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ACDA4003

1. Introduction

1.1. Declaration

Mathematics Diana Kerim - 1803845

The work in this assignment was completed by Fatma Diana Abd Al Kerim.

1.2. Abstract

In this assignment various operations and methods will be described, explained with worked
examples, and coded into functions to work within a new software application. Following at the end,
is a test schedule which verifies that the operations and methods are working as expected and the

results are satisfactory.

2. Operations with Worked Examples

2.1. Find and Return the Length of a Vector
To find the length of a vector you use Pythagoras’ theorem.

2.1.1. Find and Return the Length of a 2D Vector

lal = yx* +

Worked Example:

Formula:

% Worked exarmpe tac 2 D Necoor

L™ < W \Colcuwlate cach nymewer o
e __the power of tuo)

24l 5 + L6 (Add  the numbers togecher)

— — - ( A\ 3\ 5

2] i52 \Square rook the resudt)

(TS S

The length of bhe

Y A
&0 NeCcoT )

2.1.2. Find and Return the Length of a 3D Vector
la] = Jx° +}'2 +7?

Worked Example:

Formula:

* Solunion  ((worked example)

R —
| u@’l’rulrl*lq

—_—
L3

P —

\ r v 1

JXF Y+ 2" (calcwoke each
wner 1o e poues

2.| {3+ 16"+ 4 ‘ ok mﬂ}
: Add  fogexier
3.| |se " (square” rock)
TR (Resuit)
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2.2. Normalize a Given Vector

To normalise a vector, you must first find its length and then divide each element of the vector by its
length and the result is a normalised vector.

Formula to normalise a 3-dimentional vector:

First find the length: |a| = 1;‘)52 + }'2 +72

Divide each element by its length: <x/a,y/a,z/a>

Worked Example:

*Mormwge o \eckor \Worked Exomple

Sclubion CICHA

ot Length

W AT
2 m e
3. 856
. % F.H4E
INormalise®

i b )

KZM P
=

T1.4% s 1.8

-~ (0.%02,0.535 ,0.2687 )

Page 3 of 27




ACDA4003 Mathematics Diana Kerim - 1803845

2.3. Distance Between Two Points

The distance between two points is calculated by taking away the value of the second vector from
the corresponding value in the first vector and squaring the result. All the results are then added
together to final square root the total, the resulting value is the distance between the two points.

Formula to calculate the distance between two points in 3-dimentional space:

Distance = \/(xl —x2)2 4+ (y1 —y2)2+ (21 — z2)2

Worked Example:

|
| DiSYance betweea hwo poiars

1 \/\‘[”\ l‘Ql.'t.'\ l.-)({ u‘u._n'\t :
ORI BT AP
| [ 223 (gt -92)s (22~ 70)

\n'\\\\\ul\\
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2.4. Dot Product of Two Vectors

To calculate the dot product of two vectors you take each corresponding coordinate of each vector
and multiply them by each other, adding all the results together will give the dot product of those
two vectors.

Formula to calculate the Dot Product of Two 3-Dimentional Vectors:
Dot Product=A-B=(A1x B1)+ (A2 x B2) + (A3 x B3)
Worked Example:

| _
HOCk Produck.

x | \I\J(_}f e\ {.-Y\u.n\ pYe [;-.' < 29 \JE_‘LKO(

;C,\ e b - (O\lel)"(D\Q_?{ b1> x (Uﬂj"- b'fb

8= Ll . 8.3
b+ (2.4 .5

QA+ h —(\ x’zﬁ*(gxﬂﬂ' (5 x )
if)‘ﬂ’hgo
Chw by = by

\
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2.5. Cross Product of Two Vectors
Calculating the cross product of two 3-dimentional vectors yields a third vector which is at a 90-

degree angle of the two original vectors.

Formula:

Cross Product
ey = (C\‘L X bg} . ((_\'_J, g h}{\)
CZ = (L\ 2 X ‘I" _1_5 ((\ ;1 ~ bﬁ‘..e))

| \Qq X k’z.\ (0 % \‘)'-L‘)

Worked Example:

l\| acked  Exoon e

= I ( ~ = ‘_“\\
Co= (A7 - [Hxb)=01-34(-3)
’:_J 3 = :\ Lyge 5 )= (\: X, i'} = l\.?"_\ |5 ‘l\/: = &

e e N = X S i ( \I

- > X L ) { ) k > /l \ 2
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2.7. Mean of a List of Integers
Formula:

Worked Example:

Upload Note

Mathematics
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3. Completed Functions/Methods

3.1. Find and Return the Length of a Vector
Code Solution Prior To Coding (Calculate the length of a vector):

35: LENTH
| ,[ICN‘ (Jhl— [ =05 ( <climensionS ;'++>

| \\/%Llfc( ['] = \|= (-lzc"[\hj %:‘w’cf:.Lcr[l] 3
3 AnSwer = Arfwer + Vecto[i} 5

Answer = Sor¥ ( P.ﬁgf.u@’>3

Cout << Arfwer

Program Solution (Calculate the length of a vector):

On line 24 starts a ‘for’ loop which
loops for a set number of times
depending on the number of
dimensions that the user has entered
to compute.

Within the for loop is a calculation
which will multiply each element of
the array by itself, then each
multiplication is added to a running
total.

Once the for loop has terminated the
answer of the total multiplications of
each element is then square rooted (line 30) and output to the user (line 32).

Testing (Calculate the length of a vector):

To test the program, six calculations were performed to check for the correct output. Half were to
test the input of a 2-dimensional vector and the other half were to test for the correct output for a
3-dimensional vector.

Details of expected results, actual results and screenshots for all tests conducted can be located in

Appendix 1.
Test Number Description Pass/Fail
1.1 To return the length of a vector, in this test we are checking for the | PASS
correct return of the 2-dimensional vector of...
a|l=|a7 79|
1.2 To return the length of a vector, in this test we are checking for the | PASS
correct return of the 2-dimensional vector of...
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-
a

=|(13 58)|

13

-
a

To return the length of a vector, in this test we are checking for the
correct return of the 2-dimensional vector of...

=|(89 65)

PASS

21

-

a

To return the length of a vector, in this test we are checking for the
correct return of the 3-dimensional vector of...

=|c26 24 98)|

PASS

2.2

cor
-
a

To return the length of a vector, in this test we are checking for the

rect return of the 3-dimensional vector of...

=|87 46 76)|

PASS

23

-

a

To return the length of a vector, in this test we are checking for the
correct return of the 3-dimensional vector of...

=[29 67 34)

PASS
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3.2. Normalize a Given Vector
Code Solution Prior To Coding (Normalize a Vector):

X NORM
%_,r (ink { = O ) < dumentions 5 |+ \‘\ {
V%YOVAY@M K j Necker [ ) * \lk,c‘tbf[l )
j A,‘\’L;-J\}?f - ATDWRC + QL:EC(‘A' Lj )

AcSuresr = Sqrr ’M W*cr\/_:
g('r(m\r 12Q, < rbnwm\onS) .*\‘%’\/ {
J‘fd" k —] = “G’r"" [__] A-nbw& )
3 cc,ka ax Uree
_&x (\r\’r \ = \<M\rm%‘ 11'*/{_
rmwmf "1 cout <<\a~:rc~r[ ety

W~ " &

} e ® \t < ) )

Program Solution (Normalize a Vector):
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Testing (Normalise a Vector):

Mathematics

Diana Kerim - 1803845

Details of expected results, actual results and screenshots for all tests conducted can be located in

appendix 2.
Test Number Description Pass/Fail
1.1 To return a normalised vector, in this test we are checking for the PASS
correct normalisation of the 3-dimensional vector of ...
—-
a|=|26 24 98)|
1.2 To return the length of a vector, in this test we are checking for the | PASS
correct normalisation of the 3-dimensional vector of...
—
a|=|87 46 76)|
13 To return the length of a vector, in this test we are checking for the | PASS

-

a|=|29 67 34)|

correct normalisation of the 3-dimensional vector of ...
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3.3. Distance Between Two Points
Code Solution Prior To Coding:

A¢ | por—eRopes DISTANCE oA

J + -~ - : \
fw (-,n+ L2031 < DinentonS ) |+ )

\eckoc E‘] > Neckor ALl - NecrorB(1 ] )
Vedior[i] = Vectocl ] *Vedku[];
Yo feswer = Prdwes = + \echod(1 ] )
A Sé.ﬁ@f—_—_t;%ﬂ?-ir W@%— - /
| Actweer = gork (orwec)s

' COUr &r ﬁ_{l%we,r')

Program Solution:

[ i

Testing:
Details of expected results, actual results and screenshots for all tests conducted can be located in
appendix 3.
Test Number & | Description Pass/Fail
Name
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3.4. Dot Product of Two Vectors
Code Solution Prior To Coding:

o o
x—‘ DQT  PRODUCT

oC (inky =0 |<C{rf‘vﬁf‘51m8)4++\
9(]'(\)(]11 \f( \'Ofp‘[] JQ(}orL{_—\'
AnSwec = % AaSwer ﬂ-\/ec}c@r[l
| Adsdes = 1S E{ArRigen)
CoAX et e °}

Program Solution:

Testing:
Details of expected results, actual results and screenshots for all tests conducted can be located in
appendix 4.
Test Number & | Description Pass/Fail
Name
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3.5. Cross Product of Two Vectors
Code Solution Prior To Coding:

:( o8 '*"""‘\'“"\ K ((1‘ (X
A

\th'| \:'nl li--{ (\'}‘*'Llﬂf':i (\l | \ Jli ( ‘-(W\ \_l’
{‘-;I\ Yo [\1 - I \J‘ Chrof \",I_ \/)

\\."\llli 1hl %.r‘:’('\[:‘ /\\jl (i\ fb[f‘J\
\ecror Afe] *VeckorP(2] l)

Geriealal U\.m\.\ Necror B
(Ve '“/\\‘l VeckorR (e

coub <o \echrfole', «[i]<<”, "<cf2]

¥

Program Solution:

Testing:

Details of expected results, actual results and screenshots for all tests conducted can be located in
appendix 5.

Test Number & | Description Pass/Fail
Name
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3.7. Mean of a List of Integers
Code Solution Prior To Coding (Mean):

| Mean - Pkl code
| QIU (;r\‘c iz 0, XS d\fhu\irwn‘)/' '|—\+\){

pcswer = Answer + Necvor (i1

}

Answesr = Ansues [ ohimentions s

- L=
cmay .0 Ansioes )

Program Solution (Mean):

< endl;

Testing (Mean):

Details of expected results, actual results and screenshots for all tests conducted can be located in
appendix 6.

Test Number & | Description Pass/Fail
Name
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6. References
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7. Appendices

7.1. Appendix 1: Testing Schedule for Finding and returning the length of a2 Vector

Test Number | 1.1: 2D Vector
& Name
Description To return the length of a vector, in this test we are checking for the correct return
of the 2-dimensional vector of...
al=|a7 79
Expected The console should output a result of approximately = 110.3177
Result
Actual Result | The console has the user select the number of dimensions.
The console has the user then enter each dimension for the 2D vector and outputs
the result to the console.
Enter Dimension 1 for Vector:
Pass/Fail
Test Number | 1.2: 2D Vector
& Name
Description To return the length of a vector, in this test we are checking for the correct return
of the 2-dimensional vector of...
a|=|t13 58)
Expected The console should output a result of approximately = 59.439
Result
Actual Result | The console has the user select the number of dimensions.
The console has the user then enter each dimension for the 2D vector and outputs
the result to the console.
Dimension 1 for
ension 2 for Ve
Pass/Fail PASS
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Test Number | 1.3: 2D Vector
& Name
Description To return the length of a vector, in this test we are checking for the correct return
of the 2-dimensional vector of...
al=|89 65)
Expected The console should output a result of approximately = 110.2089
Result
Actual Result | The console has the user select the number of dimensions.
The console has the user then enter each dimension for the 2D vector and outputs
the result to the console.
Enter One Vector
Number of Di sions: 2
r Dimension 1 for Vec
Pass/Fail
Test Number | 2.1: 3D Vector
& Name
Description To return the length of a vector, in this test we are checking for the correct return
of the 3-dimensional vector of...
a|=|26 24 98)
Expected The console should output a result of approximately = 104.1921
Result
Actual Result | The console has the user select the number of dimensions.
The console has the user then enter each dimension for the 3D vector and outputs
the result to the console.
Enter Dimension 1 for Vector: 2
Enter Dime
te Vector: 98
Pass/Fail PASS
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Test Number | 2.2: 3D Vector
& Name
Description To return the length of a vector, in this test we are checking for the correct return
of the 3-dimensional vector of...
a|=|87 46 76)
Expected The console should output a result of approximately = 124.3423
Result
Actual Result | The console has the user select the number of dimensions.
The console has the user then enter each dimension for the 3D vector and outputs
the result to the console.
¥ Dimensions:
ion 1 for Vector: 87
Enter Dimension 2 for Vector:
Enter Dimension 3 for Ve
124
Pass/Fail PASS
Test Number | 2.3: 3D Vector
& Name
Description To return the length of a vector, in this test we are checking for the correct return
of the 3-dimensional vector of...
‘E’ =|29 67 34)
Expected The console should output a result of approximately = 80.54
Result
Actual Result | The console has the user select the number of dimensions.
The console has the user then enter each dimension for the 3D vector and outputs
the result to the console.
Enter Dimension 1 for
Enter Dimen
er Dimension 3 for Vector:
Pass/Fail PASS
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7.2. Appendix 2: Testing Schedule for Normalize a given vector

Test Number

1.1: Test to Norm a 3D Vector

& Name
Description To return a normalised vector, in this test we are checking for the correct
normalisation of the 3-dimensional vector of...
a|=|26 24 98)|
Expected The console should output a result of approximately =
Result (0.24954, 0.23034, 0.9406)
Actual Result | The console has the user select the number of dimensions.
The console has the user then enter each dimension for the 3D vector and outputs
the result to the console.
Number of Dimensions:
Enter Dimension 1 for Vector:
Enter Dimension 2 for Vector:
Pass/Fail

Test Number

1.2: Test to Norm a 3D Vector

& Name

Description To return the length of a vector, in this test we are checking for the correct
normalisation of the 3-dimensional vector of...
‘3 =|c87 46 76)|

Expected The console should output a result of approximately =

Result (0.6997, 0.36995, 0.6112)

Actual Result | The console has the user select the number of dimensions.
The console has the user then enter each dimension for the 3D vector and outputs
the result to the console.

Pass/Fail PASS
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Test Number
& Name

1.3: Test to Norm a 3D Vector

Description

To return the length of a vector, in this test we are checking for the correct
normalisation of the 3-dimensional vector of...

al=|29 67 34)

Expected
Result

The console should output a result of approximately =
(03601, 0.832, 0.4222)

Actual Result

The console has the user select the number of dimensions.

The console has the user then enter each dimension for the 3D vector and outputs

the result to the console.
er of Dimen

er Dimension 1 for V

~ Dimension 2 for V

Pass/Fail

7.3. Appendix

3: Testing Schedule for Finding the distance between two points

Test Number
& Name

Description

Expected
Result

Actual Result

Pass/Fail

7.4. Appendix

4: Testing Schedule for calculating the dot product of two vectors

Test Number
& Name

Description

Expected
Result

Actual Result

Pass/Fail

7.5. Appendix

5: Testing Schedule for calculating the cross product of two vectors

Test Number
& Name

Description

Expected
Result

Actual Result

Pass/Fail
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7.6. Appendix 6: Testing Schedule for calculating the Mean

Test Number
& Name

Description

Expected
Result

Actual Result

Pass/Fail

7.7. Appendix 7: Code for Complete Program

#include <string>
#include <iostream>

#include <sstream>

#include <math.h>

using namespace std;

string input;

stringstream stream;
double VectorA[leeee], VectorB[leeee], Vector[leeee];

int temp = ©;
double Answer

= 0;

bool run = true;
int dimensions;

void Dimensions();
void Entries();

void TwoVectors();
void OneVector();

void OneSet();

void Distance();
void DotProduct();

void Length();
void Norm();

void CrossProduct();

void Mean();

int main(int argc, char** argv[]) {

//Prints Main Menu

do
{

endl;

system("

cout
cout
cout
cout
cout
cout
cout
cout

cout
cout
cout

<<
<
<<
<<
<<
<<
<
<<

<<
<<
<<

cls™);

"~ Main Menu ~~" << endl;

"Please select from the following:" << endl << endl;

"1l. Find and return the length of a Vector (Done) " << endl;
"2. Normalize a given vector (Done)" << endl;

"3, Find the distance between two points (Done)" << endl;
"4, The dot product of two vectors (Done)" << endl;

"S. The cross product of two vectors (Done)" << endl;

"6: Perform a rotation about the y axis transformation." <<
"7. Mean (Done), Mode, and Standard Deviation" << endl;

"8. The union and intersection of two sets” << endl;

"@. Exit" << endl << endl;
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//Input for the user to select from the main menu
cout << "Which option do you select? : ";
getline(cin, input);

stream.str(input);

stream >> temp;

stream.clear();

//Switch statement to call the correct function depending on users

choice
switch (temp)
case 1: { // Vector function calls
cout << "You have choosen to find and return the length of a
vector.” << endl << endl;
Dimensions();
OneVector();
Length();
break;
}
case 2: { // Normalize a given vector
cout << "You have choosen to normalize a given vector." << endl;
Dimensions();
OoneVector();
Norm() ;
break;
}
case 3: {
cout << "You have choosen to calculate the distance between two
points."” << endl;
J//Call function
Dimensions();
TwoVectors();
Distance();
break;
}
case 4: {
cout << "You have choosen to calculate the dot product of two
vectors.” << endl;
//Call function
Dimensions();
TwoVectors();
DotProduct();
break;
}
case 5: {
cout << "You have choosen to calculate the cross product of two
vectors.” << endl;
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//Call
Dimensions();
TwoVectors();
CrossProduct();

break;
case 6: {

cout << "You have choosen to perform a rotation about the y axis
<< endl;

n

transformation.
J/Call function

break;

}

case 7: {

cout << "You have choosen to calculate the Mean, Mode, and
<< endl;

Standard Deviation.
//Call function

Entries();

OneSet();
Mean();
break;

}

case 8: {
cout << "You have choosen to calculate the union and intersection

of two sets.” << endl;

J//Call function
break;

}

case 8: {
run = false;
break;

}

default:
break;

} while (run);

"

cout << endl << endl << "Thank you for using the program! ";

system("pause”);

}

//User input for number of dimensions or entries

void Dimensions() {
cout << "Number of Dimensions: ";
getline(cin, input);
stream.str(input);
stream >> dimensions;
stream.clear();
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void Entries() {
cout << "Number of Entries: ";
getline(cin, input);
stream.str(input);
stream >> dimensions;
stream.clear();

}

//User input for Vectors and Sets of Data
void TwoVectors() {
cout << "Enter Two Vectors (A & B)" << endl;

for (int i = @; i < dimensions; i++)

{
temp = i + 1;
cout << endl << "Enter Dimension
getline(cin, input);
stream.str(input);
stream >> VectorA[i];
stream.clear();

<< temp << " for Vector A: ";

}

for (int i = @; i < dimensions; i++)

{
temp = i + 1;
cout << endl << "Enter Dimension
getline(cin, input);
stream.str(input);
stream >> VectorB[i];
stream.clear();

<< temp << " for Vector B: ";

}

void OneVector(){
cout << "Enter One Vector" << endl;

for (int i = @; i < dimensions; i++)

{
temp = i + 1;
cout << endl << "Enter Dimension
getline(cin, input);
stream.str(input);
stream >> Vector[i];
stream.clear();

<< temp << " for Vector: ";

}
void OneSet() {
system("cls");
cout << "Enter One Set of Data" << endl;
for (int i = @; 1 < dimensions; i++)
{
temp = i + 1;

cout << endl << "Enter number
getline(cin, input);

<< temp << "
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stream.str(input);
stream »>> Vector[i];
stream.clear();

}
for (int i = @; i < dimensions; i++)
{
temp = i + 1;
cout << "Entry " << temp << ": " << Vector[i] << endl;
}

system("pause”);
}
J//Calculation Functions
void Distance() {

for (int i = @; i < dimensions; i++)

{
Vector[i] = VectorA[i] - VectorB[i];
Vector[i] = Vector[i] * Vector[i];
Answer = Answer + Vector[i];

}

Answer = sqrt(Answer);

cout << Answer;

}

void DotProduct() {
for (int i = @; i < dimensions; i++)
{
Vector[i] = VectorA[i] * VectorB[i];
Answer = Answer + Vector[i];

}
cout << Answer;
¥
void Length() {
for (int i = @; i < dimensions; i++)
¢ Vector[i] = Vector[i] * Vector[i];
Answer = Answer + Vector[i];

}

Answer = sqrt(Answer);
cout << Answer;

}

void Norm() {
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}

for (int i = @; i < dimensions; i++)

{
VectorA[i] = Vector[i] * Vector[i];
Answer = Answer + VectorA[i];

}

Answer = sgrt(Answer);

for (int i = @8; i < dimensions; i++)

{
}

cout << "(";

Vector[i] = Vector[i] / Answer;

for (int i = @; i < dimensions; i++)

{
b

cout << ")" << endl;

cout << Vector[i] << ", ";

system("pause”);

void CrossProduct() {

")t o<«

}

Vector[@] = (VectorA[l] * VectorB[2]) - (VectorA[2] * VectorB[1]);
Vector[1] (VectorA[2] * VectorB[@]) - (VectorA[@] * VectorB[2]);
Vector[2] = (VectorA[@] * VectorB[1]) - (VectorA[l] * VectorB[@]);

cout << "Result : (" << Vector[®] << ", " << Vector[1l] << ", " << Vector[2] <<
endl;

system("pause");

void Mean() {

for (int i = @; i < dimensions; i++)

{
}

Answer = Answer / dimensions;

Answer = Answer + Vector[i];

cout << "Result (Mean): << Answer << endl;

system("pause”);
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PAGE 10

Comment 1

in general make sure your accumulator, here it is the variable Answer, is set to zero prior to entering
the loop.
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PAGE 12

PAGE 13

®

PAGE 14

Comment 2

pass parameters don't use globals
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42.5

RESEARCH-INFORMED LITERATURE

(

f You must include references, for example, as a
minimum reference the course text. No all tasks
attempted



KNOWLEDGE AND UNDERSTANDING

[

y‘ For the tasks attempted the examples and testing
and implementation was quite thorough. Well done
here. Later sections missing unfortunately.

ANALYSIS

[

y“ Some later sections missing but calculations and
methods used correct. Test design appropriate.

PRACTICAL APPLICATION AND DEP.

8.5

[

y“ For tasks attempted code in evidence. Avoid globals

and try to pass by value or reference in your
functions.

SKILLS FOR PROFESSIONAL PRAC.

21

[

y‘ Some handwritten equations - have you tried Word's

equation editor? Report structured. No refs. Some
tasks missing.
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