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System architects perform Modeling of Systems and their context to support communica-
tion with stakeholders, to facilitate reasoning about system requirements and design, to
support decision-making, and in general to create and maintain understanding, insight,
and overview. The challenge in modeling is to find an appropriate abstraction level, and
to make sufficient progress.

In this paper we discuss how time-boxing and iteration over multiple views and mod-
els help to address both challenges. Time-boxing and iteration fit in a broader modeling
method that we will discuss briefly to provide the background.

We will illustrate the approach with models made as part of the System Modeling
and Analysis course at Buskerud University College. An especially interesting finding is
that very short time-boxes of 5 to 15 minutes provide sufficient time to create usable
first instances of models. Later iterations with somewhat longer time-boxes improve the
quality of the initial models.
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1. Introduction

IEEE1471 (IEEE1471, 2000, Hilliard, 2001) introduces the notion that architecture
descriptions consists of models. Models capture one or more specific views. The
combination of stakeholder and a specific concern is a view. Following this line of
reasoning many models are needed to create an architecture description. Standards
such as DoDAF (DoD, 2003) provide many predefined views.

Currently the term model is also fashionable as a means to streamline the engi-
neering process. Model-Based Design (MathWorks, 2009), Model Driven Architec-
ture (OMG, 2009), or Model Driven Engineering are approaches where models are
used to specify, but also to design and engineer. These approaches are propagated
by commercial tool vendors, such as The MathWorks and IBM. Tools support the
creation and management of models. These models are also used to generate the
final realization details, without further human intervention.
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In this paper we discuss the use of models as a means of communication and
discussion between stakeholders and as a means to reach design decisions that fit
in the context and lifecycle of the system-of-interest. These models follow the idea
behind ITEEE1471, where models relate to stakeholders and concerns. These models
serve mostly to help human stakeholders to understand problem and solution space
and to reason about alternative options.

The emphasis of this paper is on the need to iterate over views, representations
and abstraction levels. Cernosek explains in (Cernosek and Naiburg, 2004) that the
value of modeling is to better understand the situation, to craft a better system, to
build and design a system architecture, and to create visualizations of the imple-
mentation. In Fig. 1 of the same paper it is shown that modeling can be used at
many levels of abstractions and in many stages of the development lifecycle. This
figure, however, also suggests that models with increasing abstraction levels are
made later in the lifecycle. As opposed to this, this paper advocates to make more
abstract models early in the lifecycle.

2. Research Methodology

The modeling and analysis methods and techniques presented here are researched
by applying the methods in the classroom and in workshops in industrial practice.
The students or industrial employees are guided through the modeling approach
in typically three to five days. The author of this paper is the teacher c.q. the
facilitator as well as the observer and the data collector in a simultaneous way. The
main purpose in this phase of research is to collect case material and anecdotal
material about successes and failures.

This paper is based on the 2007, 2008, and 2009 editions of this course and
on workshops derived from this course in companies in healthcare, semiconductor
equipment, food preparation, and in defense systems. From the more than ten differ-
ent cases and domains we use the manufacturing facility case, modeled in the 2007
class, as illustration for this paper on time-boxing and multi-view iteration. So far
about 20 students participated in these courses and about 70 industrial employees
participated in the workshops.

3. Case Description

This paper illustrates the modeling approach and especially the time-boxing and
multi-view iteration by showing the results of one group of students who modeled a
manufacturing facility for the course Modeling and Analysis. This course, taught at
Buskerud University College (BUC, 2008), is a one-week course followed by a ten-
week project. The master students have to model an actual system in its contexts,
in a group of two to four students. This actual system is preferably the system they
are working on in daily practice, with some actual challenging problem.

This case study, the manufacturing facility, manufactures metal components
that require lots of (high precision, high quality) machining and processing. The
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facility consists of a set of large halls with huge machines, lots of operators and
supervisors, and stocking areas. Due to its historic growth the facility is a maze.
The combination of high precision machines and experienced operators and process
engineers allows the factory to produce the high quality that is demanded by their
customers.

The factory produces many different types of components. However, the equip-
ment is often shared in the production line for different components. The organi-
zation is somewhat machine centric, partially caused by the high investment cost
of the equipment. The IT infrastructure for logistics (ERP) and configuration and
data management (PDM) is centralized.

The problem that needs to be addressed is the production planning for a new
class of components, to be produced in the near future. This requires extension
of the production capacity, but it also requires increased capabilities in size and
quality.

Two out of three students of the group who did the modeling actually worked at
this facility. During the course both author and students visited the facility, which
helped them tremendously to understand the system (the manufacturing facility)
and the challenges it is facing.

4. Modeling Approach

Figure 1 shows the objectives of modeling as taught in the course and
the principles underlying the course (for all course material see http://www.
gaudisite.nl/MA.html). The main objectives of modeling a system and its context

objectives
| support communication |

principles recommendations
use feedback » | Time-box |
work incremental translate into T
work evolutionary I gate l
be explicit IQuantify early |
make tangible i
help to lMeasure and validate |
achieve I Multiple levels of abstraction l

I(Simple) mathematical models

Analysis of accuracy and

|faci|itate reasoning | credibility

| support decision making | o [ Mult-view |

create _unc_iei:ftanding translate into |System and its context |
maintain o9 - ;
overview I Visualize l

Fig. 1. Guidelines from the course System Modeling and Analysis, showing the objectives, the
underlying principles, and the derived recommendations for the modeling approach.
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are the following:

e to support communication with stakeholders

e to facilitate reasoning about choices in problem space and solution space

e to support decision-making and

e to create and to maintain understanding, insight, and overview

All of these objectives belong to the core of systems architecting and address prob-
lems occurring everywhere in engineering projects of complex systems. We apply a
number of principles throughout the course:

e use feedback (a very common principle in many engineered systems, but also very
common in biological systems!)

e work incrementally

e work evolutionary (see the book by Gilb about incremental and evolutionary
methods (Gilb, 2005))

e be explicit and

e make issues tangible

In complex projects, stakeholders and engineers sometimes use the complexity as an
argument to stay vague and to keep many options open. This tendency camouflages
problems and limits the insight. The principles be explicit and make issues tangible
are countermeasures for this behavior. The modeling approach offers means to be
more explicit and to make issues more tangible.

The objectives of modeling and the underlying principles are translated into ten
recommendations at the right-hand side of Fig. 1. In this paper we zoom in on the
time-boxing and iteration. However, the success of the approach itself requires the
combined application of all recommendations. In (Muller, 2008) the approach is
described in detail, including the other recommendations.

5. CAFCR+: A Framework for Views

One of the essential messages of the modeling course is that the system-of-interest
has to be modeled in its broader context. In the course we use the CAFCR+ model
as framework. Note that other frameworks, such as DoDAF, could also be used.
The main purpose of the framework is to provide guidance for what to model,
and especially to help designers and engineers to broaden their horizon beyond the
system-of-interest.

Figure 2 shows the views in the CAFCR+ model. The Customer Objectives and
Application views model the what and how respectively of the customer: What does
the customer want to achieve and how does the customer achieve these objectives?
The Functional view is the black box view of the system, the what of the system,
describing all system requirements: its functionality, its interfaces, but also its quan-
tified performance figures. The Conceptual and Realization views describe the how
of the system. The how is described at the more re-usable conceptual level, and
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Customer Application Functional Conceptual Realization
objectives

Lifecycle

Fig. 2. Views in the CAFCR+ framework.

at the faster changing realization level. Note that many quantified requirements
in the Functional view can only be verified against a realization. Finally, the Life-
cycle view describes the what and how of the lifecycle of the system, from creation,
production and maintenance, up to disposal.

The CAFCR+ framework provides six main views. However, in every main view
there are many relevant views again. Muller (2004) provides a collection of sub-
methods per main view.

6. Multi-View Iteration

We emphasize the need to iterate quickly over different views as well as the need
to zoom-in and to zoom-out. Zooming in and out actually is iteration over different
abstraction levels. The idea behind fast iteration is that the why of some need,
problem or solution is often either in the broader context, e.g., a view with a broader
scope, or in some detail, e.g., a view with less scope, or zooming in more in the same
view.

Our experience is that many designers tend to work out the same view until they
consider it “ready”. We, on the other hand, force designers to switch views much
more rapidly, by the use of time-boxes. We assert that designers need an under-
standing of the why to make sensible views. After all, how can designers “finish” a
view, when they do not understand its why?

Figure 3 shows all the flip-overs made by the modeling team working on the man-
ufacturing facility. These flip-overs have been positioned relative to the CAFCR+
model, and the order of creation is denoted by the numbers.

The use of flip-overs early in the process facilitates fast drawing and discussions.
It also prevents participants losing themselves in tools or details. Flip-overs invite
participants to sketch rather than make the perfect diagram. The flip-overs are
taped to the walls of the classroom. The team gradually builds an understanding of
the system and its context on the wall. The flip-overs serve as the common memory
of the team. Team members can easily remember and refer to the material, since
they created it together.

Figure 4 shows how these flip-overs are attached to the wall. Here one partic-
ipant is explaining what they did during the last time-box. All flip-overs at the
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Customer Application Functional Conceptual Realization
objectives

Fig. 4. Presentation of intermediate models in the classroom.

right-hand side belong to one single case, the flip-overs at the wall at the back are
from another case.

Figure 5 shows the iterations more clearly as a flow in different sessions. The first
session is a fast scan of all views. Flip-over 8b is a list of most relevant qualities that
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Fig. 5. The same flip-overs as before, annotated with the iterations over the half-day sessions.
During the course three iterations have been made over the system in its context, plus some
integrating and reflective sessions.

connects all five CAFCR, views. The first session is a bottom-up scan, starting at
the realization. The idea is that most designers have sufficient concrete knowledge
about the system itself. Our experience is that starting top-down, with customer
objectives, tends to result in too academic results. By working bottom-up the par-
ticipants are working upwards by repeatedly asking why questions. At the end they
present their results top-down to the other teams. Often many questions pop-up in
filling in the later views (e.g., customer objectives and application) about the design
(howis the system realizing this?). These questions will have to be addressed in later
iterations.

Sections 2 and 3 start in the middle and work in two directions. In this iteration
the views are better visualized and further elaborated. In Secs. 4 and 5 quantifica-
tions are added. Quantifications force designers to be sharp and concrete. Section 6
focuses on the lifecycle view. Sections 7 and 8 are attempts to integrate the results
and to get more to the “big picture”. Sections 9 and 10 analyze the results of the
modeling and reflect on the modeling and its results.

In one week the participants have gone at least three times over all views. This
provided them with a shared overview of problem and solution space.

7. Time-Boxes, Duration Guidelines

The duration of working on one view must be limited in order to make the iteration
principle work. The natural tendency of teams is the need to “finish” a view before
going on to the next view. This behavior potentially means that teams might need a
large amount of time for a single view, certainly when the view (nearly) matches the
expertise area of one of the team members. To counteract this we recommend the
use of time-boxes: before hand set the duration of working on a view. The duration
of time-boxes can be as short as 5 minutes in early iterations and may increase
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to days for substantial models later during product creation. The main purpose
of time-boxes is to ensure that the designers see other perspectives early, and to
prevent the designers getting lost in depth.

The most common situation in Product Creation is that a new product is derived
from previous product(s), building on previous knowledge and experience. The
course focuses on this mode of incremental innovation rather than on the rare
occasion of green-field product creation from scratch. Both managers and designers
tend to assume that the team working on the new development shares a common
understanding of the previous product(s). Our experience contradicts this assump-
tion: team members have approximately the same understanding, but biased by,
and limited to, individual perspectives.

The very first iteration, the quick scan over all views, has as its main goal to
create a shared understanding in the team, and to create an overview. Getting
a shared understanding is needed at the beginning of the creation process. We
have been using time-boxes of 15 minutes for this first iteration many times. Our
experience is that 15 minutes is sufficient. Most often the facilitator has to chase
the participants to switch to the next view in time. In one occasion, with very
experienced designers, less time was used in this first iteration.

For the next iterations time-boxes of typical 40 minutes are used. Such a longer
time-box, in combination with a more specific focus, allows a discussion in more
depth. Our experience is that deepening an issue can be done in 40 minutes, while
giving more time than 40 minutes is often not effective. Teams tend to start to repeat
previous discussions after about 30-45 minutes. So we either plan a reporting session
after 40 minutes or we provide a new focus.

Figure 6 shows an example of typical iterations and durations of the time-boxes.
In this example three iterations are done in two days. The story telling and use case
iteration zooms in on one specific use case, providing an in-depth sample of problem
and solution space.

bottom-up top- second iteration story ->use case
down
R|C|F|A|c|a CA F L | cr CA F|CR TOR
> 2 2t 2t 2t 2 BT
R|C|F|A|clai€8 | cA (28] F {298 | crR 28| cA |28 |F|cri&%g| TOR {28
D O 9o 9o O O 9 o 9o KA T)
sy 3 sy 7 2o g T g T sy 0 oo
R|C|F|A|cla CA F i | crR CA F|CR TOR
/ A
shared improved depth 15t big
overview overview insight picture
<+———day 1 = < day 2 >

Fig. 6. Example of Timing of Iterations. In this example three teams work in parallel. The
first morning 15 minute time-boxes are used. Later time-boxes are typical 40 minutes. Plenary
reporting typical takes between 30 and 60 minutes.
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These short time-boxes work well in the classroom, but we have also applied
them successfully in workshops for actual projects. After several fast iterations the
time-box duration will have to increase to achieve sufficient depth of modeling and
analysis. However, we recommend to keep on using time-boxes also during later
design and engineering, with a maximum duration of few days.

8. Case Results

The manufacturing facility was originally modeled as a simple 2D map and process
flow, see Fig. 7. Note that this is a cleaned-up version of the original flip-over
sketches. Both diagrams have annotations that surfaced during the discussion, e.g.,
the fact that transportation requires a truck and the number of people involved at
the different locations.

Sometimes hot debates emerge about terms, representations and consistency.
The facilitator has to stop these discussions early. First a common understanding
has to grow, before formalization and standardization of these aspects can be done.
Representations and terms will gradually crystallize during the process.

Figure 7 might be perceived as being too simplistic. However, it does serve as a
starting point for many other discussions. It also helped the team to see the entire
factory as the system-of-interest, rather than as one machine or department. This
drawing was made in the quick scan in one of the 15 minute time-boxes.

We skip many of the other models that have been made by this team. After the
first two iterations the team identified the lead time and its predictability, from raw
material to finished product, as key performance parameters. They also identified
that the introduction of new components to be manufactured and the impact of
ramping up new production was a hot issue. As a consequence they decided to
model the lead time further.

receivin
. 9 T check T T .
arrival —» raw uality > Process acceptance —> delivery
materials q y
measuring
4 persons
J
|
process 1
1 person
process 2
1 person
’_l [
[
T = Truck process 3
1 person

Fig. 7. Initial 2D model and simplified process flow of the factory.
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Fig. 8. Simple lead time model for finished products.

Figure 8 shows the lead time model as simple mathematical formula. This for-
mula is the outcome of one 40 minute time-box. The formula in itself does not tell
us much yet. We need quantifications to make the formula come alive. Participants
often have to pass a threshold to write such formula. Uncertainty about the actual
situation is often used as an excuse to keep the model implicit and qualitative. Some
pressure from the facilitator is often required to pass this threshold. The lesson to
be learned by the participants is that articulating the formula allows them to fill
in numbers and to compare numbers and behavior with reality. Playing with the
formula and (measured) numbers creates insight, and most often triggers many new
questions. This playing with the formula is done in another time-box of 40 minutes.

The simplicity of the formula is somewhat misleading. Before this formula is
reached many discussions take place, such as:

e What is the core decomposition to be used (e.g., processing steps in this case)?

e What is the granularity (also processing steps of minutes to many hours in this
case)?

e Is there any concurrency (in this case the processing pipeline is entirely
sequential)?

Lots of discussions pop up and questions are raised once numbers are substi-
tuted in the formula. Unfortunately, we are not allowed to show actual numbers for
competitive reasons. It is our experience that the step from qualitative models to
quantitative models helps tremendously to make discussions more sharp and con-
crete. Qualitative models do allow for nice, but non-committal discussions, while
quantifications make escapes much more difficult.

Also for quantification the facilitator has to apply some pressure to get past a
threshold. Uncertainty about actual performance often prevents designers to call
actual numbers. However, it is crucial to quantify, since the quantification is so
beneficial to the sharpness of the discussion. In this case the original quantification
was more than a factor two off from actual performance. That is not too bad, as in
other cases we also have seen original estimates that were an order of magnitude off.
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Fig. 9. Next iteration of 2D model and process flow with more detailed annotations of location,
duration, and processing.

The following iteration, made as homework after the one-week course, resulted
in the models shown in Fig. 9. Much more detail has been added about locations, the
processing itself and the durations. These models are less abstract than the initial
models in Fig. 7. The more elaborated model allows more detailed fact finding. The
duration needed to get this type of drawing with meaningful data is in the order
of one or a few days. In fact this elaboration is a validation of the earlier simpler
models.

Throughout the course we also emphasize that models are made for a reason.
We mentioned before that lead time and predictability of the lead time are key
performance parameters. One of the techniques taught to identify models to be
made is to find the tensions or conflicts in needs and realizations. In this case the
introduction of the production of new components has tension with the lead time
and especially with the predictability of the lead time. However, when we look at
the lifecycle of the factory, then many factors pop up that impact the lead time and
its predictability. Figure 10 shows a model of the lifecycle aspects that impact the
lead time. Note that in this initial model qualitative color coding is used to visualize
the impact. Such traffic light color coding is an intuitive way to get a quick insight
in the most relevant factors. At the same time it helps to broaden the insight to
identify all of the contributing lifecycle aspects.

Figure 11 shows in the different views what models have been made or what
components and factors have been discussed during the course. It shows that in
limited time lots of subjects are included or at least touched.
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breakdown
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medium | human
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big impact systems

Fig. 10. Lifecycle model showing lifecycle systems and factors that may impact the production of
lead time. The systems are shaded according to the severity of impact.

component qualities: safety, reliability, robustness, liability
factory qualities: predictable, traceable, timely
Customer Application Functional Conceptual Realization
objectives
factory component factory machines
lead time lead time storage
cyclic market input variations transport
ramp up new products resource variations measurements
cost, space constraints operators
supervisors
planners
Lifecycle ERP
PDM
CAD-M
evolution
process
people
infrastructure
finance

Fig. 11. The CAFCR+ model annotated with models or components of models that have been
discussed during the course.

9. Future Work

In this paper we provided one case study and we focused on time-boxing and multi-
view iteration. We are working on the consolidation of other case studies and we
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will use these to report on the other recommendations for modeling and analysis,
such as the use of multiple views, visualization, etc.

In the long term the challenge is to move from observational research to a more
theoretical foundation: what are modeling prerequisites, what are (well-founded)
guidelines for modeling, and what is the value of modeling? Especially challenging
is the validation, since many soft factors impact the modeling outcome. A separate
branch of research has to address methodological issues in researching and validating
this combination of hard engineering and soft sciences.

10. Summary and Conclusion

Figure 12 summarizes the modeling recommendations as discussed in the beginning
of the paper. The main conclusion of this paper is that time-boxes and multi-view
iteration help to gradually build a “big picture” in limited time. This big picture
and its constituting models are incrementally improved by successive iterations.
The duration of time-boxes can be as short as 5 minutes in early iterations and
may increase to days for substantial models later during product creation. The
main purpose of time-boxes is to ensure that the designers see other perspectives
early, and to prevent that designers get lost in depth.

The prerequisite for this way of working is that a sufficient broad set of view-
points is used to understand the system-of-interest. The models that are made use
complementary representations: visualizations like maps, block diagrams and flow
models, (simple) mathematical formulas, and numeric tables and graphs. Regular
evaluation of relevance in terms of value and risk helps to determine where to zoom

R[Cc[F[A[clal s CA fopl F log CR fop| CA Poi [FICRTA_[ TOR [or
R[c[F[a[c]a} g8 cA jg®i F |28 CR jg®| ca (g8 [FI[CR|g®| TOR |28 t b
R|c|F[A[c[aj=*" CA = F &= CR =51 cA j&*=% |F|CR|=>| TOR [&*= Ime-box
1 day X
time
Customer Application | | Fquicnal | | Conceptual | Realization .
objectives 1 sl |1 |terate
‘ Life cycle ‘
[ -t ]
b s b visualize
S S be specific
all processes. o
29 byt 0 g ¥ q uantify
validate

Fig. 12. Summary of the modeling recommendations.
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in and where to spend more time. Last but not least, models need validation, thus
we recommend early and frequent validation.
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