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EXECUTIVE SUMMARY
AIRC research under this task adapted a previously developed system-of-systems analytic workbench (SoS-AWB) of analytic tools to create a 
decision-support prototype effective for informing decisions in Integrated Acquisition Portfolio Reviews (IAPRs).  Mission engineering analysis 
and portfolio optimization of an anti-surface warfare (ASuW) mission thread using personnel and munitions in the surface, aviation, and space 
domains was demonstrated via the prototype software on September 8, 2022.  These advanced prototypes provide a broader range of insights 
(e.g., resource tradeoffs, cost-sensitivity analysis, and the most robust ASuW systems to be acquired in specific portfolios) for stakeholder 
decision making.  Future work could improve the tools to identify: how risk aversion affects portfolio optimization, technical dependencies 
among systems, developmental dependencies, and portfolio performance effects from stakeholder decisions.

The following four aspects of the developed prototype are distinguishing features accomplished in the research in support of the  
sponsor’s needs.

Portfolio-Centric Approach: The Department of Defense (DoD) has an increasing focus on Mission Engineering (ME) analysis and 
architecture development for modernization decisions, including investments and prioritization related to requirement development 
and selection of capabilities to support various concepts of employment and technological improvements.  Typically, however, systems 
engineering tools focus on the system itself.  That is, the tools may not translate the complexities of mission engineering analysis into the 
evaluation in a way that is both (a) meaningful to the requirements within the trade space of capabilities and (b) flexible, scalable, and 
configurable to integrate with other analyses.  To this end, recommendations from an advisory panel suggested that the DoD approach 
should take a more holistic and portfolio-centric method for acquisitions rather than the current program-centric approach.  In our 
prototype, systems and technologies are evaluated within an overall portfolio, exposing how each component plays a role in the realized 
capability while connecting the mission needs of warfighters with acquisition decisions. Continued development along these lines will 
eventually pave the way for the establishment of Acquisition Integration and Interoperability (AII), which should be based on mission and 
digital engineering, using data-driven methods.  

Higher Fidelity Analysis through Discrete Event Simulation: It is imperative to evaluate the trades associated with architecting a 
mission in a model-based scenario that includes not just the blue systems but also the red systems and a specific mission context. To 
evaluate and compare successful portfolios of platforms and their associated capabilities, we must identify which portfolio concepts can 
be successful.  Success is measured through scenario modeling in terms of performance in the context of a mission–performance against 
what and to accomplish what objectives.  The Universal Platform for Simulating Tasks and Actors with Graphs and Events (UPSTAGE) was 
created specifically to help DoD stakeholders make decisions with respect to the design of Concepts of Employment (CONEMPs), force 
placement decisions, and investment of resources prior to kinetic action to achieve the desired effects across disparate potential scenarios.  
While multiple large-scale frameworks are available for simulations of tactics and operations, these frameworks implement higher fidelity 
representations that take significant time to set up and modify. Often, entity behaviors in these simulations are programmed at such a high 
level of fidelity that they are not reusable in other scenarios.  To this end, UPSTAGE is different since it is a multi-resolution, hybrid simulation 
and wargaming framework to support quick-turn operational scenario analyses against evolving, competitive adversaries.  UPSTAGE was 
designed to enable rapid explorations of CONEMPs, optimization, scenario re-definition, and other activities required for agile and iterative 
problem-solving. With UPSTAGE in our software prototype, multiple scenarios are more rapidly customizable and executable. 

Space Domain Technology Injection:  New technologies always emerge; thus, we must always find a way to incorporate the new 
technologies to our benefit. To this end, we focused on the injection of new technologies into an IAPR.  More specifically, the new 
technology injection evaluates space surveillance domain assets (i.e., satellites) for an anti-surface warfare scenario.  Two different systems 
are used in the IAPR:  (a) older large satellites and (b) newer small satellites (i.e., smallsats).  The former is legacy satellites and is generally 
larger, more capable, and more expensive.  On the other hand, the latter is the new technology smallsats, which are generally newer, 
smaller, less capable, and less expensive.  These two contrasting systems are placed into constellations consisting of several to many 
spacecrafts.  Then, their ability to surveil the region of interest is evaluated with the Tradespace Analysis Tool for Constellations (TAT-C).  
TAT-C is an open-source mission engineering tool developed for these early design phase analyses.  The legacy and smallsat systems are 
chosen to represent the types of systems which will be selected in the IAPR and have characteristics that show meaningful tradeoffs.  
The new technology injection workflow is integrated with the larger WRT-1049.5 toolset.  The legacy and smallsats are evaluated with 
TAT-C, and these metrics are introduced into the AWB, which is then used to perform an RPO routine.  The Pareto-optimal solutions to this 
routine demonstrate how decision-makers can obtain the best information for acquisitions in a portfolio-centric manner, including new 
technologies.
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Anti-Surface Warfare Problem:  Our adapted SoS-AWB prototype was successfully demonstrated to inform decisions in Integrated 
Acquisition Portfolio Reviews (IAPRs).  More specifically, we demonstrated the use of SoS-AWB via mission engineering analysis and 
portfolio optimization of anti-surface warfare (ASuW) mission thread using personnel and munitions in the surface, aviation, and space 
domains.  These advanced prototypes provide a broader range of insights (e.g., resource tradeoffs, cost-sensitivity analysis, and the most 
robust ASuW systems to be acquired in specific portfolios) for stakeholder decision-making.  Our demonstration illustrated 1) what the 
integrated acquisition decision-support process looks like and 2) how provided data utilizes a model-based decision tool to produce 
insights on the most attractive ASuW systems to be acquired in specific portfolios.  Our findings indicate that these approaches indeed do 
provide the stakeholders with a broader range of more accessible information, such as resource tradeoffs and cost sensitivity analysis.  As a 
result, the stakeholders can incorporate the integrated acquisition process to improve ASuW mission engineering and defense acquisition 
performance.  Future work could improve the tools to identify: how risk aversion affects portfolio optimization; technical dependencies 
among systems; developmental dependencies; and portfolio performance effects from stakeholder decisions.
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