HCl=z=g

0 15. C# Thread

HCI

Human Computer Interaction



— HE|E§A Z (Multi-tasking)
- o) g2 ae) o2 We) B () 22)E S X2
— AT E (Thread)

+ opx] BRso] 3FLbe) Al (thread) TFA] T up =2l 3k R}
A3 EE o AHES




Process vs

Thread
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UNIX PROCESS THREADS WITHIN A UNIX PROCESS

https://computing.linl.gov/tutorials/pthreads/




Single vs Multithreaded

Process

= Threads are light-weight processes within a process

thread — ;

code data files code data files
registers stack registers ||| registers ||| registers
stack stack stack

single-threaded process

https://www.cs.uic.edu/ “jbell/CourseNotes/OperatingSystems/4_Threads.html

multithreaded process
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Lifecycle
of Threads

in .NET

Interrupt or Sleep
interval expires

Unstarted

1 Start

Started

Quantum expires

Dispatch
(assign a processor)

Running

1/0 Completion

v

v

v

Wait, Sleep, Join Suspend complete
WaitSleepJoin Suspend Stopped
Requested
Resume Suspended

v

I/0 Request
Blocked




Thread

State
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Running

StopRequested
SuspendRequested
Background

Unstarted

Stopped

WaitSleep)oin

Suspended
AbortRequested

Aborted
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void Start() B £ =2 AlSY
void Abort() g A ce] 28
bool Join
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static void Sleep
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MainThread

—— System.Threading.Thread =2 A =
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using System;
using System.Threading;

namespace MultithreadingApplication {
class Program {
static void Main(string[] args) {
Thread th = Thread.CurrentThread;
th.Name = "MainThread";
Console.WriteLine("This is {0}", th.Name);
Console.ReadKey();
}
}
}




Thread

A

— AHE MY Y

 System.Threading.Thread 2&} &

* public delegate void ThreadStart() =+ public
delegate void ParameterizedThreadStart(object obj) Af-£
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using System;
using System.Threading;

namespace MultithreadingApplication {
class Program {

public static void CallToChildThread() {
Console.WriteLine("Child thread starts™);

}

static void Main(string[] args) {
Console.WriteLine(“Main thread");
ThreadStart ts = new ThreadStart(CallToChildThread);
Thread t = new Thread(ts);
t.Start();
Console.ReadKey();




— Thread 24 9| Ctot O A

}

public static void Run() {

Console. WriteLine("Child thread run");

static void Main(string[] args) {

/I ThreadStart delegate 20 H| 4444 = Thread 4/ A0
Thread t1 = new Thread(new ThreadStart(Run));
t1.Start();
I A2 7} Run() 04 E 0 A ThreadStart delegate ==6}0] 4444
Thread t2 = new Thread(Run);
t2.Stari();
I HAE S ARZ3H0] 4d
Thread t3 = new Thread(delegate() {
Run();
});
t3.Start();
oA 2 Argoto] 4
Thread t4 = new Thread(() => Run());
t4.Start();
I HTHA S AL 510] A

new Thread(() => Run()).Start();




Thread /4 °| CHFot O K|

class MyClass {
public void Run() {
Console.WriteLine(“MyClass run");

}

class Program {
static void Main(string[] args) {
// MyClass 2222 Run HIAE T&
MyClass mc = new MyClass();
Thread t = new Thread(mc.Run);
t.Start();
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* public delegate void ParameterizedThreadStart(object obj)+ &}4+-4
object Q1 A+-5 A S8} BhEko] gl B Al

class Program {
public static void Calc(object radius) {
Console.WriteLine("r={0} area={1}", radius, radius * radius * 3.14);
}
public static void Sum(inti, intj, int k) {
Console.WriteLine("sum={0}", (i +j + k));
}
static void Main(string[] args) {
Il ParameterizedThreadStart 91X} & & Start QX A&
Thread t1 = new Thread(new ParameterizedThreadStart(Calc));
t1.Start(5.5);
Il ParameterizedThreadStart QI Xt & & Start Q1A M E
Thread t2 = new Thread(() =>Sum(10, 20, 30));
t2.Start();
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public static void Run() {
try {
for (inti=0;i<=10; i++) {
Thread.Sleep(500);
Console.WriteLine(i);
}
} catch (ThreadAbortException e) {
Console.WriteLine(“ThreadAbortException®);
}finally { }
}
static void Main(string[] args) {
Thread t = new Thread(Run);
t.Start();
Thread.Sleep(2000);

Console.WriteLine(“Mainthread aborts the child thread®); 2 . .
t Abort(): Mainthread aborts the child thread

} ThreadAbortException

0
1
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public static void Run() {
for (inti=0;i<5;i++) {
Console.WriteLine(Thread.CurrentThread.Name + “: “ + i);
Thread.Sleep(500);

} Thread1 : 0

} Thread2 : 0

static void Main(string[] args) { Thread2 : 1
Thread t1 = new Thread(Run); Thread1 : 1
t1.Name = “Thread1”; ¥::§:g% %
Thread t2 = new Thread(Run); Thread1 3
t2.Name = “Thread2”; Thread?2 : 3
t1.Start(); Thread1 : 4
t2.Start(); Thread? : 4
t1.Join(); // HIQl A3 E0f| A t10] S = E Uf7tX| Cf 7| MainThread : done

t2.Join(); // HIQl 28| 20| M t27} S =& Wl 77}X] L 7]
Console.WriteLine(“MainThread : done*); // 2= A E7F 2H
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I
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Background

Thread
- BackgroundThread
 Background Thread+ 9]¢l 28| =7 £ 85 H
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* IsBackground &-A 2] 1] 23k¢] false®! Foreground Thread+ H| ¢l
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/I Foreground 22 &
Thread t1 = new Thread(new ThreadStart(Run));
t1.Start();

/I Background 22| E
Thread t2 = new Thread(new ThreadStart(Run));

t2.Start();




public static void Run() {

for (inti=0;i<5;i++) {
Console.WriteLine(Thread.CurrentThread.Name + “ : “ +i);
Thread.Sleep(500);

}
}

static void Main(string[] args) {
Thread t1 = new Thread(Run);
t1.Name = “Thread1”;

tl.IsBackground =true; Trieasl] o @
Thread t2 = new Thread(Run); Thread? : 0
t2.Name = “Thread2”; Thread? : 1
t2.IsBackground =true; Thread1 : 1
t1.Start(); Thread2 : 2
t2.Start(); Thread1 : 2
t1.Join(); // H| QI 23| E0|A t10] Z=E Ui7HX| CH 7| Thread1 : 3
t2.Join(); // Ml 22| =0 M t20] S=E W7HX| CH 7| Thread2 : 3
for (inti=0;i<3;i++) { Thread1 : 4
Console.WriteLine(“MainThread : “ + i); Thread2 : 4

Thread.Sleep(10); MainThread : 0

} MainThread : 1

} MainThread : 2




public static void Run() {
for (inti=0;i<5;i++) {
Console.WriteLine(Thread.CurrentThread.Name + “ : “ +i);
Thread.Sleep(500);

}
}

static void Main(string[] args) {
Thread t1 = new Thread(Run);
t1.Name = “Thread1”;
tl.IsBackground = true; // @l A2 E7} Z25IH | Z A EHE F&
Thread t2 = new Thread(Run);
t2.Name = “Thread2”;
t2.IsBackground = true; // [l A2{|C|7} Z25}H | Z A EHIE F&
t1.Start();
t2.Start();
/1t1.Join(); /1 Ol @l 22 =0f A t10] S= 2 U{7HX| T 7| SHA| BE=LHEH
I1t2.Join(); /1 Bl @ A2 =0 M 27t S= 2 W7HK| T 7| SHA| =Lt
for (inti=0;i<3;i++) {
Console.WriteLine(“MainThread : “ + i);
Thread.Sleep(10);

}

MainThread : 0
Thread1 : 0
Thread2 : 0
MainThread : 1
MainThread : 2




ThreadPool

= ThreadPool
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v ThreadPool 22 £~
v Asynchronous delegate
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v’ Task Parallel Library (TPL)
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public static void Calculate(object radius) {
doubler;
if (radius==null) r = 1.0;
else r = (double)radius;
Console.WriteLine(“r={0}, area={1}", r, r *r * 3.14),

}

static void Main(string[] args) {
ThreadPool.QueueUserWorkltem(Calculate); // radius = null
ThreadPool.QueueUserWorkltem(Calculate, 5.5);
ThreadPool.QueueUserWorkltem(Calculate, 10.5); r=10.5, area=346.185

Console.ReadLine(); // |2 22| EE Z=ESHX| % 7| sk r=1, area=3.14
} r=5.5, area=94.985




Asynchronous Del

- Asynchronous Delegate

* .NET Coret)| A = & o] A1 31A] &5

* A& o 2| z}¢] Begininvoke() & AF-&3te] A8 & 2] & A3},
Endinvoke()& AF-&3ke] &f G 2H¢l o] B wimtA] 7] of2] A
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delegate int WorkDelegate(int argl, int arg2);
static {
return width * height;

}
static void Main(string[] args) { / .NET Core®| A S % Q=

Console.WriteLine(“Starting Beginlnvoke”);

IAsyncResult result = .Begininvoke( );
Console.WriteLine(“Waiting on work in main...”);

int area = .EndInvoke(result);
Console.WriteLine(“Area=" + area);




Asynchronous Del

- Asynchronous Delegate

 .NET Coret)] A} = 1AsyncResult2} Begininvoke/Endinvoke B 41
Task.Runi} del.Invoke & A&

delegate int WorkDelegate(int argl, int arg2);

static {
return width * height;

}

static async void Main(string[] args) {

Console.WriteLine(“Starting with Task.Run instead of Begininvoke”);
var workTask = Task.Run(() => );
Console.WriteLine(“Waiting on work in main...”);

var area = await workTask; // 0] ZL}7| & 7|Ct
Console.WriteLine(“Area=" + area);
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}

static void Calculate(object radius) {

double r;

if (radius==null) r = 1.0;

else r = (double)radius;

Console. WriteLine(“r={0}, area={1}", r,r*r* 3.14);

static void Run() {

}

for(inti=0;i<5;i++){
Console. WriteLine(*i={0}", i);
Thread.Sleep(100);

static void Main(string[] args) {

_ = Task.Factory.StartNew(Calculate, null);
_ = Task.Factory.StartNew(Calculate, 5.5);
var task1 = new Task(Run); // create
task1.Start(); // task start
var task2 = Task.Factory.StartNew(() => Run()); // create & start
var task3 = Task.Factory.StartNew(() => Run());
var task4 = Task.Run(() => Run()); // run task
Task.WaitAll(task1, task2, task3, task4);
var task = Task.Factory.StartNew(() =>
{

Thread.Sleep(1000);

return “Task Result";
3

Console. WriteLine("task=" + task.Result);

r=5.5, area=94.985
r=1, area=3.14
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static double GetArea(double width, double height) {
return width * height;

}

static int Sum(int i, int j, int k) {
returni+j +k;

}

static void Main(string[] args) {

Il Task<T>& 0| &05}0] 22| & gt A[%}

var task5 = Task.Factory.StartNew<double>(() => GetArea(4.5, 5.5));

var task6 = Task.Factory.StartNew<int>(() => Sum(3, 4, 5));
I QIAB| EOf M CHE 2 A

Thread.Sleep(1000);

M2 E Ao 2|, AR ETAS d-SO0|H

I/ O| RO M B W7HX| T 7| et

var result = task5.Result;

Console.WriteLine("task5 Result={0}", result);

result = task6.Result;

Console.WriteLine("task6 Result={0}", result);

task5 Result=24.75
taské Result=12




BackgroundWorker

—— BackgroundWorker Szl

BackgroundWorker 28j| £+ £ 8| & Z-0]| A

2kl 23| E(Worker Thread) & &3 ol 2h¢] & v Hol| A A3
System.ComponentModel namespace

Event-based Asynchronous Patterng -8 31 22| &~
DoWorkEventHandler2 Z3) 2rd& Y &€ X A3,
RunWorkerAsync() M| £ B8 s Z=3}o] 2 & A2k
WindowFormo| A= Ul £y Eel=le 2

BackgroundWorker 28| EE o] £3}H H & 20 & ~3E 4~ gl &
BackgroundWorker o] Hll E

v DoWorker o| ¥l E — A A 2F S Y &8 A A 3= o|HLE

v’ ProgressChanged ¢| ¥l E — DoWorkerg] 2 # AFE-ES A Y

v RunWorkerCompleted ¢|Hl E — 2141 ¢t & o|Hl E




BackgroundWorker

static BackgroundWorker worker = new BackgroundWorker();
static void Worker_DoWork(object sender, DoWorkEventArgs e) {
inti=0;
for(i=1;i<10; i++){
Thread.Sleep(1000);
worker.ReportProgress(10 *i); // progress %

}

e.Result=1i;

}
static void Worker_ProgressChanged(object sender, ProgressChangedEventArgs e) {
Console.WriteLine(“Progress : {0} %", e.ProgressPercentage);

}
static void Worker_RunWorkerCompleted(object sender, RunWorkerCompletedEventArgs e){

Console.WriteLine(“Value of i = + e.Result);

Console.WriteLine(“RunWorkerCompleted”);
} Starting Background worker...

Progress : 10 %
Progress : 20 %
Progress : 30 %
Progress : 40 %

static void Main(string[] args) {
worker.WorkerReportsProgress =true;
worker.WorkerSupportsCancellation = true;

worker.DoWork += Worker_DoWork; Progress : 50 %
worker.ProgressChanged += Worker_ProgressChanged; Progress : 60 %
worker.RunWorkerCompleted += Worker_RunWorkerCompleted; Progress : 70 %
Console.WriteLine(“Start background worker™); Progress : 80 %
worker.RunWorkerAsync(); I/l startbackground worker Progress : 90 %
Console.ReadKey(); // QI AYEE SB5HR L7| 2|3l Value Of i = 10

} RunWorkerCompleted

T




static async void Main(string[] args) {
/l Task.Run
var progressHandler = new Progress<int>(value =>
{ Progress : 0 %
Console.WriteLine("Progress : {0} %", value); Progress : 1%
1): Progress : 2 %
var progress = progressHandler as IProgress<int>; H’ogress - 90 %
await Task.Run(() => Progress : 91 %
{ Progress : 92 %
for (inti = 0; i <= 100; ++i) { Progress : 93 %
if (progress != null) Erogress : 3;' :f
rogress.Report(i); MO 5 0
Th?eac?l Sleep(lgo)' . Progress : 96 %
' ’ Progress : 97 %
} Progress : 98 %
D Progress : 99 %
Console.WriteLine("Task.Run Completed"); Progress : 100 %
} Task.Run Completed




Window Forms
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- Window Forms Thread Al

» NET®9J| 4] Ul Application-& Window Forms4-
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* Window Forms&] Ul HEEZES&
Control 28| £ =25 E T = 2 £~
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A) 3.8+ InvokeRequired &4 & 713
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public partial class Form1 : Form {
public Form1() {
InitializeComponent();
}
private void button1_Click(object sender, EventArgs e) {
long value = 0;
if (long.TryParse(textBox1.Text, out value)) {

textBox2.Text = Add3(value). ToString(); // @2 Z2|= =2 =
_ ARG N Threadot Ul A B AL S S

o=
}else {
textBox2.Text = "Wrong number";

}

}

private long Add3(long value) {
long result = 0; 85 Add 3 by X O X
for (long i = 0; i < value; i++) {
} reslt +=3; X= |9999999999 | [ Calculate
return result; Add3byX= | |

} Elapsed Time = ‘ ‘

}
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long value = 0;

long result =0

if (long.TryParse(textBox1.Text, out value)) {
DateTime startTime = DateTime.Now;
await Task.Run(() =

{
result = Add3(value); // async thread X 2|

textBox2.Text = result. ToString();
}else {

textBox2.Text = "Wrong number";

}

private async void buttonl ClickAsync(object sender, EventArgs e) {

8 Add 3 by X

O X
X= 19999999999 | Calculate |

Add 3by X=  |29999999997
Blapsed Time = |11.4364203sec

N; Il await 24 0| Z=E W7tX| Cf 7| €. Ul Thread = blockZ|X| %3

textBox3.Text = (DateTime.Now — startTime).TotalSeconds + “ sec”;
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* Monitor 28 £+ lock®} o] EA 3 &= E-E (Critical Section)&
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SpinLock 2 £
ReaderWriteLock 2} £~
AutoResetEvent Zef £~

ManualResetEvent

CountdownEvent




