
§ Recursion & Induction 

Lecture 12 
Open and Closed Forms: 

Definition 1: A closed form expression is an expression which h.as a fixed number of operations. 

Defmition 2~ An open form expression is an expression in which the number of operations 
grows depending on a variable in the expression. 

Definition 3: The sum (in open form) of the first n natural numbers each t-o the power i is given 
by: 

Example 1: Find a closed form for: 
sl = 1 + 2 + 3 + ... + n 

To find the closed form, use the expansion: 

(x + 1)2 = x 2 + 2x + 1 

by plugging in x = l,x = 2,x = 3, ... ,x = n. 
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Example 2: Find a closed form for: 

To find the closed form, use S1 and the expansion: 

(x + 1)3 = x 3 + 3x2 + 3x + 1 

by plugging in x = 1, x = 2, x = 3, ... , x = n. 
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Example 3: Find a closed form expression for 

an = 1 · n + 2 · (n- 1) + 3 · (n- 2) + ... + (n- 1) · 2 + n · 1 
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Example 4: For x * 1 find a closed form for: 

5= xo + xl + xz + ... + xn 
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Definition 4: The number of ways to chose k objects from a group of n objects is given by: 

(n) n! 
k = (n- k)! · k! 

Definition 5: Pascal's Formula: 

Example 5: Find a closed form for: 
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