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Abstract
Traditional industrial control systems often rely on predefined, rule-based logic to
manage and regulate processes. While these systems are robust and predictable,
they can be inflexible in dynamic or complex environments where unforeseen situ-
ations require adaptive responses. Recent advances in artificial intelligence, partic-
ularly in large language models (LLMs), have demonstrated promising capabilities
in understanding context, performing reasoning, and making decisions based on
natural language instructions. This paper investigates the potential of using those
models as a substitute for rule-based controllers in industrial settings.

We have implemented a system in which a transformer-based model interacts
with a simulated industrial system, receiving real-time state queries and respond-
ing with control decisions. The study evaluates the model’s ability to retrieve
current and predicted system states, formulate appropriate control actions, and
maintain process stability. Through a series of controlled experiments, we compare
the performance of the LLM-driven approach against traditional rule-based con-
trollers across various scenarios, including normal operation, fault conditions, and
unexpected inputs.

The results suggest that such a generative language model can not only emu-
late certain rule-based behaviors but also generalize beyond predefined rules, of-
fering potential for more adaptive and intelligent control mechanisms. However,
limitations in real-time responsiveness, safety assurance, and interpretability pose
challenges for deployment in safety-critical environments.
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Introduction
Industrial control systems have long relied on rule-based controllers, which operate
using predefined logical rules or decision trees that explicitly map input conditions
to control actions. These systems are typically implemented using finite state ma-
chines, ladder logic, or structured control code in programmable logic controllers
(PLCs) and distributed control systems (DCSs). Their popularity stems from sev-
eral key advantages: they offer high reliability, deterministic behavior, and trans-
parency, making them suitable for safety-critical environments and easy to validate
and maintain in regulated industries [5].

However, the rigid, handcrafted nature of these systems also imposes significant
limitations. Rule-based controllers lack adaptability and struggle to respond to
unforeseen events or context-dependent variations in system behavior. As processes
grow in complexity or require greater flexibility, the number of rules and exceptions
grows rapidly, leading to brittle logic and high maintenance overhead [6]. Moreover,
updating the control logic often demands expert intervention and downtime, which
is costly in industrial environments.

In recent years, large language models such as GPT [1], PaLM [3], and LLaMA
[9] have demonstrated potential capabilities in interpreting and generating human-
like text. These models are trained on massive corpora of natural language and
code, allowing them to reason over structured and unstructured prompts, answer
complex queries, and even perform chain-of-thought reasoning. Their ability to
generalize across tasks without explicit retraining has enabled breakthroughs in
areas such as code generation [2], strategic planning and tool use [7], and inter-
active decision-making in simulation environments [4]. Early explorations into
human-computer interaction and autonomous agents powered by LLMs have shown
that these models can follow multi-step instructions, interact with virtual environ-
ments, and make decisions based on evolving context [8]. Such versatility raises
the question of whether LLMs can move beyond text-based tasks and be deployed
in real-time, decision-critical environments such as industrial control systems.

Research gap
Despite the rapid advancements and broad applicability of large language models,
their use as direct replacements for rule-based industrial controllers has not yet been
systematically studied. While LLMs have shown strong performance in high-level
reasoning and decision-making tasks, the domain of industrial control introduces a
unique set of challenges. Controllers in industrial systems must operate with high
precision, often within strict real-time constraints, and must uphold rigorous safety
and reliability standards. These requirements leave little room for ambiguity or de-
lay that are not inherently guaranteed by AI model-based reasoning. Furthermore,
the black-box nature of an autonomous reasoning system, combined with their
probabilistic outputs, contrasts sharply with the deterministic and verifiable logic
that rule-based controllers offer. As such, exploring the feasibility of substituting
traditional logic with a generative language-driven control policies is a non-trivial
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task. It requires careful investigation into the trade-offs, potential failure modes,
and integration strategies necessary for safe and reliable deployment in industrial
environments.

Focus of the study

This paper investigates how Large Language Models can replicate the decision-
making behavior of rule-based industrial controllers by interpreting system state
information and generating appropriate control actions, while maintaining accept-
able performance in terms of accuracy, response time, and reliability within simu-
lated industrial environments.
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