ANNEX A

Metric Space and Metrics

1. This Annex presents a discussion of the Metric Space.  Each cell in the Metric Space has a corresponding tab that contains candidate metrics, or measures of effectiveness.  The metrics are considered candidates only in the sense that the process of identifying, reviewing and documenting domain metrics has not been completed. The included metrics are a basic staring point -- a straw-man -- for further consideration and revision. They are presented to generate thought and discussion. The metric space, the basic structure, and method of organizing metrics is complete.

2. The metric space is a two dimensional array for cataloging and retrieving metrics.  The two dimensions used to index the array are M&S uses and benefits.  Figure A-1 depicts the array structure. The metrics space once populated with metrics should be viewed as a desk-side reference serving as an aid for metrics selection.  
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Figure A-1.  Metric Space Structure
A.  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.  The definitions are:

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

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

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

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

B.  As first suggested by Elmaghraby, M&S applications have been decomposed into five basic “functions or uses of M&S”, namely: (1) Aid to Communicating; (2) Aid to Experimenting; (3) Aid to Predicting; (4) Aid to Thinking; and (5) Aid to Training/Instructing.  There are a number of schemes for classification of M&S applications, most notably those presented in the Military Operations Research Societies’ (MORS) monograph on Military Modeling for Decision Making.  The five functions presented here represent a higher level of abstraction, and hence provide greater flexibility, than the applications contained in the monograph, since those applications can be decomposed into one or more of Elmaghraby’s functions.  The two schemes are not mutually exclusive, but in fact support each other.  The five “functions or uses of M&S” are defined as follows: 

1)  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.

2)  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.  

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

4)  AID TO THINKING: The use of M&S to help organize and sort out hazy concepts and inconsistencies. 

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

3. There are a total of twenty cells in the array.  Each cell corresponds to a specific combination of model uses and benefits (e.g., Cheaper Experimenting etc.).  Metrics for measuring each combination of use and benefit are stored in their respective cell.  To identify commonly used metrics, the metrics within each cell are further classified by domain usage.  Metrics common to The Advanced Concepts & Requirements (ACR), Research Development & Acquisition (RDA), and Training, Exercises & Military Operations (TEMO) Domains are listed first.  Metrics common to two domains are listed second.  Metrics unique to a single domain are listed last.  Grouping metrics by usage facilitates the identification of metrics that are generally accepted across the Army, establishes a level of credibility, and increases confidence in their use. 

Specific metrics for each cell are contained in Tabs 1-20 to this Annex.  Figure A-2 links the tabs to the cells.
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Figure A-2.  Correlating Cells 1-20 and the Metrics Array

4. The metric space provides a complete, self-contained, and internally consistent definition of model uses and benefits.  

A.  Conceptualizing metrics using the metrics space will assist in the process of determining or selecting metrics. Also, using the metrics space will help eliminate metrics redundancy.  Displaying metrics by their basic components of use reduces the likelihood of double counting (i.e., the practice of using different metrics to measure the same quantity), and reduces the possibility that extraneous metrics will be selected (i.e. metrics that are inappropriate or irrelevant.)   

B.  Decomposing M&S applications into basic M&S uses provides both managers and analysts a means of telling, at a glance, if potential benefits have been overlooked; thus increasing their confidence that all benefits have been addressed and that key benefits have been identified and measured.

C.  Decomposing M&S applications into basic M&S uses also provides flexibility, because the same array can be easily applied by any domain to any M&S application, without being altered.  At the same time, it can grow with the users’ needs.  As new metrics surface and evolve they can be added to the array for all to use.

5. Regardless of the aggregate measure used to assess overall benefit (i.e. the most common being efficiency, effectiveness, and return on investment), it will most certainty involve more than one metric in it’s calculation.  Keeney and Raiffa in their book “Decisions with Multiple Objectives: Preferences and Value Tradeoffs” provided the following guidelines as an aid to compiling “metric sets.”  Metric sets should be:

A.  Complete, so that the set covers all potential aspects of benefit.

B.  Operational, so that the component metrics are meaningful.

C.  Decomposable, so those aspects of the evaluation process can be simplified by breaking it down into parts.  There are two issues here; the first deals with multiple applications in a single event (e.g., concept development incorporated into a training event); and the second deals with the decomposition of each application into basic M&S uses.  The former is a user responsibility; the latter has been simplified by the organizational structure of the metric space.

D.  Non redundant, so that double counting can be avoided.

E.  Minimal, so that the problem solution can be kept as small as possible.

6. Tabs 1-20 follow:

TAB ONE

BETTER-COMMUNICATING
Metric Space


Communicating
Experimenting
Predicting
Thinking
Training & Instruction

Better
This Tab





Cheaper






Faster






Only Way






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

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.

Amount of data stored and accessed 

Increase in performance 

Number of additional demonstrations accomplished over live hardware demonstrations and tests

% risk reduction in developing, testing, and fielding new systems 

Additional number of support hardware and man-in-the-loop interactions supported

Increase in user confidence

TAB TWO

BETTER-EXPERIMENTING

Communicating
Experimenting
Predicting
Thinking
Training & Instruction
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BETTER:  The quality of the product or the quality of the process employed is improved through the application M&S.

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.

Percent reduction in the standard deviation of data generated using M&S compared to historical data collected using instrumented ranges to conduct similar tests

Environmental impact, reduction in the amount of pollutants released into the atmosphere measured in thousands of pounds

Reduction in exposure to intelligence collection efforts as a percentage of the number of live test firings compared to the total number of tests required

Quality and quantity of test data gathered

Amount of testing concurrent with development

Stimulation realism (creating a realistic number of effects with fidelity)

% reduction in live drop tests

% of live test failures avoided

% of live test flights avoided

% of scenarios developed for IOT&E (Initial Operational Test & Evaluation)

% of organic C4I systems energized

% of sensors replicated

% of realistic sensor replication

% reduction in test phase

Increase in number of alternatives analyzed

% reduction in physical design iterations

Increased number of environmental conditions included

Increased number of threats included in operational environment

Decreased number of parts required in final design

Increased number of steps/functions that can be conducted concurrently

Increased number of additional operations and support issues identified

Better input from users on the impact of concept design decisions

Number of parts or complexity of the final design (i.e., simplicity)

Number of programs retained (i.e., avoid program termination)

Number of available options to improve cost, schedule, performance, etc.

Better part and assembly fit resulting in less need for rework

Amount of data stored and accessed 

Inclusion of more factors in resolving issues

Earlier identification of problems

Increase in performance

Number of additional demonstrations accomplished over live hardware demonstrations and tests

Additional number of complex issues analyzed

% risk reduction in developing, testing, and fielding new systems

Additional number of support hardware and man-in-the-loop interactions supported

% increase in physical process representation over real time representations of physical processes

Increase in user confidence

Decrease number of test items needed for destructive testing and range operations

Decreased number of physical prototypes required to better understand system performance tradeoffs

Increase number of test runs available to identify optimal solution

Number of negative environmental affects such as noise, blast, contamination, maneuver damage to fragile ecosystems avoided

TAB THREE

BETTER-PREDICTING

Communicating
Experimenting
Predicting
Thinking
Training & Instruction

Better
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Faster






Only Way






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

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. 

Number of physical mockups or prototypes required

Reduction in first article assembly effort

Stimulation realism (creating a realistic number of effects with fidelity)

Reduction in the number of manufacturing process steps

Better part and assembly fit resulting in less needed or rework

Reduce amount of scrap and waste material 

% of organic C4I systems energized

% of sensors replicated

% of realistic sensor replication

Increase in number of alternatives analyzed

% reduction in physical design iterations

Increased number of environmental conditions included

Increased number of threats included in operational environment

Increased number of steps/functions that can be conducted concurrently

Increased number of additional operations and support issues identified

Better input from users on the impact of concept design decisions

Number of parts or complexity of the final design (i.e., simplicity)

Number of programs retained (i.e., avoid program termination)

Number of available options to improve cost, schedule, performance, etc.

Amount of data stored and accessed 

Inclusion of more factors in resolving issues

Earlier identification of problems

Increase in performance

Number of additional demonstrations accomplished over live hardware demonstrations and tests

Additional number of complex issues analyzed

% risk reduction in developing, testing, and fielding new systems

Additional number of support hardware and man-in-the-loop interactions supported

% increase in physical process representation over real time representations of physical processes

Increase in user confidence

Decreased number of physical prototypes required to better understand system performance tradeoffs

TAB FOUR

BETTER-THINKING
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Experimenting
Predicting
Thinking
Training & Instruction
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BETTER:  The quality of the product or the quality of the process employed is improved through the application M&S.

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

Number of rehearsals conducted

Better user inputs on the impact of concept design decisions

Stimulation realism (creating a realistic number of effects with fidelity)

Number of programs retained

Number of available options to improve cost, schedule, performance, etc.

Number of legacy designs, products, or tools re-used

Incorporation of maintenance, logistics, and production considerations

Earlier identification of problems

% of organic C4I systems energized

% of sensors replicated

% of realistic sensor replication

% of delay in committing to physical prototyping

% of reuse by other programs

Increase in number of alternatives analyzed

% reduction in physical design iterations

Increased number of environmental conditions included

Increased number of threats included in operational environment

Decreased number of parts required in final design

Increased number of steps/functions that can be conducted concurrently

Increased number of additional operations and support issues identified

Better input from users on the impact of concept design decisions

Number of parts or complexity of the final design (i.e., simplicity)

Number of programs retained (i.e., avoid program termination)

Number of available options to improve cost, schedule, performance, etc.

Better part and assembly fit resulting in less need for rework

Amount of data stored and accessed 

Inclusion of more factors in resolving issues

Increase in performance

Additional number of complex issues analyzed

% risk reduction in developing, testing, and fielding new systems

Additional number of support hardware and man-in-the-loop interactions supported

% increase in physical process representation over real time representations of physical processes

Increase in user confidence

Decreased number of physical mockups/prototypes required to better understand system performance tradeoffs

TAB FIVE

BETTER-TRAINING/INSTRUCTING
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BETTER:  The quality of the product or the quality of the process employed is improved through the application M&S.

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

Number of rehearsals conducted

Improvement in task proficiency measured by average/qualification scores

Stimulation realism (creating a realistic number of effects with fidelity)

Total assessment of trainee progress

Increase in performance

Reduction in number of live rounds fired to qualify 

Increase in the number of first time qualifiers

Student achievement

Reduction in time to complete task

Improvement in task proficiency 

% of skills realistically replicated (supported)

% of all skills replicated (supported)

% of organic C4I systems energized

% of sensors replicated

% of realistic sensor replication

Increased number of environmental conditions included

Increased number of threats included in operational environment

Amount of data stored and accessed 

Additional number of support hardware and man-in-the-loop interactions supported

% increase in physical process representation over real time representations of physical processes

Increase user confidence

Number of negative environmental affects such as noise, blast, contamination, maneuver damage to fragile ecosystems avoided

Number of additional (distributed) training/exercise locations included in training event

Increased number of training events included in training scenario

% increase in accomplishing required training/training event(s)

% increase in productive training time (reduced dead time)

TAB SIX

CHEAPER-COMMUNICATING
Metric Space
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CHEAPER:  The total cost of the product or process is reduced through the application of M&S.

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.

Cost savings of using new methods

Cost savings associated with completing task early

Reduction of personnel required to do task

Number of dollars saved by using computer models rather than a physical prototype

Decreased number of people needed to accomplish task

Money/effort saved in programs that are concealed/terminated early

Number of physical mockups or prototypes that are required

Reduced labor costs due to fewer meetings and data submittals

Cost avoidance of using new methods

Reduced demand on management, facilities, and personnel resources (i.e. less time, number, amount, etc.)

TAB SEVEN

CHEAPER-EXPERIMENTING

Communicating
Experimenting
Predicting
Thinking
Training & Instruction
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Cheaper
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Only Way






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

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.

Cost avoidance in current year dollars for test articles and test resources

Cost savings of using new methods

· Reduction in the number of rounds required to conduct live tests

· Reduction in the use of live ranges for testing

· Reduction in the number of flights required to conduct tests

· Reduction in the use of range resources

Reduction of personnel required to do task

Cost savings associated with completing task early

% reduction in live flight-test costs

% reduction in cost for test support personnel

Number of dollars saved by early program termination due to early detection of poor performance

Number of dollars saved by using computer models rather than a physical prototype

Number of problems resolved prior to system fielding (cost avoidance)  

Number of full-scale test firings avoided (cost avoidance)

Cost savings in reuse of existing designs, products, or tools

Number of reduced maintenance man-hours

Decreased number of standard system parts required

Money/effort saved in programs that are concealed/terminated early

Cost avoidance for test article as well as test resources

Reduction in number of manufacturing process steps and time

Reduced amount of scrap and waste material

Cost saved through reuse of legacy designs, products, or tools 

Reduction in the number of high-cost elements consumed in hardware testing or tests that involve the consumption of “high cost” elements 

Reduced demand on management, facilities, and personnel resources (i.e. less time, number, amount, etc.)

Decreased number of physical mockups/prototypes required to better understand system performance tradeoffs. (cost savings)

Cost associated with % reduction in physical testing or use of testing resources (e.g., ranges) 

Number of negative environmental affects such as noise, blast, contamination, maneuver damage to fragile ecosystems avoided (cost avoidance)

TAB EIGHT

CHEAPER-PREDICTING

Communicating
Experimenting
Predicting
Thinking
Training & Instruction

Better






Cheaper


This Tab



Faster






Only Way






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

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

Cost savings of using new methods

Cost savings associated with completing tasks early 

Cost of virtual prototyping vs. cost of physical models

Reduction of personnel required to do task

Number of dollars saved by early program termination due to early detection of poor performance

Number of dollars saved by using computer models rather than a physical prototype

Number of problems resolved prior to system fielding (cost avoidance)

Number of reduced maintenance man-hours

Decreased number of standard system parts required

Money/effort saved in programs that are concealed/terminated early

Reduction in number of manufacturing process steps and time

Reduced labor costs due to fewer meetings and data submittals

Reduced amount of scrap and waste material

Cost saved through reuse of legacy designs, products, or tools

Savings accrued through early task completion

Reduction in the number of rounds required to conduct live test

Reduction in the number of flights required to conduct tests

Reduction in the use of live ranges for testing

Reduction in the use of range resources

Reduction in the number of high-cost elements consumed in hardware testing or tests that involve the consumption of “high cost” elements

Reduced demand on management, facilities, and personnel resources (i.e. less time, number, amount, etc.)

Decreased number of physical mockups/prototypes required to better understand system performance tradeoffs. (cost savings)

Cost associated with % reduction in physical testing or use of testing resources (e.g., ranges) 

Number of negative environmental affects such as noise, blast, contamination, maneuver damage to fragile ecosystems avoided (cost avoidance)

TAB NINE

CHEAPER-THINKING

Communicating
Experimenting
Predicting
Thinking
Training & Instruction

Better






Cheaper



This Tab


Faster






Only Way






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

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

Reduction in the number of people required to do design tasks

Cost avoidance of using new methods

Cost avoidance associated with completing tasks early

Reduction of personnel required to do task

Number of dollars saved by early program termination due to early detection of poor performance

Number of dollars saved by using computer models rather than a physical prototype

Number of problems resolved prior to system fielding (cost avoidance)

Number of reduced maintenance man-hours

Decreased number of standard system parts required

Money/effort saved in programs that are concealed/terminated early

Reduction in number of manufacturing process steps and time

Reduced labor costs due to fewer meetings and data submittals

Reduced amount of scrap and waste material

Cost saved through reuse of legacy designs, products, or tools

Savings accrued through early task completion

Reduction in the number of rounds required to conduct live test

Reduction in the number of flights required to conduct tests

Reduction in the use of live ranges for testing

Reduction in the use of range resources

Reduction in the number of high-cost elements consumed in hardware testing or tests that involve the consumption of “high cost” elements

Reduced demand on management, facilities, and personnel resources (i.e. less time, number, amount, etc.)

Decreased number of physical mockups/prototypes required to better understand system performance tradeoffs (cost savings)

Cost associated with % reduction in physical testing or use of testing resources (e.g., ranges) 

Number of negative environmental affects such as noise, blast, contamination, maneuver damage to fragile ecosystems avoided (cost avoidance)

TAB TEN

CHEAPER-TRAINING/INSTRUCTING

Communicating
Experimenting
Predicting
Thinking
Training & Instruction

Better






Cheaper




This Tab

Faster






Only Way






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

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

Reduction in travel expenses attributed to distributed training, measured in current year dollars

Cost savings of using new methods

Reduction of personnel required to do task

Cost savings associated with completing tasks early

Number of physical mockups or prototypes that are required

Reduction in the cost of achieving a defined level of proficiency

Reduction in the number of rounds to qualify(cost savings)

Reduced demand on management, facilities, and personnel resources (i.e. less time, number, amount, etc.)

% reduction in, or number of FTXs avoided (reduction in ops tempo by reducing the need for FTX training)

TAB ELEVEN

FASTER-COMMUNICATING
Metric Space


Communicating
Experimenting
Predicting
Thinking
Training & Instruction

Better






Cheaper






Faster
This Tab





Only Way






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

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.

Reduction in time to complete task
TAB TWELVE

FASTER-EXPERIMENTING

Communicating
Experimenting
Predicting
Thinking
Training & Instruction

Better






Cheaper






Faster

This Tab




Only Way






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

AID TO EXPERIMENTATING: 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.

Rapid and early proof of concept prior to more detailed stages of design

Time to evaluate issues

Time to analyze/create requirements/planning documents

% of time saved through rapid anomaly identification

Increase number of alternatives analyzed in a given period of time

Amount of time saved to prove concept

Amount of system/prototype down time saved

Amount of time saved by doing steps concurrently 

Amount of time saved to accomplish first assemble

Amount of time saved in test process

Reduction in time to complete task
Time saved in program by early identification of limiting factors affecting operational performance and/or specific systems utility

Amount of time saved in data generation, collection, and analysis

Time saved in concept development and requirements identification

% time saved in engineering and development processes

TAB THIRTEEN

FASTER-PREDICTING

Communicating
Experimenting
Predicting
Thinking
Training & Instruction

Better






Cheaper






Faster


This Tab



Only Way






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

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

Rapid and early proof of concept prior to more detailed stages of design

Time to evaluate issues

Time to analyze/create requirements/planning documents

Actual time savings of commanders doing strategy/planning

Use of virtual prototyping vs. turn around times for physical models

Time saved by predicting future logistics needs

% of time saved through rapid anomaly identification

Increase in number of alternatives analyzed in a given period of time

Amount of time saved to prove concept

Amount of time saved by doing steps concurrently 

Amount of time saved to accomplish first assemble

Reduction in time to complete task

Time saved in program by early identification of limiting factors affecting operational performance and/or specific systems utility

Amount of time saved in data generation, collection, and analysis

Time saved in concept development and requirements identification

% time saved in engineering and development processes

TAB FOURTEEN

FASTER-THINKING

Communicating
Experimenting
Predicting
Thinking
Training & Instruction

Better






Cheaper






Faster



This Tab


Only Way






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

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

Rapid and early proof of concept prior to more detailed stages of design

Time required to accomplish design tasks

Time to evaluate issues

Time to analyze/create requirements/planning documents

Actual time savings of commanders doing strategy/planning

% of time saved through rapid anomaly identification

Increase in number of alternatives analyzed in a given period of time

Amount of time saved to prove concept

Amount of system/prototype down time saved

Amount of time saved by doing steps concurrently 

Amount of time needed to accomplish design task

Amount of time saved to accomplish first assemble

Reduction in time to complete task
Time saved in program by early identification of limiting factors affecting operational performance and/or specific systems utility

Time saved in concept development and requirements identification

% time saved in engineering and development processes

TAB FIFTEEN

FASTER-TRAINING/INSTRUCTING

Communicating
Experimenting
Predicting
Thinking
Training & Instruction

Better






Cheaper






Faster




This Tab

Only Way






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

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

Reduction in the time required to bring students up to standards, measured in days

Cost savings for fewer training days

Reduction in time to train

Reduction in time to complete task.

Reduction in set-up or prep time

Reduction of PERTEMPO
TAB SIXTEEN

ONLY WAY-COMMUNICATING
Metric Space


Communicating
Experimenting
Predicting
Thinking
Training & Instruction

Better






Cheaper






Faster






Only Way
This Tab





ONLY WAY: Models and simulations provide the only means of accomplishing an event that would otherwise be either impractical or prohibitively expensive.

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.

None identified

                                                   TAB SEVENTEEN

ONLY WAY-EXPERIMENTING

Communicating
Experimenting
Predicting
Thinking
Training & Instruction

Better






Cheaper






Faster






Only Way

This Tab




ONLY WAY: Models and simulations provide the only means of accomplishing an event that would otherwise be either impractical or prohibitively expensive.

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.

Percent of safety problems solved before human testing (i.e., measured as a function of the total number found during the entire test process)

Percent of out of the envelope tests conducted (i.e., measured as a function of the total number of live and simulated test firings)

The additional number of data points that are generated using M&S (i.e., the difference between the total number of data points collected and the number that could feasibly be collected without M&S)

Number of areas assessed that are difficult/impossible to test physically due to limitations in cost, time, or manpower, or due to risk to humans, equipment, or the environment

Number of live flight test failures avoided

Number of benign, countermeasured or un-testable scenarios executed

Number of techniques optimized against foreign materiel exploitation

Increased number of functions that can be dispersed/distributed

Increased number of areas addressed that are difficult/impossible to physically test due to cost/time/manpower or risk

Number of resolved safety problems prior to human testing

Number of additional data points obtained

Number of environmental problems avoided

% increase in full-scale systems level test that would otherwise be economically or logistically prohibitive

Number of issues analyzed that could not be accomplished via other means

Number of hazardous/dangerous situations associated with “live fire tests” that are avoided

TAB EIGHTEEN

ONLY WAY-PREDICTING

Communicating
Experimenting
Predicting
Thinking
Training & Instruction

Better






Cheaper






Faster






Only Way


This Tab



ONLY WAY:  Models and simulations provide the only means of accomplishing an event that would otherwise be either impractical or prohibitively expensive.

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. 

Number of techniques optimized against foreign materiel exploitation

Increased number of functions that can be dispersed/distributed

Increased number of safety issues identified, analyzed, and avoided

Increased number of areas addressed that are difficult/impossible to physically test due to cost/time/manpower or risk

Number of resolved safety problems prior to human testing

Number of additional data points obtained

Number of environmental problems avoided

Evaluation of designs under more situations

Number of issues analyzed that could not be accomplished via other means

TAB NINETEEN

ONLY WAY-THINKING

Communicating
Experimenting
Predicting
Thinking
Training & Instruction

Better






Cheaper






Faster






Only Way



This Tab


ONLY WAY:  Models and simulations provide the only means of accomplishing an event that would otherwise be either impractical or prohibitively expensive.

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

Number of techniques optimized against foreign materiel exploitation

Increased number of functions that can be dispersed/distributed

Increased number of safety issues identified, analyzed, and avoided

Increased number of areas addressed that are difficult/impossible to physically test due to cost/time/manpower or risk

Number of resolved safety problems prior to human testing

Number of environmental problems avoided

Evaluation of designs under more situations

Number of issues analyzed that could not be accomplished via other means

 TAB TWENTY

ONLY WAY-TRAINING/INSTRUCTING

Communicating
Experimenting
Predicting
Thinking
Training & Instruction

Better






Cheaper






Faster






Only Way




This Tab

ONLY WAY:  Models and simulations provide the only means of accomplishing an event that would otherwise be either impractical or prohibitively expensive.

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

Virtual reality training in hazardous situations

Increased number of functions that can be dispersed/distributed

Increased number of areas addressed that are difficult/impossible to physically test due to cost/time/manpower or risk

Individual remedial training

Number of training events that could not be otherwise supported.

Additional simulated training environments that could not be captured in FTX (i.e., nuclear, biological, chemical, environmental extremes, etc.)

ANNEX B

Objectives Hierarchies

1.  This Annex presents a discussion of the Objectives Hierarchies. Also included at the following tabs are the Objective Hierarchies for the Army (the highest level of the tree) and the ACR, RDA, and TEMO Domains, respectively.  The Army objectives were taken from the Army’s Home Page as listed under the heading “Army Mission and Vision.”  The remaining supporting objectives were culled from Army Vision 2010, Domain Master Plans, The CJCS’s Uniform Joint Task List (UJTL), and SMEs. The hierarchies should be reviewed for completeness and accuracy.

2.  Keeney and Raiffa, in their book “Decisions with Multiple Objectives: Preferences and Value Tradeoffs”, describe an objective tree, or objectives hierarchy as “a means of subdividing an objective into lower-level objectives of more detail, thus clarifying the intended meaning of the more general objective.”  In general, sub-objectives can be viewed as the means to accomplishing the higher level objectives.  Consequently, success in achieving higher level objectives can be directly attributed to success at the lower levels.  In the Army, this process is commonly called a strategy-to-task approach.  In addition to its wide application in decision theory, there are a number of advantages to developing and using an objectives hierarchy.  An objectives hierarchy or objective tree provides:

A.  A structure that is applicable within and across Army domains.

B.  A direct link between M&S applications at the domain level and overall Army objectives.

C.  An operationally oriented framework for the systematic assessment and aggregation of M&S benefits.

D.  A context for assessing the operational significance of a quantifiable benefit in accomplishing different tasks (i.e., a significant time savings in contingency planning may be insignificant in terms of the time required to design a new system.)

E.  An approach that is understood, accepted, and widely used at all levels of the Army.

3. Tabs 1-4 follow:

ANNEX C

Glossary

1. This Annex presents a list of terms, with definitions, used in this report to describe the M&S Benefits Assessment Process.  A common taxonomy is essential to both understanding and communicating cross-domain benefits, and fostering a common “Army” perspective that helps frame discussion and analysis.

2. The source of the definition is located in parenthesis following the definition.  The sources are enumerated on the last page of this annex.

A
DEFINITION (Source)

Afford
To be able to bear the cost of. (6)

Affordability
A determination that the life cycle cost of an acquisition program is in consonance with the long-range investment and force structure plans of the DOD or individual DOD Components. (4)

Aid 
An assisting device (6).  In M&S - a helpful device to assist users in visualizing or conceptualizing problems, communicating ideas, training and instructing, making predictions, and conducting experiments. (7)

Aid to Communication (communicating)
One of the basic uses of M&S for helping to visualize concepts, make ideas more comprehensible, illustrate findings, or demonstrate important cause and effect relationships.  Helps gain group insight. (2) 

Aid to Experimentation (experimenting)
One of the basic uses of M&S to plan, rehearse, augment, or to conduct controlled experiments in situations where direct experiments would be dangerous, impractical, or prohibitive in cost. (2)

Aid to Prediction (predicting)
One of the basic uses 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. (2)

Aid to Thought (thinking)
One of the basic uses of M&S for helping to organize and sort out hazy concepts and inconsistencies.  Helps gain individual insight. (2)

Aid to Training and Instruction
One of the basic uses of M&S as training and instructional aids. (2)

Alternative
One or two or more approaches, programs, or projects that are the means of fulfilling a stated objective, mission, or requirement. (5)

Analysis
A decomposition of an issue or problem into its parts and the examination of those parts to determine their nature, function, and interrelationships. (7)

Application
The individual task (analysis, planning, testing, exercise, etc.) to which M&S will be applied (7). The system or problem to which a computer is applied. (8)

Assess
To determine the importance, size, or value of (6).  The process of making an assessment. (7).

Assessment
An estimate or determination of significance, importance, or value (e.g. an evaluation).  (7). To determine or fix the value of. (6).

Attribute
A word ascribing a quality (6).  A property or characteristic of one or more entities; for example - COLOR, WEIGHT, and SEX. (3)

B


Benefit
An improvement or advantage gained through the application of M&S (7).  Results expected in return for costs incurred for a chosen alternative.  It includes measures of utility, effectiveness, and performance.  Benefits focus on the purpose and the objectives of a project. (5)

Benefit/cost ratio
The ratio of the present value of the total dollar quantifiable divided by the present value of the total costs. (5)

Better
The quality of the product or the quality of the process employed is improved through the application of M&S. (1)

Burden
Something that is carried. (6)

C


Cheaper
The total cost of the product or process is reduced through the application of M&S. (1)

Class
A description of a group of objects with similar properties, common behavior, common relationships, and common semantics (3).  A collection or group of like items meeting defined criteria. (7)

Classification
A systematic arrangement in groups or categories according to established criteria; specifically taxonomy. (6)

Computer simulation
A dynamic representation of a model, often involving some combination of executing code, control/display interface hardware, and interfaces to real-world equipment. (3)

Constructive M&S
M&S that involve real people making inputs into a simulation that carries out those inputs by simulating people operating simulated systems. (9).

Cost
The outlay or expenditure (as of effort or sacrifice) made to achieve an object. (6)

Cost avoidance
All reductions in future resource requirements, not in an approved Army program, because investment in some needed program/project will not have to be made (5).  An action taken in the immediate time frame that will decrease costs in the future. For example, an engineering improvement that increases the mean time between failures and thereby decreases operating support costs can be described as a cost avoidance action.  It is possible for the engineering change to incur higher costs in the immediate time frame, however, if the net total life cycle costs are less, it is a cost avoidance action.  The amount of the cost avoidance is determined as the difference between two estimated cost patterns, one before the change and the one after. (4)

Cost driving variable
A parameter, such as speed, range, peak power levels, which has a major or significant effect on the cost. (5)

Cost effectiveness
A measure of the operational capability added by a system as a function of its life cycle cost. (5)

Cost reduction
A decrease in elements of cost between the status quo and one of the feasible alternatives that result from a variation in operations. (5)

D


Decision analysis
An analytic approach to aiding decision makers in identifying and structuring objectives, defining metrics, making value tradeoffs, and balancing risks. (7)

Deploy / Deployment
Fielding a weapon system by placing it into operational use with units in the field/fleet. (4)

E


Economic analysis
A systematic approach to identify, analyze, and compare costs or benefits of alternative courses of action that will achieve a given set of objectives (5).  A systematic approach to a given program, designed to assist the manager in solving a problem of choice. The full problem is investigated.  Objectives and alternatives are searched out and compared in light of their benefits and costs through the use of an appropriate analytical framework. (4)

Effective
Producing a decided, decisive, or desired effect (6).  The degree to which a defined or desired result (or effect) is achieved. (7) 

Effectiveness
The extent to which the goals of the system are attained, or the degree to which a system can be elected to achieve a set of specific mission requirements.  Also, an output of the cost effectiveness analysis (4).  Ratio of the level of effect actually achieved divided by the level desired. (7)

Efficiencies
Steps taken to be more efficient. (7)

Efficiency factor
The ratio of standard performance time to actual performance time usually expressed as a percentage. (4)

Efficient
Productive without waste (6).  An attribute expressed in terms of a measurable effect divided by the total cost of achieving the effect. (7)

F


Faster
The period of time from task initiation to task completion is reduced through the application of M&S. (1)

Feasible
Capable of being done or carried out. (6)

Feedback
The return to the input of a part of the output of a machine, system, or process (6).  The use of output, from an input/output processing unit, as input to the next processing cycle. (7)

Frame of reference
A set of ideas, conditions, or assumptions that determine how something will be approached, perceived, or understood. (6)

Framework
A basic conceptual structure (as of ideas) (6).  A conceptual structure for organizing and visualizing abstract concepts. (7)

Function
The most basic uses (communication, experimenting, predicting, thinking, and training & instructing) for models and simulations used in the metric space to measure benefit. (7)

G


H


Hierarchy
A graded or ranked series. (6)

I


Interactive model
A model that requires human participation (3).  Interactive models or management games are models (simulations) in which a human component and the computer interact. (7)

J


K


L


Live simulation
A representation of military operations using live forces and instrumented weapon systems interacting on training, test, and exercise ranges which simulate experiences during actual operational conditions. (9)

M


Mathematical model
A series of mathematical equations or relationships that can be discretely solved.  This includes M&S using techniques of numerical functions for which specific values cannot be derived (e.g., integrals). (9)

Measure
A system of standard units of measure; a basis or standard of comparison (6).  Synonymous with metric

Measure of performance
Measure of how the system/individual performs functions in a given environment (e.g., number of targets detected, reaction time, number of targets nominated, susceptibility of deception, task completion time).  It is closely related to inherent parameters (physical or structural) but measures attributes of system behavior (3).  Measures of lowest level of performance representing subsets of Measure Of Effectiveness (MOEs).  Examples are speed, payload, range, time on station, frequency, or other distinctly quantifiable performance features. (4)

Measures of effectiveness
A qualitative or quantitative measure of a M&S’s performance or a characteristic that indicates the degree to which it performs the task or meets a requirement under specified conditions (3).  A measure of operational success that must be closely related to the objective of the mission or operation being evaluated. For example, kills per shot, probability of kill, effective range, etc. (4)

Methodology
The system of principles, practices, and procedures, applied to a specific branch of knowledge (3).  A systematic process or approach to a specific problem. (7)

Metric
A measure of the extent or degree to which a product possesses and exhibits a certain quality, property, or attribute (3).  A standard of measure (6).  Synonymous with measure; a measure provides the basis for describing varying levels of performance. (7)

Metric space
The matrix area containing a set of metrics to be applied against an application for measuring benefit.  Benefits are along the vertical axis; M&S applications are along the horizontal axis. (7)

Metric(s)
A process or algorithm that may involve statistical sampling, mathematical computations, and rule-based inferencing.  Metrics provide the capability to detect and report defects within a sample. (3) 

Model
A physical, mathematical, or otherwise logical representation of a system, entity, phenomenon, or process (3).  A model is a representation of an actual or conceptual system that involves mathematics, logical expressions, or computer simulations that can be used to predict how the system might perform or survive under various conditions or in a range of hostile environments. (4)

Modeling and Simulation (M&S)
The development and use of live, virtual, and constructive models including simulators, stimulators, emulators, and prototypes to investigate, understand, or provide experimental stimulus to either (a) conceptual systems that do not exist or (b) real life systems which cannot accept experimentation or observation because of resource, range, security, or safety limitations (9).  The use of models, including emulators, prototypes, simulators, and stimulators, either statically or over time, to develop data as a basis for making managerial or technical decisions.  The terms “modeling” and “simulation” are often used interchangeably. (3)

N


O


Objective tree
An objective tree is a hierarchical structure for organizing objectives.  Objective trees, decision trees, and probability trees share a common structure comprised of nodes and limbs.  In an objective tree the nodes relate to objectives.  The limbs radiating from a single node, or objective, subdivide that objective into lower level sub-objectives.  Objective tree is synonymous with “abstract objective hierarchy” (10).  The method used to visualize the domain and Army level strategy-to-tasks. (7)

Only way
M&S provides the only means of accomplishing an event that would otherwise be either impractical or prohibitively expensive. (1)

Operational return on investment
To produce as return from an expenditure or investment (6). Operational denotes both the qualitative and quantitative aspects of M&S derived benefits. (7)

P


Performance
Those operational and support characteristics of the system that allow it to effectively and efficiently perform its assigned mission over time. The support characteristics of the system include both supportability aspects of the design and the support elements necessary for system operation. (4)

Physical model
A physical representation of the real world object as it relates to symbolic models in the form of simulators (9).  Physical models are exact models or mockups of reality. The distinguishing characteristic of a physical (also sometimes called iconic) model is that it in some sense "looks like" the entity being modeled. (7)

Process
(a) The combination of people, equipment, materials, methods, and environment that produce output--a given product or service.  A process can involve any aspect of a business.  (b) A key tool for managing processes is statistical process control, a planned series of actions of operations which advances a material or procedure from one stage of completion to another.  (c) A planned and controlled treatment that subjects materials to the influence of one or more types of energy for the time required to bring about the desired reactions or results (4).  An established series of actions, operations, or set of procedures followed in accomplishing a task. (7)

Q


Qualitative
A value that is a non-numeric description of a person, place, thing, event, activity, or concept (3).  Subjective assessment; can not be explicitly verified through direct measurement. (7)

Quantifiable
To determine, express, or measure the quantity of (6).  The characteristic of being measurable. (7)

Quantifiable benefit
A benefit which can be assigned a numeric value, such as dollars, physical count of items, or percentage change. (5)

Quantitative
Numerical expressions that use Arabic numbers, upon which mathematical operations can be performed (3).  Measurable. (7)

R


Readiness
The ability of US military forces to fight and meet the demands of the national military strategy (8).  State of preparedness of forces or weapon system or systems to meet a mission or to warfight.  Based on adequate and trained personnel, material condition, supplies/reserves of support system and ammunition, numbers of units available, etc. (4)

Relative
A thing having a relation to or connection with or necessary dependence on another thing; expressed as the ratio of the specified quantity (as an error in measuring) to the total magnitude (as the value of a measured quantity) or to the mean of all the quantities involved. (6)

Risk
A measure of the inability to achieve program objectives within defined cost and schedule constraints. Risk is associated with all aspects of the program, e.g., threat, technology, design processes, work breakdown structure (WBS) elements, etc.  It has two components: the probability of failing to achieve a particular outcome; and the consequences of failing to achieve that outcome (4).

Risk analysis
A detailed examination of each identified program risk which refines the description of the risk, isolates the cause, and determines the impact of the program risk in terms of its probability of occurrence, its consequences, and its relationship to other risk areas or processes. (4)

Risk avoidance
A risk handling option which eliminates risk by eliminating or modifying the concept, requirements, specifications, or practices that create the unacceptable risk. (4)

S


Saving 
The act or an instance of economizing (6).  In the context of M&S benefits: time, money, activity, level of effort, test item, e.g., using less of a resource. (7) 

Scale model
A physical model that resembles a given system, with only a change in scale; for example, a replica of an airplane one tenth the size of the actual airplane (3).  Scaled models are physical or iconic models that have been scaled down (such as a model of the solar system or map) or scaled up (such as a model of the atom). (7)

Simulation
A method for implementing a model over time (3).  A simulation is a method for implementing a model. It is the process of conducting experiments with a model for the purpose of understanding the behavior of the system modeled under selected conditions or of evaluating various strategies for the operation of the system within the limits imposed by developmental or operational criteria.  Simulation may include the use of analog or digital devices, laboratory models, or “testbed” sites.  Simulations are usually programmed for solution on a computer; however, in the broadest sense, military exercises, and wargames are also simulations. (4)

Simulator
A device, computer program, or system that performs simulation.  For training, a device which duplicates the essential features of a task situation and provides for direct practice (3).  A generic term used to describe equipment used to represent weapon systems in development testing, operational testing, and training, e.g., a threat simulator has one or more characteristics which, when detected by human senses or man-made sensors, provide the appearance of an actual threat weapon system with a prescribed degree of fidelity. (4) 

Standard
A rule, principle, or measurement established by authority, custom, or general consent as a representation or example. (3)

Stimulator
(a) A hardware device that injects or radiates signals into the sensor system(s) of operational equipment to imitate the effects of platforms, munitions, and environment that are not physically present.  (b) A battlefield entity consisting of hardware and/or software modules which injects signals directly into the sensor systems of an actual battlefield entity to simulate other battlefield entities in the virtual battlefield. (9)

Suitability
The determination that the course of action will reasonably accomplish the identified objectives, mission, or task if carried out successfully. See also feasibility. (8)

System analysis
A management planning technique which applies scientific methods of many disciplines to major problems or decisions.  The list of disciplines includes, but is not limited to, traditional military planning, economics, political science and social sciences, applied mathematics, and the physical sciences. (4)

T


Taxonomy
A classification system.  Provides the basis for classifying objects for identification, retrieval, and research purposes. (3)

U


Utility
Fitness for some purpose or worth to some end (6).  The state or quality of being useful militarily or operationally; designed for or possessing a number of useful or practical purposes rather than a single, specialized one (4).  A decision maker's subjective assessment of the likelihood (probability) and usefulness of the consequences resulting from the alternative being considered. (7)

V


Value
Relative worth, utility, or importance; a numerical quantity that is assigned or is determined by calculation or measurement (6).  Same as Utility but the weighting scheme is based on "importance" to the decision maker, rather than the probability or likelihood that a consequence occurs. (7)

Virtual M&S
A synthetic representation of warfighting environments patterned after the simulated organization, operations, and equipment of actual military units (9).

W


X Y Z
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