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Motivace

Problém č. 1

Jak zǎŕıdit, aby uživatelské rozhrańı reagovalo i v pr̊uběhu časově naročného výpočtu?

=⇒ Použit́ım vláken.

Problém č. 2

S uživatelským rozhrańım lze manipulovat pouze z jednoho vlákna.

=⇒ Existuj́ı komponenty řeš́ıćı tento problém.

Problém č. 3

Řešeńı existuje celá řada.

=⇒ demonstračńı p̌ŕıklady pro Javu (Swing) a .NET (Windows Forms).
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Obecné řešeńı

vytvǒŕı se objekt ,,Worker”

maj́ıćı dvě metody

1 jedna provád́ı výpočet (nesḿı manipulovat s UI)
2 je zavolána po skončeńı výpočtu a źıská výsledek (může manipulovat s UI)

s t́ımto objektem se manipuluje pomoćı dvou metod

1 zahájeńı výpočtu
2 p̌rerušeńı výpočtu

Spolupráce s UI

uživatel vyvolá náročný výpočet

UI se uprav́ı adekvátńım způsobem (signalizuje, že prob́ıhá výpočet; zp̌ŕıstupńı se
tlač́ıtko p̌rerušeńı výpočtu)

worker zahaj́ı výpočet

worker ukonč́ı výpočet a výsledek proḿıtne do UI a zbytku aplikace
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Java: SwingWorker

abstraktńı ťŕıda SwingWorker<T,V> s metodami:

protected abstract T doInBackground()

protected void done()

parametry ťŕıdy:

T – udává typ návratové hodnoty funkce, která se stará o výpočet
V – typ hodnot použ́ıvaných k p̌redáváńı informaćı o mezivýsledćıch (pokud tuto
funkcionalitu nepouž́ıváte, použijte Void)

metody ovládaj́ıćı výpočet:

public void execute() – spust́ı výpočet
public void cancel(boolean) – p̌reruš́ı výpočet
public T get() – slouž́ı k źıskáńı výsledku výpočtu (nap̌r. v metodě done())
public boolean isCancelled() – vraćı true, pokud byl výpočet p̌rerušen
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public class Worker extends SwingWorker<Integer, Void> {

private int arg;

public Worker(int arg) {

super();

this.arg = arg;

}

@Override

protected Integer doInBackground() throws Exception {

return fib(this, arg);

}

@Override

protected void done() {

try {

if (this.isCancelled()) displayAbort();

else displayResult(this.get());

} catch (Exception e) {

e.printStackTrace();

}

}

}
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Java: Výpočet

public static int fib(SwingWorker<Integer, Void> sw, int n) {

if (sw.isCancelled()) return -1;

if (n == 0) return 0;

if (n == 1) return 1;

return fib(sw, n - 1) + fib(sw, n - 2);

}
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Java: Použit́ı Workeru

btnStart.addActionListener(new ActionListener() {

@Override

public void actionPerformed(ActionEvent e) {

final int arg = Integer.parseInt(txtInput.getText());

adjustUI();

sw = new Worker(arg);

sw.execute();

}

});

btnStop.addActionListener(new ActionListener() {

@Override

public void actionPerformed(ActionEvent e) {

sw.cancel(true);

}

});
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.NET: BackgroundWorker

BackgroundWorker – komponenta .NET frameworku podobná SwingWorkeru

události

DoWork – je provedena, pokud je spuštěn výpočet
RunWorkerCompleted – je provedena, pokud je výpočet ukončen

metody a vlastnosti

metoda RunWorkerAsync(object) – spust́ı výpočet a argument p̌redá události DoWork
metoda CancelAsync() – p̌reruš́ı výpočet
vlastnost WorkerSupportsCancellation – udává, jestli worker podporuje p̌rerušeńı
výpočtu (je poťreba nastavit na True)
vlastnost CancellationPending – signalizuje, že byla zavolána metoda CancelAsync

Událost DoWork:

události DoWork je p̌redán argument typu DoWorkEventArgs maj́ıćı tyto vlastnosti:
Argument – obsahuje hodnotu se kterou byl výpočet zahájen
Result – ukládá se do ńı výsledek výpočtu
Cancel – slouž́ı k oznámeńı, že výpočet byl p̌rerušen
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Ukázky C# (1/2)

private void worker_DoWork(object sender, DoWorkEventArgs e)

{

BackgroundWorker bw = sender as BackgroundWorker;

int o = (int)e.Argument;

int r = fib(o, bw, e);

e.Result = r;

}

private void worker_RunWorkerCompleted(object sender,

RunWorkerCompletedEventArgs e)

{

if (e.Cancelled) lbOutput.Text = "Result: N/A";

else lbOutput.Text = "Result: " + e.Result;

btnRun.Enabled = true;

btnStop.Enabled = false;

}
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Ukázky C# (2/3)

private static int fib(int n, BackgroundWorker bw, DoWorkEventArgs ev)

{

if (bw.CancellationPending)

{

ev.Cancel = true;

return -1;

}

if (n == 0) return 0;

if (n == 1) return 1;

return fib(n - 1, bw, ev) + fib(n - 2, bw, ev);

}
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Ukázky C# (3/3)

private void btnRun_Click(object sender, EventArgs e)

{

btnRun.Enabled = false;

btnStop.Enabled = true;

// spusti vypocet se zadanym argumentem

worker.RunWorkerAsync(Int32.Parse(txtInput.Text));

}

private void btnStop_Click(object sender, EventArgs e)

{

worker.CancelAsync();

}
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Možnost informovat o pr̊uběhu výpočtu

SwingWorker

metoda protected void publish(V... chunks) – umožnuje oznámit stav výpočtu
z metody doInBackground()

metoda protected void process(List<V> chunks) – umožňuje prezentovat data
poslané metodou publish() v UI

BackgroundWorker

událost ProgressChanged

metoda ReportProgress
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Alternativńı řešeńı

Manuálńı vytvǒreńı vlákna

možnost vytvǒrit vlastńı vlákno explicitně (instance ťŕıdy Thread)

Synchronizace

vyvoláńı události v uživatelském rozhrańı z druhého vlákna

=⇒ p̌redáńı informaćı vláknu staraj́ıćımu se o uživatelské rozhrańı

pokud vlákno chce zasahovat do UI je to poťreba v Javě provést p̌res voláńı
SwingUtilities.invokeLater(Runnable), resp. Control.Invoke() v .NETu,
která zajist́ı provedeńı v kontextu vlákna staraj́ıćı se o UI

Přerušeńı výpočtu

p̌rerušeńı výpočtu je poťreba řešit pomoćı sd́ılené proměnné (volatile), v p̌ŕıpadě
složitěǰśı komunikace mezi vlákny je poťreba použ́ıt kritické sekce

explicitńı p̌rerušeńı výpočtu voláńım metody interrupt() nebo abort() ťŕıdy Thread

se nedoporučuje

možnost pozastavit běh vlákna
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Řešeńı: Java (1/3)

public class FibThread extends Thread {

private int arg;

public volatile boolean stopRequest;

public FibThread(int arg) {

this.arg = arg;

}

public void run() {

stopRequest = false;

final int r = fib(this, arg);

SwingUtilities.invokeLater(new Runnable() {

public void run() {

if (stopRequest) displayAbort();

else displayResult(r);

}

});

}
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Řešeńı: Java (2/3)

btnStart.addActionListener(new ActionListener() {

@Override

public void actionPerformed(ActionEvent e) {

int arg = Integer.parseInt(txtInput.getText()); // nacte vstup

adjustGUI();

fibThread = new FibThread(arg);

fibThread.start();

}

});

btnStop.addActionListener(new ActionListener() {

@Override

public void actionPerformed(ActionEvent e) {

fibThread.stopRequest = true;

}

});
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Řešeńı: Java (3/3)

public int fib(FibThread thr, int n) {

if (thr.stopRequest) return -1;

if (n == 0) return 0;

if (n == 1) return 1;

return fib(thr, n - 1) + fib(thr, n - 2);

}
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Řešeńı: .NET/C# (1/3)
private class FibCalc {

public MethodInvoker done;

public volatile bool StopRequest;

private Control control;

private int arg;

public int result;

public FibCalc(Control control, int arg)

{

this.arg = arg;

this.control = control;

StopRequest = false;

}

public void run()

{

int n = fib(this, arg);

result = n;

control.Invoke(done);

}

}
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Řešeńı: .NET/C# (2/3)
private void btnStart_Click(object sender, EventArgs e)

{

btnStart.Enabled = false;

btnStop.Enabled = true;

int arg = Int32.Parse(txtInput.Text);

fibCalc = new FibCalc(this, arg);

fibCalc.done = computationDone;

Thread thr = new Thread(fibCalc.run);

thr.Start();

}

private void computationDone()

{

if (fibCalc.StopRequest) lblOutput.Text = "Vysledek: N/A";

else lblOutput.Text = "Vysledek: " + fibCalc.result;

btnStop.Enabled = false;

btnStart.Enabled = true;

}
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Řešeńı: .NET/C# (3/3)

private static int fib(FibCalc fibCalc, int n)

{

if (fibCalc.StopRequest) return -1;

if (n == 0) return 0;

if (n == 1) return 1;

return fib(fibCalc, n - 1) + fib(fibCalc, n - 2);

}

private void btnStop_Click(object sender, EventArgs e)

{

fibCalc.StopRequest = true;

btnStart.Enabled = true;

btnStop.Enabled = false;

}
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