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INCOSE Systems of Systems Working Group

Pain Points

SoS Authority
What are effective 

collaboration patterns 
in SoS?

Leadership
What are the roles and 

characteristics of effective 
SoS leaders?

Constituent 
Systems

What are effective approaches 
to integrating constituent 

systems? 

Autonomy, 
Interdependencies & 

Emergence

How can SE address 
the complexities of 

interdependencies and 
emergent behaviors?

Capabilities & 
Requirements

How can SE address SoS 
capabilities and 
requirements?

Testing, 
Validation & 

Learning

How can SE approach 
SoS validation, testing, 
and continuous learning 

in SoS? SoS  Principles

What are the key SoS thinking 
principles?
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Webinar recordings 
from 2012 to present 
on INCOSE CONNECT
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INCOSE Systems of Systems Working Group
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SoS WG Activities In Review
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SoS PatternsSoS MBSE SoS MBSE

Domain WG Collaboration

SoS support to Handbook, International Standards, SEBOK, Others
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Workshops SoS 
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10 Years of Progress
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SoS Working Group Activities in Review
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Systems of Systems and Complexity 

“emergence is noted as a common characteristic of SoS particularly in SoS composed of 
multiple large existing systems, based on the challenge (in time and resources) of 
subjecting all possible logical threads across the myriad functions, capabilities, and data of 
the systems in an SoS. 

…. there are risks associated with unexpected or unintended behavior resulting from 
combining systems that have individually complex behavior. These become serious in cases 
which safety, for example, is threatened through unintended interactions among the 
functions provided by multiple constituent systems in a SoS.” 

https://www.sebokwiki.org/wiki/Systems_of_Systems_(SoS)
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SoS Complexity

Sources of SoS Complexity

• Systems 

• Users/stakeholders

• Development 

• Operations

Pain Points

SoS Authority
What are effective 

collaboration patterns 
in SoS?

Leadership
What are the roles and 

characteristics of effective 
SoS leaders?

Constituent 
Systems

What are effective approaches 
to integrating constituent 

systems? 

Autonomy, 
Interdependencies & 

Emergence

How can SE address 
the complexities of 

interdependencies and 
emergent behaviors?

Capabilities & 
Requirements

How can SE address SoS 
capabilities and 
requirements?

Testing, 
Validation & 

Learning

How can SE approach 
SoS validation, testing, 
and continuous learning 

in SoS? SoS  Principles

What are the key SoS thinking 
principles?
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Technical Complexity Across Systems

Dynamics of asynchronous development

Diversity in system concept, design, control 
structures, data syntax, semantics…..

User/Stakeholder Complexity

Independent system owners and stakeholders 
with their own goals, objectives, motivations……

SoS Development Complexity Complex Operational Dynamics

Dynamics of independent operations

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=UfK2qRcLbcycnM&tbnid=WsMQt92JKKy-UM:&ved=0CAUQjRw&url=http://www.cs.colostate.edu/~cs455/&ei=uk1cUvyYC5PS9ASWoYHgDA&bvm=bv.53899372,d.eWU&psig=AFQjCNGjGbNUytYDFMhF3aowDd2x-fQRVw&ust=1381867294106317
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=VzvnoGHFi6Zb-M&tbnid=IWFqB5riEtbCUM:&ved=0CAUQjRw&url=http://prince2msp.com/2012/01/23/how-do-i-manage-a-distributed-team/&ei=fE5cUo65Do2-9gTdloEw&bvm=bv.53899372,d.eWU&psig=AFQjCNFj7IGqMfkc3nJboAgjLDRXiY8LNQ&ust=1381867428818358
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Addressing SoS Complexity

Address

UnderstandObserve

Recognize Where others see 

complexity, the person 

of action sees the thing 

that needs to be done. 

Michael Lipsey

Time to go beyond “observe”  -- admiring the problem
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Partnership with Complexity Working Group

Complexity WG offers foundational material to address SoS Complexity

1. Diversity

2. Connectivity

3. Interactivity

4. Adaptability

5. Multiscale

6. Multi-perspective

7. Behavior 

8. Dynamics 

9.    Representation 

10.  Evolution

11.  Emergence

12.  Disproportionate 
effects

13.  Indeterminate 
boundaries

14.  Contextual influences

1. Think like a gardener, not a watchmaker.
2. Combine courage with humility.
3. Take an adaptive stance.
4. Use free order.
5. Identify and use patterns.
6. Zoom in and zoom out.
7. See through new eyes.
8. Collaborate
9. Achieve Balance.
10. Learn from problems.
11. Mega-cognition.
12. Focus on desired regions of outcome space 

rather than specifying detailed outcomes.
13. Understand what motivates autonomous 

agents.
14. Maintain adaptive feedback loops.

Dimensions of Complexity Guiding Principles Candidate Approaches



10

INCOSE SoS & Complexity Project
Apply Complexity concepts to address Systems of Systems Complexity Challenges

Pain Points

SoS Authority
What are effective 

collaboration patterns 
in SoS?

Leadership
What are the roles and 

characteristics of effective 
SoS leaders?

Constituent 
Systems

What are effective approaches 
to integrating constituent 

systems? 

Autonomy, 
Interdependencies & 

Emergence

How can SE address 
the complexities of 

interdependencies and 
emergent behaviors?

Capabilities & 
Requirements

How can SE address SoS 
capabilities and 
requirements?

Testing, 
Validation & 

Learning

How can SE approach 
SoS validation, testing, 
and continuous learning 

in SoS? SoS  Principles

What are the key SoS thinking 
principles?
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Practical application of

• Complexity dimensions

• Guiding Principles for 
complexity thinking

• Candidate approaches 
to addressing 
complexity

Practical approaches to 

• identifying

• understanding

• addressing 

Systems of systems
complexity
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First step was to recognize and understand 
how complexity dimensions and principles 

apply to SoS and why

‘Recognize’ and ‘Understand’

How and why are SoS characterized by 
different dimensions of complexity?

Guiding Principles to Complexity 
Thinking Applied in Systems of Systems 
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How Do These Complexity Concepts 
Apply in Context of Selected SoS?

Smart Highways
Eric Honour

Defense Command and 
Control

Dan DeLaurentis & Ali Raz

Topic of workshops at INCOSE IW 2020 
and 2021 IEEE SoSE
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Operationalising our Knowledge of Complexity

Kurtz and Snowden’s 
Cynefin Domains (2003)

Flood and Jackson’s Total 
Systems Intervention (1991)

Taxonomy to Guide SoS Decision 
Making (DeLaurentis et al., 2011)Use these ideas to classify 

the class of SoS challenge 
and use this knowledge to 
direct practice

The latter is facilitated 
through the development 
of a discipline

Stephen Cook

SoSE 2021 Panel
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Next Steps


