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1. INTRODUCTION 

1.1 Background 

In 1969 the FAA asked the National Bureau of Standards (NBS) to 
review its Airport Capacity Handbook, developed by Airborne Instruments 
Laboratory (AIL) in June 1963, and to evaluate the possibility of 
reapplying or extending that Handbook's airport capacity model so as 
to account for new aircraft types and mixes of aircraft types. The 
documentation proved insufficient to permit reconstructing the AIL 
model, which in effect had been "lost" during the intervening years. 
Consequently NBS developed an analytical model, for the simple case of 
a single runway handling landings only, and documented it in [4] and 
[7]. See also [8] and [9] for similar results. Subsequently NBS extended 
the analytical model to dual-use runways and multi-runway configurations, 
in [5] and [6]. 

In the process of carrying out the extension, it became evident t at 
the analysis for complex configurations was very difficult, and there 
was a possibility the analytical expressions would prove intractable. 
To ensure ability to handle a large range of configurations despite 
possible difficulties in the analytical modeling, it was decided to develop 
concurrently a simulation model. The DELCAP model, documented in [1], 
was the result of this effort. Its design principle, described in the 
first chapter of that documentation, is the "model as little as you can" 
philosophy under which only those system elements with direct influence 
on stipulated output measures are included in the model. This philosophy 
assumes a well-defined set of applications for which a model is to be 
designed, and recognizes that the resultant model may thus be unsuited 
for other applications. Specifically, DELCAP was designed to calculate 
average maximum throughputs and delays resulting from airport airside 
operations in a terminal area. 

Input parameters which were included in the model, and therefore 
~ay be varied, include: 

separation rules, *
 
aircraft type mix,
 
characteristics of each aircraft type,
 
traffic levels,
 
airport runway configuration,
 
operating policy.
 

DELCAP was commissioned as a planning tool, and so major criteria in its 
design were that it be easy to use, have a short computer running time, 
and be economical enough to encourage its use to answer a variety of 
"~hat if" questions concerning airport capacities and airside delays. 

*	 The non-metric units, nautical miles, knots, feet and pounds, used 
in this report are those customarily employed in aviation. 



The design and development of DELCAP were completed in this first effort, 
and the documentation was issued in May 1971. However, only illustrative 
runs designed to demonstrate its versatility and scope were made at that 
time. 

In early 1974 the FAA's Air Traffic Service requested that the DELCAP 
model be reactivated, some modifications be made in it, and that it be 
validated for use in their Engineered Performance Standards (EPS) program 
for calculating target throughput levels at busy airports. This report 
documents that effort. An interim report [2J described the validation of 
throughput output from DELCAP; the results reported there have been incor­
porated in the present document to make it self-contained. 

One caveat should be noted at the outset. The validation exercises 
rl~ported here are aimed at assessing validity of DELCAP for a specific 
application, that of setting ATC system performance standards. The 
parameter ranges, configurations, and oper~ting policies involved in the 
exercises are those to be found in that application. Therefore, although 
the validity of DELCAP has been established for input values in the 
ranges required by this one application, validity has not been established 
for all possible inputs and scenarios. The context of EPS presented a wide 
range of configurations and operating policies, so that our validation 
exercises do cover most of today's busy airport scenarios, indicating 
the model's usefulness in estimating throughputs at these facilities. 
Still, caution must be exercised if the DELCAP model is to be applied 

in other contexts, since validity has been established only in the 
limited sense noted above. 

DELCAP is now operating both at NBS on the UNIVAC 1108 computer and 
on a CDC computer chosen by, and accessible to, the FAA. On both systems 
it may be operated remotely from a teletype terminal, which allows the 
analyst to use the model at his desk as '~hat-if" questions occur. The 
model h s been used as a tool by FAA analysts in establishing EPS's, 
that is, traffic levels which a facility should be able to handle during 
busy hours, under a particular configuration and operating policy, with 
a giyen mix of aircraft types and a given arrival/departure ratio. 
Ca~culations which formerly had to be performed by hand (by FAA analysts) 
are now done by DELCAP, which, because it is inexpensive, quick and easy 
to use, can help investigate a wider variety of configurations and 
operating policies. Runs typically require 15 to 20 seconds to simulate 
one day's traffic. This speed and flexibility allow the analyst to set 
performance standards for conditions which occur less frequently as well 
as for the normal situation, since a large number of alternatives can 
easily be tried. 
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1.2 The Validation Process 

Once a mathematical model has reached operational status, there 
is a natural temptation to put it directly to practical use, skipping 
over any substantial effort to verify that the model does in fact do 
what it was designed to do. Such an omission, however, courts disaster, 
since a model which has not been exercised on a variety of data (and 
had its outputs compared with what is actually observed in the situation 
being modeled) may contain unsuspected anomalies likely to exhibit them­
selves at embarrassing moments or (even worse) to remain undetected. To 
guard responsibly against this, it is necessary to subject the model to 
a pre-use validation and preliminary sensitivity analysis. 

Validation involves two types of analysis. The first is an inde­
p~ndent assessment of the appropriateness of the structure and methods 
used. A second element of validity checking is the comparison of model 
outputs with what is actually observed in specific instances of the type 
of situation being modeled. Comparison of model performance with that 
of other models which are well-based and accepted, for cases to which both 
apply, could also be part of this type of analysis. Absolute assurance 
of validity for all possible future uses is, of course, impossible. Re­
plication of reality for a few test cases can only insure that in these 
particular examples, the model performs as it should, but if the test 
cases were chosen carefully to be representative of the spectrum of situations 
to which the model is expected to be applied, then increased confidence in 
model validity can be obtained. 

Beyond the basic validity testing described above, some preliminary
 
sensitivity analyses should be conducted--to identify those parameters
 
having most critical (most sensitive) effect on model outputs, and to
 
ascertain the degree to which model outputs can be expected to vary with
 
input variations. Such sensitivity analyses should also help to determine
 
tile limits beyond which application of the model is inappropriate.
 

1.3 Description of DELCAP 

DELCAP is a simulation model, written in the SIMSCRIPT 1.5 computer 
language, of the airport terminal area including terminal airside operations 
and those ground operations occurring on the runway surface. DELCAP was 
designed to focus on operations in the terminal area and to measure 
throughputs and delays associated with this subsegment of the whole Air 
Traffic Control (ATC) System. Its output consists of throughput and delay 
figures. Input includes traffic levels (or the explicit schedules of 
traffic, or both), the mix and characteristics of aircraft types, the 
separation rules which apply, the airport runway configuration and its runway 
operating policies. 

In accordance with the modeling philosophy under which DELCAP was 
designed, in which ease of use is a major criterion, a FORTRAN preprocessing 
program has been written to allow users to provide inputs in a format less 

- 3 ­
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rigid than that required by SIMSCRIPT programs and to provide a set of 
nominal input values. The user specifies values for only those input 
parameters which are to differ from their nominal values. As noted in 
Appendix A, procedures for selection and values of these nominal inputs 
have been changed to those most useful for the EPS program. 

Figure 1.1 displays the terminal area as seen by the DELCAP model. 
The aircraft denoted by capital letters are landings; those designated 
by lower case letters are takeoffs. The landing and takeoff streams 
are lettered in reverse order of their entrance to the model. (The 
pa,rticular configuration and operating policy shown--a pair of inter­
secting runways, one handling only takeoffs, the other only landings-­
is illustrative and should not be taken as a model restriction. Runway 
configuration is a model input; as will be shown by the exercises reported 
in Chapters 2 and 3, a wide variety of such configurations can be handled 
by DELCAP.) 

It is convenient to describe DELCAP's treatment of landing and take­
off streams separately, since DELCAP is an event-oriented model (time is 
incremented to the next "critical event," rather than stepped along at 
pl:eset intervals) and each critical event in an aircraft's path anticipates 
the next one along that path. Landings enter the simulation at handoff to 
tower approach control (A in Figure 1.1). The next critical point along a 
landing path is the outer marker. DELCAP requires that at least a preset 
minimum time interval ensue between handoff and the landing's passage of 
the outer marker. However, the presence of other aircraft in front of A 
in the landing stream may necessitate that it be placed in a holding 
pattern or that it fly a longer path to the outer marker, either of which 
would require extra time. DELCAP does not'model the actual route flown 
b)' A, but this extra time requirement is imposed by the modeling device 
of "tying up" the outer marker, Le., prohibiting A from passing it, 
until all those in front have done so. 

B's final approach can be scheduled once the aircraft in front of B 
(C in the figure) has passed the outer marker. B must remain separated 
from C by the required amount (presently 3 miles if C is not a heavy 
aircraft, 4 miles if both C and B are heavies and 5 miles if C is a heavy 
but B is not) along the whole final approach path. DELCAP employs the 
idealization of constant final approach speeds (dependent on aircraft type), 
and so the acutal separation required between C and B when B crosses the 
outer marker is either (if C is faster) the minimum required spacing between 
these aircraft, or (if B is faster) a spacing such that when C touches down 
B will be at the required minimum separation distance from the end of the 
runway. * A landing leaves the simulation when it turns off the runway. 

* Of course D cannot land as long as E is on the runway surface. That is, 
in addition to the airbor e separation requirements, runway occupancy time 
also can affect the prescribed separation between D and E. DELCAP includes 
the "tying up" effects of runway occupancy, though in practice, it is 
usually the airborne separation which is critical. 
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Takeoffs enter the simulation about 15 minutes before scheduled 
departure time. A minimum taxi time between gate and runway is 
specified. Since in Figure 1.1, landing E has passed the runway inter­
sBction, takeoff c can be cleared to start its roll, if takeoff d had 
sufficient separation from takeoff c; thiE: presently is 2 minutes after 
d lifts off if d is a heavy and c is not, and is a shorter, constant time 
interval--approximated as 20 seconds after liftoff--for all other aircraft ­
type combinations. 

Figure 1.2 is a flowchart of the simulation. The bottom box, "choose 
next operation," represents the implementation of the runway operating 
p,olicy which determines the sequence of landings and takeoffs on each 
runway. The two boxes referring to "maintain separation" are implemented 
in the model by "tying up" critical points in the landing and takeoff paths: 
the point at which a takeoff starts its roll, the outer marker, and the 
point at which a landing touches down. A landing or takeoff can be scheduled 
to take place when no critical point will be tied up w~en the aircraft 
reaches it. 

The DELCAP model has been designed to provide output of two quantities,
 
namely throughput (the number of operations handled by the facility per
 
time period) and delay. Application of DELCAP is envisaged under two
 
different scenarios. The first is one in which a realistic demand level
 
is stipulated and DELCAP output yields resulting delays and throughputs.
 
In the second scenario, DELCAP is run with high demand levels to estimate
 
the airport's maximum throughput (capacity).
 

1.4 Validating DELCAP 

Validation of maximum throughput estimates is reported below in 
Chapter 2. Testing was concentrated on this case, since the main application 
which this validation effort supports operates in the second scenario. 
That application is the computation of EPS's, throughputs which are achievable 
under heavy traffic conditions, for several of the nation's busiest airports 
operating under a variety of possible configurations and operating policies. 

Chapter 3 recounts an attempt, using currently available data, to 
validate DELCAP's delay output. This effort, which had to be abandoned for 
the present because empirical delay figures for that portion of the ATC 
system modeled by DELCAP were lacking, is reported here as an Qxample of 
a model exercise, showing the model's versatility and ability to represent 
actual traffic together with artificially generated traffic. The exercise 
also illustrates the problems caused by multiple definitions of delay. 
We do describe (at the end of the chapter) the data collection effort re­
qUired to support a delay-figure validation analysis. 

In Chapter 2, validation exercises employed to test DELCAP under the 
s~cond scenario above are described in detail, and their results are 
compared with values obtained from FAA's A~r Traffic Service. These 
tests were designed in consultation with R. Scott of FAA's System Research 
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FIGURE 1.2 

Flowchart of the DELCAP Simulation 
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and Development Service and R. Woods and R. Tobiason of the Air Traffic 
Service, to cover that set of configurations most representative of 
those encountered at major U.S. terminals, including a single runway, 
two intersecting runway configurations (differing in the placement 
of the intersection), a pair of close parallel runways, and a pair of 
c ..ose parallels with a third runway crossing the pair. Wide parallels 
were not included since they can be modeled as two separate single 
runways. A variety of operating policies were chosen to approximate 
those used under different traffic situations: when landings balance 
takeoffs, when landings predominate, and when takeoffs predominate. 
This diversity also allows comparison of results, to evaluate the sen­
sitivity of DELCAP throughputs to operating policy. The exercises 
included different mixes of aircraft types, focusing primarily on the 
fraction of heavy aircraft in the mix since different, larger separations 
are required behind heavies because of wake turbulence. Other model 
inputs (such as aircraft characteristics or the length of the final 
approach path) could also have been varied, but preliminary tests have 
led us to believe that the three factors mentioned--configuration, 
operating policy, and aircraft-type mix--are the ones most critically 
affecting differences in throughput at major U.S. terminals. 

Chapter 3 reports the results of an exercise of the model using 
a~tual scheduled traffic data from LaGuardia Airport (LGA) for October 
25, 1974, plus general aviation traffic generated in a stochastic 
manner. Simulated delays were compared with the "real" delays experienced 
by the scheduled aircraft--calculated as the difference between the 
actual arrival or departure and the corresponding scheduled time. This 
comparison proved on closer consideration to be improper, "real" delays 
necessarily being much greater than the simulated ones because they 
include the effects of interruptions or slow-ups attributable to other 
parts of the system (not in the LGA terminal area) and to other sources 
~uch as equipment - or crew-induced delays. Simulated delays did, however, 
agree quite well with the delay level reported by the facility, and the 
shapes of the distributions, "real" and simulated, were very similar. 
Chapter 3 also contains a discussion of the data required to do a proper 
delay-figure validation, and suggests methods of acquiring these data. 

Chapter 4 contains a conclusion and summary of the report. Appendices 
A through E document in detail the current version of the DELCAP model 
and its preprocessor. Appendix A includes a discussion of changes made 
to the model since its original documentation [1]. Flowcharts and 
descriptions of all the simulation routines are included in Appendix B. 
Appendix C lists the variables and arrays used in DELCAP, and Appendix D 
gives user instructions for preparing preprocessor input. Listings of 
both programs appear in Appendix E. Appendix F includes a description 
of the LGA data, together with a discussion of problems encountered in 
reconciling two data sources for the LGA input. 
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2. VALIDATION OF DELCAP THROUGHPUT ESTI~1ATF.S 

2.1 General Description 

This chapter documents runs of the DELCAP model designed to test 
the validity of its throughput calculations under a variety of conditions. 
The characteristics attributed during these runs to each of three aircrafj 
types--heavy aircraft (over 300,000 Ibs. gross weight), small aircraft 
Cnost single- and two-engine craft), and medium and larger craft (larger ::1,1;­

pLston aircraft and most jets) -- are described in Table 2.1. These 
v,llues \vere obtained from data collected by the Air Traffic Service at 
O'Hare International Airport (ORD). 

Five different runway configurations, representative of those most 
often encountered and described in greater detail below, were investigated: 
a single runway, two runways intersecting so as to form a V, two runways 
intersecting to form an X, a set of close parallels (3000 to 4300 feet 
atart), and a set of close parallels with a crossing runway. Configurations 
involving wide parallels are not included in this analysis since the DELCAP 
model treats wide parallels as two completely separate runways, and as a 
result, the maximum throughput of a pair of wide parallels is just the sum 
of the throughputs available from them independently. 

For each configuration, operating policies (displayed in Table 2.3)
 
were chosen as most reasonable for each of three arrival/departure mixes:
 
arrivals balancing departures, departures dominant, and arrivals dominant.
 
Each configuration and operating policy was investigated for three aircraft ­

type mixes, identified by the percentage of heavy aircraft in the mix and
 
described more fully in Table 2.2.
 

For each configuration, operating policy and aircraft-type mix, the
 
model was run to simulate 20 hours of traffic. The average hourly
 
throughputs (averaged over the sample of 20 hours) of landings, takeoffs
 
and all operations were recorded for each runway and totaled for all
 
runways to permit comparisons among policies, type mixes and configurations.
 

In Section 2.2 the model's outputs for these cases are described, and 
evaluated, including the testing of agreement with analytical models (where 
available) and with ATC experience about how throughput depends on the 
factors varied. In Section 2.3, the outputs are compared with FAA-supplied data. 

2.2 Validation Output 

2.2.1 SINGLE RUNWAY 

The single runway case has been studied extensively,* and admits
 
analytical expressions for capacity. Two such expressions, one for
 

*	 See for example [4], [5], and [6]. Similar formulas to those appearing
 
below appear in these publications, but are derived here again for
 
completeness.
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TABLE 2.1 

Aircraft Characteristics for Validation Runs 

Type Type Speeds (Knots) Runway Occupancy (Sec) 
Number Description Landing Liftoff Landirig Takeoff
 

1 Heavy AIC 124 120 55 33
 

2 Small AIC 119 90 40 27
 

3 Category Ill's 120 120 50 32
 
(Larger A/c) 

TABLE 2.2 

Three Aircraft-Type Mixes Used 

50/lUx I - /0 Heavies ~!ix II - 15% Heavies Mix III - 50% Heavies 

Type % in ~tix Type % in ~fix Type % in Mix 

1 50 
//0 1 15% 1 50% 

2 17% 2 15% 2 9% 

3 78% 3 70% 3 41% 
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------

Arrival/ 
Departure Mix 

% Heavies 

Configuration 

Single runway 

~ 
Intersecting

f-' 
f-' 

;> L 
Intersecting 

X
 
p~ 
Parallel + 
Intersecting 

*
 

TABLE 2.3 

Configurations and Operating Policies for Validation Runs 

Arrivals Departures Departures Predominate 

5% 15% 50%	 5% 15% 50% 

Alternate	 Two departures between
 
each pair of arrivals
 

1.	 Arrivals on one, Alternate on one, 
Departures on the other Departures on the other 

2.	 Alternate on both 

l.	 Arrivals on one, Alternate on one, 
Departures on the other Departures on the other 

2.	 Alternate on both 

l.	 Arrivals on one, 
Alternate on one,Departures on the other 
Departures on the other2.	 Alternate on both 

Arrivals on one parallel, nepartures on one parallel,
Departures on the other, Alternate on t~e other two 
Alternate on crossing run~ay runways 

Arrivals Predominate 

5% 15% 50% 

T\TO	 arrivals between 
each pair of departures 

Alternate on one, 
Arrivals on the other 

Alternate on one, 
Arrivals on the other 

Alternate on one, 
Arrivals on the other 

Arrivals on one parallel, 
Alternate on the other ~TO 

runwavs 



a runway handling takeoffs only and the other for the same rumray handling 
landings only, are:de{ived below. As pill he seen, DELCAP outputs for 
these single-runway _situations conform clcselv (as they should) to these 
theoretical formulas. 

To calculate the expected value of the maximum throughput for a 
single runway handling takeoffs only, under the assumption of a continuous 
stream of departures in which heavy aircraft appear randomly and constitute 
a known fraction of all takeoffs, let 

N number of takeoffs per hour,
 
p fraction of takeoffs which are heavies,
 
r = runway occupancy time (hrs.) for heavies,
 
~ average time (hrs.) between takeoffs for non-heavies
 
o	 average time (hrs.) between takeoffs of two successive heavies 

(Note that separation rules require a non-heavy to 
wait 2 minutes after a preceding heavy liftoff before 
starting its roll.) 

Then it follows that: 

1.	 The time between takeoff of a heavy and that of a 
following non-heavy is r' = r + 2/60, the time between 
takeoffs of heavies is 0, and the time between takeoff 
of non-heavies is ~. 

2.	 A fraction p of aircraft following a heavy are heavies; 
(1 - p) are non-heavies. 

3.	 The expected number of hourly takeoffs by heavies is pN; 
for non-heavies it is (l-p)N. 

Thus the following equation (between numbers of hours) holds: 

pN[po + (l-p)(r')] + (l-p)N~=l 

or 

2
N =	 l/[p o+p(l-p)r' + (1-p)6]. 

For r = 33 seconds, ~ = 54 seconds, and ~ 90 seconds for example,
 
the values in Table 2.1 yield
 

2 
N	 3600/[-64p +99p+54]. 

This is plotted as the upper curve in Figure 2.1. The two circled points, 
a~ 20 and 30 percent heavies, give the results of actual DELCAP runs and 
agree well with the corresponding values from the preceding formula. 

Similarly, to calculate the expected throughput for a single runway
 
handling landings only, under the further pssumption that landing speeds
 
for all aircraft types are equal, let
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---

N	 number of landings per hour, 
p	 fraction of landings which are heavies, 
s =	 the landing speed (in knots) for all aircraft types. 

(Although landing speed does vary among aircraft types, 
the	 figures in Table 2.1 indicate that using one value 
is not a great deviation from reality. More complicated 
formulas can be derived for the case in which speed depends 
on aircraft type.) 

Then it follows (cf. the separation criteria given in section 1.3) that: 

1.	 The time between the landings of two heavies is 4/s, 
between a heavy and a following non-heavy is Sis, and 
between a non-heavy and a following aircraft is 3/s. 

2.	 A fraction p of the aircraft follm-ling a heavy are heavies, 
a fraction (l-p) are non-heavies. 

3.	 The expected number of hourly landings by heavies is pN; 
for non-heavies it is (l-p)N. 

Thus the following equation holds: 

pN[p(4/s) + (1-p)(5/s)] + (1-p)N(3/s)=1 

2
N	 s/C3+2p-p ). 

For s = 125 knots, for example, 

2
N	 1251 (3+2p-p ), 

which is plotted on the lower curve in Figure 2.1. The four circled 
points, output from the DELCAP simulation, agree very well with the 
expected throughputs. 

Analytical expressions can be and have been derived for more 
complicated operating policies involving dual operations (both landings 
and takeoffs),* but are much more complex since for some landing aircraft 
the minimum allowable spacing can be determined by the separation from a 
preceding landing, rather than the separation from a takeoff occuring 
between the two landings. In this case, the takeoff is in some sense a 
"free" contribution to throughput since it does not require an extra 
interruption in the flow. 

* See for example [6]. 
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As part of our validation analysis, three operating policies for 
a dual use single runway were run using DELCAP. The output from these 
runs is displayed in Table 2.4. For time periods in which the numbers 
of arrivals and departures are approximately equal, the operating policy 
chosen for the single runway seeks to alternate landings and takeoffs. 
During departure-dominant periods, landings are spaced far enough apart 
to allow two takeoffs between each pair of landings. For arrival-dominant 
periods, takeoffs are permitted only between every other pair of landings. 

As can be seen by comparing Table 2.4 with Figure 2.1, dual usage of 
the single runway decreases the takeoff throughput greatly (by about a 
factor of two). The reason is that landings require more time between 
operations and dual usage forces some takeoffs to wait for landings. On 
the other hand, landing throughput is not as greatly degraded by intersper­
sing takeoffs among the landings. Alternation of landings and takeoffs 
decreased landing throughput by at most 30% from the pure landing operation, 
and increased total throughput by 40-60%. This agrees well with operating 
experience: in the absence of stringent takeoff-airspace restrictions, 
takeoffs are rarely the limiting throughput factor. On the other hand, 
spacing between landings is critical, and directions such as "maintain 
speed" sometimes have to be given by controllers to arriving aircraft in 
order to ensure that minimum spacing is attained. 

Validation for the single-runway case was carried out because it is 
often an important component of more complicated configurations. Wide 
parallels may be regarded as two single runways in throughput calculations, 
for instance. Also, some airports may be reduced to essentially the single­
runway configuration during IFR weather or outages. Still, the primary 
advantage of DELCAP lies in its applicability to more complex runway 
situations for which analytic expressions are much more difficult to obtain. 

2.2.2 INTERSECTING RUNWAYS 

Two different configurations consisting of a pair of intersecting 
runways were investigated: one with the intersection 2000 feet from the 
ends of each of the runways (representing the near-intersection or "V" 
case), the second with the intersection 4000 feet from the ends of each 
runway (a configuration shaped like an "Xli). 

During periods in which arrivals and departures are roughly bala ced, 
two different operating policies were chosen as reasonable: the first of 
them alternates landings and takeoffs on both runways, while the second 
reserves one runway for landings only and the other just for takeoffs. 
(The second policy can result in lower capacity, but is easier for the 
controller and probably more representative of actual practice.) For 
departure-dominant periods, one of the runways handles takeoffs only, 
with landings and takeoffs alternated on the other. Similarly, for 
arrival-dominant periods, one runway is set aside for landings only, 
while landings and takeoffs alternate on the other. 
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OPERATING POLICY
 

ARRIVALS = 

DEPARTURES: 
ALTERNATE 

DEPARTURES 
PREDOMINATE:

i-' 
(j\ TWO TAKEOFFS BETWEEN 

EACH PAIR OF LANDINGS 

ARRIVALS PREDOMINATE: 
TWO LANDINGS BETWEEN 
EACH PAIR OF TAKEOFFS 

-

TABLE 2.4
 

Single Runway Throughput (per Hour)
 

5% HEAVIES 
LAND TAKEOFF TOTAL 

28.2 28.2 56.4 

19.6 39.2 58.9 

32.8 16.4 49.3 

15% HEAVIES 
LAND TAKEOFF TOTAL 

27.3 27.3 54.6 

18.6 37.2 55.4 

31. 7 15.8 47.5 

50% HEAVIES 
LAND TAKEOFF TOTAL 

26.3 26.3 52.6 

17.2 34.4 51. 6 

29.2 14.5 43.7 

... 



Each intersecting-runway configuration was run both with and without
 
the requirement that operations on one run-.ray be separated from those
 
on the other. In the less restrictive case, the only interaction imposed
 
was that a landing's touchdown or a takeoff's start-of-roll on one runway
 
could not occur in the period between a landing or start-of-roll of an
 
aircraft on the other runway and the time that aircraft passed the inter­

section. In the other case, in addition to the preceding prohibition,
 
landings on one runway had to be separated by the required 3, 4 or 5
 
m~les from landings on the other, and also by 2 miles from preceding
 
t:lkeoffs on the other. Two separate tables are given for each of the
 
V and X intersection cases (see Tables 2.5-2.8), one including the second
 
separation requirement (described as "with interference") and one without.*
 

The interference requirement reduces throughput by 3 to 45 percent,
 
with the lower reduction occurring when takeoffs are allowed on only one
 
runway (i.e., the middle two operating policies in the Tables). It is
 
probably very unusual for landings to be allowed on both runways of an
 

'intersecting pair. In fact, the tllandings on one, takeoffs on the other" 
policy is the one most often employed in practice for an intersecting 
p~ir, if the runways are of comparable length. When one is longer than 
t~e other, then segregation by aircraft type, rather than by operation, 
is often employed, and something approaching the policy of alternating 
operations might be achieved. In this casl~ segregation by type (and thus 
by landing speed) would tend to decrease actual interlanding separations 
(by reducing gaps due to a slow plane following a faster one), resulting 
in slightly higher throughputs than those given in Tables 2.5-2.8. With 
interference, the maximum number of landings -- which occurs for the near 
intersection for the policy allowing one runway to handle only landings 
and the other only takeoffs, and occurs for the far intersection for the 
policy allowing landings on both runways with takeoffs interspersed on 
one -- 1s actually about the same as the number of landings on the landings-
only runway alone (under the same policies) when there is no interference. 

The difference between 5 and 50 percent heavies in the aircraft type
 
mix leads to a decrease of 6 to 24 percent in total throughput, with the
 
larger differences generally occurring for the policy having only landings
 
on one runway and only takeoffs on the other. To explain this, note that
 
with landings spaced at 5 miles (as for a non-heavy aircraft following a
 
heavy), a takeoff can occur between the two landings without affecting
 
either. The pure-landing/pure-takeoff policy does not exploit this, so
 
that the full brunt of the increased separation is felt. Policies
 
employing dual-use runways are in a better position to utilize these
 
extra spaces.
 

*	 Output for the "pure arrival, pure departure" case in Tables 2.5
 
through 2.9 differs from that reported in [2] because of an inter­

vening model modification allowing polici s which coordinate
 
operations on different runways.
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TABLE 2.5 

Hourly Throughput for Near Intersection (V) With Interference 

..... 
00 

5% HEAVIES 15% HEAVIES 50%HEAVIES 

OPERATING POLICY 
ARRIVALS = 

RUNWAY LAND TAKEOFF TOTAL LAND TAKEOFF TOTAL LAND TAKEOFF TOTAL 

DEPARTURES 1 16.3 16.3 32.6 15.7 15.7 31.5 14.4 14.5 28.9 

ALTERNATE ON BOTH 2 16.3 16.3 32.6 15.7 15.7 31.4 14.5 14.5 29.0 

TOTAL 32.6 32.6 65.3 31. 5 31.4 62.9 28.9 29.0 57.9 

ARRIVALS = 
DEPARTURES 1 0.0 37.4 37.4 0.0 34.3 34.3 0.0 30.1 30.1 

RUNWAY I-TAKEOFFS 
ONLY 

2 37.4 0.0 37.4 34.4 0.0 34.4 30.1 0.0 30.1 

RUNWAY 2-LANDINGS 
ONLY 

TOTAL 37.4 37.4 74.8 34.4 34.3 68.7 30.1 30.1 60.2 

DEPARTURES 
PREDOMINATE 1 0.0 44.4 44.4 0.0 41.4 41. 4 0.0 37.8 37.8 

RUNWAY I-TAKEOFFS 
ONLY 

2 22.4 22.4 44.9 22.1 22.0 44.1 21. 7 21. 6 43.3 

RUNWAY 2-ALTERNATE TOTAL 22.4 66.8 89.3 22.1 63.4 85.5 21. 7 59.4 81.1 

ARRIVALS 
PREDOMINATE 1 21. 6 0.0 21. 6 20.3 0.0 20.3 18.2 0.0 18.2 

RUNWAY I-LANDINGS 
ONLY 

2 14.7 14.7 29.4 14.0 14.0 28.0 13.1 13.1 26.3 

RUNWAY 2-ALTERNATE TOTAL 36.3 14.7 51.0 34.3 14.0 48.3 31. 4 13.1 44.5 



TABLE 2.6 

Hourly Throughput for Near Intersection (V) Without Interference 

OPERATING POLICY RUNWAY 

5% HEAVIES 

LAND TAKEOFF TOTAL 
ARRIVALS = 
DEPARTURES 

ALTERNATE ON BOTH 

1 

2 

TOTAL 

28.1 28.1 56.2 

28.0 28.1 56.1 

56.2 56.2 112.4 

ARRIVALS = 
DEPARTURES 1 0.0 38.6 38.6 

RUNWAY I-TAKEOFFS 
ONLY 

2 38.6 0.0 38.6 

RUNWAY 2-LANDINGS 
ONLY 

TOTAL 38.6 38.6 77.2 

DEPARTURES 
PREDOMINATE 1 0.0 63.8 63.8 

RUNWAY I-TAKEOFFS 
ONLY 

2 27.9 28.0 55.9 

RUNWAY 2-ALTERNATE TOTAL 27.9 91. 8 119.8 

ARRIVALS 
PREDOMINATE 1 38.1 0.0 38.1 

RUNWAY I-LANDINGS 
ONLY 

2 28.0 28.0 56.0 

RUNWAY 2-ALTERNATE TOTAL 66.1 28.0 94.1 

15% HEAVIES 

LAND TAKEOFF TOTAL 

27.1 27.1 54.3 

27.2 27.2 54.5 

54.4 54.4 108.8 

0.0 36.5 36.5 

36.5 0.0 36.5 

36.5 36.5 73.1 
~ 
\D 

0.0 54.7 54.7 

27.1 27.1 54.3 

27.1 81.8 119.0 

35.9 0.0 35.9 

27.1 27.1 54.2 

63.1 27.1 90.2 

50% HEAVIES 

LAND TAKEOFF TOTAL 

26.2 26.2 52.4 

26.1 26.1 52.3 

52.3 52.4 104.7 

flo 0 32.0 32.0 

32.0 0.0 32.0 

32.0 32.0 64.0 

f).O 46.7 46.7 

26.1 26.1 52.3 

26.1 72 .9 99.0 

31. 6 0.0 31. 6 

26.1 26.1 52.2 

57.7 26.1 83.8 



TABLE 2.7 

Hourlr Throughput for Far Intersection (X) With Interference 

N 
a 

5% HEAVIES 15% HEAVIES 50% HEAVIES 

OPERATING POLICY 
ARRIVALS = 

DEPARTURES 

RUNWAY 

1 

LAND 

15.8 

TAKEOFF 

15.8 

TOTAL 

31. 6 

LAND 

15.3 

TAKEOFF 

15.3 

TOTAL 

30.7 

LAND 

14.1 

TAKEOFF 

14.1 

TOTAL 

28.3 

ALTERNATE ON BOTH 2 15.8 15.8 31. 6 15.3 15.3 30.6 14.2 14.1 28.3 

TOTAL 31.6 31.6 63.2 30.6 30.7 61. 3 28.3 28.3 56.6 

ARRIVALS = 
DEPARTURES 1 0.0 33.6 33.6 0.0 31.6 31.6 0.0 28.7 28.7 

RUNWAY I-TAKEOFFS 
ONLY 

RUNWAY 2-LANDINGS 
ONLY 

2 

TOTAL 

33.6 

33.6 

0.0 

33.6 

33.6 

67.3 

31. 5 

31.5 

0.0 

31. 6 

31.6 

63.1 
I 

28.7 

28.7 

0.0 

28.7 

28.7 

57.4 

DEPARTURES 
PREDOMINATE 1 0.0 42.7 42.7 0.0 40.0 40.0 0.0 36.8 36.8 

RUNWAY I-TAKEOFFS 
ONLY 

RUNWAY 2-ALTERNATE 

2 

TOTAL 

21. 5 

21.5 

21. 5 

64.2 

43.1 

85.8 

21.4 

21.4 

21.4 

61.4 

42.8 

82.8 

21.3 

21. 3 

21. 3 

58.1 

42.7 

79.5 

ARRIVALS 
PREDOMINATE 1 21. 2 0.0 21. 2 I 20.0 0.0 2"0.0 18.0 0.0 18.0 

RUNWAY I-LANDINGS 
ONLY 

RUNWAY 2-ALTERNATE 

2 

TOTAL 

14.2 

35.4 

14.2 

14.2 

28.4 

49.6 

13.7 

33.7 

13.7 

13.7 

27.4 

47.4 

12.9 

30.9 

12.9 

12.9 

25.8 

43.B 



OPERATING POLICY 
ARRIVALS = 
DEPARTURES 

ALTERNATE ON BOTH 

N 
f-' 

-

ARRIVALS = 

DEPARTURES 

RUNWAY I-TAKEOFFS 
ONLY 

RUNWAY 2-LANDINGS 
ONLY 
-

DEPARTURES 
PREDOMINATE 

RUNWAY I-TAKEOFFS 
ONLY 

RUNWAY 2-ALTERNATE 

ARRIVALS 
PREDOMINATE 

RUNWAY I-LANDINGS 
ONLY 

RUNWAY 2-ALTERNATE 

TABLE 2.R 

Hourly Throughput for Far Intersection (X) Without 

5% HEAVIES I 

LAND TAKEOFF TOTAL \ 

27.2 27.2 54.5 

27.2 27.3 54.5 

54.5 54.5 109.0 

0.0 37.7 37.7 

37.8 0.0 37.8 

37.8 37.7 75.5 

0.0 58.0 58.0 

27.4 27.3 54.7 

27.4 85.3 112.7 

38.0 0.0 38.0 

26.3 26.4 52.7 

64.3 26.4 90.7 

RUNWAY
 

1
 

2
 

TOTAL
 

1
 

2
 

TOTAL
 

1
 

I 
ITO:AL
 

1
 

2
 

TOTAL
 

15% HEAVIES
 

LAND 

26.3 

26.4 

52.7 

TAKEOFF 

26.2 

26.4 

52.7 

TOTAL 

52.5 

52.8 

105.4 

0.0 

34.9 

34.9 

34.9 

0.0 

34.9 

34.9 

34.9 

69.8 

0.0 

26.6 

26.6 

51. 7 

26.6 

78.4 

51.7 

53.3 

105.0 

35.3 

26.1 

61. 4 

0.0 

26.0 

26.0 

35.3 

52.1 

87.4 

Interference 

LAND 

25.4 

25.5 

50.9 

50% HEAVIES 

TAKEOFF TOTAL 

25.4 50.9 

25.4 50.9 

50.9 101.8 

0.0 

30.7 

30.7 

30.6 

0.0 

30.6 

30.6 

30.7 

61. 3 

0.0 

25.6 

25.6 

44.9 

25.6 

70.5 

44.9 

51. 2 

96.1 

30.8 

25.5 

56.3 

0.0 

25.5 

25.5 

30.8 

51. 0 

81. 8 



The location of the intersection, far rather than near, causes a 
greater reduction in takeoff throughput th~n in landing throughput. 
This is to be expected, since runway occupancy time is not a critical 
filctor in interlanding spacing, but plays a much greater role in 
constraining takeoffs. The intersection's location, however, has much 
less effect than does operating policy. 

In summary, the simulated behavior of a pair of intersecting runways 
is very much as one would expect from logic and real-world experience. 
nle throughput levels produced by DELCAP may be higher than those usually 
observed because two of the four operating policies simulated allow 
landings on both runways, a situation atypical in practice. Thus the 
predicted throughputs for the pure-landing/pure-takeoff strategy perhaps 
represent the most realistic estimates. 

2.2.3 CLOSE PARALLELS 

A parallel runway configuration was run under the restriction that 
landings on one runway must be separated by 3, 4 or 5 miles from landings 
o~ the other. and by 2 miles from preceding takeoffs on the other. (This 
restriction presently applies to parallels whose center lines are separated 
by 3000-4300 feet.) The results are given in Table 2.9. 

During periods when the numbers of arrivals and departures are about 
the same. the operating policies of choice are either to alternate landings 
and takeoffs on both runways or to reserve one runway exclusively for 
landings and the second just for takeoffs, alternating operations on the two. 
wpen departures dominate, one runway is reserved exclusively for them, while 
landings and takeoffs alternate on the other runway. For periods in which 
arrivals predominate. one runway is restricted to landings only, while 
landings and takeoffs alternate on the other. 

Comparison with Table 2.6 shows that the performance of a pair of 
close parallel runways very closely resembles that of a "V" intersection 
with interference. and many of the remarks made for that earlier case 
also apply here. Since runway occupancy time is not a critical factor 
in interlanding spacing and since the required separations between landings 
on the two runways are the same as for one runway, the maximum landing 
throughput for a set of parallels is not much larger than that for a 
single runway with two landings between each pair of takeoffs (see Table 
2.4). Alternating landings and takeoffs on both runways yields about a 16 
percent improvement over the single runway, gained presumably because 
runway occupancy time has no effect on the other runway's operations. 

When takeoffs predominate, landings are spaced far enough apart to
 
allow extra takeoffs on the other runway, and a comparison with Figure
 
2.1 shows that the number of takeoffs is at most 11 percent less than
 
a single runway handling only takeoffs. Coordinating operations on the
 
two runways, so that a landing on one alternates with a takeoff on the
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TABLE 2.9 

Hour1y_ThrJ>ughput for Close ParallelS 

N
 
UJ
 

15% HEAVIES 50% HEAVIES 

OPERATING POLICY RUNWAY LAND TAKEOFF TOTAL LAND TAKEOFF TOTAL LAND TAKEOFF TOTAL 
ARRIVALS = 
DEPARTURES 1 16.3 16.4 32.7 15.7 15.7 31.5 14.5 14.5 29.0 

ALTERNATE ON BOTH 2 16.3 16.3 32.7 15.7 15.7 31.5 14.5 14.5 29.0 
RUNWAYS TOTAL 32.7 32.7 65.4 31.5 31.5 63.0 29.0 29.0 58.0 

ARRIVALS = 1 0.0 37.6 37.6 0.0 34.7 34.7 0.0 30.5 30.5 
DEPARTURES 

ALTERNATE LANDING 2 37.6 0.0 37.6 34.7 0.0 34.7 30.5 0.0 30.5 
ON RUNWAY 2 WITH 
TAKEOFF ON RUNWAY 1 TOTAL 37.6 37.6 75.3 34.7 34.7 69.5 30.5 30.5 61.0 

. DEPARTURES -
PREDOMINATE 1 0.0 54.0 54.0 0.0 49.0 49.0 0.0 42.3 42.3 

RUNWAY I-TAKEOFFS 2 27.5 0.0 27.5 26.2 0.0 26.2 23.9 0.0 23.9 
ONLY 

RUNWAY 2-LANDINGS 
ONLY TOTAL 27.5 54.0 81. 6 26.2 49.0 75.2 23.9 42.3 66.2 

ARRIVALS 
PREDOMINATE 1 16.5 16.5 33.1 16.0 16.0 32.0 13.8 13.8 27.6 

RUNWAY I-ALTERNATE 2 21.0 0.0 21.0 20.0 0.0 20.0 18.7 0.0 18.7 
RUNWAY 2-LANDINGS 

ONLY TOTAL 37.7 16.5 54.2 36.1 16.0 52.1 32.5 13.8 46.3 



other. results in a decrease of only 8 percent in total throughput but 
an increase of 28 to 37 percent in the number of landings. In fact 
the second policy. involving cooperating pure operations. suffers only 
a 6 to 8 percent reduction in the number of landings from the number 
operating on a single runway handling landings only. The addition of 
the second of a close parallel pair of runways thus buys some additional 
throughput, 16 to 34 percent for periods when the numbers of arrivals 
and departures balance and 37 percent when departures dominate. During 
arrival-dominated periods. however, only 9 percent increase in total 
throughput is observed. 

2.2.4 CLOSE PARALLELS WITH AN INTERSECTING RUNWAY 

The runway configuration for these runs is pictured in Figure 2.2. 
For time periods in which arrivals and departures are balanced, the 
operating policy chosen reserves one of the parallel runways (1) for 
takeoffs, the other parallel (2) for landings and alternates landings 
and takeoffs on the crossing runway (3). For departure-dominant 
periods one of the parallels (1) is reserved for takeoffs and landings 
and takeoffs are alternated on the other two runways. For arrival­
dominant periods one of the parallels (1) is reserved for landings, 
and landings and takeoffs are alternated on the other two. These last 
two policies are probably unrealistically complicated for a real control 
situation. but have been simulated to show possible throughput advantages 
from dual operations. 

FIGURE 2.2 

Close Parallels with an Intersecting Runway 



· Tables 2.10 and 2.11 summarize the results of these runs. 
Separation requirements for aircraft on the two parallels are those 
described in Section 2.2.3 for close parallels. For the runs reported 
ill Table 2.10, no interference requirements were put on the intersecting 
runway, so that takeoffs and landings on it were restricted only by 
runway occupancy on the other runways. This, of course, does not 
represent the real requirement when all runways are operated under rFR 
conditions, but may be more reflective of actual operating practice 
if the crossing runway is used primarily for smaller VFR aircraft. 
The runs reported in Table 2.11 had all interference restrictions in 
force. 

Without the interference requirement in effect, the third runway 
increases landing throughput by 50 to 79 percent and takeoff throughput 
by 13 to 33 percent over the levels reported in Table 2.9 for parallel 
runways operated in the pure landing/pure takeoff mode. This increase 
does not accrue when the interference requirement is in force, since 
as noted earlier, that requirement means that maximum landing throughput 
is effectively that of a single runway. 

The three different operating policies chosen differ by 1:7 to 34 
percent in landing throughput, but by a factor of almost 3 in takeoff 
fhroughput, again demonstrating that meeting takeoff demand is less 
difficult and less critical than meeting landing demand, a fac: well­
recognized by controllers. This is shawn even more dramatically by the 
observation that t e first and second policies displayed in Table 2.10 
differ only in that the first one restricts runway 2 to landings only 
(rather than dual use), but the landing throughput is almost the same 
in the two cases. 

2.2.5 ANALYSIS OF RESULTS 

The preceding section described output from applications of the 
DELCAP model to a variety of common runway configurations, demonstrating 
the model's versatility and its ability to represent those airport 
facilities for which further computerized throughput analysis is desired. 
DELCAP has also been run on the Chicago O'Hare (ORD) configuration 
depicted in Figure 2.3. In addition, the model is capable of handling 
even more complex configurations than this, with many more runways and 
more complicated interactions among them. 
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Table 2.10
 

Hourly Throughput for Close Parallels Plus an Intersecting
 

N 
0\ 

Runway Without Interference 

5% HEAVIES 15% HEAVIES 50% HEAVIES. 

OPERATING POLICY RUNWAY LAND TAKEOFF TOTAL LAND TAKEOFF TOTAL LAND TAKEOFF TOTAL 

ARRIVALS = 
DEPARTURES 1 0.0 40.3 40.3 0.0 36.6 36.6 0.0 34.0 34.9 

RUNWAY I-TAKEOFFS 2 21. 2 0.0 21.2 21. 3 0.0 21.3 21.6 0.0 21.6 
ONLY 

RUNWAY 2-LANDINGS 3 20.9 20.9 41.8 20.8 20.8 41.6 21.0 21.0 42.1 
ONLY 

RUNWAY 3-ALTERNATE TOTAL 42.2 61.2 103.4 42.1 57.5 99.6 42.6 56.0 98.7 

DEPARTURES 
PREDOMINATE 1 0.0 43.2 43.2 0.0 39.3 39.3 0.0 35.6 35.6 

_ RUNWAY .I-TAKEOFFS 2 21. 5 21. 4 42.9 20.6 20.6 41.2 20.2 20.1 40.3 
ONLY 

RUNWAY 2-ALTERNATE 3 22.8 22.8 45.6 22.9 22.9 45.8 22.0 22.0 44.0 
RUNWAY 3-ALTERNATE 

TOTAL 44.3 87.5 131.8 43.5 82.8 126.3 42.2 77.7 119.9 

.ARRIVALS 
PREDOMINATE 1 19.3 0.0 19.3 17.9 0.0 17.9 16.5 0.0 16.5 

RUNWAY I-LANDINGS 2 14.7 14.7 29.5 14.4 14.4 28.9 12.9 13.0 25.9 
ONLY 

RUNWAY 2-ALTERNATE 3 15.2 15.2 30.4 15.3 15.3 30.7 14.5 14.5 29.0 
RUNWAY 3-ALTERNATE 

TOTAL 49.3 29.9 79.2 47.7 29.8 77 .5 43.9 27.5 71.5 



TABLE 2.11 

Hourly Throughput for Close Parallels Plus an Intersecting 
Runway With Interference 

N 
"-J 

5% HEAVIES 15% HEAVIES 50% HEAVIES 

OPERATING POLICY RUNWAY LAND TAKEOFF TOTAL LAND TAKEOFF TOTAL LAND TAKEOFF TOTAL 
ARRIVALS = 
DEPARTURES 1 0.0 26.0 26.0 0.0 25.3 25.3 0.0 24.0 24.0 

RUNWAY I-TAKEOFFS 2 14.0 0.0 14.0 14.6 0.0 14.6 14.0 0.0 14.4 
ONLY 

RUNWAY 2-LANDINGS 3 12.5 12.5 25.1 12.0 12.0 24.0 11. 4 11.4 22.8 
ONLY 

RUNWAY 3-ALTERNATE TOTAL 26.5 38.6 65.1 26.7 37.3 64.0 25.8 35.4 61. 3 

DEPARTURES 
PREDOMINATE 1 0.0 30.4 30.4 0.0 26.1 26.1 0.0 24.6 24.6 

RUNWAY I-TAKEOFFS 2 12.7 12.7 25.4 11. 9 11.8 23.7 11. 6 11.5 23.1 
ONLY 

RUNWAY 2-ALTERNATE 3 12.7 12.7 25.4 11.8 H.8 23.7 11.5 11.5 23.0 
RUNWAY 3-ALTERNATE 

TOTAL 25.4 55.8 81. 3 23.7 49.8 73.5 23.1 47.7 70.8 

ARRIVALS 
PREDOMINATE 1 15.3 0.0 15.3 14.3 0.0 14.3 12.6 0.0 12.6 

RUNWAY I-LANDINGS 2 9.4 9.4 18.9 9.5 9.4 18.9 9.0 9.0 18.1 
ONLY 

RUNWAY 2-ALTERNATE 3 9.4 9.4 18.9 9.4 9.4 18.8 8.9 8.9 17.8 
RUNWAY 3-ALTERNATE 

TOTAL 34.2 18.9 53.1 33.2 18.8 52.0 30.5 17.9 48.5 



FIGURE 2.3 

O'Hare Four-Runway Configuration 

27R 

32R 
27L 

32L 

In the analyses reported above, the model was also exercised under 
different aircraft-type mixes and different arrival/departure ratios to 
demonstrate its ability to model these variations successfully. Changing 
the fraction of heavy aircraft from 5 to 50 percent decreases landing 
throughput (per runway per hour) by from 0 to 20 percent with an average 
decrease of about 12 percent, representing from 0 to 8 landings per run­
way and averaging about 4. Hourly takeoff throughput per runwcy is 
decreased more severely - from 0 to 28 percent, averaging 12 percent 
and representing a decrease of from 0 to 19 takeoffs (averaging 7). 

As noted above, operating policy has almost as great an effect on 
throughput as does runway configuration. The influence of policy, a 
critical factor in actual operations, is probably somewhat exaggerated 
by the simulation when used to estimate maximum throughputs. In the 
simulation, operating policy is rigidly imposed. Whereas in a real 
situation a controller might run overflow takeoffs on a runway normally 
handling landings only, or divert a landing to a runway generally 
reserved for takeoffs, the simulation does not have this flexibility. 
In practice, the controller's extra leeway should allow him to exceed 
the capacity levels predicted by the model and therefore should allow 
for contingencies unforeseen by model assumptions, such as more serious 
bunching of arrivals and departures, or gaps caused by pilot: decisions 
over which the ATC system has little control. The comparative rigidity 
of the DELCAP model's handling of operating policy should not seriously 
affect its usefulness as a tool in establtshing EPS's, if care is taken 
in its application to ensure the most appropriate policy is chosen for 
simulation. 
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The DELCAP simulation as now constituted assumes interlanding 
spacings of exactly 3, 4 or 5 miles as we]l as fixed and constant 
runway occupancy times, assumptions which are unrealistic. However, 
since real separations and runway occ.upancies may be either less or 
greater than the nominal values, it is unclear in which direction or 
to what extent these assumptions bias the resultant throughput values. 
Although it would be a relatively simple matter to represent these 
factors in a stochastic manner, it is not at all clear that much 
additional accuracy in throughput calculations would be gained.part­
icularly since results are averaged over a period of 20 hours. 

Throughputs calculated by DELCAP vary with operating policy, 
cJnfiguration and mix in the expected direction and agree quite well 
in magnitude with observed levels. (A more complete demonstration of 
this last point follows in the next sectien.) There are, however, a 
number of instances in which model outputs are higher than those actually 
attained at most installations. These involved the simulation of operating 
policies more complex in their control requirements than the policies in 
present use, so that empirical data with which to compare these outputs 
are lacking. For example, it would be unusual for a pair of intersecting 
or close parallel runways to be operated for any prolonged time with 
landings on both, unless one runway handled primarily smaller air raft 
making visual approaches. This also holds true for the "parallels with 
crossing runway" configuration; most airports with such a configuration 
would use the parallels for landings and takeoffs (on separate runways) 
of larger aircraft, with the crossing runway allocated to lighter aircraft 
as required. The DELCAP throughputs reported above, therefore, in part 
require demand levels and controller capabilities which are unlikely to 
be sustained over long periods. More practical capacity levels are 
associated with those policies which reserve main runways for pure 
operations and shorter crossing runways for mixed operations of lighter 
aircraft. 

2.3 Comparisons of Model Output With Available Data 

Table 2.12 reports IFR throughput figures for a variety of runway 
configurations at several airports, as computed by a theoretical 
procedure now under development by the FAA Air Traffic Service, as 
estimated by staff at the facility, and finally, as found using a version 
of the theoretical procedure devised by the FAA to account for local 
variations. The figures vary from facility to facility for the same 
configuration because of differences in aircraft-type mix and 1n other 
special characteristics such as air space restrictions (at JFK, for 
example). Differences between the theoretical and the modified standard 
values range from 4 to 19 percent and average 11 percent, so that one 
can regard as acceptable similar differences b~tween these values and 
those produced by the model. 
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TARLE 2.12 

Throughput for Sevl'ra1 Configur:ltlonR at Se1ected Airports 

Configuration 
Class 

Wide Parallels 

JFK *IFR-Pure 

MIA - Mixed 
ATL - Mixed 

. ORD - Mixed 

Close Parallels 

.
 JFK IFR-Pure 
PHL - Pure 

4 R/W's ORD 

2 Pure Approach 
2 Pure Departure 

Theoretical 

74 

106 
114 
104 

60 
68 

152 

Facility
 
Estimates
 

70 

75 
91 
90 

50 
52 

135 

Modified
 
Standard
 

71 

100 
98 
92 

52 
57 

137 

, 

*A"pure" operation is one handling only takeoffs or only landings. 
Parallels operated in a pure policy have one runway only for 
landings and a second for takeoffs only. "Mixed" operations refers 
to a policy allowing both landings and takeoffs on a runway. 

In comparing the figures in Table 2.12 with DELCAP outputs, we 
have modified the latter to take into account the fact that takeoff 
capacity is rarely restricted and that the numbers in Table 2.12 
are those sustainable over an extended period of time during which 
the total numbers of arrivals and departures are approximately equal. 
Whenever simulated takeoffs substantially outnumber landings, the 
maximum total throughput as calculated by DELCAP does not correspond 
to such a sustainable situation, and a better approximation to 
realistic total throughput is twice the calculated landing throughput. 
Table 2.13 reports throughputs thus obtained from DELCAP for configurations 
similar to those in Table 2.12. (Most of these numbers are taken 
directly from tables in the previous sections.) Throughput for the 
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(;103[ P..'JZ.;LLELS 
PV?-E 

2 ';IDE PJI..v.LLEL 
(OiQ) PC;~E 

W 
f--' 

T,\!)LF 2.13 

Sust;lill,lble ,[!1rougr.put Esti.!!lated hy DELCAF' 

5% HEAVIES 15% HEAVIF.S 

L.\ND 'fAKiJJi- F TLJT..:...L S[;ST,\IN I i...\.'aJ TAKEOFF TOTAL SL:ST:,P: 

28.8 61. 3 100.1 77 .6 

56.4 56.4 112.8 112.8 

37.& 37.6 75.3 75.3 

76.4 73.3 152.7 152.7 

36.8 

54.6 

34.7 

53.9 

54.6 

34.7 

90.7 

109.2 

69.5 

73.6 

109.2 

69.5 

71. 4 71.4 142.9 142.9 

TAllLE 2. 14 

Cot:lparison of U.A Theoretical .hrourh;:>ut Esti::lates '..!ith 

Tho"" Calculated B)' nCLCAP 

Con!iguraticn Theoretical DELCAP 
Class 

liide Parallels 

* JFK lFR-J'urc 74 78 

MIA-}~ iXl:d 106 113 
ATL-~lixcd ll~ 113 
ORD-}li>: e.i 104 109 

Close Paraliels 

JFK IFR-Pul"L 60 61 
PHi-Pure 68 75 

4 R!W's ORU 

2 Pure Appro.ld 
2 Pure Opparturc 152 143 

SOX :;E;;" i.S 

U;;O -r ..\~·;::(lrF T1TAL SVS"lA; :: 

32.3 45.7 78.0 64.6 

52.6 52.6 105.2 105.2 

30.5 30.5 61. 0 61. 0 

62.7 62.7 125.3 125.3 



wide parallels with pure operations is calculated by adding the through­
put for a single runway with 0 ly landings, to that for a single runway 
with only takeoffs.* Throughput for wide parallels used in mixed operations 
is calculated as twice the throughput for a single runway serving alternating 
landings and takeoffs. Throughput for the ORD 4-parallels case pictured in 
Figure 2.3 is estimated as the sum of throughputs for a near-intersection 
("V") configuration and a far intersection pair of runways (both pairs 
w:tthout interference). The FAA theoretical values are compared with the DELCAP 
Eutima tes for the appropriate aircraf t type mixes in Table .2 .14. 

Differences in throughput among airports depend in part on the
 
aircraft-type mix. The mix at JFK contains approximately 43 percent
 
heavies, while that at the other airports is much lower. (At ORD, for
 
instance, there are about 16 percent heavies.) For most of the airports
 
of concern here, small aircraft account for a relatively small proportion
 
of traffic (except for PHL where they account for about 40 percent).
 
Therefore, for most airports the throughput figures are more like those
 
reported for 5 and 15 percent heavies.
 

In the case of wide parallels and pur operations, values in the
 
two tables agree quite well. Whereas the theoretical value of 74
 
dperations per hour agrees exactly with the DELCAP value for 15 percent
 
heavies, the value of 65 from DELCAP for 50 percent heavies is more
 
appropriate since JFK has over 40 percent heavies. Linear inter­

polation (of 40 percent between 15 and 50 percent) yields about 68,
 
slightly lower than the final figure of 71 (surprisingly, since one
 
would normally expect the model, requiring perfect controllability, to
 
estimate higher than actual values), but still within 5 or 6 percent
 
of the modified performance standard.
 

In the case of wide parallels under mixed operations, DELCAP
 
waximum throughput values vary from 105 for 50 percent heavies to 113
 
for 5 percent heavies, agreeing very well with the 104 to 114 theoretical
 
values for the three airports using this operating policy. The most
 
applicable DELCAP values are for the 5 to 15 percent heavies for these
 
three airports, meaning that DELCAP estimates are 5 to 7 o~erations
 

high for MIA (Miami International) and ORD (Chicago O'Hare International),
 
and one operation low for ATL (Atlanta), but still within 5 to 6 percent
 
of the theoretical values determined by the FAA.
 

DELCAP values agree very well with the theoretical values for close
 
parallels. The DELCAP throughput of 61 operations at 50 percent heavies
 
matches closely the theoretical value of 60 for JFK, which has a large
 
percent of heavies in its mix. The PHL theoretical value of 68 is
 
closely approximated by the DELCAP-computed value of 69.5 for 15 percent
 
heavies. In both cases the DELCAP values are slightly high (lor 2
 
percent) but the fraction of heavies at PHL is probably closer to the
 
5 percent level, in which case the DELCAP figure is 10 percent high.
 

*	 The numbers in Table 2.13 for this case are obtained from runs not
 
included among those reported earlier.
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Throughput calculated by DELCAP for t e 4-runway ORO case lies 
between the modified standard and the theoretical value in Table 3.2. 
Note that the DELCAP throughputs used for this analysis are those 
without interference. (If values from runs with interference were 
used, the DELCAP estimates would be somewhat lower.) Discussions 
with FAA personnel familiar with the ORO operation indicate that the 
two sets of parallels are treated almost as two independent sets of 
i~tersecting runways. For the pure operating policy, takeoffs are 
cleared once a landing passes the intersection, and occur in such a way 
that the two mile departure/arrival separation does not limit operations. 
In this operating situation the "without interference" policy more 
closely describes the actual situation and therefore is indeed the more 
appropriate policy choice for comparison p rposes. 

The exercises described above have incorporated some preliminary 
investigation of model throughput sensitivity to aircraft mix and to 
r~nway operating policy. Throughput decreases, from 10 to 33 percent 
(averaging about 16), as the percentage of heavy aircraft in the mix 
increases from 5 to 50 percent. Of much greater effect on throughput 
are two other factors: runway operating p~licy, and the interference 
requirements. The latter are determined by ATC rules, but only apply 
to IFR traffic. If some crossing runways are used primarily by VFR 
aircraft, or if many aircraft are able to turn off before an intersection, 
then throughput obtained from DELCAP runs without interference rules in 
effect would more closely represent the actual situation. As has been 
nDted above, care must be taken in defining the operating policy. 
Throughput for a mix containing 5 percent heavies for wide parallels with 
alternating operations on both runways is 113, while that for wide 
parallels handling pure operations is 78. Depending on the actual 
sequencing of operations on the two runways, almost any value between 
these two extremes can be obtained. Therefore it is necessary to be very 
careful in defining the operating policy to insure that the DELCAP runs 
model the particular situation desired, and it is strongly advisable 
to try a variety of policies if there is any question as to which is 
most applicable. 

The DELCAP simulation as now constituted assumes interlanding spacings 
of at least 3, 4 or 5 miles as well as fixed and constant runway occupancy 
times, assumptions which are unrealistic. However, the validation 
indicates that not much additional accuracy in throughput calculations 
would be gained from (the very easy-to-implement step of) representing 
these factors in a stochastic manner. 

The exercises reported in this chapter have increased our confidence 
in DELCAP's validity for use as a tool in setting engineered performance 
standards. In the cases discussed above, DELCAP's throughputs agreed 
very well with the theoretical values calculated, using a manual process, 
by the FAA's Air Traffic Service. These theoretical values are the ones 
with which we would expect greatest agreement, since they are arrived at, 
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in the simplest cases. in much the same way as DELCAP simulates events. 
It was hoped that the validated DELCAP would be able to take over this 
calculation chore, thus avoiding time-consuming and cumbersome hand 
operations. These validation exercises have established DELCAP's ability 
to handle that task. The differences betw(~en the theoretical and modified 
standard values highlight the fact that DELCAP (or any model, for that 
m$tter) is only a tool to aid in developing the standards. Other factors 
n~t included specifically in the model, such as airport noise restrictions, 
special approach or departure route requirements, ground configurations, 
or unusual bunching of the traffic distribution, may further limit the 
sustainable traffic levels, so that two facilities with the same traffic 
mix. configuration and operating policy may not be able to sustain the 
same throughput levels even though the model would output them the same. 
Use of model outputs without careful scrutiny is never advised in any 
application, but the validation results reported above indicate that 
the outputs of the DELCAP model will fit well into the philosophy and 
process already adopted by the FAA for setting engineered performance 
standards. 
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3. VALIDATION OF MODEL'S DELAY ESTIMATES 

3.1 General Background 

In the previous section we reported a successful effort establishing 
the validation of DELCAP's throughput results. This section will document 
an effort designed to aid in establishing the validity of DELCAP's delay 
outputs. Because of problems in the definition of delay and in available 
data, the approach reported below was unsuccessful. It is described here 
to provide a further example of the operation of the DELCAP model, as well 
as a "lesson" in how.!!£! to attempt validation of delay output. 

Although the effort was unable to establish the validity of DELCAP 
delay output, it did illustrate how the model can be run with a mixture of 
scheduled traffic entered explicitly and general aviation traffic generated 
in a Poisson manner. Whereas model-computed delays were not comparable 
with actual recorded delay (measured using the difference between actual 
and scheduled operation times), the model-computed delay figures agree quite 
well with facility estimates of the delays attributable to facility operations 
on the day to which the data apply. In addition, the shapes of the delay 
curves in these two cases as they vary during the day are very similar, with 
peaks occurring at about the same times. This section ends with suggestions 
for future delay validation efforts, which would involve the collection of 
special data referring to that portion of delay attributable to air traffic 
control procedures in the the terminal areas. 

Problems associated with the definitions of capacitv and delay are 
discussed for example in [4]. Intuitivelv. the definition of "delay" 
seems clear -- to retard. to slow down. to detain -- but the crux of the 
problem lies in the Question -- retard. slow down. detain relative to what? 
Presumably there is a faster way to accomplish the activity in question, 
and delay is experienced because of not being able to do it that way. 
The commercial air passenger believes he is delayed only if he arrives 
later than his scheduled arrival time. The pilot may perceive delay 
whenever he has to wait in a queue on the ground or in a holding pattern. 
The ATC system seeks to measure ATC delays, those resulting from ATC 
procedures. but unfortunately it is difficult to separate them from those 
resulting from schedule bunching. The ATC system does not count those 
delays occurring on the ground because of airline procedures. including 
those resulting from gate assignment problems or from crew or equipment 
shortages. Path stretching procedures are not normally considered by the 
ATC system to generate "delay" but may be so considered by others. 

Thus each party of the air transport system has a different part of the 
total delay in mind when speaking of delay. The approach to delay calculation 
also matters, since whether delay occurs only during specific maneuvers or 
only because of a particular time difference (e.g. actual versus scheduled 
arrival times) affects the way it should be measured and calculated. The 
problems arising because of different definitions of delay are further com­
plicated by the need to ascribe portions of delay to different parts of the 
system. ATC delay must be separated from total delay and then be apportioned 
to the facilities involved. 
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DELCAP is oriented exclusively to the effects of terminal-area ATC, 
and the "controls" exercised over each aircraft are necessitated pre­
dominantly by the presence of ot er aircraft in the environment. Therefore, 
t'he definition adopted for delay in DELCAP is the difference between the 
tUne to execute a maneuver in the presence of other aircraft and a 
nominal value of the time to execute that maneuver with no other aircraft 
involved. The DELCAP-computed delay includes only that portion of an 
aircraft's total delay occurring while under control of the terminal 
facility being modeled. It incl des delay caused by airside operations, 
but not by ground operations, with the exception of those occurring on 
the runway surface. These restrictions ensure that DELCAP-computed delay 
refe~ tD only that part of the ATC system, the terminal area, for which 
it is desired. 

While this definition is a quite straightforward way to model delay, 
i9 physically meaningful, and corresponds correctly to the "terminal-area 
ATC" level of analysis for which DELCAP wa,S conmdssioned, it does not 
correspond to any current operational definition. Thus, in order to 
validate DELCAP's delay figures it will be necessary to mount a special 
data collection effort. The characteristics of such an effort are de­
scribed below in section 3.6. 

It was recognized early in the DELCAP-delay validation work (and 
indeed noted earlier when describing future work in [1]) that there would 
be difficulties in comparing the data on delay available from the Scheduled 
and actual operation times with the delays measured by DELCAP. Despite 
these anticipated problems, it was decided jointly with the FAA to continue 
on and to learn as much as possible using these data, which were the 
only ones available in time Without a special data collection effort. 
Even if the analysis of delay output showed inconsistencies, the exercise 
wpuld allow testing DELCAP ina mode discussed previously but not actually 
r,~n: mixing scheduled and stochastic types of traffic input. 

In the past, DELCAP has been run on a variety of runway configurations 
representing several of the nation's busiest airports, but each of these 
efforts used traffic descriptions concocted from general knowledge of the 
traffic levels expected at the facility. The exercise described below 
uses actual traffic for LaGuardia Airport (LGA) for Friday, October 25, 1974. 
The facility reported good weather conditions that day and "no delays" (Le. 
no aircraft delayed more than 15 minutes). This includes only delays 
occurring while aircraft are in a holding pattern or a ground departure 
queue. Other factors contributing to passenger-experienced longer trips, 
such as path-8tretchin~. alternate routing, airline gate delays. or equip­
ment problems. are not included in such estimates. Some of these factors,- in par­
ticular path-stretching, do contribute to the DELCAP-computed delay figures. 
The LGA facility reports only delays occurring while the arriving or 
departing aircraft are under its control, specifically while they are in 
the facility's holding pattern or queues. 

~, .. 
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LGA handled 939 operations, of which 715 were air carrier operations 
and the rest were mainly general aviation, with a few non-scheduled 
suburban carriers included. The runwav configuration for LGA is deoicted 
in FiQure 3.1. 

22 

4 

FIGURE 3.1 

Runway Configuration for LGA 

Most of the time the airport is operated with landings on one of 
the runways and takeoffs on the other, with runway-directions depending on 
wind direction. A more detailed description of the input data for the 
DELCAP run of LGA is given below. 

3.2 Traffic Input Data 

Traffic data for LGA are available from two sources: scheduled 
operations from the Official Airline Guide [3] and actual operations from 
CATER* data. The Airline Guide schedule data were provided to us by 
the FAA from a printout of the FAA's Airport Information Retrieval System 
(AIRS) program, which extracted the data in a form convenient to use in 
this effort. A sample of this data appears in Figure 3.2. Arrivals and 
departures were listed separate~y, sorted by departure or arrival time. 
Ten minutes had been subtracted from arrival time (added to departure time) 
to allow for the difference between gate time and touchdown (start-of-roll). 
The data include the flight identification, the operation time (touchdown 
or start-of-roll), the aircraft type, and additional data giving origi­

*CATER , Collection and Analysis of Terminal Records, has been instituted at 
the three large New York airports (LaGuardia, Kennedy and Newark), and under 
it data are relayed to Washington concerning each operation at any of the 
airports as well as meteorological conditions. 
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FIGURE 3.2 

Sample Schedule Data 
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nating (or terminating) air route control center and flight time. Flight 
Ih's with the symbol < as final character belong to Eastern Airline's 
shuttle flights and may represent several actual aircraft for each flight 
bl~ause of extra sections. Aircraft types represented in the example 
ill Figure 3.2 include Fokker Friendship Turbo-prop F-227 (TFH7) , Boeing 
727 and Stretch 727 (J727 and J72S), Douglas DC9 and Stretch DC9 (JDC9 and 
JD9S), Boeing 737 (J737), BAC III (JBll), Douglas DCIO (JDIO), and the 
Convair 580 Turbo-prop (TCJ5). All of these, with the exception of the 
DCIO (a heavy aircraft), are "category 3" aircraft types. 

A sample of the CATER data on actual ,flight operations at LGA appears 
in. Figure 3.3. These data are taken from flight strips and transmitted 
daily via teletype from New York to WashinGton. Touchdown and start-of-roll 
t:.lmes are recorded for all operations at tae three New York airports (LGA), 
JFK and EWR). Data recorded include the date and time of each operation, 
the flight identification, the aircraft type, the user category (Air carrier, 
~eneral aviation, or ~uburban), arrival or departure designator.IFR or VFR 
dtstinction, the runway on which the operation occurred. and gate departure 
time for takeoffs. In addition to these traffic data. the CATER printout 
also indicates operating policy and changes in policy as well as weather 
conditions (primarily visibility range and wind direction and speed). 
The traffic recorded in the CATER data includes helicopter operations, 
designated by aircraft type HELO and an H associated with the user type 
(AR is air carrier helicopter. for example), but only fixed-wing operations 
were included in the simulation input. 

Input from the two sources, scheduled operations and actual operations, 
was matched and discrepancies noted. The discrepancies and efforts to 
reconcile them are discussed in greater detail in Appendix F, which also 
contains a listing of the actual traffic input to the model. 

3.3 Delay Analysis of the Input Data 

For each of the 702 flights for which the data contained both a 
scheduled operation (landing or takeoff) time and an actual operation time. 
ttdelay" was computed as the difference between the two times. Figure 3.4 
records for each hour the number of aircraft whose delay fell into each 
delay category (5-minute intervals ranging from no-delay to over one 
hour's delay). In addition to the hourly delay profile for all aircraft. 
Figure 3.4 also contains separate profiles for landings and takeoffs. In 
each case 26-27 precent of all operations are delayed more than 30 minutes 
and 8-9 percent are delayed over an hour. Since the facility reported 
good weather with "no delays", these long delays must be the result of 
problems occuring elsewhere in the air traffic control system. This 
indicates the difficulties. to be described below, in attempting to use 
this delay profile for validating DELCAP-computed delays. DELCAP models 
only the LGA terminal area. and can thus estimate only that subtotal within 
the total delay which occurs within that terminal area. The delays reported 
in Figure 3.4,representing the difference between the actual and scheduled 
operation times, include many delay factors not attributable to conditions 
in the LGA terminal area. Even departures from LGA can be delayed by late 
qrrival of equipment from elsewhere. 
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FIGURE 3.4 

Delay Profiles Using LGA Input nata 
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FIGURE 3.4
 

Delay Profiles (Cont'd)
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FIGURE 3.4 

Delay Profiles (Cont'd) 
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Long delays are reported in hours 22 to 24 and 1 to 3 (or 2100 to 300 
GMT, which is 5-11 p.m. local time), with about two thirds of the departures 
and 52 percent of the arrivals scheduled for that period delayed more 
than half an hour. About 46 percent of all scheduled flights are delayed 
by more than 15 minutes. On the other hand about 15 percent of the opera­
tions were early: 11 percent of the depart~res and 20 percent of the arrivals. 
Since no scheduled air carrier can depart early, presumably the early 
departures occur in the data because of the adjustment of gate time to 
roll time. Since this adjustment involved a single time increment added 
to gate time, whereas actual taxiing time depends on gate and taxiway 
location, actual time may vary from the single nominal value by several 
minutes. This could cause an aircraft to be listed as departing early if 
tnat aircraft actually required less taxiing time than the nominal figure. 

3.4 DELCAP Input 

In addition to the scheduled traffic input to DELCAP shown in Appen­
dix F, general aviation traffic was also included. Table 3.1 displays the 
hourly general aviation traffic levels actually maintained on October 25. 
Scheduled traffic was supplied to the model directly as an exogenous* input 
through the exogenous event routine XGEN, while a representation of general 
aviation traffic was generated randomly by event routine GEN according to 
Pois on distributions with the hourly operation rates from Table 3.1 as 
means. All general aviation traffic was assumed to be aircraft type 2 
(light aircraft). 

The runway configuration for LGA is shown in Figure 3.1. Figure 3.5 
gives the preprocessor output resulting from the LGA input. "Runway I" is 
runway 04. "runway 2" is runway 13, "runway 3" is runway 22, and "runway 4" 
1s runway 31. The initial operating poliey allows landings and takeoffs to 
alternate on runway 3 (22). Changes in policy are input exogenously through 
exogenous event routine CHGOP. The operating policies used during the run 
are given in Table 3.2. The change at 1920 -- from alternating on 3 and 
2 to alternating on 3 and 4 -- involves a direction change (runway 2 to 
runway 4), as does the change at 0250 from 3 and 4 to 1. 

*SIMSCRIPT simulations have two ways of initiating events, exogenously 
and endogenously. Endogenous events are those initiated by other events 
in the program while exogenous events are initiated by user-supplied input 
data. In DELCAP, flights may be generated by either of these mechanisms: 
stochastically by event GEN which schedules the arrival to the system of 
the next flight after the previous stochastically-generated one has arrived, 
or externally by XGEN in which the user inputs the system arrival time of 
each flight and the characteristics of that flight. 
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TABLE 3.1 

LGA General Aviation Traffic Levels By Hour 

Hour Landings 

1 4 

2 3 

3 2 

4 3 

5 15 

6 2 

7 0 

8 0 

9 0 

10 0 

11 2 

12 7 

13 10 

14 7 

15 8 

16 3 

17 4 

18 7 

19 4 

20 7 

21 9 

22 7 

23 7 

24 6 

Takeoffs Total 

4 8 

3 6 

7 9 

2 5 

4 19 

12 14 

0 0 

0 0 

0 0 

0 0 

2 4 

5 12 

8 18 

12 19 

9 17 

7 10 

6 10 

4 11 

9 13 

6 13 

15 14 

6 13 

12 19 

7 13 
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FIGURE 3.5
 

Preprocessor Output
 

THIS SIMULATION RUNS FROM 7.00 TO 7.nn 

AIRCRAFT DESCRIPTION 

TYPE SPEEDS (KNOTS) RUNWAY OCCUPANCY (S,::COt-Ir"lS) 
LANDING LI~TOF~ LANDING TAKEO~F 

1 124. 120. 55. 3:'3.
 

2 119. QO. 40. 27.
 

3 120. 1::'0. C;o. ::32.
 

TRAFFIC !")ESCRIPTION 

TYPE LANDING TAKEOFI=' 
MIX MI )(', 

1 o. o.
 

2 100. 0(1.
 

3 n. o.
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--

FIGURE 3.5 

Preprocessor Output (Cont'd) 

AIRPORT CONFIGURATYON 

NUMBER OF RUNWAYS =4
 

RUNWAY 1 ( 4 - ~O POLICY PROVIDrOI ~'OT USFO INITYI\LLV 

RUNWAY 2 (13 - NO POLICY PROVIDF:DI NOT U<;ED INITIALLY 

RUNWAY 3 (?-2 - DUAL uSE. ALTERNI\TTN~ OPEPI\TTONS 

RUNWAY 4 (31 - ~O POLICY PROVIDFDI NOT U~~D TNITI.LLY 

RUNWAYS 4 ANn 13 YNTERsrCT AT A POINT 4900. FE~T ~ROM T~F 

END OF RUNWAY 4 AND 1050. FEET FpOM TH( END OF R NWAY 1 • 

RUNWAYS 4 AND 31 INTERSECT AT A POINT 4900. FEF.T ~ROM THF 
END OF RUNWAY 4 AND 5950. FEFT FROU TH~ ~NO OF R INWAY ~1 • 

RUNWAYS 13 AND 2~ INTERSECT AT A POTNT 1050. FEFT FRO~ THF 
END OF RUNWAY 13 MID 2100. FEET FpOM TH~ J::NI'" OF RlINWI\Y::>2 • 

RUNWAYS 22 AND 31 YNTERSECT AT A POINT 2100. FFET F'F~o~ THF" 
E D OF RUNWAV 22 AND 5950. FEET FPOM THF: ENn OF RUNWAY 31 • 

RUN:NAYS 4 AND 13 ARE SEMI-DEPF:Nr"ENT -
SIMULTANF:OlJS ARRIVALS ARE °RI1HIBITrn 

RUNWAYS 4 AND 31 ARE «;fMI-DEPrNr"ENT -
SIMULTANrouS ARRIVALS ARE PROHIBITrD 

RUNWAYS Ij AND 22 ARE 5E'JI! -DE PEN ""'lENT ­
SIMULTANF:OUS ARRIVALS ARE OROHIBITF"O 

RUNWAYS 22 AND 31 APE SEMr-DEPENr'\ENT ­
SIMULTANFOUS ARRIVALS ARE PROHIBITro 

- 47 ­



FIGURE 3.5 

Preprocessor Output (Cont'd) 

FRACTION OF' LANDINGS OF' EI\CH TYPE O~I FAf-H QIJt~WAY 

1 ( 4 2 (13 :3 (;>2 
TYPE 

1 .0000 .ooon 1.nooo .onon 
2 
:3 

.onoo 

.0000 
.0(')00
.onol) 

1.0000 
1.000n 

.ooon 

.onon 

F'RACTIOt--J OF' TAKEOF'F'C; OF' EI\CH TYPE O~' tACH "mJWAY 

RUt--INAY 1 ( 4 2 (13 :3 (22 4 ( ~1 

TYPE 

1 .0000 .onon 1.0noo .ooon 
~ 

:3 
.0000 
.nooO 

.onoo
•(H'lon 

1.0non 
1.0000 

.nnon 

.onon 
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TABLE 3.2 

Operating Policies for LGA, by Hour 

Time	 Policy 

0400-1025	 Alternate landings and takeoffs 
on runway 3(22). 

1025-1920	 Alternate a landing on 3(22) 
with a takeoff on 2(13). 

1920-0250	 Alternate a landing on 3(22) 
with a takeoff on 4(31). 

0250-0400	 Alternate landings and takeoffs 
on 1(04). 
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Standard aircraft-type data as shown in Figure 3.5 were used, with
 
type I being heavy jets, type 2 being light aircraft, and type 3 being
 
category 3 aircraft, 1. e. medium size jets and large propeller aircraft.
 

3.5 DELCAP Output 

Summary output from the DELCAP run of the LGA data is shown in 
Figure 3.6. Since the general aviation traffic was entered stochastically, 
it is not surprising that the DELCAP traffic total (934) is slightly lower, 
by about 0.5%, than the actual total (939). Each average hourly throughput 
figure is obtained by dividing total throughput for that runway and operation 
type by the time within the hour during which the runway aecepts that opera­
tion. If the time period is not a busy one or if it includes a long time 
during which no operations occur, the average hourly throughput may differ 
greatly from that for a typical hour with more traffic. The average 
:hourly delay is computed similarly, by dividing the sum of the delays 
suffered by all aircraft of the appropriate operation type on the runway 
in question by the time period over which that runway accepts that operation. 
The delay is thus the hourly average of all the aircraft delays for air ­
·craft that landed (or started to roll) in the time period in question. 
(Delay is recorded at touchdown or start of roll, so that a delay which
 
actually occurred before a change of policy may be recorded after the
 
change. )
 

The DELCAP delay profile is given in Figure 3.7. This also is 
standard DELCAP output whenever the delay output option is selected. Only 
66 aircraft, about 7 percent of all operations, had delays of more than 
fifteen minutes, which agrees fairly well with the facility estimate of 
"no delay" (since the facility records only delays of more than fifteen 
minutes). Over half of all operations (57 percent) suffered less than 
5 minutes delay. Peak delays occurred during hours 15 (10-1.1 a.m.) and 
22 (5-6 p.m.), which agrees well with the peak traffic hours of 14 and 23. 
Regarding LGA as it is operated during busy periods as a pair of V-shaped 
intersecting runways, operated with landings on one and takeoffs on the 
other, the capacity of the airport should be about 75 operations per 
hour (from Table 2.5). Thus the highest traffic input (69 operations in 
an hour) is less than the airport capacity, but some delay results none­
theless, since the times at which aircraft desire service are bunched 
instead of being evenly spaced. For instance, 42 percent (8 out of 22) 
of the departures in hour 1 are scheduled to depart at exactly 0000, 
clearly a situation making delay inevitable. Arrivals to the terminal area 
are not as bunched as departures, and even when several have the same 
scheduled arrival time, their prior processing by the air traffic control 
system tends to space them apart more than the schedule wou1.d indicate. 
This may explain in part why average takeoff delay per aircraft in Figure 3.6 
is greater than the average landing delay, even when the nunmer of landings 
exceeds the number of takeoffs. 
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FIGURE 3.6 

DELCAP Summary Output 
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FIGURE 3.6 
DELCAP SU1llllary Output (Cont'd) 
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FIGURE 3.6
 

DELCAP Summary Output <Cont'd)
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FIGURE 3.7 

~E~AP Delay rrotile 
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Table 3.3 gives a detailed trace of the various events in the 
operation of several aircraft. During this time period, landings on 
runway 3(22) were alternated with takeoffs on runway 2(13) whenever 
possible. An option in the DELCAP model has been developed which prints 
out the times of various events in a slightly different format, arranged 
by time of occurrence rather than flight, and with an internal flight 
identification number instead of the actual flight number. In Table 3.3 
we have arbitrarily assigned the general aviation flights tail numbers 
NOOOI to N0005 for convenience. Figure 3.8 displays the same output 
(loIith two additional flights at the end) directly as it comes from the 
computer. It should be noted that in the computer output flight identi­
fication numbers may be repeated after an aircraft lands or takes off, 
although at anyone time the number refers to only one aircraft.* Examples 
are flight ID's 18199 and 18203 in Figure 3.8. It will also be noted that 
because of roundoff procedures the times at which flights enter the 
simulation may be printed. as.far instance, 15.09.59 rather than 15.10.00. 

These detailed printouts can be used to aid in evaluating the delays 
given by the DELCAP delay profile as well as to ascertain how the model 
actually treats the various operations. fuch analysis of the internal 
procedures of the model is itself a valuable step in establishing model 
validation. 

One comparison of the distribution of "total delay" as actually 
occurring (from Figure 3.4) with DELCAP-computed delay (from Figure 3.7) 
~s given graphically in Figure 3.9, which shows the cumulative frequency 
distribution for the two sets of "delay" figures. Only a quarter of 
actual operations experience either no delay or delays of less than 5 
minutes, while well over half (57 percent) of the simulated operations 
fall into this category. All simulated aircraft experience less than 
25 minutes delay while only 68 percent of the actual operations do so. 
Thus there is very little agreement between simulated and actual delays. 

This discrepancy can mean one of two things: either the model does 
not correctly model delay and is erroneous, or else the data are inappro­
priate for this particular analysis. Even before the simulation was run, 
analysis of the input data delay profile in Figure 3.4 indicated diffi­
culties in using the actual versus schedule operation time data as a 
basis for terminal delay estimates. The LGA tower facility had reported 
"no delays" on a day in which over one quarter of the operations were 
actually delayed more than half an hour, with 8 to 9 percent delayed more 
than an hour. Clearly this is possible only if the delays occurred else­
where. The 59 operations delayed over an hour would certainly have com­
plained about incurring such delays at a facility having no problems 
~ith runways, weather or unusually high traffic levels, lending further 
credibility to the supposition that most of this delay did not occur at LGA. 

*This is done for efficient computer storage of flight information. 
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TABLE 3.3
 

ExampleQ£ the Detailed T~e of Simulated Operations 

FLT ID RW TYPE TIME 
ENTERS 

LANDING TIMES TAKEOFF TIMES 

OUTER 
MARKER 

TOUCHDOWN TURNOFF ROLL LIFTOFF 

NOO01 3 2 1508.11* 1512.30 1515.22 1516.02 -­ - ­
UA0450 3 3 1510.00 1518.14 1521.05 1521.55 - ­ -­
AA0221 3 3 1511.00 1519.44 1522.35 1523.25 - ­ -­
DL1904 2 3 1512.00 - ­ - ­ 1519.49 1520.21 

NOO02 3 2 1512.45 1521.15 1524.07 1524.47 -­ - ­
M.0606 3 3 1515.00 1526.30 1529.21 1530.11 - ­ - ­
DL0709 3 3 1515.00 1528.00 1530.51 1531. 41 -­ -­
NOO03 3 2 1517.38 1529.31 1532.23 1533.03 -­ - ­
NOO04 2 2 1520.13 - ­ -­ - ­ 1528.03 1528.30 

NOO05 2 2 1520.42 - ­ -­ -~ 1529.32 1529.59 

AA442 2 3 1522.00 - ­ -­ - ­ 1531.02 1531. 34 

TW0314 3 3 1522.00 1531.02 1533.53 1534.43 -­ -­

VI 
0' 

*Time appears as hour, minutes and seconds, so that. for example, 
1508.11 is 8 minutes and 11 seconds after 1500 hours. 
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FIGURE 3.9 
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The long delays occur late in the day and landing delay peaks before 
takeoff delay, leading one to speculate that the takeoff delays are 
caused in part by delayed arrivals of an aircraft needed for a later 
departure. Arrival delay, computed as scheduled minus actual arrival time, 
clearly includes all delays occurring during the whole flight, whether 
caused by air traffic control (ATC) factors or something else (equipment 
malfunction, for example). Takeoff delay will not contain ATC delays 
fl~om other sectors for this flight, but may be affected by delays to an 
earlier flight using the same aircraft, and may also include (non-ATC) 
delays due to equipment, crew and gate problems. Thus even before the 
simulation was run, there was doubt as to the likelihood of any agreement 
of the actual delays with the simulation output delays, which represent 
ATC delays only in the LGA terminal area. Once the simulation output 
became available, these fears were realized as displayed in Figure 3.9. 

Although the delay profiles were quite different, their "shapes" 
a)pear similar; that is, as delay varies over the day the actual and 
the DELCAP-computed delays peak or fall at the same times. To test this 
hypothesis, i.e. that the distributions have the same general shape, the 
number of flights actually dela~d excessively in each hour are compared in 
Table 3.4 with the corresponding number oE flights with excessive model­
computed delays. For the actual delay dat~ excessive delay is taken to 
m~an more than 15 minutes; for the simulat~d flights delays of 5 minutes 
or more were considered excessive since few flights were delayed in DELCAP by 
more than 15 minutes. Observations in the two columns were ranked separately, 
ald these rankings compared by hour using the Spearman rank correlation 
coefficient,* whose value was .725, significant at the .001 level. This 
means that the probability of getting such agreement of two rankings by . 
chance alone is less than .001. Clearly some correlation between the two 
distributions is to be expected since they both depend on the same 
traffic input, but the level of significance is high enough to indicate 
greater agreement than one would expect from this fact alone. 

Although, as the discussion above indicates, the LGA exercise has 
shown the inadequacy of the particular data base used, it has been included 
in this report because that type of data base is the one most often 
suggested for delay validation and the one most obvious to those not 
directly involved in modeling. Elucidation of the problems associated 
with this approach will perhaps aid others involved in similar efforts by 
providing a concrete example of the difficulties. Since the "scheduled 
versus actual operation time' data base is inadequate to validate the 
~ELCAP delay calculations, we will include below a description of a data 
base, together with directions for its collection, which we believe would 

*For a further explanation of this statistic and its use see Sidney Siegel, 
Nonparametric Statistics for the Behavioral Sciences, McGraw-Hill, New York, 
1956, pp. 202-213. 
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TABLE 3.4 

Number of Flights Delayed Excessively in Each Hour 

HOUR 
NUMBER 

ACTUALLY DELAYED 
NUMBER 

DELl~YED IN DELCAP 

1 47 25 

2 47 20 

3 18 1 

4 1 0 

5 4 0 

6 1 0 

7 0 0 

8 1 0 

9 0 0 

10 0 0 

11 0 0 

12 0 12 

13 3 28 

14 16 50 

15 15 33 

16 3 13 

17 6 11 

18 7 5 

19 7 6 

20 11 30 

21 20 57 

22 34 68 

23 37 31 

24 44 17 
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be adequate for that task. The internal trace output can be used to 
better understand the internal operation of DELCAP, and thus acts as a 
beginning delay validation, but in the absence of the type of data base 
described below the validity of delays calculated by DELCAP is not yet 
demonstrated. It should be remembered, however, that DELCAP throughput 
output has been validated for use in setting engineered performance stan­
dards by the exercises reported above in Section 2. 

3.6 Data Required for DELCAP Delay Validation 

The delay measured by the DELCAP model includes (as intended) only 
that delay incurred by an aircraft in the terminal area being modeled, and 
incurred because of separations required between aircraft. The delay is 
calculated as the difference between the ruinimum time for an aircraft to 
execute the maneuver in question (fly from handoff to the outer marker, 
make its final approach, land, and exit the runway -- or request clearance, 
exit from the gate, taxi to the departure runway, start its roll and liftoff) 
and the time it actually takes in the presence of other aircraft. 

Instead of scheduled arrival and departure times, the model needs 
actual handoff and departure-request times. Using these will overcome 
the problem of including delays occurring elsewhere, by capturing just 
that portion of a flight arising within the terminal area in question. The 
,actual handoff times will spread out the arrivals from the artificially 
bunched scheduled arrival times, thus reflecting the effect of the ATC 
system in smoothing out schedule bunching. The use of gate-departure 
request time will avoid contaminating th~ an~lysis with the results of 
late equipment arrivals, equipment problems and other non-ATC-caused 
delay factors causing late departure requests. 

The actual handoff and gate request times could be obtained by station­
ing people in the tower and monitoring the appropriate positions, recording 
the times and flight numbers. It would also be necessary to record actual 
:touchdown and start-of-roll times for each flight. These data could be 
obtained in a-similar manner from the tower in good weather, if the tower 
is situated so that the runway is visible. Monitoring the appropriate 
approach or departure position would provide the flight 10, but visual 
recording of touchdown and start-of-roll time would be required. These 
data could in principle be obtained as part of some other airport data 
collection effort. 

Such data would allow an analysis of terminal-area ATC-specific delays, 
and comparison of the delays output by the model with actual delay of the 
type the outputs are supposed to represent. (However, one major risk of 
discrepancy remains. Path-stretching procedures may be used by facilities 
without the additional flying time contributing to facility-computed delay, 
while that time would contribute to DELCAP-calculated delays. We emphasize 
again the necessity for comparisons based on the same definition and measure 
of "delay".) 
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The analysis would focus on the comparison of DELCAP delays with 
delays calculated as the difference between the actual opera':ion time 
(handoff to touchdown, or departure-reques't to roll) and a m:lnimum 
time for that operation. Ideally, this input data set would allow a 
f:Light-by-flight comparison (using DELCAP'G detailed trace procedure) of 
actual and simulated events. In addition, comparison of delay profiles 
could be used to assess overall performance. It is this latter that is 
UXOst critical for future application of the model, and discn~pancies in 
ihdividual flight behavior are less important than is absence of overall 
blas or other systematic errors. 

If DELCAP-computed delays are to be used in further analyses of the 
ATC system, there seems no choice but to evaluate these delay outputs using 
data obtained in the manner outlined above. Such a procedure is not 
necessary for further use of the model's throughput values, since the 
exercises reported in Section 2 have demGnstrated the validity of that 
output for use in the en~ineered performance standard program. 
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4. CONCLUSIONS
 

The DELCAP simulation model is an existing analysis tool which has
 
proven useful in aiding the setting of engineered performance standards.
 
lt has been operated both on the UNIVAC 1108 at NBS and on a CDC computer
 
chosen by the FAA, and has been run both by its designers at NBS and by
 
r'AA personnel.
 

We have reported in Section 2 the results of a validation of DELCAP­
produced throughput levels for use in FAA's EPS program. This analysis 
included an examination of DELCAP outputs for five different configurations 
{a single runway, two pairs of intersecting runways with different place­
ments of the intersection, a pair of close parallel runways, and close 
parallels with a crossing runway) representative of the configurations 
most commonly found at major terminals*, and for three or four operating 
policies for each configuration. The tests included three arrival/departure 
mixes, and the operating policies were chosen to apply to the appropriate 
mixes. Each configuration and policy was run on each of three different 
aircraft-type mixes, distinguished primarily by the fraction of heavy 
aircraft in the mix and ranging from 5 percent to 50 percent heavies. 
Comparison of the model results with FAA-computed values at 5 airports, 
~overing 7 configuration/policy combinations, was carried out. The DELCAP 
values were within 5 to 6 percent of the FAA-computed values in all cases 
but one, and were within 10 percent in that case. Thus the DELCAP model 
has been accepted as a good substitute faT the manual procedure developed 
by the FAA, and because of its ease of use and flexibility, it can extend 
and enhance the FAA's analyses in the program. 

The LGA exercise reported in Section 3 demonstrated the model's 
ability to simulate actual scheduled traffic together with randomly gener­
ated general aviation traffic and to measure delays from these operations. 
Inasmuch as the data presently available are insufficient to isolate delay 
occurring in the portion of the ATC system DELCAP was designed to model, 
we are unable to validate DELCAP's delay outputs without a further data 
collection effort. Such an effort, involving collection in a terminal 

.area of handoff and request-to-depart times as well as actual operation 
times, is described in Section 3. The "delay validation" exercise has 
highlighted the importance of insuring that definitions of delay are the 
same, since there are many different definitions of this complex concept. 
Although DELCAP's delay values could not be validated because of these 
data problems, model output agreed well with facility estimations of delay 
and the time distributions of delay (actual versus DELCAP) were similar. 
These results give a preliminary indication that DELCAP-computed delays 
may indeed be useful for analyses, an indication which can only be checked 
by further efforts. 

The exercises reported in Section 2 indicate that the DELCAP model 
'is most sensitive to operating policies. Since different operating policies 
are optimal for different arrival/departure ratios, this factor also 
greatly affects model output. The model is also quite sensitive to runway 
*We note again that wide parallels are effectively two independent single
 
runways.
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configuration. particularly to the number and the independenee (or inter­
dependence) of the runways, but the location of an intersection and the 
difference between close parallels and an intersecting pair of runways 
have only minor effect on throughput. Aircraft-type mix has less effect 
on throughput than do operating policy and major configuration differences, 
hut it is still an important factor. Separations, too, have an effect 
on the throughput, but reduction of all separations to three miles or 
less (for a dual-use single runway) has less effect than one might expect. 
(Despite the reduction in minimum inter-landing separation, landing air ­
craft must be separated by more than three miles in order for takeoffs 
to occur between landings.) Other factors affecting sensitivity include 
approach speeds and runway occupan~y times, but for the ranges occurring 
at the busier airports, the model is less sensitive to these than to the 
other factors given above. 

DELCAP is a tool whose usefulness and validity have been demonstrated 
for application in the Engineered Performance Standards Program. It 
may also be useful for other analyses, but care should be exercised 
that the model is appropriate and that the validations like those described 
in this report be performed and include the types of scenarios to be 
represented for that application. In order to use the delay figures output 
by DELCAP, further validation -- requiring a special data collection 
effort such as that suggested in Section 3.6 -- will be necessary. Pre­
liminary indications from the LGA exercise reported above, suggest that 
such an effort would be successful. 
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APPENDIX A 

CHANGES AND ADDITIONS TO DELCAP 

During the course of the validation effort reported in this document, 
modifications were made to DELCAP and its preprocessor in several areas: 
output, separation criteria, random number generator, operating policies, 
changes in operating policy, and standard preprocessor inputs. Several 
criteria were used in deciding which of a number of plausible changes 
should be implemented, and first among these was the preservation of the 
nELCAP design philosophy, that the model should remain easy and inexpen­
uive to operate. A second factor was the benefit expected to accrue and 
the priority of need for that change in the Engineer~d Perfor~nce Stan­
dards Program. The changes chosen for implementation are described below. 

A.I Modifications in Output 

DELCAP is expected to operate under two scenarios: one to compute 
airport maximum throughput (capacity) and the second to compute delay 
resulting from a particular demand profile. Since delay output would 
be meaningless under the first scenario, the user now has the option 
of suppressing delay output for runs under this scenario. Current 
output formats have been modified so that the number of characters 
per line is less than 72, permitting output to fit on most terminals. 
putput now consists of actual throughputs and average delay per 
aircraft for each hour, separately for landings, takeoffs and total 
operations, separately by runway. Summary statistics at the end of a 
run provide for each runway -- separately for landings, takeoffs and 
~:otal operations -- the total throughput for the run, average hourly 
throughput, average total hourly delay, and the delay profile. Illustrative 
preprocessor and simulation outputs are shown in Figures A.I and A.2. 

In addition to throughput and delay information, DELCAP prints the 
final random number seed for use in subsequent runs. (See below for a 
more complete description of the random number generation process.) 

Average hourly statistics (throughput or dela~ are computed for 
each runway based on the time period within that hour during which the 
runway opera ing policy handles the operation in question. It should be 
noted that when periods of low traffic levels are averaged with busy periods, 
average throughput levels may appear much lower than customary throughput 
levels. In this case, hourly throughputs may be more appropriate and the 
user may wish to compute (off-line) separate average throughput levels for 
different time periods. The delay profile appears at the end of simulation 
output whenever delay output is called for. The profile shows the number 
of aircraft in each delay interval for each hour of the day. Delay is 
recorded for each landing at touchdown and for each takeoff at start 
of roll, so that the delay recorded to aircraft in a particular hour may 
include delays occurring in a previous hour. The figures thus describe 
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FIGURE A.I 

~~1e pTeproee~~~~_Output 

THIS SIMULATION RUNS FROM 2.00 TO 22.00 

AIRCRAFT DESCRIPTION 

TYPE SPEEDS (KNOTS) RUNWAY OCCUPANCY (SECOND~) 

LANDING LIFTOFF L~NDING TAKEOFF 

1 124. 120. 55. 3~. 

2 119. gO. 40. 27. 

:3 120. 1?0. 50. 3::>. 

TRAFFIC DESCRIPTION 

TYPE LANDING TAKEOFF 
MIX MIX 

1 5. 5. 

2 17. 17. 

.3 7A • 78. 

AIRPORT CONFIGURATION 

NUMAER OF RUNWAYS = 2 

RUNWAY 1 (15 ) - OPERATED WITH RUNWAYS 2 
OPERATION SEQUENCE 
DEPART ON 1 ARRIVE ON 2 

RUNWAY 2 (18 ) - OPERATEO WITH RUNWAYS 1 
OPERATION SEQUENCE 
DEPART ON 1 ARRIVE ON 2 

RUNWAYS 15 AND 18 INTERSECT AT A POINT 2000. FEET FRO~ THE 
END OF RUNWAY 15 AND 2000. FF.ET FROM THE END OF Rl/N\oJA Y 1A 

RUNWAYS 15 AND 18 ARE SEMI-OEPENDENT ­

SIMULTANEOUS ARRIVALS ARE PROHIRITEn
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1 

FIGURE A.I 

Sample Preprocessor Output (Cont'd) 

Fkf,CTIOf.l nF L/\JiU!i"GS OF v/\,CH TYPr: (;or! f-~I\CfJ PUW'I\Y 

I: I Ihl '. 1\ Y ( J ,~J. ? ( 1 1\TYI't
 

.POO()
 1. (1()()U
? .1lOOn lonnnl):: .Oono 1 • () n 0 L 

iiurH__ f,y 1 ( 1 ~) '2 ( I f\TYPl: 

1 I.Onon .nono 
I.UODO 

j 
? 

.ono/!l.noon .000u 
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FIGURE A.2
 

Sample Stmulation Output
 

HOUR RUNWAY 
HOURLY THROUGHPUT 

LANDINGS TAKEOFFS TOTAL 
HOURLY DFLAY PER "JRCRAFT 
LANnTNGS TAKFOFFS ALL 

3 1 0 36 30 O. ~.9 3.9 
2 37 0 37 3.4 n. ~.4 

4 1 0 30 30 O. R.4 A.4 
2 30 0 30 2.4 n. ::>.4 

5 1 0 3R 38 O. S.4 S.4 
2 37 0 37 4.9 n. 4.9 

b 1 0 30 30 O. 14.6 14.6 
2 30 0 30 2.5 O. ?5 

7 1 0 2A 28 O. 2Q.5 ?Q.C; 
2 29 () 29 3.7 n. "!I.7 

b 1 0 37 7 O. 44.6 44.0 
2 36 n 36 4.9 11. 4.Q 

9 1 0 3C::; 35 O. 41.2 41.2 
2 35 0 35 7.0 O. 7.0 

10 1 0 :n 37 O. 3:'1.1 "':'\ • 1 
2 37 () 37 6.1 n. 6.1 

11 1 0 ;:>9 29 O. 2.7.2 ;:>7.2 

12 
2 
1 

26 
0 

f) 

31 
26 
31 

3.9 
a• 

O. 
4' .8 

".q 
41.8 

2 31 () 31 4.0 O. 4.0 
13 1 0 37 37 O. 47.3 47.3 

2 37 I) 37 13.2 n. '~.2 
14 1 0 37 37 O. 44.5 44.5 

2 37 I) 37 20. Q n. :>0.9 
1!) 1 

2 
0 

37 
3f> 

0 
36 
37 

n. 
20.' 

3("1.6 
() . "9.6 

?6.3 
16 1 0 3A 38 O. 36.0 ~6.0 

2 37 () 37 1q • ., n. 1Q.S 
17 1 0 39 39 n. 3'~. S ~4.l; 

2 39 0 39 19.9 O. 'Q.9 
18 1 0 31 31 O. 21~. 2 ~4.2 

2 31 0 31 13.4 O. n.4 
1Y 1 0 34 34 O. 3n.1 36.1 

2 34 0 34 7.9 O. 7.Q 
20 1 0 36 36 n. 20.6 ;>0.6 

2 36 n 36 12.1 O. 12.1 
21 1 0 3" 38 O. R.2 A.2 

2 38 0 3A 15.1 n. 1C:;o1 

22 1 0 ~3 33 I) • ?7 ?.7 
2 36 0 36 17.1, O. 17.6 

FINAL RANDOM NUMBER SEEO 360575540052
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FIGURE A.2 

Sample Simulation Output (Cont'd) 

SUMMARY REPORT FOR THIS RUN 

TOTAL THROUGHPUT 

RUNWAY OPERATIONS PERFORMED 
LANDINGS TAKEOFFS TOTAL 

1 o 690 690 
2 690 o 690

TOTAL 690 690 1380 

AVERAGE HOURLY THROUGHPUT 

RUNWAY OPERATIONS PERFORMED 
LANDINGS TAKEOFFS TOTAL 

1 o. 34.5 
2 34.5 o.

TOTAL 34.5 34.5 

AVERAGE HOURLY DELAY 

RUtJWAY DFLAY (MINUTES) 
LANDINGS TAKEOFFS TOTAL 

1 o. 946.4 946.4 
2 374.4 o. 374.4

TOTAL 74.4 946.4 1320.8 

, 
) () / 

/. 
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FIGURE A.2 

Sample Simulation Output (Cont't) 

rELAY PROFILr:: - ~Jl)lo\q":R OF AIRCRAFT I~' EAC:H N'"LAY CATFr.CRY AY HOUR 

HOUR 1.0 DELAY 00-0'5 0')-11'1 
""'INUTES "FLAYFD 

11-15 15-20 20-2'5 2<;-31'1 30-:35 35-40 4()-4') 4'5-50 51'1-55 55-61) ovrp 60 

-..J 
>-' 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
] 5 
16 
17 
18 
19 
20 
21 
22 
23 
24 

TOTAL 

G 
0 

52 
33 
45 
25 
20 
11' 
15 
16 
14 
20 

0 
0 
0 
0 
[1 

13 
7 
9 
3 

29 
n 
(1 

31':J 

0 
0 

21 
15 
29 
10 

9 
11'\ 

6 
18 
11 
11 

I') 

0 
(1 

I) 

0 
1 

16 
10 
26 

7 
n 
I) 

214 

1) 

n 
0 

12 
1 

11 
0 
0 

1u 
:3 
1 
f) 

1'3 
1 
I) 

1 
(1 
') 

1" 
18 
23 

6 
') 
') 

124 

0 
0 
0 
a 
0 
R 
3 
0 
0 
0 
0 
0 

13 
16 

0 
19 
20 

9 
1 

13 
19 
13 

0 
Li 

134 

0 
I) 

0 
0 
0 
h 
R 

0 
IJ 
2 
4 
C 
0 

15 
I 1 
16 
19 
21 

G 
:3 
n 

14 
(1 

(1 

11° 

1'1 
n 
0 
n 
i; 

0 
3 
n 
1'1 
7 

21 
n 
n 
<; 

2". 
? 

1" 
n 

jr' 

[1 

n 

" (\ 

1'\0 

0 
0 
0 
0 
0 
0 
:3 
0 
3 

13 
4 
1 
a 
0 

22 
14 
22 

3 
14 

9 
c 
0 
0 
0 

108 

(1 

n 
(\ 

0 
0 
0 
E\ 
:3 

12 
1" 

0 
10 

0 
4 
1 

24 
15 

0 
18 

0 
(1 

0 
(1 

(l 

11 (1 

I) 

I) 

n 
I) 

0 
I) 

3 
13 

9 
0 
0 

n 
p 

12 
1 
0 
0 
0 
2 
n 
n 
(1 

0 
I) 

1)1 

(1 

0 
(1 

0 
(1 

n 
n 

21 
11 

0 
(1 

7 

21 
20 

1 
(1 

(1 
(1 

r 
(1 

n 
n 
r 
0 

III 

0 
(1 

0 
0 
0 
0 
0 
1'1 
0 
I) 

0 
f) 

R 
1 

10 
l) 

0 
n 
0 
(1 

0 
I) 

(1 

n 
19 

[1 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
;:> 

n 
0 
0 
0 
0 
0 
0 
(1 

0 
2 

n 
n 
1'1 
(1 

" (1 

n 
1'1 
1'1 
1'1 
1'1 
n 
n 
n 
n 
n 
0 
n 
n 
n 
0 
n 
n 
0 
n 

n 
0 
f) 

n 
f) 

1'1 
(1 

(1 

0 
1'1 
1'1 
n 
n 
0 
n 
n 
n 
n 
n 
n 
n 
n 
n 
n 
n 



the delay experienced by operation&Occurring (touching down or starting 
roll) in the stated hour, not the delay actually experienced that hour 
or the delay experienced by aircraft scheduled to land or take off that hour. 

A.2 Changes in Separation Criteria 

With the advent of heavy aircraft (greater than 300,000 Ibs. 
gross weight), wake turbulence problems have led to the imposition of 
separation rules requiring 5 mile separation for all non-heavy air­
craft landing following a heavy, and 4 mile separation for a heavy 
following a heavy. All other a"rcraft combinations must be separated 
by 3 miles. Any non-heavy taking off behind a heavy must wait for 
two minutes after the heavy lifts off. Other takeoff separations are 
approximated in DELCAP by requiring that the second aircraft wait 20 
seconds after the first lifts off. This eliminates all references 
to whether aircraft diverge or not and all necessity for treating 
departure paths. Other landing and takeoff separations may be input 
if it is so desired, but the revised DELCAP allows separation to depend 
only on the types of aircraft involved. 

A.3 Improved Random Number Generator 

Early test runs of DELCAP indicated that the random number generator 
available in the SIMSCRIPT system did not produce a sequence of 
numbers which were statistically "random" to a satisfactory degree. 
This has been remedied with the inclusion of a random number generator 
obtained from the NBS Statistical Engineering Laboratory. This generator 
requires a starting value (referred to as the "seed"), which is modified 
each time a random number is calculated. The final seed is printed out 
by DELCAP and can be used to start other runs. The sequence of random 
numbers produced depends entirely on the seed, so that runs can be 
replicated by using the same seed and on the other hand different 
traffic samples can be obtained by using different seeds. The seed is 
input and output as a 12 digit octal number. 

A.4 Modifications in Operating Policy 

The initial version of DELCAP allowed 4 different operating policies: 
landings only, takeoffs only, mixed operations where landings take 
precedence, and mixed operations in which landings and takeoffs alternate. 
To allow a more flexible sequencing procedure DELCAP was modified to 
let the user input the desired operation sequence. The user may pro­
vide any sequence of operations (of length up to 20), and this sequence 
will be repeated for the duration of the run. 
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In the earlier versions of the DELCAP model. operating policies were 
strategies for operating a single runway only. In the course of the "through­
put validatio~' effort. it became evident [2] that allowing independent 
sequencing and generation of aircraft on close parallels or intersecting 
runways unduly favored takeoffs over landings. since the average minimum 
time between takeoffs is less than that between landings. This led to un­
realistically high takeoff throughputs and also to a degradation of the 
landing throughput. because of the interference by takeoffs with the landings. 
In discussing these problems with knowledgeable authorities at the FAA. 
it became clear that in most control situations a pair of close parallels 
~r intersecting runways would be operated cooperatively. with a sequence 
cf operations applying to the pair. The most common example involves 
either parallels or intersecting runways. operated with one of the pair 
reserved exclusively for landings and the second for takeoffs. During 
periods when the number of desired arrivals and departures are approximately 
equal and traffic is heavy. landings will be spaced far enough apart to 
allow a takeoff to occur in between successive landings. In practice 
this means landings are spaced only slightly further apart than the minimum. 
Takeoffs will be alternated with landings by clearing an aircraft for 
takeoff as soon as the previous landing has passed the intersection (when 
the runways intersect) or as soon as the landing touches down (for close 
parallels). To accommodate a higher volume of takeoffs than landings. 
landings are spaced far enough apart that two (or more) takeoffs could 
occur between successive landings. 

The DELCAP model has been modified to accommodate such policies. 
(See Appendix B for a description of the new version of event NXTOP. 
in which the bulk of the modifications occur.) In earlier DELCAP versions. 
a policy was specified for each runway by indicating the operation sequence 
~or that runway. The modified version nO~l requires that the user specify 
the number of the policy applicable to that runway. Then he must specify 
separately the policy itself in the form of two sequences. the first giving 
the operation sequence and the second giving the associated runway sequence. 
Therefore the i-th entry in the first sequence is the i-th operation and the 
i-th entry in the second sequence is the runway on which that operation is 
to occur. The number of operating policies provided may not equal the 
number of runways; it may be less if one policy applies to several runways; 
it may be more if policies are changed during the course of a run. 

An example of the four policies used in the LaGuardia run reported 
in Section 3 is given in Table A.l. Policies 1 and 4 use only one runway. 
on which operations are alternated. Policies 2 and 3 both use two single­
operation runways, with an operation on one alternating with an operation 
on the second. For instance for policy 3, takeoffs (operation 1) on runway 4 
alternate with landings (operations) on runway 3. 
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TABLE A.l 

Sample Operating Policies 

POLICY SEQUENCE OF 
NUMBER OPERATIONS AND RUNWAYS 

1	 1 2 
3 3 

2	 1 2 
2 3 

3	 1 2 
4 3 

4	 1 2 
1 1 

With the inclusion of this additional flexibility of operating 
policy. the user is now required to specify completely the set of policies. 
for any run. including the trivial seque~ce of operations having a single 1 
for takeoffs only or a single 2 for landjngs only, together with the 
runway sequence whether or not only one runway is involved. This additional 
input requirement is a comparatively small price to pay for the extra 
flexibility and realism conferred by the more general operating policy 
approach. The preprocessor checks that the policy, specified in its input 
as applying to a given runway, can properly apply to it. It will not 
check, however, that another policy also affects this runway, since this 
may happen when policies change. Neither will it check that policy changes 
(after the initial policies) correctly apply to the runway they are associated 
with. This latter check is not made because the preprocessor does not 
have among its inputs the policy changes associated with each runway, 
since such changes are treated by the simulation as exogenous events.* Care 
must therefore be exercised by the user to ensure consistency for his 
input policies and policy changes initiated during a run. 

*The alternative is to complicate the simulation itself by adding con­
sistency checking to the simulation code. 
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A.5 Changing Operating Policy During a Computer Run 

In earlier versions of the DELCAP simulation, operating policies 
specified at the start of the run for each runway remained in force through­
out the entire run. This approach was unacceptable for the LaGuardia 
exercise described in Section 3, since the operating policy in force 
changed several times during the day, and it was desired to include the 
effects of such changes on aircraft delay. 

The main difficulty in incorporating the ability to change operating 
policy during a run lay in deciding how best to represent such changes. 
They can be classified into 3 categories: 

1. use a runway surface not now being used, 
2. change the sequence of operations on a runway now being used, 
3. change the direction of operation of a runway now being used. 

Any combination of these can also occur as a policy change. 

In the first two cases little additional delay results from the change, 
unless it must be made so suddenly that established queues must be moved. 
j:t is assumed by the model that changes are not of this sudden type. 
Operations will occur on a new runway as soon as the first operation 
designated for that runway can take place under proper separation rules. 
Policy shifts involving sequence changes (including those from pure operat!ons 
-- of landings or takeoffs only -- to mixed operations, or the reverse) 
are allowed to occur as soon as the last of the operations waiting (in 
queues) at the time the change is called-for has occurred. This is done 
to avoid difficulties arising because a policy may affect more than one 
runway. In practice, since operations are generated some time before their 
occurrence (touchdown or roll) on the runway, this extra time period 
required before effecting a policy change results in very little delay. 

Additional delay does occur, however, for case 3 above. Whenever the 
runway whose direction is changed previously handled takeoffs, and is to 
handle landings after the direction change (it mayor may not handle 
landings before and/or takeoffs after), it will be necessary to clear the 
takeoff queue before effecting the policy change, and also to allow additional 
time for the last takeoff to clear the final approach path before the first 
landing under the new policy can even start its approach. Since any runway­
~irection change may require moving queues around and establishing new 
a~proach patterns, an arbitrary time delay is required before initiation 
of a policy change whenever a change of runway direction is involved, and the 

:l'llodel thus requires a fixed (input) time period between the last operation 
under the old policy and the first under the new. 

, Each policy change necessitates also that the distribution of traffic 
by runway be changed to agree with the new operating policies. (The 
program does not check that the two agree, so the user must be careful 
in providing input.) Policy change is handled by the DELCAP model as an 
exogenous event CHGOP, which reads the new policy number for each runway 
and the new traffic distribution by runway. The user must also specify 
for each runway whether or not the new policy involves a direction change 
on that runway. All policies themselves are input at the beginning of the 
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run, rather than with each change, and the user is responsible for consis­
tency here also. Policy change is accomplished in CHGOP, whenever the 
policy change can occur immediately. In cases which require a delay, 
either to clear operations waiting or previously scheduled for the runway, 
or to effect a change of direction, the policy change occurs in CDIR. 
Descriptions of these routines are given in Appendix B, and input formats 
for the data required for a policy change appear in Appendix D. 

A.6 New Preprocessor Standard Values 

The preprocessor program has been designed to provide standard input 
values for each of six input categories. The user may elect to provide 
his own input or to accept the standard alues, and indicate this decision 
by an option (non-blank characters if the standard is to be used, blanks 
for user provided values) on the preprocessor parameter card, the second 
preprocessor input card (see Appendix D for its format). Whereas the 
original version of the preprocessor was designed to have an input tape 
with standard input for several major airports, this tape is no longer 
referred to in the program and standard input is now provided internally 
through the use of the DATA statement. 

Standard input for data group 1, aircraft type data, is shown at the 
top of the Sample Preprocessor Output in Figure A.I. The three standard 
aircraft types are: 
I 

1. heavy aircraft 
2. light (piston) aircraft 
3. other aircraft: larger piston aircraft and most jets. 

The standard input for data group 2, aircraft type mix, appears below the 
aircraft type characteristics in Figure A.l. Standard input for data 
group 3, the departure and arrival rates, is set at 200 takeoffs per hour 
and 100 landings per hour, values which would saturate IFR operations at 
any large airport. These values are thus appropriate for throughput 
runs but not delay runs. To obtain realistic delay estimates, the user 
must supply realistic traffic levels. 

Standard separations, d ta group 4, are those now required by FAA 
rules: 3 miles behind a non-heavy, 4 miles for a heavy behind a heavy, 
and 5 miles for a non-heavy behind a heavy for landings; and for takeoffs 20 
seconds more than the runway occupancy time behind a non-heavy, 2 minutes 
for a heavy behind a heavy, and 2 minutes plus the runway occupancy time 
for a non-heavy behind a heavy. (The takeoff time separations are approxi­
mations involving several constraining rules.) tandard input for data 
group 5, the runway and operating policy data, specifies a single runway 
operated with landings and takeoffs alternated. The distance to the outer 
marker is 5 miles and the times to fly from handoff to the outer marker are 
10, 13, and 10 minutes for the three aircraft types respectively. The 
standard input data for data group 6, the distribution of runway usage, 
have all aircraft using the single runway. 
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The changes described above have enhanced model capability and allowed 
it to reflect more accurately the sitatuion being simulated, without 
changing the basic philosophy of the DELCAP model. DELCAP was designed 
to be limited in scope to the calculation of airport runway throughput and 
the delays caused by terminal airside traffic. The design concentrated 
particularly on enabling the user to describe those elements of the terminal 
area which have primary impact on capacity and delay, without requiring 
him to provide excessive detail in input data. To ensure that DELCAP 
remains an easily used, convenient plannir'lg tool, candidatE~ changes have 
all been examined against these criteria and only those meeting them have 
been implemented. 
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APPENDIX B 

DESCRIPTIONS AND FLOWCHARTS OF SIMULATION EVENTS 

Figure B.l gives a general "flowchart" of the DELCAP simulation 
model routines. The word "flowchart" is somewhat of a misnomer in the 
context of a SIMSCRIPT model. The diagram indicates which event routines 
occur as a result of which other routines, but it does not give the order 
in which they are actually executed, since this is chronological. 

Events GEN and EXGEN create flights, which are the units that move 
through the various events in the model. EXGEN is an exogenous event which 
occurs at times designated for the arrival into the system of specific 
flights. GEN creates flights in a stochastic manner. Stochastically 
generated flights are assigned an aircraft type and a landing or takeoff 
runway by the two functions PTYPE and PRWAY. Flights are constantly 
entering the system while other events are happening. GEN schedules the 
next occurrence of itself according to a Poisson process, while the next 
specific flight (if any are left) for EXGEN is always available. The event 
NXTOP finds the next operation (la ding or takeoff) which is to occur 
on a particular runway. It is scheduled in one of two cases:: (1) if the 
queue is empty when the current flight is filed in it, or (2) when the current 
flight has either begun to fly the final approach path to land or has left 
its gate to take off. Condition (1) is detected in GEN or EXGEN, and 
condition (2) in LAND or TOFF. NXTOP ther: schedules the next LAND or 
TOFF at the time the runway and/or final-approach path is free, as determined 
by the function FREER. Since there is a time gap between NXTOP and TOFF 
or LAND during which landings or takeoffs on other runways may have created 
new tieups for "this" runway, LAND and TOFF again determine the first time 
the runway is free (from FREER). Then the flight may land or depart, which 
~n the DELCAP model implies tying up the appropriate points for a period 
~f time sufficient to maintain the required separations. LAND or TOFF then 
reschedules NXTOP, and the cycle continues. When a tieup is no longer in 
force, the routine FTIEUP destroys it. 

Several routines do not appear in this list, since they do not affect 
each flight. The BEGIN event (see Figure B.2) starts the simulation, 
and schedules the event ENDS which prints the simulation output and stops 
execution. The routine CHOUR (see Figure B.3) updates the current hour 
for output of delay and throughput, and reschedules GEN for the Poisson 
parameter for the new hour. The routine PRINT records the delay and 
throughput information at touchdown for landings, and at start-of-roll for 
takeoffs. 

The exogenous event CHGOP reads the characteristics of a new policy 
and initiates the changeover if that can occur immediately. Otherwise CHGOP 
or NXTOP initiates CDIRwhen the changeover should occur. CDIR also handles 
the change of direction of a runway. The following sections will include 
descriptions of the events in Figure B.l, as well as CHGOP and CDIR. 
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H.l Event EXGEN 

This event creates exogenously-determined flights provided by the user. 
It. or the stochastic generation process or both, may be used for a 
particular run. When inputting the information for the routine EXGEN. the 
user must supply for each flight: the hour, minute, and second of entrance 
into the system, whether this flight is a takeoff or a landing, the runway 
used for takeoff or landing, and the aircraft type. The SIMSCRIPT system 
programs read these flights one at a time at the proper simulated time. 
Therefore, there is no limit on the total number of flights as long as the 
number simultaneously active (including both those generated by EXGEN 
and those produced by GEN) is sufficiently small to fit in core. (For a 
simulation run with 20 runways. 100 aircraft types, and 10 departure paths, 
there could be about 6,000 flights active at any given time. This, which 
is permitted in the present model is far beyond the capacity of any 
existing airport to handle.) 

Figure H.4 provides a flowchart for the EXGEN event routine. For a 
landing, the array TIN stores the time the current flight could (in the 
absence of other t affic) first cross the outer marker after flying from 
its handoff point. A takeoff's flight plan becomes active about 13 to 15 
minutes before its scheduled departure. In the model this time period is 
divided into two segments, so that takeoffs are scheduled about the same 
time before start of roll as landings are before touchdown. The first of 
these time segments (about 10 minutes), which may be thought of as represen­
ting the time between when the flight plan becomes active and when the 
aircraft is cleared to leave its gate, is added to the current time and 
stored in TIN. (The second segment. about 5 minutes. may be thought of 
as representing a time interval between when the aircraft is ready to leave 
its gate and when it could start its roll down the runway; it will be 
described in greater detail in the section on the TOFF routine.) 

After calculating the appropriate TIN, the EXGEN routine files the 
newly generated flight into the appropriate queue. There are two queues 
for each runway. one for landing aircraft~ the other for takeoffs. The 
queues are organized in a first-in-first-but manner. This means there is 
no sequencing by aircraft type; when a slow aircraft precedes a faster one, 
the latter is not permitted to overtake the former, even if it could reach 
the outer marker first without thereby delaying the slower plane. 

Each flight must remain in the queue until its TIN. Filing flights 
into the queue about 10 minutes before they could actually cross the 
outer marker or leave a gate provides a means for identifying the aircraft 
type of the flight that follows the current flight. This allows calculation 
of the proper tieup time to ensure that two aircraft remain separated by 
the required distance. This distance depends on the speeds of both aircraft 
involved, and so cannot be calculated until the type of the second plane 
has been determi ed. 
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If the queue was empty before the present flight was add,~d to it. the 
NXTOP routine is scheduled to occur at TIN, which is the first instant 
when this flight could be removed from its queue. The NXTOP routine, 
which schedules the next operation (landing or takeoff) for a particular 
runway, thus occurs in one of two circumstances: either (1) a landing 
or takeoff has just occurred, or (2) the runway has been idle but there 
is now a new flight available for it. Case (1) will be described later in 
conjunction with the NXTOP, LAND and TOFF routines. In case (2), which is 
detected in the EXGEN routine, the appropriate queue will have been empty 
before the flight was filed in it. Therefore the NXTOP routine is scheduled 
for when the flight is first available to land or take off. However, an 
earlier NXTOP may have been scheduled in }~D or TOFF, since the other 
queue may not be empty. In this situation, NXTOP is scheduled, but when 
it occurs the next operation will already be defined (NEXT I 0) and the 
NXTOP routine will be terminated. This means that NXTOP may be scheduled 
more often than necessary. The programming alternative was the codin~ of a 
much more complicated set f tests to ensure that NXTOP is scheduled only 
when necessary. This did not seem warranted, in view of the lack of computer­
storage problems and the logical simplicity of the current test. 

B.2 Event GEN 

This event generates flights in a Poisson manner. Landings and takeoffs 
are generated separately, from two different sets of Poisson parameters. 
This routine is first scheduled by the BEGIN routine. BEGIN schedules 
two GEN's, one to create a landing flight and one to create a takeoff. From 
then on, the GEN routine schedules the next occurrence of itself. There­
fore. within GEN we wish to sample from the Poisson distribution to reschedule 
GEN for the next entry ("arrival") of another aircraft into the simulated 
~:ystem. 

The procedure used in the computer for sampling from a distribution 
is based on the fact that the range of ~~ cumulative distribution is 
uniformly distributed over the interval [0,1]. In the case here, we have 
assumed Poisson generation. so the probability of an arrival in a time 
period of length dt is ~dt (plus comparatively infinitesimal terms), where 
~ is the expected number of arrivals per unit of time. Then the probability 
q(T) that the next arrival will occur in at most T units of time is 

q(T) = prob (t ~ T) 1 - e 
-~T 

. 

Since q is a cumulative distribution, its range is uniformly distributed 
over the interval [0,1]. We therefore employ a standard computer subroutine 
to choose a random number R from this uniform distribution, and then find 
the T for which q(T) = R, namely 

T = -\ In (l-R) 

where \ = l/~. The next instance of GEN is scheduled to occur in T time 
units. (Note that our time unit for the simulation is the hour, so \ is 
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the reciprocal of the number of arrivals per hour.) Input to the simu­
lation contains two sets of values for A for each hour of the day, one 
for landings and one for takeoffs. As n~ted earlier, on the hour, each 
hour, the next GENs, one for a landing and one for a takeoff, are resoheduled 
according to the A for the appropriate hour. 

In the event EXGEN, the type and the runway are provided as part 
of the input. In the stochastic version GEN, however, these three items 
are obtained by sampling from the appropriate distributions. The simulation 
is provided (by the preprocessor) with the cumulative distributions of 
(1) type of aircraft, one for landings and one for departures, and (2) 
runway use by each type of aircraft for landings and also for departures. 
The two functions PTYPE and PRWAY perform the sampling processes. 

Figure B.5 provides a flowchart of the GEN routine. After rescheduling 
the GEN routine for the next landing or next departure (depending on the 
current operation), and sampling to obtain a type and runway for the current 
flight, the remainder of the routine is the same as for the EXGEN routine. 
The appropriate value of TIN is calculated, the flight is filed in its 
proper queue, and if the queue was empty before this flight was filed in 
ii then the NXTOP routine is scheduled at TIN. 

B.3 Event NXTOP 

This event finds the next operation, landing or takeoff, which will 
be scheduled to occur on a runway. Figure B.6 is a flowchart of this 
routine. Because of the new more sophisticated operating policies to be 
slmulated, this routine has required significant changes from the original 
version of DELCAP. A search is made, starting with the next position 
(stored in LAST) in the policy sequence applying to this runway, for the 
first flight which can be scheduled immediately under this policy. If no 
flight can occur immediately, the search continues through the policy 
to determine the flight which will be available soonest, and LAND or TOFF 
is scheduled for that flight. In addition to determining the next operation 
to be scheduled under the policy, the NXTOP routine also recognizes when 
a change in policy, which is not initiated by CRGOP, must occur. If the 
next flight to be scheduled is the last flight in the queue at the time 
the policy change was requested in CRGOP (i.e. if the current flight 
FLT = QF(k,i)), then the QF's for the other runway, operation combinations 
for this policy are checked. If all QF's are zero, the policy changeover 
is scheduled to occur when the current flight either starts its approach 
or leaves its gate. This is accomplished by scheduling CDIR at the (same) 
time for which the LAND or TOFF routine was scheduled. 
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The NXTOP routine is scheduled in one of two instances: (1) the 
LAND or TOFF routine has occurred, or (2) a queue was empty and a new 
flight has just been filed. In the second instance, NXTOP is scheduled 
for the time TIN at which the flight could first be scheduled. However, 
since the other queue for the runway need not be empty or a LAND or TOFF 
routine could just have occurred. another NXTOP may already be scheduled 
for this runway. To avoid error because of having several NXTOPs scheduled 
at once, an array NEXT with an entry for each runway has been introduced. 
Originally it is zeroed. When a next operation for a runway has been 
found by NXTOP. NEXT is set equal to 1 (for a takeoff) or 2 (for a landing). 
Then NEXT is zeroed in the LAND or TOFF routine. Therefore NEXT is non­
zero precisely when a LAND or TOFF is scheduled b t has not yet occurred. 
NXTOP proceeds to find a next operation for a runway only if NEXT for that 
runway is zero. This condition is tested at the beginning of NXTOP, and 
if NEXT is non-zero NXTOP is immediately terminated. 

B.4 Function FREER 

This function finds the earliest time a particular flight can land 
or take off without violating the separation rules. FREER is first called 
in NXTOP, to find the time at which the LAND or TOFF routine should be 
scheduled. 

There may be a gap between the time the NXTOP routine occurs and the 
~ime LAND or TOFF occurs, during which other flights might add new tieups 
~hich require postponement of the operation in question. Therefore FREER 
is called again from LAND or TOFF, to determine when the landing or takeoff 
may actually occur. Figure B.7 contains a flowchart of the function FREER. 
The left-hand side refers to landings, the upper right-hand side to takeoffs 
and the lower portion of the chart to both. T is the maximum of TIN and the 
current time, used to single out for examination only those tieups affecting 
the current flight. The array TR is rea ted to contain the time (TMAX) 
each tieup affecting the flight will no longer be in force, and J is a count 
of the number of entries in TR. 

For landings, both the set of tieups (OMTI) associated with the outer 
marker and the set (THTI) associated with the runway threshold are examined. 
The time of tieups in THTI is translated to the outer marker by subtracting 
off the amount of time it takes the current flight to fly from the outer 
marker to the runway threshold; this reflects the fact that the runway 
threshold need only be free as the current flight gets there. not before. 
For takeoff , only the set of tieups (ERTI) associated with the end of the 
runway are examined. The time of these is translated to the gate by sub­
tracting off TDMIN, since takeoffs are scheduled before they leave their 
gates to taxi to the runway. 

If there are no tieups affecting the current flight (i.e. J = 0). FREER 
is set equal to T. If only one tieup affects the current flight (i.e., J = 1), 
then TR (1) will contain the time at which that tieup will no longer impede 
the start of the landing or takeoff procedure. and so FREER is set equal to 
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it. If several tieups affect the current flight, FREER is set equal to 
the maximum of the TRls. 

It should be clear from the previous description that this routine 
does not attempt to fit a flight i between two others, even if the gap 
between the two is wide enough. To do so would require a great deal more 
coding. The crux of the difficulty is how wide a gap is "wide enough ll 

• 

The tieups occurring as a result of the inserted flight must not affect 
any previously scheduled flight. This means that all the tieups which 
LAND or TOFF would create must be examined to see if they would interfere 
with a landing or takeoff already scheduled or in progress. This is similar 
to performing the whole of the LAND or TOFF routine, and involves the 
additt nal burden of identifying the flight which is being interfered with. 
(It is no longer just the first in a queuE:.) Therefore the simpler procedure, 
of waiting until the last tieup is no lonl';er in force, was used in the 
DELCAP simulation. 

One further difficulty can arise when a slow landing follows (i.e. 
lands later than) a fast takeoff. NXTOP is called as soon as the takeoff 
leaves its gate. The landing t erefore is not permitted to cross the 
outer marker before then, since FREER is at least T which in turn is at 
least the current time of NXTOP. However, if the landing is slow enough 
it could in principle be scheduled earlier, and the takeoff would still 
be able to precede it while maintaining the required separation. Therefore, 
although the sequence of operations on the runway must be a takeoff followed 
by a landing. the sequence of routines should really be LAND followed by 
rOFF. This difficulty has not been resolved, but in sample debugging runs 
tt occurred only abaut 2 to 3% of the time, and added only about 30 seconds 
extra delay at each occurrence. Therefore it does not seem to affect the 
DELCAP results by a significant amount. 

B.5 Event LAND 

The primary purpose of both the LAND and TOPF routines is to tie up 
the appropriate points in order to ensure that following flights remain 
properly separated from the current landing or takeoff. Figure B.B is a 
flowchart of LAND. LAND removes the first flight from the landing queue 
for the appropriate runway. Then it calls FREER to find when the runway 
and final approach path are first free so that this flight may cross the 
outer marker. 

The separation rules which apply to a landing. and their implementation, 
are discussed below: 

(1) No two aircraft may occupy the same runway at the same time. 
This rule is implemented by tying up the runway threshold (for landings) 
or the end of the runway (for takeoffs) for the time the current landing 
will occupy the runway. 

(2) Two landings must be separated by a minimum distance (called 
SEPLL, in DELCAP) and depending on the two aircraft types involved. We 
assume a constant nominal final-approach speed, depending on aircraft type. 
Therefore, the point at which two landings are closest while always main­
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taining the required separation depends on the relative speeds of the 
two planes. If the first (of aircraft type i) is faster, they will be 
closest when the first crosses the outer marker. In this case the outer 
marker is tied up for the time it will take the second (of aircraft type j) 
to fly SEPLL (i,j). If the second is faster, the two planes will be closest 
when the first just touches down. In this case the runway threshold is 
tied up from touchdown of the first until that time plus the time for the 
second to fly SEPLL (i,j). 

(3) A landing must be separated from a preceding takeoff by a required 
distance (called SEPTL in DELCAP). The standard present value for SEPTL 
is 2 miles. As noted above, the final-approach speed is treated as constant. 
Under the assumption of a single constant acceleration for a takeoff on 
the ground and in the vicinity of the airport, the distance the landing must 
be from the takeoff when the latter starts its roll is 

2SEPTL + 0.5 v . ROTT/S, 

where v is the speed of the landing, S is the liftoff speed of the takeoff, 
e.nd ROTT is the runway occupancy time for the takeoff. (This formula 
is derived in Appendix F of [4].) The end of the runway is therefore 
tied up from the time the landing passes this point until touchdown time. 

Tying up a point is accomplished in the simulation by creating a 
temporary entity called a TIEUP, with attributes TMIN, the time the tieup 
goes into force, and TMAX, the time the tieup is no longer in force. The 
TIEUPs are filed in one of the sets OMTI, THTI, or ERTI, which are scanned 
~n FREER to decide when the runway and final approach path airspace are free. 
Once the TIEUP is no longer in force, it is removed by the FTIUP routine 
which is scheduled in LAND as the TIEUP is created. 

In addition to tying up points on the same runway, points on inter­
fering runways must be tied up. Two arrays RPT and TPT control these in­
~erferenoes in the DELCAP simulation. For each runway and interference, 
RPT contains the runway being interfered with, and TPT contains the 
type of interference. There are six types of interference: 

I Landings on one runway must be separated from landings on the 
other runway by SEPLL, depending on the aircraft types involved. 

2 Landings on the one runway mus~ be separated from preceding 
takeoffs on the other runway in the same manner as that described 
in (3) above. 

3 Takeoffs on the one runway must be separated from following 
landings on the other as described in (3) above. 

4 Takeoffs on the one runway must be separated from takeoffs 
on the other runway by the same separation as takeoffs on the 
same runway. 

S Takeoffs on the two runways are separated by the times in the 
array SEP2. 

6 The two runways intersect. 
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Types 1. 2. and 6 apply to landings. Tieups for interference 
types 1 and 2 are computed in a manner similar to (2) and (3) above. 
For intersecting runways. a takeoff or landing on another runway may not 
be on the runway between the time the current landing touches down and 
the time it passes the intersection or turns off. whichever occurs first. 
The time for an aircraft to travel from tCtuchdown to an intersection a 
distance 0 from the end of the runway is 

(l/A) (-v + v 2 + 2AD) 

where v is the landing speed and A is the acceleration of the landing. 
We assume A is constant, so 

A = (v - v)/ROTL < 0,
1 

where vI is the turnoff speed of the landing, v is the final approach 
speed. and ROTL is the runway occupancy time. This formula is derived in 
Appendix G of [4]. 

The RPT and TPT lists are scanned. and appropriate tieups are 
initiated to maintain required separation between the current landing 
and operations on other runways. As each tieup is created, it is filed 
into the set for the point being tied up. At this same time, an FTIUP 
is scheduled to destroy the tieup once it is no longer in force. 

Once all the necessary tieups have been created, the LAND routine sets 
NEXT = 0 and schedules NXTOP for the time the current landing crosses 
the outer marker. Then the delay to this flight is calculated as the 
difference between the time it crosses the outer marker. and TIN (which 
is the first time it could cross the outer marker were there no other 
aircraft present). The PRINT routine is scheduled at the touchdown time 
for this landing. PRINT adds the delay to this flight to the total delay, 
and increments the number of landings for the correct hour. Since all 
tieups to maintain separation from this landing have been created and 
since the delay for this flight has been calculated, the flight is no 
longer needed. so it is destroyed. This completes our description of 
the landing routine. The takeoff routine performs similar tasks related to 
takeoffs. 

B.6 Event TOFF 

Figure B.9 is a flowchart of the TOFF routine. Much of it is similar 
to the LAND subroutine. The first flight is removed from the landing 
queue and FREER is called to ascertain the first time the flight can 
taxi to takeoff. Tieups are created to maintain separation, both on the 
same runway and on others where there is interference. NXTOP is scheduled 
for the time specified by FREER, the delay is calculated. and the flight 
is destroyed. Thus the overall structure of TOFF is similar to that of 
LAND. 
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Takeoffs, however, are special in one way. They enter the system 
several minutes before scheduled takeoff and the TOFF routine occurs 
later still before takeoff. The reason for this early scheduling of 
takeoffs can best be described here, in the context of the TOFF routine. 
Takeoffs are scheduled early so that their scheduling can be compatible 
with that of landings. Landings need to be scheduled before touchdown, 
since they must be properly separated from other operations along the 
whole of the final approach path. If takeoffs were scheduled only at 
start-of-roll, a following landing could be scheduled no earlier than 
that start-of-roll. In other words, the following landing could not 
cross the outer marker until the precedin'g takeoff had started its roll. 
It would greatly complicate the model if Landings and takeoffs for one 
runway were scheduled in an order different from that in which they occur 
in LAND and TOFF. By scheduling takeoffs early, landings and takeoffs 
can be treated in the same manner. As noted above, there is still a residual 
difficulty when a very slow landing follo~s a fast takeoff, but for the 
most part, scheduling takeoffs early permits proper sequencing and 
scheduling on a dual-use runway. 

One may still ask, "Why generate takeoffs so early?" It is necessary 
to generate takeoffs at least 3 to 5 minutes (depending on the separation 
rules) before they are scheduled by TOFF. When calculating the tieup 
duration needed to maintain separation from following aircraft, it is 
necessary to know the type of the following aircraft. Therefore takeoffs 
have to be generated as far ahead (in time) of scheduling in TOFF as the 
greatest time separation required between aircraft. 

The careful reader may wish to inquire whether this procedure is 
indeed not too artificial. We note in response that these time intervals 
~an be interpreted in terms of real events. The time between flight genera­
tion and scheduling of TOFF may be thought of as the minimum time ahead 
of departure at which a flight plan can be filed. Such a minimum time is 
in fact required at the more congested airports, and as more terminals 
become congested this practice will become more widespread. Also, with the 
addition of computer processing of flight plans, a minimum filing time is 
quite likely. The time between scheduling and start-of-roll may be thought 
of as the time for the aircraft to leave its gate, taxi to the runway, 
and complete final checkout. In the model, queuing for takeoff would 
then occur before leaVing the gate, although at most terminals gate space 
is limited and there are parking ramps for waiting. This is another 
instance of a situation in which we are interested in the length of a time 
interval but not in where the aircraft is during that interval. We would 
be interested in where the aircraft actually is only if this were to affect 
whether the aircraft could turn onto the runway when the runway is free. 
The DELCAP model does not include any ground operations, and therefore, 
the delay figures do not include delays incurred during ground operations. 
Future model modifications might address this additional source of delay. 
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To return to our discussion of the TOFF routine, we will now describe 
the separation rules applying to a takeoff, and their implementation. 

(1) No two aircraft may simultaneously occupy the same runway. 
This rule is implemented in the same manner as it was in LAND. The runway 
threshold and the end of the runway are tied up from start-of-roll to 
liftoff. 

(2) Separation between departing aircraft depends on the types 
of aircraft involved, since under current rules extra time is required 
for aircraft departing behind a heavy, and this time is less if the following 
aircraft is also a heavy than if it is not:. Separation times are stored 
io the array SEPTT, which is a two-dimensional array depending on the 
aircraft types involved. 

(3) A takeoff must be separated from a succeeding landing. The process 
here in TOFF is similar to that described for separation (3) of LAND. 
The runway threshold is tied up from start of roll until that time plus 

(l/S) (SEPTL + 0.5 v 2 ROTT/S) 

where v is the landing speed. S is the liftoff speed of the takeoff, and 
ROTT is the runway occupancy time of the takeoff. 

Each tieup created is filed in the appropriate set ERTI, for the 
end of the runway. or THTI for the runway threshold. Along with each 
tieup, the routine FTIOP is scheduled for when the tieup is no longer in 
force. 

TOFF also ties up points on interfering runways in order to ensure 
that the required separation from the current takeoff is maintained. Of 
the six types of interference listed in the description of the LAND routine. 
four pertain to takeoffs: 

3. Takeoffs on one runway must be separated from following landings 
on the other runway. 

4. Takeoffs on one runway must be separated from takeoffs on the 
other runway by the same time as takeoffs on the same runway. 

S. Takeoffs on the two runways must be separated by the times in the 
array SEP2. 

6. The two runways intersect. 

Tieups for types 3 and 4 for different runways are computed in the 
same manner as separations (3) and (2) above for one runway. Tieups 
for type 5 are computed in a manner similar to that of separation (2) above, 
except that a second array SEP2 is used instead of SEPTT. SEP2 contains 
time separations required between aircraft on different runways. Type 6 
is handled for takeoffs in the same manner as for landings. The threshold 
and end of the second runway are tied up from the time the takeoff starts 
its roll until it has passed the intersection. 

The remainder of the takeoff routine is the same as the landing routine. 
NXTOP and PRINT are scheduled, delay is calculated, and the flight is destroyed. 
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B.7 Event FTIUP 

This event destroys a tieup as soon as it is no longer in force. 
A flow chart appears as Figure B.10. These "erasures" free computer 
storage for new flights and tieups, and make searching the sets in FREER 
easier. Since the sets OMTI, THTI, and ERTI are ordered by TMAX (the time 
the tieup is no longer in force), FTIUP only needs to remove and destroy 
the first tieup in the appropriate set. 

B.8 Event CHGOP 

This event, whose flowchart appears as Figure B.ll, reads the new 
policy to be used for each runway together with the new runway usage, 
distributions, and initiates policy changeovers whenever the changeover 
can occur immediately. The array QF(k,i) indicates for each runway and 
operation the status of the runway for changing policy. CHGOP sets up 
QF so that QF = 0 if either the queue for that runway and operation is 
empty or if the runway was not used under the previous set of policies. 
If, on the other hand, the runway was previously used and has aircraft in 
its queue, QF for that runway and operation is set equal to the last flight 
in that queue. 

The old policy for a runway is stored in the array INDX and the new 
policy in TNDX. Chang:ing the policy consists of replacing INDX with 
TNDX and setting TNDX to be zero. The change can occur only when all the 
QF's for all runway/operation combinations in the policy are zero. However, 
if the policy change involves a change in direction of a runway, it cannot 
be initiated immediately, and in this case the routine CDIR which handles 
runway direction changes is scheduled at the current time. If any QF's 
are non-zero then the policy change is initiated by NXTOP, which detects 
when the next aircraft scheduled is the flight stored in QF, and calls 
CnIR to initiate the policy change. 

B.9 Event CDIR 

Figure B.12 is a flowchart of event CDIR. This event also initiates 
policy changes, and can be scheduled either from CHGOP or NXTOP. It 
first tests if a runway-direction change is involved in the policy change. 
If that is so, the changeover must be deferred for a time (AFIN(k». To 
accomplish this, CDIR is rescheduled after a lapse of AFIN, and CHGD is 
zeroed so that when CDIR is next entered the change will not be further 
deferred. When CHGD is zero, CDIR changes INDX to be TNDX and zeroes 
TNDX, thus actuating the changeover. 
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APPENDIX C 

MODEL ELEMENTS: ROUTINES, VARIABLES 
AND ARRAYS, ENTITIES, AND SETS 

This appendix is divided into two parts. The first lists each of the 
model's routines, corresponding to events and functions, and provides a 
phrase describing what each does. The second section lists the names and 
descriptions of variables used in the model. The variables are listed under 
the SIMSCRIPT headings of: entities, arrays, attributes of event notices, 
temporary entities, attributes of temporary entities, and sets. 

C.l Routines 

Exogenous Events 
1.	 BEGIN - starts the simulation 
2.	 EXGEN creates explicitly generated flights 
3.	 CHGOP initiates an operating policy change 

Endogenous Events 
1.	 GEN - creates flights in a Poisson manner 
2.	 NXTOP - finds the next operation (landing or takeoff) for a runway 
3.	 LAND - creates tieups resulting from a landing 
4.	 TOFF - creates tieups resulting from a takeoff 
5.	 FTIUP - destroys tieups no longer in force 
6.	 ENDS - prints final output 
7.	 CHOUR - updates current hour 
8.	 PRINT - records delay and throughput 
9.	 CDIR - accomplishes policy changes, taking into account runway­

direction changes 

Functions 
1.	 PTYPE - picks an aircraft type 
2.	 PRWAY - picks a runway 
3.	 FREER - finds the first time the current operation can proceed 

C.2 Variables 

Entities 
1.	 0 - operation (1) takeoff, (2) landing 
2.	 RW - runway 
3.	 TYP - aircraft type 
4.	 DX - operating policy 
5.	 H - hour 
6.	 SLOT - positions for printing the delay profile 
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VEriables and Arrays 
1.	 LAMBD(O) - Poisson distribution paremeter, the average time (in
 

hours) between operations
 
2.	 OPER(RW) - operational procedure 

(1)	 takeoffs only 
(2)	 landings only 
(3)	 dual use, alternate operations 
(4)	 dual use, landings take precedence 
(5)	 dual use, operation sequence user-provided 
(6)	 more than one runway operated together, operation/runway 

sequence user-provided 
3.	 DQM(RW) - distance from the outer marker to the runway threshold 
4.	 NPT(RW) - greater than zero if the runway RW interferes with others 
5.	 FLYOM(TYP) - time to fly from handoff to the outer marker 
6.	 SQRW(DX, NSQRW(DX» - sequence of runways used for policy DX 
7.	 VLAND(TYP) - land'ng speed 
8.	 VTOFF(TYP) - liftoff speed 
9.	 ROTL(TYP) - runway occupancy time on landing 

10.	 ROTT(TYP) - runway occupancy time on takeoff 
11.	 VTAXI - turnoff speed for landings 
12.	 DAFIX - distance from departure/arrival fix to the runway threshold 
13.	 SEPLL(TYPi' TYP .) - interlanding separation required bet,"een a TYPi 

aircraft and J a following TYP. aircraft 
14.	 SEPTL - separation required beiween a takeoff and fol10,,,ing landing 
15.	 CALIN - minimum time between the generation of a takeoff and 

clearance to leave its gate 
16.	 CTYPE (0, TYPE) - cumulative distribution of aircraft mix 
17.	 CRWYT(RW, TYP) - cumulative distribution of runway use for takeoff 
18.	 CRWYL(RW, TYP) - cumulative distribution of runway use for landing 
19.	 SQOP(DX, NSQOP(OX» - operation sequence for policy OX 
20.	 NEXT(DX) - is 0 if the next operation has not been sche uled, non­

zero otherwise 
21.	 LAST (OX) - index of latest operation used in the sequence for policy OX 
22.	 DINT (RW RW.) - distance from the end of RW to its intersectioni , iwith	 RW. J 
23.	 TPT(RW,JNTPT(RW» - type of tieup caused by an operation on runway RW 

(1)	 to maintain interlanding separation 
(2)	 to maintain a landing separated from a preceding departure 
(3)	 to maintain a departure separated from a following landing 
(4)	 to maintain departure separation between completely dependent 

runways using the separations in SEPTT 
(5)	 to maintain departure separation on semi-dependent runways 

using the separations in SEP2 
(6)	 to maintain separation on intersecting runways 

24.	 RPT(RW, NRPT(RW» - runway tied up as a result of an operation on RW. 
No~e that RPT and TPT together describe the interference between 
runways; RPT tells which runway is interfered with and TPT tells how. 

2S.	 TDMIN(RW) - minimum time between a takeoff's leaving its gate and 
starting its roll 

26.	 SEPTT(TYPi, TYPj) - minimum time separation between a takeoff of 
type TYPi and a folloWing takeoff of TYPj 
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27. 

28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
36. 
37. 
38. 
39. 
40. 
41. 
42. 
43. 
44. 
45. 
46. 

47. 
48. 

49. 

50. 
51. 
52. 
53. 

SEP2(TYPi, TYp.) - similar to SEPTT for a takeoff on one runway 
following a ta~eoff on another runway 
IHOUR - current hour 
NARR(H) - number of landings generated 
NDEP(H) - number of takeoffs generated 
NLAND(H) - number of landings performed 
NTOFF(H) - number of takeoffs performed 
DELT(H) - total takeoff delay 
DELL(H) - total landing delay 
TBEG - time the accounting for delay starts 
TEND - time the simulation ends 
GENN(O) - the identity of the GEN currently scheduled for operation 0 
TDRW(RW,O) - total delay for operation type 0 on runway RW 
HDRW(RW,O) - hourly delay for operation type 0 on runway RW 
TNRW(RW,O) - total number of operations of type 0 on runway RW 
HNRW(RW,O) - hourly number of operations of type 0 on runway RW 
INITR - random number seed 
CAP - is 0 for only throughput printout, I for both delay and throughput 
INDX(RW) - policy used for runway RW 
TNDX(RW) - policy RW will use as soon as the changeover can be effected 
CHGD(RW) - is I if the new policy for RW involved a change in direction 
from the previous policy, 0 if not 
AFIN(RW) - the time required for a runway direction change 
QF(RW,O) - used when a policy is being changed; is 0 if this runway 
can accept a new policy, and otherw~se is the last FLT, in the queue 
for operation 0 on runway RW, which is to occur before the policy 
change 
NDLAY(H,SLOT) - the number of aircraft in hour H delayed between 
SLOT*(INC-2) and SLOT*(INC-I) minutes. (The last position contains 
all delayed over (NSLOT-2)*INC minutes, and the first position all 
occurring early or on time.) 
INC - interval-length for the delay profile 
IDT(SLOT) - daily totals of NDLAY 
DTIM - time of latest policy change 
TIM(RW,O) - length of time period during which 
operation O. 

Attributes of Event Notices 
1. RWAY - runway 
2. OP - operation 
3. PT - point tied up 

(1) outer marker 
(2) runway threshold 
(3) end of the runway 

4. DLAY - delay for the current flight 

Temporary Entities 
1. FLT - flight 
2. TIEUP 
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Attributes of Temporary Entities 
1. TYPE(FLT) - aircraft type 
2. TIN(FLT) - first time FLT can cross outer marker or leave its gate 
3. TMIN(TIEUP) - beginning of tieup interval 
4. TMAX(TIEUP) - end of tieup interval 

Sets 
1. Q(RW,O) - landing and takeoff queues 
2. OMTI(RW) - tieups in force at the outer marker 
3. THTI(RW) - tieups in force at the runway threshold 
4. ERTI(RW) - tieups in force at the end of the runway 
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APPENDIX D 

REVISED INPUT FORMATS 

D.l Revised Preprocessor Input Formats 

Card 
No. 

1 

2 

GROUP I 

one per 
type 

: 

FORTRAN 
Nos. 

Column No. Decimal 
Variable Places Format 

2 F7.2 
simulation 
TBEG - beginning of1 - 7 

2 F7.28 - 14 TEND - end of simulation 

-INPUT (1 - 6), 3 columns 6A31 - 18 

print indicator - 11 
(0 = throughput,
 
1 = both delay and
 
throughput)
 

19 

-random number seed 01220 - 31 

number of type ( < 10) 0 131 - 3 -

F7.2aver. landing speed (knots) 24 - 10 

F7.211 - 17 aver. takeoff speed (knots) 2 

F7.2 
time - landing - (seconds) 

2aver. runway occupancy18 - 24 

F7.2 
time - takeoff - (seconds) 

2aver. runway occupancy25 - 31 

end-of-filehypes + 1 

F7.2 
all types 

2aver. turn-off speed,1 - 71Itypes + 2 

\ ; 
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Card 
No. 

Column 
Nos. Variable 

No. Decimal 
Places 

FORTRAN 
Format 

GROUP II 

1 6 per 
type 

decimal fraction of take­
off mix, of each type 

4 l2F6.4 

2 same dec. frac. of landing mix 
of each type 

4 l2F6.4 

GROUP III 

1,2 6 per 
hour 

number of planes taking 
off per hour 

1 l2F6.1 

3,4 same # planes landing per 
hour 

1 l2F6.1 

GROUP IV 

1 1 - 7 required separation 
between an arrival and 
a departure (naut. mi.) 

2 F7.2 

2 through 
NTYPxNTYP 

10 

7 per 
type 
pair 

required separati6n 
between landing 
aircraft (naut. mi) 

2 10F7.2 

pext 
NTYPxNTYP 

10 

7 per 
type 
pair 

required separation 
between takeoffs on 
the same runway (min.) 

2 10F7.2 

next 
NTYPxNTYP 

10 

7 per 
type 
pair 

required separation 
between takeoffs on 
different runways (min.) 

2 10F7.2 

GROUP V 

one per 
runway 

1 - 2 number of runways 
(1 - 9) 

o 12 

3 - 6 heading of runway o 14 

7 - 8 left/right designation A2 

9 - 12 policy to be used 
by this runway 

o 14 
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ColumnCard No. Decimal FORTRAN 
No. Nos. Variable Places Format 

J3 - 19 

IItW+l 

two per 1 - 3 
policy 

4 - 6 

7 - 9 

3 per 
operation 
in sequence 

distance to outer marker 
(naut. miles) 

2 

end-of-file 

policy number o 

operation code: l-takeoffs 
only, 2-landings only, 
3-both, alternating 
4-both, landings preferred 
5-both, sequence provided 
6-both, sequence provided 

for several runways 

o 

number of operations 
in sequence 

o 

operation sequence o 

F7.2 

13 

13 

13 

2013 

(second card 1 - 3 policy mnnber o 13 
of policy 
pair) 

4 - 9 blank 

3 per runway on which operation o 2013 
operation is to occur 
in sequence 

2*policies end-of-file 
+ 1 

one per 7 per time, in minutes, for 2 10F7.2 
runway type each type to fly from 

handoff to outer marker 

one per 1 - 2 first runway number o 12 
inter­
section 

3 - 4 second runway number o 12 
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Variable 
Card Column 

Nos. Nos. 

5 - 12 

3 - 20 

llinter­
sections + 
one per 1 - 2 
inter­
ference 

3 - 4 

5 - 6 

/I inter­
ferences +1 

GROUP VI 

one per 6 per 
type runway 

distance from end of 
first RW to intersection 
(feet) 

distance from end vf 
second RW to inter·­
section (feet) 

end-of-file 

first runway 

second runway 

interference code: 
1 - simultaneous 
departures 
are permitted, given 
divergence, but arr/arr 
is prohibited, 2 - all 
simultaneous operations 
prohibited. 

end-of-file 

decimal fraction of all 
takeoffs of type which use 
each runway, followed by 
decimal fraction of 
all landings of type which 
use each runway 

No. Decimal FORTRAN 
Places Format 

0 F8.0 

0 F8.0 

a 12 

0 12 

0 12 

I. l2F6.4 
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1 

D.2 Revised Input Formats for Exogenous Events 

D.2.1 FLIGHT GENERATION 

CARD 

NO. COLUMNS 

3 

6 - 7 

9 - 10 

11 - 12 

13 - 14 

15 - 16 

17 - 18 

CONTAIN 

the number 2 

the hour the flight enters 
the system 

the minute of that hour 

the second of that minute 

1 if flight is a takeoff, 
2 if a landing 

the runway to be used by 
this flight 

the aircraft type for this 
flight 
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D.2.2 POLICY CHANGE
 

CARD 

NO. 

1 

for each 
runway 

for each 
runway 
and type 

COLUMNS
 

3 

6 - 7 

9 - 10 

11 - 12 

3 - 4 

5 - 6 

5 - 11 
(4 decimal places) 

12 - 18 

CONTAIN 

the number 3 

the hour the policy change 
is to be initiated 

the minute of that hour 

the second of that minute 

new policy number to be used 

lif the runway direction is 
changed, o otherwise 

CRWYT 

CRWYL 
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APPENDIX E 

PROGRAM LISTINGS 

E.l Listing of the Preprocessor 

C THIS ppI}GPI\:'~ IS 1\ PRFppnrESc,op \.>n~ICH RFl\ns T~I THE" ["'I\T/\ Min 
C fllJTS IT HIT() PROPFR Fnp~' For IJSF RY THF c;rll.1ll1.ATIO~1 PROGPI\M. 

PI\PI\MF: T~P I<.R 1-J=2l" K T.YP=l n. KSF(:)=2n. KO:::? KTPT:::?n .l<'~Jnx:::?n 

l'HFr,FD ()PERCKI\'[)Xl .f)PTCI<PW.vTPTl.TPTCKR\~/.KTPT). 

, S()0P(,<rl[)X.KSEO) .SODWCI<.NDx.KSFn) .RI,ICKRIo'). plnxc~rn·') 

!iEAL LA'IRn CKO.;>4) 
'""!Il.'nl~>T()tl DI)MCKRI,oJ) .rIPTCI{PWl ,Ft Y()MCKTYP.KPW) .I/LM~DCKTYP) .ROTLCKTyr) 

I.VTnrFCKTYP) ,ROTTCKTYP) .rTYPFCKn,KTYP) ,pnWYTCKTYP"KRWl ,!I\STCYR'·J). 
,.> PP\~YLCKTYP,KR\-\Il ,I\IC)OOPCKP\,/) .r~Tf\ITCKP\-\l,YPW),TtJPIJTCfl,) ,TD~I J(KRWl, 
",c>~P? CI\ TYP,KTYP) .SFPTT CKTYP,J'TYP), It\JTFR CKPW.KO ..... l .(I\LINCKPIN) df{ 1n1'll, 
'-I H IF /1 n C'< R \II) , I L R ( KR1.1/) • 1\ F piC Kr> \.>.1 ) 
'[f-Trls!nrl SEPLLCKTYPd<TYP) 

C -----------------­
( TlFr..T~li) ARt: TIMFS riF flFGPIf\JHJr; I\N") F:Nn OF SIM1JLATION 
C F'X{\"'~LC(; M)~ C),no FnR MTr"\NIr':HT MID 17.~n FOP ~.~O P.M. 
C -----------------­

'\ F f\ " Cr; , 7' tl r, ) Pl F G • TF' Ir:, 
7nr; FOW"I\TClnF7.?) 

,: 1< TTt C(, , "i n () ) HW r, , TF r In 
"'on r()p'-'I\TC'lTHYS SIMlILt>TIO'1 RI)f\IC' FP()M'FF,.?,' T()'Fh.?III) 

T 11 ~ r,;; 1\ T\ IT CT'1 r CJ ) + CT' W G-1\ T ~ I T CT fl r r, ) ) 16"" • 
TFIII'=A l' IT CT~r,n) + CTFtl["'-fI PIT CTFim) ) 16n. 
IF CTr~~.GT.().) GO Tn 1 
Ti\F r:;=T'd:-r;+?4. 
Tt"f\ln:::Tr' :"+,?'•• 
r ~ CTF" .... l. r •TPFG) Trl\ln=Ti="Nr>"?4. 
11,Fr,::T\rr.-l. 
TH(\IIP= ''1'1 CIfllO'r~.?4) + 1 
"l=TFf\I' )-TiC'F::; ~. QQ 

',1)=-1 
rF (f\'1I.IT.?'t) r.o TO ? 

I 1=I 
JJ=?4 
(j () TC', 'I 

.,,.	 I r=Tt'O n 
I Fi :I)=n-""-. ,1] 
JJ:::~·'I")II Crnll).?4 ) + 1 
IF LJJ. L To n) f\jn:::,J.J 

c	 -----------------­
C TNPIITC Tl - LFAVF. I~Ll\t,IK TI=' ITH nllTA r:;R()IIr> 1"Tll rlF SIJPPI.IF") ny lJ<:;FD 
c f\tIVTHHJG FLc::;r I~TLL rAllC::;i=" PrJnGPl\u Tn SllrPLY STAl\If)I\Rn n/lT~ 

r:	 :,'I\T'I r,f",IIPS I\PE - 1) l\jIJW:1ER Af\I[' "ESCRIPTT()~J ("IF ATRr.PIIFT TY[">I!'<:; 
( ?) ~TX or I\rrCDAFT TYP~S 

c :'>1 LI\'np'r. Mifl TAKFOFF J7/1TFS. ny f'lOIIP 
C III c::;~n~RI\TTn~ DF(;IIITnrV,rl\'Tc 
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c ~) DESCRIPTION OF AIRPnRT ANn ITS OPfRATION 
c; 6) FRACTION OF TYPfS IJC;YN(; EACH RUNWAY AND 
c DEPARTIIRE PATH 
c TeAP - FLAG IJSED TO CONTROL PRHITINr; OF nFLAY ouTPUT 
C (0 = ONLY THROUGHPUT, 1 = ROTH T~ROI 'GHPUT AND DFLAY l 
c INITR - INITIAL RANDOM NUMRFR SFFD (12 OCTAL DTGIT ) 
C 

----------------~-
4 REAn (1:j,730) CINPUrrIl ,r=1,~,) ,yCflPJTt-IITR 
730 FORMAT C6A~,Jl,01?) 

C
, 

C ******************.****
C * HIPUT 'iATA GROUP 1 * 
C *********************** 
C 
C 
C r lTYPF - llJ~~ER OF TYPES 
C VTOFFCT) - TAKEOFF SPF~~ OF TYPF I. IN KNOTe; 
C VLA If' (T) - LANOHIG (",PEEr-, OF TypF I. IN K~10Tc; 

C 'lOTI (II - RUNWAY nCCllPMlrY TIMF ()~4 IANflPIGS FOR TYPE T, HJ C;FCM,ns 
C '10TT(1) - SAME FOP TAKFOFF5 
c: VTI\)(y - .I\VE~AGE TIIR IOFF c-P~F'i Fm~ ALL TYPFS 
r. 

IF(Tt-..JPIIT(l).EO.' 
c -----------------­
c ')T MI~Ann TYPF HIPIIT: TYPE - HFAVv AIRCRAFT 
c TYPE ? - S'~ALL PROP 1\ T PCR AI='T 
c TYPE ... - rl\Tfr.;C\RY "=5 
c "lATI\ FPr')" Vl\lIlES OnTtlT"Jl="n ,-.T JFI( 
r 

I)I\TA fITYPF!VVTAXT!?().1
 
)A Tf\ (I/LMIf:' CI) , VTnF~ (Tl , POTl CJ) • ROTT (J) JT=t. ~) I
 

t 124,'1?O •• ~~ •• ~3"11q•• QO •• 4n.,?7 •• 120 •• 12n •• 5n •• 3?.1
 
GO T" 11
 

Co ~F i\n (C.,. 7?r;, Ft-.Jr.=6) f\lTYPF, VLA'Jn Ct-HYPE) • VTOF"F" Cf\ITYp~ 1 ,
 
1 P0TLC~TYPEI. TT(NTYPE)
 

7-;>", ~IJP'\!\ T ( r 1. 4 C 7. 2)
 
'",(1 TI')
 

to JlF.flr""I(t.,. 7f1'") VTI\XI 
11 'n 7 I-=l.iITYr't 

,.IOTL< I l~. OTL CJ ) 1~';f1 r • 
7 ·WTT(Il=i"10TT(Il/3f.n,.... 

C 
C ••••••** ••••*.* •••••••* 
C • I !oJI)IIT ! TA (jROIJP ? • 
( **.*******•••••*******. 
r 

C ----------------- ­
C "TYPFC 1, ) - THF FQ.~CTTm' 010" TC'TIIL TIIKf0e'FS 'oJHTry IIPF OF" TYPe' T 
C PTYPfC::>.tl - SliME F()P ll\~l[)plr;c; 

C ----------------- ­
f F ( It:Pin C;> ) • F:n • t , ) GO TO 1 <; 

c -----------------­
C cTl\rlnA~' TYPf ''''1)( - I;~HJ'"f\VlcSr.17~ S·1ALL. 7R~ CI\TJ'"GORY 3,e;. 
C 

') l\ T /I « DT YPF ( I , J) , J= I , ~ ) , 1-=1 .? I / • Q5, .2? , , • n •• n" •• ?:'" , 1 • n I 
·,0 TO -., " 

I\:", .r') 16 T=l,? 
f< E IITI I 5 , 71 f1 ) CnT YPF r T • J) ,,1=1 " T YP r I 
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71[1 c-r)iI"J'TC1?Ff:..4) 
If (OrHHIIJF 

'O?") 1=1,2 
I~O ? 0 .j=;:>, NTYPF 

?n I~TYPE CI,.j) =PTYPF CI' ,J-1 ) +PTYP~ CI" J) 

I F CII'I T C( P T YP F CI , 1'1 T YPI=") + • n1 ) ... , [) 0 • ) • H l'"" • 1 nn ) Wf( TT F ( f, • Po n[) ) I 
/'(In Fonv.I\T(' wJ\rUIPJG - I' p onll,r)ILTTIFS OF r.LL TYP~C; Fon nPFPIITTrHI',J? 

l' (l-LA"Jn PJG, ;:>-T I\K ~nFF) uO !'IOT C;UM TO ('ll\IF'l 
?~) cornHj'IF 

c 
c ****.* •••••••••• *** •••• 
C .. I NPLJT 'It. TA Gf'O!Jr) 3 • 
C .*.. *••••••••••• ** ••••• 
C 

C -----------------­
C LA ...·fln(loT) - I\VFr<Ar,. tillr}!~F.:17 OF TAKFf)FFC; I\11f/P'('. TTf-j Ilnllr~ 'IF THF n~y 

C LAMPn (,;I. T) - c,A'~F F0P L/HIDPIGS 

C -----------------­
, ) GO TO .... ., 

c -----------------­
C r)TI1'WIA,-,~ ::[11I',r-;TlII(F I\~m APRIl/ilL RI\TFc; APr ?nn Min lnn PFr HOllrJ 
c\r'SprCTTI/rL.Y (rO!~ ['SF pi [IIPr-CTTY DllrlS) 

C -----------------­
l() '1 ;=1,;:>4 
L/\I~I~" (1,1) ::1. I?O(J. 
I,A'lln(;~. 1)::1./1\ fi. 

~l Ci)"TP'II(' 
r,n Tn ,,', 

y', n, (1Ir.,~T.n)(;" Tn 7,7 

',', ,r, 1=1." 
I, I- 1\ I, C'; , 7,"? n ) CI. A '~I rl ( T • ,J) • ,J =IT. ,.J,) ) 

7')[1 ,op"r,T (1 ':11- (,.1) 
,\(, "') 1= t • ;'" 
If· (t I' 1""( 1.,)) .I.F .0.)r.() T(') ," 

L./\ . )I\~' CT. J ) :: 1 • 1 LAM; \ ["\ ( I , ,I) 
(".;) T () ... (, 

,"'")1 l.'"\·'''' (T.,I)= ..I.'.)'1 0 

,«(, r\)!"T1r ll l'" 

'''(' T" '. n 
-".7 '0 -~() T=t.,?
 

,,~ i\f)( :lO 7? r ) ('- r- ~1r n CI • J) , J:: I I, n\JR , ;:> III , CI. l\ MP ["'\ ( T • ,J) "J= 1 • r-.lr' )
 
r~) , r r: 1 • ? I ~
 

IF(LA"'.'~(T'J).Lr.[1.)r-.o Tn -"11
 
1_/\ ~"I; i \ T • ,J) =to 1 L AWJ r)( T , ,J)
 

",~, T0 )"
 

:' 71 L f\ ".11 r, ( T • ,.I ) =() •q q ':
 
yl (or TTl I IF
 

c
 
C ~tt.*t**t~ •• *.**.* •• ~t~
 

C • Uq" IT "HI T /I "pour 4 +:
 
C •••• *.~**.*t~**~*****~.
 

( 

C 
( -----------------­

"1 f: 111.1. DAn"r. C:;~ I'/\OATIO',I Rrr'IIPF'1 fjFTI.j"'r'l IITD(ri!\FT O~I r f'·W PIITH 

r ", F IJ T I. - ~) Ii ["'\ 1\ P c:; F P (\ " r T I '" k F r.[ I I p F n I " r TW~ r' • , 1\ I /I'Ir)T'W, II/r A'II' All II/(1 

TIH<',T'I( OF' I-n()~, Til' C;fI~I'r I~LJ"\.I(\VC 
( ALL I' . C, T 1\ I\! Cc- S fll~ IT' " r I 'T T r A I ~. T L F C, • 
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------------------

<.,EPTT - TI~F SEPI\III\T!MI REOI'TRrn HE"Tl-/EFN ATRrnAFT nF.PARTTNG n~J T4f 
C C; 1\ "1F Rl Jr IW '( 
C SEP? - TIMF SEPARATION REQUTRrr BETWEnJ Al n rRAF1' nFPARTTNG nN 
C nIFFFRF.rJT RlJNWAYS 

( -----------------­
40IF(HIPIIT(4).F().'
 

DAFIX::4.
 
( 

( STA""'OAp"I (1'1', ATlnt" QF.0 1 ITRF'-'FrlTC; 
C -----------------­

C;fPTL;;;;:>.
 
1)0 41 J=l,'HYPF
 
SEPLU t "I)::").
 
')0 III 1::?,~ITYPf
 

SEPLL(T,J1=-r;. 
r;EPtL(l,l)=t~. 

o 140 T=l,'ITypr
 
flO 14r, J:: t , 'ITYf'lF
 
~~PTT(T,J)= O./3hnn.+r TTIT)
 

14 '1 ~EP?(I,J)=o'TT(J) 

" 14111 J=",'ITYPF 
141 1 ',FPTT ( 1 , J) =;:>./60. +PTT ( 1 ) 

SF fJ T T ( 1 , 1 ) = •I n l' • 
;() TO ',r'
 
'~~I\r) ('" 7nc; 1 r,rrTL
 
<FI'" (',,7"')1 (IC,FnLL (I"J), 1=1 ,I"TYPF) ,J=t,',ITYnF-)
 

r'FI\I' (',711<:") ((~.FI'TT( I ,,/1,1=1 ,>ITvPF I ,J=t ,~ITynr.)
 

I~-t>r', (<;,7[1 ) ((cF.U;:>(T"Jl,I='rtl VnC)"J=I",Tyr>~) 

\., .***.~~•• ··*..*••••• *i. 
r. .. II'n IT '1/1Tf'_ GR()IJP '1 * 
c *••••••••••••••• ** ••••• 
C 
r: 
c '[IIF,i n ( Tl - T14F.: Hrf"·ll'lr. nF I{1111\·lflY 1 
r I L .' ( I) - F nip Af : fli. L Il r:'1 1', Wt> Y ~. T' 4 _ I e- F T r, r P T rj HT nF SIr. 'I /I T I 0' I 

r()::, :)', 'PLF, I~ DI," t>y ~ Ie; ~lr, If-Ir.l\n(?)=~, AW~ TLP(?)=q 
c 11~11'(IIl - r '11QFf: !'1F TH r f'PFr'IITJ"r. P'"'l.TCY Tf) pr: IISFn ('1'1 QIII\'I,','/lY 1 
(" ilfJFI'I ...Il - nnrl-'ATT'I(.; ('r~ Fn r rOI.TCY 'II JW1FI) ,I 

C JUIID(,J,") - r,~,)tl('ICr. Or:: ()P~PATIf)"S r()D pnLIfY J (1 = Tl\ltFOFF, 

c 

c 

c ;:> :: LII~I"'. T F C;F0IW~'JCr. Ie; Dr:-r'::-t>TFn nVFDLI,rl'l rJ\I~R. 

r .';l)'lr-( 11 - :111~mrn rf OP~f}ATT(W TN r>OLTCY ,J 

c J P ,-, ( ,J , V) - T I IF J:ll 1t, JI" fI Y 'I n 0 ~ I \.! H Irq T I W K - T I j n r> f n r. T Tf', 1 P J C) 0 L I r Y J 

C IS TO "CCliP • 
r e H'''ES flor 1- TAKr:-rF C, nrjLv, ?- LA'lnlW:;C::: 0rlLY 

~-nIJIIL IISF, ~LTrpNI'lTTt,lr; nf->F;(IITInt'j<:; 
Ij_f"\llflL IISF, 'ANnpljr;C; TAite- PR~CFnr"ICF 

r 'I)','(J) - [1!STMI F T~, OIIT~R 'I\PK~n Ff",p f)'I"\"IIY I 
C F-Lynll(r,-I)- TP1f, I'l '.'T''1ITFC', F0n 1\ TYPe- T II/C Tn FLY PH)M HI\NnOi-;::: 

C Tn ()IITFP "II~Kr::p ('IF I7U~:"'A ,J 
c -'ltIT( I,.l1 - nYST,/\o:CF ':; 17 0/0} p'') OF fH"II,I!\Y T Tn TTS !"'TFPSr:-r,TIO"J 
<: "'ITf' 1:'111 'lr!AY J, "I FFcT 

c I I ITrr'l!.,J) -I ITFI.,lFFPF"C"'" (0f"\F Fnl( '1lltlWflYC; T l\'ln J 
C () rlF C; " p ~ 1 - I "" I r> T ' 'r:; S (H I T A ' In J T' ,T F P F F P "'" 1\ ~j n 

c "'I<:;T r~F r::~Pr.r)I\TFn, niH <:;1~lJLTI\'IFO'IS 

C Tt>vr('~Fc, I\f?~ DFr"TTTFfl IF THry 'lIIIFPt;c. 
( '? - tI (\ C T "I IL ... 1\ 'I F"" <:; 0 n F P ~ T Tf'r IS ~ r- r; :,' J T T F n 
( IF "jf'TTHFP, c(\"n'-~"'L r-',FDCllrrt'rr rs "SSll'--'l. 

C 

- 114 ­



c. -----------------­
. " T 1\ , J' I', II I ! I IF II I) ( I ) / 1 C; I TI f~ ( , ) I? f-j 10 r r- R ( 1 ) / "' / n()'1 ( , ) 15 • I 

(rIYn···l(J'I),J=1.-..)/ln •• l-.. •• 1n./n1·IT('.')/n./T~lTFR(1.1)/n/ 
? I T ~ / ~ I ( S (:) nr ( 1 , 1 ) • T:: t • 1 '1 ) / 1 , ? , A ... 0/ ; c; () R I" ( 1 • T ) • r=1 ; 1 n1 / 1 • 1 • r ... n / 

I ~ c. T ( 1 ) /11 Tt!n)( ( 1 ) 11 / 'r In X /, / 
,(I T,' ',7;> 

L.)t, ,1110,=1 1 

'If r" (r"7~5.F'·'fl:-e,,,?) T. TIIF/\r (T). TLP (T). JtlnX (r). r')()r (T) 
r: (111 t 'T ( T:> , TII • 1\;> , 1 J, • r' 7 • ? )
 

, I~' - ' Ir, ,+- 1
 
".r) To e,I) 1
 

o ,>1;:>, T=I, K II'X 
Ir\'"l(l)=1 
)1" I' ( I ) =1 
':",'X=( 

, .! 1\' (r, , hI::, , r 'n::: t., c, 7) ~ j 1," • !) p r 0 ( t: r' V) .' I r II. (r, (\ nP ( rIny • r 1 , T=, " 1I . ) 
. "',') '(.,"X)::· Til 

, ) 1 [', • () r, '., T ( ;'"' :-. r <) 

•. ~ " .... (',,(,If',) (";)1( 'd'·nx. T), T=l.r·T~I) 

,>1( -( 'J 'I\T (rJ,,(,;'"''lr-..) 

IF- ("I x.(;T. IWX) "'IC,\(:::~,,,v
 

.. \ T 0 ','-,4
 
1. -.7 . (l C':; V ::: I " '1', 

J ::: T' ,~) (l()
 

T~ (t •• ·;.I') f-\) Tn ')'r,
 
If- (0 rr>(ll •. T.rt> ,~,,'1 T(\ '""i(,
 
;iJTr «(",...),,) I,K 

"'''I. 1.\1' fiT (,n';I\II"!TII" - 'll f)0LTry r'rn'v'1'1rr) r"I, T'IU"Y'. P::,,?X, 'FOP fll'r·:·"/\ 
, y' • Tl::.) 

'--" r,\r'TTt"I' ­

r', r. ~ T::', I '11',' 

'f ',C, (' .7'1") (r-:L Y("~ (,). T) • ,J:: 1, "Tyr,r)
 
, I) '-h . ,= 1 " If!'"
 

·1,1(1,·)::(i.
 
~ .j T . r: ( T , , I ) ='J •
 
'~f')' 'T ft. ,r­

e 7 I '1-' r. ('-, 7 1 <. , r-' .r,:: ,) 7 1 ) 1 , J , ~l TNT ( T • J) , r; 1 . 'T ( J , T ) 

71', r~(/I)"l\l(")T;J.?r.!".I.') 

,() T(\ ,7
 
'. 71 :. r: 1\ I (e:." 7 '1 (l , r' Ill:: c:, 7? ) T , ,J, T' 'T F f) ( 1 , • I )
 
7 1 11 1I,';'AT(1'112)
 

rJ) T0 c',71 
, 7 ~' ':'I <-) () T:: t , , " 1,1 

"f) "r J:: t, ITYPF
 
',l: 'LY() .... (_),J)::~LY()I.( ..J,T)/F,n.
 

"0 e,>'l J::l,~II1\·.' 

I.e, 'r'tT(r, J)=nT~IT(J"I)/F,(J7~. 

, '.:; r, 0 r :: t , ~ IP 1,/
 

'n ':,'1 J= 1, I~\,'
 

: F ( l"llf=11 (!, ,I) • F0. (}) (';(\ T" n()
 

T JTFfl(,JrT)::H'TFP(J"I)
 
,,(~ COl, T r' J Ir
 

. r) () r r:: 1 • I IR ,-J

.=1' 
,'.() /In ,J= 1 ,1·ln:,' 

- 115 ­



'f 

IF ( IrJTF~ ( I , ..I) • E • n ) GO TO 80
 
I 1= I!'II)X(I)
 
11=4
 
IF (II.NE.O) II=OPFP(Il)
 
Jl=IND)(.J)
 
JJ=4
 
IF (..II. E.O) JJ=OPFR(Jl)
 
IF (II.LT.2.0R.JJ.LT.~) GO Tn 6~
 

K=K+1
 
PPT(I,K)=J
 
TPTCI,K):l
 

6S	 IF (TI.F-Q.2.0R.JJ.~0.?' ~O Tn 7n 
K=K+I
 
RPT(I,K':J

TPT(Y,K)=4

IF ( HITFq (J , ..I) • En. 1 lTPT (y , K) =s
 

70	 IF (II.F~.2.0R.JJ.r~.1) ~O TO 7~ 

K=K.+1 
I~PT( T,r<l=J 
TPTIT,V;):3 

7~	 IF (II.F.Q.l.0R.JJ.Fi.2) GO TO Rn 
1<=1<'+1 
~PT I T d< >=J 
TPT(J,I')=2 

nn CO	 ITJr4lJE 
o n<) J=l,NRW
 

IF(r'yt'T(I,J>.LE".o.)·,n TI) R~
 

;<=1<+]
 
r< P (I, >I. >=
 
TPT ( I'" )=h
 

~t;	 (n' Tlr jlle:­
, JPT ( I) ='<
 
,(=1<. + 1
 
-() q(, I=K,KTPT
 
li?T{ I,L )=0
 
TPT (I ,u=n
 

~n COf T I ' •• IC"
 

qn COr'TTf,""':
 
c 
c .*~*.*.**********.*~*~* 
C .. 1,11'>111 nATA Gr~Ollr c) ... 

C *~**************.** •• *. 
C 

C	 ----------------- ­
C f"lH YT ( I , J) - ni~ F- i? ,- CII NI !)' AL L TAl(F()F~<:: I)~ TYPE I Ale 
C .IIIni IJSE RlJ~IWAY .J 
C 1';:;l\'YL(T,J> - THF ("~II"F F(,)P LI'~!r)I'Ir;s 

C	 -----------------­
1 1r IF (I 'PII T(h) • F(). • , ) r,n TO 11'" 

c ----------------- ­
C	 _ T.I'.I flJ\P" R f\/IAY 11 I\r.e:- HII.c:. All. f TPCR"~T 0DF'l~Trn'lC, nt·· qU''',//lY , 

C	 ----------------- ­
r· ATt· ( ro r"? ''/ YT ( T , 1 ) , T=1 , ~ ) I ~ * t • I ( po \., YLIT , 1 ) • T=1 • " ) I ~ * T• I 
:7.,) TI"' 111'
 

115 ,'0 l?O J=t, 'TY"F
 
12(' :IFl\n "",,710) (PP'.HT1,J. J) ,1=1.,'PI,,). lrH ? .... ' (,J.1). T=,."I'Q"')
 

',0 1?? I=l,'JP\",
 
Tl=P' 'tn)
 

- 116 ­



1 I =l4
 

IF (11.GT.n) Ir=OPER(Il)
 
~)() 122 J=1, NTYPE
 
IF (PRWYTlJ,I).GT.O.ANn.II.F0.2) WRTTE (6'8~n) J,I
 

83n FORMAT(' WARNING - THERE IS A pn~ITTVE PROAAAILITY THAT A TYPE', 
112" AIRCRAFT \HLL TAKF OFF FROM'/1~X"RUNWAy"I2,', WHICH H~NnL~S 
? LANnING~ ONLY') 

IF (PRWYL(J'I).GT.o.ANn.II.F~.I)WRTTf (~'A4n) J,I 
R40 FORMATC' WARNING - THERF IS ~ PO~ITTVE PPOAARILITY THAT ~ TYPE', 

112" AIRCRAFT WILL LAN["'l I1N '/12)(,'RII~'WAY',y::>", WHTCH HtltJ()LF~ TAIlE 
~OFF<; Ot~L Y' ) 

1?? COI'HINIIF 
1?41	 IF (NRw.E~.l) GO TO 14~ 

no 130 I=l,NTYPE 
nO 125 J=?'~IRW 

P R\>! YL( T, .J) =PRWYL ( I , ..J- 1 ) +P f( 1,oJ V L ( I , , Il 
1 ('c) r'RIHT ( I' J) :PRWYT( I' J-1 ) +PR"/YT (I" f) 

IF(T'T« PWYL(I,NP'I/ )+.Ol)*'0('l.).~J~.ln()WRTTE(6,AIO)T 

Rl() r-OR'"AT(' 'vARNING - PRoqA ILTTIF~ OF A TYI"'F',I2,' AIRCPAFT L'"'''tnIN~ 

\m! ALL f?IJtIWJ\YS no N T ~U~ T/"I OI'IF') 
IF( PIT( (PRWYT(I,NRlv )+.Ol)*tOO.) ."W.lnO)WPTTF(6'~?O)T 

I';.>n ro fT(' ./ RHt\JG - I"'RORI\r.ULTTIFS OF A TYPF',T2,' AIRCPAFT TAI(If\lG 
10FF FR " 'ILL RlJNW~Yc; no NOT SLIM TO 0"1F.') 

l:"n CO"JT Tt!1 IF 
14~ IlO 1'10 1=1,100 

l")() 1)(1)=1 
o "I=l,~JR\v
 

m~'rrt( I) =(r)(')M (I) !VlI\ ID (t) ) *PTYPF (2,1 )
 
'IF H' l I ) =Tfl"'lYl'J ( I) +ROTT l 1 ) "PTYPF ( , , t )
 
:,0 or, J=~, ~ITYPF
 

TU'v1PI (t) - ( 0"1 ( I) !VLANnl J». (PTYPF (2,J) -r'TYPF (2,J-l) +Tn~~trJ (T) 
Y5	 {\ F P I ( I ) ::T [)~4! f\I ( I 1+R 0 TT ( ~J) .. PT YPF ( 1 , J ) 

'0 1 'J 0 1'= 1 ,·,m ~ 

CAL PI ( r )=F LYOM ( I , 1 ) ..PTYPF ( 2 • 1 ) 
1'0 100 J::::>,I\JTYPE 

1nne 1\ L T'; ( )::FLY () r-I ( I , J ) *(PT YPE ( ? , ..I ) - f") TYPF< ::> , J -1 ) ) +CAL I N ( I ) 
C 
C **** ** ••••••• 
C .·.fHrr: c:;T·~IIL/.\TION I~~PIIT * 
C ••••••• *••••*****......*••• 
C 

Y.!'K=5. 
L=n 
\'::p. 
..:H 1TF	 ('1, poq) 

~\g9	 FOP~''IT ('1' ,0)(, 'f,7' ,IIX, 'F-O' ,4)(, '~Ot) 

,d< IT f ( '.' , 00 f) ) "J ( 1 ) , ~I ( ::> ) 
":HTTF( ,,0 O)N(?), ~R 1 

,mIn (·',Qf101ND) ,~ITYPF
 

'·:nITr (\1,000) N(4) ,~~Nnx
 

',II f.! 1Tr ( '~ , q ('1 0 ) N ( 5) ,~.1 C;> II )
 
',~RITF P~,920) N(f,),'J~Jn)(,~q4),(OPF="R(T),I=1 ,MI',nX)
 
''JRITE(' ,q301N(7) ,NRvJrt\I(::», (nOMl!) '1=1 , Nf"<1)
 
• RITF ('4,CJ::> )N(A) ,I'IR"ilNC?), ("'PTl T " 1=1 ,~.IP\AI)
° 1c;S T=l,',JRW
 
1F (~lrT ( T ) • Eq. 0) NPT ( T ) =]
 

1 '1~ CO~'T HI! Ie"
 

\' ~ I TF ( , q 4 0 ) N l Q) , I IT Y., F.: , t 1( 3) • "J RW, ~ l( ;:> ) , ( (F=" I YOM ( J , I ) , T=] , W' ,/) •
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I 

1 J=I, ITYPF.) 
WRITF (1,Q60) N( In} ,MNOX,N(II), (CC;QRI"CK, T), 1=' ,KC;F~) ,N5Q()P(K), 

1 K=l,MrJDX) 
WRITF('..,,930)N( 11) ,NTYPE,N(3), (VLAND( I), T=1 ,t-ITYPF:l 
WRITE(·~,Q30)N(12),NTYPF'N(3),(VT~FF(I),r=1,NTYP~}
 

WRITF( ,q30)NC13),NTYP~,~(3},CR~TL(T),I=1'NTYPF)
 

~IR ITF (." Q30 ) N ( 14) , NTYPF, ~H ~) , (RnTT ( T ) , 1=' , ",TYPF)
 
o'IRITE(' ,QI01N<l5) ,VTAX!
 
WRITF(",QI0)N(16) ,N(~)
 

\'RI F P~,Q45) t-1(17) ,~ITYPF'''I(:3) ,NTYPF',[\I(."I), «(C;fPLL(T"J) ,J=l,NTyoE),
 
1 I=I,'ITYPE) 
'r.'RITF(",Ql0)N(18) ,r;~PTL
 

I·' RJ TF ( " q ~ 0 HH 1g) , ~ I ~/,,, I ( ;» , (C AL HI ( Il , 1= 1 , N W)
 
'I/RITF (.t,Cl4('l hi (;>0) ,11 (?) ,I./( 1) dJTYPI=",N (~), ( (PTyoE (I "J) "J=1 ,"ITypn ,
 

1l=1,;>} 
',ljR ITF (.~, Cl4(}) '" (21) '/'J YPF, IIJ{."I) , NRW, N(?) , ( (ORWYT (T, .J) , J=l, "fRW) , 

1 T=l "ITyr>~) 

IRIT>C",Q4fl)'· (22), ITYPF,"'(~) ,t-.I 101 .1IJ(''), «OPIIYI (T .J) ,J=t ''''':~W), 

11=1."'TynEI 
'JPITr C",ClF!I) 

1 K=l,·'·mx) 
': R I T F ('1 , CI ') (] I ~ J{ ? 4 ), I ( ? I~ ) , J( 1 ) ,.... ID)C • t 1 ( 4 ) 

"'RITF (",C4?fl) 'J(?') ,"'I\If"'Y,N(tl), (I.I\ST( Tl .r=] ,~~~I x) 

,'fIITF'(·'.C14"PI(2f» .~Jr~i"'''.'C?) "'Q\~''''(2). «(f1P'T(T.-.!) "J=l.f\IR',oJl.r=l,NPW) 
:'JRITC"(,/,q')f'1)I,I(27) ,r,I(?A) ,"I(?) ,f\IRW,N{?).~J("},"I( 1} 
:RJTF C",qf,l1) tl(2'l) ,~IP\·'.tl(?), «PPT(T,.J) • .J=t,I(TPT).~IPT(I).J=1..NPW)
 

.Jf<JTr C.. , l1AII) 'I (~f'1) , JRI-I, '·I(? I, ( (ToT( T,.J) , .J=1 ,I<TPT) , "'OT (t) • t=l, f\IPW)
 
"RITF( ',Q. ")'1("1) ,~JnI,!,~I(?), (Tn 'T"'C!) ,1=1 ,~Jrhll
 

"RITF (",Cl4(J) I,!( 'II?), 'TYPc, JI") ,"TYPF,fJ('1). (ISFPTT( t .,-1) ,J=! ,~JTyoE).
 

1 I=1. ITYPF) 
mITF( ',a<;() '!(~J), 1(,,~},"I(tl,~!(?ILl, 1(') 

: I' J T(:.' ( ... q 1 IJ ) tI ( "3 q) , T ~l r r, 
'I'ITF( 1,':1')0)'!(l10) ,'1(4') ,'I( 1) '~IR"",N(::»
 

~RIT~(' ,t)1f'l)'1(4 ),TF'r'fl
 
•KIT F ( .• , () 4 0 ) , ) ( /I 7) • I J ( ? ) • t I ( 1 ) , f\I ( ? 4 ) • N ( <;) • ( (I 1\ '.~ n f) ( I , ,I) , ,J=1 • ., 4 ) , T =1 , ? )
 

"IT':'" ",r'lf1I))lI(4h),I"" p
 

l~rTF (",040) "1l1~(1)'''Tyn~'''I(')''''Typr,n('').c(SFP?(t ••J} • .J=1."ITYPE),
 
1 I=t,,,TVr[) 

"Io{! TF (~ , 05n ) I (')(1) , '.1 (<;1'1) , ~I C1.) ," (2) , N ( 1 ) 
,"HTF ( I,CI')!)} "1(51) ,'1(t;4} ,"J(2) ,'·IDW,"'(?) ,'1(;:» '~.I( 1) 

",HTF ('I. 5') 'J (')<:;) , INTTP 
,'PITf (',Qno) N ('),...,) , TellO
 
mITr (",02n) / ( ') 7) , 'IR loJ , , , ( ?) , ( I'!"X ( l' ) , l' =1 , "I Q 1<1 )
 

'.tRITF (",Q'i!) 1'1 ( ') p ) , "I{ "n) , ~ I ( 1 ), p w, " ( 2 )
 
,"nT~ ('.·,Cl3) ~l{f:,n) ,~:Rl"'''1(2). (Al=TtJ{Tl d=l d!PI.,')
 

IIITF ('o,q n) [\1(01) d'(F,,) ,'IC?) , .. '0 .... '·1(2) ,~1(?) ,~H 1)
 
l.rrHTr (' ,9no) N (6;> ), (1/1)
 

..!RITc (,.,Q'i) l'I(f. }, 1(f-'1) ,~I(?) ,'1(24} ,Ie')~ "j(14) '~'(f-;»
 

'iRITF C -,Qlll) "'(/1I.l), YI~'C
 

'RIT'- (",0'))) N ( 6"'i ) , r I ( f, c-: ) , f\/ ( 1 ) ," I ( 14 ) , r-.j ( 6? ) 
"'RIT'- C",Qlfl) rI(f, ,) ,TGF'i
 
,'RITe (."oC)'J) [\1(/17) '" (f',7) ,I)(?) ''''Q\oJ.~I(?) ,"'{;:» ttl( 1)

,In Tr ( ; n 7 a)
 
.'R I TI=" ( 10 gp,fl PJ( 1> • rr~Fr" L "
 
FOP~tT( 1~,5'l("o p·or .... CI)
 

FrtP"fT(lll,')X.'('l R •• ~7)(F7.3)
 

FOP"/~T (T4,'1X,'1 P'rThrI4,?7)(,'?n(I?l'/'?OI?1)
 
FnR"flT(14,')Y,'1 R',T6,T4.27v"ln(O~.4)'1(10F~.41)
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940 FOR~'/lT( T4,5X, '2 R' ,yf,,~T4,5)(, 'R F' d1X, '120)1.4) '/(12Fn.4»
 
945 FOR~'AT ( r 4,5)(, '2 R',I~,314,5)("R F',11X,'10(n2.4)'/(lnF7.4»
 
950 FOPMAT(214,I?,' l',y5,~I4)
 

955 FORMAT (J4,5X,'O R' ,37X,' '012) '/(01'»
()60 FOR""AT (14,5X,'2 R',16,I4,lAX,'P',8X,'2n(T?l'/(2012,3nX,Y2»

Q70 FORM" T (' ,) 
grlo FORMAT(T3,I4,I3,Y') 

c 
(	 ..••...................•.
 
C	 • PR HIT nll"J orseR I PTl O~I • 
c	 ••••••••••••••••••••••••• 
C 

WR I TF ( f" l) (l ) 

505 FOR~1I\T(1120X'AlncRAFT OF<;CRTPTTO'I'IIIXtTv PE'15Y'SPFFOS (KNf)TC;)'~Y 
I 'RLIP\J~'JA Y ()CCIIPANCY' (SFCMlnS)' I 18Y' LA',nHI(;' 4 X' LIFTOFF' n X' LANI) Hlr;' 6 'x' 
2'TAKFOI='F'II) 

00 lAO l=l,I\jTYPF
 
RR0TL=')')fL (11.3600.
 
RROTT=~0TT(T)*~600. 

\oIR ITF (n,,1 n) 1 , VLA'II) (T) , VTOFF (I) , PROTt, RpnTT
 
~lO FOf1 't\T('''l'lXTl>,15)(F4.0,7)(F4.0,lO'x'F4.n,9xr4.nl
 
Inn COtJTJr~"r
 

WRITF(h,511 ) 
") 11 FOR '.' ATtl 1 ') XtTRAF FJ C r F. C; r RIP T ! m! ' I I 1)( 'T YJI r , ") )( , LA'" nHI<; , 4 XtT AI< FnF F ' 

1 I l? X ' MI '( , H)( , .• I X ' II ) 
A=PTypr(2,1)·]no. 
A=PTYPF(I,11*100. 
WRTTF(f.,."lC:;) I(l) ,A,n 

~lS FOR T(~XI?,~(7XF4.n)/l 

1)0 1 5 r=;>",TYPF 
A=tnTYP~(?,T)-PTYrF(?,I-l»*toO.
 

r~= (JlTynr- (1'1.) -PTYPF (] ,1-1» *1 00.
 
WRTTFt~"l')I,A,R
 

lAC) COIITINI
 
1·1 R I TF tn' ,? ') )
 

'1;>0 F q'~ T (' til fr.'PORT r:O',!FI(;I.JRATT()~J')
 

I'IRTn-(·"c;;:>.} IPW
 
':25	 For ''/IT(/II' ~.II/~nEr r,F PII"JWI\VS ='T2)
 

rJO lOO T=t,"IPI
 
II::Tr'O)C(T)
 
IF (II.~O.01 r,O Tn lhh
 
J=OPFR(IT) 
GO Tn (t7",'75,lRn"R~,1~6"q6),~
 

17() ~mITF(F,'')3f) I, IHFII) (T), ILRI T)
 

":>~o FOIHI\T('''lfW'')':JflY'I?,' ('T?,I\?,') - TI\VF:()Fr:'S "'~ILY'l
 

GO Tn lG'l
 
1 75 ;'/ RIT F ( 'j , , ~ 5) I , I HF: "n t I ) , TI. R ( T1
 
C)3S FO '/lTt'I)PIJIJitJAY'I?,' ('I?,,\'>,t) - LI\I·ln.Ttw.<; n"'LY')
 

GO T0 1 '.)0 
1 P 0 I\' R I TF. (f , '11~ r) ) I , I HF 1\ (I), T'- R ( T ) 
!)4() FOV<HI\TI'I")PU"J,.IAY't'?,' ('J;:>,I\'>,') - DllAL IISF, "LTF:'PI\jIlTHI(; f)PF.:RIITTOI'S 

I ' 1
 
GO T:l ('In
 

IH~ (,RITF(r,,')1~5)I,THF:'t\n(TlrTlR(T) 
545 FOR"AT('rJnIINoJAY'I?,' ('T;:>,II;:>,,) - OII/lL II'-,r, I /l.'nr"lr;c::; Tl\vl=" opl""(rr. tc ,/ 

1CE' ' ) 
(;0 T) 1 'j!) 

I n6 ' I r '-:' :S':'J~ t I tl 
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DO 1139 J=l,IJItJ 
J.J=SQOP(II,J) 
GO TO (1~7'18R)'JJ 

lA7 S~OP(II,J)='DEPART' 

GO Tf) 1l'\9 
IBP. SQOP(IJ,J)='ARRIVF' 
189	 CONTHIIIF:: 

IF (OPFQ(II).GT.S) Gn Tn 191 
loJR I TE (f), 546) I, I HEll n ( T) , I LP ( I ) , (SQnp ( I , J) , J= 1 , ~I HJ} 

1)4- FORMAT ('nRUNWAY'd/,I ('d/,A2,t) - OlJl\l-Uc;l'", OPFRIl,TJO~·1 SE~t)E~ICF 

1- '/(2X,1~(A6,lX}» 

GO TO	 l q n 
191 10'=0 

'.10 1Q4 J=l,nHI 
IF ( c; (;I ~ '" ( II , J) • f O. Tl G0 TO 1 Cl I~ 
IF (rII'·.F~.r) Gfl TO lq~ 

')0 lq;> J.J=l,f'II"" 
,q? IF (SlJf-I"'(I1,J).fQ.R"LJJ» (;0 TO '94 

l~ 'I!'JI=tJI"+l 
cIW('IT'~)=<:;(\n'·I(I T,J) 

1 C}4 COfH I ",I! IF 
IF" nlI"'. 'H. ()} (;() TO 1qF. 

d.,lTTF. (~,~41)} JrIYEC. (llrlLr(Jl'(SQnp<r,.J)"I=l,~Itf\ll 

';(l Tn 1 ()I'! 
l'Jb ,'RITE' (fo,')47) JrTYFH'I(TlrILf)(J),(~\vL..J),J=t,~tTM) 

.,47 rOn'VI/\T (tnR!J~IWAY',I?,' £t,y;',A2,') - OPFPATq'l \i'rtTH RLJI\JWIIYS','OI2l 
'RJTF (n,!)un) (S()()P(II,.J},S"R\<I(TT,J),J=l,'IHt) 

":148	 F()R~~AT (I QPFRATJ0! C,E'qUFNCI'"I!!",(,X,J\f"I 1)~IIrT?)} 

1\0 l('}A .J=1 ,'lIrl 
TF (SQoF"(I!"J).FI'l.'I\RRJI/F') SDOr'(II"Jl=? 

19~	 IF (50flP(JI,J).fQ.'~FPARTf) c;~0P(II,J)=1 

r( rr	 1 "ll') 

Ih QTTF (~,S41) I,J~Edn(J),IL~(T) 

,40 f:"nfi"I\T ('rnlrJ'~Y'.r?,' (lpJ"',t ,I) - N() n()LTry prU)\/IOFn! NOT USFr' 
, ! r lIT T,. L1. Y • ) 

19(1 (nt\·T p Il 'I'" 
10 lOt) T=l' I~\'
 

'1(') lQr j=r,'IQ\o'
 
TF(rH!T(T,JI.lE.O.l(:.n Tn lQe:
 
l\=nH'T (T, J) *~07f,.
 

1=nT~T(J'J).~07~. 

"'R I TI'" ( r>' ,t:; ':' ) I HF M~ ( I ) , 1 LO ( I ) , HIF II "'1 ( J 1 , I L0 f ,-') , to , THF I\, n ( I ) , TlR ( I ) , r , 
1 I Hf 1\ r. c. J) , J L 'H J ) 

,lin FOR"'lAT(II'f)~I/lIWAYS'T~,.ll,?,' /I~'D'T",A?,' PITF.:PC;ECT AT II PnINT'r:"7.0, 
l' FFl:'"T t:"PO'1 THf'/' Ft!n nF Rllr-II/IAY'I:'I,I\?,' J\r~["""F7.0,' FFET FR(W THI'" 
?r:~J[) 0F I?IINI>.'I\Y· 11, "2,'.') 

lqc; CO ITJtIIIF 
II=r"r~'I-l
 

no ?l~ T=ldI
 
JJ=J+l
 
10 ?15 J=JJ,IR','J 
IF(! JTFR(J,J).F.:G.f'J.I\"ln.TL-fE'An(J) ••IE.TH~lIn(J)}r,o TO ?15
 
L=T"TFR (I, J) +1
 
IF(Tl...lf4n(Il.rjfoIHfAn(J} )1':0 TO ?1'
 
GO T"l(::>f)I1,2 115,210) ,L
 

2 0 r .,j RI T~ ( r.. • c; c; ') I HFAD ( I ) , I Lf) ( I ) , THF 1\ n (J) , I Lt:' ( J ) 
r,se, For~' AT(!'(1R WAYS'J"',A::>,' A'ln'T",A?,' 11.' r P,f"'lFr>!':"M[""'Fi','T PIHHlLL""l'-: -I 

1/' c;JMfILTIli'I",:nl' C'lPFQI\TJn",s /lPF r>FRMTTT,' ') 
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(~o T(\	 :"ll"i 

2 r) C:;" R IT F ( ~ , C; 6 () ) Tfi FA 0 ( I ) , I L P ( I ) , THE fI n ( J) , TL r ( J ) 
thO FOn~'I\T(/'ORIJ~wAYS'1~,A?,' A~I[")'I~,A?,' I\R>" SF~I-nFpnlnn,IT Pl\qI\LL[1 C; 

I -'I' C;P~lJLTI\NEOLJC; APRIVALS "RF oRQ'118ITrnt) 
':'·0 T('	 21") 

;' 1(jIR t Tt U;, "lA5 ) THE II n <t ) , I L~ ( I ) , THF II n ( J) , TLP f J) 
">hl:" 'OP~II\T(/'OPII~JWAYS'T:'I,A?,' I\r'n'I"',A2,' APF OFr>DIr:lFrH PIIR~I_LfLC; -'I 

l' ,jn SI',~IILTIHJr()LJC:; liPFRATTOW:; flRF Pfo'qTTFn') 
~O Tn ;;01") 

211 ljO TO(;'15,?P,21~)'I. 
212 .. RTTF(:,,<)70lTHEIII1(I),TLP(I),THFlln(J),ILP(J) 
:,7(1 F0P'"1I1T(/'(lRIJN\llII\YS'I~,A?' I\t l[l'!',A2,' API=" C;p'!-nr:::pnlf\PIT -'I' c;r"u 

11_Tfll'Ir:-O'IS I\RIHVALS AI~r PI(()H!l:lTTFn') 
j0 1'f) . ~ 

? D ,; HIT:- ( ~, , ') 7 ') ) r HE Af"' ( I ) ,y LR ( J ) ,J HI': An ( J) rT LR ( J l 
"'7 r 

, F()f~M/\T(/'n~II~IWI\YS' I~,A?,' /\'If)'1~,A?,' Apr I1FPEr-I'JF."JT -'I' NO P.A11l T 
11'·NFOIIS '"'lPFRATIor-'S APF prr;)M TTFf"") 

('1<) [,)( 'iTr;, Ie­

"n 1~('2 I=l,~JTYPF 

J::~IPl' 

1I,'t1	 r)r~Vo'Yl ct,J)= PwYL(Y,J)-PP1"YLfT,J-1) 
') f~ vYT ( T , .J ) =PRWYT ( T , ,J ) - p n WYT ( T, ,J - 1 ) 
J=,J-l 
TF (,J.I~T.l) GO Tn 40] 

4')~' em'TII\,!::: ­
JHIT' (f,llllg) 

4'~(' F()R~'IIT ('1 FPACTlm.1 "F 1."r'-JnPIGS nF FI\CH TYPF Or-, FAni DIJ~I'-JAY'III) 

'·:-HTr «()f4"ln) (J,IIIFI\[)(,J),ILP(,J),J=1,NPh') 
4"{' ;'()I1"fT (7X, 'RlI~JWAY' ,<:;X,7( 11,' (' rI2'I\2, t), ,AY» 

'RITF (~,() U 
(l'-)1 ~lJ"','\T (."'x,'TYPE'/) 

'0 'l,n r=!,'ITYPf 
IIIIT' ­ (~,4C) I, (PII"'YLCT,J) ,J=1 ,'IRW) 

(I',? rOI"I"IIT (3X,T2,3X,7('OX,I:"F,.4» 
'l(~~~ r.m'THIIJ>" 

'.' I-U T r (F, ; 4 '1 ~ ) 
(,"',3 rO l l'llAT ('r"III) 

./ R I Tr (f) , 4 t) 4 ) 
4 ~q cOD"IIT ('0 FRACTIOI'J 0F TIIK~()FFC; nF F,IICH TYpl=" O~I FI\CH PIJ~:WAY'II/) 

·tf?TTr (n,4"10) ("I,PWAn("J) rTl prj) ,J=1,NRW) 
'} RTF' (.., , g l:) 1 ) 
'I) 4 n1 j 1=1,'ITYPF 
'l-nTF ((,,4<)2) I, CPlh'YT(T,J) ,J=.1 ,~IRW) 

ql:,1J corlTIHJF 
I, l' Of' 
f·- [\Jrl 
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I 

E.2 Li8t1n,s of the DELCAP Simulation 

~	 Gf J 4 N RWAY 31 2 I 10 F=' Q 2 F PTYPFI 
IJ	 W<TOP4 N OP 32 ? I 2Rv} F=' PRWAVI
 

LAND 4 :3TYP F='
 
TOFF 4 4nx F' F='RF='EPF
 
COIR 4 ~J PT 4 I c;H F=' 

I~	 FTIUP4 T TYPF 1 I fiOPfP , T
 
PIHNT4 N OLAV 4 F 700M 1 F'
 

FLT 4 T TH ~ F ~NPT 1 T
 
+T	 TIEUP4 9FLyn!'.1 ? F' 

FNDS ? T T~IN 1 F 10SQPW ? T 
(YOUR? T Tr-'AX ? F 1 t VLII."'o 1 F=' 

12VT"'c:-F t c:­
1~ROTI 1 F 
14POTT 1 c:­

T 5Q (~ I , "VTJ\"'I 0 F' 

~nJ\r=-TX ('\ F' ..	 17C,E'PI L ::> F=' 
+	 lP5FPTL I') c:­

loC,ol TN 1 c:­
?OCTYPE ? c:­

\ ?lCRWVT ? r=­
?? RWYL ? F' 
?~c:,G()P ? T 
?4~lfYT 1 T 
?CSLAST 1 T 
'h I IT ? c:­
"7Fr. ? T 
?~L~ ? r ..,?orw T T ..,OTPT T 
~lTN'TN 1 c:­
~25EPTT ? F' 

+	 ~~NAPQ 1 T 
-"4NC1FP 1 T 

+	 'l\5f'llA~ID , T 
i	 'l\fi~JT0r=-F 1 T 

"7nFI T 1 r=­
~A('ln' 1 F' 

+	 ~qTAfG n F=' 
T PO~TI ~ I I."JF(\~TI t T 0ll.'TT1 RT AX L 
T 50MTI 4 I ullOMTI 1 T THTll T~A)( L,'t	 T PTHTI ~ I 1.12FTHTI T [RTI1 RTMJlX L 

+ T 5THTI 1.1 I	 LJ.3LTHTI 1 I 

, TT PERTI ~ I t.4FERTI 1 
+	 T SEPTI 4 I 45LEPTI T 

46Tnm c:­
+	 47LAMQO "? • 
+	 4BIHl"lIIR T 

49SfP ? "? • 
C;;O(.;F:f\I~1 T 
c: 1TDP'" F'" 

+	 c;2HDPtol ? r 
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-t r.:,- T~Ir>'.' :' T 
')-t C" I.Ptt'r)", T 

+ C;r:;PITTI< r '!' 
-t r: ~. C r, CJ r: T 
+ C"7H''IY T 
+ "PPlflY T 

+ ~()(f-Ir-n T 

+ ~·OAFpl r 
+ F-10F ? T .. rn2SL0T 
+ F-3"JrlLI\Y ;:> t ... f,4 H'(, f'l J:"" 

+ ~ c:;rr,T 1 T 
+ f n. T '!' '.A () r:­
+ 1'7TIH ? !=' 

r\J>~'1 Tc 
"" f="x)r,rr·OlJ'; 

r . '-. It" (1) 

FX~c'J (;:.) 
(f.t~JW ( 3) 

o [r.;;1 S _t T' 1'-, 

r r. : 
t'XT":J 
L 1\. 1'1 

T(IFr 
FTT'IP 
(rio') ,r-
D;/ T' 'T 

F J'l~ 

C '. Hi 
['ITI -::'/:=::"IT L.. J c:, T 

\ . 
\ 
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I 

l xnr-F ."11 Ie r::VF NT ~E(. t N
 
00 TO 1, FOP FACH 0 T
 
CPFflTr GFtJ
 
ST(I f I Ttl OP(<;Fr )
 
~Tf)rF -;r::f\1 III GEmJ( 1>
 
CI\I L 1'1r)(.*INITR,.r)
 
LFT T=TTME"-LAVAI)( I, TH()lIR) *II LOG ( , .-P)
 

CA1JC,E '";FI\I AT T
 
Llln["l
 
cpr ATc: [tIne; 
(/lIICE FrlDS /IT TF'II") 
CfJFATr- CHOIIR
 
CIIIIC,E CHOUQ AT TII..1F"+1.
 
IF rAo f,T 0, ~o TO 2
 
\\!/ffE II TAPE n 
F()IJ"AT ('1',S?u,'H0lJRLY THOI")IIGHDUT' 

11' 11(\11'1 PIJtIWAY',C;C:;"LAf\IOl"I;C; TIIKFnFFS TnTIIL'/) 
1([ TI'll' I 

.i,1 TTF r J T" Dr b 

Fr'lI'''l\f ('1',S2Q,'HI")IIRI Y TH"'0 JGH D lJT',SQ.'1-10I1DLY IJFLAY prJ? ATPCPflFT' 
1/' HO' 'l p'J~IVII\Y·.C:;C;"LI\~ID1'·t;C; TIII<FM"'FC; TnTIIL',C:;C:;, 
"LII:Jr,p;r;c:; TAI'FOFr- "'_L'1l
 
Ilf-- Till' I
 

!" I IV ,- T I
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F tl'!flGPIOIJS FVnlT GFN 
c GE' 3~ IERATES LANDINGS ANn TAKFOFF ANn 
c ASSYGtl5 ATTRI8UTF To n~EM. 

c UPCGF I) IS 1- TAKEOFF, OR ?-LAI\IOI"-IG 
STORE OPIGEN) IN I 

c GFt\! ~CI~tn'.JLF:S ITSELF TO OCCUR AGAI"-' AFTFP " TIME YNTF:RVAL 
( n.PFNOTNG ON THE RATF OF OPFRATTON. 

(ALL p~n(.*rNITR,.~) 

CAliSE (;nl AT TIMF-LAMR'"I( I oTHOlIRHALOG(l .-Rl
 
CRFJ\TF FLT
 
LrT IT=PTYPE CI )
 
STOPE TT I TYPFCFLT)
 
L~T K=opwAY(I,IT) 
(,(l TO Cl,?),! 

c THI(Fl.T> IS THE TIME" r. FLTr-.HT TS "VAILI\PLF TO AFGHI FPII\L 
c OF~CF~T (rOR LANntN~S) nR TO RF~IN TAXITNG TO RUNWAY(FOP TAK[OFr) 
c Cr.LHJ TS 1\ TIME LAG FITPonllrFn TN TAKFOFFC:;, C0RRESpmlnTN(; TI"\ 
c FLY(W - THF TTME A LMlnYNG TJlKFe; T') FLY FRO'v1 
C HMlI'\OFF T0 THE" OUTFR ~J\RKrr'). 

1 LFT TY'J(FLT>=TIMF+CIILH'(Kl 
Gn TO ~
 

LrT Tt'ICFL Tl=Tt~E+FLY()~(IT,K)
 

IF O(I<,J) IS ',lOT F: PTY, G(\ Tn 11
 

cr'f' ATF "IXTOP
 
LFT R'o) 1\ Y ( IXTOP) =K
 
CAliSE" flXTOP AT TINCFLT)
 

c (JlKdl - IS THE" ()llFliF 0F PI/Hire; WI\TTHHi TO TAKFf)FFC!=l), 
C (If{ '_11"')(1=') ()~I PlJ~IWAY 1<. 

4 FILF FLT 1'1 Q(K,y) 
'-{FTIJR" 

hI[' G"I 

f"'in:'·f ,1')11e; ~VENT EX(;FN 
C r%Fr, SO·IF~"TFS F)(PLICTT nFPJ\PTIIREc; AN['1 ARPIVALS 

'-,f'. ,Ir. FVOIT eAnn 
C~FJ\Tr. ~lT 

I? II'! I,KdT 
()Qr~AT (~I?) 

. TCiI-'F IT 1'1 Typr CFL T)
 

G0 TO (1,?),J
 

1 LET T!"I{FLT>=TIMF+rJlLJI'I(K)
 
GO TO ~
 

? U-:T TP'(FLT)=T!Mt+~LYO' (IT,I<')
 
5 IF r.o~,y) Ie; ~iOT r=-~1PTY, (;('\ TO 4
 

CRF A T~ ~fXTOP
 

LFT ~~Y(NXTOP)=K
 

CAlISE ·"<TOP AT TtN(FLT)
 
F YLF FL T J'.J Q CK , T)
 
RrTI JR'I
 
om 
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I 

Fl)~'CT!()'" PTYPF(I) 
C PTYPF CHOOSES ~N AIRCRAFT TYPF FOR FACH FLT~HT ACCORnr~G Tn 
C CTYPE - THE CUMULATlVF nlC;TRIRIITlOl\, OF ,./e TYPES IN THF MIX. 

CALL R JfH*.INITR,*R)
 
DO TO t, FOR EACH TYP J
 
IF R L~ CTYPE(!,J), (;0 TO ,
 

1 LOOP
 
2 LfT PTVPF=J
 

RFTIJR I
 

E"In PTYPf:
 

Fllt'eT I "~J PR'iJAY (I, ~) 

,. f>r~I" Y rYr"OSFS f\ Pll~,,,,IA'I' ~OR FilCH FL TGHT IIccnPDPrr; TO 
C CIIL"YL - THE Cl!MIJLATIVF I"ISTRrFIITIO~1 OF PR\.JYUSFF PREPRoCrssnRl,"R 

CI·'1IYT - SA~4l:" AS ("Q".'YL FnR TA!<FnFFS. 
CAl L 1~'lrl(**HIITR,*n)
 

pC) TO _, Fnn F ACH P\O' -.1
 
(;0 TO (1,2), I
 
IF R I_~ C~wYT(~',,-.Jl, (;0 TO 11
 
GO TO .,
 

? IF r I r: CR1,.jYL(I'I,J), G0 TO L;
 

"' l0()r
 
I.l L T prJ" ll, Y=, , 

fJFTIIP"
 
PI'" pr~.-!r'lY
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E~lr'0GF"If)US rVr:-:r JT ~,I '< TOP 
o I ' ~ n.l C; I ') r; tr":v ( ? 0 ) 

C ~JXT~P ""C::C!:-JES WHTC OPfPI\TT()": \,oITLL r:W c::r:HFnl.JLFQ NrXT 
C 01\.' EAC! f P ,.:... AY • 

STOR E	 D '.1 f> Y ( "J XT(' P ) pi f< 

DFC::TRry tJXTOP 
LET KR ..!=I J~X(K) 

IF KR'j ~() f1, RETIJP:' 
IF ":E(T(K 1';) /IF I.u PET'IRf'1 
I F LAC, T ( I' 0 ',) GT I IS (\ nP ( K o,v ), L F T LAc, T ( K R I,' ) =1 

I F n PI:"') ( 1\ q , /) r:- 0. 4, LF T !. Ac:; T ( KrJ 1,/ ) =1 
L>=: TIT =L f\.. S T ( r.: Q v' )
 
L F. T I c- • 'n=I I
 
LE" T T' !=99'JQ 9
 
L. T 1·,,1 T "=" 

1	 LFT K=c;")r'''·'(v~<,.."ITl 
L r T 1='":; ':' (\ p ( I< I: I': , J T ) 
.=- Tt .. J t=" T. S T , F ') rl f\ C'1 F L T I" n ( i( , T ) , rc:' r\l 0" Ir:, GOT I") ? 
STnPF r.LT ttl r:­
LFT T=r:?tT ') (I , J , F) 
IF TI,,{F) L;:- T, Gn Tn -;" 
IF T r..T T'\", I':",(i T·') ? 
LFT T'" '=T 
LET J :r'!=I T
 

ST{)F'F.: r I '·1 ·~·IF
 

?- L T 11=T1+1 
IF II ,:'T 'IS~(JP(fI ",) ,LFT II=l 
IF II '.~C: I':".j'"', G0 T0 1 
GO Tn .~ 

~	 LeT !'PI=II 
L~T T' "=T 

T0 ~F F J'I "rJF
 
IF T'q" F~~ n, l..'r::TWH,
 
L T 1=";, or(Kl?'';, t.lI")
 
LF T f\:: ~ 0> (If rJ I,! , I :~ T". )
 
GO TO (<:;,f,),T
 

~	 cpr~T: Tr.F F 

S T()f)~	 v 1"1 Ii 11 AY ( rr,q:) 

C/II 1ST" FF 1\ T T'M; 
GO TO 7 

.) CRFi\ F: U\"'J'"' 
STn PF '< I J r~'I\Y(Li\"n)
 

CA ISF. L'lIJC' !\T Tvll
 

7	 LF T L 1\ S T ( K'<" )=I .." T"I 
LFT f\:;:-vT (KO',; J =!'v1HI 
IF l~'C'«K) F0, ('I, J:"TLIP 

LFT I< r) "=TI\I'"'I'( (~ ) 
IF ~~.!r- '!F "!J:"(K,TJ, PFTII?I'1
 

lET f")i= (l{ , ! ) =.
 
LF.T r: T' :=. I 1")0P (I<' P,I)
 

L;:-T "'I'~.'::('\
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1)0 TO 1'1, F0.f( J=< 1) (t>JY"!l 
LET l=S~()p(l{r:"J,J)
 

L ~ T r =s (:\ P 'f' C'< Ri'l , J )
 
I F (.) F CK, J) ".IF (1, !'H:- TL JP " I
 
IF '.'p.: 1:'",) ·1, GU T0 0
 

0(' TO n" F0P 'f;~'= C1 ) C"1P'.·.!) 

IF f<' r:-:l TP,.ICW1), Gr:, Tn 10 
~~ LOOP 
9 LfT "K'·'=:\~q\.·'+l 

Lf="'T I q \,1( ','f>') =K 
10	 Ln:)I-"'l 

LET T=P·~r J+. 8 on 1 
D() T c: t 1, ~ 0 R T=(1 ) (,r P ,': ) 
CDF1\T~ CrIP 
STOqE rn\:,,(I> It'l 1<··!tY(cr~TR) 

CAlISE ,:nIR I\T T 
11 Lon C) 

RfTllq·\ 
E~Jr tJ)( T0P 

- 128 ­



FlJ~ICTTn'J FPEER(Kd,FLT) 
c FREER CALCIILATES THE FIRST TIMF AT WHICH FI IGHT FLT CM) PERFORM 
c OPERATION I ON RUNWAY K WITHOUT VIOLATHIG C;FPARATTON RilLES. 

nI~ENSION TR(25)
 
LET J=0
 

LF"T T=TIIVlE
 
IF TIrJ{FLT> <;T T, LET T=Tl~I(FLTl
 

LFT M=TYPE(FLT>
 
LFT FQFFR=T
 
IF r ~~ ?, GO TO 4
 
IF F:RTI(Kl IS F"1PTY, RFTUR I
 

r FRTT(v.l IS THE SFT OF 'TIEIIPS' FOR THF qJn ('\F THF RlItlWIlY K. 
C A TIFIIP IS " TIMF HITFRVAL ntIPY"IG oIHICH Nn TAKF::OFF ~AY ()CClJPY 
(. TI W Er In OF THE RVNWA Y "11 JE Tn t "ITERFFRFW'F FROM OTHFR AT~CP !1FT. 

LET TF'A=T[)tv1HI (K) 
c Tn'trJ Ie; A TIME LAG INTRonUCEO INTO THF SCHFDlILF OF A TI\KErJF"F 
c C0PPEC;r>NJnING TO THF TTME IT TIII<ES A LM,JnHIr, TO FLY FR0~ T F 
r.	 OUTfP '~ARKEn TO TOlICHnrlWN. IT MAY RF L()()SFl Y TH()llGHT nF Ae; 
c	 T'"-Xll'l(; TIMF. 

no TO ~,FOR FACH TIEUP TN FRTI(K) 
LrT TT-T AX(TIEUP)-TfM 

(' n ~- E'l!} OF THE Tt LIP, I.E. THE TIME WHP' THF FNI") OF THF RIJNWAY 
C 1\ CO/v, <; FREE, IS ntSPLArEn RACKloiARns Tf) GIIIF THE TH~F ""~1Fr'l 

C TH TAKFoFF MAY AE~tN TAXI. 
J TT LS T , GO TO ~
 

LrT ~J=,J+ 1
 
LFT Ttl (, f) =TT
 
l ()(\f'
 

I~( TO :>
 
II H·- (\\1TT(K) IS F PTY, Gn Tn P,
 

c	 (\"TT Te-; THF:' SeT OF TIFlJPS F0P THE ()IJTFP MI\PKfR. 
1)0 TO '), FOR FilCH TIFUP HI (WTT (K) 
U T n=TMJ\Y(TIEUP) 
TF TT I,e; T , GO Tn "i 
-T ,...1= 1+1
 

LFT T"(,»=TT
 
C" L(\nl) 

r' IF T'1TT(Kl IS MrTY, G0 Tn l? 
LF T Tr"=nO A(K ) /VLM'n (M) 

c TIITT TC, THE SFT (IF TIFUPS FnQ THE THRFC;HOLn OF THF RUNI,IAY. 
nn Tn f), FOR EACH TIFlJP HI THTT (K) 

c TI1rtr-Sfl()L["'I TIEUPS AP nYC;PLJlCFn RAC~WARnc; Tf) GIVF THF TTo..iF THAT 
c TIW L,\'lnrNG ~AY Pt\SS THF OIITFR MARKFR. 

LFT TT=TMflX(TIElIP)-TF::M
 
I~ TT le; T , ~O TO q
 
L,,-r J=,J+ 1 
LFT Tr~(Jl=TT
 

II LON'
 
I? H J F'"l (), RFTlJP'~1
 

LrT FnFFR=Tn(ll 
I r ,J F t") 1, Rf Tl If) r,1 
FRrr:-R TS C;~T fQIJI\L TO TI-IE rf\Jn ('\F T'W L~Tr<:;1 TTf'1p, i,lH4PI TI1FPI; IC' 

c	 ~In L . li;r-n J\",Y I ·ITEr"'FFRq'CF. 
1)0 TO :') 1, FOr> JJ= ( 1 ) (J l 
IF TR (,JJ l (iT F FF.Q, LFT r QI'TR=Tq (J,) l 
L00 P 

RFTIIR J 

Fr'!) FQrFf~ 
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[I'nClc:,C'jI')LlS rV~NT L"~IO 

C LJ\~ID r~F'ATES ALL THF tTIEUPS' WI-HCH 
C RF'ilILT Ff.'OM Allj AIRCRAFT LMlnHIG. 

~TOPE ~WAY(LANO) H! K 
IF ()( ~ • ~ I P; NOT E'~PTV. Sf) TO Q 

',oJrtTE f)fj TAPE f.. TP~F,K 

FORMAT (, I\T TI~F,,1.':'5.;:>.2'S?"LI\NnHIr;n11F11C FOR Pl 11'IWAY'rI3,c;?, 
, 'IS r~PTV') 

STN~ 

Q 

Flr/r'j THE LA~mING TI"\ !=IF 'SCHFnULr:c[), f,Nn e:TnPF TTC, ATTPIPllTfS.
 
RF~OVI FInST FLT FrOM ~(K,~)
 

STnpr FLT Itl Fl
 
LFT '=Tvpr (FL)
 
LFT V="L MJ[I ( )
 
LIT T = FREFR(K,?,FI
 
LfT Tn=T+nn (K)/
 

c TtF UP T IRe-SHOUl Yr', LArlnplr AJPI"RI\FT PH'" TI"\IJCHt"")OW J TIMF I!~!TIL 

c I\FTFf./ "'JrV...Il\'!' OCClIP,V'CY TI\.1F" HA~ EL~pC;fn. 

CI~FATr TIF"p 
U-T T 'r I (TI~UP) =F) 
LrT T I'Y(TTFUP)=Tn+n(HL(M)
 
FTLF fIr:L1P HI THTI(K)
 
crr I' Te- I:"T TI In
 
':;'T')pr ( T'II(\'I\Y(FTTLJF')
 

C", Tf'\ I) F " 1 I r T ( F T r \IP )
 

enl l F ~TT'Ir> liT T'~"')dTT"IP)
 

L	 TF II'" q,n rF l<l.H,I·'IIY Tf\ DFDI\PTP'r; ~·TnCnI\FT rnn'} T0UCl-ln("~H1 I'~ITJL 

r	 rrrf}-l ""','/11'1' nCCIJPl't'CY T .~. fI/,e t:Ll\pe:Fn. 

Cpr"T'" TTFIIr> 
l - ,. T'1' I ( T I r I JP ) =T n 
L~T T X(Trr ' Jr»=Tn.nr)lL('J1) 
f-IL'- l~rllr TI FnTTlv)
 
Cf'F."n r:TIllr>
 
c., TnrJ r II T•J f' ~',~ Y ( t:" TTl Jf' J
 
sTn' F ~ Jr! flT(F="TTllr')
 
(J\'le.• rTl'/p AT T"JI,v(TTr1Ip)
 

r.	 FP"l TIll F0LLOvJl~,r. r'L"·'t I" TfiF" L",',r~TW~ ()IIFtiE 
r,	 I\fW, STflRF ITe:: ATTRTollT.<::. 

FTr1r) e:Tq.:.r, F="~I' rl\ fJ FLT 1'1 Q(k',2),yF ~'NIF::. GO Tn 11 

t, TflrE FL T I" e:
 
Lr: T ""=TvrF ( )
 
Lr-r c;='/Llllln(WA)
 

(' ('IFIITF /I TIF"UP '/~.Irfl I,o,'TLL ~"I\H'T/\H: ppnpr::-p DIIOf. P C;F"PAqIlTIO~j 

C HrT"'fr" I\QPTVH,II'; f.TfJcrIlFT. 
cr.clITr TIF!." 
TF=" S ~~ v, ~0 Tn ?0 

c	 IF T~lr U\'lH~G Sf:J 'T' OF" THr::- PlI\~'E nFING 'c;rHFnIJLFP' IS GPFATE'P 
Tllf : nl~r 0F THr-' F="oLtJl"'HIG PLfI·'~, rIF.: liD THF nlJTFR MARVr:cp P~O" 

Thl- TT"r- TI-JF" FIRC.T L/I"'l:" PJlc;c,rc:: THF OUTr-p "JlPVl:"!=? ll~!T1L 

T~'F Tr'''''' IT TI\KFC; THF c::r-C0~''1 TI"\ FLY THr SFr'''RfiTTn'l nTC:;TI\~I(r::­

c.	 Il/l C FI.inSFI"l. 
U T T T" (T 1Fl lP ) =r 
U~T T ·'~'.(TICUPI=T+C:FPLL p ....·V)/e: 
FIL'- TTC::lfP TrJ 0 TI (K) 
('r,'F /'ITr- c-TIIJP 

T"'nF H'RWAY(FTTIJP)II 
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':,T"Illf Tfl F'T(FTT'IP) 
(1\11r;[ ~TJllr' AT T'~AY(TTi=""I/P)
 

,.(\ Tel 1
 
( IF Hi r LA nINr, SPEFn OF THF" FOLI OWHIG PI.At\lF IS GPFATFP, TIF IJr' 
c THF TH'")r<;HOLn FR()~~ TOlJCHD()I,'N OF TH~ FIPC:;T II~JTIL Tf-lf TI~F. IT TM<r:-C; 
I. THf" c;r--r()~ID TO FLY THF. Si=""PAr."TI(H1 nrC;TI\f\lrF HilS FLAPSFn. 

? ('	 L t T T' IT t,j( T TF U ) -= T"
 
LF T T!,f\ Y(T TF~UD) =Tn+<::;FPLI_ ('~, ~~M) Ie:;
 
Ftl.F Tyr-UP H; THTTIK)
 
CPFATF FTIlIP
 
C; T () R f K I J R\'/ 1\ '!' ( F T YI JP )
 
STOf(E" ? T I PT(FTIIIP)
 
CAliSE FTIIIP AT TMAYCTTFllpl
 

r: cprATr- f\. TtFUP 1,"HI('11 1·ITI_L Mj'.HtTIIlN pf1()pr-n C;FPllnf\TTn~J pr-TWfP'
 
c T I iT C; L 1\' In Tr :r, M In 1\ T 1\ K Ff)F r () ~·I THE C; AMF n I '~II<1 1\ Y •
 
11 Fpl[l FIPST, FOP Flle!1 FLT I~; nll<,ll, IF ~'()NF, GO T0 ~
 

(fWATF TlEUP
 
L[T T"I\XlTTFliP)::TfJ
 
C;Trl~E CJ_ T Pl F
 
UT ~'·.=TYPF(F)
 

U T S=VTOFF (M 1
 
LrT T 'T'JCTTFUf'l=T+("O"(K)-IC;FF'TI +."'*V**~/S.P()TTIMM)1 )/v
 

llll F1I r TTF:IIP H fPlI(K)
 
CI 1f/lTr ~Tllir
 

')TnPF v I'I Rlvl\'!'(FTTIJr)
 
~ T n P F ~ T~J ,., T ( F TIl JP )
 
CIIIIC;F rTJ'/p I\T TIv'IIX{Tp:-IIP)
 
IF ~'r':>T(K) '::u Ci, G0 Tn 1()
 
:\1(\· en-IIT'- TTFllre, n' (\THE') Dln~IIII\YS, IF C,II('I~ H'TFflFTPp'r-r rYT<:;TC;.
 
I ) n Tn 'l, F () I) J =(1 ) (" P T (In )
 

CfTl\Tr TI 11r'
 
KV r c, TI if qllt 1\'111 y l\~FF<:TF[).
 

I.f. T K ,,·::DPT (K "I)
 
IT IS Tljf- TyL'f "r:- TTFIIP T(1 pr iD[f\TFD.
 
T ! " I' P T YP F C; 1, ~, " ~ I f) (, A'" () I Y Tn L M I[) HI r: C, •
 

Lf T 1T=n·T(i< ,,-J)
 

.," TO (",4'("~.'h,")'1T
 

C'if :'T' f\ TIrllf' Tr' "J\I 'T"1"1 r"ITF:r>-AfJRIVJlI C;F"'Ar}/\TTrI~l.
 

-, FTf'!' ~1rST, Fnl~ FI\U' r:-lT T"' O(n<,21, TF ~rr)IIF, r,n TO f,
 

e.,TrDf- rLT r'·1 F
 
I.f T	 r: '=TY"r:(F) 
L T	 r,=I/L""Jr)(r<ll~O 

IF c:, --:r. (, r.() Tn ~?c:;
 

L T T'T'JeTrrIlP)=T
 
Lrr T·'",Y(TYFlJP)=T,-c,FPI L01,"'~)/e:;
 

LrT ...11=1
 
,0 T0 7 

-r:-c,	 LrT T"r' (TIFLjr)=T"
 
U-T T",\)(TTFUP)::Tn+c,Frll ('1,"M)/C,
 

L T -..I,j"':?
 
:,() TO 7
 

c cpr I\T' 1\ TI~IJr' Tn "I'H'TI\1'J rlFP/ARR c,EPIIDI\TTnrl. 
i~ IJ T T '1\ '( eT I F:I)P) =TrJ 

::"C:	 FIt'" FTrFT , FOR FI\CH ci T HI (.\(VK,l 1. Tr '1""ll· G() T0 n
 
(~ T(' . [ r-I. T P J F
 
LF T ,. ·::TYPc:- (F)
 
LTc):::;; IfrlrF (r-,; ,1)
 

L .. T T' ! . I ( T TF UP) =T + ( r. n r· ( I ( ) - ( r; F P T I +. r; .. \ I ... ':' / r:; ... 'J 0 T T ( rA"f 1 1 1 / \ I
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4"fl U T J 1=) 

(iO T0 7 
C TIt UI"' THE EW) OF Al'J HITER<;FCTT~'G PUNWAY Tn TAKEOFFS At,m LA~II')HI(::S 
C Il"HIL liFTER THF LM,jQHJG PjlC;Sf~ THF INT~PSFrTTO"I. 

t; LFT T'~U' CTIEUP) :::Tn 
LeT A:::(VTAXI-V)/ROTL(M) 
LF T TF. "::: • ") * A*R(' TL ( ~ ) **? +V* p 0. TL ( .. ) 

C IF THF LA"IDING l>iTLL NOT REflCH THE HITE'PSFCTTO~I. 
C TIF UP U~ITIL THE LMI[')ItiG TIIPt\JS r"\FF. 

IF TF" LF nHIT(K,~K), G" Tn ~1 

LT T I~::: 1/ **? +;:> .... t', .. [) Pi T ( K , K K ) 
LFT T'IP:::TD+(-v+sorn(F~) )/A 
(,0 TO t;, 

',I LFT T'I:-1:::T'l+ROTL('Ji) 
S? LFT T"'II'«TlrUP):::TlJ~ 

FIL' TTFlJP HI THTI(KK) 
c.llFIITF FTT'IP 
C; T 0 l~ F '( II T~ I I~ IN II Y ( F T I Ur ) 
C;;Tnp ? I ~ PT(FT!')r) 
CI\I',F. >='TJljP I\T T'flI\V(TTFIIP) 
cpr TF TIFIJf1 
ll:"T T"!'I(TTFUP):::T'l 
LF T T '( (TT [UP) =TLJD 
U T J.J=1 
r,n Te 7 

I, r) r C; T PlY T Tr I JP 
(r TO '1 

7 "',C'. T('(7"1,7,'')2,7(j.''')"IJ 

71'1 f-II' TIFIlP TlJ (H'TT(IIK) 
:,(1 T G 71" 

7 (' ') F T1_;­ T T roo, II"' T I' TLIT T ( I( K ) 

:;" T. 71 L, 

F I I r T I I [I" Tf" F q T T ( II K ) 
7(' I \ C <F :'\ If' F r TI IP 

ST(\:{F (I( Ttl 1;"II\Y(FTTlJ["l) 

c., TI')r;T JJ I J PT ( FT T', II' ) 
Cl\lI c,r­ rTTlI f1 I\T T"I\Y(Ty r ,IP) 

LO'-w 
J {I C;;f--,'\T"'­ 'I TOC'> 

c; T(\ I, lC ,J I'! ~ I 1\ Y ( , I)t' TI" P ) 
Lr:' T 1',::: I r 'fl'( (1.<') 

L T "J. yT(i.(~·):::() 

C 1I11C;t. '!XTOP AT T 
nTf--" T~ T'~r ,EUIY '-'IC(\IHITI.':r.'I:"r'l ny T'JTS LI\~Ir'lP'G. 

L':T ;"jTro,:::< T-TIrJCF ) )-+of,(,. 

IF Tn L C; T',FG, Gn Tn ")n 
Ch'F"I\Tt­ ["DI'IT 
-T('QF:. "'fiT TO "F rnCOq"'Fn rT T(\IICfV"l(\I,,~.,. 

STORf'TF\~ 1r.1 nLIIY(>'RP'T) 
':> TorT '( pin vi f\ Y <p p rr 'T 1 
<., Tr"lr -: ft'! or (PR yr.! ) 
C/lIIC,' ')I')1"IT /IT T" 

r II fir' c; TF' '"IY FL T r Al LFlj FL 
LFT L,rT(V~):::LA5T(v~)+J 

')[ c, Tr' ~ y I 1\' In 
I1:TI'1I ' 
E',lr-, L" "1 
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t:N OGFNOUS Evn/T TnFF 
( TOFF CREATES THF. TTFlJPS RES\'LTHIG FPOM AN AYRCRAFT TAKP,IG ()J:T. 

STORE RWAYCTOFF) I~I K 
DESTROY TOF'~ 

IF Q(K,l) IS E~PTY, GO TO 10 
C FIND TAKEOFF TO AE SCHFnULJ:"n A~ln STORE TTS I\TTRIAUTES. 

REMOVE FIRST FLT FROM O(K,1) 
STORE FLT IN FL 
LFT M=TYPE(FL) 
LET V=VTOFF(M) 
LET T=FREER(K,l,FL) 
LET Tn=T+ToMIN(K) 

c 
( 

TIE: UP 
RIJNWAY 

THE RUNWAY Tn TAKEOFF7S 
nCCUPAI\JCY rr""r. 

MID U\NnI~Ir,S J="OR ntJRAT O~, 0F THF 

CREATE TIf-UP 
LET TMIN(TIFUP)=TO 
LET TMAXCTTFUP)=TO+ROTTIM) 
FILE rtFUP I I THrt (K) 

CRFAT!: FTTlIP 
STnRE ~ YI\J RWAYCFTIUPJ 
ST()RE ? Pl PT(FTYLJP) 
CAl'SE F"TIlJP AT T"!\xCTIFl'P) 
CPFATF TIEIJP 
LET T'" I J( TT fUP) =TI'" 
LFT T~AVCTrFUP)=Tn+ROTTC 

FILF TT~LJfl ttl FRrJlKJ 
CRFATF FTII,P 
STORE K IN RWAY(FTIIJP) 
ST()RE ~ H' PT(FTTlJPJ 
CAliSE I='TTlIP AT TVAXCTyrllPJ 
Fltlr) FTP<;T, For~ FACH FLT I~I ~Cl"rlJ, YF ~IONF, GO TO 2 
ST()~E FL T PI F" 
LFT ~1' =TYflF (F) 

C TTF U Tllr F Jr. r)F THF RIINWIIY Tn THF ~JF)(T TI\VF.OFF LnNG "'101'''1-1 
( T0 t·AT~ITJlTt.1 PITn~-rFPl\qTuRF SrpI\RATTI')t-I. THTS n~PFNDC; ()~I THF 
r:: TYPE'S '''IF T'Ir T!rJO ATPCPIIFT. 

CR[ATF TTFIJP 
LE. T T,.qr I lTTr-UP) =n: 
LFT T"!\)(CTYFllr)=Tn+SFPTT(M,MMJ 
FILF TlrlJP Tfl FRTl(K) 
Cprtl TF F"TlIIP 
S Tnp F I( I 1 "l'i /I Y I J=" TI UP J 
STI"iRE .., pi ~T(FTII)P) 

CAIIC:;E. I="TJI.''"} AT T\1I\YCTTI="IIPJ 
~ FIt-If' FT1ST, FOP FArq FLT PI O(I<,2J, IF ~IOf\lF, (;0 T0 5 

STI')RF C"LT 1:\ F 
LFT S=VL,,'ln (TYPF (t:") ) 

( CRF/\TF A TYC" IP Tn ""PITJlIN nFP/IIRR SEPf\QATTI1N. 
UWATr TTFI""' 
LFT T::U (TIFlJPJ=TO 
LrT Ti' I\X<TT~lJP)=Tf")+(c; PTL+."'i*S**;:>/\j*R()TT{MJ )/e; 

4 FILr T!>IIP IN THTICK) 
CRFI\TF I='TJIJ 
STnflF v I) Rt,oIAY(FTTUPJ 
STnfJt ~ HI PT (FT II iP) 
(AIISF cTTlJl"' AT TMAxCTtF'IP~ 

IF tJPTIK) F~ n, GO Tn 1&:., 
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C CRfATF TJEUPS OF OTHE RUNWAYS AS REGU REO. 
DO TO t~,FOR J=Cl)(NPTCK» 
CRt' ATF TI EUP 

c KK - RUNWAY AFFECTED 
LET KK=RPTCK,J) 

c IT - TYPF OF TIElJP 
C ONLY TYPES 3, 4, 5, AND 6 APPLY TO T KFnFF~. 

LFT n=TPTCK,J) 
GO TOC12,12,6,8,A,10),IT 

C C~F:~T~ A TIEUP TO ~AINTAIN PROP~R nEP/APR ~~PARATTON. 
h	 FHID F1RC;T,FOR EACH FLT N (,)(KI<,2), IF NONF',Gn TO 12
 

STORE FLT IN F
 
LFT ~M=TYPECF)
 

LET S=VLANQCMM)
 
LET T, IN(TIEUP)=T'f)
 
LET JJ=2
 
LET TMAXlTIEUP)=TO+(SFPTL+.5*S**2/V*ROTT(M»/S
 
GO TO 13
 

1"\	 FlfI'[l FIRST,FOR EACH FLT pi ''HI<K,ll, IF ~lnNF', C;O Tn I:'
 
STOPE I=LT IN F
 
L1=::T W'=TYPE (F)
 

C CRFATF A TIEUP Tn iIl1AHITltI'I PR()P~R TNTFR-nFPART',RF SrPAPI\Tln~·. 

LET T'H~t( TIEUP) =Tn 
c IF THc q" ~AYS ARE nEPf~nE~T, U~E THE S~ME ~EPAPATION A~ FOR nNc 
C RUNWAY, I.E. THOSE IN TYE ~fPTT ARRAY. 

LFT T~nV(TIEUP):TD+C;EPTTC~, M) 

c IF THE ~U~IWA'(S ALLOW SI..1ULTANE('\IIS r)FPARTlIRFc; WHnl THFY nIVERGF:, 
c USF T·iF: SEPARATIONS HI THE SEP? ARR!"Y. 

IF IT FQ S,LET TVAX(Tl~UP):Tn+~~P2(~'M~1 

LFT JJ=~ 
G0 TO 1~ 

c nr IJP THE Erin OF tnl P'TER~~CTI·'G PIJt-IWAY Tn ALL nPEPI\TT0NS "NTH 
THF TI\'<EOFF PASSfS THF TNT~RSEr.TIO~!. 

1'1	 LFT T"I"l(TTfUP):TD
 
LE T 1\ =V /ROTT 0.0
 
LFT TF .",=. 5*A*ROTT ('A) **;>+v*n0TT C,.)
 

r. IF T F TAK~OFF I~ nJRRnQNF RFFnPE nFACHTNG THr T TfRc;EfTInN, 
TIr UP ')NL Y UNTIL fI I R8nPNF..
 
IF TE' Lf I')JrH(K,Kl'l, GO Tn 51
 
L~T n=V**2+?*A*nI~T{K,KK) 

LFT Tllo=rrH (-V+SqR T( R) ) / A 
GO Tn <)?
 

51 LFT TIIP:Tn+ROTT (,,)
 
5? LrT T 'AY{TIFUP)=TU~
 

FILe TY UP IN THTICKKl
 
(PFATr FTll/P
 
ST0P[ ~K IN RWAY{FTIUP)
 
. T0PE ~ IN PT(FTTUP)
 
CAt)SF FTJU AT T'AAY (TIft IP)
 
CRFl\T TJEllP
 
LFT T'rr IlTtEUP) =T"'I
 
Lf:'T T '!\XlTIEUP)=TlJP
 
Lrr JJ=~
 

G('l TO 13
 
t? rIFC';Tfl:)Y TIF:'IP
 

(,0 TO 1.4
 
~ GO TOClqrl~1,13~)'JJ
 

Dt FILF TIFlJP IiJ r4TIIKK)
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GO TO 1)5
 
132 FILE T1~IJP rr~ f"qTt (KK)
 
13'1 CREAT~ FTIIJP
 

STIJRE ~~ 1'1 R JAY(FT!lJP)
 
STORE J,-' I~'i rT(FTT'IP)
 
CAliSE" FTIlJ!:.) AT T"l'.\(<TJ~lIP)
 

14 LOOP 
15 cnF:AT~ ~!XTf)P
 

STORE I< It: Rt\'AY Cr"xTOP)
 
LET K'( =p '") X ( K )
 
LF:T Jf:,:,T(K,K)=O
 
CI\I) E 'IXT()P I\T T
 

C	 f)TFv1 - HE nFLAY T'ICU>:'I:)F.:O QY Tl-jTS TI\KEOF'F 
LFT DTc-"=CT;>-Tr: rrj(K)-THJCt::"L) )*(..0. 
I~ TrJ 1_':; Tr~FG,GO T'"\ C)f' 

COFATF DPItlT 
C STOPF: ~lf,\TA TO GE prcopnFD I\T T~F TPJ.F:" Tl-1r TflKFOFF TliRNS 
C 0 ~ , T () T 'IF n I n·l W" Y • 

ST'lRf	 ""TP~ I~ DLl',Y(PRT'JT) 
.Ta E I.: I ,J q v} AY( PR ! ~1T)
 

STIJR 1 I I OP(PRT'H)
 

CI\USE !:wHiT AT Tr,
 
t';,':	 OFSTpnY FL T CALLF'I FL
 

U::T L,\':TCKI<)=LACT(L(ll)+1
 
RFT I~"j 

1 n \,\'n I Tr m,' T,lI PE F" T Tfl.1F, K 
FCH'/"!I\T (, ~T TI',!F' ,["\2.4,52, 'T!,~q)P:' (WF"!="" F'OR qU~JvJAY' rT~,S2, 

t 'IS c:-"pTY') 

STOP 
p:r, T ,FF 
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E~,rl()r;· ~I()US FVF.:rn FTIUP 
c FTr~r PF:MOVE'S TIFlJPS FRnM THEIP SETS Min n~C:;TROYc; TH~'" WHE~ 

C SI""IJL<\TF:n TH1F PASc;FS THE FNn-LTMIT OF THE" TIElJP. 
STORE '(I"AY(J:-"TIUP) pi K
 
SFH7E PT(FTIUP) HI J
 
OF-STROY FTIlIP
 
GO TO(tO,20,3n),J
 

11" f~EMOV _ FIRST TIFIJP n~f')'" OHT! (K) 

G(I TO [10
 
;> (\ Rn'0 VF FIR STTl FI IP J=' R0" THT T 0' )
 

GO T 110
 
,,>(1 RF'1.0VF FIRST TIFIIP FR(\" ERTT(Il)
 
[,'I pFC;TRny TIFllf'
 

'WTIIRI
 
U1iJ FT TIJP
 

f'.,J,)(\Gr··\')LIS '"VFr'T ~RH1T 

f)PU'T Rf("WI'S ["1~.T;~ O~i t:'l\r'·1 FL.TGHT tiT T4F 1'H"F t ACTUIILLY 
r	 T0 1 !CHFS r'('1'.'" I nf] TUrnlS n~' Tn THF RU"WAY, flS THF CASE MAY FIr. 

ST0PF:: ,~IIJJ\Y(PRHITl HI K 
STORf 'lLr,Y(PRHIT) PI n 
sToRr '1r><r>~lrJT) PI T 
"fSTRny r"-" T'!T 
LFT I-qr) 1,/ <K:, I) =hnr.>I,} (K. I) +0 
LFT Hr:'~'·!<~.I)=II~,JI~\,j(K,T)+l 

C rJT(lFF 1\ ',Ill JUl.,'ln IIClF THF T0Ti\I_ /l11rv,Bf"R or:- TflKFOFFS AND l\~JDtNr;s 

( nl'~IIt!G TfiTc; H011R. 
c nEt. T :\ I n ~C:-'-L I\CCU'·IIILA Tr. TnT I\L nEL"- v 0" T 1\1< !='OFFS ANfl 
r	 Ll\r'')r'J~c, fly HOIIR. 

U:T In=n/lrJC+k
 
IF I8 r·T '·'SLoT, FT I:l=~ISL()T
 

I~ n L~ n, LFT lfi=l
 
L[T r'rjl_I\Y(rH(lIJ~I.Tr})=r,JnL~Y(THOlJn,ID)+1.
 

G(l T I") (1 , ? .1 1 • r
 
1 n U::T -!T,I='F (IHOIJP) =~nOF'F (TH()IIP) +1
 

LC:T ~)~~_T(I,l')lJf/)='1FI.T(IH0UR)+n 

R[T1Jrtr l
 

('r) LFT ;--11." It)(THOiJR)="JL/\Nn<JH()IJR)+l
 
LfT nFl_LC I>I,/IJ1n='JELI (IHnup) +r
 
f~FTIIPII
 

F~:n PCIT'JT
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1 

1? 

1 1 

" 

7 

1 il 

?? 

4 

r:..fll,()(,PlfillC; F.VHH CHOUP
 
L'r I'-jf)IIf.J=II-lOUR+t
 
IF IH l/R GT NH, LFT !HOIJR=l
 
LET T=TT/oIIE+l.
 
IF T Lf:: TE lo, CALJSF.: CHOIJR AT T
 
no TO 1, FOR EACH n I
 
STn E ~rNN(I) IN GfN
 
CAf-JCEL 17EN
 
CAlL IH Ir)( •• I I TR, *P)
 
CALISE GFN AT TIMF-LfI"1RnCldHOlJRJ*ALnGCl.-RJ
 
LO P
 
IF TI'v1F LE TAEG, PFTlJml
 
LfT Ir=THOUR-l
 
[JO T(') 4, FOR EACH P\~ K
 
LFT NnnS=H~jRW(K,J)"'H~JR'~{K,;»
 

on TO 1:>, F()R fACH 0 I
 
LrT P'(\lJ(K,I)=TNRl,\l(I<',IJ"'H~jP\,,(K,T) 

Lnnp
 
IF CA~ GT n, GO TO 11
 
IF ~ ~r 1, GO Tn ?o
 
~ih IT ')'1 TArE 6, IT, K , ~~~iR"'; (K ,?) , Ht\IDlli (K , 1 ) ,W)PC,
 

FIW"AT (14,10,54, :"TQ)
 
(~o Tn ?2
 
,·WTTF 'VI TI\Pr. 6, K,Ht,IR\"(K,?),Ht\IQW(K,,),~I()rc:;
 

.F(:'7"Af ( 4tIh,S4,3Trl) 
(;n TO ;."'? 

L~ T Ti \rL=(l • 
I>r TO ?, Fon EACH n I 
LF TTl ll~ ill ( K, I ) =Tr) RW( K , 1 l H';) n W( K , T ) 
LI T T"'~L=TnFL +Hr'lPl,1 (K , T I 
L()()P 
LET ['l1-::11~!P;,JCK,ll 

IF 1·1 r,T 0., GO Tn <)
 

LrT r'1="l.
 
en TO f.
 
LFT 11- nR~CK'l)/P'
 
Lr T r:;> =HrJR1,1 ( 1< , 2 )
 
H r,? (; T ()., G0 Tn 7 
LrT I',,?=n. 
(;rJ Tn ,~ 

U' T 1';>-::~~r,RI,' (K,?) /~;' 

LrT -"='IOPC::; 
IF 13 "T f)., GO Tn g 
LrT [-.,=1'). 
G0 TO In 
LF' T D:,=TllfL!P3 
IF I<' GT 1, GO TO 21 
wHITF ()'J TI\PF 6, IT,K,l-!rIRW(II,?1,Hr-ln\·j(K,1),W'lPS,r")?,nl,D" 
Fnn~AT (T4,16,S4,3IQ,C:;~,307.11 

G0 TO ?? 
'vI-iIH, .~.I TI\DE 6, K,H~J1H"(I(,?) ,HNPl~(K,1l ,~,I()PS,I")?,nl,rn 

FOq~AT {S4,Ih,S4,~Iq,S1,3n~.11
 

rn TO -." FO~ EACH n I
 
LeT HnR'·j(I<,Tl=O.
 
LFT W!f?'tJ (K, I l =0
 
Lon!"
 
Lonp
 
RETI JR' I
 
EN C~I'-)IIP
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EXOGENOUS EVENT CHGOP 
C THIS EVENT READS THE NEW OPF.RATING POLTCY AND RIINWAY PREFERENCES ANn 
C INITIATES THE CHANGEOVER. 

DO TO 1, FOR EACH RW K
 

READ TNOX(K),CHGO(K)
 
FORMAT (52,212)
 

1	 LOOP
 
DO TO 3. FOR EACH RW K
 
DO TO 2, FOR EACH TYP J
 
READ CRWYT(J,K),CRWYL<J.K)
 
FO~MAT (54.202.4)
 

2	 LOOP 
:3	 Lonp
 

IF TIME LT TBEG. G0 TO ~4
 

LFT T=TIME-rJTIM
 
DO TO 53, FOR EACH RW K 
LFT KRI'i=INOX(K)
 
IF KR~ Lf O. GO TO ~l
 

LFT ~ Y l=NSOOP <I<Rw)
 
LET It=f'l
 
LET 12=n
 
DO Tn ~1, FOR J=(l)(NI~)
 

LET KK=50Rw(KRW,J)
 
IF KK ~IE K. GO TO ~1
 

LfT Ir=SoOPCKRW,J)
 
IF II r~ 1. LET 11=1
 
IF II F~ ~, LET I2=?
 

51 Lonr 
IF 11 ~". GO TO ~? 

LFT rr"(r<.t>=TIM(Kd)+T 
52 IF 12 ~" n, GO TO ~3 

LET TT'~O(,?)=TIM{K.2)+·T 

53 L00P 
LET rJTT'~=TIME 

54 DO TO ~1, FOR ACH RW K 
LET nFfI(,l)=O
 
LET QF(":,2)=O
 
LET I r=!f\J')x CK)
 
IF II ~1 O. GO TO 63
 
LET Nr,l= JSI)OP ( II )
 
DO TO IS? FOR J=(l )(N~I)
 

LET KK=~QRW(II,J)
 

IF KK tlF 1(, GO TO 62
 
LET I=SinPCII,J)
 
IF Q(~,!) IS EMPTY, GO TO h2
 
LET GF(I(.I)=LQ(K,I)
 

62 LOOP
 
63 LOOP
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70 

71 
72 
73 
74 

~O 

11)0. 

c:. 
~ 

~ 

~) 

DO TO 100, FOR F~CH RW K 
LfT KRw=TNnX(K)
 
IF KRW EQ 0, GO TO 100
 
IF OPF.R(KRW) Lf S, GO TO 7~
 
LFT NIN=NS~OP(KR~)
 
DO TO 72, FOR 1=( 1) (NTI/) 

LET KK=SQRW(KRw,I) 
DO TO 71, FOR F~CH 0 II 
IF QF(KK,II) Nf n, GO TI") 1"0 
LOOP 
LOOP 
IF CHGn(K) GT 0, GO Tn qo 
LFT I~~ (K)~TNnV(K) 
LET TiJI'))(K)=O
 
GO TO 10n
 
CREATF CnIp
 
STORE K IN RWAYCCnTP)
 
CAUC;r. ("f"'lIR "T TTI'F
 
LOO~ 

RFTIJPtl
 
Din CH ,1")1->
 

Ft,'r)('\('d-'\ll")l IS FVFr JT cn T R 
I;P·,OjC:;Tnt, H<W(2n) 

TOR E n I'J fI Y ( COl p) I r, K 
IF CHr,l(K) FO 0, G~ TO 1 
Cl\tlSF r:nTP ~T TT'~E+I\FHJCK) 

LFT (1''31') (K ) =0 
RFT IR" 
UfC;TR1Y [)rr~ 

LET Kn."'=T IflX (I( ) 

I F I' R'" r 0 I II r Til"? ~ I 

LFT MP ',/= 1 

LFT I Ii .! ( 1 ) =K 
IF OPl"" (K rh') Lf 110 GO T0 6 
LrT r;II='lc,' o')l"'{l<'rI'In 
nOT 0 ! I , ,R I =(])(t 1[\1 ) 
LfT 10(1(= (.jlhJ{KRW,r)
 

I F '~R", Fr. J, GO To') ~
 

DO TO ?, FI")Q J=(l)( RW)
 
IF KK F WI" LJ>, Go') TO 4
 
LOOP
 
LET ~~~=vn~+l
 

LFT !f1 'C~/R'.'I)=KI' 

LOOP 
DO TO , Fnp KK=(t)(MR~l 

LET K=TR'\'(KI<') 

LF T I' J1 X( K ) =HInX( K ) 
LfT T'lnX(Kl=O 
LOOP 
RETURrl 
END Cf"'l{R 
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1-':/ ,· ... ·-:--G:-' ''"llle; r::vcf T r::, 'ne:; 
l-iP I H. I' I T.'\ P F f:, T' ' I TP 

rr)rI"'AT (IfJ'II'C:FP',\L q/l~lD0" tJl!MOER S[Fn ',(12) 
LFT T=T1~1l=.:-liTI" 

, )r, Tn r. l, C" () k FA C H f7 vi I< 

I. :-1 v.', ,= pn X ( K )
 
I ~ I.: F '1. G(I T() <: 3
 
l ,. i 1 '=r C; .., t) fJ ( I<,rl.i l
 
L,- TIl -:"
 
LIT T ~=f)
 

~ r T (I "d. F ') f~ J =(1 ) (r-iT' I l
 
LF'T KK =C;0r~ .1 (l<.fh. , ,J)
 

IF l<'K "F II, GO T0. c.,
 
LFT Ir~C;~1P(KP~,J)
 

If':' IT :"J 1, LFT 11=1
 
IF II r~ ~, LET T2=?
 

"il L(''"lP 

IF TI ~0 ~, GO Tn S2 
L F T T T . ( K , 1 ) = T t ~1 ( I< , 1 ) + T 

')? I F I 2 c' ') r:, G0 T ('1 ,-" 
L~. T T T ,( V , ') ) =T I .~ ( K , ? ) +T 

<=·3 L('1(,P 
i,lif;'TH:- .')" TII"F- f, 

Fnfr.'I\T ('IC;I!M!'.1/1.QY IIFF'0 QT FI"'P TIlTS nl'~·I'I/) 

VJf;J Tf ~tl T A,PE f, 

FCP'/I\T (~S, 'TOTlI.L THR(\IJGHP'IT'II 
1 C;;l, '.,'It''_.I\Y' ,c,fl.. ':jPr:-RI\TTOfY :; PF PFOfJ'wn'/S1Q. 'LAr'npl(, TflKEOJ='Fc;', 
) C,4. 'Tf\TJlL.'/) 

L1c T ·1 'r';l:::'"l
 

LF T '.J'T"FF="I
 
~)() T:) t. Fn o F:ACLJ 0,1,' K
 
LfC'T (!ol.''\' ="LI\~!Q+T"lf)\"(k,?) 

L~ T I"	 r 'iFF="T OFF + T~lrl" (v.'"!) 
Lf:r !\,("I"-'C,=T""I" (K,?) + T~JPI., (1\.1 ) 
\'1' 17 TT;::: f)' I T 1\ P E h, K. T ~ P I.' ( K. , ? ) , T ~ IP \11 (l<' , 1 ) , ~ lOP c:; 
F (' I" :r, T (c.., 11) , I 1 , C, I~ , ::z. I 1 (] ) 
l.(lOP 

LY T ~I y)C,='''I.'' [\I[)+ ~JTOF F 
W'<rTf /"l·r' T,\PF rIP ·~LI\~I~.~'·TClFF.r,'(iPS 

Fnp~~T (SQ,'TOTAL ',~I'~III) 

1,','0 TTE YI T~PE 6 
FOI)'.IAT (S<J. 'AVERI\Gr'" 1-i01JRLY THR011GW"IT'11 

1 So., '")l.'~!NI\Y' ,SR, 'OPJ::RATIONS PFRFOR~AFn'/~19,'LMIl"')I1\Ir,S TI\KfOFFC;'. 
2 Sil.	 'T':TJlL'/) 

LFT THP=TEN~-T8FG 

L!':T TL~!Ir>=''). 

LET rrnFF=~). 

~O TO ~. F0R EAC~ p~ K 
LET Tt=Tf\;R"/(Kd) 
LFT TT~FF=TT(iFF+Tl 

IF T1·'(I.(,I) (;T 0.0, ;;0 TO "7 

LET Tt='1. 
G0 TO ,~ 

7	 LFT Tl=Tl/TI~(K,l) 

I~.	 LFT T?=HJD:,! (K, 2)
 
LE TTl. 'Hlr,=TLM/u+ T?
 
IF" TI ,<v.,?) r·T n.n, GO TO 0
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LFT T::>=0.
 
GO TO 10
 

Q LfT T?=T2/T!MIK,2)
 
10	 LET T=Tt+T? 

wRITE ~~l TI\PE (" ,T2,T1,T 
FORMAT IStO,Tl'S4,3~A.1J 

;;>	 L()()P
 
LFT T= (TLMI~+TTOFF)ITHP
 
LFT TLANO=TLAND/THo
 
LIT TT~~F=TT()FF/rH~
 

wRITE ON TAPE A, TLnNn,TTO~~,l
 

FOP',1AT (c;g,'TnTAL',Sl,V1R.11111
 
IF CAP LE I), GO Tn 4
 
WPTT[	 Ill! Tfl.PF 6 
F01pJAT (S5,'I\VFRI\GF Hf)IIPLY nfL"'V'11 

1 c,f\, 'f?I)f\'\"""V' ,st l' 'nEL.AY (MHIlITFS) I IS1 Q, 'L" IDTNGS TAKF()FFS' ,C;4, 
? IT T'\L'/) 

LFT flLJ\"ln=o.
 
LFT nTf)~F=n.
 

1)1") Tn 'I, FnR F J\CI- !1\" \I.
 

LIT T \ =Tr"'lR I CK , 1 )
 
LfT nTnFF=~TnFF+Tl
 

IF TI '(Krl) GT (J.n, GO TO "
 
U:.T T1='l.
 
Gn To 12
 

11 LF TTl =T 11 T! ~1 I K, 1 ) 
12 LrT T?=TrRWCK,?) 

LF T .1./\I~n=rLM,Il'+T? 

IF TIt (K,?) (;T o.n, r;n TO 1:',
 

LrT T?::n.
 
lin TO 14
 

1~	 L FT T~=T?ITt. (K,?) 
t~	 LrT T=Y1+ T ? 

\,:,nTr tJ TI\PF h. ,T,?,Tl,T 
FlW'MT Cst'), J 1 ,S/~, "\OA.1) 

:'	 L()()f1
 

LrT T=('lL AtJn+nTo. F)/H-1Cl
 
LFT tiL I\w1=nLAf\JI)/TLjf1
 
L[ T DTIl~F=r)TOFF ITHI~ 

WJJITF	 0'1 T/\f1F f" ~L"~I[l,[lTnFF,T 

F0F"1.AT (C,'l,lf0TAI ',c:;1' .... nA.l/111
 
"n TO .;, FI')I~ r,'\(~H II I
 
n TO c:;, F0P F/\Cli c;un ,I
 

Lr T T'1 T ( ,Jl =tnT CJ l +~ 'n LAY ( I , , I )
 

• U)"'lf"")
 

u Lonf'
 
elll l. '\f)tIT
 

4	 S Trw
 
~.' II) F' I" c;
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APPENDIX F 

PROCESSING THE LGA TRAFFIC INPUT DATA 

In Chapter 2 of this report we discussed a run of DELCAP using 
traffic schedule data from [3] together with actual runway-use information 
from the CATER data. These two data sources were matched, and the dis­
crepancies noted were resolved to the extent possible. Figure F.l records 
those errors, inconsistencies and mismatches which were found but could 
not be reconciled. 

Three flights identified as TWPCK were listed among those scheduled, 
but were rejected because their flight identification numbers had 
incorrect form (correct form is two alphabetic characters followed by 
3 or 4 numeric characters). We were unable to discover anything further 
about the identity of these flights, although it is speculated that 
they are TWA pilot check flights. 

Three flights had a discrepancy between a scheduled aircraft type 
and the type actually used. Two Eastern flights scheduled for heavy 
aircraft actually used category 3 aircraft, and one Air New England 
flight scheduled for a light aircraft actually used a category 3. In 
all three cases, the actual type used was input to the model. 

A total of 43 flights were not matched. Of this total, 24 are 
National flights which were scheduled but did not occur because of a 
strike by National employees. This left unexplained a total of six 
scheduled flights which did not actually occur, and 13 flights which 
occurred but were not among the list of those scheduled, amounting alto­
gether to an error in less than 3 percent of all the scheduled flights. 

A list of all flights, arrival/departure designator, aircraft type, 
runway used, scheduled and actual operation time is given in Figure F.2 
at the end of this appendix in order of actual operation time. All times 
are in Greenwich Mean Time (GMT), and since local time on October 25th 
was Eastern Daylight Time, one can obtain local time from GMT by subtracting 
4 hours. 

Several other problems in reconciling the two data sets were encoun­
tered and overcome. The schedule data, being computer output, had a 
fixed format: 7-character flight ID, two leading alphabetic characters, 
followed by a zero and 4 trailing numerics. The CATER data listed the 
flight ID with no extra zeroes between the alphabetic airline identifier 
and the numeric flight code. In addition, airline identifiers for 
suburban carriers are not the same in the two sources. For instance Air 
New England is ANE in the CATER data and NE in the schedule data. 
Command Airways is CMD in CATER and DD in the other. and Catskill Airways 
is CSK in CATER and KF in the schedule data. 
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FIGURE F.1 

Inconsistencies in Two Data Sources 

ERRORS IN SCHEnULE(') TRAFFIC TIJ:)UT nATA ARE STARRED 

s *TWPCl< 1:30('\
 
s *TwPCI< 165c;; II
 
s *T PCI/ 143'1 n
 

AIRCRAFT TYPE INCmISISTE~ICY • SCHEf"'lUI, En TynE hi PAoDITHFSEt; • 

f-:A0414 442 417 1\ 3 ( 1> 2?
 
"'E144d 133') 132 n n 3(2) 1~
 
EA'1011 1422 140"" 0 3 ( 1)
 1~ 

13/ SCHEDULEi': OPER AT I(Hlc; ~E'\,) or '"H! r:H ~o 'l'IEP.E f\!OT tJ/\ TCHF"n 
71 ~ CATER OPt.R AT IOf\lS OF .."l-H rli 1 ~ ,.'[RF: \11" T M",.CHF"D 
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FIGURE F. J
 

Inconsistencies in Two Data 'Sources (Cant I d),
 

FL 1.;1 rs r,:0T FUIJrJO 

IN TIiF ':l!1EnIILE L;r,Tf\ I I J THE r!\T~" I' /I Til 

"f, 06(1 r, 1 q " 
.., 

r,~(l?(,' ?ll II 31 
C'll'f,un 113 f\ ? 31 

, f\ lbll l(1n n 
'1!\<)hOC) tnn n ... 

ilb12 41:"" ~ :'> 
1\f\?Vin 1r:;2 n ~1 

,i\ () OL: 1.17 
" 

:'> 
, ~()72(J 42n r. 
fI 60R 4~<:; n 

UJOUQ 1 11?5 ~ 

F~,(170f, ?43 r , "i1 
1\.?4~e; "I<:;S r ... I) 4 

f- '\ 712\ , 1 "i2 n .., 
L~ 

\)1\[1'10:'> 12n6 n ,~ n 
'(\1)14) 1 ~'f)C:; n 
, A()055 1 ~ 1 '>j ,~ 

", ,A(105~ Dtc,'1 n -, 

'AOOg", 1417 /I, 

Fi\l) 1 2? 1 ~II 0 n 1 .3 
"l\n144 152~ ,~ 

IJ~7?ln 1437 " -', 22 
1\1 1 4,3'./ 1 '1]") r' ~ 

r, L(1h21 1'1 .. 7 ~ 

'\114?h 1,5(1 f, 

T,) 0 ""2 11 1<:;<:;3 13 
.Af'114 1 164n r' 

"i\r10Q'j 165(1 n 

',L"144tJ 17 \S n 

FI\,.."2"J 171 h (\ ... ?? 
!fl n 0 () t l 1HL7 '\ 
',L0677 184'1 [' 

"A UIff)~, 19lf> 
,1100°1 1 ').::: () 11 

If\n12c:J ;2(11'1 
'1\(1146 212,'1 

i" 

r, -, 
'AO (jq .. 2t')l1 
,A(114:, 223n "n 

1 , 
~W1187/t ::'248 !\ -', 2? 

CIlU6n1 2;;>4'1 (i '"", 
1\ ,1 n C)j 23Q(1 r, 

11r--?/-J. 7? ?,<:;4 31 
If\OOClLJ 235n f\ 
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Another difference between the two sets concerns the designation 
of the Eastern Air Shuttle flights. Each such flight appeared in the 
schedule data once with the symbol < as the final character in the ID. 
It appears in the CATER data as many times as there were sections of the 
flight. There were different numbering schemes in use for the shuttle 
flights in the two data bases, which required further hand reconciliation. 
All of these discrepancies were identified and standard formats decided 
upon. using the two-letter airline code from the schedule data and a 
four-digit, right-justified numeric flight code. Additional sections 
of the air shuttle were included as scheduled when they actually occurred. 
Differing shuttle numbering schemes were eliminated by an arbitrary choice 
of one coherent scheme. The result of these efforts is the list of 702 
flights in Figure F.2. 

- 146 ~ 



FIGURE F.2 

LGA Scheduled Flights Input to DELCAP 

DETAILED FLIGt-1T OUTPUT 
FLT YrJ AID TYPE RlJr'w/\Y SCHFDIILEn ACTllAL 

~TW0465 0 ~1 2?5'i 0 
AA0350 0 "1 2;>5<; 1 
AA0424 A "' 2) 2~U(' 1"'" 

~AL07<)3 D ~l 2;>1" 2 
AAOS92 A ?2 2?3'~ )"' AL07S7 0 :3 ~l 233'1 4 
UA0422 A ~2 2~On "5 
EAOO24 U "3 ~l 2~ln 6 
NE1442 0 ~ "t 2)O~ q 

AA02 Q 6 A :3 22 2~O') 8 
UAO.332 A 3 ?2 2~2~ to 
EAls:n u :'I ~1 (i 11 
EA2522 A :3 ?? 12 12 
AAO;>?F1 0 ~ 3) 2"31"'. 12 

"1TWO?53 0 .3	 2~4'1 14 
~TW0319 LJ ~:. 2~4" '6 

DL1gn6 A :3 ?, 2::'>5" 16 
PIOO~3 0 ) "";1 2"30 17 
UA0250 A .3 2;,; 235" 17 
AA04~O A 3 :? :' ?34~ lR 
Tw0533 0 ~l 2~5C:; lq 
EAOS41 IJ " ~ 1 225t; ?Q 
AAO~11 0 .3 "' ~I 2?4r::; :::>2 
AAO.341 A ?:' 23U o ?" 
ALOSOI 0 " :'>1 234') ?4" 
EAl~33 cJ 3 31 2C. ?C) 

EA2LH D :'-1 It ?6 
EAl123 A " ?; 2F-. ?6"' UA09?2 A 3 ?;' 2~5'" 27 
EA2L~2 [] 3 ~1 2'1 27 
TWOj46 A ?2 233:' '9"' NW0224 A ?? 2~S' 30 
EAO.~ ,7 0 "3 '31 2~5" ~1 

AA0278 A 22 2"2~ ,,? 
500n9 [) " "I] 33" UA0796 A .3 :::>2 234'7 ~4 

AA02(1Q A ;::>.., "f)3 ,.. 224 0 

AL07/~9 lJ :'3 31	 Ii 3A 
.....NW0241 ~	 3R 

" 1
OL1248 A "3 ::' 2~2P 3R 

~oAA02<;9 U ~l 230 n 

AL04()R A "3 2351'; "gr " 
T ...J01 "i1 W ~i 48 
FA2,,)12 A "3"' 2,) 41 

t:; 

41 
UA04?4 A ?c2 2::'o5c; 43 

~	 1AAOI.47 U " "1 233<'1 .. 5 
EAl12<", A " :;>. 4?, 4f) 

- 147 ­



UA07?5 l) 3 ~ I c; 117 

AA02?7 ~ "11 n I~A 

AAOl~4 A 1 ;:>? 2"' qA 
TW0166 A 3 22 '<341"l t:;O 
DL0200 A 3 ;:>2 2~4" 1:)1 
AA02~4 A "' ;:>2 2~47 1:)3 
AA054~ A 3 ::>2 I"l "'it) 

AA0154 A ~ ;:>? 2:-'51' t:;7 
EA1131 A ~ ;:>c­ 4'"' SR 
TW0350 A :3 ::>2 3::> 100 
AA 05?6 A 3 ;:>2 3" 101 
AA04()1 [) 3 31 () 101 
AAOI06 A .3 ;:>2 2nl~ In:;> 
EA113:3 A .3 ::> '~ 

, '­ 10k 1n6 
EA1543 0 .3 ~l 10 Q 10R 
AAOS02 
EA2141 

A 
0 

:3 
~ 

2<:'. 
"11 

4;., 
10n 

10/1 
log 

EA2S24 A 3 ?;> 114 110 
AA0341 LJ :5 31 n 1l!') 
EA0565 0 3 31 2::-'4(' 111 
PIOO24 f\ 3 22­ II 1 t 
AL0451 [) 3 31 4c; 113 
EAOOS2 A 3 22 2351:: 113 
DL0218 A 3 :>2 2q 1t4 
NCOO5f1 A 3 ;:>2 5(1 11F, 
EAOO28 A ~ :;>2 31 117 
UA0387 0 3 31 51:) 119 
AAOS22 A 3 ,?! 4') l1Q 
AA03R2 A 3 ?:' 5') 1?0 
EA1141 A "' 2­ 14~ 121 
AA0251 0 :3 "11 2(1 1~1 

AA0250 A 3 ;:>2 2-" 1;:>~ 

DL12 Q ') G ~ "31 100 123 
AA0129 0 3 ",1 235l:: 1~4 

EA2S31 A ~ 22 5-" 1'>4 
AA04~O l) 3 31 3n 1~7 

EADtna A 3 ?;-> 2'. 1?7 
UAOM14 A 3 ;:>"" 51, 12q 
AA0132 A ~ ?," 1(; 1~0 

DLO,?('lO [) 3 31 2"1 130 
T\liOZC,b A 3 ;:>,> 234r) 133 
EA2~"I2 A "I 2? ,3t:; 13t:; 
TWl)t82 A 3 22 , 0' 13fl 
AAO")(lA 
NW0230 

ll,. 

A 
-.. 
3 

22 
;>;> 

'0" 
10'11 

13A 
14() 

AAO.311 U ... ",1 31) 140 
AAOSli5 l) :3 "11 10n 14;:> 
EAOnA8 A 3 22 5f'l 1'~2 

ODOn47 A 2 "\1 232" 143 
ALOS47 A '3 2; 5n 14"3 
TW021.. 6 A 3· ~) 4t) 1 t~ t:) 

EA25'~ 1 A ~ ?2 '4° 14fl 
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EA06i6 A ~ ?2 12<:: 1117 
EA21L!2 0 ~ 11 1 L! ,~ 111 " 
AA0271 i) " )1 3'" 14 0 

AA01u6 A -" ? " 5t.. 1St) 

AAO~66 ~ :3 ?· / 
] 2 1 1S2 

EAl:,ln 0 3 31 10() 1s~ 

EA0758 A ~ 2:' 235? 1<)1 
EAO~40 A 3 ?; , 3? 1SC; 
0000?6 0 2 ?? 5c; 1'16 
AL On78 A '3 22 l?n lS7 
n~047f, A "I :'l2 12"7 lSR 
BNOnOb A "I ::>.2 12" ISo 

ALO~l? A ~ 
.,~ 

• <­
5 c-, 2·11 

EflO415 
EAl14'3 

[) 

A 
1 
~ 

31? , 
.<-. 

, 0 ,1 
20;:> 

2n? 
2n2 

TWOjc;4 A 3 22 13? 2n4 
AAO.354 A ~ ?2 '411 20Ft 

AA0479 lJ '3 31 11c; 2nA 
EA25t.J.2 A 3 ?2 ?Or) 20Q 
PIOn25 [) " 11 11'1 2,10 
PIOO56 A "I 22 14"7 2.11 
DLOj 0 7 [) "I ~l 12c; 21 1 
EA21 1 LJ 3 31 20 n 213 
TW04H4 A ~ 22 ?Ol"l ?1~ 

EA0417 0 1 31 10'" 21S 
AA0325 U "I ~1 lon 21(, 
AAO')SO A 3 ?2 '14 2tR 
DL01:'F3 A ~ ?2 ?Or. 2,,3 
F.:A2544 A 1 "31 ::>'2/1 2<4 
T'hO~41 lJ " 31 5c; 227 
AlO541 [) " "11 15c; 22A 
AL07S9 [) ~ 31 ?O<; 2"10 
AL0541 D 1 ~1 130 234 
EAlS45 D "3 11 23Ft 235 
A/\Ol~4 A 3 31. 220 2)q 
["'lLO.321 
UA0926 
AAO~66 

EAltS1 

A 
A 
A 
A 

:3 
:3 
3 
:3 

?? 
??,.,
'- ,; 

?;> 

?3 n 

23'7; 
14? 
?41 

243 
2t~S 

247 
2c;O 

EAD:l"7 l) '3 1: 12<; 2c;O 
DL 0 128 [j :3 n,j. ?4:l 2 Sf:, 

E J\ 0 II:' f\ u " "1/1 11 n ?")p, 

EA0421 [j 3 ("14 ? 1:~ 311 
AI\O()42 
ALO~R4 

A 
A 

:3 
.3 

"4 
1"14 

"lIn 
11/1 

317 
3;:>7 

EA04~2 ~ .3 ?2 ~4r- 41"1 
EA04J4 1\ 3 .,2 41'" 44? 
FA0416 i\ 1 ?-2 41'7 4 1j. P, 

DLOSQ4 f\ 1 ?2 It2 n 4<.);'> 

DLO'-)':>4 '-' 
:::0: ? -' · t .. 

lJ')<:' :>?1 
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AiIOll'~': A ) ~2 ."'1 (. 7r1~ 

E1\21', 1 
Fl\ll+rl 

0 
lJ 

) 

"l, 

!j 

13 
I 1U(1 

1H'n 
11 'II') 

I1n7 

AI\O i 7 t ;) ~ 13 11 on 111 1 
Ai\O'+ <3 U ,3 1 :3 11 on ] 111 

LI-J ~ LJ ~ 1 ." 110"'i 11.7, 

AAOLj.:"\ f) ) ,,\ 110" 114 
AAO,+u 1 
AA04-'7 

J 
tJ "'-.; 

1 j 

13 
11 u~ 

11 0'" 
1.1' 6 
1117 

[AO,)19 D -.; 1 .3 Ill!) II 1a 
OLO~, 1 ') .3 1.3 1] 2~ ll?S 

EAOSel7 U ~ 13 l'2 r 1l~7 

PIOIJ~7 iJ ) 1 .3 1J3 n 11 ~"i 

AAO .. 17 [) 3 ,3 113 11 111<; 
A/\ 0 '1(-, 7 
AAO ''-1 

U 
L) 

, 

'1 

J .3 
13 

1130 
113" 

11V~ 

, t C1 

AAO:V17 ~ .~ "2 113 l1L~2 

[ lCf11 )1 3 :'2 114" , 1'~ 7 

[ADII,n 
Tt.01'l7 

A 
,) 

~ 
-.; 

;>2 
1"> 

115" 
114 r 

111.~a 

11<::;1 
EA24 n 1 i.\ ~ ').,

,­ 1_ 114'" 111')~ 

UAO/~11 l.\ ) 1 '3 114 0 tl"'i~ 

OLDll n2 J ? ')2 114'" 11')1'1 
ALOQI)9 U ~ 1:3 114~ II C)l:j 

E1\1411 ~) ) 13 l?on 11S7 
NCO II '"; 1 t.J -.: 1.3 115": 11';A 
I\A04 .~ A 1 ?'"'t:, 11 ~" 11t:j° 
T,~()~ j LJ 1 1j 1 1 4~·· 12')0 
[AOY;1 LJ :" 1 .3 1150 12nl 
AAOi->~;'~ A :3 22 115:-> 1':>"3 
AA01?'S l.i 3 13 1] 41'1 12n~ 

AAO., .... 7 u 3 13 1150 12n4 
01)01)1' 1 A .3 ?2 11S h 12nl~ 

EA2\)11 L1 .3 13 1?on 1207 
AAOI~' () t\ ) 22 1;>01 120q 
UA04(,5 J ~ ] .3 1?0:1 120<) 
ALO 71,6 /\ ) ? .,. (' 1;>1" 1212 
EA0101 tJ ~ , .3 l?UrJ 121? 
AAO?.:.9 U ) 1 ~ 12u;, 12 4 
KF01n7 }'::., ? ?2 1;>1"" 121') 
EAll+t3 iJ 3 1.3 1?1r... 1216 
T~O'117 u ~ 1 :3 1;>on 1217 
OLD t:>~'S A .3 ':>2 1;>11 121.7 
AAO..>77 A ) ;:'2 121'1 t2?O 
AAOnf'19 C 3 13 l?on 1220 
AL07~? (\ ." ;>2 1'0"" 12?? 
EA2\J12 l) ~ , 3 1;:>2' 122? 
OLOl~R A ~ ?2 1154 1224 
OLO~"l. fI :" ?? I? 111 12;:>6 
Nll'177 fI ;:> "? 1'1<:; 12~R 
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AA0432 A :3 "'2 lelA 12~O 

KFOI08 l) ? ;:>2 1:>5(' 1233 
TW04-67 u ~ 1.3 1220 12"33 
TW0129 0 ~ 1 :3 122[' 1233 
EAO~62 

NW0201 
A 
0 

~ 

~ 

"21 _. .) 

122e; 
1?3° 

12~n 

12~n 

AAO ... 40 A ~ ;>? 1?2~ 12~8 

000042 u ~ ?? 1 ?3!"'I 121~1 

AAOS1Q 0 .3 13 123~ 1241 
NElfl71 A 3 "2 1?2C; 1243 
N~144q A :3 ')2 1?4" 1246 
EAOUF,O rJ :3 1 :3 124"'1 1247 
AAO~I")~ U .3 13 124r 12/4 Q 

AL00fl3 D ~ t.3 1?4r::::; 12c;n 
T~OShO t, ~ :>2 1?4 n 12,1 
N~lof-,l A :3 ?2 123" 125? 
TW04€)6 A "Jj ;:>2 1?4" 1254 
BNOllO I 0 .3 ,3 124" 121)5 
AL07C:;1 U :" 13 125n 12t;6 
EA2411 A ~ ~2 1?5~ 12C:;6 
TWOj15 
AA0124 

[j 

A 
~ 

:3 
L~ 

,"2 
124~ 

1?4'" 
12t;7 
12l')Q 

fAD ~~bJ 
TwOl12 

u 
A 

"Jj 

~ 
13 
?2 

122r 
1?3~ 

13f)1 
\3n1 

UAOql.,. 7 0 :3 1 125'1 13112 
fAIOll A :3 22 1?4,; 1302 
ALOh62 A :3 ;:>2 1?4l:i 13(14 
Nw0209 CJ ~ 13 125" 13"'4 
EAOI)!S3 
T ,olD 1?7 

A 
U 

3 
~ 

"2 
13 

1?4: 
1?5" 

13nf> 
13n7 

EI\1421 J " 13 1'1\00 131? 
AAO~~f,O 

DLOS?S 
A 
0 

~ ., ')2 
1 .3 

1~Or"l 

1?5C; 
1312 
t3t1 

AA04~4 A 3 "'2 1 ~o 1 1314 
AA0428 0 1 1 3 ?4C:; 1315 
NE1476 l) :3 ~2 l~Or"l 1316 
AL04~5 

[A2021 
A 
0 

.3 

."Ji 
'>2 
13 

1?4C:::; 
1~o () 

1316 
1317 

EA1423 i) .~ 13 1~1() 1319 
DL0209 [) :3 ~.J 1~1" 13'0 
UA0326 A ~ 22 1'0"'" 1320 
AA0432 0 3 13 l~Or 1321 
AAO?35 D 3 t3 1~O0 1. 3') 
AAO:):.'g D 1 \3 l~On 1322 
EAI013 A 3 ?2 132', 13'4 
NElf,72 0 ) ?2 1~1~ 1325 
PIOu76 A 3 ?2 1.?5 (\ 13"t; 
AAO~77 U "Ji 13 1'5r;: 13<7 
AL0442 A ~ ?? 1,5c: 13?8 
NElnh2 LJ ~ "'2 1~2° 13"P 
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EI\O~nl~ A :3 ?:? 131li 1.3:'9 
AA04·.n LJ '3 , .3 1~O(1 13"0 
AA02 1J 5 1\ ~ ?? 1~1r; 13:3~ 

NEl"/~d LJ ~ ,-" 1~2" 13V) 
ALOl+ln A 3 ::>2 1~1'"' 133h 
OLD!?7 l) ~ 13 132c:: 13"7 
AAD~08 
TWO.3n6 

A 
A 

'3 
:3 

22 
?').. ,­

1~1o 

132'7 
13'38 
131~r) 

AADl+02 1\ :3 ~2 1321'1 1342 
AAO .. Sl 0 '1; 13 1~2c:: 134~ 

EA0741 0 :3 13 133(' 1344 
EA0352 A :3 ?2 1334 1346 
ALD745 0 ~ 13 1~3() 134f, 
EA2422 A '3 ~2 1::-'47 1347 
EA05~3 0 ~ 13 1:'14'1 t34q 
TW OO73 u " 13 1~4n 131:)0 
TwD .. 06 A 3 22 1~41 13,0 
AA03e.4 1\ :3 ?2 1~4' 13C;1 
ALO ....~5 0 :3 13 1321:; 13 I:\l~ 

EA2421 A 3 ?2 1~51 131:\, 
EAlu?1 A 3 ,::>2 1"50 t357 
TW04,n A :3 ;:>' 1~~? 13c:;0 
DLO..,n~ A ~ "l"( L 1~1t:j 1"01 
AA016:'1 0 " 13 134<) 1402 
TWD.H9 [) 3 13 134C::: 14n3 
EA14.31 D :3 ] 3 140n 1405 
UA0900 A '3 ?? 134C:; 14f17 
AAO"olt A '3 22 1~4'7 14!)~ 

AL 0442 0 3 13 133C:; 14no 
AA04?O 1\ " ?2 13/;.0 1410 
AA0229 U 3 13 140n 14t1 
AflOS64 
TWO 1 'H 

A 
U 

'3, ~2 

13 
140C:; 
1341:\ 

1'H2 
1414 

EA2i1'H 0 3 13 11-.0 n 1415 
DL19'15 A '3 2? 140n 14111 
EI\10"'3 A " ;>2 141" 1417 
AAO;:HJ5 u :3 1~ 140fl 1417 
AL049S LJ .3 13 1~4r; 1419 
500710 A 3 '>2 140'1 1421 
EADtn 1 0 '3 , '3 litO 1'1 14<2 
EA 1,.~.3 0 3 1 j 14211­ 14'4 
AAOjQ3 0 3 1.3 140n 1426 
PIOU77 u 3 13 l~4<) 1.42 7 
T.;0005 U 3 13 1~51=) 1432 
NW0202 A 3 ?2 1L~24- 14:.'1~ 
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