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Abstract

While there has been much attention paid to Modeling and Simulation as it relates to specific application areas, little has been done to address those broad technology areas that enhance, and in some cases, revolutionize the way we configure, execute and analyze the results of simulations. Recognizing that our simulation capabilities are expected to keep pace with ever-changing demands made of them, we differentiate between those technologies that are evolutionary in nature -- that is, where existing tools and techniques can undergo incremental improvements in order to address consumer requirements – and those of a revolutionary nature; which address those requirements for which no current technology solutions exist.  

I.  INTRODUCTION

In defining the Air Force’s New Vector for Modeling and Simulation, the Chief of Staff and Secretary of the Air Force stated that “We need to expand our involvement and investment in advanced simulation technologies to improve our readiness and lower our costs today, and prepare us to dominate the battles of tomorrow” [1]. The rapid growth and expanding role of simulation in the Air Force and throughout DoD attest to the tremendous power and potential that this technology provides to nearly every aspect of the defense enterprise. The Air Force, in parallel with the rest of DoD, is making a substantial investment in the development and use of simulation to support improved decision making, training, systems acquisition and testing.

Historically, modeling and simulation emphasis within the Air Force has been on the end use product, (i.e., using existing simulation technologies to develop simulations which would be suitable for defined applications).  However, as our investment base grows, and as we engage in major long term simulation projects, it becomes imperative that we are aware of emerging or developing simulation technologies that may contribute to or affect these, or follow-on, programs.  Further, if there are significant 

enabling technologies in development which appear to have unique applicability and high payoff for the Air Force, we should track these developments and consider investing in them to ensure their eventual applicability to our needs.

 This paper will describe the foundational technologies in simulation science being addressed by Air Force Research Laboratory basic research programs, and some current activity involving this burgeoning discipline.

II.  ENABLING TECHNOLOGIES IN SIMULATION SCIENCE

There is a tremendous amount of research being performed, both within and outside of the Department of Defense, in advancing and rethinking the theoretical foundations of simulation science, and in “borrowing” the theoretical foundations from other disciplines and reapplying them to traditional simulation. The technological scope of this body of research varies greatly, as does each area’s level of maturity. The following sections describe some of the more important enabling technologies, based on the subjective metrics of degree of maturity, Air Force relevance and potential benefit to the simulation community in general. The interested reader may also refer to Appendix B in bibliographical reference [1] for more detailed writeups on these and other technology areas.

A.    Hierarchical Simulation Construction

Hierarchical Simulation refers to the notion of a validated analytical hierarchy of models, consisting of four levels of modeling scope and resolution, ranging from most detailed (engineering level modeling) to most aggregated (theater/campaign level modeling). The basic idea of hierarchical simulation construction is to treat an engineering-level model -- say a radar - as being a "software zoom" of its more coarsely-modeled counterpart in a platform-level model; for example, an early warning radar on an aircraft. This platform-level model can  in turn be viewed as a "zoom" of a rudimentarily modeled aircraft in a mission-level model; perhaps consisting of several aircraft in an air-to-air combat scenario. Finally, the highest level of the hierarchy is the theater- or campaign-level model, in which air-to-air combat is but one facet of the overall campaign [7]. 

If the objective of a particular simulation experiment is to assess the capability of an existing (or proposed) piece of equipment, or processing technique, obviously a detailed model of that equipment or technique is needed. Ideally (in order to assess its overall "battle worthiness"), it should be evaluated within the context of a theater-level simulation. Currently, one of two basic approaches is taken, under the technical umbrella called "mixed fidelity simulation". The first --  and this is probably the most prevalent approach taken by researchers -- is what we're calling "model integration". This involves actually replacing a coarsely-modeled function or entity with a more detailed version; the "software zoom" mentioned earlier. Note that coupled systems using this approach are apt to be rife with objects/models of multiple levels of resolution. 

A different approach being pursued of late deals with the idea that the level of detail -- complexity, numbers of inputs/outputs, etc. --  should be fairly consistent from component to component, throughout the theater-level simulation. But then how does that ensure that an individual component of interest -- say the radar mentioned earlier -- is modeled to the accuracy needed for a sensitivity study? The answer lies in the field of "model abstraction", described in more detail in the next section.

B.   Model Abstraction

Model Abstraction is the intelligent capture of the essence of the behavior of a model without all the details (and therefore runtime complexities) of how that behavior is implemented in code [6]. As there is no one "best" solution or approach, it is also one of the most diverse areas. It is as old as modeling itself, in that the intent of the modeler has always been to capture the essence of the behavior of the real-world entity or process, to whatever level of detail (complexity) he/she could afford, or was willing to wait. As a discipline, it aligns closely with, and complements, the concept of mixed fidelity simulation within a hierarchical framework. The basic premise is that the appropriate level of resolution and detail should be determined by the end-user requirements posed on the simulation, with the goal being to provide a representation of entities and their behaviors that is sufficiently detailed to support the intended end-use, yet lacks any unnecessary complexities. Avoiding such complexities reduces the developmental and computational requirements associated with the simulation, enables the representational focus to remain end-use motivated, and reduces the false security of "more is better".  For a more intuitive treatment of the subject, the reader is referred to [8].

Abstraction techniques range from lookup tables, where the entries are the outputs of many simulation runs of the detailed code; to performance curves and response surfaces; to mathematical "metamodeling" [3], which tries to reduce the behavior of a model to some mathematical equation (itself a model), involving the crucial input set -- those factors to which an output of interest is most sensitive. Another interesting advance in abstraction research has been the application and adaptation of the concept of "qualitative reasoning"; borrowed from the field of Artificial Intelligence. Qualitative Simulation, as this application is called, concerns itself with getting away from the idea of "exactness" -- the mindset of traditional (quantitative) simulationists – and towards the idea of "intermediate degrees of truth" (uncertainty); such that one strives to attain optimal answers, or ranges of answers, as opposed to an optimum answer to 10-decimal place precision.

C.   Simulation Paradigms 

An important area of research in simulation science involves investigating new simulation paradigms. Traditional modeling paradigms (discrete-event system modeling, continuous system modeling, Monte Carlo simulations, etc.) evolved from the capabilities of the hardware, software and engineering/mathematical principles of their time., More recently, however, these paradigms are giving way to new modeling “styles” that are more intuitive and natural (Object-Oriented Simulation [9], Qualitative/Fuzzy Simulation, Multimodeling/Multi-Faceted Modeling [5] and paradigms based on Petri Nets and Neural Nets), quicker (Parallel/Distributed Simulation and Concurrent Simulation [2]), more accurate (Hierarchical Simulation/Mixed Fidelity Simulation), and more dynamic and interactive (Web-Based Simulation, System Dynamics modeling and Adaptive/Heuristic Simulation).

D. Web-Based Simulation

One of the more fertile areas of simulation science being addressed today deals with building and/or running simulations by accessing and invoking geographically dispersed components over the World Wide Web.  Web-based simulation represents the marriage of web technologies and simulation science.  The Web’s ability to service large and diverse audiences allows the simulation community to legitimately provide models and simulations as end products.  Recent advances in Web technology have shown the web to be a viable mechanism for locating, creating, publishing, and distributing simulation code.  

E.   Collaboration Tools and Environments

Another good example of  “borrowing” technologies from other disciplines (i.e., not specifically M&S) involves the use of collaboration tools and environments. What not so long ago was primarily characterized as an unrelated collection of capabilities and prototypes loosely referred to under the term “Computer Supported Cooperative [or Collaborative] Workgroups (CSCW)”  has grown to form a multi-million dollar market, and has shown much promise as an enabler for M&S research and development.

F.   Model Repositories/Model Management

Much has been written lately regarding the need for a "repository of models". There seems to be a general consensus of opinion that what is envisioned is not so much a physically manifested library, but rather a Virtual Model Repository (VMR). This Virtual Model Repository would consist of validated simulations, models, model components (at varying levels of resolution), data and inter-model coupling relationships. These pieces, either through conformance to model/data format standards or by judicious adherence to "wrapper" constructs, would be selected, instantiated and appropriately coupled to build a desired simulation; all by the Model Management System. In fact, a Model Management System in its most elemental form, is to a Model Base (our VMR) what a database management system is to a database. It eases, and to some extent automates, the user's ultimate model selection.

G.  Resolution Management Tools

These tools assume the necessity for the proposition, approval and adoption of a definition of discrete levels of detail/accuracy; which currently are undefined. Basically, this would be a necessary precursory stage to a model's inclusion in the Virtual Model Repository (VMR). In order for the Model Management System to be of any utility, each component in the VMR must have a specific level of resolution associated with it, and it must have been validated as an accurate representation of the behavior of its real-world counterpart, at the prescribed level of fidelity.  There is also a run-time aspect to this technology area as well. This concept – Dynamic Resolution Management – holds that at certain stages of the simulation -- either temporal or spatial -- it makes sense to transition from modeling an entity or process at one level of detail to representing it at another. The need for such a transition could be either scripted or, more appropriately, could be dynamically deduced using a new concept called Significant Event Detection.

III.  CURRENT ACTIVITIES
As one might expect, there are many, many ongoing activities resulting from an aggressive publicity campaign, both on the part of the Government sponsors of work in this general area, and of the M&S research community at large. As of this writing, some of the more exciting activities are a) the formation and acceptance of an AFRL-wide M&S Technology Integrated Product Team (IPT), b) our yearly “Enabling Technology for Simulation Science” conference, held in Orlando each April, and c) the envisionment and early prototyping of a virtual meeting place for fostering collaboration among those in the M&S academic and research community: The Virtual M&S Lyceum.

A. AFRL M&S Technology IPT

This group, formed in 1997 for the purpose of assessing the state-of-the-art in M&S science, recommended ten basic technology areas that the Air Force would be well-served to investigate further. What resulted was a) a reversal of a long-standing position that held that the laboratories did not fund M&S technology research, and b) an investment strategy to aggressively fund research in three technology areas: Model Abstraction, Collaborative Engineering Enterprises and Cognitive Process Modeling.

B. “Enabling Technologies for Simulation Science” Conferences

This conference, organized in 1997, is part of the SPIE Symposium on Aerospace/Defense Sensing, Simulation and Controls, and is the only conference solely devoted to basic research in those technology areas that enhance, and in some cases, revolutionize the way one configures, executes and analyzes the results of simulations. This year, over 37 presentations were made by some of the brightest luminaries in the simulation community; ranging in subject area from Mixed-Resolution Modeling, model abstraction techniques and object-oriented modeling/simulation, to real-time simulation and decision-making, web-based simulation, and enabling technologies for military applications. 

C.   “Virtual M&S Lyceum”

The face-to-face interaction that occurs at these Enabling Technologies conferences has tremendous benefits, but still falls short of the day-to-day, dynamic interaction needed to stimulate the positive and continued growth of simulation technology.  The maturity of collaborative tools and the impending improvements to web access (i.e., Internet2) can enable a virtual consortium capable of facilitating a lively exchange of information.  To that end, we are in the early stages of designing and prototyping a web-based meeting place called the Virtual M&S Lyceum [4], after the research institute founded by Aristotle in 335 BC; where young Athenian students were imparted great knowledge and insight by the great minds of the time.  It is in the spirit of this “hall of learning” that we try to create  a place – albeit a virtual one – in which great minds can once again impart knowledge and insight to the masses.

IV.  CONCLUSIONS
This paper endeavored to familiarize the reader with some current topics of interest to researchers in the simulation community, and to highlight some ongoing activities involving this new discipline.  We feel that the potential benefits of such research to the Air Force and the rest of the DoD, and to the simulation community in general, are enormous and far-reaching.
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