CS231 Algorithms Handout #11
Prof Lyn Turbak February 26, 2001
Wellesley College

PROBLEM SET 4
Due: Monday, March 5

I mportant: On Monday, March 5, you will receive a take-home exam. In order to give
you maximal time to work on your exam, | require Problem Set 4 to beturned in no
later than 11:59pm on Monday, March 5. Solutionsto Problem Set 4 will be made
available shortly thereafter.

Reading: CLR Chapters7, 9 & 10.

Suggested Problems: 7.1-5; 7.2-1; 7.3-1; 7.4-17.4-2; 7.5-3; 7.5-6; 9.1-1, 9.1-4; 9-2.3; 10.3-1,
10.3-3, 10.3-6, 10.3-7, 10.3-8, 10.3-9; 10-1

Note: This problem set is different in character from the previous problem sets because
all of the problems ask you to design and describe algorithms. Y our descriptions should
be concise, but should give enough detail that anyone familiar with CLR would know
how to implement the algorithm from your description. In particular, you should liberally
use algorithms we have studied as black boxes. E.g., you might describe one step of an
algorithm as “use CLR’slinear order statistic algorithm to find the 17th largest element
of the array” or “use mergesort to sort the array in worst-case O(n Ig n) time.” However,
if you modify an algorithm we have studied to do something different, you must carefully
specify the steps of your algorithm . Unless specifically requested, you do not have to
write pseudocode for your algorithms, but you are encouraged to do so if you find that
it's the best way to explain yourself. If you are asked to design an algorithm with a
particular running time, you must justify why your algorithm has that running time.

Problem 1[20] Exercise 9.2-50n p. 178 of CLR. Note that the notation [a..b] means the
range of integers from ato b, inclusive.

Problem 2[20] Exercise 9.3-4 on p. 180 of CLR. Hint: View an integer x in the range
[1..n°] asapair of "digits" (x div n, x mod n).

Problem 3[25] Exercise 10.1-1 on p. 187 of CLR. Hint: Imagine that the comparisons
induce atree over the elements that represents a tournament in which each node has a
winner (smaller element) and aloser (larger element). Be careful that your algorithm
accounts for all comparisons performed.

Problem 4[35] Do parts a, b, and ¢ of Problem 10-2 on p. 193 of CLR. Do not do parts
d and e. For part c, give pseudocode (using SELECT as a black box) and justify why your

algorithm is Q(n).

The notation in this problem is somewhat confusing. Here's one way to view the problem. You
are given an array A withn elements, each of which is arecord with two real-numbered fields
named x and w. What the problem callsx; isA[i].x andwhatitcallsw iSA[i].w. Thus, each
value x has an associated weight w that does not change throughout the problem. All the x values
are distinct, but the weights are not guaranteed to be distinct.



o]
In the notation & w £ % , the sigma summation notation means "The sum of the

Xj <Xk
weights of all x; suchthat xj < xi". It doesnot mean "The sum of the weights of al x;
such that i <k". The other sigma sum is symmetric.

The weighted median of a collection is not necessarily unique. For example, if the each of the
four elements 1, 2, 17, and 72 has weight 0.25, then both 2 and 17 are weighted medians.

Grading:

 Pata [5]

* Part b: [10]

* Partc: Algorithm [15]
Analysis[5]

Extra Credit Problem [20] Exercise 10.3-4 on p. 192 of CLR.
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