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EXECUTIVE SUMMARY 

Objective 

The US Army DEVCOM Armaments Center (AC) Systems Engineering Directorate (SED) and the 

Systems Engineering Research Center (SERC), a University Affiliated Research Center (UARC) for 

the Department of Defense (DoD), jointly sponsored the second Artificial Intelligence for 

Systems Engineering/Systems Engineering for Artificial Intelligence (AI4SE/SE4AI) workshop on 

October 20-21, 2021. The two-day virtual event gathered participants from Government, 

Academia and Industry to learn from leaders using AI in this space, share ideas and further 

explore outcomes that resulted from the inaugural AI4SE/SE4AI meeting held in October 2020.   

The Workshops 

A total of 18 presentations, two panels and various discussion sessions, focused on relevant 

topics within the areas of Machine Learning/Artificial Intelligence (ML/AI), Artificial Intelligence 

for Systems Engineering (AI4SE), Systems Engineering for Artificial Intelligence (SE4AI), and 

Digital Engineering (DE), were conducted over the two-day event. A unifying theme was the 

increasing need for organizations and systems to be agile to keep up with the dynamic nature 

of AI toward the ultimate goal of delivering the most relevant and effective tools to the soldier 

in the field. Essential areas for focus emerged, notably: the importance of data—its acquisition, 

analysis and maintenance; the importance of the reliability of new systems to build user 

confidence and maintain global competitive advantage; and the need to update business 

processes, including workforce development and retention.  

Outcomes 

Outcomes from the inaugural AI4SE/SE4AI workshop in 2020 were used to refine the SERC AI 

and Autonomy Research Roadmap (insert website reference) which now converges to human-

machine co-learning and teaming. The previous workshop also guided the presentations, panels 

and discussions of this 2021 workshop. As this year’s workshop sought to address roadblocks to 

continued progress, the following themes evolved: (Note: The corresponding Next Steps that 

were developed based upon participant feedback after the 2020 workshop are included as 

italicized text within parentheses.) 

1 

DISTRIBUTION STATEMENT A: Approved for public release; distribution is unlimited.
UNCLASSIFIED



2 

• Recognize the complexity of the topic: Each of the 2021 workshop’s three tracks focused

on ways to view and work through the complexity of human-machine teaming and the

complexity of the associated endeavor being undertaken by systems engineering.

Presentations and discussions considered what SE can do to address the limitations of

AI, and what are the particular challenges that AI presents to the SE discipline. V&V and

T&E of new systems need to be conducted in ways that account for current

uncertainties in understanding the meaning of the tests being used, as well as the future

use of the systems. Discussions highlighted the need for confidence in new, particularly

military, systems. (Test and Evaluation with AI/ML components.)

• View AI as a system, not a technology: Designers, requirement setters and systems

engineers should from the start of system design take into account what can be done to

mitigate the uncertainty of AI and provide guardrails against unexpected events. Testing

of AI should be done in the context of a system, and systems can be shaped to recognize

and compensate for the limitations of the AI. Powerful tools are currently available, but

these don’t address the particular needs of the SE community. Demand accelerates

creation, development and production in the marketplace. The SE community needs to

consider whether there is a way to stimulate or organize an expression of its demand for

the specific, appropriate products it needs. (Develop theoretical foundations with

verifiable robustness.)

• Focus on how AI4SE and SE4AI come together in the lifecycle: Digital twins become

indispensable tools for managing the lifecycle of AI systems and are also indispensable

to the systems engineers when thinking about the design of those systems. (Integrate

digital twins in the operational phase.)

• Expand thinking around training at all levels: Training must be an investment focus, both

for the users and the developers of systems with AI. New AI capabilities can train

warfighters in use of the next generation of systems as well as train those who create

the tools to deal with systems that rely on AI. The US needs to catch up to other global

players who are already considering and working on this. (Consider Workforce

Development/Human Capital Development efforts.)
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• Reconsider the research infrastructure: There is the need to envision and create an

infrastructure that enables the study of human-machine teaming issues. Human-

machine teaming outcomes are emergent properties of a system and must be evaluated

at every stage of development and use. A re-envisioned infrastructure could allow for

the study of better integration of live and virtual testbeds into the infrastructure to

accelerate learning around new technologies. (Establish an AI test bed that contains

data sets that can be created and manipulated to affect outcome.)

• Navigate cultural and policy roadblocks: AI-based applications will permeate future

systems engineering and acquisition practices. AI applications are fundamentally digital

(data and software) and will evolve with the digital transformation of government policy

and practice. Services will have to share data, integrate with each other, and reconsider

their siloed cultures and business processes. The Acquisition Innovation Research Center

(AIRC) is doing much research on policies related to new technologies and whether they

drive or inhibit progress. (Explore a path forward for AI and XAI for SE and mission

engineering.)

Overall, it is important to remember that people, from the systems engineer to the warfighter, 

want tools that allow them to do things they could not accomplish previously. Tools need to 

increase productivity and efficiency, helping capabilities reach the warfighter at the speed of 

relevance. AI and automation will enable that. People also wish to perform a richer, more 

meaningful job; AI can assist this too by automating mundane tasks. Systems engineers need to 

think of what are the problems to be solved and the opportunities to be harnessed. 

Unprecedented technology generates uncertainty. Any loss of confidence and trust in new 

technologies and systems will set back progress. Safety is a primary concern, but there is a need 

to be practical about the level of confidence achievable and attention needs to be paid to the 

risks posed by not moving forward technologically and falling behind adversaries. The greatest 

risk is ultimately passed on the warfighter. The mix of Industry, Academia and Government 

represented at both the 2021 and 2020 workshops is where the answers and solutions lie and 

will come.  
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INTRODUCTION 

This workshop was the second Artificial Intelligence for Systems Engineering/Systems 

Engineering for Artificial Intelligence (AI4SE/SE4AI) workshop jointly sponsored by the US Army 

DEVCOM Armaments Center (AC) Systems Engineering Directorate (SED) and the Systems 

Engineering Research Center (SERC), a University Affiliated Research Center (UARC) for the 

Department of Defense (DoD).  The objective of the workshop was to discuss and define 

Systems Engineering (SE) and Artificial Intelligence (AI) challenges, areas of exploration and 

methodologies to use, and ways in which to collaborate and research in the upcoming years.  

WORKSHOP AGENDA STRUCTURE AND AUDIENCE 

DEVCOM AC and the SERC jointly hosted the workshop virtually using ZoomGov over a two-day 

period.  There were two (2) Keynote Speakers and two (2) Introductory Speakers who provided 

their relevant perspectives for the daily sessions.  The workshop was attended by over 70 

organizations to include: Other Government Agencies (OGA) and Industry and Academia 

affiliates with over 250 people registering and attending the virtual workshop.  The workshop 

agenda was structured into the following three (3) tracks: 

1. Verification & Validation of AI Systems

2. Lifecycle Adaptation & Resilience

3. Augmented Engineering

Each track had 4-6 speakers who presented on relevant topics, and audience members were 

able to collaborate and ask questions throughout the briefings via the chat feature.  Each 

session was moderated with an interactive Q&A at the end.   

Presentation materials for the entire workshop were made available via the SERC website: 

https://sercuarc.org/event/ai4se-and-se4ai-workshop-2021/ 

Welcome from the Executive Sponsors 

DAY 1 - Dr. Dinesh Verma, Executive Director, SERC 

 Dr. Jason Cook, SSTM for SE Research, US Army DEVCOM Armaments Center 
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Attendees were welcomed and it was noted the jointly sponsored workshop was an 

opportunity for exchange among and contributions by representatives of Government, 

Academia and Industry toward continued refinement and rich application of artificial 

intelligence (AI) and machine learning (ML). It was also noted that Day 1 presentations and 

panels focused on system verification and validation and system resilience, both critical aspects 

of today’s complex and evolving systems.  

DAY 2 - Dr. Peter Beling, Virginia Tech 

 Mr. Tom McDermott & Ms. Kara Pepe, SERC  

It was noted that Day 2 presentations focused on opportunities for AI to augment SE processes 

to maximize outcomes and improve workflows. The panel focused on the issues raised by 

bringing together AI and the engineering workforce, including recruitment and training.  

Introductory Presentations 

DAY 1 - SERC AI Roadmap: Digital Engineering and AI Transformation of Systems 

Engineering  

Mr. Tom McDermott, SERC 

The SERC Research Roadmap is a high-level, aspirational research vision linked to the goals of 

the DoD DE Strategy and is the basis for much of the work the SERC is undertaking. It focuses on 

how to prepare future SE processes for a world where humans and machines co-adapt and 

team to evolve complex missions in response to dynamic operational conditions. AI will support 

DE as the volume of information needed to develop and test increasingly complex systems 

grows, yielding time and testing efficiencies, building up assurance models and advancing the 

move toward cognitive technologies. Transparency is critical to AI reliability, which in turn, 

ensures human trust in machines. At the workforce level, continuous training will be needed to 

prepare individuals, keep knowledge up-to-date and compensate for skills lost as more tasks 

become automated.  
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The Research Roadmap helped shape the four key research goals of the 2020 and 2021 

workshops—and moving forward—that address the transformation of SE: 1. AI4SE: AI/ML to 

support the practice of SE; 2. SE4AI: SE approaches to systems with AI/ML capabilities; 3. 

Systems Lifecycles for AI: new SE methods that anticipate adaptation and technical and 

management policies for assurance; and 4. Systems Validation of AI: testbeds to study systems. 

DAY 2 – Systems Engineering, Artificial Intelligence, and Machine Learning at the 

Systems Engineering Directorate  

Mr. Roshan Patel, US Army DEVCOM Armaments Center 

The Systems Engineering Directorate (SED) at CCDC AC is working to understand and manage 

the disruptions AI brings to SE processes, which can lead toward benefits for both areas: SE can 

support AI/ML weapon system projects and initiatives, and using AI/ML in SE best practices can 

improve CCDC AC’s lifecycle support of these. Workforce education and training is critical to 

manage new disruptive technology, enabling the workforce to build the appropriate 

infrastructure and make the infrastructure easier to use. Education also minimizes resistance to 

change. The CCDC AC is also currently developing guidance on how to optimize AI data toward 

these goals.  

WORKSHOP KEYNOTES 

DAY 1 KEYNOTE | New Challenges for Systems Engineering: AI Systems in a Human World 

Dr. Mica Endsley, SA Technologies 

AI’s speed, persistence and endurance make it attractive to develop for a variety of 

applications. The current vision is toward more agile and adaptive systems; however, systems 

can only adapt to the data on which they are trained. There is a need to develop robust and 

reliable AI systems with careful attention to AI biases and suitability. Human-AI teaming will be 

critical to successful implementation of such systems, as people provide greater agility in novel 

unforeseen situations inherent in warfare. Actions that SE needs to take to address these 

challenges include: taking into account the human-AI team when building the systems that can 
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perform in real-world operations; using rapid prototyping and testing throughout development; 

testing validity, usability, suitability, sustainability and auditability; and testing across the 

lifecycle.  

The results of a panel study by the National Academies of Science Board on Human System 

Integration, titled Human-AI Teaming: State-of-the-Art and Research Needs, will be available in 

December 2021. The document provides a research roadmap for issues raised in the keynote 

address, and its insights are applicable to Army operations, in addition to the Air Force Research 

Lab for which the study was originally intended. 

DAY 2 KEYNOTE | Insights on AI and SE 

Ms. Stephanie Possehl, Acting Deputy Director for Engineering and Director 

for Engineering Policy and Systems, OUSD(R&E) 

Emerging technology will affect warfare in the years to come. AI is at the heart of US efforts to 

solidify its competitive advantage to deter threats and dominate in battle. It is important to 

enable opportunities to appropriately apply AI when and where needed. AI’s promise is linked 

to its ability to use data effectively, prioritizing the need to design systems that collect quality 

data for the most useful application. Ms. Possehl noted the two-day workshop as an 

opportunity to keep dialogue open and ensure that what researchers are doing can be made 

into practical applications and that the insights of the engineers who make the applications and 

the users of the applications can guide this research. 

SE processes need to shift toward working and checking in with systems that can evolve on 

their own. It is a team effort to bring current lab AI into the DoD and develop systems directly 

applicable to DoD problems. Current priorities within Engineering Policy and Systems reflect the 

importance of these efforts, including a heavy focus on safety and system safety deliverables, a 

systematic approach to T&E that ensures reliable, ethical, and robust AI systems, and analysis 

to measure and appropriately guide human-AI interactions.  
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WORKSHOP PANELS 

DAY 1 PANEL | The AI Disruption: The Challenges for Specialty Engineering Posed by AI 

Led by Dr. Jason Cook, SSTM for SE Research, US Army DEVCOM Armaments Center 

Achieving persistent modernization ahead of adversaries requires the combined contributions 

of the engineers and researchers who create the technology and the warfighter who uses it. 

One challenge is ensuring the SE workforce that supplies the technological products possesses 

the qualities expected of the AI—i.e., to be integrated, trusted, augmented, collaborative, and 

adaptive. An agile SE workforce can address current and emerging issues that range from 

systems verification and validation to continuous testing, and from data access and 

cybersecurity to required skills for the SE workforce of the future. 

These issues highlight the importance of continual assurance of AI for the DoD, as the 

technology supports decision making in critical situations. Assurance must be integrated early 

to develop frameworks that mitigate risk and ensure a successful path to transition and fielding. 

Building, designing and verifying reliable systems is key to establishing trust in AI, both in the 

data it delivers and that the technology will behave as expected in the field.  

AI also impacts the maintenance and support of new systems. The Prognostic and Predictive 

Maintenance, Ammo, Spares (PPMx) Army program was discussed as an example of how 

reliable, up-to-date data can support higher availability of new systems at reduced cost and 

proactive, as opposed to reactive “when-it-has-to-be-done”, maintenance. 

DAY 2 PANEL | AI and the Engineering Workforce 

Led by Mr. Tom McDermott, SERC 

The path to building ML capabilities requires a workforce with knowledge of data science and 

systems integration. The SERC completed a study focused on specific competencies needed for 

the SE workforce and the DoD Strategy looks at integration of ML and AI into the SE space. Two 

relevant references are the SERC-developed Digital Engineering Competency Framework and 

the 2020 DoD AI Education Strategy, published by the Joint AI Center (JAIC). Incubating the 
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required knowledge early is essential to building a workforce pipeline but access to knowledge 

is also important for the existing workforce, from early through late career stage individuals. 

The adoption of technology can be accelerated by understanding the intersection of people, 

technology and work to deliver human-centric products, policy, and department engagement. 

Technology that supports the work that needs to be done will be accepted and used, and the 

workforce needs to be made aware of the available technology. DoD workforce culture and risk 

aversion are challenges, and steps are needed toward more dynamic workgroups and staff 

recruitment, retention and training. Other cultural changes suggested include looking to models 

of success that allow engineers to be more involved in the technical work and early recruitment 

that instills commitment to a mission.  

WORKSHOP PRESENTATIONS – DAY 1 

TRACK 1: V&V OF AI SYSTEMS 

Test and Evaluation of Reinforcement Learning 

Dr. Ali Raz, George Mason University 

Reinforcement Learning (RL) provides the opportunity to train artificially intelligent (AI) agents 

for operation in dynamic environments and is shown to provide abilities needed in national 

security missions such as missile guidance and motion planning. Training the RL agent occurs 

from exploring the environment and exploiting the reward function, which is uniquely different 

from other types of ML where large data sets are a pre-requisite for training and validation. 

The project team proposed a test and evaluation framework for RL that investigated how 

uncertainties in the underlying constructs of RL problem formulation impact the end outcome 

and help characterize RL performance to unseen conditions. The project demonstrated how 

robustness testing helps establish upper and lower performance bounds on the RL outputs and 

how the explainability insights derived from the SHAP model aid in understanding RL decision-

making constructs. 
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Bringing Reliability, Prognostics, and Testing to Machine Learning 

Dr. Tyler Cody, Intelligent Systems Lab, Virginia Tech, Hume Center for National Security 

and Intelligence 

The differences between cognitive and physical systems challenges the use of canonical metrics 

and resolution mechanisms for degradation. Dr. Cody presented two approaches for bridging 

the gap between reliability, prognostics, and testing and ML. First, reframing learning from a 

problem-solving endeavor to a system represents ML in a fashion more amenable to the 

reliability and testing communities. This systems perspective allows for immediate 

consideration of the integration of ML with related physical and human systems. Second, 

bolstered by this shift in perspective, it was demonstrated how transient divergences in 

learning problems relate to statistical quality control and notions of operating envelopes, 

thereby identifying a jump-off point for the synthesis of ML with the canon of reliability, 

prognostics, and testing. The results concern basic and applied research jointly and offer 

immediate uses in the sustainment of AI-enabled systems and mission planning for AI-enabled 

systems.  

Concept-of-Operations for Testing AI Systems: Fast-time Emergent Scenario Stimulation 

(FTESS) 

Dr. Lance Sherry, Center for Air Transportation Systems Research at George Mason 

University 

DoD Acquisitions must ensure that the design/testing (i.e., digital twin) and operational 

maintenance of fielded systems-of-systems composed of tightly coupled AI components meet 

system-of-systems requirements with regards to the Target Level of Safety (TLS) and the risk of 

hazardous outcomes. A Fast-time Emergent Scenario Simulation (FTESS) explores the functional 

behavior-space of system-of-systems composed of these tightly coupled AI components to 

identify the combinations of behavior that result in the system-of-system moving into a 

hazardous state. FTESS is run during the development and testing cycle such that emergent 

scenarios can be addressed by the design. More Importantly, FTESS is run even when the 
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system of systems is fielded and operating to identify hazardous outcomes that have not yet 

occurred in operations.   

Systems Theoretic T&E Framework for Learning Based Systems 

Mr. Paul Wach, Virginia Tech 

The research presented focuses on advances in test and evaluation (T&E) methods necessary 

for learning based systems (LBS). The complexity and dynamics of LBS suggest challenges in 

applying traditional T&E methods that may be unable to consider the impacts of changes in 

operational conditions and adversarial actions. The research project sought to characterize the 

balance between design of T&E activities and the cost of acquisition of data/model rights for 

LBS, which will inform government decision makers on the emerging necessity for new policy. 

The research team leveraged past work, funded by OUSD (RE) and DEVCOM AC, on the 

Silverfish Testbed. The presentation described the theoretical T&E framework, for which the 

foundation has already been defined, as well as practical application with the Silverfish Testbed, 

which is in the process of beginning. The research provides a vision of future T&E that will 

provide the agility necessary to deliver LBS to the warfighter. 

Towards a Tool for Composing, Evaluating, and Tracking System Validation Arguments 

Drs. Daniel Shapiro and Bryan Mesmer, The University of Alabama in Huntsville 

The research presented aims to evaluate the use of argumentation methodology for validating 

complex systems in the context of rapid deployment environments, especially field learning 

systems that depend on AI as a core technology. Validation is an essential task, but difficult 

because it asks, “Will an intended artifact perform the desired function in practice?” The 

validation problem is endemic in SE, as it motivates activities throughout the design, 

development, testing, and deployment of a complex artifact. The presentation discussed 

progress in developing a novel tool for supporting systems validation: a template-based editor 

where each template encodes a validation argument type with associated critical questions, 

and each application of a critical question transforms (refines) the argument model. The tool is 

intended to encapsulate improvements in validation methodology and contribute to DoD 

system development effectiveness in increasingly critical application contexts.  
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Army Software Suitability Statement Criteria for AI 

Mr. Adam Hillburn, US Army DEVCOM AC, Picatinny Arsenal 

The Army dictates the need for a Software Suitability Statement (SSS) that documents evidence 

that a suitable SW Quality program was implemented. This evidence provides release approving 

authority’s confidence the SW will perform as intended. The SW Quality/Reliability/Safety 

Engineering (SQRSE) branch within Armament Center (AC) at Picatinny Arsenal has defined the 

SSS evidence needed to make a release decision for deterministic SW solutions but not for 

stochastic AI SW solutions. This presentation addressed AC's strategy to update the required 

SSS evidence to address AI functionality that will dictate suitable SQRSE support strategies for 

the AC workforce to implement.   

TRACK 2: LIFECYCLE ADAPTATION & RESILIENCE 

Analyzing Cyber Attack Impacts and Defense Strategies Using Machine Learning 

Mr. Daniel Colvett, The University of Alabama in Huntsville  

The research presented focuses on using an extension of the Petri net formalism called Petri 

nets with Players, Strategies, and Costs (PNPSC) to evaluate design alternatives for systems in a 

contested environment based on effectiveness, costs, and resiliency. PNPSC will benefit the SE 

domain by providing a modeling and simulation technique that can be used throughout the 

system’s lifecycle in the decision analysis process. PNPSC nets can be executed with 

reinforcement ML techniques to identify optimal designs and decisions for each player. In 

addition to identifying optimal strategies, construction of a PNPSC net requires holistic thinking 

of the system that may allow teams to identify previously unknown relationships between 

subsystems during the modeling process. Future research efforts are underway to apply PNPSC 

with reinforcement ML into the broader electronic warfare domain.  

Using Natural Language Processing to Extract Science Traceability from Mission Concept 

Documentation 

Mr. Benjamin Simpson, Department of Aerospace Engineering, Texas A&M University 
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The research presented focuses on implementing state-of-the-art natural language processing 

(NLP) techniques, namely transformers models such as Bidirectional Encoder Representations  

from Transformers (BERT), to extract key mission definitions necessary to formulate a science 

traceability matrix (STM) in graph form. Specifically, the proposed approach aims to 

automatically extract science goals, actions, observables, instrument requirements, and mission 

requirements using a custom-trained BERT-powered named-entity recognition model and trace 

those entities together through a defined science traceability ontology. The case study was that 

of the Astrophysics Decadal Survey, which serves as a prime example of where these 

techniques can provide benefit. Preliminary results demonstrated the ability to extract key 

mission definitions from a full mission concept document (in portable document format) for 

mission concepts submitted to the Astrophysics Decadal Survey. Ongoing work focuses on 

implementing a BERT-powered relation extraction model to fill in the traceability structures so 

as to create a full science traceability graph and assess the relevancy of mission concepts to the 

overall program goals established by the survey. 

Cognitive Assistance for Problem Formulation in Tradespace Exploration 

Mr. Gabriel Apaza, Texas A&M University 

The research presented investigates applying cognitive assistants to support systems engineers 

during the problem formulation phase of tradespace exploration, the critical first step that 

defines the bounds of the design space to be searched and analyzed in the subsequent second 

and third steps. The method proposed by this research involves applying new problem 

formulation support capabilities in Daphne, a cognitive assistant for design space exploration of 

earth observing satellite systems (EOSS). The Daphne cognitive assistant’s method to improve 

user problem formulation is three-fold:  1) detects design variables in the current problem 

definition with very low sensitivity for most objectives and recommends eliminating them; 2) 

searches for sensible design variables outside the current problem definition and suggests 

adding one of them to the formulation if it has a high sensitivity; and 3) identifies objectives 

that aren’t architecturally distinguishing and recommends them for removal from the 

formulation. A within-subjects pilot study is currently in progress to assess Daphne’s problem 
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formulation support capabilities lead. Preliminary data supports the following three 

hypotheses: Subjects using the cognitive assistant will 1) do more problem space exploration; 2) 

find better decisions; and 3) learn more about the problem formulation task at hand.  

SE4AI: Design of Neural Network Architectures to Support AI and Machine Learning 

Formalisms Working Side-by-Side as a Team  

Dr. Mark Blackburn, Stevens Institute of Technology 

The research presented focuses on designing digital twin architectures that support AI and ML 

formalisms working side-by-side as a team. State-of-the-art AI and ML technologies are 

fragmented in their capabilities and much model-centric engineering represents systems as 

graphs and sequences of graph transformations punctuated by decision activities and actions. 

The first year of research worked toward understanding the design of neural network models 

and algorithms for learning the design structure of graphs. On-going work includes design of 

algorithms to incrementally learn the structure of graphs—important for scalability and system-

of-systems—and graphs + features. Future work will focus on understanding how knowledge of 

graph structure can improve identification of events and development of mechanisms for 

AI/ML interaction and teamwork. 

Creating a Digital Twin of an Insider Threat Detection Enterprise Using Model Based Systems 

Engineering 

Mr. James Lee, George Mason University 

Inference Enterprise Modeling (IEM) is a methodology that addresses test and evaluation 

limitations that insider threat detection enterprises face due to lack of ground truth and/or 

missing data. The research presented extends IEM as a digital twin generation technique by 

creating models that satisfy various detection system evaluation requirements, representing 

modeled processes as UML Activity Diagrams and tracing solution processes to problem 

requirements using ontologies. The research offers a method for creating digital twins of live 

and/or hypothetical insider threat detection enterprises for the purpose of performing testing 

and evaluation on continuous monitoring systems sensitive to disruptions. The research 
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presented used UML Activity Diagrams to leverage the integrated simulation capabilities of 

Model Based Systems Engineering (MBSE). 

WORKSHOP PRESENTATIONS – DAY 2 

TRACK 3: AUGMENTED ENGINEERING 

TEXT2MODEL: A Conceptual Model-Based Knowledge and Intelligence Management System 

Professor Dov Dori, Technion, Israel Institute of Technology  

The research presented aims to create a system for Universal Knowledge Management 

(UniKOM) with Object-Process Methodology (OPM) by combining two technologies: 1. language 

models (LMs)—a statistics-based approach to natural language processing; and 2. OPM ISO 

19450—a holistic paradigm and conceptual modeling language for systems engineering and 

exploration of phenomena of all kinds. OPM’s bimodal graphic-textual conceptual modeling will 

convert massive amounts of knowledge represented in natural languages over the internet and 

leverage the success of recent deep-learning-based, pre-trained LMs. These will be fine-tuned 

to translate free text to the textual OPM modality and the result will be converted to OPM’s 

visual modality. The LM-OPM combination leverages LMs, which are excellent at learning 

patterns but lack explainability, with OPM conceptual modeling, which enables powerful 

reasoning but requires significant human efforts. UNIKOM can be applied for intelligence 

purposes, combining massive amounts of open sources with hidden ones and converting them 

to an intelligent, large scale, query-able model expressed both graphically and textually.  

Using Natural Language Processing (NLP) in Requirement Engineering: Extracting Models from 

Text 

Dr. Carlo Lipizzi, Stevens Institute of Technology 

Because of the vast diffusion of digital communication, the majority of both communication 

and documentation is now available digitally and is becoming a full body of knowledge in many 

domains. This body of knowledge is primarily text, making the task of knowledge extraction a 

Natural Language Processing (NLP) problem. Extracting structures from text is challenging as 

text is potentially unstructured and rich with jargons and elements that evolved over time. One 
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recent development in NLP uses advanced vectorization of text to create numerical 

"unsupervised" representation of the knowledge represented by the corpora. This approach is 

pushing NLP toward the use of numeric/computational bases to build models and 

representations. One promising form of knowledge representation is using graphs extracted 

from text as a base to deduct the formal representations needed. Those formal representations 

are potentially actionable models for the target system. Using this approach, models could be 

generated in near real time, updated/upgraded as needed with minimal to no human 

intervention, with full control of the sources and their embedded bias.  

Augmented Intelligence for Competitively Bid Proposal Evaluation 

Dr. Shane Esola, US Army DEVCOM AC 

The research presented aims to transform the legacy DoD proposal evaluation process by 

injecting automated objective data analytics. The alternative approach in this research 

integrates and implements natural language processing (NLP) algorithms in a human-in-the-

loop (HITL) augmented intelligence framework to quantify evaluation metrics, create visual 

aids, and generate condensed summaries for rapid proposal assessment. Implemented tools 

include N-gram analysis, network topology maps and automated data clustering, and 

computer-generated text summarization. The proposed framework guides decisions toward 

logical, defendable, consistent and explainable conclusions for optimized systems engineering 

management. The resulting method will reduce DoD evaluator cognitive load, lessen the 

resource burden, and improve contracting decision quality and consistency. Ultimately, this will 

translate to higher quality contracting selections, faster and more in-depth competitive bid 

evaluation, and greater technology transition efficiency to the warfighter. 

Creating MBSE Model Content from Non-Standard Sources 

Mr. Matthew Cotter, The MITRE Corporation 

The presentation provided an overview of the technical approach underlying ArchEx, a 

prototype tool that lowers the barrier-to-entry for organizations, programs, teams, or individual 

systems engineers looking to transition efficiently and effectively to the use of more modern 
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MBSE/DE tools. Using a combination of Python-based Computer Vision techniques, ArchEx 

allows for intelligent, automated import of virtual paper-based architecture artifacts into 

Cameo Enterprise Architecture (a commercial MBSE tool) and results in content that conforms 

to the Systems Modeling Language (SysML).  

Development and maturation of the prototype using sponsor data currently continues, and to-

date have highlighted that certain attributes of an input image (standardization, quality, 

engineering domain, and diagram type) capture the complexity of the problem and help 

quantify prototype capability. It has also been found that a degree of human interaction is 

required to ensure content quality as the ArchEx parser extracts image information. Future 

work includes a full experiment to follow with an increased number of participants and 

identifying opportunities for increasing awareness of the research work, including licensing 

options and publication of a journal article.  
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Appendix 

WORKSHOP ORGANIZERS 

Executive Hosts: 

Dr. Dinesh Verma, SERC Executive Director, Stevens Institute of Technology 

Dr. Jason Cook, SSTM for SE Research, US Army DEVCOM Armaments Center 

Workshop Leads: 

Dr. Peter Beling, SERC – Virginia Tech 

Mr. Tom McDermott, SERC – Stevens Institute of Technology 

Ms. Kara Pepe, SERC – Stevens Institute of Technology 

Mr. Albert Stanbury, US Army DEVCOM Armaments Center Systems Engineering 
Directorate 

Track Moderators: 

V&V of AI Systems 

Ms. Tiffany Mills, DEVCOM AC 

Dr. Tyler Cody, Virginia Tech 

Lifecycle Adaptation & Resilience 

Dr. Valerie Sitterle, Georgia Tech Research Institute 

Dr. Peter Beling, Virginia Tech 

Augmented Engineering 

Mr. Edward Dooley, DEVCOM AC 

ACRONYM LIST 

AICR – Artificial Intelligence COA (Course of Action) Recommender 

AIRC  – Acquisition Innovation Research Center 

AIE – Artificial Intelligence Exploration 

AI/ML – Artificial Intelligence/Machine Learning 
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ASA (ALT) – Assistant Secretary of the Army (Acquisition, Logistics and Technology) 

ATLAS – Automated Test & Logistics Support 

C3L – Critical Criteria Checklist 

C5ISR Center – Command, Control, Computers, Communications, Cyber, Intelligence, 

Surveillance and Reconnaissance Center 

CCDC AC – Combat Capabilities Development Command Armaments Center 

CNN – Convolutional Neural Network 

DARPA – Defense Advanced Research Projects Agency 

DoD – Department of Defense 

DE – Digital Engineering 

FTESS – Fast-Time Emergent Scenario Simulation 

JAIC – Joint Artificial Intelligence Center 

MBSE – Model-Based Systems Engineering 

NLP – Natural Language Processing 

OECS – Operationally Embedded Control Systems 

OGA – Other Government Agencies 

SAFe – Scaled Agile Framework 

SE – Systems Engineering 

SED – Systems Engineering Directorate 

SERC – Systems Engineering Research Center 

SHAP – Shapley Additive Explanations 

SSTM – Senior Scientific Technical Manager 

SysML – Systems Modeling Language 

TBDS – Threat-based Decision System 

UARC – University Affiliated Research Center 

XAI – Explainable Artificial Intelligence 

XMI – XML Metadata Interchange 

X-ML – Explainable Machine Learning
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9:00–9:20 a.m. Welcome from the Executive Sponsors 
Dr. Jason Cook, US Army DEVCOM Armaments Center; Dr. Dinesh Verma, Executive Director, SERC

9:20–10:05 a.m. KEYNOTE: New Challenges for Systems Engineering: AI Systems in a Human World
Dr. Mica Endsley, SA Technologies

10:05–10:45 a.m. PRESENTATION – SERC AI Roadmap
Mr. Tom McDermott, SERC

10:45–11:45 a.m. PANEL: The AI Disruption: The Challenges for Specialty Engineering Posed by AI 
Led by Dr. Jason Cook, US Army DEVCOM Armaments Center

11:45–12:45 p.m. BREAK

TRACK 1 
V&V OF AI SYSTEMS

TRACK 2 
LIFECYCLE ADAPTATION & RESILIENCE 

12:45–1:15 p.m.
Test and Evaluation of Reinforcement Learning
Dr. Ali Raz, George Mason University

Analyzing Cyber Attack Impacts and Defense Strategies Using 
Machine Learning 
Mr. Daniel Colvett, University of Alabama in Huntsville

1:20–1:50 p.m. 

Bringing Reliability, Prognostics, and Testing to 
Machine Learning 
Dr. Tyler Cody, Intelligent Systems Lab, Virginia
Tech, Hume Center for National Security and 
Intelligence

Using Natural Language Processing to Extract Science Traceability 
from Mission Concept Documentation 
Mr. Benjamin Simpson, Department of Aerospace Engineering, 
Texas A&M University

1:55–2:25 p.m.

Concept-of-Operations for Testing AI Systems: 
Fast-time Emergent Scenario Simulation 
(FTESS) 
Dr. Lance Sherry, Center for Air Transportation 
Systems Research at George Mason University

Cognitive Assistance for Problem Formulation in Tradespace
Exploration
Mr. Gabriel Apaza, Texas A&M University

2:30–3:00 p.m. Discussion and Q&A Discussion and Q&A

3:00–3:15 p.m. BREAK

3:15–3:45 p.m. Systems Theoretic T&E Framework for Learning 
Based Systems 
Mr. Paul Wach, Virginia Tech

SE4AI: Design of Neural Network Architectures to Support AI and 
Machine Learning Formalisms Working Side-by-Side as a Team
Dr. Mark Blackburn, Stevens Institute of Technology

3:50–4:20 p.m.

Towards a Tool for Composing, Evaluating, and 
Tracking Systems Validation Arguments 
Dr. Daniel Shapiro, Dr. Bryan Mesmer, 
The University of Alabama in Huntsville

Creating a Digital Twin of an Insider Threat Detection Enterprise 
Using Model Based Systems Engineering 
Mr. James Lee, George Mason University

4:25–5:05  p.m.

Army Software Suitability Statement Criteria 
for AI 
Mr. Adam Hilburn, US Army ACC-NJ, Picatinny 
Arsenal

Identifying Factors of Data Science Expertise and 
Their Impacts on System Utility 
Ms. Lydia Gleaves, The George Washington University

5:00–5:30 p.m. Discussion and Q&A Discussion and Q&A

5:30–5:40 p.m. Day 1 Closing
Dr. Peter Beling, Virginia Tech; Mr. Albert Stanbury, US Army DEVCOM Armaments Center

OCTOBER 20, 2021 (All times listed in Eastern Time.)
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9:00–9:15 a.m. Welcome / Review Workshop Goals
Dr. Peter Beling, Virginia Tech; Mr. Tom McDermott & Ms. Kara Pepe, SERC

9:15–9:45 a.m.
KEYNOTE: Insights on AI and SE
Ms. Stephanie Possehl, Acting Deputy Director for Engineering and Director for Engineering Policy and Systems, 
OUSD(R&E)

9:45–10:15 a.m. Systems Engineering, Artificial Intelligence, and Machine Learning at the Systems Engineering Directorate 
Mr. Roshan Patel, US Army DEVCOM Armaments Center

10:15–11:15 a.m. PANEL: AI and the Engineering Workforce 
Led by Mr. Tom McDermott, SERC

11:15–12:15 p.m. BREAK

TRACK 3 
AUGMENTED ENGINEERING

12:15–12:45 p.m. TEXT2MODEL: A Conceptual Model-Based Knowledge and Intelligence Management System
Professor Dov Dori, Technion, Israel Institute of Technology

12:50–1:20 p.m. Using Natural Language Processing (NLP) in Requirement Engineering: Extracting Models From Text 
Dr. Carlo Lipizzi, Stevens Institute of Technology

1:20–1:30 p.m. BREAK

1:30–2:00 p.m. Augmented Intelligence for Competitively Bid Proposal Evaluation
Dr. Shane Esola, US Army DEVCOM Armaments Center

2:05–2:35 p.m. Creating MBSE Model Content from Non-Standard Sources 
Mr. Matthew Cotter, The MITRE Corporation

2:40–3:10 p.m. Discussion and Q&A

3:15–3:55 p.m. Workshop Takeaways and Next Steps
Led by Dr. Peter Beling, Virginia Tech

4:10–4:15 p.m. Closing Remarks
Dr. Jason Cook, US Army DEVCOM Armaments Center; Dr. Dinesh Verma, Executive Director, SERC

OCTOBER 21, 2021   (All times listed in Eastern Time.)
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