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The physical and virtual worlds are increasingly merging
together. An growing number of physical objects have intel-
ligent sensor and actuator technology and are being net-
worked through the development of the Internet of Things.
The availability of all relevant information in real time through
the networking of all instances involved in value creation, as
well as the ability to derive the best possible value stream
from data at any time is triggering the next stage of the
industrial revolution known as Industrie 4.0. This will influ-
ence the evolution of technologies and have revolutionary
effects on existing business processes while enabling new
business models. The focus is therefore on optimising the
following core industrial processes: development, produc-
tion, logistics and service.

This Industrie 4.0 implementation strategy was drawn up
by the Industrie 4.0 Platform (organised by the associations
Bitkom, VDMA, ZVEI) in partnership with companies from
German industry as well as other associations. It therefore
serves to prepare Germany and its industry for the chal-
lenges of the future.

The core elements of Industrie 4.0 will be described in
Chapter 4. Chapter 5, "Research and innovation", will then
determine important needs for research and describe them
in the form of research roadmaps and specifications. The
research roadmaps offer good guidelines for the effective
further development of the Industrie 4.0 topic via appro-
priate measures and assistance from politics and business
(top clusters, demo labs, demo systems, demo plants,
etc.).

A reference architecture model for Industrie 4.0 (referred
to in short as RAMI 4.0) will be presented in Chapter 6.
It will describe the structure of the Industrie 4.0 compo-
nents and how they work. Where relevant, parts of the ref-
erence architecture model and the Industrie 4.0 compo-
nents are based on existing and relevant standards so as
to permit quick action. Any additional need for standardisa-
tion in connection with the implementation strategy will be
identified and described when applicable.

Special security requirements arise due to increased net-
working and controllability of physical objects as well as the
growing threat of hackers, intelligence services, espionage
etc. These are outlined in Chapter 7.

The implementation strategy addresses readers from Ger-
man industry, the relevant high-tech sectors, research and
politics. In particular, managers, specialists and advisers
are addressed as are all persons interested in or who would
like to help shape the forwarding-looking vision embodied
by Industrie 4.0 in Germany.

Industrie 4.0
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2.1 Definition of Industrie 4.0

The term Industrie 4.0 stands for the fourth industrial rev-
olution, the next stage in the organisation and control of
the entire value stream along the life cycle of a product.
This cycle is based on increasingly individualised customer
wishes and ranges from the idea, the order, development,
production, and delivery to the end customer through to
recycling and related services.

Fundamental here is the availability of all relevant infor-
mation in real-time through the networking of all instanc-
es involved in value creation as well as the ability to derive
the best possible value stream from data at all times. Con-
necting people, objects and systems leads to the creation
of dynamic, self-organised, cross-organisational, real-time
optimised value networks, which can be optimised accord-
ing to a range of criteria such as costs, availability and con-
sumption of resources.

2.2 Strategy and goals

The industry associations Bitkom, VDMA and ZVEI estab-
lished the joint initiative Industrie 4.0 Platform to continue
the activities of the German Science and Industry Research
Union (Forschungsunion Wirtschaft-Wissenschaft) and to
develop a coordinated, cross-sector course of action. The
most important objective of the Industrie 4.0 Platform is
for the associations BITKOM, VDMA and ZVEI to promote
the vision of Industrie 4.0 to industry. This will secure and
expand Germany's future as a manufacturing centre.

The final report of the German Science and Industry
Research Union on Industrie 4.0 from April 2013 provides
implementation recommendations [3], explains needs for
research, and identifies eights areas for action which are
listed here — supplemented with one usage aspect — to
illustrate the initial situation:

Standardisation

Open standards for a reference architecture
Allows cross-organisational networking and
integration via value networks.

Management of complex systems
Use of models for automating activities as well as the
integration of the digital and actual world.

Area-wide broadband infrastructure for industry
Assurance of the requirements of Industrie 4.0 for
the exchange of data in terms of volume, quality and
time.

Safety
The goal here is to guarantee operational safety, data
privacy and IT security.

Work organisation and workplace design

Clarification of implications for people and employees
as planners and decision-makers in Industrie 4.0 sce-
narios.

Training and further training
Formulation of content as well as innovative
approaches for training and further training.

Legal framework conditions

The goal is to create the necessary legal framework
conditions for Industrie 4.0 with Europe-wide uniform-
ity to the extent possible (protection of digital assets,
contract law for contracts signed between systems,
liability issues, ...).

Resource efficiency

Responsible handling of all resources (human and
financial resources as well as raw materials and
operating supplies) as a success factor for future
industrial production.

Industrie 4.0



In order to transform industrial production to Industrie 4.0,
a dual strategy will be pursued in Germany:

The German equipment industry will continue to be a
leader on the world market by becoming the foremost
provider of intelligent production technologies through
the dedicated consolidation of information and com-
munication technology and the typical high-tech strat-
egies they use. New leading markets for CPS technol-
ogies' and products must be defined and harnessed.

At the same time, the continued development of Ger-
man manufacturing by means of efficient, resource-
saving production technologies will be required to
make it both attractive and competitive. The goal is to
expand the competitive advantages of companies in
Germany through close physical proximity and active
networking of users and manufacturers via the Inter-
net. Automation, process and production technology
in Germany will also benefit equally from this strategy.

The path towards Industrie 4.0 is an evolutionary pro-
cess. Existing basic technologies must be developed
further to accumulate experience and gain insight with
respect to optimising the entire value stream. Imple-
menting new business models via online services has
a disruptive element. Successful companies with good
products or services and growing demand in their
sales markets should adequately prepare themselves
for change that may disrupt. Specifically, this refers to
the further development of existing processes within
the company as well as the development of new busi-
ness models.

1 Definition from the implementation recommendations [3]: Cyber physical systems
(CPS): CPS include embedded systems, production, logistics, engineering, coordina-
tion and management processes as well as Internet services that directly collect phys-
ical data with sensors and, using actuators, influence physical processes, are connect-
ed with one another via digital networks, use available data and services worldwide and
have multimodal human-machine interfaces. Cyber physical systems are open socio-
technical systems and permit a number of innovative functions, services and character-
istics.

2.3 Benefit

This offers a broad range of benefits for participants along
the entire value stream. The ability to accommodate indi-
vidualised customer wishes is improved and the produc-
tion of single units and very small quantities becomes more
profitable. Flexibility increases through the dynamic design
of business processes via the Internet in different dimen-
sions, as well as through responsive engineering process-
es. The information made available by Industrie 4.0 com-
bined with e.g. Big Data, Social Media and Cloud Comput-
ing permits optimal decision-making, early determining of
design solutions and flexibility when responding to disrup-
tions, as well as global optimisation of all resources across
locations.

Production efficiency will increase — on the one hand
through increased productivity and, on the other, through
the efficient use of resources (machines, energy etc.).

New potential associated with new forms of value crea-
tion and employment arises; for example, downstream ser-
vices, that is, services offered to users to complement the
actual product after the product has left the production
plant.

In view of the demographic changes, there are also benefits
for structuring the way people work. Industrie 4.0 concepts
can add value by supporting physical and mental abilities.
In order to retain the knowledge and experience of employ-
ees with a high level of training in knowledge-based com-
panies, Industrie 4.0 enables flexible and diverse career
models in addition to management and specialist career
paths. Social media will add flexibility to production and
working-time planning. Production capacity will be opti-
mised and resources will be used more effectively. It will
also be possible to quickly respond to customer wishes.
Last but not least, employees will be able to more effec-
tively balance their work, family and leisure time through
increased involvement in staff scheduling.

Industrie 4.0 9
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Industrie 4.0 increases Germany's competitiveness as a
centre for high-wage jobs while making it possible for com-
panies to position themselves as a leading provider, trans-
forming Germany into the leading market for Industrie 4.0
solutions.

In Germany, our knowledge within the industrial sector, we
have a decisive advantage, whether as leading compa-
nies, well established small and medium sized businesses,
industry automation suppliers, IT companies, or toolmak-
ing/machine-building — to name just a few.

2.4 Competition

Industrie 4.0 relies on secure communication and the
cooperation of all participants across companies in real-
time over the entire life cycle of the product; this will be
made possible by Internet-based platforms. New, innova-
tive value streams will build on these digital platforms and
embody the benefits of Industrie 4.0.

The Industrie 4.0 Platform was created to address the task
of jointly defining such secure "horizontal" cross-organisa-
tional communication and cooperation platforms and stip-
ulating all framework conditions as well as further research
requirements.

However, that is not all. The potential end-to-end nature
of product, production and service with a respective virtu-
al map of the physical world and its simulations have led to
the development of new technologies.

Furthermore, improved vertical communication offers new
possibilities for the meaningful and secure use of technolo-
gies of the "Internet of Things" in manufacturing.

The industrial companies of the Industrie 4.0 Platform, the
scientific advisory board and sponsoring organisations BIT-
KOM, VDMA and ZVEI have - in technology focused work-
ing groups — jointly evaluated necessary or suitable stand-
ards for a model of one or more reference architectures.
They have also described the necessary framework con-
ditions and identified promising fields of research. Based
on knowledge generated with the Industrie 4.0 Platform
to provide orientation, companies themselves can then
choose to offer new value streams and innovative business
models beyond the association platform, which will then
compete with one another on the market.

The Industrie 4.0 Platform regularly coordinates with rele-
vant committees and groups working on comparable top-
ics which are relevant to individual aspects of its own work.
Coordination occurs through appointed members with a
relevant brief.

Industrie 4.0
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The scientific advisory board advises the Industrie 4.0
Platform on all scientific and program-related research
questions while remaining in close contact with accompa-
nying research. 16 professors from the fields of manufac-
turing and automation, information technology, law and the
sociology of work are on the advisory board.

For the 2014 Hannover Messe (as of 3 April 2014), the sci-
entific advisory board published its propositions [12] which
are available to the public via the platform website. The
propositions cited below are structured into the sections
people, technology and organisation:

A wide variety of possibilities for a human-centred
approach to work will arise,

also in the sense of self-organisation and autonomy.
In particular, this offers opportunities for organising
working practices to account for aging and different
age groups

Industrie 4.0 as a sociotechnical system offers the
opportunity of expanding the range of tasks han-
dled by employees, raising their level of qualifications
and scope of action, and significantly increasing their
access to knowledge.

"Learnstruments" and "communities of practice"
increase productivity in both teaching and learning
and new training content emerges with an increasing
amount on IT skills.

Learning tools — practical artefacts that promote
learning — automatically impart their functionality to
the user.

Industrie 4.0 systems are easy to understand for the
user, can be used intuitively, promote learning, and
respond reliably.

Generally accessible solution strategies enable mul-
titudes of participants to design, realise and operate
Industrie 4.0 systems (Industrie 4.0 by design).

The networking and individualisation of products and
business processes leads to complexity, which is
managed by means of modelling, simulation and self-
organisation. A greater scope for solutions can be
analysed faster so that solutions can be found soon-
er.

Resource effectiveness and efficiency can be contin-
uously planned, implemented, monitored and autono-
mously optimised.

Intelligent products are active information carriers,
which are addressable and identifiable throughout all
life cycle phases.

System components are also addressable and identi-
fiable inside production means. They support the vir-
tual planning of production systems and processes.

New system components have at least the abilities of
the ones being replaced and are able to assume their
function in a compatible manner.

System components offer their functions as services,
which others can access.

A new security culture will lead to trustworthy, resilient
and socially accepted Industrie 4.0 systems.

Industrie 4.0



Organisation

14. New and established enhanced value networks inte-
grate product, production and service while ena-
bling dynamic variation with respect to the division of
labour.

15. Cooperation and competition lead to new structures
both at commercial and legal levels.

16. System structures and business processes can be
mapped onto valid legal frameworks; new legal solu-
tions permit new contractual models.

17. There are opportunities for arranging regional value
creation — also in developing markets.

In a "Whitepaper on R&D topics", also published by the
Platform for the 2014 Hannover Messe, different topics
essential for the implementation of the propositions are pre-
sented both in terms of content and goals. A rough time-
line for working through the topics is also described. Topics
and timeline (see chapter 4 and 5) were incorporated in the
work of the Platform working groups.

Industrie 4.0
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4 Definition of Industrie 4.0

To strengthen Germany's position as a centre for business,
the "Industrie 4.0 Platform" has the goal of drawing up an
implementation strategy for Industrie 4.0. For this, a cross-
sector approach to concepts for technology, standards,
business and organisation models is being taken while uni-
versities, research institutes are closing ranks with small
and medium-sized business as well as industrial compa-
nies, which are also pushing ahead with practical imple-
mentation .

Industrie 4.0 leads to new value streams and networks that
are automated as a result of increasing digitalisation. The
following areas are viewed as core components (see fig-
ure):

* Research and innovation.
* Reference architecture and standardisation.
e Security of networked systems.

These are handled by specific working groups from the
Industrie 4.0 Platform. This is accompanied by:

e Creation of legal framework conditions.

Digitalisation from value-added chains / value-added networks

Horizontal

integration via
value-added

networks

Consistency of the > Integration of real and virtual world
engineering over the
complete life cycle > System engineering

Vertical integration > Sensor network
and networked
production systems > Intelligence — Flexibility — Transformability

infrastructures

Continuous

development of
cross-sectional

technologies

Research and innovation: Research roadmap for implementation
| 2015 |
INDUSTRIE 4.0 by DESIGN
> Methods for new business models >
> Framework fo value-added networks >
> Automation from value-added networks >
> >
> >
> >
>
New social > Multi-modular assistance systems >
forwork DR >
> Network communication for ndustry 4.0-scenarios >
> Micro-electronics > >
> Securlty & Safety >
> Data analysis > >
> Syntax and semantics for lndusty 40 > >

Reference architecture, standardising and normative references

Security for networked systems
Legal framework conditions

Figure 1. Core components of Industrie 4.0
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This topic will not be addressed by the Industrie 4.0 Plat-
form but dealt with specifically by working groups from the
BDI.

In the field of research and innovation, the roadmap required
for the implementation of Industrie 4.0 will be drawn up in
coordination with the scientific advisory board; the required
innovation and research activities as well as their support
will be agreed and coordinated from an industry perspec-
tive. The most important topics in this respect are (see
Chapter 5):

Horizontal integration via value creation networks

The focus lies on working out the collaboration across
companies (suppliers, small and medium-sized busi-
nesses, production industry — to name just a few). This
includes aspects and methods for new business mod-
els.

End-to-end nature of engineering over the entire life
cycle

Central topics here are PLM-based engineering which
links product and production design enabling con-
sistent support along the entire value stream. This
addresses technical points such as the integrated
assessment of systems, engineering, modelling and
simulation.

Vertical integration and networked production systems
The core topic in this respect is the networking of pro-
duction which in many cases also entails real-time
requirements. Important points here is that the nec-
essary adaptability and production-related securi-

ty requirements (e.g. redundancy and fault tolerance)
are upheld and assured. This requires both the further
development of the corresponding components and
systems, e.g. sensor networks, as well as of methods
such as predictive analytics.

New social infrastructures for work

The key factor for success is, and continues to be,
people. As a result, ensuring that work life develops in
a positive manner, supported and driven forward by all
participants (unions and employer associations among
others), is of crucial importance. In addition to chang-
ing and improving training and further training, there
are technical aspects such as the introduction of new
human-to-machine systems and assistance systems
in general.

Continual development of cross-sectional technologies
Different technological prerequisites must be estab-
lished and applied on an industrial level in order to
implement Industrie 4.0. Important technologies
include network communication, broadband network-
ing, cloud computing, data analytics, cyber securi-

ty, secure terminal devices as well as machine-to-
machine solutions (including semantics).

The range of topics on reference architectures and stand-
ardisation concern the creation of a solution-neutral refer-
ence architecture while using and setting down standards
(see Chapter 6).

With respect to the security of networked systems, work
on concepts is being done using example value streams
to ensure IT security within horizontal (customers/suppli-
ers) and vertical (internal company) networking. This serves
to identify general requirements and security principles
(see Chapter 7). These are then worked out in an itera-
tive process that also includes research and standardisa-
tion to contribute to the creation of an Industrie 4.0 refer-
ence architecture.

The topic of legal framework conditions addresses designs
of the new production processes and horizontal business
networks that adhere to legislative requirements. Challeng-
es include contract law (dynamic conclusion in automated
value streams), corporate data protection, handling digital
assets, questions of liability and handling of personal data.

Industrie 4.0
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5.1 Introduction

The Industrie 4.0 Platform favours bundling Industrie 4.0
research activities more clearly than in the past and han-
dling them on the basis of a structured, prioritised research
agenda. The research roadmaps presented by the associ-
ation platform in this chapter serve as a basis. Furthermore,
a government budget is required for funding implementa-
tion of pending research work, a budget that reflects the
potential of this topic and is competitive in an internation-
al comparison. It will supplement the significant resourc-
es already contributed by the participating companies and
is an important prerequisite for the strategic processing of
pending tasks for swift implementation of Industrie 4.0.

Political representatives must support, intensify and
demand further networking and cooperation between com-
panies and science as well as between companies of dif-
ferent sizes and from different sectors with suitable meas-
ures and assistance (top clusters, demo labs, demo sys-

tems, demo plants etc.).

Finally, Industrie 4.0 cannot be reached through a govern-
ment managed implementation of a prescribed roadmap,
mainly due to the difficulty in defining an exact vision of
Industrie 4.0 because of the different interests and views
of the range of businesses. Industrie 4.0 will be more the
result of incremental progress on implementing specific
applications (including analysis of the potential benefits and
potential for value creation). It would also be desirable if the
federal government considered funding such projects that
have a more practice-based nature. Funding would there-
fore support the entire innovation path: from research into
new methods and technologies and their use in university-
affiliated demo systems and industry-affiliated pilot plants.

This chapter describes the research and innovation topics
relating to Industrie 4.0. and is based, among other things,
on the propositions of the scientific advisory board. The ini-
tial results have already been published in the "Whitepa-
per on R&D topics" for the 2014 Hannover Messe. Since
then, work on the specifics of relevant topics has contin-
ued. The revised version of February 2015 will be docu-
mented below (more detailed fact files exist for the respec-
tive topics and go beyond the content described in this
document; each fact file is updated within the Industrie 4.0
Platform working groups). At the same time, a new version
of the "Whitepaper on R&D topics" will also be published in
the first half of 2015 and will explore these topics in great-
er detail.

For each topic, the following briefly explains the (1) content
of research and innovation, (2) the targeted outcomes, and
the (3) key milestones.

Industrie 4.0



5.2 Topic: Horizontal integration via
value networks

We define horizontal integration as the integration of vari-
ous IT systems for the support and/or execution of the dif-
ferent value processes (e.g. manufacturing, logistics, mar-
keting, engineering, services) both within a manufactur-
ing company as well as beyond company limits up to and
including an end-to-end solution.

5.2.1.1 Content of research and innovation

A business model is a simplified representation on how
business and value creation within a company works. It is
therefore an abstract description on how money is earned,
with which partners, in which markets and with which cus-
tomer groups. In the context of Industrie 4.0, new business
models will arise within companies based on new value
processes and changing role allocations in value networks.

The following aspects to be considered are:
Go-to-market strategies (GTMs)

Methods for needs analysis and generation
as well as the determination of potential

Payment and billing models

Benefit and risk assessment for each individual partici-
pant in the network

Legal aspects

Incentive and acceptance systems

5.2.1.2 Targeted outcomes for research and
innovation

A joint understanding of the business models is a prerequi-
site for the long-term utilisation of potential for cross-com-
pany networking. Methods should be unified and consoli-
dated, best practices and experiences — particularly from
each of the different branches — are to be systematical-
ly documented. A transfer to production and the analysis
of the resulting consequences occurs. The different roles
within value networks must be considered in the process.

The following outcomes are expected:

Examples of go-to-market strategies, derived from
best practices, for the different provider roles within
a network

A business model strategy aligned with the needs of
Industrie 4.0 which considers the aspects of value
networks

Examples of payment, billing and licence models

Guidelines for the evaluation of typical benefits of
Industrie 4.0 along with corresponding risks

Guidelines for legal aspects (including liability issues,
particularly with respect to service level agreements
(SLAs) for software as a service (SaaS) and platform
as a service (PaaS)).

Industrie 4.0
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5.2.1.3 Key milestones

Methodology

1.5 Principle guidelines for legal aspects

1.4 Principle guidelines for evaluating the Industrie 4.0 typical utilisation and the risks

Solutions

1.2 Exemplary Go-to-Market approaches
1.3 Exemplary methods for payment, invoicing and licensing

1.7 Piloting (new) strategies, models and processes for business

1.1 Best practices and experience as well as transferring to production

1.6 Business model approaches defined on Industrie 4.0 with consideration for the aspect of "value-added networks"

Prerequisites

2.3 Reference architecture for value-added networks for different organisational forms

2014 2016
Methodology D D
Solutions 111312213316 %17
Prerequisites @

2020 2030

Figure 2: Milestones for research on methods for new business models

5.2.2.1 Content of research and innovation

A value network describes a system consisting of indi-
vidual value creation processes and their process-related
dependency. The individual value creation processes are
implemented by autonomous, legally independent partici-
pants. Complex reciprocal relationships connect them via
the value network; they form a community of interests of
value partners oriented towards sustainable, economical
added value.

The following aspects to be considered are:

Prerequisites, drivers, consequences for the creation
of new value networks

Economic role of CPS platforms as an integrator of
value networks

Possible business hazards and resulting consequences

Organisational forms of value networks, their various
components, roles and legal implementation

5.2.2.2 Targeted outcomes for research and inno-
vation

Concepts for implementing value networks should be cre-
ated and deployed in pilot projects so that topics such as
(new) business strategies, models and processes can be
elaborated in a practical manner with greater involvement
of customers, suppliers, partners and the market. Business
plans will be drawn up for specific examples and experi-
ences in terms of "orchestration" which will also be pub-
lished as future requirements on CPS platforms to support
value networks.

The following outcomes are expected:
The flexible integration of value networks in production

Methods for analysing and evaluating economic and
technological potential from the perspective of the
network partners and their customers

Mobilising, particularly small and medium-sized
businesses, to cooperate in the networks
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Creation of new business opportunities

Win-win value creation partnerships and the subse-
quent "integrated" business models

5.2.2.3 Key milestones

Methodology

2.1 Formal description and standards (semantics) for individual process stages in a uniform model

2.2 Formal description and standards (semantics) for interfaces and the whole network in a uniform model
2.3 Reference architecture for value-added networks for different organisational forms

2.4 Analysis and evaluation of the economic and technological potential for linked value-added networks
2.5 Principle guideline prerequisites, driving forces, consequences and approaches for implementation
2.6 Requirements for CPS-Platforms for supporting value-added networks

Solutions

2.7 Generally valid uniform model
2.8 Fundamental knowledge of conjunctions between models, prerequisites, driving forces and consequences

Prerequisites

1.6 Business model approaches defined on Industrie 4.0 with consideration for the aspect of "value-added networks

2014 2016 2020 2030

— 00 000 o
Solutions @ @

Prerequisites @

Figure 3: Milestones for research on the topic of "value networks framework"

Involvement of people as creative actors

. . in the global value steam
5.2.3.1 Content of research and innovation

) ) ) ) ) Design of a human-machine interface
The degree of automation of horizontal integration is

increased by automatic processing of the value creation Dependency of qualification measures and migration
stages. Prioritised here are those stages where value crea- processes
tion is performed automatically or in a purely "digital* world.

, i 5.2.3.2 Targeted outcomes for research and inno-
The following aspects to be considered are: vation

End-to-end nature of information flows ) .
Value creation should be performed more efficiently and

Use of methods for modelling, calculation, simulation flexibly; it should also be predictable. People are relieved of
and optimisation non-creative tasks. Increase in productivity, resource effi-

, o ciency and automation are the focus. The further automa-
Integration of applications such as PLM, APS, MES,

tion of individual sub-steps of complex planning processes
SCM and ERP

optimises — in respect of globally definable targets — high-
er-level value streams and networks as well as operation-
al activities.
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Dependencies are considered in the process and syner-
gy effects are generated. This will be made possible either
through the integration of processes that were previous-
ly organised hierarchically and sequentially, and, in part,
through synchronous or autonomous execution.

The following outcomes are expected:

* A method that describes direct and indirect relation-
ships as well as dependencies of all corporate pro-
cesses (e.g. PLM, ERP, APS, MES)

* A common system for a hierarchy of targets that refer-
ences the effects of all tasks and processes for global-
ly defined targets

* Processes and tasks that are designed in considera-
tion of the aforementioned relationships and depend-
encies with respect to the most optimal compliance
with global targets

* Autonomously described modules that can be applied
and integrated in a simple manner

¢ Tools and programs that assist users through simple,
intuitive presentation and continuous simulation options

5.2.3.3 Key milestones

Methodology

3.1 Optimisation methods

3.2 Strategic specifications — Objectives for hierarchy systems — Process modelling
3.3 Mastering complexities and applicability

3.4 Consistent transparency about the current and planned status of all process stages

Solutions

3.5 Piloting strategies, models and processes for business with consideration of the customers, suppliers, partners and market
3.6 consistent integration and flexible linking for added-value networks and optimal decisions

Prerequisites

2.1 Formal description and standards (semantics) for individual process stages in a uniform model

2.2 Formal description and standards (semantics) for interfaces and information flow in a uniform model
2.3 Reference architecture for value-added networks for different organisational forms

2.8 Fundamental knowledge for conjunction, models, prerequisites, driving forces and consequences

2014 2016 2020 2030

Methodology & (3.2 (3.3 (3.4
Solutions 35 3.6
Prerequisites adD & (2.5

Figure 4. Milestones for research on the automation of value networks
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5.3 Topic: End-to-end nature of
engineering over the en