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Abstract

The author’s brief was to create maths library using C++ to carry out a specific set of
mathematical operations. This report outlines the formulae used for each of the operation, the
code, and the testing carried out to ensure the program calculates the results correctly. The
testing includes calculations that are carried out manually, as well as those from textbooks and

other sources as verified answers for comparison.
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1. Introduction

The author has been tasked with writing a C++ program that carries out a number of

mathematical operations. These functions are for calculating:

e The length of a vector

e The normalisation of a vector

¢ The distance between two points

e The dot product of two vectors

e The cross product of two vectors

e The rotation of a point about the y axis

e The mean, mode and standard deviation of a set of integers; and

e The union and intersection of two sets.

This report covers each of the operations in turn. For each, a description of the operation is
given, including the formulae required for the calculation. The code implementation is outlined
for each operation. The program is tested for each operation to ensure it is returning the correct
results. For the testing, a worked example from a textbook or other source is used as known
verified result for comparison to the program. The author subsequently carries out their own
manual calculations using randomly generated numbers to compare against the program’s

results. Each test is passed or failed based on the comparison.

The full program code can be found in Appendix A.
2. Required operations
2.1. Length

2.1.1. Operation description

This operation finds the length (or the magnitude) of a vector. The notation for the length of a

vector is |@|. The formula for calculating a vector with two points is:

ld| = yx? + y?

The formula for a vector with three points is:

ld] = /x% +y2? + 22




2.1.2. Code implementation

The two functions created for this operation are below. The first function prompts the user to
input the co-ordinates of the vector which are stored in an array. It passes the vector array to
the second function that carries out the calculation. The second function returns the result as a

floating-point number that the first function displays to the user.

void LengthMainTask()

{
174 Declare variables
float x, vy, z;

float vector[3], output;

// Output prompt user to enter x value and write their input to the array

cout << "\tPlease enter a value for x: ";
cin >> vector[@];

I/ Output prompt user to enter y value and write their input to the array

cout << "\tPlease enter a value for y: ";
cin >> vector[1];

// Output prompt user to enter z value and write their input to the array

cout << "\tPlease enter a value for z: ";
cin >> vector[2];

I/ Output the entered vector for the user to see
cout << endl << "\tEntered vector: V = (" << vector[@®] << ", " << vector[1l] <<
", " << vector[2] << ")" << endl;

17 Call function to calculate the length of the vector
output = VectorLength(vector);
I/ Output the vector length to the screen
cout << "\tVector length: " << "\t|V| = " << output << endl;
}
/I Function for calculating vector length
float VectorLength(float vector[3])
{
174 Carry out calculation and return the result
return sqrt(pow(vector[@], 2) + pow(vector[1], 2) + pow(vector[2], 2));
}




2.1.3. Testing

Test number 1

Test description
This test will use an example of this operation taken from page 393 of [1]. This provides a

verified result free from potential errors made by the author.

Expected result of test
i=(234)
ldl = 22 + 32+ 42
ld| = V29
ld] = 5.39

Actual result of test

Test result Pass




Test number 2

Test description

The author used a random number generator [2] to generate 3 random integers between O

and 100.

Expected result of test

d = (96,41,52)

|d| = /962 + 412 + 522

|d| = 116.62

Actual result of test

Test result Pass

Test number 3

Test description

The author used a random number generator [2] to generate 3 random integers between -

100 and 100 with at least one negative value.

Expected result of test

d = (84,—31,88)

ld| = y'84% + —312 + 882

|d] = 125.54

Actual result of test

Test result Pass




2.2. Normalisation of a vector

2.2.1. Operation description

This operation normalises a vector. This can be used for re-scaling a vector without changing
its direction [3]. The notation for a normalised vector is @. The formula for normalising a vector

is:

2.2.2. Code implementation

The two functions created for this operation are below. The first function prompts the user to
input the co-ordinates of the vector which are stored in an array. It passes the vector array to
the second function that carries out the calculation of the vector length. The second function
returns the length of the vector as a floating-point number that the first function uses to display

the normalised vector to the user.

void NormaliseMainTask()

{
17 Declare variables
float x, y, z;
float vector[3], output;
// Output prompt user to enter x value and write their input to the array
cout << "\tPlease enter a value for x: ";
cin >> vector[@];
I/ Output prompt user to enter y value and write their input to the array
cout << "\tPlease enter a value for y: ";
cin >> vector[1];
I/ Output prompt user to enter z value and write their input to the array
cout << "\tPlease enter a value for z: ";
cin >> vector[2];
174 Output the entered vector for the user to see
cout << endl << "\tEntered vector: V = (" << vector[®] << ", " << vector[1l] <<
", " << vector[2] << ")" << endl;
I/ Call function to calculate the length of the vector
output = VectorLength(vector);
I/ Output the vector length to the screen
cout << "‘\tNormalised vector: " <«
"Wo= (" << vector[®] << "/" << output << ", " <<
vector[1l] << "/" << output << ", " <«
vector[2] << "/" << output << ")" << endl;
}




/I Function for calculating vector length
float VectorLength(float vector[3])
{

174 Carry out calculation and return the result
return sgrt(pow(vector[@], 2) + pow(vector[1], 2) + pow(vector[2], 2));

2.2.3. Testing

Test number |4

Test description

This test will use an example of this operation taken from Exercise 2-4 of [3]. This

provides a verified result free from potential errors made by the author.

Expected result of test

@=(0,3,—4)

ldl = /02 + 32 + (—4)?

Actual result of test

Test result Pass




Test number 5

Test description
The author used a random number generator [2] to generate 3 random integers between O

and 100.

Expected result of test

d = (26,60, 28)

ld] = V262 + 602 + 282

ld| = 71.13

==
Tar
(26,60,28)
71.13

26 60 28
= (=

71.13"71.13°71.13

a=

Actual result of test

Test result Pass




2.3. Distance between two points

2.3.1. Operation description

This operation finds the difference between two points. This is done using Pythagoras’

theorem, where the distance between the two points is the hypotenuse.
If:

Point 1 is P; = (x4, yy,21) and Point 2 is P, = (x3,¥>, 23)
Then:

Ax = x; — x,

The formula for finding the distance between the two points is:

JAx% + Ay? + Az?
2.3.2. Code implementation

The two functions created for this operation are below. The first function prompts the user to
input the co-ordinates of the two vectors which are stored in arrays. It passes the vector arrays
to the second function that carries out the calculation of the distance between the points. The
second function returns the distance as a floating-point number that the first function displays

to the user.

void DistanceBetweenPointsMainTask()

{

17 Declare variables

float x, y, z;

float vectorl[3], vector2[3], output;

// Output prompt user to enter x value and write their input to the first
array

cout << "\tPlease enter a value for x in vector 1: ";

cin >> vectorl[@];

// Output prompt user to enter y value and write their input to the first
array

cout << "\tPlease enter a value for y in vector 1: ";
cin >> vectorl[1l];




/7 Output prompt user to enter z value and write their input to the first
array

cout << "\tPlease enter a value for z in vector 1: ";

cin >> vectorl[2];

I/ Output the first entered vector for the user to see

cout << endl << "\tFirst entered vector: V1 = (" << vectorl[@] << ", " <«
vectorl[1] << ", " << vectorl[2] << ")" << endl << endl;

I/ Output prompt user to enter x value and write their input to the second
array

cout << "\tPlease enter a value for x in vector 2: ";

cin >> vector2[@];

7 Output prompt user to enter y value and write their input to the second
array

cout << "\tPlease enter a value for y in vector 2: ";

cin >> vector2[1];

// Output prompt user to enter z value and write their input to the second

array
cout << "\tPlease enter a value for z in vector 2: ";
cin >> vector2[2];

I/ Output the second entered vector for the user to see
cout << endl << "\tSecond entered vector: V2 = (" << vector2[®] << ", " <«
vector2[1] << ", " << vector2[2] << ")" << endl << endl;

I/ Call function to calculate the length of the vector
output = DistanceBetweenVectors(vectorl, vector2);

174 Output the distance between the vectors to the screen
cout << endl << "\tDistance between the vectors: " << output << endl;

}

/I Function for calculating the distance between two vectors
float DistanceBetweenVectors(float vectorl[3], float vector2[3])

{

174 Declare variables

float deltas[3];

int x;

I/ Loop through array elements, find the difference and add to a new array

for (x = 8; x < 3; x++)

deltas[x] = vectorl[x] - vector2[x];
h

17 Carry out calculation and return the result
return sqrt(pow(deltas[@], 2) + pow(deltas[1], 2) + pow(deltas[2], 2));




2.3.3. Testing

Test number 6

Test description
The author used values and the online calculator from [4] to verify the results of the manual

calculation and the program’s result.

Expected result of test

Py =(1,11)
P, =(222)
Ax=1-2
Ax = =1
Ay=1-2
Ay =—1
Az=1-2
Az = —1

dist = =12 4 —12 + —12

dist =1.73

Actual result of test

Test result Pass

10




Test number 7

Test description

The author used a random number generator 2] to generate 3 random integers between -100

and 100.

Expected result of test

P, = (47,-70,24)
P, = (34,64,—42)

Ax =47 - 34
Ax =13

Ay =70 — 64
Ay = —134

Az = 24 — (—42)
Az =66

dist = /132 + —1342 4 662

dist = 149.94

Actual result of test

Test result Pass




24. Dot product of two vectors

2.4.1. Operation description

This operation finds the dot product of two vectors. It produces a scalar result and is sometimes
called the scalar product [1]. The dot product can subsequently be used to calculate the angle
between the vectors [1]. The notation for the dot product is a®b where a and b are the two

vectors.

If:

G =(x,y1,z)and b = (x3,,,7;)
The formula for finding the dot product is:
a®h = (x,x, +y, ¥, + 2,2;)
2.4.2. Code implementation

The two functions created for this operation are below. The first function prompts the user to
input the co-ordinates of the two vectors which are stored in arrays. It passes the vector arrays
to the second function that carries out the calculation of the dot product. The second function

returns the dot product as a floating-point number that the first function displays to the user.

void DotProductMainTask()

{

17 Declare variables

float x, y, z;

float vectorl[3], vector2[3], output;

// Output prompt user to enter x value and write their input to the first
array

cout << "\tPlease enter a value for x in vector 1: ";

cin >> vectorl[@];

// Output prompt user to enter y value and write their input to the first
array

cout << "\tPlease enter a value for y in vector 1: ";

cin >> vectorl[1l];

/7 Output prompt user to enter z value and write their input to the first
array

cout << "\tPlease enter a value for z in vector 1: ";
cin »>> vectorl[2];

174 Output the first entered vector for the user to see

cout << endl << "\tFirst entered vector: V1 = (" << vectorl[®] << ", " <«
vectorl[1l] << ", " << vectorl[2] << ")" << endl << endl;

12




/7 Output prompt user to enter x value and write their input to the second
array

cout << "\tPlease enter a value for x in vector 2: ";

cin >> vector2[@];

I/ Output prompt user to enter y value and write their input to the second
array

cout << "\tPlease enter a value for y in vector 2: ";

cin >> vector2[1l];

I/ Output prompt user to enter z value and write their input to the second
array

cout << "\tPlease enter a value for z in vector 2: ";

cin >> vector2[2];

I/ Output the second entered vector for the user to see
cout << endl << "\tSecond entered vector: V2 = (" << vector2[@] << ", " <«

n n

vector2[1] << ", " << vector2[2] << ")" << endl << endl;

I/ Call function to calculate the length of the vector
output = DotProduct(vectorl, vector2);

I/ Output the distance between the vectors to the screen
cout << "\tDot product: " << output << endl;

}
/I Function for calculating the dot product
float DotProduct(float vectorl[3], float vectorz[3])
{
174 Declare variables
float output = 8;
int x;
I/ For loop to carry out the calculation
for (x = @; x < 3; x++)
{
output = output + (vectorl[x] * vector2[x]);
}
174 Return the result
return output;
}

13




2.4.3. Testing

Test number 8

Test description
This test will use an example of this operation taken from page 398 of [1]. This provides a

verified result free from potential errors made by the author.

Expected result of test
d=(3,-21) andb = (2,3,-4)
ash = (3x2+ (—2)x3+1x(—4))
ash = —4

Actual result of test

Test result Pass




Test number 9

Test description

The author used a random number generator [5] to generate 3 random numbers between -
100 and 100.

Expected result of test

d = (45.1,—29.0,—36.8) and b = (—37.6,91.3,55.2)
ash = (451 x (—37.6) + (—29.0) x 91.3 + (—36.8) x 55.2)
ash = —6374.82

Actual result of test

Test result Pass

2.5. Cross product of two vectors

2.5.1. Operation description

This operation finds the cross product of two vectors. The result of the calculation is a vector
value. It is sometimes called the vector product for this reason [1]. The resulting vector is
perpendicular to the plane of the two vectors. Like the dot product, the cross product can be
used to find the angle between the vectors [1]. The notation for the cross productis a X b where

a and b are the two vectors.

If:
d = (ay, ay a;) and b = (b, b, by)
The formula for finding the cross product is:

ax b = (ayb; — azb,,azb; — a;bs,a,b, — ayby)




2.5.2. Code implementation

The two functions created for this operation are below. The first function prompts the user to

input the co-ordinates of the two vectors which are stored in arrays. It also creates an array for

the result with a pointer. It passes the vector arrays and the pointer to the second function that

carries out the calculation of the cross product. The second function does not return a value and

instead stores the results in the array at the pointer location. The first function then displays the

array containing the results to the user.

void CrossProductMainTask()

{

array

array

array

174 Declare variables

float xDash, x, tx, yDash,

y, ty, zDash, z, tz;

float vectori[3], vector2[3], output[3];

float* ptrOutput = NULL;
ptrOoutput = output;
I/ Output prompt user

cout << "\tPlease enter a
cin >> vectorl[@];

I/ Output prompt user

cout << "\tPlease enter a
cin >> vectorl[1l];

I/ Output prompt user

cout << "\tPlease enter a
cin >> vectorl[2];

to enter x value and write their input to the first

value for x in vector 1: ";

to enter y value and write their input to the first

value for y in vector 1: ";

to enter z value and write their input to the first

value for z in vector 1: ";

I/ Output the first entered vector for the user to see

cout << endl << "\tFirst entered vector: V1 = (" << vectorl[@] << ", " <«
vectorl[1] << ", " << vectorl[2] << ")" << endl << endl;

/7 Output prompt user to enter x value and write their input to the second

array

array

array

cout << "\tPlease enter a
cin >> vector2[@];

/7 Output prompt user

cout << "\tPlease enter a
cin >> vector2[1];

/7 Output prompt user

cout << "\tPlease enter a
cin »>> vector2[2];

value for x in vector 2: ";

to enter y value and write their input to the second

value for y in vector 2: ";

to enter z value and write their input to the second

value for z in vector 2: ";

17 Output the second entered vector for the user to see

16




cout << endl << "\tSecond entered vector: V2 = (" << vector2[@] << ", " <«
vector2[1] << ", " << vector2[2] << ")" << endl << endl;;
174 Call cross product function
CrossProduct(vectorl, vector2, ptrOutput);
174 Output the corss product to the screen
cout << "\tCross product: (";
int i = 9;
for (1 = 08; 1 < 3; i++)
{
if (i == 0)
{
cout << output[i];
}
else
{
cout << ", " << output[i];
}
}
cout << ")" << endl;
}
/I Function for calculating the cross product
void CrossProduct(float vectorl[3], float vector2[3], float* output)
{
/7 Carry out the calculations and set the output array with the results

output[@] = vectorl[1] * vector2[2] - vectorl[2] * vector2[1];
output[1] = vectorl[2] * vector2[@] - vectorl[®] * vector2[2];
output[2] = vectorl[@] * vector2[1] - vectorl[1l] * vector2[@];

2.5.3. Testing

See next page.
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Test number 10

Test description
This test will use an example of this operation taken from page 400 of [1]. This provides a

verified result free from potential errors made by the author.

Expected result of test

d=(2,4,3)andb =(1,5,-2)
axbh=(4%x(-2)-3%x53x1-2x%x(=2),2x5—-4x%x1)
axb=(-2376)

Actual result of test

Test result Pass




Test number 11

Test description

The author used a random number generator [5] to generate 3 random numbers between -
100 and 100.

Expected result of test

d = (26.5,—32.0, 64.4) and b= (65.0,44.6,84.7)
axb= ((—32.0) x 847 — 64.4 ¥ 44.6,64.4 X 650 — 26.5 x 84.7,26.5 x 44.6 — (—32.0) x 65.0)
a x b = (—5582.64,1941.45,3261.90)

Actual result of test

Test result Pass

2.6. Rotation transformation about the y axis

2.6.1. Operation description

This operation allows the rotation of a point (represented with x, y, and z co-ordinates) about
the y axis. The notation for the transformed point P is P". The operation can be carried out

using matrix multiplication.

If:
P=(xy2)
And:
6 = rotation in radians
Then:




_ N R
|
=]
(=}
===
[

2.6.2. Code implementation

The two functions created for this operation are below. The first function prompts the user to
input the co-ordinates of the vector which is stored in an array, as well as the degrees of rotation
they would like the point rotated by. It also creates an array for the result with a pointer. It
passes the vector array, degrees of rotation and the pointer to the second function that carries
out the transformation using matrix multiplication. The second function does not return a value
and instead stores the results in the array at the pointer location. The first function then displays

the array containing the results to the user.

void RotateAboutYAxisMainTask()

{
174 Declare variables
float vector[3], output[3];
float angleDeg, angleRad;
float x, y;

float* ptrOutput = NULL;
ptrOutput = output;
// 1 degree = pi / 180

7 Output prompt user to enter x value and write their input to a variable

cout << "\tPlease enter a value for x: ";
cin >> vector[e];

I/ Output prompt user to enter y value and write their input to a variable

cout << "\tPlease enter a value for y: ";
cin >> vector[1];

I/ Output prompt user to enter z value and write their input to a variable

cout << "\tPlease enter a value for z: ";
cin >> wvector[2];

cout << endl;

I/ Output the entered vector for the user to see
cout << "\tP = (" << vector[@] << ", " << vector[l] << ", " << vector[2] << ")"
<< endl << endl;

I/ Output prompt user to enter the angle fo rotation and write their input
to a variable

cout << "\tPlease enter an angle in degrees: ";

cin >> angleDeg;

"

cout << "\tAngle of rotation is " << angleDeg << " degrees." << endl << endl;
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174 Rotation calculation
RotateAboutYAxis(vector, angleDeg, ptrOutput);

I Output the rotated point
cout << "\tRotated point P° = (" << output[@] << ", " << output[l] << ", " <«
output[2] << ")" << endl;

/I Function for calculating rotation

void RotateAboutYAxis(float vector[3], float angleDeg, float* output)

{
17 Declare two-dimensional matrix for the rotation transformation equations
float matrix[3][3];

I/ Add the elements to the array in the appropriate locations
matrix[@][@] = cos(angleDeg / 18@ * M_PI);

matrix[@][1] = @;

matrix[@][2] = sin(angleDeg / 18@ * M_PI);

matrix[1][@] = @;

matrix[1][1] = 1;

matrix[1][2] = @;

matrix[2][@] = -sin(angleDeg / 188 * M_PI);

matrix[2][1] = @;

matrix[2][2] = cos(angleDeg / 188 * M_PI);

int x, y;

/7 Multiply the two matricies (equations and original vector) and store the

output in the output array
for (x = 8; X < 3; x++)

¢ output[x] = @;
for (y = @; y < 3; y++)
output[x] = output[x] + (float)vector[y] * matrix[x][y];
, }

¥
2.6.3. Testing

See next page.
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Test number 12

Test description

This test uses the [6] with values of the author’s choosing. The online calculator was used

to verify the author’s manual calculation and that of the program.

Expected result of test

P=(321)
g_ﬁoo(L
a 180
0 1
1 1
" cos[gn) 0 sm(gn) 03
¥ _ 0 1 0 0]]2
z 1 1 1
1 —sm(gn) 0 cos(gn) 0 1
0 0 0 1
V3
¥ 05 0 B3 0 3
yi_l o 1 o olf2
z V3 1
1 -5 0 05 0|1
0 0 0 1
x [ 15 0 087 0
yl_| o 2 o0 o
Zz| |-260 0 05 0
1 | 0 0 0 1
Ea 2.37
yviZ| 2
z -2.10
L1 1

Actual result of test

Test result Pass
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Test number 13

Test description

The author used a random number generator [2] to generate 3 random integers between -10
and 10. The same generator was used to generate a random number between 0 and 360 as

the degrees of rotation.

Expected result of test

P =(1,-9,2)
6 = 950(—)
- 180
19
8= —m
36
- 19 0 s 19 o
x: cos(36 ) Sm(36 ) 1
y|_ 0 1 0 o|[-9
7 19 0 19 oll 2
1 —sm(gn) cos(gn) 1
0 0 0 1
x'] 0087 0 099 0][1
yvi_| o 10 o0]]-9
7z -0996 0 0.087 o0f|2
1) 0 o o 1ll1
x 0087 0 1992 0
yl_] o -9 0 0
z|” [-0996 0 -0174 0
1 0 0 0 1
x 1.91
yi_| -9
z -1.17
1 1

Actual result of test

Test result Pass




2.7. Mean, mode and standard deviation of a list of integers

The following three operations have one main function (AverageMainTask) with smaller
functions for the individual operations. The code for AverageMainTask is below. It prompts the
user to input how many numbers will be in the set they enter. It creates an array with a matching
number of elements and prompts the user to enter a value for each element. The array is sorted
using the gsort library function. The functions for the operations are subsequently called. These

are explained in the following sections of the report.

void AverageMainTask()

{
174 Declare variables
int arraySize = ©;
int i;
I/ Prompt the user to ask how many values they will enter and write their

input to a variable
cout << "\tPlease enter how many numbers you need to enter: ";
cin >> arraySize;

I/ Create array with the length based on the number of values the user will
be entering
float* numbers = new float[arraySize];

7 Loop from & to the array size minus 1, prompt the user for that number
and add it to the array in that position
for (1 = @; i < arraySize; i++)

{
cout << "\tPlease enter number " << i + 1 << ": ";
cin >> numbers[i];

}

I/ Sort the numbers in the array

gsort(numbers, arraySize, sizeof(float), compare);
cout << endl;

I/ Call the Mode function (output in the function)
Mode (numbers, arraySize);

cout << endl << endl;

I Set variable with the output of the Mean function
float mean = Mean(numbers, arraySize);

I/ Output the mean to the screen
cout << "\tThe mean of the numbers entered is

n

<< mean << endl << endl;

I/ Output the standard deviation to the screen
cout << "\tThe standard deviation of the numbers entered is
StandardDev (numbers, arraySize, mean) << endl;

"

<<

}
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2.7.1. Mean operation
2.7.1.1. Operation description

Central tendency is a single value that represents the central position of a set of data [7]. The
mean is one of the measures of central tendency. The notation for the mean is X. The formula

for finding the mean is:

__Xx
==
n

2.7.1.2. Code implementation

The function created for this operation is below. It is called from the main function
(AverageMainTask) with the pointer to the array of numbers and the number of elements in the
array as parameters. [t calculates the mean and returns the result as a floating-point number.

The main function then displays the results to the user.

I Function for calculating the mean
float Mean(float* numbers, int arraySize)
{
I/ Declare variables
float total = @;
int i;
7 For loop for summing the values in the array
for (i = @; i < arraySize; i++)
{
total = total + numbers[i];
}
I/ Carry out the mean calculation and return the result
return total / (float)arraysize;
}
2.7.1.3. Testing

See next page.
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Test number 14

Test description
The author used an example from page 300 of [8]. This provides a verified result free from

potential errors made by the author.

Expected result of test

Yx=2+3+7+5+5+13+1+7+4+8+3+4+3
¥Yx =65

65

13

¥=5

xX=

Actual result of test

Test result Pass




Test number 15

Test description

The author used a random number generator [5] to generate 8 random numbers between -
100 and 100.

Expected result of test

Yx = 17.50 + 95.61 + (—52.92) + (—34.45) + (—34.00) + 82.05 + (—1.96) + (—20.88)

Yx = 50.95
5095
*=7g
£ =637

Actual result of test

Test result Pass

2.7.2. Mode operation

2.7.2.1. Operation description

The mode is another measure of central tendency. It identifies the most common values within
a set of data [1][8]. There can be one or more modes for a set of data. Sets with multiple modes

are described as being multimodal.
2.7.2.2, Code implementation

The function created for this operation is below. It is called from the main function
(AverageMainTask) with the pointer to the array of numbers and the number of elements in the
array as parameters. It calculates the modes by creating a two-dimensional array, with the first
dimension containing a distinct list of the numbers in the original array and the second
dimension containing a count of how many times each number appears in the original array.

The numbers with the highest count are identified and outputted within the function.
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/I Function for calculating the mode
void Mode(float* numbers, int arraySize)

{
174 Declare variables
int i;
int numberCount = 1;
17 For loop to count the number of distinct values
for (i = 1; i < arraySize; i++)
if (numbers[i] » numbers[i - 1])
numberCount = numberCount++;
}
}
17 Create two-dimensional array based on the count of distinct numbers. The
first dimension is for the number
I/ and the second dimension is the number of times the number appears in

the original array of numbers
float* distinctNumbers;
distinctNumbers = (float*)malloc(numberCount * 2 * sizeof(float));

I/ Declare additional variables
int j = @;
int maxCount = 8;
I/ Loop through the original array of numbers and add the distinct values
to the new array along with the count of
/7 their appearance in the original array
for (i = @; i < arraySize; i++)
{
I/ Always add the first value to the new array and set the count to
1
if (i == @)
{
distinctNumbers[j * 2] = numbers[i];
distinctNumbers[(j * 2) + 1] = (float)l;
maxCount++;
else if (numbers[i] > numbers[i - 1]) 1/ Add numbers to the new
array that haven't already been added and set the count to 1
{
J++;
distinctNumbers[j * 2] = numbers[i];
distinctNumbers[(j * 2) + 1] = (float)l;
}
else I/ Increment the count by 1 if the value is already in

the new array. Also increment the maxCount counter that keeps track of the greatest
number count

{
distinctNumbers[(j * 2) + 1]++;
if (distinctNumbers[(j * 2) + 1] > maxCount)
{
maxCount = distinctNumbers[(j * 2) + 1];
}
}
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int modeCount = B;

I/ Begin output
cout << "\tThe modes of the numbers entered are: ";

I/ Loop through the distinctNumbers array and output any numbers where the
count match the maxCount variable
for (i = @; i < numberCount; i++)

{
if (distinctNumbers[i * 2 + 1] == maxCount)
{
modeCount++;
if (modeCount > 1)
{
cout << ", ";
}
cout << distinctNumbers[i * 2];
}
}
}
2.7.2.3. Testing

Test number 16

Test description

This test will use an example of this operation taken from page 519 of [1]. This provides a

verified result free from potential errors made by the author.

Expected result of test

A = {23,25,25,25,27,27,28,28,28 }
ModesofA = {25,281}

Actual result of test

Test result Pass

29




Test number 17

Test description

The author used a random number generator [5] to generate 10 random integers between 0
and 100.

Expected result of test

A = {1,2,32,55,61,63,63,64,88,100 }
Modes of A = {63}

Actual result of test

Test result Pass

2.7.3. Standard deviation operation

2.7.3.1. Operation description

Standard deviation indicates the degree of dispersion from the measure of central tendency

(typically the mean) for a set of values [8]. The notation for the standard deviation is o.
If:
x ={a set of values }

The formula for finding the standard deviation of the set is:




2.7.3.2. Code implementation

The function created for this operation is below. It is called from the main function
(AverageMainTask) with the pointer to the array of numbers, the number of elements in the array,
and the previously calculated mean as parameters. It calculates the standard deviation and
returns the result as a floating-point number. The main function then displays the results to the

user.

I Function for calculating standard deviation

float StandardDev(float* numbers, int arraySize, float mean)
{

17 Declare variables

float total = ©;

int i;

// Loop through the array of numbers and total the differences between the
mean and each number
for (i = @; i < arraySize; i++)

{
total = total + pow((mean - numbers[i]), 2);
}
I/ Calculate the mean and return the result
return sqrt(total / (float)arraySize);
}
2.7.3.3. Testing

See next page.
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Test number 18

Test description

This test will use an example of this operation taken from pages 527 and 528 of [1]. This

provides a verified result free from potential errors made by the author.

Expected result of test

x=1{3,67,811,13}

Sx=34+6+7+8+11+13

Yx =48
_ 48
xz?
=8

(x—x%x)={3-86-87-8,8—-8,11-8,13—-8}
(x—-x)={-5-2,-1,0,3,5}

(I _f)i _ { _52'_22'_12 '02'32'52 }
(x — %)% ={254,1,0,9,25}

Sx—0)?={25+4+1+0+9+25}

Y(x—x)? = 64
64
7= s
o =3.27

Actual result of test

Test result Pass




Test number 19

Test description

The author used a random number generator [5] to generate 8 random numbers between -
10 and 100.

Expected result of test

x ={—-6.4,—-3.8,7.1,12.6,17.8,19.0,49.9,74.5 }

Sx=—-64+-38+71+126+17.8+19.0+49.9 + 745

x = 170.7
1707
=g

¥ =21.3375

(x —x) ={—6.4—21.3375,—-3.8 — 21.3375,7.1 — 21.3375,12.6 — 21.3375,17.8 — 21.3375, 19.0
— 21.3375,49.9 — 21.3375,74.5 — 21.3375 }

(x — %) = {—27.7375,—-25.1375, —14.2375 ,, —8.7375,—3.5375, —2.3375, 28.5625, 53.1625 }

N.B.: The results are rounded to 1 decimal place in the workings below, but full values were used full the

calculations.

(x —x)? = { —27.7375%,—25.1375%, —14.2375% ,—8.7375%, —3.5375%,—2.3375%,28.5625%, 53.1625” }
(x — %)% ={769.4,631.9,202.7,76.3,12.5,5.5,815.8,2826.3 }

S(x—%)?2= {7694+ 631.9 +202.7 + 763 + 12.5 + 5.5 + 815.8 + 28263 }
F(x —%)? = 5340.4

Actual result of test

See next page.
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Test result Pass

2.8. Union and intersection of two sets

The following two operations have one main function (SetsMainTask) with smaller functions
for the individual operations. The code for setsMainTask is below. It prompts the user to input
how many numbers will be in the first set they enter. It creates an array with a matching number
of elements and prompts the user to enter a value for each element. This is repeated for the
second set. The arrays are sorted using the gsort library function. The functions for the

operations are subsequently called. These are explained in the following sections of the report.

void SetsMainTask()
{
I/ Declare variables
int setlsize = @;
int set2Size = 8;
int i;

I/ Prompt the user to ask how many values they will enter in set 1 and
write their input to a variable

cout << "\tPlease enter how many numbers you need to enter in the first set: ";

cin »>> setlSize;

I/ Create array with the length based on the number of values the user will
be entering
float* setl = new float[setlSize];

// Loop from ® to the array size minus 1, prompt the user for that number
and add it to the array in that position
for (i = @; i < setlSize; i++)

{
cout << "\tPlease enter number " << i + 1 << " of set 1: ";
cin »> setl[i];

}

I Sort the numbers in the array

gsort(setl, setlSize, sizeof(float), compare);

cout << endl;




/7 Prompt the user to ask how many values they will enter in set 2 and
write their input to a variable
cout << "\tPlease enter how many numbers you need to enter in the second set:

",
El

cin »>> set2Size;

17 Create array with the length based on the number of values the user will
be entering
float* set2 = new float[set2Size];

/7 Loop from @ to the array size minus 1, prompt the user for that number
and add it to the array in that position
for (i = @; i < set2S5ize; i++)

{
cout << "\tPlease enter number " << i + 1 << " of set 2: ";
cin >> set2[i];

}

I/ Sort the numbers in the array

gsort(set2, set2Size, sizeof(float), compare);
cout << endl;

// Call the Union function (output in the function)
Union(setl, setl1Size, set2, set2Size);

I/ Call the Intersection function (output in the function)
Intersection(setl, setlSize, set2, set2Size);

2.8.1. Union operation
2.8.1.1. Operation description

A union operation combines the elements from two or more sets into a set with distinct elements
(i.e. elements in present multiple times in the original sets are only presented once in the

resulting set). The notation for a union is U [9].
2.8.1.2. Code implementation

The function created for this operation is below. It is called from the main function
(setsMainTask) with the pointers to the arrays of numbers and the number of elements in each
array as parameters. It calculates the union by creating an array containing all the elements
from both original arrays which is then sorted. It then creates an array containing a distinct list

of the numbers in the combined array. This array outputted within the function.

I Function for calculating the union of two sets
void Union(float* setl, int setlSize, float* set2, int set2size)
{

I/ Declare variables

int i;

int numberCount = 1;
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int combinedSetSize = setlSize + set2Size;

float* combinedSets = new float[combinedSetSize];

I Add the first set to the combined set array
for (i = @; i < setlSize; i++)
{
combinedSets[i] = setl[i];
}
I/ Add the second set to the combined set array
for (i = @; i < set2Size; i++)
{
combinedSets[setlSize + i] = set2[i];
}
17 Sort the numbers in the combined set array

gsort(combinedSets, combinedSetSize, sizeof(float), compare);

I/ For loop to count the number of distinct values
for (i = 1; i < combinedSetSize; i++)
{

if (combinedSets[i] > combinedSets[i - 1])

{

numberCount = numberCount++;

}
}
I/ Create an array based on the count of distinct numbers

float* distinctNumbers;
distinctNumbers = (float*)malloc(numberCount * sizeof(float));

int § = @;
// Loop through the combined set array and add distinct values to the

distinctNumbers array
for (i = @; i < combinedSetSize; i++)

{
if (i > © && combinedSets[i] > combinedSets[i - 1])
{
J++;
}
distinctNumbers[j] = combinedSets[i];
b
// Output the union of the sets (i.e. the distinct numbers)

"

cout << "\tThe union of the two sets is: << endl;

for (i = @; i < numberCount; i++)

{
}

cout << "\t\t" << distinctNumbers[i] << endl;

cout << endl;
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28.1.3. Testing

Test number 20

Test description

This test will use an example of this operation taken from page 451 of [1]. This provides a

verified result free from potential errors made by the author.

Expected result of test

A= {36912}
B ={6,12}

AUB={3,6,9,12}

Actual result of test

Test result Pass




Test number 21

Test description
The author used a random number generator [2] to generate two sets with 10 random

integers between 0 and 100. The union was subsequently calculated.

Expected result of test

A = {83,96,87,3,54,33,87,12,83,61 }
B = {63,70,10,15,92,10,44, 31,79,87 }
AUB ={3,10,12,15,31, 33,44, 54,61,63,70,79, 83,87,92,96 }

Actual result of test

Test result Pass




2.8.2. Intersection operation
2.8.2.1. Operation description

An intersection operation returns common elements from two or more sets. The notation for an

intersection is n [9].
2.8.2.2, Code implementation

The function created for this operation is below. It is called from the main function
(setsMainTask) with the pointers to the arrays of numbers and the number of elements in each
array as parameters. [t calculates the intersection by looping through the first array (the outer
loop) with an inner loop through the second array that checks to see if the value of the outer
loop is in the second array. Matches are outputted within the function, with code in place to

prevent duplicates being displayed.

/I Function for calculating intersections between sets
void Intersection(float* setl, int setlSize, float* set2, int set2Size)

{

174 Declare variables
int i, j;
174 Begin the output
cout << "\tThe intersections of the two sets are: " << endl;
7 Loop through first set and check for matching numbers in the second set.
Duplicate numbers in both
// sets are skipped to prevent them being outputted twice
for (i = @; 1 < setlSize; i++)
{
if (i==0 || (i >0 &8 seti1[i] != setl[i - 1]))
{
for (j = ©; j < set2size; Jj++)
{
if (setl[i] == set2[j] && (j == @ || (J > © && set2[]] !=
set2[j - 11)))
{
cout << "\t\t" << setl[i] << endl;
}
}
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28.2.3. Testing

Test number 22

Test description

This test will use an example of this operation taken from page 447 of [1]. This provides a

verified result free from potential errors made by the author.

Expected result of test

A=1{1234}
B = {3,456}
ANB={34}

Actual result of test

Test result Pass
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Test number 23

Test description

The author used the random numbers generated from test 21.

Expected result of test

A = {83,96,87,3,54,33,87,12,83,61}
B = {63,70,10,15,92,10,44,31,79,87 }
ANnB={87}

Actual result of test

Test result Pass
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3. Conclusion

The author believes their implementation meets the requirements of the brief and that the
testing carried out demonstrates the accuracy of their implementation. The code could be
further developed in future to provided additional functionality (e.g. rotation transformations
about other axes). The code could be potentially be refined further to reduce repeating code for

easier maintain and reduced size.
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PAGE 69

GRADING FORM: SMU GENERIC_GJ

PATRICK ATKINSON

92.50

RESEARCH-INFORMED LITERATURE

[

y‘ Some excellent work here. Well done.

KNOWLEDGE AND UNDERSTANDING

4.75

[

I‘ Again, very thorough

ANALYSIS

18

[

I‘ Excellent research and application. Problem analysis
and test design v good indeed

PRACTICAL APPLICATION AND DEP.

18

[

I‘ Excellent. Generalizing some function outputs might
help but this is a v. minor point.

47



SKILLS FOR PROFESSIONAL PRAC.

[

y‘ Excellent. Good use of texts and referenced 4 7 5
appropriately -
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