
Selection, Heaps

October 16, 2014

Homework 3

Due Date: Thursday, 23 October 2014 by end of lecture

• Whenever we ask you to design an algorithm, we always want to see three things: a description of the
algorithm, a run-time analysis, and an explanation/proof that the algorithm does what you claim it
does. You should always try to present the bounds in Θ notation. Describe your algorithm in precise
English and avoid pseudocode unless absolutely necessary. Never submit C or Java code.

• No need to re-prove anything that was proven in the textbook or the lecture - you can refer to the
lecture slides or textbook chapter instead.

• The points for extra credit questions will be calculated separately. Students with many extra credit
points will get their grade bumped up if they are on the boundary.

Problem 3-1. (25pts) You are given n points on a plane by their x-y coordinates. Point i is specified
by (xi, yi). The goal is to find 3 points a, b, and c that minimize sum of the three distances (distance from
a to b plus distance from b to c plus distance from a to c). Show how to modify the ”Closest pair of points”
algorithm presented in class to solve this problem. Prove correctness and analyze running time. Brute-force
algorithms will not get any points. [It is sufficient to list the differences between your algorithm and the one
presented in class, followed by listing the modifications to the proof. Do not spend time trying to optimize
constants.]

Problem 3-2. 25pts
In Hire-Assistant (CLRS Chapter 5), assuming that the n candidates are presented in random order, what
is the probability that you hire exactly one time ? What is the probability that you hire exactly n times ?

Problem 3-3. 25pts
In the deterministic linear time selection algorithm we were dividing the array into groups of size 5.

1. If instead of 5, we divide into groups of size 3:

(a) 5pts Will the algorithm be still correct ? (As usual, do not forget to prove your claim.)

(b) extra credit Can you use the same proof technique used in class to prove that it runs in linear
time ? If not, prove why the proof technique has to fail. [Hint: to show that the approach fails,
you should come up with a claim that, roughly speaking, looks as follows: ”here is the best possible
recurrence we can hope for, and here is the proof that it is superlinear, i.e. asymptotically slower
than linear time”.]

2. If instead of 5, we divide into groups of 7:

(a) 5pts Will the algorithm be still correct ? (As usual, do not forget to prove your claim.)
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(b) 10pts Can you use the same proof technique used in class to prove that it runs in linear time ? If
not, prove why the proof technique has to fail. [Hint: to show that the approach fails, you should
come up with a claim that, roughly speaking, looks as follows: ”here is the best possible recurrence
we can hope for, and here is the proof that it is superlinear, i.e. asymptotically slower than linear
time”.]

3. 5pts Any advantages of using 5 as opposed to some other number ? In other words, was our choice of
5 arbitrary ?

Problem 3-4. 25pts
Give an O(n log k)-time algorithm to merge k sorted lists into one sorted list, where n is the total number
of elements in all the input lists.
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