
ASSIGNMENT 4

Strings, Classes, Methods, and Numbers

COMP-202B, Winter 2009, All Sections

Due: Tuesday, March 31, 2009 (23:55)

You MUST do this assignment individually and, unless otherwise specified, you MUST follow all the
general instructions and regulations for assignments. Graders have the discretion to deduct up to 10% of
the value of this assignment for deviations from the general instructions and regulations.

Part 1, Question 1: 0 points
Part 1, Question 2: 0 points
Part 2, Question 1: 35 points
Part 2, Question 2: 65 points

100 points total

Part 1 (0 points): Warm-up

Do NOT submit this part, as it will not be graded. However, doing these exercises might help you to do
the second part of the assignment, which will be graded. If you have difficulties with the questions of Part 1,
then we suggest that consult the TAs during their office hours; they can help you and work with you through
the warm-up questions.

Warm-up Question 1 (0 points)
A palindrome is a word, phrase, number or other sequence of units that can be read the same way in
either direction. The most familiar palindromes are character strings which read the same backwards as
forwards. For instance, the following character strings are considered palindromes: “racecar”, “civic”,
“58285”, and “stressed desserts”.

Your responsibility is to implement a class called Palindrome which contains two methods:

• A method with the following header: private static boolean isPalindrome(String s). This
method takes a String as its parameter input, and returns a boolean whose value is true if the
String it received as parameter is a palindrome, false otherwise. Note that letter case matters
when determining whether a String is in fact a palindrome: your method should consider "laval"
to be a palindrome, but not "Laval".

• A method with the familiar header public static void main(String[] args) method, which
is similar to what you have seen in assignments 1, 2, and 3. This method should prompt the user
to enter a String, read the String from the keyboard, and inform the user whether or not the
String he/she entered is a palindrome. To determine whether or not the String the user entered
is a palindrome, you MUST use the isPalindrome() method you wrote in the previous part.

Warm-up Question 2 (0 points)
Study the implementation of the Fraction class. The specification of this class is available from the last
section of Unit 6, and the source code is available with this assignment.
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Notice that subtract() and divide() method of the Fraction class are implemented using the basic
subtraction and division algorithms for fractions. However, an alternative implementation for these
methods could be:

public Fraction subtract(Fraction f) {
return this.add(f.negate());

}

public Fraction multiply(Fraction f) {
return this.multiply(f.reciprocate());

}

While one could argue that the above implementations are clearer, they have a somewhat significant
disadvantage on their counterparts in the provided source code. What is it?

Part 2 (35 + 65 = 100 points)

The questions in this part of the assignment will be graded.

Question 1: Complex Numbers (35 points)
Complex numbers were motivated by the need to find roots, such as the square roots, for negative
numbers. A complex number has the form a+ bi, where a and b are real numbers, and i is the imaginary
unit with the property that i2 = −1. An example of a complex number is 2+3i; in this complex number,
2 is the complex number’s real part, and 3 is its imaginary part.

Implement a class called ComplexNumber; each object of this class will represent a complex number. The
ComplexNumber class you will write will support basic mathematical operations.

Your ComplexNumber class should provide the following public methods:

• A constructor, which takes as parameters two doubles; these doubles represent the values of the
real and imaginary parts of the ComplexNumber to be created, respectively.

• An accessor method called getReal(), which takes no parameters and returns a value of type
double that represents the real part of the ComplexNumber object.

• An accessor method called getImaginary(), which takes no parameters and returns a value of type
double that represents the imaginary part of the ComplexNumber object.

• A method called conjugate(), which takes no parameters and returns a new ComplexNumber object
representing the conjugate of the ComplexNumber object this method is called on. If z is a complex
number of the form a + bi, then the conjugate of z, denoted z̄, is defined as a− bi.

• A method called inverse(), which takes no parameters and returns a new ComplexNumber object
representing the inverse of the ComplexNumber object this method is called on. If z is a complex
number of the form a + bi, then the inverse of z, denoted z−1, is a complex number such that
z · z−1 = 1. If z = a + bi, then z−1 = a

a2+b2 + −b
a2+b2 i.

• A method called modulus(), which takes no parameters and returns a a value of type double
representing the modulus of the ComplexNumber object this method is called on. If z is a complex
number of the form a + bi, then the modulus of z, denoted |z|, is given by the equation

√
a2 + b2.

• A method called add(), which takes as its only parameter a ComplexNumber called z, and returns
a new ComplexNumber representing the sum of the ComplexNumber the method is called on and z.
If z is a complex number of the form a + bi, and w is a complex number of the form c + di, then
z + w = (a + c) + (b + d)i.
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• A method called subtract(), which takes as its only parameter a ComplexNumber called z, and
returns a new ComplexNumber representing the difference between the ComplexNumber the method
is called on and z. Note that this method subtracts z from the ComplexNumber it is called on, and
returns a new ComplexNumber representing this value. If z is a complex number of the form a + bi,
and w is a complex number of the form c + di, then w − z = (c− a) + (d− b)i.

• A method called multiply(), which takes as its only parameter a double called x, and returns a
new ComplexNumber representing the product of the ComplexNumber this method is called on and
x. If x is a real number and z is a complex number, then x · z = xa + xbi.

• A method called multiply(), which takes as its only parameter a ComplexNumber called z, and
returns a new ComplexNumber representing the product of the ComplexNumber this method is called
on and z. If z is a complex number of the form a + bi, and w is a complex number of the form
c + di, then w · z = (ac− bd) + (ad + bc)i.

• A method called divide(), which takes as its only parameter a ComplexNumber called z, and
returns a new ComplexNumber representing the quotient of the ComplexNumber this method is
called on and z. Note that this method divides the ComplexNumber it is called on by z, and returns
a new ComplexNumber representing this value. If z is a complex number of the form a + bi, and w
is a complex number of the form c + di, then w/z = ac+bd

a2+b2 + ad−bc
a2+b2 i. You can also use the fact that

w/z = w · z−1. You may assume that z 6= 0 + 0i.

• A method called equals(), which takes as its only parameter a ComplexNumber called z, and returns
a boolean. The value of this boolean is true if z is equal to the ComplexNumber this method is
called on, false otherwise. If z is a complex number of the form a+ bi, and w is a complex number
of the form c + di, then z = w if and only if a = c and b = d. If the parameter z is null, the
equals() method MUST return false.

• A method called toString(), which takes no parameters and returns a String object, This String
object is a textual representation of the ComplexNumber object. This text representation should
have the following format:

a + bi

where a and b are replaced by the real and imaginary part of the ComplexNumber object, respectively.

Note that the state of a ComplexNumber object MUST NOT change once it is created; in other words,
the methods of the ComplexNumber class MUST NOT change the state of the ComplexNumber objects
they are called on, nor the state of the ComplexNumber objects they take as parameters.

Save your ComplexNumber class in a file called ComplexNumber.java.

In order to test your ComplexNumber class, you can use the ComplexNumberTest class, saved in the
file called ComplexNumberTest.java; this class defines a main() method that creates ComplexNumber
objects, calls the methods defined in the ComplexNumber class on these objects, and displays the results.
The file ComplexNumberTest.java is available with this assignment. However, you MUST NOT include
this file as part of your submission.

Question 2: Arbitrary-Precision Natural Numbers (65 points)
Part 1 (50 points): Some applications of computers, such as public-key cryptography, require numbers
that are larger than the largest number that can be stored in a variable of type long.

The provided file called BigNumber.java contains a partial definition for a class called BigNumber;
objects which belong to this class represent natural numbers (that is, non-negative integers) of arbitrary
size, up to what can be stored using all the memory available to the computer. The BigNumber class
also provides some methods for addition, multiplication, equality verification, and comparison.

The BigNumber class has only one instance variable, a String variable called value. The String object
whose address is stored in value is in fact the textual representation of the BigNumber. In value, each
character represents one of the digits of the BigNumber; the most significant digit is at position 0 in
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value, while the least significant digit (that is, the ones digit), is at position value.length() - 1. For
example, the String "12345" represents the number 12345.

Complete the BigNumber class by implementing the following methods:

• check(), a private helper method which takes as its only parameter a String object, and returns a
boolean. This boolean is true if the String’s length is greater than or equal to 1, and the String
contains only characters representing digits. It returns false otherwise.

• eliminateLeadingZeroes(), a private helper method which takes as its only parameter a String
object, and returns a String object. The method creates a new String which is the same as
the String it receives as parameter, except that all leading zeroes have been removed; that is,
the new String contains all the same characters as the parameter String, except for all the ’0’s
which occur before the first character in the String which is not equal to ’0’. For example, if the
parameter String is "0000010230", the method will return the String "10230". If the String
passed as parameter contains only zeroes, then the method MUST return a String which consists
of a single occurrence of the character ’0’.

• multiply(), a private helper method which takes two Strings as parameters, each representing
a natural number. It then constructs and returns a String representing the product of the two
natural numbers represented by the parameter Strings.

You MAY assume that neither of the String parameters represents the empty String ””, and
that they contain only characters representing digits; in other words, calling the check() method
on both Strings will return true, but you do not have to explicitly verify this.

Your method MUST implement the long multiplication algorithm taught in elementary school;
you WILL NOT get full marks if you multiply two numbers n1 and n2 by adding n1 to itself n2

times (or vice-versa). The long multiplication algorithm is described here:

http://en.wikipedia.org/wiki/Multiplication algorithm#Long multiplication

• equals(), a public instance method which takes as its only parameter a BigNumber object, and
returns a boolean. This boolean is true if the BigNumber object passed as parameter represents
the same natural number as the BigNumber object this method is called on, false otherwise. If
the BigNumber passed as a parameter is null, then this method MUST return false.

• compareTo(), a public instance method which takes as its only parameter a BigNumber object, and
returns an int. The value of this int is:

– negative if the BigNumber this method is called on represents a number which is less than the
number represented by the BigNumber passed as a parameter to this method.

– 0 if the BigNumber this method is called on represents a number which is equal to the number
represented by the BigNumber passed as a parameter to this method.

– positive if the BigNumber this method is called on represents a number which is greater than
the number represented by the BigNumber passed as a parameter to this method.

You MAY assume that the BigNumber passed as a parameter is not null.

Your class MUST produce the correct results for BigNumber objects representing numbers which consist
of an arbitrary number of digits; this implies that you MUST NOT convert the whole BigNumber to
type int or long, perform the operation on the int or long value, and convert the result back to a
BigNumber object. In addition, you MUST NOT use the BigInteger class provided with the Java
Standard Class Library, or any other third party library which implements arbitrary-precision arithmetic.

Note that the state of a BigNumber object MUST NOT change once it is created; in other words, the
methods of the BigNumber class MUST NOT change the state of the BigNumber objects they are called
on, nor the state of the BigNumber objects they take as parameters.
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Finally, you MUST NOT change the method headers of the methods you are required to write, and
you MUST NOT change any of the other methods in the provided partial implementation of the
BigInteger class in any way.

Part 2 (15 points): Write a class called BigNumberTest. The BigNumberTest class defines only one
method called main() that does the following:

• Ask the user to enter two Strings, and read these Strings from the keyboard.

• Create BigNumber objects, one from each String entered by the user

• Display both BigNumbers

• Compare the two BigNumbers and display a message informing the user of whether the first
BigNumber is greater than the second, the second is greater than the first, or the BigNumbers
are equal.

• Perform the following computations, and display the results:

– Add the first BigNumber to the second

– Add the second BigNumber to the first

– Multiply the first BigNumber by the second

– Multiply the second BigNumber by the first

Sample session:

Enter n1: 1234567890
Enter n2: 1357924680

n1 = 1234567890
n2 = 1357924680

n1 is smaller than n2

n1 + n2 = 2592492570
n2 + n1 = 2592492570
n1 * n2 = 1676450206966525200
n2 * n1 = 1676450206966525200

You MAY assume that the Strings entered by the user represent natural numbers (that is, their length
is greater than 0, and they contain only characters representing digits), but they may contain leading
zeroes and an arbitrary number of digits. Because the numbers entered by the user may be of arbitrary
length, you MUST use the BigNumber class you wrote in the first part of the question to perform the
computations.

Save your BigNumberTest class in a file called BigNumberTest.java.

What To Submit

ComplexNumber.java
BigNumber.java
BigNumberTest.java
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