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A FIT/GST/tF.NS/92M-05

Ah-strazct

This research develops a met I io( for I IwastIIrling schedule effect iveriess by deter-

mining the amounts of enrout e cargo Ielav caused by a given aircraft nission schl(l-

tile. The method is designed to generate information which helps identify flights

for which different scheduling might decrease overall cargo delay in the entire net-

work, given that all noitschedlting factors are held constant. the research uses a

simplified twelve-airport cargo roule network to test the methodology.



A METHOD FOR, DETERMINING

SCHEDULE DELAY INFORMATION IN A

CHANNEL CARGO ROUTE NETWORK SCHEDULE

I. Introduction

"lie N.ilitary Airlift ('omiianmd (NIAC) of the Unitited States Air lorce delivers

air ,argt) Ietwcel, variolis locations throughout the' world. T) acconplish this mis-

,ii. NI,\( at t, ,npts to use available aircraft and lersoniel in t he best way 1)ossible.

Ss~•i intiformat)ion about flight times and historical demanid for cargo shipmentt be-

¶we fI-I I it It it ,,,i a stadtard route struclure for cargo flights has been established.

[his rt,,lte Str'uc(tuire is referred to as tire channel cargp route .vsteim. This st.'; rl-l re

a!lws fr lirec t shili Iwnt b)etween leavv-(lemand (hest inat oits. an(! for transshitpneit

throu ,lýh wareh•, sme airports between liglit-hdeman d(lest ina ions. Uinforl i natel'V. sim-

ip1 flying cistant muinl)ers of inissionis over the saiiu rotes froi Klnmti h to moith

Illay 1,1t always yield tle best, allocation of rit(tcal flighl reso,uir(s.

lVwi liscal vear 19,89. MA(C (elivere'l 32(0.000 toio ()f carg(, over 930 t'lihainreIs

coun'i mz 87 com•ntrhes at a rost (Af WT21 mii!ion (20:11 2(1). Vor th u•rmope'an

e tI('ar .Jaiiiarv 1991 olerations. MA(C fHew 266 flighls on 55 selarate miiissionis to

deliver I0(10.00) toll" of cargo (17).

fircanse t Ii' aimorunt of cargo t oulrag sliim""! ctl betwer differen lo-alkions

hr,tighi, tml.I worldi varies everY rlohi Ithet l)r(.(,s of detherimining whnich rout.es

shnilth Ihe us.ed,. anrd how many iissinoms to fly (o each writ. n1n1sl bc re-t•'counlf)lished

II



Montl tIti. MA.\;( , 1tist he (jrllic(Tiie(I not only with Ilthe ffclvet uVtitlizatioin of avail-

ahlde physical resoilrc (eng. r"c ol ec rded to pay for aircraft, fuel and availability

of ;6rcrew personnel), hut also with its abldity to deliver c-argo in a timiely manner.

I i ffe oll of lorce St ri ntm Aie nialy sis at Headquarters MAIC (1IC) MAC/MVIY l

is, tasked to dleterminiie xhiichi. amd how miany, rnis,;ioris must lbe flownr every v ronothl

to deliver thle forecasted (argo) tlehian(s . Ainalysts at HTQ M4A(/XnI R (leveOpell

a coT1puter niode oif t his A~arirle (-argo roite system. whlich is used to simplifyv t he

processý of determininirg, efctfci ye plan-.s to nt ilize lie available flying resources. Thie

'oriiplexi of thle nnnmijiter mmle has increased m-er time as the need has a mise for

it to incorporate rilore (olicertis of tIlie real systemn.

PI',I' ill (lIol(y

TV' topiot of thsresearch refers to variouis teirnis for which explhicit dlefinirtions

nayl help rtIieantI tig iity

[Ilie t ermi chiannel jiist nmiiettoied simiply refers to "ia pair of bases bet weeni

whicýh MAC\ rituist flv tit lien to dleliver calrgo) or to satisfy a frequency of visit. eg

aili emblas1sy. Frequ li reiriri w I lii other words, a channel refers to a two-locattori

sect for which N! A( provides riot ii (cessar'ily direct,) delivery servi-ce onl at regiilarly

scliedliller basis.

[lihe venrt stop nceri> too tlie act of arriving at an airport,. For instance, anl

airplane miiight Ica ye ,re airport awli stop at anot her airport before ret iirnitig to thli

holiori base. A\s al tioull. stop lof'r ln to thle physical plface ,/OPPrd at,.

Al liarrf iorute base is thli airp~ort whte-e thle aircraft is iiortvia ll hlt'use'1

whellnot~ t II vi ri Aircr a ft ii 'rirally I eojgi i and end trips from t hesc loeationsIectrs

of' thle avai a )110 if it v iai lit criat ce fatcilities. aircrews. . ýd so forthI.

A\ 1route isý a (le" ript ion 1 f' art air-craft 's erit ire jontrney from depart tile of t Ilie

In tte I ase it1t i retqi nl t, 11" lihnotf n Ija. ( )ietypical route mnighit. uinclile leIcartt trig
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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 Rainstein

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 +o 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

mav 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

major relationship l)etween the two stages, while the dotted lines indicate where

information, other than the missions chosen, is shared within the model. ItQ

MAC/XPYl{ miust re-accomplish this two-stage process every month, to determine

how to deliver Htlie forecasted cargo demand (15).

In Stage 1. Hlie cargo forecasts, along with the set of possible routes in the MAAC

svst .iii a'l a (;at a base of other information (e.g., flight times between locations. ter-

niinal storage capacities. crew rest requirements), are used in the forniulat ion of a

linear int.(,c r progra ii. Becaluse of the problem's large size, the integrality reqlii re-

tienit. is relaxed to pernilt solkition through linear programming. The objective of

tiis liniear programming rela xation is to minimize the costs of operating the svstemll.

sul ject to the restrictioti that all cargo be delivered (15). In other words. tie inissi5011

1-3
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set chosen should provide enough service between all cargo origin.-destination (0-1))

airports to deliver the forecasted cargo (6).

The results of Stage I are known to be approximations, since the linear pro-

gramrning results must be integerized to allow IIQ MAC to tell the subordinate

operational units how many complete missions must be flown (15). Even though

I-IQ 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:iii). To ensure compli-

ance with the UMMIPS standards, Stage 2 of HQ MAC/XPYR's process verifies the

tiis~ron set's ability to deliver the estima.ted cargo in a timely manner.

As can be seen in Figure I.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 Stage 2. For example, if a bad schedule were

creai.ed 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 encoun tered b~y cargo being shipped through the MAC network. a.s

expressed l it a !' e d(W. l 1( " r car.o ton. shipped between each 0-1) pair. This delay

iieasureen rt forms the basis for checkirig how well the chosen mission set, provides

liitrelv delivery serv".ice for the forecasted cargo demand.

Siiiply pult. IIQ NIA('/XINYIH s (clrrelitt mission set. evaluation process can

suffer 'rmnt lhe old adage "garbage in. garbage out.." No method currently exists to

det('frtinrle whethler a given sc'heduh"l.e wouild be "garibage" or not. Siuice t11 results

I-5



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, uw'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. Even 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 ultimnately 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 tinme-dependent aspects

of a mission schedule where potential exists for delay reduction are just as important

for less complicated route syst-enis.

Pu rposc of thic Iescarch

MIA(C's current mission-deterinining process does not provide information in

termns of eniroiite delay for determnininig wxhether a given schedule is better than other

possible schediles. This research uses a siniplified roulte network to develop a nmetihod

for measuring schedule efflecliveness by determininlg the aTniount1s of enrouute cargo

I -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 every piece of cargo while traveling

through a network, including the pickuup and dropoff times at each stop, as

well as which flights the cargo travelled on.

2. 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.

Orerniew of Subsequent Chaptrns

Chapter I1 provides highlights of current literature a.pplicatble to the area of

routing and scheduling. The review focuses on problems 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 III.

The beginning of the chapter descril)es the inherent assumptions allowing the method

to focus specifically on the aspects of a. route systein deplendent on the flight times

of a. schedule. The chapter includes a description of the procedures used to obtain

the desired information about (lela v caused by a given mon ibly mission schedule. Fi-

nally, the chapter describes the sinilaril ies and differences of the prol)osed informna-

tion ga.thering method and the p)rocedure utilized within MAC's Stage 2 simulation

rogrl-am.

(hapt.er l\" describes the samnple route systeni developed for testing the pro

posed rIethod. and the differences b)etween tlbis svsteni ald( thIe larger MAC( route

I-7



network. The 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.

.-.



I1. 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.

Caesar 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 oln 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 routing and scheduling of
vehicles.

Due to the intrinsic complexity of distribution problems involving
routing components, the use of mathematical-programmning- based models
and algorithms is needed when analyzing and solving such problems to

permit the realization of cost reduction or profit improvement. (21:1)

Wit i hundreds of flights providing cargo (felivery service to hundreds of airports

lhroughouit the world every month, MAC'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.
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Historically, ichiedulers repeatedly performed this important, difficult, and of-

ten time-consuming, mnental and manual task. HQ MAC/XPYR, for instance, must

go through the entire routing and scheduling process for its entire fleet eve~ry monthI.

The age has arrived when computers can assume the burden of accomplishing some

of the recurring process. The process still involves people, and computer umethods

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

..we found that any app~roach to this planning should involve the
dlevelopmenlt of a tool that would provide continiuity in scheduling opera-
tions. dlelivering schedules- at a level of quality equal to that exhibited by
those that had beCen manually produced, as well as a. "package"for those
personnel newly assigned to this task. (8:573)

Researchiers have found it, difficult to establish all-encom passing mathematical

m1odels for schiedul inig alld routing b~ecause each problem ha~s unique charact ('isi-

tics. Somne Specific Jproblenms. such1 as- '"bulk-cargo ship scheduli ng"~ for the UT. S.

Navy ( 12:27) anrd "Inlt ernalI audit schmedul ing" (10:267-272), convert, to mat~hem at ical

forimi. (lasses of problem s exist, such as the -'vehicle routing p)robleum withI slid-

Ing t iniewindows" (11:21 3--220) or time Mdemnand- responsi ve transportation systeni

(1-1:630 638), for which cert ainimnathemat ical forms ylield a. solution. Not wit list anid-

ugl t liese research efforts. lBodiim points to some prob~lems: "In my opinion. mnany

of t lie probletims descri bed III lit eratunre oversimiplify the ones that occuir in practice"

(3:571)H.

'Illie eN perience alnd resea rcli of in a nv auithors have resuilted III soluitions to

a 111ibiimler of, (Ii Il'reiii scliedu iiiig problenims. lBodii115 caut ion. Iiowtvei e. point,,s to

lhe (liffcIIli\ o f tillii(o ugsolIution 1 eclniques for. specific problems lik~e lie NI A(

pr )llen i. iiI fact, son ic researcl I h as I )f n; conceiit rat ed sI I Ip I p o (l et vrm I Ii I I tII W 10

iiiela"sIire schediule effect ivViiess.



Measures of Effectzveness

Petersen and Taylor describe scheduling 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-

lectiveness or efficiency to the performance achieved by ordering activities ia 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 (a.t 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 t-he buses translates directly

into pllrchase, maintenance and fuel costs. They also note that other researchers

have used "the total nwirinr of vehicles requi red" (5:81) a.s the measure of nionetary

cost.

Pritsker highlights severa.i ways for determining how well a system operates,

part icilarl.y Iihrowigli nieasures of throughput and resource utilization (18:70). Fur-

tler extelision of this idea might include opportunitv costs associated wi t h choosi ng

2-3



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 mininization of cost is not key, the performance measurement related to timeliness

can become more important. HQ MAC/XPYR's scheduling problem is one where

pioblenl emphasis need, a measure focusing on this tinie dependence. The objectives

of their linear programming formulation are the minimization of expense and the

inaximiization in the use of available aircraft (15). To minimize the delay caused

through flight scheduling, the focus must now address mneasurement 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 ilnt erpretation 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 ireasurement scale for identifying or eval-

uating tOhis cargo delay. The literature is replete with ways to measure factors like

lalcnrss, lardinrss, anid ]owlinin (2. 1. 18). Teodoric ineniions that the literature

provides various formiulas for particular factors (22:16). These formulas can provide

statistics fOr rating systern p)erfornilarce ill I in e-dependent terims.

C:-r," must be taken when interpreting results reported in these statistical

teruns. For instance, althiough Baker su ggesos miniimizing i7tcau or wcighlcd incan

I ardiness or flowtinre (2:17 29). the translation to specific event or activity changes

to attain better resiilts niav not be achlrieva11I. \Vhen relying on thlese averaged

resullts, there mighlt not be a realistic way to figure out how individual paris have

9-1



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-uniform performance within the system is common. With the variability

inherent in the MAC channel cargo rmoute model - particularly resulting from mag-

nitude differences in amounts of cargo flowing between O-D pairs - the schedule

optimization needs to address tle impact of even the very small subsets of cargo

demand which could easily get "lost in t he shliifHe."

The delay experienced by cargo traveling through the MAC channel route

systiem can be split into two parts. The first part is the time required before initial

placement on aircraft at the origin a,,d the time required to unload the aircraft

and deliver at the destination. The other part, and the focus of this research, is

he time between initial l)ickifp and final dropoff. The scale for measuring schedule

effectiveness for thils researcl i ulthides all flying tinie and ground waiting time as

en route cargo delay (6). I)ne to thlie iiee to ad here to the !1MMIPS standards, less

en ron t delay 11in(icates a I)ete•,r scliedile for tlie NA2(' problem.

OblaininIffq hJcci?'nc.c snc/?,.•.

A\ variety of usefil eld'iihiqiles foir obtai iing better and/or optimal solutions

to scheduling problenis are described in lie literature (See (2, 13, 16)). Maiix of

these techniqIes at.erlupt to optilntize tlhe value of some objective function which

2-5



incorporates the effectiveness measurement of scheduling alternatives. For example,

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

min ox + !3y (2.1)

Obviously, for a real (as opposed to theoretic) problem, VaIlues mu1-st be assigned

to thle o and iJ coefficients. These coefficients typically relate to the atniount, of

effectiveness associated with incorporating the different variables (i.e..xanld y) in) the

soliit ion. Many of the optimization techniques., although useful for solving p)roblems

like Equiation (2.1 ), poide little help *in dletermining the values of the performance

ineastiremncut. coefficients.

One t echnique for supplying these values might, be dlirect.. physical mneasure-

ineut . Tlhe times at which each piece of cargo are p)ickedl upi and dlroppledl off while

(ii route coIi Id be recorded and translated dlirect ly to performnaice mueasu remient co-

efficient s. This technilque might, be ideal for situations where tlie( p~at hs over which

Cargo w\Ill travel are known with certain1tv.

F~or MI \('s piolble~in, direct, physical uineasuren ulient iuIa~v niot be p~ossi ble because

of the complexity of the channel route system -- and1 the flight schedule is an Inherent

comlponlent of that complexity. The pathis over which cargo will travel depend upon

tIt( a-,dilabitity of scheduled flights at given locations (it specific p)oints In tlnf; (6).

For exaniiiple. If cargo would itwi have to wait too long onl t.he gioui in. a direct fl ighit

will provide thle most, timlely delivery to thle [text, stop. If, however, the( wait, coulid

be too long, t ranrssh ipmnent using Indi rect nwia~ns might be quicker.

Thiese t i me- palt i reiationshiI) In MiA(''s problein iia-ke 'It omil( for which an

In direct techniIi i ie for- miea~surinug effectiveness imighut be u seful . if' the s~ystemn c'au

be acci iratcl~v inodeled. Prit~sko--. provides thec followinmg reasonis why problemis like

MIAC'(S are difficuilt. to iiuodlel:



The modeling of complex, large-scale systems is often miore dii licijit
than the mvodleling of physical systems for the following reasons:

1.few fundvamnental laws are available;

in many procedural elemenets are involvedl whiichi are diifficul t to d e-
sC ribe and~ represent;

3. policy iniputs are required which are hard to quianti fy:

1. rand onm compn jonilts are significant elements; anl

5.ii huan di(ecisioh iiiakvi g is an integral part. of such syst ens (18:4).

lIn NI .\ ' case. any one of the five reasons above con h apply. F"H rher-

miitrc,' thlese reasons ('01hld julst as easily be usedI to describe prob~lems where indirect

jtt'htiii~ it''li'~llelii('etlt is part, ici ilai'ly use(ful foi- iiiteist anifitig 5X'Steli opera-

i(titii4wling. 1i) rii sker. -'simiuilationii oldes ar itylelv suited for carrvin u

l~ejtttil'li-ttviigapjproaci ( 18:5) for these diifficuilt prob~lemis btecause t he techl-

Iitim alk It t-. " tScrvi III'- the dlylialic behavior of a imodel ming from state to

lat I S:6) as- t ime prt)!gre(sses.

Iiclvtc (1i1, 1 lie, pot tellt iai for ext ract ilig iniforitat ioni ltoiit II'itra l)l o

dilttt. dt1V(lt)PlIcieit of a siiiiilat ion nicithlotology for approach;ingý I lit' MAC

betII-dii, pr i ,ltii couldI provide useful1 dielay ilifrhina n I inmloi a Ii oti'4 of I :( s

""VYtl. Specifically, it simulilatloln liethlotlologv" mlighlt allow dti erillal lol of ((Ich

aiitmtii ofI tliroiiltc delay experienicedi when a givell flightl schedule is utsed(. Once

ttrf"I.tIiiami''tfeIitl'sjitria o is dobained about thle MAC( systeii. some other

I ('I'll11itflit' iiiiiil 1ist' thfat inflormiation for sched'tuile twalumatlion andI,()]fo geiltral hon or

t.lliIou ()f bet-tel,-'( stietliilts.

tills reclatt'tl Itt thli rot)IIinig andt stcheduling, of vt'licltý,'s. ]iis t'Ifort conlit iiits ltet115'

Id, IltC uITI'Mlal\ tttsl dfeitlive'ring carg(o alnd fItI' Ilet''t for 1fh1i( inc\ (tf of't'ra tthims.

4)~t aqllv ny spectific flh't)blt'hl. Ihle research mullst tarefiill.\t'xalihat thle probleiu antI
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determine how the methods previously developed can be adapted to the situation at

hand -- particularly inethods for defining system performance.

Because of the schedule variability and the need to re-accomplish the scheduling

procedure every nmonth. the performnance measurement technique must be dynamic

amd flexible. Finally, because the MAC timeliness 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 flight scheduling resulting in less overall cargo delay. 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 metbodology of this research and the methodology employed within

MAC's current simulation program.

Assumptions

An important a.-pect 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 routie 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 ,nission schedule might conceivably promulgate

adjustment to the mission set selected, neither MAC's simulation nor this research's

miethodology is intended to support such changes.

This research assunles a monthly schedule (like one provided from IIQ NiA(/

XPYlR's scleduldling program) forms a starting point from which determination of

cargo delayd (an be based. U sing the mission schedile pIrovided b)Y a schedilling

program, a Imore delailed schedhrle (ain be built detailing each .lighl necessary for

tlie systeiti. Thils detailed scliedile might then provide a siin lation progralin all thle

inforlnation necessary to "fly" all aircrat .flights.
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As with HQ MAC/XPYR's computer channel route nmodel, 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 estimaLed 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

a.ssumed 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 any current model.

Like the MAC model, this research assumes that. loadmaster activities are

in clnded as part of the time required to put cargo on or take cargo off aircraft..

This research makes no attelnpt, 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.

ihle method assumes that the resources used for cargo delivery are alwavs

available. Aircraft. nmia.itenance allows airptlaties to be ready for flying a.t scheduled

leparture tinies. Aircraft fuel cat always Ibe b)tbain(ld. I'i ough aircrews exisl for

flyi igall flights. Any delay associate t withi ensuring tiat these resourcvs are available

at I |te proper timle is not in1cluded.

Thie month ly (i.e.. 720 hour) sctteduile ibreaks down into (discret'e insiantls of

nile,. Fach evel'nt (e.g.. air'craft t aketof or lanidintg and cargo ti(cku1) or drot)of)

occut rs at one of , tiese in1st ants of t itMe.
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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 unjderlyiig this research take on a variety of forms,

from philosophical to operational. The applicability of the methodology's develop-

nment relies on whether these assunipt ions accurately reflect the important aspects

of I lie real situation.

lcrielopmrcnfl of the .Nm ulalimo) Model

Becaiuse this research is inteiided to gaiii information which might allow ad-

,ist llment. of specific fliqitis. the nieed existed to ise a schedule whose breakdown is l)v

inluividiual flight leg. The ["ORWTR'A N programs repro(luIced in Appendices A., B, and

(' provide a muultiple-muinl sclhedule wlich specifically characterizes each separate

Iliight for a simulation program. 'lhe fields of' data used to (lescribe each flight are

as follows:

0 Iield 1 lission Nuiinmber
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"* Field 2- Flight Number

"* Field 3 - Tail Number

"* Field 4 - Aircraft Capacity (tons)

"* Field 5 - Traveling Direction

"* Field 6- Home Base

"* Field 7 -Stop Number

"* Field 8 - Departure Location (same as home base)

"* 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 fli, 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

coniditious 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

att.enipts 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 he 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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Figure 3.1. Flow of Airciaft Activity
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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 home base. all cargo onboard must

be offloaded to await future shipment. on another flight.

The Suniulation Program Opnratioio. A con )ulr prograin was developed which

simuilates the operation of a, channel cargo route system using -the sinmulation language

for alternatiwv modeling, SLA M I1F ( 18:2). The essential flow of events through which

the simulation operates is provided iM the SLIAM code found in Appendix D. (Cer-

tain aspects of this system could not be modeled directly in the SLAAM II language.

Hlowever. as Pritsker nienilions, "Since S 1L1M II is I"O1TIRAN based, it is a rela-

:3-6



tivelv 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 is 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 availalble. 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 each unit of cargo follows:

"* Field I - Mission To Get On Flag (0 indicates any mission. -1 indicates specific

missions required)

"* Field 2 Origin Airport

"* Ficld .3 l)estination Airport

"* Field 4 Direction Headed

"* Ii 1(d .5 Flight Number Currentlv On

" VI c1(d 6 Tail Number (urrently On

"* li ld 7 Ciurrent Location

"* Field s,- Time Departed Origin

"* 1?enealin FUilds

34-



- 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)+i.; flight now at next stop

ACT,O.,1i.,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/-I,O,USE, fF(3).EQ.ATRIB(6); at last stop
TERM;
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DONE QUEUE(21),O,,,;
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 flight 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 FORTRAN code is provided in the next section. What can be seen from Figure

3.2, however, is that mush of the operation of the model does not occur from the

simulation code directly, except for the aircraft flight movements from airport to

a.irlport.

The boxes with the diagonal lines represent QUEUEs, 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 QUEUEs 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 QUEUEs here. Each airport in the system is represented by a

separate QUEUE.

Two of the other three QUEUEs used in the simulation are shown in Figure 3.2.

These are the DONE and HOLD QUEUEs. All cargo arriving at their destinations

are processed through the DONE QUEUE for information gathering. The HOLD

QUEUE• maintains all cargo onboard all flights at a particular point of time. For

fhrther discussion of these QUEUEs, see Appendix F.

Most of the simulation's activity puts cargo into particular QUEUE's and takes

cargo out of QUE(JE's 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 carrv

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

inforniation 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 localion is

deterinined, t lie FORTH AN code peruses thu- cargo waiting at t hat airport., looking

for cargo which needs to travel in the correct direction and on the missioli type to

which the flight is assigned (i.e.. as depicted on the left side of Figure 3.1). When

cargo is found lmeeting these criteria, the FORTRAN code takes the cargo from tihe

cuirreiit airport: assigns values to the cargo's next, unfilled set, of repeatiig at tribite
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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 DONE queue block shown in Figure 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 frorm 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 0-1) pair, put onboard the same plane, at the same airport., at the same time).

Enroute delay iN calculated for each group, subtotaled for each O-D pair at, each

airport, subtotaled for each 0-1) cargo pair, and totaled for all cargo.

Having specific information about cargo deLy does not provide informat ion

which might lead to flight changes resulting in better schedule. For t his reason

another subroutine looks at the cargo carried onboard each flight, as each route leg

is blown. This subroutine reports grouped types of cargo carried (by O-D pair and

tine put onboard) for each flight leg.

As can easily be seen b> the dotted lines in Figure 3.2, the great manjoritv of

logical activity occurring within the simulation occurs as a, result of the pickup and

<Iropoff of cargo. All of this activity occurs within the FORTRl'IA\N portion of the

si nilation code. For a more detailed explanation of the computer instructions used

to carry out, these activities, see Appendix 1.

("ornpnrisol to t1/ MA C Si.itu 1107a0ion

The simul ation ised in MAC(s current channel cargo model (hereafter referred

to as MA('s sin llat ion) and this research *s sinmulation perform the same general
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function -- computer simulation of car-go p)ickup andl dropoff b~y aircraft flying within

a route network. (Tesimulations uise differenit simulation languages, although either

language might be used.) These simul-lations model some aspects of the prob~lem

siilar-ly, while other aspects arc treatedl (liffrentlt. Thie significant entities modeled

in both simulations are( aircraft and units of cargo.

B~oth simulations characterize the entities which canl hold cargo (e.g., aircraft)

as having certain attrib~utes which may' be dlifferent. fromt one entity to another (e.g.,

hiome base, capacity, etc.). InI MAC's simulation, the Important aircraft entity is a

tail numrber, whille- this research focuses onl each flight. The one-ton units of cargo,

uisedl In both simui'lations. att emplt to travel frorn their origin points to their desti-

ntationl [points along thle imost, direct p~at hs t~hrough the system using (decision rules

providled by thle simulation uIser.

T[he manner in which the two) simuilat ions depict~ the entity characteristics varies

considerablyv. Bothl methods' rely oil cer~almn attribtwes Which never chlange (e.g..

atircraft capacity and cargo 0-1) pai r Informiat ion) and sonie attributes whose values

(hatige as t he entities moi(ve thIiroughiout thec system. The differenc(! in attributes

relates to the imiuber of attributles required to dlescri be anl e'itiity andl to the necessity

for chianginrg the attribute valuies at diff~erent points ]in the simulation.

'Ie( enitity a~ttrti bute~s tiseol in M A( 's simulation focius forward in timec. Nlo

mformat ion is mta ittainie I withI cii her ai rcrafIt or cargo to describe thle path ii tsed

to arrive alt a pa rt~icui ar loca tionl. InsteadI. thle a~trtnbit-es supply in formIlationl used

for deteriiiining1' how travel might be accomplished front thle current locat ionl In thle

fuitire. lII part icular, as a milt of cargo travels, through thle syst em. iminutn nfor-

matolti lit ist be nia iit alined t o adequat el v describe thIa~t tinlt, of cargo wvith respect

to where It, mutnst go front thle cuirretit locationl.

l~tisreean~t~sSi111hatio, n le ot her handl. relies uipoin a much larger timib er

of at.t ribIuit es. iiseat tribu11t es sitpplY riot ontly the chia ract erist ics appJl icabIle to thle

euitit.Yvs cuirretit location ati~l or-ientatitonl wit hini lie sY'steni, but also the informval ion



dlescribhing the entity's entire travel history. Iii t his research's simuitlat ion one specific

enit cn e fully described only by' all informat ion descri 1)ng its elitire path through

lIhe svsteiii.

Ihe simulatons rely on user- provOW cr (it eria through which decisions assign

cargo to( aircraft for shiptnent. Bot h simiurlat ioiis rely upon)0 a two-level dlecision-

triakii ug framework. As previously dliscuissed, t his iesearchis framework involves the

cargo's direction of travel and available missions traveling toward the destination

arport.. MAC's simulation p~erforms essentially thle samte op~eration in a slightly

di fferenut muannter.

For t hiis research's si murlat ion. t he user must (leterninite ( ahead of time) which

Ii rec io ca rp) inmust. triavel froi~i one locat ion to arrive at anot her location, and

whet her assign merit to p~art iciutar imissioiis w~ill alIlow more direct. shipment. For

tie NIA ( sitnin aton the user iiirst (letwein inre (ahead of t ime) which airport must

he ~Visited after t he current airp~ort,, and whectlher assignment to particular inissionfl

will accomuplish this goal. Thuus, the dlifferenc~e if] thle two nmethods revolves, around

let err iii It ion of, dircctwiin of tra u' / as opposedI to pla cf to Ira i'd to.

Roth muethuods uised to simviulate chainnel cargo route systemi operattons si mpli fy

lie realI world situi at.ion. "Neit her situliatiion adhdlresses the issue of the stochastic

iiattie of act ivity t it ies. (Thiis reeaxrch's sinmula tion also (hoes tiot different~iate the

(ii is tg speeds for different types of' aircraft. MvOTch itipacts Hlying, tOne).

flirt hertnuorc, both sinuirilations carry out (hianitel operat ions as if a inotit h's

car'ro demanatd arnd flighit schuedutle corntitnue iridefiruitely into lie fuitumre. Th'lese t wo

stimplhificat ions hitect lY affect the atonott,, of' cargot iii thue system as the simnulations

operate and fihe ;111ioutits of' Iinic taken for- cargo to travel to thi d11'(estinat ions.

This research's.- sýimulation does uiot repiort cargo dlelav iii thle same rmannerit as

Ilie, \l.\ sirmutlationi. Because thle MAC\ sinurlat ion dhoes riot keep trtack of thle tirmes

assciaed it h (arg'o atrrivals, atnd departurtes at ( 'rrY airport where catrgo S. Tio
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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.

.S u m m mary

This chapter has provided a description of the logic used to develop the coin-

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-

T[RAN programs arid 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,

similate network operations by allowing a. method for apl)licalt ion of miser-siipplied

(I -isioii rules for putiting enroute cargo unl)oard aircraft to provide delivery service

to t he inlerlded desti nations. These two siimulations are simmilar, except, for what de-

cision criteria, are required and what iiformation is maintained to describe aircraft

anid mits of cargo as they flow through a channel route network. This difference

Mm in['orniation muamntai ned, particularly aboit cargo. forms the reason whvy the two

smnim Illations report cargo dela.y differentl.v.
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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

that, (e.g., thousands of times larger) demand over other O-D pairs. Becauise of these

ordler-of-magnitude variations, cargo demand for certain O-D pairs supply the bulk of

the cargo inl the entire system. The amounts of cargo demanded in the hypothetical

system are sbo'.wn in Table 4.1. The computer file which the simulation accessed for

(lemandl information is reproduced in Appendix P.

The amounts of demand shown in Table 4.1 are intended to be representative

of [.he (lenandi experienced in a real1 channel cargo system. In this small system, most.

of I le cargo demand is lbetween airports 1 and 6. A varietyv of demand levels exist.

lbet~weeni ot~her airports'. In fact, no demand was estalblished for airport 11, which

rep)reseiits a transshipment point only. Arid a~s can lbe seen in Table 4.1. some O-D

pairs have so little demand as to seem almost insignificant. Demand for these 0-D)

pairs, however. riay pirove to l)e significant when the units of cargo must. compete

for aircraft. space with the muich higher dlefanid for oilier 0- D pairs.
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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 9 50 35
9 61 12 21
10 29 8 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, clashed 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 0-1) pairs are at opposite ends of the system.

and others are somewhere in between.

Aircraft honme bases were chosen at only a few of the airports of the system

since monetary and political costs associated with housing mnaintenance facilities and

aircrew personnel at a multitude of airports could be prohibitive. In this smaller

system, (-5 and ('-130 aircraft. are based at airports I and 9, respectively. C-Ill
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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 11 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, thie 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 requlire extra stops along the route for purposes of crew rest (tlhe

reason for stopping which requires the longest ground time).

The jumlble of lines interconnecting the airports in Figure 4.1 might. appear

confusing. Any perccived confusion is inherently implied as a, result of the apparentily

overlapping routes iLied within the systemn. Figure 4.1 simply shows a small example
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of one of these kind of networks. NIAC'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

ch-.nnel 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 conmple.xity 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 model 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 1 2 3 4 5 6 7 8 9 10 11 1 12

1 515 15302 8406 44150
2 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 0-1) 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.)
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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 15302.3:3 8406.05 441,49.61

Blanks indicates cargo did not stop at location.

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

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

C'argo traveling from airport I to airport. 6 only experiences delay associated with
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airport I is the direct result of the mission decision criteria used for the hypothetical

route system. (As found in Appendix 0, this type of cargo was forced to travel

only on direct missions.) In the case of cargo traveling from airport 1 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 8, no matter where cargo is destined, there are multiple paths over which

cargo traveled.

Destination
Delay At, 2 4 5 7

1 31.20
3 892.40 527.80
4 274.50 23.80
5 3054.30 621.00
6 2561.85 857.50
7 18.55 4.60
8 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
i 1 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 4.1. l)elay Hours hLxperienced by Cargo Originating at Airport. 8

Inforrmation like that shown in Tables 4.3 and 4.1 provides the data required to

deteruhi ne the locations where delay exists when the sintilated net work operates. In

order to make a. better schedule for the route network, focus might then be directed

to decrease( delay resullting at specific locations. This (Melay might result, because of

a hu1 il l(p of cargo awaiting trans1portation. Or, the delay m ight siniply 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 significant, 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 sirr--.ition 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 becaise of the

flying time taken to make the trip. This should not imply that all the cargo going

from airport, S to airport 5 traveled through airport J1. But for those that d(id. t he,

experienc(ed as little delay as possible on that portion of their journey. For situations

like that shown in Table -1.5. thew information may not sup)port, the need for sclhedulleI

adjuistmnent, to the associated flights.

On the ot her hand, Table .4.6 shows somewhat different results. The saime iype

of cargo is the basis for Table 1.6 as for Table 4.5 - cargo going from airport S to

airport .5.
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Tail 1 Flight i Depart Cargo Delay Hours Total Hours
Number Number Time Units Each Unit 'This Flight

15 183 733.55 3 0.70 2.10
15 202 793.55 3 0.70 2.10
15 212 853.55 3 0.70 2.10
15 229 913.55 2 0.70 1.40
15 246 97:3.55 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 1153.55 3 0.70 2.10
15 307 1213.55 3 0.70 2.10
15 323 1273.35 4 0.70 2.80
15 341 1333.55 3 0.70 N
15 357 1393.55 3 0.70 2.10

S- Subtotal Delav 23.80

Transshipment At, Airport, 4

Table 41.5. 1)clav Hours Expereieced by ('argo O-D Pair 8-5

In the instance depicted in Table 41.6. 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

flight 256 experienced a very large amount of delay in comparison to all the other

units shown. Tie obvious explanation for this delay is that these units of cargo

apparent lY arrived at t he airport after t he ot her units of cargo which were picked uip

Ibelfore them. Since the assignment of cargo to aircraft is assumed to follow a FIFO

rule. these mitts could not (lepart the location until all other units of cargo which

('011ld travel onlboard sinilar missions were exhaiisled.

lResults similar to that containecd1 in Table 1.6 might provide the informaltion

necessary to make schedlle ad.iusttments .- \s an example. a potential adjustlment

Iiidht be to push the leg which filit•h 256 flies out of airport 6) forward lit tine.

.\Another possil)ility 1iii'ht be to move all flights prior to flight 256 forward in tillne.

to clear out all cargo wailting. -T, make all. of these ad.iust ients. 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 4.75 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 t 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
15 256 986.80 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

Transsliprent At Air port 6

Table 4.6. Delay Hours Experienced l)v Cargo O-D Pair 8-5
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rules to follow for making schedule changes might need to evaluate the effects 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, anl 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 onlboard the aircraft during the legs of the flight.

As mentioned in the discussion of Tables 4.5 and 4.6, potential schedule modi-

ficat ion inighlt consider the impact on aircraft utilization. For example, if flight 212's

schedule was tinder consideration, the information in Table 4.7 might be useful. If

Ito other (light times were to cha.nge, a potential schedlule change might involve d,-

laying lie 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

tle iMforination such as Table .1.7 available for every flight, the process for schedule

adjusttment inight. 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

wlhat cargo was oniboard each flight leg.

The rolite structure and number of flights used for thle hpylothetical twelve-

airport route systeim were designed to approximate the ouiputt whiclh would result

fromn use of the nission set provided by ,MA('s linear progran n1iniiig relaxation. Ai-

though not, the purpose of this research, the results shown in Table 4.7 might provide

a type of check oil a, schedule's abilIi tv to tilize t lie aircraft space available fromi the

m issnion set . One() check for a better flight schedule mllighit be to ellsllre sollme per-

ceviltage of figliht legs are nearly fully loaded with cargo. ('autlioni niaV be niecessary

witli this criteria, hiowewer, as comnpletely fulll flighlts inav 'iust indicate a buildup of
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Leg Origin Destination Cargo Time
Number Pair Units Got On

8 5 3 807.50
1 8 2 6 S07.50

10 1 2 807.,50
9 Tons of 20-Ton Capacity Unused
8 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

8 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 7 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
2 4 4 834.70
2 7 3 834.70
"2 12 2 834.70

2 10 2 83.1.70
2 5 2 85:3.55

Entire 20 Ton-(apaciyv Used
2 8 4 834.70
2 7 31 8:34.70
2 12 2 83.1.70

5 2 10 2 8:31.7(0
5 1" 9 857.50
5 , 3 857.5(0
5 7 1 857.50

3 Tons of 20 Ton-C(apacity U nIused

Tail Number 15 Flying Missioi Number 12

Table 1.7. ('argo Onboard Flight 212 by Flighl ILeg
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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 ti., 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 0-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.
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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 no. only file manipulations but also data searches and comparisons. These com-

puter operations might require increased computer resources for a larger channel

cargG 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 flight adjustments resulting in enroute cargo

delay reduction. Bly analyzing the flight d(epartires associated with greatest, amount

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

/ceormnmenda,1ijo s

Future research inight portray a inore realistic model of MAC's actual system.

For inst ance, flight times, grolifld tinies. and( cargo arrival times might be treated
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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

idea 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 assumptions 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 systeni 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 deterinine enroute cargo delay for these partial

cargo jounrneys.

ilhe focus of this research has been to gain detailed information about en-

route cargo (lelay. The next step in IlQ MA('/XPY1,s attempt to produce better

slhed ules IIIiglit. be to develop a techniique (e.g.. a heuristic procedure) for using this

iformiation . To decide whether an existing schedule can be improve(d upon, analy-

sis Mmight focus oil aspect.s of the schedule where modification would inipact svstemi

J)('rforniianice. After de(erntiinig the inecessary a(1.iustnments. the flight, schedule could

Ib+e iiodified anid rerimii t Iroigimi the simiiiulatioli to assess delay associated with each

s(hied(l il e iterat ion.
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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.

c This is the SCHEDULE BUILDING FORTRAN program!

c** This program builds the route.dat and jet.dat files

c** necessary for running the channel cargo simulation model

c** 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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c** second file with the corresponding route frequencies called

c** freq.inp, a base file called base.inp which is a standard

c** location key, a groundtime file called gndtm.inp and a

c** flying time file called fly.dat

c** This program was written by HQ MAG/XPYR personnel.

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)

c *****Stops are input as ICAOs. Reasons for *****

c ***** stops are as follows:

c **** 1) originate (start mission)
c *****2) onload
c *****3) offload
c *****4) enroute fuel
c *****5) enroute crew change
c *****6) enroute crew rest
c *****7) spare
c *****8) spare
c *****9) terminate (stop mission)

open(unit=8,file='base.inp' ,status='old')
open(unit=9,file='freq.inp' ,status= 'old')
open(unit=1O,file='route.inp' ,status='old')
open(unit=ll,file=lroute.dat' ,status='unknown')
open(unit=12,file='jet.dat' ,status='unknown')
open(unit=13,file='fly.dat' ,status='old')
open(unit=14,file='gndtm.inp' ,status'lold')

c******* read in ground times *******

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

c******* read in base key *********

do 98 i=l,maxbases
read(8,97,end=96) icao(i)

98 continue
97 format(a4)
96 close(8)

c******* read in flytimes*********
do 60 i=l,maxbases**2

read(13,*,end=6l) a,b,flytm(a,b)
60 continue
61 close(13)

c******* read in routes**********
do 99 i=1,maxrts

read(10,101,end=1OO) (micao(i,j),reason(i,j),j=1,maxstops)
do 500 k1l,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(lx,a4,il))

numroutes~i-1
do 80 i=1,numroutes

do 81 j1l,numstop(i)
do 82 k1l,maxbases

if (micao(i,j).eq.icao(k)) then
nicao(i,j)=k

end if
82 continue
81 continue
80 continue

c********** read in route frequencies & AC ****

c***** 1 = C005
c***** 2 = C141
c***** 3 = C130
c***** 4 = DC8
c***** 5 = DC10
c***** 6 = B747
c***4c* 7 = C17

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

c******* build route.dat file**********
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),I no flytime!
endif
gtmtot = gtmtot + gtm(actype(i),reason(i,j))

110 continue
cycle = flytot + gtmtot
ab =cycle * freq(i) I720.0
multac = int(ab+1)
turn = multac *720 /freq(i)
endtime = turn -cycle

do 120 ace=totac+1, totac+multac
if (ace.eq.totac+1) then

startime = origstart
else

start ime = start ime + turn/multac
end if
do 130 l=1,numstop(i)

iroute(ace,l,1) = ace
iroute(ace,l,2) =1
iroute(ace,l,3) = nicao(i,l)
if (l.eq.1) then

route(ace,l) = startime
elseif (l.eq.numstop(i)) then

route(ace,l) = endtime
else

route(ace,l) = gtm(actype(i) ,reason(i,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

c******* write the jet.dat file *********

A- I



do 200 i=I, totac
write(12,1000) i,iroute(i,l,5)

200 continue
1000 format(2i4)

c******* write the route.dat file * * *

do 300 i=l,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.

print *, ' ROUTE.DAT file built, next step: run RAWSCH'
end
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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 rach flight will begie 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 out1put 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 a,

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 comp)uter at some

later timie to reflect a modified schedule. Schedule inanipulation could then be

accomrplished by individual flight. Without this detail, as currently output fr-om

MA("s scheduling program, no manipulation of individual flights could be directly

accon1)lished

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

muight result in better schedules, schedule adjuistiment might. need to be made at the
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detailed level. For instance, if a determination is made to start a flight earlier in tile

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 monthlv

flight schedule of the form output from this program into a multiple-month schedule,

another FOIrTRAN program was developed.

c***** This is the RAWSCH program, which takes the ROUTE.DAT schedule
c***** provided by the CARGRT program, and converts it to SRAW1.DAT
c***** The SRAW1.DAT file must then be run through the MULTSCH
c***** program for multiple months in schedule.
c***** 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(1O), FDIRCT(100,14)
ISTOP = 47
MAXFLT = 999
MAXBAS 15
ENDMTH 719.9999

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

I = 1
200 READ(UNIT=14,FMT=*,END=210) FLIGHTS(I), ACTYPE(I)

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

FDIRCT(I,J) =TEMP(J
230 CONTINUE

GOTO 220
240 CLOSE(UNIT=15,STATUS='KEEP')

1= 0
250 READ(UNIT=16,FMT=*,END=260) (TEMP(J),J=1,9)

I1=I+ 1
CAP(I) = TEMP(9)
GOTO 250

260 CLOSE (UN IT= 16 ,STATUS='KE'

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

FLYTIM(ILEAVE,JARRIV) = FTIME
GOTO 10

20 CLOSE(UNIT=12 ,STATUS='KEEP')

30 READ(UNIT=11,FMT=39,END=60) IPLANE, NUMSTP, JBASE, TIME, MISSON
39 FORMAT(I5,I5,I5,F8.2,I5)

IF( REAL(IPLANE) .EQ. SCHED(IROW,3) ) THEN
c** here have a matching plane number

IF( REAL(JBASE) .EQ. SCHED(IROW,6) ) THEN
DO 40, INDEX=11, ISTOP, 3

c** 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

END IF
40 CONTINUE

ELSE
DO 50, INDEX=11, ISTOP-3, 3

IF( SCHED(IROW,INDEX) .EQ. 0.) THEN
SCHED(IROW,INDEX) = REAL(JBASE)
SCHED(IROW,INDEX+l) = TIME
GOTO 30

END IF
50 CONTINUE

ENDIF
ELSE

c** here do not have a matching plane number'
IROW = IROW + 1
SCHED(IROW,1) = REAL(MISSON)
SCHED(IROW,3) = REALIPLANE)
SCH-ED(IROW,4) = CAP(INT(ACTYPE(MISSON)))
SCHED(IROW,5) = FDIRCT(MISSON,1)
SCHED(IROW,6) = REAL(JBASE)



SCHED(IROW,7) = 0.
SCHED(IROW,8) = REAL(JBASE)
SCHED(IROW,9) = TIME

ENDIF
GOTO 30

60 CLOSE(UNIT=11,STATUS='KEEP')

IWROTE = 0
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 = SCHED(I,9)
IF( SCHED(I,9) .GT. TEMPHI ) TEMPHI = SCHED(I,9)

130 CONTINUE
DO 140, I=1, IROW

c** Next if assigns flight numbers, eliminates flight from further
c** consideration, sends back to find next to take off

IF( SCHED(I,9) .EQ. TEMPLO ) THEN
FLTNUM = FLTNUM + 1.
SCHED(I,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
SCHED(I,1) = 0.
SCHED(I,9) = TEMPHI + 1.
GOTO 120

ENDIF
140 CONTINUE
150 CLOSE(UNIT=13,STATUS='KEEP')

PRINT *, ' The SRAW1.DAT rau 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** 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



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
2C IF( (SCHED(IROW,9) + ADD) .GT. ENDMTH ) GOTO 40

IROW = IROW + 1
DO 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



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. Even though the

average information might obscure individual delay-causing factors, the use of a

longer period of time may help obviate bias caused by model operation without cargo

"-)Nwing through the system initially. For a similar reason, this research developed a

simulation relying on a multiple-month schedule.

This separate FORTRAN program produces the multiple-month schedule ac-

tuallv 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 program uiiser provides the number of months the schedule will cover and

lie nuI in.l r of the schedule iteration. This research us,ýd a th ree-month schedule.

Ihie first iteration always uses the initial, unmodified schedile (like that created from

l A( 's sc1ledliling program). Schedules which are modifications of that schedule can

sll i ise t lie imiltilple-month schedule-creation program to generate a flight schedule

r uise iII mlal u atiuoi.

'lhe "( FOUTILAN prograin that follows can imult ipl~y any .fligh•t schedule of the

form cirea('ateu'dI by tlie program ifund iii Appeiidix B. The user must. interactively tell

lie comput er how naiviiN tiuoflthis the schiedhule will cover. Ihie user must also tell the

colliplit er Whiclh iliplit file will b" uIsed i) tlhe neXl iteratioll of tll(' SLAM progranil

f'ound1i iII Ap\pedhIIceCs 1) anMd I.



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 SRAW1.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 SRAWL.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

SRAW1 .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 FORfTtAN code follows:

c***** This is the MULTSCH program. This program takes a SCH##RAW
c***** file and adds additional flights to provide a multiple-month
c***** schedule to run the SLAM cargo simulation. The output file
c***** of this program is SCHED.DAT, which is used by the SLAM code.
c***** This program was written by Captain Moul at AFIT.
c***** NOTE: On first iteration, using MAC's CARGRT program, through
c***** the RAWSCH program the input file would be SCH1RAW.DAT After
c***** that, the modeler can copy and edit the SCH1RAW.DAT file into
c***** a SCH2RAW.DAT, etc. Then SLAM runs can be accomplished using
c***** a modified flight schedule.

DIMENSION SCHED(999,47)
CHARACTER*20 ITER, TEMP, FILNAM
NATFLT = 47
PRINT *, ' What SCHED iteration is this ?
READ(*,'(A20)') ITER
J = LEN(ITER)
FILNAM = 'SRAW' // ITER(1:J)
PRINT *
PRINT *, 'How many months to be in schedule ?I
READ(*,'(12)') MONTHS

OPEN(UNIT=11,FILE=FILNAM,STATUS='OLD )
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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)

8 FORMAT(1X,F3.0,F4.0,6(F3.0) ,F7.2,F5.2,F3.O)
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)

9 FORMAT(1X,6(F5.2,F5.2,F3.0))
10 CONTINUE
20 CLOSE (UN IT= 11 ,STATUS=' KEEP')

IROW = IROW - 1

C** Next set of lines multiply schedule by number of months input.
C** Note: same flights in other months will occur at same relative
C** 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)

28 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)

29 FORMAT(' ',6(F5.2,F5.2,F3.0))
30 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)

40 CONTINUE
50 CONTINUE

PRINT *
PRINT *,'The SCHED.DAT file is now ready for running SLAM.'
PRINT*
PRINT *,'The SLAM and fortran codes are both CARGO.'
CLOSE (UN IT= 12, STATUS= 'KEEP')
close (unit=99 ,status='keep')
END
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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 cJhanges might need to be made:

"* LIMITS - This research's simulation is unusual because of the requirement

1o 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).

"* NIT- start time and end time in hours (time schedule covers).

"* (Ii T/;s - need to set up a CREATE portion for each O-D cargo pair, with

mission flag, origin, destination, direction, and current location,

"* QUEUFs - one uminbered QUEUE for each airport, renumber HOLD, TEMP,

and DONE 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,O,2160; go three months, by hour
NETWORK;

Clt4 CREATE ..... ; create one lto4 cargo
ASSIGN, ATRIB(i)=-i., ATRIB(2)=1., ATRIB(3)=4.,

ATRIB(4)=5., ATRIB(7)=l.,;
ACT,USERF(5),,; split for next cargo
GOON/2;
ACT,, ,Clt4;
ACT/5,,,.O01; enter lto4 cargo

Clt6 CREATE ..... ; create one lto6 cargo
ASSIGN, ATRIB(1)=-l., ATRIB(2)=l., ATRIB(3)=6.,

ATRIB(4)=5., ATRIB(7)=1.;
ACT,USERF(5),,; split for next cargo
GOON/2;
ACT,, ,Clt6;
ACT/6,,,.O01; enter lto6 cargo

Clt9 CREATE ..... ; create one lto9 cargo
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ASSIGN!, ATRIB(1)=-1., AiRib(2)=1., AiRItB(3)=9.,
ATRIB(4)=5., ATRIB(7)1l.;

ACT,USERF(5),,; split for next cargo
GOON/2;
ACT,,. ,Clt9;
ACT/7,...Q001; enter 1to9 cargo

C1tW CREATE,,,,,.; create one ltol2 cargo
ASSIGN, ATRIB(1)=-1., ATRIB(2)=1.., ATRIB(3)=12.,

ATRIB(4)=5., ATRIB(7)1l.;
ACT,USERF(5),,; split for next cargo
GOONI2;
ACT, ...C1tW;
ACT/8 ...Q001; enter ltol2 cargo

C2t3 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;
ACTI9 ... 002; enter 2to3 cargo

C2t5 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
GOONI2;
ACT, ...C2t5;
ACT/1O,... Q02; enter 2to5 cargo

C2t7 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 ... Q02; enter 2to7 cargo

C2t8 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
GOONI2;
ACT,, ,C2t8;
ACT/12 ...Q002; enter 2to8 cargo

C2tO CREATE,,,,,.; create one 2tolO cargo

ATRIB(4)=5., ATRIB(7)=2.;
ACT,USERF(5),,; split for next cargo
GOON/2;
ACT, ...C2tO;
ACT/13,,,Q002; enter 2tolO cargo

C2tW CREATE,,,,,.; create one 2to12 cargo
ASSIGN, ATRIB(1>=-l., ATRIB(2)=2., ATRIB(3)=12.,

ATRIB(4)>5., ATRIB(7)=2.;
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ACTUSERF(5),,; split for next cargo
GOON/2;
ACT,, ,C2tW;
ACT/14,,,QO02; enter 2to12 cargo

C3t2 CREATE ..... ; create one 3to2 cargo
ASSIGN, ATRIB(1)=-1., ATRIB(2)=3., ATRIB(3)=2.,

ATRIB(4)=15., ATRIB(7)=3.;
ACTUSERF(5),,; split for next cargo
GOON/2;
ACT,, ,C3t2;
ACT/15,,,Q003; enter 3to2 cargo

C3t4 CREATE,,,,,; create one 3to4 cargo
ASSIGN, ATRIB(1)=-1., ATRIB(2)=3., ATRIB(3)=4.,

ATRTB(4)=5., ATRIB(7)=3.;
ACTUSERF(5),,; split for next cargo
GOON/2;
ACT,, ,C3t4;
ACT/16,,,O03; enter 3to4 cargo

C3t6 CREATE,,,,,; create one 3to6 cargo
ASSIGN, ATRIB(1)=O., ATRIB(2)=3., ATRIB(3)=6.,

ATRIB(4)=5., ATRIB(7)=3.;
ACTUSERF(5),,; split for next cargo
GOON/2;
ACT,, ,C3t6;
ACT/17,,,Q003; enter 3to6 cargo

C3tO CREATE ...., ; create one 3tolO cargo
ASSIGN, ATRIB(1)=-1., ATRIB(2)=3., ATRIB(3)=1O.,

ATRIB(4)=5., kTRIB(7)=3.;
ACTUSERF(5),,; split for next cargo
GOON/2;
ACT,, ,C3tO;
ACT/18,,,.003; enter 3tolO cargo

C4tl 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,, ,C4tl;
ACT/19,,,Q004; enter 4tol cargo

C4t6 CREATE,,,,,; create one 4to6 cargo
ASSIGN, ATRIB(1)=-1., ATRIB(2)=4., ATRIB(3)=6.,

ATRIB(4)=5., ATRIB(7)=4.;
ACTUSERF(5),,; split for next cargo
GOON/2;
ACT,, ,C4t6;
ACT/20,,, O04; enter 4to6 cargo

C4t9 CREArE ..... ; create one 4to9 cargo
ASSIGN, ATRIB(1)=O., ATRIB(2)=4., ATRIB(3)=9.,

ATRIB(4)=5., ATRIB(7)=4.;
ACT,USERF(5),,; split for next cargo
GOON/2;

I)-3



ACT, ...C4t9;
ACT/21,...Q004; enter 4to9 cargo

C4tO CREATE,,,..,; create one 4tolO cargo
ASSIGN, ATRIB(1)=O., ATRIB(2)=4., ATRIB(3)=1O.,

ATRIB(4)=5., ATRIB(7)=4.;
ACT,USERF(5),,; split for next cargo
GOON/2;
ACT, ...C4tO;
ACT/22,,,QOQ4; enter 4tolO cargo

-5t2 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

C5t4 CREATE,,,,,.; create one 5to4 cargo
ASSIGN, ATRIB(1)=O., 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

C5t7 CREATE,,,,..; create one 5to7 cargo
ASSIGN, ATRIB(1)0O., ATRIB(2)=5., ATRIB(3)=7.,

ATRIB(4)=5., ATRIB(7)=5.;
ACT,USERF(5),,; split for next cargo
GOON/2;
ACT, ...C5t7;
ACTI25 ... Q05; enter 5to7 cargo

C5t8 CREATE,.....,; create one Stog cargo
ASSIGN, ATRIB(1)=O., 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 Stog cargo

C5tW CREATE,,,,,.; create one 5t12 cargo
ASSIGN, ATRIB(1)=O., ATRIB(2)=5., ATRIB(3)=12.,

ATRIB(4)=5., ATRIB(7)=5.;
ACT,USERF(5),,; split for next cargo
GOONI2;
ACT, ...C5tW;
ACT/27,,,QOO5; enter 5to12 cargo

C6tl CREATE,,,,,; create one 6tol cargo
ASSIGN, ATRIB(1)=-l., 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



C6t3 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

C6t4 CREATE,,,,,.; create one 61o4 cargo
ASSIGN, ATRIB(1)=O., 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

C6t9 CREATE,,,,,.; create one 6to9 cargo
ASSIGN, ATRIB(I)=-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 ... Q06; enter 6to9 cargo

C6tO CREATE,,,,,.; create one 6tolO cargo
ASSIGN, ATRIB(1)=-1., ATRIB(2)=6., ATRIB(3)=1O.,

ATRIB(4)=10., ATRIB(7)=6.;
ACT,USERF(5),,; split for next cargo
GOON/2;
ACT, ...C6tO;
ACT/32,... Q06; enter 6tolO cargo

C7t2 CREA-E,.....; create one 7to2 cargo
ASSIGN, ATRIB(1)=-1., ATRIB(2)=7., ATRIB(3)=2.,

ATRIB(4)=1O., ATRIB(7)=7.;
ACT,USERF(5),,; split for next cargo
GOQN/2;
ACT, ...C7t2;
ACT/33 ... Q07; enter 7to2 cargo

C7t5 CREATE,,,,,.; create one 7to5 cargo
ASSIGN, ATRIB(1)=-1., ATRIB(2)=7., ATRIB(3)=5.,

ATRIB(4)=1O., ATRIB(7)=7.;
ACT,USERF(5),,; split for next cargo
GOONI2;
ACT, ...C7t5;
ACT/34 ...Q007; enter 7to5 cargo

C7t8 CREATE,,,,,.; create one 7to8 cargo
ASSIGN, ATRIB(1)=O., 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

C8t2 CREATE,,,,,.; create one 8to2 cargo
ASSIGN, ATRIB(1)=O., ATRIB(2)=8., ATRIB(3)=2.,



ATRIB(4)=5., ATRIB(7)=8.;
ACT,USERF(5),,; split for next cargo
GOON/2;
ACT, ...C8t2;
ACT/36... Q008; enter 8to2 cargo

C8t4 CREATE,,,,,.; create one 8to4 cargo
ASSIGN, ATRIB(1)=O., ATRIB(2)=8., ATRIB(3)=4.,

ATRIB(4)=5., ATRIB(7)=8.;
ACT,USERF(5),,; split for next cargo
GOONI2;
ACT, ...C8t4;
ACT/37 ...Q008; enter 8to4 cargo

C8t5 CREATE,,,,,.; create one 8to5 cargo
ASSIGN, ATRIB(1)=O., ATRIB(2)=8., ATRIB(3)=5.,,

ATRIB(4)=5., ATRIB(7)=8.;
ACT,USERF(5),,; split for next cargo
GOON/2;
ACT, ...C8t5;
ACT/38 ... Q08; enter 8to5 cargo

C8t7 CREATE,,,,,.; create one 8to7 cargo
ASSIGN, ATRIB(1)=O., ATRIB(2)=8., ATRIBf-7)-7.,

ATRIB(4)=5., ATRIB(7)=8.;
ACT,USERF(5),,; split for next cargo
GOON/2;
ACT, ...C8t7;
ACTI39 ... Q008; enter 8to7 cargo

C9tl CREATE,,,,,.; create one 9tol cargo
ASSIGN, ATRIB(1>=-1., ATRIB(2)=9., ATRIB(3)=1.,

ATRIB(4)=15., ATRIB(7)=9.;
ACT,USERF(5),,; split for next cargo
GOONI2;
ACT, ...C9tI;
ACTI4O,...Q009; enter 9tol cargo

C9t4 CREATE,,,,,.; create one 9to4 cargo
ASSIGN, ATRIB(1)=-1., ATRIB(2)=9., ATRIB(3)=4.,

ATRIB(4)=1O., ATRIB(7)=9.;
ACT,USERF(5),,; split for next cargo
GOON/2;
ACT .. ,C9t4;
ACTI41 ... Q009; enter 9to4 cargo

C9t6 CREATE,,,,,.; create one 9to6 cargo
ASSIGN, ATRIB(1>=-l., ATRIB(2)=9., ATRIB(3)=6.,

ATRIB(4)=1O., ATRIB(7)=9.;
ACT,USERF(5),,; split for next cargo
GOONI2;
ACT, ...C9t6;
ACT/42,,,QOO9; enter 9to6 cargo

COti CREATE,,,,,.; create one l0tol cargo
ASSIGN, ATRIB(1)=Q., ATRIB(2)=1O., ATRIB(3)=1.,

ATRIB(4)=1O., ATRIB(7)=10.;
ACT,USERF(5),,; split for next cargo
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GOONI2;
ACT,,. ,C~tl;
ACT/43,,,QO1O; enter l0tol cargo

COt3 CREATE,,....; create one l0to3 cargo
ASSIGN, ATRIB(1)=O., ATRIB(2)=1O., ATRIB(3)=3.,

ATRIB(4)=1O., ATRIB(7)=10.;
ACT,USERF(5),,; split for next cargo
GOON/2;
ACT, ...COt3;
ACT/44,...Q010; enter l0to3 cargo

COt4 CREATE,,,,,.; create one l0to4 cargo
ASSIGN, ATRIB(1)=O., ATRIB(2)=1O., ATRIB(3)=4.,

ATRIB(4)=1O., ATRIB(7)=10.;
ACT,USERF(5),,; split for next cargo
GOONI2;
ACT, ...COt4;
ACTI45... Q010; entcr l0to4 cargo

COt6 CREATE,,,,,.; create one 10to6 cargo
ASSIGN, ATRIB(1)=O., ATRIB(2)=1O., ATRIB(3)=6.,

ATRIB(4)=IO., ATRIB(7)=10.;
ACT,USERF(5),,; split for next cargo
GOON/2;
ACT, ...COt6;
ACTI46,,,UQO1O; enter l0to6 cargo

CWt1 CREATE,,,,,.; create one l2tol cargo
ASSIGN, ATRIB(1)=O., ATRIB(2)=12., ATRIB(3)=1.,

ATRIB(4)=15., ATRIB(7)=12.;
ACT,USERF(5),,; split for next cargo
GOON/2;
ACT, ...CWt1;
ACT/48 ...Q012; enter l2tol cargo

CWt2 CREATE,,,,,.; create one 12to2 cargo
ASSIGN, ATRIB(1)=O., ATRIB(2)=12., ATRIB(3)=2.,

ATRIB(4)=15., ATRIB(7)=12.;
ACT,USERF(5),,; split for next cargo
GOONI2;
ACT, ...CWt2;
ACTI49 ... Q12; enter 12to2 cargo

CWt5 CREATE,,,,,.; create one 12to5 cargo
ASSIGN, ATRIB(1)=O., ATRIB(2)=12., ATRIB(3)=5.,

ATRIB(4)=15., ATRIB(7)=12.;
ACT,USERF(5),,; split for next cargo
GOONI2;
ACT, ...CWt5;
ACT/50,,,Q012; enter 12to5 cargo

JETS CREATE,,,,,.; create one plane/flight
INFO ACT,USERF(1),,; split for next flight

GOON/2;
ACT,O.,ATRIB(1).GT.O.,JETS; create next plane

DPRT ACT/1,O.,ATRIB(1).GT.O.,; plane departs
FILL EVENT,1,1; 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,O. ,i.,DROP;

DROP EVENT,3,i; update place (hold)
FDIR EVENT,4,i; plane direction change ?
CDIR EVENT,5,1; cargo direction change ?
DOFF EVENT,6,1; cargo getting off ?
FFIN EVENT,7,1; last stop of plane

GOON/i;
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,O,USERF(3).EQ.ATRIB(6),; at last stop

TERM;
Q001 QUEUE(1),O,,,,
Q002 QUEUE(2),O,...
Q003 QUEUE(3),O,...
Q004 QUEUE(4),O,...
Q005 QUEUE(5),O,...
q0OO6 QUEUE(6),O,,,,
Q007 QUEUE(7),O,...
Q008 QUEUE(8),O,...
Q009 QUEUE(9),O ...
Q010 QUEUE(iO),O,...
Q011 QUEUE(1i),O ...
Q012 QUEUE(12),O,,...
TEMP QUEUE(19),O,...
HOLD QUEUE(20),O,...
DONE QUEUE(21),O,...

ACT(1) ,O.,1. ,
CARG EVENT,8,1;

TERM;
ENDNETWORK;

FIN;
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Appendix E. The CARGO.FOR File for SLAM Inserts

PROGRAM MAIN
DIMENSION NSET(3000000)
INCLUDE 'SLAM$DIR: PARAM.IN'
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, NUMELT, 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)
COMMON QSET(3000000)
EQ~UIVALENCE (NSET(1) ,QSET(1))
NNSET=3000000
NCRDR= 5
NPRNT=6
NTAPE=7
NPLOT=2

C** Next lines to pass common information to subroutines. These need
C** to be adjusted for changes to network (e.g., number of airports,
C** number of cargo or aircraft attributes). Also, for all routines
C** the COMMON block matrix dimensions must be adjusted when needed.
C** Current limitations: 12 legs/flight, 18 stops/ton of cargo.

NUMQUE = 12
NATCAR = 98
NATFLT = 47
ENDAT = 720.
BSTATS = 720.
ESTATS =1419.9999
CALL SLAM
STOP
END

C** This subroutine takes care of initial activities required, such
C** as initial 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 (MAXfQUE=15, MAXFLT=1000, MAXMSN=100)
COMMON/UCOMl/NUMcQUE, NUMFLT, NATCAR, NATFLT, ILEGS, TEVERY
COMMON/UCOM2/ENDAT, BSTATS, ESTATS, IMSSNS, NFLOWN
COMMON/UCOM3/MAXSTP(MAXMSN), FLThSN(MAXFLT), CARGON(MAXFLT)
COMMON/UCCM4/CDIRCT(MAXQUE,MAXQUE), FDIRCT(MAXMSN, 13)
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COMMON/UCOM5/CMSION(MAXQUE**2 ,5), DEMAND (MAXtQUE,MAXQUE)
DIMENSION TEMP(14)

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

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

100 READ(UNIT=3,FMT='(2(I4),F1O.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='KEEPI)

120 READ(UNIT=4,FMT=' (2(14) ,F6.0) ',END=130) IREADi, 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)
I1=I+ 1
DO 150, J=1, 5

CMSION(I,J) = TEMP(J)
150 CONTINUE

GOTO 140
160 CLOSE(UNIT=10,STATUS='KEEP')

"o Now we read in the stops where aircraft are changing directions
"c 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 =IT + 1
DO 180, J=1,13

FDIRCT(IT,J) = TEMP(J)
180 CONTINUE

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

RETURN



END

C** Here is the beginning of all the events. Note that the events
C** really only directly affect aircraft in the SLAM code. The cargo
C** is 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,

1MSTOP, NCLNR, NCRDR, NPRNT, NNRUN, NNSET, NTAPE, SS(MEQT),
2SSL(MEQT), TNEXT, TNOW, XX(MMXXV)

PARAMETER (MAXQUE=15, MAXFLT=1000, MAXMSN=100)
COMMON/UCOMl/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/UCOM5/CMSION(MAXQUE**2,5), DEMAND(MAXQUE,MAXQUE)
DIMENSION A(100), EVERY(8), FLEGS(9)

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

C** 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)

"c find cargo on plane, adjust cargo attributes to reflect cargo now
"c at new location, put back in HOLD. Note that cargo dropping
"c occurs later.

IF( A(5) .EQ. ATRIB(2) ) THEN
DO 1020, K=9, NATCAR-4, 5

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)
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IF( NEXT .EQ. 0 ) GOTO 1040
CALL RMOVE(-NEXT,19,A)
CALL FFILE(20,A)
GOTO 1030

1040 CONTINUE
RETURN

C** This is PNEW, which looks for cargo at the current location of
C** the aircraft to be picked up, picks it up when appropriate,
C** adjusts attributes of cargo to reflect getting on plane, and
C** 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

"c look at current location for cargo to pick up.
2010 NEXT = MMFE(NOWAT)

IF(NEXT .EQ. 0) GOTO 2060
CALL 2.MOVE(-NEXT,NOWAT,A)

"c Note: ,iext 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) .EQ. 0.) THEN
DO 2020, K=9, NATCAR-4, 5

IF ( A(K) .EQ. 0.) THEN
A(5) = AIRIB(2)
A(C) = ATRIB(3)
A(K-1) = TNOW
A(K) = ATRIB(2)
A(K+l) = 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
G070 2010

ENDIF
2020 CONTINUE

ELSE
IROW = 0
DO 2030, I=1, NUMQUE**2

!ROW = IROW + 1
IF( (A(7) .EQ. CMSION(I,1)) .AND.

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

1 (ATRIR() .EQ. CMSION(IROW,4)) .OR.
2 (ATRIB(i) EQ. CMSION(IROW,5)) ) THEN
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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,A)
CARGON(INT(ATRIB(2))) = CARGON(INT(ATRIB(2))) + 1.
IF(ATRIB(4)-CARGON(INT(ATRIB(2))).EQ.0.) GOTO 2060
GOTO 2010

ENDIF
2050 CONTINUE

ELSE
CALL FFILE(19,A)

ENDIF
ENDIF

ELSE
CALL FFILE(19,A)

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
RETURN

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

C****** this is DROP
3000 CONTINUE

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) )

c 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)

c This next loop finds the time the cargo got on.
DO 3020, I=9, NATCAR-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

"c cargo at destination, put in DONE.
3050 CALL FILEM(21,A)

CARGON(INT(ATRIB(2))) = CARGON(INT(ATRIB(2))) - 1.
ELSE

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

ENDIF
ELSE

CALL FFILE(19,A)
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

C** This is FDIR. Check to see if plane direction needs to change.
4000 CONTINUE

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

C** 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, if 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

"c The next lines check and change direction and mission,
"c respectively, as input in the CDIRCT.DAT and MSSION.DAT files.
"c This is based on current location and final destination.

A(4) = CDIRCT( INT(A(7)), INT(A(3)) )
IROW = 0
DO 5020, I=1, NUMQUE**2

IROW = IROW + 1
IF( (A(7) .EQ. CMSION(IROW,I)) .AND.

1 (A(3) .EQ. CMSION(IROW,2)) ) GOTO 5030
5020 CONTINUE
5030 IF( (CMSION(IROW,3) .EQ. 0.) .AND.

1 (CMSION(IROW,4) .EQ. 0.) .AND.
2 (CMSION(IROW,5) .EQ. 0.) ) THEN

A(1) = 0.
ELSE

A(1) = -1.
ENDIF
CALL FFILE(19,A)

ELSE
CALL FFILE(19,A)

ENDIF
GOTO 5010

5040 NEXT = MMFE(19)
IF( NEXT .EQ. 0 ) GOTO 5050
CALL RMOVE(-NEXT,19,A)
CALL FFILE(20,A)
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 in previous events.
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6000 CONTINUE
JJ = INT( 3 * ATRIB(7) )
PLACE = ATRIB(JJ + 8)
NOWAT = INT( ATRIB(JJ + 8) )
IF ( PLACE .EQ. ATRIB(6) ) RETURN

c 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

c*** if going right direction, AND, mission same as plane or not 0,
c*** will stay on the plane.
"c 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,!)) .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,A)
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** This is FFIN, which takes care of the situation when a flight is at
C** 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,A)

ENDIF
GOTO 7010

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

7030 CONTINUE
RETURN

"c This is CARG, for writing cargo atributes to common matrix EVERY.
"c Note: unlike other above routines, this one is using attributes
"c of the cargo entities.

8000 CONTINUE
IF( (TNOW .GE. BSTATS) .AND. (TNOW .LT. ESTATS) ) THEN

IEVERY = IEVERY + 1
DO 8010, 1=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
END IF
RETURN

END

C*** Begin user functions
FUNCTION USERF(I)
INCLUDE 'SLAM$DIR:PARAM. ING'
COMMON/ SCOM 1/ATRI B(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/UCOMl/NUMcQUE, NUMELT, NATCAR, NATFLT, ILEGS, TEVERY
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/CMS ION (MAXQUE**2 ,5), DEMAND (MAXQUE,MAXQUE)

GOTO(1,2,3,4,5) I

C** Read attribute values, adjust depart time to time from TNOW.
1 CONTINUE
READ(UNIT=1,FMT=8,END=10) (ATRIB(J) ,J=i,11)

8 FORMAT(lx,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(lx,6(F5 .2,F5 .2,F3.0))
IF( (TNOW .GE. BSTATS) .AND. (TNOw .LT. ESTATS) )THEN

NUMFLT = NUMFLT + 1
END IF
NFLOWN = NFLOWN + 1
FLTMSN(NFLOWN) =ATRIB(1)
IF( INT(ATRIB(1)) .GT. IMSSNS) IMSSNS = INT(ATRIB(l))
USERF =ATRIB(9) - TNOW
RETURN

C** End-of-file. Kill aircraft creation sequence.

10 ATRIB(1) = 0
USERE 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)
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RETURN

C** Figuring what the current stop location is.
3 CONTINUE

J = INT( 3. * ATRIB(7) + 8.)
USERF = ATRIB(J)
RETURN

C** Figuring ground time till next departure.
4 CONTINUE

i = INT( 3. * ATRIB(7) + 9.)
USERF = ATRIB(J)
RETURN

C** Get values for time between creation for cargo.
5 CONTINUE

IROW = INT( ATRIB(2) )
ICOL = INT( ATRIB(3) )
USERF = DEMAND(IROW,ICOL)

RETURN
END

C** Final subroutine called by SLAM at end of simulation. Includes
C** calculation and reporting of delay figures (through called
C** subroutines using data passed through common EVERY information.
C** Also closes all opened files.

SUBROUTINE OTPUT
INCLUDE 'SLAM$DIR:PARAM.INC'
COMMON/SCOMl/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)

200 CONTINUE

301 CALl, LEGS
CLOSE(UNIT=8,STATUS='KEEPI)
CLOSE(UNIT=30,STATUS='DELETE')

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

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

EiI



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

WRITE (UNIT=99 ,FMT=209) I, MAXSTP (I)
209 FORM'AT(' MAXIMUM LEGS ON MISSION',I3,1 =',14)
210 CONTINUE

CLOSE(UNIT=99,STATUS='KEEP')

RETURN
END

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

SUBROUTINE LEGS
INCLUDE 'SLAM$DIR:PARAM. INC'
COMMON/SCOMl/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(MAXcQUE,MAXQUE), FDIRCT(MAXMSN, 13)
COMMON/UCOM5/CMSION(MAXQUE**2,5), DEMAND(MAXQUE,MAXQUE)
DIMENSION DELAY(10000,11), FLEGS(9)

CLO3E(UNIT=30,STATUS='KEEP1)
OPEN(UNIT=30,FILE='FLEGS.TMP' ,STATUS='OLD')
LOWFLT = 10000

300 READ(UNIT=3O,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,l) = FLEGS(1)
DELAY(N,2) = FLEGS(2)
DELAY(N,3) = FLEGS(3)
DELAY(N,4) = FLEGS(4
DELAY(N,S) = FLEGS(5)
DELAY(N,6) = FLEGS(6)
DELAY(N,7) = FLEGS(7)
DELAY(N,B) = FLEGS(8)
DELAY(N,9) = FLEGS(9)
DELAY(N,10) = 1.
DELAY(N,11) = FLEGS(9) - FLEGS(8)
NN = NN + 1
GOTO 300

ELSEIF( ( DELAY(N,2) .EQ. FLEGS(2' ) .AND.
( DELAY(N,5) .EQ. FLEGS(5) ) .AND.
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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

END IF
310 CONTINUE
320 CONTINUE
330 CONTINUE

DO 360, IFLT=LOWFLT, LOWFLT+NUMFLT-1
WRITE (UN IT=8 ,FMT=337)

337 FORMAT(/' FLIGHT TAIL MISSON LEG CARGO CARGO ~
1 'NUMBER TIME')

WRITE (UNIT=8 ,FMT=338)
338 FORMAT( 'NUMBER NUMBER NUMBER NUMBER ORIG DEST '

1 'OF GOT ON'/)
DO 350, JSTOP=l, 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,6)),
3 INT(DELAY(N,7)), INT(DELAY(N,10)),
4 DELAY(N,8)

339 FORMAT(I5,I8,I8,I8,I7,17,I8,F1O .2)
BOARD = BOARD + DELAY(N,10)

ENDIF
ENDIF

340 CONTINUE
WRITE(UNIT=8,FMT=349) IFLT,INT(CAP) ,JSTOP,INT(CAP-BOARD)

349 FORMAT(I5,5X,'CAPACITY[',I2,']',4X,I3,12X,'UNUSED: ',12/)
350 CONTINUE
360 CONTINUE

RETURN
END

C** This is QDELAY, called by OTPUT. This subroutine reports how
C** much delay cargo undergoes, by origin-destination pair. The
C** output file is 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/UCOMl/NUMQUF, NUMFLT, NATCAR, NATFLT, ILEGS, TEVERY
COMMON/UCOM2/ENDAT, BSTAfS, ESTATS, IMSSNS, NFLOWN
COMMON/IJCOM3/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(10000,10), EVERY(8)

CLOSE (UNIT=31 ,STATUS='KE)
OPEN(UNIT=31,FILE='EVERY.TMP' ,STATUS='OLD')

400 READ(UNIT=31,FMT=*,END=420) (EVERY(KK) ,KK=1,8)
IF( EVERY(4 .EQ. 0.) GOTO 400
DO 410, N=l, 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,5) =EVERY(5)
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.
1 ( DELAY(N,2) .EQ. EVERY(2) ) .AND.
2 ( DELAY(N,3) .EQ. EVERY(3) ) AND.
3 ( DELAY(N,4) .EQ. EVERY(4W 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 q50, JDEST=1, NUMfqUE
DO 440, LPORT=1, NUNQUE

DO 430, N=1, NN
IF( DELAY(N,1) .EQ. 0.) GOTO 430
IF( ( DELAY(N,1) .EQ. REAL(IORIG) ) .AND.

1 ( DELAY(N,2) .EQ. REAL(JDEST) ) .AND.
2 ( DELAY(N,3) .EQ. REAL(PORT) ) ) THEN

WRITE(UNIT=9,FMT=429) INT( DELAY(N,1) )
1 INT( DELAY(N,2) ),INT( DELAY(N,3) )
2 INT( DELAY(N,5) ),INT( DELAY(N,4) )
3 DELAY(N,7), INT( DELAY(N,9) ),
4 DELAY(N,10) / DELAY(N,9), DELAY(N,10)

429 FORMAT(I4,I7,I6,I7,I8,F11 .2,I6,F9.2,F9.2)

VI I



TEMPi = TEMPi + DELAY(N,10)
ENDIF
IF( TEMPI .GT. 0.) THEN

TEMP2 = TEMP2 + TEMPI
TEMPI = 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,' TO',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 FROM',I3,
1 ' TO',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 ',

1 ' TIME OF DELAY DELAY'!)
ENDIF
TEMP3 = 0.

ENDIF
450 CONTINUE

IF( TEMP4 .GT. 0.) THEN
TEMPS = TEMP5 + TEMP4
TEMP4 = 0.

ENDIF
460 CONTINUE

WRITE(UNIT=9,FMT=469) TEMP5
469 FORMAT(/' TOTAL DELAY FOR ALL CARGO IS ',F9.2)

RETURN
END



Appendix F. Description of SLAM Code and FORTRAN Inserts

The SLAM Code. Full description of control statement (e.g., GEN, LIMITS,

NET WORK) 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 providedl in Appendix D is repetitive in nature. These OREA4TE and QUEUE,

portions form the bulk of the codle, while the remaining code is responsible for the

imulation's activities

The CHFEATE portions of the code are utsed for supplying the simulation with

le umilts of cargo andl aircraft, which will1 p~erform activities. These CREATEportions

also su p[ply thle attribute inftormuation about thie entities which is known prior to their

Inijectioni into the route Systeml. Each CWE.l I'E supplies one, unit of cargo or one

ai1rcraft, flight,. E'ach successive uniti . of cargo) or flight to be sup~plied is done by
seroii iga of)V of tlie( p~reviouis eit it V back t hrou gh the CET ucina h

a ppropriate t imre a~s thle simuirlation p)rogresses.

IhIIe 01TT(+' Iort ions of thle code si inplY est ablishi files rep~resenting the places

w\,[ere( cargo( can be loca teod at any point iii t imre (i.e.. at. anl airport or in the cargo

)lo1(1 of a plane). WithI thle excep~tioni of units of cargo which are DONE with t heir

orivsaircraft perforni all act ions dir ii rig simulfat ion opera tionl andl car-go is stunck

inl airtpurt s (a,.ka.. 01 Ti 1K•ý) motll actetd uponi bY a plane,.

lb 01 lOTý,'l1.\ns;. '[lie V) H TR.\N code for tihetL(, simu rlat ion in

A \ppenldix 1". providles for a number of fulic fions which the SLA VNI language dtoes riot,

Ilirttt lY provide. Thie reason for irariv of ihese FOlRTRAN insert fund ionls revolves

arlonrl Id lie 5L;_\ ~s inialtillity lo tlirect lY acces'ý arid change the at~t ihuite valules of

I wot tlilfcfri type iiet work erit it jes at tHe sallIe (T irri. As a reCsult, Most of HeCse

furict ions Inrvolve the t1cIlltiatmpuillat]ittis reqjuiredl tot pass Hiformatloiir from aircraft

bo ardled L~v cal- Io to It unit (d t argo.



Some funictions allow for direct access of tile information from the five data files

requiredl for simulation operation. Certain functions are designed to q1uickly calculate

anid provide information at the SLAM-level which is used for' other purIlposes. (For

inst~ance, the calculation of the amount of time requiredi for' ground activities at

it stop is determined frorn the aircraft's attribute litiforinatlion., and reported back.

The SLAM code then keeps the aircraft grounded for this period of time.) Other

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

Trhe FOIR [I'N program reproduced in Appendix E is divided liinto the fol-

lowliiig sections or subroutines: MAIN establishes (7)AMO11N storage locations for

iiidorniatioii reqfuiredl throughout the enitire SLIAM\ anid FORTRAN code and( C. I. Js

ill( S LA N processor* to ruin the simulationi: INTI( sets ilp the Hi ptit andl output1

fles reqiiired. IIK'1 ~s, the data from four input files. aiid Hiserts this dlata. into the

coimn on variables alreadlv established by MAIN: E'VENT' provides the FORTR~AN

anid SANIprocessinig instructions necessary for thle activities shownv Iin Figure 3.2:

I S1K l i nt ionls allow, qulick calculaltioii of Hinforiiiala lofl requilred at tlie SI.A NI level:

)"II'T IU takes ('are( of the fina~l i ist ritetions nieedled to comiplete the si inn lat loll pro-

grain. sini a (-losing of openied FOPTRAiN files; LEGS ando QDELAY provide the

[l ist ruict iolls for tile special ized reports shuowlithg ilie cargo oiihoa rd each flight leg a nid

tlie aiimoniiii of cargo delayv experienced. r-es-;ctIxvel v.

[lie NI.\IN programn actuallY runls thle ('itil( iinlatioii aiid inlformIlationl estal)-

f1Ished tl(I, fieieas itllport atit (oliselIlieli('(s. Thie ailioullil of, eulilp]Iier ineiiilorvY allocated

ft)l pLrI ~ocessiiig. whiicfi Is critical to sliiiniltion opera; iou, is ('51 abl Isi ed bY set -

til,, the `61"T" I' ad --QýFKT' diinenclsioiis (Se ( 1:389 390t) ). 'Ilie iiiini1berof flight

aiiHf (a1rgo ailt- riutes ( IT aml ' 9S. re~spect vef V) Is sioredl for siibsequeiit uise bY ot her

';jjtoihit lis lin IORfl AN 00 4)()p sea,;rehies. FlinallY. varliables, cestaldish ted Ii ll\I

W: IVSIAL-; anld [IS.YSI ) del('tiliiiiC IIe( Sfpeeili( ic p11e jriod wit hilie sIII(' nuf1at loll 1or

MIP tifs are to lie( defl ''ih ted. Setllllug ilie first 'ariakl ;he at a1`1111c other 111iatt

/(I' . I). foree-(s tlf hi(' jilI t] i( l iti I( )i prfwr''ý \%.il c;i 'a igI' flow IIg 11hirotl-igh liet



svst eri. before delay Information is obtained. Setting the second variable priort

the end of tile miultiple-month flight schedule (e.g., setting EvSr>TAS equal to 1440.,

even t brouigh a t hree-month schedule wvill continue until) 2160 hours are completed) al-

lows thle simnulationr to continue providing niew cargto sup~plies as results are ob~tained.

urius circumvents prob~lemns which might. occur by initially operating the~ simuilationl

without. cargo flowing or optrating the sinmulation as if the supply of new cargo were

sIIdlden lv st-o pped. These two variables. which Impact other subroutines, allow the

siHInulat ion to obtain information only appjlicable to one month's operations. The

reina-i der of' thle discurssionl focuses onl the other FOFR AN routines.

B~eside establishing input and outp~ut [ile-'. IN71L1C REA Is data and stores

infi-mi at ron into ('OMA'ION storage locations for access by oilier suibroutines. One

Of theose mat rices of informaltilon is the cargo demand mat rix. Since cargo is assumed

to arrive for delivery in one-ton units, the tonnage of cargo demanded in the file is

conivert ed to a rate a~t which each one-ton unilt arrives. This calculation divides the

to iratg for- viaJh 0-1) pair by the niumbler of hours inl a, imonthi (i.e., 720). When

u sedI later. Hlic (leira~nd matrix pr)\I'vdes the numiber of hiours. bet ween the arrivals

of eack one-ton unit, of cargo. The Ot'tT1'UT subIroutIn mee I o(,(I (ect s computer

)ro cessimri to thle LELCS a~nd QDELAY subroutines aiio closes f lcs. Th'e( remnainder

of this explanation of the F()rRUAN codle focuses onl the 1 SERlF functions, the

1KV 1K N routii nes, and fI inally the LEG S a no QDI)LAY ouit~put, rout inies.

P ri tsker notes hdat UFI S~~F funrct ions are part icunlarlv useful for situiationis

Owlrcr ;ret lvIi durrat ions are based uplonInI ciiiY at tributes (I18:298 299). For this

>mm inilt ;II.alI tililes assoc)(iaed wit 1i aircraft flights are of' 11Iris forml. Thre time at.

wh-ichl cacrl) milt J, cargo Is suppl~iedl dlependis onl tie dlemiand for eaclr 0-1) pair. TO

Im videtese t irries. tIhie I *SI)lR F fmirrt ions, perform t re following actions:

1. '1Ile ( Bh i` LAM stal emierr supplying t Ire aircraft. f1ligt erit itv does riot. Inr

e"ssence. ( I? 'AIK",I: flights. 'In'l(i I;lI stateeniet supp~llies a (Iurnrir entity

Win )se ,mb seq uenrt actionrs are lct err iiiie I iIironigli thre I S'?l )stateiment.
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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 USIIEII F 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:

"* First, a flight's attributes are established by READing 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.

"* Second. a count is maintained of the number of flights whose attributes

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

"* Finally, 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

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

2. The (.E1It(2) function looks though an aircraft's attributes for the time

reqiiiredI to fly to the next location (i.e., fields 10, 13, ... , 16) based oii where

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

:3. The I 'S'[AI"(.?) function simply determines the numerical representation of the

airport where the aircraft currently is located (i.e., fields S. 11 .. 17), based

ont ile cui'rent stop number (i.e., field 7).

. The I SL'I"(j) function looks through an aircraft's attriblutes for the ground

lime (i.e., fields 9. 12. .... 46) applicable to the current stop number (i.e.. field

7).



5. All the cargo CRE.4ATE 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

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

Before disci-inm 0-, Y'OPTRAN EVENTs, an explanation of the TEMP

QUEUE alleviates the need for separate discussion in each EVENT description which

follows. Because the HOLD QUEUE 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 mighL be required.

For each search through a file (a.k.a., QUEU0,, 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 critcria ar," not mnet.

the cargo at tributes usually remain intact. In either case, the cargo is either filed

teniporarily in the IIM1P Q(UTEUp'[ or refiled in a QUEUE other than the one cur-

rentIly being searched through. This forces the computer to examine the units of

cargo iii the file one at. a t line, until all cargo in the HOLD or airport Q('EUE has

been examined. After all niits of cargo have been examined, all units of cargo filed

in the J'EMI' Q( U'VE are renio ed and refiled back in the original file searched.

Also, to el iiiiate confusicn of the method used for comparing the attribute

xalues of aircraft arid cargo, understanrding of certain SLAM peculiarities may be

helpfuil. SLAV callan normally only access the attribute values of one etit fy at a ime.

t.}roiigh the "ATlRII " array. For this research, the attribute values a.vailable in this

"'ATI3I-V a rraY usua.lly belong to aii aircraft flight ei, :ies. SLAM prvi~ls subpro-

: ',:,. -,.b,-~ at, tlhe [ () l I'R AN -insert level. which can access anid chmatige at tribute

F-5



values of an entity other than the entity currently being processed through a SLAM

statement. Much like this research's use of the temporary QUEUE just discussed,

SLAM 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 A" (18:297). "Subroutine FILEM(IFILE,A) 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 attril)utes

relies heavily on SLAM subprograms like these.

The last important aspect relating to activities occurring during a, flight's pro-

cessing through the EV.Il,'s relates to time. Simulation clock time stands still as

each EVENT 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 EI"TNT

follows.

During the FILL 1''VENT, the HOLD is searched for all cargo identified as Cuir-

rently residing on the aircraft which is about to depart on a flight leg. For each unit

of cargo found onlboard the aircraft, a search of the cargo entity's attrilbtes deter-

mines the next. set of attribute fields whlih have not yet been filled. T hese attri i te

fields are now filled in. tellirg the cargo that their journey is about to continue.

Figurre F. I shows how Ilihese searches and file manilI)iulations are accol1)1islied.

The si riii ation (does not. inliic)(1Y knov'' where each plan(e is located at. every

instatnit in ti re. ior it Iis reason several E, 'ENTs. including PNIPJW first, determine11

the air-port where the aircraft is ciirrentily located. This EVE'NT is st)ecificall'- (I(-

signed to Pickup 1,1'i cargo at the cuirrent. airport, when aircraft space allows. To

pickuip cargo, a search 1ooks through all cargo cuirrently located at the airport for



UFiue Re 1. Te FiFL E n

Cwu'o TEMP h ied S•l

must OL nee totae Gnte sae ireto as the aircrAft. h carg ust ete o

assined Offh ct abre Fimrd Seo

Ye, No

E.t Of C~go HOLD Up cs~

Y.J

Figure F.a . 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

assignet. If these crriva are met, the cargo is placM d onboard the aircraft (i.e., filed

in the tHOLD), 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
,milt of cargo remains at the airport until another aircraft can pick it up. No other

I::"[:N[;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 fligh~t entity. W ,ithout 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

th0 I)iOf' 1-VF;'NT, the flying activity is done and determination must be made

,ohether to drop caroo )t t!1 l ht airpori,. [ach utn'i ot cargo is removed trom the

JJOLD to find the cargo on the specific plane. For all cargo on the aircraft, the

,)rigin, destination, and time at. which the cargo first qot on the aircraft are stored in

F- 7
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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 DRtOP and the conclusion of the FFIN EVENIs. The decision logic associated

with the P"NEtIV EVENT is shown in Figure F.2 and the DROP EVENT is shown

in Figure F.3.

What A,,pon N In

HOigN ir e l U..q File In Updl LAmo.Kt

Of Cargo TM

Cg .No No .F
'hgbt

T-m -.lgo

hl:l In Lo-aon

I ]•c~OLDsAnl Ila

F~igure F.3. Thte I)1?0I' FVENT
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Before dlecisions can be made whether cargo shouldI remrain onhoard an aircraft,

h le aircraft (lirection, as well as the cargo direction and mission needs, imust reflect

the current location. The FDJU and CJ)II? EVEN~s provide the(se up)dates to flight

andl cargo attributes. The ED II EVENT slimply supplies the direction of a flight's

next leg. As the operations occurring in (DIR. are more complex. the activity flow

is shown in Figure F.4. As can lbe seen from Figure FA,. the entities processed

through this E VENT are aircraft, cve..' though only cargo attributes change. Cargo

found onboard the p~articuilar flight have their mission-to-get-on-flag and direction

at~tribtites updated. based onl t he cturrent, location (previously adjusted during the

DROP~ EVENT). Both the FIJI? and (71)1? LENsaccess inform-at~ion READ in

drluing thle LIN'IL( initial smibrotit me1.

lOp NoL No .

Y g. r e Fl. Th ') HE

The JOV EVNT.shon inF'iiir V 5. Icc ~le wht hr crgo hoi Idreia i
oni~a d i irratwhici a arieda ane lctin.Ii s li r l EN1'i

unTshntle specfic fliht. wn iles unitsl oF-5 carheota onter fligo ht, theflight's

Onboard Ali aircraft, whicli has~~I. arie at anwlcto.TisetrtVATi



dlirectioni must match the cargo direction;, and the cargo imust either nlot require a

specific mission or the flight's mission must be one which the cargo needs for travel

fuirther 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 tranlsshipmlent Onl

aniot her flight.

R.gd irT..Th ))F VN

Riv arreo mst lwOffloadeo oaat ro e lgt.Tm II < KT 1 1 ite
Wii li( -port Ikh iTle thieestiyin.1wCil~i e kp hs/1IV h i

dl~g RL~ In o~ ot 5nttleloiwlae ahiimt fcrofmmo n~a~ a.~. ie

I'- I~



in the HIOLDI) the specific aircraft are oflfoaded at the airport (a.k.a., refiled in I lie

airp~ort QUEULE).

Re-dy To d rRki
)lOW.d

Aiur "K6. The EFINEVE

[he j~ivioiis I 'L.''I~ (alng wit the SLM SIT Nd '.Iatiitis eci

li nie e iiieo vei ppial Oo pro0ss1) aNi GOr U.1 flgh enttie At o
lie siiiiilatioii. Oe more El No fet ag itiispro otereinia o

troi tentwr.Tis( EVN sofresteinointinaot vr nto
caIo Iore i oatm oay wrigfl.Frec e m n fa carg. ent i

j~liriiv. areer~l s kpt f t e crgo' orgin thecaro s les na ion t ie nm.hr.o

oiul (mtai rFornatious AIMSialonle to theSLtimpeil within whIacich results ariet

th smobtaione(i.. ()i t( more i3TAýTS affect cSat- tso ago eniis ro o I letireigint hion

Jou irneys a reor lie a ppt oa thle in lorrn ognth aW deiation.gtein v ilwmyhv thrveed onume ofIi

phreo stoppt dat h t it deam heis totetnt le.tdtecn tM p
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T lie oiltp It. s nI Iroi hi in I. ne ;> looks I hroiigli t Laie teiorarv file for ai"rcat .I a d

consholidates A-e inforin aticn applicable to each budivid-tal flight leg. The consolk

(latiori groupJs all cargo alt ities (on cacti specifIic II iglt leg) having the sanie origi ii

dlest inat ion . aditi~l i e put oiiboard.l t'e 51 subroutin e thuis provides informiation abouit

how Hinu(11of thle aircraft s capacityv has beeii uil iizel on each flight and~ "hat sJpecAfi

cargo were on boardl For each ca rgo) grouiip then ouitput, shows the total numbi er of

cargo ii it~s w Iiic share the samne origini dest iniation, anol time onb~oard. 'FThe ouit-

put provides a svynopsis. by fligh t . of the cargo groups onboard. These result s are

Cal~t tired ill all out put file, anl excerpt of which is p~rovided in Appendix- S.

The ouit puit suibrotit inc, (2DI7Al V gops iniformna Hon in a. mainer simlilar to

In he LY1.S sillbrout inc. QP1W!.1 V w es thle iii brnnat~ion stored iii the t em porariy file

for car-go lust onecs to det ermine t he leclaY experienced by all Car-go elititi 'S withlin

I lie I mine period for obt aininig resuilt s. Thle smnallest group~ dlepicted are those units

of' cargo) of' thoi same O-1) pair. on tie saiii( flihO. at thle same stop local in. wh~ih

hat\-e expericticetl thle saiiic aiuioiuit 4 deaY. Ile 0DI;LA 1subouthinc subtotals t Ie

dlalav experie ncedI at cacli airport a ntI totalIs 0"li overall delay experience b.w ea( it

0. ) ctargo) pair. Thie resii Its obtainuedl frt' tu this suibrouil in are storedl in allot her

(Hit pilt file. Appendix R~ is an excerpt of' an examiple file.
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Appendix G. The BASE.INP File

This file provides a list ig of all airports encompassing the route system - all

airports may not be visited iII am, givein ionith. A computer associates a number

with tach uf the hiternatiovial Civil Aviation Organization (ICAO) airport codes, inI

the order listed in the file. Lither imimerical or ICAO representations can be used to

refer to specific airports. In the example below, airport 1 and airport AAAA would

be synoilyniois. The l('AO codes heriii were made vp for the hypothetical twelve-

airport route svste,. lThis ilp:t, file is required for MAC's FOR)TRAN scheduling

l'r0ar found in '\ppe•ldix A. Tlhe file follows:

AAAA
BBBB
CCCC
DDDD
EEEE
FFFF
GGGG
HHHH
IIII

KK,ý,A

LLLL
MMMM
NNNN
0000
!IPPP

I-'ppP



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-

at ion. 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 AAAA9
AAAA1 DDDD6 KKKK6 DDDD6 AAAA9
AAAA1 FFFF6 AAAA9
BBBB1 AAAA4 BBBB9
BBBB1 AAAA4 FFFF6 BBBB9
BBBB1 CCCC6 BBBB9
BBBB1 DDDD4 FFFF6 EEEE4 BBBB9
IIII1 GGGG4 EEEE6 DDDD4 CCCC6 11119
IIII1 HHHH4 JJJJ4 11119
IIII1 JJJJ4 HHHH4 11119
IIII1 KKKK4 FFFF6 DDDD4 GGGG6 11119
KKKK1 FFFF6 CCCC4 DDDD6 EEEE4 KKKK9
KKKK1 11114 GGGG4 HHHH6 JJJJ4 KKKK9
KKKKI LLLL6 FFFF6 11114 KKKK9



Appendix I. The GNDTM.INP File

This file tells the number 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 ierein 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 1
4 1

24 1
6 2

43 2
20 2

8 2
10 3
10 3
10 3
10 3
12 2
12 2
i2 2

I-I



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 commencement, 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 carn

hold. The lines of data provide the information applicable to C-5, C-141, C-130.

I)C-8, DC-10, B-747. and C-17 aircraft - in that order. Programs refer to aircraft

type Vby the order listed in this file. Thus, a C-5 is aircraft type 1, a C-1411 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. 1lIhe file follows:

0 4.25 4.25 4.25 4.25 18.25 4.25 4.25 50
0 3.25 3.25 3.25 3.25 11.25 3.25 3.25 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 4.00 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 3.25 3.25 3.25 17.25 3.25 3.25 32
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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:

1 2 1.10
1 3 7.90
1 4 7.80
1 6 7.90
2 1 1.10
2 3 8.20
2 4 7.50
2 5 7.70
3 2 9.70
3 1 9.40
3 5 1.40
3 4 1.60
3 6 1.40
3 9 6.20
4 1 8.70
4 3 1.80
4 5 0.70
4 6 2.10
4 7 2.20
4 9 3.30
4 11 4.00
5 1 9.10
5 2 8.70
5 3 1.70
5 4 1.20
5 6 2.50
5 9 3.10
5 11 4.20
6 1 9.90
6 2 10.40
6 3 1.50
6 4 1.80
6 5 2.50
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6 7 2.00
6 9 3.10
6 11 4.40
6 12 7.30
7 5 2.30
7 6 2.20
7 8 1.50
7 9 1.50
8 9 0.50
8 10 0.90
9 4 3.60
9 5 3.70
9 6 3.50
9 7 1.70
9 8 0.60
9 10 0.50
9 11 2.10

10 8 1.00
10 9 0.80
10 11 1.10
11 4 4.30
11 6 5.20
11 9 2.50
11 12 3.10
12 6 8.80
12 11 1.10
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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 AAAA1

BBBB6 AAAA9, each tail number flying this route will have three lines in this file -

one for stop)ping at (departing from) airport 1, one for stopping (resting) at airport

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

The times listed in the file serve two p~urposes. 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. 0f 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,

a.s 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 outlput from MAC's schedule-
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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:

1 1 1 0.00 1
1 2 3 18.25 1
1 3 9 t8.25 1
1 4 5 18.25 1
1 5 1 8.35 1
2 1 1 2.50 2
2 2 4 18.25 2
2 3 11 18.25 2
2 4 4 18.25 2
2 5 - 100.45 2
3 1 1 5.00 3
3 2 6 18.25 3
3 3 1 23.95 3
4 1 1 35.00 3
4 2 6 18.25 3
4 3 1 23.95 3
5 1 2 7.50 4
5 2 1 3.25 4
5 3 2 114.55 4
6 1 2 10.00 5
6 2 1 3.25 5
6 3 6 17.25 5
6 4 2 10.10 5
7 1 2 26.67 5
7 2 1 3.25 5
7 3 6 17.25 5
7 4 2 10.10 5
8 1 2 43.33 5
8 2 1 3.25 5
8 3 6 17.25 5
8 4 2 10.10 5
9 1 2 12.50 6
9 2 3 17.25 6
9 3 2 0.85 6

10 1 2 15.00 7
10 2 4 3.25 7
10 3 6 17.25 7
10 4 5 3.25 7
10 5 2 45.45 7
11 1 9 17.50 8
11 2 7 2.25 8
11 3 5 16.25 8
11 4 4 2.25 8
11 5 3 16.25 8
11 6 9 21.80 8
12 1 9 20.00 9
12 2 8 2.25 9
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12 3 10 2.25 9
12 4 9 65.20 9
13 1 9 22.50 10
13 2 10 2.25 10
13 3 8 2.25 10
13 4 9 65.50 10
14 1 9 25.00 11
14 2 11 2.25 11
14 3 6 16.25 11
14 4 4 2.25 11
14 5 7 16.25 11
14 6 9 22.20 11
15 1 11 27.50 12
15 2 6 17.25 12
15 3 3 3.25 12
15 4 4 17.25 12
15 5 5 3.25 12
15 6 11 5.80 12
16 1 11 30.00 13
16 2 9 3.25 13
16 3 7 3.25 13
16 4 8 17.25 13
16 5 10 3.25 13
16 6 11 25.30 13
17 1 11 32.50 14
17 2 12 17.25 14
17 3 6 17.25 14
17 4 9 3.25 14
17 5 11 5.15 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 eihcr 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:

5. 5.15.15.00.00.00.00.00.00.00.00.00.
5. 5.15.15.00.00.00.00.00.00.00.00.00.
5. 15.00.00.00.00.00.00.00.00.00.00.00.

10.15.00.00.00.00.00.00.00.00.00.00.00.
5. 5.15.00.00.00.00.00.00.00.00.00.00.
5.15.00.00.00.00.00.00.00.00.00.00.00.
5. 5.15.15.00.00.00.00.00.00.00.00.00.

15.15.15.15. 5.00.00.00.00.00.00.00.00.
15. 5. 15.00.00.00.00.00.00.00.00.00.00.
5.15. 5.00.00.00.00.00.00.00.00.00.00.
5. 15. 15. 5. 5.00.00.00.00.00.00.00.00.

15.15. 5. 5. 5.00.00.00.00.00.00.00.00.
15.15. 5. 5. 5.00.00.00.00.00.00.00.00.
5.15. 5. 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. The 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 5.
2 1 5.
2 3 5.
2 4 5.
2 5 5.
2 6 5.
2 7 5.
2 8 5.
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2 9 5.
2 10 5.
2 11 5.
2 12 5.
3 1 15.
3 2 15.
3 4 5.
3 5 5.
3 6 5.
3 7 5.
3 8 5.
3 9 5.
3 10 5.
3 11 5.
3 12 5.
4 1 15.
4 2 15.
4 3 10.
4 5 5.
4 6 5.
4 7 5.
4 8 5.
4 9 5.
4 10 5.
4 11 5.
4 12 5.
5 1 15.
5 2 15.
5 3 15.
5 4 15.
5 6 5.
5 7 5.
5 8 5.
5 9 5.
5 10 5.
5 11 5.
5 12 5.
6 1 15.
6 2 15.
6 3 15.
6 4 15.
6 5 15.
6 7 10.
6 8 10.
6 9 10.
6 10 10.
6 11 5.
6 12 5.
7 1 10.
7 2 10.
7 3 15.
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7 4 15.
7 5 10.
7 6 10.
7 8 5.
7 9 5.
7 10 5.
7 11 5.
7 12 5.
8 1 5.
8 2 5.
8 3 5.
8 4 5.
8 5 5.
8 6 5.
8 7 5.
8 9 5.
8 10 5.
8 11 5.
8 12 5.
9 1 10.
9 2 10.
9 3 10.
9 4 10.
9 5 15.
9 6 10.
9 7 15.
9 8 10.
9 10 10.
9 11 10.
9 12 10.

10 1 10.
10 2 10.
10 3 10.
10 4 10.
10 5 10.
10 6 10.
10 7 10.
10 8 10.
10 9 10.
10 11 5.
10 12 5.
11 1 15.
11 2 15.
11 3 15.
11 4 15.
11 5 15.
11 6 15.
11 7 15.
11 8 15.
11 9 15.
11 10 15.
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11 12 5.
12 1 15.
12 2 15.
12 3 15.
12 4 15.
12 5 15.
12 6 15.
12 7 15.
12 8 15.
12 9 15.
12 10 15.
12 11 15.
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Appendix 0. The CMSSJJN.DA T b'ile

This file supplies the user-provided decision criteria defining which, if any,

specific missions cargo must fly on. TFile first two numbers on a line are the numerical

representations for the locrlionl-destinla, ion pair. The other three numbers specify

which missions cargo must be oni, or wait for, from the current location to reach the

(lest inat ion. \Wihe all three mission numbers are zero, the cargo is free to get on

anly availalhie I.ission going in tle correct direction.

[lhe figulres appeari10" herein were used for the hypothetical twelve-airport

rIlite' svstclil. [or auiot llir syst em. lhe user would need Lo determine whether cargo

ii ust travel bYV cerfaiil 1iiissions to get to their destination. This input file is require(]

for t he S LAM FI ORTR[:A\N insert programi found in Appendix E. The file follows:

1 2 4 0 0
1 3 1 0 0
1 4 2 0 0
1 5 1 2 3
1 6 3 5 0
1 7 0 0 0
1 8 0 0 0
1 9 1 2 u
1 10 0 0 0
1 11 0 0 0
1 12 1 2 0
2 1 4 5 0
2 3 4 6 0
2 4 4 5 7
2 5 4 7 0
2 6 4 7 0
2 7 4 6 7
2 8 4 6
2 9 4 6 7
2 10 4 6 7
2 11 4 6 7
? 12 4 6 7
3 1 0 0 0
3 2 6 0 0
3 4 12 0 0
3 5 1 12 0
3 6 0 0 0
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3 7 0 0 0
3 8 0 0 0
3 9 1 0 0
3 10 0 0 0
3 11 0 0 0
3 12 0 0 0
4 1 2 0 0
4 2 0 0 0
4 3 2 7 8
4 5 12 0 0
4 6 7 0 0
4 7 0 0 0
4 8 0 0 0
4 9 0 0 0
4 10 0 0 0
4 11 0 0 0
4 12 0 0 0
5 1 1 7 0
5 2 1 7 0
5 3 0 0 0
5 4 0 0 0
5 6 0 0 0
5 7 0 0 0
5 8 0 0 0
5 9 0 0 0
5 10 0 0 0
5 11 0 0 0
5 12 0 0 0
6 1 3 5 0
6 2 0 0 0
6 3 12 0 0
6 4 0 0 0
6 5 7 11 12
6 7 11 14 0
6 8 11 14 0
6 9 14 11 0
6 10 14 11 0
6 11 0 0 0
6 12 0 0 0
7 1 8 11 0
7 2 8 11 0
7 3 0 0 0
7 4 0 0 0
7 5 8 11 0
7 6 0 0 0
7 8 0 0 0
7 9 0 0 0
7 10 0 0 0
7 11 0 0 0
7 12 0 0 0
8 1 0 0 0
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8 2 0 0 0
8 3 0 0 0
8 4 0 0 0
8 5 0 0 0
8 6 0 0 0
8 7 0 0 0
8 9 0 0 0
8 10 0 0 0
8 11 0 0 0
8 12 0 0 0
9 1 1 14 0
9 2 1 14 0
9 3 1 14 0
9 4 1 8 11
9 5 1 8 0
9 6 11 14 0
9 7 8 13 0
9 8 9 10 13
9 10 9 10 13
9 11 11 13 14
9 12 11 13 14

10 1 0 0 0
10 2 0 0 0
10 3 0 0 0
10 4 0 0 0
10 5 0 0 0
10 6 0 0 0
10 7 0 0 0
10 8 9 10 0
10 9 9 10 0
10 11 0 0 0
10 12 0 0 0
11 1 0 0 0
11 2 0 0 0
11 3 2 12 0
11 4 2 0 0
11 5 0 0 0
11 6 11 12 0
11 7 13 0 0
11 8 13 0 0
11 9 13 0 0
11 10 13 0 0
11 12 0 0 0
12 1 0 0 0
12 2 0 0 0
12 3 0 0 0
12 4 0 0 0
12 5 0 0 0
12 6 0 0 0
12 7 0 0 0
12 8 0 0 0
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12 9 0 0 0
12 10 0 0 0
12 11 0 0 0
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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 for 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

insert program found in Appendix E. Tie 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 5 49.95
8 7 35.10



9 1 61.20
9 4 11.70
9 6 20.92

10 1 29.47
10 3 8.10
10 4 9.45
10 6 4.05
12 1 240.00
12 2 52.42
12 5 14.63
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Appendix Q. Excerpt of SRAW1.DAT File

This fif is the output crcacd by the FORTRAN flight 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

SCIHED.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. 1. 1.50. 5. 1. 0. 1. 0.00 7.90 3.
18.25 6.20 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 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 0. 0.00 0.00 0.

2. 2. 2.50. 5. 1. 0. 1. 2.50 7.80 4.
18.25 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.
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 0.
3. 3. 3.50. 5. 1. 0. 1. 5.00 7.90 6.

18.25 9.90 1. 0.00 0.00 0. 0.00 0.00 3. 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 0. 0.00 0.00 0. 0.00 0.00 0. 0.00 0.00 0.

4. 4. 5.20.10. 2. 0. 2. 7.50 1.10 1.

3.25 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 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 0. 0.00 0.00 0.

5. 5. 6.20. 5. 2. 0. 2. 10.00 1.10 1.
3.25 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 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 0. 0.00 0.00 0.
6. 6. 9.20. 5. 2. 0. 2. 12.50 8.20 3.

17.25 9.70 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 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 0. 0.00 0.00 0.
7. 7.10.20. 5. 2. 0. 2. 15.00 7.50 4.

3.25 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 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 0. 0.00 0.00 0.

8. 8.11. 7.15. 9. 0. 9. 17.50 1.70 7.
2.25 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 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 0. 0.00 0.00 0.
9. 9.12. 7.15. 9. 0. 9. 20.00 0.60 8.

2.25 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 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 0. 0.00 0.00 0.

10. 10.13. 7. 5. 9. 0. 9. 22.50 0.5010.
2.25 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 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 0. 0.00 0.00 0.
11. 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 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 0. 0.00 0.00 0.
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5. 12. 7.20. 5. 2. 0. 2. 26.67 1.10 1.

3.25 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 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 0. 0.00 0.00 0.

12. 13.15.20.15.11. 0.11. 27.50 5.20 6.
17.25 1.50 3. 3.25 1.60 4.17.25 0.70 5. 3.25 4.2011. 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 0. 0.00 U.00 0. 0.00 0.00 0.

13. 14.16.20.15.11. 0.11. 30.00 2.50 9.
3.25 1.70 7. 3.25 1.50 8.17.25 0.9010. 3.25 1.1011. 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 0. 0.00 0.00 0. 0.00 0.00 0.

14. 15.17.20. 5.11. 0.11. 32.50 3.1012.
17.25 8.80 6.17.25 3.10 9. 3.25 2.1011. 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 0. 0.00 0.00 0. 0.00 0.00 0. 0.00 0.00 0.

6.100. 9.20. 5. 2. 0. 2. 372.50 8.20 3.
17.25 9.70 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 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 0. 0.00 0.00 0.
7.101.10.20. 5. 2. 0. 2. 375.00 7.50 4.
3.25 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 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 0. 0.00 0.00 0.
5.102. 7.20. 5. 2. 0. 2. 376.67 1.10 1.
3.25 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 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 0. 0.00 0.00 0.
8.103.11. 7.15. 9. 0. 9. 377.50 1.70 7.

2.25 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 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 0. 0.00 0.00 0.
9.104.12. 7.15. 9. 0. 9. 380.00 0.60 8.

2.25 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 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 0. 0.00 0.00 0.

10.105.13. 7. 5. 9. 0. 9. 382.50 0.5010.
2.25 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 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 0. 0.00 0.00 0.

11.106.14. 7. 5. 9. 0. 9. 385.00 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 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 0. 0.00 0.00 0.

12.107.15.20.15.11. 0.11. 387.50 5.20 6.
17.25 1.50 3. 3.25 1.60 4.17.25 0.70 5. 3.25 4.2011. 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 0. 0.00 0.00 0. 0.00 0.00 0.

13.108.16.20.15.11. 0.11. 390.00 2.50 9.
3.25 1.70 7. 3.25 1.50 8.17.25 0.9010. 3.25 1.1011. 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 0. 0.00 0.00 0. 0.00 0.00 0.

14.109.17.20. 5.11. 0.11. 392.50 3.1012.
1I.25 8.80 6.17.25 3.10 9. 3.25 2.1011. 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 0. 0.00 0.00 0. 0.00 0.00 0. 0.00 0.00 0.

10.180.13. 7. 5. 9. 0. 9. 670.50 0.5010.
ý..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 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 0. 0.00 0.00 0.
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11.181.14. 7. 5. 9. 0. 9. 673.00 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 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 0. 0.00 0.00 0.

5.182. 7.20. 5. 2. 0. 2. 676.67 1.10 1.
3.25 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 0.
0.00 0.00 0. 0.00 0.GO 0. 0.00 0.00 0. 0.00 0.00 0. 0.00 0.00 0. 0.00 0.00 0.

12.183.15.20.15.11. 0.11. 687.50 5.20 6.
17.25 1.50 3. 3.25 1.60 4.17.25 0.70 5. 3.25 4.2011. 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 0. 0.00 0.00 0. 0.00 0.00 0.

13.184.16.20.15.11. 0.11. 690.00 2.50 9.
3.25 1.70 7. 3.25 1.5C 8.17.25 0.9010. 3.25 1.1011. 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 0. 0.00 0.00 0. 0.00 0.00 0.

14.185.17.20. 5.11. 0.11. 692.50 3.1012.
17.25 8.80 6.17.25 3.10 9. 3.25 2.1011. 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 0. 0.00 0.00 0. 0.00 0.00 0. 0.00 0.00 0.
5.186. 8.20. 5. 2. 0. 2. 693.33 1.10 1.
3.25 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 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 0. 0.00 0.00 0.
3.187. 4.50. 5. 1. 0. 1. 695.00 7.90 6.

18.25 9.90 1. 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 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 0.
6.188. 9.20. 5. 2. 0. 2. 696.50 8.20 3.

17.25 9.70 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 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 0. 0.00 0.00 0.
5.189. 6.20. 5. 2. 0. 2. 710.00 1.10 1.
3.25 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 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 0. 0.00 0.00 0.
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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 STOP PLANE ON DEPART NUMBER MEAN TOTAL
PORT PORT AT NUMBER FLIGHT TIME OF DELAY DELAY

1 4 1 2 191 722.50 16 7.80 124.80
1 4 1 2 241 902.50 23 7.80 179.40
1 4 1 2 286 1082.50 14 7.80 109.20
1 4 1 2 335 1262.50 13 7.80 101.40

SUBTOTAL DELAY FOR CARGO GOING FROM 1 TO 4 AT PORT 1 IS 514.80

TOTAL DELAY FOR CARGO GOING FROM 1 TO 4 IS 514.80

BEGIN END STOP PLANE ON DEPART NUMBER MEAN TOTAL
PORT PORT AT NUMBER FLIGHT TIME OF DELAY DELAY

2 3 1 1 190 720.00 3 7.90 23.70
2 3 1 1 214 810.00 5 7.90 39.50
2 3 1 1 240 900.00 4 7.90 31.60
2 3 1 1 263 990.00 5 7.90 39.50
2 3 1 1 284 1080.00 5 7.90 39.50
2 3 1 1 309 1170.00 4 7.90 31.60
2 3 1 1 334 1260.00 7 7.90 55.30
2 3 1 1 358 1350.00 1 7.90 7.90

SUBTOTAL DELAY FOR CARGO GOING FROM 2 TO 3 AT PORT 1 IS 268.60

2 3 2 5 164 607.50 3 112.50 337.5C
2 3 2 9 195 732.50 7 8.20 57.40
2 3 2 9 207 768.50 7 8.20 57.40
2 3 2 9 211 804.50 7 8.20 57.40
2 3 2 5 193 727.50 6 97.50 585.00
2 3 2 9 224 840.50 12 8.20 98.40
2 3 2 9 233 876.50 8 8.20 65.60
2 3 2 5 227 847.50 7 103.93 727.50
2 3 2 9 243 912.50 6 8.20 49.20
2 3 2 9 252 948.50 8 8.20 65.60
2 3 2 9 261 984.50 7 8.20 57.40
2 3 2 5 259 967.50 6 97.50 585.00
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2 3 2 9 270 1020.50 8 8.20 65.60
2 3 2 9 282 1056.50 8 8.20 65.60
2 3 2 9 289 1092.50 8 8.20 65.60
2 3 2 9 301 1128.50 13 8.20 106.60
2 3 2 9 306 .164.50 7 8.20 57.40
2 3 2 5 288 1087.50 4 82.50 330.00
2 3 2 9 319 1200.50 7 8.20 57.40
2 3 2 9 328 1236.50 8 8.20 65.60
2 3 2 5 321 1207.50 7 52.50 367.50
2 3 2 9 338 1272.50 7 8.20 57.40
2 3 2 9 346 1308.50 13 8.20 106.60
2 2 9 355 1344.50 8 8.20 65.60
2 3 2 5 353 1327.50 1 22.50 22.50
2 3 2 9 365 1380.50 12 8.20 98.40

SUBTOTAL DELAY FOR CARGO GOING FROM 2 TO 3 AT PORT 2 IS 4275.20

TOTAL DELAY FOR CARGO GOING FROM 2 TO 3 IS 4543.80

BEGIN END STOP PLANE ON DEPART NUMBER MEAN TOTAL
PORT PORT AT NUMBER FLIGHT TIME OF DELAY DELAY

2 12 1 1 120 450.00 1 26.15 26.15
2 12 1 1 190 720.00 1 26.15 26.15
2 12 1 1 240 900.00 1 26.15 26.15
2 12 1 1 145 540.00 1 26.15 26.15
2 12 1 1 284 1080.00 3 26.15 78.45
2 12 1 1 169 630.00 1 26.15 26.15

SUBTOTAL DELAY FOR CARGO GOING FROM 2 TO 12 AT PORT 1 IS 209.20

2 12 2 9 117 444.50 3 30.68 92.05
2 12 2 10 79 285.00 1 10.75 10.75
2 12 2 10 101 375.00 1 10.75 10.75
2 12 2 9 112 408.50 2 13.00 26.00
2 12 2 5 99 367.50 1 82.50 82.50
2 12 2 10 174 645.00 4 10.75 43.00
2 12 2 5 164 607.50 2 67.50 135.00
2 12 2 9 130 480.50 2 33.60 67.20
2 12 2 9 139 516.50 3 28.47 85.40
2 12 2 10 128 465.00 4 10.75 43.00
2 12 2 10 245 915.00 3 10.75 32.25
2 12 2 5 193 727.50 1 172.50 172.50
2 12 2 9 252 948.50 1 49.00 49.00
2 12 2 9 270 1020.50 1 49.00 49.00
2 12 2 9 149 552.50 3 22.95 68.85
2 12 2 5 132 487.50 1 52.50 52.50
2 12 2 9 166 624.50 2 30.20 60.40
2 12 2 10 290 1095.00 2 10.75 21.50
2 12 2 5 259 967.50 3 112.50 337.50
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2 12 2 10 150 555.00 4 10.75 43.00
2 12 2 10 268 1005.00 3 10.75 32.25
2 12 2 9 306 1164.50 2 40.33 80.65
2 12 2 9 319 1200.50 1 13.00 13.00
2 12 2 9 176 660.50 2 51.60 103.20
2 12 2 9 188 696.50 3 18.20 54.60
2 12 2 9 338 1272.50 1 42.20 42.20
2 12 2 9 328 1236.50 1 49.65 49.65

SUBTOTAL DELAY FOR CARGO GOING FROM 2 TO 12 AT PORT 2 IS 1857.70

2 12 3 15 118 474.70 2 18.85 37.70
2 12 3 11 103 421.50 2 83.75 167.50
2 12 3 1 120 476.15 2 59.10 118.20
2 12 3 1 190 746.15 1 59.10 59.10
2 12 3 15 134 534.70 3 18.85 56.55
2 12 3 1 240 926.15 1 59.10 59.10
2 12 3 11 253 997.50 1 35.50 35.50
2 12 3 11 119 493.50 1 71.75 71.75
2 12 3 11 272 1069.50 1 35.75 35.75
2 12 3 11 140 565.50 2 35.50 71.00
2 12 3 15 152 594.70 1 18.85 18.85
2 12 3 1 145 566.15 2 69.60 139.20
2 12 3 15 168 654.70 2 18.85 37.70
2 12 3 1 284 1106.15 3 59.10 177.30
2 12 3 1 309 1196.15 1 89.10 89.10
2 12 3 11 308 1213.50 2 71.75 143.50
2 12 3 15 183 714.70 4 18.85 75.40
2 12 3 11 178 709.50 1 35.50 35.50
2 12 3 1 169 656.15 1 88.85 88.85
2 12 3 15 341 1314.70 1 18.85 18.85
2 12 3 1 334 1286.15 1 59.10 59.10

SUBTOTAL DELAY FOR CARGO GOING FROM 2 TO 12 AT PORT 3 IS 1595.50

2 12 4 15 118 493.55 2 3.95 7.90
2 12 4 10 79 295.75 1 203.15 203.15
2 12 4 10 101 385.75 1 113.15 113.15
2 12 4 10 174 655.75 4 143.15 572.60
2 12 4 15 134 553.55 3 3.95 11.85
2 12 4 10 128 475.75 4 83.15 332.60
2 12 4 10 245 925.75 3 53.15 159.45
2 12 4 15 152 613.55 1 3.95 3.95
2 12 4 15 168 673.55 2 3.95 7.90
2 12 4 10 290 1105.75 2 53.15 106.30
2 12 4 10 150 565.75 4 143.15 572.60
2 12 4 10 268 1015.75 3 303.15 909.45
2 12 4 15 183 733.55 4 3.95 15.80
2 12 4 15 341 1333.55 1 3.95 3.95

SUBTOTAL DELAY FOR CARGO GOING FROM 2 TO 12 AT PORT 4 IS 3020.65
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2 12 5 15 118 497.50 2 255.00 510.00
2 12 5 15 134 557.50 3 375.00 1125.00
2 12 5 15 152 617.50 1 495.00 495.00
2 12 5 15 168 677.50 2 435.00 870.00
2 12 5 15 183 737.50 4 555.00 2220.00
2 12 5 15 341 1337.50 1 15.00 15.00

SUBTOTAL DELAY FOR CARGO GOING FROM 2 TO 12 AT PORT 5 IS 5235.00

2 12 6 17 123 498.90 2 6.35 12.70
2 12 6 17 204 798.90 4 6.35 25.40
2 12 6 17 137 558.90 4 6.35 25.40
2 12 6 17 249 978.90 3 6.35 19.05
2 12 6 17 298 1158.90 2 6.35 12.70
2 12 6 17 171 678.90 2 6.35 12.70
2 12 6 17 326 1278.90 1 6.35 6.35
2 12 6 17 185 738.90 2 6.35 12.70
2 12 6 17 343 1338.90 2 6.35 12.70

SUBTOTAL DELAY FOR CARGO GOING FROM 2 TO 12 AT PORT 6 IS 139.70

2 12 7 16 170 640.70 2 18.75 37.50

SUBTOTAL DELAY FOR CARGO GOING FROM 2 TO 12 AT PORT 7 IS 37.50

2 12 8 16 170 659.45 2 4.15 8.30

SUBTOTAL DELAY FOR CARGO GOING FROM 2 TO 12 AT PORT 8 IS 8.30

2 12 9 17 123 505.25 5 247.25 1236.25
2 12 9 17 204 805.25 5 7.25 36.25
2 12 9 17 137 565.25 6 407.25 2443.50
2 12 9 17 249 985.25 4 7.25 29.00
2 12 9 14 276 1033.00 1 19.50 19.50
2 12 9 17 280 1105.25 1 7.25 7.25
2 12 9 14 162 601.00 2 511.50 1023.00
2 12 9 16 170 635.75 2 4.95 9.90
2 12 9 17 298 1165.25 5 7.25 36.25
2 12 9 17 171 685.25 2 547.25 1094.50
2 12 9 17 326 1285.25 4 7.25 29.00
2 12 9 14 200 745.00 2 547.50 1095.00
2 12 9 17 185 745.25 2 547.25 1094.50
2 12 9 17 343 1345.25 3 7.25 21.75

SUBTOTAL DELAY FOR CARGO GOING FROM 2 TO 12 AT PORT 9 IS 8175.65

2 12 10 16 170 663.60 2 448.90 897.80

SUBTOTAL DELAY FOR CARGO GOING FROM 2 TO 12 AT PORT 10 IS 897.80

R-,



2 12 11 17 204 752.50 7 3.10 21.70
2 12 11 17 217 812.50 5 3.10 15.50
2 12 11 17 249 932.50 7 3.10 21.70
2 12 11 17 265 992.50 4 3.10 12.40
2 12 11 17 280 1052.50 3 3.10 9.30
2 12 11 17 298 1112.50 8 3.10 24.80
2 12 11 17 312 1172.50 5 3.10 15.50
2 12 11 17 326 1232.50 2 3.10 6.20
2 12 11 17 343 1292.50 12 3.10 37.20
2 12 11 17 360 1352.50 4 3.10 12.40

SUBTOTAL DELAY FOR CARGO GOING FROM 2 TO 12 AT PORT 11 IS 176.70

TOTAL DELAY FOR CARGO GOING FROM 2 TO 12 IS 21353.70

TOTAL DELAY FOR ALL CARGO IS 222647.22
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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 9 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[501 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 12 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
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191 2 2 1 8 4 1 722.50
191 2 2 1 5 4 1 722.50
191 CAPACITY[50] 1 UNUSED: 0

191 2 2 2 1 12 14 722.50
191 2 2 2 1 9 11 722.50
191 CAPACITY[50] 2 UNUSED: 25

191 2 2 3 10 4 2 770.80
191 2 2 3 8 4 1 770.80
191 2 2 3 9 4 1 770.80
191 CAPACITY[50] 3 UNUSED: 46

191 2 2 4 4 1 12 793.35
191 CAPACITY[501 4 UNUSED: 38

FLIGHT TAIL MISSON LEG CARGO CARGO NUMBER TIME
NUMBER NUMBER NUMBER NUMBER ORIG DEST OF GOT ON

192 3 3 1 1 6 50 725.00
192 CAPACITY[50 1 UNUSED: 0

192 3 3 2 6 1 27 751.15
192 3 3 2 6 4 1 751.15
192 CAPACITY[501 2 UNUSED: 22

FLIGHT TAIL MISSON LEG CARGO CARGO NUMBER TIME
NUMBER NUMBER NUMBER NUMBER ORIG DEST OF GOT ON

193 5 4 1 2 3 6 727.50
193 5 4 1 2 7 3 727.50
193 5 4 1 2 8 4 727.50
193 5 4 1 2 5 5 727.50
193 5 4 1 2 12 2 727.50
193 CAPACITY[20] 1 UNUSED: 0

193 5 4 2 8 2 12 731.85
193 5 4 2 7 2 4 731.85
193 5 4 2 5 2 4 731.85
193 CArACITY[20] 2 UNUSED: 0

FLIGHT TAIL MISSON LEG CARGO CARGO NUMBER TIME
NUMBER NUMBER NUMBER NUMBER ORIG DEST OF GOT ON

194 6 5 1 6 1 19 730.00
194 6 5 1 10 1 1 730.00
194 CAPACITY[20] 1 UNUSED: 0
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194 6 5 2 1 6 13 734.35
194 6 5 2 2 7 3 734.35
194 6 5 2 2 8 4 734.35
194 CAPACITY[20] 2 UNUSED: 0

194 6 5 3 6 1 14 759.50
194 6 5 3 10 1 2 759.50
194 CAPACITY[20] 3 UNUSED: 4

FLIGHT TAIL MISSON LEG CARGO CARGO NUMBER TIME
NUMBER NUMBER NUMBER NUMBER ORIG DEST OF GOT ON

195 9 6 1 2 12 3 732.50
195 9 6 1 2 3 7 732.50
195 9 6 1 2 8 5 732.50
195 9 6 1 2 7 4 732.50
195 9 6 1 2 10 1 732.50
195 CAPACITY[20] I UNUSED: 0

195 9 6 2 3 2 11 757.95
195 CAPACITY[20] 2 UNUSED: 9

FLIGHT TAIL MISSON LEG CARGO CARGO NUMBER TIME
NUMBER NUMBER NUMBER NUMBER ORIG DEST OF GOT ON

196 10 7 1 2 8 7 735.00
196 10 7 1 2 12 4 735.00
196 10 7 1 2 7 3 735.00
196 10 7 1 2 5 5 735.00
196 10 7 1 2 10 1 735.00
196 CAPACITY[20] 1 UNUSED: 0

196 10 7 2 2 8 7 735.00
196 10 7 2 2 12 4 735.00
196 10 7 2 2 7 3 735.00
196 10 7 2 2 10 1 735.00
196 10 7 2 3 6 5 745.75
196 CAPACITY[20] 2 UNUSED: 0

196 10 7 3 12 5 1 765.10
196 10 7 3 2 5 1 765.10
196 CAPACITY[20] 3 UNUSED: 18

196 10 7 4 5 2 6 770.85
196 tO 7 4 7 2 4 770.85
196 CAPACITY[20] 4 UNUSED: 10

FLIGHT TAIL MISSON LEG CARGO CARGO NUMBER TIME
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NUMBER NUMBER NUMBER NUMBER ORIG DEST OF GOT ON

197 11 8 1 8 7 1 737.50
197 11 8 1 2 7 5 737.50
197 11 8 1 7 5 1 737.50
197 CAPACITY[ 7] 1 UNUSED: 0

197 11 8 2 7 5 1 737.50
197 11 8 2 7 2 4 741.45
197 11 8 2 7 5 2 741.45
197 CAPACITY[ 7] 2 UNUSED: 0

197 11 8 3 5 4 1 760.00
197 CAPACITY[ 7] 3 UNUSED: 6

197 11 8 4 8 2 3 763.45
197 CAPACITY[ 7] 4 UNUSED: 4

197 11 8 5 3 6 2 781.50
197 11 8 5 2 8 2 781.50
197 11 8 5 2 10 1 781.50
197 11 8 5 2 7 1 781.50
197 11 8 5 2 12 1 781.50
197 CAPACITY[ 7] 5 UNUSED: 0

FLIGHT TAIL MISSON LEG CARGO CARGO NUMBER TIME
NUMBER NUMBER NUMBER NUMBER ORIG DEST OF GOT ON

198 12 9 1 6 10 1 740.00
198 12 9 1 2 8 5 740.00
198 12 9 1 2 10 1 740.00
198 CAPACITY[ 7] 1 UNUSED: 0

198 12 9 2 6 10 1 740.00
198 12 9 2 2 10 1 740.00
198 12 9 2 8 2 3 742.85
198 12 9 2 8 5 2 742.85
198 CAPACITY[ 7] 2 UNUSED: 0

198 12 9 3 8 2 3 742.85
198 12 9 3 8 5 2 742.85
198 12 9 3 10 1 1 746.00
198 CAPACITY[ 7] 3 UNUSED: 1

FLIGHT TAIL MISSON LEG CARGO CARGO NUMBER TIME
NUMBER NUMBER NUMBER NUMBER ORIG DEST OF GOT ON

199 13 10 1 2 8 5 742.50
199 13 10 1 2 10 1 742.50
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199 13 10 1 6 10 1 742.50
199 CAPACITY[ 7] 1 UNUSED: 0

199 13 10 2 2 8 5 742.50
199 13 10 2 10 6 1 745.25
199 13 10 2 10 3 1 745.25
199 CAPACITY[ 7] 2 UNUSED: 0

199 13 10 3 10 6 1 745.25
199 13 10 3 10 3 1 745.25
199 13 10 3 8 2 3 748.50
199 13 10 3 8 7 1 748.50
199 CAPACITY[ 71 3 UNUSED: 1

etc.
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