
Sample Solution for CS3323 Winter 2007 Assignment 3 (45 marks)
Due Monday, March 12, by 5pm.

• Assignments should be handed in by placing them in the CS3323 bin on E level of

Gillin Hall.

1. (10 marks) Design an in-place selection-sort algorithm using a singly linked list. Give

the pseudo code of your algorithm and analyze its time complexity.

Solution:

Algorithm InsertBefore (S, e1, e2 ):

Input: A singly linked list S, two elements e1 and e2

Output: S with e1 before e2

v ← new Node()

v.setElement(e1)

previous ← null

current ← S.head

while (current != null) and (current.getElement()!= e2)

previous ← current

current ← current.getNext()

if (current.getElement() = e2 )

if (previous = null)

S.head ← v

v.next ← current

else

previous.next ← v

v.next ← current

else

if (current = null)

S.head ← v

v.next ← null

else

v.next ← null

previous.next ← v

S.size ← S.size +1
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2. (5 marks) What is the output from the following sequence of priority queue ADT

methods: insert(6,A), insert(5,A), insert(4,B), insert(8,I),insert(2,D), removeMin(), in-

sert(3,J), insert(1,L), removeMin(), removeMin(), insert(7,G), removeMin(), insert(9,G),

removeMin(), removeMin(), removeMin().

Solution: (2, D), (1, L), (3, J), (4, B), (5, A), (6, A), (7, G).

3. (10 marks) Let T be a tree with n nodes, Define the lowest common ancestor (LCA)

between two nodes v and w as the lowest node in T that has both v and w as descen-

dants (where we allow a node to be a descendant of itself). Given two nodes v and w,

describe, in pseudo-code, an efficient algorithm for finding the LCA of v and w. What

is the running time of your algorithm?

Solution:

Algorithm LCA(Node v, Node w):

Input: two nodes v and w

Output: the lowest common ancestor (LCA)

vdpth ← v.depth

wdpth ← w.depth

While vdpth > wdpth

v ← v.parent

while wdpth > vdpth

w ← w.parent

while v 6= w

v ← v.parent

w ← w.parent

return v

Running time: O(h), where h is the height of the tree.

4. (10 marks) Describe, in pseudo-code, a nonrecursive method for performing an in-

order traversal of a binary tree in linear time.

Algorithm inorder(Tree T ):

Input: two nodes v and w

Output: the lowest common ancestor (LCA)

Stack S ← new Stack()

Node v ← T .root()

push v
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While S is not empty

While v is internal

v ← v.left

push v

While S is not empty

pop v

visit v

If v is internal

v ← v.right

push v

While v is internal

v ← v.left

push v

5. (5 marks) Newark airport is developing a computer simulation of air-traffic control,

which handles events such as landings and take-offs. Each event has a time-stamp that

denotes the time when the event occurs. The simulation program needs to perform

efficiently the following two fundamental operations:

• insert a new event with a given time-stamp (i.e., add a future event);

• extract the event with smallest time-stamp (i.e., determine the next event to

process).

Which data structure would you use to support the above operations? Justify your

answer.

Solution: The best data structure for this air-traffic control simulation is a priority

queue. The priority queue will enable the handling of the time-stamps and keep the

events in order so that the event with the smallest time-stamp is extracted easily.

6. (5 marks) Give an algorithm for removing an arbitrary element from a heap of size

N . Also, determine the worst case time complexity of your algorithm. Describe your

algorithm in pseudo-code or in English.

Solution: Move the last element x of the heap in place of the element to delete. If x

is less than its parent and greater than its children, then we are done. Otherwise, if x

is greater than its parent, perform up-heap, else (x is less that one or both its children)

perform down-heap. The time complexity is O(log N).
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