
Midterm  Review

 



Midterm Topics

• Fundamentals:
• Asymptotics
• Recurrences

• Divide and Conquer
• Binary Search, MergeSort, Karatsuba’s

• Dynamic Programming
• WIS, Knapsack, LCS, LIS, Edit Distance



Notation … means … Think… E.g.

f(n)=O(n) ∃" > 0, &! > 0, ∀& ≥ &!:
0 ≤ + & ≤ ",(&)

At most 
“≤”

100n2 = O(n3)

f(n)=W(g(n)) ∃" > 0, &! > 0, ∀& ≥ &!:
0 ≤ ", & ≤ +(&)

At least 
“≥”

2n = W(n100)

f(n)=Q(g(n)) + & = 0 , & 	and 
+ & = 2(, & )

Equals
 “=”

log(n!) = Q(n log n)

f(n)=o(g(n)) Lim"→$
+ &
, & = 0 Less than

“<”
n2 = o(2n)

f(n)=w(g(n)) Lim"→$
+ &
, & = ∞ Greater than

“>”
n2 = w(log n)

Topics: Asymptotics



• Constant factors can be ignored
• ∀" > 0	 "& = ( &

• Smaller exponents are Big-Oh of larger exponents
• ∀) > *	 &7 = ( &8

• Any logarithm is Big-Oh of any polynomial 
• ∀), , > 0	 log98 	& = ( &:

• Any polynomial is Big-Oh of any exponential
• ∀	) > 0, * > 1	 &8 = ( *;

• Lower order terms can be dropped
• &9 + &</9 + & = ( &9

Topics: Asymptotics

log nooo



Practice Question: Asymptotics

• Put these functions in order so that 2> = ( 2>?@
• &ABC! D
• 8ABC! ;
• 2< ABC! ABC! ;
• 2 ABC! ; !

• ∑>E@; 6
• &9 log9 &
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Practice Question: Asymptotics

• Suppose 2@ = ( 7  and 29 = ( 7 .                                        
Prove that 2@ + 29 = ( 7 .

Thefactthat fi Oy implies there are c no a St

t cgn for all us no Forthe same reason

there ane d no s.tt gcns for all n not

let my max no n and let c etc Then for

all no No fi tf z s agentc'gens cgens I



Practice Question: Asymptotics

• Suppose 2 = ((7) and ℎ = ( 7 .                                        
Prove or disprove that 2 = Θ ℎ .

False Take flyn hansen gens n

Wehave font Olgin and haul 0cg n yet
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Practice Question: Asymptotics

• Suppose 2 = Ω(7)and g = Θ ℎ .                                        
Prove or disprove that h= ( 2 .



Practice Question: Asymptotics





Topics: Recurrences

• Recurrences
• Representing running time by a recurrence
• Solving common recurrences
• Master Theorem



Practice Question: Recurrences

• Write a recurrence for the running time of this algorithm.  
Write the asymptotic running time given by the recurrence.

F(n):  
 For i = 1,…,n2: Print “Hi”
 For i = 1,…,2: F(2n/3)



Practice Question: Recurrences

F(n):  
 For i = 1,…,n2: Print “Hi”
 For i = 1,…,2: F(2n/3)



Topics: Recurrences

• Consider the recurrence ! " = " ⋅ ! " + " 
with ! 1 = 1.  Solve using a recursion tree.



Topics: Divide-and-Conquer

• Divide-and-Conquer
• Writing pseudocode
• Proving correctness by induction
• Analyzing running time via recurrences

• Examples we’ve studied: 
• MergeSort, Binary Search, Karatsuba’s



Practice Question

• Consider the following sorting algorithm

• Prove that it is correct
• Analyze its running time

A[1:n] is a global array
SillySort(1,n):  
 if (n <= 2): put A in order
 else:
  SillySort(1,2n/3)
  SillySort(n/3,n)
  SillySort(1,2n/3)



Topics: Divide-and-Conquer

A F
Threecases a bath i j in the firsthalf

callthesame

u n
second a

functionrecursively

131 i is in thefirst half and j
is in thesecond

half



Topics: Dynamic Programming
• Dynamic programming refers to a strategy of solving (and remembering) 

solutions to subproblems that can be used to compute larger solutions



Topics: Dynamic Programming

• Examples:
• Fibonacci 
• Weighted Interval scheduling
• Knapsack
• Longest Common Subsequence
• Longest Increasing Subsequence
• Edit Distance



Topics: Dynamic Programming
• Solution structure

• Describe the subproblems (English)
• Describe how the subproblems relate (English)
• Write pseudocode (top down or bottom up)
• Analyze time complexity



Topics: Dynamic Programming






