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Foreword I

Industry in general and the metal and electrical industry in particular are subject 
to highly dynamic forces which have a direct impact on advances in technology 
and breakthrough innovation. Industry is on the brink of a radical shift in tech-
nology—the areas of development and commonly used concepts have already 
established themselves as part of this sea-change. Innovations such as radio-fre-
quency identification (RFID) chips, smart controls, smart metering, the Internet of 
Things and embedded cyber-physical production systems are already household 
terms and represent new, intelligent capabilities within manufacturing. In addition, 
rapidly evolving new areas, such as big data and cloud computing offer tremen-
dous opportunity while also posing a wide variety of challenges across business 
organizations.

Südwestmetall—the Baden-Württemberg Employers’ Association of the Metal 
and Electrical Industry—has made these various new developments and technolo-
gies the focus of intensive internal discussions and proposed joint initiatives for 
pursuing these issues with other industry associations. The Industry 4.0 initiative 
is an important initiative among several that have emerged across Germany. It is 
designed to prepare enterprises for future developments in this area. As the con-
cept of distributed manufacturing already indicates, ever-increasing globalization 
will lead to widely distributed organizational structures as well as decentralized 
manufacturing principles. Because there is still a lack of clearly formulated gen-
eral concepts in this new area, Südwestmetall welcomes fundamental work and 
studies which focus on the fast-growing issues underlying the Industry 4.0 revo-
lution. This book presents a comprehensive theoretical discussion of distributed 
manufacturing in this context. The theme of the book is valuable for the work of 
our association because the case studies presented can serve as a guideline for 
management, raise critical questions as well as present possible approaches for 
working out solutions.



Foreword Ivi

Companies that want to lead the way as this technological shift unfolds and 
closely follow developments can thus be sure they have a solid basis for mak-
ing decisions and successfully deal with all the aspects of this new technological 
challenge.

Peer-Michael Dick
Director General Südwestmetall 
Head Office Stuttgart, Germany
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Foreword II

In order to successfully operate a globally active organization such as the Constantia 
Flexibles Group, it is particularly important not only to network the individual 
production plants, but also the product requirements, production processes and the 
financial control data and analyses as a basis for decision making.

Only by doing so can client requirements be met in line with market standards, 
and a sustainable competitive advantage for the company be maintained.

The required global network of the production process, with fast reactivity and 
flexibility, demands high levels of competence in the set-up, operation and opti-
mization of the production networks. Rigid regulations and operating guidelines 
are either insufficient or simply incapable of adapting to increasing demands. The 
operative intelligence of the individual production units needs to be linked in such 
a way that a context-dependent optimum is achieved at an overall level.

Forward-looking solution concepts need to be designed in such a way that the 
technological or client-specific adjustments—e.g. in the networking and commu-
nication of intelligent sub-components—can either be integrated step-by-step into 
existing solutions, or existing solutions extended to include them.

The book concerned provides the theoretical basis necessary for these processes, 
and also gives practical examples of successful implementation.

We are pleased to be able to take some food for thought from this book for the 
further development of our own organization, for approaches to solutions for existing 
and future challenges, and, last but not least, for decision-making support.

Dr. Gerold Riegler
Member of the Executive Board, COO 

Constantia Flexibles GmbH, Vienna
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Foreword III

We live in a world where everything is connected. The network is no longer 
peripheral—it is central. And that is opening up possibilities—for enterprises and 
governments, for individuals and society.

With everything connected, distance no longer sets limits on what we can 
achieve. Mobility gives people tremendous flexibility and freedom, while the rap-
idly growing Internet of Things (IoT) brings intelligence to billions of objects. The 
potential—for growth, speed and agility—is limitless.

By using technology more creatively, organizations can achieve stunning busi-
ness outcomes, and address four key requirements: deliver a great performance, 
realize possibilities in the cloud, work in harmony and perform anywhere—any 
time.

In order to deliver a great performance, organizations need to manage a mix 
of different network technologies—combined with applications performance man-
agement and security services. To realize possibilities in the cloud, they require 
improved performance and availability of multiple cloud-based applications. They 
connect to different cloud providers and, at the same time, data in the cloud has to 
remain secure at all times. For an organization to work in harmony, collaboration 
must happen at any time, on any device. And in order to perform anywhere, they 
need to deploy great mobility applications on a vast array of devices. But it is not 
the device that is important, it is the data. So they need the latest security technol-
ogy to ensure that both data and devices remain secured at all times, regardless of 
where or how they are accessed or used.

It is all about orchestrating intelligent hybrid systems with a high level of secu-
rity, while maximizing the performance, flexibility and control offered by the 
cloud, collaborating with existing Information and Communications Technology 
(ICT) service providers. This is what we call the art of connecting.

Companies in the manufacturing and logistics industry still move on unstable 
ground when investing in ICT and outsourcing decisions. As developers of cutting-
edge technologies and providers of the above-mentioned services, we understand their 
needs for support to find their way in this connected industrial world. Value chain 



Foreword IIIx

networks and manufacturing processes can benefit enormously from the potential the 
art of connecting delivers. Within the broad domain of distributed manufacturing, it is 
important to present, discuss and demonstrate the impact of the latest technological 
developments on the fundamental settings of manufacturing in general.

Distributed Manufacturing articulates the principles and properties of the basic 
theory and, at the same time, offers examples to facilitate and speed up decision-
making. It fulfils all expectations by:

•	 Proposing the most important insights into upcoming structures and behaviour 
of distributed manufacturing and illustrating how the intelligent hybrid network 
brings coherence, how distributed processes integrate and interact with each 
other

•	 Demonstrating how mobile and wireless technologies can change manufac-
turing set-ups in practice and showing how real-time negation of resources—
people, technologies and products—configure and enhance the efficiency of 
manufacturing

•	 Consolidating impact and trends of the real-time enterprise and cloud-based ser-
vices anywhere any time, generating innovative principles of concurrency for 
manufacturing structures and providing examples of successful implementa-
tions, verifying at the same time the theory, principles and fundamentals.

Distributed Manufacturing will provide hints to decision-makers and manag-
ers. It will support researchers and university teachers to train engineers. The book 
contains the right mix of theory and practice for promoting the art of connecting in 
general, and in manufacturing in particular.

In our connected world, the creative use of technology can deliver stunning 
business outcomes. IT is increasingly an art as much as a science. The objective is 
to use the power of communications to make a better world. The book focuses on 
what has been accomplished in the field of collaboration and distributed manufac-
turing for the benefit of enterprises and governments, individuals and society.

Juergen Meissner
Stuttgart, Germany
BT Global Services

Keith Sherry
Irving TX, USA 
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Preface

An emerging universe of networkable objects is about to lead Manufacturing 
into another fascinating phase of development. As the number of smart devices 
is already counted in trillions, we actually witness their broad introduction into 
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factories. Manufacturing emerges as a set of loosely coupled, smart, autonomous 
units, which is restructuring configurations and gravitating towards optimising 
processes and efficient output. Satellites and triangulating transponders are 
continuously positioning and localising for best transformation steps that are at the 
centre of interest rather than fixed technological units. Cyber Physical Production 
Systems, context-aware equipment and networkable manufacturing units become 
the key assets for industrial value creation. Their agility is orchestrated via inten-
sive aspect motivated interactions, which occur on well-defined orbits with corre-
sponding granularities.

Distributed Manufacturing establishes efficient versatile constellations of skills, 
advanced technologies and effective processes. It exceeds the simple revising of 
processes and functions; it incorporates entirely new ways of producing that com-
pletely reshape all manufacturing sectors right from the base of collaboration for 
all involved persons, machines and resources. Attached Cyber Physical Production 
spaces, Cloud Manufacturing and Smart Objects will evolve to the point where 
manufacturing needs little prearrangement; it will just happen. Distributed auto-
mation has already anticipated the geometry of manufacturing networks in a nut-
shell; due to pattern similarities, it is now expanding into manufacturing in total. 
Digital dimensions, which unify virtual worlds with real worlds via interconnected 
smart mobile devices, make manufacturing once again profit from a number of 
novelties in the ways we interact with both, the physical and the digital world. 
Convergence of technologies keeps adding improvements in equipment abilities, 
in manufacturing productivity and in quality of work life, so networked intelligent 
units will make Distributed Manufacturing a common way to produce. This book 
proposes a first solid theory base by outlining overall principles and by detailing 
the complex nature of smartness of units in Distributed Manufacturing. Especially, 
the coalescence of people and machines’ smartness, now invading manufacturing, 
is strongly promoted. Outside disciplines are given more credit and easier access 
to manufacturing. Interdisciplinary work, properly embedded and put together in 
the right way, paves smooth ways for more and better research results. The out-
line highlights key outcomes of a number of IMS and ERA Projects, national 
and regional activities as well as from cutting-edge industrial implementations of 
Distributed Manufacturing. The results have been consolidated with global engi-
neering communities involving renowned researchers as well as leading manu-
facturing, telecommunications and software companies. Our thanks go to many 
university colleagues as well as to a large number of practitioners in different 
industries from many regions of the world, especially the pilot companies, for 
their support and insights into recent developments and up-coming concepts.

Stuttgart 
Spring 2015	

Hermann Kühnle
Günter Bitsch
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