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PREFACE

In April 1967, the Office or the Assistant Secretary of Defense
(Manpower and Reserve Affairs) formed a Pilot Advisory Committee to
study "Pilots as a_National Resource.'" The Committee consisted of
the Assistant Secretary and a representative of Staff members from
Rand were invited to attend the early meetings of the Committee.

The outgrowth was that the_Air Force member requested RAND to accept
responsibility for examining the Air Force pilot training process.
The objective of the Rand Pilot Training Study was to develop a
serfes of computer models for use in estimating the resources requir-
ed to produce pilots and the costs of training them. Further, the
models were to be designed for sensitivity analyses and long-range
planning.

For the convenience of raaders whose interests may not extend
to all aspects of the pilot training process, the resnlts of the

study are presented in eizht volumes, as follows:

Vo lume
1 RM-6080-PR The Pilot Training Study: Personnel Flow and

the PILOT Model, by W, E. Mooz.

11 RM-6081-PR  The Pilot Training Study: A User's Guide to
the PILOT Computer Model, by Lois Littleton.

II1 RM-6082-PR The Pilot Training Study: Precommissioning
Training, by J. W. Cook.

1v RM-6083-PR The Pilot Training Study: A Cost-Estimating

Model for Undergraduate Pilot Training, by
$. L. Allison,

v RM-6084-PR  The Pllot Training Study: A Usex's Guide to
the Undergraduiate Pilot Training Computer Cost
Model, by Lois Littleton.

VI RM-6085-PR  The Pilot Training Study: Advanced Pilot
Training, by P, J. Kennedy.
VII RM-6086-PR The Pilot Training Study: A Cost-Estimating

Model for Advanced Pilot Training (APT), by
L. E. Knollmeyer,

VIII RM-6087-PR  The Pilot Training Study: A User's Guide to
the Advanced Pilot Tra{ning Computer Cost
Model (APT), by H, E. Boren, Jr.
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This Memorandum, Volume 1V of the series, describes USAF
undergraduate pilot training (UP[) and a computer model developed
for use in estimsting both the resources required and the attendant
costs for any given configuration of the UPT training system.

A description cf the USAF Survival School and a model for usc
in estimating resourcee and associated costs of survival training
are included as an appe~dix to this Memorandum.

Although an understanding of undergraduate pilet training and
survival training may be obtained from this Memorandum without
reference to the other Memoranduns in the series, the reader will
find it useful to read Volume 1 for an understanding of the part
that these training activities play in the total process of training
USAF pilots.
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SUMMARY

The model described in this document provides a means for esti-
mating the resource requirements and attendant costs of any configura-
tion of the undergraduate pilot training (UPT) system.

The UPT system is described by inputs that are sup-lied by the
user of the model. The inputs consist of data such as UPT graduate
requirements, course syllabus requirementé, instructor-student
ratios, administrative and support manpower relationships, number of
aiccraft and simulators available, aircraft and simulator utiliza-
tion rates, amount of facilities arailable, and cost relationships.
Given these inputs, the model computes the manpower, equipment, and
facilities required for the UPT training. The model then calculates
the costs associated with these resource requirements in terms of
research and development costs, fuvestment costs and annual operating
costs.

The UPT model is designed to aid the user in examining long-
range alternatives. For this reason, the model operates in yearly
increments for up to 20 years.

Among the alternatives that can Le examined are changes in the
numbers and types of training aircraft and simulators useqa; adjust-
ments in prescribed syllabus hours for flight, simulater or class-
room trainiung; changes in numbers of graduates required; modifica-
tions of aircraft or simulator utilization rates; and changes in
airspace, facilities (e.g., runways) or numbers of training bases.

The UPT mocdel may be used in two ways: It may be used in
conjunction with the other pilot training models (see Preface) to
estimate the overall impact of pilot training alternatives, It
also may be used separately to examine UPT alternatives while
ignoring their effects on other training activities.

The UPT resource and cost model is programmed in Fortran 1V
and 18 currently being operated on the 1BM 360 computer at Rand.
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I. INTRODUCTION

Air Force pilot candidates receive their basic flight qualifica-
tion training* in the 53-week Undergraduate Filot Training (UPT) course
conducted by the Air Training Command (ATC). Upon graduation from UPT,
the new pilot is sent to the USAF Survival School (SS) for a short
course of instruction in survival techniques. He is then essigned to
one of the meny Advanced Pilot Training (APT) schools for training to
qualify as a pilot of a specific type and model of USAF operational air-
craft. These three training programs (UPT, SS, and APT) and the com-
puter models that have been developed for use in estimating their re-
spective resource requiréments and attendant costs are described in
Volumes TV-VIII of the Pilot Training Study.

Only comnmissioned officers are acc.pted for pilot training. For
that 12ason, the study examines the three training sources from which’
the.Air.Forée oﬁtains its new officers: the Alr Force Academy (AFA),
Reserve Officer Training Corps (ROTC), and Officer Training School (OTS).
Volumé III* of the Pilot Trainirg Study describes these precommission-
ing training procesées and documeats a methodologv for estimating the
resources required and related costs.

Because of the 1mp§rtance and complexity of the management of pi-
lot flows wifhin the Air Force, Volumes I and II* of the study are de-
voéed to a'description of a simulation model, called the PILOT model,
which was developéd to synthesize the pilot flows. The PILOT model is
nged to examine policies regarding pilot flows and their effect on pi-
lotvtraining rates and costs,

These models are tools for long-range planning--that is, for plan-
ning‘S to 20 years or more into the future. They are not designed to
help solve day~to-day management prohlems. Although, theoretically,

a computer model could be developed to be used for both short-range

* .
Some preliminary flight indoctrination training is given to
pilot cendidates at the Air Force Academy and at some ROTC schools.

A*
See Preface.
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managemeént problems and long-range planning problems, such an all-
purpose model would be inefficient. For example, consider the rela-
tively short-run management problem of obtaining a sufficient number
of trained UPT permanent-party'personnel (personnel other than students)
permanently assigned to the UPT base) within each Air Force Specialty
Code (AFSC) category. To solve the problem, quarterly estimates must
be made of the personnel requirements within each AFSC category. How-
ever, for long-range planning purposes, an estimate of only the annual
officer, airman, and civilian requirement is sufficient. If a long-
raage UPT pianning model were deveioped that would also aid in solving
short-run management problems, such as rhe personnel planning problem,
the cost estimates would not be inproved significantly, and the task
of supplying the very large num:er of inputs would be greatly dispro-
portionate to the benefits gained.

The UPT course provides flight training in three aircraft: the
single-engine, propeller-driven T-41; the subsonic jet T-37; and the
supersonic T-38. The training is conducted at 10 ATC bases and pro-
duces almost 4000 pilots annually. During FY 1969, more than one mil-
lion training hours were logged in the T-37 and T-38 air-raft, and
over 3000 craining sorties were launched each day from the UPT bases.

The UPT model provides a means for estimating the resources that
will be required and the costs that will be incurred in conducting
undergraduate pilot training. 1t is a tool for measuring the long-range
effects of alternative policies and conditions such as changes in the
required number of graduates, changes in course syllabus and changes
in the training facflities. For example, the model can answer the
following kinds of questions: What will be the impact on resources
and costs of a substantial increase (or reduction) in UPT graduates?
What will be the effect on costs of changing the syllsbus flying hour
requirement? Row will the UPT training capacity be affected by the
opening of a new UPT base? Will more ajrcraft be nevdad {f the pres-
ent aircraft utilfzation rates are reduced? Will more simulator space
be required If larger flight simulators are used? What will be the
impact of introducing a new type of training aircraft into the UPT

course?

B . e

12 e R



O

ERIC

Aruitoxt provided by Eic:

The prescat UPT system is described in Section II. In Se.tion III
a general description of the UPT model 18 presented, and in Section IV
the uses of the model are described. Section V is a detailed descrip-

tion of the model.
The appendix discusses USAF survival training, and a model of this

training.

:1:; Q0
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II. DESCRIPTION OF UNDERGRADUATE PILOT TRAINING

Although the UPYT model may be used in estirating resources and at-
tendant costs of virtually any future configuration of UPT, its design
was influenced by the manner in which UPT is curreantly conducted. The
present UPT system is :gcribed in this section.

The USAF undergraduate pilot training course is the source from
which the Air Force fills its continuing needs for new pilots. One con-
cept underlying UPT is that its graduates must be capable of transition,
with advanced training, into eny aircraft in the Air Force inventory.
Tor this reason, all uncdergraduate pilot training is taught in a single,

standard 53-week course.

PILOT TRAINING FLOW

The UPT course is one of several training activities through which
an Air Force pilot passes in the course of his career. He must be a
commissioned officer in order to be admitted to undergraduate pilot
training. UPT students receive their wings as rated USAF pilots upon
graduation, but they must receive additional training to qualify as a

. pllot of a specific type and model of operational aircraft.

The typical training path [s illustrated in Fig. 1.

RELATIONSHIP OF UPT TO OTHER PILOT TRAINING

Each of the steps in the training sequence depicted in Fig. 1 is
described in detail in other volumes of the Pilot Training Study.*
The following brief descriptions are therefore offered only to point
up the intgrdependence that exists among the several training activi-

ties that are needed to produce an operationally-qualified pilot.

Precommissioning Training

Civilians who wish to become Alr Force pilots must first become

commissioned offfcers by graduating from the Air Force Academy, Officer

*
See Preface.
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Fig. 1— Pilot training flow

Training School, or Reserve Officer Training Corps. The Air Force
Academy at Colorado Springs is the Air Force counterpart of the Army's
West Point, and the Navy's Annapolis. The Academy trains selected
young men in a four-year college curriculum combined with military
training. The Reserve Officers Training Corps (ROTC) program is con-
ducted at about 170 college campuses. Credit toward the Bachelor de-
gree is usually given for courses taven in ailitary training.* Students
are commissioned upon gradu@tion from college. Officer Training School
. (0TS) provides military training to qualified college graduates in a
12-week course. OTS 1s conducted at Lackland AFB in Texas.

*
A few achools, e.g., Harvard, may not do so.
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Survival Training

After commissioning, the pilot candidate undergoes undergraduate
pilot training at one of 10 UPT bases. Then, typically, the pilot at-
tends the ATC-operated Survival School at Fairchild AFB, Washingtomn.
This school is designed to teach pilots the elements of survival in
any one of several hostile environments. The survival course includes
such subjects as parachute control and landing, land navigation, con-
struction of shelters, water survival, and the obtaining of food from
plants, fish, and game. There are two survival courses with essentially

the same content: One requires 9 training days, the other 15.

Advanced Pilot Training

Advanced pilot training pravides the pilot with the additional
training necessary to operate a specific aircraft. This includes famil-
{arization with the flight characteristics of the aircraft and also
training in mission objectives such as air refueling or weapons deliv-
ery. As depicted in Fig. 1, the APT student may be a qualified pilot
from another aircraft system, serving in either a cockpit or desk ca-
pacity, or he may be a UPT graduate with no other flying experience.

The advanced pilot training is conducted by units variously re-
ferred to as Combat Crew Training Schools (CCTS), Replacement Training
Units (RTU), Transporf Training Units (TTU), or by the general desig-
nation of Advanced Pilot Training, depending on the organization that
conducts the training. Each school 1s under the jurisdiction of the
najor command of primary responsibility, that is, the command that is

" the major user of the particular aircraft. The conmand establishes

the syllabus and operates the school. Schools exist for almost all
of the widely used active aircraft in the inventory, with several types
of aircraft having schools on more than one base, and scme bases hav-
ing more than one school. The lengths of the courses range from 2 to
30 weeks.

CCTS and TTU training is conducted by trainfing squadrons, whereas
cperational squadrons conduct the RTU instruction as an added duty
while maintaining their operational readiness posture. This is the

only salient cifference.

16 -7
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After a student graduates from the appropriate'APT course, he 1s
assigned to an operational unit. His training is continued all through
his touyr of duty as a pilot in order to maintain proficiency in combat
skills and to give him the experience necessary for upgrading from one

pilot position to en~ther.

TRAINING CAPACITY

Undergraduate pilot training capacity was increased in June 1949
by the transfer of Columbus AFB, Mississippi, from the Strategic Air
Command to ATC for use as a UPT base. This provides, roughly, a 10
percent increase in training capacity. There are now 10 UPT bases:
five in Texas and one each in Alabama, Arizona, Georgia, Oklahoma, and
Mississippi.*

Columbus AFB, Missiassippl Randolph AFB, Texas
Craig AFB, Alabama Reese AFB, Texas
Laredo AFB, Texas Vance AFB, Oklahoma
Laughlin AFB, Texas Webb AFB, Texas

Moody AFB, Georgia Williams AFB, Arizona

Each of these bases, excegt Randolph and Williams, is used exclusively
for the UPT program.

It should be noted that training capacity is dependent upon a num-
ber of factors in addition to the availability of instructors, training
aircraft and simulators, and student dormitory and other facilities.
Runways are, of course, essential; at present, each of the ten bases
has either two or three runscays. A related consideration is the amount
of airspace allocated to the base by the Federal Aviation Agency (FAA).
Cons{deration must also be given to the weather conditions peculiar to
each base. Bases differ both a3 to the annual average number of days
of flyable weather and in seasonal variations in the times when weather

conditions are most likely to interfere with flight training schedules.

* UPT instruction given to USAF officers at Sheppard AFB, Texas,
18 not included in this description because (1) the number of U.S. of-
ficers in training there is relatively small, and (2) the curriculum,
being shaped to meet the needs of trainees from the German Air Force,
differs from the standard curriculum employed at the other ten UPT bases.



QUALIFICATION REQUIREMENTS FOR ADMISSION

To qualify for admission to UPT, the applicant must:

0 Be a male commissioned officer of the United States or of a

MAP-recipient country,

o Pass the prescribed physical examination,

0 Be not less than 20 or more than 26! years old at the time of
application, and not more than 27’ when entering training,

0 Have scored well on the Air Force Officer Qualification Test

(AFOQT) and the pilot selection tests.

SOURCES OF STUDENTS

UPT students come from several sources. The percentage of fiscal

year 1969 entries from each source is shown in Table 1.

Table 1
PERCENTAGE OF UPT ENTERING STUDENTS BY SOURCE, FY 1969
(%)

Active Alr Force Sources
Officer Training School ....veverrvssnrsarnsens 46

Reserve Officer Training Corps «.cieisvvrianeannn 27
Alr Force Academy ..ceoieitoitvsiatnnarsninnanas 9
Non-rated officers on active duty ....eevveuinn &
Rated officers on active duty ....covvicnennene 1

SUBLOLAl «iivrtteurnsnionesntntssoroosorianes 89

Other Sources

Alr National Guard «..veveriserertisnsnnnannanns 4
Marine COrPS +.uieniennenesnnnonteansaninsannas 4
Forelgn .. .uiiviuiiinsinssnnseriiaenennscianncees 3

Total, 8ll BOUYCES evsvvonncvsvsarraneness 100

" The OGfff{cexr Training School supplies nearly half of the UPT stu-
dente, and Resecrve Officer Training Corps more than one quarter. The
Academy percentage includes some graduates from the U.S. Military Acad-
er, and the U.S. Naval Academy who desire to become Alr Force pilots.
The "rated" category consiats of officers on active duty who hold fly-
ing ratings other than pilot (e.g., névigator): "non-rated' are of fi-
cers who are accepted for UPT from duty assignments such as civil en-

gineer. Pilot candidates from "other sources" do not add to the pilot

ERIC
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strength of the Air Force. Foreign students are trained under agree-
ments with tneir respective countries. Germany, Norway, Denmark, Jor-

dan, Iran, Colombia, and South Vietnam are among the nations represented.

REASONS FOR STUDENT AiIRITION

Although most UPT students are highly motivated, about one-fourth
fail to complete the UPT course. The reasons for their attrition (elim-
ination) are shown below for FY 1969:

(%)
Training deficiency ..c.evevuns 65
Self-initiated elimination «... 12
Medical c.eeerenvencennoncsoses 13
Fear of £1, Ing soveveoscovnssss 9
Other, including fatality .... 1

Nearly all "training deficiency' eliminations are attributadle to
flying deficiencies, but 2 few of them are due to academic failure.
About one in every eight of those who fail to complete training 1s re-~
leased from UPT at his own request. Approximately the same percentag:
of the eliminations is for medical reasons. Chronic airsickness is
one caugse. Another is that some trainees are found to have iradequate
vision to pilot an aircraft even though all trainees passed physical
examinations before being admitted to UPT. The "fear of flying" cate-
gory consists mainly of trainees who are afraid of the responsibility
of being in charge of the aircraft; very few have fear of flying as

passengers.

ATTRITION DATA BY STUDENT SOURCES

Table 2 shows the attrition record of each trainee source for
FY 1969.* Historically, the OTS graduates and officers on active duty
in non-rated (non-flying) specialties experience the highest attrition
rates. Rated officers (moat of whom are navigators) experience the

lowest attrition. This 1s to be expected because rated officers have

*

Attrition percentages shown in Table 2 reflect UPT overall attri-
tion experience for one year. The model, however, uses attrition rates
for each training phase. (See Table 5.)

19 %"
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Table 2
ATTRITION RECORD BY SOURCE, FY 1969

Percentage of
Entrants who
Attrited

Active Air Force Sources
Officer Training School teiveveesriosssconcassnsnes 34
Non-rated officers on active duty .vesivscecssrenes 34
Reserve Officer Training COIPS ceveerecensnnnereass 22
Alr Force Academy ..eeveteneeeeavonssonssssssssness 12
Rated officers on active duty .eeuiuieeeeennncncconss 7

Other Sources .
Foreign officers s.veeeereonnosronssnsscsenonseraes 23
Alr National Guard ....ecoceevinnrroncenconnsonsnns 22
Marine COYPS cuvesernconsenntannnonnsenenssnosasens 12

+

Average, all BOUTCES susvcrsensocsnsonnnasssnsnsnnass 27

INITIAL ASSIGNMENTS OF GRADUATES

Some months before each clacs graduites, a list is compiled of
aircraft systems for which UPT graduates are required. Students list
the systems in the order of their preference for first-tour assignment.
Then, upon graduation they are asaigned to an aircraft system accord-
ing to their class standing: Those highest in the class ranking re-
ceive the first choice of the available slots. Table 3 shows the num-
ber and percentage of FY 1963 graduates who were assigned to each air-

craft type.

NUMBER OF GRADUATES, FY 1947 THROUGH FY 1969

The UPT pilot productioa schedules are geared to changing Air
Force needs for pilots and, consequently, the UPT output has varied
widely over the years. Figure 2 shows the number of UPT graduates in
fiscal year 1947 through 1967,

During the early 1950s, the UPT production was increased to meet
the demands of the Korean conflict. Afterwe-d, the Afr Force found
itself with an excess of rated personnel and began to cut production,

Then, as the need increased ifor pilots in Vietnam, UPT production was

20
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Table 3

INITIAL ASSIGNMENTS OF UPT GRADUATES
TO AIRCRAFT SYSTEMS, FY 1969

Type of Assignment Number Percent

Jet a o
Pilot Instructor Training ... 444 -13.8
Fighter ..vecesvesesecsonsnss 517 16.1
Bomber .veesessscassasnsnensns DS 2.0
Cargo/Tanker .....oesessvvaoss 505 15.7
Other cevieeveosecasosonsanses 3 .1

Subtotal Jet «e.eseeeassoaes 153 47.7

Turboprop
Carg0 .esvevvecuevsnsnnsevses 519 16.1
Other soeeevsestonnnoanronsnane _4__7_ _];_-_5_

Subtotal Turboprop ......es 566 17.6 |

Conventional
CaArBO -vsvsveoscecnsvssnssaese 749 23.2
Other cuseevinncsncessaneesss 367 11.4

Subtotal Conventional ..... 1116 34.7

TOLBl teenvcesscssartssanneannes 3216 160.0

%These graduates attended either the T-37 or T-38
pilot instructor course, and then returned to a UPT
bagse aa instructor pilots. At the end of FY 1969,
about 45 percent of the UPT pilot instructor force
were new UPT graduates (first-tour pilots) and 55 per-
cent experienced pilots.

wol [

UPT graduates

19478 9'50 1 2 3 45 6 7 8 9% 1 2 3 4576 7 869

Fiscal year

ERIC ' Fig.2—Number of UPT graduates by fiscal year
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again stepped up. It is programmed to reaci about 3800 in fiscal year
1971 and to remain at that level through fiscal year 1974.

SPECIAL ROLE OF OTS IN FILLING
PILOT-PRODUCTION QUOTAS

One imbortant aspect of the management of pilot flowe is the bel~-
ancing of UPT entraiats, by source, to proluce the desired number of
Alr Force pilots. The calculations below exclude "other sources”
students.

The desired entry mix is usually set in January for pilot trainees
who are to be entered the following fiscal year (and who, upon success-
ful completion of training, will be graduated one fiscal year later).
By January, the number of Academy and ROTC students who are about to
graduate and who have elected pilot training is available. The dead-
line for considering the flizht training applications of active duty
officers has also pass2d. The portion of the UPT quota that is not
filled from these sources is then allotted to OTS.

Because OTS training requires only 12 weeks, OTS officer produc-
tion can be sharply increased or cut back in a relatively short tiuwe.
For this reason, Air Force planners use OTS as the balancing (supple-
mental) source from which to cbtain UPT entrants in whatever numbers
are needed to fill the projected pilot-production requirements.

Table 4 {llustrates how the Air Training Command estimated the
number of UPT entrants that will be required from 0TS for fiscal year
1971 to meet the Air Jorce requirement for additional pilots.

The latest available (fiscal year 1969) rates of UPT attrition,
by student source, were used to estimate the respective numbers of UPT
students from ROTC, from the Academy, and from officers on active duty,
who will graduate to become pilots. The ATC planners then turned to
0TS as the source from which to obtain the additional 2103 pilots re-
quired. Because the expectation, based on fiscal year 1969 attrition
experlence, is that about 34 percent of the UPT entrants from OTS will
be eliminated, it was decided that 3174 studente should be programmed
to enter UPT from OTS to meet the fiscal year 1971 pilot-production
goal.

02 , .



O

ERIC

Aruitoxt provided by Eic:

~13-

Table 4

CALCULATION OF NUMBER OF UPT ENTRANTS FEEDED FROM OTS FOR FY 1971

Estimated Estimated

UPT Percent Number UPT

Source Entries Attrition® Graduatesb
TORC 1472 22 1144
Alr Force Academy 430 12 386
Non-rated on active duty 194 34 127
Rated on active duty 67 7 62
Total, less QTS 1719
Total number UPT graduates required 3822
Available from above sources b 1719
Balance from OTS 3174 34 2103

aRates of attrition are rounded.

bActual (unrounded) attrition percentages were used in calculating
the estimated numbers of UPT graduates and the number of OTS entries.

CURRICULUY

The UPT course is taught in three training phases of increasing
difffculty. Students receive a combination of flying, academic, and
officer training in each phase. Instrument trainer (simulatur)* in-
struction is given only in the last two phases. The entire course 18
taught at each of the 10 UPT bases; students therefore receive all three
phases at a single base,

Table 5 lists the subjects that comprise the UPT curriculum and
shows the approximate number of hours scheduled to be devoted to each
subject in each of the thrze training phases. It also shows the ap-

proximate length of each phase, in weeks.

Phase I Flight Training

The present Phase I was introduced {nto the UPT course several
years ago. This initial training phase serves to eliminate students

.For convenience, the term "simulator" is uged throughout this
Memorandum to refer to both instrument trainers and flight simulators.
The term "flight simulator" commonly refers to a more sophisticated
device than the inatrument trainers used in UPT. Flight simulators
duplicate flight with true aerodynamic relationships, and often dupli-
cate motion, vision or sound. '

A
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Table 5

SUMMARY OF UPT COURSE

Syllabus Hours

Training Course All Phases Phase I  Phase II  Phase III
Flying Traininga
Contact flying 122 30 55 37
Instrument 51 -— 21 30
Navigation 25 --- 9 16
Formation 41 -—- 5 36
As needed 1 -—- - 1
Total 240 30 90 120
Simulator Training
T-4 23 --- 23 -
T-7/1-26 32 —— -—- 32
Total 55 ——- 23 37
Academic Trainingb
Alrmanship 14 14 -—- ——
Aviation physiology 34 29 5 -—-
Physiological support 10 10 - -
Systems operations 34 6 12 16
Principles of fiight 10 -—-- 10 .-
Aural code 10 —— 2 8
Flight instruments 13 — 13 -~
Navigation 25 —-— 25 -—
Instrument procedures/
radio aids 38 -—- 26 12
Flight planning 46 ~—- 25 21
Weather 30 -— 30
Flying safety 6 1 2 3
Applied aerodynamics 19 -—- -—- 19
Total 289 60 150 79
Officer Trainingb
Orientation/Processing 28 28 -—- -
Officer career planning 6 --- - 6
Marksmanship 6 -—- - 6
Counterinsurgency 7 --- -— 7
Physical training 125 15 40 70
Total 172 43 40 89
Training weeks {approx) 53 7.5 19.5 26

aRounded.

bAcademdc and officer training hours have been allocated to the
phase in which they are normally taught, as indicated by the Syllabus
of Instruction for Undergraduate Pilot Training (T-42/1-37/T-38), Nr.

. P VéA-A, Mr Tra{ning Command, Harch 1059,

ghl S
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who lack the necessary aptitude for flying before a heavy investment

is made in their training. Phase I training requires 7 to 3 weeks, depend
depending upon weather, and utilizes the inexpensive, single-engine,
propeller-driven T-41 aircraft described in Fig. 3. Students from ROTC
wnd the Afr Force Academy who have completed 1light plane training fly

only 18 hours in the T-41; all others fly 30 hours.

Size Performance

Length coeeeonsses 26,5 ft
Wing span «.s.....36.2 ft
Heigh' T e s s s e 8l6 f'

Cruising speed «..... 110 kn
Maximum speed «.... 121 kn
Stalling speed «ove oot 40 kn

Takeoff weight .... 2300 Ib
Features

Crew cocecessssenees 2

Seating «+.... side-by-side

Service ceiling... 13,100 ft
Range «ceeesvseeosss 526 nmi

Manufactucer «....... Cessna

Fig.3—Profile and characteristics of the T-4l trainer

T-41 flight training 1s provided by a civilian contractor at an
airport near each base, Students live on the base and are bussed daily
to the contractor's site. The T-41 aircraft sre owned by the Air Force
but operated and maintained by the conmtractor. Quality control of both

instruction and maintenance is assured through supervision by Alr Force
personnel,

23 a0
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Phase Il Flight Tra!ning

During the 19% weeks of Phase II training, the student pilot learns
to fly according to military standards, procedures, and techniques.
The 90 flying hours are divided into 55 hours of contact flying,* 21
hot rs of instrument training, 9 hours of navigation practice, and 5
hours of introduction to formation flying. After completion of this
phase, the student pilot ha§ experienced most aspects of modern mili-
tary flying and is well along toward mastery of the basic flying skills.
The Phase II aircraft, the subsonic jet T-37, is described in
Fig. 4. It is commonly known as the '"'tweety birgd'" or "dog whistle" be-

cause of the high-frequency scream produced by its two jet engines.

Size Performance
Length ......o.... 29.3 1t Cruising speed ...... 297 kn
Wing spon ........ 33.8 ft Moximum speed ..... 352 kn
Height ........... 9.4 f Stalling speed ....... 74 kn
Takeoff weight .... 4580 ib Service ceiling... 35,500 fi
Features Ronge vovvvvvnnvvey. 500 0 mi
Crew covvienniniannns 2
Seating .......side-by-side Manyfacturer ...,. Cessna

Fig.A—Profile and characteristics of the T-37 trainer

*
Contact flying involves instruction in such fundamentals of fly-
ing as takeoffs, landings, turns, and climb and div: recnveries.

ERIC
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Alr Training Command received the first such aircraft in 1956 and now
operates over 700 of them. It has a cruising speed of 297 knots and
a maximum speed at 352 knots.

UPT students are given 21 hours of instructioa in the T-4 instru-
ment trainer prelimindry to their training in contact and instrument
flying. The cockpit configuration and instrument indications simulate
those of the T-37 aircraft. It is used initially to provide familiar-
ity with the cockpit layout, especially the location and indications
of the instruments. Later, instrument instruction flights ars "flown"

in the T-4 before they are flown in the aircraft.

Phase III Flight Training

During the 26-week final phase, the student pilots master flying
skills learned in Phase II. The Phase III inetruction is in & high-
performance, supersonic aircraft--the Northrop T-38, described in Fig. 5.
The T-38 cruises at just over 500 knots and can exceed Mach 1.2 in
level flight. It is a relatively small aircraft, but its performance

Size Performance
Length (with nose boom) ... 46.3 ft Crulse speed «....ovve. 502 kn
WEng spOn sessssssssssssns 25.3 H Moximum Speed R 7'5 kn
Height coviveiininninennens. 12,9 ft Stalling speed ......... 148 kn
Takeoff weight .....v..... 11,761 Ib Service ceiling..... 42,800 ft

Features
Cfew S
Se(i?iﬂg s00stssssssstesranse fondem

Range .vvivcvvivenn. 875 nmi

Manufacturer ....... Northrop

Fig.5—Profile and characteristics of the T-38 trainer

2754
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and flight characteristics duplicate closely those of modern tactical
aircraft such as the F-4. ATC now operates over 900 T-38s.

The 120 hours of T-38 flying is divided into four segments: 37
hours of contact flying, 30 hours of instrument training, 16 hours of
navigation practice, and 36 hours of formation flying.

In addition to flying, students receive 24 hours of training in
the T-7/T-26 instrument trainer. It duplicates instrument charzcter-
istics of the T-38, just as the T-4 does for the T-37.

Academic ana Officer Training

Table 5 lists 13 courses to which approximately 290 hours of UPT
academic justruction is devoted.
Eéch course is divided into specific units of instruction with

specific time allowances for each unit., For example, Flight Instruments,

a 13-hour course given in Phase II, includes a l-hour introduction to
flight instruments, 3 houra' instruction in operation and interpreta-
tion.of differential pressure instruments, 1 hour on the construction
and use of the magnetic compass, and 3 hours on the construction, oper-
ation and use of gyroscopic instruments. Three hours are scheduled

for mid-course and end-of-course reviews and 2 hours for a final exam-
iration and critique.

Many courses are taught by means of programmed texts and extensive
use 18 made of audio-visual training aids. Academic subjects are
scheduled 8o as to provide maximum integration with the flying training.

The officer training consists largely of physical conditioning
and participation in both supervised and individual sports.

COMPAPISON OF AIR FORCE AND NAVY UNDERGRADUATE

PILOT TRAINIIG

The Navy 1is the only other United States service that conducts
undergraduate ; t pilot training. The United States Army has no jet
afrcraft in its inventory.

A (~mparison of the Navy and Air Fdrce UPT programs shows some

1ntereqting similarities and differences.

ogQ C



The common objective of both programs is to enable & student who
has had no flying experience to become a jet-qualified pilot. All Air
Force UPT ctudents must be commissioned officers; the Navy, through
its Aviation Officer Candidate program, accepts ctudente who have had
no military experience. »

The Navy course can be divided into three parts, roughly corres-
ponding to the three phases of the Air Force course. The firast part
contains flight preparation, land and se2a survival,* and primary flight
training in the T-34. The second part is baeic flight training in the
T-2; the third is advanced flight training in the TF-9. A summary of

the two courses is shown in Table 6. The Navy course contains 40 more

Table 6

COMPARISON OF AIR FORCE AND NAVY UPT COURSES

Alr Force Navy

Training Aircraft
Training phase@

First T-41 m™-34
Second T-37 T-2
Third T- 38 TF-9

Flying Hours
Training phase®

Firet 30 26
Second 90 114
Third 120 140
Total 240 280
Instrunent trainer hours 45 39
Academic training houra 2R9 364
Officer training hours 172 42
Courge duration (weeks) 53 60

%The Afr Force designates the flying train-
ing phases as Phases I, I1 and III. The Navy
refers to them as Preflight/Survival/Primary,
Basic, and Advanced.

*
The Air Force gives survival tiaining to all flight crew wem-
bers at Fairchild AFB, Weshington, but it is not a part of the UPT

Aruitoxt provided by Eic:
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flying hours than provided by the Air Fored UPT program. The Air Force
course emphasizes flight fundamentals only, whereas the Navy incorpo-
ratey some operational training in its UPT course.

Unlike the Air Force, the Navy uses different installations for
different phases of the training. The Navy student receives preflight,
primary, and survival training at Pensacola Naval Air Station (NAS),
Florida. He then moves to Meridian Naval Auxiliary Air Station (NAAS),
Mississippi for the first part of basic training. From Meridian, he
travels back to Pensacola NAS for the remsinder of basic training in-
cluding four weeks of gunnery end carrier qualifications. He then makes
another move to one of the several Naval air stations in the Corpus
Christi, Texas, araa for advanced training.

Another significant difference is that the Air Force uses civil-
ian flight instructors for the entire T~41 {primary) phase of its UPT
program, whereas in the Navy program all flight instruction is given
by military p2rsonnel.

A further difference between Navy and Air Force is found in the
extent to which UPT graduates, with no pilot experience other than as
& student, are used as instructo. pilots. Currently, 45 percent of
Afr Force UPT instructor pilots are recent UPT graduates (first-tour
pilots). Their normal tour of duty as an instructor is four years.

The Navy uses fewer recent graduates and normally for a tour of only
one Year.

*
The Navy UPT course includes 45.4 flying hours for tactics and
weapons, and 22.5 flying hours for carrier qualifications.

ERIC o
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I1I. GENERAL DESCRIPTION OF THE UPT MODEL

In this section, a general description of the UPT model is pre-
sented. Specific areas discuased are the overall design of the model,
cost-estimating concepts inherent in the model, desirable features of

the model, and some of its limitations.

OVERALL DESIGN

The UPT model may be described as a simulation model. The model
simulates the training program as it 1s described by imputs supplied
by the user of the model. The inpuies consist of quantitative informa-
tion such as UPT graduate requirements, course syllabus requirements,
instructor-student ratfos, numbers of aircraft available, and cost re-
lationships. Given these inputs, the model computes the manpower,
equipment and facilitles required for the UPT training. The model then
calculates the costs associated with these requirements.

The model employs parametric estimating relationships. These re-
lationships are used to estimate resources from such system parameters
as numbers of instructors, flying hours, or students. An example of
an estimating relationship is the cost of aircraft maintenance materials
as a function of the nuiwber of flying hours. Such a relationship ex-
presses the average situation as it appeared in history, and as it is
vrojected into other situations. Although these relationships may not
be appropriate for short-range management models, they are appropriate
for long-rarge planning tools such as the UPT model.

The use of estimating relationships requires that the functional
forms of the relationships be built into the computer model. The re-
lationship between aircraft maintenance materials cost and the number
¢f flying hours serves as an example. The Air Force has determinei,*
from historical data, that the cost of afrcraft maintenance materials

*
ALt Force Manual 172-3, USAF Cost snd Planning Factors, April
1969 (Coafidentisl). The portion cited is unclassified.

IR -~ e 3] e




“ERICMRSTT

Aruitoxt provided by Eic:

-22-

i{s best estimated as a function of the number of flying hours* and that
the function is linear. For this reason, the computer program calcu-
lates the estimated alrcraft maintenance materials cost by multiplying
the number of flying hours by thr. materials cost per flying hour for
the particular aircraft. This cost factor is specified by ‘-2 iser of
the model as an input. Thus, i{ the materials cost per flying hour
changes, the user specifies the ne¢'. value. However, the underlying
functional relationship, which requires that the material costs be cal-
culated as a linear funrtion of the number of flying hours, is built

into the model and caanot be changed by the user.

RESOURCE CATEGORIES

Three types of resources are identified: manpower, equipment, and
facilities. Manpower includes the flight, simulator, academic and mil-
itary training instructors; maintenance personnel for the aircraft and
simulators; administrative personnel; and those who perform supply,
transportation, medical, facilities-maintenance, and other base-support
functions. Equipment ircludes alrcraft, simulators, and auxiliary
training equipment, asrcspace ground equipment (AGE)** and base-support
equip .ant. Facility items explicitly recognized are runways, simulator
areas, classrooms, airmen dormitories, bachelor officer quarters (BOQ),

and family housing.

C:5T _CONCEPTS

The model incorporates three costing principles or concepts that

are basic to most military costing studies. Oae important concept is

" the i1dea of analysis based on incremental costs. Another is that all

categories of costa must be included in the incremental cost computa-

tions. Also, the model does not provide for any cost amortizations.

]
Rather than as a function of some other parameter such as number
of sorties or number of ajrcraft on hand.

k&
AGE 18 testing and handling equipment used in aircraft mainte-
nance and refueling.
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Incremental Costs

All costs computed by the model are incremental to costs already
incurred. The main purpose of the model i{s not to compute costs that
already havé been incurred as the consequence of past actions. Instead,
the principal purpose is ©0 provide a means of estimating the long-
range impact of alternative policies and conditions or, stated differ-
ently, the effect future decisions will have on costs. For that reason,
the output of the model does not shew, for examplc, the cost of air-

craft already procured.

Inclusion of Total Costs

The model 1s designed to lefleét total resources and costs; that
is, any resources used and, éonseqlwntly,‘any costs Incurred for UPT
ére included. For example, costs of depot maintenance of training air-
craft are included, although such costs are not funded through Air
Training Coﬁmand. Also, if a new training aircraft is procured, the

cost of that investment is shown.

Cost Amortizations

Costs in the UPT model are not amortized. Amortization refers to
spreading capital costs over a number of years, usually over the years
the capital item is expected to be used. Instead, the UPT model re-
ports the entire investment cost in the year in which the capital item
is delivered. Thus, if a new training aircraft is introduced into
UPT, the procurement cost for each aircraft is reported in the year in
which the aircraft is delivered. It follows that 1f one looks at the
costs only for the year in which the procurement is made, the cost per
graduate may appear abnormally high.

Capital costs are not amortized within the model for two reasons.
First, showing the cost of capital items in the year im which the {tems
are delivered gives a useful approximation of the time when the funds
would actually be spent; When considering a new UPT program with large
expenditures for equipment, estimating the timing of costs can be very
impér;antf‘ Second, it would be d#fficult to build into the model an

33 -
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amortization scheme that would satisfy all users. Once the user ob-
tains the annual costs reported by the model, he may apply, manually,
any asmortization rule he desires. For example, the long-run effect of
a procurement of training aircruft can be obtained by manually comput-

ing the average cost per graduate over the useful life of the aircraft.

FLEXIBILITY OF INPUTS

The user of the UPT model is given wide latitude in varying input
data to define the training program the model is to simulate. Nearly
any training syllabus that one may hypothesize may be entered as an
input. New training aircraft amd simulators may be assumed; and any
rumber of flying, simulator, academic, and officer training hours may
be used as inputs. Also, the rate at which a student can learn, which
in part determines the length of each phase of training, may be varted.
Moreover, the mix of the training that is accomplished at each train-
ing base may be varied. For example, one may test the impact of tear!
ing phases I and II on one base and IlI on ancther.

Also, the model uszs many non-training pavameters. These are v
fables that affect resources and costs of training but are not direct
relaced te training policy. One such parsmeter is the aircraft base
maintenance personnel requirement per flying tour. By varying such
parameters, the user may test the impact of policies related indire ¢!
as well as directly to training.

The model accepts separate inputs for each phase of tralning, eau
UPT base, and each year. In most cases, calculations are performed
by phase, base, and year.* ‘the user may vary the nuiber of phases,
bases, and years. For example, a UPT course consisting of only two
phases may be used.

The input procedure is made simple because the user need specify
only those inputs that change from one year to the next within a sing ¢
computer run. Also, when entering inputs for a new computer run, only
the input values that vary f{rom the previous run need be changed.

*It is important to differentiate between these cost computatlons
by phase, base, and year, on one hand, and the multiplication, for ex-

ample, of one year's training costs by the number of years modleled,
on the other.

.84
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"PREFERENCE LIST" FEATURE

The training capacity of the Ur{ system is explicitly considered.
The user is allowed to increase the training capacity in any year by
specifying additional runways, alrspace, or trainjug bases. In addi-
tion, the user may use a ''preference list" for additional capacity,
that is, he may incorporate a list specifying, sequentially, the steps
by which the required additional capacity is to be attained. This list
is used as follows: For each year, the model computes the training
capacity and compares this with the student load. If the training ca-
pacity 18 insufficient in any given year, additions are made from the
preference list in the order specified. For example, the first choice
might be the addicion of a runway. If capacity is still insufficient,
the second choice would be added, and so on, until either the capacity
is adequate or the preference list becomes exhausted, in which latter

case an error mesiage is printed.

"AUTOMATIC RESPONSE" FEATURE

The model is constructed so that it responds automatically to re-
source requirements; that is, automatically fills any shortages in per-
sonnel, aircraft, simulators, classrooms, and space for simulatore.

For example, 1if the inventory of aircraft in any year is insufficient,
the model assumes that additional aircraft are to be purchased and the
appropriate procurement costs are incurred. If the user did rat wish
to have training aircraft purchased, he then may make another computer
run after changing an appropriate input, say, for example, the aircraft
utilization rate.

Provisions in the model for these kinds of automatfc responses to
needed increases in resnurcea enable the user to obtain as much infor-
mation as possible from a givén run before introducing different inputs

for a new one.

LIMITATIONS

The following variables are limited in their ranges of values:

The number of training phases is between 1 and 3, the number of bases

35&&@
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between 1 and 15, and the nunber'of years between 1 and 20, The UPT
course length is limjited to two years.

The model is constructed to simulate the training program speci-
fied by the user. It is a deterministic model rather than an optimi-
zation model and, hence, it does not provide an nptimum choice, speci-
fied by the user, such as minimum training costs. An example of this
limitation is the manner in which the model responds to the preference
1ist routine for adding capacity. 1f the first of the specified pref-
erences is to add a base, it will be added even though additional ca-
pacity 18 needed for only one student. In this and other such cases,
the model will not attempt to choose the optimum course of action. In-
stead, it simulates whatever courses of action the user specifies.

Another limitation concerns the averaging of values. Because the
UPT model was developed for long~range planning, it operates in yearly
increments. For this reason, many variables of the model are yearly
averages. Although student strength may vary throughou: & given year,
the model computes only the average number of students undergoing train-
ing during the year.*

Still another type of limitation concerns the manner in which some
data are aggregated. The aggregated data include cost as well as re-
sources. For example, the element of cost that the model identifies
as Supplies and Services is estimated in total even though it includes

such diverse items as refuse colleection, electricity and gas, and food
service. Similarly, the manning required for an air base group is es-
timated in total without identifying the personnel by function (for
example, transportation, air police, supply, and civil enginecring).
Liﬁitations also result from the use of estimating relationships.
Their use does not result in precise estimates of resources or costs
even though accurate data are used to determine the relationship. The
possibility of obtaining an erroneous estimate if greater if extrapo-
lations are made beyond the range of the data from which the estimating

The average number of students undergoing training during a given
year is generally referred to as the "student load."
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relationship was derived. For gxgmple, the relationship of the number

of aircraft maintenance péréoﬁnel required per flying hour was devel-

. oped from UPT flying experience sccumulsted in previous years. This

might not be a good predictor 1f the 1évg1 of fiyiné were greatly in-
creased. This limitation should be tecogn;zed because the functional
forms of the relationships are built into t}e model and cannot be

changed by the user.
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IV. USES OF THE UPT MODEL

This secticn describes how the UPT model is used. First, its uses,
both as an independent model and as one of the series of models devel-
oped in the Pilot Training Study, are described. Next, an example 1is
shown in which all the output tables of the model are presented, Fi-
nally, the use of the model as a tool for sensitivity analysis is

discussed.

INDEPENDENT USE AND USE WITd OTHER MGDELS

The UPT model may be used in two ways. It may be used independ-
ently to examine alternative ways to conduct UPT. It also may be used
in conjunction with the PILOT, APT, and Survival School models (and
with the cost-estimating methodology that is provided for estimating
precornmissioning training costs) to estimate the overall impact of
pilot training altematives.

When the models are used in combination, they are driven by inputs
obtained from the PILOT model. When this 15 done, the combined models
integrate the individual trainfng programs into a simulation of the
entire formal training process. The PILOT model caiculates the flows
of students through each training activity based on inputs specifying
such things as the number of pilots required in cockpit positions, pi-
lot retentfion rates, student attriction rates, and training times.
These student flows are entered as irputs into the respective resource
and cost models to determine their impact. In this way, interrelation-
ships among the various training activities are explicitly coqsidered.
For example a decrease in the amount of cross-training of pilots from
desks to cockpits may increase the requirement for pilots to be ob-
tained from UPT. In tum, an increase in UPT production may require
an increase in precommissioning training. The models, in combination,
form a mechanism that may be used to estimate resources required for
the various training activities and thé total cost of formal pilot
training.

On the other hand, the UPT model may be used independently to ex-
amine UPT alternatives while ignoring thelr effects on other training

Q
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activitics. For instance, one may be interested only in the effect

that a lengthening of the UPT training period would have on UPT course
costs. If the UPT course were lengthened by increasing the syllsbus
flying hour requirement. the UPT model would show the many effects upon
undergraduate pilot training. That 18, 1f the graduate requirement

were to remain the same, the student load would have to be increased.
Ther.,, more flying hours would be logged each year and more flight in-
structors and maintenence personnel would be required. Possibly addi-
tional aircraft would be needed, and procurement costs would be incurred.

Also, the additional personnel would increase pay and training costs.

ILLUSTRATIVE EXAMPLE

An illustrative example of how the model 1s used to estimate the
resources and associated costs of a given UPT system is presented here.
For ease of 1llustration, this example consists of a single UPT basge
examined over a three-year period. For long-range planning, however,
the user must examine the entire UPT syetem (i.e., all of the training
bases) over a longer period of time--perhaps 5 to 20 years.

- Inputs are entered on standard 80-column punched cards. Volume V
of the study deacribes how the input values are arranged on the cards.*
(About 50 input cards were required for the example shown here, whereas
about 250 would be required for a typlcal set of {nputs for ail UPT
bases for 10 years.)

Identical inputs were entered for each yeac vesults, therefore,
are the same for each year, Output tables from this eiamPIG are shown
in Figs. 6 through 18 in the order in which the outputs are printed.

The first table of output, shown i{n Fig. 6, presents a summary of
the total training capacity of all UPT bases. Because this example
consists of one hypothetical base, only that base is reflected in the
total.

Next, a table showing the capacity results for e. h base is printed.
The table for the hypothetical base asppears in Fig. 7. The results

N
See kreface.
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UNDERGRADUATE PILUT TRAINING CAPARILITY SUMMARY

1970 1971 1972
MAXIMUM LOAD
MAXIMUM STUDENT LOAD 450. 450, 450,
REQUIRED LOAD
ACTUAL STUDENT LOAU 393, 393, 393,
SURGE STUDENT LOAD 30. 30, 30.

ACTUAL PLUS SURGE LOAD 423. 423. 423.

Hg 6-F|rst page of output, showln: UPT student load
- capacity In summary for all bases
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UNDERGRADUATE PILOT TRAINING BASE CAPABILITY

AIR FORCE BASE

PHASE 1

RUNNAYS
RONWAYS AVAILABLE
MINIMUM EFFECTIVE LAUNCH INTERVAL

AIRSPACE
AIRSPACES AVAILASLE
MININUN EFFECTIVE LAUNCH INTEIVAL

STUDENT LOAD
MAXIMUM PHASE LOAD
MAXIMUM COURSE LOAD SUPPORTABLE

PHASE 2

RUMWAYS
RUNWAYS AVAILABLE
MEININUM EFFECTIVE LAUNCH INTERVAL

AIRSP CE
AIRSPACES AVAILABLE
MINIMUN EFFECTIVE LAUNCH INTERVAL

STUDENT LOAD
MAXIMUM PHASE LOAD
MAXIMUM COURSE LOAD SUPPOR TABLE

PHASE 3

RUNWAYS
RUNNAYS AVAILABLE
MINIMUM EFFECTIVE LAUNCH INTERVAL

AIRSPACE
AIRSPACES AVAILABLE
MINIMUN EFFECTIVE LAUNCH INTERVAL

STUDENT LDAD
NAXIMUN PHASE LOAD
MAXINUM COURSE LOAD SUPPORTABLE
COURSE

MAXIMUM STUDENT LOAD
ACTUAL STUDENT LOAD

1970

35.
2.206

188.

- A98.

le
3.000

30.
2500

206,
450.

450,
393.

1971

0.
0.

le

3.000

3s.
24206

188,
498.

3,000

30.
24500

206,
450.

450.
393,

1972

2.0

e
0.0

0.
Q.

3.000

3s.
2.286

188,
498.

le
3.000

2500

206,
450,

450,
393,

[KC Fig. 7—Second page of output showing UPT capacity for AFB 1
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indicate that for both Phases II and III, runways are the constraining
factor because the minimum effective launch interval constrained by
runways is greater than the launch interval constrained by airspace.
Phase Il can support a load of 498 students; Phase III only 450.

The third table of output, shown in Fig. 8, contains information
about the content and duration of the course and the number of students
entering, number graduating, ard the student load. The model uses in-
put data concerning course duration (flying, simulatoy, academic and
officer training hours) and the number of graduates required to calcu-
late the required number of entering students and the student load.

At this point, attention should be called to the effects of round-
ing. The model operates as if most items (including days, people, alr-
craft, and simulators) have fractional parts. These fractional values
are rounded when printed in output tables. Because most items are
summed by the computer in unrounded form, the printed sum is often some-
what different from the total of the individually rounded items. In
this illustration, summing the rounded calendar days of each phase
yields 373 rather than the 372 shown.

Manpower tables are printed for each base. As illustrated in
Fig. 9, the printout shows the numbers of persons assigned to each or-
ganizational unit. The personnel totals are also displayed by type
(officers, airmen, civilians), by phase, and by students and permanent
party. The results show that an estimated 2359 permanent party per-
sonnel are needed to train an average load of 393 students.

Figure 10 givea information about the aircraft for each phase of
the UPT program. It shows the aircraft requirement, the beginning-of-
year inventory, and the inventory change during the year. In this ex-
ample, no aircraft are added because the ‘nventory of each phase air-
craft, less the attrition, exceeds the stated requirement.

One table of simulator information is produced for each base (see
Fig. 11). It is similar to the aircraft table, except that attrition
does not apply.

The remaining tables present the costs of the UPT program. Since
these are only illustrative examples, the cousts are hypothetical and

should not be taken to be eatimates of the present program.

ERIC
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UNDERGRADUATE PILOT TRAINING PROGRAM

1970 1971 1972
- COURSE SYLLABUS
"~ FLYING HOURS
PHASE 1 30,0 - 30.0 3040
PHASE 2 90.0 90,0 90,0
PHASE 3 120.0 120.0 120.0
TaTAL 240.0 240.0 240.0
SIMULATOR HOURS
PHASE 1 0.0 0.0 0.0
PHASE 2 18.0 1840 18.0
PHASE 3 24.0 24.0 2440
TOT AL 42,0 42.0 42.0
ACADEMIC TRAINING HOURS :
PHASE 1 6240 62,0 62.0
PHASE 2 147.0 147.0 147.0
PHASE 3 90.0 90.0 90,0
TOTAL 299.0 299.0 299.0
OFFICER TRAINING HOURS
PHASE 1 38.0 38.0 38,0
PHASE 2 47.0 47.0 47.0
PHASE 3 90,0 90.0 90,0
TaTAL 175.0 175.0 175.0
_COURSE DURATION
CALENDAR DAYS ,
PHASE 1 - 53, 53, 53,
PHASE 2 - 137, 137, 137,
PHASE 3 - 183, 183, 183,
TOTAL 372. 372, 372,
STUDENTS
STUDENT ENTRIES 471, 471, 471,
STUDENT LUAD - -
PH“SE 1 . 65, 65, o 65.
PHASE 2 ‘ 149. 149, 149,
PHASE 3 180. 180. 180,
TOTAL - 393, 393, 393,
UPT GRACUATES 350. 350, -350,

‘Flg.8—Third page of output, showing UPT syllabus, course duration
and numbers of students for all bases, by training phase

EKC o o ‘~-43u,_v_;;.




UNDERGRADUATE PILOT TRAINING MANPOWER

AIR FORCE BASE

OPERATIONS

STUDENTS

PILOT TRAININC SQUADRONLS)
STUDENT SQUADION

SIMULATOR BR/(CH

MAINTENANCE

FIELD MAINTENANCE SQUADRON
ORGANTZATIONAL MAINTENANCE SQUADRON

ADMIN ISTRATIVE

PILOT TRAINING WING
(LESS SINULATOR BRANCH)

SUPPORT

AIR BASE GROWP

USAF HOSP ITAL{DISPENSARY)
SUPPLY SQUADRON

SUPPORT SQUAORON

FIELO TRAINING SQUADRON
SUPPOAT TENANTS

TOTALS

PERMANENT PARTY BY TYPE
OFFICERS ‘
A IRMEN
CIVIL IANS
TOTAL

PERMANENT PARTY BY PHASE
PHASE )
PHASE 2
PHASE 3
NOT ASSIGNABLE BY PHASE
TOY“L

TOTAL MANPOWER
STUDENTS
PERMANENT PARTY
TOTAL

EKC

wll Toxt Provided by ERIC

44,

1
1970

393,
183,
4l.
29.

442,
344,

184,

330.
1475.
554,
2359.

1%,
460,
891.
993.

2359.

393.
2359,
27152,

1971

393.
183.
4l.
k4

a3,
364,

184,

582,
156,
220.

8.
163,

330.
1475,
534,
2359.

15.
&40,
891.
992,

2359,

393.
2359,
2152,

1972

392,
133.
41,
29.

443,
344,

184.

582.
154,
220.

9.

163.

330.
1475,
554,
2359.

13.
460.
891.
993.

2359.

393.
233%9.
2752,

-Fourth page of output showlng UPT manpwer requirements for AFR 1
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Fig.10—Fifth page of output showing UPT aircraft
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UNDERGRADUATE PILOT TRAINING AIRCRAFT

3

1970

REQUIREMENT

PHASE 1 14.9

PHASE 2 58.7

PHASE 3 73.9
_INVENTORY (BEGINNING UF YEAR)

PHASE 1 20.0

PHASE 2 60,0

PHASE 3 80,0
ADDIT IONS BY USER {(DURING YEAR)

PHASE 1 0.0

PHASE 2 0.0

PHASE 3 0.0
ADDIT IONS BY MODEL (DURING YEAR)

PHASE 1 J.0

PHASE 2 - 0.0

PHASE 3 0.0
LOSSES FROM ATTRITION

{DURING YEAR)
PHASE 1 ~ 0.3
PHASE 2 0.4
1.5

requirements for all bases

4%
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UNOERGRADUATE PILUT TRAINING SIMULATDRS
AIR FORCE BASE |

1970 1971 1972

REQU IR EMENT

PHASE 1 0.0 0.0 0.0

PHASE 2 4.8 4.8 4.8

PMASE 3 5.8 5.8 5.8
INVENTGRY (BEGINNING OF YEAR)

PHASE | 0.0 0.0 0.0

PHASE 2 7.0 7.0 7.0

PHASE 3 90 9.0 9.0
ADDITIONS BY USER (DURING YEAR)

PHASE 1 0.0 0.0 0.0

PHASE 2 0.0 0.0 0.0

PHASE 3 0.0 0.0 0.0
ADDITIONS BY MODEL (DURING YEAR)

PHASE 1 0.0 0.0 0.0

PHASE 2 ‘ 0.0 0.0 0.0

PHASE 3 0.0 0.0 0.0

Fig. 11—Sixth page of output showing UPT simulator requirements
for AFB 1
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Figure 12 shows*;he costa for the sample base. fosts are shown
for each cost element, then totalled by type (investment and operating)
and phase.

Next, the qosts that are not allocatgd to any one of the bases
are presented in a table; The unallocated costs consist m#inly of RDTSE
and aircraft investment costs as depicted in Fig. 13. Thece costs are
all zero in this example.

Costs are then shown by phase: Figure 14 (Phase I), Fig. 15
(Phase II}, and Fig. 16 (Phase III). Figure 17 shows the costs not al-
located to any phase, 1.e., the costs of operating non-training sir-
craft and of the fixed manpower requirements.

Finally, a cost summary, shown in Fig. 18, 1s printed. It presents
totals by type (RDT&E), investment, operating), phase, and base.

SENSITIVITY ANALYSIS

Much can be learned by examining how the results of the computa-
tions of the model vary as a given input value is varied. Analysis of
this sort is generally referred to as sensitivity analysis.

Two i1llustrations of how the model can be used for sensitivity

analysis are presented below. In these exsmples, the entire UPT sys-

tem i8 considered, and actual data are used.

Fixed and Variable Costs

One frequently-asked question concerns how UPT costs vary with a
change in the number of graduates: Does the cost per graduate drop
substantially if many more pilots are produced? What is the effect on
per-graduate costs of adding a new UPT base?

The model was exercised repeatedly with all inputs remaining un-
changed except that the annual graduate requirement was varied from
3100 to 5200.

It was assumed that sufficient equipment and facilities (includ-
ing aircraft and training bases) were available to produce uvp to 5200
gradustes a year. The availability of equipment and facilities for
UPT depends on the particular circumstances that exist within the Alr

e L AR
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UNDERGRADUATE PILOT TRAINING COSTS (IN THOUSAMDS OF DOLLARS)

AIR FORCE BASE 1

1970 1971 1972
[, VESTMENT
SIMULATORS 0. N 0.
SIMULATOR SPARES 0. 0. 0.
TRAINING EQUIPMENT 0. 0. 0.
BASE SUPPORT EQUIPMENT 0. 0. 0.
FACILITIES
NEW BASE CONVERSION 0. 0. 0.
RUNWAYS 0. 0. 0.
SINULATUR 8SUILDINGS 0. 0. 0.
CLASSROOM BUILDINGS 0. - Qa 0.
FLY, TRAIN. BASIC BLODGS. Q. 0. 0.
HOUS ING 0. Je Q.
OTHER 0. Q. 0.
STOCKS Q. 0. 0.
INTTIAL TRAINING 0. 0. 0.
INITIAL TRAVEL 0. 0. O.
OPERAT ING
TRAINING A/C MAINTENANCE
DEPOT MAINTENANCE 1867. 1367, 1867,
BASE MATERIAL 33178. 3378, 3318,
CONTRACTED MAINTENANCE Q. 0. 0.
TRAINING A/C POL 3031. 3031. 3031,
SUPPORT A/C O AND M 0. 0. 0.
R AND R A/C O ANO M Téh. Té4. 14,

Fig. 12—Seventh and elghth pages of output showing
UPT costs for AFB 1
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1970
OPERATING (CONTINUED)
SIMULATOR MAT. ANUD SERVS. 26,
FACILITIES MAT. AND SERVS. 1379,
CONTRACTEC FLYING TRAINING 264,
PAY AND ALLOWANCES
OFFICERS 9760,
AIRMEN 8853,
CIVILIANS 4043,
TRAINING 1017,
TRAVEL 681.
SUPPLIES AND SERVICES 1099,
COST BY TYPE
INVESTMENT 0. -
OPERAT ING 35471.
TOTAL u5412.
COST BY PHASE
PHASE 1 1315,
PHASE 2 87173,
PHASE 3 16027,
NUT ASSIGNABLE TO PHASE 9356.
TOTAL 354172,
Fig. 12—Continued

19
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1971

26.
1379.
264 .

9760.
8853.
4043.

1017.
681.
1099,

35471,

35472..

1315,
8713,

16027.

9356.
35472.

1972

26,
1379.
264,

9760.
9853,
%043,

1017.
681.
1099,

0.
35471,
35472.

1315.
8173,
16027,
9356.
35472,



UNDERGRADUATE PILOT TRAINING COSTS (IN THOUSANDS OF DOLLARS)
NOT ASSIGNABLE TO BASE

RDT AND E
INVESTMENT

TRAINING AIRCRAFT
SUPPORT AIRCRAFT
RESCUE AND RECOVERY A/C
TRAINING A/C SPARES
AEROSPACE GROUND EQUIP.

OPERATING
RECURRING MOOIF ICATIONS
COST BY TYPE

RDT AND E
INVESTHENT
UPERATING
TOTAL

COST BY PHASE

PHASE .

PHASE 2

PHASE 3

NOT ASSIGNABLE TO PMASE
TOTAL '

1970

0.

0.
C.
0.
0.
0.

J.

0.
0.
0.
0.
0.

1971

0.

0.
o.
o.

0.

19712

0.
0.
o.
0.
0.

0.
0.
0.
0.

0.
0.

0.
0.

Fig. 13—Ninth page of output, showing UPT costs not allocated to bases




51

41-
" UNDERGRAUUATE PILOT TRAINING COSTS (IN THOUSANDS UF OOLLARS)

PHASE 1
1970 1971 1972
ROT AND E 0. 0, 0.
INVESTMENT
TRAINING AIRCRAFT 0. 0. 0.
S IMULATURS 0. 0. 0,
SPARES
AIRCRAFT 0. 0., - 0.
SIMULATOR 0. 0. 0.
AEROSPACE GROUND EQUIP. " 0e 0. 0.
TRAINING EQUIPMENT Os 0, 0.
BASE SUPPURT EQUIPMENT - 0. 0. 0.
RUNWAYS : 0. 0. 0.
STOCKS _ 0. 0, 0.
INITIAL TRAINING 0, 0. 0.
OPERAT ING
RECURR ING MODIFICATIONS 0. " 0. O
_TRAINING A/C MAINTENANCE
DEPOT MAINTENANCE 0. 0, 0.
BASE MATERIAL 0, 0. 0.
CONTRACTED MAINTENANCE 0. 0. 0.
TRAINING A/C POL 0. 0. . 0.
SIMULATOR MAT. ANO SERVS. 0. 0, O
FACILITIES MAT. AND SERVS. 29, 29, 29,
CONTRACTED FLYING TRAINING 264, 264, 264,
PAY AND ALLOWANCES
OFFICERS , §89, 889, 889,
AIRMEN 4b, 46, 46
CIVILIANS 44, 44 44,
TRAINING - 5. 5. 5,
TRAVEL . 1. 1. 1.
SUPPLIES AND SERVICES 37, 17, 37,
COST BY TYFE
RDT AND E ‘ 0. 0. O
. INVESTMENT _ 0. 0. 0.
- OPERATING . 1315, 1315, 1315.
TOTAL © 1315, 1315, 1315.

Fig. 14—Tenth page of output, showing UPT costs for tralning phase I




UNDERGRADUATE PILOT TRAINING COSTS {IN THOUSANDS OF DOLL ARS)

PHASE 2

ROT AND E

INVESTMENT

TRAINING AIRCRAFT
SIMULATORS

SPARES
ATRCRAFT
S IMUL ATGR

AEROSPACE GROUND €QUIP,
TRAINING EQUIPMENT

BASE SUPPORT EQUIPMENT
RUNWAYS

STOCKS

INIT1AL TRAINING
INITIAL TRAVEL

OPERATING

RECURRING MODIFICATIONS

TRAINING A/C MAINTENANCE
DEPOY MAINTENANCE
BASE MATERIAL .
CONTRACTED MAINTENANCE

TRAINING A/C POL

SIMULATOR MAT. AND SERVS.
FACILITIES MAT. AND SERVS,
CONTRACTED FLYING TRAINING

PAY AND ALLUWANCES
OFFICERS
AIRMEN
CIVILIANS

TRAINING
TRAVEL
SUPPLIES AND SERVICES

COST BY TYPE

ROT AND E
INVESTMENT
OPERATING
TOT AL

-42-

1970
0.

0.
0.

0.

315.
1261,
0.

8617,
11.
210.
0.

3321.
1670.
615.

206.
35,
262,

0.
c.
8113,
aris.

1971
0.

Q.
0.

0.

315,
1261,

867.
11.
210.
0.

3321.

1670, '

615.

206,
35,
262.

0.
0.
8773.
8773.

Flg lS—Eleventh page of output, showlng UFI' costs
for tralnlng phase I1 -

1972
0.

0.

315.
1261,
0.

867.
11,
210.
0.

332%.
1670.
615,

206,
35,
262,
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UNDERGRADUATE PILOT TRAINING COSTS (IN THOUSANUS OF DOLLARS)

© PHASE 3
1970
ROT AND E 0.
" INVESTMENT
TRAINING AIRCRAFT 0.
S IMULATORS 0.
SPARES
ATRCRAFT 0.
S IMUL ATOR 0.
" AEROSPACE GROUND EQUIP. 0.
TRAINING EQUIPMENT 0.
BASE SUPPORT EQUIPMENT 0.
. RUNWAYS 0.
STOCKS - 0.
INITIAL TRAINING 0.
CINITIAL TRAVEL 0.
OPERAT ING
RECURRING MODIFICATIONS 0.
TRAINING A/C MAINTENANCE
DEPOT MATNTENANCE 1552,
BASE MATERIAL . 2116,
CONTRACTED MA INTENANCE 0.
TRAINING A/C POL - 2163,
SIMULATOR MAT. AND SERVS. 15.
_ FACILITIES MAT. AND SERVS. 354,
CONTRACTED FLYING TRAINING 0.
" PAY AND ALLOWANCES
. OFFICERS 4046
AIRMEN 3517,
CIVIL IANS 1354,
TRAINING 400,
TRAVEL 67.
SUPPLIES AND SERVICES 443,
COST BY TYPE
ROT AND E . - 0.
INVESTMENT 0.
OPERAT ING 16027.
TOTAL 16027,

1971
0.

0.

1552,
2116.
0.

2163,
15.
354,
0.

4046,
3517,
1354,

400.
67.
443,

1972
0.

0.

1552,
2116,
0.

2163,
15,
354,
0.

4046,
3517,
1354,

. 400,
67.
443,

O
0.
16027,
16027,

Fig. 16—Twelfth page of output, showlng UPT costs
for training phase III
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UNDERGPRADUATE PILOT TRAINING COSTS (IN THOUSANDS OF DOLLARS)
NOT ASSIGNABLE TO PHASE

1970 1971 1972

INVESTMENT
SUPPORT AIRCRAFT 0. 0. -~ 0.
RESCUE AND RECOVERY A/C 0. 0. 0.
BASE SUPPORT EQUIPMENT v 0. 0. C 0.
FACILITIES
NEW BASE CONVERSION 0. 0, 0.
S IMULATOR BUILDINGS 0. 0. 0.
CLASSROOM BUILDINGS 0. ’ 0. 0.
HOUS ING 0. 0. 0.
OTHER (VS 0. 0.
STOCKS 0. 0. 0.
INITIAL TRAINING 0. 0. 0.
INITIAL TRAVEL 0. 0. C.
OPERATING
SUPPORT A/C O AND M 0. 0. 0.
R AND R A/C O AND M 14, T4. T4
FACILITIES MAT. AND SERVS. 786. 786. 186,
PAY AND ALLOWANCES
OFFICERS 1503. 1503, 1503.
AIRMEN 3621. 3621. 3621,
CIVIL IANS 2029. - 2029. 2029.
TRAINING 407, 407. 407.
TRAVEL 578, 5178. 578,
SUPPLIES AND SERVICES 357. 3517, 3517,
COST BY TYPE
INVESTHENT 0. 0. 0.
OPERATING 9356. 9356. 9356,
TOTAL 9356, 9356, 9356.

Fig.17—Thirteenth page' of output, showing UPT éosts
- not allocated to training phases

b4
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UNDERGRADUATE PILOT TRAIMING COST SUMMARY
: CIN THOUSANDS OF DOLLARS)

1970 1971 1972

CosT BY TYPE
ROT AND E R 0. 0.
INVESTMENT 0. 0. 0.
OPERAT ING 35472, 35472, 35472,
TOT AL 35472, 35472, 35472,

COST BY PHASE
PHASE 1 o 1315, 1315, 1315,
PHASE 2 1 8773, 8173, 87173,
PHASE 3 16027, 16027, 16027.
NOT ASSIGNABLE TO PHASE 9356, 9356, 9356
TOTAL 35472, 35472, 35472,

COST BY BASE
BASE 1 35472, 35472, 35472,
NOT ASSIGNABLE TO BASE 0. 0. 0.
TOT AL 35472, 35472, 35472,

- Fig. 18—Fourteenth page of output, showing UPT costs
in summary for all bases
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Force at any given time. The purpose of thig analysis is to determine
the production-cost relationship that exists (as UPT is currently con-
ducted) regardless of the availability of equipment and facilities.
Investment costs, therefore, were excluded from these computations of
per-graduate costs.

The relationship between the UPT production level and UPT per-
graduate costs was determined by plotting the per-graduate cost obtained
from the output of the model against the production from 3100 to 5200.
The results are shown in Fig. 19. The cost per graduate declines rela-
tively rapidly until the UPT system reaches its capacity, but when a
new base is opened to provide the necessary additional capacity, the

cost per graduate jumps, reflecting the immediate effect of the increase

] L 1 1 ]

3000 . 3500 4000 4500 5000 5500
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Number of graduates per year

Fig. 19—Cost per UPT graduate (in percent) as a function
of the number of graduates: Detailed pattern
(3100 graduates = base of 100%)
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in fixed operating costs occasioned by the new base. The saw—togth
pattern in Fig. 19 is not uniform becaus_e bases havé diffefent oper-

‘ ating cost§ and capacities, and because the fixeﬂ costs are spread over
different numbers of students. ' '

The fluctuations shownm in Fig. 19 should not obscure the fact that
the cost per graduate declines only slightly as the number of graduates
18 increased. As shown in Fig. 20, an increase from 3100 to 5200 re-
sulted in & decrease of less than three percent.

120 —

100 |-

8 |-

" | 1 1 l
3000 3500 4000 4500 5000

Number of graduates per year

Fig. 20— Cost per UPT graduate (in percent) as a function
of the number of graduates: General effect
{3100 graduates = base of 100%)
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Training Capacity

Adding a new base 1s not the only way to increase the capacity of

UPT. Four other methods are as follows:

Decrease the sjvllabus flying hour requirement.
Increase the number of training days per week.

Increzse the sortie length.

ES IV SO

Decrease the number of aborted takeoffs.

The model was exercised repeatedly, allowing each of these four varf-
ghles to decrease (or increase) by as much as /0 percent of its orig-
inal value. The resulting increases in »roduction capacity are sghown
in Fig. 21. The figure indicates that UPT production capacity is more
responsive to a change in the syllabus flying hour requirement or in

the numver of training days per week than t~ an equal-percentage change

70 —
>
‘S
& 0 - o : :
9 ecreosed syllabus flying hour requirement
5 N
§ 50 |-
-tgi Increosed number of training days per week
40 |- -
&
2
£ 30 |- v
¥
: —
E 20 Increased so:tie lengihs
::: 10|
[+ \
o ; DeCfleos:x-i nin}er of nboiled Iokeof’lfs\ . J
0 5 10 15 20 25 30 35 40

Percent chorge in variobles

Fig.21—Percent increase in UPT production capacity
as a function of changes in several variables
O
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in the sortie length ot in the number of abortzd takeoffs. Training

capacity increases a:c an accelerated rate as the syllabus flying hour

requirement decreases. As the decrease in the flying hour requirement

approaches 100 percent, capacity approaches infinity.
Capacity increases proportionately with an increase In working

days per week, The 40 per:ent increace shown in Fig. 21 tepreseits a

change from a 5-day week to a 7-day week.
As the sortie lengch is increased from its present length, capac-

ity first increases, then decreases, When the sortie length is in-

creased, fewer sorties are flown. Therefore, each student requires

fewer launch intervals. However, the time available for takevffs 1is

the number of daylight hours leas rne sortie length at the e¢nd of the

This detetrmires the lutest time that the last flight of the day
Thus, there

day,
may be launched if it is to return for a daylight landing.
is a point beyond which sortie lengths cannot be increased without loss
of daylight hours and, consequently, decrease in training cabacity.
Capacity varies linearly with a decrease in the number of aborted
takeoffa, Capacity 1s relatively insensitive to a change in aborted
tzkeoffs because the percentage of takeoffs that are aborted is rela-

tively small,
Figure 21 shows the effects of changes only in varistles on UPT

production capacity. Other éonsequences, such as the effect on cost and

and possibly on the quality of pilots produced, are not considared.
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V. DETAILED DESCRIPTION OF THE UPT MODEL

In this section, the UFT model 13 discussed in detail. Calcula-
tions are discussed in the order in which they are made in the model,
and simplified flow diagrams are presented. The complete flowcharts
(including all equations) from which the UPT computer program was writ-
ten are presented in Volume V of the study.*

The UPT model has seven parts, or segments, as follows:

Sepment
Course length

. Student 1load

+ Training capacity
. Msanpower

+  Equipment

. Facilities

Cost

-~ OB D e

Each segment consists of the inputs and calculations of one step in es-
timating the resources and costs of UPT. An extremely simplified flow
diagram of the model is shown in Fig. 22. The seven segments are proc-
essed in the order 1isted above. Upon the completion of Segments 3
through 7, output is printed describing the results to those points.
The output that follows Segment 6 is a "dump," rather than an out~
put table like those shown in Section 1V. A dump contains a 1list of
the values of all variables calculated in a particular segment of the
model, If the user of the model desires, he may also have dumps
printed immediately ahead of the output tables following Segments 3,
4, 5, and 7. A dump can aid the user in determining how numbers found

in the output tables were derived.

SEGMENT 1: COURSE LENGIH

In Segment 1, the length of each training phase 1s calculated and
then summed to obtain the length of the entire UPT course. A simpli-
fifed flow diagram of this process is depicted in Fig. 23.

See Preface.
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The model computes the length of each phase as the sum of two pe-
riods of time, arbitrarily desijnated as the grouud training pericd
and the flight training period. The ground training period is defined
as one in which no flight training is given, i.e., it may consist of

any combination of ground training activitfes (e.g., orientation ses-
sions, classroom instruction, simulator training, drill and physical
training). It includes no airborne training and, hence, may be sched-
uled without regard to weather. {Currently, ground training, as de-
fined here, is given oniy during the first week of Phase I training.)
The second of the two time perieds, designated as flight training, com-
mences on the day that flight training starts and continues to the end
of the phase. This feature was incorporated in the model for two rea-
sons: One, because the first week of Phase I instruction, as it is
cufrently given, does not include any flight training. Two, because
there is a possibility, however remote, that the user of the model may
wish to provide a longer period of Phase I ground training or he may
wish to provide a period consisting exclusively of ground training in
the other phases.

The length of the ground training period (in training days) for
esch phase is specified by the user.

The number of flying training days in the phase may be determined
in either of two ways. For each year, the user has the option of (a)
specifying the number of calendar days {n each phase, or (b) allowing
the model, first, to computc the number of working days in each phase
and, then, to cenvert this to the number of calendar days.

If the phase length is computed by the wodel, it i{s computed as
the greater of (a) the phase length constrained by the average number
of flying hours a studeat can fly per dny* and the syllabus flying-hour
requirement, and (b) the phase length constrained by the total time al-
lotted mach day for all aspects of training, including time spent in
such activities as flight briefings and dedbriefings. Next, the number

A
The maximum rate at which he can effectively ebsorb flying
training.

T B Y s
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of flying-training working days (if the number of flying-training work-
ing days were computed by the model) and the number of ground training
working days are converted to calendar days on the basis of the number
of working days per year. The number of working days per year is cal-
culated from inputs for the number of working days per week and the
number of holidays per year. The numbers of academic training and fly-
ing training calendar days are summed, yielding the toval numter of
calendar days in the phase.

To 11lustrece the calculation of the phase length: If the flying
hour requirement of the phase were 95 hours and the maximum flying
i training hours per working day per student were 0.95, the number of
flying training working days constraiued by flying would be 100 days
(95/0.95 = 100), If the total number of ;raining hours were 720 and

the working hours per day were 8, then the working days per phase con~

strained by the working hours per day would be 90 days (720/8 = 90).
The longer of the two training times, 100 days, would be the number of
flying training working days required for that phase. If there were
250 working days in the Yyear, 146 flying tratning calendar days would
be required (100 x [365/250] = 146). Assuming that 15 ground training
working days are specified, 22 ground training calendar days would be
required (15 x [365/250] = 22). ‘he total phase length would be 168

calendar days. After the length of each phase has been determined, the

days per phase are summed to obtain the course length. The course 1

length Is determined for each year before proceeding to the next segment.

SEGMENT 2: STUDENT LOAD

Figure 24 shows a simplified flow diagram of Segment 2. 1In this
segment, the average number of students undergoing training during a
given year (the student load) is computed. The computation c¢“ student
load is very important, because most of the resources and costs of UPT
are a function of the number of students being trained.

An {implicit assumption of the model is that students enter and
graduate in a smooth flow over time, rather than entering and graduating

in classes. Figure 25 i{llustrates the assumed flow of 4000 students

Q
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Fig.25—The flow of all UPT students
graduating in year 3

graduating sometime during year 3 1f the course length {s 1.5 years.
(Attrition is ignored in this example.) Students who begin entering
midway through year 1 will graduate at the beginning of year 3. Stu-
dents graduating at the end of year 3 will have entered midway through
year 2. It follows that if 4000 studenta graduate during year 3, half
of them must have entered in year 1 and half in year 2.*

The first step in ralculating the student load is to compute the
total number of students who must enter UPT each year, ignoring attri-
tion. The number is determined on the basis of the course length cail-
culated in Segment 1 and the graduate requirements specified by the
us:z2v. As an example, suppose the course length is 1.5 years, the grad-
vate requirement in year 3 is 4000, and the graduate requirement in
year &4 is 3000. The calculation of the number of entries in year 2
to meet thesé requirements (ignoring attritfon) is shown in Table 7.
As demonstrated above, half of the students graduating in year 3, or
2000, will enter in year 2. Similarly, half of those graduating in
year 4, or 1500, will enter in year 2. Thus, the total number of stu-
dents entering in year 2 will be 3500.

*
In actual practice, students enter in groups and the groups vary
somevhat in size.
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Table 7

CALCULATION COF NUMBER OF STUDENTS ENTERING
IN YEAR 2 (EXCLUDING ATTRITION) TO MEET
REQUIREMENTS FOR GRADUATES

Year 1 Year 2 Year 3 Year 4

Course length (years) 1.5 1.5
Graduate requirement 4000 3000

Entering students graduating
in year 3 2000 2000 -— _—

Entering students graduating
in year & —— 1500 1500 ——-

Total year 2 entries,
excluding attrition 3500

Next, the required number of OTS entries is calculated, with al-
lowance being made for attrition. The number of entries from each of
the non-0TS sources (Academy, ROTC, rated on active duty, non-rated on
active duty, and nther)* is specified by the user. The number of grad-
uates to be obtained from these non-OTS entries ia computed on the
basis of the course attrition rates., The computed number of graduates
frem these sources 18 then subtracted from the total number of gradi-
ates required, to obtain the graduate requirement to be filled from
0TS, This method of computing the OTS entry requirement is the same
as shown in Table 4.

To continue the Table 7 example, asaume that 2500 persons will
enter UPT in year 2 from non-0TS sources, and that their attrition rates
are all 20 percent. Then, 2000 of the non-0TS entrants in year 2 will
graduate, The additional 1500 graduvates must come from OTS entrants.
Assuming the OTS attrition rate is 30 parcent, 2143 0TS entries will
be needed in year 2 (1500/.70 = 2143),

It i1s theoretically possible that the number of graduates required
from OTS as computed by the model will te less than zero., If this hsp-
pens, the number of entries from ROTC s reduced, and the OTS entry

*
See Sources of Students, p. 8.
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requirement is set to zero. 1If ROTC entries arz reduced tv zero und
the OTS requirement remains negative, an error message result:., and
no further calculations are made.

Next, for students who zraduate within the same year simple av-
erage is teken of the number of students entering a rho:e zid the num-
ber graduating from tie pliase based on the student atiritiorn rates for
each phase. This {s the "entry-graduate" average. ior _.uuple, if
4500 students must enter Phase III In ovder to graduat. 4M)) in year 3,
the Phase 11J entry-graduate average for year 3 graduates 1is 4100.

In effect, tlie model assumes that half of the attriticn within a
given phase cccurs at the beginning of the first day and half at the
end of the last day. 9%hus, it 13 assumed that 41C0 students will be
undergoing Phase 111 trcining throughout the entire pha: . i reality,
4200 students would begin Phasze III; then, the number of students would
dininish day by day until on the Jast day only 4000 remained. Because
attrition 1s assumed to occur at only the beginniug and end of a phase,
the calzulatious of the model are greatly simplified. Attrition com-
puted in thic manner results in only a 1 to 2 percent difference in
student load from that obtained »y computing attrition as it actually
OCCUTE .

Next, the student loads resulting from UPI graduate requireaente
for a given year are culculated. To 1llus:rate the calcuiation of the
Phase I1I load resulting frcom students graduating in year 3, assume
that the Phase III entry-graduate avarage for year 3 graduates is 4100
and the length of fhase III 18 0.5 year. Figura 26 lllustrates the
assumed flow witinin Phas. III of students graduating in year 3. The
load varies from O to midyear to 2050 at the end of the year, because
half of the Pbase 111 entry-graduate average is assumed to enter in
Year 2 and half in year 3. The average Phase 1li, year 2 load for
graduat:s of year 3 is 512 student years (1/2 x 1/2 x 2050), represented
by the area under the curve in year 2.

The 40U0 graduates of year 3 create student loads in FPhases I and
IT also. If the course were 1.5 years in Jangth. the Phase 1 load for

graduates of yzar 3 would extend backwards into year 1.

O
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Fig.26—The flow of Phase-IIl students
graduating in year 3

To determine the total student load for each phase and year, the
model computes .he loads due to gradustes of yesr 1, year 2, year 3,
and 50 on, atil the list year of the model. In this manner, the model
calculstes the student loar. within each phase and year due to students
greduating each year. Then, the student loads within each year are s
sum ed for each phase. To illustrate, consider the example nf Fig. z$.
A Phase 1II student load of 512 was craated in year 2 due to year 3
graduates. An additional amount of Phase III load would be created in
year 2 duo to year 2 graduates. The model sums these two amounts to
obtain the tutal Phaga III student load in year 2.

Finally, the total UPT student load for esch year {s calculated
by summing the student loads of all the phases.

SEGMENT 3: TRAINIJG CAPACITY

In Segment 3, the training capacity of the UPT system, in terms
of maximum etudent load, {s calculated, It is compared with the re-
quired atudent load ¢cslculated in Segment 2, and additional capacity
{8 added if needed. 1'hen sufficient capacity is obtained, the total
student load is wpportioned to the UPT basea. A simplified flow dia-
gram of Segment 3 appears in Pig. 27.
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First, the capacity of a phase on a given biase is calculated. As
an example, the capacity of Phase TI on UPT Base 1l represents the max-
fmum number of Phare IT students that facllities for Phase II training
on Base 1 can accommodate. The training capacity of a given phase and
UPT base is assumed to be subject to two constraints: the number of
runways and the amount of airspace. It is assumed that any other re-
sources, such as instructor pilots, aircraft, simulators, and class-
rooms, are automatically supplied as reeded aad that the appropriate
costs are charged.

The two constraints are compared as they affent the miniwum obtain-
able launch {nterval--the interval that wust be maintained between suc-
ceasive takeoffs. The launch interval constrained by runways is the
minimun {aterval that the base's air traffic control system can main-
tain on each runway. It i{s multiplied by the number of runways used
for the phase to obtain the effective launch interval consirained by
runways. The effective launci interval constrained by airspace i3 a
function of the rnaximum number of gircraft Lhe base's allotted airspace
can accommodatz., It {8 calculated by dividing the number of flying
areas svaflable by the average sortic 'eungth. The greater of the two
launch {ntervals thus ca2lculated is equated tc the minimum ottainabie
iaunch interval for the given phasa and base.

Nest, the dally studsnt gortie capability, {.e., the maximum nun-
ber of student sorties that can be flown duriny eny day, {s computed
from the effactive launch interval and from {nputs specifying the num-
ber of daylight hcurs per day, the percentage of sorties flown by other
than gtudents, the percentage of days with weather suitable for fiying,
and the percentage of sorties not flow: because the preflight checkout
was not antisfactorily ccmpleted. iue sostie-per-training-day require-
ment per'utudent, i.e., tha number of sortice required to be flown by
a student each training dsy, Le calculated from the flying-hour-per-
training-day requirement computed in Segment 1, the sortie length, and
the percentage of student sorties that are flowu during daylight hcurs.

The max{muu r~tudent load for the phese and base {s calculated by
dividing the student sortie-per-day capability by the sortie-per-day
requirement per student lﬁd multiplying the result by a factor that

*
See p. 25, Automatic Responag)Festure.
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adjusts for the seascial var.atvion in flyable weather. For example, if
the daily student sortie capability for Phase II on Base 1 were 375
sorties per day, the sortie-per-trajaing-day requirement were 1 sortie
per student and the seasonal variation factor werz .80, the maxirum
Phase IT load on Base 1 would be 300 students (f{375/1} x .80 = 300).

At this point, the model checks an indicator value specified by
the nser to determine whether the UPT course 1ls “cousolidated." The
courst is referred to as consolidated if all phases are taught at each
UPT base and students remain at the base throughout the entire course,
as is currently done. It is not consolidated if some portion of the

qurge is not taught at each base.*

The capacity of a consolidated UPT system is diffevent from one
‘that {s not consolidated. If the course is consclidated the numbers of
students in eacl. phase cn a given base must be fn the same ratio as the
number of students in cach phase within the entire UPT course. Other-
wise, students could not remain at a single base throughout the course.
For example, {f the total UPT student load for Phases I, IT, and III
were 1000, 2000, and 2000, respectively, the nurbers of students on
each base would have to be in the ratio of 1 to 2 tu 3. If a given
base has the capacity in each of Thases IT and III for 300 students,
no more than 200 Phase II students could be accommodated, because tue
ratioc of Phase II load to Phase I1I load must be 2 to 3.

Thus, {f the course is consulidated, the modcl calculates, for the
given base, the course load that the given phase can suppert. The course
load supportable {s computed by dividing the capacity of the phase and
base by the percentage of total UPT students in that phase. Using the
previous fllustration, {f the Phase II capacity of a particular base
is 300 and Phase II students ~omprise 33 percent of the total UPT load
(2000/6000 = 33%), Phase Il can support a total course load of 900 stu-
dents (200/.33 *+ 900) on that base. ,

Tha course load supportable on a given base i8s calculated for e#ch
phase, ‘then the capacity of the base {s detarmin. by equatiny it to

—

*
Although the present UPT course is consolidated, a sysiem that is
not conso'idated has often heen suggested as an alternative.
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the smallest course load supportable by all the phases. In the ex wmple,
Phase II can support a load of 900 and Phase III can support a loac of
600 (3C0/.50 = 600). Therefore, assuming the Phase I capacity is un-
limited because this phase 1s conducted off base by civilian contrac-
tors, the capacity of the UPT base would be 600 students. After the
capacity is calculated for each training base, the capacity of the en-
tire UPT system is compured by summing the capacities of all bases.

If UPT is not consolidated, the capacity of each base is simply
the sum of the individual phase capacities for that base. When IPT is
not consolidated, the individual base capacities are not used in com-
puting the total UPT capacity, but they are used in assigning students
to each of the bases.

Next, the capacity of a given phase 18 calculated for the total
of all of the UPT bases. This is done by summing the phase capacit;
of all bases for a given phase. For example, if the UPT system contained

10 bases and their Phase II capacity were 300 each, the total Phase II

. load would be 3000. The total load of each phase is calculated in the

same manner. Then the total UPT student load supported by each phase
is detexrmined by dividing the capaclty of the phase by the percentage
of total students in that phase. Using the previous example, Phase Il
could support a total load of 9090 students (3000/.33 = 9000)., If the
Phase II capacity were 4000, Phase III could support a total load of
8000 (4000/.50 = 8G00).

The total UI'T capacity is determined by equating {t co the smallest
total load supported. In the example, the UPT capacity would be 8000
students.

By this point, the total UPT capicity has been calculated, either
under a consolidated system ox under one that ie not consolidated.

Next, the UPT capacity is compared with the required student load cal-
culated in Segment 2., If the capacity is insufftcient, it must be in-
creased according to a prefercuce list specified by the user. Three
types of additfons may be specified: runways, airapace, or entire bases.
After each additfoi {3 made, training capacity ls re-computed. If the
preference l1f{st {s exhautted before sufficient capacity is added, an

appropriatuy error message {s printed and no further calculations are made.,
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If sufficient capacity is obtainzd, the total student load is ap-

portioned to the bases. First, the ratio of total student load to total
capacity is calculated. Then, each base is assigned a student load

equal to the calculated ratio times the base's capacity.

SEGMENT 4: MANFOWER

When Segment 3 i{s finished, the model begins its calculations of
estimated resource requirements and costs. With a single exception,

*
the estimating equations in the model take one of two functional forms:

1. Linear with a positive inteccept.

2. Linear with a zero intercept.

In the remainder of this section, the value of the resource or cost
being estimated by the first form is referred to as a "fixed quantfity"
or '""fixed number' plus a '"factor times' or 'percent of' the independent
variable, f.e., the variable upon which the estimate {s based. Use of
the second form is referred to as a 'percent of," a "fa:tor “imes," or
a "ccst per" tie independent vari-ble. In all cases, the values of the
parameters, whether '"fixed quantities," 'factors,'" 'percents,'" or "cost
factors," are specified by the user as inputs rather than being built
fnto the model.

In Segment 4, the number of persons efther directly related to the
UPT mission or supporting it are calculated. Figure 28 shows a simpli-
fied flow diagram of this segment. Manpower requirements are Ealculated
separately for each UPT base, for each phase, and for each organizational
unit. Requirements for each organizational unit are computed in this
order;

Opératlons
Filot training squadron(s)

Student squadron
Sfmulator branch

Maintenance
Field mainteaance squadron
Organizational maintenance squadron

. .
The single exception is the equation for estimating the procure-
, ment cost of training afrcraft, discussed in Segment 7,
v
Hﬂi:ﬁﬁﬂ
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Read inputs Compute Compute pilot
From ' for rumber of | .| training SQ " /i>
segmen segment student manpower
_3/ 4 flying hours requirements
®
Cor.pute Compute
Comput P
@__ onl;pu ef ol simulator BR | 1 student SQ ’@
| numoer manpower manpower
sin.ulator hours requirements requirements
| C;nTﬁure Compute pilot
Compute tota 0&M° & FMPSQ - training wing ___@
(:) ' number of manpower fmanpower
flying hours L requirements requirements

Set supply, support &
field trng 5Qs & support
tenant manpower require-

ments = input values

Compute Compute hosp/

air base GP || dispensory __—@
manpower manpower

requirements requirements

camputations
far atl bases,
phases & years
mo'sie

MNa

To
segment

{0} Orgonizotional maintenance
(b) Fleld malntenance

Fig. 28— Simplified flow diagram of Segment Four: Manpower
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Administrative
Pilot trajuing wing

Support
Supply squadron
Support squadron
Field training squadron
Support tenants
Afir base group
Hospital/dispensary

Sctaffing required for the pilot training squadron consists of in-
structor pilots and related administragive persons, It is computed as
a fixed nurber plus a factor times the2 number of dual student flying
hours (hours a student flies with an instructor) for the year,

The student squadron contains instructors for academic and officer
training and related zdrinistrative people.. The student squadron re-
quirement i{s computed as a constant plus a factor times the syllabus
hours for the academic and officer training portions of the UPT program.
Tue manning of the simulator branch with {ts simulator instructors and
related administrative personnel {s computed as a constant plus a fac-
tor times the number of simulator hours for the year.*

Field and organfzational mafntenance squadrons contain the person-
nel required for aircraft maintenance. The manpower requirement for
each squadron i{s computed as a constant plus a factor times the total
number of hours flown on each type of afrcraft. Total flying hours in-
clude hours logged in training flights and in UPT-related flights by
fl_ght instructors and support personnel without student partic!vation,
e.g., continuation training flights for maintaining proficiency, main-
tenance test flighta, and aircraft ferrying flights.

The pilot training wing, the administrative unit of the UPT base,
performs such functions as training supervision, maintenance supervision,
record keeping, and safety supervicion. The mannfing is calculated as
a fixed number plus a percentage of the sum of the students and of the
military pefsonnel in the instructor and maintenance organizations de-
scribed above.

——

*
- . S{mulator instructors alsc perform maintenance on the simulators.
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The remainder of the UPT manpower requirement 1s support personnel.
The manpower requirements for the supply squadron, support squadron,
field trafining squadron, and tenants supporting the UPT mission are
sﬁecifted by the user. Supporting tenants include organizations that
would not be needed {f the UPT base were closed, such as the communica-
tions squadron and weather squadron. The air base group manpower re-
quirement {s calculated as a fixed number plus a percentage of the sum
of the student load and of the operations, maintenance, and admiristra-
tive personnel. Air bage group personnel perform such functions as
base procurement, vehicle operstion, mail and records, comptroller, per-
sonnel, ¢ivil engineer, and commissary. The USAF hospital (or dispen-
saly) requirement {8 calculated as a fixed nurber plus a percentage of
both the student load and all the military manpcwer requirements includ-
ing the air base group.

After the number of people in each organizational unit has been
calculated, the totals are divided among officecrs, airmen, and civilians
based on percentages supplied by the user of the model. The military
manpower requirements éﬁlculated thus far represent authorized numbers,
The model converts the'uuthort:ed mil’ iry manpower requirements to as-
signed numbers, based on assigament fectors. The manpower costs com-
puted {n Segment 7 are calculated from assf{gned military strength.

If it is desfred to base cost estimates on authorized strength, the
user simply specifies assignment factors equal to 1, which equates as-
signed strength to autliorized strergth.

SEGMENT 5: EQUIPMENT

" Plgure 29 depicts the flow, in Segment 5, of the calculations of
the number of training airccaft and simulators requtred.*

The afrcraft requirement ig estimated from the flying houxs calcu-
lated in Segment &4 and from the aircraft utilization rates specified
by the user. The available fnventory of aircraft ie determined by a
net adjustment of the pravious yeer's inventory, f.e., the subtraction

All other equipment, e.g., student training aids, wotor vehicles,
and afircraft test equipment, {s considered only in dollar terms and is
therefore treuted in Segment 7, where costs are estimated.

Lt Xopl
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Fig.29--Simplifieg flow diagram of Segment Five: Equipment
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of alrcraft lost through attrition, and the addition of aircraft in
such numbers as are specified by the user of the model. The available
inventory is then compared with the requizement. If the available in-
ventory is theofficient, the model calculates the additicanal sircraft
that must be procured to fi{1ll the shortage.

The treziment of simulators is similar to that of aircraft. One
difference is that there is no attrition. The other difference is that
the number of simulators is determined separatelv for each base, where-
as the af{rcraft requirement is computed for the UPT program as a whole,
This 18 done because simulators are fixed pleces of equipment and, un-

like aircratt, cannot te moved readily from one base to anotier.

SEGMENT 6: FACILITIES

Pacility requirements, other than new bases and runways,* ace de-
termined in Segment 6. FPigure 30 shows a simplified diagram of this
gegment.

Tae floor space requirement for simulators 18 determitied from the
number of simulators on the base and the square fontage requirement
per simulator. Classroom area requiremente ara based on a square foot-
age requirement per student. Simulator and classroom facility require-
ments are both compared with the area available, Any additional amount
nzeded is added by the model.

Other facility requirements are specified by the user. These in-
clude the facilities required for flight briefings, called '"flying
training basic buildings," and airmen dormitories, bachelor officer
quarters, and family housing.

SEGMENT 7: COST

In Segment y, the estimated coste of UPT are calculated from the
Yesource requirements computed in the previous segments. A simplified
flow diagrau of thilllesment ippeari in Fig. 31. c&.t items will he
discussed in the order in which they appear in the output tadbles., This

Bases and runways are computed in Segment 3.

9
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ordering differs somewhat from the order shown in Fig. 31, Costs fall
into three general categoi!es:
Research, development, test and evaluation (RDT&E)

Initial investment
Annual operating

Research, Development, Test, and Evaluation

Resea:sch, develcpment, test, and evaluation (RDT&E) costs fnclude
all costs incurred for developing and testing & new item of equipmer ,
such as a training aircraft or simulator, from {ts Iinception unti! it
1e ready for production. RDT&E costs fcr each training phase and year
are specified in total by the user.

Initial Investment

Investment costs include the cost3 of procuring equipment, ccn-
structing facilfties, and non-recurring costs resulting from incrzases
n manpower. The modzl calculates {nvestment costs in the following

categoriess

Training Afrcraft, 1If traini:g afrcraft must be procuved, efther

ag indicated by the model or as specified by the user, procurement
costs are incurred. The cost is computed from a cost-quantity function,
a logarithmic function that relates unit cost to the number of {tems

procured.,

Support Afrcraft. Procurement of support afircraft may be uspecified
* h
by the user. The procurement cost of such aircraft, including related
spares and aerospace ground equipment, 18 computed as a cosli per

afrcraft,

Rescue and Recovery Alrcraft. The procurement cost of rescue and

recovery aircraft i{s handled in the same fashion as procurement of sup-

*ke
port afircraft,

*
Yo support aircraft are currently being used.,

*k
MH-43 helicopters are currently being used for rescue and
recovery.
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Training Aiccraft Spares. Included in this category is the ini-

tial stock of spare parts ne<ded to malntain the training aircraft,
It is computed as a percentage of the investment cost for training

aircraft.

Aercspace Ground Equipment. Aercapace ground equipment (AGE) in-
cludes equipment and asgsociated spare parts used to refuel, service,

and tow the aircraft and to test aircraft componeats. The total AGE
cost 18 computed as a percentage of the investment cost for training

aircraft.

Simulators. Simulators may be procured el the: as indicated by the
model or as specified by the user of the model, In either case, the

procurecent cost is computed as a cost per simulator procured,

Simulator Spares. Included in this category 1is the initial stock

of spare parts needed to mafntain the gimulators. It is computed as

a percentage of the investment cost for simulatovs.

Training Equipment. Iquipment used to train students ranges from
audio-visual training aids to parachute jump platforms and altitude
chambere., If the average number of students on the base increases
above the initial number, training equipment costs are incurred. The
coat {s computed as an amount per Increase in the studenl load over the
inftial number. In other words, it is assumed that theiv is enough
equipuent cvailable to trein the number of students in the first year,
but if the student load exceeds this level, additional equipment will
be needed.

Base Suppcrt Equipment. Costs are similally computed for base
support equipment {I the total military nanpower of the base increased
over the iritial levél. Base 5upp6rt aquipment includey all equipment

- used on the base in support of thoe training mission frou typewriters

to motor vehicles.

Facilttiess New Busy Conversion. Included ia this category are
a1l coste associated with opening a new UPT base., The éatagory is
called "s»w Bare Conversior" to emphasize that & new UPT base 18 gener-
ally obtained by con 2rting an existing base rather than constructing

NPT
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a new base. Ccsts of conversion include constructing new bufldings,
converting existing buildings to other uses, and repairing facilities.

The total of these costs is specified by the user of the model.

Facilitiess Runways. The costs of a runway, {ncluding lighting

and all related costs, are specified by the user for each base and phase.

If a runway is added, thax cost 1s incur:red.

Facilities: Simulator Bulldlnss.* The cost of a simulator area,

whether the area i{s added by the model or by the user of the model, {s
calculated on a cost-per-square-foot basis.

*
Facilities: Classroom Buildings. Costs of classrooms, whether

they are added by the model or by the user, are calculated on a cost-

per-square-fost baais, also.

*
Facilities: Flyving Training Basic Buildings. These facilities
are used for pre-flight and post-flight briefings and for stovage of

students' flight gear. Costs for additiuns to these facilities ave
specified by the user of the model.

Facilities: Housing. Costs for airmen dormitories, bachelor of-

ficer quarters, and family housing units are also specified by the user.

Facilities: Jther. Costs of any additional facilities that are

not included within any of ¢he above categories are alsc specified by

*he user.

Stocka., Stocks are inventories of such things as aircraft fuel,
. facility malntenance materials, and office supplies. Stocks ccsts are
computed as & cost per i{ncrease in military persons over the teginning
number,

Initial Tra‘ning. xnltlal training costs will usually be limit%ed
to the costs of training that is given to military personnel in prepa-
ration for thair assignment to & pllot training base as a memher of {te

*Slmulltor. classroom, and flying tvainfiuy basic ‘acilities are
desfgnated, in the model, as "simulator bulldings,' 'classroom build-
ings,"” and "flyin3z training basic buildings,' but any of these facnli-
ties may be situated under one roof with other facllities.
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*
permanent party complement. If the number of permanent party officers

or alrmen increases from one year to the next, the cost of any prepara-
tory courses is & cost properly chargeable cto UPT. Por example, an
fncrease ir aircraft fly!ag hours would require an lncréase in aircraft
maintenance persomi..l., Some, if not all, of these personnel would re-
ceive training in aircraft malntenance at an ATC technical training
center immedfately prior to Lheir being assigned to the pilot training
base. The cost of these preparatory couraes is a UPT cost.

Although the strong probability {s that the users of the model
will elect to charge, to fnitial training, only the courses that are

directly related to the permanent party member's current duty assign-

ment, the model does not f{mpose any such limitation. The user may con-
slder, for example, that basfc military training of newly-assigned air-
re1 and precommissioning trainirg of newly-assigned officers should be
included in the initial training cost occasioned by the f{ncrease in
permanent party strength.

The user of the model develops an average initial training cost
per officer and an average per airman to reflect whatever assumptions
he makes regarding costs to be fncluded in initial training. These av-
erages are entered as inputa and the model then calculates the total
treining cost by multiplying tue average per officer and average per
airman by tne number of personnel of each category that is added to
the permanent party. ‘

Initial Travel. When the pefmanent party strength of a UPT base
is increased, a cost 18 {ncurred for the permanent change of station
{PC3) wove of the newly-assigned officer or airman. One cost factor
18 tnput for all officers; another for all airmen. These are averages
and conuequentl& are appiled to all PCS mbvements frrespective of the
training base involved. The user of the model may use such factors,
for officers and airmen, respectively, as he considers appropriate, i,e.,
he may compute an aversge cost for each of the two categories from data

3 .
Permanent party personnel are military persornel assigned for con-
tinuing duty at the training base. Students are not included.

ERIC
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avatlable to him or he may elect to use published PICS cost averages,

e.g., from AFM 172-3, USAF Cost and Planning Factors or from the ATC

Cost Fsctors Summary.

Awnnual Operating

Annual Operating costs are costs incurred to operate and maincain
equipment and facilities, and recurring personnel-related costs such

as pay and allowances,

Recurring Modifications. Recurring modi{fications costs result

from modifications made to the training aircraft after they have been
procured. Such costs are computed as an annual percentage of the in-

vestment cost for training atrcraft,

Training Adircraft Maintenance: Depot Miintenance. Depot mainte-

nance is the maintenance that occurs at a central maintenance facility
rather than at the base. Depot maii.tenance costs are calculated on the

bacis of the cost per flying hour of tiaining aircraft.

Training Alrcraft Maintenance: Base Material., Base materials are

those aircraft maintenance materials consumed at base level. Thelir
costs are computed on the basis of the cost per flying hour of training

aircraft.

Training Adrcraft Maintenance: Contracted Maintenance. This cate-

gory covers the cost of any contracted, base-level aircraft maintenance.
It 18 computed on the basis of the cost per flying hour of training

atircraft.

Training Afrcraft 20L. Petroleum, oll, and lubricants (POL) costs

also are computed on the basis of the cost per flying hour of training

aircraft,

Support Adlrcraft Operation and Maintenance. Support alrcraft oper-

" ation and mafintenance costs include depot maintenance, base materfals,

contracted maintenance, and POL for support afrcraft. The total of
these costs {8 calculated on the basis of the cost per flying hour of

support aircraft,
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Rescue and Recovery Alrcraft Operation and Maintenance. Costs

for rescue and vecovery alrcraft operation and mairtenance include the
same items and are calculated in the same manner as costs for support

aircraft operation and maintenance.

Simulator Materials and Services. These costs are for materials

and contracted services used for maintenance of simulators. They are

computed as an annual percentage of the investment cost for simulators.

Facilities Materials and Services. Costs include materfals and

services used for maintaining base facilities; they are calculated as

a fixed cost plus a cost per military person.

Contracted Flying Training. This category represents the cost of

*
any flying training performed by a contractor. Costs for contracted
flying training are computed on the basis of a cost per hour flown under

contracted training.

Pay and Allowance: Officers, Alrmen, and Civiliars. Pay and al-

lowances are computed on the basis of the average costs per officer,

per airmen, and per civilian.

Annual Training. Normal pursonnel turnover requires that replace-
ment personrel be trained each year. Turnover, ir this sense, refers
to the replacement by new personne) of permanent-party officers and
airmen leaving the Alr Porce. The cost of the trafning received by
the new personnel is included in annual training. The average training
cosve per o ficer and airman used to calculate initial training costs
sre used for calculating annual traluing costs. (See page 74.) The
numbers of officers and afrmen lost due to turnover is calculated from
a turnover factor for each category. Then the training costs per of-
ficer and &irman are ewltiplied by the numbers of losses.

Annual Travel. This category includes the costs of moving the
newly-trained replacement personnel to the UPT base. Such costs ave
computed by multiplying the number of officers, excluding students, and
airmen by the turnover factora, and then multiplying the numbers of

*Prolcntly, all Phase [ flight training s contracted.
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losses by the travel costs per officer and airmen used to calculate
"Ynitial travel” costs (see page 75). Also included in this category
are the travel costs of moving the new UPT student to the training base,
This cost is computed by multiplying the number of entries determined

in Segment 1 by the average travel cost per officer.

Supplies and Services. Supplies and services include materials,

supplies, and contractual services for such functions as base adninis-
tration, supply operations, food and medical services, and operations
and maintenance of base support equipment., Costs for all supplies and

services are computed on a cost-per-military-man basis.

%Eg:;é;f




O

ERIC

Aruitoxt provided by Eic:

-79-

VI. CONCLUSION

The UPT-simulation model described in this Memorandum is intended
to be used as an ald in estimating the resources and costs of alterna-
tive ways of conducting UPT. Estimating relationships and equations are
discussed and presented in simplified diagrams. The computer program

described in Volume V, /. User's Guide to the Undergraduate Training

Computer Cost Model, has been tested extensively and the results have

been checked against data and estimates provided by the Air Tralning

Command.

A base case set of inruts--all of the inputs required to simulate
the current UPT system--has been assembled. Alternatives to the pres-
ent system are easily examined by changing only the input values that
vary from the base case. Many alternatives have been examined, and some
of the results are presented.

This model, used alone or in conjunction with the other models de-
veloped in the Pilot Training Study, will facilitate long-range planning
and analysils of pilot training.
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Appendix A-I

W. E. Mooz

SURVIVAL SCHOOL

Every Alr Porce flight crew faces the possibility of having to
make a forced landing because of some untoward contingency such as bad
weather, equipment malfunction, becémtng lost, vunning out of fuel, or
being hit by enemy gunfire. A forced landing may place the crew in a
physically-hostile environment, such as the arctic, desert, or sea, or
it may put them down in a politically-hostile territory. Further, the
difficulty of survival may be compounded by physical Iinjuries sustained
in the landing.

Survival firom a forced landing may, therefore, depend upon the
ability of the crew or individual airmen to obtain food and she.ter and
security from enemies; to administer first ald, and to find a way to
rejoian friendly forces. For this reison, the Air Force operates a Sur-
vival School that provides the basic ccurse with which this study is
concetned.*

Brcause basic survival training {s mandatory for all flight crews,
the cost of the tralning is a part of th: cost of producing a pilot.
The object of this study, therefore, is to produce methodology for es-
timating the cost of basic survival training for pilots, and for con-
ducting cost sensitivity analyses.

DESCRIPTION

The USAF Survival School {s an activity of the Ailr Training Com-
mand (ATC). Classroom and 1liviag acco.modations are located at Fairchild
Air Force Base, a Strategic Afr Comﬁand (SAC) base situaied about 11
miles from Spokane, Washington. The Survival School is operated by the
3636th Combat Crew Training Group (Survival) of ATC. It has an author-
fzed strength of 33 officers, 47 enlisted personnel, and 12 civilfans.

*The Survival Sch601 also provides speclalized courses: two for
instructcrs and tvo that deal with survival situations peculiar to par-
ticular global areas.

30
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Under the host-tenant agreement betweeu SAC and ATC, Fairchild AFB
provides the Survival School Qith all normal housekeeping support. For
this reason, the 3636th CCIG consists almost entirely of instructors
and administrative personnel. The school staff is organized as chown
oo 32, _

" e schoo''s mission 1s to train flight crews in the art of sur-
vival. Table 1 shous the curriculum, the course lengths, and the num-
ber of students who graduated from each of the six courses during the

first six montls of fiscal year 1968.

Table 1

SURVIVAL SCHOOL CURRICULUM AND GRADUATES
FIRST HALF OF FISCAL YEAR 1968

Graduates
1st Half 1968
Number Type Length Number Percent
S-V80-A Basic 15 days 2162 43.0
S-v85-A Basic (short) 9 days 2153 43.6
Subtotal 4315 87.5
S-v82-A Special 5 days 234 4.8
S-V83-A Advanced 5 days 245 5.0
S-V81-A Instructor 6 months 35 0.7
S-V84-A Instructor {Com-
bative measures) 5 weeks 98 2.0
Total 4327 100.0

The basic survival course is given in two versions: a standard-
length course requiring 15 training days, and a short course requiring
nine. Because the level of production was the same in the second half
of the year as 1n_the first, eéch of these bas{c courses produced up-
wards‘of 4300 graduates during fiscal year 1968, Attrition from the
basié courses 1£ negligible, and none is programmed.

Pilo;s and other rated of@icers (e.g., navigators, electronic war-
fare officers, and radsr intercept officeré) constitute about 65 per-

- cent of the basic course student load. The remainder 1s made up of

crew chiefs, tail gunners, loadmaateys, boom-operators, radio operators,

ERIC
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and other enlisted members of flight crews. As previously indicated,
this study is concerned only with the costs of the basic survival
course. The costs of the othervcourses aie disregarded because they
are not significant elements in the oversll cost of pilot training.

These basic courses provide instruction in the principles, proce-
dures snd techniques of survivsl. They cover a diversity of subjects -
such as parschute control and lending; camouflage and shelter; direc-
tion finding (land navigation); first aid; procurement of food from
plants, roote, fish and game; evading and resisting enemy action, and
water survival.

Classroom facilities and living accommodations (stu-=nt and per-
manent party quarters, mess hall, gymnasium, dispenssry, classrooms
and laboratories, administrstion buildings, and storage facilities)
are centered in an area within Fairchild Air Force Base that formerly
comprised the Deep Creek Air Force Station. Parachute and helicopter
hoist training facilities are also in this area. The base swimming
pool is used for water survival training.

Practical field trsining 1s conducted in the Kanikiska National
Forest and Sullivan Lske Game Preserve, about 60 miles north of Spo-
kane., Here, in one of the most rugged &reas in tue State, the students
are tested in their ability to evade and escape enemy forces; to find
fuod and water, erect shelters and build fires, and to cope with inter-
rogation, fatigue, hunger, isolation, substandard quarters and other
problems related to survival as prisoners of war,

 Unlike most Alr Force schools, the Survival School does not use
aircraft, miesiles or any other type of major equipment for its train-
ing. Major e:ilpment, therefore, 18 not a significant cost factor.

FRAMEWORK OF THE COST MODEL

This study is not aimed at producing a point estimate of the pres-
ent cost of Svrvival School instruction. Rather, it is concerned with
developing a sethodology for estimating the costs of pilot survival
t;nin;ns over & range of nlterna;ives--that is, variations in student

ERIC 96




~B5-

loads, course lengths and ratio of instructors to students.* The ab-
sence of major equipment costs simplifies this task by reducing it to
the identification of the numbers and types of personnel required for
the cperation of the school and to the identification of the measures
of the facilities costs assocfated with school activities.

Facilities costs are a function of the number of perscnnel. Nor-
mally, in coat-estimating models, personnel are categorized as oper-
ating, maintenance, administrative, and support perconnel. However,
since there 18 no {tem of major equipment st the Survival School, there
is no requirement for maintenance personnel. This reduces the person-

nel categories to:

(a) Operating Personnel. For purposes of this study, this cate-
gory includes studente and all academic personnel--i.e.,

instructors and other members of the Operations Division as
depicted on the 3636th CCTG organization chart, Fig. 1,

(b) Administrastive Personnel. Includes all personnel shown gbove
the Operations Division block, Fig. 1.

(c) Support Personnel. Includes civil engineer, supply, air po-
1ice, food service, and all other base operating support
personnel of Fairchild AVPB. These personnel are assigned
to SAC, the host cormend, but & portion of their costs is

properly chargeable to the Survival School,

As previously stated, this study is concerned only with pilots and
with the basic aurvival courses S$-V&8)-A and S-VB5-A (Table i1). Because
the school teaches additional courses and incluies all categories of
fiight crew personnel, the costs of some school perernnel are attriu-
table to the school as a whole, That is, come personnel costs cannot
be identified as functions of the number of pilots in the student body,
the number of basic-couree student days or the number of pilots taking
the bssic courses. Por exsmple, the school commander and hix immediate
steff are an adminjstrative group that {s fiued in number. The size

-

- .
These are the only significant varisbles. Unlike cther pilot
training courses, there are no syllsbus coustitusats, such as flyiog,

vhich can be altersd to produce marked chenges in training coets.
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0of this group is independent both of the total number of students and
of the relative proportion of any category of student in any of the
courses offered. Similarly, the number of Instructors requi-ed for
the basic courses {8 independent of the distribution of etudents be-
tween pilots and other student categories.

The staff »f the Survival School is typical of the staif of mcst
Alr Force schools; that is, it is composed of a fixed number of per-
sonnel plus personnel that vary in nurber as a functfon of werkload.
less typical is the fact that the school o{fers several courses and
that each class 38 made up of several cstegorles cf both officer and
enlisted estudents.

The fixed costs must be considered in determining total school
costs, the cost of a particular course or the average cost per pilot.
They need not be considered in determining the incremental or decre-
mental costs of varying the pilot load becsuse this involves only the
costs that are variable.

The model has been designed to permit allocations of fixed per-
sonnel coste if the user desired. The model is, therefore, responsive
to questions involving either total or incremental cbsta.

Figure 33 is a genera., highly-aggregated flow chart illustrating
the framework of the model. It is essentially a personnel estimating
qug} because, in the absence of any major equipment, each resource
and cost category is a function of the number of school personnel (in-
structors, supervisors and administrators), support personnel and
students. .

Listings of FORTRAN and JOSS* computer programe appear in Sections
A-I1 and A-III, respectively.

EPFECT OF VARIABLES ON COSTS

- The Survival School is an inexpensive and relatively siwple school
in comparison with other courses for pilot trasning. To reiterate,

JOSS 43 the trademark and service mark ¢f The Rand Corporntion
for .ta coquter prognn and unicu using thnt progru.

I BTN
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thers are no identitfiable major constituents of the syllabus, such

as flying, that can be altered to‘produce marked changes in the train-
ing cost. The only components of the>tra1n1ng that can be changed are
course lengths, the number of students in each course, and the ratioc
of instructors to studeate. Virtually all cther personmnel and cost
relationships are fixed.

The sensitivity of costs to these three variables is illustrated
in Fig. 34. As expected, variations in course length and student load-
ing affect costs substantially more than the changes of plus and minus
50 percent in the instructor-student ratio. Costs shown on the chart
are {llustrative only. They were generated using "typical' cost fac-
tors that may not be precisely applicable for Fairchild AFB. The costs
include student pay and sllowances, TDY costs, and the cost of train-
ing new instructors to replace those leaving the service.

Fixed costs, illustrated in Fig. 34 as the Y axis intercept, re-
flect the fixed number of peorsonnel at the school. These perscmnel
ccnsist of fixed adminjstrative pecsonnel, fixed instructors and super-
visors, and a fixed number* of support personnel. In this example,
most of the instructors are treated as a function of the student load,
and all support personnel are treated as variable. This results in
relatively low fixed costs in comparison with the total oﬁerating caost
of the program.

®
Support personnel are computed as a percentage of the number of
fixed schocl personnel.

97. R
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Fig.34—Survival school operating costs as a function of course length,
number of studenits and ratio of instructors to students
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~ Appendix A-II

LISTING OF SURVIVAL SCH(« .
FORTRAN IV{360/65) FROGRAM
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c COST ESTIMATES--USAF SURVIVAL SCHOUL

COMMON ALG2L1,A20210,A3(210,44121),A5{21),A6(213,AT(21),A8(21),
1AG(21),A10(211,A010210,A02(21),413(21)0A14121),4815(2104416(21),
TALT(21),A18(21),AL90211,A20021),A20(21),422121),A23(21),424(21),
LA25021),A26021),A27121) A28621),A29121),430121),A30021)44321211,
14330210 4A34021),8351211,A300211,A37(201),4380211,439(211,843(211},
1A411211,442(21) |

COMMDN A43121) 0A64121) ) AGS (211, 0460211 AGTI21),A48(21),449(21},
145002110 A5 1021304520211 98531211 44561211 4A55(21),A5612100A37(21),
1ASA(21)

CaMMON PLIZL) 4 P2U21) P4l21)4P5(21),P6(21) 4 PTL21)4PA(21E,P9(21),
1P3(21)4PLOL21),PLLI21),P12021),PL3E21)4P14121),Pi5(21),916¢21),
IPLTL2114P180210,PL10210,P20021),P21(21),P22(21),P23(21),P24121),
1925021)9P26021),P27{210aP28121)1,P29121),P350211,P31121},P32(21}, |
1P33.210¢P364421),P35021 14360210 ,P37(211,P3R121),P39(21),P400211,
1P410211,P62021),P43(21),Pa4l211,PuS1211,P406121),P4T121),P4S(21],
1P49{21),2530211P51L2114P521211,P34211,P54121),P55(21),P56(21),
1P5TC211,PS8I211,P53021),P6J{21)4P611211,P62(21),P63(21)¢P64(21)
1P65121),P66121),P6T121),PoRI21),P69121),P70(21),P71{21)1,P72(21),
1PT312114PT40211,PT5(21)4PToL21),PTTI21),PTH121),P79(21),Pa0L21),
1PBL1I21)s PH2421)y CIC2100 CO(21}s VI21)y Wi21)s NYEAR{21), §
1FILLER(5) [

c +
c READ IN OUMP PAINTOUT OUSIGNATOR, IDUMP () DDM T PRINT DUMP, 1 PRINT DUMP)
c
DO 400 [=z1l, 30%0 t
430 Alt1}e0, , i
READ (S.1) LDUNP \
1 FORMAT (11} \
WRITE (6,90) |
; |
c READ DATA BY YEAR Al THROUGH a57 AND THF YEAR
c
2J=1
3 JeJel
READ (5,51 ALUJN9A2{010A30U) A4l Ul oASTO) 3 ASTIY JATIINAB(I) 0 AD(JY,
LALOCJI) g AL LEJ) qAL20J) o ALIJDsALGLI) JALSII) o A271 ), A2v1Jd1,
LAIOCI) 9A321J) 1AL I A4, AIST )2 A36TJY 4 A3TIJ) JA3RT I AGUId]Y,
1AG20J1,A631J) 4 A&GTJN g AGSIJE, 86001 0AGT{J} A4S0 J), AGI(J),
1A500J)485103) ,A02(J1 ,A530J1,A5610J) JASSTI) 2 ASEIJ) ASTI ) NYEAREY ),y
1IEND
5 FARMAT (TF10,2/TF 1027751002/ TF10.2/TF10027TF1U00242%514,3%,11)
IF (IEND oNEo 1} GO 10O 3
C .
c READ IN P18y Pl, AND P19 OF THE PREVIOULS Y¥FAR
c
N =2 ,
READ (5¢6) PISIL) o PLEL) PLOILY A2 EL1E 430015 ,A39(0)sAGLIL) A58(]) |
& FORMAT [TF10.2/F10.2) '
c
c DATA HAS BEEN READ=-=4OW DO CALLULATINNS
¢

L3 20 L=24N
QO PLILI=ALILI®*A2{L)/52,.14)
FRICr2ttrspittiotantirsastid)

10p
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PI(LI=A(L)I*AS(L)
PalL)=AALLI®IPLILIIP2(L))
P5(L)=P3(L)*AGI(L)

PH6ILY=ATILI#*#AL0(L)
PTILI=ASIL)®(PLIL)I+P2(LI+PSIL))
POLLI=AB(L)*IPIILI+PSIL))
P1OLL)=AB(LI*PO(L)
PRILY=ALLILI*(PT(LI+PYILI+PLI(L))
PLLILI=AL12IL) *IPTIL)¢PILL)*PLIIL) )}
PL2IL)=PT(LI*PYIL)+PLO(LI-PEIL)-PLLIL)
PLIMLI=ATIILI *IP4AIL)+POILI#PHILY)
PLACLI=ALGILI*IPLILI¢PSLILI#POLIL)Y
PLZiL)=P4(L)+P5S(L)+PS{L)-PLI3IL}-PL4IL)
PLOILY=ALS{LY®{P2{L)+PI(L))
P17(L)=P2{L)¢P3(L}-Pl6(L)
PLlAILI=PLIL)*PLI6ILI+PLIILI4PBIL])
P1OlL}=CL1IL}+PL&(L)*PLTIL)
P20(L)I=PLl2IL)+P15(L)
P21(L)=PLBIL)+P1YIL)
P22(L)=P20IL}+P211(L)

CALCULATE [INVESTMENT CGSTS

P4Y(L)=PLIL)*AT7(L)

IF (P49iL).GT.A28(L-1}) GO TO 30
P51iL}=0,0

A281LI=A2BIL~1)

GO TO 35

30 PSOILI=P49IL)-AZBIL-1])
P1LL)=P50(L)*A29(L)
A2R(LI=A28(L-1)+P50{L)

35 PS2(L)=PL(L)*A32(L)

IF (P21 ).GT.A3)(L~-1)) GO TO 40
P53(L1=0,0

A311L)=A318L~1)

GO TN 45

40 PS3(L1sPS52(L)-A31(L-1}
AJLILY=A3RCL-104P53LL)

45 P5S{LI=CIPIBIL)I-PLIL)}I-(P1BIL=-1)-PLlIL-1))}
IF [P55(L).GT.0.6) CO TO SO
P56(L120.0
P57(L1=20.0
GO 1n 55

50 P56(L1=2P55(L)1#A33(L)
PSTILI=PSSILI®ALLIL)

55 PS5AILIsPLlI(L)-P19(L~-1}

_IF (1P581{L).GT.0.0) SO TO &0
P591L)=0.0

P6OIL)=0.0

GO TO 65

60 P5S9{LI=PH8(L)*AIS(L)
PLOILY=P5BLL) ®A36 (L)

6% POLILL)=P21LL)*ADT(L) ’

Q IF tPs1IL).GT.ASA(L-1)) 30 TD b ot

]:KCPGNLI-O. o

-AS8{L)=AS58(L-1)
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. GO TO &7

66 PR2{LI=P6LIL)-P5B{1~1}
ASB(LI=PSLIL)

o1 Ph3lL)I=P62(L}*ADBIL)
IF (P63(L).LE.A39(L-1)) GO TO 70
Po&lL)=r63lL)=A39(L-1)
A39(L)=A39(L-1)+PO6GIL)
GO TO 68

70 PielL)=0.
A39(Li=A39(L-1)

68 P6SILI=PLIL)*AGO(L)

CIF (P65(L)GT.AGLIL-1)) GO TO 89
P66(LI=0.0
AGliL)=A4)IL-1)
Gn 19 85

40 P66IL)Y=(PASIL)-A4LT(L-1))1%A42(L)
A4l L)=PO5{L)

ANNUAL OPERATING COSIS

[ NeKg]

85 PoT(LI=P21(L I*A43(L)
P6oBILIZP2L{L) *A46{L)
P69{LI=P21{L)*ALS{L)
PTOILI=P21{L)*ALLIL)
PTLILI=PLIL)*A4T(L)
PT2ILY=(PL1BIL)-PLIL))*A4LA(L)
PT3(LI=PL9(L)¢*ALI(L)
P74(L1=P20(L)*A50(L)
PTSIL)=(PL1BIL)-PLIL))*ASL(L)*AS2(L)
PT&ILYI=AS3LL)*AS4(L)*PLI(L)
PTTIL)=ALIL)*ASS(L)
_PTRIL)=AS2(L)*ASH(LIS*(PLBIL)-PLIL))
PT(L)=AS4(L)*AST(L)*P19(L)
PBO(L)OPSIIL!0953(L|0P50(Ll*PS?(L)OPSQ(L)0960(L)¢PB2(L)0P64(Ll0
1P661(L)
PBLILIEPETILI+P6BILY+POQIL)¢PTOL) +PTLIL) ¢PT2{L)+PTIL{LI+PT4(L}¢
IPISILI+PTOIL) +PTT(LY+PTBIL)+PT(L)
ColL)=PB1(L}/1000.0
ClL{L)=PBO(L}/1000.0
20 CONTINUE

¢ .
c PRINT PByPLLyF12,P13,P14yP15,P16,PLT4PL,PLB4PLF4P20,P21,P22
c :

PRINT 90
93 FORMAT (1H1)
91 FORMAT (1H )}
NN=N
MN=2
IF ({N=1).GT+1N) NN=2l1

PRINT YEARS INVOLVED

OO0

1000 PRINT 92, (NYEAR{K} KzMM, N} .
92 FOAMAT (9XoGHYEAR,LOL6X 04)) . . .
PRINT 91 ‘ ‘ '

ERIC 192 -
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C
C
33
C
C
C
94
C
C
C.
95
C
C
¢
97
C
C
C
C
99
c
C
C
101
C
C
C
133
C
c
125
c
c
c
1%
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PRINT 80S OFFICERS

PRINT 93, (PE(K),K=MM,NN)
FORMAT (1X,12HBOS UFF ICERSs10{4Xsbb601))
PRINT 91 ,

PRINT B80S AIRMEN

PRINT 944 (PL1Y{K)K=MMyNY}

FORMAT [1X)13HBOS ALRMEN=== 32X, F5.119{4XyFb.1))
PRINT 91

PRINT BOS CIVILIANS

PRINT 2853 (P12{K) K=MMyN)

FORMAT {(1Xy13HBOS CIVILIANS 2XeFbe199(4X,FO.1))
PRINT 91

PRINT AOMINISTRATIVE JFFICERS

PRINT 97,(P13(K) KaMMNY)

FORMAT (1X,12HADM OFFICFRSy10(4XyFéal))

PRINT 91

PRINY ADMINISTRATIVE AIRMEN
PRINT NUMBER OF (3) AIRMEN CHARGEN TU pPILOTS

PRINT 99, IP1&(K) K=MMoNY)
FNRMAT (1X,10HAOM AIRFEN  ,10(4X,F6e1))
PRINT 91

PRINT ADMINISIRATIVE CIVILIANS

PRINT 1001, (P1SIK) ¢KeMMyN)

FORMAT (1X,12HADM CIVILIAN,10{4XsF6e1))
PRINT 91

PRINT INSTRUZTOR AND SUPERVISUR OFFICERS
PRINT 193,{PL1&{K) K2MMyNN)

FNRMAT {1Xo22HINST#SUP NFEF,10(4X,Fbel))
PRINT 91

PRINT INSTRUTFOR AND SUPERVISOR A|RMEN

CPRINT 105, (P1TIK) ,KaMM,tN)

FORMAT (1X)12HINST4SUP AMN,10{4xX k& 1))
PRINT 9}

PRINT STUDENT LOAD .

PREINT 106, (PL{K),KsMMyNN)

FORMAT (1X,15HSTUUENT LUAD 1 L1CLAXF6L1))
PRINT 91

PRINT TATAL OFFICERS/YEAR
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PRINT 1084,(P18(K)sKsMMyNNI :
128 FORMAT (1X,15HVOTAL OFFICERS+2X¢FHe19914XFb.1))
PRINT 91 :

PRINT TOTAL AIRMEN/YEAR

OO0

PRINT lO9o(P19(K)'K=NN'NNl
199 FORMAT (1X,12HTOTAL AIIMENs4X1Fbe1, 9(4x-F6 1))
PRINT 91

PRINT TOTAL CIVILIANS/YEAR

OO0

PRINT 1105 (PR20O(K) K=M"yNN) ’
110 FORMAT (1Xo12HTOTAL CIVILeo4X o Fbals9t4XsFO.1)D
PRINT 91
C PRINT TOTAL MILITARY
PRINT 102, (P21(K),K=MM,NN)
102 FORMAT (LX,12HTUT PILIIARY.IOIQXoIb 1))
c PRINT TOTAL PERSONNEL
PRINT 106, (P22(K) ¢K=MMyNN)
104 FORMAT (1X,12HTOTAL PERSON,1D(4XeTb6.1))

PRINT TOTAL ILVFSTMENT CUOST

OO0

PRINT 111

111 FORMAT (2X,16HTOTAL INVFSTMENT)
PRINT 1124 (CHIK) K=MM,NN)

112 FORMAT (2X4LLHCOST (00)) +10F10.0}Y

PRINT TOTAL OPERATING £0OST

c
c
C

PRINT 114
114 FORMAT (1H )

PRINT 113 )
113 FORMAT (2X,15HTOTAL OP-RATING)

PRINT 112,(COLK) ¢ K=MMNN)

1F INNLEQ.N) GD TO 200

NN=N

M¥=12

PRINT 90

G0 10 1000 o
200 1F (1DUMP NE. 1) CALL FXIT

WRITE (&, 210) .
210 FORBAT (1H1/7 58X+ LIHCOMMON QUMP /77 88X, 1 v IH2e 11Xy 1H3,

1 11Xy lHés 11Xy L1HSy L1X,e 1X6, 11X, L1H7, L. C1iXy LHIy 10X,

1 2H10, &X. QHADDRESSES 7 l :

NN 230 I=1, 3041, 10

J =1 ¢ 3

WRITE (64 220) (AL(K)y K = 1y JI» 1y J
220 FORMAT {1Xe 100(F11.3, 1X)y 2X,¢ 1&, 1H~-y 14°

FFFl = [/50

FFF2 = FLOATLI)/S50.

[F (FFF! +tQ. FFF2) KRITC (6, 210)
230 CONT([NUE

CALL EXIT

0 1084




-~37~

Append{x A-III

LISTING OF JOSS SURVIVAL SCHOOI. PROGRAM

105"
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A i, A e e e e 12 e i s

Delete all,
Use f£ile 6u0 {n7u90),
Roger,

Recal) item 3 (surv),
Done, .

Type alle

as "Annual graduates required",

as "Course length, weeks",

as 2vatio of field instructors to students",

as "Ratio of resistance instructors to students",

as "Fixed number of instructors and supervisors',

as "Ratic of variable admin, pers, to op.tadmin, pers",
as "Fixed number of admin, personnel”,

as "Ratio of variable BOS PERS TO OPJ*ADMIN)} PERS",

as "Fraction of fixed inst, allocated to pilot tng".

as "Fraction of fixed admin pers alloc to pilot tng",
as "Fraction of officers in BOS",

&s "Fraction of ajirmen in BOS",

as "Fraction of officers in admin."s

as “Fraction of airmen in admin,“.

1,14 Demand O as "Fraction of officers in instructors + supervisors”,
1,15 Demand P as 2do you want cost estimate? (yes=1, no=0)",

1,16 To part 2 if P=0, :

1.17 To part 23 if P=i,

1,00 Demand
1,01 Demand

3.02 Demand
1,03 Demand

1,04 Demand
1,05 Demand
1,06 Demand
1,07 Demand
1,08 Demand
1,09 Demand
1,10 Demand
1,11 Demand
1.12 Demand
1.13 Demand

VO ZXI X=X MMIOO BN

2,00 Set azZ+B/52,143,

2,01 Set bz=a* C+D;.

2.0? Let dsF+(a+d .

2.03 Let g=He(atbtd),

2.0“ Let ch 'B.

2,05 Let e=c+l,

2,06 Let itHs(c+e),

2,07 Let £=J.G,

2.0_8 Let j‘H'f’

2,09 Let h=Ke(geied),

2,10 Let kesLe(gti+3),

2,11 Let l=geitj-n-k,

2,12 Let m=Me(deresf),

2413 Let ntN+(deetf),

2,14 Let ozdtetf-m-n,

2,15 Let p20+{btc),

2,16 Let qzbte-p,

2,17 Let rzatpimth,

2.18 Let s:zkentq,

2,19 Let tszl4o0,

2,20 Let usres,

2,21 Let vsutt,

2422 Let wzhakel,

2,23 Let xrmento.

2,24 Let y=p4q.

2425 Let zerestt, )
Q 2,26 Type " Set tab at &0, then type Do part 3.",

v -
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3,0 Line,
3.1 Type form 1,
3.2 Type h,k,1,¥w in form 2,
3,3 Type a,n,0,x {n form 3,
.4 Type p,q,y in form 4,
3,5 Type a,a in form 5,

3,51 Type r,s,t,z in form 6,
3.6 Line.

3¢7 Type u in form Te
3.5 Type v in form 8,

3,9 Line,
3.91 To part 1 if P=°.
392 To part 6 1f P=1,

5,00 Demand A(27) as "Sq. t, classroom req'd/student";

$,01 Demand A(28) as "Sq, ft, classroom on hand’,
5,011 Demand A(29) as "$/mq. ft, classroom",

5,02
5,03
S.04
5,05
5.06
5,07
5,08
5,09
510
S.11
S.12
S.13
Sells
5.15%
5,16
S.17
5,19
520
5.7%
S5¢22
5.23
8,24
5.?5
526
5,27
5,28

5,29
3030

6,00

6,01
6,02

wll Toxt Provided by ERIC

Demand
Dumand
Demand
Pemand
Demand
Demand
Demand
Demand
Demand
Demand
Demand
Demond
Demand
Demand
Dewand
Demand
Demand
Demand
Demand
Demand
Demand
Demand
Demand
Demand
bemand
Demand
Dexand
Demand

To part

A(31) as
A(32) as
A(33) as
A(34) as
A(35) as
A(36) as
A(37) as
A(38) as
A(39) ac
A(u0) as
A(vl) as
A(42) as
A(43) as
A{W4) as
A(45) as
A(46) as
A(N7) as
A(48) as
A(49) as
A(50) as
A(51) as
A(S2) as
A(53) as
A( 5%

A(SS

{l(ss) as
A(57) as
Asss) as

“$ r, eq, and spares on hand",

"Trn, eq. and spares , $3/student,
"Initial trn, cost, officers",

"Initial travel cost, officers",

"Initial trn, cost, airmen®,

"Initia} travel cost, airmen",

"$ supplies/military sman®, .
"$ base spt, eq. and spares/military man",
"$ base spt, eq, and spares on %and",

"Sqe ft, housing rey'd/student",

"Sqe. fto housing on hand",

”Sls? ft, housing”,

"Facility ReM, $/man/year",

¥Base pt, eq. RtM,$/man/year",

"Annual services, $/man/year',
"Supplies, SInan;year"

"Student pay + allowances",
“O0fficer pay + allowances®,
"Airman pay ¢+ 2llowances",
“Civilian pay + allowances",
"PCS cost, officers",
"0fff{cer turnover rate",
“PCS cost, airmen"”,

s "A{rwan turnover Jrate’e

s “Student TDY cost™,

"$ initial supplies on hand", '

"No. f perm, party officers at school last yr. o
"No, of erm, party af{rmen at school last year,",

Set P(49)sarp(27),

To part 7 Lf P(u9)>A(28),
Set P(%1)=s,
5'03 To part 8,

[KC» Set P(50)sP(49)-A(28),
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7,01 Set P(51)= P(SO)-A(Qb)o
7402 To part 8,

8.00 Set P(52)=G-A(32)o

8,01 To part 9 if P(52)sA(31},
8,02 Set P(53)=P(52)- A(31)o.
8,03 To part 10,

9,00 Set P(53)=0,
9,01 To part 10,

10,00 Set P(SS)=8+m+h—A(S7).
10,01 Set P(56)=0,

10,02 Set P(57)=0,
10.03 To part 11. .

11,0 Set P(56)=P(55)-A(33),
11,1 Set P(57)xP(55)+A(34),
11,2 To part 12,

12,00 Set P(58)=s-A(58), :
12,1 To part 13 If P{58)>0,
12,2 Set P(59)=0,

12.3 Set P(BO)'O.

12,4 To part 14,

13,0 Set P(59)=p(58)eA(35),
13,1 Set P(GO)’P(SB)'A(36).

13,2 To part 14,

14,00 Set P(61)=A(37) 0y, - '
1441 To part 15 Lf P(61)>A(56), o
14,2 Set P(82)¢0, '

14,3 To part 16,

15.00 Set P(682)ep(61)- P(SS).
15,1 Set A(56)=P(61),

15,2 To part 16,

16,0 Set P(63)zuea(3s), ‘
16,1 To part 17 {f P(63)>A(39),
16,2 Set P(64)=0,
16,3 To part 18,

171 To part 1

v.rl.~

17,0 Set P(GN);P(Ga) -AC39),

18,0 Set P(GS)=a°A(u0) v
18,1 To part (9 if P(65)>A(u1)o
18,2 Set P(66):0, ’

’..3 To P.l't 20.

19,0 Set P(6€)3A(%2)s(P(65)-A(n1)), i
- 19,1 Set A(41):P(65),
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13,2 To part 20,

20,00 Set P(67)=u*A(43),

20,01 Set P(68)=usA(LY),

20,02 Set P(59)=usa(u5),

20,03 Set P{70)=usA(46),

20,04 Set P(71)=a-A(47),

20,05 Set P{72)=A(4B) +(r-a),

20,06 Set P(73)=s+A(49),

20,07 Set P(7u)=t+A(50),

20,08 Set P(75)=A(51)+A(52)+(r=a),

20,09 Set P(76)=s+A(53)A(54),

20,10 Set P(77)=A(55)+2,

20,11 Set P(78)=A(52)+A(33)+(r-2),

20,12 Set P(79)=s+A(54)+A(35),

20,13 Set P(80)=P(51)4P(56)+P(57)+P{53)+P(60)+P(82)+P(64)+P(66)+P(53),
20,14 Set P(81)=P(67)+P(68)+P(69)+P(70)+P{71)+P(72)+P(73)4P(74),
20,15 Set P(83)=P(81)+P(75)+P(76)<1PL{77)4P{78)+P(79),

20,151 Line,
20,16 To part 21,

21,0 Type "IKVESTMENT COSTS",
21,01 Type P(51) in form 9,
1,02 Tyne P(53) in form 10,
21,03 Type P(56) in form 11,
21,04 T\"\\ P(57) in form 12,
21,05 Type P(59) in form 13,
21,06 Type P(60) in form 14,
21,07 Type P(82) in form 15,
“1,08 Type P(64) in form 16,
21,09 Type P(66) in form 17,
21,10 Type P(80) in form 31,
21.11 L‘ﬂe.
" 21,12 To part 22,

22,00 Type "ANNUAL OPERATING COSTS'",
22,01 Type P(67) in form 18,
22,02 Type P(68) in form 19,
22,03 Type P(69) in form 20,
22,04 Type P(70) in form 21,
22,05 Type P(71) in form 22,
22,06 Type P(72) in form 23,
22,07 Type P(73) in form 24,
22,08 Type P(74) in form 25,
22,09 Type P(75) in form 26,
22 10 Type P 76; in form 27,
1 Type P(77) in form 28,

22 12 e P(78 form 29
22013 Pys. p¢38) o form 22

22414 Type P(83) In form 32,

22,15 L ne.

22,16 Demend Q as "Are new manning !nputn desired,{Yess1, Not0),",
22,17 To part 1 if Qn1,

22418 To part 23 {f Q=0,
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23,0 Demand R as "Are new cost inputs desired, (Yes=z1, No=0),",

2341 To part S if R=1,
23.2 To part 24 {f R=0,

o0 To part 2 if Q=1,
24,1 To part 25 if Q=0,

25,0 Type "End of program", -

Form 1
OFFICERS ATRMEN

Form 2:
BOS

Form 3:
Admin.

Form 4:
Instructors

Form 5:
Studen's

Form 6:
Total

?
Fotm T at1s cary

Form 8:
Total personnel

Form 93
Classroonms

Form 10:
Training equipmeut and spares

Form 11:
Initicl training, officers

Form 12t
Initill travel, officers

form 13:
Int{tial training, -irmen

Form 14
!nitial travel, airoen

’

" Form 151
Initlal supplies

CIVILIANS

TOTAL
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Foym 16:

Base support equipment and spares

Form 17
Housing

Form 18:
Facilities ReM
9
ES;‘;‘ gu;’apovt equipment R+M

Form 20:
Annual services

f‘om 21 '
Annual supplies

Form 27:
Student pay and allowanzes

Form 23:
Other officer pay and allow,

Form 2u:
Airmen pay and allowances

Form 25:
Civilian pay and allowances

Form 26
Annual travel, officers

Form 27:
Annual travel, ajrmen

form 28:
TDY, Students

Form 29:
Replacenent training, officers

Fora 30t
Replacement training, airmen

Form 31:
Total investment costs

Form 32t

Total operating costs
Type size, .

Q - ofte = 1387
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