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Abstract

An architectural dilemma is an important and difficult architectural choice that has simultaneously advantages and
disadvantages. Exploring the effects on a variety of system aspects and KPIs is an important task for system architects. The
clarity this exploration process provides helps in the end to decide what is the best choice. This exploration can be performed
systematically and in a stepwise approach, based on the Model-Based System Architecting methodology. This paper provides
the guidelines to execute and consolidate the dilemma exploration, in order to make a balanced and underpinned decision.
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1. Introduction

Making choices is essential for product innovation. One of the key tasks of a system architect working in an industrial
environment is to understand the impact of an architectural choice. The expected impact of the change should be made as
concrete as possible and, when feasible, in quantitative terms. When multiple options exist for a single choice, i.e. when
various realization options exist, their effects on crucial system aspects such as cost, performance, and quality must be
compared. Choosing the best option can be difficult as each choice has different advantages for different aspects: a
dilemma.

To grasp the impact of choosing an option, one should be at least knowledgeable about the relations and dependencies
between critical parameters of the system architecture under design. E.g. how is a particular choice affecting the cost,
performance, quality? One can pose questions about the needed investment for manufacturing in the factory, the cost of
replacement for the service department, etc. These consequences can go far beyond the properties or performance impact
on the product, usually considered by a product architect!

In industrial practice these dependencies are not crystal clear and reside mainly in architects' heads, because these
relations are seldom made explicit, let alone be captured, modeled or documented, and conscientiously maintained in a
tool. Due to this fact, rarely agreement exists on these important matters [12], [13]. Many architectural concepts,
mechanisms and parameters are often misunderstood, and consequently parameter values are regularly debated, as
quantitative models are lacking.

Depending on the company and its approach to knowledge and expertise management, there is sometimes discussion on
who is knowledgeable or responsible for a specific area. In large companies the knowledge and skills are distributed
among a large group of employees. As each knowledge area has a vague boundary, overlap of these areas cause many
times disagreement. The factor of multi-disciplinarity adds to the problem as languages differ per discipline.

It is clear that for technically complex systems the impact of a choice is hard to establish in practice, especially when
dealing with large teams of architects, in multi-site development, and in the context of a large number and variety of
stakeholders. The system architect should be supported in this daunting task as much as possible.

In this white paper we describe guidelines for dilemma exploration using the model-based system architecting (MBSA)
approach [7], [5], [14]. The exploration will lead to an well-understood and communicable overview, and the gained
insights will be extremely useful in decision making.

1.1. Intended audience

This document is intended for everyone involved in the activity to resolve the architectural dilemmas. We can generally



identify several classes of audience:

e The system architects and the domain architects.

e The direct managers of the architects.

e The decision makers related to project milestones.

e The engineering specialists and other experts that contribute in the exploration process.

e Other stakeholders of the system.

1.2. Outline

Chapter 2 describes in detail the application of MBSA in dilemma exploration, in the form of a cookbook. Guidelines are
given step-by-step to enable a structured way of working, hence the term 'cookbook'.

2. Exploring an architectural dilemmma

A system architect performs a large variety of activities as mentioned in the Introduction. Variability and context-
dependency of architecting activities play a major role in MBSA. This chapter will show a typical flow of a systematic
model-based way of working.

An architectural dilemma is a difficult architectural choice due to tension in the architecture caused by conflicting interests
or interacting effects. For example, system performance and system cost are connected in an intricate way: deciding for
more expensive resources will have a positive effect on performance, but a negative effect on cost (lower is better). What to

choose?

Very often the most important work for a system architect is creating clarity in dilemmas, or making certain tensions in
architecture or system design explicit. This will help in deciding what to do as it provides an underpinning or
substantiation by quantification. To create clarity, the dilemma should be analyzed: find out which parts of the systems are
involved, what is being affected and how big the impact is (e.g. on system KPIs). This question cannot be answered
immediately due to the intricate dependencies and complexity of the system and its context.

The MBSA approach will help in systematically uncovering and exploring the relations. The list of steps below can be
followed to explore an architectural dilemma. In the end a balanced decision in the dilemma can be made based on the
provided architectural information and the built-up knowledge and reasoning lines.

We have for the sake of clarity dissected dilemma exploration into a sequence
of discrete steps. Please keep in mind that in practice these steps can be taken in
a different order, partially executed, or even skipped.

We have experienced that sometimes the dilemma 'evaporates' when doing the exploration. The dilemma was in that case
not a real dilemma, but a poorly understood problem or based on wrong assumptions (that were corrected during the
exploration). In those cases no further steps are needed, and the exploration ends.

2.1. Starting point: shared high-level system information

Step 0: share system knowledge

It is possible to use a CAFCR analysis results [2], or to use available overviews (e.g. A3 architectural overviews) as starting



points to achieve a shared knowledge level. Typically, these results usually contain uncertainties or are still somewhat
vague. This naturally leads to a lot of misunderstandings and misconceptions within the team, which eventually may cause
repetition of work and significant delays.

When available, the following small set of views on the system can be helpful to use as a starting point. Usually these views
are in the form of sketches or diagrams:

e Functional View showing the decomposition of system functions. This may include system dynamics in the form of
process descriptions.
e Physical View showing the decomposition of tangible system parts and relevant environment.

e Stakeholder View showing the stakeholders and their concerns and needs.
When these views are not available, just start with step 1.

2.2. Create information overview

Step 1: identify knowledge domains

Give a name to the dilemma and try to explain the current thoughts. Be prepared for a lot of discussion, questions, and
requests for explanation. Identify the important knowledge domains related to the current dilemma. This is needed to be
sure all relevant arguments and consideration are taken into account.

e [tis important to give a concise name to the dilemma, to be able to refer to it in various communications.

e The dilemma 'owner’, the person responsible for investigating the dilemma, or the one to resolve it, should be named.
Of course, in practice usually a team is involved in the exploration and resolution of a dilemma, but it is important to
assign a single responsible person.

e Use the 4-layer MBSA overview structure to guide your identification process: stakeholders, system, aspects, realization
elements / building blocks, see Figure 1.
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Figure 1. The MBSA structure containing the information of and the information flow between the most important system
elements and stakeholders [7].



Step 2: determine owners

Determine the owner of each knowledge domain determined in the previous step. There is only one person who is
respensible and can make decisions (1] Attaching a name tc knowledge domains helps tremendously in the
communication process, as it clearly defines the role with respect to the system and within the architecting process.

Step 3: determine shared aspects and concepts

Determine the important system aspects and concepts of each knowledge domain at the overview level that are related to
the dilemma, e.g. reliability, cost. Identify what the relation is of a certain knowledge domain to the dilemma. Why is this
domain mentioned? What concept, term, notion is used to express this? If no relation can be found, leave it out. To check if
the concept is at the correct level, the overview level, the concept (term, or notion) should be relevant to other knowledge
domains.

Step 4: determine critical parameters

Determine the important and critical parameters. Parameters are attributes of concepts: they refine or characterize the
concept and have a value and a unit, see [7]. For example: a concept 'power supply' has a parameter 'output power'. What
are the parameters that have an effect at the system level, on the system structure or system behavior, or on the business
related to the dilemma? These parameters are generally called 'critical'.

e In case the critical parameters are unknown, determine why? Is there a gap in knowledge? This is a serious issue and
should be addressed with priority.

e The 'owner’ of the critical parameter is by nature determined by its knowledge domain. It is important to assign an
owner to have a single responsible person; this is a good way to control and manage the discussions about the critical
parameter.

Step 5: identify the main system process

Identify the system process(es) related to the dilemma [2]. Each system has a core functionality that can be expressed as a
process: the system does something with input and produces output. E.g. a printer delivers ink into paper using a very
specific and well-defined process. Explore the process steps, its inputs, its outputs and the sub-systems that realize the
function. This will provide the right context for the dilemma exploration.

Step 6: identify variation points

Determine the variations that are important at system level. Where are items in the system or its context that can change:
product configurations, scenarios, user modes, input materials, etc.? This is important as the dilemma may work out
differently for each variation, and it is crucial to understand the impact across the variations.

Step 7: determine realization options

Determine the realization options, the possible ways to realize a particular part of the system. These realization options
have associated properties that differ per variant, which can be expressed in a so-called option sheet. A simple example is
shown in Table 1. Note that the values are not essential in this phase of the exploration.

e The system parts, often called 'building blocks' must be positioned in the realization layer (see Figure 1).

e Limit yourself to the main choices that in essence expose or create the dilemma at system level.
Table 1. An example of an option sheet

Power supply type cost weight output power



Power supply type cost weight output power

Regulated 100 $ 1kg 200 W
Unregulated 50% 1kg 200 W
Programmable 1000 $ 2 kg 150 W

Step 8: identify influences on other knowledge domains

Identify the (consequences and) influences on other domains due to a choice for a certain realization option. In particular,
analyze whether the dependent parameters in the previous step are used in other domains. There should already be
relations to the dilemma as identified in step 3 and 4. It is important to do this for all realization options in order to fully
cover all impact. This tracing of influences crosses many knowledge domains: e.g. one can reason from realization element
via aspects and system domain to the stakeholders domains 131, Also dependencies between the domains in one layer (so-

av ayict [4]
iidy Caist .

Step 9: focus on the important stuff

Reduce the amount of domains/connections/relations by hiding them from view. This clean-up based on the thus far
developed insights, creates more focus on the dilemma and makes it easier to explain.

e Obviously, this is a generic guideline that can be done often.

Step 10: re-assess the influences

Estimate the largest influences and most important relations between the domains (that remained after step 9) involved in
the dilemma. This may be an influence via different paths. This step intends to limit the exploration effort: in this way we
focus on the important influences only.

Step 11: determine the workflow

Create a view of the workflow. How is the system playing its role in its context [512 Which actors are involved, how are
materials entered into and moved out of the system, is there interaction between the actors, how much time is involved in
all steps, etc.? This will lead to clear indications where the dilemma has an impact on the workflow.

Step 12: checkif the dilemma is visible

Check the visibility and existence of the initial identified dilemma at the aspect level (layer 3). At this level the influence on
the various system aspects (see Step 3: determine shared aspects and concepts) must be clearly visible: e.g. one choice
should improve one aspect while deteriorating another aspect, and another choice should have the reverse effect.

Step 13: check the dilemma owner

Typically, a dilemma is 'owned' by (or the responsibility of) one architect, see Step 1: identify knowledge domains. The
dilemma owner has the responsibility to explore and resolve the dilemma. Check if the 'dilemma owner' is still correct,
given the gained insights.

Step 14: check the knowledge domain owners

Revisit the owners of all knowledge domains. Sometimes the earlier indicated owners (see Step 2: determine owners) are
considered incorrect when time passes and the exploration progresses.



2.3. Zoom-in on knowledge domains

Step 15: identify the important concepts and relations in the knowledge domains

Step into the knowledge domains and work out the most important and so-far 'unknown' (or unclear) concepts,
parameters, and relations i1,

e This is work for the knowledge domain owners as they (and the supporting teams) have domain knowledge and are

responsible for the information about the domain.

Step 16: quantify
Quantification of the concepts, parameters, relations. Here the intention is to refine qualitative relations. A qualitative
relation between concepts can be refined by translating it into (a set of) quantitative relations (functions) between

parameters of the two concepts, see also Step 4: determine critical parameters.

e Be aware that this is an expensive step: it takes a lot of effort to create quantitative relations. This can take easily ten

times the effort of creating qualitative relations!
® Decompose concepts into smaller concepts, when relevant for expressing values.

e Characterize each concept using parameters. E.g. a 'Power supply' (concept) has the following parameters: ‘power
output|, 'power input', 'output voltage', etc. When relevant also 'weight’, 'width', 'height' and length’, etc.

® Determine values and units for parameters; when this is difficult, use indications (+/0/-), or by reference (comparisons

to the values of existing systems or components).

Step 17: model the usage scenarios

(3]

Work out conceptually usage scenarios 1°1. What is the end user doing with the system? Which steps are taken by which
actor, in which order and at what time? Note that this more detailed exploration will provide requirements, assumptions
and constraints for each step in the scenarios, which should be captured carefully to establish the link to the dilemma.

e The scenarios can be expressed in state machines, Gantt charts, swim lanes, or time lines. Choose a usable granularity

level for discussion.

e Determine for each step requirements, assumptions, constraints, timing information, and specific properties related to

the dilemma.
e In case of a multitude of scenarios, think of weighting the scenarios.

0 Weighting scenarios can be done e.g. by estimating occurrence at the customers, or measured in field data. This

should help to focus on the most important, worst case, or best case scenarios.

Step 18: connect to existing dilemmas
Try to connect the reasoning about the dilemma to already existing information about other dilemmas, good/bad-weather
scenarios, and MBSA analyses. This will deepen the understanding and allows to relate system considerations and

reasoning threads.

Step 19: quantify parameters that cross the domain boundary

Quantification of parameters that 'cross' the boundary of the knowledge domains. When different knowledge domains use
the same parameter, one should be very careful: it is by no means clear if the parameters have the same meaning!
Typically, different domains have different vocabularies and for good reasons. Sometimes a translation is required,

however it is clear that a strong dependency may exist.



e Use simple statements to explain the parameter in both knowledge domains. Making things quantitative and using

simple formulas quickly leads to better understanding of the key differences.

e Indicate also the assumptions made. The validity range for the values can be expressed in each domain, or for each

calculation.

e Check on inconsistencies in values.

Step 20: check assumptions in the domain

Re-assess or validate the assumptions, models and statements in each knowledge domain. This is needed to increase the

validity and precision of the reasoning over knowledge domains.

e Express the assumptions and statements using parameters and value ranges.

e [f possible create a traffic light to indicate the status of an assumption: a green traffic light shows that the assumption is

met, red indicates a violation. An orange color may indicate that the assumption is nearly met.

2.4. Refine iteratively

Refine the information in the overview and all knowledge domains to arrive at a sensible level to be able to easily reason
about the dilemma. This may take many iterations. Parts of steps 1 to 20 can be re-done, deepened, and checked with newly

acquired knowledge and skills [7].

Step 21: add models

Assess whether more detailed models are needed to understand and calculate certain aspects and their associated
parameters in the context of the dilemma exploration. The more detailed models typically have a higher level of accuracy.
Note that accuracy alone should not be the main reason to add the models. Sometimes an accuracy of 20% as perfectly
acceptable, in other situations a higher accuracy is required to make a decision [8] in the (early) architecting phase of
system development. Detailed models are usually already developed within a certain knowledge domain, and the

knowledge domain owner will know about them.

e Identify the modelers among the experts and specialists in each knowledge domain.

e Identify their models and the overall information about these models (purpose, input / output, assumptions, context and
other contributing factors). Note that in industrial practice also many valuable models exist that are not shared.

® Check the expert models for calculation time, and if they are fit for the purpose of analyzing the dilemma. Discuss

whether more abstract or simplified models are appropriate.

Step 22: reason across domains

With the growing knowledge and confidence we can now reason across multiple domains about the dilemma. This should
be done and exercised with an audience (in the team of architects, or other stakeholders) to receive immediately feedback
when things are missing, or wrong turns are taken. Admit and express that this activity is continuously in progress and the
most difficult part of the dilemma exploration. This obviously requires a large degree of trust and a cooperative mindset

within the team.

e Start the reasoning about the dilemma at the choices available in the realizations. From there follow the relations and
traffic lights to other knowledge domains. Explain the impact in each domain. By following the relations the reasoning
thread can traverse across many knowledge domains, including those of the stakeholders.

e [t is also possible to start the reasoning thread at the stakeholders' concerns. In fact one can start anywhere.



e Note that the reasoning is done in the perspective of making a decision in the dilemma.

2.5. Finalize

Step 23: create a clear message

Now it should be possible using all the gathered information that explicitly describes the dilemma, to create a clear
message. This can be done in the form of a story or presentation, in order to provide clarity or stimulate discussion about
the dilemma in the team of architects or for senior management (and other decision makers). Having a clear story is
crucial to obtain management commitment and buy-in based on insights.

e The impact at the stakeholder Ievel is obviously of great interest for the stakeholders. Start therefore the reasoning

about the dilemma at this level and work towards the choices available in the realizations.

Step 24: decide on the dilemma

In the end a balanced decision in the dilemma can be made based on the provided architectural information and the built-

up knowledge and reasoning lines.
e The evaluation of the choices must be presented in a concise way, e.g. in Pugh matrices showing benefits vs. costs
comparisons.

e Decisions are usually taken by the architect, the team, and senior management (and other stakeholders such as
representatives of business units, and marketing and customer support departments) together in a decision meeting
setup. Therefore the decision meeting must be thoroughly prepared to be able to make an substantiated decision.
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Appendices

Appendix A: End notes

1. Of course more people may work in a domain and can contribute valuable information

2. Tt is possible that this step has already been addressed to some degree in Step 0: share system knowledge

3. This reasoning (vertically) over layers and domains is called in the CAFCR framework of Gerrit Muller [1] 'threads of reasoning'. See
also [7] for discussion about reasoning across the MBSA structure.

4. Horizontal dependencies require in general special attention as they tend to complicate matters significantly. There is a significant
semantical difference between horizontal and vertical relations in the MBSA structure; for more discussion see [7]

5. This is a perspective at the super system level, thus is a view of the context of the system. We consider this view as a system aspect,
and therefore resides at the aspect level in the overview.

6. This can be similarly along the steps Step 4: determine critical parameters to Step 6: identify variation points, and Step 9: focus on the
important stuff, only now in the knowledge domain.

7. This acquiring of knowledge, modeling and reasoning skills is also a goal of this dilemma exploration activity. The growth of the
knowledge and insights should drive the architect (and his team) to iterate over the overviews and knowledge domains, and
‘continuously' add new information.

8. This is obviously just an indication. Use a reasonable accuracy while considering the effort to calculate it.
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