
Advanced Algorithms
Lecture 5: Median selection, dynamic programming



Announcements

• HW 1 due this Friday 

• Video for lecture 3 f.hopefully today I tomorrow ] .



NSF GRFP Info Session
https://gradschool.utah.edu/registration-1/

-



Last two lectures
• Divide and conquer: divide into sub-problems, recurse, “combine” 

• Analysis (correctness) via induction — need to show that combine 
step is right 

• Run time analysis using recurrences:  
                         f(n) = function (n, f(1), f(2), …, f(n-1)) 

• Recurrence tree, plug-n-chug, guess-and-prove, master theorem, … 

• Bring your own recurrence
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Recap: integer multiplication

• First attempt gave:  
T(n) = 4 T(n/2) + O(n) 

• Second attempt using a clever 
combination gave: 
T(n) = 3 T(n/2) + O(n) 

• Former solves to O(n2), while 
latter is O(n(log 3))

[ Notes linked via Canvas ] .
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Median/order finding

Problem:  given n (distinct, unsorted) integers A[0], A[1], …, A[n-1] and 
parameter k, find the k’th smallest integer

• An easy bound? 

• Divide and conquer?
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Almost-median
What if… for any array of size n, we have a procedure that: 


(a) runs in O(n) time, and 

(b) returns an element that is an “almost median”, i.e., it is the k’th 

largest in the array, for n/4 < k < 3n/4
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Running time
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Procedure shows that if we have access to an

almost -
median

,

then by doing 01h ) work
,
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can reduce to a problem of size E 3¥ .
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Finding an almost-median
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“Median of medians” algorithm
Blum, Floyd, Pratt, Rivest, Tarjan 73
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More examples

• Matrix multiplication (Strassen’s algorithm) 

• Fast Fourier Transform 

• Graph partitioning 

• ….
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Dynamic programming



Toy problem: subset sum

• Brute force? 

• Divide and conquer?

Problem:  given n non-negative integers A[0], A[1], …, A[n-1] and a 
“target” S, find if there is a subset of the A[i] that add up to S

Simple example of “sequential decision making”…



Divide and conquer



Recursive procedure



Recursive procedure
What are sub-problems? 

What is running time?



Looking closer — example

Suppose A = [1, 2, 3, 5, 7, 9, 10, 11] and S = 20



Avoiding duplicate solves

• Can we “store answers”? 

• How many sub-problems are there in total?



Modified procedure



Running time



Is this polynomial?


