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Discover best practices for the optimal design of flexible manufacturing systems, focusing on creating 
highly adaptable and efficient production environments. This guide explores key strategies to maximize 
productivity, minimize downtime, and ensure your manufacturing operations can swiftly respond to 
evolving market demands.
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Optimal Design of Flexible Manufacturing Systems

Flexible manufacturing systems are complex production systems with considerable high investment 
costs. This book intends to show the reader how the design of such a system can be optimized. 
Thereby it addresses the academic world in management science and industrial engineering as well 
as system planners in industry. First the design problems are analysed in detail and a planning 
concept is presented. Afterwards possible tools for the design process are described, as there are: 
mathematical programming, queueing networks, computer simulation, perturbation analysis, petri nets, 
group technology, and knowledge based systems. The major part of the book, however, concerns 
the description of existing optimization models based on mathematical programming. Each model is 
explained and discussed in detail and for new models, developed by the author, numerical examples 
are given. Finally some distinct guidelines are presented which help the system planners to select the 
appropriate model for their planning problems.

Optimal Design of Flexible Manufacturing Systems

In the last decade, the production of mechanical components to be assembled in final products 
produced in high volumes (e.g. cars, mopeds, industrial vehicles, etc.) has undergone deep changes 
due to the overall modifications in the way companies compete. Companies must consider competitive 
factors such as short lead times, tight product tolerances, frequent market changes and cost reduction. 
Anyway, companies often have to define production objectives as trade-offs among these critical factors 
since it can be difficult to improve all of them. Even if system flexibility is often considered a fundamental 
requirement for firms, it is not always a desirable characteristic of a system because it requires relevant 
investment cost which can jeopardize the profitability of the firm. Dedicated systems are not able to 
adapt to changes of the product characteristics while flexible systems offer more flexibility than what 
is needed, thus increasing investment and operative costs. Production contexts characterized by mid 
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to high demand volume of well identified families of products in continuous evolution do not require 
the highest level of flexibility; therefore, manufacturing system flexibility must be rationalized and it is 
necessary to find out the best trade-off between productivity and flexibility by designing manufacturing 
systems endowed with the right level of flexibility required by the production problem. This new class of 
production systems can be named Focused Flexibility Manufacturing Systems-FFMSs. The flexibility 
degree in FFMSs is related to their ability to cope with volume, mix and technological changes, and 
it must take into account both present and future changes. The required level of system flexibility 
impacts on the architecture of the system and the explicit design of flexibility often leads to hybrid 
systems, i.e. automated integrated systems in which parts can be processed by both general purpose 
and dedicated machines. This is a key issue of FFMSs and results from the matching of flexibility 
and productivity that respectively characterize FMSs and Dedicated Manufacturing Systems (DMSs). 
The market share of the EU in the machine tool sector is 44%; the introduction of focused flexibility 
would be particularly important for machine tool builders whose competitive advantage is based on 
the ability of customizing their systems on the basis of needs of their customers. In fact, even if current 
production contexts frequently present situations which would fit well with the FFMS approach, tradition 
and know-how of machine tool builders play a crucial role. Firms often agree with the focused flexibility 
vision, nevertheless they decide not to pay the risk and efforts related to the design of this new system 
architecture. This is due also to the lack of well-structured design approaches which can help machine 
tool builders to configure innovative systems. Therefore, the FFMS topic is studied through the book 
chapters following a shared mission: "To define methodologies and tools to design production systems 
with a minimum level of flexibility needed to face, during their lifecycle, the product and process evolution 
both in the technological and demand aspects. The goal is to find out the optimal trade-off between 
flexibility and productivity". The book framework follows the architecture which has been developed to 
address the FFMS Design problem. This architecture is both broad and detailed, since it pays attention 
to all the relevant levels in a firm hierarchy which are involved in the system design. Moreover, the 
architecture is innovative because it models both the point of view of the machine tool builder and 
the point of view of the system user. The architecture starts analyzing Manufacturing Strategy issues 
and generating the possible demand scenario to be faced. Technological aspects play a key role 
while solving process plan problems for the products in the part family. Strategic and technological 
data becomes input when a machine tool builder performs system configuration. The resulting system 
configurations are possible solutions that a system user considers when planning its system capacity. 
All the steps of the architecture are deeply studied, developing methods and tools to address each 
subproblem. Particular attention is paid to the methodologies adopted to face the different subproblems: 
mathematical programming, stochastic programming, simulation techniques and inverse kinematics 
have been used. The whole architecture provides a general approach to implement the right degree of 
flexibility and it allows to study how different aspects and decisions taken in a firm impact on each other. 
The work presented in the book is innovative because it gives links among different research fields, 
such as Manufacturing Strategy, Process Plan, System Design, Capacity Planning and Performance 
Evaluation; moreover, it helps to formalize and rationalize a critical area such as manufacturing system 
flexibility. The addressed problem is relevant at an academic level but, also, at an industrial level. A great 
deal of industrial sectors need to address the problem of designing systems with the right degree of 
flexibility; for instance, automotive, white goods, electrical and electronic goods industries, etc. Attention 
to industrial issues is confirmed by empirical studies and real case analyses which are presented within 
the book chapters.

Design of Flexible Production Systems

Many companies have realized that in order to compete in today's world market, they must rely on 
innovative developments in manufacturing technology. To increase productivity, companies are applying 
computer controlled machine tools, automated materials handling and storage systems. Due to the 
progress made in manufacturing technology and organization, the Flexible Manufacturing concept has 
emerged. A typical Flexible Manufacturing System (FMS) requires high investment in manufacturing 
components and computer control. Modelling has become an essential part of the FMS design and 
management methodology. This book - the first of its kind in this important area - shows the importance 
of modelling of FMSs. It presents a comprehensive and systematic review of FMS planning models; 
discusses different modelling and design aspects of materials handling systems; covers management 
of new technology, production and process planning issues, and emphasises the FMS design phase. 
Because FMS imposes special requirements for software, the book also deals with frameworks for 



information systems, decision support and expert systems. Case studies and applications are also 
presented.

Algorithmic Approach of Design Optimization in Flexible Manufacturing Systems

New global standards are the basis for new MES products that have appeared in the last five years in 
the marketplace Features a comprehensive presentation of available MES technologies

Modelling and Design of Flexible Manufacturing Systems

StrongImplement Enterprise-Wide Manufacturing Execution Systems Solutions/strong "The clearest 
exposition I have seen of the ideal anatomy of a production-oriented IT system. ... Palatable to decision 
makers within an organization ... IT professiona.

Manufacturing Execution Systems (MES): Optimal Design, Planning, and Deployment

This book has been written for all those interested in flexible manufacturing systems (FMS) and 
other forms of computerized manufacturing systems (CMS). It deals with many aspects of the design, 
operation, and simulation of FMS and explains the origins of FMS.

Manufacturing Execution Systems

Now, this comprehensive and systematic overview of both the design models and quantitative solution 
methods for FMS support, configuration, and operation rectifies that problem. Students, production 
managers/planners, and FMS installation planners can now find everything they need in one authori-
tative and up-to-date source.

Flexible Manufacturing Systems in Practice

Design and Analysis of Integrated Manufacturing Systems is a fresh look at manufacturing from 
a systems point of view. This collection of papers from a symposium sponsored by the National 
Academy of Engineering explores the need for new technologies, the more effective use of new tools of 
analysis, and the improved integration of all elements of manufacturing operations, including machines, 
information, and humans. It is one of the few volumes to include detailed proposals for research that 
match the needs of industry.

Flexible Manufacturing Systems

Developments in the comprehensive integration of the functions and activities of a manufacturing 
enterprise form the basis of this book. It is the result of a conference which focused on critical issues, 
strategies and decisions that go into the selection and design of manufacturing systems. International 
participants, academics, and practitioners share the latest results of research and practice in this area, 
and assess future trends.

Design and Analysis of Integrated Manufacturing Systems

The subject for this book is my life work on the enterprise modeling and integration by a stochas-
tic/queuing form, and the book plan was conceived before my stay in the USA in 1996–97 as a visiting 
scholar. The rst title was “Stochastic Management and Design of Manufacturing Systems.” The rst 
version was attempted in 2001; however, this version was inappropriate and was not revised till now. 
It is 40 years since I attempted a stochastic approach to manufacturing and management due to 
the limitations of statistical approaches. The century in which industrial engineering and management 
rose to the forefront was one in which a static/statistical approach was applied to the development of 
classical models and general/average theory. This book presents a stochastic management approach 
to the manufacturing and service enterprise with risks by a game/strategic view, and is based on many 
papers in production/queueing studies that have appeared in famous journals. The book’s objective is to 
discuss and show the goals and constraints on manufacturing and service enterprises, and to provide 
a strategic/collaborative solution for management with risks in heterogeneity. This book mainly focuses 
on the three manufacturing classes: continuous, poi- wise, and exible stream types under risks. These 
manufacturing streams are rst studied using the respective stochastic processes, and are characterized 
and dev- oped as a queueing/strategic control problem of look-ahead/buffer, selection/swit- over, and 



arrangement/routings. Moreover, the behaviors of some design/control variables are shown and useful 
theories for design are established.

Manufacturing Execution Systems

The objective of the book is to acquaint the reader with the use of queueing theory in the analysis of 
manufacturing systems.

Modeling, Simulation, and Control of Flexible Manufacturing Systems

“Changeable and Reconfigurable Manufacturing Systems” discusses key strategies for success in the 
changing manufacturing environment. Changes can often be anticipated but some go beyond the 
design range, requiring innovative change enablers and adaptation mechanisms. The book presents 
the new concept of Changeability as an umbrella framework that encompasses paradigms such as 
agility, adaptability, flexibility and reconfigurability. It provides the definitions and classification of key 
terms in this new field, and emphasizes the required physical/hard and logical/soft change enablers. 
The book presents cutting edge technologies and the latest research, as well as future directions to 
help manufacturers stay competitive. It contains original contributions and results from senior interna-
tional experts, together with industrial applications. The book serves as a comprehensive reference 
for professional engineers, managers, and academics in manufacturing, industrial and mechanical 
engineering.

Optimization of Manufacturing Systems Design

Flexible Manufacturing Systems (FMS) involve substituting machines capable of performing a wide and 
redefinable variety of tasks for machines dedicated to the performance of specific tasks. FMS can also 
be programmed to handle new products, thus extending the machines' life cycles. Thus they represent a 
change from "standardized goods produced by customized machines" to "customized goods produced 
by standardized machines". This volume contains new and updated material in this field, and will be 
of great interest to researchers, managers and students concerned with problems related to flexible 
manufacturing systems.

Manufacturing and Service Enterprise with Risks

In the competitive business arena companies must continually strive to create new and better products 
faster, more efficiently, and more cost effectively than their competitors to gain and keep the competitive 
advantage. Computer-aided design (CAD), computer-aided engineering (CAE), and computer-aided 
manufacturing (CAM) are now the industry standard. These seven volumes give the reader a compre-
hensive treatment of the techniques and applications of CAD, CAE, and CAM.

Queueing Theory in Manufacturing Systems Analysis and Design

The four-volume set LNCS 3480-3483 constitutes the refereed proceedings of the International Confer-
ence on Computational Science and Its Applications, ICCSA 2005, held in Singapore in May 2005. The 
four volumes present a total of 540 papers selected from around 2700 submissions. The papers span 
the whole range of computational science, comprising advanced applications in virtually all sciences 
making use of computational techniques as well as foundations, techniques, and methodologies from 
computer science and mathematics, such as high performance computing and communication, net-
working, optimization, information systems and technologies, scientific visualization, graphics, image 
processing, data analysis, simulation and modelling, software systems, algorithms, security, multimedia 
etc.

Changeable and Reconfigurable Manufacturing Systems

Although the design and management of manufacturing systems have been explored in the literature 
for many years now, they still remain topical problems in the current scientific research. The changing 
market trends, globalization, the constant pressure to reduce production costs, and technical and 
technological progress make it necessary to search for new manufacturing methods and ways of 
organizing them, and to modify manufacturing system design paradigms. This book presents current 
research in different areas connected with the design and management of manufacturing systems 
and covers such subject areas as: methods supporting the design of manufacturing systems, methods 
of improving maintenance processes in companies, the design and improvement of manufacturing 



processes, the control of production processes in modern manufacturing systems production methods 
and techniques used in modern manufacturing systems and environmental aspects of production and 
their impact on the design and management of manufacturing systems. The wide range of research 
findings reported in this book confirms that the design of manufacturing systems is a complex problem 
and that the achievement of goals set for modern manufacturing systems requires interdisciplinary 
knowledge and the simultaneous design of the product, process and system, as well as the knowledge 
of modern manufacturing and organizational methods and techniques.

Flexible Manufacturing Systems: Recent Developments

This book presents a framework and specific methods and tools for the selection and configuration 
of the capacity of Advanced Manufacturing Systems (AMS). AMS include Flexible Manufacturing 
Systems, Dedicated Manufacturing Systems, and Reconfigurable Manufacturing Systems. Starting 
from the characteristic of the competitive environment, the directions given by the company strategy, 
data regarding the products, and information regarding the different system architectures, the decision 
support system described here aids the decision maker by means of a formalized methodology that 
follows the various steps required to define the type and timing of 'capacity' acquisition and to define the 
detailed configuration of AMS along its life cycle. The decision making framework and tools illustrated 
in this volume combine decision-making theory, optimization theory, discrete event simulation and 
queuing networks. It will be of interest to graduate students and researchers involved in manufacturing 
engineering, industrial engineering and operations research.

Computer-Aided Design, Engineering, and Manufacturing

Metal cutting applications span the entire range from mass production to mass customization to 
high-precision, fully customized designs. The careful balance between precision and efficiency is 
maintained only through intimate knowledge of the physical processes, material characteristics, and 
technological capabilities of the equipment and workpieces involved. The best-selling first edition of 
Metal Cutting Theory and Practice provided such knowledge, integrating timely research with current 
industry practice. This brilliant reference enters its second edition with fully updated coverage, new 
sections, and the inclusion of examples and problems. Supplying complete, up-to-date information 
on machine tools, tooling, and workholding technologies, this second edition stresses a physical 
understanding of machining processes including forces, temperatures, and surface finish. This provides 
a practical basis for troubleshooting and evaluating vendor claims. In addition to updates in all chapters, 
the book features three new chapters on cutting fluids, agile and high-throughput machining, and 
design for machining. The authors also added examples and problems for additional hands-on insight. 
Rounding out the treatment, an entire chapter is devoted to machining economics and optimization. 
Endowing you with practical knowledge and a fundamental understanding of underlying physical 
concepts, Metal Cutting Theory and Practice, Second Edition is a necessity for designing, evaluating, 
purchasing, and using machine tools.

Computational Science And Its Applications - Iccsa 2005

This book is aimed at both researchers and practitioners, and provides a collection of expert systems 
in manufacturing and production engineering along with their knowledge base and rules. We believe 
that inclusion of the knowledge base and associated rules is essential if practitioners are to derive full 
benefit from these expert systems. This unique book is the result of our belief and the efforts of our 
distinguished colleagues who subscribe to this philosophy. A total of 15 different expert systems are 
included in this book. These expert systems are preceded by an introductory chapter written by Kuo, 
Preface XVll Mital and Anand. The expert system rules are included on a floppy disk in ASCII and can 
be easily accessed. These rules and the description of the expert system's structure should assist the 
users in customizing these systems. Overall, the expert systems included in this volume cover a fairly 
wide variety of manufacturing and production engineering topics.

Design and Management of Manufacturing Systems

Manufacturers worldwide are faced with unprecedented challenges from international competition, 
changing production processes and technologies, shorter production life-cycles, market globalization 
and environmental requirements. Fundamental to meeting these challenges is the understanding and 
control of information across all stages of the Computer Integrated Manufacturing (CIM) process. 
Modern Manufacturing presents the state of the art in the information-oriented aspects of CIM and 



Intelligent Manufacturing Systems. Particular emphasis is placed on the impact of new software 
engineering technologies, the object-oriented approach, database design, hierarchical control and 
intelligent systems. The contributions are written by experts from Europe and the USA.

Design of Advanced Manufacturing Systems

Designing Innovations in Industrial Logistics Modelling describes practical methods for approaching 
the task of designing industrial logistics systems. It surveys the development of logistics models 
and their application in manufacturing to designing, planning, and implementing the movement of 
supplies, equipment, and products. This text/reference book discusses the combination of operation 
and production research to obtain solutions for designing and integrating advanced logistics systems. 
It provides the reader with a set of prescriptive and descriptive models and methods that have been 
developed exclusively for the purpose of designing, managing, and optimizing the architecture of such 
advanced systems. The design and application of new tools and methods is presented in such a way 
that emphasizes the competitiveness of manufacturing industries, and case studies are presented in a 
manner that demonstrates successful models and methods in advanced industrial logistics systems. In 
addition, Designing Innovations in Industrial Logistics Modelling explains the various formal tools and 
methodologies employed in evaluating new programs and covers program management and dynamic 
evaluation techniques.

Metal Cutting Theory and Practice

The text covers four important areas: digital manufacturing, modern manufacturing processes, model-
ing and simulation in smart industry, and nanotechnology. It further presents mathematical models to 
represent physical phenomena and applies modern computing methods and simulations in analyzing 
the same. The text covers key concepts such as abrasive flow machining (AFM), abrasive water 
jet (AWJ) machining, and hybrid machining for micro/nanomanufacturing. It will serve as an ideal 
reference text for senior undergraduate, graduate students, and researchers in fields including me-
chanical engineering, aerospace engineering, manufacturing engineering, and production engineering. 
Features Discusses sustainable development aspects of additive manufacturing in industry 4.0 Studies 
electrochemical machining processes for micro-machining Presents experimental Investigation of 
friction factor and heat transfer rate in the laminar regime Examines the mechanical and microstruc-
tural characterization of titanium chips using large strain machining Covers hybrid approaches like 
electrochemical machining and magnetic abrasive flow machining The book emphasizes linking the 
computer interface with the digital manufacturing process and their demonstration using commercially 
available software like Solid-Edge, ProE, and CATIA. It further discusses important aspects of digital 
manufacturing, advanced composites, artificial intelligence, and modern manufacturing processes.

Handbook of Expert Systems Applications in Manufacturing Structures and rules

Unrivaled coverage of a broad spectrum of industrial engineering concepts and applications The 
Handbook of Industrial Engineering, Third Edition contains a vast array of timely and useful method-
ologies for achieving increased productivity, quality, and competitiveness and improving the quality of 
working life in manufacturing and service industries. This astoundingly comprehensive resource also 
provides a cohesive structure to the discipline of industrial engineering with four major classifications: 
technology; performance improvement management; management, planning, and design control; and 
decision-making methods. Completely updated and expanded to reflect nearly a decade of important 
developments in the field, this Third Edition features a wealth of new information on project man-
agement, supply-chain management and logistics, and systems related to service industries. Other 
important features of this essential reference include: * More than 1,000 helpful tables, graphs, figures, 
and formulas * Step-by-step descriptions of hundreds of problem-solving methodologies * Hundreds 
of clear, easy-to-follow application examples * Contributions from 176 accomplished international 
professionals with diverse training and affiliations * More than 4,000 citations for further reading 
The Handbook of Industrial Engineering, Third Edition is an immensely useful one-stop resource for 
industrial engineers and technical support personnel in corporations of any size; continuous process 
and discrete part manufacturing industries; and all types of service industries, from healthcare to 
hospitality, from retailing to finance. Of related interest . . . HANDBOOK OF HUMAN FACTORS AND 
ERGONOMICS, Second Edition Edited by Gavriel Salvendy (0-471-11690-4) 2,165 pages 60 chapters 
"A comprehensive guide that contains practical knowledge and technical background on virtually 
all aspects of physical, cognitive, and social ergonomics. As such, it can be a valuable source of 



information for any individual or organization committed to providing competitive, high-quality products 
and safe, productive work environments."-John F. Smith Jr., Chairman of the Board, Chief Executive 
Officer and President, General Motors Corporation (From the Foreword)

Proceedings of the 5th International Conference on Flexible Manufacturing Systems

Because of their mutually influencing interactions, information systems and modern manufacturing 
systems are intertwined. They have been so integrated that information systems have become an 
embedded and critical component of any effective manufacturing system. The impact of the increasing 
focus on information permeates throughout the manufacturing life cycle, from product conceptualiza-
tion, design, process planning, all the way to production, order fulfilment, and customer services. For 
these reasons, it is critical that we study information-based manufacturing in its entirety, crossing the 
traditional functional boundaries and building as much synergy between Information Systems (IS), 
Information Technology (IT), and manufacturing as possible. This is the motivation for this book and, 
to this end, the purpose of this book is threefold: to establish an up-to-date interdisciplinary research 
framework for information-based manufacturing that builds on the research foundation from IS and 
IT and manufacturing research; to develop a forward-looking research agenda for information-based 
manufacturing for identifying future directions for research and applications; and to foster a joint 
academic and industrial research agenda in information systems and manufacturing by identifying the 
greatest synergy possible between academic research and industrial practices.

Modern Manufacturing

The books in this series present leading-edge research in the field of computer research, technology 
and applications. Each contribution has been carefully selected for inclusion based on the significance 
of the research to the field. Summaries of all chapters are gathered at the beginning of the book and 
an in-depth index is presented to facilitate access.

Designing Innovations in Industrial Logistics Modelling

One critical barrier leading to successful implementation of flexible manufacturing and related auto-
mated systems is the ever-increasing complexity of their modeling, analysis, simulation, and control. 
Research and development over the last three decades has provided new theory and graphical tools 
based on Petri nets and related concepts for the design of such systems. The purpose of this book is to 
introduce a set of Petri-net-based tools and methods to address a variety of problems associated with 
the design and implementation of flexible manufacturing systems (FMSs), with several implementation 
examples.There are three ways this book will directly benefit readers. First, the book will allow engineers 
and managers who are responsible for the design and implementation of modern manufacturing 
systems to evaluate Petri nets for applications in their work. Second, it will provide sufficient breadth 
and depth to allow development of Petri-net-based industrial applications. Third, it will allow the basic 
Petri net material to be taught to industrial practitioners, students, and academic researchers much 
more efficiently. This will foster further research and applications of Petri nets in aiding the successful 
implementation of advanced manufacturing systems.

Additive Manufacturing in Industry 4.0

This handy resource defines an effective set of design patterns and rules you should know when apply-
ing the widely used ISA-88 industry standards to batch manufacturing (called the S88 design pattern) 
and continuous and discrete manufacturing (called the NS88 design pattern for non-stop production). 
This book clearly identifies what elements are defined in the batch series and what elements make 
up the S88 and NS88 design patterns for flexible manufacturing. The book defines design patterns for 
control system programming, providing patterns for the organization of programmable logic controller 
(PLC), digital control system (DCS), and other control system application codes. Whether you are in a 
batch, continuous, or discrete manufacturing environment, these design patterns can be applied to a 
wide range of production systems, making systems easier to design and implement.

Handbook of Industrial Engineering

Focuses on design and manufacturing and a variety of issues pertinent to successful techniques 
involving concurrent engineering. Considers product design and manufacturing constraints simultane-
ously, emphasizing the consideration of every element of the product's life cycle from concept through 



disposal. Examines such areas as quality, cost, scheduling and user needs. Design and manufacturing 
problems are thoroughly discussed and solutions are given by using numerous modern applications 
and implements, including basic artificial intelligence tools.

Information-Based Manufacturing

This monograph presents the state-of-the-art developments in the design of behaviorally and struc-
turally optimal livenessen-forcing Petri net supervisors with computationally tractable approaches. It 
details optimal supervisory control problems arising in automated production systems and outlines 
a methodology to achieve the optimality purposes of deadlock prevention via converting a variety of 
problems under consideration into integer linear programming models. The book includes a reference 
bibliography at the end of each chapter and a complete index.

Trends in Computer Science

Handbook

Modeling, Simulation, and Control of Flexible Manufacturing Systems

This book develops innovative techniques from operational research and management science for 
the design and implementation of a reconfigurable manufacturing system (RMS), and subsequently 
analyzes and assesses their performance. A reconfigurable manufacturing system (RMS) is a paradigm 
that can address many of the challenges posed by the modern market. Accordingly, substantial 
research is now being conducted on RMS, focusing on various levels of decision-making (strategic, 
tactical and operational). However, as a relatively new research area, there are still only very few books 
and articles available on reconfigurable manufacturing system design and management. In addition to 
filling that gap, this book provides a forum for investigating, exchanging ideas on, and disseminating 
the latest advances in the broad area of RMS applications in today’s industry. Gathering contributions 
by experts from academia, industry and policy-making, it represents an essential contribution to the 
existing literature on manufacturing and logistics in general and industry 4.0 in particular.

Design Patterns for Flexible Manufacturing

Implementing Flexible Manufacturing Systems
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