CSCI 220 Data Structures and Algorithms
Study Guide
Name:__________________
I. Check all that apply. Provide pseudo-code for each algorithm

1.Bubble Sort

(A) O(N^2)   

(B) O(NlgN)  


(C) a stable sort  


(D) not a stable sort

2.Insertion Sort

(A) O(N^2)   

(B) O(NlgN)  


(C) a stable sort  


(D) not a stable sort

3.Rank Sort

(A) O(N^2)   

(B) O(NlgN)  


(C) a stable sort  


(D) not a stable sort

4.Heap Sort

(A) O(N^2)   

(B) O(NlgN)  


(C) a stable sort  


(D) not a stable sort

5.Quick Sort

(A) O(N^2)   

(B) O(NlgN)  


(C) a stable sort  


(D) not a stable sort

6.Radix Sort

(A) O(N^2)   

(B) O(NlgN)  


(C) a stable sort  


(D) not a stable sort

7.Bucket Sort

(A) O(N^2)   

(B) O(NlgN)  


(C) a stable sort  


(D) not a stable sort

8.Shell Sort

(A) O(N^2)   

(B) O(NlgN)  


(C) a stable sort  


(D) not a stable sort

2. A graph with vertices a through f is described with the following adjacency matrix.

Draw a minimum spanning tree for the graph.

Find all shortest paths from f.  
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Open-Address 

Hashing  

Draw a hash table with open addressing and a size of 9. Use the hash function "k%9". Insert the keys: 5, 29, 20, 0, 27 and 18 into your table (in that order). 

Suppose you are building an open address hash table with double hashing. The hash table capacity is n, so that the valid hash table indexes range from 0 to n. Fill in the blanks: 

In order to ensure that every array position is examined, the value returned by the second hash function must be ________________________ with respect to n. 

One way to ensure this good behavior is to make n be _______________, and have the return value of the second hash function range from _________ to _________ (including the end points). 

Chained 

Hashing  

You are writing code for the remove method of a chained hash table. Fill in the blanks in this pseudocode with the two missing statements. You may use pseudocode yourself, or write actual Java code: 

    public void Table remove(Object key)

    {

       ChainedHashNode cursor;

       int i;

       1. i = key.hashCode( );

       2. Make cursor refer to the node that contains an item with the given key

          (or set it to null if there is no such node).

       3. if (cursor != null)

          {

          3a. _____________________________________________________________

          3b. _____________________________________________________________

          }

Draw a hash table with chaining and a size of 9. Use the hash function "k%9" to insert the keys 5, 29, 20, 0, and 18 into your table. 

Suppose that I have the following private instance variables for an open-address hash table: 

    public class Table

    {

       private int manyItems;

       private Object[ ] keys;

       private Object[ ] data;

       private boolean[ ] hasBeenUsed;

       ...

The hash table uses open addressing with linear probing. A location [i] of the table that has NEVER been used will have hasBeenUsed[i] set to false. Other locations have hasBeenUsed[i] set to true. Complete the implementation of the following method of the Table class. There is no need to check the precondition, but your code must be as efficient as possible. 

public boolean containsKey(Object key)

// Postcondition: If key occurs as a key of a record in the table, then

// the method returns true; otherwise the method returns false.

Time Analysis 

of Hashing  

Suppose that an open-address hash table has a capacity of 811 and it contains 81 elements. What is the table's load factor? (An appoximation is fine.) 

I plan to put 1000 items in a hash table, and I want the average number of accesses in a successful search to be about 2.0. 

A. About how big should the array be if I use open addressing with linear probing? NOTE: For a load factor of A, the average number of accesses is generally ½(1+1/(1-A)). 

B. About how big should the array be if I use chained hashing? NOTE: For a load factor of A, the average number of accesses is generally (1+A/2). 

Graph Definitions  

Draw a directed graph with five vertices and seven edges. Exactly one of the edges should be a loop, and do not have any multiple edges. 

Draw an undirected graph with five edges and four vertices. The vertices should be called v1, v2, v3 and v4--and there must be a path of length three from v1 to v4. Draw a squiggly line along this path from v1 to v4. 

Short Answers 

Section 14.2 

Graph Implementations  

Draw the directed graph that corresponds to this adjacency matrix: 

          0       1       2       3

    0  |  true    false   true    false  |

    1  |  true    false   false   false  |

    2  |  false   false   false   true   |

    3  |  true    false   true    false  |

Draw the edge lists that correspond to the graph from the previous question. 

Describe the return value of the neighbors method of the Graph class in Chapter 14?? 

Short Answers 

Graph Traversals 

and Path Algorithms  

How may Djikstra's algorithm be modified to determine if it is possible to get from a given vertex to all other vertices in the graph? 

In Djikstra's shortest path algorithm, what technique is used to choose the next vertex to process? 

Consider this graph: 

                    v0 <------- v2

                   / \

                  /   \

         -> v1 <-/     \-> v4

        /    \     

       /      \

      /        \->v3 -------> v5

     /            /

    /            /

   v6 <---------/

In what order are the vertices visited for a depth-first search that starts at v0? In what order are the vertices visited for a breadth-first search that starts at v0? 

Multiple Choice

Multiple Choice 

Section 14.1 

Graph Definitions  

Which of the following statements is true? 

A. A graph can drawn on paper in only one way. 

B. Graph vertices may be linked in any manner. 

C. A graph must have at least one vertex. 

D. A graph must have at least one edge. 

Suppose you have a game with 5 coins in a row and each coin can be heads or tails. What number of vertices might you expect to find in the state graph? 

A. 7 

B. 10 

C. 25 

D. 32 

Why is the state graph for tic-tac-toe a directed graph rather than an undirected graph? 

A. Once a move is made, it cannot be unmade. 

B. There is an odd number of vertices. 

C. There is an odd number of edges. 

D. There is more than one player in the game. 

A simple graph has no loops. What other property must a simple graph have? 

A. It must be directed. 

B. It must be undirected. 

C. It must have at least one vertex. 

D. It must have no multiple edges. 

Suppose you have a directed graph representing all the flights that an airline flies. What algorithm might be used to find the best sequence of connections from one city to another? 

A. Breadth first search. 

B. Depth first search. 

C. A cycle-finding algorithm. 

D. A shortest-path algorithm. 

Multiple Choice 

Section 14.2 

Graph Implementations  

If G is an directed graph with 20 vertices, how many boolean values will be needed to represent G using an adjacency matrix? 

A. 20 

B. 40 

C. 200 

D. 400 

How many linked lists are used to represent a graph with n nodes and m edges, when using an edge list representation, 

A. m 

B. n 

C. m + n 

D. m*n 

How are loops represented in an edge-list representation of a graph? 

A. A vertex will be on its own edge-list. 

B. The edge-list will be a circular linked list. 

C. The edge-list will be empty for that particular vertex. 

D. The edge-list will be full for that particular vertex. 

Which graph representation allows the most efficient determination of the existence of a particular edge in a graph? 

A. An adjacency matrix. 

B. Edge lists. 

What is the expected number of operations needed to loop through all the edges terminating at a particular vertex given an adjacency matrix representation of the graph? (Assume n vertices are in the graph and m edges terminate at the desired node.) 

A. O(m) 

B. O(n) 

C. O(m²) 

D. O(n²) 

Multiple Choice 

Section 14.3-14.4 

Graph Traversals 

and Path Algorithms  

What graph traversal algorithm uses a queue to keep track of vertices which need to be processed? 

A. Breadth-first search. 

B. Depth-first search. 

1. Using the formal definition of O-, 

-, and _-notation, which of the choices below is

true?

A. n3 2 _(2n)

B. n3 2 

(2n)

C. n3 2 O(2n)

D. A and B

E. A and C

2. Which of the functions below grows the fastest for large values of n?

A. n22n(log n) B. n23n(log n) C. n22n(log n)5 D. n23n(log n)2 E. n42n

lm; 
lm;

3. Suppose that we are performing double hashing. Our table size is m = 74 = 2401.

Recall that the first hash function gives the initial location to be probed and the second

hash function gives the size of the steps we should jump as we follow the probe sequence.

Which of the following values for the second hash function will guarantee that, when

doing an insertion, we will find an empty table location unless the entire table is full?

A. 12 B. 35 C. 49 D. 63 E. 98

4. A binary search tree on 7 keys has external path length 25. What is the last digit of its

internal path length?

A. 0 or 1 B. 2 or 3 C. 4 or 5 D. 6 or 7 E. 8 or 9

5. Which of the following implementations of a dictionary with n elements has a worst-case

time of O(log n) for individual search operations?

A. Binary search trees

B. AVL trees

C. Red-black trees

D. Splay trees

E. B and C

6. In the context of this course, what was meant by amortized time bounds for a data

structure that supports various operations?

A. The time bounds hold when we average over all possible input data, which are

assumed to come from some probability distribution.

B. The time bounds hold when we average over the random numbers generated by

the algorithms for the various operations.

C. The total time for a sequence of operations is bounded by the sum of the

amortized times for each operation performed.

D. The time bounds include the time required to develop and maintain the software.

7. Suppose that we insert a 45 into the splay tree shown below. Which choice lists the

keys of the resulting tree in preorder?

10

20

30

40

50

A. 45,40,30,20,10,50

B. 45,30,20,10,40,50

C. 45,30,10,20,40,50

D. 45,20,10,40,30,50

E. 45,20,10,30,40,50

8. Which of the priority queue implementations below supported merging of heaps in at

most O(log n) time (either worst-case or amortized)?

A. d-heaps

B. Binomial heaps

C. Fibonacci heaps

D. All of the above

E. B and C

9. Below is a Fibonacci heap. (The global min pointer is not shown explicitly.) Nodes

that are marked are indicated by bold circles; in the text this was shown by darkening

the node. Suppose that we perform a DecreaseKey operation to decrease the value 30

to 15. After the operation is complete, how many separate trees will be in the heap?

10

30

40 50

70 60

20 80 90

A. 2 B. 3 C. 4 D. 5 E. 6

10. Suppose we start again with the Fibonacci heap shown in the figure of the previous

question. (Note: we do not start with the tree resulting from the DecreaseKey operation

in the previous question.) We then perform a DeleteMin operation. After the operation

is complete, how many separate trees will be in the heap?

A. 2 B. 3 C. 4 D. 5 E. 6

11. What does it mean to say that an algorithm is on-line?

A. It runs in O(1) time per operation.

B. It works correctly if the data consists entirely of lines, but is not guaranteed to

work correctly if some circular arcs are included in the input.

C. It gives the results of operations as they are performed, without needing to see

the entire sequence of operations in advance.

D. It works correctly even if some of the lines in the data have the same x- or

y-coordinates.

12. (In this question all integers are expressed in binary.) Suppose that we are preprocessing

the tree T shown below using the algorithm described in class so that we can perform

lowest common ancestors in T in O(1) time each. Which choice below gives the value

of ASCENDANT(x)? (The number inside each node is its PREORDER number.)

1

2

3 4 5 6

7

8 9

10 11

12

13

14

15

x:

A. 1001 B. 1011 C. 1101 D. 1110 E. 1111

13. Suppose that each letter in the list t; u; v;w; x; y; z represents a string over the alphabet

fa; bg (e.g., t could be abaaba), and that this list gives the strings in lexicographic order.

All of the strings are distinct. We now build a new list of strings by adding a single letter

to the beginning of each of the original strings, to obtain the list bt; au; av; bw; ax; ay; bz.

Note that this new list is not in lexicographic order. If we arrange it into lexicographic

order, which string will appear in the middle (i.e., fourth) position?

A. bt B. av C. bw D. ax E. ay
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14. Suppose that we have built up a compressed trie for a list of strings. The rightmost

path of this trie is as shown below, where the numbers to the left of each node specify

the total length of the labels on the path from the root to that node. Let v be the

lexicographically largest of the strings we have inserted. We now add a new string w

which is lexicographically larger than v, and for which the length of the longest common

prefix of v and w is 17. In the new compressed trie, how many edges are there on the

rightmost path?

0

17

23

36

42

A. 5 B. 4 C. 3 D. 2 E. 1

15. In the context of this course, a persistent data structure meant

A. a data structure which kept coming up over and over again in the discussion.

B. a data structure which enabled one to perform queries based on the state of the

data structure at various points in the past.

C. a data structure which supported insertions but not deletions.

D. a data structure which was stored on an external storage device.

16. What was the key idea that we used to enable use to produce e_cient persistent data

structures?

A. copying only those nodes x for which the subtree rooted at x had changed.

B. using a plane sweep.

C. encoding nodes so that several nodes could be represented in one memory

location.

D. making a complete new copy of the tree before each operation.

17. How many distinct trees are shown below if we are thinking of them as free trees?

b

a

c

a

c b b

a a

b

A. 1 B. 2 C. 3 D. 4 E. 5

18. Suppose that X and Y are independent random variables. Which of the statements

below do we know is true? (Assume that all of the expectations shown do exist.)

A. E [X + Y ] = E [X] + E [Y ]

B. E [XY ] = E [X] E [Y ]

C. A and B

D. Neither A nor B

19. What is the remainder of

98234 _ 87359 + 2753 _ 8147

upon division by 5?

A. 0 B. 1 C. 2 D. 3 E. 4

20. For which of the collision-resolution methods for hashing below does the performance

degrade the most severely as the load factor approaches 1? (The load factor is the

fraction of table slots which are full.)

A. Uniform hashing

B. Double hashing

C. Linear probing

D. Separate chaining

Problem 1

Travis has invented a new data structure, one which he has dubbed a Treevis. A Treevis is

a binary tree with a twist! There are two different types of nodes in a Treevis: Foo nodes

and Bar nodes. A Treevis follows all of the classic traditions of the Tree ADT, and has one

additional property: The children of a Bar node are Bar nodes.

Produce pseudocode for an algorithm which takes as input a Treevis T and returns the

number of Foo nodes in the Treevis. This algorithm should run in O(k) time, where k is

the number of Foo nodes in the Treevis.
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Problem 2

You’re given an array A of n elements, each of which is an integer. You may do as much

“preprocessing” as you wish in building a second array B of n elements to help you.

Describe how you will initialize B, and then having created the array B, write an algo-

rithm SUM(A,B, i, j)

that returns the sum of the elements of A from i to j. inclusive; you may assume that

0 ≤ i ≤ j ≤ n − 1.

The algorithm SUM should run in O(1) time.

Note: if the array B were allowed to be n × n, this problem would be easy: the prepro-

cessing would be:

PreProcess(A,B)

1 for i = 0 to n − 1

2 do

3 for j = 0 to n − 1

4 do

5 B[i, j] = sum of A[i] + A[i + 1] + ... + A[j]

and the SUM algorithm would be just

Sum(A,B, i, j)

1 returnB[i, j]

Problem 3

The balance factor of an internal node v of a binary tree is defined as the height of the left

subtree of v minus the height of the right subtree of v.

Show how to specialize the Euler tour traversal, while maintaining an O(n) running

time, so that it prints the balance factors of all the nodes of a binary tree with n nodes.

Provide pseudocode based on the Euler Tour template (found on page 303 of the book).

You may use auxiliary method print(x), which prints the integer x and runs in O(1)

time. Justify the O(n) running time of your algorithm.

Problem 4

Below you will find a list of ordered pairs (x, y), such that x is a key and y is a priority.

Create a binary tree containing all these pairs, such that:

a) The tree is a binary search tree with respect to key, using alphabetic comparison

(i.e., an inorder traversal would yield the nodes in alphabetical order).

b) The tree is in heap order with respect to priority (i.e., each node’s priority is greater

than that of its parent).

Note that your tree may not necessarily have a heap’s left-fullness property.

(dog, 20)

(pig, 18)

(cat, 4)

(mug, 32)

(man, 28)

(arm, 12)

(bit, 9)

(gag, 40)

(hex, 23)

(ice, 19)

(pin, 2)

(rug, 13)

(sly, 27)

(tub, 25)

(van, 15)

Problem 5

Imagine you are using a List S of size n to represent a deck of cards. Each position of S

has a different card in it, and the ’top’ of the deck is S.first().

Produce pseudocode for a basic shuffle algorithm. Here’s a description of how this shuffle

would execute in real life (your algorithm doesn’t have to follow these exact steps, the result

simply needs to be the same):

Cut the deck at the middle card.

Alternate between the two resultant decks, putting the bottom card from each deck

onto the top of an initially empty pile, until both decks are empty. (Note: if there is

an odd number of cards in the deck initially, you will want to be careful.)

4

Problem 6

Using methods you have learned, determine the best-possible big-O for a function L satis-

fying the following recurrence:

L(1) = 1

L(n) ≤ L(⌊n

2 ⌋) + √n

1. Space lemmings are a little weird. Not only are they lemming-like (they all want to march off the cliff and die), but sometimes they pause in their march. When one does, another lemming, close behind, may continue marching and collide with it. When they collide, they both explode and disappear. (I told you they were space-lemmings!) Of course, when they fall off the cliff, they also disappear. Remarkably, lemming herds choose to move in a way that will eliminate them all as fast as possible. For example in the first situation below, the lemmings (indicated here by triangles) can move to the right all together, one step at a time. Since the leftmost lemming is 9 steps from the cliff, it takes 9 units of time for the herd to die off. On the other hand, if the first (leftmost) one walks, the second one pauses, the third walks, the fourth pauses, and so on, they’ll pairwise collide and explode and be gone in just one unit of time.

a. Consider the arrangement of lemmings below. How long will it take them to die off, assuming that they choose the strategy that lets them die off as fast as possible?

b. Given a sequence (L,S,…) where “L” indicates a lemming, and “S” a space, and the lemmings are presumed to move to the right or pause at each time interval, write an algorithm for determining the number of steps it will take the herd to die off (and report how they should move to accomplish this dying-off). (Again, you’re to find a sequence of moves that lets them die off as quickly as possible.)

2. We found a “minimum weight spanning tree” in a connected, positively-weighted graph G, with both Kruskal’s and Prim’s algorithms. The goal was to minimize the total weight of the tree; we justified this with an imaginary problem in which we want to build a network to connect several places, and want to minimize cost. But it’s a political reality that sometimes you can’t get all the funding you need at once. Suppose you need to build a network a piece at a time, justifying each link. Then it’s to your advantage to minimize not the total cost (people tend to ignore money already spent), but instead the maximum cost of any link. This leads us to the following problem:

In a connected graph G with n vertices and k edges, and a positive weight for each edge, develop an efficient algorithm for finding the spanning tree T of G whose largest edge-weight is as small as possible. What’s the big-O running time of your algorithm?

3. We discussed algorithms for finding the shortest path from a node v to a node u in a graph, and for finding all shortest paths between all pairs of nodes. Both of these algorithms are constrained by being told which nodes to find a shortest path from/to. At the other end of the spectrum is the problem where the choice of nodes is up to the implementer, namely:

Assume that you’re given a weighted connected graph in which edge weights are positive. Give an algorithm for finding a path which is the shortest path between some two nodes. (i.e., solve the shortest path problem where you are free to pick the endpoints of the path as well as finding the path itself). Clearly you can just pick two

4.

half the size of the original problem, recursively solving the subproblems, and

b.

the solutions in constant time.

roblems of

What a u

choose

5. al in the real numbers is (for the sake of this problem) a nonempty

collection of the form {x | a < x < b}, i.e., all numbers strictly between a and b, and with

x is

ucture

eport some

E if x is in none of the intervals. Describe the best

6. You alf

plane, each specified by a triple of real numbers (not necessarily integers) written in

s

You have to choose among three algorithms to solve a problem you’re interested in:

a. Algorithm A solves the problem by dividing it into 5 subproblems, each one

then combining the solutions in linear time. Algorithm B solves problems of size n by recursively solving two subproblems of size n – 1, and the combining

c. Algorithm C solves problems of size n by dividing them into nine psize n/3, recursively solving each one, and then combining the solutions in

O(n2) time. re the big-O running times of each algorithm, and which algorithm would yo?

An interv

a not equal to b. Two intervals with endpoints (a, b) and (c, d) are disjoint if they have no points in common, i.e., if b < c or d < a. Suppose you are given a set of disjoint intervals (ai, bi) (i = 1, …, n), and you want to be able to answer many questions of the form “Here is a number x. Tell me which interval contains x, or if in no interval, say NONE.” You may do some pre-processing to build a data strto help you answer such questions; the pre-processing time if considered “free.” Your goal is make answering each question be very fast. Clearly there’s an O(n) solution: you store the intervals in a sequence, and test whether x is in each one. a. Find a much faster approach. b. Now suppose that the intervals can overlap; in this case you should r

interval that contains x, or NON

approach you can find for solving the problem, and its big-O performance. are given, as input, a collection of n horizontal line segments in the upper h

the form (xmin, xmax, y), where xmin < xmax, 0 < y, and the interval consists of all points (x,y) with x between xmin and xmax inclusive. (If xmin = xmax, the interval haonly a single point.) No two intervals contain the same point in the plane. Imagine aviewer standing infinitely far down in the y-direction, looking at this collection of line segments (see diagram below), so that the lines of sight are vertical rays. Some of the intervals

will be visible, and others obscured (completely or partly) by others. Suppose that k of the segments are visible (completely or partly). Determine a fast algorithm for finding them, and describe its worst-case performance in terms of n and k. (One way to think of this problem is that the line-segments are the facades of buildings, and this is an overhead view; we’re trying to figure out which buildings we can see as we approach the city from a great distance.) (My best guess for this is that it’s O(n log n), but that’s just off the top of my head – Spike). Hint: work from left to right.

starting here
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64 55 
54  63

swap 63 39

swap 64 26

swap 83 27

81 is ok

swap 83 19 

swap 74 19

done

heap looks like:

                  83 

            81           74 

       64     63     24 19 

    26 55  54 38

final array is

83 81 74 64 63 24 19 26 55 54 38

Describe a situation where storing items in an array is clearly better than storing items on a linked list. 

Consider the implementation of the Stack using a partially-filled array. What goes wrong if we try to store the top of the Stack at location [0] and the bottom of the Stack at the last used position of the array? 

A. Both peek and pop would require linear time. 

B. Both push and pop would require linear time. 

C. The Stack could not be used to check balanced parentheses. 

D. The Stack could not be used to evaluate postfix expressions. 

In the linked list implementation of the stack class, where does the push method place the new entry on the linked list? 

A. At the head 

B. At the tail 

C. After all other entries that are greater than the new entry. 

D. After all other entries that are smaller than the new entry. 

In the array version of the Stack class, which operations require linear time for their worst-case behavior? 

A. is_empty 

B. peek 

C. pop 

D. push when the stack is below capacity 

E. None of these operations require linear time. 

In the linked-list version of the Stack class, which operations require linear time for their worst-case behavior? 

A. is_empty 

B. peek 

C. pop 

D. push 

E. None of these operations require linear time. 

Describe why it is a bad idea to implement a linked list version a queue which uses the head of the list as the rear of the queue. 

One difference between a queue and a stack is: 

A. Queues require linked lists, but stacks do not. 

B. Stacks require linked lists, but queues do not. 

C. Queues use two ends of the structure; stacks use only one. 

D. Stacks use two ends of the structure, queues use only one. 

If the characters 'D', 'C', 'B', 'A' are placed in a queue (in that order), and then removed one at a time, in what order will they be removed? 

A. ABCD 

B. ABDC 

C. DCAB 

D. DCBA 

In the linked list implementation of the queue class, where does the insert method place the new entry on the linked list? 

A. At the head 

B. At the tail 

C. After all other entries that are greater than the new entry. 

D. After all other entries that are smaller than the new entry. 

In the circular array version of the Queue class, which operations require linear time for their worst-case behavior? 

A. getFront 

B. insert when the capacity has not yet been reached 

C. isEmpty 

D. None of these operations require linear time. 

In the linked-list version of the Queue class, which operations require linear time for their worst-case behavior? 

A. getFront 

B. insert 

C. isEmpty 

D. None of these operations require linear time. 

Consider the implementation of the Queue using a circular array. What goes wrong if we try to keep all the items at the front of a partially-filled array (so that data[0] is always the front). 

A. The constructor would require linear time. 

B. The getFront method would require linear time. 

C. The insert method would require linear time. 

D. The isEmpty method would require linear time. 

Suppose T is a binary tree with 14 nodes. What is the minimum possible depth of T? 

A. 0 

B. 3 

C. 4 

D. 5 

Select the one FALSE statement about binary trees: 

A. Every binary tree has at least one node. 

B. Every non-empty tree has exactly one root node. 

C. Every node has at most two children. 

D. Every non-root node has exactly one parent. 

Consider the node of a complete binary tree whose value is stored in data[i] for an array implementation. If this node has a right child, where will the right child's value be stored? 

A. data[i+1] 

B. data[i+2] 

C. data[2*i + 1] 

D. data[2*i + 2] 

Consider this binary search tree: 

       14

      /  \

     2    16

    / \    

   1   5 

      /    

     4     

Suppose we remove the root, replacing it with something from the left subtree. What will be the new root? 

A. 1 

B. 2 

C. 4 

D. 5 

E. 16 

In a selectionsort of n elements, how many times is the swap function called in the complete execution of the algorithm? 

A. 1 

B. n - 1 

C. n log n 

D. n² 

When is insertionsort a good choice for sorting an array? 

A. Each component of the array requires a large amount of memory. 

B. Each component of the array requires a small amount of memory. 

C. The array has only a few items out of place. 

D. The processor speed is fast. 

Heaps  

What feature of heaps allows them to be efficiently implemented using a partially filled array? 

A. Heaps are binary search trees. 

B. Heaps are complete binary trees. 

C. Heaps are full binary trees. 

D. Heaps contain only integer data. 

If a heap is implemented using a partially filled array called data, and the array contains n elements (n > 0), where is the entry with the greatest value? 

A. data[0] 

B. data[n-1] 

C. data[n] 

D. data[2*n + 1] 

E. data[2*n + 2] 

Here is an array of ten integers: 

      5  3  8  9  1  7  0  2  6  4

Draw this array after the FIRST iteration of the large loop in a selection sort (sorting from smallest to largest). 

Here is an array of ten integers: 

      5  3  8  9  1  7  0  2  6  4

Here is an array which has just been partitioned by the first step of quicksort: 

      3, 0, 2, 4, 5, 8, 7, 6, 9

Which of these elements could be the pivot? (There may be more than one possibility!) 

Here is an array of ten integers: 

      5  3  8  9  1  7  0  2  6  4

Suppose we partition this array using quicksort's partition function and using 5 for the pivot. Draw the resulting array after the partition finishes. 

Here is an array of ten integers: 

      5  3  8  9  1  7  0  2  6  4

Draw this array after the TWO recursive calls of merge sort are completed, and before the final merge step has occured

Draw this array after the FIRST iteration of the large loop in an insertion sort (sorting from smallest to largest). This iteration has shifted at least one item in the array! 



RANK





BIG O



          

f(x) = 14x30 + 2x


_______



          

f(x) = 8x + 3x2


_______



          

f(x) = 2x lg2 (x)


_______



          

f(x) = lg (2x)


_______



          

f(x) = 3x2 + 4x


_______



          

f(x) = lg(x2)


_______



          

f(x) = x! - 8!


_______



          

f(x) = x lg (x) + 3x2


_______



          

f(x) = 3x + 5x lg (x)


_______

Give the best asymptotic values using Omega, Big Oh and/or Theta. 

//(1)

 void swap(int data[], int index1, int index2){

        int temp = data[index1];

        data[index1] = data[index2];

        data[index2] = temp;

    }

//(2)

int fiz (a[], i){


if (i+1 == a.length) 



return a[i];


return Math.max(a[i], fiz( a,i+1)  

}

//(3)

int foo (int [] a){


return fiz(a,0)

}

//(4)

    int fooBar(int [] a, int x, int y){

        if ( y - x < 2 ) return y;

        int low = x;

        int top = y-1;                

        while (top > low ){

            while (a[top ] > array[low]) top--;

            swap(a, low, top );

            low ++;

            if (top > low ) { 

                while (a[low ] < a[top]) low ++;

            
swap(a, top, low );

            
top --;

            }

        }

        return low;

    }

//(5)

   void bar(int [] a, int n, int x){

        int z = x*2+1;

        if ( !(z < n) ) return; 

        if ( a[z] > a[x] ){

            swap(a,x,z);

            bar(a, size, z);

        }

    }

//(6)

    void baz(int[] a, int x, int z){

        int y = (x + z)/2;        

        if (a[x] > a[y] ){

                swap(a, x, y);

        }

        if (a[y] > a[z] ){

                swap(a, y, z);

        }

        if (a[x] < a[y] ){

                swap(a, x, y);

        }

    }

Describe an efficient method for finding the first k items from an unsorted vector of values.

Show an expression tree for a + b * (c + d ).

Show the  postfix expression matching this infix expression.

Give the Big Oh for each of the following:


Insertion Sort


Selection Sort


Merge Sort


Quick Sort


Heap Sort


Heapify/Make Heap


Merge


Partition (from QuickSort)

Consider a the following binary tree node:


TreeNode {



Comparable Key



Object Data



TreeNode left



TreeNode right



TreeNode parent


}

Tracking a parent pointer in the tree will require some additional overhead. Is it significant?

Suppose that you are performing a reheapification downward. Write a precise condition that describes the situation that causes the reheapification to stop. 

Suppose that you are performing a reheapification upward. Write a precise condition that describes the situation that causes the reheapification to stop. 

Consider an array with the following array of values

3 
6 
7 
8 
9
2 
1 
5 
4 

Draw a max heap resulting from calling heapify with the array as described in class. Draw the resulting heap both as an array and as a tree. Note that I am looking for the result after running the heapify/make-heap algorithm. Not just any valid heap will do. 

Draw a binry search tree resulting from inserting the keys  {B, D, A, E, C}.

In the context of stacks, write out definitions for the PUSH and POP functions, where the stack is implemented as a singly linked list. Use the following node and stack class declarations. A POP operation on an empty stack should return -1.

class Stack

{

 
class Node


{

 
 
 int data;

  
 
 Node next;


};

   Node head;

   void PUSH ( int data ){

   }

   int POP () {

   }

   . . .

};

If you need to construct a keyboard buffer to store keystrokes temporarily while the computer is busy processing, what data structure would you use and why? [4] 

Queue. So that keys pressed in a certain order are eventually processed in the same order. 

Draw a new heap that is created by inserting 82 into the following heap: 

          910

          /  \

        77     66

       /  \    /  \

     68    1  3    11

Draw a new heap that is created by removing one item from the following heap: 

          910

          /  \

        77     66

       /  \    /  \

     68    1  3    11

Study Guide (sample questions + topics)

Topics

Asymptotic Notatiion:


Big Oh 

( O( f( n) ) >= p(n) ), 


Big Omega 
( Omega( f( n) ) >= p(n) ),


Theta 

( Theta( f( n) ) == p(n) ) Theta implies O == Omega

f( n) is O( g( n) 

iff (if and only if) 

constants c1, c2 exists

such that c1 * g( n) >= f( n) 

for all n > c2.

When analyzing a program we're looking for a measure of space (memory usage) or running time. We've concentrated on running time.

Data Structures (Some of this we have not discussed directly, still you might consider implications, note differences etc..)


Array


Vector (Dynamic Array)


List (single linked list, doubly linked list, cyclic list)


Stack (consider using array, vector, list)


Queue (consider using array, vector, list)


Tree/Binary Search Tree 


Heap 

For each structure should understand the asymptotic cost of the various operations.

for adding, removing, searching, find min/max, visiting...

Algorithms -- Know process/algorithm and Big O for the following


Sorting



Bubble Sort



Insertion Sort



Selection Sort



Rank Sort



Merge Sort



Quick Sort



Heap Sort



Radix Sort ( call it N lg N)


Other



Heapify/Make Heap



Merge



Partition (from QuickSort)


Additional Sorting algorithmsd



Gnome Sort



Shell Sort



Bucket Sort



Binary Sort



Bin Sort

Arrange the following functions in order from least to greatest and provide the big O value.



RANK





BIG O



          

f(x) = 4 x2 + 4x + 4


_______



          

f(x) = lg (2x) + 4x^2

_______



          

f(x) = x3 + 3x2 + 4x


_______



          

f(x) = lg(x)


_______



          

f(x) = x!



_______



          

f(x) = x3 + 2x


_______



          

f(x) = 98x + x2


_______



          

f(x) = x lg (x)


_______



          

f(x) = x lg (x) + 8x


_______



          

f(x) = 3x + 5x lg (x)


_______

Give the expected asymptotic value of the following basic operations. Use as appropriate: big-O, omega, and theta notation. You can provide all three; however, minimal notation is appropriate and preferred.

Stack


push



________________________________


pop



________________________________

Queue


enqueue



________________________________


dequeue



________________________________

Binary Search Tree (unbalanced)


insert



________________________________


find



________________________________


inorder traversal (recursive) 
________________________________


inorder traversal (non-recursive) 
________________________________

Binary Search Tree (balanced)


find



________________________________


level order traversal

________________________________


pre order traversal (recursive)
________________________________


pre order traversal (non recursive)
________________________________

Heap (min)


insert



________________________________


extract_min


________________________________


heapify



________________________________

A preorder traversal generates 4 5 2 3 1 while a post order traversal generates 5 3 1 2 4. Show the tree that produced these traversals.

Consider an array with the following array of values

19 
81 
27 
26 
39 
83 
74 
64 
55 
54 
63

Draw a min heap resulting from calling heapify with the array as described in class. Draw the resulting heap both as an array and as a tree. Note that I am looking for the result after running the heapify/make-heap algorithm. Not just any valid heap will do. 

Use the following tree to answer the following questions.






A




B



C



D

E

F

G


H

G



I

J

Provide a post order traversal

What is the height of this tree?

Is this a balanced tree?

Why is the given tree neither a binary search tree nor a proper min heap? What minor change turns it into a proper min heap?

I. Check all that apply. Provide pseudo-code
for any one sorting algorithm that is no 
worse than O(NlgN).

1.Bubble Sort

(A) O(N^2)   

(B) O(NlgN)  


(C) a stable sort  


(D) not a stable sort

2.Insertion Sort

(A) O(N^2)   

(B) O(NlgN)  


(C) a stable sort  


(D) not a stable sort

3.Rank Sort

(A) O(N^2)   

(B) O(NlgN)  


(C) a stable sort  


(D) not a stable sort

4.Heap Sort

(A) O(N^2)   

(B) O(NlgN)  


(C) a stable sort  


(D) not a stable sort

5.Quick Sort

(A) O(N^2)   

(B) O(NlgN)  


(C) a stable sort  


(D) not a stable sort

6.Radix Sort

(A) O(N^2)   

(B) O(NlgN)  


(C) a stable sort  


(D) not a stable sort

7.Bucket Sort

(A) O(N^2)   

(B) O(NlgN)  


(C) a stable sort  


(D) not a stable sort

8.Shell Sort

(A) O(N^2)   

(B) O(NlgN)  


(C) a stable sort  


(D) not a stable sort

8.Selection Sort

(A) O(N^2)   

(B) O(NlgN)  


(C) a stable sort  


(D) not a stable sort

Give the asymptotic functions (big-Oh values) for the following blocks of code. 

____________________________________________________________________________________

for (int k = 1; k <= N/2; k++)


cnt++;

for (int m = 1; m <= N; m=m*2)


cnt++;

____________________________________________________________________________________

____________________________________________________________________________________

for (int k = 1; k <= N; k++)


for (int m = 1; m <= N; m=m*2)



cnt++;

____________________________________________________________________________________

____________________________________________________________________________________

for (int i = 1; i <= N; i*=2)


for (int k = 1; k <= N; k=k+1)



cnt++;

____________________________________________________________________________________

____________________________________________________________________________________

for (int i = 1; i <= N; i++)


for (int j = 1; j <= N; j++)



for (int k = 1; k <= N; k=k*2)




cnt++;

____________________________________________________________________________________

____________________________________________________________________________________

for (int k = 1; k <= N/3; k++)


cnt++;

____________________________________________________________________________________

____________________________________________________________________________________

for (int i = N/2; i >= 0; i--)


for (int j = i*2; j <= N; j*=2)



cnt++;

____________________________________________________________________________________

____________________________________________________________________________________

for (int i = 1; i <= N; i++)


for (int k = 1; k <= i; k=k+3)



cnt++;

____________________________________________________________________________________

____________________________________________________________________________________

for (int k = 1; k <= N; k=k*2)


cnt++;

____________________________________________________________________________________

____________________________________________________________________________________

for (int i = 1; i <= N; i=i+2)


for (int k = 1; k <= N; k=k+2)



cnt++;

____________________________________________________________________________________

____________________________________________________________________________________

for (int i = 1; i <= N; i++)


for (int k = 1; k <= N/2; k++)



cnt++;

for (int j = 1; j <= N; j++)


for (int x = 1; x <= N; x=x*2)



cnt++;

____________________________________________________________________________________

____________________________________________________________________________________

for (int i = 1; i <= N; i++)


for (int j = N; j >= 1; j=j/2)



for (int k = 1; k <= N; k=k*2)




cnt++;

____________________________________________________________________________________

____________________________________________________________________________________

foo(int n){


if (n == 1) return 0;


else return foo(n/2) +1;

}

____________________________________________________________________________________

____________________________________________________________________________________

foo(int n){


if (n == 1) return 0;


else return foo(n-1) +1;

}

____________________________________________________________________________________

____________________________________________________________________________________

foo(int n){


if (n == 1) return 1;


else return foo(n-1) + foo(n-1);

}

____________________________________________________________________________________

____________________________________________________________________________________

foo(int n){


if (n == 1) return 1;


else return foo(n/2) + foo(n/2);

}

____________________________________________________________________________________

Descibe an efficient algorithm to find the median 

2001 Paper 3 Question 5

Data Structures and Algorithms

(a) Carefully describe an implementation of quicksort to sort the elements of an

integer vector, and state, without proof, its expected and worst case complexity

for both time and space in terms of the size of the vector. [7 marks]

(b) Describe a more efficient algorithm for the case where it is known that the

vector has exactly 106 elements uniformly distributed over the range 0 to 106.

[7 marks]

(c) Describe an efficient algorithm to find the median of a set of 106 integers where

it is known that there are fewer than 100 distinct integers in the set. [6 marks]

Question One [30]

Indicate the correct answer for each of the following:

Indicate whether each of the following statements is TRUE or FALSE

when an element is not found, Binary Search is O(N) __FALSE__ 

Question Three [30]

Give a precise and complete definition for the abstract data type known as a stack. [3] 

A stack is a linear sequence of elements such that insertion and deletion can only be done at one end. 

Discuss one application where the direct or indirect use of a stack is necessary to solve a problem. [2] 

Consider bracket-matching for expressions - we need a stack to enforce that a bracket/brace/parenthesis is matched with the most recently encountered partner, and a stack, by its very nature, enforces this condition. 

void Stack::PUSH ( int Data )

{

   Node *n = new Node;

   n->Data = Data;

   n->Next = Head;

   Head = n;

}

int Stack::POP ()

{

   if (Head == NULL) return -1;

   int val = Head->Data;

   Node *n = Head;

   Head = Head->Next;

   delete n;

   return val;

}

If you need to construct a keyboard buffer to store keystrokes temporarily while the computer is busy processing, what data structure would you use and why? [4] 

Queue. So that keys pressed in a certain order are eventually processed in the same order. 

Question Four [20]

For the following questions, the named algorithms refer to the implementations discussed during the course:

Partition the following array of integers using the QuickSort algorithm (i.e. perform only one iteration - do not fully sort the list). Indicate the complete list as well as Left and Right pointers before each swap operation. Clearly indicate what the final partitions are. Assume that the first element is chosen to be the pivot. [6] 

     7 4 8 2 6 4 1 9

     L             R

9 4 8 2 6 4 1 7

L             R

9 4 8 2 6 4 1 7

L           R

1 4 8 2 6 4 9 7

    L     R

1 4 4 2 6 8 9 7

        R L

The partitions are : (1 4 4 6 2) (8 9 7)

What is the average-case time complexity (order) of the QuickSort algorithm? [2] 

O(N Log N) 

For any arbitrary list of integers, is it at all possible to find a comparison-based sorting algorithm with a better average-case order than QuickSort? [2] 

No 

For a given list of integers, is it at all possible to find a comparison-based sorting algorithm with a faster absolute time than QuickSort? [2] 

Yes 

When is Selection Sort a better choice than QuickSort? [2] 

Small lists 

If we consider only comparisons of array elements, what is the worst-case time complexity (order) of the Duplex Selection Sort algorithm? [2] 

O(N-squared) 

For any arbitrary list of integers, is Radix Sort always a better choice than QuickSort? Why or why not? [4] 

No. When there are a small number of integers with many digits, Quicksort is faster. 

Heaps  

Suppose that we want to create a heap where each node contains information of some data type called Item (which has a default constructor and a correct value semantics). What additional factor is required for the Item data type? 

A heap is a binary tree where the entries can be compared using the usual six comparison operations (that form a total order semantics). Write the two rules that the binary tree must follow in order for the structure to actually be a heap. 

Give two different reasons to explain why the following binary tree is not a heap: 

           91

          /  \

        77    46

       /  \     \

     68    81    11

Draw a new heap that is created by inserting 82 into the following heap: 

          910

          /  \

        77     66

       /  \    /  \

     68    1  3    11

Draw a new heap that is created by removing one item from the following heap: 

          910

          /  \

        77     66

       /  \    /  \

     68    1  3    11

Suppose that you are performing a reheapification downward. Write a precise condition that describes the situation that causes the reheapification to stop. 

Suppose that you are performing a reheapification upward. Write a precise condition that describes the situation that causes the reheapification to stop. 

Short Answers 

B-Trees  

Suppose that a non-leaf node in a B-tree contains 42 entries. How many children does the node have? 

Draw an example of a B-tree with four nodes and seven integer entries. The value of MINIMUM is 1 for this tree. 

Draw a new B-tree that is created by inserting 82 into the following B-tree. For this example, the minimum number of items in each node is 1. Note that the rightmost leaf starts with two entries, 71 and 93. 

           56

          /  \

        7      66

       /  \    /  \

      2    8  63    71 and 93

Draw a new B-tree that is created by deleting 63 from the following B-tree. For this example, the minimum number of items in each node is 1. Note that the rightmost leaf starts with two entries, 71 and 93. 

           56

          /  \

        7      66

       /  \    /  \

      2    8  63    71 and 93

Suppose that a B-tree is declared so that MAXIMUM (the maximum number of items in a node) is 84. What is the value of MINIMUM (the minimum number of items in a non-root node)? 

Suppose that a B-tree is declared so that MAXIMUM (the maximum number of items in a node) is 84. Write one clear sentence to describe why each node's data array is set up to hold up to 85 items (one more than MAXIMUM). Short Answers 

Suppose that a and b are two positive integers and n is some non-negative number. Write an equation to show the relationship between log base a of n and log base b of n. Give a derivation to show that the relationship is valid. 

Heaps  

What feature of heaps allows them to be efficiently implemented using a partially filled array? 

A. Heaps are binary search trees. 

B. Heaps are complete binary trees. 

C. Heaps are full binary trees. 

D. Heaps contain only integer data. 

If a heap is implemented using a partially filled array called data, and the array contains n elements (n > 0), where is the entry with the greatest value? 

A. data[0] 

B. data[n-1] 

C. data[n] 

D. data[2*n + 1] 

E. data[2*n + 2] 

Select the true statement about the worst-case time for operations on heaps. 

A. Niether insertion nor removal is better than linear. 

B. Insertion is better than linear, but removal is not. 

C. Removal is better than linear, but insertion is not. 

D. Both insertion and removal are better than linear. 

Suppose that we have implemented a priority queue by storing the items in a heap (using an array for the heap items). We are now executing a reheapification upward and the out-of-place node is at data[i] with priority given by data[i]. Which of the following boolean expressions is TRUE to indicate that the reheapification IS NOT YET DONE. 

A. (i > 0) 

B. (data[(i-1)/2] < data[i]) 

C. (i > 0) && (data[(i-1)/2] < data[i]) 

D. (i > 0) || (data[(i-1)/2] < data[i]) 

Suppose that we have implemented a priority queue by storing the items in a heap. We are now executing a reheapification downward and the out-of-place node has priority of 42. The node's parent has a priority of 72, the left child has priority 52 and the node's right child has priority 62. Which statement best describes the status of the reheapification. 

A. The reheapification is done. 

B. The next step will interchange the two children of the out-of-place node. 

C. The next step will swap the out-of-place node with its parent. 

D. The next step will swap the out-of-place node with its left child. 

E. The next step will swap the out-of-place node with its right child. 

Which formula is the best approximation for the depth of a heap with n nodes? 

A. log (base 2) of n 

B> The number of digits in n (base 10) 

C. The square root of n 

D. n 

E. The square of n 

Multiple Choice 

Section 11.3 

B-trees  

Which statement is true for a B-tree? 

A. All entries of a node are greater than or equal to the entries in the node's children. 

B. All leaves are at the exact same depth. 

C. All nodes contain the exact same number of entres. 

D. All non-leaf nodes have the exact same number of children. 

Suppose that a non-leaf node in a B-tree has 41 entries. How many children will this node have? 

A. 2 

B. 40 

C. 41 

D. 42 

e. 82 

Suppose that a B-tree has MAXIMUM of 10 and that a node already contains the integers 1 through 10. If a new value, 11, is added to this node, the node will split into two pieces. What values will be in these two pieces? 

A. The first piece will have only 1 and the second piece will have the rest of the numbers. 

B. The first piece will have 1 through 5 and the second piece will have 6 through 11. 

C. The first piece will have 1 through 5 and the second piece will have 7 through 11. 

D. The first piece will have 1 through 6 and the second piece will have 7 through 11. 

E. The first piece will have 1 through 10 and the second piece will have only 11. 

Suppose that X is a B-tree leaf containing 41 entries and having at least one sibling. Which statement is true? 

A. Any sibling of X is also a leaf. 

B. Any sibling of X contains at least 41 entries. 

C. The parent of X has exactly 42 entries. 

D. X has at least 41 siblings. 

Multiple Choice 

Section 11.3 

Trees, Logs, 

and Time Analysis  

Suppose you run a O(log n) algorithm with an input size of 1000 and the algorithm requires 110 operations. When you double the input size to 2000, the algorithm now requires 120 operations. What is your best guess for the number of operations required when you again double the input size to 4000? 

A. 130 

B. 140 

C. 150 

D. 160 

E. 170 

Tree algorithms typically run in time O(d) . What is d? 

A. The depth of the tree. 

B. The number of divisions at each level. 

C. The number of entries in each node. 

D. The number of nodes in the tree. 

E. The total number of entries in all the nodes of the tree. 

Quadratic Sorting 

Algorithms  

Here is an array of ten integers: 

      5  3  8  9  1  7  0  2  6  4

Draw this array after the FIRST iteration of the large loop in a selection sort (sorting from smallest to largest). 

Here is an array of ten integers: 

      5  3  8  9  1  7  0  2  6  4

Draw this array after the FIRST iteration of the large loop in an insertion sort (sorting from smallest to largest). This iteration has shifted at least one item in the array! 

Suppose that you are writing a program that has this selectionsort static method available: 

    void selectionsort(int[ ] data, int first, int n);

Your program also has an integer array called x, with 10 elements. Write two method activations: The first activation uses selectionsort to sort all of x; the second call uses selectionsort to sort x[3]..x[9]. 

Short Answers 

Section 12.2 

Recursive Sorting 

Algorithms  

Describe a case where quicksort will result in quadratic behavior. 

Here is an array which has just been partitioned by the first step of quicksort: 

      3, 0, 2, 4, 5, 8, 7, 6, 9

Which of these elements could be the pivot? (There may be more than one possibility!) 

Give a concise accurate description of a good way for quicksort to choose a pivot element. Your approach should be better than "use the entry at location [0]". 

Give a concise accurate description of a good way for quicksort to improve its performance by using insertionsort. 

Here is an array of ten integers: 

      5  3  8  9  1  7  0  2  6  4

Suppose we partition this array using quicksort's partition function and using 5 for the pivot. Draw the resulting array after the partition finishes. 

Here is an array of ten integers: 

      5  3  8  9  1  7  0  2  6  4

Draw this array after the TWO recursive calls of merge sort are completed, and before the final merge step has occured. 

Implement the following static method: 

    private static void merge(int[ ] data, int first, int n1, int n2);

    // Precondition: data has at least n1+n2 components starting at

    // data[first]. The first n1 elements (from data[first] to 

    // data[first+n1-1]) are sorted from smallest to largest, and the last

    // n2 elements (from data[first+n1] to data[first+n1+n2-1]) are also

    // sorted from smallest to largest.

    // Postcondition: Starting at data[first, n1+n2 elements of data have been

    // rearranged to be sorted from smallest to largest.

An O(n log n) Algorithm 

Using a Heap  

Write two or three clear sentences to describe how a heapsort works. 

Fill in the following table for the times to sort an array of n items. Use only big-O notation, and do not have any extraneous constants in your expressions.  Worst Case Average Case 

Binary search of a sorted array  . .  

Insertion sort  . .  

Merge sort  . .  

Quick sort without "median of three" pivot selection  . .  

Quick sort with "median of three" pivot selection  . .  

Selection sort  . .  

Heap sort  . .  

(This question may not have been covered in your class.) Suppose that you implement quicksort nonrecursively using a stack, as in your last programming assignment. You use your algorithm to sort an array of 100 items, and at the start of the final iteration of the while loop, the stack contains just two numbers: 10 (on top) and 90 (on bottom). Write one or two clear sentences to describe which parts of the array are sorted at this point, and which parts of the array remain to be sorted. 

Quadratic Sorting 

Algorithms  

In a selectionsort of n elements, how many times is the swap function called in the complete execution of the algorithm? 

A. 1 

B. n - 1 

C. n log n 

D. n² 

Selectionsort and quicksort both fall into the same category of sorting algorithms. What is this category? 

A. O(n log n) sorts 

B. Divide-and-conquer sorts 

C. Interchange sorts 

D. Average time is quadratic. 

Suppose that a selectionsort of 100 items has completed 42 iterations of the main loop. How many items are now guaranteed to be in their final spot (never to be moved again)? 

A. 21 

B. 41 

C. 42 

D. 43 

Suppose we are sorting an array of ten integers using a some quadratic sorting algorithm. After four iterations of the algorithm's main loop, the array elements are ordered as shown here: 

    1  2  3  4  5  0  6  7  8  9

Which statement is correct? (Note: Our selectionsort picks largest items first.) 

A. The algorithm might be either selectionsort or insertionsort. 

B. The algorithm might be selectionsort, but could not be insertionsort. 

C. The algorithm might be insertionsort, but could not be selectionsort. 

D. The algorithm is neither selectionsort nor insertionsort. 

Suppose we are sorting an array of eight integers using a some quadratic sorting algorithm. After four iterations of the algorithm's main loop, the array elements are ordered as shown here: 

    2  4  5  7  8  1  3  6

Which statement is correct? (Note: Our selectionsort picks largest items first.) 

A. The algorithm might be either selectionsort or insertionsort. 

B. The algorithm might be selectionsort, but it is not insertionsort. 

C. The algorithm is not selectionsort, but it might be insertionsort. 

D. The algorithm is neither selectionsort nor insertionsort. 

When is insertionsort a good choice for sorting an array? 

A. Each component of the array requires a large amount of memory. 

B. Each component of the array requires a small amount of memory. 

C. The array has only a few items out of place. 

D. The processor speed is fast. 

Recursive Sorting 

Algorithms  

What is the worst-case time for mergesort to sort an array of n elements? 

A. O(log n) 

B. O(n) 

C. O(n log n) 

D. O(n²) 

What is the worst-case time for quicksort to sort an array of n elements? 

A. O(log n) 

B. O(n) 

C. O(n log n) 

D. O(n²) 

Mergesort makes two recursive calls. Which statement is true after these recursive calls finish, but before the merge step? 

A. The array elements form a heap. 

B. Elements in each half of the array are sorted amongst themselves. 

C. Elements in the first half of the array are less than or equal to elements in the second half of the array. 

D. None of the above. 

Suppose we are sorting an array of eight integers using quicksort, and we have just finished the first partitioning with the array looking like this: 

    2  5  1  7  9  12  11  10

Which statement is correct? 

A. The pivot could be either the 7 or the 9. 

B. The pivot could be the 7, but it is not the 9. 

C. The pivot is not the 7, but it could be the 9. 

D. Neither the 7 nor the 9 is the pivot. 

What is the worst-case time for heapsort to sort an array of n elements? 

A. O(log n) 

B. O(n) 

C. O(n log n) 

D. O(n²) 

An O(n log n) Algorithm 

Using a Heap  

Suppose we are sorting an array of eight integers using heapsort, and we have just finished one of the reheapifications downward. The array now looks like this: 

    6  4  5  1  2  7  8

How many reheapifications downward have been performed so far? 

A. 1 

B. 2 

C. 3 or 4 

D. 5 or 6 

Serial Search and 

Binary Search  

Here is an array with exactly 15 elements: 

 1   2   3   4   5   6   7   8   9   10   11   12   13   14   15

Suppose that we are doing a serial search for an element. Circle any elements that will be found by examining two or fewer numbers from the array. 

Here is an array with exactly 15 elements: 

 1   2   3   4   5   6   7   8   9   10   11   12   13   14   15

Suppose that we are doing a binary search for an element. Circle any elements that will be found by examining two or fewer numbers from the array. 

Implement the body of the following function using a binary search of the array. You do not need to check the precondition. 

    public static boolean has42(int[ ] data, int start, int end)

    // Precondition: The elements data[start]...data[end] are sorted from smallest

    // to largest. This array segment might be empty (indicated by end being less

    // than start).

    // Postcondition: A true return value indicates that the number 42 appears in

    // data[start]...data[end]. A false return value indicates that 42 doesn’t 

    // appear.

Serial Search and 

Binary Search  

What is the worst-case time for serial search finding a single item in an array? 

A. Constant time 

B. Logarithmic time 

C. Linear time 

D. Quadratic time 

What is the worst-case time for binary search finding a single item in an array? 

A. Constant time 

B. Logarithmic time 

C. Linear time 

D. Quadratic time 

What additional requirement is placed on an array, so that binary search may be used to locate an entry? 

A. The array elements must form a heap. 

B. The array must have at least 2 entries. 

C. The array must be sorted. 

D. The array's size must be a power of two. 

Open-Address 

Hashing  

What is the best definition of a collision in a hash table? 

A. Two entries are identical except for their keys. 

B. Two entries with different data have the exact same key. 

C. Two entries with different keys have the same exact hash value. 

D. Two entries with the exact same key have different hash values. 

Which guideline is NOT suggested from from empirical or theoretical studies of hash tables: 

A. Hash table size should be the product of two primes. 

B. Hash table size should be the upper of a pair of twin primes. 

C. Hash table size should have the form 4K+3 for some K. 

D. Hash table size should not be too near a power of two. 

In an open-address hash table there is a difference between those spots which have never been used and those spots which have previously been used but no longer contain an item. Which method has a better implementation because of this difference? 

A. put 

B. containsKey 

C. remove 

D. size 

E. Two or more of the above methods 

What kind of initialization needs to be done for an open-address hash table? 

A. None. 

B. The key at each array location must be initialized. 

C. The head pointer of each chain must be set to null. 

D. Both B and C must be carried out. 

Chained 

Hashing  

What kind of initialization needs to be done for an chained hash table? 

A. None. 

B. The key at each array location must be initialized. 

C. The head pointer of each chain must be set to null. 

D. Both B and C must be carried out. 

A chained hash table has an array size of 512. What is the maximum number of entries that can be placed in the table? 

A. 256 

B. 511 

C. 512 

D. 1024 

E. There is no maximum. 

Time Analysis 

of Hashing  

Suppose you place m items in a hash table with an array size of s. What is the correct formula for the load factor? 

A. s + m 

B. s - m 

C. m - s 

D. m * s 

E. m / s 

Introduction 

to Trees  

Here is a small binary tree: 

       14

      /  \

     2    11

    / \   / \

   1  3  10  30

         /  /            

        7  40

Circle all the leaves. Put a square box around the root. Draw a star around each ancestor of the node that contains 10. Put a big X through every descendant of the node the contains 10. 

Draw a full binary tree with at least 6 nodes. 

Tree 

Representations  

Draw a complete binary tree with exactly six nodes. Put a different value in each node. Then draw an array with six components and show where each of the six node values would be placed in the array (using the usual array representation of a complete binary tree). 

Write the instance variables for a new class that could be used for a node in a tree where: (1) Each node contains int data, (2) Each node has up to four children, and (3) Each node also has a reference to its parent. Store the references to the children in an array of four components. 

A Toolkit for 

Binary Tree Nodes  

Draw a binary taxonomy tree that can be used for these four animals: Rabbit, Horse, Whale, Snake. 

Using the BTNode class from Chapter 9, write a new static method of the BTNode class to meet the following specification. No recursion is needed. 

public static void subswap(BTNode root)

// Precondition: Root is the root reference of a binary tree.

// Postcondition: If root is non-null, then the original left subtree below

// this root has been moved and is now the right subtree, and the original 

// right subtree is now the left  subtree.

// Example original tree:            Example new tree:

//          1                                 1

//         / \                               / \

//        2   3                             3   2

//       / \                                   / \

//      4   5                                 4   5

Redo the previous problem as a new non-static BTNode method. 

Using the BTNode class from Chapter 9, write a new static method of the BTNode class to meet the following specification. 

public static void flip(BTNode root)

// Precondition: Root is the root reference of a binary tree.

// Postcondition: If the root is non-null, then the tree below this node is 

// now the mirror image of its original value.

// Example original tree:            Example new tree:

//          1                                 1

//         / \                               / \

//        2   3                             3   2

//       / \                                   / \

//      4   5                                 5   4

Redo the previous problem as a new non-static BTNode method. Short Answers 

Tree 

Traversals  

Here is a small binary tree: 

       14

      /  \

     2    11

    / \   / \

   1  3  10  30

         /  /            

        7  40

Write the order of the nodes visited in: 

A. An in-order traversal: 

B. A pre-order traversal: 

C. A post-order traversal: 

Suppose IntBTNode is a BTNode (from Chapter 9) with integer data. Write a new static method of the IntBTNode class to meet the following specification. 

public static void increase(IntBTNode root)

// Precondition: root is the root reference of a binary tree.

// Postcondition: Every node of the tree has had its data

// increased by one.

Redo the previous problem as a new non-static BTNode method. 

Using the BTNode class from Chapter 9, write a new static method of the BTNode class to meet the following specification. 

public static int manyNodes(BTNode root)

// Precondition: root_ptr is the root reference of a binary tree.

// Postcondition: The return value is the number of nodes in the tree.

// NOTES: The empty tree has 0 nodes, and a tree with just a root has

// 1 node.

Using the BTNode class from Chapter 9, write a new static method of the BTNode class to meet the following specification. 

public static int treeDepth(BTNode root)

// Precondition: root_ptr is the root reference of a binary tree.

// Postcondition: The return value is the depth of the binary tree.

// NOTES: The empty tree has a depth of -1 and a tree with just a root

// has a depth of 0.

Suppose IntBTNode is a BTNode (from Chapter 9) with integer data. Write a new static method of the IntBTNode class to meet the following specification. 

public static int count42(IntBTNode root)

// Precondition: root is the root reference of a binary tree (but

// NOT NECESSARILY a search tree).

// Postcondition: The return value indicates how many times 42 appears

// in the tree. NOTE: If the tree is empty, the method returns zero.

Suppose IntBTNode is a BTNode (from Chapter 9) with integer data. Write a new static method of the IntBTNode class to meet the following specification. 

public static boolean has42(IntBTNode root)

// Precondition: root is the root reference of a binary tree (but

// NOT NECESSARILY a search tree).

// Postcondition: The return value indicates whether 42 appears somewhere

// in the tree. NOTE: If the tree is empty, the method returns false.

Suppose IntBTNode is a BTNode (from Chapter 9) with integer data. Write a new static method of the IntBTNode class to meet the following specification. 

public static boolean all42(IntBTNode root)

// Precondition: root is the root reference of a binary tree (but

// NOT NECESSARILY a search tree).

// Postcondition: The return value is true if every node in the tree

// contains 42. NOTE: If the tree is empty, the method returns true.

Suppose IntBTNode is a BTNode (from Chapter 9) with integer data. Write a new static method of the IntBTNode class to meet the following specification. 

public static int sum(IntBTNode root)

// Precondition: root is the root reference of a binary tree.

// Postcondition: The return value is the sum of all the data in all the nodes.

// NOTES: The return value for the empty tree is zero.

Binary Search 

Trees  

Suppose that we want to create a binary search tree where each node contains information of some data type. What additional factor is required for the data type? 

Suppose that a binary search tree contains the number 42 at a node with two children. Write two or three clear sentences to describe the process required to delete the 42 from the tree. 

Suppose IntBTNode is a BTNode (from Chapter 9) with integer data. Write a new static method of the IntBTNode class to meet the following specification. Make the method as efficient as possible (do not visit nodes unnecessarily). 

public static int count42(BTNode root)

// Precondition: root is the root reference of a binary SEARCH tree.

// Postcondition: The return value indicates how many times 42 appears

// in the tree.

Suppose IntBTNode is a BTNode (from Chapter 9) with integer data. Write a new static method of the IntBTNode class to meet the following specification. Make the method as efficient as possible (do not visit nodes unnecessarily). 

public static int max(BTNode root)

// Precondition: root is the root reference of a nonempty binary SEARCH

// tree.

// Postcondition: The return value is the largest value in the tree.

Suppose IntBTNode is a BTNode (from Chapter 9) with integer data. Write a new static method of the IntBTNode class to meet the following specification. Make the method as efficient as possible (do not visit nodes unnecessarily). 

void insert42(BTNode root)

// Precondition: root is the root reference of a binary SEARCH tree.

// Postcondition: One copy of the number 42 has been added to the binary

// search tree.

Introduction 

to Trees  

       14

      /  \

     2    11

    / \   / \

   1  3  10  30

         /  /            

        7  40

There is a tree in the box at the top of this section. How many leaves does it have? 

A. 2 

B. 4 

C. 6 

D. 8 

E. 9 

There is a tree in the box at the top of this section. How many of the nodes have at least one sibling? 

A. 5 

B. 6 

C. 7 

D. 8 

E. 9 

There is a tree in the box at the top of this section. What is the value stored in the parent node of the node containing 30? 

A. 10 

B. 11 

C. 14 

D. 40 

E. None of the above 

There is a tree in the box at the top of this section. How many descendants does the root have? 

A. 0 

B. 2 

C. 4 

D. 8 

There is a tree in the box at the top of this section. What is the depth of the tree? 

A. 2 

B. 3 

C. 4 

D. 8 

E. 9 

There is a tree in the box at the top of this section. How many children does the root have? 

A. 2 

B. 4 

C. 6 

D. 8 

E. 9 

Consider the binary tree in the box at the top of this section. Which statement is correct? 

A. The tree is neither complete nor full. 

B. The tree is complete but not full. 

C. The tree is full but not complete. 

D. The tree is both full and complete. 

What is the minimum number of nodes in a full binary tree with depth 3? 

A. 3 

B. 4 

C. 8 

D. 11 

E. 15 

What is the minimum number of nodes in a complete binary tree with depth 3? 

A. 3 

B. 4 

C. 8 

D. 11 

E. 15 

Select the one true statement. 

A. Every binary tree is either complete or full. 

B. Every complete binary tree is also a full binary tree. 

C. Every full binary tree is also a complete binary tree. 

D. No binary tree is both complete and full. 

Suppose T is a binary tree with 14 nodes. What is the minimum possible depth of T? 

A. 0 

B. 3 

C. 4 

D. 5 

Select the one FALSE statement about binary trees: 

A. Every binary tree has at least one node. 

B. Every non-empty tree has exactly one root node. 

C. Every node has at most two children. 

D. Every non-root node has exactly one parent. 

Tree 

Representations  

Suppose t is a BTNode variable from Chapter 9, which expression indicates that t represents an empty tree? 

A. (t == null) 

B. (t->data == 0) 

C. (t->data == null) 

D. ((t->left == null) && (t->right == null)) 

Consider the node of a complete binary tree whose value is stored in data[i] for an array implementation. If this node has a right child, where will the right child's value be stored? 

A. data[i+1] 

B. data[i+2] 

C. data[2*i + 1] 

D. data[2*i + 2] 

Multiple Choice 

Section 9.3 

A Toolkit for 

Binary Tree Nodes  

Suppose that a binary taxonomy tree includes 8 animals. What is the minimum number of NONLEAF nodes in the tree? 

A. 1 

B. 3 

C. 5 

D. 7 

E. 8 

Multiple Choice 

Tree 

Traversals  

       14

      /  \

     2    11

    / \   / \

   1  3  10  30

         /  /            

        7  40

There is a tree in the box at the top of this section. What is the order of nodes visited using a pre-order traversal? 

A. 1 2 3 7 10 11 14 30 40 

B. 1 2 3 14 7 10 11 40 30 

C. 1 3 2 7 10 40 30 11 14 

D. 14 2 1 3 11 10 7 30 40 

There is a tree in the box at the top of this section. What is the order of nodes visited using an in-order traversal? 

A. 1 2 3 7 10 11 14 30 40 

B. 1 2 3 14 7 10 11 40 30 

C. 1 3 2 7 10 40 30 11 14 

D. 14 2 1 3 11 10 7 30 40 

There is a tree in the box at the top of this section. What is the order of nodes visited using a post-order traversal? 

A. 1 2 3 7 10 11 14 30 40 

B. 1 2 3 14 7 10 11 40 30 

C. 1 3 2 7 10 40 30 11 14 

D. 14 2 1 3 11 10 7 30 40 

Multiple Choice 

Section 9.5 

Binary Search 

Trees  

Consider this binary search tree: 

       14

      /  \

     2    16

    / \    

   1   5 

      /    

     4     

Suppose we remove the root, replacing it with something from the left subtree. What will be the new root? 

A. 1 

B. 2 

C. 4 

D. 5 

E. 16 

Queues and Their 

Applications  

Complete the body of this method. Use a CharQueue to store the input line as it is being read. The parameter is an EasyReader from Appendix B of the text. Use the method in.charInput( ) to read and return the next character of the EasyReader, and use in.isEOLN( ) to determine whether the next input character is the end-of-line. 

    public static int counter(EasyReader in)

    // Precondition: There is a line of input waiting to be read from in.

    // Postcondition: A line of input has been read from in, up to but not

    // including the newline character. The return value of the method

    // is the number of times that the LAST character of the line appeared

    // somewhere in this line.

    // EXAMPLE Input: ABBXDXXZX

    // The value returned by counter would be 4 for this input since there

    // are 4 X's in the input line.

Short Answers 

Implementations of 

the Queue ADT  

I am going to execute this code with THREE inserts and ONE get_front: 

   IntQueue q = new IntQueue( );

   q.insert(1);

   q.insert(2);

   q.insert(3);

   System.out.println(q.getFront( ));

Suppose that q is represented by a circular array. Draw the state of these private instance variables of q after the above code: 

           _______            __________________________________

     front|       |      data|      |      |      |      |      |

          |_______|          |______|______|______|______|______|

                               [0]    [1]    [2]    [3]    [4]

I am going to execute this code with THREE insert and ONE get_front: 

   IntQueue q = new IntQueue( );

   q.insert(1);

   q.insert(2);

   q.insert(3);

   System.out.println(q.getFront( ));

Suppose that q is represented by a linked list. Draw the state of the private instance variables of q after the above code: 

               _______      

         front|       |  

              |_______|     

               _______      

          rear|       |  

              |_______|     

Describe why it is a bad idea to implement a linked list version a queue which uses the head of the list as the rear of the queue. 

Short Answers 

Priority Queues  

Suppose that you want to implement the PriorityQueue so that insertions occur in constant time, but getFront requires linear time. You will use these class definitions, where the data entering the PriorityQueue is a String and the priorities are ints. 

    public class PriorityQueue

    {

       // A PriorityNode is a node from a linked list of strings, with

       // methods for getString, setString, getPriority, setPriority,

       // getLink, and setLink.

       private PriorityNode head;

       public void insert(String entry, int priority)...

       public String getFront( )...

       ...

    }

(A) Write ONE sentence to describe how the insert method will work (with constant time). (B) Then implement the getFront method (which will have linear worst-case time). In your implementation, you DO NOT have to worry about items with equal priority (they may come out of the prioirty queue however you like, without necessarily having FIFO behavior). To remove the head node of a linked list, use the assignment: 

   head = head.getLink( );

Queues and Their 

Applications  

One difference between a queue and a stack is: 

A. Queues require linked lists, but stacks do not. 

B. Stacks require linked lists, but queues do not. 

C. Queues use two ends of the structure; stacks use only one. 

D. Stacks use two ends of the structure, queues use only one. 

If the characters 'D', 'C', 'B', 'A' are placed in a queue (in that order), and then removed one at a time, in what order will they be removed? 

A. ABCD 

B. ABDC 

C. DCAB 

D. DCBA 

Which of the following expressions evaluates to true with approximate probability equal to P? (P is double and 0 <= P <= 1). 

A. Math.random() < P 

B. Math.random() > P 

C. Math.random() < P * 100 

D. Math.random() > P * 100 

Multiple Choice

Section 7.3 

Implementations of 

the Queue ADT  

Suppose we have a circular array implementation of the queue class, with ten items in the queue stored at data[2] through data[11]. The current capacity is 42. Where does the insert method place the new entry in the array? 

A. data[1] 

B. data[2] 

C. data[11] 

D. data[12] 

Consider the implementation of the Queue using a circular array. What goes wrong if we try to keep all the items at the front of a partially-filled array (so that data[0] is always the front). 

A. The constructor would require linear time. 

B. The getFront method would require linear time. 

C. The insert method would require linear time. 

D. The isEmpty method would require linear time. 

In the linked list implementation of the queue class, where does the insert method place the new entry on the linked list? 

A. At the head 

B. At the tail 

C. After all other entries that are greater than the new entry. 

D. After all other entries that are smaller than the new entry. 

In the circular array version of the Queue class, which operations require linear time for their worst-case behavior? 

A. getFront 

B. insert when the capacity has not yet been reached 

C. isEmpty 

D. None of these operations require linear time. 

In the linked-list version of the Queue class, which operations require linear time for their worst-case behavior? 

A. getFront 

B. insert 

C. isEmpty 

D. None of these operations require linear time. 

If data is a circular array of CAPACITY elements, and rear is an index into that array, what is the formula for the index after rear? 

A. (rear % 1) + CAPACITY 

B. rear % (1 + CAPACITY) 

C. (rear + 1) % CAPACITY 

D. rear + (1 % CAPACITY) 

I have implemented the queue with a circular array, keeping track of front, rear, and manyItems (the number of items in the array). Suppose front is zero, and rear is one less than the current capacity. What can you tell me about manyItems? 

A. manyItems must be zero. 

B. manyItems must be equal to the current capacity. 

C. count could be zero or the capacity, but no other values could occur. 

D. None of the above. 

I have implemented the queue with a linked list, keeping track of a front node and a rear node with two reference variables. Which of these reference variables will change during an insertion into a NONEMPTY queue? 

A. Neither changes 

B. Only front changes. 

C. Only rear changes. 

D. Both change. 

I have implemented the queue with a linked list, keeping track of a front node and a rear node with two reference variables. Which of these reference variables will change during an insertion into an EMPTY queue? 

A. Neither changes 

B. Only front changes. 

C. Only rear changes. 

D. Both change. 

Priority Queues  

Suppose getFront is called on a priority queue that has exactly two entries with equal priority. How is the return value of getFront selected? 

A. One is chosen at random. 

B. The one which was inserted first. 

C. The one which was inserted most recently. 

D. This can never happen (violates the precondition) 

An array of queues can be used to implement a priority queue, with each possible priority corresponding to its own element in the array. When is this implementation not feasible? 

A. When the number of possible priorities is huge. 

B. When the number of possible priorities is small. 

C. When the queues are implemented using a linked list. 

D. When the queues are implemented with circular arrays. 

Stacks and Their 

Applications  

Explain what modifications would be needed to make the parenthesis matching algorithm check expressions with more kinds of parentheses such as <>. 

Complete the body of this method. You do not need to check the precondition. You may use the CharStack class. 

  public static boolean balanced(String p)

  // Precondition: Each character of p is '(', ')', '{' or '}'.

  // Postcondition: The method returns true if the characters form a

  // sequence of correctly balanced parentheses with each '(' matching

  // a ')' and each '{' matching a '}'. Note that a sequence such as

  // ( { ) } is NOT balanced because when we draw lines to match the

  // parentheses to their partners, the lines cross each other. On the

  // other hand, ( { } ) and { ( ) } are both balanced.

Short Answers 

Implementations of 

the Stack ADT  

I am going to execute this code with THREE pushes and ONE pop: 

   IntStack s = new IntStack( );

   s.push(1);

   s.push(2);

   s.push(3);

   System.out.println(s.pop( ));

Suppose that s is represented by a partially filled array. Draw the state of the private instance variables of s after the above code: 

           _______            __________________________________

 manyItems|       |      data|      |      |      |      |      |

          |_______|          |______|______|______|______|______|...

                               [0]    [1]    [2]    [3]    [4]

I am going to execute this code with THREE pushes and ONE pop: 

   IntStack s = new IntStack( );

   s.push(1);

   s.push(2);

   s.push(3);

   System.out.println(s.pop( ));

Suppose that s is represented by a linked list. Draw the state of the private member variables of s after the above code: 

               _______      

      head|       |  

              |_______|     

More Complex 

Stack Applications  

Implement the following method. You may use the IntStack class and the Stack operations of push, pop, peek, isEmpty, and size. The parameter, in, is an EasyReader from Appendix B of the text and it is already attached to some kind of input. You may use the methods: 

in.isEOLN() -- returns true when the end of line is reached. 

in.peek() -- returns the next input character without actually reading it. 

in.ignore() -- reads and throws away the next input character. 

in.intInput() -- reads and returns an integer value from the EasyReader. This should be used only if you know that the next input characters form a valid integer value. 

The method specification is: 

   public static int evaluatePostfix(EasyReader in)

   // Precondition (Which is not checked): The next input line of in is a

   // properly formed postfix expression consisting of integers, 

   // the binary operations + and -, and spaces. 

   // Postcondition: The method has read the next input line (including

   // the newline) and returned the value of the postfix expression.

Consider the usual algorithm to convert an infix expression to a postfix expression. Suppose that you have read 10 input characters during a conversion and that the stack now contains these symbols: 

              |       |  

              |   +   |  

              |   (   |  

       bottom |___*___|     

Now, suppose that you read and process the 11th symbol of the input. Draw the stack for the case where the 11th symbol is: 

A. A number: 

B. A left parenthesis: 

C. A right parenthesis: 

D. A minus sign: 

E. A division sign: 

Stacks and Their 

Applications  

Entries in a stack are "ordered". What is the meaning of this statement? 

A. A collection of Stacks can be sorted. 

B. Stack entries may be compared with the '<' operation. 

C. The entries must be stored in a linked list. 

D. There is a first entry, a second entry, and so on. 

The operation for adding an entry to a stack is traditionally called: 

A. add 

B. append 

C. insert 

D. push 

The operation for removing an entry from a stack is traditionally called: 

A. delete 

B. peek 

C. pop 

D. remove 

Which of the following stack operations could result in stack underflow? 

A. is_empty 

B. pop 

C. push 

D. Two or more of the above answers 

Which of the following applications may use a stack? 

A. A parentheses balancing program. 

B. Keeping track of local variables at run time. 

C. Syntax analyzer for a compiler. 

D. All of the above. 

Consider the following pseudocode: 

   declare a stack of characters

   while ( there are more characters in the word to read )

   {

      read a character

      push the character on the stack

   }

   while ( the stack is not empty )

   {

      pop a character off the stack

      write the character to the screen

   }

What is written to the screen for the input "carpets"? 

A. serc 

B. carpets 

C. steprac 

D. ccaarrppeettss 

Here is an INCORRECT pseudocode for the algorithm which is supposed to determine whether a sequence of parentheses is balanced: 

   declare a character stack 

   while ( more input is available)

   {

      read a character

      if ( the character is a '(' ) 

         push it on the stack

      else if ( the character is a ')' and the stack is not empty )

         pop a character off the stack

      else

         print "unbalanced" and exit

    }

    print "balanced"

Which of these unbalanced sequences does the above code think is balanced? 

A. ((()) 

B. ())(() 

C. (()())) 

D. (()))() 

Consider the usual algorithm for determining whether a sequence of parentheses is balanced. What is the maximum number of parentheses that will appear on the stack AT ANY ONE TIME when the algorithm analyzes: (()(())(()))? 

A. 1 

B. 2 

C. 3 

D. 4 

E. 5 or more 

Consider the usual algorithm for determining whether a sequence of parentheses is balanced. Suppose that you run the algorithm on a sequence that contains 2 left parentheses and 3 right parentheses (in some order). What is the maximum number of parentheses that will ever appear on the stack AT ONE TIME during the computation? 

A. 1 

B. 2 

C. 3 

D. 4 

E. 5 or more 

Implementations of 

the Stack ADT  

Suppose we have an array implementation of the stack class, with ten items in the stack stored at data[0] through data[9]. The CAPACITY is 42. Where does the push method place the new entry in the array? 

A. data[0] 

B. data[1] 

C. data[9] 

D. data[10] 

Consider the implementation of the Stack using a partially-filled array. What goes wrong if we try to store the top of the Stack at location [0] and the bottom of the Stack at the last used position of the array? 

A. Both peek and pop would require linear time. 

B. Both push and pop would require linear time. 

C. The Stack could not be used to check balanced parentheses. 

D. The Stack could not be used to evaluate postfix expressions. 

In the linked list implementation of the stack class, where does the push method place the new entry on the linked list? 

A. At the head 

B. At the tail 

C. After all other entries that are greater than the new entry. 

D. After all other entries that are smaller than the new entry. 

In the array version of the Stack class, which operations require linear time for their worst-case behavior? 

A. is_empty 

B. peek 

C. pop 

D. push when the stack is below capacity 

E. None of these operations require linear time. 

In the linked-list version of the Stack class, which operations require linear time for their worst-case behavior? 

A. is_empty 

B. peek 

C. pop 

D. push 

E. None of these operations require linear time. 

More Complex 

Stack Applications  

What is the value of the postfix expression 6 3 2 4 + - *: 

A. Something between -15 and -100 

B. Something between -5 and -15 

C. Something between 5 and -5 

D. Something between 5 and 15 

E. Something between 15 and 100 

Here is an infix expression: 4+3*(6*3-12). Suppose that we are using the usual Stack algorithm to convert the expression from infix to postfix notation. What is the maximum number of symbols that will appear on the stack AT ONE TIME during the conversion of this expression? 

A. 1 

B. 2 

C. 3 

D. 4 

E. 5 

Linked List Fundamentals  The IntNode class: 

public class IntNode

{

   private int data;

   private IntNode link;

   ...

}

What are the steps to inserting a new item at the head of a linked list? Use one short English sentence for each step. 

Suppose that p is a reference to an IntNode in a linked list, and it is not the tail node. What are the steps to removing the node after p? Use one short English sentence for each step. 

Suppose we are using the usual IntNode class (with instance variables called data and link). Your program is using an IntNode variable called head to refer to the first node of a linked list (or head is null for the empty list). Write a few lines of Java code that will print all the double numbers on the list. 

Suppose we are using the usual IntNode class (with instance variables called data and link), and that locate is refering to a node in a linked list. Write an assignment statement that will make locate refer to the next node in the list (if there is one). If there is no next node, then your assignment statement should set locate to null. 

Implement the following method as a new static method for the IntNode class. (Use the usual IntNode class with instance variables called data and link.) 

    public static int count42s(IntNode head)

    // Precondition: head is the head reference of a linked list.

    // The list might be empty or it might be non-empty.

    // Postcondition: The return value is the number of occurrences

    // of 42 in the data field of a node on the linked list.

    // The list itself is unchanged.

Implement the following method as a new static method for the IntNode class. (Use the usual IntNode definition with instance variables called data and link.) 

    public static boolean has42(IntNode head)

    // Precondition: head is the head reference of a linked list.

    // The list might be empty or it might be non-empty.

    // Postcondition: The return value is true if the list has at least

    // one occurrence of the number 42 in the data part of a node.

Implement the following method as a new method for the IntNode class. (Use the usual IntNode definition with instance variables called data and link.) 

    public static boolean all42s(IntNode head)

    // Precondition: head is the head reference of a linked list.

    // The list might be empty or it might be non-empty.

    // Postcondition: The return value is true if every node in the

    // list contains 42 in the data part. NOTE: If the list is empty,

    // then the method returns true.

Implement the following method as a new stati method for the IntNode class. (Use the usual IntNode definition with instance variables called data and link.) 

    public static int sum(IntNode head)

    // Precondition: head is the head reference of a linked list.

    // The list might be empty or it might be non-empty.

    // Postcondition: The return value is the sum of all the data components

    // of all the nodes. NOTE: If the list is empty, the method returns 0.

Implement the following method as a new static method for the IntNode class. (Use the usual IntNode definition with instance variables called data and link.) 

    public static int product(IntNode head)

    // Precondition: head is the head reference of a linked list.

    // The list might be empty or it might be non-empty.

    // Postcondition: The return value is the product of all the data components

    // of all the nodes. NOTE: If the list is empty, the method returns 1.

Implement the following method as a new static method for the IntNode class. (Use the usual IntNode definition with instance variables called data and link.) 

    public static void listTailInsert(IntNode head, int entry)

    // Precondition: head is the head reference of a non-empty

    // linked list.

    // Postcondition: A new node has been added at the tail end

    // of the list. The data in the new node is taken from the

    // parameter called entry.

Implement the following method as a new static method for the IntNode class. (Use the usual Node definition with instance variables called data and link.) 

    public static boolean dataIsOn(IntNode head, IntNode p)

    // Precondition: head is the head reference of a linked list

    // (which might be empty, or might be non-empty). The parameter p

    // is a non-null reference to some IntNode on some linked list.

    // Postcondition: The return value is true if the data in p

    // appears somewhere in a data field of a node in head's

    // linked list. Otherwise the return value is false.

    // None of the nodes on any lists are changed.

Implement the following method as a new static method for the IntNode class. (Use the usual Node definition with instance variables called data and link.) 

    public static boolean isOn(IntNode head, IntNode p)

    // Precondition: head is the head reference of a linked list

    // (which might be empty, or might be non-empty). The parameter p

    // is a non-null reference to some IntNode on some linked list.

    // Postcondition: The return value is true if p actually points to

    // one of the IntNodes in the head's linked list. For example,

    // p might point to the head node of this list, or the second node,

    // or the third node, and so on. Otherwise the return value is

    // false. None of the nodes on any lists are changed.

Implement the following method as a new method for the IntNode class. Do not call any of the other class methods from within your implementation, except for the constructor. (Use the usual IntrNode definition with instance variables called data and link.) 

    public void listInsertZero(IntNode previous)

    // Precondition: previous is a reference to a node on a linked list.

    // Postcondition: A new node has been added to the list after

    // the node that previous refers to. The new node contains 0.

Suppose that p, q, and r are all references to nodes in a linked list with 15 nodes. The variable p refers to the first node, q refers to the 8th node, and r refers to the last node. Write a few lines of code that will make a new copy of the list. You code should set THREE new variables called x, y, and z so that: x refers to the first node of the copy, y refers to the 8th node of the copy, and z refers to the last node of the copy. Your code may NOT contain any loops, but it can use the other IntNode methods. 

The Bag ADT 

with a Linked List  

Suppose that a and b are IntNode variables. Write one clear sentence to tell me when the expression (a==b) will be true. 

Compare the worst-case big-O time analysis for these two methods: The add method for the Bag that is implemented using an array, and the add method for the Bag that is implemented using a linked list. 

Compare the worst-case big-O time analysis for these two methods: The remove method for the Bag that is implemented using a fixed-sized array, and the remove method for the Bag that is implemented using a linked list. 

The Sequence ADT 

with a Linked List  

Tell me about one of the Sequence operations that is more efficient because the class keeps a tail reference as a private instance variable. Provide a specific example showing why the operation would be less efficient without the tail reference. 

Tell me about one of the Sequence operations that is easier to program because the class keeps a precursor (rather than just a cursor). Provide a specific example showing why the operation would be harder to program without the precursor. 

Compare the worst-case big-O time analysis for these two methods: The addBefore method for the Sequence that is implemented using an array, and the addBefore method for the Sequence that is implemented using a linked list. 

Compare the worst-case big-O time analysis for these two methods: The remove method for the Sequence that is implemented using an array, and the remove method for the Sequence that is implemented using a linked list. 

Arrays vs. 

Linked Lists vs. 

Doubly Linked Lists  

Write a class definition that could be used to define a node in a doubly linked list. Include only the instance variables, not the methods. Also write one sentence to describe a situation when a doubly linked list is appropriate. 

Describe a situation where storing items in an array is clearly better than storing items on a linked list. 

Linked List Fundamentals  The IntNode definition: 

public class IntNode

{

    int data;

    IntNode link;

    ...

}

Suppose cursor refers to a node in a linked list (using the IntNode class with instance variables called data and link). What statement changes cursor so that it refers to the next node? 

A. cursor++; 

B. cursor = link; 

C. cursor += link; 

D. cursor = cursor.link; 

Suppose cursor refers to a node in a linked list (using the Node class with instance variables called data and link). What boolean expression will be true when cursor refers to the tail node of the list? 

A. (cursor == null) 

B. (cursor.link == null) 

C. (cursor.data == null) 

D. (cursor.data == 0.0) 

E. None of the above. 

Which boolean expression indicates whether the numbers in two nodes (p and q) are the same. Assume that neither p nor q is null. 

A. p == q 

B. p.data == q.data 

C. p.link == q.link 

D. None of the above. 

Suppose that p is a reference variable that contains the null reference. What happens at runtime if the program tries to activate a method of p? 

A. IllegalArgumentException 

B. IllegalStateException 

C. NullPointerException 

D. The results are unpredictable. 

Suppose that a method has one node as a parameter and it returns two references to nodes. What's the best header for the method? 

A. IntNode foo(IntNode p) 

B. IntNode, IntNode foo(IntNode p) 

C. IntNode[ ] foo(IntNode p) 

D. void foo(IntNode p, IntNode answer1, IntNode answer2) 

Multiple Choice

The Bag ADT with 

with a Linked List  

In the linked list version of the Bag class an instance variable manyNodes is used to keep track of how long the linked list is. Why not just make a call to the IntNode method listLength()? 

A. The listLength() method is O(n) and the alternative is O(1). 

B. The listLength() method is private. 

C. The listLength() method results in an infinite loop for circular lists. 

D. The listLength() method works only for lists of integers. 

Suppose that the Bag is implemented with a linked list. Which of these operations are likely to have a constant worst-case time? 

A. add 

B. countOccurrences 

C. remove 

D. None of (A), (B), and (C) have a constant worst-case time 

E. TWO of (A), (B), and (C) have a constant worst-case time 

F. ALL of (A), (B), and (C) have a constant worst-case time 

What is the expression for generating a pseudorandom number in the range 1...N? 

A. (int) (Math.random() * N); 

B. (int) (Math.random() / N); 

C. (int) (Math.random() * (N + 1)); 

D. (int) (Math.random() / (N + 1)); 

E. (int) (Math.random() * N) + 1; 

Which expression computes a pseudorandom integer between -10 and 10 using rand() from stdlib.h? 

A. (int) (Math.random( ) * 20) - 10 

B. (int) (Math.random( ) * 21) - 10 

C. (int) (Math.random( ) * 22) - 10 

D. (int) (Math.random( ) * 20) - 11 

E. (int) (Math.random( ) * 21) - 11 

The Sequence ADT 

with a Linked List  

For the linked-list version of the Sequence ADT, which operations are constant time operations in the worst case? 

A. addAfter is constant time, but not addBefore 

B. addBefore is constant time, but not addAfter 

C. Both addAfter and addBefore are constant time 

D. Neither addAfter nor addBefore are constant time 

Suppose that the Sequence is implemented with a linked list. Which of these operations are likely to have a constant worst-case time? 

A. addBefore 

B. countOccurrences 

C. remove 

D. None of (A), (B), and (C) have a constant worst-case time 

E. TWO of (A), (B), and (C) have a constant worst-case time 

F. ALL of (A), (B), and (C) have a constant worst-case time 

What is the output of these statements, using your Sequence ADT implemented as a linked list: 

    DoubleLinkedSeq x = new DoubleLinkedSeq( );

    DoubleLinkedSeq y = new DoubleLinkedSeq( );

    x.addBefore(41);    // Inserts 41 into the list x

    x.addBefore(42);    // Inserts 42, so that x is now 42, 41 with cursor at front

    y = (DoubleLinkedSeq) x.clone( );

    x.addAfter(43);     // Attaches 43 so that x is now 42, 43, 41 with cursor at 43

    y.advance( );

    System.out.println("y size is " + y.size( ));

    System.out.println(" and y current item is " + y.current( ));

A. y size is 2 and y current item is 41. 

B. y size is 2 and y current item is 43. 

C. y size is 3 and y current item is 41. 

D. y size is 3 and y current item is 43. 

E. None of the above. 

Suppose that you forgot to write the extra work after super.clone in your implementation of the sequence clone method. What is the most likely output from the previous question? 

A. y size is 2 and y current item is 41. 

B. y size is 2 and y current item is 43. 

C. y size is 3 and y current item is 41. 

D. y size is 3 and y current item is 43. 

E. None of the above. 

Arrays vs. 

Linked Lists vs. 

Doubly Linked Lists  

What kind of list is best to answer questions such as "What is the item at position n?" 

A. Lists implemented with an array. 

B. Doubly-linked lists. 

C. Singly-linked lists. 

D. Doubly-linked or singly-linked lists are equally best 

A Review of Java Arrays  

Write a Java method called zero_some with one parameter x that is an array of double numbers. The method changes x[0], x[2], x[4], ... all to zero. If you activate zero_some(a) for an actual array a, will some components of a be changed to zero? 

Write a fragment of Java code that creates an array of 42 integers and puts the numbers 0, 10, 20, ... in the components of the array. 

Draw a picture of memory after these statements: 

    int[ ] m = new int[2];

    m[0] = 0;

    m[1] = 1;

    int[ ] p = m;

    p[0] = 4;

    p[0] = 5;

Draw a picture of memory after these statements: 

    int[ ] m = new int[2];

    m[0] = 0;

    m[1] = 1;

    int[ ] p = (int[ ]) m.clone( );

    p[0] = 4;

    p[0] = 5;

The Bag ADT  

What happens if you call new but the heap is out of memory? 

Suppose that you are storing a collection of items in a partially-filled array. You will declare the array with some initial size. What else must you keep track of? 

Consider the Bag from Chapter 3 (using an array). What happens if the insert method is activated, and the array is already full? Does the method work even if the array had a weird length of zero? 

Chapter 3 provides a Bag class that stores the items in an array. Use an example with pictures to explain what goes wrong if we implement the clone method by activating super.clone and then forget to do additional work of creating a new array for the clone. 

Consider the Bag from Chapter 3 (using an array). The reference to the array is an instance variable called data, and the number of elements in the partially-filled array is the instance variable manyItems. Write the following new method: 

    public void triple_capacity( )

    // Postcondition: The capacity of this Bag's array has been

    // tripled. This Bag still contains the same items that it previously

    // had.

Do not use the ensureCapacity method. Do use System.arraycopy. 

Short Answers 

Section 3.3 

The Sequence ADT  

Suppose that I have the following declarations: 

    int[ ] data = new int[100];

    int i;

Write a small segment of Java code that will shift data[50]...data[98] up one spot to the locations data[51]...data[99]. Then insert the number 42 at location data[50]. Use a for loop (not System.arraycopy). 

Suppose that I have the following declarations: 

    int[ ] data = new int[100];

    int i;

Write a small segment of Java code that will shift data[51]...data[99] down one spot to the locations data[50]...data[98]. The value of data[99] remains at its original value. Use a for loop (not System.arraycopy). 

Multiple Choice

Multiple Choice 

Section 3.1 

A Review of Java Arrays  

Suppose I have int b = new int[42]. What are the highest and lowest legal array indexes for b? 

A. 0 and 41 

B. 0 and 42 

C. 1 and 41 

D. 1 and 42 

Consider the following statements: 

    int[ ] p = new int[100];

    int[ ] s = p;

After these statements, which of the following statements will change the last value of p to 75? 

A. p[99] = 75; 

B. p[100] = 75; 

C. s[99] = 75; 

D. s[100] = 75; 

E. Two or more of the answers will change i to 75. 

Consider the following statements: 

    int[ ] p = new int[100];

    int[ ] s = (int[ ]) p.clone( );

After these statements, which of the following statements will change the last value of p to 75? 

A. p[99] = 75; 

B. p[100] = 75; 

C. s[99] = 75; 

D. s[100] = 75; 

E. Two or more of the answers will change i to 75. 

Which is the best approach to copying elements from part of one array b to another array c? 

A. Use a for loop. 

B. Use b.clone( ). 

C. Use the assignment operator c = b. 

D. Use System.arraycopy. 

Suppose we have this method: 

   public static foo(int[ ] b)

   {

      b[0]++;

   }

What is printed by these statements? 

   int[ ] x = new int[100];

   x[0] = 2;

   foo(x);

   System.out.println(x[0]);

A. 0 

B. 1 

C. 2 

D. 3 

Suppose you have the following function prototype and variable declaration: 

    public void goop(int[ ] z)

    int[ ] x = new int[10];

Which is the correct way to call the goop method with x as the argument: 

A. goop(x); 

B. goop(x[ ]); 

C. goop(x[10]); 

D. goop(&x); 

E. goop(&x[ ]); 

Multiple Choice 

Section 3.2 

The Bag ADT  

Which statement is true for the Chapter 3 bag (with an array)? 

A. A programmer who uses the bag must call ensureCapacity as items are added, otherwise the bag might not be big enough for more items. 

B. A programmer may optionally call ensureCapacity, but if he doesn't then the bag will grow as more items are added. 

Who needs to know about the invariant of an ADT? 

A. Only the programmer who implements the class for the ADT. 

B. Only the programmer who uses the class for the ADT. 

C. Both the programmer who implements the class and the programmer who uses the class. 

D. Neither the programmer who implements the class nor the programmer who uses the class. 

Suppose that the Bag is implemented with an array. Which of these operations will always have a constant worst-case time? 

A. add 

B. countOccurrences 

C. remove 

D. None of (A), (B), and (C) have a constant worst-case time 

E. TWO of (A), (B), and (C) have a constant worst-case time 

F. ALL of (A), (B), and (C) have a constant worst-case time 

Suppose that the Bag is implemented with an array and that you have two Bags b1 (with size n1) and b2 (with size n2). The capacity of b1 is currently n1+n2, and the capacity of b2 is currently just n2. What are the time requirements for b1.addAll(b2)? What 

A. O(n1) 

B. O(n2) 

C. O(n1+n2) 

D. O(n1*n2) 

Suppose that the Bag is implemented with an array and that you have two Bags b1 (with size n1) and b2 (with size n2). The capacity of b1 is currently n1+n2, and the capacity of b2 is currently just n2. What are the time requirements for b2.addAll(b1)? What 

A. O(n1) 

B. O(n2) 

C. O(n1+n2) 

D. O(n1*n2) 

Suppose that the Bag class is efficiently implemented with an array with a capacity of 4000, as in Chapter 3 of the class notes. Choose the best description of b's instance variables after we execute these statements: 

    Bag b;

    b.add(5);

    b.add(4);

    b.add(6);

What will be the values of b.manyItems and b.data after the statements? 

A. b.manyItems is 3, b.data[0] is 4, b.data[1] is 5, and b.data[2] is 6 

B. b.manyItems is 3, b.data[0] is 5, b.data[1] is 4, and b.data[2] is 6 

C. b.manyItems is 3, b.data[0] is 6, b.data[1] is 4, and b.data[2] is 5 

D. b.manyItems is 3, b.data[0] is 6, b.data[1] is 5, and b.data[2] is 4 

Suppose that the Bag class is efficiently implemented with an array with a capacity of 4000, as in Chapter 3 of the class notes. We execute these statements: 

    Bag b;

    b.add(5);

    b.add(4);

    b.add(6);

    b.remove(5);

What will be the values of b.manyItems and b.data after the statements? 

A. b.manyItems is 2, b.data[0] is 4, b.data[1] is 6 

B. b.manyItems is 2, b.data[0] is 6, b.data[1] is 4 

C. b.manyItems is 3, b.data[0] is 4, b.data[1] is 6 

D. b.manyItems is 3, b.data[0] is 6, b.data[1] is 4 

I have an array named data, which contains n integers. I want to print all of the numbers, starting at data[0]. BUT if the number 42 occurs, then I want to stop my printing just before the 42 (without printing the 42!) Here is most of my for-loop to accomplish my goal: 

    for (i = 0;  ___________________________________________; i++)

       System.out.println(data[i]);

What is the correct way to fill in the blank? (If there is more than one correct answer, please select E.) 

A. (data[i] != 42) && (i < n) 

B. (data[i] != 42) || (i < n) 

C. (i < n) && (data[i] != 42) 

D. (i < n) || (data[i] != 42) 

E. More than one of the above answers is correct. 

Here is a small function that uses the Bag class from Chapter 3: 

    public static void quiz( )

    {

        int i;                               // Line 1

        IntArrayBag b = new IntArrayBag( );  // Line 2

        b.add(42);                           // Line 3

        i = b.size( );                       // Line 4

        System.out.println(i);               // Line 5

    }

When is the Bag's array created? 

A. During the execution of Line 2. 

B. During the execution of Line 3. 

C. Just after Line 4 and before line 5. 

D. After Line 5. 

Multiple Choice 

Section 3.3 

The Sequence ADT  

In Chapter 3, there was a suggested implementation of the Sequence class with these private member variables: 

    class Sequence

    {

        int[ ] data;

        int manyItems;

        int currentIndex;

    };

The Sequence's constructor creates a new array for data to refer to, but does not place any values in the data array. Why? 

A. The first activation of addAfter or addBefore initializes the entire array. 

B. The array initialization was part of the project that was left to the student. 

C. The programmer who uses the Sequence is responsible for initializing the array. 

D. When a Sequence is first created, none of the array is being used. 

This question is appropriate if you implemented the Sequence class. The Sequences's addBefore member method normally puts a new item before the current item. What does addBefore do if there is no current item? 

A. The addBefore precondition is violated. 

B. The new item is put at the beginning of the list. 

C. The new item is put at the end of the list. 

D. None of the above. 

Suppose that the Sequence is implemented with an array. Which of these operations are likely to have a constant worst-case time? 

A. addBefore 

B. countOccurrences 

C. remove 

D. None of (A), (B), and (C) have a constant worst-case time 

E. TWO of (A), (B), and (C) have a constant worst-case time 

F. ALL of (A), (B), and (C) have a constant worst-case time 

Suppose the Bag and Sequence are both implemented with an array as in Chapter 3. What is the difference between the private instance variables of the Bag and the private instance variables of the Sequence? 

A. The Bag has an extra array of integers. 

B. The Bag has one extra int instance variable. 

C. The Sequence has an extra array of integers. 

D. The Sequence has one extra int instance variable. 

Suppose that the Bag and the Sequence have both been implemented with partially filled arrays. Which statement is true about the worst-case run time of the remove operations. 

A. Both removal methods have constant worst-case run times. 

B. The Bag's removal is constant time, but the Sequence's removal is not. 

C. The Sequence's removal is constant time, but the Bag's removal is not. 

D. Neither removal method has constant worst-case run time. 

