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Abstract

This research develops a method for measuring schedule effectiveness by deter-
mining the amounts of enroute cargo delay caused by a given aircraft mission sched-
ule. The method is designed to generate information which helps identity flights
for which different scheduling might decrease overall cargo delay in the entire net-
work, given that all non-scheduling factors are held constant. T'he research nses a

simplified twelve-airport cargo ronte network 1o test the methodology.




A METHOD FOR DETERMINING
SCHEDULE DELAY INFORMATION IN A
CHANNEL CARGO ROUTE NETWORK SCHEDULE

1. Introduction

Background

The Military Airlift Command (MAC) of the United States Air Force delivers
air cargo between various locations throughout the world. To accomplish this mis-
<don. MAC attempts to use available aircraft and personnel in the best way possible.
Using information abont flight times and historical demand for cargo shipment be-
tween locations, a standard route structure for cargo flights has been established.
This ronte structure is referred to as the channel cargo route system. This structure
allows for direct shipment between heavy-demand destinations and for transshipment
throngh warchouse airports between light-demand destinations. Unfortnnately. sim-
phv flving constant numbers of missions over the same routes from month to month

mav not always vield the best allocation of critical flight resources,

For fiscal vear 1989, MAC delivered 320,000 tons of cargo over 930 channels
connecting 87 conntries at a cost of $720 mitlion (20011 20). Tor the Furopean

theater Jannary 1991 operations. MAC flew 266 flights on 55 separate missions to
deliver 10,000 tons of cargo (15).

Becanse the amonnt of cargo tonnage shipped hetween different locations
thronghout the world varies every month, the process of determining which routes

shonld he used. and how many missions to flv on each route. must be re-accomplished




every month, MAC must be concerned not only with the effective utilization of avail-
able phyvsical resonrces (e.g money needed to pay for aircraft fuel and availability

of airerew personnel). but also with its ability to deliver cargo in a timely manner.

Fhe othice of Foree Structure Analvsis at Headquarters MAC (HQ MAC/XPYR)
is tasked to determine which, and how many, missions must be flown every month
to deliver the forecasted cargo demands. Analysts at HQG MAC/XPYR developed
a computer model of this channel cargo route system. which is used to simplify the
process of determining efective plans to utilize the available flving resources. The
complexity of the computer model has increased over time as the need has arisen for

it to incorporate more concerns of the real system.

lerminology

The topie of this rescarch refers to various terms for which explicit definitions

may help reduce ambignity,

The term channel just mentioned simply refers to “a pair of bases between
which MAC must fiy either to deliver cargo or to satisfyv a frequency of visit. e.e..
an embassv, requirement” (1), In other words, a channel refers to a two-location
set for which MAC provides (not necessarily direct) delivery service on a regularly

scheduled bHasis.

The verh stop refers to the act of arriving at an airport. For instance. an
airplane might leave one airport and stop at another airport before returning to the
honte base. As a noun. stop refers to the physical place stopped at.

An aireraft’'s home base is the airport where the aireraft is normally honsed
when not flving. Nirevatt normally begin and end trips from these locations hecanse
of the availability of maimtenance facilities, aircrews. o i so forth.

A route ix a deseription of an aireraft’s entire jonrney from departure ot the

home base nntil return to the home base. One typical route might inclnde departing




from Dover, flying across the Atlantic Ocean, stopping at Ramstein, flying back over

the ocean, and returning to Dover.

A leg refers to the travel between two points. In the Dover to Ramstein
example, the travel from Dover to Ramstein is the first leg, while the return travel

is the second leg.
The term mission associates a specific route with a specific type of aircraft.

A flight refers to one aircraft flying a mission at a specific point in time. For
example, in a given month a particular mission might have to be flown fifteen times

Each one of the fifteen requirements would be a flight.

An airplane is usually referred to by tail number. A specific tail number
may or may not be associated with specific missions. One tail number will most

likely be used for multiple flights during a month.

Current Procedure

The process MAC uses for determining which missions to fly for each month
is essentially a two-stage process as depicted in Figure 1.1. The solid lines show the
inajor relationship between the two stages, while the dotted lines indicate where
information. other than the missions chosen, is shared within the model. HQ
MAC/XPYR must re-accomplish this two-stage process every month, to determine

how to deliver the forecasted cargo demand (15).

In Stage 1. the cargo forecasts, along with the set of possible routes in the MAC
svstem and a database of other information (e.g., flight times between locations. ter-
minal storage capacities, crew rest requirements), are used in the formulation of a
finear integer program. Because of the problem’s large size, the integrality require-
ment is relaxed to permit solution through linear programming. The objective of
this linear programming relaxation is to minimize the costs of operating the system.

sibject to the restriction that all cargo be delivered (15). In other words. the mission
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set chosen should provide enough scrvice between all cargo origin-destination (O-D)

airports to deliver the forecasted cargo (6).

The results of Stage 1 are known to be approximations, since the linear pro-
gramming results must be integerized to allow HQ MAC to tell the subordinate
operational units how many complete missions must be flown (15). Even though
HQ MAC/XPYR does not schedule the actual missions, they must ensure the mis-
sion set provided to the operational units can comply with the “Uniform Materiel
Movement Issue Priority System (UMMIPS) standards” (19:ii1). To ensure compli-
ance with the UMMIPS standards, Stage 2 of HQ MAC/XPYR’s process verifies the

mission set’s ability to deliver the estimated cargo in a timely manner.

As can be seen in Figure 1.1, a schedule of aircraft activity must be created for
use in Stage 2 to simulate the actual operations. This schedule might have significant
impact on the results obtained from 5tage 2. For example, if a bad schedule were
created and input into Stage 2. a lack of adherence to the UMMIPS standards might
result from the schedule itself — leaving no way to determine whether the mission
set is any good. On the other hand, if a good schedule is used for input. the Stage 2
results should not be biased by the schedule — allowing determination of the chosen

mission set’s ability to adhere to the UMMIPS standards (6).

This verification stage. shown as Stage 2 in Figure 1.1, provides a measure
cf the delay encountered by cargo being shipped through the MAC network. as
expressed i arerage delay por cargo ton shipped between each O-D pair. This delav
measurement forms the basis for checking how well the chosen mission set provides

timely delivery serviee for the forecasted cargo demand.

Problem Discussion

Simply pat. HQ MAC/XPYR's current mission set. evaluation process can
suffer from the old adage “garbage in. garbage out.” No method currently exists to

determine whether a given schedule would be “garbage™ or not. Since the results

15




of the entire model depend upon the schedule, the schedule impacts the validity of

Stage 2’s results.

For this reason, HQ MAC/XPYR's interests lie in finding a way to evaluate
mission schedules, once the other cost factors (i.e., which and how many flights
to fly on which routes, us'ng which type of available aircraft resources) have been
minimized in Stage 1. HQ MAC/XPYR wants development of some procedure which
would produce better schedules for use in the simulation portion of the model for

timeliness evaluation purposes.

To perform this schedule evaluation, a determination must be made about
how to differentiate good schedules from bad schedules. Therefore, the issue focuses
on the determination of what information is required for evaluating one schedule
against another. Iiven though the verification stage measures delay, questions persist
about the definition of delay, the way to measure delay, and the factors which cause
delay. Resolution of these questions might provide a way to evaluate schedules
and ultimately produce better schedules for input to Stage 2 of HQ MAC/XPYR’s

process.

The MAC channel cargo system is an extremely large and complex network.
MAC operates hundreds of aircargo terminals throughout the world, with literally
hundreds of thousands of potential routes. The issues raised in the preceding para-
graphs concerning how to measure delay and how to find the time-dependent aspects
of a mission schedule where potential exists for delay reduction are just as important

for less complicated route systems.

Purpose of the Research

MACs current mission-determining process does not provide information in
terms of enroute delay for determining whether a given schedule is better than other
possible schedules. This research nses a simplified route network to develop a method

for measuring schedule effectiveness by determining the amounts of enroute cargo

1-6




delay caused by a given mission schedule. This method, if used, generates informa-
tion which helps identify flights for which different scheduling might decrease overall
cargo delay in the entire network, given that all non-scheduling factors are held

constant.

To accomplish the purpose of this research, the information generated by the

methodology must fulfill two existing needs.

1. The need to know the travel history of cvery piece of cargo while traveling
through a network, including the pickup and dropoff times at each stop, as

well as which flights the cargo travelled on.

(S

. The need to know amounts and types of cargo on every flight leg. This in-
formation might help identify sensitivity of the system to potential changes or

schedule fluctuation.

Overview of Subsequent Chapters

Chapter 11 provides highlights of current literature applicable to the area of
routing and scheduling. The review focuses on problenms associated with the evalu-

ation of delay experienced by cargo while being shipped through a route network.

The method outlined for addressing the problem is explained in Chapter 111.
The beginning of the chapter describes the inherent assumptions allowing the method
to focus specifically on the aspects of a route system dependent on the flight times
of a schedule. The chapter includes a description of the procedures used to obtain
the desired information about delay caused by a given monthly mission schedule. Fi-
nally, the chapter describes the similarities and differences of the proposed informa-
tion gathering method and the procedure utilized within MA(s Stage 2 simulation

progirairi.

(‘hapter TV describes the sample route system developed for testing the pro-

posed method, and the differences between this system and the larger MAC route
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network. T'he results of applying the proposed methodology to the sample route sys-
tem are discussed in this chapter. Specific attention emphasizes how the information

obtained might be used to improve a mission flight schedule.

Finally, Chapter V provides the researcher’s conclusions about the issues ad-

dressed in the study and recommendations for further research and improvement.




Il. Literature Review

This chapter reviews literature applicable to the research problem, focusing on

methods for obtaining information useful for measuring schedule effectiveness.

The Importance of Routing and Scheduling

Scheduling and routing problems have caused great concern for a long time.
Casar had to decide in what order to schedule the conquering of various regions.
Marco Polo had to figure out a route to China. In essence. these two historical

figures accomplished tasks that are still done today. Research focuses now

not just on how to select routes and make schedules, but also on how to ac-

complish these functions more effectively and efficiently.

Solomon and Desrosiers provide the following reasons for the need to develop

methods for solving routing and scheduling problems in today’s environment:

The effective and efficient management of the distribution of goods
or services is becoming increasingly important in both the private and
public sectors. A very important segment of many distribution and trans-
portation system costs is associated with the ronting and scheduling of
vehicles.

Due to the intrinsic complexity of distribution problems involving
routing components, the use of mathematical-programming-based models
and algorithms is needed when analyzing and solving such problems to
permit the realization of cost reduction or profit improvement. (21:1)

With hundreds of flights providing cargo delivery service to hundreds of airports
throughout the world every month, MA(C’s system is certainly a very important
public sector distribution system. Finding more effective and efficient techniques for
managing these activities has the potential to reduce public outlays and increase

customer satisfaction.




Historically, schedulers repeatedly performed this important, difficult, and of-
ten time-consuming, mental and manual task. HQ MAC/XPYR, for instance, must
go through the entire routing and scheduling process for its entire fleet every month.
The age has arrived when computers can assume the burden of accomplishing some
of the recurring process. The process still involves people, and computer methods

must ensure several competing needs of the process are met. Deal points out:

we found that any approach to this planning should involve the
development of a tool that would provide continuity in scheduling opera-
tions. delivering schedules at a level of quality equal to that exhibited by
those that had been manually produced, as well as a “package”for those
personnel newly assigned to this task. (3:373)

Researchers have found it difficult to establish all-encompassing mathematical
models for scheduling and routing because each problem has unique characteris-
tics.  Some specilic problems, such as “bulk-cargo ship scheduling” for the U. S.
Navy (12:27) and “internal audit scheduling”™ (10:267-272), convert to mathematical
form. Classes of problems exist, such as the “vehicle routing problem with slid-
ing time windows™ (11:213--220) or the “demand-responsive transportation system’
(14:630- 638), for which certain mathematical forms vield a solution. Notwithstand-
ine these research efforts. Bodin points to some problems: *In my opinion, many
of the problems described in literature oversimplify the ones that occur in practice”

(3:571).

The experience and research of many authors have resulted in solutions to
a number of different scheduling problems.  Bodin's caution. however. points to
the difficnlty of finding solution techniques for specific problems like the MAC
problem. [n fact, some research has becn concentrated simply to determine now to

measure schedule effectiveness.

g
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Measures of Effectiveness

Petersen and Taylor describe scheduliug problems as having two distinct parts:
“schedule evaluation” and “schedule selection” (17:175). An important aspect of
their description is a basis upon which to evaluate or measure schedule performance.
Just as a college professor uses a scale for assigning grades to student work, an
evaluation scale establishes the method for tying schedule evaluation to schedule
selection. This measure of schedule effectiveness must be directly tied to the objective

of the scheduling problem at hand.

The objective of a scheduling problem typically relates some measure of ef-
1ectiveness or efliciency to the performance achieved by ordering activities in some
particular sequence. This objective usually relates to two types of performance
measures. One type of measure focuses on the system’s ability to maximize use
of available delivery vehicles or to minimize the monetary cost of operating those
resources. The other type of measure focuses on the timeliness with which the mis-
sion of shipment delivery is accomplished (See (18:70) and (2:5)). Although related
to each other. focus on one type of performance measure (at the expense of the
other) can lead to significantly different solution approaches for the same scheduling

problem.

Many different interpretations of system usage or monetary cost exist. In
the “school-bus routing for program scheduling” problem, Bookbinder and Edwards
define cost as the distance required to accomplish all the busing required in the
schedule (5:79). Presumably, the distance traveled by the buses translates directly
into purchase, maintenance and fuel costs. They also note that other researchers
have nsed “the total number of vehicles reguired” (5:81) as the measure of monetary

cost.

Pritsker highlights severar ways for determining how well a system operates,
particularly through measures of throughput and resource utilization (18:70). Fur-

ther extension of this idea might include opportunity costs associated with choosing
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one set of activities or activity times when another set could have been chosen instead
(11:214). Performance measurements like these apply ideally where the problem ob-
jective relates to finding a schedule which uses available resources as much as possible

or expends the least amount of money to operate the system.

When the system performance measurement related to maximization of usage
or minimization of cost is not key, the performance measurement related to timeliness
can become more important. HQ MAC/XPYR’s scheduling problem is one where
probiem emphasis needs a measure focusing on this time dependence. The objectives
of their linear programming formulation are the minimization of expense and the
maximization in the use of available aivcraft (15). To minimize the delay caused
through flight scheduling, the focus must now address measurement of performance

with respect to timeliness (or customer satisfaction).

As with the HQ MAC/XPYR problem, researchers have addressed similar
scheduling problems using this different interpretation of the performance objective.
One researcher notes, “one of the basic measures of service level in air transportation
is schedule delay” (22:16). Cargo experiences this schedule delay either while flying
from airport to airport or while actually sitting on the ground somewhere waiting
for further transportation. Although commonly mentioned as important, researchers
have not adopted a universally-accepted measurement scale for identifving or eval-
nating this cargo delay. The literature is replete with ways to measure factors like
lateness, tardiness, and flowtime (2. 1. 18). Teodoric mentions that the literature
provides various formulas for particular factors (22:16). These formulas can provide

statistics for rating system performance in time-dependent terms.

('are must be taken when interpreting results reported in these statistical
terms.  For instance, although Baker suggests mimmizing mean or weighted mean
tardiness or flowtime (2:17 29). the translation to specific event or activity changes
to attain better results may not be achievable. When relving on these averaged

results, there might not be a realistic way to figure out how individual parts have




affected the overall system performance. A report of average enroute cargo delay
may not help identify specific timing changes which might result in better flight

schedules, for instance.

For this reason, some problems must be approached with the objectives to
make system performance better and to fully capture the activities of each individ-
ual element of the system. Byong-Hun and Jae-Yeong state: “Our objective is ...
minimum total travel time” (7:394). Dobson and Karmarkar “minimize the total
weighted flow time” (9:593). These research teams do not want to bias the results
by the use of statistical averages. Measuring performance based on average values
might overlook or downplay the importance of unusual occurrences in situations
where non-uniformn performance within the system is common. With the variability
inherent in the MAC channel cargo route model - particularly resulting from mag-
nitude differences in amounts of cargo flowing between O-D pairs — the schedule
optimization needs to address the impact of even the very small subsets of cargo

demand which could easily get “lost in the shuffle.”

The delay experienced by cargo traveling through the MAC channel route
system can be split into two parts. The first part is the time required before initial
placement on aircraft at the origin and the time required to unload the aircraft
and deliver at the destination. The other part, and the focus of this research, is
the time between initial pickup and final dropoff. The scale for measuring schedule
effectiveness for this research includes all flving time and ground waiting time as
enroute cargo delay (6). Due to the need to adhere to the UMMIPS standards, less

enroute delay indicates a better schedule for the MAC problem.

Obtaining Effectiveness Values.

A variety of useful techniques for obtaining better and/or optimal solutions
to scheduling problems are desceribed in the literature (See (2, 13, 16)). Many of

these technigques attempt to optimize the value of some objective [unction which




incorporates the effectiveness measurement of scheduling alternatives. For example,

one might wish to optimize a problem like Equation (2.1).

minaz + [y (2.1)

Obviously, for a real (as opposed to theoretic) problem, values must be assigned
to the o and J coefficients. These coefficients typically relate to the amount of
effectiveness associated with incorporating the different variables (i.e.. x and y) in the
solution. Many of the optimization techniques, although useful for solving problems
like Equation (2.1), provide little help in determining the values of the performance

measurement coefficients.

One technique for supplying these values might be direct, physical measure-
ment. The times at which each piece of cargo are picked up and dropped off while
enroute could be recorded and translated directly to performance measurement co-
cfficients. This technique might be ideal for situations where the paths over which

cargo will travel are known with certainty.

For MACs problem, direct, physical measurement may not be possible because
of the complexity of the channel route system — and the flight schedule is an inherent
component of that complexity. The paths over which cargo will travel depend upon
the availability of scheduled flights at given locations at specific points in time (6).
For example, if cargo would nol have to wait too long on the ground. a direct flight
will provide the most timely delivery to the next stop. If, however, the wait would

be too long. transshipment using indirect means might be quicker.

These time-path relationships in MAC"s problem make it one for which an
indirect technigne for measuring effectiveness might be useful. if the system can
be accurately modeled. Pritsker provides the foliowing reasons why problems like

A i g \

MACTs are diflicnlt to model:




The modeling of complex, large-scale systems is often more difticult
than the modeling of physical systems for the following reasons:

1. few fundamental laws are available;

2. many procedural elements are involved which are diflicult to de-

scribe and represent;
3. policy inputs are required which are hard to quantify:
l. random components are significant clements; and

5. hwman decision making ts an integral part of such systems (18:1).

In MACs case. any one of the five reasons above could apply.  Further-
more, these reasons conld just as easily be used to describe problems where indirect
performance measurement is particularly useful for understanding syvstem opera-
tions. Nccording to Pritsker. “simulation models are ideally snited for carrving out
the problem-solving approach™(13:5) for these difficult problems because the tech-
nique allows “observing the dynamic behavior of a model by moving from state to

state” (1N:6) as thne progresses.

Because of the potential for extracting information about the internal operation
of a maodel. development of a simulation methodology for approaching the MAC
scheduling problem conld provide useful delay information from a model of MACs
svstem. Speciticallve a simualation methodology might allow determination of each
amount of enroute delay experienced when a given fhight schedule s used. Once
performance effectiveness information is obtained about the NIAC system. some other
technigne nght nse that information for schednle evalnation and for generation or

selection of bhetter schedules.

SUBI Y

Manyv researchers have spent great effort developing techniques to solve prob-
lems related to the routing and scheduling of vehicles, This etfort continnes becanse
of the monetary cost of delivering cargo and the need for eflicieney of operations.

1o solve anv specitic problem. the research must carefully evalnate the problem and




determine how the methods previously developed can be adapted to the situation at

hand — particularly methods for defining syvstem performance.

Because of the schedule variability and the need to re-accomplish the scheduling
procedure every month. the performance measurement technique must be dvnamic
and flexible. Finally, because the MAC *imeliness standards apply to individual
pieces of cargo. performance measurement has to reflect the manner in which each

piece of cargo travels from its place of origin to its destination.




III. Development of the Methodology

This chapter explains the method proposed for gathering information which
might highlight where, within a MAC channel cargo schedule, potential exists for
improved iight scheduling resulting in less overall cargo delav. The first sectiun
describes the assumptions of the method. The second section provides a detailed
description of the method. The last section describes the similarities and differences
between the methodology of this research and the methodology employed within

MAC’s current simulation program.

Assumplions

An important aspect for the method development is the relationship to the
current MAC computer channel route model. That model is based on certain decision
rules and assumptions implicitly affecting the proposed methodology. The computer
channel route model also provides information and results upon which - proposed

method is based.

The linear programming relaxation applied in MAC’s model determines which
of the myriad missions making up the entire system should be used for a particular
month. Even though changes to a mission schedule might conceivably promulgate
adjustment to the mission set selected, neither MAC’s simulation nor this research’s

methodology is intended to support such changes.

This rescarch assumes a monthly schedule (like one provided from HQ MAC!/
XPYR's scheduling program) forms a starting point from which determination of
cargo delay can be based. Using the mission schedunle provided by a scheduling
program, a more detailed schedule can be built detailing each flight necessary for
the system. This detailed schedule might then provide a simulation program all the

information necessary to “fly” all aircrat flights.
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As with HQ MAC/XPYR’s computer channel route model, decision rules es-
tablish relationships between types of cargo and specific missions. When an aircraft
stops at a cargo unit’s point of origin and stops, later in the route, at the cargo’s des-
tination, ensuring the cargo gets onboard aircraft following this route makes logical
sense. Any model must inherently rely on decision processes like this. Both models
attempt to mimic the human decision making process integral to the real system’s

operation.

The estimaied cargo tonnage demanded for the O-D pairs is provided through
a computer file. (An example demand file can be found in Appendix P.) Cargo is
assumed to enter the system, in one-ton units, evenly throughout the month. All
cargo is generic with respect to physical dimension and priority needed for delivery.
The order in which cargo is taken out of airports and placed onboard aircraft follows
a First-In, First-Out (FIFO) rule. Units of cargo flowing through the real network

may not be completely described by anv current model.

Like the MAC model, this research assumes that loadmaster activities are
included as part of the time required to put cargo on or take cargo off aircraft.
This research makes no attempt to model the decision logic by which a loadmaster
determines to handle certain units of cargo and not others. Without a procedure for
directing loadmasters to perform their duties in a particular way, neither the MAC

model nor this method can approximate these real decision processes.

The method assumes that the resources used for cargo delivery are always
available. Aireraft maintenance allows airplanes to be ready for flving at scheduled
departure times. Aireraft fuel can always be obtained. Enough aircrews exist for
flving all flights. Any delay associated with ensuring that these resources are available
at the proper time is not included.

The monthly (i.e.. 720 hour) schedule breaks down into discrete instants of
time. Fach event (e.g.. aireraft takeolfl or landing and cargo pickup or dropofl)

occurs at one of these instants of time.




Both models assume quantifiable information used as input for the simulation
is deterministic, including cargo demand estimates and aircraft flying and ground
activity times. This assumption obviously greatly simplifies the actual system in an

attempt to provide efficient solution to this highly complex problem.

The decision rules necessary to provide fundamental decisions determining
which cargo can travel on which missions can be directly provided by the user.
This allows predetermination of “common sense” decisions through quick scanning
of the potential route system. The method also allows the computer program to

make determinations where no predetermined user decision has been made.

Because of the method used to describe cargo and flights for this research, units
of cargo are assumed capable of reaching their destinations in no more than eighteen
stops. The current MAC model does not rely on a similar assumption. However, for
the actual network, this limitation may not be significant, as routes chosen appear

to allow complete cargo travel in less than this number of stops.

In sum, the assumptions underlying this rescarch take on a variety of forms,
from philosophical to operational. The applicability of the methodology’s develop-
ment relies on whether these assumptions accurately reflect the important aspects

ol the real situation.

Development of the Simulation Model

Because this research is intended to gain information which might allow ad-
justment of specific flights. the need existed to use a schedule whose breakdown is by
individual flight leg. The FORTRAN programs reproduced in Appendices A, B, and
(' provide a multiple-month schedule which specifically characterizes each separate
flight for a simulation program. The ficlds of data used to describe cach flight are

as follows:

o Ficld | Mission Number




e Field 2 - Flight Number

o Field 3 - Tail Number

e Field 4 - Aircraft Capacity (tons)

o Field 5 - Traveling Direction

e Field 6 - Home Base

e Field 7- Stop Number

e Field 8 — Departure Location (same as home base)

o Repeating Fields

- 9,12,...,45 Ground Time at Stop (first is flight departure time)
~ 10,13,...,46 Flying Time to Next Stop

— 11,14,...,47 Next Stop Location

By fully utilizing all 47 fields available, each flight defined in the schedule file
can fly twelve legs after departing the home base. Appendix Q shows an excerpt of

a flight schedule defined in this manner.

The Flow of Events. The events through which the delivery of cargo takes
place happen as a result of aircraft departures and arrivals at airports. Cargo does
nothing in and of itself - it is acted upon. Each flight follows a general flow of events

as shown in Figure 3.1.

A flight departing a location allows cargo to be placed onboard when certain
conditions are met. First, space must be available on the plane. The plane must
travel in the same general direction the cargo is headed. Essentially, the simulation
attempts to mimic the real situation by asking the question: “Are you going my
way?" When a flight is traveling in the direction which the cargo needs to go, the
cargo will be assigned to the flight. For situations where cargo needs to travel on

specific missions, the flight must be one of the required missions.
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After filling up to capacity or picking up all cargo waiting at the airport which
the plane can ship, the aircraft will fly to the next location. When the aircraft stops

at the next airport, three different events can occur.

If the cargo has arrived at its final destination, the cargo obviously gets off the
aircraft at that location. If the aircraft’s mission continues in the direction for which
the cargo is destined, the cargo remains on the plane. On the other hand, when
arriving at a transshipment location, cargo must determine whether to stay on the
aircraft or not. Transshipment decisions play a great part in the delay encountered

by cargo enroute to their destinations.

At some point during an aircraft’s mission, the direction traveled by the aircraft
will reverse — reflecting the return to the home base, for instance. Cargo not
intending to return in the direction of origination will get off when the aircraft’s
direction no longer becomes conducive to delivery. In other instances, cargo may
arrive at an intermediate transshipment location where another, more direct, mission
will take it toward the destination. In these cases, the cargo will also disembark and

await the appropriate mission.

After waiting on the ground for the period of time required for cargo offloading,
fuel onloading, aircrew changes, or aircrew rest, an aircraft will look for additional
cargo to onload and continue the flight sequence in the manner just described. When
the flight completes the route by returning to the hoine base. all cargo onboard must

be offloaded to await future shipment on another flight.

The Simulation Program Operation. A computer program was developed which
simulates the operation of a channel cargo route system using “the simulation language
for alternative modeling, SLAM 17 (13:2). The essential flow of events through which
the simulation operates is provided in the SLAM code found in Appendix D. Cer-
tain aspects of this system could not be modeled directly in the SLAM II language.

However, as Pritsker mentions, “Since SLAM 1l 1s FORTRAN based, it is a rela-
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tively simple matter to add new functions to the language” (18:429). Therefore, the

researcher developed a FORTRAN “user-written insert” (18:291) for these purposes.

In SLAM II, “an entity is any object ... which defines or can alter the state
of the system” and “can be assigned attribute values” (18:98). For this research,
the entities for the channel route system are aircraft on specific flights and units of
cargo. Most information about the aircraft flights i1s known before a month begins
(e.g., where stops are made, how much cargo can be carried, the time when the
flight departs the home base). Similar information about cargo may not be known
in advance. For instance, knowledge of the amount of time a particular unit of cargo
will wait somewhere before being picked up for the next segment of its journey may

not be available. This simulation finds out this type of information.

Attribute fields for aircraft and units of cargo are different. The information
included in the attribute fields applicable to aircraft flights has already been shown
in the earlier discussion of the flight schedule. A breakdown of the attribute fields

for rach unit of cargo follows:

freld 1 - Mission To Get On Flag (0 indicates any mission. -1 indicates specific

missions required)
e [ueld 2 - Origin Airport
o [ield 3 — Destination Airport
o [Yield | Direction Headed
o [deld 5- Flight Number Currently On
e [icld 6 Tail Number Currently On
o Iield 7  Current Location
e [eld 8 - Time Departed Origin

o Rencating Ficlds




9,14,...,94 Flight Taken to Next Stop

— 10,15,...,95 Tail Number Taken to Next Stop
— 11,16,...,96 Next Stop Location

— 12,17,...,97 Time Arrive Next Stop

- 13,18,...,98 Time Departed Next Stop

When cargo entities are created, only a few attribute values are assigned. These
fields (e.g., 2, 3, 4, and 7) serve as the minimum information necessary to start cargo
on their journeys. As each unit of cargo flows through the system, each might “fly”
on various aircraft and stop at various airports before arriving at the intended desti-
nation. The repeating attribute fields are designed to capture information providing
a log or history of each unit of cargo’s entire journey. The information describing

each successive leg is filled in as the journey progresses.

The SLAM Code. The computer instructions needed to operate the simula-
tion are reproduced in Appendix D. Many of these computer instructions appear
redundant, because of the need to create cargo for all the different O-D pairs. The
remainder of the code, shown below, tells the simulation how aircraft activities are

to be performed.

FILL EVENT,1,1; update cargo already onboard for next leg
PNEW EVENT,2,1; pickup new cargo for next leg
FLY ACT/2,USERF(2),; fly aircraft on next leg
ASSIGN, ATRIB(7)=ATRIB(7)+1.; flight now at next stop
ACT,0.,1.,DROP;
DROP EVENT,3,1; cargo now told at next location, drop at final
destinations
FDIR EVENT,4,1; change direction of aircraft when required
CDIR EVENT,5,1; change cargo direction and which missions allowed
DOFF EVENT,6,1; drop cargo at transshipment points when required
FFIN EVENT,7,1; drop all cargo when aircraft route complete
GOON/1;
SIT ACT/3,USERF(4),USERF{3) .NE.ATRIB(6),FILL; sit on ground
LAST ACT/4,0,USCERF(3) .EQ.ATRIB(6); at last stop
TERM;




DONE QUEUE(21),0,,,;

ACT(1),0.,1.,;

CARG EVENT,8,1; information gathering for output

TERM;

This computer code implements the activities shown in Figure 3.2. The solid
lines in Figure 3.2 represent the flow of activities happening to the fiight and cargo
entities directly. For example, the simulation will “fly” the planes or “sit” them on
the ground. The dashed lines indicate logical relationships allowing actions carried
out indirectly through specialized FORTRAN code. A more detailed explanation of
the F'ORTRAN code is provided in the next section. What can be seen from Figure
3.2, however, is that much of the operation of the model does not occur from the
simulation code directly, except for the aircraft flight rmovements from airport to

airport.

The boxes with the diagonal lines represent QUFEUFEs, or places where the units
of cargo are waiting. The simulation establishes a computer file for each QUEUE,
where an “entity’s attributes and the relative position of the entity with respect to
other entities waiting is maintained” (18:116). The QUEUEFs in this simulation are
only used for storing units of cargo. “FIFO is the default priority for files” (18:116)
and is used for all QUEUFs here. Each airport in the system is represented by a
separate QUEUF.

Two of the other three QUEUESs used in the simulation are shown in Figure 3.2.
These are the DONI' and HOLD QUEUEs. All cargo arriving at their destinations
are processed through the DONE QUFEUFE for information gathering. The HOLD
QUEUFE maintains all cargo onboard all flights at a particular point of time. For

further discussion of these QUEUFs. see Appendix F.

Most of the simulation’s activity puts cargo into particular QUEUEs and takes
cargo out of QUFEUFEs as aircraft “fly” through the network. When an aircraft flight

entity passes through each box of Figure 3.2, such as the PNEW box, a number of
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computer processes occur at the FORTRAN insert level of the simulation to carry

out these cargo placements.

The FORTRAN inserts. The FORTRAN code for the simulation (reproduced
in Appendix E) provides for a number of functions which the particular simulation
language does not directly provide. The reason for many of these FORTRAN in-
sert functions revolves around SLAM’s inability to directly access and change the
attribute values of two different network entities at the same time. Although the
simulation language provides a way to measure average cargo delay, providing non-
averaged cargo delay information required the development of FORTRAN subrou-

tines specifically designed for this purpose.

The FORTRAN code makes all the decisions shown in Figure 3.1 as the flights
follow the sequence of events depicted in Figure 3.2. More importantly, as decisions
are made to assign cargo to specific flights, the FORTRAN code inserts information
into the unfilled repeating attribute fields for the units of cargo. The information
placed in these repeating fields is provided by the attributes of the flights used and
the simulated time. One might think of the code as transferring flight attribute
information to cargo attribute information as the units of cargo travel through the

system.

As an example, consider the activities transpiring when a flight looks to pickup
new cargo at an airport (i.e., the PNEW block in Figure 3.2). The flight’s attribute
values define the airport at the flight is currently located. Once the location is
determimed. the FORTRAN code peruses the cargo waiting at that airport, looking
for cargo which needs to travel in the correct direction and on the mission type to
which the flight is assigned (i.c.. as depicted on the left side of Figure 3.1). When
cargo is found meeting these criteria, the FORTRAN code takes the cargo from the

current airport: assigns values to the cargo’s next, unfilled set of repeating attribute



fields (e.g., the flight taken, the time picked up, etc); and puts the cargo in the cargo
HOLD.

Each activity block in Figure 3.2 (e.g., PNEW, DOFF) corresponds to an entire
subroutine in the FORTRAN code, providing the computer instructions necessary
to process the decisions which must be made as each flight flies along its route. Two

other subroutines provide the cargo delay and flight leg utilization information.

The DONFE queue block shown in I'igure 3.2 represents units of cargo reaching
their destinations. Once there, the FORTRAN code essentially breaks down the
journey by each set of repeating attribute fields. Using this information delay can be
measured from the time each unit of cargo departed the previous stop until departing
the present stop. The delay-reporting subroutine then groups similar cargo (i.e.,
same (-1 pair, put onboard the same plane, at the same airport, at the same time).
Enroute delay is calculated for each group, subtotaled for each O-D pair at each

atrport, subtotaled for each O-D cargo pair, and totaled for all cargo.

Having specific information about cargo del.y does not provide information
which might lead to flight changes resulting in better schedules. For this reason
another subroutine looks at the cargo carried onboard each flight as each route leg
is flown. This subroutine reports grouped types of cargo carried (by O-D pair and
time put onboard) for cach flight leg.

As can easily be seen by the dotted lines in Figure 3.2, the great majority of
logical activity occurring within the simulation occurs as a result of the pickup and
dropoff of cargo. All of this activity occurs within the FORTRAN portion of the
simulation code. For a more detailed explanation of the computer instructions used

to carry out these activities. see Appendix F.

Comparison to the MAC Simulation

The simulation used in MAC”s current channel cargo model (hereafter referred

to as MAC"s simulation) and this research’s simulation perform the same general
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function — computer simulation of cargo pickup and dropoff by aircraft flying within
aroute network. (The simulations use different simmulation languages, although either
language might be used.) These simulations model some aspects of the problem
similarly, while other aspects are treated differently. The significant entities modeled

in both simulations are aircraft and units of cargo.

Both simulations characterize the entities which can hold cargo (e.g., aircraft)
as having certain attributes which may be diflerent from one entity to another (e.g.,
home base, capacity, etc.). In MAC’s simulation, the important aircraft entity is a
tail number, while this research focuses on each flight. The one-ton units of cargo,
used in both simnlations, attempt to travel from their origin points to their desti-
nation points along the most direct paths through the system using decision rules

provided by the simulation user.

The manner in which the two simulations depict the entity characteristics varies
cousiderably. Both methods rely on certain attributes which never change {e.g..
aircraft capacity and cargo O-D pair information) and some attributes whose values
change as the entities move throughout the system. The difference in attributes
relates to the number of attributes required to desceribe an entity and to the necessity

for changing the attribute values at different points in the simulation.

The entity attributes used in MAC”s simulation focus forward in time. No
information is maintained with cither aircraft or cargo to describe the path used
to arrive at a particular location. Instead. the attributes supply information used
for determining how travel might be accomplished from the current location in the
future. In particular, as a nnit of cargo travels through the system, minimum infor-
mation must be maintained to adequately deseribe that unit of cargo with respect

to where it must go from the current location.

This rescarch’s simulation. on the other hand, relies upon a much larger number
of attributes. These attributes supply not only the characteristics applicable to the

entity's current location and orientation within the system, but also the information
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describing the entity’s entire travel history. In this researcli’s simulation one specific
entity can be fully described only by all information describing its entire path through

the system.

The simulations rely on user-provided criteria through which decisions assign
cargo to aircraft for shipment. Both simulations rely upon a two-level decision-
making framework. As previously discussed, this rescarch’s framework involves the
cargo’s direction of travel and available missions traveling toward the destination
airport.  MAC’s simulation performs essentially the same operation in a slightly

different manner.

FFor this rescarch’s stimulation. the user must determine (ahead of time) which
direction cargo must travel from one location to arrive at another location. and
whether assignment to particular missions will allow more direct shipment. For
the MAC simulation the user must determine (ahead of time) which airport must
be visited after the current airport. and whether assignment to particular missions
will accomphish this goal. Thus, the difference in the two methods revolves around

determination of direction of travel as opposed to place to travel to.

Both methods used to simulate channel cargo route system operations simplify
the real world sitnation.  Neither simulation addresses the issue of the stochastic
nature of activity times. (This research’s simulation also does not differentiate the

crinsing speeds for ditferent tvpes of aireralt. which impacts flving time).

Furthermore, both simulations carry ot channel operations as if a month’s
cargo demand and flight schednle continue indefinitely into the future. These two
simplitications directly affect the amounts of cargo in the svstem as the simulations
operate and the amounts of time taken for cargo to travel te their destinations.

This research’s simulation does not report cargo delay in the same manner as
the MAC simulation. Becanse the MAC simulation does not keep track of the times

assoctated with cargo arrivals and departures at crery airport where cargo stops. no




information remains available to calculate the amount of delay experienced within
the journey from the origin to the destination. By maintaining the minimum number
of attributes to distinguish pieces of cargo, MAC’s simulation can normally calculate
only a moving average delay for each O-D pair as cargo arrive at their destinations.
Using the much larger number of attributes, this research’s simulation reports every
instance of delay by all cargo, cross-referenced to the time at which units of cargo
experienced delay, to specific location, and to the flight departing at that time.
The time, location, and flight cross-reference provides information for determining
where adjustment of the monthly flight schedule might result in improvement —

information not available from MAC’s simulation.

Summary

This chapter has provided a description of the logic used to develop the com-
puter programming instructions necessary to simulate the operation of a channel
cargo route system. Assumptions were presented which focuses the simulation’s
results on obtaining information specific to the purpose of this research. The FOR-
TRAN programs and SLAM simulation model developed for this research depict the

activities transpiring as aircraft flights pick up and drop off units of cargo.

Neither MAC’s simulation nor this research’s simulation accounts for all fac-
tors affecting the operation of MAC’s channel cargo route system. Both, however,
simulate network operations by allowing a method for application of user-supplied
decision rules for putting enroute cargo unboard aircraft to provide delivery service
to the intended destinations. These two simulations are similar, except for what de-
cision criteria are required and what information 1s maintained to describe aircraft
and units of cargo as they flow through a channel route network. This difference
i information maintained, particularly about cargo, forms the reason why the two

simulations report cargo delay differently.
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IV. Methodology Testing And Analysis

To show the results obtainable, this research developed a hypothetical channel
cargo route system. This chapter provides the information describing this twelve-
airport network and the results obtained when using this research’s information-

gathering methodology on the operations of the hypothetical system.

The Twelve-Airport Network

Based on MAC’s channel cargo route system, a hypothetical twelve-airport
network was developed with cargo demands occurring from a variety of O-D pairs

and with aircraft flying a number of different missions to service the cargo demands.

By analyzing historical information provided by HQ MAC/XPYR, patterns
of cargo demand were found which impacted the choice of cargo tonnage amounts
included in the hypothetical system. Demand over certain O-D pairs is much greater
than (e.g., thousands of times larger) Jdemand over other O-D pairs. Because of these
order-of-magnitude variations, cargo demand for certain O-D pairs supply the bulk of
the cargo in the entire system. The amounts of cargo demanded in the hypothetical
system are shown in Table 4.1. The computer file which the simulation accessed for

demand information is reproduced in Appendix P.

The amounts of demand shown in Table 4.1 are intended to be representative
of the demand experienced in a real channel cargo system. In this small system, most
of the cargo demand is between airports [ and 6. A variety of demand levels exist
between other airports. In fact, no demand was established for airport 11, which
represents a transshipment point only. And as can be seen in Table 4.1, some O-D
pairs have so little demand as to seem almost insignificant. Demand for these O-D
pairs, however, may prove to be significant when the units of cargo must compete

for aiveralt space with the much higher demand for other O-D pairs.




Destination
Origin 1 2 3 4 5 6 7 8 9 (1011 { 12
1 73 2067 183 250
2 300 112 130 | 223 40 122
3 209 4 43 6
4 46 9 9| 6
5 72 10 18] 32 23
6 1161 62 | 27 183 | 11
7 47 28 32
8 145 91 50 35
9 61 12 21
10 29 81 9 4
11
12 240 | 52 15

Blanks indicate no cargo demand between O-D pair.

Table 4.1. Tons of Cargo Demand by O-D Pair

Figure 4.1 depicts the entire twelve-airport system. The larger circles represent
the airports. The lines represent the paths over which aircraft fly, and each route leg
is shown with the mission number to which it is assigned. All fourteen missions used
in the small route system are shown in Figure 4.1. The different types of lines provide
differentiation between aircraft types: solid lines represent C-5 aircraft, dashed lines

represent C-141 aircraft, and dotted lines represent C-130 aircraft.

The distances between airport locations for which cargo demands occur cover
the entire range of possible separations within the network — some O-D pairs are
located right next to each other, some O-1) pairs are at opposite ends of the svstem.

and others are somewhere in between.

Aircraft home bases were chosen at only a few of the airports of the system
since monetary and political costs associated with housing maintenance facilities and
aircrew personnel at a multitude of airports could be prohibitive. In this smaller

svstem, (-5 and C-130 aircraft are based at airports [ and 9, respectively. C-141
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Figure 4.1. The 12-Airport Channel Route System
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aircraft are based at two locations (i.e., airport 2, and airport [ where transshipment

facilities are available).

The routes in the hypothetical system were designed to provide a system ex-
hibiting certain characteristics. Because of the need to deliver enormous quantities
of cargo to certain locations, multiple routes might follow the same path, although
not necessarily in the same direction. Certain routes follow an out-and-back path
while other route paths are more circuitous. Some routes allow for direct delivery
of heavy-demand cargo. Some routes selected for large capacity (e.g., C-5) aircraft
provide long-haul shipment between the major airports of the system. These trunk
routes connect to local feeder routes, supplying delivery service to airports close
to the trunk route stops. In fact, certain route selections force cargo to travel on
specific missions to depart and arrive at some airports. The routes chosen for this

twelve-airport system are provided in Appendix H and shown in Figure 4.1.

Additionally, the direction of travel along routes was specifically tailored to
provide as much direct shipment as possible and to force cargo transshipment to
occur at a variety of locations throughout the system. For example, in this system
the majority of cargo demand occurs between airports 1 and 6. For this O-D pair,
missions 3 and 5 allow for direct shipment. However, any cargo at airport 2 enroute

to airport 5 must transship through another airport before arriving at airport 5.

Along with route selection, particular types of aircraft were assigned to each
route. In general, the larger (e.g., C-5) aircraft were assigned to the longer routes.
although this is not necessarily so. Smaller (e.g., C-130) aircraft may have longer
trips, but usually require extra stops along the route for purposes of crew rest (the

reason for stopping which requires the longest ground time).

The jumble of lines interconnecting the airports in Figure 4.1 might appear
confusing. Any perceived confusion is inherently implied as a result of the apparently

overlapping routes used within the system. Iigure 4.1 simply shows a small example




of one of these kind of networks. MAC’s route system, with over 100 airports, seems

just as confusing.

The number of flights for each mission in the hypothetical network were cal-
culated to approximate the number of missions which would have been selected by
the linear programming relaxation of MAC’s computer channel route model. Par-
ticular emphasis was placed on delivering the O-D pair demand which formed the
bulk of the total system demand. The number of flights for each mission can be
found in Appendix I. The specific number of mission flights required by this system
might appear large, but this came about simply from the amount of cargo demand
hypothesized. MAC’s system may not have as many of any one type of mission, but

it certainly generates more total flight requirements.

Of particular concern in the development of this hypothetical network was the
need to incorporate as many aspects of MAC’s system as possible. As such, the
hypothetical system operations may be somewhat dense. In other words, almost
anything that can happen does happen — almost everywhere. In the larger MAC
system, some subsets of the system may operate similarly to this hypothetical case.
In other subsets, very little activity might occur. This hypothetical system thus may

not mimic systems where there is sparse activity.

This small hypothetical route system exhibits many of the aspects of MAC’s
c;l\hnnel cargo system including: different types of aircraft flying on a variety of mis-
sions; wide disparity in the amount of cargo tonnage demanded between O-D pairs;
routes, selected for a variety of reasons, providing for direct shipment and trans-
shipment of cargo; and most importantly, a system through which cargo assignment
decision rules allow for cargo to travel along a variety of paths to reach their intended

destinations.

The complexity of the MAC computer channel route model can be approxi-
mated using a much smaller route network (i.e.. one encompassing only twelve air-

ports). This complexity involves the types of routes flown, the physical relationships
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between the routes and the O-D pair shipments, and the shear number of flights
required. The MAC model actually generates the flights which are flown in the real

system, whereas this research can only approximate those results.

Results From The Twelve-Airport System

The data describing the hypothetical cargo network (contained in Appendices
G through P) were processed by the simulation iodel developed for this research. As
anticipated, cargo delay was experienced throughout the system during the month
of data collection (i.e., month two of a three-month schedule). The subtotal and

total amounts of cargo delay calculated for the system are depicted in Table 4.2.

Destination
Origin 1 2 3 4 5 6 7 8 9 10 |11} 12
1 515 15302 8406 44150
4544 7270 13263 | 22274 4106 21354

3 2027 6 4005
4 400 21 519 539
5 2247 652 639 1147 4628
6 17303 86 | 4424 1275 298
7 4004 283 45
8 14460 1607 | 3640 1652
9 1677 940 238
10 1644 888 | 1083 197
11
12 7176 1072 644

Total Hours Delay (All Cargo) 222647

Blanks indicate no cargo demand between O-D pair.

Table 4.2. Hours of Cargo Delay by O-D Pair

As can seen in Table 4.2] the amount of delay applicable to different O-D pair
units of cargo varies considerably. The figures in Table 4.2 are weighted by O-D
pair, because each unit of cargo carries the same weight (i.e., one ton) regardless of
which O-D pair it belongs to. Direct comparison of these delay amounts might be
misinterpreted if viewed without reference to the number of units flowing between

each pair. (See Table 4.1 for each O-D pair tonnage.)




Some of the delay experienced in the twelve-airport system highlight the pos-
sibility that further investigation of simulated operations may be in order. For in-
stance, although the cargo tonnage shipped each way between airports 1 and 12 are
nearly the same, Table 4.2 shows the amounts of delay associated with the two O-D
pairs to be vastly different. Another interesting result is the cargo traveling from
airport 3 to airport 10 — none of it arrived during the entire month of operations.
(Although note must be made that this cargo accounts for only one-tenth of one
percent of the cargo flowing through the system.) This anomalous result may indi-
cate the need for further investigation into the way simulated cargo flows through

the channel system.

For each subtotal figure in Table 4.2, the simulation provided information about
the breakdown showing where exactly the delay occurred. Tables 4.3 and 4.4 show

examples of this type of breakdown.

Destination
Delay At 4 6 9 12
1 514.80 | 15302.33 | 4833.55 | 4339.30
3 886.60 | 7016.74
4 2580.90 | 8163.20
7 131.25
8 29.05
9 20993.16
10 2962.30
11 105.00 514.60
Totals 514.80 | 15302.33 | 8406.05 | 44149.61

Blanks indicates cargo did not stop at location.

Table 4.3. Delay Hours Experienced by Cargo Originating at Airport 1

As can be seen from Table 4.3, delay for some O-D pairs occurs at only one
airport while delay for other O-D pairs occurs at a number of airports. The fact that

cargo traveling from airport [ to airport 6 only experiences delay associated with




atrport [ is the direct result of the mission decision criteria used for the hypothetical
route system. (As found in Appendix O, this type of cargo was forced to travel
only on direct missions.) In the case of cargo traveling from airport I to airport 12,
multiple paths exist by which cargo can (and did) make this journey. Thus, the last
column of Table 4.3 shows a number of airports where cargo was delayed and by how

many hours.

Table 4.4 shows another interesting example of the breakdown by location
where delay occurred at various airports. In the case of cargo originating from
airport & no matter where cargo is destined, there are multiple paths over which

cargo traveled.

Destination
Delay At 2 4 5 T
1 31.20
3 892.40 527.80
4 274.50 23.80
5 3054.30 | 621.00
6 2561.85 857.50
T 18.55 4.60
S 1247.50 88.25 | 337.10 | 468.95
9 1137.70 91.75 56.00 59.50
10 3158.50 | 739.50 | 1075.50 | 1014.10
11 2077.00 17.20 | 757.30 | 109.25
Totals 14459.85 | 1607.45 | 3639.60 | 1651.80

Blanks indicates cargo did not stop at location.

Table 1.14. Delay Hours Experienced by Cargo Originating at Airport 8

Information like that shown in Tables 4.3 and 4.4 provides the data required to
determine the locations where delay exists when the simulated network operates. In
order to make a better schedule for the raute network, focus might then be directed
to decrease delay resulting at specific locations. This delay might result because of

a buildup of cargo awaiting transportation. Or, the delay might simply result from
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the non-availability of flights stopping at the location. In any case, the breakdowns
shown in Tables 4.3 and 4.4 do not provide enough information to determine if the
delay is s'gnificant, to assess whether schedule adjustments will reduce the amounts

of delay, or to make schedule adjustments to individual flights.

To decide how modification of a flight schedule might affect the simulation op-
erations requires more detailed information. For this reason, the simulation provides

more detailed information than the results shown in Tables 4.3 and 4.4.

Tables 4.5 and 4.6 show this type of information. Before discussing some of
the implications of the data in these tables, a reminder must be made about how the
information was obtained. As discussed in Chapter III, the use of cargo attribute
values allows reconstruction of the flight paths of each unit of cargo completing the
journey from origin to destination. The information found in Tables 4.5 and 4.6
(and the excerpt of one of the simulation’s output files found in Appendix R) is
based only upon units of cargo which have completed their journeys and have been
processed through the last simulation event. This should explain the references to

flights departing before the beginning of the second month.

Table 4.5 shows one of many situations which occurred within the twelve-
airport route system. For those 34 tons of cargo, which were able to fly from airport
4 to airport 5 on a direct flight, the only delay experienced was because of the
flving time taken to make the trip. This should not imply that all the cargo going
from airport & to airport 5 traveled through airport 4. But for those that did. they
experienced as little delay as possible on that portion of their journey. For situations

like that shown in Table 1.5, the information may not support the need for schedule

adjustiment to the associated flights.

On the other hand, Table 1.6 shows somewhat different results. The same type
of cargo is the basis for Table 4.6 as for Table 4.5 - cargo going from airport ~Nto

airport 5.
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{ Tail Flight | Depart | Cargo | Delay Hours | Total Hours

| Number | Number | Time | Units | Fach Unit | This Flight
15 183 73355 | 3 0.70 2.10 |
15 202 793.55 | 3 0.70 2.10
15 212 85355 | 3 0.70 2.10
15 229 913.55 | 2 0.70 1.40
15 246 973.55 | 3 0.70 2.10
15 262 | 1033.55 | 1 0.70 1.40
15 278 [1093.55 | 3 0.70 2.10
15 296 | 115355 | 3 0.70 2.10
15 307 | 121355 | 3 0.70 2.10
15 323 | 127355 | 4 0.70 2.80
15 341 [ 133355 | 3 0.70 2.10
15 357 | 139355 | 3 0.70 2.10

[ Subtotal Delay 23.80 |

Transshipment At Airport 4

Table 1.5. Delay Hours Experienced by Clargo O-D Pair 8-5

In the instance depicted in Table :1.6. some units of cargo apparently traveled
on direct flights (as indicated by the 1.75 hours of delay per unit) while other units
of cargo did not. In particular. the two units of cargo which were picked up by
tlight 256 experienced a very large amount of delay in comparison to all the other
units shown. The obvious explanation for this delay is that these units of cargo
apparently arrived at the airport after the other units of cargo which were picked up
before them. Since the assignment of cargo to aircraft is assnmed to follow a FIFO
rule. these units could not depart the location until all other units of cargo which

conld travel onboard similar missions were exhansted.

Results similar to that contained in Table 1.6 might provide the information
necessary to make schedule adjustments. As an example. a potential adjustment
might be to push the leg which flight 256 flies out of airport 6 forward in time.
Another possibility might be to move all flights prior to flight 256 forward in time.

to clear out all cargo waiting.  To make anv of these adjustments. however. the
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Tail Flight | Depart | Cargo | Delay Hours | Total Hours
Number | Number | Time | Units | Each Unit | This Flight
15 183 709.95 1 14.75 4.75
14 181 698.80 2 34.75 69.50
15 202 769.95 3 4.75 14.25
15 212 829.95 3 4.75 14.25
15 229 889.95 2 4.75 9.50
15 246 949.95 3 4.75 14.25
15 262 1009.95 1 4.75 4.75
15 278 1069.95 2 4.75 9.50
15 276 1058.80 1 34.75 34.75
15 296 1129.95 3 4.75 14.25
15 307 1189.95 3 4.75 14.25
15 323 1249.95 2 4.75 9.50
15 256 986.30 2 286.75 573.50
15 341 1309.95 3 4.75 14.25
i5 357 1369.95 2 4.75 9.50
14 351 1346.80 1 46.75 46.75
Subtotal Delay 857.50 I

Transshipment At Airport 6

Table 4.6. Delay Hours Experienced by Cargo O-D Pair 8-5




rules to follow for making schedule changes might need to evaluate the effccts on the
amount of cargo space utilized on aircraft. The adjustments to any flight legs would,
most likely, be made to the original one-month flight schedule, not the three-month
schedule. (See Appendices A, B, and C for explanation of these different schedules.)
In the case just mentioned, flight 256 flying in the second month corresponds to flight
61 which began at the same relative time during the first month. Thus, an adjusted

flight 61 might form the basis for a modified flight schedule.

Table 4.7 displays the amount of cargo space used on one of the 190 flights flown
during the second month of simulated operations. Table 4.7 also shows exactly which

type of cargo was onboard the aircraft during the legs of the flight.

As mentioned in the discussion of Tables 4.5 and 4.6, potential schedule modi-
fication might consider the impact on aircraft utilization. For example, if flight 212’s
schedule was under consideration, the information in Table 4.7 might be useful. If
no other {light times were to change, a potential schedule change might involve de-
laving the first flight leg in order to use more of the aircraft’s cargo capacity. Or,
other flights might be delayed to force more cargo onto flight 212’s first leg. With
the information such as Table 4.7 available for every flight. the process for schedule
adjustment might estimate what impact a change in one {flight’s schedule will have
on other flights. Appendix S provides a small excerpt of the simulation’s report of

what cargo was onboard each flight leg.

The route structure and number of flights used for the hypothetical twelve-
atrport ronte svstem were designed to approximate the output which would result
from use of the mission set provided by MACs linear programming relaxation. Al-
though not the purpose of this research, the results shown in Table 4.7 might provide
a type of check on a schedule’s ability to ntilize the aircraft space available from the
mission set. One check for a better flight schedule might be to ensure some per-
centage of flight legs are nearly fully loaded with cargo. Caution may be necessary

with this criteria. however, as completely full flights mayv just indicate a huildup of
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Leg Origin = Destination | Cargo | Time
Number Pair Units | Got On
8 ) 3 807.50
l 3 2 6 807.50
10 1 2 807.50

9 Tons of 20-Ton Capacity Unused
I 3 5 3 807.50
8 2 6 807.50
2 2 5 3 829.95
6 3 5 829.95
12 5 1 829.95

2 Tons of 20-Ton Capacity Unused
3 5 3 807.50
2 5 3 829.95
12 5 1 829.95
3 3 6 2 834.70
2 8 4 834.70
2 T 3 834.70
2 12 2 834.70
2 10 2 834.70

Entire 20 Ton-Capacity Used
8 5 3 807.50
2 5) 3 829.95
12 5 1 829.95
1 2 S 4 834.70
2 T 3 834.70
2 12 2 834.70
2 10 2 834.70
2 5 2 853.55
Entive 20 Ton-Capacity Used

2 8 4 834.70
2 7 3 834.70
2 12 2 834.70
B 2 10 2 34,70
5 12 2 857.50
D S 3 357.50
3 7 1 R57.50

3 Tons ol 20 Ton-C'apacity Unused

Table 1.7. Cargo Onboard Flight 212 by Flight Leg

Tail Number 15 Flving Mission Number 12
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cargo throughout the entire network, although the linear programming '~xation

procedure should account for all anticipated cargo demand.

Summary

A small, hypothetical version of the MAC channel cargo route system devel-
oped for this research was explained, and shown to exhibit many of the characteristics
of the larger network system. When used with the information describing wu. "y-
pothetical network, the simulation generated information expected to be useful for
analysis of the current schedule. The simulation results provided detailed explana-
tion of which cargo experienced the enroute delay by (4-D pair. The simulation also
provided information which helps identify the specific airport locations where the
cargo waited for aircraft flights and for which specific flights they were waiting. This
type of information might then be used to determine how a flight schedule might be

adjusted for improved performance.




V. Conclusions and Recommendations

This chapter provides a summary of the research and presents ideas for future
research involving the use of detailed delay information to improve the schedules in

the MAC computer cargo route model.

Conclusions

This research has developed and tested a method for obtaining the detailed
information necessary to identify enroute cargo delay associated with aircraft de-
partures within a monthly channel cargo route system schedule. The simulation
developed for this research provides the output to recreate every segment of every
unit of cargo’s travel history and identify all cargo traveling on all flight legs as the

route system operations are carried out.

The computer instructions for the simulation model perform a large amount
of noi only file manipulations but also data searches and comparisons. These com-
puter operations might require increased computer resources for a larger channel
cargc route system. For the twelve-airport system, the simulation took a VAX 6420
computer 5.83 CPU minutes to report results. A correspondingly more powerful
computer system may be required to provide the delay information for a larger net-

work.

By utilizing information like that provided by this research, determination can
be made of where potential exists for {light adjustments resulting in enroute cargo
delay reduction. By analyzing the flight departures associated with greatest amount

of delay, changes to those departures might lead to the creation of better schedules.

Recommendations

Future research might portray a more realistic model of MAC’s actual system.

For instance, flight times, gronnd times, and cargo arrival times might be treated

<t
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stochastically. Research could focus on the manner in which cargo is described within
the system (e.g., how small should a depicted unit of cargo be, how to assign cargo to
aircraft where dimensional size is more important than tonnage, how to describe the
prioritization of cargo prior to shipping and changes thereto while enroute). Another
1dea might be to adjust the methodology to account for changes in cargo demand and
flight schedules which occur from month to month. Therefore, any research which
decreases the assumnptions necessary to model the system might allow more realistic

appraisal of the cargo delay.

Future research might focus on how the decision criteria used for assigning
cargo to aircraft flights affects the ability of a schedule to decrease the enroute cargo
delay. Regardless of what type of decision criteria are embedded in the model, the
detail with which those criteria are modeled might have significant implications on
the way cargo flows in the network, waits for shipment at airports, and therefore,
experiences delay. Furthermore, comparing the decision criteria used in the model
against those used in the actual system would ensure that the model provides a valid

portrayal of actual operations.

As this research measured delay based on units of cargo which had completed
their journeys, no information has been obtained relating to incomplete journeys.
Future research might attempt to determine enroute cargo delay for these partial

cargo journeys.

The focus of this research has been to gain detailed information about en-
route cargo delay. The next step in HQ MAC/XPYR's attempt to produce better
schedules might be to develop a technique (e.g.. a heuristic procedure) for using this
information. To decide whether an existing schedule can be improved upon, analy-
sis might focus on aspects of the schedule where modification would impact svstem
performance. After determining the necessary adjustments. the flight schedule could
be modified and rerun throngh the simulation to assess delay associated with each

schedule iteration.




This type of iterative procedure could be continued until some degree of sched-
ule goodness (e.g., a maximum acceptable level of total system delay) is attained for

the mission set.

Any schedule adjustment procedure which might be developed must address
the issue of optimality with respect to the number of aircraft needed to fly all the
flights. If adjustments are made to a schedule based on a set number of aircraft,
the potential exists to make changes which might require more aircraft to fly all the
flights. If this happens, then questions will have to revert to which type of system
performance measurement has priority — one based on maximization of usage, or
minimization of (monetary) cost; or one based on the maximization of timeliness, or

minimization of delay.

Eventually research might look for a method to measure schedule timeliness
as the monthly mission structure is determined. The choice of routes may implicitly
impact a schedule’s timeliness, and vice versa. Therefore, as the mission set to
be used for the month is chosen, some measure of timeliness might help determine

whether one particular set is better than other sets.
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Appendix A. The CARGRT.FOR Program

HQ MAC/XPYR has created this FORTRAN scheduling program to create a
schedule by which aircraft can fly their missions. This program uses various data
(e.g., aircraft flying times, aircraft cargo capacities, and descriptions of routes used),

stored in computer files, to create a mission schedule shell.

Examples and descriptions of the input files used for this program can be found
in Appendices G through K. The mission shell for all planes created by the MAC’s
FORTRAN program is output into computer-file form which can be directly input
into their simulation. An example and detailed description of this output file is

provided in Appendix L.

This program for mission scheduling determines the minimum number of planes
which can fly the number of flights called for by the linear programming relaxation.
For each plane, the program creates a shell by which the plane will fly each flight in
consecutive sequence. This research uses MAC’s program intact, with the exception
of determination of each plane’s initial flight departure time. In the original program,
the first plane begins its first flight at the very beginning of the month, while each
subsequent plane’s first takeoff is delayed 36 hours from the previous plane’s first
takeoff. For this research the delay between first departures has been cut to 2.5
hours, allowing the program to schedule the appropriate number of flights called for

by the linear programming output.

¢ This is the SCHEDULE BUILDING FORTRAN program!

€% 3 ok ok ok ok ok e o o ok e ok ok ok ok 3k ok ko ok ok o o o sk sk ok ok ok ok sk s ok ok ok ok o ok o ok ok ok o ok ok 3 oKk ok sk ok sk ok ok sk ok
L2 % 3

C** This program builds the route.dat and jet.dat files
* %

c** necessary for running the channel cargo simulation model
* ok

c*x* located on the SUN workstation. The program takes 5 files,
* %

c** a standard XPYR formatted route file called route.inp, a
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%k
fot. 1
* %k
C**
* %k
CXk*
* %k
Ck*k
* %
Ck %
Ak

second file with the corresponding route frequencies called
freq.inp, a base file called base.inp which is a standard
location key, a groundtime file called gndtm.inp and a
flying time file called fly.dat

This program was written by HQ MAC/XPYR personnel.

€ ok ke ok ok ok 3k ok ok ok o sk ok 3k ok ok sk 3 3k ok ok oK o ok s e s ok e o o ok ok 38 sk o o s s e ok o e e ke ok ok o sk koK sk o ok sk ok sk ok dk ok

*ok ok

a0

O00000000

integer maxrts,maxstops,maxbases
parameter (maxrts=500,maxstops=20,maxbases=200)

integer nicao(maxrts,maxstops),reason(maxrts,maxstops)
integer num,numroutes,k,i,j,freq(maxrts),actype(maxrts)
integer iroute(maxrts,maxstops,5), numstop(maxrts)

real gtm(7,9),flytm(maxbases,maxbases),route(maxrts,maxstops)
real origstart

integer a,b,totac,totlines,multac,ace

character*4 icao(maxbases)

character*4 name(maxbases)

character*4 micao(maxrts,maxstops)

**kkkikkkx Stops are input as ICAOs. Reasons for skkkokkkkkkxk
*kxxkk*xxx gstops are as follows:

*dckkokkkkk 1) originate (start mission)
*dokkokkokkk 2) onload

sokkkkokkkk 3) offload

*¥kkkkkkk 4) enroute fuel

*xikkkkkkk 5) enroute crew change
*kkdkkkk*k 6) enroute crew rest
**kkkkkk*%x 7) spare

**kkkk*k*kk 8) spare

*kkkkkkkk 9) terminate (stop mission)

open(unit=8,file=’base.inp’,status=’o0ld’)
open(unit=9,file=’"freq.inp’,status=’o0ld’)
open(unit=10,file=’route.inp’,status=’0ld’)
open{unit=11,file=’route.dat’,status=’unknown’)
open(unit=12,file=’jet.dat’,status=’unknown’)
open(unit=13,file="fly.dat’,status=’o0ld’)
open(unit=14,file="gndtm.inp’,status=’old’)

Ccx*kkkxx¥ read in ground times *kkokokokokokkkokkkk

do 50 1=1,7
read(14,*) (gtm(i,j),j=1,9)
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50 continue
close(14)

ckx%*kkk%x% read in base key a4 >k ok 3 3k 3 ok 3k 2 K 3k 3k 3k ok ok oK ook
do 98 i=1,maxbases
read(8,97,end=96) icao(i)
98 continue
97 format(a4)
96 close(8)

ckxxxkkk read in flytimes *kkskrkokkkokiokkkk
do 60 1=1,maxbases**2
read(13,*,end=61) a,b,flytm(a,b)
60 continue
61 close(13)

Chx*k¥kxk% read 1n routes Fkokikokkskkikkkkkikokkkkk
do 99 i=1,maxrts
read(10,101,end=100) (micao(i,j),reason(i,j),j=1,maxstops)
do 500 k=1,maxstops
if (reason(i,k).eq.0) then
numstop(i)=k-1
goto 99
endif
500 continue
99 continue
100 close(10)
101 format(50(1x,ad,il))

numroutes=i-1
do 80 i=1,numroutes
do 81 j=1,numstop(i)
do 82 k=1,maxbases
if (micao(i,j).eq.icao(k)) then
nicao(i,j)=k

endif
82 continue
81 continue

80 continue

Chkdkkkikkx read in route frequencies & AC *¥kkkkkxk

cxkxxx 1 = CO0S
cHxrrx 2 = C141
cxkxxx 3 = C130
cxxxkx 4 = DC8
cx*xxx%x 5 = DC10
cx**xx 6 = B747
cH*xkx 7 = C17

do 90 1=1,numroutes
read(9,*) freq(i),actype(i)
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9C continue
close(9)

ckxkxkkkk build route.dat File skokkokskokkkkkokdkokokkkk kk
do 190 i=1, numroutes
flytot=0
gtmtot=0
cycle=0
do 110 j=1, (numstop(i)-1)
flytot = flytot + flytm(nicao(i,j),nicao(i,j+1))
if (flytm(nicao(i,j),nicao(i,j+1)).eq.0) then
print*,nicao(i,j),nicao(i,j+1),’ no flytime’
endif
gtmtot = gtmtot + gtm(actype(i),reason(i,j))
110 continue
cycle = flytot + gtmtot
ab = cycle * freq(i) / 720.0
multac = int (ab+1)
turn = multac * 720 / freq(i)
endtime = turn - cycle
do 120 ace=totac+l, totac+multac
if (ace.eq.totac+1) then
startime = origstart
else
startime = startime + turn/multac
endif
do 130 1=1,nuastop(i)
iroute(ace,l,1)
iroute(ace,1,2)
iroute(ace,1,3)
if (l.eq.1) then
route(ace,l) = startime
elseif (l.eq.numstop(i)) then
route(ace,l) = endtime
else
route(ace,l)
endif
iroute(ace,1,4) i
iroute(ace,1,5) = gtm(actype(i),9)
totlines = totlines + 1
130 continue
120 continue
c** In the original program the 2.5 below was 36.
origstart = origstart + 2.5
if (origstart.gt.336) then
origstart = 1
endif
totac = totac + multac
190 continue

ace
1
nicao(i,1)

I}

gtm(actype(i) ,reason(i,1))

ckx%kxxkk** write the jet.dat £ 11@ ok okokokok ok ok sk ok ok ok ok 5k ok % % kK




do 20C 1=1, totac
write(12,1000) i,iroute(i,1,5)
200 continue
1000 format(2i4)

ckkkkkkk grite the route.dat Tile kkaikkokskkokskkkkk
do 300 i=1,totac
do 400 j=1,numstop(iroute(i,1,4))

write(11,2000) (iroute(i,j,k) ,k=1,3) ,route(i,j),iroute(i,j,4)
400 continue
300 continue
2000 format(3i5,f8.2,i5)
c*** The print statement below was added by Captain Moul at AFIT.

prant *, ’ ROUTE.DAT file built, next step: run RAWSCH’
end




Appendix B. The RAWSCH.FOR Program

The FORTRAN program which follows takes the mission schedule shell created
by the program found in Appendix A and converts it into the monthly flight schedule.

This program essentially runs itself, after the other program has been run. The

FORTRAN code follows:

The input files used by HQ MAC/XPYR’s FORTRAN program supply nearly
all the data required to create the detailed flight schedule. The files shown in Appen-
dices J and K contain all information necessary to determine the time needed during
each flight for flying and for ground activities. By using this data and the time
at which each tail number begins its first flight (provided by HQ MAC/XPYR’s
scheduling program output), the flight scheduling program calculates the time at
which each flight will begir during a 720-hour month. Thus, except for directional
information, data in a form provided by current HQ MAC/XPYR files provides

everything necessary for defining each specific flight.

The output file from the program has a number fields for each flight into which
data is stored to describe the entire flight path. A flight schedule itemized in this
manner serves three purposes. First, a simulation program can treat each flight as
separate entity flowing through the route system. Second, all information associated
with a particular flight’s stop at a particular location can be stored together with
a set of fields, allowing direct computer access during simulated flight. And third,
this provides a file which might be copied and manipulated by a computer at some
later time to reflect a modified schedule. Schedule manipulation could then be
accomplished by individual flight. Without this detail, as currently output from
MACs scheduling program, no manipulation of individual flights could be directly

accomplished

Though this research is not intended to delve into the schedule changes which

might result in better schedules, schedule adjustment might need to be made at the
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detailed level. lor instance, if a determination is made to start a flight earlier in the
month and then hold it on the ground longer at its first stop, the times associated
with these activities could be directly changed in that flight’s first two repeating
fields. Chapter V provides further discussion of the type of schedule adjustment for
which this level of detail in a flight schedule might be mandatory.

The output file from this flight scheduling program only provides a one-month
schedule based on the output from MAC’s mission scheduling program. As just
mentioned, later manipulation of this output file can be made. Furthermore, flight
simulation results might be more realistic when the flight schedule covers a longer
simulated period of flight operations. Therefore, to allow conversion of a monthly
flight schedule of the form output from this program into a multiple-inonth schedule,

another FORTRAN program was developed.

cx***x This 1s the RAWSCH program, which takes the ROUTE.DAT schedule
cxxx*x*x provided by the CARGRT program, and converts it to SRAW1.DAT
ckx**x+xx The SRAW1.DAT file must then be run through the MULTSCH
cx**x*x* program for multiple months in schedule.
cx**xx*x This program was written by Captain Moul at AFIT.

COMMON ISTOP, MAXBAS, MAXFLT, ENDMTH

DIMENSION FLYTIM(15,15), SCHED(999,47), TEMP(13)

DIMENSION FLIGHTS(999), ACTYPE(999), CAP(10), FDIRCT(100,14)

ISTOP = 47

MAXFLT = 999
MAXBAS = 15
ENDMTH = 719.9999

OPEN(UNIT=11,FILE="ROUTE.DAT’ ,STATUS="0LD’)
OPEN(UNIT=12,FILE="FLY.DAT’ ,STATUS="0LD’)
OPEN(UNIT=13,FILE=’"SRAW1.DAT’,STATUS="NEW’)
OPEN(UNIT=14,FILE="FREQ.INP’,STATUS="0LD’)
OPEN(UNIT=15,FILE=’FDIRCT.DAT’ ,STATUS='0LD’)
OPEN(UNIT=16 ,FILE='GNDTM.INP’,STATUS=’0LD’)
open(unit=99,file='out.out’,status=’unknown’)

I=1

200 READ(UNIT=14,FMT=%,END=210) FLIGHTS(I), ACTYPE(I)
I=1+1
GOTO 200

210 CLOSE(UNIT=14,STATUS='KEEP’)

I=0
220 READ(UNIT=15,FMT=’(13F3.0)’,END=240) (TEMP(J),J=1,13)
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230

240

250

260

10

19

20

30

39

CX*%x

CHx

40

50

CH*k

I=1+1
DO 230, J=1, 13

FDIRCT(I,J) = TEMP(J)
CONTINUE
GOTO 220
CLOSE(UNIT=15,STATUS='KEEP’)

I=0

READ(UNIT=16,FMT=%,END=260) (TEMP(J),J=1,9)
I=1I+1

CAP(I) = TEMP(9)

GOTO 250

CLOSE(UNIT=16,STATUS='KEEP’)

READ(UNIT=12,FMT=19,END=20) ILEAVE, JARRIV, FTIME
FORMAT(I4,14,F7.2)

FLYTIM(ILEAVE, JARRIV) = FTIME

GOTO 10

CLOSE(UNIT=12,STATUS=’KEEP’)

READ(UNIT=11,FMT=39,END=60) IPLANE, NUMSTP, JBASE, TIME, MISSON
FORMAT(I5,15,15,F8.2,15)
IF( REAL(IPLANE) .EQ. SCHED(IROW,3) ) THEN
here have a matching plane number
IF( REAL(JBASE) .EQ. SCHED(IKOW,6) ) THEN
DO 40, INDEX=11, ISTOP, 3
looking for the end of a route.
IF( SCHED(IROW,INDEX) .EQ. 0.) THEN
SCHED(IROW,INDEX) = REAL(JBASE)
CALL FLY(SCHED, IROW,FLYTIM)
CALL REPEAT(SCHED,IROW,TIME)
GOTO 30
ENDIF
CONTINUE
ELSE
DO 50, INDEX=11, ISTOP-3, 3
IF( SCHED(IROW,INDEX) .EQ. 0.) THEN
SCHED (IROW,INDEX) = REAL(JBASE)
SCHED (IROW,INDEX+1) = TIME
GOTO 30
ENDIF
CONTINUE
ENDIF
ELSE
here do not have a matching plane number’
IROW = TROW +
SCHED(IROW, 1)
SCHED(IROW,3)
SCHED (IROW,4)
SCHED(IROW,5)
SCHED(IROW,6)

REAL (MISSON)

REAL (IPLANE)
CAP(INT(ACTYPE(MISSON)))
FDIRCT(MISSON, 1)
REAL(JBASE)

w N




SCHED(IROW,7)
SCHED (IROW,8)
SCHED (IROW,9)
ENDIF
GOTO 30
60 CLOSE(UNIT=11,STATUS=’KEEP’)

0.
REAL (JBASE)
TIME

IWROTE
TEMPHI = -1.
120 TEMPLO = 100000.
DO 130, I=1, MAXFLT
IF( SCHED(I,1) .EQ. 0.) GOTO 130
IF( SCHED(I,9) .LT. TEMPLO ) TEMPLO
IF( SCHED(I,9) .GT. TEMPHI ) TEMPHI
130 CONTINUE
DO 140, I=1, IROW
c*x Next if assigns flight numbers, eliminates flight from further
cx* consideration, sends back to find next to take off
IF( SCHED(I,9) .EQ. TEMPLO ) THEN
FLTNUM = FLTNUM + 1.
SCHED(1,2) = FLTNUM
write(99,138) (sched(i,kk),kk=1,11)
WRITE(UNIT=13,FMT=138) (SCHED(I,KK) ,KK=1,11)

138 FORMAT(’ ’,F3.0,F4.0,6(F3.0),F7.2,F5.2,F3.0)
WRITE(UNIT=13,FMT=139) (SCHED(I,KK),KK=12,29)
WRITE(UNIT=13,FMT=139) (SCHED(I,KK),KK=30,ISTOP)

139 FORMAT(’ ’,6(F5.2,F5.2,F3.0))

IWROTE = IWROTE + 1
IF( IWROTE .EQ. IROW ) GOTO 150

0

WoHon

SCHED(I,9)
SCHED(I,9)

SCHED(I,1) = 0.
SCHED(I,9) = TEMPHI + 1.
GOTO 120

ENDIF

140 CONTINUE
150 CLOSE(UNIT=13,STATUS='KEEP’)
PRINT *, ’ The SRAW1.DAT raw file is complete.’
PRINT *, ’ You can copy and edit this file for other flight’,
1’ schedules.’
PRINT =
PRINT *, ’ You must run MULTSCH to make the SCHED.DAT file’,
1’ needed for SLAM.’
close(unit=99,status=’keep’)
END

c** This subroutine fills in the flight times from one place to
c**x another for a row in the schedule

SUBROUTINE FLY(SCHED,IROW,FLYTIM)

COMMON ISTOP, MAXBAS, MAXFLT

DIMENSION SCHED(MAXFLT,ISTOP), FLYTIM(MAXBAS,MAXBAS)

DO 10, K=8, ISTOP-3, 3
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I = INT( SCHED(IROW,K) )
J = INT( SCHED(IROW,K+3) )
SCHED (IROW,K+2) = FLYTIM(I,J)
10 CONTINUE
20 RETURN
END

[}

c** This subroutine creates new flights for the schedule, based on
c** the TIME read in from the last leg of journey.

SUBROUTINE REPEAT(SCHED,IROW,TIME)

COMMON ISTOP, MAXBAS, MAXFLT, ENDMTH

DIMENSION SCHED(MAXFLT,ISTOP)

TEMP = 0.
DO 10, K=12, ISTOP-2, 3
TEMP = TEMP + SCHED(IROW,K) + SCHED(IROW,K+1)

10 CONTINUE

ADD = SCHED(IROW,10) + TEMP + TIME
2¢ IF( ( SCHED(IROW,9) + ADD) .GT. ENDMTH ) GOTO 40

IROW = IROW + 1

DD 30, K=1, ISTOP

SCHED (IROW,K) = SCHED(IROW-1,K)

30 CONTINUE

SCHED(IROW,9) = SCHFD(IROW,9) + ADD

GOTO 20
40 RETURN

END
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Appendix C. The MULTSCH.FOR FORTRAN Program

The MAC computer channel route model’s simulation program results express
cargo delay for each cargo C-D pair that might be realized if a month’s schedule
were in operation for a period of time longer than one month. Iven though the
average information might obscure individnal delay-causing factors, the use of a
longer period of time may help obviate bias caused by model operation without cargo
“owing through the system initially. For a similar reason, this research developed a

simulation relying on a multiple-month schedule.

This separate FORTRAN program prouuces the multiple-month schedule ac-
tually used in the simulation program. The program takes a monthly flight schedule
and adds flights to begin at the same relative time, with the same characteristics,
in subsequent months. Each subsequent month’s flight schedule is a duplicate of the
first - just delayed in time by the appropriate number of hours (e.g., 720, 1440,

et )

The prozram user provides the number of months the schedule will cover and
the numbor of the schedule iteration. This research used a three-month schedule.
The first iteration always uses the initial, unmodified schedle (like that created from
MACs scheduling program). Schedules which are modifications of that schedule can
still use the mmltiple-month schedule-creation program to gencrate a flight schedule

for nse m simulation.

The FORTRAN program that follows can multip'y any flight schedule of the
form created by the program found in Appendix B. The user must interactively tell
the computer how many months the schedule will cover. The user must also tell the
computer which input file will be used in the next iteration of the SLAM program

fornd in Appendices ) and L.




The first schedule iteration uses the schedule provided by the HQ MAC/XPYR
scheduling program, after it has been acted upon by the RAWSCH program (i.e., the
output SRAWI1.DAT file). A user of this proposed method might, after reviewing
the results obtained from the simulation program, decide to adjust the times when
flight legs occur. By copying the SRAW1.DAT file and adjusting the times in the
copied file, a new one-month schedule could be made. For example, if simulation
results were desired with the first flight commencing one hour into the month, instead
of at the very beginning, a SRAW2.DAT could be made from SRAW1.DAT
with this change. Then to create the multiple-month schedule for the simulation,
the MULTSCH program will use the SRAW2.DAT file when the user tells the

computer program that this is iteration 2.

The output from the MULTSCH program is of the exact same form as the
SRAWIL.DAT file - just larger because it covers more months. This schedule is
stored in the SCHED.DAT file, which is one of the major input files required to

run the simulation program proposed by this research. The FORTRAN code follows:

cx*k*x** This is the MULTSCH program. This program takes a SCH##RAW
cx**x*xx file and adds additional flights to provide a multiple-month
cx***x* schedule to run the SLAM cargo simulation. The output file
cxxxxx of this program is SCHED.DAT, which is used by the SLAM code.
cxxxx* This program was written by Captain Moul at AFIT.

cx*x*x*xx NOTE: On first iteration, using MAC’s CARGRT program, through
cx¥xxx* the RAWSCH program the input file would be SCHiRAW.DAT After
c*x**x* that, the modeler can copy and edit the SCH1RAW.DAT file into
cx**x% a SCH2RAW.DAT, etc. Then SLAM runs can be accomplished using
ckxxx*x  a modified flight schedule.

DIMENSION SCHED(999,47)

CHARACTER#*20 ITER, TEMP, FILNAM

NATFLT = 47

PRINT *, '’ What SCHED iteration is this 7 °’
READ(*,’ (A20)’) ITER

J = LEN(ITER)

FILNAM = 'SRAW’ // ITER(1:J)

PRINT x*

PRINT *, ’'How many months to be in schedule 7’
READ(*,’ (I2)’) MONTHS

OPEN(UNIT=11,FILE=FILNAM,STATUS="0LD’)




9
10
20

Ck*
Ck*
C*

28

29
30

40
50

OPEN(UNIT=12,FILE=’'SCHED.DAT’ ,STATUS=’UNKNOWN’)
open(unit=99,file=’out.out’,status=’unknown’)

DO 10, I=1, 999
IROW = IROW + 1
READ(UNIT=11,FMT=8,END=20) (SCHED(I,KK),KK=1,11)
FORMAT(1X,F3.0,F4.0,6(F3.0) ,F7.2,F5.2,F3.0)
READ(UNIT=11,FMT=9,END=20) (SCHED(I,KK),KK=12,29)
READ(UNIT=11,FMT=9,END=20) (SCHED(I,KK),KK=30,NATFLT)
FORMAT (1X,6(F5.2,F5.2,F3.0))

CONTINUE

CLOSE(UNIT=11,STATUS='KEEP’)

IROW = IROW - 1

Next set of lines multiply schedule by number of months input.
Note: same flights in other months will occur at same relative
time in month - leaving discontinuity between months.
DO 30, I=1, IROW
FLTNUM = FLTNUM + 1.
SCHED(I,2) = FLTNUM
WRITE(UNIT=12,FMT=28) (SCHED(I,KK),KK=1,11)
FORMAT(® ’,F3.0,F4.0,6(F3.0),F7.2,F5.2,F3.0)
WRITE(UNIT=12,FMT=29) (SCHED(I,KK),KK=12,29)
WRITE(UNIT=12,FMT=29) (SCHED(I,KK),KK=30,NATFLT)
FORMAT(’ ’,6(F5.2,F5.2,F3.0))
CONTINUE
DO 50, M=2, MONTHS
DO 40, I=1, IROW
FLTNUM = FLTNUM + 1.
SCHED(I,2) = FLTNUM
SCHED(I,9) = SCHED(I,9) + 720.
WRITE(UNIT=12,FMT=28) (SCHED(I,KK),KK=1,11)
WRITE(UNIT=12,FMT=29) (SCHED(I,KK) ,KK=12,29)
WRITE(UNIT=12,FMT=29) (SCHED(I,KK) ,KK=30,NATFLT)
CONTINUE
CONTINUE
PRINT *
PRINT *, ’'The SCHED.DAT file is now ready for running SLAM.’
PRINT =*
PRINT *, 'The SLAM and fortran codes are both CARGO.’
CLOSE(UNIT=12,STATUS='KEEP’)
close(unit=99,status='keep’)
END




Appendix D. \ The CARGO.DAT SLAM Code File

The SLAM code which follows is all that is necessary to run the cargo simu-
lation, along with the FORTRAN program inserts found in Appendix E. To modify

this program the following changes might need to be made:

o LIMITS - This research’s simulation is unusual because of the requirement
vo maintain attribute values for all of these entities. For this reason, this
research follows Pritsker’s advice of “the judicious use of a safety factor” when
establishing “the total number of entities that can exist in the model at one
time” (18:268).

o [NIT - start time and end time in hours (time schedule covers).

o CREATLES - need to set up a CREATE portion for each O-D cargo pair, with
mission flag, origin, destination, direction, and current location, .

e QUEUFEs - one numbered QUEUE for each airport, renumber HOLD, TEMP,

and DONF above the highest airport number.

GEN,CAPTMOUL ,CARGO DELIVERY,4/30/92,1,N,N,Y/Y,N,Y/1,72;
LIMITS,21,98,10000; files(queues) ,attributes,entities in file

INIT,0,2160; go three months, by hour
NETWORK ;
C1t4 CREATE,,,,,; create one 1to4 cargo

ASSIGN, ATRIB(i)=-1i., ATRIB(2)=1., ATRIB(3)=4.,
ATRIB(4)=5., ATRIB(7)=1.,;

ACT,USERF(5),,; split for next cargo
GOON/2;
ACT, ,,C1t4;
ACT/S,,,Q001; en‘er 1to4 cargo
C1t6 CREATE,,,,,; create one 1to6 cargo

ASSIGN, ATRIB(1)=-1., ATRIB(2)=1., ATRIB(3)=6.,
ATRIB(4)=5., ATRIB(7)=1.;

ACT,USERF(5),,; split for next cargo
GOON/2;
ACT,,,C1t6;
ACT/6,,,Q001; enter 1to6 cargo
C1t9 CREATE,,,,,; create one 1to9 cargo
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Cltw

C2t3

C2t5

C2t7

C2t8

C2t0

C2tW

ASSIGN, ATRIB(1)=-1., a1R1B(2)=1., AIRIB(3)=9.,
ATRIB(4)=5., ATRIB(7)=1.;

ACT,USERF(5),,; split for next cargo
GOON/2;

ACT,,,C1t9;

ACT/7,,,Q001; enter 1to9 cargo
CREATE, ,,,,; create one 1tol2 cargo

ASSIGN, ATRIB(1)=-1., ATRIB(2)=1., ATRIB(3)=12.,
ATRIB(4)=5., ATRIB(7)=1.;

ACT,USERF(5),,; split for next cargo
GOON/2;

ACT,, ,C1tW;

ACT/8,,,Q001; enter 1tol2 cargo
CREATE,,,,,; create one 2to3 cargo

ASSIGN, ATRIB(1)=-1., ATRIB(2)=2., ATRIB(3)=3.,
ATRIB(4)=5., ATRIB(7)=2.;

ACT,USERF(5),,; split for next cargo
GOON/2;

ACT,,,C2t3;

ACT/9,,,Q002; enter 2to3 cargo
CREATE, ,,,,; create one 2to5 cargo

ASSIGN, ATRIB(1)=-1., ATRIB(2)=2., ATRIB(3)=5.,
ATRIB(4)=5., ATRIB(7)=2.;

ACT,USERF(5),,; split for next cargo
GOON/2;

ACT,, ,C2t5;

ACT/10,,,Q002; enter 2to5 cargo
CREATE, ,,,,; create one 2to7 cargo

ASSIGN, ATRIB(1)=-1., ATRIB(2)=2., ATRIB(3)=7.,
ATRIB(4)=5., ATRIB(7)=2.;

ACT,USERF(5),,; split for next cargo
GOON/2;

ACT,, ,C2t7;

ACT/11,,,Q002; enter 2to7 cargo
CREATE,,,,,; create one 2to8 cargo

ASSIGN, ATRIB(1)=-1., ATRIB(2)=2., ATRIB(3)=8.,
ATRIB(4)=5., ATRIB(7)=2.;

ACT,USERF(5),,; split for next cargo
GOON/2;

ACT,, ,C2t8;

ACT/12,,,Q002; enter 2to8 cargo
CREATE,,,,,; create one 2tol0 cargo

ASSIGN, ATRIB(1)=-1., ATRIB(2)=2., ATRIB(3)=10.,
ATRIB(4)=5., ATRIB(7)=2.;

ACT,USERF(5),, ; split for next cargo
GOON/2:

ACT,,,C2t0;

ACT/13,,,Q0002; enter 2tol0 cargo
CREATE, ,,,,; create one 2tol2 cargo

ASSIGN, ATRIB(1)=-1., ATRIB(2)=2., ATRIB(3)=12.,
ATRIB(4)=5., ATRIB(7)=2.;
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C3t2

C3t4

C3t6

C3t0

C4at1

C4t6

C4t9

ACT,USERF(5),,; split for next cargo
GOON/2;

ACT,, ,C2tW;
ACT/14,,,Q002; enter 2tol2 cargo
CREATE, ,,,,; create one 3to2 cargo

ASSIGN, ATRIB(1)=-1., ATRIB(2)=3., ATRIB(3)=2.,
ATRIB(4)=15., ATRIB(7)=3.;

ACT,USERF(5),,; split for next cargo
GOON/2;

ACT,, ,C3t2;

ACT/15,,,Q003; enter 3to2 cargo
CREATE,,,,,; create one 3to4 cargo

ASSIGN, ATRIB(1)=-1., ATRIB(2)=3., ATRIB(3)=4.,
ATRTB(4)=5., ATRIB(7)=3.;

ACT,USERF(5),,; split for next cargo
GOON/2;

ACT,,,C3t4;

ACT/16,,,Q003; enter 3to4 cargo
CREATE,,,,,; create one 3to6 cargo

ASSIGN, ATRIB(1)=0., ATRIB(2)=3., ATRIB(3)=6.,
ATRIB(4)=5., ATRIB(7)=3.;

ACT,USERF(5),,; split for next cargo
GODN/2;

ACT,,,C3t6;

ACT/17,,,Q003; enter 3to6 cargo
CREATE,,,,,; create one 3tol0 cargo

ASSIGN, ATRIB(1)=-1., ATRIB(2)=3., ATRIB(3)=10.,
ATRIB(4)=5., ATRIB(7)=3.;

ACT,USERF(5),,; split for next cargo
GOON/2;

ACT,,,C3t0;

ACT/18,,,Q003; enter 3tol0 cargo
CREATE,,,,,; create one 4tol cargo

ASSIGN, ATRIB(1)=-1., ATRIB(2)=4., ATRIB(3)=1.,
ATRIB(4)=15., ATRIB(7)=4.;

ACT,USERF(5),,; split for next cargo
GOON/2;

ACT,,,C4t1; .
ACT/19,,,Q004; enter 4tol cargo
CREATE,,,,,; create one 4to6 cargo

ASSIGN, ATRIB(1)=-1., ATRIB(2)=4., ATRIB(3)=6.,
ATRIB(4)=5., ATRIB(7)=4.;

ACT,USERF(5),,; split for next cargo
GOON/2;

ACT,, ,C4t6;

ACT/20,,,Q004; enter 4to6 cargo
CREATE, ,,,,; create one 4to9 cargo

ASSIGN, ATRIB(1)=0., ATRIB(2)=4., ATRIB(3)=9.,
ATRIB(4)=5., ATRIB(7)=4.;

ACT ,USERF(5),,; split for next cargo

GOON/?2;
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C4t0

C5t2

C5t4

C5t7

C5t8

C5tW

C6t1

ACT,, ,C4t9;

ACT/21,,,Q004; enter 4to9 cargo

CREATE, ,,,,; create one 4to10 cargo

ASSIGN, ATRIB(1)=0., ATRIB(2)=4., ATRIB(3)=10.,
ATRIB(4)=5., ATRIB(7)=4.;

ACT,USERF(5),,; split for next cargo
GOON/2;

ACT,, ,C4t0;

ACT/22,,,Q004; enter 4tol0 cargo
CREATE,,,,,; create one 5to2 cargo

ASSIGN, ATRIB(1)=-1., ATRIB(2)=5., ATRIB(3)=2.,
ATRIB(4)=15., ATRIB(7)=5.;

ACT,USERF(5),,; split for next cargo
GOON/2;

ACT,, ,C5t2;

ACT/23,,,Q005; enter 5to2 cargo
CREATE, ,,,,; create one 5to4 cargo

ASSIGN, ATRIB(1)=0., ATRIB(2)=5., ATRIB(3)=4.,
ATRIB(4)=15., ATRIB(7)=5.;

ACT,USERF(5),,; split for next cargo
GOON/2;

ACT,, ,C5t4;

ACT/24,,,Q005; enter 5to4 cargo
CREATE, ,,,,; create one 5to7 cargo

ASSIGN, ATRIB(1)=0., ATRIB(2)=5., ATRIB(3)=7.,
ATRIB(4)=5., ATRIB(7)=5.;

ACT ,USERF(5),,; split for next cargo
GOON/2;

ACT,,,C5t7;

ACT/25,,,Q005; enter 5to7 cargo
CREATE,,,,,; create one 5to8 cargo

ASSIGN, ATRIB(1)=0., ATRIB(2)=5., ATRIB(3)=8.,
ATRIB(4)=5., ATRIB(7)=5.;

ACT,USERF(5),,; split for next cargo
GOON/2;

ACT,, ,C5t8;

ACT/26,,,Q005; enter 5to8 cargo
CREATE,,,,,; create one 5t12 cargo

ASSIGN, ATRIB(1)=0., ATRIB(2)=5., ATRIB(3)=12.,
ATRIB(4)=5., ATRIB(7)=5.;

ACT,USERF(5),,; split for next cargo
GOON/2;

ACT,, ,C5tW;

ACT/27,,,Q005; enter 5tol2 cargo
CREATE, ,,,,; create one 6tol cargo

ASSIGN, ATRIB(1)=-1., ATRIB(2)=6., ATRIB(3)=1.,
ATRIB(4)=15., ATRIB(7)=6.;

ACT,USERF(5),,; split for next cargo
GOON/?2;

ACT,,,C6t1;

ACT/28,,,Q006; enter 6tol cargo

-1




C6t3

C6t4

C6t9

C6t0

C7t2

C7t5

c7t8

C8t2

CREATE,,,,,; create one 6to3 cargo
ASSIGN, ATRIB(1)=-1., ATRIB(2)=6., ATRIB(3)=3.,
ATRIB(4)=15., ATRIB(7)=6.;

ACT,USERF(5),,; split for next cargo
GOON/2;

ACT,,,C6t3;

ACT/29,,,Q006; enter 6to3 cargo
CREATE,,,,,; create one 6to4 cargo

ASSIGN, ATRIB(1)=0., ATRIB(2)=6., ATRIB(3)=4.,
ATRIB(4)=15., ATRIB(7)=6.;

ACT,USERF(5),,; split for next cargo
GOON/2;

ACT,,,C6t4;

ACT/30,,,Q006; enter 6to4 cargo
CREATE, ,,,,; create one 6to9 cargo

ASSIGN, ATRIB(1)=-1., ATRIB(2)=6., ATRIB(3)=9.,
ATRIB(4)=10., ATRIB(7)=6.;

ACT,USERF(5),,; split for next cargo
GOON/2;

ACT,,,C6t9;

ACT/31,,,0006; enter 6to9 cargo
CREATE,,,,,; create one 6to10 cargo

ASSIGN, ATRIB(1)=-1., ATRIB(2)=6., ATRIB(3)=10.,
ATRIB(4)=10., ATRIB(7)=6.;

ACT,USERF(5),,; split for mnext cargo
GOON/2;

ACT,,,C6t0;

ACT/32,,,Q006; enter 6tol0 cargo
CRERTE,,,,,; create one 7to2 cargo

ASSIGN, ATRIB(1)=-1., ATRIB(2)=7., ATRIB(3)=2.,
ATRIB(4)=10., ATRIB(7)=7.;

ACT,USERF(5),,; split for next cargo
GOON/2;

ACT,,,C7t2;

ACT/33,,,Q007; enter 7to2 cargo
CREATE, ,,,,; create one 7tob5 cargo

ASSIGN, ATRIB(1)=-1., ATRIB(2)=7., ATRIB(3)=5.,
ATRIB(4)=10., ATRIB(7)=7.;

ACT,USERF(5),,; split for next cargo
GOON/2;

ACT,,,C7t5;

ACT/34,,,Q007; enter 7to5 cargo
CREATE,,,,,; create one 7to8 cargo

ASSIGN, ATRIB(1)=0., ATRIB(2)=7., ATRIB(3)=8.,
ATRIB(4)=5., ATRIB(7)=7.;

ACT,USERF(5),,; split for next cargo
GOON/2;

ACT,,,C7t8;

ACT/35,,,Q007; enter 7to8 cargo
CREATE, ,,,,; create one 8to2 cargo

ASSIGN, ATRIB(1)=0., ATRIB(2)=8., ATRIB(3)=2.,
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c8t4

Cc8t5

c8t7

Cot1

C9t4

CIot6

Cot1

ATRIB(4)=5.
ACT,USERF(5),,;
GOON/2;

ACT,, ,C8t2;
ACT/36,,,Q008;
CREATE,,,,,;
ASSIGN, ATRIB(1)=0.

ATRIB(4)=5.
ACT,USERF(5),,;
GOON/2;

ACT,, ,C8t4;
ACT/37,,,Q008;
CREATE,,,,,;
ASSIGN, ATRIB(1)=0.

ATRIB(4)=5.
ACT,USERF(5),,;
GOON/2;

ACT,, ,C8t5;
ACT/38,,,Q008;
CREATE,,,,,;
ASSIGN, ATRIB(1)=0.

ATRIB(4)=5.
ACT,USERF(5),,;
GOON/2;

ACT,,,C8t7;
ACT/39,,,Q008;
CREATE,,,,,;

ASSIGN, ATRIB(1)=-1.
ATRIB(4)=15.

ACT,USERF(5),,;
GOON/2;
ACT, , ,C9%1%;
ACT/40,,,Q009;
CREATE,,,,,;

ASSIGN, ATRIB(1)=-1.
ATRIB(4)=10.

ACT,USERF(5),,;
GOON/2;

ACT,, ,Co9t4;
ACT/41,,,Q009;
CREATE,,,,,;

ASSIGN, ATRIB(1)=-1.
ATRIB(4)=10.

ACT,USERF(S),,;

GOON/2;

ACT,, ,C9t6;
ACT/42,,,Q009;
CREATE, ,,,,;

ATRIB(7)=8.;
split for next cargo

enter 8to2 cargo

create one 8to4 cargo
ATRIB(2)=8., ATRIB(3)=4.,
ATRIB(7)=8.;

split for next cargo

enter 8to4 cargo

create one 8tob5 cargo
ATRIB(2)=8., ATRIB(3)=5.,
ATRIB(7)=8.;

split for next cargo

enter 8tob5 cargo

create one 8to7 cargo
ATRIB(2)=8., ATRIB/2)-7.,
ATRIB(7)=8.;

split for next cargo

enter 8to7 cargo

create one 9tol cargo
ATRIB(2)=9., ATRIB(3)=1.,
ATRIB(7)=9.;

split for next cargo

enter 9tol cargo

create one 9to4 cargo
ATRIB(2)=9., ATRIB(3)=4.,
ATRIB(7)=9.;

split for next cargo

enter 9to4 cargo

create one 9to6 cargo
ATRIB(2)=9., ATRIB(3)=6.,
ATRIB(7)=9.;

split for next cargo

enter 9to6 cargo
create one 10tol cargo

ASSIGN, ATRIB(1)=0., ATRIB(2)=10., ATRIB(3)=1.,
ATRIB(4)=10., ATRIB(7)=10.;

ACT,USERF(5),,;

split for next cargo
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Cot3

cot4

Cot6

CWt1l

CWt2

CWt5

JETS
INFO

DPRT
FILL

GOON/2;
ACT,,,COt1;
ACT/43,,,Q010;
CREATE, , ,,,:

ASSIGN, ATRIB(1)=
ATRIB(4)=

ACT,USERF(5),,;
GOON/2;
ACT,,,C0t3;
ACT/44,,,Q010;
CREATE’ 3333

ASSIGN, ATRIB(1)=
ATRIB(4)=

ACT,USERF(5), , ;
GOON/2;

ACT,, ,C0t4;
ACT/45,,,Q010;
CREATE,,,,,;

enter 10tol cargo

create one 10to3 cargo
0., ATRIB(2)=10., ATRIB(3)=3.,
10., ATRIB(7)=10.;

split for next cargo

enter 10to3 cargo

create one 10to4 cargo
0., ATRIB(2)=10., ATRIB(3)=4.,
10., ATRIB(7)=10.;

split for next cargo

entcr 10to4 cargo
create one 10to6 cargo

ASSIGN, ATRIB(1)=0., ATRIB(2)=10., ATRIB(3)=6.,

ATRIB(4)=

ACT,USERF(5),,;
GOON/2;
ACT,,,CO0t6;
ACT/46,,,Q010;
CREATE, ,,,,;

ASSIGN, ATRIB(1)=
ATRIB(4)=

ACT,USERF(5),,;
GOON/2;

ACT,, ,CWtl;
ACT/48,,,0012;
CREATE: 1939

10., ATRIB(7)=10.;
split for next cargo

enter 10to6 cargo

create one 12tol cargo
0., ATRIB(2)=12., ATRIB(3)=1.,
15., ATRIB(7)=12.;

split for next cargo

enter 12tol cargo
create one 12to2 cargo

ASSIGN, ATRIB(1)=0., ATRIB(2)=12., ATRIB(3)=2.,

ATRIB(4)=

ACT,USERF(5),,;
GOON/2;

ACT,, ,CWt2;
ACT/49,,,Q012;
CREATE, ,,,,;

15., ATRIB(7)=12.;
split for next cargo

enter 12to2 cargo
create one 12to5 cargo

ASSIGN, ATRIB(1)=0., ATRIB(2)=12., ATRIB(3)=5.,

ATRIB(4)=

ACT,USERF(5),,;
GOON/2;

ACT,, ,CWt5;
ACT/50,,,Q012;
CREATE,,,,,;
ACT ,USERF(1),,;
GOON/2;

ACT,0.,ATRIB(1).GT.0.,JETS;
ACT/1,0.,ATRIB(1).GT.0.,;

EVENT,1,1;

15., ATRIB(7)=12.;
split for next cargo

enter 12tob cargo
create one plane/flight
split for next flight

create next plane

plane departs
looks at onboard cargo
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PNEW EVENT,2,1; gets new cargo

FLY ACT/2,USERF(2),; fly to next stop
ASSIGN, ATRIB(7)=ATRIB(7)+1.; increase leg counter
ACT,0.,1.,DROP;

DROP EVENT,3,1; update place (hold)

FDIR EVENT,4,1; plane direction change ?

CDIR EVENT,S5,1; cargo direction change 7

DOFF EVENT,6,1; cargo getting off 7

FFIN EVENT,7,1; last stop of plane
GOON/1;

SIT ACT/3,USERF(4),USERF(3).NE.ATRIB(6),FILL; sit on ground
; userf(4) returns groundtime, userf(3) returns current stop
LAST ACT/4,0,USERF(3).EQ.ATRIB(6),; at last stop

TERM;
Q001 QUEUE(1),0,,,;
Q002 QUEUE(2),0,,,;
Q003 QUEUE(3),0,,,;
Q004 QUEUE(4),0,,,;
Qoos5 QUEUE(5),0,,,;
1006 QUEUE(6),0,,,;
Q007 QUEUE(7),0,,,;
Q008 QUEUE(8),0,,,;
Q009 QUEUE(9),0,,,;
Q010 QUEUE(10),0,,,;
Q011 QUEUE(11),0,,,;
Q012 QUEUE(12),0,,,;
TEMP QUEUE(19),0,,,;
HOLD QUEUE(20),0,,,;
DONE QUEUE(21),0,,,;
ACT(1),0.,1.,;
CARG EVENT,8,1;
TERM;
ENDNETWORK ;
FIN;




Appendix E. The CARGO.FOR File for SLAM Inserts

PROGRAM MAIN

DIMENSION NSET(3000000)

INCLUDE ’SLAM$DIR:PARAM.INC’

COMMON/SCOM1/ATRIB(MATRB) , DD(MEQT), DDL(MEQT), DTNOW, II, MFA,
1MSTOP, NCLNR, NCRDR, NPRNT, NNRUN, NNSET, NTAPE, SS(MEQT),
2SSL(MEQT), TNEXT, TNOW, XX(MMXXV)

PARAMETER (MAXQUE=15, MAXFLT=1000, MAXMSN=100)

COMMON/UCOM1/NUMQUE, NUMFLT, NATCAR, NATFLT, ILEGS, IEVERY

COMMON/UCOM2/ENDAT, BSTATS, ESTATS, IMSSNS, NFLOWN

COMMON/UCOM3/MAXSTP (MAXMSN) , FLTMSN (MAXFLT), CARGON(MAXFLT)

COMMON/UCOM4/CDIRCT (MAXQUE ,MAXQUE), FDIRCT(MAXMSN,13)

COMMON/UCOMS/CMSION (MAXQUE**2,5) , DEMAND (MAXQUE,MAXQUE)

COMMON QSET(36G0000)

EQUIVALENCE (NSET(1),QSET(1))

NNSET=3000000

NCRDR=5

NPRNT=6

NTAPE=7

NPLOT=2

Cx* Next lines to pass common information to subroutines. These need
C** to be adjusted for changes to network (e.g., number of airports,

Cx* number of cargo or aircraft attributes). Also, for all routines

C*x the COMMON block matrix dimensions must be adjusted when needed.

C** Current limitations: 12 legs/flight, 18 stops/ton of cargo.

Ch*
CHh %

NUMQUE = 12

NATCAR = 98

NATFLT = 47

ENDAT = 720.
BSTATS = 720.
ESTATS = 1419.9999
CALL SLAM

STOP

END

This subroutine takes care of initial activities required, such
as 1nitial opening of files for reading and writing.

SUBROUTINE INTLC

INCLUDE ’SLAM$DIR:PARAM.INC’

COMMON/SCOM1/ATRIB(MATRB) , DD(MEQT), DDL(MEQT), DTNOW, II, MFA,
1MSTOP, NCLNR, NCRDR, NPRNT, NNRUN, NNSET, NTAPE, SS(MEQT),
2SSL(MEQT), TNEXT, TNOW, XX(MMXXV)

PARAMETER (MAXQUE=15, MAXFLT=1000, MAXMSN=100)

COMMON/UCOM1/NUMQUE, NUMFLT, NATCAR, NATFLT, ILEGS, IEVERY

COMMON/UCOM2/ENDAT, BSTATS, ESTATS, IMSSNS, NFLOWN

COMMON/UCOM3/MAXSTP (MAXMSN) , FLTMSN(MAXFLT), CARGON(MAXFLT)

COMMON/UCCM4/CDIRCT (MAXQUE,MAXQUE) , FDIRCT(MAXMSN,13)




O000o0

COMMON/UCOMS/CMSION (MAXQUE*#2,5) , DEMAND (MAXQUE,MAXQUE)
DIMENSION TEMP(14)

OPEN(UNIT=1,FILE=’SCHED.DAT’,STATUS="0LD’)
OPEN(UNIT=3,FILE='DEMAND.DAT’,STATUS=’0LD’)
OPEN(UNIT=4,FILE=’"CDIRCT.DAT’ ,STATUS="0LD’)
OPEN(UNIT=8,FILE="LEGS.0QUT’ ,STATUS=’UNKNOWN’)
OPEN(UNIT=9,FILE='QUEUES.QUT’ ,STATUS="UNKNOWN’)
OPEN(UNIT=10,FILE='CMSSION.DAT’,STATUS=’0LD’)
OPEN(UNIT=11,FILE="FDIRCT.DAT’,STATUS="0LD’)
OPEN(UNIT=30,FILE=’"FLEGS.TMP’ ,STATUS=’"UNKNOWN’)
OPEN(UNIT=31,FILE="EVERY.TMP’ ,STATUS="UNKNOWN’)
OPEN(UNIT=99,FILE="QUT.0UT’ ,STATUS="UNKNOWN’)

The next lines read the cargo demand, direction changes, and
mission number changes between the origin-destination pairs and
converts 1t into internal matrix form more easily used later
(in USERF(5) for cargo demand generation and in CDIR for
DIRECTion and MiSSION changes).

100 READ(UNIT=3,FMT=’(2(I4),F10.2)’,END=110) IREAD1, IREAD2, READ3
IF( READ3 .EQ. 0.) READ3 = .000000001
BTWEEN = ENDAT / READ3
DEMAND (IREAD1,IREAD2) = BTWEEN
GOTO 100
110 CLOSE(UNIT=3,STATUS='KEEP’)

120 READ(UNIT=4,FMT=’(2(14),F6.0)’ ,END=130) IREAD1, IREAD2, READ3
CDIRCT(IREAD1,IREAD2) = READ3
GOTO 120

130 CLOSE(UNIT=4,STATUS='KEEP’)

140 READ(UNIT=10,FMT=’(5(F4.0))’ ,END=160) (TEMP(KK),KK=1,5)
I=1+1
DO 150, J=1, 5
CMSION(T,J) = TEMP(J)
150 CONTINUE
GOTO 140
160 CLOSE(UNIT=10,STATUS=’KEEP’)

Now we read in the stops where aircraft are changing directions
into the FDIRCT matrix for later use in DDIR.
170 READ(UNIT=11,FMT="(13(F3.0))’ ,END=190) (TEMP(KK) ,KK=1,13)

IT = 1IT + 1

DO 180, J=1,13

FDIRCT(IT,J) = TEMP(J)

180 CONTINUE

GOTO 170
190 CLOSE(UNIT=11,STATUS='KEEP’)

RETURN

t<




END

Cx* Here is the beginning of all the events. Note that the events
Cx*x really only directly affect aircraft in the SLAM code. The cargo
Cxx 1s adjusted by the swapping of attribute values indirectly

C** through the sequence of events.

SUBROUTINE EVENT(I)

INCLUDE ’SLAM$DIR:PARAM.INC’

COMMON/SCOM1/ATRIB(MATRB) , DD(MEQT), DDL(MEQT), DTNOW, II, MFA,
1IMSTOP, NCLNR, NCRDR, NPRNT, NNRUN, NNSET, NTAPE, SS(MEQT),
2SSL(MEQT), TNEXT, TNOW, XX(MMXXV)

PARAMETER (MAXQUE=15, MAXFLT=1000, MAXMSN=100)

COMMON/UCOM1/NUMQUE, NUMFLT, NATCAR, NATFLT, ILEGS, IEVERY

COMMON/UCOM2/ENDAT, BSTATS, ESTATS, IMSSNS, NFLOWN

COMMON/UCOM3/MAXSTP (MAXMSY. , FLTMSN(MAXFLT), CARGON(MAXFLT)

COMMON/UCOM4/CDIRCT (MAXQUE,MAXQUE), FDIRCT(MAXMSN,13)

COMMON/UCOMS/CMSTON (MAXQUE**2,5) , DEMAND (MAXQUE,MAXQUE)

DIMENSICN A(100), EVERY(8), FLEGS(9)

GOT0(1000,2000,3000,4000,5000,6000,7000,8000) I

Cxx This is FILL. Fill in cargo departure time, next stop,
c** arrival time at next stop for cargo already onboard.
1000 CONTINUE
JJ = INT( 3 * ATRIB(7) )

1010 NEXT = MMFE(20)
IF (NEXT .EQ. 0) GOTO 1030
CALL RMOVE(-NEXT,20,A)

¢ find cargo on plane, adjust cargo attributes to reflect cargo now
c at new location, put back in HOLD. Note that cargo dropping
¢ occurs later.
IF( A(8) .EQ. ATRIB(2) ) THEN
DO 1020, K=9, NATCAR-4, &
IF ( A(K) .EQ. 0.) THEN
A(K-1) = TNOW
A(K) = ATRIB(2)

A{K+1) = ATRIB(3)
A(K+2) = ATRIB(JJ + 11)
A(K+3) = TNOW + ATRIB(JJ + 10)
CALL FFILE(19,A)
GOTO 1010
ENDIF
1020 CONTINUE
ELSE
CALL FFILE(19,A)
GOTO 1010
ENDIF

1030 NEXT = MMFE(19)




IF( NEXT .EQ. O ) GOTO 1040
CALL RMOVE{-NEXT,19,4)

CALL FFILE(20,A)

GOTO 1030

1040 CONTINUE
RETURN

Cx* This 1s PNEW, which looks for cargo at the current location of
C*x the aircraft to be picked up, picks it up when appropriate,
C+* adjusts attributes of cargo to reflect getting on plane, and
C*x* puts such cargo in HOLD status.
2000 CONTINUE

JJ = INT( 3 * ATRIB(7) )

NOWAT = INT( ATRIB(JJ + 8) )

IF( ATRIB(4) - CARGON(INT(ATRIB(2))) .EQ. 0. ) GOTO 2070

¢ look at current location for cargo to pick up.
2010 NEXT = MMFE(NOWAT)
IF(NEXT .EQ. 0) GOTO 2060
CALL RMOVE(-NEXT,NOWAT,A)
c Note: uext IF compares directions and allows a range for allowable
c assignment. Modification might expand on this decision logic.
IF( (A(4) .GE. ATRIB(5)-5.) .AND.
1 (A(4) .LE. ATRIB(5)+5.) ) THEN
IF( AC1) .EQ. 0.) THEN
D0 2020, K=9, NATCAR-4, 5
IF ( A(K) .EQ. 0.) THEN
A(5) = AIRIB(2)
A(€) = ATRIB(3)
A(K-1) = TNOW
A(K) = ATRIB(2)
A(K+1) = ATRIB(3)
A(K+2) = ATRIB(JJ + 11)
A(K+3) = TNOW + ATRIB{JJ + 10)
CALL FFILE(20,A)
CARGON(INT(ATRIB(2))) = CARGON(INT(ATRIB(2))) + 1.
IF( ATRIB(4)-CARGON(INT(ATRIB(2))) .EQ. 0.} GOTO 2060
GOTO 2010
ENDIF
2020 CONTINUE
ELSE
IROW = 0
DO 2030, I=1, NUMQUE**2
IROW = TROW + 1
IF( (A(7) .EQ. CMSION(I,1)) .AND.

1 {A(3) .EG. CMSION{1,2)) ) GOTO 2040
2030 CONTINUE
2040 IF( (ATRIB(1) .EQ. CMSION(IROW,3)) .OR.

1 (ATRIB(1) .EG. CMSION(IROW,4)) .OR.

2 (ATRIB(1) .EQ. CMSION(CIROW,5)) ) THEN




DO 2050, K=9, NATCAR-4, 5
IF ( A(K) .EQ. 0.) THEN
A(5) = ATRIB(2)
A(6) = ATRIB(3)
A(K-1) = TNOW
A(K) = ATRIB(2)

A(K+1) = ATRIB(3)
A(K+2) = ATRIB(JJ + 11)
A(K+3) = TNOW + ATRIB(JJ + 10)

CALL FFILE(20,4)
CARGON (INT(ATRIB(2))) = CARGON(INT(ATRIB(2))) + 1.
IF (ATRIB(4)-CARGON(INT(ATRIB(2))).EQ.0.) GOTQ 2060
GOTO 2010

ENDIF

2050 CONTINUE

ELSE
CALL FFILE(19,A)
ENDIF
ENDIF
ELSE
CALL FFILE(19,4)
ENDIF
GOTO 2010

2060 NEXT = MMFE(19)

IF( NEXT .EQ. 0 ) GOTO 2070
CALL RMOVE(-NEXT,19,A)

CALL FFILE(NOWAT,A)

GOTO 2060

2070 CONTINUE

C**
Cxx
Cxx*
Cxx*
Cxx*x
Cxx

RETURN

Dropping off cargo. This subroutine will have to find out whether
cargo 1is destined for the next plane stop, whether it will stay on
the plane, or whether it is getting off (into the queue) hr-e.
Cargo at destination might be problem - will it get to top of FIFO
list to process to reporting block ? Can entity be inserted at
top of queue 7

Cx*xx*x*x this 1s DROP
3000 CONTINUE

C

IF( INT(ATRIB(7)) .GT. MAXSTP(INT(ATRIB(1))) ) THEN
MAXSTP(INT(ATRIB(1))) = INT(ATRIB(7))

ENDIF

JJ = INT ( 3 * ATRIB(7) )

PLACE = ATRIB(JJ + 8)

NOWAT = INT( ATRIB(JJ + 8) )

updating cargo location

3010 NEXT = MMFE(20)




IF (NEXT .EQ. 0) GOTO 3060
CALL RMOVE(-NEXT,20,A)
IF ( A(5) .EQ. ATRIB(2) ) THEN
IF( (TNOW .GE. BSTATS) .AND. (TNOW .LT. ESTATS) ) THEN
ILEGS = ILEGS + 1

FLEGS(1) = ATRIB(1)
FLEGS(2) = ATRIB(2)
FLEGS(3) = ATRIB(3)
FLEGS(4) = ATRIB(4)
FLEGS(5) = ATRIB(7)
FLEGS(6) = A(2)

FLEGS(7) = A(3)

¢ This next loop finds the time the cargo got on.
DO 3020, I=9, NATCAK-4, 5
IF( A(I) .EQ. ATRIB(2) ) THEN
IGOTON = I
GOTO 3030
ENDIF
3020 CONTINUE
3030 FLEGS(8) = A(IGOTON-1)
FLEGS(9) = TNOW
WRITE(UNIT=30,FMT=+) (FLEGS(KK),KK=1,9)
ENDIF
C** update place, put at destination or back onboard.
A(7) = PLACE
IF ( A(7) .EQ. A(3) ) THEN
DO 3040, I=8, NATCAR-5, 5
IF( A(I) .EQ. 0.) THEN

A(I) = TNOW
GOTO 3050
ENDIF
3040 CONTINUE
¢ cargo at destination, put in DONE.
3050 CALL FILEM(21,A)
CARGON(INT(ATRIB(2))) = CARGON(INT(ATRIB(2))) - 1.

ELSE
¢ cargo not at destination, put back in HOLD.
CALL FFILE(19,A)

ENDIF

ELSE
CALL FFILE(19,4)

ENDIF

GOTO 3010

3060 NEXT = MMFE(19)
IF( NEXT .EQ. 0 ) GOTO 3070
CALL RMOVE(-NEXT,19,A)
CALL FFILE(20,A)
GOTO 3060

3070 CONTINUE




RETURN

Cxx This 1s FDIR. Check to see if plane direction needs to change.
4000 CONTINUE

ATRIB(S) = FDIRCT(INT(ATRIB(1)),INT(ATRIB(7))+1)

RETURN |

Cx* This is CDIR which checks to see if cargo direction and/or mssion
C+* needs to change. Note that all cargo, even if changing, is put
C** back in HOLD. It is taken out, i1f necessary, in the next event.
5000 CONTINUE
5010 NEXT = MMFE(20)
IF ( NEXT .EQ. 0) GOTO 5040
CALL RMOVE(-NEXT,20,A)
IF ( A(5) .EQ. ATRIB(2) ) THEN

¢ The next lines check and change direction and mission,
¢ respectively, as input in the CDIRCT.DAT and MSSION.DAT files.
¢ This 1s based on current location and final destination.
A(4) = CDIRCT( INT(A(7)), INT(A(3)) )
IROW = 0
DO 5020, I=1, NUMQUE*x*2
IROW = IROW + 1
IF( (A(7) .EG. CMSION(IROW,1)) .AND.
1 (A(3) .EQ. CMSION(IROW,2)) ) GOTG 5030
5020 CONTINUE
5030 IF( (CMSION(IROW,3) .EQ. 0.) .AND.
(CMSION(IROW,4) .EQ. 0.) .AND.

[y

2 (CMSION(IROW,5) .EQ. 0.) ) THEN
A(1) = 0.
ELSE
A1) = -1.
ENDIF
CALL FFILE(19,A)
ELSE
CALL FFILE(19,4)
ENDIF
GOTO 5010

5040 NEXT = MMFE(19)
IF( NEXT .EQ. 0 ) GOTO 5050
CALL RMOVE(-NEXT,19,A)
CALL FFILE(20,4)
GOTO 5040

5050 CONTINUE
RETURN

C+* This is DOFF, which searches for other cargo getting off for some
C** reason. Note that both plane and cargo directions could have been
C** changed 1n previous events.




6000 CONTINUE
JJ = INT( 3 * ATRIB(7) )
PLACE = ATRIB(JJ + 8)
NOWAT = INT( ATRIB(JJ + 8) )
IF ( PLACE .EQ. ATRIB(6) ) RETURN

¢ checking hold for other cargo getting off
6010 NEXT = MMFE(20)

IF ( NEXT .EQ. 0 ) GOTO 6040

CALL RMOVE(-NEXT,20,A)

IF ( A(5) .EQ. ATRIB(2) ) THEN

cx**x 1f going right direction, AND, mission same as plane or not 0,
cxxx will stay on the plane.
¢ Note: Next IF compares directions and allows a range for allowable
c assignment. Modification might expand on this decision logic.

IF( (A(4) .GE. ATRIB(5)-5.) .AND.

1 (A(4) .LE. ATRIB(5)+5.) ) THEN
IF( A(1) .NE. 0.) THEN
IROW = 0

DO 6020, I=1, NUMQUE*NUMQUE
IROW = IROW + 1
IF( (A(7) .EQ. CMSION(IROW,1)) .AND.

2 (A(3) .EQ. CMSION(IROW,2)) ) GOTO 6030
6020 CONTINUE
6030 IF( (ATRIB(1) .EQ. CMSION(IROW,3)) .OR.
1 (ATRIB(1) .EQ. CMSION(IROW,4)) .OR.
2 (ATRIB(1) .EQ. CMSION(IROW,5)) ) THEN
CALL FFILE(19,A)
ELSE

CALL FFILE(NOWAT,A)
CARGON(INT(ATRIB(2))) = CARGON(INT(ATRIB(2))) - 1.
ENDIF
ELSE
CALL FFILE(19,4)
ENDIF

c otherwise will get off plane at current stop.
ELSE
CALL FFILE(NOWAT,A)
CARGON(INT(ATRIB(2))) = CARGON(INT(ATRIB(2))) - 1.
ENDIF
ELSE
CALL FFILE(19,A)
ENDIF
GOTO 6010

6040 NEXT = MMFE(19)
IF( NEXT .EQ. 0 ) GOTO 6050
CALL RMOVE(-NEXT,19,A)
CALL FFILE(20,A)




GOTO 6040

6050 CONTINUE
RETURN

C*+x This is FFIN, which takes care of the situation when a flight is at
Cx* the last stop (the plane arrives at home base). All cargo in HOLD
C** on the plane is offloaded at current location.
7000 CONTINUE

JJ = INT( 3 * ATRIB(7) )

PLACE = ATRIB(JJ + 8)

NOWAT = INT( ATRIB(JJ + 8) )

IF (PLACE .NE. ATRIB(6) ) RETURN

7010 NEXT = MMFE(20)
IF (NEXT .EQ. 0) GOTO 7020
CALL RMOVE(-NEXT,?20,A)
IF ( A(5) .EQ. ATRIB(2) ) THEN
CALL FFILE(NOWAT,A)
CARGON(INT(ATRIB(2))) = CARGON(INT(ATRIB(2))) - 1.
ELSE
CALL FFILE(19,4)
ENDIF
GOTO 7010

7020 NEXT = MMFE(19)
IF( NEXT .EQ. 0 ) GOTO 7030
CALL RMOVE(-NEXT,19,A)
CALL FFILE(20,4)
GOTO 7020

7030 CONTINUE
RETURN

c¢ This 1s CARG, for writing cargo atributes to common matrix EVERY.
c Note: unlike other above routines, this one i1s using attributes
¢ of the cargo entities.
8000 CONTINUE
IF( (TNOW .GE. BSTATS) .AND. (TNOW .LT. ESTATS) ) THEN
IEVERY = IEVERY + 1
DO 8010, I=9, NATCAR-4, 5
EVERY(1) = ATRIB(2)
EVERY(2) = ATRIB(3)
IF( I .EQ. 9) THEN
EVERY(3) = ATRIB(2)

ELSE

EVERY(3) = ATRIB(I-3)
ENDIF
EVERY(4) = ATRIB(I)
EVERY(5) = ATRIB(I+1)
EVERY(6) = ATRIB(I+4)




EVERY(7) ATRIB(I-1)
EVERY(8) = ATRIB(I+4) - ATRIB(I-1)
WRITE(UNIT=31,FMT=%) (EVERY(KK),KK=1,8)
8010 CONTINUE
ENDIF
RETURN

END

C+#*x Begin user functions

FUNCTION USERF(I)

INCLUDE ’SLAM$DIR:PARAM.INC’

COMMON/SCOM1/ATRIB(MATRB) , DD(MEQT), DDL(MEQT), DTNOW, II, MFA,
1MSTOP, NCLNR, NCRDR, NPRNT, NNRUN, NNSET, NTAPE, SS(MEQT),
2SSL(MEQT), TNEXT, TNOW, XX(MMXXV)

PARAMETER (MAXQUE=15, MAXFLT=1000, MAXMSN=100)

COMMON/UCOM1/NUMQUE, NUMFLT, NATCAR, NATFLT, ILEGS, IEVERY

COMMON/UCOM2/ENDAT, BSTATS, ESTATS, IMSSNS, NFLOWN

COMMON/UCOM3/MAXSTP (MAXMSN) , FLTMSN(MAXFLT), CARGON(MAXFLT)

COMMON/UCOM4/CDIRCT (MAXQUE,MAXQUE) , FDIRCT (MAXMSN,13)

COMMON/UCOMS/CMSION (MAXQUE#*2,5) , DEMAND (MAXQUE,MAXQUE)

GOTO0(1,2,3,4,5) 1

C+x Read attribute values, adjust depart time to time from TNOW.

1 CONTINUE
READ(UNIT=1,FMT=8,END=10) (ATRIB(J),J=1,11)

8 FORMAT(1x,F3.0,F4.0,6(F3.0),F7.2,F5.2,F3.0)
READ(UNIT=1,FMT=9,END=10) (ATRIB(J),J=12,29)
READ(UNIT=1,FMT=9,END=10) (ATRIB(J),J=30,NATFLT)

9 FORMAT(1x,6(F5.2,F5.2,F3.0))

IF( (TNOW .GE. BSTATS) .AND. (TNOW .LT. ESTATS) ) THEN
NUMFLT = NUMFLT + 1

ENDIF

NFLOWN = NFLOWN + 1

FLTMSN(NFLOWN) = ATRIB(1)

IF( INT(ATRIB(1)) .GT. IMSSNS) IMSSNS = INT(ATRIB(1))

USERF = ATRIB(9) - TNOW

RETURN

C+xx End-of-file. Kill aircraft creation sequence.

10 ATRIB(1) = 0
USERF = 0
CLOSE(UNIT=1,STATUS='KEEP’)
RETURN

C** Figuring flying time to next stop.
2 CONTINUE
J = INT( 3. * ATRIB(7) + 10.)
USERF = ATRIB(J)




RETURN

C** Figuring what the current stop location is.
3 CONTINUE
J = INT( 3. * ATRIB(7) + 8.)
USERF = ATRIB(J)
RETURN

Cx* Figuring ground time till next departure.
4 CONTINUE
J = INT( 3. * ATRIB(7) + 9.)
USERF = ATRIB(J)
RETURN

Cx* Get values for time between creation for cargo.
5 CONTINUE
IROW = INT( ATRIB(2) )
ICOL = INT( ATRIB(3) )
USERF = DEMAND(IROW,ICOL)

RETURN
END

Cx* Final subroutine called by SLAM at end of simulation. Includes
C#* calculation and reporting of delay figures (through called

Cx* subroutines using data passed through common EVERY information.
C** Also closes all opened files.

SUBROUTINE OTPUT

INCLUDE ’SLAM$DIR:PARAM.INC’

COMMON/SCOM1/ATRIB(MATRB) , DD(MEQT), DDL(MEQT), DTNOW, II, MFA,
1IMSTOP, NCLNR, NCRDR, NPRNT, NNRUN, NNSET, NTAPE, SS(MEQT),
2SSL(MEQT), TNEXT, TNOW, XX(MMXXV)

PARAMETER (MAXQUE=15, MAXFLT=1000, MAXMSN=100)

COMMON/UCOM1/NUMQUE, NUMFLT, NATCAR, NATFLT, ILEGS, IEVERY

COMMON/UCOM2/ENDAT, BSTATS, ESTATS, IMSSNS, NFLOWN

COMMON/UCOM3/MAXSTP (MAXMSN) ,FLTMSN(MAXFLT), CARGON(MAXFLT)

COMMON/UCOM4/CDIRCT (MAXQUE ,MAXQUE) , FDIRCT(MAXMSN,13)

COMMON/UCOMS/CMSION (MAXQUE**2,5) , DEMAND (MAXQUE,MAXQUE)

200 CONTINUE

301 CALL LEGS
CLOSE(UNIT=8,STATUS='KEEP’)
CLOSE(UNIT=30,STATUS='DELETE’)

401 CALL QDELAY
CLOSE(UNIT=9,STATUS='KEEP’)
CLOSE(UNIT=31,STATUS=’DELETE’)

¢ The next write is for debugging, in case row dimension in COMMON
¢ blocks for matrix EVERY is exceeded.




209
210

Cx*
Chx
Coaex

300

WRITE(UNIT=99,FMT=%) ® NUMBER OF ROWS IN EVERY ’ ,IEVERY
WRITE(UNIT=99,FMT=%) ’° NUMBER OF ROWS IN FLEGS ' ,ILEGS
WRITE(UNIT=99,FMT=%) *® FLIGHTS TAKEOFFS IN TIME SPAN= ’,NUMFLT
DO 210, I=1, IMSSNS

WRITE(UNIT=99,FMT=209) I, MAXSTP(I)

FORMAT(’ MAXIMUM LEGS ON MISSION’,I3,’ =’,I4)
CONTINUE
CLOSE(UNIT=99,STATUS="KEEP’)
RETURY
END

This next subroutine, called by OTPUT, provides the breakdown of
what cargo is on each flight by origin-destination pairs, using
the FLEGS data. Output file created is LEGS.0UT.

SUBROUTINE LEGS

INCLUDE ’SLAM$DIR:PARAM.INC’

COMMON/SCOM1/ATRIB(MATRB) , DD(MEQT), DDL(MEQT), DTNOW, II, MFA,
1MSTOP, NCLNR, NCRDR, NPRNT, NNRUN, NNSET, NTAPE, SS(MEQT),
2SSL(MEQT), TNEXT, TNOW, XX(MMXXV)

PARAMETER (MAXQUE=15, MAXFLT=1000, MAXMSN=100)

COMMON/UCOM1/NUMQUE, NUMFLT, NATCAR, NATFLT, ILEGS, IEVERY

COMMON/UCOM2/ENDAT, BSTATS, ESTATS, IMSSNS, NFLOWN

COMMON/UCOM3/MAXSTP (MAXMSN), FLTMSN(MAXFLT), CARGON(MAXFLT)

COMMON/UCOM4/CDIRCT(MAXQUE,MAXQUE), FDIRCT(MAXMSN,13)

COMMON/UCOM5/CMSION(MAXQUE**2,5), DEMAND (MAXQUE,MAXQUE)

DIMENSION DELAY(10000,11), FLEGS(9)

CLOSE(UNIT=30,STATUS='KEEP’)
OPEN (UNIT=30,FILE=’FLEGS.TMP’ ,STATUS="0LD’)
LOWFLT = 10000
READ(UNIT=30,FMT=% ,END=330) (FLEGS(KK),KK=1,9)
IF( INT(FLEGS(2)) .LT. LOWFLT) LOWFLT = INT(FLEGS(2))
DO 320, IROW=1, ILEGS

DO 310, N=1, ILEGS

IF( DELAY(N,1) .EQ. 0.) THEN

DELAY(N,1) = FLEGS(1)
DELAY(N,2) = FLEGS(2)
DELAY(N,3) = FLEGS(3)
DELAY(N,4) = FLEGS(4)
DELAY(N,5) = FLEGS(5)
DELAY(N,6) = FLEGS(6)
DELAY(N,7) = FLEGS(7)
DELAY(N,8) = FLEGS(8)
DELAY(N,9) = FLEGS(9)

DELAY(N, 10)
DELAY(N,11)
NN = NN + 1
GOTO 300
ELSEIF( ( DELAY(N,2) .EQ. FLEGS(2) ) .AND.
1 ( DELAY(N,S5) .EQ. FLEGS(5) ) .AND.

1.
FLEGS(9) - FLEGS(8)




2 ( DELAY(N,6) .EQ. FLEGS(6) ) .AND.

3 ( DELAY(N,7) .EQ. FLEGS(7) ) .AND.
4 ( DELAY(N,8) .EQ. FLEGS(8) ) ) THEN
DELAY(N,10) = DELAY(N,10) + 1.
GOTO 300
ENDIF
310 CONTINUE
320 CONTINUE
330 CONTINUE
DO 360, IFLT=LOWFLT, LOWFLT+NUMFLT-1
WRITE(UNIT=8,FMT=337)
337 FORMAT(/’ FLIGHT TAIL MISSON LEG CARGO CARGOD °,
1 'NUMBER TIME®)
WRITE{UNIT=8,FMT=338)
338 FORMAT( ’ NUMBER NUMBER NUMBER NUMBER ORIG DEST °,
1 ' OF GOT ON’/)
DO 350, JSTOP=1, MAXSTP(INT(FLTMSN(IFLT)))
BOARD = 0.
DO 340, N=1, NN
IF( DELAY(N,2) .EQ. REAL(IFLT)) THEN
CAP = DELAY(N,4)
IF( DELAY(N,5) .EQ. REAL(JSTOP)) THEN
WRITE(UNIT=8,FMT=339) INT(DELAY(N,2)),
1 INT(DELAY(N,3)), INT(DELAY(N,1)),
2 INT(DELAY(N,5)), INT(DELAY(N,S6)),
3 INT(DELAY(N,7)), INT(DELAY(N,10)),
4 DELAY(N,8)
339 FORMAT(I5,18,18,18,17,17,18,F10.2)
BOARD = BOARD + DELAY(N,10)
ENDIF
ENDIF
340 CONTINUE
WRITE(UNIT=8,FMT=349) IFLT,INT(CAP),JSTOP,INT(CAP-BOARD)
349 FORMAT(15,5X, ’CAPACITY[’,I2,’]’,4X,13,12X, UNUSED: ’,I2/)
350 CONTINUE
360 CONTINUE
RETURN
END
C+x This 1is QDELAY, called by OTPUT. This subroutine reports how

CHx
C*x

much delay cargo undergoes, by origin-destination pair. The
output file 1s QUEUES.OUT.

SUBROUTINE QDELAY

INCLUDE ’SLAM$DIR:PARAM.INC’

COMMON/SCOM1/ATRIB(MATRB) , DD(MEQT), DDL(MEQT), DTNOW, II, MFA,
1MSTOP, NCLNR, NCRDR, NPRNT, NNRUN, NNSET, NTAPE, SS(MEQT),
2SSL(MEQT), TNEXT, TNOW, XX(MMXXV)

PARAMETER (MAXQUE=15, MAXFLT=1000, MAXMSN=100)

COMMON/UCOM1/NUMQUF, NUMFLT, NATCAR, NATFLT, ILEGS, IEVERY

COMMON/UCOM2/ENDAT, BSTATS, ESTATS, IMSSNS, NFLOWN

COMMON/UCOM3/MAXSTP (MAXMSN) , FLTMSN(MAXFLT), CARGON(MAXFLT)




COMMON/UCOM4/CDIRCT (MAXQUE,MAXQUE), FDIRCT(MAXMSN,13)
COMMON/UCOMS/CMSION (MAXQUE*#*2,5) , DEMAND (MAXQUE ,MAXQUE)
DIMENSION DELAY(10000,10), EVERY(8)

CLOSE(UNIT=31,STATUS='KEEP’)
OPEN(UNIT=31,FILE="EVERY.TMP’,STATUS=’0LD’)
400 READ(UNIT=31,FMT=%,END=420) (EVERY(KK),KK=1,8)
IF( EVERY(4) .EQ. 0.) GOTO 400
DO 410, N=1, IEVERY
IF( DELAY(N,1) .EQ. 0.) THEN

DELAY(N,1) = EVERY(1)
DELAY{N,2) = EVERY(2)
DELAY(N,3) = EVERY(3)
DELAY(N,4) = EVERY(4)
DELAY(N,S) = EVERY(S)
DELAY(N,7) = EVERY(7)
DELAY(N,8) = EVERY(8)
DELAY(N,9) = 1.
DELAY(N,10) = EVERY(8)
NN = NN + 1

GOTO 400

ELSEIF( ( DELAY(N,1) .EQ. EVERY(1) ) .AND.
( DELAY(N,2) .EQ. EVERY(2) ) .AND.
( DELAY(N,3) .EQ. EVERY(3) ) .AND.
3 ( DELAY(N,4) .EQ. EVERY(4) ) ) THEN
DELAY(N,9) = DELAY(N,9) + 1.
DELAY(N,10) = DELAY(N,10) + EVERY(8)
GOTO 400
ENDIF
410 CONTINUE
420 CONTINUE
WRITE(UNIT=9,FMT=427)
427 FORMAT(/’ BEGIN END STOP PLANE ON DEPART °,
1 'NUMBER MEAN TOTAL?)
WRITE (UNIT=9,FMT=428)
428 FORMAT( ’ PORT PORT AT NUMBER FLIGHT TIME °,
1 ' OF DELAY DELAY’/)
DO 460, IORIG=1, NUMQUE+1
DO 450, JDEST=1, NUMQUE
DO 440, LPORT=1, NUMQUE
DO 430, N=1, NN
IF( DELAY(N,1) .EQ. 0.) GOTOD 430
IF( ( DELAY(N,1) .EQ. REAL(IORIG) ) .AND.
( DELAY(N,2) .EQ. REAL(JDEST) ) .AND.
( DELAY(N,3) .EQ. REAL(LPORT) ) ) THEN
WRITE(UNIT=9,FMT=429) INT( DELAY(N,1) ),
INT( DELAY(N,2) ), INT( DELAY(N,3) ),
INT( DELAY(N,S) ), INT( DELAY(N,4) ),
DELAY(N,7), INT( DELAY(N,9) ),
DELAY(N,10) / DELAY(N,9), DELAY(N,10)
429 FORMAT(14,17,16,17,18,F11.2,16,F9.2,F9.2)

N
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TEMP1
ENDIF
IF( TEMP1 .GT. 0.) THEN

TEMP1 + DELAY(N,10)

TEMP2 = TEMP2 + TEMP1
TEMP1 = 0.
ENDIF
430 CONTINUE

IF( TEMP2 .GT. 0.) THEN
TEMP3 = TEMP3 + TEMP2
WRITE(UNIT=9,FMT=439) IORIG, JDEST, LPORT, TEMP2

439 FORMAT(/’ SUBTOTAL DELAY FOR CARGO GOING FROM °,
1 13,’ T0’,I3,’ AT PORT’,I4,’ IS ’,F9.2/)
TEMP2 = 0.
ENDIF
440 CONTINUE

IF( TEMP3 .GT. 0.) THEN
TEMP4 = TEMP4 + TEMP3
WRITE(UNIT=9,FMT=447) IORIG, JDEST, TEMP3
447 FORMAT (* TOTAL DELAY FOR CARGO GOING FRCM'’,I3,

1 ’ T0’,I3,’ IS ’,F9.2/)

ITEMP = ITEMP + 1

IF( ITEMP .LT. NUMQUE ) THEN

WRITE (UNIT=9,FMT=448)

448 FORMAT(/’ BEGIN END STOP PLANE ON ’
1 'DEPART NUMBER MEAN TOTAL’)
WRITE(UNIT=9,FMT=449)
449 FORMAT( ® PORT PORT AT NUMBER FLIGHT 7,
1 ' TIME OF DELAY DELAY’/)
ENDIF
TEMP3 = 0.
ENDIF

450 CONTINUE
IF( TEMP4 .GT. 0.) THEN

TEMPS = TEMPS + TEMP4
TEMP4 = 0.
ENDIF

460 CONTINUE
WRITE(UNIT=9,FMT=4€9) TEMPS

469 FORMAT(/’ TOTAL DELAY FOR ALL CARGO IS ’,F9.2)
RETURN
END




Appendix F. Description of SLAM Code und FORTRAN Inserts

The SLAM Code. Full description of control statement (e.g., GEN, LIMITS,
NETWORK) functions is beyond the scope of this research. For a detailed expla-
nation, see (18:796-802). Other than the control statements, much of the SLAM
code provided in Appendix D is repetitive in nature. These CREATE and QUEUE
portions form the bulk of the code, while the remaining code is responsible for the

simulation’s activities.

The CREATE portions of the code are used for supplying the simulation with
the nnits of cargo and aircraft which will perform activities. These CREATE portions
also supply the attribute information about the entities which is known prior to their
injection into the route system. Llach CREATFE supplies one unit of cargo or one
aircralt flight. Bach successive unit ol cargo or flight to be supplied is done by
sending a copy of the previous entity back throngh the CREATE function at the

appropriate time as the simulation progresses.

The QUETUE portions of the code simply establish files representing the places
where cargo can be located at any point in time (i.e.. at an airport or in the cargo
hold of a plane). With the exception of units of cargo which are DONE with their
Journeys, aircraft perform all actions during simulation operation and cargo is stuck

in airports (a.k.a.. QUEUES) until acted upon by a plane.

The FORTRAN mserts. The FORTRAN code for the SLAM simulation in
Appendix I provides for a number of functions which the SLAM language does not
directly provide. The reason for many of these FORTRAN insert functions revolves
around the SEAM s inability to divectlv acceess and change the attribute values of
two different type network entities at the same time. \s a result, most of these
functions involve the hle manipulations required to pass information from aircraft

hoarded by cargo to the nnits of cargo.




Some functions allow for direct access of the information from the five data files
required for simulation operation. Certain functions are designed to quickly calculate
aud provide information at the SLAM-level which is used for other purposes. (For
instance, the calculation of the amount of time required for ground activities at
a stop is determined from the aircraft’s attribute information, and reported back.
The SLAM code then keeps the aircraft grounded for this period of time.) Other

functions provide the specialized output required for the purposes of this research.

The FORTRAN program reproduced in Appendix E is divided into the fol-
lowing sections or subroutines: MAIN establishes COMMON storage locations for
imformation required throughout the entire SLAM and FORTRAN code and C'4LLs
the SLAM processor to run the simulation: INTLC sets up the input and output
files vrequired. KEEADs the data from four input files, and inserts this data into the
common variables already established by MAIN: EVENT provides the FORTRAN
and SLAM processing instructions necessary for the activitics shown in Figure 3.2:
USERI functions allow quick calculation of information required at the SLAM level;
OTPUT takes carve of the final instructions needed to complete the simulation pro-
gram, such as closing of opened FORTRAN files; LISGS and QDELAY provide the
mstructions for the specialized reports showing the cargo onboard cach flight leg and

the amonnt of cargo delay experienced. respectively,

The NMAIN program actually runs the entire simnlation and information estab-
lished there has important consequences. The amonut of computer memory allocated
for SEAM processing, which is critical to simnlation operation. is estabhished by set-
ting the "NSETT and ~QSET™ dimensions (See (18:389 390} ). The number of flight
and cargo attributes (17 and 98, respectivelv) is stored for subsequent use by other
subrontines i FORTRAN DO loop searches. Finally. variables established in MAIN
(BSTATS and ESTATS) determine the specific vime period within the simulation for

which results are to he determined. Setting the fivst variable at a time other than

sero e 2000 forees the simulation to progress. with careo flowing throngh the




svstem. before delay information is obtained. Setting the second variable prior to
the end of the multiple-month flight schedule (e.g., setting ESTATS equal to 1440.,
even though a three-month schedule will continue until 2160 hours are completed) al-
lows the simulation to continue providing new cargo supplies as results are obtained.
This circumvents problems which might occur by initially operating the simulation
without cargo flowing or operating the simulation as if the supply of new cargo were
suddenly stopped. These two variables, which impact other subroutines, allow the
simulation to obtain information only applicable to one month’s operations. The

remainder of the discusston focuses on the other FORTRAN routines.

Beside establishing input and output files. INTLC RFEADs data and stores
inforiation into COMMON storage locations for access by other subroutines. One
of these matrices of information is the cargo demand matrix. Since cargo is assumed
to arrive for delivery in one-ton units, the tonnage of cargo demanded 1n the file is
converted to a rate at which each one-ton unit arrives. This calculation divides the
tonnage for each O-1 pair by the number of hours in a month (i.e., 720). When
used later. the demand matrix provides the number of hours between the arrivals
of cach one-ton unit of cargo. The OTPUT subroutine merely directs computer
processing to the LEGS and QDELAY subroutines and closes files. The remainder
of this explanation of the FORTRAN code focuses on the USERF functions, the

EVENT routines, and tinally the LEGS and QDELAY output routines.

Pritsker notes that USERE functions are partienlarly useful for sitnations
where activity durations are based upon entity attributes (13:298 299).  For this
simulation. all times associated with aireraft flights are of this form. The time at
which cach unit of cargo is supplied depends on the demand for each O-D pair. To

provide these times, the USERE fanctions perform the following actions:

[, The CREATESLAM statement snpplying the aireraft flight entity does not. i
essence, CREATE flights. The CREATE statement supplies a dummy entity

whose subsequent actions are determined through the USEREF(1) statement.,




By making a copy of this dummy entity and sending the copy back through the
CREATE statement, subsequent calls to the USERF function are made, until
the USERF function determines that the supply of flights has been exhausted.
Thus, the supply of flights really comes from the first USERF function. The
SLAM code only really needs to know how long to hold the dummy entity
before allowing it to proceed to the next activities (i.e., departing on the first
leg and going back through the CREATE sequence). This USERF(1) function

accomplishes the following actions:

e lirst, a flight’s attributes are established by REA Ding a set of data values
stored in the flight schedule file (See Appendix Q). The attribute values
correspond directly with the fields of information provided in this file.

created by the FORTRAN scheduling programs.

e Second, a count is maintained of the number of flights whose attributes

have been READ (a.k.a., the number of flights departing).

e l'inally, the function calculates the time between the current simulation
time and the time when the flight needs to depart (i.e.. field 9). The time
calculated is reported to the SLAM code, which will not do anything with

the entity(ies) until this amount of time has elapsed.

2. The USERF(2) function looks though an aircraft’s attributes for the time

required to fly to the next location {i.e., fields 10, 13, ..., 46) based on where

the aircraft is currently stopped (i.e., field 7).

3. The USERF(3) function simply determines the numerical representation of the

airport where the aircraft currently is located (i.e., fields 8. 11. ... A7), based

on the current stop number (i.e., field 7).

. The USERI(4) function looks through an aircraft’s attributes for the ground
time (i.e.. fields 9. 12, ..., 46) applicable to the current stop number (i.c.. field

7).




5. All the cargo CREATI/ portions of the SLAM code use the last function,
USERF(5), to calculate when to supply the next unit of cargo of the ap-
plicable type. When these times are requested, SLAM has direct access to
the attributes of a cargo unit; therefore, this is the only USERF function not
based on aircraft attribute values. This function is simply a table look-up of

information stored in the demand matrix, based on which O-D pair of cargo

(1.e., fields 2 and 3) is involved.

Before discusding the TORTRAN FEVENTSs, an explanation of the TEMP
QUEUE alleviates the need for separate discussion in each FVENT description which
follows. Because the HOLD QUEUFE stores all cargo onboard all aircraft and each
airport QUEUE stores all cargo at a particular location, computer searches through
these files might become cumbersome. For this reason, a TEMP QUEUE has been
utilized to limit the number of computer search operations which might be required.
For each search through a file (a.k.a., QUFUF), each unit of cargo is removed from
the current file location and examined. When the unit of cargo fulfills certain cri-
teria, the attributes of the cargo might be changed. When the criteria are not inet.
the cargo attributes usually remain intact. In either case, the cargo is either filed
temporarily in the TEMP QUEUE or refiled in a QUEUE other than the one cur-
rently being searched through. This forces the computer to examine the units of
cargo in the file one at a time, until all cargo in the HOLD or airport QUFEUFE has
been examined. After all units of cargo have been examined, all units of cargo filed

in the TEMP QUEUE are removed and refiled back in the original file searched.

Also, to eliminate confusion of the method used for comparing the attribute
values of aircraft and cargo, understanding of certain SLAM peculiarities may be
helpful. SLAM can normally only access the attribute values of one entity at a time.
through the “ATRIB” array. For this research, the attribute values available in this
“ATRIB™ array usually belong to an aircraft flight ent**ies. SLAM provides subpro-

araiie. databne ab the FORTRAN-nsert level, which can access and change attribute
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values of an entity other than the entity currently being processed through a SLAM
statement. Much like this research’s use of the temporary QUEUFE just discussed,
SLLAM can temporarily copy an entity’s attributes into another array, similar to the
“ATRIB” array. The second entity’s attributes can thus be accessed and changed,
when required, by placement of the values into the other array, and storing the other
array’s values into files when required. SLAM already has predefined subprograms
which perform these functions. “Subroutine RMOVE(NRANK, IFILE,A) removes
an entry with rank NRANK from file IFILE and places its attributes into the buffer
array A7 (18:297). “Subroutine FILEM(IFILEA) files an entry with attributes
specified in the buffer array A into file IFILE)” (18:297). The computer instructions
through which this research makes comparisons between flight and cargo attributes

relies heavily on SLAM subprograms like these.

The last important aspect relating to activities occurring during a flight’s pro-
cessing through the EVI'NTs relates to time. Simulation clock time stands still as
each FVENT is processed. The only activities which take time are flying and sitting

on the ground. With these general aspects in mind, a discussion of each FVIENT

follows.

During the FILL FVENT, the HOLD is searched for all cargo identified as cur-
rently residing on the aircraft which is about to depart on a flight leg. For each unit
of cargo found onboard the aircraft, a search of the cargo entity’s attributes deter-
mines the next set of attribute fields which have not vet been filled. These attribute
fields are now filled in, telling the cargo that their journey is about to continue.

Figure F.1 shows how these searches and file manipulations are accomplished.

The simnlation does not 1mpiicidy know where ecach plane is located at every
instant m time. For this reason several EVINTs, including PNEW first determine
the airport where the aircraft is currently located. This EVENT is specifically de-
signed to Pickup NEW cargo at the current airport, when aireraft space allows. To

pickup cargo, a search looks throngh all cargo currently located at the airport for
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Figure F.1. The FILL EVENT

cargo for which the decision rules indicate pickup is appropriate. A unit of cargo
must need to travel in the same direction as the aircraft. The cargo must either not
require a specific type of mission or require the type of mission to which the flight is
assigned. If these criteria are met, the cargo is placed onboard the aircraft (i.e., filed
in the HOLD), after the cargo’s attributes are updated with the information needed
to document the next segment of the cargo’s journey. If the criteria are not met, the
unit of cargo remains at the airport until another aircraft can pick it up. No other

EVENTs assign cargo to aircraft.

Just before arrival at a stop, the SLAM ASSIGN statement increments the
stop number (i.e., field 7) of the aircraft flight entity. Without this statement, the
aircraft (and subsequently the cargo onboard) would not know of arrival at the
next airport along the route. Thus when the computer processes a flight through
the DROP FVENT, the flying activity is done and determination must be made
whether to drop carso at this new airpori. itach umt of cargo is removed trom the
fIOLD to find the cargo on the specific plane. For all cargo on the aircraft, the

origin, destination, and time at which the cargo first got on the aircraft are stored in
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a temporary working file, as long as the flight’s arrival falls within the information
gathering window (i.e., between BSTATS and ESTATS discussed previously). This
provides a manifest listing of all cargo on the aircraft during the flight leg just flown.
The computer updates each unit of cargo’s current location attribute (i.e., field
7), informing the cargo of arrival at the new location. When the current location
matches the cargo destination, the cargo’s journey is completed, so the cargo is now
(filed in) DONE. Otherwise the cargo remains on the aircraft until further offload
criteria can be applied — remember that no time elapses between the beginning of
the DROP and the conclusion of the FFIN EFVIN1s. The decision logic associated
with the PNEW FVENT is shown in Figure F.2 and the DROP EVENT i1s shown

in gure I°.3.
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Betore decisions can be made whether cargo should remain onboard an aircraft,
the aircraft direction, as well as the cargo direction and mission needs, must reflect
the current location. The FDIR and CDIR EVIENTs provide these updates to flight
and cargo attributes. The FDIR EVENT simply supplies the direction of a flight’s
next leg. As the operations occurring in CDIR are more complex. the activity flow
is shown in Figure F.4. As can be seen from Iigure F.4, the entities processed
through this FVENT are aircraft, cve. though only cargo attributes change. Cargo
found onboard the particular flight have their mission-to-get-on-flag and direction
attributes updated. based on the current location (previously adjusted during the
DROP EVENT). Both the FDIR and CDIR EVENTs access information READ in

during the INTLC initial subroutine.
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Figure I..1. The CDIR EVENT

The DOFE EVENT, shown in Figure F.5, decides whether cargo should remain
onboard an aireraft which has arrived at a new location. This entire FVENT is
skipped when an aireraft’s enrrent location is the same as the home base - the flight
is tinished. After determining the enrrent location from the aircraft flight attributes.
examination of cargo onboard all aircraft (ak.a.. filed in the HOLD) pulls out all

nnits on the specific flight. For these units of cargo to stayv on the flight. the flights
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direction must match the cargo direction; and the cargo must either not require a
specific mission or the flight’s mission must be one which the cargo needs for travel
further along its journey. When this criteria fails, the unit of cargo is dropped at the

location (a.k.a.. filed in the appropriate airport QUEUE) to await transshipment on

another flight.

Ready To
Figure Out Offload
What Asrport Tranship
Cargo File In
Airpont

/ QUEUE
At o File In T

Home
B o -
tlc TEMP Update Amount
Of
Yes HOLD No Get Unit T Cargo Camed
oy
.l y Of Cargo

Mission
Match

2

Look At

Mission

Matna

File In
HOLD

Transmp
Cargo
Offloaded

Figure F.5. The DOFI EVENT

Fovery flight eventually completing its mission and returning to its home base
might have cargo onboard. Since the flight terminates at the home base airport. all
cargo carried mnst be offloaded to await another flight. The IFFIN FVENT. depicted
in Figure F.60 handles these situations. The computer skips this FVENT when the

arrport location is not the home base. Fach nnit of cargo found onboard (a.k.a.. filed




in the HOLD) the specific aircraft are offloaded at the airport (a.k.a.. refiled in the
airport QUEULE).
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Figure 1.6. The FFIN EVENT

The previous EVENTS (along with the SLAM SIT and F'1LY activities) describe
the entire sequence of events applicable to processing aircraft flight entities throngh
the simmlation. One more EVENT affects cargo entities prior to their elimination
from the network. This CARGo EVENT stores the information about every unit of
cargo’s journey into a temporary working file. For each segment of a cargo entity’s
journey, a record is kept of the cargo’s origin, the cargo’s destination. the number of
the thight taken on the segment. the tail number taken on the segment. the location
where stopped. the time departed the last stop, the time departed the current stop.
and the time elapsed (a.k.a.. the delay experienced) on the segment. This file will
only contain information applicable to the time period within which results arve to
be obtained (i.e.. within BSTATS and ESTATS). Units of cargo completing their
journeys in the applicable information-gathering window may have traveled on flights

prior to that time.




The output subroutine LEGS looks through the temporary file for aircraft and
consohidates the information applicable 1o each individnal flight leg. The consoli-
dation groups all cargo entities (on each specilic flight leg) having the same origin.
destination, and time put onboard. The subroutine thus provides information about
how much of the aircraft’s capacity has been utilized on each flight and what specific
cargo were onboard. For each cargo group the cutput shows the total number of
cargo units which share the same origin, destination, and time onboard. The out-
put provides a svnopsis. by flight. of the cargo groups onboard. These results are

captured in an output file. an excerpt of which is provided in Appendix S.

The ontpnt subroutine QDELAY groups information in a manner similar to
the LEGS subroutine. QDELAY uses the information stored in the temporary file
for cargo histories to determine the delay experienced by all cargo entiti»s within
the time period for obtaining resnlts. The smallest group depicted are those units
of cargo of the same O-1 pair. on the same flight. at the same stop location. which
have experienced the same amonnt ol delay. The QDELAY subroutine subtotals the
delay experienced at cach airport and totals the overall delay experience for cach
O-D cargo pair. The resnlts obtained from this subrontine are stored in another

ontput file. Appendix R s an excerpt of an example file.




Appendix G. The BASE.INP File

This fite provides a listing of all airports encompassing the route system - all
airports may not be visited m any given month. A computer associates a number
with cach of the International Civil Aviation Organization (ICAQ) airport codes, in
the order histed in the file. Either numerical or ICAO representations can be used to
refer to specific airports. In the example below, airport 7 and airport AAAA would
be synonymous. The ICAQO codes hercin were made up for the hypothetical twelve-
airport route systerr. This inp:t file is required for MAC’s FORTRAN scheduling

program found in Appendix A. The file follows:

AAAA
BBBB
ccce
DDDD
EEEE
FFT'F
GGGG
HHHH
ITII
JJTT]
KKi.K
LLLL
MMMM
NNNN
0000
TrPP




Appendix H. The ROUTE.INP File

This file describes all routes which will be used for the month, as would be
determined by the MAC computer channel route model’s linear programming relax-
ation. Each route is listed on a separate line with airport ICAO codes and numerical
reason for stopping. The order in which routes are listed in the file implicitly as-
sociates a route with a mission number. The routes depicted herein were used for
the hypothetical twelve-airport route system. This input file is required for MAC’s

schedule-creation program found in Appendix A. The file follows:

AAAA1 CCCC6 11116 EEEE6 AAAAS

AAAA1 DDDD6 KKKK6 DDDD6 AAAA9

AAAA1 FFFF6 AAAAS

BBBB1 AAAA4 BBBBS

BBBB1 AAAA4 FFFF6 BBBB9

BBBB1 CCCC6 BBBB9

BBBB1 DDDD4 FFFF6 EEEE4 BBBB9

IITIt GGGG4 EEEE6 DDDD4 CCCC6 IIIIS
IIII1 HHHH4 JJJjJ4 IIIIS

ITII1 JJJJ4 HHHH4 IIIIS

IIII1 KKKK4 FFFF6 DDDD4 GGGG6 IIIIS
KKKK1 FFFF6 CCCC4 DDDD6 EEEE4 KKKK9
KKKK1 IIII4 GGGG4 HHHH6 JJJJ4 KKKK9
KKKK1 LLLL6 FFFF6 IIII4 KKKK9




Appendix I. The GNDTM.INP File

This file tells the nuinber of flights required for each mission and the type
of aircraft used for these flights. The MAC computer channel route model’s linear
programming relaxation normally provides this information. The first figure on each
line is the number of flights, and the second figure is the aircraft type. In the example
below, eight flights of mission one would be required, and these missions would be
flown using C-5 (i.e., type 1) aircraft. The figures appearing herein were for the
hypothetical twelve-airport route system. This input file is required for the two

schedule-creating programs found in Appendices A and B. The file follows:

8
4
24
6
43
20
8
10
10
10
10
12
12

iz

NN WWWWNNNNNRP -

[-1




Appendix J. The GNDTM.INP File

This file gives the amounts of time required by the various ground activities for
which a plane stops and the aircraft cargo capacities, by aircraft type. The columns,
except the last, coincide with numerical codes designating the reason for stopping:
the first is for mission cominencement, explaining why zeroes are found in the entire
column; the next two are for onload and offload times, respectively; the fourth and
fifth are the time for enroute fuel and aircrew change; enroute crew rest time is in
the sixth column; the seventh and eighth columns are not currently used. The last
column provides the number of one-ton cargo payloads which a type of aircraft can
hold. The lines of data provide the information applicable to C-5, C-141, C-130.
DC-8, DC-10, B-747. and C-17 aircraft — in that order. Programs refer to aircraft
tvpe by the order listed in this file. Thus, a C-5 is aircraft type 1, a C-141 is aircraft
2, and so on. The figures appearing were provided by HQ MAC/XPYR and were
used intact with the hypothetical twelve-airport route system. This input file is
required for the two FORTRAN schedule-creating programs found in Appendices A

and B. The file follows:

0 4.25 4.25 4.25 4.25 18.25 4.25 4.25 50
0 3.256 3.26 3.256 3.25 17.25 3.256 3.26 20
0 2.25 2.25 2.25 2.25 16.25 2.25 2.25 7
0 3.00 3.00 3.00 3.00 16.00 3.00 3.00 25
0 4.00 4.20 4.00 4.00 16.00 4.00 4.00 40
0 4.00 4.00 4.00 4.00 16.00 4.00 4.00 71
0 3.25 3.256 3.25 3.25 17.26 3.25 3.26 32

J-1




Appendix K. The FLY.DAT File

The flying times between locations are in this file. Each row of data includes
a takeoff location, a landing location, and the time to fly between the points. HQ
MAC/XPYR uses flying times based on historical experience. For the hypothet-
ical twelve-airport route system the times shown below were used. These times
approximate the times used by HQ MAC/XPYR. This input file is required for the
two FORTRAN schedule-creation programs found in Appendices A and B. The file

follows:

.10
.90
.80
.90
.10
.20
.50
.70
.70
.40
.40
.60
.40
.20
.70
.80
.70
.10
.20
.30
.00
.10
.70
.70
.20
.50
.10
.20
.00
.40
.50
.80
.50
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.00
.10
.40
.30
.30
.20
.50
.50
.50
.90
.60
.70
.50
.70
.60
.50
.10
.00
.80
.10
.30
.20
.50
.10
.80
.10




Appendix L. The ROUTE.DAT File

As this file provides the foundation upon which the detailed flight schedule is

based, this file deserves special description.

The number of lines included for each mission depends upon how many tail
numbers will be assigned for flying the number of flights for each mission type,
along with the number of airport locations where these aircraft stop. Each line
of information breaks down as follows: a tail number, a stop number, the airport
number stopped at, a time, and the mission number to which the tail number is

assigned.

The number of lines for each tail number ties directly to the number of places
stopped at for the mission type, as defined in the route file. For the route AAAA!
BBBB6 AAAAY, each tail number flying this route will have three lines in this file —
one for stopping at (departing from) airport 1, onc for stopping (resting) at airport

2, and one for stopping (ending up) at airport 1.

The times listed in the file serve two purposes. The time listed on a tail
number’s first line provides the time during the month (i.e., a 720-hour period of
time) when that tail number departs on its first flight. (After establishing the first
takeoff, this time becomes irrelevant.) The times listed for a tail number’s subsequent
lines provide the amount of time the aircraft will remain on the ground until taking
off again. Of particular note is the time listed on a tail number’s last line (i.e.,
mission stopping back at the home base). This time is the ground time until the

next flight for that particular tail number commences.

As defined in this schedule, each tail number would fly the route repeatedly,

as long as a simulation program would allow time to proceed.

The information shown in the file below were used for the hypothetical twelve-

airport route system. This type of file is directly output from MAC’s schedule-

L1




creation program found in Appendix A. This file also serves as input for the flight

schedule-creation program found in Appendix B. The file follows:

0.00
18.25
18.25
18.25
8.35
2.50
18.25
18.25
18.25
100.45
5.00
18.25
23.95
35.00
18.25
23.95
7.50
3.25
114.55
10.00
3.25
17.25
10.10
26.67
3.256
17.25
10.10
43.33
3.25
17.25
10.10
12.50
17.25
0.85
15.00
3.25
17.25
3.25
45.45
17.50
2.25
16.25
2.25
16.25
21.80
20.00
2.25
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12
12
13
13
13
13
14
14
14
14
14
14
15
15
15
15
15
15
16
16
16
16
16
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17
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17
17
17
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.25
.20
.50
.25
.25
.50
.00
.25
.25
.25
.25
.20
.50
.25
.25
.25
.25
.80
.00
.25
.25
.25
.25
.30
.50
.25
.25
.25
.15

10
10
10
10
11
11
11
11
11
11
12
12
12
12
12
12
13
13
13
13
13
13
14
14
14
14
14




Appendix M. The FDIRCT.DAT File

This file provides directional guidance associated with each flight leg. Each
line of the file provides directional guidance for one route. The first number is the
direction of travel on the first flight leg; the second number is direction on the second

leg, and so on. Twelve flight legs are allowed per route.

The directional codes in this research were “5,” “10,” and “15.” The “5”
represents travel in one direction, while the “15” represents travel in the opposite
direction. This could be thought of as representing east and west, for instance. The
“10” represents a neutral direction, which allows the placement of cargo on aircraft
going in either direction. The program user must establish directional codes which

adequately describe the route system in use.

The figures appearing herein were used for the hypothetical twelve-airport
route system. This input file is required for the schedule-creation program found in
Appendix C and for the SLAM FORTRAN insert program found in Appendix E.
The file follows:

.15.15.00.00.00.00.00.00.00.00.00.
.15.15.00.00.00.00.00.00.00.00.00.
.00.00.00.00.00.00.00.00.00.00.00.
.15.00.00.00.00.00.00.00.00.00.00.00.
. 5.15.00.00.00.00.00.00.00.00.00.00.
.00.00.00.00.00.00.00.00.00.00.00.
. 5.15.15.00.00.00.00.00.00.00.00.00.
.15.15.15. 5.00.00.00.00.00.00.00.00.
. 5.15.00.00.00.00.00.00.00.00.00.00.
.15. 5.00.00.00.00.00.00.00.00.00.00.
.156.15. 5. 5.00.00.00.00.00.00.00.0Q0.
.15, 5. 5. 5.00.00.00.00.00.00.00.00.
. 5.5.5.00.00.00.00.00.00.00.00.

$. 5.00.00.00.00.00.00.00.00.00.
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Appendix N. The CDIRCT.DAT File

This file provides directional guidance to cargo, based on the cargo’s current
location and intended destination. Each line of the file provides direction for one
location-destination pair — not to be confused with O-D pairs. The first number is
the airport number where the cargo is currently located. The second number is the
number of the destination airport. The final number is the direction which the cargo

needs to travel.

The directional codes currently used in this research were “5,” “10,” and “15.”
The “5” represents travel in one direction, while the “15” represents travel in the
opposite direction. This could be thought of as representing east and west, for in-
stance. The “10” represents a neutral direction, which allows the placement of cargo
on aircraft going in either direction. The program user must establish directional

codes which adequately describe the route system in use.

The figures appearing herein were used for the hypothetical twelve-airport
route system. This input file is required for the SLAM FORTRAN insert program
found in Appendix E. Tkhe file follows:

1 2 15.
1 3 5.
1 4 5.
1 5 5.
1 6 5.
1 7 5.
1 8 5.
1 9 5.
1 10 5.
1 11 5.
1 12 S.
2 1 5.
2 3 5.
2 4 5.
2 5 5.
2 6 5.
2 7 5.
2 8 5.




NNANOITODOTOHDNNTOD DN NN NN OR DB DD B RBERERBWOWOLOWWWWWWWWNDNONON

- s
NP~ NN OO0 NNOWN

O ONO AW

10

12

OO NOHWN -

-

oo adonnoanoanonaooo o

[y
o U,

O e T e S S Sy e - s b
OO OO NN oOnOoOooootaonn oo oot o

peb b ek
Nnoo




O WWWVWWYWYWOWPOOmMWOOWOOOOMOMMOONN~NNN~NNN

[ o e R e e e
- s e OO

[ S
bt b b b

—
—

[€o e R RN¢ A RS =Y

10
11
12

O N D WN -

e
N = O

— s
QWO NI DHWNP,LNND OONOAD WP, OONOON D W~

—

[y

=
oom

—
oo aanoonon oo o

'.‘3




11
12
12
12
12
12
12
12
12
12
12
12

—

—_

= O WO N OB WN =N

15.
15.
15.
15.
15.
15.
15.
15.
15.
15.
15.

o




Appendix O. The CMSSIJON.DAT File

This file supplies the user-provided decision criteria defining which, if any,
specific nissions cargo must fly on. The first two numbers on a line are the numerical
representations for the location-destination pair. The other three numbers specify
which missions cargo must be ou, or wait for, from the current location to reach the
destination. When all three mission numbers are zero, the cargo is free to get on

any available mission going in the correct direction.

The lignres appearive herein were used for the hypothetical twelve-airport
route svstent. For another system. the user would need o determine whether cargo
must travel by certain missions to get to their destination. This input file is required

for the SLAM FORTRAN insert program found in Appendix E. The file follows:
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Appendix P. The DEMAND.DAT File

This file supplies the tonnage of cargo demand for O-D pairs. In each line of
data, the first two numbers are numerical representations of the origin and des-
tination airports. The third number is the quantity, in tons, of cargo ior the
origin-destination pair. The figures appearing herein were used for the hypothet-
ical twelve-airport route system. This input file is required for the cargo simulation

msert program found in Appendix E. The file follows:

1 4 73.13
1 6 2067.40
1 9 183.37
1 12 249.98
2 3 300.00
2 5 111.60
2 7 130.27
2 8 222.52
2 10 40.27
2 12 121.50
3 2 209.25
3 4 4.28
3 6 42.98
3 10 5.63
4 1 46 .35
4 6 9.45
4 9 9.22
4 10 5.63
5 2 71.78
5 4 9.68
5 7 17.55
5 8 32.40
5 12 22.50
6 1 1160.55
6 3 62.10
6 4 27.23
6 9 183.37
6 10 10.80
7 2 47 .47
7 5 28.35
7 8 32.40
8 2 144 .90
8 4 8.55
8 & 49.95
8 7 35.10

P-1




10
10
10
10
12
12
12

N = DD W Db =

61
11
20
29

240
52
14

.20
.70
.92
.47
.10
.45
.05
.00
.42
.63




Appendix Q. FEzcerpt of SRAWI1.DAT File

This file is the output created by the FORTRAN ilight scheduling program
found in Appendix B. This file is also the input file used by the FORTRAN program
found in Appendix C. The format of this file is exactly the same as the file created by
the FORTRAN program found in Appendix C, which is the SCHED.DAT file. The
SCHED.DAT file is the input file used to schedule flights for the SLAM simulation
found in Appendices D and E. An excerpt of the file created for the hypothetical

twelve-airport route system follows:

[
-

1.50. 5. 1. 0. 1. 0.00 7.90 3.
20 9.18.25 3.70 5.18.25 9.10 1. 0.00 0.00 0. 0.00 0.00 0. 0.00 0.00 O.
00 0. 0.00 0.00 0. 0.00 0.00 0. 0.00 0.00 0. 0.00 0.00 0. 0.00 0.00 O.
. 2.50. 5. 1. 0. 1. 2.50 7.80 4.
.0011.18.25 4.30 4.18.25 8.70 1. 0.00 0.00 0. 0.00 0.00 0. 0.00 0.00 0.
.00 0. 0.00 0.00 0. 0.00 0.00 0. 0.00 0.00 0. 0.00 0.00 0. 0.00 0.00 O.
3.60. 5. 1. 0. 1. §.00 7.90 6.
90 1. 0.00 0 . 0.00 0.00 0. 0.00 0.00 0. 0.00 0.00 0. 0.00 0.00 O.
.00 0.00 0. 0.00 0.0 . 0.00 0.00 0. 0.00 0.00 0. 0.00 0.00 0. 0.00 0.00 O.
4. 5.20.10. 2. 0. 2. 7.50 1.10 1.
.25 1.10 2. 0.00 0.00 0. 0.00 0.00 0. 0.00 0.00 0. 0.00 0.00 0. 0.00 0.00 O.
.00 0.00 0. 0.00 0.00 0. 0.00 0.00 0. 0.00 0.00 0. 0.00 0.00 0. 0.00 0.00 O.
. 6.20. 5. 2. 0. 2. 10.00 1.10 1.
.25 7.90 6.17.2510.40 2. 0.00 0.00 0. 0.00 0.00 0. 0.00 0.00 0. 0.00 0.00 O.
.00 0.00 0. 0.00 0.00 0. 0.00 0.00 0. 0.00 0.00 0. 0.00 0.00 0. 0.00 0.00 O.
6. 9.20. 2. 0. 2. 12.50 8.20 3.
.70 2. 0.00 0.00 0. 0.00 0.00 0. 0.00 0.00 0. 0.00 0.00 0. 0.00 0.00 O.
.00 0.00 0. 0.00 0.00 0. 0.00 0.00 0. 0.00 0.00 0. 0.00 0.00 0. 0.00 0.00 O.
7.10.20. 5. 2. 0. 2. 15.00 7.50 4.
.25 2.10 6.17.25 2.50 5. 3.25 8.70 2. 0.00 0.00 0. 0.00 0.00 0. 0.00 0.00 O.
.00 0.00 0. 0.00 0.00 0. 0.00 0.00 0. 0.00 0.00 0. 0.00 0.00 0. 0.00 0.00 O.
8.11. 7.16. 9. 0. 9. 17.50 1.70 7.
.25 2.30 5.16.25 1.20 4. 2.25 1.80 3.16.25 6.20 9. 0.00 0.00 0. 0.00 0.00 O.
.00 0.00 0. 0.00 0.00 0. 0.00 0.00 0 0.00 0.00 0. 0.00 0.00 0. 0.00 0.00 O.
9.12. 7.15. 9. 0. 9. 20.00 0.60 8.
.25 0.9010. 2.25 0.80 9. 0.00 0.00 0. 0.00 0.00 0. 0.00 0.00 0. 0.00 0.00 O.
.00 0.00 0. 0.00 0.00 0. 0.00 0.00 0. 0.00 0.00 0. 0.00 0.00 0. 0.00 0.00 O.
10.13. 7. 9. 0. 9. 22.50 0.5010.
.25 1.00 8. 2.25 0.50 9. 0.00 0.00 0. 0.00 0.00 0. 0.00 0.00 0. 0.00 0.00 O.
.00 0.00 0. 0.00 0.00 0. 0.00 0.00 0. 0.00 0.00 Q. 0.00 0.00 0. 0.00 0.00 O.
11.14. 7. 5. 9. 0. 9. 25.00 2.1011.
2.25 5.20 6.16.25 1.80 4. 2.25 2.20 7.16.25 1.50 9. 0.00 0.00 0. 0.00 0.00 O.
0.00 0.00 0. 0.00 0.00 0. 0.00 0.00 0. 0.00 0.00 0. 0.00 0.00 0. 0.00 0.00 O.
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17.
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13.
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0

14,
17.
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12. 7.20.
25 7.90 6.
00 0.00 0.

13.15.20.
25 1.50 3.
00 0.00 O.

14.16.20.
.26 1.70 7.
.00 0.00 0.

15.17.20.
25 8.80 6.
00 0.00 0.

.100. 9.20.
.26 9.70 2.
.00 0.00 0.
.101.10.20.
.25 2.10 6.
.00 0.00 O.
.102. 7.20.
.25 7.90 6
.00 0.00 O
.103.11. 7
.26 2.30 5.
.00 0.00 0
.104.12. 7
.25 0.9010.
.00 0.00 O
.105.13. 7.
.25 1.00 8.
.00 0.00 O
.106.14. 7
.25 5.20 6
.00 0.00 0.
.107.15.20.
.25 1.50 3.
.00 0.00 0.
.108.16.20.
.26 1.70 7.
.00 0.00 0.
.109.17.20.
.25 8.80 6.
.30 0.00 0. O.

-

5. 2. 0. 2.

17.
.00
11.
.25
.00
11.
.25
.00
11.

0

15.

3
0

15.

3
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17.
.00
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17.

.180.13. 7. 5.
.25 1.00 8. 2.
.00 0.00 0. 0.

O o m

25610.40 2.
0.00 0.

25

2.
.00
.00
. 2.
.25
.00
. 2. 0. 2.
.2510.40 2.
.00 0.00 0.
. 9.
.25
.00
. 9.
.25
.00
9.
.25
.00
9.
.25
.00
.11,
.25
.00
.11,
.25
.00
11.

25
00

25
00

0.11.

1.60 4.
0.00 0.

0.11.

1.50 8.
0.00 0.

0.11.

0.

1.
0.

2
0

. 0. 9.
0.50 9. 0.00 0.00 0. O
0.00 0. 0.00 0.00 0. O.

0 4.
00

26.67 1.10 1.
0.00 0.00 0. ©.
0.00 0.00 0. 0.
27.50 5.20 6.

17.25 0.70 5. 3.

0.00 0.00 0. 0.
30.00 2.50 9.
17.25 0.9010. 3.

0.00 0.00 0. 0.

32.50 3.1012.

. 3.256 2.1011. 0.
. 0.00 0.00 0. 0.

372.50 8.20 3.
0.00 0.00 0. O

0.00 0.00 0. 0.

. 375.00 7.50 4.

9.

9

. 3.26 8.70 2. 0.
. 0.00 0.00 0. 0.

376.67 1.10 1.
0.00 0.00 0. 0.
0.00 0.00 0. 0.

377.50 1.70 7.

2.25 1.80 3.16.
. 0.00 0.00 0. 0.

. 380.00 0.60 8.

. 0.00 0.00 0. 0.
. 0.00 0.00 0. 0.

382.50 0.5010.

. 0.00 0.00 0. 0.
. 0.00 0.00 0. 0.

385.00 2.1011.

2.25 2.20 7.16.

0.00 0.00 0. O.
387.50 5.20 6.
17.25 0.70 5. 3

390.00 2.50 9.
17.25 0.9010. 3.
0.00 0.000. 0
392.50 3.1012.
3.26 2.1011. 0

0.00 0.00 0. 0.

670.50 0.5010.

00
00

25
00

25
00

00
00

.00

00

00
00

00
00

25
00

00
00

00
00

25
00

.25
0.00 0.00 0. 0.

00

25

.00

.00

00

.00

00

.00
.00 0.

.00 0.
.00 0.

.2011.
.00 0.

.1011.
.00 0.

o

.00 0.
.00 0.

.00 0.
.00 0.

.00 0.
.00 0.

5.20 9.
.00 0.

.00 0.
.00 0.

.00 0.
.00 0.

.50 9.
0.00 0.

.2011.
.00 0.

.1011.
0.00 0.

.00 0.
.00 0.

o

(=]

.00
.00

.00
.00

.00
.00

.00
.00

.00
.00

.00
.00

.00
.00

.00
.00

.00
.00

.00
.00

.00
.00

.00
.00

.00
.00

.00
.00

.00
.00

.00
.00

.00
.00

.00
.00

.00
.00

.Q0
.00

.00
.00

.00
.00

.00
.00

.00
.00

.00
.00

.00
.00

.00
.00

.00
.00

.00
.00

.00
.00

.00
.00

.00
.00

.00
.00

.00
.00

.00
.00

.00
.00

.00
.00

.00
.00

.00
.00

.00
.00

.00
.00

.00
.00

.00
.00

.00
.00

.00
.00

.00
.00

.00
.00

.00
.00

.00
.00

.00
.00

.00
.00

.00
.00

.00
.00

.00
.00

.00
.00

.00
.00

.00
.00

.00
.00

.00
.00

.00
.00




O W ON =

12.
17.

13.

14.

w o w ;o

1

o]

O WU O ~N;mO

16.
.00 0.00 0.
. 2. 0. 2.

.2510.40 2.
.00 0.00 0.
.11, 0,11,

.25 1.60 4.
.00 0.00 0.
.11. 0.11.

.25 1.5C 8.
.00 0.00 0.
.11, 0.11.

.25 3.10 9.
.00 0.00 0.
. 2. 0. 2.

.2510.40 2.
.00 0.00 0.

" O O Mo o ;o

.181.14. 7. 5. 9. 0. 9.
.25 56.20 6.
.00 0.00 0.
.182. 7.20.
.26 7.90 6.
.00 0.00 0.
183.15.20.
25 1.50 3.
.00 0.00 O.
184.16.20.
.261.70 7.
.00 0.00 0.
185.17.20.
.25 8.80 6.
.00 0.00 0.
.186. 8.20.
.25 7.90 6.
.00 0.00 0.
.187. 4.50.
.25 9.90 1.
.00 0.00 0.
.188. 9.20.
.25 9.70 2.
.00 0.00 0.
.189. 6.20.
.25 7.90 6.17.
.00 0.00 0. 0.

25 1.80 4.

1. 0. 1.

. 2. 0. 2.

2510.40 2.
00 0.00 0.

673.00 2.1011.
2.25 2,20 7.16.
0.00 0.00 0. O

676.67 1.10 1.
0.00 0.00 0. O.
0.00 0.00 0. O.

687.50 5.20 6.
17.25 0.70 5. 3.
0.00 0.00 0. 0.

690.00 2.50 9.
17.25 0.9010. 3.
0.00 0.00 0. 0.

692.50 3.1012.
3.25 2.1011. 0.
0.00 0.00 0. 0.

693.33 1.10 1.
0.00 0.00 0. 0.
0.00 0.00 0. 0

695.00 7.90 6.

. 0.00 0.00 0. 0.
. 0.00 0.00 0. 0.

696.50 8.20 3.

. 0.00 0.00 0. 0.
. 0.00 0.00 0. 0.

710.00 1.10 1.
0.00 0.00 0. O.
0.00 0.00 0. 0.

Q-3

25

.00

00
00

25
00

25
00

00
00

00

.00

00
00

00
00

00
00

.50 9.
.00 C.

.2011.
.00 0.

.1011.
0.00 0.

.00 0.
.00 0.

.00 0.
.00 0.

.00 0.
.00 0.

.00 0.
.00 0.

.00 0.
.00 0.

[« 2]

o

le]

(o]

.00
.00

.00
.00

.00
.00

.00
.00

.00
.00

.00
.00

.00
.00

.00
.00

.00
.00

.00
.00

.00
.00

.00
.00

.00
.00

.00
.00

.00
.00

.00
.00

.00
.00

.00
.00

Q

o

.00
.00

.00
.00

.00
.00

.00
.00

.00
.00

.00
.00

.00
.00

.00
.00

.00
.00

.00
.00

.00
.00

.00
.00

.00
.00

.00
.00

.00
.00

.00
.00

.00
.00

.00
.00




Appendix R. The QUEUES.OUT Output File

This file is one of the output files created by the SLAM cargo route simulation

found in Appendices D and E. An excerpt of the file created from the hypothetical

twelve-airport route system follows:

BEGIN END
PORT PORT AT

S

SUBTOTAL DELAY FOR CARGO GOING FROM

KNS

STOP PLANE

e

ON

NUMBER FLIGHT

NN

191
241
286
335

DEPART NUMBER MEAN
TIME

722.
902.
1082.
1262,

1

TOTAL DELAY FOR CARGO GOING FROM 1

BEGIN END
PORT PORT AT

NN NN

SUBTOTAL

NN NRONNNNDNNND

WWWwwWwLwww

DELAY FOR CARGO GOING FROM

WWWWWwWwwwwwww

STOP PLANE

O N v

NN NN

ON

NUMBER FLIGHT

O O Sy Y

DO OO NWWNPL OO,

190
214
240
263
284
309
334
358

164
195
207
211
193
224
233
227
243
252
261
259

R-1

50
50
50
50

TO

TO

DEPART
TIME

720
900
990
1080
1170
1260
1350
2

607
732

804

876

912

.00
810.
.00
.00
.00
.00
.00
.00

00

TO

.50
.50
768.

50

.50
727.
840.
.50
847.
.50
948.
984 .
967 .

50
50

50
50

50
50

OF
16
23
14
13
4 AT

4 1S

DELAY

7.80
7.80
7.80
7.80

PORT 1

514.80

NUMBER MEAN

OF

= NP OO W

3 AT

[y
DHNODAINONOOONNNW

DELAY

.90
.90
.90
.90
.90
.90
.90
.90

NNNNNNNN

PORT 1

112.50
8.20
8.20
8.20

97.50
8.20
8.20

103.93
8.20
8.20
8.20

97.50

TOTAL
DELAY

124.
179.
109.
101.

IS

80
40
20
40

514.80

TOTAL
DELAY

23.
39.
31.
.50
.50
.60

39
39
31

55.
.90

7

IS

337.
.40
.40
57.
.00

57
57

585

98.
.60
.50
49.
.60
.40
.00

65
727

65
57
585

70
50
60

30

268.60

5C

40

40

20




NDRODNNRODRONDNDNDNDNDNDNN

WWWWWwWwwWwwwww

w W

RN NDNNNNDNNDNNDNDNDN

O NWYWOWNWWANWYWO© WO

270
282
289
301
306
288
319
328
321
338
346
355
353
365

1020
1056
1092,

1128,
.164.
.50
.50
.50

1087
1200
1236
1207.
1272.
1308.
1344.
1327.
1380.

.50
.50

50
50
50

50
50
50
50
50
50

SUBTOTAL DELAY FOR CARGO GOING FROM 2 TO
TOTAL DELAY FOR CARGO GOING FROM 2 TO
BEGIN END STOP PLANE oN DEPART
PORT PORT AT  NUMBER FLIGHT TIME
2 12 1 1 120 450.00

2 12 1 1 190 720.00

2 12 1 1 240 900.00

2 12 1 1 145 540.00

2 12 1 1 284 1080.00

2 12 1 1 169 630.00
SUBTOTAL DELAY FOR CARGO GOING FROM 2 TO
2 12 2 9 117 444 .50

2 12 2 10 79 285.00

2 12 2 10 101 375.00

2 12 2 9 112 408.50

2 12 2 5 99 367.50

2 12 2 10 174 645.00

2 12 2 5 164 607 .50

2 12 2 9 130 480.50

2 12 2 9 139 516.50

2 12 2 10 128 465.00

2 12 2 10 245 915.00

2 12 2 5 193 727.50

2 12 2 9 252 948.50

2 12 2 9 270 1020.50

2 12 2 9 149 5562.50

2 12 2 5 132 487 .50

2 12 2 9 166 624.50

2 12 2 10 290 1095.00

2 12 2 5 259 967 .50

R-2

-

[N
N OWNNONPNWOWwOo

-

o0

[4;]

N
00 N 00 00 00 B 00 CON OO0 000 0

3 AT PORT

3 IS

4543.80

.20
.20

.20

.20
.20
.50
.20

.20
.50
.20
.20
.20
.50
.20

2

NUMBER MEAN
DELAY

OF

Q) s

26.
26.

26

26.
26.
26.

12 AT PORT

WRNE WH P P WD WNN D N - W

30.

10
10

13.
82.
10.
67.
33.
28.
10.
10.
172.
49.
49.
22.
52.
30.
10.

112

15
15
.15
15
15
15

1

68
.75
.75
00
50
75
50
60
47
75
75
50
00
00
95
50
20
75
.50

IS

IS

65
65
65
106

57.

330
57

65.
367.
57.

106
65
22

98.

.60
.60
.60
.60
40
.00
.40
60
50
40
.60
.60
.50
40

4275.20

TOTAL
DELAY

26.
26.

26

26.
78.
26.

92
10
10

26.
82.
43.

135

67.

85

43.

32

172,

49
49
68
52

60.

21

337.

15
15
.15
15
45
15

209.20

.05
.75
.75
00
50
00
.00
20
.40
00
.25
50
.00
.00
.85
.50
40
.50
50




12
12
12
12
12
12
12
12

BB RN N NN

SUBTOTAL DELAY

12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12

RNNORNNNNNNRONODNONRODRODODNODNODNNDNNDND

SUBTOTAL DELAY

12
12
12
12
12
12
12
12
12
12
12
12
12
12

NNRNNNONDNDRNONNRDNNNNDNDDNDD

NN NN NDNN

10

—
O WO

W WY o

150
268
306
319
176
188
338
328

555
1005
1164,
1200.

660

696.
1272
1236.

FOR CARGO GOING FROM 2

WWWWWWwWwWwLWwWwwLwWwWwwWwwwwwww

15
11
1
1
15
1
11
11
11
11
15
1
15
1
1
11
15
11
1
15
1

118
103
120
190
134
240
253
119
272
140
152
145
168
284
309
308
183
178
169
341
334

474 .
421
476.
746.
534.
926
997.
493.
1069
565
594.
566.
654.
1106
1196.
1213.
714.
709.
656.
1314.
1286.

FOR CARGO GOING FROM 2

B R I Ll

15
10
10
10
15
10
10
15
15
10
10
10
15
15

118

79
101
174
134
128
245
152
168
290
150
268
183
341

493.
295
3865.
655
553
475
925
613.
673.
11056
565
1015.
733
1333.

SUBTOTAL DELAY FOR CARGO GOING FROM 2

R-3

.00
.00

50
50

.50

50

.50

50

TO

70

.50

15
15
70

.15

50
50

.50
.50

70
15
70

.15

15
50
70
50
15
70
15

TO

55

.75

75

.75
.56
.75
.75

55
55

.75
.75

75

.55

55

o= W NN WD

10

10.
40.
13.
51.
18.
.20

42

49,

12 AT PORT

HE R R R B, ONNNRPENREREREPBSORNDNON

18.
83.
59.
59.
18.
59.
.50
.75
35.
.50

35
71

35

18.
69.
18.
59.
89.
.75

71

18.
.50

35

88.
18.
.10

59

12 AT PORT

=B W NN WR WWR RN

3

TO 12 AT PORT

.75

75
33
00
60
20

65

2 IS

85
75
10
10
85
10

75
85
60
85
10
10
85
85
85

3 IS

.95
203.
113.
143.
3.
83.
53.
3.
3.
53.
143.
303.
3.
.95

15
15
15
95
15
15
95
95
15
15
15
95

4 IS

43.

32
80

13.
103.
54.

42
49

37
167

118.
59.

56

59.
35.

71
35
71

18.

139

37.

177

89.
143.

75

35.
88.
18.
59.

7.
203.
113.

572

11
332
159

106
572

909.

15

3.

00
.25
.65
00
20
60
.20
.65

1857.70

.70
.50
20
10
.55
10
50
.75
.75
.00
85
.20
70
.30
10
50
.40
50
85
85
10

15695.50

90
15
15
.60
.85
.60
.45
.95
.90
.30
.60
45
.80
95

3020.65




12
12
12
12
12
12

NN

156
15
15
15
15
15

oo o,

118
134
162
168
183
341

497
557

677

1337

SUBTOTAL DELAY FOR CARGO GOING FROM 2

12
12
12
12
12
12
12
12
12

NRNRODRDRODRNNNDND

17
17
17
17
17
17
17
17
17

DDADIDHINDOHO N D

123
204
137
249
298
171
326
185
343

498.
798.

558

1278
738

SUBTOTAL DELAY FOR CARGO GOING FROM 2

2 12

7 16

170

640

SUBTOTAL DELAY FOR CARGO GOING FROM 2

2 12

8 16

170

659

SUBTOTAL DELAY FOR CARGO GOING FROM 2

12
12
12
12
12
12
12
12
12
12
12
12
12
12

RN RN NN NDNNN

17
17
17
17
14
17
14
16
17
17
17
14
17
17

W W W WWWWOWWEY OO

123
204
137
249
276
280
162
170
298
171
326
200
185
343

505
805

985

1105
601

745
745
1345

SUBTOTAL DELAY FOR CARGO GOING FROM 2

2 12

10 16

170

663.

SUBTOTAL DELAY FOR CARGO GOING FROM 2

R-1

.50
.50
617.

50

.50
737.

50

.50

TO

90
90

.90
978.
1158.
678.

90
90
90

.90
.90
1338.

90

TO

.70

TO

.45

TO

.25
.25
565.

25

.25
1033.
.25
.00

635.
1165.

685.
1285.
.00
.25
.25

00

75
25
25
25

T0

60

TO

2 255,
3 375
1 495
2 435
4 555
1 15
12 AT PORT
2 6
4 6
4 6
3 6
2 6
2 6
1 6
2 6
2 6
12 AT PORT
2 18
12 AT PORT
2 4.
12 AT PORT
5 247.
5
6 407.
4 7
1 19
1
2 511.
2
5
2 547
4 7
2 547
2 547 .
3
12 AT PORT
2 448.
12 AT PORT

7.

4.
7.
.25
.25
.50

7.

00

.00
.00
.00
.00
.00

5

.35
.35
.35
.35
.35
.35
.35
.35
.35

6

.75

7
15

8
25

25
25

.25
.50
7.

25
50
95
25

25
25

9

90

10

510
11256
495
870
22720
15

IS
12
25
25
19
12
12

12
12

IS

37

IS

1236
36

2443.

29
19

=
1023
S
36

1094.

29

1095.
1094.

21

IS

897

IS

.00
.00
.00
.00
.00
.00

5235.00

.70
.40
.40
.05
.70
.70
.35
.70
.70

139.70

.50

37.50

.30

8.30

.25
.25
50
.00
.50
.25
.00
.90
.25
50
.00
00
50
.75

8175.65

.80

897.80




12
12
12
12
12
12
12
12
12
12

NN DNNNDRNDNDN

11
11
11
11
11
11
11
11
11
11

17
17
17
17
17
17
17
17
17
17

204
217
249
265
280
298
312
326
343
360

SUBTOTAL DELAY FOR CARGO GOING FROM

752.
812.
932.
992.
10562.
1112,

1172

1232.
1292,
1352,

2

TOTAL DELAY FOR CARGO GOING FROM 2

50 7 3.10
50 5 3.10
50 7 3.10
50 4 3.10
50 3 3.10
50 8 3.10
.50 5 3.10
50 2 3.10
56 12 3.10
50 4 3.10

TO 12 AT PORT 11 IS

TO 12 IS 21353.70

TOTAL DELAY FOR ALL CARGO IS 222647.22

z1

15

21.
.40
.30
24.
.50
.20
.20
.40

12

15

37
12

.70
.50

70

80

176.70




Appendix S. The LEGS.OUT Output File

This file is one of the output files created by the SLAM cargo route simulation
found in Appendices D and E. An excerpt of the file created from the hypothetical

twelve-airport route system follows:

FLIGHT TAIL MISSON LEG CARGO CARGO NUMBER TIME

NUMBER NUMBER NUMBER NUMBER ORIG  DEST OF GOT ON
190 1 1 1 1 12 26 720.00
190 1 1 1 1 g9 20 720.00
190 1 1 1 2 3 3 720.00
190 1 1 1 2 12 1 720.00
190 CAPACITY[50] 1 UNUSED: 0
190 1 1 2 1 12 26 720.00
190 1 1 2 1 9 20 720.00
190 1 1 2 2 12 1 720.00
190 1 1 2 2 7 1 746.15
190 1 1 2 2 8 1 746.15
190 1 1 2 2 12 1 746.15
190 CAPACITY[50] 2 UNUSED: 0
190 1 1 3 8 2 6 770.60
190 1 1 3 9 1 8 770.60
190 1 1 3 7 5 1 770.60
190 1 1 3 8 5 2 770.60
190 1 1 3 10 1 1 770.60
190 1 1 3 10 3 1 770.60
190 CAPACITY[50] 3 UNUSED: 31
190 1 1 4 8 2 6 770.60
190 1 1 4 9 1 8 770.60
190 1 1 4 10 1 1 770.60
190 1 1 4 10 3 1 770.60
190 1 1 4 5 2 3 792.55
190 CAPACITY[50] 4 UNUSED: 31

FLIGHT TAIL MISSON LEG CARGO CARGO NUMBER TIME

NUMBER NUMBER NUMBER NUMBER ORIG  DEST oF GOT ON
191 2 2 1 1 i2 14 722.50
191 2 2 1 1 9 11 722.50
191 2 2 1 1 4 16 722.50
191 2 2 1 6 4 6 722.50
191 2 2 1 9 4 1 722.50

S-1




191 2 2 1 8
191 2 2 1 5
191 CAPACITY[50] 1
191 2 2 2 1
191 2 2 2 1
191 CAPACITY[S50] 2
191 2 2 3 10
191 2 2 3 8
191 2 2 3 9
191 CAPACITY[50] 3
191 2 2 4 4
191 CAPACITY[50] 4
FLIGHT TAIL MISSON LEG CARGO
NUMBER NUMBER NUMBER NUMBER ORIG
192 3 3 1 1
192 CAPACITY[50] 1
192 3 3 2 6
192 3 3 2 6
192 CAPACITY[50] 2
FLIGHT TAIL MISSON LEG CARGO
NUMBER NUMBER NUMBER NUMBER ORIG
193 5 4 1 2
193 5 4 1 2
193 5 4 1 2
193 5 4 1 2
193 5 4 1 2
193 CAPACITY[20] 1
193 5 4 2 8
193 5 4 2 7
193 5 4 2 5
193 CATACITY[20] 2
FLIGHT TAIL MISSON LEG CARGO
NUMBER NUMBER NUMBER NUMBER ORIG
194 6 5 1 6
194 6 5 1 10
194 CAPACITY[20] 1

4
4
UNUSED:

12
9
UNUSED:

4
4
4
UNUSED:

1
UNUSED:

CARGO NUMBER

DEST

6
UNUSED:

1
4
UNUSED:

CARGO NUMBER

DEST

o ~NwW

12
UNUSED:

2
2
2
UNUSED:

CARGO NUMBER

DEST

1
1
UNUSED:

1
1
0

14
11
25

D= =N

4

12
38

aF

50
0

27

1
22

OF

OF

19
1
0

722,
722.

722

770.
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