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Recursive Algorithm and their Complexity Lecture Notes: Discrete Mathematics The power of recursion evidently lies in the possibility of defining an infinite set of objects by a finite statement. In the same manner, an infinite number of computations can be described by a finite recursive program, even if this program contains no explicit repetitions. Submitted by: Humayun Saahi 4/6/2010



Recursive Algorithm and their Complexity



What is a Recursive Algorithm? An algorithm that calls itself repetitively until a base condition is met. Recursion in computer science is a method where the solution to a problem depends on solutions to smaller instances of the same problem. The approach can be applied to many types of problems, and is one of the central ideas of computer science. A generic proto-type would be as under: Recursive Algorithm { Base case: If( base case is true) {Execute this line/s of code and return} Repetitive Case: Call function itself with new set of Parameters. } // End Of Recursive Algorithm



Example of Factorial Algorithm (Recursive) int factorial ( int a) { If ( a == 0 )



// Base Case



Return 1; Else



// Repetitive Case



return a X factorial (a-1); } // End of recursive function



How to Find Complexity of a Recursive Function? There are following two approaches widely used for finding the complexity Recursive Tree Method Master’s Theorem



Recursive Tree Method: Example 1: For the same factorial Problem, we will be making a tree and follow the below steps: 1. Count no. of Operations at each level 2. Sum up all operations The result can either give you Best or Worst case complexity, dependent on the operations input.  3 * (1 +2+3+4+5 …..N)  3 * (N)  O ( N) (Recursive Tree for Factorial Program)



Example 2: Binary Search (Pseudo Code)  Assumption: Data is sorted.  Calculate Median  Compare the value to be searched with the mid value  If value is greater than mid, search in Right Sub-Array  If value is greater than mid, search in Left Sub-Array N
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Complexity Analysis: Since the trend we observe is logarithmic i.e. n/2, n/4, n/8 ….. 1, so it can be expressed as (log n) F(n) = 3 * (Log n) F(n) = O ( log n)



 c =3; constant operations



Master’s Theorem: Recursive Relationship for factorial Algorithm T(n) = T (N-1) + Constant Operations  T(n) = O (n) Recursive Relationship for Binary Search Algorithm T(n) = T(n/2) + Constant Operations Where T is function, representing time taken for (n/2) elements.



T(N)= a * T (n/b) +f(n) Where f(n) represents the constant no. of operations Three basic clauses of Master Theorem are:  If F(n) = O (nlogb a – ε ) ;  Where ε > 0  Then T(n) = O (nlogb a – ε ) Now Solving;



log a – ε = b log 9 – 1 2 log 8 2



=x



=x



8 = 2x 23 = 2x 3=x  T(n) = O (n3 )
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