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Ha npuxnazni mobymosu 3acTtocyHky MoBOIO C7# BHKOHAHO NOPIBHSAHHS MOXKJIUBOCTEMH
ek3eMmiiapiB KiaciB BackgroundWorker ta Task. 3acrocyHok rpadigaummu 3acobaMu
JIEMOHCTPY€ MPOIEC BIOPSAKYBAHHS MACHBY I[IJINX YUCES PI3HUMHU METOJAMH COPTYBAHHSI.
3aBIsikM BUKOPUCTAHHIO 3ac06iB peduiekcil y mporpamMi KOpHUCTyBad MOXKe caMm 00paru
MEeTO/IM COPTYBAaHHSI, BUIIPOOYBAaTH IX Ha pi3HUX HabOpax BXigHuUX maHux. JloBemeHO, 110
meron Task.Run() 3py4nimuii y Bukopucrasni. 3amyck mapasesbHOro NOTOKy BigOyBaeThb-
¢ y 3po3yMimimuit cnoci6, ajas oTpuMaHH4 iH(OpMalil Ipo Xii COpTyBaHHS BUKOPUCTOBY-
IOTH CTPOTO TUMI30BaHUH 00’€KT, & A1 JOCTPOKOBOI 3yIHHKH IOTOKY — 3AraJIbHUI MeXaHi3M
nepepuBaHHA BUKOHAHHA ItaTdopmu .Net.

Karomosi caoea: moTik BHKOHAHHS, (AraTONOTOKOBHiT 3acTOCyHOK, kiaac Task, 3ymmaka
TMOTOKY BUKOHAHHS, BioOpaskeHHS X0y OOYUCIIeHb, AJITOPUTMH COPTYBAaHHS, pedeKcis.

1. Bcrym

Y mporpami MoBor C# oOkpemuili TOTIiK BHKOHAHHS MOYKHA 3AIyCTUTH OArarbMa,
criocobamu: 3a JIOMOMOIOI0 ACHHXPOHHOTO BUKJIMKY JeJieraTa, depe3 eK3eMIUISp KJacy
Thread, uepe3 acunxpounuii mabgoH Ha ocHOBI noaiit (komnonent Background Worker),
uyepe3 eksemiuiap kiacy Task [1]. Came uneil pagsarb BUKOPUCTOBYBATH PO3POOHUKU
wiardopmu Net. VY oauiil 3 nouepennix ny6uikauiil [2] Mu gerasbHO OnUCAIU BUKO-
pucranus BackgroundWorker y 3actocyuky Windows Forms, 1o Bi3yaJi3ye mpoIiec
BUKOHAHHS PI3HUX aJTOPUTMIB YIIOPSIIKYBAHHS MTOCiIOBHOCTI 3HAYUEHD, IKi MPAITIOIOTH Y
okpemux norokax. Kommnonenr Background Worker OyB /iy?Ke IpOrpeCUBHUM Ha MOMEHT
CTBOPEHHsI, MPOTE ChOTOMHI 3’SIBUIMCA JOCKOHAIMI TexHosorii. Mmu mopiBHAEMO #HOro
MOXKJIMBOCTI Ta crmocobu BHKOPHCTAHHSA 3 MOXKJIMBOCTAMHU ek3eMiuigpa Task, 3okpema,
orpumanoro merogom Task.Run() ma mpukiaazi Takoro  3acTocynky. IlomiGme mopis-
HSIHHS HA YMOBHOMY TPHKJIaAl MoxkHa 3HaiiTH B [3]. Ocobamsocri Bukopucranus Task
JJIS pO3TapaJIesIeHHsT PO3B’I3yBaHHS 33724l KOMiBOSXKE€pPA T€HETUIHUM AJITOPATMOM MU
onucaiu B [4].

Haramaemo, 110 3aCTOCYHOK Bi3yastizaliii aJlropuTMiB yHOPSIKYBaHHS 3aIyCKae Ha,
BUKOHAHHS y MapaJieJIbHUX MOTOKAX JAEKLIbKa METOIB COPTYBAHHS MACUBY ILINX 9HUCEJI,
HAJA€ KOPUCTYBAYEBl MOXKJIUBICTh 3yTUHUTH KOXKEH 3 METOiB, SKIIIO BUKOHAHHS TPUBAE
3aHaATO M10Bro. KoxkeH 3 MacuBiB 300pakaeThbCs Ha OKpeMiit rpadidniit manesri Habopom
BipiskiB BimamoBinnol goBxkuHU. [lOTOKH COpPTYBaHHS IIOBiIOMJIAIOTH 3aCTOCYHOK IIPO
OOMiHM €JTEMEHTIB COPTOBAHOI'O MACHUBY, IO CIPUYUHSIE TIEPEMAJIbOBYBAHHS BiIMOBITHOT
mapu BizpiskiB. Koxken morik moBimomiisie mpo cBo€ 3aBepirents. OTOXK 10 iHCTpyMEHTY
CTBOPEHHS MMOTOKY BUCYBAIOTh TaKi BUMOTH:

® 3DYYHUI 3AMyCK METOMY BIIOPSIKYBAHHS;
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e oTpuMaHHs iHMOpPMAIIl PO XiT BUKOHAHHS Ta MOXKJWBICTH BimoOpasuTu 11 y BikHi
3aCTOCYHKY;

® MOXKJIUBICTH 3pearyBaTH B MOTOIIl 3aCTOCYHKY Ha 3aBEPINEHHs TIOTOKY COPTYBAHHST;

® MOXKJIUBICTBH 3yNMHUTHU TOTIK JOCTPOKOBO.

IlopiBusiemo 3acobu s 3a70BOJIEHHSA UX BUMOTL, ki nHanaors BackgroundWorker ta
Task.Run().

2. BABOBA B3A€MO/IA

Bazosa B3aemomisi mepenbavae CTBOPEHHSI TOTOKY, 3alyCK #Oro Ha BUKOHAHHSA i
orpuManHsa pedyiabrary. Jlis Buxopucramus BackgroundWorker motpibHO BuKOHATH
KLIbKa KPOKiB: CTBOPHUTH €K3eMILISIP KJacy, HajamryBaru onparioBanus moaii DoWork
Ta BukJjnkaru meron, RunWorkerAsync. CxemMarudro 1e MOXKHA 300PAa3UTH TAK.

static void MainThread()

{
int[] arrayToSort = GetArray();
BackgroundWorker bgw = new BackgroundWorker() ;
bgw.DoWork += SortingWork; // MeTon mnjid BUKOHAHHA B MOTOILL
bgw.RunWorkerAsync(arrayToSort) ; // 3amyck Ha BHKOHAHHA
}

// MeTon TOBWHEH MaTH CIelliambHmii iHTepdeiic
static void SortingWork(object sender, DoWorkEventArgs e)
{
// MeToxm cOpTyBaHHA OTPUMy€ MAacHB 3 apryMeHTy momii
OppositeSort ((int[])e.Argument) ;

// MeTonm COpTyBaHHS MacCUBY 3yCTPiuHMM o6MiHOM
static void OppositeSort(int[] array) {...}

Baunmo, 1m0 BUKJIWK METOIy COPTYBAaHHS PO3TAIIOBAHO JOCHTH JAJIEKO Bif MicCIs
crBopenHs ek3eMmiuisipa Background Worker ta 3amycky MOTOKY HA BUKOHAHHS, & TEPEIa-
BAHHS TIapaMeTPiB — HEOUEBHIHE, 110, OE3YMOBHO, yTPY/IHIOE PO3YMiHHS TEKCTY MPOrpa-
MHU. 3ammc MOXKHA JEN0 CKOPOTUTH 3a JOIMOMOIrOI0 BUKOPHUCTAHHS JaMOIa-BUpa3iB, dKi
BUKOPUCTOBYBATUMEMO HAIAJII.

Te came 3aBmamus 3a J0mOMOrol0 Task MOXKHA BUKOHATH TIPOCTIIITE

static void MainThread()

{
int[] arrayToSort = GetArray();
// CTBOpHTH 1 B3alyCTUTH NOTiK OJHWM DPAIKOM
Task.Run(() => { OppositeSort(arrayToSort); 1});
}

// MeTon COpTYBaHHS MacCUBY 3yCTpiuHuM o6MiHOM
static void OppositeSort(int[] array) {...}

3a3Buuaii MeTO[ COPTYBAaHHSI HE TOBEPTAE HISIKUX 3HAYEHL, TPOTE BiH MIr Ou Ie
pobutu. Hampukianm, mim 9ac COPTyBaHHS MOXKHA JIIYUTH BUKOHAHI OOMIHU eJIeMEHTIB
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MaCHBY i MOBEPTATH OOYHCJIEHY KiJIbKICTh K Pe3yJbTaT. ¥ IIbOMY BUIMAIKY iHTEpdeiic
METOY COPTYBAaHHS 3a3HAE HE3HAYHUX 3MiH: fOoro Tum crane int 3amicts void. CkiamHi-
e Oyie HAJIAIITYBATH OTPUMAHHSA Pe3yabrary 3a momomoroo BackgroundWorker. Me-
TOJ, SKUI TPAIOBATHME B MOTOIl, MA€ MOMICTUTHU PE3yabTaT y Biaactusictb Result ap-
rymenty nozii DoWork. JloBenerbcs TaKoK BU3HAYUTH OIPAIIOBAHHS [I0/1i1 3aBEPIICHHS
BUKOHAHHS 1 TPOYMTATH BJacTWBiCTH Result 11 aprymenty. JlomaTkoBa CKJIQIHICTH
mojiArae B TOMYy, 10 obmaBi BiaactwBocTi Result marors Tum object, i kopucryBadesi
MOTPIOHO TOYHO 3HATH THUI PE3YJIHTATY Ta 3ACTOCYBATH OIEPAII0 TPUBEIECHHS THUILY.

static int MainThread()

{
int[] arrayToSort = GetArray();
BackgroundWorker bgw = new BackgroundWorker() ;

// BMicT mOTOKy MOXHa 3aJaTH ISM6Ia-BHPa30OM
// MeToxn copTyBaHHS OTPUMyE MacHB 3 apryMeHTy OOZil,
// a pesymbTaT moMimae B chneniaipHy BIACTHBiCTb IbOrO apryMEHTY
bgw.DoWork += (sender, doWorkEventArg) =>
{ OppositeSort((int[])doWorkEventArg.Argument); 1};

// okpeMm#i naM6Ia-Bupa3 AJA OTPHMAHHA DPe3yJIbTATY
bgw.RunWorkerComleted += (sender, completedEventArg) =>
{
int result = (int)completedEventArg.Result;
Console.WriteLine("Count of exchanges is " + result);

};

bgw.RunWorkerAsync(arrayToSort); // 3amyck Ha BUKOHAHHS

// MeTon BHOPSAOKYBAHHS MAacCHBY 3yCTpiduHMM 06MiHOM
static int OppositeSort(int[] array) {...}

ITTo6 nepemaru 3HaiiaeHy KiabKicTb OOMIHIB y MOJIOBHY IIpOrpamy, JOBEAETHCS JTOKIACTH
JOJTATKOBUX 3YCHJIb.

Y Bunaaky sukopuctanas Task TOMOBHEHHsI 10 HABEIEHOrO BUINE KOy OyIyTh
Minimagbanmu. Task.Run BUKIMKAOTH y oneparopi await. @yHKiiisi, mepegana B HOTO,
TmoBepTaE pe3yabrar 3Bmdaiiuum crmocobom. Tum pesyabrary 30epiraerbes. /1o Toro ik,
CTPOTO THUII30BAHUN PE3Y/IHTAT MOBEPHETHCS OAPA3y B MOJIOBHY IIPOrPAMY.

async static void MainThread()

{
int[] arrayToSort = GetArray();
// CTBOpWUTH, 3amyCTHUTH IOTiK i OTpMMATH pPe3yNbTAT OLHUM DPAIOKOM
int result = await Task.Run(() =>
{ return OppositeSort(arrayToSort); 1});
}

// MeTon BHOPSAIOKYBAHHS MAaCHUBY 3yCTpiumuM obMiHOM
static int OppositeSort(int[] array) {...}
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3. 3ABEPIIEHHS I[TIOTOKY BUKOHAHHSI

TloBepHiMOcs 10 TOTO CIEHAPI0, KOJIU METOJ, COPTYBAHHS Ma€ TUIl void 1 HITOro He
noBeprae. 3a3Budail micis 3aBepIeHHs] TOTOKY BUKOHAHHS TOTPIOHO BUKOHATH HACTYITHI
kpoku. Hanpukiiaz, y HaAmoMmy 3aCTOCYHKY IMiCJid 3aBEPIIEHHS I[IOTOKY COPTYBAHHSA
TMOTPIOHO 3MEHIUTH JIYNIBHUK AKTUBHUX MOTOKIB i MPUXOBATH KHOMKY MPUMYCOBOTO
3aBEPINEHHS TTOTOKY.

Mu ke 3maiiomi 3 omparoBanuasam nomii Background Worker. RunWorkerComleted.
Came TyT, OKpiM OTpUMAaHHS PE3yIbTATy, ONMUCYIOTh HACTYIIHI KPOKH.

static int MainThread()
{
int[] arrayToSort = GetArray();
BackgroundWorker bgw = new BackgroundWorker() ;
bgw.DoWork += (sender, doWorkEventArg) =>
{ OppositeSort((int[])doWorkEventArg.Argument); };
bgw.RunWorkerComleted += (sender, completedEventArg) =>
{ ExecuteNextSteps(); };
bgw.RunWorkerAsync(arrayToSort); // 3amyck Ha BUKOHAHHA
}

static void OppositeSort(int[] array) {...}

ITponos:kenns Bukonanus task.Run() moxHa 3azaru nqoma pisHumu crocobamu. Ko
BUKJIMK BUKOHAHO B OlIEpPATOpl await, TO OCHOBHUM IOTIK JIOYEKAETbCHA 3ABEPILIEHHS
TIOTOKY COPTYBaHHS, & TOJI BUKOHAE HACTYIHI B IHCTPYKIIii.

async static void MainThread()

{
int[] arrayToSort = GetArray();
await Task.Run(() => { OppositeSort(arrayToSort); 1});
ExecuteNextSteps() ;

}

static void OppositeSort(int[] array) {...}

Meron ExecuteNextSteps Oyne sukonano B norori MainThread. Tammuit cnoci6 Bukopuc-
TOBY€ MOJATKOBI MOXKJIUBOCTI Kaacy Task: 3aBmaHHsa MOXKHA 00 €IHYBATH B JIAHITIOKKH
noBinpaOl moBxkuau meronom Continue With.

async static void MainThread()

{
int[] arrayToSort = GetArray();
await Task.Run(() => { OppositeSort(arrayToSort); 1}).
ContinueWith(task => { ExecuteNextSteps(); 1});
}

static void OppositeSort(int[] array) {...}

Tenep nnsa Bukonanus ExecuteNextSteps Oyme ctBopeno nHoBuit ek3emiisgp Task i Hosuit
TIOTIK.

SIKIMO micsist 3aBepIneHHs MOTOKY OOYNC/IeHb MOTPIOEeH JTOCTYII 0 eleMeHTiB rpadid-
Horo inrepdeiicy KopucryBsada, sik y HAIIIOMY 3aCTOCYHKY, TO 1epeBary Tpebda BimgaBaru
TIEPIIIOMY CTTOCO0Y, OCKITbKM Bi3yasbHi KOMTIOHEHTH MOKHA 3MIiHIOBATH TiTHKH B TOMY
TIOTOI, B IKOMY BOHM OYyJIN CTBODEHI.
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4. ITOBIAZOMJIEHHSA PO X1 OBYUCJIEHB

TonoBHe 3aBHaHHsS 3aCTOCYHKY Bi3yasrisalfii ajJropuTMiB yIOPSIIKYBAaHHS — Bimo0-
paxenns rpadidarMu 3acobaMu MPOIECY COPTYBaHHS MacuBy. Jljis mpOro moTpiOHO
oTpuMyBaTu iHGOPMAIIiO PO 0OMiHN €JIEMEHTIB MACUBY, BUKOHAHI METOIOM COPTYBAHHS.
I BackgroundWorker, i Task nanatoTh Taki MOXKJIMBOCTI.

Hnsa nanamrysanas ek3emingpy Background Workwer morpibHo BUKOHATH [EKiIbKA
KpOKiB: 3azaru #toro Biaacrusicts WorkerSupportsProgress = true, 3aj1atu onpanioBaHHs
mozii ProgressChanged i momicTuT B MeToJ copTyBaHHs BUKInku Background Worker.
ReportProgress(anlnt) a6o BackgroundWorker.ReportProgress(anlnt, anObject). Ilep-
UM TTapaMeTpoM Mae OyTH Iiie 9ucio, ApYruM — goBinbHuil o6’ekr. Came mumu
3HAYEHHIMU MOTIK iHMOpMYe npo Xix BukoHaHH:A. Merox ompaioBanns moziii Progress-
Changed moxe oTpuMaTH JOCTYII JI0 HHUX, BiINOBiAHO, Yepe3 Biaacrusocti ProgressPer-
centage ta UserState aprymenty momil. ZKIINO OZHOTO IJIOTO YHCIA HE JOCTATHBHO IIJIst
indopMyBaHHs, TO BUKOPUCTOBYIOTH ApyTuil BapiauT i Baactusicts UserState. Bona mae
Tun object, TOMy mOTpeOy€ NMPUBEAEHHS TUIY B TOJIOBHi{l mporpami.

3po3yMmiso, 1m0 MeToJ copTyBaHHS TOTpebye goctymy 10 ex3emiuispa Background-
Worker, sikmit kepye #oro morokom BukoHauHs. Jljis 1IbOro 70BeneThCs 3MIHUTHU iHTED-
deiic merony i nepesgaBaTu B HbOrO, OKPiM MacuBy, 1e it ek3emiiap Background Worker.

static int MainThread()
{
int[] arrayToSort = GetArray();
BackgroundWorker bgw = new BackgroundWorker() ;
bgw.DoWork += (sender, doWorkEventArg) => { OppositeSort(
(int[])doWorkEventArg.Argument, sender as BackgroundWorker); };

// HamawTyBaHHA HinTpuMru iHPOpMyBaHHS HpPO Xixm ob4YMCIIEHB
bgw.WorkerSupportsProgress = true;
bgw.ProgressChanged += (sender, progressChangedEventArg) =>
{ VisualiseProgress(
(Tuple<int,int>)progressChangedEventArg.UserState); };

bgw.RunWorkerAsync(arrayToSort); // 3amyck Ha BUKOHAHHS
}
static void OppositeSort(int[] array, BackgroundWorker worker)
{... Swap(array[il, array[jl);
// nepumil mapamMeTp - 3aiiBumii, ame Mycmvo Horo 3azmaTu
worker.ReportProgress (0, Tuple.Create(i, j)); ...}

Tenep exzemiutsap Background Worker Bukonye mo/iBiitae 3aBJaHHs: MiATPUMY€E BUKOHAH-
HS TTOTOKY Ta € 6e3mocepe HiM yIaCHIKOM METOIy COPTYBAaHHMA, KW caM i miaTpumye.

IIpu Buxopucranui Task poni posaimeno: g iHgOpMyBaHHS PO Xig 0OUHUC/IEHBb
BUKOPMCTOBYIOTH OKPEMY CYTHICTB, ek3eMniap Kjaacy Progress<T>, ne T — noBinbunmit
TUI, a 3HAYEHHS IIHOTO TUITY € 3MICTOM TOBiIoMJIeHHSA. ZIK i B momepe HbOMY BUTIQJIKY,
METOJ COPTYBaHHSA Ma€ OTPUMATHU JOJATKOBUU mapamerp, ek3emmisap Progress<T> iy
HaJIeXKHOMY Micni BUKIHKaTH #oro meros Report(aT).

async static void MainThread()
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{

int[] arrayToSort = GetArray();
var progress = new Progress<Tuple<int,int>>(value =>
{ VisualiseProgress(value); });

await Task.Run(() => { OppositeSort(arrayToSort, progress); 1});
}
static void OppositeSort(int[] array, Progress<Tuple<int,int>> p)
{... Swap(array[i], array[jl);

p-Report(Tuple.Create(i, j)); ...}

IIepeBaroio 11p0ro crnocody € po3zineHHs poJieit 00’e€KTiB 1 30epeKeHHs TUITY 3HAYEHHS,
HAJIICJTAHOTO Y TTOBiTOMJICHH.

5. IIEPEPUBAHHSA OBYUCJIEHD

3acTOCYHKY, III0 BUKOHYE TOBrOTPUBAJI OOUHCIEHHS, Tpeba MATH 3MOTY MepepBaTH
ix: abo dYepe3 BUYEpPIAHHS BiABEAEHOrO dYacy, abo 3a OakaHHsIM KOpuCTyBada. K i
y BUMaAKY iH(OPMYBaHHS TPO XiI 00YHUC/IEeHb, MepepuBaHHS BUKOHAHHA Background-
Worker mnorpebye mekinTbKOX IOIATKOBUX HAJAMITYBaHb. Haiimapine, Tpeba 3amaTu
3Hadenns true fioro BiacruBocti WorkerSupportCancellation. Ilo6 3ynunutu obuwmc-
JIEHHSI, TOJIOBHA MpOrpaMa MOBUHHA Bukjukaru meron worker.CancelAsync(). Ileit
METO/T BCTaHOBHUTH BiacTusicTh worker.CancellationPending y true. Metos copTyBaHHs
Ma€ MaTu JOCTYI A0 worker, mo6 nepioguyHo mepeBipaTu i1, Ta HA BUMOIY 3aBEpIIU-
TH BUKOHaHHs, Hajgasnm BiaacruBocti DoWorkEventArgs.Cancel 3uadenns true. 11106
3’sicyBaru, 4 Oy OOYHCTIEHHS MMepepBaHi JOCTPOKOBO, Tpeba MepeBipUTH BJIACTUBICTD
RunWorkerCompletedEvent Args.Cancel B MeTOi OTIpaIIOBAHHS 3aBEPITICHHS O0UNCICHb.

static int MainThread()

{
int[] arrayToSort = GetArray();
BackgroundWorker bgw = new BackgroundWorker () ;
bgw.DoWork += (sender, doWorkEventArg) => { OppositeSort(
(int[])doWorkEventArg.Argument, sender as BackgroundWorker,
doWorkEventArg); };
// HamamTyBaHHS NiLTPUMKM NepepHBaHHH OGYHCIEHBb
bgw.WorkerSupportCancellation = true;
bgw.RunWorkerComleted += (sender, completedEventArg) =>
{ if (completedEventArg.Cancel) InformAboutCancellation();
ExecuteNextSteps(); };
bgw.RunWorkerAsync(arrayToSort); // 3amyck Ha BUKOHAHHS
if (TimeOut()) bgw.CancelAsync(); // mepepuBaHHA BUKOHAHHS
}

static void OppositeSort(int[] array,
BackgroundWorker worker, DoWorkEventArgs arg)
{... if (worker.CancellationPending)
{ arg.Cancel = true; return; } ...}

Baunwmo, mo mo 6ararbox 060B’sa3kiB ek3emmasapa BackgroundWorker ta meromy ompa-
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moBanus momii RunWorkerComleted nonanvcs ®OBi: worker TOBigOMIIsiE€ TTPO BUMOTY
3yNUHUTYA BUKOHAHHS TIOTOKY, & METOJ] — TIEPEBips€, 9n MOTIK 3aBEPITUBCS HA BUMOTY, 9A
3Buuaitno. OKpiM mepeBaHTasKeHOCTI OOOB’SA3KIB, € Ie OfHa Hebe3meKa: MOKHA MTPOCTO
3abyTu nepesipuru Bracrusicts completedEvent Arg. Cancel, i BUKOHaHHS TPOrpaMu Tije
Jauti, Hibn HiYoro He Tpammaoca. Tak MOXKHA IIPOIMYCTATH HEIITATHY CHTYAIIITO.

g nepepusanns obuunciens y Task.Run() BUKOPUCTOBYIOTH 3arajbHUil MEXaHi3M
nepepuBaHHs BUKOHAHHS, BupoBamxkenuii y .Net 4.0: crBopioors exk3emmsap Cancel-
lationTokenSource i mepemaioTh y aCHMHXPOHHWI BUKJINK MapKep 3aBepiineHHs token
skuit orpumyors 3 BaactuBocri CancellationTokenSource. Token. ¢k i B monepeanbomy
BUIIQJIKY, 3aIIYIIEHWH HAa BUKOHAHHS KOJ Ma€ IEPIOJUYHO MEePeBIpATH CTaH MapKepa i
TIepepuBaTH BUKOHAHHS Ha BUMOTY. s 1mmhoro € aBi moxkiauBocTi. [leprra — nepeBipuTn
Baactuicts token.IsCancellationRequested i BukoHaTu Buxin 3 meromy. Take 3aBepIreH-
He, 9K 1 y Bunaaky BackgroundWorkwer, mjisti TOJIOBHOI mpOrpaMu CXOXKe Ha 3BUYAMHE
3aBepireHHss o04Ync/ieHb. 1Ipo mepepuBaHHS CBiIIATL 3HAYEHHA true BIACTHBOCTI Is-
CancellationRequested mapkepa nepepuBaHHs — BOHA 30€piraerbesi MiC/si 3aBEPIICHHS
ACMHXPOHHOIO BUKJIUKY. Jpyra moxkiusicrs — Bukiaukaru meros token.ThrowlfCan-
cellationRequested(), axuii TeHepy€e BiANOBIAHUI BUHATOK 1 TaK MEpepUBAE OOUUCIICHHS.
TosmoBHa mporpaMa He Mag IIAHCIB HE TOMITUTH Take 3aBepIieHHs. Ake y IbOMY
BUNAJIKY ACUHXPOHHWI BUKJIMK OTPIGHO BUKOHATHU B iHCTPYKUIT try/catch. 11106 mepep-
Baru obuucsieHHs, roJoBHa nporpama Bukiaukae CancellationTokenSource.Cancel().

3acTrocyHOK Bizyasizamii ajaropurmiB COPTyBaHHS HAJAE KOPUCTYBAYEBI MOXKJIUBICTDH
3YNUHUTH OyIb-sIKUil aJrOPUTM HA BJACHUil po3cya. Tomy mepepuBaHHS BUKOHAHHS HE
BBAXKAETHCS MOMUJIKOIO, 1 MW BHKOPUCTAEMO MEPIHUi 31 3raJaHuX CITIOCODIB.

private CancellationTokenSource tokenSource;
async static void MainThread()

{
int[] arrayToSort = GetArray();
tokenSource = new CancellationTokenSource();
await Task.Run(() =>
{ OppositeSort(arrayToSort, tokenSource.Token); });
}
private void DoCancellation()
{
if (tokenSource != null) tokenSource.Cancel();
}

static void OppositeSort(int[] array, CancellationToken token)
{...

if (token.IsCancellationRequested) return; ...}

Bapro 3ayBaxxuru, mo ex3emmap Cancellation TokenSource € “onmnopasoBum™: Hemae
3MOTHM BUKOPUCTATH HOTO TIOBTOPHO TCJIST TIEPEPUBAHHST, OCKITHKY MApKep MepepUBaHHS
36epira¢ BUMOTY 3YNUHKH OOYHMCIeHb. JIjisi TOBTOPHOTO 3aIyCKy TOrO K METOAY ¥
Task.Run() norpibro crBoputn HoBwil ek3zemisip CancellationTokenSource.
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6. AJAIITALISI METOAY COPTYBAHHS

Jlmst Toro, mob MeTom COPTyBaHHsS MACHBY B3aEMOIIfAB i3 3aCTOCYHKOM Bi3yaJiizariil,
Yy HBOI'O MAalOTh OyTH JOJATKOBI IapaMerpu Ta BUKJIUKUA METOIB, IIPO dKi MU BIKe
3raayBasn. [lokaxkeMo Ha KOHKPETHOMY TPUKJIAII, III0 CaMe TTOTPIOHO 3MIHUTH.

Tpaaumiitanit MeTO COPTYBaHHSA OOMiHAMY MOXKHA 3AITUCATH TaK.

public static void OppositeSort(int[] arrayToSort)

{
for (int i = 0; i1 < arrayToSort.Length - 1; ++i)
for (int j = arrayToSort.Length - 1; j > i; --j)
{
if (arrayToSort[i] > arrayToSort[j])
{
int t = arrayToSortl[i];
arrayToSort[i] = arrayToSort[j];
arrayToSort[j] = t;
}
}
}

A manroBaHuit METO 3aJI€KUTH BiJ[ JBOX ITOJATKOBUX MapaMeTpin: ek3eMruispa Prog-
ress<T> i mapkepa 3ynuaku. CTaH Mapkepa JOIIJIbBHO MEPEeBipATH HA KOXKHOMY KPOIT
BKJIAJEHOTO IMHUKJIY, OCKITbKYM BUKOHAHHS ILJTOTO IHUKJIY MOXKE TPHUBATH JOCHTH TOBIO
IIpo xKoken BuUKOHAHHUIT OOMiH 3HAYEHDL €JEMEHTIB MACHBY METO]I IOBiIOMISITHME depe3
06’eKkT progress.

3aCTOCYHOK CIPOEKTOBAHO MAKCUMAJBHO HE3aJeXXKHUM Bij 6i0gi0oTeKM MeTomiB cop-
TyBaHHsd. Bin 3aBaHTaxye i1 Ha eTam BUKOHAHHS Ta 3HAXOIWTDH BIAMOBIIHI MeTOmM
3acobamu pedirekcii. Taka apxiTekTypa /a€ 3MOry IOMOBHIOBATH DIOIIOTEKy MeToiB 6e3
nepebynoBu 3aCTOCYHKY. JIjisi TOMErimenHs MOIIyKy MEeTOIB iX MO3HAYEHO ATPUOYTOM
TaskNameAttribute, cueuianbso crBopeHuM Jyis i€l meru [5].

[TaskNameAttribute("Opposite exchange", LocalName = "3ycTpiuxumit ob6Min")]
public static void OppositeSort(int[] arrayToSort,
CancellationToken token, IProgress<Tuple<int, int>> progress)
{
for (int i = 0; i1 < arrayToSort.Length - 1; ++i)
for (int j = arrayToSort.Length - 1; j > i; --j)
{
// TepeBipka BUMOTH S3YIWHUTH IOTiK
if (token.IsCancellationRequested)
return;
if (arrayToSort[i] > arrayToSort[j])
{
int t = arrayToSort[i];
arrayToSort[i] = arrayToSort[j];
arrayToSort[j] = t;
// moBimoMnseMo mpo obMim
progress.Report (Tuple.Create(i, j));
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3

7. APXITEKTYPA 3ACTOCYHKY

BacrocyHok Bizyasizarii 30ymoBano 3 gorpumanusm momemi MVC [2,4], y sxiit 3a
BiZ0OpaskeHHsT BiAMOBIIIOTH Bi3yasibHI KOMIOHEHTH, B TiM YHCJI CHOEIIAJIbHO CKOHCTPY-
WoBaHi, MOIETb MOCTAYAE MACUBHU IIUX duces, a KouTposep SortController mos’sizye
komnonenTu Ta macusu 3 BackgroundWorker 1 meronamu copryBanns. fIk yke 3po3ymi-
J10, nosue HastamryBanusg BackgroundWorker norpebye unmanux 3ycuiib. ¥ 3raaHOMY
3aCTOCYHKY 3apaJju 3pyYHOCTI HOT0 iHKamCympoBaHO B Kiaaci BackgroundSorter.

Bacrocyemo Takuii miaxizg i 3apa3: mokJaaeMo 060B’d30K 3i CTBOPEHHS, HAJIAIITY BAH-
Hsl, 3aIycKy Ta 3ynuHku Task wa ekzemiutsip HoBOro kjacy TaskSorter. Bin nos’sizyBa-
THUME METOJl COPTYBAHHS, MACUB, MapKep 3YTUHKHU Ta ek3eMIuisip Progress<T> i 3amyc-
KaTuMe HOBWil MOTIK BHKOHAHHS. 110ro 0GOB’S3KOM OyIe TaKOXK IOCTPOKOBA 3YIHHKA
MOTOKY, 33 MOTpeOu, OHOBJIEHHS MapKepa 3YNWHKW, BUKOHAHHS HEOOXiTHWX il miciis
3aBePINeHHs] TOTOKY COPTYBAHHSI.

public class InTaskSorter: IDisposable

{
private CancellationTokenSource tokenSource; // Oxepemo Mapkepis
private Progress<Tuple<int,int>> progress = null;

private int[] array = null; // i MacuB, 1 MeTon MoxHa
private MethodInfo sortMethod = null; // 3MiHuTH
private Action continuation = null; // 3aBepwampHi mii

// 6impmicTh HONiB HANANTOBYOTH-3MiHKIOTH HiCIS CTBOPEHHS
public InTaskSorter()
{
tokenSource = new CancellationTokenSource() ;
}
public void Dispose() { tokenSource.Dispose(); }
public void SetArray(int[] a) { array = a; }
public void SetMethod(MethodInfo s) { sortMethod = s; }
public void SetProgress(Action<Tuple<int,int>> p)
{
progress = new Progress<Tuple<int, int>>(p);
3

public void SetContinuation(Action c) { continuation = c; }

public void Stop() { tokenSource.Cancel(); }
public async void Start()
{
if (tokenSource.Token.IsCancellationRequested)
{ // BukopumcTamuwii Maprep Tpeba 3aMiHHATH
tokenSource.Dispose();
tokenSource = new CancellationTokenSource();
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// CTBOpUTEH 1 3amyCcTWTU HOBe 3aBIaHHH,
await Task.Run(() =>
{

sortMethod?. Invoke(null,

new object[] { array, tokenSource.Token, progress });

}, tokenSource.Token);
// moderaTumcsa i BUKOHaTW 3aBepmanbHi il
continuation();

}

Hagaui B 3acrocyuky SortController mparmroBatume 3 Kojekiriew InTaskSorter’is 3amicTh
BackgroundSorter. Ilpomymana apxiTeKTypa [aja 3MOry JIETKO 3MiHUTH KJIAC KOHTPOJIE-
pa i BUKOPHUCTATH B 3aCTOCYHKY HOBY TEXHOJIOTIIO 3AIIyCKY MOTOKIB.

TToBHMiT TEKCT TPOrpaMy 3aCTOCYHKY MOYKHA 3aBaHTAXKUTH 3 [6].

8. BUucHOBKU

Mu mopiBHSIN MOXKJIMBOCTI BUKOPUCTAHHST HA MPAKTHI ACHHXPOHHOTO TabJIOHy Ha,
6a3i moxiit BackgroundWorker ta acuaxponnux omnepariit Task, 3amynieHux oneparopoM
await y async-merosni. BukopucTaHHs aCHHXPOHHHX Oepariiii Mae Hu3Ky mepepar. Kox
sanycky Task.Run() nabararo npocrimmii i 3po3ymisimmil, cxoxkuii 30BHI Ha 3BUYARHUI
BukJjuk mMeroay. s noseprenns pesynbrary Task.Run() BukopucroBye iHCTpyKIiO re-
turn, sk 3Bu4aiinuii meron. Pesymbprar crporo Tumizopanwmii. Ex3zemmisap Task wisgk He
3a/Iy9eHo 10 OTpPUMaHHS iHQOpPMAIi Tpo Xij BUKOHAHHS aCHHXPOHHOTO TMOTOKY YW JIO
#Oro 3ymUHKH — JIJIs I[bOO BHKOPHCTOBYIOTH OKpeMi cyTHocti: Progress<T> i Can-
cellationTokenSource, Bimnosizao. Iudopmariis Tpo BUKOHAHHS CTPOrO THUIIB0BAHA.
Boaunouac BackgroundWorker onepye 3 manummu HeBigomoro twuity object, 3wmimiye Bi-
TIOB1JATHHICTH OJTHOTO METOJY 3a Pi3Hi 3aBIaHHS Ta AEKIIHKOX HAMATITYBAHD M OTHIET
veru. Hampukiana, meron ompamosanus nofii Background Worker. RunWorkerCompleted
po3Mi3HaEe TOMUJIKA BUKOHAHHS, OTPUMY€E PEe3yAbTaT i 33/1a€ HACTYITHL TiCIIs 3aBepIeHHS
.

Mu me BucBiTimaum e Jeski nepesaru Task. 3okpema, BiH Ja€ 3MOry GE3MOMUIKOBO
B3aEMO/IiSITH 3 BKJIAIEHUMU ACAHXPOHHUMY BUK/IMKAMH, MPABUJIBHO DPO3II3HABATH Ta
OIPAIbOBYBATU BUHATKH, 1[I0 BUHUKAIOTH B acMHXpOoHHUX norokax. Kiac Task masnae
TOTOBi IHCTPYMEHTH [JIs CHHXPOHI3aIll JEKUIPKOX ACHHXPOHHUX OMEpalii. 3 IUMU Ta
inmmmu mepeBaramu Task durad 3moxe o3HaiiomuTHcs y [3].
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We compare the capabilities of instances of the classes BackgroundWorker and Task
using the example of building an application in C#.

In a C# program, a single execution thread can be run in many ways: by asyn-
chronously calling a delegate, by an instance of class Thread, by asynchronous event-based
template (component BackgroundWorker), by an instance of class Task [1]. The developers
of the .Net platform advise using the last one. In a previous publication [2] we described
in detail the use of BackgroundWorker in Windows Forms, which visualizes the process
of executing different algorithms for ordering a sequence of values running in individual
threads. The BackgroundWorker component was very progressive at the time of its cre-
ation, but today more advanced technologies have appeared. We compare its capabilities
and methods of use with the capabilities of the instance Task, in particular, obtained by
the method Task.Run() on the example of the same application. A similar comparison
with an invented example can be found in [3].

Recall that the application runs on execution in parallel threads of several methods of
sorting an array of integers. Thanks to the use of reflection tools in the program, the user
can choose the sorting methods and test them on different input data sets. The application
allows the user to stop each of the methods if the execution takes too long. Each of the
arrays is represented on a separate graphics panel by a set of segments of appropriate length.
Sort threads report the application of exchanges of sorted array elements, which causes
redrawing of the corresponding pair of segments. Each thread announces its completion.
Therefore, the following requirements apply to the thread creation tool: convenient start
of the ordering method; receiving information about the progress and the ability to display
it in the application window; the ability to respond in the application thread to the end of
the sorting thread; the ability to stop the thread early.

Both the BackgroundWorker and the Task meet these requirements, each in its own
way. The startup code Task.Run () is much simpler and clearer, similar in appearance to
a normal method call. To return the result, Task.Run() uses the return statement as a
normal method. The result is strictly typed. The Task instance is not involved in retriev-
ing or stopping asynchronous thread execution by using separate entities: Progress<T>
and CancellationTokenSource, respectively. Progress information is strictly typed. At the
same time, Background Worker handles data of unknown type object, mixing the responsi-
bility of one method for different tasks and several settings for one purpose. For example,
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the BackgroundWorker.RunWorkerCompleted event handler recognizes execution errors,
retrieves the result, and sets the next ones after the action is completed. We haven’t cov-
ered some of the benefits of Task yet. In particular, it allows you to seamlessly interact
with nested asynchronous calls, correctly recognize and handle exceptions that occur in
asynchronous threads. The Task class provides ready-made tools for synchronizing mul-
tiple asynchronous operations. The reader will be able to get acquainted with these and
other advantages of Task in [3].

Key words: thread, multithread application, class Task, cancellation of a thread execution,
representation of a calculation progress, sorting algorithm, reflection.



