
ASSIGNMENT 2

Conditionals, Loops, Utility Bills, and Calculators

COMP-202A, Fall 2009, All Sections

Due: Friday, October 9, 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: 15 points
Part 2, Question 2: 20 points
Part 2, Question 3: 25 points
Part 2, Question 4: 40 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)
PZ Books is a bookstore which not only sells books to individuals, but also sells school textbooks to the
local school board. PZ Books offers the following discount on orders which consist of multiple copies of
the same textbook:

• Less than 10 copies: Full price

• Between 10 and 49 copies (inclusive): The price of each copy is reduced by 10%

• 50 copies or more: The price of each copy is reduced by 20%

Write a program which consists of a single class called TextbookCostCalculator. This class defines a
main() method which asks the user to enter the unit cost of the textbook, as well as the number of
copies being ordered. The program then calculates the total cost of the order, taking any applicable
discounts into consideration. Once the program has calculated the total cost of the order, it displays
this value to the screen along with an explanatory message.

Your program MAY assume that the values entered by the user are of the correct type and that they
are in the proper range; in other words, your program does not have to handle the cases where a value
entered by the user is invalid (such as a negative number of textbook copies, or a negative textbook unit
cost). Use an integer variable to store the number of copies being ordered, but a floating point variable
(float or, preferrably, double) to store the unit cost of the textbook.
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Sample session:

Enter the unit cost of the textbook: 33.50
Enter the number of textbooks you are buying: 25
The total cost of your textbook order is: $753.75

Warm-up Question 2 (0 points)
Write a program which consists of a single class called PerfectNumberChecker. This class defines
a main() method that asks the user to enter a positive integer n, and reads this number from the
keyboard. The program then displays all integers which are factors of n (that is, all numbers which
divide n without remainder). The program also reports whether n is a perfect number; a perfect number
is an integer which is equal to the sum of all its factors, excluding itself). For example, 6 is a perfect
number, as the factors of 6 are 1, 2, and 3 and 1 + 2 + 3 = 6.

Your program MAY assume that the value entered by the user is of the correct type and in the proper
range; in other words, it does not have to handle the case where the value entered by the user is invalid
(such as a negative number).

Sample session:

Enter a positive integer n: 14
The factors of 14: 1, 2, 7
The sum of all the factors of 14 is: 10
14 is therefore not a perfect number

Part 2 (15 + 20 + 25 + 40 = 100 points)

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

Question 1: The Cost of a Phone Call (15 points)
KMTel is a small telephone company whose rates for long distance calls depend on two factors: the
location of the party to the customer’s call (that is, the person the customer is calling) and the time of
the day when the call is placed.

• Calls to a party in Canada cost 54 cents per minute during peak hours, and 10 cents a minute during
off-peak hours. Peak hours for such calls are from 8:00 to 17:59 (inclusive) every day, including
weekends and holidays.

• Calls to a party in any other country cost 85 cents per minute during peak hours, and 50 cents a
minute during off-peak hours. Peak hours for such calls are from 6:00 to 19:59 (inclusive), including
weekends and holidays.

Note that whether a call is charged using peak hour rates or off-peak hour rates depends only on the
time at which the call was initially placed, and the same rate applies to each minute of the call. That is,
all minutes of a call starting during peak hours and ending during off-peak hours will be charged using
peak hour rates; for example, a call lasting 20 minutes placed to a party in Canada at 17:59 will cost
$10.80 (20 minutes × $0.54/minute), NOT $2.44. The same is true of calls starting during off-peak
hours and ending during peak hours; all minutes of such calls are charged using off-peak hour rates.

Write a program which consists of a single class called CallCostCalculator. This class defines a main()
method which asks the user to enter the following information and reads it from the keyboard:

• The location of the caller’s party. Use a variable of type String to store the location entered by
the user. All location values which are not equal to the String "Canada" MUST be considered to
indicate that the caller is placing an international call. Location comparisons MUST be done in a
CASE-INSENSITIVE manner.
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• The time when the call is being placed. The user will enter this value as a 4-digit integer, where
the two most significant digits represent the hours, and the two least significant digits represent the
minutes. For example, the value 1425 would represent 14:25. Use an integer variable to store this
value.

• The duration of the call, in minutes. Use an integer variable to store this value.

The program will then calculate the cost of the call from this information, and display this value to the
user along with an appropriate explanatory message. The cost of the call as displayed to the user MUST
be expressed in dollars and cents (not simply cents), but otherwise does not have to be formatted in any
particular fashion (the number of significant digits displayed does not matter).

Your program MAY assume that the values entered by the user are of the correct type and that they are
in the proper range; in other words, your program does not have to handle cases where a value entered
by the user is invalid in any way (such as a negative time or call duration).

Sample session:

Enter the location where are you calling: San Theodoros
Enter the time at which you are placing your call: 1337
Enter the duration of your call (in minutes): 12
The cost of this call is: $10.2.

Save your program in a file called CallCostCalculator.java, and submit this file to myCourses.

Question 2: Internet Billing (20 points)
KMNet is a small Internet service provider which offers the following three subscription packages to its
customers:

• Package A costs $30.00 per month. Bandwidth is limited to a total of 10 gigabytes (combined
upload and download), and each additional gigabyte of bandwidth costs $7.50.

• Package B costs $45.00 per month. Bandwidth is limited to a total of 30 gigabytes (combined
upload and download), and each additional gigabyte of bandwitdh costs $5.00.

• Package C costs $75.00 per month, and has no limit on bandwidth.

Note that for the purposes of calculating the cost of the customer’s Internet access, the number of
additional gigabytes of bandwidth consumed by the customer during the current month is not rounded;
for example, a customer who is subscribed to package A and consumes 11.5 gigabytes of bandwidth
during a month (1.5 gigabytes above his/her monthly limit) will be charged $41.25 for that month (the
base cost of $30.00, plus 1.5 additional gigabytes of bandwith at $7.50/gigabyte).

Write a program which consists of a single class called InternetBillCalculator. This class defines
a method called main(), which asks the user to enter the following information and reads it from the
keyboard:

• The package to which the user subscribes. Use a variable of type String to store the package entered
by the user. The only valid values for the package to which the user subscribes are "A", "B", and
"C"; if the user enters anything else, the program MUST immediately display an error message
and terminate without asking the user to enter any additional information. Package comparisons
MUST be done in a CASE-INSENSITIVE manner.

• The total bandwidth consumed by the user during the current month. Use a floating point variable
(float or, preferrably, double) to store this value. If the user enters a negative value, then assume
that the user consumed 0 gigabytes of bandwidth for the current month. Note that your program
MUST ask the user to enter the bandwidth he/she consumed during the current month even if
he/she is subscribed to package C.

The program will then use this information to calculate the cost of the user’s Internet access for the
current month, and display this value to the user along with an appropriate explanatory message. This
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value does not have to be formatted in any particular fashion (the number of significant digits displayed
does not matter).

Your program MAY assume that the values entered by the user are of the correct type; in other words,
it does not have to handle cases where a value entered by the user is of the wrong type (such the user
entering a String where a floating point value is expected).

Sample session:

Enter the Internet package you purchased (A, B, or C): B
Enter the bandwidth used this month (in Gb): 32.5
The cost of Internet access for this month is: $57.5

Save your program in a file called InternetBillCalculator.java, and submit this file to myCourses.

Question 3: Approximating the Sine of an Angle (25 points)
Have you ever thought about how your calculator computes the sine of an angle? Have you ever wondered
how you could calculate this value without using a calculator or a table of values?

In a right triangle, the sine of an angle A, denoted sinA, is the ratio of the length side opposite the angle
to the length of the hypotenuse (the hypotenuse is the side of the triangle opposite the right angle). One
way to calculate sinx for any real number x is to use the following series:

sinx =
∞∑

i=0

(−1)ix2i+1

(2i+ 1)!

= x− x3

3!
+
x5

5!
− x7

7!
+
x9

9!
− . . .

In the above series, n! is called the factorial of n, and is equal to n · (n− 1) · (n− 2) · . . . · 1. For example,
4! = 4 · 3 · 2 · 1 = 24; however, note that 0! = 1.

Notice that if you know the value of the the ith term of the above series (denoted ti), a simple way to
calculate the next term of the series (that is, the (i + 1)th term, denoted ti+1) is to use the following
formula:

ti+1 = ti ·
−x2

(2i+ 3)(2i+ 2)
(1)

Write a program which consists of a single class called SineApproximator. This class defines a method
called main(), which asks the user to enter a real number x between 0 and 360 representing an angle
expressed in degrees, as well as a real non-zero number ε referred to as the tolerance.

The main() method will then read these two values from the keyboard, and calculate sinx using the
series above. It will do this by generating terms t0, t1, t2, and so on, with t0 = x and each of the
other terms being generated from the previous one using formula 1. It will add each of these terms
immediately after it has been generated, and the sum of all the terms will form the final result. When
the program generates a term tn whose absolute value is less than ε, it will add this last term and stop
generating terms; in other words, the last term to be calculated and added by the program, tn, is the
first term which is less than ε.

Once it has generated and added all the terms, the program will then display the value of sinx it
calculated from the above series, as well as the number of terms required to reach the desired precision;
however, notice that because the first term is labelled t0, NOT t1, the number of required terms is n+1,
NOT n.

Also note that in the above series, x is expressed in radians, while your program asks the user to
enter an angle expressed in degrees; therefore, you will have to convert the angle entered by the user
from degrees to radians using the following equivalence: 360 degrees = 2π radians, where π is equal to
3.141592653589793.
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Your program MUST NOT use any of the methods defined by the Math class. On the other hand, it
MAY assume that the values entered by the user are of the correct type and that they are in the proper
range; in other words, it does not have to handle cases where a value entered by the user is invalid in
any way (such as a tolerance value of 0.0, or an angle not between 0 and 360 degrees inclusive).

Sample session:

Enter an angle (in degrees): 45
Enter the tolerance: 0.000001
The sine of this angle is: 0.7071067829368671
The number of terms required: 5

Save your program in a file called SineApproximator.java, and submit this file to myCourses.

Hint : Use a floating point variable to store the value of the current term, and keep track of the total
number of terms computed so far with another variable. This question can easily be solved using only
one loop if you do not recalculate every term from scratch.

Question 4: Graphing Linear Functions (40 points)
A graphing calculator is a handheld calculator that is capable of plotting and displaying various kinds
of graphs. Such calculators are useful to graph functions in the two-dimensional plane.

For this question, you will write a program which consists of a single class called LinearEquationPlotter.
This class will define a single method called main(), which will graph integer-valued linear functions of
the form y = mx+ b using text characters on the Java output console.

The main() method will first ask the user to enter the following information, and read this information
from the keyboard:

• The x and y coordinates of a point in the two-dimensional plane. This point will represent the
top left corner of the region of the two-dimensional plane that the program will display. Both
coordinates are integer values.

• An integer value representing the height of the region of the two-dimensional plane that the program
will display. Note that the width of the region of the two-dimensional plane that the program will
display will always be equal to 79.

• An integer value representing the slope m of the line that the program will plot.

• An integer value representing the y-intercept b of the line that the program will plot.

The program will display the region of the two-dimensional plane given by the point and the height
entered by the user, with a character being displayed for each point in this region. For example, suppose
the user specifies the top-left corner of the displayed region to be (−40, 20), and the height of the displayed
region to be 50. The program will then display 50 lines, each of which consists of 79 characters. The
first line will represent the set of points within the region whose y-coordinate is 20, the second line will
represent the set of points within the region whose y-coordinate is 19, and so on. Likewise, the first
character within a line will represent a point whose x-coordinate is -40, the second character within a
line will represent a point whose x-coordinate is -39, and so on.

The program will generate each point in the region specified by the user from left to right, and from the
top to the bottom. For each point (x, y) in the region of the two-dimensional plane being displayed, the
program will do the following:

• Calculate mx + b. If y is equal to mx + b for this particular point, the program will display an
asterisk (’*’).

• If y is not equal to mx+ b for this particular point, then the program will check whether the point
(x, y) is the origin, that is, (0, 0). If the point (x, y) is the origin, the program will display a plus
sign (’+’).
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• If the point (x, y) is not the origin, then the program will check whether it is is on the x-axis (its
y-coordinate is equal to 0) or on the y-axis (its x-coordinate is equal to 0). If the point (x, y) is on
the x-axis, then the program will display a dash (’-’); on the other hand, if the point (x, y) is on
the y-axis, then the program will display a vertical bar (’|’).

• If the point (x, y) does not satisfy any of the above conditions, the program will display a space
(’ ’).

Your program MAY assume that the values entered by the user are of the correct type; in other words,
it does not have to handle cases where a value entered by the user is of the wrong type (such the user
entering a String where an integer value is expected).

See files A2Q4--sample-output-1.txt and A2Q4--sample-output-2.txt for sample sessions.

Save your program in a file called LinearEquationPlotter.java, and submit this file to myCourses.

Hint : Write a program which generates all the points in the region of the two-dimensional plane specified
by the user, and displays their coordinates. Then, modify this program to display the appropriate
character depending on the coordinates of each point.

What To Submit

CallCostCalculator.java
InternetBillCalculator.java
SineApproximator.java
LinearEquationPlotter.java
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