Handout 13

The for Statement/Loop (426 - 430 of the textbook)

The for loop is convenient for implementing counter-controlled loops. 

Most Common Syntax:

for (Initialization; TestExpression; Update)
//Header


Statement or a block of statements (i.e. a compound statement)

// Body of the loop.

Note:

Initialization is an intialization action.

TestExpression is a termination condition for the loop (the body of the loop is executed as long as the TestExpression evaluates to true). TestExpression is a Boolean or logical expression.

Update is an update action (very often it updates a loop counter). 

The above loop can be explained as follows:

1. Do the initialization. I.e. execute Initialization.

2. Evaluate TestExpression.

3. (  If TestExpression evaluates to true, then

(a) Execute Statement (or the compoud statement). I.e. execute the body of the loop.

(b) Execute Update.

(c) Go to step 2.

(  If TestExpression evaluates to false, skip the loop and execute what follows it.

The above for loop is equivalent to:

Initialization

while (TestExpression)

{


Statement or a block of statements (i.e. a compound statement)



Update

}

Remarks:

1. There is no semicolon at the end of the for statement header. If you include a semicolon after the header, then your for statement becomes empty (i.e. the body will be empty).

2. TestExpression should be a Boolean expression.

3. The initialization, test expression, and update should be in the order shown above.  

4. TestCondition is also called termination condition.

5. Almost always, all three items (initialization, test expression, and update) are present in the header. If one of them is missing from the header, then it must be somewhere else. 

6. The body of the for statement can be executed once, more than once, or not executed at all (that happens if the test expression evaluates false at the beginning).

7. Every for statement can be implemented with a while statement. But, people sometimes find the for statement more convenient. That happens when we have to execute a statement (simple or compound) for a specific number of times and when we update the loop counter by the same amount each time. But, still it's a matter of flavor.  

8. Initialization and TestExpression are separated by a semicolon and so are TestExpression and Update. Be careful: Do not write a comma instead of the semicolon. Also, notice there is no semicolon after Update.

Example1: Here K is of numeric type (i.e. int, float, etc)

for (K = 2 /* Initialization */; K <= 4 /* Testing Condition */ ; K++ /* Update */)


cout << K << endl;

· The above for loop is equivalent to the following while loop:

K = 2;

while (K <= 4)

{


cout << K << endl;


K++;

}

· So, the above for loop says: 

1. Initialize K to 2

2. Check whether K is less than or equal to 4. 

3. If yes, then

(a)  Execute the body of the loop. In this case, it's the statement

cout << K << endl; 


(b) Increase K by 1.

(c) Go to step 2.

If K is not less than or equal to 4, skip the for loop and move to what follows it.

· The output of the above for loop is:

2

3

4

· Notice that K (the loop counter) is incremented after the body of the loop is executed. For example, in the above for loop example, what happens is the following: The value of K is checked to see whether it's less than or equal to 4 or not. But, the value of K is 2, so we execute the body of the loop (in this example, the body of the loop is the single statement cout << K << endl;), which results in displaying the number 2 and jumping to the next line. Then we increase K by 1, so K becomes 3. Now we test to see whether K is less than or equal to 4 or not. But, K is 3, so it's less than 4. Now we execute the body of the loop again. That results in displaying the number 3 and jumping to the next line. Now we increase the value of K by 1, so K becomes 4. Now we go back and test whether K is less than or equal to 4 or not. Of course, it's. So, we execute the body of the loop again. That results in displaying the number of 4 and jumping to the next line. Then we increase K by 1, so K becomes 5. Now we test whether K is less than or equal to 5 or not. Since, it is not, the loop is terminated and the program moves to what follows the for loop.

· The above for loop is the same as

for (K = 2; K <= 4; K = K+1)


cout << K << endl;

· If variable K is not defined originally, then you can define it in the loop header. Here is how (assume K is of type int. If it is not of type int, then you replace int below by the data type you want):

for (int K = 2 ; K <= 4 ; K++)


cout << K << endl;

Example 2:


for (K = 12 /* Initialization */ ; K > 5   /* Testing Condition */  ; K = K - 4   /* Update */)



cout << K << endl;

· The above for loop is equivalent to the following while loop:

K = 12;

while (K > 5)

{


cout << K << endl;


K = K - 4;

}

· So, the above for loop says: 

1. Initialize K to 12.

2. Check whether K is greater than 5. 

3. If yes, then

(a) Execute the statement

cout << K << endl; 


(b) Decrease K by 4.

(c) Go to step 2.

4. If K is not greater than 5, skip the for loop and move to what follows it.

· The output of the above for loop is:

12

8

Example 3: What is the output of

for (int K = 19 ; K >= pow(2,3) ; K = K - 5)


cout << K << endl;

Answer:

19

14

9

Example 4: What is the output of

for (float A = -1.5 ; A < 0.4 ; A = A + 0.7)

cout << A << endl;

Answer:

-1.5

-0.8

-0.1

Example 5: What is the output of 

int A,B;

for (A = 4 ; A <= 8 ; A = A + 3)

{


cout << A << endl;


B = A * A;


cout << B << endl;

}

Answer:

4

16

7

49

Example 6: What is the output of

int A,B;

for (A = 4 ; A != 6 ; A++)

{


cout << A << endl;


B = A * A;


cout << B << endl;

}

Answer:

4

16

5

25

Example 7: What is the output of

for (int A = 4 ; A < 11; A++)

{


cout << A << endl;


A = A + 3;

}

Answer:

4

8

Example 8: What is the output of

for (int A = 4 /* Initialization */  ; A < 11 /* Testing Condition */ ;  )

{


cout << A << endl;


A = A + 3;  // Update

}

Answer:

4

7

10

Example 9: What is the output of

int A = 4; // Initialization

for ( ; A < 11  /* Testing Condition */  ;  )

{


cout << A << endl;


A = A + 3;  // Update

}

Answer:

4

7

10

Example 10: What is the output of

for (int A = 4 /* Initialization */ ;  ;  )

{


if (A >= 11)  break; 
// Test Expression


cout << A << endl;


A = A + 3; 
// Update

}

Answer:

4

7

10

Remarks:

1. The above for loop will be terminated when A becomes greater than or equal to 11.

2. When you have break, that means quit the loop immediately and move to the first statement that follows it. Be careful, break is different than return and than exit. The last two (I mean return and exit) will cause the program (or the function if they are used in a function) to terminate, while break causes only the loop (for loop, while loop, do while, switch statement) in which it appears to terminate and not the program or the function. If break is in a loop that is nested inside another loop, then the inner loop is the one that will be terminated, but not the outer. If break is in the outer loop, then the outer loop will be terminated, which means the inner will be terminated as well.

Example 11: What is the output of

bool Flag = true;

for (int A = 8 /* Initialization */ ; Flag == true  /* Test Expression */ ;  A--   /* Update */ )

{


cout << A << endl;


if (A < 6)



Flag = false;

}

Answer:

8

7

6

5

Question: What will happen if you replace Flag == true in the for loop header above by Flag = true ?

Example 12: What is the output of

int A,B;

for (A = 1; A <= 3; A++)


for (B = 9; B > 7 ; B--)



cout << A << " " << B << endl;

Answer:

1 9

1 8

2 9

2 8

3 9

3 8

Notice the above example is equivalent to

int A, B;

A = 1;

while (A <= 3)

{


B = 9;


while (B > 7)


{



cout << A << " " << B << endl;



B--;


}


A++;

}

Example 13: What is the output of the following?

int N = 3, M = 7, S = 0; 

for (int K = M + 2; K > N + 1; K--)


S = S + K;

cout << S << endl;

Answer: 

35

Example 14: What is the output of the following?

int N = 3, M = 4; 

for (int K = M - 2; K <= pow(N,3); K = pow(2,K))


cout << K << endl;

Answer:

2

4

16

Example 15: What is the output of the following?

for (int K = 1; K <= 4; K++)


cout << '*';

Answer:

****

Example 16: What is the output of the following?

for (int K = 1; K <= 4; K++);
// Notice the semicolon here


cout << '*';

Answer:

*

Example 17: Write the factorial function with a for loop instead of a while loop:

Solution:

long Factorial(long M)

{


long K, P = 1;


for (K=1; K <= M; K++)



P = P * K;


return P;

}

Exercise: Write a program (using a for loop) to read a positive real number N and to compute and display N!.

Solution:


…


long K, Factorial = 1;


for (K=1; K <= N; K++)



Factorial = Factorial * K;


…

Question: Why long not int?

Exercise:Include all the statements above in the header part of the for lop and leave the body empty.

Solution:

for (long Factorial = 1, K = 1; K <= N; Factorial = Factorial * K,


K++);

Exercise: Write a function to compute the sum of the integers from 1 to M (M is the input to the function) using a for loop.

Example 18: Write a for loop to read 10 integers from the keyboard and to display their sum.

Solution:

int K, N, S = 0;

for (K = 1; K <= 10; K++)

{



cin >> N;


S = S + N;

}

cout << S << endl;

Example 19: Write a for loop to keep reading integers from the keyboard until the user enters a nonpositive value, then display the sum of the positive numbers you read.

Solution:

int N, S = 0;

for ( ; ; ) 

{


cin >> N;


if (N <= 0)  break;  // Test Condition (Termination Condition).


S = S + N;

}

cout << S << endl;

Example 20: What is the output of the following?

for (int R = 8; R > 10; R--)


cout << R << endl;

cout << R << endl;

Answer:

8

Example 21: What is the output of the following?

for (int R = 1; R <= 3; R ++)


cout << "SUNY" << endl;

cout << "Fredonia" << endl;

Answer:

SUNY 

SUNY 

SUNY 

Fredonia

Example 22: What is the output of the following?

for (int R = 1; R <= 3; R ++)

{


cout << "SUNY" << endl;

cout << "Fredonia" << endl;

}

Answer:

SUNY 

Fredonia

SUNY 

Fredonia

SUNY 

Fredonia

Example 2: What is the output of the following?

int B = 5;

for (int K = -899; K <= -200 ; K++)


B = B * K + K;

cout << K << endl;

Answer:

-199

Example 23: What is the output of the following?

int B, A;

for (A = 9;

        A <= 19;

        A=
A + 4)


B = B + 3 * A;



cout << A << endl;

Answer:

21

Exercises:

· Page 443: 8, 14, 18.

· Page 445: 8, 9, 11. 

· More exercises will be posted on my homepage.
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