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Topics

Definitions
Characteristics
 SoS Types
Comparing Systems with SoS
 Implications for Systems Engineering
 SoS ‘Lifecycle’
Challenges: “SoS Pain Points”
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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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Definitions

Source Definition

SE Body of 
Knowledge

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. 
(Jamshidi 2009)

INCOSE SE 
Handbook

[A] system-of-interest whose elements are managerially and/or 
operationally independent systems. These interoperating and/or 
integrated collections of systems produce results unachievable by 
the individual systems alone.

ISO/IEC/
IEEE 15288: 
2015

A system of systems (SoS) is a system-of-interest (SOI) whose 
elements are themselves systems. A SoS brings together a set of 
systems for a task that none of the systems can accomplish on its 
own. Each constituent system keeps its own management, goals, 
and resources while coordinating within the SoS and adapting to 
meet SoS goals. 

US DoD SoS 
SE Guide

A set or arrangement of systems that results when independent and 
useful systems are integrated into a larger system that delivers 
unique capabilities.
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Investigations Into SoS SE for Defense & 
Beyond
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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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Scale and Scope of SoS

Technical ----- Socio -Technical ----- Enterprise
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Mission 
SoS

Platform 
SoS IT-Based 

SoS

Missions
Sets of systems working 

together to provide a broader 
capability or mission

A military platform (e.g. 
ship, aircraft, satellite, 
ground vehicle) 
equipped with 
independent systems 
(e.g. sensor, weapons, 
communications) 
needed to meet platform 
objectives

Networked information 
systems to support 
operations within or 
across  platforms or 
systems to meet  
mission or capability 
objectives

Information 
Technology 

Platforms

3

AOC Weapon System Process

Combat
Assessment

Force
Execution

Weaponeering/
Allocation

Target
Development

Joint Air 
Tasking Order 
Development

Joint Force Commander/ 
Component Coordination

Recommendations

Results

Air Tasking Order (ATO) / 
Special Instructions 

Master Air Attack Plan

Target List

Guidance

Military Satellite Communications

Tactical Vehicle
Operations Center

SoS Domains in Defense



| 10 |

© 2016 The MITRE Corporation. All rights reserved.  For internal MITRE use

SoS Types

 Many SoS exist but are not recognized and develop and evolve without benefit of SE
 Types apply when the SoS is recognized and treated as an SoS
 In reality, most actual SoS are a combination of these types

https://acc.dau.mil/dag4
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Differences Between Systems and SoS as 
They Apply to SE

Management & Oversight

Operational Focus (Goals)

Implementation

Engineering & Design

From SEBoK 1.1
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A View of the SoSE Lifecycle

Technical ----- Socio -Technical ----- Enterprise

Environment

Iterative Evolutionary Approach to Evolving an SoS
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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?

Challenges and Opportunities
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SoSE Measurement Workshop

Steps    
in SoS 
Lifecycle

• Questions
• Indicators
• Measures

What Questions, Indicators, and Measures apply at 
each step in the SoSE Lifecycle?


