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What is a System of Systems? 

 A set or arrangement of systems that results when 
independent and useful systems are integrated 
into a larger system that delivers unique 
capabilities    [DoD SoS SE Guide]  

 A SoS is an integration of a finite number of 
constituent systems which are independent and 
operatable, and which are networked together for 
a period of time to achieve a certain higher goal. 
[SEBoK  1.1]  

Why SE for Systems of Systems (SoS)? 

 SE is a critical enabler for systems development 
–  Provides discipline and structure for successful system realization 

 Most systems today are part of an SoS whether or not 
explicitly recognized 

  Increasingly, critical capabilities are dependent on SoS 
–  First recognized in military context 
–  Applies to both government and industry as well 

Transportation - the European rail network, integrated ground transportation, 
cargo transport, air traffic, highway management, and space systems, 
Energy - smart grid, smart houses, and integrated production/consumption,  
Health Care - regional facilities management, emergency services, and 
personal health management, 
Natural Resource Management - global environment, regional water 
resources, forestry, and recreational resources, 
Disaster Response - forest fires, floods, and terrorist attacks,  
Consumer Products - integrated entertainment and household product 
integration, and  
Media - film, radio, television.  

[From SEBoK 1.1] 
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Key SoS SE Challenges 

 SoS are overlays of existing systems 
– Many of today’s capabilities require systems now in operations to 

working together to meet emerging user needs 

 Ownership/Management is not clean 
–  Individual systems are owned and managed independently 

introducing constraints on SoS management and SE 

 Enterprise level challenges 
–  SoS themselves must integrate with other SoS and enterprise 

architectures 

 Traditional SE processes and tools must be adapted 
–  SoS characteristics require adaptation of traditional SE to be more 

flexible, agile 

| 6 | 

Differences Between Systems and SoS as 
They Apply to Systems Engineering 

[From SEBoK 1.1] 

Management & Oversight 

Engineering & Design 

Operational Focus (Goals) 

Implementation 

Operational 
Focus 
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 Directed -  The SoS is created and managed to fulfill specific purposes and 
the constituent systems are subordinated to the SoS. The component 
systems maintain an ability to operate independently; however, their normal 
operational mode is subordinated to the central managed purpose; 

 Acknowledged - The SoS has recognized objectives, a designated 
manager, and resources for the SoS; however, the constituent systems 
retain their independent ownership, objectives, funding, and development 
and sustainment approaches. Changes in the systems are based on 
cooperative agreements between the SoS and the system; 

 Collaborative - The component systems interact more or less voluntarily 
to fulfill agreed upon central purposes. The central players collectively decide 
how to provide or deny service, thereby providing some means of enforcing 
and maintaining standards;  

 Virtual  - The SoS lacks a central management authority and a centrally 
agreed upon purpose for the SoS. Large-scale behavior emerges—and may 
be desirable—but this type of SoS must rely on relatively invisible mechanisms 
to maintain it.  
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Types of SoS  

[From SEBoK 1.1] 

SoS ‘type’ affects requirements engineering 
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Requirements in US DoD SoS Guide 
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Assessment of SoS Capabilities Basis 
For Defining System Requirements 

Addressing new  
requirements  
& options 
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Addressing 
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options 
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Translating  
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objectives  

•  Translating SoS capability objectives  
•  SoS objectives based on broad capability objectives – 

‘purposeful’ 
•  SE team plays strong role in understanding capability 

objectives the SoS 

•  Assessing SoS performance 
•  Most SoS exist in some form when SoS is recognized 
•  First step is to assess how well capability objectives are 

being met 
•  Provides basis for identifying SoS ‘requirements 

space’ 

•  SoS requirements and solution options 
•  Requirements addressed to meet both SoS & system 

needs 
o  Constituent systems continue to evolve to meet user 

needs  
•  SoS and system SE teams identify and assess options 

to meet SoS needs 
•  Result is added requirements on systems 
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Requirements in INCOSE SoS Pain Points 

Requirements 
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Need for New Approaches for SoS 
Recognized 

 Growing interest and energy around application 
of systems engineering to SoS 

 SoS have key characteristics that pose challenges 
to traditional systems engineering approaches 

 Recognized need for new approaches to address 
SoS capabilities and resulting requirements on 
constituent systems 
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In Sum 


