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Ly ) Preface

The purpose of this study was to begin the pracess of

?ﬁ, demonstrating the utility of the TSAR model to the Air Force
%ﬁl manpower requirements analysts., In particular, the study
Sﬁﬁ aimed to show whether or not TSAR ocutputs could match those
3$: of the LCOM model, which has been a standard for manpower

ﬁ? requirements forecasts for many years.

oy Results of the comparison were inconclusive from a

g:\ statistical standpaint, due primarily to incomplete coordi-
é&. nation of the two model inputs. Man—hour outputs from TSAR
AR shaowed consistently lawer totals than did LCOM, at the same
:és . sortie tasking. At the same time, TSAR was able to simulate
i?i completion of a greater percentage of the assigned sorties.
Ry' Qualitative differences betwean TS5AR and LCOM were noted.
§0i TSAR has generally poorer data input and output, due to the
:kg lack of pre- and post-prcoccessors.

i . In performing the experimentation and writing this

ﬁﬂ thesis, I am indebted to the support of many others. I

%@: would especially like to thank my faculty advisar, Lt Col
jﬁi John Halliday for his tireless support and encouragement. I
;%% also wish to thank Mr. Richard Cronk and Mr. Elliot Wunsh cf
)y

153 Aeronautical Systems Division for their patience and guid-
é_a ance in teaching LCCM tc me. I most especially want to

:‘q thank my wife Irena for beoing there whan I need=ad her.

David R. Mckle
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Abstract

4
A comparison was made between the outputs of TSAR and

LCOM. Each model was run with a F-16 database representing
peacetime maintenance procedures at a single base. Since
TSAR is a wartime model, modifications to the TSAR databacze
were made in an attempt to make the models compatible. Sim-—
ulation runs were made using three flying schedules, repre-
senting 1.0, 2.9, and 7.9 sortie rate taskings. Eortie
production and man—-hgur outputs from like TSAR and LCGM runs
ware compared. Statistical comparison of the outpuits shcwed
TSAR seortie production figuras and man—hour outputs varied
significantly from thos=2 given by LCLM. Results were biased

by the lack of complztely compatible databases, but thare

]

was some evidence to suggest that a fairly zcnstant feactor

[+
s
A

repres=2nted the diffzr=nc= 1in cutputs. In tha course ot the
=tudy, gqualitative diffarences in th=z mnaodels were ncted.
Thz2se differences impacted the comparative =2ase of us=2 cf
the medels and their suitability to specific agpliczatiaons.
TSAR is generally more difficult to us=, in both irnput and

output preparatiaon and usage, but has greater pcwer across a

~ide rangz of cptiors. Devalcpment of TEAR pre- ard post-

przo=2s5sars 15 suggestad as a way to improve caszs of input
ar.2 vutility cf cutput.

v
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%g COMPARISON OF THE TSAR MODEL TO THE LCOM MODEL

i

s

2 I. Introduction r
!"

g

. Issue

o~

o Does the Theater Simulation of Airbase Resaurces (TSAR)
)

;3 model give forecasts of aircraft maintenance requirements

that are comparable to the "standard" forecasts provided by

Q5 the Logistics Composite (LCOM) model? This questiaon is of
&“ :

4

Q& intaerest to analysts at Headquarters, United States Air

Force (HR USAF); the Air Force Manpower arnd Fersornnel Center

i&% {AFMFC) ; Headquarters, Air Force Logistics Command (HQO

§£ AFLCY; the Aeronautical Systems Divisien (ASD) and at cther

. leccations around the Air Force (AF) (13).

y Background. The military uses a variety of ccmputer

?) simulaticon models to project manpowzr, spar=2 part and aother
rescurc2 needs (2:7-8; 17:2). LCOM and TSAFR are examples of

fﬁ military simulation models designad to farecast rescurce

S

:',l;;. neaeds.

§ Both LCOM and TSAR are Monte Carlo, discrete-svent sim-

i% ulaticn models (1: 7,44; 6: Sec 23 B: 1) . PBoth have as a

iﬂ basic obj=2ctive investigation into how the interrelations of

ol numerous resqurces impact the operatien of a wespon system

-

= S da b B

(&: Sec L, 1; 8:1). LCOM simulates and analyzes ". . . sup-

0]
8}
]

t resources usage (personnel, egquipment, spars2 parts,

..... - - -

'b'(f\* N*\ ‘\.“ ., ' Ao ' J«\,\

'r( "H' '.\/.(/}

o 2tz.) arnd the impact of their availability cn 4h=2
e
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]
B
1,:
4
I |
4 operational status of the weapon system . . ." (&: Sec 2,1).
b
)
' . . . .
Q Likewise TSAR ". . . analyzes the interrelatiocns amcng
"I
. available rescurces . . to generate aircraft sorties . . .°
ﬁ (8:1). In other words, the models simulate the activities
1]
\ associatad with the aperatizcn of a weapcen system. For ex-—
LE
- ample, TSAR considers 11 different resource types asscciated
o with genarating aircraft scrties (1) aircraft, (2) aircraws,
Xy
< - ; . ;
ol {Z) ground perscnnel, (4) suppert egquipment (AGE:, (S) air-
cratt parts, (&) aircraft shelters, (7) munitions, (8)
&
j tanks, racks, adaptors and pvlons (TRAF), (9) petroleum,
o
,: 21ls and lubricants (FOL), (1@) building materials, and (11}
e airbase facilities (B:1)., LCOM simulates a similar out
2l
- slightly smaller list of rescources (6: Sec 2).
w®
> The models process a series of user identified taszks
v ihat correspand to the actual requirements of weapon systen
-5 cgaration. Scme of these tasks mey be prcbabal:stic, that
% 13, coourring only is th=2 result of zome random =vant. Sim—
= Llaticn medals, in g2ra2ral, handle probtabalistic esvents by
..
-‘-‘ . . .
N~ Z-anlng a3 random number from a random numb2r generator, and
\ 13
ﬂ' ~cdifying 1t te fit the desirad probability distributicn (1i:
< 2848, Th=2 size of the resulting number is compared tg the
n ztat=ed orzbablility of an event cccurring. The acpreopriatz
'; azttion, either to prccess er to skip tha avant, is takan, as
> ]
a —esult cf that compariscn. Bcocth LCOM and T3AR use random
“i ~.mbers, althcough their generation and specific uses vary
o
- ‘5; 8. Other tasks may be designated zo az to he proca2s=szd
¢ “suninaly 1AW przoability =f ccour-2nc2) at some st2p il
[
Y
o
L -
o




the simulation cycle. The user may elect to change the de-
fined tasks, in an attempt to identify the costs and bene-
fits of alternative modes of operation.
R The user may also specify that certain rescources are
;$f necessary for the completion of a task. Those resources may
| be consumed by the task or they may be returned to a pool
gg for future use, after completion of the assigned task. The
sh user may vary the availability of rescurces in order to in-
vestigate the sensitivity of the system to that particular
P resource or combination of resources.
the The differences between LCOM and TSAR revolve arocund

the advanced state of development of LCOM (as compared to

)

%é‘ TSAR) and the expanded list of activities and resources that
W

e TSAR can simulate.

LCOM-Unique Capabilities. LCOM enjoys wide use

R

3{2 within the Air Force and has been adapted to perform a num-
gi: ber of different functions (4: Sec 2 ,1-2). Through many

?Q years of development (4), LCOM has gained a variety of func-
ﬁg tions dedicated to simplifying input and combining output

3&. into mare useable forms (6: Sec 2, 2-4). TSAR, being a much
ﬁﬂ newer creation, does not have as great a library of support
g: functions. For instance, LCOM uses a pre-processar. This
&; allows the user to format input data in a highly understand-

|

able form. The pre-processor then takes the data and pre-

pares it for use in the simulation. The cutput of the pre-

BT SL
L2 . X 3 N F

processcr is much more complex and difficult for the user to

caompreshend, but is in the form necessary for submission to

v e
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the main module (simulation). TSAR deoes not yet have a pre-
processor, although development is underway (4), therefore
it suffers in comparison to LCOM in ease of data input.

TSAR-Unique Capanilities. TSAR has the capability

to simulate a much broader set of options than does LCOM (8:
2). for instance, TSAR users can simulate the operation of
a single airbase, several independent airbases, or a set of
interdependent airbases. LCOM is presently limited to sin-~
gle airbase operations. TSAR can also model the effects of
cenventional or chemical airbase attacks, the effects of
having personnel operate in individual chemical protection
equipment (IFE), and the efforts tg reconstituts the air-
base following an attack. LCOM has none of these options.
TEAR gives the user tha ability to model the activities
within an entire theatre of operations, under wartime condi-
tions. Thus activities such as lateral suppcrt between
bases can ba assessed. Within each base, TSAR provides a
widar span of activitas, thareby allcwing the user to assess
the added capabilites or restrictions imposed by such sup-
port functions as civil engineering and air traffic control.

Cther Difterences. Since LCOM has been used for

such a long time, it has been rapeatsdly validated, that is,
nNad its results compared against real world airbasz opera-
ticns (4., Becaus2 of its leng use, flexibility and demon-

stratad validity, LCOM has become institutionalized as an

t

2d re2scurcess detzrminaticscn tool. LCOM has some limit-—

w
[}
)
fu
0
Rs

atizns, however., First, LCOM is writt=zn in SIMSCRIFT and

PTG AN A AN DA N T
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j&ﬁ therefore requires a computer system with a SIMSCRIPT com-
§§ piler (12:1@). This can greatly reduce the choice an agency
i‘r has in buying a computer system, if they intend to use LCOM
éx to do requirements forecasting or other capability assess-
éﬁ ments (135). Also, LCOM medel runs take a very long time to
'%; completae, often forcing the analyst to do runs late at night
%. when computer utilization is law (4). For these reasons,
gﬁ, and to overcome LCOM's limitations in modeling impartant

'”; wartime concepts, the TSAR model was develaoped, in lieu of
ﬁﬁ modifying LCOM to incorporate multi-base and combat

é& scenarios. .

. - TSAR has also undergone successful validation, but not
>' to the extent LCOM has. TSAR is written in FORTRAN (12:v),

which is one of the most common computer languages (14).
Availability of a FORTRAN compiler is rarely a factor in the
1y choice of a computer system (14)., FORTRAN is also a more
:5ﬁ efficient language, from the point of view of computer

. speed, and therefore, TSAR simulations are much faster than

<
‘ﬁ similar LCOM runs (15). 0On the other hand, TSAR can only
%? model a Z2-shift, wartime maintenance arrangement as opposed
- to the 3-shift arrangement common in peace-~time operatians
LY
[
‘rt (15). While TSAR is gaining acceptance as a useful madel
i
5? within those areas where it supplements LCOM (21), it has
g; not been institutionalized within the AF, i.e., there is no
3,
s, single agency responsible for TSAR development and mainte-
:&: nance. LCOM, on the other hand, is "owned and operated" by
‘Qﬁ the AF Manpawer community (15).
. "
e
.
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Rationale for Model Comparisons. Since LCOM has limit-

ations in what situations it can model (1@:2), analysts are
searching for alternatives to its use (15). While TSAR in-
cludes many useful extensions that LCOM lacks (8), analysts
are reluctant to use it exclusively because its ability to
match the forecasting ability and suitability of LCOM, in
those areas where the two models duplicate capability, has
yet to be proven (15). As a result, analysts are faced with
the undesirable prospect of having to maintain both models
in order to get useable forecasts across the full range of
aircraft maintenance and airbase activities. This is unde-
sirable because both models are large and complex, requiring
a lot of upkeep. For example, a simple TSAR task (card type
(CT) #35) contains up to 26 pieces of data describing the
type of task to be pesrformed, the probability of its occur-
rence, the length of the task, the number and kinds aof re-
sources used for the task, the location of subsequent and
parallel tasks, the distributicns of probabalistic events,
such as task length, and other data (9:44). In the TSAR
database used in this study, there are 972 CT #5s (19,
meaning that this very simple database (13) has the poten-
tial for needing up to 25,272 (26 X 972) separate pieces of
data for inclusion in the CT #5s alone. Although, no single
CT #5 is likely to cantain all 26 possible pieces of data,
the total number of data is quite large, especially consid-
aring CT #Ss comprise only about cne half of the total data-

base used in this study (2@). In addition, each model de-

e “m.;, :7 : HlAURAN




mands separate training for users and different computer
capabilities (1@:v). In short, maintaining both models re-
sults in a great deal of duplication, which is costly and
inefficient. 1If users had proof that TSAR's outputs were
comparable to LCOM’'s, TSAR could be used exclusively, in

most applicatiaons (15).

Problem Statement

The specific question this study will address is: Does
TSAR provide acceptable man~hour usage and sortie production
forecasts when the daily sortie rate requirement is varied
across representative levels? Acceptable is operationally
defined as being statistically equivalent, within a speci-
fied confidence interval, of the forecasts provided by LCOM.

Rationale for Problem Statement Limitations. Bath the

LCCOM and TSAR models simulate the full range of activity
within an aircraft maintenance organization (8; 1@; 12). In
addition, TSAR has the capability to model across several
maintenance arganizations scattered across a theater-~wide

area, plus the ability to handle enemy actions (8; 12).

This means each model can take hundreds of inputs, process
them through innumerable permutations of the networks and
provide hundreds of output data (10@; 12). Clearly it is
beyond the scope of a single research effort to evaluate the
TSAR madel across the entire spectrum of its capability.

The thrust of thig study is to analyze two selected outputs,
with limited inputs, in order to get a representaticn of how

closely TSAR matches LCOM. Man-hour usage figures were
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chosen because use of the models for manpower analyses is
one of their principal purposes (15). The sortie production
statistic was chosen because it directly reflects the level

of maintenance activity undertaken.

Regearch Objectives

In addition to the specific problem identified, this
study will address the following research questions.

1. What differences exist between LCOM and TSAR
simulations?

2. In what ways must TSAR be manipulated to give
acceptable forecasts?

3. If TSAR fails to pravide acceptable forecasts, are
there apparent shortcomings in TSAR that can be
economically overcome?

Network Differences. There are a number of differences

in the networks between LCOM and TSAR (1@). The thrust of

research question number 1 is to identify what, if any, of

these differences are of consequence to the user, haw they

affect the use of TSAR and what, if anything can be done to
limit the impact of those differences.

Manipulations. T5AR has a great capacity for the model

user to tailor the simulation to suit. For instance, the
probability distributions of chance occurances can be speci-
fied by the user (10). CQGuestion number 2 deals with what
particular manipulations the user may need to specify in
order for TSAR to adeguately emulate LCOM.

Shertcomings. Even if TSAR fails to give acceptable

forecasts in its present form, the economies acnieved by

reducing the requirement to maintain both models may make it

-
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: feasible to modify TSAR to give acceptable forecasts. The
goal of research question number 3 is to identify where TSAR

falls short in matching LCOM cutputs, and to explore possi-

kﬁ bilities for relatively simple and inexpensive modifications
ot

[\

fﬁ to TSAR that would improve its forecasts.

R

?‘ Experimental Hypotheses

tl N

:ﬁ The averall purpose of this study is to test the propo-

v sition that TSAR and LCOM outputs are functionally the same.
b Because of the limitations of the study, the actual

] proposition to be tested is:

J* TSAR and LCOM man—-hour usage and sortie production

f’ outputs are functionally the same, when the target
é; daily sortie rate is varied.

o

e Scope of the Research

?. In order to deal with the complexity of the LCOM and
%ﬂ TSAR models, limitations are imposed in each of two areas

related to the simulations: inputs and outputs.

Input Limitations. The inputs to the models will be

N7

?Q the same for each model. The input values correspond to a
N maintenance data base for the F-14 tactical fighter. The
§§ only input that will be varied is the target daily sortie
2; rate. See appendix A.

o, Output Limitations. The only outputs af the madels

e that will be considered for comparison are the man-hour

usage and sortie production outputs. See appendix B.
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Summary

Written information about the rationale for this study
is limited. Rather the bulk of the justification comes from
the users (4; 7; 15; Z1). TSAR provides important exten-
sions to LCOM (1@:2) and these extensions are unlikely to be
matched by further modification of the LCOM networks (4).

In addition, TSAR is written in'the commonly available
FORTRAN general purpose computer language (10:v) while LCOM
is written in the harder-to-find SIMSCRIPT specialized sim-
ulation language (12:19). This means that TSAR is more
portable, since computer systems that have FORTRAN compilers
are common. It also makes suitable operating systems easier
and cheaper to find (13). If belief in TSAR is warranted,
analysts would be well-served by embracing TSAR as a
general~purpose, requirements, resource allocation and

capability assessment madel replacing LCOM.

Cefiniticn of Terms

Air Force Specialty Code. An air force specialty code

(AFSC) is defined as: a numerical code designating the
career~field specialty of the individual. For the purpaoses
cf this study, AFSCs designate the particular skills used as
manpower resources in the simulations. For example, AFSC
23478 represents a ground radio maintenance technician.
Network. A netwcrk is defined as: a block of computer
ccde in the simulation program designed to represent a part-
icular system or sub-system of the actual pracess being mncd-
eled. Figure 1 depicts a flow diagram representing T3AFR '3
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0w Figure 1. TSAR Ejection Seat Repair (20: Sec I1I1I, 49)
N
M)
W
A modeling of ejection seat repair on the F-14. The computer
ﬁﬁ code corresponding to figure 1 ia an example of a network.
.
iw Target Daily Sortie Rate. The target daily sortie rate
)
]
L is operaticnally defined as: a desir=d level of aircraft
ka utilization expressed as the number of missions per day each
X
' 4
ag aircraft assigned to a unit is to perform. This value is
)
't usad to determine the total sortie demand per day, e.g.,
(A
4
:* (# of aircraft assigned) X (target daily sortie rate) =
i.'
pel total sortie demand
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II. Methodology

Justification of Experimental Approach

The experimental approach was chosen for this study

because ". . . no other methad can approach [thel power of
experimentation to determine causal relationships between
variables" (11:129). Further the nature of this study makes
an experimental design easy to implement. Since the systems
under study are models, manipulation of the variables is not
a problem. Finally, experimentation allows control of more
than ane variable (11:129). This is an impartant considera-
Zion because aone of the major objectives of the study is to
determine 1f a difference in target daily sortie rate has an
effect on the correlation between LCOM and TSAR (13},

Explanation of Experimental Design

The experimental design used in this study is a random-—
ized block design. The randomized block design allows for
the testing of two independent variables at the same time
(model type and target daily sortie rate) (1:123). Not only
can both independent variables be tested, but also the indi-
vidual effects of each variable can be separated and con-
trollad (18:361). Emary gives sta2ps to setting up a random-
ized block design. First, the independent variable cf pri-
mary i1nterest (model type) is broken into levels, usually
thase of interest to the experimenter. In this cas=, the
levels are LCOM and TSAR. Thz2n, the secondary independant

variable f(targest daily scrie rate) i3 also broken 1nto




TARGET DAILY SORTIE RATE

QUTPUT 1.0 2.0 .0

MANFOWER (LCOM/TSAR)

SORTIE PRODUCTION
(LCOM/TSAR)

Figure 2. Experimental Design far Comparing LCOM and TSAR

levels. -These levels may be thase of interest to the re-
searcher or often they reflect an aspect of the population
that is beyond the ability of the experimenter to control
directly. For the purposes of this study, target daily
sortie rate (TDSR), which is under the control of the
researcher, wil} be held at three levels: 1.8, 2.8, and 3.4Q.
See figure 2. Samples are drawn at random from the range of

the possible field of study and those samples are subjected

to the independent variables (1:122-124). Conclusions about
the effect of the variables are drawn by comparing the
averaged impact of all the levels of one independent
variable, while holding the other independent variable
constant (1:124). If the results of the experiment are
numerical, statistical means can be used to make the

comparisons bhetween and within variables (18:646-4654).
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ﬁ? Specification of Variables

%ﬁ Input Variables. The primary independent variable in
ﬁa the study will be the model used to analyze the data base.
E& The model used can consist of two levels or treatments:

:& Treatment 1 - LCOM

,: Treatment 2 - TSAR

%' The secondary independent varible will be target daily
R sortie rate. Addition of this secondary independent vari-

alt able will allow analysis of whether variance aof the input
3 values changes the degree to which TSAR outputs equate to
. LCCM outputs (13123}, Target daily sortie rate will con-

’g: sist of three levels or blocks:

WA

)

* Block 1 - target daily saortie rate of 1.Q

:E‘ Block 2 - target daily sortie rate of 2.0

o,

‘q Block I - target daily sortie rate of 3.0

m“ Qutput Variables. Two output variables will be com-

E§: pared, man-hour usage and sortie production. Man—-hour usage

uﬁ autputs are broken down either by AFSC or by the shop to

[/

o

which the personnel are assigned, and will reflect the num-

bar of man-nours utililiz=d in the networks. Sortie produc-

AN/
- . r'y

N ticn will be expressed as the total number of sorties that
[ O

_ ar=s actually flown (figure 2).

. 'W

"Q
?? Erperimental Controls

-

A The population for thigs experiment is the total number
Q& cf zutputs that are ccmmon to LCOM and TSAR. For puraoses
e
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of making the study of manageable size, only two of the gut-

puts will be chosen as the sample. 8Since each output exists

in each meodel, albeit in different forms, group equivalency

L

is not a caoncern. Hawever, random erraor will be induced

because of the stochastic nature of the models. Stochastic

- i, °, Mt Yy

R B

models are defined as those that have random variables as

-
V8
" a

inputs (1:1@). This randemness means that the models may

T
oY .

% give slightly different outputs even though the user-defined

itnputs are the same. As suggested by Banks and Carson., the

éd effa2ct of random error on the accuracy of thea values for

ﬁ' compariscn will be controlled by using the mean (average) of
v the difference between comparable cutput wvariables of beth
R mod=al s, The means will be computed from multiple runs with
N

:: the same 1nput data (1:451). In other words, multiple runs
a of =2ach mcdel will be made at =2ach TDSR, a difference found
.E between randomly paired runs (within the same TDSR) and the

:;E maan ct the differences calculated.

% Ideally, the models would be run with *he same random
ﬁ number strings to insure synchronization of the model

?; outputs (1:453). Hawever, with TSAR and LCOM being so

2 different, this is impractical. To cempensatz, it would be
:% desirable to do a larger number of longer runs than would

1% otherwise be necessary to determine the output means.

;; Howaver, the high cost and time involved with doirmg large

:E numbers af replications of long LCOM and TSAR runs will set
A

a practical limit on hcw many are actually doaone. A limit of

S~2@ day runs of =2ach model at each TDSR were dcone, for

t i
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purposes of =conamy. Finally, simulation models such as
I.COM and TSAR are normally allowed toc "warm-up" prigr to
sutputs baing tabulated in order to avoid bias in the
autputs (1:79). However, for use of maodels tc simulate
wartime conditions, the transients involved in the esarly
portion cof the simulation are of interest, as they are
irdicative of how the early days of a conflict may differ
from the "steady-state" encountered after a period of con-
lict has =2lapsed (13),. Therefore, the modals were run

without warmup.

Criteria for Selection into Broups

The criteria for selection of the specific cutputs to
be inzluded in this sample is purely judgmental, as opposed
ta s=2lection at random. Sortis producticon was chosen be-

cause i1t is indicative of the total maintenance effort rep-

(8 d

resanted by th2 simulation and is the "bottom-line" when
Zznsidering alternative maintenance cancepts (7). Man-ncur
13a3e2 cutpurts were chosen because manpower faora2casting 1= of
prime impartance to a major segment of potential uszrs of
the madals, the AF Manpewer community. Excluded outputs
ware noht ccnsidered for inclusion in the sample for the sake

cf making %“he study of manageable scope. Sinca judgment

=)

ctiaon i3 a non-probability means of sampling (11:28@),

sel

)]

g=2naeralizaticn of the comparison r2sulis to the antirz copu-

laticn of the oubtputs is not aporepriate (11:279),

RRERRNC0




2 Criteria for Analysis

"y : Hypotheses. The general purpose of the analysis is to
test the following hypotheses:

e Ho: The outputs of the models are the same

Ha: The outputs of the models are different

Beneral Category of Statistical Test. Since the

g2 randomized block design used in this study has only two
4 treatments, a paired difference test can be used to compare
model outputs (18:361). The specific statistical test that

will be used depends on the probability distribution of the

t:‘ outputs (3I). Parametric tests are preferred because they

t‘ generally have greater power to identify differences (3J).

33 However, as McClave indicates, one of the underlying assump-—
i% tions in the use of parametric statistics is that the proba-
W

. bility distribution of the tested variables is approximately
ié normal. If this assumption cannot be made, nonparametric

;‘: comparison tests must be used (18:674).

vy Determination of Sample Distribution. A Lilliefor's

SE goodness—of—-fit test can be used to check the assumption

E? that the outputs are normally distributed (3). The Lillie-

120 for's result will test the following hypotheses:

»3 Ho: The distribution of the outputs is normal

33 Ha: The distribution is not normal

?. If the alternate hypothesis (H.) is indicated, a nonparamet-

-

ric test can be used. If the test fails to reject the null

hypothesis (Ho), a parametric test shpuld be used.

-l
-

o

Selection of a Specific Statistical Test. 1If the

Condiind b
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decision is made to use a gparametric comparison test, paired
difference confidence intervals can be used (18:3761-288).

If a nornparametric tast is indicated, the Wilcoxon signed
rank test can be used (18:682-685).

Statistical Test Frgocedurz. Regardless of the sp=cific

test selected, the general procedure for the tests is the
samae. Each model will be run a number of times with the
same input data. The output data from one model will be
paired with corresponding output data from the other, and
comparisons made using the appropriate test. The exact
werding of the hypotheses will vary depending on the type of
t2st perfarmed.

Faired Difference Confidence Intarvals, For the

paired difference confidence interval, a point =sstimate of
the mean population diffzarence 13 derived by averaging tha

paired differences of the multiple cf the mcdal with +the

n

same TDER (2:457). By examining the carfidsnce intesrwval
calculated from the paired differences, the h' potheses be
t2st2d, with som2 stipulated level of confidence (l-a). In
this case, the hypotheses will be statad as:

Hoz there is no discernable differancea
between means

Haz there is sufficient differznc2 batwezn
means to indicate a likely true differ-
ence between populations

Wilcoxon Signed Rank Test. For ths Wilccxon

signed rank test the output data from the multinle runs car

52 us2d witheout transformaticon. fAgain the hy,szthas=23 13 %2

e
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be tested with some stated level of a. The hypotheses will
be stated as:

Ha: the distributions of the outputs are the
same

Ha: the distributions of the outputs are
different

Selection of the Confidence Level. Whichever procedure

is used, the desired confidence level for the tests has to
be stated in advance. 1In this study, the cverall hypotheses
are tested by the individual compariscns of numercus ocutput.
In order for the2 confidence in the overall hypaothesis to be
as high as desired, the confidence level of each of the
individual comparisons must be reduced (J). For this reasa-
son, Benferrconi’'s methcd is used to calculate a value of a,
for the individual comparisons, that will result in an over-
all confidence in the test of hypothesis that is at the
desired level (3). For example, if an overall confidence
level of 90% is desired for conclusions drawn about both
sortie production and manpower outputs, at all 3 target
sarti=a rates, the confidence level for the individual com-
parisons (within cells) must be higher than 9@%. Bonfer-—
roni ‘s Method indicates the appropriate confidence level <or

the individual tests (3).

Categeorization of Results

Results can be in 4 differsnt categories:

1. All of the individual tests support the
altarnate hypaothesis (H.0.

2. Most of the individual %tests suppcrt the
alternate hypothesis (H.).




lj:* T. Most of the individual tests fail to reject
ff‘ the null hypothesis (H.).

4. All of the individual tests fail to rejzct the
null hypothesis (Ha).

4 Because of the nature of the study, inconclusive results
(categories 2 and 3) are likely.

Decisiecn Rules

)
At . .
gg< If the results of the tests fall into categories 1 cr
(8
fb 4, th2 conclusicn of the study is straightforward. If the
AN
rasults all refute the hypothesis that the results of the
1;l;'
%’: simulations are the same (category 1), the conclusion would
4
’
Y
$$ be that the outputs of the two models are differant. 0On the
ol
- other hand, if no result refutes the hypothesis of equality
W
23¥ {categcsry 4), then a conclusion that the two models give the
o8
$J§ =z=ame outputs is warranted. However, if the results fall
{ A
e into zategaories 2 or I, no conclusive statzments can be
Y
5.3
:%i macda. Nenetheless, any tendency notad is still cf value to
n
o
:;' the purpcse of this study: to demonstrate “hat TSAR =ither
.
. is or isn’'t a viable alternative tao LCCM for aircraft main-
iy
)
YJ% Tznancz ragulirz2nents fora2casting. Ultimately, conclosicas
N
:&# drawn in category 2 cr 2 zituations will rely on the
™ suhjective =2valuation of the ressarcher.
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III. Findings and Analysis

Description of the Actual Experiment

The actual comparison of TSAR to LCOM included several
steps. First, the databases (inputs) for the models had to
be made as compatible as possible (5; 2@). Then the data-
bases were2 run against their respective models, with target
daily sortie rates varied from 1.0 to 2.0 to 3.0. Finally,
the results from the simulation runs had to be tabulated and
analyzed.

Making the Databases Compatible. The experiment was

hampered by the lack of truly compatible databases. TSAR is
constructed as a wartime-only model. It is setup to handle
a two-shift maintenance aperation only (as opposed to the
three shifts commonly emplaoyed in peacetime maintenance
organizations), and there are other features of the model
that are most compatible to simulating maintenance in a war-
time enviranment (13). Unfortunately, the anly LCOM data-
base available for the experiment was develaoped for simulat-
ing peacetime maintenance practices (5). Because of this
inherent difference in the conceptual design of the data-—
bases, numerous changes had to be made in aorder to make them
as cempatible as passibla, In keeping with the premise of
testing TSAR while holding LCCM as a standard, the bulk of
the changas were made to the TSAR database. Nonetheless,

there were some changes made to the LCOM database in order

t3 maximize compatibility.
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i& Changes to the Databases. Early test runs of TSAR
:%f clearly showed the need for changes for the sake of compati-
_: bility. The TSAR simulation gave results indicating much

g;: higher achieved sortie rates and lower man-hour usage than
%& did LCOM runs using the same flying schedule. This was an
Wﬂ expected outcome because aof the assumptians TSAR makes about

%% the ability of the maintenance organization to expedite work

%ﬁ under wartime ccnditions (8; 9). In order to make TSAR as
- compatible as passible with LCOM the general changes listed

i#ﬁ in table I were made to the databases. See appendix A for

i: specific variable value changes. Adjustments to the task

- times and the pre- and post-sortie delay times were arrived

Oy

?E at through analysis of the flow of aircraft through the

;;; simulation, excluding unscheduled maintenance. Changes were
;_ made until the sortie cycle times (the time from the begin-
:; ning of a sortie until the aircraft is ready for a subse-
E¥ gquent sortie), excluding unscheduled maintenance, were

" roughly the same between LCOM and TSAR. See figure 3. LCOM

[)

:t§ raconfiguration cutoff times were recuced to zero to prevent

A?d the automatic loss of sorties due to the close scheduling of
;;, the aircratt missicns in the flying schedule. Some of the

;;E changes to the databases (2.g. the exclusien cf cannibaliza-

hf tion and phase maintenance) were done to reduce potential

e scurces of variability in the experiment, as copposed to

.§£ ba2ing done purely to maximize compatibility,.

q:: Jther changes tao TSAR directly reflect the differences

" setween maintenanc2 philocophies for wartime and oeacetina

"
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TABLE 1

General Changes Made to Databases

Model Change (53 20)

TSAR Remove resource {(manpower, spare part)
constraints

LCOM Remove resource (spare part) constraints

TSAR Remove task time modifiers (set task times

to 100% of LCOM standards)

TSAR Adjust pre- and post-sortie delay times

TSAR Remove hot-pit refueling option

TSAR Modify task structure to do pre—- and poast-
sortie maintenance tasks in series versus
parallel

TSAR Remove cannibalization of spare parts and
SRUs

TSAR Remove option to defer maintenance

TSAR Delete phase maintenance requirements

LCOM Delete reconfiguration cutaoff times

maintenance. Examples are the hot-pit refueling and paral-
lel maintenance tasks. In wartime, these tasks are often
completed in those ways to minimize sortie cycle time and
thus maximize sortie rate. In peacetime, the tasks are
normally done sequentially (15).

Flying Schedulzs. TSAR and LCOM use different methods

of implementing sortie demands. TEAR uses a special card

type (CT) (CT #35@) within the main database, for submittal
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Figure 4. Flying Schedules for 1.0, 2.2 and 2.9 TDSRs

aof the desired flying schedule (9:163~-167). LCOM also uses
a unique farm (form #2@) for sartie demands, but these forms
are accumulated in a separate file from the main database,
known as an exogenaous file (6: Sec I, 41-44). Nonetheless,
exact duplication of flying schedules was easily attainable.
Figure 4 graphically displays the 3 flying schedules, corre-
sponding to the 1.0, 2.0 and 3.0 target daily sortie rates
(TDSR), used in this study. See appendix A for the detailed

flying schedules.

Running the Models. Ideally, the models would have
been run on the same compufer system to alleviate any possi-
ble variance stemming from the operating characteristics of
di fferent systems. However, this was impossible since no

system was available to the raesearcher that had both madels
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installed. LCOM was run on a NAS 7000 operating system, an

IEM compatible mainframe computer, while TSAR runs were done

or a VAX 11/785 mini-computer. Five runs aof thirty days
were made of each model at each TDSR to get the neeced data
for use in the comparisons. Five runs was chosen as a
trade-off between the need for accuracy, which would have
dictated more runs, and the need to conserve time and com-
puter resources, which demanded that the rnumber of runs be
kent to a minimum.

Selection of a Confidence Level. As described in

Chapter 2, Bonferrcni’'s method was used, irn advance, tc
detarmine the value of « that was needsd for individual runs
t2 vield the desired overall level of confidence for the
combination of all comparisons. A desired overall confi-
da2nce level cf F0% was selected for the compariscn of TSAR
arnd LCOM. Since there were 4 individual comparisans to be
nade (scrties completed and man-hours used, at egach cf =
szparate TDSRs) Benferroni’'s method yielded a confidence
level of 98.33% (o« = .@167) necessary for individual compar-
isocns (appendix C). This gave a two-tailed t-value of T.766
{4 de2grees cf freedom) for usa in the paired differzncz con-

fidence intarvals (apperdix C).

R2sults of Runs

Th2 results of the I@ runs are listed in apcendix B.
The first tazk in processing the raw data ~vaz tc determire
1% tha parametric zguation assumpition of no-malcy was valid.

Application of Lilliefor's Test. As =2xplained in
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Chapter 2, a Lilliefor’'s test was used to test the assump-

tion that the data to be used in the comparisons came from
normal distributions (3). The test was applied to all 12
groups of sample data using a desired confidence level of
99% in rejecting the assumption of normalcy. The confidence
level was set intentionally high because, as Law and Kelton
note, the act of subtraction in constructing a paired dif-
ference confidence interval helps to overcome skewness in
the distributions af the random variables (16:31%9). There-
fore, it was felt that a good deal of leniency could be
shown in the assumption of normalcy, without unduly biasing
the results. With these parameters, the Lillifor's test
failad to reject the hypothesis that the samples were drawn
from a normal distribution, in all 12 groups. This indi-
cated that the use of parametric statistics was justified,
arnd therefore the use of a paired difference confidence

interval was appropriate.

Faired Diffsrence Confidence Intervals. Coarresponding
groups cf data were matched and individual samples paired at
random. From the resulting 5 differences, a mean and stand-
ard deviation were calculated. Using this data, and the t-
value derived from the application of Bonferrani’'s method,
?8.323%4 confidence intervals were constructed for each of the

comparisons (appendix C). The confidence intervals are

shown in table II
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Table 1I

Confidence Intervals for PFPairad Differences (LCOM - TSAR)

TDSR Qutput Confidence Interval
1 Sorties -.4 = 1.3°9
1 Man—Hours &128.8 = .38
2 Sorties -72.2 % 26.17
2 Man—-Hours 2T79.8 £ 18456.07
3 Sorties =62.6 % I7.93
3 Man—-Hours 17542.4 * 1°27.%7C2

Statistical Analysis gi Results

As outlined in Chapter 2, the hypotheses tested with a
paired difference confidence interval are stated as:

Mot thare is no discernable differenc=
between means

Has there is sufficient diffarence betwesn
means to indicate a likely true differ-
ance between populations

n tastirng these hypotheses with a canfidence interval, the
kay i35 whether or not the cgonfidenca interval contains csrz.
1¢ =0, the cecnfidence interval indicata2s no r=2ascn “o -a2j)2c%
He If the cecnfidence interval dces nct contain zaro, Ha. is
~z2 acted and M. acceptad (1:454). Applying thase rulas tz2
the cocnfidence intervals in tatle I, it was fcund tha%t in
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%Q all cases, save one, the confidence interval indicated suf-
f% ficient differences in means to indicate a likely true dif-
)

v ference between populations. The lone exception was the

i\ mean difference in sortie rate for TDSR = 1.

:,

l Analysis of Results in Terms of Experimental Hypotheses

§E The experimental hypotheses for this study were:

§A Ho: The outputs of the models are the same

W Ha: The outputs of the models are different

ﬁﬁ By applying the categorization of results listed in Chapter
g\ I, a cateqory 2 situation is apparent: maost of the indi-

vidual tests support the alternate hypothesis (H.). As

‘55 stated in the decision rules of Chapter II, this is not a
:Eg clear cut endarsement of either hypothesis. Therefore, con-—-
'%J clusions drawn rely aon Fhe judgement aof the researcher.. In
\;ﬁ this case, it is safe to say that the results aof the paired

S difference confidence intervals strongly indicate a signifi-

cant difference in the outputs of TSAR when compared to LCOM

'."

hﬁ faor the databases used in this study. FfFigure 3 displays a
> comparison between the two maodels of sortie production ver-
]

AX)

sus the number of sorties tasked in the flying schedules.

P S o

It gives evidence as to why sortie production at TDSR 1 is

"Y."l l. l’l'

correlated between the models. Both models simulate the

completion of virtually 100% aof the sarties tasked. In

!

‘é? other werds, the sortie production numbers would have to be

o

'}5 the same simply because they cannot exceed the number of

'> sorties tasked in the flying schedule. Further support for
<

.

e the alternate hypocthesis (H.) 1s given by the large
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' .

3 -=

N

A N T L
Do ia e A 7

-3, S e e P e . .
8% T T S N R 3t SN A
B, Y <1< S P DT > o Lyt e




~ 9

] TASKING
LCOM
ERE 75K
200+ —
2000+
[¥p) 1800+
(V)
::I&M'L
& 4o
o 17 —
S 1&%—1
§§ 300+
= 600
fz 4myL
1.9 2.9
TARGET DARILY SORTIE RATE

Figure S. Comparison of Mean Achieved Sarties to Tasked
Sortie Levels at Various TDSR

discrepancy in man—hour outputs between the two models.

Figure 6 clearly shows that the numbers are unmistakably

different, visually, as well as statistically.

Discussion of Results

The large differences between the man-~hours used in the
two models seems to indicate that there is a major discrep-
ancy between the setup of the databases. Despite the re-
searcher 's efforts to find and correct differences in under-—
lying assumptions, it seems likely that such is the source
of the discrepancy. Evideﬁce to this effect can be found
(figure 7) by examining the number of man-hours used as com-

pared tc the number of sorties flown. Note that the lines
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described by the outputs of the two models are straighﬁ and
nearly parallel. This suggests the presence of an uniden-
tified constant difference between the databases. This
theory is lent more support by normalizing the man—hours by
dividing total nian—hours by the number of sorties achieved
at that level of man-hour expenditure (figure B). 1In this
case the lines are almost exactly parallel. LCOM seems to
have a nearly constant expenditure of approximately 26.02

man-hours per sortie (mean = 26.02, standard deviation =

.

.122). TSAR shows slightly more variablility, with approxi-
mately 146.49 man-hours per sortie (mean = 16.4%, standard
deviation = .916). A paired difference confidence interval
composed from the random differences between the man—-hours

rer sortie indicates a difference of 9.6E8TC * .47 with 9@%4

heglan

-




confidence. The very small range of this confidence inter-

gg val_lends credibility to a belief that there may be a con-
; . stant or nearly constant factor difference between LCOM and
N

ﬁz TSAR. The factors that account for the approximately 9.5
3; man-hours per sortie difference in these figures may be the
ﬁ; only cause of the apparent difference between LCOM and TSAR.
o

s? Findings Relative to Research Objectives

o In addition to the statistical findings in support of

|§: the experimental hypotheses, the study was undetaken to ex-

i?: plore the three research questions listed in Chapter 1.

?t Differences Between Networks. The first research ques~
i\ tion was: What differences exist between LCOM and TSAR simu-

igﬁ lations? The answer to this question is quite lengthy.

gl A Despite the fact that the maintenance networks in the TSAR
%f database were adapted from those in LCOM, gross differences

§§; in the models exist. While by no means an exhaustive list,

! the follawing are some of the differences that may be of

?il consequence to potential TSAR users.

%ﬁ Task Definitions. The F-14 TSAR database used in

B this study (19), appears to combine maintenance tasks de-

4{* picted as separete tasks in the LCOM simulation of the same
;; series of tasks. As a result, task times, and task proba-

;; bilities for unscheduled maintenance tasks, must be com-

t:% bined. This makes it exceedingly difficult for the novice
L

E; TSAR user to make sida-by-side comparisons of LCOM and TSAR

f maintenance networks to insure compatibility. Spot checks

g.' cf TSAR netwerks by the researcher seemed to indicate that
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A the net effect of the two methods is the same; both accomp-
X lish the same tasks approximately the same percentage of the

time, with approximately the same expenditures of resources

A
éts and time. Further, no readily apparent reascn could be

Q?? found for TSAR’'s compression of tasks. Ultimately, the

o5 users who want to dig into the networks and see for them-
i%J selves that a network is an accurate depiction of a real-
i%@ lif=2 occurrence, will feel more at ease with LCOM databases,
" or TSAR networks that are configured like LCOM databases.
L$§ The networks are simply more detailed and have a better

%%i one—-for—-cne correspondence with actual maintenance activity
%é} in LCOM. For users that don’'t want ar need to know the

g" @xact details cf the how the simulation matches with actual
g% maintenancz2 practices, this observaticn is of no concern.
;g; In fact, for the more casual user, TSAR has the advantage in
;#g having much f2wer total tasks with which to have to deal.
3&$: It se=2ms safe to speculate that the lower level of detail in
e TSAR helps cantribute to its faster ex=zcution speed and its
§§§ ability to model a much brcder range of airbasa and theater
iy activities. This may bz the reason for the task combinas-
Tf: ticns roted. It is possible that TEAR networks could be

éﬁ constructed so as to more nearly match the LCOM foarmat,

} - especially for relatively simple databases.

;}é Data Entry. As a result of the much broader sat
igf cf cptions available to the TSAR user, the TSAR database
%uf requires a much larg2r number of different input variacles.
:éi wWharzas LCOCCM uses 17 different forms for data srth-v, pluas a
b :
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number of change card options that generally control the
operation of a single switch or variable (6: Sec 4, 2), TSAR
has 1@7 different card types (?:228-2374), although it is
unlikely that all would be used in a single database. In
the F-16 databases used in this study there were 9 LCOM
forms usad (5) and 462 TSAR card types used (20). The dif-
ferences are not as great as these number would lead to
believe, hawever. In both cases, the databases contained a
nunber of aoptions that were not used in this particular
study, but TSAR has by far a larger number of cards, which
are dedicated to entering data necessary to simulate the
entire airbase and theater environment, but weren’'t neces-
sary to this particular study. In addition, LCOM utilizes a
change card file (&: Sec 4, 2-27) that initiates a number of
the optiaons available to TSAR as a separate card type. Nine
change cards were used in the LCOM runs done for this study,
moughly equivalent to the options available on 1 TSAR c.. a
typa. UDC=2spita these amelicrating factors, TSAR databases
are much more complex in their structure. For a user that
doesn’'t need the great flexibility advantaga that TSAR of-
fers, a LCCM database is easier to "find your way arocund?,
The sheer numbar of options available t3 thes TSAR user can
b2 bewildering and make it difficult %o insure that the de-
sired activities gccur while thcse not wanted are sup-
pressed.

LCCM has the disadvantage in initial simulation prep-

araticn cf having to use at least T diffzorent files
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{initialization, exogenous and change) to accomplish data
antry (4: Sec 3, 1-3). All TSAR data entry can be dgcne in
the same file, unless attack simulation is required. In
soma cases the use of exogenous and change files can simpli-
fy the use of LCOM, though. This is especially true when
different flying schedules or input changes are used against
tha same basic database. Several different exogenous and/or
chang= files can be produced and used to altar the simula-
tioan, without having to edit the basic database. For in-
stance2, in this study, three different flying schedules were
usad. With LCOM, thz flying schedules were prepared and
submitted to thrae separate exogenaus files. Changas ta the
maintenance networks had no =ffect on these files. With
TSAR on a mini-computer, using three different flying sched-
ules required the use of three separate databases, or the
editing of the database ®mach time a different flving sched-
ule was needed. If three databasas were used, changes to
the maintenanc=2 networks had to be made to all three data-
hasas in order to keep them curra2nt. 0On a more capable
gparating system, this disadvantage would largely or com-
pletely disappear (13).

Making Runs. Th2 sase of making runs varies bek-

ween the two models. LCCM has the advantage of having encg-
encus and change files, discussed in the preceding s=ction.

However, whan doing multiple runs with the same database,

in
Pl

TZAX has zl=zar advantages. With a quict zhange =z -4 t,os

rt
a

#1, the user can specify any rumber of r=scetitions e

YR

o >
(SRR (-

.......

e{y . .(‘ il

) f‘f -' i",“f 4',~‘%-' Tt e
' ; ) ) e .
‘WY \ X M s '( ISI" AR R '




KRR AN
o " o T o AERPAFLINLL)

s,

| [33hAh

KX NNy

done (9:18). TSAR automatically changes random number
streams at the beginning of each run, if desired, to proaduce
a distribution of qutputs. LCZOM, on the other hand, re-
quires the user to submit runs singly. If changes in random
number streams are necessary, initialization seeds must be
specified, in the change card file, for each stream to be
changed (4: Sec 4, 16). Another advantage for TSAR is its
faster execution time. Since the two models were run an
different systems, with different loading factors, direct
comparison should not be interpreted as an accurate reflec-
tion of exact differences in model execution times. How-
aver, the average time for the 15 TSAR runs daone for this
study was 1.1979 minutes, while the average for the 15 LCOM
runs was 12.4642 minutes, more thanm a factor of 1@ (appendix
A). It should be remembered that TSAR runs were done on the
less capable af the two systems, therafore the actual, in-
harant difference in execution speed bstween LCOM and TEAR
is likely even larger than that indicated. Sinc=2 LCOM and
TZAR ar= both normally deone as batch runs, tha% is the runs
are submitt2d and the computer system holds them until sys-

tem loading is favaorable, the actual difference in turn-

arcund time betwe=n LCOM and TSAR can strztch intec hours, in
the researcher’'s experience.

Qutputs. LCOM and TSAR take very different ap-
proaches to presentation of cutputs and there are many
Zifferences between the results achieved. FEoth have a gr=at

number of cptions regarding how much detail tha user cares
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to get frcm the simulation. In addition to the cutputs
available from the actual model run, LCOM offers a number of
past-processor cptions that can further increase the variety
cf outputs the user can gbtain (6: Sec 5, 3-4). At the time
of the study, TSAR did not have a post-processor available,
although pravisions have bsen made in the coding of the
mcedel to accomodate a past-processor. Since there are so
many options at the disposal of the user of either LCOM or
TSAR, it iz infeasible to address even a fracticn of the
nossibla advantages of one over the other. Rather, the
researchar feels twe features are of special note, both with
T3AR. On the positive side, TSAR, by wvirtue of its capabil-
ity to do multiple runs, presentszs multiple trial results for
an entire seri=s of runs. For instance, in this study five
runs were don2 with each flying schedule. TEAR presanted the
avarage number of sorties flown as a part of ths multiple
t-ial results, e2liminating the need to search the aoutput faor
individual data elements in ordar to make quick checks of
ren success. On the other hand, although man-haurs are
clearly tracked, TSAR has a deficiency in its handling of
nanpower utilization cutputs, at least from the standpoint
=f a manpower analyst. Man-hours used are reported by the
shop to which the personnel are assigned. This is less de-
sirable than the LCOM procedure, in which maintenance aan-
Mours are repcrted by AFSC, since the manpower analyst is

+arcad to convart from shop number to AFSC. 3Singe TSAR

=reovides fer cnly 20 shcps (B:37) a maximum cof @ AFSCs can




Jg be trackad separately. That in itself may be a relatively
8,

h )

:% trivial problem, especially in light of Rivet Workforce

‘l

efforts to reduce the number of maintenance AFSCs (13) but
the problem is compounded because there is not a one-for-one

correspondence between shop type and personnel type, in all

R
; cases. For instance, in the F-146 TSAR database used for

' this study, shop #3@ has both 4461X@ and 423X3 AFSC personnel
?' assigned (19: Sec 111, 37). Further confusion stems from

o the accounting of man-hgurs. Man-hours are accumulated in
.ﬁ the shops to which the personnel are assigned, sven though
?% they may be performing a task they are cross-trained for, in
" another shop (13). Thase factors make TSAR difficult to use
)

? focr manpower assessments. Therefore, to be of the most ben-
:ﬁ 2fit to the manpower community, the accumulation of man-hour
% data within TSAR would have to be modified.

E:!‘ Changes Necessary to Make TSAR Compatible to LCOM. The
§ second rasearch question was: In what ways must TSAR be

iﬁ manipulated to give acceptable forecasts? This question

% zannot be fully addressed because the study failed to fully
“& achieve standardization between the databases. NMNonetheless,
R, the final database used in the study gave outputs that were
~2 much closer to LCOM outputs than did the original, unchanged
E: database documented by Orlando Technolegy, Inc (19). Gen-
v. 2ral changes made are listed in table I, while specific

E: changes are listed in appendix A. As a caution to new TSAR
ﬁf users, the collateral effects of a number of different vari-
'i able inputs, scattered over a number of different card

N

b -

= J

O I N R N T S I ATV PP SR R S
rorcrot -(.\‘.\J' .11_ v I;(‘. ;j‘:_ BRSNS NCh CRLN

RIS 2 m M A A O (I P
Ca, J'i“"'n""-.l_ .‘.},‘jh'v.“l.‘,’1:‘!"'!’?"‘:’!0-‘,‘90. »':.?' i -‘l ~'f"".‘. » ..y".- AN ‘- ."‘.‘.‘




'Nﬁ typas, go into the operation of sometimes seemingly

e
{5 straight-farward tasks. An axample is the loading of muni-
i‘ tians aonto the aircraft. TSAR differentiates betwea2n basic
Z'A munitions and mission—-specific munitions and each is handled
3@ differently. Basic munitions are specified on card type
ﬁ (CT) #13/1). Basic munition loading is specified as a task
"
;;n ar tasks in the on-equipment maintenance networks (CT #Ss).
3&, The prebability that a particular sortie will require load-
. ing of basic munitions (after the initial configuration of
¥
1ﬁ§ the aircraft) is set by the probability of basic munitions
Etﬁ retentiaon on a different card type (CT #14&/1), as opposed to
i the usual method of controlling on—equipment maintenance by
g% specifying network entry prababilities (CT #7). Task times
Ei and resource requirements for basic munitions loading are
o containad in the CT #2. Mission specific munitions are
i% specified through a different process. The missicn type
;i? required is specified in the flying schedule (CT #E@). From
¢% that requirament, the type of standard combat load (SCL)
:"':. required is found (CT #12). With the SCL known, the proba-
3&: bility that the SCL has been retained is found on CT #1&/1,
separate from the probability of retention of basic muni-
g
gg tions. If necessary, the spzcific munitions to be loaded,
A
if§ the resources needed and the task times are fcund (CT #13).
‘»g In addition to th2 card types that directly rela“=2 to muri-
\g;i tions lcadirng, TEAR has a number of user controllable cp-
;:E tions that cam mccdify ths processing of th2 tasks., For in-
gf‘ 3tarnc2, the database may have a task time modifie- spocified
Q-‘
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(CT #17/2), which can reduce or extend the times shown with
the individual task (8). As this example illustrates,

tracking down the source of a discrepancy within TSAR is no
trivial task. Thorough review of the database is essential.

Shortcomings in TSAR. The third research question was:

If TSAR fails to provide acceptable forecasts, are there
apparent shortcomings in TSAR that can be economically over-—
come? Although TSAR failed to give forecasts compatible
with those from LCOM, the exact reason for this failure
could not be determined. It is very likely, in light of the
close tracking of the normalized man-hours between LCOM and
TSAR (figure B), th;t the aonly real failure was the failure
of the researcher to uncover the factor or factors that
remain in disagreement between the peacetime LCOM database
and the wartime TSAR database. Hawever, in the area of
outputs there are useful changes that could be made. For
instance, the accumulation of maintenance man-—-hours by AFSC,
or the development of a past-processor that would do so,
would grzatly aid the prospective manpawer analyst-TSAR
user. Conceptually this not a difficult problem. In addi-
tion, projects are currently underway tc produce a TSAR pre-
processcr (4). The pre-processor would take a mors =asily
understood, user-produced database and convert it into the
proper coding for TSAR simulations (4). This would reduce
or 2liminate the problem of TSAR's complexity for initial

data entry (13), a sorely needed improvement.
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] IV. Conclusions and Recommendations
ll .
;5 Significance pf Findings

o

+. The findings of this study can be broken into two

groups, statistical and gqualitative. The significance of
) the findings varies from one to the other.

Significance of Statistical Findings. The validity of

ﬁ the statistical findings of this study was greatly reduced,

f: by the lack of databases with the same basic assumptions.

éi The LCOM database used was based on peacetime maintenance

A

< concepts and practices, while TSAR databas=s are, by defini-

iﬁt tion, designed with wartime maintenance in mind. Given

.?: these pronlems, along with the grzat complexity of the

8 mgdels, it is not surprising that the cutputs of the models

;} ar= significantly different. Thaese figuras r=zally tell

&ﬁ little abcut the relative merit of TSAR in relation tc LCOM.

! If any conclusion can be drawn, it is that TEAR's capability

j“. is hint=ad at by the nearness to which its man-hour cutputs

?5 narallel those of LCCM (figures 7 and 8).

u Signiticance of GQualitative Findings. Thz expsriences

?i of the resesarcher may be of great value to future= users cof

Egi TSAR, or to those whc contemplate using TCSAR in place of, or

ti’ a3 a cempliment to, LCCM. TSAR is a relatively naw medel

tﬁ and few p=ople have experience in running boith TEAR and

'5: LCCM, ezpecially on the same prcblem. Thus %he relative |
e merits and advarntages of cna model over the gther are not i
V; well-lnown, aside from the unigue capabilities of TZAR o
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simul ate extended airbase and theater activities.

Fractical Implications of Findings

The adaptability of TSEAR to peacetime maintgnancea
concepts and practices has not been shown by this study.
Therefara, further study is warranted before concrete
conclusions can be drawn about the use of TSAR to replace
LCOM. DRecause of this lack of proof, and because LCOM is
easier to use in many ways than TSAR, it seems prudent tc
use LCOM if projected uses are within the bounds of LCOM's
capabilities. However, there is a growing need toc assess
requirements using a systems approach. This implies consi-
dering the interaction cf various components of a larger
system rather than looking at the components in isolation.
LCOM is recognized as doing a good job at forecasting air-
craftt maintenance requirements at a single base. How=ver,
there are pressures on the requirements community to expand
their research to include the interactions of aircraft main-
tenance with other airbase activities, enemy attack and
th2atre gperatians. These needs threaten to overlcad th=2
singla airbase, maintenance-only capabilities cf LCCM.
Whan, for these re=asons, an analyst is driven to seek mor=
powerful tools than LCOM, TSAR has natural attractions. It
is at that point that the qualitative findings cf this study
zan be useful in the assessment of TSARs applicability and
usa. it should be remembered that TSAR is very new and has
lcts of rocm for future development. Those who have werked

with LOOM $2r a number 2Ff years can attzceht to the fact that
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earlier versions of LCOM had shortcomings much like those
identified in TSAR: weak output and complex inputs (4).
These problems can only be overcome through work with the
maodel to identify areas for improvement and continual

develcpment to fix the shortfalls.

Recommendations for Follow-on Experiments

This study can be thought of as an ice-breaker. The
experiences nof the researcher bring up more questions than
they answer and point the way towards some pramising avenues
of further research. But a few basic gqualifiers need to be
addressed. FPart aof the difficulty in getting good answers
in this study was the complexity of the models. It takes a
1ot of time and effort to become familiar with one, lest
aleone two, simulation prcgrams of this magnitude. Future
researchers intoc the differences between these two models
would be well served to: allocate about a year’'s time to
the study,, or, work in tfandem with another rasearcher (with
2ach taking prime respcnsibility for learning one of the two
mcdels), or have a good werking knowledge of one of *he
models priaor to undertaking the study. A researcher consi-
da2ring doing a study of this type should be comfortable with
—cmputers, enjoy the challenge of a jigsaw puzzle-type of
problem and be able to work well alone cor with cne or twe
cther researchers.

Scme avznues that appear 49 be promising for fubure

ra2search tnclude the fzllawing:

1. Fzalicat2 this studv, pizling up whare tha
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researcher left off, and continue the search for factors
that differ between LCOM and TSAR. Comparisons of outputs
cther than sortie production and man-hours are possible and
* will have to be done eventually.

, 2. Narrow the scope of the study and look at some
subset of the models. It is feasible to isolate certain of
the netwarks, for example, and r~un the models with just
those networks active. Another possibility is to adjust

task probabilities so that only scheduled maintenance and

a sortie configuration is done.

L)

)

b J. Find a wartime LCOM database and run it in compari-
son to an unaltered TSAR database. Attempt to identify haw

L

; the databases parallel one another and how they mutually

4 differ from peacetime databases.

o 4, Build simple TSAR and LCOM databases from scratch

o »

L and run in comparison. This would definitely be a jcb faor

‘ |

, »

% two people, but it’'s one way of assuring compatibility of

a assumptions.
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Appendix

Madel Inputs

TABLE III

Changes Made to TSAR Database, Primary Control Cards

Card Type Variable Original value New Value
(19
1 NTRIAL 25

2/1 PRINT 4 Q
STATFQ 12 ]
CUMSTA ! 2

272 Sortie
Demand -1 o}

/1 POSTPN 1 @
COPHAS 1 @
CANMOD 2 Q
CANSRU ! 2

z/2 NOFUEL 2 1
NEWDATA @220 14622

3/ RANDM 1 @
FULL 2 1
HIATUS 14 %)
NFART 271 87
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;§ TABLE 1V
)
4
%ﬁ Changes Made to TSAR Database, Resource Requirements Data
w ) Card Type Field Name Old Value New Value
R (19)
o
, S #857 TTU 2 4
S
ﬁ 5 #6858 TTU 1 2
Iy
B 13 #1 MEAN TTU #1 7 10
oy 15/1 DELAY/POST-FLT 14 2@
Wy
! DELAY/PRE-FLT 29 49
l'.'
i 1771 AC LDADS 1 2
‘x REFILL TIME 125 45
_,.'y
. 17/2 HURRY/ON EQGPT 72 10a
s HURRY /PRE-FLT 70 100
% ' HURRY/OFF EGPT 7@ 100
4
b HURRY/MUN ASMB 70 10@
o
l“
Table V
o
b Changes to TSAR Database, Initial Stocks of Base Resources
e
).
) Card Type Field Name 0l1d value New Value
(19
!
3
-{ =202 AIRCRAFT/SQ #1 3 1
5;
AIRCRAFT/NUM 72 24

"ot
5 AIRCRAFT/CREWS - 32
s
v 21 PERSONNEL (ALL) REMOVE MAN-HQUR CONSTRAINTS
1%,

29 TASK SEQUENCES ALL SCHEDULED MNX IN SERIES
o
i
\ *.:
I a
:ﬁ '
"V'l\ '.Qr';‘:_n l‘e‘.Q-"-,-‘\"“-"!'\"‘\‘..':* ""ﬁ-"\'?‘l‘l'e“».l"'\"-‘at.\".‘.i .t.' y¢ -‘- d."d LN ! "i ﬁ, ﬁ l.)-\ ‘ ‘I‘ |., :- ~ l., !{" \ ‘\: 3.3-'_--’."\'-.-'.'*- "
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; Table VI

Changes toc TSAR Database, Caomm. Systems and Initialization

' Card Type Field Name 0l1d Value New Value i

} (19)

; 33 CLASS (CARD ADDED) it

: MEAN TIME (HRS) &

: CLASS 2
MEAN TIME (HRS) 6

;

E 41 #1 # ASSIGNED/MSN1 2 24

' # ASSIGNED/MSNZ 48 2
# ASSIGNED/MSNI 24 2

Table VII

- o

Changeas to LCOM Database (3

Sorm 21: ACAP to CAP Cutoff Time Changed Fraom 1.8 to 0.0
Farm 21: CAFCAP to CAF Cutoff Time Changed From 2.7 to 9.9

o Change Cards:

p YNAM IFAR FFAR IAFAR IPARZ2 FPARZ
. CONSUM ot ACF
¥ KTIMSW i8 ACF
N GENRAT z ACF
NOCLWM
“ RFREQ 31
: STORAC ot ACF
Y AUTH 389 9999
\ AUTH 299 999
R STOF 1.1
(ISEED) Used As Necessary for Streams #2,2,6,7

)
L
i
'
*
‘
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5 Flying Schedules

L
%@ : » Flying schedules for LCOM and TSAR were functionally
‘; identical. Each schedule called for the same pattern of
éi mission demands each day for 30 days. The LCOM schedule
E? called for the flights to begin on Day 2 and to continue
o through Day 31, to avoid losing sorties on Day 1 due to the
ES long FRAG time used, while TSAR’'s schedules began on Day 1.
E% The FRAG was set at 18 hours prior to takeoff. All sorties
. flew the same mission profile, and all missions were for 1.1
g hours (constant). Four sorties per mission were requested,
)
% with a minimum of 2 needed to avoid mission abort. Missions
s could takeoff up to 15 minutes late. Mission takeoff times
:’:,f are shown in Table VIII.
& |
R - Table VIII
»_;: Flying Schedules-Target Daily Sortie Rate (TDSR) 1.8/2.@/3.
i; TDSR 1.0 TDSR 2.0 TDSR Z.@
ﬁ Mission Time # of Msns # of Msns # of Msns
i
3‘* 2530 2 3 4
" o8za 1 1 1
.’:
:; 1220 "4 1 2
E? 12320 1 3 4
o 1432 2 1 1
;E: 1630 1 1 2
ﬁ 1820 1 2 4
1
19

*
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;: Appendix B. Model QOutputs -
N Table IX
)
Sortie Production and Man-~Hour Qutputs for LCOM ang TSAR
Q:
LCQOM TSAR

2
2 TDER Fun # Sorties Man—-Hcours Sorties Manhours
i
R 1.0 1 720 17932 729 12590
, 2 719 18877 720 12920
B 3 719 18884 720 12292
' 4 719 18941 72e 127508
@ =] 729 19110 719 125460
&
e 2.0 1 13223 34201 1294 21220
. 2 1224 32519 1281 21950
W 3z 13035 I9293 1397 22972
N 4 132 74580 1372 22270
L o] 1289 34762 1279 21242
. 1]
" z. 1 1481 37499 1 1559 2444Q
: 2 1479 29272 1533 245320
A I 1477 38275 1516 25980
-& 4 1487 28158 1536 23770
:ﬂ‘ Is] 1478 38123 1549 25242
l'?
N
L Table X
o Simulation Run Execution Times (Seconds)
: Mcdel /TDSR Run #1 Run #2 Run #3 Run #4 Run #Z2
o .CCM/1.0@ I07.2 459 426, 6 £98.2 742

LCCM/2.Q@ se1.4 B847.2 990. 6 1616.4 687.6
A LCOM/3.0 72.@ 1352. 6 1006.2 120Z.8 74
’,
..
>, TSAR/1.0 251,16
- TSAR/2.0 373.99"
' T3AR/T.Q 452,98~
2 *Total of all § runs
v
Q‘ -
; =
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) : Appendix C. Calculations

FPaired Diffsrence T-Test

" The paired difference t-test was used to compare model
g outputs by forming a paired difference confidence interval
and checking to see if the interval contained zero (18:342).
The general form of the equation used for the paired differ-
ence confidence interval is:

So
Xp * ta.=

’ \F::-
‘|

the mean paired diffzrences .

value at desired a level with (no - 1) degrees
of freedom

S0 = standard deviation of paired differences

No = number of paired differences

+
a
N
3]
it

'\‘ Bcnf=rroni ‘s M=zthad

In ordar to insure that +hz level of confidence for the
; entire experiment was as high as desired, it was necessary
ta reduce the value of a faor the individual comparisons.
Bonferrcni ‘s method was used to calculate the level of a for

the individual comparisons (3). Benferroni’'s equation is:

P o

R
A N —
: p
‘l
i where
.
't a = 2rror associated with confidence level of individ-
’ ual tests
Xc = arror associated with desired aoverall confidence
p = number of individual tests to be performed
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!"t.
‘oY Lilliefor's Test for Ncrmality
]
et One of the assumptions that it was necessary to make in
i
the use of the paired difference t—-test was that the rela-
;l';:t .
&V tive frezquency distribution of the pcpulaticen cf differences
."Q
i
fEf was normal (18:362). A Lilliefor’'s test was used to test
"9
o this assumption (3). The equation for the Lilliefor’'s test
A statistic is:
;: M
;9‘:‘0
M)
R D = sup IFc(x) - S(x)l
NN
L)
) whers=
i
@w sup ~ means find the supremum (maximum! over all values
do! of x.
Fal(x) = the value of the hypothezied cumulative distribu-
o tion function (COF) at x
- S(x) = tha value of the obseved sample CDF at x
N
: A‘\
:%: The value of D derived from this equation was compared to a
1 ) .
, zritical value of D for the sampie size, found in the Lil-
i
':;$: liefor’'s table (3).
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a A comparison was made between the outputs of TSAR and LCOM. Each
}1 model was run with a F-16 database representing peacetime mainte- :
{:~ nance procedures at a single base. Since TSAR is a wartime model,
e modifications to the TSAR database were made in an attempt to make
) the models compatible. Simulation rumns were made using three flying
schedules, representing 1.0, 2.0 and 3.0 sortie rate taskings. Sortie
;1‘ production and man-hour outputs from like TSAR and LCOM runs were
> compared. Statistical comparison of the outputs showed TSAR sortie
o production figures and man-hour outputs varied significantly from
: - those given by LCOM. Results were biased by the lack of completely
K compatible databases, but there was some evidence to suggest that a
fairly constant factor represented the difference in outputs. In the
! course of the study, qualitative differences in the models were noted.
R~ These differences impacted the comparative ease of use of the models
g~ and their suitability to specific applications. TSAR is generally
o more difficult to use, in both input and output preparation and usage,
o but has greater power across a wide range of options. Development
. of TSAR pre- and post-processors 1s suggested as a way ro improve
:}; ease of input and utility of output.
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