PROSTERP

integrate the future

WHITEPAPER

. L

CHALLENGES OF THE
DIGITAL TWIN: MAKING
DIGITAL CONTINUITY WORK

Manufacturing companies expect the ability to monitor and optimize their manufacturing and service processes with
the help of digital twins to bring about significant cost reductions. When it comes to designing digital twins, however, the
challenges involved are considerable. In most cases, existing process and system landscapes will have to be expanded to
provide the digital twins with the information they need.

This white paper, published by PROSTEP AG, outlines some of the key issues that need to be addressed when implementing
digital twins. In this context, the concept of Digital Continuity becomes a crucial success factor.
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Preamble

PROSTEP AG is celebrating its 25th anniversary this year — 25 years of staying on top of digitalization, which
is progressing ever faster. Manufacturing companies are constantly having to deal with new topics, and one
of the hottest topics is the digital twin. It lies at the heart of the digitalization debate because it links the
digital and the physical world via the Internet of Things. Companies expect to reap considerable benefits
from the ability to monitor and optimize the behavior of physical products and production systems with the
help of digital twins or develop new business models based on operating data.

What role does the digital twin play in the development of new digital
business models? How can companies systematically digitalize their
business processes and information flows?

Strictly speaking, digital twins can be created for all smart, connected products. But for which products do
they really make sense and how can they be created most efficiently? These are the questions that compa-
nies face today. Merely “fishing” in a huge data lake with the help of artificial intelligence will not achieve
the desired aim. You have to know what you are looking for. That is why, in this white paper, we focus on
the importance of Digital Continuity. We give thought to a number of aspects that need to be given due
consideration in the context of implementing a digital twin. This applies in particular to the question of
what information should flow into a digital twin, how this information might be structured, and what role
the cloud and platforms play when it comes to the digital twin.

The digital twin is, so to speak, the supreme discipline of digitalization. As a vendor-neutral PLM consulting
and software company with many years of experience in the field of system implementation and integra-
tion, we are the ideal partner to provide customers with advice and support comes it to digitalizing their

business processes and information flows.

We are involved in a number of the prostep ivip Association’s research projects and initiatives and are very
familiar with the latest technological trends and topics of the future, such as artificial intelligence.

It is no coincidence that our motto is INTEGRATE THE FUTURE.

Bernd Patzold
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Challenges of the digital twin:
Making Digital Continuity work

In recent years, digitalization has been the key topic of the future for German industry. Manufacturing
industry in particular is shaping the digital future of production with numerous initiatives, often inspired
by the forward-looking Industrie 4.0 project launched by the German government in 2012. Industrie 4.0
is the variant of the digital transformation process that focuses on manufacturing and which needs to be
successfully designed for society as a whole. The digital future of capital goods in particular, which used to
be dominated entirely by mechanics, is generating a constant demand for innovation. It is not only in the
automotive industry that future business success will depend to a large extent on new, innovative business
models. It is therefore necessary that product development and manufacturing be adapted accordingly
and good support be provided for digital utilization concepts.

Modern car sharing offerings and Everything-as-a-Service models like those Rolls Royce provides for its en-
gines are inconceivable without digital representation of the respective product. The global availability of
real-time data for every product instance via the Internet of Things (loT) is a key driver of innovation in this
context. Use of the term “digital twin” has established itself when referring to these digital representations.

The digital twin is one of the key innovations that enables companies
to successfully shape the digital transformation.

The forms that the digital twin takes are as diverse as the different products that manufacturing industry
creates. And the information required in the digital twin is as different as the business models on the mar-
ket. Linking manufacturing information with information derived from actual use of a product is, however,
extremely important for many digital twin concepts. In a best case scenario, the service engineer servicing
an elevator optimized using predictive maintenance mechanisms is provided with a BOM of the parts actu-
ally installed in the elevator in question before leaving the service center.

But product development also wants to share in the digital twin. Information on an unusually high inci-
dence of failures in certain components should quickly be fed back into the further development of the
product. Skillful use of this feedback could improve product quality and reduce service costs, which are
particularly relevant to manufacturers with as-a-service concepts, faster.
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An end-to-end digital process chain that provides the right information
in the digital twin quickly, reliably and automatically must be created
if the full potential of the digital twin is to be exploited.

A particular challenge when it comes to the digital twin is the fact that the data needed comes from a
variety of sources. During the use phase, the status data is ideally available via an 10T solution. It could,
however, be the case that data from production relating to the specific product instance is also needed.
Ideally, it should also be possible to access to information from product development.

These areas, referred to here for simplicity’s sake as product development and production, are in turn char-
acterized by a large number of information systems and are themselves under great pressure to change,
driven by the topics systems engineering, Industrie 4.0 and Industrial loT.

Benefit

Realize Correlations

Optimize Service

Reduce Costs

Raise Revenue

Preserve Ressources

Extend Lifetime
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In this challenging situation involving the various aspects of the digital twin,
decision-makers are faced with the question of how to make Digital Continuity
work in a highly complex infrastructure.

This question quickly leads to other, closely related, issues:

What impact do the emerging platform infrastructures have on this process?
How do you find a suitable cloud strategy?

What are the most important skills needed to design this kind of end-to-end process chain,
which spans multiple independent and individual platforms?

What architectural concepts are needed to provide these capabilities and enable the creation
of a sustainable design for this landscape?

And last but not least, How do | get there from where | am now?
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PROSTEP AG has been developing and implementing end-to-end digital processes in product development
since it was founded 25 years ago. This experience offers great potential when it comes to helping our
customers make a success of the 4th industrial revolution.

Based on the experience gained, we have compiled a number of issues in this white paper that companies
need to tackle in the context of the challenges posed by the digital twin and which we examine in individual
contributions from our consultants. These issues are:

= The product structure model
It forms the skeleton of the digital twin and is the key to Digital Continuity.

= Model-based systems engineering
Smart products require smart engineering methods. Model-based methods allow product knowledge
to be used throughout the entire product lifecycle. Model-based systems engineering brings these two
aspects together.

m  Configuration lifecycle management
Keeping track of the product configurations and ensuring the traceability of the configuration versions
is a major challenge for manufacturing industry. This becomes particularly important in the context of
the digital twin.

= Platform concepts
Digital infrastructures are home to the digital twin. They are not made any easier to get to grips with
by what are often competing system worlds. The platform concept is therefore increasingly pushing
to the fore. It is of particular interest because, in addition to its technical value, it also has a largely
economic value that almost eclipses the technical aspects.

® The role of the cloud
For the most part, digital twins will exist in the cloud. This makes the Digital Continuity challenge
somewhat more complex.

= Agile project implementation

Projects involving digital twins are often large IT projects that need to be implemented reliably and
on budget. An agile approach is the perfect method for making a success of even large projects.

Martin Strietzel
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The digital twin as the link between the virtual and the physical world

The term digital twin is used to describe the virtual and real-world representation of a product, system or
process. It represents the link between digital development and planning models and the physical world.
To what extent digital twins need to represent reality will depend on the use case in question. There are
numerous variants depending on the lifecycle phase involved.

“What does your digital twin application look like
and do you have an appropriate sustainable architecture for it?”

However, they fall into three basic types:

®m The digital product twin is a virtual representation of all the product instances used to feed
information gathered during operation back into product development. This makes it possible to
draw conclusions from the operating behavior, improve the product or evaluate the impact of
product changes on real instances.

®m The digital production twin is a virtual representation of the production process that supports the
planning, control and optimization of processes and production systems and makes autonomous
production possible in the context of Industrie 4.0.

m The digital operations or service twin is a virtual representation of an operational product instance
that is used to support services such as maintenance, updates or retrofit measures by data analytics,
predictions and decision support.
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The first major challenge when developing a digital twin application is achieving end-to-end digitalization
of the information across the boundaries between operational technology (such as sensors, actuators,
etc.) in the physical entity and the virtual world of the corporate IT landscape. A variety of different
integration solutions are available on the market for this purpose, from SCADA solutions provided by au-
tomation system integrators to loT platforms from software vendors, which focus here on the integration
of physical entities and software-based apps.

Once this first hurdle has been cleared, inconsistencies in the mostly heterogeneous IT and PLM system
landscapes must also be eliminated, which in itself is difficult enough due to the lack of standards and
proprietary interfaces. In addition, instance-based information from the physical entities must be com-
pared to the development and planning models valid for the whole type of entities.

Information from physical entities that is available digitally can be used to create transparency using
appropriate analysis methods and visualization tools. This, together with the linked planning and devel-
opment models, forms the basis for making predictions about the behavior of the system, product or
process and, in the next step, work out proposals for optimization or even enable autonomous decisions.

Initially, it is impossible to maintain an overview of the numerous possible digital twin applications. Com-
panies need to gain a clear understanding of which use cases should be supported. This provides a basis
for determining which processes, information and technologies need to be designed for the digital twin.
PROSTEP uses a model-based approach taken from enterprise architecture to plan digital processes,
end-to-end digitalization of information, and the technologies for the digital platform. An architectural
model of these three levels is used to identify inconsistencies between the individual components of
the digital twin and eliminate them by taking appropriate measures. At the same time, the architectural
model serves as a blueprint and basis for the roadmap for implementing the digital twin.

Architectural planning makes the digital twin —
a new quality of complexity —
manageable.

Lars Wagner

D,
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No end-to-end digitalization without product structure models

End-to-end digitalization provides the basis for implementing a digital twin concept. This refers to the
ability to merge all the digital product data required for the digital twin and, if necessary, link it with the
operating data from the actual product lifecycle. The foundation for end-to-end digitalization is provided by
consistent, end-to-end data structures across the entire product lifecycle and configuration management
functionality that is based on them. In principle, the digital twin represents a specific view of the product,
namely that of the delivered configuration.

What demands does a digital twin make
on product structure management?

PrRJASTER
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A particular challenge that companies face when it comes to ensuring end-to-end digitalization is the fact
that the product data from the individual disciplines is distributed across a large number of data silos (TDM,
PDM, ALM, ERP systems, etc.) and is managed in different structures. The structure of the development
and manufacturing BOMs for the mechanical components are not identical and, in many cases, are sepa-
rate from each other, which means that they have to be kept synchronized. In the context of end-to-end
digitalization, it must be possible to bring these different views together without media breaks. The prod-
uct structure model is the key to doing this.

The task of product structure management is the non-redundant description of products and product fam-
ilies, including all mechatronic components and variants, in the form of a cross-disciplinary product struc-
ture model. It links the partial structures of the various data models and structure nodes using a network of
logical relationships that know what type of relationship is involved. Because the product structure model
consolidates all the product-relevant information, configuration management can be used, for example,
to generate specific views and document the period of effectivity. One of these configuration views is the
digital twin.

How is this product structure model created? The starting point is the creation of a system-neutral infor-
mation model that maps the relevant information objects, their connections and their information flows.
The information model is used to derive a conceptual data model, which is converted into a logical data
model that takes account of the PLM infrastructure while at the same time serving as a guide for the future
PLM architecture.

PROSTEP uses a standardized method based on value stream analysis to analyze information flows and
identify bottlenecks without needing to run in-depth process analyses. What is crucial here is that the in-
formation model is initially created independently of the current IT infrastructure, e.g. in the form of a UML
schema that can very easily be implemented in the IT systems involved. The advantage of the system-neu-
tral description is that the information model can also be used to adapt the product structure model if
changes are made to the IT infrastructure.

The product structure model provides the basis for managing product configurations across all phases of
the product lifecycle. It forms the backbone of an integrated product data model for all the departments
and all the views of the product. As the first view, it covers the MBSE requirements and functional struc-
tures used in MBSE. At the same time, it provides a basis for optimizing the communication processes and
the system interfaces. In other words, it is impossible to optimize the PLM architecture or achieve end-to-
end digitalization without a product structure model.

End-to-end digitalization without a product structure
model and PLM architecture is like building a house
without a foundation or structural analysis.

Peter Wittkop
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Digital twin basis: model-based systems engineering

Digital transformation builds on the end-to-end digitalization of business processes and information
flows in companies and the entire value chain. As far as product development is concerned, this makes
it possible to use digital information at a much earlier stage to validate how products or production
systems function in the system context and thus speed up the entire development process. Mod-
el-based systems engineering (MBSE) is the key to increasing the degree of product maturity in the
early phase of product development. It requires not only the implementation of new methods and IT
tools, but also organizational changes and changes to collaboration processes.

The development of cyber-tronic systems is a highly interdisciplinary process. Not only must the en-
gineering disciplines traditionally involved in mechanical, electrical/electronic and software devel-
opment be integrated in the development process at an early stage but also new stakeholders to
ensure that due consideration is given to the different requirements relating to the entire system
lifecycle: the production planning department, which has to develop the appropriate systems, the
service department, which will be offering the product as part of a service package, and perhaps also
external partners, with whose systems or platforms the products are to be connected. The common
denominator for this interdisciplinary process is systems engineering (SE), an approach matured in the
aerospace industry.

s your product development process ready
for the challenge of virtual validation?

PrRJASTER
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SE is an important tool for mastering the complexity associated with the digital transformation of business
processes and models and addresses three key challenges:

® |t closes the semantic gap between the different disciplines and makes interdisciplinary
collaboration possible.

m |t establishes a granular relationship between individual requirements, functions, components, etc.
and makes the impact of any changes transparent.

® |t supports traceability and the automated, simulation-based validation of functionality at
component, subsystem and system level.

MBSE, which is derived from SE, extends this approach with the consistent use of digital models. The in-
terlinked models form the digital master, i.e. the order-neutral description of a product with all its variants
from which the digital twin is derived as a concrete representation of the real product. In this respect,
MBSE is the basis of the digital twin.

Cross-disciplinary requirements management, which is integrated in the development process in such a
way that changes to the requirements and their impact can be traced throughout the entire product life-
cycle, provides the foundation for implementing MBSE. Secondly, this development process needs to be
expanded and standardized to ensure that discipline-specific subprocesses can be mapped and collabora-
tion across different departments is possible . Thirdly, a modular and flexible PLM infrastructure is required
to provide IT support for this collaboration. And fourthly, simulation methods must be integrated in the
MBSE-based development process as a self-evident process step.

The implementation of MBSE is therefore a massive change of process, that impacts on the entire orga-
nization. Companies should take advantage of the support provided by experienced consultants with the
appropriate process, method and integration know-how, when integrating the tools and methods used in
MBSE in their development process and when building an end-to-end digital product model.

Systems engineering is an important means
for mastering the complexity

associated with the digital transformation
of business processes and models

Steven Vettermann
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Keeping on top of things: configuration lifecycle management

Smart, connected products and production systems generate a growing flood of digital data during devel-
opment, manufacturing and even operation. This data is typically isolated in each of the domain’s partial
data model. The relationahips that develop between the partial models can be mapped in a cross-disci-
plinary product model. Each domain can independently generate different views of the digital product
model over the course of the lifecycle, maintain consistency of the views and document the period for
which they are valid. However, flood of data is only made manageable by using cross-system and cross-dis-
ciplinary baselining in combination with powerful configuration lifecycle management (CLM).

Without CLM, companies are never in a position to immediately determine what information represents
the digital twin. CLM provides the tools needed to search, sort, filter and combine product data across
domains to baseline and control all digital artifacts.

A prerequisite for cross-disciplinary CLM is consolidation. The information from the different domain sys-
tems must be consolidated by integrations and state-of-the-art technologies like linked data. With CLM, a
user can access any aspects of the product model that interests them. They select one or more criteria,
such as order, milestone, design phase or delivered product instance, and receive the requested infor-
mation immediately. This applies to the respective baseline for all criteria, from simulation results to an
overview of the available spare parts. The results defined for the baseline can then be linked directly to the
information in the master data system sources, displayed with the required properties like maturity level or
date of last change, and compared with other deliverables from the project.

Have you gotten to grips with your numerous variants
and the challenges of product complexity?

PrRJASTER
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Maintaining configuration parameters is an important prerequisite for the successful use of CLM. The re-
quired configuration data must be coordinated throughout the enterprise for the entire lifecycle of the
digital twin. The data must also be coordinated during all individual sub-processes such as purchasing,
production and service, and must be made available as linked data sources.

The complexity involved with the number and variety of parameters, their logical connection, and the num-
ber of resulting variants presents an additional challenge in CLM. These parameters must also be validated
and maintained throughout the lifecycle.

How can these challenges be mastered? Coming to grips with complex, high-variant products first requires
an in-depth analysis of the variability and the means of measurement and management. Our standard

PROSTEP methodology toolbox can be utilized to this consulting task. Software for evaluating the configu-
ration data is also required. This software must be able to:

®m Analyze extremely large and variable amounts of data using mathematical methods

m Display graphical representations of the dependencies between variants, options, and configurations
m |dentify and isolate inconsistencies, gaps and redundancies in the configuration

m Link product models from different disciplines, such as engineering, sales or service

®m  Optimize product configurations and find the configuration with the lowest cost, shortest development
time or most expedient test effort

Together with the product model, these methods and tools are a great help when creating a consistent
configuration lifecycle management system that allows for efficient, coordinated and binding decisions.

A prerequisite for cross-disciplinary CLM

is consolidation of the information from the

authoring systems used by means of existing integrations
and state-of-the-art technologies for linking data.

Lutz Lammer
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Promoting the network effect: the platform economy

Led by Amazon and Co., the platform economy is growing without restraint. Even though the best-known
success stories are essentially transaction platforms for the B2C sector, digital platforms are also beginning
to unleash their disruptive force in the B2B market. An important driver is the digital twin, which makes it
possible to use data from the actual product lifecycle to develop new value-added services or optimize the
products. A good reason to take a closer look at the platform economy.

Platform-based business models use network effects, i.e. their benefit is generated from the contributions
of all participants and increases in line with the number of participants. They depend on a critical mass
and, according to the winner-takes-all principle, lead to a concentration of market power on just a few
platforms.

New IT platforms, characterized by a modular structure with separate core and application modules, pro-
vide the foundation for platform-based business models. Standard interfaces allow the platform to easily
be expanded to include additional modules and connections to other platforms to ensure Digital Continui-
ty. A key feature of a digital platform is the use of a cloud infrastructure with a Software-as-a-Service (Saa$)
model, which is the prerequisite for centralized management of the platform and the applications based on
it, as well as for centralized orchestration of the entire ecosystem according to uniform governance rules.

What does “winner takes all” mean for your digital twin strategy?

PrRJASTER 18
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In this sense, many PLM solutions that are positioned today as product innovation platforms are not yet
truly representative of the platform economy. However, the impact of the winner-takes-all concept is so
serious that the platform concept, with its opportunities and risks has a significant influence on the devel-
opment of the PLM market.

Applying the platform concept to the core area of product development represents a dramatic cultural
change in the direction of an open innovation culture for companies. They must become willing to open
up their innovation process to the outside world in order to integrate ideas, technologies and feedback
from external partners (outside-in process), but also in order to disclose part of their internal knowledge
(inside-out process). The combination of both processes is likely to be crucial to the success of any platform
ecosystem. The protection of intellectual property plays a key role in this context. Binding rules for usage
rights, the distribution of revenues arising from use, and the right to make changes to the product informa-
tion must be agreed on for all the parties involved.

Platform-based business models are gradually establishing themselves throughout all industries and on all
levels, with focus in industrial environments placed on the digital factory (Industrie 4.0) and the develop-
ment of new, data-based services. The key driver is the Internet of Things (loT), which has laid the founda-
tion for the networking of smart products and production systems, in conjunction with the new possibilities
offered by big data analytics. There are now dozens of loT platforms, but according to market researchers
only a few of them will reach a critical mass.

In the PLM context, loT platforms are the key to building digital twin applications that accompany the
product or production system throughout its entire lifecycle and make information from the operating
phase available for their further development. The digital twin may be born in an PLM or ERP system but it
ultimately lives on an IoT platform. It is therefore an integral part of any sustainable IT infrastructure that
supports the digital transformation of business models and processes. This is something that companies
should take into account when defining their future PLM architecture and when restructuring their existing
PLM landscapes.

Platforms rely on a critical mass and,
according to the winner-takes-all principle,
lead to a strong concentration of market power.

Florian LuRen
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Virtual life — the role of the cloud

In recent years, the cloud has developed into an engine room for the Internet of Things (loT) and many
professional Internet services. The cloud also plays a crucial role in manufacturing industry’s digitalization
strategies.

This means that it is not possible to talk about digital twins without examining the role of the cloud more
closely. Just as the configuration of the digital twin depends on the use case in question, the importance of
the cloud for the development and operation of a digital twin application also varies.

While an on-premise cloud solution might be the right choice for the digital product twin as an individual
virtual prototype in product development, thousands of wind turbines installed worldwide or hundreds of
thousands of autonomous vehicles require a cloud-based loT infrastructure with a high level of availability,
performance, scalability and flexibility.

What demands does the digital twin make
on a cloud-based PLM architecture?

PrRJASTER
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Because the digital twin depends on the availability of data from a variety of very different platforms and
systems, this raises the question of how these systems can communicate and exchange data within the
framework of a cloud-based operating model. In this context, the cloud concepts chosen will be crucial to
the success of end-to-end digitalization.

At most companies, the PLM platforms on which the digital master takes shape are still installed on-prem-
ise. The first manufacturing companies are, however, already moving their PLM processes to multi-tenant
systems in public clouds. PLM manufacturers are particularly interested in positioning cloud-based appli-
cations in new customer business. However, the offerings vary considerably. The spectrum ranges from
standardized SaaS (Software-as-a-Service) models from a public cloud to custom PLM applications that are
hosted on a cloud-based infrastructure (laaS) and which may be managed by the software providers. It is
not always easy for potential users to assess which cloud model best meets their requirements in terms of
functionality, data security and cost.

But the cloud does not make traditional IT-related considerations regarding integration and data exchange
between different systems a thing of the past. Specialist integration expertise is still needed to master these
aspects. Every digital twin infrastructure requires a sound concept as to how the exchange of information
between the various subsystems can be organized. This is already a challenge in a company’s own data
center, which requires a high level of technical skill on the part of the IT team. But if the ERP system is in the
SAP cloud, the Office portfolio in Microsoft Azure and the PDM system is managed by the preferred PLM
provider, the complexity increases because it is necessary to link several clouds together. Different com-
munication and integration strategies are therefore required depending on the type of cloud application.

This is why companies with existing PLM applications in particular need to analyze very carefully the extent
to which they can map the expertise inherent in their product data and processes in the cloud and under
what conditions it pays to migrate their on-premises solutions.

One thing is certain: your cloud strategy must be well planned and should already include end-to-end
digitalization as a key component.

Your cloud strateqgy must be well planned
and should already include end-to-end
digitalization as a key component.

Mario Leber
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Agility as an integral part of workaday practice:
how large IT projects succeed

In today‘s world, agile methods are the state-of-the-art when it comes to IT project management. Corpo-
rations also use them in large IT projects they implement together with service companies. The most com-
mon agile process model is Scrum, which has to a great extent replaced the conventional waterfall model
and its variants. It does, however, require a redefinition of customer-supplier relationships.

Large IT projects involving external service providers are usually executed on the basis of service contracts
and billed at a fixed rate. With agile methods, however, there is no longer a clearly defined scope of de-
livery, instead there is a rough target (product vision), a timeframe and a team.. This means that the cus-
tomer‘s management must make an investment, rather like a declaration of intent decision: We will invest
the sum of x euros next year in order to achieve a specific objective without knowing the detailed results
in advance and without having a contractual basis for demanding the result should this become necessary.

This has a direct impact on the remuneration arrangement as measurable criteria for evaluating suppli-
er performance need to be identified. There are basically two variants: billing for the number of hours
worked (time and materials) or for deliverables (agile fixed price). The time-and-materials model is easier
to implement from an organizational perspective, but it shifts all the project risk to the client. The deliver-
ables-based model is in principle a fixed-price model with very small billing units (user stories), whose con-
straints are regulated by a framework agreement. It requires significantly more organizational effort when
it comes to acceptance and billing but results in greater transparency and a more even distribution of risks.

Are you ready for agile implementation of the digital twin?

PrRJASTER

22




CHALLENGES OF THE DIGITAL TWIN: MAKING DIGITAL CONTINUITY WORK

Scrum in itself is only designed for teams of up to nine people. Software relevant to industry in the context
of implementing digital twins, however, often requires larger development teams, thus giving rise to the
question of how collaboration between a more or less large number of Scrum teams can be organized
efficiently. The approaches proposed in the literature, such as LeSS and SAFe, are typically based on a
multi-level model, with operational work taking place on the lower level and coordination on the upper
levels. This means that the operational teams send representatives to the respective upper level teams. If
necessary, this model should be supplemented with other bodies to ensure that project-wide definitions
are adhered to and that the focus remains on the overall objective.

Implementation of the digital twin in a company’s extensive IT landscape is a large-scale and complex
project. The use of agile process models poses a risk here: It is tempting to launch large projects without
sufficiently clarifying the objectives and constraints and hope that it will be possible to clarify these points
during the course of the project. Unfortunately, the methodology does not provide any clear recommen-
dations as to what should be clarified and defined in advance and with what level of detail. The project par-
ticipants must therefore make this decision based on their own experience and strike a balance between
creative chaos and over-specification a la the waterfall model.

Experience shows that a lack of process knowledge and inadequate analysis of the data model in particu-
lar can result in expensive abortive developments, which could be avoided or at least reduced with a little
more conceptual preparatory work. It can therefore be concluded — and this applies to projects involving
digital twins in particular — that sufficient attention also has to be paid to the process and data model de-
scription when using an agile approach in order to ensure that a solid conceptual basis for implementing
the desired functionality is available at an early stage.

With agile methods, however, there is no

clearly defined scope of delivery, instead there is
a rough target (product vision),

a timeframe and a team.

Norbert Lotter
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PROSTEP — Your partner for
digitalization and digital transformation

PROSTEP

PROSTEP AG is the leading, vendor-independent PLM consulting and software house. As an automotive
think tank, we have been helping shape key PLM trends for 25 years and making them accessible to oth-
er companies. We know the PLM strategies, processes, requirements, solutions and costs in all sectors
of manufacturing industry and maintain close ties to all the major players in the PLM community. Many
customers have relied on our consulting and solution expertise from day one because they know that we
deliver on our promises.

Although digitalization and digital transformation offer companies tremendous opportunities to increase
their value creation, they also present them with major challenges. We provide you with advice and sup-
port when defining your strategy for digital transformation, implementing Industrie 4.0 initiatives and de-
veloping new, data-driven business models.

These new business models are driven by smart, connected products and production systems whose de-
velopment requires new tools, methods and processes for interdisciplinary collaboration. The key is mod-
el-based systems engineering (MBSE), which enables early simulation and validation of functions in the
context of an overall system. We help you integrate tools and methods used in MBSE in your PLM processes
and systems.

MBSE forms the nucleus of the digital twin, which establishes a link between the digital and physical world
and accompanies the product through to the operating phase. We work together with you to define appro-
priate applications for the digital twin, create an end-to-end product structure model that brings together
all the necessary information in a digital master and implement cross-disciplinary configuration lifecycle
management for managing the respective configuration of the digital twin.

The creation of a digital twin usually requires the restructuring of existing PLM landscapes. Our experts
provide you with vendor-neutral advice when defining a target architecture and the corresponding imple-
mentation roadmap and lend their support when selecting an appropriate system. We also take account of
the requirements that arise from the trend towards multi-platform architectures and the advantages that
cloud-based operating models offer your company. Taking an agile approaches to a project guarantees fast
implementation of the requirements and ensures the success of the project.

Our motto ,,PROSTEP - Integrate the Future” is more relevant than ever.
We make you fit for the digital future.
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the supreme discipline

What we offer

2.

3.

4.

6.

. Strategy consulting for digital transformation

= Development and validation of your strategy for digital transformation
in the context of your corporate strategy

m Smart engineering assessment and Industrie 4.0 readiness check

m Enterprise architecture management

Concepts for the digital twin

m Definition of use cases for the digital twin

m  Product structure model for end-to-end digitalization
m  Cross-domain configuration lifecycle management

PLM process and architecture consulting

m Development of a PLM architecture for the digital twin
m Vendor-neutral consulting and requirements analysis
m Benchmarking and selection of PLM systems

Model-based systems engineering

m Design of new processes, methods and tools for model-based development

m Development of the digital master as the basis for the digital twin

m \Vertical integration from requirements management across all disciplines

and domains through to validation

. Cloud concepts and the platform economy

®  Evaluation of costs, benefits and operating concepts
® |ntegration of cloud and on-premise solutions
m Transformation from PLM to product innovation platforms

Agile methods, Scrum and DevOps teams

m Take advantage of the experience gained from large-scale projects in the automotive industry.

m  \We strike a balance between creative chaos and the waterfall method.

= Qur DevOps teams exploit synergies offered by development work and operational experience.

Karsten Theis
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Do you have any comments or questions?

We look forward to your feedback at
infocenter@prostep.com
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