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2016 PSM Workshop on SoS Measurement

February, 2016 PSM User’s Group in Arlington, Virginia
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Topics

 Background and motivation
 Systems of Systems

– Systems of Systems Engineering SoSE defined
– An Implementers View of SoSE
Workshop description
Questions driving measurement at each step of SoSE 

implementation
Results of workshop
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SoS Background and Motivation

 Growth in Systems of Systems (SoS)
– SoS are prevalent in military and non-military domains in today’s 

networked environment
– Most military capabilities depend on multiple systems working together 

effectively to meet user mission needs
– However, current defense acquisition is based on the development and 

engineering of individual systems, often without a  clear understanding of 
the SoS context(s) in which systems will be deployed

 Need for SoS engineering is recognized 
– Increased attention is being paid to application of SE across the SoS 

supporting missions
– SoS pose challenges for current SE practice resulting in development of 

approaches to SoSE

To date, there has been little attention to SoS measurement
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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

Maier (1998) 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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yp
• Directed

• SoS objectives, management, funding and 
authority; systems are subordinated to SoS

• Acknowledged
• SoS objectives, management, funding and 

authority; however systems retain their own 
management, funding and authority in parallel with 
the SoS

• Collaborative
• No top down objectives, management, authority, 

responsibility, or funding at the SoS level; 
Systems voluntarily work together to address 
shared or common interest

• Virtual
• Like collaborative, but systems don’t know about 

each other

 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

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

SoS Types

Maier SoS Characterization Scale and Scope of SoS

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

SoS Domain
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Investigations Into SoS SE for Defense & 
Beyond
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SoSE Wave Model – Implementer’s View

An evolutionary systems 
engineering approach to 
evolving complex systems 
and systems of systems

 Recognizes need for disciplined iterations to 
systematically address impacts of inevitable change
– Backbone of ongoing analysis
– Architecture evolution
– Overlapping iterations 
– Forward movement with feedback

Provides a framework for addressing SoS measurement
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Practical Systems and Software 
Measurement Workshop Context

Join with the system measurement community to address 
SoS measurement
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Workshop Format and Intended Output

First step is to understand unique SoS measurement issues
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Information Category-Measurable Concept-
Prospective Measures (ICM) Table

 PSSM product
 Provide set of 

reusable
measures
 Currently 

focused on 
project 
measurement

Information 
Category

Measurable 
Concepts

Notes

Questions

Indicators

Measures

Notes

Can the current ICM be applied or adapted to SoS
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SoS Workshop Approach
Address Core Elements of ICM for SoS

 Start with SoS 
questions addressed 
at each step in SoSE 
using the SoS wave 
model framework
 Identify common 

indicators and 
measures for 
questions
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Workshop Results

 For new SoS 
measurement 
considerations
– Identified core 

questions
– Discussion focused 

on measurable 
concepts and 
information 
categories

– Indicators and 
measures may not 
be reusable but more 
specific to the SoS
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SoS Wave Model Steps

 Initiate SoS:  
Provides foundational information 
to initiate the SoS

 Conduct/Continue SoS Analysis:  
Provides analysis of the ‘as is’ 
SoS and basis for its evolution

 Develop/Evolve SoS Architecture: 
Develops/evolves the persistent 
technical framework for SoS evolution 
and a migration plan identifying risks 
and mitigations

 Plan SoS Update:  
Evaluates SoS priorities, backlog of 
SoS changes, and options to define 
plans for the next SoS upgrade cycle

 Implement SoS Update: 
Oversees system implementations and 
plans/conducts SoS level testing, 
resulting in a new SoS product 
baseline

 Continue SoS Analysis:  
Ongoing SoS analysis revisits the state of 
and plans for the SoS as the basis for SoS 
evolution

Iteration & 
feedback 
among steps

External Environment
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Workshop Results - 1st Step 
Developing SoS Measurement Approach

Area Measurement Concept Questions
What are top-level objectives for the SoS?

Is the SoS achieving the user capability objectives? 

How do stress conditions impact SoS effectiveness?

How does SoS performance impact SoS effectiveness?

What are gaps between expected and observed SoS effectiveness?

What are root causes of gaps?

How alternative architectures compare in terms of SoS effectiveness?

TBD

Is the SoS performing as expected?

How do stress conditions impact SoS performance?

How does the systems' performance impact SoS performance?

TBD

Do the systems maintain system level effectiveness when part of the SoS?

Which systems have largest impact SoS effectiveness?

TBD

How are the systems performing in the SoS context?  

How do the systems contribute to the SoS?

TBD

EffectivenessSoS 

Effectiveness

Perfomance

System

Performance

 On technical management measures - many ICM 
elements apply directly to SoS management
 On technical measures - integrating across wave model 

steps, extract questions and driving measurement 
concepts for systems and SoS

Provides an analysis of the 
“as is” SoS, including
• Describe current SoS 

• CONOPS
• Systems
• System relationships

• Assess performance 
against objectives 
• Expected performance
• Actual (measured) 

performance
• Fault isolation

• Source of gaps

Technical analysis of 
changes or alternatives  to 
the current architecture to 
improve SoS effectiveness 
or performance
• New, added, different or 

updated systems in 
current archietcture

• New architecture with 
new ways to organize 
and employ systems 

Produces recommendations 
for changes

Plan SoS Update 
• Evaluate SoS priorities, 

options and backlogs
• Define the plan for the 

next SoS upgrade cycle.  

Implement SoS Update 
Systems 
• Implement and test 

changes systems
• SoS SE team leads SoS 

integration and test
SoS SE 
• Monitors system  

implementation 
• Conducts SoS testing
• Addresses unanticipated 

factors encountered 

SoS Analysis

SoS Architecture



| 17 |

© 2014 The MITRE Corporation. All rights reserved.  For internal MITRE use

 At each step (I – IV)
– What are the questions to be 

addressed?
– What measures would you need?
 Technical?  Technical management?
 At SoS level?  At the system level?

– What are the measurement
challenges?
 For technical and technical 

management

 Start with acknowledged SoS
– Assess what is different for other 

types

I.    II.     III.     IV.  

2017 Workshop – Next Step
Measurement at Each Step the Wave Model
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Questions
SoS

Technical
Tech Managemet

System
Technical 

Tech Management
Challenges

Questions
SoS

Technical
Tech Managemet

System
Technical 

Tech Management
Challenges

Questions
SoS

Technical
Tech Managemet

System
Technical 

Tech Management
Challenges

Questions
SoS

Technical
Tech Managemet

System
Technical 

Tech Management
Challenges

Evolve SoS Architecture

Plan Update

Orchestrate Update

Conduct SoS Analysis

Structure 
for 
Results
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Join Us for Workshop #1

Systems of Systems (SoS) Engineering 
Measurement Through the SoS Life Cycle

Tuesday June 13
1:30 – 5:00


