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Preface 

Industrial systems have always reflected the technological and intellectual spirit of 
their time. From the mechanization of the Industrial Revolution to the mass 
production systems of the twentieth century, and later to the efficiency-oriented 
philosophy of Lean Manufacturing, each era has produced new ways of organizing 
production, managing complexity, and creating value. 

Today we are witnessing the emergence of a new transformation in the history of 
industrial engineering. Rapid advances in digital technologies, artificial 
intelligence, robotics, and large-scale data analytics are reshaping how factories 
operate, how supply chains adapt, and how decisions are made within complex 
production environments. Manufacturing is no longer defined solely by machines 
and processes; it is increasingly shaped by intelligent systems capable of learning, 
adapting, and generating solutions dynamically. 

This book explores this profound transformation. 

The work begins by examining one of the most influential production philosophies 
of the modern era: Lean Thinking, developed through the Toyota Production 
System (TPS). Lean introduced a revolutionary way of understanding industrial 
efficiency. Rather than focusing exclusively on machinery or capital investment, 
Toyota demonstrated that superior performance could emerge from the intelligent 
organization of work, the elimination of waste, continuous improvement, and deep 
respect for human knowledge within the production system. 

For decades, the Toyota Production System represented the most advanced 
example of industrial excellence. Its principles influenced factories across the 
world and shaped modern industrial engineering practices. However, the 
technological landscape of the twenty-first century presents new challenges and 
opportunities that extend beyond the original context in which Lean Thinking was 
conceived. 

The rise of companies such as BYD illustrates a new phase in the evolution of 
manufacturing systems. BYD's approach combines large-scale automation, 
robotics-intensive production, vertical integration, advanced battery technologies, 
and AI-assisted quality control. This model reflects a new industrial logic 
characterized by speed, scale, and deep technological integration. The contrast 
between Toyota's human-centered production philosophy and BYD's technology-
driven manufacturing model offers valuable insight into the changing nature of 
modern industrial systems. 

Yet the central argument of this book goes further. 
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While Lean Thinking and advanced manufacturing technologies represent two 
important stages in the evolution of industrial engineering, the convergence of 
artificial intelligence, digital twins, predictive analytics, autonomous robotics, and 
generative design tools is now enabling the emergence of a new paradigm in 
production. 

This paradigm is introduced in this book as Generative Production Systems (GPS). 

Generative Production Systems represent a shift from traditional optimization-
based manufacturing toward adaptive production ecosystems capable of 
continuously generating new operational strategies. In such systems, production 
lines are no longer rigid structures designed once and optimized incrementally. 
Instead, they become intelligent environments where machines, software, data, 
and human expertise interact dynamically to adapt production in real time. 

Factories operating under this paradigm will increasingly be able to: 

• analyze massive data streams from production processes, 

• simulate multiple production scenarios through digital twins, 

• anticipate failures through predictive maintenance systems, 

• reconfigure production lines dynamically, 

• coordinate global supply chains in real time, and 

• support human decision-making through artificial intelligence. 

In this emerging environment, industrial systems begin to resemble living adaptive 
systems rather than fixed mechanical infrastructures. 

The concept of Generative Production Systems therefore represents an attempt to 
integrate three powerful forces shaping modern industry: 

Lean operational philosophy, which provides discipline and efficiency; 
advanced manufacturing technologies, which provide scale and automation; 
and generative artificial intelligence, which introduces adaptive intelligence into 
industrial decision-making. 

The objective of this book is to explore how these elements interact and how their 
integration may define the next stage in the evolution of industrial production. 

The book is organized into three main parts. The first examines the intellectual and 
historical foundations of Lean Thinking and the Toyota Production System. The 
second analyzes the technological transformation represented by companies such 
as BYD and the role of modern digital manufacturing technologies. The third 
introduces the concept of Generative Production Systems and discusses how 
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emerging technologies may transform factories into intelligent production 
ecosystems capable of continuous learning and adaptation. 

The ideas presented here are intended not only for engineers and manufacturing 
specialists, but also for business leaders, researchers, policymakers, and students 
interested in understanding how production systems are evolving in the age of 
artificial intelligence. 

Industrial engineering has always been a field defined by its capacity to integrate 
technology, organization, and human ingenuity. As we enter an era where 
intelligent systems become integral components of production environments, the 
discipline faces a new and exciting challenge: designing factories that are not 
merely efficient, but adaptive, intelligent, and generative. 

It is in this spirit that this book has been written. 

Sylvio Silveira Santos, Eng. 
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Author’s Note on the Concept of Generative Production Systems (GPS) 

The concept of Generative Production Systems (GPS) introduced in this book 
represents an attempt to articulate a new stage in the evolution of industrial 
production systems. The idea emerges from the observation that manufacturing is 
undergoing a profound transformation driven by the convergence of several 
technological and conceptual forces: digital connectivity, artificial intelligence, 
advanced automation, large-scale data analytics, and adaptive system 
architectures. 

Historically, industrial progress has often been accompanied by the emergence of 
new production paradigms. In the early twentieth century, mass production 
established the logic of scale, standardization, and assembly-line manufacturing. 
In the late twentieth century, the Toyota Production System and Lean Thinking 
introduced a new philosophy centered on waste elimination, continuous 
improvement, and respect for human intelligence within the production process. 

The present technological era suggests the emergence of a third paradigm. 

Modern factories increasingly operate within highly complex environments 
characterized by rapid product cycles, global supply chains, real-time information 
flows, and digitally interconnected production systems. Under these conditions, 
traditional approaches that focus primarily on optimizing predefined production 
processes may no longer be sufficient. 

The concept of Generative Production Systems proposes a shift in perspective. 
Rather than viewing factories as static production structures that must be 
optimized incrementally, GPS conceptualizes manufacturing systems as adaptive 
ecosystems capable of continuously generating new operational strategies. 

In a Generative Production System: 

• industrial processes are monitored through continuous data streams, 

• digital twins simulate alternative production scenarios, 

• artificial intelligence assists in decision-making and optimization, 

• supply chains adapt dynamically to changing conditions, and 

• human expertise collaborates with intelligent systems to guide innovation. 

The result is a production environment capable not only of producing goods 
efficiently but also of learning, adapting, and generating improved production 
strategies in real time. 

Within this framework, GPS may be understood as a synthesis of three 
foundational elements: 
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Lean operational philosophy, which provides discipline, efficiency, and human-
centered improvement; 
modern technological manufacturing, which provides automation, robotics, and 
digital industrial infrastructure; 
and generative intelligence, which introduces adaptive artificial intelligence and 
data-driven decision systems. 

Together, these elements define the architecture of what may be described as the 
generative factory. 

The purpose of introducing this concept is not to replace Lean Thinking or the 
technological achievements of contemporary manufacturing, but rather to 
integrate them into a broader framework capable of describing the emerging 
generation of intelligent industrial systems. 

As manufacturing continues to evolve under the influence of artificial intelligence 
and digital technologies, the Generative Production Systems, GPS paradigm may 
provide a conceptual lens through which engineers, researchers, and industrial 
leaders can better understand the future of production. 

It is in this spirit that the concept is proposed and developed throughout the pages 
of this book. 

Sylvio Silveira Santos 
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