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It is both logical and appropriate for decision-makers to ask for ways to judge the value of simulation.  Often, the request is even more pointed than just wanting a report on the value of simulation, and specifics on the economics of simulation are requested.  Clearly, undertaking to answer questions about the economics of simulation will be critical to building an understanding of how to spend future marginal National Defense dollars.  As an example, one can evaluate the economics of simulation where it supports our ability to develop, build, and test new weapon systems.  Here, historically derived returns on investment, cost avoidance, cycle time reductions, and lifecycle cost savings have been documented and warrant further investigation.  However, there is a larger area of use for simulation where judging its value must go beyond economics.  Simulation, in most uses, has a value (or benefit or impact) beyond cost savings, and most efforts to understand the economics of simulation really intend to include the more general topic of the value of simulation.  The broader question of the value of simulation will be tackled because simulation must prove its worth.  If it is adequately funded and intelligently used, simulation will save valuable national resources and improve readiness.   A task force of volunteers is now looking at the economics (benefits, value, impact) of simulation, and this paper seeks to provide an overview of the state of understanding of this topic and solicit volunteers to join this task force effort.
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1. INTRODUCTION

As the only accepted tool used to perform many specific defense tasks, simulation is key to the way we build combat readiness today, and it will expand in usefulness to be integral in how we employ forces in the future.  In an effort to illustrate the current level of understanding of the value of simulation, this paper will look at ways to judge the value of simulation by looking at its use in wargaming, experimentation, assessment, acquisition, evaluation, training, and decision support for combat operations.  Ways to judge economic return, cost avoidance, and readiness impacts will be discussed.  This discussion may encourage readers to assist in finding additional evidence for the value of simulation and in participating in future studies in this area of interest.  Simulation has become a fundamental enabler of combat readiness, and it has an integral impact across Air Force responsibilities to organize, equip, train, and sustain forces for employment.  As we increase our ability to exploit the power of simulation to prepare for and conduct combat operations, we must document the value of simulation and use this documentation and the efficacy of simulation to persuade decision makers to invest in the right simulation tools with the right funding levels.  Unfortunately, we are not yet at the point where we can answer the boss’ question, “How much do I save if I fund this M&S program?”   This question is often asked, yet cost may not be the most important metric for M&S.  Two international simulation organizations -- the Simulation Interoperability and Standards Organization (SISO) and the Society for Computer Simulation (SCS) -- have chartered groups to build a better understanding of this topic.  SISO has established an Economics of Simulation Study Group, and SCS has established a Technical Chapter on the Economics of Modeling and Simulation (M&S).  The SISO and SCS groups are formed to establish the general parameters of the topic, develop a provisional market model, draft terminology and taxonomy of concepts, make a data call for readily available empirical evidence, document a business case, and identify best (most effective) practices relevant to this topic.   The cooperation of these groups, the overlap in volunteers to work these initiatives, and the audiences interested in the answers constitute a "task force" looking at the economics of simulation.




PARTITIONING OF THE M&S “PIE”

M&S is used within DoD and industry to support many activities, and it has been found to be valuable for several reasons.  M&S provides risk reduction by providing training where mistakes are not fatal, minimizing environmental impact, allowing covert rehearsal, and ensuring information security.  M&S is efficient because it reduces the cost to assemble the training team, reduces stress on high value assets, provides a standard instructional environment, and reduces the use of expendables.  M&S is effective because it accelerates creation of scenarios, allows rapid changes in combat arenas, provides a testbed for concepts and strategies, increases availability and portability, and reduces personnel and operational tempos.  

A standard approach to partitioning the M&S “pie” may be useful in further discussions of the value or economics of simulation. The approach used in this work is to divide the uses of M&S into wargaming, experimentation, acquisition, evaluation, assessment, training, and decision support for combat operations.  Other approaches are, of course, possible1 .   The division or partitioning of M&S used in this paper does not assume that such “stovepipes” are beneficial or permanent. In fact, M&S programs are increasingly crossing these boundaries and finding use within areas not originally envisioned for the individual M&S programs.  The crossover (the blurring of M&S use across distinct tasks) is yet one more indication of the value of M&S.  

Some measure of  economic benefit or cost avoidance due to the use of simulation is often sought.  A metric of Return on Investment (ROI) is used in this paper, and it is calculated as (Benefit - Cost of M&S Use)/(Cost of M&S Use) or (Cost Avoided - Cost of M&S Use)/(Cost of M&S Use).


2.1. Wargaming

Wargames generally look well beyond the years planned in the current Program Objective Memorandum (POM); sometimes they focus 15 to 20 years or more in the future.  Wargames are used to evaluate future doctrine, strategy, or concepts, using a mixture of current and hypothesized weapons systems, against anticipated enemy forces in presumed future scenarios.  Wargames, or future studies, have historically used role players and control staffs to generate the future scenarios and responses; however, M&S use in wargames is growing as increased fidelity, immersive scenarios, and reduction in the number of support personnel are desired. For most wargames, M&S has become the only acceptable means to generate the immersive future battlespaces.  The M&S used in wargames usually does not require human-in-the-loop or links to real-world systems.  The M&S often is closed-loop with multiple complete runs of the scenario used to determine an average outcome.  In order to further the understanding of the economics of M&S, cost trade-off analyses should be conducted for wargames such as Army After Next, Navy Global, or Global Engagement to compare the cost savings and benefits of using M&S vice using alternatives to M&S, such as additional role players and support staff.


2.2. Experimentation

Experiments generally look within the timeframe of the current or next POM and are focused on evaluating innovations in operational concepts, procedures, or weapon systems.  Experiments such as Joint Expeditionary Force Experiment (JEFX) look at new ways to use current equipment (perhaps with minor modifications) in scenarios using anticipated nearterm adversary forces.  M&S is used extensively in experiments; yet, the M&S systems have not been developed exclusively for experimentation, which ideally calls for the ability to use multiple Air Tasking Order paths with both fast-forward and rewind of the simulation2.  

In JEFX 99, nearly 100 simulations were used to drive the experiment.  For JEFX 99, M&S generated an immersive environment of 2500 intelligence messages and 2106 mission updates per day through the Theater Battle Management Control System and over 12,000 intelligence updates every 10 minutes through other real-world systems (HQ USAF/XOC 1998).  Role players and support staff could not have generated such a torrent of real-world message traffic; realism and experiment effectiveness would have declined, and costs in terms of staff tempo and TDY funding would have increased markedly without M&S.  The key function of M&S in experimentation has been cited by Lieutenant General Santarelli, PACAF/CV,  “Computer simulation has become a must. In fact, it may be the only way to represent the complexities of future warfare”3.  

Preliminary evaluations of the cost avoided by using M&S vice actual military forces, added role players, and message runners in experimentation has shown an ROI of approximately 60-to-1.  For instance, in a recent training experiment at 11th Air Force, Elmendorf AFB, Alaska, a simulation cost of $34K provided permanent simulation support to 11th Air Force and cost avoided over $1.2M in live-fly sorties.  Simulation also provided exceptional realism for this experiment when battlestaff members did not realize that several sorties had been weather and maintenance canceled because the simulated entities were so realistically substituted on the common operational picture.  It is recommended that further analyses be conducted to evaluate the resource savings and increased realism generated through M&S use in experimentation. 


2.3. Assessment

Historically, one of the first uses of M&S was for force structure analyses to evaluate the future force structure needs of the individual Services.  For instance, force structure studies that evaluate the required mix of air superiority, ground attack, and mixed-use platforms now rely on simulation.  Studies like the Deep Attack Weapon Mix Study or the Quadrennial Defense Review use several M&S systems to estimate the required size of each Service to meet the challenge of presumed future conflict scenarios and taskings.  For many types of analyses, there is simply no alternative to M&S tools; therefore, there has been little need to justify investment in them. The cost-benefit analysis for M&S use here should include not only the use of role players in lengthy analyses, but also the quality of the analyses that would result if M&S were not used. An undersized future force might be very costly to the United States and our allies.

As one example, systematic toxicity testing of chemical mixtures in the environment or the workplace is highly impractical without the use of M&S.  For instance, a chemical mixture of 25 component chemicals has over 33 million combinations required for testing at a $3T estimated cost4.  The time, expense, and number of live test subjects required to do full testing necessitates alternative methods.  To have a reasonable chance of successfully dealing with the issues of toxicology of chemical mixtures, M&S is integrated into the assessment process to produce a model-directed focused experiment on a reduced number of test points using live test subjects.

Other types of assessments are focused on improvement in procedures or processes.  For instance, an analysis of the weapons storage area at Nellis AFB using legacy M&S resulted in recommended system upgrades and improved security effectiveness.  The approach devised via M&S saved $7M at Nellis AFB alone and resulted in double the security effectiveness of the previously planned approach5.  Similar cost savings are anticipated at other weapons storage sites.  

2.4. Acquisition

M&S use in acquisition of new or improved weapons systems is one area of M&S use where economic benefit is a most natural computation.  This is also the area of greatest pay-off for M&S use.  Of the total budget controlled by acquisition program managers, 3% to 15% is being spent on M&S; with over 200 defense programs between $1M and $50B in size, the investment in M&S and the potential pay-off is high6.  Estimates derived from industry and government acquisitions indicate that intelligent use of M&S can reduce design cycle time by 50% on average7.  The use of appropriate M&S from program initiation potentially saves 2% in system life cycle costs—easily $Bs in savings.  Furthermore, for small acquisition programs with no more than $20M invested in simulation, M&S has an estimated return on investment of approximately 25-to-1 when used intelligently8.   

Examples of the value of simulation exist throughout industry.  For instance, between 1993 and 1995, DuPont has estimated a savings of almost $1B by using M&S to increase yield, reduce downtime, and lower maintenance costs with increased process understanding and control9.  Work at AT&T Bell Laboratories with semiconductor simulations has produced a direct benefit to AT&T estimated in the $10M to $15M per year range, with designs made available 1.5 years earlier than with previous methods9.

The most convincing testimonials to the power of M&S are in comparisons of concurrent or nearly concurrent programs that can be used to illustrate acquisition with or without the use of M&S7.  For instance, the Boeing Corporation invested heavily in M&S for design and development of the 777 aircraft.  Results from the 777 model acquisition compare very favorably to the design and development of the earlier 747 aircraft for which M&S use was limited.  The 747 model required 10,000 shims for ill-fitting parts, while the 777 aircraft required just 50 shims per aircraft.  Scrap was reduced by 30% on the 777 aircraft. Rework of parts was reduced from 30% for the 747 aircraft to 3% for the 777 aircraft. 

Other comparisons for military procurements help explain the value of simulation7.  In one example using the F-15E aircraft, virtual manufacturing assistance using M&S (in 1997) was contrasted to traditional methods (from the early 1990s).  The use of M&S to support the manufacturing process led to a 33% reduction in design release time, 27% reduction in design cost, 19% reduction in manufacturing cycle time, 20% reduction in factory floor space, 24% reduction in parts count, and a 78% reduction in fasteners required for assembly. For a Defense Advanced Research Projects Agency initiative for concurrent engineering, a radar warning system was redesigned using traditional versus concurrent M&S-supported design techniques. The traditional approach required 96 man-months, while the M&S-supported concurrent design approach required 46 man-months for completion. 

The F-22 is being developed using extensive M&S support, and it has been subject to some Congressional interest due to the amount of simulation used in place of initial flight testing. Secretary of the Air Force Peters testified to the Senate Armed Services Committee in 1999 that M&S was cheaper than flying the F-22 for early developmental testing.  More progress is expected in the future, because the X-32 Joint Strike Fighter concept demonstration aircraft has about 80% fewer defects than the equivalent build of the YF-22 aircraft had in the development program for the F-22 by the Boeing Corporation*.

Further work to capture the true economics of M&S use in a variety of acquisition programs will be of great value for decision-makers.  The use of M&S can assist DoD in determining that systems will meet critical performance requirements.  Weapons systems that are moved into production prematurely often result in flaws that require time-consuming and expensive changes10.  Definition of terms, business cases, and market models for the use of M&S will assist in the accurate analysis of the economics of M&S from program inception through logistical support. 


2.5. Evaluation

The aggressive use of M&S in test and evaluation saves (or at least cost avoids) huge amounts of funding each year—over $100M per year across the Services7.  Intelligent use of M&S to support evaluation reduces live testing, destruction of valuable assets, use of overtasked test ranges and equipment, and decisions based on sparse data.  For instance, the testing of the Advanced Medium Range Air-to-Air Missile would cost $3M for each supported test launch; yet M&S allowed up to 300 runs for the same price as one live test.  Such cost trade-offs allow more complete evaluation of the launch envelope and less uncertainty in the operation of the weapon.  As another example detailed at the 2000 Air Armament Summit, 8500 M&S runs for the AGM-65 Maverick missile pinpointed areas in the launch envelope where live testing was beneficial and preceded 12 perfect flight tests.  The use of M&S for test and evaluation can also pinpoint where live testing can be focused, or it can be used to terminate unworthy programs early before too many resources have been expended in live evaluation and fielding. 


2.6. Training

The cost avoidance attributed to M&S for training is considerable. Across DoD, success in M&S training has outpaced M&S success in other areas. For battlestaff training exercises, Joint Task Forces and/or Component staffs are trained to plan and execute a Joint or Coalition campaign. Simulation has grown in importance for these exercises due to resource savings and improved training quality. In the early 1980’s, the scenario control staff typically scripted the entire exercise with weeks of pre-exercise meetings to script all inputs.  A ratio of 1-to-1 for support staff to trainees was needed because every engagement was decided by dice roll and manual input.  Real-world systems were seldom used to input exercise events, and “training like we intend to fight” was not fully possible.  POSITIVE LEAP 1980 was the first Rapid Deployment Task Force Exercise and 2800 controllers were needed to drive the exercise for a 2800-person training audience. 

Since the early 1980s, M&S has increasingly been relied on to support battlestaff training exercises.  With minimal M&S support, REFORGER 1988 trained 35 maneuver headquarters and used 97,000 soldiers, 7,000 tracked vehicles, and 1,080 tanks throughout Europe as training aids at a cost of $53.9M plus $20M maneuver damage. Using more robust M&S, REFORGER 1992 trained 35 maneuver headquarters using 20,000 soldiers and 135 tracked vehicles as training aids in Europe and the United States at a cost of $19.5M with no maneuver damage.  Currently, the ratio of training audience to control force is 3-to-1 in a typical battlestaff training exercise, saving 500 or more personnel per exercise.  This cost savings attributed to M&S amounts to at least $9.0M per year for Air Force key exercises versus a cost of approximately $4.0M for M&S maintenance.   M&S for battlestaff training is improving the quality of training by linking the training audience to the scenario, using real-world systems, providing repeatable standards for training, while saving personnel tempo and expenses.  The value of M&S to combat readiness has been stated by the Seventh Air Force Commander: “M&S…has improved air component readiness…”11. 

For battlestaff training exercises, the economics of simulation can be further documented by estimating the cost avoidance realized by using simulation vice live forces as training aids for battlestaffs.  If about one-half of the sorties in a typical Blue Flag battlestaff training exercise were live sorties, the cost would be over $7.3M per day.  For a typical annual Air Force battlestaff training exercise schedule, the cost of live flying about one-half of the exercise sorties would be over $500M per year.  Other forces included in the training exercise could be included with the use of role players, and command and control inputs could be distributed via phone and hardcopy by message runners.  This accommodation would in no way satisfy the need to "train as we intend to fight"; however, it does illustrate that M&S helps the Air Force realize a cost avoidance return on investment of approximately 100-to-1 in battlestaff training exercises driven by M&S.  Of course, training needs, personnel tempo, operational tempo, safety, and resource limitations make M&S-supported training today and in the future the logical choice. 

For mission-level training, M&S is growing in use.  For instance, each Service now has a mission training system for weapons system-level training in immersive, multi-player synthetic environments either being fielded now or in the near future. These systems will provide improved individual and team training in environments and scenarios that would be impossible to create in live training outside of combat. In 1998, General Richard E. Hawley, Commander of Air Combat Command, stated** the need for a distributed mission training system:   “Do you have any idea how hard it is for us to pull all these disparate elements of our warfighting team together to train in the same place at the same time in peacetime?   What better way to prepare that force than with a high fidelity, synthetic joint training environment…” to build combat readiness. These systems are an improved adjunct to live training and they also save resources.  Simulator operating costs are one-tenth to one-third the cost of operating the actual weapons system.  The cost of purchasing an entire mission training system, such as the Close Combat Tactical Trainer, based at several United States Army posts is approximately equivalent to the cost of three new tanks and some operations tempo trade-offs. 

M&S is proving to be a valuable training tool in many other fields, including medicine.  New systems with interactive “dummies” train soldiers and physicians to treat wounds on the battlefield and conduct patient care in hospitals. New virtual reality systems allow trainee surgeons to feel and see their knifework.  They can see high-resolution three-dimentional images of the human body and feel the pressure of the instrument as it “cuts” through tissue12.  The growing field of Advanced Distributed Learning will also, to some extent, provide training to deployed forces and may include M&S tools.  One measure of the value of simulation is in its spread through many disciplines, from medicine to security force training, to improve readiness in widely disparate specialties.  This popularity proves the value of M&S and further justifies the need for investigation of the economics of simulation.

2.7. Decision Support for Combat Operations

Probably the first use of M&S for support to operations was for mission rehearsal in the special operations and tactical aircraft mission areas.  The importance of M&S has grown through technology improvements and better understanding of its capabilities to facilitate use of M&S for battlestaff rehearsal and decision support to operations.  In 1998, the Warrior Preparation Center in Germany conducted NIMBLE LION using air power simulations normally used for training to improve the Air Tasking Order (ATO) build process13.  NIMBLE LION was successful and was improved upon to assist planning and execution of the Air War Over Serbia (AWOS) in Operation ALLIED FORCE.  Analysis support, often using M&S assistance, to ALLIED FORCE Senior Commanders was a key innovation that helped the CINC visualize how to change aspects of the campaign.  From both NIMBLE LION and AWOS, lessons learned point to the need for improved decision support tools, including predictive M&S tools that can screen courses of action and ATOs and predict enemy actions. M&S will be used to accelerate contingency planning and response and improve execution of campaigns; yet the value of this asset to operations will be difficult to quantify.

2. WHAT’S NEXT

The use of anecdotal information is currently the primary means used to judge the economics or value of simulation.  The anecdotes, even if accompanied by numerical estimates, are viewed, for the most part, with some skepticism and do not provide sufficient insight into M&S value to tailor investments or answer critics.  Concerning the economics of M&S, further definition of the questions to be answered and whom the answers are intended for is necessary.  Both M&S support to acquisition and evaluation are logical areas for further evaluation of the economics of simulation.  In order to explore these areas further, one could design a study plan to look at alternatives to M&S (decision approaches, man-in-the-loop, range testing, do nothing, etc.) using a cost-effectiveness methodology.  An analysis of alternatives approach could shed light on the value of M&S***.   Pilot acquisition programs from each Service could be used to evaluate the value of simulation and track expenditures on M&S.  Useful ways to describe the uses of M&S in common terminology, business cases, and market models can improve understanding of the economics of M&S.  Ongoing impressive work1 to describe ways to explore the value of simulation should continue.

3. CONCLUSION

This paper discusses the ongoing SISO and SCS efforts to investigate the Economics of Simulation.  SISO has established an Economics of Simulation Study Group, and SCS has established a Technical Chapter on the Economics of Modeling and Simulation (M&S).  The SISO and SCS groups are formed to establish the general parameters of the topic, develop a provisional market model, draft terminology and taxonomy of concepts, make a data call for readily available empirical evidence, document a business case, and identify best (most effective) practices relevant to this topic.   The cooperation of these groups, the overlap in volunteers to work these initiatives, and the audiences interested in the answers constitute a "task force" looking at the economics of simulation.  Your cooperation in this effort would be greatly appreciated, and you can join the effort or send studies, reports, papers, or articles to the author of this paper.  This data will be posted to the Economics of Simulation web page (http://www.msiac.dmso.mil/ia/default.asp under the "Documents" category and under the subcategory for the SISO "Economics of M&S Task Force").  This paper also illustrates one way to organize M&S systems in terms of wargaming, experimentation, assessment, acquisition, evaluation, training, and decision support to combat operations in order to investigate this topic further. New ways of describing the value of simulation beyond economics have been explored.  In the nearterm, however, economic considerations will still be a primary driver of decisions on M&S programs, and standard ways to evaluate the economics and value of simulation must be stipulated for progress to be made.  Simulation has become a fundamental enabler of combat readiness, and it has an integral impact across Air Force responsibilities to organize, equip, train, and sustain forces for employment.  As we increase our ability to exploit the power of simulation to prepare for and conduct combat operations, we must document the value of simulation.  This documentation and the efficacy of simulation can be used to convince decision-makers and policy makers to invest in the right simulation tools with the right funding levels. Perhaps the typical question “How much do I save if I fund this M&S” can be changed to (or at least accompanied by) “What do I gain when I fund this M&S?”  
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