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Abstract

This paper aims to investigate the symmetry properties and construction mechanisms of exact so-
lutions for the (3+1)-dimensional Hirota bilinear-type nonlinear partial differential equation. By
employing Lie symmetry analysis, we first systematically derive the Lie point symmetry algebra ad-
mitted by the equation based on infinitesimal generator theory. Subsequently, several representative
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symmetry directions are selected, and corresponding similarity variables are constructed to effec-
tively reduce the original equation to lower-dimensional systems. Further analytical techniques,
including traveling wave transformations and variable separation, are applied to solve these re-
duced systems, yielding two new classes of exact solutions: one featuring localized solitary wave
structures, and the other representing generalized non-traveling-wave solutions involving arbitrary
time-dependent functions and integral terms. The results demonstrate that Lie symmetry analysis
not only reveals the intrinsic invariant structure of high-dimensional nonlinear evolution equations
but also provides an effective and universal approach for systematically constructing diverse fami-
lies of analytical solutions. This work holds theoretical significance for understanding complex non-
linear wave dynamics.
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