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Determine and Discuss the Case

Determine the system of interest

Define your organization

Determine an innovative change to be architected
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Exercise SMART KPPs and Use CAse

Make specification overview with ~10 SMART Key Performance 

Parameters (or functions or interfaces)

determine at least one use case

system seen as black box

inputs outputsfunctions

quantified characteristics

restrictions, prerequisites

boundaries, exceptions

standards, regulations

interfaces • Specific

• Measurable

• Achievable (Attainable, 

Action oriented, Acceptable, 

Agreed-upon, Accountable)

• Realistic (Relevant, Result-

Oriented)

• Time-bounded (Timely , 

Tangible, Traceable)

quantified

verifiable

use case

typical use with relevant 

context data (quantified!)

Architecting for Business Value; Assignments
7 Gerrit Muller

version: 0
July 3, 2023

SEMAblackBoxIteration2



Exercise Story Telling

Create a story

as text + sketch or as cartoon

Use the criteria

be highly specific!

envision the future value proposition

Enjoy!
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Exercise Block Diagram

Make a set of block diagrams capturing the static parts and 

interfaces.

Ensure coverage of the entire system, e.g. including service, training, 

production, etc.

Show both hardware and software

Good block diagrams have in the order of 10 to 20 blocks
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Exercise Dynamic Behavior

Capture the dynamic behavior of the internals of your system in 

multiple diagrams.

Diagrams that capture dynamic behavior are among others:

· Functional flow (of control or information, material or goods, or 

energy)

· Activity or sequence diagrams (e.g. with “swimming lanes”)

· State diagrams
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Exercise Budget

Make a technical budget for one of the key performance 

parameters.

· a good budget has 20 to 30 contributing elements

· elements should be balanced (remove or combine insignificant 

contributions)

· use the previously defined parts and dynamic behavior
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Exercise Concept Selection

Make a decision matrix for one of the concept selections.

· define at least 3 concepts

· define 7 to 10 criteria for selection

· score the concepts against the criteria, for example using a scale 

from 1 to 5: 1 = very poor, 5 = very good

· recommend a concept with a rationale

concept 1 concept 2 concept 3

criterion 1

criterion n

1 3 5

4 4 2

best, 

because ...
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Exercise Customer Key Driver Graph

Make a customer key driver graph

Use yellow note stickers

Start at the right hand side

5 m/s

<200Kg

5 hrs

whywhy
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Exercise Life Cycle

Analyze the evolution during the lifecycle.

· identify sources of change in customer context, life cycle context, 

and technology

· make a list of changes

· determine per change the expected rate of change and the 

required response time to the change

· optional: determine effort, impact, and risks per change
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Exercise Line of Reasoning

Make a line of reasoning for one of the dominant qualities.

· in the CA views; determine what customers do to achieve their 

goal

· in the F view determine the specification of your system supporting 

this quality

· in the CR views determine the relevant concepts and technologies

· Take the reverse viewpoints as well: what threatens this quality?
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Exercise Business Plan

Make a business plan for the mid to long-term future.

· determine business model

· determine investments, sales volume, sales price, and costs

· estimate the cash flow and accumulated profit

· include at least 3 releases or generations of systems
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Exercise Threads of Reasoning

Customer

objectives

Application Functional Conceptual Realization

Life cycle and Business

1 select

3..5 most 

important needs 

and concerns

2 select

3..5 most 

important 

specification 

issues

3 select

3..5 most critical 

design aspects

4 select

3..5 most critical 

life cycle and 

business issues

5 show relations

positive

negative

6 transform

into elevator

pitch
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Reflection Cycle

experiencing

reflecting

generalizing

applying

source: Kolb's learning cycle
http://www.infed.org/biblio/b-explrn.htm

analyzing

interpreting

explaining

observing

conceptualizing

testing
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When to Reflect

action

time

Reflection 

Before 

Action

Reflection 

In Action

Reflection 

On Action

anticipation

preparation

concurrent retrospective
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Double Loop Learning

question and 

adapt 

governing 

variables

question and 

adapt

action strategy

apply and 

observe 

consequences

single-loop learning

double-loop learning

after C. Argyris
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Customer Stakeholders
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Business Stakeholders
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Discipline Stakeholders

application disciplines

technical disciplines

mechanical eng.

electrical eng.

software eng.

...

domain (f.i.,clinical)

human factors

...

system 

design

others

...
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standards
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Innovation to Market
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Exercise Sketch System of Interest

Sketch the System-of-Interest in its context

· Show some of the internals of the system-of-interest

· Indicate the boundary of the system-of-interest
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Process Model Innovation to Market

customer oriented 

customer
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Strategic Assets Accelerate Time to Market
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Time Dimension and Strategy
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Information Flow
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Integral Process Model
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Conventional and Agile Development Models

identify needs

specify

design

realize

integrate

qualify

learn fast by iterating over needs and 

technology

· more chaotic

· requires agile mindset
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Deliverables of the System Architect

Spec DesignReport
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Design
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List of Deliverables

Customer and Life-Cycle Needs (what is needed)

System Specification (what will be realized)

Design Specification (how the system will be realized)

Verification Specification (how the system will be verified)

Verification Report (the result of the verification)

Feasibility Report (the results of a feasibility study)

Roadmap
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Responsibilities of the System Architect

system

subsystem
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Examples of Secondary Responsibilities

responsibility

business plan, profit

schedule, resources

market, saleability

technology

process, people

detailed designs

primary owner

business manager

project leader

marketing manager

technology manager

line manager

engineers
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What does the System Architect do?
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Many viewpoints
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Viewpoint Hopping
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The seemingly random exploration path
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Generalist versus Specialist
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Generalists and Specialists are Complementary
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Spectrum from Specialist to System Architect
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Challenges and Dilemmas - Business Context

· Multi-disciplinarity

· Amount and distance stakeholders

· Connecting breadth and depth:

· Customer value proposition

· business proposition

· Design and Technology

· Many unknowns, uncertainties, little time

· Role of the architect is vague (holistic)

· Many stakeholders consider architect as 

a “trespasser”

· Architects take decisions with lifecycle 

and business impact without detailed 

information.

· How to deal with tensions between long 

term (strategic), mid term (tactical), and 

short term (operational).
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Challenges and Dilemmas - Role and Task

· Limited deliveries; information/

documentation predominantly

· Vague responsibilities

· Most responsibilities are shared and 

owned by someone else

· Many activities are necessary for the 

result, however, more or less invisible

· Architect works via influence, without 

formal power

· Architect and project leader are 

“opposing mates”

· How to grow in breadth?

· How to maintain depth?

· How to connect with other depth 

disciplines?

· Customer value vs. engineering delight

· Required skills & process available skills 

& process

· Architectural cleanness product release 

date

· Technology improvement risk reduction
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Risks and Pitfalls - Architecting

· What happens without architect or architecting team?

· Ivory tower architects

· When working agile, architecting is not needed

· Architecting costs time

· Investment in architecting is a waste, since we do not know enough

· Architect does not have power, needs perseverance
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Recommendations as Central Thread

objectives

principles recommendations

Time-box

Iterate

Multi-view

Measure and validate

Quantify early

Visualize

System and its context

Analysis of accuracy and 

credibility

(Simple) mathematical models

Multiple levels of abstraction

use feedback

work incremental

work evolutionary

support communication

facilitate reasoning

support decision making

be explicit

make issues tangible

create

maintain

understanding

insight

overview

translate into

translate into

 
help to

achieve

help to achieve
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The “CAFCR” model

Customer

What

Customer

How

Product

What

Product

How

What does Customer need

 in Product and Why?

drives, justifies, needs

enables, supports

Customer

objectives

Application Functional Conceptual Realization
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Integrating CAFCR

Customer

objectives

Application Functional Conceptual Realization

intention

constraint
awareness

objective
driven

context
understanding

oppor-
tunities

knowledge
based

Customer

What

Customer

How

Product

What

Product

How

What does Customer need

 in Product and Why?
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CAFCR can be applied recursively

System

(producer)

Customer 

Business
Drives

Enables

Customer's 

Customer 

Business
Drives

Enables

Consumer
Drives

Enables

Value Chain

larger scope has smaller

influence on architecture
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CAFCR+ model; Life Cycle View

Customer

objectives

Application Functional Conceptual Realization

Life cycle
operations

maintenance

upgrades

development

manufacturing

installation

sales, service, logistics, production, R&D
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Final Delivery: Presentation to Top Management

Value Proposition

Why do customers 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?

System Specification

What do customers get?

What is the system-of-interest that we deliver?

Design

How will we realize this specification?

How do we ensure performance, safety, 

robustness, etc.?
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Exercises Mapped on CAFCR+

Customer

objectives

Application Functional Conceptual Realization

1. exploration of the playing field

Life cycle

4. dynamic behavior

3. story telling

2. SMART use cases

8. qualities, line of reasoning

7. Life Cycle

6. customer key driver graph

5. concept selection

9. Business Plan

10. Architecture Overview

0. System-of-Interest
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Initial CAFCR scan; top-down
by Gerrit Muller HSN-NISE, TNO-ESI
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Abstract

This presentation guides a team through a quick CAFCR scan. Such quick scan
with typically 15 minutes per view helps to build an initial overview of the problem
and solution space. This version uses a top-down scan, which is typiaclly useful
in greenfield approaches.

Distribution

This article or presentation is written as part of the Gaudí project. The Gaudí project
philosophy is to improve by obtaining frequent feedback. Frequent feedback is pursued by an
open creation process. This document is published as intermediate or nearly mature version
to get feedback. Further distribution is allowed as long as the document remains complete
and unchanged.
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Present the results top-down

Use two to three flip charts of the six that have been created.

Explain in five minutes the needs of the customer, the system, and the 

major design choices. 



Exercise Top-down Scan CAFCR

make a top-down analysis of your product:

1. customer objectives 

2. application 

3. functional

4. conceptual

5. realization

6. qualities

use time boxes of 15 minutes per view

show the most dominant decomposition of that view, as diagram or as a 

list; some more guidance will be given per step.
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Do and Don’t

Do

· start sketching/drawing 

as soon as possible

· use shared large sheets 

of paper (e.g. 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 

· information and insight is 

quickly lost

· stickers are easily 

(re)moved

· you hopefully discover a 

lot; increased insight will 

change problem and 

solution
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Step 1: Customer Objectives View; Value Network

owner

tenant

inhabitants

contractor

installer commissioner

facility 

management

suppliers

IT 

management

light designer
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architect
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Step 2: Application View

Chose 1 or 2 items from below 

system contextstakeholders and concerns (who)

2D map (where) work flow & time line (what, when)

patient

comfort

health

nurse

patient

ease of work

operator

ease of use

cleaner

accessibility

safety

inspection

quality

maintainer

accessibility

safety

radiologist

diagnosis
reimburstment

insurance

cost of care

facility man.

space

service supp.

ref. physician

diagnosis

treatment

financial dir.

cash flow

cost of op.

IT dep.

conformance

security

general

practitioner

patient

administration

patient id

invoice

government

cost of care

corridor

magnet patient table

technical

room

cabinets

control room

dressing

room rest room waiting room

accessory

cabinet
1 meter

console

functional flow

9 101 2 3 4 5 6 7 8

call family doctor

visit family doctor

call neurology department

visit neurologist

call radiology department

examination itself

diagnosis by radiologist

report from radiologist to

neurologist

visit neurologist

19 2011 12 13 14 15 16 17 18 21 22 23 24 25

days

other IS administrative

clinical

support

patient

legend

MRI CT Xray imaging

RIS
(radiology)

LIS
(laboratory)

patient info

schedule

status

PACS

(Picture Archiving and Communciation)

images

radiology 

workstation

patient info

report

HIS
(hospital)

patient info

report

schedule

status

physician 

workstation

IT infrastructure (communication, gateways, servers, storage, …)

patient

portal

hospital 

ERP

reception

clients

clinical

clients

external 

stakeholders

insurance

portal

primary 

care
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Step 3: Functional View; Top level Spec

system seen as black box

inputs outputsfunctions

quantified characteristics

restrictions, prerequisites

boundaries, exceptions

standards, regulations

interfaces
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Step 4: Conceptual View

Chose 1 or 2 items from below 

subsystem decompositionfunctional model

information model performance model

What

sense

position

sense

orientation

sense

speed

determine

setpoints

control

engine

control

rudders

determince

trajectory

patient

examination

scan

2D images

3D volume

attributes

scan procedures

exam procedures

attributes

attributes

attributes

attributes

work-list
attributes

volume index

image index

pictorial index precompiled

data elements additional

to the external

information model
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Step 5: Realization View

Choose 1 or 2 items from below

Annotate/mark most critical technologies or characteristics 

SW layer diagramHW block diagram

How

GPS

gyros ARM CPU

DL2128V

CAN master
256MB

DDR III

256MB

NAND Flash

8 12 bit DA

CAN

tuner
frame-

buffer
MPEG DSP CPU RAM

drivers scheduler OS

etc

audio video TXT
file-

system
networkingetc.

view PIP

browseviewport menu

adjust
view

TXT

hardware

driver

applications

services

toolboxes

domain specific generic

signal processing subsystem control subsystem

2D layout of system internals 3D sketch of system internals

batteries

electrical

engine

transmission
primary

engine

fuel tank

fuel tank
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Step 6: Qualities

Determine the 5 most relevant qualities from the checklist

· Make the chosen qualities as specific as possible

· Explain for each quality why it is relevant 
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Step 6: Qualities Checklist

usability

attractiveness

responsiveness

image quality

wearability

storability

transportability

usable

safety

security

reliability

robustness

integrity

availability

dependable

throughput or

productivity

effective

serviceability

configurability

installability

serviceable

liability

testability

traceability

standards compliance

liable

ecological footprint

contamination

noise

disposability

ecological

reproducibility

predictability

consistent

efficient
resource utilization

cost of ownership

cost price

power consumption

consumption rate

(water, air,

chemicals,

et cetera)

size, weight

accuracy

down to earth

attributes

manufacturability

logistics flexibility

lead time

logistics friendly

evolvability

portability

upgradeability

extendibility

maintainability

future proof

interoperable

connectivity

3
rd

 party extendible
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Presentation

Present the results top-down

Use two to three flip charts of the six that have been created.

Explain in five minutes the needs of the customer, the system, and the 

major design choices. 
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Architect: Focus on most Important Issues

architecting time

m
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all other issues

10% 90%

20%80%
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spent on

solved

new
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SMART Requirements

• Specific

• Measurable

• Achievable (Attainable, Action oriented, Acceptable, 

Agreed-upon, Accountable)

• Realistic (Relevant, Result-Oriented)

• Time-bounded (Timely , Tangible, Traceable)

quantified

verifiable
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Quantified Use Case to Define Key Performance
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Break Out Functional View

Make specification overview with ~10 SMART Key Performance 

Parameters (or functions or interfaces)

determine at least one use case

system seen as black box

inputs outputsfunctions

quantified characteristics

restrictions, prerequisites

boundaries, exceptions

standards, regulations

interfaces • Specific

• Measurable

• Achievable (Attainable, 

Action oriented, Acceptable, 

Agreed-upon, Accountable)

• Realistic (Relevant, Result-

Oriented)

• Time-bounded (Timely , 

Tangible, Traceable)

quantified

verifiable

use case

typical use with relevant 

context data (quantified!)
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From story to design

Customer

What

Customer

How

Product

What

Product

How

What does Customer need

 in Product and Why?

story case
analyze

design

design
analyze

design

a priori solution knowledgemarket

vision

Customer

objectives

Application Functional Conceptual Realization
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Criteria for a good story

• accessible, understandable

• valuable, appealing  

• critical, challenging

• frequent, no exceptional niche

• specific

"Do you see it in front of you?"

attractive, important

"Are customers queuing up for this?"

"What is difficult in the realization?"

"What do you learn w.r.t. the design?"

names, ages, amounts, durations, titles, ...

"Does it add significantly to the bottom line?"

Customer

objectives

Application

Functional

Conceptual

Realization

Customer

objectives

Application

Application

Application
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Exercise Story Telling

Create a story

as text + sketch or as cartoon

Use the criteria

be highly specific!

envision the future value proposition

Enjoy!

Initial CAFCR scan; top-down
84 Gerrit Muller

version: 0.1
July 3, 2023

SEMAexerciseStoryTelling



Parts, Dynamics, Characteristics

parts

characteristics

dynamics

interact

results in

prime interest

of organization

prime interest

of customer

prime system

responsibility

functionality
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Partitioning is Applied Recursively

system

subsystem 

1

subsub

system A

subsub

system B

subsub

system N

atomic

part

subsystem 

n

subsub

system P

subsub

system Q

atomic 
subsub

system Z

atomic

part

atomic

part

atomic

part

atomic

part

atomic

part

atomic

part

atomic

part

atomic

part

atomic

part

atomic sub

system k
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Software Partitioning

tuner
frame-

buffer
MPEG DSP CPU RAM

drivers scheduler OS

etc

audio video TXT
file-

system
networkingetc.

view PIP

browseviewport menu

adjust
view 

TXT

hardware

driver

applications

services

toolboxes

domain specific generic

signal processing subsystem control subsystem
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Guidelines for Partitioning

the part is cohesive 

the coupling with other parts is minimal

the part is selfsustained for production and qualification

clear ownership of part

functionality and technology belongs together

minimize interfaces

can be in conflict with cost or space requirements

e.g. one department or supplier
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Decoupling via Interfaces

part

e.g. pressure 

and flow 

regulator

part

e.g. pipe

part

e.g. pipe

hydrocarbon

interface

power

interface

control

interface

e.g. CAN

mechanical

mounting interface
other part with 

same interfaces

can replace 

original
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Typical Workover Operation as Cartoon

vessel or

platform

rig
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platform
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Typical Workover Operation

rig

vessel or

platform

assembly, 

functional test

run

EDP/LRP

run risers

hook up SFT 

and TF

hook up coil 

tubing and 

wireline BOP
EDP

LRP

riser

XT

well

TF

SFT

wireline

coil tubing BOP

well 

head

WOCS

system function 

and connection 

seal test

run coil tubing 

and wireline

retrieve coil 

tubing and 

wireline BOP

retrieve SFT and 

TF

retrieve risers

retrieve

EDP/LRP

perform 

workover 

operations

move above well
move away from 

well

disassembly

3

2

1

4

5

7

6

unhook coil 

tubing and 

wireline BOP

12

11
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7

8

ROV assisted 

connect

ROV assisted 

disconnect

Initial CAFCR scan; top-down
91 Gerrit Muller

version: 0.1
July 3, 2023

SSMEtypicalWorkoverOperation



Typical Workover Operation on Timeline
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Functional Decomposition

How does the system work and operate?

Functions describe what rather than how.

Functions are verbs.

Input-Process-Output paradigm.

Multiple kinds of flows:

physical (e.g. hydrocarbons)

information (e.g. measurements)

control

At lower level one part  ~= one function

pump pumps, compressor compresses, controller controls

At higher level functions are complex interplay of physical parts

e.g. regulating constant flow, pressure and temperature

Initial CAFCR scan; top-down
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Exercise Dynamic Behavior

Capture the dynamic behavior of the internals of your system in 

multiple diagrams.

Diagrams that capture dynamic behavior are among others:

· Functional flow (of control or information, material or goods, or 

energy)

· Activity or sequence diagrams (e.g. with “swimming lanes”)

· State diagrams

Initial CAFCR scan; top-down
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What is a Budget?

A budget is

a quantified instantation of a conceptual model

A budget can

prescribe or describe the contributions

by parts of the solution

to the system quality under consideration
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Why Budgets?

• 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

Initial CAFCR scan; top-down
96 Gerrit Muller

version: 0.1
July 3, 2023
MABUgoals



Visualization of Budget Based Design Flow

budget
design 

estimates;
simulations

V4aa

IO

micro benchmarks

aggregated functions

applications

measurements 
existing system

model

tproc

tover

+

tdisp

tover

+

+

spec

SRS
tboot 0.5s

tzap 0.2s

measurements 
new (proto) 

system
form

micro benchmarks

aggregated functions

applications

profiles

traces

tuning

10

20

30

5

20

25

55

tproc

tover

tdisp

tover

Tproc

Tdisp

Ttotal

feedback

can be more complex

than additions
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Stepwise Budget Based Design Flow

1B model the performance starting with old systems

1A measure old systems

1C determine requirements for new system

2 make a design for the new system 

3 make a budget for the new system:

4 measure prototypes and new system

flow model and analytical model

micro-benchmarks, aggregated functions, applications

response time or throughput

explore design space, estimate and simulate

step example

models provide the structure

measurements and estimates provide initial numbers

specification provides bottom line

micro-benchmarks, aggregated functions, applications

profiles, traces

5 Iterate steps 1B to 4
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Budgets Applied on Waferstepper Overlay
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Budgets Applied on Medical Workstation Memory Use

shared code

User Interface process

database server

print server

optical storage server

communication server

UNIX commands

compute server

system monitor

application SW total

UNIX Solaris 2.x

file cache

total

obj data

3.0

3.2

1.2

2.0

2.0

0.2

0.5

0.5

12.6

bulk data

12.0

3.0

9.0

1.0

4.0

0

6.0

0

35.0

code

11.0

0.3

0.3

0.3

0.3

0.3

0.3

0.3

0.3

13.4

total

11.0

15.3

6.5

10.5

3.3

6.3

0.5

6.8

0.8

61.0

10.0

3.0

74.0

memory budget in Mbytes
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Summary of Budgeting

A budget is a quantified instantiation of a model

A budget can prescribe or describe the contributions by parts of the solution 

to the system quality under consideration

A budget uses a decomposition in tens of elements

The numbers are based on historic data, user needs, first principles and 

measurements

Budgets are based on models and estimations

Budget visualization is critical for communication

Budgeting requires an incremental process

Many types of budgets can be made; start simple!
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Problem Solving Approach

1. Problem understanding by

exploration and simple models

2. Analysis by 

+ exploring multiple propositions (specification + design proposals)

+ exploring decision criteria (by evaluation of proposition feedback)

+ assessment of propositions against criteria

3. Decision by

+ review and agree on analysis

+ communicate and document

4. Monitor, verify, validate by

+ measurements and testing

+ assessment of other decisions
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Examples of Pugh Matrix Application

Swivel concept selection
connectors in 

hub

with roll-off

connectors in 

hub

wireless 

connection

two sided 

connectors
clamp swivel dynamic 

swivel

CBV swivel

1290

from master paper Halvard Bjørnsen, 2009

Maturity
Development level

Cost
Hardware cost

Development cost

Design robustness
Design life

swivel cycles

pressure cycles

Pressure range
internal

external

Temperature range

Installation
Initial installatio/retrieval

Connection/disconnection

Operation
Swivel resistance

Spool Length Short

Spool Length Long

Hub loads

10

20

25

25

20

evaluation criteria weight

5

4

5

5
5

4

2

4

2

3

1

1

2

2

50

75

25

25

40

40

100

50

100

125
125

100

50

80

2

2

2

4
3

4

5

4

4

5

4

4

4

3

100

125

100

100

80

60

100

125

100

100
75

40

20

40

2

5

2

5
3

4

2

4

5

5

5

5

5

4

125

125

125

125

100

80

100

50

100

125
75

40

50

100

985 1165points

CBV clamp dynamic

from master paper Dag Jostein Klever, 2009

Time to connect

Need for ROV

Design

Robustness

Connector design

Number of parts

Handle roll-off

Influence other

Redundancy

Design

Interchangeability

Cost

HW cost

Manufacturing cost

Engineering cost

Service cost

Maturity

- + + +

- + + +

- S S +

- - + +

+ - S +

+ S - S

+ - - S

+ - - -

- - - -

S S - S

+ - S -

- + + +

- - S +

7 7 5 3

1 3 4 3

5 3 4 7

Evaluation Criteria 1 2 3 4

Concepts

Score

-

S

+

3 4 2 1Pos.

EDP-LRP connection
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Evolution of Design Options
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Exercise Budgeting

Make a decision matrix for one of the concept selections.

· define at least 3 concepts

· define 7 to 10 criteria for selection

· score the concepts against the criteria, for example using a scale 

from 1 to 5: 1 = very poor, 5 = very good

· recommend a concept with a rationale

concept 1 concept 2 concept 3

criterion 1

criterion n

1 3 5

4 4 2

best, 

because ...
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Example Motorway Management Analysis

Safety

Effective

Flow

Smooth

Operation

Environment

Reduce accident rates

Enforce law

Improve emergency

response

Reduce delay due to accident

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 

Ensure system health and fault indication

Reduce emissions

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

Key-drivers Derived application drivers Requirements

Automatic upstream

accident detection

Weather condition

dependent control

Deicing

Traffic condition

dependent speed control

Traffic speed and

density measurement

Note: the graph is only partially elaborated

for application drivers and requirements

Cameras
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Method to create Key Driver Graph

• Build a graph of relations between drivers and requirements

by means of brainstorming and discussions

• Define the scope specific.  in terms of stakeholder or market segments

• Acquire and analyze facts extract facts from the product specification 

and ask why questions about the specification of existing products.

• Iterate many times increased understanding often triggers the move of issues

from driver to requirement or vice versa and rephrasing

where requirements

may have multiple drivers

• Obtain feedback discuss with customers, observe their reactions

Initial CAFCR scan; top-down
107 Gerrit Muller

version: 0.1
July 3, 2023

TCAFkeyDriverSubmethod



Recommendation for the Definition of Key Drivers

• Use short names, recognized by the customer.

• Limit the number of key-drivers minimal 3, maximal 6

for instance the well-known main function of the product• Don’t leave out the obvious key-drivers

for instance replace “ease of use” by

“minimal number of actions for experienced users”,

or “efficiency” by “integral cost per patient”

• Use market-/customer- specific names, no generic names

• Do not worry about the exact boundary between

Customer Objective and Application
create clear goal means relations

Initial CAFCR scan; top-down
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Exercise Customer Key Driver Graph

Make a customer key driver graph

Use yellow note stickers

Start at the right hand side

5 m/s

<200Kg

5 hrs

whywhy
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Product Related Life Cycles

system 

creation

system 

production
system

sales

service

individual systems

disposal
upgrades and options

production
upgrades and options

sales

upgrades and options

creation

Initial CAFCR scan; top-down
110 Gerrit Muller

version: 0.1
July 3, 2023

MALCproductLifeCycle



System Life Cycle
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Approach to Life Cycle Modeling

Identify potential life cycle changes and sources

Determine required effort

Characterize time aspect of changes

amount

type

Determine impact of change on

system and context

performance

reliability

Analyse risks business

how often

how fast

see 

reasoning
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112 Gerrit Muller

version: 0.1
July 3, 2023

MALCapproach



Exercise Life Cycle View

Analyze the evolution during the lifecycle.

· identify sources of change in customer context, life cycle context, 

and technology

· make a list of changes

· determine per change the expected rate of change and the 

required response time to the change

· optional: determine effort, impact, and risks per change

Initial CAFCR scan; top-down
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Quality needles as generic integrating concepts

ApplicationCustomer

objectives

Functional Conceptual Realization

safety

evolvability

usability
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Security as example through all views

ApplicationCustomer

objectives

Functional Conceptual Realization

sensitive

information

trusted

not trusted

selection

classification
people

information

authentication
badges

passwords

locks / walls

guards

administrators

social contacts

open passwords

blackmail

burglary

fraud

unworkable procedures

cryptography

firewall

security zones

authentication

registry

logging

holes between

concepts

functions for
administration

authentication

intrusion detection

logging

quantification

bugs
buffer overflow

non encrypted

storage

poor exception

handling

missing

functionality

wrong

quantification

specific

algorithms

interfaces

libraries

servers

storage

protocols

desired characteristics, specifications & mechanisms

threats
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Quality Checklist

usability

attractiveness

responsiveness

image quality

wearability

storability

transportability

usable

safety

security

reliability

robustness

integrity

availability

dependable

throughput or

productivity

effective

serviceability

configurability

installability

serviceable

liability

testability

traceability

standards compliance

liable

ecological footprint

contamination

noise

disposability

ecological

reproducibility

predictability

consistent

efficient
resource utilization

cost of ownership

cost price

power consumption

consumption rate

(water, air,

chemicals,

et cetera)

size, weight

accuracy

down to earth

attributes

manufacturability

logistics flexibility

lead time

logistics friendly

evolvability

portability

upgradeability

extendibility

maintainability

future proof

interoperable

connectivity

3
rd

 party extendible
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Exercise Qualities

Make a line of reasoning for one of the dominant qualities.

· in the CA views; determine what customers do to achieve their 

goal

· in the F view determine the specification of your system supporting 

this quality

· in the CR views determine the relevant concepts and technologies

· Take the reverse viewpoints as well: what threatens this quality?

Initial CAFCR scan; top-down
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Product Margin = Sales Price - Cost

material

labour

miscellaneous

margin
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st
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Cost per product,

excluding fixed costs

Margin per product.

The margin over the sales volume,

must cover the fixed costs, and generate profit
transportation, insurance,

royalties per product, ...

purchase price of components may cover

development cost of supplier

retailer margin 

and costs
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Profit as function of sales volume

sales volume
in units
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point

profit

expected

sales volume
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Investments, more than R&D

research and development

NRE: outsourcing, royalties

marketing, sales

training sales&service

financing

including:

staff, training, tools, housing

materials, prototypes

overhead

certification

strategic choice:

NRE or per product

business dependent:

pharmaceutics industry

sales cost >> R&D cost

often a standard staffing rate is used

that covers most costs above:

R&D investment = Effort * rate
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Income, more than product sales only

products

options, 

accessories

other recurring 

income

services

sales priceoption * volumeoption

sales priceproduct * volume product

incomeservice

options

services

content, portal

updates

maintenance

license fees

pay per movie
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The Time Dimension

Y1 Q1

100k$

-

-

-

(100k$)

(100k$)

investments

sales volume (units)

material & labour costs

income

quarter profit (loss)

cumulative profit

Y2 Q3

20k$

30

600k$

1500k$

880k$

1480k$

Y2 Q2

60k$

30

600k$

1500k$

840k$

600k$

Y2 Q1

100k$

20

400k$

1000k$

500k$

(240k$)

Y1 Q4

100k$

10

200k$

500k$

200k$

(740k$)

 Y1 Q3

500k$

2

40k$

100k$

(440k$)

(940k$)

Y1 Q2

400k$

-

-

-

(400k$)

(500k$)

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)
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The “Hockey” Stick
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What if ...?

delay of 3 months

early more expensive

product + follow-on

original model
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time
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Stacking Multiple Developments

-2

-1

0

1

2

3

4

5

6

7

8

9

1 2 3 4 5 6 7 8 9 10 11 12 13 14

cumulative 1

cumulative 2

cumulative 3

cumulative 4

cumulative total

M
€

 

quarter
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Fashionable financial yardsticks

Return On Investments (ROI)

Net Present Value

Return On Net Assets (RONA)

turnover / fte

market ranking (share, growth)

R&D investment / sales

cash-flow

leasing reduces assets, improves RONA 

outsourcing reduces headcount, improves this ratio 

"only numbers 1, 2 and 3 will be profitable"

in high tech segments 10% or more

fast growing companies combine profits with negative cash-flow,

risk of bankruptcy
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Exercise Business Plan

Make a business plan for the mid to long-term future.

· determine business model

· determine investments, sales volume, sales price, and costs

· estimate the cash flow and accumulated profit

· include at least 3 releases or generations of systems
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Exercise Threads of Reasoning

Customer

objectives

Application Functional Conceptual Realization

Life cycle and Business

1 select

3..5 most 

important needs 

and concerns

2 select

3..5 most 

important 

specification 

issues

3 select

3..5 most critical 

design aspects

4 select

3..5 most critical 

life cycle and 

business issues

5 show relations

positive

negative

6 transform

into elevator

pitch
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Multiple Markets

Customer

What

Customer

How

Product

What

Product

How

Customer

objectives

Application Functional Conceptual Realization

Multiple markets:

different customers

different applications

different products

Shared platform:

shared concepts

shared technology

electron microscopes:

material sciences

life sciences

manufacturing, e.g. semiconductors

electron microscopes:

e-beam sources, optics

vacuum

acquisition control
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Complementing Systems for Same Market

Customer

What

Customer

How

Product

What

Product

How

Customer

objectives

Application Functional Conceptual Realization

Single market:

different stakeholders

different applications

interoperable products

Shared components:

shared concepts

shared technology

health care, e.g. cardiology:

analysis

diagnosis

treatment

administration

health care, e.g. cardiology:

patient support

patient information

image information

storage & communication

user interface

Exercise Business Plan
131 Gerrit Muller

version: 1.3
July 3, 2023

EPFcomplementingSystems



Scope Analysis

synergy analysismarket segmentation

Customer

What

Customer

How

Product

What

Product

How

Customer

objectives

Application Functional Conceptual Realization

shared functionality

analyse characteristics

analyse differentiators

functionality

characteristics

market taxonomy

customer classification

stakeholder classification

inventarization applications

inventarization

functions

features

performance
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Roadmapping: Impact of Future

technologymarket 

Customer

What

Customer

How

Product

What

Product

How

Customer

objectives

Application Functional Conceptual Realization

commercial

financial

legal

social

economical

domain specific

(e.g. clinical)

managerial

trends
technology

paradigm transition
from gradual

to disruptive
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Criteria and Forces for Synergy

development cost

development effort

logistics cost

market share

time to market

installed base evolution

future (potential) value

market approach 

(luminary sites, price fighter)

fit to customer

fit to stakeholder

fit to application

unification

dedication
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Possible Levels of Sharing

intangible assets

vision, objectives

specifications, interfaces

designs, concepts

tangible assets

realized components

integrated (sub)systems

test suites

processes

tools

infrastructure

Not everything that can be shared should be shared!
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Approach to Platform Business Analysis

explore markets, customers, products and technologies

study one customer and product

make map of customers and market segments

identify product features and technology components

make maps:

identify synergy and (potential) conflicts

create roadmap and short term plan

market segments - customer key drivers

customer key drivers - features

features - products

products - components

determine value of features
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Explore Markets, Customers, Products and Technologies

Asian

country

Asian

city

African
US

private

US

social
EU

Won 

Lan

JJ 

express

Pretoria 

national Johnson

Colum

bia

EU

market segments

cost volume

traffic

quality

taste

cost

quality

power

traffic

quality
cost

volume

customers

P1800

P1900

P2600

P2200

products

basic

feeder

buffer

hf feeder

feeder

sunp.

buffer

1800k/hr

2100k/hr

2100k/hr

3000k/hr

feeding power

buffering heating

cooling

cleaning

technology

fast 

imaging

brain storm and discuss time-boxed
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Mapping From Markets to Components

P1800

P1900

P2600

P2200

1 2 3 4

changing

cost
mature cost

mature

performing

changing

performing

cost

volume

traffic

taste

quality

power

CPU RAM

drivers scheduler
OS

etc

file-

system
networking

workflow

browse
packing process

adjust order

climate 

subsystem control subsystem

feedi

ng

bufferi

ng

heati

ng

cooli

ng

clean

ing

fast imaging

handling 

subsystem

drivers

store conveyor robot

power

prepare

basic

feeder

buffer

hf feeder

sunp.

1800k/hr 2100k/hr 3000k/hr

market

segments 

customer 

key drivers

components

products

features
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Models for Shared Asset Development

platform

lead customer

carrier product

technology push

direct feedback

too specific?

product feedback

product specific?

policy and 

planning

customer

supplying business

Product Creation Process

customer oriented process
(sales, service, production)

people and technology management process

create generic components feedback problem

too generic

no feedback
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