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Section 1 - Short Questions
1. For each of the following conditions, write a boolean expression that evaluates to true if and only if the[8]

condition expressed in English is true.

(a) The character stored in variable c of type char is a digit.

(b) The value stored in variable i of type int is a multiple of the value stored in the variable j of type int,
or vice versa.

(c) The two String objects s1 and s2 contain exactly the same sequence of characters.

(d) The two double values stored in d1 and d2 are approximately equal, i.e. they differ by at most 0.0001.
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2. For each of the following Java expressions (A to D), provide the data type and the value. Use the appropriate[8]
Java literal to express the value. (All the expressions below are intended to be legal Java expressions, i.e. they
compile. In case a variable definition is omitted, you will need to make a deduction based on the context what
the type of the variable (and value, if important) will be.)

Java Expression Type Value

Example 1: 11.0 + 11.0 double 22.0

Example 2: 11 + 11 int 22

Example 3: "2" + "2" String “22”

Java Expression Type Value

A 3 - 2 * 2 + 1

B !((int) 3.2 == 3)

C "" + ’F’ + ’o’ + ’x’

D (int) x % 5 == 7
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3. For the following question, state what is printed to the screen by each of the following code fragments.[8]

(a)

1 for (int i = 1; i < 5; i++) {
2 System.out.print(i*2 + ", ");
3 }
4 System.out.println("");

Your answer:

(b)

1 char c = ’F’;
2 int i = 0;
3 while (i <= 5) {
4 System.out.print((char) (c - i) + ", ");
5 i++;
6 }
7 System.out.println("");

Your answer:

(c)

1 String coolName = "Elian Fox";
2 int i = 1;
3 while(i <= coolName.length()) {
4 if (coolName.charAt(i-1) == ’ ’) {
5 System.out.print(’*’);
6 } else {
7 System.out.print(coolName.charAt(coolName.length() - i);
8 }
9 i++;

10 }

Your answer:

(d)

1 final int SIZE = 5;
2 for (int i=0; i < SIZE; i++) {
3 for (int j = i; j < SIZE; j++) {
4 System.out.print("*");
5 }
6 System.out.println("");
7 }

Your answer:

Total marks for Section 1: 24
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Section 2 - Long Questions
4. In order to decide the best choice for the next Hollywood blockbuster movie involving super heroes, a survey[12]

was conducted. The participants of the survey were asked to rate the following n super heroes:

1. Batman
2. Superman
3. The Green Lantern
4. Iron Man
5. Wonder Woman
6. Flash
7. The Hulk
8. Thor
9. Spiderman

To vote, each participant submitted a list of n integer numbers (in this particular example n = 9), the value
of each number being comprised between 1 and n. No number was allowed to appear twice in the list.

Once the company had received the votes, they realized that there were two ways of interpreting the submitted
sequences of integer numbers: either they represented the rank of each super hero in order, i.e. the first number
represents the rank of Batman, the second number the rank of Superman, etc..., or they represented the indexes
of the super heroes in order of preference, i.e. if the first numbers were 3,5,9,... it would mean that the preferred
super hero was The Green Lantern, followed by Wonder Woman and Spiderman.

(a) Using a for loop, write a function voteByRank that takes as an argument a String[] names, which
contains a sequence of any length of names of super heroes, and a int[] ranks, which contains a
sequence of ints of the same length as names.length, where all values are different and contained
between 1 and names.length. The function should return a String[] that contains the names of the
super heroes ordered according to the vote.
Example: If the values of array names contains the names of superheroes in the order given above and the
array ranks would contain {6, 3, 1, 5, 7, 8, 4, 9, 2}, the resulting String array should be {”The Green
Lantern”, ”Spiderman”, ”Superman”, ”The Hulk”, ”Iron Man”, ”Batman”, ”Wonder Woman”, ”Flash”,
”Thor”}.

public String[] voteByRank(String[] names, int[] ranks) {

}
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(b) Using a for loop, write a function voteByIndex that takes as an argument a String[] names, which
contains a sequence of any length of names of super heroes, and a int[] indexes, which contains a
sequence of ints of the same length as names.length, where all values are different and contained
between 1 and names.length. The function should return a String[] that contains the names of the
super heroes ordered according to the vote.
Example: If the values of array names contains the names of superheroes in the order given above and the
array indexeswould contain {3, 9, 2, 7, 4, 1, 5, 6, 8}, the resulting String array should be {”The Green
Lantern”, ”Spiderman”, ”Superman”, ”The Hulk”, ”Iron Man”, ”Batman”, ”Wonder Woman”, ”Flash”,
”Thor”}.

public String[] voteByIndex(String[] names, int[] indexes) {

}

(c) Using a for loop, write a function convertFromIndexToRank that takes as an argument a int[]
indexes, and returns a int[] that contains the corresponding ranks.
Example: if the values of array indexes is {2, 4, 3, 1}, the resulting int array should be {4, 1, 3, 2}.

public int[] convertFromIndexToRank(int[] indexes) {

}
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5. In this question, you will be asked to calculate the area of the triangle ABC displayed below:[14]

A(1.0,1.0)

B(2.5,1.5)

C(2.0,2.0)

H

Your code has to use the two predefined classes: Point2D and Vector2D to do the calculation. They are
defined as follows:

1 public class Point2D
2 {
3 // Creates a Point2D object at coordinates x and y
4 public Point2D(double x, double y) {...}
5
6 // Return a new Point2D object by adding the vector v to the coordinates of the
7 // point that this method is applied to
8 public Point2D moveBy(Vector2D v) {...}
9 }

10
11 public class Vector2D
12 {
13 // Constructs a 2D vector that encodes the distance and direction from A to B
14 public Vector2D(Point2D start, Point2D end) {...}
15
16 // Calculate the length of the 2D vector
17 public double getLength() {...}
18
19 // Returns the vector obtained by projecting the vector the method is applied to

onto vector v
20 public Vector2D projectOnto(Vector2D v) {...}
21 }

Write a piece of code that does the following:

a) Create three Point2D objects that represent the points A, B and C. (The specific coordinates for the points
are in the diagram).

b) Create two Vector2D objects that represent the segments
−−→
AB and

−→
AC.

c) Project the vector
−→
AC onto

−−→
AB to obtain vector

−−→
AH and store it in a variable.

d) Using the vector obtained in the previous step, determine point H.

e) Create a new vector that represents the segment
−−→
HC and store it in a variable.

f) Using
−−→
AB and

−−→
HC, calculate the area of the triangle and print it to the screen.

Reminder: the area of a triangle is calculated as follows: Area = base∗height
2 .
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Write your code here:

Total marks for Section 2: 26
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Section 3 - Programming Questions
Once a year, Prof. Philip Carl Salzman from the Anthropology department of McGill University is carrying out
excavations in Syria, in order to find the oldest traces of prehistoric human activity in the Middle-East. The excavations
reveal many different animal and human bones, and a lot of flints (”silex” in French). A flint is an oriented prehistoric
stone implement (tool), that prehistoric men used for different activities, e.g. cutting, scraping, hunting.

Flints can be classified according to their morphology.

• If a flint’s height exceeds 2 times its width, it is called a blade. If a blade’s height is smaller than 5 cm and its
width smaller than 1.3 cm, it is also called a bladelett. (To clarify the situation, all bladeletts are also blades!)

• The other flints are called flakes. Among flakes, we distinguish between elongated flakes, whose height exceeds
their width, and wide flakes. (To clarify the situation, flakes are either elongated or wide, but not both!)

The flints found in El Kowm (a village in central Syria) last year have been measured, and the height and width of each
flint in cm has been written to a file. The numbers at odd positions (1st number, 3rd number, etc...) in the file represent
the height, the numbers at even positions (2nd number, 4th number, etc...) represent the width of a flint. There are no
data errors or characters in the file, because it was produced by a machine. The size of the file, i.e. how many flints
have been measured, is unknown. However, after the measurements of the last flint, the file ends with the number 0.01.
The file therefore contains an odd number of real numbers.
Write a program FlintAnalyzer which first prompts the user for the name of the file to be analyzed. The program then
reads the height and width of all flints from the file and analyzes their morphology. Once all measurements have been
processed, the total number of flints and the number of flints in each category and their percentage must be displayed
on the screen. The output generated by your program should look like this (the text ”flints.txt” was typed by the user
on the keyboard, the formatting of the percentage values does not matter):

Please enter the name of the file to be processed: flints.txt
Total number of flints processed: 500
- 150 blades (30.0%), 50 (10.0%) of which are bladeletts
- 350 flakes (70.0%), of which 100 (20.0%) are elongated, and 250 (50.0%) are wide

Note: You can use the Scanner class to read numbers from a file instead of the keyboard by instantiating it as follows:
Scanner scan = new Scanner(new File(filename)), where filename is a String.

Hint: To solve this question, you do not need to use arrays.

1Obviously, no flint can have a height or width of 0.0, so there can be no confusion between a flint measurement and the last number in the file.
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Programming Question
6. Write your complete Java program (i.e. complete FlintAnalyzer class with main method) here:[26]
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Continue here if necessary:
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USE THIS PAGE IF YOU NEED ADDITIONAL SPACE. CLEARLY INDICATE WHICH QUESTION(S)
YOU ARE ANSWERING HERE.
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7. A parity bit is a binary digit that is added at the end of a binary number used for ensuring data integrity. It is[24]
used, for instance, to detect transmission errors.

Here is how the value of the parity bit is calculated: the parity bit is set to 1 if the number of ones in a given
number is odd; it is set to 0 otherwise. For example, the parity bit of the 7-bit number 1111000 is 0 because
there are 4 (an even number) of 1s in the 7-bit number. The resulting binary sequence with parity bit added is
therefore 11110000. Here are some other examples of correct numbers:

Original number: 1 Parity bit: 1 Encoded number: 11
Original number: 10011001 Parity bit: 0 Encoded number: 100110010
Original number: 10000001 Parity bit 0 Encoded number: 100000010

When information is transferred over the network or stored on devices such as hard disks, it sometimes happens
that bits are corrupted (meaning that they are unrecognizable as either 0 or 1), for instance because of electro-
magnetic interference. If only one bit of the original number is lost, the parity bit can help to rectify the error.

For instance, given the number 11*01000 (where * stands for a corrupt bit), one can deduce that the missing
bit should be a 1 as there are three 1s present and the parity is 0 indicating that there should be an even number
of 1s present. In the case of the number 10101*101 we know that there should be an odd number of 1s in the
number, and therefore the missing bit is a 1 and the corrected number is 101011101.

(a) What is the missing bit in the number 1011*100?

(b) What is the missing bit in the number 10*00101100110101?

(c) What is the missing bit in the number 1110011*?

(d) Complete the following program, which is supposed to correct any given binary number with an appended
parity bit, provided that there is at most one erroneous bit.

You program should:

• display: ”Invalid input” if the input string does contain a character different from ’0’, ’1’, and ’*’
• display: ”Input corrupted beyond repair” if the input string contains more than one ’*’
• determine the bit value of the missing bit, if any
• display: ”The number is: ” followed by the complete binary number with the parity bit. If the number did

not contain any ’*’ to begin with, simply display the original number here.

In your code, you may use any method of the String class, but you will probably only have to use the
following:

(a) char charAt(int index), which returns the character at position index in the String it is called
on

(b) String replace(char oldChar, char newChar), which creates a new String in which all
occurrences of the character oldChar in the original String are replaced by the character newChar.
If the character oldChar does not occur in this String, the original String object is returned.
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public class Parity {
public static void main(String[] args) {

Scanner keyboard;
String number;

// add more variable declarations here, if needed

// create a scanner object, link it to the keyboard
keyboard = new Scanner(System.in);

// get a binary number from the user... since a digit can also
// be corrupt, a String is read (corrupt bits are represented by a ’*’)
System.out.print("Enter a binary number: ");
number = keyboard.nextLine();

}
}

Total marks for Section 3: 50

Total marks: 100
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USE THIS PAGE IF YOU NEED ADDITIONAL SPACE. CLEARLY INDICATE WHICH QUESTION(S) YOU
ARE ANSWERING HERE.
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SUMMARY OF JAVA STANDARD LIBRARY METHODS FOR SELECTED CLASSES

• String (package java.lang) Methods:

– public boolean equals(Object anObject): Compares this String to anObject.
– public boolean equalsIgnoreCase(String anotherString): Compares, ignoring case considera-

tions, this String to anotherString.
– public int compareTo(String anotherString): Compares this String to anotherString lex-

icographically; returns a negative value if this String occurs before anotherString, a positive value if this
String occurs after anotherString, and 0 if both Strings are equal.

– public int compareToIgnoreCase(String anotherString): Compares, ignoring case considera-
tions, this String to anotherString lexicographically; returns a negative value if this String occurs before
anotherString, a positive value if this String occurs after anotherString, and 0 if both Strings are
equal.

– public char[] toCharArray(): Converts this String to a new character array.
– public char charAt(int index): Returns the character at position index in this String.
– String replace(char oldChar, char newChar): Creates a new String in which all occurrences of

the character oldChar in the original String are replaced by the character newChar. If the character oldChar
does not occur in this String, the original String object is returned.

– int indexOf(char ch): Returns the index position of the first occurrence of the character ch within this
String. If the character does not occur in this String, the method returns -1.

• Scanner (package java.util) Methods:

– public Scanner(InputStream source): Constructs a new Scanner that produces values scanned from
the specified input stream.

– public Scanner(File source): Constructs a new Scanner that produces values scanned from the provided
file.

– public double nextDouble(): Scans the next token of the input as a double.
– public boolean nextBoolean(): Scans the next token of the input as a boolean.
– public int nextInt(): Scans the next token of the input as an int.
– public String nextLine(): Advances this Scanner past the current line and returns the input read.
– public int nextLong(): Scans the next token of the input as an long.

• PrintStream (package java.io) Methods:

– public void print(boolean b): Prints boolean value b.
– public void print(char c): Prints char value c.
– public void print(char[] s): Prints the array of char s.
– public void print(double d): Prints double value d.
– public void print(int i): Prints int value i.
– public void print(Object o): Prints Object o.
– public void print(String s): Prints String s.
– public void println(): Terminates the current line by writing the line separator string.
– public void println(boolean b): Prints boolean value b and then terminates the line.
– public void println(char c): Prints char value c and then terminates the line.
– public void println(char[] s): Prints array of char s and then terminates the line.
– public void println(double d): Prints double value d and then terminates the line.
– public void println(int i): Prints int value i and then terminates the line.
– public void println(Object o): Prints Object o and then terminates the line.
– public void println(String s): Prints String s and then terminates the line.

• Math (package java.lang) Methods:

– public static double pow(double a, double b): Returns the value of a raised to the power of b.
– public static double sqrt(double a): Returns the correctly rounded positive square root of double

value a.
– public static double abs(double a): Returns the absolute value of double value a.


