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Abstract

Matrices are the core research tools of linear algebra. Exploring the equivalence relations of matri-
ces and studying their corresponding invariants serves as an important foundation for matrix sim-
plification and operational analysis. Among various matrix equivalence relations, row equivalence
enjoys the most extensive applications. Notably, any matrix has a unique reduced row echelon form
under elementary row transformations, a property that provides crucial support for the theoretical
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analysis of matrices. Taking elementary row transformations as the starting point and based on the
uniqueness of the reduced row echelon form, in this paper, the diverse expressions of matrix row
equivalence are systematically sorted out from multiple perspectives, including matrix rank, the
solution structure of linear systems, matrix multiplication and the construction of linear transfor-
mations. It focuses on discussing the equivalence of solutions to linear systems and the rules of ma-
trix construction under elementary row transformations. Combined with examples, in this paper,
the practical applications of row equivalence are analyzed in calculating matrix rank, constructing
linear transformations and resolving the solution spaces of linear systems, and further elucidating
the practical value and theoretical significance of row equivalence theory in the framework of linear
algebra.
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