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Application of Maths for Software Development

Declaration

The work of this report has been completed under the supervision of Gordan Dickers. | declare that this
report is the product of my own work and is not being submitted for any other degree etc.

May Davies.
Introduction

This report is a report that has been made to help with the creation of a maths library for a new
software application, in order to perform a set amount of functions including the length of a vector,
the normalisation of a vector, calculating the distance between two points, dot products, cross
products, rotations on y axis transformations as well as Mean, Mode, standard deviation and the
union of two sets and intersection of two sets.

Before actually documenting, creating and testing the program, it will be important to describe each
of these functions and how they work.

Vector length

A Vector is any object that is being moved from one location to another. It is an object travellingin a
direction provided by a force [1].

To find the length of a vector, each point of the vector needs to be squared, then added up, and
then the total needs to be square rooted. This is the same for both a 2D and a 3D vector.

Say for instance, KE Point A could be 27, while point B could be 12. To find the length of this vector,
the following calculation would be done:

V2774122

This would output an answer of: 29.55(to 2 Decimal Places). So say this was in centimetres, the
length of AB would be 29.55cm.

This length can now be referred to as |a|

Normalisation of a Vector

The idea behind normalisation of a vector is that a vector is divided by its length to make the
number 1. A normalised vector can be represented with d. So, using the previous example of
|a]=29.55, using the following equation:

. a
ai= —
|al
Which will look like this:
(5.196 ,3.464)

29.55

-
a =
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Distance between 2 points

To find the distance between 2 points, you simply look at the two points, and then create a right
angle triangle, and use Pythagoras theorem to get the distance (a®*2+b*2=c*2)[3]. Though, aand b
are points, so the formula would need to take this in to account.

Where x is the x axis and y is the y axis, the formula would look like this:

\/(Ax — Bx)? 4+ (Ay — By)?

An example of this could be trying to find the distance between point A (25,3) and point B (3, 1). The
results would be as follows:

J(25—-3)2+ (3 —1)2 = 22.0907

Dot product

A dot product is a form of multiplication for 2 vectors[2]. The dot product formula can be

represented with the following:
a. b =|allb|cos@

If a Cos is used, the theta is the angle of the vector. Though it is possible to calculate a dot product
differently, and can be shown in the form of:

a.b=(x1+x24+yl*y2+z1x%2z2)
Wherein:

a=(x1,y1,z1)

b = (x2,y2,2z2)
So, with the following vectors:
a=(2,71)
b=(3,50)

This would become the following:
ab=(2+347+541+0)
Giving the dot product of:

a.b =41
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Cross Product

The cross product of two vectors is effectively a third vector that can be calculated from two other
vectors. This can be done by placing the two vectors in to a matrix, and then finding each 2x2 matrix
within it, then finding the determinents of each matrix for the cross product[4]. So the following
example assumes thata=(2,7,1)and b=(1, -9, 5).

X YV Z
2 7 1
1 -9 5

The possible 2x2matrixes for these are as follows:

L7l
-9 5

1
Y1 5
27
1 -9

From here, the determinant must be found from each of these 2x2 matrices and plugged in to the

formula of x-y+z.
The following is a formula of a determinant matrix

a b

= d—b
c d a= *C
So for this particular example, here would be the following determinant matrixes

x=(7%5)—(1%—9) =44
y=0@2=+5-(1+1)=9
z=2%*—-9)—(7+«1)= -25

This means that the cross product becomes:
44x — 9y — 25z

Note: the formula would usually be +x-y+z, however in this instance z was a negative value.
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Rotation around the y axis transformation

Due to confusion and a lack of understanding, the Y axis will unfortunately not be covered by this
program.

Mean, Mode and Standard Deviation

The mean of a group of numbers is the average if all the numbers from a list are added up and then
divided by the total number of items there. The following is an example of the mean:

1+24+34+4+54+6+74+8+9=45 45+9 =5
In that instance, the mean was 5.

As for the mode, the mode is the number that re-occurs the most in a series of numbers. The
following is an example of a mode:

1,7,8,8,8,8,9,5,4,21,8
Mode: 8

As for standard deviation, standard deviation requires something known as variance. The variance of
a set of numbers can be found by first calculating the mean, taking the mean away from each
number, squaring the result of each number, and then getting the average for the squared results.
This new average then needs to be square rooted, which will give the standard deviation [5].

The following is a worked example of standard deviation

10,20,30,25,24,71,19
10+20+30+25+24+71+19

Mean = 7 = 284286 (to4d.p)

10 — 28.4286 = —18.4286% = 339.613
20 — 28.4286 = —8.4286% = 71.041
30 —28.4286 = 1.5714% = 2.469

25 —28.4286 = —3.4286% = 11.755
24 —28.4286 = —4.4286% = 19.612
71 — 28.4286 = 42.5714% = 1812.324
19 — 28.4286 = —9.4286% = 88.898

= 2345.712 + 7 =335.1017
3351017 = 18.3057

This last number above, from the square root, is the standard deviation between results.
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Union and intersection of two sets

Before defining either a union or intersection, a set is a set of items. They could be numbers, objects,
names, colours, or just about anything, so long as there is at least 1 item to putin a “set”.

A union, is making a new set, that is a combination of 2 or more sets. Items do not get repeated in a
union. The following is an example of a union:

A={24,579,10,11}
B =1{2,35,677,811}
A UB=1{2345,6,789,10,11}

Meanwhile, an intersection, will be a set that is only made up of any numbers that are common to
all sets involved. The following is an example of an intersection:

A =1{1,2,3,7,89,10}
B =1{2,39,10,11,12,13}
A NB=1{23,10}
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Main Menu Printout, description, worked example and code

This screenshot is a screenshot of how the main menu is presented within the program. From here,
the user can choose to go to one of the 7 programmed functions of this program.

For instance, if the user enters 6, the program will call the Mean, Mode and Standard Deviation
calculator. This can be shown in the screenshot bellow:

The following screenshots are of code for the main menu.
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Vector length printout, description, worked example and code

The vector length calculators function is to allow the user to enter the X, Y and Z of a vector in order
to calculate its length. In the screenshot above, the program will first ask for the x value, then the ¥
value, and then the Z value. Once this is done, the length is displayed to the user.

The formula to calculate a vector is as follows:

Va2 + b2+ c?

Now, to show that the screenshot above calculates this correctly, the following calculations have
been done:

Vv20?% + 5% + 272 = 33.9705755

This means that the code above is correct, as it is rounding the answer to 4 decimal places, hence
33.9706 instead of 33.9705

Vector Length Code




Normalization of vector printout, description, worked example and code

r calculator

Normalization of a vector is when a vectors points are each divided by the length of the vector,
which outputs a normalized vector as an answer.

This can be shown as:
_ a
a _—
lal

The following workings have been done to check that the code for this section is correct:

5
(7) = 0.620173
8.06226
(72 ) = 0.248069
8.06226/
(—8.06226) = 0.744208

The workings match the result shown in the screenshot of the program.

Normalization vector code
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Distance between 2 points printout, description, worked example and code

The distance between 2 points calculator of the program calculates the distance between two points
by taking the firstly taking the x of B away from the x of A, squaring that answer, and then taking the
y of B away from the y of a, squaring that answer, adding the two answers and then square rooting
them to find the distance, which can be represented with the following formula:

J(Ax — Bx)* + (Ay — By)?

The following screenshot can be proven by using the workings below:

J(25-3)2+ (3 —1)2 = 22,0907

Distance between 2 points code
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Dot product printout, description, workings and code

This program can calculate a dot product in two different ways. The first way being by multiplying
two lengths together and then cosining that length by an angle, while the second is by multiplying
each dimension by their respective dimension in the other vector, and then adding the results.

The cosine option outputs in radiuns, and the formula for it can be seen below:
a b =|al|lb|cos@
In this instance, the workings are as follows:
3.4641 « 12.1244 = cos 30 = 6.47858
Meanwhile, the formula for finding the dot product without a cosine can be seen here:
a.b=(x1+x2+yl*y2+zl=*z2)

The following calculation can determine that this version of the dot product is calculated correctly to
prove the second screenshot as seen above:

a=(2,71
b=(3,50)

ab=(2+34+7+«54+1+0)=41

Page | 10




Dot Product Code

lengthA;

length

thet
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input

lengthA;

endl;




input);
r(1nput);
taval;

(lengthA *

input);
input);

mainMenu
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Cross Product printout, description, workings and code

ing Cross product of two vectors

A cross product is the result of finding the determinants of several 2x2 matrixes made up of 2
vectors. The cross product is essentially a 3" vector created from 2 already existing vectors.

The formula for a cross product is as follows:

X Y Z

x1 yl1 =z1

x2 y2 z2
yl =z1
xyZ z2
x1 z1
Yx2 22
x1 yl
“x2 y2

a b

Determinant cross product = =axd—bxc

c d
In this instance, the workings to prove the screenshot example can be seen below:

X Y Z
2 7 1
1 -9 5
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Cross product code
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x=(7%5)—(1%*—-9) =44
y=02+5-(1+1)=9
z=(2+-9)—(7+1)= =25

Cross product = (44x — 9y — 25z)
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Mean, Mode and Standard deviation printout, description, workings and code

input

number ©:1
input number 1

input number 2:1

This part of the program is a part of the program that can calculate either the mean, mode or
standard deviation of a group of numbers.

The first part of the programs formula (the mean) looks like this:

values
NumberOfValues

mean =

The workings for the mean are listed below to prove the mean works as intended:

10-{—10—{—10—{-]0—{-10_10
z =

medan =

The second part of this part of the program is the mode. The mode is the number that appears the
most often in a range of numbers.

In this case, the following workings can be done to prove the 2" screenshot:

Inputs:1,1,2,3

Mode: 1 as it appears twice, all other numbers appear less
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The final part of this part of the program is standard deviation. Standard deviation involves initially
finding the mean of a range of numbers, then taking away the mean from each input to find the
variation. The variation then gets added up, and then a new mean is calculated from the variation,
and then that number is square rooted to output the standard deviance.

The following workings can represent the screenshot of the program:

10+204+30+25+244+71+19
Mean = > = 28.4286 (to 4 d.p)

10 — 28.4286 = —18.4286% = 339.613
20 — 28.4286 = —8.42867 = 71.041
30 —28.4286 = 1.5714% = 2.469

25 — 284286 = —3.4286% = 11.755
24 —28.4286 = —4.42862 = 19.612
71— 28.4286 = 42.5714% = 1812.324
19 — 28.4286 = —9.4286> = 88.898

= 2345712 +7 =335.1017
/3351017 = 18.3057

It should be worth noting that some of these answers in these workings wont match up to the
screenshot due to inaccuracies caused by rounding up or down to a number of decimal places.

Code for Mean, Mode and Standard Deviation
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Union and Intersection of two sets printout, description, workings and code

number @:

number

number 2:3

number @:

number

The union and intersection of a set part of the program allows the user to see which items in a set
appear in both (the intersect), and how the sets look when combined (Union).

The following formula can represet 2 sets, a union and an intersect:
set a = {[Item 1], [Item 2], [[tem 3] ... }
set b = {[item 2], [item 7], [item 9], [item 1] ...}
a Ub = {|item 1], [item2], [item 3], [item 7], |[item 9]}
a Nb = {[item 1], [item 2]}

Already from the formula alone, looking at the screenshots, something is wrong with the code, this
has yet to be worked around. The following workings depict the results that the code should have

shown:
Union:
seta = {1,2,3}
set b = {4,5}
a Ub= {12345}
anb=1{}
Intersect:
seta = {1,2,3}
set b ={1,2}
aub=1{123}
a nb=1{1,2}
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Union and intersect code
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enul );

count++)

endl;




Testing

This is the final part of documentation. This part of the documentation revolves around testing the

entirety of this program to ensure that it works as intended. Testing will be split in to sections based
on different functions of the program.

Testing Main Menu

Actual result

Success?

Yes

Yes

Yes

Yes

Yes

Yes

e enter the number for t

ing Union and Inte

Yes

Test Desc. Expected

Number result

1 Check if user | Moves to
can navigate vector
to Vector calculator
calculator

2 Check if user | Moves to
can navigate | normalization
to
Normalization

3 Check if user | Moves to
can navigate | distance
to distance between 2
between 2 points
points

4 Check if user | Moves to Dot
can navigate Product
to Dot Calculator
Product
Calculator

5 Check if user | Moves to
can navigate | Cross Product
to Cross Calculator
Product
Calculator

6 Check if user | Moves to
can navigate Mean Mode
to Mean Standard
Mode Deviation
Standard
Deviation

7 Check if user | Moves to
can navigate | union and
to union and intersection
intersection

3 Enteran Makes the
invalid input user re-enter

for navigation

menu
selection
option

Yes
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Vector length testing

Actual Result

Test Desc. Expected
result

1 Can navigate | Load vector
from main length
menu to calculator
vector length

2 Can calculate | 33.9706
a vector of
(20, 5, 7)

3 Check to see | Output
if avector of | either Oor
(0,0,0) NaN
outputs without
either 0 or crashing
NaN instead
of crashing

4 Check to see | X=0 or NaN
if avector of | Y=0or NaN
(bob, jeff, Z=0 or NaN
jim) gets Length=0
inputintox, | or NaN
yand zand if
it gets
outputas 0
or NaN

5 Check to see | Should
that the return to
program the main
returns to menu.
the main
menu once
the length
has been
calculated
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Yes

Yes

Yes

Yes

Yes




Normalisation of a Vector testing

Test | Desc. Expected Actual Result Success?
Result
1 Can navigate | Should move Yes
from the from the
main menu main menu
to to
normalization | normalization
2 Enter a Output a Yes
vector of (5, normalized
2,6) with a vector of
length of (0.620173,
8.06226 0.248069,
0.744208)
3 Entering 0 for | Output for
every value normalized
vector should
either be
NaNor 0
without
CraShing' d),-nan(ind))
4 Entering Should Mostly.
“bob”, 2, output either Appears to
“Yes” for 0 or nan for read 6B as
vector, with a | normalized an actual
length of vector number,
“6B” without so Y, which
crashing is 2, gives
Your a
normalized
vector of
0.33
recurring.
5 Entering Output No.
nothing for should be Interesting
vector and either NaN, thatit
length orinf. gives the
final part
of the
normalized
Your normalizec vector as
negative 0
though.
For future
versions a
fix for this
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would be
to prevent
the user
from
leaving an
input
blank, or
setting the
default
values to
0.

Check to see
that the user
can go back
tothe main
menu once
the
normalization
has finished

User should
be directed
back to the

main menu.
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Distance between 2 points tests

Actual result

point

point

point

Test | Desc. Expected

result

1 Check that | Navigates
the user from the
can main
navigate menu to
tothe the
distance distance
calculator | between
from the 2 points
main calculator
menu

2 Input a Expected
point with | distance
the co- should be
ordinates 22.0907
of (25, 3)
and a
point with
the co-
ordinates
of (3,1)

3 Check to Output
see what should be
happens 0.
when all
values are
entered as
0

4 Check to Output
see what will either
happens be 0 due
when to values
outputs being
are invalid, or
entered as | willbe 5
“Jack”, due to
“FL”, 5, every
“true” other

value
being set
to 0 while
one point
has a co-
ordinate
of 5.

Success?

Yes

F point

Yes

Yes

Yes.

S5is
correct
here as
it shows
that the
values
for point
A are set
to 0.

Also
noticed
that
there is
not an
output
message
for point
B here,
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Check Output
what should be
happens 0 or nan.
when all

values are

“Bob”

Check to User

see that should
the user return to
gets the main
redirected | menu
back to

the main

menu

once the

distance

has been

calculated

A:bob

- DO b

B:bob

however
this does
not
affect
the
answer
that will
be given
to the
user.

Yes

Yes

Page | 28




Dot Product testing

test | Desc. Expected | Actualresult Success?
result
1 Check to User Yes
see the should be
user can able to
navigate navigate
to the Dot | to the dot
Product product
Menu menu
from the from the
main main
menu menu
2 Input 0 for | User Yes
dot should be product calc
product asked
calculation | again ne theta
selection ~
would like product calculated:
e theta
3 Input 3 for | User would Iike calculated: Yes
dot should be
product asked
calculation | again
selection
4 Input User Yes
“bob” for | should be
dot asked
product again
calculation product
selection
5 Input 1, in | User will product calculated: Yes
order to be asked
load the to input
cosine values
theta needed culation
calculation | for the
cosine
theta
calculation
of the dot
product
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6 Input Output
3.4641 for | should be
length a, 6.47858
12.1244
for length
b and 30
for theta.

7 Input Outputs
“bob” for | should be
length a, 0 or NaN
“Jeff” for
length b
and
“Jane” for
theta.

8 Input 0 for | Output
length a, 0 | should be
forlength | O
band 0
for theta

9 Input 1to | User
select to should be
perform asked to
dot enter
product inputs for
calculation | points.
without
using
theta.

10 | Entering Should
vector a as | output the
2,7,1and | result of
vector b 41
as 3,5,0
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sine

using ¢

gth B:Je

value for

u would

or point A:7

point

point

or pDiﬂi

point B:8@

Yes

Yes

Yes

yes

Yes




11 | Entering Should
“bob”, display
“yes”, either 0 or
“Jack” for | NaN
vector A
and “Bill”,

“No”,
“twenty”
for vector
b

12 | Entering 0 | Output
forall should be
points 0

13 Check to User
see that should be
the user redirected
canreturn | to the
to the main
main menu
menu
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.

v

X

for point

point
for point
for point

for point

for point

for point
for point
for point

point

for point

Bill

B:No

Yes

Yes

Yes




Cross product of two vectors testing

Actual result

>lease enter

oading C

Test | Desc. Expected

result

1 Checkthe | Navigates
user can to the
navigate cross
from the product
main calculator.
menu to
the cross
product
calculator.

2 Enter Result
vector 0 should be
as2,7and | (44,9, -
1.The 25)
enter
vector 1
as1,-9
and 5.
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number for the

t of two v

Success?

Yes

Yes.

Side note:
Even
though
cout <<
endl; is not
used here,
the vector
inputis still
going to
the next
line so the
appearance
of vectors
when
inputting
looks
dreadful.




Yes

Enter O for | Answer
all values should be
0,0,0
Enter Answers
“Bob” should be
,"Jack” either
,Jane”, 0,0,0 or
il NaN,
"Jade”, NaN, NaN
"Roxy” as
inputs

product is:

Yes
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Enter Outputs Partial. The
nothing should be 2x2
for all 0,0,0 matrix’s
inputs get given a
huge
negative
V 1: number.
Cross product
Check that | User Yes
the user is | should be
redirected | moved to
to the the main orm from the list
main menu.
menu
once the
cross
product
calculation
is
complete
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Mean, Mode and Standard Deviation testing

Actual result

Test | Desc. Expected
result

1 Check that | User
the user navigates to
can the mean
navigate mode and
to the standard
mean, deviation
mode and | menu.
standard
deviation
from the
main
menu

2 Input 0 as | Asked totry
a selection | again

3 Input 4 as | Asked totry
a selection | again

4 Input Asked to try
“bob” asa | again
selection
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Success?

Yes

Yes

Yes

Yes




5 Input 1 to | Should begin
perform mean
mean calculation
calculation

6 Input the (10*5)/5=10
range for | 10 should be
5, while all | output as
items for the mean.
the mean
are 10

7 Input 0 for | Mean should
all items be 0 or NaN

8 Input bob | Mean should
for range be 0 or NaN

9 Input 3 for | Mean should
range and | be 0 or NaN
set all
other
inputs to
bob

10 Input 2 for | Should be
selection asked to
in orderto | enter mode
open information
mode
calculator
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how many numbe
r input number ©:10

input number

number 2:

numbe

many nu
lues

many number

input number @

Yes

Yes

Yes

Yes

Yes

Yes




11 Enter a Mode
range of 4, | should
with the outputas 1
numbers
being 1, 1,
2,3
12 Enter Mode
range as 2, | should
then all outputas0
inputsas 0
13 Enter Mode
rangeas 0 | should be -
999999 as it
is set to be
this value by
default
14 Enter Display 0, as
range as 2, | the input
while all numbers are
other being
inputs are | defaulted to
“bob” 0
15 Select Ask user
standard about
deviation standard
in the deviation
menu inputs
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the range of numbers

Please enter input number
input number
er input numbe

er inpu
d numbers

enter input number ©:0

input num
numbers are:

Yes

Yes

Yes

Yes

Yes




16 Set7as Should
the range | display the
for mean to be
standard 28.4286,
deviation, | then should
entering square all
the results, add
numbers them
10, 20, 30, | together to
25,24,71 make
and 19. 335.1017,

and then
squareroot
this value to
get 18.3057
which will be
displayed to
the user.

17 Set the Output
rangeas 7 | either O or
andall NaN.
valuesto 0

18 | Setthe Outputs
rangeto 0 | shouldbe 0

or nan

19 Setrange | Should
to 3 and output 0 or
all outputs | NaN
to “bob”

20 Check that | User should
the user go back to
gets main menu
directed once the
back to standard
the main deviation is
menu calculated.
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numb
numb
numb

numb
numb
numb
numbe

t number ©

L number

: Union a

No.
Rounding
may have
beena
factor that
could have
effected
either the
initial
calculation
for this
test, or the
actual
output
from the
code.

form from t

Yes

Yes

Yes

Yes




Union and Intersection of two sets test

Actual result

the number for the option you wish t

r Union and Inte

Test | Desc. Expected

result

1 Check that Union and
the user Intersection
can is loaded
navigate
from the
main menu
to Union
and
Intersection
calculator

2 Setting Set | Intersect
Alengthto | should be
3, giving displayed as
the set empty,
inputs of Union will be
1,2,3. {1,2,3,4,5}
Setting Set
B length to
2, giving
inputs of
4,5,

3 Setting Set | Intersect
Atobe3 should be
long, setb | {1,3}, while
tobe2 union should
long, Set A | be {1,2,3}
being 1,2,3
while set b
is1,3.
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ion of two

number @

number 1:2

numper

number ©:4

number

number

number

number

number

number

Success?

Yes

Yes

No.
Intersect is
correct,
however
union is
displayed
completely
wrong.




Loading Union and
How long
How long

inte

0ac
How long

How long

The union is as follows:

Setting Not asked

both sets forsetitem

rangeto 0 inputs,
output for
intersection
and union
should be {}

Setting Should not

both sets be asked for

range to set item

“bob”. inputs, union
and intersect
should be {}

Not Should

entering display

anything intersect and

for the union as {}

range of

the sets.

Check that User should

the useris be directed

redirected back to the

back to the | main menu

main menu

after

displaying

union and

intersect.

Union and
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he intersect is as follows:

Yes

Yes

the list below:

Yes

Yes
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an example is...
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Comment 2

next time please ask/email and we can go through it again with examples.
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GRADING FORM: SMU GENERIC_GJ

MAY DAVIES
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RESEARCH-INFORMED LITERATURE

(

y"’ Some very good work here. Glad to see you used the
online texts available from library - Bird.

KNOWLEDGE AND UNDERSTANDING

[

y“ Some very good work here. Please do ask if you are
unsure.

ANALYSIS

14

[

y“ Good analysis of problem. A detailed test plan
generated from the analysis of the problem.

PRACTICAL APPLICATION AND DEP.

15

[

y“ Some good work here but some problems in
implementation. Overall a very good attempt here. A
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lot of effort input in testing.

SKILLS FOR PROFESSIONAL PRAC.

[

y‘ References appropriate. Report structured.
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