Architectural Reasoning Using Conceptual Modeling
by Gerrit Muller
University of South-Eastern Norway-NISE

Abstract

Multi-view architecting connects the system design to customer context and life
cycle context. We teach an architecting method based on many views and
fast iteration of the views. Visual models, functional models, and mathematical
models in all views are the means to communicate about the system, to discuss
specification and design choices, to reason about consequences, and to make
decisions.
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Module 30, Architectural Reasoning Introduction

by Gerrit Muller  University of South-Eastern Norway-NISE

e-mail: gaudisite@Rgmail.com
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Abstract

This module introduces Architectural Reasoning using Conceptual Modeling.

Distribution

This article or presentation is written as part of the Gaudi project. The Gaudi 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.

July 3, 2023
status: draft
version: 1.3

ISN Es|



SEMA System Modeling and Analysis Course

by Gerrit Muller  University of South-Eastern Norway-NISE
e-mail: gaudisite@Rgmail.com

www.gaudisite.nl

Abstract

The SEMA course System Modeling and Analysis is a 5 day course. Core of
the course is Architectural Reasoning Using Conceptual Modeling. This course
uses the CAFCR+ model with 6 views. Qualities connect all views. Threads-
of-reasoning capture the architectural reasoning across views and qualities.
Conceptual models visualize and capture the context, the system and its design.
Quantification is a means to make problem and solution space tangible.
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Course Program

day 1 |introduction to modeling exploring the case

day 2 |sample customer space functions and parts

day 3 |customer space analysis guantification and concepts
day 4 |business and life cycle Integration and reasoning
day 5 |modeling wrap-up

SEMA System Modeling and Analysis Course
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Preparation for the Course

During the SEMA course you work in teams of about 3 persons. Smaller teams (even
single persons) are acceptable as well.

Every team preferably works on a real part of a system with some real development that
goes on.

We start to model the status quo of the system and then we will model and analyze a
change or addition that is being considered.

As preparation for the course | ask you the following:

e Look if the other participants are working on similar systems, such that you can work as
team.

e Pick as team a system/component/function/project you will use during the course.

e [or this system/component/function/project collect information about: who is the
customer, what does the customer need, how is the system used, what technologies
are used in the system, what are the main technological challenges et cetera. You do
not have to be an expert when you come to the course, but you need to have some
feeling for the system you will be working on during the course and presumably also in
the 10 week project.

e |f you are preparing your master project, then the master project case is probably a
good option. This will boost your master project.

SEMA System Modeling and Analysis Course version: 0.5 p—
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Assignments during the Course

1. elevator
Customer Application Functional Conceptual Realization + Life cycle
objectives
2. exploring the case
3. story telling 4. use case 5. dynamic behavior

7. context and workflow

6. block diagram

8 customer key driver graph

9. budget based design

10. concept selection

11. business plan

12. change analysis

13. line of reasoning

14. thread of reasoning

15. quantified chain of models

16. credibility and accuracy

SEMA System Modeling and Analysis Course
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Course Material Introduction

core

SEMA System Modeling and Analysis Course
http://www.gaudisite.nl/info/SEMAcourse.info.html

SEMA Basic Philosophy
http://www.gaudisite.nl/info/SEMAbasics.info.html

Physical Models of an Elevator
http://www.gaudisite.nl/info/ElevatorPhysicalModel.info.htmi

optional
Teaching conceptual modeling at multiple system levels using multiple views
http://www.gaudisite.nl/CIRP2014 Muller _TeachingConceptualModeling.pdf
Understanding the human factor by making understandable visualizations
http://www.gaudisite.nl/info/UnderstandingHumanFactorVisualizations.info.html
Dynamic Range of Abstraction Levels in Architecting
http://www.gaudisite.nl/info/DynamicRangeAbstractionLevels.info.ntml

SEMA System Modeling and Analysis Course version: 0.3 e —
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Course Material CAFCR Scan

core

SEMA Method Overview
http://www.gaudisite.nl/info/SEMAmethodOverviewSlides.pdf
Short introduction to basic "CAFCR" model
http://www.gaudisite.nl/info/BasicCAFCR.info.html

Initial CAFCRscan

http://www.gaudisite.nl/info/Initial CAFCRscan.info.html

optional
Architectural Reasoning Explained
http://www.gaudisite.nl/ArchitecturalReasoningBook.pdf
Architectural Reasoning
http://www.gaudisite.nl/ArchitecturalReasoning.htmi
Iteration How To
http://www.gaudisite.nl/info/lterationHowTo.info.html
Modeling and Analysis: Iteration and Time-boxing
http://www.gaudisite.nl/info/MAiterationAndTimeboxing.info.html

SEMA System Modeling and Analysis Course version: 0.3 e —
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Course Material Sample CA

core
Story How To
http://www.gaudisite.nl/info/StoryHowTo.info.html
Use Case How To
http://www.gaudisite.nl/info/UseCases.info.html

optional
Story Telling in Medical Imaging
http://www.gaudisite.nl/info/MIstories.info.html

SEMA System Modeling and Analysis Course version: 0.5 p—
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Course Material Design Fundamentals

core
System Partitioning Fundamentals
http://www.gaudisite.nl/info/SystemPartitioningFundamentals.info.html

optional
Basic Working Methods of a System Architect
http://www.gaudisite.nl/info/BasicWorkingMethodArchitect.info.html
SubSea Modeling Example
http://www.gaudisite.nl/SubSeaModelingExampleSlides.pdf

SEMA System Modeling and Analysis Course version: 0.5 p—
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Course Material Customer Space Analysis

core
Methods to Explore the Customer Perspective
http://www.gaudisite.nl/info/MethodsToExploreTheCustomerPerspective.info.html
Key Drivers How To
http://www.gaudisite.nl/info/KeyDriversHowTo.info.html

optional
Medical Imaging Workstation: CAF Views
http://www.gaudisite.nl/info/MIviewsCAF.info.html

SEMA System Modeling and Analysis Course version: 0.5 p—
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Course Material Conceptual Design

core
Modeling and Analysis: Budgeting
http://www.gaudisite.nl/info/MAbudgeting.info.html
Concept Selection, Set Based Design and Late Decision Making
http://www.gaudisite.nl/info/ConceptSelectionSetBased.info.html

optional
The Tool Box of the System Architect
http://www.gaudisite.nl/info/ToolBoxSystemArchitect.info.html

SEMA System Modeling and Analysis Course version: 0.5 p—
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Course Material Business and Life Cycle

core

Simplistic Financial Computations for System Architects.
http://www.gaudisite.nl/info/SimplisticFinancial Computations.info.html
Modeling and Analysis: Life Cycle Models
http://www.gaudisite.nl/info/MAlifeCycle.info.html

optional
How to present architecture issues to higher management
http://www.gaudisite.nl/info/ArchitectManagementinteraction.info.html

SEMA System Modeling and Analysis Course version: 0.3 e —
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Course Material Integration and Reasoning

core

Qualities as Integrating Needles
http://www.gaudisite.nl/info/QualityNeedles.info.nhtml
Threads of Reasoning
http://www.gaudisite.nl/info/ThreadsOfReasoning.info.html
Threads of reasoning illustrated by medical imaging case
http://www.gaudisite.nl/PresentationMITORSIides.pdf

SEMA System Modeling and Analysis Course version: 0.5 p—
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Course Material Modeling

core
Modeling and Analysis: Reasoning Approach
http://www.gaudisite.nl/info/MAreasoningApproach.info.html
Modeling and Analysis: Analysis
http://www.gaudisite.nl/info/MAanalysis.info.html

optional
Modeling and Analysis: Measuring
http://www.gaudisite.nl/info/MAmeasuring.info.html
ASP Python Exercise
http://www.gaudisite.nl/info/ASPpythonExercise.info.html

SEMA System Modeling and Analysis Course version: 0.5 p—
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Course Material Wrap-up

core

Consolidating Architecture Overviews
http://www.gaudisite.nl/info/ConsolidatingArchitectureOverviewsSlides.pdf
SEMA Homework Assignment
http://www.gaudisite.nl/info/SEMAhomeworkAssigmentSlides.pdf

optional
Guidelines for Visualization
http://www.gaudisite.nl/info/VisualizationGuidelines.info.htmi
Granularity of Documentation
http://www.gaudisite.nl/info/DocumentationGranularity.info.html
Light Weight Review Process
http://www.gaudisite.nl/info/LightWeightReview.info.html
Cookbook A3 Architecture Overview by Daniel Borches
http://www.gaudisite.nl/BorchesCookbookA3architectureOverview.pdf
How to Create an Architecture Overview
http://www.gaudisite.nl/info/OverviewHowTo.info.html

SEMA System Modeling and Analysis Course version: 0.5 p—
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SEMA Basic Philosophy

by Gerrit Muller  University of South-Eastern Norway-NISE
e-mail: gaudisite@Rgmail.com

www.gaudisite.nl

Abstract

This presentation explains the basic philosophy behind the SEMA course. The
SEMA course in the first place is a course that provides an approach to architec-
tural reasoning. Core to architectural reasoning is the ability to make conceptual
models and to use them in conjunction. The course discusses how to make
conceptual mdoels, how to get input, and how to use them for analysis. Modeling
IS put in broader perspective, such as model evolution, simuation, and validation.
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You will mostly be working!

One Case during the course and the home work assigment
Work in teams if possible
Select a case close to your day-to-day practice

Learning by Doing
Some theory, apply on case

Case = System of interest + developing organization + some
Innovative change

Choice of case is critical!

SEMA Basic Philosophy version: 0.3 E—
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Our Primary Interest

developing
organization

architect

system of
INnterest

SEMA Basic Philosophy
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Context, Zoom-out and Zoom-in

customer super
organization system
developing system of
organization Interest

subsystems

SEMA Basic Philosophy version: 0.3 —
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Adding the Time Dimension

Gerrit Muller

past current future
customer past super super future super
organization SYEIE system S
developing past system | system of | future system
organization of interest interest of interest
architect knowledge )i innovation
supplier past subsystems future
organization| | Subsystems subsystems
based on TRIZ
SEMA Basic Philosophy version: 0.3

July 3, 2023
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Challenges

past current future

customer

organization heterogene'

size &
complexitysst system | system of

organiz Interest interest
architect knowledge
I
legacy

- t
constraintSygysiems | SUPSYystem

based on TRIZ

SEMA Basic Philosophy version: 0.3 _——
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From Theory to Practice

requirements

specification as input to the

design, documented
SMART

Specific, Measurable,
Acceptable, Realistic,
Traceable

Theory: typical SE workflow: V-model, requirements management, “top-down”

verification

\ /
needs of result against validation
N\ specification 4
specification F ﬂj verification
\
N\ y 4
system design system test
\ N\ y 4

>\subsystem design

\

N\

subsystem test

V4

omponent design

component test

N\ 7/

¥

component realization

requirements engineering

the flow down of the requirements through the V.

\4

size &
gmplexit

Practice: Finite knowledge and wisdom causes late disruptions

e i

Innovation and new territory
require learning, e.g.
experimenting, exploring,
failing, discovering
complement with “bottom-up”

SEMA Basic Philosophy
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Recommendations as Common Thread

principles

use feedback
work incremental
work evolutionary

be explicit
make issues tangible

objectives

support communication

facilitate reasoning

translate into

help to
achieve

-

support decision making

understanding
insight
overview

create
maintain

<

translate into

-

recommendations

Time-box

lterate

Quantify early

Measure and validate

Multiple levels of abstraction

(Simple) mathematical models

Analysis of accuracy and
credibility

Multi-view

help to achieve

System and its context

Visualize

SEMA Basic Philosophy
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Final Delivery: Presentation to Top Management

business/market
competition customers

societal
trends trends _ _
opportunities  opportunities stakeholders - business conclusions

roblems problems key drivers  quantification and
P d q concerns  risk analysis recommendations

needs neeas applications

aooee

product project
summary how
system _
: solution answers
functions
needs

key performance

design and concepts
functional, physical

onclusions
appropriate

quantified

© o

- Joi
specific aspects S o
functional, physical >3
quantified g8
N

% §

technology

critical or new

version: 0.3
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Project Overview How To

by Gerrit Muller  USN-SE
e-mail: gaudisite@Rgmail.com

www.gaudisite.nl

Abstract

A project overview shows the overview of a project on a single slide or sheet. The
overview helps the team to share the same understanding of scope, objectives,
and timeline.
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Project Overview Canvas

Project Title meta information, e.g. version, date
author, owner

Project Goals system context system of interest

* specific and quantified ||e visualization (drawing, block diagram, 3D |4 visualization (drawing, block diagram, 3D
model, or photo) of the system context model, or photo) of the system

eplicicationonchanigesuitielconiet e indication of changes in the system of interest

Key Performance
Parameters

e specific and quantified

project master plan with timeline optional information, e.g.
L : . . : e enabling systems
e timeline with 5 to 10 milestones, especially deliverables e stakeholders
e external or internal

e specific and quantified interfaces

e constraints, e.g.
applicable legislation

Project Overview How To version: 0.2
. y 3, 2023
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Example Project Overview

Project overview Metal Printer R2

version 2.0. January 22, 2023
author: Gerrit Muller

Project Goals
support production of node 1C

system context

productivity
yield

process development
volume production

Q2 2022
Q2 2023
30,000 W/m
95%

new sputter

power +10%

Key Performance Parameters
min. line width 100 nm

overlay 30 nm
throughput 100 WPH
MTBF 2000 hr
wafer size 300 mm
power 5 kw
clean room class C

floor vibration class D

wafer fab
(ﬂmﬂenm‘wamr

power, chemicals
consumables, waste

process new cooling
back-enyéactory
ogaiesa | e omTOS
cgntrol | | infrastructure |
s 2 FN N
mesk =l ]
with
ICs

p, N
— % }4—0
. infrastructure |

ICs

system of interest

faster

new align
power +10%

new clamp

more
accurate

metal /

prefill

clean

master

clean
wafer

prealign

%rinter

o

O o

Als

robot

master
FOUP

wafer
FOUP

wafer fi
FOUP P

project master plan

Spec Design Design Design 1% R&D SAT start volume customer
freeze Review 1 Review 2 Review 3 shipment full spec shipments 24*7 use
Ql Q2 Q3 Q1 Q2 Q3 Q1
2022 2023

2024

changing enabling systems

conditioned transport

calibration wafers

calibration metrology

Project Overview How To
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Project Overview Canvas

Project Title meta information, e.g. version, date

author, owner

Work Breakdown Structure Project Master Plan

e visualization e PERT plan with major milestones
¢ Dbuilds upon the Product Breakdown
Structure

project organization
e allocation of roles

e specific additions or deviations

Project Overview How To

. —
s 92
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Example Project Overview

Metal Printer

version 0.1, 2023-02-11
author: Gerrit Muller

Work Breakdown Structure

metal printer project

[

| | | | |
S [SPS|[SDS | [TPS ] [TPR] [int plan]

I

I i | | | | |
metal printer engine [stage]| [chuck] [ align | [metro] [frame]

| robot l || | || \

I

prefill T T T T

I

wafer cleaning | I T I T I T I |

Project Master Plan

P print engine

test unaligned aligned test full
frame a stability print align a print a print
chuck

test
frame stability
align test automated align
- test test test
print test pe prealigned  prefilled cleaned cyle
engine wafer load print print print wafers
test pa test pf test wc

robot

wafer load [ wafer load /wafer load

test wafer
handling

- prealign | : I : I I ‘ prealign

- flip : I 1| I | I 1| I ‘ ® prefill

L wafer in/out | I T I T T T I | wafer cleaning

wafer in/out
project organization
Project Leader: P.L. Eader
Product Manager: P.M. Anager
Architect: Archie Tect
Project Overview How To version: 0.2

30 Gerrit Muller
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Case Selection

Determine the system of interest

Define your organization

Determine an innovative change to be architected

Project Overview How To version: 0.2
. uly 3, 2023
31 Gerrit Muller SEMABcaseSelection E S I



Sketch the System-of-Interest

Sketch the System-of-Interest in its context

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

e [ndicate the boundary of the system-of-interest

Project Overview How To version: 0.2
. y 3, 2023
32 Gerrit Muller TARCMexerciseSystemSketch ES I



Physical Models of an Elevator

by Gerrit Muller  University of South-Eastern Norway-NISE
e-mail: gaudisite@Rgmail.com

www.gaudisite.nl

Abstract

An elevator is used as a simple system to model a few physical aspects. We
will show simple kinematic models and we will consider energy consumption.
These low level models are used to understand (physical) design considerations.
Elsewhere we discuss higher level models, such as use cases and throughput,
which complement these low level models.
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Learning Goals

To understand the need for

To see the value and the limitations of these conceptual models

To appreciate the complementarity of conceptual models to other forms of modeling,
e.g. problem specific models (e.g. structural or thermal analysis), SysML models, or
simulations

various views, e.g. physical, functional, performance

mathematical models

qguantified understanding

assumptions (when input data is unavailable yet) and later validation
various visualizations, e.g. graphs

understand and hence model at multiple levels of abstraction

starting simple and expanding in detail, views, and solutions gradually, based on
Increased insight

. . |
Physical Models of an Elevator version: 0.4
. y 3, 2023
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warning

This presentation starts with a trivial problem.
Have patience!

Extensions to the trivial problem are used to illustrate
many different modeling aspects.

Feedback on correctness and validity is appreciated

Physical Models of an Elevator veszuilty)g:z(gé% ——
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The Elevator in the Building

building

top floor

Inhabitants want to reach
their destination fast and comfortable

building owner and service operator
T have economic constraints:
space, cost, energy, ...

elevator

40m

Physical Models of an Elevator Ve'ﬂ‘y)g:z%é% ——
36 Gerrit Muller EPMbuilding ESI



Elementary Kinematic Formulas

S; = position at time t dsS dv | da
Vi = velocity at time t dt dt dt
a; = acceleration at time t

jt = jerk at time t

Position in case of uniform acceleration:

S;=S5g + vt + % aot2

. . |
Physical Models of an Elevator Velzjsulleg:200.2%
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Initial Expectations

building
top floor | What values do you expect or prefer

4 for these quantities? Why?

tiop floor = time to reach top floor
T Vmax = Mmaximum velocity
elevator E amax = Maximum acceleration

<
jmax = Mmaximum jerk

v

Physical Models of an Elevator version: 0.4 —
. uly 3, 2023
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Initial Estimates via Googling

building

top floor
1 A
elevator E
S
\/

Google "elevator" and "jerk":

ttop floor ~= 16 s

Vmax ~= 2.5 m/s
max relates to motor design
12% of gravity; (up) and energy consumption

— 2
weight goes up amax ~= 1.2 m/s

jmax ~= 2.5 m/s® relates to control design

humans feel changes of forces
high jerk values are uncomfortable

numbers from: http://www.sensorl23.com/vm_eva625.htm
CEP Instruments Pte Ltd Singapore

Physical Models of an Elevator
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Exercise Time to Reach Top Floor Kinematic

iInput data elementary formulas
So=0m St =40m ds dv da
B VvV = _ a= _ J = _
Vimax = 2.5 m/s dt dt dt
Amax = 1.2 m/s® (up) Position in case of uniform acceleration:
jmax =25 m/S3 S;=Sp+ Vot + % a0t2
exercises

tiop floor IS time needed to reach top floor without stopping
Make a model for ty, fioor 2nd calculate its value
Make 0° order model, based on constant velocity
Make 1° order model, based on constant acceleration

What do you conclude from these models?

Physical Models of an Elevator Veﬂ%ﬂ?@'z%‘z%
40 Gerrit Muller EPMtopFloorModelExercises ES I



Models for Time to Reach Top Floor

So=0m Stop floor = 40M
Vmax = 2.5 m/s
amax = 1.2 m/s? (up)

jmax = 2.5 m/s®

input data

elementary formulas
ds dv da

V= —_— a= —_— j: —
dt dt dt

Position in case of uniform acceleration:

1
Si=Sp+ Vot + ? aot2

0™ order model

* * Stop floor = Vmax ttop floor
S \Y
ttop floor — Stop floor/ Vmax
t > t > tiop floor = 40/2.5 = 16s
1st order model ¢ 5
~=2.5/1.2 ~=~ZS
: ' ' :
= M 2 S(t) ~= 0.5 * 1.2 * 22
|_| , S(ty) ~= 2.4m
t > RPN = t >

tiop floor = ta + Iy + 15
ta = Vmax / @max

1
S(ta) = 5 * Amax* ta”

ta tv ta

t, ~= (40-2*2.4)/2.5
SIinear = Stop floor ~ 2% S(ta) ty ~= 14s

tv = Siinear / Vimax tiop floor ~= 2 + 14 + 2

ttop floor ~= 188

Physical Models of an Elevator
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Conclusions Move to Top Floor

Conclusions
Vmax dominates traveling time

The model for the large height traveling time can be
simplified into:

travel = Stravel/Vimax + (ta + tj)

Physical Models of an Elevator Veﬂ%'l‘y’:rs"zooé%
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Exercise Time to Travel One Floor

Input data elementary formulas
So=0m  Siop fioor = 40M ds dv da
vV= — a= —— | = -
_ 2
Amax = 1.2 m/s” (up) Position in case of uniform acceleration:
jmax =25 m/S3 Si=S5p+ Vot + % aotz

exercise

Make a model for tyne ficor @and calculate it
What do you conclude from this model?

: . I
Physical Models of an Elevator version: 0.4 m
uly 3, 2023
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2nd Order Model Moving One Floor

2" order model input data

4 4 i S, = Om
S // v s a Sone floor = 3M

U/ ‘P/ \ Vmax = 2.5 m/s

$0S1S,S5S, Sst > [T, \_/t > | A, = 1.2 m/s? (up)

G Gty jmax = 2.5 m/s®

Lonefloor= 2 ta + 4 1 S;=05S;

tj = dmax / jmax tj ~=1.2/25~= 0.5s

S = 1/6 * jmaxt’ S; ~=1/6 * 2.5* 0.5° ~= 0.05m

Vi = 0.5 jmax ti° v; ~=0.5*2.5* 0.5° ~= 0.3m/s

S, =S; + ity + 0.5 @maxta

vt et cetera

S3 =Sy + Vot + 0.5 amaxti” - 1/6 jmat;”

) . |
Physical Models of an Elevator Velzjsulleg:200.2%
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1st Order Model Moving One Floor

1st order model
" N " input data
S \Y a So=0m Sone floor = 3M
Vmax = 2.5 m/s
t —> 1:‘ ta‘ t —> t > | Amex = 1.2 m/s? (up)
: — 3
S(ta) — % * amax * ta2 Jmax = 2.5m/s
ta =V( S(to)/ (0.5*amax)) t
t = 2 t, =2V( S(t,)/ (0.5*a Do)
one floor a ( ( a) ( max)) 2\/( 1.5/ (0.5*1.2)) ~=
V(ty) =anta  V(ty) ~=1.2*1.6 ~= 1.9 m/s 2+16s ~= 3S

coarse 2nd order correction

! tonefloor =2 ta + 2 1
tj ~= 0.5s

tone floor —= 2*1.6 + 2*0.5 ~= 4S

) . |
Physical Models of an Elevator velzjsull%:200.2%
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Conclusions Move One Floor

Conclusions

amax dominates travel time

The model for small height traveling time can be

simplified into:

tiravel = 2 \/(StraveI/ 0.5 @max) + {;
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Exercise Elevator Performance

exercise
Make a model for tiop ficor
Take door opening and docking into account
What do you conclude from this model?

. . |
Physical Models of an Elevator version: 0.4
. y 3, 2023
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Elevator Performance Model

functional model performance model

4
close doors ttop floor — 1:close + tundock + 1:move + tdock + topen

v
undock assumptions
elevator

v

move
elevator

¥ tundock ~= 1S

dock
elevator tgock ~= 2S

v
open doors
levat —_ ~=
ee"*a or trhove ~= 18S ttop floor 25S

lciose ~= lopen ~= 2S

outcome

tiopfloor~=2+1+18+2 + 2

. . I
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Conclusions Performance Model Top Floor

Conclusions

The time to move Is dominating the traveling time.

Docking and door handling is significant part of the

traveling time.

ttop floor — ttravel + televator overhead
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Measured Elevator Acceleration

b

m/s
1.0 +

0.5

0.0 —_’\ﬁJ N\/—

-0.5 A

-1.0

-1.5 -
| | | | | | | | | | | | | | | | | | | | | | | | |
1 | | | |

graph reproduced from: 0 10 15 20 25
http://www.sensorl23.com/vm_eva625.htm
CEP Instruments Pte Ltd Singapore S —»
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Theory versus Practice

What did we ignore or forget?

acceleration: up <> down 1.2 m/s® vs 1.0 m/s°

slack, elasticity, damping et cetera of cables, motors....

controller impact

Z set point —p»
—

controller

P actual z
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Exercise Time to Travel One Floor

exercise
Make a model for tone fioor
Take door opening and docking into account
What do you conclude from this model?

. . I
Physical Models of an Elevator version: 0.4
. uly 3, 2023
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Elevator Performance Model

functional model performance model one floor (3m)
4

close doors 1:one floor — tclose + tundock + 1:move + tdock + 1:open

v

undock assumptions
elevator

v

move
elevator
¥ tundock ~= 1S
dock t 2
elevator ~= £S
\ 4 dock tonefloor ~—=2+1+4+2+2

open doors

elevator = 4s lonefisor — 11 S

? tmove =

teiose ~= lopen ~= 2S

outcome

. . I
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Conclusions Performance Model One Floor

Conclusions

Overhead of docking and opening and closing doors
Is dominating traveling time.

Fast docking and fast door handling has significant
Impact on traveling time.

1:one floor — 1:travel + televator overhead

Physical Models of an Elevator version: 0.4
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Exercise Time Line

Exercise
Make a time line of people using the elevator.
Estimate the time needed to travel to the top floor.
Estimate the time needed to travel one floor.
What do you conclude?

start ready

| action 1

action 2

action 3

time —»

. . |
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Time Line; Humans Using the Elevator

A4
.. ey . &)
open o Minimal waiting time__ = open
dock doorsI other S move dock doors
® ® *—0—y/) ® ® o
people _
entering time —»
press wait scale
button for
leaving walk select 0 S Sec walk
wait for elevator people  in floor 1 1 out
// é PN P
- >
1:travel
assumptions human dependent data outcome

twalk in~= twalk out == 2 S

1:select floor ~— 2s

twait for |eaving peop|e = [0..20 SecondS] Idem

twait for elevator = [0..2 minutes] depends heavily on use

tminimal waiting time ~— 8s

tiravel top floor ~= 25s

assumptions additional elevator data

tone floor — 1:minimal waiting time +

tWalk out + ttravel one floor + tWait

ttop floor — tminimal waiting time +

twalk out T ttravel top floor + twait

tone floor ~= 8 +2 + 11 + tyait

~=21 S+ twait

tiop floor ~= 8 +2 + 25 + tyai

tiravel one floor ~= 11S ~= 35 S+ tyait
. . —
Physical Models of an Elevator Verﬂ??z%ﬁ
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Overview of Results for One Elevator

twait

10s

7S
2S

16s

top floor

waiting time

human related

elevator
docking and doors

1> order correction

0™ order time to
move elevator 40m

35s + 1:wait

35s

25s twait
16s 10s

7S
3+1s

one floor

waiting time

2 1S + twait

21s

human related

elevator
docking and doors

11s
4s

1% order model

2" order correction

Physical Models of an Elevator
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Conclusions Time Line

Conclusions

The human related activities have significant impact

on the end-to-end time.

The waiting times have significant impact on the

end-to-end time and may vary quite a lot.

1:end-to-end — thuman activities + 1:Wait + 1:elevator travel

Physical Models of an Elevator version: 0.4
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Exercise Energy and Power

Exercise

Estimate the energy consumption and the average and
peak power needed to travel to the top floor.

What do you conclude?

. . —
Physical Models of an Elevator version: 0.4
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Energy and Power Model

input data elementary formulas
So = 0m S; = 40m Exin = 1/2 mv?
amax = 1.2 m/S2 (Up) mpassenger = 100 Kg W dE
jmax = 2.5 m/s® 1 passenger going up dt
g = 10 m/s?
1st order model Exin max = 1/2 M Vina?
t f t ~=0.5* 1100 * 2.5°
S \" a
I—I ~= 3.4 kJ
t > S I* t —> I_I t — Wkin max = M Vmax Gmax
ta tyv ta
~=1100*25*1.2
f f f ~=3.3kW
Epot Ekin WI<in
A Epot = mgh
> ~=100 * 10 * 40
t > A F AR t > V t >
ta bt 3 ~= 40 kJ
T
WpOt max ~— Epot/tv
ignored: Wpot / \ = 40/16
friction and other losses a
efficiency of energy transfer t—> ~= 2.5 kW

Physical Models of an Elevator version: 0.4
: y 3, 2023
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Energy and Power Conclusions

Conclusions
E ot dominates energy balance

W ot IS dominated by Viax

Wiin causes peaks in power consumption and absorption

Wiin IS dominated by Vimax and amax

Ekin max = 1/2 m Vmax2
~=0.5*1100 * 2.5
~= 3.4 kJ

Wiin max = M Vimax @max
~=1100*25*1.2
~= 3.3 kW
Epot = mgh
~=100*10*40
~= 40 kJ
Wpot max ~= Epot/tv

~= 40/16
~= 2.5 kW

Physical Models of an Elevator veG%ilon: 0.4
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Exercise Qualities and Design Considerations

Exercise

What other qualities and design considerations relate to

the kinematic models?

Physical Models of an Elevator

62

Gerrit Muller

version: 0.4
July 3, 2023
EPMqualitiesExercise

SN EsI




Conclusions Qualities and Design Considerations

Examples of other qualities and design considerations

safety Vimax
acoustic noise Vmax, Bmax: Jmax cage
[%2)
TE
_ _ _ _ obstacles cause <
mechanical vibrations  Vimax, @max: jmax vibrations 5
air flow 7

operating life, maintenance duty cycle, ?

. . |
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Other Domains

applicability in other domains
kinematic modeling can be applied in a wide range of domains:
transportation systems (trains, busses, cars, containers, ...)
wafer stepper stages
health care equipment patient handling
material handling (printers, inserters, ...)

MRI scanners gradient generation

Physical Models of an Elevator version

0.4 —
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Exercise Multiple Users

Exercise

Assume that a group of people enters the elevator at the
ground floor. On every floor one person leaves the elevator.

What is the end-to-end time for someone traveling to the top

floor?

What Is the desired end-to-end time?

What are potential solutions to achieve this?

What are the main parameters of the design space?

Physical Models of an Elevator
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Multiple Users Model

minimal waiting

minimal waiting
door handling

time _ time another
dock s’opoe;1 m OVI ng :
e%gg%g time
press
button
walk walk
wait for wal out out
, elevator e o—9 Oo=——=0
/
- o
tend-to-end
elevator data outcome

tmin wait ~= 8S

tone floor ~= 118

twalk out ~= 28

Nfioors = 40 div 3 +1 = 14

r\stops = Nfioors — 1=13

tend-to-end — nstops (tmin wait T 1:one floor) + 1:walk out T twait

~=13% (8 + 11) + 2 + tyu

thon-stop ~= 35 s+ twait

Physical Models of an Elevator
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Multiple Users Desired Performance

Considerations
desired time to travel to top floor ~< 1 minute

note that tyait next = tiravel up T Tiravel down

If someone just misses the elevator then the waiting time is

missed return trip
trip down up

desired waiting time ~< 1 minute

Physical Models of an Elevator version: 0.4
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Design of Elevators System

building _
people(time)
trips(time) uSage
Nelevators
reachable floors
position  configuration
l of elevators
T distribution of
elevators . _
A scheduling Lend-to-end
strategy
twait
o Vimax, @max; ]
characteristics / " e dmex
. .. passengers
IndIVIduaI topen, teioses Tdocks Tundock
elevators tmin wait

Design of a system with multiple elevator
requires a different kind of models: oriented towards logistics

. . |
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Exceptional Cases

Exceptional Cases
non-functioning elevator
maintenance, cleaning of elevator
elevator used by people moving household
rush hour
special events (e.g. party, new years eve)
special floors (e.g. restaurant)

many elderly or handicapped people

playing children

. . |
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Wrap-up Exercise

Make a list of all visualizations and
representations that we used during the
exercises

. . |
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Summary of Visualizations and Representations

building
top floor [ + + m1/‘52 15
IR S v
cage .
Q :
§ 0.0
> € [«
< 05
A g t _> ta tv ta t _>
elevator E x _ 10
5 schematic graphs , e
Si=So+ Vot + _; agt? measurement graph
t =t +1 + 1 + tgock + T
top floor close undock move dock open toptoor~= 2 + 1+ 18+ 2 + 2
physical mathematical formulas
ttop floor ~= 25S
functional model 21
S+ twait
close doors
) 4
undock
elevator twait
\ 4 waiting time
eIrTe]\?z\i/tir open - :ini;nal.waﬂng.tinz - close % open 215
v e — other doors S move dock  doors 1OS human related
dock pviop_le
elevator wait entering time 11
S
- e elevator
open doors | o i - . . 7s docking and
elevator t wait for elevator pe:p Wl?] 5:;? I:I:I:I:I:I v:;zt dOOfS 48
\ 3+1S [ 1% order model | 2™ order correction
ttravel
functional timeline, concurrency guantification
' version: 0.4
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Architecting Scope and Challenges

Scope

Challenges

current future

past

past current future
customer past super super future super customer
organization system system system
developing pastsystem | system of | future system system | system of
organization of interest interest of interest interest interest
‘ knowledge innovati0> ‘ knowledge > innovation
’ p )
supplier past subsystems future
organization subsystems subsystems
based on TRIZ based on TRIZ
rinciples recommendations business/market
etal i
= societal competition customers
e feedbaCK . g LIRS | trends trends. stakeholders  pusiness conclusions
work incremental translate into OPPOEIU”"'eS OPPOL‘I”"'“ES key drivers  quantification and
work evolutionary llterate | prr?eezzs pl:ee??s colncerns risk analysis recommendations
applications
be explicit lQuamlfy G | product project summary how
i i 1 .
make issues tangible help to lMeasure aalvElGEE | P solutlzg ansvers
. - - key performance
T achieve lMuItlpIe levels of abstraction |
Ob]ectlves s : design and concepts o
|support TR | I(Slmple) mathematical models | funct;(:}r;anléif[i):(;/5|cal § §
- - Analysis of accuracy and °g
|faC|I|tate reasoning » | credibility E g
T " H specific aspects <
|support deassionlnaking | translate into lMuIti-view functional, ;)hé/sical g,é
- quantifie g2
create iL:‘r;?;rr]ftandlng < lSystem and its context g 45;
maintain : i —
overview heIp to achieve lvlsuallze technology
critical or new
Summary Module Architectural Reasoning Introduction version: 0.4
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Introduction Conceptual Modeling

Complementary Visualizations and

Zooming Out .
Representations

top floor one floor
building
top floor 77 + + Y
35S + tyait s / v 1\
t> ™ taHI_VH taH t>
elevator| | .
schematic graphs

Lwait  waiting time 21S + tyai =

353 s‘:s‘,wqu—; agt? measurement graph

tiop floor = tetose + tundock + tmove * tdock + topen
topfioor == 2+1+18+2+2
lOS [UATER ST mathematical formulas i
tiop floor ~= 258
25s twait — s,
elevator waiting time S + tyait
7s docking and doors — 21s
23 1% order correction | 163 105 iR e -
waiting tim
11s 21s
16s 0" order time to 7 e 10s | human related
move elevator 40m S docking and doors e 11s
és 7s| docking and
st n i doors 4s
3+1S | 1% order model 2" order correction 3+1S | ¥ order model | 2" order correction
tavel
functional timeline, concurrency quantification

intentionally left blank intentionally left blank
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Module 31, Architectural Reasoning Case Exploration

by Gerrit Muller  University of South-Eastern Norway-NISE
e-mail: gaudisite@Rgmail.com

www.gaudisite.nl

Abstract

This module introduces the case exploration used in the course Architectural
Reasoning using Conceptual Modeling.
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SEMA Methods Overview

by Gerrit Muller  University of South-Eastern Norway-NISE
e-mail: gaudisite@Rgmail.com

www.gaudisite.nl

Abstract

This presentation provides an overview of the SEMA course: Architectural
Reasoning Using Conceptual Modeling. This course uses the CAFCR+ model
with 6 views. Qualities connect all views. Threads-of-reasoning capture the archi-
tectural reasoning across views and qualities. Conceptual models visualize and
capture the context, the system and its design. Quantification is a means to make
problem and solution space tangible.

method outline method visualization
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frameworl k
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From vague notions to articulate and structured

architecture description:
e articulated
e structured

problem and solution
architecting - <N OW-MOW

vague notion
of the problem

Report

vague notion

Design

Spec

of potential solutions

basic methods: architecting method:
e decision making e framework
e modeling and analysis e submethods

e time-boxing and iteration| |e integration methods

SEMA Methods Overview versions 3
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Overview of architecting method

method outline method visualization

fram ework Customer Application Functional Conceptual Realization

objectives

+ key driver + stakeholder: truction budget
+ value chain and concerns decomposition + benchmarking
+ business models + context diagram functi | + perform:
+ supplier map + entity relationship decomposition ly:
model formation model safety ly:
dynamic models d many more nd many mi

Integration
via qualities

market N | a priori solution know-how

explore vision R
. g . —p use —p etalle
SpeCIfIC details » analyse | case | analyse design

design design

reasoning

SEMA Methods Overview versions 3
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Purpose of Modeling

specifica%

modeling .
facts from resellk oroject VEI’IfIC&tI(}
measurements > results
assumptions / analysis decision>
o risk
uncertainties accuracy customer satisfaction
unknowns c—- \\/OIKINQ rANQE ==l
) .g. 9 time, cost, effort
errors credibility

profit margin

SEMA Methods Overview version: 9
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What to Model?

business: key performance: (emerging?) properties:
profit, etc. throughput, response resource utilization
operational costs reliability load
stakeholder benefits  availability latency, throughput
workload scalability quality, accuracy
risks

A =

and their mutual relatlons

/ usage context V system N

enterprise & requirements design
users black box view realization
technology
v K /
profit, etc. life cycle business
operational costs
stakeholder benefits :
workload \_ life cycle context /
risks

SEMA Methods Overview version: 9
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Overview of Modeling Approach

facts from rese[% modeling

N decisi_ons
measurements results c:ﬁ:;':gn ﬁ’uif.?,‘ifsl‘a”
assumptions / analysis| | gesian
collect input model and analyse
data relevant issues

enter::saeg: T requiDn_en(ts :::;enm fo r d Iffe re nt

il R stakeholders&
preation concerns
I:)f:SIcr;/ecslz context

Integration and reasoning

SEMA Methods Overview V003 T
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Short introduction to basic “CAFCR” model

by Gerrit Muller  University of South-Eastern Norway-NISE
e-mail: gaudisite@Rgmail.com

www.gaudisite.nl

Abstract

The basic “CAFCR” reference model is described, which is used to describe
a system in relation to its context. The main stakeholder in the context is the
customer. The question “Who is the customer?” is addressed.
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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

Short introduction to basic “CAFCR” model
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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

Short mtroductlon to basic “CAFCR” model version: 0.4
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CAFCR can be applied recursively

Customer's
Customer Drives
Business .
\/e % ' Customer
Yy Q/ -
§e 7 Enables _
N, " Sco, < Chs. Business | Dfves
@/7 ,0@ 8//7 \\
C A
"Chiy . ", N\ System
Scy Enables
Yra \ ~ | (producer)
ghort intgg#ﬁtﬁﬂ Ii[grbasic “CAFCR” model Cﬁ?ﬁfﬁﬂfﬁé GN- _ESI



Market segmentation

segmentation
. examples
axis
geographical USA, UK, Germany, Japan, China
business model profit, non profit
economics high end versus cost constrained
consumers youth, elderly
outlet retailer, provider, OEM, consumer direct

Short introduction to basic “CAFCR” model version: 0.4
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Example of a small buying organization

CFO CIO
CMO CEo CTO

decision maker(s) purchaser

Who Is the customer?

department head

user maintainer

CEO: Chief Executive Officer
CFO: Chief Financial Officer

CIO: Chief Information Officer
CMO: Chief Marketing Officer
CTO: Chief Technology Officer

operator

Short introduction to basic “CAFCR” model version: 0.4 —
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CAFCR+ model; Life Cycle View

Customer Application Functional Conceptual Realization
objectives
a . )
opgratlons Life cycle developmgnt
maintenance manufacturing
upgrades Installation
sales, service, logistics, production, R&D

Short introduction to basic “CAFCR” model version: 0.4 E—
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Initial CAFCR scan

by Gerrit Muller  University of South-Eastern Norway-NISE
e-mail: gaudisite@Rgmail.com

www.gaudisite.nl

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.
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Exercise Bottom-up Scan CAFCR

make a bottom-up analysis of your product:
1. realization

2. conceptual

3. functional

4. application

5. customer objectives

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.

H -
Initial CAFCR scan version: 0.4 —
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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

iInformation and insight is
quickly lost

stickers are easily
(re)moved

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

Initial CAFCR scan version: 0.4
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Step 1: Realization View

Choose 1 or 2 items from below

How

CAN 256MB
GPS CAN master DDR Il

] [ [

| |
256MB

gyros ] ARM CPU NAND Flash
DL2128V 8 12 bit DA

HW block diagram

applications

services
toolboxes

driver

hardware

signal processing subsystem

. . view
view PIP adjust TXT
viewport menu browse
audio || video TXT etc networking iz
) system
drivers H scheduler H oS |
wner || @me- 1| yoea || psp || cpu || RAM || etc
buffer

control subsystem ‘

SW layer diagram

domain specific

generic

primary
engine

I: electrical []| fuel tank
engine :
transmission
|
l: batteries | fuel tank

2D layout of system internals

3D sketch of system internals

Annotate/mark most critical technologies or characteristics

Initial CAFCR scan
91 Gerrit Muller
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Step 2: Conceptual View

Chose 1 or 2 items from below

————T zuBA

control

What determince s | (Dzusa
sense trajectory (9)vision | | camera
s @ optics M scoop ,W
control

optics stage
control

position ;
stage | stage
sense determine control e granite
orientation setpoints rudders frame
sense control
speed engine

functional model subsystem decomposition

patient work-list nraw X nraw x nraw X nx Ny
attributes attributes >
n n n
/{\ N aw- y¢| N aw- y¢| ¢ ¢ Y #
examination exam procedures
attributes attributes
scan scan procedures recon tfllter raw-x * nraw y)
attributes attributes
*(t(n + [t +
s (i)
*
— ny ( tfft(nraw -X: i trow»overhead ) w
3D volume
volume index teorrections(My +N ) +
e data elements additional t
2D images to the external control-overhead
image index information model =
ti(n) = Cq * N * log(n)

information model performance model

Initial CAFCR scan version: Qs8
92 Gerrit Muller SEMAbottomUpScanConceptual ES I



Step 3: Functional View; Top level Spec

Interfaces

!

system seen as black box

inputs — functions =3 outputs
guantified characteristics

!

restrictions, prerequisites
boundaries, exceptions
standards, regulations

Initial CAFCR scan version: 0.4
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Step 4: Application View

Chose 1 or 2 items from

below

government financial dir. insurance inspection
cost of care cash flow cost of care quality
cost of op.
general ref. physician radiologist nurse
practitioner diagnosis diagnosis patient
patient treatment reimburstment | | ease of work
administration patient
patient id . ; comfort
invoice . A 3 = health
* — operator
: t ; ease of use
IT dep. facility man. maintainer cleaner
conformance space accessibility accessibility
security service supp. safety safety

stakeholders and concerns (who)

hospital reception clinical primary insurance patient
ERP clients clients care portal portal
HIS physician
(hospital) workstation
schedule 4 patient info
status y report
RIS LIS | d
(radiology) (laboratory) egen
M patient info patient info ) other IS administrative
report schedule
status clinical
‘ MRI ‘ CT ‘ ‘ Xray ‘ imaging
y Jimages J L patient
radiology PACS |
workstation (Picture Archiving and Communciation) [ support
external

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

‘ stakeholders

system context

accessory 1 meter
cabinet
magnet | patient table
cabinets | console
technical dressing
room control room room restroom| waiting room
corridor

2D map (where)

functional flow

call family doctor

visit family doctor

call neurology ¢

visit neurologist

call radiolog P it

— examination itself

— diagnosis by radiologist

report from radiologist to
neurologist

visit neurologist -

—— days —»

"17273 4 56 78 9710 11712[13'14]15 16 17 18'19]20 2122 23 24 25’
work flow & time line (what, when)

Initial CAFCR scan
94
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version: 0.4
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Step 5: Customer Objectives View; Value Network

inhabitants A

/ A
b}
tenant 0
facility IT
government owner | | 7 peeeeeeseeeeee
management management
T building
.| architect
contractor
A \
X S
installer commissioner . g
5
/ ™ light designer
[
suppliers J

Initial CAFCR scan Ve'ﬁﬂ??'z%‘z%
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Step 6: Qualities

Determine the 5 most relevant qualities from the checklist
e Make the chosen qualities as specific as possible

e Explain for each quality why it is relevant

. I
Initial CAFCR scan version: 0.4
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Step 6: Qualities Checklist

usable Interoperable serviceable ecological
usability connectivity serviceability ecological footprint
attractiveness 3" party extendible configurability contamination
responS|vme|_r1ess installability noise
image quality ; disposability
wearability liable
storability iability future proof
transportability testability evolvability
dependable  traceability oortability down to earth
safety standards compliance  ypgradeability attributes
security o extendibility :
reliability  efficient maintainability cos pree
robustness resource utilization POWET constmption
: . _ consumption rate
Integrity cost of ownership (water, air
availability logistics friendly cals.
_ . chemicals,
effective consistent manufacturability et cetera)
throughput or reproducibility logistics flexibility ~ size, weight
productivity predictability lead time accuracy
version: 0.4

Initial CAFCR scan
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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.

. I
Initial CAFCR scan version: 0.4
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Method Overview

Architecting Method Overview Modeling Method Overview

method outline method visualization
— . — specification
Cus lomer A lication Fu ional Conce ual R lizati
framework Objectuves pplicati nctional Pt ealization
e modeling -
SUIaEeeE ‘ ‘ﬁ”“r ‘ facts from research \ project |verification
integration measurements results
i i L
via qualities assumptions analysis decisions >

risk

eXpl ore ‘market a prior solution KNow-now.
specific details o B = | uncertainties accuracy ifacti
design design unknowns Working range | customer satisfaction
> L time, cost, effort
) errors credibility . .

reasoning profit margin

business: key performance: (emerging?) properties: I nte ntlo nal |y Ieft b I an k

profit, etc. throughput, response resource utilization

operational costs reliability load

stakeholder benefits  availability latency, throughput

workload scalability quality, accuracy

risks

and their mutual relations

usage context system
[
enterprise & requirements design
users black box view realization
technology

business: creation
profit, etc. life cycle business
operational costs

stakeholder benefits
workload
risks

life cycle context

Summary Module Architectural Reasoning Case Exploration version: 0.4
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CAFCR

Integrate and lterate

What does Customer need
in Product and Why?

CAFCR views

\/

drives, justifies, needs:

-¢ enables, supports Y, N\ N Product
How
Customer Customer Product A
Wh_at does Customer need What How What S/ AN
in Product and Why?
Product Customer Application Functional Conceptual Realization
objectives
How
Customer Customer Product Conte).(t Objectlve
What How What understanding driven
Customer Application Functional Conceptual Realization
objectives oppor- /constraint/ knowledge
tunities awareness based
Il Il Il Il

Sketch on Flips, Use Note stickers

Plus Life Cycle view =
o start sketching/drawing |e write long texts o sketches stimulate
C A L F . C R L as soon as possible sharing and discussion
ustomer pplication unctional onceptual ealization
obiectives e use shared large sheets |e immediately capture e sharing and discussion
| of paper (e.g. flip-over) electronic help to explore faster
e number the flip-overs e remembering the order
and add a title gets challenging
. ; A annotate (add notes)  have nice but volatile information and insight is
0pe.ratlons Life cycle deveIOpm?nt during discussions discussions quickly lost
maintenance manufacturlng
upgrades installation use yellow note stickers |4 yyrite with pen or pencil stickers are easily
and flip-over markers (re)moved
sales, service, logistics, production, R&D o beopenforideasand |e Donotsticktothefirst |e you hopefully discover a
4 surprises solution lot; increased insight will
change problem and
solution
Summary Module Architectural Reasoning Case Exploration version: 0.4
H July 3, 2023
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Module 32, Architectural Reasoning Customer Space

Sampling

by Gerrit Muller  University of South-Eastern Norway-NISE

e-mail: gaudisite@gmail.com

www.gaudisite.nl

Abstract

This module introduces Customer Space Sampling as part of the course Archi-
tectural Reasoning using Conceptual Modeling.

Distribution

This article or presentation is written as part of the Gaudi project. The Gaudi 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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status:

draft
version: 1.1
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Story How To

by Gerrit Muller  University of South-Eastern Norway-NISE
e-mail: gaudisite@Rgmail.com

www.gaudisite.nl

Abstract

A story is an easily accessible story or narrative to make an application live. A
good story is highly specific and articulated entirely in the problem domain: the
native world of the users. An important function of a story is to enable specific
(quantified, relevant, explicit) discussions.

Distribution RPN
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open creation process. This document is published as intermediate or nearly mature version status: concept === Ve ;
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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
> | case | |design

analyze analyze
design design

Story How To version: 1.2 —
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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 | ===
n

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.

Story How To version: 1.2 ——
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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

. I
Story How To vessullgl)g:zz)é%
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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

Story How To

. I
vergon: 12
. uly 3,
Gerrit Muller SHTcritgrionsList ESI
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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
appearance. She knows how to operate her television, but a VCR or even a DVD player is |g
way to complex.

When Betty turned 60, she stopped working in a sewing studio. Her work in this noisy §
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
it's as if a butcher’s knife cuts through my head. It's way too sharp!”. So Carol prefers to take
her hearing aids out, missing most of the fun. Betty is so happy that her hearing instruments

source: Roland Mathijssen
Embedded Systems Institute

simply know where they are and adapt to their environment. Eindhoven

Story How To version: 1.2 —
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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

Story How To version: 1.2 —
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Exercise StoryTelling

Create a story

as text + sketch or as cartoon

Use the criteria

be highly specific!

envision the future value proposition

Enjoy!

Exercise Architectural Reasoning Story Telling version: 1.2 p—
. uly 3, 2023
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Use Case How To

by Gerrit Muller  University of South-Eastern Norway-NISE
e-mail: gaudisite@Rgmail.com

www.gaudisite.nl

Abstract

Use cases are frequently used in Software Engineering. Use cases support speci-
fication and facilitate design, analysis, verification and testing. Many designers,
unfortunately, apply use cases in a rather limited way. This presentation provides
recommendations for effective use cases.

20:00 21:00 22:00 23:00
aaaaaaaaaaaaa ot
1. programmed recording
L. : J of other station

Distribution e
This article or presentation is written as part of the Gaudi project. The Gaudi project Julv 3. 2023 O A
philosophy is to improve by obtaining frequent feedback. Frequent feedback is pursued by an y ’ f 2. very long
open creation process. This document is published as intermediate or nearly mature version status: p|anned J 3.Dad| phone call }
to get feedback. Further distribution is allowed as long as the document remains complete i S

and unchanged. version: 0.1



Why Use Cases?

Supports or Iis part of specification
by providing specific data in user perspective
Facilitates analysis and design

Facilitates verification and testing

. —
Use Case How To version: 0.1
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Example Time Shift recording

20:00 21:00 22:00 23:00
start end
movie broadcast movie
record

view play view
—— talk

' T

phone rings finish conversation
pause viewing resume viewing

H -
Use Case How To version: 0.1 —
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Construction limits intrude in User Experience

e number of tuners
e number of simultaneous streams (recording and playing)
e amount of available storage

e management strategy of storage space

Use Case How To version: 0.1 _—
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What if?

20:00 21:00 22:00 23:00
f:,i:,tie broadcast mg\zg
1. programmed recording
of other station
record
1—
view play view play

i 2. very long
3. Dad| phone call

phone rings ZapS finish conversation
pause viewing resume viewing

H -
Use Case How To version: 0.1 ——
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Content of a Use Case

/ user or system use Casé

specified
functionality
behavior
iInterfaces
gualities (NFR's)

'

Input data output data
format (sub)system format
. —> —
sSize or component sSize
content content
context

K Interaction /

. —
Use Case How To version: 0.1
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Example personal video recorder use case contents

typical use case(s)

interaction flow (functional aspects)
select movie via directory
start movie
be able to pause or stop
be able to skip forward or backward
set recording quality

worst case, exceptional, or change
use case(s)

performance and other qualities

(non-functional aspects)
response times for start / stop
response times for directory browsing
end-of-movie behaviour
relation recording quality and storage

functional
multiple inputs at the same time
extreme long movie
directory behaviour in case of
extreme many short movies

non-functional
response time with multiple inputs
image quality with multiple inputs
insufficient free space
response time with many directory entries
replay quality while HQ recording

U
116

se Case How To

Gerrit Muller

version: 0.1
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Example of Quantification of Typical Use Case

3 examination rooms connected to 1 medical imaging
workstation + printer
exam exam exam -
ﬁ room 1 R room 2 ﬁ room 3 o

o | [og (M

examination room: average 4 interleaved examinations / hour

image production; 20 1024 8 bit images per examination

ole Ll ol eleje
olo) ele ole ojeje

film production: 3 fiI of4k pxeech
i P high quality output

‘oo c ol NN .
Heco (bi-cubic interpolation)

. —
Use Case How To version: 0.1
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Timing of this Use Case

9:00 9:30 10:00
time >
- ole ole ole cle]e
_ patient 4 575 ole e clole
patient 3 EE= E:I: %E Sels oIS
patient 2 Egs clefe ol T
T lo I il il GGEGGG clololu -=C =
patlentl elole clo clo clo plolc olc olc

exam
room 1

exam
room 2

exam
room 3

L 1 hour »

Use Case How To velzjsuiltx?g’:200213 ——
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Recommendations for working with use cases

+ combine related functions in one use case
- do not make a separate use case for every function

+ include non-functional requirements in the use cases

+ minimise the amount of required worst case and
exceptional use cases

- excessive amounts of use cases propagate to
excessive implementation efforts

+ reduce the amount of these use cases in steps

- a few well chosen worst case use cases simplifies the design

. I
Use Case How To version: 0.1
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Use Case Exercise

Make specification overview with ~10 SMART Key Performance
Parameters (or functions or interfaces)

determine at least one use case

interfaces * Specific quantified
system seen as black box » Measurable verifiable
inputs — functions — outputs _
quantified characteristics « Achievable (Attainable,
Action oriented, Acceptable,
i Agreed-upon, Accountable)

restrictions, prerequisites

SOUIEETIES, XESTIens - Realistic (Relevant, Result-
standards, regulations

Oriented)
use case
typical use with relevant « Time-bounded (Timely ,
context data (quantified!) Tangible, Traceable)

Exercise Architectural Reasoning Use Case version: 0.1
. uly 3, 2023
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Story and Use Case Summary

Customer Language Accesible and Specific to Learn

Al C.ne |o accessible, understandable
Product Appiistion "Do you see it in front of you?"
How
Customer Customer Product Cusiomer | @ Valuable a ealln
What How What objectives ) pp g attractive, important
Appication " : iaon
Customer Application Functional Conceptual Realization Are customers queuing up for this
objectives Caeennar ¢ Critical, challenging "What is difficult in the realization?"
Realization "What do you learn w.r.t. the design?"
market a priori solution knowledge : :
vision [Amann |o frequent, no exceptional niche
"Does it add significantly to the bottom line?"
—> —> R
analyze case analyze deSIQn Aspication |o specific names, ages, amounts, durations, titles, ...
design design Forciorm

Use Cases include Quantification Typical and Worst case

3 examination rooms connected to 1 medical imaging . -
workstation + printer typical use case(s) worst case, exceptional, or change
exam exam exam use case(s)
K room 1 ﬁ room 2 R room 3
DU gu DI—I—' Eﬁ;@ interaction flow (functional aspects) functional

select movie via directory multiple inputs at the same time
start movie extreme long movie
be able to pause or stop directory behaviour in case of
be able to skip forward or backward extreme many short movies

examination room: average 4 interleaved examinations / hour set recording quality

image production: 20 10242 8 bit images per examination performanpe and other qualities non-functlonal ) L
ot _ i 588 (non-functional aspects) response time with multiple inputs
BE olo el geg response times for start / stop image quality with multiple inputs
film production: 3 films of 4k*5k pixels each ;?g?_?;&?;ﬁ:ﬁ;&gﬁ?ow browsing ',';gg,fi"g;?ﬁfhaﬁany directory entries
?& - ©© ﬁ high quality output relation recording quality and storage replay quality while HQ recording
3>+ P34 b (bi-cubic interpolation)

Summary Module Architectural Reasoning Customer Space Sampling version: 0,1
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Module 33, Architectural Reasoning Design Fundamentals

by Gerrit Muller  University of South-Eastern Norway-NISE
e-mail: gaudisite@Rgmail.com

www.gaudisite.nl

Abstract

This module discusses fundamental design methods and techniques, especially
partitioning, interface, behavior, and quantified performance design.

Distribution

This article or presentation is written as part of the Gaudi project. The Gaudi 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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System Partitioning Fundamentals

by Gerrit Muller  University of South-Eastern Norway-NISE
e-mail: gaudisite@Rgmail.com

www.gaudisite.nl

Abstract

The fundamental concepts and approach system partitioning are explained. We
look at physical decomposition and functional decomposition in relation to supply
chain, lifecycle support, project management, and system specification and

design.

Distribution

This article or presentation is written as part of the Gaudi project. The Gaudi 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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Parts, Dynamics, Characteristics

. prime interest prime system
characteristics «— .
of customer responsibility
Tresults In
dynamics functionality
Tinteract

prime interest

parts of organization

System Partitioning Fundamentals version: 0.2
, y 3, 2023
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Engineering

engineering knowledge =3 =P parts data base eI E
system specification == =3P production procedures production
engineering
system design =3 =P qualification procedures e
source data =9 =P system documentation quality
assurance
lifecycle
support
3 > P> 3 > 3
know- doc
DB
past project mechanical source resource product
experience documents electrical code planning, data
design management e.g. SAP management
database

System Partitioning Fundamentals version: 9:2 _——
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Example Physical Decomposition

| —
ZUBA covers and
§3 control hatches
= vision
g § control @ZUBA
s ) @ cablin
chamber @ @vision camera g
optics I Mscoop @ ventilation
—(3) stage
bottom chuck stage | | stage | control air flow
Fluidic electronics (@baseeframe * granite contamination
subsystem infrastructure AT e evacuation
frame
Sensors
@ measurement
frame
@ machine
@ control
proces
power @ "remote”
supply electronics rack
back side view front side view Integrating

System Partitioning Fundamentals version: 0.2 —
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Partitioning is Applied Recursively

system
subsystem .. atomic sub subsystem
1 system k n
subsub subsub subsub subsub subsub atomic
o 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
System Partitioning Fundamentals version: 0.2
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Software plus Hardware Decomposition

applications view PIP adjust \_?;\frv
_ viewport menu browse
services
toolboxes |, dio || video TXT etc. networking ilfe-
system
driver drivers scheduler OS
tner || MM || vpEG || DSP || cPU || RAM || etc
buffer
hardware _ _
signal processing subsystem control subsystem
domain specific generic

System Partitioning Fundamentals version: 0.2
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Guidelines for 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

System Partitioning Fundamentals version: 0.2
: y 3, 2023
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How much self-sustained?

control SW application HMI SW contro.l _control
SW electronics Interface

. EMC main gualification adjustment

cooling o .

shielding function support support

power power power production mechanical
stabilization conversion distribution support package

How self sustained should a part be?
trade-off:
cost/speed/space logistics/lifecycle/production

optimization

—z

flexibility

clarity

System Partitioning Fundamentals

130

Gerrit Muller

version: 0.2
July 3, 2023
SPFselfSustained

SN EsI



Decoupling via Interfaces

control
Interface
power e.g. CAN
interface H

- part

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

part

hydrocarbon 1

1

interface mechanical

mounting interface

::I e.g. pipe

1]

|_I_l_|

other part with
same interfaces

can replace
original

1 [ 1

h

System Partitioning Fundamentals
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The Ideal Modularity

System is composed
by using standard interfaces

limited catalogue of variants (e.g. cost performance points)

System Partitioning Fundamentals version: 0.2 E—
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System Creation

stakeholder

specification

needs —>» _ _
, architecting
business —>» —
objectives
* .
design — > procurement
—>
architecture Josi N
guidelines _e_S|gn production
top-level design partitioning| |
rationale interfaces engineering > installation
functions
allocation .
: quality
documentation™ assurance
system and parts data :
proceduresly,| lifecycle
support

System Partitioning Fundamentals
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Simplistic Functional SubSea Example

sensor
measure dat control
sensor ata _
signals pressure, ——>» pressure, —> settings
temp, flow temp, flow
transport to
increase top-side
well
pressure hydro
carbons
hydrocarbons revent regulate combine separate
y = b =P flow and =P multiple == gas, oll,
from well blow-outs t
pressure streams water, sand water
sand
version: 0.2

System Partitioning Fundamentals
134 Gerrit Muller
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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

System Partitioning Fundamentals version: 0.2
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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

System Partitioning Fundamentals
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Question Generator

How about the <characteristic>

of the <component>

when performing <function>?

A .
b e L What is the accuracy of
= ) the fuse
c preparing = . .
= when printin
T copying = p g
solving '
paper jam | paper path E fuse PIM finisher ~ scanner
l ; | | | -
throughput
memory footprint —Ccom po ne nt_>
ACCUIaCy ofecccccccccccccccccas

processing load

example from a high volume printer

System Partitioning Fundamentals

137 Gerrit Muller

. I
version: 0.2
July 3, 2023
BS05questionGenera tor



Example 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 > 3nm
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
System Partitioning Fundamentals version: 0.2
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Example of A3 overview

A3 architecture overview of the Metal Printer (all numbers have been removed for competitive sensitivity)

throughput in minutes | per wafer : tem and supersystem
back-end factor . author Gerrit Muller scope  systen persy:
e 7%,,.,,.,,.,.3/& 1. inspection version 0.1 status preliminary draft
logi &
i networking Seed 2. seed sputter 1 date last update  August 3, 2010
CU—m o . .
mask __. T Pl 8 Document meta-information
H H F |4 seedetch 1
[ wafer ] ) pattern
\;vafer fa(t; dual layer only pattern quality — resolution
ront en : = spin coated
( ) V‘\:;Iﬁr printer | ICs polymer | = ] | |5. coat/develop dielectrics 3.4 accuracy overlay c:::jarcr:iirr:‘a;(\gn
ICs e [5 EE] 6. exposure or cMP for polymer vias | 1.2 design enabling | _| }
power, chemicals chemicals REX [ wafer ] e.g. CD, separation —¢><-secti0n control uptime partial graph
consumables, waste ] climate many nodes
infrastructure ‘7. E-test ‘ early delivery and connections
Vs : —‘ reliability high MTBF are not shown
back-end factory: systems and process model process steps  throughput __ \volume production
cost per layer _—‘ throughput ‘ system cost
clean " "
) tional lect
master clean wafer -mmmee ; — : L et coss operatonal | | electicpower
prefill clean prealign robot - 3L g 'l' 2 = envi_ronmental f\",feair
metal wafer -Ilr impact | waste disposal water, air, ...
grinter prealign u
C ‘v& clean customer key drivers
D master S .
o "o - prefil min. line width aum wafer size 200, 300 mm
- — overlay b um power x kW
master wafer wafer o print throughput c WPH clean room class
FOUP FOUP FOUP L MTBF dhr floor vibration class
) T T T
0 100b 200b
metal printing cell metal printing time-line key performance parameters
metal printing cell: systems and performance model Customer key-drivers and Key Performance Parameters
N zune. | .@ covers and ’ 1. Close doors _ :
L o hatches tprint - tp.prepe\re"' tp.e\Iign i tchamber(thICkness) w tp,finalize
g § control g@ZUBA
chamber () ° Qvision | | camera @ Sl ’2. Align t, ‘ _
align t =t +1 L
prepare close doors ‘move to proximity
optics piscoop |_s‘a - @ ventilation
lbottom chuck’ stage [ T 5508 | 20 air flow ’ 3. Move to proximity
@ _ Fluidic (9 Electronics fsfé’:{:;; granite ‘ @ contamination ’4‘ Process tchamber ‘ tfinalize = tmc)ve wraEs tc)pen doors
Lo sensors
( > measurement 5. Move substrate unloading position .
frame = *
e 6. Open doors tprint tp,overhead+ Ctransfer thlckness
control . . . -
pmes@ note: original diagram was annotated with actual performance figures
power @ "remote" for confidentiality reasons these numbers have been removed
supply electronics rack
. . . ; integrating metal printer . .
metal printer back side metal printer front side Sibsisiams unaianel i formula print cycle time
metal printer subsystems
metal printer subsystems, functions, and cycle time model

System Partitioning Fundamentals version: 0.2 —
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Visualizing Dynamic Behavior

by Gerrit Muller  TNO-ESI, University of South-Eastern Norway]
e-mail: gaudisite@Rgmail.com

www.gaudisite.nl

Abstract

Dynamic behavior manifests itself in many ways. Architects need multiple comple-
mentary visualizations to capture dynamic behavior effectively. Examples are
capturing information, material, or energy flow, state, time, interaction, or commu-
nication.
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Overview of Visualizations of Dynamic Behavior

Information Transformation Flow

get
external

data
L
get (ranslorm == detect classify analyze
sensor into ima e sensor objects objects situation
data g images ) 2

getGPS calculate r__
GPS T
G location update
location )

get goal

determine
next step

world model

Timeline and Functional

Flow

Signal Waveforms
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5..50ms
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Gy — —
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ireling
hook up SFT ROV assisted
and TF disconnect
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.
ROV assisted retrieve SFT and
connect L

ook up coil ‘

® 0

tubing and

wireline BOP.
System function
and connection
seal test

run coil tubing
and wireline

©

disassembly

©

v

Information Centric Processing
Diagram

= raw ».| €nhanced | ‘ resized

i image >

retrieve | IMag€ | enhance g inter-
polate

e
image [Jookup ‘ image | merge display

o
£
o g
s F_
3 = 2 T w
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36 hi ~——finishing 27 hrs———»
[oal ferred 4Evesume
stop D operation 62 hrs- produclwon
! | | ! | ! |
24 48 72 96
hours———»

Swimming Lanes
Concurrency and Interaction

State Diagram

idle

i.....------: lstart

| operating
l event reset
| pre-alarm mode alarm handled

l acknowledge

| alarm mode

cleanwafer ~ peeeceeeeas
= D
robot  — 4
prealign
clean
master
prefill
print
T T T ' . .
0 100b 200b
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Example Functional Model of Information Flow

gL et goal
external g. 9
data trajectory
[ . [
get transform | —» ILEE detect classify Uperelis analyze determine
sensor > . ) 2—» Sensor —» . > . »  world » . >
data L into image[’ images objects objects model situation next step
calculate
geé;:S — GPS -
location update
location
estimate |

getv,a —>

location world model

Visualizing Dynamic Behavior Vﬁlrysuso%zg
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"Cartoon” Workflow

ri ri ri i ri i
TF TF TF
EDP SFT SFT SFT
LRP WOCS WOCS WOCS SFT |\WOCs SFT [\|wWOCS SFT WOCS
vessel or vessel or vessel or vessel or vessel or vessel or
platform platform platform platform platform platform
‘ ‘ o < ‘
LRP
riser riser
EDP EDP
LRP LRP
ri ri ri
DL ) = ()
TF TF
SFT SFT EDP SFT
SET WOCS SFT WOCS SFT |\wOCs 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
i iZi i i version: 0
Visualizing Dynamic Behavior R
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Workflow as Functional Model

| )
perform
assembly,
. workover
functional test ;
operations -
D) oo | () ig
retrieve coil
fun tubing and
AR wireline BOP TF o
@ - - wireline
unhook coil L coil tubing BOP
run risers tubing and
@ wireline BOP SFT WOCS
| | | |
hook up SFT ROV assisted vessel or
and TF disconnect platform
o= :
move away from
move above well
well .
@ @ riser
| | |
ROV assisted retrieve SFT and
connect TF
| | |
hook up coil
tubing and retrieve risers EDP
wireline BOP
@ et . @ LRP
system function retrieve
5
- . @ well
run coil tubing : e
disassembly

and wireline

O ) v

Visualizing Dynamic Behavior version: 0
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Workflow as Timeline

assumptions:

running and retrieving risers: 50m/hr

running and retrieving coiled tubing/wireline: 100m/hr

actual workover operation

depth: 300m

()

=

©
E o
- =
0OS )
mn o2 0 2
) cQ =
5 © = 0> C_G o))
+— c (OIS beb) c
e © =58 0 5
> = o» ) S50 © T
S a 3 o fua c 2
€ 0 o > 283 828 g

d—

N c 5 o OOO c 5
© 2 < £ Exe 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 »| (ESUME
production
| | | | | |
24 48 72 96
hours >
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Swimming Lane Example

clean wafer et : e
robot - g 0 .'- ' -
prealign
clean
master
prefill
print l- --------------------
0 100b 200b

Visualizing Dynamic Behavior version: 0
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Example Signal Waveforms

bl hold. imagings
" | eee N repeating similar pattern
= U1 many times
Gy=0 G,=127
TR >
» typical TE:
5..50ms
RE transmit receive
Gz / \
GX \—/j / \_/
\ [/  a— /
Gy / N— N— \

Visualizing Dynamic Behavior VIO _——
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Example Time Line with Functional Model

functional flow

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

—— days —»

AA YY. y

1 2 3 4 5|6 7 8 9 10 11 12 13 14|15 16 17 18 19|20 21 22 23 24 25

Visualizing Dynamic Behavior Vﬁlrflsogézg
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Information Centric Processing Diagram

text
—
gfX =
raw enhanced resized grey- view-
q. ) lﬁ |ma B lq . cq Value q ] lq
retrieve | Mage enhance 9 inter- | IMagde | |ookup image | merge port | display
late
po
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Example State Diagram

 ide
lstart

[ operating
l event reset

[pre-alarm mode alarm handled
l acknowledge

[ alarm mode

Visualizing Dynamic Behavior Vﬁlrysusogc:)zg
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Flow of Light (Physics)

[ )
L

sensor

laser Hluminator
: ) reticle
pulse-freq, bw, uniformity
wavelength, ..

==

| > NA
abberations

==

] >

transmission

lens

erial image
wafer
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Dynamic Behavior is Multi-Dimensional

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, goods, energy)

multi-dimensional
Information (e.g. measurements, signals) >~ information and

dynamic behavior
control

Time, events, cause and effect

Concurrency, synchronization, communication

Visualizing Dynamic Behavior vJeullr;c,uso%zg
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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:

e Functional flow (of control or information, material or goods, or
energy)

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

e State diagrams

Exercise Architectural Reasoning Design Fundamentals Vﬂflsogézg
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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

Exercise Architectural Reasoning Design Fundamentals version: 9
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Design Fundamentals

Parts, Dynamics, Characteristics

characteristics
of customer

Tresults in

dynamics functionality

Tinteract

prime interest

parts of organization

Dynamic Behavior

prime interest
l€—

prime system
responsibility

sensor

sensor measure data control
signals | Pressure, > pressure, —> settings
9 temp, flow temp, flow
transport to
increase top-side
well X
pressure hydt:o
carbons
hydrocarbons revent regulate combine separate
g from well ™ bllaow-outs » flowand == muliple = gas, oil,
pressure streams water, sand == water

sand

Decoupling via Interfaces

part

:] e.g. pipe

control
interface
power e.g. CAN
interface H
LS e
part e.g. pressure
e.g. pipe and flow
:] regulator
hydrocarbon L~ I —]
interface mechanical

mounting interface

Question Generator

M
5| other part with
same interfaces

can replace
original
L 1

How about the <characteristic>

of the <component>

when performing <function>?

—functions—

fuse

What is the accuracy of

the fuse
when printing

PIM finisher

——component—»

example from a high volume printer

Summary Module Architectural Reasoning Design Fundamentals
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Module 34, Architectural Reasoning Customer Space

Analysis

by Gerrit Muller  University of South-Eastern Norway-NISE

e-mail: gaudisite@gmail.com

www.gaudisite.nl

Abstract

This module provides methods and techniques to analyze the customer space.

Distribution
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Methods to Explore the Customer Perspective

by Gerrit Muller  University of South-Eastern Norway
e-mail: gaudisite@Rgmail.com

www.gaudisite.nl

Abstract

This presentation provides a set of techniques to explore the customer
perspective. The main purpose is for an organization to understand its customer
sufficiently. Architects need this level of understanding to guide specification and
design.

Distribution
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Overview of methods

what story telling, scenario http://www.gaudisite.nl/info/StoryHowTo.info.html
<ehol humans autonomous behavior
who stakeholders and concerns organizations  emotions

system context diagram human-made artifacts

how

workflow
when timeline from seconds to years
where map from nanometers to kilometers
why customer key driver graph

. http://www.gaudisite.nl/info/KeyDriversHowTo.info.html
productivity model

financial cost of ownership model
money flow

Methods to Explore the Customer Perspective version: 0.1 o
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Various Perspectives on Context

Y ¥

natural
environment

humans and
organizations

Interest

man-made
artifacts

Methods to Explore the Customer Perspective version: 0.1 o
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Scenario: Patient George

» Patient George has continuous headache.

 His family doctor has send him to the Neurologist.

* The Neurologist wants to exclude the possibility of a tumor

and requests an MRI examination.

« The Radiologists does not see any indication for a tumor.
* The Radiologist sends his report to the Neurologist.

* The Neurologist discusses his findings with the patient and

sends a report to the family doctor.

Methods to Explore the Customer Perspective version: 0.1
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From Complaint to Diagnosis

-y Request
\
™ V. consult
Family S
Doctor
flndlngs
Patient Re uest
PhyS|C|an Re ort \
-
,. l,_ﬂ
MRI scanner Nurse Radiologist
operator 9

. . I
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Stakeholders and concerns MRI scanner

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
P | \ P : legend
comfort « .“ quality
health h = administrative
family ‘ operator .
support = ease of use cinica
C patient
IT dep. facility man. maintainer cleaner
conformance space accessibility accessibility support
security service supp. safety safety
Methods to Explore the Customer Perspective version: 0.1
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Context of MRI

hospital reception clinical primary insurance patient
ERP clients clients care portal portal
HIS physician
(hospital) workstation
schedule 4 patient info A
status y report
RIS LIS | q
(radiology) (laboratory) egen
Apatient info patient info other IS —‘ administrative
report schedule
status clinical
MRI CT Xray imaging
! *images ¢ i patient
radiology | PACS
workstation (Picture Archiving and Communciation) support
external
IT infrastructure (communication, gateways, servers, storage, ...) stakeholders

version: 0.1
July 3, 2023

MECPcontextDiagram
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Workflow

request schedule perform send
exam exam exam report

receive prepare examine release
patient patient patient patient

X b )
..-—'-- ---"-~.
CX A Con
X Coa
- SCeow
oo Y
EX A Seow
EX A Y
EX A adl
CX A hadl Y
P L X
P L.
CX A cCoa
ae== XX

patient move position attach move
undresses patient on table colls Into magnet
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Clinical Information Flow

A | . clinical
richness : ™ review
..-------
0
. 0
Cllnlcal .-----------.‘ ? researCh
value !
fime > treatment
planning
acquire prepare | diagnosis repott > demt)nstra-
Images diagnosis authorise _1 tion
ﬁ
m edl_cal archive
imaging
workstation
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weeks view: from Complaint to Diagnosis

functional flow

call family doctor

visit family doctor

call neurology department

visit neurologist

YV

call radiology department

examination itself

diagnosis by radiologist

report from radiologist to
neurologist

visit neurologist

—— days —»

y

|
8

9 10 11 12

|
13 14

15 16 17 18 19|20 21 22 23 24 25
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Room Layout

magnet

accessory
cabinet

patient table

1 meter

cabinets | console

Methods to Explore the Customer Perspective
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room control room room [restroom| waiting room
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half hour view: Examination

<+—Examination of previous patient———» 15 minute time slot -
George Nurse George is George
arrives explains waiting Prepare leaves
at radiology the procedure in the dressing room  George for the exam room
department examination
- > L > <+
(a.0. RF coils) _
Position Imaging
-+—»> - > >
View View
away  away
- -
v
|
14:00 14:15 14:30

Methods to Explore the Customer Perspective
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5 minute view: Patient Preparation (1 operator)

functional procedure

walk from dressing room to table

position patient on table

move table upwards

position coils and connect

move table and patient into magnet

make plan scan

position | table

el on table up

talk coils in magnet | walk | talk | plan scan

14:20
14:15

Methods to Explore the Customer Perspective version: 0.1
. y 3, 2023
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Patient Preparation Work Flow

1 meter accessory | [ preparation work flow )
L 1 get patient
2 patient on table
magnet 3 get RF caoll
4 position RF caoll
5 move patient in magnet
6 plan scan
o J
cabinets
technical dressing
room control room room |restroom| waiting room
corridor

Methods to Explore the Customer Perspective version: 0.1 p—
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Productivity and Cost models

typical
use >
even.ts | "| productivity __ production
configuration —» model rate
working
conditions

Cost Of Ownership model

60

radiologist personnel | 50
nurse consumables — 40
security service — 30
administration facilities _ 20
operator financing - 10

Methods to Explore the Customer Perspective version: 0.1 o
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The financial context of the radiology department

b 6[/0
i \6 %, 2 - “%es %, [ hospital |
o .C’%«o <, -8 o d - .
3 A £ 3 admini-
T \ey e Astratlon
2 S
que r
ne .
: o g c
patient radiology E O 2
®ou, ER: 3
\S@U/'O €p @ *
"e;f'/’b@s 4
M6y equipment
and service
providers

. I
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Make a context diagram, showing the systems and their relations
In the customer space

e typically, tens of systems are relevant for customers

Capture one or a few main workflows in the customer space

Exercise Context And Workflow velszulngr:;].2(3.2?3
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Key Drivers How To

by Gerrit Muller  University of South-Eastern Norway-NISE
e-mail: gaudisite@Rgmail.com

www.gaudisite.nl

Abstract

The notion of "business key drivers” is introduced and a method is described to
link these key drivers to the product specification.

Distribution
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Example Motorway Management Analysis

— 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

Key Drivers How To
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Method to create Key Driver Graph

 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.

* Build a graph of relations between drivers and requirements where requirements
by means of brainstorming and discussions may have multiple drivers

» Obtain feedback discuss with customers, observe their reactions
* Iterate many times increased understanding often triggers the MOVe of issues

from driver to requirement or vice versa and rephrasing

. . |
Key Drivers How To Veﬁ%ﬂ??z%é%
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Recommendation for the Definition of Key Drivers

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

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

» Use short names, recognized by the customer.

« Use market-/customer- specific names, no generic names  forinstance replace “ease of use” by
“minimal number of actions for experienced users”,

or “efficiency” by “integral cost per patient”

Do not worry about the exact boundary between create clear goal means relations
Customer Objective and Application

. . —
Key Drivers How To veszu||§>:r31:2%2@3
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Transformation of Key Drivers into Requirements

Customer Customer Product
What How What
Customer Application Functional

objectives
Key Derived
(Customer) —» Application = Requirements
Drivers Drivers
goal means functions
may be skipped or Interfaces

articulated by several performance figures
Intermediate steps

Key Drivers How To versi

|
J 02:2%'2%
. u )
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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

why why
- 4— 5m/s
<200Kg
5 hrs

Exercise Customer Key Driver Graph version: 0.2
X uly 3, 2023
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Analysis Methods and Techniques

Stakeholders and Concerns (Who)

Context Diagram (what sytems)

government || financial dir. insurance administration ’ hzsgga' ‘ fecl?PtiO" ’ Clli.“i%" ‘ ’ primary ‘ i"SUfa"ICE ‘ Patie“lt ‘
cost of care cash flow cost of care patient id clients ghents care [EEE portay
cost of op. invoice IS Dhysician
general ref. physician radiologist nurse e ag:::tp'i:f'z) Workfta"on
practitioner diagnosis diagnosis patient statu SI fe port I
patient treatment reimburstment ease of work RIS LIS
h legend
A N R (radiology) (laboratory)
patient inspection ————— — - S
ST quality legend patient info patient info other IS administrative
health report schedule
family e y operator T ‘ MRI ‘ CT ‘ ‘ Xray ‘ imaging
support B " ease of use :
- i q A llmages l l patient
radiology PACS
IT dep. facility man. maintainer cleaner workstation (Picture Archiving and Communciation) \
conformance space accessibility accessibility
security service supp. safety safety ’ IT infrastructure (communication, gateways, servers, storage, ...) ‘ stakeholders

Information Flow
Workflow (what dynamics)

A jmm—-- clinical
richness ' ” review
request schedule perform send P
exam exam exam report :
--------------------------------------------------------- clinical .------------: research
- | ) fncal
receive prepare examine release \ | Tealad . R
patient patient patient patient time—> ™ planning
--------------------------------------------------------------------- acquire prepare . . report ‘ demonstra-
""" - — images | | diagnosis | diagnosis %, iihorise ™ tion
patient move position attach move
undresses patient on table coils into magnet medical :
. . archive
imaging
workstation
Summary Module Architectural Reasoning Customer Space Analysis version: 0,2
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More Analysis Methods and Techniques

Timeline (when, what, who) 2D or 3D map (where)

functional flow accessory 1 meter

cabinet

call family doctor

visit family doctor

call neurology department -
— - magnet | patient table
visit neurologist

call radiology department

— examination itself

—r diagnosis by radiologist

report from radiologist to
[T neurologist | | | | | |
visit neurologist - cabinets console
technical dressing
room control room room |restroom| waiting room
—— days —»
I T T T T T T T T T T T T T T T T T T T Corrldor
1 2 3 4 5|6 7,8 9 10 11 12 13 14|15 16 17 18 19|20 21 22 23 24 25
Annotated map (where, what) Cost Models
1 meter accessory preparation work flow typical
- Cab 1 get patient use ’
2 patient on.table even.ts —» productivity | production
magnet 3 get RF coil configuration — el rate
4 position RF coil working
5 move patient in magnet conditions
6 plan scan .
1 Cost Of Ownership model
L | 60
(T
i consol
cabinets @ nurse consumables ~ 40
technical dressing 3 o p—— | 30
room control room room |restroom| waiting room —
administration facilities - 20
corridor operator financing - 10

Summary Module Architectural Reasoning Customer Space Analysis version: 0.2 ——
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Customer Key Driver Graph

Focus on Customer World

Key-drivers Derived application drivers Requirements
. Early hazard detection Automatic upstream
Safet Reduce accident rates . - " y
Y with warning and signaling accident detection
Enforce law - i
Maintain safe road Weather condition
e —] dependent control
Improve emergency condition
Traffic speed and
response
Effective P Classiy and track dangerous density measurement
Flow — Reduce delay due to accident goods vehicles c
ameras
Detect and warn
[Rpic e averge speed noncomplant vehicles
— Improve total network throughput
Enforce speed compliance
> Optimize road surface
Enforce red light compliance
> Speed up target groups
Enforce weight compliance
L» Anticipate on future traffic condition * Deicing
Smooth . Traffic condition
. —> Ensure traceability dependent speed control
Operation
> Ensure proper alarm handling

> Ensure system health and fault indication

Environment > Reduce emissions

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

3 to 6 Key driver, Capture Tensions

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

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

+ Use short names, recognized by the customer.

» Use market-/customer- specific names, no generic names  for instance replace “ease of use” by
“minimal number of actions for experienced users”,
or “efficiency” by “integral cost per patient”

* Do not worry about the exact boundary between
Customer Objective and Application

create clear goal means relations

Specific Scope, Fact Based

+ 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.

where requirements
may have multiple drivers

* Build a graph of relations between drivers and requirements
by means of brainstorming and discussions

» Obtain feedback discuss with customers, observe their reactions

increased understanding often triggers the MOVe of issues
from driver to requirement or vice versa and rephrasing

* Iterate many times

intentionally left blank
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Module 31, Architectural Reasoning Conceptual Design

by Gerrit Muller  University of South-Eastern Norway-NISE

e-mail: gaudisite@Rgmail.com

www.gaudisite.nl

Abstract

This module conceptual design methods, such as budgeting and concept

selection.
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Modeling and Analysis: Budgeting

by Gerrit Muller  TNO-ESI, HSN-NISE
e-mail: gaudisite@gmail.com

www.gaudisite.nl

Abstract

This presentation addresses the fundamentals of budgeting: What is a budget,
how to create and use a budget, what types of budgets are there. What is the
relation with modeling and measuring.
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Budgeting

How to use a budget

content of this presentation

What and why of a budget

How to create a budget (decomposition, granularity, inputs)

Modeling and Analysis: Budgeting
185 Gerrit Muller

version: 1.0
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What is a Budget?

Abudget is

a quantified instantation ofaconceptual model

Abudget can
prescribe ordescribe the contributions

by parts of the solution

to the System quality under consideration

Modeling and Analysis: Budgeting version: 1.0 —
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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

Modeling and Analysis: Budgeting
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Visualization of Budget Based Design Flow

can be more complex
than additions

SRS

thoot 0.5s
tzap 0.2s

™

t roc —
p feedback | ‘
AR
1:over = 5 Z L
taisp measurements
new (proto)
tover
system
model 30 i
micro benchmarks
i V4aa Laisp S aggregated functions
applications
Q\O fover_| 20 profiles
D I'I’I" Taisp 25 traces
-f >
< . Ttotal 55
design
measurements estimates; budget
existing system simulations
micro benchmarks
aggregated functions
applications
Modeling and Analysis: Budgeting version: 1.0
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Stepwise Budget Based Design Flow

step example

1A measure old systems micro-benchmarks, aggregated functions, applications

1B model the performance starting with old systems flow model and analytical model

1C determine requirements for new system response time or throughput

2 make a design for the new system explore design space, estimate and simulate

models provide the structure
measurements and estimates provide initial numbers
specification provides bottom line

3 make a budget for the new system:

micro-benchmarks, aggregated functions, applications

4 measure protot nd new m :
P ypes and new syste profiles, traces

o lterate steps 1B to 4

Modeling and Analysis: Budgeting version: 1.0 —
189 Gerrit Muller TCRbudgets ES I



Budgets Applied on Waferstepper Overlay

off axis pos. off axis
meas. Sensor
accuracy —» repro
4nm e 3 nm
global stage Al. blue align
alignment pos. meas. sensor
—> ———
accuracy accuracy —» repro
6 nm 4 nm ™ 3 nm
reticle lens adsj)l,/lz?ranm , > interferometer
: en .
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
process . . . .
dependency 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
Modeling and Analysis: Budgeting Ver\ﬁil?g!é})ég
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Budgets Applied on Medical Workstation Memory Use

memory budget in Mbytes code obj data bulk data  total

shared code 11.0 11.0
User Interface process 0.3 3.0 12.0 15.3
database server 0.3 3.2 3.0 6.5
print server 0.3 1.2 9.0 105
optical storage server 0.3 2.0 1.0 3.3
communication server 0.3 2.0 4.0 6.3
UNIX commands 0.3 0.2 0 0.5
compute server 0.3 0.5 6.0 6.8
system monitor 0.3 0.5 0 0.8
application SW total 13.4 12.6 35.0 61.0
UNIX Solaris 2.x 10.0
file cache 3.0
total 74.0

Modeling and Analysis: Budgeting version: 1.0 —
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Power Budget Visualization for Document Handler
. finisher
scanner procede
and feeder paper path
legend
power paper input '
Ul and supplies module plhySICtaI
ayou
control cooling y
. Size
) B o .
% S j proportional
§2)
& = procedé = o power
29 . Lo
e ‘g’ paper path 223
D O : © < O
power supplies cooling Q= g
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Alternative Power Visualization

| electrical |
power

J L  J 1L
7 4 4 4 6‘:)j 4} ez

paper input
module

power supplies Ul and control

N\ N/ N\ i NS

cooling paper path finisher &D paper
JL JL JL N\ N i} AV

W
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Evolution of Budget over Time

fact finding through details
aggregate to end-to-end performance
search for appropriate abstraction level(s)

from coarse guesstimate
to reliable prediction

from typical case
to boundaries of requirement space

from static understanding
to dynamic understanding

from steady state
to initialization, state change and shut down

from old system
to prototype
to actual implementation

time >

start later only if needed

Modeling and Analysis: Budgeting version: 1.0 —
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Potential Applications of Budget based design

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

e timing (response, latency, start up, shutdown)

* productivity (throughput, reliability)

* Image Quality parameters (contrast, SNR, deformation, overlay, DOF)

* cost, space, time

Modeling and Analysis: Budgeting version: 1.0 —
195 Gerrit Muller MDMbudgetApplications ES I



What kind of budget is required?

static dynamic
typical case worst case
global detailed
approximate accurate

IS the budget based on
wish, empirical data, extrapolation,
educated guess, or expectation?

Modeling and Analysis: Budgeting version: 1.0 —
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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!

Modeling and Analysis: Budgeting version: 1.0 —
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Colophon

The Boderc project contributed to Budget Based
Design. Especially the work of

Hennie Freriks, Peter van den Bosch (Océ),

Heico Sandee and Maurice Heemels (TU/e, ESI)

has been valuable.

Modeling and Analysis: Budgeting version: 1.0 E—
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Exercise Budget

Make a technical budget for one of the key performance
parameters.

e a good budget has 20 to 30 contributing elements

e elements should be balanced (remove or combine insignificant
contributions)

e use the previously defined parts and dynamic behavior

Exercise Architectural Reasoning Conceptual Design "653192:21)'2%
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Concept Selection, Set Based Design and Late Decision
Making

by Gerrit Muller  University of South-Eastern Norway-NISE
e-mail: gaudisite@gmail.com

www.gaudisite.nl

Abstract

We discuss a systems design approach where several design options are
maintained concurrently. In LEAN Product Development this is called set-based
design. Concentioanl systems engineering also promotes the concurrent evalu-
ation of multiple concepts, the so-called concept selection. Finally, LEAN product
development advocates to keep options open as long as feasible; the so-called
late decision making.
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Problem Solving Approach

vague problem statement

v
. 1. Problem understanding by

exploration and simple models <

v
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

2
4. Monitor, verify, validate by

+ measurements and testing
+ assessment of other decisions

v

A

uoIsI12ap Jayjo BundIuod

uonn|os BulAjsnes ou
rIep JUBIDIYNSU
UOIIN|OS pajepljeAul
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Examples of Pugh Matrix Application

Swivel concept selection EDP-LRP connection
C/B_V swivel clamp swivel dynamic two sided connﬁﬁt)ors in connﬁﬁtbors in wireless

——

evaluation criteria | weight| CBV | clamp | dynamic Concepts
Maturity 10 Evaluation Criteria Score| 1 2 3 4
Development level 5 50 2 20| 2 50| |Time to connect
Cost 20 Need for ROV - + + +
Hardware cost 4 80| 2 40| 5 100 Design - + + 5
Development cost 5 1200| 2 40| 2 40| Robustness
Design robustness o5 Connector design - S S +
Design life Number of parts - - + +
swivel cycles 5 125/ 3 75| 3 75 Handle roll-off 1 - S +
pressure cycles 5 125| 4 100| 5 125 Influence other + S = S
Pressure range Redundancy
internal S e Design + S - S
Bz I Rl Interchangeability + - - .
Temperature range 4 100 4 100 (| 4 100 Cost
Installation 20 HW cost - - - -
Initial installatio/retrieval 2 40| 3 60| 4 80 Manufacturing cost S S - S
Connection/disconnection 2 40| 4 80| 5 100 Engineering cost + . = .
i Service cost - + + +
Ol 25 |1 25| 4 100| 5 125 | |paturit ] ) = .
Swivel resistance 1 25| 4 100l 5 125 aturty
Spool Length Short
Spool Length Long 3 7515 125 5 125 §S I ; Z 3
Hub loads 2 50| 4 100 | 5 125 s+ - . A Z
2_ points 985 1165| 1290 s 5 A4 2 .
from master paper Halvard Bjgrnsen, 2009 from master paper Dag Jostein Klever, 2009

Concept Selection, Set Based Design and Late Decision Making version: 9
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Evolution of Design Options

Concept Selection, Set Based Design and Late Decision Making version: 0
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Conclusions

Evolving multiple concepts increases insight and understanding
(LEAN product development: set-based design, SE: Pugh matrix)

Articulation of criteria sharpens evaluation

The discussion about the Pugh matrix is more valuable than final
bottomline summation

Delaying decisions may help to keep options (Lean Product
Development: late decision making, finance: real options)

Concept Selection, Set Based Design and Late Decision Making version: 0
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Exercise Concept Selection

Make a decision matrix for one of the concept selections.
e define at least 3 concepts
e define 7 to 10 criteria for selection

e score the concepts against the criteria, for example using a scale
from 1 to 5: 1 = very poor, 5 = very good

e recommend a concept with a rationale

concept1l | concept2 | concept3
criterion 1 1 3 5
criterion n 4 4 2
best,
because ...

Exercise Architectural Reasoning Conceptual Design version: 9
205 Gerrit Muller SEMAexerciseConceptSelection ES I



Budgeting

Budget: Decomposition of Contributions

plus Models, Measurements, Estimates

off axis pos. off axis S
b S SRS uning
™ acr:v;fn?:cy rzr;gr can be more complex o 055 //f \\
Anm =% 3m than additions w02 - <L |
) spec —— feedback [
global tage Al. blue al — -
alignment pz:,grieas, ::n:ll)?n Z'I}{.I"
- accuracy T accuracy repro =
6 nm Lo S measurements
L
. i ;Cn;ng R adez;;mem N .n;r:;“te;r new (proto)
15 om 25 nm o Lnm ot system
micro benchmark_s
process matched single stage position i 4> frame t :gglrlecgﬁzzdsmnc“ms
overlay machine machine —» overlay — accuracy +— stability profiles
80 nm 60 nm 30 nm 12 nm 7 nm 2.5nm tracking _I_I" T 25 traces
error WS -‘II G
e matching stage grid alignment tracking 2nm design T 55
sensor accuracy [» accuracy Ly repro <4 b error X, Y . .
enec oy 5 nm 5 am 25mm vacking m?a§urements gstlma?es, budget
error RS existing system simulations
metrology tracking Lo micro benchmarks
L stability L error phi aggregated functions
5 nm 75 nrad applications
memory budget in Mbytes  code obj data bulk data  total I nte ntl O nal |y Ieft b I an k
shared code 11.0 11.0
User Interface process 0.3 3.0 120 153
database server 0.3 3.2 3.0 6.5
print server 0.3 1.2 9.0 105
optical storage server 0.3 2.0 1.0 3.3
communication server 0.3 2.0 4.0 6.3
UNIX commands 0.3 0.2 0 0.5
compute server 0.3 0.5 6.0 6.8
system monitor 0.3 0.5 0 0.8
application SW total 13.4 12.6 35.0 61.0
UNIX Solaris 2.x 10.0
file cache 3.0
total 74.0
Summary Module Architectural Reasoning Conceptual Design version: 0
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Concept Selection and Evolution

Understand Problem, Analyze, Decide,

_ Concept Selection: Pugh Matrix
Monitor

Swivel concept selection EDP-LRP connection
CBV swivel clamp swivel Er wosided | comectorsin | comectorsin | wieless
vague problem statement ® bmaie| | R || S,
= N g s
* : * & - @@
e (&
I < - = i Y { - ‘u
> 1. Problem understanding by . L
. . i Concepts
exploranon and snmple models — evaluation criteria |weight| CBV | clamp | dynamic SlEm s e > : =
v p/lalunty level s 0|2 20| 2 50 [Timetoconnect
2 i Cost 20 Need for ROV - + + +
S 2. Analysis by - Lole s S
- . . . e . . - Development cost 5 100 | 2 40| 2 40 U
il e + exploring multiple propositions (specification + design proposals) g ST T e ﬁmnheecru;r' zzﬂgn = 8 f i
2 + exploring decision criteria (by evaluation of proposition feedback) . PSS 5 . s 15| 3 75| a 75| | Handlerolloff + - s+
Q + assessment of propositions against criteria QL g < pressure cycles 5 125| 4 100| 5 125 R\;ﬂuzncenlher + s s
o =1 QL Pressure range 4 100| 4 100| 4 100 eD:;'i :"cy . ) s
z o =0 |§ e ARl : :
@ - ost
2 3. Decision by 22 |3 nstalation B0, s wle | s - .
% + review and agree on analysis [ 5_’ Q putisliisiallofesievel D I I Manufaclurmgoz?sl s s é s
Q, + communicate and document — CC—’ Q 2 Operation 25 |, |4 100| 5 125 | SCTVIce COSE S+ o+
wn = - R
g L2 5” |& grmene || B4 | 5 | e -
=} . . . =] o Spool Length Long 3 755 125| 5 125 Z-S 7 ; 5 g
4. Monitor, verify, validate by 5 o 2 sofa |5 in = 3 5 ¢
o + measurements and testing 2 points 985 1165| 1290 Pos. |3 4 2 1
+ assessment of other decisions from master paper Halvard Bjernsen, 2009 from master paper Dag Jostein Klever, 2009

Evolution of design Options intentionally left blank
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Module 36, Architectural Reasoning Business and Life Cycle

by Gerrit Muller  University of South-Eastern Norway-NISE
e-mail: gaudisite@Rgmail.com

www.gaudisite.nl

Abstract

This module provides methods and techniques to analyze the business and
lifecycle context.
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Simplistic Financial Computations for System Architects.

by Gerrit Muller  USN-SE
e-mail: gaudisite@Rgmail.com

www.gaudisite.nl

Abstract

This document explains how simple financial estimates can be made by system
architects. These simplistic estimates are useful for an architect to perform
sanity checks on proposals and to obtain understanding of the financial impact
of proposals. Note that architects will never have full fledged financial controller
know how and skills. These estimates are zero order models, but real business
decisions will have to be founded on more substantial financial proposals.
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Product Margin = Sales Price - Cost

retailer margin
and costs
Margin per product.
margin The margin over the sales volume,
4 must cover the fixed costs, and generate profit
= - transportation, insurance,
_S' Y miscellaneous royalties per product, ...
8 = labour
o <. Q
+ v O
g 5 | Cost per product,
(qe) . .
Z _ +2 | excluding fixed costs
material O
© purchase price of components may cover
development cost of supplier

Simplistic Financial Computations for System Architects. version: 1.3
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Profit as function of sales volume

variable
(7]
)
(V)]
(@]
(@)
©
(]
X
G
>
sales volume
break even in units
point
expected
sales volume
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Investments, more than R&D

financing

business dependent:
marketing, sales pharmaceutics industry
sales cost >> R&D cost

training sales&service

strategic choice:

NRE: outsourcing, royalties NRE or per product

including:
staff, training, tools, housing
materials, prototypes
overhead
certification

often a standard staffing rate is used
that covers most costs above:
R&D investment = Effort * rate

research and development

Simplistic Financial Computations for System Architects. veszuilggtz}J-zg
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Income, more than product sales only

213 Gerrit Muller

SFCincome

other recurring license fees

Income pay per movie
content, portal

services E INCOMEservice updates

services maintenance
Yfpiliens; E sales pricegpiion * Volume gy
accessories PTICCoption option
options
products sales priceproduct * VOIUME proguct
Simplistic Financial Computations for System Architects. version: 1.3 m E SI



The Time Dimension

Y1Q1| Y1Q2| Y1Q3| Y104| Y2Q1l| Y2Q2 Y2Q3
investments| 100k$| 400k$| 500k$| 100k$| 100k$| 60k$|  20k$

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

quarter profit (loss) | (100k$) | (400k$) | (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)

Simplistic Financial Computations for System Architects.
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The “Hockey” Stick

A
+
G
O
1IM$| &
0.5M$
Y1 Y1 Y1 Y1 Y2 Y2
QlIQZIQ3IQ4IQ1I IQ3I
time
(0.5M$)
(AM$) p
v 2
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What if ...7

. 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 /
| | | | N

(0.5M$)

.....

(IM$)

loss

Simplistic Financial Computations for System Architects. version: 1.3
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Stacking Multiple Developments

M€

—cumulative 1

—cumulative 2

——cumulative 3

—cumulative 4

——cumulative total

quarter—»

Simplistic Financial Computations for System Architects. version: 1.3
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Fashionable financial yardsticks

Return On Investments (ROI)

Net Present Value

Return On Net Assets (RONA) leasing reduces assets, improves RONA

turnover / fte outsourcing reduces headcount, improves this ratio

market ranking (share, growth) "only numbers 1, 2 and 3 will be profitable"

R&D investment / sales  In high tech segments 10% or more

cash-flow fast growing companies combine profits with negative cash-flow,
risk of bankruptcy

Simplistic Financial Computations for System Architects. VerJSuilggiz})ég
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Exercise Business Plan

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

e determine business model

e determine investments, sales volume, sales price, and costs
e estimate the cash flow and accumulated profit

e include at least 3 releases or generations of systems

Exercise Business Plan Veﬁ%ﬂ?@'z};@%
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Modeling and Analysis: Life Cycle Models

by Gerrit Muller  University of South-Eastern Norway-NISE
e-mail: gaudisite@Rgmail.com

www.gaudisite.nl

Abstract

Products and enterprises evolve over time. This presentation explores the impact
of these changes on the system and on the business by making (small and simple)
models of life cycle aspects.
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Product Related Life Cycles

> Individual systems

)

> service

)

> system > upgrades and options

production production
system upgrades and options
sales sales

)
)

system upgrades and options
creation creation

>disposal>

Modeling and Analysis: Life Cycle Models version: 0.7
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System Life Cycle

&
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S c
o S &
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changes, e.g. é\é Q\(\q\\(&\o m: :
anges, é{\\Q 50 secondary S ot
procedures = — &

M . . .
2202deI|ng érc]a?r@rll/?ms'S: Life Cycle Models
er i
MALC \;etsiﬂg'?'g%ég m S
systemLifeCycle ESI



Approach to Life Cycle Modeling

|dentify potential life cycle changes and sources
L how often
Characterize time aspect of changes
how fast
. . moun
Determine required effort amount
type
Determine impact of change on performance
system and context reliability | \ gee
. . reasoning
Analyse risks business
Modeling and Analysis: Life Cycle Models version: 0.7 GN' _ESI
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What May Change During the Life Cycle?

_ www.homes4sale.com
business volume

_ www.apple.com/itunes/
product mix

_ Www.amazon.com
oroduct portfolio

www.ebay.com

product attributes (e.g. price)
www.shell.com

customers
www.stevens.edu
personnel _
| WwWWw.nokia.com
suppliers

o _ stock market
application, business processes | |
Insurance company
et cetera

local Dutch cheese shop

Modeling and Analysis: Life Cycle Models version: 0.7 p—
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Simple Model of Data Sources of Changes

/" usage context

7 system

A

other — — ——)
systems ;
A design

requirements

legend

automated data inputs
interoperability
human inputs

error prone!
~3% error rate

change request
problem report

other
systems

\_ life cycle context /

Modeling and Analysis: Life Cycle Models
225 Gerrit Muller

. |
version: 0.7
July 3,2023
MALCsources



Data Sources of Web Server

client

i

content
preparation

— content —»

A data
quality?

web server

l | I

[

content
provider

=3

shop

e.g., staff, roles

/

configuration

N

system

configuration

e.g. resource
allocation

Modeling and Analysis: Life Cycle Models
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Example Product Portfolio Change Books

sales Info H

O'Reilly

Addison Wesley

Springer
publisher

selection

system

product portfolio characteristics
selection depends on business

life cycle changes determined by
business characteristics

new books per year

UK (1)
USA(2)
China(3)

India(21)

206k (2005)
172k (2005)

107k (1996)
68k (1996)
101k (1994)

12k (1996)

source: http://en.wikipedia.org/wiki/Long_ tail

WH Smith

—— sales —»

Amazon
"long tail"

— item —»

source: http://en.wikipedia.org/wiki/Books published per_country per_year

Modeling and Analysis: Life Cycle Models
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Example Customer Change

Internet: broadband penetration

growth in

Q1'04 Q2'04 Q2'04

Asia Pacific total 48M 54M 12.8%
China 15M 19M 26.1%
India 87k 189k 116.8%

http://www.apira.org/download/world_broadband_statistics g2 2004.pdf

What is the expected growth of # customers?

What is the impact on system and infrastructure?
What is the impact on CRM (Customer Relation Management)?
What is the impact on customer, sales support staff?

Modeling and Analysis: Life Cycle Models

228
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Web Shop Content Update

SCIEeN || SCreeN | How much timefeffort is needed for content updates?

How much staff is needed?

client client |
‘What is the impact of errors in content updates?
< network How many errors can be expected?
éWhat IS the impact of content updates on server loads?
web | e
server new content
publication and updates| content
definition

< network

3

data

base product

server | deserptions | _——— ————

logistics customer

ERP

financial

relations

Modeling and Analysis: Life Cycle Models version: 0.7 p—
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Web Shop Content Change Effort

prepare prepare | prepare
change 1 change 2| changen,
review input verify verify
select info change 1| change n
Iayout&_ccosmetlcs inspect source commit
check-in :
inspect result changes
eﬂEortchanges - r]changes*(tprepare + tverify)"'tcommit
with t = 4 min
prepare
#fte = effort changes / hOUrs per day
tverify = 2 min
tcommit ~ 1 min
effortchanges 1uur| 10 uur| 100 uur
Hfte 0.1 1 12 hours per day = 8 hours

version: 0.7
July 3, 2023

MALCeffortContentChanges
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Example of Client Level Changes

[ ©) Amazon.com: Online Shopping for Electronics, Apparel, Coi

uters, Books, DVDs & more - Mozilla Firefox

Bestand Bewerken Beeld Geschiedenis Bladwizers Extra  Help

@ - - @ ﬁ} htm:f/www‘amazun‘mml

| Customize Links | | Free Hotmal | | Windows Marketplace | | Windows Media [ | Windows

main access

Google ~ [stezwm.extr ch.philps.com arch ] (G Zoeken ~ @ 2 hanagement (&) sarch

" amazoncom

NEW )

gy

Your
Amazon.com

through search

Gift Certificates | Interna

— T |

Hello. Sign in to get personalized recommendations

- New customer? Start here.

" Browse Books Bestsellers

oks, Music & Movies
Books
DVD & VHS

v

s Poie
I
h

Order this beautiful 40-inch
full 1080p LCD HDTV from
Samsung at Amazon.com and
get free_white-alove delivery.

Magazines & Newspapers
Music

Textbooks

Unbox Video Downloads

The Secret Hardcover by Rhonda  Harry Potter and the Deathly You: On A Diet: The Owner's Extreme Savings on

h ) Byme Hallows (Book 7] Hardcover by J. K. Manual for Waist Management B  Pulloutty
Clothing & Accessories Rowling Hardcover by Mehmet C. Oz %] aift for leg
Apparel & Accessories Shop wat
Jewelry & Watches > See all bestsellers in Books @Jaegeria
Jewelry &

Shoes Amazon.c

Computer & Office

What Other Customers Are Looking At Right Now
Computers & Add-Ons =

tty Poitel Always the

Office Products i Pei fJ[ 1 Free Stand with Bow|
Softw A rfec

oftware v Gift _a® For a lin]
Consumer Electronics foe of Bowfi
Audio & Video = - %

et -

Camera & Photo Tl the Buy Both and S3
Cell Phones & Service free gift.
Musical Instruments Harry Potter and the Deathly Amazon.com Gift Certificate The Secret Hardcover by Rhonda
Video Games » Shop now

All Consumer Electronics
Food & Household
Gourmet Food

Up-to-date information:

From PC to TV Easily]|

catalogue entries

Grocery 9 Wat_ch
Pet Supplies music,

PP photos, and more wi
Health & Beauty B e Sts e I I e rS EVAS000 Digital Entel
Beauty Amazon.com.

Health & Personal Care
Home & Garden

Bed & Bath Hot Deals on LaCie H

What Other Customers Are

Furniture & Décor Keep all
Home Improvement music,
dat-

B Zoeken: [ sarcr

Klaar

other advertizements

s

styling: frequently
updated, fashion!

Looking At Right Now

sier| | 8 013 @ L

dobe Acrobat ... | 14 untited -Paint

8:16 AM

| Search |Amazun com

Bl @

Directory of All Stores

standard boilerplate

Canada | United Kingdom | Germany | Japan | France | China
iew Cart | Your Account | Sell Items | 1-Click Settings

Press Release

Careers at Amazon | Join Associates | Join Advantage | Join Honor System | Advertise With Us

Investor Relations |
Conditians of Use | Privacy Notics @ 1996-2007, Amazon.com, Inc. or its affiliates

Top of Page

snapshot of

«l

@ Zoeken: ISARCH {3 volgende {r vorige | | Allesmarkeren [T Hoofdiettergevoeliy () Onderkant van de pagina bersikt, doorgegaan vanaf de bovenkant

www.amazon.com

| aar

#istart] | 8 0] B @02 EO B D | [O]mbox-Mo... | 3 6\gaudiwmn | € Postvak ... |[@ Amazon.co—. @ 1BM -Embed...| [} Adobe Aco... | 1 untited -Paint | B visio Standa... | [[S] D g @ s:19am
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Example of Time Scale Model for Changes

: MR
problem workstation
: scanner
response useful life :
useful life
clinical procedural legislation
prototype change change
3 months i 1 year 1 1 10 years
l I I A 4

v

v

commodity new generation of
hardware magnets
and gradients
software detectors
minor SW major SW
release release
Modeling and Analysis: Life Cycle Models version: 0.7
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Web Shop Security and Changes

screen screen

I .

What is the security model?

client client

éWhat s the impact on server loads?

éWhat is the impact on staffing?

public
internet
network
(
protected web
production server
area

j %What Is the impact of changes in staff?

What is the impact of changes on
_security?

.......................................................................................................................

C

data
base
server

very secure intranet

L
network\ P \[ content ]

product

descriptions

definition

. . customer
financial

logistics
ERP

relations

Modeling and Analysis: Life Cycle Models

233 Gerrit Muller

. I
version: 0.7
July 3, 2023
MALCwebShopSecurity



Web Shop Reliability and Changes

severity hit detection
new faults = average fault density * #changes probability | probability
| Jansen 1so low high low
z f( severity, Janssen
#errors = hit probability, :
Operatoriso | ., high medium

faults detection probability) sales repr

Modeling and Analysis: Life Cycle Models version: 0.7 p—
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Exercise Life Cycle

Analyze the evolution during the lifecycle.

e identify sources of change in customer context, life cycle context,
and technology

e make a list of changes

e determine per change the expected rate of change and the
required response time to the change

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

Exercise Lide Cycle version: 0.7
235 Gerrit Muller SEMAorerg s ES I



Simplistic Financial Computations

Product Margin = Sales Price - Cost

A

street price
sales price

retailer margin
and costs

margin

miscellaneous

labour

material

Margin per product.
The margin over the sales volume,
must cover the fixed costs, and generate profit

A transportation, insurance,
royalties per product, ...

Cost per product,
excluding fixed costs

cost price

purchase price of components may cover
development cost of supplier

<
-«

Hockey stick and scenarios

1M$

0.5M$

(0.5M$)

(1IM$)

°
iy early more expensive
/ »< product + follow-on
# delay of 3 months

¢" original model

o
£
o
—
Q o
;e

YI oyt oyt yr y2 fvZ vz
Q1 Q Q3 Q4 /g 3,

/ e
(%]
(%]
o

Profit as function of sales volume

y e
o
o S
nses
. e
profit &%
variable

8
7
o
8
el
lU
=
&

‘ sales volume

break even in units

point
expected
sales volume

intentionally left blank

July 3, 2023
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Life Cycle

Multiple Life Cycles

System Life Cycle

s system
individual systems order
(]
[&]
: S &
service Z c
(@] -
s £ 8
system upgrades and options disposal ® E % 8
5 o e
production production P ) ) S using e O o g
system upgrades and options % —e R 4 Qb\é\\ N g o
sales sales o ’ & §°’\q;\\° g 2
. changes, e.g. N secondary &
system upgrades and options accounts £ use § G
creation creation procedures

Analyze Frequency, Response Need, and

Impact

Identify potential life cycle changes and sources

o how often
Characterize time aspect of changes

how fast
Determine required effort amount
type
Determine impact of change on performance
system and context reliability
Analyse risks business

Logarithmic Axis of Change Frequency

problem workstation MR
) scanner
response useful life -
useful life
A A
clinical procedural legislation
prototype change change
3 months jt 1 year j‘ jt 10 years
\ 4 | y | ) 4 A 4
4} A A ¢
commodity new generation of
hardware magnets
and gradients
software detectors
see \ 4 \ 4
reasoning minor SW major SW
release release

Summary Module Architectural Reasoning Business and Life Cycle
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Module 37, Architectural Reasoning Threads and Integration

by Gerrit Muller  University of South-Eastern Norway-NISE
e-mail: gaudisite@Rgmail.com

www.gaudisite.nl

Abstract

This module provides methods and techniques to integrate insights across views.
Lines and Threads of reasoning form the main framework.
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Qualities as Integrating Needles

by Gerrit Muller  University of South-Eastern Norway-NISE
e-mail: gaudisite@Rgmail.com

www.gaudisite.nl

Abstract

Many stakeholder concerns can be specified in terms of qualities. These qualities
can be viewed from all 5 “CAFCR” viewpoints. In this way qualities can be used
to relate the views to each other.

The meaning of qualities for the different views is described. A checklist of
qualities is provided as a means for architecting. All qualities in the checklist
are described briefly.

Cusomer  Applcaton  Functional~ Conceptual  Realization
objectives.

Distribution
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Quality needles as generic integrating concepts

Customer Application Functional Conceptual Realization
objectives

|1
uis

D D
D L
| D D
usabilit
—
safety
- e

evolvability

Qualities as Integrating Needles version: 1.3
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Security as example through all views

Customer
objectives

sensitive
information

k trusted

Application

selection

classification
people
information

authentication
badges

passwords
locks / walls
guards
administrators

Functional

functions for
administration
authentication
intrusion detection

guantification

Conceptual

cryptography
firewall
security zones
authentication
reqgistry
logging

Realization

specific
algorithms
interfaces
libraries
servers
storage
protocols

desired characteristics, specifications & mechanisms

social contacts

missing

holes between

bugs

3 é open passwords functionality concepts buffer overflow
h blackmail wrong nogtc?rr;(ggpted
-~ burglary quantification noor exception
not trusted fraud handling
unworkable procedures threats
Qualities as Integrating Needles version: 1.3
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Quality Checklist

usable Interoperable serviceable ecological
usability connectivity serviceability ecological footprint
attractiveness 3" party extendible configurability contamination
responS|vme|_r1ess installability noise
image quality ; disposability
wearability liable
storability liability future proof
transportability testability evolvability

dependable  traceability oortability down to earth
safety standards compliance  ypgradeability attributes
security o extendibility :
reliability  efficient maintainability cos pree
robustness resource utilization POWET constmption
: . _ consumption rate
Integrity cost of ownership (water, air
availability logistics friendly cals.
_ . chemicals,

effective consistent manufacturability et cetera)

throughput or reproducibility logistics flexibility ~ size, weight
productivity predictability lead time accuracy
Qualities as Integrating Needles version: 1.3
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Exercise Line of Reasoning

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

e Inthe CA views; determine what customers do to achieve their
goal

e in the F view determine the specification of your system supporting
this quality

e inthe CR views determine the relevant concepts and technologies

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

Qualities as Integrating Needles version: 1.3
h y 3, 2023
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Threads of Reasoning

by Gerrit Muller  University of South-Eastern Norway-NISE
e-mail: gaudisite@Rgmail.com

www.gaudisite.nl

Abstract

A method of reasoning is described, which addresses cross-cutting issues. The
basis is fast iteration in the problem and solution space.

A thread of reasoning is a set of highly relevant related issues, which are
addressed by articulating the problem in terms of tension and analyzing it in the
CAFCR framework.

Customer Appiication Functional Conceptual Realization
Distribution —l l
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Overview of the reasoning approach

1. select starting point:
I'actual dominant need or problem

P

2. create insight:
+ submethod in one of CAFCR views
+ qualities checklist

v

3. deepen insight via facts:
+ via tests, measurements, simulations
+ story telling

v
4. broaden insight via questions:
+ why
+ what
+ how

v

5. define and extend the thread:
? what is the most important / valuable
? what is the most critical / sensitive
I look for the conflicts and tension

continuously

consolidate in simple models
communicate to stakeholders

refactor documentation

—

Threads of Reasoning

245
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From starting point to insight

Customer
objectives

Application

Functional

&)w response

Conceptual

S—

—

Realization

step 1 starting point

Threads of Reasoning

246
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Creating Insight

Customer
objectives

Application

Functional

Conceptual

=

performance

Realization

response
time model

step 2 creating insight

Threads of Reasoning
247 Gerrit Muller

version: 2.4
July 3, 2023

TORcreatinglnsight

SN EsI




Deepening Insight

Customer Application

objectives

Functional Conceptual Realization

o . .
simulations, test,

‘&nents

specific needs Step 3 C

I\
eepening insight  specific facts

Threads of Reasoning

248
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Broadening Insight

Customer Application Functional ‘ | Conceptual | Realization
objectives \N\(NQ /r_wha £? Wh .
o—why?—ed™ 5 S Vi—e
IR |
w? ?—>e
| | *What? ;l; h?\?,?_n—ho‘m‘/.
||

step 4 broadening insight

. . I
Threads of Reasoning version: 2.4
. y 3, 2023
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Problem identification and articulation

Customer Application Functional Conceptual Realization
objectives
Important critical
valuable difficult
sensitive
vulnerable

need and problem selection criterions

throughput

’ high performance sensor
cost M

high speed moves
safety M

definition in terms of tension

Threads of Reasoning

250
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lteration during the analysis

/ improve solution \
s N

architect
Intuition \)

adjust intuition

v Intuitive Improved solution
ranking understanding

detect
solution mismatch
objective Improved problem
ranking understanding
objective . N J
problem - O < improve criteria

. . I
Threads of Reasoning version: 2.4
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Thread of related issues

Customer Application Functional Conceptual Realization
objectives
- _
oy
e
/ —
Threads of Reasoning version: 2.4
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Documentation and communication structure

Customer Application Functional Conceptual Realization
objectives
Za
P functional
model
context store
case
|Q pipeline processing
1Q spec design library
key —
drivers CoO target cost
cost budget
time i
perfor- response micro
time budget benchmarks
mance ]
Threads of Reasoning version: 2.4
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Threads of reasoning illustrated by medical imaging case

by Gerrit Muller  University of South-Eastern Norway-NISE
e-mail: gaudisite@Rgmail.com

www.gaudisite.nl

Abstract

The medical imaging workstation case is introduced. An architecting method
based on the CAFCR viewpoints is explained, consisting of 4 elements:

e the CAFCR viewpoints

e qualities as integrating needles
e story telling

e threads of reasoning

A thread of reasoning is build up in steps, based on this case. The underlying
reasoning is explained.

Distribution
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Easyvision serving three URF examination rooms

typical clinical
‘ Image (intestines)

URF-systems EasyVision: Medical Imaging Workstation

Threads of reasoning illustrated by medical imaging case version: 9
255 Gerrit Muller MSeasyVision ESI



X-ray rooms from examination to reading around 1990

J Examination| Control Corridor
Room Room or closet
&H L
. [ B
© Examination| Control Reading
Room Room Room

Threads of reasoning illustrated by medical imaging case version: 9
256 Gerrit Muller XRayRoomsOld ESI



X-ray rooms with Easyvision applied as printserver

® Examination| Control Corridor
X ray Room Room or closet
source console
B -
l EEEE BB |0
\detector
® | Examination Control

light box

F Room Room

Threads of reasoning illustrated by medical imaging case version: 9
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Comparison screen copy versus optimized film

old: screen copy new: SW formatting
20 to 50% less film needed

Threads of reasoning illustrated by medical imaging case version: 0
. uly 3, 2023
258 Gerrit Muller MedicallmagingFilmComparison ES I



Challenges for product creation

ca 1 film / minute print

film = 4k*5k pixels  throughput

subsecond retrieve  VIEW

L‘ image quality image processing

screen = 1k*1k response time

tension

product policy: 40 MHz CPU

standard HW 64 MByte memory
SW "onlv" 10 MBit/s ethernet
only 1 GByte disk

Threads of reasoning illustrated by medical imaging case version: 0
259 Gerrit Muller Michallenge ESI



Top level decomposition

application application
tools framework, libraries SW
7 .
C I operating system )
Coptical discI workstation )
desk, cabinet H\W

C network ) o

laser pri

nter)))

remote control

legend

make

P
buy

Threads of reasoning illustrated by medical imaging case
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CAFCR viewpoints

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

Threads of reasoning illustrated by medical imaging case
261 Gerrit Muller
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Quality needles as generic integrating concepts

Customer Application Functional Conceptual Realization
objectives

|1
uis

i
I
i

safety
evolvability
Threads of reasoning illustrated by medical imaging case version: 0 —
262 Gerrit Muller ORineedies ES I



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
> | case | |design

analyze analyze
design design

Threads of reasoning illustrated by medical imaging case version: 9
263 Gerrit Muller SHTfromStory ToDesign ESI



Chronology of Easyvision RF R1 development

1991 1992 1993
| + | * | I ‘ | |
basic application performance Easyvision RF
toolboxes problems integrated product
100 kloc * 360 kloc
interactive viewing 1Q print server +

problems communication +
Interactive viewing
marketing opinion:
"All the functionality is available,
we only have to provide a clinical UI"

Threads of reasoning illustrated by medical imaging case version: 9
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Thread of reasoning based on efficiency-quality tension

Customer Application Functional Conceptual Realization
objectives

Customer objectives Specification issues {Concepts

time efficient system response resource management
processor, memaory
system throughput A UI
o o
=y
S
O :-I_: c) C q) . . .
tE 5| D © oncureny, posesses
[ 1B T :
=15 Sle v 2
c| T N
. . . ol 8
diagnostic quality = Y
Image processing

safety (liability) Image quality algorithms

Threads of reasoning illustrated by medical imaging case version: 0 —
265 Gerrit Muller MITORthread ESI



Technology innovations

standard UNIX based workstation
performance

cost full SW implementation, more flexible
object oriented design and implementation (Objective-C)
graphical User Interface, with windows, mouse etcetera
call back scheduling, fine-grained notification
data base engine, fast, reliable and robust
extensive set of toolboxes

property based configuration

multiple coordinate spaces

Threads of reasoning illustrated by medical imaging case version: 9
266 Gerrit Muller PMITORtechnologylnnovations ESI



Thread of reasoning; introvert phase

Customer Application Functional Conceptual Realization
objectives

| | response
» useable time

purchase
price

. efficient

>operationa>
constraints Philips operational view
(manufacturing, service, sales)

Introvert view: cost and impact of new technologies

Threads of reasoning illustrated by medical imaging case version; 0 —
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Memory usage half way R1

total measured memory usage

fragmen-

0S code data | bulk data .
; tation

—performance~

| j
0 64 MB —Memory usage— 200 MB

physical + paging to disk >~

memory

Threads of reasoning illustrated by medical imaging case kit
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Solution of memory performance problem

200
MB  fragmen- | _ .. o
fation anti-fragmenting
1 bulkdata — budget based
_ data | awareness,
1 measurement 4
--------- | MB
| code — DLLs — >
| —-
05 —tuning -
measured budget

Threads of reasoning illustrated by medical imaging case version: 0
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Visualization memory use per process

C = =
A O =
© D © O D T
o o O nw o D
o 7p)
10 X B S S| ops
] Z @ O ¥
- B
0
2 10-
O measured (left column)
v 20— budget per process (right column)

Threads of reasoning illustrated by medical imaging case version: 9
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Typical case URF examination

1 medical imaging

workstation + printer
exam exam exam -

ﬁ room 1 R room 2 ﬁ room 3

3 examination rooms connected to

examination room: average 4 interleaved examinations / hour

image production; 20 1024 8 bit images per examination

ole Ll ol eleje
olo) ele ole ojeje

film production: 3 fiI of4k pxeech

ad - (bi-cubic interpolation)

COOROOO

Threads of reasoning illustrated by medical imaging case version: 0 m E SI
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Thread of reasoning; phase 2

Customer Application Functional Conceptual Realization
objectives _ run time
dynamic overhead
run-time
URE.eXam AEnelny

) useable ) @
) efficient )

memory
measure-

memory
budget

bulk data heap
allocation

Philips operational view
(manufacturing, service, sales)

How to measure memory, how much is needed?
from introvert to extrovert

Threads of reasoning illustrated by medical imaging case version: 0 —
272 Gerrit Muller MITORthread20 ES I



Radiologist workspots and activities

‘© Examination dictation
Room light-box room
;hzm auto- ) N,
D loader (= }
supervision view and / verify and
of the diagnose, authorise
examination dictate report report
activities of the radiologist
i i ical i i version: 0 —
Threads of reasoning illustrated by medical imaging case o i%%:g%ﬁ GN' E SI
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Diagnosis in tens of seconds

light-box
L
£ €
. 2 3
films loaded by v 3
. auto- <
clinical personnel oader | v
during the day Al AL AL
zoom in overview
\ moves head / mumbles a few
looks at  forward / backward Latin words or presses
Images moves head or eyes clinical codes next button
left/right/up/down In recorder
- \\ tens of seconds _ >
image selection, panning - report

Threads of reasoning illustrated by medical imaging case version: 9
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Rendered images at different destinations

oooo

P'i:j Screen:
- low resolution

DGE fast response

Film:
high resolution
high throughput

§ Network:
‘ medium resolution

high throughput
_h

Threads of reasoning illustrated by medical imaging case version: 0 —
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SW Process structure 1991

network

user

¢

[ user interface ]

4

data base

disk drive

7

Unix
daemons

legend

user

user control

control and
data flow

software
process

\Proeess

associated
hardware
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SW layers 1991

Image

Gfx | Ul DB

SunOS, SunView

Standard Sun workstation

legend

toolbox

operating system

hardware
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Print server is based on banding

1024 pixels

original images

4k pixels

128 pixels

Threads of reasoning illustrated by medical imaging case
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Server CPU load

remote systems Serving one serving 3 mzarg'”
o] : i . . min
and users s . examination examination por
=) room
O
¢ Q = FOOMS | 5 5 min
communication) © g O . exam
C 2 o.f';{ o CPU time
O o £ available for
To) = T interactive
N viewing
---4  disk
( data base } IS §
5 print | o
c = 10.5 min/
S o = exam
Q 5 .= 50 s/exam
. “ =05 8 *
print > @ _
QO o o
: o X S
' @) o 210 slexam | @
5 o = *
printer o
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Thread of reasoning; phase 3

Customer Application Functional Conceptual Realization
objectives :
film on typical film

lightbox case

diagnaosis
> usable >

processing
S — v library
> efficient
FA w pipeline Server
i processes
> effective> efficient spool
processes

HCU

HC driver
@
HC interface

spooling

Philips operational view
(manufacturing, service, sales)

Radiologists diagnose from film, throughput is important
Extrovert view shows conceptual and realization gaps!

Threads of reasoning illustrated by medical imaging case version: 0 —
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Image quality and safety problem

false

= contour & @ ’

(3'9 ~0 @OO

s

e 10 bits pixel value
o 8 bits pixel value

Threads of reasoning illustrated by medical imaging case version: 9
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Presentation pipeline for X-ray images

image Look up table i
from P interpolate =P invert — graphics — CEIL(J).?r < monitor
database contrast / brightness merge
) bi-linear W
spatial bi-cubic T brightness”/
» enhancement | =
3 L contrast
§ -------------- legend
| ‘input > SW HW

Threads of reasoning illustrated by medical imaging case
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Image Quality expectation WYSIWYG

image
generation

X-ray system

T

presen- B monitor
tation > film
* * network. | What you see
storage’ at one work-spot
3" party _
—> 2 — monitor :
workstation is
icati what you get
application
processing at another
> " work-spot
presen- monitor
- :
tation > film
Easwvisi YV Vv network,
asyvision storage

Threads of reasoning illustrated by medical imaging case
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Safety problem

for user readabllity the font-size was
determined "intelligently"; causing a dangerous
mismatch between text and image

URF monitor output:

fixed size letters at fixed grid EV output: scaleable fonts in graphics overlay

Threads of reasoning illustrated by medical imaging case version: 9
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Thread of reasoning; phase 4

Customer Application Functional Conceptual Realization

objectives URF exam Elm
film on contrast

diagnosis___ barium layout
! / dynamic enderlng rocessing
3 c .
o

resolution
typical

M

=

9

O

=3

<

@

=3

=

@

M

=

Q.

@

S

—+
: :o
c
Q
@)

HCU
processing

efficient

HC interface

Philips operational view
(manufacturing, service, sales)

from extrovert diagnostic quality, via image quality,
algorithms and load, to extrovert throughput

Threads of reasoning illustrated by medical imaging case version: 0 —
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Thread of reasoning; phase 5

Customer Application Functional Conceptual Realization
objectives image render
> useable 2 lagnostic . anaine
> effective > @ @
time processing

Iibrary

profit ma
>operationa> standard workstatiors
constraints Philips operational view G
(manufacturing, service, sales)

cost revisited in context of clinical needs and
realization constraints:; note: original threads are significantly simplified

Threads of reasoning illustrated by medical imaging case version; 0 —
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Overview of architecting method

method outline

method visua

lzation

fram ework Customer Appllcatlon Functlonal Conceptual Reallzatlon
objectives
+ key drivers takeholders cas struction budget
luechan | |  andconcerns mmercial, logisti decompositi benchmarking
business model. text diagram decompositions functional performanc
+ supplier map tity relationship mapping techi | decompositi analysi:
models functions formation model fety analy:
dynamic model d several mi d many more d many m

Integration
via qualities

explore
specific details

market \ :
vision

s

a priori solution know-how

«—> | USE
analyse case
design

— deta.iled
analyse design
design

reasoning

Threads of reasoning illustrated by medical imaging case
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Exercise Threads of Reasoning

business issues

Life cycle and B usiness

Customer Application Functional Conceptual Realization
objectives
1 select 2 select 3 select
3..5 most 3..5 most 3..5 most critical
important needs important design aspects
and concerns specification
Issues
4 select 5 show relations
3..5 most critical positive
life cycle and negative ---------

6 transform

j into elevator

pitch

Exercise Threads and Integration
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Elevator Pitch of about 90 seconds

customer value business
proposition proposition
ALY A/
% % & &
. % L
Q, @ SEFN
S, 8 QO
N\ /¥
System Selling and explaining the proposal
requirements
? while managing expectations
(7)) %p)
b @
= ® . :
13 T, and engaging management in
system design & design and technology challenges
technology

Exercise Threads and Integration version: 0
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Integration via Qualities

Qualities Connect all Views Look Positive and Negative

CPStQmef Application Functional Conceptual Realization Customer Application Functional Conceptual Reaiization
objectives objectives
selection functions for cryptography specific
sensitive ) classification :Stmhz;fitcf:gg: firewall algorithms
information People : intrusion detection  SCCUrty zones interfaces
information loggin authentication libraries
] ] ] ] ] — authentication ey i
trusted uantification (efEHn) servers
ruste badges a '
logging storage
- D D D D E— passiorcs
% locks / walls protocols
guards

——

D D D D D E—

administrators o n ) )
desired characteristics, specifications & mechanisms

usability social contacts missing holes between bugs
b é open passwords functionali concepts buffer overflow
safet ) ] ] ) — l blackmail wrong ty non encrypted
storage
y --  burglary quantification poor ex%eption
| b_l— D D DD DD E— ised  fEud fin
evolvability unworkable procedures threats

Many, Many Qualities

usable interoperable serviceable ecological y
usabili_ty connectivity serviceability ecological footprint
attractiveness 3" party extendible configurability contamination
responsiveness installability noise
image quality  ; disposability
wearabiity ~ l1able
storability liability future proof
transportability testability evolvability

dependable traceability portability down to earth
safety standards compliance  upgradeability attributes
security . extendibility .
reliability efficient maintainability cost price .

. . power consumptlon

robustness resource utilization X

; ; ; consumption rate

integrity cost of ownership (water, air

availability logistics friendl ieals.

. . g y chemicals,

effective consistent manufacturability et cetera)

throughput or reproducibility logistics flexibility size, weight

productivity predictability lead time accuracy
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Threads of Reasoning

Diverge, Converge, Zoom-in, Zoom-out |dentify Most Relevant Issues

1',se|6Ct Startmg pon: ‘ Customer Application Functional Conceptual Realization
! actual dominant need or problem
objectives
2. create insight: X Bng
+ submethod in one of CAFCR views |mp0rtant critical
+ qualities checklist e
, valuable difficult
3. deepen insight via facts: continuously sensitive
+via test?l: measurements, simulations vulnerable
+ story t . . .
SeyEEne o need and problem selection criterions
consolidate in simple models

4.+bv|;gfden insight via questions: throughput

+ what communicate to stakeholders
+ how

> high performance sensor

v refactor documentation COSt et

5. define and extend the thread: .
? what is the most important / valuable — hlgh Speed moves
? what is the most critical / sensitive

! look for the conflicts and tension safety

] definition in terms of tension

All Issues are Interrelated Reconstruct the “Big Picture”

Customer Application Functional Conceptual Realization Customer Application Functional Conceptual  Realization
objectives . Objectives image render
) useable ) diagnostic engine
~ ~ Z dragn05|s quali uahty Ksshes <
B : .\< ] | 4 ) effective } typical  CPU @
T || 4 / throughput
A ] | time efﬁment ase  budget V processing
| | librai
- = \ o il
B efficient economlc p \ depth
: ) B @ o sound ‘FmF”y
1 imit
4 <
| | — | | profit margin common
B operational standard workstatio console
| | constraints, Philips operational view @
<, | 1 (manufacturing, service, sales)
— — — B cost revisited in context of clinical needs and
realization constraints; note: original threads are significantly simplified
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Module 38, Modeling

by Gerrit Muller  University of South-Eastern Norway-NISE

e-mail: gaudisite@Rgmail.com
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Abstract

This module discusses modeling, especially aspects such as credibility, working

range, and accuracy.

Distribution
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Modeling and Analysis: Reasoning Approach

by Gerrit Muller  TNO-ESI, HSN-NISE
e-mail: gaudisite@gmail.com

www.gaudisite.nl

Abstract

We make models to facilitate decision making. These decisions range from
business decisions, such as Service Level Agreements, to requirements, and to
detailed design decisions. The space of decisions is huge and heterogeneous.
The proposed modeling approach is to use multiple small and simple models. In
this paper we discuss how to reason by means of multiple models.
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Purpose of Modeling

How to use multiple models to facilitate decisions?
How to get from many fragments to integral insight?
How many models do we need?

At what quality and complexity levels ?

: specifica@
facts from investigk modeling
decision _
measurements results : verification
making
assumptions : _
/ analysis deCISIOI’][S>
o risk
uncertainties accuracy customer satisfaction
unknowns - e g \\/Orking range ==
. _g_ J time, cost, effort
errors credibility

profit margin

Modeling and Analysis: Reasoning Approach version: 1.0 p—
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Graph of Decisions and Models

/__usage context /

enterprise&users

AW

AN

\

black box view

\ life cycle context

-
@ ) legend
A i /A A assumption
QA input e.g.
m 9, 0 W measurement
A g A @ decision
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Example Graph for Web Shop

/

usage context

D [

system

enterprise&users

customer

customer
behavior

interest
arke
m

\

black box view

load
response
time

design

transaction
transactions CPU

transaction
peed

CPU memory
budget budget
/me\ throughput elapseq | \ CPU load
orsort time m
> budget network _
information load picture
work oa cache
ﬂOW storage access time
capacity
\\ resource /
SLA dimensionsing
legend
A assumption
maintenance @ oI ERe ¢
offort measuremen
changes @ decision

\_ life cycle context
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Relations: Decisions, Models, Inputs and Assumptions

@\ fac
I//tates
Zfﬁ—faulltates—» d |
fa (:\\\'tate \Z‘/’i
(\C
L

Q}C)
<& /A
@\ legend
Cq/; .

/ oe®
Brage W\ A assumption
d feeds (i) inpute.g.
feeds

measurement
A/ o9 decision
G
oel ©
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Reasoning Approach

1. Explore usage context, life cycle context and system
* top-down bottom-up *

t2. Determine main Threads-
of-Reasoning

b2a. "Play" with models

t3. Make main Threads-of- N\ |b2b. Investigate facts
Reasoning SMART learn

_ _ b2c. Identify assumptions
t4. Identify "hottest" issues

t5. Model hottest, b3. Mgd_el significant,
non-obvious, issues NON-0DVIOUS, ISSUEs

¥ Y

6. Capture overview, results and decisions

7. Iterate and validate

all steps time-boxed between 1 hour and a few days
early in later in
project project

Modeling and Analysis: Reasoning Approach version: 1.0 —
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Frequency of Assumptions, Decisions and Modeling

10° 10° 10° 10°
| N S
implicit d
(trivial?) A\
.. |d
explicit |
A\ A
legend
@ A assumption
try'OUtS@ (i) inpute.g.
very simple @ measurement
small d| decision
key [o @ model

substantial (m)

Modeling and Analysis: Reasoning Approach
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Life Cycle of Models

understanding exploration optimization verification
? most try out models never
leave the desk or computer
try out of the architect!
models A abandoned '

many small and simple models
are used only once;

some are re-used in next projects
archived archived

not maintained not maintained
simple and small >@
models archived X re-used in re-used in N re-usedin
re-use . . next project next project next project
not maintained ext projec ext projec ext projec
substantial models - m
re-used in re-used in re-used in

next project : :
re-use Pro] next project next project

substantial models capture core domain know how;
they evolve often from project to project.
creation and evolution of intellectual property assets

Modeling and Analysis: Reasoning Approach version: 1.0 p—
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Examples of Life Cycle of Models

understanding exploration optimization verification
try out load/cost
models
function
mix | — load/cost
peak impact
\ load/stress
_ ) test suite
simple and small customer \ integral
models global load
distribution model
webshop
obal benchmark
- Olreloke: suite
subsltle:a)ntlal nt10dels customer e p—
(IP assets) demographics performance

Modeling and Analysis: Reasoning Approach version: 1.0
. y 3, 2023
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Exercise Chain of Models

ldentify a chain of models needed to support architecture
development.

e models are related horizontally in the CAFCR model (across
views), as well as vertically within a view

e models have various levels of detail; detailed models tend to feed/
support less detailed models

e per model
e formulate its purpose

¢ indicate the main quantities that play a role

. I
Exercise Chain of Models version: 1.0
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Modeling and Analysis: Model Analysis

by Gerrit Muller  TNO-ESI, USN-NISE
e-mail: gaudisite@gmail.com

www.gaudisite.nl

Abstract

Models only get value when they are actively used. We will focus in this presen-
tation on analysis aspects: accuracy, credibility, sensitivity, efficiency, robustness,
reliability and scalability.

Distribution
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What Comes out of a Model

accuracy model
credibility i -
use cases working range appllcab”lty
worst case
exceptions
. varying inputs working range
de5|gn varying circumstances worst case behavior
understanding exceptional behavior
exploration design
optimization | |varying design options | model(s) quality
verification varying realizations sensitivity
robustness
efficiency
change cases
: ification changes
life cycle  [SPEEE
y and ripple through performance e L
reliability specification
scalability feasibility
other system qualities

Modeling and Analysis: Model Analysis version: 1.0 p—
305 Gerrit Muller MAANaspects ESI



Applicability of the Model

+&1
-E2

iInput
accuracy
credibility

measurements
Q
=3
<l
assumptions §
=
-
facts 3
abstraction
credibility

working range

model(s)

accuracy
credibility
working range

abstraction

usage context
specifications
designs
realizations

model realization
credibility
propagation

Modeling and Analysis: Model Analysis
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How to Determine Applicability

try out models
be aware of accuracy, credibility and working range

simple and small models
1. Estimate accuracy of results

based on most significant inaccuracies of inputs
and assumed model propagation behavior

2. |ldentify top 3 credibility risks

iIdentify biggest uncertainties in
inputs, abstractions and realization

3. Identify relevant working range risks

identify required (critical) working ranges and
compare with model working range

substantial models

systematic analysis and documentation of accuracy,
credibility and working range

Modeling and Analysis: Model Analysis version: 1.0 p—
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Common Pitfalls

discrete events in continuous world

discretization artefacts
e.g. stepwise simulations

(too) systematic input data
random data show different behavior
e.g. memory fragmentation

fragile model
small model change results in large shift in results

self fulfilling prophecy
price erosions + cost increase (inflation) -> bankruptcy

Modeling and Analysis: Model Analysis version: 1.0 —
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Worst Case Questions

Which design assumptions have a big impact on system performance?

What are the worst cases for these assumptions?

How does the system behave in the worst case?

a. poor performance within spec

b. poor performance not within spec

c. failure -> reliability issue

Modeling and Analysis: Model Analysis version: 1.0
. uly 3, 2023
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FMEA-like Analysis Techniques

g | (analysisand)| [ . h
_ ¢ Improve
(systematic) . assessmen _,.| spec, design,
brainstorm probability process,
severity procedure, ...
k ) \_ propagation ) { y
Safety _ potential hazards |damage measures
hazard analysis
reliability failure modes effects measures
FMEA exceptional cases
security vulnerability risks |consequences measures
maintainability |change cases impact, effort, time | decisions
performance |worst cases system behavior decisions

Modeling and Analysis: Model Analysis version: 1.0 —
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Brainstorming Phases

wave 1: the obvious

wave 2: more of the same

wave 3: the exotic, but potentially important

don't stop too early with brainstorming!

Modeling and Analysis: Model Analysis
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Different Viewpoints for Analysis

/ usage context \ (

N

system

new product

e.g. WoW extension
merger
automated access

new functions
new interfaces
new media
new standards

cache/memory trashing
garbage collection
critical sections

local peak loads
intermittent HW failure

N

power failure

network failure

new SW release

roll back to old SW release

. life cycle context

Modeling and Analysis: Model Analysis
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Exercise Analysis of Models

Determine for a few models their credibility, accuracy, and working
range.

e |dentify top 3 credibility risks

e identify biggest uncertainties in inputs, abstractions and
realization
e Estimate accuracy of results; quantitative, e.g. order 1% or 50%

e based on most significant inaccuracies of inputs and assumed
model propagation behavior

e |dentify relevant working range risks

e identify required (critical) working ranges and compare with
model working range

Exercise Analysis of Models Veﬁ%'l‘y’:rs"z% 9
313 Gerrit Muller SR e ES [



Modeling

From Chaos...

usage context ) system
enterprise&users black box view design

Q_ NG 0 _Apd
@'@ A Jad ,\@}@A/”E@ 0! TEEE'A
o ALK
\ - RO /0
o Crg ([0t | 8/0w,0
e - g ok G o
o u |8 L /B

‘@ _ @»@/ legend
AE‘ A A assumption
&I @\ input e.g.

@AK\ @ @ measurement
@ decision

life cycle context @ ™

Many Light Models, few Substantial
Models

>understanding exploration optimization verification

most try out models never

"
try out \ leave the desk or computer
models abandoned of the architect
abandoned many small and simple models
are used only once;
some are re-used in next projects
archived archived
not maintained not maintained
simple and small >0 m »( m
models archived X re-used in re-used in o re-used in
re-use next project next project next project

not maintained

substantial models @ - (m) m
P4 re-used in \’4 re-used in re-used in

next project i .
re-use proj next project next project
substantial models capture core domain know how;

they evolve often from project to project.
creation and evolution of intellectual property assets

... to some Order

usage contex system
enterprise&users black box view design et

Customer
interest load transactions v
arke response
Penetration Customer’ time
behavior,
throughput elapsed Sy
ersonnel fine
pt budget network
.W information load
work
@ storage
capacity.
T 1 resource

legend
A assumption
fnaintenance @ input e.g.

measurement

ffi
< m El decision
@ model

life cycle context

Accuracy, Credibility, Working Range
+gl @5
&2

|assumptions _

input
accuracy
credibiliy facts

model realization
abstraction m credibility
credibility propagation
usage context

working range specifications

designs
realizations

accuracy
model(s) |credibility
working range

uonoeisqe
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Module 39, Wrap-up
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Abstract

This module provides various means to consolidate architectures.

Distribution
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Consolidating Architecture Overviews

by Gerrit Muller  University of South-Eastern Norway-NISE
e-mail: gaudisite@Rgmail.com

www.gaudisite.nl

Abstract

This presentation provides guidelines and means to capture architecture
overviews. Main challenge is to maintain the overview across multiple views.
Architecture Overview A3s One support multi-view. Another challenge is to
make an overview accessible for a wide range of stakeholders. The architecture
description should therefor be visualized such that it fits the mental model of the

audience.

Distribution
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and unchanged.
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Maturing an Architecture Description
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Architecture Overview A3

header

dynamic
behavior
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model)

visual aids

key performance parameters

decisions and considerations

physical view

simplified from http://www.gaudisite.nl/BorchesCookbookA3architectureOverview.pdf
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A3s to Capture Architecture Overviews
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Example of A3 Architecture Overview

A3 architecture overview of the Metal Printer (all numbers have been removed for competitive sensitivity)
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August 3, 2010

Document meta-information

pattern quality

pattern
resolution
accuracy overlay H

contamination
and climate

cost per layer

design enabling v
e.g. CD, separation X-section control uptime partial graph
many nodes
early delivery and connections
Vs reliability high MTBF are not shown
volume production
- throughput ‘ system cost

environmental

operational
costs

electric power
clean water

I

integral costs

cor

impact

‘ waste disposal water, air, ...

customer key drivers

min. line width
overlay
throughput
MTBF

aum wafer size 200, 300 mm
b um power x kW

¢ WPH clean room class

dhr floor vibration class

key performance parameters

Customer key-drivers and Key Performance Parameters

chamber ()

lbottom chuck

@ Fluidic

@ electronics

pmces@

power
supply

metal printer back sid

e

. zuea | .@ covers and ’ 1. Close doors = i
L o hatches tprint - tp.prepare+ tp.align i tchamber(thICkneSS) w tp,finalize
g E control gQZUBA
: @pvision | | camera @ cabling ’ 2. Align taliun ‘ t =t +1
prepare close doors ‘move to proximity
(g optics iscoop e @ ventilation -
stage [ T = | control air flow ’3. Move to proximity
P m— =t + t
;s;er:{:;; - ‘ @ e ’ 4. Process tchamber ‘ thI'IaIIZe ‘move to unload ‘open doors
— sensors
( ) measurement 5. Move substrate unloading position .
s t. =t +C *thickness
p— 6. Open doors print p,overhead transfer
.@ control
note: original diagram was annotated with actual performance figures
@ "remote” for confidentiality reasons these numbers have been removed
electronics rack
. . integrating metal printer ) .
metal printer front side subsystems functional flow formula print cycle time

metal printer subsystems

metal printer subsystems, functions, and cycle time model

Consolidating Architecture Overviews

320 Gerrit Muller

version: 0.2
July 3, 2023
LEANoverviewA3

SN ESi




Example of SubSea A3 Architecture Overview

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
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Multiple Levels of A3s
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T-shape Presentation
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Guidance from ArchitectingForum.org

1.1 One of several prerequisites for architecture creative synthesis is the
definition of 5-7 specific key drivers that are critical for success, along with
the rationale behind the selection of these items

2.1. The essence of a system can be captured in about 10 models/views

2.2. A diversity of architecture descriptions and models is needed:
languages, schemata and the degree of formalism.

2.3. The level of formality increases as we move closer to the
Implementation level.

from http://www.architectingforum.org/bestpractices.shtml

Consolidating Architecture Overviews version: 0.2
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Exercise Wrap-Up

Capture your work done during the course, e.g. make photos of the
flip charts.

Make a list of questions, assumptions, biggest uncertainties and
unknowns

Make a list of lessons learned

Make a plan for the homework

. . I
Exercise Customer Wrap-Up version: 0.2
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Consolidating Architectures

Maturing, from Light to Heavy
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A3 Architecture Overview
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model)

visual aids

key performance parameters

decisions and considerations

physical view

simplified from http://www.gaudisite.nl/BorchesCookbookA3architectureOverview.pdf
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Recommendations as Red Thread

principles

use feedback
work incremental
work evolutionary

be explicit
make issues tangible
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Iterate
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Multi-view
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Visualize
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SEMA Homework Assignment

by Gerrit Muller  University of South-Eastern Norway-NISE
e-mail: gaudisite@Rgmail.com

www.gaudisite.nl

Abstract

This document described the homework assignment for the SEMA course. The
homework is made and delivered incrementally, so that the teacher can provide
feedback during the assignment.

Distribution

This article or presentation is written as part of the Gaudi project. The Gaudi project J | 3 2023
philosophy is to improve by obtaining frequent feedback. Frequent feedback is pursued by an u y ’

open creation process. This document is published as intermediate or nearly mature version status: draft

to get feedback. Further distribution is allowed as long as the document remains complete

and unchanged. version: 0.3




Group Assignment

Submit each step to the teacher, and process feedback in the next step
Step 1. weeks 1..3
e Consolidate work of course in 20 slide presentation as baseline.

e Search for answers to the main questions, biggest uncertainties and unknowns, validate
main assumptions.

e Elaborate most relevant models.

e Discuss your work with other stakeholders to collect more facts and figures and for erly
validation

Step 2. weeks 4..6

e Transform the presentation into a T-shape presentation

¢ |dentify gaps in the “T”

e Make simple models to eliminate the gaps

Step 3 weeks 7..9

¢ Identify required changes in models made so far, due to increased insight;
e Change one of the models accordingly.

e Evolve the T-shape presentation (max 20 slides); the target audience of this presentation is
your management.

e Present to company management
¢ Identify next models to be made, measurements to be done, or fact finding to take place.

e Update the presentation with feedback from management and a list of future work.

SEMA Homework Assignment version: 93 T
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Individual Assignment

Write an individual reflection report after finishing the group assignment, answering
the following questions:

What are the main gaps in the current proposal and presentation? What 3 gaps
will you address first, and why?

In retrospect, formulate a problem statement that triggered the outcoming
presentation and underlying modeling effort.

What would you do differently if you would have to prepare this presentation
again?

How and what are you going to apply elements of this course in practice?
Be specific and use examples.

preferred size 2 Ads, max 4 A4s.

' . |
SEMA Homework Assignment version: 0.3
. y 3, 2023
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Submission Instructions

Submission instructions
use for all deliverables the following conventions:
filename: SEMA <your name or team> <subject>.<version>.<extension>
e.g. SEMA WOSteam presentation.2.doc
or SEMA John Student individual report.1.docx

email to: <gerrit . muller@usn. no>
subject: SEMA <subject>

and submit in WiseFlow before the deadline.

"standard" file types preferred, e.g. pdf, jpg, doc, ppt, vsd, docx, xls, xIsx,
ppt, pptx
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