Lecture 3
Loops
3.1 The for Loop
The general syntax for the for loop is: 


for (initilizationPart; iterationConditionPart, incrementPart);

The for loop contains the following three parts: 

1. The initialization part, which initializes the loop control variable(s). You can use single or multiple loop control variables. 

2. The iteration part, which contains a Boolean expression that causes the loop to iterate as long as the expression is true 

3. The increment part, which increments or decrements the loop control variable(s) 

Here are examples of the for loop: 

// example 1

for (i = 0; i < 10; i++)

  cout << i << "\n";

// example 2

for (i = 9; i >= 0; i -= 3)

  cout << (i*i) << "\n";

// example 3

for (int i = 1; i < 100; i++)

  cout << i << "\n";

// example 4

for (int i = 0, j = MAX; i < j; i++, j--)

  cout << (i + 2 * j) << "\n";

The first example initializes the loop control variable i to 0 and iterates as long as the value in variable i is less than 10. The loop increment part increases the value of variable i by 1. Thus the upward-counting loop iterates 10 times with the value in variable i changing from 0 to 9. 

The second example shows a downward-counting loop that initializes the loop control variable i to 9. The loop iterates as long as the value in variable i is not negative. The loop increment part decreases the value of variable i by 3. Thus the loop iterates four times with the value in variable i having the sequence 9, 6, 3, and 0. 

The third example shows an interesting C++ feature that is related to the for loop: This example declares the loop control variable i and also initializes it to 1. The loop iterates as long as the value in variable i is less than 100. The loop increment part increases the value of variable i by 1. Thus, the upward-counting loop iterates 99 times with the value in variable i changing from 1 to 99. 

The fourth example shows that a C++ for loop can declare and initialize multiple loop control variables. The loop initializes the variables i and j to 0 and MAX, respectively. The loop iterates as long as the value in variable i is less than that in variable j. The loop increment part increases the value in each of the variables i and j by 1.

Example:
The following program calculates and prints the sum of the even integers from 4 to 20.

#include  <iostream.h>
 int   main()
  {

int sum=0;

for (int i=4;i<=20;i=i+2)

sum+=i;
    cout  <<sum<<endl;
    return 0;
  }
3.2 The Open-Iteration for Loop
C++ allows any or all three parts of a for loop to be empty! For example, you can initialize a loop control variable before the loop's statement. You can also increment the loop control variable inside the loop's statements. 

What happens when a for loop has all three parts empty? The answer is that you get an open-iteration loop. The source code needs to initialize, increment, and test the loop iteration outside the three parts of the for loop. Here is a code snippet that illustrates the open-iteration for loop’s features: 

int i = 0; // initialize variable

int j;

for (;;) {

  cout << i << " : ";

  

// test loop condition and exit if i >= 10

  if (i >= 10)

    break;

  j = i + i * i - 5;

  i++; // increment loop control variable

  cout << j << "\n";

}

This snippet initializes the variable i and uses that variable to control the iterations of the for loop. The loop displays the value in variable i and then tests the loop’s condition. If the value in variable i is equal to or greater than 10, the loop exits using the break statement. The loop then calculates the value for variable j, increments variable i, and displays the value in variable j. The statement i++; increments the loop control variable and allows iteration to progress.
3.3 The do-while Loop
The do-while loop iterates as long as a tested condition is true. The syntax for the do-while loop is: 

do {

  // statements

} while (condition);

The syntax of the do-while loop shows that it tests the iteration condition after executing the loop's statement. Thus, the do-while loop always executes at least once. Here is an example of the do-while loop: 

do{
  cout << "Enter a positive integer : ";

  cin >> nNum;

}while (nNum < 1);

This example shows a do-while loop that iterates as long as the value in the variable nNum is less than 1.

Example:
The following program calculates and prints the sum of the even integers from 4 to 20.
#include  <iostream.h>
 int   main()
  {

int sum=0;

int i=4;

do{


sum+=i;


i=i+2;

}while(i<=20);
    cout  <<sum<<endl;
    return 0;
  }
3.4 The while Loop
The syntax for the while loop is: 

while (condition)

  // statement or statement block

The syntax of the while loop shows that it tests the iteration condition before executing the loop's statement. Thus, the while loop will not execute if the tested condition is already false. Here is an example of the while loop: 

int i = 0;  

while (i * i < 1000)

  i++;

This example has a while loop that iterates as long as the squared value of variable i is less than 1000.

Example:
The following program finds and prints the smallest integer that is able to divide by 12 and 14 

#include  <iostream.h>
 int   main()
  {

int i=1;

while(i%12!=0 || i%14!=0)

i++;

cout  <<i<<endl;
    return 0;
  }

3.5 Exiting Loops
The break statement exits the current loop. Thus to exit nested loops, you need to use a break statement for each loop. 

Here are examples of using the break statement with the do-while and while loops: 

// exit from do-while loop example

double fY, fX = 1.0;

do {

  fY = fX * fX + 10;

  if (fY > 10000.0)

     break;

  cout << "f(" << fX << ") = " << fY << "\n";
fX+=10;
} while (fX < 100.0);

// exit from while loop example

double fY, fX = 1.0;

while (fX > 0.0 && fX < 100.0) {

  fY = fX * fX - 30;

  cout << "f(" << fX << ") = " << fY << "\n";

  if (fY > 1000.0)

     break;
fX+=10;
};

The first example has a do-while loop that iterates as long as the value in variable fX is less than 100. The loop contains a statement that determines whether or not the value in the variable fY (which is based on the value of variable fX) exceeds 10,000. If this condition is true, the loop exits by executing the break statement in the if statement. 

The second example has a while loop that iterates as long as the value in variable fX is positive and less than 100. The loop contains an if statement that determines whether or not the value in the variable fY (which is based on the value of variable fX) exceeds 1000. If this condition is true, the loop exits by executing the break statement in the if statement.
3.6 Skipping Loop Iterations
C++ offers the continue statement to skip the remaining statements in a loop. Why skip the remaining loop statements? This condition arises when the loop statements examine a condition and conclude that the loop should not or need not proceed with executing the remaining statements. Here is an example of using the continue statement: 

for (int i = -4; i < 5; i++) {

  if (i == 0)

  continue;

  double fX =  1.0 / i;

  cout << "1 / " << i << " = " << fX << "\n";

}

This code snippet shows a loop that displays reciprocal values. The loop has a control variable that changes values from —4 to 4, in increments of 1. The loop contains an if statement that determines whether or not the control variable contains 0. When this condition is true, the loop skips the remaining statements to avoid dividing by zero!
3.7 Nested Loops
C++ allows you to nest loops in any combination. For example, you can nest for loops, as shown in the following code snippet: 

double fSum = 0;

for (int i = 10; i < 100; i++)

  for (int j = 0; j < i; j++)

    fSum += double(j * i);

This code snippet shows two nested for loops used to obtain a summation. 

You can also nest different kinds of loops. Here is a code snippet that shows you nested while and do-while loops: 

double fSum = 0;

int i = 10;

int j;

while (i < 100) 
{

  j = 0;

   do {



     fSum += double(j++ * i);

   
      } while  (j < i);

   i++;

}

The nested loops obtain a summation, like the one in the example of the nested for loops.
Example: The following program uses two nested loops to draw the following shape
*********

*******

*****

***

*
*
***

*****

*******

*********

#include<iostream.h>

int main()

{

for (int LineNumber=-9;LineNumber<=9;LineNumber=LineNumber+2)



{




int LineNumberTemp;




if(LineNumber<0)





LineNumberTemp=-1*LineNumber;




else





LineNumberTemp=LineNumber;




for (int i=1;i<=LineNumberTemp;i++)




cout<<'*';




cout<<endl;



}

return 0;
}

3.8 Exercises

1. Identify and correct the error(s) in each of the following: 
 a)  if ( age >= 65 );
   cout << "Age is greater than or equal to 65" << endl;
else
   cout << "Age is less than 65 << endl";
 b)  if ( age >= 65 )
   cout << "Age is greater than or equal to 65" << endl;
else;
   cout << "Age is less than 65 << endl";
 c)  int x = 1, total;
while ( x <= 10 ) {
   total += x;
   ++x;
}
 d)  While ( x <= 100 )
   total += x;
   ++x;
}
 e)  while ( y > 0 ) {
   cout << y << endl;
   ++y;
}
	2.What does the following program print?
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	  1)   #include  <iostream>
  2)   
  3)   using  std::cout;
  4)   using  std::endl;
  5)   
  6)   int  main()
  7)   {
  8)       int  y, x = 1, total = 0;
  9)   
 10)       while  ( x <= 10 ) {
 11)         y = x * x;
 12)         cout << y << endl;
 13)         total += y;
 14)         ++x;
 15)      }
 16)   
 17)     cout << "Total is " << total << endl;
 18)       return  0;
 19)   }




3. Write a C++ program that utilizes looping and the tab escape sequence \t to print the following table of values:
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	N       10*N    100*N   1000*N     

1       10      100     1000

2       20      200     2000

3       30      300     3000

4       40      400     4000

5       50      500     5000




4. What does the following program print?
	  1)   #include <iostream>
  2)   
  3)   using std::cout;
  4)   using std::endl;
  5)   
  6)   int main()
  7)   {
  8)      int count = 1;
  9)   
 10)      while ( count <= 10 ) {
 11)         cout << (count % 2 ? "****" : "++++++++") 
 12)              << endl;
 13)         ++count;
 14)      }
 15)   
 16)      return 0;
 17)   } 



5. What does the following program print?
	  1)   #include <iostream>
  2)   
  3)   using  std::cout;
  4)   using  std::endl;
  5)   
  6)   int  main()
  7)   {
  8)       int  row = 10, column;
  9)   
 10)       while  ( row >= 1 ) {
 11)         column = 1;
 12)   
 13)          while  ( column <= 10 ) {
 14)            cout << (row % 2 ? "<" : ">");
 15)            ++column;
 16)         }
 17)   
 18)         --row;
 19)         cout << endl;
 20)      }
 21)   
 22)       return  0;
 23)   }
 


6. Determine the output for each of the following when x is 9 and y is 11 and when x is 11 and y is 9.
a)  if ( x < 10 ) 
if ( y > 10 ) 
cout << "*****" << endl; 
else 
cout << "#####" << endl; 
cout << "$$$$$" << endl;
 b)  if ( x < 10 ) { 
if ( y > 10 ) 
cout <<  "*****" << endl;
} 
else { 
cout << "#####" << endl;
cout << "$$$$$" << endl;
} 
7. Modify the following code to produce the output shown. Use proper indentation techniques. You must not make any changes other than inserting braces. Note: It is possible that no modification is necessary. 
 
if ( y == 8 )

if ( x == 5 )

cout << "@@@@@" << endl;

else

cout << "#####" << endl;

cout << "$$$$$" << endl;

cout << "&&&&&" << endl;
 a)  Assuming x = 5 and y = 8 , the following output is produced. 
 @@@@@
$$$$$
&&&&&
 b)  Assuming x = 5 and y = 8 , the following output is produced. 
@@@@@
c)  Assuming x = 5 and y = 8 , the following output is produced. 
@@@@@
&&&&&
d)  Assuming x = 5 and y = 7 , the following output is produced. Note: The last three output statements after the else are all part of a compound statement. 
#####
$$$$$
&&&&&

8. Write a program that reads in the size of the side of a square and then prints a hollow square of that size out of asterisks and blanks. Your program should work for squares of all side sizes between 1 and 20. For example, if your program reads a size of 5, it should print 

*****
*      *
*      *

*      *

*****

9. Write a program that displays the following checkerboard pattern 

* * * * * * * *
    * * * * * * * *
* * * * * * * *

    * * * * * * * *

* * * * * * * *

    * * * * * * * *

* * * * * * * *
 * * * * * * * *  

          Your program must use only three output statements, one of each of the following forms:

 cout << "* "; 

cout << ' '; 

cout << endl;

10. Write a program that reads three nonzero double values and determines and prints if they could represent the sides of a triangle. 
11. Write a program that reads three nonzero integers and determines and prints if they could be the sides of a right triangle.
12. Find the error(s) in each of the following: 
 a)  For ( x = 100, x >= 1, x++ )
   cout << x << endl;
 b)  The following code should print whether integer value is odd or even: 
switch ( value % 2 )
   case 0:
       cout << "Even integer" << endl;
   case 1:
       cout << "Odd integer" << endl; 
}
 c)  The following code should output the odd integers from 19 to 1: 
for ( x = 19; x >= 1; x += 2 )
   cout << x << endl;
 d)  The following code should output the even integers from 2 to 100: 
counter = 2;
do { 
   cout << counter << endl;
   counter += 2; } 
While ( counter < 100 ); 

13. Write a program that finds the smallest of several integers. Assume that the first value read specifies the number of values remaining and that the first number is not one of the integers to compare. 
14  Write a program that calculates and prints the product of the odd integers from 1 to 15.  
15. Write a program that prints the following patterns separately one below the other. Use for loops to generate the patterns. All asterisks (*) should be printed by a single statement of the form cout << '*';
(A)           (B)            (C)             (D)

*             **********    **********            *

**            *********      *********           **

***           ********        ********          ***

****          *******          *******         ****

*****         ******            ******        *****

******        *****              *****       ******

*******       ****                ****      *******

********      ***                  ***     ********

*********     **                    **    *********

**********    *                      *   **********

16. Assume i = 1, j = 2, k = 3 and m = 2. What does each of the following statements print? Are the parentheses necessary in each case? 
 a)  cout << ( i == 1 ) << endl;  
 b)  cout << ( j == 3 ) << endl;  
 c)  cout << ( i >= 1 && j < 4 ) << endl;  
 d)  cout << ( m <= 99 && k < m ) << endl;  
 e)  cout << ( j >= i || k == m ) << endl;  
 f)  cout << ( k + m < j || 3 - j >= k ) << endl;  
 g)  cout << ( !m ) << endl;  
 h)  cout << ( !( j - m ) ) << endl;  
 i)  cout << ( !( k > m ) ) << endl;  
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