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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

Systems of Systems Engineering

The process of planning, analyzing, organizing, and 
integrating the capabilities of a mix of existing and new 
systems into a system-of-systems capability that is 
greater than the sum of the capabilities of the 
constituent parts
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Maier SoS Characterization

• Maier (1998) postulated five key characteristics 
of SoS: 
• Operational independence of component systems 

• Managerial independence of component systems 

• Geographical distribution

• Evolutionary development processes

• Emergent behavior
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Differences Between Systems and SoS as 
They Apply to Systems Engineering

From SEBoK 1.1

Management & Oversight

Operational Focus (Goals)

Implementation

Engineering & Design

4



INCOSE SoS Working Group

• Formed in based on SoS 
workshop at IS 2011

• Responds to a growing 
recognition of the increasing 
inter-connectivity of systems 
and the role of systems 
engineering across complex 
systems of systems
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Charter:  To promote application of 
SE to SoS through
1. Understand and share what we 

mean by SoS in our various 
contexts

2. Develop guidance and advice

3. Inform and up-skill practitioners

4. Exert influence on BKCASE, 
Standards, SE Vision etc.

5. Develop the practice of SE for SoS

6. Work in partnership with other 
groups addressing aspects of SoS 
(e.g. INCOSE WGs, IEEE, NDIA)

7. Understand and apply insights from 
relevant research



SoS WG Activities

IS 2011

Denver

IS 2014

Las Vegas

IW 2012

Jacksonville

IS 2012
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IS 2013

Philadelphia

IW 2013

Los Angeles

IW 2014

Los Angeles

SoS
Workshop

SoS WG
Formed

SoS Pain Points

SoS Webinars

Research 
Review

Bibliography and Recommended References

Survey SoS Methods

Getting Starter Primer

Case Studies to Address Pain Points

Collaboration
Award

SoS support to Handbook, International Standards, SEBOK, Others



SoS Webinars

• Monthly online webinars

• Recorded and posted on 
SoS WG Connect Site

• 24 Webinars presented 
to date on a wide range 
of SoS topics

• Very well received
• Up to 100 participants in 

webinars 

• Contact: 
• Eric Honour

<ehonour@hcode.com>



SoS Bibliography and 
Recommended References

• SoS Reference Resource on SoS 
Connect Site
• Currently includes over 200 references

• Next step is to catalog and cross 
reference materials

• Recommended References
• In 2012, conducted survey of SoS WG 

members requesting recommendations 
of good introductory SoS materials

Recommendations

• 100 total recommended Items

• 2 items recommended by 9 
respondents

• 1 items recommended by 7 
respondents

• 1 items recommended by 4 
respondents

• 3 items recommended by 3 
respondents

• 4 items recommended by 2 
respondents

• 53 items recommended by 1 
respondent
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Most 
recommendations 
were made by a 
single respondent 
(53/101)

Three recommendations 
were made by seven or 
more respondents (23/101)

Top Three Recommendations

• Maier, Mark W. 1998. “Architecting Principles for System-
of-systems.” Systems Engineering 1 (4): 267–284.            
[9 recommendations]

• Office of the Under Secretary of Defense (Acquisition, 
Technology and Logistics) Systems Engineering Guide for 
Systems of Systems                                                        
[9 recommendations]

• Jamshidi, M. (Ed.) System of Systems Engineering: 
Principles for the 21st Century Wiley, 2009                        
[7 recommendations]

• Lead: Kelly Griendling
<kelly.griendling@asdl.gatech.edu>



SoS 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?



SoS Case Studies to Explore 
Pain Points

• In-depth case studies as a way to gain 
insight into options for addressing the 
Pain Points

• Five cases as part of initial review
• A single Traffic Management Systems 

(TMS) the interurban network
• A National SoS, the Netherlands road 

network including multiple Traffic 
Management Systems (TMSs)

• Digitally Aided Close Air Support 
(DACAS)

• Emergency Management System
• Wireless Consumer Care and Billing 

(CCB)

• Initial review underway
• Contacts

Claire Ingram<claire.ingram@newcastle.ac.uk>
Judith Dahmann <jdahmann@mitre.org>

Pain Point

How Did this 

Apply to Your 

SoS?

How was the 

challenge 

addressed

What 

worked?

What did not 

work?  Comments?

Authorities

Leadership

Capabilities and 

Requirements

Constiuent 

Systems

Testing Learning 

&Validation

Autonomy, 

Interdependencies, 

Emergence

SoS Principle

Detailed Case Framework

Pain 
Point 
Profiles



SoS Research

• Many of the challenges facing 
SoS are the topic of ongoing 
research

• European Union – US Research 
agenda “Trans-Atlantic Research 
and Education Agenda on 
Systems of Systems” (T-Area-
SoS) research thrusts align with 
the SoS Pain Points

• SoS WG sponsored an “SoS 
Research Review” at IS 2012
• Presentations are on the SoS WG 

Connect Site

• SoS Webinars regular feature 
presentation on SoS research 
initiatives and results



SoS Organizational Survey on SoS SE 
Approach and Tools

• Conducted at request of INCOSE 
Corporate Advisory Board 
• Delivered July 2014

• Objective: Understand current methods 
and  tools for application of SE to SoS

• Survey was sent to the INCOSE CAB, 
INCOSE SoS WG, and NDIA SoS 
Committee
• 56 responding organizations
• Most (79%) report extensive experience (5+yrs)

• 70% in Defense, 30% Non-Defense
• Varied engagement with SoS

# %

Architecture Tools 24 32%

Requirements Mgt Tools 15 27%

Spreadsheets 11 20%

Models 11 20%

Modeling Tools 17 30%

MBSE 14 25%

# %

SE Approaches to SoS 25 45%

Culture/Governance 11 20%

Tools  and Techniques 23 41%

Approaches

Tools

Gaps

# %

SoSE application at SoS Level 20 36%

11 20%

Developing SoSE Aapproaches 4 7%

Research or teach SoSE 5 9%

7 13%

9 16%

Total 56

SoSE application at System Level

New to SoSE

No response

Engagement



SoS Primer

• Request from INCOSE Corporate 
Advisory Board (CAB)

• Advice on how to get started with 
SoS SE

• Team has formed and a draft is 
in progress

• Biggest challenge has been in 
the scope; raised a number of 
new issues

• Contact

• Michael Henshaw 
<M.J.d.Henshaw@lboro.ac.uk>



SoS Support to INCOSE Handbook, 
International Standards, SEBOK

• Provide leadership across 
the SE community on SoS 
guidance and standards

• INCOSE Handbook Updates

• 15288 SoS Annex on SoS 
Life Cycle

• SEBOK SoS Knowledge 
Area

• Input to other SoS guidance



SoS WG Input 
Recommended Practices: SoS Considerations 
for Engineering of Systems

Exploratory 
Stage

Conceptual 
Stage

Development
Stage

Production
Stage

Utilization Stage

Support Stage

Initial 
Review

Alternatives 
Review

Requirements
Review

Design
Review

Test 
Readiness 

Review Physical
Configuration 

Review

In-Service
Review(s)

ISO 15288 provides common 
framework for key review points

SoS Considerations in the 
Engineering of Systems

• State of Program at this Review Point

• Information Available at this Point 

• System Issues at this Review Point 

• SoS Issues Impacting the System

• Questions

• Benefits

• Risks

• Evidence/Metrics

• Potential Actions/Mitigations

• SoS Supporting Technical Base

• Product of International SoS 
Work Stream of The Technical 
Cooperation Program’s panel 
on SE for Modernization

• Defense R&D with US, UK, 
Canada Australia participants

• INCOSE SoS WG provided 
valuable input on drafts during 
development

Recommended 
Practices 

Provide material for 
Nations to augment 

or evolve their 
current National 

practices to 
address SoS issues



Upcoming: SoS and MBSE

• Model Based Systems Engineering 
(MBSE) Workshop at 2015 INCOSE 
International Workshop

• January 24-25, 2015 in Torrance, 
California

• MBSE and SoS Track

• Introduction on “Why 
MBSE for SoS?”

• COMPASS Project 
MBSE Approach

• Presentation and 
demonstration

• DANSE Project MBSE 
Approach

• Presentation and 
demonstration

• Panel and group 
discussion



For more information

Alan Harding (co-chair)

Judith Dahmann (co-chair)

INCOSE Connect address:
https://connect.incose.org/tb/soswg/

INCOSE Web page:
http://www.incose.org/practice/techactivities/wg/details.

aspx?id=sos

https://connect.incose.org/tb/soswg/
http://www.incose.org/practice/techactivities/wg/details.aspx?id=sos

