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The introduction of an e-bike, i.e. an electric bicycle, as a new product for
an organization is taken as an illustrative example for the Daarius methodology.
By using the Daarius methodology, the trade-offs to come to an e-bike design are
explored. To keep the explanation concise, we use a simplified example com-
pared to more complex real-life cases. The added value of this methodology,
especially for complex system, is that all stakeholders get involved, communi-
cation becomes transparent, implicit relations known in the organization are
captured as qualitative relations, qualitative relations can be made quantita-
tive, and trade-offs can be addressed via option sheets. The three phase of the
methodology will be illustrated; the structuring and ordering, exploring, and
decision phases. Overall, the phases contain 9 steps, where the numbering of
the steps continues over the phases. An overview of the Daarius methodology,
including its phases and steps, can be found in Appendix A.

Based on a market analysis, a bicycle manufacture decides to introduce an
e-bike. First of all to position its brand in this growing market segment and to
gain experience with e-bike technology.

The marketing department made an analysis and thinks that there is a
market opportunity for a ”sporty” e-bike suitable for commuting. The potential
success aims at a certain market and comes with a constraint on the cost and
range. They predict that a group of roughly 5000 commuters per year could
be interested in an e-bike, if material costs are below 2100 Euro and a driving
range of at least 60 km is realized. As system architect, Bas Burns gets the
assignment to investigate, design, and realize the envisioned e-bike, based on
the predictions of the marketing department.

1 Phase 1: structuring and ordering knowledge

To structure and order the available knowledge for the e-bike, Bas will perform
the 4 steps of the first phase of the Daarius process. In step 0 he identifies the
stakeholders and the system. The involved knowledge domains for the system
are identified in step 1 and related in step 2, where they are ordered in layers
in step 3.
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As a starting point, Bas derives the system qualities considered important
for a success from the assignment, being the material cost, the range, and suit-
ability for sporty usage. Note that initially these are not completely clear nor
exact. Given these, the components that require attention are the drivetrain
to realize the electric propulsion and the frame to provide the proper stiffness
for a sporty e-bike. Besides marketing, after-sales and manufacturing can be
important stakeholders, because they have to be able to provide the required
service and timely manufacture the number of e-bikes. Bas has performed step
0, he identified the first part of the stakeholders and the system.

Figure 1: First sketch of system information, with important knowledge do-
mains, their owners, and the first properties.

To create transparency and enable discussions, Bas uses the provided infor-
mation to sketch1 a dashboard with the most important knowledge domains2

for the system, including the first properties derived from the assignment as
shown in Figure 1. For each knowledge domain he draws a box in which he
puts its name and the identified properties. When he has a good first sketch,
he decides to store the information digitally, as shown in Figure 23. For each

1A piece of paper or a whiteboard are good to sketch a dashboard.
2We define a knowledge domain as a group of people in an organization that has informa-

tion and/or knowledge on a specific topic, important to the organization and the systems it
realizes.

3In the Figures screenshot are used, taken from the Daarius tool.
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Figure 2: Dashboard with stakeholders, components, qualities, and system
knowledge domains that include images of their owners and the first impor-
tant properties.

knowledge domain, Bas identifies the knowledge domain owner, or knowledge
domain representative, which he will give the responsibility to safeguard the
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correctness and acceptability of the knowledge domain information for the sys-
tem. In the dashboard, for each knowledge domain the picture and name of its
owner are added, such that the knowledge domain responsibility becomes trace-
able. The first properties to be represented by parameters for the marketing and
system parameters knowledge domain have been included, being material cost,
usage, range, and sales target. Additionally, Bas restructures the dashboard
by allocating each knowledge domain to one of the layers used for the Daarius
methodology4; being the stakeholders, system, qualities, and realizations layers.
Note that knowledge domains where no issues are expected have been left out
to reduce the amount of information and complexity; if required for a trade-off
these knowledge domains can be inserted later-on. Hereby step 1 from the
methodology has been performed; the knowledge domains have been identified.

To design and architect the e-bike, Bas will first focus on the usability, driv-
etrain, and marketing knowledge domains. He expects that there may be a
trade-off involving material cost, usage, and range, therefore the knowledge do-
mains determining these values should be understood. Furthermore, this is the
first time an electric drivetrain has to be realized in the organization, which is
a design risk that requires understanding the knowledge domain as quickly as
possible.

First, Bas and Laura Watson, the responsible domain architect, address the
usability knowledge domain. Together they can realize a result, in a limited
amount of time, that is recognized by both and suitable for the different con-
texts, ie the knowledge domain and the system. Using a whiteboard or paper,
they sketch the information required for the knowledge domain, initially this
is often qualitative information. They start by drawing a square that repre-
sents the usability knowledge domain and add the important properties. The
first property is the usage of the e-bike, which has to be ”sporty commuting”
according to marketing. Laura states, based on her expert knowledge, that
this implies a frame with a stiffness of at least 100 Nm\◦, for which the frame
stiffness property is added. From the drivetrain a range of at least 60 km is ex-
pected, with a speed of at least 30 km\h. Additionally, a direct brake response
is expected, a wheelset stiffness of 95 Nm\◦, and a weight of at most 18 kg.
To reuse the sketched information for the usability knowledge domain, Bas and
Laura capture it digitally, as shown in Figure 3. This is a view5 for usability
in the Daarius tool, where views express details for knowledge domains in the
dashboard. The usability view6 contains the picture and name of the owner,
and the identified properties. Additionally, Laura and Bas included a qualita-
tive relation ( ) from the properties at the bottom towards the usage property,
because together these properties determine the usability. Some properties are

4The layers can be used to identify knowledge domains early in the process; knowledge
domains in a layer are connected with knowledge domains in other layers, which can help in
making the list with knowledge domains more complete.

5A view, or architectural view according to ISO 42010, expresses the system from the
perspective of a specific system concern, in our case the specific knowledge domain

6Note that the usage property is in the top and the others are at the bottom, because the
usage property relates to the system parameters knowledge domain in the system layer and
the others to knowledge domains in the realization layer.
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crossing the border of the box for the usability domain, thereby indicating that
they have a relation or are interfaces to other knowledge domains. Next, Bas
and Laura select the most important information in this view to be shown in
the dashboard of the e-bike. The information for the dashboard typically con-
tains properties that relate to other knowledge domains and insightful images to
understand critical elements of a knowledge domain. All this results in starting
to address step 2 of the Daarius methodology, the relations between knowledge
domains start to become visible.

Figure 3: Usability knowledge domain, with important properties, their relation
( ), and an illustration of the envisioned bike.

Next, Bas addresses the marketing, drivetrain, and cost knowledge domains,
together with Diana, Mike, and David, respectively. They create views for
the knowledge domains, as shown in Figure 4. The marketing view includes
properties for material cost, usage, and sales. Relations between these proper-
ties and to other knowledge domains make it possible to understand where the
property values come from. For the drivetrain, relations are identified to other
knowledge domains, including relations to the frame, costs, wheel set and usabil-
ity knowledge domains, via the properties e-drivetrain mounting, material cost,
gear mounting, and drivetrain type, respectively. The properties weight and ef-
ficiency have been identified, later-on these can become important and related
to knowledge domains in the quality layer. In the cost domain a transformation
( ) is added that has an attached model. This model computes the sum of the
property values whose arrows point towards the transformation and its result
is stored in material cost. Together, Mike and Bas identify that knowledge to
reason over options for the electric drivetrain are missing in the organization;
this critical information has to be addressed in phase 2 of the process. They
know that the gear type impacts the wheel type, therefore a property is added
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for the expected gear mounting on the wheel, with a relation that describes this
dependency. Given the identified relations to other knowledge domains, Bas can
decide to create views for these knowledge domains, together with the identified
responsible person. However, for the time being, he decides that the focus will
be on the knowledge domains already described, to explore their options and
understand their trade-off.

Bas uses the summarized information of the knowledge domains and the
most important external relations to create the dashboard, where he organizes
the knowledge domains given the Daarius layers, as shown in Figure 5. This is
step 3 and thereby the final step for the structuring and ordering phase of the
methodology. With knowledge domains ordered in layers and explicit relations
between the knowledge domains, he can check his system information on con-
sistency. Note that it is an iterative approach, where at any time the team can
go back to the first phase to add, structure, or reorder information. Typically,
initially information and relations are qualitative. In successive iterations crit-
ical knowledge domains are typically detailed and re-discussed, during which
quantitative information and relations may replace qualitative ones.

2 Phase 2: Exploring options and trade-offs

In the dashboard in Figure 5, the knowledge domains in the organization con-
sidered important for the creation of an e-bike are included. In step 4, the fist
reasoning is performed to identify tensions, after which per knowledge domain
options are identified to realize the e-bike, in step 5. Given these trade-offs,
the most relevant and promising options are selected in step 6 to be offered as
realization options for phase 3.

Mike and Bas observed that the biggest change will occur in the drivetrain
knowledge domain, where a new electric drivetrain has to be introduced. The
frame knowledge domain will have a tight relation with the drivetrain knowl-
edge domain via its mounting. Bas, Mike and Laureen identify that choosing
an options for these knowledge domains will probably result in a tension on cost
and durability; possibly a new frame needs to be designed to mount the electric
drivetrain. Thereby step 4 is performed, the expected tension has been identi-
fied, such that involved knowledge domains can be detailed to enable reasoning
on the trade-off or dilemma.

Mike and Bas capture the options, as suggested in step 5, for the drivetrain
in a model7, and identify its internal and external relations, as shown in Figure 6.
Via the property drivetrain type, one of the three options to realize an electrical
drivetrain can be chosen: a rear wheel hub-drive, a front wheel hub-drive, or a
mid-drive at the position of the bottom bracket. A front wheel hub-drive has
a big impact on the sportiness, due to weight in the center of the front wheel,
but a low development and material cost. Using a rear wheel hub-drive also
impacts the sportiness, and requires the gears to being a cogset. The mid-drive

7Models are often simple relations or options sheets, but if necessary more complex can
be used.
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a)

b)

c)

Figure 4: Views for the a) drivetrain, b) marketing, and c) cost knowledge
domains, including a transformation ( ) to summarize the costs.
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Figure 5: Dashboard extended with additional information for the drivetrain,
usability, and marketing knowledge domains.

drivetrain requires a redesign of the frame, results in sporty handling, and can
support all gear types, ie hub-internal and a cogset. For the drivetrain, using a
hub-internal gear results in a higher reliability, compared to a cogset, where the
material and development cost difference is small. The reliability requires a new
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parameter in the knowledge domain, which can be related to other knowledge
domains if critical for the trade-off. In the Daarius tool, depending on the chosen
option via the drivetrain type, gear type, and range properties, different values
will be written in the output properties of the transformation. Some of these
output properties are also connected to other knowledge domains.

Figure 6: Drivetrain knowledge domain, with a transformation that has driv-
etrain type, range, and gear type as inputs, to select the values of the other
properties.

Because the frame knowledge domain has a tight relation with the drive-
train knowledge domain via e-drivetrain mounting, Bas and Laureen also add
detail to this knowledge domain, as shown in Figure 7. Using the Daarius tool, a
transformation to select options for the frame is added, with e-drivetrain mount-
ing, brake mounting and frame material as input properties, and material cost,
development cost, weight, stiffness, and durability as output properties. For a
hub-drive solution, an existing frame with a sufficient stiffness can be reused
such that there are no development costs and the durability is high. If a mid-
drive drivetrain has to be mounted with the required stiffness for a ”sporty”
commuting bike a new frame has to be developed. For this new frame, if alu-
minum is chosen as material, the estimated development cost are 40.000 Euro
and the initial durability is unknown because experience has to be gained.

In the dashboard, show in Figure 8, new information can be added and
relations can be made explicit, to enable reasoning over the impact of chosen
options on the trade-off or dilemma for the e-bike. Based on the extended frame
and drivetrain knowledge domains, the dashboard is updated with important
system information. To make relations explicit, Bas replaces the qualitative
relations that cross knowledge domains by quantitative validations. A validation
compares the values of connected properties, by using a model, where the result
determines its color; green for true( ), red for false ( ), and orange for maybe
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Figure 7: Frame knowledge domain, showing a transformation that has e-
drivetrain mounting, frame material, and brake mounting as inputs to determine
the other frame properties.

( ). Bas uses validations8, because their colors give a good overview of which
targets are met and which not, thereby they help to identify the trade-off. Note
that the model used for a validation between knowledge domains, is a kind of
contract on how values are compared proposed by the architect and agreed upon
by both knowledge domain owners. In the dashboard a trade-off can be traced9,
on the achieved cost and the usability for the e-bike that are depending on the
options chosen for the drivetrain and the frame. The frame also has a relation
towards the durability, but Bas decides to leave this view out for the moment.

By using the dashboard, Bas can investigate the combination of different
realization options for the e-bike, write down his assumptions, and discuss the
options and assumptions with the stakeholders, as indicated by step 6. He
identifies a realization option A for a ”sporty” e-bike that requires a new frame,
which has a material cost above the set target and an impact on durability, as
shown in Figure 8. Bas discusses this option with the owners of the involved
knowledge domains to reach agreement that this is a good realization option for
the e-bike. A realization option B is to accept a less ”sporty” handling, which
meets the material cost target, by using a rear wheel hub-drive, as shown in
Figure 9. This option is also discussed with the stakeholders from the involved
knowledge domains. Thereby, two options have been selected and agreed upon
which will be used in the third phase of the Daarius process. 10

8Validations are also referred to as traffic lights.
9Often a trade-off is already observed earlier, but it becomes explicit in the dashboard.

10Note that if the system architect would have detailed additional relations he could have
found other trade-offs, leading to other preferred options. For example, if he detailed the dura-
bility relations, he might have found a trade-off concerning cost and durability that involved
the service organization.
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Figure 8: Dashboard in which the trade-off can be traced between the different
knowledge domains, given the selection of a mid-drive drivetrain.

3 Phase 3: Deciding

From the rear wheel hub-drive and mid-drive e-bike realization options, a deci-
sion has to be made on the preferred realization option. Step 7 in the Daarius
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Figure 9: Dashboard showing the trade-off between the knowledge domains,
given the selection of a rear wheel hub-drive drivetrain

process is making the trade-offs explicit for each of the e-bike options and de-
ciding on the option for the system realization. Finally in step 8 the decision
together with its motivation is recorded.
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In step 7, Bas uses the dashboards, shown in Figures 8 and 9, for the
two options to highlight the trade-offs and discuss their acceptability with the
stakeholders. In both dashboards, the trade-off can be observed by considering
property values for which validations are not true and how this propagates
towards the system parameters knowledge domain. In Figure 8 this concerns
the frame cost of 600 Euro of the cost knowledge domain, which propagates such
that the validation between the cost and system parameters knowledge domains
becomes not true. For the mid-drive option, the trade-off involves the material
cost parameter in the frame, cost, and marketing knowledge domains, and for
the rear wheel hub-drive the usage parameter in the drivetrain, usability,and
marketing knowledge domains. For the mid-drive e-bike option, Bas checks
with the stakeholders from involved domains where targets are not met, being
Diana, David, and Laureen, if exceeding the material cost target is an option.
For the rear wheel hub-drive option, Bas checks with Laureen, Laura, and Diana
if an e-bike with ”urban commuting” as usability would be an option. Bas needs
to investigate which of the negative options is the best to take. He can compare
options by using a Pugh decision matrix11 that he can make together with
involved stakeholders, in which for each option its score on different qualities is
determined. For the e-bike, the stakeholders could indicate that material cost
is essential and that designing a new mid-drive based frame is risky, such that
a rear wheel hub-drive option is selected.

In a meeting with all stakeholders, from knowledge domains involved in the
trade-off and relevant in the organization, Bas explains his decision on the most
suitable option to realize the e-bike system. Bas brings together the stakeholders
and explains the selected most suitable option and its trade-off. Bas can use
the dashboards to explicitly explain the impact of each trade-off and also briefly
address the alternative options. Together the stakeholders should understand
and agree on the preferred option to realize the e-bike system.

In the final step 8 of the Daarius process, Bas records the decision and it
rationale, such that later in the life-cycle of the e-bike it can be understood.
Bas records the decision, the arguments, and the accepted trade-off12. It can be
helpful to also store not selected options, with their trade-offs and arguments
why they have not been selected, to avoid rework in next generations of the
product if the option pops up again. The recorded decision can be communi-
cated to the teams.

A Daarius methodology overview

The Daarius methodology, shown in Figure 10, consists of a method, a system
structure, a language, and the Daarius tool. The language is the formalism used
to express the system in the system structure. The system structure restricts and
orders the information to keep it understandable, it provides multiple levels of
abstraction. The ordering and restrictions are achieved by applying the Daarius

11A Pugh decision matrix is an approach to score options and thereby quantify them.
12The Daarius tool already supports recording of versions and decisions.

13



method. Finally, the Daarius tool supports the formalism and the structure, such
that information can be recorded, to reduce the storage effort and additionally
support executable models.

Figure 10: Daarius methodology including a process, structure, formalism, and
a supportive tool.

The Daarius method consists of three phases and has 9 steps. In the struc-
turing and ordering phase, 4 steps are performed to identify the knowledge
present in the organization that is relevant for the system. This information
is ordered in knowledge domains and the first relations between these domains
are identified. The exploring phase identifies options to realize the system and
determines their trade-offs. With the stakeholders, the most promising options
are selected, to be considered in the last phase. In the deciding phase, the
trade-offs are examined together with the stakeholders and a decision on the
options is made. This decision and its rationale are recorded.

The Daarius structure consists two levels of structuring. Firstly, informa-
tion and knowledge of teams on a specific topic in an organization is structured
in a so called knowledge domain. Thereby, explicit relations can be identified
and agreed upon between parameters of knowledge domains. Secondly, these
knowledge domains can be grouped in different layers; the stakeholder, appli-
cation, system parameter, quality, and realization layer. Each layer contains
domains from a certain kind. The layer structure has been chosen to enable
reasoning about the impact of decisions, by enable tracing from realization to
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Table 1: LEs to describe a knowledge domain structure
LE Usage

Block Creates structure, or qualifies an entity, with its name.
Image Clarifies or illustrates other LEs.
Text Annotates or explains a LE.
Parameter Quantifies an aspect from a block.
Model Makes the relation of a validation or transformation explicit.
Validation A comparison of parameter values to satisfy a given condition.
Transformation A transformation of input values into output values.
Relation A qualitative relation between parameters, blocks, images, or text.

stakeholder. Typically, knowledge domains have relations to knowledge domains
in layers above and below. Relations between knowledge domains in a layer in-
dicate limitations on design freedom.

The Daarius language structures information in knowledge domains, with
the eight language elements (LEs) given in Table 1 and illustrated in Figure 11.
A block qualifies an entity of a knowledge domain. Note that for this document,
a block will be used as the main entity of a KD. Images or texts can be used to
clarify an entity represented by a block or other LEs. To quantify properties of
an entity, parameters can be used. Quantitative relations between parameters
are described using a transformation ( ) or validation ( ). A transformation
has an attached model, which can compute the values of output parameters
based on the values of input parameters. A validation compares the values of
parameters, also via a model, and shows if the values are the same, different,
or almost the same, by showing a green, red, or orange color, respectively.
Examples of models that can be used are mathematical expressions, simulations,
executable code, or look-up tables. A relation ( ) can be used to express a
qualitative relation between LEs.

Figure 11: Example of the LEs from Table 1.

Finally the Daarius tool provides a web-based interface to record and order
information for the Daarius methodology. The Daarius tool supports the usage
of the Daarius language and its structure. Multiple users can simultaneously
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order or update information for their knowledge domains and observe informa-
tion of other knowledge domains. Thereby, a central source of truth is created,
where versioning is available to trace decisions made and structure used in the
past.
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