
Announcements 

HW2 has been posted in the Blackboard and class website

Due on Thursday, Feb 3 before class starts.



Asymptotic Growth Rate



Establishing rate of growth
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Establishing rate of growth

limn→∞ f(n)/g(n) = 

order of growth of f(n) < order of growth of g(n)

order of growth of f(n) =order of growth of g(n) 

order of growth of f(n) > order of growth of g(n) 

➢ By limits:
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L’Hôpital’s Rule:



Examples

Compare the functions

𝑛 vs. log2 𝑛

𝑛 log 𝑛 vs. 𝑛3

𝑛! vs. 𝑛𝑛

Steps:

1. Establish

2. Simplify the ratio

3. Apply L’Hôpital’s Rule
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 2! (Stirling’s formula)
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Some Important Properties of Order of Growth



Reading Assignments

Review how to calculate the derivative for 
simple functions from your Calculus classes

Chapter 2.2-2.3 and Appendix A 



Analyze the Time Efficiency of An Algorithm

Nonrecursive Algorithm

• Matrix multiplication

• Selection sort

• etc

Recursive Algorithm

• Fibonacci number

• Merge sort

• etc
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Analyze the Time Efficiency of A 

Nonrecursive Algorithm
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Input size? Basic operations?

Worst case, best case, and average case



Time efficiency of Nonrecursive Algorithms

Steps in mathematical analysis of nonrecursive algorithms:

• Decide on parameter n indicating input size

• Identify algorithm’s basic operation

• Determine worst, average, and best case for input of size n

• Set up summation for t(n) reflecting algorithm’s loop structure

• Simplify summation using standard formulas (see Appendix A)



Useful Formulas in Appendix A
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Example: Matrix Multiplication
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Example: Selection sort
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Example: Find the Number of Binary Digits

Find the Number of Binary Digits in the Binary Representation 
of a Positive Decimal Integer

ALGORITHM 𝐵𝑖𝑛𝑎𝑟𝑦(𝑛)
// Input: A positive decimal integer 𝑛
// Output: The number of binary digits
// in 𝑛′s binary representation
𝑐𝑜𝑢𝑛𝑡 ← 1
while 𝑛 > 1 do

𝑐𝑜𝑢𝑛𝑡 ← 𝑐𝑜𝑢𝑛𝑡 + 1

𝑛 ← 𝑛/2
return 𝑐𝑜𝑢𝑛𝑡

Input size? 
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Example: Element Uniqueness

Check whether all the elements in a given array are distinct

• Input: An array A[0…n-1]

• Output: Return “true” if all the elements in A are distinct and 
“false” otherwise

true return

false return  if

do  to for

do  to for
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