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A substitution-based perspective: Solving constrained extremum problems through variable transformation

Zixu Yan

Yangzhou University, Yangzhou, Jiangsu

[ Abstract] The substitution method serves as a core ideological approach in middle school mathematics to
simplify problem structures and transform unknown forms. Taking the 12th question of the 2022 National New
College Entrance Examination Volume II as the research carrier, this paper elaborates on the specific applications of
various substitution techniques—including target substitution, sum-difference substitution, trigonometric substitution,
ratio substitution, and mean value substitution—in solving maximum and minimum value problems under binary
quadratic constraint conditions, and fully deduces the conclusions of the question, verifying that Options B and D are
correct. Through multi-solution analysis of a single problem, this paper compares the applicable conditions of
different substitution methods: target substitution is suitable for solving linear objectives, trigonometric substitution
adapts to constrained conditions of configurable sum of squares, sum-difference substitution simplifies symmetric
equations, ratio substitution addresses homogeneous conditions, and mean value substitution realizes dimension
reduction via identical deformation. It reveals the core value of the substitution method in “simplifying complexity
and focusing on essence”. Furthermore, this paper traces the problem source, extends and generalizes the relevant
conclusions, and puts forward corresponding reflections combined with teaching practice, providing references for
senior high school mathematics teaching.

[ Keywords] Variable substitution; Multiple solutions to one problem; Const-rained extremum problems;
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