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Abstract

The functionality that we use as organizations and citizens increasingly arises
from a complex interplay of man-built systems, individuals and organizations, and
the environment. It is a challenge to get the desired functionality and features
consistently, reliably and affordably, without unwanted side effects. This is exactly
the role that systems engineers have for classical systems. Who takes on this
role for complex dynamic supersystems of people, environment and man-built
systems?
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Firmware for Treatment Planning
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From programmer to Team Leader

Full-time meeting circus!

1980 1981
firmware crisis > firmware
programmer team lead
firmware firmware
programmer programmer

The political game between
Vice Presidents

Your sales went
down last quarter
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The Organization and Efficiency Expert

Effectiveness =
Quality * Acceptance

Same effectiveness???
This doesn’t make sense!

—Acceptance—~>

——CQuality—>
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Architect Scope: The System, Its Application and Life Cycle
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Toward Systems of Systems

hospital reception clinical primary iInsurance patient
ERP clients clients care portal portal
HIS physician
(hospital) g workstation
! } i
RIS LIS
(radiology) (laboratory)
¢ ¢ ¢ other IS _‘
MRI CT Xray
v : | : :
radiology Integ_ra_ted
workstation Clinical
A Solutions
PACS

(Picture Archiving and Communciation)

IT infrastructure (communication, gateways, servers, storage, ...)
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Toward(?) Digital Infrastructure

From: NK-ICT architectuur juryrapport, 2005, special mention:

o Het verhaal geeft een goed leesbare en toegankelijke beschrijving
van de context, de problematiek en de belanghebbenden in de
zorgsector.

e Een uitzonderlijk groot IT probleemgebied met zijn complexe
maatschappelijke en politieke context is teruggebracht tot een
compact en begrijpelijk verhaal.

e Het doel van de architectuurbeschrijving wordt beschreven:
‘instrument om te komen tot afstemming met al die partijen”.

e De beslissingen en principes worden helder geformuleerd.

followed by more critical comments

iIn memoriam of Jan Turk, one of the initiators of the NK-ICT

The Dutch Senate killed the Electronic Patient Record in March 2011

A
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Summary of Architecting Practice

1. From component engineering to
capability architecting

1980 1990 2000 2010 2020
Firmware MRI scanner ICS epp T
subsystem system Integrated Clinical Solutions Electronic Patient Dossier

system of systems digital infrastructure

. . S
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Our Primary Interest
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Context, Zoom-out and Zoom-in

customer super
organization system
developing system of
organization Interest

architect

supplier subsystems
organization

. . . . . A
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Adding the Time Dimension

past current future

customer past super super future super
organization system system system
developing past system | system of | future system
organization of interest interest of interest

architect knowledge > innovation

g /

supplier past subsystems future

organization | | Subsystems subsystems

based on TRIZ

A
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Architect,Architecture, Architecting

past current future
customer past super Super future super
organization system system system
de n) \t sy
or ] ter
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architecture
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What Roles in Sociotechnical Systems?
14 Gerrit Muller

. A
version: 0.2
TNOESI
SEMABarchitecting
Powered by industry



From CAFCR+ to Architecture Essence

Customer
objectives

Application

Functional Conceptual

Realization

B usiness and Life cycle

~

J

Systems Engineering: Fitness-For-Purpose

customer value

Achieving customer and business key drivers

proposition \ via key performance parameters of system
%L@ based on technical expertise
~5 customer SH _
key drivers system | jivespe| 0ESION and
v requirements technology
S
_ 6«;\*6 ~10 key ~10 key
business |~ performance design and
proposition parameters technology
~5 business & enabling choices
life cycle
key drivers
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Architecture Description

Value Proposition
Why does customer want to buy?

Business Proposition
How do we earn money?

Why do users like to use the system? How do we run a healthy business? Why
customer key drivers customer stakeholders and concerns life cycle key drivers life cycle stakeholders and concerns
cost of ownership work flow or ConOps business model life cycle model
customer business analysis et cetera cash flow analysis supply chain

System Specification
What does customer get?
What is the system-of-interest that we deliver?

functions interfaces
qualities (e.g. quantified performance) constraints, standards, regulations

Design
How will we realize this specification?
How do we ensure performance, safety, robustness, etc.?

partitioning and interfaces performance models and budgets
dynamic behavior, e.g. functional model concept and technology selection
Engineering

Getting all details right for all business functions.

technical product documentation

What

How
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Increasing System Scope, Increasing Stakeholders
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Mono-disciplinary engineering
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Multi-disciplinary design and engineering

multi-disciplinary design [ specify j

u B ! design )

concept and technology
selection, allocation,
budgetting, etc.
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Architecting: Fit-For-Purpose
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Capability Architecting

market and customer context

life cycle context W

market and
customer context

Capabillity architecting in SoS

ﬁﬁmﬁ

life cycle
context

systems architecting

multi-disciplinary design

mono-disciplinary
engineering

software engineering

electrical engineering
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Observing the Covid-19 Pandemic Response

e The pandemic risk was well known.
e (Western) Societies were unprepared for a pandemic.

e Many systemic problems in crisis handling, problem analysis,
solution exploration, and decision making became acute

e The poor human capability to understand exponential growth
and latency complicated communication and implementation of

measures.

e The IT-support was unreliable and dysfunctional

A
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Roles in the Pandemic Situation

options regulations
consequences resources
OMT » government » departments
< .. <
experts needs decision makers needs executors
mostly clinical concerns integrate expert concerns stove piped
_ and socio- _ _
some behavior political views iImplement policy
4 4 set policy RIVM

Field experts

missing expertise

mental well being

transform into

Ministry of Health,
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RIVM

clinical
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behavior
economy
IT
legal
logistics

education continuity

governance
GGDs
Physicians
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Who does the Systems Thinking?

options regulations
consequences resources
OMT » government » departments
< . <
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Systems Thinking?
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Climate Change Simplified
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CO;, levels started to increase with the industrial revolution
The rate of change is very high on cosmic time scale

(2)  physics/nature of earth

_ Eout
Ein 3m of ocean water
contains more energy

than the atmosphere

greenhouse effect
Ein = Eout

High CO; levels cause the greenhouse effect. Earth warms
up because more energy from the sun comes in then
the amount of energy that can escape the atmosphere

(3) Global Ocean Heat Content
Change
in 10! Joules (=10° PJ: NL uses 3 PJ/yr))

I In hot water

Global ocean heat content, change relative to 1955-2010 average
0-700 metres, 107joules  mmm Yearly average

Three-month average

One biltion tim: mic bomb:
ised on Hiros|

A | :
Slu‘ 1960 3 70 75 80 85 90 ! 2000 3 10 17

Nuclear test database

sources; NOAA; BP, Nuclear test database
https://www.economist.com/graphic-detail
/2018/03/12/the-temperature-of-the-ocean-is-rising

The oceans act as buffer for accumulating energy surplus.

globalwarmingindex.org

globalwarmingindex
The average temperature on earth has been rising. This rise
has accelerated since the 1960s. Local temperature
changes vary a lot. The arctic areas have warmed much more

The amount of energy that oceans absorbed in past decades is huge
i i R 1.2 4 . .
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5th IPCC report via realclimate.org
Combination of smelting land ice and increasing see water

temperature will increase see water level. In a few centuries

this increase can be tens of meters

1950 080

I
2000 2100
Oceans affect the local climates to a large degree. We can
expect more extreme weather, e.g. droughts & tropical rain
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Time is Running Out

45

40

CO2 Emissions (GtCO2)
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Pathway td 2C
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2000 2020

Pathway to 2°C
given cumulative
emissions through 2019

Pathway to 1.5°C
" given cumulative
emissions through 2019

Pathway to 1.5C given
given cumulative
2missions in 2000.

2040 - e 2020 2040

https://www.carbonbrief.org/unep-1-5c-climate-target-slipping-out-of-reach
Source: Historical CO2 emissions from the Global Carbon Project. 1.5C carbon budgets based on the
IPCC SR15 report. Original figure from Robbie Andrews. Chart by Carbon Brief using Highcharts.
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Toward a Roadmap for a Municipality
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Initial Roadmap: Condensed but still Overwhelming

’ Initial Roadmap for a sustainable Best

‘ ’Author: Gerrit Muller, contributions from Laura Elvebakk & many Best Duurzaam volunteers

BDRA3initialRoadmapBest Version 0.7, May 8, 2019

- s ss  eppfficeing frrerehe What is happening, what do we need?
Objectives ¢ it plan m energy plan 45% CO, @ '
ranspo : 100% CO
fossil fuel @ ' 3 reduction g reductionzg ®
heating extreme weather, droughts, flooding, heat waves energy 1.1PJ
gas o use
Trends “lectric increasing population, #houses, mobility (4) rl:(glgi:vsfjte @® ® E
new buildings @ electric driving @ niches: wind, bio gas, bio mass, sewer, rest heat supermarkets How to get there?
@ Y neutral (5 reduce energy consumption RS
. i < N\
Solutions G0 WEliE o o v\&@@‘ﬁ
Capabilities i ® solar residential, commercial, utility scale 0.5PJ oS _&'& Y
eating options:  heat pumps heat networks Hydrogen (9) - < & e’\%
e Lo Lo . Lo )
characteristics: individual collective infrastructure gas infrastructure, individual |:| solar 4 \oo\c’&\e? &
. . X SR
concerns: noise, space primary energy source? 85\30 @?:Z;Q,?’
o . . 5"
technologies: brine (1) high T(2) lowT (3) Fuelcells(4) OOWb}Q ed“ What means do we need/get?
air2air ——— & et
I insufficient data A m,r,p,n, e & Q‘\ =
air2water SRS
Means ) S
maturity: mature mature less mature Immature X <& &
concrete-less buildings W 2° \e,b
(6)insulation (and rebuilding?)(7 ) A 6.\\«,% &
(1 )shortage engineers, construction personnel A m,r,n, e What resources do we need?
(2)lack of acceptance A m,r,n, e
@building cooperatives, utility and network providers, schools
Resources
“seduce” charging commercial funding, new business models@
@ infram
(5) educate collective/social funding (7))
NEN 7125 and ?nae':gst(neeutglm :tacilitate solutions, adapt regulations m,p,n,e What governance do we need?
heat network new buildings@ @timulate & regulate new business models n e g
reports p.n
Governance &) T dat mandate reIiabIe, predictable regulations m,p,n,e
artikel3.5. manaate i ; " ; ;
waterwet_infiltration ﬁd:catlon ((9)how to do risky things with public money? m, p,n,e
m, p, n ! @
improve reputation and incentivize manual labor (5) m,p,n,e
past short term medium term long term very long term

1 energy use 2017

2 mandatory 2020 heating plan
per neighborhood

3 mandatory 2021 regional

4 small increase per year

5 IPCC 2018

1 make all new developments sustainable
2 selection of options for heating plan
3 transport is major CO, producer
4 niche solutions in Best
5 reducing energy consumption is must
6 all forms of solar may result in 0.5 PJ/yr
6 IPCC 2018 7 mature; noise, space is concern
7 may increase energy use 8 few rest heat sources; large collective
8 infrastructure investment
9 energy use after full electrification 9 long-term option; re-use gas infra
and some reduction

1 air2air for heating is efficient; how to get tap water?
2 compatible with older houses; challenge data
is not public due to commercial interests
3 efficient allows re-use of any rest heat;
storage is the big challenge
4 source to use little efficient; solves seasonal storage;
production infrastructure expensive
5 concrete is major CO, producer
6 insulation is first step; external insulation needed?
7 when is rebuilding better (justified and acceptable)

1 action plan to attract and educate
2involve, engage, seduce, incentivize

3roadmap and master plan to coordinate 2

4 more effective than enforcement
5 primary, secondary schools;
avoid overload
6 enable electric driving
7 be creative to get economy
and funding working

1 7125 and reports overrate sustainability of bio mass
and rest heat sources; lack absolute data
ASAP! waiting increases problem
3 vng.nl/3-gemeentelijke-watertaken; should be
standard operation when maintaining streets

legend
b Best Duurzaam
m municipality
r regional

4 how to do this effectively? .

5 culturally ingrained p PTOY'”Ce
6 agile (fast response) governance n national
7 facilitate and regulate e Europe

8 past pitfall; blocks investments g global

9 major dilemma for 6, 7, and 8
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Summary Sustainability Roadmap Best

Initial Roadmap for a sustainable Best, Summary | | Author: Gerrit Muller, contributions from Laura Elvebakk & many Best Duurzaam volunteers SoSE2020initialRoadmapBestSummary Version 0.2, October 7, 2023
energy use 9 gpgJ heating  renewable o ; ; o
Obietes t : olanm  energy plan oS What is happening, what do we need*
ransport | 1210 — i 100% —
fossil fuel El f reduction 9 redugtion @)
e ectrification. hi ici : energy  1.1PJ
Bagiy - . higher efficiency, and reduction -> 3* Jess energy e
Trends electric T increasing population, #houses, mopIlty T ©)
—7
new buildings (@ electric driving (Z) niches: wind, bio gas, bio mass, sewer, rest heat su Solar may How to get there?
@ energy neutral reduce energy consumption . y
Solutions raimwater ® - - prOV|de about V2
Capabilities infiltration (6) solar residential, commercial, utility scale 0.5PJ
p @jwating options:  heat pumps heat networks (8) Hydrogen (9) : of need
cha - Z pas infrastructure, individual D SIRES
" N A
«on/N€AtING plan: SEE
N — o
1 1 ~uel cell 2 O
e many options, we know too little ['¢c"s4) (Ot What means do we need/get?
TToTTTTOTC T TrorTer m,r,p,n,e O O @
Means air e, : 4 0&%}(\?\&
‘ 2 c A & o
maturity: ma |nSU|at|0n less mature Immature \&,30\0.6\ 6\)c}\o
v uildings 2> @
O a2
consuafdemolition - A S
(l)shortage engineers, construction personnel A Shortage Of What resources do we need?
(2)lack of a A mrne .
5 (3 acce ptan ce and network providers, schools |nStaI IerS
esources
<4 Support base commercial funding, new business models<7>
(5) educate collective/social funding (7))
NEN 7125and Mmandate n,m i luti lati aF
el eneray neuiral Ce’ﬂau itate §o utions, adapt regu atlons. faC|I|tate What governance do we need?
s ne re Ulate 7>st|mulate & regulate new business models )
Governance (1) M. p. g Cs)reliable, predictable regulations St|mUIate
artikel3.5. M3 : : : ; . E
waterworinfi mandate (9)how to do risky things with public money? rel |ab|e predICtab|e
1
T, 2, 11
@ improve reputation and incentivize manual labor (5) m,p,n, e
past short term medium term long term very long term
. . . . . A
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National Sustainability Organization(?)

regulations
resources
experts government » departments
: .. <

not defined decision makers needs executors
fragmented integrate e_xpert concerns stove piped
Ministry of Economic Affairs an? .SOCI:'O.' implement policy

and Climate <« Political views
Ministry of Infrastructure and set policy

Water Management “ltransform into
Ministry of AgfiCUlture, Nature <«—» governance

and Food Quality
Ministry of Education, Culture <€

and Science /
Plan Office for the 1
TNL(l;/lng Environment (PBL) sc_)cietal economic
Consultancies signals and Iegal

: constraints

Academics
Suppliers climate tables

regional consultative bodies
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Local Sustainability Organization(?)

— inform " :
_ decision makers » political oversight
general public _
: aldermen . |local council
regional energy strategy . . permit
political administrators¢———
answer result
order order
experts executors
civil servants civil servants
consultancies providers
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Solutions are Known, the Leadership is Missing

——Acceptance—>

the general public,
governments, politicians

systems thinking gap
decision makers - experts

today’s technical and
economic feasible solutions

2050 options

Effectiveness =

Quality * Acceptance

|
3°C 2°C 1.5°C

Quality——

. . . ? . . —
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From Past to Future

1. From component engineering to 3. Covid-19
capability architecting reflections
1980 1990 2000 2010 2020 2030 2040 2050
Firmware  MRI scanner ICS eppt Covid-19
subsystem system Integrated Clinical Solutions  Electronic Patient Dossier global pandemic
system of systems  digital infrastructure|| societal system

SARCH

2. Educating architects

Architecting +
Leadership

Climate Conference Noordwijk
1 USA climate skeptic blocks
emission measures

Paris agreement
max 2°C, 1.5°C target

Klimaatakkoord

4. Sustainability Architecting (?)
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