
PREFACE



In January 1998, the Assistant Deputy Chief of Staff for Operations and Plans (ADCSOPS) tasked the Army Modeling and Simulation Office (AMSO) to develop a technique for measuring Modeling and Simulation (M&S) benefit across the Army.  The purpose of this effort, called the “M&S Benefits Initiative (BI),” is to provide the Army with a viable cross-domain analytical tool that captures the qualitative and quantitative benefits of M&S across the Army. The direction of the Benefits Initiative effort was not oriented on specific questions dealing with M&S benefit and resource decisions. Rather, the focus of the Benefits Initiative was to develop an overall general process to derive a M&S benefit measure for any question that involved a need to assess benefit gained from using M&S for a variety of purposes across the Army. Therefore, the BI can, and should, be used for a wide range of benefit questions which includes comparison of the benefit of several M&S alternatives to select the best M&S option for a certain mission or use. AMSO chose a M&S comparison problem to best demonstrate the utility of the BI in the Phase Two Proof of Principle Report that is presented here. This report describes the second of three phases in AMSO’s Modeling and Simulation Benefits Initiative. The three phases are described in the following paragraphs.

The purpose of Phase One was to identify and present the basic tools necessary to calculate benefit. Phase One, completed in December 1998, produced: (1) an Army level strategy to task decision tree; (2) a mechanism for generating, storing, and retrieving measures of M&S benefit; (3) a Glossary of M&S terms and (4) a Phase One Report. 


The purpose of Phase Two was two fold; to demonstrate the utility of the Benefits Initiative as a decision aid, and to provide meaningful analysis and insight into solving a contemporary problem. Phase Two, completed on 22 January 1999, consisted of a “Proof of Principle” demonstration in which Phase One products were used to assess and recommend a decision, based on quantifiable benefit, to support the Army’s Joint Contingency Force-Advanced Warfighting Experiment (JCF-AWE.) For the Phase Two “Proof of Principle,” the problem sponsor provided four alternative M&S options and wanted to know which alternative was best for the given situation. Had time and resources been available and the sponsor desiring, the Benefits Initiative process could have assessed an additional “non-M&S” option and the benefits derived from employing the five alternatives could have been contrasted. Some call this  “null set” analysis which is a capability of the BI process.


Phase Three products will include a recommendation on an off-the-shelf decision software package, an integration plan, with user’s guide and checklist; and spin-up support for automating the BI process within AMSO.  The Army is currently reviewing Phase Three Options. A decision on the delivery date for these products has not been determined.

SUMMARY

There are two purposes in conducting a Phase Two of the Benefits Initiative. The first is to demonstrate the utility of the AMSO BI process, and second, is to provide a decision-maker with sufficient insight into solving a real problem. As presented in the Phase One report dated 1 December 1998, the key elements to the BI process include a technique to select meaningful metrics, and a technique to determine and evaluate tasks in an objectives strategy-to-task hierarchy. Suggested but not fully developed in Phase One, is the introduction of a technique to guide the thought processes and analysis necessary to establish the relative utility of M&S tools. All of these techniques were employed in Phase Two and they proved to be significantly illuminating and sufficient to gain insight into a real M&S problem that is described in the following paragraphs. 


The evolution and prosecution of information warfare, and the mechanics of controlling, directing, and exploiting the US military’s technological edge in information collection, processing, and dissemination is a central theme of warfare for the next century.  US Army Training and Doctrine Command (TRADOC), as the lead agency for the Advanced Concepts and Requirements (ACR) Domain is sponsoring an Advanced Warfighting Experiment (AWE) that focuses on collecting, processing, and disseminating information down to the individual solider.  The experiment titled Joint Contingency Force –Advanced Warfighting Experiment (JCF-AWE) is scheduled for September 2000.


The JCF-AWE focuses on a Corps/Joint Task Force (JTF) and includes both live and simulated events.  Live events are planned as part of a routine Brigade (Bde) Joint Readiness Training Center (JRTC) exercise. Models and Simulations will drive the Corps/JTF’s participation and provide the joint operational and tactical context for the experiment.  Output from this synthetic battle space, which spans the Southeast US and is overlaid on the JRTC at Ft. Polk, will be used to stimulate live Command, Control, Communications, Computers, Intelligence, Surveillance, and Reconnaissance (C4ISR) displays and to provide the deployed Bde with a “big picture.”


The study sponsor, the National Simulation Center (NSC), is tasked with providing simulation/stimulation support to JCF-AWE.  The Proof of Principle demonstration considered four M&S options that could support the representation of the joint battle space sufficient to meet the JCF-AWE objectives and emerging scenarios. Two options considered the Joint Training Confederation, a member of the Army’s Family of Simulations (FAMSIM) and two non-FAMSIM member simulations, Joint Conflict And Tactical Simulation (JCATS) and a DARPA STOW program Joint Semi-Automated Forces (JSAF.) Consideration of JCATS and JSAF as M&S options for the JCF-AWE was not intended to imply that the NSC, AMSO or the Army endorses these simulations. Rather, that these simulations might have utility for the JCF-AWE and should be evaluated in this proof of principle. The four options are (1) JTC (the Joint Training Confederation), (2) JCATS, (3) JSAF, and (4) JTC with Spectrum (JTC +). The JTC+ option includes Spectrum to drive Special Operations (SO) activities. The other options use “white cells” to drive SO.  All options include live JRTC participation, Janus support to the deploying Bde, and a live Military Operations in Urban Terrain (MOUT) Advanced Concepts and Technology Demonstration (ACTD) within the JRTC box. A fifth option, one that addressed using live exercises as a driver for the JCF-AWE, could have been included in the analysis had the study sponsor needed an assessment of the benefit derived from using “live” exercises instead of “simulations” as an experiment driver. However, evaluating the “null set”, or not using simulations, was not an issue for NSC and therefore this option was not addressed.  


A cost benefit approach was selected to demonstrate the utility of the Benefits Initiative tools and process in assessing and recommending a simulation/stimulation package to support the JCF-AWE.  The relative benefits of the four options were assessed by comparing their capabilities against a set of pre-defined selection criteria.  The Analytic Hierarchy Process (AHP) was used to construct, and weight a decision tree composed of the six selection criteria shown in Figure 1.  The depicted values are derived through a summing process from the decision tree and reflect the relative importance of each criterion.  The seventh criterion, cost, was treated as an independent variable and was not included in the tree. 
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Figure 1.   Selection Criteria & Weights

The Metric Space, another tool developed in Phase One, was used to frame the comparison of options under each branch of the decision tree.  

Approximately 65 metrics were used in the decision tree to develop the benefit ratings shown in Table I.

Table I
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In this study, JTC was used as the cost baseline. That is, JTC implementation cost was assigned a value of “1.” The implementation costs for JCATS, JSAF, and JTC + were then expressed in terms of JTC dollars.  Cost was treated as an independent variable, meaning that cost was allowed to vary from .5 to 4.5 JTC dollars and the resulting impact on the cost effectiveness of JCATS, JSAF, and JTC + were plotted in Figure 2. 

[image: image3.wmf]0

10

20

30

40

50

60

70

80

0.5

1.5

2.5

3.5

4.5

Cost in JTC Dollars

Benefit Rating/Cost

JCATS

JSAF

JTC+SPC

JTC


Figure 2.  Cost Effectiveness

Since JTC implementation cost is equal to one, and its benefit rating was 15, its cost effectiveness was fixed at 15.  The horizontal line in Figure 2 depicts the resulting JTC cost effectiveness curve.  When the cost curves for JCATS, JSAF, and JTC + Spectrum lie above this line, they are more cost effective than JTC.  At the point where they cross this line they are as cost effective as JTC.  When they fall below this line, then JTC is more cost effective. 

The NSC provided the cost estimates shown in Table II.  These figures do not include funding for programmed enhancements, but do include equipment acquisition costs for JCATS and JSAF.  Although these estimates are preliminary, we can make some initial observations by comparing the cost estimates from Table II with the cost effectiveness curves in Figure 2.   First, JSAF, with an implementation cost four times greater than JTC and a corresponding cost effectiveness of 8, lies well below the JTC line.   Second, the additional benefits gained by combining Spectrum with JTC is overshadowed by cost, when the combined cost of JTC and Spectrum is over 1.06 JTC dollars.  Third, JTC and JCATS are approximately equal in terms of cost effectiveness (i.e. the JCATS cost estimate is within 10% of the value required to make them equivalent.) An estimate of the costs associated with conducting live exercises as an experiment driver could have been introduced for analysis at this point had the study sponsor needed an evaluation of this option. These costs and associated benefit ratings would have been included as an additional row in Table II.

Table II

Cost Estimates and their Effect on Cost Effectiveness
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Study Findings: 

· JTC and JTC + are expected to provide better training than JCATS and JSAF for Corps/JTF and Division Staffs.

· Comparing JTC and JTC+, JTC is preferred over JTC + due to anticipated equipment and personnel shortages resulting from a scheduling conflict with UFL 2000 in September.   However, both have conflict issues, but JTC+ creates a greater equipment/personnel problem with Spectrum.  They are about equal in terms of cost effectiveness.

· JCATS and JSAF are expected to provide better training than JTC and JTC+ for BN/BDE Staffs on the bases of overhead, interfaces, and integration with C4ISR systems.

· Comparing JCATS and JSAF, JCATS is preferred over JSAF for the near term potential, but JSAF has significantly greater long-term potential. JSAF is essentially equal to JCATS overall.

Sensitivity Analysis:

· JCATS and JTC are roughly equivalent in terms of cost effectiveness.  Since the JCATS cost estimate is based on a single AWE, conducting a second AWE, which capitalizes on the initial JCATS investment, will reduce overall JCATS cost per event, lessen the cost differential between JTC and JCATS, and make JCATS the preferred short-term option.

· JCATS and JSAF benefit ratings are sensitive to the value placed on short-term needs versus long-term growth potential.  Since JSAF has a greater long term potential, placing a higher priority on long-term growth potential (i.e. an 8% shift in assigned weights) results in equivalent benefit ratings. However, JSAF’s high cost estimate remains the overriding factor.

Recommendations:

· If budget is paramount, then use JTC.

· If benefit is paramount and you can absorb the cost, then use JCATS. (Note:  JCATS is not a member of the Army’s FAMSIM.)

· If long-term growth potential is paramount, you can absorb the cost, and risk is acceptable, then use JSAF. (Note: JSAF is not a member of the Army’s FAMSIM.)
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1. INTRODUCTION

A. In January 1998, the Assistant Deputy Chief of Staff for Operations and Plans (ADCSOPS) tasked the Army Modeling and Simulation Office (AMSO) to develop a technique for measuring Modeling and Simulation (M&S) benefit across the Army.  This effort called the “M&S Benefits Initiative” (BI) provides the Army a “cross domain” tool for capturing the qualitative and quantitative benefits of Army M&S programs.  The tasking directed the development of a structured and verifiable benefit calculating process to enable the Army to fully exploit M&S and to fully leverage every dollar invested across all M&S activities. Implied with this task was the development of a technique to compute M&S benefit that could be used for all types of decision problems. Therefore, the intent of the BI effort is to develop a flexible and adaptable process that could be used for any number of decision problems to enable better understanding, justification, and use of M&S across the Army. To this end, this paper demonstrates the use of the BI for one type of M&S decision problem, a benefit comparison.

B. AMSO envisions the BI as providing the Army with both a structured process for assessing the benefits of M&S across domains and the software tools to facilitate its day-to-day use in supporting M&S related decisions.   In AMSO’s view, this process must satisfy two basic requirements.  First, it must have the academic rigor to support M&S decisions affecting major Army programs, and second, it must be flexible enough that staffs, with limited time, resources, and expertise can use it to provide decision makers with sufficient information and analysis to make informed decisions. The direction of the Benefits Initiative effort was not oriented on specific questions dealing with M&S benefit and resource decisions. Rather, the focus of the Benefits Initiative was to develop an overall general process to derive a M&S benefit measure for any question that involved a need to assess benefit gained from using M&S for a variety of purposes across the Army. Therefore, the BI can, and should, be used for a wide range of benefit questions which includes comparison of the benefit of several M&S alternatives to select the best M&S option for a certain mission or use. AMSO chose the M&S comparison problem to best demonstrate the utility of the BI in the Phase II Proof of Principle Report that is presented here. 

C. AMSO’s strategy is to attack the Benefits Initiative in phases.  Phase One, which was completed on 1 December 1998, provided the process and tools, required to tackle difficult and complex decisions.  Phase Two, which was competed 22 January 1999, consisted of a “Proof of Principle” demonstration in which the Phase One process and tools were used to assess and recommend a simulation package for the Army’s Joint Contingency Force – Advanced Warfighting Experiment (JCF-AWE).  The Army is reviewing Phase Three options that include off-the-shelf decision software package, an integration plan, with user’s guide and checklist, for automating the BI process within AMSO.  Delivery dates for these products will be determined.

D. The remainder of this report describes the Phase Two “Proof of Principle” demonstration.

2. PROBLEM STATEMENT

A. The evolution and prosecution of information warfare, and the mechanics of controlling, directing, and exploiting the US military’s technological edge in information collection, processing, and dissemination is a central theme of warfare for the next century. The US Army Training and Doctrine Command (TRADOC,) as the lead agency for the Advanced Concepts and Requirements (ACR) Domain is sponsoring an Advance Warfighting Experiment (AWE) that focuses on collecting, processing, and disseminating information down to the individual soldier.  The experiment titled Joint Contingency Force–Advanced Warfighting Experiment (JCF-AWE) is scheduled for September 2000.

B. The JCF-AWE focuses on a Corps/Joint Task Force (JTF) and includes both live and simulated events.  Live events are planned as part of a routine Bde Joint Readiness Training Center (JRTC) exercise.  Models and Simulations will drive the Corps/JTF’s participation and provide the joint operational and tactical context for the experiment. Output from this synthetic battle space, which spans the Southeast US and is overlaid on the JRTC at Ft. Polk, will be used to stimulate live Command, Control, Communications, Computers, Intelligence, Surveillance, and Reconnaissance (C4ISR) displays and to provide deployed units a “big picture.” The study sponsor decided that M&S options, as opposed to live exercises, would provide the most cost-effective alternative to drive the experiment. Therefore, live exercises were not considered as an option in this Proof of Principle. However, the BI process could have included this non-M&S option.

C. In addition to supporting the AWE, simulations will be used to support related preparatory training events.  Consequently, two additional M&S requirements have been established.  First, the simulation used to support the AWE must also support train-up for deploying units.  This includes a “leave behind” package to support follow on training needs. Second, when selecting a simulation, consideration must be given to its potential for maturing into a system that satisfies both current and emerging C4ISR training requirements.

D. The National Simulation Center (NSC), which is tasked with providing simulation/stimulation support to JCF.  The Proof of Principle demonstration considered four  M&S options that could support the representation of the joint battle space sufficient to meet the JCF-AWE objectives and emerging scenarios. Two options considered the Joint Training Confederation, members of  the Army’s Family of Simulations (FAMSIM) and two non-FAMSIM members, Joint Conflict And Tactical Simulation (JCATS) and a DARPA STOW program Joint Semi-Automated Forces (JSAF.) Consideration of JCATS and JSAF as M&S options for the JCF-AWE was not intended to imply that the NSC, AMSO or the Army endorses these simulations. Rather, that these simulations might have utility for the JCF-AWE and should be evaluated. No endorsement is intended or implied. The four options are (1) JTC, (2) JCATS, (3) JSAF, and (4) JTC +. The JTC+ option includes Spectrum to drive Special Operations (SO) activities. The other options use “white cells” to drive SO.  All options include live JRTC participation, Janus support to the deploying Bde, and a live MOUT ACTD within the JRTC box. With minor changes, a fifth option, one that addressed using live exercises as a driver for the JCF-AWE, could have been included in the analysis had the study sponsor needed an assessment of the benefit derived from using “live” exercises instead of “simulations” as an experiment driver. Evaluating the “null set”, or not using simulations, was not an issue for NSC and therefore this option was not addressed. Additionally, the Subject Matter Experts (SME) would need to have expertise in the capability of live forces to meet the JCF-AWE objectives and additionally with the costs associated with performing these tasks. The Objectives Hierarchy would not require modification, as the selection criteria would probably not change with the addition of the non-M&S option. Given these modifications, the benefit derived from the use of live exercises could have been assessed along with the four simulation options.

E. The problem facing the NSC, and the focus of Phase Two, is to: Recommend a simulation/stimulation package to support the Joint Contingency Force Advance Warfighting Experiment (JCF-AWE).  The objective, and deliverable for Phase Two, is a recommendation, in briefing format, that the NSC can take to the JCF-AWE Process Action Team.

3. GENERAL APPROACH

A. Overall Strategy:

1) There are two technical goals associated with Phase Two.  The first goal is to support the NSC in recommending a simulation/stimulation package to support the JCF-AWE.  The study proponent decided that simulation was the most effective option to drive the experiment; therefore, using actual forces as an exercise driver was not evaluated as a feasible option in the Phase two Proof of Principle. The second goal is to demonstrate that there is value added in using Phase One products to assess and identify, from among the four options, the one that best meets the JCF-AWE vision and objectives. Both Army standard and Army non-standard simulation options were considered and evaluated in this study. No endorsement of JCATS or JSAF is intended or implied.  

2) A cost effectiveness model was selected for comparing the NSC’s four options.  Effectiveness was measured by forming a panel of subject matter experts who used the BI process and tools to compare and weight the characteristics of each option against a pre-defined set of selection criteria.  The option with the highest accumulated weight was assessed to be the most effective in meeting the selection criteria.  Cost was treated as an independent variable, with cost estimates provided by the NSC.  The option with the highest accumulated weight to cost ratio was judged to be the most efficient solution and the best investment for supporting this single AWE.

a. Effectiveness was evaluated in two steps. 

(1) First, a tree structure was used to refine selection criteria by decomposing them into more manageable elements.  The resulting Decision Tree or Objectives Hierarchy provided the contextual and mathematical framework for comparing and weighting options against the selection criteria; and for aggregating those individual weights into overall measures of effectiveness.

(2) The panel of experts used the selection criteria in Figure 1 to construct and weight a decision tree containing 63 branches, or reference points, for comparing options.   The resulting tree is a logical extenuation of
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       Figure 1.  Selection Criteria & Weights

the Army level tree developed during Phase One.  Like the Army tree, it was developed in steps beginning with initial research into work that had already been completed.  The criteria depicted in Figure 1 are a compilation of information gathered from briefings, interviews with the NSC project officer, and position papers.  Next, a prototype tree, with definitions, was developed and used as a point of departure for panel members in constructing the final version.  Last, the panel validated and weighted the tree. The final tree, with definitions, is in Annex A and the weighted tree is in Annex C.

(3) Second, panel members used the Metric Space, another tool developed in Phase One, to frame the comparison of options under each of the 63 branch in the Decision Tree.  Although specific measurement data were not used, approximately 65 Measures of Effectiveness (MOE) were identified and used as a framework in developing the benefit ratings shown in Table I. The most significant of these metrics are listed in Annex B.  Additional MOEs would have been selected had the study sponsor required an evaluation of a fifth option of using live exercises as an experiment driver

Table I

Benefit Ratings
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b. Cost was also evaluated in two steps:

1) First, JTC was used to establish a cost baseline and a cost value of “1” was assigned.  The implementation costs for JCATS, JSAF, and JTC+ were then expressed in terms of JTC dollars.  As stated earlier, cost was also treated as an independent variable, meaning that cost was varied from .5 to 4.5 JTC dollars with the resulting cost effectiveness of JCATS, JSAF, and JTC + plotted (see Figure 2.)   Since JTC implementation cost equals one, and its benefit rating was 15, its cost effectiveness was fixed at 15.  The horizontal line in Figure 2 depicts the resulting JTC cost effectiveness curve.  When the cost effectiveness curves for JCATS, JSAF, and JTC+ lie above this line, these options are more cost effective than JTC.  At the point where the JCATS, JSAF, and JTC+ curves cross the line, these options are as cost effective as JTC.  When these curves fall below this line, then JTC is more cost effective. A cost effectiveness curve could have been constructed for an option using live training as an experiment diver. This curve could have been evaluated along with the other simulation curves and relative assessments made.
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Figure 2. Cost Effectiveness

2) Second, the NSC provided the relative cost estimates shown in Table II. These figures do not include funding for programmed enhancements, but do include equipment acquisition costs for JCATS and JSAF. Although these estimates are preliminary, we can make some initial observations by comparing the cost estimates from Table II with the cost effectiveness curves in Figure 2.  First, JSAF, with an implementation cost four times greater than JTC and a corresponding cost effectiveness of 8, lies well below the JTC line.  Second, the additional benefits gained by combining JTC with Spectrum is overcome by cost when their combined cost is over 1.06 JTC dollars.  Third, JTC and JCATS are approximately equal in terms of cost effectiveness (i.e. the JCATS cost estimate is within 10% of the value required to make them equivalent).

Table II
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B. Analytic Tools:

1) The Analytical Hierarchy Process (AHP):

a.  AHP was used to help panel members formulate and express their own judgmental insights and preferences in assigning weights to both the branches of the decision tree and the individual options under each branch of the tree.  AHP was selected because it is intuitive and simple to use, it provides a structured, well documented approach to comparing options, and it can be scaled to the time and resources available.  

b. AHP has some notable weaknesses.  However, several steps were taken to see that these weaknesses did not adversely affect findings.

(1)  AHP has limited flexibility in terms of adding or deleting options.  The biggest problem is that adding or dropping an option may reverse the order in which the options are ranked.  Rank reversal is most likely to occur when there are inconsistencies in making multiple pair-wise comparisons.  Two steps were taken to guard against rank reversal.  First, the AHP Consistency Ratio Test was used to check that each array of pair-wise comparisons met accepted standards.  Second, when inconsistencies were found within an array, they were removed, and the results compared against the original array to see if rank reversal occurred.   No instances of rank reversal were noted. 

(2) AHP does not, in general provide an optimal solution.  In assessing the options for JCF-AWE, only the best of the four options is identified, and it may or may not be an optimal solution.  However, in the process of comparing alternatives, the subject matter experts noted problems with the descriptions of some options.  The problems were considered significant because they degraded the effectiveness of the affected options.  After some discussion, the options were redefined to more accurately reflect their capabilities and potential.  Previously assigned weights were also reviewed and adjusted.

c. The AHP process was implemented in seven steps for this study:

(1) Develop and refine the problem statement, collect initial data on the options, and identify panel members.

(2) Identify selection criteria in preparation for Panel Meeting One.

(3) Conduct Panel Meeting One.  Using selection criteria, develop and weight a decision tree.

(4) Conduct specific research by using the legs of the tree to narrow the research effort.

(5) Conduct Panel Meeting Two.  Based on the specific research and pertinent MOE’s, assess and weigh the options under each leg of the tree. 

(6) Analyze data collected in Panel Meeting Two, conduct sensitivity analysis, compile findings, observations, and conclusions.

(7) Conduct Panel Meeting Three. Gain consensus, develop recommendations, and publish results. 

d. Two facilitators were used to guide discussion, provide feedback to the panel, and record the proceedings.  Their function was three fold.  First, to introduce and define the selection criterion being considered (i.e. the leg of the tree).  Second, to monitor and record panel discussions. The facilitators maintained a neutral and unbiased position during the proceedings. Finally using the AHP protocols, pair-wise comparisons were solicited from the panel then feedback was provided to the panel in the form of assigned weights derived from their comparisons.  Once the panel reviewed and validated the weights, the facilitators moved to the next leg of the tree and repeated the process.  Tools used to make pair-wise comparisons include the AHP Standard Difference Table, and Record Sheet. The table and completed sheets are in Annex D.

2) Objectives Hierarchy/Decision Tree:

a. The concept of a hierarchy is an important and powerful tool when used as an aid in visualizing a complex system of interacting components.   While it is an essential element of AHP, it is also common to other decision paradigms.  We consider hierarchies or decisions trees important enough to warrant being listed separately.  Hierarchies are normally depicted as trees (e.g. a portion of the JCF-AWE hierarchy is shown in Figure 3).  Working from top to bottom, the nodes at ensuing levels of the tree represent progressively higher levels of specificity.  

Consequently, lower level nodes both refine and clarify the meaning of the nodes that precede them.  There are a number of advantages to using this approach here.
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Figure 3.  Portion of the JCF-AWE Decision Tree

(1) The decision tree presented in Annex A provides a more complete definition of the selection criteria and, when weighted, it illustrates the relative importance that the NSC places on each criterion in making their final recommendation.

(2) The tree provides a direct link between cross-domain criteria, an essential element in this decision, because it involves both ACR and TEMO requirements. 

(3) AMSO, the sponsor for this effort, and the NSC, the organization responsible for making the recommendation, both use a similarly structured process called a “Strategy-to-Task Approach.”

b. As mentioned earlier, the JCF-AWE tree is a logical extension of the “Army” level tree developed in Phase One.  Like the Army tree, the JCF-AWE structure can be re-used, with slight modification, to assess the effectiveness or benefit of using one simulation over another in supporting similar events.  

3) Metric Space:

a. The selection of Measures of Effectiveness (MOE) is a key element in determining the degree to which the selection criteria are met.  The Metric Space, developed in Phase One and employed here, is a 22-page document that is used for cataloging and retrieving M&S related MOE.  Within the document, MOEs are cataloged and retrieved using a two dimensional array that is indexed by M&S uses or functions, and benefits.  This structure is illustrated in Figure 4.
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Figure 4.  Metric Space

b. When the Metric Space is combined with an Objectives Hierarchy or Decision Tree they collectively provide an answer to the most basic questions in determining benefit or effectiveness: “Who benefits from M&S,”  “How do they benefit,” and “What do they benefit from?”

1) In very general terms the immediate beneficiaries of the JCF-AWE are the Corps/JTF, Division, Bn and Bde staffs participating in the event, the Training Facilities and support staff that conduct the training, and the Analysts conducting the experiment.  These groups are explicitly captured in the lower portions of the tree in Annex A.  In the longer term, beyond 2004, the beneficiaries are not as well defined, but can be inferred, from the upper levels in the tree.  At these levels the Army Domains, and for that matter, the Army as a whole, benefit from selecting the best M&S tools to support JCF-AWE.

2) Benefits are characterized using the Defense Modeling and Simulation Office’s (DMSO) four basic categories of benefits, namely: (1) Better;             (2) Cheaper; (3) Faster; or (4) Only way.  They represent the “how” in assessing benefit or effectiveness.  The definitions are:

· BETTER: The quality of the product or the quality of the process employed is improved through the application of M&S.

· CHEAPER: The total cost of the product or process is reduced through the application of M&S.

· FASTER: The period of time from task initiation to task completion is reduced through the application of M&S.

· ONLY WAY: Models and Simulations provide the only means of accomplishing an event that would otherwise be impractical, dangerous, or prohibitively expensive.

3) As discussed in the Phase One report, M&S applications have been decomposed into five basic function or uses, namely: (1) Aid to Communicating; (2) Aid to Experimenting; (3) Aid to Predicting; (4) Aid to Thinking; and (5) Aid to Training/Instructing.  They represent the “what” in assessing benefit or effectiveness.  The definitions are:

· AID TO COMMUNICATING: The use of M&S in helping to visualize concepts, make ideas more comprehensible, illustrate findings, or demonstrate important cause and effect relationships.

· AID TO EXPERIMENTING: The use of M&S to plan, rehearse, augment or conduct controlled experiments in situations where direct experiments would be dangerous, impractical, or prohibitive in cost.

· AID TO PREDICTING: The use of M&S to predict the behavior characteristics of the entity modeled.  Entities include, but are not limited to the environment, processes, and physical systems.

· AID TO THINKING: The use of M&S in helping to organize and sort out hazy concepts and inconsistencies. 

· AID TO TRAINING/INSTRUCTING: The use of M&S as training and instruction aids.

C. Resources and Support Requirements:

1) While the tools provide structure and rigor, their successful application rest on the qualitative judgments of the subject mater experts that use them.  In this instance, five subject mater experts participated in the analysis.   They were drawn from DMSO’s Modeling and Simulation Operations Support Activity (MSOSA). They all posses knowledge of JTC, JCATS, JSAF, and Spectrum and all have experience in managing JCF-AWE type events.  Another group of experts with experience in live exercise experiment support would have been selected had the study sponsor needed an evaluation of a fifth non-M&S option previously described. Representatives from the NSC and AMSO were also present at all meetings and discussions to observe the BI process.  Table III, summarizes the panels experience committed to research and preparation. 

Table III

Panel Qualifications 


JTC
JCATS
JSAF
JTC+
Military Service
Exercise Design

Years Experience
23
12
13
4
109
45

2) Three Working group meetings were conducted.  The contractor provided the requisite conference room, software, and hardware.  Equipment included an overhead projector, white board, and PC linked to the projector. 

3) Finally, facilitator efforts totaled approximately 700 hours. The majority of these hours were used in developing decision support tools and forms, and in collecting and analyzing data.  However, if this process were to be repeated regularly and commercial software used, then this figure would be significantly reduced. Care was taken to ensure that the facilitators remained completely impartial and that discussions were allowed to flow without controlling bias.

D. Schedule:  A detailed schedule of Phase Two activities is in Annex E.

4. FINDINGS , OBSERVATIONS & CONCLUSIONS

A. Summary of findings:

1) As previously discussed, the selection criteria in Figure 1 established the standards against which the four options were compared and weighted. The four options included Army standard and non-standard simulation packages and did not include an option to use training exclusively as a driver for the experiment. The findings, which are based on an analysis of the weights assigned by the team of subject matter experts with their supporting rational, are grouped in the following figures. We have adopted the convention of using Bar Graphs to display the weights assigned to the four options and Pie Charts to display the weights assigned to the Decision Tree. 

a. AWE Objectives:

(1) JCATS and JSAF have a slight edge over JTC and JTC+ in supporting AWE objectives.  This finding, which is depicted in Figure 5, represents an aggregation of the benefit ratings assigned to each option in supporting the three types of AWE objectives shown in Figure 6.   Figure 7 shows the relative strengths of the four options in supporting technical objectives, experimental objectives and AAR/Analytic data processing requirements respectively. 
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Figure 5.  Benefit Ratings vs. AWE Objectives

(2) A product of the weighting assigned in the decision tree, Figure 6. Shows the relative importance placed on the three categories of AWE objectives. The ability to support experimental objectives, and to record, evaluate, and report findings in AAR and analysis were considered equally important in conducting a successful AWE.  Technical objectives were considered marginally important, and then, only in so far as they supported experimental objectives and data collection for AAR/Analysis. 
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Figure 6.  Relative Importance placed on Categories of AWE Objectives
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Figure 7.  Benefit Ratings vs. Categories of AWE Objectives

(3) JCATS and JSAF are preferred 3:1 over JTC and JTC+ in supporting technical objectives.  The single biggest factor contributing to this preference is the degree to which JCATS and JSAF data are compatible with AWE C4ISR systems.  All options require translators or “black boxes” to interpret simulation data; translate that data into a form that can be used by command and control systems; then parse that information to the appropriate system.  However, JCATS and JSAF, which are entity level models, produce higher fidelity data than JTC and JTC+, a family of highly aggregated models, at the resolution required to feed C4ISR systems. 

(4) As Figure 7 shows, JCATS and JSAF are preferred 2:1 over JTC and JTC + in supporting experimental objectives. JCATS and JSAF were assessed to have a functional advantage in six out of ten key areas.  These areas are: providing a common service operating picture, combat identification, integrated situational awareness, integrated air picture, joint fires, and integration and employment of a strike force.  JTC, JCATS, JSAF, and JTC + were considered functionally equivalent when it came to supporting C2 to the soldier, an enroute mission rehearsal tool, and focused logistics.  JTC and JTC+ were considered the best option for supporting information operations. 

(5) Figure 7 also shows that JTC and JTC + have a slight edge over JCATS and JSAF in providing data collection and data processing for AAR and Analysis.  The JTC and JTC+ advantage over JCATS and JSAF was attributed to it use of Los Alamos National Laboratory’s Graphical Input Aggregate Control (GIAC) system.  GIAC components, the GIAC Model Interface (GMI), the G Data System (GDS), the GIAC Command and Control Workstation, the GIAC Map Server, and the GIAC After Action Review Database facilitate data collection, and provide rapid AAR, including play back of key scenario events.  This playback capability is normally available within three hours of ENDEX.  No equivalent system exists for JCATS or JSAF.

b. Growth  Potential:
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Figure 8.  Benefit Ratings vs. Growth Potential

(1) JSAF is preferred approximately 2:1 over JTC, JTC+, and JCATS in terms of providing growth potential.  The aggregated weights shown in Figure 8 reflect the options’ potential for maturing, over the next year, into a system that can better support AWE objectives, then continue to grow to meet Army needs beyond 2004.  Figure 9 shows the relative strengths of each option in providing both short-term and long-term growth potential.
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Figure 9.  Benefit Ratings vs. Short  & Long Term Growth

(2) In the short-term, out to 2004, both JCATS and JSAF are considered more responsive than JTC and JTC+ in terms of their ability to keep pace with changing requirements.  They also present less technical risk in implementing changes and are more economical to modify.

(3) In the long-term, beyond 2004, JSAF has significantly greater potential than JCATS for meeting Army needs.  First, the Army has more influence over the JSAF development process than the JCATS development process. Second, JSAF is completely open and modular while JCATS is a stand-alone system.  Consequently JSAF can be more easily expanded to include new functions.  Third, JCATS will be nearing the end of its life cycle by the year 2004, while JSAF will be in mid-cycle.   JTC and JTC+ were not considered a viable option beyond 2001.

c. Training Objectives:
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JTC and JTC + have a slight edge over JCATS and JSAF in supporting overall training objectives.  However, this finding, which is depicted in Figure 10, is misleading, since the system of choice depends heavily on the level of training audience.  Figure 11 shows the relative importance placed on Corps/JTF, Division, and Bn/Bde training for JCF-AWE and Figure 12 shows how well the options support each of these training audiences. 

Figure 10.  Benefit Ratings vs. Training Objectives
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The AWE vision of using a simulation to synthesize and overlay a Corps/JTF battle on top of a live Bn/Bde JRTC event is driving the weights derived from the decision tree assigned to Corps/JTF, Division, and Bn/Bde in Figure 11.  As the figure illustrates, Division training was not considered a significant factor in this AWE. 

Figure 11.  Relative Importance Placed on Level of Training Audience
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Figure 12.  Benefit Ratings vs. Level of Training Audiences

(3) Figure 12 shows how well the four options support Corps/JTF, Division, and Bn/Bde level training.  JTC and JTC + are preferred 4:1 over JCATS and JSAF for training Corps/JTF and Division Staffs.  JTC is a family of highly aggregated models that was specifically built to support Corps/JTF, Division level training events, and is the Army’s primary system for driving Corps level Warfighter Exercises.  JCATS and JSAF are, on the other hand, entity level models with greater fidelity than JTC and JTC+ at higher resolutions.  Consequently, JCATS and JSAF are preferred 2:1 over JTC and JTC + for training Bn/Bde and Company Staffs. 

(4) Changing the Corps/JTF, Division, or Bn/Bde weights, shown in Figure 11, will affect which model (JTC, JTC+ or JCATS) is preferred overall for supporting JCF-AWE training objectives.  However, the criterion “Training Objectives” does not have sufficient weight, compared to the other criteria, for these changes to affect overall findings and recommendations. 

d. Leave Behind:

(1) JCATS is preferred 5:1 over JTC and JTC+ and approximately 2:1 over JSAF in terms of providing a short-term leave behind capability to support follow–on training.  These findings are depicted in Figure 13. 
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JCATS is preferred over JSAF on the bases of overhead and risk.  When compared to JCATS, JSAF needs approximately four times the equipment that is required to support an event like JCF-AWE.   While 

Figure 13. Benefit Ratings vs. Leave Behind Capability
(3) JSAF has the capability to “automated force behaviors” and thus theoretically reducing the equipment to operator ratio, JSAF still requires more personnel than JCATS to support similar events.  Finally JCATS is a self contained and fully fielded system.  JSAF is fielded at USACOM, but does not have JCATS support infrastructure. 

(4) While JTC and JTC+ have some leave behind potential for the next one to two years, it is not considered a viable option through 2004.

e. Resource Availability:
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Figure 14.  Benefit Ratings vs. Resource Availability

(1) As depicted in Figure 14, JCATS and JSAF are preferred 7:1 over JTC and JTC+ in terms of resource availability.  The principle factor driving these findings is a scheduling conflict with UFL 2000, which will employ JTC.  UFL is scheduled for August 2000 and JCF-AWE is scheduled in September.  

(2) JTC and JTC+ supported events require a significant outlay in equipment.  With large exercises, like UFL, access to equipment is at a premium, with all available pieces required in Korea to support UFL.  With UFL scheduled in August and JCF-AWE scheduled in September, there is not enough time to return equipment to CONUS in preparation for JCF-AWE.

(3) JTC and JTC+ supported events also require significant number of highly trained personnel for database builds and to operate the simulation.  With only one month between them, UFL will directly impact on the technical support available to JCF-AWE for database builds and site preparations.


f. Overhead:

(1) As Figure 15 depicts, JCATS and JSAF are preferred 3:1 over JTC and JTC + on the bases of operational overhead.  Figure 16 shows the principal factors affecting overhead and their relative importance in selecting a model for JCF-AWE.  Derived from the weights found in the decision tree, Figure 17 compares and contrasts the relative strengths of the four options against each factor.

Figure 15.  Benefit Ratings vs. Overhead [image: image21.wmf]Equipment 
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(2) As depicted in Figure 17, JCATS has a significant advantage over JTC and JTC+ and JSAF in terms of personnel and equipment requirements.  While estimates varied, JCATS was expected to take approximately one-half to one-fourth of the workstations needed when compared to JTC, JTC+, and JSAF respectively.  Along with these savings in workstations, there is a proportional reduction in technical support and manning requirements.
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Figure 16.  Relative Importance Placed on Overhead Factors

(3) JCATS is preferred 6:1 over JTC and JTC+ and approximately 2:1 over JSAF in supporting database builds and maintenance.  Both JCATS and JSAF have a clear advantage over JTC and JTC+ in this area.  JCATS is preferred over JSAF, because the JCATS database can be manipulated from the workstation, on the fly, without special knowledge or training.   While the JSAF databases can be easily manipulated, it requires specialized knowledge.
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Figure 17.  Benefit Ratings vs. Overhead Factors

(4) JCATS and JSAF have significant advantages over JTC and JTC+ in terms of facilities.  This includes the physical structure and operating environment (i.e. power, air conditioning, and both internal and external communications) required for running and distributing the simulation.  JCATS and JSAF need less than half the floor space that is required to operate JTC and JTC+.

(5) With the exception of JCATS, all the options can be fully distributed.  However, JTC and JTC+ require significantly more resources, in terms of personnel and facilities than JSAF.  While JCATS cannot be distributed in a technical sense, multiple games, played from different locations can be overlaid to achieve the same ends. 

2) Sensitivity analysis was performed to see if variations in assigned weights or cost estimates could produce changes in study recommendations.  Three findings are noteworthy.

a. JTC, JTC+ and JCATS are roughly equivalent in terms of cost effectiveness.  Since the JCATS cost estimates is based on a single AWE, conducting a second AWE of similar size and focus, which capitalizes on the initial JCATS investment, will reduce overall JCATS cost-per-event, lessen the cost differential between JTC, JTC+ and JCATS, and make JCATS the preferred short-term option.

b. JSAF and JCATS benefit ratings are sensitive to the value placed on short-term needs versus long-term growth potential.  Placing a higher priority on long-term growth potential (i.e. an 8% shift in assigned weights) results in equivalent benefit ratings.  However, JSAF’s high cost estimate remains the overriding factor.

c. JTC and JTC+ equipment availability is a critical issue.  While JTC and JTC+ are the most affordable of the options, it may not be feasible, unless adequate equipment is available to support the event.  Slipping the JCF-AWE one month will alleviate the equipment problems, but it will not significantly improve the JTC and JTC + benefit ratings. 

B. Observations:

1) JTC and JTC + are expected to provide better training than JCATS and JSAF for Corps/JTF and Division Staffs.

2) Comparing JTC and JTC+, JTC is preferred over JTC + due to anticipated equipment and personnel shortages resulting from a scheduling conflict with UFL 2000 in September.   Both have conflict issues, but JTC+ creates a greater equipment/personnel problem with the use of Spectrum.  They are about equal in terms of cost effectiveness

3) JCATS and JSAF are expected to provide better training than JTC and JTC+ for BN/BDE Staffs on the bases of overhead, interfaces, and integration with C4ISR systems.

4) Comparing JCATS and JSAF, JCATS is preferred over JSAF for the near-term potential, but JSAF has significantly greater long-term potential. Their overall effectiveness in meeting the selection criteria is about equal.  However, JCATS is expected to be about twice as cost effective as JSAF in the short-term. An Army, AMSO or NSC endorsement of JCATS and JSAF as the desired JCF-AWE driver is not intended or implied.

C. Conclusions:

1) If budget is paramount, then use JTC.  This conclusion assumes that budget constraints prevent using JCATS, the option that ranked highest against the selection criteria. If this assumption is correct, then JTC may be the only feasible option.  In that event, consideration should be given to deconflicting competing exercise dates.

2) If benefit is paramount and you can absorb the cost, then use JCATS.  This conclusion is focused on providing the best short-term solution.  If money is available, then JCATS provides the greatest short-term return on investment.

3) If long-term growth potential is paramount, you can absorb the cost, and risk is acceptable, then use JSAF.

5. RECOMMENDATIONS:

A. If budget is paramount, then use JTC 

B. If benefit is paramount and you can absorb the cost, then use JCATS. 

C. If long-term growth potential is paramount, you can absorb the cost, and risk is acceptable, then use JSAF.
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