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Problems

Consult [1, 2, 3].

Problem 1 (Exercise 2.32 of [2]). Let S be a set of n points on the real line. How fast can you find
a pair of points that have the smallest distance? What if the points are in 2-dimensional real plane.

Problem 2 (Section 4.1 of [1]). Let A be an array of size n, where each A[i] is an integer (positive

or negative) and 1 ≤ i ≤ n. For 1 ≤ i ≤ j ≤ n, define ∆(i, j) =
j∑

k=i

A[k]. Find a maximum subarray

of A, i.e., find a pair of indices α and β, where 1 ≤ α ≤ β ≤ n, such that ∆(α, β) ≥ ∆(i, j), for all
possible choices of 1 ≤ i ≤ j ≤ n. Devise first a naive algorithm running in O(n3) time by considering
all possible choices of i and j. Devise an O(n log n) time divide-and-conquer algorithm. Can you come
up with an algorithm running in O(n) time? See Exercise 4.1-5 of [1].

Problem 3. Let A be an array consisting of n distinct integers. Show that we can compute the
maximum and the minimum element of A by performing at most 3n/2 comparisons.

Problem 4. Let A be an array consisting of n distinct integers. Show that we can compute the
maximum and the second maximum element of A by performing at most n+ log n comparisons.

Problem 5. (Problem 9.1-2 of [1]) Let A be an array consisting of n distinct integers. Show that we
need to perform d3n2 e − 2 comparisons in the worst case to find simultaneously the maximum and the
minimum element of A.

Problem 6. Let A be an array consisting of n distinct real numbers. Assume that you can find the
median of A in O(n) time. How can use the median finding algorithm to find the k-th largest element
for any given value of k, where 1 ≤ k ≤ n.

Problem 7. In the deterministic median finding algorithm, we partitioned the input elements to form
groups of size 5. We showed that the running time of the algorithm with this partitioning is O(n).
What will be the running time if we form groups of size:

(a) 7

(b) 3

Problem 8. Let x be a number. Let n = 2k for some positive integer k. Present an algorithm running
in O(log n) time to compute: z = xn mod 10.
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