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Abstract—To address the pain points of digital logic circuits, including abstract theory, weak practice, fixed classroom boundaries
and fragmented Al applications, this paper constructs a new “boundaryless classroom’ model driven by problem, knowledge and
competency graphs and supported by teacher-student-Al collaboration. A multimodal course corpus and a vertical large-model
agent are developed and connected with the Jiaoxiaozhi and Siyuan Xuetang 2.0 platforms. Generative Al and knowledge graphs
are integrated into teaching before, during and after class, while frontier topics such as FPGA-based neural-network acceleration
are introduced into the existing course content. Two semesters of practice show that the model can improve classroom participation,
support autonomous inquiry and enhance engineering practice competence. For a cohort of 30 students, the mean scores of two
project assessments were 97.00 and 97.34, respectively; all students scored 90 or above, and the attainment rate for every
assessment dimension was at least 91.30%. These results provide quantitative evidence that the model improves knowledge
mastery, engineering practice, and integrated application competence.
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