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Preface & Acknowledgements 

Welcome to our Ninth Annual Acquisition Research Symposium! This event is the 
highlight of the year for the Acquisition Research Program (ARP) here at the Naval 
Postgraduate School (NPS) because it showcases the findings of recently completed 
research projects—and that research activity has been prolific! Since the ARP’s founding in 
2003, over 800 original research reports have been added to the acquisition body of 
knowledge. We continue to add to that library, located online at 
www.acquisitionresearch.net, at a rate of roughly 140 reports per year. This activity has 
engaged researchers at over 60 universities and other institutions, greatly enhancing the 
diversity of thought brought to bear on the business activities of the DoD.  

We generate this level of activity in three ways. First, we solicit research topics from 
academia and other institutions through an annual Broad Agency Announcement, 
sponsored by the USD(AT&L). Second, we issue an annual internal call for proposals to 
seek NPS faculty research supporting the interests of our program sponsors. Finally, we 
serve as a “broker” to market specific research topics identified by our sponsors to NPS 
graduate students. This three-pronged approach provides for a rich and broad diversity of 
scholarly rigor mixed with a good blend of practitioner experience in the field of acquisition. 
We are grateful to those of you who have contributed to our research program in the past 
and hope this symposium will spark even more participation. 

We encourage you to be active participants at the symposium. Indeed, active 
participation has been the hallmark of previous symposia. We purposely limit attendance to 
350 people to encourage just that. In addition, this forum is unique in its effort to bring 
scholars and practitioners together around acquisition research that is both relevant in 
application and rigorous in method. Seldom will you get the opportunity to interact with so 
many top DoD acquisition officials and acquisition researchers. We encourage dialogue both 
in the formal panel sessions and in the many opportunities we make available at meals, 
breaks, and the day-ending socials. Many of our researchers use these occasions to 
establish new teaming arrangements for future research work. In the words of one senior 
government official, “I would not miss this symposium for the world as it is the best forum 
I’ve found for catching up on acquisition issues and learning from the great presenters.” 

We expect affordability to be a major focus at this year’s event. It is a central tenet of 
the DoD’s Better Buying Power initiatives, and budget projections indicate it will continue to 
be important as the nation works its way out of the recession. This suggests that research 
with a focus on affordability will be of great interest to the DoD leadership in the year to 
come. Whether you’re a practitioner or scholar, we invite you to participate in that research. 

We gratefully acknowledge the ongoing support and leadership of our sponsors, 
whose foresight and vision have assured the continuing success of the ARP:  

 Office of the Under Secretary of Defense (Acquisition, Technology, & Logistics) 

 Director, Acquisition Career Management, ASN (RD&A) 

 Program Executive Officer, SHIPS 

 Commander, Naval Sea Systems Command 

 Program Executive Officer, Integrated Warfare Systems 

 Army Contracting Command, U.S. Army Materiel Command 

 Office of the Assistant Secretary of the Air Force (Acquisition) 
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 Office of the Assistant Secretary of the Army (Acquisition, Logistics, & 
Technology) 

 Deputy Director, Acquisition Career Management, U.S. Army 

 Office of Procurement and Assistance Management Headquarters, Department 
of Energy 

 Director, Defense Security Cooperation Agency 

 Deputy Assistant Secretary of the Navy, Research, Development, Test & 
Evaluation 

 Program Executive Officer, Tactical Aircraft  

 Director, Office of Small Business Programs, Department of the Navy 

 Director, Office of Acquisition Resources and Analysis (ARA) 

 Deputy Assistant Secretary of the Navy, Acquisition & Procurement 

 Director of Open Architecture, DASN (RDT&E) 

 Program Executive Officer, Littoral Combat Ships 

We also thank the Naval Postgraduate School Foundation and acknowledge its 
generous contributions in support of this symposium. 

James B. Greene Jr. Keith F. Snider, PhD 
Rear Admiral, U.S. Navy (Ret.) Associate Professor 
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Panel 6. Considerations in Acquiring Open 
Architecture Software Systems 

Wednesday, May 16, 2012  

1:45 p.m. – 
3:15 p.m. 

Chair: Captain Joseph J. Beel, USN, Commanding Officer, Space and Naval 
Warfare Systems Center Pacific 

A Framework for Reuse in the DoN 

Randy Mactal, Space and Naval Warfare Systems Center Pacific 
Lynne Spruill, APEO Engineering Support 

Addressing Challenges in the Acquisition of Secure Software Systems With 
Open Architectures 

Walt Scacchi and Thomas Alspaugh 
University California, Irvine 

Certifying Tools for Test Reduction in Open Architecture 

Valdis Berzins, Naval Postgraduate School 

Joseph J. Beel—Captain Joe Beel was commissioned from the U.S. Naval Academy in 1985, 
earning a Bachelor of Science degree in mechanical engineering. He was designated a Naval Aviator 
in September 1986. He completed Fleet Replacement Pilot training with HSL-31 in May 1987 and 
joined the Sea Snakes of HSL-33, flying the SH-2F Sea Sprite until December 1989. He deployed in 
the USS Kirk (FF1067), the USS Knox (FF 1052), the USS Francis Hammond (FF1067), and the USS 
Sterrett (CG 31), including service in Operation Earnest Will. 

He attended the Naval Postgraduate School in Monterey, CA, from 1990 until 1992, earning a 
Master of Science (with distinction) in operations research. He taught in the U.S. Naval Academy 
Mathematics Department from May 1992 until May 1995 and served as the Fifth Company Officer 
from August 1993 until May 1995. He also served as an advanced seamanship and navigation 
instructor and was designated a craftmaster/yard patrol craft officer-in-charge afloat. 

Captain Beel completed Fleet Replacement Pilot training with HSL-41 in February 1996 and 
joined the Battle Cats of HSL-43, flying the SH-60B Sea Hawk until 1998. He deployed in the USS 
Princeton (CG 59). 

From June 1998 until August 1999, Captain Beel served as the training and education program 
analyst in the Assessment Division (N81), Office of the Chief of Naval Operations. He served in a 
Federal Executive Fellowship at the RAND Corporation in Santa Monica, CA, from August 1999 to 
August 2000. From August 2000 until September 2002, he served in the USS John C. Stennis (CVN 
74), including service in Operations Noble Eagle and Enduring Freedom. He served as officer-in-
charge of Navy Warfare Development Command, Detachment San Diego, from October 2002 until 
August 2003. He served as commanding officer and executive officer, Naval Air Technical Data and 
Engineering Service Command (NATEC), from September 2003 until September 2006. 

Most recently, Captain Beel served four years in the Program Executive Office (PEO), Command, 
Control, Communication, Computers, and Intelligence (C4I); as PEO chief of staff and deputy for 
Operations from October 2006 to June 2008; and as deputy program manager of the Navy Tactical 
Networks Program Office from June 2008 to August 2010. 

Captain Beel is a member of the Defense Acquisition Corps and is Level III certified in Program 
Management, Life Cycle Logistics and Production, and Quality and Manufacturing. He is a certified 
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Lean Six Sigma Black Belt. He led a continuous process improvement project that was awarded a 
California Council of Excellence California Team Excellence bronze award and was selected to 
compete for the American Society of Quality’s International Team Excellence Award at the 2011 
World Conference on Quality and Improvement. 

Captain Beel’s awards include the Meritorious Service Medal (three awards), Air Medal (individual 
award), Navy Commendation Medal (five awards), Navy Achievement Medal, and various unit, 
campaign, and service awards. He has also received the Sikorsky “Winged-S” Lifesaving Rescue 
Award. 
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Randy Mactal—Mr. Mactal is a senior technical specialist with the Space and Naval Warfare, 
Systems Center, Pacific, in San Diego, CA. He has over 11 years of experience in systems 
engineering, net-centric and system-of-systems engineering, open architecture, service-oriented 
architecture, collaboration tools, and content management systems. He has successfully managed 
multiple projects, supervised hundreds of employees, and held multiple positions of leadership within 
his organization. Mr. Mactal is currently embedded within Program Executive Office, Command 
Control, Communications, Computers, and Intelligence (PEO C4I) where he is the project manager 
for the Net-centric Enterprise Solutions for Interoperability (NESI) and the C4I Domain Open 
Architecture Action Officer. He is a graduate of the University of Southern California and a former 
naval intelligence officer. [randy.mactal@navy.mil] 

Lynne Spruill—Ms. Spruill has over 25 years of extensive systems engineering experience. She has 
been highly successful for 17 years as the proprietor of a woman-owned small business within the 
DoD and intelligence community. She has supported PEO C4I in San Diego for the last 10 years with 
expertise in systems engineering and integration, DoD acquisition and contract planning, 
management of data rights of intellectual property, software reuse, open architecture and net-
centricity, service-oriented architecture (SOA), SOA security architectures, collaboration tools, 
software repositories, and the development of a SPAWAR-wide content management system. Lynne 
has been involved with developing and supporting the PEO C4I Reuse Framework for the past seven 
years. [lynne.spruill.ctr@navy.mil] 

Abstract 
Reuse offers the possibility of increasing engineering productivity, efficiency, and software 
quality while simultaneously reducing the cost of building software-intensive systems. The 
application of reuse has been around for many years and the DoD has made concerted 
efforts to implement reuse strategies since the early 90s. Although there are many excellent 
examples of its implementation throughout the Navy, efforts to implement software reuse 
strategies at an enterprise level have not matured enough to reap large-scale benefits. In the 
current fiscal climate of budget reductions and mandates for efficiencies, changes in 
acquisition, engineering, and business processes will require an enterprise reuse strategy 
that provides clear guidance, incentives, and compliance mechanisms. This paper discusses 
the current state of reuse within the DoN and proposes an implementation framework for a 
strategy-driven reuse approach. 

Introduction 
An environment of fiscal austerity driven by a decade of war and an imperative for 

deficit reduction is driving the DoN to implement changes and mechanisms that promote 
approaches that lead to better effectiveness, efficiency, and affordability in how we develop 
our products. In addition, changes in the technological landscape with the continued 
transition to service-oriented architectures (SOA), cloud computing, and increased emphasis 
on system-of-systems engineering is also driving the need for change. While there will be 
many approaches to address this fiscal crisis and technological change, this paper focuses 
on an approach that addresses both simultaneously, the need for a strategy-driven, 
enterprise approach to reuse. Reuse offers the possibility of increasing engineering 
productivity, efficiency, and software quality while simultaneously reducing the cost of 
building software-intensive systems. The application of reuse has been around for many 
years and the DoD has made concerted efforts to implement reuse strategies since the early 
90s. Although there are many excellent examples of its implementation throughout the DoN, 
efforts to implement reuse strategies at an enterprise level have not matured enough to reap 
large-scale benefits. A strategy-driven, enterprise approach to reuse must address the 
change required in acquisition, engineering, and business processes to provide clear 
guidance, incentives, and compliance mechanisms. This paper identifies the barriers to the 
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success of an enterprise reuse strategy and recommends an implementation framework to 
address those barriers and mature our current state of reuse so large-scale benefits can be 
realized. 

Reuse Defined 
Definitions of reuse have varied throughout the years and originally focused on reuse 

of software code. Over time, the definition of reuse has broadened to include not only 
software code, but many other related artifacts and assets as shown in Table 1. 

Table 1. Reuse Artifacts and Assets 

Architectures  Development documents  

Contracting documents  Test and evaluation plans  

Contracting language  Training plans  

Acquisition documents  Cost estimates  

Design/development tools Testing tools  

For the purpose of this paper, reuse is defined as “the systematic use of existing 
assets and artifacts in the development of other software with the goal of improving 
productivity, efficiency, and quality to reduce costs and delivery cycle times.” In addition to 
this definition, it is important to consider two very important characteristics to determine an 
asset or artifact’s value: (1) usability, which assesses the extent to which an artifact is easy 
to use, regardless of its functionality; and (2) usefulness, which is the extent to which a 
reusable asset will often be needed, regardless of its packaging. These characteristics will 
be explored further in later sections of this paper. 

Benefits & Challenges 

Benefits 

In adopting any change, each organization must analyze the benefits of that change 
and how that change adds value to achieving an organization’s goals. As mentioned in the 
Introduction, today’s environment of budget austerity will require organizations to implement 
changes and mechanisms that promote approaches that lead to better effectiveness, 
efficiency, and affordability. Implementation of a stronger reuse approach would allow the 
Navy to meet the requirements set forth by the budget authorities and program sponsors. 
Specifically, the benefits of reuse are as follows: 

 Accelerated Development—Less custom development can provide a head start 
to development and result in speeding up delivery. 

 Gains in Productivity—Associated with accelerated development, less custom 
development also allows resources to be used in other areas and increases 
productivity. 
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 Increased Quality/Trustworthiness of the Product—Establishing and adhering to 
quality standards for reusable assets, combined with prior testing, can increase 
confidence that the asset will perform as advertised. 

 Cost Reduction/Avoidance—Less custom development can result in a direct 
reduction in costs. Quality reuse assets have typically already gone through 
testing so a reduction in testing requirements should result in cost avoidance. 

 Lower Risk of Program Failure—Due to the above benefits, reuse can create less 
uncertainty in schedule, costs, and product quality, thus resulting in lowering the 
risk of program failure. 

The benefits to reuse can be summarized as “less, shorter, fewer, lower,” which 
translates to less custom development, shorter development cycles, fewer errors, and lower 
cost. 

Challenges 

Implementation of a stronger reuse approach does have its challenges. Identifying 
and understanding those challenges allows organizations to develop strategies and options 
for addressing those challenges. The challenges to implementation of reuse are listed in 
Table 2. 

Table 2. Challenges to Reuse Implementation 

Category Challenge 

Organizational/cultural Organizational silos  
Resistance within the organization  
Lack of management support and focus 
Lack of supporting policies and standard processes 
Not invented here/protecting our business mentality

Economic/business Cost of change implementation/maintenance 
Lack of incentives/rewards 
Vendor business models /vendor lock 
Intellectual property rights 

Technical Lack of training and technical skills 
Lack of standard development processes  
Developing quality reusable assets 
Incompatible software design 
No central repositories and discovery mechanisms 

While many of the challenges listed in Table 2 may seem somewhat daunting, they 
are by no means insurmountable. The proposed reuse framework that will be introduced in 
the Framework for Reuse section of this paper provides a road map for addressing these 
challenges. 

Reuse Levels 
There are four levels of reuse that go from low maturity (ad hoc) to the highest level 

of maturity (strategy driven). Understanding reuse levels is imperative so that organizations 
can assess their level of maturity and implement the changes necessary to mature to their 
objective level. 
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Ad Hoc Reuse 

Ad hoc reuse primarily occurs within project/program level efforts focused on their 
individual needs versus those of the organization. The project/program determines where 
reuse would be beneficial and implements reuse, primarily through code reuse or reuse of 
documentation. 

Systematic Reuse 

Systematic reuse occurs when a project, program, or organization includes reuse as 
a consideration during planning stages. In addition to consideration during planning, 
systematic reuse will also include dedicated processes that incorporate reuse 
considerations in a product’s lifecycle. Reuse at this level has matured beyond software 
code to include reuse of other related assets and artifacts, and will usually have a supportive 
infrastructure. 

Domain-Oriented Reuse 

Domain-oriented reuse is similar to systematic, but is focused on a particular domain, 
such as Command, Control, Communications, Computers, and Intelligence (C4I). Additional 
analysis has been conducted at the higher levels to determine which reuse assets or 
artifacts would provide the most value to the domain, and policies or processes are in place 
to ensure programs in the domain are held accountable for reuse. 

All three of the above levels of reuse occur throughout the Navy and there are many 
excellent examples of its implementation, but efforts to implement reuse strategies at an 
enterprise level have not matured enough to reap large-scale benefits. To reap the large-
scale benefits that are possible with reuse, the Navy needs to drive the organization towards 
a strategy-driven reuse approach. 

Strategy-Driven Reuse 

Strategy-driven reuse includes characteristics of systematic and domain-oriented 
reuse with the addition of two important characteristics: incorporation of reuse into the 
organization’s strategic decision-making process and structuring the organization to 
optimize reuse. 

As with all major change efforts, a move towards a strategy-driven reuse approach 
should reap some short-term benefits, but to truly reap the most value over time, 
organizations must be diligent and patient in their implementation. Long-term success will 
emerge as the organization’s reuse strategy matures and reuse becomes a standard 
practice.  

Maturity of Government Reuse 
Over the last decade, government reuse has steadily matured in three key areas: 

policy, technology, and acquisition. This shift was accelerated in the 2002–2007 timeframe 
with the introduction of the NII Checklist and MOSA policies. The main goals of these 
policies were focused on a development style that promoted openness and modularity, 
respectively. These policies, coupled with the emergence of collaboration tools and service-
oriented development, started the shift away from building stovepipe applications to building 
modular services that were loosely coupled, interoperable, and reusable. 

In the 2007–2009 timeframe, the acquisition area began to mature with the 
introduction of the Naval Open Architecture Contract Guidebook for Program Managers 
(Defense Acquisition University [DAU], 2011). The guidebook provided contracting language 
to help ensure software interoperability, reusability, maintainability, extensibility, and 
scalability. This guide also provided standard data rights labeling for government-owned 
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intellectual property (IP) and CDRLs for capturing the correct packaging for any lifecycle 
artifact. The technology change in this period was the use of a software repository to 
capture, discover, and share government-owned IP and the use of collaboration tools to 
develop software similar to the open source community.  

In the 2009–2011 timeframe, the reuse paradigm again experienced gains in 
technology. The increased use of open source software development, services, 
collaboration sites, software repositories, and new discovery mechanisms has resulted in 
increased interaction among organizations that was not available in the past. While this 
technology expansion was occurring, the acquisition community continued to evolve as 
more policies and education emerged to address this expansion. The contracting community 
has also evolved as the DoD acknowledged the importance of open architecture and 
released a draft version of the Open Systems Architecture (OSA) Contract Guidebook for 
Program Managers (DoD, 2011), which is largely based on the Navy version but includes 
additional input from the other Services. Maximizing reuse is a fundamental principle of 
OSA. As information dominance, cloud computing, and system-of-systems engineering 
emerge as the driving forces for the future, reuse strategy and technology needs to evolve 
as well. 

Reuse-Related Policies, Better Buying Power, and System-of-Systems 
Engineering 

Reuse-Related Policies 

In order to mature the current level of reuse, Navy-level policies focused on 
implementation of reuse must be developed. Current policies, strategies, and compliance 
mechanisms are woefully inadequate, and there are no Navy policies or strategies that 
directly focus on reuse. Typically, reuse is included within acquisition policies where 
implementation of Naval Open Architecture (OA) is included.  

For example, SECNAV INST 5000.2E, DoN Implementation and Operation of the 
Defense Acquisition System and Joint Capabilities Integration and Development System 
states, 

Naval open architecture precepts shall be applied across the Naval 
Enterprise as an integrated technical and business approach and shall be 
used for all systems, including support systems, when developing an 
acquisition strategy per ASN (RD&A) memorandum, Naval Open Architecture 
Scope and Responsibilities, of 5 August 2004 and CNO memorandum Ser 
N6N7/5U916276, Requirement for Open Architecture (OA) Implementation, 
of 23 Dec 2005. 

Further examination of the CNO memorandum mentioned in the previous quotation 
identifies OA principles, including the following related to reuse: “Identify or develop 
reusable application software selected through open competition of ‘best of breed’ 
candidates, reviewed by subject matter expert peers and based on data-driven analysis and 
experimentation to meet operational requirements.” 

In another example, the draft DoD OSA Contract Guidebook for Program Mangers 
released in December 2011, contains the strongest and most robust language related to 
reuse as part of implementing OSA. The following are examples of that language: 

“Enterprise investment strategies, based on collaboration and trust, that 
maximize reuse of proven system designs and ensure we spend the least to 
get the best.” 
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“Execution of an effective OSA strategy including strategic asset reuse must 
be considered from both a Pre-Award and Post-Award perspective.” 

In addition, Naval OA requirements were part of DoN enterprise architecture (EA) 
compliance measures, which were developed to support the certification processes of the 
various Investment Review Boards and the Defense Business Systems Management 
Committee. In relation to reuse, DoN EA simply asked the question of whether or not a 
program has established an asset reuse strategy, providing no amplifying information or 
guidance. Inclusion of Naval OA within DoN EA compliance measures stood as the primary 
mechanism for assessing OA compliance. Unfortunately, OA requirements within DoN EA 
have recently been suspended for the remainder of FY2012 pending further analysis. 

While the references in this section provide some guidance for reuse 
implementation, stronger direction and compliance mechanisms related to reuse are needed 
in order to mature the organization to higher level so as to reap long-term benefits. 

Better Buying Power 

The Better Buying Power (BBP) initiatives that emerged within the last few years 
were created to obtain greater efficiency and productivity in defense spending. Specific 
actions were grouped into five major areas: 

 Target Affordability and Control Cost Growth—reduce redundancy;  

 Incentivize Productivity and Innovation in Industry—use fixed-price incentive firm 
target (FPIF) contracts for production; 

 Promote Real Competition—encourage competition, reuse, and data rights; 

 Improve Tradecraft in Services Acquisition—better define requirements and 
increase use of small business entities; and 

 Reduce Non-Productive Processes and Bureaucracy—reduce redundancy in 
standard processes by utilizing standard system processes. 

Implementation of a strategy-driven reuse approach with its associated benefits 
would directly support achieving greater efficiency and productivity, thus complying with the 
actions set forth in the BBP Memorandum (Better Buying Power Initiative, n.d.). 

System-of-Systems Engineering (SoSE) and Reuse 

System-of-systems (SoSE) engineering is defined in the DoD Defense Acquisition 
Guidebook (DAG) as, “A set or arrangement of systems that results when independent and 
useful systems are integrated into a larger system that delivers unique capabilities.”  

Traditional systems engineering seeks to optimize an individual system, while SoSE 
seeks to optimize a network of various interacting legacy and new systems together to 
satisfy multiple objectives of the program. Technical management of architectures and 
interfaces is crucial to effective SoSE to intrinsically design interoperability into the SoS. 
With interoperability as a major goal for SoSE, a more robust reuse strategy would aid the 
SoS manager in determining the common components of the SoS and making those 
components discoverable, accessible, and available to reuse. 

SoSE could implement a service-oriented architecture (SOA) approach for building 
capability. SOA promotes loose coupling, modularity, a standards-based approach, 
interoperability, agile development, composeability, extensibility, scalability, and 
maintainability, all of which are related in some fashion or another to reuse. 
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Framework for Reuse 
This paper proposes a need to adopt a strategy-driven reuse approach using the 

implementation framework defined in the following sections to address the challenges 
mentioned in the Challenges section of this paper. This approach will allow us to mature our 
current state of reuse so large-scale benefits can be realized, as depicted in Figure 1. 

 

Figure 1. Framework for Reuse 

Create an Organizational Culture for Reuse 

Establish Stakeholder Buy-In 

Before an organization decides to implement any major change, the proposed 
change must first demonstrate value to the organization. Stakeholders must be properly 
educated on the concept of reuse, its benefits and challenges, and the motivation for its 
implementation. Reuse champions must be designated to establish stakeholder buy-in so 
that at least a commitment from an organization’s leadership allows further investigation. 
This should be followed by an examination of the feasibility of the reuse approach and the 
value it could bring to the organization. Presentation of the results of the feasibility analysis 
should result in the decision of whether or not to pursue. 

Institute Supportive Policies, Processes, and Practices 

While more robust naval-level policies focused on reuse would provide the impetus 
for achieving large-scale benefits, each organization within the DoN will still be responsible 
for instituting its own policies, processes, and practices to ensure a strategy-driven reuse 
approach is successful. 

Organizations must be responsible for translating higher level policies and 
requirements into concrete actions. Those actions must result in making reuse processes 
and practices an organization’s standard way of conducting business. In order to achieve 
strategy-driven reuse, organizations must incorporate reuse into the organization’s strategic 
decision-making process and structure the organization to optimize reuse. 
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Many organizations already have policies that govern their engineering processes 
and practices. Within Space and Naval Warfare (SPAWAR), Systems Command, an effort to 
standardize system engineering processes was started over two years ago. This effort has 
led to the development of the SPAWAR Systems Engineering Guide (SSEG; SPAWAR, 
n.d.). The SSEG is a web-based collection of systems engineering processes and guidance 
that supports Team SPAWAR's mission, promotes a consistent and common view of 
systems engineering (SE) across Team SPAWAR, and provides an SE framework across a 
product’s lifecycle. This is a perfect example of where reuse processes and practices should 
be integrated so that they become standard in the organization. 

Successful implementation of reuse also goes beyond engineering. An organization’s 
contracting processes and practices must also take reuse into consideration. Fortunately, 
this is one area where there is robust guidance in the form of the draft DoD OSA Contracts 
Guidebook for Program Managers (DoD, 2011). Reuse language is present throughout the 
guidebook, providing good direction during all phases of acquisition. While contracting 
guidance for reuse is readily available, it will still be up to each organization to institute the 
oversight necessary to ensure that this guidance is actually used. 

Another important consideration related to reuse is ensuring that each organization 
diligently exercises its rights to the technical data and computer software procured through 
the development of its products. It would be easy to assume that this is standard practice, 
but there are many examples available that demonstrate poor execution or inattention to this 
consideration, resulting in increased cost to the government. By diligently exercising their 
data rights, organizations increase their ability to control developed assets and artifacts, 
which can, in turn, be reused for other development or provided to other parties for the 
purposes of increasing competition. 

Educate & Train the Organization on Reuse 

Introducing change to an organization is always a challenge and is even made more 
difficult when education and training are not primary considerations during the change’s 
implementation. Proper education and training on the reuse implementation is one of the 
most important methods of communicating and is critical to success. Successful 
implementation of a strategy-driven reuse approach involves all levels of an organization, 
both vertically and horizontally. Decision-makers, engineers, government contractors and 
finance personnel, and DoN contractors all must be educated and trained on the reuse 
approach and the organizational objectives since they will all be involved with its 
implementation. 

Decision-makers must be thoroughly educated and supportive of reuse so as to 
champion the effort and provide guidance, support, and resources, as well as institute 
policies and processes that aid in implementation. Engineers must be educated on how to 
design and develop for reuse and receive technical training on software development 
methods related to reuse. Government contractors and finance personnel must be educated 
on the higher level policies related to reuse and the use of the DoD’s OSA Contract 
Guidebook (DoD, 2011) and its implications to their role in the acquisition process. DoN 
contractors must be educated on how reuse implementation may affect their engineering 
activities and business models, and must adapt accordingly. Finally, all involved in the reuse 
implementation must be and trained on how to utilize the supporting reuse infrastructure in 
the development of their products. 

Education and training of the organization can be accomplished in many ways, and it 
will be up to each organization to determine the best approach to accomplish this. 
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Create Incentives and Rewards That Encourage Reuse 

While education and training may be used to encourage change, additional 
motivation via incentives and rewards may be needed as well. There are a range of 
incentives and rewards available that can be used to encourage both individuals and teams, 
and these should not be limited to just positive reinforcement. 

From a government perspective, implementation of reuse could be incentivized 
through the use of individual or team recognition within the organization. Most organizations 
already have such programs in place and should easily be able to add recognition for reuse 
as a category for consideration. Recognition can be made through the numerous 
communication methods an organization has at its disposal. Cash or on-the-spot awards are 
other examples of this type of incentive. Incentives could also come through organizational 
recognition of the importance of reuse through developing specialized training and through 
emphasis on on-the-job enrichment through professional development.  

It is also important to recognize that incentives do not always have to be positive, 
since you can tie accountability to the individual's performance objectives. Program/project 
managers are responsible for overseeing successful product implementations in terms of 
cost and schedule and, therefore, should be held accountable for implementation of reuse.  

From a contractor perspective, incentives are designed to motivate contractor 
performance that might not otherwise be emphasized. Incentives for reuse are built around 
cost, schedule, management, data rights, and technical merits. Each incentive can apply a 
different emphasis on using percentages to evaluate performance. Incentivizing technical 
excellence in the program is an important aspect of the program acquisition strategy and is 
usually applied with award fees or award terms. Incentives can be structured around the 
following principles: 

 linking award fees to acquisition outcome, 

 linking award term contacting extensions, 

 limiting the opportunities for earning unearned fees in subsequent periods (fee 
rollover), 

 designing evaluation criteria to motivate excellent performance, and 

 not paying for unsatisfactory performance. 

Instead of rewarding the contractor with additional fees for exceptional performance, 
reward the contractor by extending the contract period of performance in the form of 
additional term periods added on to the basic contract. Under an award term incentive, the 
government monitors and evaluates the contractor’s performance, and if it is decided that 
the contractor’s performance was excellent, then the contractor earns an extension. During 
subsequent evaluations, if the contractor maintains excellent performance, additional terms 
are awarded. Contract extensions can last as long as 10 years. 

In addition, contractors’ business models must evolve and adapt to the changes 
occurring in the acquisition landscape. Better Buying Power initiatives are beginning to take 
hold and contractors must recognize that to be competitive, they must also incentivize their 
own organizations to evolve and adapt. 

Adopt a Product-Line Approach 

The Software Engineering Institute defines a product line as, “A set of software-
intensive systems that share a common, managed set of features satisfying the specific 
needs of a particular market segment or mission and that are developed from a common set 
of core assets in a prescribed way.” 
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Product-line managers have typically conducted upfront analysis to determine 
commonality/variation points. A result of that analysis is a defined set of core reusable 
assets that can be used for the development of other assets or new products. Common 
architectures, software, documentation, and interfaces are the main examples of assets that 
can be reused across the product line. Effective implementation of a product-line approach 
results in very similar benefits to those achieved by implementing reuse: improved 
productivity, increased quality, decreased time to market, and decreased cost. An effective 
product-line approach takes full advantage of reuse and, conversely, an effective reuse 
approach should take advantage of a product-line approach. 

Develop High-Quality, Trustworthy Reusable Components 

Component-based engineering is a style of software engineering focused on 
designing and composing new capabilities from reusable assets. The term component is 
defined as reusable assets that are self-contained and independent, require little 
customization (plug-n-play), and provide well-defined services to the applications in which 
they integrate. 

Component-based software engineering (CBSE; also known as component-based 
development [CBD]) is a branch of software engineering that emphasizes the separation of 
concerns in respect to the wide-ranging functionality available throughout a given software 
system. It is a reuse-based approach to defining, implementing, and composing loosely 
coupled independent components into systems. The idea of loose coupling relates to how 
tightly the behavior of one component is bound to the implementation details of other 
components. 

Software engineers regard components as part of the starting platform for service 
orientation. An individual software component is a software package, a web service, or a 
module that encapsulates a set of related functions (or data). All system processes are 
placed into separate components so that all of the data and functions inside each 
component are semantically related. Because of this principle, it is often said that 
components are modular and cohesive. The idea of high cohesion relates to the behavior of 
a single component. A highly cohesive component encapsulates one concept—it does one 
thing well. Highly cohesive modules are easier to understand, easier to maintain, and easier 
to reuse. On the contrary, low-cohesive components try to do too much. They try to 
encapsulate too many concepts. They tend to grow exponentially and, over time, become 
more complex and more difficult to maintain. 

With regard to system-wide co-ordination, components communicate with each other 
via interfaces. When a component offers services to the rest of the system, it accesses a 
standards-based interface that specifies the services that other components can utilize, and 
how they can do so. 

When developing good reusable components, these additional requirements are 
used in conjunction with the design characteristics described previously: 

 Well documented. It should be documented for reuse including any integration 
documentation. 

 Useful. The component should demonstrate its value and usage. 

 Certified and Secure. All components should be verified to network access. 

 Supports government ownership/data labeling. All government reusable assets 
need proper labeling with handling instructions.   
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 Discoverable. Metadata about each component that is a service should be made 
available for discovery purposes. 

 Deposited in software repository. All government-owned assets should be 
electronically scanned, then deposited into the software repository. 

Establish a Supportive Reuse Infrastructure 

Organizations must establish a supportive reuse infrastructure that provides the 
governance, processes, and tools necessary to support reuse throughout a product’s 
lifecycle. The four main functions of a reuse infrastructure are depicted in Figure 2. 

 

Figure 2. Functions of a Reuse Intrastructure 

Managing the Reuse Infrastructure 

This function focuses on providing the governance and planning necessary to 
properly direct and administer the reuse infrastructure. Coordinating, resourcing, and 
assessing the performance of the reuse infrastructure are primary responsibilities in this 
function. In addition, this function will be responsible for determining what reuse assets and 
artifacts are of value to the organization, and for determining and applying strict quality 
criteria for asset or artifact acceptance into the infrastructure. 

Producing Reusable Assets 

This function focuses on providing the processes and tools necessary to produce 
and maintain reusable assets and artifacts. The use of a collaboration site for development 
is critical to the success of a reuse infrastructure since it provides a central development hub 
and, ideally, provides basic functionality, such as document management, requirements and 
configuration management, tracker mechanisms, and chat or forums for collaboration and 
discussion. 

In addition to the basic functionality, additional tools beneficial to the reuse process 
should be incorporated into a tool suite integrated with the collaboration site. Recommended 
tools include the following: 

 software code quality analysis, 

 intellectual property rights markings scan, 

 verification and validation, and 

 contractual documentation scan. 

Managing

Producing Brokering Consuming
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A library/repository is also required for storing and maintaining important assets and 
artifacts, such as software, documentation, specifications, business processes, etc. An ideal 
library/repository would have the capability to provide tiered information display, metrics 
collection, and discovery mechanisms.  

Brokering Reusable Assets 

This function focuses on how assets are procured, certified, added, or removed from 
the library/repository. It serves as the main interface with both external and internal users 
and will involve the implementation of a discovery/registry mechanism—used to catalog and 
search for metadata about each component in the repository. This discovery mechanism will 
interface with the repository so searches for reusable assets can be done easily.  

It should be recognized that efforts to create an enterprise-wide repository have met 
with limited success in the Navy, but this should not deter organizations from implementing 
their own repositories, as long as attention is paid to other existing repositories and a 
federated discovery capability is built into them. 

Consuming Reusable Assets 

This function focuses on how available assets are used to develop other assets or 
improve existing systems. Consumers use the discovery mechanism to search the 
repository for available assets, complete the necessary procedures for retrieving those 
assets, and then use those assets for their specific needs. Another important role that 
consumers play in this function is providing feedback to the infrastructure manager on the 
usability and usefulness of the infrastructure and the assets they retrieved. This feedback 
loop assists in continuous improvement to the infrastructure and enhances future use. 

Reuse Lifecycle Process  
The reuse lifecycle is made up of a combination of business processes that include 

acquisition, contracting, and technical activities. The lifecycle for a reusable asset spans the 
need to add language in the solicitation phase, perform an assessment in the development 
phase, and capture deliverables in the engineering phase. See Table 3 for details. 
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Table 3. Process Lifecycle of a Reusable Asset 

Lifecycle Event Purpose Activities 

Solicitation phase 
To get the bidder community to 
consider reuse of existing 
government IP 

Add reuse language to sections of 
solicitation 

  Attach CDRLs to contract 

  
Provide e-commerce instructions to 
bidder community 

  
Check for existing artifact in repository 
to assess reusability 

  
Bidder response provided whether 
reuse will be successful 

Technology 
development phase 

To assess the artifact is properly 
package for reuse and to deliver 
any government IP to the 
repository 

Run technical assessment to evaluate 
openness and integrate component 

  
Deposit deliverable and packaging to 
repository for acceptance 

Engineering and 
production phase 

To apply data rights labeling to 
newly composed or developed 
capability, and deposit in 
repository 

Apply data labels to software header file 
and documentation 

  Scan artifact, product report for analysis 

  Make available for discovery 

Reuse Metrics 

Reuse metrics and models are used to improve productivity and quality that aligns to 
the Dr. Carter Better Buying Power memo (Better Buying Power Initiative, n.d.). Reuse 
metrics help define the measure(s) for monitoring and controlling quality goals for processes 
and products. Reuse can apply to any lifecycle product, but is mostly used with software 
engineering. This section introduces five metrics, shown in Table 4, that could be used as 
measures for successful reuse. While the first three metrics show an increase in adoption of 
reuse, the last two provide cost savings by reducing redundancy. 

Table 4. Metrics to Measure Successful Reuse 

Metrics Description Tool 
OA Reusability 
Assessment Metrics 

Planning for reuse early in program 
lifecycle 

DITPR/DoN database  
OA Compliance Rule Set 

Maturity Metrics  
What artifacts are mature enough to 
reuse  

Technical assessment and scan 
tool (data labels)  

Repository Usage 
Metrics  

Number of programs using software 
repository in solicitations and sharing 
software and documentation  

NESI Collaboration Site  
SHARE 

Software Metrics   Software Lines of Code (SLOC) count   Standard SLOC formula  

Service Metrics   Number of programs reusing services   Cost‐avoidance formula  

Software Quality  Helps with STRs and CASREPS 
Scan tools and software 
inspection  
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OA Reusability Assessment Metrics 

This metric is defined by programs using reuse in acquisition strategies (AS). The 
number is represented as a percentage and is calculated using information from the DITPR 
DoN database and OA compliance assessments. The percentage is calculated based on 
the number of programs that have responded, divided by the total number of programs. This 
is a compliance percentage and indicates how well many programs are using reuse as a 
part of their strategic direction. 

Maturity Metrics 

This metric is used to describe the OA tenets for modularity, interoperability, 
maintainability, extensibility, composeability, and reuse. Software components and 
documentation are technically assessed to evaluate openness, and scan tools are used to 
ensure proper data rights markings are applied correctly to reusable artifacts. Both are used 
for artifacts that get deposited in the software repository.  

Repository Usage 

This metric is defined by the number of programs using the site to expose 
government-owned IP to the community as a part of their solicitation process. Additional 
metrics, such as the number of downloads and the assets that are most often downloaded, 
should also be considered. 

Software (SLOC) Metrics 

Source a line of code (SLOC) is a software metric used to measure the size of a 
software program by counting the number of lines in the text of the program's source code. 
SLOC is typically used to predict the amount of effort that will be required to develop a 
program, as well as to estimate programming productivity or maintainability once the 
software is produced (Wikipedia). 

Service Metrics 

Service metrics are measured by the cost avoidance associated with a reduction in 
duplicate services, and in consolidation and streamlined processes. Cost avoidance 
includes those costs that would have been incurred if reuse were not implemented. Avoided 
costs come threefold: first, deduction in product lifecycle costs and manpower. The second 
avoided cost is shortened development schedules for services providers integrating into 
existing platforms. For service reuse to work, a common framework needs to be used. For 
component-based frameworks, this platform is service-oriented architecture (SOA). The third 
avoided cost is reduction in the time-to-market and manpower by reusing paperwork 
required for certificate and accreditation (C&A) to securely certify components in the 
network. 

Software Quality 

Software quality measurement is about identification of discrete critical programming 
errors using a combination of scan tool and inspections. These vulnerabilities are the result 
of bad practices that under specific circumstances can lead to catastrophic outages, 
performance degradations, security breaches, corrupted data, and myriad other problems 
that make a given system unsuitable for use, regardless of its rating based on aggregated 
measurements. The measurement of critical application characteristics involves measuring 
structural attributes of the application's architecture, coding, in-line documentation, and 
proper data rights labeling. 
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Adopt an Incremental Approach 

Implementing change is often a challenge to most organizations and evidence of 
successful change management shows that adopting an incremental approach for any 
major organizational change increases the chances for success. It is recommended that the 
implementation of the reuse framework described in the previous sections should also adopt 
an incremental approach, as described in Figure 3. 

 

Figure 3. Incremental Approach to Reuse Implementation 

The depiction of the phases in Figure 3 serves as an overview for the recommended 
incremental approach for reuse implementation. Each phase will have a basic structure that 
identifies phase goal, personnel involved, specific activities for each phase, and 
performance measures. Adopting an incremental implementation will allow the reuse 
strategy to mature and continuously improve over time. 

Conclusion 
The Navy must implement approaches that lead to better effectiveness, efficiency, 

and affordability in how we acquire and develop our products. While there are policies and 
guidance that direct the implementation of open architecture, there is a need for a more 
robust focus on the area of reuse. Reuse offers the possibility of increasing engineering 
productivity, efficiency, and software quality, while simultaneously reducing the cost of 
building software-intensive systems. But in order to reap large-scale benefits of reuse, a 
strategy-driven reuse approach must be implemented. 
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