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Abstract

This is a course for bachelor students in their second year of their engineering
study. The focus is on architectural reasoning: an agile architecting approach.
The students also get a more traditional course in systems engineering following
the V-model.

Distribution

This article or presentation is written as part of the Gaudi project. The Gaudi project
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Objectives of Module Architectural Reasoning: Awareness

Make engineering students aware of:
. other disciplines

. “systems” designh and engineering

. customers and life cycle as contexts of the

system

. the impact of needs on design decisions
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Objectives of Module Architectural Reasoning: Experience

Let engineering students apply and experience:

multiple views

visualizations

simplification

iteration

guantification

A
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See Homework Presentation

Bachelor Course Systems Engineering: Architectural Reasoning;
Homework

http://www.gaudisite.nl/BachelorSEhomeworkSlides.pdf

A
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Theory Block: The Basic Ideas behind Architectural Reasoning

We are going to stretch youl!
from mono engineer
to systems engineer

to architect

Bachelor Course Systems Engineering: Architectural Reasoning version: 1.0
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Why Chaotic?

Why so chaotic?

Why not follow
top-down SE process?




Waterfall model

identify works well:

e in mature product-market combinations
needs .

e with long development cycles

works poorly:

A vy
specify _l e in new product-market combinations

e short development cycles

-1 design
o |
.| realize
|

Integrate
i |

verify &
validate
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Concurrent Engineering

identify | o total development time is shorter
needs _l e technology constraints & opportunities
‘ take time to get in the picture
P specify e validation is still late (=feedback on
_l uncertain requirements)

- design
; |
realize
Sl

Integrate

A v

.- qualify

S
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lterative Approach

learn fast by iterating over needs and
technology

e feels more chaotic
e requires agile mindset

Integrate |
o]
.| qualify

A
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You study mono-disciplinary engineering

[ specify j

f design A
mono-disciplinary model, analyse,
engineering ) o | | — o | \partition, interfaces, etc.)
= £/ 8<c

O = — c— S ] ] ™\

= D 8g)/c09 [codlng&CADmg

=S| | 5L |5 . g

£§2 82 g2 ng

» 0| | OO|| E O [ testing )
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Huge differences in language and way of thinking

software electrical mechanical
engineering engineering engineering

embedded control materials and
systems engineering mechanics

completely different world views

physical world

virtual world
Intangible
software and

digital hardware

actuate physics laws
and constraints

sense e.g. noise,
vibrations,

turbulence, friction,

A
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Multi-disciplinary design and engineering

- 4 - 1 : : N
multi-disciplinary design [ specify

)

u B ! design )

concept and technology

selection, allocation,
budgetting, etc.

mono-disciplinary ~ J
engineerin _ part specification, design,coding &
g g CC__D CC__D 8 CCD [ CADing, testing )
g SN2l EE [test & Integrate )
E0| | O o O
o C - C (-
n O O O E o
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Architecting: Fit-For-Purpose

UETLGIE life cycle context [ derstand |
customer context sl
context
- - \ J
N systems architecting 0 3
multi-disciplinary design analyse needs
- J
. ] 4 N
specify system
- J
SRt e _ ™
mono-disciplinary explore design
engineering ) o |l = O options
= £/ 8¢ - /
Qo || So||Cc o (design, engineer, build, test )
c D Qo © O
=S| | BE| | E | |
£2/ |32 g2 validate & verify
" O OO E o
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Delivery at the end of this module

business
proposition

value 9
roposition ﬁntext

system

\ggecification

S

A
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More specific deliveries

Value Proposition
Why does customer want to buy?
Why do users like to use the system?

Business Proposition
How do we earn money?
How do we run a healthy business?

e customer key drivers ¢ life cycle key drivers
e cost of ownership e business model
e customer business analysis e cash flow analysis
e customer stakeholders and concerns o life cycle stakeholders and concerns
e story or scenario ¢ life cycle model
e context diagram e supply chain
e work flow or ConOps e organization chart
e plan

System Specification
What does customer get?

What is the system-of-interest that we deliver?
e functions
e qualities (e.g. quantified performance)
e interfaces

e constraints, standards, regulations

Design
How will we realize this specification?

How do we ensure performance, safety, robustness, etc.?
partitioning and interfaces
dynamic behavior, e.g. functional model
performance budgets
concept and technology selection

make or buy, supplier selection

version: 1.0
January 27, 2026
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Time-boxing and lteration

— [\ ™ 4 <t Lo {®) 4 —i AN % ™M <
=228/ =z|2|/2|8 = = o = =
Q1L Q| =D 02| = L 2 = L L
S |1 S| S5S|1L|S5 > 5 R > > = > >
| | |
<¢— 1 hour &
—_— fime —p
time-box iteration
A time-box is a fixed amount of We iterate many times over
time allocated to perform one different viewpoints. Every
activity. viewpoint is addressed multiple
times with new insights from other
viewpoints

A
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Rationale behind Time-boxing and lteration

Learn faster by “sampling” and seeing multiple perspectives

Identify the most relevant issues as early as possible

A time-box is always too short

A specification, design, model, or analysis is never complete or finished

With many uncertainties and unknowns it does not make sense to be perfect

After some time progress slows down; it is more efficient to switch topic

oo A
Every view needs feedback from other views §
O
2
Long time-boxes can waste lot of time §
> time

“‘wasting” a time-box is no problem when it is short and when you learn

A
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Theory Block: CAFCR

You need multiple views on a system
CAFCR defines 5 views

CAFCR+ adds one more view

Bachelor Course Systems Engineering: Architectural Reasoning Jersion: 1.9
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The “CAFCR” model

drives, justifies, needs e
- enables, supports
What does Customer need
in Product and Why?
PN Product
/ AN How
Customer Customer Product PN
What How What / AN
Customer Application Functional Conceptual Realization
objectives
Bachelor Course Systems Engineering: Architectural Reasoning version: 1.0
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Integrating CAFCR

What does Customer need
In Product and Why?

y A\ N Product
How
Customer Customer Product A
What How What 7 N\
Customer Application Functional Conceptual Reallzatlon
objectives

' context objectlve ‘
understandlng driven

el constraln knowledge
tunltles awareness based

Bachelor Course Systems Engineering: Architectural Reasoning version: 1.0
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CAFCR can be applied recursively

Customer's
Customer Drives
Business .
\/e L ' Customer
/ 3/, .
- 'Se U Enables .
ng, > se. € Ch_ . Business | Dfves
U@/) 010@ <9//7 \\
Ce /7
0 s
Chiy Mg System
l‘@q r Enables
Ura ™~ ~ | (producer)
gglchelorGI %?ﬁtrs“ﬁuﬁg?tems Engineering: Architectural Reasoning ?ﬁ%ﬁfi&éﬁ% mo_ES|
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CAFCR+ model; Life Cycle View

Customer
objectives

Application

Functional

Conceptual

Realization

[ .
operations

maintenance
upgrades

Life cycle

\
development

manufacturing
installation

sales, service, logistics, production, R&D

Bachelor Course Systems Engineering: Architectural Reasoning
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Stakeholders and Concerns

government financial dir. insurance administration
cost of care cash flow cost of care patient id
cost of op. iInvoice
general ref. physician radiologist nurse
practitioner diagnosis diagnosis patient
patient treatment reimburstment ease of work
atient Inspection
! , \ _ legend
comfort -“ quality
health h = administrative
family ‘ operator .
support e ease of use cinica
- patient
IT dep. facility man. maintainer cleaner
conformance space accessibility accessibility support
security service supp. safety safety
Bachelor Course Systems Engineering: Architectural Reasoning version: 1.0

24 Gerrit Muller

January 27, 2026
AVstakeholders

S
l ; J Powered by industry
and academia



Case Exploration

Theory

Basic Ideas behind
Architectural Reasoning

Multi-view: CAFCR+

Class-work

Fundamentals of Systems
Design and Engineering

1

Story telling, Key drivers

\

Life Cycle

Business Economics

l

Homework

Case Exploration

Case Elaboration FCR

Consolidation

Case Elaboration CA

Case Elaboration Life Cycle

Final Consolidation
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Classroom Work Instructions

Find an empty classroom and take the following with you:
e ~5 empty flipover sheets

e asetof4pens

e a block of yellow note stickers

Return leftovers to Gerrit's office (Krona 5370) or Jamal at the end of the
4 sessions.

email Gerrit.Muller and Jamal.Safi the room number at their USN email
address, when you have found a (class)room.

A
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Some recommendations

Do

start sketching/drawing
as soon as possible

use shared large sheets
of paper (e.qg. flip-over)

number the flip-overs
and add a title

annotate (add notes)
during discussions

use yellow note stickers
and flip-over markers

be open for ideas and
surprises

Do not

write long texts

immediately capture
electronic

have nice but volatile
discussions

write with pen or pencil

Do not stick to the first
solution

Because

sketches stimulate
sharing and discussion

sharing and discussion
help to explore faster

remembering the order
gets challenging

iInformation and insight is
quickly lost

stickers are easily
(re)moved

you hopefully discover a
lot; increased insight will
change problem and
solution

Bachelor Course Systems Engineering: Architectural Reasoning
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Class-work Day 1: Exploration

Use time-boxes of 15 minutes and perform the following steps:

Sketch the system-of-interest and its immediate context

e Annotate the sketch (e.g. main components, interfaces, functions, .

o Draw an initial design

o Make a specification of the system-of-interest (view it as a blackbox)

e What functionality, performance, interfaces, standards or regulations

o Identify the main customer stakeholders and their concerns

o Identify the main life cycle stakeholders and their concerns

Review and make a plan to consolidate in a presentation

)

Bachelor Course Systems Engineering: Architectural Reasoning version: 1.0
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Class-work Day 1 mapped on CAFCR

Customer Application Functional Conceptual Realization
objectives

Life cycle

1. sketch the system-of-interest and its context

2. draw an initial design

3. make a specification

4. identify customer stakeholders

5. identify life cycle
stakeholders

|
Bachelor Course Systems Engineering: Architectural Reasoning version: 1.0
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Theory Block: Fundamentals Systems Design and Engineering

System Designers and Engineers
Partition (decompose)
Model Dynamic Behavior (functions)
Quantify
Allocate and budget

Select concepts

A
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Partitioning is Applied Recursively

system
subsystem .. atomic sub subsystem
1 system k n
subsub subsub subsub subsub subsub atomic
. subsub
system A system B system N system P system Q system Z
atomic . atomic||atomic . atomic||atomic . atomic||atomic . atomic||atomic . atomic
part part || part part || part part || part part || part part
Bachelor Course Systems Engineering: Architectural Reasoning version: 1.0
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Possible Visualizations of Partitioning

Choose a visualization from below
applications view PIP adjust U
ow TXT
GPs  =SAN_cANmaster| | 220MB services | _omPort || men rowse |
I I ElEpes audio video ’ TXT etc. networking s;lslfe:m
gyros ARM CPU 256MB driver ’ drivers H scheduler H (o) ‘
NAND LS tuner fgarf';er’ MPEG || DSP || CcPU || RAM || etc
hardware =
DL2128V 8 12 bit DA signal processing subsystem control subsystem
! domain specific generic
HW block diagram SW layer diagram
] ] car
': electrical [| fuel tank I
engine | | | |
primary transmission main drlye electric chassis
engine | engine train
l: batteries fuel tank I_I_l
— — wsson | | Clteh
mission
2D or 3D layout of system abstract graph

Bachelor Course Systems Engineering: Architectural Reasoning
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Partitioning Dominates Many Processes

= parts data base IO
. _ =~ production procedures :
engineering production
=P qualification procedures
Installation
=P system documentation
quality
assurance
lifecycle
support
CAD SCM ERP PDM
mechanical source resource product
electrical code planning, data
design management e.g. SAP management
database
gglchelorGI %?ﬁtrs“ﬁuﬁg?tems Engineering: Architectural Reasoning . i%?ﬁﬁ.féﬁ% M TNO_ESI



Theory of Partitioning

the part is cohesive

functionality and technology belongs together

the coupling with other parts is minimal
minimize interfaces

the part is selfsustained for production and qualification

can be in conflict with cost or space requirements

clear ownership of part
e.g. one department or supplier

A
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Decoupling via Interfaces

control
Interface
power e.g. CAN
interface H

- part

part e.g. pressure
e.g. pipe :] and flow
regulator

part

:] e.g. pipe

hydrocarbon 1

1

interface mechanical

mounting interface

Y]
other part with

same interfaces

can replace
original

1 [ 1

|_I_l_|

Bachelor Course Systems Engineering: Architectural Reasoning
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Interaction Results in Dynamic Behavior

Interaction between parts takes place via exchange of

® Material
® Energy

® |nformation

Bachelor Course Systems Engineering: Architectural Reasoning version: 1.0 m ESI
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Simple Examples of MEI Flows

Material Flow

mixture molten
Sand . of solids _ glass _ glass
Soda=—»  mixing ~——» melting =—— shaping )
: objects
Other chemicals
Energy Flow = DC AC
photo | electricity electricity |
sun light =—»  voltaic t——» Iinverting t—— transforming—» Xlgh Voltage
converting
Information Flow enhanced list of _
. image detect objects . istof
image —» process —————mm—p obiects P classify =P classified
J objects
version: 1.0 -
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Dynamic Behavior and Time

Interaction between parts can take place

alarm alarm
on off

e continuously

for example, temperature or pressure
variation due to continuous exchange
of Material or Energy

—T, p—>»

e discrete (event based)

for example, an alarm, command, or
a fixed period control loop

Bachelor Course Systems Engineering: Architectural Reasoning
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Simple Examples of Dynamic Behavior

v ‘
Every second:
read
read pressure, temperature oressure,
evaluate situation (e.g., P < Pmax) temperature

determine action

evaluate
situation

(e.g., lower pressure by opening valve)

P < Pmax

perform action (e.g. open valve)

p 2 pmax
determine

normal action

operation 4
. pressure
pressure alarml alarm perform

. off '

il action
pressure i

Bachelor Course Systems Engineering: Architectural Reasoning sversion: 1.0 TNO ESI
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Quantification

Size

Weight

Cost

Reliability

Throughput

Response time

Accuracy

2.4m *0./m * 1.3m

1450 Kg

30000 NoK

MTBF 4000 hr

3000 I/hr

0.1s

+/- 0.1%

many characteristics
of a system, function or part
can be guantified

Note that quantities
have a unit

Bachelor Course Systems Engineering: Architectural Reasoning
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Question generator

How about the <characteristic>
of the <component>
when performing <function>?

A .
A What is the accuracy of
C ~~~~~~~
o 4 Tt
= 7 s the fuse
- preparing = E = =
= ; when printing
| copying = '
solving '
paper jam | paper path E fuse PIM finisher ~ scanner
/ | Ly | | | >
throughput ' ','
;&\‘Q‘? memory footprint i ",' com ponent |
éo ACCUraCy ofceeccccccaccaccaca- ¢
& processing load
éJ response time
o
/Z? example from a high volume printer
Bachelor Course Systems Engineering: Architectural Reasoning sversion: 1.0 TNO_ESI
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Technical Budget

off axis pos. off axis
meas. Sensor
accuracy —» repro
4nm T 3 nm
global stage Al. blue align
alignment pos. meas. sensor
—> e ———
accuracy accuracy —» repro
6 nm 4 nm > 3 nm
reticle lens ds_ysiem - — interferometer
: adjustmen .
15 nm - matching STy - Stability
25 nm D (e 1 nm
process matched single stage position » frame
overlay — machine —+» machine —+ overlay —> accuracy » stability
80 nm 60 nm 30 nm 12 nm 7 nm 2.5 nm tracking
—» error WS
rocess . .
derp))endency matchlng stage grid alignment tracking 2 nm
- sensor - accuracy (> accuracy Ly repro Ly error X, Y —
5 nm S nm S nm S nm 2.5 nm tracking
Ly error RS
metrology tracking 1nm
Ly stability Ly error phi
5 nm 75 nrad
version: 1.0
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The System-of-interest as Black Box

Interfaces

!

system seen as black box

inputs — functions =3 outputs
guantified characteristics

!

restrictions, prerequisites
boundaries, exceptions
standards, regulations

A
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Key Performance Parameters

Key Performance Parameters are SMART . Specific

N

the most important

quantified
« Measurable verifiable

defined in use case: « Achievable (Attainable,
Action oriented, Acceptable,

_ Agreed-upon, Accountable)
the circumstances where the performance

Sl « Realistic (Relevant, Result-
typical use with relevant (quantified!) Oriented)

context data
 Time-bounded (Timely,
Tangible, Traceable)

|
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Example of Pugh Matrix

4 * 2-DOF

2 * 0-DOF A 2 * 0-DOF
3 * 2-DOF .

3 *1-DOF

Manoeuvrability

Energy consumption

Development Cost
Maturity (risk)
Purchasing Cost

NTW W W O b~
N Wi LN OOl

A AP WO|H

Maintenance Cost

A
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Case Elaboration FCR-views

Theory

Basic Ideas behind
Architectural Reasoning

Multi-view: CAFCR+

Class-work

Fundamentals of Systems
Design and Engineering

|

Homework

Case Exploration

TCase Elaboration FCRJ

Consolidation

Story telling, Key drivers

e
Life Cycle
|
Business Economics
—

Case Elaboration CA

Case Elaboration Life Cycle

Final Consolidation
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Class-work Day 2: Elaboration

Start second iteration by elaborating FCR views

Use time-boxes of about 30 minutes

Decompose the system in subsystems, decompose one subsystem in
subsubsystems.

e Show the subsystems and interfaces in a block diagram

Make a functional model of the internals of the system-of-interest

e Use one or more diagrams to show the dynamic behavior

Define 5..10 Key Performance Parameters of the system-of-interest

e Define a use case to support the definition of KPPs

Make a technical budget for one of the key performance parameters

Review and make a plan to consolidate in a presentation

|
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Class-work Day 2 mapped on CAFCR

Customer
objectives

Application

Functional

Conceptual

Realization

Life cycle

1. sketch the system-of-interest and

its context

2. draw an initial design

3. make a specification

4. identify customer stakeholders

6. partitioning and interfaces

5. identify life cycle
stakeholders

7. make functional design

8. define key
performance

9. make performance budget

Bachelor Course Systems Engineering: Architectural Reasoning
48 Gerrit Muller

version: 1.0
January 27, 2026

BSEARelaborationFCRmappedOnCAFCR




Homework after Day 2

Transform your results in electronic form (e.g., PowerPoint or Visio)
Develop two alternative solutions/concepts
Compare the three solutions using a Pugh matrix
define 5..10 criteria for comparison
score the solutions on a scale from 1 (poor) to 5 (very good)
recommend a solution with a rationale
Make a list of questions triggered by the first iteration

Search for facts to ease the next class-work

Submit as draft presentation via Canvas

A
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Home work instructions

Homework instructions

presentation

e.g. BSEAR teaml homeworkl.ppt
all team members on front page
upload homework to Canvas
Questions emall to: <gerrit « muller@ gmail. com>

from/cc: <all emalil addresses of team members>

filename: BSEAR team<your teamnumber/name> homework<number>

Bachelor Course Systems Engineering: Architectural Reasoning Ja‘é‘ﬁgfy'%‘fz%'z%
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Story Telling and Key Drivers

Theory

Basic Ideas behind
Architectural Reasoning

Multi-view: CAFCR+

Fundamentals of Systems
Design and Engineering

Class-work

Case Exploration

—

Case Elaboration FCR

Homework

Consolidation

Story telling, Key drivers

Life Cycle

Business Economics

Case Elaboration CA

T

—

Case Elaboration Life Cycle

Final Consolidation

Bachelor Course Systems Engineering: Architectural Reasoning
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Theory Block: Understanding Customers

Story telling
Customer Key Driver Graph

Context

A
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From story to design

What does Customer need
in Product and Why?

Product
How
Customer Customer Product
What How What
Customer Application Functional Conceptual Realization
objectives

a priori solution knowledge

market\
Vision

—> —> :
analyze case analyze deSIQn

design design

A
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Example story layout

A day in the life of Bob | draft or sketch of
some essential
appliance

bla blah bla, rabarber music

bla bla composer bla bla
ca. half a page of | ===
[}

nja nja njet njippie est quo

. ™ vadis? Pjotr jaleski bla bla
lain English text N\ o or

p g mjmm bas engel heeft een
interressant excuus, lex stelt

voor om vanavond door te NO
werken.

/

In the middle of the night he

is awake and decides to that is the question
change the world forever.

The next hour the great
event takes place:

This brilliant invention will change the world foreverbecause it is so unique and
valuable that nobody beliefs the feasibility. It is great and WOW at the same time,
highly exciting.

Vtables are seen as the soltution for an indirection problem. The invention of Bob will
obsolete all of this in one incredibke move, which will make him famous forever.

He opens his PDA, logs in and enters his provate secure ungiue non trivial password,
followed by a thorough authentication. The PDA asks for the fingerprint of this little left
toe and to pronounce the word shit. After passing this test Bob can continue.
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Points of attention

* purpose What do you need to know for
specification and design?

* Scope “umbrella” or specific event?

Define your stakeholder and viewpoint
* viewpoint, stakeholders f.I. user, maintainer, installer

Sketches or cartoon

* visualization | '
sualizatio Helps to share and communicate ideas

* size (max 1 A4) Can be read or told in few minutes

* recursive decomposition, refinement

A
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Criteria for a good story

Coner o @CCESSIDIE, understandable
Appiication "Do you see it in front of you?"
Cuurmer |0 y@luable, appealing .
leces attractive, important
i "Are customers queuing up for this?"
Caesua | Critical, challenging "What is difficult in the realization?"
Realization "What do you learn w.r.t. the design?"
Amcain o frequent, No exceptional niche

"Does it add significantly to the bottom line?"
Appiication | e specific names, ages, amounts, durations, titles, ...
Functional
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Example of a story

Betty is a 70-year-old woman who lives in Eindhoven. Three years ago her husband passed
away and since then she lives in a home for the elderly. Her 2 children, Angela and Robert,
come and visit her every weekend, often with Betty’s grandchildren Ashley and Christopher.
As so many women of her age, Betty is reluctant to touch anything that has a technical

way to complex.

environment made her hard-of-hearing with a hearing-loss of 70dB around 2kHz. The rest of
the frequency spectrum shows a loss of about 45dB. This is why she had problems
understanding her grandchildren and why her children urged her to apply for hearing aids two
years ago. Her technophobia (and her first hints or arthritis) inhibit her to change her hearing
aids’ batteries. Fortunately her children can do this every weekend.

This Wednesday Betty visits the weekly Bingo afternoon in the meetingplace of the old-folk’s
home. It's summer now and the tables are outside. With all those people there it's a lot of
chatter and babble. Two years ago Betty would never go to the bingo: “I cannot hear a thing
when everyone babbles and clatters with the coffee cups. How can | hear the winning
numbers?!”. Now that she has her new digital hearing instruments, even in the bingo
cacophony, she can understand everyone she looks at. Her social life has improved a lot and
she even won the bingo a few times.

That same night, together with her friend Janet, she attends Mozart’s opera The Magic Flute.
Two years earlier this would have been one big low rumbly mess, but now she even hears the
sparkling high piccolos. Her other friend Carol never joins their visits to the theaters. Carol also
has hearing aids, however hers only “work well” in normal conversations. “When | hear music

her hearing aids out, missing most of the fun. Betty is so happy that her hearing instruments
simply know where they are and adapt to their environment.

appearance. She knows how to operate her television, but a VCR or even a DVD player is |g

When Betty turned 60, she stopped working in a sewing studio. Her work in this noisy §

it's as if a butcher’s knife cuts through my head. It's way too sharp!”. So Carol prefers to take

source: Roland Mathijssen
Embedded Systems Institute
Eindhoven

Bachelor Course Systems Engineering: Architectural Reasoning sversion: 1.0

57 Gerrit Muller SHTexample

and academia



Value and Challenges in this story

Value proposition in this story:

quality of life:

Customer
objectives

A\ aliestar usability for nontechnical elderly people:

active participation in different social settings

“intelligent” system is simple to use

loading of batteries

Challenges in this story:
Intelligent hearing instrument

Battery life— at least 1 week

No buttons or other fancy user interface on the hearing instrument,
Concepual | | other than a robust On/Off method

Realization | | The user does not want a technical device but a solution for a problem

Instrument can be adapted to the hearing loss of the user
Directional sensitivity (to prevent the so-called cocktail party effect)

Recognition of sound environments and automatic adaptation (adaptive
filtering)

source: Roland Mathijssen, Embedded Systems Institute, Eindhoven
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Story: Workover Anno 2015

On September 4, Captain Frode Johansen was discussing the plans for the
upcoming workover of South Gulfaks (see http://www.npd.no/en/Publications/
Facts/Facts-2011/Chapter-10/Gullfaks-Sor-/) with his crew. Their vessel had been
out of operation for recertification of the equipment much longer than anticipated,
so there was a lot of pressure from Statoil on their schedule. Statoil sees

harbor diminishing production in several of the wells, so workover operations are urgent.

well 1

With the upcoming fall and winter storms, Frode hopes to finish the next three
workover operations in a new record time. The equipment supplier had not only
recertified all equipment, but also renovated parts of the riser system allowing for
faster deployment and retrieval. The supplier tested and installed equipment in
Horten. Tomorrow they will arrive in Sotra, their company support station. Here
they will stock their fuel, food, coiled tubing, and other material.

The weather forecast shows a depression close to Iceland that moves slowly in
Norway’s direction. If they can start deployment of the riser on September 7, then
they probably finish the workover before the storm associated with the depression
IS too severe.

Since the schedule is so tight, the captain proposes to preassemble the riser
system as far as possible while traveling. In addition, the accumulators can already
be charged. The captain asks the foreman to make a schedule and to allocate
tasks to the crew. Safety will be a key attention point, since working with such
equipment with sea state 3 provides risks.

A
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Annotated Physical Diagram of WorkOver System

rg
tension frame connects o
riser to rig tension system TF wireline
g y coil tubing BOP
provides well control
surface flow tree work over control system
provides well control SFT WOCS . y
monitoring and control
vessel or of subsea installation
platform
riser
conduit for running
tools to well
ROV | remotely operated vehicle
one for observation

emergency disconnect package :
provides disconnect function | EDP C [onE e CRe e

ower riser package
LRP | provides well control function

Xmas tree
provides well control XT

well | structural and pressure-

head | ontaining interface

. . . . . . S
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Typical Workover Operation

CHCONONONO

=)

@

I (. |
perform
assembly,
. workover
functional test .
operations
| | | |
run retrieve coil
tubing and
SRR wireline BOP
| | | |
unhook coil
run risers tubing and
wireline BOP
| | | |
hook up SFT ROV assisted
and TF disconnect

move above well

move away from
well

ROV assisted retrieve SFT and
connect TF
| | |
hook up coil
tubing and retrieve risers
wireline BOP
| | | |
system function retrieve
and connection EDP/LRP
seal test
| | | |
run coil tubing :
and wireline SRR
|  /

O

® 6 6 ¢

rig

TF Lo
wireline

\

coil tubing BOP

SFT WOCS

vessel or
platform

riser

EDP

LRP

XT

well
head
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Typical Workover Operation as Cartoon

ri ri ri ri ri ri
TF TF TF
EDP SFT SFT SFT
LRP WOCS WOCS WOCS SFT |\WOCs SFT |\|\WOCS SFT WOCS
vessel or vessel or vessel or vessel or vessel or vessel or
platform platform platform platform platform platform
e X EDP < X >
LRP
riser riser
EDP EDP

LRP LRP

@ i

Of  ®fm ®

TF TF
SFT SFT EDP SFT
S§T | \wWOCs SFT | \woOCs SFT [\|WwOCS WOCS WOCS LRP WOCS
vessel or vessel or vessel or vessel or vessel or vessel or
platform platform platform platform platform platform
EDP
LRP
riser riser
EDP EDP
LRP LRP
. . . . . 1.0 —
. version: 1.
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Typical Workover Operation on Timeline

assumptions:

running and retrieving risers: 50m/hr

running and retrieving coiled tubing/wireline: 200m/hr

actual workover operation

depth: 300m
o)
=
O
E 8
= =
L 823 O
- — C.E (0] §
0 co = <
Q o = 0> (-_5 a))
+— C (OIS be¥) c
e © =58 v 5
c o L S35 e =
> 2 o wn Q50 ® T
S o 3 o Sna c 2
e a k%) S o ©>S O 8
O = X >Sx B
> O
B c € S 208 ¢ c
© 2 2 < Exre 2 2

48 hrs

retrieve coiled tubing/wireline

move away from well
retrieve SFT and TF

retrieve EDP/LRP

retrieve risers
disassembly

<«——preparation 36 hrs———»

<«——finishing 27 hrs——»

stop production - deferred operation 62 hrs resume
production
| | | | | |
24 48 72 96
hours >
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Typical Workover Operation Context

zero order model
tworkover =
ttransportation + 1:preparation'i' tworkover"'
well 3
well 2 tfinishing
well 1 first order model
harb 1:workover -
arpor
ttransportation + 1:preparation'|' tworkover"'
tdisruption + tfinishing
-¢——workover well 1—p ~¢—workover well 2=——p
5 | < E 15 | c £
= actual = 5 ol B &
Tol =o N S0l = o o ] o9 5
£ =| ©= workover x| 8= |3 E €| 23
2 < 3 N ti g |3« S N S |5 £ X 2
5| 88 operation | £ e 28 | & % 3 gg =
S = 48 hrs [ S = = 2 o [
= = = =
Y— Y—
<disruption»
5 10
days >
A
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0-order Cost Model Workover Operation

workover cost per day

assumed cost (MNoK)

platform, rig 2

equipment 0.2

crew 0.1

total 2.3 MNoK/day

deferred operation per day
production delay
ongoing cost operation

assumed cost (MNoK)
0.1
0.2

total

0.3 MNoK/day

workover duration
transportation
preparation
workover
finishing

total

estimated duration (hours)

24 production loss
36 6
48 48
27 8

135 (5.6 days) 62 (2.6 days)

cost = CO~';-7tworkover/day * tworkover T COSlgeferred op./day * tgeferred op.
~=2.3*56+0.3*2.6 ~=14 MNoK / workover
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Disruption Workover Operation

TF

gsnpin (D8 A Of
I e.g. storm TF ,_|TF TF
\/] @ skt \wocs SFT \/WOCS SFT \wocs SFT \wocs

vessel or vessel or vessel or vessel or
retract wireline platform platform Lplatform | platform
shut down valves riser riser . riser
control t&p well
. ) EDP
disconnect EDP — EOP 0P | rRov
B XT
move away e
perform - head
workover wait
operations = .
P move above well 15 _ o
= 55 9] 3
reconnect EDP S B = <<
- - C > 8 > q>) S
L O © = X () +— ;
control t&p well 35 = = D 9 S a.)
22 ®© O T [ Q S
N 5 = ) = 0 ) c =
open valves s 2 > c = Q =
e O N 3
run wireline ¢ =
(C
) )

hours——»
S
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First order Cost Model Workover Operation

workover cost per day | assumed cost (MNoK) | | workover duration estimated duration (hours)
platform, rig 2 production loss
equipment 0.2 workover 0-order 135 (5.6 days) 62 (2.6 days)
quip ' average disruption
GRS 0.1 duration 72
total 2.3 MNoK/day overhead 11
) disruption frequency 0.3
deferred operation per day| assumed cost (MNOK) | |15t 5rder disruption 83*0 3=
production delay 0.1 correction 27 27
ongoing cost operation 0.2
total 0.3 MNoK/day total 162 (6.7 days) 89 (3.7 days)

1% order COSt = COStworkover/day * tworkover + COSlyeferred op./day * deferred op.
~=2.3%6.7+0.3*3.7 ~= 16.5 MNoK / workover

0-order cOSt ~= 14 MNoK ; disruption cost ~= 2.5 MNoK

. . . . . . S
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Workover Example Summary

Workover operation; architecture overview

This A3 based on the work of SEMA participants: Martin Moberg®, Tormod Strand®, Vazgen Karlsen', and Damien Wee', ) .
version 2.2 Gerrit Muller

and the master project paper by Dag Jostein Klever'. *Aker Solutions, 'FMC Technologies

workover workover workflow
workflow @[5 "\ =
T
Y=
assembly SFT |yWOCS] e WOCS |
functional test Ll allocy
o . - e o
EDP/LRP
LRP LRP LRP
i w— [ vl vl w—r
hook up SFT and N R ;
disruption physical model rig
workflow
A |

move above well tension frame connects

. N N TF ireli
retract wireline riser to rig tension system ‘(’:vcl)rile:?l:ng -
. | provides well control
Rox,:ﬁ::stted shut down valves surface flow tree K |
provides well control SFT WOCS x(;rnitz\rliirgc::gZo?tlfglem
control t&p well
hook up coil tubing vessel or of subsea installation
and wireline BOP disconnect EDP platform
system function D
and connection Y - )
seal test disruption workflow riser
conduit for running
run coil tubing and . . . . tools to well
wireline move above wel disruption timeline
S o
%5 ¥ 65 S 3 05 remotely operated vehicle
perform workover <" || reconnect EDP = s 88 &€= § ER one for observation
. =3 2 =58 ] 3 .
4 %‘6 % & g El 5 9 S = 2 X emergency dl_sconnect packgge one for operation
control t&p well =2 = ¢ g S 88 provides disconnect function | EDP
retrieve coil tubing E r) 2 lower riser package
and wireline BOP open valves Ve o | | H | LRP provides well control function
7c ) Xmas tree
unhook coil tubing run wireline [ 1 | 1 | provides well control XT
and wireline BOP 2 th?rs > ';":_‘d structural and pressure-
containing interface
ROV assisted e workover timeline o .
% o assumptions: 2
move away from w g ° 5 @ running and retrieving risers: 50m/hr g 3 i N
well 7 '_; _ é-g % E:n running and retrieving coiled tubing/wireline: 100m/hr | -5 Z _’; a 0-order workover cost estimate
) = ooF . = o
Fp—— 2 o : H ;g & £ | depth: 300m 5 £ 5] 0 E workover cost per day | assumed cost (MNoK) || workover duration estimated duration (hours)
ISHIeS an S o n @52 =2 % z i 203 platform, rig 2 transportation 24 production loss
> 5 1) 85O ® 5 o = 0 = wg ) )
-g 5 2 =3 ® 4S5 = . o ®© ] 2 09 equipment 0.2 preparation 36 6
g W ¥ 22%8 - actual workover operation »3 ¢ 8 2 39 crew 0.1 workover 48 48
retrieve risers a 5 S <] 205 § § hrs z g ° T T2 o
© 2 2 = Exe 2 2 L = = 235 total 2.3 MNoK/day finishing 27 8
[ ‘ ‘ | I ‘ ‘ I | | | ”l | ‘ ‘ ‘ ‘ deferred operation per day | assumed cost (MNoK) || total 135 (5.6 days) 62 (2.6 days)
retrieve
EDP/LRP <——preparation 36 hrs———» ~«—finishing 27 hrs—» || |Production delay O';
i . : prea— ongoing cost operation 0.
stop production deferred operation 62 hrs: production total 0.3 MNoK/day
disassembly
— * *
| | | | | | | | | COSt = COStyorkover/day * tworkover * COStaeferred op./day * tdeferred op.
24 48 72 96 ~ * * ~
v —— =2.3%5.6+0.3*2.6 ~= 14 MNoK / workover
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A3 Architecture Overview

This A3 based on the work of SEMA participants: Martin Moberg", Tormod Strand?, Vazgen Karlsen', and Damien Wee',

Workover operation; architecture overview ’ and the master project paper by Dag Jostein Klever'. *Aker Solutions, "FMC Technologies

version 2.2 Gerrit Muller

workover workover workflow
workfiow OfE O Gp _®A @ @R ©R ORE OFF
= TF D. . TF D ] [5 |
assembly. te;sglﬂy WOCSl _— SFT W SFT |wWOCS)| - WOCS — WOCSl
functional test latiom latior atform

Workflow as cartoon
&= dynamic behavior = _ W [ —
= =

physical model rig

run
EDP/LRP

hook up SFT and
TF

via numbers

move above well tension frame connects

) . N TF -
riser to rig tension system wireline

coil tubing BOP
provides well control

sn wocs]

retract wireline

5
\/ ROV acsisted ‘ T T ‘
surface flow tree
provides well control SFT WOCS | work over control system
abstract workflow
‘ vessel or ‘ ‘ of subsea installation

dynamic behavior IR physical model

run coil tubing and
wireline move above well d t on timeline
isruptio N
= reconnect EDP 5 28 . operated vehicle
perf;)rm workover . - E— o 23 : ‘ ‘ one for observation
perations S =] o S55 o3 = 2 X emergency disconnect package f :
S & @ =29 > 5 Sk . N . ROV one for operation
control t&p well 28 3 83T © 8 8 s provides disconnect function | EDP
E ‘? 3 £ lower riser package
and wireline B open valves s I—l ‘ l l LRP provides well control function
N \ 7c 46 Xmas tree
e \ run wireline | I 2|4 I 4|8 ‘ provides well control |
SR ERR | jY hours > structural and pressure-
. containing interface
ww | Felations el
disconnect workover timeline g
. .g assumptions: ‘ 2
move away from I B © | . . = N
Vl a CO O I’S g £ i t I 2 B N 0-order workover cost estimate
3 é’ I I I I e I n e = B 4 T Il - I
- — & 5 |d S 3 o = workover cost per dav | assumed eost (MNOKY || winrlenvar duratinn actimated duration (hours)
retrieve SFT and < = o - 32 > I o L > ; i
TF g g % 3 = 5 z % @ 8 S platform, rig . production loss
> = o ‘D = = .
3 HEE uantification : t estimat
228 s SiNE ( 8 o 2gg |[eaimen COoSt estimate 6
505 5 135N § 2 £8§ |low s
8 3 2 2 Exe 3 w B 15} s 52 — t-f. t. .
‘ ‘ ‘ l l_] ’ I I I I I“ ‘ ‘ ‘ ‘ ‘ deferred operation per ( q u an I I C a I O n (5.6 days) 62 (2.6 days)
retrieve ) production delay
EDP/LRP -4———preparation 36 hrs———m» -t lishing 27 hr: L K X
) . F—— ongoing cost operation ] 0.2 ‘ ‘ ‘ ‘
isassembly —
| | | | | | | | | | cost = COStwurkover/day * tworkcver + COStdeferred op./day * tdeferred op.
24 48 72 96 —_ * * —
v — 2.3*5.6+0.3*2.6 ~= 14 MNoK / workover
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Levels of A3s

workover
robustness

A3AQOs aspect
elaboration

contextual
A3AO

A3AO topic
of interest

workover
operations

workover
duration
and cost

AN

workover
health safety
environment

\
ROV navigation connect and barrier and
) and : :
handling L disconnect containment
positioning

/
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Example Graph for Motorway Management System

— Enforce law

Key-drivers
Safety >
Effective
Flow

Smooth
Operation

>

Ly

Environment »

— Reduce delay due to accident

Derived application drivers

Reduce accident rates

Improve emergency
response

Improve average speed
Improve total network throughput
Optimize road surface

Speed up target groups

Anticipate on future traffic condition
Ensure traceability

Ensure proper alarm handling

> Early hazard detection
with warning and signaling

Maintain safe road
condition

Classify and track dangerous
goods vehicles

Detect and warn
noncompliant vehicles

— Enforce speed compliance
— Enforce red light compliance

— Enforce weight compliance

Ensure system health and fault indication

Reduce emissions

Requirements

Automatic upstream
accident detection

Weather condition
dependent control

Traffic speed and
density measurement

% Cameras

— Deicing

Traffic condition
dependent speed control

Note: the graph is only partially elaborated
for application drivers and requirements
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Example Context of Motorway Management System

maintenance equipment
maintenance IT

A
fleet management >. environmental monitoring
- =
urban traffic cc_)ntrol = sensors, servers
advanced vehicle control _g
=
)

. Ca A
C AR\ lorry lanes
c Ompeting v spe® Y
motorway

0]
Opefal‘ Or
//')g;)

- management a
government IT « > J dd‘Onso
inistrati system e,
taxes administrative y S, restaurants
Y.

car administration

car repair
towing service

specialized
segments

. 66
airports
railways

. . . . . . S
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Case Elaboration CA-views

Theory

Basic Ideas behind
Architectural Reasoning

Multi-view: CAFCR+

Fundamentals of Systems
Design and Engineering

|

Class-work

Case Exploration

—

Case Elaboration FCR

Homework

Consolidation

Story telling, Key drivers

e
Life Cycle
|
Business Economics
—

I Case Elaboration CA

—

Case Elaboration Life Cycle

Final Consolidation
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Class-work Day 3: Elaboration CA-views

Continue second iteration by elaborating CA views
Use time-boxes of about 40 minutes

e Develop a story that helps you to understand the customer better and
that facilitates analysis of specification and design

e Verify your story against the story criteria
e Develop a customer key driver graph

o Start with Key Performance Parameters and ask “why (is this
needed)” repeatedly.

Use time-box of about 20 minutes for the remaining task

e Make a context diagram

A
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Class-work Day 3 mapped on CAFCR

Customer Application Functional Conceptual Realization

Life cycle
objectives

1. sketch the system-of-interest and its context

2. draw an initial design

3. make a specification

4. identify customer stakeholders

5. identify life cycle
stakeholders

6. partitioning and interfaces

7. make functional design

8. define key
performance

9. make performance budget

10. develop 3 alternate solutions

11. determine 5..10 criteria for comparison

12. rank 3 alternate solutions against criteria
13. Make a Story
14. Customer Key Driver Graph

15. Context diagram

|
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Theory Block: Life Cycle

Life Cycle
Conception and Development

From Deployment to Decommissioning and Disposal

A
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Product Life Cycle

sell
create
after sales . produce
options .
OpUOﬂS
sell . .
create service dISpOSG
produce
system systems systems
systems
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System Development

3. 4. 5.
feaS|b|I|ty defmltlon system engineering ) integration field
design & test monitoring

sales product documentation
logistics supply chain
production production and qualification procedures
service service procedures

development & engineering: marketing, project management, design

A
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Individual System Life Cycle

& & Q
. c
S g 3
> % Q
Q s o
T R -~ B
L N © 5
o
>

changes, e.qg.
accounts
procedures

O
O
N S
SR 5
NS -
& o g &
> % -
N secondary 2
0 &7 use C §; O
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Theory Block: Business Economics

Simple Cash flow model
Business models

Cost of Ownership

|
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Expenses and Income

Investment:
development cost

expenses:
purchase materials
labour

Income:
system sales

create
system

sell
produce
systems
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Business Models

customers
sell capability (e.g. racing)
increase other business (e.g. food and drink)
run other business (e.g. advertisements)

sell options
sell
create
after sales : produce
options )
options
sell : .
Create service dispose
produce
system systems systems
systems
initial sales sell spare parts
sell consumables
maintenance
services
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Example Cash Flow calculation

Y1Q1| Y1Q2| Y1Q3| YLQ4| Y2Q1| Y2Q2 Y2Q3

investments| 100k$| 400k$| 500k$| 100k$| 100k$ 60k$ 20k$

sales volume (units) - - 2 10 20 30 30
material & labour costs - -|  40k$| 200k$| 400k$| 600k$| 600k$
income - -| 100k$| 500k$| 1000k$| 1500k$| 1500k$

quarter profit (loss) | (LO0k$) | (400k$) | (440k$)| 200k$| 500k$| 840k$| 880k$
cumulative profit | (100k$) | (500k$)| (940k$) | (740k$) | (240k$)| 600k$| 1480k$

cost price / unit = 20k$

sales price / unit = 50k$

variable cost = sales volume * cost price / unit

income = sales volume * sales price / unit
guarter profit = income - (investments + variable costs)
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Cash Flow as Function of Time

A
+
G
O
1IM$| &
0.5M$
Y1 Y1 Y1 Y1 Y2 Y2
Q:LICQZIQSI(24IQ1I IQSI
time
(0.5M$)
(AM$)|
(¥p)
v 2
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. early more expensive

te product + follow-on
2 # delay of 3 months
1M$
& original model
0.5M$

Y1l Y1l Y1l Y1l Y2
QL Q2 Q3 Q4 Q1 7/
| | | N

(0.5M$)
AM$)|
S
v —
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Cost of Ownership Model

Cost Of Ownership model

A
60
radiologist ersonnel V)
. - 50
nurse consumables — 40
Secunty service — 30
administration facilities 20
operator financing - 10
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Case Elaboration Life Cycle-view

Theory

Basic Ideas behind
Architectural Reasoning

Multi-view: CAFCR+

Class-work

Fundamentals of Systems
Design and Engineering

1

Story telling, Key drivers

Life Cycle

Business Economics

Homework

Case Exploration

Case Elaboration FCR

Consolidation

Case Elaboration CA

.IE:ase Elaboration Life Cycﬂi

Final Consolidation

Bachelor Course Systems Engineering: Architectural Reasoning

87

Gerrit Muller

version: 1.0
January 27, 2026

BSEARIlogoCaseElaborationLC

TNOESI

eeeeee d by industry
and academia



Class-work Day 4: Elaboration Life Cycle

Continue second iteration by elaborating life cycle view

Use time-boxes of about 30 minutes

Develop a business plan for your company
e determine your role in the value chain
e determine income, expenses, and investments

e estimate cash flow as function of time

|dentify needs and concerns from life cycle stakeholders

e determine life cycle key drivers and key performance parameters

Make a Cost of ownership estimate for customers

Use time-box of about 20 minutes for the remaining task

Make a schedule for development and start of deployment

A
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Class-work Day 4 mapped on CAFCR

Customer
objectives

Application

Functional Conceptual Realization

Life cycle

1. sketch the system-of-interest and its context

2. draw an initial design

3. make a specification

4. identify customer stakeholders

5. identify life cycle
stakeholders

6. partitioning and interfaces

7. make functional design

8. define key
performance

9. make performance budget

10. develop 3 alternate solutions

11. determine 5..10 criteria for comparison

12. rank 3 alternate solutions against criteria

13. develop a story

14. Customer Key Driver Graph

15. Context diagram

18. Cost of Ownership model

16. Make business
plan

17. needs and
concerns

19. Schedule

20. check specification and design for major gaps or
improvements
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T-shaped Presentation

business/market
competition customers

societal
problems problems °Y CIIVErs q_uantlflcat|c_)n and _
needs needs concerns  risk analysis recommendations
co o applications

summary how
solution answers
needs

product project
system
functions

key performance

design and concepts
functional, physical
quantified

onclusions
appropriate

specific aspects
functional, physical
guantified

Summary and ¢
why choices are

technology
critical or new

. A
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Homework after Day 4

Check specification and design for major gaps or improvements
Transform your results in electronic form (e.g., PowerPoint or Visio)

Make a T-shaped presentation for your management, covering all 4
days; its main purpose is to make an initial go/no-go decision

Submit this presentation via Canvas
Write an individual reflection report, max 2 A4s:
What are your main learning points?

What aspects deserve most attention in next phase of your
project? Explain why.

Submit this individual reflection report via Canvas

A
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Summary Architectural Reasoning

Objective: Awareness Objective: Experience

Let engineering students apply and experience:

Make engineering students aware of:

. other disciplines - multiple views

u ” : - : . visualizations
. “systems” design and engineering

. customers and life cycle as contexts of the - simplification

system . iteration

. the impact of needs on design decisions S
. guantification

Stretch, Stretch, Stretch Main Deliveries

market and
customer context

life cycle context ' understand
context

value
proposition =

business
proposition

_— systems architecting

multi-disciplinary design analyse needs

specify system
mono-disciplinary explore design
engineering o o = options
= £ 8¢
VQo| Bl o (design, engineer, build, test)
c @ ARSI ) © O
EE||BS| |55 : .
£2 02|02 validate & verify
no|| ool Eo

Bachelor Course Systems Engineering: Architectural Reasoning version: 1,0
92 Gerrit Muller January 27, 2026 m ESI

Powered by industry
and academia



Summary CAFCR

Time-boxing and lteration

— N [42] X <t n © X — N X [42] <t
z2(2(z2|8(2(2(2|8 = = 5 = =
Q|22 (s |9 | 0|25 Q Q = Q Q
S|S (S| |5|(5(5|= S S Q s> S
I I I
<¢— 1 hour
— time —
time-box iteration

A time-box is a fixed amount of
time allocated to perform one
activity.

We iterate many times over
different viewpoints. Every

viewpoint is addressed multiple
times with new insights from other

CAFCR views

What does Customer need
in Product and Why?

y A N Product
How
Customer Customer Product A~
What How What 7 N
Customer Application Functional Conceptual Realization
objectives

context objective
understanding driven

oppor- - /constraint/ knowledge
viewpoints tunities awareness based
]l Il | Il
C A FC R + government financial dir. insurance administration
cost of care cash flow cost of care patient id
cost of op. invoice
Customer Application Functional Conceptual Realization — —
o general ref. physician radiologist nurse
objectives practitioner diagnosis diagnosis patient
patient treatment reimburstment ease of work
patient inspection
s - ~ comfort quality legend
operations Life cycle development health ™
maintenance manufacturing tamil ol b :
upgrades installation amily " DN operator clinical
support 3 —F ease of use
sales, service, logistics, production, R&D i ' —
IT dep. facility man. maintainer cleaner
conformance space accessibility accessibility
security service supp. safety safety
A
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Summary Fundamentals Systems Engineering & Design

Partitioning

system
S
| ] ]
subsystem .. atomic sub subsystem
1 system k n
| |
| | ] | | ]
subsub subsub subsub subsub subsub | g&%gﬂ%
system A system B system N system P system Q system Z
| | | |
| ] | ] | ] | ]
atomic| _|atomic||atomic|_ |atomic|latomic| |atomic|atomic| |atomic|atomic| jatomic
part part || part part || part part || part part || part part
sensor
measure data control
sensor .
. pressure, » pressure, —» settlngs
signals
temp, flow temp, flow
transport to
increase top-side
well A
pressure hydro
carbons
hvdrocarbons YA regulate combine separate
O ProVO == flowand == multiple == gas,oil,
pressure streams water, sand == water
sand

part
e.g. pipe

Interfaces

power

)

control
interface
e.g. CAN

interface

part
e.g. pressure

and flow

regulator

2

hydrocarbon
interface

mechanical

mounting interface

]

Key Performance Parameters

o | other part with
same interfaces

Key Performance Parameters are SMART

AN

the most important

« Specific

defined in use case:

the circumstances where the performance
is valid

typical use with relevant (quantified!) Oriented)
context data

« Measurable verifiable

« Achievable (Attainable,
Action oriented, Acceptable,
Agreed-upon, Accountable)

« Realistic (Relevant, Result-

« Time-bounded (Timely ,
Tangible, Traceable)
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Summary Fundamentals Systems Engineering & Design

Combining 3 Dimensions

How about the <characteristic>
of the <component>
when performing <function>?

A What is the accuracy of
T the fuse

- iz e
memory footprin ——component—»

(el 1y Y R

response time.

J
N
S
Q
,3/ processing load
(9
&
o
$

example from a high volume printer

4

Concept Selection

Swivel concept selection EDP-LRP connection

CBV swivel clamp swivel dynamic wosided | comnectorsin | connectorsin | wireless
hub hup &

&7 o v SR
@ = SN 3 -
= _— @@ -
— = . @ L | —

3 i
evaluation criteria |weight| CBV | clamp | dynamic Concepts
NET o Evaluation Criteria_ [Score| 1 2 3 4
D level 5 50| 2 20| 2 50| Time toconnect
Cost 20 Need for ROV - + + +
Hardware cost 4 8|2 405 100 Design = o+
Development cost 5 100| 2 40| 2 40| |Robustness

Connector design - s s+
Design robustness| 25 s D
Design lfe
A s 15| 3 75| a 75| | Handierolloff + - s+
pressure cycles 2 12| 4 100| & 135 | | Influence other + s - s
Pressure range Redundancy
e 4 100] 4 100 4 100 | [FEE 6 - - 05
external 2 50| 5 125 2 50 Interchangeability + - -
Temperature range 4 100| 4 00| 4 100 =
Installation 20 HW cost - -
Initalinstallatioretrieval 2 4|3 60| 4 8| | Manufacturing cost s s . s
c i 2 4|4 8|5 100 ing cost + - s
Service cost S
Operation 2511 25]4 100| 5 125 [yt ol
Swivel resistance T ool s 10| o 1n| |Maturty
Spool Length Short
Spool Length Long 3 75/ 5 125(5 125 §‘S 7 [ 3
Hub loads 2 50| 4 100]5 125 2 3 & ¢
2 points 985 1165 1290 ==l o =@ a

from master paper Halvard Bjgrnsen, 2009 from master paper Dag Jostein Klever, 2009

Technical Budget

global
alignment
accuracy
6 nm
. lens
reticle .
15 nm matching
25 nm
process matched single stage
overlay machine machine —+ overlay —
80 nm 60 nm 30 nm 12 nm
process . )
sy matching stage grid
sensor accuracy » accuracy
5 nm 5nm 3
metrology
Ly  stability
5nm

off axis pos.

meas.
accuracy
4nm

stage Al.
pos. meas.
accuracy
4 nm

system
adjustment
accuracy
2 nm

position

> accuracy

7 nm

alignment
repro
5nm

(2K

off axis
Sensor
repro
3nm

blue align
sensor
repro
3nm

interferometer

~ stability

1nm

frame
stability
2.5nmm tracking
error WS

tracking 2nm

error X, Y

2.5nmm tracking

error RS

tracking 1nm

error phi
75 nrad

intentionally left blank
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Summary Customer Understanding

Story Telling

What does Customer need
in Product and Why?

Product
How
Customer Customer Product
What How What
Customer Application Functional Conceptual Realization
objectives

market a priori solution knowledge

vision
—> — H
analyze case analyze deSIQn
design design

System Context

maintenance contractors

fleet management
urban traffic control
advanced vehicle control

environmental monitoring

third party

cations bus lanes
\

\icat
co, 1o 20P lorry lanes
~ Mpe, ting gpec® ry
O,
ating,  MOtOrway

b
taxes €raty .
car administration management
——
government administrative system

car repair
towing service

specialized
segments

B @
airports ~ ®
railways

Key Driver Graph

Key-drivers
Safety Reduce accident rates
Enforce law
Improve emergency
response
Effective — Reduce delay due to accident
Flow
—~ Improve average speed
— Improve total network throughput
- Optimize road surface
= Speed up target groups
» Anticipate on future traffic condition
Smooth ’
A -+ Ensure traceability
Operation
— Ensure proper alarm handling

Environment» Reduce emissions

Cost Of Ownership model

Derived application drivers

Early hazard detection

Requirements

Automatic upstream

with Warning and signaling accident detection

Maintain safe road
condition

Classify and track dangerous
goods vehicles

Detect and warn
noncompliant vehicles

Enforce speed compliance
Enforce red light compliance

Enforce weight compliance

» Ensure system health and fault indication

Weather condition
dependent control

Traffic speed and
density measurement

Cameras

f——» Deicing

Traffic condition
dependent speed control

Note: the graph is only partially elaborated
for application drivers and requirements

Cost of Ownership Model

radiologist

nurse

security

administration

operator

60

——kS—>

personnel 50
consumables — 40
service — 30
facilities L 20

financing
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Summary Life Cycle and Business Economics

Product Life Cycle

sell
create
after sales . produce
options .
options
sell . .
create service dlSpOSG
produce
system systems systems
systems
Cash Flow
Y1Q1| Y1Q2| Y1Q3| Y1Q4| Y2Q1| Y2Q2 Y20Q3
investments| 100k$| 400k$| 500k$| 100k$| 100k$ 60k$| 20k$
sales volume (units) - - 2 10 20 30 30
material & labour costs - -|  40k$| 200k$| 400k$| 600k$| 600k$
income - -| 100k$| 500k$| 1000k$| 1500k$| 1500k$
quarter profit (loss) | (100k$)| (400k$)| (440k$)| 200k$| 500k$| 840k$| 880kS$
cumulative profit| (LOOKS) | (500k$) | (940k$)| (740k$)| (240k$)| 600k$| 1480k$

cost price / unit = 20k$
sales price / unit = 50k$

variable cost = sales volume * cost price / unit

income = sales volume * sales price / unit
quarter profit = income - (investments + variable costs)

System Life Cycle

system
order

Iupgrade

</ add option
| maintenance

local

changes, e.g.
accounts
procedures

maintenance

dispose

Hockey Stick

=
(S
o
iM$| &
0.5M$
Y1 Y1l Y1 Y1 Y2 Y2
Ql Il Q2 Il Q3 Il Q4 Il Ql Il Il Q3 Il
time
(0.5M$)
(ams)|
(%)
i)
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