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Abstract

Traditional teaching of the Lagrange multiplier method in advanced mathematics often ends with
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solving equality-constrained optimization problems, which results in a fragmented understanding of
constrained optimization. Taking the logical transition from the Lagrange multiplier method to the
Karush-Kuhn-Tucker (KKT) conditions as the main thread, this paper proposes an integrated teaching
design. Through a sequence of progressively extended cases, the design reveals how gradient parallel-
ism and complementary slackness extend their geometric interpretation from equality constraints to
inequality constraints. Al-based tools are employed to handle complex computations and visualization,
shifting the cognitive focus of students from mechanical calculations to the internalization of optimiza-
tion concepts. The proposed design helps students establish a coherent cognitive framework linking
conditional extrema, optimality conditions and constrained optimization. It further provides a cognitive
bridge to advanced courses such as machine learning and explores a replicable model for deep teach-
ing in advanced mathematics in the Al era.
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Figure 1. Gradient collinearity and tangency under equality constraints
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Figure 2 Comparison of interior and boundary solutions under variable bound constraints
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Figure 3. Comparison of interior and boundary solutions under general inequality constraints
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