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ESI at a glance
Mission:  Embedding leading edge methodologies into the Dutch high-tech systems 

industry to cope with the ever increasing complexity of their products.

Synopsis

❑ Foundation ESI started in 2002 

❑ ESI acquired by TNO per January 
2013

❑ ~55 staff members, many with 
extensive industrial experience

❑ 5 Part-time Professors

❑ Working at industry locations

❑ From embedded systems 
innovation to embedding 
innovation

Partner BoardFocus

Managing complexity 
of high-tech systems 

through 
• system architecting, 
• system reasoning and 
• model-driven engineering

delivering
• methodologies validated in 

cutting-edge industrial 
practice
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Mentimeter question 1

What would you call yourself?



Engineering of complex systems
has been done for ages

Anno 1612

… and the Dutch were good at it …



Water works

Complex systems
And still are …



Agro food

Complex systems
And still are …



High Tech industry

Complex systems
And still are …

#1

#1

#1

#1

#1

#1
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Cynefin framework by Dave Snowden

We are talking complex systems here …



Why The Netherlands?
SERC Helix studies compared cultures

Knowledge is 

power

Federation of brilliant 

people who influence 

each other for the 

common good

Limit 

stratification 

Expect to be 

challenged

Collaboration includes 

consensus

Process fits the 

project

Projects fit 

the process

Power 

comes from 

order: role, 

function, 

organization

Influence

Without 

Authority

Constructive 

Debate

Yes, and…I talk with people for a living



Tensions that when managed well support stellar innovation as described by Gary Pisano in 

“The hard truth about innovative cultures” 

1. Tolerance for failure but no tolerance for incompetence

2. Willingness to experiment but highly disciplined

3. Psychologically safe but brutally honest

4. Collaboration but with individual accountability

5. Flat but strong leadership

Do we recognize ourselves?

Pisano, G. (2019). The hard truth about innovative cultures. Harvard Business Review, January-February 2019, pp 62-71. Reprint# R1901C



And yet …



Standard project management practices

Missing: dealing with uncertainties Missing: overall system responsibility



Incose

Systems Engineering is a transdisciplinary and integrative approach to enable the 

successful realization, use, and retirement of engineered systems, using systems 

principles and concepts, and scientific, technological, and management methods.

We use the terms “engineering” and “engineered” in their widest sense: “the action of 

working artfully to bring something about”. “Engineered systems” may be composed 

of any or all of people, products, services, information, processes, and natural 

elements.

Systems Engineering

https://www.incose.org/about-systems-engineering/system-and-se-definition/systems-engineering-definition#TRANSDISCIPLINARY
https://www.incose.org/about-systems-engineering/system-and-se-definition/systems-engineering-definition#INTEGRATIVE
https://www.incose.org/about-systems-engineering/system-and-se-definition/systems-engineering-definition#ENGINEERED_SYSTEM
https://www.incose.org/about-systems-engineering/system-and-se-definition/systems-engineering-definition#SYSTEMS_PRINCIPLES_AND_CONCEPTS
https://www.incose.org/about-systems-engineering/system-and-se-definition/systems-engineering-definition#ENGINEERING_AND_ENGINEERED
https://www.incose.org/about-systems-engineering/system-and-se-definition/engineered-system-definition


Traditional SE practice: focus on the engineering aspects

• Requirements driven

• Decompose system

• KPI budgets allocation

• Manage integration

• Project de-risking
system

multidisciplinary design

parts, connections, lines of code

Engineering domain



enterprise

market, wider context

stakeholders

The system extends beyond the engineering domain

• Value driven

• Changing contexts

• Emergent properties

• Incomplete requirements

• Integration uncertainties

system

multidisciplinary design

parts, connections, lines of code

Engineering domain

Business domain





Case: economic uptime of equipment
Customer need: maximize economic use of equipment

Translated into requirement: maximize mean-time-between-failures (MTBF)

Initial approach: Design for robustness - problem: exploding cost diminishing returns

Trade-off with alternatives needed:

• Design for diagnosability: decrease downtime upon failure

• Design for prognostics: scheduled vs. unscheduled maitenance

Stakeholders:
• Design engineers

• Competence shift
• Architecture

• Manufacturing
• Product management
• Marketing & sales

• Different value proposition

• Customers
• Field services

• Way of working

• Suppliers

Concerns the whole organisation
Requires Systems Thinking

Cuts across roles



What is Systems Thinking?

The insight that systems cannot be understood by analysis- the properties of the parts can only be 

understood within the larger context of the whole. 

For engineered systems, how about:

Systems Engineering is a transdisciplinary and integrative approach to enable the successful 

realization, use, and retirement of engineered systems, using systems principles and concepts, and 

scientific, technological, and management methods.

https://www.incose.org/about-systems-engineering/system-and-se-definition/systems-engineering-definition#TRANSDISCIPLINARY
https://www.incose.org/about-systems-engineering/system-and-se-definition/systems-engineering-definition#INTEGRATIVE
https://www.incose.org/about-systems-engineering/system-and-se-definition/systems-engineering-definition#ENGINEERED_SYSTEM
https://www.incose.org/about-systems-engineering/system-and-se-definition/systems-engineering-definition#SYSTEMS_PRINCIPLES_AND_CONCEPTS


Tensions Analysis

Divide & Conquer

Projectleader

Multi-disciplinary

Requirements-based

RASCI

Linear

Risk-averse

Synthesis

Integral & shared system awareness

System Architect

Cross-disciplinary

Value-based

CAFCR

Iterative

Risk-hungry

Tension

To be managed



System thinking managers

• Break through the silo’s - Cut across disciplines

• Awareness of system-level concerns

• Ability to switch between analysis and synthesis views

• Support the System Architect and Project Manager

• Right incentives: e.g. integral costs versus material costs

• Appreciate the top 10 illusions



enterprise

market, wider context

stakeholders

The system thinking architect

• Understand silo’s, mono-disciplinary concerns

• Awareness of all stakeholder’s concerns

• Be the system conscious of project and organization

• Ability to switch between analysis and synthesis views

• Support management

system

multidisciplinary design

parts, connections, lines of code



Mentimeter question 2



How to get management on board in System Thinking?

1. Involve top management in training of SA’s and SE’s

2. Qualitatively: Apply CAFCR (for real!)

3. Quantitatively: Daarius methodology



1. Executive sponsorship key element in our training programs

Team assignmentProfessional skills System architectingIndustry trends

Q1 Q3Q2

Team assignments + team coaching 

Integrated development plan for system architects

Q4

Onboarding, Intro & Wrap-
up
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Module 3 – 5 days: 
Consolidating architectural 
know-how

Module 4 – 4 days: 
Architectural 
decision making

Module 2 – 5 days: 
Shaping system 
propositions

Module 1 – 5 days: 
Building shared 
understanding

Industrial 
cases with 
executive 
ownership

and
sponsorship

Sponsor 
panel

Sponsor 
panel



2. CAFCR-Analysis

• Goal: 
• Explore the system in its context 
• Understand the problem space

• Chart the solution space

• Combine full range of stakeholder views

• Form:
• Interviews with key stakeholders
• 3-day workshop, professionally facillitated

• Who?
• Customers

• Marketing

• Services
• Engineering

• Product management

• Business management
• System Architect

Must all attend and commit!
Shared responsibility and ownership



Mentimeter question 3



Daarius is a structured, scalable, and team-based system design methodology providing traceable underpinning 
for key design decisions and leveraging the abundance of simple executable models in systems engineering.

• Team-architecting (replacing super-hero architect)

• Dilemma handling

• Trade-off handling

• Communication across organization

CAFCR based solution space analysis

Allows to stepwise fill and track solution space

• First: criticals

• Then: essentials

• Finally: others

3. Daarius methodology 

18-11-2019 27
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Exploiting available models for clear communcation between
stakeholders, system architect and engineers



Value-based architecting

Devil’s Use Case
modelled successfully

Architect of ESI industry partner:

“I can talk to SW engineers, System engineers, Application 

specialists, Managers. They can all understand me.

Brilliant!”

• Customer value:

• optimize customer workflow

• Initial requirement:

• minimize timing

• After understanding CV:

• Further reduce timing did
not affect workflow

• Instead: optimize at 
application level

Raw
image Image

1

Image
2

Image
3



Typical use: large structures



How to get management on board in System Thinking?

1. Involve top management in training of SA’s and SE’s

2. Qualitatively: apply CAFCR (for real!)

3. Quantitatively: DAARIUS

4. Systems thinking training of managers?



Mentimeter question 4



Summary and outlook

Embed Systems Thinking throughout organization

• Engineers, project management, general managers, marketing&sales

• If possible extend to customers and suppliers

• Continuous effort

• Own it and lead it

• Methods like CAFCR and Daarius are just methods; true awareness is essential

Start now, since complexity only increases: AI/ML, Cloud, Systems-of-systems, Sustainability
• Explainability
• Security
• Continuous upgrade
• Configuration explosion
• Decommisioning and recycling





Thank you!

www.esi.nl

http://www.esi.nl/

