
ASSIGNMENT 3

Methods and Arrays

COMP-202A, Fall 2009, All Sections

Due: Tuesday, October 27, 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: 20 points
Part 2, Question 2: 30 points
Part 2, Question 3: 25 points
Part 2, Question 4: 25 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 you 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)
Create a file called MyMath.java which contains a class called MyMath. This class should define a public

and static method called absolute(), which takes as parameter one value of type double, and returns
a value of type double representing the absolute value of the parameter.

Warm-up Question 2 (0 points)
Create a file called MyTools.java which contains a class called MyTools. This class should define a
public and static method called display(). This method takes as its only parameter an array of
doubles and returns nothing. This method displays the values stored in the array of doubles it takes
as parameter to the screen.

Part 2 (20 + 30 + 25 + 25 = 100 points)

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

Each of the questions on this assignment require that you write a single class; various methods are declared
in each of these classes. You do NOT have to write a main() method in any of the classes you are required
to write for this assignment; instead, you can test your methods using the provided test programs.
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You MUST NOT call any method defined in the Math class to complete this assignment.

Question 1: Time-Related Methods (20 points)
This question covers some useful methods for time conversion and comparison.

Write a public class called MyTime. This class should define the three public and static methods
described below:

1. A method called convertTimeToMilliseconds(), which takes as parameters four values of type
int and returns a value of type long. The parameters this method takes represent numbers of
hours, minutes, seconds and milliseconds (in this exact order), and returns a value representing the
total number of milliseconds in these numbers of hours, minutes, seconds, and milliseconds. For
example, suppose the following method call is executed:

long total = convertTimeToMilliseconds(10, 45, 17, 385);

After the execution of the above method call, the value stored in variable total will be 38717385, as
there are a total of 38717385 milliseconds in 10 hours, 45 minutes, 17 seconds, and 385 milliseconds.

2. A method called convertMillisecondsTimeToString(), which takes as a parameter a value of
type long that represents a number of milliseconds, and returns a value of type String. This
method decomposes the parameter into a number of hours, minutes, seconds and milliseconds. The
String returned by this method consists of the concatenation of all the aforementioned calculated
values, separated by a colon (:). For example, suppose the following method call is executed:

String time = convertMillisecondsTimeToString(38717385);

After the execution of the above method call, the value stored in variable time will be the String

10:45:17:385.

Note that the minute, seconds, and milliseconds components of the String returned by this method
MUST consist of exactly 2 digits (3 digits in the case of the millisecond component). That is,
suppose the following method call is executed:

String time = convertMillisecondsTimeToString(3661001);

After the execution of the above method call, the value stored in variable time MUST be the
String "1:01:01:001"; having the method return the String "1:1:1:1" in such a case is NOT

acceptable.

3. A method called isGreaterThanOrEqual(), which takes eight parameters of type int, and returns
a value of type boolean. The first four parameters represent the components (hours, minutes,
seconds and milliseconds, in this exact order) of a time t1 while the last four parameters represent
the components of a second time t2. The method returns true if t1 is greater than or equal to t2.
Here are some examples:

• Suppose the following method call is executed:

boolean greater = isGreaterThanOrEqual(12, 35, 57, 116, 14, 59, 40,

730);

After the execution of the above method call, the value stored in variable greater should be
false.

• Suppose the following method call is executed:

boolean greater = isGreaterThanOrEqual(17, 42, 17, 772, 15, 56, 30,

890);

After the execution of the above method call, the value stored in variable greater should be
true.
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A test program is provided so that you can verify that your methods work properly. This test program
consists of a single class called TimeTest, and is saved in a file called TimeTest.java. See the provided
file A3Q1--sample-output.txt for a sample session.

Save your class in a file called MyTime.java, and submit this file to myCourses. You MUST NOT

submit the TimeTest.java file.

Question 2: Some Geometric Methods (30 points)
In this question, we will see the implementation of some geometric methods which compute values such
as the distance between two points in a 2-dimensional space. We will check whether or not a point is
located inside a circle, and whether or not two circles intersect.

For this question, write a public class called MyGeometry. This class should define all of the following
methods:

1. One of the main calculations used in geometry is the square root of a positive real number a, denoted√
a. If a is a positive real number, then

√
a can be approximated by using the following sequence:

x0 =
a

2

xi+1 =
xi + a

xi

2

For big values of i, xi becomes closer to
√

a, but you can assume that xi is equal to
√

a once the
following condition is satisfied:

|x2
i − a| < ǫ

Based on this sequence, write a public and static method called squareRoot(), which takes as
a parameter a value of type double, and returns a value of type double representing the square
root of the parameter passed to this method. You MAY assume that the value of the parameter
to this method will always be greater than or equal to 0. You can set the value of ǫ to 1.0E-10

(0.0000000001).

For example, suppose the following method call is executed:

double root = squareRoot(3600.0);

After the execution of the above method call, the value stored in variable root should be approxi-
mately equal to 60.00000000000018 (or something similar).

2. The distance between two points P1 = (x1, y1) and P2 = (x2, y2) (see Figure 1) is equal to:
√

(x2 − x1)2 + (y2 − y1)2

Figure 1: Distance between two points

Write a public and static method called distance(). It takes as parameters four values of type
double which represent the coordinates of two points P1 = (x1, y1) and P2 = (x2, y2); the first two
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parameters represent the x and y coordinates of point P1, in this order, and the last two parameters
represent the x and y coordinates of point P2, in this order. The method returns a value of type
double representing the distance between points P1 and P2.

For example, suppose the following method call is executed:

double distance = distance(1, 1, 3, 3);

After the execution of the above method call, the value stored in variable distance should be
2.8284271247493797 (close to

√
8).

3. Figure 2 shows a circle C = (xc, yc, r) and two points P1 = (x1, y1) and P2 = (x2, y2). xc and yc

are respectively the x and y coordinates of the center of circle C, and r represents the radius of
this circle. The point P1 is located inside of the circle C while P2 is outside.

Figure 2: Circle and two points

Write a public and static method called isPointInsideCircle(). It takes as parameters five
values of type double, representing the x and y coordinate of a point P , the x and y coordinates of
the center of a circle C, and the radius of circle C, in this order. This method return a value of type
boolean which is true if the point P is located inside the area of the circle C, false otherwise;
point P is located inside circle C if the distance between P and the center of C is less than or equal
to the radius of C. You MAY assume that the radius of circle C is greater than 0.

4. Write a public and static method called intersect(). It takes as parameters six values of type
double, representing the x and y coordinates of the center of circle C1, the radius of circle C1, the x

and y coordinates of the center of circle C2, and the radius of circle C2, in this order. This method
returns a value of type boolean which is true if circles C1 and C2 intersect, false otherwise; two
circles intersect if the distance between their centers is less than the sum of their radii, and greater
than the absolute value of the difference between their radii.

Figure 3 shows three circles C1, C2, and C3, where C1 and C2 intersect, while C3 does not intersect
C1 nor C2.

Figure 3: Intersection of circles
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A test program is provided so that you can verify that your methods work properly. This test program
consists of a single class called GeometryTest, and is saved in a file called GeometryTest.java. See the
provided file A3Q2--sample-output.txt for a sample session.

Save your class in a file called MyGeometry.java, and submit this file to myCourses. You MUST NOT

submit the GeometryTest.java file.

Question 3: Simple Translator (25 points)
There are many existing applications that translate words and paragraphs from one language to another.
To illustrate how such applications work, we will write a simple translator that translates a sentence
from English to French and vice-versa. To do so, we will start by translating a single word from one
language to another, then we will see how to translate a sentence based on the translation of the words
it contains.

For this question, write a public class called WordTranslator. This class should define all of the following
methods:

1. Write a public and static method called translate(), which takes as parameters a String as
well two arrays of Strings (in this order), and returns a String. The String parameter represents a
word in a source language which needs to be translated, the first String array parameter represents
a set of words in the source language, and the second String array parameter represents a set of
words in a destination language.

The two arrays that this method takes as parameter have the following properties:

• Both arrays have the same length; the implementation of your method MAY assume this is
always true.

• The ith element of the array containing words in the destination language is the translation of
the ith element of the array containing words in the source language; this is true for all elements
in the array. For example, suppose the source language is English, the destination language
is French, the array containing source language words is called englishWords and the array
containing destination language words is called frenchWords; in this case, the String stored
in frenchWords[i] is the French translation of the String stored in englishWords[i], for all
valid values of i.

The method searches the array of source language words for the word represented by the String

parameter. If the latter is found in the array of source language words, then the method returns
the corresponding String from the array of destination language words; that is, if the String

parameter was found at position i of the array of source language words, the method returns the
String at position i in the array of destination language words. If the word represented by the
String parameter is not in the array of source language words, this method MUST return a
String which consists only of 5 question marks (that is, the String "?????").

For example, suppose the following method calls are executed:

String[] frenchWords = {"un", "ciel", "amis", "garcon", "courir",

"peut", "ses", "jouer", "dormir", "avec",

"maison", "ville", "lune", "soleil"};

String[] englishWords = {"a", "sky", "friends", "boy", "run", "can",

"his", "play", "sleep", "with", "house",

"city", "moon", "sun"};

String translatedWord = translate("house", englishWords, frenchWords);

String unknownWord = translate("computer", englishWords, frenchWords);

After the execution of the above method calls, the value stored in variable translatedWord should
be "maison", and the value stored in variable unknownWord should be "?????".
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Note that word comparisons MUST be done in a case-insensitive manner. You MAY assume that
none of the arrays passed to the methods as parameters are null references.

2. Write a public and static method called translate(), which takes as parameters three arrays
of Strings, and returns an array of Strings.

The elements of the first parameter array are the individual words of a sentence in a source language;
it will be referred to as the sentence array. Like in the previous part, the second and third arrays
are sets of words in the source and destination languages, respectively; these arrays have the same
properties as the arrays passed as parameters to the version of the translate() method described
in the previous part.

This version of the translate() method creates a new array of String whose length is equal to
the length of the sentence array. The method then processes each word in the sentence array; it
translates them by calling the translate() method you wrote in the previous part, and stores the
results in the array it created. When all the words have been translated, the method returns the
newly-created array.

The translated words are stored in the returned array in the same order as the original words were
stored in the sentence array. In other words, if a word is stored at position i in the sentence array,
its translation will be stored at position i in the array returned by the translate() method; this
is true of all words in the sentence array.

For example, suppose the following method call is executed:

String[] frenchWords = {"un", "ciel", "amis", "garcon", "courir",

"peut", "ses", "jouer", "dormir", "avec",

"maison", "ville", "lune", "soleil"};

String[] englishWords = {"a", "sky", "friends", "boy", "run", "can",

"his", "play", "sleep", "with", "house",

"city", "moon", "sun"};

String[] sentence = {"a", "boy", "can", "play", "with", "his",

"friends"};

String[] translation = translate(sentence, englishWords, frenchWords);

After the execution of the above method call, the value stored in variable translation should be
{"un", "garcon", "peut", "jouer", "avec", "ses", "amis"}.
You MAY assume that none of the arrays passed to the methods as parameters are null references.

A test program is provided so that you can verify that your methods work properly. This test pro-
gram consists of a single class called SentenceTranslator, and is saved in a file whose name is
SentenceTranslatorTest.java. See the provided file A3Q3--sample-output.txt for a sample session.

Note that the test program only performs a word-by-word translation; the translated sentences it pro-
duces may therefore not be grammatically correct. Also, the test program can only handle the following
English and French words:

• English words: a, sky, friends, boy, run, can, his, play, sleep, with, house, city, moon, sun

• French words: un, ciel, amis, garcon, courir, peut, ses, jouer, dormir, avec, maison, ville, lune, soleil

Therefore, the test program will translate any word not in the above sets to "?????".

Save your class in a file called WordTranslator.java, and submit this file to myCourses. You MUST

NOT submit the SentenceTranslator.java file.

Question 4: Matrices and Vectors (25 points)
This question will give you the opportunity to use multi-dimensional arrays in the form of matrices and
vectors.
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For this question, write a class called Matrix. This class should define all of the following methods:

1. A vector v in a multi-dimensional space is composed of n elements x0, x1, . . . , xn−1. That is:

v = (x0, x1, . . . , xn−1)

where each xi is a real number.

Write a public and static method called scalarProduct(). It takes as parameters two arrays of
doubles representing two vectors v1 and v2, and returns a value of type double representing the
scalar product of the two vectors. You MAY assume that v1 and v2 have the same dimension; in
other words, each vector consists of the same number of elements as the other. You MAY also
assume that neither parameter is null.

The scalar product of two vectors v1 = (x0, x1, . . . , xn−1) (where each xi is a real number) and
v2 = (y0, y1, ..., yn−1) (where each yi is a real number), denoted v1 · v2, is calculated as follows:

v1 · v2 =
n−1
∑

i=0

xi · yi

= x0 · y0 + x1 · y1 + · · · + xn−1 · yn−1

2. In this question we will calculate the product of a matrix and a vector. A matrix M composed of
p rows and n columns is expressed as follows:

M =











a0,0 a0,1 · · · a0,n−1

a1,0 a1,1 · · · a1,n−1

...
...

. . .
...

ap−1,0 ap−1,1 · · · ap−1,n−1











In Java we can model a matrix of real numbers as a 2-dimensional array of values of type double:

double[][] matrix;

where matrix[i] represents the ith row in this matrix (ai,0, ai,1, . . . , ai,n−1).

Write a public and static method called multiply(), which takes as parameters a 2-dimensional
array of doubles (the matrix), and a 1-dimensional array of doubles (the vector), in this order.
This methods returns a new 1-dimensional array of doubles which is the product of the matrix and
the vector the method takes as parameters.

The product Y of a matrix M and a vector X (denoted MX), where M is defined to be as above,
and

X = (x0, x1, . . . , xn−1)

is equal to
Y = (y0, y1, . . . , yp−1)

where

yi =

n−1
∑

j=0

ai,j · xj

= ai,0 · x0 + ai,1 · x1 + · · · + ai,n−1 · xn−1

In other words, the product is a vector which consists of as many elements as the matrix has rows.
If we think of each row of the matrix as a vector, then the ith entry of the product vector Y is equal
to the scalar product of the ith row of matrix M and vector X .
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If the dimension of X (that is, the number of elements X contains) is NOT equal to the number
of columns in matrix M , your method MUST return null. You MAY assume that none of the
values passed as parameters to this method are null, and that all the rows of the 2-dimensional
array parameter have the same number of elements.

For example, suppose the following method call is executed:

double[][] m = {

{2.0, 9.0, 4.0, 5.0},

{7.0, 5.0, 3.0, 10.0},

{6.0, 1.0, 8.0, 15.0}};

double[] x = {5.0, -14.3, 27.6, 40.1};

double[] y = multiply(m, x);

After the execution of the above method call, the value stored in variable y should be {192.2,
447.3, 838.0}.

A test program is provided so that you can verify that your methods work properly. This test program
consists of a single class called MatrixTest, and is saved in a file called MatrixTest.java. See the
provided file A3Q4--sample-output.txt for a sample session.

Save your class in a file called Matrix.java, and submit this file to myCourses. You MUST NOT

submit the MatrixTest.java file.

What To Submit

MyTime.java

MyGeometry.java

WordTranslator.java

Matrix.java
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