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The ‘good old days’ of SE
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Traditional SE
TOO LATE!

TOO  LONG!
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Inspired by Jan Bosch



V&V, early and often
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Subtle

Not very subtle
https://www.youtube.com/watch?v=LJevke4_i5Y

https://www.youtube.com/watch?v=LJevke4_i5Y


Speed in development rate 
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Electronics: 1-5 years

Software: days-months

Self-Adaptive: µs to seconds

More and more demanding 
passengers and stakeholders

Strongly growing density of 
trains/hour on a track

Constrained by legacy systems 
in a brownfield environment

Inspired by Dinesh VermaNetworks: 15-50+ years

Infrastructure: 10-25+ years

Rolling Stock: 5 -15+ years



The changing environment for SE
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Growing 
Levels 

of System 
Complexity
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Classical Systems 
Engineering has this 
heritage.  Much of the 
SE toolkit in use 
today has roots in 
such systems, and is 
best applicable to 
such systems
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Growth of complexity
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Types of systems
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Cynefin Framework (source: Kurtz & Snowden)
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Complexity; Systems with a 
non-deterministic nature
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• Autonomous vehicles
o Liability issues

o Comply with the regulations; 
Adaptive behaviour of other 
users

o Ethical issues; Decision making by 
the car to minimize number of 
casualties



Growing the SE workforce

The future generation of Systems Engineers
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System Thinking; fundamental for 
(systems) engineers
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• Every student -from an early 
as possible age- should 
have understanding of the 
concepts of systems 
thinking

• Why not start before  K12 to 
encourage system thinking



Looking Forward

2019 and Beyond
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A storm is coming…
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Systems Engineering of the Future
Systems of Systems Challenges

 

 

CPS PWG Draft Framework for Cyber-Physical Systems, Release 1.0  45 

 

states of the physical entities or environment to bring about physical effects desirable by 
humans. Figure 14 illustrates the functional composition of CPS as a SoS. 

 
Figure 14: A CPS View: Systems of Systems 

At an abstract level, CPS may be deployed to enable and control:  

x the flow of energies (e.g., electric grid) 
x the flow of materials (e.g., oil pipeline and freight transportation) 
x the transformation from materials to objects to goods (e.g., mining, fabrication, 

chemical refinery and production, manufacturing, farming, generic engineering) 
x the movement of objects (e.g., autonomous vehicle, robots, traffic control) 
x the flow of signals (e.g., air traffic control) 
x the conversion of energies, material, and signals 

While some CPS may operate in isolation, many others may be required to operate in concert 
to produce the desired physical effects at large scale. To enable concerted action, the CPS are 
connected into clusters of systems. The CPS in such clusters communicate with each other in 
the cyber space. They may also interact in the physical space. Some of the connectivity may be 
statically configured while others may be dynamically established.  

To orchestrate the operations of the CPS at a global level for a given use case, the clusters of 
CPS are increasingly brought online with broader systems, predominately the vast computation 
and communication infrastructure and business processes that have been established in the 
past decades, forming systems of CPS. This is a defining concept that directly influences the 
consideration of the scope and structure of this functional decomposition. 

NIST 2016 

Deterministic
Linear
Predictable

Non-deterministic
Evolutionary
Stochastic

Cyber-physical, complex adaptive, socio-technical systems:
Flows & conversions of energy, materials, signals/information
Transforming materials à objects à goods & services
Moving from programmed automation to autonomous systems
Applying deep learning and artificial intelligence

?f df Evolving application of systems engineering that 
enables us to leverage the new technologies that 
drive us fully into a dynamic, nondeterministic, and 
evolutionary environment 

Copyright 2014 International Council on Systems Engineering 

Creative Common Licenses
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The Future Systems Engineering
A Systems World Perspective of Context

Environments

• Ecosystems– Natural & 
Artificial/Manmade

• Economical Environment
• Political Environment
• Health Environment Technological 

Advances

• Artificial Intelligence (AI)
• Autonomy

• Big Data
• Internet of Things (IoT) / Smart 

Things
• Smart X (eg Smart Cities)

• Cloud Computing
• Ubiquitous Access to 

Information

• Power/Energy
• Augmented Virtual Reality
• Simulation/Stimulation

• Sustainment/Elegant Systems
• 3D Printing
• Cyber-Physical Systems
• Ability to find Unique (Old) via 

eBay, Amazon, etc

Domains

• Defense
• Space

• Healthcare
• Games – serious games
• Transportation
• Communications

• Information
• Consumer Electronics
• Public Policy

• Biomedical
• Housing

System Science & 
SE Foundations

• Processes, Methods & 
Guidelines

• Models & Tools
• Standards
• Tailoring  Guidance
• System Research & Theories

System Science &
SE Foundations

Technological
Advances

Environments

Domains
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Systems Engineering of the Future
A New Collaborative Initiative

• Imperative to address current and future systems challenges –
“Adapt or be irrelevant”

• Intended Outcome – Evolving systems engineering that enables us 
to leverage the new technologies that drive us fully into a dynamic, 
nondeterministic, and evolutionary environment 

• Draft Framework:
o Define problem statement
o Define the challenges that are driving change
o Identify impacts to systems engineering
o Establish roadmaps matching systems

engineering capabilities to match the challenges
o Initiate actions, projects, research, benchmarking,

training/education, and communications – short term,
mid-term, and long-term

ISSS
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