
COMPSCI 230: Discrete Mathematics for Computer Science Summer 2013

Instructor: Chittu Tripathy Homework 03 Thursday, June 06, 2013

Duke University Due Thursday, June 12, beginning of class

Instructions: Please make sure that your solutions are well-thought-out, complete, concise, rigor-
ous, and clearly written. Each solution sheet should be marked with your name, the course number,
the homework number, the problem number and the date. You are allowed to discuss problems
and exchange solution ideas with other students, but you must write up your own solutions. If you
collaborated with other students on a problem, please acknowledge them in your write up. These
are the fun problems to solve. Some of them require a bit of thinking. Please start early!

Problem 1: Rank the functions (30 Points)
Rank the following functions by order of their growth. Partition your list into equivalence classes
such that f(n) and g(n) are in the same class if and only if f(n) = Θ(g(n)). Give justifications
for your ranking. In your raking, functions in each row should be related to each other by Θ, and
going from the top row to the bottom row we should see the gradual increase in the asymptotic
complexity of the functions.
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Problem 2: Find the element in an infinite array (10 Points)
Suppose we have an infinite array A[1 . . .∞]. The first n cells of the array contains n integers in
sorted order, and the rest are filled with ∞. However, you are not given the value n in advance.
You want to find if the number x is present in the array A. Give a Θ(lg n) algorithm and show
your analysis of the time complexity of the algorithm.

Problem 3: Asymptotic bounds (3 × 10 = 30 Points)
Give asymptotic upper and lower bounds for T (n) in each of the following recurrences. Assume
that T (n) is constant for sufficiently small n. Make your bounds as tight as possible (give Θ bound
whenever possible). Justify your answers. If for a recurrence you use the Master Method, you must
state which case of the Master Method you used.

(a) T (n) = T (9n/10) + n.

(b) T (n) = 16T (n/4) + n2.

(c) T (n) = T (
√
n) + 1.

(d) T (n) = T (n3 + lg n) + 1.

(e) T (n) = 2T (n− 1) + n5.

(f) T (n) = 7T (n/2) + n2.

(g) T (n) = 2T (n/2) + lg(n!).

(h) T (n) = 2T (n− 1) + 1.



(i) T (n) = T (n− 1) + lg n.

(j) T (n) = T (n/2) + T (n/4) + T (n/8) + n.

Problem 4: Solve Recurrence to obtain closed-form solutions (3 × 5 = 15 Points)
Solve these recurrences exactly to obtain closed-form solutions. Please do not give asymptotic
bounds. When necessary, you can assume n is exact power of 2. When initial conditions are not
given, you can use arbitrary constants.

(a) T (n) = T (n/2) + d1, and T (1) = d2. Here d1 and d2 are constants.

(b) T (n) = n(T (n/2))2, T (1) = 1/3

(c) T (n) = 2T (n/2) + n lg n

Problem 5: Pigeonhole principle (15 Points)
There are 51 houses on a street. Each house has an address between 1000 and 1099, inclusive.
Show that at least two houses have addresses that are consecutive integers.

2


