Richard G Baldwin (512) 250-8682�PRIVATE �� or (512) 223-4758





CIS2204 Intermediate C++ Programming and Data Structures, File 2204-3S.DOC, Revised 7/15/96.  These lecture notes are intended to supplement the material in the textbook, Teach Yourself C++ Second Edition by Herbert Schildt.








Recursion and the Factorial Problem





� TOC \o "1-4" �1. Introduction	� GOTOBUTTON _Toc362080865  � PAGEREF _Toc362080865 �1��


2. The Factorial Problem	� GOTOBUTTON _Toc362080866  � PAGEREF _Toc362080866 �1��


3. Sample Program	� GOTOBUTTON _Toc362080867  � PAGEREF _Toc362080867 �1��


�


Introduction


Recursion is what happens whenever a function or procedure calls itself.





Unintentional recursion will usually have disastrous consequences.  However, intentional recursion can provide a useful solution to many problems.  Recursion is useful when the algorithmic solution of a problem reaches a stage where the next step is a repeat of a “smaller version” of the original problem.








The Factorial Problem


You may remember from your algebra classes that N! (pronounced N-Factorial) is equal to the series of products from N down to 0 with the definition that zero-factorial is equal to 1.





Thus, five-factorial is equal to





	5 * 4 * 3 * 2 * 1 = 120





Therefore, for any value of N, N-Factorial is equal to N multiplied by (N-1)-Factorial.  In other words, 





	6! = 6 * 5!





Thus, one solution to the computation of N-Factorial is to multiply N by the factorial of a value which is one less than N.  This gives rise to a solution where the next step in the solution is a repeat of a “smaller version” of the original problem.








Sample Program


The following program contains a function which calculates the value of the factorial of N by making a recursive call to itself passing a value of N-1.  This function contains several output statements intended to display the progress of execution.  Otherwise, it would be very compact.





The program also contains a test section designed to test the function for one value of N.





//PROGRAM RECUR1.CPP


/*This program illustrates the use of recursion to find


the factorial of a positive integer.*/





#include <iostream.h>





int Factorial(int N)


/*This function calls itself recursively to find the


factorial of the input argument.*/


{


  int  Answer;


  //Display parameters upon entry for each recursive call.


  cout << "Entering Factorial for N = " << N << endl;


  //The following test must eventually return true in order


  //for recursion to properly terminate.


  if (N == 0) Answer = 1; // End of recursion


  else // Note the following recursive call.


	 Answer = N * Factorial(N-1);


  //Return to the following statement during the reverse


  //path of the recursion.  Display parameters upon exit


  //from each recursive call.


  cout << "Leaving Factorial for N = " << N


	 << " and an answer of " << Answer << endl;


  return Answer; // Return the answer


}//end Factorial()





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


//Begin test program


void main()


{


  int Temp, Data;


  Data = 7;


  cout << "In main.  Will call Factorial("


	 << Data << ")" << endl;


  Temp = Factorial(Data);


  cout << "In main. " << Data << " Factorial equals "


	 << Temp << endl << "Terminating Program";


}//end Test Program





The output from running this program follows.





In main.  Will call Factorial(7)


Entering Factorial for N = 7


Entering Factorial for N = 6


Entering Factorial for N = 5


Entering Factorial for N = 4


Entering Factorial for N = 3


Entering Factorial for N = 2


Entering Factorial for N = 1


Entering Factorial for N = 0


Leaving Factorial for N = 0 and an answer of 1


Leaving Factorial for N = 1 and an answer of 1


Leaving Factorial for N = 2 and an answer of 2


Leaving Factorial for N = 3 and an answer of 6


Leaving Factorial for N = 4 and an answer of 24


Leaving Factorial for N = 5 and an answer of 120


Leaving Factorial for N = 6 and an answer of 720


Leaving Factorial for N = 7 and an answer of 5040


In main. 7 Factorial equals 5040


Terminating Program


-end-.
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