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[14 marks]

Provide a short answer to each of the following questions.

Part (a) [2 marks]
The level-order traversal of a tree visits the nodes at depth 0, then the nodes at depth 1, then the nodes
at depth 2, etc. (That is, it visits the root, then the root’s children, then the children of the root’s children,
etc.)
Consider a binary max-heap with 7 distinct elements. Is it possible that the level-order traversal of this
heap visits the elements in reverse-sorted order?
circle Yes or No, then briefly justify your answer.
Circle one: Yes / No
Justification:

Part (b) [4 marks]
You are studying a new algorithm that takes a list as input. You have found a list for each n such that
the algorithm takes exactly n2 steps. What does this tell you about the worst-case runtime, in terms of O
and Ω? What does this tell you about the best-case runtime, in terms of O and Ω?
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Part (c) [3 marks]
Consider the following claim on hash tables implemented with chaining: After calling Insert(1), Insert(2),
. . . , Insert(m) on a chaining hash table of size m, the load factor of the table is guaranteed to be 1.0. Is
this claim true or false? First, circle True or False, then briefly justify your answer.
Circle one: True / False
Justification:

Part (d) [2 marks]
(From PS2) How many AVL-balanced trees are there with 3 total nodes and 1 leaf?

Part (e) [3 marks]
Recall the lecture example of expanding dynamic arrays during a sequence of m APPEND operations.
Rather than doubling the size of the array when it is full, suppose we instead increase the size by exactly
3 (e.g. from size 3 to size 6, size 6 to size 9, etc.). Starting with an empty array of size 3, what is the total
cost of the m APPEND operations? Write your answer using Σ notation; don’t worry about solving the sum.
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[8 marks]

You’ll get 2 out of 8 marks if you leave this question completely blank.
Here is code that you have seen before for searching a linked list. Let n denote the length of L. We are
interested in the number of times that the * line executes.
Search42(L):
z = L.head
while z != None and z.key != 42: # *
z = z.next
return z
Input distribution: The sample space consists of all possible lists of length n of distinct integers.
Assume that the lists are distributed in such a way that 42 is equally likely to be in the list or not in the
list. If 42 is in the list, then it is equally likely to be at any given position in the list.
Now, perform runtime analysis for Search42 by answering the following questions. All your answers must
be in exact forms rather than in asymptotic notations.

Part (a) [1 mark]
In the best case, what is the number of comparisons made by Search42?

Part (b) [1 mark]
What is the probability of the best case?
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Part (c) [6 marks]
In the average case, what is the expected number of comparisons made by Search42? Show detailed steps
of your calculation, and solve any sums.
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[6 marks]

You are given a list of distinct integers lst, and a target integer t. Your goal is to write operation
good_sum(lst, t) that determines whether or not two different numbers in lst sum to exactly t. For
example:
>>> good_sum([4, 2, 6, 5, 10], 7)
True # because 2+5 = 7
>>> good_sum([4, 2, 6, 5, 10], 13)
False # no two numbers in the list add to 13
good_sum is required to run in average-case O(n) time, where n is the number of integers in lst.
Write pseudocode below for good_sum. Then, briefly explain why your algorithm is correct and how it
achieves the desired runtime. State any reasonable assumptions that you make.
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