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Abstract

To address the urgent need for cultivating innovative capabilities of graduate students in emerging
engineering disciplines in the era of artificial intelligence (Al), this paper focuses on the long-standing
core issues in the graduate course—Optimization Methods, including the disconnection between the-
ory and cutting-edge advancements, weak industry-academia collaboration, and insufficient training
in high-level scientific research and engineering competencies. Supported by the Ministry of Educa-
tion’s industry-academia collaborative project—Research on Teaching Reform of Optimization Meth-
ods Based on Artificial Intelligence, this study systematically constructs and implements a high-level
QMAD (Question-Model-Algorithm-Decision) teaching framework deeply driven by Al and integrated
with industry-academia collaboration. The classic QMAD approach is upgraded and adapted to align
with the demands of graduate education and the essence of emerging engineering disciplines, extend-
ing it into a closed-loop teaching paradigm: Dual-source problem-driven by Al frontiers and industry
(Q), High-dimensional dynamic and constraint-accurate modeling (M), Innovative intelligent optimi-
zation algorithms and white-box implementation (A), Dual-track decision verification for scientific
research value and industrial effectiveness (D). Through multiple pathways, such as jointly develop-
ing cutting-edge case libraries with enterprises, implementing dual mentorship by academic and in-
dustry advisors, deeply embedding Al development and tuning toolchains, and promoting inquiry-
based thematic teaching led by graduate students, this framework significantly enhances students’
comprehensive development in four dimensions: theoretical depth, integration of Al technologies,
closeness of industry-academia collaboration, and independent research innovation capability. Teach-
ing practice demonstrates that the reform effectively strengthens graduate students’ advanced opti-
mization modeling capabilities for complex Al scenarios, algorithm re-engineering abilities, and in-
terdisciplinary collaborative problem-solving skills. It lays a solid foundation for their future engage-
mentin cutting-edge research or high-end industrial research and development, offering a referential
integrated innovation model for teaching reform in core graduate courses under the context of emerg-
ing engineering education.
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Figure 1. An Al-driven advanced teaching framework of QMAD oriented towards
dual goals of “Research + Engineering”
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