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Lab Exercises #3 – Recursion
Solutions
Solutions
1. Sum of First N Integers (page 705, Project #4)
Write the sumN() method as described in the project.
Write a similar method called sumN2() that uses the "short-cut" formula for calculating the sum of the first n integers: sum = (n*(n+1))/2
Select 4 test values for N, and test both methods with these arguments to verify the methods.

/***************************************************************

  sumN() – calculates the sum of integers 1 to n, using a recursive

     technique.

*/

public static int sumN(int n)

{

   int sum = 0;      // initialise the returned sum to zero

   if (n > 0)        // if n > 0, calculate; otherwise sum = 0

      sum = n + sumN(n-1);   // sum is n + sum of (n-1) values

   return (sum);     // return calculated sum

}// end of sumN
/***************************************************************

  sumN() – calculates the sum of integers 1 to n, using the formula:
     n*(n+1)/2

*/

public static int sumN2(int n)

{

   return ( n*(n+1)/2 );     // return calculated sum

}// end of sumN

2. Factorial (page 705, Project #3)
Write the factorial() method as described in the project.
Write a similar method called factorialLoop() that calculates the factorial using a for-loop.
Select 4 test values for N!, and test both methods with these arguments to verify the methods.

/***************************************************************

  factorial() – recursively calculates the product of integers 1 to n.

*/

public static int factorial(int n)

{

   int product = 1;      // initialise the returned product to 1

   if (n > 1)            // if n > 1, calculate; otherwise product = 1

      product = n * factorial(n-1);   // recursive call for factorial(n-1)

   return (product);     // return calculated product

}// end of factorial()

/***************************************************************

  factorialLoop() – iteratively calculates the product of integers 1 to n.

*/

public static int factorialLoop(int n)

{

   int product = 1;      // initialise the returned product to 1

   for (int i=2; i<=n; i++)       // loop from 2 to n
      product = product * i;  
   return (product);     // return calculated product

}// end of factorialLoop()

3. Array Summation (page 705, Project #2)
Write the method arraySum() that returns the sum of the integer values in the array argument.
The method should work correctly for all array arguments, including null-arrays and arrays of size 0.
/***************************************************************

  arraySum() – recursively sums the values in the array; calls the 

     actual recursive method that does the calculation because of

     the extra required parameter.

*/

public static int arraySum(int[] ray)

{

   int sum = 0;      // initialise the returned sum to zero

   if ((ray == null) || (ray.length == 0))  // if no elements

      sum = 0;                                 // sum=0, nothing to add

   else        // must have at least one element

      sum = arraySum(ray, 0);    // call array sum, begin at elem. 0

   return (sum);

}// end of arraySum()

/***************************************************************

  arraySum() – recursively sums the values in the array starting

     at element [pos], ends at end of array

*/

public static int arraySum(int[] ray, int pos)

{

   int sum = 0;      // initialise the returned sum to zero

   if (pos < ray.length)   // element [pos] still valid

      sum = ray[pos] + arraySum (ray, pos+1);   // sum elements

   return (sum);

}// end of arraySum()
A sample of a call to the first method (which calls the second):

int[] values = new int[30];

for (int i=0; i<values.length; i++)

   values[i] = Math.random()*100;   // fill with random no.s (0-99)

System.out.println ("Sum of array = "+arraySum(values));
4. The Fibonacci Sequence (page 707, Project #7—ignore the sample output in the project)
The word "Fibonacci" sometimes strikes both awe and fear in math and computing students.
This sequence is important in many aspects of mathematics, computing, physics, biology, and even certain aspects of psychology.
Write the method fib() that returns the value of the Fibonacci sequence to the parameter values of N.
The definition of this recursive sequence is:
fib(0) = 0
fib(1) = 1
fib(2) = 1
fib(n) = fib(n-2) + fib(n-1)      ( note: there are two recursive calls in the calculation of fib(n)

Test your method with a loop in the main() to calculate the Fibonacci values for the numbers from 0 to 10.  Verify your values with the sequence described in the project.
/***************************************************************

  fib() – determine the N fibonacci sequence value.
*/

public static int fib(int n)
{

   int fibSeq = 0;      // the Fibonacci sequence value at n
   if (n == 0)                     // at 0, fib sequence is 0
      fibSeq = 0;

   else if ((n == 1) || (n == 2))  // at 1 or 2, fib is 1
      fibSeq = 1;

   else                            // at n >= 3, fib is f(n-2) + f(n-1)
      fibSeq = fib(n-2) + fib(n-1);    // determine 

   return (fibSeq);      // return the Fibonacci sequence value
}// end of fib()

A sample main (): 

public static void main (String[] args)

{

   System.out.println ("The Fibonacci sequence 0 to 10");

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

      System.out.println("Fib("+i+") = "+fib(i));
}// end of main()






