CS 127, Fall 2001, Musicant Exam #2 (100 points)
Name:_____________________________

1. Sorting
(a) Explain why Shell sort is ill suited for use with linked lists (5 points).

(b) Suppose that you have a list of n integers in an array called numbers: (15 points)

int numbers[n];

Write a function in C++ that will rearrange the numbers so that all the negative numbers will come first, followed by all the positive numbers. The final array need not be completely sorted. Make your algorithm do as few movements of entries and as few comparisons as possible. Do not use a second array. What is the complexity of your algorithm, in big-O notation? Why?

2. Hashing
(a) Describe hashing using linear collision resolution (also known as linear probing). (5 points)

(b) Suppose instead of linear collision resolution a second hash table called an overflow table is maintained, into which entries which collide with an occupied location in the first hash table are hashed using another hash function. Collisions in the overflow table are resolved linearly. Discuss the advantages and disadvantages of this method, and in particular, describe circumstances under which this method would be significantly better than the one in part (a). (15 points)

3. Binary Trees
Given a binary tree as defined by:

class Node {

public:

  int data;

  Node *leftChild;

  Node *rightChild;

}

class BinaryTree {

private:

  Node *head;

public:

  // ... typical methods ...

  int countNodes();

}

Write the method countNodes which determines how many nodes there are in the binary tree. You may break this up into more than one method if you wish. (15 points)

4. Tries
Draw the trie construced from the words

pal  lap  a  papa  al  papal  all   ball   lab

built from the letters a, b, l, p. You may have more room on the page if you turn it sideways. (15 points)

5. Tables
Suppose you want to implement a two dimensional table of integers with 10000 rows and 10000 columns, and you know that 1% of the entires in the table are non-zero.

You could implement is as int Table[10000][10000] which would be a memory hog, but would have the advantage of very fast data retrieval.

Write in C++ another implementation that is far more memory efficient and still reasonably time efficient for data retrieval. (15 points)

6. Graphs
The following is an adjacency matrix for a 10-node undirected unweighted graph, with nodes numbered 0 through 9.

    0 1 2 3 4 5 6 7 8 9

   ---------------------

0 | 0 1 0 0 1 0 0 1 0 0

1 |   0 1 0 0 0 0 0 0 0

2 |     0 1 0 1 0 0 0 0

3 |       0 0 0 1 0 0 1

4 |         0 1 0 0 0 0

5 |           0 1 0 0 0

6 |             0 1 1 0

7 |               0 0 0

8 |                 0 1

9 |                   0

Using the graph represented by this table, do the following.

(a) Draw the graph.  Don't forget that the nodes are numbered starting with 0. (5 points)

(b) List the nodes in the order in which they would be visited if you did a depth-first search starting at node 0.  Assume that whenever DFS gives you a choice of which node to visit first, you will choose the smallest numbered node available. (5 points)

(c) List the nodes in the order in which they would be visited if you did a breadth-first search starting at node 0.  Assume that whenever BFS gives you a choice of which node to visit first, you will choose the smallest numbered node available. (5 points)
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