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Homological algebra was established in the 1940s, which is a powerful tool for solving
the problem in ring theory [1]. With respect to good properties, homological algebra is
attracting widespread interest in fields such as group theory[2], algebraic topology and
differential equations [3], etc. One of the major challenges in ordinary differential equa-
tions is further reduction of vector fields, in which the theory of normal form plays an
important role [4].An interesting insight concerning the application of cohomology rings
in differential equations is presented.

In this paper, the application of cohomology rings theory in the research of hypernor-
mal form (unique normal form, simplest normal form) and the associated coefficients for
a class of four-dimensional vector fields is investigated. Based on the theory of coho-
mology rings, hypernormal form for four-dimensional vector fields is obtained by using
the method of the combination of Hilbert series, new grading function and multiple Lie
brackets. With aid of the method of combining multiple Lie brackets with parametric
transformation, the corresponding relations of coefficients between original vector fields
and its further reduction are given.
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