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PREFACE

The research reported in this paper was conducted at the

Armstrong Laboratory, Human Resources Directorate, Aircrew

Training Research Division, at Williams Air Force Base, Arizona,

under Work Unit 1123-05-01, In-House Research and Development

Support.

The purpose of this research was to develop a general model

that would allow for the benefit-cost evaluation of multiship

training simulation systems. The model developed is a decision-

making tool for Air Force managers to compare between and among

different simulation systems intended to supplement and enhance

aircrew training.

The model developed was implemented through a series of

LOTUS 1-2-3 spreadsheets to facilitate analysis and "what-if"

comparisons. The spreadsheets' design and use are described in

this paper and illustrated in the appendixes.
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BENEFIT-COST MODEL FOR THE EVALUATION OF
SIMULATOR-BASED MULTISHIP TRAINING ALTERNATIVES

INTRODUCTION

The purpose of this project is to develop a method of applying the
technique of benefit-cost analysis to the evaluation of simulation systems
which are intended to provide training to pilots in the United States Air
Force (USAF). While benefit-cost analysis is a widely documented and well
understood technique, the mechanisms for establishing and measuring benefits
are not universally defined and must be developed for each specific
application. The evaluation of using simulation as a training technique is
one such application area.

Simulation as a means of helping to train pilots to fly war planes has
been used since World War II (or before) and is widely used. However, many of
the simulation systems that have been widely adopted provide a relatively
narrow training spectrum such as emergency procedures or instrument training.
Nonflying, computer-based simulation systems capable of assisting in much
wider spectra of pilot needs exist but are generally confined to single
systems being studied in research and development environments.

With the rapid technological improvements made in microcomputers and
vision systems, it is possible to construct relatively inexpensive, high
performance simulation systems that could be used to meet many of the training
enhancement needs of the Air Force. The difficulty would be to select the
system, or systems, which would provide the greatest training benefit at a
cost within budgetary limitations. Providing a benefit model that would be
applicable to any simulation system, either currently available or proposed,
would help to alleviate this difficulty. The focus of this evaluation would
be on an Air Force-wide implementation of simulation systems rather than the
design or use of any single system.

In addition, most simulation systems are not constructed to enhance
multiperson (or multiship) interaction in the simulated environment. Since
the USAF norm is that war planes fly and fight in pairs, or in multiples of
pairs, it would be useful to have simulation systems that emphasized this
important characteristic. Developing a benefits model which provides the
basis for economically evaluating and comparing such systems would help assure
that useful as well as economic systems would be implemented.

This report attempts to help meet the above needs by presenting a
benefit-cost measurement model that can be applied to any simulation system or
environment proposed for multiship training simulation. It accomplishes this
by first creating a set of possible simulation alternatives that could provide
simulation-based multiship training. It then presents attributes of
simulation environments which form the basis for evaluating the benefits of
the simulation alternatives. These attributes are combined with evaluation
elements to form a benefits model which can yield the estimated dollar values
that are used in establishing benefit-cost ratios. The cost model used is



based on existing accounting models, Air Force regulations, and cost estimates
drawn from literature and expert opinion. The overall benefit-cost model is
applied to the alternatives to illustrate its usability.

Benefit-Cost Analysis

There is a general consensus in the economic literature that a
benefit-cost analysis is appropriate for any government program that involves
an impact on a segment of the population [Maciariello, 1975; Pearce, 1983;
Steiner, 1980]. Enhancing the training of pilots for the USAF meets this
criterion. Therefore, alternative methods of providing such training should
be amenable to this analysis.

There is also a general agreement [Maciariello, 1975; Pearce, 1983;
Oxenfeldt, 1979] that a benefit-cost analysis includes:

1. A specification of the goal(s) or objective(s) which the
programs are intended to achieve.

2. An enumeration and definition of the alternatives which are
proposed as mechanisms for reaching these goal(s).

3. A definition of the means of evaluating the benefits derivable
from each alternative. This includes the definition of the means of
converting benefits into quantitative (dollar measurable) terms.

4. A definition of the means of evaluating the costs required to
implement each alternative.

5. A completed analysis shoving the computed incremental
benefit/cost (B/C) ratios for all alternatives being evaluated. Alternatively,
incremental net benefits may be used as a basis for evaluating alternatives.)

The specific goal for the alternatives to be evaluated in this review is
"to enhance the training of combat pilots through the use of multiship
simulation systems." Therefore, the benefit-cost analysis should provide a
means of comparing any alternative which has the capability of achieving this
goal. A representative set of alternatives which meet the goal and the
criteria by which they were generated will be presented in the next section.

However, the development of the means of evaluating the benefits of
these alternatives is regarded as the most important aspect of this review.
There are no agreed-on methods for constructing metrics for evaluating
benefits [Maciariello, 1975; Smith, 1986; McDonald et al., 19891 but it is
understood that whatever method is developed, it must yield a quantitative
output in monetary terms. An important element to note here is that the
method used to measure the benefit does not necessarily imply any replacement
of existing capability. That is, measuring the benefit of an added capability
in terms appropriate to an existing capability does not mean that the existing
capability can be replaced by the addition. In the appropriate language, this
is referred to as maintaining a "static framework of analysis" [Maciariello,
1975, p. 4].
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Organizational Alternatives

The alternatives generated for this project are based on criteria
concerning multiship simulation developed through an extensive literature
search [Amdor et al., 1988; Institute for Simulation & Training, 1990;
McDonald et al., 1989; Lethert, 1985; Graham et al., 1981] and discussions
with experts in the field of simulation training [Houck, et al., 1990; Genet,
1988; Bell, et al., 19901. It was felt that two sets of criteria were
appropriate. One set to describe the conditions which a simulation system
must meet to satisfy the goal specified for the benefit-cost analysis, and a
second set to describe the conditions of the "simulation environment"
experienced by the pilot engaged in the multiship simulation experience.

The first set of criteria defines the conditions to be met for systems
to be considered organizational alternatives which would satisfy the needs of,
at least, a definable, operational segment of the Air Force. These criteria
are shown in Table 1.

Table 1. Criteria for Organizational Alternatives

1. Each alternative must be constructed in such a manner that
it is mutually exclusive which respect to each other
alternative [Pearce, 19831.

2. Each alternative must be capable of providing multi-
ship training/practice/maintenance of skills to all
pilots within a definable segment of the Air Force.

3. Each alternative may include one, or more, simulation
environments which may not be exclusive between
alternatives.

4. The alternatives will be established with respect to a
specific aircraft type and configuration.

5. The alternatives are intended to serve operational
units (wings or squadrons), not units devoted primarily
to training new or cross-training pilots.

The simulation environments are defined to be the man-machine interfaces
which will be experienced by the pilots who are to receive the training via
simulation. Table 2 shows the basic set of criteria for a simulation
environment which will provide multiship training.

3



Table 2. Criteria for Multiship Simulation Environments

1. The simulation environment must accommodate at least
two pilots (lead and wingman) simultaneously [Bell, et

al., 1990; McDonald et al., 19891.

2. Each pilot must be able to "see" his lead/vingman in
the appropriate positions at all times (if this is
possible in the actual aircraft). This refers to
visual as well as other means of locating the
supporting aircraft.

3. The physical environment (cockpit) of each pilot
should be correct in terms of the aircraft being
simulated [Olsen, 1982].

4. Communication linkages must be provided which reflect
current practice, including the capability of ground
control interaction.

5. The simulation environment must be kept physically
updated to reflect the aircraft the pilot is actually
flying.

ORGANIZATIONAL ALTERNATIVES - EXAMPLE APPLICATION

Conditions To Be Met by Alternatives

Based on the criteria for organizational alternatives and the expertise
and development efforts in simulation training being accomplished at the
Armstrong Laboratory Human Resources Directorate, Aircrew Training Research
Division, at Williams Air Force Base, Arizona, the following conditions were
established to assist in configuring these organizational alternatives. These
conditions are intended to make the alternativs as realistic as possible for
a peacetime Air Force. The conditions are also established to narrow and
focus the number of different choices that would otherwise have to be
evaluated in shaping the alternatives.

1. The emphasis is on F-15s, exclusive of F-15Es. The F-15 is an
air superiority jet fighter which was originally configured for air-to-air
combat. The F-15E is a newer configuration with added air-to-ground
capability currently being brought into use in the Air Force [Department of
the Air Force, 1988b; 1989]. Focusing on the F-15 (C and D configuration)
reduces the number of operational squadrons to be served by the organizational
alternatives and the number of training purposes which must be served.

2. There are approximately 18 squadrons (6 wings) of F-15s to be
served by the organizational alternatives to be evaluated. Assuming there are
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approximately 450 F-15s in active operational service and that the pilot force
ratio is 1.25 per aircraft and that there are approximately 22 to 26 aircraft
per squadron, there would be approximately 32 pilots per squadron (plus flying
rated officers not counted in the pilot force ratio). This yields an estimate
of approximately 600 to 650 pilots to be served by the simulation alternative
[Department of the Air Force, 1982; International Institute for Strategic
Studies, 1989; AIR FORCE Magazine, 1990].

3. There are approximately 50 working/flying hours in the current
work week for pilots. Of these, no more than 5 to 6 hours would be available
for additional simulation training (including briefing, simulation runs, and
debriefing).

4. All simulation training/practice would be performed between

0700 and 1900 during the normal work week. Allowing for a 1/2 hour briefing
before the simulation run and a 1 hour debriefing, the simulator could be run
between 0730 and 1800. This allows for approximately 10.5 hours of simulation
sorties per cockpit per day per simulation environment.

5. If there are an averF.ge of 35 pilots per squadron and each
pilot receives 2 simulation sorties per week, each simulation organizational
alternative should allow for 70 simulation sorties per week per squadron.

6. All sorties and simulation runs are performed by, at least, 2
plane (pilot) elements.

7. Each organizational alternative should provide for the use of
ground control and 2 (or more) opponent aircraft (human or computer control).

8. All components used in the alternatives must be currently
commercially available or be developed to the extent that commercial
specifications can be stated.

9. Each organizational alternative should include the capacity to
build and disseminate simulation databases to locations of use.

Alternative Components

Using the general criteria for organizational alternatives and the
conditions established for these alternatives, the following components were
selected to form an example set of organizational alternatives:

1. Combat Engagement Trainer (CET). Includes a cockpit which
correctly emulates an F-15 and its information displays, all necessary
computer cables, blackout canopy, etc. (does not include the computers
necessary to operate the CET).

2. Display for Advanced Research and Technology (DART) Dome.
Includes a cockpit which correctly emulates an F-15 and its information
displays, a dome composed of hexagonal projection panels for computer-
generated displays, all necessary computer cables, all necessary
projection equipment, etc. (does not include the computers).
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3. Visual Display Helmet with Head Tracking Equipment. Includes
all necessary computer cables, etc. (does not include the computerb).

4. Fiber Optic Helmet-Mounted Display (FOHMD) with Head Tracking
Equipment. Includes all necessary computer cables, etc. (does not include the
computers).

5. Control/Communication/Linkage Computer

a. Level I - Links two CETs to fly as an element (could be
used for 1 v 1 practice). Used to receive the download of a display data
base. Allows for computer-generated opponents.

b. Level II - Possesses all characteristics of Level I. Can
handle input/output functions for up to 4 v 4 engagements.

6. Host Computer. Linked to simulation environment for display

and interaction.

a. Host I - Linked to CET in Level I configuration.

b. Host II - Linked to CET in all other configurations
(capacity is adequate for 4 v 4 engagements).

c. Host III - Linked to DART dome and visual display helmet.

d. Host IV - Linked to DART dome and visual display helmet.

7. Image Generated (IG) Computer. Computer necessary for
generating appropriate images for the DART dome.

a. IG I - Linked to DART with visual display helmet.

b. IG II - Linked to DART with FOHMD.

8. Ground Control Intercept (GCI) Computer. Computer which
allows the simulation center manager (or other person) to act as a ground
control officer.

9. Briefing/Debriefing Computer and Displays. Basically, a small
computer for the named purpose and/or pilot reviews of archived simulation
flights.

Specification of Alternatives

Based on the criteria and conditions for organizational alternatives,
the following four alternatives were established. These alternatives form a
representative set rather than an exhaustive set of ways multiship simulation
training could be provided to operational pilots. Block diagrams representing
these alternatives may be seen in Appendix A.
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Alternative I. Pair of CETs with visual display helmets in each
squadron, no cross-linking between squadrons. Direct (download) link
with Data Base Development Center. Ground control provided by simulation
personnel (permits element simulation with computer opponent).

Alternative II. Pair of CETs with visual display helmets in each
squadron, full cross-linking among squadrons within the wing, no other
cross-linking possible. Direct (download) link with Data Base Development
Center. Ground control provided by simulation personnel (permits up to 4 v 2
simulation with human opponent).

Alternative III. Pair of CETs with visual display helmets in each
squadron and a pair of DART domes with visual display helmets at a wing
location, full cross-linking among all elements within the wing, no other
cross-linking possible. Direct (download) link with Data Base Development
Center. Ground control provided by simulation personnel (permits up to 4 v 2
simulation with human opponents).

Alternative IV. Pair of CETs with visual display helmets in each
squadron and four regional centers, each center with four DART domes with
FOHHD (pilots would cycle through regional centers), full cross-linking among
any set of four squadrons (for each regional center). Direct (download) link
with Data Base Development Center (permits up to 4 v 4 simulation with
human opponents).

BENEFITS MODEL - GENERAL DEVELOPMENT

Th- development of the general method for benefits measurement is based
on the desire to create a general model that (a) would be able to evaluate any
proposed alternative for multiship simulation training, (b) would be
acceptable and usable by both those who develop such simulation systems as
well as those trained; (c) would be easily understood and manipulated for
evaluation and sensitivity analysis, (d) would maintain internal consistency
so that a set of different organizational alternatives could be usefully
compared, and (e) could yield dollar figures for internal comparison without
the demand that these same "dollars" could ever be found in a balance sheet.

To these ends, the following conditions were imposed:

1. The well-documented concept of transfer effectiveness ratios
(Orlansky & Chatelier, 1983; Orlansky & String, 1982) would not be used.
Transfer effectiveness ratios specifically assume that simulation would be
used instead of the aircraft. It is the explicit assumption of this research
that no replacement of aircraft flying hours would take place. All benefits
accruing due to the use of simulation would be derived as additions to the
training/preparedness of the pilots.

2. As much comparison to the way the actual aircraft is used for
operational training was sought.

3. The concept of "shadow prices" was implicitly used. The

"shadow price" could be the marginal cost of actually using the aircraft if

7



compared to training currently taking place but could be adjusted (upward or
downward) to account for the costs of training for activities proscribed for
the aircraft in a peacetime environment (e.g., electronic warfare counter-
measures, air-to-air missile use).

4. The assumption is that, with rapid changes in technology and
weaponry, no pilot is ever fully trained in all aspects of multiship combat.
Therefore, the learning curve for each pilot is in its linear portion prior to
becoming asymptotic.

Performance Areas

For purposes of this project, a performance area is defined as an
operational activity for which a sortie would be scheduled so that a pilot
could acquire, improve, or maintain the skills necessary to carry out that
specific activity. It is assumed that the performance area is sufficiently
"large" in numbers of behavioral skills that a sortie would be practicable for
each specific performance area. It is recognized that, in reality, many
sorties are used to practice more than one performance area, but for purposes
of comparison only, "pure" sorties (exactly one performance area) are being
considered.

The Performance Areas are identified as PA(i), where i refers to a spe-
cific performance area and m is the maximum number of performance areas to be
investigated for the set of organizational alternatives (i 1, . . . . .

Simulation Environment

Simulation environment is the environment (inside the simulator) of the
pilot who is practicing the Performance Area. Each simulation environment
would not, necessarily, be unique to a specific organizational alternative.
The evaluation of an alternative will combine the appropriate simulation
environments. The SIMulation environment is identified as SIM(j); where j
refers to the specific simulation environment and n is the total number of
environments for the set of organizational alternatives (j = 1, . . . . , n).

Degree of Emulation

Emulation is a term being used to represent the degree to which a
specific simulation environment represents the actual environment experienced
in the aircraft for the specific performance area. This term can only be
numerically defined by a pilot experienced in the aircraft in question and
experienced in the specific simulation environment. It is a subjective
measure that includes all aspects of flying. The value of the emulation would
be measured by expert opinion, properly controlled, aiid vcild range from a
value of 0.00 for a totally useless simulation environment to 1.00 for a
simulation environment that perfectly matched the aircraft. (Strictly
speaking, this scale should allow for negative values for a simulation which
negatively influences training/learning.)

8



The Bmulation capability of the SIMulation environment is identified as
ESIN(i,j).

The relationship among PA(i), SIM(J) and ESIM(i,j) may be shown
graphically:

Simulation Environments
1 2 . . . . j . . . . m

1

Performance Areas i ESIM(i,j)

n

Aircraft TraininE/Practice Sortie. A sortie where one, and only one,
performance area is practiced. The aircraft is flown and "reset" as many
times as possible in the sortie to repeat the same activity.

1. Aircraft Sortie Duration: The average time for such a sortie for
each performance area.

The Aircraft sortie Time is identified as AT(i).

2. Performance Area Iterations: The number of times the specific
performance could be practiced per sortie.

The Aircraft Repetitions are identified as AR(i).

Simulation Training/Practice Sortie. A simulation run devoted to the practice
of one specific performance area.

1. Simulation Sortie Duration: The average time for such a sortie for
each performance area. This time period is intended to be held equal to the
corresponding aircraft sortie duration to facilitate later computations.

The Simulation sortie Times are identified as ST(i).

2. Simulation Performance Area Iterations: The number of times the
specific performance could be practiced per simulation sortie.

The Simulation Repetitions are identified as SR(i).

Decree of Simulation Compression. Ratio of the number of times a given
Performance Area can be practiced in a simulator versus an aircraft. This
provides a measure of the increased (normally) training/practice capacity of
the simulation environment.

The Degree of Simulation Compression is identified as DSC(i,j) and
is computed by SR(i,j)/AR(i).

9



Simulation Benefit Factor. Simulation Benefit Factor is a correction factor
computed from the simulation compression factor and the degree of emulation.
This factor is used directly in computing the overall benefits imputed to each
organizational alternative.

The Simulation BENefit factor is identified as SBEN(ij) and is
computed by ESIM(i,j)*DSC(i,j).

Directly Measured Benefit Elements. These factors are based on the shadow
costs for the use of aircraft and weaponry approximated by the marginal costs
of the equipment. These factors are intended to directly reflect the
training/practice benefit accruing due to the use of simulation.

1. Marginal (incremental) Aircraft Cost. Cost of flying the aircraft
on a per sortie basis (or per hour), corrected for Performance Area if
appropriate.

The Marginal Aircraft Cost is identified as MAC$(i).

2. Weaponry Cost. Cost of using ammunition, weaponry or other
consumables expended per aircraft sortie for each Performance Area. This cost
would include a factor for all damage (peacetime) due to the use of the
weaponry.

The WEAPonry cost is identified as WEAP(i).

Indirectly Measured Benefit Elements. These factors are based on potential
losses of pilots and aircraft used in flying sorties. They are indirect in
the sense that they are based on sortie time rather than a measure of training
benefit. They are a measure of risk rather than training.

1. Aircraft Loss Cost. Cost of loss of the aircraft as a function of
its use in flying sorties of the specific Performance Area. This is a
probability-based measure computed by (Cost of an aircraft)*(Probability of
loss per sortie).

The AIRcraft loss Cost is identified as AIRC$(i).

2. Pilot Death Cost. Cost of losing a pilot due to a training accident
as a function of his exposure to risk in specific Performance Areas. This is
a probability-based measure computed by (cost of the pilot)*(Probability of
loss per sortie).

The PILot death Cost is identified as PILC$(i).

Number of Simulation Sorties. The total number of simulation sorties that can
be performed in a specified simulation environment for each Performance Area
for each organizational alternative in a year. This number is the basis for
the computation of the total estimated benefits accruing.

The NUMber of sorties is identified as NUM(i,j).

10



lt. Benefits Model. The total estimated benefits for each organizational
alt, ..ative per year is computed by the following equation:

Benefits = (NUM(ij)*SBEN(i,j)*MAC(i))
i

+ (NU(i,j)*SBEN(i,j)*W'AP$(i))

+ [NUH(i,j)*(AIRC$(i) + PILC$(i)))
L j

These values, for each alternative in a set of alternatives, are the benefits
values for the final benefit cost evaluation. The total benefits model
including all subordinate tables and values has been implemented in the form
of a LOTUS 1-2-3 spreadsheet which allows for relatively easy arithmetic
manipulation and sensitivity analysis.

BEEFITS MODEL - EXAMPLE APPLICATION

The intent of this application is to demonstrate the utilization of the
benefits model to as realistic a situation as possible. In order to allow for
this, an "unrealistic" use of simulation is specified to directly duplicate
the training/practice of combat pilots as it is currently being performed in
operational squadrons. To this end, intensive interviews with pilots, and
review of Air Force and other government documents are used to make estimates
of the various components of the benefits computation.

It is suggested that, based on the assumptions previously stated, the
more practical, "real" use of simulation is to train in performance areas
which are proscribed in peacetime. However, to model benefits in this
situation would make examination and validation of results far more difficult.

Performance Areas. The performance areas selected for the model are drawn
from Air Force Manual (AFH) 51-50 used for specifying squadron operations [APH
51-50, 1989). These areas, "tasks" in the manual, are the actual operational
purposes of sorties scheduled. As such, they are well understood by pilots
and allow for direct comparison to uses specified for simulation environments.

These are the same as "tasks" identified in Table A1-2, Standard Sortie
Planning Factors, of AFP 51-50. A total of 20 such planning "tasks" are shown
in this table but only the last seven are appropriate for F-15 air-to-air com-
parison. These are numbered in the order shown in the Table and listed below.

Performance Areas used for this example:

Air Superiority Air Defense

14. Intercepts (Day/Night) 18. Intercepts (Day/Night)
15. ACBT 19. ACBT
16. DART 20. DART
17. CFT
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Simulation Environment. The simulation environments are defined by the

Organizational Alternatives previously presented and shown below.

Simulation Environments used for this example:

1. CET cockpit - visual display helmet, linked to one other simulated
environment, opponents computer generated.

2. CET cockpit - visual display helmet, may be linked to more than one
other simulated environment, opponents may be human piloted.

3. DART dome cockpit - visual display helmet, may be linked to more
than one other simulated environment, opponents may be human piloted.

4. DART dome cockpit - FOHMD helmet, may be linked to more than one
other simulated environment, opponents may be human piloted.

Degree of Emulation. Values for the ESIM(ij) factors were derived from a
series of intensive interviews with fighter pilots (an average of over 18
years experience) who were also experienced with the use of simulation. None
of these pilots were willing or able to provide more than very approximate
values for the factors nor were they able to distinguish among the performance
areas as to differential effects. Due to the degree of approximation, the
lowest estimated values were used.

Table 3. Matrix of Values for Emulation Measures

ESIM(ij)

Performance Simulation Environments (j)
areas Regional

CET CET Domes Centers

(i) Not Linked Interlinked CET in squad CET in squad
1 2 3 4

14 0.0150 0.0300 0.0700 0.1000
15 0.0150 0.0300 0.0700 0.1000
16 0.0150 0.0300 0.0700 0.1000
17 0.0150 0.0300 0.0700 0.1000
18 0.0150 0.0300 0.0700 0.1000
19 0.0150 0.0300 0.0700 0.1000
20 0.0150 0.0300 0.0700 0.1000
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Aircraft Traininf/Practice Sortie. The same series of interviews vith
experienced pilots yielded average figures for sortie duration and number of
repetitions for the performance areas. The values for repetitions were the
maximum values of the estimates.

Table 4. Aircraft Sortie Values

Aircraft Aircraft
Sortie Time Repetitions
AT(i) AR(i)
1.40 6
1.30 3
1.30 3
1.30 3
1.40 6
1.30 3
1.30 3

Simulation TraininE/Practice Sortie. The pilot interviews vere used to
establish time estimates for the time to repeat one iteration for each
performance area. This time was doubled (to allow for resetting the
simulation environment) and used to establish the number of repetitions within
each simulation environment. ST(i) is held equal to AT(i).

Table 5. Simulation Repetitions

SR(ij)
1 2 3 4

10 10 10 10
8 8 8 8
8 8 8 8
8 8 8 8
10 10 10 10
8 8 8 8
8 8 8 8

Simulation Benefit Factor. The table of simulation benefit factors was
computed using the above data. Note that this table includes in the
computation the values for the degree of simulation compression.

Table 6. Simulation Benefit Factors

SBEN)(ij) = ESIM(ii)*(SR(i.)/AR(i))
1 2 3 4

0.0250 0.0500 0.1167 0.1667
0.0400 0.0800 0.1867 0.2667
0.0400 0.0800 0.1867 0.2667
0.0400 0.0800 0.1867 0.2667
0.0250 0.0500 0.1167 0.1667
0.0400 0.0800 0.1867 0.2667
0.0400 0.0800 0.1867 0.2667
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Benefit Elements. The values for the benefit elements were derived from the
1988 and 1989 Air Force budgets (Department of the Air Force, 1987; 1988a;
1988b) plus other documents which delineated estimates for the value of a
pilot's life (U.S. General Accounting Office, 1987), costs of operating an
F-15 (Institute for Simulation & Training, 1990), and costs of various weapons
(Department of Defense, 1990). The very arbitrary estimate was made that, in
the two-year period (1988 and 1989), two aircraft had been totally lost and
four pilots killed. These estimates were combined with total hours flown in
those two years to estimate the loss cost values. All cost figures were
corrected using Consumer Price Index (CPI) correction values (Directorate of
Engineering and Services, 1988, p. 6) to appropriate 1990 values.

Table 7. Benefit Conversion Factors

Aircraft Weapons Loss of Loss of
use use aircraft pilot

MAC$(i) WEAP$(i) AIRC$(i) PILC$(i)

$6,300.00 $2,000.00 $266.00 $116.76
$5,850.00 $2,000.00 $247.00 $108.42
$5,850.00 $2,000.00 $247.00 $108.42
$5,850.00 $2,000.00 $247.00 $108.42
$6,300.00 $2,000.00 $266.00 $116.76
$5,850.00 $2,000.00 $247.00 $108.42
$5,850.00 $2,000.00 $247.00 $108.42

Number of Simulation Sorties. The number of simulation sorties available for
each simulation environment for all F-15 squadrons and pilots was calculated
based on the following assumptions about operating hours and procedures.

1. All squadron and wing simulation centers would operate 12 hours per
day for a 5-day week, 50 weeks per year.

2. The regional simulation centers would operate 8 hours per day for a
5-day week, 50 weeks per year.

3. Pilots would always be available to take part in the simulation
sorties (There are more pilots than aircraft in all squadrons.).

4. A 20Z reduction in maximum number of sorties was used to account for
scheduling errors, illness, equipment malfunction, etc.

5. All performance areas would be simulated equally, there is
insufficient evidence to assume otherwise.
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Table 8. NlM(ij) per year

2 3 4

7200 7200 2400 2600
7200 7200 2400 2600
7200 7200 2400 2600
7200 7200 2400 2600
7200 7200 2400 2600
7200 7200 2400 2600
7200 7200 2400 2600

The values in this table would be used on a column-by-column basis
depending on the organizational alternative being evaluated, combining the
simulation environments available in a particular alternative. The remaining
columns would be set to 0.0 to reflect their nonuse in the alternative.

Total Benefits kodel. Table 9 shows the final benefits components for
Organizational Alternative I, previously defined, while Table 10 shows only
the total benefits estimate for the three remaining organizational
alternatives.

Table 9. Overall Benefits Imputed to Organizational Alternative I
(Using only CET Environments in Squadrons)

$32,598,864.00

1 2 3 4

$4,249,872.00 $0.00 $0.00 $0.00
$4,819,824.00 $0.00 $0.00 $0.00
$4,819,824.00 $0.00 $0.00 $0.00
$4,819,824.00 $0.00 $0.00 $0.00
$4,249,872.00 $0.00 $0.00 $0.00
$4,819,824.00 $0.00 $0.00 $0.00
$4,819,824.00 $0.00 $0.00 $0.00

Table 10. Overall Benefits Imputed to Organizational Alternatives

Organizational Alternative II $46,890,864.00
Organizational Alternative III $75,225,152.00
Organizational Alternative IV $87,908,342.67
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COST MODEL - GENERAL DEVELOPMENT

The cost model was developed in order to follow, as closely as possible,
rules and procedures currently in use by the Air Force. In this case, the
development of the model becomes a case of selecting, rather than defining or
deriving, the key cost elements which must be used in evaluating
Organizational Alternatives. The following represents the key information
which must be considered in the cost model. This information was extracted
from Air Force Regulation 173-15, Economic Analysis and Program Evaluation for
Resource Management.

1. Life-Cycle Costs (LCC) - Total costs from acquisition to disposal of
a particular alternative. Discounted values for costs.

2. Nonrecurring Costs - One-time costs, unique to a specific
phase of a project.

a. Research and development costs

b. Investment costs - costs associated with the acquisition of
equipment, real property, start-up costs.

(1) Costs of acquisition, rehabilitation or modification of
land, buildings, machinery, equipment, and one-time computer software costs.

(2) Costs of acquisition, rehabilitation, or modifications of
other capital items such as furnishings and fittings required for the project.

(3) The cost of plant rearrangement and tooling associated
with the project.

(4) The costs of freight and insurance required by the

project.

(5) The value of nonrecurring services received from others.

(6) The costs of leaseholds required for the project.

(7) Working capital and current assets on hand or on order.

(8) Imputed value of existing Air Force assets to be employed
on the project.

3. Recurring Costs - Annual costs required to operate and maintain a
program or project.

a. Personnel Costs - All direct and indirect costs related to both
civilian and military personnel.
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(1) Gross pay
(2) Retirement and disability, health, and life insurance
(3) Sick leave and annual leave
(4) Holiday pay and other
(5) Change of station or duty pay
(6) Retirement pay
(7) Travel, per diem, moving expenses

(8) Training

b. Supplies and Material

(1) Directly consumed
(2) Transportation costs
(3) Handling, storage and protection of material
(4) Cost of utility services

c. Maintenance and Repair Costs

Sunk costs should not be counted, but may be shown separately for
information.

Depreciation should only be used to estimate terminal values. In
general, a discount rate of 10 per cent should be used with a midyear
convention. Certain specific instances may call for a different assumption
but generally not viewed as necessary.

The following factors are specified for the establishment of the
economic life estimates for capital equipment.

1. The economic life of a project or asset is the time during vhich
benefits from it may reasonably be expected to accrue to the Air Force.

2. Economic life plus project lead-time determine the time period to be
considered when conducting an economic analysis.

3. Economic life of a project or asset is set by the shortest of its
physical life, technological life, or mission life.

4. If necessary, a residual value will be determined to be used as a

terminal value.

5. Comparing assets with different economic lives:

a. Use terminal value for the longer lived alternative.

b. Use common denominator approach (LCH).

A complete accounting structure focused specifically on all forms of
simulation systems is presented in Knapp and Orlansky, 1983. This structure
was abstracted for the cost elements viewed as most pertinent for Organiza-
tional Alternatives being considered here. Cost categories are presented in
Table 11. Numbers attached to the categories refer to the original structure.
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Table 11. Cost Categories/Elements for Organizational Alternatives

A. RESEARCH AND DEVELOPMENT
5. Prototype Manufacturing
7. Program/Course/Device Test and Evaluation

B. INITIAL INVESTMENT
1. Production

a. Nonrecurring
(3) Industrial facilities
(4) Other

b. Recurring
(1) Acquisition costs
(2) Annual maintenance and update

c. Initial Spares and Repair Parts
5. Data

b. Technical
c. Instruction Materials

7. System/Project Management
10. Initial Training

a. Instructors (On-Site Operators)
b. Maintenance Personnel

12. Other
C. OPERATING AND SUPPORT

1. Direct Costs
a. Instructional Costs

(1) Pay and Allowances
(a) Instructors
(b) Supervisors, Admin, and Support
(c) Maintenance Personnel

(2) Other Government Personnel Costs
(3) Consumption

(c) Utilities
(d) Instructional Materials
(e) Other

(4) Replenishments, Spares
(5) Modification Material
(7) Other Purchased Services
(8) Other

b. Training Activity Costs
(1) Pay and Allowances
(2) Other Government Personnel Costs
(3) Other

e. Other Direct Costs
2. Indirect Costs

a. Base Operations
b. Inventory and Supply Management
c. Military Family Housing Support
d. Command Support Costs
e. Other Indirect Costs
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COST HODEL - EXAMPLE APPLICATION

The cost model application vas undertaken from the basis of the general
cost structure and the design specifications for the organizational
alternatives as modified for the benefits application.

The data for the cost model came from intervievs vith AL/HRA personnel vho
vere very familiar vith the commercial simulation device market (Thomas,
1990), Air Force cost estimating manuals (Directorate of Engineering and
Services, 1988; Grant and Thornley, 1987; Woolsey, 1987), civil service and
military pay rates (Air Force, 1990) and the operating configurations shown in
Table 12.

It vas assumed that each organizational alternative vould be manned by
military and civil service personnel and that all buildings and equipment
vould be acquired nev. It vas further assumed that all computer-based
equipment vould have a 3-year economic life and that all other capital
equipment vould have a 9-year economic life. The cost evaluation therefore
has a life cycle of 9 years.

The organizational alternatives vere disaggregated into their component
parts (equipment and operational) and costs vere estimated for each component.
Table 13 shovs the component cost estimates keyed to the general cost model.

The final cost estimates vere made by module vithin the organizational
alternatives. That is, the costs necessary for one squadron-level simulation
center vere estimated and then total costs vere created by multiplying this
estimate by the 18 squadrons to be served. Table 14 shovs these modular cost
estimates.
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Table 12. Operating Characteristics and Configurations

Physical Facilities and Staffing. (Staffing keyed to estimated civil service
grades.) (Staffing assumes simulation centers run on a 12 hour/day, 5 day/week
basis; Data Base Development Center run on an 8 hour/day, 5 day/veek basis.)

A. Squadron Training Centers
Physical Facilities: Staffing:

Simulation Room (14' x 20') Manager/Simulation Trainer
Briefing Room (6' x 10') (1 GS 7-9)
Debriefing Room (6' x 10') Technical Assistant
Office/Archive/Review Room (10' x 12') (1 GS 5-7)

B. Wing Training Centers
Physical Facilities: Staffing:

Simulation Room (30' x 60' x 20') Manager/Simulation Trainer
Briefing Room (6' x 10') (1, GS 7-9)
Debriefing Room (6' x 10') Technical Assistant
Office/Archive/Review Room (16' x 20') (1, GS 7-9)

C. Regional Training Center
Physical Facilities: Staffing:

Simulation Room (60' x60' x 20') Manager/Simulation Trainer
Briefing Room (8' x 12') (1, GS 7-9)
Debriefing Room (8' x 12') Technical Assistant
Office/Archive/Review Room (16' x 20') (2, GS 5-7)
Administrative Office (12' x 18') Clerical (1, GS 3-4)

D. Data Base Development Center
BASE CASE (Organizational Alternatives I and II)

Physical Facilities: Staffing:
Data Base Work Stations (4, 5'x6') Manager/Technical Director
(includes computer work stations) (1, GS 12/13)
Offices (3, 8' x 10') Engineer/Developer/Analyst
Meeting Room/Archive (10' x 20') (3, GS 7-11)
Master Computer Room (10' x 15') Technician/Programmer
Display/Study Simulator (includes one complete (3, GS 5)
CET simulator for data base testing/validation Clerical
Simulation Room (8' x 16') (1, GS 3-4)

EXPANDED CASE (Organizational Alternatives III and IV)
Physical Facilities: Staffing:

Data Base Work Stations (6, 5' x 6') Manage-/Technical Director
(includes computer work stations) (1, GS 12/13)
Offices (6, 8' x 10') Engineer/Developer/Analyst
Meeting Room/Archive (15' x 30') (5, GS 7-11)
Master Computer Room (20' x 30') Technician/Programmer
Display/Study Simulator (includes one complete (5, GS 5)
DART simulator for data base testing/validation Clerical
Simulation Room (15' x 25' x 20') (2, GS 3-4)
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Table 13. Cost Components for Organizational Alternatives

Name of ComDonent- Estimated Cost

A. RESEARCH AND DEVELOPMENT

5. Prototype Manufacturing $10,000.00

7. P/C/D Test and Evaluation $50,000.00

B. INITIAL INVESTMENT

1. Production

a. Nonrecurring

(3) Industrial facilities
Buildings to house simulation devices

Lov Ceiling Simulator Room Costs/Sq. Ft. $87.40

High Ceiling Simulator Room Costs/Sq. Ft. $129.40

Office Building Costs per Sq. Ft. $107.00

(4) Other $10,000.00

b. Recurring

Acquisition cost
Combat Engagement Trainer (CET) $200,000.00

Annual Update for CET cockpit $30,000.00
DART Dome $500,000.00

Annual Update for dome $50,000.00
Visual Display Helmet $100,000.00
Fiber Optic Display Helmet (FOHMD) $500,000.00
Control/Communication/Linkage Computer-I $10,000.00
Control/Communication/Linkage Computer-II $30,000.00
Host Computer - Level I $40,000.00
Host Computer - Level II $60,000.00

Host Computer - Level III $100,000.00
Host Computer - Level IV $200,000.00
Image Generating Computer Level I $200,000.00

Image Generating Computer Level II $300,000.00

Briefing/Debriefing Computer and Displays $10,000.00

GCI Computer $18,000.00

c. Initial Spares and Repair Parts 10.OO

5. Data
b. Technical $20,000.00

c. Instruction Materials $20,000.00

7. System/Project Management $0.00

10. Initial Training
a. Instructors (On-Site Operators) $50,000.00

b. Maintenance Personnel $25,000.00

12. Other $0.00
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Table 13. (Concluded)

C. OPERATING AND SUPPORT

1. Direct Costs

a. Instructional Costs

(1) Pay and allowances

(a) Instructors (Simulation Operators)
GS 8, STEP 5 $25,351.00
GS 6, STEP 5 $20,598.00

(b) Supervisors, Admin, and Support
GS 3, STEP 5 $14,714.00
GS 5, STEP 5 $18,418.00
GS 10, STEP 5 $30,834.00
GS 12, STEP 5 $40,601.00

(c) Maintenance Personnel $10,000.00
(2) Other Government Personnel Costs 25.00%
(3) Consumption

(c) Utilities $25,000.00
(d) Instructional Materials $10,000.00
(e) Other $0.00

(4) Replenishments, Spares $25,000.00
(5) Modification Material $100,000.00
(7) Other Purchased Services $0.00
(8) Other $0.00

b. Training Activity Costs

(1) Pay and Allowances
CAPTAINS, 10 YEARS $47,016.00

(2) Other Government Personnel Costs
TDY, OFFICERS, PER TWO WEEKS $560.00
TDY, TRAVEL $800.00

(3) Other 25.00%

e. Other Direct Costs

2. Indirect Costs

a. Base Operations
b. Inventory and Supply Management
c. Military Family Housing Support
d. Command Support Costs
e. Other Indirect Costs $100,000.00
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Table 14. Cost Estimates

Modules of Organizational Alternatives

SQUADRON SQUADRON WING
CET (Pair per CET (Pair per DOMES (Pair
squadron) squadron) per ving)
Not linked to Linkable to Linkable to
other squad- other squad- CETs in

Expenditure Type rons rons in ving squadrons

Capital, 3 year $489,800.00 $555,800.00 $1,203,800.00
Capital, 9 year $530,448.00 $530,448.00 $1,386,376.00
Annual costs/module $389,936.25 $389,936.25 $554,936.25

REGION SYSTEM SYSTEM
Regional National Data National Data
Center Base Center Base Center
(Four domes
linkable to Organizational Organizational
any 2 pairs Alternatives Alternatives

Expenditure Type of simulators) I & II III & IV

Capital, 3 year $5,063,800.00 $248,800.00 $1,202,800.00
Capital, 9 year $2,684,467.20 $297,157.20 $741,495.00
Annual costs/module $1,410,616.25 $546,338.75 $707,861.25

BENEFITS COST APPLICATION

The benefits and cost data compiled for this application are summarized in
Tables 15-19.

Table 15. Benefits Values

Organizational Estimated value
alternative of benefits

Alternative I $32,598,864.00
Alternative II $46,890,864.00
Alternative II $75,225,152.00
Alternative IV $87,908,342.67
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Table 16. Cost Values of Modules for Organizational Alternatives

Component Identification

Capital Requirement CET module Cet Module Wing Sim
Time Period Not Linked Linked Centers
3 Years $489,800.00 $555,800.00 $1,203,800.00
9 Years $530,448.00 $530,448.00 $1,386,376.00
Annual $389,936.25 $389,936.25 $554,936.25

Component Identification

Capital Requirement Region Sim Data Base Data Base
Time Period Centers Center I Center II

3 Years $5,063,800.00 $248,800.00 $1,202,800.00
9 Years $2,684,467.20 $297,157.20 $741,495.00
Annual $1,410,616.25 $546,338.75 $707,861.25

Table 17. Annual Equivalent Values for Modules using

lOX Interest and the End-of-Year Convention

Component Identification

Capital Requirement CET module Cet Module Wing Sim
Time Period Not Linked Linked Centers
3 Years $196,955.44 $223,494.96 $484,064.83
9 Years $92,106.99 $92,106.99 $240,730.33
Annual $389,936.25 $389,936.25 $554,936.25
Equivalent Annual
Values per Module $678,998.68 $705,538.20 $1,279,731.41

Component Identification

Capital Requirement Region Sim Data Base Data Base
Time Period Centers Center I Center II
3 Years $2,036,224.87 $100,045.96 $483,662.72
9 Years $466,130.88 $51,598.38 $128,753.19
Annual $1,410,616.25 $546,338.75 $707,861.25
Equivalent Annual
Values per Module $3,912,972.01 $697,983.09 $1,320,277.16
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Table 18. Benefits and Costs

Annual Equivalents Values for Organizational Alternatives Assuming
18 Squadrons, 6 Wings, 4 Regional Centers and 1 Data Base Center

Annual Costs Annual Benefits

Alternative I $12,919,959.29 $32,598,864.00
18 squadron centers

Alternative II $13,397,670.72 $46,890,864.00
18 squadron centers, linked

Alternative III $21,698,353.27 $75,225,152.00
18 squadron centers, linked
plus wing centers

Alternative IV $29,671,852.83 $87,908,342.67
18 squadron centers, linked
plus regional centers

Table 19. Benefit Cost Ratios for Organizational Alternatives

Alternative Incremental Incremental Incremental
costs benefits benefit cost ratio

I $12,919,959.29 $32,598,864.00 2.5231

II $477,711.43 $14,292,000.00 29.9176

III $8,300,682.54 $28,334,288.00 3.4135

IV $7,973,499.56 $12,683,190.67 1.5907

As may be seen from the benefit cost ratios for the organizational
alternatives, all alternatives would be attractive with the highest level of
investment offering the greatest net benefit return.

A spreadsheet was developed to provide the benefit cost analysis which is
linked to the spreadsheets for benefits and cost. With this spreadsheet
approach, a great many sensitivity analyses may be easily performed, varying
any of the parameters built into the models.

BENEFITS COST - SECOND APPLICATION

A second demonstration of the use of the benefits cost model is predicated
on using performance areas which cannot be trained or practiced under
peacetime conditions. The behavioral requirements within these performance
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areas are extremely similar to the requirements within performance areas which
are currently used, therefore, a relatively simple modification of the
benefits model will demonstrate the application.

The two sets of activities are those required for the use of electronic
warfare mechanisms and those for the use and dispersal of chaff during
air-to-air combat. Both of these activities can be seen as taking place
during the performance areas of Air Superiority and Air Defense Intercepts.
Both of these performance areas would require minimal additional time on the
part of a pilot during a sortie designed for their practice/maintenance.
Therefore, the basic values for the benefits computation (AR, AT, SR, etc.)
would remain the same; however, for the numerical example, the following
assumptions are made.

1. A total of six performance areas were hypothesized corresponding to
the use of Electronic Warfare Mechanisms and Chaff dispensing. No changes in
the ESIM values were assumed. Tables 20 and 21 show this structure.

Table 20. Performance Areas for Second Example

Performance
(F-15 air-to-air only) areas
Names of Performance Areas (i)

Air Superiority - Intercepts (Day/Night) - EW 14A
Air Superiority - Intercepts (Day/Night) - CHAFF 14B
Air Superiority - Intercepts (Day/Night) - BOTH 14C
Air Defense - Intercepts (Day/Night) - EW 18A
Air Defense - Intercepts (Day/Night) - CHAFF 18B
Air Defense - Intercepts (Day/Night) - BOTH 18C

Table 21. Matrix of Values for Emulation Measures

Second Example
ESIM(i,j)

Performance Simulation Environments (j)
Areas CET CET Domes Regional

Centers

(i) Not Linked Interlinked CET in squad CET in squad
1 2 3 4

14A 0.0150 0.0300 0.0700 0.1000
14B 0.0150 0.0300 0.0700 0.1000
14C 0.0150 0.0300 0.0700 0.1000
18A 0.0150 0.0300 0.0700 0.1000
18B 0.0150 0.0300 0.0700 0.1000
18C 0.0150 0.0300 0.0700 0.1000
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2. Weapons use cost (WEAP$) is assumed to increase greatly in cost but
only very approximate estimates could be made. These estimated costs are
shown in Table 22.

Table 22. Benefit Conversion Factors

Second Example

Aircraft Weapons Loss of Loss of
Use Use Aircraft Pilot

.AC$(i) IEAP$(i) AIRC$(i) PIL$(i)

$6,300.00 $100,000.00 $266.00 $116.76
$6,300.00 $20,000.00 $266.00 $116.76
$6,300.00 $115,000.00 $266.00 $116.76
$6,300.00 $100,000.00 $266.00 $116.76
$6,300.00 $20,000.00 $266.00 $116.76
$6,300.00 $115,000.00 $266.00 $116.76

3. Since these two activities cannot be practiced, it is assumed all
simulation sorties would be devoted to their practice, dispersed equally
across all performance areas.

Table 23. NUM(ij) Per Year

Second Example

1 2 3 4

8400 8400 2800 3000
8400 8400 2800 3000
8400 8400 2800 3000
8400 8400 2800 3000
8400 8400 2800 3000
8400 8400 2800 3000
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Results of this analysis are shown on Tables 24 and 25.

Table 24. Benefits and Costs

Second Example

Annual Equivalent Values for Organizational Alternatives Assuming
18 Squadrons, 6 Wings, 4 Regional Centers and 1 Data Base Center

Alternative Annual Costs Annual Benefits

I 18 Squadron Centers $12,919,959.29 $125,929,104.00

II 18 Squadron Centers, Linked $13,397,670.72 $232,567,104.00

I1 18 Squadron Centers, Linked $21,698,353.27 $404,878,805.33
plus Wing Centers

IV 18 Squadron Centers, Linked $29,671,852.83 $493,356,784.00
plus Regional Centers

Table 25. Benefit Cost Ratios for Organizational Alternatives

Second Example

Alternative Incremental Incremental Incremental
costs benefits benefit cost ratio

I $12,919,959.29 $125,929,104.00 9.7469
II $477,711.43 $106,638,000.00 223.2268
I1 $8,300,682.54 $172,311,701.33 20.7587
IV $7,973,499.56 $88,477,978.67 11.0965

While it is felt that the general benefits cost model presented is valid
and useful, the extremely large values shown in this example suggest the need
for further refinement of the numerical estimates of the parameters.

CONCLUSIONS

This project has succeeded in developing a general approach to benefit
cost evaluation of multiship simulation systems to be used for training combat
pilots. The usability of the general model is demonstrated by an extensive
application based, insofar as possible, on actual data. The general model is
implemented into a series of three LOTUS 1-2-3 spreadsheets allowing for
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sensitivity analysis and further refinement of the variable values used in its
application. The application of these spreadsheets to the examples presented
in this paper is presented in Appendixes B through F.

RECOKhRM TIONS FOR FURTHER RESEARCH

It is not claimed that the results of this effort represent a complete and
polished decision-assisting tool. Clearly, additional york is needed in
several areas to increase its validity and usefulness.

The most immediate needs to be addressed are in the methodology for
acquiring estimates of ESIM factors and a validation method for these factors.
Several other factors (AR, SR, MAC$, etc.) also need to be investigated for
validity. The model that is presented needs to be subjected to rigorous use
through sensitivity analysis. This analysis vill reveal other needs for
refinement and validation.
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APPENDIX A

BLOCK DIAGRAMS

SIMULATOR COMPONENTS OF ORGANIZATIONAL ALTERNATIVES
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CET's (pair) in each squadron - linked
Not linked to any other simulators

VISUAL VISUAL
DISPLAY DISPLAY
HELMET HELMET

CET CET
(COCKPIT) (COCKPIT)

HOST HOST
COMPUTEF COMPUTEF
LEVEL I LEVEL I

GROUND CONTROL COMMUNICATION/CONTROL
INTERCEPTOR COMPUTER ICOMPUTER - LEVEL I

Link to d&

Data Base Center
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CET's (pair) in each squadron - linked
Able to link to all other simulators in wing

VISUAL VISUAL
DISPLAY DISPLAY
HELMET HELMET

CET CET
(COCKPIT) (COCKPIT)

HOST HOST
COMPUTES COMPUTES
LEVEL II LEVEL II

GROUND CONTROL COMMUNICATION/CONTROL
INTERCEPTOR COMPUTER ICOMPUTER - LEVEL II I

Link to Links to
Data Base Center Mb Other Simulators

in Wing
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CET's (pair) in each squadron - linked
Able to link to all other simulators in wing
DART domes in Wing Hdqtrs. - Central Location

VISUAL VISUAL
DISPLAY DISPLAY
HELMET HELMET

CET CET
(COCKPIT) (COCKPIT)

HOST HOST
COMPUTEF COMPUTEF
LEVEL III LEVEL III

GROUND CONTROL COMM UNICATIONICONTROL
INTERCEPTOR COMPUTER ICOMPUTER - LEVEL II

Link to Links to
Data Base Center .her CET Simulators

yin Wing

Link to DART
Domes
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CET's (pair) in each squadron - linked
Able to link to all other simulators in wing
DART domes in Wing Centers

WING CENTER

HOST VISUAL VISUAL HOST

COMPUTER DISPLAY DISPLAY COMPUTER
LEVEL III HELMET HELMET LEVEL III

DART DART
IMAGE DOME DOME IMAGE

GENERATION (COCKPIT) (COCKPIT) GENERATION
COMPUTER I I _ _ COMPUTER

GROUND CONTROL COMMUNICATION/CONTROL
INTERCEPTOR COMPUTER ]COMPUTER - LEVEL II

Unk to A Links to
Data Base Center IV ther CET Simulators

in Wing

Unks to Unks to DART
other Wings Domes
CET Regional
Simulators Centers
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CET's (pair) in each squadron - linked
Able to link to all other simulators in system
DART domes in Regional Centers

REGIONAL CENTER

HOST FOHMD FOHMD HOST
COMPUTER DISPLAY DISPLAY COMPUTER
LEVEL IV HELMET HELMET LEVEL IV

DART IDART

IMAGE DOME DOME IMAGE

GENERATION (COCKPIT) (COCKPIT) GENERATION
COMPUTER I COMMUNICATIONCONTROL COMPUTER

ICOMPUTER - LEVEL 11
HOST FOHMD IGROUND CONTROL FOHMD HOST

COMPUTER DISPLAY IINTERCEPTOR COMPUTER DISPLAY LCOMPUTER

LEVEL IV -HELMET HELMET LEVEL IV

IMAGE DOME /IDOME IMAGE

GENERATION (COCKPIT) .. (COCKPIT) GENERATION
ICOMPUTER I I COMPUTER

Links to Link Links to
Wings to Data other

CET Base Center Regions
Simulators
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APPENDIX B

BENEFITS MODEL

APPLIED TO INITIAL EXAMPLE
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APPENDIX C

COSTS MODEL

THIS MODEL APPLIES TO ALL EXAMPLES
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%VM PROEMCTE IST OF THE ALEIATNES TO EV ALLM1IN
fo @iso eas or - means I mI I no east mesociad wft t estn efteu'oy lr 1Ads.

The cast ,em , r tem ik from KnWp and OrIwmuky. Ing OUASRON OUADWN VIN FISIO SYTE -N~
Modifled by my feaing of~i nhrles I AF Reg. 173 -15 . CET "Pi per CET' VPk per OOME3 pI Regional Neanl Deft Nelsd Dl

. squadron) squadron) Per WWW. Center Urn Ceffter on" Center
NOTE. PPCM - Prograims. Course. and Device. Not Inked to Link"l t Linhable to (Pour dke

* other squad- ~te squad- CE!.' Inl 1111kabie fib Organlinon OrgiO iialt
* ron. onw In wing. squadrons any 2 paire Aliemalivee Alemles

DOWr CATEGC80EBlELEMENTS of @Eemusie) lam&II

ARESEARCH AND DEVELOPMENT
I asume allNae would be purchased
based on designs currently on hand In AL4NM--
or would be purchased from commercial firm.
There should be mininal R & 0 costs- ----

cecept for

6. Prototype Manufacturing 3 8101000.00 810,000.00 S.00000 $40,000.00 80.00 810.00
7. PICID Tesm and Evaluation 3 $80.000.00 680,000.00 $100.000.00 6200000.00 80.00 80.00

S. IITIAL INVESTMUENT
1. Production

a. Nonrecurring-----
(3) Industrial facilities -----

Building. to house eimulation device$ 9 846,448.00 81144,448.00 6271,3711.00 $M "47.20 867,157.20 8251466.
(4) Other S 810,000.00 810,000.00 $40,000.00 660,000.00 $10.000.00 610.000.00

b. Recurring
Acquisitioncee- ----

Combat Engagement Trainer (CET) 9 $00.000.00 *800,000.00 60.00 810.00 11110000.00 80.00
Annual Update icr CET' cockpit a 111610.000.00 660,000.00 80.00 80.00 880,000.00 80.00

DAFI Dome 9 80.00 80.00 81.000,000.00 82000.000.00 80.00 U10000.00
Annual Update for dorm a 60.00 80.00 6100,000.00 11100,000.00 80.00 660,000.00

Visual Diepley Helmet 3 8200,000.00 4200,000.00 61200,000.00 80.00 8100,000.00 80.00
Fiber Optic Displey fesmet (POHMD) 3 80.00 80.00 80.00 M2000.000.00 80.00 1100.000.0
ControUfCommuicationfLinkage Compute 3 610,000.00 410.00 80.00 810.00 80.00 8110.00
ContrallCommuicallon/Linkage Compute 3 10.00 830,000.00 630,000.00 80,000.00 820,000.00 m3,00o.00
Hoet Computer - Level I 3 $60.000.00 80.00 80.00 80.00 80.00 8110.00
Howl Computer - Level 1 3 80.00 $120.000.00 811.00 80.00 800,000.00 80.00
Hoel Computer - Level IN 3 80.00 80.00 6200,000.00 80.00 8110.00 80.00
Hoet Computer - Level IV 3 80.00 80.00 810.00 61100.000.00 80.00 S0,000.00
Image Generating Computer Level I 3 80.00 80.00 6400,000.00 80.00 80.00 80.00
Imiage Generating Computer Levelf1 3 6110.00 80.00 80.00 *1,200,000.00 810.00 8300,000.00
Ground Con"ro Intereptor Comrputer 3 $81,000.00 816,000.00 816,000.00 816,000.00 816,1000.00 81611,000.00
BriefingfDebriefing Computer and Oleple 3 810,000.00 810,000.00 610,000.00 810,000.00 80.00 80.00

a. Initial Spaee and Repair Forls 3 871,800.00 877,800.00 8185.600.00 8106,80.00 *40.800.00 8164,800.00
Dat -em

b. Technical 3 8120,000.00 820,000.00 6201000.00 680,000.00 110.410 80.00
c, Instruction Materials 3 620,000.00 820,000.00 820,000.00 80,000.00 80.00 *0.00

7. SyetemlProject Management a480.00 80.00 80.00 80.00 80.00 810.00
10. Initial Training

a. Instructors (On aite Operators) S 880,000.00 680,000.00 860,000.00 860,000.00 80.00 80.00
b. Maintenance Personnel 9 826,00.00 *26000.00 82M000.00 826,00.00 80.00 80.00

12. Other 0 80.00 1110.00 80.00 810.00 803.00 8011.01)
C. OPERATOG AND SUPPORT------

1. Direct Costs
a. Instructional Coete---

(1) Pay and allwanoe - ----

(a) instruotor (Simulation Operators) a 846.949.00 846,09".00 846,54.00 861,26.00 8203,071.00 4316,266.00
(b) Supervisors, Admin, and Support Per a $0.00 80.00 80.00 80.00 80.00 80.00
(o) Maintenance Pereonnel a 810,000.00 810,000.00 840,000.00 80,000.00 810,000.00 810,000.00

(2) ther Govemment Personnel Costs a $13,9117.25 $13.967.25 621,487.25 61140,316.25 863,267.75 81,572.25
(3) Consumption - ----

(q) Utliltis a 825000.00 8126,000.00 837,800.00 880,000.00 625000.00 826,00.00
(d) Instructional Materils a 810,000.00 610,000.00 810,000.00 810,000.00 80.00 80.00
(e) Other a 80.00 80.00 810.00 80.00 80.00 80.00

(4) Replenishments. Sparse a 825,00.00 111211,000.00 8100.000.00 8160,000.00 625000.00 625,10000.00
(5) Modification Material a 8100.000.00 $100,000.00 $100,000.00 $100,000.00 8100,000.00 8100,000.00
(7) Ohe Pu ohmed services a 80.00 8110.00 80.00 810.00 8110.00 80.00
(6) Other a 80.00 8110.00 80.00 80.00 80.00 80.00

b. Training Activity ct -

(1) Pay and Allowanse a 80.00 80.00 810.00 8110.00 80.00 80.00
(2) Other Govemment Personnel Costs a 80.00 80.00 80.00 8049,440.00 80.00 80.00
(3) Other a 80.00 80.00 810.00 =240,600.00 80.00 80.00

9. Othier Direct Cosam-- 819700 0.00 8011.01)
2. Indirect Coets

a. Onee Operations------
b. Inventory and Supply Management------
c. Military Family Housing Support------
d. Command Support Coem
9. Other Indirect Coets a 6100,000.00 8100,000.00 $100,000.00 8100,000.00 111100.000.00 8100.000g.00

Toad-oet for 3yearcapitalfhems $ 4119,600.00 8116,800.0 81,20300.00 66,0.60.00 11246,800.00 8I1,.800.00
Total costs for 9yeaw capital heme * 600,448.00 81140,48.100 61,386,3780 62,04,467.20 8207,157=2 8741,41UM0
Total- cotfr nuailheme * 8 38025 8309,0. 26 866,90L6 $1.410,68. 8846,886 8707861.
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VAFA8LE IDENTIFICATION AND RANGE NAMES FOR VALUES USED IN THIS TABLE NOTES: Source of damapnt
for ALAHRA peSreonn amunipbon

Cost per moe". Refs. Used
Nonesto be Used liern
wo tis variable. (unless sOmen Number at unis per modul, and

Variable Identlatn (Range N-n) Odeerule) epeoisd Ws

A. RESEARCH AND DEVELOPMENT
& Proo"p Manufacuring PROTOMANUF $10.000.00 1 per. 3 yr. WC allwinc. se*7. P#C1D Test and Evahuati PCDTEST 860.000.00 1 per. 3 yr, UT set.

S. IITIAJ. IVESTMENT
1. Production

a. Nonrecuruing
(3) Industrial Isollies

Buildings to house simulation device
Law Calling Simulto Roam Coat per Sq. Ft. LOIMBLD SS740 9 yr. PER 50. FT.. DOka& of Engr. and Wic., 19141
High Caging Sirmulato Room Costs per Sq. Ft. HiIMBLD $129Mo 9yr, PER SQ FT.. Dirso. of Engr. and Sm,. IMg
Officeo Building Cost per Sq. Ft. OFFBLD $107.00 9 yr. PER 60. FT., Cbs.. of Engr. and S.. ION6(4) Olter OllEFLD 810.000.00 1 par.S9 yr, V" alommios seL

b. ReowIng
Acquistncos

Combat Engegemnent Trainer (CET) CFT 800.000.00 0 yr. 2per. MT and OS
Antnual Update for CET cockpit CETYR.Y $30.000.00 amn,2 per, MT and 6S

COWT Dom DRT $500,000.00 9 yr, 2or 4 per. MT
Annual Update for dams RNTYBLY $50.000.00 arm.2 ofr4 Per. MT

Visual Display Helmest VDHE.M 8100.000.00 3 yr. 2 ofr4 pW. MT wad ft. WM IS in.
Fiber Optic Display' HeNWt "WD61) FOHMO $1100.000.00 3 yr. 4 per 4 cannwels. MT
ControllCommulceticnlJnkags Cmputr - Level I CONOOMPI S10.0o.00 3 yr. I per. MIT to"41
Conlroll~ommuloaticl~inkalp Computer - Lesvel N CONOOMP11 610,0.00 Syr,.I per. MT
Host Computer - Level I &IOOMPI $40,000.00 3 yr. 2 per, MT and O
Host Compute - Level 0 HOSTCOMP1 8110,000.00 3 yr, 2 per. MT and gB
Host Computer - Level 0 HOGTCCMPW 8100.000.00 3 yr. 2 per, MT mid Big
Host Compter - Level IV HOSTCOMPIV 8200.00.00 3 yr. 4 per. MT
Image Generating Compute Level 1 1800111111 8200,000.00 3 yr, 2 per. MT and 61S
image Generating Compute Level N IGOOMPU1p 830.000.00 3 yr. 4 pe. MT mid (GB
BUenglebriling Computer mid Displays W COMP 810,000.00 3 yr. 1 per. MT
001 Compute 0CICOMP $8,000.00 5 yr. 1 per, G0

a. initial Spame mid Repair Paris IISPOIS 10.00%35yr. 2cr 4 Ptoomp. equip.do ic
& am a

b. Technisa TECRATA S20000.00 3 yr. I per. DA mid WOM. oa0. Instruction Materils INSTDATA 120.00 3 yr. I per. DA mid WOM, aowence
7. SystemlProjsc Management GENMOT 00.00 ann. Avaiable M needed for slowanos
10. Iflial Training

4. instrucors (On eafa Operators) TRAANS $60,000.00 9 yr. I per. DA mid VWM
b. Maintenance Personnel TRAINMAIN 626,00.00 S yr,.I per. DA and VOCM

2. OWis OTIHGE11670EST WAGC SmSi 11'* 1e 11 maedtilrm a
C. OPERATING AND SUPPORT

1. Direct costs
a. kietucticnaiCst

(1) Pay and sameness
(a) Instuctor (Simulation Operatos)

G88S. STEP S Sam6 $254161.00 ann 1 per. VVM design. OS Pair Ra
08 6. STEP 5 Gem6 .s0,1S arn. I per. VXM design. OS Pay ess

(b) Super visor, Admin. and Support Personnel
0823. STEP S Gem8 814,714.00 ann. I1cr 2 per. WOM dein 8O Pay Rat
OS 6, STEPS5 08e8 $18.416.00 an, 3do per. VCM dein.O Pay Rob
O8 10. STEP 50811066 $08560 am, S cr 6 per, VVM design. OS9 Pay Re
OS 12, STEPS 0 811286 640,001.00 ann, 1 per. VVM design. Ge Pay Rat

(a) Maintenance Personnel GEINdAIN 810.000.00 ann. I per. VJM 1,l .o
(2 Otte overmesnt Perso nel Coa FRINGE 211,00% am, I per. Fringer benefts Ierane
(3) Consumption

(a) Utites UTNLfllES 46000.00 ann. 1 per. VwMdwao
(d) Istructionai Mateial ISTINJCCONSUMP $10.000.0 ant. I par. INCM ahwano
(0) DOe OTERO0UM 00.00 -rm Agdabte - wneede be owar

(4) Replenlehments. Spares SPARES 825.00M0 amI per. sowno
(5)Mcdot 1, Material MODMAT 6100.000.00 own. I per. WM io
(7) Otte Purchasted Se8 ie OT14EPPIJIH 000am01 A 1s- needed for kaao
(6) OWe OTIERS 60.00 -m, Avalable as needed IcrSuao

b. Training Activity Coste
(1) Pay and Allowano

CAPTAINS. 10 YER OFlc) 847.016.00 -r. Onlyusedl U -- reue.11M Pay ase
Odih Govermnt Psreonnell Caste-

TDY. OFFlCERS. PER TWOWEBCB TDYDAILY 60.00 m, daly rat used fobA1 Rgonaler
TDV. TRAVEL TDYTRAVEL $90000m per swp used ber 111glenall crent(3) Other OTHERECS 25.00% am, all, s emie from 0cr NO Ria

.OWie Direct Costs
2. hidh'ectost.

a. eSm Operain
b. inmnor and Supply Management
a. Miltary Family Housing Support
d. Command Support Do@te

0. Otter Idiec Cost OTI4ERNDCSTS 8100.000.0 wn. Ier. VXM aft e
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APPENDIX D

BENEFIT-COST ANALYSIS

INITIAL EXAMPLE
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APPENDIX E

BENEFITS MODEL

APPLIED TO SECOND EXAMPLE
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APPENDIX F

BENEFIT-COST ANALYSIS

APPLIED TO SECOND EXAMPLE
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