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Abstract

In the previous century, the military and aerospace domain developed systems
engineering to support the development of complicated systems. The functionality
and services that we are using depend on the interaction of many systems and
organizations. We call this complex rather than complicated. When developing
complex systems, the developers cope with more uncertainties, and unknowns,
and the inherent complexity of the dynamics between many systems and humans.
Digitalization facilitates the development of interconnected systems. We view
models as a means to help us coping with the complexity
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SE in Cynefin; Moving into Complex

Systems Engineering
Complex Complicated

enabling constraints

originates in Complicated

governing constraints

loosely coupled tightly coupled
probe-sense-respond sense-analyse-respond
Emergent Practice Good Practice Many prOblemS move

Into Complex

tightly constrained
no degrees of freedom
sense-categorise-respond
Best Practice

lacking constraints
de-coupled
act-sense-respond
Novel Practice

after: Dave Snowden 2003, a.o. https://en.wikipedia.org/wiki/Cynefin_framework
accessed on 10-10-2023
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Challenges in Systems Engineering

discover latent needs globalization
enable emergence hype waves
where is the business Moore's law

creativity market dynamics

sustainability
17 UN sustainability
development goals

interoperability power consumption

emerging behavior weight, cost, performance

future vs legacy reliability, resilience

heterogeneous vendors complexity, heterogeneity
#engineers involved

security
privacy, DRM
versus usability
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Digitalization Cloud

Digital Twin

. . customer and business
Condition Based Maintenance

value proposition

service-based
performance-based

i health monitoring
capabilities ' ) : :
solutions ' smart diagnostics Virtual Prototyping digital requirements
systems integration operational tuning digital engineering
| Sl Industry 4.0 model-based X DevOps
intelligent .
autonomous model-driven X
Eco system
super buzz human rights innovative
. privacy
autonomy Transformation (cyber)security ~ data ownership
distributed remote operations data analytics (data)integrity
ubiquitous computing sensitivity ~ safety o
fort automated e traceability
communication specificity i
. affordability
storage accuracy trustworthiness inabili
Sensoring functionality reproducability evolvability sustainability
productivity qualities
response time
situational awareness L
- Cyber Physical
; academic
Big Data  arificial Intelligence labels Systems of
augmented intelligence i i
data lakes g g Socio Technical E—
data mining (deep) learning Complex
data analytics machine learning micro services Ao Wicked
neural networks S Soft
: electrification -
augmented reality loT _
virtual reality 5G _ block chain
miniaturization technologies
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Digital Twins

“‘Reality”

conceptual models
e understanding

e reasoning

e communication

e partially closer to

the actual system in
its context
infinitely complex
dynamic
evolving
nature and humans

hybrid, e.g. SIL, HIL

reality

b mental models

o 4

“Abstractions”
simplifications

simulation
e compressed time
e |ook inside
e many and extreme
circumstances
e whatif ...

configuration and
version (ERP, PDM)
documentation
e static information
e prescribes,
describes system

digital twin
as simulation
using actual data
real-time control
health monitoring
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Systems of Sytems
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