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EXECUTIVE SUMMARY 

Our efforts in RT-185 have continued the investigation of how the DoD can develop systems to 
exploit modularity to enhance defense acquisitions and military capabilities. The work built upon 
prior insights gained on the Modular Open System Approach (MOSA) ecosystem and sought to 
provide an objective means of feedback to help inform acquisition choices related to seeking the 
benefits of modularity and openness. This feedback-oriented perspective is motivated by the 
perceived lack in sufficient guidance and knowledge, beyond high-level artifacts, that can guide 
MOSA stakeholders in making well-informed acquisition decisions.  

The RT-185 team employed a multi-prong approach to achieve the research objectives.  This 
approach included: 1) detailed literature reviews, 2) collaborative exchanges with key subject 
matter experts from DoD acquisition and development programs, and 3) a translation of lessons 
learned into knowledge artifacts that shaped our development of a prototype computer Decision 
Support Framework (DSF).  Our work has also resulted in further development of the Program 
Manager Guidance Document, an artifact of an earlier RT-163 effort, to now include specific 
considerations and insights for early stage acquisition decisions (particularly from Joint 
Capabilities Integration & Development System (JCIDS) thru to Analysis of Alternatives (AoA) 
phases of the defense acquisition lifecycle process.  
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BACKGROUND AND RESEARCH OBJECTIVES 

To respond to emerging threats in an affordable fashion, the DoD is changing its strategy for the 
development of increasingly integrated and complex defense systems by introducing the 
Modular Open System Approach (MOSA).  MOSA is a defense acquisition initiative to encourage 
the adoption of modular open architectures. However, current MOSA guidelines provide limited 
insight into the mechanisms and enablers that allow reaping of benefits from modularity and 
openness. Prior to this research effort, SERC RT-163 focused on exploring and documenting the 
conflicting priorities of a diverse set of stakeholders with complex interdependencies that exist 
between the technical and business elements of modular system acquisitions. These issues, 
among others, inhibit pursuit of the benefits of modularity and openness throughout the defense 
ecosystem. 
 
The MOSA initiative initiated by the Office of the Deputy Assistant Secretary of Defense for 
Systems Engineering (DASD(SE)) seeks to balance the business objectives of MOSA with the 
technical means to meet the aforementioned challenges in acquiring contemporary and future 
weapon systems.  To date, most of this work has been under the auspices of open systems 
architecture, or OSA. OSA has been primarily focused on the business side of the acquisition 
process, dealing with issues such as data rights and legal matters that are necessary, but not 
sufficient to achieve the objectives. The additional focus on modularity that MOSA entails 
requires that technical trades be brought to the forefront in order to accompany OSA and satisfy 
the overall desire to provide a dominant warfighting capability for the nation’s defense. 

RESEARCH NEEDED 

The execution of the prior RT-163 task revealed the continued need to collect and organize 
knowledge artifacts on the best practices of seeking the benefits of MOSA.  This must be done in 
a manner that is accessible and informative to relevant defense acquisition stakeholders who 
seek to reap the benefits of modularity and openness. Furthermore, our prior work revealed a 
need for a decision-support framework that can assist relevant stakeholders in exploring 
tradeoffs while also understanding the technical and programmatic impacts that various 
strategies (modular/open) can have. The current research supports DASD(SE)’s response to the 
lack of effective standards and seeks to provide MOSA-related guidelines that prevent relevant 
stakeholders across the defense acquisition lifecycle from effectively seeking the benefits of 
openness and modularity. More specifically, the objectives of this research include the following: 
 

 Identify and prioritize MOSA-related decision-making scenarios for different stakeholders 
in the context of relevant processes of the defense acquisition lifecycle, including the 
evolution of technologies, threats and other strategic factors 

 Collect and organize knowledge artifacts regarding best practices for the most important 
MOSA decision scenarios  

 Develop a pragmatic decision-support framework guided by the needs of relevant 
stakeholders  
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SUMMARY OF RT-185 ACHIEVEMENTS 

Based on the previously described objectives, the RT-185 research team identified a two-phase 
approach that focuses on extending prior RT-163’s MOSA guidance efforts, to include both an 
extension of the prior Program Manager Guidance document and the development of a 
prototype computational decision-support model. A summary of each phase is as follows: 
 

1. Phase I: Needs Identification and Knowledge Acquisition: Here, the research team 
performed additional MOSA and acquisition related literature reviews, engaged relevant 
collaborators and leveraged team-wide expertise relevant to MOSA to deepen 
understanding of how specific acquisition choices relate to program outcomes and MOSA 
compliance. Additional insight and knowledge exploration beyond those found in RT-163 
were conducted.  This included the exploration of case studies and relevant 
documentation on key drivers in early stage acquisition processes, and how these drivers 
relate to programmatic outcomes (and MOSA compliance).  The knowledge gained from 
this effort facilitated the logical structure of our decision-support framework (DSF) in 
Phase II. 
 

2. Phase II: A MOSA decision support framework: Here, the research team leveraged insights 
from previous Phase I activities to help inform the creation of a framework for a prototype 
decision support software environment. The functionality of the executable software 
prototype is shaped by two important factors.  The first factor is the structural 
relationships that exist based on key process and logical dependencies in early stages of 
the defense acquisition lifecycle. The second factor deals with case study driven exemplar 
findings and knowledge-based mappings of stakeholder driven inputs to key outcomes of 
interest.  

 
A summary of the work completed during each phase is presented in the following subsections: 

PHASE A: NEEDS IDENTIFICATION AND KNOWLEDGE ACQUISITION 

For Phase A, the researcher team concentrated on the following key objectives as stated in the 
statement of work: 
 
• Conduct collaborative exchanges with key collaborators from industry, academia and 

government entities 
• Translate knowledge artifacts from interviews and case study deep dives into an organized 

repository construct (includes further development of program manager guidance document 
from RT-163) 

• Map relevant knowledge artifacts to segments of the defense acquisition lifecycle, and to end 
observed benefits of modularity and openness 
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Collaborative exchanges were conducted with select stakeholders.  Some of the stakeholders 
were prior participants of the RT-163 workshop.   In addition, an extended literature review 
beyond the research scope of RT-163 was conducted to further broaden the research team’s 
knowledge of the application of modularity and openness in the broader acquisition ecosystem 
(documented and presented in CSER 2018 publication). The extended literature review included 
a canvassing of both application and academic research on categorizations, metrics, measures, 
and design heuristics used when considering modularity and openness in engineering systems 
design. These were leveraged, in addition to our research group’s collective expertise on MOSA 
relevant case studies, to rationalize the core structure of the envisioned decision-support 
framework model constructed in Phase II.  Development activities included an on-site visit at 
Purdue University, and frequent telecon sessions to facilitate discussion on our decision support 
framework’s structure.  
 
Furthermore, feedback from the RT-185 project sponsor (DASD(SE)) confirmed the need to focus 
the research team’s ongoing but incipient work on early stages of the defense acquisition 
lifecycle.  The early stages are defined as the interval occurring after the completion of a Joint 
Capabilities Integration & Development System (JCIDS) analysis through the completion of an 
Analysis of Alternatives (AoA). It is during these early stages where decisions have a high impact 
on reaping the benefits of MOSA. Knowledge gained from these initial acquisition activities were 
captured as part of the previously developed Program Manager Guidance document from RT-
163, to now include updated findings and information pertinent to this RT-185 effort.  This 
includes an additional focus on early stage acquisition processes and their relevance to MOSA. 
 
Figure 1 below illustrates the conceptual framework of the decision support framework (DSF) 
structure that our team rationalized: 

 

Figure 1 – Decision Support Framework structure 
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For the DSF, we envision the relevant user (e.g. Program Manager) to bring to bear a set of inputs 
that reflect the current state of the program under consideration.  The DSF framework relies 
upon Quality Function Deployment (QFD) matrices to help relate user inputs to relevant outputs.  
These inputs include (but are not limited to): 
 

1. Acquisition Context: The context includes mission objectives, desired technical and 

programmatic outcomes, metrics used, and a list of primary stakeholders involved. These 

serve as knowledge inputs to establish the boundaries and mission scope for MOSA 

benefits pursued throughout the acquisition activity. 

 

2. Organizational Disposition: The disposition of the organizational units involved from 

military, government, and industry in support of the acquisition activity. In the context of 

the early acquisition stages (JCIDS thru AoA), this may involve a listing of candidate 

participants in working groups (industry, military, etc.), and their feasible roles during 

each phase in the acquisition lifecycle. For example, identified industry participants may 

be available both as advisors within working groups during the initial acquisition phase, 

and then subsequently as a material solution provider and/or system integrator. The 

listing of these candidates provides a roadmap for incentive structures and bounds for 

solutions (modular, open or integrated) being included in problem scoping and analyses.  

 

3. Resources Available: Resources include the program office’s available time, funds, 

feasible data sets, human resources and other such relevant resources needed to execute 

activities during early stage acquisition in scoping mission needs and identifying candidate 

solution alternatives. 

The research team chose QFD for several reasons.  Chief among them is that QFD is a well-
established systems engineering technique that provides a systematic method to capture and 
display crucial dependencies between user inputs and desired outputs. This allows inputs to the 
DSF to be used in a manner that helps expose the envisioned user to potential program relevant 
outputs.  These outputs include (but are not limited to): 
 

1. Cost, schedule, risk: The DSF will help illustrate the impact on cost, schedule, and risk from 

various MOSA-relevant strategies at various stages of the acquisition lifecycle. DSF 

outputs will include both quantitative and experiential feedback, as appropriate and 

necessary, depending on the context of the acquisition program being pursued and input 

data provided by relevant user group. 

 

2. MOSA compliance: The DSF will help determine the impact that various early stage 

acquisition choices will have on MOSA-related compliance metrics. These compliance 
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outputs provide a means for relevant users to rationalize their early stage strategies and 

provide traceability in their rationalizations towards seeking the benefits of MOSA 

implementations. This also enables objective traceability to barriers that may prevent the 

adoption of MOSA, and consequently provides a structured means on conveying 

rationalizations to oversight authority. 

 

3. Product-organization relationship: Here, the DSF will provide a dependency roadmap of 

organizational units who support various stages of the acquisition lifecycle as well as 

highlight different features of various solution alternatives under consideration. The 

roadmap is envisioned to provide a clear traceability of organizational dependencies, 

stakeholder incentive structures, conflicts, and key enablers based on how the envisioned 

performance outcomes of materiel solution alternatives interface with participating 

organizations.  

Example QFDs matrices are provided in Appendix B. In Figure 1, the central piece of the DSF is 
based on a knowledge-mapping construct identified in research conducted under RT-185. The 
research team then mapped knowledge artifacts gained through our Phase I activities to a series 
of cascading matrices that reflect dependencies in process-stakeholder relationships from the 
early stages of the defense acquisition lifecycle. Relevant knowledge from the Capabilities Based 
Assessment User’s Guide, Analysis of Alternatives (AoA) Handbook, and DoD Open Architectures 
Program Managers Guidebook were used to inform structural choices in forming the dependency 
matrices.  While these dependencies can vary based on the nature of acquisition objectives being 
pursued (for example, strategic vs tactical and urgent need versus non-urgent pursuits), our 
preliminary framework is aimed at capturing some of the most salient dependencies and serve 
as a living-construct that is informed by community driven knowledge.  
 

Outputs from the DSF are envisioned to guide critical decision-makers such as Program Mangers 
on key questions related to MOSA adoption such as: 
 

 How does selection of participants in various working groups, and compartmentalization 

of information drive alternatives to include MOSA relevant solutions naturally? 

 How feasible will modular and open architecture solutions be in a contracting sense, given 

the incentives for proprietary interfaces? 

 Who should be the systems integrator, given the nature of alternatives being scoped and 

the nature of incentives between feasible participants in this effort? 

These and many other key questions are naturally derived forms of tacit knowledge that exist as 
crowd-sourced knowledge but are ambiguously documented in existing streams of DoD guidance 
provided.  The DSF structure permits the continued capture of tacit knowledge elements, in the 
context of MOSA relevant acquisition processes, that are often not readily captured in the 
broader context of acquisition programs.  It is through this continued collection, translation and 
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mapping of these types of critical yet tacit knowledge elements to the living DSF construct can 
potentially be realized in the broader scheme of MOSA-relevant defense acquisitions.  This is 
where the DSF provides the greatest value to decision makers. 
 

PHASE B: A MOSA DECISION-SUPPORT FRAMEWORK 

During Phase II, the researcher team concentrated on the following key research tasks as stated 
in the statement of work: 
 

 Formulate and execute a detailed plan to map the knowledge artifacts acquired from 
deep dive to knowledge elicitation phase to appropriate decision-making framework 

 Construct an executable model based on the DSF that captures salient dynamics and 
heuristic influence mechanisms across the range of stakeholders involved at various 
stages of the acquisition lifecycle 

The research team’s efforts consisted of translating lessons learned from previously gathered 
knowledge artifacts into an executable prototype software model that captures the cascade-
style structure of the DSF.  This is shown in Figures 2 and 3, where the DSF has been developed 
into an executable prototype software model. The software is written in the MATLAB 2017b 
environment with a pre-selected number of GUI options to facilitate illustration of the 
cascading dependency approach.  Dependency modeling was shaped around the knowledge 
gained from relevant defense acquisition literature pertaining to early phase acquisition.  

Figure 2 shows the main GUI screen where the user will input specific characteristics of the 
acquisition effort being explored (for example, at the post JCIDS phase where capability-based 
needs and potential resources are identified and used to perform an AoA study).  By highlighting 
key available resources and needs, the user can then explore the cascading effects of different 
input conditions while exploring the impacts on requirements, alternatives, and acquisition 
outcomes.  This is depicted conceptually in Figure 3.   

DSF software outputs indicate, depending on acquisition context, a mapping of the compliance 
of specific inputs conditions (e.g. solution constraints) to envisioned MOSA-relevant outcomes, 
given resource availability.  While the prototype software is still in its incipient stages, the work 
nevertheless permits future expansion to include leveraging additional knowledge artifacts.  Such 
artifacts are then tagged to provide traceability to each instance of capability needs or resource 
availability. A quick reference manual, detailing use of the prototype software, is provided with 
this report.  
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 Figure 2 – Decision Support Framework (DSF) main GUI  

 

  

Figure 3 – DSF conceptual use 
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SUMMARY AND FUTURE PLANS 

This research task has extended prior RT-163 research towards developing objective guidance on 
seeking the benefits of modularity and openness in the context of defense acquisitions. The 
researcher team has canvassed relevant sources of MOSA-related literature beyond prior 
research, performed collaborative exchanges with relevant key stakeholders, and used relevant 
knowledge artifacts to construct a prototype computational DSF. 

While the research direction is still in the nascent stages of developing both the DSF structure 
and accompanying software, there are several insights that were gained throughout the effort. 
These include: 

 The noted impact that early stage acquisition decisions have on seeking the benefits of 
MOSA solutions  

 The myriad contextual dependencies that can exist throughout the acquisition lifecycle, 
depending on the type of acquisition effort being pursued (tactical vs strategic, urgent 
operational need, major acquisition, etc.) 

 The further need for community- driven tacit knowledge on MOSA relevant acquisition 
processes to be mapped to such a DSF  

Future work proposed to the SERC community includes the continued, yet targeted collaborative 
effort on evolving the DSF.  This requires further partnership and collaboration so that DSF 
outputs provide direct value to existing acquisition programs (or even precursors to formal 
programs). The proposed partnered approach can provide direct value to the partner program, 
while distilling valuable best practices and lessons learned regarding MOSA enablers and barriers 
to implementation for future programs. 

APPENDIX A:  LIST OF RESULTING PUBLICATIONS 

Davendralingam, N., Guariniello, C, Dukes, A., DeLaurentis, D., (2018). Investigating approaches to 
achieve modularity benefits in the acquisition ecosystem, In Conference on Systems Engineering 
Research (CSER) 

Davendralingam, N., Guariniello, C, Tamaskar, S., DeLaurentis, D., Kerman, M., (2018) Modularity 
Research to Guide MOSA Implementation, In The Journal of Defense Modeling and Simulation: 
Applications, Methodology, Technology 

Navigating in a MOSA Ecosystem: Guidance for Program Managers, SERC RT-163/RT-185 Project 
Document 
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APPENDIX B:  EXAMPLE QUALITY FUNCTIONAL DEPLOYMENT MATRICES 

Example AoA QFD Cascade – Translation of Needs to Requirements 

• Program Needs consist of the capability gaps and Key Performance Parameters (KPPs) 
identified by the program Capability Based Assessment (CBA) 

• Greyed out rows identify the gaps or KPPs not addressed when narrowing down the 
alternatives for selection (i.e. not Tier 1 or Tier 2 selection criteria) 

• This QFD visually displays how the needs of the program translate into the priorities for 
alternative selection 
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Example AoA QFD Cascade – Translation of Requirements to Alternative Selection 
 

• This QFD describes how the program requirements are translated into the selection of 
the alternative to pursue 

• Numbers within the QFD are arbitrary but are informed by the reason the alternative was 
not selected 

• The cascading QFD example demonstrates how we can use QFDs to visually trace the 
translation from needs to requirements to selected alternatives 
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