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ABSTRACT

A methodology i.s developed which d'et_ermineé tﬁe optimal
allocation of patrol forces arﬁoAng selected depléyment sites. The
procedure uses a linear programm'ing algorithm which minimizes a
linear cost funétion, subject to restraining equations representing
the total hours available, the relationship between on-station and
transit houx;s, and base loading. A computer program is presented
whirh translates input daté into the format requiréd by th‘e IBM
Mathematical Programmiﬁg Sys'terr-x/.;S:GO for the problém'solﬁfion. The
ﬁxethodology can be utilized to determine the allocation of fd;ées
among selected bases,. réallécation of forces when a basé,br bases
must pe removed from consideratioﬁ, énd the effect pf utilizing

additional bases.
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= on-station hours allocated to area (i, j) from base k.
= transit hours flown between area (i, j) and base k.

= total hours available for training and miscellaneous
flying activity

= flight time available from base k

= total flight-hours available

PRECEDING PAGE BLANK

9




Cv ke s ——

S ior

ik, .
"l‘f -~

e N

i e g




I. INTRODUCTION

A. BACKGROUND

At the present time the deployrsent concepts associated with the

Navy's patrol aircraft in the Pacific Theater are little removed from

P ——

those which evolved following the close of World War II. A majority

of the advance bases currently supporting U. S. Naval Forces in the
‘Western Pacific were acguired during the yeafs following the Second
World War. At that time the predominate thought concerning the
positioning of advance fc.ces was that the first line of defense shouia
be as far away from the continental United States as possible. Covering
nearly all of the transit routes between the Asian mainland and the

Central Pacific, this chain of bases has provided the United States

with a convenient surveillance platiorm.
: Sttt il

As long as the ccneinued presence of the United States‘is re-
quired in the Western Pacific to protect U. S. interests, the Navy must
be ready to provide adequate forces for the following:

1. Control of the sea-lanes and sea-areas against threats to United
_‘States interests, forces or commitments,

2. Continuing peacetime deployments in order to deter aggression and
to support United States policy as it may evolve. |

3. Special surveillance, intelligence, and counter-surveillance

operations.
PRECEDING PAGE BLANK
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It may be assumed that due to U. S. commitments ‘established

under the United Nations Charter, participation in SEATO and the ANZUS
agreement, and many bi-lateral agreerﬁent‘s and assurances that the

advanced deployment of U. S. _Naval Forces in the Western Pacific will

" be required intc the 1970's.

Since naval forces are to be deployed during the next several

yéars in approximately the same areas where they have been deployed

.over the past 10 years, the existing base structure may be regarded as

adequate. It would bg difficult ‘tcv) improve the geographical positioning

of the present base s.tructure without moving onto the A‘s'ian mainland,

which is an alternative many fnilitary planners do not wi»h to coﬁsider.
While the éoﬁxﬁitment of »U. ,S' forces'ozverseas is very likely to

continue at or near its present level for’thé next few years, the con-

tinued use of all present bases for the same time span is in considerable

doubt. It is entirely possible that continuing political pressure by

groups in host ccountries may result in the denial of some bases to U. §.

forces; for 'example, the Status of Forcé_s Agreement with Japan is up

for optiornal termination after 1970 on.twelve months notice.

Thought has already been given to a retrenchment to Gﬁarh, the
only base site in the Western Pacific to which the U. S. has continuing
acceés, and to the Micronesian Islands, which the U. S. holds under

a United Nations trusteeship. Called a " stratéqic trusteeship," it

Qllows the U. S. to ereci fortifications and garrison troops on the islands.

12
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B. OBJECTIVE

The increasing possibility of base denial and the rising cost of
operating and equipping overseas forces have brought about the need for
a reappraisal of present deployment concepts and the development of a
method for the optimal allocation of available forces among available
bases.

It is the purpose of this thesis to present a method with which

e

operational commanders may optimally allocate the patrol forces at

their disposal, subject to operational requirements, operating areas,
and forces available.

The procedure developed requires as jnput de_ta,_r__j_a.{_m_;m\

concerning the locat.on of ex:sting bases, the desired coverage of
N - R e S SRR, e

e

surveillance areas, and the ar.ount of flight time available. Utilizing

the Mathematical Programming System,”360 Linear Programming package

(MPS/360 LP), available for the 1BM 360 computers, a solution is

determined which provides a minimum cost allocation of flight-hours
VR IR

Y

among participating bases.

the number of aircraft required at each location may be determined
by comparing the number of flight-hours required with th= flyiﬁg hour
capability of the aircraft. Since it is unlikely t‘nét this comparison
will result i an integer solution for the number of aircraft required, it
is necessa . to round off to the next higher iniegef value. This will
generally result in additional flight-hours being made available for

training flights and other uses. Appeﬁdix B, combining the methods of

13
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Sunde [1] and Mooz [2], presents a formulation for determining the

flying hour capability of an aircraft from a knowledge of its operating

hours and available maintenance data.

C. ORGANIZATION

in the formulation of this methodology the basic system considered

is the P-3 series land based patrol aircraft and its supporting bases.

"

No distinction is made between the various models of the basic P-3 -
aircraft.

A brief descripticn of this aircraft, its operating characteristics,
capabilities, and requirements is contained in Section II of this thesis.
Also contained in Section Il is a listing of some of the overseas bases
capable of supporting p-3 operations.

Section III presents the development of the methodology. A general
linear programmzng formulation is followed in which a linear objective
function denoting cost is minimized subject to a series of constraining
relationships.

Section IV discusses possible extensions of the methodology,
inadequacies of some of the assumptions, and areas in need of further
study. The thesis concludes with Section V, which presents a summary

of the development.

14




‘ o Three appendices A B, and C, provide supplementary information.
Appendix A ééntains' the development of a linear approximation pf the
i relationship be.tween operating radius and on-station time. 1. Appendix B
« presents a method of determining the _m_aximﬁm flight-hour capability
- of an aircraft from ava-ilable operational and maintenance data. In

Appendix C, a sample problem is solved to demonstrate the use of the

*
e e 2 3

methodology. Also presented is the c'omputer prograrh, written in

" FORTRAN 1V, which converts the input data for a problem into the format

PRGNSR SO

required for input into the linear programming algorithm.

POV OSNE

N

Y

On-station time is defined to be that time spent in a specific
operating area and does not inciude time necessary to transit to and
from the operating area. )

15




II. SYSTEM DESCRIPTION

The system referred to in the section heading is considered to
mean the P-3 series aircraft and its supporting bases. Although some
earlier P-2 series aircraft are still in use, the fleetwide transition to
the P-3 is sufficiently well along that only the P-3 will be considered

in this thesis.

A, AIRCRAFT

The P-3 is a four-engine, low-wing, all-weather aircraft
designed for patrol operations and antisubmarine warfare. It'is in the
127,000-pound gross weight class and is powered by four turboprop
engines. The aircraft is fully pressurized and is cbapable of operating
at all altitudes from Sea Level up to 34,000 feet and at speeds of from
150 to 400 knots. As presented in Appendix A, during a normal mission
time of 11.2 to 12.0 hours, the P-3 can transit to an operating area
at a distance of over 1300 nautical miles and remain on-station for a
period of four hours.

The aircraft is normally manned by a crew of 12 men consisting
of a pilot, copilot, navigaior, tactical coordinator, flight engineer,
and six technical specialists.

Under normal operating cbhditions the aircraft will fly "“profile"
missions. Utilizing this "profile" concept, the aircraft will transit to

a patrol area at altitudes between 17,000 feet and 22,000 feet at a

16
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speed of 300-330 knots. The enroute altitude will generally depend
upon the wind at different altitudes, distance to operating area, and
takeoff weight. Upon arrival in the operating area, the aircraft descends
to search altitude and reduces to maximum endurance airspeed. It is
during this on-station period that one or possibly two of the aircraft's
engines may be "feathered"z to increase the available on-station time.
The return trip is usually made at a altitude of 25,000 feet to 30,000

feet.

B. BASES

By considering the operating requirements of the P-3, the takeoff

and landing distances, the fuel required, the_necessary personmet;—and
M

the aircraft support requirements--and by referring to a listing of the

major aerodromes is the Western Pacific, it is possible'to compile a

list of feasible operating bases for the P-3 aircraft. Table I presems

st of feasible operating bases

a listing of bases which might be selected.

Utilizing Table 1 and the information on operating radius-—wversus
en-station time as Pl’w}‘igure 1 may be drawn.

From Figure 1 it can be observed that the P-3 aircraft, operating from

2A feathered engine, in this case, refers to one which has been
shut down by the pilot to conserve fuel but which may be started at
a later time.

17




suitable bases, can provide at least four hours of on-station coverage

over a majority of the ocean area of the Western Pacific. It should be
noted that in many areas a significant amount of .overlap is provided.
It is the optimal coverage of these areas of overlay which the methodology

seeks to provide.

TABLE I

AERODROMES OF THE WESTERN PACIFIC
CAPABLE OF SUPPORTING P-3 IARCRAFT

apan ' , " Misawa AFB
Tachikawa AFB
NAS Atsugi
MCAS Iwak}.mi
Okinawa _ Kadena AFB
: . NAS Naha
Guam . .. Anderson AFB
: NAS Agana. -
Philippines = . Clark AFB

- | _ 4 ~ NAS Cubi Point

Naval Station Y
ABangley Point @

.South Vietnam : Danang
Cam Rahn Bay
Tan Son Nhut

Taiwan Tainan

18
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FIGURE 1
POSSIBLE COVERAGE OF THE WESTERN PACIFIC
BY PATROL AIRCRAFT BASED IN SELECTED AREAS

N /
. ?i {/ PHILIPPINE
N + _ISLANDS




I1I. METHODOLOGY

In the development of the methodology nécessary for the optimal
allocation of availakle resources, it will be convenient to assume that
an area, A, exists into which it is desired to allocate a specified
amount of patrol effort. This desired allocation will be measured in
hours and will be assumed to constitute only on-station time. Located
around, and within, area A are bases from which the required patrol
effort is to be initiated.

To facilitate the development, a rectangular grid will be super-
imposed upon area A and its supporting bases such that the north-south
axis of A is aligned with the vertical axi‘; of the rectangular grid. This
grid is to be of sufficient size that all of area A and its supporting bases
are enclosed within the borders of the rectangle. A Cartesian coordinate
- system is then established with the northwest corner of A as the origin,
the'poéitive x-axis lying to the east of the origin and the positive
;';axis lying to the south of the origin. Distances along the cocrdinavie
axes will be measured in nautical miles utilizing the same scale as
area A. The rectangular grid will subdivide area A into a number of
subareas of equal size. The total number of subareas is the product
of the number of columns (n) and the number of rows (m} within the
rectangular grid. Assignment of a number i, ranging from one to m to

each row, beginning with the uppermost, and a number j, ranging

20
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from one to n to each column, beginning with the left hand side of A
allows each subarea to be denoted by a pair of numbers, (i,j). Figure 2

summarizes the development to this point. : :
1 2 3 4 5

1 -
T
2 | —~ ' X
Lﬂ\ 1
3| |
N~
4
! : FIGURE 2

AREA A AND GRID OVERLAY
It is now possible to locate}alﬁy_ point within the; area enclosed by -
the rectangular grid by either .of two methods. For example, the location
of the point k in ‘Figure 2‘mayv pe expressed as (2,5), indicating that it
is within that subarea formed by ti’xe int‘e'r.svection of réw 2 and column 5;
or as (xk,yk)~, which indicates that k lies Xy miles to thg right oannd
» y"( miles below thé origin. By choosing thev spacing of the grid lines to
be equidistant it is possible to assign a name XL to thie length of the
side 6f é subarez; parallel to the x-axié and a name YL to the length
of the side of a subarea parallel to the y-axis.
‘For the purposes of this thesis it will })e appropriate to assume
that any flight designated to operate in a sp‘éciﬁc area wiil proceed

to the center of that area prior to beginning its on-station period.

21




The Gistance, denoted Rij . between any point k and the center

k
of any specific subarea (i,j) may be written as a {unction of the

coordinates of the point k and the location of subarea ((i ,i) in the

following form:

s vt YL o2 . o XL, 322
Rijk EIYL 2 Yk) + (XL 2 xk) ]

If (xk,yk) is in fact the location of base k, then Rij represents

k
the distance in nautical miles from base k to operating area (i,j).

s developed in Appendix A, the available on-station time from

base k, Tos , in any subarea, per sortie, may be approximated by a
k

linear function of the distance between the base and the operating area,

and the average sortie length, in hours, Tk'

T = T -0.0052R_,
osk k ij

k
Further utilizing the results of Appendix A, the maximum desirable

operating radius, that which yields an on-station period of at least

four hours, ‘is found *o be approximately 1350 nautical miles.

A, COSTS

In any problem requiring an optimal allocation of scarce resources
it is necessary to evaluate the desirability of each possible alternative,
By assigning : weighting ractor, measured in dollars, to each variable.
it becomes pos::ible to expresg, in consistent terms, the value sssociated

with each relationship. In the «l’ scation of flight-hours, ~nd hence

22




aircraft, among available s.tes it is desirable that this factor reflect
differences in operating conditions, geographical relationsﬁips, and
the level of operations.

The system under consideration, that of patrol aircraft and bases,
has been in the operating forces for many yéars. It is not required to
consider any costs which might have been associated with any Research
and Development, or Invastment phase. The annual operating costs,
those recurring outlays which are needed to operate and maintain
activities in service, the only costs which need to’be considered.

Large [3] presents the listing shown in Table II, representing a partial
breakdown of annual operating expenses.

Examination of those areas listed in Table II discloses several
which may be omitted from consideration. PAY AND ALLOWANCES are
not directly related to the number of flight hours. Service personnel will
be paid whether or not they fly. Similarly, TRAINING and ADMINISTRATIVE
AND SUPPORT COSTS must be met even when no flying is performed.
Items which do lend themselves to this type of consideration as a direct
reflection of flying activity include, FUELS, LUBRICANTS, AND CON-
SUMABLES as well as some of the MAINTENANCE categories. Consumable
items whose usage rates are directly attributable to flying activity
include flight clothing, and expeidable stores such as sonobuoys,
underwater sound signals, and smoke lights. The repair rate for many

"Black Box" items is closely related to flight activity. Unfortunately,

23
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VI.
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VII.

TABLE 11

ANNUAL OFERATING COSTS

EQUIPMENT AND INSTALLATIONS REPLACEMENT
A. Primary Mission Equipment

B. Specialized Equipment

C . Other Equipment

D. Installations

MAINTENANCE

A. Primary Mission Equipment

B. Specialized Equipment

C. Other Equipment

D. Installations

TRAINING

PAY AND ALLOWANCES

FUELS, LUBRICANTS, AND OTHER CONSUMABLES
SERVICES AND MISCELLANEOUS
A. | "Transportation

‘B. Travel

C. Miscellaneous

ADMINISTRATIVE AND SUPPORT COSTS

24



the Navy does not have a satisfactory method of assigning a cost to

the repair of a particular radio, radar, or other "Black Box" component.
It therefore becomes impractical to include repair costs of repairable
components in a cost which relates to flying activity.

By comparing the total cost of fuel, lubricants, and consumable
items required to operate for a specified period of time with the number
of flight-hours flown during the same period it is possible to determine
an average cost per {light-hour, denoted CFH. Determining this figure
for each location will provide a measure of the cost of operating as
influenced by geographical location, operational requirements, and
local operating practices.

This figure will now be utiiized to develop a costing procedure
which can be used for the comparison of selected alternatives. If CPHk
is the cost per flight-hour when flown frcm base k, then the cost of

one hour of on-station time in any subarea (i, j) that may be reached

from base k can be determined.

TOTAL COST OF FLIGHT
MAX. NO. OF ON-STATION HOURS

COST PER ON-STATION HOUR =
which yields,

(Tk) (CPHk)

Tk - 0.0052!7\ij

ijk
k

25



or

Cijk denotes the cost per on-station hour in subarea (i,j) when flown

from base k.

B. FORMULATION
Under the assumption of a cost funétion which has a linear
relationship with the on-station hours, the flight—houf allocation
problem may be formulated as one which may be solved with the pro-
cedures of linear programming. The problem becomes one for which it
is desired to fulfill the operatipnal requiréments in eacﬁ s‘ubareava‘t a
minimum cost subject to certain restraining céndifions expfessible
aé linear ec-mations.. |
1, Notation .-
Prior to a formal stat;me’nt of the problem, notation must
bbe éstabﬁshed. I.f. (i,j) denotes a particular operating area and k a
- specific basé,v'wh_ere i=1,...,m,j=1,...,n,andk=1,...,p,
then tﬂe following definitions will apply:

X

ijk ~ number of on-station hours per month allocated to
area (i,j) from base k "
\b\fv .
'xm=i ik number of transit hours per month to area (i, j) from

b;seg_ in support of xijk

26
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cost per on-station hour in area (i, j) when flown

ijk
from base k
blj' on-station hours per month required in area (i,j)
xmis total hours available per month for training and
miscellaneous flying at all bases
ak flight time in hours per month available from base k

In the flight-hour allocation problem it is necessary to allocate

an amoun:, X of on-station hours per month from each of p bases

ijk’
among mn operating areas where Cijk is the cost of one hour of on-
station time in area (i, j) when flown from base k. Each operating area
requires bij hours of on-station time per month.
The objective function, which represents the cost of providing
the required on-station hours, may be expressed as,
P, n m

C=¢= %1‘ ?;I: Cijk Xk

C is now to be minimized subject to the constraints presented below.

2. On-Station Hours

On-station hours allocated to each area from all bases will
equal the on-station hours required in each area. This may be written

as

ﬁ X .. =D fori=1,...,m
k=1 gk 1 and j=1,...,n.

3.  Transit Hours
In the determination of the total number of flight-hours to

be allocated from each base it is desirable to know the number of transit

27




hours necessary to provide the required number of on-station hours.
Where Rijf( is the distance from base k to area (i,j) the relationship
between the on-station time and the transit time may be obtained.
From Appendix A, the tradeoff between the on-station time and the

transit time on an individual sortie has been shown to be

Tos = Tk - O'OOSZRijk'
k
if xijk is the number of on-station hours allocated to area
(i,j) from base k and Tos is the average on-station time per sortie,

k
the number of sorties flown may be described as

X, .
NUMBER OF SORTIES = —-——1-?11-‘-—
OSk

Similarly, if x . is the average numbper of hours of

m+i, jk

transit time allocated to area (i,j) from base k, the average transit
time is

Ttr = 0.00SZR”k.
k
The number of sorties flown is then,

NUMBER OF SORTIES = “m+i, ik __ .
. T

trk

28
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Equating these two equations, the number of on-station

hours may be expressed as a function of the number of hours spent in

transit. -
“ifk = Xmti, ik
T 0.0052R,,
os : ijk
k :
As determined previously
= - 0. 2
Tosk Tk 0.005 Rijk

which is substituted into the equation directly above, yielding, as a

constraint;

' -1|=0.
0.0052R; -

X
*ijk T Tmi, ik

4,  Total Hours Available

The sum of all fligl.xt—hofxr's. éllocated, including training,
must equal the total hours available. |
P | bn 24m b + X =A
IR j; i; ijk  *mis
The upper limit of "2m" in the summétion over i indicates that both
the or;—st'ation hours (i=1,...,m) and the transit hpurs (i=m+1,...,2m)

are to be added.

b

5. Base Loading v

The number of all flight-hours available at each base per

month may or may not be known. If the capacity of a base is a

29



significant factor then an upper bound on the number of flight-hours
available from base k may exist. If there exists an upper limit to the

total available hours at any base k, this restraint may be expressed as:

c. STATEMENT OF PROBLEM

A complete analytical statement of the flight-hour allocation
problem is now possibi2, to bring together the development of the

preceding paragraphs. The problem is then to:

> L3
Minimize kZ=.‘1 =1 &1 cijkxijk
fori=1,....m,j=1,....n,k=1,...,p
Subject to,

X.,. =b
kél ijk ij

X,., =X . k -1 =0.
ik “mi gk 5TG059R.
ijk
p n
X,.. tx =A
Eo& B Uk Tmis

D. SOLUTION PROCEDURE

The linear programming problem formulated above is sclved by

the MPS/360 LP package through the use of a two-phase program in

30




which a routine written in FORTRAN 1V translates the necessary input
data into a format compatible with the MPS/360 LP requirements. When
the transfer of input data has been completed, execution of the MPS/360
LP portion of the program begins. A sample problem is presented in

Appendix C and includes a discussion of the output from the MPS/360 LP.
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IV. DISCUSSION

A. EXTENSIONS

Other areas to which the methodology presents an immediate

solution concern the problem of base denial. the selection of alternate

<

bases, and the problem of an increase in requirements after force levels

e Y
have been established.
T

. The problem of base denial and the subsequent reallocation of

forces may be simulated by removing a base from consideration in the
problem formulation. This is read‘ily accomplished by changing the ND
entry on the data card for the appropriate base, as Shown_’:in Appendix C.

The previously mentioned possibility of base denial raises the
questién éf what alternativeis are availableA if a basé is lc)s't.A One
solution is to feallocate available forces among the remaining bases with
the hope of obta.ining a feasible solution. Another 'is to consider the v
uﬂlizafion ,Of eiisti'ng bases not presehtly supporting patrol forces, or

~ the éstablishment of new bases.: *

In any altérnative which includes the introduction of a new bése
or the improvement of existing facilities, care must be Faken to ensure
that a detailed analysis of all requirements is 1nade. It may e'volve that
it is less exbensiize to construct an eﬁtire new 'base-than to provide
for the incremental adjustments necessary to bring an existing base up

to the capability required. Large [3] and WORC [5] have listed many of

the‘ixems which must be taken into consideration.
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One of the primary considerations in any comparison of alternatives
is' the effectiveness with which the requirements may be met. The
methodology presented in this paper may be utilized to assist in this
determination. By assigning an expected cost per flight-hour to each
location, the alternate bases may be included in the flight-hour allo-
cation procedure. In this manner the effect of each of the alternate
sites may be observed. Objective results from the simulation may then
be combined with the results of additional comparisons, both subjective
and objective, prior to making the final decision.

Requirements for a positive level of training. hours or other flight
activity may also be included in the solution procedure. If the require-
ment is one covering all bases, the constraint, xmis = brr;is, may be
placed into the program. To provide for separate requireménts at

selecied bases, the constraint shown above must be broken down for

each location, i.e.,

X inisl - bmisl' Xmis2 bmisZ'

B. ASSUMPTIONS
The formulation of the problem assumes that the total number of
flight-hours avail sble will be greater than the total requirement for on-

station and transit time. If, however, the situation arises in which

the requirements exceed the number of available flight-hours, additional

procedures must be instituted. From an academic standpoint the problem
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may be solved by the establishment of a fictitious base, a ; whose

pt+l

available fiight—hours are defined as the difference between the hours

required and the total hours availabie.

3]
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Written as a constraint this becomes:

2m En: %1
& F1 & Fux T Xigpe] TR

The costs associated with the on-station hours flown between this
fictitious base and each operating area should be related to the cost
of being unable to furnish the desired coverage of the area. If such
a quantitative figure cannot be determined, a cost of zero may be
assumed which will then allocate flight-hours on a minimum cost basis
to as many areas as possible. In actual practice the problem may be
ovércome by first comparing the total flight-hours available with those
which result from an infeasible solution to the linear programming
problem. A subjective decision must then be made as to the necessity
of coverage in each subarea, and the amount of coverage desired. By
reducing the total requirements a feasible solution to the problem may
be obtained.

The manner in which non-feasible base-area combinations are
removed from consideration is in need of revision. A more pcsitive
method, rather than the assignment of high costs, is necessary. It is

possible, in some circumstances, for an undesirable base-area
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allqca.tion to enter the solutica. Sﬁch a condition might aris‘e during
the solution in the case where the base nearest the area concerned is
at its upper bound-, if oﬁe exists, and all remaining bases are outside
the ope;ating radius of the aircraft. In this case, j:he solution pro-
cedure will utilize the on}y cost availa.ble, $99§, to achieve a minimum

cost allocaticz.

C. RECOMMENDATIONS FOR IMPROVEMENT AND FURTHER STUDY

The procedure suffers from its dependence upon estimates of
operatibnal requirements. While it is possible to obtain objective
values based upon past requirements, care must be taken to ensure
that the figures are not ‘mﬂ'atéd ’b:y subjeqtive estimates of future
requirements. An overestimation of these requirements, while providincj '
an éxces s of available flight—hours for training pﬁurpos'es énd unexpected

demands, will result in a lower ut'ilization, of aircraft and flight crews.

The rapid response capability of the P-3 (it is possible tov'p.osition an

:lggraft and érew at any point in thé Pacific within 24 hours) indicates

“'that operat@onal commanders should position their patrol forces at
overseas basés such that the expected level of requirements is inet.
Unusually neavy and unexpected demands upon the ;ystem may be
handled by releasing forqes from their home port. An alterﬁative méthod
might be.a probabilistic interpretation of the flight—hour requirements.

This would enable the requirements to be structured such that any

chosen level of operations might be handled.
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The problem as stated does not take into consideration the

possibility of a minimum acceptable level of operation at each base. .
If a minimum level does exist it may be inserted into the program by
selection of an appropriate a, value and utilization of a greater-than-
or-equal~-to cohstraint relationsh.p.

An area which requires considerable study is that of the role
played by the training requirements of a deployed squadron. Under the
present structure, patrol squadrons are in a state of continual change,
with deployed units bging made up of both trained and partially trained
personnel. This requires a continuing, heavy, training program which
often suffers under the weight of operational requirements. Training
needs én deployment are filled as the opportunities arise but are con-
tinually outpaced by operational demands. It would appear that a more
feasible approach to this proklem would be the creation of a larger basic
unit than the present cguadron, which could then deploy a maj'ority of
trained personnel, reducing the training requirements at deployed sites
to a minimum.

‘ Costs, though they continually play a large role in any problem
réléted fo the optimal allocation of resoixrces , are among the more
difficult items to identify. The expansion of the concept of a cost per
flight-hour to include specific costs for operational, training, and the
other types of flying performed, would greatly enhance the capability
of the methodology by allkowing a more complete breakdown of the

requirements.
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The assumption of a linear éost function should al: - be investi-

gated. It is possible that the further divisicn of ihe éost per flight- hour
concept would result in the determination of a non-linear variatioh
between the cost of operating in an area and the time spent in that area.
Variables which mlght enter into the determination of a non-linear |

relationship include the type of search performed, weather and search

stores expended.

» ve ~
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V. SUMMARY

A method has been developed by which force commanders may
optimally allocate the patrol forces at their disposal. This is accom~
plished subject to operational requirements, operating areas, and the
forces available. Provided input data defining the location of existing
bases, desired coverage of surveillance areas, and available flight-
hours, the methodology utilizes the Mathematical Programming
System/360 to develop a minimum cost allocation of available forces.
The number of aircraft required at each location may be determined by
comparing the number of flight hours required within the flying hour
capability of the aircraft. |

The inputs required for the computer formulation are, the on-
station hours required in each subarea, the iocation of bases under
consideration, the flight-hours available at each base, thé average
sortie length in hours, and the average cost per flight-hour for the
aircraft.

The outputs generated are, the total flight-hours required from
each base, a cdmplete breakdown of the on-station and transit hours
flown from each base, the total time available for training and other

missions, and the total cost of providing the on-station coverage

required.
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The methodology presented in this paper derives a large measure of
its usefulness from its inherent flexibility. The sample problem, which
consisted of 42 subareas and four bases, required a linear program with
215 row constraints and 337 columns. The MPS/360 LP is capable of
solving a linear programming problem with over 4000 row constraints
and an unlimited number cf columns.

Alternate bases may be included in, or removed from, the solution
procedure with a minirial amount of effort, thus providing a rapid,
efficient, means of determining the role of each location in the overall
picture.

An increase requirement in any area after forces have been deployed
may be hand.2d by changing the required on-station time in the area
concerned, and ad.usting the a, values of each base to reflect the
number of aircraft ét 'each location. The methodology will then determine

any necessary reallocation of forces to handle the additicnal requirements.
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APPENDIX A

RELATIONSHIP BETWEEN OPERATING RADIUS |

AND AVAILABLE ON-STATION TI_ME'

In determining the relationship between the operating radius and

-the on-station time per sortie it becomes convenient to make the:-

following assumptions regarding the initial configuration of the aircraft:

1. P-3B, takeoff weight of 127,500 pounds.

2. Full fuel load of 59,800 pcunds and 300 pounds of water,

3.. Outbound flight at 18,000 feet to 22,000 feet altitude.

4, Return flight at 28‘,006 'fee-t.. :

5. Zero-fuel weight of 67,400 pounds.

6. Reserve ‘fuel of 8500 ﬁounds.

7. Flight to and from the operafincj area will 5e flown according to the

maximum range speedA schedule as presented in the P-3A/P-3B Natops

Ha_ndbook .

Based uponA the previously stated assumptions and thilizing the
material in the P-3 Natcps Handbook [9], Figures 3 and 4 can be con-
structed. Figure 3 depicts the relationship between the gross weight
of the aircraft, operating radius, and available on-station time:
Figure 4 iilusuétes the linear relationshipv w}iich exists betWeen the

operaAting radius and the available on-station time.
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A least squares regression analysis of the sample points in

Figure 4 results in the relationship
Tos =11.2 - 0.0052R

between the operating radius and the available on-station hours per
sortie., TOs is the available on-station hours per sortie, R is the
operating radius in nautical miles, and 11.2 is the average sortie
length in hours.

Neither Figure 3 nor Figure 4 takes into account the increase in
on-station time possible if one or two engines are feathered. The
estimates may therefore be considered to be slightly conservative

and more useful for planning purposes.
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" APPENDIX B

MAXIMUM FLIGHT HOUR CAPABILITY

The lifetime of an aircrait can be divided into a combination of
ﬂying time and ground time. Flying time can be broken down into
separate categories to indicate the type of flying performed. Examples
of these might be; (1) operational, (2) training, (3) repositioning. For
the purpose of determining the maximum flight hour capability all flight
time can be treated the same.

Ground time can be divided into the following divisions; (1) Ready-
alert and standby, (2) undergoing maintenance, (3) awaiting spares,

(4) turn-around time, (5) operationally ready but not flying. In keeping

- with present Naval terminology (2) and (3) will be referred to as, -

(2) not operationally ready due to maintenance {NORM) and (3) not
operationally ready due to supply (NORS) .

The total number of hours availa.ble for flight per menth per aircraft
(average) is 730 hours, as dete;'mined by:

24 (hours/day) x 365 (days/year)
12 (months/year)

HOURS PER MONTH =

HOURS PER MONTH = 730 hours/month.
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These 730 hours of available time per month per aircraft may be

grouped as follows:

F FLIGHT HOURS

GA GROUND ALERT HOURS*

aM NORM HOURS

GE& NORS HOURS

GT TURNAROUND HOURS

GO OPERATIONALLY READY BUT
UNSCHEDULED

D OTHER

* includes ready-alert and standby
For further development of the maximum flying hour capability of
the aircraft it will be necessary to determine the number of NORS and
NORM hours per flight hour. The number of NORM hours per flight hour
for each aircraft may be determined in vthe following manner. Let Km be

the number of NORM hours per flight hour, then

GM

Km= F

Similarly Ks, the number of NORS hours per flight hour is found to be,

GS
K = )

s F
The number of available_flying hours per month can now be seen to
be limited by that time whicﬁ must be allocated to maintenance, awaiting
spare parts and other ground activities. These limitations may be
expressed analytically as follows, for each aircraft
F+CA+GM+ GS+ GT + GO + D = 730 hours/month

and since GM = KmF and GS = KSF

F(1 +Km+Ks) + GA + GT + GO + D = 730 hours/month
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which yields A
' ‘ 730 - (GA+GT+GO + D)

“

Fmax=“ 1+K +K
T m s

T

By minimizirg or eliminatir.g the time an aircraft i overationally
ready but not flying" ,(GO), and those unexplained hours, (D), this
equation will establish the maximum flying hour capability of the aircrait

consistent with current maintenance practices.




APPENDTI C

UTILIZATION

Utilization of the previously developed methodology wiil now be
demonstrated by applications to a sample problem. Following the for-
mulation of the problem; the ccmputer program, preparation of the
required input data, and the information contained in the ccmputzr output

will be presented.

A. SAMPL™ PROBLEM

Assume that the dperating area is positioned as illustrated in
Figure 5. The grid overlay has subdivided the area into 42 subareas,
six rows and seven coiumns. Each suberea is assumed to be 300 miles
on a side, yielding a total area covered of 1300 miles by 2160 miles.
‘i‘he four bases shown have the following coordinates, relative to the

origin of the grid:

Base X-coordinate Y-coordinaie
1 1020 1060
2 11490 240
3 2040 480
4 350 1380

The arcs around each base indicate the maximum practicai operating
radius for that base.
The mission of the patrol forces assigned to these baszes will be

to provide ccastal surveiliance coveraje of sperific areas as indicated
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by the straight line segments in the figure. Additional requirements

dictate the need for additional coverage in adjacent areas. From a
knowledge of the type of forces available and the operational require-
ments it is possible to estimate the on-station hours required in each
subarea for a specified period. Assume that this has been done for a
period of one month and is indicated by the small numbers in each box.
If a subarea contains no number indicating the requirement, a requirement
does not exist.

The total requirement for on-station hours in the sample problem
is then 2900 hours per month. Assume now that the total numbker of
flying hours available in this area per month will be‘ 5500 hours. This
f:gure includes, on-station hours, rtransn time, t;;ining ho‘urs and ény !
other flight time.

Base 4 wiil be assumed to be in an overloaded status and capable
of supporting only a limited number of aircraft for patrol purposes. This
will be indicated by placing an upper bound on N‘che nrumber of flight-hours
availaole at base 4 of 600 hours per month. The remaining bases, 1,2,
and 3 are capable of handling any numbe: of aircraft tnat might be
expected.

Appendix A indicetes that the average sortie length utilizing the
“profile" concept for maximum aircraft utilization will be approximately
11 .2 hours. TFor the sample problem, assume that this figure will apply

to each base.
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The last figure required is that of a cost p:e'.r flight-hour, CFH.
This cost may be expressed as its true value, or as a multiple of a
base value. For example, if the cost per flight-hour figures for bases
1 through 4 are: $28, $33, $36, $31, they might be also presented as
multiple; of one of the values, say $28. In this form they would be

presented as 1.000, 1.178, 1.391, and 1.107.

B. COMPUTER PROGRAM

The computer program performs the functicn of translating system
requirements into the form required by the MPS/360, then executing
the linear program and obta‘miné an optimal solution to the problem.

The program consists of two parts, a routine written in FORTRANI IV
which formulates the input data required for the MPS/360 and places it
into storage. An MPS/360 program which retrieves the input data from
its storage location, initiates a linear programming solution procédure
and determines the optimal allocation.

Inputs; to the FORTRAN program are discussed below. After
receipt of the input data the FORTRAN program computes the cost per
on-station hour utilizing the relationship developed in Appendix A. If
the range to any area is found to be greater than the maximum desirable
operating radius of 1350 nautical miles, a cost per on-station hour of
$999 is assigned to forestall inclusion of a non-feasible base-area

combination. If an operating area lies outside the range of all bases

consideredin a particular problem, the requirement for thatarea is re-

duced to zero, removing it from consideration.
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The routine then computes 'the data required by the MPS/360, o

placing it into storage in the proper sequence. Figure 6 presents an
example of the type of data and format necessary for the input to the

MPS/360 program.

NAME ' FLTHRS

ROWS
"N COST
E Rl
E R25
G R26
L. R27 -
COLUMNS ~
X1y COST - 27.63
X111 R1 01,00
X111 R16 1.00
X353 .. CO0SsT 13.26
X353 ' " R1 ©1.00
X353 ‘R26  -.63
RHS
B : R1 - 100.00
B ' ~ R2 200.00
B - R25 6000.00

ENDATA
SAMPLE INPUT DATA FOR MPS/360

' FIGURE 6

X
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The first card contains the data set name, FLTHRS, and the last
card, ENDATA, signifies the end of the data set. ROW cards specify
the name to be assigned to the rows of the linear programming matrix,
as wéll as the type of constraint (equality, inequality, or no constraint)
represented by the row. COLUMN cards specify the name to be
assigned to the columns in the linear programming matrix, ‘and define,
in terms of column vectors, the actua! values of the matrix elements.
RHS cards are used to specify the name of the right-hand-side con-
straint vector. They are also used to define, in terms of column vectors,
the values of these elements. Referring to Figure 6, the following
interpretationé are rﬁade. In the ROWS section, "N COST" indicates
that this is the row corresponding to the objective function of the
problem and does not have a constraint . "E R1" signifies that
_row R1 is an equality constraint whilé for row R26 the constraint
relationship is greater-than or eqﬁal-to. If the only elements in row Rl
are found in columns X111, X353, a.nd B, the first equation may be
written as

X111 +.X353 = 160.00.
The remaining constraint equations to the problem are formulated in a
similar manner.

When the transfer of input déta into storage has been completed, ‘
éxecution of the MPS/360 LP portion of the program begins. MPS/360

is composed of a set of procedures; a subset of wiich deals only with
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linear programming. The method of solution of the linear programming
problem is the ordered execution of a series of these procedures. The
user decides upon the method of solution and conveys this to the
MPS/360 in the form of the MPS/360 control language. I“iguré 7 presents
the control language program utilized for the solution of the flight-hour

allocation problem.

PROGRAM

INITIALZ

MOVE XPBNAME, 'PBFILE")
MOVE (XDATA, 'FLTHRS')
MOVE (XOBJ, 'COST')
MOVE XRHS, 'B')
CONVERT

CRASH

PRIMAL

SOLUTION

EXIT

PEND

CONTROL LANGUAGE PROGRAM

FIGURE 7

Complete information regarding the MPS/360 is available :n Mathematical

Programming System/360, (360-C0O-14X) Linear and Separable Programming -

Users Manual [4].

C. INPUT DATA

Required data for the solution to the flight~hour preblem is of

three types:
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" the order presented.

information regarding ihe size of the area involved.

—
2

2. Flight-hour requirements for each subarea. -
3. Base locations, costs per flight-hour at each base, and
bas# utilization.

The data deck is made up of cards containing the above information in

1. Area . Co : |
c
|

The first card of the data deck contains six numbers which

_relate to the number of rows and columns which make up the grid ove-rlay,

the number of bases in the area, the length of the sides of each subarea,

and the total flight-hours available; This information is conveyed to

“the program by the following two cards which specify the order and the

format of the data. -

READ (5,102) M,N,P,XL,YL,AVAIL
102 FORMAT (315,3F10.0)

For the sample problem, the input data for this section will appear

_aé shown below’, . with the figures (x) ihdicating the celumn in which the

© first figure is'place-c_i.

0 7 4 ' 300.. 300. 5500.

D ¢ .
) - Qo (15) (18 - (@8 (38)

2. Flight-Hour Requirements
Thé flight-hour requirements will;be réad into the program
in anv‘ acray of _the_ same dimensions as the grid, utiliz_iné therc‘ards
presented below.
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READ (5,100) { (B(1,]),J=1,N),I=1, M)
100 FORMAT (6F10.0)

The sample problem will appear as follows, each line
. o referring to a separate card.

200. 200. 100. 50.

. 200. 100. 50.
: 50. , ) 200. 200. 50.
50. : 200. 200, 50.
50. 50. : 200.
100. 50. 50. 200.
100. 100. 50. 50. :
(1) (11) (21) - @3 (41) (51)
3. Base Information

The last group of data cards specifies information about
each base :u the area. The cards;

i READ (5,101) (A(D,T(®,CFH(D %D ,Y(),ND@),
T 11=1,F)
101 FORMAT(5r10.0,12)
convey this information to the program. A(I) is a number which cormresponds

to the maximum number of flight-hours per month that a particulér base

is capable of supporting. If there is no expected limit this number

will be zero. T(I) is the average sortie length, while CFH(I} is the
cost per flight-hour. The cost per flight-hour may be represented in
either of the two forms mentioned earlier but consiste ncy must be
qmunitained within the program. X(I) and Y(I) correspond to the location
of each basc. The last ﬁgure,‘ ND(I), represents base utilization and

may be either zero or one. If a base is to be utilized in the solution

procedure the number will be one, if the base is not to be utilized,

zero will be used.
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Returning to the sample problem, the last section of the data deck

will consist of the cards shown below.

0.0 11.2 28, 1020. 1060. 1
0.0 11.2 33. 1140. 240. 1
0.0 il.2 39. 2040. 480. 1
. 600. 11.2 31. 350. 1380. 1
(

Hoooan ey @Y @ (52)

D. OUTPUT INTERPrRETATION

Figure 8 represents a reproduction of severai segments of the
sample program output. The cost of supplying the required numker of
operational hours is found in the "ACTIVITY" colufnn. under the heading
"SOLUTION (OP'I‘IMAL) "“to be $108757.55. The " (OPTIMAL) " indicates
that an optimal solution Was reached. Other'pbssible results are
" (NON-OPTIMAL)" and " (INFEASIBELE)." The next section, "SECTION 1 -
ROWS," contains the activity levels of each row in the obtimal solution.
Rows R1 through R42 indicate the operétional requirements in-each
subarea. Row R211 specifies the total number of hours available,
while rows R212 through R215 indicate fhe total flight hours required - R
at each basé; The first line following wne hours available corresponds
to base 1, the second to base 2, and so on. The final section,
"SECTION 2 - COLUMNS, " provides a complete breakdown of the
operational and transit hours flown between each area and =ach base.
For example, column X321 indicates that base 1 is allocating 200.00

hours of on-station time per month to area (3 ,2) and column X1021 sho'wsr
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SOLUTION (OPTIMAL) '
TIME = 3.20 MINS. ITERATION NUMBER 231

.. NAME...  ...ACTIVITY... DEFINEDAS -

FUNCTIONAL 108757.54745 COST

RESTRAINTS ‘ ' B

SECTION 1 - ROWS

NUMBER ...ROW... AT  ...ACTIVITY...
1 COST BS 108757 .54745
2 R1 EQ .

3 R2 EQ .

4 R3- EQ 200.00
5 R4 EQ. 200.00
212 R211 " EQ ' 5500.00
213 R212 = BS - 2191.00
214 R213 BS '872.98.
215 R214 BS .
216 R215S EQ 600.00

SECTION 2 - COLUMNS

NUMBER .COLUMN. AT ...ACTIVITY...

232 X321 BS 200.00
233 X331 . BS - 200.00
407 X1021 BS - 71.99
408 X1031 BS 7.17

553 XMIS  BS 1836.01

SAMPLE COMPUTER OUTPUT

¥

FIGURE 8
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that 71.99 hours of transit t-me are necessary to provide the 200.00
hours of on-station time required in area (3,2). Since the index of
transit time requirements runs from i = m+1l,...,2m, column XlOZl
refers to the u'ransit time to area (3,2) from base 1. The last entry in
'"SECTION 2 - COLUMNS," contains the total hours available for

other activities. In the sample problem the value of XMIS is 1836.0

hcurs. .
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COMPUTER OUTPUT

SCLUTICN LUPTIMAL)

TirvE = 1.25 MINS. ITERATICN NUMBER = 231
soeNAME .o es s ACTEYVITY 4w DEF INED AS
FUNCTIONAL 3108157.54745 cosY
RESTRAINTS 8
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