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Abstract

Complex algebraic equations are a fundamental topic in mathematics, requiring the use of multiple techniques to
solve them. These technologies include Simplifying, multiplying by reciprocals, and many other different
methods, which is used to analyze equations and extract the required variables. Through this study, which aims
to enhance students’ understanding of the basic concepts in algebra, including algebraic operations such as
addition, subtraction, multiplication, and division, and how to apply them in solving equations, in addition to
developing students’ level in solving complex algebraic equations using...? Combinatorial solutions and
developing exploration and criticism skills through analyzing mathematical problems. Through a methodology
that relied on several different methodologies, including the descriptive methodology in describing and defining
complex algebraic equations and combinatorial solutions, and the quantitative methodology in collecting data on
combinatorial solutions and the factors influencing the solution of complex algebraic equations and the nature of
the compromise solutions that are chosen, in addition to the scientific methodology in analyzing combinatorial
methods and the influencing factors. There is a comparison methodology to compare combinatorial methods in
terms of accuracy, ease, and pass ability The results indicated that combinatorial solutions are largely effective in
enhancing students' understanding of basic concepts and developing their skills. Exploratory and critical
mathematical problems. The flexibility, ease and accuracy of combinatorial methods range from 90 to 95%.

Keywords: Complex Algebraic Equations, Combinatorial Solutions, Influencing Factors, Accuracy and
Flexibility.
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1.Introduction

They are algebraic equations that can be defined as interest Mathematical expression that expresses equality
between two algebraic expressions. These two quantities may include variables, numbers, and coefficients, in
addition to the well-known arithmetic operations of addition, multiplication, subtraction, and division. Which
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represents the basics of algebra which is one of the branches of mathematics? Algebraic equations are considered
the cornerstone of many mathematical, scientific, and engineering fields and applications, and even after important
social applications. With the development of science, especially programming sciences, engineering sciences and
physics, algebraic equations have developed and become more complex, and these complexities have become
among the most important challenges that algebraic equations witness in the years. Finally, to overcome these
challenges, studies and research began to develop in the same field to search for methods and techniques that
would solve The complexities of algebraic equations and their simplification. One of the most important of these
techniques is the combinatorial methods for solving algebraic equations [1]

Complex algebraic equations are algebraic equations that include random variables sometimes and ambiguous
variables at other times. The relationship between these variables can also be a linear relationship, that is, a first-
degree relationship or a multi-degree relationship. These relationships may be ambiguous relationships or no
relationships, and they cannot be formulated in a known mathematical relationship. All of that It ultimately leads
to complexity in these equations, and to solve these equations, it was necessary to develop techniques and
strategies that contribute to solving these equations and simplifying them. The most important of these techniques
are combinatorial solution techniques, which can be defined as Methods and strategies related to arranging and
organizing the different elements within the groups. Each of these groups may contain smaller groups or may be
part of larger groups, but it must be taken into account that the arrangement and organization must be subject to
some restrictions and conditions to ensure the success of the solution and the accuracy of the results. Consensual
solution identifications A More accurate It is a branch of mathematics that is concerned with studying problems
related to numbers, their counting, and the relationship between those numbers, whether this relationship is
represented by the number of ways in which the numbers and elements can be arranged in a certain way or the
number of choices for the ways in which a subset of a larger group can be chosen [2].

The importance of combinatorial methods is that they contribute to simplifying complex algebraic expressions,
making them easier to understand and analyze. Through techniques such as collecting similar terms and removing
parentheses, it also helps isolate variables and can transform equations into more manageable forms. It also
provides

2. Theoretical background and basic concepts

This section will present the theoretical background and basic concepts of algebraic equations and combinatorial
methods. By presenting this background and basic concepts, an insightful point of view can be formed about the
study procedures, their importance, and drawing their conclusions. It also gives a conscious and flexible
understanding of the nature of algebraic equations and the use of combinatorial methods in solving them. In
addition to providing a historical overview of the development of algebraic equations and combinatorial methods.

2.1. Algebraic equations

An algebraic equation is a mathematical expression consisting of two algebraic expressions joined by an equal
sign (=). An algebraic equation is also known as a polynomial equation, as both sides contain multiple terms. It
can be algebraic equations Univariate (contains one variable) or Multivariate (Containing more than one variable)
Current equations may be first-degree, second-degree, or multi-degree equations. Figure (1) shows the
components of the algebraic equation [3]

Results and discussion

Algebraic Equations

coefficient

ax"t+ta X"'+a X"ZTH o eeeinnan. +ax'+a =0
n m=1 n-2 1 [s]

Figure 1: The components of an algebraic equation.

2.1.1. Historical Overview
» The roots of algebraic equations began since time immemorial. The ancient Egyptian and Babylonian
civilizations used simple equations to calculate the areas and volumes of geometric shapes. Then the Greeks
and Pomegranates added another geometric dimension to the algebraic equations, as they linked the
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equations to geometric proofs and the basis of the theoretical foundations of some algebraic concepts such

as the theorems of Euclid and Pythagoras.

» Then came the Islamic era, and Muslim scholars played a decisive role in developing the science of

algebra, introducing new algebraic concepts, and creating symbols to facilitate mathematical operations.

Abu Abdullah Muhammad Ibn Musa Al-Khwarizmi is considered one of the most important pioneers of

algebra, as he wrote the book Al-Mukhtasar fi Arithmetic Algebra, which is considered the first systematic

book in the science of algebra.

» Then, in modern times, since the sixteenth century, major developments began in solving algebraic

equations, especially of the second, third, and fourth degrees, where scholars such as Ghawes contributed to

developing the theory of equations and establishing modern algebra, and scholars such as Descartes

contributed to developing algebra and introducing modern symbols.

» Inthe modern era, with the emergence of computer science and programming, there has been a revolution

in algebraic equations and their solution, especially difficult and complex algebraic equations. Any
computer can now solve millions of algebraic equations in record time [4]

2.1.2. Types of Algebraic Equations

Algebraic equations are classified based on the degree of the equation, which is defined as the highest exponent
of the variable in the equation. Common types include: Algebraic equations can be classified according to the
degree of the equation, as the common types are first-degree equations [5], which are called linear equations, and
third-degree equations, and the degree of the equation is determined by x power, as shown in Figure (2).

Parts of an Algebraic Equation Standarc Form of a Linear
Equation
Exponent Operator

A A Coefficient of x Coefficient of y

N A X+hx+¢=0
ax’+bx+c=d Ax+By=C : k
» { y A N )/
/| - .
Canszant ) A Constant

Coefficients Constants

Figure 2: The types of algebraic equations.

2.1.3. Principles and Properties of Algebraic Operations

The basic principles of algebra include the rules that govern mathematical operations such as addition, subtraction,
multiplication, and division. It is important to keep the equation balanced, which means that the same operation
must be performed on both sides to keep the equation valid as shown in the figure.

Operations
Property
Addition Subtraction Multiplication Division
Closure a+bER a-bER axbER aTbER
Commutative a+b=b+a a-b=b-a axb=bxa a+b=b+a

Associative a+(b+c) = (a+b)+c a-(b-c) = (a-b)-c ax(bxc) = (axb)=xc a+(b+c) = (a+bh)+c

Identity a+0=0+a=a -- axl/a=1=1/axa =
Distributive ax(b+c) = ab + ac ax(b-c) = ab - ac - =

Figure 3: The basic operations of algebraic equations and their properties.
2.2. Compatible solutions

It is a group of methods that include deletion, substitution, isolation, analysis, and inverse multiplication. The goal
of these methods is to simplify and solve complex algebraic equations [6]
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2.2.1. Elimination method:

This method is used to remove one of the variables in a system consisting of 30 linear, which makes the coefficient
of one of the variables equal in absolute value and reflected in sign. By subtracting or adding the two equations,
the equations can be solved. The following is an example that shows the elimination method:

X+2y=7
3x-y=1
the solution:

We multiply the first equation by 3: 3x + 6y = 21

We add the two new equations: (3x + 6y) + (3x - y) =21 + 1 6x + 5y = 22

Now we have an equation with one variable (x). We can solve it for x, and then substitute it into one of the original
equations to find y [7]

2.2.2. Isolation method:
It is a method that depends on isolating one variable from one of the two equations and then replacing the resulting
value in the other equation. The following is an example that shows the solution method.

2X+y=5
x-3y=1
the solution:

We isolate x in the first equation: x =5 - 2y

We substitute the value of x into the second equation: (5 -2y) -3y =1

We solve the resulting equation to find the value of y, then substitute the value of y into one of the original
equations to find the value of x [8]

2.2.3. Substitution method:

A method somewhat similar to the isolation method, but in this method we isolate an expression that contains two
variables and then replace it completely in the other equation. The following is an example of using this method:
X+y=7

2x-y=1

the solution:

We isolate y in the first equation: y =7 - X

We substitute the value of y into the second equation: 2x - (7 - xX) =1

We solve the resulting equation to find the value of x, then substitute the value of x into one of the original
equations to find the value of y.

2.2.4. Reciprocal multiplication method:

This method is used to remove fractions from equations by multiplying all terms of the equation by the least
common denominator. The following is an example of solving this equation:

(1/2)x +3=(2/3)x - 1

the solution:

We multiply all terms by 6 (the least common denominator): 3x + 18 = 4x - 6

Now we can solve the resulting equation to find the value of x.

2.2.5. Analysis method:
It is a method used to analyze quadratic equations or those with higher degrees into several factors and then
analyze each factor separately. Below is an example of this method.
X2-5x+6=0
the solution:
We factorize the equation: (x - 2)(x- 3) =0
So, eitherx-2=00rx-3=0
Therefore, the solutionsare x=2orx =3

3.metthodology

The methodology here is to choose a complex equation and solve it using five different combinatorial methods,
clarify the method by which the solution was achieved, then compare the solutions and the methods by which the
solution was used, and provide a critical vision of this mathematical problem related to solving the complex
equation [10] This methodology aims to train students in critical methods for solving mathematical problems.
Developing their level of solving algebraic equations and how to choose the appropriate method to solve the
equation x2+y2=z2 in five combinatorial ways, the following methods can be used:

1. Compensation method

We can rearrange the equation to find z:
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Z2=x2+y?
Using this equation, we can substitute different values for x and y to get values for z. For example:

Z X Y
5 3 4
5 4 3
10 4 6

3.1. Factorization method

The equation can be factored using the difference-of-squares formula, but in this case, we can use the Pythagorean
equations. If we consider:

X=a,y=h,z=c

The equation means that (a,b,c)(a,b,c) represents a right-angled triangle. We can use known values like
(3,4,5)(3,4,5) or (5,12,13)(5,12,13).

3.2. Chart method
The equation can be plotted in a coordinate system. The circuit representing the equation x2+y2=z2 is drawn. By
changing the value of z, it is possible to observe how the circle changes, which helps in finding the points that
satisfy the equation.

x\y 1 2 3 4 5 6 7 8 9 10

0 (o |01 | [w [N |-
1
1
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'
'
'
'
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3.3. Deletion method
If we have two equations like:

X2+y2==z2 and z=k
Where k is a constant, we can substitute Z into the first equation:
x2+y2==k2

when k=25 x=3 y=4
3.4. Matrix method
Matrices can be used to solve a system of equations. If we consider that we have a set of values for xx, yy and zz,
we can represent them in a matrix and find the solutions using matrix operations.
1. Convert the equation into a matrix form
We begin by converting the equation into a system of equations. We can rewrite the equation as follows:

x2+y2-z2=0
Let's have three variables: x,y,z
We can represent the equation in matrix form. Consider that we have a set of possible values for x, y, and z:

x2
[1 1 —1]|y2[=[0]
z2
create an expanded matrix:
[1 1= 1 0]
=32+42=9+16=25 X=3 y=4 z=5
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4. Results and discussion
In this section, we will discuss the results of solving the previous problems using five methods, along with the
arrangement of the five methods for solving the equation x2+y2=z2 in terms of accuracy and flexibility.

Table 1: Arrangement of the five methods accuracy and flexibility and Solution speed.

Method
Newton’s Deletion Replacement The Graphing The Matrix
Method Method Method Method Method
Accuracy Very High. High. Moderate High Moderate
Flexibility Moderate High. Weak High Moderate
Sglplét;gn Moderate Moderate Moderate Moderate Moderate
Very high=5 high =4 moderate = 3 weak =1

1. Newton’s method: Newton’s method is considered one of the most accurate and flexible methods, as it rely on
repetition to improve guesses, which leads to rapid convergence towards the correct solution. It is also a method,
but in terms of flexibility, it is moderate, requires knowledge of difficulties, and may be a sensitive choice. But it
is very effective in solving nonlinear equations

2. Deletion method: The deletion method comes in second place in terms of accuracy, as it allows the removal of
variables in a direct way, which facilitates access to solutions and the flexibility is very high.

3. Replacement method: The replacement method comes in third place. It is good and has moderate flexibility,
but it may become complicated in some large systems.

4. The graphing method: It comes in fourth place. It is moderately accurate and highly flexible. It can be used to
understand the relationships between variables visually, but sometimes it is not as accurate as other methods.

5. The matrix method: The expense method is moderately accurate and moderately flexible, and it can be complex
in implementation and requires knowledge [11]

M accurarcy M flexibility Solution speed

Solution speed

flexibility

Newton’s .
Deletion

method method Replacement
method

accurarcy

The graphing
method

The matrix
method

Figure 4: Arrangement of the five methods accuracy and flexibility and Solution speed.

The figure shows that Newton's method comes in first place in terms of accuracy, followed by the graphical
method, then the deletion method, then the matrix method, and the substitution method comes in last place. As
for flexibility, the deletion method comes in first place, followed by the graphical method in second place, then
the matrix method in the third stage, Newton's method in fourth place, and the substitution method in the fifth and
final stage. As for the speed of solution, the matrix, graphical, and substitution methods come in first place, the
deletion method in second place, and Newton in last place [12]

5. Conclusions (Summary)

The study concludes the following:
1. Method Selection: Choosing a combinatorial solution method depends on application requirements
such as flexibility, speed, and accuracy [13]
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1) Flexibility: Elimination and graphing methods are preferred.

2) Accuracy: Newton’s method and elimination method are best.

3) Speed: Expense, graphing, or elimination methods are suitable.
2.Newton's Method: Highly accurate and effective for nonlinear equations due to its iterative nature, leading to
rapid convergence. It is moderately flexible but requires careful handling of complexities.
3. deletation Method: Offers high accuracy and flexibility by directly removing variables to simplify solutions.
4. Replacement Method: Provides moderate flexibility but can become complicated in large systems [14]
5. Graphing Method: Moderately accurate with high flexibility, suitable for visualizing variable relationships but
less precise than other methods.
6. matrix Method: Moderately accurate and flexible, but complex in implementation and requires advanced
knowledge.

References

[1] Rabier, P. J., & Rheinboldt, W. C. (2002). Theoretical and numerical analysis of differential-algebraic
equations.

[2] Igboljon, X. (2024). SYSTEM OF LINEAR ALGEBRAIC EQUATIONS AND METHODS OF THEIR
SOLUTION. Multidisciplinary Journal of Science and Technology, 4(1), 39-44.

[3] Bézout, E. (2009). General theory of algebraic equations. Princeton University Press.

[4] Kirwan, F. C. (1992). Complex algebraic curves (No. 23). Cambridge University Press.

[5] Widodo, S. A., Prahmana, R. C. ., & Purnami, A. S. (2017, December). Teaching materials of algebraic
equation. In Journal of Physics: Conference Series (Vol. 943, No. 1, p. 012017). IOP Publishing.

[6] Buda, A., de Place Hansen, E. J., Rieser, A., Giancola, E., Pracchi, V. N., Mauri, S., ... & Herrera-Avellanosa,
D. (2021). Conservation-compatible retrofit solutions in historic buildings: An integrated approach. Sustainability,
13(5), 2927.

[7] Rushka, M., & Freericks, J. K. (2020). A completely algebraic solution of the simple harmonic oscillator.
American Journal of Physics, 88(11), 976-985.

[8] Tkachev, V. (2006). Algebraic structure of quasiradial solutions to the y-harmonic equation. Pacific journal of
mathematics, 226(1), 179-200.

[9] Alves, M. B. (2023). Algebraic solution for the classical harmonic oscillator. Revista Brasileira de Ensino de
Fisica, 45, €20230152.

[10] Barotov, D., Osipov, A., Korchagin, S., Pleshakova, E., Muzafarov, D., Barotov, R., & Serdechnyy, D.
(2021). Transformation method for solving system of Boolean algebraic equations. Mathematics, 9(24), 3299.
[11] Tao, T. (2009). Why are solitons stable?. Bulletin of the American Mathematical Society, 46(1), 1-33.

[12] Dunajski, M. (2024). Solitons, instantons, and twistors. Oxford University Press.

[13] Ali, R., Zhang, Z., & Ahmad, H. (2024). Exploring soliton solutions in nonlinear spatiotemporal fractional
quantum mechanics equations: an analytical study. Optical and Quantum Electronics, 56(5), 838.

[14] Rushka, M., & Freericks, J. K. (2020). A completely algebraic solution of the simple harmonic oscillator.
American Journal of Physics, 88(11), 976-985.

7 | African Journal of Advanced Pure and Applied Sciences (AJAPAS)



