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1. (10%) Order the following functions by growth rate (in non-decreasing order):
n,n'?, n*,nlogn,nlog(logn),n(logn)*, nlog(n?), 2/a, 2" 2"%, 100, n’,
1.2"

2. (I5%)FEAE THREFEMAE ? 5341 » 55O ERYrunning time

complexity °

1 forj € 2 to length[A]

2 dokey € A[j]

3 1i€j-1

4 whilei> 0 and A[i] > key

5 do A[i+1] € A[i]

6 i€i-1

7  A[i+1] € key

3. (15%) Let X[1..n] and Y [1..n] be two arrays, each containing » numbers already

in sorted order. Give an O(lg n)-time algorithm to find the median of all 2
elements in arrays X and Y. »

4. (15%) A d-ary heap is like a binary heap, but (with one possible exception)
- each non-leaf node has d children instead of 2 children.

(a) How would you represent a d-ary heap in an array?
(b) What is the height of a d-ary heap of » elements in terms of » and d?

(c) Assume the heap operations are only BUILD-HEAP, EXTRACT-MAX,
HEAP-INSERT. Now Dr. D claimed that 3-ary heaps are better (faster) than
binary heaps because they need less comparison. Check whether the claim is

right or wrong and explain your answer.

5. (15%) Write a method called transpose that performs a matrix transpose in the
‘SListNode class below. The input parameter mx is an array of singly-linked lists,
each represehting arow of a matrix. (i.e. mx is a two dimensional array, except
it’s an array of lists instead of an array of arrays). The inpuf parameter columns
is the length of every linked list (no error checking required). Your job is to

. return an array of singly-linked lists, each representing a column of the same
matrix. Here’s a picture of what you should do:
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6.

(15%) Write a search-based procedure to count the number of internal nodes in a

binary tree.

For a directed graph G=(V, A), V={1,2,3,4,5,6}, A= {(1,2),(2,3),(3,4), (4, 5), (1,
5), (2, 4), (2, 6), (1, 6), (4, 1, (5, 6)}, and each pair (i, j) in A describes an arc from
node i to node j. '

(a) Use adjacency matrix and.adj acency list to represent the graph. (5%)

(b) Write a procedure to count the in—degree.and out-degree for each node in G.

(10%)




