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ABSTRACT The fundamental assumption of the research
) agenda is that creation methods of embedded
The —creation of embedded systemsystems exist that can be used in different
requires multi-disciplinary methods. The classjomains. The ESI research agenda is based on
of embedded systems is a quite heterogeneoyss following assumptions:
class of systems, ranging from small highy Methods that fulfill multiple objectives
volume integrated circuits to expensive one- gxist to create embedded systems
of-a-kind  systems, such as electrom These methods help to speed up the creation
microscopes or air-traffic controllers. The  nrocess, reduce the risks, and increase the
Embedded Systems Institute has been founded product quality

methods to create embedded systems can bemarket/business  domains,  application

applied in multiple domains, despite the wide §omains and functional domains

variation in embedded systems over the These methods build upon the software and
domains. In this article we discuss this g|ectronics technologies, and to a lesser
assumption and we give a budget method as gegree these methods build upon the more
an example of a multi-disciplinary multi-  ~gnventional technologies, such as,

domain method. Multi-disciplinary methods echatronics and physics.

are used widely in the industry, but theses. These methods need an intelligent

methods are poorly consolidated and founded. ggaptation to the specific domain

We discuss the required research steps t0 These assumptions are the starting point

advance frommplicit methods texplicit and  for this article. First of all we assume that

founded methods methods exist to create embedded systems (1).
These methods not only exist but are

INTRODUCTION beneficial, by speeding up development, by

The mission of the Embedded Systeméeducmg risks, and by increasing product

. . , ality (2). The essential assumption in
Institute (ESI) is to establish methods to creatguamt : )
embedded systems. The research agenda Gf ating arkmbedded Systes Institute is that

ESI elaborates this notion. One of the:hgfr(]au;ne?m%?/sérﬁﬂltib?e ggnmear?n“szzg) to make
purposes of the research agenda is to narrow P '

the working field, such that the research area

" This work has been carried out as part of the Boderc project under the responsibility of the Embedded Systems
Institute. This project is partially supported by the Netherlands Ministry of Economic Affairs under the Senter
TS program. This work is also part of the Gaudi project.



In this article we look into the meaning of  This discussion is based on experience of
the worddomain. We show that the industrial the author in health care equipment,
world uses many multi-domain methodswafersteppers, semiconductors, and
implicitly, by providing a list of actually used electronics infrastructure projects. Many visits
methods. We discuss the status quo of the other companies in other domains, such as
practiced methods and identify problems intelecom, consumer electronics, information
today’s use. We elaborate a budget method aschnology, computer, electronic OEM
an example of anulti-domain method. We suppliers, and defense have been useful to
finish by proposing a research approach basdsenchmark the observations in a broader

on a technology management cycle. perspective.
Customer Application Functional Conceptual Realization
objectives
market L
: application technology
business
health care cardio/vascular persistent storage DVD+RW, FLASH
consumer electronics video entertainment search/query DBMS
office professional document wireless communication bluetooth, WLAN, UWB
semiconductor equipment lithography image processing MPEG 4
automotive car navigation motion control PID control
print, display LCD, plasma, OLED
workflow scheduling

VxWorks, RT-Linux,
Embedded Windows

Figure 1 Domains mapped on CAFCR

» Conceptual, how does the product work,
WHAT IS A DOMAIN? described in the higher level concepts

» Realization, how is the product realized

. : ) People working on highly specialized
to be rather context-sensitive. In d'scuss'on?echnologies use a domain to position their
with  scientists, researchers from other

L . i . work in a somewhat broader technology area.
institutes, and industrial practitioners theThiS is shown in Figure 1 as technology

notion domain is l.Jsed by al! (_)f t_hem. domain. It maps on the conceptual and
However, the meaning of domain is d'fferentrealization views of CAFCR. The

for all of them. _Figure 1 shows how Severalclassiﬁcation focus here is often mostly on the
types of domains can be mapped on thﬁow
CAFCR-model. In (Muller 2004) the CAFCR A somewhat broader use of the word

model is explained in much more detail. They,main s to indicate the functionality to be

idea behind this model is that a product to beolchieved by the technology, for example

created is described from two customer VIewsyqtion control. The term function is heavily
e Customer Objectives, what does

. the  overloaded in the engineering world, ranging
customer want to achieve, from a low-level input-output transformation
* Application, how does the customer (g g high-level user feature. The classification

achieve these objectives, focus is more on thehat than on théow as
and from three product views: in the technology domain. Note that the
* Functional, what does the product do functional and technology domains have

The meaning of the wordomain turns out



overlap; for instance scheduling is shown ashe health care market. These large providers
technology, but it can also be seen as awn and operate significant parts of the health
function. care infrastructure, such as hospitals and
The next broader use of the word domairdiagnostic centers. These providers purchase
is theapplication domain: where and how do their equipment in large deals. From business
we apply the system with its functionality. perspective many application domains belong
The examples shown as application domaint a single business domain.
are related to very specific human and In this paper we use the domains covered
organizational activities. Physicians, forby the customer perspective as domain: i.e. we
instance, treating cardio and vasculatook from the Customer Objectives, the
problems act in the cardio vascular domainApplication and the Functional views. A
this domain covers all the functionality to treatmulti-domain method in this paper is useful if
patients: the cathlab, the viewing roomsjt can be applied across multiple markets,

portable monitors, supporting information businesses, applications or functions.
systems et cetera. Many mono-disciplinary methods are
From  business perspective  manymulti-domain by nature. For instanceate

application domains are related. A businessonotonic analysis or garbage collection

classification is mostly based on marketingnethods are applicable

considerations. The cardio

in all markets,

vascularbusinesses, applications and functions. We

application domain is part of the much broadefocus on the multi-disciplinary methods.

health care market. Large providers operate in

is
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Figure 2 A method is a generalized description of a solution approach.

WHAT IS A METHOD?

Designers use tools, notations, templates
and other means to create designs. They
follow a recipe to determine when and how
to use these means. Many recipes have a
close resemblance. Generalizing the recipes
into a method can capture the approach
shared by many recipes. Figure 2 shows this
abstraction from right to left. It shows
principles or heuristics as an even higher
level of abstraction. Examples of principles
are: decomposition, recursive refinement,
and quantification. Principles are very
powerful, but at the same time very abstract,
insights. These insights are useful input
when recipes are generalized into methods.

In general all methods have the following
ingredients:

e goal
decomposition in smaller steps
possible orders of taking these steps
visualization(s) or representation(s)
guidelines

Researching methods implies studying
(implicit) recipes, and more domain specific
tools, representations and templates. The
industrial partners of this type of research
formulate their needs in the more specific
executable form of recipes and tools. The
rationale behind recipes and tools is
captured in the method. Transfer of know-
how requires transfer of explicit methods,
illustrated by examples of recipes, tools, and
representations.

Researching methods implies studying
(implicit) recipes, and more domain specific



tools, representations and templates. The
industrial partners of this type of research
formulate their needs in the more specific
executable form of recipes and tools. The
rationale behind recipes and tools is

methods successfully applied in multiple domains:
« key driver model;

« context modeling;

« cost of ownership modeling;

* use cases, worst cases

« graph representation for logistics purposes (commercial, goods flow, service)

« mapping functions to products and others (QFD)
« interface specification

« construction decomposition

« functional decomposition

« designing with multiple decompositions
 execution architecture

« performance modeling

« micro benchmarking

* budget-based design

« safety, reliability and security analysis, for example FMEA

« work break down structure
« integration plan

« quality checklist

« story telling

captured in the method. Transfer of know-
how requires transfer of explicit methods,
illustrated by examples of recipes, tools, and
representations.

domains where these models have been applied:
wafersteppers

health care

electronics infrastructure projects

document handling
consumer electronics
semiconductors

the budget-based design

method will be discussed

as applied in wafersteppers,

health care, and document handling

this list of methods based on:
CAFCR: A Multi-view Method for
Embedded Systems Architecting;
Balancing Genericity and Specificity
(Muller 2004)

Figure 3. Examples of Methods Applied in Multiple Domains

EXAMPLES OF METHODS APPLIED
IN MULTIPLE DOMAINS

In the day-to-day industrial practice
many multi-disciplinary methods are used
implicitly or explicitly. Figure 3 shows a list
of multi-disciplinary methods applied in
multiple domains, taken from (Muller 2004).
The methods at the left-hand side have been
applied in multiple domains shown at the
right-hand side of the figure.

We refer to (Muller 2004) for a
description of these methods. We elaborate
the budget-based design method to illustrate
the nature of these kinds of methods, and we
apply this method to the domains of
wafersteppers, health care and document
handling.

WHAT IS THE PROBLEM?

The list of Figure 3 and the five
ingredients mentioned earlier suggest that
multi-domain methods exist. The use of

these methods in the industry, however, is
very implicit. The lack of explicit method
description means that a lot of open issues
remain. Open issues erode the value of these
multi-domain methods. We discuss the
following classes of problems:

* generic nature of methods

* lack of description

lack of education in this type of methods

lack of research (exploration and

consolidation)

lack of relation with mono-disciplinary

methods

lack of tools?

Generic nature of methods The multi-
domain goal of these methods leads to more
generic methods. A successful method that
has been applied in one domain is
transformed into a multi-domain method by
abstracting from the domain. The
generalization makes the method applicable
in other domains. However this
generalization also has other consequences:
* need for customization



need for highly skilled designers

The domain-specific information has to
be added to use the method. In other words,
the method has to be customized to be used
in a specific domain. Such a customization
requires the skills to understand the generic
method and the skills to transform domain
insight into method adaptations.

Lack of description Most methods are
transferred from person to person and from
project to project. Often no method
description is available; the method is
ingrained in a person or in an organization.
To make a method better transferable we
need a description of it. This description
must contain theconcepts and thehow to
information.

Lack of education in this type of
methods The ingrained nature of these
methods also handicaps the education in
these methods. A problem in education is
the positioning of these methods in the
existing educational system:

When to learn: undergraduate, graduate,

or postdoc?

Who  will

methods?

Do we add multi-disciplinary subjects to

mono-disciplinary curriculums?

Is the emphasis of teaching on practical

use (vocational training) or on the

scientific background (academic)?

How to teach, while lacking method and

case descriptions?

Lack of research (exploration and
consolidation) Even if a method is
explicitly available then still many research
guestions remain. For instance:

When to apply the method?

What are the limits of the method?

What are alternative methods?

What are the options for

solutions?

The area of multi-disciplinary methods
is more or less uncultivated territory. The
combination of domain customization and

teach  multi-disciplinary

(partial)

the more generic
mentioned above opens a
research area.

Lacks of connection with mono-
disciplinary methods Mono-disciplinary
designers expect input from the system and
subsystem architects. These architects use
multi-disciplinary methods. The multi-
disciplinary methods should ideally result in
mono-disciplinary inputs. Unfortunately, the
mono-disciplinary and multi-disciplinary
fields are not well connected. This raises the
following questions:

How can the mono-disciplinary methods

use the high level results from the multi-

disciplinary methods?

How do we make the transformation

from these high level results into mono-

disciplinary design inputs? For instance,
how to transform construction
decomposition, with tens of components,
into class decomposition, with thousands
of classes?

How to decompose over

technologies?

How to make trade-offs over technology

boundaries?

The questions illustrate that the relation
between mono-disciplinary methods and
multi-disciplinary methods is bi-directional.
For instance, to make trade-offs across
technology boundaries the multi-disciplinary
methods need input data from mono-
disciplinary methods. To decompose over
different technologies also mono-disciplinary
data is needed as input to multi-disciplinary
methods.

Lack of tools? Many managers and
researchers use the lack of tools as an excuse
to stay away from these methods. With tools
in this context we mean computer or software
support. It is an open question if the lack of
tools is really a problem. The methods shown
in Section 4 functioned well without any
specific tool support.

research questions
tremendous

different



The availability of tools is not a
prerequisite to study or apply multi-domain
methods. However, during the research of
these methods many tools will be used.
These tools are often “borrowed” from
mono-disciplinary methods: spectrometers,
frequency analyzers, compilers, emulators, et
cetera. Another category of tools is the set of
homemade tools: hardware test rigs, and all
kinds of software scripts. The homemade
tools are used for measurements, simulation,
analysis, documentation, and validation. The
last category of tools we mention here is the
set of very general-purpose tools, such as

spreadsheets, configuration management, and

word processors.

ILLUSTRATION BY A BUDGET-
BASED DESIGN METHOD

In this section we discussbadget-based
design method as an example of a multi-

SRS
Uy 0.5s
L 0.2s

design
measurements estimates;
existing system simulations

micro benchmarks
aggregated functions
applications

domain method. This method will be
illustrated in the waferstepper, health care,
and document handling domains, where it
has been applied on different resources:
overlay, memory, and power.

Goal of the method The goal of the
budget-based design method is to guide the
implementation of a technical system in the
use of the most important resource
constraints, such as memory size, response
time, or positioning accuracy. The budget
serves multiple purposes:
to make the design explicit
to provide a baseline to take decisions
* to specify the requirements for the

detailed designs
» to have guidance during integration
* to provide a baseline for verification
* to manage the design margins explicitly

— £

feedback -
- s
measurements
new (proto)
system

micro benchmarks
aggregated functions

30

applications
profiles
25 traces
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Figure 4 Visualization of Budget-Based Design Flow. This example shows a response time budget.

Decomposition into smaller steps

Figure 4 visualizes the budget-based design

flow. This visualization makes it clear that
although the budget plays a central role in
this design flow, cooperation with other
methods is essential. In this figure other
cooperating methods are performance

modeling, micro benchmarking,
measurement of aggregated functions,
measurements at system level, design
estimates, simulations, and requirements
specification.

Measurements of all kinds are needed to

provide substance to the budget. Micro-



benchmarks are measurements of
elementary component characteristics. The
measured values of the micro-benchmarks
can be used for a bottom-up budget.
Measurements at functional level
provide information at a higher aggregated
level; many components have to cooperate
actively to perform a function. The outcome
of these function measurements can be used
to verify a bottom-up budget or can be used
as input for the system level budget.

step

Measurements in the early phases of the
system integration are required to obtain
feedback once the budget has been made.
This feedback will result in design changes
and could even result in specification
changes. The use of budgets can help to set
up an integration plan. The measurement of
budget contributions should be done as early
as possible, because the measurements often
trigger design changes.

example

1A measure old systems

micro-benchmarks, aggregated functions, applications

1B model the performance starting with old systems

flow model and analytical model

1C determine requirements for new system

response time or throughput

2 make a design for the new system

explore design space, estimate and simulate

3 make a budget for the new system:

measurements and estimates provide initial numbers

models provide the structure

specification provides bottom line

4 measure prototypes and new system

micro-benchmarks, aggregated functions, applications

profiles, traces

5 Iterate steps 1B to 4

Figure 5 Budget Based Design Steps

Possible order of steps Figure 5 shows
a budget-based design flow (tbeder of the
method). The starting point of a budget is a
model of the system, from the conceptual
view. An existing system is used to get a
first guidance to fill the budget. In general
the budget of a new system is equal to the
budget of the old system, with a number of
explicit improvements. The improvements
must be substantiated with design estimates
and simulations of the new design. Of
course the new budget must fulfill the
specification of the new system; sufficient
improvements must be designed to achieve
the required improvement.

Visualization In the following three
examples different actually used
visualizations are shown. These three
examples show that a multi-domain method
does not have to provide a single solution,
often several useful options exist. The

method description should provide some
guidance in choosing a visualization.

Guidelines Decomposition is  the
foundation of a budget. No universal recipe
exists for the decomposition direction. The
construction  decomposition and the
functional decomposition are frequently
used for this purpose. Budgets are often used
as part of the design specification. From
project management viewpoint a
decomposition is preferred that maps easily
on the organization.

The architect must ensure the
manageability of the budgets. A good
budget has tens of quantities described. The
danger of having a more detailed budget is
loss of overview.

The simplification of the design into
budgets introduces design constraints.
Simple budgets are entirely static. If such a
simplification is too constraining or too
costly then a dynamic budget can be made.



A dynamic budget uses situationally
determined data to describe the budget in
that situation. For instance, the amount of
memory used in the system may vary widely
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Figure 6 Example of a quantified understanding of overlay in a waferstepper

Example of overlay budget for
wafersteppers Figure 6 shows a graphical
example of an *“overlay” budget for a
waferstepper. This figure is taken from the
System Design Specification of the ASML
TwinScan system, although for
confidentiality = reasons some  minor
modifications have been applied.

Thegoal of the overlay budget is:

* to provide requirements for subsystems
and components.

* to enable measurements of the actual
contributions to the overlay during the
design and integration process, on
functional models or prototypes.

» to get early feedback of the overlay
design by measurements.

The steps taken in the creation, use and
validation of the budget follow the
description of Figure 5. This budget is based
on a model of the overlay functionality in

the waferstepper (step 1B). The system
engineers made an explicit model of the
overlay. This explicit model captures the
way in which the contributions accumulate:
guadratic summation for purely stochastic,
linear addition for systematic effects and
some weighted addition for mixed effects.
The overlay contributions measured in an
existing waferstepper are used to create the
overlay budget (step 1A). At the same time a
top-down budget is made, because the new
generation of machines needs a much better
overlay specification than the old generation
(step 1C). In discussions with the subsystem
engineers, design alternatives are discussed
to achieve the required improvements (step
2 and 3). The system engineers also strive
for  measurable  contributions.  The
measurability of contributions influences the
subsystem specifications. If needed the
budget or the design is changed on the basis
of this feedback (step 4).



Two visualizations were used for the
overlay budget: tables and graphs, as shown
in Figure 6.

The overlay budget plays a crucial role in
the development of wafersteppers. The
interaction between the system and the
customer environment is taken into account
in the budget. However, many open issues
remain at this interface level, because the
customer environment is outside the scope
of control and a lot of customer information
is highly confidential. The translation of this
system level budget into mono-disciplinary
design decisions is still a completely human
activity with lots of interaction between
system engineers and mono-disciplinary
engineers.

memory budget in Mbytes

code objdata bulk data total

shared code 11.0 11.0
User Interface process 0.3 3.0 12.0 153
database server 0.3 3.2 3.0 6.5
print server 0.3 1.2 9.0 105
optical storage server 0.3 2.0 1.0 3.3
communication server 0.3 2.0 4.0 6.3
UNIX commands 0.3 0.2 0 0.5
compute server 0.3 0.5 6.0 6.8
system monitor 0.3 0.5 0 0.8
application SW total 13.4 12.6 35.0 61.0
UNIX Solaris 2.x 10.0
file cache 3.0
total 74.0
Figure 7 Example of a memory budget
Example of memory budget for

Medical | maging Workstation The goal of
the memory budget for the medical imaging
workstation is to obtain predictable and
acceptable system performance within the
resource constraints dictated by the cost
requirements. The steps taken to create the
budget follow the order as described in
Figure 5. Thevisualization was table based.
The rationale behind the budget can be
used to derivguidelines for the creation of
memory budgets. The actual memory budget
for a medical imaging workstation from
Philips Medical Systems, as shown in Figure

7, decomposes the memory into three
different types of memory use: code ("read
only” memory with the program), object
data (all small data allocations for control
and bookkeeping purposes) and bulk data
(large data sets, such as images, which is
explicity managed to fit the allocated
amount and to prevent memory
fragmentation). The difference in behavior
of these three memory types is an important
reason to separate into different budget
entries. The operating system and the system
infrastructure, at the other hand, provide
means to measure these three types at any
moment, which helps for the initial
definition, for the integration, and for the
verification.

The seconddecomposition direction is
the process. The number of processes is
manageable, since processes are related to
specific development teams. Also in this
case the operating system and system
infrastructure  support measurement at
process level.

The memory budget played a crucial role
in the development of this workstation. The
translation of this system level budget into
mono-disciplinary design decisions was, as
in the case of overlay in wafersteppers, a
purely human activity. The software
discipline likes to abstract away from
physical constraints, such as memory
consumption and time. A lot of room for
improvement exists at this interface between
system level design and mono-disciplinary
design.

Example of power budget
visualizations in document handling
Visualizations of a budget can help to share
the design issues with a large
multidisciplinary team. The tables and
graphs, as shown in the previous

subsections, and as used in actual practice,
contain all the information about the

resource use. However the hot spots are not
emphasized. The visualization does not help



to see the contributions in perspective. Some
mental activity by the reader of the table or
figure is needed to identify the design issues.

A visualization where the physical
layout is shown and where the same layout
is used where the size of all units is scaled
with the allocated power contribution helps
to see thdotspots quickly.

Figure 8 shows an alternative power
visualization. In this visualization the energy

transformation is shown: incoming electrical
power is in different ways transformed into
heat. The width of the arrows is proportional
to the amount of energy. This visualization
shows two aspects at the same time:
required electrical power and required heat
disposition capacity, two sides of the same
coin.
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Figure 8 Alternative Power Visualization

Conclusion budget based design
illustration The three examples address
widely different domains and system
characteristics. Nevertheless the examples
share the sameéecomposition, order, and
guidelines. The visualizations are different,
but useful cross-fertilizations between the
domains is possible. Thgoal of the method
is in all cases manageabilty and
predictability of one of the system
characteristics, but for entirely different
characteristics.

RESEARCH QUESTIONS FOR
BUDGET-BASED DESIGN

Budgets are widely used in Systems
Engineering, in many domains, and for
many applications. However, the problems
mentioned in Section 5 are also present for
this methodology. Potential research

guestions forbudget-based design research

are:

* What are potential
budgets?

* What kind of budget is required?

* What is the decomposition to be used?

* How to manage margins?

* How to verify a budget?

* How to use and maintain a budget?

Does it provide value when a budget is

coupled to other design information?
* and many more...

For instance the following list shows
potential applications, but this list can be
extended much more. At the same time the
guestion arises whethbudget-based design
is really the right sub-method for these
applications.

» resource use (CPU, memory, disk, bus,
network)

applications for



* timing (response time, latency, start up,
shutdown)

» productivity (throughput, reliability)

* image quality (contrast, signal to noise
ratio, deformation, overlay, depth-
offocus)

* cost, space, time, effort (for instance
expressed in lines of code)

HOW TO PROCEED?

As shown in Figure 3 many multi-
domain methods are implicitly used in
industry. The implicit nature of these
methods means that we don’'t know the
limits and the validity of these methods,
neither the broader opportunities for the
application. A systematic approach is
required to transform today’s implicit use
into explicit know-how. We propose to use
the technology management cycle, as
proposed in (Hay 1998), and described in
(Muller 2004), to do systematic research of
multi-domain methods.

The technology management cycle
consists of three phasesexploration,
application, andconsolidation. If we add the
activity needed at the moment of the phase
transition then we get the following
approach:

Consolidation of status quo Create case
descriptions, more elaborated than in this
paper. Extract an explicit description of the
underlying method, and the lessons learned.
Make an inventory of open issues. As a
spin-off this consolidated material must be
transformed into educational material.

Articulate resear ch question The status
quo and the list of open issues are used to
articulate a leveled set of research questions.
A research question is a clear description of
what we want to research. A stepwise
refinement of the research question helps to
cope with the dynamic range of the problem
from very generic to highly specific; a high

level research question refined in more
specific subquestions.

Exploration In the exploration phase we
search for:

» solutions for open issues

* promising alternative methods

» foundation and formalization
practically used methods

+ alternative application possibilities of
these methods.

Hypothesis At the end of the exploration
phase the research objectives are captured in
a hypothesis. A good hypothesis is very
explicit with clear evaluation criteria. For
research of multi-domain methods the
hypothesis should addres#o will benefit
from the methodhow these benefits are
achieved inwhat context.

Application of methods in industrial
context is needed to study the methods itself.
Observation of the application in this
industrial context provides the data needed
for the evaluation afterwards.

Evaluation The observation results are
analyzed and evaluated against the
hypothesis.

Repeat the cycle starting again with
consolidation

The iteration as proposed in the
technology management cycle should start
with the consolidation of the status quo. The
huge amount of implicit know-how needs to
be made explicit. The consolidated status
guo is an excellent starting point to
formulate the research questions. Starting
immediately with exploration is dangerous,
because most researchers are not aware of
the status quo. The danger is that a lot of
research is wasted, because it addresses non
existing problems. Applied research is
inspired by existing problems, in contrast to
fundamental research that is driven by the
need for more fundamental knowledge.

of



CONCLUSIONS

Many multi-disciplinary methods are
already used in multiple domains. However,
the consolidation of these multi-disciplinary
methods is very poor; the amount of papers
and textbooks describing multi-disciplinary
methods is rather limited. The education in
these methods is inadequate. Also many
research questions for these methods are still
open.

Multi-disciplinary methods research is a
huge research field.

We need a systematic research approach
to cope with this huge research field. The
technology management cycle offers a
research approach for this type of applied
research. The use of research questions,
hypothesis and evaluations are means to
force the researchers to be sharp and to the
point.

The technology management cycle in
combination with hypothesis and evaluation

Referencellist.

provides a systematic approach for applied
multi-domain method research.

The challenge is to get sufficiently
generic methods, such that a limited
description and education facilitates
designers in using the methods. At the same
time the methods must be sufficiently
specific to limit the amount of customization
work and to reduce the required skills for the
designers. are we able to provide a single
How-to poster, or do we overwhelm the
designer with a thick stack of books?
Preferably a method tutorial fits in a 10 page
article!
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abstraction level of the methods. generic to
facilitate a compact description and a broad
education, but specific to facilitate the
immediate use.
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title of the Japanese article is unknown.

Muller, Gerrit, CAFCR: “A multi-view method for englolded systems architecting; balancing

genericity and specificity”,

http://www.extra.research.philips.com/natlab/sykArbesisBook.pdfPhD thesis, 2004.
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vitae) can be found at:

Gerrit Muller.

Gerrit Muller received his Master’s degree in Physics from the University of
Amsterdam in 1979. He worked from 1980 until 1997 at Philips Medical
Systems as system architect. From 1997 to 1999 he was manager System
Engineering at ASML. From 1999 - 2002 he worked at Philips Research.
Since 2003 he is working as senior research fellow at ESI (Embedded
Systems Institute). In June 2004 he received his doctorate The main focus of
his work at ESI is to work on System Architecture methods and to enable
education of new System Architects. Special areas of interest are:

* Ways to cope with the exponential growth of size and complexity of
systems. Examples of methods to address the growing complexity are
product lines and composable architectures.

e The human aspects of systems architecting (which in itself is a crucial
factor in coping with the above mentioned growth)

All information (System Architecture articles, course material, curriculum



http://www.extra.research.philips.com/natlab/sysarch/




