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Introduction and Definitions

The Department of Defense has migrated from a platform based acquisition 
strategy to a capabilities based acquisition strategy

In The Army’s Future Combat Systems’ Features, Risks and Alternatives, the 
GAO states….

“…14 major weapons systems or platforms have to be designed and integrated 
simultaneously and within strict size and weight limitations in less time than is typically 
taken to develop, demonstrate and field a single system.  At least 53 technologies that 
are considered critical to achieving critical performance capabilities will need to be 
matured and integrated into the system of systems.  And the development, demonstration 
and production of as many as 157 complementary systems will need to be synchronized 
with FCS content and schedule.”

In order to deliver such capabilities, suppliers need to change the way they do 
business
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Why is this important?

Many of you are already facing SoS Challenges, or wi ll be soon

US/UK/AUS TRILATERAL SOFTWARE INTENSIVE SYSTEMS ACQ UISITION 
IMPROVEMENT GROUP met in November Pittsburgh, PA to discuss the state of 
software acquisitions

One common agreement : SoS acquisitions and costing are dominate issues for 
all member countries especially in moving towards net centric warfare across joint 
and allied forces.  Serious work addressing SoS characterization and cost 
modeling is just beginning.   Participants agreed that the 2006 meeting just began 
to scratch the surface with much more to be accomplished. 
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What is a System of Systems

According to Mair [1996] a System of Systems must have most, if not all, of the 
following characteristics

Operational independence of component systems
Managerial independence of component systems
Emergent behavior
Evolutionary development process

Starting from this definition – we expand to explicitly state that there is network 
centric focus that enables these independent systems to communicate effectively 
and efficiently

Another important factor in Systems of Systems is the human component – in 
addition to hardware and software there are also people involved in these 
complex systems (adding an additional level of complexity and uncertainty)
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Why do we need System of System’s Capability ?

Today – there are many platforms 
deployed throughout the battlefield with 
limited means of communication

No consistent means for Army to talk 
with the Navy to talk with the Air Force

Time from detection to engagement is 
often unacceptable

Redundant capabilities 
ABCCCRivet Joint

U-2R/S

C-5, C-141

C-130

S-2, S-3

F-16

F-22

F-117

JSF

Commercial 
SATCOM

TIBS, TDDS
TADIXS-B

ACN

Link-16

UCAV

MC2A
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SoS example – WIN-T

Communication between platforms and 
across services

Time from detection to engagement 
acceptable

Opportunities are not missed

“The Cloud has been lifted from the 
battlefield”

The Win-T program is the Army’s 
communication system for reliable, secure, 

and seamless video, data, imagery, and 
voice services that enable decisive combat 

actions
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How Does SoS Differ from any System?

Acquisition Strategy Differences
Capability based rather than a specific platform
Many and diverse stakeholders

Multiple services / DARPA

Lead system integrator (LSI)
Multiple primes for component systems
Different motivations/priorities/values/business practices

More political

Software Differences
Network centric – communication protocols key
Requirements are emergent not pre-specified
Standards crucial – especially for software interfaces
Large dependency on Commercial Off the Shelf Software

Hardware Differences
Requirements are emergent not pre-specified
Varying ages and technologies of component systems
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Traditional System

Hardware

Infrastructure

Software

Initiation and Planning Project Management and Control
Quality Management Configuration Management
Vendor/Subcontractor Management Write Documentation

Requirements Definition and Analysis HW/HW Integration and Test
System Design SW/SW Integration and Test
Design Integration HW/SW Integration and Test

Verification and Validation
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Systems of Systems

Initiation and Planning Project Management and Control
Quality Management Configuration Management
Vendor/Subcontractor Management Write Documentation

Requirements Definition and Analysis HW/HW Integration and Test
System Design SW/SW Integration and Test
Design Integration HW/SW Integration and Test

Verification and Validation

Hardware Component

Information Technology Component

Software Component

Initiation and Planning Project Management and Control
Quality Management Configuration Management
Vendor/Subcontractor Management Write Documentation

Requirements Definition and Analysis HW/HW Integration and Test
System Design SW/SW Integration and Test
Design Integration HW/SW Integration and Test

Verification and Validation

Hardware Component

Information Technology Component

Software Component

Hardware Component

Information Technology Component

Software Component

Initiation and Planning Project Management and Control
Quality Management Configuration Management
Vendor/Subcontractor Management Write Documentation

Requirements Definition and Analysis HW/HW Integration and Test
System Design SW/SW Integration and Test
Design Integration HW/SW Integration and Test

Verification and Validation

Hardware Component

Information Technology Component

Software Component

Initiation and Planning Project Management and Control
Quality Management Configuration Management
Vendor/Subcontractor Management Write Documentation

Requirements Definition and Analysis HW/HW Integration and Test
System Design SW/SW Integration and Test
Design Integration HW/SW Integration and Test

Verification and Validation

Hardware Component

Information Technology Component

Software Component

Hardware Component

Information Technology Component

Software Component

Initiation and Planning Project Management and Control
Quality Management Configuration Management
Vendor/Subcontractor Management Write Documentation

Requirements Definition and Analysis HW/HW Integration and Test
System Design SW/SW Integration and Test
Design Integration HW/SW Integration and Test

Verification and Validation
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The Problem

What we know….
We know how to plan and manage the development and fielding of component systems.
We know that these component plans are not comprehensive enough to deliver the 
capability required of the System of Systems of interest.

What we need to know…
What additional activities need to be added to plan and manage a System of Systems 
project and what are the factors that drive effort for these activities?
How might existing activities be impacted by System of Systems activities and what are 
the factors that drive effort for these changes?
What other factors impact the success or failure of a System of Systems project and what 
best practices can be employed to mitigate risks?
What is the best way to “Size” a SoS project
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Related Research

The following lists some of the institutions currently researching cost and 
management issues associated with System of Systems 

University of Southern California Center for software Engineering – CoSOSIMO model
OSD PA&E CAIG (Cost Analysis Improvement Group) / Carnegie Mellon Software 
Engineering Institute
Defense Acquisition University
Cranfield University
Boeing
SAIC
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New Project Role

Lead System Integrators
A “Super” prime contractor responsible for fielding systems and 
managing other primes and sub-contractors, the LSI is 
responsible for fielding the System of Systems – the “Prime of 
Primes”
LSI Focus on

System of System Architecture
System of System Integration and Test
Modeling and Simulation
Risk Mitigation
Overall Program Management for System of Systems

LSI Roles
System Engineering
System Architects
System of System Level Project Management
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New and Expanded Project Activities

System of Systems Requirements Analysis

Define System of System Architecture

Identify Suppliers for Component Systems

System of System Integration and Test

System of System Project Management
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Focus on System Engineering

According to the Encyclopedia Britannica….

System engineering is a technique of using knowledge from various branches of engineering and 
science to introduce technological innovations into the planning and development stages of a 
system

Systems engineering is not so much a branch of engineering as it is a technique for applying 
knowledge from other branches of engineering and disciplines of science in an effective 
combination

Clearly the need for System Engineers increases when we start talking about 
Systems of Systems
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Focus on System Engineering

System Engineering role expands substantially with System of System projects

Involvement of System Engineering from cradle to grave is essential for success

System Engineers play key role in:
System of System Requirements Analysis and Definition
System Architecture and Interface Specifications
Modeling and Simulations
System of System Integration and Test
Technical Oversight of the Project
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Cost Implications of Systems of Systems

Traditional cost drivers are no longer adequate to predict System Engineering and 
Project Management Costs

New Size Drivers

New Complexity Factors
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Cost Implications of Systems of Systems

Sizing the Problem
Number of Unique Interface Protocols

Drives integration complexity

For a System, Integration and Test costs generally range from 5 to 40% of total 
development costs
Expect that to increase with Systems of Systems as number of interface protocols increase

Number of component Systems
Increases size of integration task in a non-linear fashion as more component to component 
integrations are necessary

Number and Complexity of SoS Requirements
Number of interdependencies
Capabilities based sizing 
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Cost Implications of Systems of Systems

Number of Operational Scenarios
For example, Cost Guard’s Integrated Deepwater System needs to include

React to a terrorist threat

Person lost at sea
Drug smuggling operation

Impact on System Engineering activities 10 to 50% depending on number and similarities 
of scenarios

Key Performance Parameters
System Engineering activities associated with SoS or double or triple as requirements for 
performance drive from available technologies to state of the art
Use of immature technologies on Joint Tactical Radio System (JTRS) Program was cited 
as one of the main reasons for a $458M increase in development costs
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Cost Implications of Systems of Systems

Number of Suppliers and Stakeholders
In a typical system complexities associated with people and communications can 
increase project management costs by as much as 60%
Could increase dramatically with more expansive SoS

Stability and Readiness of components
Immature components impact overall cost and schedule since they can delay delivery of 
even the mature components
Warfighter Information Tactical (WIN-T) program was originally planned to deliver 
technologies not expect to mature until after production started

Off the Shelf Capability
Overall cost decrease by using available and mature technologies
Increase in System Engineering activities associated with requirements, design, 
procurement and I&T
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A simple example

Mock-up of the "portable phone of 
the future", from a mid-60s Bell 
System advertisement, shows a 
device not too different from 
today's mobile telephones. 

Dr. Martin Cooper of Motorola, with the 
DynaTAC 8000X, first unveiled in 1983. Dr. 
Cooper made the first analogue mobile phone call 
on a larger prototype model in 1973.
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System of Systems – mobile telephones

System Systems

of
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The principles of the technology

http://www.sri.com/policy/csted/reports/sandt/techin2/chp4.html

As one observer notes, "Cellular radio is not so much a new technology as a new 
idea for organizing existing technology on a larger scale" (Calhoun, 1988: 39). 
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System of Systems – mobile telephones

System Systems

of

Hardware Component

Information Technology Component

Software Component

Initiation and Planning Project Management and Control
Quality Management Configuration Management
Vendor/Subcontractor Management Write Documentation

Requirements Definition and Analysis HW/HW Integration and Test
System Design SW/SW Integration and Test
Design Integration HW/SW Integration and Test

Verification and Validation

Hardware Component

Information Technology Component

Software Component

Hardware Component

Information Technology Component

Software Component

Initiation and Planning Project Management and Control
Quality Management Configuration Management
Vendor/Subcontractor Management Write Documentation

Requirements Definition and Analysis HW/HW Integration and Test
System Design SW/SW Integration and Test
Design Integration HW/SW Integration and Test

Verification and Validation
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Information Technology Component
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Vendor/Subcontractor Management Write Documentation
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Cost Considerations for mobile telephones

Costs to design and produce individual phones
Hardware costs (Wt, complexity, production quantity)
Software costs (SLOC, complexity)

Costs to design and produce control towers and stations
Hardware costs (wt, complexity, production quantity)
Software costs (SLOC, complexity)

Other Costs of System of Systems
Requirements and architectural decisions 
Integration and testing
Coordination of activities across many vendors
Cost drivers for these other activities

Number of network level requirements
Number of unique interfaces
Requirements (range, international, calling areas, number of networks supported)
Number of vendors/suppliers
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Future Directions at PRICE

On-going engagements
DARPA developing an Affordability Simulation Requirements Model for SoS software 
affordability management
ODASA – independent estimate for FCS
Air Force – support Joint Unmanned Air Combat Systems cost group

On-going research to develop Cost Estimating Relationships for these SoS
Activities
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Future Directions at PRICE

TruePlanning
Cost estimating framework for integrating at the System and System of System Levels
Incorporates components for  

Software Estimating 
Hardware Estimating

System Estimating
System of System Estimating

Implements relationships that drive System and System of System costs (outside of 
wt/sloc/complexity relationships) including:

Requirements 

Interfaces
Vendors/Subcontractors
Operational Scenarios
Stability

Experience/Expertise of SE’s
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Conclusion
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The Department of Defense has migrated from a platform based acquisition 
strategy to a capabilities based acquisition strategy

The development and fielding of Systems of Systems to deliver these capabilities is 
a complex problem involving changes to the way suppliers do business

Standard system development practices are necessary but not sufficient to meet 
the needs of SoS’s

New activities are required at the concept, design, integration and test, and 
program management levels that must be properly planned for.

Understanding the expanded roles of System Engineering is essential for proper 
planning of System of Systems
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FASTER DECISIONS. BETTER DECISIONS. ��� �
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About PRICE Systems

Leader in Program Affordability 
Management solutions

Combine cost estimating, project control, 
and knowledge management – ensuring 
project success at every decision gateway

Customers increase visibility, minimize risk 
and cost, accelerate project development, 
and improve the effectiveness of project 
selection, control and delivery

www.PRICESystems.com


