
System-of-Systems as an Overarching Paradigm

Reggie Cole
Senior Fellow, Lockheed Martin

Rethinking how we engineer systems in a world where IoT, Agile 
and DevOps are disrupting the way we think about systems
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Systems engineering is a methodical approach for managing 
complexity and producing trusted systems

Systems engineering has become a bedrock of practices for 
developing some of the worlds most sophisticated systems
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A key element in the practice of systems engineering is defining the 
ŎƻƴǘŜȄǘ ŦƻǊ ǿƘŀǘΩǎ ƛƴǎƛŘŜ ǘƘŜ ǎȅǎǘŜƳ ƻŦ ƛƴǘŜǊŜǎǘ ŀƴŘ ǿƘŀǘΩǎ ƻǳǘǎƛŘŜ

Included in the System of Interest

Outside the System of Interest
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We recognize that the system of interest is often part of a larger 
system-of-systems τand we manage those interfaces accordingly
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The field of system-of-systems engineering emerged as a way 
to deal with the peculiar nature of systems-of-systems

As the systems-of-systems engineering field has evolved, we treated it 
like a specialty of systems engineering, a special case if you will
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I am starting to wonder if we 
ŘƻƴΩǘ ƘŀǾŜ ƛǘ ōŀŎƪǿŀǊŘǎΦ
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The system is nonlinear...

A nonlinear system analogy:

...but we can conveniently linearize it.
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A nonlinear system analogy:

...opportunities for linearization are limited

As our nonlinear system becomes time-compressed...
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What if ǘƘƛǎ ƛǎ ǿƘŀǘΩǎ ƘŀǇǇŜƴƛƴƎ 
to systems engineering?



The distinction between systems and systems-of-systems 
is not hard and fast τ it really is a continuum

Clearly a 
System

Clearly 
an SoSIncreasing System-of-Systems Characteristics

Added to this continuum are the disruptive factors of IoT, Agile and DevOps
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The extension of internet connectivity into physical and cyber devices is 
driving widespread and accelerating change into system environments.
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The real difference is velocity!

Days/Weeks Months/YearsVersus

Agile development is creating a system environment in which the velocity 
ƻŦ ǘƘŜ άƭŀǘƘŜǊ-rinse-ǊŜǇŜŀǘ ŎȅŎƭŜέ ǊŜǎǳƭǘǎ ƛƴ ƴŜŀǊƭȅ-continuous change

¢ƘŜǎŜ ŘƻƴΩǘ ƭƻƻƪ ǎƻ ŘƛŦŦŜǊŜƴǘΦΦΦ
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Adds Additional Velocity on Top of Agile Development

The velocity of the DevOps delivery model adds another level of velocity τ turbo-charging 
the agile development model τon top of an already chaotic system environment
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Key Disruptions in the Systems Engineering Environment

Increasing 
Technological 

Volatility

Increasing 
Operational 

Volatility
© 2019 Lockheed Martin Corporation. All Rights Reserved.



Explosion of 
IoT Devices & 
Connections

Continuous 
Changes to 

Systems

How is the system environment changing?

Increasing 
Operational 

Volatility

Increasing 
Technological 

Volatility

Hyperconnectivity

Operational Disruption

Technological Disruption

To say that everything is connected to everything is not 
too far from reality

The rate of technological change means that as soon as 
we establish a baseline, there is pressure to upgrade

Operational / business change is pushing system 
developers to adopt an agile development model

The Key Implications
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One More Big Change

Hyperconnectivity

Operational Disruption

Technological Disruption

Porous 
System 
Boundaries

To say that everything is connected to everything is not 
too far from reality

The rate of technological change means that as soon as 
we establish a baseline, there is pressure to upgrade

Operational / business change is pushing system 
developers to adopt an agile development model

Distinct boundaries between systems is starting 
to erode, creating porous system boundaries τ
that is leading to an erosion in system context

Collectively, 
these lead to a 
fourth big 
implication
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Destabilization of System Context

Destabilization of System Context Changes Everything!
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System of 
Interest

The Basic Anatomy of a Traditional System

System Context τA traditional system has a 
well-defined system context so we know what is 
inside the System of Interest and what is outside

Internal System Architecture τA traditional 
system has an internal system architecture, the 
structure and behavior of the system

External Interfaces τA traditional system has 
well-defined interfaces that are managed using 
some sort of interface agreement

System Evolution τWhether planned or 
unplanned, all systems evolve over time as the 
needs of system stakeholders change
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