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AutomaƟc early detecƟon and correcƟon of industrial design and manufacturing
flaws - REINFORCE

Abstract: The REINFORCE project automates model generaƟon, design and manufacturing flaws and
removal in the early development stages of products by leveraging directed color graphs to represent
system architecture and manufacturing systems’ behavior. This has an important impact due to the
significant constraints and costs Ɵed to early decisions. The REINFORCE framework act as a
computaƟonal assistant, providing innovaƟve computer-aided support for designers, manufacturers
and decision-makers at this criƟcal stage.

Early design phases oŌen involve ill-defined problems, combining text, funcƟonal descripƟons, and 
numerical and textual data. Despite the increasing complexity surpassing human cogniƟve capabiliƟes, 
model generaƟon, reasoning, and flaw detecƟon sƟll depend heavily on human experƟse. This is a
major industrial challenge, negaƟvely impacƟng quality, security, resilience, producƟvity, and costs for 
businesses and customers. The project addresses a criƟcal gap not covered by exisƟng methods.

The project develops an approach allowing qualitaƟve reasoning with graph-based machine learning
models by combining Π calculus, directed graphs and TRIZ invenƟve principles to detect and remove
flaws and cybersecurity vulnerabiliƟes. This advancement exploits unit decomposiƟon, power laws, 
contact variables, and parƟal derivaƟves to enable the creaƟon of high-quality, innovaƟve design 
soluƟons, potenƟally leading to massive cost savings and beƩer security.  The progresses in fully
automated model generaƟon are enabling simulaƟon, system control, hypothesis tesƟng, and design 
opƟmizaƟon.

ApplicaƟon domains of the project include explainable and parsimonious machine learning models,
cyber-physical system design, producƟon machines’ system control, and early-stage cybersecurity and
resilience assessment to reinforce security-by-design principles.

The REINFORCE project automates the generaƟon of models, as well as the design and removal of 
flaws in the early stages of product development, by leveraging directed color graphs to represent
system architecture and the behavior of manufacturing systems. This project should generate a
significant impact given the constraints and costs associated with early decisions. The REINFORCE
framework acts as a computaƟonal assistant, providing designers, manufacturers and decision-makers
with innovaƟve, computer-aided support at this criƟcal stage.

Early design phases oŌen involve ill-defined problems that combine text, funcƟonal descripƟons and 
numerical and textual data. Despite the increasing complexity surpassing human cogniƟve capabiliƟes, 
model generaƟon, reasoning and flaw detecƟon sƟll depend heavily on human experƟse. This presents 
a significant challenge to industry, negaƟvely impacƟng quality, security, resilience, producƟvity and 
costs for businesses and customers alike. The project addresses a criƟcal gap not covered by exisƟng
methods.

It develops an approach that enables qualitaƟve reasoning with graph-based machine learning models,
combining Pi calculus, directed graphs, and TRIZ invenƟve principles to detect and eliminate flaws. This
advancement exploits unit decomposiƟon, power laws, contact variables and parƟal derivaƟves to 
enable the creaƟon of innovaƟve, high-quality design soluƟons, which could lead to significant cost 
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savings and improved security.  Progress in fully automated model generaƟon enables simulaƟon, 
system control, hypothesis tesƟng and design opƟmizaƟon.

The project's applicaƟon domains include explainable and parsimonious machine learning models, 
cyber-physical system design, control of producƟon machines, and early-stage cybersecurity and
resilience assessment, all of which reinforce security-by-design principles.
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