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• Define a System of Systems
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• Cost Estimation of  UBR 

• Summary , Conclusion and References
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Defining a System of Systems
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Defining System of Systems

• Very large system using a framework or architecture to integrate constituent 
systems

• Exhibits emergent behavior not otherwise achievable by constituent systems

• SoS constituent systems:
– Independently developed and managed 

– New or existing systems in various stages 

– May include multiple COTS products 

– Have their own purpose 

– Can dynamically come and go from SoS

• Typical Domains
– Business: Enterprise-wide and cross-enterprise integrations

– Military/Crisis Response: Dynamic communications infrastructure 

Based on Mark Maier’s SoS definition [Maier, 1998]

4
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Defining “System of Systems”

• Many definitions of the term “System of Systems” exist: 

Department of Defense, Joint Capabilities Integration and Development 

System, CJCSI 3170.01E, May 11, 2005.

A set or arrangement of interdependent systems that are 
related or connected to provide a given capability. 

The loss of any part of the system will significantly degrade 
the performance or capabilities of the whole. 

The development of a SoS solution will involve trade space 
between the systems as well as within an individual system 
performance.
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A hypothetical System of System Scenario
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Scenario: Unmanned Battlefield Reconnaissance (UBR)

The three main Constituent Systems identified for UBR are::

Unmanned Ground Vehicle System Unmanned Areal Vehicle System Ground Control Station System
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Unmanned Battlefield Reconnaissance (UBR)
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Ground Control 

Station System

Unmanned Areal Vehicle System

Unmanned Ground Vehicle System

BOM
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Problem Definition of SoS Life Cycle Cost Estimation
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Problem:

• Q: If Life Cycle Cost (LCC) of UAV System is  $Xuav

(i.e. to develop, produce and maintain) , LCC of UGV 

System is $Xugv and LCC of GCS System is $Xgcs , 

what will be the LCC  of  UBR?

• A: It depends
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LCC of UBR depends upon: 

• Lots of things, some examples include:

– Development , production and O&S of Integration cost 
between systems 

– Organizational and programmatic relationships 
between the constituent systems

– Operational environment, including usage patterns

– Program management of SoS through its life cycle 
phases

– SoS-specific characteristics (e.g., emergent behavior)

Hence: Xuav + Xugv + Xgcs = XSoS Doesn’t hold true
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UBR Estimation Workflow & Persona
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UBR Estimation workflow

• DoD needs to deploy 150 UBR over three years starting from 
year 2015

• The development and production of UBR needs to be 
completed by no later than 2013 

• DoD intends to maintain the deployed UBR for next 10 years

DoD now wants to set the budget aside hence needs an 
estimate for life cycle cost of UBR

13
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DoD Program Manager for UBR
• A Program Manager at DoD has been tasked to provide life cycle 

estimate for UBR.

– PM Invites contractors to submit estimates on constituent 
systems of UBR

– PM Mandates that estimates be submitted in three different 
phases:

• Development 

• Production 

• O&S 

– PM Validates , Consolidates and Submits the estimates to 
program office 

14
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Estimators at Contractors

• Estimators at each contractor are tasked to prepare 
winning bids 
– Estimators analyze the requirements document from DoD

PM

– Estimators prepare the estimates

– Estimators submit the estimates to DoD PM

15
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UBR Personas

• DoD Program Manager

• Estimators at contractors:
– A (UAV Estimate), 

– B (UGV Estimate ) and 

– C (GCS Estimate)

• Estimator at contractor D (Prime contractor a.k.a. 
the Lead Systems Integrator (LSI) estimates the 
SoS integration cost)

16
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Cost Characteristics of the Constituent Systems
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SoS Cost Contributors

The cost of a system of systems can be classified as 
cost of each of the following 

• R&D, 
• Production/fabrication, 
• Operations, 
• Maintenance and finally 
• Retirement.

This is very similar to the life cycle cost of a system. 
However, internally each of these items has in it an 
added cost when operating as part of system of 
systems rather than an individual system.

18
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R&D Cost
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• The added cost in R&D stage comes from extra effort 
spent in designing an interface for each of the 
systems to communicate and collaborate with others

• Also effort needs to be made to make each system 
as generalized as possible so that it remains 
compatible with other systems over a long period of 
time. 

• The extra challenge comes from the fact that the 
innovations and changes in the technology of each of 
the systems are not synchronized.
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Fabrication/Production Cost

• In fabrication stage the added cost comes from synchronizing 
the fabrication of each of the systems this makes production and  
scheduling more expensive. 

• Added to this is the challenge of controlling the schedule of 
systems which might be manufactured in various locations 
across the globe. 

20
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Re-design and Re-fabrication

• Most of the times existing systems are chosen to form the 
components of a system of systems. In that case redesign 
efforts of an existing system might be needed to make it 
compatible with other systems.

• The same applies to fabrication. Modifications might have to be 
made for compatibility purpose.

21
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Grouping Cost

• Since system of systems is very large by nature consisting of 
hundreds or thousands of lower level components. Sometimes it 
might be economical to redesign the parts in the initial stages so 
that similar parts can be grouped to facilitate manufacturing and 
cost reduction during repair and maintenance.

22
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Operation Cost

• The difference between the cost of operation in systems 
and system of systems is that system of systems the cost 
is a function of time and location of the component 
systems. 

23
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Maintenance & Repair

• In an individual system the cost of down time is a function of 
productivity of that system but in system of systems cost of 
down time should take into account the cost down-time of all the 
constitutive systems in that system of system. 

• This again depends on the dependence of the system of 
systems on the system which is under repair or maintenance.

24
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Retirement & Reuse

• In a SoS since the constituent systems can also be used as 
stand alone systems, the retirement of the SoS does not 
necessarily mean complete disposal of the systems. They can 
be salvaged.

• The disassembly of the constituent systems from SoS is not as 
costly as disassembly of a system.

25
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Unmanned Ground Control Station SystemPresented at the 2010 ISPA/SCEA Joint Annual Conference and Training Workshop - www.iceaaonline.com
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Constituent Systems cost by phase
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Xuav

Xugv

Xgcs
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System of Systems life cycle cost

30

Xuav Xugv XgcsXSoS = + + 

And what about “It depends” ? 
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Cost Estimation of SoS
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Cost Components of UBR

32

Cost of SoS Program Management 

and Requirements

Cost for interlinking and interfacing 

multiple constituent systems

Fraction or whole of constituent 

system cost
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Cont.. Cost component of UBR
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Cost for development, 

production and 

maintenance of 

Integration equipment
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Estimating Cost of Program Management and  Requirements

34

• Consider all major cost drivers: 

– How many SoS related requirements?

– How many unique interface protocol?

– What level of service will be required?

– How much process maturity and capability Lead System
Integrator (LSI) has?

Consider risk assessment  on each of these cost drivers by 

applying risk methodology such as triangular risk
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Example of SoS requirements cost driver
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Estimating Cost of Interfacing and 
Interlinking constituent systems
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• Consider all major cost drivers: 

– How mature is SoS architecture? 

– How mature and stable are constituent systems?

– How many unique interface protocol?

– Are the constituent systems ready for development, production or 
deployment?

– What are the life cycle cost estimates of constituent systems? 

– Are there specific maintenance concepts for constituent system?

Consider risk assessment  on each of these cost drivers 

by applying risk methodology such as triangular risk
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Example of SoS Architecture cost driver
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Cost consideration for estimating O&S 
cost of SoS
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• UNIT-LEVEL MANPOWER
• UNIT OPERATION
• MAINTENANCE
• SUSTAINING SUPPORT
• CONTINUING SYSTEM IMPROVEMENTS
• INDIRECT SUPPORT
• DEMILITARIZATION AND DISPOSAL 
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Estimating maintenance cost of SoS

39

For each constituent system: 

• Deployment Period 
• Maintenance concepts
• Operational Hours
• MTBF 

For the SoS: 
• Roll-up of each constituent system
• SoS mission objectives  

Consider risk assessment  on each of these cost drivers 

by applying risk methodology such as triangular risk
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UBR’s life cycle cost estimate
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XSoS

Xuav Xugv Xgcs
XSoS + + > Or <
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5% Risk report of UBR
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80% Confidence Level
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Defending SoS Estimates

• Credibility is important factor in defending

– Do cross checks, if possible use multiple estimation 
methodology

– Assemble backup documentation and be ready to  refer to 
them 

– Conduct peer reviews before presenting to board

– Be thorough by questioning everything

– Validate your cost models 

– Explain basis of assumptions and scope of estimate

– Know your SoS

42
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Summary , Conclusion and References
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Major cost drivers of SoS
• Interconnectivity between UAV, UGV and GCS

• Effects of technological or requirements changes for UAV, UGV 
and GCS while SoS is deployed in field

• Size and complexity of UBR

• Cost of constituent systems UAV, UGV and GCS

44
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SoS Estimation Consideration 

• Time phased deployment of UAV, UGV and GCS systems

• Be ready you will need to re-estimate and “quickly”

• You will need to stay engaged through out SoS mission:  
Estimation in SoS scenario is just NOT an upfront  one time 
activity 

• DoD 5000-02 requires evolutionary development of material 
solution: your estimates will need to be incremental , chances 
are you will be contacted post MS-C for next increment

Ratio of Program Management cost to total cost of 
UBR is 6%

Ratio of integration cost to total cost of UBR is 5%
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