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Preface

)

The purpose of this aéalysis is to determine the ability of the
current Specialized Undergraduate Pilot Training (SUPT) program design
to satisfy Air Force pilot training requirements.

Since the SUPT program is in its development stage, a simulation
model of the program was developed for use in this analysis. The model
represents the operations of both the primary and basic phases of pilot
training at all five UPT bases: Laughlin AFB, Williams AFB, Reese AFB,
Vance AFB, and Columbus AFB, By using attrition, weather abort, and
maintenance abort rate data expressed in terms of random variates drawn
from probability distributions, the model creates a real-world,
praobabilistic environment within which system operation is observed. ‘An
understanding of the FORTRAN programming language and the  SLAM
simulation language is necessary to conduct further analysis with this
model.

We would like to thank our faculty advisors, Major James R. Coakley
and Lieutenant Colonel Palmer W. Smith, for their guidance and advice
throughout the course of this analysis. We are also indebted to Major
Wolf Gesch of the Operations Plans Directorate at Air Training Command
Headquarters. Without his cooperation and assistance, this analysis
would not have been possible. Last, but certainly not least, we would
like to thank our wives, Louise and Karen, for their loving support
through the good times and the bad.

Joseph B. Niemeyer Michael D. Selva
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Abstract i

;

Since the approval of the Specialized Undergraduate Pilot Training J
(SUPT) concept in 1970, the Air Training Command has conducted several q
studies to determine the ability of this concept to satisfy Air Force j
pilot training requirements. By representing much of the data in mean E

value form, these studies failed to account for the wvariance betuween

data points. To address this shortcoming, a simulation modeling approach

PRI ¢

was used employing the network structure of the SLAM simulation language

IO

with augmentation provided using FORTRAN inserts. Replacing mean values

i

e

with  random variates drawn from probability distributions uwhere

3,

appropriate, and using the mean number of days required to complete all

La' o

SUPT training requirements as a measure of effectiveness, this analysis
determined the current program design can adequately satisfy Air Force

requirements. A statistical analysis was conducted using the following

dlatcwa ' 2 d

design factors: the production goal, training program ratio, number of
T-46 aircraft assigned, number of Tanker-Transport-Bomber (TTB)
training aircraft assigned, number of T-46 simulators, and number of

TT1B simulators. The results of this analysis showed that the pilot

g TRRAIG:

production goal, the number of T-46 simulators, and their interaction

0,

have a statistically significant impact on primary training. The

| PPN

analysis also found that the production goal, the training phase ratio,

Jd

the number of T-46 simulators, and their interactions have a

:

) or e
LA A s e 1 &

statistically significant impact on the Fighter-Attack-Reconnaissance

phase of basic training. An independent sensitivity analysis determined

ol

vii

PSSy )




at what level each significant factor, given a fixed level for all other

design factors, began to affect overall program operation.,
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THE SPECIALIZED UNDERGRADUATE
PILOT TRAINING PROGRAM _
(SUPT) 1

AN ANALYSIS OF ]
¢

I. Conceptualization }

General Concern

In Jume 1980, the Secretary of the Air Force and the Chief of Staff
of the Air Force approved the concept of Specialized Undergraduate Pilot
Training (SUPT). Under this new approach to pilot training, all
students receive the same primary flight training using the Fairchild T-
46 aircraft. Several weeks prior to the completion of the primary
training phase, each student's flight training records will be evaluated
by a board composed of wing flight instructors. This board, the Advanced
Training Recommendation Board (ATRB), will review each student's
performance imn the primary phase and will use this measure, the
student's personal desires, and Air Force pilot requirements to
determine to which phase of basic flight training each student will be
assigned. The basic flight training phase is divided functionally into
two different training programs. Those students who will ultimately fly
fighter, attack, or reconnaissance type aircraft upon completion of
pilot training will participate in the Fighter-Attack-Reconnaissance
(FAR) flignt training program. In this program, they will accomplish
basic flight training 1n the supersonic Northrop T-38 Talon aircraft.
This alrcraft 15 currently used in the basic flight training phase of

BT, Those  students  destined to fly  tramsport, tanker, or bomber

1-1
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directed a staff study be conducted addressing the ability of the 2
current undergraduate pilot training program to support Air Force Z
reguirements. The results of the study showed the current training Q
system "<agppeared> to have been built upon resources readily available f
rather than being aligned with USAF first-line aircraft." (6:5) Perhaps J
9
the most important finding of the study vas: -
3
"It appears that future strategic efforts will be j
confined to a relatively small number of expen- j
sive, 1intricate aircraft applied singly or in .
small groups rather than a repetition of the S
multi-thousand plane efforts of wWw II. In line K
with this philosophy, the proposed revised prog- -]
ram is based on concentration of trainming efforts

to produce well qualified air weapons experts y
rather than a large number of average aircraft )
drivers." [6:4] i
‘4
_1

Based on these and the other findings of the study, a program was
proposed to "rejuvenate" the pilot training program. Approval of the -
program came on 3 July 1852, and by November 1952, the program was ;
5
implemented. The first program step was to replace the Piper Cub with ﬂ
the T-34 as the primary screening aircraft. This replacement program 3
4
lasted four years and by 1956, both the Piper Cub and the T-6 had been :
o
k
retired. The remainder of the plan called for the replacement of the T- R

28 Dy the T-37 for primary training and replacement of the T-33 with
-
the T-38 for the basic phase. Nowhere in the plan were there any plans K
t> replace the B-25 multi-engined trairer. Perhaps this was just as N
well necause funds to procure a new multi-engined jet trainer were cut J
S
from the 1954 buaget. (1:12-13) q
_ieutenant General Charles 7. Myers, Commander of ATC, sounded the j
R
zearn w«nell for the specialiced dual-track training program when he 3
ﬂ
2-3 ]
1
1
P . N - . . .o - - -'1
L L : : o ) T . -
i .i.iii L o - Y . PSP LU S Ny, oy _a e PO S P S A Aa i e W "




B m ot o

LIRS R Rt - - >
L M T T N T AT T X TN WU W TV LA w4 San et e B ey E—— e

The single-engined advanced course consisted of 70 flying hours in
the North American AT-6 Texan. The multi-engined advanced course
consisted of 86 flying hours either in the AT-6 or the BT-13 aircraft.
(1:8) This program continued throughout the Second Weorld War, with a
peak pllot production rate or 81,000 pilots a year being reached 1in
1944, At the end of the war, pilot production rates dropped to a mere
340 pilots a year. This drastic reduction was due, in part, to the
large number of pilots traimed during the war that were still on active
duty. The number of pilots being trained notwithstamding, the new Air
Training Command implemented a new specialized pilot training program in
June 1846, Although the primary and basic phase remained relatively the
same, the advanced phase was specifically divided into three categories:
single-engine, twin-engine, and four-emgine. The P/F-47 and P/F-51 were
used in the single-engine phase, the B-25 in the twin-engine phase, and
the B-17 and the C-54 in the four-engine phase. (1:8-9) (NOTE: In 1948,
the Air Force changed the de-‘gnation of their fighter aircraft from
Pursuit (P) to Fighter (F). Herce, the notation P/F). In 1948, the
four-engine advanced phase was terminated since its primary supporter,
the Strategic Air Command, was satisfied with the gquality of training
conducted in the twin-engine phase. (1:10)

The next milestone in the specialized pilot training program wuwas
the retirement of the F-51 as the single-engine advanced trainer. In
December 1952, the F-80 Shooting Star jet fighter replaced the F-51. By
early 1953, the T-33, the two seat version of the F-80, was the sole
single-seat advanced traimer aircraft. (1:11)

While all these harduare changes were taking place, the commander

of ATC focused his attention on the future of pilot training. He

2-2

Laint-uts ot sne of

at

"
-




s T — o arn San Siat M Sl e aae ) Cagh ilhaton et - W e Ny W W WL ey e,

R

II. Literature Review ;1
Before discussing the development and application of the analytical ]
techniques wsed 1in this study, it is important to review the events j&
which lead to the adoption of the current program and the types of
analyses and the analytical tools applied in past studies of 1

Undergraduate Pilot Training. This review provides the analysts with a

perspective on how pilot training problems were approached and allows

the readers of this study to put its results in their proper

perspective.

Historical Development

The history of Air Force pilot training has seen the program shift
from a single-track system to a multi-track system and back to a single-
track system. Prior to the Second World War, most American pilots were
trained to fly single-engined, fighter type aircraft. (1:7) Due tc the
similarity of the pilot training received by these pilots, their
training program, although not specifically termed single-track, could
be categorized as single-track training. By 1940, as the U.S. prepared
for war, the shortage of trained pilots resulted in the pilot training
program being changed to a dual-track system. Under this program, each
student pilot spent 10 weeks in the primary phase and accumulated 60
flying hours. In the basic phase, the student spent the same amount of
time and accumulated 70 more hours of flying time. After completion of
the basic phase, each student received advanced training in the type
aircraft, either single-engined or multi-engined, to which he would

ultimately be assigned.

2-1
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Summary

! In this section the basics required for the formulation of the

)
VRIS DI, |

simulation model were discussed. The research objective is to provide

O |

the Air Training Command with an analysis of the ability of the current

s SUPT program design to satisfy Air Force pilot requirements. To assess

25 F-_la “y e

this ability, the measure of effectiveness chaosen for the analysis was

the time required to complete the training requirements for each phase

l of training at each UPT base. By analyzing the effects changes in the
levels of specific factors within the program model have on this
measure, the functional relationships between these factors can be
assessed and their impact on the overall performance can be determined.
To conduct an accurate analysis of this problem, the entire analysis
effort must have a logical and systematic flow. The description of the
steps in a process analysis provide a blueprint for ensuring the

realization of such a flow.
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Figure 2. Process Analysis
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R 5) Verification. This step actually is "
- considered  throughout the model development. -~
i: Through verification one attempts to insure that j
‘ the computer code performs as desired. Y

N §) Validation., Like verification, validation is
e an on-going process. Through validation one
-0 attempts to insure that the simulation model
= accurately reflects the system being modeled.

7) Experimental design. The plan for running the
model and performing an analysis which will give
the desired information about the system is
formulated.

. 8) Experimentation. The design is carried out.

9) Analysis. The output of the experiment is ]
subjected to the statistical techniques chosen in -
the experimental design stage. 5

L] 10) Implementation. The declsions which proceed
frocm the analysis are put into practice.

S N A

Although there is tendency to follow these steps in a checklist fashion,
II the process analysis may become an iterative process requiring
reaccomplishment of previous steps in light of new information or a

different insight into system operation. Figure 2 illustrates how the -

ir process analysis is used to establish a logical approach to the conduct
]

of the research.
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required to accomplish all training requirements for each phase of

training at each UPT base. This measure was chosen for two reasons.

S PR A L W W T

First, it provides information on the timeliness of the program as well

as the program's ability to satisfy Air Force pilot requirements.

Secondly, and perhaps most important, this measure is not unfamiliar to

LY BN SR

Air Training Command planners since it is one of the major benchmarks
used to measure the effectiveness of the current UPT program. Although
the SUPT program is a significant departure from the current UPT

training concept, its overall goal has not changed, that of producing ;

et N R

i

gualified pilots in a timely manner.

3t .

Process Analysis 3
-3

Before describing the conduct of this analysis, it is important to i
emphasize the need for a logical, structured approach to the problem, {
N

The steps taken in the design, development, and testing of the model
used in this analysis follow those suggested by Shanmnon (12), Gordon

(5), and Banks (2). These steps are:

1) Problem formulation. Every study must begin
with an accurate definition of the problem and
the setting of research objectives that support
the analysis of the problem.

2) Model building. In this step the abstract
system 1is reduced to a set of logical and
mathematical relationships.

3) Data acquisition. Here historical data used
to support the analysis is collected and
analyzed, Such data may be used to derive the
probability distributions used in the model.

4) Model translation, WNext, the conceptual model
is translated in a computer language for
processing.
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Primary Phase Basic Phase
. Laughlin Laughlin
FAR[—
Williams \\ Williams
Advanced Training —
Recommendation
Reese Board o — Reese
Vance TTB |— Vance
Columbus L— Columbus

Figure 1. Outline of System Operation

training representative of the operational enviromment in which students
will fly after graduation from SUPT, Conversion to SUPT and the TTBTS
is expected to reduce the overall cost of pilot training through lower
fuel consumption, improved maintenance capabilities, and the multiple

crew training concept. (13:2)

Measure of Merit

Before beginning the model formulation process, the analyst must
select the appropriate measure of merit for the system. This measure
should allow him to use the model to realize the research objectives of
the thesis.

The measure of merit chosen for this analysis is the mean time

1-8
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will enter training every three weeks. The number of flights will be
similar to the current number; six T-37/T-46 flights at each base,
eight T-38 flights at Williams AFB and Laughlin AFB, and eight TTB
flights at Columbus AFB, Vance AFB, and Reese AFB. Under the SUPT
concept, all stucent pilots will receive common primary phase flight
training to develop fundamental flying skills. Near the end of the
primary phase, students will be evaluated by an Advanced Training
Recommendation Board (ATRB) and routed to one of two specialized
training tracks: Fighter-Attack-Reconnaissance (FAR) or Tanker-
Transport-Bomber (T78). This selection will be based on USAF manning
reguirements, demonstrated flying skills in relation to mission
requirements, and individual prefergnces (13:1). After the ATRB, if a
student selected for the TTB track is stationed at a base with TTB
aircraft, then he or she will enter the next available class at that
base. Otherwise, that student will make a permanent change of station
(PCS) move to a base that has TTB aircraft assigned. A similar
situation will exist for students selected for the FAR track. Figure 1
presents an graphic outline of the SUPT system's operation.

ATC is currently in the preliminary phase of acquiring an aircraft
to fill the TTB role. This acguisition is expecped to be an off-the-
shelf multi-engine jet aircraft capable of conducting low-level
navigation at 300 knots true airspeed. These new aircraft will be
stationed at Columbus AFB, Vance AFB, and Reese AFB along with a
contingent at Randolph AFB for instructor training. The TTB aircraft,
desigrated the Tanker-Transport-Bomber Training System (TTBTS), will

improve training for pilots selected for the TTB track by providing

1-7
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phases: primary and basic. The primary phase is used to teach

fundamental flying skills, Presently, the Cessna T-37 aircraft is used
for this mission; bhowever, it will be replaced by the Fairchild T-46
with an Initial Operational Capability (IOC) in 1987. The basic phase
of UPT uses the Northrop T-38 aircraft to reinforce fundamental skills
and develop additional flying skills required in operational aircraft.
The UPT program also utilizes a variety of other instructional aids,
including instrument flight simulators, cockpit procedural trainers, and
classroom training.

The length of the current UPT program is 49 weeks. Seventeen
training days are wused for preflight training which consists of
briefings, cockpit familiarization, study sessions, and general
preparation for the primary phase. Currently, 81 days are used for
primary phase and 108 days for the basic phase. Under SUPT, 105
training days will be required in each phase. The 105 days for primary
phase will include 15 days for preflight. (In generalized UPT,

preflight is separate from primary phase.)

Under the current program, eight classes enter UPT each year at six

ey

week intervals. The arrival date and the numerical class designation of

each class is identical across all five bases. For example, class 85-01

il i 4
B . Vel
L PRI
' . A

P |

is the designation of every class that arrives in November of 1883 and

graduates as the first class of Fiscal Year (FY) 1985. A class starting

L e aie aon 2in ot As o 4
AR
ot et

primary phase enters one of six flights in the T-37 squadron and classes

starting basic phase enter one of eight flights in the T-38 squadron.

S

.

In the current program, two flights with approximately 35 students per
flight enter training every six weeks.

Under SUPT, one flight with approximately 30 students per flight

1-6
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Force Reserve, Air National Guard, and foreign countries. The pilots
graduating from this program must be capable of qualifying in one of a
variety of operational weapons systems in minimal time and at minimal
cost. The increase in complexity of weapon systems throughout the Air
Force, along with increasing training costs and approaching aircraft
service lives, has required ATC to re-evaluate the structure of UPT,
The goal of.Specialized Undergraduate Pilot Training is to produce high
quality, mission-oriented pilots in a cost-effective manner.

There are five UPT bases in the US: Laughlin AFB, Williams AFB,
Vance AFB, Reese AFB, and Columbus AFB. Each year, forecasts are made
to determine the number of pilots needed to fulfill Air Force
requirements. Students are then selected and assigned to a specific
base to attend pilot training. Each base can adequately train a limited
number of students per year. These limitations are due to weather
factors, the flying enviromment, number of aircraft, instructor pilot
availability, and maintenance repair capability. Because of occasional

changes in these factors, the capability of each base varies from year

to year.
An important principal in the ATC training program is the idea of

"smooth flow". Surges in the production rate at any given base are

o undesirable since there may be times when personnel and equipment are
idle and other times when these resources are unduly taxed. Also,
system surges have collateral effects. If a class transitions from one

® . s .

. phase late, this may affect future transitions. This concept of smooth
flow 1is even more important to the SUPT plan since the interactions

e between classes and bases are much more involved.

,' The structure of the current UPT program divides training into two
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satisfy Air Force projected pilot training requirements. Based on the
results of this analysis, observations can be made regarding how
effectively the current program design is able to meet these
reguirements. Additionally, the identification of those factors
contributing most to changes in the steady state operation of the system
will provide the Air Training Command with the necessary information to

assess the usefulness of the current program design.

Research (Questions

To support the research objective, the following questions will be

investigated:

(a) What effect do Changes in the levels of
certain factors within the SUPT program have on
the time required to complete each phase of
training at each UPT base? To satisfy the
research objective, one of these factors must be
the Air Force pilot production goal.

(b) Once the significant factors responsible for
the changes in the system have been identified, a
sensitivity analysis will be conducted to
determine how much variation within each factor
is possible before the factor causes a
significant change in the steady state operation
of the system.

System Definition

Having defined the problem and the research objectives, it is
important to understand how the system being studied actually operates.
It 1is this description of the system's operation that the anmalyst uses
to develop the conceptual design for the simulation model.

The Air Training Command is tasked to cor Juct Undergraduate Pilot

Training for the US Air Force. URT also provides pilots for the Air

1-4




O T T e TR TR - - _
. e R T A 0 e Mt Do hha Sen Jufe St lle SR Adasitees BAn M ey A ot wn et e AR it bl A S S T s i

DA s b Bl s B Mgl g s & 0y

testing many of the variables associated with the development and
implementation of this program. The objective in this amalysis is to
assess the ability of the current program design to satisfy Air Force
pilot requirements. Since this concept of specialized, dual-track
training has no recent precedent, it is important to determine which
3?; elements of the program have an impact on the amount of time required to
. complete the program and whether the current program design is capable

K of supporting Air Force pilot reguirements.

Problem Statement

As mentioned in the previous paragraph, the proposed SUPT program

,rﬁ,trv,,,
L B o

is without recent precedent. The structure of this program is totally
different from the current pilot training program, and bears 1little

resemolance to the dual-track system previocusly used by the Air Training

vy

Command. Therefore, it 1is important that the Air Training Command
develop new analysis techniques which are specifically oriented toward
this new program. To contribute to the development of these new
analysis tools, the first goal of this analysis 1is to produce a
simulation model of the SUPT program operating in a steady state
environment. After model verificatio.. and validation, a second goal is
to analyze what impact changes in specified levels within the model have

on the time required to produce trained pilots and the ability of the

K current praogram design to satisfy Air Force pilot requirements.

Research Objective
The objective of this analysis is to determine which factors or
combination of factors, during steady state operation of the Specialized
L J

UPT program, will significantly affect the ability of the program to
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aircraft wupon graduation, will participate in the Tanker-Transport-

Bomber (TTB) flight training program. In this program, the students
will accomplish their basic flight training in the new TTB trainer
aircraft. This aircraft will be similar in performance to modern
business jet transports.

The change from the current "single-track" pilot training program
to the SUPT program is ceAtered on the availability of a basic training
aircraft. Due to its age and usage, the T-38 trainer is beginning to
reach the end of its useful service life. The most cost-effective
alternative to replacing the T7-38 aircraft is restructuring the pilot
training program. Several "independent studies" show that a
specialized, dual-track flight training program "would be more cost-
effective than the current UPT program." (13:1) Wwith the introduction
of the dual-track program, the T-38's useful service life can be
extended, making it a viable FAR training aircraft "until beyond the
year 2000." (3:47) In addition to delaying the costly appropriation of
a new training aircraft, perhaps the most important outcome of the
change to SUPT 1is the ability to provide a more realistic training
environment for those student pilots destined to fly the larger aircraft
in the Air Force inventory. Another outcome of the proposed change to
the SUPT program will the amount of money the Air Force will save in
fuel and operating costs. By procuring an "off-the-shelf™ aircraft with
more fuel-efficient engines and state of the art systems, the Air Force
will realize a savings of a nearly "S0,000 dollars per TT7B graduate,
which translates into a significant 55 million dollars per year savings
in our pilot training program" (3:47)

To date, the Air Training Command (ATC) has been analyzing and

1-2
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wrote to the Chief of Staff of the Air Force:

"The superior speed and performance of the T-37
will be such that subsequent basic training in B-
25 aircraft will be an 1illogical training
- progression." [7:1-2]

y—p ——————— .f,,_,T

o

General Myers advocated that all student pilots should be trained
P in jet aircraft because: (a) most of the Air Force inventory was
i composed of jet aircraft; (b) it was much easier to transition from a
[]I jet aircraft to a piston-powered aircraft; and (c) such a program would
t cost less and provide a "universally assignable" product. (1:13-14)

On January 28, 19538, the Air Force graduated its last students from

[. the basic multi-engined training program and retired the B-25. From
t this date wuntil the present, undergraduate piiot training bhas been
E conducted as a single-track, all jet program. (1:14-15) In the twenty
:u one years between the phase-out of the specialized dual-track training
- system and its revival in 1980, the Air Force conducted several surveys

. and analyses to confirm the adeguacy of the generalized training
‘j] program. Throughout the 1360's, studies indicated that producing a
universally assignable pilot did meet Air Force requirements. However,

these studies also confirmed that, based solely on pilot production

L e e o

rates, the T-38 and T-37 aircraft would have to be retired around the

o
. middle of the 1370's. As the pilot production rates increased in
response to the Vietnam conflict, the airframe retirement dates for cach
4 ® of these aircraft continued to move closer to the present.
3 . In assessing a need for new airframes, the Air Training Command
E:; accepted the concept of total program analysis. Under tiiis concept, the
{;- Air Force and ATC assessed the impact of the replacement of training

2-4
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aircraft on the entire training program. In the early studies
comprising this analysis, the concept of generalized UPT was continually
supported. The recommended means of extending the service life of the
T-38 and T-37 was the increased utilization of simulators in the UPT
curriculum, However, these same studies supported the concept that a
specialized pilot training program was a cost-effective method of
training. (1434-7) The recommendation for the use of simulation did
result in ATC acgquiring more simulators. This action, coupled with the
de-escalation after the Vietnam conflict, caused the service life of
both training aircraft to be extended beyond the dates previously
determined. This fact relegated the need for replacement aircraft, for
the moment, to the realm of future plans.

On the subject of specialized UPT, .the Air Force elected to
continue to study the concept. Two factors contributed to this
decision. First, with the concurrent development of such advanced
weapons systems such as the F-15, A-10, and the B-1, the Air Force did
not have the funds to procure a ne Tanker-Transport-Bomber (TTB)
trainer aircraft. Secondly, senior Air Force officers expressed concern
that the lack of a universally assignable UPT graduate would greatly
degrade the assigmment flexibility of pilots. Based on their recent
Vietnam experiences, the senior staff members were concerned that
specialized UPT could not adequately respond to a need for a particular
type of pilot (i.e. could not produce enough fighter pilots and could
not retrain TTB specific pilots). These two factors, combined with the
extended service life of the airframes delayed the consideration of
SUPT,. This delay, however, was short lived.

In 1977, in a move to recover from an airline pilot hiring boom and
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the Vietnam draw-down, pilot production rates rose to 1,000 per year and
were projected to continue to rise to a level of 2,200 by 1985. This -
rapid increase in pilot production greatly reduced the expected service
1ife of the T-38. By this time the Air Force had funded a separate
acquisition program for the Next-Generation-Trainer (NGT) to replace the ;
T-37. Suddenly, the Air Force was faced with the choice of requesting
funding for a new éupersonic trainer or adopt the specialized UPT
program. Again, two factors contributed to the acceptance of the SUPT :
concept. First, the Congress had tied the Defense Department to a plan
to increase inter-service utilization of specified systems. To prdcure
a new supersonic trainer, the Air Force would have to become a partner
in an existing Navy trainer acquisition program. The cost of this joint
program was excessive when compared to the cost of implementing SUPT.
The second factor contributing to the acceptance of SUPT was that ATC
had convinced the senior Air Force officers that the specialized program
could respond to demands for a particular type of pilot and that the

program represented a considerable cost savings. Based on these

g factors, the Air Force formally accepted the concept of specialized UPT T
: program and began taking the steps necessary to implement such a

2

;- program, (3:46-47) -
FJ’ It is evident from this brief historical review that the concept of K
b{‘ a specialized pilot training program was not conceived in haste. -

;i Rather, 1t has been studied and analyzed since the Air Force chose to -
-~ -
L’ adopt an all-jet single-track pilot training concept. To provide an -
L.

;' insight into how to conduct this analysis of the SUPT program, it is

-

E important to wunderstand the nature of the studies applied to the

P, specialized pilot training concept in the past. =
[
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Since the adoption of a single-track training program, the Air
Force has consistently evaluated this program to insure it is capable of
meeting its pilot training needs. In almost every study, the concept of
a specialized program was considered as the alternative to the current
program. Although the specialized program was found to be a cost-
effective concept, it did not appear to satisfy the Air Force need for a
universally assignable pilot. The majority of the studies and research
reports conducted on the specialized pilot training program assessed the
impact of not producing a universally assignable pilot on the
flexibility of Air Force pilot assignment policies both in peacetime and
war. As mentioned before, it was not until senior Air Force officers
were convinced that the specialized program would have no adverse effect
on pilot assignability that the specialized pilot training concept was
approved.

Unfortunately, this study is not focused on the personnel aspect of
the specialized training program. Rather, it seeks to determine whether
or not the current program design will satisfy Air Force requirements.
In the recent past there have been two studies conducted whose main goal
was analyzing pilot training implementation plans.

The first of these studies was conducted by Major Seth Jensen while
a student at the Air Force Institute of Technology. Major Jensen's
study attempted to analyze the implementation plan developed by ATC to
convert from the T-37 primary training aircraft to the new T-46

aircraft. Using data taken from the T-46 Master Implementation Plan, an

ATC document outlining the actions necessary to initiate a smooth

transition from one aircraft to the other, Major Jensen used a hand
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calculator to verify ATC calculations and assessments. His conclusion
was that the program, as outlined by the implementation plan, could not
satisfy Air Force training requirements. Due to his use of a nand
calculator, Major Jensen limited his ability to conduct a thorough
analysis of all factors in the program. In addition, his use of mean or
average data values did not allow him to account for the wvariance in
some factors or the stochastic nature of some of the variables.(4:20-21)

In an attempt to resolve the inadequacies of Major Jensen's study,
a second study was conducted by students at the Air Force Institute of
Technology. Major Jack Dickinson and Captain Glenn Moses developed a
simulation-based analysis of the T-46 implementation program at Laughlin
AFB.(4) By wusing simulation as the vehicle for conducting their
analysis, Major Dickinson and Captain Moses were able to deal with the
random nature of some of the variables involved in the implementation
program, In addition, they were able to conduct a rigorous screening
procedure to determine the factors critical to the successful
accomplishment of the aircraft changeover. The success of this study in
providing ATC planners with a tool for analyzing the T-46 implementation
program is what initiated the development of this analysis of the

specialized undergraduate pilot training program.
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The Automated Training Capability Model (15)

A review of the technigues and programs used to analyze UPT would

PR Wl B A B SN U

not be complete without discussing the current model used by ATC
planners to .eualuate UPT program design capability. Developed as a
means of alleviating the tedium of hand calculations, the Automated
Training Capability Model is used to predict "the maximum pilot training
capability at each <pilot training> wing under specified
conditions."(4:18) To provide this information, the model conducts two
separate operations. In the first operation, the model uses equations to
determine each wing's sortie generation capability. This factor is a

function of runway availability, aircraft and instructor availability,

number of daylight hours per training day, maintenance abort rate, and

weather cancel rate. After arriving at the unit's sortie generation
capability, daily flying training is simulated to determine "the largest
constant student load that can be sustained wutilizing <the unit's
calculated generated sortie capability>."(4:13) An important detail
about the operation of the model 1is that data for weather and
maintenance aborts, student attrition and other stochastic variables is
presented in an average or mean-value form. For example, weather cancel
rates for primary training are determined by taking the average of
weather cancel rate data for the past several years. Although this is
less time consuming than using a distribution to represent the

stochastic data, its use does not allow ATC planners to account for the

variance that is common in many of these natural phenomenon. This model
is capable of providing ATC planners with the following information:
"(a) Factors for distributing an equitable workload to each wing, (b)

The impact of major program changes, (c) The best location for new
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training programs, and (d) An assessment of base requirements during

:'. e et

periods of expanding or declining pilot production." (4:18)

Although the Automated Training Capability Model cannot account for %?
the random nature of some of the variables operating in the pilot ?;
training enviromment, it does give the ATC planners an automated tool ;5
for making their assessments. In addition, it possesses a large data %ﬁ
base from which information can be drawn to initiate other studies. It i;
is this capability which was used rather extensively in the conduct of ;;
this analysis. 0
System Operational Concept for the i;
Tanker-Transport-Bomber Training System. (SOC) (13) Ej

Prepared by the ATC Deputy Chief of Staff for Plans, this document .
is essentially the blueprint for the specialized undergraduate pilot
training program. Its purpose is to "describe the concept of operations

for <the> Tanker-Transport-Bomber Training System (TTBTS)." (13:1)
The TTBTS 1is the sub-program within the SUPT program structure which
sets SUPT apart from the generalized training program currently in use.
The main contribution of the SOC to this analysis was its description of
the SUPT program. Since this program does not yet exist, the SOC was
invaluable in providing the analysts with a clear outline of how the
system should operate in a steady-state environment. Aside from
presenting the general concept of the TTBTS, the SOC alsc outlines the
training standards to be used in the program, the training aircraft
performance requirements, required instructor pilot manning, and

logistics and maintenance support requirements.
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Summary

Before designing and implementing an analysis, it is a prudent step
to thoroughly review the subject to be analyzed. In this section, a
brief historical review of the undergraduate pilot training program
showed that the subject of specialized pilot training has been an
integral part of many analyses. However, few of these analyses address
the implementation of such a program. Rather, they are concerned with
how to structure the program and what effect the adoption of such a
program will have on the assignability of its graduates.

Of those analyses which did study the implementation of a pilot
training program, the study by Major Dickinson and Captain Moses served
as an outline for the design of this study. The capability of
addressing the variance in many of the factors in the pilot training
process is an important instrument which ATC does not currently possess.
In this vein, the principal analysis tool currently used at ATC, the
Automated Training Capability Model, was discussed. It's main
contribution to this analysis was the data compiled in its extensive
data base. Much of this data was used to develop and validate the
steady-state operation of the model in this analysis.

Lastly, the overall outline for the operation of the SUPT program,
the Statement of Operational Capability (SOC) was reviewed. Since the
SUPT program 1is still in the planning stage, the S0C served as a

blueprint for the operation of SUPT.
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ITII. Model Formulation

Conceptual Model

To conduct a proper analysis of the SUPT program it is imperative
the simulation model accurately reflects the actual operation of the
system. With this goal in mind, the conceptual model of the system
represents the entire SUPT system in a steady-state condition, meaning
that SUPT is considered fully implemented and in its day-to-day mode of
operation.

The model begins with the initialization of many of the variables
necessary to place the system in a steady-state environment. In
addition, those variables which remain constant throughout the entire
gperaticn of the system are also initialized. These variables include:

(a) The percentage of students completing
primary training that are sent to FAR training
versus TTB training.

(b)  The number of days required to accomplish a
PCS move if the student must move to another base

to complete his training.

{c) The number of students that enter primary,
FAR and TTB for each class at each UPT base.

(d) The number of aircraft, simulators, and
instructor pilots assigned at each UPT base.

The percentage of students sent to FAR is a constant percentage
established by ATC. The current plan calls for 40 percent of the
primary phase students to proceed to the FAR track. The remaining 60
percent of the primary students will proceed to the TTB track. This
particular variable is one which raises many guestions in the minds of

Air Force senior staff planners. The specific area of concern is ATC's
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ability to produce FAR trained pilots in the event of a wuwar. Air
Training Command claims that the 40 percent figure for FAR 1is the
absolute maximum percentage of students that can be trainmed in FAR. The
restriction is due to the number of T-38 aircraft available and the
design of the syllabus for the FAR program. Therefore, one of the
subjects of ithis analysis will be to determine if indeed the 40 percent
figure 1s the maximum feasible fraction and what effect an increase in
the fraction will have on the ability of the program to produce the
required number of pilots.

In the event a student is selected for a program that 1is not
available at his primary training base, the maximum amount of time
allowed for a PCS is the length of time between class start times.
Current ATC plans establish 15 days as the maximum number of days
allocated for a PCS move. For the purposes of this model, all times are
expressed in working days. Therefore, in three weeks there are 15
. working days.

The size of each entering class in each phase of training at each
base is based on several factors. These factors include:

(a) The Air Force pilot production goal. The
goal used for this model is ATC's projected pilot
production goal for SUPT, 1910 pilots per fiscal
year.

(b) The percentage of the total class load
assigned to each UPT base. As menticned earlier,
each base 1is allocated a certain percentage of
the overall class load based on assigned assests,
(i.e. aircraft, simulators, and instructor
pilots), area weather, and a review of the base's
historical pilot production rate. Table I lists
the percentages of the averall load allocated ta
each base, for each phase, currently used by ATC

Directorate of Operations Plans (DOX) personnel.
For FAR and T7B, the percentages listed are of
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the 40 and B0 percent of the total primary
graduates who proceed to the basic phase.

(c) The total number of days in a year during
which training can be accomplished. According to
ATC planners, there are 105 scheduled training
days 1in each phase. However, in each of the
phases of training, there are 123 working days
during which training can be accomplished. The
additional working days have no  training
scheduled and are used as necessary. Therefore,
the total number of days available for training
in a year is 248. This figure excludes federal
holidays, weekends, and Christmas break.

(d) Final percentage of students expected to
successfully complete the entire phase of
training. For the primary class levels, the
overall attrition rate is figured using the
primary and basic attrition rates. Since there
is no data on attrition for primary training
using the T-485, the average primary attrition
rate for the current training program was used.
For the basic attrition, the average attrition
rate for the current basic phase was used. To
compute the basic class levels, the attrition
rate used was the average basic attrition rate.

Table I

Student Load Allocation

Laughlin Primary ---- 21.0 percent
Laughlin FAR -------- 48.7 percent
Williams Primary ---- 22.1 percent
Williams FAR ---==--- 51.3 percent
Reese Primary ------- 18.0 percent
Reese TTB -----cemeun- 31.6 percent
Vance Primary ------- 18.9 percent
Vance TTB --=--ce=ua- 33,2 percent
Columbus Primary ---- 20.0 percent
Columbus TTB ==eeeu-- 35.2 percent
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The following equation is used to compute the class size at each

base using the variables listed above. 1

(DAYS/CLASS ENTRY)(% OF LODAD) 3

Class Size = GOAL X I5Iv&/NEAR)(1-ATTRITION RATE)

Using this equation, class loads were computed for the 40/60 5.
percent FAR/TTB mix and a overall goal of 1,910 graduates per vyear.

Table II lists the results of these calculations in the form of class ]

lcac per base,

The remaining factors remain constant throughout system operation.
These factors include the number of aircraft assigned to each base for
each phase of training, the number of simulators assigned at each base,
ang the number of instructor pilots assigned.

The number of aircraft assigned at each base for each phase of
training 1is taken from the Automated Training Capability Model. One of
the outputs of this model is a listing of all the assets assigned at
each UPT base including the total number of T-46's, T-38's and TTB
aircraft. To more accurately define the number of aircraft actually
available for training, the output also lists the aircraft ready-rate

and the percentage of the time runways are available for wuse by

students. From these three values, the number of aircraft available for
training is computed by multiplying the total number of assigred
aircraft by the ready rate and the student use rate. Table III lists the

1
1
results of this calculation. -4
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Table II

Class Loads Per Base

Laughlin Primary ----- 30 students
Laughlin FAR -===----- 24 students
Williams Primary =----- 31 students
Williams FAR --====m-- 25 students
Reese Primary -------- 26 students
Reese TTB ------=cm==- 23 students
Vance Primary -------- 27 students
Vance TTB --c-sevecama 25 students
Columbus Primary ----- 29 students
Columbus TTB ==c=ee--- 26 students

In the model, the number of TTB aircraft allocated for training is
doubled to account for the fact that two students are trained per flying
sortie. This is a departure from the sirgle student-single imstructor-
single aircraft system currently in use.

According to ATC/DOX persaonnel and data taken from the Automated
Training Capability Model, each base has two simulator complexes, one
far each phase of training. Within each of these complexes, there are
eight simulators. In the model, the number of simulators at the 178
hases 1is doubled to account for the fact that two students are trained
in each simulator session as opposed to the standard one student per

session found in the primary and FAR phases of training.

Table II1I

Aircraft Allocated To Training

Laughlin's 7=4B's -==-=w~ew-x 55 aircraft
Laughlin's T7-38's -==---~---- 61 aircraft
Williams' T-4B'S —=-e-mmneem- 55 ajrcraft
Williams' T-38's -=ceemenee-- 62 aircraft
Reese's T-46's «~cecmmmmnaea- 53 aircraft
Reese's TTB's «-=--emcmoncann 51 aircraft
Vance's T-46's cmeocmemmvaan- 49 aircraft
Yance's TTB's cemceencccnc—an 51 aircraft
Columbus' T-46's ~---ee-voaae 54 aircraft
Tolumbus! TTB'S ececcemoeeoen 51 aircraft
3-5
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The number of instructor pilots assigned to each base for each
onase of training is based on the programmed yearly student production
loacd. In addition to assigned instructor pilots, certain members of the
wing staff serve as "guest" instructors from time to time,. In the
implementation of this model, these quest instructors were included in
the overall instructor pilot complement. For each phase of training the

following equations were used to compute the number of instructors:

For Primary Phase (T-48): (88 + ,1924(Xx)) + ("Guest" Instructors)
For Basic Phase (FAR): (B85 + .2667(%x)) + {"CGuest" Instructors)

For Basic Phase (TTB): (76 + .2384(X)) + ("Guest" Instructors)

Using these equations, the total instructor pilot complements for
each base and training phase are listed in Table IV.

Continuing with the algorithm used to compute TTB aircraft and
simulator availability, the number of instructors for the TTB phase of
training wused in the model is double the calculated figure. This
accounts for the fact that during flying sorties and simulator sessions,

one instructor will be training two students.

Table 1V

Total Instructor Pilot Complement

L.aughlin Primary --------- 160 instructors
Laughlin FAR —=c-ceeeea--a- 172 instructors
Williams Primary ----~---- 182 instructors
Williams FAR -ececcecceeaa 182 instructors
Reese Primary ~------==--- 184 instructors
Reese TTB --=-cecmccccnnaaa- 167 instructors
Vance Primary -----=---=-- 164 instructors
Vance TTB ---=ccmceccoao 153 instructors
Columbus Primary ----=---- 165 instructors
Columbus TTB -cemcecmceaan 167 instructors
3-6
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Table VI
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Results of Kolmogorov-Smirnov Goodness-of-Fit Test

T-37 Attrition
T-38 Attrition

T-37 Mnx Abort
T-38 Mnx Abort

Laughlin T37 wnt
Laughlin T37 Spg
Laughlin T37 Sum
Laughlin T37 Fal

Laughlin T38 wnt
Laughlin T38 Spg
Laughlin T38 Sum
Laughlin 738 Fal

Williams T37 Wnt
Williams T37 Spg
Williams T37 Sum
Williams 737 Fal

Williams T38 uwnt
Williams T38 Spg
Williams T38 Sum
Williams T38 Fal

13,773
5.2533

2.5576
3.0808

28,587
22.560
13.387
18.147

26.813
24,460
15.560
20.380

12.793
6.8533
6.5600
5.0133

14.313
5,5067
9.4267
6.3400

33.740
27.373
13.647
26,733

3.92164
1.85967

0.51053
0.31658

9.01577
13.0198
5.27863
6.96223

8.7729
9.98898
5.36427
7.78734

7.34048
5.14016
3.82058
5.84831

8.75123
3.00083
3,874865
5.81965

8.21582
10.0298
7.70713
12.2182

9.08354
10.1188
7.639080
10.8673

3-20

173 .257
131 . 257
134 .179
.153 173
Data
.153 .257
.185 .257
162 .257
0gs .257
.139 .257
113 .257
.155 .257
77 .257
162 .257
132 .257
116 .257
.210 .257
.120 . 257
147 .257
.245 .257
214 .257
121 . 257
.105 257
122 .257
.165 . 257
.123 .257
124 .257
14 . 257
159 .257

T
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considered more valid and more powerful. Unfortunately, the standard K-
S test is not valid when parameters have been estimated from the data.
The null hypothesis for this test 1is that the real underlying
distribution in the data equals the hypothesized distribution. It has
been found that the standard K-S test has a lower probability of a TYPE
I error, that of rejecting the null hypothesis when it is true, when
parameters have been estimated from the data. The problem arises from
the fact that by using parameters estimated from the data, the power of
the test 1is reduced. It is the power of the test which 1is most
important when the null hypothesis is as stated above, since it controls
the risk of accepting am invalid distribution. Lilliefors (8) generated
a modified table of critical values for the K-S test for use uwhen a
normal distribution is hypothesized and parameters are estimated from
the data. The table was created based on the results of thousands of
Monte Carlo simulations. By performing an analysis of the data from
these simulations, he found that the power of the test using the
modified table was correct when parameters were estimated.

The parameters derived for each of the empirical distributions, the
mean and the variance, were used in conjunction with Lilliefors' modi-
fied table to determine whether the historical data did indeed represent
a normal distribution. The results of the tests on the historical data
are compiled in Table VI.

To reject the null hypothesis that the empirical data distribution
is a normal distribution the computed Dmax must be greater than the D
test statistic found on the modified table for a particular level of
significance. As can been seen from the table, all the data conform to

a normal distribution at a level of significance of 0.01.
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tors were integrated into the entire training process. The use of these

| RPN ]

full motion, complex simulators reduced the number of instrument flight

sorties required and therefore reduced the number of sorties which were

ol

allowed to fly in other than VFR conditions. The maintemance ground
abort rate only spans three years because this was the only data avail-
able that was readily accessible to ATC personnel. Lastly, student
attrition spans the last 15 years because of the nature of the current
generalized UPT system. The syllabus changes in the current program have
not been that significant to warrant reducing the sample size to the
last few years. This point can be argued several different ways, but
the crucial point in this case i1s that student attrition is affected by
a myriad of policies and changes. Since it is impossible to isoclate any
one of these factors as the causal factor, it seems the prudent decision
to use as many samples as possible.

After gathering the data, 1t was plotted to determine what theore-

tical distribution would most 1likely fit the data. The normal

distribution appeared to adeguately fit the empirical data. As

examples, histograms for the distributions of student attrition and

Ce Te e T d
a2’ s

maintenance ground aborts are presented in Figures 4 through 7. Based

on the assumption of normality, the distribution parameters, the mean

at

and the variance, were computed. 1
Y

2

To verify the assertions of normality of the data, the Kolmogorov- N

Y

Smirnov (K-S) Coodness of Fit test was used. An  alte..ative non- 3
parametric test, the Chi-Square test, was considered. However, due to -
the small sample sizes involved, the Kolmogorov-Smirnov test was ;&
N

)

Y
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the areas of number of daylight hours per training day, number of

aircraft assigned per base, the distribution of student attrition over
the course of a training phase, runway usage, sortie turmaround times,
number of flying sorties and simulator sorties required per training
phase, sortie refly factor, and total number of training days per fiscal
year. Since the wvalues used in this model are what ATC reasonably
expects to occur, many of the constants used in this analysis are drawn
from the data provided by the Automated Training Capability Model.

The areas which lend the most variation to the ocutcome of the model
are the weather cancel rates, the maintenance abort rates, and the
student attrition rates. To adequately deal with these factors, mean
values are not sufficient. To model the "real world" aspects of these
activities, random draws from a probability distribution must be used.
This is why a simulation model of SUPT was designed for this analysis as
opposed to a more traditional deterministic model.

The first step in determining the probability distributions of each
of these factors was to gather historical data. The Office of Histor-
ical Research at ATC has compiled records of all this information which
extends in some cases back to the Second World War and earlier. To keep
the data collected as current as possible and still obtain a reasanable
sample, historical data was gathered for the past five years in the
case of weather cancel rates, for the past three years for maintenance
ground abort rates, and for the past 15 years for the student attrition
rates. At this point an explanation is warranted concerning the number
of years of data collected. The reason weather aborts were only tracked
for the past five years results from a change in the course syllabus in

the 1979 - 1980 time frame. At this time, the Instrument Flight Simula-
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is limited to accomplishing ome training activity per training day if
that activity is a flying sortie. Otherwise, the model logic remains
the same, At the end of the basic training phase, statistics are
collected at each base to determine the time required for each student
to complete the entire SUPT training program. As with the statistics
collected in the primary phase, these values are collected over time,
thereby providing a mean time to complete the program and a count of the

number of students completing the program in a specified time,

Data Collection

The data used in this model is drawn from three sources: inter-
views with personnel assigned to the Directorate of Operations Plans,
Headquarters Air Training Command; the Automated Training Capability
Model currently in use at Air Training Command; and historical data
obtained from the O0Office of Historical Research, Headquarters Air
Training Command.

The interviews with ATC/DOX personnel provided insight into the
functioning of the SUPT system. Information concerning the number of
instructor pilots assigned to each base, the number of aircraft
allocated for training at each base, and the percentage of the student
training 1load allocated to each base are examples of the types of data
gathered from these in*ervieus. As mentioned in the previous chapter,
the Automated Training Capability Model is an analytical tool used by
ATC. Written in COBOL, it is designed to provide information on the
operation of the SUPT program based on mean values as inputs to the
system. It is not capable of accounting for the variance which occurs

within factors in the system. However, it is a good source of data in
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flying abilities, and the student's wishes. In the model, a

probabilistic branching 1is used to direct approximately 40 percent of
the students to the FAR phase and 60 percent to the TTB phase.
After being placed in their respective advanced training phases,

the students enter the assigmment algorithm. Within this algorithm, the

A R & A_4 .8 &

model determines to which training base the student will be assigned to
complete basic training. The algorithm works on the premise that if a
training slot is available at the student's primary base and he has been

selected for that type of training then he will remain at that base for

Lolon b Bl S A A% ™y

the remainder of his training. However, if the student's primary base
does not offer the advanced training required or there are no training 3
slots available, the algorithm will send the student PCS to another 1

base. The logic within the algorithm attempts to model concepts used by ]

the Air Force assignment process by trying to assign those persons |

requiring a PCS to bases in close proximity to the primary training
base. However, the algorithm also attempts to establish a balance
between all the bases. In so doing, it may, at times, assign a person
to a base not in close proximity to his current training location.
Regardless of the proximity of the new training base, if the student is
sent PCS, he is allowed three weeks {15 training days) ta accomplish
that move.

Upon arriving at the basic training base, the student draws another

overall attrition rate for this phase of training. The remaining

processes are very similar to the ones described above for primary
training. Perhaps the only difference in this portion of the model is
that in the TTB phase, the flying sortie length is longer than the

sarties flown in the primary and FAR phases. Consequently, the student
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flying sortie, the flying sortie count is incremented and stored as a

student attribute. The aircraft is then released and the student is .
debriefed by the instructor pilot. The length of this debriefing is
designed to insure the instructor pilot completes one of his three

activities per day. Once the debrief is completed, the instructor pilot

is released. At this point the model determines whether or not to

LS R

- eliminate the student from the program. This is accomplished by a

v
.

[
i
~
-j

h FORTRAN insert which wuses the overall attrition rate drawn by the
! student wupon his entry to the training phase and the flying sortie
E count, If not eliminated, the student is delayed for the balance of
} one-half of a training day before returning to the node which assesses
) his remaining training requirements. However, if eliminated, the student

is removed from the system.

Upon completion of all the training requirements for the primary

phase the model collects statistics on how long the student spent in -
this particular phase of training. Since this collection process is
cumulative, it provides the analyst with a mean time spent in the phase w

and a count of how many students completed the phase during a specified
time period. Any student completing his training reguirements before

the scheduled completion date for his flight is delayed until that date

is reached in the model. This agrees with the routine currently used in
UPT. Students completing their training requirements after the scheduled

completion date are recorded as being late. Once these statistics are

®
5 collected, the student meets the Advanced Training Recommendation Board
(ATRB). In reality, this board is convened to determine the type of
advanced training each student will receive (i.e. FAR or TTB). This
_, determination is based on the needs of the Air Force, the student's
3-12
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delayed the length of one training period, one-third of a day, and
returns to the node which assesses his remaining training requirements.
In the event of favorable weather, an aircraft and an instructor
pilot resource are assigned to the student. The next probabilistic event
is drawing a maintenance abort rate. Rgain, as with the weather cancel
rate, this rate is drawn from a distribution of maintenance ground abort
rates for each aircraft type. If the student encounters a maintenance
abort, the aircraft 1is released to maintenance for repairs and an
attempt 1is made to assign a spare aircraft. If no aircraft resources
are available, the instructor pilot is released and the student waits
for the next training period to commence (i.e. the student is delayed
for one-third of a training day). UWhen the aircraft is turned over to
maintenance, the model assumes that only minor repairs are required.
Therefore, the release of the aircraft resource is delayed for
approximately one and one-half hours to simulate maintenance down time.
Assuming the student does not encounter a maintenance abort, the
flying training sortie is completed. The length of each type of sortie,
(primary, FAR, and TTB) is computed from information provided in the
Automated Training Capability Model. This model provides an aircraft
turnaround time as one of its data outputs. This turnaround time is a
measure of the time elapsed from the initiation of one flying sortie to
the initiation of another sortie. Using this time and the average
number of daylight hours per training day, (ATC normally conducts
training only under Visual Flight Rules (VFR) conditions and wusually
only during daylight hours), the flying sortie durations are computed to
be: 0.22 (2.75/12.57) days per sortie for primary and FAR and 0.36

(4.6/12.87) days per sortie for TTB. Once the student completes the
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Perhaps, for the sake of clarity, it is necessary at this point to

digress from the flow of the model for a moment and discuss the

scheduling heuristics employed in this model. As mentioned in the ji
preceeding paragraph, each student i1s allowed to accomplish two training i
activities per day. This is the normal operating procedure in pilot ;
training. However, in the event the student or a group of students ﬁ
should fall behind in the training program, then training might be d
accelerated. Since this analysis seeks to determine the ability of the j

3

program to successfully satisfy Air Force reguirements, it employs a
"worst-case" scenario and assumes that there will be no need to deviate
from the established training policy. Each instructor pilot can

accomplish three activities per day in the model. This structure

el Rt

coincides with the algorithm used in allocating simulator and flying

PRSTL

sorties and is the standard procedure used in UPT, N

Returning to the flow of the simulation model, it is evident that

., a2y~

one of the most complex activities 1in this program is the flying

1 e s e

sortie. Its complexity results from several probabilistic events which

contribute to its success or failure. After determining that the 3

student requires flying training and that sufficient resources are ]

availlable to accomplish that trainming, the model draws a weather cancel 3

rate from the distribution of weather cancel rates for that specific f

base and phase of training. (The determination of the weather cencel b

rate distributions will be addressed later in this chapter.) If the :{

F_ student draws a weather cancellation, the program checks to see if K

;_ simulator training 1is required and whether or not a simulator is J

?. available. If the answer to both of these questions is "Yes," the a

. . . . '

;_A student 1s scheduled for a simulator session., O0Otherwise, the student is -1
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The number of simulator sessions and flying sorties required were
drawn from the proposed SUPT syllabus in the System Operational Concept
document. The flying sortie requirement was multiplied by a M"refly
factor® provided by ATC/DOX which accounts for the expected number of

sorties that will have to be reaccomplished due to poor student perfor-

P N R TR S WP Ty S SR SE e T T S e |

mance, equipment problems, etc. Table V lists the sortie and simulator
requirements for each phase of training.

Based on syllabus requirements and availability of resources (air-
craft, instructor pilots, and simulators), the students are either
scheduled for a simulator session or a flying sortie. If the student 4

draws a simulator session, one half of a training day is allocated for

-
accomplishing this activity. The actual simulator session lasts about %
L
three hours including debriefing, but the model limits students to the 1
L
established ATC normal daily training load of two training activities i
per training day. By making the student use one-half of a day for the 1
simulator activity the model insures adherence to this policy. Upon ﬂ
completion of the simulator session, the student's simulator completed ;
. count is incremented and stored as a student attribute. After the half- 1
3 kS
b - [,
LT; day period 1s over, the student returns to the node which assesses h
L -
£1  remaining training requirements. Rgain, based on student needs and Y
k4-~ available resources, training is scheduled. -
-
. Table V
f. Phase Training Requirements
E Sorties Sims
t Primary 68 27
{ FAR 89 27 ]
: , TTB 61 27
-
L
.
-
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@ Figure 3. Phase Logic flow
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Mathematical Model

In the following discussion of the program's operation, the reader

may refer to Figure 3 and the source code listing in Appendix C. Once

'

the model is initialized, it begins processing in the SLAM network. The

0 20k auh et S 4

TY&’E
L N

first step is to build the entering classes. During this process, each
student is assigned an attribute noting his class number and an
attribute indicating the day he started primary training. After the
;‘ proper number of students are allocated to a class given the variables
f, described above, the students proceed to their assigned primary bases.
The first activity each student accomplishes is drawing an overall

- attrition rate for the phase of training. At various points 1in each

[ ¢

k. -

S student's progress through a phase, this attrition rate is wused to
B compute the probability of being eliminated at that particular time.
jl Thus, the attrition of students is spread throughout the program.

After drawing an attrition rate, the student accomplishes the first
activity of the primary phase, pre-flight familiarization training. At
this point in the model, the program also accounts for the days each
student spends in academics throughout the primary phase. The number of

days allocated to academics is 22, which is equal to 20 percent (two

.rrr_w‘wjvwv',,‘, et

hours of a typical ten hour duty day) of the remaining 108 days in

(]

- primary phase. After completing this activity, the program determines
{ the remaining training requirements of each student.
L.
»l
-
..
.\

[

-

[

4

r

=
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Table VI (Contd)

Results of Kolmogorov-Smirnov Goodness-of-Fit Test

Vance T37 Wnt 29.967 11.9040 .159 .257 i

. Vance T37 Spg 22.280 6.92565 .154 .257
- Vance T37 Sum 9.9800 5.17773 .137 .257
o Vance T37 Fal 20.413 7.71213 .133 . 257
s Vance T38 unt 31.900 14.3304 .178 .257 .
L‘ Vance T38 Spg 24.580  7.46996 176 .257 |
] Vance T38 Sum 12.233  6.95800 .094 .257
¢ Vance T38 Fal 21.753  9.03097 162 .257
B e e e e e e e e = - e o e e o = - - = = = = - —
[ Columbus T37 Wnt  30.440 8.72777  .149 .257
q Columbus T37 Spg 24.026  6.46457 137 .257

( Columbus T37 Sum  23.333  10.0207 .176 .257 i
. Columbus T37 Fal 22.220 6.55299 .234 257 :
s Columbus T38 Wnt  30.013  11.7361 121 .257
E Columbus T38 Spg 22.313  6.85908 .187 .257
- Columbus T38 Sum 22.260 8.38160 117 .257
(i Columbus T38 Fal 21.807 5.36543 137 257 i

Based on these results, the student attrition, weather cancel
Ei rates, and maintenance abort rates are drawn from normal distributions i
with the parameters listed in the table. At this point it must be noted
L that in reality the T-46 weather and maintenance rates are T7-37 data and
the T-38 and the TTB alrcraft share the same weather and maintenance
data. This approach was taken based on the similarity of the aircraft
and the lack of data on the new aircraft. This was also the approach

recommended by ATC.
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Model Translation

Using the relationships described in the previous section, a SLAM
network simulation was constructed. As mentioned earlier, Appendix C
contains a complete listing of the SLAM Code. To streamline the program
as well as make the program more understandable, the code used to draw
the weather abort rates, the overall student attrition rate, and the
maintenance abort rate, was written as part of a FORTRAN program. This
program was also used to compute the actual student attrition throughout
the course of the model run. For a full listing of the FORTRAN program,

see Appendix O.

Verification

Verification is the process of insuring that the simulation program
performs as the designer intends. The ultimate purpose of verification
is to ensure the conceptual model is accurately reflected in the
computer code (2:379). The process of eliminating features of a program
which cause it not to behave as desired is commonly called debugging.
With a complex madel like the one in this analysis, this verification
process can be very time consuming. A number of techniques have been
suggested that attempt to reduce the frustration of debugging. Some of

these techniques include:

1) Build the program in modules. Make sure each
module works correctly before adding it to the
program.

® 2) Have other programmers check the code.

3) Make a flow chart of the conceptual model to
help in writing the code.

! 4) Examine the output carefully to ensure
& reasonableness of results.

o 3-22
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. 5) Document the code fully so that errors can be
aj tracked down quickly and so that others can
¥ understand the code.
In an attempt to apply some of these techniques, the processes in
the SUPT system were logically separated into tasks which could be
{ written as computer subroutines. The appropriate computer language for
each routine was then selected. This selection was based on which

lanquage was capable of performing the routine most efficiently. The

routines which handled calendar events and the allocation of resources

were written in the SLAM simulation language. Tasks which involved
repetitive computations and complicated conditional branching were

. ® programmed in FORTRAN. Throughout the model development, the simulation

Y VL

was constructed in modules, which were then checked for proper logic by

each programmer.

y -

(t' Flowcharts of the logic required for major program modules, such as

the one presented in Figure 3, page 3-8, were prepared before the actual

Wl VAT S\t o |

ﬂj' code was written. The main purpose of this technique is to prevent

E) logic errors from becoming embedded in the program. Logic errors, which
may be syntactically correct, can be the most difficult to detect. The
flowcharts were particularly helpful in determining whether all possible

logic paths in the SUPT program were properly accounted for in the code.

: As the modules were added to the simulation, the resulting output

Eﬁ{ was checked. The printouts were checked for reasonableness and were 5
{“ verified as producing numbers which matched the probability distribu- :
&;: tions contained 1in the program. For example, in primary phase the ?
#:E simulation was programmed to eliminate students at a mean rate of 13.8

i;- percent with a standard deviation of 3.9 percent. Therefore, as a

= 3-23
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verification measure, the actual number of washouts in each phase was
recorded. The output reflected the intended distribution for attrition.
The remaining distributions and conditional branches in the program were
similarly checked.

Both the SLAM code and the supporting FORTRAN routines were fully
documented. This was a great aid in tracking down errors. It is also

very helpful when one goes back to examine a portion of the program

written weeks or months earlier. Anyone at least minimally comfortable

with reading computer programs should be able to follow the source §
listings in Appendices C and D. 3
The techniques discussed were all used in an effort to produce a E
fully verified model. Working concurrently with the verification :
process 1s another critical process in model development, the validation a
process. 5
Validatiaon j
Validation 1is concerned with whether the mcdel 1is an accurate E
representation of the real system. There is thus a subtle difference .
between verification, where the goal is a model that matches the de- ;
signer's intentions, versus validation where the goal is a model which ;
accurately reflects the system. Validation was a difficult task in this 3
study since SUPT is merely a proposed system. The analysts determined E
that a reasonable approach was to run the simulation with the values ATC
expects to use ( i.e. production goal, number of airplanes, etc.) and

compare the output of the model with the values ATC expects to realize
;:i from the SUPT program. This process was closely tied in with the

verification process.
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ﬂi, A major part of validation is the calibration process, uwhereby the )

iii madel results are compared with those of the proposed system and .

F adjustments are made as necessary (2:383). As an example, in the model i

the students were finishing primary phase too quickly. It was ;

discovered that the substantial academic requirements in primary phase ;

had not been given proper consideration in the model. After E

incorporating academic time into the model design, the model output more :

J

closely matched the baseline output. 3

Validation is actually a continuous process. It starts with the ?

hypotheses about system behavior formulated during development of the ﬁ?

conceptual model. It requires comparison of output in light of these i

hypotheses. Most of all, it requires that the results of the simulation f

model are reascnable. Steps taken throughout the model building process ;

which test the input distributions and program modules all contribute to 5

model validity and confidence in the final results of the study. E

The model has high face validity if the basic model and its output ?

appear to be reasonable to model users and to others who are :

knowledgeable about the real system (2:385). The model was judged to ?
have high face wvalidity based on a subjective evaluation by the ;

developers and personnel at ATC knowledgeable about the SUPT system.

The results agree well with ATC expectations. The baseline model

TS |

{ﬂ% yields: Average days to complete primary phase = 90 out of 105 days

- N
;11 allotted, Average days to complete basic phase = 93 out of 105 days j
: ~
L’; allotted, and Annual pilot graduation rate = 1930 pilots per year. e
" qu
o These results are quite reasonable in light of the fact that the model J
l. K
kﬁ? uses an heuristic scheduling algorithm which tends to push students q
& :
r. through the system in minimum time given the amount of aircraft and n
- :
-
|- 1
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simulator resources available.

Summary

The proper design and implementation of a model of the problem
being studied is an integral part of a systems analysis. In this
chapter, the steps taken to produce such a model are presented. The
first step is to convert the real situation into logical relationships
that can be programmed using a simulation language. In this regard, the
the steady-state operation of SUPT was converted into a network of
logical relationships. Since many of the factors in these relationships
were based on real-world, stochastic outcomes, data was collected and
analyzed. This analysis centered on the determination of the type of
distribution to which the data belonged. By plotting histograms of the
data and attempting to fit these plots to a probability distribution,
the data appeared to fit a normal distribution. To verify this
assumption of normality, the Kolmogorov-Smirnov Goodness-of-Fit test was
used. Based on the results of this test, the values of the stochastic
factors wused 1in the model were drawn from normal distributions using
parameters computed from the historical data.

Having verified the type of distributions to use for the stochastic
factors and determined the logical and structural relationships which
support the SUPT program, the next step was to code this information
into a simulation language. Coincident with this action, as each sub-
program was written it was verified to insure it performs as desired. In
addition, as each portion was added to the model, the output of the
model was reviewed to insure it agreed with the data supplied by ATC.

This step ensured the validity of the model.

3-26
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IV, Experimental Design

Selection of Factors to be Varied

A 1list of 30 controllable variables and 15 random variables in the

SUPT model was compiled. This list is presented in Table VII.

Table VII

List of Model Variables

Controllable Variables Random Variables

Production Goal T-46 Attrition Rate

Number of T-46's T-38 Attrition Rate

Number of T-46 Sims TTB Attrition Rate

Number of T-38's T-46 Ground Abort Rate

Number of T-38 Sims T-38 Ground Abort Rate N
Number of TTB's TTB Ground Abort Rate ]
Number of TTB Sims Laughlin T-46 Wx Rate ®

Number of T7-46 Instructors Laughlin T-38 Wx Rate
Number of T-38 Instructors Williams T-46 Wx Rate

Number of TTB Instructors Williams T-38 Wx Rate :

Ratio of Students to FAR/TTB Reese T-46 Wx Rate N
Days allowed for PCS Reese TTB Wx Rate =
Days between class entry Vance T-46 Wx Rate '.,
Days allowed for Primary Vance TTB Wx Rate L
Days allowed for Basic Columbus T-46 Wx Rate o
T-46 Sorties required Columbus TTB Wx Rate . |

T-46 Sims required
T-38 Sorties required B
T-38 Sims required »
TT8 Sorties required
TTB Sims required ﬂ
Length of a T-46 Sortie el
Length of a T-46 Sim ]
Length of a T-38 Sortie L
Length of a T-38 Sim R
Length of a TTB Sortie )
Length of a TTB Sim i
T-46 Turnaround Time a
T-38 Turnaround Time .
TTB Turnaround Time 3

The random variables listed govern such things as  student

attrition, ground maintenance abort rates, and weather cancellation S

rates. It is not appropriate to vary attrition, maintenance
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cancellations, or weather cancellations since these variables already

I: include the variance that exists in the historical data. However, since

4
2
<
K

the distributions used to represent these rates were drawn from

historical data which is a mere sample of the overall population, it is

o

ii appropriate that a portion of the sensitivity analysis be devoted to

ne

- determining what imp ct varying the parameters of these distributions

v
hdh od o

Qf about the calculated values will have on overall system performance.

. This portion of the analysis will be addressed in Chapter 5.

Lo
m

O0f the 30 controllable variables, the majority are governed by the

PN

SUPT syllabus. These factors include: number of flying sorties and
simulator sessions required per phase, the length of a flying sortie or -4
simulator session, and the number of training days allotted to each
phase. It 1is not appropriate to vary these syllabus items since these
factors have been set by ATC after careful study and have been deemed to
be at the correct levels to produce a qualified pilot. The remaining
factors represent production goals and resources. Instructor pilot and

T-38 resocurces were not selected for this analysis since these are

§ F 50 F e ¥
’ ‘{-l' ' A
R P i

existing resources whose numbers are not likely to change significantly.
Six factors emerged as seemingly appropriate for further study: e

Production goal, Student ratio to FAR/TTB, Number of T-46's, T-46 11

‘a

simulators, TTB aircraft, and TTB simulators. The resource factors
- included in this list, T-46's, TTB's, and their related simulators, have
not yet been acquired and as such, their numbers are subject to the

outcome of current and future budget decisions. Similarly, the

X

o production goal and the proper ratio to send to FAR versus TTB are still

'
e

topics being discussed by ATC planners.

P,
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Choice of Factor Levels

Our experimental aobjective is to make a general Iinvestigation of
the selected factors to determine which factors have a significant
impact on the SUPT system and if there are any significant interactions
between factors. An interaction exists when the system's response to
one Factqr depends an the level of another factor or factors. This
objective 1is most easily accomplished by using two levels for each
factor of interest. This design requires the least amount of computer
runs to cbtain the necessary information. The baseline level for each
factor, Level 1, represents the factor levels currently anticipated by
ATC. Level 2 for each factor represents other factor levels being
discussed by ATC, or in the case of resources, are levels which show a
ten percent reduction in airframes and a reduction in simulators of two.
The ten percent reduction in airframes (T-46's and TTB's) represents two
possible scenarios. Since ATC has not accepted delivery of the T-46 or
the TTB aircraft, two plausible situations are: a delay in delivery of
the new aircraft or a budget re-allocation which reduces the  total
number aof airframes available to ATC. The reduction of simulators from
eight to six per phase is used to examine the effects of two possible
scenarios. The first scenario suggests that in an effort to trim the ATC
budget, appropriations for two of the T7-46 or TT8 simulators may be cut.
These highly technical devices are extremely expensive and it is very
likely that in a budget trimming measure, money for some of these
devices could be cut. The second scenario attempts to add a real-world
flavor to the experirznt by suggesting that two simulators are down due
to maintenance failures. The production goal of 2200 is a future pilot

production goal anticipated by ATC and openly discussed by Brigadier
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General'william M. Charles, Jr., the former ATC Deputy Chief of Staff
for Plans.(3:42) The 45/55 mix for students going to FAR/TTB is used to
test the outer limits of the capability of the FAR program as it 1is
currently designed. Current ATC projections find that FAR will, at its
best, be able to support the 40/60 mix. The levels chosen for the

factor analysis are presented in Table VIT

Table VIII
Factors and Levels for the Experiment

Factor Level 1 Level 2
Production Goal 1910 2200
FAR/TTB Student Ratio 40/60 45/55
Number of T-46's 409 368
Number of T-46 Sims 8 5)
Number of TTB's 225 202
Number of TTB Sims 8 6

T T VNN
TMOOm>
s e e s e

Screening Designs

Screening designs determine which of the factors chosen for study
will have a significant impact of the system. Performing a full
factorial analysis of the six factors chosen, each at two levels, would
require 26, or 64 runs. Since more than one replication is required to
assess the stochastic variation in the response measures, the number of
total computer runs required would actually be a multiple of 64 runs.
The SUPT model is very large and complex. At any one time there may be
2500 or more students in the system each requiring numerous simulator
sessions and flying sorties which are subject to maintenance and weather
cancellatlions. This simulation requires a very large amount of computer
time. For example, when running this model on the CDC 6600 Cyber, it
takes approximately 32 minutes of processing (CPU) time to accomplish

one replication of the program. Therefore, all attempts must be made to
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keep the number of rums to a minimum.

If the effects aof the higher-order interactions, those interactions
between three or more factors, are assumed to be negligible, then the
information on main factors and two-way interactions can still be
obtained by only rumning a fraction of the full experiment. Fractional
factorial designs are very useful for screening significant fa tors and
as a consequence of their use, the number of rums reguired to conduct a
factorial experiment are reduced. In a fractional design the higher
order Iinteractions are confounded with the effects of interest. This
means that these higher-order effects cannot be distinguished from main
effects and two-way effects. Interactions which are confounded against
other effects are appropriately called aliases (9:327).

The size of the fraction being run determines how much confounding
of effects occurs. For this experiment, a one-fourth and a one-eighth
fraction were chosen. The one-eighth fraction of a 2S experiment
produces uwhat is called a resolution III design. In this design main
effects are aliased against two-factor interactions and two-factor
interactions are aliased with each other (9:329). In the one-fourth
fraction of a 26 experiment, a resolution IV design is produced. Here,
main effects are not aliased with any other main effects or two-factor
interactions. However, two-factor interactions are still aliased with
each other.,

In the one-fourth fraction of a 26 experiment, called a 26_2
Resolution IV design, the design matrix used in the statistical analysis
and construction of runs required is created by laying out a full 2a
Jesign and then using "generators" to fill in the columns for the fifth

ira sixth factors. The generators from Montgomery (9), Table 11-8 were
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used tg create the design matrix in Table IX.

in the right-hand column,

that particular rtun.

cd
abc
abd
acd
bcd
abcd

This table also reveals,

the factors which will be

Table IX

26-2 R . . .

esolution IV Design Matrix
Generators: E=ABC, F=BCD
C D E F AB AC AD BC BD BF DE
I I A A T R
e T B T T B I T I B B
A A A B B B I B
1T-1 1 1 1 -1 1.1 11
e T T e T e R I A B
T It A B RS B B (P I B
1 -1 -1 11 1-1-1 1211
D e s T T B B
1111111 11
o s I I B B
T 1T 1111 -1 -1 1T
L Y e e A I I I I
e B B B B I S B B B
L B I B e B A L R
Y R Oy I B e A I B B
(Y A s T E I T A
the. full

Using the same generators,

was created and is presented in Table X.

set at Level 2 for

ABD ABF Runs

-1
1
1

-1
1

-1
1

-1
;

-1
1

-1
1

-1

-1
1

-1
1
-1
1
1
1
-1
-1
1
1
-1
-1
-1
1
-1
;

128
ae
bef
cef
daf
abf
acf
adef
bc
bde
cde
abce
abd
acd
bedf

abcdef

alias structure for this design

Similarly,

the design matrix

and alias structure for the 25-J Resolution III design were created and

are presented in Tables XI and XII.

4-8




Table X

Aliases for 2072 Resolution IV Design

(1) ABCE BCOF ADEF
A BCE ABCDF DEF
B ACE COF ABDEF ]
C ABE BDF ACDEF ]
D ABCDE BCF REF 1
AB CE ACDF BDEF b
AC BE ABDF CDEF .
AD BCDE ABCF EF b
BC AE DF ABCDEF A
BD ACDE CF ABEF \
cD ABDE BF ACEF 4
ABC £ ADF BCDEF !
ABD CDE ACF BEF ’
ACD BDE ABF CEF :
8CD ADE F ABCEF
ABCD DE AF BCEF
]
Table XI d
L
2673 Resolution III Design Matrix
Generators: D=AB, E=ABC, F=AC d
(1)A B C D E F BC Runs '
(1)1 -1-1-1 1-1 1 1 df ;
a 1 1-1-1-11-1 1 ae )
b 1 -1 1 -1 -1 1 1 -] bef 1
c 1111 1 114 cde 4
ab 1t 1 1 -1 1 =1 -1 -1 abd <
ac 1 1 -1 1 -1-1 141 acf .
bc 1 -1 1 1-1-1-1 1 be p
abc1 1 1 1 1 1 1 1 abcdef .
4
Table XII .
Aliases for 26°3 Resolution III Design >
(1) ABD ABCE ACF DCE BEF BCDF ADEF
A 8D BCE CF ADCE ABEF ABCDF DEF
8 AD ACE ABCF BDCE EF COF ABDEF
C ABCD ABE AF DE BCEF BOF ACDEF
AB D CE 8CF ABDCE AEF ACOF BDEF
AC BCD BE F ADE ABCEF ABDF COEF
BC ACD AE ABF B8DE CEF OF ABCDEF
ABC CcD E BF ABDE ACEF ADF BCDEF

4-7
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It is clear from these tables that the runs required by the
Resolution III design are all included in the Resolution IV design.
Both designs have limitations. What is gained by the reduction in runs
required is lost, to some extent, in the amount of confounding of
effects. Higher-order interactions can be very difficult to explain and
tney rarely occur in real world systems. Thus, if higher-order
interactions are negligible then the fractional designs chosen should
yield the desired information on main effects and two-way interactions.

Rnother important characteristic of the designs wused in this
experiment 1s that they are orthogonal. This means that the design
matrices used in the experiments are orthogonal matrices. A matrix is
orthogonal 1if 1its transpose equals its inverse. A simple method for
determining if a matrix is orthogonal is to check that: (a) each column
of the matrix sums to zero, (b) the product of any two columns sums to
zero. and (c) the sum of the squared elements of any column does not
equal zero. (10:36)

The advantage to using such a design in this experiment is that
since the design is ortheogonal, the coefficients of the general linear
model (i.e. the beta values) are uncorrelated. This situation allous
independent statistical tests Eo be accomplished to determine the
significance of individual factors and their interactions within the

model.

Selection of Response Varjables

To adequately measure the full system's response to changing
factors, ten indicators were selected. They are the days to complete

primary phase at each of the five bases and the days to complete all

4-8
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ATC and the USAF have contreol cver the inputs of these factors and
information on the acceptable range of these inputs could be useful

information to decisiommakers.

badiodalodlon B 5 X X 5oL

Sensitivity to Pilot Production Goal.

P

The pilot production goal was run over a range of 1910 through 2200

i

graduates per year to determine at which level the system appeared to be

significantly impacted. The specific levels chosen were 1910, 2000,
2100, and 2200, thus requiring 24 simulation runs for this portion of
the sensitivity anmalysis. The response variable deemed most appropriate
for this anmaliysis was the mean number of days reguired to complete SUPT,

averaged across all five hases.

MY TORET W53 JnF 30 A WP Wy SN

The ANOVA for the various production goals appears on page B-21.
The probability value (p-value) equals zeros thus, there 1is a
significant difference in system response across the four levels chosen.

Duncan's Multiple Range Test provides more information on individual

Aot B AL

levels. This test indicates a significant difference between all

el i

possible pairs of levels run. To gain maximum insight into the effect
of changing production goals, the total system response must be

examined. Accordingly, all of the output from the simulation rum should

*a g aa g Jf 4

be examined to determine if there are any other significant results

e
. . . . k
aside from those affecting the primary measure of effectiveness. :
g

One response which appeared to be significantly affected by a
change 1in levels was the number of students finishing primary phase 4
3

late. Figure 8 shows a plot of number of students late in primary phase

bk

(in the course of a 75 day run) versus the production levels chosen,

The system appears to handle a production goal of up to 2000 graduates

[V S S AN
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SUPT model is to various levels of the factors which were identified as
being significant. The goal in this type of analysis is to identify at
which level or levels the steady-state operation of the system is
significantly affected. To accomplish this, a sensitivity analysis was
conducted on each of the factors found to be significant. Each of the
factors was tested in isclation, that is, all other factor levels were
held constant while the selected factor was varied over a predetermined
range.

The same tactical planning factors used in the screening design
were employed in the sensitivity analysis runs. Six replications of
each run were performed. Furthermore, the replications were paired with
replications from antithetic sets of random number streams. This also
follows the routine set in the factorial experiment.

The appropriate statistical tool for differentiating between the
effects of various factor levels is the one-way, fixed-effects ANOVA.
The same assumptions required for use of the linear statistical model,
the foundation of the ANOVA method, apply as stated earlier. When the
ANOVA results indicate that there is a significant difference in
response due to the factor levels chosen, the researcher can make
further inferences about individual 1levels using one of  several
comparison methods available. The method chosen in this study was
Duncan's Multiple Range Test. This test has been found to be very
effective at detecting differences between levels when significant
differences exist. (39:68)

All of the factors found to be significant in the factorial design
were examined in this sensitivity analysis since they each contribute to

the operaticn of the SUPT system in their own unique way. In addition,
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relationship holds between T-46 simulators and the FAR/TTB ratio.

Looking at the results concerning days to complete SUPT for the
three TTB bases, in the Resolution III design, no one factor was found
to be significant across all three bases. In the Resolution IV design
results, again, no significant factors were found to range across all
three bases.

One possible reason for the lack of significant factors in the TTB
phase may be the structure of the TTB training program itself. with a
smaller student load than primary training, and a training syllabus
which allows two students at a time to complete an activity as opposed
to one student per training activity, the TTB phase appears to be better
equipped to absorb significant changes in the levels of several of the
specified factors. The standard one student-one activity syllabus of
the primary and FAR training programs may be one of the causes for the
occurrence of significant factors in these sections.

To summarize the results of the fractional factorial design experi-
ments, it was found that factor A, the pilot production goal and factor
D, T-46 simulators, and the AxD interaction, were significant in the
primary training phase across all five UPT bases. In the FAR portion of
the basic training phase, factor A, factor B (the FAR/TTB ratio), factor
D, and the AxD and BxD interactions are significant. In the TTB portion
of the basic training phase no factors were found to be significant.

Having identified the factors which significantly impact the opera-

tion of the SUPT system, one must now investigate those factors further.

Sensitivity Analysis

The next step in the analysis is to examine just how sensitive the
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number of assests available. When this occurs, training is delayed and

‘et et e adh Lol

the number of days required to complete all training requirements will
increase. If the ratio of students going to the FAR phase increases, the
number of students requiring FAR training increases. As the student load
increases and resources remain the same, the days necessary to complete

training will increase. It may seem odd that the number of T-46

AR T WA LF SO CPL W TRy NN,

simulators would have an effect on completion of FAR  training

reguirements, As seen in the analysis of primary phase factors, the

number of T-46 simulators in commission had an impact on the time
required to complete primary phase. As more students are late completing
the primary phase, the number of students entering the FAR phase varies.
This wvariance 1in the number of students per class in the FAR phase
causes the number of days required to complete training to fluctuate.

This fluctuation causes a statistically significant change in the time

required to complete FAR training. The significance of the interaction -
effects in the FAR phase, AxD and BxD, can be explained in the same N
fashion as the interaction effect in the primary phase. In the AxD

interation, the response to a change in T-46 simulators varies according

to the pilot production goal. If the student load is light, the response
to a change in simulators is not a severe as when the student load is
heavy. In the FAR phase, it is the response to the change in simulators
that 1is the significant factor. The effect of this response on FAR
training 1is that as the response of the change in simulators increases
in severity, the number of students entering each FAR training class
varies. As mentioned before, this variance has a direc. impact on the
mean time to complete the program. Since the FAR/TTB ratio has a direct

bearing on student load, and, hence the production gqoal, the same

5-6
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to be significant: j

(a) Factor A, pilot production goal, again ap-
peared to be highly significant.

() Factor B, FAR/TTB ratio, appeared to be
significant in this analysis. In this case, this
factor does logically influence the outcome of
the response variable and must be treated as a
significant factor. ]

(c) Factor D, T4B6 Simulators, again appears to

be highly significant. However, in  the J
Resolution III design, factor D 1is aliased g
against the AxB interaction which is also highly

significant.

Using the results of the Resolution IV design, the confounding
problem 1is again resolved. Factors A and B still appear significant. 3
In this design, factor D is shown to be highly significant in it's own
right. The interaction between factors A and B and between factors B ;

and D also are shown to be significant. The AxB interaction is aliased

A

against the CxE interaction; however, CxE is likely to be negligible

e

since neither factor C or factor E are shoun to be significant.

Similarly, the BxD interaction is aliased against the CxF interaction;
however, the CxF interaction is also likely to be negligible since

neither factors C or F are significant. All other factors and

PRI T S W

interactions do not appear to be significant.

Y

As 1in the primary training phase, the significant factors in the

i

FAR phase are a product of the program design. As the production goal 4

R o

increases, the number of students entering the FAR phase increases.

Since none of the resources in the FAR phase are varied, as the number S
of students increases, a greater demand is placed on these limited g
assets. The program eventually reaches a point where demand exceeds the ;
;

5-5 1
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are highly significant. The advantage of comparing the Resolution IV ?

against the Resolution III results lies in the resolution of the ;

confounding effects of the Resolution III design. In this case, the ?

confounding of factor A with the BxD and CxF interactions is resolved in ;

the Resolution IV design since factor A is shown to be highly signifi- é

cant in it's own right. The significance of factor D is resolved in a ?

like wmanner. In the Resclution IV experiment, Factor B is not a ]
significant factor.

The structure of the primary phase training program supports the
significance of the production goal and number of T-46 simulators. As
the number of students entering the program in the primary phase
increases in response to a higher production goal, a greater demand 1is
placed on the available resources. Once the demand exceeds the
capability of the resources, training is delayed. This delay causes the
number of days required to complete primary phase to increase. The
simulators 1in this phase of training are almost constantly in use. A
change in the number available will be reflected as an increase in the
amount of time required to complete the phase. The significance of the
interaction term, AxD, suggests that response to a change in T-46
simulators varies according to the pilot production goal and hence, the
student load. This result is quite logical. When the student load is
light the impact of losing T-46 simulators is not as severe as when
student load is increased.

The nmext results to be discussed are those for the days required to
complete the basic training phase at the FAR bases. Comparing the
Resolution III and Reselution IV results across the twe FAR bases,

Laughlin and Williams, the following factors and interactions were found

S-4
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uation 1into three sections: the data concerning the days required to
complete primary phase, the days to complete FAR training, and the days
to complete TTB training. Comparisons were made in each of these sec-

tions across all UPT bases involved. Based on these comparisons, from

the section concerning days to complete primary phase, the following ;g
b

inferences can be made: ;#f
Y

::-,'J

(a) Factor A, the pilot production goal, appears <

to be significant. However, since factor A is 4

aliased with the BxD and CxF interactions, B
confounding makes it difficult to categorically 7]

state that factor A alone is significant.

(b) Factor B, the FAR/TTB ratio also appears to
be a significant factor. However, in this case,
the reality of the situation shows that the ratio

o -

has nothing to do with the primary phase. The
confounding with the AxD and the ExF
interaction may explain this unexpected result.

(c) Factor C, T4B6's, 1is not found to be signi-
ficant across all five bases. This is an inter-
esting result since it would seem logical that a
ten percent change in T-46's would have a signi-
ficant effect on primary training.

(d) Factor D, T46 Simulators, is significant at

all five bases. However, this factor is

confounded with the AxB and CxE interactions. It

is therefare difficult to determine exactly which

of these 1is significant in the Resolution III

design.

(e) No other factors or interactions were sig-

nificant in the Resolution III experiment for

days to complete primary phase.

To get a more precise insight into the significance of the factors

studied, the next step is to analyze the results of the Resolution IV
design for the section concerning days to complete primary phase. The

Resolution IV design clarifies the findings of the Resolution III

design, those being that factor A and factor D and the AxD interaction

5-3
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) the model during the runs. In those runs where the model is stressed,
iij {(i.e. the number of simulators and aircraft available, or student load
; severly restrict the activities of the system) the variance tends to be ?
larger than the variance measured when the system is not being stressed. 5
Based on the results of Bartlett's test, the assumption could be 5
made that the Analysis of Variance technique is not appropriate for this ?
situation. However, this assumption is a bit presumptuous. According i
to Montgomery, "when the assumption of homogeneity of variance is vio- j
lated, the F-test (the basis of the Analysis of Variance method) is only ?
slightly affected in the balanced fixed effects model." (9:91) Since ;
this analysis employs a balanced fixed effects model, this statement 3
applies and the use of ANOVA in this analysis is supported. R
Based on the support provided above, the ANOVA method does appear g
to adequately explain the variance within and across the runs. The :
model supports the assumption that the error terms are normally and f
independently distributed. Although the variances do not appear to be j
homogeneous, the F-test in the ANOVA is only slightly affected and still j
provides a good explanation of the variance in the model. By 7
establishing support for the use of the ANOVA method on the data collec- é
ted one gains confidence in inferences derived from the statistical i
tests. 1
:i Analysis of the Factorial Experiment &
= In the analysis of the results of the factorial experiments pre- 4

sented in Appendix B, the Resolution III data was examined first to

L determine the presence of any significant factors or interactions.

: Additionally, the Resolution III data was divided for purposes of eval-

5-2
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V. Analysis of Experimental Results

Model Adegquacy

Before discussing the results of the fractional factorial design
experiments, the adequacy of the statistical technigue used in this
analysis must be addressed. The Analysis of Variance (ANOVA) method was
used in this analysis to assess the impact of the factors considered.
Briefly, the ANOVA method is based on the linear statistical model.
This model describes the abservations of an experiment as being composed
of an overall mean, a 'treatment' effect from the particular run from
which an observation was drawn, and a random error component. (9:44) In
general, when employing the ANOVA method, certain assumptions must be
made about the underlying data structure. These assumptions include:
(1) the error terms are normally and independently distributed, and (2)
the variance across all runs is constant.

The statistical results for the Resoluticn III design are presented

on pages B-1 through B-10 of Appendix B. The results of the Resolution
IV design are presented on pages B-11 through B8-20. The plots of
residuals (difference between an observation and the run mean) versus
the fitted data included in the analysis fail to show a noticeable trend
or relationship. This supports the first assumption, that the error
terms are indeed normally and independently distributed. Another stat-
istical measure included in the analysis is the Bartlett's test for
homogeneity of variance. In all tuwenty statistical runs of the experi-
ment, the model failed Bartlett's test at a 0.05 level of significance,
showing that the variance across the runs is not homogeneous. The lack

of homogeneity across the runs may result from the different states of

5-1
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Summary

A subjective screening of the 30 controllable variables and 15
random variables in the SUPT model was made to determine which factors
would be examined in the study. Six factors stood out as candidates for
further examination. A two-level design was chosen since at this stage
of the analysis only main effects and two-way effects are of interest.
Furthermore, a fractional design was used which reduced the amount of
computer runs required yet still yielded the desired information.
Factor levels uwere chosen based on ATC's interests. The appropriate run
length and number of replications required were computed, The
experiment was run and the results of the antithetic runs are presented

in Appendix A. The data sets for the Resolution III and Resolution IV

et Rl i B4 L ox AT _TRE_ K. . .-

designs were run in a fractional factorial Analysis of Variance. The

results are presented in Appendix B and are discussed in the following
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and nearly identical to the variance obtained using common random number
streams at the fifth base. The levels of significance using an F test
were p=0.0718, 0.2345, 0.3321, and 0.4712. Each antithetic sample
requires two replications, which are then aQe}aged. Thus, it must be
decided whether the loss in degrees of freedom and power of the test are
worth the variance reduction obtained. This decision can bg made using
the Operating Characteristic Curves for a fFixed Effects Model Analysis
of Variance found in many statistics books. It was determined that in
this experiment the 1loss in power due to sample size would be
insignificant and would be more than offset by the amount of variance
reduction obtained. Using the largest sample standard deviation
obtained with antithetic sampling (again, at Vance), the following
formula was employed to determine the actual number of replications

required for the experiment:

2

Thus, three samples (requiring six antithetic replications) are required
to detect a difference in response of five days with the 1level of
significance and power discussed previously. Therefore, for the
Resolution IV design, 96 (6%16), replications of the simulation were
required. A subset of these, 48 (6%8), was required for the Resolution

III design.
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number of replications required for statistically significant results.

The reason ten random number streams were chosen was to investigate the

efficacy of using one of two variance reduction techniques: common

random number streams and antithetic random number streams. The goal of
variance reduction techniques is the reduction of the variance of the
sample mean response. This increases the reliability of the results and
reduces the number of replications of each run required (11:484). The
use of common random number streams or correlated sampling means "that
for each replication, the same random numbers <or seeds> are wused to
simulate <each stochastic factor>". (2:456) Therefore, for each

replication, the point estimates of the response variable are no longer

independent, but are correlated. However, since "independent streams of
random numbers are used on any two different replications, <the
estimates of the response variables> are mutually independent." (2:457)
The wuse of common random number streams induces a positive covariance
between runs, resulting in a reduction of the variance of thg difference
between runs. To insure that "each random number used in one
replication 1is used for the same purpose in the next replication, the
use of the random numbers must be synchronized."(2:458) This use of
synchronization, especially in a network system like this one, insures
that each replication faces the identical system operation conditions.
Antithetic random number streams were also investigated. With
antithetic sampling a negative covariance between replications of the
same run is desired. Thus, the variance of the sample mean for each run
is hopefully reduced. The wvariances obtained using both variance
reduction techniques were compared. The variance of total training days

required was smaller using antithetic sampling at four of the five bases
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of these hypotheses, a difference of five training days (one week) in
the measure of effectiverness should be detected with 85 percent .
confidence. The beta level was set at 0.10, representing a ten percent
chance of committing a Type II error, or failing to reject a false
hypothesis. The following formula was employed and the largest sample .
standard deviation of the five bases (at Vance) was used:

2
N, = =-ceeleacllc = commmmcemee - = 27.02 days N

d 5 :
Thus, the minimum length of rum required is 27.02 days. To increase the
statistical accuracy of the experiment, the analysts determined that at
least five classes should graduate from the program during the course of
the model's operation. Therefore, the run length after clearing
statistics was set at 75 days. .

There are basically two options for obtaining a sufficient number
of observations to achieve statistical significance. One method is to
extend the length of a run and collect statistics at various intervals .
during the course of the run. Each one of these intervals is called a

"batch," However, when this method is used, the observations do not

constitute a random sample. The responses are not statistically

P .

independent since the response abserved at the end of one interval has

been affected by the outcome of the previous interval. Such a seguence

SO I o B ] 3

of random samples is said to be "autocorrelated." The preferred method

kg t“jv)‘;v .
. . "-"- N . ’ PR

for obtaining a sufficient number of observations, which aveoids the .
problem of autocorrelation, is the use of independent replications.
Ten replications of the model, wusing a different random number

stream for each stochastic factor, were used to determime the exact :
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SUPT reqguirements at each of the five bases. To provide an accurate
measure of the system response in the FAR and TTB phases, the five
indicators measuring the days to complete all SUPT requirements at each
of the five bases were subdivided in a FAR group and a TTB group. To
complete this phase of the experiment, the tactical planning which

dictates how the individual runs will be made must be accomplished.

Run Length and Sample Size Reguired

b
.

:

R

;

»

»
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The SUPT simulation was initialized with students with wvarious
amounts of the flying program completed to allow the simulation to reach
steady-state operation more guickly. The first step toward determining
model run length involved allowing the model to run for a long time
duration. During this rum, a plot was generated showing the mean and
variance of days to complete all training requirements at Laughlin AFB.
This plot showed that the variance stabilized after 240 training days
(almost one year). This stablization of the variance inferred that the
system had reached a steady-state condition., Thus, for future runs all
statistical registers in the simulation model were cleared after 240
days of operation to allow the results to show the expected system
response in steady-state. Note that after 240 days all of the students
which were initialized into the system have graduateds thus, any
possible bias introduced in the initialization process has been reduced.

The run length required after clearing statistics was determined by
examining the standard deviation of the number of days to complete
training requirements. The null hypothesis 1is that there 1is no
difference 1in the mean response between runs. The alternative

hypothesis 1is that a difference does e«ist. In accomplishing the test

4-9
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Figure 8. Students Late vs. Production Goal

reasonably well. After 2000 the number of late students increases
rapidly. It should be noted that students late im primary phase were
able to make up time in the basic phase and still graduate on
time. Nevertheless, having a significant number of students late in

primary phase 1s not an acceptable mode of operation.

Sensitivity to FAR/TTB Ratig.

The FAR/TTB ratio was run over a range of 40/60 to 45/55 percent to
gain more insight into the impact changes in this factor have on the
system response. This factor is one of prime interest to ATC
planners. One can envision circumstances in which this ratio may have
to be shifted 1in the future to respond to a higher demand for FAR
trained pilots or a higher demand for TTB trained pilots. T.e specific
levels chosen for this analysis were 40/60, 41/53, 43/57, and 45/55.

he reason that the 42/58 and 44/56 levels were not run is that class

5-10
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sizes computed based on these ratios were virtually the same as ones for .
the levels chosen due to rounding off of class sizes. Integer numbers .
for elass sizes were desired and the 42/58 ratio produced the same class
sizes as the 41/59 ratio. Similarly, the 44/56 ratio produced virtually
the same class sizes as the 43/57 ratio. Using the four levels chosen, ;
24 simulatioms were again required for this portion of the sensitivity

analysis.

The response variable chosen as most appropriate for this situation

S

was the mean number of days to complete FAR training. This measure was
chosen since shifting the ratio from 40/60 to 45/55 would have the

greatest impact on FAR training. Also, if a composite measure, such as

S TS

the mean number of days to complete SUPT across all five bases were
chosen, the increased days required for FAR would be offset by a
decreased number of days required for TTB training.

Page B8-22 shows the ANOVA results for these runs. Again, a signi-
ficant difference 1in system response between runs 1s observed. The
value of a comparative test, such as Duncan's test, is evident in these

results. Ouncan's test shows that the only level which is significantly

aaiad

different than the others is the 45/55 ratio. This result indicates

that only when the ratioc is shifted as far as 45/55 is the SUPT system,

N

'fg' as modeled here, significantly impacted. ~
’ Y
Sensitivity to Reduction of T-46 Simulators. E

:‘ Since the screening of factors conducted in the experimental design j
showed the level of T-46 simulators to be significant, this factor uwas ?

chosen for further study. The levels chosen for this portion of the é

.. analysis were eight simulators (the nominal value), seven simulators (a j
L
- 5-11 3
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reduction of ore), and six simulators (a reduction of two). As men- :

tioned earlier, the purpose of examining these particular levels was not Ej

sclely to investigate the impact of reduced simulator funding and allo- :j

cation, but also to examine the impact that a proionged maintenance :?i

failure for one or two simulators would have on the system. The Eﬁ

LeE

response variable chosen as most appropriate for this case was the mean ::f

number of days required to complete primary phase averaged across all :;E

five UPT bases since T-46 simulators exist at all five of these bases. if

Eighteen simulation runs were reguired for this analysis since the ;E

model was run at three different levels for T-46 simulators. The ANOVA ?5

for the results of these runs is presented on page B-23. The p-value of %:

zero indicates that there is a highly significant difference in system TT

response between the three levels chosen, Furthermore, Duncan's test ki

shows that the differences between each pair of levels are also ;i

significant. ﬂ;

Further insight into the impact of this factor was gained when the 5;3

remaining output variables of the simulation runs were examined. As in :3

the section on sensitivity to production goals showed, there were again %i

significant numbers of students late in primary phase when T-46 E;E

simulators were reduced. A plot of students late in primary phase (for ;3

F a 75 day run) versus reduction in simulators is shown in Figure 9. As %?
Fi the figure shows, there is a significant increase in late students when ;Ei
{- even one simulator is removed. A reduction of two simulators yields a ;;
Ff dramatic increase in the number of late students. Thus, the SUPT !f
EE system, as modeled here, 1is very sensitive to the loss of a T-46 :ks
E: simulator for a prolonged period of time. Whether the loss of a ;;é
E| simulator for a lengthy amount of time is a serious possibility is not %f
s -
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Figure 9. Students Late vs. Reduction in T-46 Simulators

within the scope of this study. However, the mere significance of this
factor may warrant careful contingency planning for a reduction in the

s level of simulators on line.

o Sensitivity to Probability Distributions

- Having examined the factors identified in the screening design in

- further detail, it is also necessary to investigate the sensitivity of

o the model to changes in some of the parameters drawn from the
;72: probability distributions used in the model. The reasons for examining
gffj model sensitivity to these distributions are twofold: First, the
®

validity of the results of this analysis is increased when a better

vl

«

understanding is cgained of the model's response to shifting

ey
AN

[
e T

‘ v
. v N
. L

’
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distributions. For example, if a distribution is shifted and the model

1

shows no significant response then one may be reasonably confident that

« 0 .
Vet
LI
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the results of this analysis would still be valid if the distribution in
question were to shift such an amount. However, if the model exhibits
sensitivity to a certain change in a probability distribution then one
knows to take cautlion in extrapolating the results of this study when

the distribution in question changes. Secondly, aside from validity

considerations, valuable information about the system's sensitivity to a
change 1in one of the distributions can be gained through a sensitivity oy
analysis.,

The approach taken in determining the levels to be run was to first

shift the mean of the normal distribution one standard deviation to the

PR
P e

ieft - then one standard deviation to the right. Then a new standard

R
ek

deviation was assigned to each of these mew normal distributions by

using the cecefficient of variation for the original distribution. The k;ﬁ
coefficient of variation is equal to the standard deviation divided by i;
the mean of the distribution. Once the coefficient of variation was %ﬁ
calculated, it was multiplied by the mean of the proposed distribution t;i
to compute a standard deviation for the proposed distribution. ;:

Next, the original data for the distribution in question was tested

et

IO RS

against the new mean and standard deviation using the Kolmogorov-Smirnov

1

Goodness-of -Fit Test. In each case, the new parameters failed the K-S

r

test. This test was conducted to ensure that the parameters of the

e . LI Y
Pt Sl BN
Y T e '
',"A'.'. . . LR
sy te T1 . s

distributions being tested were indeed statistically different from .

those used in the model. This is an important consideration since if the

o

new parameters passed the test one would not expect a significant

d

difference in response and a sensitivity analysis would be pointless.
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Sensitivity to Attrition Rates.

The first probability distribution chosen for sensitivity analysis :
was primary phase attrition. It is particularly important to examine
this distribution since the attrition in this phase was found to waiver

significantly over the course of the fifteen years of data collected for .

this analysis. The attrition distribution for basic phase was not

investigated since it has remained stable and relatively small over the ;
course of the years collected. 5

The original distribution was shifted up and down one standard g
deviation using the methodology described in the previous section. 5

Eighteen runs were then required since the attrition distribution was
examined at three different levels. The response variable chosen for

this analysis was the mean number of days required to complete primary

phase averaqged across all five UPT bases. The results of the ANOVA are
shown on page B-24.
The small p-value indicates that there 'is a significant difference

in system response between the distributions chosen, Furthermore,

t

Duncan's Multiple Range Test shows that each of the distributions

elicits a significantly different response in a pairwise comparison.

r

Cw
)

AL it

The important fact to note is that the system is sensitive to a one

standard deviation shift in primary phase attrition. This result is

WIS SN

logically expected since there is a direct inverse relationship between

vr
el

attriticn and student load. When the attrition rate is low the student

)

load will be higher and vice versa. Also important tao note is that the

e |

.
i

results of this study are valid only when attrition is near the hypothe-

-

sized level.
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s Sensitivity to T-46 Maintenance Abort Rate.
t’ The next distribution chosen for investigation was the distribution
of ground maintenance abort rates for the T-46 aircraft. The distribu-
tion for T-46 aborts was derived from historical data on T-37 abort
ii rates. ATC is wusing this same data in their planning for the T-46
o trainer. Therefore, it is important to examine the model's sensitivity
to a change in this distribution in case the actual T-46 abort rate
. turns out to be significantly higher or lover than the distribution used
in the model. Distributions which were one standard deviation higher
and one standard deviation lower than the derived distribution were used
ii for this portion of the analysis.
The appropriate response variable for these runs is the mean time
15 to complete primary phase requirements since this is the only phase of
.i training which uses the T-46.  ANOVA results are shown an page B-25.
This time the p-value is quite high, at 0.5920. This indicates there is
no significant change in response for the three distributions used. The
importance of this finding lies in the fact that SUPT system is insensi-
tive to as much as a one standard deviation change in T-46 ground
maintenance abort rates. This is a good result in support of the vali-

- dity of this study since the T-46 may very well not exhibit the same

]

;i abort rate as the T-37. Thus, 1f the actual rate is as much as one
.i; standard deviation different from the hypothesized distribution then the
;; results of this thesis should be still valid.

Sensitivity to TTB Maintenance Abort Rate.

The last distribution run in the sensitivity analysis was the

distribution of TTB ground maintenance abort rates. The distribution

et T Ty T . P T DA TR I S S I
Pd ot e . el B B S e a b B




for the TTB aircraft was deriQed from data on ground maintenance aborts
for the T7-38 aircraft. These two aircraft types are very different so
it 1s very iwportant tao examine the impact that a significantly-
different abort rate distribution would have on the SUPT model. New
distributions which were shifted up and down one standard deviation from
the T7-38 distribution were run in this phase of the analysis. As
before, eighteen additional simulation runs were required to generate
the data points for the ANDVA. This time, however, the response
variable chosen was the mean days required to complete SUPT at the three
TTB bases.

The ANCVYA results on page B-26 show that there is no significant
difference 1in the response variable for these three distributions as
evidenced by the p-value of 0.4231. Thus, should there be an actual
abort rate for the TTB aircraft which is up to one standard deviation

different than that used in this model, the results ygyiven are still

valid.

Summary

The results of the two screening designs were examined in detail to
determine which factors and interactions were significant. The Resolu-
tion III design showed certain factors to be significant, however, the
degree of confounding with two-way and higher order interactions that
this design allows made irterpretation of the results difficult. The
Resolution IV design, on the other hand, made it much easier to detect
exactly which main effects and interactions were significant. The
penalty paid with the use of the higher resolution design is .hat twice

as many runs were required.
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Having found the production goal, FAR/TTB ratio, and T-46 simulator
level to be significant, these factors were subjected to a sensitivity
analysis. It was found that a maximum of 2000 graduates per year could
be easily handled by the model. Also, the model tolerated a maximum
ratio of 45/55 students to be routed to FAR versus TTB training after
primary phase. Lastly, even a reduction of one T-46 simulator for an
extended period of time exacted a severe impact on the system.

Some key probability distributions in the model were also run in
the sensitivity amalysis. It was found that the model is sensitive to a
change in primary phase attrition which directly affects the student
load in that phase. The model was insensitive, however, to a reasonable
change in either T-46 or TTB ground abort rates which speaks well for
the validity of the model since in reality, either of these
distributions may be quite different than the hypothesized one used in

this analysis.
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VI. Conclusions and Recommendations for Further Study

S 2 p

Conclusions
To date, ATC has been conducting analyses of the program design for

SUPT to verify that it is capable of satisfying Air Force pilot training

St it dindbaniond,

requirements. Although these studies do provide decision makers with

sufficient information upon which to make budget and planning decisions,

C e

they are not capable of addressing the variability introduced in the

system when real world data and hypothesized distributions are used.
Since many of the variables in the system's operation rely on such data,
any study uwhich fails to address this variability is ignoring a very

* critical factor. This factor may have a significant impact on the

-

operation of the system. It is the purpose of this analysis to provide

-

an instrument which is capable of performing a parametric analysis of
the SUPT system's operational concept.

To develop the necessary analysis tools, a thorough conceptual
analysis of the SUPT program was conducted. This analysis identified

the key factors within the system and revealed the logical and

PRV G RSN W ORI

structural relationships between each of these factors. Using these

relationships, a simulation model was developed to represent the entire

L S T

SUPT program's operation. This model conducted operations at all five
pilot training bases for both phase of pilot training. In addition, it

provided a heuristic assigmment routine that ensured a balanced student

PRI I Sy

load was maintained throughout the program, Rppropriate steps were
taken to verify the correct operation of each module of the model
Jrogram. Coincidentally, model output was properly validated to insure

model results accurately reflected the operation of the system,

6-1

A A £ 2 4 L.Li LA s 2 < 4 & 43

.- .o B UL UPIL I L B et . TR e e e
e e T e e e e e e e T e e e T T T
- % . C e L s - LT - PPN S

PN PEAS O I PP WS VSR S AT AP SN T V. Y W SO SR, St LR SO SR S i Sy W Sl VY U7 RV S Wi T T




R B B il T Bl e Ve A S0 M At AR ve & "Rl e b i e & el et Sl Aol A Al iR e A-a ar an e Segh -0 e Sp Bl ol ad san o |

Using baseline figures provided by ATC planners, the model appears
to accurately reflect the system gperation. Based on a 105 day training
schedule for the primary training phase, the model predicts that it
takes an average of 90 days for one class to complete primary training.
In the basic training phase, which is also based on a 105 day training
schedule, the model predicts that it takes an average of 93 days to
complete this phase. Looking at the system's ability to satisfy Air
Force pilot training requirements, the model predicts that given the
resources and student loads to attain a 1910 pilot production goal, the
system will exceed that goal by approximately 20 students and produce,
on average 1930 pilots per year. It bears mentioning here that the
model was designed based on the worst-case assumption that if a resource
is available, i.e. an instructor pilot, an aircraft, or a simulator, the
student will always accomplish a training requirement. This approach
allows the analysts to determine if the system design provides the
absolute  minimum requirements necessary to satisfy Rir Force
requirements. This knowledge allows decision makers to gain insight on
the program's built-in ability to absorb training delays induced by lack
lack of resources, weather problems, or pgor student performance.

Having shown that the program design adequately satisfies ATC and
Air force training requirements, the next major step was identifying
which factors of the program's operation had a statistically significant
impact on the system operation. Using variables under the control of
ATC and the Air Force, a factorial experiment was conducted. The
variables evaluated included: (a) pilot production goal, (b) FAR'" B
ratio, (c) Number of T-46 aircraft, (d) Number of T-46 simulators, (e)

Number of TTB aircraft, and (f) Number of TTB simulators. Refer to
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Table VIII, page 4-4, for a listing of the factor levels used in this
experiment. The results of the experiment found that the pilot
production goal, the number of T-46 simulators, and the interaction
between these two variables had a statistically significant impact on
the operation of the primary training phase.

As the production goal increased, more students entered the primary

phase. This increase in student load, without a corresponding increase

in available resources, caused a significant increase in the number of

days required to complete the primary phase. As a conseqguence of the
change in the number of T-46 simulators available, students were delayed g
in completing their simulator training requirements. This delay caused 5
a significant increase in the overall time required to complete the 57
phase. As mentioned in Chapter 5, the response to a change in T-46 E
simulators varied with the production goal. When student loads were ,&
light, the response to a change in simulators was not as severe as when 1
the the student load was increased. The overall impact of the ,E
interaction effect on the number of days required to complete primary ;E
training was based on the severity of the response. As the severity of =
the response increased, the number of days to complete the training ;;
program increased. i
In the FAR portion of the basic training phase, the pilot %
production goal, the FAR/TTB ratio, the number of T-46 simulators, and Ei
the interaction between each of these variables had a statistically ;3
significart impact on FAR phase operation. :
The inpact of increased pilot production caused more students to be i;
sent to FAR training. Since the rescurces in this phase remained ;:
constant, the result was an increase in the time required to complete .
6-3 ;
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the phase. An increase in the FAR/TTB ratio had a similar effect on the
time required to complete FAR training. The number of T-46 simulators
had a indirect impact on FAR training. As the number of simulators was
reduced, the time required to complete primary training increased. The
variation in the number of students in each FAR training class caused a
significant change in the time to complete FAR training. In some cases,
the time to complete FAR was shorter than normal, while in others, the
time required to complete training increased. The impact of the
interaction effects 1is similar to that experienced in the analysis of
the primary phase. The response to changes in T-46 simulators varied
with changes in the production goal. As production goals increased, the
severity of the response increased causing the number of days required
to complete FAR training to increase. Since the FAR/TTB ratio is
related to the student load, and hence the production goal, the impact
of the interaction between the ratio and T-4B simulators is similar to
that of the production goal and the simulators.

None of the factors tested had a statistically significant impact
on the operation of the TTB phase of basic training phase. The reason
for this outcome 1is found in the design of the TTB phase. Since
training 1is conducted on a two-to-one ratio of students to instructers,
aircraft, and simulataors, the TTB program design is capable of absorbing
changes and distributing their effects over the entire period of
training. This causes the measure of effectiveness to remain close to
its mean value. Therefore, no significant effects are realized.

Although :he factorial experiment determined whichk variables had a
statistically significant impact on the system's operation, it is of

equal 1importance to determine at which specific factor level the
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system's operation 1is actually affected. To arcomplish this, a
sensitivity analysis was conducted on the variables found to be
statistically significant in the factorial experiment.

Since the pilot production goal was identified as beirng a
significant factor, the sensitivity analysis attempted to determine at
which level, on a range from 1910 to 2200 pilots per year, the system
appeared to be significantly impacted. Looking at the total system
reaction, the analysis found that a change in pilot production goals has
a direct effect on the number of students who complete the primary phase
late. Figure 8, on page 5-10, provides a graphical view of this effect.
Based on the analysis, the current system design 1s capable of
supporting a pilot production goal of 2000 pilots before the number of
late students becomes significant. Looking at the number of students
that are late, the analysts caution the reader that these are only
students late in the primary phase. The system design adequately
accounts for these late students in the basic phase, since the analysis
shows that all students complete the entire SUPT training program on
time.

Perhaps one of the most controversial issues in the SUPT program is
the ratio of students sent to FAR and TTB tra.ning. Approval of the
SUPT concept was delayed until ATC was able to assure senior Air Force
staff personnel that the SUPT program design was capable of producing
the required number of FAR qualified pilots. The semnsitivity analysis
conducted on this factor covered a range of ratios from the baseline,
40/60 mix, to a mix of 45/55. The analysis showed that system
performance uwas not affected if the ratio is varied from 40/60 up to

45/55. However, once the 45/55 ratio was used, the analysis indicated a
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significant impact on system operation.

Due to the ability of the TTB phase design to absorb changes in the
system, the analysts did not find it appropriate to evaluate a change in
the FAR/TTB ratio which increased the percentage of students entering
the TTB phase.

In analyzing the impact of the loss of T-46 simulators, the
analysis evaluated the response to the loss of one or two simulators. A

loss of this number of simulators can be attributed to one of two

e factors: budget cutting measures which result in the loss of '
Z appropriations for one or two simulators, or the loss of one or two é
t{ . simylators due to maintenance failures. The analysis found that the ]
k'. loss of either one or two simulators results in a significant impact on p
E-t system operations. Again, looking at the total system, the loss of T-46 %
! simulators has a noticable effect on the number of students graduating ;
late fro. the primary training phase. Refer to Figure 9, page 5-13, for p

a graphical representation of this effect. E

The loss of even one T-46 simulator has a significant impact on the ;

operation of the baseline model. What impact does the loss of one
simulator have aon the system when it is operating at a higher production
goal? This question addresses the interaction effect between the
production goal and the number of T-46 simulators. The results of the
sensitivity amalyses on production goal and number of T-46 simulators

are used to answer this question. Figure 9, page 5-13, shows that the

RO SN W P

number of students late increases as the number of T-46 simulators is

R
Rk
reduced by one and then by two. This information assumes the baseline g
9
production goal of 1910 is used. Figure 8, page 5-10, shows that as the )
4
production gqoal is increased, the number of students late increases. ?
h
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- Based on the information in these plots, as the production goal ?G
increases, the number of late students resulting from a loss of even one ;id

T-46 simulator will increase significantly over the number late in the Ef

baseline evaluation, This fact identifies the number of T-46 simulators ;g

as a limiting factor in the overall SUPT operation. ATC must consider éﬁ

_; this information carefully when making their decision on the number of &a
Ef T-46 simulators to appropriate. EE
;i Since the simulation model draws information from distributions Eﬁ
- based on historical data, the analysts wished to determine what effect %ﬁ
changes 1in the parameters of these distributions would have on overall Eﬁ:

system operation. To work around the limited amount of data available i;

on the SUPT program, information on the current UPT program was used !:f

oL

with the assumption that SUPT figures will closely approximate today's ﬁ'f

figures. However, this assumption may not hold. This portion of the
sensitivity analysis examined three distributions: (a) the primary
attrition rate, (b) T-46 ground maintenance abort rate, and (c) TTB
ground maintemance abort rate.

The primary attrition rate used in the model was developed from
attrition data for the current T-37 primary phase. The analysts found a
myriad of factors which impact primary phase attrition rates. These
factors range from airline hiring rates to command guidance.
Considering the effects of these factors, the analysts decided to
analyze the effect varying the distribution parameters by one standard

deviation weculd have on system performance. As expected, when the mean

primary attrition rate is reduced by one standard deviation the system

B
P .
IR N 2 e P

appears to operate more efficiently than in the base case. Similarly, E}
if the mean primary attrition rate is increased by one standard .i‘
B6-7
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deviation, the system operates below the baseline level.

Conducting a similar analysis on the T-46 and TTB ground

ST P

maintenance abort rates, the analysts found that the parameters in these
distributions can change one standard deviation and not significantly E
affect system operation. This fact supports the assertion that even if i
the parameters for the abort rate should change given current data on j
the T-46 and the TTB aircraft, information can be extrapolated from ;
this analysis without changing the distributions. g
Recommendations for Future Study E
Given the focus of this analysis, not all aspects of the current
SUPT program design could be analyzed. There are several areas where J
further study would provide important information on system operation to T
ATC planners. These areas include: ]

(a} Reduction of the scope of the analysis to
allow a detailed review of the student scheduling
and training process. The worst-case scheduling
heuristic used in this model is not used in real-
world operations. 1f the scope of the model was
reduced to the operation of one phase or one
base, as in the Dickinson and Moses study, the
system reaction to the current ATC scheduling
routines could be evaluated. One possible outcame
of such a study would be that the current
structure of the SUPT program may not support a
scheduling routine which is less restrictive than
the worst case scenario used in this study. Due
to the complexity of modeling the entire SUPT
program, an analysis which incorporated a
detailed scheduling process was not possible
given available computer resources.

MIVY BN

A BT

(b) The original model could be modified to
accurately represent the actions taker if a 3
simulator is not available for training. In the
current model, 1f a simulator is not available
students are delayed in their training program.

{-
L
-
{.
-

In real-world operations, flying sorties may be ;

substituted for the lost simulator sessions. This
-
A 4
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increase in aircraft wutilization without an
increase in resources could also delay completion
of training. Again, in an attempt to establish a
worst-case scenario, the analysts felt that
including such a real-world process would involve
excessive computer processing. This modification
could be incorporated along with a reduction in
the scale of the model's operation.

(c) ATC is currently in need of an analysis tool
which studies the dynamics involved in the
transition period from the current UPT program to
the SUPT program. Using this study and the
analysis conducted by Major Dickinson and Captain
Moses on the T-46 implementation program, such an
analysis could verify the ability of ATC to
satisfy Air Force training requirements during
the transition period.

(d) A more detailed sensitivity analysis,
incorporating the analysis of combinations of two
or more factors, could be applied to the
factorial experiment and the sensitivity analysis
of this study to assess the impact of the
interaction effects between significant factors.
In this study, no sensitivity analysis was
conducted on the interaction effects. Therefore,
the results of the independent sensitivity
analysis must be considered in light of this
fact. An analysis of the interaction effects is
easily done and would further refine the results
of this analysis

| NS YR Yy

Summary ]
As mentioned at the beginning of this section, the analysts found E

that the current system design can adequately satisfy the pilot training a
requirements of the Air Force and the Air Training Command. The %
factorial experiment and the sensitivity amalysis were used to determine i
A

which wvariables in the system had a significant impact on system E
operation and at what levels do these variables become significant. -
Recommendations for future study were suggested to investigate those 3
g

areas which, given the scope of this analysis, were not adequately j
covered and which are of interest to ATC and the Air Force. .
)
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Appendix A: Output Data From Factorial and Sensitivity Analysis Runs .

Output From Factorial Amalysis Runs:

L Prim W Prim R Prim V Prim C Prim L Basc W Basc R Basc V Basc [ Basc

(1) =
90.03 94.86 88.37 89.44 89,56 206.45 206.65 221.85 219.80 224.45 -
S0.43 91.41 B88.28 89.217 90.61 206.30 206.35 222.80 218,70 224.70
91.23 92.29 88.568 88.87 90.10 206.80 206.30 223.25 219.20 224,15

AE

119.70 124.65 91.42 83.03 94.42 209,20 209.25 222.15 217.65 224,50
117,35 127.85 91.68 83.78 96.69 210.25 211.10 222.05 218.35 224,30 7
115,85 122,75 92,88 82.64 95.77 208.20 207.95 222,35 219,20 223.85 -

BEF

90.50 93,98 B88.98 88.40 S0.20 207.75 207.40 221.05 220.50 224.70 L
90.49 92.41 88.20 89.07 89.93 208.20 207.85 220.95 219.50 224.80 ~
80.51 91.93 88.12 88,72 89.90 208,25 207.60 223.15 219.05 224.80 :

CEF 1
91.67 100.36 B88.73 88.55 91.42 206,80 205.80 221.80 220.35 223.20 g
91.49 82,73 88.85 80.23 80.44 207,95 206.95 220.70 220,60 224,05 :
90.85 96.80 B88.44 80.56 91.07 207.05 206.30 222.65 218.45 223.45

DF

131,60 138.15 120,60 123.60 139.50 207,80 208,55 222.95 216.85 224.45
141,05 176.85 117,60 127.55 124.55 208,70 210,60 218,10 223.40 224.45
131.05 151,50 110.56 126.35 136.25 208.40 209.55 221.35 216.60 225.05

ABF
124,05 117,25 92.56 83,57 85,37 216.30 216.35 221.90 213,10 225.55

A

127.90 122.85 91.80 93.41 94.03 215.30 215.20 222.60 218.45 225,55 i:
119.70 122.85 91.82 93.67 103.23 217,30 215,30 223.80 216.85 225.35 j:
ACF ]
121.25 122.90 92.41 96.54 100.10 209,50 209.50 222.20 220.35 225.90 —
120.15 124.40 92.66 95.22 97,47 208,20 208.85 220.15 221.50 223.55 ]
116.20 126.00 93,42 97.21 106.75 209,30 210.20 220.25 222.05 224.80 o
ADEF A
144,25 162.40 147,10 137.45 161.20 214,05 214.30 220.60 221.70 224.10 <3
113.80 153.80 139,55 147.55 139,90 212.45 212,10 219.45 223.55 224,35
151.55 143,25 142.45 143.00 133.00 216.40 214.45 219,20 224.65 223.95 ;:
f]
"
#* NOTE: Each row of data represents one replication of the model. fﬁ
The data represent the mean number of days to complete '1

the respective training phase.
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Output

....

From Factorial Analysis 3uns (Contd):

L Prim

.......

W Prim R Prim V Prim C Prim L Basc W Basc R Basc V Basc C Basc

8C

91.67
91.10
91.44

BDE

150.
145,
134,

COE

148.
128.
139.

ABCE
119,
1186.
125.

ABD

147,
145,
.60

141

ACD

103.
149,
145,

BCOF
142,
144,
126.

0o
25
25

35
95
80

30
75
60

90
85

8a
30
10

a5

S0
75

RBCDEF

139,
13.
17,

30
15
16

91.65
92.64
91.52

138.80
158.40
159.90

159.00
171.80
171.35

127.00
122.85
128.50

145,35
156.65
123.70

118.60
158.10
158.20

145,20
160.95
148.45

167.30
146,55
173.80

88.57
88.96
88.69

115.40
111.25
117.90

106.03
98.68
123.865

91.97
92.08
91.68

136.20
143.70
132.60

141,10
136.95
143,75

107.90
119.70
108.00

136.80
137.85
146.10

89.17 80.33 207.95 208.10 223.20 216.30 223.65
89.94 91,071 208,50 208.85 224.00 218.75 224.25
89.57 90.78 207.35 207.45 222.30 2139.75 223.85

125.20
123.60
126.10

122.65
122.00
119.00

96.04
101.02
93.38

149.90
150.80
151.05

146,15
128.50
148,45

122.25
128.80
127.60

144,00
140.95
146,15

123.10
126.50
111.05

127.10
126.00
137.85

101.36
96.36
103.89

168.60
148.05
148.20

162.10
140.90
136.30

124.05
125.45
123.60

150.85
153.90
136.95

208.90
208.45
208.20

210.00
208.10
208.45

213.35
215.40
212.55

210.75
214,25
212.50

211.80
211.50
210.80

209.80
208,10
209.45

211.30
215.60
213.40

rJ

210.75
209.10
209.20

210.05
208.05
208.55

213.35
215.55
213.00

211.865
215.45
217.10

213.75
215.90
212.15

209.65
210.00
210.05

216,35
216,60
215.45

219.95
221.35
220,80

221.85
218,25
218.70

223.65
221.80
222.40

212.85
220.30
216.35

220.95
221.90
223.40

219.40
218.25
219.80

220.45
222.90
218.50

221.35
216.40
2198.90

219.50
221.85
219.65

219.95
220.60
220.30

221.45
226.40
225.40

218.65
219.80
220.00

219.30
222.25
222.75

219,40
222.10
221.15

224,25
223,60
223.80

223.85
223.75
223.50

225.05
225,20
224.80

223,95
223.10
221.10

226.65
226.45
223.70

222.70
224.40
224,70

224,40
226,55
222.10
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Qutput From Sensitivity Analysis Runs:

;e
PRGN

ANOVA For Various Production Goals: TJ
™

1910 Goal 215.840 215.910 215.940 -
2000 Goal 216.120 216.250 216.080 B
2100 Goal 216.460 216.310 216.310 -
2200 Goal 217.080 217.260 216.980 e
L,

ANOVA For Various FAR/TTB Ratios: ﬁi
40/860 Ratio  206.550 206.625 206.550 o
41/59 Ratio  207.275 206.450 207.050 3

43/57 Ratlo 207.625 206.975 206.600
45/55 Ratio 207.775 208,750 207.250

ANOVA For Reduction of 1 and 2 Simulators:

Base Case 90.453 89.986 90.229
1 Sim Down 105.838 103.149 105.801 ;«
2 Sims Down  126.300 124.660 130.340 v
ANOVA For Various Attrition Levels: -
o
Low Attrit 93.169 92.028 92.212 ',
Normal Attrit 90.453 89.986 90.229 -
High Attrit 89.071 88.898 89.177 ]
ANOVA For Various T-46 Maintenance Abort Rates: Zﬁ
)
Low Rate 90.316 89.652 90.452 o
Normal Rate 90.453 89.986 90.229 )
High Rate 89.813 89.603 90.341 0
]
*d
T
ANOVA For Various TTB Maintenance Abort Rates: L1
0
Low Rate 222.083 220.933 222.017 )
Normal Rate  222.033 222.100 222.200 -
High Rate 221.733 221.700 221.983

# NUTE: Each data point represents one replication of the model.
The data represent the mean number of days tn complete
the respective training phase.
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Appendix B: Statistical Printouts

Resolution 3: Days to Complete T-48's at Laughlin

Source SS df ms F 3

Regression 10689.69 7 1527.098 20.55801 p = .0000
Error 1188.461 16 74,27878

Total 11878.15 23

R-Square = .8999 Adjusted R-Square = .B8562

Effect

Std Error

Beta t# p
Mean 123.0863
Goal, A 9.210817 1.759247 5.235432 .0001
Ratio, B -4.530417 1.759247 -2.575203 .0203
T-46's, C 1.12375 1.759247 .6387678 .5320
T-46 Sims, D 18,39375 1.759247 10.45547 .0000
TTB's, E .5145834 1.759247 .2925021 L7737
TTB Sims, F -.21875 1.759247 -,124343 .9026
B xC -.37625 1.759247 -.21387 .8334
Bartlett's test for homogeneity of variance:
Chi-square = 44.63178 daf = 7 p = .0000
3%
Residual |~-%¥eccecccmcccmccmceeamm e L LT TP Feoo¥eoon Fitted
33 3% 3¢
## NOTE: Refer to Page B-27 for a description of the i;
statistical terms used in these printouts. ‘1
=
.
.
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B
!1
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Resolution 3: Days to Complete T-46's at Williams

Source .85 of ms F
Regression | 18232.62 7  2604.56  22.44397 p = .0000 )
Error 1856.826 16 116.0517 :
Total | 20089.44 23 :

R-Square = .9076 Adjusted R-Square = .B671

Effect Beta Std Error tx P _;
Mean 132.6867 4
Goal, A 5.805 2.198974 2.639868 .0178 1
Ratio, B -10.39667 2.198974 -4,727964 .0002 ]
T-4B's, C 3.889167 2.198974 1.768628 .0960 :
T-46 Sims, D 24,13 2.198974 10.9733 .0000 ]
TT8's, E 4,260834 2.188974 1.937646 .0705 ‘
TT8 Sims, F 1.110833 2.198974 .5051599 .6203 .
B x C 1.064167 2.198974 48339379 .6350 4

Bartlett's test for homogeneity of variance:
Chi-~square = 25.67403 af = 7 p = .0006

Residual |--%e-eccmmmmccncnaa R e L E L L P TP Fitted
%
i 3#
i

D
1
1
5
D) g
% ]
-
3
4
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Resolution 3: Days to Complete T-46's at Reese 1

K

X

Source ’ df Ms 1

Regression | 9660.943 7 1380.135 44,09457 p = .0000 ]

Error 500.7909 16 31.29943 .

Total I 10161.73 23 ¥

N

R-Square = .9507 Rdjusted R-Square = .8292 i

Effect Std Error B

Mean 108.1821 -

Goal, A 7.462084 1.14189% 6.534277 .0000 -
Ratio, B 5.54875 1.14199 4,85884 .0002
T-46's, C 1.141991 -.3185228 L7542

T-46 Sims, D 17.68208 1.1413991 15.48356 .0000 ]

T18's, E 1.,14133 -.568087 .5773 b
TTB Sims, F 1.259583 1.1413991 1.102972 . 2864

8 x C 1.127917 1.141991 .9876759 .3380 1.

]

Bartlett's test for homogeneity of variance: §

Chi-square = 31.86831 agf = 7 p = .0000 ]

-{

% 5

Residual = e ¥ o e el Fitted ]

4

-1

! tj

b

X

P

3

~1

B-3 ]

B

-]
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Resolution 4@

Spource

Regression
Error

R-5quare =

Effect

Goal, R
Ratia, B
T-46's, C

T-46 Sims, O

TTB's, E
TTB Sims, F

x

DO ODODOD> P
X X X X X X X X
oMo O oOoOm

x X
m o

Bartlett's
Chi-square

Residual

|
|
|
|
|

Days to Complete SUPT at Williams

58S df MS F
470.5858 15 31.37239 22.23924
45,14167 32 1.410677
515.7275 47

.3125  Adjusted R-Square = .8714
Beta Std Error tH®
210.9011
2.467708 1714325 14.39463
1.117708 1714325 65.519816
034375 714325 .20051862
1.196875 1714325 6.981611
- 1447917 1714325 -.8445886
1427083 1714325 .B324462
.6260416 1714325 3.651826
-.015625 1714325 ~-.0811437
.0385417 1714325 . 2248212
.0635417 714325 . 3706512
-.603125 1714325 -3.518149
1635417 1714325 .8539711
.209375 1714325 1.221326
-.3114583 1714325 -1.816799
.246875 .1714325 1.440071

test for homogeneity of variance:

21.40009 df =15 p = .1245

R e r S S i S S S S e

p = .0000

.0000 ]
.0000 -
8423 :
.0000 b
4046
4113
.0009
.9279
-8235
17133 -
.0013 3
.3472 )
.2309 ;
.0786 5
.15396 ]

Fitted
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Resolution 4: Days to Complete SUPT at _Laughiln

Source ] SS af ms F

Regression 374,4783 15 24.96522 2J.67781 p = .0000 .
Error 38.8635 32 1.207344 )
Total | 413.1133 47 .

R-Square = .8065 Adjusted R-Square = .8626

Effect Beta Std Error t* p -

Mean 210.3406 -

Goal, A 2.144792 .158597 13.52354 .0000 =
Ratio, B .9885417 .158587 65.233043 .0000
T-46's, C -.2072817 .158587 -1.307034 .2005%
T-46 Sims, D .5822917 .158537 3.671518 .0009
TTB's, E 1697917 .158597 1.070586 .2924
TT8B Sims, F .4233584 .158597 2.6873181 0117
A x B .5260417 .1585397 3.316846 .0023
AxC -. 3854583 .158597 -2.436732 .0206
A xD -.1677083 .158597 -1.05745 .2882
B x C .0239583 .158597 .1510643 .8808%
B x D -.7697917 .158587 -4.85376 .0000
B x F .059375 .158537 . 3437767 L7106

DxE .3483584 .158537 2.200284 035 -1

AxBxD -.678125 .158597 -4.,275776 .0002 y

A x B xF .034375 .158537 L2167444 .8238 -]

Bartlett's test for homogeneity of variance: 3

Chi-square = 20.23883 df =15 p = .1630 .1

" 4
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Resolution 43

Regressi

Days to Complete T-46's at Columbus

31.70172

35 df ms
on 26052.83 15 1736.855
1753.197 32 54,78742

Error

- | o ———— - - - - - —

R-Sguare

Ratio, B
T-46's,

T-46 Sim
TT8's, E
TTB Sims

x

TP O0OO0ODODO >
DOoOMMOOoOoOnom

X X X X X X X X

27806.03 47

= .3369 Adjusted R-Square = .S074

Beta Std Error
116.1821
7.4175 1.068365
-.445 1.06B365
c .3191667 1.068365
sy D 21.56584 1.068365
-1.23 1.068365
s F .0308333 1.068365
1.994583 1.068365
-.0079167 1.068365
3.247084 1.068365
-.3454167 1.068365
-.5273167 1.068365
-.9795833 1.068365
-.90125 1.068365
D 1.824167 1.068365
F -.9108334 1.068365

3%
t#

5.94285

-.4165242

.298743
20.18582

-1.151292

.0288603
1.866949

-.0074101

3.0338301

-.3233132
-.494135

-.9168992
-.B435784

1.707437

-.8525486

Bartlett's test for homogeneity of variance:
re = 52.88198 df =15 p = .0000

Chi-squa

Residual

B-15

N T W, VO iy

V. W SR

p = .00C0

.0000
.6798
L7671
.0000
.2581
.8772
L0711
.9941
.0047
. 7486
.6246
. 3661
. 4052
0874
.4002

Fitted
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Resolution 4: Days to Complete T-46's at Vance

Source S8 df MmS F?
Regression 24337.13 13 1622.475 .« 136.2023
Error 381.1913 32 11.91225

Total 24718.32 47

R-Square = .9846 Adjusted R-Square = .9773

Effect Beta Std Error t*
Mean 113.356
Goal, A 65.375625 .4981685 12.79813
Ratio, B 913125 .4981685 1.832964
T-46's, C -.2339583 .4981685 -.4B69637
T-46 Sims, D 21.17521 .4981685 42.50612
TTB's, E -.6864584 .43981685 -1.377964
TTB Sims, F .035625 .4881685 071512
" A xB .5252084 .4981685 1.054279
A xC -.0302083 .4981685 -.0606388
A x D 3.597232 .4981685 7.221035%
B xC 0372917 .4981685 .0748575
B xD .930625 .4981685 1.868093
B x F -1.255625 .4981685 -2.,520483
D x E -.7072917 .4981685 -1.419784
A xBxD .2852084 .4881685 .5725138
A xBxF -.6177083 .4381685 -1,238959

Bartlett's test for homogeneity of variance:
Chi-square = 60.59138 dgaf =15 p = .0000

Residual

s}

.00Co
.0761

.6418
.0000
L1778
.8434
.2997
.8520
.0000
.9408
.0708
.0168
.1653
.5710
.2240
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Resolution 4:

Regressiaon
Error

R-Square = .9684

Effect

Goal, A
Ratis, B
T-46's, C
T-46 Sims, O
TIB's, E

718 Sims, F
A

x

X X X X X X X X
ODOMMOoOOOoOOw

LD ODODD>P D

X X
MmO

Days to Complete T-4B6's at Reese

SS df ms F
20514 .51 15 1367.634 B65.46645 p =
668, 4995 32 20.89061
21183.01 47

Adjusted R-Square = .9536

Beta Std Error L
108.5533
7.7191867 .6597129 11.7008
-.3520833 .65397129 -.5336918
-.51291867 .6597129 - 7774847

18.1725 .6597129 27.54608

.0216667 .6597129 .0328426

.6216667 .6597129 .8423292

-.4804167 .6597129 -.743379
.6379167 .6597129 .9669611
5.900833 .6597129 8.944548
.5033334 .6597129 . 7623583
-.2570833 .653971283 -.3896898
-.6704166 .6537129 -1.016225
. 1491667 .6597129 .2261085
-.37125 .65397129 -.5627449

.6245833 .6597129 .9467503

Bartlett's test for homogeneity of variance:

Chi-sguare = 658.71681

Residual (--*%

df =15 p = .0000
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Resolution 4: Days to Complete T-46's at Williams

Source 5SS df ms F 3
Regression 31298.95 15 2086.597 18.54816 p =
Error 3589.877 32 112.4962

Total 34898.83 47

R-Square = .8968 Adjusted R-Square = .8485

Effect Beta Std Error t#
Mean 131.2767

Goal, A 6.162917 1.530805 4.025669
Ratio, B -1.256667 1.530905 -.B8208653
T-46's, C 1.95875 1.530905 1.279472
T-46 Sims, D 22.42542 1.530805 14.64847
TTB's, E 3.23 1.530905 2.109863
TTB Sims, F .9091667 1.5308905 .5838754
A x B 1.704583 1.530905 1.113448
A x C .2016667 1.530905 .1317304
A xD -9.140001 1.530905 -5.970325
B x C 1.055417 1.530805 .6884071
B x D -.3579167 1.530905 -.2337942
B x F 1.030833 1.530905 .673349
D x E 1.930417 1.530905 1.260965
AxBxD 1.41 1.530905 .9210239
A xB xF .00875 1.53C305 .0057156

Bartlett's test for bomogeneity of variance:

Chi-square = 41.56912 dgf = 15 p = .0003
Residual [==%#cficaccceccacaan Ho¥ e eccmm—————— e cmmm—————
# %o %3
B-12
".'x'.r'::-'..".-"‘.'".;""» R S SR RSO

.0000

.0003
L4178
.2089
.0000
.0428
.5568
.2738
.8960
.0000
.4955
.8166
.5056
.2164
. 3639
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Resolution

.....

4: Days to Complete T-4B6's at Laughlin

Source S5 df Mms Fx
Regression 19532.63 15 1306.175 11.44007 p = .0000
. Error 3653.616 32 114.1755
N Total | 23206.25 47
' R-Square = .8428 Adjusted R-Square = .7692
- Effect Beta Std Error £ D
. Mean 122.6088
Goal, A 7.776042 1.542289 5.041883 .0000
Ratio, B 2.401458 1.542289 1.557074 .1293
T-46's, C -.1397917 1.542288 -.0906391 .8283
T-46 Sims, D 16.94271 1.542289 10.98543 .0000
T18's, E .668125 1.542289 4332035 .6678
g TT8 Sims, F .055625 1.542289 .0360665 .9715
o A x B 1.451042 1.542289 .9408362 . 3538
A x C -.274375 1.542289 -.1779011 .8599
A x D -6.931875 1.542289 -4,494537 .00M
B xC -.515625 1.542288 -.3343245 7403
B x D 1.434375 1.542289 .3300298 . 3583
. B x F -.1535417 1.542289 -.0985544 .9213
- D x E 1.263542 1.542289 .8192638 4187
AxBxD 4764584 1.542288 . 3088293 .7594
A x B x F .139375 1.542289 .0903689 .3286
n Bartlett's test for homogeneity of variance:
Chi-sguare = 74,37396 dgf =15 p = .000G
[
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Resolution 3: Days to Complete SUPT at Columbus
Source S5 df ms F
Regressiaon 10.16125 7 1.4518607 1.3133 p = .3061
Error 17.685 16 1.105313
Total 27.84625 23
R-Square . 3649 Adjusted R-Square = .0871
Effect Beta Std Error t# P
Mean 224.1375
Goal, A -.1291667 .2146036 -.601885 .5557
Ratioc, B -.1916667 .2146036 -.B8931197 .3850
T-46's, C .0416667 .2146036 .1941565 .B485
T-46 Sims, D -.2833333 .2146036 -1.320264 .2053
TT1B's, E .1291667 .2146036 .501885 .5557
TTB Sims, F .5 .2146036 2.329878 .0332
B xC . 1458333 .2146036 .6795476 .5065
Bartlett's test for homogeneity of variance:
Chi-square = 21.62422 df = 7 p = .0030
ki3
3 % 3 ?
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Resolution 3: Days to Complete SURPT at Vance

Yaa 2 2.

Source | S5 df ms F* .
Regression 84.69625 7 12.09947 3.185399 p = .0260 ?
Error 60.76333 16 3.797708

Total 145,4536 23

<3 L

R-Square = .5823 Adjusted R-Square = .3995

Ry

Effect Beta Std Error tH p
Mean 220.2782

Goal, A .9708334 .3977912 2.44056 .0267
Ratio, B .5333334 .3977912 1.340737 .1887
T-46's, C -.0833333 . 3977912 -.2094901 .B367
T-46 Sims, D .8666667 .3877912 2.178697 L0447
TTB's, E -.4541667 3877912 -1.141721 .2704
TT8 Sims, F -.075 . 3977912 -.1885411 .8528
B x C -1.154167 . 3977912 -2.901439 .0104

Bartlett's test for homogeneity of variance:
Chi-square = 8.612528 df = 7 p = .2817
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Resolution 3: Days to Complete SUPT at Reese

Source 5SS df Ms Fe

Regression 86.49406 7 12.35B63 3.158747 p = .0269

Error 652.58834 16 3.91177

Total 149.0824 23 2
R-Sguare = .5802 Adjusted R-Sguare = .3965 L
Effect Beta Std Error tx o .
Mean 220.7146 -
Goal, A -.60625 .4037207 -1.501657 .1527

Ratio, B -, 1479167 4037207 -.3663836 .7189

T-46's, C 43125 .4037207 1.068189 L3013

T~46 Sims, D -1.26875 .4037207 =3.142643 .0063

T1B's, E . 3879167 . 4037207 .9856236 .3380

778 Sims, F .36875 .4037207 .9133789 . 3746

B x C 1.060417 .4037207 2.626609 .0183

Bartlett's test for homogeneity of variance:
Chi-sguare = 12.30433 daf = 7 p = .0910
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Resolution 3: Days to Complete SUPT at Williams
Source 5SS df ms F#
Regression 198.4132 7 28.48761 16.70725 p = ,0000
Error 27.28167 16 1.705104
Total 226.6949 23
= R-Square = .8797 Adjusted R-Square = .8270
L -
Effect Beta Std Error t# p
Mean 210.5886
Goal, A 1.864583 .2665446 5.99539 .0000
{ Ratio, B 1.15625 .2665446 4,337924 .0005
= T-46's, C .24375 . 2665446 .9144812 .3740
B T-46 Sims, D 1.822917 . 2665446 6.8339069 .0000
— TTB's, E .01875 . 2665446 .Q703447 .3448
L! 778 Sims, F .1270833 . 2665446 .4767808 .6400
b - B xC .3104167 .2665446 1.164596 .2613
Bartlett's test for homogeneity of variance:
Chi-square = 10.72452 af = 7 p =
3
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Resolution 3: Days to Complete SUPT at Laughlin "

Source ' 55 df MmS F -

Regression g92.88458 7 13,26923 g,769504 p = .0001 ]

Error 21.73167 16 1.358229

Total 114,6163 23

R-Square = .8104  Adjusted R-Square = .7274

LN TR IO i VAR

Effect Beta Std Error L p
Mean 208.6625

Goal, A 1.375 .2378326 5.77992 .0000
Ratio, B .8208333 .2378926 3.450437 .0033
T-46's, C 1416667 .23783926 .5855069 .5598
T-46 Sims, D 1.108333 .2378326 4,.658966 .0003
TTB's, E .2291667 .2378826 .9633199 . 3497
TT8 Sims, F L0375 .2378926 1576342 .B767
B x C .0583333 .2378926 .2452087 .8094

Bartlett's test for homogeneity of variance:
Chi-square = 9.577538 gf =7 p = .2138
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Resolution 3: Days ta Complete T-48's at Columbus

Source ‘ 58 df. ms F
Regression 14813.07 7 2116.152 46.45967 p = .0000
Error 728,7704 16 45.54815

" Total 15541 .84 23

R-Square = .39531 Adjusted R-Square = .9326

Effect Beta Std Error L
Mean 118.0063

Goal, A 6.889583 1.377621 5.001074 .00a1 5
Ratio, B 2.802083 1.377621 2,034002 .0583 X
T-46's, C -.5820834 1.377621 -.422528 .6783 :
T-46 Sims, D 23.,56042 1.377621 17.10225 .0000 2
TTB's, E -2.209583 1.377621 -1.,603913 .1283 N
TTB Sims, F 02291867 1.377621 .016635 .9869 K
B x C -1.25625 1.377621 -.9118981 3754 4
Bartlett's tec: for homogeneity of variance: P
Chi-square = 26.20519 df = 7 p = .000% -
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Resolution 3: Days to Complete T-46's at Vance

Source l S8 af MmsS F it

Regression 13191.07 7 1884.438 901.0235 p = .0000
Error ‘ 33.46307 16 2.091442

Total 13224.,53 23

R-Square = .9975 Adjusted R-Square = .9964

Effect Beta Std Error t# p

Mean 113.6413

Goal, A 7.30625 .2952006 24,75012 .0000

Ratio, B 4.510417 .2952006 15.27916 .0000
. T-46's, C -.94125 .2952006 -3.18851 .0057
[ T-46 Sims, D 21.70042 .2952006 73.51075 .0000

TTB's, E -1.942083 .29520086 -6.57886 .0000
o TTB Sims, F .0054167 .2952006 .0183491 .9856
S B xC -.5804167 .2952006 -1.966177 .0669

Bartlett's test for homogenmeity of variance:

Chi-square = 12.36098 daf = 7 p = .0883
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Resolution 4: Days to Complete SUPT at Reese

Source SSs df MS F*

Regression 134.0181 15 8.934542 3.779484 p = .0008
Error 75.64667 32 2.363958

Total 209.6648 47

R-Sgquare = .6392 Adjusted R-Square = .4701

Effect Beta Std Error tx p
Mean 221.0729

Goal, A -.1166667 .2219215 -.5257116 .6027
Ratio, B -.13541867 .2218215 -.6102009 .5460
T-46's, C .1958333 2219215 .8824444 . 3841
T-46 Sims, D -1.139583 .2219215 -5.135076 .0000
TTB's, E .08125 .2219215 . 3661206 7167
TTB Sims, F -.1083333 .2219215 -.4881608 .6288
A xB -.1291667 .2218215 -.5820378 .5646
A xC .4770834 .2219215 2.149785 .0392
A xD -.0125 2219215 -.0563262 .8554
B x C . 3375 .2219215 1.520808 .1381
B x D -.4885834 2218215 -2.206111 0347
B x F . 3166667 .2219215 1.426931 .1633
D x E .2354167 .2219215 1.060811 .2867
AxBxD -.3583333 .2219215 -1.614686 L1162
A xBxF .7228167 .2219215 3.257534 .0027

Bartlett's test for homogeneity of variance:

3 Chi-square = 20.94601 dgf =15 p = .1386
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Resolutiun 4: Days to Complete SUPT at Vance
Source | S5 df mS F* L
Regression 138,3208 15 9.221385 3.264027 p = .0024 f:
Error 90.40% 32 2.825156 2
Total 228.7258 47 =
i

R-Square = .6047 Adjusted R-Square = .4185 i
Effect Beta Std Error £ :é
______ ——_——— ——mmmem e -- - L
Mean 220.2156 b
Goal, A .558375 .2426055 2.305698 .0278 o
Ratio, B .0739583 . 2426055 . 3048502 .7625 o
T-46's, C .04B89583 . 2426055 .2018023 .B413 T
T-46 Sims, D .7864583 - . 2426055 3.241717 .0028 sﬁ
T18's, E .0635417 .2426055 .2613136 . 7951 TN
TT8 Sims, F .2614583 . 2426055 1.07771 .2892 ff
A xB .0802083 . 2426055 .3306122 L7431 b
AxC -.3364583 .2426055 -1.386854 751 o
A xD .458375 . 2426055 1.893506 .0674 -
B xC -.121875 . 24268055 -.5023588 .6189
B xD .4114584 .2426055 1.695898 .0956
B8 x F -.5177084 . 2428055 -2.133952 .0406
DxE -.1322917 . 2426055 -.5452855 .5883
AxBxD .0635417 . 2428055 .2619136 L7951
AxBxF -1.032292 . 24268055 -4,255022 .0002

Bartlett's test for homogeneity of variance: ;o
Chi-square = 20.26607 df =15 p = .1620 "
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Resolution 4: Days to Complete SUPT at Columbus f
Source ss of ms F -
Regressiaon 24.25787 15 1.617191 1.960851 p = .0540 j
Error 26.39167 32 .82473396 .
Total | 50.64853 47 E

R-Square = .4789 Adjusted R-Square = ,2347

Effect Beta Std Error A p

Mean 224.3218

Goal, A .2114584 .1310804 1.613195 L1165

Ratio, B -.059375 .1310804 -.4529662 .6536

T-46's, C .0322917 .1310804 .24B635 .8070

T-46 Sims, D  -.2010417 .1310804 -1.533728 .1349

TT8's, E -.1135417 .1310804 -.8661986 .3928

TTB Sims, F .1364583 .1310804 1.041028 . 3057

A x B -.0822917 .1310804 -.6277953 .5346

AxC .3635417 .1310804 2.773425 .0092

AxD -.1322917 .1310804 -1.009241 .3204 ]

B xC .008375 .1310804 071521 .9434 %

B xD -.340625 .1310804 -2.598596 .0140 -]

B x F .2427084 .1310804 1.851599 .0733 4

D x E .009375 .1310804 071521 .9434 ¢ 1

AxBxD -.184375 .1310804 -1.406579 .1692 "

AxBxF .1364583 .1310804 1.041028 .3057 5
-4

Bartlett's test for homogeneity of variance: :j

Chi-square = 42.38926 df =15 p = .0002
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ANOVA for various Production Goals

Source 35 df Ms F

Regression 2.458425 3 .B198083 86.44728 p = ,0000
Error .0758667 8 .0094833

Total | 2.535292 11

R-Square = .9701 Adjusted R-Square = .9589

Bartlett's test for homogeneity of variance:
Chi-square = 1.584687 dgf = 3 p = .6629

#* 3*

Residual |-~==-cecmc e e - Fitted

Duncan's Multiple Range Test (p=.05)

Mean Variance

1. 1910 Goal 215.83967 .0026333

2. 2000 Goal 216.15 .0079

3. 2100 Goal 216.36 .0075
o 4, 2200 Goal 217.11 .0199 !
. 3
- Standard Error = .0562238  df = 8 X
- 4 vs. 1 ¢ 1.213333 > ,1950964 (Ra) Reject equal )
{ ® 4 vs. 2 ¢ .96 > .1905986 (R3) Reject equal -
s 4 vs. 3 ¢ .75 > .1832895 (R2) Reject equal -
\ 3 vs. 1 ¢ 4633334 > ,1905386 (R3) Reject equal
. 3us. 2 ¢ .21 > .1832895 (R2) Reject equal R
- 2 vs. 1 ¢ .2533333 > ,1832895 (R2) Reject equal 29
3 4
L. R
» ) . -
= 8-21
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ANOVA for various FAR/TTB Ratios

Source SS df Mms F

Regression 2.857656 3 .9858854 3.820953 p = .0575
Error 2.064167 B .2580203

Total 5.021823 11

R-Square = .5890 Adjusted R-Square = ,4348

Bartlett's test for homogeneity of variance:
Chi-sguare = 7.322078 df = 3 p = 0623

%
Residual |-=Fwee e Fitted

3 *

3

Duncan's Multiple Range Test (p=.05)

Mean Variance
1. 40/80 Ratio 206.575 .001875
2. 41/59 Ratio 206.925 .181875
3. 43/57 Ratio  207.0667 .2683583
4, 45/55 Ratio  207.925 579375

Standard Error = .2932694 df = 8

4 vs. v ¢ 1.35 > 1.017645 (R4) Reject equal

4 vys. 2 + 1> .9941833 (R3) Reject equal

4 ys. 3 3 .B583333 < .9560582 (R2) Do not reject equal
3vus. 1 ¢ 6916667 < .9941833 (R3) Do not reject equal
3 vs. 2 ¢ ,1416667 < .9560582 (R2) Do not reject equal
2 vs. 1 ¢ .35 < .9560582 (R2) Do not reject equal
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ANOVA for Reduction of 1 and 2 Simulators

JA A

3

Source 58 df M3 F e

Regression 2067.762 2 1033.881 282.5408 p = .000C K

Error 21.85537 5] 3.659228 -

Total 2089.718 8 -

.:*

R-Square = .9885 Adjusted R-Square = .8860 q

3 '1

Bartlett's test for homogeneity of variance: i

Chi-square = 65.200013 gf = 2 p = .0450 o

K

K

.

1

F

Residual |=-Hccccecmmmn st el Fitted k

3 -

3# N

3

N

Duncan's Multiple Range Test (p=.05) h

Mean Variance N

1. Base case 90.22266  .0545523 .

2.1 Sim Down  104.9293  2,377532 )

3. 2 Sims Down 127.1 8.5456 B

Standard Error = 1.10442 =8 f

3 vus. 1 ¢ 36.87734 > 3.952 842 ( R3) Reject equal 3

3 vs. 2 ¢ 22.17067 > 3.821292 (R2) Reject equal j
2 vs. 1 3 14.70667 > 3.821292 (R2) Reject equal

]

y

7
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ANQVA for variocus Attrition Levels

Regression 18.13053 2 9.0685262 60,482 p = .0001

Error .899302 6 .1498837

Total 19.02983 8

R-Square = .9527 Adjusted R-Square = .9370

Bartlett's test for homogeneity of variance:

Chi-sguare = 3.4B61541 dgf = 2 p=.177 4
d
\
>
]

Residual |--#eeiceccacaaaan ettt Fitted i

3
ki

Duncan's Multiple Range Test (p=.05)

Mean Variance
1. Low Attrit 92.46866 . 3752644
® 2. Normal Attrit 90.22265 .0545523
3 3. High Attrit 89.04867 .01988343

Standard Error = .2235201 dgf = 6
1 vs. 3 ¢ 3.421 > .8002018 (R3) Reject equal
. 1 vs. 2 ¢ 2.247 > 7733795 (R2) Reject equal
® 2 vs. 3 ¢ 1,174 > 7733795 (R2) Reject equal

. . -
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ANOVA for various T-46 Maintenance Abort Rates

Source . 5SS df MS F
Reqression | .1457976 2 .0728988  .572881  p = .59820
Error 7634366 6 .1272485

Total | .oos2042 8

R-Square = .1603 Adjusted R-Square = .0000

N Bartlett's test for homogeneity of variance:
- Chi-square = .5874103 df =2 p = .7455

Residual |-====-cccmmmmme e - #~~ Fitted

Duncan's Multiple Range Test (p=.0S)

Mean Variance
- 1. Low Rate 30.14 .183232
o 2. Normal Rate  90.22266 .0545523
) 3. High Rate 89.921 .143964

Standard Error = .2059526 df = 6
2 vs. 3 ¢ .3016667 < .7373104 (R3) Do not reject equal
: 2 vs. 1 : .0826667 < .7125961 (R2) Do not reject equal
® 1 vs. 3 ¢ .219 < .71253961 (R2) Do not reject equal
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ANOVA for various TTB Maintenance Abort Rates

Source S5 df MS
Regression .2975087 2 . 1487543
Error .8959894 6 .1493316
Total 1.193498 8

R-Square = .2483 Adjusted R-Sguare = .0000

Bartlett's test for homogeneity of variance:
Chi-square = B6.307847 gf = 2 p = .0427

Residual [----=~cmcmmmmmccm el

Duncan's Multiple Range Test (p=.0S)

Mean Variance
1. Low Rate 221.6777 .4169853
2. Normal Rate 222.111 .007063
3. High Rate 221.8053 .0233463

Standard Error = .223108 daf =
2 vs, 1 ¢ .4333334 < ,7987267 (R3
2 vs, 3 ¢ 3056667 < .7719537 (R2
3vs., 1 ¢ 1276667 < .7719537 (R2

B-26
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Do not reject equal

6
g Do not reject equal
) Do not reject equal
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Description of Statistical Terms

Ew o wa.

SS - Sum of Squares

df - Degrees of freedom 3
MS - Mean Square (SS/df) .
F# - F statistic (MSRegressiDn/msError)

p - Probability value. Indicates the level of significance of the
F statistic. This wvalue represents the probability of
rejecting the null hypothesis when the null hypothesis is true.
The null hypothesis for this test is that all the Beta values,
the coefficients of the regression equation, are equal to zero.
The F test, as it is used here, determines whether there are
any significant factor and interaction effects. A p - value
close to zero indicates that the Beta is not zero and that the
factor or interaction effect is significant.

R sguare - The proportion of variation explaimed by the statistical
model.

Adjusted R square - The R square statistic adjusted for the number
of independent variables used.

Beta - The regression coefficient,

Std Error - The estimator of standard error for the respective
regression coefficient. The estimator is equal to
the product of the square root of the MSE and

. . . ITOL.
the corresponding term in the variance-covariance
matrix (X transpose X inverse).

t* - t statistic (Beta/Std Error)

p - Probability value. Used with t¥*, the p - value indicates the
level of significance for the t* statistic. The null
hypothesis for this test 1s that the particular Beta
coefficient 1is equal to zero. This test determines whether
the particular main effect or interaction is significant. As
with the F test, a p - value close to zero indicates that the
effect is significant.

Chi sguare - The chi square statistic computed for Bartlett's Test.

b in

p - Probability value. When used in Bartlett's Test, the p - value
indicates the level of significance of the c¢hi square
statistic. The null hypothesis tested here is that the
variances for the different runs are equal. A p - value close
to zero indicates that the variances are not equal.
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Residual Plot - Plots the difference between individual observa-

PN VI SN SoN . W

[ AR

tions and the overall mean, versus the fitted, or
predicted value for that observation. A random
disperal of points suggests that the errors are
normally distributed.
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Appendix C:

...........

SUPT Model (SLAM Code)

GEN,MIKE & JOE,SUPT,11/27/84,1,,N;

LIMIT7s,3s%,5,2500;
INTLC,XX(1)=.43
INTLC,XX(2)=153
INTLC,XX(3)=1863
INTLC,XX(4)=30;
INTLC,XxX(5)=31;
INTLC, XX(6)=26;
INTLC,XX(7)=27;
INTLC,XxX(8)=29;
INTLC,XX(8)=24;
INTLC,XxX(10)=25;
INTLC,XX(11)=23;
INTLC,XxX(12)=25;
INTLC,xx(13)=26;
INIT,240,615;
MONTR,CLEAR,4803
NETWORK 3

RESOURCE/T4BA(55),6;
RESOURCE/PRIIPA(160),7;
RESOURCE/T4BSIMA(8),83
RESOURCE/T38A(61),9;
RESOURCE /BASIPA(172),10;
RESOURCE/T38SIMA(8),11;

% OF STUDENTS TO FAR

DAYS TO RCS

INITIALIZE CLASS #

LAUGHLIN T-46 STUDENTS/CLASS
WILLIAMS T-46 STUDENTS/CLASS
REESE T-46 STUDENTS/CLASS
VANCE T-46 STUDENTS/CLASS
COLUMBUS T-46 STUDENTS/CLASS
LAUGHLIN T-38 STUDENTS/CLASS
WILLIAMS T-38 STUDENTS/CLASS
REESE TTB STUDENTS/CLASS
VANCE TTB STUDENTS/CLASS
COLUMBUS TTB STUDENTS/CLASS

debenddibes oo o bt ol o8

LAUGHLIN'S
LAUGHLIN'S
LAUGHLIN'S
LAUGHLIN'S
LAUGHLIN'S
LAUGHLIN'S

T-4B'S
T-46 IP'S
T-46 SIMS
T-38'S
T-38 IP'S
T-38 SIMS

WILLY'S T-46'S
WILLY'S T-46 IP'S
WILLY'S T-48 SIMS
WILLY'S T-38'S
WILLY'S T-38 IP'S
WILLY'S T-38 SIMS
REESE'S T-46'S
REESE'S T-46 IP'S
REESE'S T-46 SIMS
REESE'S TTB'S
REESE'S TTB IP'S
REESE'S TTB SIMS
VANCE'S T-46'S
VANCE'S T-46 IP'S
VANCE'S T-48 SIMS
VANCE'S TT8'S
VANCE'S TTB IR'S
VANCE'S TTB SIMS
COLUMBUS' T-4B'S
COLUMBUS' T-46 IP'S

RESOQURCE/T46B(55),123
RESOURCE/PRIIPB(162),13;
RESOURCE/T4BSIMB(8),143
RESOURCE/T38B(62),15;
RESOURCE/BASIPB(182),163
RESOURCE/T385IMB(8),17;
RESOURCE/T46C(53),18;
RESOURCE/PRIIPC(164),19;
RESOURCE/T465IMC(8),20;
RESOURCE/TTBA(102),21;
RESOURCE /BASIPC(334),22;
RESOURCE/TTBSIMA(16),23;
RESOURCE/T46D(49),24;
RESOURCE/PRIIPD(164),25;
RESOURCE/T46SIMD(8),263
RESOURCE/TTBB(102),27;
RESOURCE/BASIPD(306),283
RESOURCE/TTBSIMB(16),29;
RESQURCE/T4BE(54),30;
RESOURCE/PRIIPE(165),31;

W DI s

- a ) .: .

RESOURCE/T46SIME(8),32; COLUMBUS' T-48 SIMS
RESOURCE/TTBC(102),33; COLUMBUS' TTB'S

RESOURCE /BASIPE(334),34;3 COLUMBUS' TTB IP'S
RESQURCE/TTBSIMC(16),35; COLUMBUS' TTB SIMS

o n A a4 o ‘) h’li' e

ek g 2




we we we

FLT?

FLTZ

FLT3

FLT4

FLTS

GATE/GTLAU,CLOSE, 13
GATE/GTWIL,CLOSE,2;
GATE/GTREE,CLOSE, 33
GATE/GTVAN,CLOSE, 43
GATE/GTCOL,CLOSE,S;

PRIMARY CLASS GENERATING ROUTINE

CREATE,15,2403

OPEN,GTLAU;

OPEN,GTWIL;

OPEN,GTREE ;

OPEN,GTVAN;

OPEN,GTCOL ;

ASSIGN,XX(3)=XxX(3)+1,5;

ACT,,,FLT1;

ACT,,,FLT2;

ACT,,,FLT3;

ACT,,,FLT4s

ACT,,,FLTS;

ASSIGN,ATRIB(1)=ATRIB{(1)+1,2;

ACT, ,ATRIB(1).LT.XX(4),FLT13

ACT;

ASSIGN,ATRIB(1)=TNOW,
ATRIB(2)=xx{3);

ACT/1,,,0DR1;

ASSIGN,ATRIB(1)=ATRIB(1)+1,2;

ACT, ,ATRIB(1).LT.XX(5),FLT2;

ACT;

ASSIGN,ATRIB(1)=TNOW,
ATRIB(2)=XX(3);

ACT/2,,,DR2:

ASSIGN,ATRIB(1)=ATRIB(1)+1,2;

ACT,,ATRIB(1).LT.xX(6),FLT3;

ACT;

ASSIGN,ATRIB(1)=TNOW,
ATRIB(2)=xx(3);

ACT/3,,,0R3;

ASSIGN,ATRIB(1)=ATRIB(1)+1,2;

ACT, ,ATRIB(1).,LT.XX(7),FLT4y

ACT;

ASSIGN,ATRIB(1)=TNOW,
ATRIB(2)=xx(3);

ACT/a4,,,DR4;

ASSIGN,ATRIB(1)=ATRIB(1)+1,2;

ACT, ,ATRIB(1).LT.XX(8),FLT5S;

ACT;

ASSIGN,ATRIB(1)=TNOW,
ATRIB(2)=xX(3);

ACT/s,,,DRS;

C-2

START NEw CLASS.

RELEASE LAUGHLIN FAR.
RELEASE WILLY FAR.
RELEASE REESE TT78B.
RELEASE VANCE TTB.
RELEASE COLUMBUS 7T8.
INCREMENT CLASS NUMBER.
CREATE LAUGHLIN FLIGHT.
CREATE WILLIAMS FLIGHT.
CREATE REESE FLIGHT.
CREATE VANCE FLIGHT.
CREATE COLUMBUS FLIGHT.
GENERATE LAUGHLIN STUDENTS.
CONTINUE TO FILL FLIGHT.

MARK START DAY & CLASS 4.
SEND STUDENT TO LAUGHLIN.
GENERATE WILLIAMS STUDENTS.

GENERATE REESE STUDENTS,

GENERATE VANCE STUDENTS.

GENERATE COLUMBUS STUDENTS.

-
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; LAUGHLIN T-46 MODULE

OR1

CNT1

FLYT

PLA1

wx1

BRK1

FIx1

SIMm

ASSIGN,ATRIB(S)=USERF(1);
ACT,37,,CNT13

ENTER,13

GOCN, 13

~r

Sk e At A U e e S et T T

Bt A A iAol 6 At

DRAW ATTRITION RATE.
PREFLIGHT AND ACADEMICS.

CHECK REQUIREMENTS.

ACT,,ATRIB(3).LT.68.AND.NNRSC(T46A).GE.1 . ,AND.NNRSC(PRIIPA).GE.1,FLY1;
ACT, ,ATRIB(4).LT.27.AND.NNRSC(T4ESIMA).GE.1.AND.NNRSC(PRIIPA).CE.1,5IMT;
ACT,,ATRIB(3).GE.68.AND.ATRIB(4).GE.27,C0L1;

ACT,.33,,CNT1
ASSIGN, XX (86 )=USERF(11),1;
ACT, ,XX{86) ,Wx1:
ACT,,1-%XXx(86);
AWwAIT(?7),PRIIPA;
AUAIT(B),TuBA;
ASSIGN,XX(14)=USERF{7),1}
ACT, ,XX(14),BRK1;
ACT,.22,1-xXx{(14);
ASSIGN,ATRIB(3)=ATRIB(3)+1;
FREE,T4BAS

ACT, .11

FREE,PRIIPA;

ASSIGN, XX(87)=USERF(2),1:
ACT,.17,1-XX{87),CNT1;
ACT/B, ,xX(87)3

TERM;

GODON, 1 ;

DRAW WX CNX RATE.
WX CANCEL.

UFR.

DRAW AN IP.

DRAW AN A/C.

DRAW MNX CNX RATE.
MNX GROUND ABORT.
GO FLY SORTIE.
INCREMENT SORTIE COUNT.
RELEASE A/C.
DEBRIEF SORTIE.
RELEASE IP.

ASSIGN ATTRITION.
CONTINUE STUDENT.
WASHOUT STUDENT,
ADIOS, HAMFIST.
SIM AVAILABLE?

ACT, ,ATRIB(4).LT.27 .AND.NNRSC(T4BSIMA).GE.1,5IM1;

ACT,.33,,CNT1;

GOON, 23

ACT,,,FIX1;

ACT, ,NNRSC(T4BA).GE.T,PLNT;
ACT;

FREE,PRIIPA;

ACT,.33,,CNT1;

GOON;

ACT, .12

FREE,T4BA;

TERM;

AWAIT(7),PRIIPA;
AWAIT(8B),TuBSIMA;

ACT,.125;
ASSIGN,ATRIB(4)=ATRIB(4)+1;
FREE, T4BSIMA;

ACT, .205;

FREE,PRIIPA;

acT,. 17, ,CNTi;

()
1]
[}

RN VA V. S

TRY NEXT PERIOD.

HAVE A/C REPAIRED,
TAKE SPARE A/C.
OTHERWISE

RELEASE IP AND
TRY NEXT PERIOD.

MX REPAIR TIME.
RELEASE A/C.

DRAW AN IP,
DRAW A SIM,
SIM SESSION.
INCREMENT SIM COUNT.
RELEASE SIM,
DEBRIEF SIM,
RELEASE 1P,

L
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Appendix D: SUPT Model (FORTRAN Code)

SIMULATION CONTROL PROGRAM
BY CAPT. JOE NIEMEYER AND CAPT. MIKE SELVA
LAST REVISED: 11/16/84
PROGRAM MAIN '
DIMENSION NSET(50000) [
COMMON/SCOM1/ ATRIB(100),0D(100),DDL(100),0TNOW,II,MFA,MSTOP,NCLNR i
1,NCROR,NPRNT , NNRUN, NNSET,NTAPE ,55(100),5SL (100) , TNEXT, TNOW, XX (100) j
COMMON QSET(50000) |
EQUIVALENCE(NSET(1),QSET(1))
NNSE T=50000

NCROR=5 i
NPRNT=6 i
NTAPE =7 )
OPEN(S,FILE="SLAMIN') 1
OPEN(E,FILE="0UTPUT!) ]
CALL SLAM :
STOP \
END ]

INITIALIZATION ROUTINE

SUBROUTINE INTLC
CoMMON/SCOMT/ ATRIB(100),00(100),DDL(100),0TNCW, II,MFA,MSTOR,NCLNR
1,NCRDR, NPRNT, NNRUN, NNSET,NTAPE ,SS(100),55L{100) , TNEXT, TNOW, XX(100)
INTEGER I,J

DIMENSION A(S)

INITIALIZE 16 (246/15=16.4) CLASSES INTO SUPT

Bt ibadt,

INITIALIZE T-46 MODULES ?
A(S)=.138 .
00 S 1=9,16 3
A(1)=15%(1-1) |
A(2)=I ]
A(3)=INT(B8.%.125%(16-1)) )
A(4)=INT(27.%,125%(16-1)) 1
D0 1 J=1,xXx(4)-INT(XX(&4)*.138% 125%(16-1)) |

1

1 CALL ENTER{1,A)

DO 2 J=1,XX(58)-INT(XX(5)*.138%,125%(16-1))
CALL ENTER(2,A)

DO 3 J=1,XX(6)-INT(XX(6)*.138%,125%(16-1))

)

3 CALL ENTER(3,A)
D0 4 J=1,XX(7)-INT(XX(7)%.,138%.125%(16-1))

4 CALL ENTER(4,A) .
DO S J=1,%xX(8)-INT(XX(8)*.138%,125%(16-1))

5 CALL ENTER(S,A)

Y S W I S Y
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pPCSC  GOONj
ACT/20,xx(2),,C0LUM;

BASIC CLASS GENERATING ROUTINE

AUGH ASSIGN,XX(15)=xX(15)+13;
AWAIT(1),GTLAU;
ASSIGN,XX(18)=xX{(16)+1,13;

ACT, , XX(16).LT.XX(15) . AND.XX(16).

ACT;

CLOSE,GTLAU;

ASSIGN,XX(15)=xX(15)-xx(18),
xx(16)=0;

ACT,,,DRG;

WILLY ASSIGN,XX{25)=XX(25)+13
AUAIT(2),GTWIL;
ASSIGN,XX(26)=xX(26)+1,1;

ACT, ,XX(26) .LT.XX(25).AND.XX(26).

ACT;

CLOSE,GTWIL;

ASSIGN,XX(25)=xX{25)-xX(26),
xx(26)=0;

ACT,,,DR7;

REESE ASSIGN,XX(35)=XX(35)+13
AWAIT(3),GTREE;
ASSIGN,XX(36)=XX(36)+1,13
ACT,,XX(36).LT.XxX(35) . AND.XX(36).
ACT;

CLOSE,GTREE

ASSIGN,XX(35)=XX(35)-xx(36),
xX{36)=0;

ACT,,,DR8;

VANCE  ASSIGN,XX(45)=XX(45)+13
AWAIT(4),GTVAN;
ASSIGN,XX(48)=XX(46)+1,1;

ACT, ,xX(46) LT XX(45) AND.XX(46).

ACT:

CLOSE,GTUAN;

ASSIGN,XX(45)=xx(45)-xx(46),
xXx(46)=0;

ACT,,,DR9;

COLUM ASSIGN,XX(55)=XX(55)+1;

AWALT(5),GTCOL;

ASSIGN,XX(56)=XX(56)+1,1;

ACT, ,xX(56).LT.XX{55) . AND.XX{56).

ACT;

CLOSE,GTCOL;

ASSIGN,XX(55)=xX(55)-Xxx(56),
XX(56)=0;

ACT,,,DRO;

ENDNE TWORK 5

[~ we we e

FINg
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COLUMBUS PIPELINE.

LT.xX(9),DR6;

LT.XX{(10),DR7;

LT.XX(11),DR8;

LT.XX(12),DRg;

LT.XX(13),DR0O;

COUNT INCOMING.
WAIT FOR START.
COUNT STUDENTS.
CLOSEQUT CLASS.

RESET COUNTERS.

1
]
4
ﬂ
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FAR3  ASSIGN,XX(71)=NNQ(2)+NNACT(17),
XX(72)=NNQ(1)+NNACT(16),13
ACT,,xX(71).LT.XX(10),PCSW;
ACT, ,xx(72).LT.xX(9),PCSL;
ACT, ,xx(71).LE.XX(72),PCSW;
ACT,  XX(71).GT.Xxx(72),PCSL;

TTB3  ASSIGN,XX{73)=NNQ(3)+NNACT(18),
XX(74)=NNGQ(4)+NNACT(19),
xX(75)=NNQ(S)+NNACT(20),13

ACT,  Xx(73) .LT.XX(11),REESE;
ACT, ,XX{74).LT.XX(13),PCSCs
ACT, ,XX{(75).LT.Xx{(12),PCSV;
ACT, o XX(73) JLEXX(74) JAND.XX(73) .,LE.XX(75),REESE;
ACT, ,XX(76) .LE . XX(73) AND. XX(74) .LE.XX(7S),PCSC;
ACT, ,XX(75) .LE.XX(73) JAND.XX(75) .LE.XX(74),PC5V;

FAR4  ASSIGN,XX(76)=NNQ(2)+NNACT(17),

XX(77)=NNQ(1)+NNACT(16),13
ACT, ,xX(76).LT.XX(10),PCSU;
ACT, XX(77).LT.XX(8),PCSL;
ACT, ,XX(76).LE.XX(77),PCSW;
ACT,,xXx(76).GT.xx(77),PCSL;

TTB4  ASSIGN,XX(78)=NNQ(4)+NNACT(19),
XX{79)=NNQ(3)+NNACT(18),
XX{80)=NNQ(5S)+NNACT(20),1;

ACT,,xx(78).LT.xX(12),VANCE};

ACT, ,XX(79).LT.xx(13),PCSC;
ACT,,xX(80).LT.XxX(11),PCSR;

ACT, ,xX(78).LE.XX{79) . AND.XX(78) .LE.XX(80),VANCE;
ACT, ,XX(79) .LE.XX(78) .AND.XX{79) .LE.XX(80),PCSC}
ACT,,xx(80).LE.XX(78) .AND.XX(80) .LE.XX(79),PCSR;

FARS  ASSIGN,XX(81)=NNGQ(1)+NNACT(18),

XX(82)=NNQ(2)+NNACT(17),1;
ACT,,XxX(81).LT.XX(9),PCSL;
ACT, ,XX(82).LT.xx(10),PCSW;
ACT,,xx(81).LE.xx(82),PCSL}
ACT, ,XX(B1).GT.xx(82),PCSuW;

TTBS  ASSICGN,XX(83)=NNQ(5)+NNACT(20),
XX(84)=NNQ(4)+NNACT(139),
xX(85)=NNQ(3)+NNACT(18),1;

ACT, ,Xx(83).LT.xx(13),COLUM;
ACT, ,XxX{(84).LT.XX{12),PCSV;
ACT,,xX(85).LT.xx(11),PCSR;
ACT, ,XX(83).LE.XX(84) ., AND.XX(B3).LE.XX(8B5),COLUM;
ACT,,XX(84),LE.XxX(83).AND.xX(B4) .LE.XX(85),PCSV;
ACT,,XX(85).LE.XX(83) . AND.XX(85) .LE.XX(84),PCSR;

PCSL GOONg LAUGHLIN PIPELINE.
ACT/16,xX(2),,LAUGH;

PCSW  GOONg WILLIAMS PIPELINE.
ACT/17,XX(2),,WILLY}

PCSR - GOONS REESE PIPELINE.,
ACT/18,xx(2),,REESE;

pPCSY GOONG VANCE PINELINE,

ACT/19,xx(2), ,VANCE;

e T




TRTTEIY RO

SIMD

CoLO

GRDO

.
’

LA v Al Gl S el A oS Aadis A A S B N AL AR A S S A BRI AL P AN A e N

AWAIT(34),BASIPE;
AWAIT(35),TTBSIMCS

ACT,.125;
ASSIGN,ATRIB(4)=ATRIB(4)+1;
FREE,TTBSIMC;

ACT, .2053

FREE,BASIPE;

ACT,.17,,CNTO;
COLCT,INT(1),COLUM TOTAL DAYS;
ASSIGN,XX(58)=231+15%ATRIB(2)-TNOW,1
ACT,xX(58),xx(58).GE.0,GRDO;
ACT;

COLCT,Xx(58),COLUM TOTAL LATE;
COLCT,INT(1),COLUM GRADUATES;
TERM;

; ASSIGNMENT MODULE

’
FAR1

TTB1

FAR2

TT82

ASSIGN, XX(61)=NNG(1)+NNACT(16),
xX(62)=NNQ(2)+NNACT(17) 13

ACT, ,XX(61).LT.XX(9),LAUGH;

ACT, , XX(62).LT.xx(10),PCSw;

ACT, ,XX(61).LE.XX(62),LAUGH;

ACT, ,XX(61).GT.XX(62),PCSWs

ASSIGN, XX (53)=NNQ(3)+NNACT(18),
xX(64)=NNQ(4 )+NNACT(18),
xX(65)=NNQ(5)+NNACT(20),13

ACT, ,XX(63).LT.XX(11),PCSR;

ACT, ,XX(B4).LT.XX(13),PCSC;

ACT, ,XX(65).LT.XX(12),PCSV;

ACT,,xx(53).LE.xx(sa).AND.xx(63).LE.XX(SS),DCSR;

ACT,,xx(sa).LE.xx(ss).AND.xx(sa).LE.xx(ss),pcsc;

ACT, ,XX(B5) .LE.XX(63).AND.XX(65) .LE.XX(64),PCSV;

ASSIGN,XX(66)=NNQ(2)+NNACT(17),
XX (67 )=NNQ(1 }+NNACT(16),13

ACT, ,XX(66).LT.XX(10),WILLY}

ACT, ,XX(67).LT.XX(9),PCSL;

ACT, ,XX(B66).LE.XX(67) ,WILLY;

ACT, ,XX(66).GT.xx(67),PCSL;

ASSIGN,XX(68)=NNG(3)+NNACT(18),
xX(69)=NNQ(4)+NNACT(19),
xX(70)=NNQ(5)+NNACT(20),13

ACT, ,XX(68).LT.XX(12),PCSV;

ACT, ,XX(639).LT.XX(11),PCSR;

ACT, ,Xxx(70).LT.XX{13),PCSC;

ACT, ,XX(68).LE.XX(B3) .AND.XX(E8).LE.XX(70),PCSV;

ACT,,XX(SQ).LE.XX(88).AND.XX(SS).LE.XX(7D),PCSR;

ACT, ,xX(70).LE.XX(68) .AND.XX(70) .LE.XX(63),PC5C;
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COLS

GRDS

COLCT,INT(1),COLUM DAYS PRIM;
ASSIGN,ATRIB(3)=0,
ATRIB(4)=0,
XX{52)=108+15%ATRIB(2)-TNOW,1;
ACT,Xxx(52),xx(52).GE.Q,GRDS;
ACT;
COLCT,xX(52),C0LM PRIM LATE;
GOON, 13
ACT, ,xx(1),FARS;
ACT,,1-xX{1),TTB5;

; COLUMBUS TTB MODULE

ORO

CNTO

FLYO

PLNO

wxgo

BRKO

FIXO

ASSIGN,ATRIB(S)=USERF(5)3
ACT,,,CNTO;

ENTER, 103

GOON, 13

ACT,,ATRIB(3).LT.61.AND.NNRSC(TTBC).GE.1.AND.NNRSC(BASIPE).GE.1,FLYO;
ACT,,ATRIB(4).LT.27 .AND.NNRSC(TTBSIMC).GE.1.AND.NNRSC(BASIPE ) .GE.1,SIMO;

ACT,,ATRIB(3).GE.51.AND.ATRIB(4).GE.27,C0L0;
ACT,.33,,CNTO;
ASSIGN,XX(53)=USERF(20),1;
ACT, ,XX(59),WX0;
ACT,,1-XX(59);
AWAIT(34),BASIPE;
AWAIT(33),TTBC;
ASSIGN,XX{60)=USERF(9),1;
ACT, ,XxX(60),8RKO;
ACT,.36,1-XX(60);
ASSIGN,ATRIB(3)=ATRIB(3)+1;
FREE,TTBC;

ACT, .43

FREE,BASIPE};
ASSIGN,XX(57)=USERF(6),1;
ACT,.5,1-XX{57),CNTO;
ACT/15,,XX(57);

TERM;

GOON, 13
ACT,,ATRIB(4).LT.27.AND.NNRSC({TTBSIMC).GE.1,SIMC;
ACT,.33,,CNTO;

GOON, 23

ACT,,,FIX0;

ACT, ,NNRSC(TTBC).GE.1,PLNO;
ACT;

FREE,BASIPE;

ACT,.33,,CNTO;

GOON;

ACT, .12

FREE,TTBC;

TERM;
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GRD9  COLCT,INT(1),VANCE GRADUATES;
TERM;

COLUMBUS T-46 MODULE

) we we we

RS ASSIGN,ATRIB(S)=USERF(1);
ACT,37,,CNTS;
ENTER,S;

CNTS  GOON,13
ACT, ,ATRIB(3).LT.68.AND.NNRSC(T46E).GE.T.AND,NNRSC(PRIIPE) .GE.1,FLYS;
ACT, ,ATRIB(4).LT.27.AND.NNRSC(T46SIME) .GE.1.AND.NNRSC(PRIIPE ),GE.1,3IMS;
ACT,,ATRIB(3).GE.B68.AND.ATRIB(4).GE.27,C0LS;

ACT,.33,,CNTS;

FLYS  ASSIGN,XX(53)=USERF(19),1; .
ACT, ,XX(53),WXS; -4
ACT,,1-XX(53); L
AWAIT(31),PRIIPE; :

PLNS  AWAIT(30),T46E;

ASSIGN,XX(54)=USERF(7),1; :

ACT, ,xX(54),BRKS; s

ACT,.22,1-XX(54); ;j

-1
4
*
9
. 4
9
9

RS ¢
A A AL Mt

ASSIGN,ATRIB(3)=ATRIB(3)+1;
FREE, T4BE 3
ACT,.113 ]
FREE,PRIIPE; -
ASSIGN, XX(51)=USERF (2),13 2
ACT,.17,1-xX(51),CNTS; o]
ACT/14, ,XX(51);
TERM; )
WX5 GOON, 13 +
ACT, ,ATRIB(4).LT.27.AND.NNRSC(T46SIME).GE.1,SIMS; ]
ACT,.33,,CNTS; : N
BRKS  GOON,2: - ]
ACT,,,FIX5;
ACT, ,NNRSC(T4BE) .GE.1,PLNS;
ACT; -
FREE ,PRIIPE; -
ACT,.33,,CNTS; :i
FIXS  GOON;
ACT, .12; )
FREE, T46E; "
TERMg N
SIMS  AWAIT(31),PRIIPE;
AWAIT(32),T4BSIME ; 9
ACT,.125; -
ASSIGN,ATRIB(4)=ATRIB(4)+1;
FREE,T4BSIME ; -3
ACT,.205; '
FREE,PRIIPE; R
ACT,.17,,CNTS; ]
v
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3 VANCE TTB MODULE

DRg

CNTS

FLYS

PLNS

wxg

BRKS

FIx9

SIM8

CaLs

ASSIGN,ATRIB(5)=USERF(5);
ACT,,,CNTS;

ENTER,S;

GOON,13

ACT, ,ATRIB(3).LT.B1 .AND.NNRSC(TTBB).GE.1.AND.NNRSC{BASIPD).GE.1,FLYY;
ACT, ,ATRIB(4).LT.27.AND.NNRSC{TTBSIMB ) .GE.1.AND.NNRSC(BASIPD).GE.1,5IMg;

ACT, ,ATRIB(3).GE.B1.AND.ATRIB(4).GE.27,C0LY;
ACT,.33,,CNTS;
ASSIGN,XX(48)=USERF(18),13
ACT,,XX(49),Wx9;

ACT, ,1-XX(49)3
AWAIT(28),BASIPD;
AWAIT(27),TTBB;
ASSIGN,XxX(50)=USERF(9),1;
ACT,,XX(50),BRK3;
ACT,.36,1-XX(50);
ASSIGN,ATRIB(3)=ATRIB(3)+1;
FREE,TTBB;

ACT, . 143

FREE,BASIPD;
ASSIGN,XX(47)=USERF(6),1}
ACT,.5,1-xx{47),CNTY;
ACT/13,,%Xx(47)

TERM;

GO0, 13
ACT,,ATRIB(4).LT.27.AND.NNRSC(TTBSIMB) .GE.1,5IMI;
ACT,.33,,CNT9;

GOON, 23

ACT,,,FIXG;

ACT, ,NNRSC{TTBB).GE.1,PLNS;
ACT:

FREE,BASIPD;

ACT,.33,,CNTO;

GOON;

ACT,.12;

FREE,TTBB;

TERM;

AWAIT(28),BASIPD;
AWAIT(29),TTBSIMB;

ACT,.1253
ASSIGN,ATRIB(4)=ATRIB(4)+1;
FREE,TTBSIMB;

ACT,.205;

FREE ,BASIPD;

ACT,.17,,CNTO;
COLCT,INT(1),VANCE TOTAL DAYS;
ASSIGN,XX(48)=231+15*ATRIB(2)-~TNOW,1;
ACT,xX(48),xx(48).GE.0,GRD9;
ACT;

COLCT,XX(48),UANCE TOTAL LATE;
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FLY&4  ASSIGN,XX(43)=USERF(17),1;
ACT, ,xXx(43),wXa;
ACT,,1-XX(43);

) AWAIT(25),PRIIPD;

PLN4  AWAIT(24),T4BD; .
ASSIGN,XX(44)=USERF(7),1; ;
ACT, , xX(44) ,BRK4; .
ACT,.22,1-XX(44); ' R
ASSIGN,ATRIB(3)=ATRIB(3)+1;

FREE,T46D; J

ACT,.11;

FREE,PRIIPD;
ASSIGN,XX(41)=USERF(2),13 .
ACT,.17,1-XX{(41),CNT4; 5
ACT/12,,XX(41);

TERM; 3

wxa GOON, 1 3
ACT, ,ATRIB(4).LT.27.AND.NNRSC(T4BSIMD).GE.1,SIM4s h
ACT,.33,,CNT4;

BRK4  GOON,2:

ACT,,,FIX4;
ACT, ,NNRSC(T46D).GE.1,PLNGS
ACT;
FREE,PRIIPD;
ACT,.33,,CNT4;
FIx4  GOON;
ACT,.12;
FREE, T4B0D;
TERM;

3IM4  AWAIT(25),PRIIPD;
AWAIT(26),T465IMD;

ACT,.125;
ASSIGN,ATRIB(4)=ATRIB(4)+1}
FREE,T46SIMD;

ACT, .205;

FREE,PRIIPD;

ACT,.17,,CNT4;

COL4  COLCT,INT{1),VANCE DAYS PRIM;

ASSIGN,ATRIB(3)=0,
ATRIB(4)=0,
XX{42)=108+15*ATRIB(2)-TNOW, 1
ACT,xx(42),xx(42).GE.Q,GRD4;
ACT;
COLCT,XxX(42),UANCE PRIM LATE;

GRD4  GOON,1;

ACT, ,XX(1),FARG;
ACT,,1-XX(1),TTB4;
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PLNB  AWAIT(21),TTBA; e
ASSIGN,XX(40)=USERF(3),1; -]
ACT, ,xX(40),BRK8; —~
ACT, .36,1-XX(40); ]
ASSIGN,ATRIB(3)=ATRIB(3)+1} >
FREE,TTBA; ‘3
ACT, .14; -]
FREE,BASIPC; 3
ASSIGN,XX(37)=USERF(6),1; =
ACT, .5,1-XX(37),CNT8; 4
ACT/11,,XX(37)3 1
TERM; N
Wx8 GOON, 13 : <
ACT, ,ATRIB(4).LT.27 .AND.NNRSC(TTBSIMA).GE.1,SIMS; 7
ACT,.33,,CNT8; -
BRK8  GOON,23 L
. ACT,,,FIX8; o
) ACT, ,NNRSC(TTBA).GE.1,PLN8;
{ ACT; .
! FREE,BASIPC; o
. ACT,.33,,CNT8; o
| @ FIX8  GOONs £
o ACT,.12;
L FREE,TTBA; »
[ - TERM; A
. SIM8  AWAIT(22),BASIPC; =
- AWAIT(23),TTBSIMA; -]
{] ACT,.125; _
- ASSIGN,ATRIB(4)=ATRIB(4)+13 S
= FREE,TTBSIMA; =
- - ACT,.20S; N
L FREE,BASIPC; -]
- ACT,.17,,CNT8; J
Eii CoL8  COLCT,INT(1),REESE TOTAL DAYS; B
o ASSIGN,XX(38)=231+15*ATRIB(2)-TNOW, 1} %
. ACT,xx(38),xx(38).GE.0,GRD8; -]
& ACT; :
= COLCT,XX(38),REESE TOTAL LATE;
= GRO8  COLCT,INT(1),REESE GRADUATES; o
i. TERM; -
-~ H 1
3 VANCE T-46 MODULE 3
DR4 ASSIGN,ATRIB(S)=USERF(1); R
ACT,37,,CNTay ]
) ENTER, 43 ‘
1 CNTa  GOON,13 X
1 ACT,,ATRIB(3).L7.68.AND.NNRSC(T46D).GE.1.AND.NNRSC(PRIIPD).GE.1,FLY4s -3
- ACT,,ATRIB(4).LT.27.AND.NNRSC(T4ESIMD).GE.1.AND.NNRSC(PRIIPD).GE.1,5IM43 ]
. ACT, ,ATRIB(3).GE.68.AND.ATRIB(4).GE.27,C0L4; -
. ACT,.33,,CNTa; _j
& g
1
= :
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WX3 GOON,13
ACT, ,ATRIB(4).LT.27 .AND.NNRSC(T4BSIMC) .GE.1,SIM3;3
ACT,.33,,CNT3;
BRK3  GOON,2;
ACT,,,FIX3;
. ACT, ,NNRSC(T46C).GE.1,PLN3;
RCT;
FREE,PRIIPC;
ACT,.33,,CNT3;
FIX3  GOON;
ACT,.12:
FREE,T46C;
TERM;
5IM3  AWAIT(19),PRIIPC;
AWAIT(20),T46SIMC;
ACT,.125;
ASSIGN,ATRIB(4)=ATRIB(4)+1;
FREE, T4BSIMC;
ACT,.205; A
FREE,PRIIPC; R
ACT,.17,,CNT3; 4
COL3 COLCT,INT(1),REESE DAYS PRIM; 4
ASSIGN,ATRIB(3)=0, ;
ATRIB(4)=0,
XX(32)=108+15*ATRIB(2)-TNOW,1;
ACT,Xxx(32),xX(32).GE.0,GRD3;
ACTs;
CoLCT,XX(32),REESE PRIM LATE;
GRD3  GOON,13
ACT, ,xx{1),FAR3;
ACT,,1-XX(1),TTB3;

s Ml ale AN L.tlt.c.cd

ok A ddemtmlaad

3 REESE TTB MODULE

| RPN ST

’
DR8 ASSIGN,ATRIB(5)=USERF(5);
ACT,,,CNT8;
ENTER,B3
CNT8  GOON,13
ACT, ,ATRIB(3).LT.67 .AND.NNRSC(TTBA).GE.1.AND.NNRSC(BASIPC).GE.1,FLY8;
ACT, ,ATRIB(4).LT.27.AND.NNRSC(TTBSIMA).GE.1.AND.NNRSC(BASIPC).GE.1,5IMB;
ACT, ,ATRIB(3).GE.61.AND.ATRIB(4).GE.27,C0L8;
ACT,.33,,CNT8s
FLY8  ASSIGN,XX(39)=USERF(16),1;
ACT, ,XX(39),wx8;
ACT,,1-XXx(39);
AWAIT(22),BASIPC;
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T S RPN,

BRK7  GOON,Z;
ACT,,,FIX7;
ACT, ,NNRSC(T38B).GE.1,PLN7;
ACT;
FREE ,BASIPB;
ACT,.33,,CNT7;

FIX?  GOONj
ACT, .12
FREE,T3883
TERM;

SIM?  AWAIT(16),BASIPB;
AWAIT(17),T385IMB;

ACT,.125;
ASSIGN,ATRIB(4)=ATRIB(4)+1;
FREE,T38SIMB;

ACT,.205;

FREE ,BASIPB;

ACT,.17,,CNT7;

COL7  COLCT,INT(1),wILLY TOTAL DAYS;
ASSIGN,XX(28)=231+15*ATRIB(2)-TNOW,1;
ACT,xx(28),xx(28).GE.0,GRD7;
ACT;

COLCT,XX(28),wILLY TOTAL LATE;

GRD7  COLCT,INT(1),wILLY GRADUATES;
TERM;

T SN LN
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REESE T-46 MODULE

(O ws we we

R3 ASSIGN,ATRIB(5)=USERF(1);
ACT,37,,CNT3;
ENTER, 33
CNT3  GOON,1;
ACT, ,ATRIB(3).LT.58.AND.NNRSC(T46C).GE.1.AND.NNRSC(PRIIPC).GE.1,FLY3;
ACT,,ATRIB(4).LT.27.AND.NNRSC(T465IMC) .GE.1.AND.NNRSC(PRIIPC).CE.1,5IM3;
ACT,,ATRIB(3).GE.68.AND.ATRIB(4) .GE.27,C0L3;
ACT,.33,,CNT3;
FLY3  ASSIGN,XX(33)=USERF(15),1;
ACT, ,XX(33),wX3;
ACT,,1-XX(33);
AWAIT(19),PRIIPC;
PLN3  AWAIT(18),T4BC;
ASSIGN,XX(34)=USERF(7),13
ACT, ,XX(34),BRK3; :
ACT,.22,1-%XX(34); 1
ASSIGN,ATRIB(3)=ATRIB(3)+1; 3
FREE,T46C;
ACT,.17; ;]
FREE,PRIIPC; N
ASSIGN,XX(31)=USERF(2),1;
ACT,.17,1-XX(31),CNT3;
ACT/10, ,xX{31);
TERM;
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FIX2

S5IM2

CoL2

GRD2

O we we e

R7

CNT7

FLY?7

PLN7

wx7
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GOONs

ACT,.123

FREE,T46B;

TERM;

AWAIT(13),PRIIPB;

AWAIT(14),T4BSIMB;

ACT,.125;

ASSIGN,ATRIB(4)=ATRIB(4)+1;

FREE,T4BSIMB;

ACT,.205;

FREE,PRIIPB;

ACT,.17,,CNT2;

COLCT,INT(1),WILLY DAYS PRIM;

ASSICGN,ATRIB(3)=0,
ATRIB(4)=0,
xX(22)=108+15*ATRIB(2)~-TNOW,1;

ACT,XXx(22),Xxx(22).GE.0,GRD2;

ACT;

COLCT,xX(22),WILLY PRIM LATE;

GOON, 13 :

ACT,,xX(1),FAR2;

ACT,,1-xX(1),TTB2;

WILLIAMS'S T-38 MODULE

ASSIGN,ATRIB(5)=USERF(3)s

ACT,,,CNT7;

ENTER,73

GOON, 13
ACT,,ATRIB(S).LT.BQ.AND.NNRSC(TBBB).GE.1.AND.NNRSC(BASIPB).GE.1,FLY?;
ACT,,ATRIB(A).LT.27.AND.NNRSC(TSBSIMB).GE.1.AND.NNRSC(BASIPB).GE.1,SIN?;
ACT, ,ATRIB(3).GE.B9.AND.ATRIB(4).GE.27,C0L7;
ACT,.33,,CNT73

ASSIGN,XX(29)=USERF(14),13

ACT, ,XX(29),WX73

ACT,,1-XX(29);

AWAIT(16),BASIPB;

AWAIT(15),T38B;

ASSIGN,XX(30)=USERF(8B),13

ACT, ,XX(30),BRK7;

ACT,.22,1-XX(30);

ASSIGN,ATRIB(3)=ATRIB(3)+1;

FREE,T38B;

ACT,.113;

FREE ,BASIPB;

ASSIGN,XX(27)=USERF(4),1;

ACT,.17,1-%xx(27),CNT7;

ACT/S, ,xx(27);

TERM;

GOON, 13

ACT, ,ATRIB(4).LT.27.AND.NNRSC(T38SIMB).GE.1,SIM7;
ACT,.33,,CNT7;
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FLY2

PLN2

Wwx2

BRK2
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AWAIT(10),BASIPA;
AWAIT(11),T38SIMA;

ACT,.125;
ASSIGN,ATRIB(4)=ATRIB(4)+1;
FREE,T38SIMA;

ACT, .205;

FREE,BASIPA;

ACT,.17,,CNTE;
COLCT,INT{(1),LAUGH TOTAL DAYS;
ASSIGN,XxX(18)=231+15*ATRIB(2)~-TNOW,1;
ACT,Xx(18),xx{(18).GE.Q,GRDE;
ACT;

COLCT,xx(18),LAUGH TOTAL LATE:
COLCT,INT(1),LAUGH GRADUATES;
TERM;

WILLIAM'S T-46 MODULE

ASSIGN,ATRIB(S)=USERF(1)3

ACT,37,,CNT2;

ENTER, 23

GOON, 13

ACT, ,ATRIB(3).LT.68.AND.NNRSC(T46B).GE.1.AND.NNRSC(PRIIPB).GE.1,FLY2;
ACT, ,ATRIB(4).LT.27.AND.NNRSC({T46SIMB).GE.1.AND.NNRSC(PRIIPB).GE.1,5IM2;
ACT,,ATRIB(3).GE.68.AND.ATRIB(4).GE.27,C0L2;
ACT,.33,,CNT2;

ASSIGN,XX{23)=USERF({13),13

ACT, ,xX(23),wXx2;

ACT, ,1-xX(23);

AWAIT(13),PRIIPB;

AWAIT(12),Tu6B;

ASSIGN, XX(24)=USERF(7),13

ACT, ,xX(24),BRK2;

ACT, .22,1-xx{24);
ASSIGN,ATRIB(3)=ATRIB(3)+1;

FREE,T46B;

ACT,.113

FREE,PRIIPB;

ASSIGN,XX(21)=USERF(2),1;
ACT,.17,1-XX(21),CNT2;

ACT/8B, ,xX(21);

TERM;

GOON, 13
ACT,,ATRIB(4).LT.27.AND.NNRSC(T4BSIMB) .GE.1,5IM2;
ACT,.33,,CNT2;

GOON,2;

ACT,,,FIX2;

ACT, ,NNRSC(T46B).GE.1,PLN2;

ACT;

FREE,PRIIPB;

ACT,.33,,CNT2;
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COLCT,INT(1),LAUGH DAYS PRIM; FINISHED WITH PRIMARY!
ASSIGN,ATRIB(3)=0,

ATRIB(4)=0; RESET SORTIE/SIM COUNT.
ASSIGN, XX (88)=108+15%ATRIB(2)-TNOW, 13 COMPUTE DAYS EARLY.
ACT,xx(88),xX(88).GE.0,GRD1; FINISHED EARLY?

ACT; FINISHED LATE?
COLCT,XxX(88),LAUGH PRIM LATE;

GOON, 13

ACT, ,XX(1),FART; ADVANCED TRAINING
ACT,,1-XX(1),TTB1; RECOMMENDAT ION BOARD

; LAUGHLIN T-38 MODULE

DRB

CNTB

FLYE

PLNB

wxe

BRKE

FIX6

ASSIGN,ATRIB(5)=USERF(3);

ACT,,,CNTB;

ENTER,G;

GOON,13s
ACT,,ATRIB(3).LT.89.AND.NNRSE(T38A).GE.1.AND.NNRSC(BASIPA).GE.1,FLYB;
ACT,,ATRIB(&).LT.27.AND.NNRSC(TSBSIMA).GE.1.AND.NNRSC(BASIPA).GE.1,SIMG;
ACT, ,ATRIB(3).GE.89.AND.ATRIB(4).GE.27,C0LE;
ACT,.33,,CNTB;

ASSIGN,XX(19)=USERF(12),13

ACT, ,XX(19),WX6;

ACT,,1-xXx(19);

AWAIT(10),BASIPA;

AWAIT(9),T38A;

ASSIGN,XX(20)=USERF(8),13

ACT,,XX(20),BRKE;

ACT,.22,1-XX(20);
ASSIGN,ATRIB(3)=ATRIB(3)+1;

FREE,T38A;

ACT, .11

FREE,BASIPA;

ASSIGN,XX(17)=USERF(4),1;
ACT,.17,1-XX(17),CNTE}

ACT/7,,XX(17)3

TERMS

GOON,1 ¢
ACT,,ATRIB(a).LT.27.AND.NNRSC(TzesIMA).GE.1,SIms;
ACT,.33,,CNT6;

GOON, 23

ACT,,,FIXB;

ACT, ,NNRSC(T38A).GE.1,PLNG;

ACT;

FREE,BASIPA;

ACT,.33,,CNT6;

GOON;

ACT, .12;

FREE,T38A;

TERM;

PRSP - o e m_alla S a2t . - -

- )



o i Bl

ﬁ ) '
1

[

P ———

.......

Vs

10

____________________

INITIALIZE T-38 MODULES

(5)=.053

DO 10 I=1,8

A(1)=15%(1-1)

A(2)=1

A(3)=INT(B9.%.125%(8-1))

A(4)=INT(27.%.125%(8-1))

0g 6 J=1,XX(S)-INT(XX(Q)*.DSS*.125*(8—1))
CALL ENTER(S,A)

Do 7 J=1,XX(1D)—INT(XX(1D)*.053*.125*(8—1))
CALL ENTER(7,A)

INITIALIZE TTB MODULES

A(3)=INT(B1.%,125%(8-1))

DO 8 J=1,xx(11)-INT(XX(11)*.053*.125*(8-1))
CALL ENTER(8,A)

00 9 J=1,XX(12)-INT(XX(12)*.053*.125*(8-1))
CALL ENTER(G,A)

00 10 J=1,XX(13)-INT(XX(13)*.053*.125*(8-1))
CALL ENTER(10,A)

RETURN
END

PROBABILITY DISTRIBUTIONS: AND CALENDAR FUNCTION

FUNCTION USERF(I)

CoMMON/Scam/ ATRIB(1UO),DD(1DO),DDL(1UU)
1,NCRDR,NPRNT,NNRUN,NNSET,NTAPE,SS(100),SSL(100),TNEXT,TN
REAL USERF,X
INTEGER I,Y

,OTNOW, II,MFA,MSTOP,NCLNR
ow, Xxx(100)

ALL WEATHER DRAWS FIRST GO TO 10 TO DETERMINE SEASON OF THE YEAR

T-46 ATTRITION RATE

1 USERF=RNORM( .138,.039,1)

b . -‘.n‘n.--‘r ;‘l .'-_v e ‘-x A‘n

IF (USERF.LE.Q.) THEN
GO TO 1

ENDIF

RETURN

D-2

“ e a

GO 10 (1,2,3,&,5,6,7,8,9,10,1U,1D,10,10,10,10,10,10,10,10),I



T-46 ATTRITION ROUTINE

. e

2 IF (ATRIB(3).EQ.17.) THEN

USERF=ATRIB(5)*.21

ELSEIF (ATRIB(3).EQ.34.) THEN
USERF=ATRIB(5)*.41 -

ELSEIF (ATRIB(3).EQ.51.) THEN o
USERF=ATRIB(5)%.25

ELSEIF (ATRIB(3).EQ.B68.) THEN
USERF=ATRIB(5)*.13

A O

ELSE

- USERF=0.
}. ENDIF

. RETURN -
P ° i
3 T-38 ATTRITION RATE -
d o
¢ 3 USERF=RNDRM(.053,.013,2) L
e IF (USERF.LE.D.) THEN .
- GO TO 3 o
¢ ENDIF ,
: RETURN -
. ¢ -1
& T-38 ATTRITION ROUTINE =
4 IF (ATRIB(3).EQ.22.) THEN : S
USERF=ATRIB(5)%*.12 )
! ELSEIF (ATRIB(3).EQ.45.) THEN !
S USERF=ATRIB(5)%.53 g
g ELSEIF (ATRIB(3).EQ.67.) THEN -
- USERF=ATRIB(S)*.29 i
¢ ELSEIF (ATRIB(3).EQ.89.) THEN =
USERF=ATRIB(5)*.06 i“
ELSE 3\
b USERF=0. oa
- ENDIF ]
= RETURN {*
- DN
ﬁ! TT8 ATTRITION RATE 3
, 5 USERF=RNORM(.0S3,.019,3) -
- IF (USERF.LE.Q.) THEN N
g GO TO 5 e
[ ENDIF o
q RETURN -
¢
:"‘ \:;,
L 3
o o
X -
't’ D-3
- ) I
- .
¢ b.
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TTB ATTRITION ROUTINE

6 IF (ATRIB(3).EQ.8.) THEN
USERF=ATRIB(5)#.12 o

ELSEIF (ATRIB(3).EQ.16.) THEN e
USERF=ATRIB(5)#*.53 )

ELSEIF (ATRIB(3).EQ.23.) THEN sy
USERF=ATRIB(5)*,29 )

ELSEIF (ATRIB(3).EQ.37.) THEN ®.
USERF=ATRIB(S)*.,06 S

ELSE o

USERF =0. Ry

ENDIF c
RETURN =3

3% | By
*  T-468 GROUND MAINTENANCE ABORT RATE -3
3% T
7 USERF=RNORM( .026, .005,4) )

IF (USERF.LE.D.) THEN e

GO TO 7 Y

ENDIF D
RETURN b

T-38 GROUND MAINTENANCE ABORT RATE

8 USERF=RNORM(.031,.003,5)
IF (USERF.LE.O.) THEN
GO TO 8
ENDIF
RETURN

1

' L
C ] T L
e s e

TT8 GROUND MAINTENANCE ABORT RATE

9 USERF=RNORM(.031,.003,6)
IF (USERF.LE.O.) THEN
GO TQ 9
ENDIF
RETURN
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COMPUTE CALENDAR DAY AND SEASON
USING 246 WORKING DAYS IN A YEAR
WINTER=1, SPRING=2, SUMMER=3, FALL=4

10 X=TNOW-INT(TNOW/246. )*246.

IF (X.GE.O..AND.X.LE.B2.) THEN
Y=1

ELSEIF (X.GT7.62..AND.X.LE.126,) THEN
Y=2

ELSEIF (X.GT.126..AND.X.LE.190.) THEN
Y=3

ELSE
Y=4

ENDIF

T R T T T T T
. B PN A e

Go 1o (1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20),1

LAUGHLIN T-48 WEATHER ABORT RATE

11 IF (Y.EQ.1) THEN
USERF =RNORM( . 266, .090,7)
ELSEIF (Y.EQ.2) THEN
USERF =RNORM( .226, .130,8).
ELSEIF (Y.EQ.3) THEN
USERF =RNORM( .1 34, .063,9)
ELSE
USERF=RNORM( .182, .070,10)
ENDIF
IF (USERF.LE.O.) THEN
GO TO 11
ENDIF
RETURN

LAUGHLIN T-38 WEARTHER ABORT RATE

12 IF (Y.EQ.1) THEN
USERF =RNORM( . 268, .088,7)
ELSEIF (Y.EQ.2) THEN
USERF =RNORM( . 245, .100,8)
ELSEIF (Y.EQ.3) THEN
USERF =RNCORM( .156, .054,9)
ELSE
USERF=RNORM( . 204, .078,10)
ENDIF
IF (USERF.LE.O.) THEN
GO TO 12
ENDIF
RETURN
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WILLIAMS T-46 WEATHER ABORT RATE

-
AL b8 2 p - LA.&--’

13 IF (Y.EQ.1) THEN
USERF =RNORM( .127,.073,7)
ELSEIF (Y.EQ.2) THEN
USERF =RNORM( . 068, .051,8)
ELSEIF (Y.EQ.3) THEN
USERF=RNORM( .089, .038,9)
ELSE
USERF =RNORM( .050, .058,10)
ENDIF
IF (USERF.LE.0.) THEN
GO TO 13
ENDIF
RETURN

¥*

WILLIAMS T-38 WEATHER ABORT RATE

14 IF (Y.EQ.1) THEN
USERF=RNORM( .143,.087,7)
ELSEIF (Y.EQ.2) THEN
USERF =RNORM( .055, .030,8)
ELSEIF (Y.EQ.3) THEN
USERF =RNORM( .094, .033,9)
' ELSE
USERF=RNORM( .063, .058,10)
ENDIF
IF (USERF.LE.Q.) THEN
GO 70 14
ENDIF
RETURN

% REESE T-46 WEATHER ABORT RATE
15 IF (Y.EQ.1) THEN
USERF=RNORM( . 337, .083,7)
ELSEIF (Y.EQ.2) THEN
USERF =RNORM( , 274, .100,8)
ELSEIF (Y.EQ.3) THEN
USERF =RNORM( .1 37, .077,9)
ELSE
USERF =RNORM( , 267, .122,10)
ENDIF
IF (USERF.LE.O.) THEN
GO TO 15
ENDIF
RETURN
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REESE TTB WEATHER ABORT RATE

16 IF (Y.EQ.1) THEN
USERF =RNORM( . 318, .091,7)
ELSEIF (Y.EQ.2) THEN
USERF =RNORM( . 275, .101,8)
ELSEIF (Y.EQ.3) THEN
USERF=RNORM( .166,.077,9) -
ELSE -4
USERF=RNORM( .247,.108,10) N
ENDIF -
IF (USERF.LE.G.) THEN
GO TO 16 :
ENDIF .
RETURN -
3 3
VANCE T-46 WEATHER ABORT RATE

17 IF (Y.EQ.1) THEN g
USERF=RNORM( .299,.119,7) ;
ELSEIF (Y.EQ.2) THEN
USERF=RNORM( . 222, .069,8) g
ELSEIF (Y.EQ.3) THEN ;
USERF =RNORM( .099, .051,9)

ELSE
USERF=RNORM( , 204, .077,10) g

ENDIF

IF (USERF.LE.O.) THEN R
GO TO 17 -
ENDIF R
RETURN ]
)

* VJANCE TTB WEATHER ABORT RATE

¥*

18 IF (Y.EQ.1) THEN by
USERF=RNORM( .319,.143,7) -
ELSEIF (Y.EQ.2) THEN 1
USERF=RNORM( . 245, .074,8)
ELSEIF (Y.EQ.3) THEN
USERF =RNORM( ,122, .069,9)
ELSE
USERF=RNORM( .217,.090,10)
ENDIF
IF (USERF.LE.D.) THEN
GO 70 18
ENDIF
RETURN
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% COLUMBUS T-46 WEATHER ABORT RATE
19 IF (Y.EQ.1) THEN
USERF=RNORM( . 304, .087,7)
ELSEIF (Y.EQ.2) THEN
USERF =RNORM( . 240, .064,8)
ELSEIF (Y.EQ.3) THEN
USERF=RNORM( .233,.100,9)
ELSE
USERF =RNDORM( , 222, .065,10)
ENDIF
IF (USERF.LE.O.) THEN
GO TO 19
ENDIF
RETURN

* COLUMBUS TTB WEATHER ABORT RATE
20 IF (Y.EQ.1) THEN
USERF=RNORM( . 300, .117,7)
ELSEIF (Y.EQ.2) THEN
USERF =RNORM( , 223, .068,8)
ELSEIF (Y.EQ.3) THEN
USERF =RNORM( . 222, .083,9)
ELSE
USERF=RNORM( .218, .053,10)
ENDIF
IF (USERF.LE.Q.) THEN
G3 TG 20
ENDIF
RETURN
END
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10
20
30
40
50
60

B )

80
90
100
' 110
120
130
140
150
160
170
: 180
190
200
210
- 220
l 230
240
250
260
270
280
230
300
310
320
330
340
350
' 360
370
380
390
400
410
| 420
430
440
450
460
470
480
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Appendix E: Statistical Analysis Package

Statistical Analysis Package
in Microsoft BASIC version 2.10
by Joseph B. Niemeyer

This statistical analysis packagqe provides some common
statistical tests used in experimental design. Most
of the modules require that you provide a data file
according to the forma.: shown below. The data files
can be created with any text editor.

Format of data file for One-way ANOVA:
#Runs,#Replications
"Report Title"
"Run 1 Label","Run 2 Label", . . .
Y(1,1),Y(1,2), « . .
Y(2,1),Y(2,2), . . .

¢« o o

Format of data file for Two-way ANOVA:
#A Levels,#B Levels,#Replications
"Report Title" -

"Factor A Name","Factor B Name"
Y(A1,B1,1),Y(A1,B1,2), . . .
Y(A1,B2,1),Y(M,B2,2), . . .

Y(A2,B81,1),Y(A2,81,2), . . .
Y(A2,B82,1),Y(A2,B82,2), . . .

Format of data file for Multiple Regression:
#Independent Variables, #0bservations
"Report Title"

"Yar 1 Name","Var 2 Name", . . .
Y(1) X(1,1) X(2,1) . . .
v(2) x(1,2) x(2,2) . . .

Format of data file for Factorial Analysis:
#Dependent Variables,#Effects,#Runs, #Reps
"Report Title 1","Report Title 2", . . .
"Effect 1","Effect 2V, . . .
1T-11 -1 11711,
1T -1t -1 1 1 1-1...

Y(1,1) Y(2,1) . . .

Y(1,2) v(2,2) . ..
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490
500
510
520
530
540
550
560
570
580
5390
600
610
620
630
640
650
660
670
680
690
700
710
720
730
740
750
760
770
780
790
800
810
820
830
840
850
860
870
880
8390
300
910
920
830
940
950
360
970
980
990
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' Format of data file for Kolmogorov-Smirnov Test:
! "Report Title"

! #0bservations,Y1,Y2,Y3, .

t

KEY OFF : OPTION BASE 1

CLS : CLEAR : PRINT "Statistical Analysis Package"
DEFINT H-L,N,R : DEFDBL B8,E,M,S,T,X,Y

PRINT : PRINT

PRINT ™) One-way ANOVA"

PRINT "2) Two-way ANCUA™

PRINT "3) Multiple Regression"

PRINT "4) Factorial Analysis"

PRINT "5) Kolmogorov-Smirnov Test"

PRINT "6) Distribution Percentiles”

PRINT "7) Exit to BASIC"

PRINT "8) Exit to DOS"

PRINT : INPUT "Enter selection: ",I

IF I>8 THEN BEEP : GOTD 540

IF I=6 THEN 3D50

IF I=7 THEN CLS : KEY ON : END

IF I=8 THEN CLS : SYSTEM

INPUT "Enter name of data file: ",F§

OPEN F$§ FOR INPUT AS #1

INPUT "Do you want output to go to disk? (Y/N): ",Q%
IF QFO"Y" AND Q$<OM"y™ THEN 760

INPUT "Enter name of output file: ",DUMP$

OPEN DUMP$ FOR APPEND AS #2

on I GOTO 800,1030,1710,2020,2570

'

' Subprogram: One-way Analysis of Variance
L4
INPUT #1,RU,RP : RE=RU : RR=RU*RP ¢ H=1
DIM E(RR),LA$(RU),M(RU),S(RU),T(RU)},Y(RU,RP,1)
INPUT #1,TIS(H)
FOR I=1 TO RU : INPUT #1,LA$(I) : NEXT
FOR I=1 TO RU
FOR J=1 TO RP
INPUT #1,Y(I,7,1)
T(I)=T(1)+Y¥(I,J,1)
$5=55+Y(1,J3,1)%Y(1,3,1)
NEXT
SSR=5SR+T(I)*T(1)/RP
M(I)=T(I)/RP
TT=TT+T(I)
NEXT
CLOSE #1
CLS : GOSUB 3230 : COSUB 5030 ' Print ANOVA table
CLS ¢ GOSUB 3880 ' Bartlett's test
GOSUB 4300 : GOSUB 5030 ' Plot residuals
CLS ¢ GOSUB 4430 ' Duncan's test
GOSUB S030 : CLOSE #2 ¢« GOTO 540

1000 !
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1010 ' Subprogram: Two-way Analysis of Variance

1020 !

1030 INPUT #1,RA,RB,RP

1040 RU=RA*RB : RAR=RA*RP : RBR=RB¥*RP : RR=RA¥RB*RP : H=1
1050 DIM E(RR),M(RU),S(RU),T(RU),TA(RA),TB(RB),Y(RU,RP,1 )
1060 INPUT #1,TI%,LA%,LB%

1070 FOR I=1 7O RA

1080 FOR J=1 TO RB

1080 K=RB#*(I1-1)+J :
1100 FOR L=1 TO RP -
1110 INPUT #1,Y(K,L,1) .
1120 TK)Y=T(K)+Y(K,L,1) K
1130 55=55+Y (K,L,1)#Y(K,L,1) j
1140 NEXT

1150 M(K)=T(K)/RP 3
1160 TT=TT+T(K)

1170 NEXT : NEXT =
1180 CLOSE #1 3
1190 FOR I=1 TO RA K
1200 FOR J=1 TO R8 ]
1210 K=RB*(I-1)+J 4
1220 TA(I)=TA(I)+T(K) ]
1230 §SR=5SR+T(K)*T(K)/RP 3
1240  NEXT J
1250 SSA=SSA+TA(I)*TA(I)/RBR

1260 NEXT

1270 FOR J=1 TO RB

1280 FOR I=1 TO RA

1290 K=RB*(I-1)+J

1300 T8(I)=T8(J)+T(K)

1310 NEXT

1320 SSB=5SB+TB(J)*TB(J)/RAR

1330 NEXT

1340 TTT=TT*TT/RR 3 SST=55-TTT : SSR=SSR-TTT : SSE=5ST-SSR

1350 SSA=SSA-TTT : SSB=5SB-TTT : SSAB=SSR-~SSA-SSB

1360 MSA=SSA/(RA-1) : MSB=5SB/(RB-1) : MSAB=SSAB/((RA-1)#*(RB-1))
1370 MSE=SSE/(RU*(RP-1)) : FA=MSA/MSE : FB=MSB/MSE : FAB=MSAB/MSE
1380 N1=RA-1 : N2=RU*(RP-1) : Z1=FA : GOSUB 5450 : P1=P

1390 N1=RB-1 : N2=RU*(RP-1) ¢ Z1=FB : GOSUB 5450 : P2=P

1400 N1=(RA-1)*(RB-1) : N2=RU*(RP-1) : Z1=FAB : GOSUB 5450 : P3=P
1410 72=SSA : 7Z3=MSA : Z4=SSB : 75=MSB : 7Z6=SSAB : Z7=MSAB

1420 78=SSE : Z9=MSE : Z10=5ST ' Single precision

1430 CLS : PRINT TI$ : PRINT : PRINT

1440 PRINT "Source I SS df MS F®

T PR

VPRI Y ST T

P PRI

-~ - — - - - = = - -

1450 PRINT Memcmccceceem
1460 PRINT LA$;TAB(13);"1 "3Z2;TAB(27);RA-13TAB(33);23;

1470 PRINT TAB(45);FA;TAB(S7) ¢ PRINT USING "p = .H###" ;M
1480 PRINT LBE;TAB(13) ;™| "3243TAB(27)3RB-13TAB(33) 3253

1490 PRINT TAB(4S)3FB3TAB(S57) : PRINT USING "p = .####";P2
1500 PRINT "Interaction | "3Z63;TAB(27);(RA-1)#(RB-1)3;TAB(33)
1510 PRINT Z7;TAB(45);FAB;TAB(S7) : PRINT USING "p = .##H##";P3
1520 PRINT "Error "+78;TAB(27) ;RU*(RP-1);TAB(33) ;29
1530 PRINT Mecmmeceeeeem '
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1540 PRINT "Total | 57103 TAB(27) ;RR-1 o
1550 PRINT : PRINT USING "R-Square = .####"3;SSR/SST; + PRINT TAB(22) 4

1560 PRINT USING "Adjusted R-Square = .####";1-(RR-1)%SSE/( (RU*(RP-1))*S5T) .
1570 GOSUB 5030 : CLS : GOSUB 3990 ' Bartlett's test ..
1580 GOSUB 4300 : GOSUB 5030, ' Plot residuals g

1590 CLS : PRINT "Treatment Means:" : PRINT . -

1600 FOR I=1 TO RA >

1610 PRINT "A(";MID$(STR$(I),2)3"): ";TA(I)/RBR s

1620 NEXT ;J

1630 FOR I=1 TO RB s

1640  PRINT "B(";MIDS(STR$(I),2)3"): ";TB(I)/RAR - ]

1650 NEXT

1660 PRINT "Grand: ";TT/RR

1670 GOSUB 5030 ¢ CLOSE #2 : GOTO 540

1680 !

1680 ' Subprogram: Multiple Regression

1700 !

1710 INPUT #1,RE,RR ¢ RE=RE+1 : H=1

1720 DIM B(RE),LA$(RE),X{RR,RE),XTX(RE,RE) ,XTXI(RE,RE),XTY(RE),Y(RR)

1730 INPUT #1,TIS(H)

1740 FOR I=2 TO RE : INPUT #1,LA$(I) : NEXT

1790 FOR I=1 TO RR

1760 INPUT #1,Y(I)

1770 X%(I,1)=1# ' Double precision

1780 FOR J=2 TO RE-

17390 INPUT #1,X(1,J)

1800 NEXT : NEXT

1810 CLOSE #1

1820 GOSUB 3610 ' Compute X Transpose X Inverse "3

1830 PRINT "Computing X Transpose Y . . ." o)

1840 FOR I=1 TO RE ‘

1850 FOR J=1 TO RR -

1860 XTY(I)=XTY(I)+X(J,I)*Y(J) =

1870 NEXT : NEXT e

1880 FOR I=1 TO RE ' Compute Betas KX
4

AL
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18390 FOR J=1 TO RE -
1300 B(I)=B(I)+XTXI(I,J)*XTY(J) -
1910 NEXT : NEXT

1920 FOR I=1 TO RR ' Compute sum of sguares and total

1930  SS=5S+Y(I)#Y(I) 3 TT=TT+Y(I)

1940 NEXT

1950 FOR I=1 TO RE : SSR=SSR+B(I)*XTY(I) : NEXT

1960 CLS : GOSUB 3290 : PRINT ' Print ANOVA table

1970 PRINT : GOSUB 3470 ' Print Beta table

1980 GOSUB 5030 : CLOSE #2 : GOTO 540

1990 !

2000 ' Subprogram: Factorial Analysis

2010 '

2020 INPUT #1,RD,RE,RU,RP : RR=RUXRP

2030 DIM B(RE),X(RR,RE) ,XTX(RE,RE),XTXI(RE,RE),XTY(RE)

2040 DIM Y(RU,RP,RD),E(RR),TI$(RD),LA$(RE),M(RU),S5(RU),T(RU)
2050 FOR I=1 TO RD : INPUT #1,TI$(I) : NEXT

2060 FOR I=2 TO RE : INPUT #1,LA$(I) : NEXT
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2070 FOR I=1 TD RR

2080 FOR J=1 TO RE

2080 INPUT #1,X(1,7)

2100 NEXT @ NEXT

2110 FOR I=1 TO RU

2120 FOR J=1 TO RP

2130 FOR K=1 TO RD

2140 INPUT #1,Y(I,3,K)

2150 NEXT ¢ NEXT s NEXT

2160 CLOSE #1

2170 PRINT "Is your design matrix orthognal?"

2180 PRINT "(An orthogonal design runs much faster.)"
2190 INPUT "If you're not sure enter N (Y/N): ",K$

2200 IF K$<OMY" AND K$<O>"y" THEN GOSUB 3610 : GOTO 2230
2210 x=1#/RR

2220 FOR I=1 TO RE : XTXI(I,I)=X : NEXT ' Short-cut for XTXI
2230 FOR H=1 TO RD ' Perform stats for each dependent variable
2240 PRINT "Computing X Transpose Y . . ."

2250 FOR I=1 TO RE

2260 XTY{I)=0#

2270 FOR J=1 TO RU

2280 FOR K=1 TO RP
2290 L=RP#(J-1)+K
2300 XTY(I)=XTY(I)+X(L,I)*Y(J,K,H)

2310 NEXT s NEXT = NEXT

2320 FOR I=1 TO RE ' Compute Betas

2330 B(I)=0#

2340 FOR J=1 TO RE

2350 B(I)=B(I)+XTXI(I,T)*XTY(J)

2360 NEXT ¢ NEXT

2370 SS=0# : TT=0# ' Compute elements of ANOVA table
2380 FOR I=1 TO RU

2330 T(I)=0#

2400 FOR J=1 TO RP

2410 T(I)=T(I)+Y(I,J,H) : 55=55+Y(I,JT,H)*Y(I,T,H)
2420  NEXT

2430 M(I)=T(I)/RP s TT=TT+T(I)

2440 NEXT

2450 SSR=0#

2460 FOR I=1 TO RE : SSR=SSR+B(I)*XTY(I) : NEXT

2470 CLS ¢ 6OSUB 3290 : GOSUB 5030 ' Print ANOVA table
2480 CLS : GOSUB 3470 : GOSUB 5030 ' Print Beta table
2490 CLS ¢ GOSUB 3990 ' Bartlett's test

2500 GOSUB 4300 : GOSUB 5030 ' Plot residuals

2510 CLS : NEXT H ' Do next dependent variable o]
2520 CLOSE #2 : GOTO 540 )
2530 ! "
2540 ' Subprogram: A Kolmogorov-Smirnmov Test for
2550 ' goodness-of-fit to a Normal distribution

2560 '

2570 INPUT #1,TI$,N ' Read title and number of values
2580 DIM Y(N) "
2590 FOR I=1 TO N
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2600
2610
2620
2630
2640
2650
2660
2670
2680
2680
2700
2710
2720
2730
2740
2750
2760
2770
2780
2790
2800
2810
2820
2830
2840
2850
2860
2870
2880
2890
2900
2910
2920
2930
2940
2950
2960
23970
2980
2990
3000
3010
3020
3030
3040
3050
3060
3070
3080
3080
3100
3110
3120
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INPUT #1,Y(I) ' Read values
T=T+Y(I)
NEXT
CLOSE #1
m=T/N ' Compute mean
CLS : PRINT "Kolmggorov-Smirnov Test"
PRINT : PRINT ¢ PRINT TI$
PRINT : Z=M : PRINT "Mean =";Z
FOR I=1 TO N ' Compute sum of sguares
55=55+((Y(I)-M)*(Y(I)-M))
NEXT
5=SOR(SS/(N-1))
7=5 : PRINT "SDev ="3;Z : PRINT
PRINT "Do you wish to supply your own parameters? {(y/n)m
K$=INKEY$ : IF K$="" THEN 2740
IF K$<OMY" AND K$<O"y" THEN 2810
LOCATE 9
PRINT "Check against parameters:
INPUT "Mean: ",M
INPUT "Standard deviation: ",S
GOTO 2830
LOCATE 9
PRINT "Checking against estimated parameters. n
FOR I=1 TO N
y(1)=(Y(I)-M)/S ' Normalize values

"

71=Y(I) : GOSUB 5820 : Y(I)=1-P ' Replace w/ cumulative Normal

NEXT
LIM=N-1 ' Bubble sort cumulative values
FLAG=0
FOR I=1 TO LIM
IF Y(I)<=Y(I+1) THEN 2930
yY=Y(I) & Y(I)=Y(I+1) 2 Y(I+1)=YY
FLAG=1 : LIM=I
NEXT
IF FLAG=1 THEN 2880
FOR I=1 TO N ' Compute Dmax
D1=I/N-Y(I) & D2=Y(I)-(I-1)/N
IF D1>0M THEN DM=D1
IF D2>DM THEN DM=D2
NEXT
PRINT : PRINT "Dmax =";DM
COSUB 5030 : CLOSE #2 : GOTO 540
1

' Subprogram: Oistribution Percentiles

1

CLS ¢ PRINT "One-tailed Distribution Percentiles”
PRINT : PRINT

PRINT ™) Chi-sguare"

PRINT "2) F Distribution"

PRINT "3) Standard Normal"

PRINT "4) Student's t"

PRINT "S) Return to Main Menu"

LOCATE 10 : INPUT "Enter selection: ",I
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3130
3140
3150
3160
3170
3180
3180
3200
3210
3220
3230
3240
3250
3260
3270
3280
3290
3300
330
3320
3330
3340
3350
3360
3370
3380
3330
3400
3410
3420
3430
3440
3450
3460
3470
3480
34380
3500
3510
3520
3530
3540
3550
3560
3570
3580
3590
3600
3810
3620
3630
3640
3650

. P T
.........
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IF I>5 THEN BEEP ¢ GOTO 3050

On I GOTO0 3150,3170,3190,3200,540

INPUT "Enter degrees of freedom & statistic (v,X¥): ",N1,21
GOSUB 5190 : GOTO 3220

INPUT "Enter degrees of freedom and statistic (v1,v2,F%): ",N1,N2,21
GOSUB 5450 : GOTO 3220

INPUT MEnter test statistic (Z%): ",Z1 ¢ GOSUB 5820 : GOTO 3220
INPUT "Enter degrees of freedom and statistic (v,t*): ",N1,21
GOsuB 53860

PRINT USING "p = ####";P

LOCATE 23 ¢ PRINT "Press any key to continue."

K$=INKEYF : IF K$="" THEN 3220

GOTO 3050

1]

' Subroutine: Print ANOVA table

]

TTT=TT*TT/RR & SST=55-TTT : SSR=SSR-TTT : SSE=SST-SSR
N1=RE-1 : N2=RR-RE : MSR=SSR/N1 : MSE=SSE/N2

21=MSR/MSE s GOSUB 5450 ' Compute p-value for F statistic
272=8SR : I3=MSR : Z4=SSE : 75=MSE : 7Z6=SST ! Single precision
PRINT TI$(H) : PRINT : PRINT

PRINT "Spurce S8 df MS F*

8 A L
PRINT "Regression ' "3Z2;TAB(27)3RE-13TAB(33);23;

PRINT TAB(45)3Z73TAB(S7) : PRINT USING "p = .####";P

PRINT "Error l "s743TAB(27) 3RR-RE3TAB(33) 3125

PRINT Memememe e
PRINT "Total ":763TAB(27) 3RR-1

PRINT : PRINT USING "R-Square = .F###";SSR/SST; : PRINT TAB(22)
PRINT USING "Adjusted R-Square = .####";1-(RR-1)%SSE/( (RR-RE)*SST)
RETURN

1

- -~ - - - ———

' Subroutine: Print regression coefficients

1

PRINT "Effect";TAB(19);"Beta™;TAB(32);"Std Error";

PRINT TAB(50);"t*";TAB(63);"p"

PRINT Meceee- "eTAB(19) 3"V TAB(32) §Mecee e ",

PRINT TAB(5Q);"--";TAB(63);"-"

Z=B(1) : PRINT "Mean";TAB(16);2

FOR I=2 TO RE
N1=RR-RE : Z2=B(1) : Z3=SQR(MSE*XTXI(I,I)) : Z1=B(I)/Z3
PRINT LAS(I);TAB(16)322;TAB(31)323;TAB(46)321;TAB(B1)
GOSUB 5960 : PRINT USING ".####";2%P ' 2-tailed t

NEXT

RETURN

'

' Subroutine: Compute X Tramspose X Inverse
1
PRINT "Computing X Tranmspose X . . ."
FOR I=1 10 RE
FOR J=1 TO RE
FOR K=1 TO RR
XTX(I,J3)=XTX(I,3)+X(K,I)*X(K,J)
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3660 NEXT : NEXT : NEXT

3670 PRINT "Computing X Transpose X Inverse .
3680 FOR I=1 7O RE ' Create an identity matrix
3680 XTXI(I,I)=14#

3700 NEXT

3710 FOR K=1 TO RE

3720 XX=0f

3730 FOR I=K TO RE ' Find largest element in XTX column
3740 IF XX<ABS{XTX{I,K)}) THEN XX=ABS{XTX(I,K)) : L=I
3750 NEXT

3760 IF L=K THEN 3820 ' If current row then skip
3770 FOR J=1 TO RE ' Interchange rows K and L

3780 XX=XTX{K,J) & YY=XTXI(K,J)

3790 XTX(K,T)=XTX(L,J) ¢ XTXI(K,J)=XTXI(L,J)
3800 XTX(L,J)=XX ¢ XTXI(L,J)=YY

3810 NEXT

3820 FOR I=1 TO RE ' Perform eliminations
3830 IF I=k THEN 38390

3840 XX==XTX{I,K)}/XTX(K,K)

3850 FOR J=1 TO RE

3860 XTX(L,T)=XTX(T,T)+XXEXTX(K,T)
3870 XTXI(I,T)=XTXI(I,J)+XX*XTXI(K,T)
3880 NEXT

3890 NEXT I

3900 XX=1/XTX(K,K)

3910 FOR J=1 TO RE ' Turn XTX(K,K) into a 1

3820 XTX(KyJ)=XX¥XTX(K,T) ¢ XTXI(K,J)=XX*XTXI(K,J)
3930 NEXT

3840 NEXT K

3950 RETURN

3960 !

3970 ' Subroutine: Compute Bartlett'!s statistic

3980 !

3990 EMAX=0 : MMIN=1E+09 : MMAX=0

4000 FOR I=1 TO RU ' Compute sample variances and residuals

4010 s(I)=0

4020 FOR J=1 TO RP

4030 K=RP¥*(I-1)+]

4040 E(K)=Y(I,T,H)-M(T)

4050 IfF M(I)<MMIN THEN MMIN=M(I)
40860 IF M(I)>MMAX THEN MMAX=M(T)

4070 IF ABS(E(K))>EMAX THEN EMAX=ABS(E(K))
4080 S(1)=5(I)+E(K)*E(K)

4090  NEXT
4100 S(1)=5(1)/(RP-1)
4110 NEXT

4120 SP=0 : (=0

4130 FOR I=1 TO Ru ' Compute Bartlett variables
4140 SP=SP+5(1)

4150 IF 5(I)=0 THEN Q=Q-3 : GOTD 4170

4160  Q=0+.0G(5(1})

4170 NEXT

4180 SP=SP/RU

£-8
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4190 Q=.4342945%(RP-1)*(RU%LOG(SP)-Q) ' .43..converts Ln to Log
4200 C=1+(RuU+1)/(3%RU*(RP-1))

4210 21=2.3026*Q/C

4220 N1=RU-1 ¢ G0OSUB 5190 ' Compute p-value for Chi-sguare

4230 PRINT "Bartlett's test for homogeneity of variance:"

4240 PRINT "Chi-square =";Z1; TAB(zs) "gf =";RU-1;TAB(36)

4250 PRINT USING "p = ####"

4260 RETURN

4270 !

4280 ' Subroutine: Plot residuals

4290 !

4300 PRINT : PRINT : FOR I=1 TO 15 ¢ PRINT TAB(10);"|"™ : NEXT
4310 LOCATE 12 : PRINT "Residual —-=-cmmcmemmmmmmmcceoeo LK
4320 PRINT Meccmm e eeccem e Fitted"

4330 FOR I=1 TO RU

4340 FOR J=1 TQ RP

4350 K=12-7*E(RP*(I-1)+J)/EMAX ' Y coordinate

4360 L=13+43%(M{I)-MMIN)/(MMAX-MMIN) ' X coordinate
4370 LOCATE K,L ¢ PRINT fun

4380 NEXT ¢ NEXT

4330 RETURN

4400 !

4470 ' Subroutine: Duncan's Multiple Range Test

4420 !

4430 PRINT "Duncan's Multiple Range Test (p=.05)" : PRINT
4440 PRINT TAB(19);"Mean Variance"

4450 PRINT TAB(19)3"-ae=  ccceeea- n

4480 FOR I=1 TO RU

4470 21=M(1) : 22=S(I) ' Single precision

4480 PRINT MID$(STR$(I),2)s". ";LAS(I);TAB(17)3213TAB(29);22
4490 NEXT

4500 DATA 18.0,6.09,4.50,3.93,3.64,3.46,3.35,3.26,3.20,3.15,3.11,3.08,3.06
4510 DATA 3.03,3.01,3.00,2.98,2.97,2.96,2.95,2.89,2.86,2.83,2.80,2.77
4520 DATA 18.0,6.09,4.50,4.01,3.74,3.58,3.47,3.39,3.34,3.30,3.27,3.23,3.21
4530 DATA 3.18,3.16,3.15,3.13,3.12,3.11,3.10,3.04,3.01,2.98,2.95,2.92
4540 DATA 18.0,6.09,4,50,4.02,3.79,3.64,3.54,3.47,3.41,3.37,3.35,3.33,3.30
4550 DATA 3. 27,3 25,3.23,3.22,3.21,3.19,3.18,3.12,3.10,3.08,3.05, 3.02
4560 DATA 18.0,6.09,4,50,4.02,3.83,3.68,3.58,3.52,3.47,3.43,3.39,3.36,3.35
4570 DATA 3.33,3.31,3.30,3.28,3.27,3.26,3.25,3.20,3.17,3.14,3.12,3.09
4580 DATA 18.0,6.09,4.50,4.02,3.83,3.68,3.60,3.55,3.50,3.46,3.43,3.40,3.38
4590 DATA 3,37,3.36,3.34,3.33,3.32,3.31,3.30,3.25,3.22,3.20,3.18,3.15
4600 DATA 18.0,6.09,4.50,4.02,3.83,3.68,3.61,3.56,3.52,3.47,3.44,3.42,3.41
4610 DATA 3.39,3.38,3.37,3.36,3.35,3.35,3.34,3.29,3.27,3.24,3.22,3.19
4620 DATA 18.0,6.09,4.50,4.02,3.83,3.68,3.61,3.56,3.52,3.47,3.45,3.44,3.42
4630 DATA 3.41,3.40,3.39,3.38,3.37,3.37,3.36,3.32,3.30,3.28,3.26,3.23
4640 DATA 18.0,6.08,4.50,4.02,3.83,3.68,3.61,3.56,3.52,3.47,3.46,3.44,3.44
4650 DATA 3.42,3.42,3.41,3.40,3.39,3.39,3.38,3.35,3.33,3.31,3.29,3.26
4660 DATA 18.0,6.09,4.50,4.02,3.83,3.68,3.61,3.56,3.52,3.47,3.46,3.46,3.45
4670 DATA 3.44,3.43,3.43,3.42,3.41,3.41,3.40,3.37,3.35,3.33,3.32,3.29
4680 DIM NDX(RU) A1(RU,25),A2(RU)
. 4690 FOR I=1 TO RU : NOX(I)=I : NEXT
o 4700 LIM=RU-1 ' Bubble sort means and indexes
o 4710 FLAG=0 B
o E-9
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4720
4730
4740
4750)
4760
4770
4780
47390
4800
4810
4820
4830
4840
4850
4860
4870
4880
48390
4900
4910
4920
4930
49490
4950
4960
4970
43980
4980
5000
5010
5020
5030
5040
5050
5060
5070
5080
5080
5100
5110
5120
5130
5140
5150
5160
5170
5180
5190
5200
5210
5220
5230
5240
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FOR I=1 TO LIM
IF Mm(I)<=M(I+1) THEN 4780
Mm=mM(I) : NN=NDX(I)
M(I)=M(I+1) : NDX(I)=NDX(I+1)
M(I+1)=MM ¢ NDX(I+1)=NN
FLAG=1 : LIM=I

NEXT

IF FLAG=1 THEN 4710

FOR I=2 TO RU ¢ FOR J=1 TO 25 : READ A1(I,J) : NEXT : NEXT
Z=S0R(MSE/RP) : DF=RR-RU

PRINT : PRINT "Standard Error ="3;Z;" df =";DF

IF DF<=20 THEN 4890 ' For larqge df reset df to agree with data lines
IF DF>20 AND DF<30 THEN DF=20

IF DF>=30 AND DF<40 THEN DF=21

IF DF>=40 AND DF<B0 THEN DF=22

IF DF>=60 AND DF<100Q THEN DF=23

IF DF>=100 AND DF<200 THEN DF=24 ELSE DF=25

FOR I=2 TO RU : A2(I)=A1(I,0F)*Z : NEXT

FOR I=RU TO 1 STEP -1

FOR J=1 TO RU

IF J>=I THEN 4980
Z2=Mm(1)-m(J)
A$="<" : B%="Do not reject equal"
IF 72>A2(I-J+1) THEN A$=">" : B$="Reject equal"
PRINT MID$(STRE(NDX(I)),2)3" us."sNDX(JT)3":"s;Z3A%;A2(1-T+1);
PRINT "(R"+MID$(STRE(I-J+1),2)+") "+B%

NEXT ¢ NEXT

RETURN

¥

'  Subroutine: Save data screen if desired

t

IF Q$="Y" OR Q%="y" THEN 5070
LOCATE 23 : PRINT "Press any key to continue."
K$=INKEY$ IF K$="" THEN 5050
RETURN
LOCATE 23 : PRINT "Saving data screen to disk .
FOR I=1 TO 22

D$=" n

FOR J=1 TO 65

0$=D%+CHR$ (SCREEN(I,J))

NEXT

PRINT #2,D%
NEXT
RETURN

4

1"

' Subroutine: Percentiles of the Chi-Sguare distribution

1]

P=1 ¢ IF Z1=0 THEN RETURN

IF 71<0 THEN PRINT "Warning! Negative Chi-Sguare!" :
IF N1=1 THEN Z1=SQR(Z1) : GOSUB 5820 : RETURN

IF N1>50 DR Z1>100 THEN 5380
22=71 ¢ P1=,5%(N1-2) & 23=.5%72
FOR I=1 TO 10000

STOP

.
.

P2=P1+2 : 24=73/P2
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5250 IF P=P+Z4 THEN 5280 .
5260 P=P+24 3 P2=P2+1 & Z4=24%73/P2

5270 NEXT

5280 75=1

5290 IF N1-2*INT(N1/2)=1 THEN 5330 ' If N1 is odd then skip
B 5300 Z6=0 ' N1 is even

= 5310 FOR I=1 TO N1/2 : 76=Z6+L0G(I) : NEXT

- 5320 Z5=EXP(Z6) : GOTO 5350

5330 FOR I=1 TO N1 STEP 2 : 75=Z5%I*,5 3 NEXT ' N1 is odd
5340 75=25%1,772459

5350 Z7=(P1+1)%#L0G(23)+L0G(P)-LOG(Z5)-23 f
5360 P=1 : IF 77>-30 THEN P=1-EXP(Z7)

5370 RETURN

5380 Z7=N1 ¢ P2=1/27 : 22=11 : 7I8=SQR(2#72) : 79=5QR(2%*77-1)
5390 210=1+1/(16%¥27%(27-1)) : Z11=(.25%P2)*(1+5*P2%#(1-,625%P2))
5400 21=(28-29%710)/S0R(1-211) : GOSUB 5820 : IF 21<0 THEN P=1-
5410 RETURN

5420 !

5430 ' Subroutine: Percentiles of the F distribution

5440 '

5450 P=0 : IF Z1=0 THEN P=1 : RETURN

5460 IF 21<0 THEN PRINT "warning! Negative F!" : STOP

5470 72=N2/(N2+N1%Z21) : Z3=N1+N2-2 5
S480 IF N1-2*INT(N1/2)=1 THEN SS60 ' If N1 is odd then skip
5490 N1=N1-2 : IF N1<=1 THEN 5530 K
5500 Z3=23-2 : P=(1-Z2)*Z3/N1*(1+P) N
5510 IF P>1E+24 THEN 5530

5520 GOTO 5490

5530 Z4=(.5%N2)*L0G(Z2) : IF 24>-80 THEN Z4=EXP(Z4) ELSE Z4=0
5540 P=24%(1+P) ¢ IF P<O THEN P=0

5550 RETURN -
5560 IF N2-2*¥INT(N2/2)=1 THEN 5630 ' If N2 is odd then skip N
5570 N2=N2-2 : IF N2<1 THEN S600

p

e

5580 23=23-2 : P=72#23/N2*(1+P) : IF P>1E+24 THEN 5600
5590 GOTO 5570 4
5600 Z4=(.5%N1)*L0G(1-22) ¢ IF Z4>-B0 THEN 24=EXP(Z4) ELSE Z4=0 -
5610 P=1-Z4%(1+P) : IF P<O THEN P=0 X
5620 RETURN R
5630 25=ATN(SQR(N1%*Z1/N2)) ' N1 & N2 are both odd 3
5640 26=0 : 27=0 : N3=INT(N2/2) : N4=N2 3
5650 28=SIN(ZS) : z9=C0S(Z5) : Z10=Z8%Z8 : Z11=79%79 -+
5660 IF N2<=1 THEN 5700 2
5670 N2=N2-2 : IF N2<=2 THEN 5690 -
5680 26=711%(N2-1)/N2*(1+26) : GOTO 5670 %
= 5690 26=28%79%(1+Z6) R
) 5700 26=25+26 : IF N1<=1 THEN 5730 -
! 5710 N1=N1-2 : IF N1<=2 THEN 5730 -
{ 5720 23=723-2 & 27=210%Z3/N1%*(1+Z7) : GOTQ 5710 g
, 5730 IF N3<1 THEN 5760 R
[ 5740 212=1 -]
> 5750 FOR I=1 TO N3 : 212=212%I/(I-.5) : NEXT 3
‘9 5760 Z4=N4*L0G(Z9) : IF Z4>-60 THEN Z4=EXP(Z4) ELSE Z4=0 f%
f 5770 Z7=212%18%724%(1+27) : P=1+.6366198%*(27-26) : IF P<O THEN P=0 B

E-11
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5780 RETURN
5790 !
5800 ' Subroutine:
5810 !

5820 IF Z1>S THEN P=0
5830 IF Z1<-5 THEN P=
5840 C1=4.986735E-02
5850 C4=3.80036E-05 :
5860 Z2=ABS(Z1)

Percentiles of the Normal distribution

¢ RET
1 ¢ RE

URN
TURN

: £2=2.114101E-02
s £6=5,383E-06

C5=4,

88806E£-05

¢ £3=3.,277626E-03

5870 P=C1+72%(C2+22%(C3+22*(C4+22*(C5+22%CB))))

5880 P=16%L0OG(1+22%P)
5880 IF P<-30 THEN P=
5800 IF P>30 THEN P=3

-30
0

5910 P=,5/EXP(P) : IF 21<0 THEN P=1-P

53920 RETURN
5930 !
5940 ' Subroutine:
5950 !

Percentiles of the t distribution

5960 C=.6366198 : 22=1/(1+21%21/\N1) :

5970 IF N1-2*INT(N1/2)=1 THEN 6000

5980 24=23*SQR(Z2) :
5980 N2=1 : GOTO 6030

P=1-24

23=21/SQR(N1)

' If N1 is odd then skip

: IF N1=2 THEN 6070

6000 P=1-C*ATN(Z3) : IF N1=1 THEN 6070
IF N1=3 THEN 6070

6010 Z4=C*Z3%*72 : P=p
6020 N2=0

6030 N3=INT((N1-2)/2)
6040 FOR J=1 TO N3

-24 s

6050  N4=2%J-N2 : Z4=74%72%N4/(Na+1)

6060 NEXT
6070 IF P<O THEN P=0

6080 P=P/2 : IF Z1<0 THEN P=1-P

5090 RETURN

£-12

' N1 is odd

P=P-24

PR, . R
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Captain Joseph B. Niemeyer was born on 28 April 1955 in St. John's,

7

b, T
EQ Newfoundland. Upon graduation from Chariho Regional High School in Wood EQ
& River Junction, Rhode Island, in 1373, he attended the Unifed States Air :;
Farce Academy in Colorado Springs, Colorado. In 1977, he graduated from !1

the Air Force Academy with a Bachelor of Science degree in Biology. ii

After attending Undergraduate Pilot Training at Laughlin AFB, Texas, he ;;

was assigned to the 14th Military Airlift Squadron, 63rd Military !i

Rirlift Wwing, Norton AFB, California. While assigned to the B63rd ff

Military Airlift wWing, Captain Niemeyer's duties included: aircraft i?

commander in the C-1418 Starlifter aircraft, instructor pilot, flight i:

examiner, and Chief of Aircrew Standardization/Evaluation. In August ,ii

1883, he was assigned to the School of Engineering, Air Force Institute 3?

of Technoloqy, Wright-Patterson AFB, Ohio, as a resident student in the i;

;

Strategic and Tactical Sciences Program.

Permanent Address: 3324 Milton Avenue
Dallas, Texas 75205
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Captain Michael D. Selva was born on 9 September 1855 in Biloxi,
Mississippi. Upon graduation from the Lajes Dependent's High School in
tajes Field, Azores, Portugal, in 1973, he attended the United States
Air Force Academy. In 1977, he graduated from the Air Force Academy
with a Bachelor of Science degree in Military History. After completing
Missile Launch Officer technical training at Vandenberg AFB, California,
ne was assigned to the 321st Strategic Missile Wing, Grand Forks AFB,
North Dakota. While assigned to the 321st Strategic Missile Wing,
Captain Selva's duties included: Senior Instructor Oeputy Missile
Combat Crew Commander, Missile Combat Crew Commancer, Wing
Standardization/Evaluation Missile Combat Crew Commander, Emergency War
Order (EW0) Instructor, ICBM Plans Officer, Chief, ICBM Plans Branch,
and Chief, Emergency War Order (EWO) Trainirg Branch. In August 1983,
he was assigned to the School of Engineecring, Air Force Institute of

-~ Technology, Wright-Patterson AFB, Ohio, as a resident student ‘in the

Strateqgic and Tactical Sciences Program.

- Permanent Address: 1352 rry Lane
g;_ Hayward, California 394545
g
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