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The primary emphasis of this thesis was to develop a
measure of effectiveness for tactical airlift scheduling,
based on satisfying the needs of the airlift user. The basis
for this research was that user needs in different supply
categories should be the primary determinants of scheduling
priorities.
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Specific classes of supply established by the U.S.
Army are considered, with the degree to which user needs
! are met in each class defining the term "user need satisfac-
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tion." A detailed tactical airlift resupply network using
SLAM (Simulation Langquage for Alternative Modeling) is
developed for testing the effect of varying different airlift
scheduling heuristics and sets of supply class weights used

to determine scheduling priorities. A modified worth assess-
ment technique is used to determine numerical values for each
supply class, reflecting the relative worth of each class to
the Army. These values are used to obtain a score reflecting
the effectiveness of the resupply effort, based on average
supply levels maintained at each base over a thirty-day period.
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The combination of two scheduling heuristics, each at
two levels, and scheduling weight, at three levels, produce
a total of twelve policies, and ten replications for each
policy are accomplished. Both a multiple ranking procedure
and analysis of variance are employed to compare the mean
scores for each policy.
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Analysis of results shows that proper combinations
of heuristics and weight set can be used in scheduling airlift
sorties to reflect the needs and desires of Army theater
commanders, according to how they value each supply class.
The study concludes with recommendations for further sensi-
tivity analysis using different scenarios, and the application
of Multiattribute Utility Theory to assess utility curves
from Army decision makers for each supply class.
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Preface

This thesis studies the feasibility of using a new
measure of effectiveness for tactical airlift. We first
became interested in pursuing this topic after considerable
& discussion of our mutual belief that the traditional measures

of effectiveness used by the Military Airlift Command--

Lot

departure reliability, aircraft utilization rate, and total

cargo tonnage delivered--were inappropriate for tactical air-

LRt

T

{3
3

res

1lift. Because the purpose of tactical airlift in the resupply

role is to support troops in combat, we felt that the needs

§E of the Army in specific categories of supply should be the
%? driving force in tactical airlift scheduling. We also held
“: the opinion that the effectiveness of an airlift resupply
é§ effort should be measured by how well the Army's needs are
ﬁﬁ met. Our discovery that previous work on this particular

subject was practically nonexistent motivated us in our attempt
to make a positive contribution by doing original research in

this area.
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We wish to express our appreciation to our advisors

in the Department of Operational Sciences, Maj James R.
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Coakley and Lt Col Gerald R. Armstrong. Their enthusiastic
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support, encouragement, constructive criticism, and timely
suggestions contributed significantly to the success of our

efforts.
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Abstract

4; The primary emphasis of this thesis was to develop a
measure of effectiveness for tactical airlift scheduling,
based on satisfying the needs of the airlift user. The basis
for this research was that user needs in different supply
categories should be the primary determinants of scheduling
priorities.

Specific classes of supply established by the U.S.

Army are considered, with the degree to which user needs

~. 2,
(e~

-t :
are met in each class defining the term ‘"user need satisfac- 7 w.

o=

-

tion.;%-A détéiled tactical airlift resupply network using
SLAM (Simulation Language for Alternative Modeling) is
developed for testing the effect of varying different airlift
scheduling heuristics and sets of supply class weights used
to determine scheduling priorities. A modified worth assess-
ment technique is used to determine numerical values for each
supply élass, reflecting the relative worth of each class to
the Army. These values are used to obtain a score reflecting
the effectiveness of the resupply effort, based on average
supply levels maintained at each base over a thirty-day period.
The combination of two scheduling heuristics, each at

two levels, and scheduling weight, at three levels, produce

viii
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~&: . a total of twelve policies, and ten replications for each
N policy are accomplished. Both a multiple ranking procedure
‘}ﬁ' and analysis of variance are employed to compare the mean
W scores for each policy. '

Analysis of results shows that proper combinations
’ﬁtﬁ of heuristics and weight set can be used in scheduling airlift
$$ sorties to reflect the needs and desires of Army theater
commanders, according to how they value each supply class.

Qkﬁ The study concludes with recommendations for further sensi-
o tivity anélysis using different scenarios, and the application

of Multiattribute Utility Theory to assess utility curves

;\fs from Army decision makers for each supply class.
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USER NEED SATISFACTION AS A BASIS FOR

TACTICAL AIRLIFT SCHEDULING

I. Background

Introduction

Since the end of World war II, the United States has
assumed major responsibility for the security of the free
world. In accepting this responsibility, the U.S. has made
commitments to protect the wvital interests of its allies,
including the direct involvement of American military forces
if those interests are threatened by an aggressor. If American
involvement becomes necessary, the means must exist to rapidly
deploy forces in significant numbers to counter the threat.

The Military Airlift Command (MAC) gives the U.S. the ability
to deploy ". . . forces to any part of the world and support
them there. Airlift embodies a key facet of a fundamental Air
Force capability--rapid, long range mobility [10:3]."

MAC is divided into two major areas which together make
its long-range deployment capability possible--intertheater
and intratheater airlift. Intertheater airlift, also known as
strategic airlift, involves long-range transportation between
theaters of operations. Intratheater or tactical airl!ift involves
the movement of personnel, supplies and equipment betw=2en

points within a particular theater (18:i). MAC operaces 77

1
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;3; C-5 and 268 C-141B aircraft, designed to perform the strategic
et

;ﬁ' airlift mission, and 258 C-130 aircraft devoted to tactical

L

j“ airlift (33:9). An example best illustrates why both cate-
A . . . . N

é@ gories of aircraft are required to accomplish the MAC mission,
oy

) and points out differences between the two.

o The airlift mission to Khe Sanh, South Vietnam, was
b~
;ﬁ; one of the best known airlift missions of the Vietnam War. A
pr e

: 6,000 man Marine force was surrounded by enemy forces numbering
?ﬁ more than 20,000, and could be resupplied only by air. The
23 runway was suitable only for C-130 operations because it

s

L O

a required an aircraft with a short field landing capability.

S& The C-141 aircraft had the size and long range necessary to
!.(’

I& transport large quantities of supplies and equipment from the
oz
. United States to Da Nang, a major aerial port only thirty
NE

d% minutes by air from Khe Sanh. That thirty-minute sortie flown
b d
'{} -by the C-130 was every bit as important as the thousands of

' miles flown by the larger C-141 (19:13).

)

. In other words, getting loads 99.9 percent

o of the distance from the West Coast of the United

o States to Khe Sanh accomplished nothing until intra-

b theater airlifters brought the munitions and supplies

i to the battle. During the last two weeks of

’, February 1968, C-130s delivered by airdrop and extrac-
A tion 148 tons of critical supplies daily (90 percent
y of everything reaching Khe Sanh). Khe Sanh would have
s fallen without such support [19:13].
K. -

L In addition to the different capabilities of the air-
(9 ;
:? craft used in strategic and tactical airlift, a significant ‘ |
\."

:} difference between the two airlift types was demonstrated in
\_f'

@i
.::\: 2
2
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fi: Vietnam. The C-14ls delivered materiel to only the major

nﬁ aerial ports such as Saigon, Cam Ranh Bay, and Da Nang, from

:v which the C-130s and other tactical airlift aircraft resupplied
;E the ground forces throughout the country. The flow of C-1l41s

‘§ was steady, regardless of specific ground operations being

'a carried out at a particular time. The scheduling of strategic
‘5 airlift missions was very predictable since it was based

;ﬁ generally on the total amount of materiel required to support

fg the overall war effort.

i§ In sharp contrast to strategic airlift scheduling was

'5 the scheduling of tactical airlift missions. While there was

ié certainly a large amount of routine resupply to units within the
?g country, certain combat situations required rapid resupply on

e short notice. In such situations, troop commanders requested

: ' tactical airlift based on the needs of the moment. 1In short,

Q? the airlift user dictated the scheduling of a large number of

s sorties. "The primary objective of tactical airlift was respon-
ﬁ siveness, and accomplishment of the mission determined the

,é generation of flying hours [46:9]." In the aftermath of Vietnam,
jﬁ General William Momyer, former commander of Tactical Air Command,
:; stated that while strategic airlift could ultimately be handled
t? by commercial carriers, the tactical airlift mission was insep-
S arable from combat, and required emphasis on entirely different
Ei factors (5:10).

WYX,

r
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& Despite the fact that the strategic and tactical air-
i& 1ift missions are radically different, MAC uses the same basic
13& criteria to measure their effectiveness (46:11). Traditionally,
1:? these criteria include tons of cargo moved within a certain time
oS period, average aircraft flying time per day (utilization or
§§ ute rate), departure reliability (percentage of on-time take-~-

'i offs) and hours flown to hours programmed. Because of the
L;; predictable nature of strategic airlift requirements in wartime,
‘:% these criteria are all appropriate measures of its effective-

= ness (24:4). Tactical airlift requirements, as previously
ﬁ; noted, are generated to a large degree by the user. Because
ﬂ? combat situations are constantly changing, tactical resupply of

: the units affected by these changing conditions is often more
:2 important than the need to maintain an efficient schedule
Sg (46:9). Despite this lesson supposedly learned in Vietnam, the
. same criteria of tons moved, ute rate, departure reliability
)} and hours flown are still used as the primary measures of
ES tactical airlift effectiveness (46:11).
j? Even for routine resupply missions in Vietnam, criteria
5: such as total tons of 'rgo moved resulted in the inefficient
gé uge of tactical air.i -. 7"-130 crew members during this period
- became suspicious whern ¢ in palletized cargo began to look

familiar. The crew members made a point to mark these loads in ‘

35 inconspicuous places to determine if they were ever taken off
%3 the pallets. After proving to themselves that this was indeed
- 4

N
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the case, the crew members reported they repeatedly carried the

same loads from base to base, the markings undisturbed, over

77 - RS o~ &

periods of weeks or months. They were convinced the loads

2

were continuously scheduled for airlift because total cargo

AR e
- )

tonnage was a major measure of effectiveness (2).

A different measure of effectiveness (MOE) for tactical

airlift is needed for seﬁeral reasons. The fact that tactical

A T

p)
3

requirements are often determined by the user as a result of
changing combat situations makes response to these requests

more important than the need to efficiently use the aircraft.

o )
o~ :

Current MOEs do not consider different supply categories

important to the user nor do they take into account shortages

b e

in particular categories which might give one base priority

A,

over another in mission scheduling. Finally, meeting the user's
needs~--that is, whether the user got the supplies he needed when
he needed them--is not considered as a measure of effectiveness.

Problem Statement. The measures of effectiveness

applied to strategic airlift are inappropriately applied to

tactical airlift. The MOEs currently used are measurements made

"4:;¢{(

from the point of view of the airlift supplier rather than from

7. that of the user. They make efficient use of aircraft and

i gross tonnages of cargo delivered more important than satisfying
the particular supply needs of the user. Consequently, these
MOEs do not drive the scheduling process toward meeting the

tactical airlift user's needs.

Y aY '\‘;‘ v'- (]
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Most of the work done in the area of airlift scheduling

has been oriented toward strategic airlift. Holck and Ticknor

a4

developed a model to simulate the wartime capability of MAC in

£ ol
L)
O W2

2 a European scenario. The model considered only two bases, one
ﬁ; in the United States and one in Europe. One of the conclusions
§E of the study was that tons of cargo delivered should be used

b as the primary measure of airlift effectiveness instead of ute
5; rate (24:78). As previously discussed, neither of these is a

§§ suitable MOE for tactical airlift. In another study, Hamilton
;# and Poe developed and tested a method for simulating strategic
{§ airlift using classical scheduling techniques. Although this

{3 study also addressed strategic airlift, it did prioritize cargo
= by employing job shop scheduling rules. However, the cargo

fﬁ was prioritized in categories according to its physical size--
;} bulk, oversized, and outsized-~-rather than by specific cate- .
2; gories, or classes, of supply. Also, the purpose of the cargo
%; prioritization in this study was to increase the flow through

§§ the strategic airlift system to reach a single point of debarka-

tion in the theater (21:118).

The M-14 model developed and currently used by MAC is

«J.. ;ii ,

b3

:3 designed to identify and resolve strategic airlift choke points
)

;; at the air base level during wartime surge situations. It

2

o includes a 422 air base network for studying strategic problems
P

?tj on a worldwide basis (37:465). Although the possibility of

<2 6
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- extending the model to consider tactical airlift is under con-

sideration, the model at its current stage of development is

iz extremely large and complex. For this reason, an extension to
33 model tactical airlift scenarios is not expected for some time
R (28).

R The Model for Intertheater Deployment by Air and Sea

; ; (MIDAS) is another deployment model, used by the Office of the
T:? Secretary of Defense. Its very name states that it is an inter-
'ﬂ; theater or strategic model. MIDAS uses heuristic scheduling

ig algorithms to accomplish the deployment scheduling problem but
§§ considers only those aircraft which have strategic capabilities.
ﬁ It considers neither the intratheater deployment of units and

A

o

their equipment from the offload point in the theater of opera-

tions nor the resupply of those units (26).

s

Aty Ly

The strategic airlift models are concerned only with the

initial deployment of forces to an aerial port of debarkation

/7

(APOD) in the theater of operations. They are not designed to

R
ol

model further movement of those forces from the APOD or their

§§ resupply. A few airlift models have been developed to consider
Qj the taétical situation, but only one of the four models of this
iﬁ type which were examined is currently in use.

fg A simulation model developed by Bowers deals with the
:g scheduling of tactical airlift, but for a major deployment of
;;‘ Army forces specifically within the Alaskan theater, rather

£  than for an extended resupply operation. The MOE for this

O

Z 7

%

~' < \.‘.‘."n .l .',‘ - ".. e " . " S




j{f model is closure time of the force deployment from origin to

destination, and different factors are varied to determine their

-

EE effect on this time (4:23). This model is similar to the

jﬁ strategic airlift models in that it deals with the deployment

?; phase of an operation rather than the airlift required to sus-
;ﬁ tain forces in the theater. Cargo in this model is prioritized,
f; but the priorities are based on the requirements of the force

M deployment. The model is not appropriate for scheduling air-

fi lift resupply sorties prioritized on the basis of user needs.

%i A tactical airlift model used by the Mobility Division,
Y

Air Force Studies and Analysis (HQ USAF/SAGM), is the Tactical

;ﬂ Airlift system Simulation Model (TASSM). Last used in 1979,
‘ﬁ TASSM is a deterministic model concerned with the movement of

forces from the initial source to their final destination.

The force movement requirements are satisfied by solving a

. F‘[
g P4
o Ao

transportation problem, using Vogel's transportation solution

procedure which minimizes the distances from source to destina-

sg tion (45:p. 1-5). TASSM, like Bowers' Alaskan theater model,

§§ is concerned primarily with the movement of forces. It does

%i not consider different classes of supply to establish mission

;? priorities.

i; Another model developed for HQ USAF/SAGM, but not

:f currently used, is the Airlift Vehicle Allocation Program (AVAP).
és This model simulates daily intratheater airlift demand and

;;; allocates airlift resources until the demand is satisfied. All
z 8

S
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aircraft are then returned to their home stations. Two air-

craft fleet modes are available--fixed fleet and force sizing.
If the aircraft fleet is fixed, the model determines how much
cargo can be airlifted for that force size. The force sizing
mode determines how many additional aircraft are required to
satisfy demand (l:p. C-3). While this model actually considers
the resupply problem, it does not consider base scheduling
problems, different types of cargo, or aircraft maintenance
problems (l:p. C-3). These limitations make it unsuitable for
scheduling tactical airlift based on the user's need for each
class of supply.

One theater airlift model currently in use is the
Tactical Airlift System Comparative Analysis Model (TASCAM).
TASCAM is designed to represent an intratheater airlift
logistics system and is applicable to any theater (l12:p. 2-1).
The model is very detailed in that it considers maintenance
problems, available ramp space, on/offload times, and scheduled
airlift based on priorities. It also includes fighter aircraft
activities and simulates competition at the PODs between
strategic and tactical airlift aircraft (l12:pp. 2-11 to 2-12).

The major limitation of this model is that it uses scheduling

priorities based on whether cargo is bulk, oversized or outsized.

Different classes of supply are not considered, and the MOE is

total tons of cargo delivered (12:p. A2-13).
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Limitations of the models investigated make them

- inappropriate for scheduling tactical airlift to satisfy user
L}
A needs in different supply classes. The MOEs of these models--
J_‘."
vﬁﬁ ute rate, closure time and total cargo tonnage--are meaningless
L to the Army commander whose forces are engaged in battle. User
'ﬁy priorities and requirements should play a much larger role in
Foy

~ tactical airlift scheduling.

-“(

N A battalion commander engaged in an intense

; fire fight and seriously low on ammunition is
20 interested only in the responsiveness and reliability
':ﬁ of the aircraft delivering his supplies. He is not
25 the least concerned with the efficient utilization
B of the airframe [46:9].

,;ﬂ Total cargo tons delivered cannot be a measure of effectiveness
)
‘:g unless they are the "tons" the commander most needs at the time.
.t

2 Only if the forces under his command are resupplied with the

o~ required classes of supply in sufficient quantities such that
;ﬁb they can continue to fight will the airlift operation be con-

: sidered effective. The tactical airlift user will suffer the

Y consequences of an ineffective resupply effort. If his needs
Y
R‘ are used to prioritize the scheduling of resupply sorties, a
A
&8 direct measure of effectiveness is the degree to which those
o needs are met.
1e
o8
1%
q Research Objectives
“»
- Existing models do not consider as a measure of effec-
£I
A tiveness the ability of tactical airlift to satisfy specific
b, ¢
g
B
r
s 10
Y
357
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\ user needs in a resupply scenario. The objectives of this
ﬁj research effort are, therefore, threefold:
;x l. Develop a measure of effectiveness for tactical
éz airlift scheduling based on the satisfaction of the user's
A: needs. User needs in different supply categories should be
;;3 the primary determinants of scheduling priorities.
iéj 2. Develop a model of a specific tactical airlift
C scenario. This model will be used to demonstrate the feasi-
53 bility of this MOE as a basis for tactical airlift scheduling.
%g 3. Experiment with this model to determine the impact,
™ if any, on the level of user need satisfaction attained:
?N a. By the application of different airlift
%h' scheduling heuristics.
& b. By weighting certain supply classes more heavily
%H than others in the determination of scheduling priorities.
O
@? Summary
7, This chapter establishes the significant differences
,é existing between the strategic and tactical airlift missions.
;? Strategic airlift provides the long-range capability regquired
i to project forces between theaters, while tactical airlift
§  operates within a theater of operations to provide for direct
;; resupply of deployed forces engaged in combat operations.
?ﬁ Despite these differences, the same measures of effectiveness--
E utilization rate, closure time and cargo tons delivered--are

applied to both strategic and tactical airlift.
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5§$ The ability of tactical airlift to satisfy the needs of
;é: the user is the MOE which should be applied to tactical airlift.
}?5 Existing models, including the MAC M-14 model, the Model for
5& Intertheater Deployment by Air and Sea (MIDAS), the Tactical
ié Airlift System Simulation Model (TASSM), the Airlift Vehicle
ok Allocation Program (AVAP), and the Tactical Airlift System

}? Comparative Analysis Model (TASCAM), are all shown to be

 ;‘ inadequate for studying the feasibility of this MOE as a means
?k to determine tactical airlift scheduling priorities. As a

‘¢§ result of existing model limitations, research objectives are
o

outlined to develop and experiment with a new model for this

,?j purpose.
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f? . II. Methodology

;j: Introduction

33 In order to meet the research objectives outlined in

, Chapter I, a particular approach must be followed. This

&i chapter discusses, in general terms, the appropriate justifica-
3% tion for the methodologies selected to accomplish the objectives.
fﬁ‘ Satisfaction of User Needs"

??3 Developing a measure of efféctiveness based on satisfac-
it tion of user needs includes the requirement that the term "cargo"
e be broken down into sub-categories more specific than bulk,

:é oversized, and outsized. To account for supplies and to aid in

) the caiéulation of supply requirements, the Department of the

&; Army categorizes supplies into nine classes listed in Table I

;: (35:p. 5-27). A certain desired quantity of supplies must be

& established by the user for these classes, and the degree to

;@é which the needs of the user in each class are met measures the
a effectiveness of the tactical resupply effort and defines the

:

term "satisfaction of user needs."

o Although all nine classes of supply are important, the

?ﬂ Army considers classes III, V, and IX (POL, Ammunition, and

if Repair Parts) to be critical supplies, or ". . . those supplies
zg vital to the support of operations [13:p. 5-1]." Army doctrine
“ﬁ states that adequate fuel for force movement, adequate ammuni-

tion to engage enemy targets, and repair capability to keep
o 13
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TABLE I

Supply Classes (15:p. 3-2)

Class I Subsistence

Class II Individual Equipment--Clothing, etc.
Class III POL--Petroleum, 0il, and Lubricants

Class IV Construction Materials

Class V Ammunition--All Types

Class VI Personal Demand Items

Class VII Major End Items--Combinations of Products

Ready for Intended Use Such as Tanks
and Vehicles

Class VIII Medical Materials

Class IX Repair Parts and Components--Required for
Maintenance Support

weapons systems operating are the essentials which provide the
force with its fighting capability and must have priority over
other classes of supply (13:p. 3-21, p. 5-2).

To consider only these three classes, however, would
be to neglect special needs represented by other classes (sub-
sistence, for example). Neglecting these other classes in a
model of a resupply system would reduce its credibility. A
relative ranking of all supply classes must be determined in
order to quantify the level of need satisfaction attained by

the resupply system.

14
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A methodology which can be used to assign realistic

numerical values to the supply classes, based on their relative
value to the Army, is worth assessment. Worth assessment pro-
vides a formal methodology to establish an ordinal preference
relationship between factors not quantifiable in terms of
money (39:355). In the case of the supply classes, there are
multiple objectives, i.e., the desire to maintain optimal or
near optimal levels in each. By using a modified version of
this technique, the assessments of Army officers with experi-
ence in combat arms will be used to determine their individual
rankings of all supply categories from most to least valuable.
Their individual assessments will be combined to obtain a
single ranking of the relative supply class values. The con-
sensus ranking of the officers will be used to fepresent the
worth to the Army of each supply class considered in the
system model. The values associated with the worth of each
class will be used to quantify, in terms of a numerical score,
the ability of the resupply effort to satisfy user needs.
Details of the worth assessment session with the Army officers

are discussed in Chapter III.

Model Development

Because combat conditions change over time, supply con-
sumption rates in certain classes change as well. A unit which

defended a position for several days or weeks may launch an

135
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ﬁ# offensive, or another unit may come under siege in a different
-3

~ area of the theater, shifting emphasis to that particular area.
{:
A In either case, the rates of supply consumption will increase
-1
;ﬁ or decrease with changing conditions. To model these changing
N
s conditions, the method selected must take into account the

N, overall situation at the end of a given time period and predict
o

&} the situation which will exist at the beginning of the following
4

2> time period.
Y
{: Shannon defines a model as
[5
A
:t. . . . a representation of an object, system, or
>~ idea in some form other than that of the entity

— itself. 1Its purpose is usually to aid, as in explain-
A ing, understanding, or improving a system [41:4].

&'l

Cd
:E: Among the benefits of modeling are its use to predict and to aid
i& in experimentation (41:5). In the case of tactical airlift
i scheduling, a model can be used to predict base supply levels
'
.¥* under different consumption conditions, and as an aid to experi-
N
n@ ment with different scheduling heuristics and sets of weights
.; to determine mission scheduling priorities.

e
o,
o One portion of the model will require the calculation
v\’

)
;3 of daily supply levels at each base in each class. Consumption
f: in certain classes depends heavily on combat conditions and, in
'.':\
;5 the real world, while the type and length of combat situations
)
iﬂ might be predicted, they cannot be known with certainty. The
‘,ﬂ methodology most applicable to the dynamic and complex nature
S
o
§E:
J-a:
o 16
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of an airlift scenario with changing combat conditions over a
period of time is simulation.

A realistic scenario involving a network of bases will

‘h':
A

lé?

2 be developed and computerized as a simulation model. Develop-
B ment of the scenario, justification of parameters used, and

gg. assumptions are discussed in Chapter III. Details of the

.HE simulation model itself, both in conceptual and specific terms,

{A .A

are discussed in Chapter 1IV.

73 Verification and Validation

i)

{ -

> ‘o . . . .

Yol Verification and validation are two important areas
o

which must be given careful consideration in the development and
g use of a simulation model. Verification is defined as ". . .
N determining whether a simulation model performs as intended,"

while validation is ". . . determining whether a simulation

) ;‘.‘q
}:‘ model (as opposed to a computer program) is an accurate represen-
o
:J; tation of the real world system under study [29:333-334]." The
} process followed to verify and validate the simulation model of
>
;E‘ the tactical airlift resupply system are discussed in Chapter V.
o
N Experimental Design and Analysis
-
':f Once the model is developed, verified, and validated,
. ",:
SQ experimentation to determine the effect of changing scheduling
T heuristics, and of changing the weights of the different supply
k@ classes in the determination of scheduling priorities, can be
AY
gg conducted. An experiment will be designed to show the effects
e
Lo 17
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on the level of user need satisfaction attained (in terms of the

score) for each combination of heuristic and weighting methods
considered. Statistical analysis of these results will be
conducted to determine if one combination gives significantly
better results than the others. The experimental design,
including the specific heuristics and weighting combinations,
sample size determination, procedures used in testing for
significance and results of experimentation are given in

Chapter VI.

Summary

This chapter discusses the approach to be followed to
meet the research objectives stated in Chapter I. The term
"satisfaction of user needs" is defined by considering cargo
in nine classes of supply, corresponding to the supply classes
considered by the Department of the Army, and the level of
supplies in each category maintained by a tactical airlift
resupply effort. In an attempt to determine how the Army
values each sépply class, a modified worth assessment procedure
will be used to assess the opinions of Army officers with opera-
tional experience. Justification for the use of a simulation
model is given, as well as the importance of verification and
validation in its development. Once the model is developed, an
experiment will be conducted to study the effects on the level

of user need satisfaction attained by varying scheduling

18
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heuristics and scheduling priority determinations. Results of
the experiment will be tested to determine if any particular

combination gives significantly better results.
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N III. Conceptualization
N
_¢§ Introduction
N
:gt In order to study the feasibility of employing a measure
i of effectiveness based on the satisfaction of user needs as the
Ao
N driving force in tactical airlift scheduling, and to experiment
2 ""
if with different scheduling heuristics and sets of supply class
o weights to obtain "good" solutions to the problem, a specific
)
5:\ airlift resupply scenario is required. Each tactical airlift
83
yg situation is unique, requiring that specific problems be over-
?z come, such as distances between bases in the system and
?3 different resupply requirements of the ground forces. Unlike
T
o the use of strategic airlift in a force deployment, tactical
5 airlift must respond to daily or even hourly changes in the
% . : .
Qﬁ theater of operations. Such changes result in varying combat
.‘I
A intensities which directly influence consumption rates. The
. emphasis of the resupply effort may shift from one base to
»{u
;ﬁ another which, because of a change in the battlefield situation,
<
;ﬂ is now consuming certain classes of supply at a higher rate.
;{j As the consumption rates change at each base, airlift schedul-
>
o
SP ing must be flexible enough to respond in a timely manner.
‘O
-sﬁ Simulating the resupply of a network of deployed Army units
b
] should be based on a realistic battlefield situation which is
Eﬂ itself scenario specific.
1
); 20
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Scenario Justification and Geography

The scenario used in this study is situated in South-
west Asia, specifically Iran, and is selected for three reasons.
First, the United States has vowed to protect the flow of
energy resources from this region to the west. President
Carter stated in 1980 that

. « « any attempt by any outside force to gain

control of the Persian Gulf region will be regarded

as an assault on the vital interests of the United

States of America, and such an assault will be

repelled by any means necessary, including military

force [7].
It was this statement, in the aftermath of the Soviet invasion
of Afghanistan in 1979 which led to the formation of the Rapid
Deployment Force. Secondly, there is a high likelihood that
U.S. determination to defend its interests might be tested.
The Soviet Union is well awére of the critical importance of the
region to the United States. A move by the Soviets to take
control of the oil fields and the strategic Persian Gulf is
well within the realm of possibility, given their close proximity
to Iran and the precedent established by the invasion of
Afghanistan. The USSR is also expected to become a major
competitor for worldwide energy resources before the year 2000
(38:6). Thirdly, the scenario is situated in Iran because the
combination of a limited surface transportation system and

rugged, mountainous terrain makes any U.S. force in the country

heavily dependent on aerial resupply (34).

21
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The battlefield situation for the tactical airlift
scenario is based on an invasion of Iran by Soviet forces from
the northeast. 1Intelligence reports of an impending Soviet
invasion and a deteriorating diplomatic situation precipitated
introduction by the U.S. of a force of three divisions into
Iran. In their initial advance, the Soviets captured the
capital city of Tehran before being met northeast of the Zagros
mountain range by U.S. forces. A battle front has been estab-
lished along the northeastern edge of the mountains, and the
American divisions are headquartered adjacent to three Iranian
airfields--Arak, Khatami, and Yazd (Figure l). These airfields
are also accessible by major roads. The U.S. forces are com-
posed of one armored and two mechanized divisions, each with a
strength of approximately 16,000 men. This force structure was
chosen based on the anticipated use by the Soviets of mechanized
and heavily armored forces, and because the terrain in north-
eastern Iran is suited for these types of units. The division
bases are approximately twenty-five kilometers behind the
forward edge of the battle area (FEBA) and are in reasonable
locations based on the direction of the Soviet attack (34).

Tactical resupply of the American forces is carried out
by surface and aerial transportation from the sea and aerial
ports of debarkation (PODs). Sealift is received at the port of
Bushehr, while strategic airlift is received at the Shiraz

airport. All supplies enter the theater at these two PODs and

22
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;: are delivered to the division bases predominantly by air, using

{ the C-130 aircraft. Surface transportation is severely limited

Vi- by long distances (Table II) between the PODs and division

éi bases, and by the desolate, mountainous terrain. This mode of
‘ transport is used only for the resupply of wheeled and tracked

f:; vehicles, many of which are outsized items not capable of

gé movement by C-130. In addition to resupply, the airlift of

casualties from the division bases to Shiraz for evacuation

-

e,

‘J.‘ (LI el

from the theater is considered in the scenario.

The C-130 aircraft used in the scenario include both

e

the E and H models of the aircraft currently in service. Because

:: >

;ﬁ the two models of the aircraft are identical in terms of their
+ '.

19K 1

f$~ cargo carrying capability, they will be considered identical

\ -

-~

for purposes of this scenario. The following performance and

capability data apply:

%'."l.‘, - 'l . ]

True airspeed 290 knots
f; Maximum gross weight 155,000 pounds
- Fuel capacity 62,900 pounds |
2 Maximum 463L pallets 6 pallets |
)
:} The airspeed used is an approved true airspeed option specified ‘
i; by MAC (1ll:p. 6-7). The gross weight and fuel capacity are
i actual limitations of the aircraft, and the maximum pallet load
1% is known from years of operational airlift experience (17:p.
)
,3 5-19, p. 1-52). The aircraft used in the scenario are based at
.' two locations in Saudi Arabia, Riyadh and Dhahran, and at the
o
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“ﬁ international airport on Bahrain (Figure 1). The aircraft are
{ organized in squadrons of sixteen aircraft with the standard

&

oy ratio of two aircrews per aircraft. Up to nine squadrons
: !:\:
ﬁ%} (active duty) can be deployed to the region, based on the
Sl

available ramp space at the basing locations (16). The deci-

2R sion was made to base the tactical airlift forces at locations
-
28 :
Q} separate from the PODs because the ramp space and servicing
s required would restrict the capability of the PODs to handle
1A
iy strategic airlift aircraft arriving in the theater. Basing the

S
’;: C-130s in Saudi Arabia and Bahrain also provides better security
i and makes use of existing facilities (ramp space and refueling
N

$§ capabilities).
o

-

= Scenario Rationale
A
ff The scenario as outlined is intended to create a realistic
bf experimental situation. It is not meant to reflect any particular
by

' U.S. war plan, nor need it necessarily be plausible in its
;ﬁ sequence of events. The key point is that this scenario is
e
t& intended to provide a challenging test environment for use in

.
» ¢
- experimentation with a new tactical airlift measure of effective-
'Eﬁ ness-~-satisfaction of user needs.

i
fi& Airlift Scheduling Process

T The scheduling of a large number of airlift missions

-’

Ei during a sustained resupply scenario requires considerable plan-
' 0%
[?‘ ning and coordination. Although some short notice missions are
L <]
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expected, the majority will be accomplished on the basis of a

Lanl® A N
PR AT R
Lot te

P A MY A

l .

published schedule for a given time period. Published schedules

provide maintenance organizations with information as to the

Aooa_ & 8,

number of aircraft which must be generated during the scheduling

4

PR

period and the required configurations. Responsible individuals

at onload and offload points can plan the proper number of

)
AN/

d'l
2
s

servicing crews based on the number of arrivals expected during

s

¢
1 3

A the period. 1Individual unit aircrew schedulers also use ti.e

published information to schedule properly rested crews against

LA

each mission. In short, a well-planned schedule of operations

e
“© 8

should facilitate the accomplishment of the airlift mission--

e

.
Ll WL SR

to provide the soldiers in the field with sufficient quantities

el

in all supply classes.

v

s

In this scenario, an airlift schedule, or air tasking

ra
]

order (ATO) is published every twelve hours, and execution of

.'1’5‘,5("{&.."

this ATO begins three hours after its publication. The three-

hour time lag provides the various organizations involved suffi-

2"

cient time for the preparation of aircraft, crews, and equipment

before the first mission is scheduled to depart. The missions

FPAPLIFL

for each twelve~hour period are scheduled based on priorities

established at the three division bases, according to the

P NNXNAR - 17
WA

quantities on hand in each supply class. Those missions with

'Y

D the highest priority are scheduled to depart first. The mis-
sions are assigned to the three aircraft bases, and departures

ié and arrivals throughout the scheduling period are "flowed" to

27
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o) avoid over saturation of the on/offload capabilities of any one
“' 3
K‘ base at any one time. As each aircraft is offloaded at a
g; division base, the status of each appropriate supply class is
ﬁ% updated. At the end of each period, the status in all supply
, classes is updated for the unit's consumption according to the
o combat intensity experienced by the division during that time.
3
ﬁ The current status at the end of the period is then used to
?i determine the mission priorities for the next schedule. This
b
F& process is repeated at twelve-hour intervals throughout the
ﬂ\\
h-‘ . .
'}z scenario duration.
. Typical Mission
e
:} All airlift missions originate from and terminate at
: the aircraft home bases. From its home base, each aircraft on
%:i a resupply mission flies to either Bushehr or Shiraz to onload
<
AN
>y cargo or fuel. From the POD, the aircraft proceeds to one of
) the three division bases for offload. After this offload, the
) aircraft returns to one of the PODs to onload for another
- ‘..
o sortie. Following the second resupply sortie, the aircraft
-'l.u
— recovers at its home base where the crew enters crew rest (for
ji a minimum of twelve hours) and the aircraft maintenance status
'I
“
Q' is assessed. The required maintenance and servicing functions
%
L are performed on the aircraft and another crew is alerted to fly
{f the next mission. The sequence of events for an aeromedical
;j evacuation (air evac) mission differs slightly from that of a
@
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resupply mission. For this mission, an aircraft departs from

its home base and proceeds directly to one of the three division
bases to onload patients. After flying to Shiraz to offload

the patients, the aircraft flies another air evacuation sortie
from Shiraz to a division base and back to Shiraz before
returning to its home base.

The amount of crew duty time remaining after each sortie
determines whether or not the aircraft continues its mission.
The normal maximum crew duty time specified in MAC Regulation
55-130 is sixteen hours (ll:p. 3-4). The aircrew can accept
an extension of crew duty day, if approved by the theater
Commander of Airlift Forces, but eighteen hours is the absolute
maximum crew duty period (1ll:p. 3-4). Although each mission
is planned to include two resupply or air evac sorties, certain
conditions may preclude mission completion. Maintenance delays
or delays for onloading or offloading due to saturation of
service capabilities contribute to this problem. The check of
remaining crew duty time is made after each sortie in an effort
to keep crew duty time below eighteen hours. If a long delay
will result in the aircrew exceeding the maximum crew dufy

length, it remains overnight at the point where the delay occurs.

Scenario Parameters

Aircraft Configurations and Onload/Offload Times. For

each mission, an aircraft can have one of three configurations--

29




;;3 cargo, POL, or air evac. Maximum capacities for these con-
(? figurations are determined based on available planning factor
‘f‘ data:
ii 1. Cargo configured missions involve the airlift of
- all but one of the supply classes considered (specifically POL).
gg The eight "cargo" supply classes supplied by airlift in the
.;5 scenario are given in Table IIX. Planning factors based on
\ historical figures and given in Air Force Regulation 76-2
%ﬁ specify that the average weight of a standard 463L pallet is
i; 2.3 tons for all cargo classes except ammunition. Ammunition
_: pallets have an estimated average weight of 3.3 tons per pallet
'Ef (32) . Although the C-130 aircraft is limited to a maximum of
%i; six cargo pallets per sortie, the weight of ammunition pallets
{1 restricts their number to five due to weight limitations of the
;;; aircraft cargo ramp (the location of the sixth pallet) (6:p.
Sﬁ 2-19). An aircraft loa§ed with five ammunition pallets can

‘ carry a nonammunition pallet in the sixth pallet position.
fi; 2. POL configured missions are those which deliver
;Eﬁ bulk fuel to the divisions in aircraft configured with a special
E; collapsible bladder (l4:p. 3-15). While experts agree that
i% airlift is the most inefficient way of transporting fuel, they
_%z also agree that in a scenario such as Iran, where distances
;*x between bases are great, roads are scarce and susceptible to
«:i interdiction, and pipelines are not available, airlift of POL
122 may be the only viable alternative (9; 34). For planning
v
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}_;13 TABLE III
{ Classes of Supply Transported by
$Q Cargo Configured Aircraft
-t‘
oY
2 Class Description
N I Subsistence
.““'
'Eﬁ II Clothing and Equipment
fu Iv Construction Materials
e v Ammunition
t,\.,
! \'s% Personal Demand Items
[
O VIII Medical Supplies
M
b IX Repair Parts and Components
:f
-~
\ 4
. purposes, a bladder configured aircraft is capable of a maximum
] L ‘
ﬁ: load of 6,500 gallons (9). At 6.5 pounds per gallon, the total
L)
$E weight of 42,250 pounds is within the capabilities of the air-
o
] craft in terms of weight.
1'-‘:
;g 3. Aeromedical evacuation configured C-130 aircraft
\,
4; are capable of transporting up to seventy-four litter patients
f: per sortie (17:p. 4-236). However, a typical configuration
o
‘E includes a mix of approximately 50 percent litter and 50 per-
N
ﬁ? cent ambulatory patients, and is the configuration used in the
rﬁ scenario (44).
o
e Aircraft onload and offload times depend on the aircraft
29
g& configuration. For cargo configured aircraft, Air Force planning
‘
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factors specify 2 hours for onload and 1.5 hours for offload.
However, these times are average figures which include servic-
ing and possible delays for maintenance problems (32). Because
maintenance delays and taxi times are considered separately,

on and offload times are reduced accordingly. Cargo onload
ranges from 0.5 to 1.5 hours, with 1 hour being the most likely.
Offloads range from 0.5 to 1 hour, with 0.75 hour most likely.

POL configured aircraft (bladder birds) require an
average of 2 hours for onload and offload of fuel (9). For
variability of loading/offloading times, a range from 1.5 to
2.5 hours is used, with 2 hours being the most likely.

Aircraft configured for aeromedical evacuation differ
in onload and offload times, given the previously mentioned
mix of litter and ambulatory patients. Experience gained from
training exercises indicate that onload can be accomplished in
0.5 to 0.75 hours, and offload in 0.75 to 1 hour (44). This
variation is due to an assumption on the part of the medical
crew that patients will be onloaded under possible hostile fire
conditions requiring a rapid onload. A more stable environment
is expected at the offload point permitting a slower offload of
patients (44).

Maintenance Considerations. The assumption, in any

airlift scenario, that all aircraft will be in commission at all
times, and that no delays will be encountered due to maintenance

or logistics, is totally lacking in credibility. Although the

32
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C-130 is generally considered a very reliable aircraft, it is

Fiatt® ##~ L
o\

. nevertheless subject to occasional mechanical breakdowns. 1In
:EE addition to unscheduled maintenance problems, the aircraft
ﬁg are periodically susceptible to programmed maintenance and the
- accomplishment of necessary inspections of critical components.
?g On a given day, a certain number of aircraft will be
Lis unavailable for mission tasking for various logistics-related
;¢‘ reasons. An informal, unpublished analysis of aircraft gerera-
Eﬁ tion exercises and Operational Readiness Inspections was con-
»S? ducted by the Headquarters MAC, Logistics Analysis Directorate
;t to determine the average in-commission rate for the C-130.

53 Results of the study showed an overall, steady-state, in-

EE commission rate of approximately 82 percent of the available
ﬂ_. aircraft each day (40). 1In this scenario, an aircraft which
é% is determined to be out of commission will be unavailable for
ﬁ& scheduling for a period of twenty-four hours.

! In addition to the in-commission rate, there is also a
:é possibility at the aircraft home stations and at each enroute
‘E; stop that the aircraft will experience departure delays.
ﬁé Maintenance problems are often discovered by the aircrew after
?3 the aircraft has been assigned a mission departure time at home

Fal

station or prior to departing after onload or offload at an

enroute location. These problems can result in minor delays

= st
Y
LA A

ranging from less than an hour to considerably longer than

!.
AR A

twenty-four hours. To realistically represent the possibility

L
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‘;ﬁ of maintenance delays, data collected by the MAC Integrated

{* Reporting System were obtained from HQ MAC/LGXA and applied to
?ﬁ the Iranian airlift scenario. The data reflect all enroute and
fﬁ home station maintenance-related delays encountered by active
w duty MAC C-130s during calendar year 1983 (3). Table IV pro-
QQ vides a breakdown of the delay times and the percentages for
ig each category. Of some 44,400 C-130 departures during 1983

7 (based on an average of 3,700 per month), 1,971 departure

‘%3 delays were experienced, resulting in a late departure rate of
ié 4.44 percent (3).

;: The 82 percent in-commission rate and the 4.44 percent
JE delay rate are incorporated into the scenario through the use
% of probability distributions. Aircraft delayed at enroute

- locations in excess of the crew duty time required to return

%é‘ to home station remain at that location until the crew completes
‘E a normal crew rest period. Required maintenance action is

:: assumed to be performed at the enrcute base by maintenance per-
;3 sonnel either in place at that base or brought in on the next
Q;i available sortie. After the aircraft is repaired and crew rest
!: is complete, the aircraft returns to its home station.

;. Airfield Capabilities. The maximum number of aircraft
;% ‘ on the ground (MOG) at a base at any one time is a function of
o the available ramp space. MOG figures for six of the eight

4 bases in the scenario were obtained from the MAC Operations
Research Division (HQ MAC/XPSR):

o 34
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Base Type MOG
Riyadh C-130 Home Base 42
Dhahran C-130 Home Base 48
Bahrain C-130 Home Base 39
Bushehr Sea POD 12
Shiraz Aerial POD l6
Khatami Division Base 17

(23)

MOG figures for the remaining two division bases in the scenario,
Arak and Yazd, were not available. Although in reality these
bases may have a lower MOG than Khatami, for purposes of the
scenario it is assumed that the MOG for these two bases has been
made equal to that of Khatami (17) by using pierced steel plank-
ing (PSP). This material was used in Southeast Asia, and is
present at some NATO bases to provide additional ramp space for
aircraft in the C-130 gross weight category. 1In addition to
indicating available ramp space, MOG figures imply the maximum
number of aircraft which can be simultaneously serviced (loaded,
offloaded, refueled, etc.) at a base (43).

Consumption. Although supply consumption rates in most

supply classes are constant according to division type, consump-
tion of supplies in classes III and V (POL and ammunition) is
also a function of the intensity of combat experienced at any
point in time. There are four levels of combat considered in
this scenario--intense, moderate, light, and reserve. These

levels are identical to those specified in planning factor data

36
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?ﬁ supplied by the U.S. Army Logistics Center for input to the
!
M Joint Strategic Capabilities Plan (42; 34).
ey
i; Consumption data were obtained for a Middle East scenario
:j from the Army Logistics Center in terms of tons per day for each
supply class. The figures were then converted to equivalent
. pallets per day for each class using the expected pallet weights
previously discussed (3.3 tons for ammunition and 2.3 tons
otherwise), with two exceptions. Figures for Class III (POL)
were converted into units of hundreds of gallons consumed per
5 day, and figures for Class VII (major end items--armored vehicles,
5; trucks, etc.) were not considered because Class VII resupply is
Q\.
2 not accomplished using airlift. Consumption rates for those
_\‘
1"._!
e supply classes with constant demand regardless of combat condi-
B tions are given in Table V. Consumption data were provided for
-,‘
T classes III and V at the intense level of combat, and were
4’ scaled down to the other levels using the following ratios:
% . moderate level = 71% of intense
%i light level = 43% of intense
> reserve level = 21% of intense (42)
N
i~ POL and ammunition consumption figures calculated for mechanized
"y and armored divisions are given in Table VI.
s Because combat conditions experienced by the three
.'.:
5 divisions change over time, their consumption rates in classes
o) III and V will vary as well. Additionally, each of the three
T
-
J
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]
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N (Daily Consumption in Pallets Per Day)

TABLE V

. Constant Demand Supply Classes (42)

Supply Class

Mechanized Division
(Strength = 16,597)

Armored Division
(Strength = 16,295)

II
. v
VI
VIII
! IX

= Total

18
18
30
12

1
18

18
17
30
11

1
17

97

94
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divisions can be at a different level of combat on any given
day depending on the battlefield situation. 1In this scenario,
the variation in combat conditions is accomplished using a
Markov process.

With each passing day, there is a probability that a
o division will remain at its current combat level, and there
are probabilities it will transition to one of the other
levels. A one-step transition matrix was developed to specify
X! these probabilities. Although the specific probabilities in
the matrix are not based on any historical data, they do yield
steady state probabilities which reflect a moderate level of
E combat. According to expert opinion, the overall rate of con-
sumption over the time period under consideration in this
scenario is the rate associated with a moderate level of con-
'% flict (34). The one-step transition matrix and the steady
state probabilities (the expected percentage of the time the

divisions are at each level of combat) are given in Table VII.

[N -

As reflected in the matrix, the probability of transi-

AN

tioning by more than one increment of combat level steadily

1Y
w1

decreases. For example, a division at the intense level will
transition to moderate with a probability of 0.5. It is less
likely (probability of 0.l1) to transition from intense to

light, and there is no chance it will transition from intense

to reserve in a period of only one day. The values for the

40
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TABLE VII
One-Step Combat Level Transition Matrix

(With Steady-State Probabilities)

Int Mod Lgt Res
Int 0.4 0.5 0.1 0.0
Mod 0.2 0.5 0.2 0.1
Lgt 0.2 0.5 0.2 0.1
Res 0.0 0.5 0.4 0.1

Intense -~-- 0.231

Moderate -- 0.500

Light -=- 0.192

Reserve -- 0.077

41
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:\? matrix were determined such that the steady state probabilities
:L_ reflect a moderate level of combat and, therefore, consumption.

Airlift scheduling in this scenario is based on meeting
the needs of the airlift user--the armored and mechanized

divisions. This is accomplished through a priority system in

e which the base with the greatest need for resupply is ranked

;& highest on the list of scheduling priorities. Priority is

e based on the importance of the supply class and also the level

&: of supply in that class at each base. Stockpiled supply reserves
RS

- serve as a "shock absorber" to allow uninterrupted operations

& in the theater in the event of perturbations in the supply system
'3: (35:p. 5-25). Therefore, up to a point, it is desirable to

;i; increase stockpiled supply levels. At some point, however, a
level can be reached at which additional supplies are not pro-

o ductive, particularly in terms of accountability and storage
space problems. The reserve level is determined by the

supported commander in the theater of operations (35:p. 5-26).

e U.S. Army FM 10-67 specifies a fifteen-day supply for fuel in
*Q'.

i; an undeveloped theater for planning purposes (l4:p. 3-3). 1In
if the scenario, this fifteen-day level also applies to the other
‘;3 supply classes. These levels are computed at the moderate rate
e

% of consumption and are given for both division types in Table
'@

S VIII.

e The goal of the airlift resupply effort is to maintain
S

5? supply levels at each base as near the desired fifteen-day level
i 42
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TABLE VIII

Desired Supply Levels (32; 42)

Fifteen Days at Moderate Rate of Consumption

(Equivalent Pallets)*

Supply Class Mechanized Armored
I 270 270
II 270 255
III* 19,500 20,475
v 450 450
v 3,330 3,255
VI 180 165
VIII 15 15
IX 270 255

*Class III (POL) measured in units of

43
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ﬂf as possible. Mission priorities are basically determined using
l-:-'
Ii a percentage of the desired level currently on hand across all
‘}j categories and all bases. If, for example, Base 7 (Khatami)

) ..-

fﬁ@ has 65 percent of the desired level of ammunition and Base 8

.\"-

Ry (Yazd) has 75 percent, scheduling priority will be given to

Z%ﬁ missionsresupplying Base 7 with ammunition before ammunition

YN

E& missions are scheduled to Base 8. +fhe same process applies

v

to resupply of different categories at the same base.

3 E Because some categories are considered more important
(.

f{j than others, assigning priorities strictly based on a percentage
Q‘ +

> .

Ak of the desired level currently on hand may have to be augmented
e

".. [ [ . L]

NN by weighting certain classes more heavily than others. For

S

N example, if ammunition is considered twice as important as food,
¢ ammunition sorties would be given scheduling priority if current
(R

ﬁﬁ supplies in both were at the same percentage level. Some balance
j;; of the scheduling weights must be achieved, however, because

.: running out of any class of supply in a combat environment would
;35 most likely be disastrous. There is no advantage gained if
oY '
ﬁ?i having 100 percent of the desired level of ammunition is achieved
e at the expense of exhausting food supplies.

: Evacuation of Casualties

"% The scenario includes the requirement that casualties
f{ be evacuated by air from the medical holding areas at each
‘fﬁ division base to Base 5 (Shiraz). From Shiraz, they are

or
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transported out of the theater by other airlift resources.
Casualties include wounded and diseased/nonbattle injured
personnel (DNBI), and are generated as a function of combat
level. Although U.S. Army FM 101-10-1 provides casualty

figures in different scenarios, these data are based on World
War II and Korean War combat (l15:p. 5-6). Given the greater
destructive capability of modern weapons, casualty rates would
probably be higher in a present or future scenario (34).
Casualty data obtained from the U.S. Army Academy of Health
Sciences give rates for a division at the intense combat level
of 11.18 wounded and 2.78 DNBI per 1,000 personnel per day, for
a total of fourteen per 1,000 per day (30). Because no casualty
rates are specified at moderate, light, and reserve combat
levels, it is reasonable to expect that casualty rates at these
levels, in relation to the intense rate, can be calculated using
the same ratios (71, 43, and 21 percent respectively) as for
class III and V consumption rate conversions (30).

Another consideration in the evacuation of casualties
is the evacuation policy in the theater of operations. The
evacuation policy indicates the ". . . maximum number of days
the patient may be hospitalized for a single period of illness
or injury [15:p. 5-18]." 1In reality, many wounded or DNBI
personnel would be able to return to combat duty after a
relatively short period of time in a hospital at the division

level. In this scenario, because detailed data are not available,

45
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it is assumed that all casualties are evacuated from the theater
once they are hospitalized, an assumption representing a "worst
case" situation. The evacuation policy for the scenario is that
all casualties are to be evacuated within seven days after
adnmission to the medical facility at each division base, one

of several standard policies considered in FM 101-10-1. The
exact number of patients hospitalized for from one to seven

days will be maintained and updated every twelve hours. An
additional category of all patients hospitalized for eight

days or more will also be maintained. A value greater than

zero in this category is an indication that insufficient air
evac sorties are being scheduled. To preclude this, an
increasingly higher scheduling priority is assigned to air

evac missions when patients at any division base have been

hospitalized for four days or longer.

Scenario Assumptions

In order to limit the scope of the problems associated
with the resupply system, and to reduce the complexity of
modeling that system, several assumptions are made:

1. The three divisions are fully deployed and engaged
in combat operations at the outset.

2. For the time period included in the scenario, the
fighting does not result in large advances or retreats by either

side, so that the three division headgquarters do not move.
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3. Division strengths remain constant at initial

levels. Although troop reinforcements are not considered by
the model, they are assumed to be accomplished by surface
transportation and air evac prepositioning sorties. These
sorties are those flown between Shiraz and the division bases
by air evac configured aircraft.

4. The initial levels of supply quantities at each
base, in each class, are arbitrarily set at a percentage of
the desired fifteen-day supply.

5. No attrition 6f aircraft as a result of accidents
or hostile fire is considered. The intent of the research
effort is to evaluate alternative scheduling heuristics and

supply class weights for determining priorities. Aircraft

attrition should produce similar effects across all alternatives

and is excluded to reduce complexity in the model.

6. To further reduce model complexity, and because
visual flight conditions generally prevail in the Middle East,
weather conditions are not considered.

7. While certain strategic airlift aircraft (Cl41B)
could land at one of the division bases (Khatami), they are
considered too valuable to the strategic airlift effort to be
used in any tactical role.

8. Although conflicts between strategic airlift air-

craft and C-130s at the APOD (Shiraz) would probably exist in
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>
'; reality, to reduce model complexity, C-130 aircraft do not
.' compete with these aircraft for ramp space and service facil-
N ities.
‘: 9. C-130 refueling time away from home station is
~ assumed to be included in the time required for loading or off-
3:2- loading operations.
% 10. Strategic air and sealift is continuous and unin-
$’ terrupted, such that adequate quantities of supply in all
; classes are always available for onload at the two PODs. The
E,: tactical aircraft alternate between PODs for onloading pur-
poses.
}' 11. Onloads of cargo and POL are conducted only at the
:.: PODs and offloads only at division headquarters bases. Aircraft
) do not travel between division bases.
12. Casualties are onloaded at division bases and off-
i loaded at the APOD (Shiraz) only.
13. All bases have the necessary facilities to support
si airlift operations on a twenty-four hour per day basis.
3.: 14. Because of the large vehicles, in terms of size and
tonnage, associated with class VII which exceed C-130 capabilities,
:-‘ all resupply of this class is accomplished by surface transporta-
23 tion.
\:’
}}{ Worth Assessment
s; As discussed in Chapter II, the use of a worth assessment
E technique can provide a relative ranking of the worth or value
E 48
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of each supply class to the Army. Time constraints precluded

strict adherence to the worth assessment procedure suggested by
Sage, but a modification of the procedure was used in a face-to-
face interview with three Army officers to determine a ranking
of the supply classes.

The three officers interviewed had considerable opera-
tional experience at the unit level in combat arms, one in
infantry and two in armor. The inclusion of armor experienced
officers was considered important because of the mechanized and
armored divisions considered in the scenario. The individuals
were given a brief description of the scenario, including the
assumption that class VII supply is not considered for resupply
by airlift.

Each officer was asked, in the presence of the others,
to rank each of the supply classes considered, from the one
considered least valuable to most valuable. After the least
valuable class was determined, each remaining class was ranked
according to how much more valuable it was than the least
valuable. The rankings were then adjusted to ensure that the
relative value of each class in relation to those ranked above
and below it was accurate. The results of the individual
elicitations are given in Table IX.

The individual assessments showed complete agreement
between the group members as to the five least valuable classes,

but there was disagreement on the ranking of the three classes
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L«S considered most critical to sustaining combat operations.
)
{. The numerical values from the three officers for each of these
QFZ classes were averaged with the following results: ‘
N Class Average
99 IX 12.8

~%

AU III 12.7

yoiy

A v 11.0

*%: The final ranking using these average scores is given in Table
oS

Ry X. Although the final ranking reflected only one of the three
~5-

3

w0 officer's preferences exactly, the other two officers agreed
a4

.ER that they could accept these rankings as representative of the
~od
"%ﬂ value they would place on each supply class given the specific
EV* scenario described (22; 31; 36). As a result of this con-
;;5 sensus, the values given in Table X are used as the worth to
1)

?b the Army of each supply class, to quantify the level of user
1o
“q need satisfaction attained by the tactical airlift resupply

b effort. A discussion of how these values are used in the
N . . .

.Eg model to compute a score for each run is given in Chapter IV.
2 Summary
20
koo This chapter discusses the scenario selected to employ
LWL e
et user need satisfaction as the measure of tactical airlift
e effectiveness. Justification for selecting a combat environ-
v

o ment situated in Iran is given along with the geographical
<a

'é location and function of all bases included in the resupply

. i

|

v \
o) 51
;'

~I

5>,

@
O

]
2 (‘

AL AR I S N S I ST e . _'-..'.-,'.._"._‘. P T oy O R R R X oy ) W RN ORI T )
‘ e e e e e e e e TN




R
LAY WL T RURE R

A

; 9
PR

IQQ&|1

TABLE X

Combined Ranking of Supply
Class Values (22; 31; 46)

Class Description Nusziigal
IX Repair Parts and Components 12.8
ITI POL 12.7
\Y Ammunition 11.0
VIII Medical Supplies 9.0
I Subsistence 7.0
Iv Construction Materials 4,0
1I . Clothing and Equipment 1.0
VI Personal Demand Items 0.5

network. The scenario involves the aerial resupply of a U.S.
Army force consisting of one armored and two mechanized divi-
sions. The C-130 aircraft is specified as the aircraft used
in the resupply effort, and a typical mission profile is out-
lined.

Three different aircraft configurations--palletized

cargo, POL, and aeromedical evacuation--are discussed, including

details of C-130 aircraft capabilities as well as how onload
and offload times associated with each configuration were

determined. Palletized cargo considered includes seven
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categories--subsistence, clothing and eguipment, construction
materials, ammunition, personal demand items, medical supplies,
and spare parts--specified by the Army as separate supply
classes. POL, although not palletized, is also a separate
class of supply. Evacuation of casualties is considered using
current casualty rates supplied by the Army.

Because all aircraft are not in commission at all
times in a realistic scenario, in-commission rates and depar-
ture delays are included. Each day, only 82 percent of the
total aircraft are in commission, and there is a 4.44 percent
likelihood that an aircraft will experience a departure delay
due to maintenance problems. These figures are based on
actual historical data collected by the Military Airlift
Command for the C-130. Maintenance delays range from 0 to
48 hours. Delays resulting from other sources are also
considered. .

Supply consumption is constant in all supply classes
except classes III and V. Consumption in these two classes
is based on intense, moderate, light, and reserve levels of
combat, using Army supplied consumption figures. Changes in
combat conditions are accomplished using a Markov one-step
transition matrix which provides probabilities for transi-
tioning from one combat level to another. A fifteen-day level
of supplies in all classes is considered the desired stock-

piled reserve; and as supply levels in a particular category
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}5 are drawn down from this level, increased priority is given
-t'\*
{ to the resupply of that category at the appropriate base.
;; This "percentage of desired" priority criterion may be aug-
:c‘.
) mented by scheduling weights to account for differences in
\.
the importance of one class as compared to the others.
L4
‘35 Assumptions to reduce the scope and complexity of the
*d
N
,ﬁ scenario are provided, as is a discussion of the modified
) worth assessment procedure conducted with Army officers for
o use in the model as a quantifier of user need satisfaction.
N
o The simulation model incorporating all elements, parameters,
A and assumptions associated with the scenario and outlined in
'i; this chapter are described in detail in the following chapter.
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IV. Model Development and

Computerization

Introduction

In order to experiment with the scenario outlined in
the previous chapter, a computer model of the scenario was
constructed using Pritsker's Simulation Language for
Alternative Modeling (SLAM). SLAM is particularly well suited
to this purpose because it allows for the movement of aircraft
through the airlift system by the passage of entities through
an interconnected network of nodes. SLAM includes many
intrinsic functions and subroutines with a wide range of
modeling applications, and also permits the inclusion of user
written Fortran subroutines which allow consideration of
complex, system specific decision processes.

The first portion of the chapter considers the causal
relationships of the elements affecting the airlift resupply
system, followed in the second portion by a description of the
SLAM network in conceptual terms. The chapter concludes with
a discussion of the functions and subroutines, both user
written and those intrinsic to SLAM, used in the model. Dis-
cussion of the SLAM network and Fortran inserts in this
chapter are descriptive in nature. Documented SLAM control
statements and Fortran code are given separately in Appendices

A and B.
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ﬁ; Causal Relationships
{; The tactical airlift resupply scenario described in
AL
e Chapter III can be studied as a system, composed of three
S
X
3: major elemwnts--external input, internal variables, and output.
o
s The external input to the system is the quantity of supplies
En" .
‘ﬁi made available at the two PODs, Bushehr and Shiraz, for
ﬁ§: distribution to the three divisions deployed in the theater.
N
\ The output, or goal, of the system is combat capability and
?x is directly related to the levels of supply in each class
“w
.-,_.:
o maintained at each division base. Combat capability is
:f quantified by means of a numerical score and will subsequently
- be referred to as the response variable. The internal variables
f%jy of the system influence the numerical value of the response
( variable, with higher values indicating greater system effec-
‘. ‘r"
e tiveness. A diagram of the causal relationships between the
‘ﬂﬁ various system elements is given in Figure 2.
_l There are nineteen internal system variables which
{?; ultimately affect the response variable. Figure 2 shows that
iﬁ the variables are classified by how they directly affect four
k{ distinct categories, referred to as intermediate responses.
“~n
%ﬁ The direct effects these intermediate responses have on one
A
-7 another combine to affect the value of the response variable.
g? The following discussion of the individual variables is
R .
‘:f categorized according to the intermediate responses affected.
R~
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AQ3 Number of Effective Aircraft:
L 1. Total number of aircraft—--The number of aircraft

q‘x‘
N assigned to the theater. As the total number of aircraft

N

1: increases, the effective number increases. This variable is

8 arbitrarily fixed at 120 aircraft, with 40 assigned to each

o

. base.
I

N 2. Combat attrition per sortie--The number of aircraft
13- destroyed during combat operations, either from hostile fire

oo

o or accident, negatively affects the number of effective air-

e

Zﬁ craft. Although attrition could be a significant factor over

= time, its effect is not considered in the model, since it is

}f assumed the effect will be similar across all scheduling and

fi weighting alternatives.
‘q 3. Maintenance capability--The ability of the mainte-
-:\i

- nance function to keep the aircraft operationally ready influ-
g
b"

o ences the effective number available. As the capability

o increases, the number of aircraft in commission increases.
:E The variable is fixed, using a percentage of the total aircraft
[y available which are mission capable on an average daily basis.
=~ A random number sampling determines the specific aircraft not
ﬁ available for mission tasking each day, based on data supplied
s

o by HQ MAC/LGXA.

L)

-3 4. Weather--Although a qualitative factor in reality,
R i
?} weather can be quantified in terms of how it affects the number 4
' |
o i
:s of aircraft available. In poor weather (instrument flight
. ~ ,
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AN -

conditions), a greater amount of time separation between

{ departures and arrivals is required, which may decrease the

L
RO

number of aircraft flying missions in a given time period.

PEAON

As the weather improves to visual flight conditions, required

.
-8

separation decreases and the effective number of aircraft is
increased. Although changes in the weather significantly
affect the system, the model assumes visual conditions through-

out the period under consideration.

Number of Aircrews Available:

s 5. Number of crews per aircraft--Increasing the crew
. to aircraft ratio has a positive effect on the number of air-
crews available. This variable is fixed in the model at the
MAC standard ratio of two crews per aircraft.

W 6. Crew duty time--The number of consecutive hours

an aircrew can be used directly affects the number available.
Increasing the crew duty time positively affects the effective
e number available. This variable is fixed at a maximum of

eighteen hours per day in accordance with MAC Regulation 55-130.

Number of Resupply Sorties:

‘ v
A

7. Leg distance--As the distance between bases

increases, the time to fly each sortie increases. This nega-

prr2

tively affects the total number of sorties which can be flown.
Distances are fixed according to the actual distance between

all bases in the scenario.
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ij 8. Aircraft performance--As performance in terms of

h <" 7

(s speed and fuel consumption increases, the number of sorties an

aircraft can fly in a given time period increases. C-130 per-

e
SRR ALY

P

formance is fixed, and was provided in Chapter III.

2

.
™4

s O

9. Taxi time--Increased taxi time has a negative

G
'it; effect on the sortie rate because it decreases the number of
N
ﬁ*‘ sorties which can be flown in a given time period. Taxi times
:-n p .
y are arbitrarily fixed at 0.2 hours for taxi-in and 0.2 hours
ﬁé: for taxi-out at each base.
'<\-.‘
R0 10. Maximum number of aircraft on the ground at a
‘.ﬂ- L]
2 base (MOG)--When increased up to the limits imposed by the
AN
;ES physical size of the ramp facilities, MOG has a positive effect
-‘n".‘
ni: on the number of sorties, since it reflects the amount of ramp
{ space available at a base.
' 1l1. Soldier casualty rate--An increased casualty rate
I;; will have a negative effect on the number of resupply sorties.
A As casualties increase, the number of aircraft dedicated to
N
vij aeromedical evacuation will increase, thereby reducing the
AR
e ~umber available for resupply. As stated in Chapter III,
:f. casualty rates depend on the level of combat experienced, and
ﬁ?; are fixed based on the figures given for each level.
ASAN
'tj' 12. Onload time--Increased onload time has an obviously
iafﬂ negative effect on the number of sorties flown. These times
S
EE: vary stochastically with different distributions for each aircraft
o
\.,: ) -
or!
‘ ',':::',;f
o~
Ke

.
A
R
=
.
E
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- configuration, based on minimum and maximum planning factor

times used by HQ MAC and HQ USAF/SAGM and given in Chapter III.

. 13. Offload time~-Increasing offload time has the same
'E: negative effect on sortie rate as onload time. Offload time
';l also varies stochastically, but with different distributions
E? than onload time, according to the available planning factor
iii information.

}f‘ 1l4. Onload crews--Increasing the onload capability

iis results in a greater sortie departure rate from the PODs by
3&3 reducing the queue of aircraft waiting to be loaded. Onload
‘%f crews at each base are grouped according to the three possible
;E; aircraft configurations. The number of crews at the two PODs
~Eﬁ does not exceed the MOG for each base.

‘*; 15. 0Offload crews--Increasing offload capability at
ﬁ; the division base will result in an increased sortie rate

fﬁ: using similar rationale to that given for onload crews.

“{, 16. Enroute maintenance delays--Crew duty time lost
53 while maintenance problems are corrected reduces time available
E§ for mission completion and reduces the number of resupply

:_ sorties flown. At each enroute stop, random number samplings
EE determine whether an aircraft experiences a maintenance

;i' problem and the duration of the delay if a problem exists.

éq The probabilities of both maintenance problems and delay dura-
Eﬁ tions are based on data obtained from HQ MAC/LGXA.
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Eas Supply Levels:
S5
{. 17. Aircraft cargo capability--An increased capability
%§; for transporting cargo has a positive effect on the levels of
:ﬁj supply maintained because of the increased amount airlifted
per sortie. This capability is fixed and corresponds to that
f;; of the C~130 aircraft.
o
E& 18. Consumption rates--An increase in consumption
o
. will negatively affect the supply levels for a given sortie
ﬁg rate. While consumption figures are deterministic, based on
o)
k \]
*A$ planning factor data for the different division types, the
by
Ak values for classes III and V change with changing combat
l'_"H
T levels. These levels vary stochastically in the model, with
\1
'é& resulting changes in consumption.
b
L 19. Quantity of less critical items transported by
v
e surface means--Increasing the quantity of less critical supplies
]
23 delivered to the divisions by surface transportation will
; positively affect the supply levels. This variable is fixed
fﬁ in the model with the assumption that all Class VII resupply
N
SRS .
ﬁi is accomplished via surface transportation.
BN Conceptual Model
E: After considering the three major system elements and
e
e their associated internal variables, a conceptual system model
'\$ is developed. By considering the applicable variables in
A
‘}: general terms, the sequence of events encountered by the air-
o
",‘ craft and crews as they perform their missions is described.
.
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From this conceptual framework, the required detail at each
point in the sequence can be prescribed in the model's comput-
erization.

The modeled system consists of eight bases. Three
bases serve as home stations for forty C-130 aircraft each,
with tw§ aircrews assigned per aircraft. Two of the eight
bases are the depots from which all supplies are distributed.
The remaining three bases represent the division bases, which
are the objects of the resupply effort (Figure 3). The flow
of aircraft through the system is conducted in three phases--
pre-mission activities at home station, depot and division
base activities, and post-mission activities.

Pre-mission home station activities are depicted in
Figure 4. The process begins with assignment of a crew to an
aircraft. The aircraft and crew are then given a mission
from a prioritized mission list prepared every twelve hours.
As the crew performs its pre~-flight duties, there is a possi-
bility a maintenance problem will be discovered, resulting in
a mission delay. If no problem is discovered, the aircraft
departs at its scheduled departure time. If a problem is found
and it can be corrected in less than four hours, the aircraft
departs after the required maintenance action is performed.
Because existing regulations require that a mission be canceled
if it cannot depart within four hours of its scheduled depar-

ture time, a maintenance problem causing a delay of four hours
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or more results in the crew's return to crew rest. After a

{ twelve-hour crew rest period, the crew is again available to

"
A

a1 ]

fly a mission. The aircraft is repaired and other routine

maintenance functions are performed before the aircraft

»
«

.

becomes available for assignment to another mission.

}g After departure from its home station or any of the

~% other bases, the aircraft proceeds to its next destination.

\ The activities at depot and division bases are depicted in

?: Figure 5. After the aircraft arrives and taxis in, it pro-

S ceeds to the proper server (i.e., a crew equipped with

t_ materials handling equipment, fuel pumping equipment, or

25 medical personnel) based on its configuration (cargo, POL, or

Ei aeromedical evacuation). It is then loaded or offloaded, as

‘}. required, if a server is available.

jg If there are no free servers for the aircraft's con-

;: figuration, it queues .for service. Prior to departure, there

J: is again a possibility the aircraft will develop a maintenance

:S problem, or has accumulated excessive delays in queuing for

ES service throughout its mission. If the aircraft has encountered

: little or no delay for either reason, it departs on its next
mission leg, which could be to a depot, division base, or to

i its home station if its mission is complete. 1If, because of

- maintenance or queuing delays the aircrew has only enough crew

'é duty time remaining to fly to its home station, the remainder

:s of its mission is canceled and the aircraft returns to base
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(RTB) . If the crew has less than one hour of crew duty time
remaining, it is assumed that returning to home station would
exceed the specified maximum crew duty length. As a result,
the aircraft remains overnight (RON) at its present location
and the crew enters crew rest. After the crew rest period
and pre-departure crew duties are completed, the aircraft will
RTB unless maintenance actions require a longer period of
time. In this case, the aircraft will RTB after maintenance
is completed. Arrivals to, and departures from, depot and
division bases continue in the above described fashion until
the aircraft returns to its home base.

When an aircraft returns to its home station, the
following sequence of events, depicted in Figure 6, occurs.
Upon arrival, the flying time and length of crew day are
recorded. The crew enters crew rest and the maintenance
status of the aircraft is assessed. 1If the aircraft has no
major maintenance problems, required minor maintenance func-
tions are performed to make the aircraft ready for its next
mission. If major maintenance problems exist, or if the air-
craft is in need of a scheduled inspection or programmed
maintenance, the aircraft is not available for mission tasking
for a period of twenty-four hours. After the twenty-four hour
period, the minor maintenance actions are performed and the
aircraft is then ready for flight. After completion of crew

rest, the crew is available for another mission at any time.
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Computerization

Fortran subroutines, both user written and intrinsic
to SLAM, are used in every phase of the simulation. 1In this
discussion, the five intrinsic SLAM subroutines used--MAIN,
EVENT, INTLC, OTPUT, and USERF--will be covered first,

followed by a description of the user written subroutines.

1. Program MAIN
This section is used to allocate files for input
and output and to initialize the dimension of NSET. Normally,
default values are used; however, the default dimension for
NSET proved to be inadequate in this case. Because of the
large number of entities and attributes required by the simula-
tion, the dimension of NSET was increased from the default

value of 5000 to 30000.

2. Subroutine EVENT
This subroutine is used to call certain user
written subroutines during the simulation. The use of the
EVENT subroutine makes it possible to make these calls in one
of two ways. The first is through the use of a special node
in the SLAM network, the EVENT node. The second is through
a call from within the Fortran program using the intrinsic

SLAM subroutine SCHDL. Both methods are used in this model.
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(- 3. Subroutine INTLC
't This subroutine is called once at the beginning of
'}j each simulation run and is used to set variables to their
R initial values. An alternate method of initializing variables
s
- is through the use of the INTLC statement in the SLAM control
S
Qf statements. The primary difference between the two methods of
~ N
\'-n
:} initializing variables lies in the fact that changing initial
{ values is much simpler using the SLAM control statements.
s This is because any change to the INTLC subroutine requires
P
ﬁz that the entire package of Fortran subroutines be recompiled.
:'T However, this is not necessary when using the SLAM INTLC
"o statements. For this reason, any variables which correspond
AN
:ﬁf to factors that may be varied between runs are initialized
( : in the SLAM statements. All other variables are initialized in
T the INTLC subroutine.
e 4. Subroutine OTPUT
=f§ This subroutine is used for formatting output
ijﬁ at the end of each simulation run. While SLAM provides a
o
UK
\ff summary report when desired, subroutine OTPUT allows the user
e
}{ to print specific information when requirements go beyond the
jﬁﬁ information provided in the summary.
2
ol )
g 5. Subroutine USERF
ol
32i This subroutine inclues ten user written functions
N
W to provide for flexibility within the network:
or
o
o 71
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a. USERF(1l). This function is used to assign

initial attribute values to the aircraft entities generated

at the beginning of the simulation. While the value returned
by USERF(l) assigns the aircraft tail number (attribute 1),
other values set within the function are initial time for
minor maintenance actions (attribute 3), the stop number (1)

on the aircraft's first mission itinerary (attribute 7), and
the time the aircraft first entered the system (attribute 15).
The time required for initial aircraft preparation is uniformly

distributed between three and five hours.

b. USERF(2). USERF(2) checks the aircraft's
itinerary prior to departure from its current location and
determines the next destination and the flying time to reach
it. The amount of crew duty time remaining (attribute 14)
prior to departure from each stop determines whether the air-
craft continues its mission as scheduled, returns to its home
base, or remains overnight at its present location. The
particular configuration of the aircraft (attribute 1l1) and
its current stop number (attribute 7) are factors in this
determination. A POL aircraft has a longer expected onload
and offload time than a cargo configured aircraft. Because of
this, an aircraft on a POL mission which has just completed
its first offload at a division base requires a greater amount

of remaining crew duty time to proceed to a depot for a second
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onload, fly to another division base for offload, and return
to its home station than would an aircraft on a cargo mission.
Although both aircraft begin with enough crew duty time to
complete their respective missions, the possibility of mainte-
nance and queuing delays at each stop on the itinerary make the
check of remaining crew duty time necessary to prevent an air-
crew from exceeding the maximum eighteen-hour day. The func-
tion keeps a record of the number of missions completed,
terminated early, and those required to remain overnight.
After determining the next stop, the function
determines the distance between the two bases (using a value
stored in the array "dist") and computes the low, high and
mode values for the sample from a triangular distribution
representing the flying time (attribute 9). The cumulative
flying time (attribute 10) is also updated. The function
returns a value of zero in all cases except one. If an air-
craft must remain overnight, the value returned is 15.25
hours (the length of crew rest and pre-departure crew duties)
minus the length of the delay for all delays less than 15.25
hours. This is done to account for the fact that the delay
time is considered prior to the call to this function. For
delays greater than 15.25 hours, the crew rest period is

included in the delay time.

c. USERF(3). The service time required for an
aircraft at depot and division bases is the value returned by

73
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this function. Service times depend on both the aircraft con-
figuration and whether it is being onloaded or offloaded. The
values returned are samples from triangular distributions
based on these two factors. Additionally, the status in each
supply class is updated, based on the aircraft load, after an
offload of cargo of POL is completed at a division base. The
number of casualties hospitalized at a division base is
reduced by the appropriate amount if the aircraft is on an

air evac mission.

d. USERF(4). This function collects statistics
for each mission upon the aircraft's return to its home station.
The length of the crew duty day, and cumulative mission flying
time are recorded, the time for minor maintenance and pre-
departure crew duties (attribute 3) is assigned, and the stop
number.(attribute 7) is reset to one. The function returns a

value of zero.

e. USERF(5) and USERF(6). These functions
assign the aircraft attribute values discussed in USERF (1)

for Bases 2 and 3, respectively.

f. USERF(7). USERF(7) determines the status of
the aircraft, whether in or out of commission. When an air-
craft returns to its home station, its status is evaluated

if twenty-four hours have passed since it was last checked.
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é: Based on the value of a random number (from the intrinsic
1. function (DRAND), there is an 82 percent chance the aircraft
f; will be in commission. If the aircraft fails this in-commission
fj test, the function returns a value of twenty-four hours to

"'n

. simulate the aircraft's nonavailability due to maintenance

o
vﬁf requirements.
jﬁ If an aircraft is delayed excessively due to mainte-
L nance problems prior to its scheduled departure from home

J‘.\

j: station, the function returns the value associated with that
j; delay.

if g. USERF(8). This function determines the proba-
‘:*

%: bility of a maintenance delay occurring at each point on the

N
(’ aircraft's mission itinerary and the associated time if a

Ny delay occurs. The value of a random number draw gives a 4.44
o

.g percent chance of a delay at each stop. If there is a delay,
-z

- another random number determines the delay duration, ranging
32 from 0 to 48 hours. The delay time (attribute 16) is the

J..

{: value returned by the function.

;: h. USERF(9). This function prevents & mission
o from being assigned that was not scheduled as part of the

.

i; current scheduling period. The function determines the time
- for an entity, consisting of an aircraft and crew, to travel
Py

S

- to the EVENT node that will call subroutine START and cause
o

%: the entity to be assigned a mission. The function subjects
~ 75

)

o:,.

R

Y

Q

7 .

U

o e e e et e R e A e S P A AL P e b

- P
Ca®a e -t
I A v, %



' Gl

o o
hA A

-
IR

-

7.

)
A-J.l.l'
a

et

.

¥
o

N X NS
- “)"}“.“-’it‘f

NN
RN
WAL AR

.
B
Y %

o I8

S

[}
e tals
Dh/ AT ARAY

P
.

Q-

the next mission that would be assigned to the entity, if it

proceeded to the EVENT node with zero delay, to a pair of tests
to determine whether the mission is current or will be when it
departs. The first test is to determine whether the mission
number is within the group of missions rescheduled in the
current cycle. If it is not, the mission is not assigned.

The second test is to determine if the scheduled departure

time of the mission is after the time that the next scheduling
cycle takes effect. If it is, then aircraft would be departing
on an outdated mission, rather than one from the current
scheduling cycle, and the mission is not assigned. If the
mission is not assigned for either reason, the function returns
a time that will delay the entity's arrival at the EVENT node
until the next scheduling cycle has taken effect. This ensures
that the mission that will be assigned to the entity when it
reaches the EVENT node will be from the current scheduliqg

period.

i, USERF(10). USERF(10) determines the required
crew rest period. For all aircrews returning from a mission,
the function returns a value of 15.25 hours, representing 12
hours of crew rest and 3.25 hours of pre-departure crew duties
for the crew's next mission. An aircrew is required to cancel
its mission and re-enter crew rest after delaying four hours

for an aircraft maintenance problem prior to home station
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departure. In this event, the function returns the value of

-

s 15.25 plus 4.0 hours, to represent the crew rest period plus
i the delay time.

¥ :]:

- 6. Subroutine SCHED

D SCHED is initially called by an EVENT node in the
g SLAM network at the start of the simulation. After that, it

schedules a return to itself every twelve hours in accordance

N with the twelve-hour scheduling cycle of the scenario. The

-

i: purpose of the subroutine is to serve as the overall controller
“e N
O . . .

~ of the airlift scheduling process. SCHED ensures that the

:Q steps involved in scheduling are carried out in the correct
~.":~.
:ﬂ sequence and at the appropriate time.

._:_ A
(N In the model, the schedule is updated every

’i twelve hours. The scheduling sequence involves four steps,

: controlled by SCHED, which are repeated each time the schedule
- is updated. The first step is to update the status of the

j? three divisions to reflect the effects of combat. In this

§ step, the supply and casualty levels at the divisions are
» updated with the changes that have occurred over the preceding
;ff twelve hours. In the second step, this information is used to
\':-j
o calculate scheduling priority. This calculation is carried out
o

o1 by comparing the actual supply and casualty status with the

' ]

ﬁﬁ desired or standard level. The third step in the sequence is
LA
'Ej to plan airlift resupply missions to the division bases using
av,

"
:j_'::' 77
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the calculated priorities to make routing and load decisions.

The final step is to integrate the planned missions into a
flow plan that limits the number of aircraft arriving at each
onload and offload base that require the same type of service
at the same time. The purpose of the flow plan is to reduée
time spent by aircraft in queues waiting for service.

These functions are carried out in the model by
three subroutines--CONSUM, ROUTE, and FLOW--which are called,
in order, by SCHED. SCHED updates the current status at the
division bases by a call to subroutine CONSUM. This subroutine
simulates the consumption of supplies and generation of
casualties for the preceding twelve-hour period and updates the
status accordingly. Next, SCHED calls ROUTE, which calculates
scheduling priority based on this updated status and uses the
éjﬂ results as a basis for scheduling the current group of missions.

Finally, SCHED causes the missions to be inserted into an

!l existing flow plan by a call to subroutine FLOW.
> Cd
€3y One of the key functions of the subroutine is to
.
< control a thirty-six hour cycle over which the available
N

mission numbers are reused. This cycle is required because of
the manner in which missions are stored in the program.

;; Missions are stored in a three-dimensional array in which one
of the dimensions is the mission number. Since the availa-
bility of mission numbers is limited, they must be reused

throughout the simulation. Reusing the available mission
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numbers could conceivably create 1 problem. However, because

if an aircraft were still out on a mission when its mission
was rescheduled, the itinerary would be changed unpredictably.
This possibility is prevented by the thirty-six hour cycle of
mission rescheduling because in each scheduling period, one-
third of the total mission numbers are rescheduled. Since

the scheduling cycle is twelve hours long, this ensures that
at least twenty-four hours have elapsed between the departure
of a mission and the rescheduling of its mission number, by
which time it will have returned to home station. 1In the

case of a mission that experiences a delay causing it to be
out more than twenty-four hours, the aircraft is routed directly
back to its home base and is, therefore, unaffected by changes

to its mission.

7. Subroutine CONSUM

. CONSUM is called by subroutine SCHED as the initial
step in the scheduling process. The purpose of CONSUM is to
update the status of the division bases to reflect the consump-
tion of supplies and generation of casualties resulting from
combat. This effect is expressed in terms of supply consump-
tion and casualty generation which are directly related to the
combat state of each division. An additional function of
CONSUM is to control the process by which the combat states

of the divisions change over time.

79

e e IO e e e T e e e e e
g . .

Y




.......

,..
L . Y .
e S
R Lt

KO

A

The initial action of CONSUM is to update the

)
PR AN
' 2 et

combat states at the three divisions when required. Since

» Legand
o o

iy -
.

.

combat states are updated every twenty-four hours and CONSUM
is called every twelve hours, this is done every other call.
The divisions can be in one of four combat states--intense,

moderate, light, and reserve--at any particular time and,

.
VY

once in a combat state, they remain in that same state for

twenty-four hours. At the end of that time, the combat state

o

-

may change or may remain the same. As outlined in Chapter III,
X the movement of the divisions' combat status from one combat

state to another is modeled as a Markov process. As a result,

» ¥

Y

- the current state of a division influences the probability that

0
PR
« B

AN

it will be in any particular state in the future. For example,

t if a division is experiencing intense combat, it is less likely

-

NN
A S YN 4
KRR N

that it will transition to the light combat state the next day

1 s
JoA e
.IA!
- R

than if it had originally been in the reserve combat state.
The process of determining the next combat state for each

base starts with a random number draw. The next combat state

"-.'(- Syt
AR LCL AR

<., is chosen by comparing this number to intervals of values

corresponding to the different states. The width of these

e intervals and, therefore, *he probability of choice vary,

depending on the current combat state for the base. The

oy

probabilities for each possible transition are displayed in a

redd
'-\-..' >

one-step transition matrix included in Chapter III.
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:%§ The next function of CONSUM is to update the

t‘; status at the divisions to reflect the effects of the preced-

Ei: ing twelve hours of combat. The rate of supply consumption

;ig in two categories--POL (class III) and ammunition (class V)--
" is directly related to the combat state at the divisions. The
‘;: remaining supply categories are consumed at a constant rate

3;; regardless of combat state. Supply consumption rates are also
y dependent on which division is being considered because the

}5; armored division consumes supplies at a different rate than

 ? the two mechanized divisions for certain supply classes.

;b. There are five such classes: class II (clothing and equipment),

éé; class III (POL), class V (ammunition), class VI (personal

:ﬁé demand items), and class IX (repair parts). The remaining

(_H classes of supply are consumed at the same rate for all divi-

jé& sions. Casualty generation rate is directly related to combat

E;i state but is the same for each of the divisions. Taking all

'-i these factors into account, CONSUM determines the changes to
53 the divisions' status and changes the values stored in two

s

S§§ arrays--"stat," which contains supply status for the divisions,

\l; and "cas"” which contains their casualty status. The values in

!EE these arrays are used in subroutine ROUTE as a basis for

S

.E:".E priority calculations.

(
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8. Subroutine ROUTE

This subroutine is called every twelve hours by
subroutine SCHED as part of the airlift scheduling process.
ROUTE has two main functions: assigning priority to user needs
and scheduling airlift missions based on these assignments.

5 The assignment of priority to user needs allows a single pri-
~ ority scale to be used in ranking airlift missions. Therefore,
missions with different loads, or missions of different types,
K can be compared directly and ranked. This feature allows
missions to be scheduled to meet the highest current priority
need regardless of mission type.

Priority assignment is made in one of two ways
depending on the missioﬁ type being considered. Priority for
resupply missions is calculated by comparing the current status
of supplies on hand in each of the eight supply categories con-
sidered to the desired level. This is calculated by dividing
the desired level of supply, defined in this scenario as the
« expected consumption for fifteen days, by the current level.
These levels are measured in units of pallets, except in the
case of POL, which is measured in units of 100 gallons. The
calculated priority in each category is multiplied by a sched-
uling weight for that particular category. For example, if
the current level of ammunition (class V) is 2000 pallets, the
fifteen day standard is 4000 and the scheduling weight is 2,

then the calculated priority is 2x(4000/2000), or 4.
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Scheduling weights are applied to supply categories only and

do not apply to air evacuation missions.

Air evac priority is determined differently and is
based on the evacuation policy in use, which, in this scenario,
is to remove casualties from the field in seven days or less.
Priority for air evac is based on both the number of casualties
requiring evacuation and the length of time they have been in
the field. This is calculated by breaking the total number of
casualties at each of the division bases into groups that have
been in the field for the same length of time. Eight grcups
are used for this calculation, the first reven corresponding to
the groups that have been in the field for one through seven
days. The eighth group contains all casualties who exceeded
the evacuation policy and remained in the field for more than
seven days. Priority is assigned to the groups, starting with
group four, in a graduated fashion so that the longer a group
has been awaiting evacuation, the higher its priority. The
priority for air evac is calculated by summing the priority for
each category larger than three. The priority for each cate-
gory is set egual to the number of casualties in that particular
category, divided by a factor which decreases as the number of
the category increases. As a result, as the length of time a
group of casualties has been in the field increases, the pri-
ority for the group also increases. This calculation is
illustrated in Takle XI in which priority for 100 casualties

has been calculated for groups 4 through 8.
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TABLE XI

Calculation of Priority for
Casualties by Category

Category Factor cfa;rculloaot%is?uiilotriietg
4 90 1.11
5 80 1.25
6 40 2.50
7 20 5.00
8 1 100.00

ROUTE uses scheduling priorities calculated in
this manner to schedule mission itineraries and load makeup
using an iter&tive process. The first step of this process
is to calculate the scheduling priority for all supply cate-
gories and air evac at each of the three division bases.
Next, a mission is scheduled to the division base with the
highest calculated priority, and the aircraft load for the
mission is planned based on the particular airlift need that

generated that priority. Finally, the status of the division

receiving the mission is updated to reflect the planned offload

or onload. Updates are performed on separate arrays created
for this purpose within the subroutine. Information on

current status from the "stat" and "cas" arrays are copied

initially into these internal arrays. As missions are scheduled,
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updates are made to these internal arrays only. "Stat" and
"cas" are updated as a result of actual offloads and onloads
performed when the aircraft arrive at the division bases.
This scheduling process is repeated until all
missions for the current twelve-hour scheduling period have
been planned. As an example of the process, suppose that the
highest priority need is determined to be POL at the armored

division. To meet this need, a mission is scheduled to one of

 the depots for a POL onload and then to the armored division

base for a POL offload. The current POL status at the armored
division in the internal status array is then incremented by
one aircraft load (6500 gallons or 65 units) of POL. The
priorities are then recalculated, with the priority for POL at
the armored division reduc:d as a result of the planned offload,
and the highest resulting priority used to schedule the next
mission.

This description of the scheduling process is an
oversimplification of the actual procedure, however. 1In the
model, mission scheduling is complicated by several constraints
that are inserted into the scheduling process as a result of
the specific characteristics of the scenario. These constraints
impact the scheduling process by causing it to deviate from a
strict priority system. This occurs whenever a scheduling
constraint prevents the subroutine from making scheduling

decisions based on the highest overall scheduling priority.
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é;?; One such scheduling constraint is caused by the
fact that due to crew duty time limitations, no partial off-

fség loads or onloads are planned at any stop. As a result, once

féf a division base has been chosen to receive a mission by the

,‘ scheduling process, the entire aircraft load must be planned

ﬁﬁ%; for that base. This causes a deviation from strict priority

ii;ﬁ scheduling to occur whenever a palletized load is being planned.

This deviation results from the requirement to plan offload of
the entire load at a single base. Consequently, once the off-
load base has been chosen, and the first pallet of the load
has been designated, the subsequent pallets in the load are
chosen to meet the highest priority cargo needs for that

particular division. To limit consideration to that one

division, the priority for palletized cargo at the other two

j:ﬁ divisions is not considered. Therefore, the decisions made in
?%; assigning pallets to the load are not made based on a considera-
o0 tion of the highest overall priority but rather based on the
:;: situation at a single base.

g%f An additional constraint to scheduling is imposed
A by the fact that aircraft in this scenario cannot be recon-

%QE figured once they have departed home station. This causes a
E§§ limitation to airlift scheduling because each of the three

E@:; mission types--palletized cargo, POL, and air evacuation--

?%3\ require a distinct aircraft configuration which is incompatible
)

with the other two. This constraint causes a deviation from
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XAtf strict priority scheduling whenever the second onload and off-

_h_ load of a mission is being scheduled. Because aircraft are not

f?% reconfigured after departure, the configuration of the second

?é% part of the mission is constrained to agree with the configura-

; " tion already set for the first part. For example, if the

igg first onload and offload consists of cargo pallets, the second

}j§; onload and offload must be pallets also regardless of whether
Y another mission type has higher priority. In this example,

;}E~ the subroutine would search for the highest cargo priority ’

{gt when planning the second part of the mission and would ignore

¢A; POL and air evacuation priority in its search. As a result,

2%% higher priority needs may be overlooked.

:@% Finally, there is a scheduling restriction that is

;%?+ due to the extra flying time required for aircraft based at

E%E Riyadh compared to the other two C~130 bases and the relatively

%;;f long time required for POL onload and offload. As a result,

ﬁi‘ Base 1 aircrews cannot complete a POL mission in a normal

%h‘ crew duty day. Consequently, Riyadh aircraft are not scheduled

%E& to fly POL missions. This restriction causes a deviation from

adé priority scheduling because priority for POL is ignored when

Sség scheduling Riyadh aircraft.

22? In addition to these restrictions, ROUTE uses

:;i several scheduling conventions in planning itineraries.

E;;g Missions are all planned to include two onloads and two off-

i{? loads and, as a result, all aircraft are scheduled to make
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five stops--two onloads, two offloads and the return to home
base. Home station departure bases are assigned to missions
in order, sequentially, so that every third mission is assigned
to the same home departure base. 1In addition, the depots are
alternated so that for each mission, the second onload occurs
at a different depot from the first.

ROUTE schedules all missions for the period at
one time, returning to SCHED with all missions listed by
mission number and in order of priority in an array called
"rte." This array contains all required information about
the missién, such as mission itinerary, required configuration,

and planned load.

9. Subroutine FLOW

This subroutine inserts the missions planned in
ROUTE into an orderly flow that limits expected conflicts
between missions to an acceptably low level. This is done in
a sequential process which is controlled by SCHED. SCHED
transfers missions from the "rte" array to the "dest" array,
which contains those missions that have been sequenced in FLOW,
and is used to control the movement of aircraft in the simula-
tion. As each mission is inserted into the "dest" array, a
call is made to FLOW to determine whether it will conflict
with missions already sequenced. If it will, the mission is

altered to resolve the conflicts.
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The first function performed by FLOW is to assign
a departure time for the mission being flown and, from that,
determine an expected arrival time for each enroute stop.
Mission departure times are assigned by adding twenty minutes
to the last home station departure for the base in question,
thereby assuring that home station departures are spaced
evenly. Since all three bases use the same starting time,
the result is that departures occur from the three bases
simul taneously, spaced by twenty minutes. Once the departure
time is set, the expected arrival time for each enroute stop
can be calculated. This is done for the first stop by adding
the enroute flying time to the departure time. For subsequent
stops, the time spent taxiing, performing and onload or offload,
and the enroute flying time is added to each succeeding arrival
time. The expected arrival time for each stop is then used in
FLOW to test for conflicts with the expected arrival times of
other missions.

The process of integrating a new mission in the
existing flow is an iterative one involving two stages. First,
a test is made go see if the new mission conflicts unacceptably
with missions already scheduled. If it does, the second step
of the process occurs, in which the mission is changed as
necessary to reduce the conflicts to an acceptable level. The

mission is changed in stages, and after each change the test
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o) for conflicts is repeated. This process continues until the

| mission passes the test.

?ﬁ The test for conflicts is made by comparing the ne&
lg mission with all existing missions that have a similar con-

i figuration. A test is run for each scheduled enroute stop in
§¥3 the mission where onload or offload is performed. If an exist-
%} ing mission has a scheduled arrival at the same base that is

fg within a specified time of the new mission arrival time, a

%ﬁi conflict exists. If the number of conflicts exceeds a speci-
é% fied 1limit, the mission fails the test. The time interval

used and the maximum number of conflicts allowed varies
depending on the service type and number of servers available

for that type. 1In the case of palletized cargo, two tests are

made, the first involving the period,0.9 hours prior to the

R expected arrival time and the second involving the period

éé 0.9 hours after this time. The maximum number of conflicts

p allowed within either period is six. For air evacuation

{35 missions, the time intervals considered are the same as for
f; palletized cargo. However, the maximum number of conflicts
;f allowed in either period is reduced to two. POL missions are
‘Q; also subject to tests over two periods. The first of these
%5 covers the two-hour period prior to the scheduled arrival

;% time, while the second test covers the two-hour period after
;J the scheduled arrival time. In both cases, the maximum number
5; of conflicts allowed is four. The purpose of these limits is
90
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i? not to eliminate queuing altogether but rather to slow the

formation of queues by controlling the aircraft arrival rate.

Limited queuing is permitted and, because it ensures that all

available servers are being used, may even be desirable.

3

If the planned mission is found to have an

o
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unacceptable number of conflicts, an attempt is made to
reschedule the mission and reduce the conflicts to permitted

levels. Rescheduling is accomplished through a series of

e

g% switches between the new mission and lower priority missions

e : ‘

%; that have yet to be sequenced in FLOW. No changes are allowed

o to a previously scheduled mission in order to resolve a conflict. °
lv ?

od
»
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This is done to ensure that a scheduled mission is not altered
to accommodate a lower priority mission.

The first type of switch used is to change the home

%t station departure base of the mission. The reason for this is
%& the possibility that changing the departure base will change
o the expected arrival times for the enroute stops in such a

ﬁ% way that the number of conflicts will be reduced to acceptable
?l levels. This is most effective when switching between base 1
;i and bases 2 and 3 due to the difference in the length of the
gg positioning leg flown from these bases. The actual switch is
?Z made by exchanging the home station departure base of the

3% mission with that of the next mission below it in the "rte"

%i array. If this switch is not successful, it is reversed and
kX a switch is made with the second mission below the mission

&
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K being considered. This second switch is done to ensure that
f, the mission has been attempted from all three bases. In each
'SE case, the same departure time is used. If the mission still
;S: fails the conflict test, the effects of this second switch

r; are reversed.

?ﬁ The second type of mission alteration carried out
i% starts with a search through the "rte" array for the next

H:i mission scheduled to depart from the same base as the first
;7; mission. If one is found, the two missions are switched so
t;? that a completely new itinerary results for the mission being
;; considered. This mission is tested using the same time slot
f% as before. If the mission still fails the test, the first

Sﬁ switch is undone and another one is performed, this time with
3 the second mission having the same home station departure

%z base. This process is repeated until the mission passes the
%3 test or until all missions being scheduled in the current

A period have been considered. 1If the outcome is the latter

gy Nt

case, the time slot for the home station departure is incre-

SR

%

mented by twenty minutes and the entire process is started

e

over using the later departure time.

10. Subroutine START
START is called in response to the release of an
EVENT node in the SLAM network. The node is released by the

arrival of an entity consisting of an aircraft and crew that

0
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fff is ready to depart on a mission. The purpose of START is to

f_ assign a mission to the aircraft and pass all required informa-
gé tion about the mission to the entity. This information is

g% stored in attributes associated with the entity.

f; START chooses a mission to be assigned in an

?% iterative search through the available missions, based on the
%g home station departure base of the aircraft. START is not

ﬂ: associated with any of the departure bases exclusively and

%} assigns missions for departures from all three bases.

Eg The first step of the search is to begin at the

last mission assigned to an aircraft with the same home station

base, and move down the list of missions until the next missiomn

with the same scheduled departure base is found. 1If the
scheduled departure time of the mission has passed, the mission
e is not assigned, and the search is repeated for the next
mission with the same scheduled departure base. This search

is continued until a mission having a scheduled departure time
in the future (meaning it can depart on time) is found and

assigned to the aircraft. Missions not assigned are eliminated

from further consideration. The purpose of the search is to

ﬁ? ensure that missions depart at their scheduled time in

Q: accordance with the overall flow plan. While this method may
f; cause some missions to be bypassed, the beneficial effect of
R

tﬁ sequencing departures according to the flow plan should be

2 1

hi overriding.
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x& Once a mission is chosen, the attributes of the

i‘. entity are assigned values accordingly. Attributes that

ésg correspond to the crew duty start time, crew duty completion

; ﬁ time, current location, next location, mission number, and

. aircraft configuration are all assigned values.

\\ 11. Subroutine SCORE

L This subroutine is called every twenty-four hours

k&j from subroutine SCHED. The purpose of this subroutine is to

,}% compare the current supply status for the division bases to

if? the desired fifteen-day level, and from that comparison,

ﬁ; compute an overall airlift score for each run of the model.

as This score is then used as the measure of effectiveness of the
airlift resupply effort for the run.

3’ The score is based on a running average which is

?Eg computed by dividing the current status for each supply class

| by the fifteen-day supply standard. The resulting fraction is

A4

added to a running total, and this total is divided by the
current number of days in the simulation to produce the average
fraction of the desired level of supplies maintained over the

period.

PO | | XX

This running average is computed for each supply

@

A

:;f class at each of the division bases. For each supply class,
Eg the lowest of the averages for the three divisi-ns is used for
x{t the airlift >re. The reason for this is t} * score based
- 94
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on another parameter, such as the averaye value, would fail

to distinguish a situation in which two of the three bases
were maintained at a comfortable level, while the third was
allowed to run critically low. The average value, in this
case, might be high, but would not give an accurate indication
of user need satisfaction since the needs of one of the users
was not met.

Once the minimum average has been determined for
each supply class, it is multiplied by a worth factor for that
class which was determined through worth assessment of the
value of each class in a process described in Chapter III.

The resulting score for each class is summed to give the over-

all airlift score.

12, Subroutine NEWSCD
This subroutine is called every twelve hours,

three hours after SCHED is called. The call to NEWSCD
coincides with the time that the updated schedule comes into
effect. The purpose of the subroutine is to ensure that the
mission numbers that were rescheduled in the last update are
assigned to aircraft during the twelve-hour period in which
the new schedule is current. When called, NEWSCD changes the
group of mission numbers being assigned in subroutine START to
agree with the group of mission numbers that were rescheduled

in the current scheduling period.
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Summary

This chapter discusses the development of the tactical
airlift resupply system simulation model beginning with a
discussion of the causal relationships between the various
system elements. The flow of aircraft through the base net-
work is then discussed in three phases--pre-mission home
station, depot and division base, and post-mission activities.
The remainder of the chapter provides a description of the
purpose and function of the Fortran subroutines. Subroutines
MAIN, EVENT, INTLC, OTPUT and USERF are intrinsic to SLAM and
allocate file space, call other subroutines, initialize varia-
bles, and format output for each model run.

Eight user written subroutines provide the capability

required to represent the complexities of the airlift resupply

scenario in the model. Subroutine USERF consists of ten
functions primarily used to assign attribute values and

activity durations. SCHED is a routine which controls the

-

]

L]
e

airlift scheduling process and updates the schedule each

twelve hours. Sudbroutine CONSUM is called by SCHED, and

R
e,

updates the status of the division bases to reflect supply
consumption and casualty rates. CONSUM also controls the
changing combat conditions at each base over time. Subroutine
ROUTE, also called by SCHED, assigns priorities to the bases

according to their needs, and schedules missions according to

the priorities. FLOW is a routine which puts the missions

A
}-.‘-‘—. )
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scheduled in ROUTE into an orderly flow with the intent to
reduce conflicts between aircraft in the system. Expected
arrival times at each point on the mission itinerary are
determined and tested for conflicts with other arrivals at
the same base having the same configuration. By following a
sequential process, using various scheduling alternatives,
the conflicts are reduced to acceptable levels. Subroutine
START assigns mission information to each aircraft before it
departs from its home station including mission number,
itinerary, configuration and load. The SCORE subroutine
calculates an airlif£ score for each model run based on a
comparison of current supply status in each class at each
division base to the desired fifteen-day supply level in each
class. This score is the MOE of the resupply effort for the
run. NEWSCD is the subroutine called when the updated
schedule becomes effective, three hours after SCHED. Its
purpose is to insure that updated mission numbers are assigned
to aircraft departing during the current scheduling period.

Documented SLAM and Fortran code for the base network

and for each subroutine are given in Appendices A and B.




V. Verification and Validation

Introduction

Before the model described in Chapter IV was used for
experimentation, measures were taken to show that it performed
as intended, and that the model sufficiently represented a
"real world" tactical airlift system. Model verification was
a sequential process which ran concurrently with the develop-
ment of the model from its simplest to its final form. Because
tactical airlift scheduling is not currently based on satisfac-
tion of user needs, as defined in Chapter II, the validity of
the model could not be established based on its representation
of a real world system. However, expert opinions were soli-
cited from the Army and Air Force, both in the selection of
appropriate model parameters and in the evaluation of its
output. These opinions formed the basis of the model's
"reasonableness" as a tool for analysis. The purpose of this

chapter is to discuss the verification and validation processes.

Verification

Law and Kelton list five techniques which were used
to verify that the airlift system model gave the intended
output (29:334-337). Each of these steps, and how they were

followed, is discussed in turn:
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1. Write and debug the model in small modules--The
final version of the model includes a network of eight bases,
over eighty nodes, and complex Fortran subroutines. However,
the original form of the model included only three bases (one
aircraft base, one depot, and one division base), less than
twenty nodes, and very simple subroutines. This simple version
was debugged, and its results studied closely, to make sure
the aircraft traveled properly through the simplified system.
After this was accomplished, additional bases were gradually
added to the network, no more than one or two at a time, in
a "building block" approach. Network segments, new subroutines,
and embellishments to existing routines were added and debugged
one at a time. 1In this way, errors resulting in model runs
after each addition was made were more easily pinpointed,
either within the addition itself or as a conflict between the
addition and an existing routine. This process was used
throughout the model's development until the desired level of
complexity was achieved.

2. All members of a group should be satisfied that a
particular section of code written by one person is perform-
ing as intended--Because two people were involved in the
model development process, this step was particularly important.
Sections of code were written by each person and added to the
model. When debugging was required, any change written was

studied, line by line, by both team members. This "the whole
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is greater than the sum of the parts" approach was successful
in detecting errors which were repeatedly overlooked by the
author of the new section, but which were detected by the other
team member as the logic of the new process was reviewed and
discussed.

3. Use of the "trace" capability of the simulation
language~--The trace feature of SLAM was used to verify that
regular and service activity durations were correctly drawn
from the appropriate probability distributions. This capa-
bility was also used extensively in the development of the
model to determine the cause of a run's early termination, or
the source of unreasonable output from a completed run. The
trace information provided the value of critical attributes,
and the specific location of all the aircraft in the system in
the period leading up to, and including, the exact time of
a failure. ZWhen a model run produced unreasonable output,
studying the trace of the run often revealed incorrect attribute
values responsible for the incorrect results.

Although the SLAM trace provided the aircraft loca-
tions and attribute values at the time of a program failure,
the actual cause of the incorrect attribute values was not
always readily apparent. For this reason, a user written
trace subroutine was included which was called after the error
occurred, but just before the point at which the error resultéd

in termination of the run. This trace routine produced a

100




H
5

)
-

S

|
AR

<

ey
-

print of entire arrays, particularly the array including all
missions and itineraries for the current scheduling .period at
the failure time. These prinﬁs provided information which
was used to pinpoint the problem.

4. Run the model under simplifying assumptions for
which the results are known or can be easily computed--After
the network was fully developed, aircraft entities were
routed through the system with predetermined itineraries,
configurations, and loads. This was done to make sure that
the aircraft actually proceeded to the proper bases in the
proper sequence, and on or offloaded the predetermined number
of pallets in each specified supply class. The status of the
supply levels in each class after the run confirmed that the
pallets were delivered to the proper destinations. |

5. Display output using graphics as an aid in the
detection of subtle errors--Although graphics displays, such
as histograms and plots, were not used, presentation of out-
put (in addition to that in the SLAM Summary Reports) was used
to verify the model's performance. A printout of the number
of days each base was at each of the four combat levels was
used to calculate the total quantity of supplies consumed
during the simulated time period. The quantity of supplies
actually delivered to selected bases in certain classes was
determined from the entity counts for the applicable division

base service activities given in the SLAM Summary Report. The
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difference between the amount consumed and the amount resup-
plied was added to the supply level at the end of the simula-
tion. This sum was compared to the starting quantity in that
class, and the fact the two figures were equal provided further
model verification.

It is important to note that no attempt was made to
verify the performance of the random number generator or the
actual mechanics of the SLAM language. These functions were

assumed to perform as expected.

Validation

Validation of a simulation model is not a task to be
accomplished only if time pe;mits after the model is developed,
but should be kept in mind throughout the model's development
(29:338) . The model was developed to determine the feasi-
bility of basing tactical airlift scheduling on satisfaction
of user needs, and using the degree to which those needs were
met. as the measure of effectiveness. Although representing a
proposed rather than an existing, real world system, the model
did contain variables and parameters present in any airlift
system. It was considered essential that the model have high
"face validity," i.e., its elements had to seem reasonable to
people with knowledge of airlift systems and Army supply needs.

From the outset of the modeling effort, every attempt
was made to seek the opinions and advice of people intimately

familiar with critical parameters included in the model.
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Classes of supply and their relative importance to the Army,
combat intensities, consumption rates, force sizes and
characteristics, and casualty rates were all areas particularly
within the Army arena. General background information was
solicited from Army logisticians, officers experienced in
combat arms, and medical officers, and the answers to specific
questions formed the basis for many model inputs. Information
pertaining to C-130 maintenance reliability, aircraft basing
locations, and aeromedical evacuation, among others, was
obtained from Air Force personnel currently involved in each
of these areas. The purpose of the model was explained to each
expert interviewed, and that the validity of the results
obtained was dependent on the "reasonableness" of the informa-
tion provided.

In addition to expert opinion in the development of
the model, existing published information and knowledge based
on operational experience of the modelers were relied upon for
validation. U.S. Army Field manuals, as well as Air Force
manuals and requlations, were used to base certain parameters
and elements of the scenario on current service doctrine or
operational requirements. The modelers also drew upon over
thirteen years of combined experience in both strategic and
tactical airlift. They used insights gained from this experi-

ence to make decisions in certain areas, particularly onload
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‘?; and offload time distributions for which no historical data
- existed. Only vague planning factor data for onload and off-
load times were available.
The final step in the process was to discuss the

developed model with both Army and Air Force experts to

f? determine their opinions of the model's validity. The Army

;' officers who participated in the worth assessment of supply

. class values also asked questions and made general comments

%§ concer..ing the scenario from the Army point of view. An Air
fi Force C-130 aircraft commander with worldwide experience in
2 both airlift operations and scheduling was interviewed to

5} obtain his assessment of model validity. The major concern

%i of_the experts was the assumption that sufficient quantities
7 of supplies were always available at the PODs for transport to
;e. the division bases. Although the assumption might be unreason-
év able in a real world situation, they agreed that any impact

ﬁﬁ on division combat capability due to interruptions in the flow
Qg of supplies to the PODs would not be a shortcoming of the air-
{? 1lift resupply system but rather a strategic transportation

i problem (22; 25; 31; 36). All four experts agreed that the

%; model was sufficiently representative of a real world tactical
i; airlift system.

%ﬁ Summary

%;I This chapter discusses the procedures used to verify
:f and validate that the computer simulation model performed as

o
g 104

e O e VW Vg Ty ot ot S



ww*-’w’w::'q':“'th‘w AP R LNl & K S S A PN I CE BN R A AR S L N A MR S o oB o S A N R At A |

= |
A\
kg
3
2 intended, and that it represented a reasonable real world
" scenario. Five steps in model verification given by Law and
N Kelton are stated, followed by the application to each step
Al
g{ during the model's development. Validation consists primarily
of establishing the face validity of the model by consultation
55
{j with experts, both in the development of the scenario and
\
A
;z parameters, and in the evaluation of the "reasonableness" of
the model in its final form.
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VI. Experimental Design

and Analysis

Introduction

Once the model was verified and validated, experimenta-
tion was conducted to determine how the results changed as
different scheduling heuristics and supply class weights were

varied. This chapter provides a discussion of the policy

ﬂ. determination process, simulated run time, sample size deter-
53

Y . . . .

E mination, experimental results, and analysis of those results.
M Pesl

Policy Determination

The experiment involved running the model with two

ES different scheduling heuristics, each at two levels, and with
{_ three different sets of supply class weights. The model was

§§ run under each combination of these to determine if any one

{g combination produced better results, as measured by the score
‘Q at the end of the simulated time period. The two variations in
ﬁ; scheduling involved the use of the FLOW subroutine and the

%

subtraction of expected consumption in each supply class at

% each division base at the beginning of each scheduling period.
2{ As discussed in Chapter IV, the purpose of the FLOW

[

!

subroutine is to prevent conflicts at the PODs and division

<Ak

bases. Before scheduling an aircraft to onload or offload

cargo at Base 6, for example, the FLOW scheduler checks the
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number of arrivals already scheduled at Base 6 within a certain
time "window." This check takes the aircraft configuration
and the onload or offload capability of Base 6 into account
and seeks to avoid the large queue buildup which could occur
if too many aircraft arrive within this window. If conflicts
at Base 6 are likely, the FLOW scheduler determines the
arrival situation for the same time period at Base 7, which
has a lower scheduling priority. If fewer arrivals are sched-
uled to Base 7, conflicts there are less likely, so the air-
craft will be scheduled to Base 7. The reasoning behind the
"switch" from Base 6 to Base 7 is that even though scheduling
priorities at Base 6 are such that large quantities of supplies
are needed there, scheduling too many aircraft to arrive at
Base 6 in too short a period of time may be counterproductive.
The FLOW scheduler should provide for more efficient routing,
with smaller average queue waiting times, by scheduling an
aircraft to an alternate base rather than spend excessive and
unproductive time in a queue at the primary destination. The
model was exercised both with and without subroutine FLOW.
Subtraction of expected consumption (ECS) is used to
artificially decrease the level of supply in each class before
the initial scheduling priority is determined. The purpose of
this subtraction is to increase the priorities of the classes
with low current supply levels. For example, assume that the

desired level of supply in class I is 100 pallets, and that
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Base 7 currently has ten pallets on hand in this class.

Assume further that the expected consun!:t..on (based on a
moderate rate) is fifteen pallets. At this expected rate of
consumption, Base 7 will reach the "zero level" in class I
during the next twelve-hour period. By subtracting the
expected consumption of fifteen pallets from the actual status,
the result will be to give class I at Base 7 a priority of

100 (because the priority becomes the standard if the status
of a supply class reaches zero or less). As a result, class I
at this base should have a sufficiently high scheduling priority
to preclude it from reaching the zero level during the period.
The purpose of ECS is to maintain higher average levels of
supply in all classes and to prevent classes from reaching the
zero level. Model runs were made with and without expected
consumption subtraction.

After the initial scheduling priorities are determined,
three different sets of multipliers, or weights, are applied
to the priorities in each supply class. The purpose of the
class weights is to change the initial priorities (standard
divided by current status). Applying the different weights
should have the effect of maintaining the more heavily weighted
classes at higher levels due to their "artificially" higher

scheduling priorities. Consider the following example. After

initial priorities are determined, classes III and IV at Base 6

ever iR,
[AENC UL RUAT AT

both have a priority of 3.0. Because class III is considered

A

.
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more important than class IV, a weight of 2.0 is applied to

e

s
( class III while a weight of 1.0 is applied to class IV. The
:§§ effect is that class III has a new priority of 6.0. Even if

: class IV had an initial priority greater than class V (as
o high as 5.99), applying the weights to both classes gives
lié class III higher priority. Using this weighting differential
.E over a period of time, class III should be maintained at a

\, higher average level than class 1V.

E; Although there are an infinite number of weight combina-
z; tions which could be applied to the eight supply classes

considered in the model, three specific sets were used to

fi determine if significantly different scores resulted from their
fi use. The first weight set consisted of equal weights (1.0)
‘d for all classes és a baseline case, resulting in no adjustment
f% of the initially determined priorities. The second weighted

:f all classes equally except classes III, V, and IX (POL,

' Ammunition, and Repair Parts). These classes were weighted
75 2.0, 3.0, and 5.0 respectively. The basis for weighting these
:g classes more heavily than the others is the Army doctrine which
:} considers classes III, V, and IX as critical supplies (13:p.
.Es 5-1). The third set weighted each class according to the

: results of the Army worth assessment (Chapter III, Table VIII).
;{ Applying these weights should give the classes scheduling
‘Q priority according to their worth.
%
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Exercising the model with the FLOW subroutine and

ECS, each at two levels, and with the three sets of weights

results in the twelve possible combinations, or policies,

given in Table XII.

TABLE XII

Scheduling Policy Matrix

No FLOW No FLOW FLOW FLOW
No ECS* ECS No ECS ECS
Weight Set 1 Policy 1 Policy 2 Policy 3 Policy 4
Weight Set 2 Policy 5 Policy 6 Policy 7 Policy 8
Weight Set 3 Policy 9 Policy 10 | Policy 11 |Policy 12
*ECS--Expected Consumption Subtraction

Run Length

The amount of computer time required to run the model

increased with the number of days simulated.

Because of this

constraint, a decision had to made on a number of days to

simulate which would provide a balance between computer time

required and reliability of the results obtained.

Using forty

aircraft at each of the three C-130 bases, pilot runs with

policy 4 for both thirty and sixty days were made with three

replications per run.

The variance between the scores in the

sixty~-day run was not reduced from that of the thirty-day case.
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;% Because variance was not reduced with a larger run time,

(! experimental runs were performed over a simulated thirty-day

35 time period.

N

” ReTTabitily T

§§ The goal of simulating the airlift resupply system was

:§§ to determine if there was one policy among all the policies

:* evaluated which provided the highest level of combat capa- ?
§§ bility, measured in terms of the policy score. Because a

iii decision as to the best policy could not be made from only one i
ﬁ\ run from each policy, a determination of the required number i
%% of runs, or sample size, was required. g
;1 The length of time required to run the model (approxi- ?
ﬁh mately twenty minutes per run on the VAX 11/780 computer),

» computer system turnaround, and the number of policies to ‘

2 evaluate placed restrictions on the sample size. Ten replica-

tions of each policy were considered the maximum number allow-

able due to these restrictions. Each of the twelve policies

was run the specifiéd ten times, requiring 120 runs of the

model. The mean response for each policy across the ten runs !
was then calculated. A multiple ranking procedure (MRP) given

in Kleijnen was chosen to evaluate the policies based on the

B ST O

mean scores of the twelve populations.

=5

.
-'l

If the mean scores of the policies are close together,

o

’
‘.'
*l
|
‘!
o
2
2
’,
19

a large number of runs is required to detect very small
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differences between the means. To preclude the requirement
for large sample sizes, Bechofer proposed the "indifference
zone approach." This approach proposes to guarantee the
correct policy will be selected, with a certain specified
probability P*, only if the highest population mean is at
least a certain number of units, say §é* , better than the
next highest (27:602). If the highest mean is not &* units
better than the next highest, the difference between the two
populations is not considered statistically significant. All
MRPs discussed by Kleijnen use the indifference zone approach.
They assume independence of the observations within and between
populations, and that the populations are normally distributed
(27:605) .

The particular MRP used depends on knowledge of the
population variances. 1In this experiment, the variances were
unknown, but assumed to be equal. Based on this assumption,
the Bechofer, Dunnet, and Sobel two-stage procedure was used.
The first stage of this procedure requires taking a sample
of some n, observations from population i. Ten runs of the
model were made with policy 1. S2? , the unbiased estimator
of the variance, was calculated using the method given in
Kleijnen, resulting in a value of 2.58 (27:609). The second
stage is normally followed to determine the final sample size
to be used in the experiment based on the predetermined value

of &* ., 1In this case, because the sample size was set at
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W ten, it was necessary to determine the value of &* which

1. would give sufficiently reliable results based on this sample

) (
o size. The value of §6* was determined using the following
SAN
N relation:
\l
)
A = 2 *) 2
N n 257 (h/8*)
2,
?qﬁ where
"RE
n = sample size
{f: S% = estimator of the population variance
5? h = critical constant which is the solution of
A a multivariate t-distribution tabulated in
v, the form hv/2 by Gupta and Sobel (27:609).
:5 The tabulated value of hvV2Z for a P* of .95 is 3.55, resulting
;ﬁg in a value for h of 2.51 (20:962). Solving the above equation
s ] for 6* gave a value of 1.80. This value of &* , and the
W
e assumption that all population variances were equal, implied
L
[ A
‘f@ that if the population with the largest mean was at least
éj 1.80 units greater than the next highest mean, the policy with
¢
it; the highest mean could be selected as the best policy with 95
-.f' ’
Ny percent confidence (the level of P*).
-
sl After the calculation for ¢&* was completed, the other
l% eleven policies were replicated ten times each. The ten
N
f:ﬂ observations, mean, and s% for each policy are given in
‘~~ Table XIII. Before comparing the mean values to select the
[
:ﬂ best policy or policies, it was observed that there was a
’n.'
’53 relatively large difference between the variances of policies
2
&
‘Y ¥
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A TABLE XIII

o] Experimental Results

e Run Pl P2 P3 P4 P5 P6

O [+ 2] ~ (<)) (%)} o w N -
g
wn
L]
O
(=)
N
-3}
L]
w
(=
N
N
L]
w
w
N
(=)
L]
o))
N
W
(=]
L]
@
w
w
-
L]
N
o

Y 10 24.68 25.18 24.84 25.11 30.23 30.83

[P S L S S ——— b o o e e - = - —

§24 Mean 24.51 24.91 24.79 25.08 29.78 30.18
¥

%3 s 2.58 3.01 2.43 3.08 1.96 2.58
s
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> TABLE XIII--Continued

N

s

f} Run P7 P8 P9 P10 P11l P12
3 1 30.54 30.72 35.95 35.05 | 36.08 | 35.50
. 2 31.75 31.87 38.17 37.96 | 38.09 | 37.16
=

g 3 29.01 29.88 33.88 33.71 | 33.68 | 32.73
5, 4 28.61 28.46 33.92 31.56 | 33.45 | 32.45
5% 5 30.80 31.33 37.64 37.33 | 36.03 | 36.84
L

~ 6 31.31 31.84 37.24 34.75 | 36.51 | 36.02
N 7 27.84 27.33 31.80 32.41 | 31.83 | 30.90
v

» 8 30.75 31.30 37.41 36.70 | 36.23 | 34.96
-

' 9 28.00 28.05 33.73 32.34 | 33.51 | 31.56
i 10 30.40 30.68 35.68 35.08 | 35.89 | 34.40
~ - Y RS WPV S i SRV WIS e
$ Mean 29.90 30.15 35.54 34.69 | 35.13 | 34.25
- 52 1.99 2.71 4.51 4.83 3.63 4.93
Lol
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5 and 12. On the suspicion that the variances might not be

7 equal, an F test was performed using the ratio of the smallest
A

and largest variances (policies 5 and 12) to test the null

AN
LR Y
b \.-‘
N hypothesis H,: o2 = 0}, . Results of the F test procedure
BWiy
. given in Devore showed that H, could not be rejected at the
j%ﬁ .05 level, so the variances were considered equal (16:312).
<o
’%ﬁ Even though the null hypothesis of equal variances was
. accepted, the value of 6* was recomputed using the Sg for
.&i Policy 12 (4.93), the largest population variance. The new
f?ﬁ §* of 2.49 was a more restrictive value to be used with the
N
s Bechofer, Dunnet and Sobel MRP to distinguish between the
k N
$} policies. The ranking of the twelve policies based on their
55
20 mean values is given in Table XIV. Because the value of the
‘ highest mean (policy 9) was not at least 2.49 units greater than
ff% those of policies 11, 10, and 12, no single "best" policy could
:ﬁ: be selected. The results of the procedure showed that while
these four policies gave better results than the others, there

u?: was no statistical difference between the top four.

‘..‘
Y

23 Analysis of Results
25} It was observed from the results that the average

o~
Jf? scores of the top four policies were obtained using weight

.r'.
-] set 3 (all supply classes weighted according to their worth)
N and that average scores using weight set 2 (classes III, V,

'.\;1

:%: and IX weighted more heavily) were higher than those for weight
3
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TABLE XIV

Policy Ranking

§§. Rank Policy
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%
2% set 1 (all classes weighted equally). The effect of weight
{ ﬁ sets on score is shown graphically in Figure 7.
fé The effect of weight sets can be explained by the
ég fact that the heavier weights for the more critical (or
t valuable) classes of supply increase the scheduling priority
;; for these classes. As a result, higher average supply levels
'53 are maintained in the critical classes. Because score is
i determined by taking the product of daily average in each
;yg class and class worth, summed across the classes, the result-

- ing score waé higher as the scheduling priorities of the most
s valuable classes increased. While it is true that levels of

o the classes given lower priority decreased, the effect of the
increased levels maintained in the more valuable classes was

. overriding in terms of score.

:3 Although the significance of the weights appeared

gb obvious from the results in Table XIII, the other main effects,
FLOW and ECS, did not appear to have any significant impact on
\? policy score. A 3 x 2 x 2 (weight by FLOW by ECS) analysis

of variance performed with the sample data confirmed that the

effect of weight was significant and that FLOW and ECS were

£2 insignificant at the .05 level.

‘E‘ In addition to main effects, certain combinations of
b . . g . .

NN main effects may also be significant. Three combinations of
"

;ﬁ two main effects (two-way interactions) were tested in the
wnt

M experiment--between weight and flow, weight and ECS, and

. )::
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! between FLOW and ECS. Graphical representations show that while

the main effects of FLOW and ECS were not significant, there
was a significant interaction between weight and FLOW and
weight and ECS, while the interaction between FLOW and ECS
was not significant.

Figure 8 depicts the relationship between FLOW and
weight. For weight sets 1 and 2, the effect of FLOW was to
increase the mean policy score, while the opposite was true of
weight set 3. The positive effect of FLOW on score using the
first two weight sets is probably because of the reduction of
queuing'by aircraft as a result of the sequencing performed by

the FLOW subroutine. The negative effect on score with weight

set 3 was an unexpected result and one that is not easily
explained.

The reason for this effect must be linked to the way
the FLOW subroutine interacts with the effects of using
scheduling weight 3. Compared to the other sets, the use of
weight set 3 in scheduling causes the number of POL missions to
increase, in response to the higher scheduling priority, and
the number of cargo missions to decrease. This is because
maintaining POL at high levels requires more sorties than other
supply categories. As a result, it is likely that the reason
for the negative effect of FLOW is related to the management
of POL missions. Since the number of cargo missions is reduced,

sequencing cargo missions in the FLOW subroutine may not be
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necessary, and may actually be counterproductive, because of
an adverse effect on POL mission sequencing. This adverse
effect may result from the method used in FLOW to avoid con-
flicts, which is to replace missions with ones with different
itineraries or servicing requirements. As a consequence, POL
missions may be put into the time slot of cargo missions to
resolve cargo mission scheduling conflicts. POL missions can
be substituted in this fashion until the number of conflicts
with other POL missions, caused by substitution, exceeds the
number permitted. Therefore, attempts to sequence cargo
missions may result in a greater proportion of POL missions
being scheduled with the number of expected conflicts at the
maximum permitted level. Since this limit is larger than the
number of servers available, the result is an increase in
queuing by POL aircraft. When coupled with the increased
number of POL missions caused by the use of weight set 3, this
effect might cause an increase in queuing as a result of the
action of the FLOW subroutine. Although the actual mechanism
for this observed effect is not known, the results of sensi-
tivity analysis described below support this explanation.
Sensitivity analysis was conducted on the system to
determine the effect on airlift score of changing the FLOW sub-
routine. The model was run with two different flow policies
combined with the three weight sets. Since there was no

interaction between FLOW and ECS, it was not varied, and all
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runs were made with ECS included. The two FLOW policies used
in the analysis varied from the base case policy by having
different values for the maximum number of scheduling conflicts
permitted. The first policy used, policy 1, was more restric-
tive than the base case for all mission types. The maximum
number of conflicts permitted was reduced by one from the base
case limit in each category. The resulting policy had the
following maximum number of conflicts permitted: five for
cargo missions, three for POL missions, and one for air evac
missions.

The second policy, policy 2, imposed a more restrictive
limit on POL missions, but a more relaxed limit on the other
two mission types. The maximum number of conflicts permitted
under policy 2 was set at eleven for cargo missions, three for
POL missions, and three for air evac missions. The results
from the sensitivity runs, i*ncluding the average of the total
time spent in all POL and cargo queues are shown in Table XV.
Also included are the same results for the base case FLOW and
the no-FLOW situation.

From Table XV, it can be seen that the effect of the
different FLOW policies, relative to each other and to the no-
FLOW case, is dependent on the weight set used. When weight
set 1 is used, policy 1, which is the most restrictive FLOW
policy, results in less time in both POL and cargo gqueues

compared to the base case FLOW policy, and this policy has the
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o

E% highest score overall. Policy 2, while reducing time spent

(~ in the POL queues, has no effect on the time spent in cargo
Ei; queues, which is to be expected from the large number of cargo
é&‘ mission conflicts allowed for this policy. The fact that the
t' score for policy 1 is higher than that of policy 2 is apparently
;&5 due to the lack of control of these queues in policy 2. When
 ££ compared to the no-FLOW case, the base case FLOW policy is

- effective in reducing waiting time in both POL and cargo

%és queues but not to any great degree. This results in only a
EE; slight improvement in score over the no-FLOW case. These

gi results, taken as a whole, indicate that for weight set 1, a
Eﬁz FLOW policy that tightly controls the number of expected con-
EE flicts for both POL and cargo missions can improve the airlift
‘?: score over the no-FLOW case.

££§ When weight set 2 was used, the best score again

:E: occurred when FLOW policy 1 was used. As before, this policy
,;: was best at controlling waiting time in POL and cargo queues,
,§§' but in this case, the control of cargo queue length is

Eﬁs evidently less important when weight set 2 is used. This is
:; shown by the fact that FLOW policy 2 resulted in nearly the

%E same score as with policy 1, with an average time spent in
‘f& cargo queues that was substantially longer than for policy 1.
,{?j The base case FLOW policy again resulted in some improvement
&;f in time spent in queues, but this improvement is small, and
fi the policy actually results in slight reduction in score for
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the runs made with ECS included. These results lead to the
conclusion that, in the case of weight set 2, a FLOW policy
that controls time spent in POL queues results in a higher
score than in the no-FLOW case. The benefit from controlling
time spent in cargo queues is evidently smaller than was the
case with weight set 1, and may not be significant. These
results are consistent with the fact that, as a result of

the scheduling weight attached to POL requirements, more POL
missions and fewer cargo missions are flown when using weight
set 2 than when using weight set 1.

The results when using weight set 3 were distinctly
different that with the other weight sets. The large schedul-
ing weight attached to POL requirements increases the number
of POL missions, while decreasing cargo missions to such an
extent that there is no significant queuing problem for cargo
missions. Furthermore, there appears to be a penalty imposed
on FLOW policies that attempt to control cargo queue length.
This is shown by the fact that the average time spent in POL
queues was substantially higher for policy 1 than for policy 2,
and by the same relationship between the base case and the
FLOW policy. If no penalty existed, the time spent in the POL
queues would be approximately equal for both policy 1 and 2,
as it was with the two earlier weight sets, and the base case
policy would show slight improvement over the no-FLOW case.

As stated above, the reason for this penalty is not clear.

127

O O O g R L S S O S ST 0. PRI AT S I




)

"y

-~

L

.S

“-
W

o.*'

' However, the results for both the base case policy and policy
l 1l are consistent with the explanation offered above. The
::i fact that the score is better for policy 1 may be due to the
20

4
;:i more restrictive limit on expected POL conflicts in policy 1
5
compared to the base case. These results indicate that a

jﬁ FLOW policy that restricts POL conflicts but does not affect
o cargo missions gives a higher score than the no-FLOW case.

' Taken as a whole, the results of sensitivity analysis
.":

Sf on the FLOW subroutine indicate that, to be effective, the

é; FLOW policy must be tailored to the weight set used. When

14 this is done, the subroutine can reduce the time spent in

I
K- queues by airlift aircraft and, as a result, increase the
P

js score. While the improvement shown in the score was not large,
i_. the best FLOW policy was consistently better than the no-FLOW
ﬁi case on individual runs for the three weight sets. In order
h).‘

= to determine whether the difference was significant, the

o Friedman rank test was run comparing the best FLOW policy to
-
:2: the no~-FLOW policy with each weight set. Using the procedures
SR
;(j given in Daniel, the null hypothesis of no treatment effect
o was rejected for weight sets 1 and 2 at the 0.05 level, indicat-
N

fo ing that the effect of FLOW was significant. The null hypo-
AN

1 .l

*: thesis could not be rejected for weight set 3, although the

™ FLOW policy dominated the no-FLOW policy in eight out of ten
7 runs (8:226).
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The interaction between weight and ECS is given in
Figure 9. The graph shows that subtracting expected consump- )
tion had a positive effect on score with weight sets 1 and 2,
but that the opposite was true with weight set 3. The negative
effect of ECS with weight set 3 was most likely due to the
very wide differences in scheduling priority between the most
valuable classes--repair parts (IX), POL (III), and ammunition
(V) --and the least valuable--clothing and equipment (II) and
personal demand items (VI). Because with weight set 3 the
classes are given priority weights equal to their worth, the
most valuable classes are given a much higher scheduling
priority than the least valuable. Without subtracting expected
consumption, the levels of classes II and VI have a low
scheduling priority until they are at or near the zero level.
The increased priority at this point improves the supply status
temporarily, but the trend is for these classes to return to

the zero level repeatedly because their low weights give them

priority over the more heavily weighted classes only in the

most extreme cases. Although the daily averages in these two

classes are very low, the effect on the score is minor because
of their low worth (1.0 and 0.5).

When expected consumption is subtracted, classes II
and VI are given a higher scheduling priority than before,
because the subtraction artificially reduces their status.

The result is a drastic reduction in the number of scheduling
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Legend
= Without ECS

= With ECS

Figure 9. Interaction of Expected Consumption
Subtraction and Weight Set
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A periods at or near the zero level, since the model "knows"
29 ,-(
L that if these classes are not given increased priority, they
‘.:‘.4 . .
tx{ will approach or reach the zero level. However, giving
2o ey
}ﬁf increased priority to classes II and VI reduces the number
- of sorties flown to resupply classes IX, III, and V, thereby
ﬁﬁﬁ decreasing the daily averages in these classes. Since the
&
,fﬁ: contribution to score is much greater from the more valuable
WA
. classes, the reduction of their daily averages has a greater
:5Q negative effect on score than the positive effect due to the
~
:@ increase in the averages of the less valuable classes.
Pl 1]
>4 Figure 10 shows that there is no interaction between
Al
;Rﬁ FLOW and ECS. Results of the analysis of variance confirmed
‘,-_.:,'}
‘tﬁ that the interactions of weight and FLOW and weight and ECS
e were significant, but that the interaction of FLOW and ECS
P J
ﬂ&. was not significant at the 0.05 level.
L98S
g
o .
a Summary
:ﬁj This chapter discusses the experimentation with the
-'P'h,.'
{%} model developed in Chapters III and IV. Different combinations
f
et

18

4

of scheduling heuristics involving the FLOW subroutine and

"
.
)

ISR 4
s e et >

the subtraction of expected consumption were tested with three

different supply class weights. Twelve possible combinations

P

S

of these factors were replicated ten times each. The mean

Fi
< q4F

e
yo

scores from each policy were ranked using a parametric multiple |

. ‘-'I a &

~
e

ranking procedure to determine if any one policy resulted in a

XX
X
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significantly higher mean score. The significance of main
effects and their interactions are discussed as well as the
sensitivity analysis performed with two additional versions
of the FLOW subroutine. Graphical and tabular representations
of the experimental results are provided and possible reasons

for unexpected results with weight set 3 are offered.
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l. VII. Observations and

= Recommendations

.

2 .

-7 Introduction

A,

After the planning, modeling, experimentation, and

,ﬁﬁ analysis phases were complete, certain observations were made
2 concerning the significance of what was done, and areas

~'

’

requiring further research were determined. Several con-

{: straints, most notably time, precluded a thorough analysis
1 of all the factors which may have influenced the results.
:} The results themselves posed many questions which were not
u_:.:

:? considered when the research began. This chapter discusses
b Y »y

;p some of the observations made based on the results of this
‘ L]

project, and provides suggestions in several areas where

L8
}2 further study is warranted.

22

Observations

One of the objectives of the research effort was to

AL/
h2a B

&
L)

determine the impact of scheduling heuristics and supply class

AN

~— weighting on the satisfaction of user needs. The intent was

ﬁf not to find a single "best" combination of heuristics (FLOW

% and ECS) and class weighting (weight sets 1, 2, and 3), but

Yo
= rather to show whether different combinations significantly

ey

':3 improved the score. From the results, it was found that the

15 |
A weight set chosen had a significant effect on the policy score.
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EF& While FLOW and ECS were not statistically significant, use
{i' of these rules of thumb in the scheduling process did show a
_fg consistent improvement except when applied with weight set 3.
Eg The sensitivity analysis done with FLOW and weight set 3

I showed that different conflict test criteria for FLOW gave
}% consistent improvement in score and that there was a relation-
iﬂ ship between score and the average queue waiting time. This
.: confirmed the initial feeling that a controlled flow of air-
_%g craft through the system would reduce queue lengths and
};i improve score, although the improvement was not nearly as
ﬁt' significant as eipected. The sensitivity analysis also showed

that, for best results, a specific FLOW mechanism should be

L
',

L P

R
. a

tailored to the weight set used.

L Development of a new tactical airlift MOE was another
. research objective. The numerical score was chosen as the
ﬁ MOE based on the belief that user need satisfaction could be
\L{ quantified by a single number. Perhaps the most significant
o
b g
N observation of this research effort was that user need satisfac-
s
‘:: tion depends on several factors which cannot be easily combined
k and measured on one scale.
A )
ALY . . . :
fgz Policies with weight set 1 gave the lowest scores,
o
i but average levels in all supply classes were at approximately
,_;. 40 percent of the desired level at the end of the thirty-day
4 -"n
'ﬁ& period. Weight set 2 yielded higher scores, but less consis-
‘:':‘;
;?; tency in average supply levels because of the increased
N 135
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scheduling priority given to POL, ammunition, and repair
parts (classes III, IV, and IX). Weight set 3 gave the
highest scores by far but did not perform nearly as well as
the other weight sets in two potentially important areas--
classes with zero supply levels and casualty evacuation.

The fact that two classes of supply, clothing and
equipment and personal demand items (classes II and VI) had
significant periods of time with a zero supply balance shows
that a score of 35 for a policy with weight set 3 is not
clearly "better" than a score of 25 for a policy of weight
set 1. Certainly, these two classes are of minor importance
in relation to the most critical categories (according to the
Army worth assessment), but depleting these less important
classes to improve the status in other classes may be neither
desirable nor justifiable.

Policies with weight set 3 also improved the score at
the expense of casualty evacuations. While policies with
weight sets 1 and 2 were able to meet the requirement that
all casualties be evacuated from the division level within
seven days of initial hospitalization, weight set 3 effectively
reduced the air evac priority. As a result, casualties often
remained at the division level for eight days or longer.

The effect of expected consumption subtraction with
weight set 3 was to decrease the policy score. However, it

had the desired effect of drastically reducing the number of
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scheduling periods classes II and VI were at the zero level,
from 50 down to 5 percent of the time in some cases. To say
that employing ECS with weight set 3 was detrimental to the

satisfaction of user needs purely based on the reduction in

score might not be a correct statement.

The major point to be made is that the scoring
function used may not be adequate as the sole MOE of tactical
airlift. It is affected primarily by the levels of supply
maintained in the most valuable classes, with only a minor
penalty inflicted by the maintenance of very low or zero
levels in those classes least valuable. The needs and
desires of Army decision makers in such areas as even levels
of supply in each class, aeromedical evacuation priority,
and other factors must be considered. The ability of policies
with weight set 1 to maintain average supply levels at 40
percent in all classes and their ability to meet the casualty
evacuation goal may make them preferred, even though they
resulted in the lowest scores.

The model results were dependent on the specific
Iranian scenario from which the model was developed and might
change with a different scenario. A different locale for
combat operations could result in different values for the
supply classes. For example, operations in Central America
might be more conducive to the use of infantry than armored

forces. The relative worth of POL might decrease in this
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scenario due to fewer numbers of armored vehicles which con-
i; sume large quantities of fuel. Having a more restrictive
casualty evacuation policy would require an increased priority
{5 for air evac missions, thereby reducing the number of resupply
sorties. Shorter leg distances between bases with no decrease
in onload and offload time could result in queue buildups.

All these possible effects would have to be considered if the

.........
.................
..................

\' model were used in other scenarios.
‘6 Certain model parameters, such as aircraft size and
:;i speed, onload and offload time, and maintenance reliability
3 and delays would remain constant across all scenarios. Con-
E; sumption figures, distances, MOG, relative supply class
‘af worth, and other parameters would change but could be deter-
FAD)
C mined and used in the existing model with minor modifications.
?g The worth assessment procedure could be conducted with the
E§ Army decision makers involved to establish revised relative
{, supply class rankings. The existing model could be modified
E; and designed so as to incorporate appropriate combinations
.Si of FLOW, ECS, and weight set to satisfy the needs of the Army
4 theater commanders for a given scenario. Actual experimenta-
tion with the model for different scenarios is among the areas
requiring further study.
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Recommendations for
Further Research

The major recommendation for further research is that
sensitivity analysis be conducted on the existing model.
Because of time limitations, extensive sensitivity analysis
was not carried out in this study, although it clearly would
be valuable to do so. The model was based on a specific
scenario and, as a result, the applicability of the results
of this study to other scenarios may be limited. One of the
purposes of sensitivity analysis would be to determine to
what extent the results are scenario dependent. 1In addition
to the model parameter changes outlined above, several other
scenario changes might be considered. The first is to consider
a short, intense war rather than the protracted one in the
study. Modern warfare, because of advances in reliability and
lethality of weapons, is likely to be shorter and more intense
than in the past. In such a situation, tactical airlift
scheduling priorities would change drastically. Another
situation to consider is a resupply effort that is on a much
smaller scale than the one in this study. The airlift require-
ments in the current study are high because the scenario pre-
cludes the use of ground transportation. In other scenarios,
a significant portion of the resupply effort may be through
surface movement of supplies and the airlift task correspond-

ingly reduced. Another situation to consider is deployment.
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'j: The scheduling method in this study could be used to plan the
(; sequence of missions. The worth of delivered supplies would
;g depend on the proper sequence cf arrivals in this case.

<

For example, delivering large quantities of artillery ammuni-
tion prior to the arrival of the artillery itself would have
little value.

An additional area for study by sensitivity analysis

-

is the effect that changing scheduling factors--scheduling

e e

weights, FLOW policy, and ECS--has on the scheduling process.

v Because the purpose of this study was to establish the
significance of these factors on airlift scheduling, no
attempt was made to optimize the levels of these factors.

Sensitivity analysis could provide information needed to choose

the best levels for these factors for a given situation.

’S Scheduling weight has the strongest effect on performance.
i% By varying the scheduling weights in the model, different

profiles of supply levels for the different supply classes

"

}3 can be generated. There is clearly a strong interaction

Ny

if between scheduling weights and FLOW policy, and this relation-
';i ship should be explored. Finally, the use of ECS in selected
L

‘i: supply classes and in selected situations should be explored.
.: -

- A recommendation for further research is to explore

= the use of goal programming in airlift scheduling. Using goal
'E: programming, desired supply levels could be set as goals and
L

%ﬁ a scheduling weight attached to deviations from these goals.
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Varying these weights should have a similar effect to changing
scheduling weights in the current model. Other factors of
importance, such as compliance with the casualty evacuation
policy, could also be included as goals.

Also worthy of further study is the subject of supply
class priority weighting. As pointed out in Chapter VI,
there are an infinite number of possible weight combinations
which could be applied. An approach to reducing the magnitude
of this problem would be the application of Multi-Attribute
Utility Theory (MAUT) to assess utility curves for each supply
class from appropriate Army decision makers. By experimenting
with the model with each class weighted at various points
along these curves, response surface methodology could be
employed to determine "best" weight sets for use in particular
scenarios which properly reflect the desires of the decision

makers.
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Appendix A: SLAM Variable Lists, Program
Statements, and Diagrams

ATTRIBUTE LIST

Attribute Number Itescription

Aircraft tail number
Home base number

Maintenance turn-around time
at home base

Crew duty start time
Present aircraft location
Next aircraft destination
Itinerary stop number
Mission number

Current leg flying time
Cumulative flying time
fircraft configuration
lelay from time mission is
scheduled until takeoff
time

Not used

Crew duty time remaining

Time of last air-raft
maintenance assessment

Maintenance delay time
fissigned appropriate base
number when home hase

maintenance Delay is
excessive

Not Used
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XX Variable

XX VARIABLE LIST

Function

30

31-33

34-39

40

41

ROTRTATS LT Py

Leg distances between the eight bases
Airspeed
Nunber of days simulated

Counters used to control the number of aircraft
assigned to each €-130 base

Counters used in aircraft generation functions--
USERF i, 4y and 7.

Counter used in SCHED to mark the passage of 24 hours

Counter used in NEWSCD to indicate passage of
scheduling periods

Number of missions available for scheduling
Not used

Counter used in NEWSCD to keep track of current
scheduling periods

Counter used in SCHED to Keep track of current
scheduling periods

Counter to indicate a zero level for a supply
status has occurred

Counter used in ROUTE to Keep track of home base
assignment

Not used

Low value, mean value, and high value for triangular
distribution returning enroute flying time

Not used
Counter used in ROUTE to alternate onload points

Not used
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Y 71-79 Scheduling weights

80-100 Not used
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GEN,GORBRY,TEST,3/16/84,1;

LIMITS,29,17,450;
STAT,1,BASE 1 CREW DAY;
STAT,2,BASE 2 CREW DAY;
STAT,3,BASE 3 CREW DAY,
STAT,4,BASE 1 FLY DAY;
STAT,S5,BASE 2 FLY DAY}
STAT,»6,BASE 3 FLY DAY}
NETWORK;

THIS PROGRAM BLOCK INITIATES THE FIRST CALL TO THE USER
WRITTEN SURROUTINE SCHED AT THE START OF THE SIMULATION.
SUBSEQUENT CALLS ARE SCHEDULED WITHIN THE ROUTINE TO -
OCCUR AT 12 HOUR INTERVALS. -

e Ee We Yo WO we

CREATEyyy,17
EVENT,1}
TERMINATE}

(3200 Po bbb ititsstedetsets sttt etdettes
(P teo b epitsetdsetiosietsodsttittsstesiessidisetdtsetdistesiissdy

PEX X
» X% PRE-MISSION DEPARTURE ACTIVITIES XX
1 XX XK

1R300ttt ddttetsetittietdseessotdstefotetdetitesttdtsds
(230003300 steottPttesoetiietisoertssoseettpsetpeoossonsettiope

AIRCRAFT GENERATION FOR BASE 1 (RIYADH) -

- INITIAL AIRCRAFT GENERATION IS ACCOMPLISHED IN TWO PHASES -
IN THIS BLOCK. HALF OF THE BASE AIRPLANES ARE GENERATED -
AT TIME 0.0 AND THE SECOND HALF ARE GENERATED 12 HOURS -
LATER. THE PURPOSE OF THIS TWO PHASE PROCESS 1S TO SFACE -
QUT THE INTRODUCTION OF AIRCRAFT ENTITIES TO THE SYSTEM. -
THIS INSURES A CONSTANT FLOW OF MISSIONS OVER THE FIRST -
24 HOUR PERIOD, RATHER THAN FLYING A LARGE NUMBER IN THE
FIRST 12 HOURS AND A SMALL NUMEER IN THE SECOND.

We 9o Ve We WE go WO go WO Go €O weo

BEG1 CREATE,12:044,2}

ASN1 ASSIGN,ATRIB(1)=USERF(1),ATRIB(2)=1,2;
ACTy pXX(34) LT« XX(31)ASNL}
ACT}
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$- THE MAINTENANCE QUEUE (MXQ1) CONTAINS AIRCRAFT WAITING FOR
$— MINCR MAINTENANCE ACTIONS ACCOMPLISHED HETWEEN MISSIONS., -
; -

MXQ1 OQUEUE(1);
ACT(15)/1,ATRIR(3) }

~ THE AIRCRAFT QUEUE (AC1) CONTAINS MISSION-READY AIRCRAFT.

.o we 9o

AC1 QUEUE(2),,,,AS1;

THE AIRCREW QUEUE (CR1) CONTAINS RESTED CREWS. INITIALLY,
IT CONTAINS A NUMBER OF CREWS EGQUAL TO TWICE THE NUMBER OF
ATRCRAFT ASSIGNED TO THE BASE. -

e We o WS we

CR1  QUEUE(3),80,,,AS1;

AN AIRCRAFT AND CREW ARE ASSEMBLED FOR A MISSION. -

AS1  SELECT,ASM,,,AC1,CR1;}
ACT,,,60;

;-

i AIRCRAFT GENERATION FOR BASE 2 (DHARHAN) -
e (IDENTICAL TO THAT OF BASE 1) -
'

BEG2 CREATE,12.0,,,2}
ASN2 ASSIGN,ATRIB(1)=USERF(5),ATRIB(2)=2,2;
ACT, o XX(36) LT XX(32)ASN2}
ACT}
MX@2 QUEUE(4);
ACT(15)/2,ATRIB(3)};
AC2  QUEUE(S),,y,AS2}
CR2  QUEUE(4),80,,,A52;
AS2  SELECT,ASM,,,AC2,CR2;
ACT, GO}

- AIRCRAFT GENERATION FOR BASE 3 (BAHRAIN) -
(IDENTICAL TO THAT OF BASE 1) -

- - - — - e - ———— -— ——— -

%

N

v%‘..\\\

&F e
e
w
m
@
A

CREATE,12.0y,,2}
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-;é: ASN3 ASSIGN,ATRIB(1)=USERF(4),ATRIB(2)=3,2;
“~

20 ACT, ,XX(38) ,LT.XX(33),ASN3}
P
ACTS
{ MXQ3 QUEUE(7)}
N ACT(15)/3,ATRIB(3)}
s AC3  QUEUE(8),,,,AS3}
e CR3  QUELE(9),80,,,A53}
- AS3  SELECT,ASM,,,AC3,CR3}
S ACT,,,60;
— 60 GOON}
= e ;
i $~ USER FUNCTION 9 PREVENTS ASSIGNMENT OF A CREW/AIRCRAFT TO A -
N $- MISSION WITH A SCHEDULED TAKEOFF TIME AFTER THE END OF THE -
» $- CURRENT SCHEDULING PERIOD. THIS INSURES THE AIRCRAFT WILL -
o $~ BE ASSIGNED A MISSION IN THE APPROPRIATE SCHEDULING PERIOD -
e $~ WITH AN APPROPRIATE PRIORITY -
%Y. .
Q..'. ’ ————
1'-:::-
3 ACT,USERF(9),,STRT}
Ad ; = e e = o e R
V’QE $- EVENT 2 CALLS SUBROUTINE START. IN THIS ROUTINE, THE -
Y $~ AIRCRAFT IS ASSIGNED A NUMBER FOR A MISSION AND ITS -
§5§ $- ASSOCIATED DEPARTURE TIME, ITINERARY, AND CONFIGURATION, -
N $- THE CREW DUTY EXPIRATION TIME FOR THE CREW IS ALSO -
, $- CALCULATED. -
. ; - ——
3 \ |
o STRT EVENT,2}
N
'4 DNHB GOON}
s .
. p-.. = -
.I;- $- USER FUNCTION 8 DETERMINES WHETHER OR NOT THERE IS A MAIN- -
P 3~ TENANCE PROBLEM, AND, IF SO, WHAT THE LENGTH OF THE DELAY -
KO $- WILL BE. -
o ACT ,USERF(8), , TFB}
Al
: >~ § e e —————
3& $- IF THE DELAY IS 4 HOURS OR GREATER, ATTRIBUTE 17 IS SET -
$- EQUAL TO 1, 2, OR 3 (HOME BASE NUMBER), AND THE MISSION -
o $- IS CANCELLED. THE CREW ENTERS CREW REST AND THE AIRCRAFT -
o $- MAINTENANCE IS PERFORMED. RET1, RET2, OR RET 3 RETURNS -
2;4 $- THE CREW AND AIRCRAFT TO THE FROPER HOME RASE, -
¥ jommmmmmmmmemmmomeom oo mommmsmmmmemsomoommo—osomoo—oooo-
o TFB GOON,1}
% ACT, ,ATRIE(17).ED.1,RET1}
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-
=
e ACT,»ATRIB(17).EQ.2,RET2;
e ACT,,ATRIB(17).EQ.3,RET3}
(.’ ACT, » yNEXT}
£
o NEXT GOON;
:{'-'
RN ; -~ o
NN $- USER FUNCTION 2 DETERMINES THE FLYING TIME BETWEEN THE -
e - CURRENT LOCATION AND THE NEXT LOCATION ON THE MISSION -
. $- ITINERARY, AND STORES THE TIME IN ATTRIBUTE 9. THE NEXT -
O $- LOCATION IS STORED IN ATTRIBUTE 6. ANY CHANGES TO THE -
o $- ITINERARY AS A RESULT OF MAINTENANCE OR QUEUEING DELAYS -
EX $- ARE MADE IN USER FUNCTION 2. -
o ; e e
o ACT,USERF(2) , yHUR}
Ny
7
‘ ‘u::"n'
‘-'d-: ; - —— - — o - —— - - - ——— — . - - . b -
“‘, $- THE AIRCRAFT IS ROUTED TO ITS DESTINATION BASED ON -
T $~ THE VALUE OF ATTRIBUTE 9 (FLYING TIME) AND ATTRIBUTE 6 -
e $- (NEXT DESTINATION ON THE ITINERARY). -
N ; mmmmmmmmmmememeeee mmmmemmmemomeeee
Oy
NN HUB  GOON,1}
. ACT/4,ATRIB(9),ATRIB(6).EQ.1,BAS1};
- ACT/S,ATRIB(9),ATRIB(4) ,EQ.2,BAS2}
v ACT/6,ATRIB(9),ATRIB(4) ,EQ.3,BAS3;
e ACT/7,ATRIB(9),ATRIB(6) .EQ.4,BAS4}
R ACT/15,ATRIB(9),ATRIE(4) ,EQ.5,RASS}
oo ACT/23,ATRIB(9),ATRIB(4) ,EQ.6,BASH}
- ACT/31,ATRIE(9),ATRIB(4) .EQ.7,BAS7}
‘-ﬁ ACT/39,ATRIB(9),ATRIB(4) .EQ.8,BASS;
Tk
25 $ERXXXKXXXX RETURN TO BASE 1 XXKXKXXXKXX
'n'.-‘,
22 BAS1 GOON}
B ACT,0.2;
o B1G  GOON;
b ACT ,USERF (4) y yRET1}
.".:.-
lggf }XXXXXEXXKX RETURN TO BASE 2 XKXXKXKXKX
o BAS2 GOON}
b ACT ’ 0.2 ’
% B26  GOON;
12021 ACT,USERF (4) ,,RET2}
o)
NCTs $ SXKXXXXXXX RETURN TO BASE 3 XXXKXKXKXX
. BAS3 GOON}
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ACT,0.2;
B3G  GOON;
ACT,USERF(4),,RET3;

1203800330800 00000000300 03300002328083220000830080beisetssstsese;
iRt e300 20380080ttt ettt otsitietseciedsniiteitsy

sKX X
3% DEPOT/DIVISION BASE ACTIVITIES xX
S KX X

1228803380333 0080080833¢0030033330008 8283000380033 es3dt et tessy
(224330030033 208 030000800030 80000330033¢8000 0803003003003 0088%¢¢;
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BAS4 GOON;

~ THE AIRCRAFT TAXIS IN AND PROCEEDS TO THE CORRECT SERVER -
BASED ON ITS CONFIGURATION (STORED IN ATTRIBUTE 11). -

- ——— — - - o 0 ——— —— ———— - o o

]
4
]
14
]
?

ACT,0.2;
BACK GOON,1;

- IF CARGO CONFIGURED, THE AIRCRAFT PROCEEDS TO THE CARGO -
-~ SERVICING AREA. -

-y we we o

- IF CONFIGURED FOR POL, THE AIRCRAFT FROCEEDS TO THE POL -
-~ SERVICING AREA. -

- - et . T — — ——— " — "y " M S T . et —

e We we wWe

ACT/9,,ATRIB(11).EQ.2,POL4;

; -

7~ THE AIRCRAFT QUEUES IF NO FREE SERVER IS AVAILABLE AT THE -~
’

’

- THE SERVICING AREA CORRESPONDING TO ITS CONFIGURATION. -
- AFTER QUEUEING AND SERVICING, THE AIRCRAFT TAXIS OUT FOR -~
+— TAKEOCFF. -

e et tat et At A A At ettt e e e e
O R 8 . - N
- . - . » N




CAR4 QUEUE(10);

ACT(8)/11,USERF(3)
CG4  GOON;
ACT,0.2,,DN43
FOL4 QUEUE(11)}
ACT(4)/12,USERF(3);
GG4  GOON;
ACT,0.2,,DN4;
N4 GOONj

- THE POSSIBILITY OF A MAINTENANCE DELAY IS CONSIDERED IN
USER FUNCTION 8.

e Wwe we W

ACT,USERF(8),,B40G;

’
y- THE AIRCRAFT GUEUES FOR DEPARTURE IF THE RUNWAY IS IN USE
$- BY ANOTHER DEPARTING AIRCRAFT.
; - - -

B4ADG QUEUE(13);

- A THREE MINUTE TAKEOFF INTERVAL IS SPECIFIED. THE ENTITY

’

’

$—- RETURNS TO THE °*NEXT" NODE.
$ -

ACT/14,0,05, yNEXTS

XX BASE 5 (SHIRAZ-~AERIAL PORT OF DEBARKATION) XX

- ALL ACTIVITIES ARE IDENTICAL TO BASE 4 WITH ONE EXCEPTION.
BASES 5, 6, 7, AND 8 INCLUDE THE LOADING OR OFFLOADING OF
AEROMEDICAL EVACUATION PATIENTS.

e We We Yo W Wo Weo

BASS GOON:
ACT,0.2;

BSCK  ACT/16,,ATRIB(11).EQ.1,CARS}
ACT/17,,ATRIB(11).EQ.2,FOLS;

- IF THE AIRCRAFT IS CONFIGURED FOR PATIENTS, IT PROCEELS TO
- THE PATIENT SERVICING AREA.

-e Ve we geo

ACT/18,,ATRIB(11).EQ.3,PT5;
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N
A X
oy CARS QUEUE(14)}
2 ACT(6)/19,USERF(3)}
: CGS  GOON}
.‘-: ﬁCT’O'Z, yDN5;
- POLS QUEUE(15)}
e ACT(4)/20,USERF(3)}
g GGS  GOON;
< ACT,0.2,,0N5}
- PTS QUEUE(16)}
o ACT(2)/21,USERF(3)}
¥ FGS  GOON}
‘::; ﬁCT.O.Z’, yDNS;
v DNS  GOON;
k‘ ACT,USERF(8), ,B5I0Q}
Y BSDQ QUEUE(17)}
-3 ACT/22,0.,05,,NEXT}
I~
A
. ; _______________________________________________________________
- $- %% BASE & (YAZD--ARMORED' DIVISION HEALQUARTERS) %X -
o ;- -
i $- ALL ACTIVITIES ARE IDENTICAL TO BASE S. -
X - ittt ittt
{ BAS6  GOON}
W ACT,0.2;
. BA6CK  GOON,13
"N ACT/24,,ATRIR(11).EQ.1,CARS}
-~ ACT/25,,ATRIB(11).EQ.2,FOLS}
o ACT/24,,ATRIE(11) .EQ.3,PT6}
o CARé QUEUE(18)}
o ACT(4)/27 USERF(3) }
(- CG6  GOON}
: ACT,0.2,,IIN6}
~ POL6 QUEUE(19)}
p ACT(4)/28,USERF(3)}
- GG6  GOON}
< ACT,0.2,,0N6}
- PT6  QUEUE(20);
o ACT(2)/29,USERF(3)}
5 PG6  GOON;
e ACT,0.2,,0N6}
- DN6  GOON}
o ACT,USERF (8),,RB6D0}
S
2 B6DQ QUEUE(21)}
o ACT/30,0.05, ,NEXT}
[
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- ettt ittt ettty
0 $~ %X BASE 7 (KHATAMI--HECHANIZED DIVISION HEADQUARTERS) XX -
o ;- -
Li $- ALL ACTIVITIES IDENTICAL TO BASE 5. -
' :::-' B e e e e e e e e e e e e e e
= BAS7 GOON3

= ACT 0.2}

H7CK  GOON,13
\ ACT/32,,ATRIK(11) .EQ.1,CAR7}
- ACT/33,,ATRIB(11).EQ.2,FOL7;

- ACT/34,,ATRIB(11) ,EQ.3,PT7}
o CAR7 OUEUE(22)}
b ACT(6)/35,USERF(3)}
i C67  GOON;
P ACT,0.2,,[IN7}
R POL7 QUEUE(23);
e ACT(4)/36,USERF(3)}
) GG7  GOON;
b ACT,0.24,DN7}
O PT7  GUEUE(24)}
% ACT(2)/37,USERF(3)}
¥y PG?  GOON}
- ACT,0.2,,IN7}
P DN7  GOON}
{ ACT,USERF(8),,B7D0}
- B7DQ QUEUE(2S5)}
:-. ACT/38,0.05,,NEXT}
o P e e e e e e e e e
s $- %% BASE 8 (ARAK--MECHANIZED DIVISION HEADQUARTERS) XX -
A - -
b $- ALL ACTIVITIES IDENTICAL TO BASE 5. -
?,_. e e e e
..'.a.

N FAS8 GOON;

BBCK GOON,1;
ACT/40,,ATRIB(11),.EQ.1,CARB}

ACT/41,,ATRIB(11).EQ.2,POLS}

ACT/42,,ATRIR(11) .EQ.3,PT8;

d CAR8 QUEUE(26);

- ACT(46))/43,USERF(3)}

= €68  GOON;

‘::-‘ ACT,0.2,,DN8;

:. POL8 QUEUE(27);

o ACT(4)/44,USERF(3);
L] G68  GOON}

,r:": ACT,0.2,,DNB}

AN
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o
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e N

l‘ ‘l‘.'l“ 1
Y 4 .l 5 .l "

PT8 QUEUE(28);

ACT(2)/45,USERF(3)}
PG8  GOON;

ACT,0.2,,DN8;
DN8  GOON;

ACT,USERF (8),,B8DQ}

B8DQ QUEUE(29);
ACT/46,0.,05, ,NEXT}

282383483333 ¢383¢23 838388ttt otito oot esoeetotesstdstss
1382380380300 0¢0888 000830030833 ¢03eb sttt tsetctscestssteiesssy

$XX XX
s X% POST-MISSION HOME STATION ACTIVITIES *¥
KX XX

12323002330ttt ettt ettssittissssoeotiotteiesstotesststs]
1233003300320 0033 0223000000000t tsidottsssteocttsttitetedped

- THE AIRCRAFT ARRIVES AND TAXIS IN AT ITS HOME BASE (BASE 1, -
2, OR 3)0 -

——— W D W SV B . . B S " - " . o G S0 e S Y R S S0 Ao S ke e S S S R i e - S P i oo o S -

e we We weo

BAS1 GOON;
ACT,0.2)
E16  GOON;

——— ——— o -

’
¢+~ USER FUNCTION 4 RECORDS THE AIRCRAFT’S FLYING TIME AND CREW -
#= DUTY DAY LENGTH EACH TIME IT RETURNS FROM A MISSION, -

ACT,USERF(4),,RET1;

RET1 GOON;

*
14
*
4
*
14
]
14
.
4
3
4
¢
4
1
4

- USER FUNCTION 10 SPECIFIES THE LENGTH OF THE CREW REST -
PERIOD. WHEN THE CREW RETURNS HOME FROM A MISSION, THIS -
VALUE IS 15.25 HOURS., IF THE CREW WAS DELAYED FOR 4 HOURS -~
AT HOME STATION DUE TO A PRE-MISSION MAINTENANCE PROBLEM -
RESULTING IN MISSION CANCELLATION, THIS VALUE IS 15,25 -
HOURS OF CREW REST PLUS THE 4 HOUR LELAY (I.E. THE CREW -
ENTERS 15,25 HOURS OF CREW REST AFTER THE 4 HOUR DELAY) -




~
-..‘
%
Ll
Y
N ACT,USERF(10),,CR1}
b
8 e - e
(:.\ $- USER FUNCTION 7 DETERMINES WHETHER OR NOT THE AIRCRAFT IS -
Yy $- 1IN COMMISSION AFTER RETURNING FROM A MISSION. -
. ‘v'.‘I ; ———————————————————————————————————————————————————————————————
N ‘
o ACT,USERF(7),,MX01} |
.‘J : 4 ; -------------------------------------------------
N $- BASE 2 ACTIVITIES IDENTICAL TO RASE 1. -
':’::’; S
"o, EBAS2 GOON;
. ACT,0.2}
a8 E26  GOON:
2N ACT,USERF(4),,RET2}
|_;:
20 RET2 GOON}
e ACT,USERF(10),,CR2}
s ACT,USERF(7),,MX02}
N
e P T e e e e e e e e e e
o $- BASE 3 ACTIVITIES IDENTICAL TO BASE 1. -
e P e e e e e e e e e e
( BAS3 GOON;
_,: : ACT [} 0.2 ;
o E36  GOON;
SANS ACT,USERF(4),,RET3}
- RET3 GOON} .
% ACT,USERF(10),,CR3}
it ACT,USERF(7),,MX03}
o
o ENDNETWORK §
i
i INITIALIZE,0,0,720.03
e INTLC,XX(1)=210,,XX(2)=2304 yXX(3)=335. ,XX(4)=430, ,XX(5)=590.}
“l INTLC, XX (8)=540, ,XX(7)=590,,XX(8) =25, ,XX(9)=185,,XX(10)=230.,
: INTLC,XX(11)=470,,XX(12)=400, ,XX{13)=405,,XX(14)=165,,XX(15)=225.}
< INTLC,XX(16)=475,,XX(17)=395,,XX(18)=390, ,XX(19)=100, ,XX(20)=320,
.Y

INTLC,XX(21)=230.,XX{22)=250.,XX(23)=315,,XX(24)=200,,XX(25)=165.3
INTLC,XX(256)=135.,XX(27)=270.,,XX(28)=130.,XX(29)=290,
INTLC,XX(31)=20,XX{(32)=20,XX(33)=20;

FIN:
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Appendix B: User Written Subroutine
FORTRAN Statements
CEEREEEREAKEEREEER KKK KAE KKK EREEEE KR KKAKAEKKAKEK KK EKKRKKK KKK KRR KK XKKK
(0000000303000t oot ssibs sttt oedsddssdssideiiotestsessettesiseises

Cxxxx XXX
Cxxxx PROGRAM MAIN XXX
Cxixx L33 4 4

(0230030033803 00 3¢ 3000300338300 038 0308308300003 30¢3380¢33¢83300830033¢834
203230230303 033 0388080033 ¢30333380380383¢8303830¢003¢3333830¢303¢0¢80338%%;

c _____________________________________________
c- THE DIMENSION OF NSET IS RESET IN THIS SECTION FROM ITS -
c- DEFAULT VALUE TO 30000, -
c ____________

PROGRAM MAIN

DINENSION NSET(30000)

COMMON/SCOM1/ATRIB(100),DD(100),DIIL(100) ,DTNOW,11,MFA,MSTOP,NCLNR
1,NCRDR, NPRNT , NNRUN, NNSET, NTAPE,55(100) ,SSL(100) , TNEXT, TNOW, XX (100)
CONMON/UCOM1/DEST(300,7,8) ,STAT(6:8,9),DIST(8,8),FLY(3),MSN(3)
1,W(9),NCMBT(6:8),5TD(46:8,9),WORTH(9),CAS(4:8,8),NCDAY(6:8,4)

COMMON QSET(30000)
EQUIVALENCE(NSET(1),QSET(1))
NNSET=30000

NCRDR=5

NPRNT=6

NTAPE=7

CALL SLAM

sTOP

END

303033000083 38303¢203 ¢3¢ 303 b0d st teseed it st otessstitedotesetsvisdtisy
CREAXEFRXRKKRKEXKKRKEKKKRKLK KKK KKRKEXRKKKKRKKKEKKKKKE KKK KKRKXKKKKKK X KRR

Cxxkx RXKXX
CxXxxx SUBROUTINE EVENT £XXX
Cxxxx

AAKK
(9803083033000 0320838¢0080020033 0380230038330 8030030¢3030030 080380033838 ¢3¢¢4
CXERXERRXREXXRXEKKBRKEKERKEKKKKKKEKKEKRKKKRKEK KKK KKKREXKKK KK KKK E KKK KKRKKK

SUBROUTINE EVENT(NNE)
COMMON/SCOM1/ATRIB(100),DD(100),D0L(100),DTNOW,1I,MFA,MSTOP,NCLNR

1,NCRDR ,NPRNT , NNRUN, NNSET , NTAPE,S5(100) ,SSL (100) , TNEXT, TNOW, XX(100)
COMMON/UCOM1/DEST(300,7,8),5TAT(6:8,9),DIST(8,8),FLY(3) ,MSN(3)
1,W(9),NCMHBT(6:8),5TD(6:8,9),WORTH(9) ,CAS(6:8,8) ,NCDAY (6:8,4)
GO TO (1,2,3),NNE

1 CALL SCHED
RETURN

2 CALL START
RETURN

3 CALL NEWSCD
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LG KL
AR LA L TN

O ‘ e ean
A ) A PRI SN

RETURN
END

(94228820000 8333308000008 0833833300003 3382300¢02803803 8009380238 288328¢848¢;
(R3320 0000 eb bttt eespesistectotpedsdettoisbotesdsfossostttetsssse]

CXxxx% xkxx
CExxx SUBROUTINE USERF XXXX
Cakx XXXx¥

(3228803083830 00300388830 0233200003833 ¢330300330000pstsoesetsstssssisssy
2202023880823 8033 8002388308380 88003833808833838833833838808¢0833¢¢8331

c ___________________________________________________

c- USERF CONTAINS 10 USER WRITTEN FUNCTIONS. -

c e e e e e e e e e o . 2 e e e e
FUNCTION USERF (NNU)
CCMMON/SCOM1/ATRIB(100),DD¢100),DDL(100),DTNOW,II,MFA,MSTOP,NCLNR
1,NCRDR, NPRNT , NNRUN, NNSET ,NTAPE,55(100),S5L (100) , TNEXT, TNOW, XX(100)
COMMON/UCOM1/DEST(300,7,8),5TAT(6:8,9),DIST(8,8),FLY(3) ,MSN(3)
1,W(9),NCMBT(4628),5TD(6:8,9),WORTH(?),CAS(6:8,8) yNCDAY (5:8,4)
COMMON/UCOM4/DAYSUM(6:8,9), INC(3) ,NCOMP(3) ,NTDY (3) ,NBTDIY(B)
1,NFIG(3,3)
GO TO (1,29344,5+6,7,8,9,10),NNU

c - e e e D B o S T D o 8 Y S S S S0 O S e (A B e S e S

c- VARIABLES IN USERF: -

c- -

c- --CAS5(6:8,8)--

c- THIS ARRAY CONTAINS THE CASUALTY STATUS FOR THE THREE

c- DIVISIONS. CASUALTIES ARE DIVIDED INTO EIGHT CATEGORIES, -
c- DEPENDING ON THE NUMBER OF DAYS THEY HAVE BEEN IN THE FIELD.

c- CATEGORIES ONE THROUGH SEVEN CONTAIN THE NUMBER OF CASUALTIES
c- THAT HAVE BEEN IN THE FIELD FOR ONE THROUGH SEVEN DAYS, WHILE
c- CATEGORY EIGHT HAS THE CASUALTIES THAT HAVE BEEN IN THE FIELD
c- FOR MORE THAN SEVEN DAYS., THE FIRST DIMENSION OF THE ARRAY

c- CORRESFONDS TO THE NUMBER OF THE DIVISION BEING CONSIDERED,

c- WHILE THE SECOND DIMENSION CORRESPONDS TO THE EIGHT CATEGORIES,

c- --DEST(300,7,8)-~

c- THE ‘DEST’ ARRAY SERVES AS THE AIR TASKING ORDER FOR

c- THE SIMULATION. IT CONTAINS ALL REQUIRED INFORMATION ABOUT THE
c- PLANNED MISSIONS. THE FIRST DIMENSION OF THE ARRAY CORRESPONIS
c- TO THE MISSION NUMBER. THEREFORE, 300 MISSION NUMBERS ARE

c- AVAILABLE FOR USE. POSITIONS ONE THROUGH SIX IN THE SECOND

c- DIMENSION CORRESPOND TO THE INITIAL DEPARTURE AND FIVE PLANNED
c- STOPS FOR EACH MISSION., POSITION SEVEN IN THE SECOND DIMENSION
c- IS USED FOR GENERAL INFORMATION. POSITION ONE IN THE THIRD

i

160




Wy

:;
f:, c- DIMENSION IS THE PLANNED DEPARTURE BASE, WHILE POSITION TWO IS -~
Y c- A COUNTER INDICATING WHETHER AN ONLOAD (+1) OR OFFLOAD (-1) IS -
- c- BEING PERFORMED AT THE STOP. FOR PALLETIZED CARGO MISSIONS, -
{. c- POSITIONS THREE THROUGH EIGHT IN THE THIRD DIMENSION CONTAIN -
o c- THE SUPPLY CLASS OF EACH OF THE PALLETS ON THE LOAD, FOR THE -
g c- ONLOAD AND OFFLOAD POINTS. -
N e -
A c- --DIST(8,8)-- -
Ly c- THIS ARRAY CONTAINS THE ENROUTE DISTANCES BETWEEN ANY TWO -

c- OF THE EIGHT BASES., THE TWO DIMENSIONS CORRESPOND TO THE BASES -

J C- BEING CONSIDERED, S0 THAT, FOR EXAMPLE, -
> c- DIST(1,5)=470, WHICH THE DISTANCE BETWEEN BASES ONE AND FIVE. -
:: c- THIS ARRAY IS INITIALJZED IN SUBROUTINE INTLC USING -
o c- THE INTRINSIC SLAM ‘XX’ VARIABLES. THESE VARIABLES ARE IN TURN -
c- INITIALIZED USING THE SLAM INTLC CONTROL STATEMENT. AS A -

L C-  RESULT, THE ENROUTE DISTANCES BETWEEN BASES CAN BE VARIED -
3 C-  BETWEEN RUNS BY CHANGING THE SLAM CONTROL STATEMENTS. -
d - -
Y c
‘:f - c- -=FLY(3) =~ -
“ c- THIS ARRAY CONTAINS THE ACCUMULATED FLYING TIME -
v C-  FOR THE THREE C-130 BASES., WHEN DIVIDED BY THE TOTAL -
.__ C-  NUMBER OF AIRCRAFT AT THE BASE, AND THE NUMBER OF DAYS -
Y C-  IN THE SIMULATION, AIRCRAFT UTILIZATION RATE IS DETERMINED. -
M c- -
- c- --NBTDY(8)-- -
~ c- THIS ARRAY IS USED TO RECORD THE NUMBER OF TIMES THAT -

c- AIRCREWS HAVE CREW RESTED AWAY FROM HOME STATION AND THE BASE
c- WHERE THIS OCCURRED.

.~

)
T~y Cc- -
- c- --NTDY(3)-- -
'Q{ c- THIS ARRAY RECORDS THE NUMBER OF TIMES THAT AIRCREWS FROM -~
o c- THE THREE HOME BASES HAVE BEEN FORCED TO CREW REST AWAY FROM -
i c- HOME STATION. -
-, c- -
" c- --8TAT(46:8,9) -~ -
c- THIS ARRAY CONTAINS THE CURRENT STATUS AT EACH OF THE -

c- THREE DIIVISIONS. THE FIRST DIMENSION OF THE ARRAY CORRESFONDS -
c- TO THE NUMBER OF THE DIVISION, AND THE SECOND TO THE EIGHT -
c- CLASSES OF CARGO CONSIDERED AND CASUALTIES (STORED IN -

(I‘|.’~" :

LN
- & &

Y C-  POSITION SEVEN). AS AN EXAMPLE, STAT(7,5) CONTAINS THE -
-~ C-  CURRENT NUMBER OF PALLETS OF CLASS V (AMMUNITION) ON HAND -
;: C- AT BASE SEVEN, -
‘-‘:~ Commmmnmm e e e e ————— ST ETEEeSESasmeeT
‘.
.
1:’.
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C ——— e —————————
c- USERF 1
C- THE PURFOSE OF THIS FUNCTION IS TD GENERATE AIRCRAFT

c- ENTITIES AT BASE 1. IT IS CALLED TWICE, ONCE AT THE START OF -
c- THE SIMULATION, AND ONCE 12 HOURS LATER, SO THAT 2 TIMES XX(31) -
c- TOTAL AIRCRAFT ARE GENERATED. AS THE AIRCRAFT ENTITIES ARE -
c- GENERATED, THE FUNCTION ASSIGNS VALUES TO THREE ATTRIRUTES: -
c- ATRIB(3), WHICH IS THE TIME REQUIRED FOR MAINTENANCE BEFORE THE -
c- AIRCRAFT IS MISSION READY, ATRIB(?7), WHICH IS THE STOP THE -
o c- AIRCRAFT IS ON IN ITS ITINERARY, AND ATRIB(13), WHICH IS THE -
< c- TIME THE AIRCRAFT WAS LAST SUBJECT TO THE FOSSIBILITY OF A 24 -
- c- HOUR DELAY IN USERF 7. THE COUNTER XX(33) IS INCREMENTED EACH -
c- TIME AN AIRCRAFT IS GENERATED AND THIS VALUE IS RETURNED RY THE -
c- FUNCTION AS THE AIRCRAFT TAIL NUMBER. THE VALUE FOR XX(31) IS -~
c- SET IN THE INTLEC STATEMENT IN THE SLAM CONTROL STATEMENTS. -

1 XX(34)=XX{34)+1
XX(33)=XX(33)+1
USERF=XX(33)
IF (INT(XX(34)).EQ.INT(XX(31))+1) XX(34)=1
ATRIB(3)=UNFRM(3.0,5.0,9)

ATRIB(7)=1
ATRIB(15)=TNOW
RETURN
C--- _— ————————— e o e e e o o e
- c- USERF 2 -
» c- USERF 2 IS CALLED WHENEVER AN AIRCRAFT IS PREPARED TO DEFART -

c- ONE BASE FOR ANOTHER. THE PURFOSE OF THIS FUNCTION IS TO ASSIGN
c- THE ENROUTE FLYING TIME TO ATRIR(?), WHICH IS THEN USED' IN THE
c- SLAM NETWORK AS THE DURATION OF THE ACTIVITY CONNECTING THE DE-
c- PARTURE POINT AND THE DESTINATION. A CHECK IS MADE TO SEE IF
c- THE AIRCREW HAS ENOUGH CREW DUTY DAY REMAINING TO COMPLETE THE
c- NEXT PLANNED OFFLOAD., 1IF NOT, THE AIRCRAFT IS ROUTED' DIRECTLY
c- TO ITS HOME BASE. 1IF THE AIRCREW HAS INSUFFICIENT CREW DUTY DAY
c- REMAINING TO RETURN TO ITS HOME BASE, THE CREW ENTERS CREW REST
c- AT ITS PRESENT LOCATION, AND RETURNS TO ITS HOME RASE WHEN CREW -
c- IS COMPLETED. -

[\S ]

IF (INT(ATRIB(?7)).NE.1) ATRIB(3)=ATRIR(6)
COR=ATRIB(14)-TNOW
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Crmemme——c———————————————— e ————— e
THE TESTS ARE MADE BASED ON THE VALUE OF ATRIB(7), WHICH
IS THE NUMBER OF THE STOP THE MISSION IS ON OF ITS PLANNED
SIX-STOF ITINERARY. THE VARIABLE °*CDR® IS THE CREW DUTY TIME
REMAINING FOR THE AIRCREW. IF THE VALUE OF *CDR® IS GREATER

L I I SRR T ALY .

TR

THAN THE MINIMUM, THE MISSION CONTINUES AS SCHEDULED,

IF NOT,

THE MISSION IS ROUTED HOME, UNLESS °*CDR® IS LESS THAN ONE

HOUR, IN WHICH CASE THE CREW GOES INTO CREW REST.

THE MINIMUM TIME FOR °CDR® IS A FUNCTION OF THE PARTICULAR STOP
THE AIRCRAFT IS ON AND THE MISION TYPE, AS INDICATED BY THE

AIRCRAFT CONFIGURATION (ATRIB(11)), ATRIB(11) EQUALS ONE IF THE
CONFIGURATION IS FOR PALLETIZED CARGO, TWO IF IT IS FOR POL, AND

THREE IF IT IS FOR AEROMEDICAL EVACUATION (AIR EVAC).

IF A MISSION IS ROUTED HOME BECAUSE OF INSUFFICIENT CREW
DUTY DAY, THE "INC' ARRAY IS INCREMENTED TO RECORD THE FACT.

IF (INT(ATRIE(7)).EQ.3) THEN
IF (INT(ATRIB(11)).EQ.3) THEN
IF (CDR.LT.6.0.AND.CDR.GE.1.0) THEN
ATRIB(4)=ATRIB(2)
INCCINTCATRIB(2)))=INCCINT(ATRIE(2)))+1
USERF=0.0
GO TO 20
ENDIF
ELSE IF (INT(ATRIR(11)).EQ.2) THEN
IF (CDR.,LT.8.0.AND.CDR.GE.1.,0) THEN
ATRIB(4)=ATRIR(2)
INCCINT(ATRIB(2)))=INC(INT(ATRIB(2)))+1
USERF=0.0
GO TO 20
ENDIF
ELSE IF (INT(ATRIB(11)).,EQ.1) THEN
IF (CDR.LT.6+2.AND.CDR.GE.1.,0) THEN
ATRIB(6)=ATRIB(2)
INCCINT(ATRIE(2)))=INCCINT(ATRIR(2)))+1
USERF=0.0
GO 70 20
ENDIF
ENDIF
ELSE IF (INT(ATRIB(7)).EQ.4) THEN
IF (INT(ATRIB(11)).EQ.,3) THEN
IF (CDR.LT.4.0.AND.CDR,GE.1,0) THEN
ATRIB(&)=ATRIB(2)
INCCINT(ATRIB(2)))=INC(INT(ATRIE(2)))+1
USERF=0.0
GO 70 20
ENDIF
ELSE IF (INT(ATRIB(11)).EQ.2) THEN
IF (CDR.LT.5.,0.AND.CDR.GE,1,0) THEN
ATRTER(&6)=ATRIR{2)
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INCCINT(ATRIB(2)))=INC(INT(ATRIR(2)))+1
USERF=0.0
GO TO 20

ENDIF

ELSE IF (INT(ATRIB(11)).EQ.2) THEN
IF (CDR.LT.8.,0,AND.CIR.GE,1,0) THEN
ATRIB(6)=ATRIR(2)
INCCINTC(ATRIB(2)))=INC(INT(ATRIR(2)))+1
USERF=0.0
GO TO 20
ENDIF
ELSE IF (INT(ATRIB(11)).EQ.1) THEN
IF (CDR.LT.6.2.AND.CDR,GE.1.0) THEN
ATRIB(&)=ATRIB(2)
INCCINT (ATRIE(2)))=INCCINT(ATRIE(2)))+1
USERF=0.0
60 TO 20
ENDIF
ENDIF
ELSE IF (INT(ATRIR(7)).EQ.4) THEN
IF (INT(ATRIB(11)).EQ.3) THEN
IF (CDR.LT+4,0.AND.CDR.GE.1.,0) THEN
ATRIB(6)=ATRIR(2)
INCCINTC(ATRIE(2)))=INC(INT(ATRIR(2)))+1
USERF=0.¢
GO TO 20
ENDIF
ELSE IF (INT(ATRIB(11)).EQ.2) THEN
IF (CDR.LT.5.,0,AND.CDR.GE.1.,0) THEN
ATRIE(6)=ATRIE(2)
INCCINT(ATRIB(2)))=INC(INT(ATRIR(2)))+1
USERF=0.0
GO TO 20
ENDIF
ELSE IF (INT(ATRIB(11)).EQ.1) THEN
IF (CDR.LT.4.0.AND.CDR.,GE.1.0) THEN
ATRIB(4)=ATRIB(2)
INCCINTC(ATRIB(2)))=INC(INT(ATRIB(2)))+1
USERF=0.0
GOTO 20
ENDIF
ENDIF
ENDIF

IF CREW DUTY TIME REMAINING IS LESS THAN 1 HOUR, THE AIR-
CRAFT AND CREW REMAIN OVERNIGHT WHERE THEY ARE.

l64
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IN THIS CASE
THE FUNCTION WILL RETURN THE DELAY THAT THE CREW WILL EXPERIENCE
IF THE DELAY IS THE RESULT OF A MAINTENANCE
PROBLEM, THE DURATION OF THE DELAY WILL BE STORED IN ATRIB(16)
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AND USERF 2 IS CALLED WHEN THE AIRCRAFT IS READY.

CRAFT IS READY.

IF THIS DELAY
IS LESS THAN 15.25 HOURS, IT IS ASSUMED THAT THE CREW STARTED

CREW REST WHEN THE PRORLEM WAS DNISCOVERED, AND WILL DEFART WHEN
THEIR CREW REST IS COMPLETE. IF THE DELAY 15 LONGER THAN THE

CREW REST PERIOD, THE MISSION WILL DEPART AS SOON AS THE AIR-

THE AIRCRAFT IS ROUTED DIRECTLY TO HOME STATION RY

ASSIGNING THE VALUE IN ATRIB(2), THE HOME STATION, TO ATRIE(S)
WHICH IS THE NEXT DESTINATION. THE HOME BASE OF EACH AIRCRAFT
CREW RESTING AWAY FROM HOME STATION IS RECORDELD' IN ARRAY ‘NTDY’,
AND THE BASE WHERE THIS OCCURRED IS RECORDED IN ARRAY

IF (CDR.LT.1.0) THEN
IF (ATRIB(16).LT.15.25) THEN
USERF=15.25-ATRIB(14)
ATRIB(4)=TNOW+(15,25-ATRIB(16))
ELSE IF (ATRIR(16).GE.15.25) THEN
USERF=0,0
ATRIB(4)=TNOW
ENDIF
ATRIB(6)=ATRIB(2)
NTDY(INTCATRIB(2)))=NTDY(INT(ATRIE(2)))+1
NBTDY (INT{ATRIB{(S5)))=NEBTIY(INT(ATRIB(5)))+1
GO0 TO 20
ENDIF

IF THE AIRCRAFT IS ON ITS FIFTH STOP AND HAS

‘NBTDY’ .

SUFFICIENT CREW DUTY TIME TO RETURN TO HOME STATION, IV

WILL COMPLETE ITS SCHEDULED MISSION. ARRAY ‘NCOMFP’ IS

USED TO RECORD THIS FACT FOR EACH HOME ERASE.

IF (INT(ATRIB(7)).EQ.3) THEN
NCOMP (INT(ATRIB(2)))=NCOMF (INT(ATRIE(2)))+1
USERF=0.0
ATRIB(A)=ATRIR(2)
GOTO 20
ENDIF

IF A MISSION IS NOT ON ITS LAST LEG ANDF HAS SUFFICIENT
CREW DUTY DAY TO CONTINUE, ATRIE(6) IS ASSIGNELD THE
BASE NUMBER OF THE NEXT DESTINATION. THIS INFORMATION IS
TAKEN FORM THE ‘DEST’ ARRAY. THE ITINERARY IS STORED
ARRAY FOR EACH MISSION NUMBER (ATRIE(8)),

IN THF
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: USERF=0,0
ATRIB(&)=DESTCINT(ATRIB(8)), INT(ATRIB(7))+1,1)
» ATRIE(7)=ATRIE(7)+1 '
.‘:\. C _______________________________________________________________________
e C THE ENROUTE FLYING TIME 1S CALCULATED USING THE DISTANCE -
o c- FROM THE CURRENT LOCATION (ATRIE(S)) TO THE NEXT LOCATION -
e c- (ATRIB(4)) OBTAINED FROM THE ‘DIST’ ARRAY. THE RESULTING -
— Cc- DISTANCE IS DIVIDED BY THE AIRCRAFT’S CRUISE AIR SPEED (XX(29)) -
RS c- TO GIVE THE EXPECTED FLYING TIME FOR THE LEG. -
o Cmm m e e e e e e
ﬂ.';\‘
N 20 XX(51)=DIST(INTC(ATRIR(5)), INT(ATRIE(6)))/XX(29)
- XX(50)=0,8%XXX(51)
L XX(52)=1,2¥KXX(51)
- IF (XX(51).LT.0.0001) THEN
e WRITE(6,27)ATRIE(5),ATRIE(4) ,ATRIE(7) yATRIR(8)
~ WRITE(6,28)ATRIR(4),ATRIB(14),ATRIE(14)
- CALL TRACE
N CALL OTPUT
eak ENDIF
o 27 FORMAT(ATRIE(S)= /,F3.0,’ ATRIB(&)= ‘,F3.0,’ ATRIE(7)= ‘,F3.0,
v X’ ATRIBR(8)= ‘,F4.0,/)
o~ 28 FORMAT(’ATRIB(4)=’,F7.2,’ ATRIB(14)=',F7.2,’ ATRIR(18)=',F7.2,/)
R
{ '
- G e e et e e e e e e e e e s e e e e
c- THE ACTUAL FLYING TIME IS DETERMINED USING A DRAW FROM A -
. c- TRIANGULAR DISTRIBUTION, THE EXPECTED FLYING TIME (XX(51)) -
- SO c- IS THE MODE OF THE DISTRIEUTION, WHILE BOX ANDI 1207 OF THIS -
) c- VALUE (XX(50) AND XX(52) RESPECTIVELY) SERVE AS THE LOW AND -
s c- HIGH VALUES, THE ENROUTE FLYING TIME IS ASSIGNED TO ATRIE(9), -
o c- AND THIS IS ADDED TO ATRIB(10), WHICH IS THE CUMULATIVE FLYING -
5 c- TIME FODR THE MISSION. -
.t C _______________________________________________________________________
. ATRIB(?)=TRIAG(XX(50),XX(51),XX(52),9)
- ATRIB(10)=ATRIR(10)+ATRIB(9)
s ATRIB(146)=0.0
: RETURN
C _______________________________________________________________________
c- USERF 3 -
L 2 C- USERF 3 IS USED TO DETERMINE THE GROUND TIME FOR AIRCRAFT -
c- THAT ARE ONLOADING OR OFFLOADING. IF THE VALUE IN THE SECOND -
c- FOSITION FOK THAT MISSION NUMEER AND STOF NUMEER IN THE ‘DEST’ -
C- ARRAY IS +1, AN ONLOAD IS PERFORMED, IF IT IS -1, AN OFFLOAD IS -
C- 1S PERFORMED., THE GROUND' TIME REQUIRED DEFENDS ON THE AIRCRAFT -
c- CONFIGURATION (ATRIR(11)) AND IS DETERMINED BY A DIRAW FROM A -
® - TRIANGULAR DISTRIEUTION, -
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3 IF (DEST(INT(ATRIB(8)),INT(ATRIE(7)),2).GT.0.0) THEN
IF (INT(ATRIB(11)).EQ.1) THEN
USERF=TRIAG(0.5,1.0,1.5,9)
ELSE IF (INT(ATRIE(11)).EQ.2) THEN
USERF=TRIAG(1.:5+2.0+2:5,9)

C- IN THE CASE OF AN AIR EVAC MISSION, AN ONLOAD OF CASUALTIES -
c- IS PERFORMED. THE ‘CAS’ AND ‘STAT’ ARRAYS ARE UPDATED TO -
c- REFLECT THE REMOVAL OF 74 CASUALTIES. -

ELSE IF (INT(ATRIE(11)).EQ.3) THEN
USERF=TRIﬁG(0.5;°.62,007579)
STAT (INT(ATRIB(A)),7)=STAT(INTC(ATRIB(4)),7)-74.0
IF (STATC(INT(ATRIB(4)),7).LT.0,0) STAT(INT(ATRIB(4)),7)=0.0
NU1=8
CASCINT(ATRIR(A)),NU1)=CASCINT(ATRIB(6)),NU1)-74,0
40 IF (CAS(INT(ATRIE(6)),NU1),LT.0.,0) THEN
CASC(INT(ATRIE(4)),NU1-1)=CASCINT(ATRIE(S)),NU1-1)+
XCAS(INT(ATRIB(4)),NU1)
CASCINT(ATRIE(4)),NU1)=0.0
ENDIF
IF (CAS(INT(ATRIE(4)),NU1-1).LT.,0.0) THEN
IF (NU1-1,EQ.1) THEN
CASCINT(ATRIE(6)),NU1-1)=0.0
ELSE
NUi=NU1-1
GOTO 40
ENIIF
ENDIF
ENDIF
ELSE IF (DEST(INT(ATRIR(8)),INT(ATRIER(7)),2).LT.0.0) THEN

c- IF A CARGO OFFLOAD IS PERFORMED, THE ‘STAT’ ﬁRRAY IS -
c- UPDATED TO REFLECT THE ADDITIONAL SUPPLIES AT THE DIVISION. -
c- THIS IS DONE BY CONSIDERING EACH PALLET IN THE LOAD THAT IS -
c- STORED IN 'DEST’ FOR THIS MISSION AND STOP NUMEER. -

IF (INT(ATRIB(11)).EQ@.1) THEN
LISERF=TRIAG(0:5y0+75,1.0,9)

P no 110 1=3,8

) K=DEST(INT(ATRIB(B)),INT(ATRIB(7)),I)

- STATC(INT(ATRIR(6)),K)=STAT(INT(ATRIB(6)),K)+1

{ 110 CONTINUE

C _______________________________________________________________________
C- A POL OFFLOAD RESULTS IN THE ‘STAT’ ARRAY FOR THAT -
C- DIVISION EEING INCREMENTED RY &5 UNITS IN CLASS III (POL). -
C _______________________________________________________________________
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ELSE IF (INT(ATRIB(11)).ER.2) THEN
USERF=TRIAG(1.5,2.0,2.5,%)
STAT(INTC(ATRIB(6)),3)=STAT(INT(ATRIE(6)),3)+565,

ELSE IF (INT(ATRIB(11)).EQ.3) THEN
USERF=TRIAG(0.75,0.87,1.0,9)

ENDIF
ENDIF
RETURN

- s Pt 1 Gt ot v S S S ot e - - -

USERF 4
USERF 4 IS USED TO COLLECT DATA ON COMPLETED MISSIONS.
STATISTICS ARE COLLECTED ON THE FLYING TIME PER MISSION AND
AIRCREW DUTY DAY. ARRAY ‘FLY’, IS INCREMENTED WITH THE FLYING
TIME FOR THE MISSION. ATRIB(3), THE TIME REQUIRED TO
FREPARE THE AIRCRAFT FOR A NEW MISSION, IS SET, AND
ATRIRB(?) IS RESET TO ONE.

FLY(INT(ATRIB(2)))=FLY(INT(ATRIB(2)))+ATRIR(10)
CRDBAY=TNOW-ATRIB(4)+2,25
FLDAY=ATRIE(10)
ITF (INT(ATRIE(2)).EQ.1) THEN
CALL COLCT(CRIAY,1)
CALL COLCT(FLDAY,4)
NFIG(1,INT(ATRIB(11)))=NFIG(1,INT(ATRIEB(11)))+1
ELSE IF (INT(ATRIB(2)).EB.2) THEN
CALL COLCT(CRDAY,2)
CALL COLCT(FLDAY,35)
NFIG(2,INTC(ATRIEB(11)))=NFTG(2,INT(ATRIB(11)))+1
ELSE
CALL COLCT(CRDAY,3)
CALL COLCT(FLDAY,4)
NFIG(3, INT(ATRIB(11)))=NFIG(3,INT(ATRIB(11)))+1
ENDIF
ATRIB(3)=TRIAG(3.,0,4.0,5.0,7)+2.25
ATRIB(7)=1
USERF=0.0
RETURN

USERF 5 AND 6
USERF S5 AND 6 PERFORM THE SAME FUNCTION FOR BRASES TWO AND
THREE AS USERF 1 PERFORMS FOR BASE 1. THE TOTAL NUMBER OF
AIRCRAFT GENERATED AT BASE 2 IS TWO TIMES XX(32) AND FOR BASE 3
IS TWO TIMES XX(33),

XX{36)=XX(34)+1
XX{37)=XX(37)+1
USERF=XX(37)
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IF C(INT(XX(36)).EQ.INT(XX(32))+1) XX(36)=1
ATRIB(3)=UNFRM(3:0,5.,0,%)

ATRIB(7)=1

ATRIB(13)=TNOW

RETURN

XX(38)=XX(38)+1

XX(39)=XX(39)+1

USERF=XX(39)

IF (INT(XX(38)).EQ.INT(XX(33))+1) XX(38)=1
ATRIB(3)=UNFRM(3.0,5.0,9)

ATRIB(7)=1

ATRIB(15)=TNOW

RETURN

' USERF 7

THIS FUNCTION IS CALLED' BY AIRCRAFT THAT ARE AT HOME
BASE, PREPARING TO ENTER THE MAINTENANCE QUEUE FOR THE
BASE, THE PURPOSE OF USERF 7 IS TO ENSURE THAT THE NUMEER OF
AIRCRAFT ACTUALLY AVAILABLE FOR USE IS APPROXIMATELY 82% OF
THE TOTAL NUMBER, IN ACCORDANCE WITH THE LIMITS OUTLINED
IN THE MODEL SCENARIO. A RANDOM DRAW IS MADE, AND, IF IT IS
LESS THAN 0.18, THE AIRCRAFT IS MADE UNAVAILABLE FOR 24 HOURS.

ATRIB(15) IS USED TO RECORD THE
LAST TIME AN AIRCRAFT HAS BEEN SUBJECT TO FAILURE IN THIS
FUNCTION. IF IT HAS BEEN LESS THAN 24 HOURS, THE FUNCTION
RETURNS THE VALUE OF ATRIB(16), WHICH IS ANY EXISTING
MAINTENANCE DELAY INCURRED BY THE AIRCRAFT AT ITS CURRENT
BASE. IF THE TIME IS GREATER THAN 24 HOURS, A RANIOM
DRAW IS MADE TO DETERMINE WHETHER THE AIRCRAFT WILL BE
REMOVED FROM THE SYSTEM FOR 24 HOURS. IF IT IS,
THE FUNCTION RETURNS 24 HOURS PLUS ATRIB(16), WHICH IS
THE TIME UNTIL IT ARRIVES AT THE MAINTENANCE QUFUE.
AFTER EACH TEST, ATRIB(13) IS RESET.

IF (TNOW-ATRIB(13).LT.24,0) THEN
USERF=ATRIR(16)
ELSE

Z1=DRAND(2)

IF (Z1.L7.0.18) THEN
USERF=24,0+ATRIB(16)
ATRIB(15)=TNOW+24.0+ATRIE(16)

ELSE
USERF=ATRIR(16)
ATRIB(15)=TNOW+ATRIE(16)

ENDIF

ENDIF
ATRIB(17)=0
ATRIB(16)=0.0

-
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RETURN

o e e e e e e e e e o e e e e
C~ USERF 8 -
c- THIS FUNCTION IS CALLED AT EVERY STOP AND IS USED TO SIM- -

c- ULATE THE OCCURRENCE OF MAINTENANCE DELAYS., THERE IS A 0.0444 -
c- PROEABILITY THAT A MAINTENANCE DELAY WILL OCCUR AT ANY STOF. -
c- A RANDOM DRAW YS MADE TO DETERMINE WHETHER THIS HAS OCCURRED.
c- IF IT HAS, ANOTHER RANDOM DRAW IS MADE TO DETERMINE THE DURATION
c- OF THE DELAY. THE DURATION OF THE DELAY, IF ANY, IS ASSIGNED TO
c- ATRIB(16). IF THE DELAY IS GREATER THAN FOUR HOURS AND OCCURS AT
" c- ONE OF THE HOME BASES, THE AIRCREW IS RETURNED TO CREW REST AND
S C- THE AIRCRAFT IS ROUTED BACK TO THE AFPROPRIATE MAINTENACE QUEUE.
o c- THIS IS DONE BY ASSIGNING THE BASE NUMBER TO ATRIB(17), WHICH IS
o c- USED IN THE SLAM NETWORK TO ROUTE THE AIRCRAFT TO THE CORRECT

> c- MAINTENANCE QUEUE, -

I e ettt P o s e e o e e o i e e P e o o

i

8 Z2=DRAND(3)
IF (Z2.LE.0.0444) THEN
XY=DRAND(4)
TF (XY.LE.0.3) DELAY=UNFRM(0.0,1.0,8)
A IF (XY.GT.0.3.AND.XY.LE.O0,5) DELAY=UNFRM(1.0,2.0,8)
- IF (XY.GT.0.5.,AND.XY.LE.O0.61) DELAY=UNFRM(2.0,3.0,8)
X IF (XY.GT.0.,81.AND.XY.LE.0Q.67) DELAY=UNFRM(3.0,4.0,8)
IF (XY.GT.0.67.AND.XY.LE.0.76) DELAY=UNFRM(4.0,8.0,8)
IF (XY.GT.0.76.AND.XY.LE.0.88) DELAY=UNFRM(8.0,24.0,8)
IF (XY.GT.0.88) DELAY=UNFRM(24.0,48.0,8)
ELSE
LELAY=0.0
ENDIF
ATRIB(16)=DELAY
IF (INT(ATRIB(7)).EQ.1.AND.DELAY.GE.4.,0) THEN
IF (INT(ATRIB(2)).EQ@.1) ATRIB(17)=1
IF (INT(ATRIB(2)).EQ.2) ATRIB(17)=2
IF (INT(ATRIEB(2)).EQ.3) ATRIB(17)=3

o~ USERF=0,0

' ELSE

USERF=ATRIB(16)
ENDIF

RETURN
- e
: c- USERF ¢ -
o c- THIS FUNCTION IS CALLED BY AN AIRCRAFT AND CREW ENTITY EN- -

£- ROUTE TO THE EVENT NODE THAT WILL CALL SUBROUTINE START, AND -
c- CAUSE THE ENTITY TO BE ASSIGNED A MISSION. IF THE MISSION TO -
e c- HE ASSIGNED TO THE ENTITY IS OUTDATED OR WILL BE RY THE TIME -
. c- IT DEPARTS, THE ENTITY IS DELAYED SO THAT IT WILL ARRIVE AT THE -

e C- EVENT NODE AFTER THE CURRENT SCHEDULING PERIOD HAS CHANGEI. -
. c- A SEARCH IS MADE THROUGH THE ‘DEST‘ ARRAY TO FIND -
s c- THE NEXT MISSION THAT IS ASSIGNED TO AIRCRAFT FROM THE CORRECT -

c- BASE, XX(44) IS SET TO ONE, TWO OR THREE, DEPENDING ON WHICH OF -

THE THREE SCHEDULING PERIODS 1S CURRENT. BASED ON THIS VALUE,
170
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;u c- A TEST IS MADE TO SEE IF THE NEXT MISSION NUMBER 1S LARGER THAN -

s C- THE LARGEST CURRENTLY SCHEDULED, THIS MAXIMUM NUMBER IS EITHER -

2 c- 1/3, 2/3y OR 3/3 THE VALUE OF XX(42), WHICH IS THE TOTAL NUMBER -

( C- OF MISSIONS AVAILARLE TO RE SCHEDULED. IF IT IS NOT, THE -

o c- SEARCH IS CONTINUED UNTIL A MISSION WITH THE SAME HOME STATION
o c- DEPARTURE POINT AS THE ENTITY IS FOUND. IF THE RASE NUMBER OF
c- THE SECOND STOP IS GREATER THAN 25, THIS MEANS THAT THE -
SCHEDULED TAKEOFF TIME OF THE MISSION WAS SET IN SUBROUTINE FLOW
c- TO A TIME AFTER THE NEXT SCHEDULING PERIOD COMES INTO EFFECT.

i

WA
o]
[

- C-  IF THIS DCCURS, OR IF THE NEXT MISSION NUMBER EXCEEDS -
2 C-  THE LAST MISSION SCHEDULED IN THIS PERIOD, THE MISSION IS -
o C-  DELAYED, IN THIS CASE, THE FUNCTION RETURNS A DELAY THAT
" C-  WILL ENSURE THAT THE ENTITY ARRIVES AT THE EVENT NODE -
- C-  AFTER THE NEXT SCHEDULING PERIOD TAKES EFFECT, -
X >

0 9 NEXMSN=MSN( INT(ATRIB(2)))

"o 30 NEXMSN=NEXMSN+1

N IF (INT(XX(44)).EQ.1) THEN
b IF (NEXMSN.GT.XX(42)/3) THEN

R USERF={12,0%XX(41)+3,1)-TNOW

3 RETURN
L ENDIF

s ELSE IF (INT(XX(44)).EQ.2) THEN
B9 IF (NEXMSN,GT.2%(XX(42)/3)) THEN
"t USERF=(12,0%XX(41)+3,1)-TNOW
( RETURN
2 ENDIF
e ELSE IF (INT(XX(44)),EQ.3) THEN

- IF (NEXMSN.GT.XX(42)) THEN

- USERF=(12,0%XXX{41)+3.1)-TNOW
N RETURN

ENDIF

's' ENDIF
. IF C(INT(DEST(NEXMSN,1,1)),NE.INT(ATRIE(2))) GOTO 30
o IF (INT(DEST(NEXMSN,2,1)).6T.25) THEN
o USERF=(12,0%XX(41)+3.1)-TNOW
~ ELSE IF (INT(DEST(NEXMSN,2,1)).LE.25) THEN
. USERF=0,0
LY, ENDIF
Y RETURN
.
Yol D e e e
. c- USERF 10 -
~ c- THIS FUNCTION IS USED TO ASSIGN CREW REST TO CREWS -
R C-  RETURNING TO HOME BASE, -
.. e e e e e fe e e ————— e ————— e

o
- A
‘|_(!_.b'l_)_l

10 IF (ATRIB(16).LT.4.0) THEN
USERF=15,25
ELSE IF (ATRIB(16).GE.4,0) THEN
USERF=15.25+4.,0

fl. l.

)
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ENDIF
RETURN

: END

o CEERRXXKELKKKKKKEEKKE KRR KARKRKKKERKERKKKEKRRRKKKKRRRE KKK RRK IR KKK KKK
e CRARAXKARKKXREKKKEKEEKLEKRKKRLXERKKK KKK N KK KRR KK KRR R IR KKK
N CXXxX XXX
: Cxxkx SUBROUTINE INTLC AKX
CREKK 133¢
o (920338338338 033 02880033t e oot ed ittt il et et et tsssedeetssessesseessts
- CXERKRKKKKREKERKKEEKEREXKEKKKERKKKKXKEKRAKKKERKKRRRKKEKKRK KK REK KKK KH KKK

C-- e e e e e e e e o 2 o e i e
c- THIS SUBROUTINE IS CALLED AT THE START OF EACH SIMULATION -
c- RUN AND IS USED TO SET VARIABLES TO THEIR INITIAL VALUES. -

NN c - e e e e e e o e e e e e

SUBROUTINE INTLC
COMMON/SCOM1/ATRIB(100),DDN(100) ,DOL(100) ,DTNOW, 11,MFA,MSTOF » NCLNR

- 1,NCRDR,NPRNT , NNRUN,NNSET , NTAPE ,S5(100) , SSL (100) , TNEXT, TNOW, XX (100)
g COMMON/UCOM1/DEST (300,7,8) ySTAT(6:8,9) ,DIST(8,8),FLY(3),MSN(3)
(g 1,W(9),NCMBT(618),5TD(6:8,9) ,WORTH(9) ,CAS(6:8,8) ,NCDAY (6:8,4)
1O COMMON/UCOMA/DAYSUM(6:8,9) » INC(3) ,NCOMP(3) ,NTIIY(3) ,NBTDY (8)
o 1,NFI6(3,3)

‘ COMMON/UCOMS/NZ(6:8,9)
e DIST(1,2)=XX(1)
N DIST(1,3)=XX(2)
o DIST(1,4)=XX(3)

o DIST(1,5)=XX(4)

: DIST(1,6)=XX(5)

o DIST(1,7)=XX(6)

N DIST(1,8)=XX(7)
DIST(2,3)=XX(8)
DIST(2,4)=XX(9)
= DIST(2,5)=XX(10)

D DIST(2,6)=XX(11)
X DIST(2,7)=XX(12)
e DIST(2,8)=XX(13)
o~ DIST(3,4)=XX(14)
e DIST(3,5)=XX(15)
o~ DIST(3,8)=XX(16)
NO3 DIST(3,7)=XX(17)

N DIST(3,8)=XX(18)
e DIST(4,5)=XX(19)
0y DIST(4,6)=XX(20)
N DIST(4,7)=XX(21)

A4 DIST(4,8)=XX(22)
il DIST(S,6)=XX(23)
n:{; DIST(5,7)=XX(24)
S 172
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YA LA A

110
100
90

10

30

20

130
120

150
140

DIST(5,8)=XX(25)
DIST(6,7)=XX(26)
DIST(6,8)=XX(27)
DIST(7,8)=XX(28)

DO 90 I=1,300 .
00 100 J=1,7
Do 110 K=1,8
DEST(1,J,K)=0.0
CONTINUE
CONTINUE
CONTINUE
Do 10 1=1,8
DIST(I,I1)=0.0
NBTDY(I)=0
CONTINUE
no 20 1=1,8
po 30 J=1,8
IF (J.67.I) DIST(J,I)=DIST(I,J)
CONTINUE
CONTINUE

CAS(6,1)=208,
CAS(6,2)=90.
CAS(46,3)=44,
CAS(6,4)=148,
CAS(6,5)=148.,
CAS¢(7,1)=148,
CAS(7,2)=208.,
Cas(7,3)=208.
CAS(7,4) =44,
CAS(7,5)=90,
CAS(8,1)=44,
CAS(892)=900
CAS(8,3)=148,
CAS(8,4)=208,
CAS(8,5)=208.

Do 120 I1=6,8
Do 130 J=6,8
CAS(I,J)=0,0
CONTINUE
CONTINUE
DO 140 I=6,8
0o 150 J=1,9
DAYSUM(I,J)=0.0
NZ(I, =0
CONTINUE
CONTINUE
Do 180 I=1,3
ng 190 J=1,3
NFIG(I, =0
173
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o 190 CONTINUE

- 180  CONTINUE

. [0 160 I=6,8
{ DO 170 J=1,4
= NCDAY(I,J)=0
- 170 CONTINUE

o 160  CONTINUE

- STAT(6,1)=135,

n STAT(4,2)=171,
{~ STAT(6,3)=13428,
;: STAT(6,4)=150,
o STAT(6,5)=2181,
= STAT(6,6)=83.

STAT(6,7)=4638,
_' STﬁT(698)=100
- STAT(6,9)=191.,
- STAT(7,1)=90,
" STAT(7,2)=203,
L STAT(7,3)=13065,
STAT(7,4)=225.

: STAT(7,5)=2498,
o STAT(7,6)=60.

N STAT(7,7)=698,
" STAT(7,8)=8.

) STAT(7,9)=180,
( STAT(8,1)=180,
" STAT(8,2)=135,
- STAT(B8,3)=14625,
v STAT(8,4)=150,
M STAT(8,5)=2997.
-t STAT(8,6)=120,
2 STAT(8,8)=5.
- STAT(8,9)=135,
b 0o 60 I1=1,3
o FLY(I)=0.0
.. MSN(I)=0
-5 INC(I)=0
~r NCOMP(1)=0
~ NTDY(1)=0
o 60 CONTINUE

[ 4

W(1)=XX(71)

R W(2)=XX(72)
x W(3)=XX(73)
X, W(4)=XX(74)
K< W(5)=XX(75)
A W(6)=XX(76)
d W(7)=XX(77)
» W(8)=XX(78)
- 174
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A
ef
N
A2
.:::‘:
‘.eb W(9)=XX(79)
s
{. WORTH(1)=7,0
AN WORTH(2)=1.0
=3 WORTH(3)=12,7
ot WORTH(4)=4,0
NS WORTH(5)=11.0
. WORTH(6)=0,5
o WORTH(7)=1,0
h WORTH(8)=9,0
N WORTH(9)=12,8
- XX(40)=-1
s XX(37)=2%XX(31)
XX(39)=4%XXX(31)
o XX(42)=297
0% XX(60)=1
o NCMBT(6)=1
Ny NCMET(7)=2
33 NCMBT(8)=3
g 70 1=6,8
= IF (I.EQ.4) THEN
D STD(I,2)=255.
e STD(I,3)=20475,
o STD(I,5)=3255,
‘. STD(I,6)=165.
{ STD(I,9)=255,
)-' ELSE
o 8TN(1,2)=270,
Ay STD(I,3)=19500,
Lt STD(I,5)=3330.
) STD(I,6)=180, .
: STD(1,9)=270,
£ ENDIF
-';:a STD(I,1)=270,
&3 STD(I,4)=450,
2 STD(I,7)=1.
A STD(1,8)=15,
i 70  CONTINUE
25 RETURN
'y END
:.-':.
e e e e e et eetsetttssststs sttt otstsssseesetettsssss:
: CRAXXXXXREXKEXKELXXXKEEXXKKERRKEAKKXRKEKERKRKIKEEAKTREKKKRKKR KK KKK KKK K
R CREXX AKX
- CXEXX SUBROUTINE SCHED ARKX
. CXEXxX AKKK
$n CRERXXXXXKRERXXKREXXXKAEXXKKEEKEXKEEIRLKRKRRERXLKEERKKRRA XK RXTRKE KKK K
ii; 3 T s 8 e e et 8 s et et 0eeesats sttt ey ettt etsstcestettssstlsters,
» ,p'
;EQ 175
.r:_-:
+

. _.\...‘..\-.\_~‘~. o
Y -, P g e




- o — T S > T S = T " ——— D T - - — - s Tt o o R - . " ——— - —

THE PURPOSE OF THIS SUBROUTINE IS TO CONTROL THE SCHEDULI
FROCESS., THIS IS IIONE BY MAKING CALLS TO SUBRROUTINES CONSUM,
ROUTE, AND FLOW, EACH OF WHICH CARRY OUT PART OF THE PROCESS.

- 08 o = e D S G e Y S D W D D R S S o . Al U T D s T e G S A S T . S S > D " —— " P - ——— - —

SUERGUTINE SCHED

COMMON/SCOM1/ATRIB(100),0N(¢100),DOLC100) ,DTNOW,II,MFA,MSTOP,NC
1,NCRDR, NPRNT , NNRUN, NNSET ,NTAPE, SS(100),5SL(100) , TNEXT, TNOW, XX ¢
COMMON/UCOM1/DEST(300,7,8),5TAT(6:8,9),DIST(8,8),FLY(3),MSN(3)
1,W(9),NCMBT(6:8),5TD(6:8,9) ,WORTH(?),CAS(4:8,8) ,NCDAY(6:8,4)
COMMON/UCOM2/RTE(300,56,8) ,COUNT (3)

VARIABLES IN SCHEL!

--COUNT(3)--
THIS ARRAY IS USED TO INCREMENT DEPARTURE TIMES ASSIGNED
TO MISSIONS IN SUBROUTINE FLOW,

--RTE(300,6,8) -~
THIS ARRAY IS ANALOGOUS TO THE ‘DEST’ ARRAY AND CONTAINS
ESSENTIALLY THE SAME INFORMATION. THIS INFORMATION IS PUT
INTO THE ARRAY IN SUBROUTINE ROUTE AS PART OF THE SCHEDULING
PROCESS. EACH MISSION, IN TURN, IS ADDED TO ‘LEST’ FROM
THE ‘RTE’ ARRAY AND THEN THE NEW MISSION IS INTEGRATED INTO
THE FLOW PLAN IN SUEROUTINE FLOW.

o e > e i S T D > ) S D D R U S D D L €y e e D s e i P S s i T D SO A D S P S D S T B . B — .

...............................

XX(45) IS USED AS A COUNTER TO CONTROL THE SEQUENCE OF
THE THREE SCHEDULING PERIODS.

XX(45)=XX(45)+1
“IF C(INT(XX(45)),EQ.4) XX(45)=1

- 0 - = A T s T S i T o T " D e P S L e Sy T S L D e e D e e T D Y e A D i S 08 B o T U v e T o S ——— -

A CALL TO SCHED IS SCHEDULED TO OCCUR IN 12 HOURS, AND
A CALL TO NEWSCD IN THREE HOURS. THE TWO SUBROUTINES
ARE CLOSELY RELATED. 1IN SCHED, A GROUP OF MISSION NUMBERS EQU
TO ONE THIRD OF THE TOTAL AVAILABLE IS RESCHEDULET. THE
SCHEDULED DEPARTURE TIMES FOR THESE MISSIONS STAR{ THREE
HOURS AFTER THE MISSIONS HAVE EEEN SCHEDULED AND CONTINUES FOR
THE NEXT 12 HOURS, WHEN NEWSCD IS CALLED, IT CAUSES THE
CURRENT MISSION NUMBER BEING ASSIGNED' TO AIRCRAFT IN SUBROUTIN
START TO BE CHANGED TO AGREE WITH THE FIRST MISSION IN
THE NEW SCHEDULING PERIOI. OVER THE NEXT 12 HOURS, MISSIONS
ASSIGNED IN SUBROUTINE START WILL BE FROM THE CURRENT SCHEDULI
PERIOI'y AS A RESULT OF THIS CHANGE.
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. G m e o e e e e
~e C- THE FURFOSE OF THIS SUBROUTINE IS TO ASSIGN MISSIONS TO -
\:i; c- ENTITIES THAT CONSIST OF AN AIRCREW THAT HAS COMPLETED CREW -
D02 c- REST ANIl AN ATRCRAFT THAT HAS COMPLETED PRE-UEFARTURF -
po c- MAINTENANCE., -
" C _______________________________________________________________________
A SURROUTINE START
“a OMMON/SCOM1/ATRIR(100),00{100) ,IDL {100) ,ITNOW, 11 ,MFA,MSTOF , NCLNR
= 1, NCRIIR s NPRNT » NNRUN, NNSET , NTAPE , SS(100) ,SSL(100) y TNEXT, TNOW, XX ( 100)
o COMMON/UCOM1/DEST(300,7,8) ySTAT(6:8,9) ,IIST(8,8),FLY(3) 4 MEN(3)
o 1,W(9),NCHET(6:8),5T0(6:8,9) ,WORTH(P) ,CAS{6:2,8) NCDAY (56:3,4)
o INTEGER MAXMSN,NLAST,IM,NCURR
55 D e e e
A C- VARIAKLES IN START! -
o c- --MSN(3) -~ -
{ c- THIS ARRAY MAINTAINS THF NUMEER OF THE LAST MISSION -
- c- ASSIGNED TO AIRCRAFT FROM EACH OF THE THREE DEPARTURE EKASES. -
o C- IT IS RESET IN SUBROUTINE NEWSCD TO THE FIRST MISSION -
iij c- NUMBER ASSIGNED IN THE LATEST SCHEDULING CYCLE, -
< Do e e e et e e e e e e e e e e e
\ it T
. C- THIS SECTION OF THF SUBROUTINF SEARCHES THROUGH THF -
S Cc- UNASSIGNED MISSIONS FOR THE NEXT ONE THAT IS SCHEDULED TO -
o c- [EPART FROM THE SAMF HOME STATION AS THAT OF THE AIRCRAFT -
s c- AND CREW, IF THE SCHEDULED DEPARTURE TIME OF THE MISSION -
) c- HAS ALREADY PASSED, THF SURROUTINE WILL SEARCH FOR THE -
C- NEXT MISSION WITH THE SAME DEFPARTURE RASE. IT WILL CONTINUE -
o C- TO [0 S0 UNTIL A MISSTON IS FOUND WITH A DEFARTURF TIME -
c- IN THE FUTURE, OR UNTIL ALL AVAILABLE MISSIONS HAVE REEN CHECKEL.-
c- THE HIGHEST CURRENT MISSION NUMBER, ‘MAXMSN', -
: c- IS UETERMINED RY THE VALUE OF XX(44), THTS COUNTER IS -
o C- SET EQUAL TO ONE, TW0, OR THREE, DEPENDING ON WHICH THIRL -
o c- OF THE AVAILARLE MISSION NUMEERS IS CURRENT. THIS COUNTER -
e c- IS RESET IN SURROUTINE NEWSCII EVERY TIME THF CURRENT -
e c- GROUP OF MISSION NUMBERS CHANGES. THE LAST MISSION NUMERER CON- -
. c- SIDERED FOR ASSIGNMENT IS MATNTAINED IN ‘NLAST’ AND IS ASSIGNED -
. c- IF THE SEARCH [IOES NOT PRODUCE A MISSION THAT CAN UEFART -
o c- AT ITS SCHEDULED TIME. - -
9 o e e e e e — e e -
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30

IM=MSN(INT(ATRIE(2)))
NCURR=IM
NLAST=IM
IM=IM+1
IF (INT(DEST(IM,1,1)).EQ.INT(ATRIE(2))) MSN(INT(ATRIE(2)))=1IM
IF (INT(XX(44)).LT.2) THEN
MAXMSN=INT(XX(42)/3)
IF (IM.GT.MAXMSN) THEN
MSNC INT (ATRIE(2)))=NLAST
GOTO 20
ENDIF
ELSE IF (INT(XX(44)).EQ.2) THEN
MAXMSN=INT (2X(XX(42)/3)) .
IF (IM.GT.MAXMSN) THEN :
MSNCINT(ATRIB(2)))=NLAST
GOTO 20
ENDIF ;
ELSE IF (INT(XX(44)),EQ,3) THEN
MAXMSN=INT (XX(42))
IF (IM.GT.MAXMSN) THEN
MSNCINT(ATRIB(2)))=NLAST
GOTO 20
ENDIF
ENDIF
IF (MSNCINT(ATRIE(2))).NE.IM) GO TO 10
IF (DEST(MSN(INT(ATRIB(2))),2,1),6T.25.0) THEN
MSNC INT(ATRIE(2)))=NLAST
GOTO 20
ENDIF
IF (DEST(MSN(INT(ATRIE(2))),7,1).LT.TNOW) THEN
NLAST=I34
GOTO 10
ENDIF
NCURR=NCURR+1
TF (NCURR.GT.MAXMSN) GOTO 40
IF (INT(DEST(NCURK,1,1)) .NE,INT(ATRIE(2))) GOTO 20
IF (NCURR.NE,MSNCINT(ATRIE(2)))) THEN
[0 30 I=2,6
DEST(NCURR,I,1)=99
CONTINUE
GOTO 20
ENDIF




Bl o Y A

c- ONCE A MISSION HAS BEEN CHOSEN, THE FOLLOWING ATTRIBUTE -
c- ASSIGNMENTS ARE MADE: ATRIR(4) (DEPARTURE TIME), -
c- ATRIE(14) (CREW LUTY COMPLETION TIME), ATRIB(S) AND ATRIB(&), =
Cc- (PRESENT AND NEXT LOCATION), ATRIB(8) (MISSION NUMBER), AND -
C- ATRIR(11) (AIRCRAFT CONFIGURATION). ATRIB(10) (CUMULATIVE -
c- FLYING TIME) IS SET TO ZERO. -
C _______________________________________________________________________

40 ATRIB(4)=DEST (MENC(INT(ATRIB(2))),7,1)
ATRIR(14)=ATRIB(4)+14.,73
ATRIB(S)=INT(DEST(MSN(INT(ATRIB(2))),1,1))
ATRIB(S)=INT(DEST(MSNC(INT(ATRIR(2))),2,1))
ATRIB(B)=INT(MSNC(INT(ATRIB(2))))
ATRIB(11)=INT(DEST(MSN(INT(ATRIR(2))),1,3))
ATRIB(10)=0.

G- ATRIB(12) 15 USED TO DELAY THF LAUNCH OF MISSION AIRCRAFT -
C~  UNTIL SCHEDULED DEPARTURE., IF THE AIRCRAFT IS MISSION READY -
C-  AFTER ITS SCHEDULFD DEPARTURE, IT DEPARTS IMMEDIATELY, AND THF -
C- VALUES OF ATRIE(4) AND ATRIB{(14) ARE CHANGED TO REFLECT THIS. -

IF (ATRIB(4)-TNOW.LT.0.0) THEN
ATRIHE(12)=0,0
ATRIB(4)=TNOW
ATRIB(14)=ATRIB(4)+14,73
ELSE
ATRIB(12)=ATRIK(4)-TNOW
ENDIF
RETURN
END

(D332 333 0035202ttt et ottt e e00¢00000032222838283¢8 80ttt teetetttttes
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c- THE PURPOSE OF THIS SUBROUTINE IS TO ENSURE THAT -
c- AIRCRAFT BEING ASSIGNED MISSIONS IN SUBROUTINE START -
c- RECEIVE CURRENT MISSION NUMBERS. WHEN THE NEW SCHEDULE -
c- COMES INTO EFFECT, THREE HOURS AFTER IT WAS ACCOMPLISHED, -
c- A CALL TO NEWSCD IS MADE. NEWSCD THEN SETS THE CURRENT -
c- VALUE IN THE ‘MSN’ ARRAY TO THF. FIRST MISSION NUMEER -
c- THAT WAS RESCHEDULED. -

SUBROUTINE NEWSCD
COMMON/SCOM1/ATRIB(100),DD(100),DDL(100) ,DTNOW, 1I,MFA,MSTOP,NCLNR

1,NCRDR » NPRNT , NNRUN, NNSET ,NTAPE,85(100) ,SSL(100) , TNEXT, TNOW, XX (100)
CONMON/UCOM1/DEST(300,7,8) »STAT(4618,9),DIST(8,8),FLY(3) ,MSN(3)
1,W(9),NCHBT(6:8),STD(46:8,9) WORTH(?) ,CAS(6:8,8) yNCDAY(6:8,4)

c- XX{(44) IS A COUNTER USED TO DETERMINE WHICH MISSION -
c- SCHEDULING CYCLE IS CURRENT. -

XX(44)=XX(44)+1
IF (INT(XX(44)).EQ.4) XX(44)=1
XX(41)=XX(41)+1.0
IF (INT(XX(44)).EQ.1) THEN
Do 13 I=1,3
MSNC(I)=0
13 CONTINUE
ELSE IF (INT(XX(44)).EQ.2) THEN
o 23 1=1,3
MSN(X)=INT(XX(42)/3)
23 CONTINUE
ELSE IF (INT(XX(44)).EQ.3) THEN
Do 33 I=1,3
MSNCI)=INT(2X(XX(42)/3))
33 CONTINUE
ENDIF
RETURN
END

(w2t tdttitdttssdotentstdtpeiotitdtiotitotsosdotintiesdssdtdtotssdsss
[ sitdotsbietiettetsrtesotettededstitettetdettifosotosidttetsetsissesss

CExxx XXXX
CXxx SUBROUTINE ROUTE xxex
CExsx XXKX
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c
c- SUBROUTINE ROUTE CARRIES OUT TWO MAIN FUNCTIONS-- -
c- THE ASSIGNMENT OF PRIORITY TO USER NFEDS, AND THF. -
c- SCHEDULING OF MISSIONS BASED ON THAT PRIORITY. -
c

SUBROUTINE ROUTE(KR1,KR2)

COMMON/SCOM1/ATRIB(100),DD(100),DDL(100) ,DTNOW,11,MFA,MSTOP,NCLNR

1, NCRDR , NPRNT , NNRUN, NNSET , NTAPE,SS(100),SSL(100) , TNEXT, TNOW,XX(100)

CONMON/UCOM1/DEST(300,7,8),STAT(628,9) yDIST(8,8) ,FLY(3) ,MSN(3)

1,W(9),NCMBT(4:8),5TD(6:8,9),WORTH(9),CAS(6:8,8) ,NCDAY(5:8,4)

COMMON/UCOM2/RTE(300,6,8) COUNT(3)

INTEGER AMMO,PALLET

REAL PRID(4:8,9),WAG(6:8,9),WAGC(46:8,8)
c
c- VARIABLES IN ROUTE:? -
(o -
c- ~~WAB(628,9) -~ -
c- THE PURPOSE OF THIS ARRAY IS TO SERVE AS A "SCRATCH PAD* -
c- FOR THE SCHEDULING PROCESS. INFORMATION ON CURRENT STATUS -
c- IS COPIED ONTO THIS ARRAY AT THE START OF THE SCHEDULING -
c- PROCESS. AS MISSIONS ARE SCHEDULED, THF STATUS AT THE DIVISIONS -
c- RECEIVING THE ONLOAD OR OFFLOAD IS UPDATED TO REFLECT THE -
c- EFFECT OF THE PLANNED MISSION IN THE ‘WAG’ ARRAY. PRIORITY -
c- ASSIGNMENTS ARE MADE USING THE STATUS IN THE ‘WAG’ ARRAY, -
c- 50 THAT THE EFFECT OF SCHEDULING EARLIER MISSIONS IS TAKEN -
c- INTO ACCOUNT WWSN SCHEDULING NEW ONES., -
c- -
c- --WAGC(6:8,8)-- -
c- THIS ARRAY HAS THF SAME PURPOSE AS THE ‘WAG’ ARRAY, BUT -
c- IS USED FOR RECORDING CHANGES TO THE CASUALTY STATUS AT THE -
c- DIVISIONS. IT CCPIES INFORMATION FROM THE ‘CAS’ ARRAY AT THF -
c- START OF THE PROCESS. -
c- -
c- --PRID(6:8,9)-- -
c- THIS ARRAY CONTAINS THE CURRENT PRIORITIES FOR EACH
c- SUPPLY CLASS AND EACH DIVISION., POSITION SEVEN IN THE ARRAY -
c- CONTAINS AIR EVAC PRIORITY. -
c -
c
c- RTE ARRAY IS SET TO ZERO AT THE START OF EACH CALL FROM -
c- SCHED. -
c -

DO 100 I=1,300
DO 110 J=1,6
DO 111 K=1,8
RTE(I,J,K)=0.0

111 CONTINUE
110 CONTINUE
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N 100  CONTINUE

N c

o c- THE WAG ARRAY IS SET TO CURRENT STATUS MINUS EXPECTED -
2 C-  CONSUMPTION. -
h C . PR

DO 10 I=6,8

" WAG(I,1)=STAT(I,1)-9,0

3 WAB(I,2)=5TAT(1,2)-9.0

N WAG(I,3)=STAT(1,3)-450.0

X WAG(I,4)=STAT(I,4)~15,0

) WAG(I,5)=STAT(I,5)-111.0

’ WAG(I,6)=STAT(1,6)~4,0

¥ WAG(I,7)=STAT(1,7)

;g WAG(I,8)=STAT(I,8)~1.0

x WAG(I,9)=5TAT(1,9)-9.0

o 10 CONTINUE

g

5 C

bt c- THE ‘WAGC’ ARRAY IS SET EQUAL TO CURRENT CAS ARRAY, -
,‘."ﬁ c

l.‘"jn

* DO 150 I=4,8

DO 140 J=1,8

- WAGC(I,J)=CAS(I,J)

P 160  CONTINUE

te 150 CONTINUE

Ny DO 200 KR=KR1,KR2 :

c |

g c- INITIAL DEPARTURF BASES ARE ALTERNATED BETWEEN THE -
G c- THREE C-130 BASES., - 5
1

» XX(43)=XX(43)+1

B RTE(KRy1,1)=XX(43)

5 RTE(KR,6,1)=XX(43)

o IF CINT(XX(43)).EQ.3) XX(43)=0

W

Iy c- TWO LEGS, EACH CONSISTING OF AN ONLOAD AND AN OFFLOAD, -
- C-  ARE SCHEDULED FOR EACH MISSION. -
2 c

O DO 20 NRN=1,2

w AMNO=0

i PALLET=2
- RMAX=0,0
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ﬁg c- THE BASE WITH THE HIGHEST PRIORITY IS DETERMINED, -

c- PRIORITY FOR AIR EVAC MISSIONS IS CALCULATED -
c- BASED ON THE NUMBER OF PATIENTS IN THE FIELD FOR OVER - '
c- 4 DAYS WITH LONGER DELAYS GIVEN HIGHER PRIORITY. POL MISSIONS -
c- ARE RESTRICTED TO BASES 2 AND 3. -

AR c
W
IF (INT(RTE(KR,1,3)),LT.2) THEN
B DO 30 I=4,8
DO 40 J=1,9
¥ IF (JJNE.7) THEN
. IF (WAB(I,J),LT.1,0) THEN
2 PRIOCI,J)=STD(1,J)8H(J)
b8 ELSE IF (STD(I,J)/WAG(I,J),LE.1.0) THEN
8 PRIO(I,J)=0.01
S ELSE
PRIOCI, J)=(STD(I,J)/WAGCT,J) ) XM(J)
" ENDIF
%3 ELSE IF (J.EQ.7) THEN
33 PRIO(I,7)=WAGC(I,8) +WAGC(1,7)/20,+WABC(I,6) /40, +WAGC(I,5)/80.+
% SWAGC(1,4)/90,
ENDIF
IF CINT(RTE(KRy1,1)).EQ.1,AND.J.EQ.3) PRIO(I,J)=0.0
. IF (INTC(RTE(KR,1,3)).EQ.1.AND,J.EQ.3) PRIO(I,J)=0,0
N IF (INT(RTE(KRy1,3)).EQ.1,AND.J.EQ.7) PRIO(I,J)=0.0
hS TF (INT(XX(47)).EQ.2) THEN
i IF C(INTCRTE(KR,1,1)).EQ.2,AND.J,EQ.3) PRIO(I,J)=0.0
if ELSE IF (INT(XX(47)).EQ.3) THEN
IF CINT(RTE(KR,1,1)).EQ.3.AND.J.ER.3) PRIOCI,J)=0,0
L ENDIF \
o IF (PRIO(I,J).GT.RMAX) THEN
- NRi=]
oY NR2=J
'n RMAX=PRIO(I,J)
- ENDIF
" 40 CONTINUE
¥ 30 CONTINUE
% ENDIF
Ty c
= c- THE CONFIGURATION REQUIRED FOR THE MISSION IS ASSIGNED, ~
‘. C-  BASED ON THE CATEGORY WITH THE HIGHEST PRIORITY, ONCE SET, -
B C-  THIS CONFIGURATION 1S NOT CHANGED FOR THE SECOND LEG OF THE -
g c- MISSION. -
e c-- T
. IF (NRN,EQ.1) THEN
N IF (NR2,EQ.3) THEN
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e XX(47)=INT(RTE(KRy1,1))
h RTE(KR,1,3)=2
o, ELSE IF (NR2.EQ.7) THEN
[ RTE(KR»1,3)=3
iﬁ@ ELSE
oy RTE(KR,1,3)=1
Y ENDIF
e ENDIF
o 50 RMAX=0.0
"By
P c
T c- IF THE HIGHEST PRIORITY WAS ASSIGNED TO A CARGO CLASS, -
5 C-  PALLETS ARE ASSIGNED TO THE AIRCRAFT. THE PALLETS FOR THE -
' C-  LEG BEING SCHEDULED ARE ALL SENT TO THE BASE WITH THF -
iy C-  HIGHEST PRIORITY IN THE CALCULATION ABOVE, IN THESE
o C-  CALCULATIONS, PRIORITY FOR POL AND AIR EVAC 1S SET TO -
B> C-  Zero, -
) c
ki
>
IF (INTCRTE(KR,1,3)).EQ.1) THEN
s D0 60 J=1,9
;ig IF (WAGC(NR1,J).LT.1,0) THEN
PALS PRIO(NR1,J)=STD(NR1,J) XW(J)
5N ELSE IF (STD(NR1,J)/WAG(NR1,J).LT.1.0) THEN
a PRIO(NRE ,J)=0,01
ELSE '
PRID(NR1,J)=(STD(NR1,J) /WAG(NR1,J) ) XW(J))
ENDIF
IF (J.EQ.3) PRIO(NR1,J)=0.0
IF (J.£Q.7) PRIO(NR1,J)=0.0
IF (PRIO(NR1,J).GT.RMAX) THEN
NR2=J
- RMAX=PRID(NR1,NR2)
" ENDIF
e 60 CONTINUE
S PALLET=PALLET#1
- WAG(NR1,NR2)=WAG (NR1,NR2) +1
IF (NRN.EQ.,1) RTE(KR,3,PALLET)=NR2
5 IF (NRN.EQ.2) RTE(KR,S,PALLET)=NR2
é;é IF (NR2.,EQ.5) ANMO=AMMO+1
A IF (PALLET.LT.8.AND.AMMD.LT.5) GOTO S0
Dt ENDIF
_ c
s c- IF, AS A RESULT OF THE INITIAL PRIGRITY DETERMINATION, -
;Qﬁ C-  THE ARCRAFT CONFIGURATION HAS BEEN SET TO 2 (POL), -
*ud C-  THIS SECTION DETERMINES THE BASE WITH HIGHEST PRIORITY FOR POL -
0 C-  FOR BOTH LEGS. THE ‘WAG’ ARRAY IS UPDATED IN EACH CASE WITH THE -

g c- PLANNED OFFLOAD. -
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! IF (INT(RTE(KRy1,3)).EQ.2) THEN
i DO 90 I=4,8
IF (NAG(I,3),LT.1.0) THEN ‘
PRIO(1,3)=STD(I,3)%W(3) !
ELSE 1
PRIO(I,3)=(STD(I,3)/WAG(1,3))XH(3)
ENDIF
IF (PRIO(I,3).GT.RMAX) THEN
i NRi=I
s NR2=3
RMAX=PRIO(I,3)

ENDIF

90 CONTINUE
WAG(NR1,NR2)=WAG(NR1,NR2)4435.,

» ENDIF

.E; c

A c- IF THE HIGHEST INITIAL PRIORITY WAS FOR AIR EVAC,

* c- THE BASE WITH THE HIGHEST PRIORITY FOR AIR EVAC IS DETERMINED -

C- IN THIS SECTION FOR BOTH LEGS. THE ‘WAGC’ ARRAY IS UPDATED WITH |
e- THE PLANNED ONLOAD. - %
\
<
|

3 IF (INT(RTE(KR,1,3)).EQ.3) THEN
S DO 130 1=4,8 -
PR10(I,7)=WABC(1,8)/20.+HABC(1,7)/40.+WAGC(I,6)/80.+
; SWAGC(1,5) /90,
g IF (PRIO(I,7).GT.RMAX) THEN
,é NR1=1 ;
:% NR2=? |
) RMAX=PRIO(I,7) .
ENDIF
130 CONTINUE
NR3=8
i WAGC(NR1,NR3)=WAGC (NR1,NR3)~74,0
£ 170 IF (MAGC(NR1,NR3).LT.0.0) THEN
9 WAGC (NR1 ,NR3~1)=WABC{NR1,NR3-1)+WAGC (NR1,NR3)
WAGC(NR1,NR3)=0,0
o ENDIF
N IF (WABC(NR1,NR3-1).LT.0.0) THEN
B IF (NR3-1.EQ.1) THEN
a WAGC (NR1,NR3-1)=0.0
ELSE
NR3=NR3-1
GOTO 170
ENDIF
ENDIF
ENDIF

I -
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c- ROUTING FOR POL AND CARGO MISSIONS IS SET BASED ON AN -
c- INITIAL STOP AT ONE OF THF DEPOTS. AIR EVAC MISSIONS -
c- ROUTED SEPARATELY AND ARE SENT TO ONE OF THE THREE DIVISION -
c- BASES INITIALLY. -

IF (INT(RTE(KR,1,3)).NE.3) THEN
IF (NRN.EQ.1) THEN
XX{60)==-XX(40)
RTE(KR,2,2)=1
RTE(KR,;3,y1)=NR1
RTE(KR,3,2)=-1
IF (XX(60).6T.0.,0) THEN
RTE(KR,2,1)=4
RTE(KRy4,1)=5
ELSE
RTE{KRy2,1)=5
RTE(KR;4,1)=4
ENDIF
ELSE
RTE(KRy4,2)=1
RTE(KRyS»1)=NR1
RTE(KR,S.Z)"!
ENDIF
ELSE IF (INT(RTE(KR,1,3)).ER.3) THEN
IF (NRN.EQ.1) THEN
RTE(KR,2,1)=NR1
RTE(KR,2,2)=1
RTE(KR,3,1)=5
RTE(KR,3,2)=-1
ELSE
RTE(KRy4,1)=NR1
RTE(KRjy4,2)=1
RTE(KRyS,1)=5
RTE(KR,35,2)=-1
ENDIF
ENDIF
20 CONTINUF
200 CONTINUE
RETURN
END
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i c- THIS SUBROUTINE PFRFORMS TWO FUNCTIONS. THF FIRST IS -
c- TO CONTROL THE CHANGES IN COMBAT STATE AT THE DIVISIONS. THE -
: c- SECOND IS TO CHANGE THF STATUS AT THE DIVISIONS BRASED ON -
.g c- THEIR COMBAT STATUS. -
1 c
* SUBROUTINE CONSUM
COMMON/SCOM1/ATRIB(100),DD¢100) ,DDL(100) ,DTNOV, 1I,MFA,MSTOP,NCLNR
1,NCRDR, NPRNT , NNRUN, NNSET ,NTAPE ,SS(100) , SSL (100) , TNEXT , TNOW, XX ¢ 100)
COMMON/UCOM1/DEST(300,7,8) ,STAT(6:8,9),DIST(8,8) ,FLY(3) ,MSN(3)
1,W(9),NCMBT(4:8),5TD(6:8,9) ,WORTH(9) ,CAS(4:8,8) ,NCDAY (6:8,4)
COMMON/UCOMS/NZ(6$8,9)
. c -
% c- VARIABLES IN CONSUM: -
. c- _
i c- --NCDAY(46:8,4)—- -
2 c- THE PURPOSE OF THIS ARRAY IS TO KEEP A RECORD OF THE NUMRER -
: c- OF DAYS THAT EACH DIVISION HAS BEEN IN THE DIFFERENT -
" c- COMBAT STATES. -
q C- -
b c- --NCMBT(4:8)-- -
e c- THIS ARRAY CONTAINS THE CURRENT COMBAT STATE FOR EACH -
X c- DIVISION. -
c- -
" c- -=NZ(638,9)-- ' -
R c- THE ‘NZ’ ARRAY RFCORDS THE NUMBER OF SCHEDULING PERIODS -
n c- THAT ANY OF THE SUPPLY LEVELS WAS REDUCED TO ZERO BY -
3 c- CONSUMPTION AT ANY OF THE DIVISIONS. -
‘: [ -—-
D0 10 I=6,8
5
g c
' c- THE CHANGE OF COMBAT STATES IS MODELED AS A MARKOV -
§ c- PROCESS. A RANDONM DRAW IS MADE AND THIS DRAW IS USED TO -
: c- DETERMINE THF NEXT COMBAT STATE. THE RANGES OF VALUES THAT -
B c- CORRESPOND TO THE VARIOUS STATES IS DEPENDENT ON THE -
¥ c- CURRENT COMBAT STATE. THE COUNTER XX(40) IS USED TO ENSURE -
5 c- THAT THE COMBAT STATES CHANGE ONCE EVERY 24 HOURS. -
H 2 c
5
W IF (XX(40).6T.0.0) THEN
- NCDAY (I ,NCMBT(I))=NCDAY(I,NCMBT(I))+1
- X=DRAND(1)
3 IF (NCMBT(I).EQ.1) THEN
N IF (X.LE.O0.4)NCMBT(I)=1
3 IF (X.LE.0.9.AND.X.GT.0.4) NCMBT(I)=2
h IF (X.6T.0,9) NCMBT(I)a3
- ELSE IF (NCMBT(I).EQ.2) THEN
g IF (X.LE.0.,2) NCMBT(I)=1
i< 187
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IF (X.LE.0+7.AND.X.6T+0,2) NCMBT(I)=2
IF (X.LE.0.9,AND.X,GT.0,7) NCMBT(I)=3
) IF (X.6T.0.,9) NCMBT(I)=4
¥y ELSE IF (NCMBT(I).EQ.3) THEN
2] IF (X.LE.0.2) NCMBT(I)=i
¢ IF (X LE.0+7+AND,X+BT+0.,2) NCMBT(I)=2
N IF {X.LE.0.9.,AND,X,GT.0.7) NCMBT(I)=3
e IF (X.6T.0.9) NCMBT(I)=4

_ ELSE IF (NCMBT(I).EQ.4) THEN
4 IF (X.LE,0,5) NCMBT(I)=2
[e IF (X.LE+0+9+AND.X+GT+0.5) NCMBT(I)=3
f ENDIF
ENDIF

z ‘ C- EVERY 24 HOURS, THE CASUALTIES IN EACH CATEGORY MOVE UP -
%: ; c- ONE CATEGORY. -

Q{: IF (XX(40).67.0.0) THEN
; CAS(I,8)=CAS(I,8)+CAS(I,7)
3 DO 20 J=4,1,-1
CAS(I,J#1)=CAS(I,J)
20 CONTINUE
CAS(1,1)=0.0
ENDIF
IF (I.EQ.6) THEN
STAT(1,2)=STAT(I,2)-8.5
STAT(I,6)=8TAT(I1,6)-5.5
STAT(L,?)=STAT(I,9)-8.5
ELSE IF (I.NE.6) THEN
STAT(1,2)=STAT(I,2)-9.0
STAT(I,6)=8TAT(1,6)-6.0
STAT(1,9)=8TAT(1,9)-9.0
ENDIF
STAT(1,1)=8TAT(I,1)-9.0
STAT(1,4)=STAT(I,1)-15.0
STAT(1,8)=8TAT(1,8)-0.5

2R

5
X

3
-,

c
c- THE CONSUMPTION OF TWO SUPPLY CLASSES~-POL (CLASS 3)

c- AND AMMUNITION (CLASS 5)--ARE DEPENDENT ON COMBAT STATE. -
C- ALL OTHER CONSUMPTION RATES ARE CONSTANT. THE GENERATION -
c- OF CASUALTIES IS ALTO DEPENDENT ON COMBAT STATE. -

1y B e
b3 IF (NCMBT(I).,EQ.1) THEN

3 IF (1.EQ.8) THEN

ol STAT(I,3)28TAT(I,3)-942.5

% STAT(1,5)=STAT(1,5)-152.5
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ELSE
STAT(I,3)=STAT(I,3)-710.
STAT(1,5)=8TAT(I,5)-154,

ENDIF

STAT(I,7)=STAT(1,7)+112,

CAS(I,1)=CAS(I,1)+112.

ELSE IF (NCMBT(I).EQ.2) THEN

IF (I1.EQ.6) THEN
STAT(1,3)=STAT(1,3)-682.5
STAT(I,5)=8TAT(I,5)-108.5

ELSE
STAT(I,3)=STAT(I,3)-450,
STAT(I,5)=STAT(I,5)-111.

ENDIF

STAT(1,7)=8TAT(I,7)480.

CAS(I,1)=CAS(I,1)+80.

ELSE IF (NCMBT(I).EQ.3) THEN

IF (I.EQ.6) THEN
STAT(1,3)=5TAT(I,3)-422.5
STAT(I,35)=8TAT(I,5)-65.:5

ELSE
STAT(1,3)=STAT(1,3)-390.
STAT(I,3)=8TAT(I,5)-67.

ENDIF

STAT(1,7)=STAT(1,7)+48.

CAS(I,1)=CAS(I,1)+48,

ELSE IF (NCMBT(I).EQ.4) THEN

IF (I.EQ.8) THEN
STAT(1,5)=STAT(I,5)-32.

ELSE
STAT(1,5)=8TAT(1,5)-32.5

ENDIF

STAT(I,3)=STAT(I,3)-195.

STAT(I,7)=STAT(I,7)+24,

CAS(1,1)=CAS(I,1)+24.,

ENDIF
DO 30 J=1,9
IF (JJNE.7) THEN
IF (STAT(I,J).LE.0.0) THFN
STAT(1,J)=0.0
NZ{I,J)=NZ(I,J)+1
XX(46)=-1
ENDIF
ENDIF
30 CONTINUE
10 CONT INUE
RETURN
END
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3 C -
SN c- THE PURPOSE OF THIS SUBROUTINE IS TO CALCULATE THE -
250 C-  RUNNING AVERAGE OF SUPPLY LEVELS USED AS THE BASIS OF -
: C-  THE AIRLIFT SCORE. -
, Do m e e m e e e e e e e e e e
<.
T SUBROUTINF SCORE
o~ COMMON/SCOM1/ATRIB(100) ,DB¢100),DDL(100) ,DTNOW, 11, MFA,MSTOP ,NCLNR
NN 1,NCROR, NPRNT , NNRUN , NNSET ,NTAPE , S5(100) , SSL(100) , TNEXT, TNOW , XX ¢ 100)
hgf COMMON/UCOM1/DEST(300,7,8),STAT(46:8,9),DIST(8,8) ,FLY(3) ,HSN(3)
- 1,W(9) ,NCMBT(6:8),STD(46$8,9) ,WORTH(9) ,CAS(4:8,8) ,NCDAY(638,4)
x5 COMMON/UCOM3/DAYAVE(6:8,9) , VALUE
- COMMON/UCOMA4/DAYSUM(6:8,9) , INC(3) ,NCOMP (3) ,NTDY(3) ,NBTDY(8)
2 1,NFIG(3,3)
094 REAL MINAVE(9),LIST(4:8)
S
[ -
Al c- VARIABLES IN SCORE! -
Al c- --DAYAVE(4:8,9)-- -
o c- THIS ARRAY CONTAINS THE RUNNING AVERAGE OF THE SUPPLY
¢ C-  LEVELS AT EACH OF THE DIVISIONS.
.‘..\ C- -
c- --DAYSUM(4$8,9) -
v c- THE FRACTION OF THE DESIRED LEVEL OF EACH OF THE SUPPLY -
L C-  CLASSES ON HAND AT THE TIME THE SUBROUTINE IS CALLED IS -
e C-  ADDED TO A RUNNING SUM STORED IN ‘DAYSUM’. -
N oo ~
N c- -~NINAVE(9) -~ -
= c- FOR EACH SUPPLY CLASS, THE MINIMUM AVERAGE IN ‘DAYAVE' -
o C-  AMONG THE THREE DIVISIONS IS DETERMINED AND STORED IN -
1501 C-  ‘MINAVE’, -
Th c- -
QL c- --VALUE-- -
e c- THIS VARIABLE IS THE CURRENT AIRLIFT SCORE, AND IS -
i C-  CALCULATED BY MULTIPLYING THF MINIMUM AVERAGE FOR EACH -
42 C-  SUPPLY CLASS BY THE WORTH OF THAT CLASS.
.1 c- =
% c- ~-4ORTH(9) -~
1924 c- THIS ARRAY CONTAINS THE WORTH FACTOR FOR EACH OF THE -
- C-  SUPPLY CLASSES. -
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0o 10 I=6,8
0o 20 J=1,9
DAYSUM(I,J)=DAYSUM(I,J)+STAT(I,J)/STD(I,4)
DAYAVE(I,J)=DAYSUM(I,J)/XX(30)

20 CONTINUE
10 CONT INUE
Do 30 J=1,9
DO 40 I=6,8
LIST(I)=DAYAVE(I,J)
40 CONTINUE

MINAVE(J)=MIN(LIST(4),LIST(7),LIST(8))
30 CONTINUE
VALUE=0.0
Do 460 J=1,9
IF (J.NE.7) VALUE=VALUE+WORTH(J)XMINAVE(J)
60 CONTINUE
RETURN
END

CERERXERXXKXKKXXXXRAKKXEXKXEKRKXKKKKKKKEKRKKKEXKKKKKKKKEKKKKKRKKKKKKKK KKK
D023ttt sdsttriteretoteticeeitstbodteetisstirisiteditestdesesdstsdiey

CXxkx kKX
Crxxx SUBROUTINE FLOW X%
CXXXX xxXk%

(R ttlt2edttbetbeeisetitotetesieotitsititdtietidtitovetietriteeitsitstied
CRERARKEXRKAREXEXERRRKEXRXEKRRKEERKRKEXAKKRKRKKKKKEKEKKKRKEKEKKRKKKRKKKK

c - Fp—

Cc~ THIS SUBROUTINE SEQUENCES MISSIONS SCHEDULED IN -
c- SUBROUTINE ROUTE. IT DOES THIS BY TESTING EACH MISSION -
Cc- FOR SCHEDULING CONFL ICTS, IF THE NUMBER OF EXPECTED -
c- CONFLICTS EXCEEDS A MINIMUM VALUE, THE MISSION -
c- ITINERARY IS CHANGED TO CORRECT THIS., -

c - i e e e o e o —~— ————

SUBROUTINE FLOW(NMSN,MAXMSN)

COMMON/SCOM1/ATRIB(100),DD(100),DDL(100),DTNOW, I1,MFA,MSTOP,NCLNR
1 ,NCRDRy NPRNT » NNRUN, NNSET , NTAPE,55(100),SSL(100) , TNF.XT, TNOW, XX (100)
COMMON/UCOM1/DEST (300,7,8),STAT(6:8,9),DIST(8,8),FLY(3),MSN(3)
1,W(?),NCMBT(6:8),5TD(6:8,9),WORTH(9),CAS(46:8,8) ,NCDAY(6:8,4)
COMMON/UCOM2/RTE(300,46,8) ,COUNT(3)

INTEGER NPRIOR(2:5),NAFTER(2:5)

REAL SWITCH(6,8)
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c
: c- VARIABLES IN FLOW!
: c- -
& c- --COUNT(3)~- -
o c- ONE OF THE FUNCTIONS CARRIED OUT IN THIS SUBROUTINF -
o C- IS THE ASSIGNMENT OF THE DEPARTURE TIME FOR EACH MISSION. -
C-  MISSION DEPARTURES FOR EACH BASE ARE SEPARATED BY 0.33 -
= C-  HOURS, ARRAY ‘COUNT’ IS INCREMENTED WITH EACH SCHEDULED -
- C-  DEPARTURE TO KEEP TRACK OF THE CURRENT TIME SLOT. -
28 c- -
oy c- --NAFTER(235)-- ’ -
58 c- THIS ARRAY CONTAINS THE NUMBER OF EXPECTED CONFLICTS -

s

B
A ' s

c- WITH OTHER AIRCRAFT HAVING THE SAME CONFIGURATION AT THE SAME -
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¢ C-  BASE, WITHIN THE TIME PERIOD FOR THE SERVER TYPE, AFTER -
v C-  THE EXPECTED ARRIVAL OF THE AIRCRAFT. THE TIME PERIODS USED -
8 C-  ARE 0.9 HOURS FOR CARGO AND AIR EVAC, AND 2,0 HOURS FOR -
Y- cC-  POL. -
p c- ' -
A c- --NPRIOR(2:5)~- -
c- THIS ARRAY CONTAINS THE SAME INFORMATION AS ‘NAFTER’ -
e C-  WITH THE EXCEPTION THAT THE CONFLICTS DETECTED OCCUR -
523 C-  WITHIN THE TIME PERIOD FOR THE SERVER TYPE PRIOR TO -
Y, g- THE EXPECTED ARRIVAL OF THE AIRCRAFT. -
193
g,f c- ~-SWITCH(6,8)-- -
i c- THIS ARRAY SERVES AS A ‘SCRATCH PAD‘ FOR THE SUBROUTINE. -
" C-  WHEN MISSIONS ARF SWITCHED WITH EACH OTHFR, INFORMATION -
s C-  FROM THE ‘RTE’ ARRAY IS TEMPORARILY STORED IN ‘SWITCH’ -
e C-  WHILE THE SWITCH 1S GOING ON. -
o c m—emmn ---
t DEST (NMSN»7,8)=0
- NF1=1
“ c
s
e c- THIS SECTION INCREMENTS THE COUNTERS FOR THE THREE BASES -
& C-  USED TD SEPARATE HOME STATION LAUNCHES BY 0.33 HOURS. -
~ C-  DEFARTURE TIMES ARE STORED IN THE ‘DEST’ ARRAY. -
Ay c .
1s'
‘5ﬂ 300 IF (INT(DEST(NMSN,1,1)),EQ.1) THEN
o COUNT(1)=COUNT(1)+1
e DEST(NMSN,7,1)=TNOW+3,0+(1,0/3.0) XCOUNT(1)
o ELSE IF (INT(DEST(NMSN,1,1)).E@. 2) THEN
2 COUNT(2)=COUNT(2)+1
> DEST(NMSNy7,1)=TNOW+3,0+(1,0/3.0) XCOUNT(2)
0 ELSE IF (INT(DEST(NMSN,1,1)).E@.3) THEN
% COUNT(3)=COUNT(3)+1
» DEST(NMSN,7,1)=TNOW+3.0+(1,0/3,0)XCOUNT(3)
AN ENDIF
‘:3 192
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e, c -
: c- IF THE SCHEDULED DEPARTURE TIME IS GREATER THAN THE -
N C-  CURRENT TIME PLUS FIFTEEN HOURS, THEN THE MISSION WOULD -
x C-  DEPART AFTER THE NEXT SCHEDULING PERIOD CAME INTO EFFECT. -
! C-  TO PREVENT AN AIRCRAFT FROM BEING ASSIGNED SUCH A MISSION, ITS -
2 C-  SCHEDULED STOPS ARE SET TO 99, IF A MISSION WITH THESE -
3 C-  VALUES IS DETECTED BY USERF 9, AIRCRAFT ARF DELAYED TO -
C-  PREVENT THEIR ARRIVAL AT THE START SUBROUTINE UNTIL -
N C-  AFTER THE NEW SCHEDULING PERIOD COMES INTO EFFECT. -
Fay! c -
b33 IF (DEST(NMSN,7,1).GT.TNOW+15.,0) THEN
¥ DO 130 I=2,6
] DEST (NMSN, I,1)=99
N 130 CONTINUE
£ RETURN
5 ENDIF
N DEST (NMSN,7,8)=DFST (NMSN, 7,8) +1
. IF (DEST(NMSN,7,8).GE.50) THEN
- IF (NF1.EQ.4) THEN
,_.3 NF1=5
e GOTO 210
e ELSE
A RETURN
b ENDIF
; ENDIF
R DO S0 1=2,5
o8 NPRIOR(I)=0
o NAFTER(I)=0
i 50  CONTINUE
. c
: c- THIS SECTION COMPUTES THE SCHEDULED DEPARTURE TIME -
%\ C-  FOR EACH HOME BASE DEPARTURE AND THE EXPECTED ARRIVAL -
N C-  TIME FOR EACH SUBSEQUENT ENROUTE STOP, -
o DEST (NMSN,7,2)=DEST (NMSN,7,1)+
3 XDIST(INT(DEST(NMSN,1,1)),INT(DEST(NMSNy2,1)))/XX(29)
%4 DO 10 1=2,5
3 ENRTE=DIST(INT(DEST(NMSN,I,1)),INT(DEST(NMSN,I+1,1)))/XX(29)
’ IF (INT(DEST(NMSN,1,3)),EQ.1) THEN
= IF (DEST(NMSN,1,2).67.0.0) THEN
o DEST(NMSN,7,141)=DEST(NMSN, 7, I)+ENRTE+1.4
N ELSE IF (DEST(NMSN,I,2).LT+0.,0) THEN
" DEST(NMSN,7,I+1)=DEST (NNSN, 7, 1) +ENRTE+1,15
Y ENDIF

) ELSE IF (INT(DEST(NMSN,1,3)).EQ.2) THEN
; IF (DEST(NMSN,1,2).GT.,0.,0) THEN
g DEST (NMSNy7,1+1)=DEST(NMSN,7,1)+ENRTE+2.4
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ELSE IF (DEST(NMSN,I,2).LT.0.0) THEN
i DEST (NMSN,7,I1+1)=DEST(NMSN,7,1)+ENRTE+2.4
. ENDIF
ELSE IF (INT(DEST(NMSN,1,3)).EQ.3) THEN
IF (DEST(NMSN,1,2).GT.0.0) THEN
DEST (NMSN, 7, 1+1)=DEST(NMSN,7,1)+ENRTE+1,02
ELSE IF (DEST(NMSN,I,»2).,LT,0.,0) THEN
DEST (NMSN,7,I+1)=DEST(NMSN,7,1)+ENRTE+1.,27
ENDIF
ENDIF
10 CONTINUE

"

SN

ot s
0

C- EACH MISSION ITINERARY 1S CHECKED FOR CONFLICTS WITH -
c- OTHER MISSIONS ALREADY SCHEDULED. -

2
(]

LA A X
i -
<

DO 30 J=1,INT(XX(42))
IF (INT(DEST(Jy1,3)).EQ.INT(DEST(NMSN,1,3))) THEN
IF (J.NE.NMSN) THEN
Do 20 I=2,5
NBASE=INT(DEST{(NMSN,I,1))
TINE=DEST (NMSN,7,1)
DO 120 K=2,5
IF (INT(DEST(J,K,1)).EQ.NBASF) THEN
IF (NCNFG.EQ.2) THEN
IF (DEST(Jy7,K)+GT.(TINE-2.0) .AND.DEST(J,y7,K).LT,

.

LI it AR Y
v

L

Kol

XTIME) THEN
NPRIOR(I)=NPRIOR(I)+1
ENDIF
IF (DEST(Jy7,K) LT+ (TINE+2.0) +AND.DEST(J,74K)+GT,

T ¢

-
vy

XTIME) THEN
NAFTER(I)=NAFTER(I)+1
ENDIF
ELSE IF (NCNFG.NE.2) THEN
IF (DEST(J,7,K)+GT.(TIME-0.9) . AND.DEST(J,7,K).LT,

P
M

PRk

XTIME) THEN
NPRIOR(I)=NPRIOR(I)+1
ENDIF
IF (DEST(Js7,K) LT+ (TIME+0.9) .AND.DEST(J,7,K).CT,

XTIME) THEN

A NAFTER(I)=NAFTER(I)+1
4 ENDIF

- ENDIF

T ENDIF

by 120 CONTINUE

] 20 COMTINUE

5 ENDIF

Dy ENDIF

g 30 CONTINUE

3, NFLCT=0
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c- THE EXPECTED NUMBFR OF CONFLICTS IS COMPARED TO A STANDARD -
c- FOR EACH SERVICE TYPE., IF THE STANDARD IS EXCEEDED, THE -
c- MISSION IS RF.SCHEDULED. -
c - -
DO 40 1=2,5
IF (INT(DEST(NMSN,1,3)).EQ.1) THEN
IF (NPRIOR(I).GE.7) NFLCT=1
IF (NAFTER(I).GE.7) NFLCT=1
ELSE IF (INT(DEST(NMSN,1,3)).EQ.2) THEN
IF (NPRIOR(1).GE.5) NFLCT=1
IF (NAFTER(I).GE.5) NFLCT=1
ELSE IF C(INT(DEST(NMSN,1,3)).EQ.3) THEN
IF (NPRIOR(I).GE.3) NFLCT=1
IF (NAFTER(I).GF.3) NFLCT=1
ENDIF
40 CONTINUE
IF (NFLCT.EQ.0) THEN
IF (NF1.EQ.4) THEN
NF1=3
ELSE
RETURN
ENDIF
ENDIF
c -
c- THE FIRST RESCHEDULING EFFORT IS TO SWITCH THE DEPARTURE -
c- BASE WITH THE DEPARTURE OF THE FOLLOWING MISSION. A TEST -
c- IS MADE TO PRECLUDE AN ATTEMPT TO SWITCH WITH A MISSION -
c- NOT BEING SCHEDULED IN THEF PRESENT 12 HOUR CYCLE. -
c- ADDITIONALLY, A SWITCH THAT WOULD RESULT IN A BASE 1 AIRCRAFT
c- BEING ASSIGNED A POL MISSION IS PREVENTED. -
c _— -—

IF (NF1.EQ.1) THEN
IF (NMSN+1.GT.MAXMSN) GOTO 300
IF (INT(DEST(NMSN,1,1)).EQ+1.AND.INT(RTE(NMSN+1,1,3)).EQ.2) THEN

NF1=2
Com  INTC(RTE(NMSN,1,1)))=COUNT(INTC(RTE(NMSN,1,1)))-1.0
GOT' 4"

ENUIT

IF (7' (.JF, NMSNy1,3)).EQ.2.AND.INT(RTE(NMSNt+1,1,1)).EQ.1) THEN
NFL-. i
Co'  NT RTE(NMSN,1,1)))=COUNT(INT(RTE(NMSN,1,1)))-1.,0 i
BOTO 400 '

ENDIF

ENDIF

IF (NF1.EQ.1) THEN
DEST(NMSN,1,1)=RTE(NMSN+1,1,1)
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g4
ad DEST (NMSNy 6, 1)=RTE (NMSN+1,6,1)
i*" RTE(NMSN+1,1,1)=RTE(NMSN,1,1)
hod RTE (NMSN+1,6,1)=RTE(NMSNy6,1)
X couur(rnrcnrstnusn.1.1>)>=counrtrnr(nre<nnsu,1.1))) 1.0
o NF1=2
‘ 60T0 300
P ENDIF
29 c
f-% c- IF THE FIRST SWITCH DID NOT RESOLVE THE CONFLICT, THF -
Y c- EFFECTS OF THE FIRST SWITCH ARE UNDONE. -
c
.
s IF (NF1.EQ.2) THEN
: i RTE(NMEN+1,1,1)=DEST(NMSNy1,1)
R RTE(NMSN+1,6,1) =DEST(NMSN»6,1)
Xy DEST(NMSN,1,1)=RTE(NMSNy1,1)
DEST(NMSN,&1)=RTE (NNSNy6s1)
% COUNT (INT(RTE(NMSN#1,1,1)))=COUNT CINT(RTE(NMSN+1,1,1)))-1.0
s ENDIF
A
554 c
g c- THE MISSION DEPARTURE BASE IS SWITCHED WITH THE DEPARTURE -
C-  BASE OF THE MISSION TWO MISSIONS AFTER THE CURRENT ONE. -
# ¢
o 400 IF (NF1,EQ.2) THEN
N IF (NMSN+2.GT.MAXMSN) THEN
. NF1=3
60TO 500
e ENDIF
5 IF (INT(DEST(NMSN;1,1)),EQ.1.AND.INT(RTE(NMSN+2,1,3)),EQ.2) THEN
Rt NF1=3
" 6OTO 500
i ENDIF
. IF (INT(DEST(NMSN;1,3)).EQ.2,AND,INTC(RTE(NNSN+2,1,1)),EQ.1) THEN
NF1=3
60TO 500
ENDIF
ENDIF

IF (NF1.EQ.2) THEN
DEST (NMSN,1,1)=RTE(NMEN$2,1,1)
DEST(NMSN,é,1)=RTE(NMSN$+2,6,1)
RTE(NMSN+2,1,1)=RTE(NMSNy1,1)
RTE(NMSN$2,6,1)=RTE(NMSN,1,1)

NFi=3
6070 300
- ENDIF
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c
c- IF THE CONFLICT STILL EXISTS, THE EFFECTS OF THE
c- PRECEDING SWITCH ARE UNDONE.
c
IF (NF1.EQ.3) THEN
RTECNMSN+2,1,1)=DEST(NMSN,1,1)
RTE(NMNSN+246+1)=DEST(NMSNsé,1)
DEST(NMSN,1,1)=RTE(NMSN,1,1)
DEST(NMSN, 6, 1)=RTE(NMSNyé,1)
COUNTCINT(RTE(NMSN+2,1,1)))=COUNT (INT(RTE(NMSN+2,1,1)))~1.0
ENDIF
c
c- THE MISSION IS SWITCHED WITH THE NEXT MISSION HAVING THE -
c- SAME HOME DEPARTURE BASE AS THE CURRENT MISSION. -
c
500 IF (NF1.EQ.3) THEN
NCK=NMSN
110 NCK=NCK+1
IF (NCK.GT.MAXMSN) THEN
NF1=1 .
COUNT (INTCRTE(NMSN,1,1) ) )=COUNTC(INTCRTE(NMSN,1,1)))+1.0
GOTO 300
ENDIF
IF (INT(RTE(NCKy1,1)).NE.INT(RTE(NMSN,1,1))) GOTO 110
DO 60 I=1,6
D0 70 J=1,8
DEST(NMSN,I1,J)=RTE(NCK,I,J)
RTE(NCK,I,J)=RTE(NMSN,I,J)
70 CONTINUE
40 CONTINUE
NF1=4
GOTO 300
ENDIF
c
c- IF CONFLICTS STILL EXIST, THE SWITCH IS UNDONE AND THE -
c- MISSION IS CYCLED THROUGH THE SWITCH ROUTINE WITH ITS HOME -
c- STATION DEPARTURE TIME SET 0.33 HOURS LATER THAN INITIALLY -
c- SCHEDULFD. THIS PROCESS IS REPEATED AS NECESSARY UNTIL THE -
c- EXPECTED NUMBER OF CONFLICTS 1S REDUCED TO AN ACCEPTABLE LEVEL. -
c

IF (NF1.EQ.4) THEN
DO 80 I=1,6
DG 90 J=1,8
RTE(NCK, 1,J)=DEST(NMSN,1,J)
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DEST(NMSN,I,J)=RTE(NMSN,I,J)

e 20 CONTINUE
24 80 CONT INUE
xi. COUNT ¢ INT(RTE(NMSNy1,1)))=COUNT ( INT(RTE (NMSN»1,1)))-1.0
z.g 140 NCK=NCK#1
W IF (NCK.GT.MAXMSN) THEN
NF1=1
.y COUNT (INT(RTE(NMSNs1,1)))=COUNTCINT(RTE(NNSN»1,1)))+1.0
o] 60T0 300
% ENDIF
o IF (INT(RTE(NCK,1,1)) NE.INT(RTE(NNSNs1,1))) GOTO 140
w DO 150 I=1,6
DO 160 J=1,8
DEST{NMSN, I, J)=RTE(NCK, I,J)
Ai,; RTE(NCKy1,J)=RTE(NMSN, I,J)
337 160 CONTINUE
e 150 CONTINUE
A 6OTO 300
: ENDIF
o 210 IF (NF1.EQ0.5) THEN
Pye, NCHNG=NMSN
b 170 NCHNG=NCHNG+1

2 IF (NCHNG,EQ.NCK) RETURN
5 IF (INTC(RTE(NCHNG,1,1)) .NE.INT(RTE(NNSN,1,1))) GOTO 170
, DO 180 I=1,6
N DO 190 J=1,8
b SWITCH(I,J)=RTE(NCHNG, I,J)
: RTE(NCHNG, I ,J)=RTE(NCK,1,J)
s RTE(NCK,I,J)=SWITCH(I,J)
b 190 CONTINUE :
180  CONTIME
IF (NCK.GT.NCHNG) GOTO 170
ENDIF

RETURN
END

(i3t titttitiiiottetdttstitetetittstinsstitotstitdtisdniietttsesdtss
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Cxexx xKxx
CXxxx SUBROUTINE OTPUT b §44 ¢
- Cxxxx xXXX
. (8343039 ¢ 03 pes et oedestdtfeetstfistdtdsestottettetstdeddeeiteteeisdiedy
f;? (08 $ 338348338333 83383 833032 bd st idtietitesdeedoddetdtsdesdsdesiestesddse
I c
?%‘ c- THIS SUBROUTINE IS CALLED AT THE END OF EACH RUN., IT -

A c- IS USED TO FORMAT AND PRINT RESULTS NOT INCLUDED TN THE -
c- NORMAL SLAM SUMMARY RFPORT, -
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&
2N
: SUBROUTINE OTPUT
» COMMON/SCOM1/ATRIB(100) ,DD(¢100) ,DDL (100) , DTNOW, I1,NFA,HSTOP ,NCLNR
R 1,NCRDR , NPRNT , NNRUN, NNSET , NTAPE , S8(100) , SSL(100) , TNEXT , TNOW, XX 100)
%ﬁ& COMMON/UCOM1/DEST(300,7,8) ,STAT(4:8,9) ,DIST(8,8) ,FLY(3) ,HEN(3)
& 1,8(9) ,NCHBT(418) ,STD(518,9) ,MORTH(9) ,CAS(6:8,8) }NCDAY (6:8,4)
39 CONMON/UCOM3/DAYAYE(638,9) , VALUE
N COMMON/UCOM4/DAYSUN(638,9) » INC(3) ,NCOMP(3) ,NTDY(3) ,NBTDY (8)
- 1,NF16¢3,3)
ey COMMON/UCOMS/NZ(6$8,9)
23 WRITE(4,45)
54 45 FORMAT(/,’S8XES58% DAILY AVERAGES SXXX8X88%’,/)
DO 20 I=5,8
o WRITE (6, 75) 1, (DAYAVE(I,J) »J=1,9)
et 20  CONTINUE
2 WRITE(6,55)
5 55 FORMAT(/,’SSEXESSSRRRREE STATUS SEERREXEKRSRER’,/)
e DO 120 I=4,8

. WRITE(6,15)1,(STAT(I,J),J=1,9)

B WRITE(6,85)
e 85  FORMAT(/,’SXSERRXXEXEXX CASUALTIES SXXXXXXERXKX’,/)
e DO 10 I=4,8
i WRITE(6,95)1,(CAS(I,J),Ju1,8)
10  CONTINUE

i WRITE(6,135)
égf 135  FORMAT(/,’SRXXSXS8RKX COMBAT STATES XEXXXSKEXXX’,/)
s DO 150 1=4,8
o WRITE(6,145)1, (NCDAY(I,J) ,J=1,4)
LA 150 CONTIMUE

WRITE(6,165)
. 165 FORMAT(/,’X8%%% MISSION TYPES PER C-130 BASE $XX%%’,/)
N DO 140 I=1,3
e WRITE(65175) 1, (NFIG(I,J),J=1,3)
egg 160 CONTINUE '
s IF (XX(46).LT,=0,5) THEN
. WRITE(6,185)
e 185 FORMAT(/,  XX8XXXXXX PERIODS AT ZERD LEVEL XXXRXEXX’,/)
R DO 170 I=6,8
i WRITE(6,19%)1,(NZ(I,J),J=1,9)
Y 170 CONTINUE
i ENDIF
— 195 *;gngg;(zx.zz,sx,13.3x.13.3x,13,3x,13,3x.13.3x.13,3x.13.3x.13.
o ’
hft 175  FORMAT(SX,I2,5XsI4,5X14,5X,14)
e 145  FORMAT(SX,12,7X,13,5X,13,5X,13,5X,13)
%@‘ 95  FORMAT(3XyI1293XyF6e1y3XyFbe1y3XpFbe1,3XsF60193XoF641,3%X,Fb.1,
ol lSX,Fé.I.:!X,Fb.l)
- o 75  FORMAT(3X,I12,3XyF7¢393XsF74393XsF7:393X,F7.343X,F7.3,3X,F7.3,
‘ *3XyF7.3,3X,F7.3,3X,F7.3)

15  FORMAT(3IXoI2,3XsF7e193XoF70193XoF701,3XsF70193X,F7.1,3%X,F7.1,
- 199




COMMON/UCOM1/DEST(300,7+8),STAT(63859),DIST(8,8)FLY(3),MSN(3)
1,W(9),NCNBT(6:8),8TD(628,9),W0RTH(?),CAS(6:8,8) ,NCDAY(6:8,4)
COMMON/UCON2/RTE (300,6,8) yCOUNT (3)

X3X,F7.1,3%,F7.1,3X,F7,1)
. WRITE(4,25)1, (FLY(1)/(28XX(31)))/XX(30)
F WRITE(4,25)2, (FLY(2)/(2%XX(32)))/XX(30)
294 WRITE(6,25)3, (FLY(3)/(2XX(33)))/XX(30)
N 25  FORMAT(/,3X,’UTE RATE FOR BASE ’,12,’ = ‘,F5,2)
¢ WRITE(6,65)VALUE
65  FORMAT(/,’ SCORE= *,F6.2)
- WRITF(4,155) TNON |
;*ﬁ 155  FORMAT(/,’TNOW = /,F7.2,/) |
02 DO 130 I=1,3
2 WRITE(8,105)1,INC(I)
R WRITE (6,115)1,NCONP(1) |
WRITE(6,117)I,NTDY(I) ~ |
- 115  FORMAT(’COMPLETED MISSIONS FOR BASE /,12,’ = /,14) |
b3 105  FORMAT(/,’MISSIONS W/ INSUFFICIENT CREW DAY--BASE’,12,’ =’,I4) |
3 117  FORMAT(’NISSIONS DELAYED OVERNIGHT--BASE’,12,’ =/,14) |
3 130  CONTINUE |
3 DO 140 I=4,8
- WRITE(4,125)I,NBTDY(I)
Eret 140  CONTINUE
o 125 FORMAT(/,’MISSIONS STAYING OVERNIGHT AT BASE /,12,° = *,14)
&% RETURN
24 END
CHSEERR SRR SRR R KRR KRR KRR KRR KRR AR AR KRR A AR AR KAX KRR XA RRAN
42 COREERRRRRESREARARREREEKEXAARERREREERSRXRRKRRXTRXRRXXRRXXRRRKRAXEREER
b3 Cases XEXK
)
‘ Caaas SUBROUTINE TRACE 8XX
23 CRExx RRAX
& CRREERREARRARESTIREREEREXRXLERTRAKARKARKRAKIRARRLXKARXKRTRARLRRRRRALR
CHSEERRRRRRRRRLRRERRRKRRXKAREERRXKREXRRERRKRR KRR KRRRRRRRKRE K KRR KRR AR
r
e c- THIS SUBROUTINE WAS USED TO PRINT OUT THE CURRENT VALUES OF -
B C-  MANY OF THE VARIABLES IN THE PROGRAN, IT WAS CALLED WHEN THIS -
A C-  INFORNATION WAS NEEDED TO DIAGNOSE PROBLENS OR FOR VFRIFICATION -
C-  OF THE PROGRAM, -
Y c
i SUBROUTINE TRACE
A CONMON/SCOM1/ATRIB(100) ,DD(100) ,DDL(100) ,DTNON, 11,MFA, HSTOP ,NCLNR
i 1,NCRDR, NPRNT , NNRUN , NNSET , NTAPE , S5¢100) , SSL (100) , TNEXT , TNOM,, XX ( 100)
¢

Lo
* .

RS

WRITE(6,25)

235 FORMAT ( / XXXEXEXEXEXEXKXAKXRAR TRACE EXRKKAXAXKXAKAXKRKKKKXK’ /)
WRITE(6,35)NNGC11),NNQ(LS)

- 33 FORMAT(/,’BASE 4 POL QUEUE= ’,I3,’ BASE 5 POL QUEUE= ‘,13)

. WRITE(6,43)NNQ(19),NNQ(23) ,NNQ(27) !

435 FORMAT('BASES 6,7,AND 8 POL QUEUES= ‘,13,2X,1342X,13) |
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99

85

20

95

10
65

C 75

XEOR

WRITE(6,55) TNOW
FORMAT(‘TNOW = /,F4.2)
WRITE(6,85)
FORMAT(/y ' XXEXRKEEXKAKXKXAXKRKAEX ROUTE XERXKEKKAKKKKKKEKKKKKXAKK’ 4 /)
DO 20 I=1,INT(XX(42))
WRITE(6,45)I,RTE(I,1,4), INT(RTE(1,41,3)),0
WRITE(S,75) (RTE(I,Jy1),J=1,8)
CONTINUE
WRITE(4,95)
FORNAT (/3 / BXXXXXXEXKARKKXKRKAK DEST KXXKXUKKXXKXXKEXXKKKXKKKK’ 4/ )
DO 10 I=1,INT(XX(42))
WRITE(6,45)1,DEST(I,1,4),INT(DEST(I,1,3)),INT(DEST(I,7,8))-1
WRITE(6,75) (DEST(I,J,1),J=1,4)
WRITE(6,75)(DEST(1,74J),J=1,6)
CONTINUE
FORMAT(/,’MSN NUMBER=’,I3,’ PRIORITY=’,F7.2,’ CONFIG=',
X212, SWITCH=/,13)
FORMAT(SGX9F64293X9F6423XsF64293XsF6:243X9F64293XyFb.2)

RETURN
END
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