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ABSTRACT

Note: 60 total pages, 9 fig., 2 appendices (on 11 pages), 4 references.

The purpose of the Grade work. The purpose of the grade work is development of
simulator software on the topic “System of linear equations” of the distance learning
course “Higher and applied mathematics”.

The object of the Grade work is process of professional education of students
majoring in Computer Sciences.

The subject of the Grade work is to build an interactive software simulator in the
topic System of linear equations for the distance learning of Higher and Applied
mathematics.

Keywords: Simulator, Distant learning, System of linear equations, Visual Studio 22, C#

programming language, Methods of solving linear equations.
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LIST OF SYMBOLS, UNITS, ABBREVIATIONS, TERMS

Symbols, units, abbreviations,
terms

Explanation of symbols, units,
abbreviations, terms

Coefficient Matrix [A]

It represents the matrix that contains the
coefficients of the variables in a system
of linear equations.

Constant matrix [B]

It represents the matrix of constants on
the right-hand side of a system of linear
equations. It is a column matrix that
contains the constants associated with
each equation in the system.

Det(A)

Determinant is a scalar value associated
with a square matrix. It is a
mathematical operation performed on a
square matrix to extract useful
information about the matrix and its
properties.

Inverse Matrix A~1

It is a matrix denoted as A~ that, when
multiplied with the original matrix A,
produces the identity matrix. It allows
for the recovery of the original values
or solving equations involving A.




1INTRODUCTION

Linear algebra is an important part of mathematics that has real-world applications
in fields such as engineering, physics, computer science, and economics. Solving systems
of linear equations is an important skill that involves solving sets of equations with
multiple variables at once. It's a necessary skill for students as it forms the basis for
understanding more complex mathematical concepts.

Distance learning has become more popular, giving students with greater flexibility
and access to educational resource. "Higher and Applied Mathematics™ distance learning
course goal is to give students knowledge, skills needed to comprehend how it works,
including understanding of linear algebra and its applications.

This grade work focuses on developing simulator software on topic "System of
Linear Equations" for distance learning course "Higher and Applied Mathematics." The
aim of grade work is to make an interactive, user-friendly software tool that make learning
process easier, helping students, understand concepts behind solving systems of linear
equations. Software will have a few methods of solving a system of linear equations.

The grade work is divided in four main parts: Introduction, Theoretical Part,
Practical Part, and Conclusions. Introduction sets grade work's context, objectives.
Theoretical Part looks at problem statement, method chosen for solving problem, brief
overview of algorithm used. Practical Part focus on developing software simulator, include
flowchart algorithm, implement method, detailed description of program. Finally,
Conclusions part offers impartial evaluation of grade work’s results, suggestions for
implementation, discussion on work's significance.

By making this simulator software, we hope to better learning experience for
students in distance learning course System of Linear equations of Higher and Applied
Mathematics”, to let them understand key concepts of linear algebra, apply them
effectively in real-world situations.

The purpose of the Grade work. The purpose of the grade work is development of
simulator software on the topic “System of linear equations” of the distance learning

course “Higher and applied mathematics”.



The object of the Grade work is process of professional education of students
majoring in Computer Sciences.

The subject of the Grade work is to build an interactive software simulator in the
topic System of linear equations for the distance learning of Higher and Applied
mathematics

This simulator software will give students an interactive, user-friendly tool to solve
systems of linear equations using different algorithms, visualize solutions, and get better
understanding of mathematics concepts. By utilizing this software, students can practice

and improve problem-solving skills, help in their overall academic progress.
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CHAPTER 1. PROBLEM STATEMENT

1.1  Problem Statement:

The objective of this grade work is to develop a simulator software for the distance
learning course "Higher and Applied Mathematics," on the topic "System of Linear
Equations.” The software should provide an interactive learning experience for students by
incorporating the following elements:

* A clear problem statement outlining the goals and objectives of the simulator.

» A comprehensive review of distance learning and the importance of using
simulators in education.

* A thorough presentation of the fundamental concepts and methods of solving
systems of linear equations, including Gaussian elimination, Cramer's rule, matrix
inversion, and the Jacobi method.

* Development of algorithms for each method and creation of corresponding block
diagrams.

« Justification for the choice of programming language (C#) and software
development platform (Visual Studio 22) used in creating the simulator.

* Detailed description of the software implementation process, including the main
stages of development and user instructions.

* An interactive quiz containing 10 questions on the topic.

* A linear equation solver that accepts input coefficients and vectors and outputs the
solution.

The initial window of the simulator should display the following information:

* The topic of the simulator

* Theoretical material.

 System Linear Solver.

* Interactive Quiz.

By providing a comprehensive and interactive learning experience, the simulator
aims to improve students' understanding of systems of linear equations and their methods

of solving.
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1.2 Information Review:

Distance learning is when you can learn from anywhere without going to a
traditional classroom. This way of teaching uses things like online platforms, video
lessons, and digital materials. It's the best way for people far away or can't attend
traditional classrooms. Also many students prefer distance learning because it's easy to fit
into their schedule, accessible, and doesn't cost much. It's a great way to learn new skills
efficiently in a short period of time.

Simulators are important for distance learning because they help students learn and
practice new things in an interactive and fun way. Simulators let students:

* Practice what they learn in a way that's easy to use.

* Get feedback quickly on how they're doing.

* Learn how to solve problems and think critically.

* Be involved in their learning, which helps them understand better.

When teachers use simulators in distance learning classes, they can help students
learn better and prepare them for the real world.

The project features a software with 3 features:

- Theory of System of linear equations.

- System of Linear Equations Quiz

- System of Linear Equations Solver.
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CHAPTER 2. THEORETICAL PART
2.1 System of Linear Equations and methods of solving:
System of linear equations is a group of equations with multiple variables. We have
to find the values of the variables which satisfy all the equations. There are different ways

to solve them.

One way to solve a system of linear equations is by graphing. To do this, we graph
each equation on the same coordinate plane and find the point where they intersect. This
point represents the solution to the system of equations. But this method can be time-

consuming and less accurate, especially when dealing with large systems or numbers.

Another method to solve a system of linear equations is substitution. To use this
method, we solve one equation for one variable and substitute that expression into the
other equation. This allows us to solve for the remaining variable. We can then substitute

this value back into one of the original equations to solve for the first variable.

A third method to solve a system of linear equations is elimination. In this method,
we subtract or add multiples of the equations to eliminate one of the variables. Then we
solve the remaining variable and substitute this value back into one of the original
equations to solve for the other variable.

Also it is important to know that not all systems of linear equations have a solution.
If the equations are inconsistent, which means they have no solution, their graphs will be
parallel lines that never cross. If the equations are dependent, meaning they have an

infinite number of solutions, their graphs will be coincident lines that overlap.

In conclusion, there are many methods to solve systems of linear equations, like
graphing, substitution, and elimination. Each methods have their advantages and
disadvantages, so it's important to choose the most appropriate method based on the

problem we have.
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2.2 Gaussian elimination:

Gaussian elimination is a method for solving system of linear equations, especially
when dealing with large systems of equations, however it may encounter difficulties in
certain cases, such as when a row is all zeros which leads to an infinite amount of
solutions or when the system is ill-conditioned which is basically leading to numerical
instability.

Gaussian elimination involves basic steps, transforming the system of equations into
an equivalent system with simpler equations until a solution is obtained. It makes the
matrix into a triangular form. Then it solves the system easily

o Create the matrix of the system.

o Use row operations to make zeros below the diagonal.

o Solve the triangular system

The Gaussian elimination method has two main steps: forward elimination and back
substitution. Here is a brief description of the algorithm:

1. Forward Elimination:

a. Iterate through each row in the coefficient matrix.

b. For each row, find the pivot element (the element with the largest absolute
value) in the current row or below it.

C. Swap the current row with the row containing the pivot element.

d. For all the rows below the current row, eliminate the current row's leading
coefficient by subtracting an appropriate multiple of the current row from each of the rows
below it.

2. Back Substitution:

a. Start with the last row and solve for the corresponding variable.

b. Move up to the previous row, substitute the previously found variable
value(s) into the equation, and solve for the remaining variable.

Continue moving up and solving for variables until the first row is reached.

And these are steps to follow:
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1)  Step 1: Write the system of equations
a) Provide the system of linear equations in standard form.
b)  Arrange the equations in a matrix format (augmented matrix)
2)  Step 2: Row operations
a) Perform row operations on the augmented matrix to simplify the equations.
b)  The three elementary row operations are:
1) Scaling: Multiply a row by a nonzero constant.
i)  Row switching: Interchange two rows.
iii)  Row addition: Add a multiple of one row to another row.
3)  Step 3: Eliminate variables
a) Starting from the first row, use row operations to eliminate the variables
below the pivot element (the leftmost nonzero element) in each row.
b) Repeat this process for each row until the augmented matrix is in row echelon
form or reduced row echelon form.
4)  Step 4: Back substitution
a) Once the augmented matrix is in row echelon form or reduced row echelon
form, solve for the variables starting from the bottom row.
b)  Substitute the known values of variables into the equations above and solve
for the remaining variables.
5)  Step 5: Interpret the solution
a) Write the solution as an ordered set of values for each variable.
b) If there is no solution (inconsistent system), identify any inconsistencies or
contradictions in the system of equations.
Here is an example:
Consider the following equations:
2x + 3y —z =7
xX—y+2z=-1
3x + 2y — 4z = 4



Step 1: Write the system of equations in augmented matrix form:

2 3 —17[7
1 -1 2 |[1-1
3 2 —411 4
Step 2: Perform row operations to simplify the equations.

Let’s multiply each element of Row 1 by 1/2

3 19[ 7
2 2(] 2
-1 2 ||-1
2 —4114

Now let’s perform the row operation: R2 = R2 - R1

T
{1—1 -1-3 2—(—%)J||—1—%|
3 2 VR | RV

" 3 1 7
2 2 2
0 5 5 9
2 2 2
3—3x1 2-3 > 4 -3 = 4 37
— 3% —3%—= —4 —3%x(—= — 3(—
i > =D ]
We then simplify Row 3:
-1 3 19r 7 7
2 2 2
0 5 5 9
2 2 2
0 5 5 13
S 2 240 2

15



Now let’s multiply each element of Row 2 by —%

1 3 1 7
2 2 2
0 2 5 2.5 2 9 2
¥ —— ——=x%(——= — % (—— —— % (—=
5 2 ( 5 2 ( 5 2 ( 5
0 5 5 13
2 2 2
We then simplify Row 2:
3 1y 1]
i 2 _Z|| 2
| 2 2| 9
o 1 -1l =
I0 5 5| 513
0 -3 —zl|_ 1
[ 2
Now let’s perform the row operation R3 = R3 + g * R2
7
1 > . 2
2 2 9
0 1 -1 —
0+5 0 5+5 1 5+5 1 135
2 2 2 2 2 ( )——+
2
We then simplify Row 3:
-
2 21| 9
0 1 —-11||-=
0 0 —sl[>
Now let’s multiply each element of Row 3 by — -
7
1 > . 2
2 2 9
0 1 -1 —
0 . 0 . 5 ! ? 1
¥ (—= ¥ (——= —5%(—=
0 01 g SRl L

Now let’s simplify Row 3:

N Ul
*

N| O




_7_
3 11| 2
1 — —=
2 2|)°
0 1 -—-1{|5
oo 112
5
Then we perform the row operation R2 = R2 + R3
7
3 1 2
g 77 ||, 2
_+_
0O+0 1+0 —-1+1||5 5
0 0 1 E
5
Let’s simplify Row 2:
_7_
3 17| 2
1 — —=
2 2||1t
01 O 5
o0 1l]2
| 5 |
Then we perform the row operation R1 = R1 + %* R3
r7 1
1+1 0 3+1 0 1+ 1 E+E
— % J— — % —_—— — X
2 2 2 2 2 1
0 1 0 5
0 0 1 z
5
Let’s simplify Row 1:
_37_
3 10
1 = 0
2 |1
0 1 0}ls
0 0 1 E
| 5

Now we perform our last row operation R1 = R1 — % * R2

*

Uil N

17
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r37 3 117
___*_
3 3 3 10 2 5
1—=%0 ——=%1 0—=%0
2"° 2727 2" 11
0 1 0 5
0 0 1 z
5 i
Let’s simplify Row 1:
_2_
5
1 0 O 11
0 1 0 =
0 0 1 5
| 5 |
Thesolutionofthematrixis:x=%;y=1—51;z=§.

2.3 Cramer’s Rule:

Cramer's rule is a method for solving system of linear equations. It works for square
matrices and only when the determinant of the coefficient matrix is non-zero. Here is a
brief description of the algorithm:

o 1.Check the coefficient matrix:

. Ensure the matrix is square and calculate its determinant.

- If the determinant is zero, Cramer's Rule cannot be used.

o 2.Calculate the determinants:

. For each variable, replace the corresponding column in the coefficient matrix
with the constant matrix.

. Calculate the determinant for each modified matrix.

e 3.Solve for the variables:

. Divide the determinant of each modified matrix by the determinant of the
coefficient matrix.

- The resulting quotients are the solutions for the corresponding variables.

Example:

Suppose we have a system of linear equations:
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x + 2y =8
3x — 4y = 6
First, we represent the system in matrix form:
Coefficient matrix (A):
5 2

Constant matrix (B):
8
o

Calculate the determinant of matrix A:
Det(A) = 1 (—4) — 3 %2 = —10

Since the determinant is non-zero, we can use Cramer's Rule.

1- Check the coefficient matrix:

2-  Calculate the determinants:
For each variable, replace the corresponding column in the coefficient matrix with

the constant matrix and calculate the determinant:

Matrix A;:
8 2
6 4
Det(A;) = 8% (—4) — 6 x 2 = —44
Matrix A,:
[1 8
3 6

Det(A,) = 1% 6 —3 8 = —18
3-  Solve for the variables:
Divide the determinant of each modified matrix by the determinant of the
coefficient matrix:
x = Det(A;) / Det(4) = —44 /—10
y = Det(A;) / Det(A) —-18 /—10

4.4
1.8

Solution:
x = 4.4
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y = 1.8
Thus, the solution to the system of linear equations using Cramer's Rule is x = 4.4

andy=1.8.

2.4 Matrix Inversion:

Matrix inversion is a method that uses inverse of a matrix to solve the system. First,
we need to find the inverse of the matrix, then multiply it with the constants to find the
solution.

1.Check the coefficient matrix:

a. Ensure the matrix is square and calculate its determinant.

b. If the determinant is zero, the matrix is not invertible and the method cannot
be used.

2.Calculate the inverse:

a. Find the inverse of the coefficient matrix using any suitable method (e.g.,
Gaussian elimination).

3.Multiply the inverse:

a. Multiply the inverse of the coefficient matrix by the constant matrix.

b. The resulting matrix will have the solutions for the variables.

Example:

Suppose we have a system of linear equations:

3x + 8y =5
4x+ 11y = 7

First, we represent the system in matrix form:

4 1

Coefficient matrix (A):

Constant matrix (B):

Constant matrix (X):



)
[431 181] [;] N [g]

1. Check the coefficient matrix:

Then

Calculate the determinant of matrix A:
Det(4) = 3 *11 — 8% 4 =1
Since the determinant is non-zero, the matrix is invertible, and we can use the
Matrix Inversion method.
2. Calculate the inverse:
We can use any method to find the inverse of matrix A.

Let’s use the formula to calculate the inverse of a 2 by 2 matrix:

1 _
A7 = ad—bc>l< [—dc ab]

1 _
A_1:3*11—8*4*[5t 38]
R

1 _[11 -8
A= [—4 3 ]
3. Multiply the inverse:

Now let’s multiply the sides of the equations by the inverse matrix.

(A"DAX = (A")B

B _ 5
R B A B o R Y
1 0] [Y]_[11%x5 —8x7
MR A

=17

The solution to this system linear equationisx = —landy =1
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2.5 Jacobi Iteration Method:

The Jacobi Iteration method is an iterative algorithm for solving system of linear
equations. It works by updating the variables' estimates in parallel. Here is a brief
description of the algorithm:

1- Initialize the variables:

a. Provide an initial guess for each variable (e.g., zeros).

2- Iterate until convergence:

a. For each variable, compute the new estimate using the current values of the other
variables.

b. Update all variable estimates in parallel.

c. Check for convergence (e.g., based on the difference between consecutive
estimates or the residual).

d. If the convergence criterion is not met, repeat the process.

3- Obtain the solution:

a. When the convergence criterion is met, the final estimates represent the
solution to the system.

Example:

Suppose that we have 3 equations that we want to solve with three unknowns X, y and z.

Equation 1: 3x; + x, +4x3 =1

Equation 2: x; + 5x, + 9x3 =1

Equation 3: 2x; + 6x, + 5x3 = 1

0.22
Let’s suppose that our initial approximation of the solution is x(%) = [0.03]
0.06

We isolate the variable x;from equation E (i) for i = 1,2,3 to get:

1_x2_4‘x3

X1 = 3
1—X1—9x3
Xy = 5
1—2x1—6X3
x3=

5
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Based on our initial approximation x M using the Jacobi Iteration method, we have:
1 —(0.03) — 4 % (0.06)

@ = = 0.243
X1 3
1—-(0.22) — 9% (0.06
x, (D = ( )5 (0.06) _ 0.048
1—-2%(0.22)—4%(0.03
2D = ( ; ©939) _ 0.184
We can then continue the Jacobi Iteration to have further approximations/
0.23
The solution to this system is x = [0.03].
0.06

2.6 Justification of the choice of software:

A number of variables influenced the software used to create the simulator,
including:

o Visual Studio 2022: One of the most complete and commonly used integrated
development environments (IDEs) is Visual Studio. It supports various languages,
including C#, PHP, Python, JavaScript etc... and it contains a set of developer tools that
facilitate its usage. Visual Studio 2022 was chosen its easy use, great performance, and
great support for Windows application development.

o Language C#: C# is a well-known programming language, it is simple to
learn and to work with. It's especially good for Windows development, and it's also
integrated with the.NET framework, which has a large library of pre-coded answers to
common programming problems, speeding up the development process even further.

o Windows Forms: Windows Forms is a graphical user interface (GUI) class
library that is part of Microsoft. NET Framework. It is simple to use and allows the
building of dynamic and user friendly interfaces. It is especially useful in our project since

it provides for easy organization of the simulator's numerous parts.
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CHAPTER 3. PRACTICAL PART
3.1 Development of a block diagram to be programmed:
Figure 1 displays the block diagram of the algorithm for the main simulator

initializer.

( Start )

\ 4

Display the main form.
(Title, description, 3 buttons)

A 4

A
q

Action selection

Click on theoretical material? Click on solver?

Yes Yes Yes

| |

Open PDF FILE Open Quiz form Open solver form

End

Figure 1. Block Diagram of the Main Form of the Simulator.
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Figure 2.1 — 2.5 displays the block diagram of the algorithm for the quiz form.

o)

Y

Display QUESTION 1

> Choice of answer/selection

Was the correct answer/
selection chosen?

No

v

Show hint

Display QUESTION 2

Wait for user input

Parse user input

Does the input match the
answer?

No

v

Show hint

Figure 2.1 Block diagram of the algorithm for the Quiz Form.



Display QUESTION 3

\ 4

\ 4

Drag the answers to their correct order

Are the answers in the correct

order? Yes— Display QUESTION 4
’10 v
Display graph 1
/ Show hint
v

Selection of correct answer [

Correct answer selected? N Show hint

Yes

Figure 2.2 Continuation of the Block diagram of the algorithm for the Quiz Form.
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Display graph 2

v

Selection of correct answer |«

Correct answer selected? N Show hint

Yes

v

Display graph 3

Selection of correct answer [«

Correct answer selected? N Show hint

Yes

Figure 2.3 Continuation of the Block diagram of the algorithm for the Quiz Form.
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Display QUESTION 5

Selection of correct answer |

Correct answer selected? N Show hint

Display QUESTION 6 a—VYes

A

Selection of correct answer

Y

Correct answer selected? N Show hint

Yes
Display QUESTION 7
Selection of correct answer | Correct answer selected? Yes P Display QUESTION 8
P Selection of correct answer
Show hint <

Correct answer selected? Ye!

Figure 2.4 Continuation of the Block diagram of the algorithm for the Quiz Form.



Display QUESTION 9

Y
P»| Selection of correct answer
Correct answer selected? Yes 7/ Display QUESTION 10
No
) 4 v
Show hint P»| Select all correct answers

Are all correct answers

Show hint N selected?

Yes

Display
COMPLETION
message

2.5 Continuation of the Block diagram of the algorithm for the Quiz Form.
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Figure



Figure 3 displaying the Block Diagram of algorithm for System Linear Solver

o
v

Initialize form

W ait for user
input

Attempt to Parse ¢ | User clicks “Solve”
User Inputs Button

Show Error Message
Yes and Return to Wait
for User Input

Any Parsing
Errors?

No
A 4

Call the Linear ‘ 3 Create Augmented
System Solver Matrix

Perform Gaussian
Elimination

Return the Solution [€——

Display the
Solution
W ait for next End
User Input

Figure 3. Block Diagram of the algorithm for System of linear equations solver
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3.2 Description of software implementation:

The system of linear equations software simulator was created using Visual Studio
2022, and the language used for coding was C#.

The software simulator starts with an initial window that displays the title of the

software, a description of the simulator and three buttons the user can interact with.

W;;elcome to your simulator. This software provides you with comprehensive tools to
understand, solve, and practice linear systems of equations. Explore the features below:

Theoretical Material: Dive into the world of Linear Systems!
Interactive Quiz: Test your knowledge and skills!
. System Linear Solver: Easily input and solve linear systems to obtain solutions!

f  Theoretical Material Interactive Quiz System Linear solver

- -~ 1
s + 3

I -

Figure 4.1 Initial main form of the software simulator

The user can choose to interact with the Theoretical Material which will lead the
user to open a PDF file in any of his available PDF readers, or else their internet browser.

The interactive Quiz button opens a pop up form which initializes the Quiz
questions and check for the user’s answers.

The System Linear Solver button opens a pop up form which initializes the Solver

form and takes input from the user then solving the linear equation by parsing the input.



o The Theoretical Material button is executed by the following code:

private void openPdfButton_Click(object sender, EventArgs e)
{
string pdfFileName = "Theoretical material.pdf";
string pdfPath = Path.Combine(AppDomain.CurrentDomain.BaseDirectory, pdfFileName);
try
{
OpenPdfWithShellExecute(pdfPath);

}

catch (Exception ex)

{

MessageBox.Show("Error: Unable to open the PDF file.\n" + ex.Message, "Error", MessageBoxButtons.OK,
MessageBoxIcon.Error);

}
}
private void OpenPdfWithShellExecute(string pdfPath)

{
SHELLEXECUTEINFO execInfo = new SHELLEXECUTEINFO
{
cbSize = Marshal.SizeOf(typeof(SHELLEXECUTEINFO)),
IpVerb = "open",
IpFile = pdfPath,
nShow = (int)SW_NORMAL,
fMask = SEE_ MASK_INVOKEIDLIST

%

if (1ShellExecuteEx(ref execlnfo))

{
throw new Win32Exception(Marshal.GetLastWin32Error());
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Here we have two methods used, openPdfButton_Click and
OpenPdfWithShellExecute.

The first method declares a string variable with the name of the PDF file to open,
then constructs the path to the file, then it tries to execute the second method if the
previous failed.

The second method creates an instance of “SHELLEXECUTEINFO” , a structure
used to pass parameters to and receive results from the ShellExecuteEX function, it then
sets different properties of the structure, then tries to open the fiel using “ShellExecuteEx”
which opens the file in the device’s default internet browser if no available pdf reader is
available.

o The Interactive Quiz button is executed by the following code:

private void startQuizButton_Click(object sender, EventArgs e)

{

QuizForm quizForm = new QuizForm();

quizForm.Show();

}

This C# code represents an event handler for a button click event in Windows
Forms application.
“QuizForm.Show();” is responsible for popping up the Quiz Form.

o The System Linear Solver button is executed by the following code:

private void solver_Click(object sender, EventArgs €)
{
SolverForm solverForm = new SolverForm();
solverForm.ShowDialog();
}
}
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This C# code represents an event handler for a button click event in Windows

Forms application.

“solverform.ShowDialog();” is responsible for popping up the System linear of

equations Form.

For our necessary files, in figure 4.2 is our Solution Explorer which displays all the

forms and files that we need for the project. (PDF and background picture)

Solution Explorer
Search Solution Explorer (Ctri+;)
3 Solution 'SystemLinearEquations’ (1 of 1 projes
4 SystemLinearEquations
I &#& Dependencies
FH Properties
[ backgroundJPG
E Forml.cs

B QuizForm.cs
E ScherForm.cs
[ Theoretical material.pdf

[
Boc# F'rnzugrarﬂ.cs-
[
[

Figure 4.2 Solution Explorer window in VS 2022
For the QuizForm.cs, we will briefly detail how it initializes when the user clicks on
the Quiz button.
The pop up window shows the 1st question then when the user clicks on the Submit

button, this code is executed:



private void submitButton_Click(object sender, EventArgs €)

{
if (optionC.Checked)

{

MessageBox.Show("Correct! The system with no solution is x + 2y = 4, 2x - y = 1.", "Result",
MessageBoxButtons.OK, MessageBoxIcon.Information);

/I Hide the first question components
questionLabel.Visible = false;
optionA.Visible = false;
optionB.Visible = false;
optionC.Visible = false;
optionD.Visible = false;
submitButton.Visible = false;

//Showing and positioning Question 2 components
question2Label.Location = questionLabel.Location;
question2Label.Visible = true;
answerTextBox.Visible = true;
submit2Button.Visible = true;

}

else

{

MessageBox.Show("Incorrect. The correct answer is x + 2y = 4, 2x - y = 1.", "Result", MessageBoxButtons.OK,
MessageBoxIcon.Warning);

}

The quiz consists of several interactive methods, like parsing input from the user:

private void submit2Button_Click(object sender, EventArgs €)
{
string userlnput = answerTextBox.Text;
if (userlnput.Trim() == "2")
{
// Code executed when the user input is correct

MessageBox.Show("Correct! Gaussian Elimination Method is based on finding a triangular matrix by
performing elementary row operations.”, "Result", MessageBoxButtons.OK, MessageBoxIcon.Information);
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/I Hide buttons, textbox and labels
question2Label.Visible = false;
answerTextBox.Visible = false;

submit2Button.Visible = false;

/I Adjust the position of question3Label and make it visible
question3Label.Location = question2Label.Location;
question3Label.Visible = true;
steplLabel.Visible = true;
step2Label.Visible = true;
step3Label.Visible = true;
step4Label.Visible = true;
droplLabel.Visible = true;
drop2Label.Visible = true;
drop3Label.Visible = true;
drop4Label.Visible = true;

/I Make the submit button for question 3 visible

submit3Button.Visible = true;

}

else
{
/I Code executed when the condition is false

MessageBox.Show("Incorrect. The correct answer is Gaussian Elimination Method.", "Result",
MessageBoxButtons.OK, MessageBoxIcon.Warning);

}

See APPENDIX (A) for the full quiz.cs code.
Another interactive method was used which involves dropping the correct answer in

a respective order:



private void submit3Button_Click(object sender, EventArgs e)
{
if (droplLabel. Text == "Form a matrix from the system of linear equations.” &&
drop2Label. Text == "Use row operations to transform the matrix into row echelon form." &&

drop3Label. Text == "Solve the linear system using back-substitution." &&
drop4Label. Text == "Interpret the solution.")

{

/I Code executed when the condition is true

MessageBox.Show("Correct! Well done!™);

/I Hide buttons and labels
question3Label.Visible = false;
steplLabel.Visible = false;
step2Label.Visible = false;
step3Label.Visible = false;
step4Label.Visible = false;
droplLabel.Visible = false;
drop2Label.Visible = false;
drop3Label.Visible = false;
drop4Label.Visible = false;

submit3Button.Visible = false;

// Adjust the position of question4Label and make it visible
question4Label.Location = question3Label.Location;
question4Label.Visible = true;
option4A.Visible = true;
option4B.Visible = true;
option4C.Visible = true;
systemIimagel.Visible = true;

submit4Button.Visible = true;

}

else

{

/I Code executed when the condition is false

MessageBox.Show("Incorrect. Please try again.");
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For the system linear solver form, the Gaussian Elimination method was

implemented using C#, this is the block diagram of how the solver operates:

Input the system of
linear equations

Perform forward
elimination

Forward
elimination
complete?

Perform back
substitution

Iterate through each
row

Find the pivot element Back substitution
complete?

Swap the current row

Eliminate coefficients .
Solve for variable

Output the Substitute variable
solution value
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See APPENDIX B for the C# code used to implement the solver for system of linear
equations, here is the algorithmic process of the code:

1. “SolveLinearSystem” Method:

o This method takes a matrix ‘4’ and a vector ‘b’ as input and returns an array
x” containing the solution to the linear system.

o The method performs Gaussian elimination to solve the system.

o It starts by creating an augmented matrix ‘4b’ using the ‘AugmentedMatrix’

o Then it iterates through each row (‘%) to perform Gaussian elimination steps:

o It finds the pivot row (‘maxRow’) by locating the row with the maximum
absolute value in the current column.

o If necessary, it swaps the current row with the pivot row.

o It eliminates the coefficients below the pivot by subtracting multiples of the
pivot row from the subsequent rows.

o After Gaussian elimination, it checks if the system has no solution or infinite
solutions by examining the values in the augmented matrix ‘45"

o Finally, it performs back-substitution to find the solution by solving for each
variable starting from the last row and working upward.

o The method returns the solution array x’

2. ‘AugmentedMatrix” Method:

o This method takes a matrix ‘4’ and a vector ‘4’ and returns an augmented
matrix ‘4b’.

o It creates a new matrix ‘Ab’ of size 3x4.

3. SolveButton Click’ Event Handler:

. This method is triggered when the user clicks the "Solve" button.

It retrieves the coefficient values from text boxes and populates the matrix

It retrieves the constant values from text boxes and populates the vector 4"
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o It handles any format exception that may occur during parsing of input
values.

o It calls the ‘SolveLinearSystem’ method with matrix ‘4’ and vector ‘b’ as
arguments.

o If the solution is not null, it displays the solution values in the
‘solutionLabel’.

. If the solution is null, it indicates that there is no solution or infinite solutions

in the ‘solutionLabel’.
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CONCLUSIONS

System of linear equations are very important in mathematics which have many real
world applications in several fields such as engineering, physics, computer science and
many more. And having the ability to solve it is an important skill.

We have focused on this project to develop a software simulator on the topic of
“System of Linear Equations” for distance learning course “Higher and Applied
Mathematics” which is more of an interactive simulator with a user friendly interface.

The simulator consists of 3 main parts, the first part gives the user the necessary
knowledge to learn about the theory of System of Linear Equations and their solving
methods, Gaussian Method, Matrix Inversion, Cramer’s rule and Jacobi Method. The
second part is a 10 questions quiz which consists of several interactive methods to interact
with. The third part of the simulator is a systems linear equations solver, which is capable

of accepting input in the form of coefficients (represented by a;;) and constants

(represented by b;) and provide a solution.
The environment used to build the simulator is Visual Studio 2022 considering its
easy deployment of objects and designing the simulator. And the code used was C# due to

its simplicity in making algorithms into code.
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APPENDIX A

C# code for the Quiz Form (QuizForm.cs)

using System;

using System.Collections.Generic;

using System.ComponentModel;

using System.Data;

using System.Drawing;

using System.Ling;

using System.Text;

using System.Threading.Tasks;

using System.Windows.Forms;

using static System.Windows.Forms.Design.AxImporter;

namespace SystemLinearEquations

{

public partial class QuizForm : Form

{
public QuizForm()

{
InitializeComponent();
droplLabel.AllowDrop = true;
drop2Label.AllowDrop = true;
drop3Label.AllowDrop = true;
drop4Label.AllowDrop = true;
this.AutoScaleMode = AutoScaleMode.Font;

private void submitButton_Click(object sender, EventArgs e)

{
if (optionC.Checked)

{

MessageBox.Show("Correct! The system with no solution isx +2y =4, 2x -y =1.",
"Result”, MessageBoxButtons.OK, MessageBoxIcon.Information);
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// Hide the first question components
questionLabel.Visible = false;
optionA.Visible = false;
optionB.Visible = false;
optionC.Visible = false;
optionD.Visible = false;
submitButton.Visible = false;

//Showing and positioning Question 2 components
question2Label.Location = questionLabel.Location;
question2Label.Visible = true;
answerTextBox.Visible = true;
submit2Button.Visible = true;

}

else

{

MessageBox.Show("Incorrect. The correct answer is X + 2y =4, 2x -y = 1.", "Result",
MessageBoxButtons.OK, MessageBoxIcon.Warning);

}
¥
private void submit2Button_Click(object sender, EventArgs €)
{
string userInput = answerTextBox.Text;
it (userlnput.Trim() == "2")
{

MessageBox.Show("Correct! Gaussian Elimination Method is based on finding a triangular
matrix by performing elementary row operations.”, "Result”, MessageBoxButtons.OK,
MessageBoxIcon.Information);

question2Label.Visible = false;
answerTextBox.Visible = false;
submit2Button.Visible = false;
question3Label.Location = question2Label.Location;
question3Label.Visible = true;

stepllLabel.Visible = true;

step2Label.Visible = true;

step3Label.Visible = true;
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step4Label.Visible = true;
droplLabel.Visible = true;
drop2Label.Visible = true;
drop3Label.Visible = true;
drop4Label.Visible = true;
submit3Button.Visible = true;

}

else

{

MessageBox.Show("Incorrect. The correct answer is Gaussian Elimination Method.",
"Result", MessageBoxButtons.OK, MessageBoxIcon.Warning);

}

private void steplLabel MouseDown(object sender, MouseEventArgs e)

{
if (e.Button == MouseButtons.Left)

{
steplLabel.DoDragDrop(steplLabel. Text, DragDropEffects.Move);

}

private void step2Label_MouseDown(object sender, MouseEventArgs €)

{
if (e.Button == MouseButtons.Left)

{
step2Label.DoDragDrop(step2Label. Text, DragDropEffects.Move);

¥

private void step3Label_MouseDown(object sender, MouseEventArgs e)

{
if (e.Button == MouseButtons.Left)

{
step3Label.DoDragDrop(step3Label. Text, DragDropEffects.Move);



}

private void step4Label _MouseDown(object sender, MouseEventArgs e)

{
if (e.Button == MouseButtons.Left)

{
step4Label.DoDragDrop(step4Label. Text, DragDropEffects.Move);

private void droplLabel DragDrop(object sender, DragEventArgs e)

{
droplLabel. Text = (string)e.Data.GetData(DataFormats. Text);

¥
private void drop2Label_DragDrop(object sender, DragEventArgs e)

{
drop2Label. Text = (string)e.Data.GetData(DataFormats. Text);

}
private void drop3Label_DragDrop(object sender, DragEventArgs e)

{
drop3Label. Text = (string)e.Data.GetData(DataFormats. Text);

}
private void drop4Label_DragDrop(object sender, DragEventArgs e)

{
drop4Label. Text = (string)e.Data.GetData(DataFormats. Text);

private void droplLabel _DragEnter(object sender, DragEventArgs e)

{
if (e.Data.GetDataPresent(DataFormats. Text))

{
e.Effect = DragDropEffects.Move;
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¥
private void drop2Label_DragEnter(object sender, DragEventArgs e)

{
if (e.Data.GetDataPresent(DataFormats. Text))

{
e.Effect = DragDropEffects.Move;

}
private void drop3Label_DragEnter(object sender, DragEventArgs e)

{
if (e.Data.GetDataPresent(DataFormats. Text))

{
e.Effect = DragDropEffects.Move;

¥
private void drop4Label _DragEnter(object sender, DragEventArgs e)

{
if (e.Data.GetDataPresent(DataFormats. Text))

{
e.Effect = DragDropEffects.Move;

}

private void submit3Button_Click(object sender, EventArgs e)
{
if (droplLabel. Text == "Form a matrix from the system of linear equations.” &&
drop2Label. Text == "Use row operations to transform the matrix into row echelon form."

drop3Label. Text == "Solve the linear system using back-substitution.” &&
drop4Label. Text == "Interpret the solution.")

MessageBox.Show("Correct! Well done!");
question3Label.Visible = false;
steplLabel.Visible = false;
step2Label.Visible = false;



step3Label.Visible = false;
step4Label.Visible = false;
droplLabel.Visible = false;
drop2Label.Visible = false;
drop3Label.Visible = false;
drop4Label.Visible = false;
submit3Button.Visible = false;
question4Label.Location = question3Label.Location;
question4Label.Visible = true;
option4A.Visible = true;
option4B.Visible = true;
option4C.Visible = true;
systemimagel.Visible = true;
submit4Button.Visible = true;

}

else

{

MessageBox.Show("Incorrect. Please try again.");

}

private void submit4Button_Click(object sender, EventArgs e)

{
if (option4A.Checked)

{

MessageBox.Show("Correct! This system is consistent and independent.”, "Result",
MessageBoxButtons.OK, MessageBoxIcon.Information);

submit4Button.Visible = false;
systemlmagel.Visible = false;
systemimage2.Visible = true;
submit5Button.Visible = true;

else
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MessageBox.Show("Incorrect. The correct answer is ‘Consistent, independent'.”, "Result",

MessageBoxButtons.OK, MessageBoxlIcon.Warning);

}

}

private void submit5Buttom_Click(object sender, EventArgs e)

{
if (option4C.Checked)

{

MessageBox.Show("Correct! This system is inconsistent.”, "Result",
MessageBoxButtons.OK, MessageBoxIcon.Information);

submit5Button.Visible = false;
systemimage2.Visible = false;
systemIimage3.Visible = true;
submit6Button.Visible = true;

}

else

{

MessageBox.Show("Incorrect. The correct answer is ‘inconsistent’.”, "Result",
MessageBoxButtons.OK, MessageBoxlIcon.Warning);

¥
¥

private void submit6Button_Click(object sender, EventArgs e)

{
it (option4B.Checked)

{

MessageBox.Show("'Correct! This system is consistent, dependent.”, "Result",
MessageBoxButtons.OK, MessageBoxIcon.Information);

submit6Button.Visible = false;
systemimage3.Visible = false;

option4A.Visible = false;

option4B.Visible = false;

option4C.Visible = false;

question4Label.Visible = false;
question5Label.Location = question4Label.Location;
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question5Label.Visible = true;
option5A.Visible = true;
option5B.Visible = true;
option5C.Visible = true;
option5D.Visible = true;
submit7Button.Visible = true;

}

else

{

MessageBox.Show("Incorrect. The correct answer is ‘Consistent, dependent’.”, "Result",
MessageBoxButtons.OK, MessageBoxlIcon.Warning);

¥
¥

private void submit7Button_Click(object sender, EventArgs e)

{
it (option5B.Checked)

{

MessageBox.Show("Correct! The solution isx =3,y = 1.5.", "Result",
MessageBoxButtons.OK, MessageBoxIcon.Information);

question5Label.Visible = false;
option5A.Visible = false;
option5B.Visible = false;
option5C.Visible = false;
option5D.Visible = false;
submit7Button.Visible = false;
question6Label.Location = question5Label.Location;
question6Label.Visible = true;
option6A.Visible = true;
option6B.Visible = true;
option6C.Visible = true;
option6D.Visible = true;
submit8Button.Visible = true;

}

else

{

MessageBox.Show("Incorrect. The correct answer is x = 3,y = 1.5.", "Result",
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MessageBoxButtons.OK, MessageBoxlIcon.Warning);

}

private void submit8Button_Click(object sender, EventArgs e)

{
if (option6C.Checked)

{

MessageBox.Show("Correct! The solution is (c.)", "Result”, MessageBoxButtons.OK,
MessageBoxIcon.Information);

question6Label.Visible = false;

option6A.Visible = false;

option6B.Visible = false;

option6C.Visible = false;

option6D.Visible = false;

submit8Button.Visible = false;
question7Label.Location = question6Label.Location;

question7Label.Visible = true;
option7A.Visible = true;
option7B.Visible = true;
option7C.Visible = true;
option7D.Visible = true;
submit9Button.Visible = true;

}

else

{

MessageBox.Show("Incorrect. The correct answer is (c.)", "Result",
MessageBoxButtons.OK, MessageBoxIcon.Warning);

}
} private void submit9Button_Click(object sender, EventArgs e)

if (option7A.Checked)
{

MessageBox.Show("Correct! The solution is (a.)", "Result”, MessageBoxButtons.OK,
MessageBoxIcon.Information);
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question7Label.Visible = false;
option7A.Visible = false;
option7B.Visible = false;
option7C.Visible = false;
option7D.Visible = false;
submit9Button.Visible = false;
question8Label.Location = question7Label.Location;
question8Label.Visible = true;
option8A.Visible = true;
option8B.Visible = true;
option8C.Visible = true;
option8D.Visible = true;
submit10Button.Visible = true;
¥

else

{

MessageBox.Show("Incorrect. The correct answer is (a.)", "Result",
MessageBoxButtons.OK, MessageBoxIcon.Warning);

}

private void submit10Button_Click(object sender, EventArgs e)

{
it (option8A.Checked)

{

MessageBox.Show("Correct! The solution is (a.)", "Result”, MessageBoxButtons.OK,
MessageBoxIcon.Information);

question8Label.Visible = false;

option8A.Visible = false;

option8B.Visible = false;

option8C.Visible = false;

option8D.Visible = false;

submit10Button.Visible = false;
question9Label.Location = question8Label.Location;
question9Label.Visible = true;

option9A.Visible = true;



option9B.Visible = true;
option9C.Visible = true;
option9D.Visible = true;
submit11Button.Visible = true;

}

else

{

MessageBox.Show("Incorrect. The correct answer is (a.)", "Result",
MessageBoxButtons.OK, MessageBoxIcon.Warning);

}

private void submitl1Button_Click(object sender, EventArgs €)

{
if (option9B.Checked)

{

MessageBox.Show("Correct! The solution is (b.)", "Result", MessageBoxButtons.OK,
MessageBoxIcon.Information);

question9Label.Visible = false;
option9A.Visible = false;
option9B.Visible = false;
option9C.Visible = false;
option9D.Visible = false;
submit11Button.Visible = false;
questionl0Label.Location = question9Label.Location;
questionl0Label.Visible = true;
checkBox10A.Visible = true;
checkBox10B.Visible = true;
checkBox10C.Visible = true;
checkBox10D.Visible = true;
submit12Button.Visible = true;
}

else

{

MessageBox.Show("Incorrect. The correct answer is (b.)", "Result”,
MessageBoxButtons.OK, MessageBoxlIcon.Warning);
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private void submit12Button_Click(object sender, EventArgs e)

{

if (checkBox10A.Checked && checkBox10B.Checked && checkBox10C.Checked &&
IcheckBox10D.Checked)

{

MessageBox.Show("Correct! Well done!”, "Result”, MessageBoxButtons.OK,
MessageBoxIcon.Information);

checkBox10A.Visible = false;
checkBox10B.Visible = false;
checkBox10C.Visible = false;
checkBox10D.Visible = false;
submit12Button.Visible = false;
questionl0Label.Visible = false;
congrats.Visible = true;

}

else

{

MessageBox.Show("Incorrect. Please try again.”, "Result”, MessageBoxButtons.OK,
MessageBoxlcon.Warning);

}



APPENDIX B

C# code for the Solver Form (SolverForm.cs)

using System;

using System.Collections.Generic;
using System.ComponentModel;
using System.Data;

using System.Drawing;

using System.Ling;

using System.Text;

using System.Threading.Tasks;
using System.Windows.Forms;

namespace SystemLinearEquations

{

public partial class SolverForm : Form

{

public SolverForm()

{

InitializeComponent();

}

private void Form1_Load(object sender, EventArgs e)

{
¥

private double[] SolveLinearSystem(double[,] A, double[] b)
{

/I Augmented matrix creation

double[,] Ab = AugmentedMatrix(A, b);

/I Gaussian elimination (lterate through each row)
for (intk = 0; k < 3; k++)
{
[/l Find pivot row
int maxRow = k;
double maxVal = Ab[k, Kk];
for(inti=k+1;i<3;i++)

{
if (Math.Abs(Ab[i, k]) > Math.Abs(maxVal))
maxRow = i;
maxVal = Ab[i, k];
}
}

/I Swap the current row
if (maxRow != k)
{
for (intj =k; j <4; j++)
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{
double temp = Ab[k, jl;

Ab[k, j] = Ab[maxRow, j];
Ab[maxRow, j] = temp;
}
}

// Eliminate coefficients
for(inti=k+1;i<3;i++)

double factor = Ab[i, k] / Ab[k, K];
for (intj =k; j <4; j++)
{

ADbli, j] -= factor * Ab[k, j];

k
¥

/I Check if the system has no solution or infinite solutions

if (Ab[2, 3] != 0 && (Ab[2, 0] == 0 && ADb[2, 1] == 0 && Ab[2, 2] == 0))

return null;

}

/I Back-substitute to find solution
double[] x = new double[3];
for (inti=2;i>=0;i--)

double sum = 0;
for(intj=i+1;j<3;j++)
{

sum += Ab[i, j] * x[j];

}
x[i] = (Ab[i, 3] - sum) / Ab[i, i;

return X;

¥

private double[,] AugmentedMatrix(double[,] A, double[] b)

{
double[,] Ab = new double[3, 4];

for (inti=0;i<3;i++)
{
for (intj=0; ] <3; j++)

, Ab[i, j1=Al[, jI;
Ab[i, 3] = b[i];
}
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return Ab;
}

private void SolveButton_Click(object sender, EventArgs e)

{

double[,] A = new double[3, 3];
double[] b = new double[3];

I/ User coefficient input
try

{
AJ[O, 0] = double.Parse(textBox11.Text);

A[O, 1] = double.Parse(textBox12.Text);
A[0, 2] = double.Parse(textBox13.Text);
A[1, 0] = double.Parse(textBox21.Text);
A[1, 1] = double.Parse(textBox22.Text);
A[1, 2] = double.Parse(textBox23.Text);
A[2, 0] = double.Parse(textBox31.Text);
A[2, 1] = double.Parse(textBox32.Text);
A[2, 2] = double.Parse(textBox33.Text);
}

catch (FormatException)

{
MessageBox.Show("Invalid input. Please enter numeric values for all coefficients.");
return;

by

Il User vector input
try

{
b[0] = double.Parse(textBoxB1.Text);

b[1] = double.Parse(textBoxB2.Text);
b[2] = double.Parse(textBoxB3.Text);
¥

catch (FormatException)

{
MessageBox.Show("Invalid input. Please enter numeric values for all constants.");
return;

¥

/I Call function
double[] solution = SolveLinearSystem(A, b);
if (solution !=null)
{
solutionLabel. Text = string.Format("x = {0:F3}, y = {1:F3}, z = {2:F3}", solution[0],
solution[1], solution[2]);
}

else

{
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ky

solutionLabel. Text = "No solution or infinite solutions.";
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