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Íà ïðèêëàäi ïîáóäîâè çàñòîñóíêó ìîâîþ Ñ# âèêîíàíî ïîðiâíÿííÿ ìîæëèâîñòåé
åêçåìïëÿðiâ êëàñiâ BackgroundWorker òà Task. Çàñòîñóíîê ãðàôi÷íèìè çàñîáàìè
äåìîíñòðó¹ ïðîöåñ âïîðÿäêóâàííÿ ìàñèâó öiëèõ ÷èñåë ðiçíèìè ìåòîäàìè ñîðòóâàííÿ.
Çàâäÿêè âèêîðèñòàííþ çàñîáiâ ðåôëåêñi¨ ó ïðîãðàìi êîðèñòóâà÷ ìîæå ñàì îáðàòè
ìåòîäè ñîðòóâàííÿ, âèïðîáóâàòè ¨õ íà ðiçíèõ íàáîðàõ âõiäíèõ äàíèõ. Äîâåäåíî, ùî
ìåòîä Task.Run() çðó÷íiøèé ó âèêîðèñòàííi. Çàïóñê ïàðàëåëüíîãî ïîòîêó âiäáóâà¹òü-
ñÿ ó çðîçóìiëiøèé ñïîñiá, äëÿ îòðèìàííÿ iíôîðìàöi¨ ïðî õiä ñîðòóâàííÿ âèêîðèñòîâó-
þòü ñòðîãî òèïiçîâàíèé îá'¹êò, à äëÿ äîñòðîêîâî¨ çóïèíêè ïîòîêó � çàãàëüíèé ìåõàíiçì
ïåðåðèâàííÿ âèêîíàííÿ ïëàòôîðìè .Net.

Êëþ÷îâi ñëîâà: ïîòiê âèêîíàííÿ, áàãàòîïîòîêîâèé çàñòîñóíîê, êëàñ Task, çóïèíêà
ïîòîêó âèêîíàííÿ, âiäîáðàæåííÿ õîäó îá÷èñëåíü, àëãîðèòìè ñîðòóâàííÿ, ðåôëåêñiÿ.

1. Âñòóï

Ó ïðîãðàìi ìîâîþ C# îêðåìèé ïîòiê âèêîíàííÿ ìîæíà çàïóñòèòè áàãàòüìà
ñïîñîáàìè: çà äîïîìîãîþ àñèíõðîííîãî âèêëèêó äåëåãàòà, ÷åðåç åêçåìïëÿð êëàñó
Thread, ÷åðåç àñèíõðîííèé øàáëîí íà îñíîâi ïîäié (êîìïîíåíò BackgroundWorker),
÷åðåç åêçåìïëÿð êëàñó Task [1]. Ñàìå öåé ðàäÿòü âèêîðèñòîâóâàòè ðîçðîáíèêè
ïëàòôîðìè .Net. Ó îäíié ç ïîïåðåäíiõ ïóáëiêàöié [2] ìè äåòàëüíî îïèñàëè âèêî-
ðèñòàííÿ BackgroundWorker ó çàñòîñóíêó Windows Forms, ùî âiçóàëiçó¹ ïðîöåñ
âèêîíàííÿ ðiçíèõ àëãîðèòìiâ óïîðÿäêóâàííÿ ïîñëiäîâíîñòi çíà÷åíü, ÿêi ïðàöþþòü ó
îêðåìèõ ïîòîêàõ. Êîìïîíåíò BackgroundWorker áóâ äóæå ïðîãðåñèâíèì íà ìîìåíò
ñòâîðåííÿ, ïðîòå ñüîãîäíi ç'ÿâèëèñÿ äîñêîíàëiøi òåõíîëîãi¨. Ìè ïîðiâíÿ¹ìî éîãî
ìîæëèâîñòi òà ñïîñîáè âèêîðèñòàííÿ ç ìîæëèâîñòÿìè åêçåìïëÿðà Task, çîêðåìà,
îòðèìàíîãî ìåòîäîì Task.Run() íà ïðèêëàäi òàêîãî æ çàñòîñóíêó. Ïîäiáíå ïîðiâ-
íÿííÿ íà óìîâíîìó ïðèêëàäi ìîæíà çíàéòè â [3]. Îñîáëèâîñòi âèêîðèñòàííÿ Task
äëÿ ðîçïàðàëåëåííÿ ðîçâ'ÿçóâàííÿ çàäà÷i êîìiâîÿæåðà ãåíåòè÷íèì àëãîðèòìîì ìè
îïèñàëè â [4].

Íàãàäà¹ìî, ùî çàñòîñóíîê âiçóàëiçàöi¨ àëãîðèòìiâ óïîðÿäêóâàííÿ çàïóñêà¹ íà
âèêîíàííÿ ó ïàðàëåëüíèõ ïîòîêàõ äåêiëüêà ìåòîäiâ ñîðòóâàííÿ ìàñèâó öiëèõ ÷èñåë,
íàäà¹ êîðèñòóâà÷åâi ìîæëèâiñòü çóïèíèòè êîæåí ç ìåòîäiâ, ÿêùî âèêîíàííÿ òðèâà¹
çàíàäòî äîâãî. Êîæåí ç ìàñèâiâ çîáðàæà¹òüñÿ íà îêðåìié ãðàôi÷íié ïàíåëi íàáîðîì
âiäðiçêiâ âiäïîâiäíî¨ äîâæèíè. Ïîòîêè ñîðòóâàííÿ ïîâiäîìëÿþòü çàñòîñóíîê ïðî
îáìiíè åëåìåíòiâ ñîðòîâàíîãî ìàñèâó, ùî ñïðè÷èíÿ¹ ïåðåìàëüîâóâàííÿ âiäïîâiäíî¨
ïàðè âiäðiçêiâ. Êîæåí ïîòiê ïîâiäîìëÿ¹ ïðî ñâî¹ çàâåðøåííÿ. Îòîæ äî iíñòðóìåíòó
ñòâîðåííÿ ïîòîêó âèñóâàþòü òàêi âèìîãè:

• çðó÷íèé çàïóñê ìåòîäó âïîðÿäêóâàííÿ;
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• îòðèìàííÿ iíôîðìàöi¨ ïðî õiä âèêîíàííÿ òà ìîæëèâiñòü âiäîáðàçèòè ¨¨ ó âiêíi
çàñòîñóíêó;

• ìîæëèâiñòü çðåàãóâàòè â ïîòîöi çàñòîñóíêó íà çàâåðøåííÿ ïîòîêó ñîðòóâàííÿ;
• ìîæëèâiñòü çóïèíèòè ïîòiê äîñòðîêîâî.

Ïîðiâíÿ¹ìî çàñîáè äëÿ çàäîâîëåííÿ öèõ âèìîã, ÿêi íàäàþòü BackgroundWorker òà
Task.Run().

2. Áàçîâà âçà¹ìîäiÿ

Áàçîâà âçà¹ìîäiÿ ïåðåäáà÷à¹ ñòâîðåííÿ ïîòîêó, çàïóñê éîãî íà âèêîíàííÿ i
îòðèìàííÿ ðåçóëüòàòó. Äëÿ âèêîðèñòàííÿ BackgroundWorker ïîòðiáíî âèêîíàòè
êiëüêà êðîêiâ: ñòâîðèòè åêçåìïëÿð êëàñó, íàëàøòóâàòè îïðàöþâàííÿ ïîäi¨ DoWork
òà âèêëèêàòè ìåòîä RunWorkerAsync. Ñõåìàòè÷íî öå ìîæíà çîáðàçèòè òàê.

static void MainThread()

{

int[] arrayToSort = GetArray();

BackgroundWorker bgw = new BackgroundWorker();

bgw.DoWork += SortingWork; // ìåòîä äëÿ âèêîíàííÿ â ïîòîöi

bgw.RunWorkerAsync(arrayToSort); // çàïóñê íà âèêîíàííÿ

}

// ìåòîä ïîâèíåí ìàòè ñïåöiàëüíèé iíòåðôåéñ

static void SortingWork(object sender, DoWorkEventArgs e)

{

// ìåòîä ñîðòóâàííÿ îòðèìó¹ ìàñèâ ç àðãóìåíòó ïîäi¨

OppositeSort((int[])e.Argument);

}

// ìåòîä ñîðòóâàííÿ ìàñèâó çóñòði÷íèì îáìiíîì

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

Áà÷èìî, ùî âèêëèê ìåòîäó ñîðòóâàííÿ ðîçòàøîâàíî äîñèòü äàëåêî âiä ìiñöÿ
ñòâîðåííÿ åêçåìïëÿðà BackgroundWorker òà çàïóñêó ïîòîêó íà âèêîíàííÿ, à ïåðåäà-
âàííÿ ïàðàìåòðiâ � íåî÷åâèäíå, ùî, áåçóìîâíî, óòðóäíþ¹ ðîçóìiííÿ òåêñòó ïðîãðà-
ìè. Çàïèñ ìîæíà äåùî ñêîðîòèòè çà äîïîìîãîþ âèêîðèñòàííÿ ëÿìáäà-âèðàçiâ, ÿêi
âèêîðèñòîâóâàòèìåìî íàäàëi.

Òå ñàìå çàâäàííÿ çà äîïîìîãîþ Task ìîæíà âèêîíàòè ïðîñòiøå

static void MainThread()

{

int[] arrayToSort = GetArray();

// ñòâîðèòè i çàïóñòèòè ïîòiê îäíèì ðÿäêîì

Task.Run(() => { OppositeSort(arrayToSort); });

}

// ìåòîä ñîðòóâàííÿ ìàñèâó çóñòði÷íèì îáìiíîì

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

Çàçâè÷àé ìåòîä ñîðòóâàííÿ íå ïîâåðòà¹ íiÿêèõ çíà÷åíü, ïðîòå âií ìiã áè öå
ðîáèòè. Íàïðèêëàä, ïiä ÷àñ ñîðòóâàííÿ ìîæíà ëi÷èòè âèêîíàíi îáìiíè åëåìåíòiâ
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ìàñèâó i ïîâåðòàòè îá÷èñëåíó êiëüêiñòü ÿê ðåçóëüòàò. Ó öüîìó âèïàäêó iíòåðôåéñ
ìåòîäó ñîðòóâàííÿ çàçíà¹ íåçíà÷íèõ çìií: éîãî òèï ñòàíå int çàìiñòü void. Ñêëàäíi-
øå áóäå íàëàøòóâàòè îòðèìàííÿ ðåçóëüòàòó çà äîïîìîãîþ BackgroundWorker. Ìå-
òîä, ÿêèé ïðàöþâàòèìå â ïîòîöi, ìà¹ ïîìiñòèòè ðåçóëüòàò ó âëàñòèâiñòü Result àð-
ãóìåíòó ïîäi¨ DoWork. Äîâåäåòüñÿ òàêîæ âèçíà÷èòè îïðàöþâàííÿ ïîäi¨ çàâåðøåííÿ
âèêîíàííÿ i ïðî÷èòàòè âëàñòèâiñòü Result ¨¨ àðãóìåíòó. Äîäàòêîâà ñêëàäíiñòü
ïîëÿãà¹ â òîìó, ùî îáèäâi âëàñòèâîñòi Result ìàþòü òèï object, i êîðèñòóâà÷åâi
ïîòðiáíî òî÷íî çíàòè òèï ðåçóëüòàòó òà çàñòîñóâàòè îïåðàöiþ ïðèâåäåííÿ òèïó.

static int MainThread()

{

int[] arrayToSort = GetArray();

BackgroundWorker bgw = new BackgroundWorker();

// âìiñò ïîòîêó ìîæíà çàäàòè ëÿìáäà-âèðàçîì

// ìåòîä ñîðòóâàííÿ îòðèìó¹ ìàñèâ ç àðãóìåíòó ïîäi¨,

// à ðåçóëüòàò ïîìiùà¹ â ñïåöiàëüíó âëàñòèâiñòü öüîãî àðãóìåíòó

bgw.DoWork += (sender, doWorkEventArg) =>

{ OppositeSort((int[])doWorkEventArg.Argument); };

// îêðåìèé ëÿìáäà-âèðàç äëÿ îòðèìàííÿ ðåçóëüòàòó

bgw.RunWorkerComleted += (sender, completedEventArg) =>

{

int result = (int)completedEventArg.Result;

Console.WriteLine("Count of exchanges is " + result);

};

bgw.RunWorkerAsync(arrayToSort); // çàïóñê íà âèêîíàííÿ

}

// ìåòîä âïîðÿäêóâàííÿ ìàñèâó çóñòði÷íèì îáìiíîì

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

Ùîá ïåðåäàòè çíàéäåíó êiëüêiñòü îáìiíiâ ó ãîëîâíó ïðîãðàìó, äîâåäåòüñÿ äîêëàñòè
äîäàòêîâèõ çóñèëü.

Ó âèïàäêó âèêîðèñòàííÿ Task äîïîâíåííÿ äî íàâåäåíîãî âèùå êîäó áóäóòü
ìiíiìàëüíèìè. Task.Run âèêëèêàþòü ó îïåðàòîði await. Ôóíêöiÿ, ïåðåäàíà â íüîãî,
ïîâåðòà¹ ðåçóëüòàò çâè÷àéíèì ñïîñîáîì. Òèï ðåçóëüòàòó çáåðiãà¹òüñÿ. Äî òîãî æ,
ñòðîãî òèïiçîâàíèé ðåçóëüòàò ïîâåðíåòüñÿ îäðàçó â ãîëîâíó ïðîãðàìó.

async static void MainThread()

{

int[] arrayToSort = GetArray();

// ñòâîðèòè, çàïóñòèòè ïîòiê i îòðèìàòè ðåçóëüòàò îäíèì ðÿäêîì

int result = await Task.Run(() =>

{ return OppositeSort(arrayToSort); });

}

// ìåòîä âïîðÿäêóâàííÿ ìàñèâó çóñòði÷íèì îáìiíîì

static int OppositeSort(int[] array) {...}
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3. Çàâåðøåííÿ ïîòîêó âèêîíàííÿ

Ïîâåðíiìîñÿ äî òîãî ñöåíàðiþ, êîëè ìåòîä ñîðòóâàííÿ ìà¹ òèï void i íi÷îãî íå
ïîâåðòà¹. Çàçâè÷àé ïiñëÿ çàâåðøåííÿ ïîòîêó âèêîíàííÿ ïîòðiáíî âèêîíàòè íàñòóïíi
êðîêè. Íàïðèêëàä, ó íàøîìó çàñòîñóíêó ïiñëÿ çàâåðøåííÿ ïîòîêó ñîðòóâàííÿ
ïîòðiáíî çìåíøèòè ëi÷èëüíèê àêòèâíèõ ïîòîêiâ i ïðèõîâàòè êíîïêó ïðèìóñîâîãî
çàâåðøåííÿ ïîòîêó.

Ìè âæå çíàéîìi ç îïðàöþâàííÿì ïîäi¨ BackgroundWorker.RunWorkerComleted.
Ñàìå òóò, îêðiì îòðèìàííÿ ðåçóëüòàòó, îïèñóþòü íàñòóïíi êðîêè.

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); // çàïóñê íà âèêîíàííÿ

}

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

Ïðîäîâæåííÿ âèêîíàííÿ task.Run() ìîæíà çàäàòè äâîìà ðiçíèìè ñïîñîáàìè. ßêùî
âèêëèê âèêîíàíî â îïåðàòîði await, òî îñíîâíèé ïîòiê äî÷åêà¹òüñÿ çàâåðøåííÿ
ïîòîêó ñîðòóâàííÿ, à òîäi âèêîíà¹ íàñòóïíi â iíñòðóêöi¨.

async static void MainThread()

{

int[] arrayToSort = GetArray();

await Task.Run(() => { OppositeSort(arrayToSort); });

ExecuteNextSteps();

}

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

Ìåòîä ExecuteNextSteps áóäå âèêîíàíî â ïîòîöi MainThread. Iíøèé ñïîñiá âèêîðèñ-
òîâó¹ äîäàòêîâi ìîæëèâîñòi êëàñó Task: çàâäàííÿ ìîæíà îá'¹äíóâàòè â ëàíöþæêè
äîâiëüíî¨ äîâæèíè ìåòîäîì ContinueWith.

async static void MainThread()

{

int[] arrayToSort = GetArray();

await Task.Run(() => { OppositeSort(arrayToSort); }).

ContinueWith(task => { ExecuteNextSteps(); });

}

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

Òåïåð äëÿ âèêîíàííÿ ExecuteNextSteps áóäå ñòâîðåíî íîâèé åêçåìïëÿð Task i íîâèé
ïîòiê.

ßêùî ïiñëÿ çàâåðøåííÿ ïîòîêó îá÷èñëåíü ïîòðiáåí äîñòóï äî åëåìåíòiâ ãðàôi÷-
íîãî iíòåðôåéñó êîðèñòóâà÷à, ÿê ó íàøîìó çàñòîñóíêó, òî ïåðåâàãó òðåáà âiääàâàòè
ïåðøîìó ñïîñîáó, îñêiëüêè âiçóàëüíi êîìïîíåíòè ìîæíà çìiíþâàòè òiëüêè â òîìó
ïîòîöi, â ÿêîìó âîíè áóëè ñòâîðåíi.
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4. Ïîâiäîìëåííÿ ïðî õiä îá÷èñëåíü

Ãîëîâíå çàâäàííÿ çàñòîñóíêó âiçóàëiçàöi¨ àëãîðèòìiâ óïîðÿäêóâàííÿ � âiäîá-
ðàæåííÿ ãðàôi÷íèìè çàñîáàìè ïðîöåñó ñîðòóâàííÿ ìàñèâó. Äëÿ öüîãî ïîòðiáíî
îòðèìóâàòè iíôîðìàöiþ ïðî îáìiíè åëåìåíòiâ ìàñèâó, âèêîíàíi ìåòîäîì ñîðòóâàííÿ.
I BackgroundWorker, i Task íàäàþòü òàêi ìîæëèâîñòi.

Äëÿ íàëàøòóâàííÿ åêçåìïëÿðó BackgroundWorkwer ïîòðiáíî âèêîíàòè äåêiëüêà
êðîêiâ: çàäàòè éîãî âëàñòèâiñòüWorkerSupportsProgress = true, çàäàòè îïðàöþâàííÿ
ïîäi¨ ProgressChanged i ïîìiñòèòè â ìåòîä ñîðòóâàííÿ âèêëèêè BackgroundWorker.
ReportProgress(anInt) àáî BackgroundWorker.ReportProgress(anInt, anObject). Ïåð-
øèì ïàðàìåòðîì ìà¹ áóòè öiëå ÷èñëî, äðóãèì � äîâiëüíèé îá'¹êò. Ñàìå öèìè
çíà÷åííÿìè ïîòiê iíôîðìó¹ ïðî õiä âèêîíàííÿ. Ìåòîä îïðàöþâàííÿ ïîäi¨ Progress-
Changed ìîæå îòðèìàòè äîñòóï äî íèõ, âiäïîâiäíî, ÷åðåç âëàñòèâîñòi ProgressPer-
centage òà UserState àðãóìåíòó ïîäi¨. ßêùî îäíîãî öiëîãî ÷èñëà íå äîñòàòíüî äëÿ
iíôîðìóâàííÿ, òî âèêîðèñòîâóþòü äðóãèé âàðiàíò i âëàñòèâiñòü UserState. Âîíà ìà¹
òèï object, òîìó ïîòðåáó¹ ïðèâåäåííÿ òèïó â ãîëîâíié ïðîãðàìi.

Çðîçóìiëî, ùî ìåòîä ñîðòóâàííÿ ïîòðåáó¹ äîñòóïó äî åêçåìïëÿðà Background-
Worker, ÿêèé êåðó¹ éîãî ïîòîêîì âèêîíàííÿ. Äëÿ öüîãî äîâåäåòüñÿ çìiíèòè iíòåð-
ôåéñ ìåòîäó i ïåðåäàâàòè â íüîãî, îêðiì ìàñèâó, ùå é åêçåìïëÿð BackgroundWorker.

static int MainThread()

{

int[] arrayToSort = GetArray();

BackgroundWorker bgw = new BackgroundWorker();

bgw.DoWork += (sender, doWorkEventArg) => { OppositeSort(

(int[])doWorkEventArg.Argument, sender as BackgroundWorker); };

// íàëàøòóâàííÿ ïiäòðèìêè iíôîðìóâàííÿ ïðî õiä îá÷èñëåíü

bgw.WorkerSupportsProgress = true;

bgw.ProgressChanged += (sender, progressChangedEventArg) =>

{ VisualiseProgress(

(Tuple<int,int>)progressChangedEventArg.UserState); };

bgw.RunWorkerAsync(arrayToSort); // çàïóñê íà âèêîíàííÿ

}

static void OppositeSort(int[] array, BackgroundWorker worker)

{... Swap(array[i], array[j]);

// ïåðøèé ïàðàìåòð - çàéâèé, àëå ìóñèìî éîãî çàäàòè

worker.ReportProgress(0, Tuple.Create(i, j)); ...}

Òåïåð åêçåìïëÿð BackgroundWorker âèêîíó¹ ïîäâiéíå çàâäàííÿ: ïiäòðèìó¹ âèêîíàí-
íÿ ïîòîêó òà ¹ áåçïîñåðåäíiì ó÷àñíèêîì ìåòîäó ñîðòóâàííÿ, ÿêèé ñàì i ïiäòðèìó¹.

Ïðè âèêîðèñòàííi Task ðîëi ðîçäiëåíî: äëÿ iíôîðìóâàííÿ ïðî õiä îá÷èñëåíü
âèêîðèñòîâóþòü îêðåìó ñóòíiñòü, åêçåìïëÿð êëàñó Progress<T>, äå T � äîâiëüíèé
òèï, à çíà÷åííÿ öüîãî òèïó ¹ çìiñòîì ïîâiäîìëåííÿ. ßê i â ïîïåðåäíüîìó âèïàäêó,
ìåòîä ñîðòóâàííÿ ìà¹ îòðèìàòè äîäàòêîâèé ïàðàìåòð, åêçåìïëÿð Progress<T>, i ó
íàëåæíîìó ìiñöi âèêëèêàòè éîãî ìåòîä 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); });

}

static void OppositeSort(int[] array, Progress<Tuple<int,int>> p)

{... Swap(array[i], array[j]);

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

Ïåðåâàãîþ öüîãî ñïîñîáó ¹ ðîçäiëåííÿ ðîëåé îá'¹êòiâ i çáåðåæåííÿ òèïó çíà÷åííÿ,
íàäiñëàíîãî ó ïîâiäîìëåííi.

5. Ïåðåðèâàííÿ îá÷èñëåíü

Çàñòîñóíêó, ùî âèêîíó¹ äîâãîòðèâàëi îá÷èñëåííÿ, òðåáà ìàòè çìîãó ïåðåðâàòè
¨õ: àáî ÷åðåç âè÷åðïàííÿ âiäâåäåíîãî ÷àñó, àáî çà áàæàííÿì êîðèñòóâà÷à. ßê i
ó âèïàäêó iíôîðìóâàííÿ ïðî õiä îá÷èñëåíü, ïåðåðèâàííÿ âèêîíàííÿ Background-
Worker ïîòðåáó¹ äåêiëüêîõ äîäàòêîâèõ íàëàøòóâàíü. Íàéïàðøå, òðåáà çàäàòè
çíà÷åííÿ true éîãî âëàñòèâîñòi WorkerSupportCancellation. Ùîá çóïèíèòè îá÷èñ-
ëåííÿ, ãîëîâíà ïðîãðàìà ïîâèííà âèêëèêàòè ìåòîä worker.CancelAsync(). Öåé
ìåòîä âñòàíîâèòü âëàñòèâiñòü worker.CancellationPending ó true. Ìåòîä ñîðòóâàííÿ
ìà¹ ìàòè äîñòóï äî worker, ùîá ïåðiîäè÷íî ïåðåâiðÿòè ¨¨, òà íà âèìîãó çàâåðøè-
òè âèêîíàííÿ, íàäàâøè âëàñòèâîñòi DoWorkEventArgs.Cancel çíà÷åííÿ true. Ùîá
ç'ÿñóâàòè, ÷è áóëè îá÷èñëåííÿ ïåðåðâàíi äîñòðîêîâî, òðåáà ïåðåâiðèòè âëàñòèâiñòü
RunWorkerCompletedEventArgs.Cancel â ìåòîäi îïðàöþâàííÿ çàâåðøåííÿ îá÷èñëåíü.

static int MainThread()

{

int[] arrayToSort = GetArray();

BackgroundWorker bgw = new BackgroundWorker();

bgw.DoWork += (sender, doWorkEventArg) => { OppositeSort(

(int[])doWorkEventArg.Argument, sender as BackgroundWorker,

doWorkEventArg); };

// íàëàøòóâàííÿ ïiäòðèìêè ïåðåðèâàííÿ îá÷èñëåíü

bgw.WorkerSupportCancellation = true;

bgw.RunWorkerComleted += (sender, completedEventArg) =>

{ if (completedEventArg.Cancel) InformAboutCancellation();

ExecuteNextSteps(); };

bgw.RunWorkerAsync(arrayToSort); // çàïóñê íà âèêîíàííÿ

if (TimeOut()) bgw.CancelAsync(); // ïåðåðèâàííÿ âèêîíàííÿ

}

static void OppositeSort(int[] array,

BackgroundWorker worker, DoWorkEventArgs arg)

{... if (worker.CancellationPending)

{ arg.Cancel = true; return; } ...}

Áà÷èìî, ùî äî áàãàòüîõ îáîâ'ÿçêiâ åêçåìïëÿðà BackgroundWorker òà ìåòîäó îïðà-
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öþâàííÿ ïîäi¨ RunWorkerComleted äîäàëèñÿ íîâi: worker ïîâiäîìëÿ¹ ïðî âèìîãó
çóïèíèòè âèêîíàííÿ ïîòîêó, à ìåòîä � ïåðåâiðÿ¹, ÷è ïîòiê çàâåðøèâñÿ íà âèìîãó, ÷è
çâè÷àéíî. Îêðiì ïåðåâàíòàæåíîñòi îáîâ'ÿçêiâ, ¹ ùå îäíà íåáåçïåêà: ìîæíà ïðîñòî
çàáóòè ïåðåâiðèòè âëàñòèâiñòü completedEventArg.Cancel, i âèêîíàííÿ ïðîãðàìè ïiäå
äàëi, íiáè íi÷îãî íå òðàïèëîñÿ. Òàê ìîæíà ïðîïóñòèòè íåøòàòíó ñèòóàöiþ.

Äëÿ ïåðåðèâàííÿ îá÷èñëåíü ó Task.Run() âèêîðèñòîâóþòü çàãàëüíèé ìåõàíiçì
ïåðåðèâàííÿ âèêîíàííÿ, âïðîâàäæåíèé ó .Net 4.0: ñòâîðþþòü åêçåìïëÿð Cancel-
lationTokenSource i ïåðåäàþòü ó àñèíõðîííèé âèêëèê ìàðêåð çàâåðøåííÿ token,
ÿêèé îòðèìóþòü ç âëàñòèâîñòi CancellationTokenSource.Token. ßê i â ïîïåðåäíüîìó
âèïàäêó, çàïóùåíèé íà âèêîíàííÿ êîä ìà¹ ïåðiîäè÷íî ïåðåâiðÿòè ñòàí ìàðêåðà i
ïåðåðèâàòè âèêîíàííÿ íà âèìîãó. Äëÿ öüîãî ¹ äâi ìîæëèâîñòi. Ïåðøà � ïåðåâiðèòè
âëàñòèâiñòü token.IsCancellationRequested i âèêîíàòè âèõiä ç ìåòîäó. Òàêå çàâåðøåí-
íÿ, ÿê i ó âèïàäêó BackgroundWorkwer, äëÿ ãîëîâíî¨ ïðîãðàìè ñõîæå íà çâè÷àéíå
çàâåðøåííÿ îá÷èñëåíü. Ïðî ïåðåðèâàííÿ ñâiä÷èòü çíà÷åííÿ true âëàñòèâîñòi Is-
CancellationRequested ìàðêåðà ïåðåðèâàííÿ � âîíà çáåðiãà¹òüñÿ ïiñëÿ çàâåðøåííÿ
àñèíõðîííîãî âèêëèêó. Äðóãà ìîæëèâiñòü � âèêëèêàòè ìåòîä token.ThrowIfCan-
cellationRequested(), ÿêèé ãåíåðó¹ âiäïîâiäíèé âèíÿòîê i òàê ïåðåðèâà¹ îá÷èñëåííÿ.
Ãîëîâíà ïðîãðàìà íå ìà¹ øàíñiâ íå ïîìiòèòè òàêå çàâåðøåííÿ. Àäæå ó öüîìó
âèïàäêó àñèíõðîííèé âèêëèê ïîòðiáíî âèêîíàòè â iíñòðóêöi¨ try/catch. Ùîá ïåðåð-
âàòè îá÷èñëåííÿ, ãîëîâíà ïðîãðàìà âèêëèêà¹ CancellationTokenSource.Cancel().

Çàñòîñóíîê âiçóàëiçàöi¨ àëãîðèòìiâ ñîðòóâàííÿ íàäà¹ êîðèñòóâà÷åâi ìîæëèâiñòü
çóïèíèòè áóäü-ÿêèé àëãîðèòì íà âëàñíèé ðîçñóä. Òîìó ïåðåðèâàííÿ âèêîíàííÿ íå
ââàæà¹òüñÿ ïîìèëêîþ, i ìè âèêîðèñòà¹ìî ïåðøèé çi çãàäàíèõ ñïîñîáiâ.

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; ...}

Âàðòî çàóâàæèòè, ùî åêçåìïëÿð CancellationTokenSource ¹ �îäíîðàçîâèì�: íåìà¹
çìîãè âèêîðèñòàòè éîãî ïîâòîðíî ïiñëÿ ïåðåðèâàííÿ, îñêiëüêè ìàðêåð ïåðåðèâàííÿ
çáåðiãà¹ âèìîãó çóïèíêè îá÷èñëåíü. Äëÿ ïîâòîðíîãî çàïóñêó òîãî æ ìåòîäó ó
Task.Run() ïîòðiáíî ñòâîðèòè íîâèé åêçåìïëÿð CancellationTokenSource.
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6. Àäàïòàöiÿ ìåòîäó ñîðòóâàííÿ

Äëÿ òîãî, ùîá ìåòîä ñîðòóâàííÿ ìàñèâó âçà¹ìîäiÿâ iç çàñòîñóíêîì âiçóàëiçàöi¨,
ó íüîãî ìàþòü áóòè äîäàòêîâi ïàðàìåòðè òà âèêëèêè ìåòîäiâ, ïðî ÿêi ìè âæå
çãàäóâàëè. Ïîêàæåìî íà êîíêðåòíîìó ïðèêëàäi, ùî ñàìå ïîòðiáíî çìiíèòè.

Òðàäèöiéíèé ìåòîä ñîðòóâàííÿ îáìiíàìè ìîæíà çàïèñàòè òàê.

public static void OppositeSort(int[] arrayToSort)

{

for (int i = 0; i < arrayToSort.Length - 1; ++i)

for (int j = arrayToSort.Length - 1; j > i; --j)

{

if (arrayToSort[i] > arrayToSort[j])

{

int t = arrayToSort[i];

arrayToSort[i] = arrayToSort[j];

arrayToSort[j] = t;

}

}

}

Àäàïòîâàíèé ìåòîä çàëåæèòü âiä äâîõ äîäàòêîâèõ ïàðàìåòðiâ: åêçåìïëÿðà Prog-
ress<T> i ìàðêåðà çóïèíêè. Ñòàí ìàðêåðà äîöiëüíî ïåðåâiðÿòè íà êîæíîìó êðîöi
âêëàäåíîãî öèêëó, îñêiëüêè âèêîíàííÿ öiëîãî öèêëó ìîæå òðèâàòè äîñèòü äîâãî.
Ïðî êîæåí âèêîíàíèé îáìií çíà÷åíü åëåìåíòiâ ìàñèâó ìåòîä ïîâiäîìëÿòèìå ÷åðåç
îá'¹êò progress.

Çàñòîñóíîê ñïðîåêòîâàíî ìàêñèìàëüíî íåçàëåæíèì âiä áiáëiîòåêè ìåòîäiâ ñîð-
òóâàííÿ. Âií çàâàíòàæó¹ ¨¨ íà åòàïi âèêîíàííÿ òà çíàõîäèòü âiäïîâiäíi ìåòîäè
çàñîáàìè ðåôëåêñi¨. Òàêà àðõiòåêòóðà äà¹ çìîãó äîïîâíþâàòè áiáëiîòåêó ìåòîäiâ áåç
ïåðåáóäîâè çàñòîñóíêó. Äëÿ ïîëåãøåííÿ ïîøóêó ìåòîäiâ ¨õ ïîçíà÷åíî àòðèáóòîì
TaskNameAttribute, ñïåöiàëüíî ñòâîðåíèì äëÿ öi¹¨ ìåòè [5].

[TaskNameAttribute("Opposite exchange", LocalName = "Çóñòði÷íèé îáìií")]

public static void OppositeSort(int[] arrayToSort,

CancellationToken token, IProgress<Tuple<int, int>> progress)

{

for (int i = 0; i < arrayToSort.Length - 1; ++i)

for (int j = arrayToSort.Length - 1; j > i; --j)

{

// ïåðåâiðêà âèìîãè çóïèíèòè ïîòiê

if (token.IsCancellationRequested)

return;

if (arrayToSort[i] > arrayToSort[j])

{

int t = arrayToSort[i];

arrayToSort[i] = arrayToSort[j];

arrayToSort[j] = t;

// ïîâiäîìëÿ¹ìî ïðî îáìií

progress.Report(Tuple.Create(i, j));
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}

}

}

7. Àðõiòåêòóðà çàñòîñóíêó

Çàñòîñóíîê âiçóàëiçàöi¨ çáóäîâàíî ç äîòðèìàííÿì ìîäåëi MVC [2, 4], ó ÿêié çà
âiäîáðàæåííÿ âiäïîâiäþòü âiçóàëüíi êîìïîíåíòè, â òiì ÷èñëi ñïåöiàëüíî ñêîíñòðó-
éîâàíi, ìîäåëü ïîñòà÷à¹ ìàñèâè öiëèõ ÷èñåë, à êîíòðîëåð SortController ïîâ'ÿçó¹
êîìïîíåíòè òà ìàñèâè ç BackgroundWorker i ìåòîäàìè ñîðòóâàííÿ. ßê óæå çðîçóìi-
ëî, ïîâíå íàëàøòóâàííÿ BackgroundWorker ïîòðåáó¹ ÷èìàëèõ çóñèëü. Ó çãàäàíîìó
çàñòîñóíêó çàðàäè çðó÷íîñòi éîãî iíêàïñóëüîâàíî â êëàñi BackgroundSorter.

Çàñòîñó¹ìî òàêèé ïiäõiä i çàðàç: ïîêëàäåìî îáîâ'ÿçîê çi ñòâîðåííÿ, íàëàøòóâàí-
íÿ, çàïóñêó òà çóïèíêè Task íà åêçåìïëÿð íîâîãî êëàñó TaskSorter. Âií ïîâ'ÿçóâà-
òèìå ìåòîä ñîðòóâàííÿ, ìàñèâ, ìàðêåð çóïèíêè òà åêçåìïëÿð Progress<T> i çàïóñ-
êàòèìå íîâèé ïîòiê âèêîíàííÿ. Éîãî îáîâ'ÿçêîì áóäå òàêîæ äîñòðîêîâà çóïèíêà
ïîòîêó, çà ïîòðåáè, îíîâëåííÿ ìàðêåðà çóïèíêè, âèêîíàííÿ íåîáõiäíèõ äié ïiñëÿ
çàâåðøåííÿ ïîòîêó ñîðòóâàííÿ.

public class InTaskSorter: IDisposable

{

private CancellationTokenSource tokenSource; // äæåðåëî ìàðêåðiâ

private Progress<Tuple<int,int>> progress = null;

private int[] array = null; // i ìàñèâ, i ìåòîä ìîæíà

private MethodInfo sortMethod = null; // çìiíèòè

private Action continuation = null; // çàâåðøàëüíi äi¨

// áiëüøiñòü ïîëiâ íàëàøòîâóþòü-çìiíþþòü ïiñëÿ ñòâîðåííÿ

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);

}

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

public void Stop() { tokenSource.Cancel(); }

public async void Start()

{

if (tokenSource.Token.IsCancellationRequested)

{ // âèêîðèñòàíèé ìàðêåð òðåáà çàìiíèòè

tokenSource.Dispose();

tokenSource = new CancellationTokenSource();

}



ßðîøêîÑâiòëàíà, ßðîøêîÑåðãié

172 ISSN 2078�5097. Âiñí. Ëüâiâ. óí-òó. Ñåð. ïðèêë. ìàòåì. òà iíô. 2021. Âèï. 29

// ñòâîðèòè i çàïóñòèòè íîâå çàâäàííÿ,

await Task.Run(() =>

{

sortMethod?.Invoke(null,

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

}, tokenSource.Token);

// äî÷åêàòèñÿ i âèêîíàòè çàâåðøàëüíi äi¨

continuation();

}

}

Íàäàëi â çàñòîñóíêó SortController ïðàöþâàòèìå ç êîëåêöi¹þ InTaskSorter'iâ çàìiñòü
BackgroundSorter. Ïðîäóìàíà àðõiòåêòóðà äàëà çìîãó ëåãêî çìiíèòè êëàñ êîíòðîëå-
ðà i âèêîðèñòàòè â çàñòîñóíêó íîâó òåõíîëîãiþ çàïóñêó ïîòîêiâ.

Ïîâíèé òåêñò ïðîãðàìè çàñòîñóíêó ìîæíà çàâàíòàæèòè ç [6].

8. Âèñíîâêè

Ìè ïîðiâíÿëè ìîæëèâîñòi âèêîðèñòàííÿ íà ïðàêòèöi àñèíõðîííîãî øàáëîíó íà
áàçi ïîäié BackgroundWorker òà àñèíõðîííèõ îïåðàöié Task, çàïóùåíèõ îïåðàòîðîì
await ó async-ìåòîäi. Âèêîðèñòàííÿ àñèíõðîííèõ îïåðàöié ìà¹ íèçêó ïåðåâàã. Êîä
çàïóñêó Task.Run() íàáàãàòî ïðîñòiøèé i çðîçóìiëiøèé, ñõîæèé çîâíi íà çâè÷àéíèé
âèêëèê ìåòîäó. Äëÿ ïîâåðíåííÿ ðåçóëüòàòó Task.Run() âèêîðèñòîâó¹ iíñòðóêöiþ re-
turn, ÿê çâè÷àéíèé ìåòîä. Ðåçóëüòàò ñòðîãî òèïiçîâàíèé. Åêçåìïëÿð Task íiÿê íå
çàëó÷åíî äî îòðèìàííÿ iíôîðìàöi¨ ïðî õiä âèêîíàííÿ àñèíõðîííîãî ïîòîêó ÷è äî
éîãî çóïèíêè � äëÿ öüîãî âèêîðèñòîâóþòü îêðåìi ñóòíîñòi: Progress<T> i Can-
cellationTokenSource, âiäïîâiäíî. Iíôîðìàöiÿ ïðî âèêîíàííÿ ñòðîãî òèïiçîâàíà.
Âîäíî÷àñ BackgroundWorker îïåðó¹ ç äàíèìè íåâiäîìîãî òèïó object, çìiøó¹ âiä-
ïîâiäàëüíiñòü îäíîãî ìåòîäó çà ðiçíi çàâäàííÿ òà äåêiëüêîõ íàëàøòóâàíü äëÿ îäíi¹¨
ìåòè. Íàïðèêëàä, ìåòîä îïðàöþâàííÿ ïîäi¨ BackgroundWorker.RunWorkerCompleted
ðîçïiçíà¹ ïîìèëêè âèêîíàííÿ, îòðèìó¹ ðåçóëüòàò i çàäà¹ íàñòóïíi ïiñëÿ çàâåðøåííÿ
äi¨.

Ìè íå âèñâiòëèëè ùå äåÿêi ïåðåâàãè Task. Çîêðåìà, âií äà¹ çìîãó áåçïîìèëêîâî
âçà¹ìîäiÿòè ç âêëàäåíèìè àñèíõðîííèìè âèêëèêàìè, ïðàâèëüíî ðîçïiçíàâàòè òà
îïðàöüîâóâàòè âèíÿòêè, ùî âèíèêàþòü â àñèíõðîííèõ ïîòîêàõ. Êëàñ Task íàäà¹
ãîòîâi iíñòðóìåíòè äëÿ ñèíõðîíiçàöi¨ äåêiëüêîõ àñèíõðîííèõ îïåðàöié. Ç öèìè òà
iíøèìè ïåðåâàãàìè Task ÷èòà÷ çìîæå îçíàéîìèòèñÿ ó [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 di�erent 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 re�ection tools in the program, the user
can choose the sorting methods and test them on di�erent 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, BackgroundWorker handles data of unknown type object, mixing the responsi-
bility of one method for di�erent 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 bene�ts 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, re�ection.


