUBHBIN CII0CO0 3aII0IHEHUS HEU3MEHIEMbIX OTCOPTH-
POBAHHBIX CJI0Bapeil.

9.5. loToko6e30nacHble cnoBapu

3apava

NmeeTcs KomeKIms «KJr04 /3Ha4eHres (HapruMep, K31l B TaMsATH ), KOTOPast
JIOJIZKHA TIOJI/IEP;KUBATHCS B CHHXPOHU3UPOBAHHOM COCTOSTHUM, JIAKe €CJIH
HECKOJIBKO ITOTOKOB BBITIOJIHSIIOT C HEH Ollepaluy YTEHUS U 3aIIHCH.
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PeweHne

Tun ConcurrentDictionary<TKey, TValue> B ¢peiimBopke .NET — macTos-
1ee COKPOBHUIILE CPEN CTPYKTYP AaHHbIX. OH SBJISIETCST TOTOKOOE30TTACHBIM
U UCIIOJIb3yeT coYeTaHue AeTalu3upPOBaHHBIX OJIOKUPOBOK U IPUEMOB, He
UCIIOJIb3YIONMINX GJIOKUPOBKH, KOTOPOE rapaHTUPYeT OBICTPBIN JOCTYII B 1MO-
JaBJIsTioneM OOJIBITUHCTBE CIIEHAPHUEB.

BepositHo, MOHAIOOUTCST KaKOe-TO BPeMsl, YTOOBI IPUBBIKHYTH K aTOMYy API.
OH CUJIBHO OTJINYAETCS OT CTaHJAPTHOrO THUIla Dictionary<TKey, TValue>, 1O-
CKOJIbKY JIOJIKEH UMETD JI€JI0 C KOHKYPEHTHBIM JIOCTYIIOM M3 MHOTUX ITOTOKOB.
Ho niociie Toro kak Bbl 03HAKOMUTECH C OCHOBAMM M3 3TOTO PEIerTa, IolMeTe,
4TO ConcurrentDictionary<TKey, TValue> — OJMH N3 CAMbIX I10JIC3HBIX TUIIOB
KOJLTTEKITUI.

Jluist Hayaa MoCMOTPKM, KaK 3allicaTh 3HadeHne B KoJieKuio. YTo6bl 3a1aTh
3HAYEHUe JIJIsT KJII04a, MCII0JIb3yiiTe MeTo I AddOrUpdate:

var dictionary = new ConcurrentDictionary<int, string>();
string newValue = dictionary.AddOrUpdate(O,

key => "Zero",

(key, oldvalue) => "Zero");

Meton AddOrUpdate BBITVISIZUT CJI0KHO, TaK KaK JOJIKEH JleaTh HeCKOJIbKO
Belllell B 3aBUCUMOCTHU OT TEKYIIETO COJIEPKUMOT0 KOHKYPEHTHOTO CJIOBApS.
B nmepBom aprymenTe MeToa epeziaeTcs K04, Bo BTopom aprymMenTe mepe-
faeTcs esierat, mpeodpasyomuil Koy (B JAHHOM cjlydae @) B 3HAYEHUE,
KoTopoe OyeT 100aB/IeHO B c1oBaph (B IaHHOM ciiy4ae "Zero"). DTOT Jeierat
BBI3BIBAETCS TOJIBKO B TOM CJIydae, ecJiv KJIIo4 He CyIlecTBYeT B cioBape. B tpe-
ThEM apryMeHTe MePEeIaeTCs ellle OJIUH JleJIeraT, Mpeodpasy oIl Kiod ()
U cTapoe 3HaueHne B 0OHOBJIEHHOE 3HaUYEHHUE, KOTOPOE JI0JIKHO OBITh COXPaHEHO
B coBape ("Zero"). ITOT JieJieTaT BbI3BIBAETCS B TOM CJIydae, eCIu K04 yrKe
CYIIIECTBYET B cJIOBape. AddOrUpdate BO3BpalllaeT HOBOE 3HAYEHUE JJIT 9TOTO
KJio4a (TO ke 3HaYeHne, KOTopoe ObLII0 BO3BPAIIEHO OJHUM U3 [IEJIETATOB).

A Terepb HAUMHAETCS TO, OT YETO JEeHCTBUTEIBHO TOJI0BA MOXKET IIOUTH KPY-
roM: 4TOOBI KOHKYPEHTHBIH CJI0Baph paboTasl MPaBUIbHO, MOJNMCEM OKa3aThCsl,
4TO MeTO/ AddOrUpdate JIOJIZKEH BBI3BaTh OJHOTO (MM 060OMX) JeJIeraTtoB
HECKOJIbKO pa3. Takoe ObIBAET OUEHb PEKO, HO BO3MOXKHO. A 3HAYUT, BAIN
JIeJIeraThl JIOJIKHbI OBITH MPOCTBIMU ¥ OBICTPHIMK U HE JIOJKHBI UMETH T10-
60uHbIX a(hdexToB. CienoBaTeIbHO, JeJeraThl JOJKHBI TOJBKO CO3/1aBaTh
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3HaYeHUe, He U3MEHAS HUKaKNe IpyTrue IIepeMeHHbIe B BallleM IIPUJIOKEHN .
ITOT IPUHITUTI PACTIPOCTPAHSIETCS Ha BCEX JIEJIETATOB, TIEPeaBaeMbIX METOIOM
ConcurrentDictionary<TKey,TValue>.

Ectb Heckombko Jpyrux c11oco6oB lIO6aBJIeHI/IH 3HAYEeHUN B CJIOBapH. O,ZII/IH
13 YIIPOUIEHHBIX BApUAHTOB ITPOCTO UCIIOJIb3YET CUHTAKCUC MHAEKCUPOBAHUA!

// Wcnonb3yeTca TOT xe cnoBapb "dictionary".
// Do6baBnaeT (uMnuM o6HOBASET) K/AWY O, CBA3bIBAsA C HUM 3HayeHue "Zero".
dictionary[@] = "Zero";

Cunraxcuc MHIAECKCUPOBaHUA O6JIaI[aeT MEHbBIINMU BO3MOKXHOCTAMM; OH HE
IPpeaoCTaBIAET BOSMOKHOCTH 0OHOBJICHISA 3HaYCHII Ha OCHOBANNHI CYHIECTBYIO-
1ero 3aHa4ueHusd. Bnpoqu, 9TOT CMHTAKCHUC ITPOIIE N1 OH HOPMaJIbHO pa60TaeT,
€CJIN BaM YK€ U3BECTHO 3HAYEHUE, KOTOPOE Tpe6yeTC${ COXpPaHUTDb B CJOBape.

Teriepb MocMOTPUM, KaK BBITIOJIHSAETCS UYTEHUE 3HAUEHUT. ITO JIETKO JI€JIAETCS
METO/IOM TryGetValue:

// Wcnonb3yeTca TOT Xe cnosapb "dictionary”.
bool keyExists = dictionary.TryGetValue(@, out string currentValue);

TryGetValue BEPHET true M 3a/1aCT 3HAYEHWE, €CJIH KU ObLI HAii/IeH B CJIOBape.
Ecau kmiod He nafizien, TryGetValue BepreT false. CHHTaKCHC WHIEKCUPOBA-
HUS TaKKe MOJKET MCII0JIb30BaThCsI JIJIsd YTEHUs 3HAUEeHUH, HO ST CUUTAIO0, YTO
B IAHHON CUTYaIlNU OH y:Ke He CTOJb TMOJIe3eH, TOTOMY UTO TIPU OTCYTCTBUU
KJo4ya Oy/1eT BbIaHo UCKIoderre. [lIoMHNUTe, 9YTO B KOHKYPEHTHOM CJIOBape
HECKOJIbKO TIOTOKOB MOTY T 3aHMMAThCsI YTEHHEM, OOHOBJIEHUEM, I00aBJIeHHEM
U ylaJeHneM 3HaYeHUi; BO MHOTHX CUTYaI[UsAX ObIBAeT TPY/IHO TIPOBEPUTH,
CYHIIECTBYET KJIIOY UJIM HET, 10 TOTO KaK BBI IMOIBITAETECh ITPOYUTATH €TO.

yI[EUICHI/Ie 3HAYEHUI BBIIOJIHSIETCS TaK JKe IIPOCTO, KaK 1 UX YTCHUE:

// Wcnonb3yeTcA TOT e cnoBapb "dictionary".
bool keyExisted = dictionary.TryRemove(@, out string removedValue);

Meron TryRemove 1I04YTU UJEHTUYEH TryGetValue, HE cUUTad TOrO, YTO OH
YAQJAET Imapy «KJHOI{/ 3HaAY€eHUEe», €CJaU KU ObLI O6Hapy>KeH B Cj10Bape.

MosAcHeHne

Xots Tut ConcurrentDictionary<TKey, TValue> ABJILETCA IOTOKOOE30IIACHDIM,
9TO He 03HAYaeT aTOMAaPHOCTH ero onepariuii. Ecjim HeCKOIbKO MTOTOKOB BbI3bI-
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BaloT AddOrUpdate KOHKYPEHTHO, MOJKET OKa3aTbCs, UYTO IBa TOTOKA 06Hapy>KaT
OTCYTCTBHE KJII0Ya, a 3aTeM 0ba OJTHOBPEMEHHO BBIIIOJIHAT CBOETO JleJerara,
CO3/IaI01IEeTO HOBOE 3HAYECHUE.

4 cumraro, 94To ConcurrentDictionary<TKey, TValue> — 3aMedaTeJIbHBIN THTI
MIpesK/ie BCETO 13-32 HEBEPOSITHO MOITHOTO MeTo/1a AddOrUpdate. Tem He Menee
OH TTO/IXOIUT He JIJIS KasK/I01 cutyalruu. ConcurrentDictionary<TKey, TValue>
XOpoIIo paboTaer MPU YTEHUU U 3AIKUCU CO CTOPOHBI HECKOJbKHUX IIOTOKOB
B OOIIYI0 KOJUTEKIHIO. Ecin 0OHOBJIEHYSI He BBIIIOJIHSIOTCS TOCTOSTHHO (T. €. 9Ta
onepalusi OTHOCUTENbHO Pejika), TO, BO3MOKHO, ImmutableDictionary<TKey,
TValue> OyzeT GoJiee IOAXOMSIIMM KaH/IH/IaTOM.

Tun ConcurrentDictionary<TKey, TValue> Jyuliie MOAXOANUT JJisI CUTYAITUi
¢ O0IUMHU JAaHHBIMU, KOT/Ia HECKOJbKO MOTOKOB COBMECTHO MCIOJIb3YIOT
OJTHY KOJLIEKIINIO. Eciii HEKOTOpBIE TIOTOKU TOJBKO M0OABJISAIOT 3JIEMEHTHI,
a IpyTHe TOJbKO VAAISIIOT UX, BO3MOKHO, BaM JIyUIlle TTOMOUAET KOJIEeKITH
«IPOUBBOMUTEb/TIOTPEOUTENb>.

ConcurrentDictionary<TKey, TValue> — He eMHCTBEHHAA oToKoOe301ac-
Has KoJsimeknus. BCL Takske mpemocTaBiisieT TUITBI ConcurrentStack<Ts,
ConcurrentQueue<T> 1 ConcurrentBag<T>.

[Torokobe30macHbIE KOJUIEKITIH YaCTO UCIIOJIB3YIOTCST B KAUeCTBE KOJLTEKITNI
«IIPOM3BOUTED/TIOTPEOUTENB>, KOTOPbIE OYIyT PACCMOTPEHBI Iajiee B ATOM
ryaBse.

JlononHutenbHasa uHpopmauus

B perttenite 9.4 paccmaTpuBaioTcst Hen3MeHsieMble CIIOBAPH, UIeaTbHO MTOIXO0/Is -
IIMe JIJIs1 CUTYAITNH, B KOTOPBIX COIEP;KUMOE CJI0BAPSI U3MEHSIETCSI OYeHb PENIKO.

9.6. bnokupytowue oyepeau

3apava

Heobxoanmo co3maTh KOMMYHUKAITIMOHHBIIT KAaHAJI 1151 [Iepeiadi COOOIIEeHN I
WJIN JAHHBIX MEXKIY IMoToKkaMu. Hampumep, oluH TTOTOK MOXKET 3arpysKaTh
JIAHHbIE, KOTOPBIE OTIPABJISIOTCS 110 KAHAJTY 110 MEPE 3arPY3KU; IPYTUe IOTOKK
Ha CTOPOHE TIOJTyYeHUs MOJIyYatoT 9TH JTaHHble U 00pabaThiBAIOT UX.

9.6. Briokupytolme ouepeay 177



PeweHne

Tumn NET BlockingCollection<T> IPOEKTUPOBAJICS JIJISI CO3/ITAHUS TAKUX KOM-
MYHUKAIIMOHHBIX KaHaJI0B. [To ymosrdanuto BlockingCollection<T> paboTaer
B pexkuMe OJIOKUPYIONIell ouepen 1 IPeOCTABISIET TIOBEEHNE «IIEPBBIM
3alieJi, IIepPBbIM BbIIIEJI».

BJIOKI/IpyIOHIaH o4yepe/ib 105KHa COBMECTHO MCIT0O/Ib30BaTbCA HECKOJIbKUMN
IIOTOKaMU, 1 0OBIYHO OTIpeAeIAETCA KaK ITPUBAaTHOE 110JI1€, TOCTYITHOE TOJIbKO
JUJIA YTeHUA:

private readonly BlockingCollection<int> _blockingQueue =
new BlockingCollection<int>();

OO6BIYHO TIOTOK JI€JIa€T YTO-TO OJIHO: 60 ,ZIO63.BJISI€T 9JIEMEHTDI B KOJIJIEKIINIO,
60 YAAJIAET 9JIEMEHTDI. HOTOKI/I, lIO6aBJI5IIOHII/Ie 9JIEMEHTDI, Ha3bIBAIOTCA 770~
moxmu—npouseo&umeﬂﬂMu, a IIOTOKHU, YAAJIAIOIINE 9JIEMEHTDI, Ha3bIBAIOTCA
nomoxamu-nompe&tmeﬂfmu.

[ToTOKK-TIPOUBBOAUTENN MOTYT 100ABJISITh DIEMEHTHI BBI30BaMU Add, a KOT/a
HOTOK-TIPOM3BOIMTEIb 3aBepIIuTcst (Koraa OyayT 100aBIeHbI BCE 3JIEMEHTHI ),
OH MOKET 3aBEPIIUTDH KOJJIEKITNIO BEI30OBOM CompleteAdding. Tem caMbiM OH
YBEIOMJISIET KOJIJIEKITHIO O TOM, YTO 9JIEMEHTBHI lajiee 100aBIsIThCs He OYAYT,
a KOJLJIEKIIMS MOJKET COOOIIUTD CBOUM IIOTPEOUTEISIM, UTO DJIEMEHTOB OOJIbIIE
fe Oyier.

B cjieiytonieM npoCcToM nmpuMepe rnmpomn3Bo/iuTe b IIO6aBJIH€T JIBa 9JIEMEHTAQ,
a IIOTOM IToOMeYaeT KOJIJIEKINIO KaK 3aBEPHIEHHYIO!

_blockingQueue.Add(7);
_blockingQueue.Add(13);
_blockingQueue.CompleteAdding();

[ToToku-TIOTPEOUTETH OOBIYHO BBITIOIHSIOTCS B IIUKJIE, OXKU/IAST CJEAYIONIETO
9JIEMEHTA U BBITIOJIHSISI €T0 MOCTIEAYIONIYI0 06paboTKy. Ecii BoIIeUTh KO
MPOU3BOIUTENS B OT/IEBHBIN TOTOK (HAIIPUMED, BBI3OBOM Task.Run), TO aTh
9JIEMEHTBI MOKHO OyzIeT TTOTPEOIATH CIEAYIOIUM 06pasoM:

// BbiBOgMT "7", 3aTtem "13".
foreach (int item in _blockingQueue.GetConsumingEnumerable())
Trace.WritelLine(item);

178 Mmasa 9. Konnexkunn



Ecom morpeburesieii 10KHO OBITH HECKOJBKO, GetConsumingEnumerable MOKET
BbI3bIBATHCA N3 HECKOJIbKHUX ITOTOKOB O/THOBPEMEHHO. Tem He MeHee Ka>KILI>II71
9JIEMEHT MepeIaeTest TOJMbKO OJHOMY U3 3TUX TIOTOKOB. [Ipu 3aBeplieHnn
KOJIJIEKIUY 3aBEPIIAETCS U [IePEUCAAEMbIil 0OBEKT.

MoAcHeHue

Bo Bcex npuBeseHHbIX IpuMepax GetConsumingEnumerable UCIIOJIb3yeTCS
JUIST TIOTOKOB-TIOTPebuTeNelt; 9TO camast pacipocTpanentast curyarust. Ho
CYIIECTBYET U MeTO/l Take, KOTOPBIil TTO3BOJISIET TIOTPEOUTEIO TTOTYUUTh
TOJIbKO OJIMH 3JIEMEHT (BMECTO TOTPeOIeHNUsT BCEX DIEMEHTOB B IIUKJIE).

[Tpu Mcrnob30BaHUK TAKUX KOMMYHUKAIIMOHHBIX KAaHAJIOB HEOOXOAMMO
HOyMATh O TOM, YTO ITPOU3OIET, €CJU TPOU3BOAUTEN PAOOTAIOT ObICTPEe
norpebuteseil. Eciiu ajieMeHTbI IPOU3BOAATCS OBICTPEE, YeM TTOTPEOIIAIOTCS,
BO3MO>KHO, TPUJIETCSI IPUMEHUTH PETyJIUPOBKY OUEPE/U.

Buokupyiommne ogepean Xopoiro paboTaioT IpU HATUYINN OTIETBHOTO MO-
TOKa (HampuMmep, U3 IyJa MOTOKOB), IEHCTBYIONIET0 KaK MPON3BOIUTED
nin notpeburesib. OHU He HACTOJIBKO XOPOIITH, €CITH BbI XOTHTE 0OPAIIAThCS
K KOMMYHUKAIIMOHHOMY KaHAJy aCUHXPOHHO — Harpumep, ecian Ul-moTok
JIOJKEH JIEHCTBOBATh B PEsKUME TOTPeOUTE s, ACUHXPOHHbBIE OYepPe/I pac-
cMaTpuBaioTcs B periernte 9.8.

Ecov BbI BBOAIMTE B CBOE TIPUIIOKEHTE TIOMOGHBITT KOMMYHUKAITTOHHBIIT
KaHaJI, moayMaiire o epexoje na 6ubanoreky TPL Dataflow. Bo muo-
TUX cayJasx perenne ¢ ucrnonb3oBanneM TPL Dataflow mpormte camo-
CTOSTENBLHOTO TIOCTPOEHNS KOMMYHHUKAITMOHHBIX KaHATOB W (POHOBBIX
TTOTOKOB.

Tumn BufferBlock<T> u3 TPL Dataflow moxer paGoraTh kak 6J0KUpyIOTIast
ouepesib, Kk Tomy ke TPL Dataflow mo3BosisieT ocTpouTh KOHBEHEp WK CETh
st 06paboTKU. Bripouem, BO MHOTHX ITPOCTBIX CJIyYasix OObIYHbIE OJIOKUPYIO-
e oyepeau (Harpumep, BlockingCollection<T>) cTaHyT GoJiee TTOAXOASIINM
BapUAHTOM TIPU TPOEKTUPOBAHIH.

Takske MOKHO BOCIIOJIb30BaTbCsl TUIIOM AsyncProducerConsumerQueue<T>
6ubGIMOTEKN AsyncEx, KOTOPBII MOXKeT pab0oTaTh Kak OIIOKUPYIOIIAst O4€PE/ib.
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LlononHutenbHas HpopmaLms

B perenre 9.7 paccmaTpuBaroTest GJIOKUPYIOIINE CTEKU U MYJIBETHMHOKECTBA
Ha CJIyYail, ecii BaM MOTPeOYIOTCsT CXOHbIE KOMMYHUKAIIMOHHbIE KaHAJIbI
6€e3 CeMaHTUKH <IIEPBBIM 3allleJI, IEPBBIM BbIIIIE>.

B pemerite 9.8 paccmatpuBaioTca odepean, MeonIne acCHHXPOHHBIN API
BMECTO OJIOKUPYIOIIETO.

B pernenite 9.12 paccmaTpuBaioTcs ouepenn, UMeIOINe Kak aCHHXPOHHBIIH,
Tak u 6okupyommii API.

B penienite 9.9 pacecmaTpuBaoTces ouepeiu ¢ peryJampoBKOi KoJTudecTBa aJie-
MEHTOB.

9.7. bnokupyowiue cTeku U MyNbTUMHOXeCTBA

3apaua

TpebyeTcst KOMMYHUKAIMOHHBIH KaHaJ JIJIs1 Tlepeadr cOOOIEeHNiT UIn
JIAaHHBIX M3 OJTHOTO ITOTOKA B IPYTOM, HO BBI HE XOTHUTE, YTOOBI ATOT KaHAJ UC-
noJsib3oBasl ceMantuky FIFO.

PeweHne

Tun NET BlockingCollection<T> 110 ymMoJdanuio paboraeT Kak GJOKHpPYOIast
oYepe/ib, HO OH TakKe MOKET paboTaTh Kak JIroOast Ipyrast KOJIIEKIHsT <[TPo-
U3BOJIUTENb/TIOTpe6UTENb>. [0 cyTn 3T0 06epTKa ISl TTOTOK0OE30TIacHOi
KOJLIEKITNHY, peanusytolie IProducerConsumerCollection<T>.

Takum 06pa3om, BbI MOKeTe c03/1aTh BlockingCollection<T> ¢ CEMaHTUKOMN
LIFO niu ceMaHTUKON HEYITOPSIIOUEHHOTO MYJIBTUMHOKECTBA!

BlockingCollection<int> _blockingStack = new BlockingCollection<int>(
new ConcurrentStack<int>());

BlockingCollection<int> _blockingBag = new BlockingCollection<int>(
new ConcurrentBag<int>());
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Bask#o yuuTeIBaTh, 4TO € yHOPSIAOUEHUEM 3JIEMEHTOB CBSI3aHBI HEKOTOPHIE
yCJIOBYSI TOHKH. ECJT1 BBI IO3BOJIITE TOMY 7K€ KOJLY-ITPOU3BOIUTENIO OTPabO-
TaTh paHee JOOON KOA-TIOTPEOUTEb, & 3aTEM BBITIOJHUTE KOA-TIOTPEOUTEb
HocJie KOJa-1POU3BOIUTEIS, TOPSIIOK 3JIEMEHTOB OY/IeT B TOYHOCTH TaKUM
JKe, KaK y CTeKa:

// Kop-npousBoauTenb
_blockingStack.Add(7);
_blockingStack.Add(13);
_blockingStack.CompleteAdding();

// Kop-noTpebutennb

// BbiBOauT "13", 3aTem "7".

foreach (int item in _blockingStack.GetConsumingEnumerable())
Trace.WritelLine(item);

Ecimi Koi-npousBoanuTeib U KOA-MOTPEeOUTENb BBIIOJIHIIOTCSA B PA3HBIX I10-
ToKax (Kak 9T0 0ObIYHO OBIBAET), ITIOTPEOUTEb BCEr/[a IIOIydYaeT CJIeYIOIIM
TOT BJIEMEHT, KOTOPbIN ObLI 106aBIeH oceanum. Harpumep, mpoussoauTeb
nobasJisiet 7, IoTpeOUTEb MOJIyYaeT 7, 3aTeM TPOU3BOAUTENb 10baBJsier 13,
norpeburesb nosaydaer 13. [TorpebuTeb e oxkuIaeT BbI30Ba CompleteAdding
repe/i TeM, Kak BEPHYTh IIePBBII DJIEMEHT.

MoscHeHne

Bce, uT06bI OBLIIO CKA3aHO O PETYJIUPOBKE IIPUMEHUTETHHO K OJIOKUPYIOIIAM
OY€epEISIM, TaKKe TIPUMEHUMO K OJIOKMPYIOIINM CTEKaM UJIU MYJIBTHMHOKE-
crBam. Ecsin Bamu npousBoauTesin paboraior ObicTpee moTpeduTe el 1 Bbl
XOTHUTE OTPAHUYUTH MCIIOJIb30BaHNE MAMATH OJOKUPYIOIIUM CTEKOM/Oue-
pebio, NCMOJIb3YiiTe PETYJINPOBKY TaK, Kak OKa3aHo B perente 9.9.

B atom penenre st KOILa-HOTpe6I/ITeJIH HUCIIOJb3YyeTCsA GetConsumingEnume-
rable — caMblli pacTipOCTPaHEHHBIN ciieHapuil. Takike cyIecTByeT MeTO I Take,
KOTOPBIH TI03BOJISIET OTPEOUTEIIO TTIOJYYUTh TOJBKO OJUH 9JIEMEHT (BMECTO
HOTPeOJIEHUST BCEX DJIEMEHTOB).

Ecst BbI XOTHTE 06pAIaThCst K COBMECTHO HUCIIOIB3YEMbBIM CTEKAM MU MYJTb-
TUMHOKECTBAM aCUHXPOHHO (Harpumep, ecint UI-TOTOK 0KeH eficTBOBATh
B peskuMe 1oTpedureis ), obpamaiitech K perenty 9.11.
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LlononHutenbHas HpopmaLms

B pertenire 9.6 paccMaTpuBatoTcest OJI0KUPYIOIIAE OYePeit, KOTOPbIE UCITOJIb-
3YIOTCSI HAMHOTO Yaiie 6JIOKUPYIONUX CTEKOB UM MYJIBTUMHOKECTB.

B penterite 9.11 paccmaTprBaioTcs aCHHXPOHHBIE CTEKU U MYJIBTUMHOKECTBA.

9.8. ACMHXpOHHbIe oyepeau

3apava

TpeGyeTrcst KOMMYHUKAITIMOHHBIN KaHaJ /75T TIePeiautt COOOTIIEHUET MITH TAHHBIX
13 OJIHOIT YyacTH Kozia B pyryio o npusiuiry FIFO 6e3 6i0kipoBaHst TOTOKOB.

Hanpumep, onun dparMeHT Kojla MOKET 3arpy»KaTh JaHHbIE, KOTOPbIE OT-
MPaBJILIOTCA TI0 KaHAIy 10 Mepe 3arpy3ku; npu atom Ul-moTok mosryuaer
JTAHHBIE W BBIBOJIUT WX.

PewieHue

Tpebyercst ouepenb ¢ acunxpouubiM API. B 6azoBom ¢peiimopke NET
Takoro tTuna Het, Ho NuGet mpefocTaBJgeT Mapy BO3MOKHBIX PETEHU.

Bo-nepsbix, Bbl MOkeTe ucnoabzosath Channels. Channels — coBpemennas
OubIMOTEKA 1711 ACMHXPOHHBIX KOJUIEKIIMI «IIPOM3BOANTEND/TIOTPEOUTED>,
yaensiomas ocoboe BHIMaHKUEe BBICOKOMY OBICTPOJAEHCTBHIO B KPYITHOMAC-
mTabHBIX cleHapuaAX. IIpous3BoauTENN OOBIYHO 3aIIMCHIBAIOT SJIEMEHTBI
B KaHaJl BbI30BOM WriteAsync, a KOI/JIa OHM 3aBEPHIAT IIPOM3BOACTBO DJIEMEH-
TOB, OJIMH U3 HUX BhI3bIBaeT Complete I yBEJOMIIECHHS KaHala O TOM, 9TO
B JJaJIbHENIIIeM 9J1eMeHTOB OoJIblie He OyaerT:

Channel<int> queue = Channel.CreateUnbounded<int>();

// Kop-npousBoauTenb

ChannelWriter<int> writer = queue.Writer;
await writer.WriteAsync(7);

await writer.WriteAsync(13);
writer.Complete();
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// Kom-noTpebutennb

// BbiBOgMT "7", 3aTtem "13".

ChannelReader<int> reader = queue.Reader;

await foreach (int value in reader.ReadAllAsync())
Trace.WriteLine(value);

BoJiee mpocToii KOA-MOTPeOUTENb UCTIOIb3YeT ACHHXPOHHbBIE TOTOKH; 0~
MOJTHUTENBHYIO NH(GOPMAITNIO cM. B T71aBe 3. Ha MOMeHT Hanmmcanms KHUTH
ACHHXPOHHBIE TOTOKHU OBLJIN IOCTYITHBI TOJBKO HA CAMBIX HOBBIX TIAT(OpPMax
NET; crapbie niaTdbopMbl MOTYT UCIIOJIB30BATH CAEYIONUI TTATTEPH:

// Koa-noTpebutenb (cTapble naaToopmbl) .
// BbBOauT "7", 3atem "13".
ChannelReader<int> reader = queue.Reader;
while (await reader.WaitToReadAsync())
while (reader.TryRead(out int value))
Trace.WriteLine(value);

O6paruTe BHUMaHNe Ha IBOWHON UK while B Ko/e-1I0TpebuTE e IS CTa-
PbIX I1aT(hOPM, 3TO HOpMasibHO. MeTojt WaitToReadAsync Oy1eT aCHHXPOHHO
OKHJIATh JI0 TOTO, KaK 3JIEMEHT CTAHET OCTYITHBIM, HJIU KaHa Il OyeT moMeyeH
KaK 3aBepIICHHBIN; PN HAJNYUHN JIEMEHTA, IOCTYITHOTO /IJIg YTEHUS, BO3-
Bparaetcs true. MeTos TryRead MBITAeTCA TTPOYNTATD 3IeMEHT (HEMeJIEHHO
Y CUHXPOHHO ), BO3Bpalllas true, eCJIu 3JieMeHT Obl ipounTan. Ecim TryRead
BepHET false, 3TO MOKET OOBSICHSATHCS TEM, YTO MIPSIMO CEHYac JOCTYITHOTO
9JIEMEHTa HET, MJIU JKe TEeM, YTO KaHaJl ObLJI TOMeY€eH Kak 3aBePIIeHHBIN, U 9J1e-
MeHTOB OoJtbIe BooOIIie He Oynet. Takum 06pa3oM, Kor/ia TryRead BO3BpaliaeT
false, IPOMCXONT BBIXO/] U3 BHYTPEHHETO IMKJIA while, a MOTPeOUTETH CHOBA
BBI3BIBAET METOJI WaitToReadAsync, KOTOPBIN BepHET false, eCJid KaHaa ObLI
IIOMeYeH KaK 3aBepIeHHbIN.

JIpyroii BapuaHT OpraHu3aliiu Ouepeiu «IIPOU3BOAUTENb/TIOTPEOUTENb> —
ucrosb3oBanue BufferBlock<T> u3 6ubsmorekn TPL Dataflow. Tum Buffer-
Block<T> MMeeT MHOTO 00111ero ¢ KanaaoM. Ciie Ly oIl mpuMep MoKasblBaer,
Kak 0ObsIBUTH BufferBlock<T>, Kak BBITISIUT KOJA-TIPOU3BOAUTENb U KaK
BBITJISITUT KOJ-TTOTPEOUTED:

var _asyncQueue = new BufferBlock<int>();

// Kop-npousBoauTenb.
await _asyncQueue.SendAsync(7);
await _asyncQueue.SendAsync(13);
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_asyncQueue.Complete();

// Kom-noTtpebutens.

// BbiBOgMT "7", 3aTtem "13".

while (await _asyncQueue.OutputAvailableAsync())
Trace.WriteLine(await _asyncQueue.ReceiveAsync());

iKOﬂ-HOTpe6HTeﬂb UCIIOJIb3YeT MeTOJl OutputAvailableAsync, KOTOPBIN Ha
caMoM JieJjie HOHGSGHﬁTOHbKO(IOHHHNIHOTpe6HTeHehL ECHM:HOTpe6HTeﬂeﬁ
HECKOJIbKO, MOYKET CJYUYUTHCS, UYTO OutputAvailableAsync BEpHET true I
HECKOJIbKMX MOTpebuTeNeil, X0Ts 9JIEeMEHT TOJIbKO oauH. Eciin oyepenp 3a-
BepllleHa, TO ReceiveAsync BbIIACT UCKJIIOUeHNE InvalidOperationException.
TbKHNIO6paSOM,CHBCKOHBKMNHIHOTpe6MTeﬂﬂNH1K0ﬂ6yaeTBbHﬂﬂﬂeTbTaK

while (true)
{
int item;
try
{

item = await _asyncQueue.ReceiveAsync();

}

catch (InvalidOperationException)

{

break;

}

Trace.WriteLine(item);

}

Tak:ke MOKHO BOCIIOJIb30BATbCSI TUIIOM AsyncProducerConsumerQueue<T> U3
NuGet-6ubmmorexnu Nito.AsyncEx. Ero API noxox ma API BufferBlock<T>,
HO HE COBIIAJQ€eT ¢ HUM ITOJIHOCTbIO:

var _asyncQueue = new AsyncProducerConsumerQueue<int>();

// Koa-npoussoauTennb

await _asyncQueue.EnqueueAsync(7);

await _asyncQueue.EnqueueAsync(13);

_asyncQueue.CompleteAdding();

// Koma-noTpebutenb

// BbiBOgMT "7", 3atem "13".

while (await _asyncQueue.OutputAvailableAsync())
Trace.WritelLine(await _asyncQueue.DequeueAsync());
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B aTtoMm kojie Takyke UCTIOJIb3yeTCsE METOJ] OutputAvailableAsync, KOTOPBIN
obJa1aeT TeEMU Ke HeJI0CTaTKaMu, 4YTo U BufferBlock<T>. C HECKOJIBKUMU
HOTpe6I/ITe]I5IMI/I KOJL OOBIYHO BBITJISNAT IIPUMEPHO TaK:

while (true)
{
int item;
try
{

item = await _asyncQueue.DequeueAsync();

}

catch (InvalidOperationException)

{

break;

}

Trace.WritelLine(item);

MoscHeHne

Pekomenyto ncrosb3oBaTh Oubroreky Channels st acuHXpOHHBIX Ove-
pezeil «IIpou3BOAUTEb/IOTPEOUTE B> TaM, Ie 9TO BO3MOKHO. [ToMuMo
PEryJIMPOBKH MOJIEPKUBAIOTCS HECKOJIBKO PEKMMOB BBIOOPKHU, a KOJ[ TIIa-
TeJbHO onTUuMu3npoBan. OaHAKO, CJIN JIOTUKA BAIllero MPUI0KEHNSI MOKET
OBITH BhIpaskeHa B BUJIE «KOHBeepa», Yepe3 KOTOPBIN MPOXoAdT fanHbie, TPL
Dataflow moskeT 61T GoJiee IOrmIHBIM KaHAuaaToM. ITocieaHnii BapuanT —
AsyncProducerConsumerQueue<T> — IMEET CMBICJI B TOM CJIy4ae, €CJIN B BallleM
MPUJIOKEHUN Y>Ke UCTIOTB3YIOTCA IPYTHE TUTIBI U3 AsyncEx.

bubmmorexa Channels naxoaurcs B makere System. Threading. Channels,
BufferBlock<T> — B makere System.Threading.Tasks.Dataflow, a TuIl
AsyncProducerConsumerQueue<T> — B akere Nito.AsyncEx.

JlononHutenbHasa uHpopmauus

B pererire 9.6 paccMaTpuBaioTCSt 0U€pen «IIPOU3BOUTEIND/ TIOTPEOUTEH>
¢ GJIOKHMPYIOIIEl CeMaHTUKOI BMECTO aCHHXPOHHOI.
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B pernenre 9.12 paccMaTpuBaioTCS 04EPEAN <IIPOU3BOAUTEND/TIOTPEOUTEH>
Kak ¢ OJIOKUPYIONIEi, TaK U ¢ aCHHXPOHHON CeMaHTHKOI.

B pernerlre 9.7 pacCMaTpuBalOTCA aCMHXPOHHbBIE CTEKW U MYJIBTUMHOKECTBA,
€CJIM1 BaM HYJKEH aHaJIOTUYHBIN KOMMyHI/IKaHI/IOHHHﬁ KaHaJl C CEMaHTHUKOMI
FIFO.

9.9. PerynupoBKa ouepepeil

3apava

VMeeTcst ouepeib <IIPOU3BOANUTEND/TIOTPEOUTEb> , HO TPOM3BOUTEI MOTY'T
paboraTh ObICTpee TTOTpedUTEIEl, YUTO MOJKET IIPUBECTU K Hea(hPEKTUBHOMY
HCIIOJIb30BAHMIO TTAaMSITH. TaKk/Ke BaM XOTeJIOCh ObI COXPAHUTh BCE JI€MEHTI
B OYepeH, a CIeI0BATENbHO, IIOHAL00UTCS MEXaHU3M PETYJIUPOBKI IIPOU3-
BOJIUTEJIEI.

PewieHue

I[Tpu ucnob30BaHUT OYepe/iell «ITPOU3BOAUTE b/ TIOTPEOUTEb> HEOOXOANMO
YUYHUTBIBATH, 4TO TPOMIOMIET, ECJIH TPOU3BOAUTENN PabOTAIOT OBICTPEE MOTPe-
GuTeieii (eCJIM TOJILKO BbI TBEPJIO HE YBEPEHBI B TOM, UTO TIOTPEOUTEN BCETIa
pabotatot 6picTpee). Eciiv Bbl IPOM3BOAKTE 2JIEMEHTHI OBICTPEE, YEM MOJKETE
HOTPEOJISATD UX, OYePe/Ib IPUAETCST OTPErYIUPOBaTh. [LJIst 5TOr0 MOKHO 3a/1aTh
MaKCHMaJIbHOE KOJIMYeCTBO a1eMeHToB. Koria ouepe/b OyeT «3anoHeHas,
OHa ITpUMeHsIeT 0OpaTHOE JaBJIEHKE K TIPOM3BOANTENISIM, OJIOKMPYSI UX JI0 TOTO,
KaK B O4epe/iv He TIOSIBUTCSI CBOOOIHOE MECTO.

PerymmpoBka MokeT BBITTOJTHATHCS TTOCPEACTBOM CO3/IaHNS OTPAHUYEHHOTO
KaHasa (BMECTO HeOTPaHWYEHHOTO). Tak Kak KaHa/Ibl ACMHXPOHHBI, TPOU3BO-
auTesid OyyT PeryJInpoBaThCst aACHHXPOHHO:

Channel<int> queue = Channel.CreateBounded<int>(1);
ChannelWriter<int> writer = queue.Writer;

// ITa 3anucb 3aBepuwaeTcA HeMeANEHHO.
await writer.WriteAsync(7);
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// 3Ta 3anucb (aCMHXPOHHO) oOXxupaeT yhaneHua 7
// nepep Tem Kak CTaBUTb B o4vepenb 13.
await writer.WriteAsync(13);

writer.Complete();

Tum BufferBlock<T> UMeeT BCTPOEHHYIO TMOAEPKKY PETYTUPOBKH, KOTOPAST
6oJiee OPOOHO paccmoTpeta B perenre 5.4. C 6J0KaMK TOTOKOB TaHHBIX
cJenyeT 3a/1aTh IapaMeTp BoundedCapacity:

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

// dTa oTnpaBka 3aBepuwaeTcsA HeMeaNleHHO.
await queue.SendAsync(7);

// 3Ta oTnpaBka (ACUMHXPOHHO) OXMAaeT yapaneHua 7
// nepep Tem Kak CTaBUTb B ovyepenb 13.
await queue.SendAsync(13);

queue.Complete();

[IpousBoauTeNH B 3TOM (hparMeHTe KO MCIOJIb3yeT aCUHXPOHHBIH API
SendAsync; TOT ke TIOX0/1 paboTaeT u /st ciHxponHoro API Post.

Tum AsyncProducerConsumerQueue<T> U3 AsyncEx COJEPIKUT MOANEPKKY pe-
ryJupoBKU. [IpocTo ckoHCTpYyUpyiiTe ouepesb ¢ MOAXOASIUM 3HAYCHUEeM:

var queue = new AsyncProducerConsumerQueue<int>(maxCount: 1);

// DTa onepauus NOCTAHOBKWM B O4Yepefb 3aBepwaeTCcA HEMEANIEHHO.
await queue.EnqueueAsync(7);

// 3Ta onepauus MocTaHOBKW B o4vepedb (AaCUHXPOHHO) OxuAaeT ypaneHus 7
// nepep TeM Kak CTaBUTb B o4vepenb 13.
await queue.EnqueueAsync(13);

queue.CompleteAdding();

Biokupyioriie o4epein «Ipor3BOANTENb/TIOTPEOUTEb» TAKIKe TTO/IEPKIBA-
10T peryJInpoBKYy. Bbl MOKeTe HCIT0JIb30BaTh TUII BlockingCollection<T> JJist
PETYINPOBKU KOJIMUECTBA DJIEMEHTOB, JIJIsI YETO IIPU CO3/[aHUU ITIEPETAETCSI
COOTBETCTBYIOIIleEe 3HAUEHHE:
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var queue = new BlockingCollection<int>(boundedCapacity: 1);

// 3To pobaBneHue 3aBepwaeTcA HeMeAsIeHHO.
queue.Add(7);

// 3To pobaBneHne oxupaeT ypaneHua 7 nepep Tem, Kak pobasnATb 13.
queue.Add(13);

queue.CompleteAdding();

MosAcHeHne

PerymipoBka HeoOX0MMa B TOM CJIydae, eCJIv IIPOU3BOANTEH PaboTatoT Obi-
crpee norpeduTeneit. OMH U3 ClleHapUEeB, KOTOPbIE HEOOXOIMMO PACCMOTPETH:
MOTYT JIF TIPOU3BOUTEH paboTaTh ObICTpee TTOTPeOUTEIEl, €CJIN Ballle MPH-
Joxkenue Oyzer pabortarh Ha ApyroM obopymoBanuu? OOBIYHO HEKOTOpas
PEryJanpoBKa moTpedyeTcst st TOro, YTo6bl TapaHTHPOBATh HOPMAJIBHYIO
paboty Ha Oy ayiemM 060pyAOBaHUU 1 /1IN 00JauHbIX T1aT(HOPMaX, KOTOPbIe
HepeKo OoJiee OTPAHUYEHBI B PECYPCax, YeM MalIMHBI Pa3pabOTUNKOB.

PeryspoBka cosziaet 06paTHOe JaBI€HIEe HA TPONU3BOIUTENEH, 3aMe/IIsst
UX JIUIST TOTO, YTOOBI IOTPEOUTEIN TapaHTHPOBAHHO MOTJIH 06pabOTaTh BCe
9JIEMEHTBI Oe3 CO3/[aHusl UBJIUIIHUX 3aTpaT maMsatu. Eciau o6pabaThiBaTh
KaK/IBII 9JIEMEHT He 00513aTeTbHO, MOJKHO HCII0JIb30BaTh BBIGOPKY BMECTO
peryupoBku. Beibopka U3 ouyepeseil «Iipor3BOUTEND/TIOTPEOUTENB> Pac-
cmatpuBaetcs B petterite 9.10.

bubmorexa Channels naxoaures B makere System. Threading. Channels,
Tun BufferBlock<T> — B makere System.Threading.Tasks.Dataflow,
a tun AsyncProducerConsumerQueue<T> — B makete Nito.AsyncEx.

JlononHutenbHasa nHGopmauua

B pertenrre 9.8 paccmaTpuBaercst 6az0Boe HCIOJIb30BaHIE ACHHXPOHHBIX 0Ye-
peleit «ITpou3BOAUTEN b/ HOTpe6I/IT€JIB>>.

B penenire 9.6 paccmaTpuBaercst 6a30Boe UCIOJIb30BaHNE CHHXPOHHBIX OYe-
pezeil «IIpONU3BOANTENb/TIOTPEOUTEb> .
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B pernenire 9.10 paccmarpuBaercst BBIOOPKa B 0YepeIsxX «[IPOU3BOAUTENH/
OTPeOUTEb> KaK aJbTepHATHBA PETYIHMPOBKE.

9.10. Boibopka B ouepeasx

3apava

EcTb 0uepesib «IIPOU3BOAUTE D/ TIOTPEOUTENb>, HO IPOU3BOAUTEIN MOTYT
pabotatb ObICTpee MOTPeOUTEEN, YTO MOKET TIPUBECTH K Hea((HEKTHBHOMY
MCIob30BaH Mo maMsiTi. COXPaHATh BCe 3JIEMEHTBI U3 OUepe/in He 00s13a-
TEJIbHO; HEOOXOANMO OTHUIBTPOBATH SJIEMEHTBI OUYePe/In TaK, YToObI HoJiee
MeJIIEHHBIE TOTPEOUTENIN MOTJIU OTPAHUYUTLCSE 00PabOTKOI CaMbIX BasKHBIX
9JIEMEHTOB.

PeweHne

bubanorexa Channels npegocrapiisieT cambie TIPOCTHIE CPEACTBA TIPUME-
HeHMsT BBIOOPKH K dJieMeHTaM BBOJa. TUIIMYHBII IpuMep — Bcerga OpaTh
MOCJIE/IHYE N 3JIEMEHTOB C MTOTEPEl CaMbIX CTAPBIX JEMEHTOB TIPU 3aTI0JI-
HEHUW OUYePEe/IU:

Channel<int> queue = Channel.CreateBounded<int>(
new BoundedChannelOptions(1)
{
FullMode = BoundedChannelFullMode.DropOldest,

1)

ChannelWriter<int> writer = queue.Writer;

// Onepauusa 3anucu 3aBepliaeTCA HeMeAJsIeHHO.
await writer.WriteAsync(7);

// Onepauus 3anucu Toxe 3aBepliaeTcs HeMeANeHHO.
// dnemeHT 7 TepseTCA, eCAU TONAbKO OH He 6bin
// HeMen/eHHO U3BNeYeH MoTpebUTenem.

await writer.WriteAsync(13);

ITO caMblil HpOCTOfI Me€XaHN3M KOHTPOJIA BXOAHbBIX ITOTOKOB U IIPpe10TBpa-
IeHnA «3aTOIJIEHUA» HOTpe6HTe]IeI>i.
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Ectb u apyrue peskuMbl BoundedChannelFullMode. Harpumep, ecjim Bbl XOTH-
Te, YTOObI CaMble CTapble 2JIEMEHTbI COXPAHSINCh, MOKHO IIPH 3aII0JHEHUN
KaHaJia TepsTb HOBbIE 3JIEMEHTDI:

Channel<int> queue = Channel.CreateBounded<int>(
new BoundedChannelOptions(1)

{
FullMode = BoundedChannelFullMode.DropWrite,

1)

ChannelWriter<int> writer = queue.Writer;

// Onepauusa 3anucu 3aBepuwaeTca HemMenJsIeHHo.
await writer.WriteAsync(7);

// OnepauuAa 3anucu Toxe 3aBeplaeTcA HeMeAJIeHHO.

// 2nemeHT 13 TepaeTcsA, e€CAU TONbKO SNEMeHT 7 He 6bin
// HeMmepneHHO W3BJeYeH MoTpebuTenem.

await writer.WriteAsync(13);

MoscHeHne

Bubsmorexa Channels oTiimaHO moaxoauT 11st TpocToil BBIGopKU. Bo MHOTHX
CUTYallMX YPE3BbIYAITHO ITOJIe3eH PesKUM BoundedChannelFullMode.DropOldest.
Bosiee cioxnas BIOOPKA JI0JIKHA BBITIONHATHCS CAMUMU OTPEOUTEISAMI.

Ecsin BoIGOpPKaA I0JIFKHA BBITIOTHATHCS 10 BpeMeHHU (HalpuMep, «TOJbKO
10 a;remeHTOB B cekyH 1y ), Ucrionb3yiiTe System.Reactive. B System.Reactive
[PEYyCMOTPEHbI €CTECTBEHHBIE OMIEPATOPDI /I7isi PAGOTHI CO BpEMEHeM.

Bubauorexa Channels maxoaurcs B nakere System. Threading.Channels.

JlononHutenbHasa nHGopmauus

B pemtenite 9.9 paccMmaTpuBaeTcs peTyInpoBKa KaHATIOB, KOTOPAs OTPAHUYNBAET
KOJINYECTBO 9JIEMEHTOB B KaHaJIe OCPEICTBOM OJIOKMPOBKY TPOU3BOIUTETEN
BMECTO MTOTEPU IJIEMEHTOB.

B perenre 9.8 paccmarpuBaetcst 6a30Boe UCIOJIb30BaHNE KAaHAIOB, BKIIOYAsI
KO/ IPOU3BOJIMTEIST 1 TIOTPEOUTEIISI.
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B penenre 6.4 paccMaTpuBaloTCs PeryJanpoBKa U BbiOopKa B OUOIMOTEKE
System.Reactive, koTopas moj1epKUBaeT BIGOPKY 110 BPEMEHH.

9.11. ACMHXPOHHbIE CTeKU N MYNbTUMHOXeCTBa

3apava

Tpebyercst KOMMYHUKAIIMOHHbII KaHAT JIJIsI Iepeilauu COOOIeHUI UK JIaH-
HBIX U3 OJ[HON YacTh KOJa B IPYTYIO, HO BbI HE XOTUTE, YTOOBI ATOT KAHAJ
ncrnoJib3oBas ceManTuky FIFO.

PeweHne

bubmmorexaNito. AsyncEx ITpeIoCcTaBgeT TUII AsyncCollection<T>, KOTOPbBIiA
II0 YMOJIYAHUIO paboTaeT Kak aCHHXPOHHAs Ouepe]lb, HO OH TaKKe MOKeT pabo-
TaTh Kak J106as PasHOBUAHOCTD KOJUIEKIUI «IIPOM3BOIUTED/ TIOTPEOUTED> .
OGeprka 17151 IProducerConsumerCollection<T> — AsyncCollection<T> — TakiKe
aBysieTcst async-akBuBasieHTOM Tnia .NET BlockingCollection<T>, KOTOPbIiA
paccMmaTpuBaetcs B periernte 9.7.

Tur AsyncCollection<T> mopnepxuBaeT ceMantuky LIFO (crek) niam Heymo-
psioYeHHOCTH (MYJIBTUMHOKECTBO) B 3aBUCUMOCTH OT TOTO, KaKasi KOJLIEKITUST
nepeaeTcs ero KOHCTPYKTOPY:

var _asyncStack = new AsyncCollection<int>(
new ConcurrentStack<int>());

var _asyncBag = new AsyncCollection<int>(
new ConcurrentBag<int>());

O6paTuTe BHUMaHUE HA COCTOSHIE TOHKM B OTHOIIEHUM YHOPSAOYEHMUSI
9JIEMEHTOB B cTeke. Ecii Bee ponsBoanTe In 3aBepIiarcs 10 TOro, Kak Hau-
HyT paboTarhb MOTPEOUTENH, TO TIOPSIOK IEMEHTOB OY/IeT COOTBETCTBOBATH
0OBIYHOMY CTEKY:

// Kop-npousBoauTenb

await _asyncStack.AddAsync(7);
await _asyncStack.AddAsync(13);
_asyncStack.CompleteAdding();
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// Koa-noTpebutenb

// BeiBoauT "13", 3aTem "7".

while (await _asyncStack.OutputAvailableAsync())
Trace.WriteLine(await _asyncStack.TakeAsync());

Ecsm mpousBognTe M 1 MOTPEOUTEN BBITTOTHSIIOTCS KOHKYPEHTHO (KaK 3TO
00BIYHO OBIBAET), MOTPEOUTEb BCET/IA TTOMYYAET HIEMEHT, KOTOPBII GBI J10-
GaBJieH MOCJIEAHIM. ITO IPUBO/MT K TOMY, UTO TTOBe/IEHIE KOJLTEKIINH B [IEJIOM
He BCer/ia COOTBETCTBYET MOBEICHNIO cTeKa. KOHEeUHO, y MyJIBTHMHOKECTBa
yIopsilouere BooOIIe OTCYTCTBYET.

B AsyncCollection<T> mpemycMoTpeHa MOAEP:KKa PETyTMPOBKY, KOTOPast
HeOOXO/IMa B TeX CIIydasix, KOr/ia IPOU3BOIUTE MOTYT I0OABJISITH TAaHHbIE
B KOJLJIEKIINIO OBICTPEE, YeM MOTPeOUTENH NX n3BJeKaoT. [IpocTo CKOHCTpyH-
pyiiTe KOMIEKIIUIO ¢ HY>KHBIM 3HAUYCHUEM:

var _asyncStack = new AsyncCollection<int>(
new ConcurrentStack<int>(), maxCount: 1);

Ternepb TOT e KOA-NPOU3BOAUTEH OYIeT aCHHXPOHHO OKUAATH 110 Mepe
HEOOXOMMOCTH:

// 3To pobaBneHue 3aBepwaeTcA HeEMeLNIeHHO.
await _asyncStack.AddAsync(7);

// 3To pobaBneHue (aCUHXPOHHO) oOxuaaeT ypaneHus 7
// nepen TeM Kak nomewaTb B o4vepeib 13.
await _asyncStack.AddAsync(13);

_asyncStack.CompleteAdding();

Koz-morpeburesb UCIoab3yeT THII OutputAvailableAsync, Ha KOTOPbIi pac-
MPOCTPAHIIOTCA OTPAaHUUIEHUsI, OTMcaHHble B perenite 9.8. [Ipn nanmaun ne-
CKOJIBKHX MOTpeOUTEN el KOA-MOTPEOrTE b OOBIYHO BBITJISAUT IPUMEPHO TaK:

while (true)
{
int item;
try
{

item = await _asyncStack.TakeAsync();

}

catch (InvalidOperationException)

192 Mmasa 9. Konnexkunn



break;

}

Trace.WriteLine(item);

MosAcHeHne

AsyncCollection<T> IpejicTaBJisier co00ii aCHHXPOHHbII SKBUBaJIEHT Blocking-
Collection<T> ¢ HECKOJIBKO oTyimyaionmmesa API.

Tum AsyncCollection<T> HaxoauTCs B TakeTe Nito.AsyncEx.

NlononHutenbHas MH$popmaLms

B pererrre 9.8 paccMaTpuBarOTCSl aCHHXPOHHBIE OUepe/Ii, HAMHOTO GoJiee pac-
IIPpOCTpaHeHHbIe, YEM aCUHXPOHHbIE CTEKH UJIN MYJIBTUMHOKECTBA.

B perterire 9.7 paccMaTpuBaioTcst CHHXPOHHbIE (OJIOKUPYIOTIIE) CTEKU U MYJTb-
TUMHOKECTBA.

9.12. bnokupylowme/acuHXpoHHble ouepeau

3apava

TpebyeTcss KOMMYHUKAIIMOHHBIN KaHAI [J1s1 [Iepeadyr COOOIIEHIIA WK JAHHBIX
U3 OJIHOM YacTH Kozia B Apyryto no npuniuiy FIFO, Ho ipu aToM HeoOXo1mma
TUOKOCTD JIJIs TOTO, YTOOBI CTOPOHA IIPOU3BOAUTEIS I CTOPOHA IOTPeOUTEISk
MOTJIa PACCMAaTPUBATHCS KaK CHMHXPOHHAS MW aCUHXPOHHAs.

Hampumep, (poHOBBIN TOTOK MOKET 3arpysKaTh JaHHbIE 1 3aHOCUTH X B KOM-
MYHHMKAIIMOHHBIN KaHaJ, U BB XOTUTE, YTOOBI (DOHOBBI MOTOK CHHXPOHHO
GJIOKMPOBAJICS TIPU 3aroyiHeHrr Kanaaa. B a1o Bpemst UI-1I0TOK mosryyaer
JIaHHbIe U3 KOMMYHUKAIIMOHHOTO KaHasa, U Bbl XoTHTe, 4yT0Obl Ul-1moTok
ACUHXPOHHO U3BJIEKAJI TAHHBIE 13 KaHAJIa, YTOOBI OH ITPOJI0JIKAI PearupoBaTh
Ha JICHICTBUS MTOJIb30BATES.
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PeweHne

[Tocste 3HaKOMCTBa ¢ OJIOKUPYOIIUME OYePesSIMU B perternte 9.6 1 aCHHXPOH-
HBIMU o4epe/aMu B perienite 9.8 MBI N3y4NM HECKOJIBKO TUTIOB Oo4Yepesiei,
HO/IEP;KUBAIONINX Kak OJIOKUPYIOTUe, TaK U acHHXpoHHble APT.

HauneMm ¢ Tunos BufferBlock<T> 1 ActionBlock<T> n3 NuGet-6ubanorekn TPL
Dataflow. Turt BufferBlock<T> MOKET JIETKO UCIIOJIb30BATHCS KaK aCHHXPOHHASI
0Yepesib «IPOU3BOANTED/TIOTPEOUTEB> (3a TIOAPOOHOCTIMI OOpalaiTeCh
K perenty 9.8):

var queue = new BufferBlock<int>();

// Kop-npousBoauTenb
await queue.SendAsync(7);
await queue.SendAsync(13);
queue.Complete();

// Ons opHoro noTpebuTens
while (await queue.OutputAvailableAsync())
Trace.WritelLine(await queue.ReceiveAsync());

// Lns HecKonbkux noTpebuTenei
while (true)

{
int item;
try
{

item = await queue.ReceiveAsync();

}

catch (InvalidOperationException)

{

break;

}

Trace.WriteLine(item);

}

Kak mmokazano B ciieryioreM npumMepe, BufferBlock<T> TaKkyKe MOJIEPKUBAET
cvHXpOHHBIN API /7151 ipousBouTesieil u morpeduTeieit:

var queue = new BufferBlock<int>();

// Koa-npoussoauTennb
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queue.Post(7);
queue.Post(13);
queue.Complete();

// Kom-noTpebutennb
while (true)
{

int item;

try

{

item = queue.Receive();

}

catch (InvalidOperationException)

{

break;

Trace.WriteLine(item);

}

I{oa—HOTpe6ﬂTeﬂb,HCHOﬂb3yKnuHﬁ:BufferBlock<T>,HOﬂyqaeTCS:AOBOHBHo
HeyI[O6HI)IM, TaK KakK He COOTBETCTBYET CTUJIIO IIPOrPAaMMUPOBAHNS IIOTOKOB
nannbix. bubanoreka TPL Dataflow Briouaer psig 6JI0KMPOBOK, KOTOPBIE
MOTYT 00BEINHATHCS B IIETTOYKH /IS onpe/ieIeHnsl peaKTUBHON ceT. B rannom
cy4ae o9epeib «ITPON3BOIUTEND,/ HOTpe6I/ITeJIb>>, 3aBepliraronast KOHKpeTHoe
ﬂeﬁCTBﬂe,NK»KerOnpeﬂeﬂﬂTbCﬂ(;HONKHubK)ActionBlock<Tx

// Koa-noTpebuTenb nepefaeTca KOHCTPYKTOpY oyepenu

ActionBlock<int> queue = new ActionBlock<int>(item =>
Trace.WriteLine(item));

// ACWHXPOHHbI KOA-NPOU3BOAUTENb

await queue.SendAsync(7);

await queue.SendAsync(13);

// CMHXPOHHbLIA KOA-NPOU3BOAUTEND
queue.Post(7);

queue.Post(13);
queue.Complete();

Ecsm 6ubsmmorexa TPL Dataflow Hemoctyia Ha Hy:kHOI BaM riatdopme(-ax),
B Nito.AsyncEx CyIlecTBYyeT TUI AsyncProducerConsumerQueue<T>, KOTOPbBIT
TaKKe Io/Iep:KMBaeT KaK CUHXPOHHbIE, TAaK U aCUHXPOHHbIE METO/IbI:
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var queue = new AsyncProducerConsumerQueue<int>();

// ACWHXPOHHbI KOA-NPOU3BOAUTENDb
await queue.EnqueueAsync(7);
await queue.EnqueueAsync(13);

// CHHXPOHHbI KOZA-NpOU3BOAUTENDb
queue.Enqueue(7);
queue.Enqueue(13);

queue.CompleteAdding();

// Dna opHOro acuMHXpOHHOro noTpebutensa
while (await queue.OutputAvailableAsync())
Trace.WriteLine(await queue.DequeueAsync());

// Dns HecKoNbKWX ACUHXPOHHLIX MOTpebuTenei
while (true)
{

int item;

try

{

item = await queue.DequeueAsync();

}

catch (InvalidOperationException)

{

break;

}

Trace.WritelLine(item);

// CHMHXpPOHHbI KOA-noTpebutens
foreach (int item in queue.GetConsumingEnumerable())
Trace.WriteLine(item);

MoAcHeHue

Pexomenmyio 1o BO3MOKHOCTH UCIIOTb30BaTh BufferBlock<T> mau Action-
Block<T>, motomy uto 6ubamorexka TPL Dataflow 6biia nmpotectuposata
6OH6611HaTeHbHO,qu16H6HHOTeKaNitO.AsynCEX.()ﬂHaKOTIHIAsynCPPOduceP—
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ConsumerQueue<T> TOXKE MOKET TIPUTOUTHCST, €CJIU MPUTIOKEHHUE YIKe UCTIOTb-
3yeT Apyrue TUIIbI 13 OMOIMOTEKN AsyncEX.

System.Threading.Channels TaKyKe MOKHO MCIIOJIb30BATh CUHXPOHHO, HO TOJIBKO
KocBeHHO. X ecTecTBennbiit API aBisieTcss acHHXPOHHBIM, HO TIOCKOJIBKY 3TH
KOJITEKITMU OTHOCSTCS K YHCITY TOTOKOGE30aCHbIX, BBl MOKETE 3aCTABUTH UX
paborarh CHHXPOHHO, YITAaKOBaB KOJI IIPOM3BOICTBA WJIH MOTPeOJICHUS B Task.
Run ¢ THOCJIEAYIONNUM OJIOKMPOBAHUEM 110 33/1aue, BO3BPAIeHHON Task.Run:

Channel<int> queue = Channel.CreateBounded<int>(10);

// Koa-npoussoauTennb
ChannelWriter<int> writer = queue.Writer;
Task.Run(async () =>
{
await writer.WriteAsync(7);
await writer.WriteAsync(13);
writer.Complete();
}) .GetAwaiter().GetResult();

// Koa-noTpebutennb
ChannelReader<int> reader = queue.Reader;
Task.Run(async () =>
{
while (await reader.WaitToReadAsync())
while (reader.TryRead(out int value))
Trace.WriteLine(value);
}).GetAwaiter().GetResult();

Baiokn TPL Dataflow, AsyncProducerConsumerQueue<T> u Channels moauep-
JKMBAIOT PEryJIUPOBKY, JIsT 4Ero TIPH KOHCTPYHPOBAHUN HEOOXOANMO 3a/1aTh
COOTBETCTBYIOIIKE TTapaMeTpbl. PerysnpoBka He0OOX0AMMa B CUTYAIIHAX,
B KOTOPBIX IPOU3BOIUTENN 3aHOCST 9JIEMEHTBI B KOJUIEKIIUIO OBICTPEE, YeM
HOTPEOUTEN MOTYT TIOTPEOJISITh UX, B PE3yJbTaTe 4ero MpuaoKeHne Oymaer
Pacxo0BaTh CJAUIIKOM MHOTO MTaMSITH.

Tumnpr BufferBlock<T> 1 ActionBlock<T> HaxXoAsaTCs B IakeTe System.
Threading.Tasks.Dataflow. Tum AsyncProducerConsumerQueue<T>
HaXOJWTCS B makeTe Nito.AsyncEx. bubmmorexka Channels maxoxurcsa
B makere System.Threading.Channels.
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LlononHutenbHas HpopmaLms

B perenre 9.6 paccmaTpuBaroTcst GIOKUPYIOIINE OYEPEIN «IIPOU3BOIUTEb/
OTPEOUTEID>.

B penenre 9.8 paccMaTpuBaoTCst aCMHXPOHHBIE OYEPEAN «IIPOU3BOIUTEND,/
HOTPeOUTED>.

B perterire 5.4 paccmatpuBaeTcst peryJinpoBKa OJI0KOB TIOTOKOB TAHHBIX.



FMABA 10

OTmeHa

B dpeiimBopke NET 4.0 mogsuiach o61mpHas 1 XOPOIIO CIIPOEKTHPOBAHHAS
MOJI/IEPKKA OTMEHBIL. JTa MOJIEP;KKA SIBJISETCST KOOTIEPATUBHOM; 9TO O3HAYAET,
YTO OTMEHA MOJKET 3aIPAIINBATLCS, HO HE OCYIIECTBIISIETCS TIPUHYAUTENbHO
B Kozie. BesenctBue KoomepaTUBHONM MPUPOBI OTMEHBI HEBO3MOKHO OTMe-
HUTb KOJI, €CJIM OH HaITcaH 6e3 yyeTa noji/iep:KKu orMenbl. [1o aToii mpuyunte
PEKOMEH/IYIO BKJIIOYATh TIOAEP/KKY OTMEHbBI KaK MOKHO B OOJIbIIEH yacTu
BaIllero Ko/a.

OrMena sBJsIeTCsS PA3HOBUAHOCTLIO CUTHAJIA, B KOTOPOM y4aCTBYIOT JBe
CTOPOHBL: UCMOYHUK, THUITUUPYIOIIUI OTMEHY, 1 I10JIy4YaTeb, pearupyoniui
Ha ormeny. B .NET ucrounukom siBisiercst 00beKT CancellationTokenSource,
a rosrydaresieM — CancellationToken. B perentax aToil riaBbl paccMaTpuBa-
I0TCSl Kak UCTOUHUKH, TaK U 10JIy4YaTea OTMEHBI ITPY HOPMAJILHOM HCIIOJIb-
30BaHMM, a TAaK)Ke ONMCBHIBAETCS MUCIIOIb30BaHNeE TO/IEPKKH OTMEHBI [
B3aNMO/ICHCTBUS C ee HeCTaHAAPTHBIMU (DOpMaMH.

OTrMeHa paccMaTpuBaeTCs Kak CleluaibHas pasHOBUAHOCTb omuOKu. 110
JefiCTBYIOIIUM TIpaBUJIaM, OTMEHEHHBIN KO/l UHUIUUPYET UCKIIUeHIe TUIIA
OperationCanceledException (MU TTPOU3BOJHOTO TUIA — HAmpumep, Task-
CanceledException). B aToM cirydyae BBI3BIBAIONNI KO/ 3HAET, YTO OTMEHA
ObLIa 3aMeyeHa.

YT00BI COOOIIMTD BBI3BIBAIOIIEMY KOJLY, YTO BAIIl METO/L OIEP;KUBAET OTME-
HY, HeOOXOIMO TOJTy4HTh CancellationToken B mapameTpe. OOBIYHO TaKON
napaMeTp CTOUT Ha TOCJEeIHEM MeCTe, eCJIM TOJbKO Balll METO] He BbIJIAeT
yBemomieHud o iporpecce (perient 2.3). Takyke MOKHO pacCMOTPETH BO3MOJK-
HOCTb UCTIOJIh30BAHUS TIEPETPYKEHHOM BEPCUY UJTH 3HAYEHUST TTApAMETPA 110
YMOJIYaHUIO JIJIs TOTpebuTeieii, He TpeOYIOMNuX OTMEHBI:
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public void CancelableMethodWithOverload(CancellationToken
cancellationToken)

{

// 3Becb pa3mewaeTca KopA.

}

public void CancelableMethodWithOverload()

{
CancelableMethodWithOverload(CancellationToken.None);

}

public void CancelableMethodWithDefault(
CancellationToken cancellationToken = default)

{

// 3pecb pasmewaeTca KoA.

}

3Hauenue CancellationToken.None pe/CTaBISET MapKep OTMEHDI, KOTOPBIT
HUKOT/IA He Oy/IeT OTMEHSITHCST; ATO CleNUalIbHOe 3HaYeH e, DKBUBAJIEHTHOE
default(CancellationToken). IloTpebuTenu nepeaaior 9To 3HAYCHUE, €CIIH
HEOOXOMMOCTh OTMEHBI OTIePAIUY He BO3HUKHET HUKOT/IA.

V aCHHXPOHHBIX TIOTOKOB PEaIM30BaH MOXOKUHI, HO GoJIee CJI0KHBII CITI0co0 OT-
Menbl. OTMeHA ACUHXPOHHBIX IIOTOKOB MOAPOOHO PaCCMaTPUBAETCS B perente 3.4.

10.1. Bbigaya 3anpocoB Ha OTMEHY

3apgaua

W3 Bamiero koza BbI3bIBAETCSI APYTON KO, KOTOPBLH MOKeT OTMEHAThCS (711
YEero MCIHOJIb3yeTcst CancellationToken). TpeGyeTcst OTMEHUTD BHI3BAHHbII KO,

PewweHue

Turm cancellationTokenSource SBISETCS ICTOYHUKOM JJIsI CancellationToken.
O 103BOJIIET KOy PearnpoBaTh HA 3aMTPOCHI OTMEHBI; KOMITOHEHTHI Cancel-
lationTokenSource MO3BOJIAIOT KOIY BbIIATh 3aIIPOC HA OTMEHY.

Kaxpiit 00beKT CancellationTokenSource CYIIECTBYET HE3ABUCHMO OT BCEX
OCTAJIbHBIX (€CJIM TOJBKO BBI HE CBYKETE UX TaK, Kak cesano B perente 10.8).
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CBoiicTBO Token Bo3BparaeT CancellationToken 71T 9TOTO MCTOYHUKA, & METOT
Cancel BbIJIa€T HETIOCPEICTBEHHBII 3a1IPOC HA OTMEHY.

Crenyrouiuii mpuMep J1eMOHCTPUPYET co3/laHne CancellationTokenSource,
a TaK’Ke MCIOTh30BaHMe Token 1 Cancel. B Kozie NCIIOMB3yeTCs async-MeTO,
IIOTOMY YTO €TI0 IIPOoIIe TPOJIEMOHCTPUPOBATH B KOPOTKOM ITPUMEPE; O/1HA Iapa
Token/Cancel UCIIOJIb3YETCH /IJIsI OTMEHBI 8CEX BUJIOB KOJIA:

void IssueCancelRequest()

{

using var cts = new CancellationTokenSource();
var task = CancelableMethodAsync(cts.Token);

// B 3Tol To4dke onepauus 6bina 3anyweHa.

// BbldaTb 3anpoc Ha OTMEeHY.
cts.Cancel();
}

B nmpuseznenHom mpuMepe IepeMeHHas task HTHOPUPYETCS [10CJIe 3aIlyCKa;
BEPOSITHO, B PEAJTbHOM TIPUJIOKEHNH 9Ta 33j1a4a GYJIeT Tie-T0 COXPaHeHa ¥ 1c-
0JIb30BaHA C await, 4TOOBI OTB30BATENb 3HAI O PE3YJIBTATe.

[Ipu oT™MeHe Ko/l TPaKTUYEeCKU BCeT/la BO3HUKAET COCTOSHUE TOHKU. Bo3MOK-
HO, OTMEHSIEMBbIil KOl KaK pa3 coOMpasIcs 3aBepIIUThCS IIPU BbIZaue 3a1poca
Ha OTMEHY, U eCJIU Tlepe/l 3aBepIlieHeM OH He ITPOBEPUT CBOM MapKep OTMEHbI,
TO KOJI (DaKTHUeCKH 3aBepIIUTCs ycrenrHo. [Ipu orMeHe Ko/1a BO3MOKHBI TPU
BApUAHTA: OH MOXKET OTBETUTD HA 3aIIPOC HAa OTMEHY (C BbIIauell NCKITIOUeHUST
OperationCanceledException), OH MOKET 3aBEPIIUTHCS YCIENTHO UJIH Ke
3aBEPIIUTHCS ¢ OMIMOKOI, He MMEIOIell OTHOIIEeHUsT K oTMeHe (¢ Bbliaveil
JIPYTOTO UCKJTIOUEHIST ).

Crenytomuii mpuMep O4eHb MOX0XK Ha MPEeAbIAYIINI, He CYUTasI TOTO, UYTO OH
HCIIONB3YeT C 3aJjaueil KIIoueBoe CJIOBO await, ¢ IeMOHCTpaIlieil BceX Tpex
BO3MO’KHBIX PE3YJIbTaTOB:

async Task IssueCancelRequestAsync()

{

using var cts = new CancellationTokenSource();
var task = CancelableMethodAsync(cts.Token);

// B 3Tol To4ke onepauus BbINOJHAETCA.
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// BblgaTb 3anpoc Ha OTMeHY.
cts.Cancel();
// (ACMHXpPOHHO) OXMAaTb 3aBeplieHUA onepauuu.
try
{
await task;
// Ecnn ynpaBneHue oKaxeTCA B 3TON TOYKe, 3HAYUT, onepauua
// 6bna ycnewHo 3aBepweHa nepepj TeMm, Kak BCTYnua B CuUny
// 3anpoc Ha OTMeHy.

}

catch (OperationCanceledException)

{

// Ecnn ynpaBneHue oKaxeTCA B 3TON TOYKe, 3HAYUT, onepauua
// 6bna oTMeHeHa O ee 3aBepleHusA.

catch (Exception)

{

// Ecnn ynpaBneHue okaxeTcA B 3TON TOYKe, 3HAYUT, onepauua
// 3aBepumnacb c ownbkoW nepep Tem KakK BCTYMuA B CUNY

// 3anpoc Ha OTMeHy.

throw;

}

O6bIUHO co3zanue CancellationTokenSource 1 BbIJlaya 3alIpoca Ha OTMEHY
BBITIOJIHSIIOTCS B Pa3HbIX MeToax. [Tociie Toro Kak Bbl OTMEHUTE 9K3EMILIISP
CancellationTokenSource, OH oTMeHseTCs 6e3803BpaTHO. Eciim monagoburcs
JIPYTOil UCTOUHWK, HEOOXOMMO CO3/IaTh APYTOi ax3emiisap. Huke npusenex
GoJiee peaTMCTUIHBIN TIPUME] TIPIIIOKEHHS ¢ TpadhudecKiM HHTepheicoMm,
B KOTOPOM OfTHA KHOITKA UCTIOIh3YETCS A1 3aITyCKa aCUHXPOHHOI OTIepaIiii,
a JIpyras KHOIKa — JIJist ee oTMeHbl. [Ipusioskenue Tak:ke CHUMaeT U yCTaHaB-
JuBaer OJIOKMPOBKY KHOIIOK StartButton u CancelButton, 4ToObI B JI060I
MOMEHT BPEMEHHU BBITIOIHSLIACH TOJBKO OJIHA OTIE€PAIIHSL:

private CancellationTokenSource _cts;

private async void StartButton_Click(object sender, RoutedEventArgs e)
{

StartButton.IsEnabled = false;

CancelButton.IsEnabled = true;

try
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_cts = new CancellationTokenSource();
CancellationToken token = _cts.Token;
await Task.Delay(TimeSpan.FromSeconds(5), token);
MessageBox.Show("Delay completed successfully.");

}

catch (OperationCanceledException)

{

MessageBox.Show("Delay was canceled.");

}

catch (Exception)

{

MessageBox.Show("Delay completed with error.");
throw;

}
finally

{
StartButton.IsEnabled = true;

CancelButton.IsEnabled = false;

private void CancelButton_Click(object sender, RoutedEventArgs e)

{

_cts.Cancel();
CancelButton.IsEnabled = false;

MoscHeHne

B camom peanuctuynoM mpuMepe 3TOTO pellenta ucnosbdyerca GUI-
unTepdeiic, HO He CTOUT JyMaTh, Oy/ITO OTMEHA ITpelHa3HaYeHa UCKITIOYH-
TeJILHO JIJIs TI0JIb30BaTeIbCKUX nHTepdeiicoB. OTMeHa TakKe HAXOMUT IIPH-
MeHeHUe Ha cepBepe; HarpuMep, ASPNET mnipegocrasiisieTr Mapkep OTMEHBI,
MPEJICTABJISIIONINI TallM-ayT 3alpoca Win oTcoennenue kiauenta. [pasia,
HUCTOYHUKY MapKepa 3alipoca Ha CTOPOHE cepBepa BCTPEYAIOTCS PEKE, OTHAKO
HUYETO He MeIaeT X UCIOJb30BAHUIO; OHU MOTYT TIPUTOIUTHLCS, €CJIU BaM
MOHA/I00MJIOCH BBITIOJIHUTH OTMEHY 110 HEKOTOPOIl IPUYKHE, Ha KOTOPYIO He
pacmpoctpansetcs otMeHa ASPNET, — nanpumep, I0TIOJHATEIBHOTO TaliM-
ayTa JiUIst yacTi 00pabOTKM 3arpoca.
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LlononHutenbHas HpopmaLms

B pentenite 10.4 paccmaTpuBaeTcd nepeadya MapKepoB async-KOZLY.
B pemnerre 10.5 paccmaTpuBaeTcs mepeiada MapKepoB MapasiieTbHOMY KOJTY.

B pemnenite 10.6 paccmarpuBaeTcs MCIOIb30BaHNE MAPKEPOB B PEAKTUBHOM
KOJIe.

B pertenite 10.7 paccmaTpuBaeTcs nepeiadya MapKepoB CETSIM MTOTOKOB JIAHHBIX.

10.2. PearupoBaHue Ha 3anpocbl Ha 0TMeHY
nocpeACTBOM NepruoanYecKoro onpoca

3apaua

B xozne nmeetcs UK, KOTOPBIH TOKEH MTOAMEPKUBATH OTMEHY.

PeweHne

Ecuu B Kozte pucyTCTBYET UK 00pabOTKHU, TO B HEM HET HU3KOYPOBHEBbIX
dyuximii API, KoTopbIM MOKHO ObLIO TIepeaaTh CancellationToken. B atom
carydae He0OXOMMO MEPUOANIECKU TTPOBEPSITH, He ObLI JIK OTMEHEH MapKep.
Cremytomnuii npuMep MepUoOANYECKH TPOBEPSET MapKepP B XOJI€ BHITTOJTHEHUS
IIUKJTIA, CO3/IATOTIETO BBIYMCINUTEIHHYIO HATPY3KY Ha TIPOIECCOp:

public int CancelableMethod(CancellationToken cancellationToken)

{
for (int i = @; 1 != 100; ++i)

{

Thread.Sleep(1000); // HekoTopble BblYUCIEHUA.
cancellationToken.ThrowIfCancellationRequested();

}

return 42;

}

Ec/i Te10 1ukia BBIIOJIHIAETCS 04eHb ObICTPO, TO, BO3MOKHO, CTOMT OTPaHM-
YUTh YACTOTY IPOBEPKHU MapKepa oTMeHbI. Kak 06bI4HO, n3Mepbre GhICTPO-
JielicTBUE 10 U TI0CJIe TAKUX U3MEHEHMIT, 4YTOObI PEelInTh, KAKOW 13 BapUaH-
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TOB sgBJsgeTcs aydmuM. Cieayionuii IpuMep TOX0XK Ha MPEIBIAYITNMA, HO
BBITIOJTHSIET OOJIbINE UTepaluii Hosee GBICTPOTO IUKJIA, TOATOMY 5T T0OABILI
orpaHHMYeHre Ha YacTOTy IIPOBEPKU MapKepa:

public int CancelableMethod(CancellationToken cancellationToken)

{
for (int 1 = 9; i != 100000; ++1i)

{

Thread.Sleep(1); // HekoTopble BbYMC/IEHUSA.
if (i % 1000 == 0)
cancellationToken.ThrowIfCancellationRequested();

}

return 42;

}

HpeﬂeﬂbHOG 3Ha4Y€eHNE 3aBUCUT NCKJIIOUYUTE/IIbHO OT TOTO, Kakoll o0beM p3.6OTbI
BBIITOJIHAETCA M HACKOJIBKO 6bICTpOfI JOJIZKHa OBITh peaKkniug Ha OTMEHY.

MoAcHeHue

B GoJibIIuHCTBE CJIy4YaeB Balll KO I0JIKEH IIPOCTO TepesiaTh CancellationToken
Ha cJeAyonuil ypoBeHb. IIpuMepbl TaKOTO pojia BCTPEUYAIOTCST B Pelel-
tax 10.4—10.7. Merox nepuoanueckoro omnpoca (polling), ucrmosbpzoBanHbrit
B 3TOM DeEIIEeNTe, CJeyeT TPUMEHSTH TOJIBKO B TOM CJIydae, eCJIu Y BaC UMeeTCst
BBIYKMCJIUTEbHbBIN IIUKJI, KOTOPbIN JIOJIZKEH MTO/I/IEPKUBATH OTMEHY.

¥ tuna CancellationToken uMeeTcsi Ipyroii MeToji IsCancellationRequested,
KOTOPBI HAUMHAET BO3BpalllaTh true Mpu OTMeHe Mapkepa. HekoTopsie pas-
pabOTUYMKHU UCIIOJB3YIOT €r0 /IS PEaKIUU Ha OTMEHY, OOBIYHO BO3Bpaliast
3HAYEHUeE 110 YMOJYAHUIO U null. {I He peKOMEH/IyI0 UCIIOIb30BATh 9TOT
MeTo/| B 60JIbIell yacTu KoJa. B cTaHaapTHOM maTTepHe OTMEHBI BbIAETCS
UCKJIIOYeHre OperationCanceledException, /1Jid 4€ro BbI3bIBAETCA METO/]
ThrowIfCancellationRequested. Eciu Koj, HAXOAANINUIICS BBINIE B CTEKE,
3aX04eT MepPexBaTUTh UCKJIIOUEHUE U JIeWCTBOBATDH TaK, CJIOBHO Pe3yJibTat
paBeH null, 3TO HOPMaJbHO, HO JIF0OO0#T KOJI, MOJIyJaloluii CancellationToken,
JOJKEH CJIeZIoBaTh CTAaHAAPTHOMY HaTTePHY OTMeHbl. Eciiu B pemmuTe He
COOJTIOIATD TTATTEPH OTMEHBI, TI0 KpaiiHeil Mepe YeTKO IOKYMEHTUPYIITe CBOU
HaMepeHUsI.

Pa6ora MmeTo/ia ThrowIfCancellationRequested OCHOBaHa Ha IIePUOJINYECKOM
oIpoce MapKepa OTMEHBI; Balll KO/ JOJIKEH BbI3bIBATHh €I0 C PEryJIIPHbIMU
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uHTepBagaMu. TakiKe CyIecTBYeT crocob perucTpaiuu 00paTHOTO BbI30Ba,
KOTOPBIN BBI3BIBAETCS TIPH 3aTIpoce Ha OTMeHy. Pertrerivie ¢ 06paTHBIM BHI30BOM
B GOJIbINEl CTeNeHr OPUEHTUPOBAHO HAa B3aMMOJIEHCTBIE C APYTUMU CHCTe-
Mamu oTMeHbL; B perenre 10.9 paccMaTpuBaeTcst UCIIOIb30BaHUE 0OPATHBIX
BBI30BOB C OTMEHOIA.

NlononHutenbHas MH$popmaLms

B pernenire 10.4 paccmarpuBaeTcs nepeziaya MapKepoB async-KOZY.
B penerrre 10.5 paccmaTpuBaeTcs mepeiada MapKepoB MapasiieTbHOMY KOJTY.

B penierite 10.6 paccmaTpuBaeTcs MCTIOAb30BaHIE MAPKEPOB C PEAKTUBHBIM
KOJIOM.

B pererite 10.7 paccmaTtpuBaeTcs mepeada MapKepoB CETIM TTOTOKOB JIaH-
HbIX.

B perternrre 10.9 paccMmarpuBaeTcs UCIoIb30BaHue 0OPATHBIX BHI30BOB BMECTO
MEPUOMYECKOTO OTIPOCca I/ peakliny Ha 3aIIPOCHl HA OTMEHY.

B pernenire 10.1 paccmaTpuBaeTcs Bbllaya 3aIIpOCOB HA OTMEHY.

10.3. OTmMeHa no Tanm-ayTty

3apava

WNmeercs Koz, KOTOprfI JIOJIZKEH OCTaHOBUTD BBITTOJTHEHME ITOCJIE TaﬁM-ayTa.

PewieHue

OrMena — o4eBUIHOE PEIIeHNE /TS CUTYAITUH ¢ TaliM-ayToM. TaiiM-ayT — Bcero
JIMIIIb OJIHA U3 PA3HOBHUAHOCTEN 3a1poca Ha oT™MeHy. Ko, KoTopblii HeoGxoanmo
OTMEHHTB, TIPOCTO OTCJIEKMBAET MAPKEP OTMEHBI, KaK U TIPH JII000ii APyTroi
OTMeHe; eMy He HyKHO 3HaTbh, YTO HCTOUHUKOM OTMEHBI SIBJAETCS Taiimep.

Tak:ke y ICTOYHUKOB MapKEPOB OTMEHBI CYIIECTBYIOT BCIIOMOTATETbHbBIE
METO/IbI, KOTOPBIE ABTOMATUUYECKH BBIIAIOT 3alIPOC HA OTMEHY IO TaiiMepy.
TaiiM-ayT, KpOMe TOTO, MOKHO TIepeZlaTh KOHCTPYKTOPY:
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async Task IssueTimeoutAsync()

{

using var cts = new CancellationTokenSource
(TimeSpan.FromSeconds(5));

CancellationToken token = cts.Token;

await Task.Delay(TimeSpan.FromSeconds(10), token);

}

Ecm y Bac yke nmeercs ak3emMnsap CancellationTokenSource, MOXKHO 3a-
IIyCTUTDb TalM-ayT JJII 9TOTO 9K3EMILIApa:

async Task IssueTimeoutAsync()

{

using var cts = new CancellationTokenSource();
CancellationToken token = cts.Token;
cts.CancelAfter(TimeSpan.FromSeconds(5));

await Task.Delay(TimeSpan.FromSeconds(10), token);

MoscHeHne

YT06BI BBITIOJIHUATH KOJI ¢ TAIM-ayTOM, UCIIOJIb3YiiTe CancellationTokenSource
U CancelAfter (M KOHCTPYKTOP). TOit JKe 1€ MOKHO JOOUTHCS APYTUMHU
criocobaMu, HO MCIOJIb30BaHUE CYIIECTBYIOMIEH CUCTEMbI OTMEHBI — CaMbIil
poCTOil 1 9P (HEeKTUBHBIN BapUAHT.

[TomHaUTE, UYTO OTMEHSEMBIN KOJI I0JKEH OTCJIEKUBATD COCTOSTHIE MapKepa
oTMeHbl. Bam He yjacTcs Jierko OTMEHUTD KOJI, /IJisi KOTOPOTO OTMEHA He
peyCMOTPEeHa.

NlononHutenbHas H$popmaLms

B pernenre 10.4 paccmarpuBaercst repeadya MapKepoB async-KOZY.
B penerre 10.5 paccmaTpuBaeTcs mepeiada MapKepoB MapasiieTbHOMY KOJTY.

B penterite 10.6 paccmaTpuBaeTcs UCTIOJIb30BaHIE MAPKEPOB C PEAKTUBHBIM
KOJIOM.

B pemnterite 10.7 paccmarpuBaeTcst iepeiada MapKepoB CeTsIM TOTOKOB JIaH-
HDBIX.
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10.4. OTmeHa async-Kopa

3apava

Bri HCIIOJIb3YETE async-KO/l, I/ KOTOPOTrO HY’KHO 06eCIIeYnTh BO3MOKHOCTD
OTMEHBI.

PeweHne

ITpocreiimmii crnocob MoAmRepKKN OTMEHbI B ACHHXPOHHOM KOJIE — IIPOCTO
nepenatb CancellationToken Ha cieaytouil ypoenb. Cienyromuil mpumep
BBITIOJTHSET ACHHXPOHHYIO 33IEPKKY, ITOCTIE YeTo BO3BPAlllaeT 3HAYCHNUE; IS
OJIIEP’KKU OTMEHBI MapKep Iepefaercs Task.Delay:

public async Task<int> CancelableMethodAsync(CancellationToken
cancellationToken)

await Task.Delay(TimeSpan.FromSeconds(2), cancellationToken);
return 42;

}

Mrmorwue acunxponnsie API mogepskuBaior CancellationToken, moatomy obec-
THevyeHre OTMEHbI 0OBIYHO CBOMTCS K IIPOCTOM Hepeiade Mapkepa. Kak npasu-
JIO, €CJIU BAIll METO/I BBI3BIBAET cl)yHKuI/H/I API, rosry4aroiiue CancellationToken,
TO Balll METO/] TaK’Ke JI0JIKEH MoJrydaTh CancellationToken 1 miepeiaBaTh €ro
BceM yHKusM AP, koTopble ero moiep:KuBaoT.

MoAcHeHue

K coxanennio, HeKOTOPbIe METOBI He TIOEP;KUBAIOT OTMeNHY. Ecii BeI OKa-
3aJIMCh B TAKOH CUTYaIIUH, IIPOCTOTO PeNeHns He CyliecTByeT. HeBo3MOKHO
6€e3011aCHO OCTAHOBUTH IIPOU3BOJIBHBIN KOJI, €CJIM TOJbKO OH He yIaKoBaH
B OT/IEJIbHBIN UCTIOJHIEMBbIH MOy ib. Eciin Balil Koj BBI3BIBAET KOJI, HE TO/I-
JIeP>KUBAOIINI OTMEHY U BBl He XOTUTE YIAKOBBIBATD 3TOT KOJI B OT/IE€IbHBIN
HCTIOJTHAEMBIH MOIYJTb, BCET/Ia MOKHO UMUTHPOBATH OTMEHY, TPOCTO UTHO-
pUPYST Pe3ybTar.

Otrmena JOJIKHa IPEAOCTABJIATBCA KaK BapHUaHT TaM, I'Il€ 9TO BO3MOJKHO.
I[eJIO B TOM, 4YTO MPaBUJIbHO pe€aJn30BaHHadaA OTME€Ha Ha BbBICOKOM YPOBHE

208 Mmaga 10. OTMeHa



3aBUCUT OT MPABUJIBHO PeaiM30BaHHON OTMEHBI Ha HUKHEM ypoBHE. Takum
00pa3oM, KOTj/ia Bbl IUIIETe COOCTBEHHbBIE async-METO/IbI, TIoCTapaiiTech Kak
MOKHO TIIATeIbHee 00eCeynTh MOAAepPKKY oT™MeHbl. HUKorIa HensBecTHO
3apaHee, Kakue BbICOKOYPOBHEBbIE METO/bI OY/IyT BbI3BIBATH BAlll KO, U 1M
TOKE MOXKET MTOHAI0ONTHCA OTMEHA.

NlononHutenbHas HpopmaLms

B pernenire 10.1 paccmaTpuBaercs BblIaua 3a1rpoca Ha OTMEHY.

B penterite 10.3 paccMatpuBaeTcst UCTIOTB30BAHIE OTMEHBI B KAUECTBE TaliM-
ayTa.

10.5. 0TmeHa napannenbHoro Koga

3apava

Bl ucrosib3yere mapasiesibHbIi KO, [J1si KOTOPOTO HYKHO 00eCeYnTh BO3-
MOKHOCTH OTMEHBI.

Pewenne

ITpocreitmuii crmocob moamep:KKu OTMEHBI — Tiepegada CancellationToken
napaJuiesbHomMy Kofy. IlapasiesibHble METO/IbI TIO/IZIEPKUBAIOT 3TY BO3MOIK-
HOCTbH ITOCPE/ICTBOM TOJIYYEeHUS dK3eMIligpa ParallelOptions. YcTaHOBKA
CancellationToken /1JIs1 9K3eMILIsApa ParallelOptions BBITOJIHAETCS TaK:

void RotateMatrices(IEnumerable<Matrix> matrices, float degrees,
CancellationToken token)

{
Parallel.ForEach(matrices,
new ParallelOptions { CancellationToken = token },
matrix => matrix.Rotate(degrees));
}

Taksxke BO3MOXKHO OTCJIe;KMBATh CancellationToken HETIOCPE/ICTBEHHO B TeJle
UKJIA:
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void RotateMatrices2(IEnumerable<Matrix> matrices, float degrees,
CancellationToken token)

// TpepynpexaeHue: Tak MOCTYyNnaTb He peKOMeHAYeTCA; CM. HuXe.
Parallel.ForEach(matrices, matrix =>

{

matrix.Rotate(degrees);
token.ThrowIfCancellationRequested();

s
}

AnbrepHatuBHOe penierue Tpebyer 6obinero obbema paboThl U He Tak
XOPOIIIO UHTETPUPYETCS, MOTOMY YTO TapasjebHbIN UK YITaKOBBIBA-
eT OperationCanceledException B AggregateException. Kpome Toro, ecnn
CancellationToken IiepelaeTcst B cocTaBe dK3eMILIsApa ParallelOptions,
KJlacc Parallel CMOJKET MPUHSTH OoJree pasymHble pelleHnss OTHOCUTEIbHO
4acTOTBI TPOBepKU Mapkepa. [1o aTum npuurHaM MapKep Jiydliie riepeiaBath
B napameTtpe. B aToM ciryyae MapKep makace MOKHO IepelaTh B TeJO IIUKJIA,
HO He CJIeLYeT MmoJbKo Iepe/laBaTh MapKep B TeJIO [UKJIA.

B Parallel LINQ (PLINQ) Takske npeaycMOTpeHa BCTPOEHHAas MOIEPIKKa
OTMEHBI € olepaTopoM WithCancellation:

IEnumerable<int> MultiplyBy2(IEnumerable<int> values,
CancellationToken cancellationToken)

return values.AsParallel()
.WithCancellation(cancellationToken)
.Select(item => item * 2);

MosacHeHne

[Momaepskka OTMEHBI TSI TTApaJLIeIbHOM paboThl — BayKHbBII KPUTEPUI XOPO-
IIETO TT0JIb30BaTeIbCKOTO MHTepdeiica. Eciu Bare mpuioKeHne BBITIOJHIET
napasieJbHyio paboTy, OHO CO3/IaeT CEPhEe3HYIO HATPY3KY Ha MPOIECCOP
B TeueHMe XOTs1 Obl KOPOTKOTO BpeMeHU. BbICOKMiT yPOBEHD UCIOIb30BAHS
nporeccopa 00bIYHO 3aMETEH JIJIS1 TI0JIb30BaTEIEH, Iaske eCJIU He MelaeT pabo-
Te IPYTUX MPUJIOKEHIIT Ha TOM 5Ke MatiHe. Takum 00pa3oM, st PEKOMEH/IY O
HO/IEPAKUBATH OTMEHY IIPH JIFOOBIX TTAPaLIEIbHBIX BBIUMCIECHUSX (MK JII000IT
APYToii paboTe, CBA3aHHOW ¢ MHTEHCUBHON HATPY3KOH Ha IIPOIIECCOp), AaxKe
ecin 001IIee BpeMst BBICOKO#T Harpy3KH Ha MPOIECCOP OTHOCUTETEHO HEBETUKO.
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NlononHutenbHas HpopmaLms

B pertenite 10.1 paccmaTpuBaeTcs Bbijada 3a1rpoca Ha OTMEHY.

10.6. 0TmeHa Kopa System.Reactive

3apava

VMeercst peakTUBHBII KOJI, JIJIsI KOTOPOTO HY’KHO 00€CIIEYUTh BO3SMOKHOCTh
OTMECHDI.

Pewenne

B 6ubnnoreke System.Reactive mpegycMoTpeHa KOHIENIUs TOAMUCKN Ha
HabJto1aeMblii TOTOK. Barr Ko MOoKeT 0CBOOOIUTH MOAINCKY Ha MOTOK.
Bo MHOTUX cirydasx JOCTaTOUHO JIOTHIECKOTO0 0CBOOOsKAeHUs moToKa. Ha-
pUMeD, CIEAYIONUI KO OANUCHIBACTCS Ha MEJTYKH KHOIKOM MBIIIN TIPU
Ha)KaTUU OJHOM KHOMKHU M 0CBOOOKIAET MOANUCKY TP HasKaTHK APYroi
KHOIIKU:

private IDisposable _mouseMovesSubscription;

private void StartButton_Click(object sender, RoutedEventArgs e)
{
IObservable<Point> mouseMoves = Observable
.FromEventPattern<MouseEventHandler, MouseEventArgs>(
handler => (s, a) => handler(s, a),
handler => MouseMove += handler,
handler => MouseMove -= handler)
.Select(x => x.EventArgs.GetPosition(this));
_mouseMovesSubscription = mouseMoves.Subscribe(value =>
{
MousePositionLabel.Content = "(" + value.X + ", " + value.Y + ")";
})s
}

private void CancelButton_Click(object sender, RoutedEventArgs e)

{

if (_mouseMovesSubscription != null)
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_mouseMovesSubscription.Dispose();

}

System.Reactive 10BoJIBHO YIOGHO HCTIOIH30BAaTh BMECTE C CHCTEMOI Cancel -
lationTokenSource/CancellationToken, TOBCEMECTHO ITPUMEHSEMO JIJIST OTMe-
HbI. B ocTaBIieiicst yacTh 3TOTo perenTa paccMaTpPUBAIOTCS BO3MOKHOCTH B3a-
IMOZeNicTBUA HaOIIOfaeMbIX OOBEKTOB System.Reactive ¢ CancellationToken.

[Tepsbiii crieHapuii — HaOJIIOAEMBII KOJI, YITAKOBAHHBIN B ACHHXPOHHBIN KOJI.
BaszoBoe perrerne ObLIO pacCMOTPEHO B periente 8.5, U Terepb Bbl XOTUTE
06ABUTD MOJZIEPKKY CancellationToken. B 061iem cirydae mpoiiie BCETO Bbi-
MIOJTHUTD BCE OTEPAITNH C UCTIOIb30BAaHNEM PEAKTUBHBIX OMEPATOPOB, & 3aTEM
BBI3BATh ToTask /ISt TIPEOOPA3OBAHNUST MOCIEAHETO MOJTYUYEHHOTO dJIEMEHTa
B 33/1a4y, JIOIyCKaONy1o oxkuganue. Caenyronuii mpuMep MoKa3biBaeT, Kak
ACUHXPOHHO TOJYUYUTH MOCJIEAHUN 9JIeMEHT B MOCJIeI0BATEIbHOCTH:

CancellationToken cancellationToken =

IObservable<int> observable =

int lastElement = await
observable.TakelLast(1).ToTask(cancellationToken);

// wnu: int lastElement = await observable.ToTask(cancellationToken);

[TosydeHue mepBOro aJeMeHTa BBIIJISAUT OUeHb MOX0KE; IPOCTO U3MEHKTE
Hab/01aeMbIil 00BEKT Hepes] BbI30BOM ToTask:

CancellationToken cancellationToken =

IObservable<int> observable =

int firstElement = await
observable.Take(1).ToTask(cancellationToken);

ACI/IHXPOHHOE‘ HpeO6paSOBaHI/I€ BCel Ha6]HOJIaeMOI>i I10CJ1€/10BaTe/JIbHOCTU
B 3a/la4y TOKE ITPONCXOANUT aHaJTOTMYHO:

CancellationToken cancellationToken =

IObservable<int> observable =

IList<int> allElements = await
observable.ToList().ToTask(cancellationToken);

Haxkowerr, paccMoTpum o6patHyio cutyaiuio. Mbl paccMOTpen HECKOJIb-
KO pelleHunii /It CUTyaluii, B KOTOPbIX KoJl System.Reactive pearnpyer Ha
CancellationToken, T. €. T7i€ 3aIIPOC OTMEHBI CancellationTokenSource Hpeo6pasy—
ercst BocBOOOKIeH e TIOAMUCKH. Tak/ke MOJKHO HOMTH B IPYTOM HAIIPABJICHU:
BBIJIATh 3alIPOC Ha OTMEHY KaK PEAKITNIO Ha OCBOOOK/IEHIE MOIICKH.
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Ornepartopsl FromAsync, StartAsync 1 SelectMany [IOJI€PKUBAIOT OTMEIY, KaK
TOKa3aHo B perierte 8.6. ITHX OMepaTopoB I0CTATOYHO /ISt OOJTBITUHCTBA TTPaK-
TUYEeCKUX CUTyaluil. RX Takske mpesiocTaBJisgeT TUII CancellationDisposable,
KOTOPBbIiT 0OTMeHsieT CancellationToken mpu ocBoOosKIeHN. Bl MOsKeTE HC-
II0JIb30BaTh CancellationDisposable HaIIPsSIMYIO:

using (var cancellation = new CancellationDisposable())

{

CancellationToken token = cancellation.Token;
// Mapkep nepepaeTcAa MeTofaM, KOTOpble Ha HEro pearupywT.

}

// B 3TOW TO4YKe MapKep OTMeHAeTCA.

MoAcHeHue

B System.Reactive (Rx) ecTb coOCTBEHHAsI KOHIIENTHSI OTMEHbL: OCBOOOKIEHIE
HOAIKCOK. B 3TOM pertente paccMaTpuBaOTCst pasJimdHbIe CIIOCOOBI HHTErPH-
poBaTh RX B yHUBepCaTbHYIO CTPYKTYPY OTMeHbI, TosgBuBInyocs B .NET 4.0.
[Toxa BBl HAXOIMTECH B TOI YACTH BAIIETO KO/, KOTOPast OTHOCUTCS K MUPY RX,
UCIOJIB3YITE CHCTEMY TIOIMCKN,/0cBOOOsKIeH s RX; 4T06BI perienne paboTaio
KaK cJenyeT, BBOAUTE MOAEPKKY CancellationToken TOJIBKO Ha TPaHUIlAX.

NlononuutenbHas H$popmaLms

B pernenre 8.5 paccmarpuBaioTcst acCHHXpOHHbBIE 00epTKH st Koia Rx (6e3
MOJIIEPKKYU OTMEHBI ).

B perienre 8.6 paccmatpuBatorest 00epTKH RX /7151 aCHHXPOHHOTO Kofia (¢ moji-
NEPSKKOM OTMEHBI ).

B pentenite 10.1 paccmaTpuBaeTcs BbiJIaua 3aIIPOCOB HA OTMEHY.

10.7. 0OTMeHa ceTeil NOTOKOB AAHHbIX

3apava

BboI ncmiosib3yere cetu MOTOKOB aHHBIX. TpebyeTrcst 00ecednTsb MOIIEPIKKY
OTMEHBHI.

10.7. OTMeHa ceTel NOTOKOB AaHHbIX 213



PeweHne

Jlyumum crocoboM TOAIEPKKI OTMEHBI B BalieM Ko/e OyAeT CKBO3HAs
nepenava CancellationToken dynkimam API, nogaepxnBaiommnm oT™eny.
Y KakaI0r0 6JI0KA B CETH TIOTOKA JaHHBIX MOIEPKKA OTMEHBI SIBJISIETCS Ya-
cTbIO DataflowBlockOptions. Eciint BbI 3aX0TUTE OIOTHUTD HECTAH/IAPTHLIH
6JIOK aHHBIX MOJIEPIKKOIT OTMEHBI, 3a/1aiiTe CBOICTBO CancellationToken
B IIapamerpax 6JI0Ka:

IPropagatorBlock<int, int> CreateMyCustomBlock(
CancellationToken cancellationToken)

{
var blockOptions = new ExecutionDataflowBlockOptions
{
CancellationToken = cancellationToken

s

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

var addBlock = new TransformBlock<int, int>(item => item + 2,
blockOptions);

var divideBlock = new TransformBlock<int, int>(item => item / 2,
blockOptions);

var flowCompletion = new DataflowLinkOptions

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

return DataflowBlock.Encapsulate(multiplyBlock, divideBlock);
}

B aTOM niprMepe st mpuMeHnII CancellationToken K KaskioMy OJIOKY B CETH, XOTsI
9TO HE SIBJISIETCS CTPOro HeoOX0AUMbIM. TAK KaK 3aBepILIEHUE TOKE PACIIPOCTPA-
HSIETCSI TI0 CBSI3SIM, 1 MOT IPUMEHKTD €T0 K TIePBOMY OJIOKY U PaspelinTh eMy
pacipocTpaisaTbest. OTMEHBI CYMTAIOTCS 0c000iT HOPMOI OIUGOK, TT0ITOMY
6JIOKH, HaXO/SIIKMecs fajiee B KOHBelepe, OyyT 3aBepuiaThes ¢ OMUOKOM 110
Mepe pacrpocTtparenust omOku. C Apyroil CTOPOHbI, €CJIM s OTMEHSIIO CETh
[IOTOKOB JIaHHBIX, TO IIPENOYTY OTMEHUTD Bee OI0KKM OZIHOBPEMEHHO 1 B TOM
carydae OOBIYHO 3a/1a10 apamMeTp CancellationToken JJIst Kaskaoro OJIOKA.
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MoAcHeHue

B cersix IOTOKOB IaHHBIX OTMEHA He s61semcsi pasHoBUAHOCTBIO copoca (flush).
Korma 6,10k 0TMEHSIETCST, OH TEPSIET BCe CBOM BXOJIHbIE JAHHbBIE U OTKAa3bIBAETCS
[PUHUMATH HOBbIE dJleMeHThI. Takum 00pa3oM, ecii Bbl OTMeHsieTe OJI0K BO
BPeMsI BBIIIOJTHEHWS, 9TO npusedem K norepe JaHHbIX.

JlononHutenbHas uHpopmauus

B pertenite 10.1 paccmaTpuBaeTcs BbiZIaua 3aIIPOCOB Ha OTMEHY.

10.8. BHepapeHune 3anpocoB Ha OTMEHY

3apava

B xome mpucyTCTBYET YPOBEHD, KOTOPBIN IOJIKEH PearnpoBaTh Ha 3aITPOCHI Ha
OTMEHY, a TaK’Ke BblZIaBaTh COOCTBEHHBIE 3aIIPOCHI HA OTMEHY Ha CJIC/Y O
YPOBEHb.

PewieHue

B cucreme ormenst NET 4.0 mpenycmoTpena BcTpoeHHas TTOAIEPKKA 9TOTO
CIIEHAPUS B BUJIE CBA3AHHBIY MAPKEPO8 ommenvl. VICTOUHUK MapKepa OTMeHbI
MOJKET OBITh CO3/IaH CBSA3AHHBIM C OJIHUM (MJIM HECKOJIBKIMH ) CYIIECTBYIOTIH-
Mu Mapkepamu. Kor/ia BbI co3/iaeTe HCTOYHUK CBSI3aHHOTO MapKepa OTMEHbI,
HOJIyYeHHBII MapKep OyIeT OTMEHSIThCSI TPU OTMEHE JTI00BIX U3 CYIIECTBYIOIINX
MapKepOB WJIN TIPH SIBHOM OTMEHE CBSI3aHHOTO MCTOYHUKA.

Curemyiommii mpuMep BbITIOHsIET acuHxponHHbIi 3arpoc HTTP. Mapxkep, niepe-
JAHHBIN MeTO/y GetWithTimeoutAsync, IpeICTaBIsIET OTMEHY, 3aIIPOIIEHHYIO
KOHEYHBIM I10JIb30BaTesIeM, a MeTO/| GetWithTimeoutAsync Takike IIpUMEHSET
TaliM-ayT K 3a1Tpocy:

async Task<HttpResponseMessage> GetWithTimeoutAsync(HttpClient client,
string url, CancellationToken cancellationToken)

using CancellationTokenSource cts = CancellationTokenSource
.CreatelLinkedTokenSource(cancellationToken);
cts.CancelAfter(TimeSpan.FromSeconds(2));
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CancellationToken combinedToken = cts.Token;

return await client.GetAsync(url, combinedToken);

}

[Tosryuenubrit Mapkep combinedToken OTMEHsIETCST JTOO KOT/IA TIOJIb30BATEb
OTMEHsIET CYIIECTBYIONMiI MapKep cancellationToken, 1u6O TIPU OTMEHE
CBsI3aHHOTO MUCTOYHMKA BBI3OBOM CancelAfter.

MoAcHeHue

XOTs1 B IpeIbIIyIeM IPUMepPe UCTIOIb3YeTCs TOIbKO OIMH UCTOYHUK Cancel-
lationToken, MeTO/] CreatelLinkedTokenSource MOJXKET II0JIy4aTh Joboe Kosrmye-
CTBO MAapKEPOB OTMEHBI B CBOUX ITapaMeTpax. JTO MO3BOJISIET BaM CO3/IaTh OJTUH
0O beIMHEHHBII MapKep, Ha 6a3e KOTOPOro MOKHO PEaIM30BaTh COOCTBEHHYIO
goruveckyto ormeny. Harmpumep, ASPNET mpenoctasiisseTr Mapkep OTMEHBI,
MIPEICTaBISIONINI OTKIIIOUEeHNE M0JIb30BaTe g (HttpContext . RequestAborted);
KO/l 00paboTYMKa MOKET CO3/IaTh CBSIBAHHBII MapKep, KOTOPBII pearupyer
b0 Ha OTKJIIOYEHME TI0JIh30BaTest, JTMOO HA CBOM MIPUYMHBI OTMEHBI (Ha-
mpuMep, TaliM-ayT).

[TomaMTE O CPOKeE CyIIECTBOBAHNA NCTOYHIKA CBA3AHHOTO MapKepa OTMEHBI.
[Ipenpirymuii iprMep ABJsIeTCs] HanboJiee TUITMYHBIM: OJIUH MJIH HECKOIBKO
MapKepoB OTMEHBI TIEPeAAtOTCI METO/LY, KOTOPBIH CBSA3BIBACT UX U TIepeaeT
KaK KOMOMHUPOBaHHBII Mapkep. Takke oOpaTnTe BHUMAHIE Ha TO, UTO B TIPH-
Mepe MCITOIb3yeTcs KOMaH/a using, KOTOpasd TapaHTUPYET, YTO UCTOUHUK
CBSI3AHHOTO MapKepa OTMEHBI OyeT 0CBOOOXKIEH, KOT/Ia onepaiust Oymaer
3aBepiieHa (a KOMOMHUPOBAHHBIN MapKep MepecTaHeT UCIOIb30BATHCS).
[Toxymaiite, 9TO TIPOU30UIET, €CJIU KO HE OCBOOOANT MCTOYHHUK CBSI3AHHOTO
MapKepa OTMEHBI: MOJKET 0Ka3aThCsl, YTO METOJI GetWithTimeoutAsync Gyer
BBI3BAH HECKOJIBKO Pa3 ¢ OHUM (JIOJTOCPOUHBIM ) CYIIECTBYIONIIM MapKePOM;
B 9TOM CJIydae Ko Oy/IeT CBSI3bIBATh HOBBIIT HCTOUHIK MapKepa Py KasKI0M
BBI30Be MeToza. /laske mocie Toro, kak 3ampockl HTTP 3aBepmarcsa (u Hu-
4TO He Oy/IeT UCTOIB30BAaTh KOMOMHUPOBAHHBII MapKep), 9TOT CBSI3aHHBIN
HCTOYHUK BCE €Il OCTAETCS MPUCOETMHEHHBIM K CYIIECTBYIOTEMY MapKepy.
YroOBI MPEAOTBPATUTD TIOAOOHBIE YTEUKU TTAMSTH, OCBOOGOIUTE UCTOUHUK
CBSI3AHHOTO MapKepa OTMEHBI, KOT/[a KOMOMHUPOBAHHBIN MapKep MepecTaHeT
OBITH HY/KHBIM.
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NlononHutenbHas HpopmaLms

B penenire 10.1 paccmaTpuBaeTcst 001N MEXaHU3M BbIIauK 3aIIPOCOB Ha
OTMEHY.

B pernenire 10.3 paccmarpuBaeTcs UCIOJIb30BAaHUE OTMEHBI 110 TAHM-ayTYy.

10.9. B3aumopgencraue c gApyrumm cuctemamu
OTMEHbI

3apava

VmMeeTcst BHEITHWIA WJIN YHACIEIOBAHHBIN KOJI ¢ COOCTBEHHBIMM KOHIIEIIIMSIMU
orMeHbl. TpeGyeTcst yIpaBJsiTh MM € UCIIOJIb30BaHUEM CTaHAAPTHOTO OOBEKTa
CancellationToken.

PeweHune

Y Ttumna CancellationToken CYIIECTBYET JIBa OCHOBHBIX crocoba peaknuu Ha
3aIpoC Ha OTMEHY: TIepuoAndeckuii ompoc (paccmaTtpuBaetcs B pertenite 10.2)
u obpartHbie BBI30BHI (TeMa 9Toro perenta). [leprogmueckuii ormpoc 06bIaHO
UCIIOJIB3YETCH /I KOJIa, UHTEHCHUBHO MCIIOJIB3YIOIIEro IPoIleccop, — Hallpu-
Mep, IUKJI0B 00pabOTKH JaHHBIX; 0OPaTHbIE BHI30BbI 00OBIYHO UCTIOIb3YIOTCS
BO BCEX OCTAJBHBIX CUTYyaIUAX. PerrcTpariust 00paTHOTO BBI30Ba [IJIsI MapKepa
OCYIIIECTBJISIETCS METO/IOM CancellationToken.Register.

[lomycTum, Bbl TUIieTe 06epTKy Ui System.Net.NetworkInformation.Pingtype
U XOTHUTE TIPEeTYCMOTPETh BO3MOKHOCTh OTMEHBI TECTOBOTO otrpoca. Kiacc
Ping y’Ke umeer API Ha 6aze Task, HO He 1o/ /iep:KuBaeT CancellationToken.
BMmecTo 9TOrO0 THII Ping COmEPKUT COOCTBEHHBIN MeTO]] SendAsyncCancel,
KOTOPBIA MOKET UCTIOJIb30BAThCA [T OTMEHBI. /{1 9TOTO 3aperucTpupynire
06paTHbIiT BBI30B, KOTOPbIT aKTHBU3UPYET ITOT METO/:

async Task<PingReply> PingAsync(string hostNameOrAddress,
CancellationToken cancellationToken)
{
using var ping = new Ping();
Task<PingReply> task = ping.SendPingAsync(hostNameOrAddress);
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using CancellationTokenRegistration _ = cancellationToken
.Register(() => ping.SendAsyncCancel());
return await task;

}

Temeps pu 3arTpoce Ha OTMEHY CancellationToken BEI30BET METOI SendAsync -
Cancel 3a Bac, OTMeHsSI MeTO/l SendPingAsync.

MoAcHeHue

Metoz CancellationToken.Register MOYKET UCIIOJIb30BATHCS /ISl B3AaUMO/IEii-
CTBUSI ¢ 1100011 aIBTEPHATHBHON CHCTEMOiT oT™eHbl. Ho ciieryer moMHUTD, 4TO
€CJI MeTO/[I IToJry4daeT CancellationToken, 3aTIPOC OTMEHBI TOJIKEH OTMEHSTD
TOJIbKO 3Ty OJIHY ollepalinio. HekoTopble ajibrepHaTHBHbIE CUCTEMbI OTMEHbI
peayim3yoT OTMEHY 3aKPBITHEM HEKOTOPOTO PECYPCa, YTO MOKET IIPUBECTH
K OTMeHe HeCKOJIbKHX Ollepalliii; 9Ta Pa3HOBU/IHOCTDH CCTEMbI OTMEHDI IIJIOXO
COOTBETCTBYET CancellationToken. Ecsint BbI perinTe MHKANICYJINPOBATh TAKYIO
Pa3sHOBUAHOCTH OTMEHEI B CancellationToken, ciienyeT TOKyMEHTHUPOBAThH €€
HEOOBIUHYTO0 CEMAaHTHKY OTMEHBI.

[TomMHMTE O CPOKE CYIIECTBOBAHUS PETUCTPAIINN 0OPATHBIX BHI30BOB. MeTo
Register BO3BPAIAET OTMEHSIEMbBINA 0OBEKT, KOTOPBIIL 0JKEH ObITh OCBOO0K-
JieH, Korjia 00PaTHBIN BBI3OB MIEPECTAHET ObITh HYKHBIM. [IpeIbl Iy il ipumep
HCITOTb3YeT KOMAHY using /I BBITIOJHEHWS 3aBEPITAIONINX AeUCTBUI TPU
3aBepIeHnN AaCHHXPOHHON omepannu. Ecin B Kozie 0TCyTCTBYeT KOMaH/1a
using, TO TIPU KaXK/IOM BBI3OBE KOJIA C T€M K€ (JI0JITOCPOYHBIM ) MapKEPOM
CancellationToken oH Gy/eT 106aBJISATH HOBBII OOPATHBI BBI30B (KOTOPBIH,
B CBOIO 0Y€epejlb, OyIeT MOIeP;KUBATD CYIECTBOBaHKEe 00beKTa Ping). UT0OBI
u30eKaTh YTEYKH MaMSITH ¥ PECYPCOB, OTMEHHUTE PETUCTPAIII0 06PaTHOTO
BBI30BA, KOT/Ia OH [IepecTaHeT ObITh HY/KHBIM.

NlononHutenbHas H$popmaLms

B pernernire 10.2 paccmaTpuBaeTcs peakiinst Ha MapKep OTMEHbBI TTOCPEICTBOM
HEPUOANIECKOTO OMpoca (BMeCTO 0OPAaTHBIX BHI30BOB).

B pernenrre 10.1 paccmaTpuBaercst oOmIHiT MEXaHI3M BBIZa4M 3alIPOCOB Ha
OTMEHY.



FNMABA 11

00I1, xopoLuo coyetaroLieecs
¢ YHKLMOHANbHbBIM
nporpaMmmupoBaHuem

CoBpeMeHHbIe POrpaMMbl TPEOYIOT ACMHXPOHHOTO MPOrPaMMHUPOBAHUST;
B HAIIIM JIHU CEPBEPBI OJKHBI MACIITAOMPOBATHCS JIyUllle, YeM KOTIa-inbo,
a IIPUJIOKEHHUS JIJIsT KOHEYHOTO I10JIb30BATE IS JIOJKHBL pearnpoBaTh Ha Jiei-
CTBUSI IOJTb30BATEIs TaK OBICTPO, KAK HUKOT/IA. Pa3paboTynKam MpUXOITCs
U3y4aTh aCHHXPOHHOE TIPOTPAMMUPOBAHIE, M B PeasibHOil paboTe OHM YacTo
0OHAPY’KUBAIOT, YTO ITOT CTUJIH TPOTPAMMUPOBAHNS YaCTO BCTYAET B KOH(D-
JIIKT C TPAAUIIHOHHBIM OOBEKTHO-OPHEHTHPOBAHHBIM TPOrPAMMIPOBAHUEM,
K KOTOPOMY OHY TTPUBBIKJIN.

[1aBHag npuyMHa 3aKJII0YAETCS B TOM, YTO aCUMHXPOHHOE ITPOTPaMMUPOBaHNE
sBJIsieTcst (QYHKIIMOHAIBHBIM. S1 He MMEIO B BUJLY, YTO «OHO PabOTaeT; pedb
uaeT o GyHKIIUOHAIBHOM CTUJIEe TIPOTPAMMUPOBAHUS, B OTJINYNE OT IIPOIie-
aypHoro ctusisi. MHOTHE pa3pabOTYMKN U3ydaid OCHOBBI (DYHKITMOHAIBHOTO
[IPOrPaMMUPOBAHNA B By3€ U € TEX ITOP IMPAKTUYECKHU He B3aUMOJICHCTBOBAJIN
c auM. Ecan ot Koga Buga (car(cdr '(3 5 7))) BBI IIOEKUBaeTeECh, TO, BO3-
MOJKHO, BbI IPUHAJIEKUTE K 91011 Kateropun. He Goiitech! CoBpeMeHHOe achH-
XPOHHOE IIPOrPaMMUPOBAHUE HE TAK YK CJIOKHO, CTOUT K HEMY IIPUBBIKHY Th.

[1aBHOE IPENMYIIECTBO async 3aKJII049aeTCsl B TOM, YTO BBl MOKETE MBICJIUTD
MPOIEeTy PHBIMU KAaTETOPUAMU, HO TIPOTPAMMHUPOBATh ACMHXPOHHO. JTO CyIIIe-
CTBEHHO YIIpOIl[aeT HallMcaHue 1 IOHUMaHue aCUHXPOHHLIX MeTo/10B. Ho Bo
BHYTPEHHel peasn3aliny aCHHXPOHHBIH Kozt ocTaeTcs (PyHKITMOHAIBHBIM I10
CBOEIl TIPUPOJIE, U ITO CO3/IAET HEKOTOPbIe MPOOJIEMBI, KOT/Ia Pa3paboOTINKu
BITAIOTCST BTUCHYTD async-MeTO/IbI B KJIACCHUYECKIE 00bEKTHO-OPUEHTHPOBAH-
HbIe aDXUTEKTYPLL. B perenrtax aToii TIaBbl pacCMaTPUBAIOTCST TIPOGTIEMHbIE
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006J1acTH, B KOTOPBIX aCHHXPOHHBII KO/ KOH(BIUKTYET ¢ 0GBEKTHO-OPHEHTH -
POBaHHBIM TTPOTPAMMHUPOBAHNEM.

Itu pobIeMHbIE 00JTACTH CTAHOBIITCSI 0COOEHHO 3aMeTHBI TIPU TIPeobpaso-
Baruu cymiectByiomieir OOII-kom0BoI 6asbl B KOTOBYIO Gasy, XOPOIIO CO-
YETAIOTIYIOCS C async.

11.1. AcuHXpoHHble nHTepeiicbl U Hacne0BaHne

3apava

B unTepdeiice nimm 6a30BOM Kjacce METO/ia UMEETCsl METOI, KOTOPbIii Tpedy-
€TCsl c/IeTaTh ACMTHXPOHHBIM.

PewieHue

Kmogom K TOHMMaHTIo 9TOH 3a/1aU1 U ee PETeHNsT CTAaHeT TTOHUMaHHe TOTO, ITO
async OTHOCHTCS K TI0APOoOHOCTAM peanusarun. KioueBoe ¢JIoBo async MOKeT
MPUMEHSITHCS TOJTBKO K METOJIaM C PEATH3AIUSIMU; HEBO3MOKHO IIPUMEHUTD
ero K abCTpaKTHBIM METOIaM WJIX METOoAaM UHTeP(EcoB (€C/Ii OHU HEe UMEIOT
peanusaluii Mo yMoadanuio). Tem He MeHee Bbl MOXKETE ONPeNeTUTh METO
C TaKOIi ke CUTHATYPOH, KaK y async-MeToj1a, HO 6e3 KJII0UeBOro CJIOBa async.

Benomuure, uTo 0Kuganue 0IyCKaloT munvl, a He memoovt. Bbl MoxeTe uc-
0JIb30BaTh await ¢ 0OBEKTOM Task, BO3BPAIEHHBIM METOI0M, HE3aBUCUMO
OT TOTO, 6I)IJI METO/, peajin30BaH C KJIIOYEBbIM CJIOBOM async WJIM HET. TaKI/IM
obpaszoM, uurepdeiic mim abCTPaKTHBIA METOJI MOKET TIPOCTO BEPHYTH Task
(nm Task<T>), a BO3BpamaeMoe 3HaYeHNe 9TOr0 METO/Ia MOKET JOIIyCKaTh
OKMJIaHKeE.

Craenyromuii mpuMep ornpezensgeT nuHTepdeiic ¢ ACHHXPOHHBIM METOZI0M
(6€e3 KJII0YEBOTO CJI0BA async), peajnusalnio aToro narepdeiica (¢ async),
U HE3aBUCHUMBIN METO/I, KOTOPBIii TIOTpebisieT MeTo | 9Toro nHTepdeiica (1mo-
CPE/ICTBOM await):

interface IMyAsyncInterface

{
Task<int> CountBytesAsync(HttpClient client, string url);
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class MyAsyncClass : IMyAsyncInterface

{
public async Task<int> CountBytesAsync(HttpClient client, string url)

{
var bytes = await client.GetByteArrayAsync(url);

return bytes.Length;

async Task UseMyInterfaceAsync(HttpClient client,
IMyAsyncInterface service)

{

var result = await service.CountBytesAsync(client,
"http://www.example.com");
Trace.WriteLine(result);

}
ITOT MaTTepH pa60TaeT nc a6CTpaKTHbIMI/I METOJaMM 0a30BBIX KJIACCOB.

ACUHXPOHHAST CUTHATYPA METO/Ia O3HAYAET JIUIITh TO, YTO PEATUALIHS MONCEM
ObITh aCHHXPOHHOI. DaKTUUecKas pean3alyst MOsKeT ObITh CHHXPOHHOM, eCJIn
HET peasibHOI aCMHXPOHHOI PabOThI, KOTOPYO HY;KHO OBLIIO ObI BBITTOJIHSITh.
Hanpumep, TectoBast 3arjyIika MOKET pearu30BaTh TOT ke nHTepdeiic (6e3
async), ICIIOJIb3ysI HEUTO Bpojie FromResult:

class MyAsyncClassStub : IMyAsyncInterface

{
public Task<int> CountBytesAsync(HttpClient client, string url)

{
return Task.FromResult(13);

MoAcHeHue

Ha MoMeHT HalcaHust KHUTH async M await elrie ToJIbKo Habupas 000POTHL.
ITo Mepe TOTO Kak aCHHXPOHHBIE METO/[BI CTAHOBSITCST Bee H0JIee pacpocTpa-
HEHHBIMU, aCHHXPOHHbIE METO/IbI HHTEP(ENHCOB 1 6a30BBIX KJIACCOB BCTPe-
JaloTcst Bee varie. PabotaTh ¢ HUIMHU He Tak YK CJI0KHO, €CJIU TOMHUTD, 4TO
O’KHM/IaHNe JI0JIKHO ITPUMEHSATHCS K BO3BpalllaeMOMY TUITY (2 He K MeTOZAY ),
a oTIpe/ieJieHre aCHHXPOHHOTO METO/Ia MOJKET OBITh PEATM30BaHO ACHHXPOHHO
WJIA CUHXPOHHO.
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LlononHutenbHas HpopmaLms

B pererite 2.2 paccmaTpuBaeTcs Bo3BpallleHe 3aBePIIeHHON 3a1aUd, peasi-
3yTOIell aCHHXPOHHYIO CHTHATYPY METO/Ia C CHHXPOHHBIM KOJIOM.

11.2. ACcMHXpOHHOE KOHCTpYyMpoBaHue: pabpuku

3apava

BoI mporpaMmupyere THIT, KOTOPBIN TpeGyeT BBITIOJTHEHUST HEKOTOPOIA aCHH-
XPOHHOI pabOTbI B KOHCTPYKTOPE.

PewweHue

KoHCTPYKTOPBI HE MOTYT OOBSIBJISITHCS C async; KPOMe TOTO, OHU He MOTYT
coJiepsKaTh KJIoueBoe cI0Bo await. KoHeuno, ncmosb3oBanne await B KOH-
CTPYKTOPE MOTJIO OBl OBITD MOJIE3HBIM, HO 3TO TIPUBEJIO OBI K CYIIIECTBEHHOMY
n3Menenwuio si3pika C#.

Onna 13 BO3MOXKHOCTEN — UCII0JIb30BaTh KOHCTPYKTOP B I1ape ¢ NHUIUAIN-
3UPYIOIINM async-MeTOJIOM, YTOOBI THIT HCTIOJIb30BAIICS CJIEAYIONINM 00Pa3oM:

var instance = new MyAsyncClass();
await instance.InitializeAsync();

Y Takoro moaxoja ecTh HeAOCTATKU. Pa3zpaboTyrK MOKeT 3a0bITh BhI3BAThH
MeTox InitializeAsync, a 9K3eMILISP He MOKET MCIIOJIb30BAThCS CPa3y Ke
MoCJIe BBITTOJTHEHUS] KOHCTPYKTOPA.

Bot GoJiee kauecTBeHHOE peliieHne, KOTOPOe OCHOBAHO Ha TPUMEHEHUH T1aT-
TepHa aCHHXPOHHOTO (habPUYHOTO METOIA:

class MyAsyncClass

{
private MyAsyncClass()

{
}

private async Task<MyAsyncClass> InitializeAsync()

{
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await Task.Delay(TimeSpan.FromSeconds(1));
return this;

public static Task<MyAsyncClass> CreateAsync()
{

var result = new MyAsyncClass();
return result.InitializeAsync();

}

Konctpyxrop u MmeTox InitializeAsync 00bSIBJICHBI IIPUBATHBIMU, 4TOOBI OHU
He MOIJIM MUCII0JIb30BaThCS B IPYTOM KO/I€; 9K3EMILIIAPBI MOTYT CO3/IaBaThC
TOJIBKO OJTHUM CIIOCOOOM — CTaTHYeCKUM (haGpPUIHBIM METOZIOM CreateAsync.
BbI3bIBaIOMIHiT KOl HE MOJKET 0OPATUTHCS K 9K3EMILISIPY 10 TOTO, KaK MHUI[HA-
J3aryst OyieT 3aBepIieHa.

B APYTOM KO/i€ 9K3EMILJIAP MOJKET CO3/1aBaThCA COAEAYIOMINUM O6p3.30MZ

MyAsyncClass instance = await MyAsyncClass.CreateAsync();

MoAcHeHue

['maBHOE TPENMYTIIECTBO ATOTO TTATTEPHA 3aKJII0YAETCS B TOM, UTO APYTOH KO
HUKAaK He CMOJKET ITOJTyYNTh HEMHUITHATN3UPOBAHHBII 9K3eMILISIP MyAsyncClass.
Nmenno 1o aToit NpudmHe s MPeANoYnTaI0 ATOT MATTEPH W UCTIOJIb3YIO €r0
Be3jie, Tie TOJIbKO BO3MOSKHO.

K coxamenuio, B HEKOTOPBIX CIIEHAPUX 9TOT CIIOCO0 He paboTaeT — B YacT-
HOCTH, KOT/Ia B KOJIe MCIIOJTb3YeTCsT TIPOBali/iep BHEAPEHUs 3aBUCUMOCTEN.
Hu oxna 3aMerHas 6ubIroTeKa BHEPEHNUS 3aBUCUMOCTEN UM MHBEPCUU
yIpaBJieHust He paboTaeT ¢ async-KooM. EcJiu Bbl OKaKeTech B O/IHO# U3 TAKKUX
CUTYAIIUl, CYIIeCTBYET apa aJITePHATUB, KOTOPbIE TAK)Ke CTOUT PACCMOTPETb.

Ecin cosaBaeMblii 9K3eMILISP B IEHCTBUTEILHOCTH SIBJISIETCS OOTIMM PECyp-
COM, MOKHO UCTIOJTb30BAaTh ACUHXPOHHYIO OTJI0KEHHYTO0 MHUIIUATIU3AIIHIO, Pac-
CcMOTpPeHHYI0 B perienite 14.1. B mpoTUBHOM ciiydae MOKHO BOCIIOJIb30BAThCS
MaTTEPHOM aCUHXPOHHOU WHUITNAIN3AIINN, OUCAHHBIM B perieniTe 11.3.

[Ipumep ToOrO, KaK MOCTYNATD He CIeLYET:

class MyAsyncClass
{
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public MyAsyncClass()
{

InitializeAsync();

// TUIOXON Kop!!
private async void InitializeAsync()

{

await Task.Delay(TimeSpan.FromSeconds(1));

}

Ha mepBbIii B3TI91 pelieHre MOKET TMOKA3aThCs PA3YMHBIM: BbI TTOTYYAETe
OOBIYHBIH KOHCTPYKTOP, KOTOPHIN 3alyCKaeT aCHHXPOHHYTO OTEPAIINIo; TPH
9TOM Y HETO €CTb P/l HeTOCTaTKOB, O6yC]IOBJIeHHbIX UCIIOJIb30BAHUEM async
void. ITepBas mpobJiema 3aKII09aeTcs B TOM, YTO IIPU 3aBEPUIEHUN KOHCTPYK-
TOPA 9K3EMILIAP BCE e11le MTPOIOIKAET ACMHXPOHHO MHUIINATIU3UPOBATHC, U HE
CYILLECTBYET OYEBUHOTO 1100062 OIIPEIEINTD, KOTA 3aBEPIIUTCS ACUHXPOHHAS
uHuMaau3anus. Bropas npobiema cBsizana ¢ 06paboTKON OMUGOK: JTH00bIe
NCKJIIOYEHN, BbIIaHHbIE M3 InitializeAsync, He MOTYT OBITh 1nepexBavyeHbl
CEKIUAMU catch, OKPYKAIONMMU KOHCTPYUPOBaHNE oObeKTa.

JlononHutenbHasa nHGopmauua

B penterite 11.3 paccmaTpuBaeTcs maTTepH ACUHXPOHHON MHUTTHATU3ATIIHT —
c1toco0 BBITTOTHEHMSI ACHHXPOHHOTO KOHCTPYMPOBAHMUsI, KOTOPBIN pabGoTaer
C KOHTefIHepaMI/I BHE/JpEHUA SaBHCHMOCTeﬁ/HHBepCHH yupaBJieHUA.

B penienite 14.1 paccmaTpuBaeTcss aCHHXPOHHAS OTJIOKEHHAS MHUITNAIN3A-
IIMS; 3TO pelieHne MPUEMJIEMO, eCJIA 9K3EMIJIP Ha KOHIIENTYaJIbHOM YPOBHE
IPEICTABIISIET OGN PECYPC WU CEPBUC.

11.3. ACMHXPOHHOE KOHCTpYyMpOBaHMe:
naTTepH aCUHXPOHHOI MHNLMANU3aLumn

3apava

BbI iporpamMmupyete THIL, TPeOYIONTIiT BBITTOJHEHNsT HEKOTOPOH aCHHXPOH-
HOI pabOoThI B €r0 KOHCTPYKTOPE, HO He MOKETE BOCIIOJIHb30BATHCS TATTEPHOM
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acMHXPOHHOI (habpuku (perent 11.2), Tak Kak 9K3eMILISAP CO3AETCS C IPH-
MeHeHHeM OTpaskeHust (Harpumep, OUOIMOTEKH BHEAPEHIS 3aBUCUMOCTEN /
VHBEPCUU YIIPABJIEHUS, CBA3bIBaHUS JAHHBIX, Activator.CreateInstance
U T. JL.).

PewieHue

Ecau BBI CTONKHYTNCH € TAKUM CIIeHapUeM, BaM MPUXO/IUTCS BO3BPpaIlaTh He-
WHUTINATI3UPOBANHBIH 9K3EMTILISP, XOTSI CUTYAITUIO MOKHO YaCTHYHO CTJIATUTh
MpUMeHeHNEeM PACIIPOCTPAHEHHOTO nAMmmepHa ACUHXPOHHOU UHULUATUIAUUL.
Kaplit Tut, TpeOyronmii aCHHXPOHHOM MHUITHAIM3AIINH, I0JIKEH OTpe/Ie-
JISTh CBOMCTBO CJIEAYIONIETO BUIA:

Task Initialization { get; }

OO6bIUHO s1 OTIpe/IesIsito ero B uHTepdeiice-MapKepe JJisi TUIOB, TPEOYIOIIX
ACUHXPOHHOU MHUITHATU3AINNL:

/// <summary>

/// TomevaeT Tun Kak Tpebyiwnin aCcUHXPOHHOW WMHMLMANU3aLum
/// v npepocTaBnAaeT pe3ynbTaT 3TOW MHUUMANU3ALMK.

/// </summary>

public interface IAsyncInitialization

{
/// <summary>
/// Pe3ynbTaT aCUHXPOHHOW MHUUMANW3ALMKM DTOro dK3emnasapa.
/// </summary>
Task Initialization { get; }
}

[Ipu peanmzainiu aToro maTTepHa cjeayeT Ha4aTh MTHUITMAIA3AIIIO (1 33/1aTh
3HaueHne cBoicTBa Initialization) B KoHCTpYKTOPE. /[locTym K pedysraTam
ACHHXPOHHOI MHUTHATM3AINHN (BMECTE € JIIOOBIMU UCKITIOYCHUSIMH ) TTPE/I0-
CTaBJgeTcs yepe3 CBOMCTBO Initialization. [IpuMep peasusaiinu IpocToro
THUIIA, UCIOJIb3YIOLIEr0 aCHHXPOHHYIO0 MHUIIMATIU3AIIUIO:

class MyFundamentalType : IMyFundamentalType, IAsyncInitialization

{
public MyFundamentalType()

{

Initialization = InitializeAsync();
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public Task Initialization { get; private set; }

private async Task InitializeAsync()
{
// TlpoBeCTU aCUHXPOHHYKW MHULUMANMU3aLMUI0 OSTOro 3K3emnasapa.
await Task.Delay(TimeSpan.FromSeconds(1));
}
}

Ecan BBl ncnosibayere OUGJNOTEKY BHEAPEHUST 3aBUCUMOCTEN /UHBEPCHH
VTIPaBJACHHUSI, TO K3EMILISP 9TOTO THITA MOKET OBITh CO3/aH M MHUI[HATI3H-
POBaH KOJIOM CJIEIYIONIETO BUIA:

IMyFundamentalType instance =
UltimateDIFactory.Create<IMyFundamentalType>();
var instanceAsyncInit = instance as IAsyncInitialization;
if (instanceAsyncInit != null)
await instanceAsyncInit.Initialization;

ITOT HaTTEPH MOKHO PACHIMPHUTD TaK, YTOOBI OH JOIYCKAJ KOMIIO3UIUIO TH-
OB C ACMHXPOHHON MHUIIMAIN3aIeil. B ciemyromem mpumMepe ompenesieTcst
JIPYTOi1 TUII, 3aBUCSIINI OT IMyFundamentalType:

class MyComposedType : IMyComposedType, IAsyncInitialization
{
private readonly IMyFundamentalType _fundamental;
public MyComposedType(IMyFundamentalType fundamental)
{
_fundamental = fundamental;
Initialization = InitializeAsync();

public Task Initialization { get; private set; }

private async Task InitializeAsync()
{
// ACWHXPOHHO OXMAATb WMHUUMANM3auUU GyHAAMEHTANIbHOro >3K3emnaspa
// nNpun HEeobXoAUMOCTH.
var fundamentalAsyncInit = _fundamental as IAsyncInitialization;
if (fundamentalAsyncInit != null)
await fundamentalAsyncInit.Initialization;
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// BbIMOMHUTBE COBCTBEHHYHW MHULMANMU3aumo (CUHXPOHHO WJIM ACUHXPOHHO) .

}

CocTaBHOU TUT O;KUAET MHUTTMATU3AITNN BCEX CBOUX KOMIIOHEHTOB TIEPe]
TeM, KaK TepPexXonTh K cCOOCTBEHHON nHuInaausaiuu. [Ipu aTom cienyer
PYKOBOJICTBOBATHCS TAKUM MPABUJIOM: KasK/Iblil KOMIOHEHT JOJIKEH ObITh
WHUIMAJIU3UPOBAH K KOHITY InitializeAsync. JTO rapaHTHUPYET, YTO BCE 3a-
BUCHMBbIE TUIIBI OY/Iy T MHUIMATU3NPOBAHbI KAK 4aCTh COCTAaBHOW MHUI[MAI3a-
1un. JI100ble HCKITIOYEHNST, BOSHUKAIOIITIE B XO/I€ COCTABHOW MHUTMATU3AIINH,
pacTIpoCTPaHAIOTCS B MHUTIMAIN3AINIO COCTABHOTO THTIA.

MosacHeHne

[To BO3MOKHOCTH sI PEKOMEH/IYIO TIPUMEHSITh aCHHXPOHHbIe (hadbpuku (pe-
ment 11.2) nan acCHHXPOHHYIO OTJ0KeHHYI0 nHUIMaau3amnuio (perent 14.1)
BMECTO 3TOTO PeleHns. DTU PEIeHNS TPEMTOYTUTETbHBI, TOTOMY UTO B HUX
WCKJTIOYaeTCs TOCTYT K HeMHUITNATN3NPOBAHHOMY 9K3eMIiapy. Ecoam Bamm
9K3EMILISIPBI CO3/AI0TCS OMOIMOTEKaMI BHEIPEHUST 3aBUCUMOCTEl /HHBEPCUT
yIIpaBJIE€HsI, CBSI3bIBAHUS JaHHBIX U T. 1., BbI Oy/eTe BBIHYKIEHBI OTKPHITH
JOCTYT K HEMHUTTMATU3UPOBAHHOMY 9K3EMILISIPY; B 9TOM CJIydae PEKOMEH/LYTO
HCII0JIb30BATh MATTEPH ACUHXPOHHON WHUIMAJU3AIUNA U3 9TOTO PellerTa.

Kax 6b1710 cka3aHO pu OMKMCaHnK aCHHXPOHHBIX HHTEepdeiicos (perent 11.1),
ACHHXPOHHAs CUTHATYPa METO/Ia O3HAYAET JIUTITH TO, YTO METOL MO9cem ObITh ACHH-
xpoHHbIM. Kozt MyComposedType. InitializeAsync sSIBJISIETCSI XOPOIIUM IIPUMe-
PoM: ec/i 9K3eMILIAP IMyFundamentalType He peajin3yeT IAsyncInitialization,
a MyComposedType He UMeeT COOCTBEHHOI aCHHXPOHHOI WHUIIMATM3AIIUN, TO
€To MeTOoJ InitializeAsync 3aBepIIaeTCsa CHHXPOHHO.

Ko, koTopsiit mpoBepsieT, peaTusyeT Ju 9K3eMIIsip IAsyncInitialization
U UHUIUAJIU3UPYET €T0, MOJYYAeTCsI HEMHOTO TPOMO3JIKUM — U CUTYaIlUs
TOJIBKO yCyTYOJISIeTCsT ISl COCTaBHBIX THIIOB, 3aBUCSIIIX OT GOJIBIIOTO KO-
JIMYeCTBAa KOMIIOHEHTOB. BBI MOXKETE JIETKO CO37IaTh BCIIOMOTATEThbHBIN METOJT
JIJTST YIIPOIIEHUST KO/Ia:

public static class AsyncInitialization

{
public static Task WhenAllInitializedAsync(params object[] instances)

{

11.3. ACUHXPOHHOE KOHCTPYMPOBaHWE: NATTEPH aCUHXPOHHOWM UHWLMaN3aLmm 227



return Task.WhenAll(instances
.OfType<IAsyncInitialization>()
.Select(x => x.Initialization));

}

BrizoBute InitializeAllAsync u Tiepenalite JobbIe 9K3EMILIAPDI, KOTOPbIE
Tpe6yeTc51 VMHUINAJIU3UPOBATDH;, METO/ IIPOUTHOPUPYET IK3EMILIAPDI, HE
peanusyloniye IAsyncInitialization. Ko nuuimanusanum g cCocTaBHOTO
THUIIA, 3aBUCSIIET0 OT TPEX BHEAPEHHBIX 9K3EMILISIPOB, Oy €T BBITJISALETD IPU-
MEepHO TaK:

private async Task InitializeAsync()

{

// ACWHXPOHHO OXWAATb WMHULMANM3aLMKM BCeX 3 SK3EeMniApoB, ecsm noTpebyeTcs.
await AsyncInitialization.WhenAllInitializedAsync(_fundamental,
_anotherType, _yetAnother);

// BbIMONHWTL COBCTBEHHYI WHWLMANM3aUMK (CUHXPOHHO MAM ACUHXPOHHO) .

JlononHutenbHasa nHGopmauus

B perernrre 11.2 paccmarpuBaioTest acHHXpOHHbBIE (DaOPUKU KaK MEXaHU3M
BBITTOJTHEH ST ACHHXPOHHOTO KOHCTPYHPOBAHNST Oe3 Pe0CTaBIeH s [0CTYIIA
K HeMHUIIUAJIN3UPOBAHHBIM 3K3EMILISIPAM.

B pernente 14.1 paccmarpuBaeTcst aCMHXPOHHAS OTJIOKEHHAS MHUTTMATU3ATTHS,
KOTOpast MOKET UCII0JIb30BATHCS JIJIsl IK3EMILISIPOB, KOTOPBIE MTPE/ICTABJISIOT
001IT1Ie PECYPCHI UJTH CEPBUCHL.

B pernenire 11.1 paccmarprBatoTca acCHHXPOHHBIE MTHTEPMECHI.

11.4. ACMHXpOHHbIe CBOMCTBA

3apava

VMmeercst CBOICTBO, KOTOPOE BaM XOTEJIOCH Obl 00bSIBUTH KaK aCHHXPOHHOE.
CBOICTBO He 3a/IeJICTBOBAHO B CBSI3bIBAHUU JAHHBIX.
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PeweHne

IAra npobiemMa 4acTo BCTPEYaeTCsi IpH MPeoOPasoOBaHUU CYIIIECTBYOIIErO
KO/l JIJISI MCTIOJIb30BAHUS async; B TAKUX CUTYAIUsX CO3/IA€TCs CBOMCTBO,
get-MeTo/I KOTOPOTO BBI3bIBAET aCHHXPOHHBIN MeTo1. Boobiie, Takoro mo-
HSITUS, KAK <@CHHXPOHHOE CBOWCTBO», HE cyliecTByeT. KioueBoe cioBo
async He MOKET UCIIOJIb30BaThCS CO CBOMCTBOM, M 9TO XopoIio. Get-MeTo/1bl
CBOWCTB JIOJIKHBI BO3BPAIIATD TEKYIIME 3HAUEHUST; OHU HE JIOJKHBI 3aITyCKaTh
(hoHOBBIE OIIEpAIINH:

// Yero xoTenocb 6bl (He kKomMnuaupyeTca).
public int Data
{
async get
{
await Task.Delay(TimeSpan.FromSeconds(1));
return 13;

}

Korma BbI o6HapyKuBaeTe, 4TO BaIieMy KOy HY/KHO «aCHHXPOHHOE CBOW-
CTBO», BAllleMy KO/Iy B JIEHICTBUTENLHOCTH mpedyemcsi HedTo unoe. Perrerie
3aBUCHUT OT TOTO, IOJIKHO JIW 3HAUYEHNE CBOMCTBA BBIUUCAATHCS OJTMH Pa3 WJIH
HECKOJIbKO; ¥ BAC €CTh BHIOOP MEK/TY CJAEAYIONUMU CEMAaHTHKAMU:

O 3HaueHue ACMHXPOHHO BbIUYUCJIAETCA Ka)KI[I)IfI pa3 npu 4TEHUU.

O 3HaveHne aCHHXPOHHO BBIYUCJISIETCST O/IMH Pa3 U KIIIHPYeETCsT J7ist Oyy-
IUX 0OpaIeHHil.

Ecom Barme «acnHXpoHHOE CBONCTBOY TOJIKHO 3aITyCKaTh HOBOE (ACMHXPOH-
HO€) BBIUMCJIEHNE KaK/IBIH Pa3, KOTZla OHO YUTAeTCs, TO IO CYyTH 3TO HE €801 -
CM60, a 3aMaCKUPOBAHHbBII Memoo. Eciiu BbI CTAIKMBaeTeCh € 9TON CUTYaIMel
[pH IpeobpasoBaHUN CHHXPOHHOTO KOJIA B ACKHHXPOHHBII, TO TIOpa MPU3HATh,
YTO UCXOJHASA apXUTEKTyPa B ACHCTBUTENBHOCTH GblJIa HEBEPHOIT; CBOCTBO
JOJIKHO OBLITO ¢ caMOTO HavYasia ObITh PEATM30BaHO B BUJIE METO/A:

// B BMAE ACUMHXPOHHOrO MeToja.

public async Task<int> GetDataAsync()

{
await Task.Delay(TimeSpan.FromSeconds(1));
return 13;
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Brt mosceme momyanth Task<int> HETIOCPEACTBEHHO OT CBOMCTBA, KakK TTOKa-
3aHO B CJIEAYIONIEM KOJIE:

// 3To "acMHXpOHHOE CBONCTBO" ABNAETCA ACUHXPOHHBIM METOAOM.
public Task<int> Data

{
get { return GetDataAsync(); }

}

private async Task<int> GetDataAsync()

{
await Task.Delay(TimeSpan.FromSeconds(1));

return 13;

}

U Bce ke 51 He PEKOMEH/IYI0 TIPUMEHSITh 9TOT moaxo/1. Ecii mpu KaskmaoM 06-
pallleHnn K CBOMCTBY Oy/IeT 3aIlyCKaThCsl HOBast aCHHXPOHHAS OIePaliis, 9TO
«CBOWCTBO» B IEHCTBUTEILHOCTH IOJIKHO ObITh 0pOPMJIEHO B BUzie MeToza. ToT
(daxT, yTo Koz 0(hOPMIIEH B BU/IE ACHHXPOHHOTO METO/Ia, GoJIee SICHO IOKA3bIBAET,
YTO KayK/IbII Pa3 3arycKaeTcs HOBasi aCHHXPOHHas oniepaiiusi, moaromy API He
BBOJIUT TI0JIb30BaTe st B 3a0uyskaenre. B perenrtax 11.3 u 11.6 ucnosb3yiorest
CBOIICTBA, BO3BPAIIAIOIINE 33[a4H, HO 3TU CBONCTBA OTHOCATCS K 9K3EMILISIPY
B TIeJIOM; OHU He 3aITyCKa0T HOBYIO aCUHXPOHHYIO OTIEPAITUIO TIPU KayKIOM
YTEHU.

WHoraa 3Havenne CBOMCTBA OJKHO BHIYUCAATHCS IPU KaKIOM YTEHUU.
B apyrux ciydasgx cBOHCTBO TOJLKHO MHAIIMUPOBATH TOTBKO OHO (ACUHXPOH-
HOE) BBIYNCJIEHNE U KAITUPOBATD MOTYyIeHHOE 3HAUEHUE 7T MCTIOJIb30BAHUS
B OyayiieM. B 9ToM ciiydae MOKHO UCIIOIB30BATh aCHHXPOHHYIO OTJIOKEHHY 10
UHUIIMAIM3AIMI0. DTO peleHne mogpoOHo paccMaTpuBaercs B perenre 14.1,
a TIOKa IPUBEJIEM IIPUMep TOT0, KaK MOKET BBITJISJIETh 3TOT KOJI:

// Kak K3wMpoBaHHOe 3Ha4yeHue
public AsynclLazy<int> Data

{
get { return _data; }

private readonly AsynclLazy<int> _data =
new AsynclLazy<int>(async () =>

{
await Task.Delay(TimeSpan.FromSeconds(1));
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return 13;

1)

Koz Gyzet BBIOMHATH ACHHXPOHHOE BBIYKCIEHIE TOJIBKO OJUH Pa3, a 3aTeM
HOJIyYeHHOE 3HaYeHHe OyIeT BO3BPAIAThCS BCEM OCTATbHBIM BbI3IBAIOIIINM
ctopoHaM. Koz BbI30Ba BRITJISAAUT TPUMEPHO TaK:

int value = await instance.Data;

B JaHHOM CJIy4a€ CUHTAaKCHC CBOIiCTBa YMECTEH, TIOTOMY 4YTO BbIYUCJIEHUE
IIPOUCXOAUT TOJIBKO O/IMH pa3.

MoscHeHne

OjiMH U3 caMbIX BasKHBIX BOITPOCOB, KOTOPBIE CJIELYET 3a/aTh ceOe: MOIKHO
JIV YTeHUEe CBOIMCTBA 3aITyCKaTh HOBYIO aCHHXPOHHYIO ortepaiiuio. Ecin oTBeT
Oy /1T TTOJIOKUTENLHBIM, UCITOJIBb3YTE ACHHXPOHHBIN METO/I BMECTO CBOMCTBA.
Ecsiit cBOMCTBO 10/KHO PaboTaTh KaK KIIII C OTIO0KEHHBIM BBIYNCIEHIEM, HC-
MOJIb3YiTe ACHHXPOHHYIO MHUTIHAIN3AIHIO (cM. pertent 14.1). B aToMm perierire
s HE paccMaTpPUBAlO CBOMCTBA, MCIIOJIb3yEeMbIE B CBSI3BIBAHUU JJAHHBIX; OHU
Oy/IyT paccMaTpuBaThest B perente 14.3.

Ecuu BBI 1ipeoGpasyere CHHXPOHHOE CBOWCTBO B «aCHHXPOHHOE CBOMCTBO,
CJIELY 0NN TPUMEP TTOKA3bIBAET, KK 9TO JIEJIaTh He CAedyem:

private async Task<int> GetDataAsync()

{
await Task.Delay(TimeSpan.FromSeconds(1));

return 13;

public int Data

{
// TUIOXON Kop!!
get { return GetDataAsync().Result; }

}

Pa3 ysx peub 3ai111a 0 CBONCTBaX B async-KOJIe, CTOUT 33J[yMaThCs HAJl T€M, KaK
COCTOSIHME COOTHOCHUTCSI ¢ aCHHXPOHHBIM KOJIOM. DTO OCOOEHHO aKTyaJbHO
pu Ipeobpa3zoBaHUK CHHXPOHHOI KOZOBOI Ga3bl B aCHHXPOHHY10. BozbmeMm
J1000€ COCTOsTHIE, IOCTYIT K KOTOPOMY ocyiiecTBisietcst yepe3 API (Harpu-
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Mep, Yepe3 CBOMCTBA): JIJIsT KXK/IOH COCTABJISAIONIEN COCTOSTHUST CIIPOCUTE CeOsT:
4YTO CYUTATDh TEKYHIUM COCTOAHUEM O6T>€KTa C HeBaBepLHeHHOﬁ aCHHXpOHHOﬁ
otreparueii? [IpaBnibHOTO OTBETA He CyIIECTBYET, HO BAXKHO TTPOAYMATh TO,
KaKne CEMaHTUKU BaM HYKHbI U KaK UX JJOKYMEHTHUPOBATb.

Jlyist ipriMepa BO3bMeM OOBEKT Stream.Position, IPEACTABIISIONINI TEKYIIEe
cMerieHne ykasatesisd B motoke. C cuaxponnubiM API ipu Bbi3oBe Stream.Read
WK Stream.Write YTeHMe,/3aMNCh 3aBEPIIAETCS, a Stream. Position 06HOBIIS-
€TCsI HOBOU 1o3uIlueit mepei Bo3BpalleHeM yIpaBieHns MeTo/10M Read WJIn
Write. /[yis1 CHHXpPOHHOTO KOJla CeMaHTHKA SICHA.

Tenepb BO3bMeM Stream.ReadAsync U Stream.WriteAsync: Korja J10JKHO 00-
HOBJIATHCS 3HAUEHME Stream.Position? [Ipu 3aBepiienun oneparuu yTeHus,/
3aIKMCU WK 10 TOrO, KaK 9T0 (pakTuyecku npousoiiger? Ecau ono o6HOBIIA-
eTcs1 Iepe/] 3aBepIIeHreM OTepaliuu, To Oy/IeT i OHO OOHOBJIEHO CHHXPOHHO
K MOMEHTY BO3BpallleH!s yIIpaBieHns ReadAsync/WriteAsync WJTH Ke BCKOpe
I10CJIe DTOr0?

ITO OTAUIHBIHN TPUMEP TOTO, KaK CBOHCTBO, IPETOCTABJISIONIEE TOCTYII K CO-
CTOSIHMIO, 00J1a1aeT abGCOTIOTHO ICHOI CeMaHTHKOB /IS CHHXPOHHOTO KO/,
HO He UMeeT OUEBUIHO MPAaBUIBHON CEMAaHTUKH IJIT aCHHXPOHHOTO KOJa.
Koneuno, HIrgero y>kacHOTO B 9TOM HET — MTPOCTO HYKHO TTPoaAyMaTh Bech API
MIPU peasnus3aniy MOAAEPKKHU async JAJII BAITUX TUTIOB U TOKYMEHTHUPOBATh
BBIOPAHHYIO BAMU CEMaHTHKY.

NlononHutenbHas H$popmaLms

B penente 14.1 mogpobHo paccMaTpUBaeTCs aCUHXPOHHAS OTJIOKEHHAS
MHUTNATN3AIN.

B pentenite 14.3 paccmaTpuBaioTcsi «aCHHXPOHHBIE CBOMCTBA», KOTOPBIE TOJIK-
HBI TIO/JIEP;KUBATD CBSI3bIBAHUE JIAHHDBIX.

11.5. async-co6biTna

3apava

Co0ObITHE I0JIKHO UCTIONIB30BATHCS ¢ 00pabOTYNKAMH, KOTOPBIE MOTYT OBITh
ACMHXPOHHBIME; TPEOYETCsl TPOBEPHUTh, 3aBEPIINIUCH JI 06PabOTUYNKH CO-
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Oprtuit. Coieflyet yYuThIBaTh, 4TO TIPH PAbOTE ¢ COOBITUSAMU TaKast CUTYaI[HsT
BCTPEYAETCST IOBOJIBHO PEIKO; OOBIYHO MIPHU BbIIaue COOBITHS BaC He MHTEpe-
cyer, Korjia 3aBepiiarcst 00paboTUMKHY.

PewwieHue

OnpenennTb, Kora 06paboTYMKK async void BEPHYJIM YIIpaBJIeHe, HEBO3MOJK-
HO, TOATOMY BaM TIOTpeGYyeTCst MeXaHu3M OOHapysKeHust (hakTa 3aBepIeHusT
acMHXPOHHBIX 00paboTurkos. Ha mnardopme Universal Windows nosiBuiach
KOHIIETI[HSI TAaK HA3BIBAEMBIX 006€KM06 0m.iosicetnozo evinonnenus (deferrals),
KOTOPBIE MOTYT MCIIOJIb30BATHCSI JIJIsT OTCIIEKMBAHUST ACHHXPOHHBIX 00pabOT-
YUKOB. ACHHXPOHHBIN 006pabOTYHK CO3/aeT OOBEKT OTIOKEHHOTO BBITTOJIHE-
HUS [IepeJl EePBhIM KJII0YEBBIM CJIOBOM await U MO3/Hee YBEAOMIISIET 00bEKT
OTJIOKEHHOTO BBINOJTHEHUS TIpH 3aBepiiieHnn. CUHXPOHHBIM 00paboTYnKamM
UCTI0JIb30BATH OOBEKTDI OTIOKEHHOTO BBITIOJHEHUST HE HY/KHO.

Bubnmnoreka Nito.AsyncEx BK/IIOYaeT TUI DeferralManager, KOTOPBIA HC-
HOJIb3YeTCsl KOMIIOHEHTOM, BbIfalomum cobbitiue. OObeKT DeferralManager
3areM paspernaer 0OpaboTunKaM COOBITHIT CO3/1aBaTh 00BEKThI OTJI0KEHHOTO
BBITIOJIHEHUST ¥ OTCJIEKUBAET 3aBepIleHIe BCeX TaKUX 0OBEKTOB.

Jl1s1 KasKa0ro U3 Baluux COOBITHI, /11 KOTOPBIX HEOOXOAUMO LO0KAATHCS
3aBepieHnst 00pabOTYNKOB, HAUHUTE C PACITMPEHUS THITA apTYMEHTOB CO-
OBITHS:

public class MyEventArgs : EventArgs, IDeferralSource
{
private readonly DeferralManager _deferrals = new DeferralManager();

... // Bawnm KOHCTpPYKTOpbl W CBOWCTBA

public IDisposable GetDeferral()

{
return _deferrals.DeferralSource.GetDeferral();
}
internal Task WaitForDeferralsAsync()
{
return _deferrals.WaitForDeferralsAsync();
}
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C acMHXPOHHBIMU 0OPabOTYMKAMU COOBITUI JIyYIIle C/Ie/IaTh TUIT APIYMEHTOB
coOBITHS TOTOKOOE30IacHbIM. [Tpoliie BCero st 9Toro 00bsIBUTD €0 Hen3Me-
Hs1eMBIM (T. €. TOTpeboBaTh, YUTOOBI BCE €r0 CBOMCTBA GBLIN JOCTYITHBI TOJIBKO
JUIS UTEHUS).

3aTeM Kak/Iblil pa3 mpu Bbiaue COOBITHSE BbI MOJKETE (ACHHXPOHHO) OKH/IATH
3aBepIIEHIsI BCEX ACHHXPOHHBIX 00paboTurKOB coObITHIL. Ciieytonuii mprumMep
BEpPHET 3aBePIIEHHYIO 33/[a4y IIPU OTCYTCTBUN 00PAOOTYNKOB; B IIPOTHBHOM
cJIydae OH CO3/[aCT HOBBIN 9K3EMILISIP TUIIA APTYMEHTOB COOBITHSI, TIEPEIACT
ero o6paborurkam 1 OyeT OKUIATh 3aBEPIIECHIS] BCEX aCHHXPOHHBIX 00-
pabOTYMKOB:

public event EventHandler<MyEventArgs> MyEvent;

private async Task RaiseMyEventAsync()

{
EventHandler<MyEventArgs> handler = MyEvent;
if (handler == null)
return;
var args = new MyEventArgs(...);
handler(this, args);
await args.WaitForDeferralsAsync();
}

[Tocyie 9TOTO aCHHXPOHHBIE 0OPAOOTYUKHU COOBITHIT CMOTYT MCITOJIb30BATh
00BEKT OTJIOKEHHOTO BBIIOJAHEHU B O10Ke using. OOBEKT OTI0KEHHOTO
BBITIOJIHEHUS YBEIOMUT DeferralManager O CBOEM 0CB060>KII€HI/II/IZ

async void AsyncHandler(object sender, MyEventArgs args)

{

using IDisposable deferral = args.GetDeferral();
await Task.Delay(TimeSpan.FromSeconds(2));
}

[Tpoucxosinee HECKOJIBKO OTJIUYAETCS OT TOTO, Kak paboTaroT 0OBEKThI OT-
soennoro soimonnennd B Universal Windows. B Universal Windows API
Kaski0e coObITHE, KOTOPOMY MOHAZ00ATCS 0OBEKTHI OTI0KEHHOTO BHIIIOJ-
HEHUS, OIIPeAesIsieT COOCTBEHHDII TUII 00bEKTa OTI0KEHHOIO BbIIIOJIHEHNS,
U 9TOT TUII COJIEPKUT SIBHO OIIPe/leJIEHHbIN MeTO/] Complete (BMECTO TOTrO
4TOObI PeaT30BaTh IDisposable).
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MoAcHeHue

Ha nornueckom yposte B .NET ucrosb3yiorcst iBe pasHOBUIHOCTH COOBITHI
C OYEHD CHJILHO PA3JIMYAIoONIeiicss CEeMaHTUKOI. 1 Ha3bIBAIO UX COObIMUAMU
Y6eOOMIEHUTL T KOMAHOHBIMU COOLIMUSAMLUL, HTO He O(UTTHATBHAST TEPMUHOJIOTHS,
a [IPOCTO HEKKe TePMUHBI, KOTOPbIE 51 BbIOpas ist sscHocTi. COOBITHST yBEIOM-
JIEHUT UCTIOJIb3YIOTCS JIJISE OTIOBEIEHUS IPYTUX KOMIIOHEHTOB O HEKOTOPOI
cUTyaluu. YBeJOMJIEHUE SIBJISIETCS] YUCTO OJHOCTOPOHHUM; OTIPABUTEJIS
COOBITHST HE MHTEPECYET, €CTh JIM Y 3TOro coObITHs TTosydaresn. C yBeaoM-
JIEHUSIMU OTIIPABUTEJb U TIOJTyYaTe/Ib MOTYT ObITh OJTHOCTHIO H30JIUPOBAHbI
APYT OT ApyTa. BOJIBIIMHCTBO COOBITUI OTHOCUTCS K KaT€rOpuu COOBITHIA
YBEIOMJIEHUST; OZTHUM 13 TIPUMEPOB TAKOTO POJIA SABJISIETCA TETIOK Ha KHOTIKE.

C apyroii cTOPOHBI, KOMaHIHOE COOBITHE UHUIIMUPYETCST [IJIsI PeaTn3aliun
HEKOTOPOU (DYHKIIMOHATHHOCTU TIO TIOPYUEHUIO KOMITOHEHTA-OTTIPABUTEIS.
Komanibie coObITHS He SABJISIOTCS «COOBITUSMU» B TIOAJIUHHOM CMbICJIE
9TOr0 TePMMHA, XOTsI OHU YacTo peajusyiorcs B Buze coobituii NET. Ot-
[paBHUTEIb KOMaH/IbI IOJIKEH J0KaThCs, OKa oHa OyzeT obpaboTata 1moJry-
JaTesieM, TIPEsKIe YeM JIBUTAThCS adiblie. Eci coObITHS UCTTOMb3YIOTCS ISt
peasuzarn nmatrepa «IloceTurenb», To 310 KoMaHaHbie coObITHsI. COObI-
THUS JKUSHEHHOTO IIUKJIa TOKE SABJISAIOTCS KOMaHIHBIMU COOBITUSMU; K 9TOM
KaTeropuu Takke OTHOCATCS COOBITHS KU3HEHHOTO UK cTpaul; ASP.
NET u muorue cobuituss Ul-dpeiiMBopkos (Hamnpumep, coObiTre Xamarin
Application.PageAppearing). JIio6oe cobbitue Ul-dpeiiMmBopKa, KOTOPBIii
B JICICTBUTEILHOCTHU SIBJIIETCS Peau3aliueil, TakKe SIBJISIeTCS KOMaH/[HbIM
cobOpiTHeM (HarpumMep, Backgroundworker . DoWork).

CobbITHs yBEJOMJIEHUI He TPeOYIOT CleraJbHOro Ko/a, 4ToObl c/leaTh
BO3MOKHBIM MCIIOJIb30BAHUE AaCHMHXPOHHBIX 00pab0TYNKOB; 06paboTYNKY
COOBITUI MOTYT OBITH OOBSBJIEHBI async void U IIPU 9TOM GYAYT HOPMAIbHO
paborath. Korga o6paboTunk coObITHS BbIAeT COOBITHE, ACUHXPOHHbIE 00-
paboOTYMKHU COOBITHIT HE 3aBEPIIAIOTCS HEME/ITIEHHO, HO 9TO HEBAsKHO, TOTOMY
YTO OHM SABJISAIOTCS COOBITUSIMU yBeaoMIeHuil. Takum oOpa3oM, eciiu Baiie
COOBITHE SABJISETCS COOBITHEM YBEIOMIIEHUS, TO LIS OUIEPIKKU ACHHXPOHHBIX
006pabOTYNKOB, 110 CYTH, HE TIPUAETCS IeIaTh HUYETO.

Komansble coObITHSI — COBCEM APYyToe Ae10. [Ipy MCroIb30BaHKst KOMAHIHOTO
cOOBITHS HEOOXOAMMO KAKUM-TO 00Pa3oM OIIPeAEINTD, KOraa 00paboTunKy
ObLIM 3aBepiienbl. [IpuBenennoe pemenne ¢ 0ObEKTaMU OTI0KEHHOTO BbI-
HOJTHEHUS JOJIZKHO UCIOJIb30BAThCA TOIBKO JIJT KOMAH/IHBIX COOBITHIA.
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Tur DeferralManager HaxoauTCs B TlakeTe Nito.AsyncEx.

[lononHutenbHasa uHpopmauus

B rnaBe 2 paccmatpuBaoTCs OCHOBBI aCHHXPOHHOTO TPOTPAMMUPOBAHUS.

11.6. ACMHXpPOHHOE 0CBOOOXK AeHUE

3apava

VMeeTcst THII ¢ ACHHXPOHHBIME OIIEPAIMSIME, KOTOPBIN JI0JKEH 00€CTIEYNTh
0CBOOOJKIIEHUE CBOUX PECYPCOB.

PewieHue

Ectb gBa pacpocTpaHeHHbIX BApHAHTA AeHCTBUIA B OTHOIIEHUH CYIIECTBYIO-
IIMX OIIepaLuil IPU 0CBOOOMK ACHIN DK3EMILISIPA: 0OCBOOOKIEHNE MOKHO 00
paccMaTpuBaTh Kak 3aIipoc Ha OTMEHY, TPUMEHSIEMbII KO BCEM CYIIECTBYIOIINM
omepanusam, 1160 peajn3oBaTh HACTOSIIEe ACHHXPOHHOE 0CBOOOKIEHNE.

WuTeprperaiius ocBoOOKIEHUST Kak OTMEHbI yKke BeTpedanach B Windows;
TaKue TUIIbI, KaK (paiiyIoBble ITOTOKU M COKETHI, OTMEHSIOT BCE CYIIECTBYIONIIE
olepalnyy YTEHU U 3aIiCh pu 3akpbiTun. Oupeneaus cOOCTBEHHbBIN THIL
CancellationTokenSource 11 IepefiaBasi 9TOT MapKep BHYTPEHHUM OIlePaITsIM,
MOKHO c/ieJ1aTh HeuTo oueHb noxoxkee B .NET. B ciemyroiiem kojie Dispose
OTMEHHUT Ollepallii, HO He OJKUIAeT 3aBePIIeHUS 9TUX Ollepalinii:

class MyClass : IDisposable
{

private readonly CancellationTokenSource _disposeCts =
new CancellationTokenSource();

public async Task<int> CalculateValueAsync()
{

await Task.Delay(TimeSpan.FromSeconds(2), _disposeCts.Token);
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return 13;

}
public void Dispose()
{
_disposeCts.Cancel();
}

}

ITOT IPUMep IEMOHCTPUPYET OCHOBHOM TTATTEPH, OTHOCATITUICS K Dispose.
B peasibHOM MPHUIIOKEHIH CITeI0BATIO ObI BKITIOYUTD TIPOBEPKY TOTO, 4TO OOBEKT
ernie He OBLT OCBOOOJK/IEH, @ TAKIKE MIPEAOCTABUTD TTOJTb30BATEIIO BO3MOKHOCTD
repeziaTh COOCTBEHHBII MapKep CancellationToken (C MCIIOJIb30BAHMEM MTPHU-
ema u3 perienta 10.8):

public async Task<int> CalculateValueAsync(CancellationToken
cancellationToken)

using CancellationTokenSource combinedCts = CancellationTokenSource

.CreatelLinkedTokenSource(cancellationToken, _disposeCts.Token);
await Task.Delay(TimeSpan.FromSeconds(2), combinedCts.Token);
return 13;

}

[Tpu BBI3OBE Dispose Oy/yT OTMEHEHBI BCE CYNIECTBYIOIIHE OlIEPAIN B BbI-
3BbIBAIOIEM KOJIe:

async Task UseMyClassAsync()
{

Task<int> task;
using (var resource = new MyClass())

{

task = resource.CalculateValueAsync(default);

}

// BblnaeT OperationCanceledException.
var result = await task;

}

JL71st HEKOTOPBIX TUITOB peasin3alinsi Dispose Kak 3alipoca Ha OTMeHy paboTaeTr
BIIOJIHE HOPMaJIbHO (HampuMmep, HttpClient oOJafaeT TaKoi CeMaHTUKOI).
O[[HaKO APYyTuUM TUIIaM HeO6XOZ[I/IMO 3HaTb, KOT/Z1a 6y[[yT 3aBepHIeHbl BCe
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orepainuu. I[JIH TaKNX THUIIOB HeO6XOI[I/IMa HEKOTOpad padHOBUAHOCTb aCHUH-
XPOHHOTO OCBO60>K,ZI€HI/IH.

Acunxpontoe ocBoboskenue Brepsbie mosiusioch B C# 8.0 u NET Core 3.0.
B BCL nogsuiicst HoBbiii nHTepdetic IAsyncDisposable, KOTOPBIH SIBJISIETCS
ACUHXPOHHBIM aHAJIOTOM IDisposable. B asbike OJJHOBPEMEHHO ObLi1a BBeJIeHaA
KOMaH/Ia await using — aCMHXPOHHBIN aHa/IOr using. TakuM 06Pa3oOM, THIIBI,
KOTOpBIE COOMPAITNCH BBITIOJHUTD ACUHXPOHHYTO PabOTy P OCBOOOKIEHNH,
Terepb MOJYUIUIN TAKYI0 BO3MOKHOCTD:

class MyClass : IAsyncDisposable

{
public async ValueTask DisposeAsync()
{
await Task.Delay(TimeSpan.FromSeconds(2));
}
}

Bosspaiaembim THTIOM DisposeAsync sIBJsieTcsT ValueTask, a He Task, HO
CTaHJapTHBIE KIIOYEBBIE CJI0BA async U await paboTaioT ¢ ValueTask HUYYTh
He XYK€, 4eM ¢ Task.

Tunbl, peanusyionie IAsyncDisposable, OGBIYHO MOTPEOISIOTCS C await:

await using (var myClass = new MyClass())

{

} // 3pecb Bbi3biBaeTcA DisposeAsync (c oxuaaHuem)

Ecau myxuO0 00OMTH KOHTEKCT C MCIIOIb30BaHNeM ConfigureAwait(false),
5TO BO3MOJKHO, HO pellleHne MojIydaeTcst 6oee TpPOMO3AKIM, TIOTOMY UTO
nepeMeHHast J0JKHA ObITh 00bsAB/ICHA 32 [IPeelaMi KOMaH/bI await using:

var myClass = new MyClass();
await using (myClass.ConfigureAwait(false))

{

} // 3pecb Bbi3biBaeTcA DisposeAsync (c oxupaaHuem)
¢ ConfigureAwait(false).

MoAcHeHue

ACI/IHXpOHHOE‘ OCBO60}K,ZICHI/IG OIIpeAeJIEHHO IIPOolIle, YeM pean3anid Dispose
B BHU/I€ 3alIpOCa Ha OTMEHY, a 6oJee CI0KHBII IMOAXO0 JOJIZKEH MCITOJIb30BaTbhCA
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TOJIBKO B TOM CJIy4ae, eCJid 9T0 AeiicTBUTENbHO HeoOxoanmMo. CoOCTBEHHO,
B OOJIBIIMHCTBE CJIy4aeB MOKHO 000HTHCH BOOOIIE 6e3 0CBOOOKIAECHUST —
U KOHEYHO, 9TO CaMOe TIPOCTOE PellleH e, IOTOMY UTO BaM BOOOIIE HUYEro He
MIPUIETCS JIeJIaTh.

B aToMm periernre npecTaBiieHbl [Ba MaTTepHa [JIst pealnusaliii 0CBOOOKICHIIS;
Tak’Ke TIPU JKeJJAaHUU BBl MOJKeTe MCI0Ib30BaTh UX ofHOBpeMenHo. OHO-
BPEMEHHOE UCII0JIb30BaHKe 000UX MATTEPHOB HAIEJUT Balll THUIT CEMaHTHKO
YETKOTO 3aBEPIIEHNUS], €CJU B KJINEHTCKOM KOJIe HCIIOIb3yeTcs await using,
U CEMAaHTUKON OTMEHBI, €CJIM KIMEHTCKUI KOJI CIIOJIb3yeT Dispose. S Obl He
PEKOMEHIOBAJ TaK MOCTYNaTh, HO 3HANTE, YTO TAKOW BAPUAHT CYIIECTBYET.

NlononHutenbHas HpopmaLms

B penenite 10.8 paccmaTpuBaroTCs CBI3aHHbBIE MAPKEPbl OTMEHBI.
B pernenire 11.1 paccmaTpuBatoTca acMHXpOHHBIE MHTEPdECH.

B penenire 210 paccMaTpuBaeTcs peanin3alus MeTO/I0B, BO3BpAIIAIONINX
ValueTask.

B penente 2.7 paccmarpubaercst 06X0 KOHTEKCTA ¢ MCIIOJb30BaAHUEM
ConfigureAwait(false).



FMABA 12

CuHXpoHu3ayua

Ecnu B Batnem npuio;keHUn UCIOb3YETCI KOHKYPEHTHOCTD (KaK TPAKTUYECKU
Bo Beex pmitoxkenusax NET), ciemyeT octeperaTbest CUTyannii, B KOTOPBIX OZIH
610K Kozia 10JKeH OGHOBJISITH TAHHbIE, TIOKA JIPYTOH KO/ 00PATITAETCsT K TEM JKe
JTaHHDbIM. CTO]IKHyB]_LH/ICb C HOIIO6HOI>,I CI/ITyaHI/Ief/,I, HeO6XO]II/IMO CUHXPOHU3NPO-
BaTh JIOCTYTI K IAHHBIM. B perentax aToii raBbl paccMaTpuBaioTces Hanbosiee
PacrpoCcTpaHeHHbIE TUIIbL, UCTIOJIb3YeMbIe /71T CAHXPOHU3AINH A0CTyTa. Bripo-
4eM, €CJIN Bbl 6yI[€T€ ITPaBUJIbHO MOJIb30BATHCA IPYTUMU PEIEINITaMU U3 KHUT'U,
TO YBUAUTE, 4YTO 6OJH:>H_IaH YaCTb CUHXPOHU3AIIUU B TUIIMYHBIX CUTYyaIUAX yIKE
peasn3yercst 3a Bac COOTBeTCTBYIOIMU Onbsorekamu. Ho mpeskiie uem yriry0-
JIATHCA B PELIENTDI, TOCBAIIIEHHbIE CUHXPOHU3AIIUN, 6y11yT OIIMCaHbl HEKOTOPbIE
TUINYHbIE CUTYAIUH, B KOTOPBIX MOKET TTOSIBUTHCS TaKast HeOOXOANMOCTb.

Omnucanus CUHXPOHU3allMN B 9TOM pa3/i€/l€ HECKOJbKO YIPOIIEHbI, HO
BCe€ 3aKJIIOYEHUWA ITPpaBUJIbHBI.

Cy1miecTByeT /IBe OCHOBHbIE PA3HOBUTHOCTH CHHXPOHU3AITUI: nepe0aui 0aHHbIX
u sauumol dannoix. CAHXPOHU3AIINS TIPU TIEPe/Iave TaHHBIX UCIIOIB3YETCSI B TEX
caIyvastx, KOrjia OJiH OJIOK KOJIa JIOJIKEH OMIOBECTHTD JAPYTOii OJI0K KO/a O He-
KOTOPOM YCJIOBUH (HAIIpUMep, 0 TIOCTYIIJIEHU HOBOTO coobIeHust ). CUHXPO-
HU3AIMsI TIPH TIepe/iade TaHHbIX OyaeT 6oJiee MoAPpOOGHO PacCMOTPEHaA B PElenTax
HTOH TJIaBbl; OCTABIIASICS YACTh BBEICHMs OY€T MOCBSIIEHA 3alUTe TaHHbIX.

CHHXPOHM3AIMS JOJIKHA UCIIOIb30BATHCS /IS 3AIUThI OOIUX JAHHBIX IIPU
BBITIOJTHEHUU 8CeX mpex YCIOBUN U3 CIAEAYIONIETO CIINCKA:

O Hecxkonbko gacTelt Ko1a BRITTOTHSIIOTCS OJTHOBPEMEHHO.
O It yacTy Koa 00paaoTest (YMTAOT WM 3AIMCHIBAIOT ) OJIHU U Te JKe IaHHbIE.

O Ilo kpaiineii Mepe oHa 4acTh Kojia 0OHOBJIsIET (WM 3aIIMChIBAET ) JAHHDIE.
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[TpuumHa U151 IEePBOTO YCJIOBUS HOJKHA OBITH OUEBH/IHA; €CJIU BECH Balll KOJI
BBITIOJIHAETCS OT Havyaja K KOHITy ¥ HUYero He TTPOMCXO/IAT OTHOBPEMEHHO,
TO BOOOIIIE HE HYKHO OECIIOKOUTHCS 0 CHHXpOHU3aIu. HekoTopsie mpocTbie
KOHCOJIbHbBIE TTPUJIOKEHUST MOTYT PabOTaTh 110 9TOMY MPUHITUILY, HO B 00JIb-
mrmHCeTBe mpustoxkenuil NET ucnonb3yercs ta uin naas popMa KOHKYPEHT-
HocTH. BTOpOe yciioBue o3HavaeTr, 4To ecau KaK/Ibiii 00K Koja paboTaer
¢ COOCTBEHHBIMU JIOKATbHBIMU TAHHBIME, K KOTOPBIM HE MOTYT OOPaIaThest
ApyTHe, TO HeOOXOAUMOCTh B CHHXPOHU3AIUN OTCYTCTBYET; APYTHE YacTh
KOJ/Ia HUKOT/[a He 00paIaroTest K JIOKaJIbHbIM JIaHHBIM. Takske He0OX0MMOCTh
B CHHXPOHU3AI[UH OTCYTCTBYET U B TOM CJIy4Yae, eCJIi O0IIne JaHHbIE TIPUCYT-
CTBYIOT, HO HUKOT/Ia HE U3MEHSTIOTCS: HATIPUMED, €CJIU IAHHbBIE OTIPE/IEISTIOTCS
C MCTIOJIb30BaHNeM Hem3MeHsaeMbIX TUTIOB. 1lo/ TpeTbe ycmoBue moanazaoT
TaKue CIieHapni, Kak JaHHble KOH(UTYPATIH 1 T. T1.; OHU 33/1af0TCS B Havase
PabOThI TPUIIOKEHNST, @ 3aTEM HIUKOT/IA He u3MeHsioTcst. Ecim o01ie naHHble
MCTIOJIB3YIOTCS TOJIBKO JIJIsl YTEHUS, TO OHU He HY K/IAI0TCST B CHHXPOHU3AIIN;
oHa HeOOXOMMa TOJIBKO JUJISI IAHHBIX, KOTOPbIE O[IHOBPEMEHHO HAXOSITCS
8 00wem docmyne v USMEHSIIOMCSL.

Heﬂb 3alIUThl JaHHbIX 3aKJ/II04Ya€TCA B TOM, 4TOODI KaX/1ad 4aCTb KO/Zla UMeJia
IEJIOCTHOE TIPpE/ICTaBJIEHNE JTaHHDbIX. Ecmm O/I[Ha 49aCTb KO/la 0OHOBJISIET JlaH-
HbI€, Bbl MOJKETE€ BOCIIO/JIb30BATbCA CI/IHXPOHI/ISB.HI/Ieﬁ, 4T0OBI 0OHOBJIEHNA
BOCIIPMHUMAJINCDh KaK aTOMapHbI€ /i OCTaJbHBIX KOMIIOHEHTOB CHUCTEMDI.

BepOSITHOy BbI HE CPa3y HAY4YUTECH IIOHNMATh, KOI'/la HyKHa CUHXPOHU3allnAd,
IIO9TOMY II€epea TEM KaK IEPEXO/IUTH K PELEITaM ATON ry1aBbl, paCCMOTPpUM
HECKOJIbKO IIPUMEPOB. Haunewm co CJIEAYIOIIETO KoJa:

async Task MyMethodAsync()

{
int value = 10;
await Task.Delay(TimeSpan.FromSeconds(1));
value = value + 1;
await Task.Delay(TimeSpan.FromSeconds(1));
value = value - 1;
await Task.Delay(TimeSpan.FromSeconds(1));
Trace.WriteLine(value);

}

Ecom meTo MyMethodAsync BbI3bIBAETCS B ITOTOKE U3 ITyJIa MOTOKOB (HAINIPU-
Mep, 13 Task.Run), TO CTPOKK KO/Ia, OOPAIIAIONIecs: K 3HAYEHU IO, MOTYT BbI-
HOJIHATHCST B Pa3HbIX NOTOKaX. Ho moHamo0uTCst /i CHHXPOHU3AIUST B 9TOM
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CJIyqae? HeT, TIOTOMY 4YTO OHM HE MOTYT BbIIIOJIHATHCA OJJHOBPEMEHHO. JTto
aCI/IHXpOHHHﬁ METO/, HO OH TaKKe ABJIACTCA IT0CJIe10BaTEC/IbHbIM (T. €. CHadaJjia
BBIIIOJIHAETCA O/lHA 4aCTb, IIOTOM ApyTasd U T. lI.).

Hewmtoro yeaosxanm mpuvep. Ha 1ot pas OyeT BhITOTHSITHCS KOHKYPEHTHBIT
ACUHXPOHHBIN KOJI:

private int value;

async Task ModifyValueAsync()

{
await Task.Delay(TimeSpan.FromSeconds(1));
value = value + 1;

// BHWMAHWE: moxeT TpeboBaTb CUHXPOHM3aLMUU; CM. HUXE.
async Task<int> ModifyValueConcurrentlyAsync()
{

// Start three concurrent modifications.

Task taskl = ModifyValueAsync();

Task task2 = ModifyValueAsync();

Task task3 = ModifyValueAsync();

await Task.WhenAll(taskl, task2, task3);

return value;

}

ITOT KOJI 3aITyCKaeT TPU U3MEHEH NS, BBITIOJTHIEMbIX KOHKYpeHTHO. [lorano-
OUTCS JIM CUHXPOHM3ALUA? 3aBUCKUT OT 00CTOATEIbCTB. Eciin BbI 3HaeTe, uTo
MetoJ BbisbiBaeTcst n3 GUI-konTexcra min Kontekcra ASPNET (mm mioboro
KOHTEKCTAa, KOTOPBIN 1TO3BOJISET BBITIOJHATHCS TOJIbKO OJIHOMY (hparMeHTy
Ko/Ia B J1I060I MOMEHT BpEMEHH ), CHHXPOHU3AIUS OY/I€T U3JIUIITHE, TOTOMY
YTO ITPU BHIMOJHEHNH KO/Ia U3MEHEHUsT data OH OY/IeT BBIIOJTHITHCS B PasHOe
BpeMs ¢ IByMs IPYyTUMU u3MeHeHuamMu. Hampumep, eciv TpuBeIeHHBIN KO
BeimosrHsgeTcd B GUI-koHTeKCTe, TO cyliecTByeT TobKO oani UI-ToTOK,
KOTOPBIil OY/IeT BBIIOIHATH Kax/[0€ U3MeHeHte data, H09TOMY OH J0JceH
BBITIOJTHSITH MX 110 0/{HOMY. VITaK, eciiv Bbl 3HAeTe, YTO KOHTEKCT SIBJISIETCSI T10-
cleoBaTeIbHBIM (one-at-a-time), To cMHXpoHU3aIus #e nydcra. Ho ecam Tot
JKe METOJI BBI3bIBAETCS B MOTOKE U3 IyJIa TIOTOKOB (HarmpuMep, u3 Task.Run), TO
CUHXPOHU3AIWs Oydem neobxoouma. B 1aHHOM cirydae TPy U3MEHEHUSsT JaH-
HBIX MOTYT BBIIIOJTHATHCS B PA3HbIX MOTOKAX U3 ITyJIa 1 OOHOBJIATH data.Value
OJHOBPEMEHHO, TI09TOMY JIOCTYII K data.Value TpeOGyeTcst CHHXPOHU3UPOBATh.
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A Tetiepn eriie o/1Ha BapuAaIIH:

private int value;
async Task ModifyValueAsync()

{

int originalValue = value;
await Task.Delay(TimeSpan.FromSeconds(1));
value = originalValue + 1;

}

[TocmoTtpumM, gTO TpOM30TizET, €CT ModifyValueAsync BBI3BIBAETCS HECKOTBKO
pa3 KOHKYpeHTHO. /[aske TPy BbI3OBE U3 MTOCJE0BATEIBHOTO KOHTEKCTA T10J1e
JIAHHBIX UCIIOJIb3YeTCs COBMECTHO BCEMU BbI30BaMU ModifyValueAsync, a 3Ha-
YeHIe MOKET U3MEHUTHCS B JII000E BPEMsI, KOT/Ia B METOJIE BBITTOJHSIETCST await.
WMnorma cuEXpoHU3aIys MPUMEHSIeTCS AasKe B OCAeI0BATeIbHBIX KOHTEKCTaX
JUISE TPEZIOTBPAIeHUsT OOIIETo A0CTYIIA TAKOTO poja. VIHaue TOBOPST, €CJIN BbI
XOTHUTE TOOUTBHCA TOTO, YTOOBI KasK/IBII BBI30B ModifyValueAsync OXKUIAT 3aBep-
IIeHKs BCEX TPE/bIAYIIIX BBI30BOB, CJIeAyeT J00aBUTh CHHXPOHU3AIIUIO. ITO
CIIPaBE/IJINBO JlasKe B TOM CJIydae, eCJId KOHTEKCT rapaHTUPYeT, YTO /IS BCEro
KOJIa MCII0JIb3YeTCsT TOJIbKO ofrH TOTOK (T. €. Ul-moTok). CuHXpoHM3aMs
B 9TOM CIICHAPUU SBJISETCS PA3HOBUIHOCTBIO Pe2yIUpo8KY IS ACHHXPOHHBIX
MeTon0B (cM. pazzen 12.2).

PaccMoTpuM etrte ofiiH IpuMep € async. Task . Run MOKHO HCITOJIb30BATb JIJIsI TOTO,
4TO 1 HA3bIBAIO IPOCTBIM MAPAJITIETU3MOM — IPOCTENiIIel PAa3HOBUIHOCTBIO T1a-
paJLIeIbHOM 06paboTKH, KoTopas He 00/1anaeT Takoi 3(hheKTUBHOCTHIO U BO3MOK-
HOCTSIMI HACTPOWKH, Kak HCTHHHBIH Tapasuiesmam Parallel /PLINQ. Coreytomnmit
KO/l OOHOBJIsIET 001IIee 3HAYEHHE C UCTIOJIb30BAHUEM ITPOCTOTO MapaslieIi3Ma:

// TUIOXON Kop!!
async Task<int> SimpleParallelismAsync()

{
int value = 9;
Task taskl = Task.Run(() => { value = value + 1; });
Task task2 = Task.Run(() => { value = value + 1; });
Task task3 = Task.Run(() => { value = value + 1; });
await Task.WhenAll(taskl, task2, task3);
return value;

}

B aTom xome Tpu oTAeNbHbIE 337[a4N BBITTOJHAIOTCS B TIyJie TIOTOKOB (Uepe3
Task.Run), TprYeM Bce OHU M3MEHATOT O/IHO 3HaueHne value. CiieloBaTeIbHO,
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YCJIOBUSI BBITIOJHSIIOTCSI, M CHHXPOHU3AINST Onpeesienno HeoOxoanma. O6-
paTuTe BHUMaHUe: CHHXPOHU3AINS Hy KHA Ta’ke HeCMOTPS Ha TO, UTO Tepe-
MeHHast value SBJISIETCS JIOKAJIBHOI; OHA BCE PABHO COBMECMHO UCNOIb3YEeMmCs
PA3HBIMU TIOTOKAMU, XOTS ¥ SIBJISETCS JIOKAJTBHO JIJIS OTHOTO METOJIA.

IIepexojs Kk HacTOALIEMY HTapaJIeJbHOMY KO/Y, PACCMOTPUM IIPUMED, B KO-
TOPOM HCIIOJIb3YEeTCs TUII Parallel:

void IndependentParallelism(IEnumerable<int> values)

{

Parallel.ForEach(values, item => Trace.WriteLine(item));

}

Tak Kak B KOJIe CIOJIb3YeTCsT Parallel, HEOOXOANMO MPEAIIOIAraTh, 4TO TEJIO
MapaJjIeIbHOro ITUKJIa (item =>Trace.WritelLine(item)) MOKET BBITTOTHSATHCS
B HECKOJIbKMX TOTOKaX. OHAKO TEJIO IUKJIA YUTAET TOJIBKO COOCTBEHHBIE
JlaHHbIE; COBMECTHOTO UCITOJIb30BAHUA JAHHBIX MEXK/AY [IOTOKAMU 3/1eCh He
Oyner. Knacc Parallel pasjiesisieT TaHHbIE MEXKAY TOTOKAMHU, YTOOBI UM
He TPUXONIOCH COBMECTHO MCTIOMB30BaTh CBON JaHHbIe. KasK/bIil TOTOK,
BBIITOJIHAIONIUI TEJIO IUKJIA, HEe 3aBUCUT OT BCEX OCTAJIbHBIX IIOTOKOB, Bbl-
HOJIHSTIONIMX TO JK€ TeJIO MuKJaa. TakuM 06pa3oM, CHHXPOHU3AIUS B TIPU-
BE/IEHHOM KO/le He HY KHa.

PacemoTtpum mpuMep arpernpoBaHusd, TOX0KUH Ha OIMICAHHBIN B perenTe 4.2:

// TUIOXOM Kop!!
int ParallelSum(IEnumerable<int> values)

{
int result = 9;
Parallel.ForEach(source: values,
localInit: () => o,
body: (item, state, localValue) => localValue + item,
localFinally: localValue => { result += localValue; });
return result;
}

B aTom mpumepe Ko/ cHOBa MCITOIB3yeT HECKOJIBKO TTOTOKOB; HAa 3TOT Pa3
KakK/[BIIl TIOTOK B Havajie CBOEH paboThl MHUIIHATU3UPYET CBOE JIOKATBHOE
snavenne 0(() => @), U ISl K&XKOTO BXOIHOTO 3HAYEHsI, 00pabOTaHHOTO
IIOTOKOM, BXO/IHOE 3HaYeHue nprbasiisieTcs K JoKaibHoMy ((item, state,
localValue) =>localValue + item). Hakowell, Bce JoKaJbHbIE 3HAUEHUS
pubABJISAIOTCST K BO3BpaIaeMoMy 3HaueHnio (localvalue => { result +=
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localvalue; }). [lepBbie iBa mrara He CO3MAIOT TTPOOJIEM, TIOTOMY UTO ITO-
TOKH He UMEIOT O0INX AHHBIX; JIOKAJIbHOE U BXOJHOE 3HAYEHUE KasKI0TO
MOTOKA CYIIECTBYET HE3ABUCUMO OT JIOKAJTbHBIX U BXO/IHBIX 3HAYEHUI BCEX
OCTAJIbHBIX MOTOKOB, HO HA MOCJIEIHEM IlIare BO3HUKAIOT TPOOJIEMbI; KOT/Ia
JIOKAJIbHOE 3HAYEHUE Ka)k/[OTO TMMOTOKA MPUOABISIETCS] K BO3BPANAEMOMY
3HAYEHWT0, BOBHUKAET CUTYyAIMsl, B KOTOPOI Cpa3dy HECKOJbKO MOTOKOB
obparaiorcs k o0uieii mepemMentoii (result) u 00HOBASIOT ee. Takum 06-
pas3oMm, Ha MOCJIETHEM I1are HeoOXOAUMO TPUMEHUTh CHHXPOHU3AIUIO (CM.
penent 12.1).

PLINQ, TPL Dataflow u peaktusHbie OMOJIMOTEKM OYEHb TIOXOKHU HA MIPHU-
MepbI Parallel: TIOKa Balll KOJ IMEET JIEJI0 TOJBKO CO CBOMM COOCTBEHHBIM
BBOJIOM, eMY He IIPUXOAUTCS GECIIOKOUTHCS O CMHXpOHU3aIuK. 110 OmbiTy MOry
CKa3aTh, YTO TIPH MIPABUIBHOM HCIIOJIb30BAHUN 9TUX OUOIMOTEK NOGABIATH
CHHXPOHM3AIIO B CBOM KO/ MHE TTOYTH HUKOT/Ia HE IPUXOANUTCS.

W HaKoHelIl, TOrOBOPMM 0 KOJUIEKIUSAX. BCoMHMTE TP yC10BuUs, TpeOyoIIne
CUHXPOHUBAINW: HALUUUE HECKOJIbKUX uacmel Kooa, obugue danivie N 00H06-
JAeHUS OAHHDBIX.

HeusmensieMbie THIIBI ITOTOKOOE30TIACHBI 110 CBOEH IPUPOJIE, TIOTOMY 4TO He
MO2Yym U3MEHATHCST; HEBO3MOKHO OOHOBUTH HEM3MEHSIEMYTO KOJIIEKIIHIO, TTO-
STOMY CHHXPOHM3AIMA He HysKHa. Hampumep, cieayronuil Koa He Tpebyer
CUHXPOHM3AIINH, TaK KaK KOTJa KayK/IbIH OTAEJTbHBIN MOTOK M3 ITyJIa TOTOKOB
3aHOCUT 3HaYeHNe B CTEK, OH CO31AaeT HOBBIM HEM3MEHSIEMbI CTEK C 9TUM
3HAYEHMEM, 2 UCXO/HbBIN cTeK ocTaeTcd 6e3 U3MeHeHU .

async Task<bool> PlayWithStackAsync()

{
ImmutableStack<int> stack = ImmutableStack<int>.Empty;
Task taskl = Task.Run(() => Trace.WriteLine(stack.Push(3).Peek()));
Task task2 = Task.Run(() => Trace.WriteLine(stack.Push(5).Peek()));
Task task3 = Task.Run(() => Trace.WritelLine(stack.Push(7).Peek()));
await Task.WhenAll(taskl, task2, task3);

return stack.IsEmpty; // Bcerpa Bo3sBpauwaeT true.

}

Koria B BarieM Kojie UCTIOJIb3YIOTCSI HeM3MeHsIEMbIe KOJUIEKITNHI, OOBIYHO B HEM
TaKsKe TIPUCYTCTBYET O0IIasi «<KOPHEBasT» MepeMeHHast, KOTopasi cama 1o cebe
HEM3MEHsIeMOH He sIBJIsIeTCst. B aToM corydae npuxodumcs mpUMeHsITh CHHXPO-
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HU3anuio. B caemyroreM nmpuMepe KaKABIH MOTOK 3aHOCUT 3HAYeHNE B CTEK
(cosaBast HOBbII HEN3MEHSIEMbIiT CTEK ), TTOCJTIE Y€r0 OOHOBIISIET OOIILY 0 KOPHEBYIO
HIepeMEHHY0; JI7is1 OOHOBJIEH ST [IEPEMEHHOIT stack CHHXPOHM3AIHST HEOOX00UMA:

// Tnoxoi Koa!!
async Task<bool> PlayWithStackAsync()

{
ImmutableStack<int> stack = ImmutableStack<int>.Empty;

Task taskl = Task.Run(() => { stack = stack.Push(3); });
Task task2 = Task.Run(() => { stack = stack.Push(5); });
Task task3 = Task.Run(() => { stack = stack.Push(7); });

await Task.WhenAll(taskl, task2, task3);
return stack.IsEmpty;

}

C moToK06€30TMaCHBIMU KOJIJIEKITUSIMU (mampumep, ConcurrentDictionary)
J1eJ10 06CTOUT NHave. B oT/Mune oT Hen3MeHsAeMbIX KOJLIEeKIUH, TOTOKoOe3-
OIacHbIE KOJJIEKITMU MOTYT OOHOBJISIThCsT. Ho Best He0OX0MMast CAHXPOHM3a-
1S yoKe BCTPOEHA B HUX, TaK 4TO BaM He IPUAETCs GECIIOKOUTHCS O CUHXPO-
HU3ALUU U3MEHEHWIT B KOJLUTeKIK. Ecim Obl B clieyIomiem Koje 00HOBIISLIACH
KoJuteknus Dictionary BMecTO ConcurrentDictionary, TO CUHXPOHU3AI U
Oblia ObI HE0OXOMMa; HO TIOCKOJIbKY 0OHOBJISIETCs ConcurrentDictionary,
OHa CTAHOBUTCS U3JIUIIHEIH:

async Task<int> ThreadsafeCollectionsAsync()

{
var dictionary = new ConcurrentDictionary<int, int>();
Task taskl = Task.Run(() => { dictionary.TryAdd(2, 3); });
Task task2 = Task.Run(() => { dictionary.TryAdd(3, 5); });
Task task3 = Task.Run(() => { dictionary.TryAdd(5, 7); });
await Task.WhenAll(taskl, task2, task3);
return dictionary.Count; // Bcerpa Bo3BpawaeT 3.

}

12.1. bnokupoBku n Komanpaa lock

3apava

Hmelorcsa O6].[II/I€ JIaHHbIE. Tpe6yeTc51 obecreunTsb Oe301acHoe YTEHNe 1 3a-
IINCbh 9TUX JaHHBIX N3 HECKOJIbKUX ITIOTOKOB.
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PeweHne

JIquuee pelieHne B TaKOu CUTYyaIIUN — MCIIOJIb30BaHNE KOMaH/IbI 6JIOKI/IpOBKI/I
lock. Ecoi moTOK BXOIUT B 0J10K lock, TO Bce oCTaJIbHbIE TIOTOKN HE CMOTYT
BOWTH B 9TOT OJIOK, TIOKA 6JIOKI/IpOBKa HeE 6yII€T CHATA:

class MyClass
{

// BnokupoBka 3awmwaeT none _value.
private readonly object _mutex = new object();

private int _value;

public void Increment()

{

lock (_mutex)

{

_value = _value + 1;

}

MoscHeHne

B ¢peiimBopke .NET cyiecTByeT HECKOJbKO MEXaHU3MOB OJIOKUPOBKIL:
Monitor, Spin, Lock 1 ReaderWriterLockSlim. B GOJIBIINHCTBE IIPUIOKEHIIT
9TH THUIIBI OJIOKUPOBOK IIPAKTUYECKU HUKOI/A HE JOJKHbBI UCIIOIb30BATHCS
Hanpsmyto. B wactHoCTH, 1711 pa3spaGOTUYNKOB MPOIIE TIEPEKIIOUNTHCS Ha
ReaderWriterLockSlim, Kor/a Takas CJIOKHOCTD HE ABJISETCHI HEeOOXOIUMOM.
bBazoBast koman1a lock HOpMaJIbHO cripasJisiercst ¢ 99 % cirydaes.

[Tpu ucrnosb3oBaHuK OJOKUPOBOK CIIEAYET PYKOBOACTBOBATHCS YE€THIPHMSI
BaKHBIMU PEKOMEH/IAIUSMU:

O OrpaHnybre BUAUMOCTD OJIOKHPOBKU.

O JlokyMeHTHPYIiTe, YTO MIMEHHO 3aIUIIaeT OJIOKUPOBKA.

o Cokparure 10 MUHIMYMa 00beM KO/Ia, 3aIUIIIEHHOTO OJIOKHPOBKOIA.
@]

Hukoraa He BBITIOJHSIITE TPOU3BOJIBHBIN KO/ MIPU YIAepKaHUU OJIOKU-
POBKH.
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Bo-niepBoix, cmpemumecsy k ozpanuuenuio suoumocmu 610xkuposku. OObEKT,
HCIIOJIb3YeMbIN B KOMaH e lock, 0/IKeH ObITh IIPUBATHBIM TI0JIEM, KOTOPOE
HUKOT/Ia He JJOJIKHO OBbITh JOCTYIIHBIM JIJIs JTI0OBIX METOAOB 3a IpeieIaMu
kiacca. OOBIYHO ecTh He HoJiee OTHOTO T10Jist 6JIOKMPOBKU Ha THIT; €CJIU Y BaC
WX HECKOJBKO, PACCMOTPUTE BO3MOXKHOCTH pedaKTOPHUHTA 9TOTO THUTIA Ha
HECKOJIBKO THIIOB. BJIOKHPOBKa MOXcem yCTaHAaBIUBATHCS 110 JIIOOOMY CChI-
JIOYHOMY THUILY, HO I MIPEATIOUNTAIO CO3/IaBaTh OTAENbHOE TOJIe CIENATbHO
IUTI KOMaHBI lock, Kak B TIocaeHeM nipuMepe. Ecau BBl ycTanaBiuBaeTe
GJIOKUPOBKY TI0 APYTOMY 9K3EMILIAPY, YOAUTECh B TOM, YTO OH SIBJISAETCS
MPUBATHBIM JIJIs1 BAIlero KJacca; OH He I0JIKEH IepelaBaTbCsl B KOHCTPYK-
TOpe WX BO3BpaIiaThes u3 get-metosa cpoiictBa. Hukorma He ucnomp3ylite
lock(this) mam lock ¢ JTHOOBIM IK3EMILIIPOM Type UJIU string; 9TO MOXKET
IPUBECTH K B3aUMOOJIOKUPOBKAM, JIOCTYITHBIM U3 IPYTOro KOJa.

Bo-BTOpBIX, dokymenmupyiime, umo umernno sauumwaem 610xkuposka. O6 aTom
Iare Jierko 3a0bITh BO BpeMsl IIePBOHAYAIbHOTO HAITUCAHUST KOJIa, HO OH CTa-
HOBUTCS H0JIee BAKHBIM 110 MEPe POCTA CIOKHOCTH KOJIA.

B-tperbux, cokpamume 0o munumyma o06vem K00d, 3auuuernozo O10KUPOSKoLL.
OzMH U3 acleKToB, Ha KOTOpbIe cieayer oOpaliaTh BHUMaHue, — OJIOKHU-
pyIOIIHe BHI3OBBI IIPU yiepsKaHuK OJIOKUPOBOK. B maeane ux ObITh BOOOIIE
HE JTOJIKHO.

HakoHerr, HIKOT/Ia He BBI3bIBAIITE TIPOU3BOJILHBIN KOJI IIPH YIePKaHUH GJIOKH-
poBKH. IIPOM3BOJIBHBIN KO/l MOKET BKJIIOYATH BbIIAUY COOBITUI, BHI30B BUP-
TYaJIbHBIX METO/IOB HJIH BBI30B JiejieratoB. Ecii BaM 0TpedyeTcst BHIOJTHUTD
IIPOM3BOJIBHBIN KOJI, CIETAITe HTO MOCJIE CHIATHS OJOKUPOBKH.

NlononHutenbHas MH$popmaLms

B pernenre 12.2 paccMaTpuBaIOTCA ASyNC-COBMECTHMbIE 6JIOKI/IpOBKI/I. Komanja
lock HecoBMecTUMA C await.

B pernerire 12.3 paccmaTpuBaeTcd niepeiada CUTHAJIOB MeK Ty TToToKaMu. Ko-
MaH/a lock TipefiHa3HAYeHA [IIsT 3AIMUTEI OOIINX HAHHBIX, & He JIJIST OTIIPABKI
CHTHAJIOB MEK/IY TOTOKAMHU.

B perenitax 12.5 paccmatpuBaeTcst peryJnpoBKa, KOTOPast IPeCTaBIISIET CO-
601t 060061eHHY10 hopMy OJOKUPOBKU. BIOKHPOBKA MOKET pacCMaTPUBATHCSI
KaK peryJupoBKa 710 ypoBHs 1.
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12.2. bnokupoBKM c async

3apava

Nwmerorest obmme panubie. Tpedyercst obecriednTh 6e30acHoe YTeHUe U 3a-
[UCh 9TUX JAHHBIX U3 PA3HBIX MPOrPAMMHBIX OJIOKOB, KOTOPBIE MOTYT HC-
IIOJIb30BAaTh await.

PeweHne

Tum Semaphoreslim us ¢ppeiimsopka NET 6611 o6HoBen B . NET 4.5 gs1 o6ec-
HeYeHUsT COBMECTUMOCTH € async. IIpuMep UCIo/Ib30BaHMUSL:

class MyClass

{

}

// BnokupoBka 3awmwaeT none _value.
private readonly SemaphoreSlim _mutex = new SemaphoreSlim(1);

private int _value;

public async Task DelayAndIncrementAsync()

{

}

await _mutex.WaitAsync();

try

{
int oldValue = _value;
await Task.Delay(TimeSpan.FromSeconds(oldvalue));
_value = oldvalue + 1;

}
finally
{
_mutex.Release();
}

Takske MOKHO BOCIIOJIb30BaThCA TUTIOM Asynclock 3 6ubamoTexkn Nito.
AsyncEx, KOTOPBIii o6agaer 4y Th GoJiee aeranTHbiM API:
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class MyClass

{
// BnokupoBka 3awmwaeT none _value.
private readonly AsyncLock _mutex = new AsynclLock();
private int _value;
public async Task DelayAndIncrementAsync()
{
using (await _mutex.LockAsync())
{
int oldValue = _value;
await Task.Delay(TimeSpan.FromSeconds(oldValue));
_value = oldvalue + 1;
}
}
}
MoacHenne

B sT0i1 cutyarum aefcTBYIOT peKoMeHanuu u3 perenTa 12.1:

O OrpaHuubre BUIUMOCTH OJIOKUPOBKIL.

O JloKyMeHTHpYIiTe, 4TO UMEHHO 3alluIaeT 6JI0KUPOBKA.

o Cokparure 10 MUHEMYMa 00beM KO/Ia, 3allIUIIIEHHOTO OJIOKHPOBKOIA.
@)

Hukoraa He BBIOJIHSITE TPOU3BOIBHBIN KO/ MIPH YIAEePKaHUU OJIOKU-
POBKH.

IK3EMILISAPBI 6JIOKUPOBOK J0JIKHBI ObITH IIPUBATHBIMU; OHU He JI0JIKHbI ObITh
JIOCTYITHBIMHK 32 npezesiaMu Kiacca. O0s3aTeIbHO YETKO JJIOKYMEHTHPYITE
(M TIIATENBHO MPOAYMbBIBANTE), UTO UMEHHO 3AIMIIAET HK3EMILIADP OJOKHU-
poBku. CBeuTe K MUHUMYMY 00bEM KOJIa, BBITTOJHSAEMOTO TIPU YAEPKaHUN
6JIOKMPOBKH. B yacTHOCTH, He BBI3bIBAlTE TPOM3BOJIBHBIN KO, BKJIIOYAst BbI-
J1a4y cOOBITHI, BBI30B BUPTYaJbHBIX METOIOB ¥ BbI3OB JIEJIETATOB.

Turm AsyncLock HaxoauTcst B makete Nito.AsyncEx.
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NlononHutenbHas HpopmaLms

B penienite 12.4 paccMaTpuBaloTcst async-COBMECTUMbIe CUTHAJBI. bioku-
POBKM TIpeHa3HAYEHDI s 3aIUTHI OOIINX JaHHBIX, a He JJIsI epeaadn
CUTHAJIOB.

B penerrre 12.5 paccMarpuBaeTcst peryiMpoBKa, KOTopast IpeACcTaBIisieT co0oii
060061eHHyT0 (hopmy. BIOKHPOBKA MOKET PacCMaTPUBATHCSI KAK PETYINPOBKA
110 ypoBH 1.

12.3. bnokupyiowme curHanbi

3apava

Tpe6yeTC51 OTIIPAaBUTDH YBEAOMJIEHUE OT OJHOT'O ITOTOKA APYIrOMY.

Pewenne

CaMblii paclIpOCTPaHEHHBIN U YHUBEPCATbHbBIN MEKITOTOKOBBIN CUTHAT —
coObITHE C PyYHBIM cOPOCOM ManualResetEventSlim. CoObITHE C PYYHBIM
cOPOCOM MOJKET HAXOJMTHCS B OJHOM M3 JIBYX COCTOSTHUI: YCTAaHOBJIEHHOM
uyi coOporreHHOM. JII060# TTOTOK MOJKET TIEPEBECTH MOTOK B YCTAHOBJIEHHOE
COCTOSTHYE WJIH ITPOBECTH ero cOpoc. ITOTOK Takske MOKET OKUIATh ITEPEX0jIa
COOBITHST B YCTAHOBJIEHHOE COCTOSTHUE.,

Cremyrommue 1Ba MeTO/1a BBI3BIBAIOTCA PA3HBIMU MTOTOKAMH; OJIH TTOTOK OKH -
JlaeT CUTHAJA OT JAPYTOTO:

class MyClass
{

private readonly ManualResetEventSlim _initialized =
new ManualResetEventSlim();

private int _value;

public int WaitForInitialization()

{
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_initialized.Wait();
return _value;

public void InitializeFromAnotherThread()

{
_value = 13;
_initialized.Set();

}

MosacHeHne

ManualResetEventSlim — OTJIMYHBIN YHUBEPCAIbHBII CUTHAJI, IT€PEIaBaE€MbIil
O/ITH1UM ITOTOKOM [[pyFOMy, O/THAKO UCIIOJIb30BaTh €ro CJIC[[yCT TOJIBKO TOoTr/Ja,
KOT/Ia 9TO JIEHCTBUTEIBHO YMeCTHO. Eciin «curHam» mpeacrassier coboit co-
0011IeH e, OTITPABJISIONIEE HEKOTOPBIE IAHHbIE MEJKTY TOTOKAMM, PACCMOTPHUTE
BO3MOKHOCTbD MCIIOJIb30BAHUSI OUYePean «IIPOU3BOAUTEND/TIOTPEOUTENb> .
C 1pyroii CTOPOHBI, €CJIM CUTHAJIbI HCIIOJIB3YIOTCS TOJIBKO /1JIst KOOPAMHAIII
JI0CTyIA K 0OLIMM JIaHHbBIM, JIyYIIle HCTI0Ab30BaTh lock.

B dpeitvBopke .NET cymiecTBy1oT 1 ipyTHe pa3sHOBUAHOCTH CUTHATIOB CHHXPO-
HU3AIUU [I0TOKOB, KOTOPbIE UCIIOJb3YIOTCS peske. Eciin ManualResetEventSlim
He MOJXOJIUT JIJIsl BAIIUX MOTPeOHOCTEN, TTolyMaiiTe 06 UCIOIb30BAHUN
AutoResetEvent, CountdownEvent nju Barrier.

ManualResetEventSlim gIBII€TCSI CUHXPOHHBIM CUTHAJIOM, IIO3TOMY WaitFor-
Initialization 6JIOKI/IpyeT BBI3BIBAIOII NI IIOTOK /10 OTIIPABKU CUTHAJIA.
Ecuin BbI XOTHTE OKUATH CUTHAIA O€3 TPUOCTAaHOBKHU MTOTOKA, MCIIOJIb3YIiTe
ACMHXPOHHBII CUTHAJ TaK, Kak ONMCcaHo B perente 12.4.

[lononHutenbHasa uHpopmauus

B perterire 9.6 paccmaTpuBaoTest 6I0KUPYIONINAE OYEPE/H «ITPOU3BOUTEIND,/
MOTPEOUTED>.

B pentenite 12.1 pacemaTpuBaeTcs komaHaa lock.

B perntenite 12.4 paccmaTpuBaroTcs async-COBMECTUMBIE CUTHAIBL.
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12.4. ACHHXpPOHHbIE CUrHaNDI

3apava

TpebyeTcst OTIIPABUTD YBEIOMJIEHUE OT OJHOTO MOTOKA [PYTOMY, [IPU HTOM
MIOJIy4aTesb OIOBEICHI TOKEH OKUAATD €70 aCHHXPOHHO

PeweHune

WcnonbayiiTe TaskCompletionSource<T> JIsl TOTO, YTOOBI OTIIPABUTH YBEIOMJIE-
HHE€ aCMHXPOHHO, €CJIN yBG[[OM]IeHI/Ie HOJIZKHO 6I)ITb OTIIPABJIEHO TOJIBKO OJIUH
pas. Kox-otmpaBuTesnb BbI3BIBAET TrySetResult, a KOA-TIOTyYaTeNb OKIAAET
€T0 CBOMCTBO Task:

class MyClass
{

private readonly TaskCompletionSource<object> _initialized =
new TaskCompletionSource<object>();

private int _valuel;
private int _value2;

public async Task<int> WaitForInitializationAsync()

{

await _initialized.Task;
return _valuel + _value2;

}
public void Initialize()
{
_valuel = 13;
_value2 = 17;
_initialized.TrySetResult(null);
}

}

Tum TaskCompletionSource<T> MOYKET UCIIOJIb30BATHCS IJIST ACHHXPOHHOTO
OKMIAHUST 00O CUTYAIlMK — B TAHHOM CJIy9ae YBEIOMJIEHUS OT APYTOil
4acTu Koja. ITOT crocob XOopolno paboTaeT, ecJau CUTHAI OTIPABJISETCS
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TOJIBKO OJINH pa3, HO COBEPIIIEHHO HE pa60TaeT, €CJIN CUTHAJI HYKHO HE TOJIBKO
BKJIIOYATh, HO 1 OTKJ/IIOYATh.

Bubinoreka Nito.AsyncEx COLEPKUT TUII AsyncManualResetEvent — mpubJim-
3UTEIbHBIN aHATIOT ManualResetEvent 7151 aCHHXPOHHOTO Kofa. Claenyronuii
MIPUMED SIBJISIETCSI UCKYCCTBEHHBIM, HO TTOKA3bIBAET, KAK IIPABUJIBHO UCITIOJIb-
30BaTh TUII AsyncManualResetEvent:

class MyClass
{

private readonly AsyncManualResetEvent _connected =
new AsyncManualResetEvent();

public async Task WaitForConnectedAsync()
{

await _connected.WaitAsync();

public void ConnectedChanged(bool connected)

{

if (connected)
_connected.Set();

else
_connected.Reset();

MosacHeHne

CurHAJIBI TIPEJICTABIISIIOT COOOI MEXaHU3M YBEIOMJIEHU T 00TIEr0 Ha3HAYEHHSI.
Ho ecomm aToT «curHam» npecTaBisiet coboit coobujenie, icroib3yemMoe st
OTIPABKU JAAHHBIX OT OJHON YacTH KOJa B IPYTYIO, PACCMOTPUTE BO3MOK-
HOCTb HCIIOJIb30BAHKS OUYePEIN «IIPOU3BOANTEN/TIOTpebuTENb>. He ctonT
HCITOJIb30BATh U CUTHAJIBI OOIIET0 Ha3HAUYEHUs [JIsk IPOCTON KOOPAWHAIINN
JIOCTYTIa K OOIIMM JaHHBIM; B TAKUX CUTYAIUSIX CJELYET TIPUMEHSITh aCHH-
XPOHHYIO OJIOKMPOBKY.

Tur AsyncManualResetEvent HaxouTcs B makete Nito.AsyncEx.
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NlononHutenbHas HpopmaLms

B perenite 9.8 pacemaTpuBaOTCa aCUHXPOHHbBIE OUEPEIN <IIPOU3BOAUTENH,/
OTPEOUTEID>.

B perterire 12.2 paccMaTpuBarOTCsl aCHHXPOHHBIE OJIOKMPOBKHL.

B penenre 12.3 paccmarpuBatoTest OJI0KUPYIOIINE CUTHABI, KOTOPbIE MOTYT
UCTIOJTb30BATHCS JIJIST TIePe/laur YBEIOMIIEHUN MEX/LY TTOTOKAM.

12.5. PerynupoBka

3apava

WNmeercs koj1 ¢ BBICOKOI CTETIEHBIO KOHKYPEHTHOCTU — JIAKe CJUTIKOM BbI-
cokoit. TpeGyercst HaliT cOCcOO CKOPPEKTUPOBATH KOHKYPEHTHOCTb.

KOHKypeHTHOCTb OKa3bIBaA€TCA qpeBMepHoﬁ, €CJIN 4aCTU IIPUJJIOKEHUA HE
ycueBaroT JIpyT 3a APYTroM, 9JIEMEHTDI JaHHbIX HaKallJIMBAlOTCA U 3aHUMAIOT
mmamsaTh. B aTom ClleHapuun peEryJjarpoBKa yacren KO/la MOJKET IIPEJIOTBPATUTDH
HpO6JIeMbI C ITaMATbIO.

Pewienue

Perrenvie 3aBUCHT OT THIIA KOHKYPEHTHOCTH, UCIIOJIb3YEMOI B BallleM KOJIe.
Bce npencrasiienHbIe pelIeHNs OTPAHNTIMBAIOT KOHKYPEHTHOCTH KOHKPETHBIM
sHauenneM. B Reactive Extensions mpeaycmorpenb 6oJee pasHOOOpasHbIE
BO3MO;KHOCTU — HAIPUMED, CKOJIB3SIIIIE BDEMEHHbBIE OKHA; PETYJIUPOBKA 110
HabuoaemMbiM 0O bekTam System. Reactive 6osiee oapoOHO paccMaTpUBaeTCst
B perntenite 6.4.

B Dataflow u B mapasiesibHOM Kojie CyIIECTBYIOT BCTPOEHHbIE MTapaMeTpbl
JIJIS1 PETYJINPOBKU CTEIIEHN KOHKYPEHTHOCTH:

IPropagatorBlock<int, int> DataflowMultiplyBy2()

{
var options = new ExecutionDataflowBlockOptions
{
MaxDegreeOfParallelism = 10
}s
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return new TransformBlock<int, int>(data => data * 2, options);

}

// Wcnonb3oBaHue Parallel LINQ (PLINQ)
IEnumerable<int> ParallelMultiplyBy2(IEnumerable<int> values)

{

return values.AsParallel()
.WithDegreeOfParallelism(10)
.Select(item => item * 2);

// Wcnonb3oBaHue knacca Parallel
void ParallelRotateMatrices(IEnumerable<Matrix> matrices, float degrees)

{

var options = new ParallelOptions

{
MaxDegreeOfParallelism = 10

s

Parallel.ForEach(matrices, options, matrix => matrix.Rotate(degrees));

}

KoHKypeHTHBITT aCHHXPOHHBIH KO MOKET PETYJIUPOBATHCS C TOMOIIBIO
SemaphoreSlim:

async Task<string[]> DownloadUrlsAsync(HttpClient client,
IEnumerable<string> urls)

{
using var semaphore = new SemaphoreSlim(19);
Task<string>[] tasks = urls.Select(async url =>
{
await semaphore.WaitAsync();
try
{
return await client.GetStringAsync(url);
}
finally
{
semaphore.Release();
}
}).ToArray();
return await Task.WhenAll(tasks);
}
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MoAcHeHue

PerysmpoBka MoskeT ObITh HEOOXOAUMON TOT/IA, KOT/[a Bbl OOHAPY/KUBaeTe,
9TO KOJ[ 33/IEHICTBYET CJUITKOM MHOTO PECYPCOB (HAIPUMED, ITPOIECCOPHOTO
BPEMEHH WU CETEBbIX TIOAKIIOYEHUIT ). YUTHTE, YTO KOHEUHbIE TI0JIb30BaTeIN
00bIYHO PabOTAIOT HA MAINIMHAX, MEHEE MOIIHBIX, YeM Y Pa3paboTUNKOB, MO-
9TOMY Ype3MepHast PEryJIMpoBKa 00bIYHO JIyUllle HEA0CTATOUHOIA.

JlononHutenbHasa uHpopmauus

B perntente 6.4 paccMaTpuBaeTcs peryJanpoBKa peakKTHBHOTO KOJa.



FMABA 13

lInaHupoBaHue

Kasxmast vacTb 10J3KHA BBITOJTHATBCS B KAKOM-TO TIOTOKe. [lnanuposuux
(scheduler) — o6bekT, KOTOPBIT pelraet, rje JOIKEH BbIMOJHATHCS TOT HIN
nHoii koz. B dpeitmBopke .NET cyiiecTByeT HECKOJIBKO Pa3HBIX TUIIOB ILJIa-
HUPOBIIMKOB, KOTOPbIE T10-PA3HOMY UCIOJIb3YIOTCS TAPAJLJIETbHBIM KOJIOM
U KOZIOM TIOTOKOB JTAHHBIX.

PekoMeH/Iy10 IPU BO3MOKHOCTH He 3a/laBaTh IIaHUPOBINNKA; 0OBIYHO Ha-
CTPOMKH TI0 YyMOJYaHnIo paboTaioT mpaBuabHo. Hampumep, omepaTop await
B aCI/IHXpOHHOM KO/l€e aBTOMAaTHU4Y€eCKN B0306HOBI/IT BbITIOJIHEHHE METO/Ia B TOM
JK€ KOHTEKCTE, €CJIU TOJILKO BbI HE IIEPEOTIPEIENTE 3HAUEHUE TI0 YMOJIUAHUIO,
KaK OIK1caHo B perente 2.7. Y peakKTUBHOIO KOJa TOKe UMEIOTCST pasyMHbIe
KOHTEKCTHI I10 YMO]I‘-IaHI/HO JLJI BbIIa4U M CO6I)ITI/II'/JI, XOTd UX MOJKHO Hepeonpe—
JIeJTUTD C TIOMOTITHIO ObserveOn, KaK OTIMCAHO B perenTte 6.2.

Ecam gpyroit Kon 10KeH BBITIOMHATHCS B KOHKPETHOM KOHTEKCTe (HaIpuMep,
B konrtekcte Ul-moroka nim B kKontekcre 3anpoca ASPNET), To perents
9TOI TJIaBbI TIOMOTYT B IJIAHUPOBAHUM KOJIA.

13.1. lInaHupoBaHune pa6oTbi B Nyse NOTOKOB

3apava

Nmeetcs pparmMenT Koz, KOTOPLIH J0JIKEH BLIIIOIHATHCS B IIOTOKE U3 11yJ1a
IIOTOKOB.

Pewenne

B GousbimHCcTBE CcJIydaeB CJIe/lYET UCII0JIb30BaTh Task.Run; 3TO J10CTATOYHO ITIPO-
CTO. C]Ie[[yIOIHI/Iﬁ IIpuMep 6JIOKI/IpyeT IIOTOK M3 ITyJia IOTOKOB Ha 2 CEKYH/IbI:
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Task task = Task.Run(() =>

{
Thread.Sleep(TimeSpan.FromSeconds(2));

1)

Task.Run TakKe MOJJIEPKUBAET BO3BpAIllaeMble 3HAUEHUS U ACUHXPOHHbIE
JsiMO1a-BbIpaskeHust. 3aada, Bo3BpaiiaeMast Task.Run B CJEAYIONIEM KOJIE,
3aBepITUTCS Yepe3 2 CEKYH/IBI ¢ pe3yabratoM 13:

Task<int> task = Task.Run(async () =>

{
await Task.Delay(TimeSpan.FromSeconds(2));
return 13;

1

Task.Run Bo3Bpaiiaet 00beKT Task (Miu Task<T>), KOTOPbIiT MOKET €CTECTBEH-
HBIM 06Pa3oM MOTPEOIATHCS ACHHXPOHHBIM MU PEAKTUBHBIM KOJIOM.

MoAcHeHue

Task.Run ugeaabHo oAX0AUT At Ul-ipuioKeHni ¢ TPOAOIKUTENBHON
paboToii, KoTopasi He J0JIKHA BITOJMHATHCsE B Ul-moroke. Hampumep, B pe-
nente 8.4 Task . Run UCIIOJIb3YETCS JIJIsE BBIHECEHUS MapaslJieIbHON 06pabOTKI
B ITOTOK M3 I1yJIa TIOTOKOB. TeM He MeHee He Ucromnb3yiiTe Task.Run BASPNET,
€CJIV TOJIBKO BbI He yBepeHbI B TOM, uTo fejaere. B ASPNET ko o6paboTku
3aIPOCOB y’Ke BBITIOJHSIETCS B TIOTOKE U3 ITyJIa IOTOKOB, TAK UTO II€PEHECEHIE
€ro B IPYTOii TIOTOK M3 IyJIa TIOTOKOB 0OBIYHO HEPAIIMOHAIBHO.

Task.Run gBJsgeTCSa HaKTUIECKOU 3aMeHO A7 BackgroundWorker, Delegate.
BeginInvoke 1 ThreadPool.QueueUserhWorkItem. Hu omms u3 atux ctapsix AP me
cJie/lyeT UCIOJIb30BaTh B HOBOM KOJI€; KOJI € Task.Run HAMHOT'O ITPOIIIE MTUATIETCS
U COIIPOBOJKIAETCs cO BpeMeneM. Bouiee Toro, Task. Run cripaBJisieTcst ¢ 60J1b-
IIUHCTBOM 3a/1a4, ISl KOTOPBIX MCIIOJIb3yeTcs Thread, TaK 4TO B OOJIBIIMHCTBE
caydaeB Thread MOXKET 3aMEHATHCS Task.Run (32 PEIKUM MUCKITIOUEHTEM TI0-
TOKOB U3 MOJIETH OHOTIOTOUYHOTO TIOZIPA3IeIECHNA ).

[TapasiebHBIN KO/ M KOJI TIOTOKOB JIAHHBIX BBITIOJHSIETCS B 11yJIE TOTOKOB
110 YMOJIYAHUIO, TIOITOMY OOBIUHO Task . Run He HYKHO UCTIOJIB30BATh C KOJIOM,
BBITIOJTHSAEMBIM Parallel, 6ubmmorexoit TPL Dataflow wiu Parallel LINQ.
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Ecau Bl npuMensieTe AMHAMUYECKUNA MTapaJlie/in3M, UCIOJIb3yiiTe Task.
Factory.StartNew BMeCTO Task.Run. ITO HEOOXOIMMO U3-3a TOTO, UTO Y 00bEKTA
Task, BO3BpAIllaeMOro Task.Run, ITapaMeTpbl 110 YMOJTUYAHUIO HACTPOEHBI JIJIs1
ACUHXPOHHOTO MCII0JIb30BaHus (T. €. it TOTpebIeH s B aCHHXPOHHOM HJIN
peakTUBHOM Kojie). Kpome Toro, oH He TIo/Iep;KUBAET TaKNe PACITUPEHHbIE
BO3MO>KHOCTH, KaK 3a/1a41 «POJIUTEJIb/TIOTOMOK», TUITMUHbIE 17151 TUHAMUYe-
CKOT0 IIapaJliesIbHOro KOJa.

JlononHutenbHasa nHGopmauus

B penenire 8.6 pacemarpuBaercst moTpebieHue aCMHXPOHHOTO Koa (Harpu-
Mep, 33/1a4H, BO3BPAIlleHHOI Task.Run) 13 PEaKTUBHOTO KOJIA.

B penerrTe 8.4 paccMaTpruBaAETCA aCUMHXPOHHOE OKH/JaHUE TTapaJjIeIbHOT'O
KO/a, ITpolIIe BCETO peayindyemMoe C nCIoJIib30BaHUEM Task.Run.

B pernenite 4.4 paccMarpuBaeTcst AMHAMUYECKUN TTapasiesTu3M — ClieHapHid,
B KOTOPOM CJIe/lYET UCII0JIb30BaTh Task.Factory.StartNew BMecTO Task.Run.

13.2. BbinonHeHue Kopa c NOMOLLbIO
NAaHUPOBLUNKA 3aaY

3apava

Ectb HEeckombko uacreit KOZla, KOTOpbIE Tpe6yeTCH BBIIIOJTHUTD OIIpECJI€EHHBIM
CII0COOOM. HaHpI/IMep, BCe YaCTU KO/ia JIOJIKHbI BBITIOJIHATHCA B Ul-noToke nimm
JKe B JII0OOH MOMEHT BpeMEHU JOJIZKHO BBIIIOJTHATHCA TOJIBKO OIIPE/IE/IEHHOE
KOJIMYECTBO YaCTeil.

B aTom penente mokazaHo, Kak OIPeeJUTb U CKOHCTPYHUPOBATD IJIAHUPOB-
IIUK JJIsT 9TUX dacTeil Kojia. [TpuMeHeHmio ianupoBInuKa OyIy T MOCBSIIEHb!
cJleflylolue Ba pelrenTa.

Pewenne

B .NET ecTb HeMas1o TUTIOB, TIpeiHa3HAYEHHBIX JIJI51 pa60TbI C IVITAHWPOBAHUEM,
B 9TOM PEILEITe MbI COCPEAOTOUYNMCS Ha TUIle TaskScheduler, IIOTOMY 4YTO OH
HOPTUPYEM U OTHOCUTEJIBHO IPOCT B UCIIOJIb30BAHUU.
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IIpocreiiiras pasHOBUAHOCTD TaskScheduler — TaskScheduler.Default —
cTaBUT paboTy B 0YEpe/Ib ITyJIa MOTOKOB. BaM peiko mpuieTcst HCrnoib30BaTh
TaskScheduler.Default B CBOEM KO/i€, HO Ba’KHO O HEM IIOMHUTD, IIOTOMY 4TO
9TOT IJIAHUPOBIIHUK UCIIOIb3YETCS 110 YMOJTYAHUIO BO MHOIMX CIIEHAPUAX I1Ia-
HUpoBaHU. TaskScheduler.Default UCOJIB3YyeTCA Task.Run B ITapajlaeJbHOM
KOJ/I€ U B KOJI€ IIOTOKOB JIaHHbIX.

Bor MokeTe coxpaHUTh KOHKPETHBIM KOHTEKCT M TO3/Hee CILJIAaHUPOBATh
pa60Ty B 9TOM KOHTEKCTE C ITOMOIIbIO TaskScheduler.FromCurrentSynchro-
nizationContext:

TaskScheduler scheduler =
TaskScheduler.FromCurrentSynchronizationContext();

ITOT KOZL co3maeT 00beKT TaskScheduler, 4TOOBI COXPAHUTD TEKYITHIT 00b-
€KT SynchronizationContext 1 CIJIAaHUPOBATH BBIIIOJHEHNE KO/ B 9TOM
KoHTeKcTe. Tui SynchronizationContext npezicTaBiisgeT KOHTEKCT TLIIaHUPO-
BaHus ob1iero HazHayeHust. B ppeiimopke NET npemycMoTpeHO HECKOTIBKO
Pa3HbIX KOHTEKCTOB; MHOTHE Ul-(ppeliMBOPKH MTPeNOCTaBASIIOT KOHTEKCT
SynchronizationContext, nmpezactasJsiomnuii Ul-nmotok, aB ASPNET no Core
IpeAOCTaBJIAJICSA KOHTEKCT SynchronizationContext, HpeZ[CTaB.HHIOH_[I/Iﬁ KOH-
tekct 3anpoca HTTP.

ConcurrentExclusiveSchedulerPair — elie OMH BbICOKOI(h(hEKTUBHBIN THII,
nmosisuBIuiics B .NET 4.5; B 1eficTBUTETBHOCTH 9TO BA TJIAHUPOBIINKA,
CBA3aHHBIX JIPYT ¢ pyroM. KoMmoHeHT ConcurrentScheduler COMEPIKUT T1Ta-
HUPOBIIUK, TO3BOJISIONINI HECKOJIBKUM 3aj[a4aM BbITTOJTHATLCH OJIHOBPEMEH-
HO — IIPU YCJIOBUH, YTO HU O/[HA 33/la4a HE BBIIIOJIHAETCA B ExclusiveScheduler.
ExclusiveScheduler BBIIOJIHIET TOJBKO 10 OJHOM 3aj/laue 3a pa3 1 TOJIbKO
B TOM CJIy4ae, eCJIM B HACTOAIlee BpeMa HUKAKUe 33/la4dl He BBIITOJIHAIOTCA
B ConcurrentScheduler:

var schedulerPair = new ConcurrentExclusiveSchedulerPair();
TaskScheduler concurrent = schedulerPair.ConcurrentScheduler;
TaskScheduler exclusive = schedulerPair.ExclusiveScheduler;

O/1HO 13 YaCThIX IpUMEHEHUM ConcurrentExclusiveSchedulerPair — rpocToe
HUCII0JIb30BaHNe ExclusiveScheduler, TapaHTUPYIOIIEE, UYTO B JT000I MOMEHT
BpeMeHU 6y/:[eT BBITIOJIHATHCST TOJIBKO Of[HA 3aja4ya. Ko/, BBITIOJTHIEMBbIN
B ExclusiveScheduler, 6yJ_‘[eT BBITIOJIHATHCS B IIyJIE IIOTOKOB, HO 6y].‘[eT orpa-
HUYEH MOHOIIOJIBHBIM BBIIOJHEHNEM 0€3 BCEro 0CTaJbHOIO KOJa € UCIIOJb-
30BaHMEM 9K3eMILIsApa ExclusiveScheduler.
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Taxkske ConcurrentExclusiveSchedulerPair MOKET BBIIOJHATHCSA B Ka4yecTBeE
PEryJIMpyIOIIero TIaHUPOBIUKA. Bbl MOKeTe co3/1aTh 00BEKT Concurrent-
ExclusiveSchedulerPair, KOTOPBI OYI€T OrpaHUYMBATH COOCTBEHHBII YPOBEHD
mapasuiesmama. B atom crieHapu ExclusiveScheduler OOBIYHO HE HCTIOIB3YETCSE:

var schedulerPair = new ConcurrentExclusiveSchedulerPair(
TaskScheduler.Default, maxConcurrencylLevel: 8);
TaskScheduler scheduler = schedulerPair.ConcurrentScheduler;

YuTuTe, UTO TaKas PEryJIUPOBKA BIUSIET HAa KO TOJHKO BO BPEMS €TI0 BBITIOJ -
HEHWST; OHA CUJIbHO OTJIMYAETCS OT JIOTUYECKO PEryJIUPOBKH, PACCMOTPEHHOI
B pertenite 12.5. B yacTHOCTH, aCHHXPOHHBIN KOJI HE CYMTAETCS BBHITIOJTHSIEMbIM
BO BpPeMsT O;KUIaHMS OTIepallii. ConcurrentScheduler PeryJnpyeT BbITTOTHSIIO-
ITUICS KO/, APYTHE BUBI PETYJIUPOBKY (TaKue, Kak SemaphoreS1lim) ocyIiect-
BJISIIOT PEryJIMPOBKY Ha OoJiee BBICOKOM ypoBHE (T. €. BCEro async-MeTo/a.)

MosAcHeHne

Bo3MmoskHO, BBI 3aMeTHIIN, YTO B IIOCJIEIHEM IIPUMepe KOHCTPYKTOPY Concurrent-
ExclusiveSchedulerPair nepegaercsa 00beKT TaskScheduler.Default. DTO
00BSICHSIETCST TEM, UTO ConcurrentExclusiveSchedulerPair IIPUMEHSIET CBOIO
KOHKYPEHTHYIO/MOHOIIOJIbHYIO JIOTHKY K CyIecTBYyIoleMy TaskScheduler.

B sTtom penenite mpejacTaBiaeH MeTo/l TaskScheduler.FromCurrentSynchro-
nizationContext, ICTIOJIb3yeMBbIH /71T BBITTOTHEHUS KO/IA B COXPAHEHHOM KOH-
TekcTe. Takske BO3MOKHO HAITPSAMYIO UCIT0JIb30BaTh SynchronizationContext
JULS BBIIIOJTHEHMS KOJa B 9TOM KOHTEKCTE; TEM He MeHee g He PEKOMEHYIO
MPUMEHATD 9TOT MOAX0. Tam, TIe 3TO BO3MOKHO, UCIIOJIb3yHTe OmepaTop
await JIJIst BOSOOHOBJIEHUSI B HESIBHO COXPAHEHHOM KOHTEKCTE MU 0OEPTKY
TaskScheduler.

Hukorza He nctonbayiire miaTrGopMeHHO-3aBUCHUMbIE TUIIBI [T BBITOJTHEHIS
koza B Ul-noroke. WPF, Silverlight, iOS u Android npegocrasistor tumn
Dispatcher, Universal Windows ucrosibayet T CoreDispatcher, a 8 Windows
Forms cymiectByet unrepdeiic ISynchronizeInvoke (T.e. Control.Invoke). He
UCIIOJIb3YIITE STH TUIIBI B HOBOM KOJIE; [TPOCTO CUUTAIITE, YTO UX BOOOIIE HET.
ITH TUIIBI TOJIBKO 63 BCAKOI He0OX0IMMOCTH TIPUBSI3BIBAIOT KOJ| K KOHKPET-
HO¥ TIIaThopMe. SynchronizationContext — a6CTpaKHI/IH 0011er0 HA3HAYEH ST
Ha 6a3e 5THUX TUIIOB.

B System.Reactive (Rx) nosiBusach etie 6oJiee yHUBepcaibHast abCTPaKIHst
IUIaHUPOBIIKKA: IScheduler. [lnanupoBiink RX criocobeH HHKATICYINPOBATh
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J06Y10 Pa3HOBUAHOCTD ITAHMPOBIIIKA; TaskPoolScheduler MHKATICYIHPYET
000i 00beKT TaskFactory (KOTOPBIN copepsKuT TaskScheduler). Komana
Rx raxske onpezpesnnia peanusanuio IScheduler, KOTOPOI MOXKHO yIIPABJISTh
BPYYHYIO B IIEJISIX TeCTUPOBaHMsl. Eciin BaM moTpeboBasioch UCIOIb30BATh
abCTPAKIIMIO IIAHUPOBIIKKA, I peKoMeHyTo IScheduler n3 Rx; ona xopoio
CIIPOEKTUPOBAHA, YETKO OTpe/iesieHa U yaoOHa Jist TeCTHpoBanust. B 60J1b-
IIUHCTBE CJyYaeB abCTPaKIMs TIAHWPOBINNKA He HYKHA, a O0Jiee paHHIe
6ubamorexn — Takue, kak Task Parallel Library (TPL) u TPL Dataflow, —
«IIOHUMAIOT» TOJIbKO TUII TaskScheduler.

JlononHutenbHasa nHGopmauus

B penenre 13.3 paccmatpuBaercs mpuMeHeHUe TaskScheduler B mapasiiesb-
HOM KO/I€.

B pentenire 13.4 paccmaTpuBaeTcs mpuMenenne TaskScheduler B Kojie TOTOKOB
JTAHHBIX.

B perterire 12.5 paccMaTpuBaeTcst BRICOKOYPOBHEBAS JIOTHUYECKAs PETYJIUPOBKA.

B pernenite 6.2 paccmaTpuBaoTcs mIaHUPOBIINKU System.Reactive g mo-
TOKOB COOBITHI.

B perente 7.6 paccMaTpuBaeTcs TeCTOBBIN IITAHUPOBIIMK System.Reactive.

13.3. [InaHupoBaHue napannenbHOro Koaa

3apava

Tpebyercst ypaBsiTh BHITIOJTHEHUEM OTAETbHBIX (DPArMEHTOB B TTAPAJLIENTh-
HOM KOJI€.

PewieHue

[Tocne Toro kKak BBI co3mamuTe HYKHBIN 9K3eMILIAP TaskScheduler (cM. pe-
tent 13.2), MoKeTe BKIIOYNUTH €0 B HaOOP ITapaMeTpPOB, TIepelaBaeMbIX METO/LY
Parallel. CJIe/:[yIOHlI/H‘/’I KO/, ITOJIy4aeT IOCJIeI0BAaTEeIbHOCTD IT0CJIEJOBATEIb-
HocTelt MaTpuil. OH 3aMycKaeT HECKOIbKO MapasiebHBIX IIUKJIOB U OTpa-
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H4YnBaecT O6LHI/II>1 TTapaJjiesan3M BCeX MUKJI0B OJJHOBPEMEHHO HE3aBUCHUMO OT
KOJIMYECTBA MaTPUIl B Ka)KﬂOﬁ ITOCJIE/IOBATC/IBHOCTH!

void RotateMatrices(IEnumerable<IEnumerable<Matrix>> collections,
float degrees)

var schedulerPair = new ConcurrentExclusiveSchedulerPair(
TaskScheduler.Default, maxConcurrencylLevel: 8);
TaskScheduler scheduler = schedulerPair.ConcurrentScheduler;
ParallelOptions options = new ParallelOptions { TaskScheduler =
scheduler };
Parallel.ForkEach(collections, options,
matrices => Parallel.ForEach(matrices, options,
matrix => matrix.Rotate(degrees)));

MoAcHeHue

Parallel.Invoke Tak’Xe ITOJy4aeT IK3EeMILIAP ParallelOptions, TO9TOMY BBI
MoOsKeTe 1epeaTbh TaskScheduler 11pu BbI30Be Parallel.Invoke Tak JKe, Kak
" 1J1d Parallel.ForEach. HpI/I BBIIIOJTHEHU U JJMHAMUYECKOT0 ITapaJljleJIbHOr'O
KOJla MOJKHO ITepeaTh TaskScheduler HETIOCPEACTBEHHO TaskFactory.StartNew
nu Task.ContinueWith.

ITepenath TaskScheduler koxy Parallel LINQ (PLINQ) HeBO3MOXKHO.

NlononHutenbHas H$popmaLms

B penenrre 13.2 paccmMaTpuBaioTCsl OCHOBHBIE TIAHUPOBIIUKHY 33/1a4 U PEKO-
MEH/IAI[UH 110 BBIOOPY MESKLy HUMH.

13.4. CUHXpOHU3aLMA NOTOKOB fAHHbIX C MOMOLLbIO
NNaHMPOBLYMKOB

3apava

Tpebyercs yIpaB/siTh BHIIOIHEHUEM OTAEIbHBIX (PPArMEHTOB B KOZIE IIOTOKOB
JIaHHBIX.
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PeweHne

[Tocne Toro kax BBI co3mamuTe HYKHBIN 9K3eMILIAP TaskScheduler (cM. pe-
rient 13.2), BbI MOKeTe BKJIIOYUTD €ro B HAOGOP MapaMeTpoB, MepeiaBacMbIX
6J10Ky 1oToKa faHHbIX. [1pu Bbr3oBe u3 Ul-1oToKa Cleayonuii Ko co31aer
CEeTh TTOTOKA JAHHBIX, KOTOPas YMHOKaeT BCe CBOW BXOHbIE 3HAUYEHUS HA 2
(c ucrmob30BaHMEM TTyJIa TTIOTOKOB), a 3aTEM MPUCOEAMHIET MOTydyeHHbIE
3HaueHusd K ciucky (B Ul-noToke):

var options = new ExecutionDataflowBlockOptions

{

TaskScheduler = TaskScheduler.FromCurrentSynchronizationContext(),
¥
var multiplyBlock = new TransformBlock<int, int>(item => item * 2);
var displayBlock = new ActionBlock<int>(
result => ListBox.Items.Add(result), options);
multiplyBlock.LinkTo(displayBlock);

MoAcHeHue

Hasnauenue TaskScheduler 0COOEHHO ITOJIE3HO IIPU KOOPAMHALIUN JECTBUI
6JIOKOB B Pa3HbIX YacTAX Ballleil ceTH MOTOKa AaHHbIX. Hampumep, MOKHO
BOCIIOJIb30BaTbhCa ConcurrentExclusiveSchedulerPair.ExclusiveScheduler,
40651 610KM A 1 C HUKOT/A He BBIIOJIHAIUCH OAHOBPEMEHHO, a 610K B Mor
BBIIIOJIHSITHCS TOT/a, KOT/a IIOJKeIaeT.

Yuture, 4TO CMHXpPOHU3alM4g TaskScheduler eliCTBYET TOJILKO BO BpeMs
svinonnenus kopa. Hanpumep, ecaiu uMeercst 610K eCTBUsE, KOTOPbINA BbI-
MOJTHSIET ACMHXPOHHBIN KO ¥ TPUMEHSIET MOHOIIOIbHBIH IIJIAHUPOBIITUK, KO
He CYMTAETCS BBIITOJHIIOIINMCS BO BPEMsI OKUIAHNS.

TaskScheduler MOJKHO 3a/1aTh JJist JTIOOOH PasHOBUIHOCTH OJIOKOB IMOTOKA
maHHbIX. Jlaske mpu TOM, 4T0 GJIOK MOKET He BBITIOJIHATH Balll KO (HaprMep,
BufferBlock<T>), y HETO BCe PAaBHO UMEIOTCSI C]Iy)Ke6HbIe 3a/a4u, KOTopble
HEOOXOIMMO BBITIOJHATD, U OJIOK GyIeT UCIOIH30BATh TIPEOCTABIEHHBII
00beKT TaskScheduler 1ist BCell cBOei BHYTpeHHEH PaGOTHI.

NlononHutenbHas H$popmaLms

B penenite 13.2 paccmMaTpuBaioTCsi OCHOBHbBIE TIAHUPOBIIUKY 33/1a4 U PEKO-
MEH/IAI[UH 110 BBIOOPY M€Ky HUMH.



FNMABA 14

CueHapum

B aroii riaBe OyyT paccMOTpeHbI Pa3JInyHble THITbI U METO/bI JIJIST THITNY-
HBIX CLIEHAPUEB, BCTPEYAIOIIUXCS IIPU HAITMCAHUY TIaPAJIJIEJIbHBIX IIPOIPAMM.
O Takux CIieHAPUSIX MOKHO ObLIO OBl HATMCATH OTAEIBHYIO KHUTY, TI09TOMY
s1 BBIOpAJI JINIITb HECKOJIBKO ITPUMEPOB, KOTOPbIE TTOKA3AIICH Mie Hanboee
[IOJIC3HBIMU.

14.1. UHnumanusauma coBMeCTHbIX pecypcoB

3apava

Nmeetcsa pecypc, COBMECTHO MCITOTB3YEMBIH HECKOTBKIUMHU YaCTAMU KOJIA.
Tpebyercst HHUIUATM3UPOBATH 3TOT PECYPC MPU IEPBOM OOPAIIEHUH K HEMY.

PeweHune

B dpetimBopx .NET BritoueH Turl, crieluaabHO TpeHA3HAYEHHBIN 11 3TOH
Hean, — Lazy<T>. DK3eMIUISAP TUIA Lazy<T> KOHCTpyupyercs: GpabpruuHbIM
JIEJIETaTOM, KOTOPBIH HUCITOJb3YETCS Il MHUIIUATU3AINN 9K3eMILIsIpa. 3a-
TeM 9K3EMILISAP CTAHOBUTCS TOCTYITHBIM Yepe3 CBONCTBO Value. Caenyioniuii
MpUMep TTOKA3bIBAeT UCIIOIb30BaHNE TUTIA Laz<T>:

static int _simpleValue;

static readonly Lazy<int> MySharedInteger = new Lazy<int>(() =>
_simpleValue++);

void UseSharedInteger()

{
int sharedValue = MySharedInteger.Value;

}
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CkosbKO OBI TIOTOKOB HU BBI3BIBAJIO UseSharedInteger 0HOBpeMEHHO, (ha-
OPWYHBIIT IeJIeraT BBITIOTHSIETCS TOJBKO OJIMH Pa3, ¥ BCe TIOTOKH OKUAAIOT
otHOTO BK3eMILIstpa. [Tocsie Toro Kak aK3eMILisip OyIeT Co3/iaH, OH KAIIUPYeTCs,
u Bce Oyayine oOpalieHust K CBOMCTBY Value BO3BPAIIAIOT TOT JKE AK3EMILIISIP
(B TIpUBEZIEHHOM ITpUMepe MySharedInteger.Value Beerjia Gy/IeT COMEPKAT 0).

Ouenb oxoxkee pereHne MOXKeT MCTIOIb30BaThCSA B TOM CJIydae, eciu NHU-
[UaIN3aIis TpebyeT aCHHXPOHHON pabOThI; HCIIOJIB3YHTe Lazy<Task<T>>:

static int _simpleValue;
static readonly Lazy<Task<int>> MySharedAsyncInteger =
new Lazy<Task<int>>(async () =>
{
await Task.Delay(TimeSpan.FromSeconds(2)).ConfigureAwait(false);
return _simpleValue++;

3
async Task GetSharedIntegerAsync()
{
int sharedValue = await MySharedAsyncInteger.Value;
}

B sTtom nmpuMepe peserat BodBpamtaeT Task<int>, T. e. Ilejloe 3HaYeHUE,
onpesessieMoe acuuxponHo. CKoJbKo Obl YacTeil Kojla Hi BBI3BIBAJIO Value
ONHOBPEMEHHO, Task<int> co3gaeTcsd TOJBKO OAUH pa3 U BO3BpallaeTCsI
BCeM BbI3blBalolUM cToponaM. Kakzas BbI3blBalollasl CTOPOHA I0JIydaeT
BO3MOKHOCTb (2CHHXPOHHO) OKU/ATh 3aBePILIEHIS 3a/1a4i, LIS 4ero 3a1ada
nepemaeTcd await.

ITOT MaTTEPH MOKET MCIIOJIB30BAThCSI Ha MTPAKTHKE, HO HEOOXOANMO YYECTh
PSIZL IOTIOJTHUTENIBHBIX ACTIEKTOB. BO-TIepBhIX, ACHHXPOHHBIN JieeraT MOKeT
OBITh BBITIOJTHEH B JII0GOM TIOTOKE, KOTOPBII BbI3bIBAET Value, 1 Jiejierat Oyaer
BBITIOTHATHCS B 9TOM KOHTeKCTe. Ecai cyTecTByIOT pa3Hble THITHI TTIOTOKOB,
KOTOpbIEe MOTYT BBI3bIBaTh Value (Hampumep, Ul-mmoTok u motok u3 mysa
MOTOKOB WJIM MOTOKK JBYX pastbix 3armpocoB ASPNET), BoamoxHO, Gyner
JIydlIie, eCJIi aCHHXPOHHBIN JieJierat Oy1eT BCera BhIIIOJIHSITHCS B TIOTOKE U3
yJ1a. ITO JIETKO C/IeJIaTh, 3aKII09UB (haOPUYHOTO J1ejierata B BbI30B Task . Run:

static int _simpleValue;
static readonly Lazy<Task<int>> MySharedAsyncInteger =
new Lazy<Task<int>>(() => Task.Run(async () =>
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{

await Task.Delay(TimeSpan.FromSeconds(2));
return _simpleValue++;

)

async Task GetSharedIntegerAsync()
{

int sharedValue = await MySharedAsyncInteger.Value;

}

Jlpyroii actiekT 3aKIio9aeTcs B TOM, UTO 9K3EMILITAP Task<T> CO3/1aeTCs TOTBKO
o/H pa3. Ecim aciHXpoHHbBIN feieraT BBIAACT UCKITIOUEHIE, TO Lazy<Task<T>>
OyzeT KaIupoBaTh 9Ty 3ajiavy ¢ omubOKoi. Takas cuTyarus Hexeare bHa;
B GOJIBIIMHCTBE CJIyYaesB JIydilie CHOBA BBITIOJHUTH JieJieraTa [Py CJIeLyoIeM
3a1poce OTJI0KEHHOTO 3HAYEHHST BMECTO TOTO, YTOOBI KAIIMPOBATH HCKIII0UYE-
Hite. Mexanusma «c6poca» Lazy<T> He CYIIECTBYET, HO MOSKHO CO3/[aTh HOBBII
KJIACC, KOTOPBIN 00eCTedrBaeT MOBTOPHOE CO3/IAHIE HK3EMILISIPA Lazy<T>:

public sealed class AsynclLazy<T>

{

private readonly object _mutex;
private readonly Func<Task<T>> _factory;
private Lazy<Task<T>> _instance;

public AsynclLazy(Func<Task<T>> factory)

{
_mutex = new object();
_factory = RetryOnFailure(factory);
_instance = new Lazy<Task<T>>(_factory);
}
private Func<Task<T>> RetryOnFailure(Func<Task<T>> factory)
{
return async () =>
{
try
{
return await factory().ConfigureAwait(false);
}
catch
{

lock (_mutex)
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{

_instance = new Lazy<Task<T>>(_factory);
}
throw;
}
}s

public Task<T> Task
{
get
{
lock (_mutex)
return _instance.Value;

static int _simpleValue;
static readonly AsyncLazy<int> MySharedAsyncInteger =
new AsynclLazy<int>(() => Task.Run(async () =>
{
await Task.Delay(TimeSpan.FromSeconds(2));
return _simpleValue++;

1)
async Task GetSharedIntegerAsync()
{
int sharedValue = await MySharedAsyncInteger.Task;
}
MoAacHeHune

IMocieaHuii mpuMep Koja B 9TOM PeLeNTe MpeAcTaBasgeT o0Iuil maTTepH
ACUHXPOHHON OTJIOKEHHON MHUTTHAIU3AIUHU. BBITJISINT OH HECKOJBKO He-
yKIoke. Bubsmoreka AsyncEx BKJIIOYAET THIT AsyncLazy<T>, KOTOPbIi paboTaer,
KaK TUII Lazy<Task<T>>, BBIIOJHSIONINIA cBOETo (haOPUUHOTO JieJierata B 1ryJie
MTOTOKOB C BO3MOKHOCTBIO TIOBTOPEHMWS TIOTBITKU TIPH Heyaade. Bo3aMokHO
U TIPSIMOE OJKMJIaHMe await, TaK 4TO KO OOBSABICHIS U MCITOJb30BaHNUS BbI-
TJISIUT TIPUMEPHO TaK:
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static int _simpleValue;
private static readonly AsynclLazy<int> MySharedAsyncInteger =
new AsynclLazy<int>(async () =>
{
await Task.Delay(TimeSpan.FromSeconds(2));
return _simpleValue++;

¥
AsynclLazyFlags.RetryOnFailure);

public async Task UseSharedIntegerAsync()
{

int sharedValue = await MySharedAsyncInteger;

}

Tum AsynclLazy<T> HaxoauTcs B makeTe Nito.AsyncEx.

NlononHutenbHas H$popmaLms

B rnaBe 1 paccmarpuBaioTcs OCHOBBI TPOrPAMMUPOBAHUS async/await.

B perterire 13.1 paccmarpuBaeTcst ITaHUPOBaHue pabOThI B IyJi€ TOTOKOB.

14.2. 0OTnOXKeHHOe BbluncneHune B System.Reactive

3apava

Tpebyetcst cospaTh HOBbIN Hab/OAAEMbII 00BEKT KasKAbII pas, KOrja KTO-TO
Ha Hero noAnuchiBaercs. Hanpumep, Kakaas MOAMMCKA MOKET TIPEICTABIATh
OT/IEJIbHBIN 3aTPOC K Beb-CIIyKoOe.

PewieHue

B 6ubmmoreke System.Reactive cymecTByer onepatop Observable.Defer,
KOTOPBIii BBINIOJIHAET JleJieraTa Py KasKJIol MoANNCKe Ha HabJio1aeMblil
o6bekT. lenerar paboraer kak pabpuka, cosmaonias Habo[aeMblii 00bEKT.
B carepytorem npumepe Defer HCIOJIb3YETCsI LIS BHI30BA aCHHXPOHHOTO Me-
TO/Ia KasK/Abli pa3, KOTja KTO-TO MOANUCHIBAeTCA Ha HaOII0JaeMblil 0ObeKT:
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void SubscribeWithDefer()

{

var invokeServerObservable = Observable.Defer(
() => GetValueAsync().ToObservable());

invokeServerObservable.Subscribe(_ => { });
invokeServerObservable.Subscribe(_ => { });
Console.ReadKey();

}

async Task<int> GetValueAsync()

{
Console.WriteLine("Calling server...");
await Task.Delay(TimeSpan.FromSeconds(2));
Console.WriteLine("Returning result...");
return 13;

}

[Tpu BBITIOTHEHIH 3TOTO KO/Ia OYIET TIOJIyYeH CJIEYIONTNI Pe3yIbTaT:

Calling server...
Calling server...
Returning result...
Returning result...

MoAcHeHue

Baitr cobcTBeHHBIH K0T 0OBIYHO He TIOAMUCHIBACTCS Ha HAOTIOAaeMbIi 0OBEKT
6oJiee OJTHOTO pasa, HO HEKOTOPbIe orepaTopbl System.Reactive mocrymnaror
Tak B cBoel peanuzaru. Hampumep, onepatop Observable.While 3aHOBO TIOJI-
MICBIBACTCS] HAa UCXOMHYIO MOCJEI0BATEIbHOCTD, TIOKA €r0 YCJIOBHE OCTACTCSI
UCTUHHBIM. Defer II03BOJIIET OIIPEAEIUTDH HAOIIOAAEeMbII 0OBEKT, KOTOPDIIA 3a-
HOBO BBIUKCJISIETCST KayKIbI Pas, KOT/Ia IIOCTYTIAeT HOBast TIOAINUCKA. DTO MOKET
OBITH ITOJIE3HO, €CJIU TTOTPebYeTCst OOHOBUTH JAHHBIE JIJISt 9TOTO HAOJIIOAEMOTO
00ObeKTa.

NlononHutenbHas H$popmaLms

B penente 8.6 paccmarpuBaeTcs HHKAICY TSNS aCHHXPOHHBIX METO/IOB B Ha-
OJ110/1aeMbIX 00bEKTaX.
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14.3. ACMHXpOHHOE (BAA3bIBaHNE AAHHbIX

3apava

Jlanubie 3arpysKaroTcst acCMHXPOHHO. TpebyeTcst OCyIeCTBUTD CBSI3bIBAHIE
MAHHBIX C pe3yJabTaTaMy (HAlpruMep, B KOMITOHEHTE MOJIENIN TIPE/ICTaBIEHUS
(ViewModel) B apxutekType «MOjienp—IIpecTaBIeHne—MO/Ieb TPECTaB-
JICHUS ).

PeweHne

Ecau cBO¥ICTBO MCTOIB3yeTCS B CBSI3BIBAHUU JTAHHBIX, OHO JIOJDKHO HEME]I-
JIEHHO ¥ CHHXPOHHO BEPHYTb HEKOe 1o/100me pesyJbrara. Eciu daktinaeckoe
3HaYeHUe JJOJLKHO OIIPe/IeJIIThCSI ACUHXPOHHO, BBl MOKETE BEPHYTb PE3yJIbTaT
110 YMOJTYAHUIO U T103/(Hee 0OHOBUTH CBOWCTBO MPABUJIBHBIM 3HAUEHUEM.

[TomuuUTe, 9TO ACMHXPOHHBIE OIIEPAITAY MOTYT 3aBEPIIAThCS HE TOJIBKO yCIIe-
XOM, HO 1 Heymadeil. Tak Kak BBl MUTIETE MOJIETh TIPEICTABIEHNS, CBI3bIBA-
HUe JTAHHBIX MOKET MCIOJIb30BATHCS [IJIsT OOHOBJIEHUST TT0JIb30BATENBCKOTO
uHTepdeiica u st CUTyaIuu OMIMOKH.

B 6ubaunoreke Nito.Mvvm.Async mmeercst TUI NotifyTask, KOTOPBI MOKET
HCIIOJIb30BATHCS TSI OTOM TeJIN:

class MyViewModel

{
public MyViewModel()
{
MyValue = NotifyTask.Create(CalculateMyValueAsync());
}
public NotifyTask<int> MyValue { get; private set; }
private async Task<int> CalculateMyValueAsync()
{
await Task.Delay(TimeSpan.FromSeconds(10));
return 13;
}
}
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Kax moxassiBaeT caemytonuii mpuMep, CBA3bIBAHNE JAHHBIX MOXKET TIpUMe-
HATBCS K Pa3JIMYHBIM CBOMCTBAM I10 CBOMCTBY NotifyTask<T>:

<Grid>
<Label Content="Loading..."
Visibility="{Binding MyValue.IsNotCompleted,
Converter={StaticResource BooleanToVisibilityConverter}}"/>
<Label Content="{Binding MyValue.Result}"
Visibility="{Binding MyValue.IsSuccessfullyCompleted,
Converter={StaticResource BooleanToVisibilityConverter}}"/>
<Label Content="An error occurred" Foreground="Red"
Visibility="{Binding MyValue.IsFaulted,
Converter={StaticResource BooleanToVisibilityConverter}}"/>
</Grid>

B 6H6HHOTeKy'Mvvaross BXOUT TUII MvxNotifyTask, OUeHb IIOXOKUU Ha
NotifyTask<T>.

MoscHeHne

MoskHO HamvcaTh COOCTBEHHYIO 00EPTKY CBS3BIBAHUST JaHHBIX (BMECTO UC-
H0JIb30BaHusA 00epTKY 13 6ubanoTek). Cireayonnil Ko AaeT MpuMepHoe
MpPe/ICTaBJIEHIE O TOM, KaK 9TO JIeJIaeTCsI:

class BindableTask<T> : INotifyPropertyChanged
{

private readonly Task<T> _task;

public BindableTask(Task<T> task)

{

_task = task;

var _ = WatchTaskAsync();
}
private async Task WatchTaskAsync()
{

try

{

await _task;

}

catch

{

}
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OnPropertyChanged("IsNotCompleted");
OnPropertyChanged("IsSuccessfullyCompleted");
OnPropertyChanged("IsFaulted");
OnPropertyChanged("Result");

public bool IsNotCompleted { get { return !_task.IsCompleted; } }
public bool IsSuccessfullyCompleted

{
get { return _task.Status == TaskStatus.RanToCompletion; }

}
public bool IsFaulted { get { return _task.IsFaulted; } }

public T Result

{
get { return IsSuccessfullyCompleted ? _task.Result : default; }

}

public event PropertyChangedEventHandler PropertyChanged;

protected virtual void OnPropertyChanged(string propertyName)

{
PropertyChanged?.Invoke(this, new PropertyChangedEventArgs

(propertyName));
}

}

Ob6paTuTe BHUMaHKE: ITyCTOE YCIOBHUE catch HCIOIB30BAHO HAMEPEHHO — MBI
XOTHM II€PEXBATHIBATH BCE UCKIIOUEHNS 1 00pabaThIBATh UX YePe3 MEXaHU3M
CBSI3BIBAHMS JIAaHHBIX. TakiKe B Kojie He JOJIKEH UCIT0JIb30BaThCs BHI3OB
ConfigureAwait(false), IOTOMY 4TO cobbITHE PropertyChanged JOJIKHO BbI-
nasatbca B Ul-moToxke.

Tum NotifyTask naxomurcs B NuGet-makere Nito.Mvvm.Async. Tun
MvxNotifyTask naxoxurcsa B NuGet-miakere MvvmCross.

JlononHutenbHas uHGopmauus

B rsaBe 1 paccmaTpuBaroTCs OCHOBBI TPOTPAMMUPOBAHNUA async/await.

B pertenite 2.7 paccmaTpuBaeTcs UCIOJIb30BaHNe ConfigureAwait.
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14.4. HedaBHoOe cOCTOAHUE

3apava

VMeroTcst iepeMeHHble COCTOSTHUST, KOTOPbIE IOJIKHBI OBITH IOCTYIIHBI B Pa3-
HBIX TOYKAX cTeKa BbI30BOB. Harpumep, njentudukarop Tekyiei onepanun
JIOJIKEH MCIIOJIb30BATHCS JIJIsE BBIBOJIA MH(OPMAITUH B 3Ky pPHAJI, HO BBI HE XOTUTE
106aBJISITh €ro B BUJE apaMeTpa B KasKAblil METOL.

PewieHue

Jlyudiee pemienne — 106aBUTh MapaMEeTPbl K METO/IaM, COXPAaHUTh JaHHbIE
B MOJISIX KJIACCa WM BOCIIOJIB30BATHCS BHEPEHUEM 3aBUCUMOCTEN JIJIsT ITPEJIO-
CTaBJIEHUST JAHHBIX PA3HBIM YaCTsIM Balero koja. Ho B HEKOTOPBIX cUTYyaIusix
9TO MPUBENET K YPe3MEPHOMY YCIOKHEHUIO KOJIA.

Tun AsynclLocal<T> IIO3BOJISIET CBA3aTh C COCTOSIHUEM 06'beKT, B KOTOpOM
OHO CMOJKET CyHIeCTBOBaTb B JIOTUYECKOM «KOHTEKCTE». C]IG,ZLYIOH_II/IIL/,I KO/
JIEMOHCTPUPYET UCIIOJb30BaHNE AsynclLocal<T> /i1 Ha3HauYeHUs UJeHTH-
(1)I/IKaTOpa Oolepanunu, KOTOprfI IMO3/IHEE YUTACTCA METOAOM JKYPHAJIBHOTO
BbIBO/1A:

private static AsynclLocal<Guid> _operationId = new AsynclLocal<Guid>();

async Task DolLongOperationAsync()
{

_operationId.Value = Guid.NewGuid();

await DoSomeStepOfOperationAsync();

async Task DoSomeStepOfOperationAsync()
{

await Task.Delay(100); // HekoTopasi acMHXpOHHas paboTa

// BbiBOA B XypHan.
Trace.WriteLine("In operation:

+ _operationId.Value);
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Bo mmorux cirydasix GbIBaeT 1moJie3no co3fath O0Jee CI0KHYIO CTPYKTYPY
JAHHBIX (HATIPIIMED, CTEK ) B OHOM 9K3eMTIITISIPe AsyncLocal<T>. TO BOBMOKHO
C OJIHOII OrOBOPKOIA: B AsyncLocal<T> cjeiyeT XpaHUTh TOJIbKO HeU3MeHsie-
Mble aHHble. Kakapiil pas, Koria BOSHUKHET HeOOX0IMMOCTh B OOHOBJIEHUT
JIaHHBIX, BbI JIOJKHBI TIepe3arnncarh CynecTByolee sHaderne. dacto GpiBaet
MOJIE3HO CKPBITh AsyncLocal<T> BHYTPU BCIIOMOTATEIBHOTO TUIIA, KOTOPBIH ra-
PaHTHUPYET HEM3MEHSEMOCTh XPAHUMBIX JIAHHBIX ¥ UX KOPPEKTHOE OOHOBJIEHHE:

internal sealed class AsynclLocalGuidStack

{

private readonly AsynclLocal<ImmutableStack<Guid>> _operationIds =
new AsynclLocal<ImmutableStack<Guid>>();

private ImmutableStack<Guid> Current =>
_operationIds.Value ?? ImmutableStack<Guid>.Empty;

public IDisposable Push(Guid value)
{

_operationIds.Value = Current.Push(value);
return new PopWhenDisposed(this);

}

private void Pop()

{

ImmutableStack<Guid> newValue = Current.Pop();
if (newValue.IsEmpty)

newValue = null;
_operationIds.Value = newValue;

}

public IEnumerable<Guid> Values => Current;

private sealed class PopWhenDisposed : IDisposable

{

private AsynclLocalGuidStack _stack;

public PopWhenDisposed(AsyncLocalGuidStack stack) =>
_stack = stack;

public void Dispose()

{
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_stack?.Pop();
_stack = null;
}
}
}

private static AsynclLocalGuidStack _operationIds = new
AsynclLocalGuidStack();

async Task DoLongOperationAsync()

{
using (_operationIds.Push(Guid.NewGuid()))

await DoSomeStepOfOperationAsync();

async Task DoSomeStepOfOperationAsync()
{

await Task.Delay(100); // HekoTopasa acuHXpoHHas paboTa

// BbiBOA, B XypHan.
Trace.WriteLine("In operation:
string.Join(":", _operationIds.Values));

+

}

Tun-o6epTKa rapaHTUPYET, YTO UCTIOIb3YEMbIE TAHHBIE HEU3MEHSIEMbI U UTO
HOBbIE 3HAUCHISI OY/Ty T 3aHOCUTHCS B cTeK. OH TaksKe PE0CTaBIISAET YIOOHDIT
c1ioco0 n3BJIeueHsI 3HAYEH Wi U3 cTeKa uepe3 IDisposable.

MoAcHeHue

B cTapom Kozie MOKHO HCIIOJIb30BaTh aTpulyT ThreadStatic /17ist KOHTEKCTHOTO
COCTOSTHYISI, UCTIOJTb3YEeMOTO CHHXPOHHBIM KOZIoM. [Ipu ipeo6GpasoBanmm ctapo-
'O KO/Ia B ACUHXPOHHBIN AsyncLocal<T> sIBJISIETCSI OCHOBHBIM KaH/IUaTOM JIJIs1
3aMeHBI ThreadStaticAttribute. AsynclLocal<T> paboTaeT Kak AJist CHHXPOH-
HOTO, TaK ¥ [IJisI ACHHXPOHHOTO KOJIA, ¥ 9TOT CIOCO0 IOJIKEH UCTIOIB30BATHCS
110 YMOJIYAHUIO JJIsI HESBHOTO COCTOSIHUS B COBPEMEHHBIX IIPUTOKEHUIX.

NlononHutenbHas H$popmaLms

B rnaBe 1 pacecmarpuBaioTcs OCHOBBI TPOTPAMMUPOBAHUS async/await.
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B rimase 9 paccMaTpuBa€TCA MTPpUMEHEHNE HEU3MEHAEMbBIX KOJIJIGKHI/IP,I JUIA
COXpaHEHUA CJTOKHDIX TaHHBIX B (l)opMe HEeABHOTI'O COCTOAHUMA.

14.5. U ne@HTNYHDBII CUHXPOHHDII M ACUHXPOHHDIN KOJ,

3apava

NmeeTcs Ko, K KOTOPOMY HY’KHO IIPEIOCTABUTD JAOCTYI Yepe3 CUHXPOHHBIH
u acuaxpouubiii API 6e3 myGanpoBanust oruku. Takast cCUTyanust 4acTo
BCTPeYaeTcst P MpeoOpa3oBaHIK CYIIECTBYIONIETO KO B ACHHXPOHHBIIA,
€CJIV CYIIECTBYOIINE CHHXPOHHBIE TOTPEOUTENN U3MEHSTD (ITOKA) HEJIb3sI.

PewieHue

ITo BO3MOKHOCTH OCTapaiiTeCh CTPYKTYPUPOBATh CBOI KO B COOTBETCTBUM
C COBpPEMEHHBIMU TATTepHAMU IIPOEKTUPOBAHUS (HAIIPUMED, TeKCAarOHAIbHOI
APXUTEKTYPBI LM APXUTEKTYPBI TOPTOB U aAIITEPOB ), OTAEIONIME OU3HEC-
JIOTHKY OT 10604HbIX 3QPeKTOB (TaKKX, Kak BBOJ,/BbIBOJ ). Ec/in BbI cMOsKeTe
ZIOOUTHCS TOTO, TO HEOOXOAUMOCTHU MIPEJOCTABISATh KaK CUHXPOHHBIH, TaK
u acuuxpoHHbIil API 111 kKakux-1m60 1esieii He OyieT; GusHec-JI0THKA BCeria
Oy/1eT CHHXPOHHOM, a BBOJI/BBIBOJL Bera Oy/1eT aCHHXPOHHDIM.

Ito BechbMa amOuIMO3Has 11esb. B Peambrom Mupe ctapbiii Kox ObiBaeT
BecbMa HEPSIIJIMBBIM, M Y HAC PEAKO HAXOAUTCS BPEMs JIJISI TOTO, 4TOOBI
HPUBECTH €r0 B MealbHOE COCTOSTHUE, MIPeKie YeM IpeoOpasoBbIBaTh
Kk acuaxpouHomy Buay. CymectByiomue API wacto mpuxoantes mogaep-
JKUBATH J1JIs1 oGecriederrst 00paTHOI COBMECTUMOCTH, IaKe €CJIU OHU ObLIN
IJIOXO CIIPOEKTUPOBAHBI.

31ech HET UIeaIbHOTO petieHrst. MHorHe pa3paboTUMKY MIBITAIOTCS C/IE/ATH
TaK, 4TOObI UX CHHXPOHHBII KO/l 0OPAIIAJICS ¢ BBI30BAMU K aCUHXPOHHOMY
KOJLy MJIN aCHHXPOHHbIN KO 06PAIIAJICS C BBI30BAMI K CHHXPOHHOMY, HO 002
O/IXO/[A MTPEJICTABIISIIOT COO0M aHTHIIATTEPHBI. B TaKoil cuTyarwu st mpeio-
YUTAFO NCITOJIb30BATD «TPIOK C JIOTHYECKUM aPIYMEHTOM», KOTOPBIH TI03BOJISIET
XPaHUTb BCIO JJOTUKY B OIHOM METO/IE, TIPEJIOCTABJAS KaKk CHHXPOHHBIH, TakK
n acuaxponubrii APL

OcHoBHas ujiest «TPIOKA € JIOTUYECKUM apTyMEHTOM» 3aKJII0UaeTCsl B CO3/1a-
HUW TIPUBATHOTO 6A30BOI0 METO/IA, COAEPIKAIIETo JOrUKY. BazoBblil MeTo
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“MeeT aCHHXPOHHYIO CUTHATYPY U MOJYYaeT JOTHIECKUIT apTYMEHT, KOTOPHIT
OIIpeIeNISIeT, JOJKeH Jii 6a30BbII MeTO/| ObITh ACHHXPOHHBIM MU HeT. Eciin
JIOTUYECKUI apIyMEHT YKa3bIBaeT, 4TO Ha30BbIii METOZ A0JIKEH ObITh CAHXPOH-
HBIM, TO OH JIOJKEH BEPHYTD YiKe 3aBEPIIECHHYIO 33/auy. Tora Bbl MOXKeTe
HaImcaTh METO/IB KAK aCMHXPOHHOTO, Tak 1 cuHXpoHHOTO API, tepenatorue
yrpasJieHre 6a30BOMY METOJLY:

private async Task<int> DelayAndReturnCore(bool sync)

{

int value = 100;

// BbinonHeHne HeKOTOpoW paboThl.
if (sync)
Thread.Sleep(value); // Bbi3BaTb CUHXPOHHbIA API.
else
await Task.Delay(value); // Bbi3BaTb aCUHXPOHHbIA API.

return value;

// ACWHXpPOHHbIA API
public Task<int> DelayAndReturnAsync() =>
DelayAndReturnCore(sync: false);

// CWHXpOHHbIA API
public int DelayAndReturn() =>
DelayAndReturnCore(sync: true).GetAwaiter().GetResult();

Merton acunxponroro API DelayAndReturnAsync Bbi3bIBaeT DelayAndReturnCore
C JIOTMYECKUM ITapaMeTPOM sync, PaBHBIM false; 9TO O3HA4aeT, YTO METO/L
DelayAndReturnCore MOKeT paboTaTh aCUHXPOHHO 1 OH HCIOJb3YeT await
B ucnosb3yeMoM MeTozie APl «acuHXpoHHO1 3a7iep:KKu» Task.Delay. 3amaya,
Bo3BpaltaeMas DelayAndReturnCore, BO3BpalllaeTCs HAIIPSIMYIO Ha CTOPOHY
BbI30Ba DelayAndReturnAsync.

Meton cuaxponroro API DelayAndReturn Bei3biBaeT DelayAndReturnCore C JIO-
TTYECKUM ITapaMeTPOM sync, PaBHBIM true; 9TO O3HA4Ya€ET, YTO DelayAndReturnCore
MOKeT paboTaTh CHHXPOHHO U OH MCMOJb3yeT MeTo API «cuHXpOHHOM
3a7IepKKn» Thread.Sleep. 3amada, Bo3BpaiaemMas DelayAndReturnCore, yKe
MOJKHA OBITH 3aBEPIEHa, YTO TTO3BOJISIET OE30MACHO TIOTYYUTh PE3YJIbTaT.
DelayAndReturn ICIIOJIb3YyeT GetAwaiter () .GetResult () [JIs1 IOyYEHUS PE3YJIb-
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Tarta OT 3aj1a4M; ITO MO3BOJISIET OOONTHCE Oe3 00ePTKY AggregateException, KO-
Topast MorJia 6bI TTOTPE6OBATHCS PH UCIIOIB30BAHIN CBOHCTBA Task<T>.Result.

MoAcHeHue

Taxoe pelrienue He U€aTbHO, HO OHO MOKET TOMOYb B TOCTPOEHUN PEAIbHBIX
MPUITOKEHIH.

BripoueM, He0OX0AMMO yUUTHIBATH psijt HioaHcoB. Katactpodudeckue 1mpo-
6J1eMbI BO3HUKHYT B TOM CJIyYae, €CJIM METOJL Core HEITPABUIIbHO 0OpabaThiBaeT
cBOI mapamerp sync. Eciii Metoj1 Core Korga-n6o BepHET He3aBepIIeHHY O
3a71a4y TIPHU YCJOBUH, 9TO sync COAEPKUT true, TO cuEXpoHHBIN API MoxeT
JIEFKO CO3/aTh B3aMMHYI0 OJIOKMPOBKY; €IMHCTBEHHAS IIPUYMHA, TI0 KOTOPOI
cuaxpoHHbIi APT MoskeT 6JIOKHPOBAThC TI0 9TOI 3a/aue, — eCJIM OH 3HaeT,
4TO 3a/1a4a yyKe 3aBepiieHa. AHATOTHYHO, €CJIU MeTOJT Core OJIOKUPYET MOTOK
IIPH TIEPEMEHHOI sync, paBHOIT false, TO MPUJIOKEHHE PaOOTAET He HACTOJIHKO
a(h(HEKTUBHO, HACKOJIBKO MOTJIO OBI.

OpHUM 13 BO3MOJKHBIX YCOBEPIIIEHCTBOBAHUI 9TOTO PEIIEHNUST MOTJIO OBI CTaTh
nobasienune B cuaxponHoM API npoBepku, kotopast yoeskaaaach Obl B TOM,
YTO BO3BpAllleHHAs 33/1a4a JIelCTBUTEIBHO 3aBepiieHa. Eciu 3aj1aua okaxeTcst
He3aBepPIIEHHOM, TO 9TO YKa3bIBAET Ha CEPhE3HYIO OMIMOKY POrPAMMUPOBAHUSL.

NlononHutenbHas H$popmaLms

B rzaBe 1 paccMaTpuBaioTCst OCHOBBI IIPOIPAMMKIPOBAHUS async/await, BKJIIO-
dast 00CysKAeHNEe B3aMMHBIX OJIOKHPOBOK, KOTOPbIE MOI'YT BO3HUKHYTbH IIPU
GJIOKMPOBAHWH 110 aCHHXPOHHOMY KOJLy BOOOIILE.

14.6. «PenbcoBoe» NporpammupoBaHue ¢ ceTAMU
NOTOKOB AAAHHbIX

3apaua

VmeeTcst HACTPOEHHAS CETh OTOKOB TAHHBIX, HO IIPH 00pabOTKe HEKOTOPBIX
9JIEMEHTOB JIaHHBIX MPOUCXOAUT ombOKa. TpebyeTcst pearupoBarh Ha 9TH
OIIMOKY TaK, YTOOBI CETh TIOTOKOB IAHHBIX OCTABAIACH PAGOTOCIIOCOOHOII.
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PeweHne

Ecsm ipu 06paboTke sjieMeHTa IAHHBIX BO3HUKAET UCKJTIOUEHHE, TT0 YMOJTYAHITIO
B 9TOM GJIOKE TPOUCXOJIUT OTKA3, UTO HE MO3BOJISIET eMy 00padaThIBaTh JAPYTHE
9JIEMEHTBI JIaHHBIX. OCHOBHASI HJIesT PENEHNS 3aKTI0YAETCsT B TOM, YTOOBI paccMa-
TPUBATbh UCKJIOUEHUS KaK JPYIYIO PAa3HOBUIHOCTD JaHHbBIX. Ec/u ceTb IOTOKa
JIaHHBIX PabOTaeT C THUITAMK, KOTOPbIE MOTYT IIPEJCTABJISTH KaK UCKJIIOYEHMS],
TaK U JIaHHbIE, TO OHA OCTaHEeTCsT pabOTOCIIOCOOHOI /laske TIPU BOBHUKHOBE-
HUM UCKJIIOYEHUI ¥ TIPOJOJIKUT 0OpabaThiBaTh APYTUE 2JIEMEHThI JaHHbIX.

VHor1a Takoe porpaMMUpPOBaHUE Ha3bIBAeTCst PEIbCOBBIM (Tailway ), motomy
YTO HJIEMEHTBI CETH MOTYT PACCMATPUBATHCS KaK JBUTAIONINECS 110 OJHOMY
u3 aByx nyreii. CyliecTByeT HOpMaJIbHBINA <«IIyTh AaHHBIX»>: €CJIM BCE MIET
HOPMaJIbHO, TO 9JIEMEHT OCTAETCSI Ha <ITyTH JAHHBIX» 1 TIePEMEIAeTCsl 10
CETH, K HEMY TPUMEHSTIOTCST TIPe0OPa30BaHsI U PA3INYHBIE OMIEPAIUH, TOKA
OH He IOCTUTHEeT KOHIA ceTH. BTopoii myTh — «I1yTh 0IMO0K>; B JII0O0M OJI0KE
[PV BO3HUKHOBEHU Y UCKJIIOYEHUS TP 00pabOTKe 2JIEMEHTa 9TO UCKITIOUEH e
[EPEXOJIUT HA «ITyTh ONIMOOK»> 1 IEPEMEIAETCSI 110 CeTH. DIIEMEHThI HCKJIIO-
YeHUil He 06pabaThIBAIOTCS; OHK BCETO JIMIIb MePeIaoTcst OT OJI0Ka K GJIOKY,
4T0OBI TaK/KE JOCTHYD KOHIA ceTH. TepMuHaIbHbIe (3aBepiiaolue) 60K
CETH B UTOTE TIOJIYJAIOT TOCJIE0BATENBHOCTD 3IEMEHTOB, KaK/IbIil U3 KOTO-
PBIX MOJKET OBITh 2JIEMEHTOM JAHHBIX WU 9JIEMEHTOM UCKJIIOYEHUST; DJIEMEHT
JIaHHBIX TIPEICTABJISET JaHHbIE, YCIEITHO TPOIIE/IIe BCIO CETh, a HIEMEHT
UCKJIIOYEHUS TIPe/ICTaBIIsIeT OMMOKY 00pabOTKK B HEKOTOPOM MO3UIIMU CETH.

Y106bI cO31aTh MOAOOHYIO CTPYKTYPY «PEIBCOBOTO» MPOrpaMMUPOBAHNS,
HEOOXOMMO CHAaYasIa OIPeAe]UTh TUII, IPeACTABIAIONNI 2JIeMEHT JaHHbIX
WJIM UCKJIIoYeHre. Eciiv Bbl 3aX0TUTE BOCITOJIb30BATHCS TOTOBBIM TUTIOM, €CTh
HECKOJIbKO BapUaHTOB. Takue TUIIbI OJIYYIINA PACIPOCTPaHEHNE B CO0DIIe-
cTBe (DYHKIIMOHATBHOTO TIPOrPAMMHUPOBAHUSI, I/Ie OHU OOBIYHO HAa3bIBAIOTCS
Try, Error uiu Exceptional, U SBJISIOTCS 0COOBIM cjrygyaeM MOHa/JIbI Either.
S1 onpeies cOOCTBEHHBIN TUIT Try<T>, KOTOPbIII MOKHO MCIIOJIb30BATh JJIsI
MpUMepPa; OH HAXOAMTCA B 1makeTe Nito.Try, a HCXOJHbBIA KO/l XpaHUTCS Ha
GitHub (https://github.com/StephenCleary/Try).

Ecu umeercst Tun Try<T> WK €r0 PA3HOBUIHOCTD, CO3/[AHIE CETH CTAHOBUTCS
HEMHOTO MOHOTOHHBIM, HO HE CJIOKHBIM JieJIoM. THIT Kaska0ro 6J10Ka MOTOKa
JaHHBIX CJIEAYeT 3aMEHKUTD ¢ T Ha Try<T>, a Jobas 06paboTka B 9TOM OJI0Ke
JIOJIKHA OCYIIECTBJISATHCS OTOOPasKEHUEM OJIHOTO 3HAYEHUsI Try<T> Ha JIPYToe.
C MOUM THIIOM Try<T> 9TO JIEJIAETCST BBIBOBOM Try<T>.Map. Ha Moii B3ruisiz, y106HO
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onpezeuTh HeGoJbiie (haGpPUUHbIE METObI /IS «PETbCOBBIX» OJIOKOB TOTOKOB
JIAHHBIX BMECTO TOTO, YTOOBI BKJIIOYATH HTOT JAOHOJIHUTEIbHbIN KOJI BO BCTPOEH-
HoM Bujie. Huke nmprBesieH mpuMep BCIIOMOTATEIbHOTO METOIA, KOTOPBIN CTPOUT
OJI0K TransformBlock, pa60Ta10LuMI>’I CO 3HAQYECHUAMU Try<T> BBI3OBOM Try<T>.Map:

private static TransformBlock<Try<TInput>, Try<TOutput>>
RailwayTransform<TInput, TOutput>(Func<TInput, TOutput> func)
{
return new TransformBlock<Try<TInput>, Try<TOutput>>(t =>
t.Map(func));

}

C takuMM BCIIOMOTaTeIbHBIMI MEeTOIaMU KOJI CO3/IaHUsI CEeTH IIOTOKOB JJAHHBIX
HoJsty4aeTcst 6oJiee PsIMOTTMHENHBIM:

var subtractBlock = RailwayTransform<int, int>(value => value - 2);
var divideBlock = RailwayTransform<int, int>(value => 60 / value);
var multiplyBlock = RailwayTransform<int, int>(value => value * 2);
var options = new DataflowLinkOptions { PropagateCompletion = true };
subtractBlock.LinkTo(divideBlock, options);
divideBlock.LinkTo(multiplyBlock, options);

// BCTaBUTb 3/N1eMeHThl AaHHbIX B MNepBbii 610K.
subtractBlock.Post(Try.FromvValue(5));
subtractBlock.Post(Try.FromValue(2));
subtractBlock.Post(Try.Fromvalue(4));
subtractBlock.Complete();

// TIoNy4uTb 3NeMeHTbl AaHHbIX/UCKAKWYEHUI U3 nocnegHero 6noka.
while (await multiplyBlock.OutputAvailableAsync())

{

Try<int> item = await multiplyBlock.ReceiveAsync();
if (item.IsValue)

Console.WriteLine(item.Value);
else

Console.WriteLine(item.Exception.Message);

MosAcHeHne

«PesbcoBoe TIporpaMMupoBaHe» — OTJIUYHBINA CIIOCOO MPEAOTBPAIICHUST
repexo/ia OI0KOB MOTOKA TAHHBIX B COCTOSTHIE OTKa3a. Tak Kak «perbcoBOe
IPOrPAMMIPOBAHNE> TIPEJCTABIISET COO0IT KOHCTPYKITHIO (DYHKITMOHAIBHOTO

282 masa 14. CueHapum



MTPOTPAMMUPOBAHHST, OCHOBAHHYTO Ha MOHAJIAX, Pe3YJIBTaT eTo TIePeBOIa Ha TTaT-
dhopmy NET nosyuaercst HEMHOTO TPOMO3IKIM, HO paboTociiocoOHbiM. Ecin
MMeEeTCs CeTh TI0TOKA JIAHHbIX, KOTOPast J0JKHA ObITh OTKA30yCTOWYNBOIL, TO
«PeJIbCOBOE MPOrPaMMIPOBaHEs, GE3YCIIOBHO, 3aC/Ty;KUBAET BAIlIEr0 BHUMAHUSI.

[lononuutenbHas HpopmaLms

B perente 5.2 paccMatpuBaeTcst OOBIYHBIN MTPOIECC TOTO, KAK MCKIIOYEHMSI
epeBOST GJOKU B COCTOSTHIE OTKAa3a U MOTYT PACIPOCTPAHSTHCS MO CETH,
€CJIN «PEeTbCOBOE TPOTPAMMUPOBAHIE> HE UCTIOMb3YETCH.

14.7. PerynupoBKa 06HOBNEHUI! 0 XO/€ BbINOJIHEHUA
onepauuu

3apava

VmeeTcst TIpoI0JKUTE IbHAS OTlepaliist, KOTOpast BbIZaeT COOOIIEHUS O MPO-
rpecce ornepanuu; 0GHOBJIEHHsT 0TOOPAKAIOTCS B T10Jb30BATEIbCKOM HHTEP-
deiice. OHaKO OOHOBJIEHNUST IOCTYAIOT CIUIIKOM OBICTPO M TOPMO3ST PabOTy
IT0JIb30BATEIHCKOTO MHTEPDETica.

PeweHune

B CJIeIyIoIieM IIpuMepe BbIAalOTCA CJIUIITKOM YaCTbI€ YBEAOMJIEHUA O IIPO-
rpecce orepanuvm:

private string Solve(IProgress<int> progress)
{
// BecTu MaKCUManbHO ObLICTPbIM OTCYET B TevyeHue 3 CeKkyHA.
var endTime = DateTime.UtcNow.AddSeconds(3);
int value = 9;
while (DateTime.UtcNow < endTime)
{
value++;
progress?.Report(value);

}

return value.ToString();
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Yr06bl BBITOJHUTH 9TOT Ko 13 GUI-npuosxkenust, yiakyiite ero B Task.Run
U Tepenaiite IProgress<T>. Ciemyromuii mpuMep npeaHasHaven aus WPE
HO UCTIOJIb3yeMble KOHIIETIIINH MeHCTBYIOT He3aBrucumo ot maatdopmbr GUI
(WPE, Xamarin umn Windows Forms):

// Ons npocToTbl KOA OGHOBNAET HAAMWUCb HAMpsAMYyH.

// B peanbHoM MVVM-npuaoxeHun >TU MpucCBavBaHKUA

// ocywecTBAsAUCL 6bl 06HOBNeHWeM cBoicTBa ViewModel,

// CBA3aHHOro C MNOJb30BAaTENbCKUM UHTepdeicom.

private async void StartButton_Click(object sender, RoutedEventArgs e)

{
MyLabel.Content = "Starting...";

var progress = new Progress<int>(value => MyLabel.Content = value);
var result = await Task.Run(() => Solve(progress));
MyLabel.Content = $"Done! Result: {result}";

}

ITOT KOJi Ha HEKOTOPOE BPeMsI TTapaTu3yeT MOJb30BaTeIbCKUN HHTEpdeTic
(oxomo 20 cexkynna Ha Moelt mamuie). 3ateM UHTepdelic cHOBa HAUUMHAET
paboTaTh, ¥ B HEM BBIBOJMTCS TOJBKO cOOOIIeHNe "Done! Result:". Bbl He
YBUIUTE TTPOMEKYTOYHBIE YBEJOMIIEHHUS O TTporpecce. 37ech (POHOBBIH KOJ
OTTpaBJIsieT OT4eThI O porpecce UI-TOTOKY CAUIITKOM OBICTPO — HACTOJIBKO
OBICTPO, YTO MOCJIE BBITIOJHEHHUS B Tederne Beero 3 cekyHa UI-ioToky Tpeby-
ercst erte 17 ceKyH/T MU OKOJIO TOTO JIJ1st 00pabOTKM BCEX ATUX YBEOMJIEHUI],
a TEKCT HaMuCcH OOHOBJIIETCS CHOBA U cHOBa. 3areM UI-MOTOK 0GHOBIIsIET
HA/IITACD B TIOCJIETHUH Pa3 co 3HAUeHueM "Done! Result:" M HaKOHey TIOJTydaeT
BO3MOKHOCTD ITEPEPUCOBATH IKPAH € BBIBOZOM OOHOBJIEHHOTO TEKCTA HAJIITHCH.

[Ipesk/ie BCero cieyeT MoHsITh, 4TO COOOIIEHMUST O TIPOrpecce He0OXOAUMO pery-
JpoBaTh. TOJBKO TaK MOKHO TAPAHTUPOBATE, UTO ¥ TIOJTH30BATETLCKOTO MHTEP-
deiica 6yaeT JOCTATOUHO BpEMEHH IS TIePEPUCOBKU MEKIY OOHOBJIEHUSIMU.
3aTeM HEOOXOMMO OCO3HATD, YTO PEryJIMPOBKA J0JIKHA OCYIIIECTBISTHCS IO
8pemeHu, a He 0 Kouuecmey oTieToB. Vmes peryammpoBKY, OCHOBAaHHOM Ha
OTIIPABKE OZHOTr0 COOOIEHNS 13 COTHU I OKOJIO TOTO, BBITJISANT 3aMaH4NBO,
HO OHa He ujeasbHa 0 IPUYNHAM, U3JI0KEHHBIM B pazjene «[loscuenunes.

ToT haxT, YTO MbI JIOTKHBI UMETD JIEJIO CO 8peMeHeM, HABOIUT HA MBICITb, YTO
HaM CTOUT PAcCMOTPETh BO3MOKHOCTD MCITOJIb30BaHUA System.Reactive.
Cob6crBenno, B System.Reactive nMeroTcst omepaTopbl, MpeHa3HAYeHHbIE
CTIETINAIBHO [T PeryanpoBkH 1o BpeMert. [Toxoske, System.Reactive cmoxer
CBITPATD TTOJIOKUTETHLHYIO POJTh B 3TOM PEIIEHUN.
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ﬂﬂﬂ HavdajIa MOKHO OIIPEJIEJINTD pealn3alinio IProgress<T>, KOTOPas BbIJIA€T
coObITHE UL KasKJ0Tr0o OTYETA O IIPOrpecce, a 3aTeM Co31aThb Ha6JIIOZIaeMbII>i
06'I)€‘KT, HOJIy‘{aIOHII/IfI 9TU OTUETDI:

public static class ObservableProgress

{
private sealed class EventProgress<T> : IProgress<T>
{
void IProgress<T>.Report(T value) => OnReport?.Invoke(value);
public event Action<T> OnReport;
}
public static (IObservable<T>, IProgress<T>) Create<T>()
{
var progress = new EventProgress<T>();
var observable = Observable.FromEvent<T>(
handler => progress.OnReport += handler,
handler => progress.OnReport -= handler);
return (observable, progress);
}
}

hdeTOAObservableProgress.Create<T>COSﬂaeTIanIO6%eKTOBIObservable<T>
" IProgress<T>, I[P 9TOM BCe OTYETHI O IIPOTPecce, OTIIPaBIeHHbIE IProgress<T>,
6yﬂy1‘OTHpaBﬂHTbCH]IOﬂHHCQHKaAIIObservab1e<T>.TéH€pb MBbI UM€eeM Ha-
OII0JaeMBII TIOTOK JIJIA OTYETOB O IIporpecce; CAeAyIOUUM IIaromM J0JKHa
CTaTh €r0 PeryjanpoBKa.

[Tosb3oBaTenbckuii mHTEpdENC 10KEH OOHOBISTHCS MEIJIEHHO, YTOObI
pearnpoBaTh Ha MPOUCXOJISIIEE, U MPH ITOM JOCTATOUHO OBICTPO, YTOOBI
OJIb30BaTEH BUie/in OOHOBIeH M. Ye0BeK BOCITPUHIMAET HHHOPMAIIIO
HAMHOTO Me/IJIEHHee, YeM ITPOUCXO/IUT TIEPEPUCOBKA 9KPAHA, TTOITOMY CYTIle-
CTBYET IUPOKUIT [UATTA30H [OIYCTUMBIX 3HAUCHIIT YaCTOTHI OOHOBJICHUSL.
Ecsin BbI XOTHTE TOOUTHCST HCTUHHOTO Y106CTBA BOCTIPUSATHSI HH(DOPMAIIIH,
PETYJIMPOBKH /IO OJIHOTO OOHOBJIEHUST B CEKYH/LY UJIN OKOJIO TOTO MOXKET OBITH
noctatouno. Eciin BbI peiourntaete 06paTHYIO CBsI3b, MPUOIIKEHHYIO K Pe-
AJIIBHOMY BPEMEeHH, UCTIOJIb3YiiTe 0/1HO 0OHOBIeH e Kask/bie 100 mim 200 Mu-
aucekyH (Mc). OHO OyaeT A0CTaTOYHO OBICTPBIM, YTOOBI MOJIH30BATED
MOHUMAJT CyTh MTPOUCXOISIIET0 U MMeJT 00IIee TIPeICTaBIeHne O TIPOTPECCe,
HO TIPH HTOM JI0OCTATOYHO ME/IJIEHHBIM, YTOObI MTOJIh30BATENbCKIIT HHTEPDETC
yCIeBaJl pearupoBaTh Ha IPOUCXOJISIIEE.
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Crenyer MOMHUTD W O TOM, 9YTO OTYETHI O TTPOTPEcce MOTYT BBIIABATHCS M3
IPYTUX IIOTOKOB — B JJAHHOM CJIydae OHM BBbLIAIOTCS U3 (POHOBOTO IIOTOKA.
PerympoBka 0/5KHA TIPOMCXOANTD KaK MOJKHO OJIMKE K HCTOYHUKY, TT0ITO-
MY JKeJIATETBHO BBIHECTH e€ B (DOHOBBII TTOTOK. OIHAKO KO, 0GHOBIISTIONIH
TOJIb30BATEILCKUH MHTepdETic, nomkeH BemoaHAThesA B Ul-moToke. C yaeTom
9TOr0 (haKTa MOKHO OTIPEIETUTH METOL CreateForUi, KOTOPBII 0OecTIeYnBaeT
KaK peryJMpoBKy, Tak u nepexoz B Ul-moTok:

public static class ObservableProgress
{
// TpumevaHue: ponxeH Bbi3biBaTbCcA M3 UI-noToka.
public static (IObservable<T>, IProgress<T>) CreateForUi<T>(
TimeSpan? sampleInterval = null)
{
var (observable, progress) = Create<T>();
observable = observable
.Sample(sampleInterval ?? TimeSpan.FromMilliseconds(100))
.ObserveOn(SynchronizationContext.Current);
return (observable, progress);

}
}

Ternepb y Bac IMeeTCsT BCIIOMOTATEIbHbINA METOI, KOTOPBIi Oy/IET peryIMpoBaTh
OGHOBJIEHUST TIPOTPECCa JI0 TOTO, KaK OHU 00epPYTCsT 10 MOTb30BATENBCKOTO
nnrepdetica. B mpuBeneHom mpruMepe BCIIOMOTATeNbHBIN METOT MOKET UC-
M0JTb30BAThCsI B 00pabOTUHKE TIeTIKa Ha KHOIIKE:

// Ons npocToTbl KOA OGHOBNAET HaAMWUCb HAMpsMYyH.
// B peanbHoM MVVM-npuiioxeHWM 3TU MpucCBauBaHuA
// ocywecTBAs/AMCbL 6bl 06HOBNeHMeM cBoicTBa ViewModel,
// CBA3QHHOrO C MONb30BaTeNbCKUM UHTeppeincom.
private async void StartButton_Click(object sender, RoutedEventArgs e)
{
MyLabel.Content = "Starting...";
var (observable, progress) = ObservableProgress.CreateForUi<int>();
string result;
using (observable.Subscribe(value => MyLabel.Content = value))
result = await Task.Run(() => Solve(progress));
MyLabel.Content = $"Done! Result: {result}";
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Hosbril Ko BBI3BIBAET HAIll BCIIOMOTaTEIbHBIN MeTO ObservableProgress.
CreateForui, KOTOprfI co3jlaetT 1mapy IObservable<T> 1 IProgress<T>. Kox moz-
IUCBIBAETCS Ha OOHOBJIEHMS O IIPOIPECCE U MIPOIOJIKAET BBIITOJHEHHE 10 TEX
1op, 1oka Solve He 3aBepinuTcs. Hakonell, IProgress<T> liepeiacTcss METOLY
Solve ¢ JINTEJIbHBIM BbIoHeHeM. Koria Solve BuI3bIBaeT IProgress<T>.
Report, CHawYaJsIa IIPOM3BOMTCSI BLIOOPKA ATHX OTYETOB B 100-MUJLIHCEKYHIHOM
OKHe; 01HO 0OHOBJIeHNe 3a Kaskable 100 munmicekyH nepegaercst Ul-motoky
U MCIIOJIb3YeTCs 171t 0OHOBJIEHUST TeKCTa HamucK. Terephb MoJIb30BaTeIbCKIi
nnTepdeiic coxpaHsieT BBICOKYIO CKOPOCTh OTKJINKa!

MoAcHeHue

ITOT PELIENT MPEeICTABISAET COO0I MHTEPECHYIO KOMOMHAITHIO IPYTUX PETIETITOR
U3 KHUTH. B HeM He TIpe/icTaBIeHbl HUKaK/e HOBbIE TPUEMBI; YTOOBI TIOJTYYHUTh
HCKOMOE PEIlieHNE, MbI IPOCTO OObEINHIIIN P TPEAIIECTBYIOMIMX PEIENTOB.

Y 3aj1auu ecTb U Ipyroe aJbTepHATUBHOE PEIIEHNE, KOTOPOE YACTO BCTPEUAETCS
Ha MPaKTUKe, — <«pelienne ¢ aenennemMs. CyTb B TOM, UTO METOZ Solve caM
peryaupyer cBou 0OHOBJIEHUSI [TPOTPecca; HallpUMep, ecJin KoJ XoueT oOpaba-
TBIBATh TOJIBKO OHO 00HOBJIeHME Ha Kaxkabie 100 hakTudyeckux 06HOBICHMIA,
TO B KOJIe MOXKHO MCITOJIb30BaTh TPOBEPKY C BBHIYMCJIEHUEM OCTATKA BUA

if (value % 100 == @) progress?.Report(value);

Y atoro pemenus ectb mapa HeZOCTATKOB. BO-TIEPBBIX, «IIPaBUILHOTO» Jie-
JIATEJIST He CYTIECTBYET; 0ObITHO Pa3paboTUrK mepedrpaeT pasHble 3HAYCHIS,
IOKa He Hali/IeT TO, KOTOPOe XOPOoIo paboTaet Ha ero MainHe. OTHaKO TOT Jke
KO/l MOJKET He JIy4ITuM 00pa3oM paboTaTh Ha THTAHTCKOM CepBepe KIneHTa
WJIY HA HEJTOCTATOYHO MOTITHOM BUPTYaJIbHON MatiuHe. KpoMe Toro, B pa3HbIX
aropMax 1 cpe/iax 1mo-pasHoMy OPraHu3yeTcst KIINPOBaHUe, B Pe3yJibraTe
94ero KO MOJKET paboTaTh HAMHOTO ObIcTpee (MU MeITIEHHEE ), YeM OJKU/Ia-
J10¢h. VI KOHEYHO, MOTITh «HOBENTIIET0» KOMITBIOTEPHOTO 060PYI0BAHUS TOKE
U3MeHsIeTCs co BpeMeHeM. Takum 06pa3oM, 3HaueHUe IeTUTEst BBIOUPAETCst
B KaKOH-TO CTENeHN CJIYJailHo; OHO He Oy/IeT TPaBUJIbHBIM Be3Jle U BCET/Ia.

Jlpyroii HeloCcTaTOK 2TOTO peleHus 3aKII0YaeTC B TOM, YTO OHO TTBITAETCS
HCIIPABUTH MPOOJIEMY B HETIPABUIIBHON YacTh Kofia. ITa PobIeMa OTHOCUTCST
MCKJTIOYUTETHHO K MTOJIH30BaTEIbCKOMY MHTepdeiicy, 1 ee pelenne 10KeH
MPEIOCTABIATH TI0JIb30BATEICKUI MHTEPdeiic. B mpumepe aToro perernta
METOJI Solve TIPE/ICTaBIIsIET HEKOTOPYIO (DOHOBYIO OM3HEC-JIOTUKY 06PabOTKY;
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OH He JI0JIKeH GeCIOKOUThCS 0 MpobieMax, IPUCYIIUX TOJIb30BATEbCKOMY
unrepdeiicy. BosMoKHO, B KOHCOJIBHOM IIPUIOKEHUH OYIET UCIOJIb30BAThCS
COBCEM He TaKoU JleJInTesb, Kak B ipuiiokennu W PE

C 1pyroii CTOPOHBI, PEIIEHHE C JIJIEHUEM ITPABUIBHO B TOM, YTO OOHOBJICHISI
JIydllie peryJupoBath Iepes oTipaskoii o6nosaennii UI-otoky. Perenue
B 9TOM PeIleNTe TaKkKe JAeHCTBYET 10 ITOMY TIPUHITAITY: OHO PEryJupyer 00-
HOBJICHWSI HEMEJIJIEHHO U CUHXPOHHO B (DOHOBOM ITOTOKE TIEPEl OTIPABKOM
Ul-noroky. Baeapsist coOCTBEHHYO peasnusaliuio IProgress<T>, TI0Jb30BATEb-
CKUI uHTEP(hENC MOKET BBIITIOJHUTH COOCTBEHHYIO PETYJIUPOBKY, HEe TPeOyst
HUKAaKUX U3MEHEHUH B CaMOM MeTojie Solve.

NlononHutenbHas HpopmaLms

B pernernre 2.3 paccmaTpuBaeTcs MCIIOTb30BaHNE IProgress<T> /IS YBEIOM-
JIEHU O TIporpecce MPOA0JIKUTEbHBIX OllepalTuii.

B pentenite 13.1 paccmaTpuBaeTcs ncmorb3oBanue Task . Run 171 CHHXPOHHOTO
KOJIa B TIOTOKE M3 TTyJIa TOTOKOB.

B pemnienite 6.1 paccmarpuBaeTcs ucosib3oBaHue FromEvent 71 YIIAKOBKHU
co6brtniit NET B nabmonaeMbpIx 0ObeKTax.

B penenre 6.4 paccmMaTtpuBaeTcsi HCIIOJb30BaHUE Sample /ISt PETYJIUPOBKY
HabG/II0[aeMbIX OOBEKTOB 10 BPEMEHIL.

B pernierite 6.2 paccmaTpuBaeTcs NCTOIb30BaHIE ObserveOn JIJIsT TTepeMETIIeHU s
HabJII0[aeMbIX YBEIOMJICHI B IPYTroil KOHTEKCT.



NMPUNOXEHNE A

MoapepKa yHacnef0BaHHbIX
nnatpopm

MHorne TEXHOJIOTUH, OICAHHBIE B KHUTE, TaK)Ke B TOW WJIM WHOI CTEIeH!
MoJi/iep;KMBalOTC Ha cTapbixX maTdopmax. Eciu Bbl okazasuch B He3a-
BUJHOU CUTyallu¥ U BaM IPUXOAUTCS MOANEPKUBATH 3TU TIATHOPMBI, TO
3TO NMPUJIOKEHUE IOMOKET OIPEEIUTD, KAaKUEe TeXHOJOTUU BaM JIOCTYITHBI.
Wcnonp3oBanne 3TUX TEXHOJIOTUHN Ha CTaphIX TIaTGopMax He UAeaTbHO; HO
J1asKe ecJIn Bbl 00bETeCh CBOEI0 U KOJI 3apab0TaeT, yuTHUTE, YTO e[UHCTBEHHBIM
JIOJIFOCPOYHBIM PellleHneM SBJsIeTCs OOHOBIEHNE 1e1eBOM I1aT(OPMBbI /151
koza. IIpezmnonaraercs, 4To 9TO MPUIOKEHNE TIPEACTABIAET cOO0I NCTOPH-
YeCKYIO CIIPaBKY, a He Habop PeKOMEHIAIHil; BOBMOKHO, OHO OY/IET TT0JI€3HO
[IPOrPaMMUCTaM, 3aHUMAIOIUMCS COITPOBOXKIECHUEM CTapPOro KOJA.

B taba. A.1 npuBezseHa CBOJKA MOAAEPKKHI CTAPBIX IIAT(OPM IS PA3HBIX
TEXHOJIOTHU.

Ta6nuua A.1. MoaaepKKa cTapbIx MIatpopm

Mnat¢popma async  Parallel Reactive Dataflow Mapannenbhbie  HeusmeHsembie
KOJIeKuum KOneKuum

NET4.5 v v NuGet NuGet 4 NuGet

NET4.0 NuGet v NuGet v X

Windows Phone v 4 NuGet NuGet v NuGet

Apps 8.1

Windows Phone 4 X NuGet NuGet X NuGet

SL8.0

Windows Phone NuGet X NuGet X X X

SL7.1

Silverlight 5 NuGet X NuGet X X X
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MopaepKa async Ha cTapbix Nnatgopmax

Ecnm BaM HysKHA MO/I/IEPIKKA async Ha CTAPBIX MIaTHOPMAX, yCTAHOBUTE
NuGet-naker st Microsoft.Bcl.Async (Tabi. A.2).

He ncnomssyfite Microsoft.Bcl.Async I BKIIOUEHUS TOIECPIKKN
async Ha mnardopme ASPNET B .NET 4.0! Konseitep ASPNET 6b11
o6uossien B NET 4.5 — B Hero Obljia BKJIIOYEHA IOJIEPIKKA async, U Bbl
JOJKHBL ncmosb3oBath NET 4.5 nmn 6osiee HOBYIO BEpPCHIO /ITIST async-
mpoekToB ASPNET. [TakeT Microsoft.Bcl.Async He TpeTHA3HAUCH /LIS
npuirokennit ASPNET.

Ta6bnuua A.2. MNogaepxKa async Ha cTapbix nnatdopmax

Mnardopma Mopaepxka async

NET4.5 v
NET 4.0 NuGet: Microsoft.Bcl.Async
Windows Phone Apps 8.1 v
Windows Phone SL 8.0 v
Windows Phone SL7.1 NuGet: Microsoft.Bcl.Async
Silverlight 5 NuGet: Microsoft.Bcl.Async

IIpu ucnosnb3zoBanuu Microsoft.Bcl.Async MHOIHE COCTABJISIONINE COBPe-
MEHHOI'O TUIla Task IPUCYTCTBYIOT B TUIle TaskEx, BK/ItO4as Delay, FromResult,
WhenAll 1 WhenAny.

Noapepxka Dataflow Ha crapbix nnatdopmax

Yrober ucnonb3osath TPL Dataflow, ycranosure NuGet-naker System.
Threading.Tasks.Dataflow B cBoeM npuoxkenun. bubmmoreka TPL Dataflow
obJ1a1aeT OrpaHUYEHHOI TTOAIEPIKKOIT cTapbiX Mratdopm (Tabr. A.3).

He ucnonbayiite cTapbiii maker Microsoft.Tpl.Dataflow. OH GoJiblie
He TO/IIeP>KNBAETCSI.
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Ta6nuua A.3. MNoagepxka TPL Dataflow Ha cTapbix nnatdpopmax

Mnardopma Nopnepxka TPL Dataflow

NET 4.5 NuGet: System.Threading.Tasks.Dataflow
NET4.0 X
Windows Phone Apps 8.1 NuGet: System.Threading.Tasks.Dataflow
Windows Phone SL 8.0 NuGet: System.Threading.Tasks.Dataflow
Windows Phone SL7.1 X
Silverlight 5 X

Mopnepxka System.Reactive Ha cTapbix nnatdpopmax

Yro6el ncnoab3osath System.Reactive, ycranosure NuGet-naker System.
Reactive B cBoeM mpuiiokeHun. bubinoreka System.Reactive ncropuueckn
ob6J1a1aeT MUPOKOI MOIeP;KKON pasHbIX miatdopm (tabir. A.4); TeM He MeHee
MHOTHE CTapble MIaTHOPMBI B HACTOSIIIEE BPeMs He TO/IePKIBAIOTC.

Ta6nuua A.4. Mopnepxka System.Reactive Ha cTapbix nnatdopmax

NET4.7.2 NuGet: System.Reactive

NET 4.5 NuGet: System.Reactive v3.x
NET 4.0 NuGet: Rx.Main

Windows Phone Apps 8.1 NuGet: System.Reactive v3.x
Windows Phone SL 8.0 NuGet: System.Reactive v3.x
Windows Phone SL7.1 NuGet: Rx.Main

Silverlight 5 NuGet: Rx.Main

Crapplii maker Rx.Main 60JIblIe He MOAAEPKUBACTCA.




NMPUNOXEHUE b

Pacno3HaBaHue U MHTepnpeTaLus
ACUHXPOHHDIX NAaTTEPHOB

[IpenmyrecTBa aCHHXPOHHOTO KO/ OBLIM XOPOIIO MOHSATHBI 32 MHOTO JIET
no uzobpererus NET. Ha zape cymectBoBanust NET 6b110 pazpaboTano He-
CKOJIBKO PA3HBIX CTHJIEN aCHHXPOHHOTO Ko/1a. OHM UCIOJIb30BAJIMCE TYT U TaM,
HO B U'TOT€e OT HUX OTKa3aauch. Hesb3st ckazaThb, 4TO Bee uiien ObLIN MJIOXUM;
MHOTHE U3 HUX IIPOJIOKUJIN IyTh K COBPEMEHHOMY TIOJIXO/y C async/await.
Ho ectb eriie MHOTO €Taporo Koaa, B KOTOPOM KCIIOJIB3YIOTCsT H0Jiee cTapbie
ACUHXPOHHBIE TTATTEPHBL. B 9TOM 1IpriioskeHnn paccMaTprBaioTest HarboJiee
pacipocTpaHeHHble TaTTEPHBI; 1 00bICHIO, KaK OHU paboTalOT U MHTEIPUPY-
IOTCSI C COBPEMEHHBIM KOJIOM.

Wuorma tun 06HOBJISIETCS ¢ rofaMu 1 00pacTaer Bee GOIbLIINM KOJINIeCTBOM
HOJIefI 1 METOI0B HpI/I HO[[I[ep}KKe HOBDBIX aCI/IHXpOHHbIX HaTTepHOB. HO)KEUnyI,
JIYYIINM IIPUMEPOM TaKOTO POJIa CIYKUT Kaacc Socket. Huske nmpuBeseHs
HEKOTOpPbIE COCTABJIAIONINE Kaacca Socket /71 6a30Boii omepaiuu Send:

class Socket
{
// CWMHXPOHHbIV
public int Send(byte[] buffer, int offset, int size, SocketFlags flags);

// APM

public IAsyncResult BeginSend(byte[] buffer, int offset, int size,
SocketFlags flags, AsyncCallback callback, object state);

public int EndSend(IAsyncResult result);

// ChneunManu3upoBaHHbIl, o4veHb 6aM30K K APM
public IAsyncResult BeginSend(byte[] buffer, int offset, int size,
SocketFlags flags, out SocketError error,
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AsyncCallback callback, object state);
public int EndSend(IAsyncResult result, out SocketError error);

// CneuvanuanpoBaHHbIN
public bool SendAsync(SocketAsyncEventArgs e);

// TAP (Kak MeToA pacwupeHus)
public Task<int> SendAsync(ArraySegment<byte> buffer,
SocketFlags socketFlags);

// TAP (Kak MeTOA pacCWMpeHWs) C UCnosb3oBaHWeM 6onee SPPeKTUBHbIX TUMOB
public ValueTask<int> SendAsync(ReadOnlyMemory<byte> buffer,
SocketFlags socketFlags, CancellationToken cancellationToken =
default);

}

K coxanenuio, 60JbIast 4acTh JOKYMEHTAIUN YIIOPsII0Y€eHa 110 andaBuTy,
a ¢ MHOKECTBOM IEPErPYKEHHBIX BEPCUI pazoOpaThCsl B TAKOM THUIIE, KaK
Socket, OyzieT 10CTaTOYHO CI0KHO. Haeoch, IpuBeieHHbIE B 9TOM pasjielie
PEKOMEH/ AN BaM TIOMOTYT.

AcuHXpOHHbII naTTepH Ha ocHoBe Task (TAP)

Acunxponnvii nammepn na ocnose Task (TAP) — coBpeMeHHBIN TTaTTEPH
acuuxpoHHbIX API, roToBbIl /1714 ncrionb3oBaHus ¢ await. Kaxkmaas acun-
XPOHHA OTlepalus IpeiCTaBIsAeTCI OTHUM METOJIOM, KOTOPBIN BO3BpalliaeT
OKUIaeMbIil THIL. B laHHOM cilydae «0KHMIaeMbIM» SIBJISIETCS JII0OOOM THII,
KOTOPBIN MOKET HOTpe6JI${TbC${ await; 0OBIYHO 9TO Task MU Task<T>, HO M
TakKKe MOKET OBbITh ValueTask, ValueTask<T>, THII, ONpeIeTeHHBIN (hpeiim-
BOpKOM (Harpumep, IAsyncAction uian IAsyncOperation<T>, UCIIOJb3yEeMbIii
npunoxkerusamu Universal Windows), nin gasxe crienuaausyipoBaHHbI THII,
orpeenseMblii GMOIMOTEKOM.

Merozabt TAP 06b1uto caabxkatorcs cyddurcom Async. Bripouewm, ato Beero
JINIITH YCJIOBHOE corJainienue; He Bce MeTobl TAP umetoT cydduke Async.
OH MOKET OTCYTCTBOBaTh, ecjiu paspaborunk API cunrtaer, 4T0 aCHHXPOH-
HBIN KOHTEKCT U TaK BBIPAXKEH IOCTATOUHO SICHO; HATIPUMED, Y METOZIOB Task.
WhenAll 1 Task.WhenAny HeT cyddukca Async. Kpome TorO, CieryeT HOMHUTB,
9T0 cyhPUKC Async MOSKET TPUCYTCTBOBATh ¥ MeTO/IOB, K TAP He oTHOCATITNX-
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cs (Hammpumep, WebClient.DownloadStringAsync He saBiseTcs MmeToaoM TAP).
O06b1uHO B Takux caydasx MeTox TAP nmeer cyddukc TaskAsync (Hampumep,
WebClient.DownloadStringTaskAsync siBysieTcst MeTosioM TAP).

MerTozp, Bo3Bparaone aCHHXPOHHBIE TOTOKH, TAKKE CIEYIOT TTOX0KEMY
MaTTepHy ¢ NCmoJb3oBanmeM cyhdukrca Async. I XxoTs onn ne Bo3BpamnaioT
oKujIaeMbie 00EKTBI, OHU BO3BPAIIAIOT OKMIAEMble TIOTOKH — THITBI, KOTOPbIE
MOTYT HOTPeOJISAThCST KOHCTPYKITHEit await foreach.

[Tartepu TAP M0kHO Y3HATD TIO CAEAYIONTNM XapaKTEPUCTUKAM:

1. Omepamms mpeacTaBasgeTCs OTHIM METOIOM.

2. Ormepanyst BO3BpAIAET OKUTAEMbIil 00bEKT WK OKMIAEMBbIN MTOTOK.
3. Vwmst meToza 00bI4HO 3aBepinaercst cyhduKrcom Async.

[Ipumep Tumna c TAP API:

class ExampleHttpClient

{
public Task<string> GetStringAsync(Uri requestUri);

// CWMHXPOHHbLI SKBUBANEHT [NA CpaBHEHUA
public string GetString(Uri requestUri);

}

[Torpebaenne narrepHa TAP ocyiecTBIIsIeTCsT KIIOYEBbIM CJIOBOM await; 9TOM
TeMe MOCBSIIEeHbl 3HAYNTE IbHbIE YaCTH KHUTH. EC/Ii BbI Kak-T0 100pajmich 10
MPUJIOXKEHUS, TaK ¥ He HAYIUBIIICH TOJAb30BATHC await, BPS/L JIX S CMOTY
[IOMOYb BaM Ha 9T0ii cTazuu. [TonpoOyiite nepeunTtarh raasbl 1 1 2; BOBMOKHO,
OHM MTOMOTYT OCBEKUTH MAMSITh.

Mopenb acuHxpoHHoro nporpammupoBanua (APM)

BeposrTho, caenytonum 1o monyssipaoctu nocyie TAP saBisieTcs nat-
TEPH MOJIEJIN aCHHXPOHHOTO TiporpammupoBanust, win APM (Asynchronous
Programming Model). 9to 6bL1 1€pBbIil TATTEPH, B KOTOPOM aCHHXPOHHBIE
oTeparuy MOy YN TOJTHOIEHHBIE OO BEKTHBIE TIPeICTaBIeHMsT. XapaKTep-
HbIT TPU3HAK HTOTO MaTTepHa — 0ObEKThI IAsyncResult B COUETAHUH C TAPOI
METO/IOB, YIIPABJISAIONINX OTIePaIlNeil; UMs OJTHOTO HAYMHAETCS C Begin, a MMs
JIPyroro — c End.
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Ha paspaboTky IAsyncResult CUIBHO TIOBJIHSLT IIAT(HOPMEHHBIN BBOJ/BBIBO/
¢ nepekpbiTreM. [larrepa APM 1mo3BosisieT oTpedsiTh KO/l ¢ CHHXPOHHBIM
WJIM aCUHXPOHHBIM TTOBeieHneM. [ToTpebsionuii Ko/l MOKeT BHIOUPATh 13
CJIe/IyIONIMX BAPUAHTOB:

O biokupoBarbces 710 3aBepIieHNs Olepalii. JTO EJAETCS BBI30OBOM METO/1a
End.

O llepuomuuecku onpammnBaTh 3aBepilieHNe ONepaIlliy, 3aHUMAsICh YeM-TO
JIPYTUM.

o IIpemocraButh geseraTa 06paTHOTO BbI30BA, KOTOPBIN J0JIKEH BbI3bIBATHCS
MIPU 3aBePIlIeHUN OTIePaIlUU.

Bo Bcex cayyasx moTpebIsionuii Ko JOJKeH B UTOTE BhI3BaTh METOJ End,
4TOOBI TTOJMYYUTD PE3YIbTaThl ACHHXPOHHOIT omeparii. Ecii omeparius He
3aBepllieHa IPU BbI30Be End, BHI3BIBAIONINI OTOK GJOKUPYETCst /10 3aBepIiie-
HUST OTIEPAIUN.

Metox Begin ImoJsy4aeT B IBYX ITOCJIEIHUX IMTO3UINAX ITapaMeTp AsyncCallback
U mapamerp object (0ObIYHO ¢ UMeHeM state). OHU KCIIOAB3YIOTCS TOTPEO-
JISTIOIM KOJIOM JIJIsI [iepe/iadn iejierata 0GpaTHOTO BbI30Ba, KOTOPBIH JOJIKEH
BBI3BIBATHCA ITPH 3aBepliieHnn oriepaiiuu. [TapameTp object MOXKeT coziepsKaTh
YTO YTOJIHO; 9TO IEePEKUTOK CaMbIX 1epBbIX AHel cymiectBoBanus .NET, ere
J10 TIOSIBJIEHUS JIIMO[a-METOLOB U JayKe AaHOHUMHBIX MeTOA0B. OH IIPOCTO KC-
MOJIb3YETCA JIJIA TTPEeIOCTaBIeHUS KOHTEKCTA /i lTapaMeTpa AsyncCallback.

[Tarrepn APM 1mmpoko pacrpocrpanen B 6ubanorexax Microsoft, Ho B ako-
cucreme NET Bcrpeuaercs Heyacto. ITo OOBICHSIETCS TEM, YTO PeaTU3aIK
IAsyncResult st TIOBTOPHOTO MCIIOJIb30BaHUsI ObLIN HEJOCTYITHBI, a Tpa-
BUJIBHO PEAJM30BaTh 9TOT UHTEPdeic JOCTaTOUHO clI0KkHO. Kpome Toro,
cucreMbl Ha 6aze APM TpyiHO BKJTIOYATh B KOMITO3UIHIO. 51 BUJIE/T HECKOJIBKO
HeCTaHaPTHBIX Peayn3alnii IAsyncResult; Bce OHU GBI PA3HOBUAHOCTSIMU
peas3ain IAsyncResult o01ero HazHadeHust, paspaborannoit xkedhdpu
Puxtepom (Jeffrey Richter) u onybnukoBarHoii B ero cratbe «Concurrent
Affairs: Implementing the CLR Asynchronous Programming Model» 13
MSDN Magazine B mapte 2007 roza.

[Tarrepr APM MOKHO y3HATD IO CJIEAYIONINM XapaKTePUCTUKAM:

1. Onepaum{ IIpeACcTaBJISAETCSI Hapoﬁ METO/IOB; UM OJIHOTO HAaYMHAETCA
C Begin, a UM APYTOro — ¢ End.
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2. Meto Begin Bo3BpaiaeT IAsyncResult 1 [OJIy4aeT Bce OObIYHbIE BXOAHbIE
napaMeTphl HapsAAy C LOIIOJTHUTEJIbHBIM IapaMeTPoM AsyncCallback 11 10-
IIOJTHUTEIbHBIM IIapaMeTPOM object.

3. Meton End mostydaeT TOJbKO IAsyncResult 1 BO3BpAIaeT Pe3yIbTUPYIOIIee
3HAYEHUE, €CJIU OHO €CTh.

[Ipumep Tuma ¢ APM API:

class MyHttpClient

{
public IAsyncResult BeginGetString(Uri requestUri,

AsyncCallback callback, object state);
public string EndGetString(IAsyncResult asyncResult);

// CHUHXPOHHbIA SKBMBANEHT ANA CpaBHeEHMUA
public string GetString(Uri requestUri);

}

[Torpebaenue marrepia APM ocyiectsisiercst mpeobpasosarueM B TAP ¢ mo-
MOIIIBIO Task.Factory.FromAsync; cM. perient 8.2 u gokymeHTario Microsoft
(https://docs.microsoft.com/en-us/dotnet/standard/asynchronous-programming-
patterns/interop-with-other-asynchronous-patterns-and-types#ApmToTap).

BoaMmozkHbI cuTyaiuu, B KOTOPbIX KO/ noumu cienyet narrepay APM; na-
puUMep, cTapble KIMEeHTCKUEe OUGINOTEKN Microsoft.TeamFoundation He
BRJIOYAJIN TTapaMeTp object B CBOU METOJBI Begin. B Takux ciaydyasdx Task.
Factory.FromAsync paboTarb He OY/IeT, U Y Bac MOSIBJISIETCS] BBIOOP U3 [IBYX
BapranToB. Menee achdeKTUBHbIIT BADHAHT — BHI30B METO/IA Begin 1 Tepeava
IAsyncResult MeToj1y FromAsync. MeHee aJieraHTHBIN BApUAHT — UCTIOJIb30Ba-
Hue 6oJsiee THOKOTO TUTTA TaskCompletionSource<T>; CM. PEIIENT 8.3.

ACMHXPOHHDIIT NaTTepH Ha ocHoBe co6biTuit (EAP)

Acunxponnwiii nammepn na ocroge coboimuii (EAP) onpegenser mapy «me-
Toj1/cobbITHE>. VIMsT MeTo1a 00BIYHO 3aBepiaercs cyhdUKcom Async, U OH
B KOHEYHOM UTOTE TPUBOIUT K BbIZaue COOBITHS, NMSI KOTOPOTO 3aBEPIIAETCsI
cybdurcom Completed.

ITpu pabote ¢ EAP cymiecTByeT psifi HIOAHCOB, M3-3a KOTOPBIX Ballla 3a/[a4a
OKa3bIBAETCS CIIOKHEE, UeM KayKeTCs Ha TIEPBBII B3TJIsi/1. Bo-TiepBbIX, BbI 10JIK-
HbBI TIOMHUTB 0 100aBJIeHII 00paboTUrKa B COOBITHE MIEPEl BHIBOBOM METO/IA;

296 MpunoxeHue b. Pacno3HaBaHve 1 MHTepRpeTaLusa aCHXPOHHBIX MAaTTEPHOB



B IIPOTUBHOM CJIydae BO3HUKHET CUTYAIUsI TOHKH, KOTrJa COOBITIE MOKET
MPOM30UTH /IO TIOJIITUCKH, U TOT/Ia BbI HUKOT/IA HE YBUJIUTE €T0 3aBepIlIeHu.
Bo-BTOpbBIX, KOMIIOHEHTHI, HATIMCAHHBIE Ha OCHOBe naTTepHa EAP, 00b14HO
B KaKOM-TO MOMEHT COXPAHSIOT TeKYIINI KOHTEKCT SynchronizationContext,
a 3aTeM BBIIAIOT CBOE COOBITHE B 9TOM KOHTeKcTe. HeKOTOpbhie KOMITOHEHTHI
COXPaHAIOT SynchronizationContext B KOHCTPYKTOpE, ApYyrue 1egaioT 9TO
B MOMEHT BBbI30Ba METO/Ia M HayaJla aCUHXPOHHOW Oollepaliuu.

[Tarreprn EAP MOKHO y3HATD TI0 CJIEAYIONINM XapaKTePUCTUKAM:
1. Omepauus npeacTaBaseTcss COOBITHEM U METOLOM.
2. Vwmst cobbiTust 3aBepiiaercsi cyhbukcom Completed.

3. Tum apryMeHTOB 17151 co0ObITHS Completed JJOJIKEH OBITH MIPOU3BOJIHBIM OT
AsyncCompletedEventArgs.

4. Vms Mertozia 00bIYHO 3aBepinaeTcst cyhhukcom Async.
5. Meron Bo3Bpaiaer void.

Metonpt EAP, umena koTopsix 3aBepiaorcs cyGdukcoM Async, MOXKHO OT-
JUYUTD OT uMeH MeTo10B TAP ¢ cyddurcom Async, motomy uTo MeToasl EAP
BO3BPAIIAIOT void, Toraa Kak MeTo/ibl TAP BO3BpaImaioT 0xKu1aeMbIit THII.

[Ipumep tuma ¢ EAP API:

class GetStringCompletedEventArgs : AsyncCompletedEventArgs

{
public string Result { get; }

}

class MyHttpClient

{
public void GetStringAsync(Uri requestUri);
public event Action<object, GetStringCompletedEventArgs>
GetStringCompleted;

// CHUHXPOHHbIA SKBMBANEHT ANA CpaBHEHMUA
public string GetString(Uri requestUri);
}

[Torpebaenne narrepua EAP ocymiectsisiercst ipeobpasosanriem B TAP c¢ mo-
MOIIbIO TaskCompletionSource<T>; cM. perent 8.3 1 JoKyMeHTarmio Microsoft
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(https://docs.microsoft.com/en-us/dotnet/standard/asynchronous-programming-
patterns/interop-with-other-asynchronous-patterns-and-types#EAP).

Crunb nepepaun npoaomxeHuii (CPS)

ITOT MAaTTEPH HAMHOTO Yallle BCTPeYaeTcsi B IPYTHUX sI3bIKaX, 0COOEHHO
B JavaScript u TypeScript mpu ucnonb3oBanuu pazpaborarkamu Node.js.
B aTom marrepHe Kaskjiast aCMHXPOHHASI OTIEPAIHst OJIyYaeT jgesierata oopar-
HOTO BBI30BA, KOTOPBII BBI3BIBACTCS IIPU 3aBEPIICHUN ollepanuy (YCIemHOM
UM ¢ omuOKOiT ). Pa3HOBUIHOCTD ATOTO MATTEPHA UCTIOJIB3YET JIBYX JleJiera-
TOB 0OPATHOTO BBI30BA, JUIS yCIexa u jiuist omOKu. Takasi pasHOBUIHOCTD
06paTHOTO BHI30BA HA3BIBAETCS MTPOOJIKEHUEM; TPOIOIKEHNE TIEPEIAeTCsT
B TapaMeTpe, OTCIOIa M Ha3BaHMe «CTUIh C Tiepeaadeii mpogosskenniis (CPS,
Continuation Passing Style»). Otor maTrepH HUKOr/Ia He GBI MIMPOKO pac-
npoctpaet B Mupe NET, Ho IpUMeHsIICsT B HEKOTOPBIX CTapbiX OHOIIOTEKAX
C OTKPBITBIM KOJIOM.

[Tarrepu EAP MoXHO y3HATD IO CIEIYIOMNM XapaKTePUCTUKAM:
1. Omepanms mpeacTaBIsgeTCs OTHIM METOJIOM.

2. Mertoz mosry4aer AOMOTHATETbHBII TApaMET C eJIEraToOM 0GPATHOTO BbI-
30Ba; jlesieraT 0OPAaTHOTO BBI30BA MOJIYYAET [[BA apTYMEHTA, [IsT OMTHO0K
U JIJIs1 Pe3yJIbTaToB.

3. Taxxxe MeTOf oTIepanny MOKET TTOIYYaTh /[BA TOTIOTHUTETHHBIX TTapaMe-
Tpa, COJIEPIKAIIKX [IeJIeraToB 0OPATHOTO BHI30BA; OIUH JieJIeraT 0OpaTHOTO
BbI30BA TIPeIHa3HaYeH TOJIBKO /IS OMIMOOK, a JAPYTrOil — TOJNBKO TSI pe-
3yJIBTATOB.

4. Jleneratam 06paTHOr0 BbI30Ba OOBIYHO IIpHUCBanBalOTCA UMeHa done MJIN
next.

Bor npumep tuna API-unTepdeiica B cTuiie nepegadun mpo10KEeHUS:

class MyHttpClient

{
public void GetString(Uri requestUri, Action<Exception, string> done);
// CWMHXPOHHbLIA SKBUBANEHT [NA CpaBHEHUA
public string GetString(Uri requestUri);
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[Torpebaenne matrepua CPS ocymiectsisiercs nmpeobpasosanriem B TAP ¢ mo-
MOTI[bIO TaskCompletionSource<T> ¢ TIepeaaveii eJieraToB 06paTHOTO BBI30Ba,
KOTOPbIE TPOCTO 3aBepINalOT TaskCompletionSource<T>; cM. perent 8.3.

Hecral-mapn-l ble aCUHXPOHHbIE NaTTepPHbl

CurpHO cIeTMaMN3UPOBAHHBIE TUTTBI MHOTA OTIPEIETSTIOT CcOOCTBEHHDBIC ACHH-
XpOHHBIE TaTTePHBI. CaMBbIil I3BECTHBIN TPUMEP TAKOTO Pojia — TUTI Socket, KO-
TOPDIH olpe/iesiseT MaTTePH ¢ repelayeii 9K3eMILISIPOB SocketAsyncEventArgs,
MpeiCTaBISAoNINX orepalinio. [IprynHa 17151 BBeJIeHUS 3TOTO TIaTTepHa COCTOS -
Jla B TOM, 4TO SocketAsyncEventArgs MOJKET UCII0JIb30BaThCsI IIOBTOPHO, CO-
Kpalas HapacTalole 3aTPAThI MaMATU B IIPUIOKEHUAX C UHTCHCUBHBIMU Ce-
TeBbIMU oTepariusaMu. CoBpeMeHHbIe TPUJIOKEHUS NCTONb3YIOT ValueTask<T>
C ManualResetValueTaskSourceCore<T> IJd TOTO, 4TOOBI I0OUTHCS CXOTHOTO
BBIUTPBHIIIA IO 6bICTpoz[ey”ICTBI/Ho.

Hecrangapribie matTepHbl He 001aai0T OOINMU XapaKTePUCTHKAMI, T09TO-
MY PacIrio3HaTh UX TpyaHee Bcero. K cuacTplo, HecTaHAapTHBIE ACMHXPOHHBIE
MaTTEPHBI BCTPEYAIOTCS PEIKO.

[Ipumep Tuma ¢ HecTaHapTHBIM acCMHXPOHHBIM API:

class MyHttpClient
{

public void GetString(Uri requestUri,
MyHttpClientAsynchronousOperation operation);

// CWMHXPOHHbLI SKBUBANEHT ANA CpaBHEHUA
public string GetString(Uri requestUri);

}

TaskCompletionSource<T> — €IMHCTBEHHBIN CIIOCOO MTOTPEOIEHNs HECTaH-
JAPTHBIX ACMHXPOHHBIX TATTEPHOB; CM. perenT 8.3.

ISynchronizelnvoke

Bce Ipeablaymue nmaTrTepHbl IMpeHadHaveHbl 1J1 aCUHXPOHHBIX onepaqu/’I,
KOTOPbIE 3allyCKalOTCA, IMOCJI€ YEro 3aBepUIalOTCA OJHOKPATHO. HeKOTOpre
KOMITOHEHTBI CJIEAYIOT HAaTTEPHY HOAINCKU: OHU ITPEACTABJIAIOT IIOTOK COOBITHI
BMECTO O[[HOfI ofiepanuu, KOTopas O/InH pa3 3allyCKaeTCA 1 OJJUH Pa3 3aBepliia-
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eTcs. XOPOIIUM ITPUMEPOM MOJIEJIN MTOATTUCKY CIYKUT TUTI FileSystemWatcher.
YT006bI OTCIIEKUBATH U3MeHeHNs B GailIoBoil cucTeme, KOA-TIOTPeOUTE b
CHavaJIa MO/IMCHIBAETCS HA HECKOJIBKO COOBITHIA, [TOCJIE YErO 3a/1aeT CBOUCTBY
EnableRaisingEvents 3HauyeHue true. Eciu EnableRaisingEvents COMEPKUT
true, MOTYT MHUIIMUPOBATHCSI MHOKECTBEHHBIE COOBITHSI U3MEHEHMIT B (haii-
JIOBOW CHCTeMe.

HexoTopbie KOMITOHEHTBI UCIIOJIB3YIOT JIJIsi CBOUX COOBITH TTaTTePH ISynchro-
nizeInvoke. Ouu MIPEOCTABJIAIOT O/IHO CBOIICTBO ISynchronizeInvoke, a norpe-
OUTEIN 3a/1A10T HTOMY CBOMCTBY PeaIM3aliio, KOTOPasi I03BOJISIET KOMITOHEHTY
IaHupoBaTh paboty. Yaie BCEro OHO UCIIONB3YETCs [T TLTAHUPOBAHUST
pa6otsl B UI-m1oTOKE, 9T06BI COOBITHS KOMITOHEHTa BbiaBasmch B UI-oToke.
ITo cornanienusm, ecinm ISynchronizeInvoke cOlepsKUT null, TO CHHXPOHHM3A-
IS COOBITUI HE OCYIIECTBIISAETCS 1 COOBITHSI MOTYT BBIIABATHCST B (DOHOBBIX
IIOTOKAaX.

ITarrepH ISynchronizeInvoke MOKHO Y3HATh I10 CJEAYIOIUM XapaKTEePUCTH-
Kam:

1. CsoiicTBO THIIA ISynchronizeInvoke.
2. CaoiicTBY 00OBIYHO IIpucBanBaeTCsI UM SynchronizingObject.
[Ipumep Tuma, UCIONAB3YIONIETO TTATTEPH ISynchronizeInvoke:

class MyHttpClient

{
public ISynchronizeInvoke SynchronizingObject { get; set; }

public void StartListening();
public event Action<string> StringArrived;

}

Tak kak maTTepH ISynchronizeInvoke Mojipa3yMeBaeT CyIIeCTBOBaHUE MHOKE-
CTBEHHBIX COOBITHIT B MOJIEJIH TTOTIMCKH, IPABUJIBHBIN CII0CO0 TTOTpebIeH s
9TUX KOMIIOHEHTOB 3aKJII04aeTcs B peobpasoBaHuu coObITUI B HabI0Na-
eMBbIil TIOTOK — ¢ UCIOJIb30BaHneM Jub0 FromEvent (cMm. perent 6.1), 1160
Observable.Create.



06 aBTOpE

Crusen Kaupu — onbiTHbII pazpaboTyuk, mporien myth oT ARM no Azure.
YyacTBOBaJ B HAIIMCAHUN OTKPBITOTO UCXOAHOTO Koza Oubsanorekn Boost
C ++ ¥ BBIIIYCTHJ HECKOJIBKO COOCTBEHHDBIX OUOIMOTEK U Y TUJIHT.



06 o6noxkKe

JKuBoTHOe Ha 06/I0KKe KHUTH — MYCaHT, UJIK MaJlalicKast TaJibMOBas KyHHUIIA.
Buz Miiekonuraionux us ceMeiictBa BUBEpPOBLIX, obuTaommii B FOxHoM
u FOro-Bocrounoit Asun. MycaHru — OJMHOUKH, YT ceHe TOA00HBIX JIMIITh
B GpavHbBIi TIEPUO/I U IIPU BBIPAIIUBaHUHN ITOTOMCTBA. OHU By T yeANHEHHBII
HOYHOM 06pa3 JKU3HU, HO MHOT/Ia OGUTAIOT PSIZIOM C YEJTOBEKOM U TIPOOUPAIOT-
Cs B JKUJINIIA, TIOATOMY CIUTAIOTCS BpeaAnTe IMU. bpin HeaBHO 3aBe3eHbBI
B Amonuio n Ha Masble 30HACKIE OCTPOBA.

JlnvHa teta MycaHTa COCTaBseT OT 48 710 59 oM, JTiHa XBocTa — OT 44 J10
54 cm. Bec sxkuBoTHOTO OT 2,5 /10 4 Kr. OHUM UMEIOT 3A0CTPEHHBIE MOPJIBI, MEX
MOJKET OBITH OEJTBIM, CEPBIM 1 OYPBIM, aCTO ¢ TEMHBIMU MISITHAMH, TIOJI0OCAMU
WU IpyruMu oTMeTnHamu. Ha Mop/ie mHora GbIBaioT Y30Pbl, KOTOPbIE Ha-
MOMWHAIOT MacKy €HOTa.

B orymmune ot APYTIUX BU/I0B BUBEPPOBLIX, HA UX XBOCTAaX HET KOJIEII. Anajb-
HbI€ JKeJIE€3bl MYCAHTOB BbIZEJIAIOT CEKPET C IPOTUBHBIM 3allaXOM IIPU yIrpo3e
HaltaJICHMA. JTOoT CEKPET TaKIKE HCIIOJIb3YETCA B 6paquIﬁ nepuona AJd 1mpu-
BJIEYEHUA ITapTHEDPA.

[TasibMOBBIE KYHUIIBI HTPAIOT BaXKHYIO POJIb B TOIEPKAHUN OMOPasHOo0Opa-
3 TPOIIMYECKUX JIECOB, PACIPOCTPAHASA ceMeHa (PPYKTOB, KOTOPbIE OHU
norpebasaior. OHM TakKe JTaKOMATCS COKOM TIaJbMOBBIX IIBETOB, KOTOPbI
nocJie 6pPOKEHNST CTAHOBUTCA CJAAIKUM JIMKEPOM; 9Ta PUBbIYKA IIPUHECA
UM IIPO3BUIIE «CTPAHHOXBOCT».

Mycanrn noemaioT cresble Mo/l Kodelnoro nepesa (Kodeitibie BUTITHN),
KOTOpPBIE TTPOXOJIAT Yepe3 UX KeJTyT0UHO-KUIIeYHbI TpakT. Komu-ryBak,
OJIMH M3 CAMbBIX JIOPOTHX BUIOB KOe B MUPE, JieJIaeTcs U3 KOMDEHbIX 3epeH,
M3BJICUEHHBIX U3 UCTIPAKHEeHH MycaHTa. [1o yTBepkaeHnsiM AMepuKaHCKOi
ACcCOIMAIINU CIeMUANTH Kode, «OH ITPOCTO UMeeT HENPUATHBIN BKyC». KoM-
MaHus, TPe/ICTaBISIoN[as Ha 3ara/ie KOMU-JTyBaK, TeTephb BHICTYAeT ITPOTUB
HETO M3-3a JKeCTOKOTO 00OPAIEHNs ¢ SKHBOTHBIMH.
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Muorue us KuBOTHBIX Ha 00s105kKax O’Reilly Haxonsres moa yrposoii ncues-
HOBEHUS; BCe OHU BasKHbI JIJIst Mupa. V3o6pakeHue Ha 06JI05KKe HaprcoBasa
Kapen Montromepu. 3a ocHOBY B3siTa uepHO-Oesiast rpaBiopa us «Koposies-
cKkoii ecrectBenHol ncropuns (1893) Puuapaa Jlngekkepa.
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