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Abstract: Intelligent Agent, as a software paradigm with autonomy, adaptability, and sociality, has demonstrated broad applica-
tion prospects in industrial automation, intelligent manufacturing, and related fields. However, traditional requirements analysis
methods struggle to effectively capture its uncertain behaviors, environmental perception, and autonomous decision-making
characteristics. To address this problem, this paper proposes a Problem Frames-based method for Intelligent Agent Requirements
Modeling (PF-TARM). Grounded in Jackson’s Problem Frames theory, the method constructs an extended meta-model incorporating
an Intelligent Agent domain, Environment domain, Knowledge domain, and Goal domain. Through introducing phenomenological
attributes such as multimodal types, temporal characteristics, and probability distributions into the original meta—-model, the method
enhances the expressiveness of Agent uncertainty, temporality, and learning capabilities. Furthermore, a visual requirements
modeling platform supporting the PF-IARM method is developed, with intuitive graphical notations and representation rules
defined for each meta-model element, enabling the engineering application of the method. Building on this foundation, four core
problem patterns are distilled, namely Perception-Decision-Execution, Knowledge Acquisition and Learning, Goal-Oriented
Behavior, and Multi~Agent Collaboration, forming a reusable Agent requirements pattern library for industrial scenarios to support

rapid requirements identification and reuse. Case studies in industrial scenarios evaluate the method from multiple dimensions
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including model structure and empirical analysis. The results demonstrate that PE-IARM achieves improvements in the accuracy

and completeness of requirements expression, effectively shortening the transition cycle from requirements to design and providing

systematic requirements modeling support for Intelligent Agent systems.
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