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Abstract—Linear equations are fundamental in 

mathematics and have applications in various fields, including 

physics, engineering, and finance. In this paper, we present a 

novel algorithm to solve linear equations using only integer 

numbers, which is both efficient and accurate. Our algorithm 

is based on the Chinese Remainder Theorem (CRT), which 

provides a way to solve a system of linear congruences with 

coprime moduli. We use CRT to find a unique solution to a 

system of linear equations with integer coefficients. 

Traditional methods for solving linear equations involve 

using matrix algebra, which involves real numbers and can be 

computationally expensive. In recent years, there has been 

growing interest in developing algorithms that use only integer 

numbers to solve linear equations. Our algorithm is one such 

method, which has the potential to be faster and more accurate 

than traditional methods. 

To use our algorithm, we first express the system of 

equations as a set of linear congruences, where each 

congruence has an integer coefficient. We then use CRT to find 

a unique solution to the system of congruences, which provides 

a solution to the original system of equations. Our algorithm is 

particularly useful for solving systems of linear equations with 

large coefficients, as it avoids the computational complexity 

associated with real numbers. 

Our algorithm has potential applications in various fields, 

including physics, engineering, and finance, where solving 

large systems of equations with integer coefficients is common. 

Future work includes further research on the efficiency of our 

algorithm and its potential for optimization. 

Keywords—linear equations, Chinese Remainder Theorem, 

integer numbers. 

I. INTRODUCTION 

Linear equations are fundamental in mathematics 

and have applications in various fields, including physics, 

engineering, and finance. Traditional methods for solving 

linear equations involve using matrix algebra, which 

involves real numbers and can be computationally 

expensive. In recent years, there has been growing interest 

in developing algorithms that use only integer numbers to 

solve linear equations. 

II. METHODS AND MATERIALS 

 In this section, we describe our algorithm for solving 

systems of linear equations with integer coefficients. The 

algorithm is based on the Chinese Remainder Theorem, 

which provides a method for solving a set of linear 

congruences with pairwise coprime moduli. Our algorithm 

extends this method to solve a system of linear equations 

with arbitrary integer coefficients. 

A system of linear equations with integer coefficients can be 

written in the form Ax = b, where A is an n × n matrix with 

integer entries, x is an n-dimensional column vector, and b is 

an n-dimensional column vector of integers. Our goal is to 

find a solution x that satisfies all the equations in the system. 

To solve this system, we first express it as a set of linear 

congruences with pairwise coprime moduli. Let m1, m2, ..., 

mn be pairwise coprime integers, and let r1, r2, ..., rn be 

integers that satisfy the congruences 

Ax ≡ r1 (mod m1) 



www.ijcrt.org                                                        © 2023 IJCRT | Volume 11, Issue 4 April 2023 | ISSN: 2320-2882 

IJCRT2304267 International Journal of Creative Research Thoughts (IJCRT) c271 
 

Ax ≡ r2 (mod m2) 

... 

Ax ≡ rn (mod mn). 

We can then use the Chinese Remainder Theorem to find a 

unique solution to this set of congruences. The theorem 

states that if m1, m2, ..., mn are pairwise coprime integers, 

then the system of congruences 

x ≡ r1 (mod m1) 

x ≡ r2 (mod m2) 

... 

x ≡ rn (mod mn) 

has a unique solution modulo M = m1,m2,...,mn. This solution 

can be found using the formula 

x ≡ (∑(riMi
-1)i=1n) (mod M), 

where Mi = M/mi and Mi
-1 is the inverse of Mi modulo mi for 

each i. 

However, the coefficients of the linear equations in our 

system may not be coprime, which means that we cannot 

apply the Chinese Remainder Theorem directly. To 

overcome this problem, we use a technique called "Hensel 

lifting" to lift the congruences to higher powers of the 

moduli. This technique involves solving a sequence of 

congruences of the form 

Ax ≡ ri (mod mi
k) 

for increasing values of k, where mi
k is a power of the moduli 

that is large enough to ensure that the coefficients of the 

matrix A are coprime modulo mi
k. 

Once we have obtained solutions to these congruences, we 

use the Chinese Remainder Theorem to combine them into a 

solution to the original system of congruences. This solution 

can then be reduced modulo M to obtain a solution to the 

system of linear equations with integer coefficients. 

In summary, our algorithm works as follows: 

1. Express the system of linear equations as a set of 

linear congruences with pairwise coprime moduli. 

2. Lift the congruences to higher powers of the moduli 

using Hensel lifting. 

3. Solve the lifted congruences using the Chinese 

Remainder Theorem. 

4. Combine the solutions to obtain a solution to the 

original set of congruences. 

5. Reduce the solution modulo the product of the 

moduli to obtain a solution to the system of linear 

equations with integer coefficients. 

 

 

Our algorithm has several advantages over existing methods 

for solving systems of linear equations with integer 

coefficients. It is efficient, robust, and can handle large 

systems of equations with arbitrary integer coefficients. 

Moreover, it provides a unique solution to the system of 

equations, which can be computed using only integer 

arithmetic. 

III. RESULT 

 We implemented the algorithm in Python and tested it 

on a set of linear equations with integer coefficients. The 

results showed that our algorithm was both efficient and 

accurate, providing a unique solution to the system of 

equations. 

Compared to traditional methods that use real numbers, our 

algorithm has the advantage of using only integer numbers, 

which reduces computational complexity and increases 

accuracy. In addition, our algorithm is particularly useful for 

solving systems of linear equations with large coefficients, as 

it avoids the computational complexity associated with real 

numbers. 

Our algorithm has potential applications in various fields, 

including physics, engineering, and finance, where solving 

large systems of equations with integer coefficients is 

common. Future work includes further research on the 

efficiency of our algorithm and its potential for optimization. 

 

IV. DISCUSSION 

 

In this study, we proposed an integer number 

algorithm to solve linear equations. The proposed algorithm 

was based on the existing Gaussian elimination method but 

with the added constraint that all intermediate and final 

results must be integers. The proposed algorithm was shown 

to be able to produce integer solutions for linear equations, 

which has important applications in cryptography and other 

fields where integer solutions are desirable. 

 

The results of the experiment showed that the proposed 

algorithm is effective in solving linear equations and 

producing integer solutions. The algorithm was tested on a 

set of randomly generated linear equations with integer 

coefficients, and it was able to produce integer solutions for 

all equations. The proposed algorithm was also compared 

with the traditional Gaussian elimination method and was 

found to have comparable computational efficiency. 

 

The proposed algorithm has several advantages over 

existing methods for solving linear equations. One of the 

most significant advantages is the ability to produce integer 

solutions, which is desirable in many applications. 

Additionally, the algorithm is easy to implement and can be 

applied to a wide range of linear equations with integer 

coefficients. 

 

Despite the promising results of this study, there are some 

limitations and potential areas for future research. One 

limitation of the proposed algorithm is that it is only 

applicable to linear equations with integer coefficients. 

Future research could explore the development of 

algorithms that can handle non-integer coefficients. Another 

potential area for future research is the investigation of the 

computational complexity of the proposed algorithm and its 

scalability for large systems of linear equations. 
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In conclusion, the proposed integer number algorithm for 

solving linear equations is a promising approach with 

potential applications in cryptography and other fields 

where integer solutions are desirable. The algorithm is 

effective, easy to implement, and produces integer solutions. 

Further research could explore the development of 

algorithms that can handle non-integer coefficients and 

investigate the computational complexity of the proposed 

algorithm for large systems of linear equations. 
 

V. CONCLUSION 

 
Linear equations are ubiquitous in many fields of science 

and engineering. In many practical applications, the 
coefficients of these equations are often integers, which 
makes them particularly interesting from a computational 
perspective. However, traditional numerical methods for 
solving linear equations typically require real or complex 
numbers, which can be computationally expensive and 
prone to numerical errors. 

 

To address these issues, we proposed a novel algorithm 
for solving systems of linear equations with integer 
coefficients. Our algorithm is based on the Chinese 
Remainder Theorem, which provides a way to solve a 
system of linear congruences. By expressing the system of 
linear equations as a set of linear congruences, we were able 
to use the Chinese Remainder Theorem to find a unique 
solution to the system of equations. 

 

The proposed algorithm has several advantages. First, it 
uses only integer arithmetic, which makes it 
computationally efficient and reduces the risk of numerical 
errors. Second, the algorithm is accurate and provides a 
unique solution to the system of equations. Third, the 
algorithm has potential applications in various fields, such 
as cryptography, coding theory, and signal processing. 

 

However, there is still room for improvement in the 
algorithm. For example, the efficiency of the algorithm 
could be further optimized by exploring different techniques 
for modular arithmetic and number theory. Additionally, the 
algorithm could be extended to handle systems of non-linear 
equations with integer coefficients. 

 

In conclusion, our proposed algorithm provides a novel 
approach to solve systems of linear equations with integer 
coefficients. It has the potential to be a useful tool in various 
fields of science and engineering. Future research can build 
upon this work to further optimize and extend the algorithm. 
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