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1.[3] Show the result of inserting the key Q into the following B-tree.
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2.[2] Let x be a node in a red-black tree T . Suppose a new key is inserted into T . How can the
depth of node x change as a result of this insertion? (Can it increase or decrease? By how
much?)

3.[2] Recall the forest data structure for the disjoint sets (union-find) abstract data type which
uses union by rank and path compression. Briefly explain why the union by rank heuristic
is used instead of union by height.

2 cont’d. . .



CSE 4101/5101 Test 2 May 7, 2009

4.[7] Describe how to implement the Successor(k, x) operation in a B-tree. The arguments to
the function are a key k stored in the tree and a pointer x to the node that contains k. It
should return the smallest key in the data structure that is larger than k. (Assume all keys
in the tree are distinct and that k is not the largest key in the tree.)

What is the worst-case running time of your algorithm. State your answer in terms of n,
the number of keys in the tree, and t, the minimum number of children an internal node can
have in the B-tree. Use Θ notation. Briefly justify your answer.

3 cont’d. . .
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5.[5] Consider an abstract data type that stores a set of distinct integers and supports 3 operations:

• Insert(i) adds the integer i to the set (with the precondition that i must not already
be in the set when Insert(i) is called),

• Delete(i) removes i from the set (with the precondition that i is in the set when
Delete(i) is called), and

• Extract-Average removes the element of the set that is closest to the average of
the set and returns it. (If two elements are equally close to the average, it should
remove the smaller of the two. If the set is empty it should return 0.)

For example, if the dictionary contains {1, 7, 3, 12} the average is 1+7+3+12

4
= 5.75, so an

Extract-Average would remove 7 from the set and return it.
Explain how to use a red-black tree to implement this abstract data type so that the

worst-case running time of each operation is O(log n), where n is the number of integers in
the set. You may augment the red-black tree with extra information if you want (but explain
clearly any changes this would cause). You may call any of the red-black tree routines we
discussed in class.
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6.[4] Assume we have any implementation of the abstract data type defined in Question 5 where
the worst-case time for each operation is O(log n) when the set has n elements in it.

Give a good upper bound on the total time to do a sequence of m operations, of which
m1 are Inserts, m2 are Deletes and m3 are Extract-Averages. Assume the data
structure is initially empty. Justify your answer carefully.

(Hint: you do not need to know the answer to Question 5 in order to answer this question.)
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This nearly blank page is just for additional workspace, if you need it.
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