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The key factor in the success of industrial
enterprise nowadays lies in its ability to
innovate by mastering complexity. In the
course of its 20 years of experience in the
digital
world,
DPS
has
discovered
that
customers are often ill-equipped to master
growing complexity. Today, DPS proposes a
simple and robust solution to address this
recent problem: the KARREN collaborative
software. This white paper describes the
history of KARREN, and key features targeting
this issue.
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ORIGINS

Teams do not communicate enough.
“Even today, teams do not communicate enough with each other,” explains Patrick
Grimberg, founder of DPS*. Having studied the vibrations produced by waves and
earthquakes around drilling platforms off the coast of California for several years, back in
France, he was hired by Dassault Systèmes. There, he realized that the world of CAD
does not understand the world of simulation, and vice versa, and DPS was born with the
raison d'être to remedy this Tower of Babel effect.
DPS achieved a first shortly after its creation: combining design and simulation of a
complex mechanical system. In collaboration with Renault, the company coupled a CATIA
parametric model of an engine with the Abaqus non-linear solver to perform
thermomechanical simulations and analyze digitally the sealing of the cylinder head
gasket. Parameterization and strong coupling offered a unique opportunity at the time
for short loops simulation and performance optimization of components, while reducing
development costs. Other advanced studies followed, such as a “generative design”
project applied to the design of the prestigious AISIN gearboxes where topological
optimization software was integrated into the design tool in order to design and
optimize in short loops. Again, this Design/Calculation collaboration led to more
innovation and a better product quality. At this point a new problem appeared, the
engineering silos.
KARREN was born as a result of multiple research and development projects aimed at
improving and simplifying exchanges between non-integrated processes and models.
Carried out over ten years with industrial partners such as Airbus, Safran, PSA, Valeo and
Faurecia, these projects successively dealt with: the management of cascades of
requirements and specifications, collaborative engineering, mechatronics integration,
and the extended enterprise. Little by little, DPS became aware of the emergence of a
new factor in the competitive context: complexity.
All over the world, companies must face an unprecedented level of complexity.
Understanding the components of complexity makes it possible to identify the possible
initiatives and solutions to tackle the issue of its control.

*Today 140 engineers work at Digital Product Simulation in Europe, USA and Asia.
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A NEW TYPE OF
COMPLEXITY

Talking about complexity in engineering is commonplace. But few people understand
there is a new type of complexity posing problems to companies not armed to face
them.
Mastering complexity gradually becomes the most important contributor to the
increase in development costs, as illustrated in the image below:

Factors contributing to the increase of development costs of fighter aircrafts between 1975 and 2005
Source: DARPA TTO (2008)

Research conducted by Professor Olivier de Weck* at the Massachusetts Institute of
Technology deals with the science of complexity, as Mechanics and Thermodynamics do.
This work identifies three main complexity factors: the functional complexity, the
structural complexity of the system or product, and the organizational complexity of the
group in charge of development. The ascent of digital technology and model-based
modus operandi multiplied these complexities.
DPS identified a specific complexity related to the increased difficulty in
communication, particularly in exchanging views between systems engineers and
specialists, due to the diversity of modelling languages and the tools of each discipline.

*The First Law of Systems: Conservation of Complexity, by Prof. Oliver de Weck.
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THE SILOS EFFECT

In the current environment, companies are searching for singular innovations. This
entails combining heterogeneous technologies prior to their competitors, sometimes
not completely mature. Take the example of the automobile: forty years ago, a car
meant overall mechanical performance. A few years ago, many thought that Steve Jobs
was going to do to the car what he had done to the phone: it would only be about
software. What happened is much more complex.

Today a car has become a true
system of systems: it is
electronics,
embedded
software, innovative services
based on artificial intelligence,
electric motors tomorrow
hydrogen, 5G connectivity, etc.

Stages of the evolution of the «connected car »
(Graphic : Deloitte University Press | DUPress.com)

Furthermore, each specialty specialized
itself. An example is the search for
optimum lubrication to minimize friction
losses. Now you can find simulation
methods and specialists in the spraying
of oil into gearbox casings.

Simulation of oil moving inside a gearbox
( XFLow software)
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THE SILOS EFFECT

As a result, engineers, designers or analysts, component or function managers, project
managers, all spend too much time looking for information or answering sometimes
poorly asked questions. Software developers and mechanical engineers for example,
must collaborate despite their cultures which remain non-reconcilable. This matter of
collaboration becomes all the more important as each decision impacts dozens of
«stakeholders»: the company’s internal services, but also co-contractors or
subcontractors, and all over the world. In a context of ever-increasing societal demands,
because of safety or environmental considerations, the design phases must be shorter
and shorter, and the speed at which a product or service is put on the market is decisive
for its success.

The complexity and specialization all this entail have therefore produced a silo effect,
detaining and fragmenting information. The silos of information make decision-making
more difficult and dramatically reduce the efficiency of the engineering phases. What if
the accidents experienced by an industrialist such as Boeing, or the «diesel gate» for the
automobile, were partly the result of these silo outcomes?
What if they had at some point prevented the mobilization of all the expertise of a
larger organization?

And what about tomorrow ?
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KARREN: AN ANSWER TO
COMPLEXITY
To overcome this complexity, KARREN offers a collaborative software which opens the
three locks described above:

Unrelated participants
and disciplines spending
a
lot
of
time
researching
and
detangling data.

Heterogeneity
of
languages, tools and
cultures.

Cycles of “convergence”
or “verification” of design
options, too slow at
best.

Some solutions currently propose developing a unified data model within a common
tool, generally placing the system of interest at the center. When they use a software
base with an established perimeter, they may fail for two reasons:

1

Companies use and keep using a
multitude of processes, methods
and tools, data sources, editing or
consulting, constantly evolving, for their
internal needs as well as for sharing of
information externally.

2

Complete sharing of data is in
nobody’s interest. Companies cannot
reveal their “trade secrets” by sharing all or
part of their digital models. In addition, in an
enterprise, as the entities are judged on
their profitability, their interests may enter
in conflict.

KARREN's approach is drastically different.
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KARREN: AN ANSWER TO
COMPLEXITY
KARREN applies the principles of agile development and open-source software
programming platforms such as UNIX. The same causes, the same solutions; in both
cases a very large number of specialists are at a distance from each other, they
participate in an ensemble which must be super-reliable, and the «merging» of their
work can only be done by successive cycles of adjustments which are as short as
possible.

1

The first architectural principle of KARREN is to share only very limited
information, useful to the development, via elementary attributes
(metadata) such as parameters and constraints or rules, enabling
decision-making

To define the "core data" model of
information is the first step to begin using
KARREN. It contains only the parameters
for each of the fields or disciplines
necessary to make decisions, from few
high-level requirements during the first
phases of development to a larger
amount of information during the
technical implementation phases. An
agreement is drafted between the project
participants which may evolve over the
duration of the project. Each participant
will always try to describe and define
them simply, for a better understanding,
legibility, and interworking.

2

For example, a detailed design model
from the designer’s perspective includes
hundreds of parameters. The architect or
project manager can select the key
parameters at the intersection of different
disciplines that are useful to decisionmaking and will want to track them in his
dashboard. These parameters evolve
over the course of the project. He can
compare options and do ‘what if’
scenarios. Above all, he can dialogue with
the specialists involved, working in short
cycles in working in short cycles in the
collective work of meeting target values

In this quest for efficiency, the second architectural principle of KARREN and
its ergonomics and simplicity of use. The architecture of the software was
designed to adjust to agile development principles which may be totally
different in their implementation from one project application or organization
to another. The creation of an intuitive application is a priority.
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KARREN: EXAMPLE

To illustrate the use of KARREN, let’s study the application case of the electrification of an
aircraft navigation system. One of the priorities of the aviation industry is the reduction
in weight, which leads to savings in fuel consumption and maintenance costs.
Three very different system architectures were proposed for the implementation of this
new technology.

1. "3-bar" system with electric screw-type cylinder
2. "4-bar" system with crank and rod
3. Direct-Drive
Proposals for EMA implementations

To study the system and its various implementations, we begin with defining target
values based on the project specifications (response time, mass, cost, etc.). The different
stakeholders of the project are connected via a diagram representing the connections
of the project. It establishes the links between the selected parameters and describes
the architectures, disciplines and requirements. Then the 3 structural dimensions of
collaboration appear at a glance.

Project connection diagram : mapping product parameters, requirements and studies
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KARREN: EXAMPLE

Usually, the initial results come out of a ‘silo approach’, work is done in parallel, each
engineering discipline optimizes their system according to its own constraints and
specificities. KARREN adds a global vision, and all enter into a multidisciplinary
integration and optimization work. The consolidation phase by architect and business
specialists aims at converging and finding an optimized solution in a few short
iterations, in an agile mode. This new collaborative solution is definitely better than a
solution resulting from the assembly of separately optimized components. With KARREN
you can follow the progress of the convergence as below:

Evolution of the parameter P1 over time

Iteration 1

Iteration 1

Ite 3

Ite 3

Ite 3

Specialist 1
Specialist 2

Unique design proposal

Specialist 3

Evolution of the convergence graph

At this stage of the project, the technology is validated and brought to a fair level of
maturity, but a new essential component comes into play: the financial management of
the group implementing a "target costing" policy. New constraints are introduced and
integrated into the dashboard previously driven by the performance of the system.
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KARREN : EXAMPLE

The connections are updated, new studies done. The cycles of convergence and
optimization resume, including supplier requests for quotation to optimize costs.

General dashboard of the project

All teams propose various interesting solutions, with multiple architectures and
configurations, and share relevant information. Management uses the metrics of the
dashboard to assess these according to priorities. This work is carried out in a logic and
collective way to meet requirements or target values.
KARREN is a «web» solution: each user benefits from a secure and limited access to the
project data under his responsibility. The project manager enjoys a comprehensive view
of all parameters. He can work on different scenarios, make decisions and trace them in
the KARREN system. In a future study, it will be possible to understand why a solution
was selected and eventually resume work on the alternatives previously rejected if they
meet new needs better.
The KARREN software solution is agnostic. Departments or organizations work with
their specific software tools for design, simulation, PLM/SIMU data management, designto-cost and so on.
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WHO IS USING KARREN ?
WHAT ARE THE BENEFITS ?
The KARREN software addresses a specific issue: the decision-making process in a
complex project environment - a project involving multiple technologies, multiple
stakeholders, multiple “cultures”.
KARREN transforms working conditions, establishes processes for collaboration and
information sharing among the participant of a project. It renders them more efficient
and more at ease, resulting in significant savings of time and costs, and better products,
while fostering innovation.

ARCHITECT AND PROJECT MANAGER
The actors at the forefront of a project are the architect and the
project manager. They must decide quickly and correctly. KARREN
provides them with both a synthetic view of the work in progress and
a means for rapid communication. It supports them for best
convergence of a product or system design towards the expected
specifications.

BUYERS AND SUPPORT
Buyers, like architects and project managers, need a synthetic view of
the key features of their subcontractors' offers, to be able compare
them.
In the design phases proceeding with series of modifications,
including requests for costing, KARREN brings an efficient solution for
the evaluation of the modifications, adaptation of the specifications,
update of supplier quotes...
KARREN provides an almost instantaneous response and is an
appropriate tool for value analysis approaches (Design-To-Cost),
enabling processing design margin analysis (DMA).

DESIGNERS AND ENGINEERS
KARREN was created as a non-intrusive tool for knowledge
management and passing parameters between design and
simulation. Using the connectors for their applications, designers and
engineers share key information pertaining to their work models
while staying in their personal work environment.
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WHO IS USING KARREN ?
WHAT ARE THE BENEFITS ?

LEGAL
Integrated throughout the project and the product development
process, KARREN provides fast, informed and documented
responses. Thus, KARREN solves two problems of concern to the legal
department. First, the question of the company's criminal
responsibility: choices can be substantiated. Also, if conflicts arise
between subcontractors and contractors, authentication is not based
on the contract, but on the monitoring of the exchanges between
participants. The tracing of decisions brings a conflict down to facts.

DIRECTOR
KARREN is used in the interest of the entire company. By drastically
speeding up the decision-making process, and eliminating the loss
of information-seeking time, KARREN helps to increase significantly
the number of optimization cycles of a product, thus making it
better and cheaper. It also ensures that no “deadlock” is hit for lack
of information or involvement of competent persons. Finally, as
stated in the previous paragraph, the risk of conflict between the
manufacturer and the supplier is reduced and the manager limits
his criminal responsibility.

EXTENDED ENTREPRISE
KARREN addresses the extended company. The fear of having to
disclose some of its know-how may be a barrier to collaboration
between companies.
KARREN’s
software
architecture
supports
cross-company
collaboration in complete security. Collaborating companies choose
the data they want to share, and share only basic information,
eliminating the risk of leaks. Deployed in private or public cloud, the
implementation of the solution can be instant.
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SUMMARY

DPS made an observation: a new type of complexity appeared, both
an obligation and a puzzle for architects and project managers, and
leaders as well.
The KARREN software is a collaborative software, with an intuitive
interface, addressing the challenges of this complexity by:
Connecting designers and decision makers
Converging design within limited time (cycles)
Enabling understanding between each other
- business
languages / heterogeneous cultures / divergent interests, etc.
Because of the options taken by the architecture, namely the
sharing of «basic» data, it eliminates reluctance to collaborate
between companies or departments.
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