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Abstract: In the context of Industry 4.0, Supply Chain Management (SCM) faces challenges
in adopting advanced optimization techniques due to the “black-box” nature of most
Al-based solutions, which causes reluctance among company stakeholders. To overcome
this issue, in this work, we employ an Interpretable Artificial Intelligence (IAl) approach that
combines evolutionary computation with Reinforcement Learning (RL) to generate
interpretable decision-making policies in the form of decision trees. This IAl solution is
embedded within a simulation-based optimization framework specifically designed to handle
the inherent uncertainties and stochastic behaviors of modern supply chains. To our
knowledge, this marks the first attempt to combine IAl with simulation-based optimization for
decision-making in SCM. The methodology is tested on two supply chain optimization
problems, one fictional and one from the real world, and its performance is compared
against widely used optimization and RL algorithms. The results reveal that the interpretable
approach delivers competitive, and sometimes better, performance, challenging the
prevailing notion that there must be a trade-off between interpretability and optimization
efficiency. Additionally, the developed framework demonstrates strong potential for industrial
applications, offering seamless integration with various Python-based algorithms.
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Abstract: In the context of Industry 4.0, several technologies converge to orchestrate
improvements in business performance. Among these, Atrtificial Intelligence (Al) and Digital
Twins (DTs) stand out as some of the most promising. These two technologies are
connected through the concept of intelligent DTs (iDTs), which enhance standard DTs with
intelligent capabilities while keeping humans at the core of the process. One of the main
obstacles to the broad adoption of iDTs in operations and supply chains is the reliance on
opaque Al models, which often limit trust and acceptability among operations experts and
managers. To address this, it is critical to design iDTs that not only leverage the advanced
capabilities of Al but also provide interpretable and actionable insights to stakeholders. In
this paper, we present an action research in Adige Spa to develop an iDT framework for
production scheduling. Our framework integrates interpretable machine learning techniques,
employing evolutionary learning to produce decision trees that are transparent by design.
Additionally, we incorporate Large Language Models (LLMs) to explain decision tree policies
in natural language, enhancing user understanding. The framework also facilitates human
interaction, allowing users to express preferences and guide the tree learning process.
Results in a hybrid flow shop setting demonstrate that the proposed iDT framework delivers
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interpretable and effective decision-support policies while empowering users to influence
and refine its outcomes, hence bridging the gap between Al-driven insights and real-world
applicability.
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Abstract: The Job Shop Scheduling Problem (JSSP) is a widely studied NP-hard
optimization problem with significant academic and industrial relevance, particularly in the
context of Industry 4.0, where efficient scheduling algorithms are crucial for improving
decision-making in increasingly automated production systems. Despite extensive
theoretical advancements, a gap remains between academic research and real-world
implementation, as most studies either focus on theoretical aspects or emphasize numerical
advantages while neglecting practical deployment challenges including those related to
computational constraints. To fill this gap, we propose a hybrid optimization approach,
HCPGA, which integrates a state-of-the-art Constraint Programming (CP) solver, CP-SAT,
with a custom Genetic Algorithm (GA). The CP solver generates feasible solutions, which
are then used to initialize the GA's population. The GA further optimizes the schedule,
minimizing the makespan. Our experimental evaluation on 74 JSSP benchmark instances of
varying sizes demonstrates that, while standalone CP-SAT and HCPGA achieve comparable
makespan results, the latter significantly reduces the time and memory required to find a
good solution. This makes our approach highly valuable for industrial applications. To our
knowledge, this is the first attempt to combine an evolutionary approach with an exact solver
for solving the JSSP, specifically addressing the need for computational efficiency.
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