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ZFB VICTORIA

EXAMINATIONS — 2006
SUMMER TRIMESTER

COMP103

Introduction to
Data Structures and Algorithms

Time Allowed: 3 Hours

Instructions: 1. Attemptall of the questions.
2. Read each question carefully before attemptin¢gStiggestion: You do not have
to answer the questions in the order shown. Do the questmn§iyd easiest first.)
3. This examination will be marked out B0 marks, so allocate approximately 1
minute per mark.
4. Write your answers in the boxes in this test paper and hanlii sheets.
5. Non-electronic foreign language-English translatiortiditaries are permitted.
6. Calculators ar@ot permitted.
7. There is documentation on the relevant Java classes amthogs at the end of
the exam paper.

Questions Marks
1. Basic Questions [18]
2. Sorting [20]
3. Analysis of Algorithms [15]
4. Programming with Collections [15]
5. Binary Search Trees [25]
6. General Trees [18]
7. Heaps [23]
8. Priority Queues [18]
9. Hashing [18]
10. Graphs [10]
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Question 1. Basic Questions [18 marks]

(a) [2 marks] Which collection type keeps items in order, buyailows you to add elements at one
end and remove them from the other end?

| Queue

(b) [2 marks] Suppose an array contains n items (in order). WWataEeworst case asymptotic (“Big
O”) cost of the binary search algorithm?

o( | log(n))

(c) [2 marks] Name a sorting algorithm withweorst case asymptotic (“Big O”) cost of @(og(n)).

| Merge Sort or Heap Sort

Consider the diagram below of a variable containing a link&d Assume that each node of the list
has the fields item and next.

linkedlist

A o B o C O4—p amn —P Z .

(d) [2 marks] What is thevorst case asymptotic (“Big O”) cost of removing the last item frdme
above linked list?

o | n

(e)[2 marks] What is the value of linkedlist.next.next.itentle above linked list?

| o

(Question 1 continued on next page)
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(Question 1 continued)

(f) [2 marks] State the defining features of Set, Bag, and Map.

(9) [2 marks] Can we have duplicates in a Binary Search Tree?

|No

(h) [2 marks] If we are adding a value to a Hash Table using bucketsthe first bucket we look at
already contains a value, where do we put the value?

| In the bucket

(i) [2 marks] Draw adirectedgraph containing five nodes and five edges.

O
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Question 2. Sorting [15 marks]

The code on this page shows two sorting algorithms discuss#te lectures, Insertion Sort and

Quick Sort. You may find it useful to refer to these functiossyau answer the questions in this

section.PrintArray is a method that prints out the contents of the array. Thetmunssthat follow
will make reference to this print statement.

The following is an implementation of Insertion Sort:

public void insertionSort(E[] data, int size, Conparator<kE> comp){
for (int i=1; i<size; i++) {

Eitem= data[i];

int place = i;

while (place > 0 & & conp.conpare(item data[place-1]) < 0) {
dat a[ pl ace] = dat a[ pl ace-1];
pl ace- -;

}

data[ pl ace] = item

Systemout.print(i + ":: ");

Print Array(data); [ <------ The print statenent

}

The following is an implementation of Recursive Quick Sdrhere are many correct implementa-

tions of partition, two were discussed in the lectures:

public void quickSort(E[] data, int |low, int high, Conparator<kE> conp) {
i f(hi gh-1ow?2)

return; /] base case
el se {
int md = partition(data, |ow, high, conp);
Print Array(data); [ <------ The print statenent

qui ckSort(data, | ow, m d-1, conp);
qui ckSort (data, m d, hi gh, conmp);

(Question 2 continued on next page)
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(Question 2 continued)

(a) [8 marks] Suppose an array containing the following valge® ibe sorted using Insertion Sort.
Show the state of the array printed by the first 5 callBtimtArray. Refer to the code at the start of
the sorting question to find out exactly when PrintArray ibech

Matlab C++ Algol | Pascal | Haskell | Ruby |Smalltalk | Fortran Java

0 1 2 3 4 5 6 7 8

after I:| C++ | Matlab | Algol | Pascal | Haskell| Ruby [Smalltalk| Fortran | Java
0 1 2 3 4 5 6 7 8

after 2:| Algol | C++ | Matlab | Pascal | Haskell| Ruby [Smalltalk| Fortran | Java
0 1 2 3 4 5 6 7 8

after 3:| Algol | C++ | Matlab | Pascal | Haskell| Ruby |Smalltalk| Fortran | Java
0 1 2 3 4 5 6 7 8

after 4:| Algol | C++ | Haskell| Matlab | Pascal | Ruby |Smalltalk| Fortran | Java

0 1 2 3 4 5 6 7 8

after 5:| Algol | C++ | Haskell| Matlab | Pascal | Ruby |Smalltalk| Fortran | Java
0 1 2 3 4 5 6 7 8

(Question 2 continued on next page)
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(Question 2 continued)

(b) [12 marks] Suppose an array containing the following valags be sorted.

Matlab C++ Algol | Pascal | Haskell | Ruby |Smalltalk | Fortran Java
0 1 2 3 4 5 6 7 8

Your co-worker has tried to sort the array by implementiraursive Quick Sort, but there are prob-
lems and the array was not sorted correctly. As the array doeshange in the base case, your
co-worker has given you an output of the contents of the afi@y each call to partition. Each step
shows the values used for low, high, and pivot in that stegyMould like you to help them debug
their algorithm. For each step, if there are any errors irathay, circle the errors and write an expla-
nation of why they indicate errors. You should ignore ertbis resulted from earlier steps, when
highlighting the errors in later steps. To make it easieyrym-worker has also labelled each item
with a number indicating its correct position in the arrayot®&l the code shown at the start of the
sorting question section is a correct implementation afirgge quick sort, it is not your co-workers
incorrect implementation.

4 Java )0 Algol| 1 C++ |2 Fortran |3 Haskell 7 Ruby |8 Smalltalk | 6 Pascal|5 Matlab
1 2 3 4 5 6 7 8 9
low pivot high
Explanation: Partition is wrong, 4 Java should be on right of Haskell, as Haskell is Pivot
and Java > Haskell.

0 Algol| 1 C++ |2 Fortran| 4 Java |3 Haskell 7 Ruby |8 Smalltalk | 6 Pascall5 Matlab

0 1 2 3 4 5 6 7 8 9
low pivot high
Explanation:

// —
0 Algol| 1 C++ |2 Fortran| 4 Java |3 Haskel Q/Iatlab 6 Pascal(8 Smalltalk | 7 Ruby >
0 1 2 3 4 3 6 =% 9
low pivot high
Explanation: Wrong order of recursion, should go depth first, should do all of left half
before starting on right half. Should have been doing low=0, high=2.

S

g ~
0 Algol| 1 C++ |2Fortran| 4 Java |3 Haskell5 Matlab |6 Pascal| 7 Ruby |8 Smalltalk
N

-~
0 1 2 3 4 5 6 T 3% 9
low pivot  high

Explanation: Changing order outside of range of low to high.

0 Algol| 1 C++ |2 Fortran| 4 Java |3 Haskelll5 Matlab |6 Pascal| 7 Ruby |8 Smalltalk

0 1 2 3 4 5 6 7 8 9
low pivot high

Explanation:
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Question 3. Analysis of Algorithms [15 marks]

For each of the following code fragments, assume that data &ray containing n int values
data.length is n).

(i.e.,

(@) [4 marks] How many lines of data values will be printed out avitht is the asymptotic (“Big

O”) cost expressed in terms of n?

for(int i = 0; i < data.length; i++)
for(int j =0; j < data.length; j++)
Systemout.println(datalj]);

statement is rum x n = n2.
Number oflinesl n2

“Big O” Cost: O( | n? )

| The outer loop runs n times, and the inner loop runs n timas, tiatal the priht

(b) [5 marks] How many lines of data values will be printed out avitht is the asymptotic (“
O”) cost expressed in terms of n?

Big

for(int i =0; i < data.length; i++)
for(int j =0; j <i; j++)
Systemout.printin(datalj]);

| For the first time around the outer loop (i=0), the inner loops 0 times, on
second time around the outer loop (i=1), the inner loop rumsé&, and each ti
the number of times the inner loop runs is 1 longer than thie TE%e outer lo
runs n times, so the print statement is g 2 + ... + n — 1 times. Which

using the summation from the appendix is equa?—*t%i). To calculate the F
O cost, this can be expandedifo— 5, but multiplying constants and lower o
terms are dropped from Big O cost, which leaves the Big O osta

Number of Iinesl @

“Big O” Cost: O( | n> )

the
me
DP

DYy

rder
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(c) [6 marks] How many lines of data values will be printed out avitht is the asymptotic (“Big
O”) cost expressed in terms of n?

for(int i = 0; i < data.length; i++)
for(int j =i+1;, j >i; j--)
for(int k = data.length; k >j; k--)

Systemout. printlin(datalj]);

| The middle loop always runs exactly once and so can be ignofée outer
loop runs n times. The inner most loop runs in the same fasdgon the previqus
guestion, but in reverse order. First time it runs n-1 tintlken n-2, then n-3,|all
the way down to 3, 2, 1 times. So the answer is exactly the sanmethe previgus
guestion.

1)

Number of Iinesl "*(%

“Big O” Cost: O( | n? )
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Question 4. Programming with Collections [15 marks]

(a) [5 marks]printFile is a method that reads a file, one line at a time, and then wrtites to the
screen. You are to complete the metipoohtReverseFile, which reads a file, one line at a time, and
then prints it out in reverse order. Your code must use tha 3#ack Collection to reverse the order
of the items.

public void printFile(File file) {
try {
Scanner scanner = new Scanner(file);
whi | e(scanner. hasNext Li ne()) {
String line = scanner. nextLine();
Systemout. println(line);
}

}
cat ch(Fi | eNot FoundExcepti on e){}

public void printReverseFile(File file) {
Stack<String> stack = new Stack<String>();
try {
Scanner scanner = new Scanner(file);
whi | e(scanner. hasNext Li ne()) {
String line = scanner. nextLine();
st ack. push(line);
}
}
cat ch( Fi | eNot FoundException e) {}

whi | e(!stack. empty()) {
Systemout. println(stack.pop());

}

(b) [10 marks] A small company has one video camera and they witeltb make a simple system
for keeping track of reservations for use of the camera. & Iseat most one reservation of the camera
for any one date. The reservation system needs to have tletheds. You are to complete the code
below to implement these three methods and to define thectiolketo hold the reservations.

The first method is makeReservation, which takes a date ame,n@nd either makes the booking
and prints out that the booking has been made or it says thalate has already been booked.

The second method is checkReservation, which takes a dategidner prints out that there is no
booking for that date, or prints out who has reserved the camethat date.

The third method is bookingSummary, which prints out a sumnod who has bookings in the
system. It should print out the names of all the people witbkioagys in the system, and along with
each name should be the number of bookings that person Haes siystem.

COMP103 9 continued...
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public class Reservati onSystem {

private Map<Date, String> reservations = new HashMap<Date, String>();

public void makeReservation(Date date, String name) {
i f(reservations. contai nskey(date)) {
Systemout. println("Date al ready booked.");
}
el se {
reservations. put (date, nane);

Systemout. println("Your reservation has been made.");

}
}

public void checkReservation(Date date) {
if(!reservations.containskKey(date)) {
Systemout. println("No booking on that date.");
}

el se {

Systemout.println("Reserved for " + reservations. get(date));

}
}

public void booki ngSummary() {
Map<String, |nteger> sunmmary = new HashMap<Stri ng,
for(String nane: reservations.values()) {
i f(!summary. cont ai nsKey( nane))
summary. put (nanme, 0);

int count = sunmary. get (nane);
Systemout. println(count);
sunmmary. put (name, ++count);

}

I nt eger>();

for(Map. Entry<String, Integer> count: sumary.entrySet()) {
Systemout. println(count.getKey() + ": " + count.getValue());

}
}
}

COMP103 10
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Question 5. Binary Search Trees [25 marks]

(a) [3 marks] Draw a Binary Search Tree containing the letter&\GZ, X, P, N, and E. The root
should contain the letter N.

(b) [2 marks] State the difference between Binary Tree and ariBaarch Tree?

(c) [3 marks] Describe the difference between iterative andns#ee algorithm?

(d) [2 marks] Consider removal of a node from a Binary Search Ween the node has two children.
What will happen if during the removal we replace the nodéwito children with rightmost in the
left sub tree instead of leftmost in the right sub tree?

(Question 5 continued on next page)
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(Question 5 continued)

(e)[3 marks] What property must be true of a binary search tr&T(Bor insertion/access/deletion
to have Olog(n)) complexity in all cases?

| 1t must be balanced, (all leaves must be in the bottom twddenfehe tree).

(f) [4 marks] Consider the following diagram of a Set of numberplemented as a Binary Search
Tree. Show, on the diagram, what the tree would look likeefvalues 8, 26, 8, and 84 were added
to the set.

(Question 5 continued on next page)
COMP103 12 continued...
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(Question 5 continued)
(9) [8 marks] In the blank space below, draw what the followinggoy search tree would look like if

the values 6, 28, 21, and 47 were removed, in that order. Higeethe removal algorithm presented
in class or state clearly the algorithm you are using.

COMP103 13 continued...
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Question 6. General Trees [18 marks]

(a) [4 marks] Write out the order in which nodes would be visitgdabdepth-first right-to-left,
in-ordertraversal of the following general tree

(b) [2 marks] Iterative depth-first traversal uses explicitktdt is missing from a recursive traversal.
Where is the stack when doing depth-first recursively?

(Question 6 continued on next page)
COMP103 14 continued...
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(Question 6 continued)

(c) [5 marks] Given a GeneralTree implementation (this is theesas GeneralTree used in assign-
ment 7), complete the following method that returns the sfzée tree.

public class Ceneral Tree<KeyType> {
private KeyType _root Val ue;
private Set<General Tree<KeyType>> _children;

public int size() {

}

(d) [2 marks] Why does an in-order traversal of a ternary treeenmaksense?

(Question 6 continued on next page)
COMP103 15 continued...
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(Question 6 continued)

(e)[5 marks] The followingraversal method below does a depth first traversal of a binary treegusin
a stack.

public static void traversal (TreeNode start) {
St ack<Tr eeNode> toVisit = new Stack<TreeNode>();
toVisit.push(start);
while (!toVisit.isEmpty()) {
TreeNode current = toVisit.pop();
Systemout. println(current.val ue);
if (current.getLeft() !'=null)
toVisit.push(current.getlLeft());
if (current.getRight() !'= null)
toVisit.push(current.getRight());

Supposeraversal is called on the following tree:

Draw the contents of the stack immediately after noddnas been added to the stack.

Stack:

COMP103 16 continued...
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Question 7. Heaps [23 marks]

(a) [4 marks] Suppose a priority queue is implemented as a heaw the heap after the following
data items have been inserted. The letter is the value, @wlttmber in brackets is the priority.

Dataltems: X (3), B(@2), C(7), T®@)
Hint: draw this heap as a tree rather than as an array.

(b) [3 marks] Draw the new heap after the following data itemsehasen inserted into the heap you
created in question (e).

Dataltems: N(2), E(), L(@2), S(3

TheHeapQueue class is an implementation of priority queues using a heapeenaplete, partially
ordered binary tree in an array.

(c)[2 marks] If a complete partially ordered binary tree is stbin an array, and the index of the
root is 0, what are the indices of the children of the node@xi and the index of the parent of the
node at index?

| @*i+1)and(2*i+2)

(Question 7 continued on next page)
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(Question 7 continued)

(d) [1 mark] If a complete partially ordered binary tree is stbirean array, and the index of the root
is 0, what is the index of the parent of the node at intfex

| (i-1)/2

(e)[6 marks] Complete the followingushup(int i) method that moves the value at indexp the
partially ordered tree into its correct position.
Assume that theleapQueue contains the following fields:

private E[ ] data;
private int count;
private Comparator <E > comp;

wherecomp is a comparator that considers values with higher prioatipe larger than values with
lower priority.

private void pushup(int i){
if (i==0) return;

| int parent = (i-1)/2;
| if (comp.compare(data[parent], data[i]) < 0)}

E temp = data[i];
data[i] = data[parent];
data[parent] = temp;

pushup(parent);

COMP103 18 continued...



StudentID: ...............

(Question 7 continued on next page)
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(Question 7 continued)

Suppose a heap contains the following items:

/\ /\

ke o

(f) [4 marks] Draw the new heap aftdequeue(has been called twice on the heap above.

(9) [3 marks] Draw the heap aftelequeue(has been called another two times on the heap resulting
from the previous question.

COMP103 20 continued...



StudentID: ...............

Question 8. Priority Queues [18 marks]

This question concernsManagePatients program that helps a hospital keep track of the patients it
has to treat in the waiting room. The hospital processeematin order of their priority, so the
ManagePatients program uses a priority queue.

The program has three actions:

New Patient Asks the user for the details of a new patient, adds it to tieipr queue, and prints
out its details.

Next Patient Removes the patient at the front of the priority queue andtpout the details of the
patient, or a useful message if there are no more patientsab t

Report Queue Prints the number of patients in the priority queue, andnairtdetails.

TheManagePatients class on the facing page contains an incomplete method¢bradahese actions.

The ManagePatients class uses theatient class described below, and the standaundue interface
described in the appendix.

public class Patient implements Comparable <Patient >{

private String category; //One of "critical”, "urgent”, Or ’non urgent”
private int timeOfArrival; //time of arrival used to calculate waiting time

Ixx Constructor asks the user for the details of a new patient
and fills in the field values/
public Patient(String prompt){

}

/Ix* Returns a String with all the details of the patient
public String getDetails(){

}

(Question 8 continued on next page)
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(Question 8 continued)

(a) [12 marks] Complete the three methods in th@agePatients class below.

COMP103 22 continued...



StudentID: ...............

public class ManagePatients {

/1 Priority queue of all patients
private Queue <Patient> patients= new HeapQueue <Patient >();

public ManagePatients(){

} :
Ixx Get new patient details from user, add it to the queue,

print details to System.outf
public void enqueueNewPatient(){

| Patient p = new Patient(" Enter details for new patient™)
| patients.offer(p);
| System.out.printin(" Enqueued: " +p.getDetails());

}

Ixx Take patient off front of queue and print its details.
If queue is empty, print "No Patientsk/
public void NextPatientToProcess(){

Patient p = patients.poll();
if (p == null)
System.out.printintextArea.append(’ No patients” );

else
| System.out.printintextArea.append(p.getDetails());

}

Ix+ Print how many patients are waiting, and all their details
public void reportQueue(){

| System.out.printin(patients.size() +" patients yet to process:" );
| for (Patient p : patients)
| System.out.printin(p.getDetails());

(Question 8 continued on next page)
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(Question 8 continued)

There are three categories of patients: “critical”, “urgeand “non urgent”. All the “critical”
patients are higher priority than the “urgent” packagesictvtare higher priority than the “non
urgent” packages. Within each category, the patients tied wvaited the longest have the highest
priority.

(b) [6 marks] Two efficient implementations of a priority queue:a
e an array ofQueues, indexed by the priority, one queue for each priority vaarel
e aHeapQueue, using a partially ordered tree in an array.

Given the above definition of priority, which implementatiould be a good choice for tivanage
Patients program? Explain why.

14

| First one. Because there are only three number of possildet@s otherwisg
it is a queue - order of arrival.

COMP103 24 continued...
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Question 9. Hashing [18 marks]

(a) [3 marks] Typically we increase the capacity of a Hash Taltla probing when it is only 70%
full. Why don’t we wait until the Hash Table is 100% full?

| Because the performance, especially for adding new iteeteirbes very
| slow when the Hash Table is nearly full,
| because there are so many collisions.

(b) [2 marks] VUW Student ID’s consist of 8 digits. Most recentdBtart with the digits “3000".
Suggest a good hash function for VUW student ID’s.

(c) [5 marks] Draw the contents of the array after the followifigvhlues are inserted into a Hash
Table that uses an overflow area to handle collisions.
Note: donotincrease the size of the array if the table becomes too full.

Value: IB! IA’ IJ’ IK’ IE’ IS! IL’ IM’ IZ’ IY’
hashed index] 1 6 | 3 0 6 5 1 6 4 1

Main Overflow

(Question 9 continued on next page)
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(Question 9 continued)

TheOpenHashBag class implements thBaginterface using a hash table with probing. Part of its
code is given below.

public class OpenHashBag implements Bag {
private Object[ ] data;
private int count = 0;

public OpenHashBag (int size) {
data = new Object[size];
¥

private int hash(Object val){
if (val == null) throw new NoSuchElementException();
return Math.abs(val.hashCode()) % data.length;

}

(d) [8 marks] Complete the following code for tlkentainsElement method, using linear probing.
containsElement returns true if an element of the Bag matches the argumemetutns false if
there is no matching element in the bag.

public boolean containsElement (Object val) {

COMP103 26 continued...
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Question 10. Graphs [10 marks]

(a) [6 marks] Draw an adjacency list representation of the foithg directed, unweighted graph.

/ e

(o) 2

(Question 10 continued on next page)
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(Question 10 continued)

(b) [2 marks] State one reason why a tree traversal algorithnntmigt work on a directed graph.

| Loops/cycles,
| sources (nodes that have no edges into them)

(c)[2 marks] To turn a tree traversal algorithm into a graphdrasl algorithm, one change you
would usually make is to use an additional Set data structfieat would this Set contain at any
given point during a graph traversal?

| The nodes that have already been visited during the trdversa

kkkkkkkkkkkkkkkkkhkkhkkhkkkkkkkkkkk
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Appendices

Possibly useful formulas:

o 1424344+ +k = HEL

o 14+24+4+8+---42F =211

o a+(atb)+(at2b)+ -+ (atkb) = CHOED

k+1

e a+tas+as?+as’+ .- +ast = L1

Table of base 2 logarithms:

n 1 2 4 8 16 32 64 128 256 512 1024 1,048,576
logn) 0 1 2 3 4 5 6 7 8 9 10 20

Brief (and simplified) specifications of relevant interfaces and classes.

public class Scanner {
public boolean hasNext(); //there is more to read
public String next(); //return the next token (word)
public String nextLine(); //return the next line
public int nextInt(); //return the next integer

}

public interface Iterator<E> {
public boolean hasNext();
public E next();
public void remove();

}

public interface Comparable <E>{
public int compareTo(E 0);
}

public interface Comparator <E > {
public int compare(E o1, E 02);
}

public class Math{
public static double random(); //return a random number between 0.0 and 1.
¥

public interface Collection <E >{
public boolean isEmpty ();
public int size ();
public Iterator<E> iterator ();

}

0




public interface List <E>extends Collection <E>{
/1 Implementations: ArrayList
public E get (int index);
public void set (int index, E element);
public void add (E element);
public void add (int index, E element);
public void remove (int index);
public void remove (Object element);

}
public interface Set extends Collection <E> {
/1 Implementations: ArraySet, SortedArraySet, HashSet
public boolean contains (E element);
public void add (E element);
public void remove (Object element);
}
public interface Map <K, V> {
/1 Implementations: HashMap, TreeMap, ArrayMap
public V get (K key); //returns null if no such key
public void put (K key, V value);
public void remove (K key):;
public Collection<V> values ();
public Set<Map.Entry<K, V> > entrySet ();

public interface Map.Entry <K, V> {
public K getKey ();
public V getValue ();

}

public interface Queue <E >extends Collection <E>{
/1 Implementations: ArrayQueue, LinkedList
public E peek (); //returns null if queue is empty
public E poll (); //returns null if queue is empty
public boolean offer (E element);

}
public class Stack <E >implements Collection <E>{
public E peek ();
public E pop ();
public E push (E element);
public boolean empty ();

}

public class Arrays {
public static <E> void sort(E[ ] ar, Comparator<E> comp);
}

public class Collections {
public static <E > void sort(List <E > list, Comparator<E> comp);
}
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