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BACKGROUND

increased within the last ten

increased usage is due to the

of petroleum based resources.

ations began to increase, the

CHAPTER I

INTRODUCTION

The use of aircraft flight simulators has greatly

years. A large part of this
tremendous rise in the price
As the cost of flight oper-

Department of Defense (DOD)

and the Air Force initiated programs to reduce costs.

Since flight training consumes large amounts of fuel, Air

Force and DOD planners sought means of reducing inflight
training without adversely affecting the nation's defensive
capabilities. Consequently, in 1977 the Air Force set as
a goal a twenty-five percent reduction in flying hours by
1981 (6:8). At the same time, training in existing sinu=-
lators was increased in an attempt to maintain aircrew
proficiency.,

A second important driving force behind the increased
use of simulators is the total control and inherent safety
that simulators provide. In fact, it is precisely for
these reasons that Edwin Link developed his famous "Pilot

vaker" (14:29-30)., Simulation provides the opportunity

to evaluate personnel and procedures while maintaining
total control of the environment, Simulation also pro-

vides the opportunity to train personnel in certain aspects




of the mission which might be unsafe or even impossible

to accomplish otherwise, Probably the best known example
of this capability is the training of astronauts for their
missions in space, Similarly, the safety aspect of sime-
ulation is demonstrated each time aircrews practice emer-
gency procedures or Emergency War Order training.

The words 'practice procedures' may not evoke any
response from the majority of people, but they are a key
phrase in any discussion of modern simulators, The ori-
ginal Link Trainer was based on instrumentation systems
that were largely mechanical in nature, The trainer sat
on a universal joint and was moved by a series of bellows
and electrical motors to produce a flying effect, A small
light on the nose of the machine indicated to the instruc-
tor when improper control inputs were used (14:33). Tech-
nological developments during World War II refined the use
of servo systems and certain components essential to
trainer realism. However, it was the introduction of
analog computers in the late 1940's that made modern simu-
lation a possibility (16:9). The analog computers provided
instrument readings which corresponded directly with the
pilot's control inputs,

Although simulators using analog computers repre-
sented a marked improvement over previous attempts, the
devices still did not respond or '"feel'" like actual air-

craft and thus were designated Cockpit Procedural Trainers
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(CPT's)., As mentioned previously, simulators (CPT's) in
use at the start of the oil crisis were used in an effort
to reduce flying hours. It soon became readily apparent
to DOD and Air Force planners, however, that aircrew pro-
ficiency could not be maintained given the magnitude of
the desired flying hour cuts (5:2). Thus, convinced that
improved simulators were necessary, DOD and Air Force
planning personnel examined available simulator technology
and evaluated plans to improve and supplement existing
simulators (5:6),

While past technology only allowed aircrews to
practice procedures, present technology allows simulators
to look and feel, from the aircrew's perspective, like
actual aircraft, The areas having the greatest impact on
realism are 1) refined motion and visual effects systenms
and 2) the use of digital computers. It is this improved
look and feel, or fidelity, of the modern day simulators
that allow them to be used in place of actual flight time
with little or no impact on aircrew proficiency.

This increased or improved fidelity is not without
cost, however, and in fact represents a major component of
simulator cost growth. For example, the use of a three
dimensional model board is an inexpensive and effective
way to obtain visual cues during simulated runway approaches,
On the other hand, a model board is totally ineffective for
situations requiring wide fields of view or large areas of
terrain (16:17). Visual cues in the form of three dimen-

3
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sional displays may also be synthetically generated by com-
puter using mathematical models of the terrain, However,
the problem of computer storage space becomes readily
apparent when one realizes that more than 109 bits of
information are needed to reproduce the information contained
on one ten inch two-dimensional color transparency. The
state-of-the-art electronics required for this improved
fidelity are also currently in great demand by private
industry which further adds to the cost of a modern simu-
lator., Furthermore, attempts to update many of the older
trainers would be futile, '"The computers utilize hardwired
mathematical models which are totally inadequate to drive
either motion systems or visual devices E6:7Lg ."" Older
trainers with large, heavy cockpit areas were not designed
to withstand the stresses of motion. Additionally, the
increasing complexity of simulators will require more ex-
tehsive, and therefore expensive, maintenance test and
repair capabilities.

The rising costs of simulator acquisition and
support coupled with the fact that the aircrews assigned
to any one of the majority of Air Force aircraft types
are stationed at numerous geographic locations provide
the impetus for modeling a cost effective solution to
simulator basing. It is no longer economically feasible,
as in the days of the cardboard trainers or many CFT's,

to routinely place simulators such that every aircrew has
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on-station simulator training, Although this type of
basing arrangement provided ready access to the training
devices at the aircrew's home station, the costs of ac-
quiring and supporting large numbers of modern, sophis-
ticated simulators and accompanying facilities may no
longer allow the Department of Defense this luxury. As
an example, all nine B-52G bases are currently scheduled
to receive the new Weapons Systems Trainers (WST's) -
nodern simulators incorporating computer generated visual
displays. The average contract value of the one time
fixed acquisition cost (purchase and placement) for the
WST exceeds thirteen million dollars per copy (1:58-61).
Recurring maintenance and support costs could prcvide
further savings if even one WST can be foregone in favor

of sending crews to off-station training.

JUSTIFICATION

As previously mentioned, the use oi flight simu-
lators has greatly increased throughout the last decade.
The continued rising cost of flight operations coupled
with the simulator's inherent safety can only serve to
further this trend, A small but growing movement among
the population concerning air and noise pollution is yet
another reason to anticipate future increases in the use

of flight simulators.

Although the military services have employed flight

simulators for almost half a century, the services, faced

O S S
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with ever more expensive simulators, have only recently

begun to explore various simulator basing modes, liost of

!: the past and much of the current research has been dir-

o
b
b
E

ected at determining the cost effectiveness of a given
simulator with respect to the actual aircraft (4; 19; 22).
Other research is concerned with quantifying the learning
transfer rates among the various instructional tools -
classroon, CPT simulator, or actual aircraft flights

(163 17; 23). It appears that while efforts are being
made to efficiently acquire new simulator systems, few if

any efforts have been directed toward determining an

objective and efficient method of analyzing the costs
associated with alternative basing strategies. In fact,
documentation exists showing that the simulator locations
for at least one regional simulator network was accomplished
by visually approximating the locations on a map (30:10),

An extensive literature review did not disclose

any acceptable solutions to the problem of analyzing alter-

IR ERERKER " SIS

native simulator basing strategies. Captains David R.

costs of hardware, building construction, and
freight,

gi VanDenburg and Jon D, Veith developed a mathematical model
:: to assist in the placement analysis of A-7 simulators.

?? The variables considered were:

;F 1) fixed costs (FJ) - the one time costs associated
frg with installing a simulator to include the

-

2) transportation costs (Cij) - costs to transport

—l e el e PSP DT SR N — P " .
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crews from their assigned base i to the
simulator location j and back to include meals
and incidentals such as parking fees or taxi
fares. This cost was found to be a function
of the distance between the bases and the
mode of transportation used.

3) availability (Sj) - number of crews per month
that could be trained at a given simulator
at base J.

4) demand (di) - number of crews per month from
base i that required simulator training,

5) decision variable (Xij) - number of crews
from base i sent to base j for simulator
training each month, This variable was model
output rather than input.

6) number of simulators available (N) - the max=-
imum number of simulators available or to be
purchased,

A mixed integer linear programming model with the
following form was chosen:

m

n_ - m
vinimd = C., X, .Y. + F.Y,
Minimize Cost (2) g;; %;; lJXlJ 3% 2 i3

where Yj was a dummy variable equal to one if base j is
chosen as a simulator site and zero otherwise (30:19=-25).
Although a model was developed, it did not include any
recurring fixed costs, discounting, or learning curve
effects on acquisition costs, Additionally, no suitable
conputer algorithm could be discovered to solve the re-

sulting equations. Furthermore, the data required to

determine the fixed cost variable Fj was not available for
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A=7 simulators.

Research regarding simulator placement analysis was
continued by Captain Franklin E, Hoke, Jr. Using VanDenburg
and Veith's model, Hdoke developed a suitable computer al-
gorithm and applied it to analyze B-52G WST basing strate-
gies, Transportation costs in the model were computed as
the fuel cost per hour for the B-52 multiplied by the
flight time between bases i and j. Demand constraints were
expressed in hours per year and based on the needs of the
crew position having the maximum training requirement (13).

Hoke applied a Multi Purpose Optimization Systen
algorithm (MPOS - available on CYBER) to solve the WST
location problem., Specifically, the Branch and Bound
¥ixed Integer Program (BBNMIP) was selected., BBMIP first
solves the minimization problem without regard tc the integer
constraints and then '"proceeds as if to enumerate the set of
all possible mixed integer solutions by sequentially cone
straining each integer variable and in turn to an integer
value within its range Eb:qé]." Optimality for the given
constraints was established by BBMIP, and Hoke performed
sensitivity analysis by varying the number of crews per
base,

Although the algorithm selected does solve the
model as presented the model possesses an inherent weak-
ness, The model as presently formulated considers only

two costs of simulator training. The one time fixed acqui-




sition costs are compared with variable crew transportation
costs. No consideration is given to recurring fixed costs
or other variable costs, Furthermore, no consideration
is given to the discounting of cost flows, or the lewrning
effect on acquisition costs. As such, any "optimal"
strategy determined by the above model would eventually
become nonoptimal as the expected life of the system is
increased., In other words, by only considering the one
time fixed acquisition costs and not the recurring fixed
costs it is only a matter of time before the nondiscounted'
variable transportation costs would eventually exceed any
savings in fixed costs,

The following figure presents one view of the
cost process associated with a regional simulator network
(17:19)s The cost of a single simulator is composed of
both fixed and variable costs, Fixed costs may be further
subdivided into recurring and nonrecurring costs. Non-
recurring fixed costs include the initial purchase price
and the transportation expense incurred in shipping the
simulator from the factory to its desired location, Re-
curring fixed costs will be incurred for operations and
maintenance support. For example, a recurring fixed cost
will ve incurred for merely maintaining a maintenance
detachment at a simulator location regardless of the number
of hours the simulator is used. Variable costs are those

costs which vary as a function of usage. Among these




POL B el o atit- S umaie

180D
Jutqeasadp

Tejoy

180D
Jututeay,
Te30(

an

SaauTeJ], JO Jaquny
81800 XAl SeSeg JO Jaquni
S892TA8(@ JO Jaquny

(Sao0qoey SuTlreWT}SS 3809 ]
aouatTIadxe 3509)

§380) S70 ]

SUOTSSTH ‘

JutuTtea], jo Jsqunpy

10

—

1809
QuUaWaINI0IJ
Tejo0y,

SI1030BJ JUNOIST(

¢

g95900dd 13180) 1

S99TAB(J JO Jaquny
8480) uotrjisTnboy

1°t eandtyg




variable costs are the temporary duty (TDY) costs exper=-
ienced in transporting aircrews between their home base
and the simulator location, Additionally, a maintenance
cost will also be incurred which is variable in nature and
dependent on simulator usage.

Several cost models have been developed to help
in the analysis of life cycle costs. Although it appears

that no Air Force life cycle cost model has been developed

specifically for simulators, several models could be adopted
B for use.,

AFR 173~13 provides a Cost Oriented Resource Es=-
timating (CORE) iodel designed to provide an estimate of an

aircraft squadron's annual operating and support (O & S)

costs, The cost structure is hierarchical and provides
great flexibility with regard to the desired level of ana-
lysis. 1In the initial phases of acquisition it is probable
that only estimates for major program elements would be
possible, As the program develops however, each major ele-
nent's estimate would be further refined through the use of
subelement estimates., Examples of typical life cycle annual

operating and support costs are provided for selected air-

craft, Unfortunately, no mention is made concerning the |
Costs associated with a squadron's simulator training pro-
gram,

As stated in AFR 173-13 an important concept to

remember is that

1
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Complexity is not a desirable trait in an 0&S
cost model. Cften the cost, labor hours, and
schedule required to set up and provide data for
a conplex model prohibits its effective and
timely use in the decisionprocess., The model
should be structured so tnat it is useful in
the early phases of the acquisition program
and can evolve to accommodate more information
as the program continues through the acquisition
rhases [29:7-1].

The CORE model provides a theoretical basis for many
cost estimating models. A hierarchical model is intuitively
appealing in that it is flexible and provides for continued
estinate refinements, Unfortunately, however, the model
is only designed to estimate the C&5 costs for a given
number of aircraft squadrons based on linear cost behaviors.,
The model is not concerned with any type of optimization but
nerely estimates average annual O%S costs for a given basing
decision, Furthermore, acquisition costs are excluded in
the model.

A cost model which gpecifically addresses simulator
training costs and overcomes some of the shortcomings in
tne CORE model was recently developed by Analytic Services,
Inc. Although the primary purpose of the research was to
identify the cost-effective mix of training devices
(including aircraft, simulators, part task trainers, etc,)
for aircrew training for a given weapon system at a single

vase, the model provides an in-depth analysis of sinulater

costs., In fact, the level of analysis caused difficulties
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in validating the model. In the authors' own words, the
primary problem encountered in testing the model was that
much of the cost input data did not exist nor was the Air
Force in the process of acquiring it (17:128).

Bearing in mind the general guidance contained in
AFR 173-13 concerning complexity and cost models, it is
felt that a model could be developed to coﬁbine VanDenburg
and Teith's model and the Analytical Services model into a
more powerful analytical tool. Whereas the Analytical
Services model attempts to include all costs associated
with simulator training the proposed model will attempt to
determine all relevant simulator costs associated with the
analysis of various basing strategies in a regional simu-
lator network, Once the relevant cost elements have been
identified each cost's behavior will be determined (fixed,
variable, recurring, nonrecurring). Discounting of the cost
flows will then be accomplished to determine net present

values of the various alternative basing strategies.

STATENENT OF THE PROBLEL

—————

An objective and efficient method is needed to
examine and analyze the costs of alternative simulator

basing strategies (variable number and location).

CBJECTIVES OF THm RESEARCH

The purpose of this study is to develop and validate

a mathematical model that can be used to examine and analyze

-
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the costs associated with the various simulator basing strat-
egies for a givea aircraft type.
The model will be used to determine the costs asso=-
ciated with alternative simulator networks which nmeet a
given training capacity., Such a model might also be used
to estimate the amount of excess training capacity for
a given simulator network.
As such, the specific objectives of this research
are to:

1) determine the relevant costs of alternative
simulator training basing strategies;

2) develop a model which estimates the cost of
‘a simulator network and compares alternative
networks; and

3) gather data concerning a specific simulator
system, the B-52G Veapon System Trainer (WwsT),
and demonstrate the model's capabilities.

SCOPE AND LIMITATIONS
It must be realized that the model will be based

solely on economic costs and as such cannot include sube
jective inputs. IHonetheless, these subjective inputs are
many times quite important and should not be ignored. Both
decision makers and modelers alike should remember that the
objective of modeling is to aid in decision making (8:23).
Subjective inputs will be considered following :odel results,
Additionally, the research deals only with the questions

concerning alternative basing strategies. Juestions

T
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concerning the cost effectiveness of the various types of
training, applicable transfer rates, or optimal fidelity

levels are beyond the scope of this research.

SUMMARY

The ever increasing costs of modern simulators
provides fertile ground for cost analysis. A quantitative
rnodel capable of objectively and efficiently analyzing
alternative basing strategies could provide a firm founda-
tion on which to base management decisions,

Cnapter II traces the development of the model

and analyzes the various costs of a simulator network.

15
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CHAPTER II
THE BASING MODEL

This chapter describes the methodology used to de~
velop the model for examining the cost of simulator basing
alternatives, Iiodel development is discussed by first
restating the objectives of the research and then stating
the assumptions which are basic to the model. Next, the
subject of costs and benefits is addressed with primary
emphasis on the costs of simulator ownership. Discounting
of cost streams and learning curve theory are also discussed.
The chapter also outlines the general format of the facility
location problem and defines the variables required for
the mixed integer programming formulation chosen for thi§
model., The mathematical derivation of each variable is
listed. An alphabetical listing of the input variables
along with a short description and data source follows,

The computer program formulated to build the data tape

and the logic incorporated by the Branch and Bound hixed
Integer Program (BBiIP) to solve the facility location
problem are also discussed. Finally, the questions of model

validation and sensitivity analysis are addressed,

ESEARCH DIRECTION

tat——

As stated previously in Chapter I the rrimary pur-
pose of this study is to develop and validate a mathematical

model that can be used to examine and analyze the costs

16
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associated with the various simulator basing strategies for
a given aircraft type. ZEconomic analysis, which has been
defined as a systematic cost estimating approach to prob-
lems of choice which identifies the alternative yielding
the required level of benefits at the lowest cost (26:4),
is the logical choice as a conceptual framework for the
research,

The key elements of economic analysis are
1) establishing and defining the ''goals or objectives"
desired, 2) formulating appropriate assumptions,
3) searching out alternatives for accomplishing the ob-
jective, 4) determining the costs and benefits of each
alternative, 5) comparing the costs and benefits of the
alternatives and ranking alternatives, and 6) testing the
sensitivity of major uncertainties on the outcome of the

analysis (21:2.1).

Establishing Objectives

The most important step in any analysis is, of
course, the first step, the definition of the objectives,
The objectives of this research as put forth in Chapter I
are to:

1) determine the relevant costs of alternative
sinmulator training basing strategies;

2) develop a model which estimates the cost of a
simulator network and compares alternative
networks;

17
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3) gather data concerning a specific simulator
system, the B-52G Weapon System Trainer
(WST), and demonstrate the model's capabil-
ities.,
mconomic analysis is the framework for fulfilling the first

two objectives.

Formulating Assumptions

Assumptions are made to reasonably limit the scope
of a study. One of the primary assumptions in this study
is that the simulator training system in question will
actually be instituted. lMuch research and analysis has
and is continuing to be conducted concerning the cost
effectiveness of the various alternatives to flight training,
such as simulator training or classroom instruction, as
well as the required or most cost effective level of sime
ulation, such as Cockpit Procedural Trainers (CPT's),
motion systems, or visual systems (4; 22; 16; 17; 23).

By assuming that the simulator in question will be imple-
mented the research effort is free to focus on analyzing
alternative basing strategies with regards to the number of
training devices and their location,

A second important assumption concerns the period
of time during which the costs will be compared., The
comparison period in this analysis will equal the economic
1life of the simulator or the aircraft, whichever is less.
Using the guidance provided in AFR 173-1 concerning the

lifespan of electronic equipment the model will assume an
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economic life of ten years for a simulator (25:1-1).
Provisions will be made for incorporating the actual pro-
jected life of the simulator and this data should be used
if it is available, Similar guidance pertains to the

projected life of the aircraft.

Choosing Alternatives

Conceptually speaking, the problem is one of sat-
isfying training requirements (demand) at minimum cost.
Total demand (D) may be defined as follows:

D = f HAIRC x NMAIRC
j=i

where

D Demand

NAIRC:j = Number of aircrews at base j

NMAIRC = Number of simulator missions required
per person per period (in multiplace
aircraft select crew position with

i

highest simulator training requirement

per period)

n = Number of bases for the weapon system crews

Simulator training capabilities, expressed in mis-
sions available per period, form the supply constraints
for a given type of simulator. Availability (Sj) is the
nunber of missions per period that may be provided and
represents the maximum training capability that can be
supported by base j.

Theoretically, the minimum number of sinmulators

required to satisfy a given level of demand equals total

19
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demand divided by the training capability of one simulator,
assuming that all simulators have equal availability. 1In
view of the fact that partial simulators are not allowed,
the resulting figure must be rounded up to the next integer
value, Possible alternatives are therefore constrained by
the minimum number of simulators needed. No such constraint
exists for the maximum number of simulators although past
-practice tended toward placing simulators at each demand
location, Thus, any basing strategy which provides the
required training capacity is considered as a possible

alternative,

Determining Costs and Benefits

The determination of the benefits derived from a
simulator network is normally a difficult undertaking.
One measure of benefit is the training capability provided
by the basing strategy. A problem in the measurement pro-

cess occurs however in the area of scaling., Does doubling

the training capability double the benefit? One possible

solution would be the use of a decision maker utility

b
L
t:‘

function. Another solution to the problem, and the solution

Tl

chosen for this analysis is to select a minimum benefit,

b AL S |

The minimum benefit is defined as the capability to meet
9‘ the required training demand, Any alternatives which do
- not provide the minimum training capacity are excluded
| from further consideration, Alternatives which provide

»Q excess training capacity are viewed as providing equal

20
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benefit,

The cost of a single simulator is composed of both
} fixed and variable costs, Fixed costs may be further
: subdivided into recurring and nonrecurring costs. An
example of nonrecurring fixed costs are the initial purchase
price and the transportation expense incurred in shipping
the simulator from the factory to its desired location,
Recurring fixed costs will be incurred for such things as
operations and maintenance support. For example, a re-
curring fixed cost will be incurred for merely maintaining

a maintenance detachment at a simulator location regardless

of the number of hours the simulator is used, Variable
costs are those costs which vary as a function of usage,
i.e, missions provided per year, Foremost among these
ﬁ variable costs are the temporary duty (TDY) costs

A experienced in transporting aircrews between their home

base and the simulator location,.

[iODEL DEVELCPMENT

The problem of ranking the alternative basing
strategies which satisfy the training requirements can
be solved by determining the basing strategy which will
experience the lowest total fixed and variable costs.

The various cost elements of simulator training must be

examined to determine their behavior, relevance, and sig-
nificance, Costs which do not vary in response to changes

F in the number and or location of the simulators are not

21
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relevant to the analysis. Because this research effort is
concerned with determining the costs of alternative basing
strategies for a given level of demand any variable costs
which are purely a function of usage will not be relevant,
As an example, if the cost of providing spare parts for the
simulators is purely a function of total usage, and total
usage is by definition constant, the cost of spare parts
will be the same regardless of the number or location of
the simulators, Furthermore, costs which are relevant but

which are of minor consequence will not be included.

Cost Element Analzsis

The major cost elements initially considered for
inclusion in the model were:

'« Acgquisition costs
a. Research Development Test and cSvaluation
(RDT&E)
b, Lngineering development
C. Procurement

2, Operation costs
a, Cperations manpower
b. Base system maintenance manpower
C. Base maintenance materiel
d, iiiscellaneous personnel support
e, Utilities/fuel
f. Temporary duty

5. Base operating support costs
a. DBase services manpower

b. liiscellaneous personnel support

22
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4. Logistics support costs
a., Depot maintenance manpower and materiel
i b. Supply depot manpower and materiel
g c. ©Second destination transportation
d. Technical order maintenance

5. Personnel support costs
| a. Recruit technical training manpower
b, Technical training cost
C. rliedical manpower
d. DMedical materiel
! e. Permanent change of station
- f. lMiscellaneous personnel support of medical
and other personnel

6. Recurring investment costs
a, Replenishment spares
b. Recurring modifications (Class IV)
c. Common support eguipument
(2:4=3 4=l 17:18=20)

1) Acquisition Costs

5 a) Research Development Test and Evaluation (RDT&E) =
_ RDT&E costs are composed of the in:i .ial costs for producing

. a given type of simulator (F=-15, B=52, etc,) including all

(a) direct research and development and (b) test and eval-

uation. As stated previously, one of the primary assumption

e, ¥ BV

of this research is that the type of simulator being studied
will be built, Additionally, it is logical to conclude that
RDTXE costs are independent of the number of simulators

being built. As such, all RDT&Z costs are sunk costs from

ueu an S 2 AL WAL IR

a basing strategy perspective, Although these costs may be

! quite large the costs are independent of the number of sim-
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ulators of a given type purchased. Therefore, RDT&E costs
will not be considered in the model,

b) Lngineering Development - This category includes
the costs of initial design efforts associated with system
development. This element also includes the cost of fab-
ricating and assembling prototype models (7:321). Zn-
gineering development costs appear to exhibit the same cost

btehavior as RDT&E costs and are not included in the model.

ir’ T FH"““‘-‘ L
. v P T

¢) Procurement - PFrocurement cost is conmposed of
the acquisition costs of a simulator to include tne cost of

the actual simulator device, the costs of transporting it

e

to the selected location, and the construction and outfitting

of the simulator building, Procurement costs are the one

T Y

time fixed costs associated with positioning a simulator
at a given location., Procurement cost estimates are nor-
mally available from the SPQO or contractor. Due to the

small number of simulators of a given type that are usually

acquired procurement costs can vary substantially with

quantity purchased, The model will therefore incorporate

. a "learning curve" to better estimate these costs.

2) Cperations Costs
a) COperations manpower - This cost element repre=-
Eﬁi sents the annual cost of the full number of instructors
: and other personnel, such as technicians and console
cperators, required for the operation of the sizulator,
?‘: pase maintenance and support personnel are not included

b .

3 2L
4

p

- (PR S -t —— PP P LIP G NSRS ST W WS




TF

Caatemn

B Ak 00 At
& .

BNA |

Y A .

| s ani e

o XV

o

and are considered elsewhere, The cost of crews is not
included because the crews will be trained regardless of
the basing decision, Provisions will be made in the model
to include the cost of instructors if the instructors'
rrimary duties are as operators of the simulator facility.
On the other hand, if crews provide their own instructors
only the TDY costs incurred by the instructors will be
considered, and these TDY costs will appear in the TDY
cost category. The operations manpower cost element will
be set equal to the sum of the annual salaries for the
average projected simulator manning and is considered a
recurring fixed cost,

b) Base system maintenance manpower - This cost
category is composed of the cost for personnel needed to
fulfill base level maintenance requirements., 2ase maine
tenance personnel maintain and repair equipment at the or-
ganizational and intermediate levels. The element cost is
equal to sum of the annual salaries for the assigned main-
tenance team and is considered a recurring fixed cost.

c) Base maintenance materiel - This is the cost
of purchasing materiel from the general and system support
division of the stock fund to include tine cost of expendable
items such as electronic repair parts. This cost element is
normally calculated on a cost/hour basis (29:7-2; 17:72) and
would thus be a function of usage and not basing strategy.

As such this cost will not be included in the model.

a5




d) liscellaneous Personnel Support for Simulator
Operations - This cost element represents the cost of
supplies, services, and equipment needed to support military
and civilian personnel associated with the operation and
maintenance of the simulator at the base level, This in-
cludes administrative supply items, expendable equipment,
custodial services, and other personnel oriented support
itens (desks, chairs, etc.,). This cost is viewed as a
recurring fixed cost in that it represents the funds eXx=-
rended for (a) maintaining existing stocks of supplies and
support items and (b) custodial services. This recurring
fixed cost will be included in the Base Cperating Support
(30S) cost estimate, The initial stocking and purchasing
costs are included in Procurement Costs.

e) Utilities/Fuel - This is the cost of electricity,
gas, 0il, and water used to operate and support the sim-
ulator, Although a slight fixed cost is undoubtedly pre-
sent, themajority of the cost is dependent on simulator
usage. As such the cost of utilities/fuel is not considered
relevant with regard to a basing decision and will not be
included in the model.

f) Tenporary Duty (TDY) Cost - This is the cost of
travel and per diem for the crew members from their home
station to the simulator location, to include similar costs
for any instructors that accompany the crevmembers to pro-
vide instructional training at the simulator location. If

military aircraft on a normal (routine) training mission
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are used for transportation to and from the simulator loca-
tion the travel cost can be assumed to be zero since these
costs would be part of the flight training budget and not
relevant to the decision process being considered, TDY
costs are viewed as variable costs that are dependent upon
the number of simulators in the system, the distance fron
home station to the simulators, and the length of time

away from home station,

3) Base Operating Support Costs

a) Base Services lanpower - The cost of personnel
necessary to directly support simulator personnel, These
support activities include such things as food services,
supply, motor pool, and CBPO services. This cost is viewed
as a recurring fixed cost.

b) Iiscellaneous Personnel Support Costs - The
cost of supplies and equipment needed to support base ser-
vices personnel who directly support the simulator per-
sonnel, This includes such things as administrative supply
items, expendable equipment and office machines, custodial
services, and other personnel-oriented support items, This

cost element is viewed as a recurring fixed cost.

4) Logistic Support Costs
a) Depot :aintenance i.anpower and liateriel Costs -
The cost of the manpower and materiel required to perforn

major overhaul of the simulator components, including con=

27
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pletely rebuilding or manufacturing parts. This type of
maintenance involves greater technical capability and zore
extensive facilities than are available at basz level,

The total cost of depot maintenance has two compone
ents, COne component is based on the fact that depot
maintenance must be provided no matter how many simulators
are in the system utilizing the service. The other component
is a function of the utilization rate of the simulators
(17:78). The more the simulator is used the more break-
downs and maintenance can be expected.

The first cost component is only dependent on whether
or not a given simulator type is built, This cost is
independent of the number of simulators and is therefore
not relevant to the problem, 'With regards to the second
cost component, while the actual number of failures will
rise as the use of a given simulator increases the failure
rate should remain relatively constant,

Since the simulator system will be used to satisfy
the training demand requirement independent of the number
of simulators in the system, the second component (degpot
maintenance cost per utilization hour) is also not relevant
and will therefore not be considered in the model.

b) Supply Depot iianpower and i.ateriel Costs =
The cost of the materiel and personnel needed to perform
the distribution of simulator parts and supplies to and from

the supply depot and the simulator location. This repre-

23
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sents the cost of managing the inventory of maintenance
spare parts needed to support the simulator system., »cx=
perience has shown that this cost is normally quite small
(17:80). As such this cost does not have a significant
impact on the problem and will not be considered in the
model,

c) Second Destination Transportation Costs - The
cost of shipping supplies and materiel needed to support
simulators and their support personnel., These costs include
shipment of spares and repair parts between the centralized
repair depot and the simulator location. These costs may
be calculated by multiplying a command input value by the
number of devices being shipped to (29:7=5,7-8).

Although this cost is viewed as a recurring fixed
cost which would impact the total cost of any solution,
experience indicates that this cost is usually quite small
and that it will not have a significant enough impact to
warrant consideration in this model (17:82).

d) Technical Order .iaintenance Cost - This is the
cost of maintaining the technical orders to reflect revised
policies, concepts, and data for the simulator operation.
This cost element is a recurring cost. It is dependent
upon the number of pages revised per year and is calculated
by multiplying the number of pages by the estimated average
cost of producing a page. lNormally, the value of this cost

element will be small and can be ignored or assumed to be
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zero (17:82). Any impact on basing decision is thus ine
significant, and the cost element is therefore not included

in the model.

5) Personnel Support Costs

a) Recruit/Technical Training Manpower Costs =
This is the cost of replacing personnel who annually attrite
from squadron and base services functions. The cost can be
calculated by multiplying the average or estimated turnover
rate by the pay rates for the personnel being replaced.
This cost is viewed as a recurring fixed cost. This cost
element is normally quite small (17:83-85) and will usu=
ally be included in the Base Operating Support (BOS) costs,

b) Technical Training Cost - Technical training
costs are the costs of training and providing qualified per-
sonnel to operate, maintain, and instruct in the simulator,
To determine this cost an estimate of the type and rate of
turnover must be made., The cost per simulator is then equal
to the estimated turnover times the cost of providing re-
placements for the lost personnel., This element is viewed
as a recurring fixed cost,

¢) edical Hanpower Costs - The cost of medical
versonnel needed to provide medical support for the sim-
ulator personnel., The total cost for the decision should
also include the cost of the medical personnel to support
the training activities that provide qualified replacenments,

The number of medical people needed is based on manpower

30
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engineering standards that prescribe the ratio of medical
to support personnel. The cost per locationisequal to
the number of additional medical personnel needed times
their pay rate. The cost for the decision option is then
dependent on the number of locations in the solution.

This element is viewed as a recurring fixed cost.
Assuming that the most complex simulator would be supported
by less than 50 people, any average or large size base should
be able to support these few additional people with little
impact on their medical manpower requirement., This recur-
ring fixed cost element will be included in the Base
Operation Support (BOS) cost estimate,

d) HMedical iateriel Cost - The cost of medical
materiel required to provide medical services to simulator
personnel and base personnel who provide direct support to
the simulator and its staff. The cost is calculated by
multiplying the medical materiel cost for personnel sup-
ported, derived from past experience, times the additional
personnel to be supported caused by the simulator being
located at the base. Tot~l cost for the solution option
is then dependent on the number of simulators in the
system,

This recurring fixed cost will be included in the
BOS cost estimate.

e) Permanent Change of 3tation (PCS) Costs =~
This cost element represents the cost of rotating personnel

into and out of simulator operations and maintenance,
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“lethods have been developed to estimate the annual number
and cost of PCS moves on the basis of past experience., The
methodology takes into account personnel turnover rates

and produces both an average PCS cost estimate per move
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and an average annual PCS cost per man., This cost element
is a recurring fixed cost and will be estimated using an
average annual PCS per man value,

f) Dliscellaneous Support of lMedical and Other
Personnel - This element represents the cost of providing
basic operating supplies, equipment, and support to each
recruit, trainee, medical, and other personnel who support
the simulator personnel. The cost per simulator location
is equal to the number of additional medical and support
personnel needed to handle the additional worker lcad caused
by the simulator, personnel time, the cost of the additional
supplies and equipment needed by these support people.

The total cost for the decision option equals the cost per
location times the number of locations plus the cost in-
curred through depot maintenance and recruiting and training

activities, This element is viewed as a recurring fixed

cost, In many cases these costs are quite small and so

will be included in the 3CS cost estimate (17:89-90).

6) Recurring Investment Costs

a) Replenishment 3Spares - This cost element in-

ALY A WARNEAARMSEAE B SIS A
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cludes the cost of procurring and stocking expendable and

repairable system subassemblies, stares, and repair parts.

32
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This does not include the cost of the basic spare parts
inventory that was purchased as a part of the initial
simulator acquisition. This recurring fixed cost is cal=-
culated by estimating a replenishment spares cost per
operating hour and multiplying it times the number of

total operating hours to meet the training demand require=-

P
T

.
-"‘

ments (29:7-7). This cost is therefore not relevant to a
basing decision,

b) Recurring iiodification Cost - The cost of
modifying the simulators in the operating inventory to make
them safe for continued operation, enabling them to perform
mission essential tasks (not new capability), and to
improve reliability or reduce maintenance costs. A mod-
ification factor cost per unit is available for the type

of aircraft being simulated (29:7-3). Since similar mod-

ifications may be required for the simulator, unless better
information is available from the SPO, this cost will be
assumed to be the same as for the aircraft,

¢) Common Support Equipment Costs - The cost of
procuring maintenance and repair shop equipment, instru-
ments and laboratory test equipment, and other miscellaneous

items including spares for this equipment. The cost of

- replacing this equipment is estimated as a percentage of

- the buy cost of the aircraft., This procedure has been
1 ' developed from replacement cost experience of currently
f‘ operating aircraft systems. Although this element is viewed
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as a recurring fixed cost, experience has shown that the
common support equipment costs of simulators are not sig-
nificant and this cost element is therefore eliminated
from consideration in this model (17:92).

The following table summarizes the cost elements

which are to be included in the model.

Present Value

!. After analyzing the major cost elements the relevant
= and significant costs must be collected into fixed and var-
iable cost accounts. The applicable cost flows in each
account must be discounted and totaled over the lesser of
the simulator's or the aircraft's projected life time to
arrive at the present value of the fixed and variable costs,
Conceptually, the cost of a basing alternative is

equal to the sum of the discounted cost streams for the

selected locations., These cost streams may be considered

as annuities, and the annuity factor, which when multiplied

by the recurring fixed cost results in the present value

cost, is computed as follows (12:192-199):

e y o (= ()7

N oo r

= where

;‘ A = Annuity factor

;f n = Lumber of periods

B r = Rate per period

f: Current economic analysis guidance (26) specifies the use of
L
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Table 2.1
ig COST ELEMENTS
: COST TYPE
I aNY) VARIABLS | Ti
COST ELEMENT RECURINONREC %0DEL
ACZUISITION COSTS
RDTRE X
Bngineering development X
Procurement X X
CPERATION COSTS
- Crerations manpower )4 X
o= Base system maint. manpower X h¢
E Base maintenance material X
.aisc, personnel support X X
Utilities/fuel X
' Temporary duty X X
BAST QOPERATING SUPPCRT COSTS
pase services manpower X X
.:isc, personnel support X X
LOGISTICS SUPPCRT COSTS
Depot maint. manpower and
naterial £ X
Supply depot manpower and
material £
Second destination trans-
portation £
Technical order maintenance X
PERSOLILZL SUPPCRT COSTS
Recruit technical training
manpower X X
Technical training cost X X
..edical manpower £ X
.iedical material £ )¢
Permanent change of station £ X
.isc, personnel support of
medical and other personnel £ X
RECURRING ILVESTLENT CCSTS
Replenishment spares L
Recugring modifications(Class
IV Z X
Common support equipnent p
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a 10 percent discount rate, and this will be the rate incor-
porated in the model. Again, procurement costs will not be
discounted but will be added to the discounted recurring
fixed costs to arrive at a single fixed cost value. Tempor-
ary duty mileage and per diem costs will be discounted to
Obtain the cost of transporting a crew between any two

locations.

Fixed Costs

As stated earlier, the fixed cost (Fi) éssociated
with positioning a simulator at location i is composed of
both the one time fixed costs of procurement (OTFIXCi) and
the present value of any recurring fixed costs (PVRCFIXCi).

F; = OTFIXC; + PVRCFIXC,
OTFIXCi = TRANSCi + BLCONTi + COSTHD

where

OTFIXCy = Acquisition costs to locate simulator
at location i,

TRANSCi = Cost of transporting simulator fronm
production site to location i.

BLCONTi = Cost of constructing building to house
simulator at location i,

COSTHD

Cost of actual simulator hardware,

Since the one time fixed costs are experienced at the

beginning of the cost stream they need not be discounted.
Zowever, the recurring fixed costs will, by defin-

ition, be experienced during every year of simulator

operation and the annual recurring costs must be multiplied
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by an annuity factor to reduce the cost stream to its
present value,

PVRCFIXCi is the remaining portion of the fixed
cost (Fi) associated with placing a simulator at location
i and is equal to the present value of the annual recurring
fixed costs (RCFIXCi). The relevant and significant
recurring fixed costs were determined earlier in this

chapter, Thus

PVRCFIXC = RCFIXC x AKIFAC
vnere
PVRCFIXC = Present value of the recurring cost
strean
ANNFAC = Annuity factor
ARIFAC = —= (%—L-YRS
DR = Discount rate
YRS = Lesser of number of years of projected
simulator or aircraft lifetime
RCFIXCi = OPSMAHi + BSMMCi + SUPNELi + TTRAIHi +

PCSCST + RECiOD
The six individual terms comprising RCFIXCi, the annual
recurring fixed at location i, are defined and computed as
follows:
1) CPERATICNS <ANPOWER
CP3ihAN; = AMNI1; x ABPF1 + OFF1; x OBPFI

where

CPSHAHi = Annual cost in current year dollars for
manpower to operate a simulator at

37
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location i

Pi AMN1; = Humber of airmen (or civilians of sim-
fi‘ ilar pay grade) assigned to direct

operational duty at the simulator at
location 1

ABPF1 = Airmen basic pay factor (non-rated)
OFF1; = iumber of officers (or civilians of
similar pay grade) assigned to direct ?
] operational duty at the simulator at 1
E location i
t; OBPF1 = Officer basic pay factor (non-rated)
2) BASE MAINTENANCE MANPOWER

BSMMCi = AMNZi X ABPF, + OFF2i x OBPF1

where

BSMHCi = Annual cost in current year dollars for
manpower to maintain a simulator at the
base level

3 AiiNZ; = Humber of airmen (or civilians of sirilar
-' grade) needed to fulfill base level

L maintenance requirements of simulator at
[ location i

- ABPF1 = Airmen basic pay factor (non-rated)

.

4

- OFF2; = Number of officers (or civilians of sim=
% ilar grade) needed to fulfill base level
f? maintenance requirements of siamulator

Ei at location i

F? CBPF1 = Officer basic pay factor (ron-rated)

- 3) PERSCHINEL SUPPCRT COSTS

4 where




SUPNEL = Annual personnel support costs
This cost element is composed of the combined costs

of:

1) lMiscellaneous Personnel Support for Simulator
Operations

2) DBase Services rianpower

3) liscellaneous Personnel Support
4) Recruit/Technical Training ilanpower

5) Medical ianpower

Y~ AP

6) iiedical lateriel
The above costs are termed General and Administrative

(G&A) costs and may be estimated in several ways. Air

. o oy
PRI e

Force Logistics Command (AFLC) estimates these costs as a

percentage of direct personnel pay (15). As an example,
assume the pay of the operations and maintenance manpower
required to place a simulator at a given location totaled
200,000 annually. Assuming a G&A factor of 10% the yearly
estimated personnel support costs equals 420,000, Another
method of estimation involves the determination of a support
cost per person factor. Annual support costs are thus set
equal to the number of direct personnel times the support
cost factor. The most important point is to insure that

regardless of the method chosen the resulting estimate

must be reliable and valid,

4) TECHNICAL TRAINING

TTLAIHi = uxqi x TRFA + OFFhi x TRFO

39
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where

TTRAINi = Annual cost of training and providing
qualified replacement personnel to
operate, maintain, and instruct in the
simulator at location i

A4, = (AMN1i + AhNZi) x TCVFA
Aidil, = Average or expected number of enlisted
personnel (or civilians of similar pay

grade) attriting annually from one
simulator at location i

TOVFA = Annual turnover rate factor for airuen
TRFA = Cost of acquiring and training an airnman
OFF4i = (OFF1i + OF:Zi) x TOVFO

OFF4. = Average or expected number of officers
(or civilians of similar pay grade)
attriting annually from one sinmulator
at location i

TOVFO = Annual turnover rate factor for officers

TRFC = Cost of acquiring and training an
officer

5) FPEZRMANELT CHANGE OF STATION
PCSCST; = ANk x APCS + OFFL4; x OPCS

where
PCSCSTi = Annual PCS cost per simulator location i
: in current year dollars
L;.
r: APCS = Permanent change of station cost (dollars/

airmen/year)

CPC5 = Permanent change of station cost (dollars/
officer/year)

[
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6) RECURRING ;{ODIFICATION
REC:40OD

9220 x (FAC)® 74116

where

R=CMCD Recurring annual modification costs
B (Class IV) of one simulator. The
Il equation is taken from AFR 173-=13 and
’ is used to estimate the cost of modi-
fying one aircraft. Unless more

accurate information is available the

ii : cost of modifying a simulator will be
set equal to the cost of modifying an
aircraft.,

FAC = Aircraft fly away cost in millions

P Rt

When summed, the above six cost elements will equal

R
)

the expected annual recurring fixed costs associated with
locating a simulator at location i, Hultiplying the
expected annual recurring fixed cost by the annuity factor
and adding it tothe one time fixed cost results in a total
fixed cost for location i. Thus

F; = OTFIXC; + PVRCFIXC,
and represents the present value of all of the relevant and

significant fixed costs associated with building and main-

taining a simulator at location i,

Variable Costs

‘! As stated previously, the cost of any basing strategy
is equal to the sum of the relevant and significant fixead

and variable costs. From Table 2.1 it can be seen that the

&l

only relevant and significant variable cost is the TDY
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cost experienced when transporting a crew between locations,

The transportation cost incurred in shipring one

crew to an off base simulator is equal to the sum of the

crew's per diem and travel expenses., ~here is no transpor=-

tation cost incurred for training a crew from base i at

base 1i.

TDYCST(I,J)

where

TDYCST(I,J)

OFF5

PRDEFO
ANMNS

PRDENA
LeTDYD
2ISTIC(I,J)

LGILERT

(OFF5 x PRDEIIO + AMMNS x PRDEMA) x
IMIDYD + 2 x DISTHC(I,J) x LILERT
X (OFF5 + ALNS)

Cost of transporting one crew from
location j to location i and bvack
again

Number of officer crew members and
instructors in crew traveling to
simulator location i

Per diem rate (officer)

liumber of enlisted crew members and
instructors in crew traveling to
simulator location i

Per dieum rate (enlisted)
liumber of TDY days per trip

distance in statute miles between
base i and j

mileage rate for mode of travel to
and from sinmulator location

fhe TDY cost incurred by transporting a crew fronm

location j to location i must be multiplied by the annuity

factor to arrive at the present value of transvorting thae

42



crew for one mission per year over the 1life of the coum=-

P

parison., The above logic assumes that once a strategy
designating crews to receive training at specific loca=-

tions has been determined, it will not be altered,

Transportation iiodel

Cnce a 1) single fixed cost element for each loca-
tion and 2) transportation costs have been determined
# between locations the problem begins to assume the form
of a warehouse location exercise, The addition of the
necessary '"'subject to" constraints regarding demand and

capacity completes the initial problem formulation.

s gy onang

lathematically, the problem takes the form

n n n
ninimize Cost (2) = 2 3 Cyy¥Xy5+ 2 Fy¥y.
i=1 J:] 1

i=1
Eq 2.1
Subject to the following constraints
n
s s = Dv i = 1 oo e De d E 'Y
i%'xl-] 3 J ’ ,n (Demand) Eq 2.2
n
j_; Xig = 84%3 =0, 1= 1,...,n (Supply) Eq 2.3
X3 y0 Cij’ Fis Sys Dy Y3 =0 (Non-negativity)
Y; = 0, or some positive integer value for all i
(Dummy)

The indicated variables are defined as follows

1) Fixed costs (Fi) - the one time costs associated
with installing a simulator at location i to

include the costs of hardware, building con-
struction, and freight plus the annual recurring

k3




fixed costs associated with operating and
maintaining the simulator,

I 2) Transportation costs (Cij) - cost to transport
a crew from their assigned base Jj to the
simulator location i and back to include meals
and incidentals such as parking fees or taxi
fares,

3) Availability (Si) -~ number of training missions
per year that are available for crew training
in a given simulator at base i.

4) Demand (Di) - number of training missions re-
quired per year by crews from base j.

5) Decision variable (Xij) - number of crews
from base j sent to base i for simulator
training each year, This variable was nodel
output rather than input.

6) lumber of bases (n) - the number of bases having
crews requiring training. This variable also
represents the maximum number of potential
simulator locations.

7) Yi - the number of simulators placed at location
i. Yi restricted to zero or some positive
integer,

b
b
b .
>.:’
o

Constraint =quations

it

Annual demand from the crews stationed at location

i (Di) is computed as follows

T ey

To o0 4w e me e
T T
Tttt

Di = HAIRKi x NHMAIRC

A
t

where

HAIRKi number of aircrews located at location i

NUAIR

number of simulator missions per year
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required by member of the crew having the
highest training requirement

For example, if a crew is composed of both a pilot, requiring
twelve simulator missions per year, and a navigator, re-
quiring sixteen simulator missions per year, the navi-
gator's requirements would be input as NMAIRC.

The demand eguations are equality equations in that
the demand from crews stationed at base i must exactly
equal the sum of the demand satisfied at each of the n
bases, As a simple example, the equation

Xpq * Xgy * Xy = 60
specifies that crews at location 1 demand 60 missions to
meet their training requirements and that this demand must
be met from locations A, B, and or C. (For ease in reading
the computerized output the first numeric subscript was
replaced by a letter subscript. Thus, X11] = XA]] and
confusion is avoided.)

The capacity equations are of the less than or
equal to variety. Annual capacity is computed as follows,

S; = «SPDAY x DAYPYR

where

5; = Capacity in missions per year of one
simulator located at base i

i.3PDAY = Number of missions per day the siaula. >r
is capable of providing
DAYPYR = lNumber of days per year simulator is

capable of being operated

45
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The equation

Xpq + Xpo # XA3 - BOY] =0
specifies that each simulator located at location 1(A) has
a capacity of 80 missions. Furthermore, the total capa-
city of location 1(A) cannot exceed the number of missions
provided tocrews from locations 1, 2, and 3., Thus for a
basing problem concerned with minimizing the fixed and
variable costs associated with shipping crews among 14
potential simulator locations the objective function will
contain 14 fixed cost (Fi) coefficients and 196 transpor-
tation cost (Cij) coefficients, Continuing the example,
the problem would also contain 14 supply (capacity) and
14 demand constraint equations in the form specified in
equations 2,2 and 2.3.

The sheer size of the resulting transportation

matrix (n + n2

variables in the objective function given
n potential locations,and 2n subject to constraints) nec-
essitates the use of a computerized algorithm. The al-
gorithm chosen for use in this research is the Branch and
Bound iixed Integer Program (BBMIP) of the i:ulti Purpose
Cptimization System (i.PCS) (10) contained in the CYRER

cousputer. (See Table 2,2 for summary of model variables.)

zoiair Input
There are several methods of data input for 3B..IP
and the packed version was chosen due to the sparse nature

of the transportation matrix. A sparse matrix is defired
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- Table 2.2

Variable:

ABPF1

ABPF3

Al

Aiine

AR

A5

ALLFAC

APCS

3BiIP

+IODEL VARTABLES

¥eaning:

Airmen basic pay factor
(Non-rated)

Airmen basic pay factor
(Acquisition/Training)

liumber of airmen assigned to
direct operational duty at
simulator location I

Number of airmen needed to ful-
£ill base level maintenance
requirenents

Operations and maintenance airmen
times airmen turnover factor

Humber of airmen crew members
and instructors

Annuity factor adjustment to
current year dollars

Permanent change of station costs
Dollars/Airman/Year

Branch and Bound Mixed Integer
Program

47

Source:

AFR 173-13

AFR 173=13

Simulator

SPO or plan-

ning person-

nel at using

command head-
quarters

Simulator

SPC or plan-

ning person-

nel at using

command head-
guarters

Calculated

AFR 173-13

Calculated

AFR 173-13

i~POS
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Variable:

BLCOKT

BNDALL

d

BHDINT

BSiilC

CAPCTY(I)

COSTHD

CUNIT

DAYPYR

DEHAND(T)

DISTHC(I,J)
TR

1)

FAC

oA R M

Table 2.2 (Continued)
MODEL VARIABLES

eaning:

Cost of constructing the building
to house the simulator

Default upper bound on all var-
iables not explicitly named in
a bound specification

Default upper bound on all integer
variables not explicitly named in
a bound specification

Zase Systems lMaintenance Manpower
Costs

Capacity in missions per year of
base I simulator

Cost of actual simulator hard-
ware

Cost of first unit hardware

Days per year that the simulator
will be operated

Demand for training in missions
per year at base I

Distance between base I and J
Discount rate
Total fixed costs

unit flyaway cost, in millions,
of aircraft being sinulated

43

Source:

Simulator
SPO
#PCS BRIIP

xPCS 3BiIP

Calculated

Simulator
SPC

Simulator
SPO

Sizulator
SPO

Simulator
SPO
Calculated
AFR 177-135
AFR 178-1
Calculated

AFR 17313
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Variable:

LIKIT

LisCURV

MAXCL

MILERT

1P

(ISPDAY

GAIRC

NAIRK(I)

fialIrC

. TDYD

CBPF1

OBPF2

Table 2.2 (Continued)
1ODEL VARTABLES
leaning:
rlaxinum number of iterations that
may be executed by BB.IP

Learning curve adjustment factor

vaximum central memory available
to run the problem

ilileage rate for mode of travel
to and from simulator location

Number of simulators to be built
per MPCS output, initially
set to N

Simulator missions that can be
accomplished per day

Number of crews assigned to a
standard squadron

Number of air crews at base I

Number of simulator missions
required per crew per year

rumber of TDY days per trip

Officer basic pay factor
(Yon-rated Qfficer)

Cfficer basic pay factor
(Rated Cfficer)
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Source:

1POS BBi.IP

Simulator
SPO

“POS BBiIP

Accounting
and Finance
Office

HPOS BBiHIP

Simulator
SPC

Using com=
mand

Using com=
mand

Using cone-
mand

Using con=
mand

AFR 173=13

AFR 173-13
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Variable:

CBPF3

CFFI

CFFy

Table 2.2 (Continued)
+iODEL VARIABLES

rieaning:

Officer basic pay factor
(Acquisition/Training)

ilumber of officers assigned to
direct operational duty at the
simulator location

Number of officers needed to
fulfill base level maintenance
requirements

Operations and maintenance
officers times officer turnover
factor

Number of officer crew members
and instructors

Permanent change of station costs
Dollars/Officer/Year

Operations manpower costs
Total one time fixed costs
Permanent change of station costs

Per day per diem rate (Airmen)

Per day per diem rate (Officer)

Total recurring fixed costs

Recurring modification costs
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Source:

AFR 173=13

Simulator
SPC

Simulator
3P0

Calculated

AFR 173-13

AFR 173-13

Calculated
Calculated
Calculated

Accounting
and inance
Cffice

Accounting
and rinance
Cffice

Calculated

Calculated
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Variable:

SUPNEL

TDYCST(I,J)

TRANSC(I)

TCVFA

TCOVFO

TOVFP

TOVFRC

TTRAIN
YRS

RO oot S s S “artn A e e it

Table 2.2 (Continued)
MODEL VARTABLES

Meaning:

{liscellaneous support personnel
costs

Current dollar cost for TDY trip
for crew and instructors from
home base to simulator location

Cost of transporting the simulator
hardware to location I

Annual turnover rate factor for
airmen

Annual turnover rate factor for
officers

Annual turnover rate factor for
pilots

Annual turnover rate factor for
rated crewmembers

Technical training costs

NHumber of years analysis spans
Use lesser of aircraftts or
sinulatort's estimated life
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Source:

Calculated

Calculated

Simulator
SPO

ATR 173=13

AFR 173=13

AFR 173=13

FR 173=13

Calculated

AFR 173=13

or Simulator
SPO
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as one in which a large number of entries are equal to zero.
The packed input format assumes any unspecified matrix
coefficients are equal to zero and so only nonzero coeffi-
cients need be input. Using the first demand constraint

of an n = 14 location problem as an example, only 15 of the
211 row entries are nonzero (fourteen 1's representing the
coefficients of XA1’ 131’ XC1’ seesy XH13 and the 'b' column
value)., The remaining 196 zero entries need not be input
and will be set to zero by default when the packed format

is selected,

Once the objective function, demand constraints, and
supply constraints have been determined the problem is
ready for input into MPCS. Integer constraints on Yi’s
are specified in the BBHIP Program, Additionally, the
number of "subject to'" constraints must be specified in the
BBinIP program along with the type of constraint (less than,
greater than, or equality). Because nonnegativity is a
specified requirement for BE.IP the nonnegativity con-
straints do not need to ve restated.

¢nce irnitiated, RBI.IP first searches for the contin-
uous solution., The value of the objective function in the
continuous solution acts as a lower bound for minimization
probvle.s. <uii.IF then proceeds to constrain the first integer
variavle to an integer level within its range, This yields
a linear grogramx which it proceeds to solve. assuming a
feasible solution exists, the first variatle is held at its
selected value and tne second variable is constrained in a
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o like manner, Proceeding in this fashion alternately con-

5

e straining variables and solving the resultant linear pro-

4 gram BBMIP either 1) determines a feasible solution having
constrained all the variables or 2) determines that the in-

’fl : teger choices for the variables constrained do not allow

F! a feasible solution., The first case represents a potential

optimal solution. In the second case it makes no sense to
proceed, since a linear program obtained by adding a con-

straint to a non-feasible linear program must also be

non-feasible., In either case BBMIP makes a new choice for

—

the integer value of the latest constrained variable and
proceeds as before, Once a feasible solution is found it
- serves as an upper bound on the optimal solution, There=-
fore, if at any point in the procedure the objective function
1! for the (partially) :onstrained problem equals or exceeds

the current "best" feasible solution it is unnecessary for

3Bi4IP to proceed further along that branch, Of course,
any additional information regarding specific integer values
or ranges for any of the variables or the objective function
aids greatly in reducing the iterations needed to solve

the problem (10:48=49).

pearning Curve

Cne of the requirements for any LP formulation in

which the objective function is a cost minimization type

is cost linearity. The learning curve phenomenon normally

occurs in large complex operations that involve the use of
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skilled labor, such as airfrane assembly or simulator con-
struction, and presents a nonlinear cost pattern. To allow
the use of linear programming procurement costs will be re-
computed based on the costs of acquiring the number of sinu-
lators indicated by BB3i.IP. The new costs will be placed in
the equations and the BBiIP routine will be reinitiated.
This process will be repeated until the solution stabilizes.
A stable solution represents the minimum cost basing strat-
egy and occurs when the number of units in the RBBi.IP output
equals the number of units used to compute the procurement
costs. For example, BE.{IP could indicate six units based on
the cost associated with a nine unit buy. If costs were
then recomputed based on a six unit buy and EBE.:IP output
still indicated six facilities the solution has stabilized
and represents the minimur cost basing strategy. OUn the
other hand, 3BLIP output may indicate that seven facilities
are to be built. If this occurs the two pivotal solutions
must be forced to stabilize by selectively bounding the ¥,
variables (19:15.1). The costs of the six and seven facility
solutions must then be compared to determine the ninimui
cost basing strategy.

The learning curve phenocnmenon itself is due to man-
agement becoming more skillful in organizing the factors of
production and labor vecoming more adept at executing treir

assizned tasks (¢:602-503).
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Figure 2.1
LEARNING CURVE

Unit
Cost
(Y)

Cumulative Production
(X)
The equation that fits the above learning cirve is
Y =k X"
where

Y = estimated cost of producing the Xth unit
X = cost of producing the first unit
X = the cumulative unit number

g = =2 th ing ind
= Tog 2 = e learning index

@ = the learning rate
(31:302-328)

Unit costs should be available fromthe SPC or contractor.
The learning rate, @, should be in the form of a uniform

rate (i.e. 90 percent, 80 percent, etc.).

BBRi.IP output will consist of the specific locations

of the simulators comprising the wminimum cost alternative,

the cost of the selected alternative, and the projected

level of usage at each location, The cost of the actual
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simulator hardware (COSTHD) must then be recomputed based
on thne number of simulators selected by the model., Because
of learning curve considerations COSTED will be set equal
to the average cost for the specified buy. COSTHD will bve

computed as follows

COSTED = f (CUNIT1)x(I) (LOGLNCURV/LCGZ)
I=1
CUKNIT! = cost of first unit simulator hardware
I = the unit number
LICURV = percentase learning rate {(i.e. .80)
MP = number of simulators selected. i.P

initially set equal to n (number of
potential locations). Thus,

during the initial run of the model the
average contract price will be used.,
Assuming that a learning curve phenomenon
exists and that less than the contracted
number of simulators is indicated by
BBi4IP, a new and somewhat obviously

higher average cost will be input on
the subsequent run,

For example, a per unit cost of 415,000,000 based on a 10
unit buy is no longer valid if only 6 units are to be
purchased. A new per unit cost nmust be computed based on
a six unit buy. Once the procurement costs have been re-
calculated, BEiIP would again be initiated. This cycle
would be repeated until the nuumber of simulators selected
stabilizes. Furthermore, assuming the solution stabilizes
at six units, no further cost recoxsputations are required
as tne uinimun cost solution has been found,
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+ODEL VALIDATION

rijodel validation is the process of insuring that the
model accomplishes what it was intended to do. The two
areas of concern in validation are insuring both the in-
ternal and external validity of the model.

The primary objective of internal validity is to
insure that the computer program actually incorporates
the logic intended. This was accomplished by building the
program in several parts, Each part was then exercised
seperately using simplified problems., Once confidence was
established in the partial programs they were placed in the
main program., BBIIP was validated through the use of sim-
plified problems which were capable of being solved by
enumeration. This process was necessary to insure that the
user's understanding of the various commands and inputs

agreed with what the authors of BBMIP intended. Several

small scale (n = 2,3) runs were made to insure the external
validity of the programs,

sfforts were also directed to ascertain the maximum
problem size, in terms of the number of placement locations,
that the model could successfully handle. As stated pre-
viously, the transportation matrix increases dramatically
as the number of potential facility locations increases.

Through a process of trial and error it was determined that

the model will handle up to fourteen potential locatiorns.

= Although computer memory requirements were quite large
g p q
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(300K) the limiting factor was the Eranch and Bound iixed
Integer Program., Attempts to run problems having fifteen
potential locations resulted in a BBEiiIP initiated warning
stating that the problem was too large, If the computer
memory on the CYRER had been the limiting factor BBuIP
would have printed a warning that the computer meriory re-
sources had been exceeded (10:55),

The primary objective of external validity is to
insure that the model does in fact serve as a useful aid
in decision making. Towards this end this thesis effort
was forwarded to the Simulator SPO and the Cost
Analysis personnel at AFLC. [ir, Robert Coward, Director
cf llew Business at the Simulator SPO, although unable to
take the time away from his primary duties to fully dissect
the model, did find the time to read this thesis and was
extremely interested in the approach taken, In his words,
he has long sought and supported the need for useable
models that provide reasonable alternatives for decision
making (11).

ihir. Stephen R, Klipfel, Chief of the Cost Zstimating
Branch at EJ AFLC/AC/CE, indicated that he felt the logic
incorporated in this research effort with regards to costs
was valid and that all necessary costs were included (i5).
Cne additional cost element, Software Support, was mentioned
for possible inclusion, but it is the researchers' belief

that its behavior would be similar to that of a depot level
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cost and not relevant to this analysis. Further research
concerning the relevance and significance of Software
Support costs needs to be conducted before it could be
included in this model.

Finally, sensitivity analysis will be performed on
those model input parameters which have not lent themselves
to precise estimation., If significant differences in model
output occur while exercising the model throughout the
possible ranges of the parameters further efforts should

be made to refine the input parameters in question.

SU.HARY

The primary purpose of this research is to develop
and validate a mathematical model to assist in optimizing
simulator placement, Economic analysis serves as the con-
ceptual framework for the research. Hajor cost elements
were examined for relevance and significance in the context
of the research, The questions of present value and learning
curve theory are addressed. The chapter also discusses the
construction of the computer program used to build the data
file suitable for use in the Branch and Bound i.ixed Integer
Program (33.IF) of [.PCS.

Tne following chapter demonstrates model capabilities
by discussing the acquisition of the B=-52G W5T. GSensitivity

analysis is also discussed.




Chapter III
DEiiONSTRATION OF lCDEL

This chapter demonstrates the use of the model and
includes a sensitivity analysis. The new simulator for the
3-52 fleet, the ieapon System Trainer (#ST), was chosen to
exercise the model because it is an ongoing major acquisi-
tion project with potentially large cost savings, Some
difficulties were encountered in obtaining data and

several assumptions and estimates of data had to be made,
The results of this analysis nmust therefore be viewed

with some caution, The analysis nevertheless illustrates
the procedure for collecting data and using the model.

The chapter begins with a simplified enumeration of
the linear programming model in equation and matrix forn.
The travel distance matrix used as a starting value for the
variable cost array is also shown, Individual input values
are examined in turn to explore the ramifications of varying
specific parameters and to demonstrate the model's use as

a decision making tool.

SI-PFLIFTLD .ODEL

In the previous chapter, equations 2.1, 2.2, and
2.3 state the general mathematical fora of the model.,
squations 3,1 through 3.9 show a simplified example of the
sodel enumerated for a three location problem, Fi is the

coefficient of Yi and is the computed value of the total one
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tiinimize:

Z = 275618OOYA + 27503440YB + 27525520Y, +

OXA1 + 6887XA2 + 11584XA3 +
6887XB1 + OKBZ + 9711XB3 +
Subject to:

; Demand Constraints
P Demand
- Center
t! A Xa1 + Xy * Xy = Dy (Eq 3.2)
=
§ C Xyz *+ Xpz + X5z = Dg (Eq 3.4)
= Capacity Constraints
- Facility
-.- A - < . [=
& B Xpy *+ Xoo + Xpz = Y.5. < O (Eq 3.6)
- B1 B2 B3 2°B
b < - P ko)
F! 3ounds:
r.:; X520 (29 3.8)
f; [0 if no simulators are
2 to be built at location
= i 5
t Y.= J (Lq 3-9)
Ei * a positive integer if
- simulator(s) is(are) to
;C to be built at location
4 L i
T
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time and discounted recurring fixed costs, Yi may take on
a value of zero or some positive integer and indicates
the number of simulators to be built at location i. The
coefficients of Xij variables in the objective function are i
the discounted costs of transporting crews from location j ‘
to location i,

Figure 3,1 is a nmatrix representation of the three
location problem. To allow input into the BELIP routine,
the data must be arranged with the b column first, the
integer variables next, and then the non-integer variables. T
A large portion of the matrix positions in a facility loca- |
tion problem will be occupied by zeros. BBIIP helps to k
simplify thne data input through the use of a packed format. (
Jdith the packed format, data is identified by its row and
column position and the actual value of the parameter, All
of the positions in the matrix that are not specifically
assigned by row and coluwmn designators are assumed to be
zero, (For an example of BRMIP packed format see Appendix

3)e

3{ZRCISE CF THE [ODEL

The 3~52G Jeapon System Trainer (WST) was chosen to
exercise the model and demonstrate its use as a managenent
decision nmaking tool. The nine B=523 locations used in the
model are the existing B=-52a4 vases at this time., SAC is
currently in the process of rearranging the locations of
its D, 3, and Z mzodel B=52s. .0 accounting for this change
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is incorporated in the demonstration.

Appendix A is the FORTRAX program tnat was used to
calculate the matrix coefficients and assemble them in the
RR[.IP packed format. Table 3.1 is provided here as a quick
and easy reference to the meaning and source of the var-
iables in this demonstration involving the B-52G /ST and
the source of their values.,

Several simplifications were made in this deuon~
stration of the model, For purposes of this demonstration
the manning of the simulators was assumed to be the sane
at all locations. The number of crews demanding simulator
training was assumed to be the same at each location except
for Barksdale which is a two squadron wing. Therefore,
demand for training from Barksdale was set at double the
other bases plus an additional demand equal to three crews
was included because of training requirements for Lighth
Air Force staff and 1st Combat Evaluation Group personnel.
The cost of constructing the building to house the sinu-
lator was also assumed to be the same at any location,
Additionally, per diem rates were assumed to be the same
in all situations.

Figure 3.2 is a matrix of distances between any
two locations in the problem. Since the matrix is reflex-
ive its input into the program to build the data file can
be simplified so that each value in the matrix does not

have to be entered individually (reference Appendix A).
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Variable:

Table 3,1
B=52G WST VARIABLES

reaning:

Airmen basic pay factor
(Non~-rated)

Airmen basic pay factor
(Acquisition/Training)
Number of 341x2 personnel
ﬁumber of 341x4 personnel
Number of 341x6 personnel

Number of airmen assigned to
direct operational duty at
sinulator location I

Humber of airmen needed to
fulfill base level maintenance
requirenments

Operations and maintenance air-
men times airmen turnover
factor

Number of airmen crew members
and instructors traveling to
the simulator location

Annuity factor adjustment to
current year dollars

Permanent change of station
costs Dollars/Airuman/Year

Branch and Bound .iixed Integer
Progran

- Y i - PP P Sy = 2,

Source:

AFR 173-13

AFR 173=13

SAC HQ/XPHD
SAC HY/XPED
SAC HY/XPUD
SAC EQ/XPHD

SAC H3/XPHD

Calculated

Standard B=52
crew
rio instructors

Calculated

AFR 173=13




Table 3.1 (Continued)

B=52G ST VARIABLES

Variable: ineaning: Source:
ELCCUT Cost of constructing the build- Simulator
ing tc house the simulator SFO
ELDALL Default upper bound on all PGS BBIIF
variables not explicitly
named in a bound specification
BLDIXT Default upper bound on all in- rCS ERLTIP
teger variables not explicitly
named in a bound specification
BSMMC Base Systems ilaintenance wsan- Calculated
power Costs
CAPCTY(I) Capacity in missions per year Simulator
of base I simulator SP0O
COSTHD Cost of actual simulator WIST Contract
P” hardware
e CULIT Cost of first unit hardware Simulator SPC

ﬁl DAYPYR Jays per year that the sim- Simulator SFC

. ulator will be operated

% DEAID(I)  Demand for training in mis- SACR 51-52

e sions per year at base I Calculated

b o

@

Py - JF5TSP Defensive Systems Iraining Simulator SFO
g specialist (AFSC 341x2)

o D3FTSS Digital Flight Simulator S3imulator 3FC
e specialist (AFSC 341x4)

E,: DIST.C(I,J) Distance between base I and AFR 177-135

. J
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Variable:
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LiTCST

F(I)
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GHTCST
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Table 3.1 (Continued)

B=-52G YST VARIABLES
“weaning:

Digital Nav/Tac Training
Device Specialist (AFSC 341x6)

Discount rate

B=52 u©lectronic Warfare
Cfficer training costs

Training cost to replace B~52
Zlectronic Warfare Cfficer

Total fixed costs

Unit flyaway cost, in mil=-
lions, of aircraft being
sinulated

Training cost to replace B-52
sunner

B~-52 Gunner training costs

Haximum number of iterations
to be executed by BBHIP

Learning curve adjustment fac-
tor

naximum central memory available
to run tne problem

illleage rate for mode of trav-
el to and froin simulator

3ource:

Simulator SFC

AFR 178=1
Calculated

43 USAF/AC:C

Calculated

AFR 173=13

AFR 173=13

Calculated
~POS BBi.IP

Sinmulator SEC

.PCS BBi.IP

Accounting and

Finance Cffice

iocation
: Lwaber of simulators to be FOS BB..IP
ouilt per ..-C5 output, initially
set to i
67
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Variable:

. 3PDAY

LAIRC

DAIRE(I)
HAV

SGAIRC

JHIDYD

- ~n
I .LRCQ'J.

Table 3.1 (Continued)

B-52G ST VARIAELES
meaning:

Simulator missions that can
be accomplished per day

llumber of crews assigned to a
standard squadron

liumlber of air crews at base 1
B-52 Havigator training costs

llumber of simulator missions
required per crew per year

number of TDY days per trip

Training costs to replace
3-52 lavigator

ufficer basic pay factor
(Jon=rated)

Officer basic pay factor
(Rated)

Officer basic pay factor
(Acquisition/Training)

lumber of officers assigned to
direct orperational duty at tne
simulator location

~uzber of officers needed to
fulfill base level maintenance
requirenents

Cperations ana maintenance

officers times officer turn-
over factor

socurce:

Simulator 3P0

Calculated
Calculated
SACR 51=52

Simulator SPO

B3 USAF/ACHC
AFR 173=13
AFR 173=13
AFR 173=13

3AC Z4/XPUD

A re o~ frrmTT
SAC E3/4rFH:

Calculated
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Variable:

UPCS

CP3i.Al
OTFIXC

PCSCST

PILCT
PRDEHA

PRDE:HO

PTRCST

RCFIXC
REC..0D
SUPHNEL

IDYCST(I,J)

Table 3.1 (Continued)

B=52G WST VARIABLES
iheaning:

Number of officer crew mem-
bers and instructors trav-
eling to simulator location

Permanent change of station
costs Dollars/Officer/Year

Operations manpower costs
Total one time fixed costs

Permanent change of station
costs

B=52 Pilot training costs

Per diem rate (Airman)

Per diem rate (QOfficer)

Training costs to replace
B-52 Pilot

Total recurring fixed costs
Recurring modification costs

miscellaneous personnel sup-
port costis

Current dollar cost of TDY
trip for crew and instructors
from home base to simulator
ilocation

69

Source:

Standard EBE=52
crew
o instructors

AFR 173=13

Calculated
Calculated
Calculated

Calculated

Accounting and
Finance Office

Accounting and
Finance Office

H3 USAF/ACI.C

Calculated
AFR 173=13

4

o}
R

SAC I

Calculated




Table 3.1 (Continued)
B=52G WST VARIABLES

Variable: meaning: source:
. TRALSC(I) Cost of transporting the siu- JST Contract
!. ulator hardware to location I
Ef TOVFA Annual turnover rate factor for AFR 173-13
2 airmen
i. ) .
i | TCVFO Annual turnover rate factor for AFR 173-13
» officers

TOVFP Annual turnover rate factor for AFR 17313

pilots
TCOVEIRC Annual turnover rate factor for AFR 173-13

rated crewmembers

TTRAIX Technical training costs Calculated
£2CCST Training costs to replace AFR 173-13
34142
Ly COST Training costs to replace ATR 173-13
341X
ﬁﬁ X6CCST Training costs to replace ATR 1731
& Sh146
w»
5‘ Y35 Liumber of years analysis spans AFR 173—1#
- Use lesser of aircraft's or f
- simulator's estimated life j
T
R
L
-
.
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Analysis of Results (ZEest Estimate Variables)

The initial simulator hardware costs were based on
buying nine simulator units., The model indicated that tae
purchase of six units (the minimum needed to satisfy the
training demand) would satisfy all constraint. at a lesser
total cost. Hardware costs were recomputed based on a six
unit buy and 3BiiIP was then reinitiated., The solution
stabilized and therefore represents the minimun cost
basing strategy.

Pigure 3.3 is a summary of the solution arrived at
using 3Bi.IP. The figure shows all of the bases from which

sinulator time is demanded and the locations the crews

from each base should go to satisfy that demand, This solu-

tion to the facility location prcblem indicates that sinme-
ulators should be built at Barksdale, Blytheville, 3eyumour
Johnson, Loring, Lather, and Jurtsnmith Air Force Eases.
Simulators should not be built at Fairchild, 3riffiss, or
sarner Robins. All of the demand for training from the
nine bases can be satisfied by six simulators with addi-
tional (slack) capacity at Blytheville and Loring, Fcr

an examvle of 2B..IP output see Appendix D. For the gro-
sraw to iuplement 2BLIF in the ..PC3 library see Apperndix

C.
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SLHSITIVITY ANALYSIS

Several of the variables in this problem could
only be estimated. Other variables were assumed to remain
censtant, 3Because of the imperfect knowledge inherent in
estimation, the input values of these variables were set
avove and below the best estimate value to assess the
sensitivity of the solution to the variable, The best
estinate values of all variables for the problem are shown
in the FORTRAIl program (see Appendix A). During sensitivity
analysis only the value of one variable was changed at a
time, The values for all of the other variables were
maintained at their best estimated-value. The sensitivity
analyses conducted on the variables will be discussed in
turn, 1In addition, Table 3,2 consolidates the results of

the analyses to aid in the comparison of the results.

Learning Curve Factor

The personnel at the Simulator SPO at Yright-
Patterson were contacted and asked for their best estimate
of the learning curve factor that might be expected in the
acquisition of a new simulator system, They surmised that a
94,5 to 96 learning curve factor could reasonably be ex-
vected. Therefore, a 95 learning curve factor was chosen
as the opest estimate to exercise the .:odel.

Analysis runs were first made with the assumption of

& nine unit buy and the cost and learning effect spread

over tnose rine units. The resulting solution showed a
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Table 3.2
SENSITIVITY ANALYSIS RESULTS
Varisble A B C D & F G H I COST
Learning Curve
80% X X X X X X | $163,6UL1,840
8541 X X X X X X 170,248,711
90%| X X X X X X | $177,26L,859
93%1 X X X X X X | $181,673,792
% 95%] X X X X X X | $184,696,979
97%] X X X X X X | $187,787,713
100%] X X X X X X | $192,551,632
First Unit Cost
$13,000,000 | X X X X X X_ | $160,848,353
# $17,000,000 | X X X X X X | $184,696,979
$25,000,000 | X X X X X X | $225,737,636
lileage Rate
$0.00 | X X X X X x| $17,,167,3L6
$0.05 | X X X X X X | $179,525,068
Fi $0.10 | X X X X X X | $184,696,979
$0.16 | X X X X X X | $190,903,262
$0.25 | X ¥ X X X X | $200,212,694
$0.55 | X ¥ X X X X X | $231,045,103
$0.90 | X X X X X X X X | $248, 390,461
$1.15 | X X X X X X X X X | $25L,539,108
Discount Rate
82] X X X X X X | $190,927,565
# 1046 X X X X X X | $18L4,696,97
18%] X X X X X X | $172,293,419
Per Diem Rate
$20 | X X X X X X | $181,179,82L
# $35 | X X X X X X | $184,696,979
$50 [ X X X X X X | $188,214,125
# DBest Estimate Solution
75
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I Table 3.2 (Continued)
SENSITIVITY ANALYSIS RESULTS
;. Variable A B C D E F G H I COST
i Useful life
e 5 Years | X X X X_X X | $158,76L,053
- % 10 Years | X X X X X X | $1814,696,979
16 Years | X X X X X X | $200,799,273
Personnel Support
$ 50,000 | X X X X X X | $182,853,60
3 $100,000 [ X X X X X X | $184,696,979
$150,000 | X X X X X X | $186,540,343
Crews/Base
12 | X X X X X $155, 379,682
1§ | x X X X X $159,580, 302
3 16 1 X X X X X x | $18L,696,979 |
18 | X X X X X X X | $2c8,314,875
20 | X X X X X X X1 $216,912,479
Missions/Crew
3 # 4o | X X X X X X | $18L,696,979
2 Wl X x X X_X X | $186,490,318
% 48 1X X X X X X X | $210,535,538
i. 51 1 X X X X X X X | $214,60L,50L
- 62 | X X X X X X X X | $230,421,290
* Missions/Day
- 31X X X X X X X X | $227,9L4,863
4 g L X X X X_X X | $184,696,979
& S 1x X X X X | $158,690,430
% DBest Estimate Solution
t
;
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six unit buy would satisfy demand and optimize cost. The
model was then run again assuming a six unit buy and dis-
tributing the learning effect and cost savings over those
six units,

Analysis runs were umade with learning curve factors
of 8034, 85%, 904, 935, 95i, 97%, and 1005, An 80/ learning
curve factor was considered the most optimistic that might
be expected and 1005 provided a base line comparison with
no learning effect,

Figure 3.4 shows the results of the learning curve
analysis. Although varying the learning curve factor re-
sulted in the same solution with regard to the number and

locations of simulators, a difference of nearly %29 willion

L
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Figure 3.4
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exists between the costs obtained when using the most op-
timistic leawrning curve factor (807) and the most pessi-

mistic factor (100%).

Tirst Unit Cost

In order to use the /3T program to exercise the
model a significant assumption concerning hardware costs
nad to be made, The JUST simulators were purchased from the
Singer Coampany in lot buys with each unit in the lot at
the same fixed price., R & D costs were recovered by
3inger on the sale of the first two lots. Succeeding lots
were priced significantly less.

In order to demonstrate the model's ability to
incorporate learning curve effect a first unit cost was
needed, This value was estimated by taking a simple av-
erage of the unit prices for all the lots, This average
vwas then rqunded off to 17 million.

Analysis runs were made assuming a six unit buy,

a learning curve factor of 954, and a first unit cost of
»13 million, which approximated the unit price of the first
lot (see Figure 3,5). Zach run resulted in an optimal
solution that was identical to the best estimate solution
with regard to the number and locations of the simulators.
The unit rrice of the hardware is the single largest cost
coaponent, As expected the change in the first unit cost
produced a very significant linear change in the total cost

of the project,
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Figure 3.5

«~ileage Rate

For this exercise it was assumed that travel from a
location without a simulator to a location with a simulator
would be accomplished in one of three ways. First, B-=52
crews could fly a normal training sortie but instead of
landing at their home station they would land at another
B=52 base that had a simulator, After accomplishing their

simulator training, planning a return mission, and obtain-

s XA I 4 U LIRS .
BUARAETEY \CIREIRIPARN R

4 ing any required crew rest the crew would fly another

G

E regular training mission and land at their home station.
f The mileage costs in this instance would be zero since the
E@ cost incurred for the aircraft, fuel, maintenance, etc,
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}f would have been incurred anyway under normal training.
§ ! A second mode of travel would be by government or
?! private auto. The FORTRAll progranm for computing and build-
; ing the data file allows the user to simply insert the
5¥1 appropriate POV mileage rate or similar cost factor rate
!! for a government auto,
i The third mode of travel would be by commercial air-
Ej' lines. If this is the assumed mode of travel for the ana-
t‘ lysis, the (2 x DISTNC(I,J) x ILZRT) factor in the TOYCST
(I,J) equation (see Appendix A) should be replaced by a
cost array representing the round trip ticket price per
person from base I to J.

In exercising the model a cost per mile rate of
o +¢ 10 was used, The cost of an airline ticket between
p! several of the locations of interest were obtained from the
Scheduled Airline Ticket Cffice (SATC) at .right-Patterson
ﬁi AFBe These costs were then divided by the app.opriate dis-

tances vetween the locations, A cost per mile rate ranging

e 2 R
.

vetween ,.04 and .07 was obtained., Jith a FCV rate of

e 16 per mile, 3,10 per mile appeared to be a reascnable

Rt

.4
g .
N s el H L

estimate to begin the analysis.

e M

Varying the mileage rate from zero up to ..25 ver
si1le resulted in the same number and lccation solution as
tre oest estimate solution, The optimal solution cost
varied by over 25 million with the change in mileage rate

(see rigure 3.6).
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225 -

200 7T

Cost
(Millions of Dollars)

150-<E - ‘ |

005 010 015 020 .25
Mileage Rate
Figure 3.6

Since varying the mileage rate from zero to 225 per
mile resulted in the same solution with respect to the
number and location of the simulators, it was of interest
to determine the mileage rate where it becane
more cost effective to have additional simulators. Figure
3.7 shows the results of varying the mileage rate from zero
to 31.25 per mile. As the gravh shows, when the cost per
mile reaches 3.55 it is better to build a seventh simu-
lator. In the same way when the cost reaches 590 and
51.15 it is better to build the eighth and ninth simula-
tors. This analysis indicates that with all other factors

remaining the same the travel cost would have to raise to
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approximately #1.15 per mile before it became cost effect-

ive to build a simulator at each demand location,

—————

[ 9
250 ‘/8/

I Simulator
I 7 Locations

2]
= 22571
—4 P
posry
(o] 4
a
X
o 6 Simulator
© @200 Locations
-
4
p
o
E

" .25 .50 .75  1.00  1.25
Mileage Rate
Figure 3.7

PDiscount Rate and Useful Life

The model uses a discount rate and an estimate of the
useful life of the facility to calculate an annuity factor.
The cost factors in the model are then multiplied by the
annuity factor to adjust the cost streams to their present

values., 4 standard Air Force planning factor rate of 10%
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Was used as the best estimate of the discount rate (24:3-3),
According to AFR 173-13 the estimated useful life of a
major electronic system is 10 years (28:1-1). This value
wWas used as the projected useful life of a simulator and
therefore represents the timespan of the analysis. Figure
5.8 shows the change in total cost of the project as the
discount rate goes from 83 to 15%6. Figure 3.9 shows the
change in total cost as the number of years in which ex-

bpenses are incurred is varied from 5 to 15 years.

Per Diem Rate

The variable cost component of this model includes
not only the travel costs for the crew to and from the
simulator location but also the per diem cost to cover
food and lodging while the crew is away from their home
station, For simplicity the per diem rate was assumed to
be the same at all locations, This simplification nay
not ve realistic in all applications of the model, and
the model would therefore have to be modified to allow per
diem rates to be input by specific location,

The travel pay section of the Accounting and Fi-
nance Office at Uright-Fatterson AFE was contacted for a
best estimate of the per diem rate to be used in the model,
Their information showed that »50 per day was the maximum
rate except in special high cost areas and that ;20 per day

was a reasonable mininua, Sensitivity analysis was therefore
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accomplished at the minimum, maximum, and mid-point rate of
335 per day.

Figure 3,10 shows the relatively small change that
per diem rate changes made on the total costs of the opti-
mal solutions. All solutions agreed with the best estimate

solution with respect to the number and location of fac-

ilities.
225 ¢+
? p
| 9 J
-}
~ .
2 200 t
e p
0
Q O g
(&
) 3
c: /'/
2 '
-~ 175 T
—4
ot 4
= .
1 (O 4
5 b4 ‘

$20 T 83 7 $50
Per Diem (Lollars/Day)
rigure 3,10

~.iscellaneous Personnel Support Costs

The various cost components that are included in
this recurring fixed cost category are listed in Chapter
II. A best estimate of this cost factor was obtained frou

SAC Headquarters. The estimate was based on a computerized

85
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Cost Criented Resource Estimating (CORE) model and totaled
3100,000 (20). Because of the uncertainties involved in
this estimated cost, sensitivity analysis was accomplished
using values 50% higher and lower than the SAC provided
estimate, Figure 3.11 shows the very small change thi;

factor caused over the range of analysis.

p

22517

2001

1 75-b

Cost
(Millions of Dollars)

150;{

50 100 150
Personnel Support Costs
(Thousands of Dollars)

Figure 3,11

venand For Training

Demand for simulator training was analyzed from two
points of view, TFirst, the number of aircrews per base was
varied, Sixteen crews per base was set as a best estimnate
starting value, This value was then increased and de-

creased by 25». The second method of analysis was to vary
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the number of simulator training missions each crew would
require, Forty simulator missions per crew per year was
determined to be a best estimate of the minimum training
required. This minimum value was then increased by 105,
205, and 304 in order to determine any changes in the num-
ber and location of simulators caused by the increased
demand. Additional runs were also made in both cases to
find the break points where it became necessary to have
another simulator in the solution,

Figure 2,12 shows the results of varying the number
of crews at each base. Five simulators were enough to
satisfy the demand until the size of the crew force ex-

ceeded fourteen crews per base., Six simulators were enough

225+

r 7 Simuiator
200 ¢+ Locations

6 Simuiator
175 + Locations

Cost
(Millions of Dollars)

5 Simulator
J. LocaPions

150

v ¥ ]

—t 3
Demand
Aircrews Per BRase

Figure 3,12
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to satisfy the demand until the size of the crew force

!i exceeded eighteen crews per base. Figures 3.13, 3.14, and
oo 3.15 show which locations were selected and where training
would be accomplished for the best estimate solution and
ii the break point solutions,

Figure 3,16 shows the results of varying the num-
ber of missions per aircrew. Six simulators satisfied the
demand until more tnan 44 missions per crew were needed.
Seven simulators satisfied the demand until more than 51
riissions per crew were demanded., If more than 54 missions

per crew per year was needed, a simulator would have to be

R GEAONEGREY 7 ATROTRERRES
. t T .. . A ) . f e . A .

built at each of the nine locations. Figures 3.17, 3,18,
and 3,19 show the locations selected and where training

would be accomplished for each of the break points.

Capacity

The best estimate of the capacity of the simulators
was arrived at with the aid of the ¥WST personnel working in
the Simulator SPC at right-Patterson AFB. The current
plans are to operate the simulators sixteen hours per day
six days per week. Capacity in number of hours per day was
restated in the number of missions per day by assuning that
a siuulator training mission would take four hours. There-
fore, estimated capacity equaled four missions per day.
This best estimate was varied to accomplish three and five

zissions per day which would be eguivalent to operating

38
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the simulator for twelve or twenty hours per day. Dis-
regarding Sundays and holidays approximately 300 days per
year are available for training.

Figure 3,20 shows the cost of the optimal solution
in each of the cases analyzed and the numpber of simulators
required in each solution, Figures 3.21, 3.22, and 3.23
show the location selected and where training would be

accomplished for each of the cases analyzed.
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SUiiARY

This chapter is an analysis of a simulator location
problem which is presented to demonstrate the use of the
model as a management tool. The B-52 \leapon 3ystem Trainer
program was used as a basis for the demonstration., Because
of the inability to obtain all of the factual data needed
and several simplifications that were made, any conclu=-
sions drawn from the demonstration should be viewed with
caution,

The use of the model was demonstrated and sensiti-
vity analysis conducted., Only one variable at a time was
changed while all others were held at the best estimate
values. This is not a necessary condition of the analysis
but was done so that the impact of a specific variable
would be more readily apparent., Any combination of varia-
oles can be adjusted in the model in order to find the

answers to a wide range of "what if" questions,

This model is not designed to be the '"decision
naker'", It is a management tool that requires the user to

gather and organize the data. The model allows the user to

EVTY' 2

L
i
4

nanipulate the desired variables and assess their inmpact
on the problem solution. An optimal numeric solution is

provided but is solely based on cost. It nust be under-

stood that not all of the variables relating to the basing
decision can be quantified. This model does however pro-

vide the decision maker with a valuable data source to aid

A4 2040 AL VAL SN
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in the decision process,
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- CHAPTER IV
'] CONCLUSIONS AND RECOMMENDATIONS

This chapter contains a summary of the research
effort and discusses the results and conclusions reached

through this thesis. Following this, a number of possible

T

areas for further research are detailed,

I
).

SUMMARY OF RESEARCH EFFORTS

An extensive literature review did not disclose
any acceptable solutions to the problem of analyzing alter-
native basing strategies., Model development began with
a detailed discussion of the costs associated with alter-
native simulator training basing strategies.

The cost elements were collected into fixed and
variable accounts, Recurring fixed costs were discounted
and added to the nonrecurring fixed costs to arrive at a

single fixed cost value, Variable costs were also dis-

j counted, Once single values for the fixed and variable
costs had been determined and the constraint equations

specified the problem assumed the form of a warehouse

SRS 2 § CRECEONC

location exercise., The use of a computerized mixed integer
programming algorithm was necessary due to the size of the
transportation matrix.

Learning curve theory was also incorporated into
the methodology. To overcome the linearity requirement

of linear programming an iterative strategy was selected
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through which procurement costs were recomputed based on
the number of simulators selected, This cycle was repeated
until the number of simulators selected stabilized, iiodel
capabilities and a sensitivity analysis were demonstrated

using data from the B=52G WST program.

CONCLUSIONS

The use of flight simulators will continue to
increase due to
1) the rising costs of aircraft flight operations,

2) the inherent safety and control provided by
simulators, and

3) the population's increasing concern with noise
and air pollution,

The movement towards greater realism or fidelity
in simulator operations has and will continue to be a
driving force behind the increasing costs of simulator
acquisition, The rising costs of simulator acquisition
and support coupled with the fact that aircrews are sta-
tioned at numerous geographic locations provides the
impetus for modeling a cost effective solution to simulator
basing,

This research effort has led to the most complete
determination to date of the costs of alternative simulator
basing strategies, The cost element table contained in
Chapter II defines the various costs of simulator training

in terms of behavior, relevance, and significance, Costs
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Which did not vary in response to changes in the number
or location of the simulators were deemed not relevant.
Additionally, costs which were relevant but of minor con=-
sequence were deemed insignificant.

A fixed charge mixed integer programming model was
developed to estimate the costs of alternative basing
strategies, Furthermore, given 1) the number and location
of aircrews needing training, 2) the potential simulator
locations, and 3) the necessary cost data as defined in
Chapter II, the model will yield the minimum cost simu-
lator basing strategy (number and location of simulators)
which satisfies the training demand.

Model capabilities were demonstrated after gathering
data concerning the B=-52G WST. Model output using best
estimates of the input variables indicated that six WST's
could satisfy the training demand. The WST's could be
located such that a significant cost savings would be
realized by trading off increased transportation costs

for reduced fixed costs.

RECOMMENDATIONS

The research accomplished thus far has resulted in
the following recommendations for future research related
to developing a model for the comparison of the costs of
alternative simulator basing strategies,

1) The model does not address the potential cost savings

resulting from the placement of multiple simulators at
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2)

3)

one location, The savings in terms of reduced support
costs may be substantial.

An investigation of software support costs should bve
conducted to ascertain the relevance and significance
of this cost element with respect to this research
effort.

The model, as presented, includes only monetarily
quantifiable costs, Major subjective inputs, such as
commander preferences regarding simulator placement,
may be possibly included by the use of utility function

or goal programming techniques.
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PROGRAM SIM
THIS IS A PROGRAM TO EXAMINE OPTIMAL SIMULATOR LOCATIONS

REAL ABPF1.ABPF3.0BPF1.0BPF2.G3PF3

REAL APCS,OPCS,TOVFA.TOVFO,DR

REAL TRANSC!{14),F{14),PILOT.. AV, ,EW,GUNS

REAL BLCONT(14),COSTHD,LNCURV ,MILERT

REAL FAC,NMTOYD,PRDEMO,PRDEMA.DAYPYR,CUNITI]
REAL NAIRC,NMAIRC,TDYCST{(14,::),CAPCTY(14)
REAL RCFIXC,OTFIXC{(14).DEMAND(14) ,DISTNC{:4,14)
REAL OFSMAN,BSMMC,SUPNEL,TTRAIN,PCSCST,.XECMOD
REAL DFSTSP,DGFTSS,DNTTDV

REAL AFSCX2,AFSCX4,AFSCX6

REAL X2COST,X4COST,X6COST

REAL TOVFP,TOVFRC,PTRCST,NTRCST,EWTCST,GNTCST
INTSGER I,J.K.M.N

INTEGER AMN1,AMM2,AMN4 ,AMNS

INTEGER OFF1,CFF2,.0FF4,0FF5

INTEGER MSPDAY, YRS

INTEGER NAIRK(14),MP

AMN1(1) = NUMBER OF AIRMEN (OR CIVILIANS OF SIMILIAR PAY GRADE)
THAT ARE ASSIGNED TO DIRECT OPERATIONAL DUTY AT
SIMULATOR LOCATION 1

NUMBER OF AIRMEN (OR CIVILIANS OF SIMILIAR PAY GRADE)
NEEDED TO FULFILL BASE LEVEL MAIMTENANCE REQUIREMENTS
FOR SIMULATOR OPERATIGNS

(AMMI(I) + AMNZ2{(I))}*TOVFA

WUMEBER OF AIRMEN CREW MEMBERS AND INSTRUCTORS
TRAVELING TO THE SIMULATOR LOCATION

AMN2(1)

AMN&{I)
AMNS{ 1)

TOVFA = ANNUAL TURNOVER RATE FACTOR FOR AIRMEN

OFF1(I) = NUMBER OF OFFICERS {(OR CIVILIAN OF SIMILIAR PAY GRADE)
THAT ARE ASSIGHED TO DIRECT CPERATIONAL DUTY AT
SIMULATOR LOCATION I

OFF2{(1) = NUMBER OF OFFICERS (OR C:IVILIAN OF SIMILIAR PAY GRADE)

NEEDED TO FULFILL BASE _EVEL MAINTENANCE REQUIREMANTS
FOR SIMULATOR OPERATIONG

OFF4{1) = (OFF1(I)+0OFF2(I1)+)*TOVFS

OFF3¢1) = NUMBER OF OFFICER CREW MEMBERS AND I:ISTRUCTORS
TRAVELING TO THE SIMULATOR LOCATION

TOVFO = ANNUAL TURNOVER RATE FACTUR FOR OFFIZZRS

ABPF1 = AIRMEN BASIC PAY FACTOR <{(NON-RATZID)

QBPF1 = CFFICER BASIC PAY FACTOR {NON-RATZO!

OBPF2 = OFFICER BASIC PAY FACTOR (RATED OFFICER)

ABP-3 = AIRMEN 3ASIC PAY FACTOR <(ACQUISITION/TRAINING)

OBPF3 = OFFICEX 3ASIC PAY FACTOR 'ACQUISITINON/TRAINING)

APCS = PERMENENT CHANGZ OF STATIO!N COST (DOL_ARS/AIRMEN/YR)
OPCC = PERMENENT CHANGE OF STATIZ! COST ' .TLLARS/OFFICZR/YR)

OTFIXC(I) = TOTAL ONE TIME FIMED <JST OF SI. 'LATOR 1

CUNiITl = COST OF FIRST UNIT HARDWARE

COSTHD = COST OF ACTUAL SIMULATOR -~ARDWARE

TRANSC{I) = COST OF TRANSPORTING T-£ SIMULATTI TO LOCATION I
BLCOHT(I) = COST OF CONSTRUNCTING ."ND OQUTF:IT"IMG THE 3UILDING TO
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JdOUSE SIMULATOR
LNCURV = LEARNING CURVE ADJUSTMENT FACTOR
DISTNC(I,J) = TRAVEL DISTANCE BETWZEN HOME CASZ I AND SIMULATOR
LOCATION, INITIAL INPUT STARTINMG VALUE
FOR VARIABLE COST ARR.:Y
MILERT = MILAGE RATE FOR MODE OF TRAVEL TO AND FROM
SIMULATOR LOCATION
PRDEMA = PZR DAY PERDIEM RATE (AITMEN)
PRDEMO = PSR DAY PERDIEM RATE (OF7:ICER)
NMTDYD(I) = NUMBER OF TDY DAYS PER TRIP
NAIRC = MUMBER OF CREWS ASSIGNED 7O A STANCARD SGQUADRON
NAIRK{(I) = NUMBER OF AIR CREWS AT BASE 1
NMAIRC = NUMBER OF SIM MISSIONS RZQUIRED PER CREW PER VYEAR
FAC= UNIT FLYAWAY COST, IN MILLIO:!!S, OF AIRCRAFT BEING SIMULATED
ANNFAC = ANNUNITY FACTOR ADJUSTHMEMT TO CURRENT YEAR DOLLARS
MSPDOAY = SIMULATOR MISSIONS THAT CAN BE ACCOMPLISHED PER DAY
DAYPYR = DAYS PER YEAR THAT THE SIMULATOR WiilL BE OPERATED

DFSTSP = DEFENSIVE SYSTEMS TRAINING SPECIALIST

AFSCX2 = NUMBER OF 341X2 PERSONNEL

X2COST = TRAINING COST TO REPLACE 241X2

DGFTSS = DIGITAL FLIGHT SIMULATOR SPECIALIST (AFSC 341X4)
AFSCX4 = NUMBER OF 341X4 PERSONNEL

X4COST = TRAINING COST TO REPLACE 341X4

DNTTDV = DIGITAL NAV/TAC TRAINING DEVICE SPICIALIST {(AFSC 341X6)
AFSCX6 = NUMBER OF 341X6 PERSONNEL

X6COST = TRAINING COST TO REPLACE 341X6

PILOT = B-52 PILOT TRAINING COSTS

TOVFP = PILOT TURNOVER FACTOR

PTRCST = TRAINING COST TO REPLACE B-52 PILOT

NAV = B-52 NAVIGATOR TRAINING COSTS

TOVFRC = TURNOVER FACTOR FOR NON~PIiLOT RATEC CREWMEMBERS
NTRCST = TRAINING COST TO REPLACE 8-52 MAVIGATOR

EW = B-52 ELECTRONIC WARFARE OFFICER TRAINING COSTS
EWTCST = TRAINING COST TO REPLACE 3-52 zLECT WARFARE OFFICER
GUNS = 3-52 SUNNER TRAIMING COSTS

GNTCST = TRAINIHG COST 7O REPLACE 2-52 GUNHNEDR

OPSMAN OPZRATIONS MANPOWER COSTS

BSMIIC = BASE SYSTEMS MAINTENANCE MANPOWEZR COSTS
SUPHEL = MISC. SUPPORT PERSO!IEL COSTS
TTRAIN = TECHNICAL TRAINING COST
PCSCST = PERMENENT CHANGE OF STATION COSTS
RECMOD = RECURRING MODIFICATION COSTS
DEMAND(I)=DEMAND FOR TRAINING IN MISSIONS PER YEAR AT BASE I
CAPCTY(I)= CAPACITY IN MISSIONS PZR YEAR OF 3ASE I SIMULATOR
MP = NUMBER OF SIMULATORS TO SE BUILT PER MPOS OUTPUT,
INITIALLY SET TO N
DR = DISCOUNT RATE
YRS = NUMBER OF YEARS ANALYSIS SPANS
USE LESSER OF AIRCRAFT'S OR SIMULATOR'S
ESTIMATED LIFE
: ; NUMBT® OF POSSIBLE GIMULATOR LCCATIONS

AMN1=2
AMN2=23

OFF5=E
OBPF1=23273.0
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0BPF2=36239.0
TOVFO=,Q86
PRDEMO=35.8
APCS=51J.8
oPCS=1408.0
FAC=38.9
NAIRC=15.8
NMAIRC=45.0
NMTDYD=3.2
CUNIT:=17008083.9
MILZRT=0.18
LNCURV=1.3
TRANSC(1)=81434
TRANSC(2)=23373
TRAMSC(3)=45154
TRANSC(4)=111049
TRANSC(5)=5429
TRANSC(6)=54832
TRANSC(7)=132785
TRANSC(8)=16286
TRANSC{9)=16286
DO &6 I=1,N
BLCONT(I)= 3750990.9

a6 CONTINUE
DR=.19
YRS=12
MSPDAY=4
DAYPYR=309.4
MP=9
AFSCX2=9
X2COST=8894
AFSCX4=9
X4C0OST=14359
AFSCX6=13

. X6COST=16819

- TOVFP=_142

.- TOVFRC=.108

PTRCST=399585

NTRCST=138109

EWTCST=123597

GNTCST=312366

i
-
[

COMPUTE ANNUITY FACTOR BASED ON DISCOUNT RATE AND YEARS
Of QPERATION
ANNFAC = (1 - (1+ DR)I**(-YRS))/DR
908 FORMATIS5X,13,3X,I3,3X,F13.2)

_,,'---
AL AR A
VA
. . o

1

OPERATIONS MANPCWER
OPSHAN= (AN I *ABPF 1)+ (OFF 1 *0BPF2)

i
L

BASE SYSTZIMS MAINTENANCE MANPOWER
BSMMC=(AMN2*ABPF1)+{OFF2*0BPF i

LAn b 0t sl g
B e
i .

-4

MISC PERCZONMEL COSTS FOR SUPPORT XF SIMULATOR QPERATICNS
SUPNEL=733.79+21600

TECHNICAL TRAINING COST
DFSTSP=TOVFA*AFSCX2*X2COST
DGFTSS=TOVFA*AFSCXi*X4COST
DNTTOV=TCYFA*AFSCX6*X6COST
PILOT=TCVFP*2*PTRCST
NAY=TCVFRC*2*NTRCST

Pl el -"."I
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EW=TOVFRC*2*EWTCST
GUNS=TOVFRC*2*GNTCST
TTRAIN=DFSTSP+DGFTSS+ONTTOV+P ILOT+NAV-EW+GUNS

PERMANENT CHANGE OF STATION

AMNZ = (AMN]1 + AMNZ) * TOVFA
OFF4 = (OFF] +OFFZ ¢ *TQVF~

PCSCST=(AMN4*APC3)+(OFF4*0PCS)

RECURRING MODIFICATION CGST
RECMOD=9220*(FAC**.74116)

CALTULATE TOTAL RECURRING FIXED COSTS
RCFIXC=0PSMAN+BSMMC+SUPNEL+TTRAIN+PCSCST+RECMOD
RCFIXC=RCFIXC*ANNFAC

PROCUREMENT COST
COSTHD=0 .0
DO 45 I=1,MP
COSTHD=COSTHD+CUNITI*I**(ALOG1O(LNCURV)/ALOG1Z(2.))
25 CONTINUE
COSTHD=COSTHD/MP
DO 14 I=1,N
OTFIXC(I)=TRANSC(I)+BLCONT(I)+COSTHD
- 10 CONTINUE

CALCULATE TOTAL FIXED COSTS
M=g
DO 27 I=1.N
FUI)=RCFIXC+OTFIXC(I)
WRITE(1,902) M.I,FL1)
20 CONTINUE

IVngNAPORTIOh OF THE N BY N DISTANCE MATRIX ABOVE THE MAIN
L.

DISTNC(1,2)=409

DISTNC(1,3)=1846
DISTNC(!,4)=2879
DISTNC(1,5)=1426
DISTNC(1.56)=2€35

DISTNC(1,7)=1931
DISTNC(1,8)=661
DISTNC(1.2)=1220
DISTNC(2.3)=792
DISTNC{2,4)=2013
DISTNC(2,5)=1056
DISTNC(2.6)=1664
DISTNC(2.7)=2127
DISTNC(2.8)=542
DISTNC{2.2)=836
DISTNC(3,4)=2625
DISTNC(3,5)=663
DISTNC{(3,6)=1125
DISTNC(3,7)=2859
DISTNC{(3.8)=468
DISTNC(3.9)=948
DISTNC(4,5)=2457
DISTNC(4,6)=2787
DISTNC(4,7)=2839
DISTNC(4.8)=2480
DISTNC(4,9)=1914
DISTNC(5.6)=660

DISTNC(5.7)=2775
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DISTNC(5,8)=10654
DISTNC(5,9)=598

DISTNC(6,7)=3294
DISTNC(6,8)=1533
DISTNC(6,9)=1114
DISTNC(7,8)=2563
DISTNC(7,9)=2447
DISTNC(8,9)=1913

DO 25 I=1,N
D0 25 J=1,N
IF (I.LT.J) THEN
DISTNC(J,1)=DISTNC(I.J)
ENDIF
25 CONTINUE

CALCULATZ VARIABLE COST IN MPOS PACKED FORMAT
00 32 I=1,N
0O 37 J=1,N
IF (1.EQ.J) THEN
TOYCST(I[,J)=0.2
ELSE
TOYCST(1.J)= (OFFS*PRDEMO + AMNS5*PRDEMA )*
o NMTDOYD + 2*DISTNC(I,J)*MILERT*(OFFS5+AMNS)
TOYCST(I.J)=TDYCST(I,J)*ANNFAC
ENDIF
39 CONTINUE

OUTPUT FILE IN MPOS PACKED FORMAT
M=g
K=N
DO 49 I=1,N
D0 44 J=1,N
K=K+1
IF (TDYCST(I,J) .GT.8.0) THEN
WRITE(1,908)M,K,TDYCST(1,J)
ENDIF
49 CONTINUE

CALCULATE ANNUAL DEMAND FOR LOCATION I
D0 45 I=1,N
NAIRK(I})=NAIRC
45 CONTINUE

ENTER NUMBER OF CREWS AT EACH LOCATION I
IF DIFFERENT FROM STANDARD BASE CREW MANNING
NAIRK(1)=35
0O =7 I=1.N
DEMAND(I)=NAIRK{(I)*NMAIRC
59 CONTINUE

VRITEJD%MAND I MPOS PACKED FORMAT

DO 62 I=1,N
WRITE
6g CONTINUE

R=1.0
00 79 I=1,N
0O 73 J=1,N
WRITE(1.,908) 1.(I{N"J)+I),R

(1.990) 1,J.DEMANDIIT)
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CONTINUE

CALCULATE ANNUAL CAPACITY FOR SIMULATORS

99

DO 84 1=} ,N
CAPCTY(1)=MSPDAY*DAYPYR
CAPCTY(I)={-1)*CAPCTY(])
WRITE(1,988) (1+N),I,CAPCTY(])

CONTINUE

R=1.9
D0 94 I=1,N
DO 99 J=i,N
WRITE(1,909) (I+N),{(N*I)+J),R
CONTINUE

STOP
END

AR e I T, ﬂ‘--.."_“.‘_\ A V. DU V.
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APPENDIX B

EXAMPLE OF MPOS
PACKED FORMAT

PO I RTINS
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QOOOOOOOQGQOQOOOOOODOOOOOOO

WRNDNSLPWND OO OO000O0O

MW NP A

il adl ol )
SN U E NN e

13
19
21
22
23
24
25
26
27
23
27

81
g2
33
44
a5
86
57

89

27343733400
27285427,00
2730750 .00
27373404.00
27267734400
27317187.00
27375050400
27278641.00
27278641,00
6886483
11583.74
19200.54
i438S.04
18768411
18107.27
8T44.%5
12856672
6E€86.53
2710.27
18713.89
11857 .47
16140.55
19554.47
7667450
1003331
11583.74
9T710.67

11343.41
1286372
10035431
10302.15
17983.92
8230.42
1208%.13
21913.38
1133041
1409.00
6%C.00
541N,93
v30.00
6540.00
£30.09
647.00
uQG.Ofl
640,30

1 10
1 19
1 23
1 37
1 845
1 35
1 64
1 73
1 32
2 11
2 20
2 20
2 3=
2 47
2 54
2 55
2 74
2 83
9 13
9 27
9 36
9 45
2 54
9 63
2 72
9 21
9 30
10 1
11 2
12 3
13 5
14 5
15 A
16 7
17 A
18 3
10 10
10 11
10 2
10 15
10 13
10 15
10 15
10 17
10 14
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1.01
1.00
1.00
1.00
1.00
1.00
1.06
1.00
1.00
1.00
103
1.00
1.0"
1.0"
1.0C
1.00
1.00
1.920

1.09
1.00
1.0C
1.00
1.0C
1.00
1.00n
1.00
1.00
-1200.00
=1200.00
-1206.00
-1200.00
-1200.00
-1200.90
-1270.00
-1200.00
l.00
1.0N
100
1.00
100
1.00
1.00
180
1.00
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APPENDIX C

CONTROL CARDS TO IMPLEMENT
FOURTEEN LOCATION MPOS PROGRAM
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p) 85iIP
S TITLE
S SIMULATOR COSTING
. INTEGER .

_ Vi TQ Y14

- YARTABLES
e Y! TO /14
W MAL TO HAl4
L XZ1 TO X214
e Welv TO vC14
LN ST OTO ND14

. FTLOT0 HEl4
! XFL TO ¥F1ia
e NG1 TO XG1l4
o Wl TO XHL4
: “TL TO X114
- M3l TO %J14
0 K41 TO XK14
. XL1 TO ¥L14
; ¥itl TO XM14

NPT OTO XH14
fo 2%z

MINNIMIZE

Z ISTRAINTS 28
B7IGOIIIOTIBT++++ 4+ 44444444
PEWIMND

FCRMAT
(TNLI3L3X,.I13.3X.F13.2)
RZAD TAPELlM

27 34LL 1409
8XNIIUT 3

L2AIT 3999

LT b
R A R
- et e

A

te b1 8,
e EL
)
be tauterte

lek

acicn P s a0ng
s i
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APPENDIX D

EXAMPLE OF MPOS OUTPUT
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ﬂ: SAN0J3s @89t" = JWIL NOILVISNVYL L1NndNI
{

i, VINX - @12 EINX - 6O Z2INX - 802 TINX - /@2 PINX - 902 GHX

‘ 8NX - vg8¢ LNX - E02 9NX - 282 SHX - T@2 YNX - g1 oy
: ZNX - 861 THX - /el PIWX - 961 EIHX - S61 ZIWY - tel TTHX
. AINX - 261 6WX - 161 eHX - 061 LHX - 681 WX - €31 SHX
i ruxX - 981l EWX - sal ZHX - 81 THA - E81 yIIX - Z81 €11X
T 21X - g8l 111X - 641 AIIX - BL1 61X - LL1 81X - 9.1 L1X
', 91X - ¥L1 SIX - €41 vIX - 2L1 €IX - 141 SIX - /L1 11X
- vIAX - 891 EIAX - £91 SIAX - 991 TI3X - §91 FIXX - 91 €4X
g 8NX - 291 LAX - 191 93X - #91 SAX - 6S1 FAX - 861 €14
= ZAX - 9st A% - §S1 vicx - v¥S1 EICX - ESI cItX ~ 251 tiey
) gIcxX ~ Pslt 6CX ~ 6V1 8rxX - 8¢l LCX = LYl 9ICX - 9vl LEADR
- vOX - ¥rl ECX - EVI eX - 2rl Icx - 1vl vIIX - Ovl EITX
" 211X - BE1 T1IX - (LE1 ATIX - 9¢1 6IX - SET - 8IX - ¥CI LU¥
= 9IX - 2€1 SIX - [E1 PIX - OEL - EIX - 621 ZIX - 821 11X
. YIHX -~ 921 EIHX - S21 21X -~ v21 TTHX - €21 PIHX - 221 61y
= 8HX - @2l LHX - 611 9HX -~ 811 GHX - LI FHX - 911 £1x
A X - #v11 THX - €11 PIOX - 211 c1oHxX - 111 219X - ol 110X
. p1o9xX - 801 63X - LA 83X - 901 LIX - SO1 99X - N1 SOx
< ¥9X - 201 E9X - 1081 <IX - 201 19X - 66 y1dX - 86 ET 4%
[, 214X - 96 114X - S6 priX - ¥6 64X - €6 84X - 26 LI
- 94X - £6 SiX - 68 vidX - 88 £4X - (8 c¢3ixX - 98 14y
o v13X - 8 €13Ix - €8 213X - 28 113X - 18 #13IX - p8 63X
i 83X - 84 LIX -~ LL 93X - 94 §3IX ~ G¢ ¥3IX - ¥L £3IX
[, 2IX - 2L 13X - 12 viagx - oL E10X - 69 210X - 89 11aX
- gax - 99 60X - S9 8aX - ¥9 ZgX - €9 90X - 29 SaX
2 ¥ax - 99 €4X - 6S ¢ax - 8§ 1ax - (S yI3X - 95 E12X
. ZIIX - ¥S§ 110X - £§ AIIX ~ 29 62X - 1S 83X - BS LIX
‘ 93X - 8V SOX - Ly ¥oxX - 9% £IX - S¥ SIX - ¥¥ 1O¥%
s viax - 2v g1ax - 1y 2rax - or 119X - GE grax - 8¢ GUX
y - 89X - 9¢ L3X - GE 98X - ¥t S8X - €E . yax - c¢€ Eax
- 28X - p¢€ 19X ~ 62 vivX ~ 82 EIVX - L2 2lvX - 92 vy
f gIvX - ¥ 6VX - €2 8vYX - Z¢ VX - 12 IvVX - @2 SVX
& VX - 81 EVX - L1 2vX - 91 IvX - St riA - ¥l E1A
x ¢lA - 21 TIA - 11 gIA -~ A1 6A - 6 8A - 8 LA
K 9A - 9 SA - § YA - ¥ EA - E A - 2 1A

» 379vL 318VIYVA

. 18+3091° =31VISH ) =§70N 8¢ =1v.101
g oPOS =1IHIT g =8NON a =539
S RAAE 1A NN) 1Inv430=Sd3 0#6°9 =1N3IJY3id LIz =7viOlL 1A =531
N 14+390E° =INI [@g-3pP1° =701 98Y =y39HNN ri =INI LA =503
.. sSaNnosa SYILIWVYVI SOYIZ-~-NON SITAVIYVA SILINIVHLSNOD

v AUVWHNS LNdNI W3ITB0Yd




--- NEW INTEGER-FEASIBLE SOLUTION ---

T— R ——

VARIABLE
TAG NAME
1 vl
14 Y14
13 VY13
11 Y1l
12 Y12
13 V13
4 VY4
7 Y7
3 VY9
3 Y3
2 Y2
3 VY3
5 Y5
6 Y&
15 XAl
39 X82
45 XC3
68 XD4
-2 ~-SLACK

9% XFb6

89 XFS5

97 XF12
135 XI3

150 XJ18
165 XK11
189 XL12
195 XM13
219 Xnl4
-16 --SLACK
131 XI5

161 XK7

63 XD?7

29 X&l

36 XB3

152 XJ12
-25 -=-SLACK
166 X¥Kli2
163 XJ!2

58 XC3

SUMMARY OF RESULTS AT ITERATION

OBJECTIVE FUNCTION =

BASIS/ INTEG/
BOUNDS CONTIN

OO0 OICIOIOIO Y rmt e 1=t svs st ot et 4=t et bt 4=t 3 0

U3 09 02 ¢ 00 O3 00 €U 00 09 U0 U9 09 G0 I ©0 CO U0 €0 00 09 0 & 02 OO

T —— L AL i

3391
239971793.348

ACTIVITY

LEVEL
1.90900989
1.895023090
B.00009980
1.9080398
g.0088008
1.9002090
1.9000208
2.3900099
1.200000009
1.9050998
1.0350008
2.8003000
f.8039000
1.85393008
1209 .8¢39000
649.0030920
6408 .00300089
640 .05273089
564.0500200
640.0050008
39.9933908
480.97J5000
640.90330088
640.95970080
640.05300889
f.0333008
0.003339089
640 .0593008
280 .09933989
568.000.3000
39.0097000
560.90:33308
220 .00:30998
89.9007308
<09 .98309008
240.3357008
240.9°0.7000
150.3Y77008
LY IR A §° 1§

OPPORTUNITY
COST
82053824.9999999
5222489.9009929
116419.2003302
19857 .25099301
116419.2032033
19857 .00090881
12047269 . 0003009
12435680.9999999
99473608.9999999
8815111.9999998
8232437 .90093085
19534486.9999995
2895011 .990009001
14041725.6599979
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