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Modern manufacturing systems operate in increasingly dynamic, reconfigurable, and disturbance-prone environments,
where complexity and uncertainty challenge the effectiveness of traditional planning and control approaches. Despite
advances in optimization and Al-based scheduling, there is still a lack of a homogenized framework for modeling,
comparing, and benchmarking production planning under realistic manufacturing conditions.

This work presents a modular software platform for risk-informed, multi-objective production planning in skill-based
manufacturing systems. The platform formalizes a production system as a composition of machines, skills, and products,
each modeled as adigital entity with executable capabilities and product transformations. A state-transition model maps
the current factory state to feasible skill applications, enabling the automatic generation of valid production sequences
that transform an initial into a desired product configuration. Each skill execution is characterized by energy consumption,
execution time, and reliability, while risk quantifies the likelihood of production failure or disruption. This integrated
formulation enables the simultaneous optimization of multiple objectives -- minimizing energy and time, maximizing
reliability, and mitigating production risk.

The platform provides a benchmarking environment for evaluating both classical and Al-based optimization strategies,
ranging from A* MILP, and constraint programming to reinforcement learning, symbolic planning, and graph neural
networks. The platform gives a common machine—skill-product interface to ensure comparability and reproducibility
across algorithms and scenarios.

Key contributions include: (i) a machine-skill-product meta-model linking symbolic process descriptions with executable
planning, (ii) a state-aware, risk-integrated action generator enforcing physical and logical feasibility, and (iii) a
benchmarking environment for analyzing trade-offs among energy, reliability, and risk under uncertainty. Collectively,
these components establish a foundation for integrating risk, reliability, and adaptability into intelligent production
planning, advancing the vision of adaptive, software-defined, and trustworthy manufacturing systems.
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