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Preface

The purpose of this study was to analyze the limita-
tions to the rapld deployment of CONUS based C-130s (active
duty and Alr Reserve Forces) to Europe during a major NATO
contingency. Of interest were delays caused by bottlenecks
and resource constraints at enroute bases and less than
optimal routings of the C-130 squadrons.

A simulation model was built to study the movement of
the C=130 alrcraft from CONUS departure bases through the
North Atlantic route structure (competing with strategic
airlift alrcraft for necessary support activities at enroute
bases) to beddown bases in Europe. Additionally, integer
programming techniques were used to develop Improved routing
plans for the C-130 squadrons.

Results of the analysis do not indicate that resource
limitations at enroute bases are a constraint to the rapid
deployment to the C-130s. However closure time of the C-130s
can be reduced with the use of optimized routing plans.
Additionally, more rapid generation of the C-130s would
appear to allow significantly reduced closure times.

Many people have contributed greatly to the success of
our research. Major Skip Valusek, our faculty advisor, was
very patient in his guidance and criticism of our work. Mr
Tom Kowalsky and Maj Glenn Moses, from Hg MAC/XPS, cheer-
fully provided a great deal of much needed background in=-

formation and data extracted from the M~14 simulation model.
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Lastly, but not least in thelir efforts, Maj Brian Jones and

Maj Bob Rhodes, from Hg MAC/X0S, enthuslastically provided
the problem description and additional essential background
information.

Lastly, neither of us could have completed this suc-
cessfully without the understanding of our wives, who waited
with "the patlience of Job" on those many days when we paid

much more attention to our work than to them.

Mark 8. Donnelly
James E. Hill
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Abstract

thle the strategic airlift flow during a major Euro-
pean conflict has been thoroughly analyzed in other AFIT
theses and by H@ MAC, using the M=14 simulation, the inter-
action with deploying C-130 units has not been addressed.
This project quantifies the competition for resources at
such enroute facilities as Goose Bay and Lajes. The activ-
ities modeled include ramp space, refueling units, mainten-
ance, and alr traffic coatrol restrictions.

The methodology was to bulld a simulation model using
SLAM (Simulation Language for Alternative Modeling). The
simulation was used to analyze the interactions and bottle-~-
necks that occur as strategic airlift flow rates and C-130
deployn;nt flow rates vary.

The objective was to provide MAC contingency planners
with a tool to verify the feasibility of their deployment
plans. The results of the analyslis identify resource con-
straints and flow limitations In the European scenario. The
methodology allows study of deployments to other theaters

with some changes to the simulation.
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LIMITATIONS TO EUROPEAN C-130 DEPLOYMENT

The ablility of the United States to successfully
deter aggression, limit conflict, or wage war depends
on our ability to rapidly deploy and sustain fighting
units. Airlift provides the capability to deliver
forces where they are needed in time to make a
difference.

Joint SECAF and CSAF Memorandunm,
29 September 1983 (12:1)

I. DProblem Formulatlion

lntroduction

United States defense strategy hinges on the concepts
of forward basing of U.S. troops throughout the world and
the capability to rapidly reinforce, support, and sustain
these forces (12:x). This policy is evident {n U.S. support
of NATO. The capablility of permanently stationed forces in
Europe falls far short of that which would be required to
stop a Warsaw Pact offensive into NATO territory. This
defensive shortfall 1s compensated for by the capabllity to
rapidly mobilize and deploy forces overseas. U.S. rein-
forcement capability Is provided not only by airlift, but

also sealift, rall transport, and trucking. While the bulk

of the load will be moved by surface transportation,
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...in almost all instances the urgent early demands of
a crisis must be met entirely by alrlift. This airlift
capability may mean the difference between victory and
defeat... (12:1I-1)

Deployment Forces. During the first few days of a NATO
conflict, strategic ailrlifters (C-141, C-5, KC-10, and the

Civil Reserve Airlift Fleet) will deploy personnel and
equipment into the combat theater. This intertheater air-
l1ift {s generally long-range, transoceanic in nature and is
conducted into main operating bases well behind the front
lines (12:11I-7).
Additionally, Alir Reserve and active duty forces will
mobilize and deploy with C-130 aircraft to augment the two
C-130 units permanently stationed in Europe (31:88). These
intratheater, or tactical, airlifters must move deploying
forces from the seaports and strategic airiift main opera-
ting bases that function as theater ports of entry to the
forward operating locations near the front where the forces
and equipment will be employed. Once in the combat theater,
the intratheater airlifters normally fly relatively short
K, missions that allow fregquent returns to their in-theater
beddown locatlions for maintenance and crew changes. The
intratheater airlift units are essential to the deployment
and resupply effort because they possess both the equlipment
and trained personnel necessary to operate {nto austere

alrfields, landing zones, and drop zones located near the

front.
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Reploving the Alrlifters. In a major contingency,
nearly 30 active duty and reserve C=130 units will deploy
with over 400 aircraft to the combat theater (19). Each of
these aircraft will require at least one refueling stop
during its approximately 13 to 20 hour transatlantic
crossing (30:2,4)., Currently, C=130 units plan and traln to
deploy and employ in squadron units. Each squadron will
carry all support assets necessary to operate upon arrival
in the combat theater. A beneflt of this deployment concept
ils that squadrons will be self supporting during their
deployment, because they will be carrying their own mainten-
ance personnel and equipment and limited spare parts (2!:3).

Enroute stops on the Atlantlic routes are normally sche-
duled for the two large Military Airlift Command stations at
Goose Bay, Labrador, and Lajes Fleld, the Azores. Addi-
tional capablility may be generated by transiting lesser used
stations In Bermuda, Iceland, and Canada. The strategic
alrlift system between the U.S. and Europe has been studied,
planned, simulated, and reviewed for feaslbllity of the
intertheater deployment plans (14;16). However, the inter-
action between the tactical airlift deployment and the stra-
teglic airlift flow has not been analyzed. This interaction

will entatll competition for such airflield resources as

parking space, refueling pits and trucks, and runway usaaqe.
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. Specific Problem
:- During a major NATO contingency, both the strategic
| airlift flow and deploying C-130s must compete for limited

s,

resources at a small number of enroute stations. While the

.

enroute support requirements for the intertheater airlift

.
.ﬁ

system are well understood and documented, the interaction

a8 K.

o L

with deploying C-130s remains unanswered (14;16). There-

i

~ fore, the problem 1is to analyze the interactions between the
intertheater airlift flow and the deploying C~130s as they
< transit enroute faci{li{ties along the transatlantic routes.
This analyslis should identify resource requirements and
bottlenecks. Additionally, it should prove a methodology
that will allow contingency planners to test the feasibiity

of their proposed or existing plans.

Y Research Question
k' Given the deployment of a specific number of CONUS
L)
p |
actlive duty and Alr Reserve Force C-130 aircraft (moving by

unit) to Europe during a major contingency and given a

Y

massive ongoing strateglic alrlift to support US forces in

roe

Europe during the contingency, what are the tradeoffs
,j between the support requirements for the strategic airlift
L

and the deploying C-130s8?

Research Qbijectives

To answer the research question, the following more

sl

S

: specific questions were answered:
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QH 1. Gilven the flow of C-130 and strategtc airlift

- _ aircraft through an enroute station, what is the limiting

Y factor to the flow of alrcraft: avallablle ramp space for
N

&N ) parking, avallable refueling crews and facilities, local

air traffic control procedures, or some other airfield
N limitation?
'LZ 2. What is the impact on the alrcraft flow of probabi-
. listic events such as maintenance breakdowns on the ground,

variations in enroute flight times, and variations in

& refueling times?

R

?' Additionally, as a by=-product of the research, the
ﬂ following questions were answered:

N

3. What are the total fuel requirements at each

-

enroute station for the movement of the deploying C-130

;, aircraft?

i; 4, How many refueling trucks will be required at each
: enroute station to support the transient aircraft?

33 Finally, the analysis produced a methodology and model
{5 to answer the following questions:

;i 5. 1Is the specified deployment plan feasible, given

;Eg the required strateglic airlift flow?

i:J 6. Which of a group of given deployment plans provides
:T‘ the best overall system effectiveness?

E: Literature Revliew

;ﬁ In the past years, many researchers have used gquantita-
ga tive techniques to analyze problems similar to the problem
,:

i, 5
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E of this proposal. Several analysts have used simulation to

optimize the structure of airlift networks for specific
scenarios. Bowers analyzed the intratheater airlift
requirements for a scenario deploying an Army light infantry

brigade to forward locations In western Alaska to counter

's

Soviet incursions into Alaska. In his scenario, airlift

¢ also supported the increased logistics requirements of F-4
alrcraft on alert at forward locations and ground control
intercept (GCI) radio stations. A force of 18 C-130 air-
craft provided the airlift. A relatively simple route
structure was modeled (4).

Wy The C-130 aircraft typically flew a round robin mission
) and, {f the crew had a long enough remaining crew duty day,
several other missions. The system was essentially closed,
with inputs from outstde the theater occuring only at Elmen-
dorf AFB, the onload location. Airlift requirements
included the movement of all personnel, equipment, and sup-
! plies of the Army forces (possibly 400 missions including
multiple sorties); and fuel for the forward F=-4 locations.
Requirements were well known from contingency planning and

perfodic exercises (4).

AL

Bowers modeled the scenario with a network of flve
bases, and computerized the simulation with SLAM (Simulation

Language for Alternative Modeling) (4). He concluded

'l' L I "".‘,é' ')',‘; “s" ‘v‘ ‘ f‘.:"a"(.'}"' .'\P.:L. ‘h e )
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.. that the simulation model tailored to the parti-
cular combination of conditions in Alaska can effec-
tively be used to analyze Alaskan theater alrlift
system performance. Although the model does not
include the detail of the system, general estimates of
system capabllity and performance can still be
obtained (4:114).

Bowers was able to determine the optimal crew ratio for
the C=130 force to maximize the movement of personnel and
equipment. He was also able to specify the factors that
provided the most significant Impact to the operation of the
system; the number of aircraft, and the number of
aircrews (4:115-116). The theater airlift network modeled
in Bower’s study {s similar to that of many strateaic
networks. The methodology he used is therefore appllicable
to the analysis of strategic airlift route structures.

Holck and Ticknor use a simulation model to determine
the

... factors within the military airlift system which

produce significant changes in system capability as

measured in tons of cargo delivered after 30 days of

systen operation. The alrlift mission is set in a

scenario which requires the reinforcement of Europe

against a Warsaw Pact attack. Thlis reinforcement is

provided by C-141 and C-5 alrcraft (16:viil).

Their study uses a very simple model to reduce the
complexity of the analysis. Only two bases are used:; a
single “aggregate” base in Europe and a single aggregate
base In the CONUS (16:17). No other operating locations
within Europe or the CONUS are modeled. The only routes
involved are the routes between the aggregrate bases.

Because of the length of the legs, a crew can fly only one

mission Iin a crew duty day (16:17). The measure of effec-
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tiveness 1s the utilization rate of the aircraft (16:76).

The simulation model was created using the SLAM simula-

tion language and includes “... the four major subsystems
within the airlift system; these subsystems are aircrew,
maintenance, supply, and aeri{al port® (16:vilil). Signifi-
cant factors discovered for their scenario are the number of
aircraft available and the time to zero War Readiness
Material (WRM). The authors conclude that the model, though
simple, does provide usable results (16:75-76). They also
state

In many cases, the value of a small, workable model

that gives approximate results may be worth the loss of

the detail contained in larger models (16:76).
Holck and Ticknor contend that simulation is an effective
tool for the analysis of strategic airlift systems (16:75).
The simplicity of thelir model detracts from the direct
applicability of their results. However, their work does
promise that a more detaliled model should allow a determina-
tion of the tradeoffs between strategic airlift and the
deployment of C=-130s.

Cooke attempts to maximize the combat power deploved in
a contingency using the Rapid Deployment Force (RDF). Goal
programming {s used "to maximize the combat power delivered,
and to minimize the time it takes to deliver i{t® (7:7). The
problem {s formulated into a series of equations that
reflect the goals of the study, requirements of the deployed

forces, or constraints. Constraints on airlift are speci-
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fied as numbers of aircraft available, maximum utilization
rate of the alrcraft, maximum size of the cargo that will
fit in the cargo compartment, and maximum rates at which an
aircraft can transit on offload location (7:73-74). He
discovers several limiting factors for airlift affecting
overall performance; the maximum utilization rate for the
C-141, the ground time of the C=-%5 at the offload base, the
size of the offload base, and the avallabtility of cargo
handling equipment at the offload base (7:130-131).

Cooke discovers valuable information about the limita-
tions of airlift during the deployment of a large army force
over {ntercontinental dlstances during a crisis. However,
the goal programming methodology he uses does not furnish
specific Information about the limitations, constraints, or
choke points of the route structure., In addition, the
enroute structure 13 not modeled. Therefore, his goal
programming analysis can not determine the tradeoffs
necessary in a competition for resources at enroute bases.

Using a simulation model, Cuda examined the congestion
of parking spaces at a transit base during conditions of
sustained heavy activity. He discovered that the percentage
of cargo diversion i{ncreases as arrival rate exceeds avail-
able parking. Also, the study showed significant amounts of
diverted cargo for parking levels believed sufficlient to
accommodate the arrivals (10). He also discovered that
parking congestion depended greatly on the length of ground

time of the aircraft (10). The model used in Cuda’s
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research proved to be of value in the development of the

mnodel of ground support activities at an enroute base.
MAC/XPS operates the M=14 model, a large simulation
model of the strategic airlift system. This model includes
the entire route structure, as well as a detailed examina-
tion of the ground operations at enroute bases. It ldenti-
fies the capabilities and limitations of the strategic
system. The movement of C-130 aircraft, however, has not
been incorporated into the model. HQ MAC contingency plan-
ners and operations analysts have identified lack of Kknow-
ledge about the interaction of strategic airlift with the

deployment of C~130s as a significant limitation (19;2%5).

Methodoloay Querview

Theoretical Framework. A model of the MAC route struc-
ture over the North Atlantic Ocean to Europe was con-
structed. Several typical departure locations from the CONUS
were included in the model, as well as applicable CONUS
"jumping off" bases for the oceanic legs. Appropriate des-
tinations in the European theater also were included.

The demands of strategic airlift were modeled by
allowing arrivals of strategic airlift aircraft at approp-
riate bases at random intervals but at average rates
expected from the flow during a major European contingency.
The resources required by strategic airlift at the enroute
bases were also included in the model. Crew and cargo

management for the strategic airlift does not impact the

10
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C-130 flow and was not included.

Required maintenance and service activities at enroute
bases were modeled to determine the existence of any ®“choke
points®, any activities or conditions that would limit the
flow rates of transient ajircraft. Activities at the enroute
bases that were examined include:

1. Ramp Space. Ramp space was allocated for each
transient alircraft to determine i{f available ramp space is
sufficient for the flow.

2. Fuel Suppljes. Total fuel usage by deploving
C-130s was modeled to identify additional station fuel
required for their support.

3. Refueling trucks, and fuel pits were modeled to
determine {f the planned capanility will refuel aircraft
quickly enough to support the flow of aircraft.

4. Maintenance Breakdowpns. C-130 system malfunctions
were modeled stochastically, éauslnq ground times to vary
due to required malntenance. The effect of the longer
ground times on the flow rate of aircraft was examined.

5. Crew Rest. Crew rest was included for missions
with delays precluding mission completion within established
maximum crew duty periods.

Four hundred C-130s flowed through the airlift network

to determine if the system becomes saturated at any tirme.
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Measures of Effectiveness. An effective deployment
plan will allow the C-130s to complete thelr deplovyment to
Europe (close) in the minimum amount of time (closure time).
Ideally, closure will occur with minimal impact on the
strategic alrlift flow. Therefore, the primary measure of
effectiveness is closure time of the C-130. In this study
closure {s defined as the time at which 95 percent of the
C-130s have arrived at their beddown bases. The 95 percent
figure was selected to reduce the variability generated by
late arriving stragglers while assuring that an adequate
force has arrived in the theater. Strateglc airlift depar-
ture reliability is an additional measure of merit. The
change {n percentage of on-time strategic airlift departures
Indicates the effect of the C-130 deployment on the
strategic airlift flow.

Solution Technjgque. A simulation of the North Atlantic
route structure was conducted for the initial nine days of
a conflict. C-130 flow rates were varied systematically in
separate runs (low to high rates) to determine the tradeoffs
between the C-130 deployment and strategic airlift flow.
Last, the sensitivity of the flow to variations of the i[nput

parameters was determined.
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3 The deployment of active duty Alr Force and Air Reserve
. Force C=-130s to Europe is an essential element in NATO’s
[
‘J defense strategy. This deployment will transit some of the
‘g same stations that will be needed by the strategic airlif-
o ters as they transport critical personnel and eqgquipment to
2
%; the European theater. These aircraft:; the C-141s, C-5s,

.-I
N KC-10s, and CRAF alrcraft of the strategic airlift flow and
! the deploying C-130s, will compete for limited resources at
’j the small number of enroute servicing locations avalilable

2 between CONUS and Europe.
i This study develops a methodology to evaluate a speci-
o
o filed C-130 Aeployment flow and its impact on stategic air-
%

2 lift. The results will allow contingency planners to vall-
& date their proposed deployment plans and investigate altern-
:E ative courses of action.
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Introduction

The combat commander nust be able to anticipate when

and where his reinforcing units will arrive in order to plan
current and future operations. The goal of the airlift
forces in a contingency is to transport fighting forces to
their destinations no later than the time the combat conm-
mander has planned for these forces to be in place. The
entire alrlift network is dedicated to providing this
responsiveness. The scenario selected to demonstrate the
effects of C-130 deployment to Europe requires modeling the
many aspects of a transatlantic enroute structure that
impact the desired system responsiveness. In the hypothe-
sized scenario increasing world tensions will allow some
advance warning of the need to execute the contingency plan
and the capability to preposition a small number of crews at
enroute bases, but aircraft deployment does not begin until
the specified execution time.

In order to model this airlift system, 1t may be broken
down into two component parts. The first part 1s the over-
all enroute network of departure, enroute support, and des-
tination ajirfields. The second component is the activity at
each enroute station. Station operations include runway
use, refueling, parking, maintenance, cargo handling, and
alrcrevw planning and control. The two components, whlle

described separately, interact because they are affected by

14
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fuel use (which affects ground time and depends on enroute

time) and crew duty day (which depends on ground and flight

-

A time and affects both ground time and routing).

This chapter will expand both of these system compon-

—A Lt AL

ents and describe how they were modeled. It will also give
the sources for data used to build the model. Ftinally, it
will explicitly state and support the assumptions made to

simplify the model.

g The Enroute Svsten

) The enroute system consists of three areas of interest:
ﬁ the departure bases, the enroute support bases, and the

: destinations. In this section each of these areas of inter-

Y est will be described. Also, the problem of routing air-

craft between these stations will be discussed.

Departure Bases. For the strategic airlift forces, the

departure bases are the originating airfields for the combat

or support element being airlifted. They may be carrying

Qs

! any cargo, from a tactical fighter squadrecn originating at
i Luke AFB, or an Army National Guard infantry company from

‘ Detroit, to a load of Navy torpedos or mines from a defense
contractor in Dallas. The analyst can greatly simplify the
enroute system by assuming that the strategic airlift flow
may be modeled by having th.se aircraft operate only at the
enroute bases, rather than throughout the system. This
assumption is adequate for the purpose of studying the

interaction at enroute stations, where the overall strategic

15
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airlift routing i1s unimportant. This simplification also
allows the analyst to disregard the air refueling capabil-
ities of many strategic airlift aircraft because the enroute
station interarrival times account for all arrivals, air
refueled or not. Therefore, in this study of literactions
at enroute bases the origin of the strategic airlifters is
not important; the only important strategic airlift charac-
teristic 1s the interarrival time at enroute stations. For
this reason the strateglic airlift departure bases were not
modeled.

For the deploying C-130 units the departure bases will
be the home station of the deploying unit. These units are
scattered across the US at many military and civilian
airfields (1). While the time that a C-130 unit will begin
its deployment is important, the station from which it
departs is not. In order to demonstrate the methodology
used to solve the deployment problem, the C-130s originate
at three consolidated departure fields representing three
areas of the country (Figure {). This consoclidated base
assumption allows the sample routing selected by the
analysts to be more generic, rather than resembling any
speciflic contingency plan and reduces model fildelity only by
the difference in flying time between a consolidated base
and an actual base, one or two hours at most. To determine

flight times from each of these consolidated bases, three

regular Air Force C-130 home stations were selected. Flight
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times from these three stations, McChord AFB, Dyess AFB, and

Pope AFB (representing KWXX, KCXX, and KSXX, respectively),

were extracted from Military Airlift Integrated Reporting

"
-?%3 System (MAIRS) historical data provided by HQ MAC, Direc-
f?ﬁt ) torate of Current Operations (3). While the aggregated
Y departure station assumption i{s adequate to validate the
;ﬁgé ' methodology proposed in this analysis, greater fidelity may
.:% be obtained by using the flying time from the departure
. station actually specified in the contingency plan to be
:2%3 analyzed rather than using the time from the aggregated
%M;é departure base.
}éﬂ US forces, upon receiving execution orders for an oper-
i;; ation, have a specifled amount of time in which to react.
;~¢§ The reaction may involve such responses as: i{mmediately
’:i launching an aircraft, mobilizing a squadron for departure
3%& within one day, or recalling members of a reserve unit to
;&f: active duty. Whatever their response, each unit tasked by
S{ﬂ the order is expected to immediately begin preparations for
j&; executing their portion of the overall plan. At the C-130
‘%E departure bases each unit has a specified time at which they
ﬁ;& aust launch their first alrcraft and a latest time by which
53& they must have launched their last. These times take into
:ﬁ consideration such things as the component of the unit
;ns (regular or reserve), the maximum rate at which the base is
fﬁsé able to generate launches, and the capacity of the enroute
??‘ system. Each squadron’s initial departure time and the time
5?; between departures within a squadron should have an impact
i
::,“ 18
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on unit closure time.

Enroute System. The transatlantic enroute system con-
sists of a swall number of regular MAC airlift stops and
several civil fields that could be used in a contingency.
While MAC may build up support at some of the civil flelds
during a contingency, to demonstrate the C-130 deployment
methodology only major MAC enroute support stations were
modeled. The bases selected span both the North Atlantic
routes and the Mid-Atlantic (Figure 2). The first base,
KNEX, is a jumping off base in the northeastern CONUS.
Units from western and central US bases may stop here for
fuel before embarking on the long overwater legs. Resource
and flying time data from Hanscom AFB were obtained for the
KNEX model. The next northern base, CYXX, is along the
Newfoundland coast and models the airfield at Goose Bay,
Labrador. This area is excellent for enroute stops since a
great circle routing brings northern and western CONUS
departures near here. The final northern station, BIXX,
models Keflavik NS, Iceland. This station would be used
mainly for aircraft with shorter range (C-130A) and to
rellieve congestion at CYXX. Along the Mid-Atlantic route
the enroute station, LPXX, models Lajes AB, the Azores.
LPXX {s an excellent enroute stop for aircraft originating
in the southeast US or those destined for southern Europe.
An additional station on the European nmainland, LEXX, models

the major MAC station at Torrejon AB, Spain. This base

19
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would be used by aircraft continuing to the easternmost
regions of southern Europe. These bases were chosen by the
analysts, based on their strategic airlift experience, as
typical enroute stops that are commonly used during exer-
cises and normal operations. Flying times from these bases
were extracted from MAIRS (3).

Restination Alrfields. Strategic airlift destinations,
like departure bases, may be at any airfield large enough to
handle jet transport alrcraft. Since this study s only
concerned with the interactions between strategic airlift
and C~-130s at enroute bases, the strategic airlifters are
assumed to exist only until departure from those bases.

This simplification detracts little from the model’s use in
validating the methodology required to analyze the stated
problem. The only inadequacy concerns the refueling time
for the strategic airlifters at the enroute base. This
fault is minimized by selecting a flight time to a typical
destination base (from the MAIRS enroute time history) and
stochastically selecting a flight time within a reasonable
range of this mean time to represent other possible
destinations.

The deploying C-130s will terminate at their deslignated
in=-theater beddown bases. The tactical airlift units will
’fight the war’ using these beddown bases as their home
stations. Since C=-130 in-theater operations are beyond the

scope of this study, the beddown bases are assumed to be

21

o e w . .w » " -‘.-{‘-."*’,-'.‘--"‘. o, '-',.{..1".' c.-_1F1.-.‘-?::‘ PN ) X “-."\--,. - “- ‘.
o, q‘.'.’..f_‘-'\-( d"d:.\ .4:,\_-:’._ 4_ R RN .,‘. by ,. (,‘r,q ,)-.,,N—,\-.f_,‘/\j‘ N N - Ty, N\

-

o




OAaN

2 s v ¥ a4 1

. Mk .' .‘- ‘.,".l

23 = o =
AL

.

y
, S

1 Rl

-

’
[ 2 s s 00

Sy

v
v
PR

’
o 8
« 8.

‘.i..' 4° "I Y 4 '

adequate to support the C-130s when they arrive. The
validity of this assumption Is outside the scope of this
analysis, however discussions with H@ MAC contingency plan-
ners tend to support {ts use (28). Since the destinations
do not need to be modeled in detail, three aggregate bases
were again used for destinations. The three bases, EGXX,
EDXX, and LGXX, represent destinations In northern, central,
and southern Europe, respectively (Figure 3). Flying times
to three major airlift stations (RAF Mildenhall, in England,
Ramstein AB, in Germany, and Athens Alrport, in Greece) were
extracted from the MAIRS history to represent the three
consolidated European destinations (3).

Routing. The routing between origins and destinations
is an important factor in deploying the C-130s promptly.
Currently, deployment routing s obtained from the MAC
FLOGEN (Flow Generator) model, a model intended to move
cargo using strategic airlift, not to plan C~130 movement
(19). Using this method it {s not possible to analyze the
feasibility of a prospective plan or to compare the rela-
tive efficlency of two or more plans. In the airlift
system, routing is an important factor in arrival time.
Therefore, in an attempt to compare alternatives, routing
was varied as a factor to be analyzed in the model. Three
routings were selected for comparison. The first routing
was intended to include all possible reasonable routings
from each of the three departure bases to each destination.

No consideration was given to limiting the number of squad

22
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rons transiting an enroute station or to minimizing any
squadron’s enroute time. Next, an optimization technique

D was applied to minimize the total enroute time, while con-
straining the number of squadrons through each enroute sta-
tion to reduce congestion and gqueveing. A network flow
problem was constructed, as described by Jensen and Barnes,

and solved using an integer programming computer algorithm

- o
ke 5 Yo 2 5% A

(6:47-62; 17:%59-65). Flnally, a compromise between these

two extremes was developed by solving the network problem

Calofnoe

again with an additional constraint requiring a certain

number of squadrons from each departure base to deploy to

each European arrival area. The three resulting routing

.

systems are depicted in Table I.

Ao

-

Throughout the model, the flying times extracted from

>
L)

MAIRS are for 90% worst wind conditions. This means 90% of

a ,t-.Ll.

the aircraft flying the route did so within this length of

time. To account for seasonal vartiation the 90% worst wind

.- "-

times from the best and the worst months were averaged.

L

Also, in this study all C=130s were assumed to be alike. To
account for the shorter range of the C-130A model, some
squadrons wvere restricted to routings with shorter maxzimunm

length legs.

Ihe Station Model
Enroute station activities occur during three distinct

time periods: the arrival period, the servicing period, and

the departure period. This section will describe each of

% 24
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Table 1. C€-130 Routing.

A e A ]

e, Level O
X Minimize Total Enroute Time.
e
v Squadrons Itinerary Staging Base
K 1-4 KWXX - CYXX - EDXX CYXX
S KCXX = CYXX - BIXX - EDXX CYyXX
i~ é KEXX - CYXX - EGXX CYXX
. 7-13 KCXX - KNEX = EBXX KNEX
i 14-20 KSXX - LPXX - LGXX LPXX
.. 21-23 KSXX - BIXX - EDXX BIXX
! 24-25 KSXX - CYXX - BIXX - EDXX CYXX
N
o~ Level 1
'? Minimize Total Enroute Time (Destination Specified).
L
N Squadrons ltinerary Staging Base
. 1-2 KWXX = CYXX - EDXX CYXX
[ 3 KWXX - KNEX - EGXX KNEX
X 4-6 KCXX - KNEX - LPXX = LGXX LPXX
f: 7 KCXX - CYXX - BIXX - EDXX CYXX
? 8-9 KCXX - CYXX - EDXX CyYXxX
~ 10-12 KCXX - KNEX - EGXX KNEX
_ 13-16 KSXX - LPXX - LGXX LPXX
- 17-18 KSXX - BIXX - EDXX BIXX
» 19-20 KSXX - CYXX - BIXX - EDXX CYXX
9 21-24 KSXX - BIXX - EGXX BIXX
3 25 KWXX - CYXX - EGXX CYXX
N Level! 2
- Typical Deployment Routings Represented.
b i
W Sguadrons Itinerary Staging Base !
- 1-2 KWXX - CYXX - EGXX CYXX ;
3-4 KWXX - KNEX - BIXX - EDXX KNEX |
- 5-6 KCXX - KNEX - LEXX - LGXX LEXX .
. 7 KCXX = CYXX - LPXX - LGXX LPXX ,
- 8-9 KCXX = CYXX - BIXX - EDXX BIXX
o 10 KCXX = CYXX - EDXX CYXX
X 11-12 KCXX - KNEX - EGXX KNEX
. 13 KCXX = KNEX - BIXX - EGXX KNEX
~ 14-15 KSXX - CYXX - LEXX - LGXX LEXX
- 16-17 KSXX - LPXX - LGXX LPXX
[ 18-19 KSXX - CYXX - EDXX CYXX
- 20-21 KSXX - KNEX - BIXX - EDXX BIXX
! 22-23 KSXX - CYXX - EGXX CYXX
K 24-25 KSXX - KNEX - BIXX - EGXX BIXX

25




these periods and how they are simplified for easier

WA A RN SNy

model ing.

&

Arrival. During the arrival period the aircraft lanad,
taxi to the parking ramp, park, and complete aircrew post-

flight procedures. As stated previously, in order to simp-

s

11fy the system model strateglic airlift alrcraft are created

at each enroute station based only on arrival rates, not on

w e M & A

L enroute time from any particular origin base. Strategic

{, airlift interarrival times for this study were extracted

;i from the output of the M-14 simulation. They represent

?. average arrival rates for the first week of a European

:‘ contingency deployment scenario. After the strategic air-
E lifters appear at each enroute base¢, all aircraft compete
.: equally for resources at that base.

% Upon arrival in the local alr traffic control area at
§ an enroute base the alrcraft are sequenced for landing.

Wy While all types of alrcraft compete equally for runway

*q usage, air traffic control procedures dictate that alrborne
E alrcraft have priority for runway use. Therefore, landling
:J aircraft are handled on a first come, first served basis,
:3 but take priority over departures. According to data analy-
fé sis accomplished for the M-14 model, once an aircraft is

?j permitted to land, it will complete its landing and clear
~¢ the runway in 3.2 to 4 minutes (uniformly distributed)

“: (14:67).

! After landing and clearing the runway, the aircraft

% must tax! to the parking area. Another product of the M-14
7
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construction effort is this taxi{ time. Taxi time normally
doesn’t vary by type of aircraft, but it dves vary by
distance to the ramp (14:67).

Upon reaching the parking ramp, the aircraft must find
space to park. Each base has a limited amount of ramp
space, and only a portion may be allocated to airlift air-
craft by contingency planners. The ramp space may be fur-
ther restricted by size, obstructions, or weight bearing
capacity limitations that might prove hazardous to larger
aircraft, but not for smaller ones. Ramp space was calcu-
lated for each enroute station. The C-130 was used as the
standard, with a station’s capability expressed in terms of
C-130 parking spaces. Resource usage for the larger air-
craft were calculated in terms of C=-130 size equivalents.
In general, a narrow body aircraft is equivalent to about
two C-130s and a wide body aircraft about four. Station
capacities were provided by HQ MAC analysts and are given in
Table II.

After parking, the aircrew completes postflight dQuties
at the aircraft. These duties include a postflight inspec-
tion of the aircraft for such obvious malfunctions as mis-
sing panels or fluid leaks. While the inspection i{s being
conducted, another crewmember must complete the ailrcraft
flight status, maintenance discrepancy, and flying time
logs. In some cases, ailrcraft malfunctions will warrant

extended maintenance debriefing during this period. Fin-
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i:'. Table II. Alrfield Capacitles.

0

a Maximum Number of Aircraft on the Ground

:_:1 Station c-130 c-141 c=5
KNEX 63 21 7

y CYXX 84 42 24

2 BIXX 46 22 14

3 LPXX 83 51 27

" LEXX 14 12 4

e

f; ally, the aircrew must offload personal luggage if they will
i: be turning the aircraft over toc a fresh crew at that sta-

%g tion. After the aircrew postflight, the maintenance person-
:ﬁ nel are free to begin the servicing phase of the ground

%ﬁ time.

f; Servicing. During the servicing period the maintenance
3§ personnel refuel and repair the aircraft. Cargo handling is
lb~ not addressed since the stations modeled are enroute rather
;i than terminal stops. While all alrcraft must be refueled

:

:7; at these enroute stops, more than half require no mainten-
iﬁ ance. Since only mission essential repairs (those abso-

Eg lutely necessary to continue the mission) would be attended
S: to at a wvartime enroute stop, only 40 percent of the air-

fx craft must be repaired. Of the repairs that must be accomp-
;; lished, ten percent require actuation of systems that would
e

preclude refueling during the maintenance (25). Malntenance

that might preclude concurrent refueling would include radar

b 28
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operation, engine runs, or electrical system operation. The
remainder of the aircraft requiring repair may be maintained
concurrently with the refueling operation, thereby speeding
ground operations. Maintenance malfunction rates and servi-
cing times were obtailned from M-14 model output provided by
HQ MAC (25).

The Air Force Logistics Command (AFLC) maintenance data
base contains a three year maintenance history for all Air
Force alrcraft. This data is recorded in a form unadaptable
to the maintenance model conceptualized for this study. The
AFLC data was, however, suitable for comparisons between
alrcraft types. The Mean Time Between Maintenance (MTBM)
and Mean Time To Repair (MTTR) data proved to be statis-
tically the same for the C-130 and C-141 (means and standard
deviations were equal at one percent significance).
Therefore, C-141 maintenance distributions were used for the
C-130 maintenance model ing.

Another simplifying assumption for this study i{s that
maintenance personnel and spare parts need not be modeled.
Since the C-130s deploy as units, they carry all personnel
and equipment necessary to maintain thelr atrcraft (21:3).
This organic maintenance capability allows the analyst to
assume no competition for maintenance assets between the
C=1308s and the strategic airlift aircraft. 8Strateglc
airlift maintenance personnel and supply restrictions are

already accounted for in the maintenance time distributions

29
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extracted from M-14 (14:35),

In addition to repair, the alrcraft must be refueled as
quickly as possible. There are two means to refuel the
airlifters, fuel trucks and fuel pits. While all bases
possess fuel trucks, not all have the more efficlent fuel
pits. To refuel from a pit, the ground crew must onlyvy roll
a fuel pump to the aircraft, attach hoses to the pit outlet
and the aircraft refueling system, and start pumping fuel
onboard. While fuel trucks are as simple to hook up, they
carry only 32,000 pounds of fuel. This may be enough for a
C=-130 on a short or medium length leg, but not for a larger
alrcraft or longer mission. Each additional fuel truck that
nust be used takes another 10 to 20 minutes to hook up,
increasing total refueling time greatly. For this analysis,
refueling times are based on empirical equations extracted
from the M=-14 model (14:71). Fuel usage figures are rules
of thumb used by schedulers In the FLOGEN model and allow

only for enroute fuel burnoff (19). Required holding and

alternate alrport fuel i{s assumed to still remalin on board,
as it was not needed on the inbound leg.

Repartyre. During the departure phase a new crew will
recelive the aircraft {if the station 1s a specified crew
change (stage) base. If the inbound crew remains with the
aircraft they must insure they will be able to complete the
next leg of their mission within the remainder of their
maximnum crew Quty period. During normal operations the

maximum crew duty period is sixteen hours from the time the

30

PSR PL I PUIRS RSN X
ot o SO Ao I

» .‘J".f,‘i' -‘_i':




NNy

.AIA.,

N =«

/ "'. LA

14,

13 4 K,
[ I W 4

r »
By 4y Ty Oy
s 128

'” -} l" "' l“ vll z

2
. 0 e

o« v s
AR AR
IR A T .

LA A I

250

crew shows for duty, an hour and a half prior to initial
takeoff (11:12). An assumption used in this study is that
in a contingency crews could be expected to recelve auto-
matic two hour extensions to crew duty day (to 18 hours).
While not addressed in contingency regulations, war planners
agree with the analysts’ experience that extensions of this
length are not uncommon and would be virtually automatic in
a contingency (28). If the crew will be unable to complete
the next leg within the specified time the mnission must be
delayed for fourteen hours (twelve hours crew rest and two
hours for predeparture preparation) {f no other crew is
available. In the actual airlift system crew duty time is
constantly monitored and the crew retired as soon as an
extended delay (beyond maximum crew duty day) is identlified.
This study assumes that crew duty day s tested once just
prior to taxi, simplifying the modeling without introducing
large errors (less than one hour) in the enroute time.

When servicing is complete, the aircrew must perform
preflight checks, start engines, taxi to the runway, and
take off. The first three of these functions, checklists,
engine start, and taxl, were grouped together In thls study,
as they are In the airlift system with checklists running
from arrival at the aircraft until takeoff. To model these
activities, the analysts selected a hypothetical probability
distribution that reflected thelr airlift experience. Once

the aircraft are cleared for takeoff (after any arriving
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aircraft land) they clear the runway Iin two minutes (25).

Summary

The transatlantic airlift system is complex, but may be
simplified in order to be modeled without losing fidelity.
The major assumptions of consolidated arrival and departure
bases relieve the modeler of the necessity of bullding a
large number of terminal stations when only the flying time
to or from these stations is important. Also, the
restriction of stategic airlift to each enroute station,
rather than throughout the systen, eliminates a system that
has already been studied while maintalning the interactions
at the enroute stations. The next chapter will describe how

the conceptual model was converted into a computer model.
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Developjna the Model

Chapter II describes the loglical structure of the model
used in the simulation of the deployment of C-130s to
Europe. This chapter describes the coding of the model |In
the Simulation Language for Alternative Model ing (SLAM) for
use on the VAX 11/785 Classroom Support computer (CSC) at
the Alr Force Institute of Technology (AFIT). Additionally
several FORTRAN subroutines were written to assist in the
definition of the model. The SLAM and Fortran coding are

fully described in Appendizx A to this thesis.

Yerification.

Reasonableness of Resultsa. After the model was com-
pleted, it was carefully checked by both authors for accur-
acy. Careful examination of the logic verified that entitles
(alrcraft) travelled through the system as desired. Addl-
tionally, output statlistics and actlivity counts were used to
insure that results were reasonable. Activity counts con-
firmed that appropriate numbers of entities were transiting
maintenance, refueling, and other service activities at
enroute stops and that proper numbers of C-130s (16 ajr-
craft) were arriving at each beddown base. Output statistlics
revealed that ground times at enroute bases were within

reason and that total enroute times for the C-130s between




departure from their CONUS home bases to their European
beddown bases were reasonable. Qutput statistics also showed
that the number of crews having to crew rest at an enroute
base (because the crews did not have enough duty day to fly
to their staging base or destination) was reasonable.

Flow Diagrams. Flow diagrams were constructed, as shown
in Figures 4 and 5, to help verify that the model performed
as intended. Also, extensive documentation was used within
both the SLAM and Fortran coding of the model to ease the
difficulty of debugging and verifying the logic of the code.

gtress Test. A stress test of a simulation model will
determine {f the model behaves as expected with high rates
of activity (with a large number of entities passing through
service activities). This model, in a version with the first
alrcraft from each C-130 squadron departing at hour 18,
confirmed the expected: congestion at the enroute bases.

Traces. Traces displaying the values of attributes of
entities (aircraft) were run (for a portion of a simulation)
to ensure that entities travelled as expected through the
model and that the attributes assumed reasonable and

logical values.

Validation and Calibration.
Face Validity. Close examination of the model by the

authors and other personnel experienced with strategic alr-

1ift established face validity of the model (i.e. verifled

that the logic of the model accurately represented the MAC
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) MAINT ARD REFUELING RCTIVITIES

) CREW REST (IF NECESSARY FOR C-1385)
START UP AND TAXI OUT

C-58 AWAIT RURWAY AND TAKE OFF

; r - C-1305

’ C-3 STATS C-141 STATS C-138 STATS

| TEIHIC-SS TERR CI-NIS ROUTE IIE!T BASE

é Figure 4. Enroute Base Flow Diagram.

' North Atlantic route structure, that the service activities
i at the enroute bases were realistic, and that all signifi-
) cant service activities at the enroute bases were modelled).
} Additionally, a careful examination of assumptions used |n
: the model helped to validate the reasonableness of the

? structure.

f | Comparison with M=14 Model. The primary method used to
& validate this model was to compare the results of the model
V with the results of the M=14 model. The measure of effec-

; tiveness used for the comparison was enroute station depar-
;: 35
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N ture reliability. The version of the model used for valida-
(|

X tion Included only strategic airlift alircraft because the
fj M=14 model only includes strategic airlift. The M=-14 model
L; is used by H@ MAC/XPS to simulate the flow of strategic
iﬁ airlift aijrcraft at over 500 bases around the world during
;L different contingencies affecting the United States, In-
}; cluding a general conventional war between the NATO forces
-2 and the Warsaw Pact. The M=-14 model is very complex and

e,

Yy detalled, modelling the flow of C-5, C-141, and CRAF air-
': craft through every base used during the contingency. Re-
N
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sults of simulations using the M-14 model are used to calcu-
late aircrew ratios (ratio of the number of crews avajilable
to the number of alrcraft avallable) and the iaxlmun utili-
zation rate (hours/day) of aircraft under surge conditions,
to evaluate the feasibility of wartime planning, and in
budgetary planning. Therefore the M-14 model can be con-
sidered an accurate representation of the strategic airlift
systen.

As would be expected, initial runs did not compare well
with the M=14 model. Narrow body aircraft had generally
higher departure reliabilities than the M-14 model, and wide
body alrcraft had lower reliabilities than expected. It was
necessary to adjust the nodel to bring the enroute base
departure reliability more iInto agreement with the M-14
model. Adjustment of the model was accomplished by altering
the flying times used at the different bases for the stra-
tegic airlifters. After adjustment, results of the model
much more closely agreed with the M=14 model. Table III
compares the overall departure reliabilities of the two
models, and also the departure reltabilities of the narrow
body and wide body fleets. Table IV compares the departure
reliabllity figures of the two models, at each of the flve
enroute bases used by both the models, for both narrow body
and wide body alrcraft. Five replications of the model were
run and 90% confidence intervals developed to compare the

model results with a single replication of the M-14 model.
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Table III. Overall Model Comparisons.

COMPARISON OF MODELS
(OVERALL DEPARTURE RELIABILITY)

(ALPRA = 0.1, N = 5, tg go 4 =2.132)

MODEL «<conF InTERVAL) M-1% MODEL « aum
overaLy .6BBS <u<.787 .b3b6
C-141 B34 <u<.7lh 185
c-5 658 < u<.782 b2

The overall departure relliabilities of the two models
(all strategic aircraft considered) are statistically the
same. The departure reltiabilities of C-141 and C-5 alrcraft,
vhen considered individually, are also statistically the
same for the two models.

At the enroute bases, significant differences occur
between the two models for both wide body and narrow body
ailrcraft. The M=14 model exhibits significant variation
between bases in departure reliability, while this research
model only strays somewhat from the overall average for each
class of alrcraft. This result should be expected, however,
because maintenance repair times were averaged over all five

bases for this model (using data extracted from the M-i4

3s
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h Table IV. Model Comparison by Base.

COMPRRISON BY BRASES

> (DEPARTURE RELIABIITY)

3 KNEX  CYXX  BIXX  LPXX  LEXX

C- 67t - SBI- .62- .598- .703 -

N : HODEL i (% I 706 .14@ 748

‘, ¢ M-Iv

. | MODEL .95 .78 97 57 .39

My - M- M7 - T4 - 707 -

C- HODEL 536 .B72  .547 .B47  .BG2

M-1%

1 c  NODEL .95 47 .95 g .56

model), while in the M=14 model maintenance times are calcu-

lated separately for each base.

One should remember as well that_only one replication
of the M-14 model is used for comparison purposes. The M-14
model {s a stochastic model that because of its size does
not exhibit much variation between runs. In spite of this,
some uncertainty in the output should be expected. There-
fore, more variation should be expected between bases for
the single run of the M-14 model than for the five runs of

this research model. Therefore, only general agreement be-

. 39

"

AN w
o

o
™~

RO Ly f I"-"}."‘f" ; AN _J\._,\

-----



tween the two models should be considered satisfactory, and

one can conclude that the overall results of the model are

statistically valid.
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IV. Experinental Deslan and Experimentation

Factors and Rapges of Interest.

Four different factors, each with three different

levels, were selected as candidates for inclusion in the
initial screening designs. These factors were selected
because they were controllable and thought to be influential
to the response varlables: closure time of the 380th C-130
to its beddown base (95% of the C-130s have closed) and
strategic airlift departure reliability at the enroute
bases. These factors, with selected levels, are summarized

in Table V.

Table V. Complete Factorial Design

OVERALL FACTORIAL DESIGN
3% DESIGN  (REQUIRES 81 COMBINATIONS)
0 | c

RATE .7 HOURS 1.0 1.3

12,22,32, 15,27,39 18,34,50
FIRST | 42,52 nouns 51,63 66,82
ROUTE ] 1 2
TRUCKS | rLaumeD SRIFT PLANRED ¢+ 2
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Iime of First Launch (First). Active duty and Air

Reserve Force (ARF) C-130 squadrons can generate (depart)
from their home bases beginning at specified times after the
contingency begins. Generally one squadron at a base will be
prepared for quick reaction, and will generate first. Other
squadrons generate at later times. Active Quty squadrons
also normally generate sooner than ARF squadrons. Different
levels used In this study reflect a range of possible actual
values, but none reflect actual real world data. Level "0O°
represents the case when the first squadrons are generated
beginning at hour 12 after the order to deploy, the second
group of squadrons at hour 22, and other squadrons at hour
32, 42, or 52. Level "1° represents the case when the first
group of squadrons generate beginning at hour 15, and other
squadrons generate at hour 27, 39, 5{, or 63. Level "2°
represents the case when the first squadrons generate at
hour 18, and the other sguadrons at hour 34, 50, 66, or 82.
Interval Between Launches (Rate). Once a squadron
begins deploying aircraft, alrcraft can be generated from
the squadron at certain maximum rates. Level "0" represents
the case when aircraft are generated approximately every 0.7
hours. Level "1" represents the case where ajircraft are
generated every 1.0 hour. For level 2", aircraft are gener-
ated approximately every 1.3 hours. The interval between
launches represents the time necessary to perform all main-

tenance and cargo loading on the alrcraft prior to takeoff.
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Route Structure (Royte). Three different route struc-
tures from the home bases cf the 25 C-130 squadrons in the
CONUS to thelir beddown bases in Europe were selected for
study as representative of the different route structures
the aircraft could use. Level "2" |s typical of current
deployment plans. Levels "1" and "0" represent optimal
routing plans (minimizing enroute time) obtalned from an
integer programming optimization routine. The integer

program was written using the Multi{ Purpose Optimization

System (MPOS) (6) and run on the Cyber computer belonging to

Aeronautical Systems Division at Wright=-Patterson AFB. Level

"1" represents the routes ocbtained when the beddown location

for each squadron is fixed (the same beddown locations as
for level "2"), but the routes used are optimized for mini-

mum overall flying time. Level "0° represents the optimal

route structure obtained when only the the numbers of squad-

rons at each beddown location are fixed, and the departure
points and route structure are unconstrained.

Fuel Trucks (Trucks). Fuel trucks are moved to enroute
bases to handle the large number of transiting ailrcraft
expected in an contingency. Other trucks are permamently
assigned to the locations. Level "0° represents the number
of trucks presently called for in unclassified contingency
planning (25). Level ®1" has the same total number of fuel

trucks as level "0°, buts redistributes them between bases

to relieve congestion at overcrowded bases. The distribution

of Level "1" was determined by observing congestion at
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enroute bases during plilot runs and adjusting the location
of fuel trucks to relieve the congestion. Level "2" adds two
trucks to each base above the number used in level ®0O¢

without regard for the source of the additional resources.

Initial Screening Dealan.

A full factorial design for the problem, with four
factors each at three levels (34), would require 8! combina-
tions of factors (each with n replications). While such a
design is feasible, it 1s costly in computer and model
configuration time and {s unnecessary to dliscover Important
effects and interactions.

A 24 inftial screening design, with the levels for each
factor selected at the extremes, discovers effects and
interactions of interest. For this project, a 24 factorial
design was run, with five replications for each case. Fac-
tors and levels for thls design are shown in Table VI. A 24
design requires 16 combinations of factors. Each series of
five replications requires approximately 5 - 5 1/2 minutes
of computer CPU time, and all 16 runs about 88 minutes of
CPU time.

Following completion of the simulation, a statistlical
analysis was conducted of the results, It Is Interesting to
study a graph of one response variable (closure time for the
C~-130s8) versus the other response varlable (departure rella-
bility for the strategic ailrlift alrcraft at the enroute

bases). This graph is shown in Flgure 6. Surprisingly, the
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Table VI. Initial Screening Design.

INITIRL SCREERING DESIGN

2% DESIGN  (REQUIRES 16 COMBINATIONS)
LEVELS
EACTORS 8 -1
RATE 7 1.3
FIRST 12, 22 HOURS 18, 34 HOURS
ETC ETC
ROUTES ) 2
FUEL PLAN PLANRED + 2

TRUCKS

graph does not display the expected behavior of a direct
relation between closure time and enroute station relia-
bility C(intuition suggests that as closure time decreases,
departure reliabllity should also decrease because of in-
creased congestion at enroute bases). It will be seen that
closure time is generally independent of enroute station
departure reliability because C-130 movement does not
increase congestion at enroute bases enough to affect the
departure reliability.

Separate ANOVA tables were calculated for each response
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variable using Statistical Analysis Software (SAS) (29).

Results of the analysis for closure time are displayed in
Table VII.

The ANOVA table for closure time displays the following
significant effects. Rate (A), First (B), Route (C), and the
FirstxRoute (BC) {i{nteraction are significant at an alpha of
0.01. Additionally the FirstxTruck (BD)> and RoutexTruck (CD)
interactions are significant at an alpha of 0.05. The normal
probabllity plot of the residuals and a residual plot, as
displayed in Figures 7 and 8, display a randoa nature, and
confirm that the fitted model to the data i{s correct.

The ANOVA table for the other response variable, stra-
tegic aircraft departure relliability, is displayed in Table
VIII. Effects and interactions significant at an alpha of
0.01 are Route (C), Trucks (D), and the RoutexTruck (CD)
interaction. The effect significant at an alpha of 0.05 is
First (B). A normal probability plot and a plot of residuals
(Figures 9 and 10) do not display evidence that the model |is

inappropriate.

Final Experimental Dealan.

Every one of the four factors in the model (Rate,
First, Route, and Trucks), as well as several two factor
interactions (FirstxRoute, RoutexTrucks, and FirstxTrucks),
proved to be significant for at least one response variable
in the initial screening design. Therefore, no factors can

be abandoned in subsequent designs.
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Table

VII. ANOVA Table for Closure Time.

JEPENDENT VARIABLE: CLOSURE

SQURCE oF SU% OF SQUARES MEAN SJJARE F VALJE
M00EL 15 40513.95053500 2790437023947 73.56
IR232 Se 2669.725G330 35.27530637 R > =
CORRECTED TITAL 79 ©2952.77519500 1.3001
2-SQUARE CeVe RO0T 9SE CLOSE vEAN

3.962930 4.7137 6.18683658 131.25275000

30uURCE OF TYPE I 5§ & VALUE PR > F

RATE 1 708.23802900 19.50 0.0001

CIRST 1 5966.28520500 181.9¢6 0.3001

RATESFIRST 1 0.62632000 0.91 0.3163

WuTE 1 26929.56660500 651.23 0.0001

RAATEZRIUTE 1 3.57858000 0.39 3.7608

S1ASTHAQUTE 1 T179.3372645%00 137.56 0.3001
RATEXFIAISTRRAUTE 1 5.40300000 Jelé 0.7082

TAYIKS 1 153.645560500 3e36 3.3516

RATE&TRUCKS 1 21.71528000 0.57 0.6561

ZIRSTESTRUCKS 1 156.74400500 ©.09 0.0672
ATERFIRSTETRUCKS 1 21.71528000 0.57 0.6541

FQUTESTRUCKS 1 164.10720500 6.23 0.062¢
RATEXRJIUTESTRUCKS 1 56.59248000 l.648 0.2285
“IRSTHRIUTESTRUCKS 1 128.37264500 3.35 0.0717
RATESFIRSSROUTSTRUC 1 22.21832000 0.58 0.%689
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Table VIII. ANOVA Table for Strategic Reliability.

)
s
JEPENDENT VARIABLE: RELIABILITY
SOURCE CF SUM OF SQUARES MEAN SJJARE F VALUE
430EL 15 331938545 2.30:33223 3.3%
IRROR ) 0.00962947 0.00015066 R > F
ZORRECTED TOTAL 79 0.02961511 2.0001
) -3JVARE CaVe 20T MSE RELIAS “EAN
!
1.676846 1.8951 0.01226623 0.57952128
L
SOURCE oF TYPE I SS§ F VaLJE PR > =
v,
IATE 1 0.00012375 0.82 0.3673
SIRST 1 0.00067303 .51 0.2375%
IATESFIRST 1 0.00007163 0.8 0.6927
WUTE 1 0.00225663 14,38 0.0003
IATESROUTE 1 0.00001983 9.07 0.783)3
i ZIRSTEROUTE 1 0.00017199 1.1 0.2399
, ATZAFIRSTERQUTE 1 0.00000656 0.06 0.3353
‘ TRYCKS 1 0.01286992 35.40 0.3001%
IATESTRYCKS 1 0.00000003 0.00 0.3806
. FIRSTRTAUCKS 1 0.00037282 2.48 9.1206
ATESFIRSTETRUCKS 1 0.00027738 1.86 0.1773
| AV JTESTRICKS 1 7.00188671 12.53 0.0009
) IATESRIUTESTRUCKS 1 2.00036%37 2.45% 0.1221
B FLASTARIUTERTR JCKS 1 0.000%9787 3.97 0.0505
IATESFIRSEROUTSTRUC 1 0.30031603 2.09 J.1536
)
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A 34-1

design has a resolution of IV. In a design of
resolution IV, no effect is aliased with another main effect
or two factor interaction, but some two factor interactions
will be aliased with each other (24:329,352). Proper choice
of the defining relations will insure that no important two
factor interactions will be aliased with each other.

A choice of the defining relation I = ABZCD, also with

2 _ ,2,.2.2

1 ABC"D", will produces allases as shown in Table IX

(only two factor interactions are shown).

Table IX. Important Aliases.

cp = ap?
B%c = ap
BcZ = apD
B%D = AC
BD? = AC
c2p? = aB?

It will be noticed that all of the allases i{nvolve the
factor A (Rate), and that Rate was not involved in any of
the significant two factor interactions. None of the allases
{n the above design are a significant interaction in the
problem. Therefore none of the allases should statistically

4-1

bias the results. A 3 design as described above was se-

lected as the final design.
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The 347! fractional factorial design used for this
“ analysis required 27 separate comblinations of runs, with

enough replications to decrease the variance of the output
to the desired level. The required levels for the factors
are shown in Table X, which was extracted from Montgomery
(24:352). The numbers for each combinations represent the
appropriate levels for each factor. The flrst three numbers
of each combination form a complete 33 design when all 27
comrbinations are used. The fourth number {s derived using

the equation below, also extracted from Montgomery (24:352).

The value for the fourth number in Table X is x4

modulus 3.

Table X. Fractional Factorial Design (24:352)

0000 0012 222
010 0110 001
1100 0211 0122
1002 1011 0220
0202 1112 1020
1201 1210 1121
2001 2010 1222
2102 PARK 2022
2200 2212 nn
595
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Sample 91ze and Rellabllity

The maximum value of the figure of merit for C-130
closure was 184 hours in the runs of the initial screening
design. In the final output runs, the simulation was run for
225 hours to ensure that most C-130s arrive at the beddown
bases.

A sufficient number of runs were accomplished to de-
crease the width of the confidence interval for maximum
closure time to within 5% of the mean, and the confidence
interval for departure reliabllity to within 1% of the mean.
Not much stochastic variation occurs between runs of the
nodel because the model i{s large enough to average out nmuch
of the randomness. After five replications in the initial
screening design, the confidence interval for maximum clo-
sure time was 8% of the mean. For departure reliability, the
conflidence interval was 2%.

Prior to the final design, pilot runs determined that
2% replications were sufficient to reduce the confidence
interval for both response varlables to within 1% of the
mean. Using 25 replications in the output runs, the confi-
dence interval for closure time was measured at 0.7%. For

strategic reliabllity the confidence interval was 0.9%.

Variance Reductlion Technigues

Variance reduction techniques were not applied in this

analysis. The standard techniques of common random number
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streams and antithetic variates rely on synchronization of
the random number streams (20:186-239). With random numbers
required for many activities (fuel load, maintenance times,
flying times, arrival rates, taxi! times, etc.) and at every
departure and enroute base, synchronization would be diffi-
cult to obtain and virtually impossible to prove. Since two
measures of merit are used, stratified sampling may be
suggested. However, with no prior knowledge of the pro-
portion of responses expected in each strata, the stratifi-
cation after sampling technique would be used (20:110-133).
This technique reduces the effectiveness of statifled samp-
ling compared to the proportional technique (based on a
priori knowledge of proportions in each strata) unless the
sample size is large (20:117). Additionally, the stratified
sanpl ing technique is most effective when correlation
between the response variable is large, a charateristic not
realized between the closure time and reliablility rate re-
sponses (20:114-11%5).

Fortunately, variance reduction {s not necessary in
this analysis. The confidence intervals possible using 25
replications for each factor for the final output are ade-
quately narrow. The confidence intervals for both response

variables vary no more than {.0% from the mean value.
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Introdyction

The analysis of results will explain both the factorial
analyslis Introduced in the previous chapter and sensitivity
analysis of the input parameters. The first section will
describe the technical results of the statistical testing.
Next, these results will be interpreted with respect to the
problem being studied. Later, the input parameters for the
nodel will be evaluated to find the sensitivity of the
results to changes or errors. Flnally, the collateral
result of total C-130 fuel use will be discussed.

In both the airlift system and the model developed for
this study the strateglc airlifters and C~-130s compete for
three resources at the enroute stations. This competition
for runway use, parking ramp space, and refuelling capacity
(refueling pits and trucks) is the source of interactions
between the two response variables (closure time and stra-
tegic alrlift reliability) for all combinations of factor
levels. This section will focus on both the effects on each
response varliable and the resulting interactions between the

responses.

Technlical Qescrlption

The 3471

fractional factorial design described in the
previous chapter was run for 25 replications for each
comblination of factor levels. The resulting group of data,

675 observations of closure time (CLOSURE) and strategic
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alrlift reliability rate (RELIAB), was examined using the
SAS statistical language (29)., An analysis of variance
(ANOVA) was conducted to test the difference between treat-
ment means for the various factors. The model tested
Included all main effects and the two factor interactions
determined to be significant in the screening design
described in Chapter IV. The factors in the model were
Rate, First, Route, Trucks, and the two factor interactions
FirstxRoute, RoutexTrucks, and FirstxTrucks. These ANOVA

tables are reproduced in Tables XI and XII.

Table XI. ANOVA for CLOSURE.

JEPENQENT VARIABLE: CLISURE

SOURCE oF SUM OF SQUARES MEAN SQ2JARES F vaLJE
400EL 29 107631.31130333 513..333538.7 t335.03
EE R 356 2524.053223067 31.5%355437 PR >
S3RRECTED TITAL 576 110215.86400000 3
R-355Ua3s SeV¥e 00T MSE CLISJRE vEaN
1.377333 1.9090 1.36453732 102.3230000)
SQURCE JF TYPE I SS F ¢ALUE PR > =
QATE 2 50467.40203022 793,06 0.9
=I2ST 2 923464,.72937867 11363.53 3.0
QJrE 2 3112.33075667 1180.5¢4 .9
TRJCKS 2 1.35991022 J.26 0.785)
FIRST#RJUTE 4 34,71657067 5.63 3.3002
SLISTATRUCKS o 37.23212644 5.55 0.3002
RIJTI=TIYCKS 4 131,63116064 3.87 J.s735
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x} Table XII. ANOVA for RELIAB.
et
)
'5
- JEOENDENT VARIABLE: RELIAB
f ' SOJRCE DF SUM OF SQUARES MEAN SQUARE F VALUE
- “00EL 20 0.00748528 €.00037425 1.33
N ERRAR 654 0.18375011 0.00028095 2R > F
.‘,,‘_v CORRECTED TOTAL 676 0.19123540 0.1508
e
,’-:. R-SQUARE .V, RICT “SE RELIAB MEAN
0
:\': Jea039142 2.4090 0.01676197 0459580978
N SOURCE OF TYPE I 5SS F VALUE PR > F
. RaTE 2 0.000527¢ 0.16  0.3509
”'i: SIRST 2 0.00058965 1.05 0.3508
- RIUTE 2 0.00342733 6.10 0.002¢
“:ﬂx TRUCKS 2 0.00045713 G.81 0.0638
ﬂf" FIRSTSRIUTE o 0.00054330 [ ) 0.T64D
i > FIRST®TRUCKS “ 0.00099563 0.89 0.e719
Py ROJTEAXTRUCKS 4 0.00137549 1.22 0.,2993
o
S
B ;j
o
To evaluate the preciseness of the results and to
‘vl
l"t determine the adequacy of the proposed number of replica-
52. tions, confidence Interval estimates were constructed about
2
- the grand means of closure time and rellability and about
A) "'-l\
A Sl
o the cell means. The confidence intervals (Tables XIII and
W
2, XIV) are very tight and more than meet the goals stated In
b, Chapter 1IV.
o
NN
-
‘-,; Table XIII. Confidence Interval Estimates for CLOSURE.
:‘:
e —one-sided width % of grand mean
i. Grand Mean .124 hours .12 %
e Cell Mean .672 hours .65 %
-3
J?
P
%
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The full ANOVA model provided additional information

from the individual treatment and interaction effects.
Recall the general factortal ANOVA model for a four factor

design:

Yijkln = U 4+ T { + Bj + Y K + ¢ 1

+ (T 6)11 + (B Y)jk + (B 6)51 + (y &)

+ (T3 9 + (ty &) + Gy &)

+ (T B)lj + (1 Y)lk

+ (T8 V)

k1 {5k

i51 ikl jk1 Y CTBYS Y

* % iykim

for

B e K e~
nuwuanu
[ S
“ v % w w
[SC SIS S N

wwww

- - - - -

.»2% (24:223).

Tables XV and XVI show the effects of the treatments

and interactions that were found to be significant in the

ANOVaAs.

Table XIV. Confidence Interval Estimates for RELIAB.

—one-sided width % of arand mean
Grand Mean .00106 % .15 %
Cell Mean .00574 % .82 %
61
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2 Table XV. Significant Effects for CLOSURE.
-
%
¥ . Shows parameter estimates for significant effects in general
S factorial ANOVA model equation.
. Factors Leyels Effect (Hours)
3 Grand Mean (u ) 102.91
S Rate (71 ) 0 -3.76
. 1 0.19
2 3.57
‘ First (3 ) 0 -12.83
" 1 -2.62
. 2 15.46
" Route (v ) 0 -2.96
4 1 -2.22
Y 2 5.18
o
A FirstxRoute 0o -0.53 |
" (B * v 01 0.01
b 02 0.51
1 0 0.25
- 1t 1 -0.28
[ 1 2 0.02
. 20 0.27
. 21 0.27
2 2 -0.55
- FirstxTrucks 00 -0.08
N 3 * 3) 0t 0.47
N 02 -0.40
) 1 0 -0.40
11 0.06
4 1 2 0.33
y 20 0.47
o 21 -0.54
. 2 2 0.06
N
- 62
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Table XVI. Significant Effects for RELIAB.

s Shows parameter estimates for signiflicant effects in
) general factorial ANOVA model equation.

% Pactors Levels Effect (%)

E Grand Mean (¢ .) 0.6958

N Route (y ) 0 0.0002

,3 1 0.0027

:E 2 -0.0028

é Closure Time. The ANOVA on the dependent varlable,

ii CLOSURE (Table XI), showed the first three main effects,

? Rate, First, and Route, to be significant along with the two
ii interactions FirstxRoute and FirstxTrucks. The normal

‘E probability plot of the residuals (Figure 11) and the plect

‘ of restduals versus predicted values (Figure 12) verify the
‘i assumptions of normality and constant variance of the resi-
52 duals necessary to validate the use of ANOVA.

f The main effect Trucks and the interaction RoutexTrucks
'5 were not significant (alpha=0.05). Post hoc analysis (Table
‘é XVII), comparing pairs of treatment means by the Least

‘; Significant Difference (LSD) method and by Duncan’s Multtiple
E . Range Test, showed all pairs of treatment means within the

three significant main effects to be statistically different

(alpha=0.05) (24:64-68 & 199).
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»ﬂ Table XVII. Comparison of Pairs of Means for CLOSURE.
H _
] Means significantly different at alpha=0.05
Factor Level Mean (Hours)
Rate 2 106.47
1 103.10
0 99.15
1 First 2 118.36
; 1 100.29
. 0 90.08
Route 2 108.09
1 100.69
y 0 99.9%

Stratealc Airlift Reljapility. The ANOVA on the depen-
dent variable, RELIAB (Table XII), showed only the main

- effect Route to be significant. Agalin, the residuals are

/ shown to be normal with constant variance (Figures {3 and
14). None of the other main effects or interactions were

, stgnificant (alpha=0.05). The L3SD and Duncan’s tests on
Route (Table XVIII) showed a significant difference between
levels one and two, but not between zero and one, nor

between zero and two (alpha=0.0%5).

Table XVIII. Comparison of Pairs of Means for RELIAB.

. Means significantly different at alpha=0.0%
A
Eactor Level Mean ¢%)
Route 2 .6930
1 .6985
66
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Interpretation of Resylts

Closyre Time. The significance of the three main
factors follows logically. The rate of departure (Rate)
levels explain 9.0 hours difference between the 0 level
(last aircraft in the squadron launches 10.5 hours after the
first afircraft) and the 2 level (last alrcraft launches 19.5
hours after the first). This |s reasonably close to the
difference between the level 0 and level 2 effects shown In
Table XV (7.33 hours). The time of first departure
(First) levels explain 30 hours difference in CLOSURE, as
this is the difference between the times the last squadron
departs at levels 0 and 2 (52 and 82 hours, respectively).
In fact, the difference between the effects shown in Table
XV is 28.3 hours. Finally, the Route factor, while
difficult to compare quantitatively, shows an 8.14 hour
difference between the O and 2 levels resulting from the
optimization scheme used to reduce congestion while
ainimizing enroute tinme.

The statistical insignificance of the fourth main
factor, the number of fuel trucks (Trucks), was initlally
surprising. Inspection of detailed output from several
factor levels showed very little competition for fuelling.
Only at the most congested bases and factor levels were all
the fuel trucks used during the deployment. During the
stress testing used for model verification, higher arrival

rates showed queuing for fuel trucks causing longer ground

67
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{3 times for C-130s and strategic airlifters.

3 The statistically significant two factor interactions
i% are also easily explained. The FirstxRoute interaction

:i accounts for the fact that when the early launching sgquad-
if rons use the longer routes and the latest squadrons the

3# shorter routes, overall closure time will be shorter than
‘; when the latest squadrons must use the longest routes.

) Since the planned routes range from 14.7 to 23.3 hours

'ﬁ enroute time, scheduling the latest squadrons on short

$I routes could reduce closure time by over 8 hours compared to
%. a plan requiring those squadrons to travel long routes.

.g The explanation for the FirstxTrucks interaction stems
;ﬁ from the earlier discussion of the insignificance of Trucks.
: Although Trucks was insignificant overall, Aifferent Route

:i levels caused varying amounts of congestion, making the

3 number of fuel trucks more or less important at the stressed
. station. The competition for refueling assets will be

Ei discussed fully in the subsegquent section, Interaction
‘3 Between Alrcraft Types.

_: While the results of the ANOVA for CLOSURE show three

i malin factors and two interactions to be statistically sligni-
;E flcant, the results in Table XV show the main effects far

:; outweigh the interactions. In fact, the largest interaction
7? terms contribute only 0.5 % of the grand mean closure time
E to the model. Therefore, the interaction terms, while

= statistically significant, are negligible for practical

2

N

70

D A AT AT AT AT N e T N L N ' 5 S N S L AR LI LN O AT S
PRIl 2 'f:’:)' et et L L (e P TS RS T
W ¢ 05 m R n il % - [ N s 4 N ) . 21 05 . {1 .

..




f purposes and may safely be disregarded.

K.

. Stratealc Airlift Departure Reliabtlity. The discus-
% ’ sion of the response variable RELIAB must start with the

caveat that the model was built to analyze the deployment of
C-130s to Europe and was calibrated to make the overall

3 departure reliability figures accurate. The simplifying

‘ — assuaptions described in earlier chapters reduce the accur-
) acy of the raw value of this response variable. However,
while the actual response may be less accurate than desired
(especially reliability rate observations at individual

) bases, as opposed to overall asystem reliablility), the rela-
tive change in the response is still a good indicator of the
competition between the strategic airlift and the C-130s.

I The only statistically significant factor in explaining

L variations in RELIAB is the main factor, Route. However,

' this factor is actually of little value in explaining
changes in RELIAB, as the largest effect contributes only
0.4 X of the grand mean to the departure reliability model.

As stated earller, this lack of response to the C-130

atp 00 s

deployment occurred because the congestion at the enroute
stations was not severe enough to force competition for

resources.

Interaction Between Alrcraft Ivpes
As explained in the Introduction to this chapter, the

source of interactions between the strategic airlifters and

the deploying C-130s is the competition for resources at the
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enroute stations. This competition will only occur when the
resources are fully utilized and queuing Is occurring. Both
the correlation matrix for the factors and responses (Table
XIX)> and the plot of closure time versus strateglic
reliability rate (Figure 15) show virtually no correlation
between the two response variables. This is mainly due to
the lack of stress at the enroute stations. A description
of the resources and competition will help explain this lack

of correlation.

Table XIX. Correlation Matrizx.

Rate First Route Trucks Closure Reliab

Rate 1.000

First 0.000 1.000

Route 0.000 0.000 1.000

Trucks 0.000 0.000 0.000 1.000

Closure 0.234 0.904 0.260 0.002 1.000

Rel iab -0.015 0.030 -0.073 0.048 0.004 1.000

Runpway. The majority of bases throughout the world use
only one runway at a time. All the bases modeled in this
study are limited to single runway operation. Recall from
earlier chapters, the runway is used for both arrivals and
departures with airborne aircraft (arrivals) receiving
traffic priority. Queuing for the runway would occur among
both the airborne aircraft (aircraft {n holding patterns
awalting arrival sequencing) and alrcraft on the taxiways
leading to the departure runway. The specified traffic

priority would force longer queues on the taxiways. Early
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Figure 15. Closure Time vs. Strategic Reliability.
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runs of the enroute station portion of the model showed the
queuing for runwéy use to be insignificant until inter-
arrival times decreased to less than 12 minutes between
arrivals. At greater rates the arrivals, using the runway
for 3 to 4 minutes, occasionally queue and begin causing
numerous, and sometimes lengthy, queues amoung the depar-
tures who need the runway for 1.8 minutes for takeoff. In
the factorial analysis none of the stations’ average arrival
rates increased above two arrivals per hour. While
stochastic varlations may have created short term surges,
and therefore queuing, the runway resource was never heavily
taxed.

Parking Ramp Space. Table II, in Chapter 2, shows the
number of parking spaces available at each base. The
smallest, LEXX, has very little C=-130 activity (four squad-
rons at Route level "2°). At the height of the deployment
flow the ramp was fully utilized, but no significant queuing
occurred. With no ramp space remaining, a small increase in
strategic airlift flow or C~130 deployment rate would cause
significant problems, with aircraft unable to park and air-
borne alrcraft requiring diversion. While this model can
depict the state of the airlift system up to the point of
ramp saturation, beyond that point the model i{s inadequate.
Once aircraft begin queuing for the ramp, in the real world,
alrcraft may be parked on taxiways and cleared dirt areas or

diverted to other bases.
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g; Fuel Trucks and Pits. The stress test runs showed

<

£
;“x refueling to be a major source of Interaction between the
o . strateglic airlifters and C-130s. At the highest arrival
g:‘ rates, alrcraft were gqueuing for fuel and sustaining long
ey
b ground times and late takeoffs. At {ts worst, this competi-
e tion caused saturation of ramp space because aircraft could
e .
E} not refuel and release their parking spaces to inbound

e alrcraft.
O Under normal operating conditions, the study showed the
1 o

? bases with many fuel pits to underutilize thelir trucks.
h“ These bases rarely needed to use fuel trucks, as the vast
P majority of their fueling was from the more efficient pits.
A
:g Average utilization of fuel trucks during the 225 hour

2
o2 period at these bases was at or near 0 for most runs. The
'yﬁ bases with no fuel pits occasionally fully utilized their
i

ho fuel trucks, with minor queuing delays. While these delays
™ were insignificant, the potential for greater congestion

p)
}5 with a small increase in arrivals was evident.

4

o~

e Sensitivity Analvasls

. The preceding discussion of interactions between the

.
.
izj strategic alrlift flow and the C=-130s explained the system’s
D o

A
:H: sensitivity to changes in those factors that impact competi-
l\ tion for resources at the enroute bases. Two of the input
-

"]

42 parameters, strategic ailrlift arrival rate and malntenance
o

)

K time distributions, were obtained from M-!14 model output
;# (2%5). While they are very important to the model, they are
ol

L

w
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;Es based on another stochastic simulation and therefore subject
.;i to some suspicion. Although the M=14 model 1s a highly

o - regarded and very complete model of the strategic airlift
i& . system, sensitivity to these input parameters can still be
;E: considered worthy of inspection.

fkq Strateqic Alrlift Arrival Rate. The strateglic airlift
it‘ | arrival rates were varied 25 % from the nominal values. The
Koy effect on CLOSURE was indistinguishable between the three
Y runs (normal rate, 25 X greater rate, 25 % lesser rate).

uj The response vartable RELIAB showedvé greater change,

;ﬁ varying from 0.6770 at the increased rate to 0.6968 at the
;é slower rate. Competition for resources was only noted at
‘EE LEXX where the strategic airlifters began queuing for ramp
‘;t space. No C-130s transited LEXX during these runs. These
}i runs agalin demonstrated the lack of correlation of response
é& variables when tYere s no competition for resources.

'?? Maintenance Times. In this series of runs the

Fl; maintenance time distributions were increased or decreased
%{} by 10 % to evaluate the model’s sensitivity to the mainten-
Eﬁ ance distributions. As expected, both the strategic alrlift
E; reliability increased and the closure time decreased when
ég the maintenance time was decreased (CLOSURE=97.4! and

;f? RELIAB=0.7179) versus the nominal case (CLOSURE=98.45 and
3; RELIAB=.7001). Likewise, when maintenance time was

%g increased reliability decreased (RELIAB=0.6858) and the

:i. closure time increased (CLOSURE=99.40). CLOSURE, while

',E statistically different (alpha=0.05), was not practically

-
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dlfferent because of the amall change in overall closure

time caused by the changes in maintenance time. The impact
on RELIAB was more significant, both statistically and prac-
tically, with a change {n reliablility of almost 5 % of the
average reliability rate. While the effect on reliabllity
was large, the lack of sensitivity of the closure time to

changes in the maintenance rate {ncrease confidence in the

validity of closure time results.

Total C-130 Fyel Ugse.

An additional pr .uct of this model is a summary of
total C-130 fuel use. The total fuel use was measured at
each base and changed only when the routing changed. Both
total fuel consumed and fuel used at each base were
insensitive to changes in the other three factors. Average
fuel flgures are displayed in Table XX. The dlfferences

between routes are significant at alpha=0.05.

Table XX. Total C-130 Fuel Use.

(in millions of pounds fuel)

Royte KNEX CYXX BIXX LPXX LEXX TOTAL

2 7.30 5.98 3.09 1.68 1.64 19.69
1 4.57 4.09 3.03 3.92 0.0 15.60
o 5.23 4.08 2.19 3.92 0.0 15.42

This result is to be expected, as the fuel usage

reflects the difference in enroute time on the three routes
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and follc:s the mean closure times by Route shown in Table

XVII.

summary

The analysis of results shows that unless the enroute
system is congested enough to cause competition for
resources there is little interaction between the strategic
alrlift flow and the C-130 deployment. The methodology
envisioned would have the deployment planner determine,
using this model, the presence or absence of competition.

If no competition is present, the model can be used to
adjust the C-130 closure time by changes to the three main
factors Rate, First, and Route.

By far the most significant of these factors In terms
of the effect on closure time is the time of first departure
(First). By generating and launching the squadrons as early
as posasible, closure time can be decreased measurably. A
second factor of significance, but with smaller gains to be
achieved, s the time between departures within a squadron
(Rate). Gains can be achieved by launching the squadrons in
the least amount ;f time (greatest speed) consistent with
departure base resource limitations.

The effects of the first two factors are sligniflicant,
but predictable. The effects of Route are not as signifi-
cant as First, but possibly more interesting than the
previous two factors. Definite reductions in closure time

(up to eight hours) were noted with the use of optimized
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qf routing plans (developed using integer programming tech=-

niques described in Chapter IV). Of benefit was the

ﬂﬂ decrease in congestion gained by constraining flow through
f% the highly stressed enroute airfields while minimizing total
t enroute time. Both optimized routing plans (levels *“1" and
%& "0") yielded approximately the same benefit (7-8 hours).
fQ Level ®"1" is the prefered plan because {t introduces fewer
. restrictions to the aircraft routing.
}g A final observation concerns the interaction between
Sﬁ the factors First and Route. While not expressly investi-
fL gated, this interaction shows promise for allowing decreased
: closure time with decreased enroute congestion. By sending
Sf some of the earlier squadrons via longer but less congested
‘ routes, the short routes might be left avallable for the

ES latest starting squadrons. While possibly increasing the

Zi average enroute time, thlg technigue may decrease the

: overall closure time. One {important consideration that must
tg be addressed, however, is the need of the combat commander.
:j If he prefered as many C~130s as soon as possible, he would
_” choose the routing plans of this study. If he would rather
»%S have the majority of the C-130s closing in the shortest time
f? ) with the first arriving a few hours later than ultimately
;~ possible, he would choose the alternative routing
{; mnethodology suggested here.
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introduction

This study simulated the structure of the North Atlan-

tic MAC route system to analyze the deployment of approxi-

mately 400 C-130s to Europe during a major contingency. A
simulation model of a large complex system such as this must
conta.a some simplifications to reduce the complexity of the
model. Simplifying assumptions were made in the construction
of this model, as specifled in Chapters Il and III, pri-
marily in the design of the support system at the enroute
bases. These simplifications Include: not modeling cargo
ioadlng and unloading at enroute bases, only modeling stra-
teglc alrcraft arrivals at enroute bases (not their movement
through the route structure), averaging the malntenance time
for the alrcraft over all the enroute bases, assuming
the maintenance and fuel requirements for CRAF aircraft are
the same as for MAC aircraft, not modeling diversion of
alrcraft when bases become highly congested, and not
model ing contingency use of resocurces (for example, parking
alircraft on locations not ordlinarily used for ramp space).
Addi“ionally, intentional excursions from reality were
included in the model to make it only an approximate repre-
sentation of the actual route structure and of actual plan-

ning for C=-130 squadron beddown during contingencles. A more

accurate moclel would have, of necessity, been classified.
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23 These limitations to the model do not prevent analysts
3§S from drawing meaningful conclusions from the study. However
e care must be taken to ensure that the conclusions drawn are
i{i not applied indliscriminately to real world planning without
7$ﬁ consideration of the limitations of the model.

N The methodologv used in this study is proven. It has
'§S been shown that a simulation can identify resource limita-
%&9 tions and bottlenecks at enroute stations. Additionally
Lo optimization technigues can be used to develop improved
‘fﬁ routing schemes for C-130 deployment. Lastly the simulation

) programs can compare gquantitatively the effectiveness of the

) different routing schenmes.

~$l

‘ Observations

:: As stated in Chapter V, the model effectlively simulates
i%% the deployment of C-130 aircraft during those contingencies
}%é in which competition for resources at enroute bases is not
<1 significant. When competition and queueing for resources

{E does become significant, the model is less accurate.

&E Activities not modeled, such as the diversion of alrcraft,
i detract from the accuracy of the model.

55: Analysis shown in Chapter V also indicated that three
;E factors were significant to the closure time of C-130s: Rate
.'R (the rate at which alircraft of a squadron depart their home
%A base), Flrst (the time the flrst alrcraft of a squadron

:%s departs its home station), and Route (the route ajircraft fly
5 on thelr trip to Europe).

.3
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The effects of Rate and First correspond well with
sinple expected value calculations and a logical evaluwation.
The effect of First 1s much more significant than the effect
of the other factors, with at least four times the influence
of any other factor (maximum variation of 28 hours versus a
maximum of seven hours).

The effect of the third factor, Route, may be the most
interesting and controllable. Analysis indicates that the
current route structure could be improved, possibly reducing
closure time as much as eight hours.

For none of the factor levels dld congestion at the
enroute bases appear to be a problem, suggesting that a
faster generation of the C-130 squadrons (lower values of
First and Rate) could lead to substanti{al Improvement of the
closure time of the C-130s. This fact is contrary to the
original intultive expectation that reduced closure time
would lead to increased congestion at enroute bases and
lower departure reliability for strateglic aircraft. There-
fore, the limiting factor to rapid deployment appears to be
how quickly the C-130s can depart home station.

Competition for the resources of runway and ramp space
also did not appear to be significant. In stress tests
congestion at enroufe bases did not become significant until
alrcraft arrival rates exceeded five per hour.

In the analysis of strategic airlift departure relia-
bility, Route was statistically significant, but did not

have practical importance. C-130 movement apparently did not
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create enough congestion at enroute bases to significantly
affect the departure reliability of the strategic aircraft.

Departure reliability is also statlistically independent
of closure time, as confirmed by a lack of statistical
correlation of the two variables. Because the enroute system
was not congested enough to cause competition for the
resources at the enroute bases, the movement of strategic
alrcraft through the enroute bases was not affected by the
timely flow of C=130 aircraft. Therefore there was no basis
for an interaction of closure time with departure
reliability.

The numerical values for closure time produced by the
model are most likely more accurate than the values produced
for departure reliability. However, since the model was
callbrated to produce accurate overall values for departure
reliability, these overall values are more accurate than the

values at individual bases. The features of the model neces-

sary for an accurate Iindication of closure time have been
used, Including an accurate portrayal of enroute times,
route structure, and generation pattern of the alrcraft over
time.

Some of the features necessary for an accurate indil-
cation of strategic alrcraft departure reliability have not
been used, including: cargo loading and unloading at appro-
priate bases, accurate representation of actual alircraft

destinations and enroute times, more accurate indication of
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CRAF aircraft maintenance and refueling requirements (not
nodeled well even In the M=-14 model), and a more accurate
representation of maintenance distributions at the
individual enroute bases.

A corollary benefit of the research was the determina-
tion of the fuel requirements for the fleet of C-130s
deploying over the North Atlantic. Fuel use was independent
of all factors except for Route. For level °2" of Route fuel
use by all aircraft was 19.7 million pounds of fuel. For
levels "1®" and "0" use was approximately 15.5 million
pounds, reflecting the use of optimized routing plans (the
plans minimized the time enroute). As would be expected, at
the individual bases fuel use varied considerably for the

different levels of the factor.

Reconmendations for Further Study

While this model has proven satisfactory for initlal
analysis of the deployment of C~-130s to Europe, {mprovements
could be made to increase the value of future analysis.

a. Model the movement of strategic aircraft through the
route system, including the requirement for the movement of
cargo.

b. Model more accurately the maintenance distribution
at each enroute base.

c. Model more accurately the maintenance and fuel

requirements for CRAF aircraft.
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These improvements to the model would simulate much
more accurately the movement of strategic alrcraft through
the North Atlantic route structure. Additlionally, more
accurate indications of the interactions between strategic
alrcraft and deploying C=-130s would be obtalned, especlally
for scenarios with more congestion at the enroute bases.

Rifferent Contingencies. Other contingencies than NATO
conflicts are of interest to operations planners, such as
conflicts In Southwest Asia or in the Republic of Korea.
Because resource limitations in such contingencies are not
as constraining to the movement of alrcraft as for a major
European conflict, the methodology and model used in this

research would be i{deally suited for an analysis of C-130

deployment. Therefore, in those cases the application 1Is

recommended.
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Appendix A. DRescription of Model

Compyter Code.
The SLAM computer code for this model {s shown In
Appendix B to this thesis. The Fortran computer code {is

shown in Appendix C.

Qutput Statistics.

Time persistent statistics are used within the SLAM
coding to track the fuel used by the C-130s transiting each
of the enroute support bases and to track the number of
C-130s delayed at enroute bases because a crew exceeds |ts
crew duty day (16 hours for a basic crew and 18 hours for an
augmented crew.) EVENTs 11 - 16 (in the EVENT subroutine)
track the arrival of C=130s to beddown bases in Europe (mark
the arrival time of every 20th alrcraft) and the departure
reliability rates for strategic airlift alrcraft at enroute
bases. The standard ground time for C-141s i{s 2 hours and 15
minutes, and for C-5s is 3 hours and 15 minutes; an aircraft
is late when It takes off more than 14 minutes late. The
last two output statistics reflect the measures of merit of

the analysis and are written into an output file.

Resources.

Resources needed for landing, takeoff, and servicing
operations on the ground are listed for each enroute base,
including the runway, ramp space, and refuelling facilitles.

Some bases have only trucks for refueling; some have trucks
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and refueling pits. Maintenance s treated as an actlivity,
not as a competition for resources. Malntenance times for
strategic alrlift alrcraft are derived from the M=-14 model
used at Hg MAC (25) and account for the availability (or
nonavallablility as the case may be) of maintenance person-
nel. Maintenance times for C-130s are obtalned as described
in Chapter II. Since the C-130s carry maintenance personnel
with them from thelr home atations, the assumption that
personnel necessary for thelr malntenance are available |s

satlisfactory.

Creatjon of C=130s.

Twenty flve squadrons of 16 aircraft each are created
at the three CONUS departure bases, four at KWXX, nine at
KCXX, and twelve at KSXX. At each base the first alrcraft of
one squadron s created at the earliest possible time, and
subsequent aircraft are created in a Polsson process with
exponential inter-departure times between creations. The
Poisson process is appropriate for those situations in which
events occur at approximately equal time intervals, but vet
are still random in nature. Other squadrons at each base are
created beginning at subsequently later times. This creation
process s described more fully {n Chapter IV, where factors
with appropriate levels are fully described. Rach aircraft
1s then assligned a squadron (attribute 3) and routing ident=-
lfier C(attribute 2). A description of the purpose of each

attribute of each entity (aircraft) is shown in Table XXI.
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Table XXI. Description of Attributes.

1 — MARK TIHE (TIME OF CREATION)

2 - ROUTE NUMBER (ONLY USED FOR C-130S)

3 - SQUADRON NUMBER (ONLY USED FOR C-1305)

4 — ENROUTE TIME FOR NEXT ROUTE SEGMENT

S5 — TIME OF ARRIVAL AT CURRENT ENROUTE BASE

6 ~ SIZE OF PARKING SPOT REQUIRED FOR TYPE OF AIRCRAFT

7 - TYPE OF AIRCRAFT

1 - C-130
2 - C-141
3 - C-5

8 - USED TO MATCH PAIR OF ENTITIES CREATED DURING CONCURRENT
REFUELING AND MAINTENANCE

9 - TIME TO REFUEL AIRCRAFT AT CURRENT ENRDUTE STOP

10

MAINTENANCE TIME FOR AIRCRAFT AT CURRENT ENROUTE STOP

11 IDENTIFIES WHICH FUELING RESOURCE (PIT OR TRUCK) SELECTED

FOR USE BY THE ALLOC SUBROUTINE

ALSO IDENTIFIES CREW ENTERING CREW REST (JUST PRIOR
TO ENGINE START

ALSO USED TO DETERMINE IF ALLOWABLE GROUND TIME IS EXCEEDED

12

NEXT STOP OF AIRCRAFT ON MISSION (ONLY USED FOR C-130%)
(NOTE THAT BASE NAMES ARE NOTIONAL AND REFLECT THE GENERAL
LOCATION OF THE BASE USING ICAD NOMENCLATURE)

1 = CYXX (EASTERN CANADA)

BIXX (ICELAND)

LPXX (AZORES)

LEXX (SPAIN)

EGXX (GREAT BRITAIN)

EDXX (GERMANY)

LGXX (CENTRAL MEDITERRANEAN)

A "
R AAN

<P_;'
NOoubLEwN
|

13 - FUEL REQUIRED FOR NEXT ENROUTE SEGMENT
14 - TIME CREW BEGINS DUTY DAY

15 - NUMBER OF RESOURCES USED FOR REFUELING (DETERMINED
BY ALLOC ROUTINES)
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After the branch to SCHD, the alrcraft are assigned the

RO

start of the crew duty day (attribute 14), the required

i% amount of parking space (attribute 6), and the aircraft type
.5R (attribute 7). EVENT 1 then schedules the aircraft to the

}‘ proper enroute bases.

3

< Scheduling and Staging.

??: A staging base i{s a location where the crew for an

By alrcraft is changed during a minimum ground time. Since Air
i% Reserve Force C-130s are only manned at a 2.0 crew ratlo

fﬁ (two crews authorized for every assigned alrcraft) (28),

i‘ only one staging base is planned for every squadron enroute
&? to its beddown location. The transportation of stage crews
ﬁf to the staging bases prior to the beginning of alrcraft

;i deployment {s not modeled (stage crews are assumed to be i{n
:S% place when the deployment begins).
‘%) Staging base, route structure, and route lengths are

ig input to the model from external flles, simplifying the

{g process of changing the routing structure of the model. Once
{3 input Into the model, the data is stored within arrays, with
2& the rows representing the different routes (a maximum of 14)
'ég and the six columns representing the different bases (depar-
= ture base and five enroute bases). EVENTs | - 6 read data

%k from the appropriate row and column of the arrays to provide
%:i the next destination and route length for the ailrcraft, and
L3 to determine 1f staging is planned at the current base.
s
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Enroute Bases.

Five enroute bases are used within the model, repre-
senting typical bases used by MAC alrcraft between the CONUS
and Europe. At each base, requlred service activities are
modeled including aircraft landing, taxl, and takeoff, re-
fueling and maintenance activities, and the use of ramp
space. Cargo loading and offloading are not modeled; C-130s
carry only their own support equipment and will offload only
at their beddown bases, and strategic airlift aircraft gen=-
erally do not offload or onload cargo at enroute bases, only
at their final destinations. Because the activities modeled
at each base are simllar, only one base will be described,
with variations between bases noted. Figure 16 summarizes
the activities at enroute bases.

At each base, strategic airlift aircraft arrivals are
created at rates expected to occur during a NATO'conting-
ency. The rates used are obtalined from the M-14 simulation
model used at Hqg MAC (25). C-141 aircraft are combined with
narrow body Civil Reserve Air Fleet (CRAF) to form one
category of aircraft, and C-5s are combined with wide body
CRAF to form a second category of alircraft. For ease of
reference, these categories are labeled as narrow body and
wide body aircraft. At some bases, a significant number of
CRAF alrcraft transit, and must therefore be included in the

analysis. The strategic airlifters in this model do not

travel between bases; after takeoff they are terminated.
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_ CRERTE C-Ha CREATE C-55 INBOURND C-lllﬂ

b AWAIT RUNWAY AND LAND

"N RWAIT PARKING ARKD TAXI TO RAMP

" DETERMIRE DESTINATION (C-1308S)

::v%i: DETERMINE MAINT AKD REFUELING TINES

& MAINT AND REFUELING ACTIVITIES

CREW REST (IF NECESSARRY FOR C-138S) |
2 START UP AND TAXI OUT |
i C-58 AWAIT RUNWAY AND TAKE OFF

s r 1 C-1385

‘x(-‘ C-35 STATS C-141 STATS C-138 STATS

o I [ |

"f TERN C-3S TERRM C-1418 ROUTE REXT BASE

i

'; Figure 16. Enroute Base Flow Diagran.

ol

:\'.. After landing, statistics are collected on the length

j yo of time ajircraft must wait in a holding pattern for landing

'f. | clearance. After taxi to the ramp and postflight of the

,,-_ aircraft 1s complete, the next leg of the mission {s sched-

3.' uled in EVENTs 2-6. In the Fortran coding for the EVENT,

: destinations and route lengths for C-130s are read from two

&
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arrays, and a third array is read to determine {f a crew
change is scheduled at the base (a one (1) in the proper
location in the third array indicates that a crew change, a
stage, is planned). Also the enroute time is multiplied by a
sample from a normal(l,.02) probablility distribution to
allow a stochastic variation in enroute times. Strategic
airlift alrcraft are assigned a flying time anticipated as
mnost likely for alrcraft departing the base. Variations are
distributed uniformly up to one hour shorter or longer than
the mean value to allow for deviations from the mean. These
flying times were adjusted in the calibration and validation

phase of the research.

Retermination of Malntepance and Refueling Iimes.

Once the aircraft are scheduled for their next leg, the
required fuel for the leg is obtained from USERF 1. USERF 1
relies on commonly accepted formulas used by Hg MAC/X0S to
determine required fuel in its planning models (19). USERFs
11 - 15, each representing a different base, determine the
maintenance time, if required, for the aircraft using proba-
bility distributions described in Chapter II.

The type of refueling resource used at a base (pit or
truck) is determined by subroutine ALLOC, described later.
Subroutine ALLOC also determines the time necessary to re-
fuel the aircraft using regression formulas developed by Hg

MAC/XPS which are used in the M=14 model (25).

According to studies conducted by Hg MAC/XPS, aircraft
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¥E - require maintenance 40% of the time at enrocute bases for
ﬁg. essential maintenance writeups (the Minimum Essential
’? Systems List (MESL), the minimum systems that must work on
%E _ an aircraft under wartime conditions) (25). Additionally 90%
o of required maintenance actions can be performed concur-
20 rently with refueling of the aircraft; the other maintenance
i E mnust be performed nonconcurrently (25). Therefore, probabil-
7£ istic branching is reguired to determine the category for

:; each aircraft. Figure 17 shows the branching associated with
~;§ maintenance and refueling.
i:% Entities representing aircraft undergoing concurrent
tg maintenance and refueling split into two parallel branches
;ﬁg for the maintenance and refueling actions, and are reunited
?Qf at a match node. For aircraft with nonconcurrent servicing,
T; a check is made to determine {f refueling resources are
:5 available. If resources are avallable, refueling is per-
rﬁ formed first; otherwise, maintenance s performed first.
%g Once servicing iIs complete, EVENTs 7 and 8 determine if
HJ C-130s have sufficlent crew duty day remaining to fly the
iﬂ next leg of the mission (16 hours for basic crews and 18
fg‘ hours for augmented crews). An automatic two hour extension
:ﬁ to a duty day Is assumed under wartime conditions (19). If a
?; crew does not have enough crew duty day rehalnlng, it enters
2 : into crew rest for 12 hours. Once Crew rest (s complete, the
;EE crevw resumes the mission.
th' After completing crew rest, 1f necessary, the aircraft
g: starts engines, taxis to the runway, and waits for the
R 93
"

w!

] T A A" " a™ A ? VAT e T a4 N, . - . .. R P T T I S T G )
y < LG HERRS L A S A N A T P T T A S e ) T O N A e S I N . P N e e AL L RTRARKS,
.v, ..A "' A v“...' " -‘F‘}b . < C S -~ ._'-‘ o \",-_-_} QR VU N . 'r:\ , -f_ Pe .,



b A L o e A e - -l e b Bta boa fa Bva ata dia Aia 4 .‘--v-rv-—urm-w-““““.‘(‘“.“""(UF'T'“"Y"“"‘I-“Y‘Y‘W

"8 60
1 1)
—NAINT CONC
YES (.90)
T —
YES PARALLEL
N0 BRANCH
RAINT A/C| pwAIT FUEL MAINT RWAIT FUE]  huarT FuEl
1 1 1 T
RuRIT FUE] [FuEL a/c FUEL B/C|  [FUEL A/C
[ T |
UEL R/C | MAINT B/C - mArcH

Filgure 17. Maintenance and Refueling Activities.

runway to clear of landing traffic. Landing aircraft have
priority on use of the runway, a standard Air Traffic Con-
trol (ATC) procedure. Alrcraft waiting for takeoff must
continue to wait until all aircraft holding to land have
conmpleted the landing process. Once the aircraft takes off,
statistics are collected on the length of the time on the

ground.
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For strategic aircraft, EVENTs 12-16 determine if the
ground time exceeds the authorized ground time (2 hours and
15 minutes for narrow body and 3 hours and 15 minutes for
wide body aircraft). Alrcraft exceeding these times by more
than 14 minutes (the MAC standard for a late takeoff) are
registered as an enroute delay. Once collection of statis-
tics is complete, the alrcraft are terminated.

Prior to routing the C-130s to their next destination,
the toal fuel used at the base by the C-130s s updated by
the amount pumped aboard the aircraft. Total fuel use at a
base by C-130s is a time persistent output statistic.

Routing for all C-130s is accomplished at node ENR,

where branching to the appropriate base takes place.

C-130 Destinations.

Once the C-130s arrive at their destinations, branching
takes place to the appropriate sgquadrons to collect ocutput
statistics. Time persistent (XX(I)) variables keep track of
the number of ailrcraft from the squadron arriving at the
beddown base. EVENT {1 writes into an output file the time
that the 15th (out of 16) aircraft arrives at the base. The
time that the 15th aircraft arrives can be used as a measure
of merit because the squadron then becomes capable of per-
forming 1ts wartime mission (over 90% of its alrcraft are

available to fly). Consultation with Hg MAC/XPS confirms
this logic (25).
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EVENT 11 also writes into the output file the time of

". ‘.‘fl ¥ - "l

arrival of every 20th aircraft at its beddown base. The
primary measure of merit used within the model {3 the time

of arrival of the 380th aircraft (95% of the 400 deploying

A AN
-~

alrcraft) to its beddown base. This number displays less
variance than the arrival of the 399th aircraft (15th
alrcraft of the last closing squadron) and is therefore more

appropriate as an output measure.

Fortran Subroutines

Most subroutines used by the model are stralghtforward
and self-explanatory, and are not described further {n this
appendix. However some are worthy of more explanation, which
{s provided below.

Subroutine Error. EVENTs | - 6 read routing information
from arrays length, dest, and stage. If a zero is read from

arrays length or dest, the arrays have been constructed in

error (C~-130s always must have a destination from an enroute
base). If a 2ero is detected, subroutine error is called,
which prints out the location of the array that was {n error
and stops the simulation.

Functions MINI, BIG, and JUMBQ. USERF ! calls functions
MINI, BIG, and JUMBO to calculate fuel requirements for
C-130s, C-141s, and C-5s, respectively, at an enroute base.
These functions use rule of thumbs that are commonly used by
aircrews and contingency planners at Hg MAC/X0S to calculate

fuel requirements for the different aircraft (19).
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Subroutine ALLOC. Subroutine ALLOC allocates pit or
truck refueling resocurces at all bases. If no resources are
N free at the time of the call to the subroutine, the routine
s returns to the malin program with no allocation of resources
(the entity contlnues to walt for a resource to become
free). A pit resource {s allocated first, 1f free, because a
pit refuels an alircraft faster than a truck. If a pit is not

free, a truck is allocated to the aircraft. Once the

k.. resource is allocated, the refueling time is computed and

lg the number of the resource used i{s stored in attribute 1!

L (this number is used at the free node when refueling lis

E complete). Attribute 15 then stores how many of the resource
i (one) were used (this number {s also used at the free node

when refueling is complete to release the resource).

4
(s

Refueling times are calculated using regression equations

L N S I
3 2}

developed by Hg MAC/XPS for use in the M=14 simulation

model. After refueling Is complete, the resource in use |is

released for use at a free node.
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: | Appendix B. SLAM Code

. A e d_

This appendix contains the SLAM code used for the

. a

.J'-‘-’Oo
X

construction of the simulation model. This code is displayed

l‘.} )

- on the following pages.
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GEN,HILL % DONNELLY, THESIS MODEL,1/15/86,1,N,N,Y,N,Y;
LIMITS, 60,15, 750;

N e

THE SLAM MODEL FOR THE THESIS OF HILL AND DONNELLY

THIS MODEL WILL SIMWLATE THE MOVEMENT OF 400 C-130S

(25 SAQUADRONS OF 16 AIRCRAFT) FROM THE CONTINENTAL US
(CONUS) THROUGH THE NORTH ATLANTIC ROUTE STRUCTURE TO
BEDDOWN BASES IN EUROPE. AT THE ENROUTE BASES THE C-130S
WILL COMPETE WITH STRATEGIC AIRLIFT (C-55 ,C-141S, KC-10S,
AND CRAF AIRCRAFT) FOR REQUIRED MAINTENANCE AND REFUEL ING
ACTIVITIES.

(e N |

s

£ACH SQUADRON HAS AN ASSIGNED RCUTE STRUCTURE, WITH A TOTAL

OF 14 POSSIBLE DIFFERENT STRUCTURES. EACH SQUADRON WILL ALSO

HAVE ONE STAGING BASE ENROUTE, WHERE THE INCOMING CRTW ENTERS

CREW REST AND A NEW CREW PICKS UP THE MISSION DURING THE NORMAL

1.5 HOUR GROUND TIME. (FURTHER BELOW THE LLOCATIONS OF THE BASES

ARE DESCRIBED). THE ASSIGNED ROUTE STRUCTURES ARE AS SHOWN BELOW. !

ROUTE SQUADS ITINERARY STAGING BASE
1 1,2 KWXX - CYXX - EGXX cYxx
2 3,4 KWXX —- KNEX - BIXX - EGXX KNEX
3 5,6 KCXX -~ KNEX - LEXX - LGXX LEXX
(REQUIRES AUGMENTED CREW)
4 7 KCXX - KNEX - LPXX - LGXX LPXX
S 8,9 KCXX - CYXX - BIXX - EDXX BIXX
6 10 KCXX - CYXX - EDXX cYXX
7 11,12 KCXX - KNEX - EGXX KNEX
8
9

13 KCXX - KNEX - BIXX - EGXX KNEX

14,15 KSXX - CYXX - LEXX - LGXX LEXX

10 16,17 KSXX — LPXX - LGXX LPXX
11 18,19 KSXX - CYXX - EDXX cyxx
12 20,21 KSXX - KNEX - BIXX - EDXX BIXX
13 22,23 KSXX - CYXX - EGXX cYXxx
14 24,25 KSXX - KNEX - BIXX - EGXX BIXX

EACH AIRCRAFT FLOWING THROUGH THE NETWORK WILL BE REP-
RESENTED AS AN ENTITY. THE ATTRIBUTES FOR EACH ENTITY
WILL CONTAIN INFORMATION TO IDENTIFY THE ENTITY.
ATTRIBUTES ALSO WILL CONTAIN STOCHASTIC MAINTENANCE
AND REFUELING TIMES. A DESCRIPTION OF EACH ATTRIBUTE
IS SHOWN BELOW.
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10

11

12

13 -

14 -

15 -

MARK TIME (TIME OF CREATION)

ROUTE NUMBER (ONLY USED FOR C-130%)

SQUADRON NUMBER (ONLY USED FOR C-130S)

ENROUTE TIME FOR NEXT ROUTE SEGMENT

TIME OF ARRIVAL AT CURRENT ENROUTE BASE

SIZE OF PARKING SPOT REQUIRED FOR TYPE OF AIRCRAFT

TYPE OF AIRCRAFT

1 - C-130
2 - C-141
3 -¢C-5

USED TO MATCH PAIR OF ENTITIES CREATED DURING CONCURRENT
REFUELING AND MAINTENANCE

TIME TO REFUEL AIRCRAFT AT CURRENT ENROUTE STOP

MAINTENANCE TIME FOR AIRCRAFT AT CURRENT ENROUTE STOP

IDENTIFIES WHICH FUELING RESOURCE (PIT OR TRUCK) SELECTED
FOR USE BY THE ALLOC SUBROUTINE

ALSO IDENTIFIES CREW ENTERING CREW REST (JUST PRIOR
TO ENGINE START

ALSO USED TO DETERMINE IF ALLOWABLE GROUND TIME IS EXCEEDED

NEXT STOP OF AIRCRAFT ON MISSION (ONLY USED FOR C-130S)

(NOTE THAT BASE NAMES ARE NOTIONAL AND REFLECT THE GENERAL
LOCATION OF THE BASE USING ICAD NOMENCLATURE)

1 - CyXxX
- BIXX
- LPXX
- LEXX
- EGXX
- EDXX
- L&XX

NoOhesaWwWN

(EASTERN CANADA)
(ICELAND)

(AZORES)

(SPAIN)

(GREAT BRITAIN)
(GERMANY)

(CENTRAL MEDITERRANEAN)

FUEL REQUIRED FOR NEXT ENROUTE SEGMENT

TIME CREW BEGINS DUTY DAY

NUMBER OF RESOURCES USED FDR REFUELING (DETERMINED
BY ALLOC ROUTINES)
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STATISTICS COLLECTED OVER TIME

ol e Al b

FUEL REQUIRED AT ENROUTE BASES

we we a8 W

) ’

d TIMST, XX (2),FUEL RED AT KNEX:
{ TIMST,XX(3),FUEL REQ AT CYXX;
- TIMST,XX(4),FUEL REQ AT BIXX;

TIMST, XX(5),FUEL REQ AT LPXX;
TIMST, XX(6),FUEL REQ AT LEXX;

v ;

‘ ; NUMBER OF CREWS ENTERING CREW REST OTHER

3 ; THAN AT STAGE LOCATIONS
?

Y TIMST, XX(32),NET 1 CREW REST;
TIMST, XX(33),NET 2 CREW REST;

; TIMST, XX(34),NET 3 CREW REST;

- TIMST, XX(35),NET 4 CREW REST;

- TIMST,XX(36) ,NET 5 CREW REST;

; TIMST, XX(37),NET 6 CREW REST;

h) TIMST,XX(38),NET 7 CREW REST;

) TIMST, XX(39),NET 8 CREW REST;

R TIMST,XX(40),NET 9 CREW REST;

W TIMST,XX(41),NET 10 CREW REST;

3 TIMST,XX(42),NET 11 CREW REST;

TIMST, XX(43),NET 12 CREW REST;
s TIMST, XX(44) ,NET 13 CREW REST;
TIMST, XX(45) ,NET 14 CREW REST:

K.

. NETWORK;

9 ;

. -

[\ y

5 : RESOURCES FOR ALL BASES

- ;

b ; RESOURCE NUMBER
;

[ ; FOR BASE KNEX

v ;

_ RESOURCE /RUNWAY1(1),11,12; 1

b RESOURCE/PARK1 (630), 13; 2

,- RESOURCE/TRUCK1 (12),14; 3

FOR BASE CYXX

- o8 ws

. RESOURCE/RUNWAY2(1),21,22; 4

k. RESOURCE/PARK2(840) , 23; 5

7 RESOURCE/PIT2(11),24; 6

. RESOURCE/ TRUCK2(2), 24; 7
o

- @8 e WO
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FOR BASE BIXX

RESOURCE/RUNWAY3(1),31,32; 8
RESOURCE/PARK3(462),33; 9
RESOURCE/TRUCK3(10), 34; 10

FOR BASE LPXX

RESOURCE/RUNWAY4(1),41,42; 11
RESOURCE/PARK4(830),43; 12
RESDURCE/P1IT4(29),44; 13
RESOURCE/TRUCK4(6), 44; 14

FOR BASE LEXX

-s wp o

RESOURCE/RUNWAYS(1),51,52; 15
RESOURCE/PARKS(144),53; 16
RESOURCE/P1TS5(27),54; 17
RESOURCE/TRUCKS(7) , 543 18

CREATION OF ALL SQUADRONS

(SIXTEEN AIRCRAFT PER SQUADRON)

AT CONUS BASE KWXX

SQUADRON ONE

5 W8 s WE W8 95 W4 ep es wp W g 'eS

WXX CREATE,EXPON(1.0),15,1,162
ASSIGN, ATRIB(2) = 1,ATRIB(3) = 1;
ACT,,,SCHD;

SQUADRON TWO

-s we wp

CREATE,EXPON(1.0),27,1,16;
ASSIGN, ATRIB(2)=1,ATRIB(3)=2;
ACT,, ,SCHD;

SQUADRON THREE

-s ws e

CREATE,EXPON(1.0),39,1,16;
ASSIGN, ATRIB(2)=2,ATRIB(3)=3;
ACT,, ,SCHD;

SGUADRON FOUR

-s ea e

CREATE, EXPON(1.0),51,1, 165
ASSIGN, ATRIB(2)=2,ATRIB(3)=4;
ACT,, ,SCHD;
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i ;
P H AT CONUS BASE KCXX
H -
N ’
N ; CREATE SQUADRON FIVE
b H
4 KCXX CREATE,EXPON(1.0),15,1,16;

b ASSIGN,ATRIB(2)=3,ATRIB(3)= S;
ACT, , ,SCHD;

;
y ; SQUADRON SIX
! ;
_ CREATE,EXPON(1.0),27,1, 163
L ASSIGN, ATRIB(2)=3,ATRIB(3)=6;
ACT,,,SCHD:
I ;
» : SQUADRON SEVEN
o -
& ’
1 CREATE,EXPON(1.0),39,1, 16:
! ASSIGN, ATRIB(2)=4,ATRIB(3)=7;
L ACT,,,SCHD;
;
i : SQUADRON EIGHT
\ -
N [
i CREATE,EXPONC1.0),51,1,16;
o ASSIGN, ATRIB(2)=5,ATRIB(3)=8;
ACT, , ,SCHD;

SQUADRON NINE

- w8 we

CREATE,EXPON(1.0),63,1,16;
P ASSIGN, ATRIB(2)=5,ATRIB(3)=9;
ACT,,,SCHD;

SQUADRON TEN

N CREATE,EXPON(1.0),51,1,16:
: ASSIGN, ATRIB(2)=6, ATRIB(3)=10;
ACT,,,SCHD;

SQUADRON ELEVEN

L4
“-s a8 e

A CREATE,EXPON(1.0),63,1,16; -
B! ASSIGN, ATRIB(2)=7,ATRIB(3)=11; |
: ACT,,,SCHD; ‘
: ;

X ; SQUADRON TWELVE

W ;

. CREATE,EXPON(1.0),51,1,16;

v ASSIGN,ATRIB(2)=7,ATRIB(3)=12;

: ACT,,,SCHD;

"~ ;
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o
Q_ ; SQUADRON THIRTEEN
. a
1 y
B CREATE,EXPON(1.0),63,1,16;
- ASSIGN,ATRIB(2)=8,ATRIB(3)=13;
ACT,, ,SCHD;
S i
P ;
’j s AT CONUS BASE KSXX
* ; _—
N : CREATE SQUADRON FOURTEEN
) -
. 1 4
A KSXX CREATE,EXPON(1.0),63,1,16;
2. ASSIGN,ATRIB(2)=9,ATRIB(3)=14;
‘ ACT,,,SCHD;
;
W ; SQUADRON FIFTEEN
v ’ ;
3 CREATE,EXPON(1.0),51,1,16;
N ASSIGN,ATRIB(2)=9,ATRIB(3)=15;
N ACT,, ,SCHD;
a ;
X : SOUADRON SIXTEEN
I_: ;
" CREATE,EXPON(1.0),63,1,163
sy ASSIGN, ATRIB(2)=10,ATRIB(3)=16;
W ACT,, ,SCHD;
;
K, : SQUADRON SEVENTEEN
I ;
' CREATE,EXPON(1.0),51,1,16;
N ASSIGN,ATRIB(2)=10,ATRIB(2)=17;
¢ ACT,, ,SCHD;
. ;
P : SQUADRON EIGHTEEN
K .‘ ;
- CREATE,EXPON(1.0),63,1,16;
W ASSIGN,ATRIB(2)=11,ATRIB(3)=18;
L ACT,, , SCHD;
, ;
e; : SQUADRON NINETEEN
A » ;
0 CREATE,EXPONC1.0),51,1,16:
: ASSIGN,ATRIB(2)=11,ATRIB(2)=19;
e ACT,,,SCHD:
b ;
N : SQUADRON TWENTY
-~ ;
N CREATE,EXPON(1.0),63,1,16;
. ASSIGN, ATRIB(2)=12,ATRIB(3)=20;
f ACT,, ,SCHD:
; ;
;
('d
>
'
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SQUADRON TWENTY-ONE

CREATE,EXPON(1.0),51,1,.16:
ASSIGN, ATRIB(2)=12,ATRIB(3)=21;
ACT,,,SCHD;

SQUADRON TWENTY-TWO

CREATE, EXPON(1.0),.15,1,16;
ASSIGN, ATRIB(2)=13,ATRIB(3)=22;
ACT,, ,SCHD;

SQUADRON TWENTY-THREE

CREATE,EXPON(1.0),27,1,16;
ASSIGN, ATRIB(2)=13, ATRIB(3)=23;
ACT, , , SCHD;

SQUADRON TWENTY-FOUR

CREATE,EXPON(1.0),39,1,16;
ASSIGN, ATRIB(2)=14,ATRIB(3)=24;
ACT,,,SCHD;

SQUADRON TWENTY-FIVE

CREATE,EXPON(1.0),51,1,16:
ASSIGN,ATRIB(2)=14,ATRIB(3)=25;
ACT,.,SCHD;

BRANCH C-130S TO PROPER BASE

FIRST ASSIGN PARKING SPOTS REQUIRED, A/C TYPE, AND
MARK START OF DUTY DAY

ASSIGN, ATRIB(6)=10,ATRIB(7)=1,ATRIB(14)=TNOW - 1.5;
THEN SCHEDULE THE C-130S TO THE PROPER BASE

EVENT, 1;
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BRANCHING OF ALL C-130S5 FROM ALL ENROUTE BASES

NR GOON, 1;

ACT,ATRIB(4),ATRIB(12) .EQ.1,CYXX;
ACT,ATRIB(4),ATRIB(12).EQ.2,BIXX;
ACT,ATRIB(4),ATRIB(12).EQ.3,LPXX:
ACT,ATRIB(4),ATRIB(12).EQ.4,LEXX;
ACT,ATRIB(4),ATRIB(12) .EQ.5,EGXX:
ACT,ATRIB(4),ATRIB(12).EQ.6,EDXX;
ACT,ATRIB(4),ATRIB(12) .EQ.7,LGXX;
ACT,ATRIB(4),ATRIB(12).EQ.8,KNEX};

STATION MODELS FOR GROUND SERVICE ACTIVITIES

ONLY TRUCKS ARE AVAILABLE FOR REFUELING AT KNEX

CREATE STRAT AIRLIFT ARRIVALS

CREATE,EXPON(3.712),,1; C-141 AIRCRAFT
ASSIGN, ATRIB(6)=30,ATRIB(7)=2;
ACT, ye KNEX:

CREATE,EXPON(7.779),,1: C-5 AIRCRAFT
ASSIGN, ATRIB(6)=90,ATRIB(7)=3;
ACT,, ,KNEX;

GROUND ACTIVITIES AT BASE KNEX

NEX ASSIGN, ATRIB(S)=TNOW;

LAND AIRCRAFT

AWAIT(11),RUNWAY1/1;
ACT(1)>/11,USERF(5);
FREE, RUNWAY1/13

COLCT, INT(S5),HOLDING AT KNEX;

TIME TO LAND

TAXI AND PARK

ASSIGN, ATRIB(35)=TNOW;
AWAIT(13) ,PARK1/ATRIB(6);

ACT , USERF (6) 5 TIME TO TAXI TO RAMP
GOON;
106
T O N N N R N RN A N AN B A M e

Bl el '7""




- we as O

. wa ws

as WS ws e W&

(IR TEE TR TR TR T 1)

) = o1 -

ON1

AS1

ONE1

T} es w2 e

T

we Ws we s s W (T) es we ws

Ix1

Wo1

o
—

T T T T T T W IR TW W I TN W T ™ IV T N PR TN e

ACT,TRIAG(.1,.2,.4); POSTFLIGHT

SCHEDULE NEXT LEG

o

EVENT, 2,1;
DETERMINE MAINT AND REFUELING TIMES,AND REQUIRED FUEL

ASSIGN, ATRIB(13)
ASSIGN,ATRIB(10)

USERF (1):
USERF (11);

DETERMINE IF MAINTENANCE IS CONCURRENT

GOON. !;

ACT/:7,,.60,FUEL; NO MAINTENANCE REQUIRED
ACT/18,,.35,CON1; CONCURRENT MAINTENANCE
ACT/19,,.05,NON1; NONCONCURRENT MAINTEMANCE

CONCURRENT SERVICE

(PARALLEL BRANCHING - CREATE TWO ENTITIES)
ASSIGN, XX(1)=XX(1)+1,ATRIB(8)=XX (1)}
ACT,,,GASt;

ACT,,,FIX1;

FUEL CONCURRENTLY
AWAIT(14),ALLOC(1);
ACT/14 ,ATRIB(D);
FREE,ATRIB(11)/ATRIB(15);
QUEUE(1S),,,,G01;
CONCURRENT MAIMTENANCE
GOON:

ACT/15,ATRIB(10);

ueve (16),,,,601;

MATCH ENTITIES BACK TOGETHER

MATCH,8,0NE1/T0OG1, TWO1;
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FIRST, OTHERWISE FUEL FIRST

gqa “s ws es ws e e

N1 GOON, 1;
ACT, ,NNQ(14).GT.0,NMN1;
ACT;

FUEL FIRST

.s ws wo

AWAIT(14),ALLOC(1);
ACT/14,ATRIB(9); FUEL
FREE,ATRIB(11)/ATRIB(15);

-e

ACT/15,ATRIB(10),,T0OG1;
;
; MAINTENANCE FIRST
?
MMN L GOON:
ACT/15,ATRIB(10); MAIMTENANCE

FUE! AWAIT(14),ALLOC(1);
ACT/14,ATRIB(9); FUEL
FREE, ATRIB(11)/ATRIB(15);

SERVICING IS NOW COMPLETE

AlLL ENTITIES ARE NOW BACK TOGETHER
(ALL BRANCHES ARE COMBINED AT TOG1)

ALSD SCHEDULE CREW REST, IF NECESSARY

0G1 EVENT, 7, 1;

DELAY IF CREW IS IN CREW REST

- —— mam emmwemen  ———

NS e P WE W8 oo S8 WS W WE W 9h wh e ws s et

GOON, 1
ACT,14,ATRIB(11).EQ.1;
ACT:
FREE,PARK1/ATRIB(6);

START AND TAXI OUT

-e -0 68 w -
>
(@]
[

ACT,RLOGN(.4,.1);
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>
N
!
5 3

™ 3 TAKEOFF

? ;
- 3
" ARATT(12) ,RUNWAY1 /13

- ACT, .03;

- FREE.RUNWAY1/1;

- ASSIGN,ATRIB(S) = ATRIB(S) + .03:
; ; COLLECT STATISTICS FOR KNEX

B¢ i - —_— —

N ;

E? GOON, 13

o ACT, ,ATRIB(7).EQ.2,BIG1;

¥ ACT,,ATRIB(7).EQ. 3, JUM1;

. ACT;

) : H

K : COLLECT C-130 STATISTICS AND ROUTE TO NEXT BASE
A H

. COLCT, INT(S).C130 6RD KNEX:

, ASSIGN, XX(2) = XX(2) + ATRIB(13);
5 ACT,, ,ENR;

L. ;

< : C-141 STATISTICS

b ;

BIG1 COLCT, INT(S),C141 GRD KNEX;

K- ASSIGN, ATRIB(11)=TNOW-ATRIB(S);

- EVENT, 12; COLLECT DATA ON STRAT DELAYS
3 TERM;

< ’

; C-5 STATISTICS

& ’

‘. JUM1 COLCT, INT(S),CS GRD TIME KNEX:

5 ASSIGN, ATRIB(11)=TNOW-ATRIB(5);

o ;

R EVENT, 12: COLLECT DATA ON STRAT DELAYS

TERM:

o ;

) : -+

! : STATION CYXX

; H s===o==s=ssss

b ;

2 ; BOTH TRUCKS AND PITS ARE AVAILABLE FOR REFUELING AT CYXX
& ;

- : CREATE STRAT AIRLIFT ARRIVALS

A8 i

: CREATE.EXPON(7.558),,1; C-141 AIRCRAFT

ASSIGN,ATRIB(6)=20,ATRIB(7)=2;

- ACT,.,CYXX:

4
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$2) .
LY ’
(\&‘ CREATE,EXPON(2.704),,1; C-5 AIRCRAFT
ke ASSIGN, ATRIB(6)=35,ATRIB(7)=3;
i ACT,,,CYXX;
o ’
o : GROUND ACTIVITIES Al BASE CYXX
o ;
Ié' cYXX ASSIGN, ATRIR(5)=TNOW:
2 ;
: LAND AIRCRAFT
‘ -
L] J L]
r: AWAIT(21) ,RUNWAY2/1:
iij ACT(1)/21,USERF(S); TIME TO LAND
Lt FREE, PUNWAY2/1;
W COLCT, INT(5),HOLDING AT CYXX:
;
- ; TAXI AND PARK
- ;
- ASSIGEN, ATRIB(S)=TNOW;
b AWAIT(23),PARK2/ATRIB(6);
R ACT,USERF (6) 3 TIME TO TAXI TO RAMP
g GOON;
o ACT,TRIAG(.1,.2..4); POSTFLIGHT
ACY -
A [J
e ; SCHEDULE NEXT LEG
._\" M -
x4 ® ?
¥ ;

EVENT,3,1;

DETERMINE MAINT TIME AND REQUIRED FUEL

-"ff‘
Sl
- ‘ae Wy

ﬂﬂ ASSIGN,ATRIB(12) = USERF(1);
Ch v ASSIGN,ATRIB(10) = USERF(12):
)

o

DETERMINE IF MAINTENANCE IS CONCURRENT

.
e €2 wa s 8

2 GOON, 13
. ACT/27,,.60,FUE2; NO MAINTENANCE REQUIRED
o ACT/28,,.35,CON2; CONCURRENT MAINTENANCE
S ACT/29,,.05,NON2; NONCONCURRENT MAINTENANCE
o ;
b e 3 CONCURRENT SERVICE
:T& : (PARALLEL. BRANCHING — CREATE TWO ENTITIES)
' ;
!4; CON2 ASSIGN, XX (1)=XX(1)+1,ATRIB(B)=XX(1);
i ACT,, ,GAS2;
- ACT,, ,FIX2:
e ;
..Q
7
:J
(4
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) ; FUEL CONCURRENTLY
\ ) H
» ;  ALLOC(2) DETERMINES IF PIT OR TRUCK RESOURCE, PREFERABLY
A
- ; PIT, IS AVAILABLE
* ;
. 6AS2  AWAIT(24),ALLOC(2):
" ACT/24,ATRIB(9);
M GOON, 13
ACT,,ATRIB(11).EQ.6,0NE2;
ACT:
3 FREE.ATRIB(11) /ATRIB(15);
N ONE2  QUEUE(2%),,,,G02;
i, :
; CONCURRENT MAINTENANCE
;
" FIX2  GOON:
W ACT/25,ATRIB(10);
N TWO2  QUEUE(26),,.,G02;
N ; MATCH ENTITIES BACK TOGETHER
; ;
M 602  MniCH,B8,ONE2/TOG2, TWO2:
: ;
- ;
- ; NONCURRENT SERVICE
I ;
;
y 3 IF AIRCRAFT ARE IN REFUELING QUEUE, PERFORM MAINTENANCE
N ;  FIRST, OTHERWISE FUEL FIRST
. ;
2 NON2  GOON, 1;
. ACT, ,NNQ(24).GT. 0, NMN2;
ACT;
;
¢ ; FUEL FIRST
¢ H
/ AWAIT(24) ,ALLOC(2);
| ACT/24,ATRIB(9);  FUEL
GOON, 1:
y ACT, ,ATRIB(11).€0.6,HEL2;
3 ACT:
(- FREE,ATRIB(11)/ATRIB(15):
;
HEL2  GOON, 1:
ACT/25.ATRIB(10),, TOG2; MAINTENANCE
| ;
- ; MAINTENANCE FIRST
- ;
NMN2  GOON;
ACT/25,ATRIB(10); MAINTENANCE
’
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FUE2 AWAIT(24) ,ALLOC(2);
ACT/24 ,ATRIB(9); FueL
GOON, 1 ;
ACT, ,ATRIB(11).ED.£,TOG2;
ACT;
FREE,ATRIB(11)/ATRIB(1S);

SERVICING IS NOW COMPLETE

ALL ENTITIES ARE NOW BACK TOGETHER
(ALL BRANCHES ARE COMBINED AT TOG2)

ALSO SCHEDUWE CREW REST IF NECESSARY

=i @8 €0 w8 ws O 95 er s et o W

0G2 GOON, 1;
ACT, ,ATRIB(11).EQ.6,REL2:
ACT;

-

T
(o
A

9

22 EVENT, 8, 1

DELAY IF CREW 1S IN CREW REST

- — man e ——

(ATRIB(11) INDICATES THAT CREW ENTERS CREW REST)

“® @& we ws e en

GOON. 1;

ACT, 14,ATRIB(11).EQ. {;
ACT;
FREE,PARK2/ATRIB(6);

START AND TAXI OUT

ws s ws (L) we
>
O
N

ACT,RLOGNC(.4,.1);

TAKEOFF

-y we ea

AWAIT(22),RUNWAY2/1;

ACT, .03;

FREE, RUNWAY2/1;

ASSIGN,ATRIB(S) = ATRIB(S5) + .03;

COLLECT STATISTICS FOR CYXX

e €O a8 an WP

GOON, 1;

ACT, ,ATRIB(7).EQ.2,BIG2;

ACT, ,ATRIB(7).EQ. 3, JUM2;
- ACT;
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COLLECT C-130 STATISTICS AND ROUTE TO NEXT BACSE

sa Wb en W

COLCT, INT(5),C1320 GRD CYXX;
ASSIGN, XX(3) = XX(3) + ATRIB(13);
ACT,, ,ENR;

C-141 STATISTICS

I *s < e

1G2 COLCT, INT(S),C141 GRCUND CYXXs
ASSIGN,ATRIB(11)=TNOW-ATRIB(S);
H
EVENT, 13; COLLECT DATA ON STRAT DELAVYS
TERM;

C-S STATISTICS

Cy =s es e

umM2 COLCT, INT(5),CS GROUND CYXX:
ASSIGN, ATRIB(11)=TNOW-ATRIB(S);

EVENT, 13; COLLECT DATA OM STRAT DELAYS
TERM:

REL2 FREE, ATRIB(11)/ATRIB(15);
ACT, , ,HUR2;

ONLY TRUCKS ARE AVAILABLE FOR REFUELING AT BIXX

CREATE STRAT AIRLIFT ARRIVALS

‘@8 @8 e84 Wt a8 ws e§ ws 08

CREATE,EXPON(1.075),,1; C-141 AIRCRAFT AMD NARROW BODY CRAF
ASSIGN,ATRIB(6)=21,ATRIB(7)=2; !
ACT,,,BIXX;

CREATE,EXPON(3.453),,1; C-5 AIRCRAFT AND WIDE BODY CRAF
ASSIGN,ATRIB(6)=42,ATRIB(7)=3;
ACT,, .BIXX;

GROUND ACTIVITIES AT BASE BIXX

ASSIGN, ATRIB(5)=TNOW;

s w5 e w5 ws W J)ee ws =
[
>
>
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%;f ; LAND AIRCRAFT
r 1 ‘: ;
1&:$ AWAIT(31),RUNWAY3/1;
N ACT(1)/31,USERF(5); TIME TO LAND

ot FREE.RUNWAY3/1;

”'5 COLCT, INT(S),HOLDING AT BIXX;

1%
A ’

;*:~ - : TAXI AND PARK

Y H

o ASSIGN, ATRIB(S)=TNOW;

o AWAIT(33),PARK3/ATRIB(E);

e ACT,USERF (E); TIME TO TAXI TO RAMP
2» X GOON;

gl ACT,TRIAG(.1,.2,.4); POSTFLIGHT

oy .

X ’

' ; SCHEDULE NEXT LEG

; — ———

2} =

P EVENT, 4, 1;

N\ »‘.-ﬂ :

ﬂﬁh : DETERMINE MAINT TIME AND FUEL REDUIRED
~, ;

o ASSIGN,ATRIB(13) = USERF(1);

:;; ASSIGN,ATRIB(10) = USERF(13);

NS ;

v ; DETERMINE IF MAINTENANCE IS CONCURRENT

; e

,.\-“‘ H

e GOON, 13

o ACT/37,,.60,FUE3: ND MAINTENANCE REQUIRED
ot ACT/38,,.35,CON3; CONCURRENT MAINTENANCE

" ACT/29,..05,NON3; NCNCONCURRENT MAINTEMAMCE

o : CONCURRENT SERVICE

':r'?, s

",J*: H

Koo : (PARALLEL BRANCHING - CREATE TWO ENTITIES)
s ;

s CON3  ASSIGN, XX(1)=XX(1)+1,ATRIB(8)=XX(1);

¢
2% ACT,, ,GAS2:

= ACT,,,FIX3;
} -4'-:; ;
" s FUEL CONCURRENTLY
3 ;
- GAS3 AWAIT(34),ALLOC(3);
whe ACT/34,ATRIB(9);
o FREE, ATRIB(11)/ATRIB(15):
., ONE3 QUEUE(3S),,,,G03;
o
.t'. o ;
S ;
\'r..) .
")
«_-:,5 !
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CONCURRENT MAINTENANCE

e a%s s

¥ e =

X3 GOON;
ACT/35,ATRIB(10);
TWO3 QUELE(3®),,,,603;

. - -
P A X 3
-

MATCH ENTITIES BACK TOGETHER

MATCH, 8, ONE3Z/TOG3, TWO3;

NONCURRENT SERVICE

IF AIRCRAFT ARE IN REFUELING QUEUE. PERFORM MAINTENAMCE
FIRST, OTHERWISE FUEL FIRST

Eno e e we ws 03 ws 9o (T) ws o8 e
Q

Z w

J

GOON, 1:
ACT, .NNQ(34).GT.0,NMN3:

FUEL FIRST

s ws we

) AWAIT(34) ,ALLOC(3);
. ACT/34,ATRIB(9);  FUEL
8 FREE,ATRIB(11) /ATRIB(15):

-

ACT/35,ATRIB(10),,TOG3; MAINTENANCE

MAINTENANCE FIRST

-e a8 ws

NMN3 GOON;
3 ACT/35,ATRIB(10); MAINTENANCE

14
< FUE3 AWAIT(34),ALLOC(3);
! ACT/34,ATRIB(9); FUEL
» FREE,ATRIB(11)/ATRIB(13);

SERVICING IS NOW COMPLETE

ALL ENTITIES ARE NOW BACK TOGETHER
(ALL BRANCHES ARE COMBINED AT TOG3)

ALSO SCHEDULE CREW REST, IF NECESSARY

063 EVENT,8,1;

WS W8 WS W8 oo WS WS 9B @0 W2 a0 3 WP a2 se W
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DELAY IF CREW IS IN CREW REST

—— ——— ——— ot s

(ATRIB(11> INDICATES THAT CREW ENTERS CREW REST)

o0 w8 g8 S

GOON'I;
ACT,14,ATRIB(11).EQ. 1}
ACT;

FREE, PARK3/ATRIB(6)

START AND TAXI QUT

e es wr [T e
5
w

ACT,RLOGN(.4,.1);

-“1 "l < aaAr e e B L

;
i TAKEOFF
. ;
;2‘\- AWAIT (32), RUNWAY3/1;
ACT,.03;
FREE, RUNWAY3/1;

rd ASSIGN,ATRIB(S) = ATRIB(S) + .03:

COLLECT STATISTICS FOR BIXX

-8 4% ey ez W

GOON. 1;

ACT, ,ATRIB(7).EQ.2,BIG2
ACT, ,ATRIB(7).£Q.3,JumM3
ACT;

-s w9

COLLECT C-1320 STATISTICS AND ROUTE TO NEXT BASE

s o - —— —_—— —————— e G wm Ymeas ko e v

s we w8 ws WS

COLCT, INT(5),C120 GRD BIXX;
ASSIGN, XX(4) = XX(4) + ATRIB(13):
ACT,, ,ENR;

¥

H C-141 STATISTICS

H

BIG3 COLCT, INT(5),C141 GRODUND BIXX:
ASSIGN,ATRIB(11)=TNOW-ATRIB(S);

-

EVEMT, 14 COLLECT DATA ON STRAT DELAYS
TEPM;

C-5 STATISTICS

Cy o an o

tmM3 COLCT, INT(5).CS GROUND BIXX:
ASSIGN,ATRIB(11)=TNOW-ATRIB(3):

.

EVENT, 14; COLLECT DATA ON STRAT DELAYS
TERM;
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STATION LPXX

[y

BOTH TRUCVE AND PITS ARE AVAILABLE FOR REFUELING AT LPXX

W

CREATE STRAT AIRLIFT ARRIVALS

W8 68 ev 42 14 w3 es €& wn ‘eb

CREATE.EXPON(1.476),,1; C-141 AIRCRAFT AND NARROW BODY CRAF
ASSIGN,ATRIB(6)= 16,ATRIB(7)=2;
ACT,,,LPXX;

..

CREATE,EXPON(33.572),,1; C-5 AIRCRAFT AND WIDE BODY CRAF
ASSIGN, ATRIB(6)=30,ATRIB(7)=3;

ACT,, .LPXX;

GROUND ACTIVITIES AT BASE LPXX

ASSIGN, ATRIB(S)=TNOW:

LAND AIRCRAFT

. ws Os T W ws us
0
>
>

AWAIT(41),RUNWAY4/1;

ACT(1)/41,USERF (S); TIME TO LAND
FREE, RUNWAY4/1:

COLCT, INT(3),HOLDING AT LPXX;

TAXI AND PARK

ASSIGN, ATRIB(S)=TNOW;
AWAIT(43),PARK4/ATRIB(6);

ACT,USERF(6) 3 TIME TO TAXI TO RAMP
GOON;

ACT,TRIAG(.1,.2,.4); POSTFLIGHT

SCHEDULE NEXT LEG

- wa s ws

EVENT, S5, 13

DETERMINE MAINT TIME AND REQUIRED FUEL

- @8 ws

ASSIGN, ATRIB(13) USERF (1)
ASSIGN, ATRIB(10) = USERF(14);

*s a8 ®8 sa @8 es &

117

R NS L L N W LS
b4 _J\. R

-
»
- -
e e




,.‘
L,
.
;é : DETERMINE IF MAINTENANCE IS CONCURRENT
» 2 e e
' v [ ]
P ’
N GOON, 1;
2 ACY/47.,.60,FUE4; NO MAINTENANCE REDQUTRED
o ACT/48,,.35,CON4: CONCURRENT MAINTENANCE
.; ACT/49,,.05,NON4: NONCONCURRENT MAINTENANCE
.:: . :
¢ 4
: CONCURRENT SERVICE
: (PARALLEL BRANCHING - CREATE TWO ENTITIES)
\»: ;
8 CON4 ASSIGN, XX(1)=XX(1)+1,ATRIB(8)=XX(1);
ACT,,,GAS4;
ACT,.,FIX4;
(¥, ;
: FUEL CONCURRENTLY
‘ ’
ﬁ : ALLOC(4) DETERMINES IF PIT OR TRUCK RESOURCE.,
i 3] -
. : PREFERABLY PIT, IS AVAILABLE
‘- ;
W GAS4 AWAIT (44) ,ALLOC(4);
2, ACT/44,ATRIB(D);
A GOON, 13
ACT, ,ATRIB(11).EQ.13,0NE4;
Y ACT;
> FREE,ATRIB(11) /ATRIB(15):
z ONE4  QUEUE(4S),,,,G04;
4, .
: CONCUPRENT MAIMTENANCE
- H
) Fix4 GOON;
L ACT/45,ATRIB(10);
5_ TWO4 QUEUE (4€),,,,R04:
) ’
W : MATCH ENTITIES BACK TOGETHER
H
X 604 MATCH, 8. ONE4 /YOG4, TWO4:
L= ;
R ; NONCURRENT SERVICE
" ; _________________
f : IF AIRCRAFT ARE IN REFUELING QUEUE, PERFORM MAINTENAMCE
- : FIRST, OTHERWISE FUEL FIRST
.': ’
.-:. NON4 GOON, 1;
. ACT, ,NNQ(44) .GT.0,NMN4;
.' ACT:
.q ;
&
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FUEL FIRST

AWAIT (44> ,ALLOC((4);
ACT/44,ATRIB(9); FUEL
GOON, 1;
ACT, ,ATRIB(11).EQ. 13, HEL4:
ACT:
FREE,ATRIB(11)/ATRIB(15);
;
HEL4 GOON, 1;
ACT/45,ATRIB(1C), ,TOG4: MAINTEMANCE
H
H MAINTEMANCE FIRST
’
NMNG GOON:
ACT/45,ATRIB(10); MAINTENANCE

FUE4 AWAIT(44) ,ALLOC(4);
ACT/44 ,ATRIB(9); FUEL
GOON, 1
ACT, ,ATRIB(11).EQ.13,TOG4:
ACT;
FREE,ATRIB(11)/ATRIB(15);

SERVICING IS NOW COMPLETE

ALL ENTITIES ARE NOW BACK TOGETHER
(ALL BRANCHES ARE COMBINED AT TOG4)

ALSO SCHEDULE CREW REST IF NECESSARY

THIS PRANCH WILL RELEASE THE FUEL PIT,
IF USED

= w6 We 48 w8 96 €4 o2 W2 w1 G0 W 9 <0 wo

0G4 GOOM, 1;
ACT, ,ATRIB(11).EQ. 13,REL4;
ACT:

:

EVENT,8,1:;

DELAY IF CREW IS IN CREW PEST

(ATRIB(11) INDICATES THAT CREW ENTERS CREW REST)

- we W a8 ws

GOON, {5
ACT, 14 ATRIB(11).EQ. 1;
ACT;

4
BAC4 FREE, PARK4/ATRIB(6);
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el
.
G
"
i:j ; START AND TAXI OUT
‘,:Q'.: H
By ACT,RLOENC.4,.1);
i ;
. : TAKEOFF
b :
W AWAIT (42, RUNWAY4/1;
ol ACT,.03;
e FREE, RUNWAY4 /13
ASSIGN, ATRIB(S) = ATRIB(S) + .03;
el ;
! ;
35\ ; COLLECT STATISTICS FOR LPXX
L) -
4 ’ ———————" —————————— ——— ————
:.':!:f' :
GOON, 1;
o ACT, ,ATRIB(7).EQ.2,BIG4;
R ACT, ,ATRIB(7).EQ. 3, JUM4:
Pl
.\: ACT;
53 ;
N : COLLECT C-130 STATISTICS AND SOUTE TO NEYT BASE
ol
» 7 H
> COLCT. IMT(S),C120 GRD LPYY:
o ASSIGN, XX(S) = XX(S) + ATRIB(13);
- ACT,, ,ENR:
- ;
- ; C-141 STATISTICS
;
o BIG4 COLCT, INT(5),C141 GROUND LPXX;
,;2 ASSIGN, ATRIB(11)=TNOW-ATRIB(S);
- ;
K- EVENT, 15; COLLECT DATA ON STRAT DELAYS
b TERM;
/ ;
82 ; C-5 STATISTICS
\:‘ -
. 1
e JumMa  COLCT, INT(S),CS GROUND LPXX:
p, ASSIGN, ATRIB(11)=TNOW-ATRIB(S);
L ;
- EVENT, 15; COLLECT DATA ON STRAT DELAYS
_“. TERM;
Ln ’
.,5 REL4  FREE,ATRIB(11)/ATRIB(1S);
r--) ACT,, ,HUR4;
'gb : STATION LEXX
‘ ::: f i 2 3 L]
'$ﬂ : BOTH TRUCKS AND PITS ARE AVAILABLE FOR REFLUELING AT LEYXYX
& ;
AR :
;Lj 120
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» 0 Ly W‘NWJT'V'T'Y"T“
)
h)
2
" : CREATE STRAT AIRLIFT ARRIVALS
yRal -
- CREATE,EXPOM(1,.432),,1: C-141 AIRCPAFT AND NARROW BODV (DAF
- ASSIGN, ATRIB(E)=12,ATRIR(7) =23
, ACT, . LEYX:
W' H
~ CREATE,EXPON(2.994),.1: C-5 AIRCRAFT AND WIDE BODY COAF
N ASSIGN, ATRIB(6)=36,ATRIB(7)=3;
ACT,..LEXX:
N : GROUND ACTIVITIES AT BASE LEXX
% LEXX ASSIGN, ATRIB(5)=TNOW;
;
-f ; LAND AIRCRAFT
;
- AWAIT(S1),RUNWAYS/1;
, ACT(1)/51,USERF (S);
L FREE, RUNWAYS/1:
i COLCT, INT(5),HOLDING AT LEXX:
ni ’
i : TAXI AND PARK
[’ H
7y ASSIGN, ATRIB(S)=TNOW;
2 AWAIT(S3),PARKS/ATRIB(6);
- ACT,USERF(5); TIME TO TAXI TO RAMP
o G00N;
ACT.TRIAG(.1,.2,.4); POSTFLIGHT
N : SCHEDULE NEXT LEG
:».. H
o EVENT,6,1:
, : DETERMINE MAINT TIME AND REQUIRED FUEL
' ;
@ ASSIGN,ATRIB(13) = USERF(1):
4 ASSIGN,ATRIB(10) = USERF(1S);
2 ;
Y. ;
N : DETERMINE IF MAINTENANCE IS CONCURRENT
; e e e ;
f ' GOON, 1; :
ACT/S7,,.60,FUES: NO MAINTENANCE REQUIRED
“ ACT/S8,, .35,CONS; CONCURRENT MAINTENANCE
: ACT/59,, .05, NONS; NONCONCURRENT MA INTENANCE
N ;
5 ;
- :
L) H
: :
. ;
% |
o+
f
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EENNNE L A A aa e
2
3
!‘ ; CONCURRENT SERVICE
i s T T
k; : (PARALLEL BRANCHING — CREATE TWO ENTITIES)
~ ;
CONS ASSIGN, XX(1)=XX(1)+1,ATRIB(3)=XX(1):
ACT, ,,GASS;
A
- ACT,,,FIXS;
i; : FUEL CONCURRENTLY
' : ALLOC(5) DETERMINES IF PIT OR TRUCY RECOUPCE, PREFERABLY
J"'- : ————————
o : PIT, IS AVAILABLE
?# ’
Y GASS AWAIT(S4),ALLOC(S);
W ACT/S4,ATRIB(9);
GOON, 13
ACT.,ATRIB(11).EQ.17,0NES:
ACT;

FREE,ATRIB(11)/ATRIB(15);
ONES QUEUE (55),,,,605;

H CONCURRENT MAINTENANCE
;
FIXS GOON:
ACT/35,ATRIB(10);
TWOS MUEVE(S6),,,,G05;
MATCH ENTITIES BACK TOGETHER
03 MATCH, 8, 0NES/TOGS. TWOS:

NONCURRENT SERVICE

IF AIRCRAFT ARE IN REFUELING QUEUE, PERFORM
FIRST, OTHERWISE FUEL FIRST

W 9 qp €2 % a8 s s (D) er w0

NONS GOON, 1;
ACT, ,NNQ(54).6T. 0, NMNS;
ACT:

FUEL FIRST

-t ws we

AWAIT (54) ,ALLOC(S);
ACT/54,ATRIB(9);  FUEL
GOON, 13

ACT, ,ATRIB(11).EQ.17,HELS;
ACT;

FREE,ATRIB(11) /ATRIB(15);

-e
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HELS  GOON, 1:

ACT/55,ATRIB(10),, TOGS; MAINTEMANCE
;
; MAINTENANCE FIRST
’
NMNS GOON;
ACT/35,ATRIB(10); MAINTENANCE

FUES AWAIT(54) ,ALLOC(S):
ACT/54,ATRIB(9); FUEL
GOON, 13
ACT, ,ATRIB(11).ER. 17, TOGS;
ACT:
FPEE,ATRIB(11)/ATRIB(15):

SERVICING IS NOW COMPLETE

ALL ENTITIES ARE NCW BACK TOGETHER
(ALL BRANCHES ARE COMBINED AT TOSS)

ALSO SCHEDULE CREW REST, If NECESSARY

~f s0 @t a3 w0 ws @8 0 W g0 ws s

0G6S GOOM, 1:
ACT, ,ATRIB(11).E£Q.17,RELS;
ACT;

3

EVENT, 8, 1;

DELAY IF CREW IS IN CREW REST

(ATRIB(11) INDICATES THAT CREW ENTERS CREW REST)

ws sr W ws ws P e

GCON, 1;
ACT,14,ATRIB(11).EQ, 13
ACT;

FPEF , PARKS/ATRIB(E);

START AND TAXI OuT

-t as en m e
>
(w]
w

ACT,RLOGNC(.4,.1);

TAKEQFF

AWAIT(52),RUNWAYS/1:

ACT,.03;

FREE. RUNWAYS/1:

ASSIGN,ATRIB(S) = ATRIB(S) + .03:
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COLLECY STATISTICS FOR LEXX

GOON, 13

ACT, ,ATRIB(7).£Q.2,BIGS;
ACT.,ATRIB(7).EQ. 3, JUMS;
ACT;

COLLECT C-130 STATISTICS AND ROUTE TO MEXT BASE

as w8 ag @S

-
’
-
*
.
’
B

1G5

Cag *0 an =2

UMS

A
m
-
€]

e we WE es W8 ey we o8 O3

m
2]
>
>

EDXX
LGXX

w8 ®8 8 wa as e e

COLCT, INT(3),C120 GPD LEXX;
ASSIGN, XX(6) = XX(&) + ATRIB(12);
ACT,, ,ENR;

C-141 STATISTICS

COLCT, INT(5),C141 GROUND LEXX:
ASSIGN, ATRIB(11)=TNOW-ATRIB(3);

EVENT, 16; COLLECT DATA ON STRAT DELAYS
TERM:

C-S STATISTICS

COLCT, INT(5),CS GROUND LEXX;
ASSIGN, ATRIB(11)=TNOW-ATRIB(S);

EVENT, 16; COLLECT DATA ON STRAT DELAYS
TERM;

FREE.ATRIB(11)/ATRIB(15);
ACT,, ,HURS;

C-120 DESTINATIONS

SQUADPONS ARE NOT BROKEN DOWN BY BASE BECALISE

ROUTINGS CHANGE BETWEEN DIFFERENT RUNS OF THE
MODEL.

G00M, 1

S am 2 an ad o ga A Aie A AR el A

G00N, 1;
GOON, 1:
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ACT, ,ATRIB(3).ER.5,50%:

]
N
%]
3 ACT, ,ATRIB(2).E0.1,501;
- ACT, ,ATRIB(2).EQ.2,502;
= ACT, ,ATRIB(3).E0.11,5011:
e ACT, ,ATRIP(2).E0.12,5012:
, ACT, .ATRIB(2).E0.12.5013;
- ACT, ,ATRIB(2).EQ. 22.5022;
o ACT, .ATRIB(2).EQ.22.5023;
- ACT, ,ATRIB(2).ED.24,5024;
- ACT, ,ATRIB(3).EQ. 25,5025;
S ACT, .ATRIB(2).ED. 2,503;
ACT, ,ATRIB(3).EQ. 4,504;
- ACT,,ATRIB(2)_ED.8,508;
. ACT, .ATRIB(3).EQ.9,5Q9:
a ACT.,ATRIB(3).EQ.10,5Q10:
ACT, .ATRIB(3).EQ. 18,5Q18;
o ACT..ATRIB(3).EQ.19.5019:
- ACT, .ATRIB(3).EQ.20,5Q20;
o ACT,,ATRIB(2).EQ.21,5021;
i ;

\ ACT, ,ATRIB(3).EQ.6,SQ6:

N ACT.,ATRIB(3).EQ.7,507;

s ACT, ,ATRIB(2).E0. 14,5Q14:

N ACT.,ATRIB(2).ED. 15,5015;
ACT, .ATRIB(3).EQ. 16,501€:

aa ACT.  ATRIB(2).EQ.17.SQ17;

COLLECT DATA AND TERMINATE AIRCRAFT

FOR EACH SQUADRON

v
U) % we 0 as es 40 es ws a0 e

- === ===
&S
3
0N SQUADRON ONE
e o1 COLCT, INT(1),50D 1 ENROUTE TIME:
- ASSIGN, XX(7)=XX(7)+1;
“ EVENT, 11; OUTPUT STATISTICS ON CLOSURE TIME
i TERM;
:
- : SQUADRON TWO
iy ;
sQ2 COLCT, INT(1),S0D 2 ENRCUTE TIME:
4 ASSIGN, XX (8)=XX(8)+1;
" EVENT, 11 QUTPUT STATISTICS ONM CLOSURE TIMC
TERM;
-
5 .
ot
Ll
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SQUADRON THREE

COLCT, INT(1),S50D 3 ENROUTE TIME:
ASSIGN, XX (9)=XX(9)+1;

EVENT, 11; OUTPUT STATISTICS ON CLOSURE TIME
TERM;

SQUADRCM FOUR

COLCT. INT(1),S0D 4 ENROUTE TIME:
ASSIGN, XX (10)=XX(10)+1;

EVENT, 11; OUTPUT STATISTICS ON CLOSURE TIME
TERM:

SQUADRON FIVE

COLCT, INT(1),5@D 5 ENROUTE TIME;
ASSIGN, XX(11)=XX(11)+1;

EVENT, 11; QUTPUT STATISTICS ON CLOSUSE TIMC
TERM;

SQUADRON SIX

COLCT, INT(1),5@D 6 ENROUTE TIME;
ASSIGN, XX (12)=XX(12)+1;

EVENMT, 1135 ouTPUT STATISTICS ON CLOSURE TIMC
TERM;

SOUADRDON SEVEN

COLCT, INT(1),58D 7 ENRDUTE TiME;
ASSIGN, XX(13)=XX(12)+1;

CUENT, 11; QUTPUT STATISTICS ON CLOSURE TIME
TERM;

SQUADRON EIGHT

COLCT, INT(1),S0D 8 ENROUTE TIME:
ASSIGN, XX (14)=XX(14)+1;

EVENT,11; OUTPUT STATISTICS CON CLOSURE TIME
TERM;




- N " B Bad s 44 20 ek ds A AA vl A e B G 4t A e A Bea e Ao Bon A0 ~ el uat
o
.
I.‘

>
|
e |
¥ ; SQUADRON NINE |
o -
", Se9 COLCT, INT(1),50D 9 ENROUTE TIME:
K ASSIGN, XX (1S5)=XX(15)+1; ;
EVENT, 11; CUTPUT STATISTICS ON CLOSUOE TIME
vy TERM; 1
2, ; |
) ; SQUADRON TEN ‘
] 3 J
’ i
S010  COLCT, INT(1),S@D 10 ENROUTE TIME: |
- ASSIGN, XX (16)=XX(16)+1;
. EVENT, 11; QUTPUT STATISTICS ON CLOSURE TIME
- TERM;
. ; |
, : SQUADROM ELEVEM
: ;
8 sot1 COLCT, INT(1),S@D 11 ENROUTE TIME;
0 ASSIGN, XX (17)=XX(17)+1:
y EVENT,11; OUTPUT STATISTICS ON CLOSUPE TIME
< TERM;
; SQUADRCN TWELVE
- ;
) S@12  COLCT,INT(1),S0D !2 ENROUTE TIME;
ASSIGN, XX (18)=XX(18)+1;
2 EVENT, 11; OUTPUT STATISTICS ON CLOSWPE TIME
y - TERM;
Q =
b : SQUADRON THIRTEEN;
;
x S@13  COLCT.INT(1),S0D 13 ENRQUTE TIME:
) ASSIGN, XX (19)=XX(19)+1;
- EVENT, 11; OUTPUT STATISTICS ON CLOSURE TImc
. TERM;
',,i H
» : SOUADRON FOURTEEN
. S@14  COLCT,INT(1),S0D 14 ENROUTE TIME;
- ASSIGN, XX(20)=XX(20)+1;
b EVENT, 113 CUTPUT STATISTICS ON CLOSURE TIME
N TERM;
GE ;
N H
- H
."' ;
| ;
:: , ;
- 127
Ld




g - TEIIE T Ty T T T T T W W
T \ ane Aot Sian Sae aa- il ahe-aed AR AvE Srdo kil S el bink S Pl -
s adh ane _oh o ad- o RET ke o ek RS et Rl |

SAQUADRTN FIFTEEN

;

'

5015 COLCT, INT(1),S0D 15 ENROUTE TIME:
ASSIGN, XX (21)=XX(21)+1;

EVENT, 11: OUTPUT STATISTICS ON CLOSURE TIME
TERM;
~ .
T ’
b .
L ’
Uj 3 SQUADRON SIXTEEN
" ;
sSQ16 COLCT, INT(1),SQD 16 ENROUTE TIME:

ASSIGN, XX (22)=XX(22)+1;

. EVENT, 11: OUTPUT STATISTICS ON CLOSURE TIME
TERM;
H
H
: SQUADRON SEVENTEEN
sQ17 COLCT, INT(1),SQD 17 ENROUTE TIME:

ASSIGN, XX (22)=XX(22)+1;
EVENT.11; QUTPUT STATISTICS ON CLOSURE TIME
TERM;

SQUADRON EIGHTEEN

U) ** a2 es ¢

Q18 COLCT, INT(1Y ~QD 18 ENROUTE TIME:
ASSIGN, XX (24, =XX(24)+1;
EVENT.11; QUTPUT STATISTICS ON CLOSURE TIME
TERM;

SQUADRON NINETEEN

U) == an es s

Q19 COLCT, INT(1),S0D 19 ENROUTE TIME:
ASSIGN, XX(25)=XX(23)+1;
EVENT, 11; OUTPUT STATISTICS ON CLOSURE TIME
TERM;

SQUADRON TWENTY

U} = 90 s o0

Q20 COLCT. INT(1),50D 20 ENRPOUTE TIME:
ASSIGN, XX (25y=NXX(26)+1:
EVENT, 11 QUTPYUT STATISTICS Of CLOSUSE TIME
TERM;

We ws ws we WS e 8
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SQUADRON TWENTY ONE

(Q =+ =
[=)
[
ra

COLCT.INT(1),58D 21 ENROUTE TIME:

R ASSIGN, XX(27)=XX(27)+1;

EVENT 11 QUTPUT STATISTICS ON CLNCURE TIMC
TERM;

SQUADRCM TWENTY THO

m .8 98 a8 "9

Q22 COLCT, INT(1),S8D 22 ENROUTE TIME;
ASSIGN, XX (28)=XX(28)+1;
EVENT, 11; QUTPUT STATISTICS ON CLOSURE TIME
TERM;

]

el

SQUADRON TWENTY THREE

U) o w0 v e

Q23 COLCT, INT(1),50D 23 ENROUTE TIME:
ASSIGN, XX (29)=XX(29)+1;
EVENT, 11; OUTPUT STATISTICS ON CLOSUPE TIME
TERM;

...
wa Ca b e T

.

>y

SOUADRCN TWENTY FOUR

- o
~Ta'e a s
f) 2% e an ®»

-

024  COLCT,INT(1),SOD 24 EMPDUTE TIME:
ASSIGN, XX (30)=XX(30) +1;
EVENT, 113 OUTPUT STATISTICS ON CLOSURE TIME
TERM;

Wi

SQUADRCN TUENTY FIVE

() =¢ o8 s e

Q25 COLCT, INT(1),50D 25 ENROUTE TIME:

¢ ASSIGN, XX (31)=XX(31)+1;

j EVENT, 11 QUTPUT STATISTICS CN CLCSURE TIME
J TERM;

e
..

ENDNET;

<o L—‘;l. h ¥

14

INIT, 0, 225;

RECCRD, TNOW, TIME, 0,P,2.5,0,200;
VAR, XX(46),A, TOTAL AC,0,225;

FIN;
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Appendix C. Fortrap Code

This appendix contains the Fortran code necessary for
the development of the simulation model of this thesis. The
Fortran code includes EVENT, USERF, ALLOC, and OUTPUT
subroutines, as defined by SLAM, and several other user
developed subroutines. The code is displayed on the

following pages.




&

. PROGRAM MODEL
i S: c
d 2 c
¢ c Fortran subroutines for use in thesis model.
C
N c by HILL & DONNELLY
. c
k} DIMENSION NSET (40000)
K. COMMON/SCOM1/ATRIB(100),DD(100),DDL (100, DTNOW, 11, MFA,MSTOP , NCLNR
R 1, NCRDR, NPRNT, NNRUN, NNSET,NTAPE, SS(100),SSL (100), TNEXT, TNOW, XX (100>
COMMON QSET (40000)
I8 c
‘Q - EQUIVALENCE(NSET(1),QSET (1))
I. c
'2 REAL LENGTH(14,6),DEST(14,6),STAGE(14,5)
" COMMON/ROUTE/LENGTH, DEST, STAGE

- OPEN (10, FILE=’ [JHILL.THESISIHOPE2.0UT’, STATUS=’NEW’)
- OPEN (20, FILE='CJHILL.THESISILENGTH2.DAT’,STATUS=?0LD’)
) OPEN (20, FILE='[JHILL.THESISIDEST2.DAT’,STATUS='0OLD’)
o OPEN (40, FILE='[JHILL.THESISISTAGE2.DAT’,STATUS="0LD")
OPEN (S0, FILE='[JHILL.THESISIRESULTS2.0UT’,STATUS="NEW')
iy

[x]

o NNSET=40000

[ NCRDR=S

A NPRNT=6

N NTAPE=7

R NPLOT=2

. c :
1} DO101 =1,14 |

READ (20, %¥)LENGTH(I,1),LENGTH(I,2),LENGTH(I,3), g
§ 1LENGTH(1,4),LENGTH(I,S) ,LENGTH(I,6) !
' READ (30,%)DEST(I,1),DEST(I,2),DEST(I,2), :
' 1DEST(I,4),DEST(I,S),DEST(I,6) i

READ (40,%)STAGE(I,1),STAGE(I,2),STAGE(I,3),

S 1STAGE(1,4),STAGE(1,S),STAGE(I,6) ~
54 10  CONTINUE !
: :
ot CALL SLAM :
sTOP

e END

- c

o C

LY c

K
A c

k. c

& C

3 :

.~ c

N c

? ¢

i c

C

e

[

H
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EVENT SUBROUTINES

SUBROUTINE EVENT(I)
COMMON/SCOM1/ATRIB(1003,DD(100),DDL (100) ,DTNOW. 11, MFA,MSTOP, NCLNR
1, NCRDR, NPRNT , NNRUN, NNSET, NTAPE, SS(100), SSL (100}, TNEXT, TNOW, XX (100>

REAL LENGTH(14,6),DEST(14,6),STAGE(14,6)
COMMON/ROUTE/LENGTH, DEST, STAGE

EVENTS | - 6 ARE USED TO SCHEDULE THE AIRCRAFT AT

AN ENROUTE BASE TO THE NEXT STOP ON THEIR SCHEDULEDR
ITINERARY. EACH C-130 SQUADRON HAS A SCHEDULED ROUTE
STRUCTURE.

EVENTS 1| - 5 WILL ALSO BE USED TO EFFECT CREW CHAMGES

AT THOSE ENROUTE BASES WHERE A CREW CHANGE (STAGE) IS
SCHEDULED.

50 TO 1,2,2,4,5,6,7,8,9.10,11,12,12,14,15,16}, 1

EVENT 1 - AT CREATION

DETERMINE NEW DESTINATION FOR C-130

ATRIB(12) = DEST(ATRIB(2),I)
A VALUE OF O INDICATES A LOGICAL ERROR WITHIN THE PROGRAM

IF (ATRIB(12).EQ.0) THEN
ATRIB(12) = 10
CALL ERROR(ID
ENDIF

DETERMINE LENGTH DF NEXT LEG FOR C-130S

ATRIB(4) = LENGTH(ATRIB(2), 1)
A VALUE OF O INDICATES A LCGICAL ERROR WITHIN THE PROGRAM

IF (ATRIB(4).EQ.0) THEN
ATRIB(12) = 20
CALL ERRORC(ID
ENDIF

132

~
\-\r"\.".

8|

- -

S TN N S e L N N N N R TR, G YL Wty St R R
._f.l_..-‘.;- (‘-f-l'l'-‘f SRS .,".ﬂ,‘_ S (-\,‘P_.r .r‘_r 7 .(-,._( (,_.‘ s M. a0 :-4-. A A .._..'.‘-




o o Al aas Sa. dec s dan deh dos Sah Sk S Sou Sak 4 --vtwtv'(—m-‘w‘.vvvw-u-t'u‘\,‘v‘!—vv“—vt-'v-v\—vv\uT

‘h ATRIB(4) = ATRIB(4) ¥ RNORM(1.0,0.02,2)

g:: RETURN

. " c

- c  ==s===I==c===z===
[ c EVENT 2 - AT KNEX
f\' c

M 2 IF (ATRIB(7).EQ.2) THEN

ATRIB(4) = 4.5 + UNFRM(0.0,2.0, 1)

] RETURN
: ENDIF
'; c
i{ IF (ATRIB(7).EQ.3) THEN |
: ATRIB(4) = 4.8 + UNFRM(0.0,2.0, 1) |
b RETURN
ENDIF
" c
i$ c DETERMINE NEW DESTINATION FOR C-130
1' C e -
) c
[)
o ATRIB(12) = DEST(ATRIB(2),I)
» c
o c A VALUE OF O INDICATES A LOGICAL ERROR WITHIN THE PROGRAM
3 : :
- IF (ATRIB(12).EQ.0) THEN |
2 ATRIB(12) = 10 :
CALL ERROR(I)
‘ ENDIF
Q C
: c DETERMINE LENGTH OF NEXT LEG FOR C-130S
f c e
Box c
ATRIB(4) = LENGTH(ATRIB(2),1)
. C
2 c A VALUE OF O INDICATES A LOGICAL ERROR WITHIN THE PROGRAM
J C
- IF (ATRIB(4).EQ.0) THEN
-, ATRIB(12) = 20
" CALL ERROR(I)
" ENDIF
<
A ATRIB(4) = ATRIB(4) X RNORM(1.0,0.02,2)
: c
)¢ c DETERMINE IF THE CREW STAGES AT THIS LOCATION
) c mmmmmee— e e --
[ N C
- TF (STAGE(ATRIB(2),1).EQ.1) THEN
- ATRIB(14) = TNOW
- ENDIF
1) N C
B RETURN
3% ¢
2,
-
e
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EVENT 3 - AT CYXX

FIRST ASSIGN AN EXPECTED FLYING TIME
FOR THE STRAT AIRLIFTERS

WA NNANAANNAN

IF (ATRIB(7).ER.2) THEN
ATRIB(4) = 7.9 + UNFRM(0.0,2.0,1)

RETURN
ENDIF
Cc
IF (ATRIB(7).EQ.3) THEN
ATRIB(4) = 8.9 + UNFRM(0.0,2.0,1)
RETURN
ENDIF
[
c DETERMINE NEW DESTINATION FOR C-130
c e mmem e ————— - —— —————
[
ATRIB(12) = DEST(ATRIB(2),I)
[
[ A VALUE OF O INDICATES A LOGICAL ERROR WITHIN THE PROGRAM
[
IF (ATRIB(12).EQR.0) THEN
ATRIB(12) = 10
CALL ERROR(I)
ENDIF
C
c DETERMINE LENGTH OF MEXT LEG FOR C-130S
c —_— —— - —————
C
ATRIB(4) = LENGTH(ATRIB(2),I)
C |
c A VALUE 0OF O INDICATES A LOGICAL ERROR WITHIN THE PROGRAM -
IF (ATRIB(4).5EQ.0) THEN |
ATRIB(12) = 20
CALL ERROR(I)
ENDIF
C
ATRIB(4) = ATRIB(4) ¥ RNORM(1.0,0.02,2)
C
c DETERMINE IF THE CREW STAGES AT THIS LOCATION
c —————————————— -——
c

IF (STAGE(ATRIB(2),I).EQ.1) THEN
ATRIB(14) = TNOW
ENDIF

RETURN
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IF (STAGE(ATRIB(2),1).EQ.1) THEN
ATRIB(14) = TNOW
ENDIF i

Rad il A ac Lot a3 Aaf b Al Jbis daledi abh abd ohd nif ala Ans St Al Ad b d A Bk dol dbl Sal Sak Lol Al had o DA R e i et SR R A A A |
=
c EVENT 4 - AT BIXX
C =
c
c FIRST ASSIGN AN EXPECTED FLYING TIME
c FOR THE STRAT AIRLIFTERS
[
4 IF (ATRIB(7).EQ.2) THEN
ATRIB(4) = 3.3 + UNFRM(0.0,2.0,1)
RETURN
" ENDIF
C
IF (ATRIB(7).EQ.3) THEN
ATRIB(4) = 4.5 + UNFRM(0.0,2.0,1)
RETURN
ENDIF
=
c DETERMINE NEW DESTINATION FOR C-120
C e dm e e e
c
ATRIB(12) = DEST(ATRIB(2),1)
C
c A VALUE OF O INDICATES A LOGICAL ERRCR WITHIN THE PROGRAM
C
IF (ATRIB(12).EQ.0) THEN
ATRIB(12) = 10
CALL ERROR(I)
ENDIF
C
C DETERMINE LENGTH OF NEXT LEG FOR C-130S
c R G eyt DD G e ———— -
C
ATRIB(4) = LENGTH(ATRIB(2),1)
[
C A VALUE OF O INDICATES A LOGICAL ERROR WITHIN THE PROGRAM
C
IF (ATRIB(4).EQ.Q) THEN
ATRIB(12) = 20
CALL ERROR(I)
ENDIF
ATRIB(4) = ATRIB(4) X RNORM(1.0,0.02,2)
c |
C DETERMINE IF THE CREW STAGES AT THIS LOCATION
cC @ mem——emeemema am —=- - |
c 1
1
|

RETURN
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EVENT S - AT LPXX

FIRST ASSIGN AN EXPECTED FLYING TIME
FOR THE STRAT AIRLIFTERS

NN NnnaA

IF (ATRIB(7).EQ.2) THEN
ATRIB(4) = 11.0 + UNFRM(0.0,2.0, 1)
RETURN
ENDIF

oy

IF (ATRIB(7).EQ.3) THEN
ATRIB(4) = 11.0 + UNFRM(0.0,2.0,1)
RETURN
ENDIF

DETERMINE NEW DESTINATION FOR C-130

—— et et s . T . D D i

NoOoANnAN

ATRIB(12) = DEST(ATRIB(2).D)

A VALUE OF O INDICATES A LOGICAL ERROR WITHIN THE PROGRAM

NN N

IF (ATRIB(12).EQ.0) THEN
ATRIB(12) = 10
CALL ERROR(I)
ENDIF

DETERMINE LENGTH OF NEXT LEG FOR C-130S

N NN N

ATRIB(4) = LENGTH(ATRIB(2),I)

NN

A YALUE OF O INDICATES A LOGICAL ERROR WITHIN THE PRCGRAM

(2}

IF (ATRIB(4).EQ.0) THEN
ATRIB(12) = 20
CALL ERRORC(I)
ENDIF

ATRIB(4) = ATRIB(4) % RNORM(1.0,0.02,2)

DETERMINE IF THE CREW STAGES AT THIS LOCATION

————— et e ————— o —————— - - - —— ————

N A AN

IF (STAGE(ATRIB(2),I).EQ.1) THEN
ATRIB(14) = TNOW
ENDIF

RETURN



T

AR

R

a2 x s a A

X n A s .m & W]

!

%

N

¥,

4

L add 24 _aa- macol o oo A= A Aad laf hal Sal Sed shel Asd Aol s fed Aol A Red Bek ek Al dod Sl Bl Sl S ok 2 bl A A AR A

nANANAAADN

NN NnN

0N

AN NN

A NN

O oN N

[a}

FIRST ASSIGN AN EXPECTED FLYING TIME
FOR THE STRAT AIRLIFTERE

IF (ATRIB(7).EQ.2) THEN
ATRIB(4) = 12.0 + UNFRM(0.0,2.0,1)
RETURN
ENDIF

IF (ATRIB(7).EQ.3) THEN
ATRIB(4) = 12.0 + UNFRM(0.0,2.0,1)
RETURN
ENDIF

DETERMINE NEW DESTINATION FOR C-130

———— s ot s e | ——— — ———— —— T ———

ATRIB(12) = DEST(ATRIB(2),I)
A VALUE OF O IMDICATES A LOGICAL ERROR WITHIN THE PRCSRAM
IF (ATRIB(12).EQ.0) THEN

ATRIB(12) = 10

CALL ERROR(I)

EMDIF

DETERMINE LENGTH OF NEXT LEG FOR C-120S

ATRIB(4) = LENGTH(ATRIB(2),I)
A VALUE OF O INDICATES A LOGICAL ERROR WITHIN THE PROGRAM
IF (ATRIB(4).ED.0) THEN
ATRIB(12) = 20
CALL ERROR(I)
ENDIF
ATRIB(4) = ATRIB(4) ¥ RNORM(1.0,0.02,2)

DETERMINE IF THE CREW STAGES AT THIS LOCATION

IF (STACC’ATPIB(&,.I).EQ.I) THEN
ATRIB(14) = TNOW
ENDIF

RETURN
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4.4

N
3'..
:: C SRR SR T T R RR S SSS T ST RE RS SIS SIS ST S S S S ST EE ==
- c EVENTS 7 - 8 WILL DETERMINE IF A CREW WILL EXCEED ITES cCecy
.. c DUTY DAY BY FLYING THE NEXT LEG OF ITS MISSION (AT BASES WHEPE
w c A STAGE IS NOT SCHEDULED). AN AUTCMATIC TWC HOUR EXTENSION OF DUTY
. c DAY IS ASSUMED OVER THE NORMAL 1€ HOUR DUTY DAY. A CREW THAT WILL
~ c EXCEED THE DUTY DAY BY MORE THAN TWO HMOURS IS PUT IMTH CREYW PECST
L c FOR 12 HOURS.
b c
e c CPENS ENTERING CREW REST ARE MARVED BY SETTIMG ATRIB(11) = 1, ‘
¢ = ==—=ssssoossSsSsSsssoo oSS ESSsSSSrSTsSooosoossmsss e mmssesss==—= i
C
o c == sE==s=sSscsSSTTsSTs
- c EVENT 7 - AT KNEX
» c  ========ss=======
¥ 7 ATRIB(11) = 0
C
& IF ((ATRIB(7).£0.2).0R. (ATRIB(7).EQ.3)) THEN
b RETURN
[ ENDIF
5 c
' c FOR AUGMENTED CREWS, THE DUTY DAY IS LONGEP
[
b IF (ATRIB(2).ED.3) THEN
v CALL LONG
- c mem—— e
2 RETURN
' ENDIF
c
IF ((TNOW - ATRIB(14) + ATRIB(4) + .5).GT.18) THEN
. ATRIB(11) = 1
- ATRIB(14) = TNOW + 12
. XXC(ATRIB(2)+31) = XX(ATRIB(2)+31) + 1
' ENDIF
o RETURN
o, [t
:: c SeS==S==sssSsSsSsSStSSSsSSSosssS
b C EVENT 8 - AT ALL OTHER BASES
y - C ==
. C
tﬁ 8 ATRIB(11) = O
~ C
- IF ((ATRIB(7).EQ.2).0R. (ATRIB(7).EQ.2)) THEN
. RETURN
3 ENDIF
g c
. IF ((TNOW - ATRIB(14) + ATRIB(4) + .5).GT.18) THEN
W ATRIB(14) = TNOW + 13
™ ATRIB(11) = 1
s XX(ATRIB(2)+31) = XX(ATRIB(2)+31) + 1
o) ENDIF

RETURN

o =
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b,
[ 9
9 RETURN
10 RETURN
c
c ========
c EVENT 11
c 1+t
C
C EVENT 11 WRITES INTD AN OUTPUT FILE THE TIME THAT
c THE 1Sth AIRCRAFT OF EVERY C-130 SOUADRON ARRIVES
C AT ITS BEDDOWM BASE
C ALSO WRITES THE TIME 0OF ARRIVAL FOR THE 280TU C-120
C
11 XX(46) = YX{(4€)+1
Cc IF (XX (ATRIB(2)+6).EQ.15) THEM
C WRITE (10,%) NNRUN,' '  ATRIB(2Z),? v, TNOW
c ENDIF

[n}

IF (XX(46).EQ.380) THEN

WRITE (10,%) NNRUN, XX(4€),
1’ C-130S HAVE CLOSED AT TIME !, TNOW
XX(99) = TNOW

ENDIF
C
RETURN
C
c R
c EVENTS 12 - 16
e amemm=
[
c EVENTS 12 - 16 WILL COLLECT OUTPUT STATISTICS ON THE NUMBER
c STRAT AIRLIFTERS TAKING OFF LATE AT THE ENROUTE BASES
C
C ==|====
c EVENT 12
[ B
.
12 IF (ATRIB(7).EQ.2) THEN
IF (ATRIB(11).LE.2.5) THEM
XX€47) = XX(47) + 1
: ELSE
) YX(48) = XX(48) + 1
. ENDIF
v ENDIF
- c
- IF (ATRIB(7).EQ.3) THEN
IF (ATRIB(11).LE.3.5) THEN
o XX(49) = XX(49) + 1
3 ELSE
~ XX(50) = XX(50) + 1
" ENDIF
ENDIF

3 RETURN




MWW W -~ C gl Y W W wrL W e T H W T W ET N T

¥}
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b : c EE -
- c EVENT 13
: N C ========
C
) 13 IF (ATRIB(7).EQ.2) THEN
- IF (ATRIB(11).LE.2.5) THEN
v XX(51) = XX(51) + 1
- ELSE
= XX(52) = XX(52) + 1
ENDIF
b ENDIF
+, < c
y IF (ATRIB(7).EQ.2) THEN
- IF (ATRIB(11).LE.3.5) THEN
¥ XX(S3) = XX(52) + 1
ELSE
S XX(54) = XX{54) + 1
. ENDIF
4 ENDIF
) C
. RETURN
.. ':
) 1% c =—=====T=
- c EVENT 14
1. c —
o c
y c
14 IF (ATRIB(7).ED.2) THEM
IF (ATRIB(11).LE.2.5) THEN
i XX(55) = XX(55) + 1
’ ELSE
A XX(56) = XX(56) + 1
{ ENDIF
. ENDIF
C
N IF (ATRIB(7).EQ.3) THEN
X IF (ATRIB(11).LE.3.5) THEM
N XX(S57) = ¥X(57) + 1
K. ELSE
XX(EB) = XX(SB) + 1
ENDIF
: ENDIF
C RETURN
> [
[}
. [
- c

|'t‘l. . 1 9
AN DDA NN
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0 NN

5 IF (ATRIB(7).EQ.2) THEN
IF (ATRIB(11).LE.2.5) THEN
XX(52) = XX(359) + 1

ELSE
XX(60) = XX{(60) + 1
ENDIF
ENDIF
C
IF (ATRIB(7).EQ.3) THEN
IF (ATRIB(11).LE.3.5) THEN
XX(61) = XX(61) + 1
ELSE
XX(62) = XX(62) + 1
ENDIF
ENDIF
C
RETURN
c
C S=======
C EVENT 16
C 3
c
16 IF (ATRIB/7)>.EQ.2) THEN

IF (ATRIB(11).LE.2.5) THEN
XX(63) = XX(63) + 1

< WLUWSTNdN Ny

ELSE
YY(E4)Y = XX(E4) + 1
ENDIF
ENDIF
g
I (ATRIB(7Y.E2.3) THEN
IF (ATRIB(11).LE.3.5) THEN
XX(63) = XX(65) + 1
ELSE
XX(66) = XX(66) + 1
ENDIF
ENDIF
C
RETURN
END
C
C
el
[
C
[
C
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SUBROUTINE LONG

SUBROUTINE LONG
COMMON/SCOM1/ATRIB(100),DD(100),DDL (100), DTNOW, I1,MFA, MSTOP, NCLNR
1,NCRDR, NPRNT, NNRUN, NNSET, NTAPE, SS(100),SSL (100), TNEXT, TNOYW, XX (1702

ATRIB(11) =0

IF ((ATRIB(7).ERQ.2).0R. (ATRIB(7).EQ.3)) THEN
RETURN
ENDIF

IF ((TNOW - ATRIB(14) + ATRIB(4) + .5).GT7.20) THEN
ATRIB(14) = TNOW + 13
ATRIB(11) = 1
XX(ATRIB(2)+31) = XX(ATRIB(2)+31) + 1
ENDIF

RETURN

END

SUBROUTINE ERROR

SUBROUTINE ERRCR(I)
COMMON/SCOM1 /ATRIB(100),DD(100),DDL(100) , DTNOWK, IT, MFA, MSTOP  NCLNP
1,NCRDR, NPRNT , NNRUN, NNSET , NTAPE, S5(100), SSL (109), TNEXT, TNOW, YX (100D

INTEGER I

DATA LISTED IN THE PROPER POSITIONS. (AN ATTEMPT TO READ A
ZERO INDICATES THAT THE FILE IS IN ERROR.)

IF (ATRIB(12).EQ.10) THEN
PRINTX,’ THERE IS AN ERROR IN DATAFILE DEST.DAT’
PRINTY,'ATRIB(2) ', ATRIB(2),’ COLUMN 7,1
ENDIF
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I.‘.‘
B
;ﬁ; IF (ATRIB(12).EQ.20) THEN
=53 PRINTX,* THERE IS AN ERROR IN DATAFILE LENGTH.DAT’
; § PRINTX,’ATRIB(2) ',ATRIB(2),’ COLUMN ',!
ot ENDIF
c
) -
o MSTOP = -1
s C
- RETURN
:\:, ) C
s END
C
] K C
f\ ‘-.._ ———————————————
e c USERF FUNCTIONS
< =S===szzoooossss
ﬁ.:_ C
o) FUNCTICN USERF(T)
COMMON/SCOML/ATRIB(100),.DD4100),PDL(100) , DTNON, 11, MEA, MSTOP, NCLNR
e 1, NCRDR, NPRNT , NNRUN, NNSET, NTAPE, SS(100) , SSL (100), TNEXT, TNOW, XX (100)
. c
S REAL MINI,BIG, JUMBO
oy C
ol 50 TO 1,2,3,4,5.6,7,8,9,10,11,12,13,14,15), 1
i 2 g
' :j:- c
: ,.’: C s======
- c USERF 1
< D A it ies s
" < ===
4 c
- c calculate amount of fuel required
-.... c
O 1 IF (ATRIB(7).EQ.1.0) THEN
- USERF = MINI(I)
- ENDIF
: c
poe IF (ATRIB(7).ED.2.0) THEN
o USERF = BIG(D)
o ENDIF
ho- €
S9N IF (ATRIB(7).EQ.3.0) THEN
3N USERE = JUMBOCI)
S ENDIF
e c
i RETURN
.-:‘...' [
i C =  ===mscsoosesssosmsmmees
" c UNUSED USERF FUNCTIONS
k5 C = ====sm=scosoossszessses
o c
L 2 RETURN
Kt 3 RETURN
s 4 RETURN
. c
o C
"’
1x
‘-.
p: 143
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"
1 -; c s=mc=s==
F e c USERF 5
.$ c ==z=z===
z c
c TIME TO LAND AND CLEAR RUNWAY
" C
‘i 5 USERF = 0.03333 + UNFRM(0.02,0.0333,2)
) C
¥ RETURN
C
at c _—===T==
B c USERF 6
." c _—=====
)
" [
v c TIME TC TAXI FROM THE RUNWAY TO THE RAMP
C
. 6 USERF = RNORM((0.05.0.0,2) + ERLNG(0.05,2.0,2?
[
- IF (USERF.LE.0.05) THEN
Y USERF = 0.05
! ENDIF
k c
3 IF (USERF.GE.0.75S) THEN
r-. USERF = 0.755
3 ENDIF
~ k=
N RETURN
C
N ¢ .
N c UNUSED USERF FUNCTIONS
- C SEEEEERESTEEEETEREEIEER
. c
. c (7 - 10
C
g 7 RETURN
5 8 RETURN
L, 9 RETURN
N 10 RETURN
N c
[ =+ -+ -1
Y c USERF 11
.q c gt 3
. c
- C maintenance time - ¥NEX
* C
. 11 IF (ATRIB(7).EQ.3) THEN
= USERF = RLOGN(3.409,3.408, 1)
- ELS
- USERF = RLOGN(2.825,4.04.1)
. ENDIF
< RETURN
4 [
" C
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maintenance time - CYXYX

NN

[ ]

IF (ATRIB(7).EQ.3) THEN
USERF = RLOGN(3.409,3.408, 1
ELSE
USERF = RLOGN(3.825,4.04,1)
ENDIF

RETURN

maintenance time — BIXYX

0O NN NN

W

IF (ATRIB(7).EQ.3) THEN
USERF = RLOGN(3.409,3.408, 1)
ELSE
USERF = RLOGN(3.825,4.04,1)
ENDIF

RETURN

]

NN NN
|
1]
i
|
|

maintenance time - LPXX

R}

4 IF (ATRIB(7).EQ.3) THEM
USERF = RLOGN(3.409,32.408, 1)
ELSE
USERF = RLOGN(3.825.4.04,1)
ENDIF
RETURN

maintenance time — LEXX

NN AN NN
|
I

[}

IF (ATRIB(7).EQ.3) THEN
USERF = RLOGN(3.409,3.408, 1)
ELSsE
USERF = RLOGN(3.825,4.04,1)
ENDIF

RETURN

(a]

END
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FUNCTION MINI

REAL FUNCTION MINICI)
COMMON/SCOM1 /ATRIB(100),DD(100),DDL (100) ,DTNOW, 11, MFA . MSTOP, NCLNR
1, NCRDR, NPRNT , NNRUN, NNSET, NTAPE, SS(100),8SL (100) , TNEXT., TNOW, XX (1202

INTEGER I

fuel for a C-120

e memen = ———

FUEL=4800.0%ATRIB(4.0)

IF (ATRIB(4).G7.3.0) THEN
FUEL = 14400.0 + 4000.0%(ATRIB(4)-3.0)
ENDIF

IF (ATRIB(4).GT.6.0) THEN
FUEL = 26400.0 + 3900.0%(ATRIB(4)-6.0)
ENDIF

MINI = FUEL
RETURN

END

REAL FUNCTION BIGC(D)
COMMON/SCOM1 /ATRIB(100),DD(100),DDL (100>, DTNOW, I1,MFA, METOP, MCLNR
1, NCRDR, NPRNT , NMRUN, NNSET, NTAPE, SS5(100),SSL (100), TNEXT, TNOW, XX 1D9)

INTEGER I

fuel for a C-141

FUEL=15000.0¥ATRIB(4)

IF (ATRIB(4).GT.3.0) THEN
FUEL = 45000.0 + 12500.0%(ATRIB(4)-3.0)
ENDIF

IF (ATRIB(4).GT.6.0) THEN
FUEL = 82500.0 + 12000.0%(ATRIB(4)~6.0)
ENDIF
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BIG = FUEL

b c
) RETURN
A c
c END |
» c j
e, C = ‘
: c FUNCTION JUMBO (
> c.  EsmETEEsE=sTE=
: |
) REAL FUNCTION JUMBQ(I)
0 COMMON/SCCM1/ATRIB(100),DD(100), DDL (100, DTNOW, 11, MFA, MSTOP, NCLM®
: 1, NCRDR, NPRNT, NNRUN, NNSET, NTAPE, SS(100), SSL (100) , TNEXT, TNOW, XX (100)
C
b INTEGER I
C
c fuel for a C-5
. C ———twan etan - ames s
‘ »
C
\ FUEL=29000.0%ATRID(4)
) c
k IF (ATRIB(4).GT.3.0) THEN
¢ FUEL = 87000.0 + 20500.0%(ATRIB(4)-3.0)
b2 ENDIF
4
"y C
) IF (ATRIB(4).6T.6.0) THEN
b FUEL = 148500.0 + 19500.0%(ATRIB(4)-6.0)
A ENDIF
R C
‘ JUMBO = FUEL
\ C
RETURN
<
END
® [
¢ i
. ' = - e e e T e - e ——— !
~E c ALLOC SUBROUTINE
C
c THIS SUBRCUTINE WILL ALLOCATE PIT AMD TRUCK PESOURCES
. c AT ALL BASES.
: c
3 c PITS WILL BE USED FIRST, WHEN AVAILABLE. BECAUSE THEY APE
c FASTER.
>
‘ c WHEN TRUCKS ARE USED, C-SS WILL USE TWO TRUCKS (IF AVALIABLE:
K c TO SPEED REFUELING. ALL OTHER AIRCRAFT WILL USE ONLY ONE
C TRUCK.
. C = smss====sossss=csooosss=sooossossoooossosooEsTs = —r ez e
; c
1 ¢
' C
[

f «
i «
.
a
«
.

, ]
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SUBROUTINE ALLOC(I, IFLAG)
COMMON/SCOMI/ATRIE(102),DD(100CY,DDL (100),DTMOW, 11, MFA, MSTOP, NCLNR
1, NCRDR, NPRNT , NNRUN, NNSET ,NTAPE, SS(100), SSL (100), TNEXT, TNOW, XX 7 100)
IFLAG = O

GO 1O (1,2,3,4,5),1

ALLOC 1 - AT KNEX

IF (NNRSC(3).LE.O0) THEN
RETURN
ENDIF

IF (NNRSC(2).GE.1) THEN
CALL SEIZE(3, 1)
ATRIB(9)=25/60
IF (ATRIB(13).GT.32000) THEN
ATRIB(9) = (-17.5 + 1.25¥ATRIB(12>/1000)/€0
EMDIF
ATRIB(11)
IFLAG = 1
ATRIB(15)
RETURN
ENDIF

3

1

RETURN

ALLOC(2) - AT CYXX

IF ((NNRSC(6).LE.O).AND. (NNRSC(7).LE.0)) THEN
RETURN
ENDIF

IF (NNRSC(6).GE.1) THEN
CALL SEIZE (6,1)

ATRIB(9) = (15.3 + 0.349¥ATRIB(13)/1000)/60
ATRIB(11) = 6

IFLAG = 1
ATRIB(15) =1
RETUELN

ENDIF
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B IF (NNRSC(7).GE.1) THEN
o CALL SEIZE (7.1)
b ATRIB(9) = 25/60
K IF (ATRIR(12).GT.22000.0) THEM
‘ ATRIB(9) = (-17.5 + 1.25%ATRIB(13)/1000)/€0 i
'\ ENDIF ;
> ATRIR(11) = 7
L IFLAG = 1
- ) ATRIB(1S) = 1
b RETURM
. ENDIF
i -
o ] RETURN
. C
f [ sommommooTss
c ALLOC 3 - AT BIXX
C p—
= c
> 3 IF (NNRSC(10).LE.0) THEN
N RETURN
> ENDIF
b c
3 IF (NNRSC(10).GE.1) THEN
. CALL SEIZE(10,1)
‘- ATRIB(9)=25/60
T IF (ATRIB(12).GT.32000) THEM
‘ ATRIB(9) = (-17.5 + 1.25¥ATRIB{12)/1000)/€EC
ENDIF
, ATRIB(11) = 10
v IFLAG = 1
Ty ATRIB(1S) = 1
N RETURN
e ENDIF
c
- RETURN
(. c
:- c ===s=ceaes
*5 c ALLOC(4) - AT LPXX
* = TEEsEESsEEES
(=
b 4 IF ((NNRSC(13).LE.O).AND. (NNRSC(14).LE.0)) THEN
- RETURN
- ENDIF
o c
- IF (NNRSC(13).GE.1) THEN
- CALL SEIZE (13,1)
. ATRIB(9) = (15.3 + 0.349%ATRIB(13)/1000) /€0
W ATRIB(11) = 13
i IFLAG = 1
5 ATRIB(1S) = 1
Ky RETURN
- ENDIF
:.- c
b
)
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) IF (NNRSC(14).GE.1) THEN
~ CALL SEIZE (14,1)
ATRIB(9) = 25/60
IF (ATRIB(13).GT.32000.0) THEN
ATRIB(9) = (-17.35 + 1.25%ATRIB(13)/1000)/60

- ENDIF
N ATRIB(11) = 14
S IFLAG = 1
\ ATRIB(15) = 1
' RETLDON
ENDIF
~, c
2 RETURN
* C
3 € = =========c=s=ssow=
‘ C ALLOC(S) - AT LEXX
c
C
Y 5 IF ((NNRSC(17).LE.0).AND. (NNRSC(18).LE.0)) THEN
N RETURN
q ENDIF
K [
u IF (NNRSC(17).GE.1) THEN
R CALL SEIZE (17,1)
- ATRIB(9) = (15.3 + 0.349%ATRIB(13)/1000) /60
2 ATRIB(11) = 17
J IFLAG = 1
ATRIB(1S) = 1
F RETURN
y ENDIF
' c
y IF (NNRSC(18).GE.1) THEN
CALL SEIZE (18,1)
ATRID(9) = 25/£0
y IF (ATRIB(13).GT.32000.0) THEN
. ATRIB(9) = (-17.5 + 1.25%ATRIR(12)/1000) /€0
: ENDIF
;- ATRIB(11) = 18
L IFLAG = 1
ATRIB(15) = 1
RETURN
- ENDIF
: c
- RETURN
Cc
END
[
C
C
[
. C
) c
L)
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OUTPUT SUBROUTINE

aon N 0O

SUBROUTINE OTPUT
COMMON/SCOM1/ATRIB(100),DD(100),DPL (100, DTNOW, I1,MEA, MSTOD NCLME
1,NCRDR, NPRNT, NNRUN, NNSET, NTAPE, SS(100),SSL (100), TNEXT. TNOW, XX 7 1D0)

lw]

INTEGER RUN,RATE, FIRST,ROUTE, FUEL

O

WRITE (10,%) NNRUN,’ C-141 ON TIME AT KNEX  ’.XX(47)
WRITE (10,%) NNRUN,’ C-141 LATE AT KNEX 7, XX(48)
. WRITE (10.%) NNRUN,’ C-5 ON TIME AT KNEX 7L XX (49)
WRITE (10,%) NNRUN,’ C-S LATE AT KNEX ’,XX(50)
WRITE (10,¥) NNRUN,’ C-141 ON TIME AT CYXX '’ ¥¥(S1)
WRITE (10,%) NNRUN,’ C-141 LATE AT CYXX ’,XX(52}
WRITE (10,%) NMRUN,” C-S ON TIME AT CYYX P, XY (52D
WRITE (10,%) NNRUN,' C-5 LATE AT CYXX ’,XX(54)
WRITE (10,%) NNRUN,’ C-141 ON TIME AT BIXX  *,XX(55)
WRITE (10,%) NNRUN,’ C-141 LATE AT BIXX ", XX(S6)
WRITE (10,%) NNRUN,’ C-5 ON TIME AT BIXYX ", XX(57}
WRITE (10,%) NNRUN,’ C-S LATE AT BIXX 7, XX(58)
WRITE (10,%) MNRUN,” C-141 ON TIME AT LPXX  ’,XX(59)
WRITE (10,%) NNRUN,’ C-141 LATE AT LPXX "y XX (60)
WRITE (10,%) NNRUN,’ C-5 ON TIME AT LPXX * L XX(51)
WRITE (10,%) NNRUN,’ C-5 LATE AT LPXX ", XX(62)
WRITE (10,%) NNRUN,’ C-141 ON TIME AT LEXX  '.XX(ED)
WRITE (10,%) NNRUN,’ C-141 LATE AT LEXX 7, XX(64)
WRITE (10,%) NNRUN,’ C-5 ON TIME AT LEXX 7, XX(65)
WRITE (10,%) NNRUN,’ C-S LATE AT LEXX 7, XX(66)
C
BOT = 0
DO 10 I = 1,20
BOT = BOT + XX(46+D)
10 CONTINUE
c
TOP =
DO 20 I =1,10
TOP = TOP + XX(45+2%I)
20 CONTINUE
c
c WRITE (10.%) * ¢
WRITE (10,%) NNRUM,’ OVERALL DEPARTURE PELIABILITY ',
1TOP/BOT
XX(98) = TOP/BOT
c
. TOP =
DO 201 =1,5
3 TOP = TOP + XX(43+4%D)
Bt 30  CONTINUE
A Cc
c

XA
(a]

ga 151
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DR N oy

BOT =0
DO 401 = 1,5

BOT = BOT + XX{42+4¥I} + XX(42+4¥I+1)
CONTINUE

WRITE (10,%) ! '

WRITE (10.%) NNRUN,’ OVERALL C-141 DEPARTURE PELIABILITY .
1TOP/BOT

TOP =
posor-=1t,5

TOP = TOP + XX(45+4%1)
CONT INUE

BOT =
Do6ed I =1,5

BOT = BOT + XX (45+4%I) + XX(45+4¥I+1)
CONTINUE

WRITE (10,%) * '
WRITE (10,%) NNRUN,’ QVERALL C-5 DEPARTURE PELIARILITY '.
1TOP/BOT

RUM=2
RATE=1
FIRST=1
ROUTE=2
FUEL=1

WRITE (50,100) RUN,RATE,FIRST,RCUTE, FUEL, NNRLUN, XX(392), XX (20) |
FORMAT (1X,I2,1X,11,1X,11,1X,I1,1X,11,1X,12,1X,F6.2,1X,FE.4) i
RETURN

END
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