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In this assignment, you are asked to design a data structure. The data structure can be used to store a

set S of real numbers. It should support insertions and deletions, that is, you are allowed to add and

remove numbers to and from S. Finally, the only query we are interested in is finding the closest pair

in S, that is, a pair of numbers (x , y) such that x , y ∈ S and |x − y|=min{|x ′ − y ′| : x ′, y ′ ∈ S}.
As an example, if S = {3, 11, 17, 33, 35, 41, 49}, then the closest pair is (33, 35). After removing 33

from S, the new closest pair is either (11, 17) or (35, 41). In this case, you only need to report one of

them; it doesn’t matter which one. After inserting a new element 20, the closest pair becomes (17, 20).
The data structure you construct should support insertions, deletions, and closest-pair queries in

O(lg n) time. The size of the data structure should be linear in the number n of elements in S.

Hint: An (a, b)-tree over the elements in S is the right starting point for your data structure. You

need to figure out what additional information you need to store at each node of the tree. The answer

should be fairly simple, that is, if you find yourself designing some highly complicated solution, you

are on the wrong track.
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