Threads

Process based multitasking

Process is a program that is executed by the OS. Ability of running several programs at the same time is an example of the process-based multitasking. Example: email application checks for new emails while we surf in the Internet using our browser.

Thread based multitasking

A single program can perform more than one action at the same time. Example: Word processor can update the selected text’s font and automatically save the current version to the disk.
Let’s measure the execution time of the code…
import java.util.*;
public class Main
{
  public static void main(String[] args) 
  {
    Scanner con = new Scanner(System.in);
    long before = System.currentTimeMillis();
    long cnt = 0;
    for(long i = 0; i < 8000000000L; i++)
      cnt++;
    long after = System.currentTimeMillis();
    long workingTime = (after - before);
    System.out.println(workingTime + " milliseconds");
    System.out.println("counted to " + cnt);
    con.close();
  }
}
Threads in Java

To create a thread in Java, a class shall either extend the Thread class or implement the Runnable interface and write an execution code in run() method:

class MyRunnable implements Runnable 
{
  public void run() 
  {
    // the operations are here
  }
}
When Runnable is implemented, the Thread shall be instantiated with this object:

MyRunnable mr = new MyRunnable();
Thread t = new Thread(mr);
When Thread class is extended:
class MyThread extends Thread {
  public void run() {
    // the operations are here
  }
}
In this class the object can be instantiated itself. Thread is executed by calling the start() method (not run() !):

MyThread mt = new MyThread();
mt.start();
Example: how to run two threads.
import java.util.*;
class RunClass implements Runnable 
{
  public void run() 
  {
    System.out.println("Child thread - Hello");
  }
}
class ThreadClass extends Thread 
{
  public void run() 
  {
    System.out.println("Child thread - World");
  }
}
public class Main
{
  public static void main(String[] args) 
  {

   Thread t1 = new Thread(new RunClass());

   Thread t2 = new ThreadClass();

   t1.start();

   t2.start();
  }
}
Another example

import java.util.*;
class MyThread extends Thread
{
  MyThread(String s)
  {
    super(s);
  }
  public void run ()
  {
    for (int i = 0; i < 10; i++)
      System.out.println(getName() + " " + i);
  }
}
public class Main
{
  public static void main(String[] args) 
  {
    MyThread t1 = new MyThread ("Thread 1");
    MyThread t2 = new MyThread ("Thread 2");
    t1.start();
    t2.start();
  }
}
We can run 10 threads simultaneously.

import java.util.*;
class ThreadClass extends Thread 
{
  ThreadClass(String s)
  {
    super(s);
  }
  public void run() 
  {
    System.out.println("Thread " + getName());
  }
}
public class Main
{
  public static void main(String[] args) 
  {
    Thread t[] = new ThreadClass[11];
    for(int i = 1; i <= 10; i++) 
    {
      t[i] = new ThreadClass("" + i);
      t[i].start();
    }
  }
}
To wait for the finish of the thread, the join() method is called:

final void join() throws InterruptedException
import java.util.*;
class Parallel extends Thread 
{
  private long cnt;
  private long from ,to;
  public Parallel(long from, long to, String name) 
  {
    super(name);
    this.from = from;
    this.to = to;
  }
  public long getCnt() 
  {
    return cnt;
  }
  public void run() 
  {
    cnt = 0;
    for (long i = from; i < to; i++) 
      cnt++;
  }
}
public class Main
{
  public static void main(String[] args) 
  {

   Parallel t1 = new Parallel(0, 2000000000L, "A");

   Parallel t2 = new Parallel(2000000000L, 4000000000L, "B");

   Parallel t3 = new Parallel(4000000000L, 6000000000L, "C");

   Parallel t4 = new Parallel(6000000000L, 8000000000L, "D");
    long before = System.currentTimeMillis();
  

   t1.start(); t2.start(); t3.start(); t4.start();
    try 
    {
      t1.join(); t2.join(); t3.join(); t4.join();

   }

   catch (InterruptedException ex) 

   {
      System.out.println("Interrupted: " + ex);

   }
    long after = System.currentTimeMillis();

   long workingTime = (after - before);
    System.out.println(workingTime + " milliseconds");

   // 1 + ... + 8000000000
    long sum = t1.getCnt() + t2.getCnt() + t3.getCnt() + t4.getCnt();
    System.out.println(sum);
  }
}
The number of processors is basically the number of execution engines capable of running your code. One of the i5 variants is a 4-core CPU. These may be physically distinct processors (even though they exist inside the same chip) or they may be logical processors when you’re using hyper-threading.

import java.util.*;
public class Main
{
  public static void main(String[] args) 
  {
    Scanner con = new Scanner(System.in);
    int cores = Runtime.getRuntime().availableProcessors();
    System.out.println(cores);
    con.close();
  }
}
E-OLYMP 2861. Sum of odd numbers Find the sum of odd numbers in the range from а to b.
► Find the number of processors. Run the program in parallel.
import java.util.*;
class Parallel extends Thread 
{
  private long sum;
  private long from ,to;
  public Parallel(long from, long to, String name) 
  {
    super(name);
    this.from = from;
    this.to = to;
  }
  public long getSum() 
  {
    return sum;
  }
  public void run() 
  {
    sum = 0;
    if (from % 2 == 0) from++;
    if (to % 2 == 0) to--;
    for (long i = from; i <= to; i+=2) 
      sum += i;
  }
}
public class Main
{
  public static void main(String[] args) 
  {
    Scanner con = new Scanner(System.in);
    long a = con.nextLong();
    long b = con.nextLong();
    int cores = Runtime.getRuntime().availableProcessors();
  
    Parallel t[] = new Parallel[cores];
  
    long d = (b - a) / cores;
    for (int i = 0; i < cores - 1; i++) 
    {
      t[i] = new Parallel(a + d*i, a + d*(i+1) - 1, "Thread #" + i);
      t[i].start();
    }
    t[cores - 1] = new Parallel(a + d*(cores - 1), b, "Thread # last");
    t[cores - 1].start();
    try 
    {
      for (int i=0; i<cores; i++)
        t[i].join();
    }
    catch (InterruptedException ex) 
    {
      System.out.println("Interrupted: " + ex);
    }
    long sum = 0;
    for (int i = 0; i < cores; i++) 
      sum += t[i].getSum();
    System.out.println(sum);
  }
}
