
ASSIGNMENT 2

Counterintuitive sets of numbers

COMP-202A, Fall 2012, All Sections

Due: October 15th, 2012 (23:30)

Please read the entire pdf before starting.

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. These regulations are posted
on the course website. Be sure to read them before starting.

Part 1: 0 points
Part 2, Question 1: 25 points
Part 2, Question 2: 10 points
Part 2, Question 3: 20 points
Part 2, Question 4: 20 points
Part 2, Question 5: 15 points
Part 2, Question 6: 10 points

100 points total

There are 6 methods that you need to write for this assignment. The first method should go into a class called
SimpsonsParadox and thus file called SimpsonsParadox.java The other five methods should go into a class
BenfordsLaw and a file BenfordsLaw.txt. You will not be graded on the main method in the Simpson’s
Paradox question. However, in order to run and test your code, you will need to create a main method
for the class. There is support code provided to you that you must use as well to test your program. The
support code is not meant as a replacement for testing on your own, however, as you will need to verify the
data on your own in addition. Before handing the assignment in, you must make sure that your
code at minimum compiles with the test cases. If you are not able to do this after reading the
section below, please see an instructor or TA during office hours.

It is very important that you follow the directions as closely as possible. The directions, while
perhaps tedious, are designed to make it as easy as possible for the TAs to mark the assignments by letting
them run your assignment through automated tests. While these tests will not determine your entire grade,
it will speed up the process significantly, which will allow the TAs to provide better feedback and not waste
time on administrative details. Plus, if the TA is in a good mood while he or she is grading, then that
increases the chance of them giving out partial marks :)
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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.

Some of these questions we haven’t yet gotten to in class as they rely on loops. The notes for loops are
posted currently and the notes for arrays will be posted shortly.

Warm-up Question 1 (0 points)
Write a method printTypeOfChar. This method should take as input a char and print the following.
If the char is upper case, your method should print UPPERCASE. If the char is lower case, your method
should print LOWERCASE. If the char is a numerical digit, your method should print NUMBER. If the char is
any other symbol, your method should print SYMBOL. Note that it is not necessary to make 52 different
cases if you consider the order of the Unicode chart and the fact that you can use the < and > operators
on them.

Warm-up Question 2 (0 points)
Write a method countUppercase. Your method should take as input a String and return an int
representing the number of upper case letters in the String. Now add a main method where you use
the Scanner class to read a String from the user and call your method, outputting the returned result.

To access a particular symbol of a String, if the String variable is foo you can write foo.charAt(int
expression) where int expression is any expression that evaluates to an int. Note that the first symbol
of a String is at position 0.

String words = "howdy";
char c = words.charAt(0); //c is now ’h’
char d = words.charAt(2 + 1); //c is now ’d’
char e = words.charAt(5); // error: program crashes because no such value
//since the counting starts from 0, the last letter is actually 4.
char f = words.charAt(words.length()); // same problem at charAt(5) above

Warm-up Question 3 (0 points)
A prime number is a positive number whose only even divisors are 1 and itself. Write a method isPrime
that takes as input an integer n and returns a boolean representing whether n is prime or not. Make
sure to handle cases where the integer is negative. (Your method should return false in these cases.)

Warm-up Question 4 (0 points)
Write a method firstPrimeNumbers which takes as input an int n and returns an int[]. The int[]
should contain the first n prime numbers.

Warm-up Question 5 (0 points)
x is a factor of y if y is a multiple of x. Write a method calculateFactors. The method should take
as input an int n and return an int[] containing all the factors of the number n.

Warm-up Question 6 (0 points)
Write a method magnitudeArray that takes as input an int[] vector and returns double calculated
by first squaring all the terms in vector, then calculating the sum of this and finally taking the square
root of the sum.

Warm-up Question 7 (0 points)
Write a method dotProduct which takes as input two int[] and calculates the dot product of these
two arrays. (Remember you can take the dot product of 2 vectors by multiplying each coordinate by
the corresponding element and then summing the results.)
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Part 2

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

Your code must at least compile with the test cases. If your code compiles with the test cases but
does not pass all the test cases, you will lose some points on the question, but it will be penalized as in other
mistakes–that is, you’ll lose a few points for the specific cases it fails, but that will be all. However, you’ll
lose significant points if it does not compile with the test cases since in this case your code would not have
passed any test cases. The reason for this requirement is the test cases will make things much easier for the
TAs to grade. If your code doesn’t even run with the test cases then it is difficult to grade. If you are
having trouble getting your code to compile with the test cases, please see an instructor or a
TA and they will help you!

You should not use Scanner or have print statements in any of the required methods. It is recom-
mended that you add print statements temporarily to help you debug your program when you get the wrong
result, but you should remove these before handing the assignment in. You may choose to put Scanner into
your ungraded main method for the first question if you like, but another potentially faster option is to hard
code the numbers into your main method. If you are finding yourself putting Scanner into the
methods other than main, please see a TA or instructor for help and review the notes on method
calling.

Simpson’s Paradox

Question 1: Simpson’s Paradox (25 points)
Simpson’s paradox is a seemingly impossible mathematical problem occurring during a comparison of
two datasets over two different periods of time. Simpson’s paradox occurs when the success ratio in
dataset A is higher in both periods of time than the dataset B, but worse overall. An example, from the
source: http://en.wikipedia.org/wiki/Simpson’s_paradox is the following:

In baseball, you can compute a batting average, which represents how successful a hitter is by calculating
the number of hits divided by the number of attempts or at bats. This number is the proportion of times
the hitter is successful. Derek Jeter and David Justice are two baseball players. In 1995, Derek Jeter
was a young player and did not play much while in 1996 David Justice was injured and missed most of
the season. In the following table are their hitting statistics for these seasons: the numerator represents
the number of hits they had and the denominator is the number of attempts.

Player 1995 1996 Total
Derek Jeter 12/48 = .250 183 / 582 = .314 195 / 630 = .310

David Justice 104 / 411 = 253 45 / 140 = .321 149 / 551 = .270

Notice that David Justice had a higher percentage of success in both 1995 and 1996 than Derek Jeter
did, but when you combine the numbers over the two years, Derek Jeter was more successful. This seems
impossible (hence the name Simpson’s Paradox) and is mainly due to the imbalance of the each players
total at bats between years. The percentage in the total column is essentially a weighted average of the
1995 and 1996 columns. In the case of Derek Jeter, a greater percentage of his total average comes from
1996, where both players have higher averages, than for David Justice, who had most of his at bats in
1995.

Your task is to write a method

public static boolean isSimpsonExample(int p1y1S, int p1y1T, int p2y1S, int p2y1T,
int p1y2S, int p1y2T, int p2y2S, int p2y2T)

where:
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• p1y1S represents the number of successes player one had in year one

• p1y1T represents the number of total tries player one had in year one

• p2y1S represents the number of successes player two had in year one

• p2y1T represents the number of total tries player two had in year one

• p1y2S represents the number of successes player one had in year two

• p1y2T represents the number of total tries player one had in year two

• p2y2S represents the number of successes player two had in year two

• p2y2T represents the number of total tries player two had in year two

(You may rename the variables if you prefer more descriptive names. We will see later on that arrays
could be used to reduce the number of variables, but for now you should stick with 8 variables).

Your method has one task, which is to return true or false based on whether or not the 8 integers
correspond to a Simpsons paradox situation. A Simpsons paradox situation will happen any time that
i one of the players does better in both years individually, but combined the other player does better.
This method should go into a class called SimpsonsParadox

Benfords Law

The rest of these questions involve something called Benford’s Law and should be put into a file
BenfordsLaw.java and a class BenfordsLaw. You will be asked to write a series of methods, which
due to their independence, can mostly be written one at a time.

Background Information

Benford’s law is an unusual observation that numbers produced in systems governed by exponential
growth start with the number 1 the more often than any other digit. That is to say, when a system
increases by a certain roughly fixed percentage over time, there tend to be ones at the beginning of the
numbers.

Consider the following example. Suppose you start with $100 and you put your money in a bank account
which pays you an interest rate that will cause the money to double every 20 years. (This assumption
of a fixed amount of time to double is the exponential growth part). After 20 years, your $100 will have
turned into $200 and after another 20 years, your $200 will have turned into $400. The amount of time
that you had an amount of money in the “one hundreds” was twenty years, since for the whole first
twenty years you had more than $100 and less than $200. The amount of time you had your money in
the $200s is less, however, as the second twenty year interval is partly in the $200s and partly in the
$300s. Interestingly, this phenomenon can be observed throughout all digits and it turns out that in
numbers generated in this sort of way, the approximate percentage of leading digits is given in the graph
in Figure 1.

As most prices and incomes tend to grow roughly exponentially over time (due to inflation), our prices
and incomes follow the same phenomenon. This knowledge has been used by people to detect tax fraud
in cases where people randomly generated numbers without following this pattern. The idea is if you
uniformly randomly choose numbers your numbers will start with each of the 9 digits 1/9 of the time.
This technique by forensic accountants to clear Bill Clinton of tax fraud one time that he was accused
of this as his returns DID obey Benford’s law.

In this question, you will write several methods that will culminate in contrasting the distance from the
Benford’s law distribution of two sets: one generated via an exponential growth model and the other
generated via a uniformly random distribution.
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Figure 1: The proportion of occurrences of each digit as a first non-zero digit of a number

Question 2: Leading digits (10 points)
Write a method called calculateLeadingDigit which takes as input an int and returns an int rep-
resenting the first non-zero digit of the number. Your method header should look like public static
int calculateLeadingDigit(int number)

If we call the method calculateLeadingDigit() from a different method, you will provide it with an
int and get in return an int

• calculateLeadingDigit(103) would return 1

• calculateLeadingDigit(0) would return 0

• calcualteLeadingDigit(-41) would return 4

• etc

(If you use Scanner inside your method you will NOT be able to do this correctly for different numbers.
As such you should have NO use of Scanner in this method.)

There are several ways to do this. One way is by recalling that dividing a number by 10 shifts the
decimal point over by one place. So you could start with your initial number and continue dividing by
10 until the number is a one digit number (i.e. greater than 0 and less than 10). You will need to keep
in mind the rules of integer division and also consider what happens if the number is negative in the
first place. There are also ways to do this with String as well. (You should know how to do both and
study the solutions when they are posted.)

Question 3: Generating a Benford Sequence (20 points)
Write a method generateBenfordNumbers that takes as input two doubles and an int and returns
a double[]. The first double initialAmount represents the initial amount of money you start with.
The second double growthRate represents the amount of growth per period. The int numberPeriods
represents the amount of periods to look at. Your method should return an array of values storing the
amount of money after each period of time if initialAmount grows by growthRate proportion in each
step.

For example if the amount of money you start with is $100 and the interest is .1 (i.e. 10 %) and taken
over 4 periods, then you should return an array with the contents:

{ 100.0 , 110.0, 121.0, 133.1 }

Note that the first number of the array is the amount you started with. To go from one number to the
next, you can multiply the current number by 1 + growthRate
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Hint: Your method header should be
public static double[] generateBenfordNumbers(double initialAmount, double growthRate, int
numberPeriods)

Question 4: Calculating the Percentages (20 points)
Write a method calculateLeadingDigitProportions which takes as input a double[] numbers and
returns a double[]. Your method should analyze the array numbers and return an array representing
for each digit, the proportion of times it occurred as a leading digit. In the produced array, the value at
the 0th index should represent the proportion of times that a 0 was a leading digit (only occurs when
the number is 0 after truncation to an int), the value at the 1st index would contain the proportion of
times that a 1 was a leading digit, and so on, up until the 9th index.

For example, if numbers contains:

{ 100, 200.1, 9.3, 10}

then 1 occurs as a leading digit 50 % of the time, 2 occurs 25% of the time, and 9 occurs 25 % of the
time, so your produced array should contain:

{0, .5, .25, 0, 0, 0, 0, 0, 0, .25}

You may use the method calculateLeadingDigit to do this, but note that that method expects as
input an int, and so you will need to cast or perform a conversion in some other way. Note that if the
number is less than 1 but greater than 0 it is fine to call the leading digit 0 after a truncation.

Hint: This method is fairly involved. You may find it useful to write a helper method
called, for example, countLeadingDigits which returns an array of counts for each digit and
only then calculate the percentages

Question 5: Calculate Distance (15 points)
The final method you should write will involve a comparison of two arrays to calculate how similar they
are to each other. Write a method called calculateDistance which takes as input two double[] and
returns a double representing the Euclidean distance between the two arrays.

The Euclidean distance can be computed by first calculating the sum of the square distances between
the two arrays and then taking the square root of the entire thing (essentially the Pythagorean theorem).
For example, if your arrays are acalled array1 and array2 and had size of 3 you could calculate the
Euclidean distance by the following:

√
(array1[0]− array2[0])2 + (array1[1]− array2[1])2 + (array1[2]− array2[2])

Since you don’t know ahead of time how large the arrays will be, however, you need to use a loop. Your
method should return this Euclidean distance.

Your method may assume for simplicity that the size of the arrays will always be the same. That is, you
do not need to add extra logic to handle that case.

Question 6: Putting it all together (10 points)
The final thing you will do is put everything together using a library function provided for you and putting
it into a main method. On the course webpage, you will find a file called BenfordSupportCode.java.
This has two methods provided. One method is called generateRandomNumbers and takes as input an
int count and returns a double[] filled with count “random” integers. (As you’ll see they are not truly
random as the same sequence will occur again and again. This can be changed but was done so that
you can reproduce your results more easily). The second method is called getBenfordProbabilities()
and returns a double[] representing the Benford’s law distribution of leading digits.

To be able to use these library methods, you must make sure to save the file BenfordSupportCode.java
inside the same folder as BenfordsLaw.java . In Eclipse you will need to add it to the project as well. In
Dr Java it should be sufficient to simply open the file as well. In notepad, you should compile it by writing
javac BenfordsLaw.java BenfordSupportCode.java instead of the usual javac BenfordsLaw.java

Page 6



Write a main method that does the following:

1. Generate an array of 1000 numbers using the method you wrote previously generateBenfordSequence.
You should print the parameters you are using (the initial amount of money, the number of steps
and the rate of growth at each step). (Note: If you increase the size of the array to be much larger
than 1000 you may run into issue with reaching the maximum integer in Java)

2. Generate an array of 1000 numbers using the provided method in the BenfordSupportCode class.
Remember that you will need to call these methods by writing the name of the class first (as you
do for methods in the Math library).

3. Call your method for getting the distribution of leading numbers on each set.

4. For each set, print the proportion of digits in each.

5. Print the distance between the 2 numbers and the “ideal” Benford distribution. If you have coded
everything correctly, the “random” numbers will have a further distance than the Benford distri-
bution. (So if this were part of a larger forensic accounting program and you saw the distance was
too high, you would realize they had not been generated via a real process but rather an artificial
one)

A sample run of the program looks as follows:

dans computer$ java BenfordsLaw
Generating Benford sequence with initial amount of 100 dollars, .01 growth per period,
and 1000 periods
For Benford, the digit is 0 and the proportion is 0.0
For Benford, the digit is 1 and the proportion is 0.349
For Benford, the digit is 2 and the proportion is 0.167
For Benford, the digit is 3 and the proportion is 0.116
For Benford, the digit is 4 and the proportion is 0.089
For Benford, the digit is 5 and the proportion is 0.074
For Benford, the digit is 6 and the proportion is 0.061
For Benford, the digit is 7 and the proportion is 0.054
For Benford, the digit is 8 and the proportion is 0.048
For Benford, the digit is 9 and the proportion is 0.042
For random generation, the digit is 0 and the proportion is 0.0
For random generation, the digit is 1 and the proportion is 0.11
For random generation, the digit is 2 and the proportion is 0.096
For random generation, the digit is 3 and the proportion is 0.1
For random generation, the digit is 4 and the proportion is 0.108
For random generation, the digit is 5 and the proportion is 0.138
For random generation, the digit is 6 and the proportion is 0.121
For random generation, the digit is 7 and the proportion is 0.104
For random generation, the digit is 8 and the proportion is 0.11
For random generation, the digit is 9 and the proportion is 0.113
The distance of the exponential growth group is 0.05130302135352262
The distance of the random growth group is 0.24517340801971163

Verifying your code

Run your code against the test programs to verify it. To do this, you should make sure that SimpsonsParadox.java,
BenfordsLaw.java, BenfordSupportCode.java, and AssignmentTwoTests.java are all in the same folder.

Then, compile all of them together by typing

javac *.java
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OR

javac AssignmentTwoTests.java SimpsonsParadox.java BenfordsLaw.java BenfordSupportCode.java

In Eclipse, Dr. Java, or the command prompt, you should make sure that the four files are inside the same
folder.

If the program does not compile, it means you are either missing a public method or one of the required
public methods does not take the correct arguments. Your code must compile with these test cases. If you
are not able to do so, you should ask a TA or instructor for help. After this, you may run the test program
by typing

java AssignmentTwoTests

As you are writing your code, you may want to test things immediately rather than waiting until you’ve
finished the assignment. In this case, a good thing to do is write the method headers and “skeleton methods”
with simple return expressions for the required methods. The test cases for the methods you have skeletons
of will still fail in most cases, but you’ll be able to run the test cases on the working ones.

What To Submit

You should submit your assignment on MyCourses. In order to do this, you will need to make a zip of the
file. You can do this on windows by following the instructions at this link: http://condor.depaul.edu/
slytinen/instructions/zip.html. On a mac or linux, you can find instructions at http://osxdaily.
com/2012/01/10/how-to-zip-files-in-mac-os-x/

You should submit a zip file called Assignment2.zip with the following files inside of it.

SimpsonsParadox.java
BenfordsLaw.java
Confession.txt (optional) In this file, you can tell the TA about any issues you ran into doing
this assignment. If you point out an error that you know occurs in your problem, it may lead
the TA to give you more partial credit. On the other hand, it also may lead the TA to notice
something that otherwise he or she would not.
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