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PREFACE

As part of the FAA's program to rationalize its investment
decisions, the Transportation Systems Center (TSC) has examined
the relationships between airport investments and the level of
service provided to the public by the National System of Airports.
This report documents the preliminary design of one of two models
developed to translate airport capabilities and characteristics
into levels of public service. The "Airport Performance Model"
translates the impact of capability enhancements at individual
airports into the level and quality of service delivered to the
public. A companion report, The Airport Network Flow Simulator,*

describes a model that projects the impacts of investments made
at individual airports on the performance of the airport system
as a whole.

Both models were developed under the sponsorship of the
Federal Aviation Administration's Office of Aviation System Plans.
In addition to the help provided by John Kal of the Planning
Assistance Branch and by many people within the FAA, TSC would
like to acknowledge the assistance of the FAA Air Traffic Control
Tower personnel at Boston's Logan International Airport.

The bulk of the programming of the Airport Performance Model
was done by John F. Dolan. of Kentron Hawaii, Ltd. Other contri-
butors to the project were Rita Folan, David Spiller, and Barbara
Kolodjiez. The overall project was carried out under Dr. William
J. Duffy in the Research Division of the Office of Systems
Research and Analysis at the Transportation Systems Center.

*Steven Gordon, The Airport Network Flow Simulator, Federal Avia-
tion Adminstration, Washington DC, FAA-ASP-75-6, May 1976.
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1. INTRODUCTION

The Airport and Airway Development Act of 1970 (PL 91-258),
as amended, authorizes a total $1.15 billion for development of
the nation's air carrier airports. Both the duration and funding
of this act are likely to be extended in the near future. In
addition to these funds, a substantial portion of the more than
$250 million allocated annually to Facility and Equipment (F§E)
expenditures is devoted to airport investments. These funds are
used for a spectrum of investments, ranging from land acquisition
and paving to electronic approach aids. The magnitude of these
funds, the importance of the nation's air transportation system,
and the multitude of possible airport/investment combinations have
led the FAA to strengthen its investment-decision process.

These decisions are difficult to make because they depend on
complex technical knowledge and on ethical values. The required
technical knowledge, such as the increase in annual passengers and
the decrease in annual delay a new runway might produce at a
specific airport, depends on a host of demand, operational, and
environmental conditions unique to each airport. The ethical
values must be used to judge competing, equally valid claims from
adversary groups. This report addresses only the need for tech-
nical information — the need to assess the effects of a variety of
investments at many different airports.

1.1 EFFECTS OF AN INVESTMENT

In order to determine the effects of an investment, it is
necessary to state what types of effects are considered relevant.
The effects are usually divided into costs and benefits.

This report will not deal with the cost of investments. The
benefits of an airport investment are usually considered to fall
into four main categories. First, an investment might reduce the
delay incurred by aircraft and passengers. An aircraft might be
delayed in landing or taking off because of runway congestion; an
arriving aircraft might be delayed in docking because all gates



are taken. Aircraft delay is wasteful since it runs up fuel and
crew costs; passenger delay is undesirable since it keeps pas-
sengers from more preferred activities. A decision-maker should
therefore know how much an investment (or a change in operating
policies) will affect annual aircraft and passenger delay.

Second, an investment might reduce the amount of time that
passengers are forced to use congested groundside facilities.
Facilities subject to congestion include parking areas, curb
space, ticket counters, waiting areas, baggage claim areas, and
restrooms. Sometimes a congested facility will result in delay;
e.g., a passenger is delayed while trying to reclaim his baggage
in the middle of a throng. But often facility congestion results
not in delay, but in discomfort and inconvenience; e.g., over-
crowded departure lounges increase passenger discomfort without
necessarily causing delay. Thus, a second consideration is the
extent to which an investment in a groundside facility will affect
annual congestion at that facility.

Third, an investment might increase the volume of serviceable
demand that an airport can handle. The term '"serviceable demand"
needs to be carefully defined. For most airports, traffic is ex-
ceedingly light between 1:00 a.m. and 7:00 a.m. Therefore, the
volume of passengers handled could easily be increased by 25% at
any airport with no additional investments if the passengers would
travel in the middle of the night. But the fact is that few pas-
sengers are willing to do this; if passenger volume is to increase
by 25%, that increase will largely fall in the hours that are
already busy. Passengers demand flights at certain popular hours
and on certain popular days, and this must be recognized as an
effective constraint when determining how many passengers an air-
port can serve. An airport's serviceable demand is defined to be
the largest number of passengers (or operations) that it can serve
in a year, subject to the constraints that the demand is spread
across days and throughout each day in a realistic way and that
the estimated delay per passenger not exceed some specified figure.



Fourth, an investment might affect the safety of a flight.
This is an obvious-and important effect of many airport invest-
ments. This report will not attempt to quantify the relationship
between investments and safety. Safety is a difficult variable
to measure; detailed, intensive studies are necessary in order to
determine the effect of an investment upon safety. That this re-
port omits further references to safety should not be interpreted
as meaning that safety is unimportant or that investments do not
affect safety.

1.2 PURPOSE

The purpose of this ongoing research effort is to provide a
computer based model and data base that can be used to generate
information about the effect of an airport investment on delay,
congested facilities, and serviceable demand for air carrier
airports. The model is named the Airport Performance Model since
it predicts how well an airport will perform under different
situations. The model has been constructed to provide the informa-
tion that is most critical for decision-making. Marginal improve-
ments in aircraft delay, passenger delay, groundside facility
congestion, and annual serviceable demand can be projected as a
function of changes in an airport's capabilities. Given this
information, the planner can distinguish between efficient and in-
efficient investments. To facilite use by analysts, the model has
been supplied in an easy-to-use, interactive computer package.

The text of this report explains the main ideas behind the model;
the details of the mathematics and the computer program are spelled
out in the appendixes.

1.3 CAVEATS

A warning about this report is necessary. The main purpose
of the FY75 effort has been to get the Airport Performance Model
on the computer and running. The rationale for this was that it
was better to have an imperfect model working by the end of FY7S
rather than a finely-tuned model only half completed.



This strategy has led to three types of compromises. First,
although the mathematical models and the computer programs are
completed and apply to all airports, the data base contains data
only for Logan Airport in Boston.

Second, some simplifying assumptions have been made about
airports and demand. These assumptions will be spelled out in
the course of the report and presented in Section 4.1.

Third, the model has not been validated; that is, the pre-
dictions made by the model have not been checked against actual
operations to test the accuracy of the model. Therefore, it
should be stressed that at this time one should not have blind con-
fidence in the information generated by the model,

1.4 ORGANIZATION OF THIS REPORT

Section 2 describes the Airport Performance Model. This
section presents the concept of an airport processing rate, tells
how the model treats demand for airport services, and explains how
the model calculates delay, facility congestion and serviceable
demand. A discussion is presented relating how the user can
utilize the interactive capability of the computer package to
model the specific problem he is interested in. Section 3 de-
scribes the model inputs and outputs, and the manner in which these
can be used to analyze varying alternatives. Section 4 discusses
potential theoretical improvements that can be made to the model,
potential ways of improving the data base, and additional phenomena
that the model can be expanded to cover. The éppendixes provide
the technical details of the model,



2. DESCRIPTION OF THE AIRPORT PERFORMANCE MODEL

The label "Airport Performance Model" is given to the method
used to estimate how much airside delay and groundside congestion
occurs at an airport for specified investments, demand, and
operating policies.

2.1 OVERVIEW

2.1.1 Outline of Airport Activity

Figure 2-1 is a schematic diagram of airport activity as
envisioned by the Airport Performance Model. Starting with the
groundside system, it includes the terminal and access facilities.
Originating passengers, perhaps accompanied by well-wishers, arrive
and are processed through the groundside system; i.e., they park,
are ticketed, check their bags, and wait for boarding. The pas-
sengers enter the airside system when they board the aircraft.

The aircraft takes off, perhaps after being delayed by congestion,
and at that point leaves the system. Arriving aircraft enter the
terminal airspace and, perhaps after being delayed by congestion,
land and taxi to the gate. Some, and perhaps all, of the pas-
sengers deplane and are processed through the groundside complex.
Some of the deplaning passengers are transfer passengers that trek
to their next flight. Others are terminating passengers that get
their bags and leave, perhaps accompanied by greeters. This is
the flow of aircraft and people modeled in the Airport Performance
Model.

2.1.2 Inputs and Outputs of the Airport Performance Model

There are four classes of inputs to the model. First, there
are airport characteristics: the capability of the airside system
to handle aircraft is summarized in a processing rate; the
grounds ide complex is characterized by the dimensions of its
facilities (e.g., parking lots, curbspace, ticket counters, etc.).
Second, there are demand characteristics that state the volume of

activity at the airport and the temporal peaking characteristics
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of that activity. Third, there are hourly traffic characteristics,
such as the mix of aircraft types that use the airport (and the
number of seats on each aircraft), the arrival-departure ratio,

and the average load factor. Fourth, there are weather character-
istics that describe the frequency and average duration of problem
weather conditions.

The computer program listed in the appendixes uses these
inputs to calculate two different types of outputs. First, delay
for both aircraft and passengers is calculated in terms of both
time and money. (To determine serviceable demand, delay is fixed
at a constant, and the largest demand consistent with that delay
is found.) Second, the amount of time that each groundside
facility is congested is calculated.

2.1.3 Airport Performance Data Base

The input data described above constitue a substantial amount
of information that must be developed for each airport to be
analyzed by the model. The breadth and depth of this information
permit the assessment of airport investments to be based on
accurate and complete representation of the environment in which
the investment will reside. The amount of this data and the dif-
ficulty in obtaining certain segments of it, however, also dictate
the need for an ancillary data base that can maintain the informa-
tion and provide it as input to the model with little or no
assistance from the analyst. This extensive information base is
one of the key features of the Airport Performance Model.

The information in the data base can be divided into airport-
specific information and aircraft-specific information. For each
airport, the data base contains two types of information — a single
file describing the airport's capabilities, and a series of files
containing the time-dependent information for a representative set
of 24-hour demand periods. Table 2-1 shows the static airport
characteristics file stored in the data base for each airport;

Table 2-2 shows the contents of the time-dependent information files
stored for each airport — the demand, traffic, and weather
characteristics. Table 2-3 shows the characteristics stored in the



STANLIXIA 09 SWOOY 1SHY S.NAWOM

STUNIXIA 09 SWOOY LSHY S NAW

SLvds 000°T VIV 9NILIVM

Id4 *0S 00007 VRV ONILIVM

I1 °0S 000°0T VIIY WIVTID 99v99vVd

11 °0S 000°LT dDVdS SNOILVYAd0O ANITYUIV

19494 09 YALNNOD IDIAYES dHINASSYI

Id *0S 009 VYV A490T IEIDIL

SH0VdS 000°8 ONINIVd WIHL-9NOT

SHIVdS 0ST ONIMIVd WIHL-LI0HS

1944 00¢ d0VdS ®iND TMNI¥vdaa

Lad4d 00¢ 40¥dS RIND TVAIYYY

SANV'T Z AVMAVOd NOILVTIADYID

SANV'T % AVMHOIH SSA20V

SLINM NOISNAWIQ ALITIOVA

FAISANNOUD

90" 0T"* 6S* 01" ST ¥H/SdO S9 avd

90" 01" 65 * 01"* ST* ¥H/Sd0 0Z1 ao09

qa o) i Y H dLvd 9NISSHDOUd ALITIGISIA
XIN TVNIWON WOWIXVI

114 ALITIIVAVD — S04 :IY0d¥IV — HSVd VIVAD LIOdUIV "T-Z7 dT9VlL




(£3TTTQISTA ATuo AT3uaI1Ind)

9DTAISS I9YledM TBUOTIEBN

Apnig uorisaduo) 310diTy TBUOTSSaIZUOD

ovo

Apnis Burrepou TIV TeUIZTIO WOIXF
UOTIBITFISSEBID ¢ paydsuou IoF gBQ poumsse

¢ «poydg I03F 9y0Q wolF odLL 3IFeIDATY

sjunod d13Jexl ATanoy Iamol ¢I-0£Z. wWIog VVi
€53Uunod DTFFral ATTEP JISMO] WOIJ

1 I9Yy3leopm
: T Xvd 98exoay
:013®y 9xnjieds(q/TBATIIY

IXTH 3FBIDITY

:feXIy DTIFeAL ~PIYDSUON

97T AVQ Y04 VIVA TVYOdWILl — S09 :140d¥IV — HSVHE VIVd Ld0ddIv

[}
(]

OyQ woxjg :feray DIFJel] poINpayds
6S°¢2
| + ] ﬂ|_a [ | * 1 L 4 |
mmeme mmewzm mmewzm mmwwwwm SITHINA STTYINT
e * * ovPT 0vvT
| ] L T 1 L | . |
Z0°0
| | [ I | 10°0
00°0
C N L] ( ] C )
“ONIM  'DHdd  “SIA S35 ST OIIVY da D9V H DTAIVIL D1d4vdl  "NIW
YAHIVAM £ 5 Xvd dHa/u¥v XIW D/V *@IHDSNON dTTINAIHIS
= <
=y [#p)]
[ws! e
=
g
e V
193

"7-7 dT4VL



*DV0 8yl

WOIJ SIUNOD UOTIBZI[IIN 3JJBIDIIE UO PSseq SON[eA UBOW PI3YSTOM SIB S98BIAABR SSEBT)
*$L6T ounpy ‘) uolZUTYseym “SOT1SIIBIS PUB SIUNODDY JO neddng ‘pieog SOTINBUOIAY
TTAT) “31x0ddy 9dUBWIOFIS4 PUB 13S0) Jurleasdg 3FBIDILY

‘s.6T 994 ‘rN ‘snueaed ¢*dio) seduerdg§ iojnduwo) ‘Apnig uoljeTNUIO] 3Idsduo)

DIJJe1] @0BFANGg 3I0dITY °°Te 39 OIPUBSSSTY,J °J WOXIJ BIBP IFJBIDITER [EBNPIATPU]

1921N0§

SUTI] STIY3 3B 9TQBTITIRA®R 10U BlER( VN

VN VN VN VYN VN *UTIW/SUOTSSTWy
punouay
o8eioAy
YN VN VN VN VN *UTWN/SUOTISSTWY
duIoqaty
a8easaay
UTIRW/S3s0D
80°2% g€e°¢$ 80°0T$ LT ¥T1$ 80°22$ punouxs
93raaAy
UTW/S3S0D
0S°2$ LT ¥$ LA $$°9T$ 00°92% auIo0qITYy
a3eaoay
s1eag
6 0¢g S6 0ST 5S¢ STqeTITIRAY
98eaaay
*2319 ‘sd) *932 | *238 fgzg ‘114 29Xk dL0L sad 4],
‘INg ‘¥OL ‘Lzd ‘ola ‘S6a‘ 620 ‘“IND ‘0TA | €S80Q ‘TTIOTT 3FRIDITY
‘ANd ‘ZVd ‘¢na ‘664 S¢S/ HBMB ‘ass HONN ‘01D0a ‘Ll _
‘d1d ‘oSv 819 ‘Ir1 szl ‘Lzl | €80a ‘Lol
a+d p) q Y H
WALI
SSVY1ID

dSVd VIVA I1dVIDUIV

‘¢-7 HTEVL

10



data base for each class of aircraft (see Section 2.2.3 for a de-
finition of the aircraft classes).

This data base is logically separate from the Airport Per-
formance Model. The analyst may use the information stored in the
data base to perform a baseline analysis for an airport, or he
may specify alternate values for any of these data to perform a
comparative analysis. The ability to selectively alter data from
the data base before the input data set is passed to the model is
discussed in Section 3.

The data from the data base are passed to different components
of the model (referred to as modules) at different times during the
model's execution. The source, derivation, and the use of the
various data elements will be explained in the sections that de-
scribe the modules in which the data is used; it should be
stressed, however, that all required information discussed in any
of the later sections will be contained in the data base.

2.1.4 Logic of the Model

While Figure 2-1 exhibits the activities covered by the
Airport Performance Model, it does not expose the logic on which
the model rests. The logical flow of the model is sketched in
Figure 2-2,

The model is broken down into four separate components or
modules, Each of the next four sections will explain one module.
The Airside Processing Rate Module takes as input a good weather
and a bad weather processing rate (saturation capacity); it then
calculates all relevant processing rates. The Activity Demand
Module takes as input the number of daily operations and also in-
formation about weather, mix, and the arrival-departure pattern at
the airport in question. It produces two outputs: (1) A minute-
by-minute demand profile (i.e., a statement of how many aircraft
request service during each minute of the day being studied) and
(2) the weather, mix, and arrival-departure ratios for each hour.
These first two modules provide the raw material used by the next

two modules to calculate the statistics of interest.
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The Airside Service Module's first two inputs are (1) the
minute-by-minute demand profiles, and (2) the processing rate for
each hour (which is obtained by applying the Airside Processing
Rate Module to the hourly information on weather, mix, and arrival-
departure ratio). These inputs are sufficient to calculate the
output of aircraft delay measured in time. Further inputs for the
number of seats on each type of aircraft and the average load
factor allow calculation of two more outputs: (1) passenger delay
measured in time and (2) the volume of passengers that arrive in
each hour (which is passed to the Groundside Service Module).
Further inputs of dollar values per minute of aircraft and passenger
delay allow calculation of the output of total dollar value of delay.

The Groundside Service Module has as inputs the number of
originating, terminating, and transferring passengers and their
characteristics, the groundside facilities that exist, and the
standards used to determine when facilities are congested. The
output is the time intervals during which each facility is con-
gested.

The model is constructed to simulate an airport's activity
for independent 24 hour periods. However, the model also has the
ability to simulate a year's airport performance by modeling
activity for an appropriate series of 24-hour periods., For a
(user or default) specified value of annual demand, the demand
module can distribute annual activity over jndividual days (based
on historical data in the data base) and construct an appropriate
series of 24-hour activity schedules (based on-the information
files represented in Table 2-2). The annual results are then
computed from the selected 74-hour results (see Sections 2.4.3 and
2.4.4).,

2.2 AIRSIDE PROCESSING RATE MODULE

2.2.1 Airside System

A distinction can be drawn between the airside system and the
groundside system. The airside system consists of the airspace
governed by approach and departure controllers, runways, runway
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exits, taxiways, and apron areas. The groundside system consists
of waiting rooms and other terminal facilities, curb space,
parking areas, and the access roads to the airport. The Airside
Processing Rate Module deals only with a portion of the airside
system; taxiways and gates are not modeled.

When aircraft are "processed through" the airside system,
the following conventions are observed:

1. An arrival is in the system from the time it is handed
off to the approach controller until it is off the runway.
(If handoff to the approach controller is delayed by con-
gestion, the aircraft is considered to be in the
system at the time it would have been handed off had there
been no congestion.)

2. A departure is in the system from the time of push-
back (i.e., when the aircraft pulls away from the gate)
until it is handed off to the departure controller.

(If pushback is delayed by congestion, the aircraft
is considered to be in the system at the time it would
have pushed back had there been no congestion.)

An aircraft is said to "request service'" when it enters the
system and it is said to be "processed" when it leaves the system.
This terminology is not only suggestive, but it allows us to speak
simultaneously of both arrivals and departures.

2.2.2 Airside Processing Rate

Suppose that the airside system is saturated; that is, there
are arrivals circling and ready to land and departures queued up
and ready to take off. In this case the speed with which the air-
side system processes aircraft is not constrained by demand but by
the capabilities of the airside system. We define the airside
processing rate to be the number of aircraft that the airside system

can process in an hour when the system is saturated. The maximum
processing rate is equivalent to the "saturation capacity'" used in

queuing theory. The maximum processing rate, like the saturation
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capacity, is not a fixed number for any runway subsystem but a
function of the existing weather conditions, the characteristics
of the aircraft demanding service — including the type of aircraft
and the relative number of arrivals and departures — and a host of
intangible factors. Thus, an airport will have many maximum pro-
cessing rates, each being the maximum number of aircraft that can
be processed in an hour when the controllers are working normally
and steadily under a specified set of conditions. For example,
O'Hare airport in Chicago is considered to have a processing rate
in good weather of 158 operations per hour. Logan Airport in
Boston has a good weather processing rate of 120 operations per
hour. The adjective '"airside," which was employed to emphasize
that the processing rate applied only to the airside system, will
now be replaced by the term '"processing rate."

(Note: It is sometimes convenient to divide the hourly
processing rate by 60 to get a processing rate expressed in terms
of operations per minute, which is then inverted to obtain a
processing interval in terms of minutes per operation. It will
always be made clear which is being used.)

2.2.3 Variables Affecting the Airside Processing Rate

We assume that the processing rate is a function of four
variables:

1. weather

2. mix of aircraft types

3. arrival-departure ratio

4. 1light-heavy separation standards.

First, the processing rate depends on the weather. During bad
weather, the processing rate typically drops for two reasons.
First, runways that are not equipped with the appropriate electronic
gear (e.g., ILS, ADF, NDB) cannot be used. Second, even for run-
ways that are used, the aircraft are spaced further apart. We have
made the simplifying assumption in the current model version that
the weather takes on only two values — VFR and IFR. VFR weather
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is defined to be weather in which the visibility is at least

3 miles and the ceiling is at least 1200 feet.

Second, the processing rate depends on the mix of aircraft
types. That is, the processing rate depends on the proportion
of the aircraft requesting service that are heavy jets, large jets,
medium jets and large props, etc. The processing rate is higher
for smaller or slower aircraft because:

1. They have a smaller runway occupancy time, since their
slow speeds allow them to brake more quickly and to get
off the runway faster; and

2. They require a smaller time separation between aircraft,
since they are more maneuverable and can be waved off

more easily.

Moreover, the processing rate is lower when heavy aircraft are
landing due to wake turbulence and the resulting greater separa-

tion requirements.

In computing the mix of aircraft the assumption is made that
all aircraft can be divided into five classes. Table 2-4 defines

these five classes and gives examples of aircraft in each of them.

Third, the processing rate depends on the arrival-departure
ratio of the aircraft requesting service. Typically, arrivals are
given priority and are allowed to land as they come in; departures
are released in the gaps between arrivals., Thus, if the arrival-
departure ratio is one, the local controller will try to send off
a departure between every arrival; if he fails to get a departure
off between two arrivals, he will then try to make up for it by re-
leasing two departures between two subsequent arrivals. Now sup-
pose that the arrival-departure ratio rises above one while the
airside system is saturated. The maximum number of planes that
could be processed in an hour is then expected to fall.- Since
arrivals were being landed at a maximum rate when the arrival-
departure ratio was one, the additional arrivals must be delayed
before landing; since there are fewer departures, some interarrival
gaps that could have contained a departure go unused.
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TABLE 2-4.

AIRCRAFT BY TYPE AND CLASS

CLASS DESCRIPTION TYPE
H All jet aircraft having normal Boeing 747
loaded weights in excess of McDonald-Douglas, DC-10
300,000 pounds Lockheed L-1011
Douglas DC-8 Super Series
Boeing 707-320 Fan Jet
A A1l jet aircraft not included Boeing 707 and 720 series
in Class H but normally re- Douglas DC-8 series
quiring runway lengths in Convair 880 and 990
excess of 6000 feet for take- Sud-Aviation Caravelle
off and/or landing (corrected DeHavilland Comet
to sea level). BAC VC 10
B (1) Piston and turboprop air- BAC 111
craft having a normal loaded Boeing 727
weight of >36,000 pounds Lockheed Jetstar
(2) Jet aircraft not included Lockheed Electra
in Class A but having a normal BAC Vanguard
loaded weight >25,000 pounds Vickers Viscount
Douglas DC-6 and DC-7
series
Lockheed Constellation
Bristol Brittannia
Convair 240, 340, and 440
Martin 202 and 404
C (1) Piston and turboprop air- Fairchild F-27
craft having a normal loaded Grumman Gulfstream
weight of >8000 pounds but Douglas B-26
<36,000 pounds. Lockheed Lodestar and
(2) Jet aircraft having a Learstar series
normal loaded weight of >8000 Douglas DC-3
pounds but <25,000 pounds Beech 18 series
North American T-39
Potez 840
Aero Jet Commander
DeHavilland 125
D All light twin-engine piston/ Beech 500 Twin Bonan:za

turboprop aircraft with <8000
pounds normal loaded weight
and some high-performance
single-engine light aircraft

Aero Commander

Beech Queen Air

Beech Travelair

Piper Aztec

Piper Apache

Cessna 310

Cessna Bkyknight

Beech Bonanza and Debonair
DeHavilland Dove
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TABLE 2-4. AIRCRAFT BY TYPE AND CLASS (CONTINUED)

CLASS DESCRIPTION TYPE
E All single-engine light Piper Cub, Tripacer,
aircraft other than those Pacer, etc.
included in Class D Cessna 140, 150, 170,

180, and 210 series
Piper Cherokee
Piper Comanche
Beech Musketeer
DeHavilland Beaver (L-20)
Mooney M20
Aeronica Champion

Sources: (Classes A-E as defined in Reference 1; Class H as
defined in Reference 2.

Fourth, the processing rate depends on the separation standards

employed. Currently the 3-5 separation standard is used; i.e.,

a 5 mile separation is required following all heavy aircraft

and a 3 mile separation is required following all other aircraft.
Adoption of a 3-7 standard that would require a 7 mile separation
following heavy aircraft has been discussed. The processing rate
for many airports would be lowered if this 3-7 standard were used
since interarrival times would increase whenever heavy aircraft

were present in the arrival stream.

Since the separation standard is a variable established by
administrators and does not change during a day, it will be sup-
pressed throughout most of this report. It is discussed here to
illustrate how the model can cover a change in operating policies.
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2.2.4 Logic of the Module

The building blocks of the Airside Processing Rate Module have
now been described. To facilitate further discussion, the fol-
lowing abbreviations will be used:

T thg airside processing rate

W the weather (either VFR or IFR)
M the mix

AD the arrival-departure ratio

We assume that r is a function of W, M, and AD (and separation
standards, which are suppressed), so we write r (W,M,AD). We
assume that r depends only on these variables. This assumption
could be relaxed in future work. For example, the processing rate
could be made to depend on the length of the queue of planes
waiting for service if further study indicates that controller
performance increases during the busiest periods.

In order to calculate the delay that will be incurred at an
airport on any day, it is necessary to have the processing rate for
each hour. If a day is being studied, this means that as many as
24 different processing rates — one for each hour - must be known;
if a year is being studied, the number of different processing
rates might be staggering. The motivation behind the Airside
Processing Rate Module is that it is not reasonable to require the
user to input the dozens of needed processing rates. Therefore,
this module gives the user the following shortcut: provide one
good weather processing rate and one bad weather processing rate
and the module will calculate all of the other processing rates
needed.

More specifically, recall the processing rate can be written
as r (W,M,AD). Let M be a typical mix at the airport being
studied. The input to this module is r (VFR,M,1) and r (IFR,M,1)
— i.e., a processing rate for good weather, the typical mix, and
an arrival departure ratio of unity, and another processing rate
for bad weather, the typical mix, and an arrival departure ratio
of unity. The computer then calculates from these two values all
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additional needed values for the function r (W,M,AD). That is, the
computer uses these two processing rates to calculate all the other
processing rates for the different values of M and AD expected to
occur. These calculations are approximations derived from infor-
mation in References 3 and 4. The details of these calculations

are fully spelled out in Appendix A.

In summary, the inputs and output of this module are shown

in Figure 2-3.

Input Airside Processing Output
r(VFR,M,1)|—=] Rate Module =| r(W,M,AD)
r (IFR,M,1)

Figure 2-3., Module Inputs and Output

This module is useful because it relieves the user from the burden
of specifying many different processing rates. The user may select
the standard default values stored in the data base for the subject
airport, or he may elect to override one or both of these values,.

This module then calculates all other needed values.

2.2.5 Importance of the Module

Section 1 emphasized the importance of knowing the effect
that an airport investment will have on delay, facility, con-
gestion, and serviceable demand. However, since there are dozens
of different investments that might be made at an airport, it is
not practical to allow specific investments to serve as inputs to
the model. Therefore, the approach taken is to assume that the
impact on airside capacity of an investment in the airside system

can be summarized by how it affects the processing rate.
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The data base stored in the computer contains the current
values for processing rates; if the user wants to use the current
values, he does not need to input anything to this module. How-
ever, in many applications. the user will want to input new pro-
cessing rates that will be relevant when a new investment is

made.,

It should be emphasized that the calculation of the airport
performance that results when a new investment is made is sensitive
to the processing rates input by the user. It is therefore neces-
sary for the user to think carefully about the processing rates
when he specifies them. Some investments will affect both the
good and bad weather processing rates; e.g., improved runway
exits. Some investments will only improve the good weather pro-
cessing rates; e.g., installing a runway not equipped with ILS.
Some investments will only improve the bad weather processing
rates; e.g., installing an ILS on an existing runway. Other in-
vestments — such as strengthened runways — do not directly affect
capacity and must be incorporated in other ways (see Section 3.3).

2.3 DEMAND MODULE

Many different characteristics of airport traffic are relevant
when calculating airside delay or groundside congestion. One is
the degree to which operations are peaked rather than spread evenly
over a year, a day, or an hour. The mix of different aircraft
types and the arrival-departure ratio are characteristics that
vary over the course of a day. Finally, the weather is variable.
There are variations in all these airport characteristics, and
calculations of airside delay, groundside congestion, or service-
able demand are sensitive to them. It is basic to the approach
taken in this report that all calculations should recognize these
variations and take them into account.
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The purpose of the Demand Module is to put daily volume,
minute-by-minute volume, weather, mix, and arrival-departure ratios
into a realistic form. Therefore, the calculations of airside de-
lay, groundside congestion, and serviceable demand reflect as
closely as possible the actual conditions under which the airport
is anticipated to operate.

An inconsistency in this section should be pointed out. The
capabilities outlined below can be divided into three classes.
First, there are capabilities that are included in the present
computerized version of the Airport Performance Model. Second,
there are capabilities that should be included, but are not cur-
rently in the model. The reason for the exclusion is that we did
not have enough time to program these capabilities into this
year's model; they will be included in future versions., Third,
there are proposed capabilities that might be included in future
versions of the model, but on which no definitive decision has yet
been made. Thus, the exposition will alternate between these

three stages.

2.3.1 Data Sources

Three main data sources have been used to construct the
temporal components of the data base for Logan Airport. First,
information on the number of daily and annual operations comes
from FAA Form 7230-1., This form gives the number of daily air
carrier, air taxi, general aviation, and total operations. This
form is compiled from the flight strips that are filled out in the
tower whenever an aircraft is processed. Data from this form were
utilized for four years: 1 January 1970 — 31 December 1972 and 1 May
1974 — 30 April 1975. Data in the middle of this period were
omitted to prevent the unusual conditions during the energy crisis
from biasing the results.

Second, information on the number of operations for each hour
of the day was taken from an unnumbered FAA form. Hourly traffic
counts, also based on tower flight strips, are entered on this form
at the end of each hour, and the 24-hour total is entered on
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Form 7230-1 at the end of each day. Data from this form were only
available for the period 1 January 1975 — 30 April 1975. These
first two data sources are referred to collectively as the Logan
Tower data. Third, information was taken from tapes that con-
tained data from the Official Airline Guide (OAG). The OAG pro-
vided the number of scheduled arrivals and departures for each
minute and the type of aircraft used for each operation. The OAG

tapes used were for September 1974, December 1974, and January
1975,

2.3.2 Decomposing Annual Operations into Daily Operations

One question that the Airport Performance Model can be used
to study is how much airside delay and groundside congestion will
occur at an airport in the course of a year. To answer this
question it is necessary to know how much traffic there will be
at the airport during the year and how this traffic will spread
over 365 days. The position taken in the development of the Air-
port Performance Model is that it is unreasonable to require the
user to input the volume of traffic for all 365 days; not only
would this be laborious, but it would require data that the user
could not easily gather. Therefore, the user is only asked to
input a single number — the total operations volume for the year.
The demand module then uses the historical patterns of demand
which are contained in the data base to break down this annual
volume into volumes for each day.

Before describing how annual volume is broken up into daily
volumes, two remarks are necessary. First, it is possible to ex-
press volume in terms of either operations (i.e., landings and
takeoffs) or passengers. The model as currently written only
allows the user to express volume in terms of operations; the
capability to deal with passengers will be added next year.
Second, the technique for dealing with different annual volumes
has been completely designed (and will be explained below), but
the time constraint under which this work was done prevented this
capability from being built into the current model. Third, week-
ends and holidays are considered separately from nonholiday
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weekdays. This is because the mix of aircraft types is system-
atically and significantly different on these two types of days,
since many more of the smaller, general aviation aircraft fly on
weekdays (see Section 2.4.5).

The method used to divide the total number of annual opera-
tions into the number of operations for each day is based on the
assumption that the demand patterns that have held in the past
will continue to hold in the future. The historical pattern of
daily demand for Boston Logan, derived from four years of data
from Form 7230-1, is exhibited in Table 2-5, This table shows a
frequency distribution for the daily volume, with each day's
volume expressed as a percentage of the year's average daily
volume. The left hand column shows the percentage of average
daily volume. The second column shows the average number of non-
weekdays (Saturdays, Sundays, and holidays) that will have that
volume during a year. The third column shows the number of week-
days that will have each volume during an average year. For ex-
ample, if annual volume is 300,000 operations, then average daily
volume is 300,000 + 365 = 822 operations. Looking at the 100%
interval, we then anticipate that, on average, during a year there
will be 1.75 weekend days and 8.25 weekdays with about 822 opera-
tions. For another example, examine row 119. Since 822 x 1.19 =
978, we expect that, on average, a year will contain four weekdays
and no weekend days with about 978 operations. The frequency
distributions in Table 2-5 are displayed graphically in Figures
2-4 and 2-5.

This method allows the planner to input any number for the
total number of annual operations. The model then divides this
number by 365 to obtain the average number of daily operations.
The average number of daily operations is then combined with the
historical frequency distributions stored in the data base to pro-
ject the distribution of the user-specified annual volume across

the 365 days of a typical year.
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TABLE 2-5. AVERAGE ANNUAL VOLUME FR%QUENCY DISTRIBUTION
FOR BOSTON LOGAN AIRPORT

AVERAG AVERAGE AVERAG AVERAGE
NUMBER- OF NUMBER OF NUMBER-® OF NUMBER OF
DAILY NONWEEKDAYS WEEKDAYS DATLY NONWEEKDAYS WEEKDAYS
VOLUME2 PER YEAR PER YEAR VOLUME? | PER YEAR PER YEAR
17 0.25 0.00 54 0.00 0.00
18 0.00 0.00 55 0.25 0.00
19 0.00 0.00 56 0.25 0.75
20 0.00 0.00 57 0.50 0.25
21 0.00 0.00 58 0.00 0.00
22 0.00 0.00 59 0.25 0.00
23 0.00 0.00 60 0.00 0.00
24 0.00 0.00 61 0.25 0.00
25 0.00 0.00 62 0.25 0.50
26 0.00 0.00 63 0.75 0.25
27 0.00 0.00 64 0.75 0.00
28 0.00 0.00 65 0.50 0.25
29 0.00 0.00 66 0.00 0.50
30 0.00 0.00 67 0.50 0.00
31 0.00 0.00 68 1.50 0.00
32 0.00 0.00 69 1.25 0.75
33 0.25 0.00 70 0.25 0.25
34 0.00 0.00 71 2.25 0.25
35 0.25 0.00 72 1.50 0.25
36 0.00 0.00 73 1.50 0.75
37 0.00 0.00 74 2.75 0.50
38 0.00 0.00 75 3.25 0.00
39 0.00 0.00 76 2.75 0.50
40 0.00 0.00 77 2.75 1.50
41 0.00 0.00 78 4,25 0.25
42 0.25 0.00 79 5.00 0.50
43 0.00 0.00 80 3.50 0.75
44 0.00 0.00 81 3.50 0.75
45 0.00 0.00 82 5.75 1,25
46 0.00 0.00 83 4,50 1.50
47 0.50 0.00 84 3.25 0.25
48 0.00 0.25 85 1.50 1.50
49 0.75 0.25 86 3.75 1,00
50 0.00 0.00 87 4.00 3.00
51 0.00 0.00 88 3.50 1.00
52 0.25 0.00 89 2,25 2.75
53 0.00 0.00 90 2.25 3.25

1Data from FAA Form 7230-1.
Daily volume is expressed as a percentage of the appropriate year's average
daily volume.

3Nonweekdays include all Saturdays, Sundays, and holidays
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TABLE 2-5.

AVERAGE ANNUAL VOLUME FREQUENCY DISTRIBUTION
FOR BOSTON LOGAN AIRPORT! (CONTINUED)

AVERAGE AVERAGE AVERAGE AVERAGE
E NUMBER3 OF NUMBER OF NUMBER3 OF NUMBER OF

DAILY NONWEEKDAYS | WEEKDAYS DAILY NONWEEKDAYS WEEKDAYS

VOLUMEZ | PER YEAR PER YEAR VOLUMEZ | PER YEAR PER YEAR
91 3.50 2.50 116 0.00 5.50
92 4.00 3.25 117 0.00 4.75
93 4.00 5.00 118 0.00 5.50
94 2.00 5.75 119 0.00 4.00
95 2.00 4,00 120 0.00 4.75
96 2.50 4,00 121 0.25 3.50
97 3.25 6.50 122 0.00 5.50
98 2.50 8.50 123 0.00 4,25
99 1.75 4.25 124 0.00 3.75
100 1.75 8.25 125 0.00 1.75
101 2.00 8.00 126 0.00 2,75
102 1.25 5.00 127 0.00 2.75
103 0.50 5.25 128 0.00 1.75
104 2.00 10.75 129 0.00 1.75
105 1.00 10.00 130 0.00 2.00
106 1.00 9.00 131 0.00 0.25
107 1.00 10.00 132 0.00 0.75
108 0.50 7.50 133 0.00 0.00
109 1.75 7.75 134 0.00 2.50
110 0.25 8.50 135 0.00 0.25
111 0.50 8.00 136 0.00 0.50
112 0.25 7.50 137 0.00 0.50
113 0.00 5.75 138 0.00 0.25
114 0.25 6.75 139 0.00 0.00
115 0.00 7.25 140 0.00 0.25

1Data from FAA Form 7230-1

2Daily volume is expressed as a percentage of the appropriate year's average
daily volume.

3Nonweekdays include all Saturdays, Sundays, and holidays.
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Three points should be noted. First, the computer does not
calculate how many operations there are on, say, July 21. Instead
it calculates 365 volumes; it is not known on which calendar day
a particular volume occurs. This is not a drawback of the model
since presumably only the amount of delay, and not the exact
date, is important. Second, the method described above has been
carefully chosen to preserve realistic peaking characteristics of
demand. Third, the data base does not contain information for
all 365 days of a year; the computer time required to simulate each
day's operations forced a compromise between computational
accuracy and model running time. As described in Section 2.4.4,
the nature of the delay function and Boston's demand character-
istics led to the selection of eight representative 24-hour de-
mand profiles (each profile includes a scheduled traffic array, a
nonscheduled traffic array, an aircraft mix array, and an arrival/
departure ratio array; see Table 2-2) that collectively represent
the annual variations in Boston's daily traffic characteristics.

The choice of this method was guided by the findings of the
theory of portfolio selection on the effects of diversification.
An example of an inappropriate technique would be to take the
percentage of average daily volume occuring on July 21 for each
of four years and then to average these four percentages to get
the percentage of average daily volume that obtains, on average,
on July 21. This technique would make the frequency distribution
flatter than it should be.

2.3.3 Transforming Daily Operations into a Minute-by-Minute
Hemand Profile and into Hourly Mix and Arrival-Departure
Ratio Profiles

In order to calculate a day's airside performance, the model
must have a service request schedule, and information describing
the hourly variations in aircraft mix and arrival/departure ratio.
This section explains the method used to generate the scheduled
traffic, unscheduled traffic, aircraft mix, ind arrival/departure
ratio arrays for a user or data base specified 24-hour aircraft
volume.

29



One of the standard problems encountered in evaluating air-
port performance is accurately representing the time pattern in
which aircraft request service. If aircraft happened to request
service just as the runway was released by each previous aircraft,
a number of aircraft equal to the saturation capacity could be
processed during the specified period of time with no delay. This
rarely, if ever, happens. If, on the other hand, all aircraft
arrive simultaneously at the beginning of the time period, the
accumulated delay will be very large.

Two approaches have been used to model the pattern of air-
craft service requests. The first is based on the observation
that aircraft activity appears to be randomly distributed over
time and is motivated by the extensive development of queuing
theory. This approach characterizes the service-request stream
as a Poisson process. The Poisson process is characterized by an
average arrival rate (for some period of time). The important
property of the Poisson process is that the probability that an
aircraft will request service in the next time interval (t) is a
function of only the average arrival rate. Thus it is independent
of events in the previous interval, and the probability that an
aircraft will request service in the next (t) is the same for
all (t).

Once the stream of demands are assumed to conform to a Poisson
process, queuing theory can be used to express the performance of
the system as a function of the ratio of the average request rate
to the maximum service rate (saturation capacity). This is the
approach behind the Airborne Instrumentation Laboratory's Airport
Capacity Handbook.

The second approach to modeling the pattern of aircraft
service requests is based on actual schedules for the airport
being studied. The scheduled service requests can also be modi-
fied to incorporate the expected variations between scheduled and
actual request times. This could be done by assuming that each
service request is randomly distributed about its scheduled time.
This is the approach used by Maddison (Reference 5).
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Theoretically, the schedule-based service-request pattern
is considerably superior to the pattern based on the Poisson
distribution. Aircraft operations do not exhibit the time in-
dependence inherent to a Poisson distribution, particularly during
peak hours when an inordinate percentage of total hourly opera-
tions will be scheduled on only three or four individual
minutes. Delay reduction due to changes in the "concentration"
of activity through the appropriate time interval cannot be
modeled with the Poisson distribution. The difficulty with the
schedule-based service-request pattern is the substantial amount
of data that must be generated for each airport and the need to
simulate each aircraft's activity at the airport.

A six-step method was used to generate the 24-hour demand
profiles, which comprise a scheduled traffic array, a nonscheduled
traffic array, an aircraft mix array, and an arrival/departure
ratio array. The scheduled and nonscheduled traffic arrays,
which are minute-by-minute schedules, are combined to produce
the aircraft service-request schedule discussed above. (Section
2.4 discusses the method used to simulate airside activity.) The
six steps involved are:

Step 1 - Determine the Volume for the Day. If the user

inputs a volume for a year, the volume for each
day is obtained from the procedure outlined

above. If the user is studying the delay and con-
gestion for a day and thus inputs the volume for a
day, that figure is then used. Otherwise the
standard day stored in the data base is used.

Step 2 - Break Down the Total Daily Volume into Scheduled and
Unscheduled Traffic. Comparing information in the
OAG with the Logan tower data indicates that

scheduled traffic is, on average, 80 percent of

the total on weekdays and 90 percent on weekends.
(See Table 2-6.) Multiplying the total daily volume
times the appropriate percentage yields the scheduled
volume for that day. Total volume minus this
scheduled volume gives the unscheduled volume for

the day.
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Step 3 -

Step 4 -

Step 5 -

Construct a Minute-by-Minute Demand Profile for
the Scheduled Flights. This is done by taking
information from the OAG; the details are spelled

out in Appendix B.

Construct a Minute-by-Minute Demand Profile for

the Unscheduled Flights. The Logan Tower data in-
dicate that 90 percent of the unscheduled flights
(which are mainly general aviation with some air

taxi) are spread evenly from 8:00 a.m. to 10:00 p.m.
and that 10 percent are spread evenly from 10:00 p.m.
until 8:00 a.m. For example, suppose that on a
hypothetical weekday there were 467 total operations.
Since 80 percent of the flights are scheduled, this
means that 374 (=467 x 80%) flights are scheduled;
i.e., 93 (=467-374) are unscheduled. Since 90 per-
cent of the unscheduled flights are assumed to fall
between 8:00 a.m. and 10:00 p.m., the number of un-
scheduled flights in this interval is 84 (=93 X 90%).
Since there are 840 minutes in this interval, and the
flights are: assumed to be spaced evenly, it follows
that an unscheduled flight requests service every

10 minutes. This is an example of how unscheduled
aircraft are treated in this year's model. One

might object that this fails to capture the random-
ness and irregularity of unscheduled activity. This
point is well taken, but it can be dealt with in a
future version of the model; moreover, the scheduled
traffic in the model does exhibit the desired
irregular behavior.

Construct the Minute-by-Minute Demand Profile for
All Flights. This is done by simply adding together

the minute-by-minute profiles for scheduled and un-
scheduled flights constructed in the two preceding
steps. This demand profile comprises the number of

aircraft that request service during each minute of

the day. This is the major output of the Demand
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Step 6 -

Module. It is passed to the Airside Service Module,
which uses it to place time-specific demands on the
airside complex.

Construct the Hourly Mix and Arrival/Departure Ratio
Profiles. When a scheduled demand profile is taken

from the OAG, information is also obtained on the
number of arrivals and departures in each hour and
on the number of each type of aircraft that request
service during each hour. It is assumed that the
arrival-departure ratio for unscheduled aircraft
during an hour is the same as for scheduled, so the
OAG gives the arrival-departure ratio for each hour

of the day; we will call this the hourly arrival-
departure profile. It is assumed that all of the
unscheduled flights are of classes D and E (see
Table 2-3). This information, combined with the in-
formation on aircraft types for the OAG is used to
compute the mix of different aircraft types that
request service during each hour of the day. This
is called the hourly mix profile. Both the hourly
arrival-departure profile and the hourly mix profile
are outputs of the Demand Module that are passed
to the Airside Service Module.

2.3.4 Weather Profiles

In order to calculate delay for a day, it is necessary to
know the existing weather conditions during each hour of the day.
The following procedure was used to construct daily weather pro-
files. It was assumed that, for this year, only two types of
weather would be distinguished — good weather and bad weather —
and that weather conditions changed only on the hour. Good
weather is defined to exist when visibility is at least 3 miles
and the ceiling is at least 1200 feet. All other weather is bad
weather. To keep down the cost of using the model, it was de-
cided that only two daily weather profiles, each comprising

24 consecutive hours of weather conditions, would be used. One
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obvious profile is good weather all day; this profile is used for
75 percent of the days during annual analyses. Appendix C contains
an analysis of data that concludes that a suitable second profile
is bad weather from 6:00 p.m. until 11:00 p.m. and good weather
during the other 20 hours of the day. This profile is used

for 25 percent of the days. It should be emphasized that it is
not possible to summarize a year's weather accurately in only two
profiles with only two weather conditions. The assumptions made
here should be thought of as a first attempt at incorporating the
impact of annual weather variations on airport operations,

2.3.5 Conclusions

The Demand Module does essentially two things: first, it
takes an annual number of operations and uses historical patterns
stored in the data base to divide this into the number of opera-
tions on each day; second, it takes from the data base information
about minute-by-minute demand profiles, aircraft mix, arrival-
departure ratios, and weather and characterizes these factors for
each day. This, then, is the output of this module: a minute-by-
minute profile of demand and hourly profiles of weather, mix, and
arrival-departure ratio for a single day or for all appropriate
days of a year. This output is used by the Airside Service Module
to calculate airside delay, groundside congestion, and serviceable
demand.

2.4 AIRSIDE SERVICE MODULE

As described in Section 2.1.4, the Airport Performance Model
is constructed to simulate airport activity for independent
24 -hour periods. For each 24-hour period, the Demand Module
provides the minute-by-minute demand profile and the hour-by-
hour profiles of weather, mix, and arrival-departure ratios.
These hour-by-hour profiles are fed into the airside processing
rate module in order to calculate the processing rate for each

hour.
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2.4.1 Calculating Individual Aircraft Delay

Only the principal ideas behind the determination of in-
dividual aircraft delay will be considered here; the derivation
of the delay algorithm and the computer program that calculates
delay are described in the appendixes. Recall that, at this stage
of the model, the relevant processing rates and the time that each
plane requests service are known.

Figure 2-6 shows a hypothetical minute-by-minute demand pro-
file for the 1440 minutes in a day and a processing rate in opera-
tions per minute. (The processing rate is shown to be constant
throughout the day only for diagrammatic clarity; the model
allows the processing rate to change every hour.) At the beginning
of the day the demand profile is completely beneath the processing
rate, so no queue builds up and no delay develops. When the de-
mand profile climbs above the processing rate, however, a queue
does build up. The queue is worked off when the demand profile
falls back below the processing rate. The length of time aircraft

NUMBER OF
OPERATIONS
DEMAND PROFILE

n ad
Ww ﬂm PROCESSING RATE

0 120 1440 MINUTES

Figure 2-6. Hypothetical Minute-by-Minute Demand Profile
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and passengers spend waiting in the queue, which is calculated by
the Airside Service Module, is the aircraft and passenger delay.

In order to explain how the model calculates delay, it will
be convenient to invert the processing rate, and speak in terms
of minutes per operation. The "acceptance interval' equals, when
the system is saturated, the minimum time that must elapse between
successive aircraft entering the system. For example, if the
maximum processing rate in operations per hour is 120, then the
minimum acceptance interval in minutes per operation is 1/2; i.e.,
an aircraft may enter the system, at the earliest, 30 seconds
after the preceding aircraft. It might be noted that this
"processing interval" or "minimum acceptance interval' is not
the time it takes an aircraft to be processed through the system;
rather, this interval reflects the fact that more than one air-
craft are being simultaneously processed. While one aircraft is
landing, perhaps another arrival is 3 miles behind, one departure
is ready to go, and others are taxiing to the runway. To return
to the numerical example, suppose it takes 10 minutes for an
aircraft to be processed through the system. Since the acceptance
interval is 1/2 minute per aircraft, this implies that 20 air-
craft are being simultaneously processed when the system is
saturated.

If there is no congestion, an aircraft is not delayed. In
cases where there is congestion we can conceive of the aircraft
in the airside system as being divided into two categories: those
waiting in a queue and those being processed (see Figure 2-7).

Planes
waiting Planes

in a being
queue processed

Figure 2-7. Division of Aircraft in the Airside System
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As aircraft are processed and leave the system, the: waiting
aircraft are taken from the queue and processed.

More specifically, let T be the minimum acceptance interval
in minutes per aircraft. Recall that it is known when an air-
craft enters the system and thus when it first requests service.
If the aircraft requests service less than T minutes after the
preceding aircraft is accepted for service, it must then wait
in the queue. For example, the first aircraft to enter the
system is accepted for service immediately. If the second air-
craft enters within T minutes after the first aircraft, it will not
be accepted for service until T minutes after the first aircraft is
accepted; if the second aircraft enters more than T minutes after
the first aircraft, it will not be delayed and will be accepted at
the time of its request. Aircraft delay is thus the difference
between the service request time and the service acceptance time,
and the variable limiting the acceptance process is the minimum
acceptance interval.

One aspect of the preceding explanation requires elaboration.
The phrase "relevant processing rate'" has been used without
specifying exactly which processing rate is the relevant one.
Recall that the weather, mix, and arrival-departure ratio are
allowed to change on the hour and that the processing rate
r(W,M,AD) depends on these three variables. If an aircraft
enters and leaves the system in the same hour, it is clear that
the relevant processing rate is the one determined by the values
taken on by W, M, and AD during that hour. A complication arises,
however, if an aircraft enters the system in one hour but, because
it is forced by congestion to wait in a queue, leaves the system
in the next hour. What are the relevant values of W, M, and AD?
Should the values for the old hour or the new hour be used?

The appropriate values for W, M, and AD are those that affect
the processing rate at the time the aircraft is accepted for
service. Since the aircraft in question is embedded in a queue
formed in the previous hour, the relevant mix is that of the
previous hour. Since arrivals and departures are both delayed,
the relevant arrival-departure ratiois also that of the previous hour.
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But the relevant weather is that which holds in the new hour,
when the aircraft is accepted for service, Therefore, in general,
in calculating the processing rate r (W, M, AD) one should use:

1. The weather of the hour in which the aircraft is
accepted for service

2. The mix and arrival-departure ratio of the hour in which
the aircraft requested service.

The computer program is written to guarantee that the
relevant processing rate is always used to calculate delay. As
described above, this processing rate is inverted to produce the
minimum acceptance interval that must elapse between successive
airside operations. This acceptance interval is an average value
for the specified hour's aircraft mix and arrival/departure ratio.
The aircraft that request service during an hour will be a mixture
of types, ranging from 747's to Twin Otters. As the number of
747's increases, the average acceptance interval will also in-
crease, reflecting the loss in saturation capacity produced by
heavy aircraft separation standards. If the number of Twin Otters
increases, other things held equal, the average acceptance interval
will decrease. In this manner, the minimum average acceptance in-
terval is adjusted to account for each hour's aircraft mix,
Similarly, the minimum acceptance interval is adjusted for each
hour's arrival/departure ratio to account for the different in-
tervals required for arrivals and departures.

In modeling airside activity, the model implicitly assumes
that all aircraft during an hour are identical. This "homogenous.
aircraft," or average operation, is somewhere between a 747 and
a Twin Otter; the maximum number of 747's and Twin Otters that
can be processed during an hour is equal to the maximum number
of these homogenous operations that can be processed. The model
does not distinguish between arrivals and departures or among
equipment types at the time the aircraft are actually processed
through the airside system. Although this treatment might
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slightly overestimate or underestimate delay for an individual
operation, it will not systematically overestimate or underestimate
total airside delay.

The cost of aircraft delay is based on the total delay time
for each hour, the hour's mix, and the hour's arrival/departure
ratio. Total delay time is first divided between arrivals and
departures using the arrival departure ratio. Delay time attri-
buted to arrivals is multiplied by a weighted average airborne
operating cost, computed as the product of the average airborne
operating cost for each of the five aircraft classes and the
fraction of the hour's operations in each class. Delay time
attributed to departures is multiplied by a weighted average
ground operating cost, computed as the product of the average
ground operating cost for each class and the fraction of the
hour's operations in each class. The aircraft delay cost is
the sum of the arrival delay costs and departure delay costs.
Current values for both the weighted average ground operating
cost and the weighted average airborne operating cost are stored
in the aircraft section of the data base; these values will be
used in the cost calculation unless other values are specified
by the user.

2.4.2 Calculating Passenger Delay

Information about load factors and the number of seats on an
aircraft type can be used to calculate the amount of delay
suffered by passengers. The number of seats on each hour's
homogenous aircraft is calculated by multiplying the average
number of seats currently found on aircraft in each aircraft
class — information that is contained in the aircraft section
of the data base — by the fraction of the hour's total operations
in each aircraft class (the mix). Next, the number of seats is
multiplied by the average load factor for the hour, taken from
historical airport data; the result is the number of passengers
on the homogenous aircraft. It is assumed that each aircraft
that requests service during an hour has the same number of pas-

sengers. Since the total amount of aircraft delay is known (see
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Section 2.4.1), we multiply this by the number of passengers on
the average aircraft to get the total passenger delay. The cost
of passenger delay is determined by multiplying the hours of pas-
senger delay by the value of passenger time. As with aircraft
time costs, the value of passenger time stored in the data base
will be used in the calculation unless a different value is
specified by the user.

2.4.3 Output of the Module

A discussion of the different statistics that the Airside
Service Module can calculate and the different ways they can be
displayed for the user will be given in Section 3.Z. This
section indicates the nature of these statistics.

Section 2.4.1 showed how daily aircraft delay is calculated.
The delay can be given separately for arrivals and departures.
From an assumed dollar value for a minute's cost of crew and fuel
consumption a dollar value of aircraft delay is calculated.
Average delay is calculated both for all aircraft and also for
only those aircraft that were delayed. Maximum delay for an air-
craft is calculated. The length of the queue at selected points
in time is calculated.

Section 2.4.2 described how total daily passenger delay is
calculated. Assuming a value of passenger time, the dollar value
of passenger delay is calculated. This can be added to the dollar
value of aircraft delay to derive the total dollar value of delay.

The number of passengers serviced is then calculated. This
output is necessary in determing how an investment affects the
maximum amount of demand an airport can realistically service.
Finally, the number of passengers that arrive, transfer, and de-
part per hour is calculated and passed to the Groundside Module.

Sections 2.4.4 and 2.4.5 describe the selection of 16
representative days that can be used to estimate a full year's

performance.
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2.4.4 Delay Function

The above discussion has dealt with calculating delay for
a single day. We now turn to the issue of how the delay for in-
dividual days is aggregated to arrive at the delay for an entire
year.

A central concept in calculating delay for a year is the
delay function. This function expresses daily delay as a function
of the number of operations for that day, with weather, mix, and

arrival-departure profiles held parametrically constant. A
hypothetical delay function is sketched in Figure 2-8.

In principle, the delay function is completely known. To get
a point on the function, select a daily volume on the horizontal
axis and use the methods described in preceding paragraphs to
calculate the delay for the day. This gives one point of the
function. Repeat this for all appropriate daily volumes, (a finite
quantity), and the delay function for the specified weather, mix,
and arrival-departure profiles has been found. Repeating the

DAILY
DELAY

‘—’5, DELAY FUNCTION

DAILY VOLUME

Figure 2-8. Hypothetical Delay Function
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process for all daily volumes with other mixes, or other weather
conditions, produces a series of daily functions that completely
characterize the relationship between volume and delay. Delay for
the year is simply the delay for each volume times the number of
days in the year having that volume (which can be determined from
Table 2-5), summed over all volumes (for Logan, summing over
volumes from 0 to 1500 would be sufficient since larger volumes do
not occur).

This method is very time consuming since it requires
calculating delay for a large number of volumes. It is worth-
while investigating ways in which the delay function can be ap-
proximated using fewer calculations; a small degree of accuracy
can perhaps be given up in return for a large decrease in
computational cost. The next section describes one way of doing
this,

2.4.5 Approximating the Delay Function

The simplest way to approximate the delay function is to use
a step function. We will demonstrate this by applying it to the
data in Table 2-5. The manipulations described below are exactly
those used in this year's model.

Assume that the average daily volume for the year being
studied is anticipated to be 822 operations. It will be con-
venient to think not in terms of daily operation counts, but in
daily operations as a percentage of the annual average daily
volume. That is, if the number of daily operations is 822, this
is expressed as 100, since 822 is 100 percent of average daily
volume; or 411 operations expressed as 50 since 411 operations is
50 percent of the average daily volume of 822. Table 2-7 shows
annual operations at Boston Logan segregated first by mix and
second by volume. Examination of the four years of daily opera-
tions data for Logan (FAA Form 7230-1) indicated that daily air-
craft mix varied substantially between weekends (and holidays)
and weekdays, due to general aviation activity on weekdays
(probably private business use); it varied little within each

group.
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TABLE 2-7. REPRESENTATIVE DAYS

PERCENT OF AVERAGE NUMBER OF REPRESENTATIVE DAY
DAY OPERATIONS: DAYS 1IN VOLUME: 1IN PERCENT OF
INTERVALS INTERVAL - AVERAGE DAY OPERATIONS
WEEKDAYS
0- 84 13 78
85-101 72 96
102-111 82 107
112-120 52 117
121-140 33 126
Total 252
WEEKENDS
0- 84 56 79
85- 96 35 91
97-114 22 104
Total 113
Grand Total 365

Source: FAA Form 7230-1; data for the 48 months January 1970 —
December 1972 and May 1974 — April 1975.

Weekdays are divided into five groups. The first group con-
tains days with a volume from 0 to 84 percent of the annual,
average daily volume; the second group contains days with a
volume from 85 to 101 percent of average daily volume; etc. The
five groups contain, respectively, 13, 72, 82, 52, and 33 days.

It is assumed that the delay is the same for each day in an
interval. For example, it is assumed that each day in the in-
terval 0-84 has the same delay as a representative day with volume
78. This is reflected in the step function shown in Figure 2-9.

The gstimated total delay for the weekdays in the interval
0-84 is 13 times the delay for a day with volume 78 and the

average weekday mix, since, as Table 2-5 shows, 13 days are in

44



DAILY
DELAY

....}\\

0 84 101 11121 190
78 96 107 17 126 DAILY VOLUME

Figure 2-9. Step Function Approximation to the Delay Function

this interval. More generally, the total delay for any interval
is the product of the number of days in the interval and the de-
lay for the representative day in that interval. The total delay
for the year is then the sum of the total delays for the in-
tervals., Stated differently, total delay for the year is a
weighted sum of delay for the representative days, where the
weights are the number of days in each interval. This is the
method used to approximate the delay function and the total delay

for the year,.

When there are, as assumed in this example, 300,000 opera-
tions in a year, the average daily volume is 822 = 300,000 + 365.
Then 822 x .78 = 641 operations for the representative day that
has 78 percent of average daily operations. Note that this
number is the first volume given for weekdays in Appendix B. - The
other numbers in Appendix B can be similarly derived. This ex-

plains why these particular numbers are chosen.
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The remaining questions are: (1) How were the intervals
chosen? and (2) How was the representative day in each interval
chosen? These two choices were made based on inspection of
Table 2-5. Four criteria were used. First, the width of each
interval should be as small as possible to keep the approximation
to the delay function from becoming too inaccurate. Second, the
intervals should be narrower in the part of the horizontal axis
where days are denser in order to improve the approximation to
yearly delay. Third, the intervals should be narrower in the
part of the horizontal axis where the delay function exhibits the
most curvature in order to improve the approximation to the delay
function. (This last criterion was not used since the curvature
of the delay function was not known.) Fourth, to hold down
computational cost. the number of intervals should be as small
as possible.

The choices of intervals were made by trying to strike a
suitable compromise between these conflicting criteria. The re-
presentative day in an interval was chosen to be slightly above
the average day in an interval, since an increase in volume has a
more than proportional effect on delay. It will perhaps be pos-
sible to apply the principles of statistical decision theory to
derive a method of picking intervals and representative days that
is in some sense optimal, but such an effort was beyond the scope
of this year's work.

As described above, the delays calculated for each of the
eight representative days (five weekdays and three weekend days)
are multiplied by the number of days in the interval, and the
sum of these weighted delays is taken to produce annual delay.

As actually used. this process is somewhat more involved because
of the inclusion of the weather profile. As described in Section
2.3.4, two weather profiles have been developed on the basis of
historic data — one, a day with all good weather, and the second,
a day with a representative time interval of bad weather. Thus,
calculation of annual delay actually involves modeling airport
activity for 16 unique days. Eight of these days are the re-
presentative days described with activity modeled for a day with
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good weather conditions; the delay for each of these days is
weighted (multiplied) by the number of days in the interval it
represents, less the number of those days expected to have bad
weather. The second eight are the same representative days, but
with activity modeled over a day during which a period of bad
weather occurs; the delay for each of these days is multiplied by
the number of days in each appropriate interval expected to ex-
perience bad weather conditions.

This process implies that, at least for Logan International
Airport, there are four separate delay functions: One each
for weekdays with good weather, weekdays with bad weather, week-
ends and holidays with good weather, and weekends and holidays
with bad weather. For any one of these functions, the delay is a
function only of the volume of traffic.

This completes the discussion of the method by which
knowledge of daily delay for certain selected days is used to
calculate yearly delay. This is the method used in this year's
model. An alternate method that might be used in future versions
of the model is explained in Appendix E.

2.5 GROUNDSIDE SERVICE MODULE

The groundside service module estimates the hours during
which airport groundside facilities are insufficient to handle
the airport and airport-related traffic. Fourteen facilities

were investigated for adequacy:
1. Access Highway Lanes
2. Circulation Roadway Lanes
3. Arrival Curb Space
4., Departure Curb Space
5. Short-term Parking
6. Long-term Parking
7. Ticket Lobby Area

8. Passenger Service Counter Length
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9. Airline Operations Space
10, Baggage Claim Area
11, Waiting Area Space
12, Waiting Area Seats
13, Men's Restroom Fixtures
14, Women's Restroom Fixtures
Estimates of facility use are computed from enplaned and de-

Planed passengers generated by the Demand Module and the Airside
Service Module, respectively.

2,5.1 Assumptions of the Module

This section outlines the assumptions implicit in the
Groundside Service Module. Each qualitative assumption is fol-
lowed in parenthesis by the associated quantitative assumption
for Boston's Logan Airport.

The number of originating passengers and the number of their
well-wishers are set equal to some fraction (originating pas-
sengers - ,897; well-wishers - .5) of the number of departing
passengers. They arrive at the airport several (45) minutes
before their scheduled departure. Their mode of access to the
airport is split among private auto, taxi, bus, and limousine in
a ratio (.67:.19:,10:.04) constant throughout the day and year.
The number of airport-destined passengers per arriving vehicle
(auto, .7; taxi, .7, bus, 20; limousine, 6) is also constant
throughout the day and year.

Originating passengers and their well-wishers arrive at the
terminal via the access highway and the terminal-bound lanes of
the circulation roadway. Taxis, buses, limousines, and some (.5)
fraction of private autos deposit their passengers at the de-
parture curb, occupying curb space for a short time (auto, 2,
taxi, 2, bus 10, limousine, 10: in minutes). Taxis then exit
via the exit lanes of the circulation roadway and the access

highway. Buses and limousines proceed to the arrival curb,
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picking up passengers before they depart. Some fraction (.8)

of the private autos that dropped passengers at the departure
curb leaves immediately; those automobiles not departing immediately
and those not using the departure curb park in one of the

airport lots. Some fraction (.5) seeks short-term parking; the
remainder, long-term parking. When short-term parking is full,
the overflow uses long-term parking. The current version of the
model assumes that even when long-term spaces are completely full,
the overflow is somehow accommodated in the long-term parking
facility. The average duration of parking is airport specific

(36 hours long-term, 1 hour short-term).

Once inside the terminal originating passengers wait in line
in the ticket lobby area before being served at the passenger
ticket counter. During this time, accompanying well-wishers wait
elsewhere in the ticket lobby area.

After being ticketed (if necessary) and having baggage
checked, originating passengers and their well-wishers join the
inter- and intra-airline transfer passengers, who comprise some
fraction of the arriving passengers (.064), in the waiting areas.

The number of terminating passengers and the number of their
greeters is computed as some fraction (terminating passengers -
.897: well-wishers - .5) of arriving passengers (always equal
to the fraction.that originating passengers and well-wishers
comprise of departing passengers). The greeters arrive at the
airport several minutes (45) before the scheduled arrival time
of the flight they are to meet (equal to the number of minutes
departing passengers arrive before their scheduled flight), and
park in short-term facilities if possible, and long-term facilities
otherwise. The terminating passengers, with their greeters, pick
up their baggage at the baggage claim area, and then depart the
terminal several minutes (15) after their arrival for their egress
from the airport. Their egress mode of transportation is split
among private auto, taxi, bus and limousine in the same ratio as
the access mode of originating passengers. Taxi, bus, and
limousine users are picked up at the arrival curb and exit the
airport via the airport exit lanes of the circulation roadway
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and the access highway. Some fraction (.5) of the auto users
also stop at the arrival curb, after some member of the arriving
party and its greaters picks up the parked car. Time spent at
the arrival curbside depends on the vehicle mode (auto, 3; taxi,
2, bus, 10; limousine, 10: in minutes). Auto users not returning
to the arrival curbside exit via the departing lanes of the
circulation roadway directly from the parking lot.

Airport and airline employees are a constant fraction of
annual departing passengers (600 employees per one million en-
planed passengers). They are assumed to work in three shifts —
§:00-4:00, 4:00-12:00, and 12:00-8:00 — with the employees split
evenly between the shifts. They are also assumed to arrive in the
hour preceding their shift and to depart in the hour their shift
ends.

All departing passengers are assumed to perform their
activities outside the terminal in an hour determined as follows:
A specified time (45 minutes) is subtracted from their scheduled
departure time. Their activities are assumed to occur in the
hour containing this resulting time. Similarly, all arriving
passengers perform their activities inside the terminal in their
hour of arrival and their activities outside the terminal in the
hour containing the minute occuring a specified time (15 minutes)
after their arrival.

2.5.2 Operation of the Module

The Groundside Service Module receives the hourly scheduled
enplaned passenger volume from the Demand Module and the hourly
arriving passenger volume from the Airside Service Module. Based
on these data and the assumptions detailed in Section 2.5.1,
passenger and vehicle passage through the various parts of the
on-airport groundside system can be computed for each hour.

Non-airport-related traffic on the access highway is passed
to the groundside module from the data base. This is added to
the airport-generated traffic to compute the load on the off-
airport access highway. Based on the standards shown in Table 2-8
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*Auto
**Auto

TABLE 2-8, GROUNDSIDE FACILITY STANDARDS

Hourly auto-equivalents *(AE's) per roadway
or highway lane

Car-lengths **(CL's) per foot of curb space

Ticket lobby area (sq. ft/hourly passengers)
Passenger service counter (ft/hourly passengers)
Airline operations space (sq. ft/hourly passengers)

Baggage claim area (sq. ft/hourly passengers)

. Waiting area (sq. ft/hourly passengers)

Waiting area (seats/hourly passengers)

Men's restrooms (fixtures/hourly interminal
passengers)

Women's restrooms (fixtures/hourly interminal
. passengers)

n

1AE, Taxi
1CL, Taxi

1AE, Bus
1CL, Bus

2.1AE, Limousine
2.1CL, Limousine

i

1
nou
Hon

e

Source: Standards based on data in Reference 6.
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requirements for each of the 14 facilities listed in Section 2.5
above can be derived for each hour. These requirements are com-
pared to existing facilities as input by the user or retrieved
from the data base. When requirements exceed availability, the
facility is flagged as being saturated during the hour. The list
of saturated facilities and the hours they are saturated consti-
tute the output of the Groundside Service Module.

Annual performance of the groundside system is estimated in
the same manner as that of the airside system (Section 2.4.5).
The hours of congestion for each facility during representative
24-hour demand periods are weighted and summed to produce ex-
pected annual saturation. The annual results are reported as
total hours saturated rather than as the specific times during
a day a facility is reported saturated for individual 24-hour
periods.

2.6 USER INTERACTION

Any large-scale computer system intended to aid analysts in
their work must be accessible to someone other than the exper-
ienced programmer. Many sophisticated systems are poorly used,
not because of technical failings, but because their operation
is inscrutable to the intended user. The Airport Performance
Model provides an extensive set of interactive capabilities that
enable the airport planning analyst to control its operation
effectively; the model communicates those capabilities through
commands and interrogations in a format and language familiar to
the analyst.

Figure 2-10 illustrates the model's user-interactive
capabilities. The model is self-instructive; the user need only
know how to start the interactive process (the LOG ON procedure;
see Model User's Guide, Appendix F). Once the process has been
started successfully, the executive program asks the user for the
information needed to run the model, informs the user of the
availability of optional user requests, and instructs the user on
the proper way to implement options and to input data.
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The major user options are his ability to examine and to
modify the data base, and to determine the time period to be
modeled. Currently, the user can only examine those elements
of the data base shown in Appendix F (the Model User's Guide).
When the system is fully developed, the user will have the option
of examining any element in the data base as well as certain
aggregates, sums, and averages. The user can currently modify
only those elements of the data base shown in Appendix F. When
the system is fully developed, the user will be able to modify
any element individually and alter certain groups of elements by
a constant factor or product.

The user must specify the airport to be modeled and whether
the model is to simulate activity for several hours, for a single
day, or for a year. If the model is run for a day, the user must
also specify what day's data, of all those stored in the data
base, applies.

Currently, the user receives a standard output report
(illustrated in Section F.4 of Appendix F) after the model is
run. When the system is fully implemented, the user will have
the option of asking for more information or for a finer break-
down of several of the output statistics.
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3. MODEL OPERATION AND APPLICATION

The Airport Performance Model is designed to translate acti-
vity at air carrier airports into measures of public use. This
process requires a substantial amount of both input parameters and
output data for each airport to be modeled. To be an effective
analytic tool, such a model must allow the analyst to vary or
experiment with different values of a wide range of these parameters,
and it must provide a range of output data broad enough to capture
performance changes in all major airport subsystems.

3.1 USER SPECIFIED INPUT PARAMETERS

There are only two parameters that the analyst must specify
to run the Airport Performance Model — the airport and the time
period to be modeled. The data base contains historical values
for all other parameters that it needs; if the analyst does not
specify alternate values for these parameters, the historical or
default values will be used. The set of default values that the
analyst may alter depends on the second mandatory input — the time
period to be modeled. One set of default values is used for model
runs covering one day or several hours of airport operations. A
second, extended set is used to model a full year's operations.

If the analyst elects to model a day's operations, and speci-
fies no other parameters except the airport, the model will simulate
one full day of operations for VFR conditions; the current VFR air-
craft processing rate (airside saturation capacity); existing
ground-side facility dimensions; and the aircraft mix, arrival-
departure ratio, passenger load factor, and minute-by-minute air-
craft activity schedule for a recent weekday having 107 percent of
this year's anticipated average daily aircraft volume. The enplan-
ing and deplaning passenger flow through the terminal is determined
by the aircraft activity schedule, seats per aircraft type, and
average hourly load factor. Tables 2-1, 2-2, and 2-3 show the
complete set of input data that the data base transfers to the
model for a single day's analysis.
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The analyst may vary any of these parameters; he might choose
to increase the VFR aircraft processing rate, change the weather
conditions to IFR for certain hours during the day, increase the
total aircraft volume for the day, increase the percentage of
heavy aircraft in the mix, increase the average load factor, shift
the concentration of scheduled aircraft activity during certain
hours, etc, Note that the passenger flow would be changed by any
change to mix (through the number of seats per aircraft type),
load factor, or aircraft traffic volume.

Since annual results are determined by computing the weighted
sum of the daily results for 16 representative days (see Section
2.4.5), the default-valued parameters that may be modified for
modeling a year's activity are basically the same that may be
modified in modeling a day's activity. In the case of a year's
activity, these changes may be applied to all days during the year,
or they may be applied to a specific representative day or days
(and thus to all the days the specified day represents). For
example, the aircraft mix might be altered to exclude small aircraft
or unscheduled traffic throughout the year; or this exclusion might
only be applied to the 33 days a year on which traffic exceeds 120%
of the average daily aircraft volume (represented by the weekday
traffic profile having an operations count equal to 126% of the
average daily volume — see Section 2.4.5).

Additional existing parameters that may be altered when model-
ing annual operations are those affecting the magnitude of total
annual operations. These include the values for total annual
passengers, total annual aircraft operations, total scheduled air-
craft operations, and total unscheduled aircraft operations.

3.2 MODEL OUTPUT DATA

The output data provided by the Airport Performance Model are
also a function of the time period being modeled; one set of results
is produced for model runs covering one day or several hours of
activity, and a second set is produced for runs modeling a year's

activity. In both cases, the model will first produce a standard
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result report. The analyst can then request more detail for one of
the parameters reported, or request information not shown in the
standard report. A complete list of output variables and report
options appears in Appendix F.

The results reported for a day's activity can be grouped into
two categories — airside results and groundside results. The air-
side results comprise the day's total scheduled aircraft operations,
total nonscheduled aircraft operations, total airside passenger
delay time (in minutes), total airside passenger delay costs, total
aircraft delay time, total number of aircraft delayed, the dollar
cost of aircraft delay, and other information on the delayed air-
craft. The groundside results comprise total passenger movements
for through passengers, transfer passengers, originating passengers,
and terminating passengers, and the hours during which groundside
facilities — such as ticket counters, the circulation roadway, and
short-term parking — are overloaded. Figure 3-1 shows a sample
output for a single day's activity.

The analyst may require more detailed information for one or
more of these results. For example, he may be interested in hour-
by-hour analysis of aircraft delay, including each hour's total
delay, maximum delay, the number of aircraft (arrival or departure
or both) actually delayed, etc. Or he may wish to see the number
of people using a groundside facility during each hour it was
overloaded. The capability to request more detail on specified
results provides the analyst with the ability to examine more deeply
changes in subsystem performance measures, enabling him to under-
stand the nature of and reasons for projected performance improvements.

The results reported for annual activity are the same as those
for daily activity. The aircraft activity counts, the airside delay
time and cost figures for aircraft and passengers, and the through,
transfer, originating, and terminating passenger movements are, in
this case, all annual totals. The report on groundside facilities
congestion comprises the number of days during the year on which
each facility was overloaded at any time.
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3.3 MODEL APPLICATIONS

To describe the applications for which the Airport Performance
Model is intended, it is important to distinguish between two types
of airport analysis. The first type is concerned with the physical
or engineering impact of new equipment or new construction; an
example is the determination of the processing rate increase that
a wake vortex avoidance system will produce at airports serving
heavy jet aircraft. This type of analysis deals with the efficiency
of a particular subsystem under a set of assumed demand conditions.

The second type of analysis deals with the change in the quality
or volume of public use that subsystem efficiency changes will
produce; an example is estimation of the reduction in busy-day
passenger delay that a wake vortex avoidance system would produce
at an airport. This type of analysis translates estimated efficiency
gains into public benefits based on actual demand volumes and

characteristics.

The Airport Performance Model is designed for the second type
of analysis. It translates efficiency gains from airport facility
modifications or operational modifications into public benefit.
The input parameters discussed in Section 3.1 can be altered to
represent a wide variety of facility and operational changes. The
output parameters described in Section 3.2 measure the change in
performance these modifications will deliver.

The model can be used in two ways. First, one of the following
changes can be made to the input parameters for an airport:

1. Change in airside processing rate (VFR or IFR) resulting

from new investment.
2. Change in aircraft separation standards.
3. Change in aircraft mix.
4. Change in demand peaking.

5. Change in schedule concentration (the number of aircraft
operations scheduled on the same minute in an hour).
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6. Change in hourly load factors.
7. Transfer of GA traffic to reliever airport.

The model will then estimate values for the following performance
measures keeping all other parameters — aircraft volume,
passenger volume, time distribution of demand, etc. — unchanged:

1. Delay time — passengers and aircraft

Delay costs — passengers and aircraft
3. Serviceable passenger volume (for constant delay)

4. Groundside facility congestion

By comparing these results to those from a base-case run (in which
all default values are used), the effect of the parameter change
on airport performance can be determined. This type of analysis
can be used to examine the effects of a specific investment at an
airport. Alternatively, annual passenger volumes or aircraft
volumes can first be changed (perhaps increased to forecast levels
for some future time) and one of the above parameters can then be
changed incrementally for a series of model runs. Plotting the
results or recording them in a table would then produce a function
expressing the successive percentage increases in airport per-
formance achievable by successive percentage changes in airport
capabilities or procedures. Functions developed in this way can
be used to assess the marginal increase in airport capabilities
that airport investments must produce in order to provide specified
levels of performance under future demand volumes. By specifying
appropriate future demand volumes and levels of performance, these
functions can be used to develop minimum standards or criteria

for airport investments.

Table 3-1 shows two examples of the functions that might be
developed through this."incremental analysis. In the first case,
the analyst has increased Boston annual operations volume to its
forecast 1986 level and made an initialization run using the exist-
ing (1975) airside good visibility processing rate (Rg). By making
successive runs, each with an incremental increase in airside
capacity of 3%, the analyst has produced a tabular function showing
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the change in annual delay cost produced by changes in the airside
hourly capacity. This function could be used to establish the
minimum percentage increase in airside capacity that a proposed new
runway (or other investment) would have to produce to justify its
construction.

The second example in Table 3-1 shows the changes in annual
delay cost produced by reductions in the member of general aviation
aircraft (classes D and E) at Boston's Logan Airport. In this case,
the level of activity is defined by the 1984 forecast passenger
demand, since the member of aircraft operations will decrease with
reductions in general aviation use. This second function could be
used to establish the minimum fraction (or increase to that fraction)
of general aviation activity expected to be diverted to a reliever
airport before the reliever airport's development (or improvement)
is warranted.
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4, EXTENSIONS AND REFINEMENTS

This year's version of the Airport Performance Model calculates
the airside delay and groundside congestion implied by a particular
pattern of demand and by airport capabilities. This model could be
improved by gathering better data, refining the modeling techniques,
and by extending it to other airports. Extending the model to
other airports is straightforward (although time consuming) since
the modeling techniques explained in Section 2 are general and apply
to all airports; all that is necessary to apply the model to an
airport is to assemble the data base for that airport. Therefore,
the possible improvements to the model that merit discussion are
those concerned with gathering better data or refining the
techniques.

4.1 ASSUMPTIONS OF THE MODEL

The Airport Performance Model makes a number of assumptions
about demand patterns and airport operations. These assumptions,
which illustrate the proper application and limitations of the
model, include:

1. The processing rate (saturation capacity) is a deter-
ministic function of weather, mix, and arrival-departure

ratio.

2. Weather, mix, and arrival-departure ratios change only
on the hour.

3. Aircraft can be divided into five classes; all aircraft
in a class are assumed to be identical (i.e., to have
the same number of seats, same cost of delay, etc.).

4. Annual demand can be expected to demonstrate similar
peaking characteristics from year to year.

5. The scheduled flight times are a suitable approximation
of actual flight times.

6. A day's general aviation activity volume can be divided
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into two blocks — the fraction during daylight hours and
that during night hours. The traffic distribution between
these two blocks is assumed to be the same for any day.

7. Only two types of weather — good and bad — need be
distinguished.

8. A year's weather can be suitably represented by two

weather profiles.
9. Aircraft request service at the beginning of a minute.

10. The groundside facilities requirements are a suitable
indicator of groundside congestion.

4.2 TIMPROVEMENTS TO THE PROCESSING RATE MODULE

There are three areas in which the Processing Rate Module
might be improved. First, the processing rate is assumed to be a
deterministic function of weather, mix, and arrival-departure ratio.
The processing rate could be made stochastic, and it could be made
a function of other variables, such as the length of the queue.

Second, the processing rate is now averaged over arrivals and
departures. Different rates could be used, and arrivals and

departures could be kept in separate queues.

Third, the AIL modeling work (References 1 and 7) is the
basis for varying the processing rate with changing mix and arrival/
departure ratio. Other studies of the functional relationship
between the processing rate and mix, arrival/departure ratio,
separation standards, and the like might be used (References 8,
9 and 10).

4.3 IMPROVEMENTS TO THE DEMAND MODULE

There are five areas in which the Demand Module might be
improved. First, the minute-by-minute demand profiles, which are
critical to the delay calculation, deserve attention. Scheduled
flight times could continue to be used to approximate actual
times, but with a stochastic factor included. Perhaps the flight
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times could be generated by a stochastic process centered around
scheduled times and with a deviation based on flight stage length,
or perhaps analysis of flight strips from airport towers might lead
to a method of suitably approximating actual flight times.

Second, the modeling of general aviation activity could be
carried out in more detail. Instead of evenly distributing 90
percent of the daily GA traffic between 8 a.m. and 10 p.m., as was
done for Boston Logan, a more appropriate time-dependent scheme
might be devised.

Third, the weather descriptor could be expanded. Perhaps it
would be desirable to distinguish between more than two types of
weather, adding categories for high winds, low visibility, pre-
cipitation, and the like. Also, since the approach used to con-
struct the weather profiles was ad hoc (see Appendix C), it would
be worthwhile to analyze the data more carefully and to pay more
attention to the relationships among weather, traffic, volume,
and delay.

Fourth, volume in this year's model is stated in terms of
operations, but it should also be possible to state it in terms
of passengers. This would allow the user to input either a fore-
cast volume of operations or of passengers.

Fifth, the method used to disaggregate annual demand into
daily demand should be re-examined. The method for selecting the
representative days used to estimate the annual delay function
should be based on a more thorough knowledge of the relationship
between traffic volume and delay.

4.4 IMPROVEMENTS TO THE AIRSIDE SERVICE MODULE

There are three areas in which the Airside Service Module
might be improved. First, taxiway and gates could be modeled.
This would fill a gap in the current model.

Second, the method by which daily delay is aggregated into
annual delay could be improved. It is necessary to decide whether
the delay function can best be approximated by a step function
(see Section 2.4.5) or by a piecewise linear function (see Appendix E).
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Third, the current model does not allow diversions and can-
cellations; these might be modeled in future versions.

4.5 IMPROVEMENTS TO THE GROUNDSIDE MODULE

The groundside module measures the quality of groundside
service by comparing passenger flow volumes and the physical
dimensions of the groundside facilities to accepted standards for
those facilities. Currently, it judges a facility to be either
congested or uncongested during each hour.

This module could be modified to assess varying degrees of
congestion. For certain facilities, passenger delays could be
computed in addition to facility saturation. The module could also
be modified to eliminate many macroscopic treatments incorporated
to put the module in operation as quickly as possible. For example,
each of the facilities not shared among airlines could be modeled at
the airline level so that one airline's slack facility would not
be used to satisfy another's excess demand. Also, airline and
airport employee traffic flows can be modeled more exactly by allow-
ing more detailed input, such as whether they park in the same lots
and use the same on-airport access roads as the passenger. More
detailed input might also specify whether buses, limousines, and
taxis use the same curb areas as automobiles, different but shared
curb areas, or mode-dedicated curb areas.

The groundside module could be extended to address congestion
in other facilities, such as corridor, escalator, baggage-handling
areas, and concessions. Although such modifications are minor con-
ceptually, every facility examined increases the amount of data
that must be maintained in the airport data base.

The groundside module could also be modified to incorporate
one of the groundside simulations being investigated as part of
TSC's Airport Landside Capacity Program (FA632).

4.6 CONCLUSIONS

This year's version of the Airport Performance Model can be
used to estimate how a change in demand, an airport's processing
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rate, or operating policies affect the amount of airside delay and
groundside congestion that occur at that airport. The model has
not yet been validated; therefore, one should not have blind
confidence in the estimates generated by the model. Thus. in
addition to the refinements and extensions described for each
module above, the entire model must be calibrated and validated for
several airports that represent the airport types to be analyzed

by the FAA.
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APPENDIX A — THE PROCESSING RATE MODULE

A.1 INTRODUCTION

The airside processing rate is defined to be the maximum
number of aircraft that the airside can handle in a hour using
normal operating practices. The input to the Processing Rate
Model consists of two processing rates: a good weather processing
rate for a typical mix and an arrival-departure ratio of unity,
and a bad weather processing rate for that mix and arrival-departure
ratio. The purpose of the Processing Rate Module is to adjust these
processing rates in order to obtain the rates that are appropriate
when the mix differs from the typical mix or when the arrival-
departure ratio is not unity. The purpose of this appendix is to
explain how these adjustments are made.

The method used to adjust for mix and arrival-departure
ratio is the AIL approach (References 1 and 7). However, the AIL
approach differs from the approach used in this report in two re-
spects. First, the AIL results are expressed in terms of a practical
capacity instead of in terms of a processing rate. Second, the AIL
work does not recognize the effect of heavy jets on airport operation.

The organization of this appendix is as follows. We start
with a good weather processing rate and a bad weather processing
rate, where mix is assumed to be at a typical value and the arrival-
departure ratio is unity. If the typical mix contains any heavy
jets, the effect of these heavy jets must be taken out of the pro-
cessing rate in order to achieve comparability with the AIL frame-
work. Section A.4 does this. Then Section A.5 transforms the
processing rate into a practical capacity. The AIL work is then
used in Sections A.6 to A.8 to adjust this practical capacity for
changes in mix and arrival-departure ratio. Finally, Section A.9
indicates how this adjusted practical capacity is transformed back
into the processing rate required by the Airport Performance Model.
This organization is depicted in Figure A-1, and the symbols are
defined in Section A.3.
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USER INPUT

l r(VFR,M,1), r(IFR,M,1)

TAKE QU AVY
JET EF

E OUT
T EFF

HE
ECT
p(VFR,M,1), p(IFR,M,1)

CONVERT TO FINITE-
DELAY CAPACITIES

l C(VFR,M,1), C(IFR,M,1)

ADJUST FOR VARIATIONS
IN MIX AND ARRIVAL-
DEPARTURE RATIO

l C(VFR,M,ADR), C(IFR,M,ADR)

CONVERT TO A
PROCESSING RATE

l p (VFR,M,ADR), p(IFR,M,ADR)

READJUST FOR
HEAVY JET EFFECT

'

r (VER,M,ADR) ,
r(IFR,M, ADR)

Figure A-1. Simplified Flow Diagram of the Processing Ratio
Module
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A.2 SOURCES

The adjustments described in this appendix are based primarily
on FAA publication, AC 150/5060-IA, "Airport Capacity Criteria
Used in Preparing the National Airport Plan,'" July 1968 (abbreviated
AC). The reader should be familiar with this publication. AC is
based on the AIL model described in the "Airport Capacity'" handbook,
FAA/BRD-136, June 1963 and in '"Operational Evaluation of Airport
Runway Design and Capacity," Report 7601-6, FAA/BRD-136, January
1963. Information on the effect of heavy jets is taken from "FAA
Report on Airport Capacity — Vol. I — National Summary,'" FAA-EM-74-5,
1, January 1974.

A.3 NOTATION

The following notation is used:

W the weather, which takes on the values of VFR
and IFR
M=(ml,m2,m3, the mix of aircraft types during the hour in
m4,ms) question; m, is the number of aircraft of type i

that request service during the hour as a percentage
of the total number of aircraft for that hour

M the typical mix at the airport

ADR the arrival-departure ratio during the hour

T (W,M,ADR) the processing rate in terms of planes per hour
when the weather, mix, and arrival-departure ratio
take on the values W,M, and ADR, respectively

p(W,M,ADR) the processing rate after the effect of heavy
jets has been taken out

c(W,M,ADR) the practical capacity at an airport in terms of
planes per hour

SPN the spacing standards; SPN takes on values 35 for

3 mile/5 mile spacing and 37 for 3 mile/7 mile

spacing.
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The aircraft classes are defined as follows:

k=1 heavy jets (i.e., B747, L1011, DC10, stretoched B707,
stretched DC8, and Concorde)

=2 class A aircraft
=3 class B aircraft
=4 class C aircraft
=5 class D and E aircraft

The definitions of the different aircraft classes are shown
in Table 2-3.

A.4 ADJUSTING FOR HEAVY JETS

We start with r(VFR,M,1) and r (IFR,M,1), good and bad weather
processing rates for a typical mix and an arrival-departure ratio
of one. The "typical mix" might include some heavy jets. However,
the work in AC was done before the effect of heavy jet wake vortexes
was fully appreciated and does not allow for the effect of heavies
on capacity. Therefore, in order to use the results reported in
AC, we must remove the effect of heavies from r(VFR,M,1) and
r(IFR,M,1) by ajusting the processing rates upward. That is, since
heavies take longer to process than other planes, by removing
heavies from the mix the number of planes that can be processed
increases. Let p(VFR,M,1) and p(IFR,M,1) be the processing rates
for good and bad weather where the effect of heavies has been

removed.

Based on the "FAA Report on Airport Capacity, Vol. 1 —
National Summary," FAA-EM-74-5, January 1974, Appendix A, Figure
A-4, it was found that the processing rate fell 32 percent as the
proportion H of heavy jets increased from 0.0 to 1.0, for 3 mile/5
mile separation standards (i.e., separation is 3 miles following
a light and 5 miles following a heavy). A quadratic was fit to
the data in the referenced table for both 3/5 and 3/7 spacing.

The results are:

p(W,M,ADR) = _r (W,M,ADR)
907-.426H + .100H2
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for 3/5 spacing and

u

p(W,M,ADR) = 1 (W,M,ADR)

.987 -.640H + .184H2

for 3/7 spacing. These formulas allow us to convert r(VFR,M,1)
to p(VFR,M,1) and r(IFR,M,1) to p(IFR,M,1).

A.5 CONVERTING A PROCESSING RATE TO A PRACTICAL CAPACITY

The next step is to convert the processing rate p(W,M,l) to
a practical capacity. A practical capacity is defined to be the

largest average rate at which aircraft request service is con-
sistent with exponentally distributed interarrival times, subject
to the constraint that the average delay per aircraft be less than
or equal to some specified figure. In other words, practical
capacity is the largest number of aircraft an airport can handle,
given realistic bunching of flights, if the average delay per plane
is to be less than, say, 4 minutes. The conversion of processing
rate to practical capacity is done via Figures 15 and 16 of AC,
Appendix 2. (Throughout this appendix it is assumed that 1 is the
appropriate exit rating. Also, the figure numbers from AC have
been preserved.) The asymptotes of these curves correspond to

the processing rate (in planes per hour) since these give the
maximum number of planes that can be processed. The practical
capacity is found by choosing an average delay on the vertical
axis and then reading a practical capacity on the horizontal axis.
The particular value of average delay that is chosen depends on
whether the weather is IFR or VFR.

IFR: As stated in AC, Appendix 2, page 1, Section 1l.a(3),
practical capacity is based on a four minute average delay. From
Figure 16, one may obtain the practical capacity on the horizontal
axis that corresponds to a 4 minute average delay on the vertical
axis if he knows which curve to use. The appropriate curve is the
one for which the asymptote equals the p(IFR,M,1). The asymptote
is approximated for each curve of Figure 16 as 1.10 times the
practical capacity for that curve when a 4 minute average daily is
assumed. Hence, for the IFR case, the practical capacity
c(IFR,M,1) = .91 p(IFR,M,1).
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Appendix 2 AC 150/5060-1A
Page 34 7/8/68
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INSTRUCTIONS: Enter with the hourly capacity at the | to 4 minute mark as |

appropriate (see page |, appendix 2). Then draw in the delay curve for the
operational condition being evaluated.

EXAMPLE : Aircraft population the same as Fig. |; single runway; arrival
to departure ratio = [.5; find departure and arrival delay in VFR. From
capacity = 39 ops/hour for a | min, delay, Therefore, if arrivals are

+ less than 39 ops/hour, the 4 min. average dejay is to departures. N
i Draw in the delay curve through 4 min. and 43 ops/hour, This curve
131 describes delay to departures, i.e, at 25 ops/hour, the departure

i delay averages 1,25 min, Delay to arrivals is obtained from Fig. 16

by drawing in the delay curve through | min. and 39 arrivals. For

the ratio of arrivals to departures of 1,5 and a demand of 25 ops/hour,
there are |0 departures and [5 arrivals; the deluy to arrivals average

0.25 minutes. The tofal delay for the 25 ops. is 10 x 1,25 = 16,3 minutes,
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FIGURE 15. AVERAGE DELAY/OPERA'!‘ION - VFR SINGLE OR PARALLEL
RUNWAYS WITH MIXED LANDINGS AND TAKEOFFS ON EACH RUNWAY
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C 150/5060-1A Appendix 2
1868 Page 35
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FOR CONDITIONS NOT COVERED BY FIGURE 15
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VFR: As stated in AC, Appendix 2, Page 1, Sections l.a. (1)
and (2), the practical capacity is based either on a 1 minute
average delay to arrivals or on a 4, 3, or 2 minute delay to
departures. Hence, it is necessary first to determine if delay
is to arrivals or to departures. The test for arrival-limited
capacity is described in AC, Appendix 2, Section 2.d, page 11.
For the assumed value of ADR (=1.0) the test will fail, since
0.6<ADR<1.1. Thus, the VFR case reduces to determining the
departure delay. This is a function of mix, as given in AC,
Appendix 2, Section l.a. (1), Page 1. If the percentage of A
and B aircraft is greater than 10, the delay is 4 minutes; if the
percentage is between 1 and 10, the delay is 3 minutes; if the
percentage is less than 1, the delay is 2 minutes. (Heavies are
counted as part of class A for this calculation).

Having determined the appropriate departure delay, Figure 16
gives the practical capacity by the same means as described for
IFR above. It is seen from this figure that the 3-minute VFR
practical capacity is roughly 87 percent of the processing rate and
that 2-minute VFR capacity is about 80 percent of the processing

rate. Hence, the approximations used are

.91.p(VFR,M,1) if A+B>10
C(VER,H,1) = .87.p(VFR,M,1) if 1<A+B<10

.80.p(VFR,M,1) if A+B<l.

A.6 CALCULATING THE MIX NUMBER

Thus far the processing rates input by the user have been
adjusted to take out the effect of heavy jets and have been con-
verted into practical capacities. The next task is to adjust the
practical capacities to allow for variations in mix and the

arrival departure ratio.

The mix for the hour consists of five numbers M = (ml,mz,ms,m4ﬂn5)
which give the percentage of planes requesting service during the
hour that are of each type. It will be handy ‘to condense these
five numbers into a single '"mix number that will describe the
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mix. (Heavy jets are added to class A in arriving at a mix number.)

VFR: The VFR capacity curves in AC, Appendix 2, Figure 1-6,
reproduced here, have mixes listed along the X-axis. The interval
of interest is frém X=0 to X=7, in the arbitrary units of the graph
paper employed. There are 3 cases:

(1) If any Class A aircraft are in the mix, then the lowest
abscissa scale in Figures 1-6 is employed. Interpolation is done
by Figure 10 on the basis of the percentage of Class B aircraft.

(2) 1If no Class A aircraft are in the mix, but some Class B
aircraft are, then the next to the bottom abscissa scale is used.
Interpolation is done by Figure 11 on the basis of the percentage
of Class C aircraft; Classes D and E are ignored.

(3) If no Class A and no Class B aircraft are present, but
some Class C aircraft are, then X is assumed to increase linearly
from X=0 to X=2.0 as the percentage of Class C aircraft increases
from 0 to 30, and to remain at X=2.0 for Class C greater than 30
percent. The rationale for limiting X is that the continued capacity
drop shown on the curves of Figures 1-6 is due to increased pro-
portions of Class A and B assumed in the abscissa scales. Since,
in the present case, we are assuming Class A = Class B=0, capacity
drops below Class C = 30% would not occur.

The interpolation formulas for cases (1) and (2) above are
taken directly from Figures 10 and 11, except that the small kinks
near the origin of Figure 11 were ignored for simplicity. The
formulas are:

_ 1|8B 5 : 3
X=4.0 + fﬁ'[f + 1 (H+A 20)] , Figure 10
» 11C 10 _ ] .
X=2.0 + 20 [7 + 5 (B-15) | , Figure 11

where H + A is the total percentage of heavy jets and Class A, and
B is the perfentage of Class B. For Logan Airport, the first
formula is usually the appropriate one to use for determining the
mix number.
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Appendix 2 AC 150/5060-1A
Page 20 . " 7/8/68

J"Iﬂﬂq’-‘t’ T e T

i
H . o

: H tilevas }
1 i1 - H R R R
T

i hashas
THH H
frss INSTRUCTIONS: Enter horizontal scale with
aircraft population (use Figures |0 & Il where
interpolation is necessary between populations),
move up fo exit rating (assume as | or 2 for
planning purposes), read the capacity on the
vertical scale.

EXAMPLE: Aircraft Population is 30% A, 50% B,
20% C+D+E; Exit mting =2, From example on
Figure 10 use 37% A as the point on the horizontal
scale for determining capacity. Capacity =43,

TR M

LA

L SETREPAAR R ALY o o

DPULAT
ettasaatidaet
FIGURE 1. SINGLE RUNWAY CAPACITY - VFR

i

Par 6 REPRINT

79



AC 150/5060-1A Appendix 2
7/8/68 Page 21
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apply here as well. The curves for amrival capacity
are used to check whether arrivals limit the runway
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Paragraph 2d, Page ll . The curve, where takeoffs
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Appendix 2

AC 150/5060-1A
Page 22

7/8/68
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AC 150/5060-1A Appendix 2
7/8/68 Page 23
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accept 90% or more of the aircraft given in the AC for standard exits (high-speed). Increase
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Capacity FAA/BRD-136.
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Appendix 2 . AC 150/5060-1A
Page 24 7/8/68
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7 Capacity =62, For operation towards intersection, average intersection =1 - .17 = .83;
-# Capacity = 46, For operation on one runway fowards the intersection and on the other
il runway from the intersection, intersection distance = (2/3 + 0)I/2 = 1/3; Capacity = 56.

T

44

bopgisp b e fiis

bt

15T 121
et i

s3I T R0
Hitii

H
tH 4 T
H T T fiis :
. 4 . i 11 1 8 I T 1]
mhﬁmi“' i ety " H
& : T AT f -y H
: b 4
H H ie ms. i : H
L 1 3 i T |-
i Jississ :
2 - . : T if
I L 111 1

THT

FIGURE 5. 2 & 3 INTERSECTING RUNWAYS - VFR

REPRINT

Par 6

83



Appendix 2
Page 25

AC 150/5060-14A

7/8/68

T I .4 I o TIT I T F rnw -
! emen; : s I it s X T t T
- 1 TIIT PGS nae T | i T
: T : ¥ 1] at H :
: : : t HH
- t it
T
:
+ 1
: 5
1 H
=5 -
=]
im *anas
1 B
- ot L " 4
+
H t
] t
5
$ ey
tr
H
H
ey et N PR i + T
o3 = Il I
= T
- 1
jon
T
H
+
1
et
: HH
' : 3
=
-t -
}
Hian 1
ifis + . ]
H T
B I
s ol vyl 1 HH
:
3 + +
t : b o
H T 1
T 1 H
PEeas i Ty
*: H w g 1
(5o $311 1
B3] ancsantd Hd R

VFR
Par6

OPEN V_RUNWAYS -
84

REPRINT

FIGURE 6.



l20/5060-1A Appendix 2
h8 Page 29
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capacity determination.

STRUCTIONS: This graph is used at airports consisting of Class A, B, C, and D+E that

not fall in the population groupings given on the capacity graphs. Obtain the converted %
Class A aircraft from this graph in the manner described in the example. Using this %

e capacity curves may then be entered directly using linear interpolation between the
rcentages on the capacity curves for Class A aircraft only,

AMPLE: Aircraft Population is 30% A, 50% B, 20% C+D+E. Enter the horizontal scale
50% B; move up to 30% A and read 37% A from the left scale. Linearly interpolate on
e VFR capacity curves between A =20% and A = 40% to determine the 37% point to use
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Class B aircraft from this graph in the manner described in the example. Using this % the
capacity curves may then be entered directly, using linear interpolation between the
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IFR: If one is dealing with IFR weather the aircraft mix is
converted to mix numbers by using the lower of the two abscissa
scales of Figures 7 and 8. An approximatiom is made to this lower
scale that X increases uniformly from 0.0 to 6.0 as the percentage
of Class A (including heavy jets) increases from 0 to 60, and
remains at X=6.0 for percentages greater than 60.

From now on, the mix variable M will be interpreted to be
the scalar mix number defined in this section instead of being
interpreted as a 5-vector.

A.7 CALCULATING SLOPE AND INTERCEPT FOR CAPACITY CURVES

The practical capacity curves of Figures 1 through 8 have
been approximated by straight lines in the Processing Rate Module.
This is the major approximation in the Module. In order to com-
pletely define a straight line, it is sufficient to specify both
a point through which the line passes and the slope of the line.
The point through which the line passes will be taken to have the
typical mix for the abscissa and the practical capacity calculated
above for the ordinate.

The slope is more complicated. It is desirable to make the
slope an increasing function of the practical capacity at the
typical mix. This is because the greater the practical capacity,
the greater the effect on practical capacity of a change in mix.
For example, as the reader can see by examining Figures 1 and 3,

a change in mix has a greater effect on practical capacity when
there is a single runway than when there are two parallel ways.

To include this effect in the model, the slope of the line is made
proportional to its value at X=7.0 (for VFR) or X=6.0 (for IFR).
The ratio of slope to the value of practical capacity at X=7.0 was
found for VFR to average -0.225 with a standard deviation of 0.07
from Figures 1 to 6. For IFR the ratio averaged -0.047 with a
standard deviation of 0.02 (Figures 7 and 8). (The slope for each
curve in these figures was found by taking the slope of the
straight line connecting the end points of the curve.)
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We now develop the formulas for adjusting practical capacity
to allow for changes in mix. Consider VFR. Let S be the unknown
slope of the practical capacity curve in mix — practical capacity
space. One point on the desired straight line [M, C(VFR,M,1)]
where M is the typical mix. We will completely define the desired
line by finding the point [7, C(VFR,7,1)] which is on this 1line.
We have

S = 0.225C(VFR,7,1) (1)

since we have assumed that slope is proportional to the practical
capacity at M=7 and since -0.225 is the factor of proportionality.
We know the slope of this line also is given by

S = C(VFR,7,1) — C(VFR,0,1) (2)
7.0

Since the point [M,C(VFR,M,1)] is on this straight line, we have
C(VFR,M,1) = C(VFR,0,1) + SM. (3)

Since (1), (2), and (3) are three linear equations in the three
unknown S, C(VFR,0,1), and C(VFR,7,1), they can be solved. The
first two are then substituted into

C(VFR,M,1) = C(VFR,0,1) + SM

which is the equation that approximates the effect of mix on
practical capacity when the weather is VFR. The equation for IFR
is found in the same way.

A.8 ADJUSTING THE PRACTICAL CAPACITY FOR CHANGES IN THE ARRIVAL-
DEPARTURE RATIO

AC, Appendix 2, Section 2.d is now used to further adjust the
practical capacity to reflect changes in the arrival-departure
ratio, which has heretofore been assumed to be unity.

For VFR, a three step procedure is needed. First, the number
of arrivals NA is given by

NA = —CC
1+ (1/ADR)
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Second, the number of arrivals that can realistically be
handled is determined from Figure 2. The curve for exit rating
1.0 on this figure has been approximated by a straight line going
through the points (0,120) and (7,33). The maximum arrival capacity
MAC is

MAC = 120 - M(120-33)/7. (4)

Third, if NA<MAC, then arrivals do not limit capacity and no
adjustment is required. But if NA>MAC, then the practical capacity
is multiplied by the ratio MAC/NA.

The calculation for IFR is similar, except that Figure 2 is
replaced by the single runway, arrivals-only curve of Figure 7.
The approximation for this curve is

MAC = 40 - M(40-37)/6

which is used in place of (4) above.

A.9 CONVERTING PRACTICAL CAPACITY BACK TO A PROCESSING RATE

The practical capacity has now been adjusted to reflect the
effect of a mix that differs from the typical mix and of an
arrival-departure ratio that differs from unity. It now remains
to reverse the procedures described in Sections A.4 and A.5 in
order to convert the practical capacity back to a processing rate.

The equations in Sections A.4 and A.5 can be used to do
this without further explanation, except for one exception. The
test for whether capacity is arrival-limited will not always fail
since the arrival-departure ratio can now exceed unity. If
capacity is arrival-limited, then the standard delay chosen is an
average of 1 minute per aircraft. The l-minute ordinate for any
of the curves of Figure 16 corresponds to a practical capacity that
is about .625 times that curve's asymptote. Hence, the conversion
from C(W,M,ADR) to r(W,M,ADR) for arrival-limited VFR capacity is
r(W,M,ADR) = C(W,M,ADR).625.
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APPENDIX B — DEMAND PROFILES

B.1 INTRODUCTION

Section 2.3.3 described in general terms how total volume for
a day is broken down into the volume for each minute during the
day. The method consists of five steps:

1. Determine the volume for the day;

2. Break the total volume down into scheduled volume
and unscheduled volume;

3. Construct a minute-by-minute profile for scheduled
flights;

4, Construct a minute-by-minute profile for unscheduled
flights; and

5. Add together the minute-by-minute profiles developed
in Steps 3 and 4 to arrive at the total minute-by-
minute demand profile.

The purpose of this appendix is to describe Step 3 in detail and
to explain how the OAG is used to construct profiles.

B.2 CONSTRUCTING A PROFILE FROM THE OAG

The first step of the five-step procedure outline above
is to determine the volume for the day. The preliminary version
of the model only allows volumes of 649, 748, and 855 for weekend
days and volumes of 641, 789, 880, 962, and 1036 for weekdays. The
reason why these particular volumes are chosen was explained in
Section 2.4.5. The second step is to determine the scheduled
volume for the day. This requires multiplication of weekend
volumes by 90 percent and weekday volumes by 80 percent (cf. Table
2-6). Thus, scheduled volumes on weekend days are currently
limited to values of 584, 673, and 770, and scheduled volumes on
weekdays are limited to values of 513, 631, 704, 770, and 829.

The third step requires each daily volume to be broken down
into minute-by-minute volumes. Since the OAG gives the schedules
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by the minute, the most direct way to obtain an actual minute-by-
minute demand profile is to use the OAG schedule for a day with
the desired volume. For example, Sunday, September 15, 1974, had
a scheduled volume of 585, so we can take this profile from the
OAG and use it as our approximation to the profile for a weekend
day with a volume of 584.

A problem we faced with taking a day from the OAG is that we
have only the OAG tapes for September 1974, December 1974, and
January 1975. Since none of these are heavy traffic months, they
do not contain any days with heavier volumes. For example, the
highest scheduled volume for these three months is 720, well short
of the desired volumes of 770 and 829. To overcome this problem,
profiles have been scaled up to give the appropriate volume; this
will be explained shortly. Table B-1 gives the desired volume and
the calendar date that provided the minute-by-minute profile for
this volume. The notation "rescaled" means that no available day
had the desired volume, so the profile had to be obtained by
scaling up a profile that was available.

The following method was used to scale up a profile. For
concreteness, consider the desired weekday volume of 829. We will
scale up the profile for Friday, September 6, 1975, with 720
operations, since this is the largest available daily volume.
Since 829:720=1.15, multiply the volume for each minute of the
September 6 profile by 1.15. This yields another profile with a
volume of 829. However, a problem is that this new profile con-
tains fractions. For example, if particular minute of the September
6 profile contained one aircraft service request, then that minute
in the new profile shows 1.15 aircraft service requests. The
following rounding technique is used to eliminate fractions.

Start at the first minute of the day. If the number of planes
requesting service in that minute is not an integer, then truncate
the fractional part so that that number is an integer. Save the
truncated fraction. Go to the next minute. Truncate any fraction
and add this to the previously truncated fraction. Continue
through the minutes truncating and cumulating fractions until the

cumulative sum of fractions is greater than or equal to one. Enough
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fractions have then been accumulated to represent a whole aricraft.
This aircraft is placed in the minute in which the cumulative sum
reaches one, and the processing of truncating and placing planes
is continued through the rest of the day. Therefore, we now have
the desired minute-by-minute profile for 829 operations.

TABLE B-1. SOURCES OF DEMAND PROFILES FOR SCHEDULED FLIGHTS

WEEKEND VOLUME SOURCE OF PROFILE
584 Sept. 15, 1974
673 Sept. 8, 1974 (rescaled)
770 Sept. 8, 1974 (rescaled)
WEEKDAY VOLUME SOURCE OF PROFILE
513 Jan. 13, 1975 (rescaled)
631 Jan. 6, 1975
704 Sept. 4, 1975
770 Sept. 6, 1975 (rescaled)
829 Sept. 6, 1975 (rescaled)
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APPENDIX C — WEATHER PROFILES

C.1 INTRODUCTION

Since an airport's processing rate (saturation capacity) falls
during bad weather, creating a potential for increased delays, it
is important to have some idea of how often bad weather occurs and
how long it lasts. The effects of weather are incorporated into
the Airport Performance Model via hourly weather profiles that
indicate the state of the weather for each hour during the day.
This appendix explains how the two weather profiles incorporated
in the preliminary model were obtained.

It is assumed that there are only two types of weather — good
and bad. By definition, the weather is good if the ceiling is at
least 1200 feet and visibility is at least 3 miles; otherwise,
the weather is bad. Two weather profiles cannot completely model
the weather that occurs during a year since a variety of diverse
weather patterns are observed. However, only two weather profiles
are used in order to reduce the computational cost of using the
model. Since there are eight different types of days for which
delay is calculated (i.e., three different volumes for weekends
and five for weekdays), the number of days for which delay is
calculated is eight times the number of weather profiles used. It
was decided that for this year's model, the added accuracy that
would be achieved by using more weather profiles would not justify
the added cost,

C.2 DATA SOURCES

No published data source containing appropriate information
could be located. We therefore went to the National Weather
Bureau at Logan Airport and recorded all the intervals of bad
weather in 1974. This was our sole source of weather data.
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C.3 DATA ANALYSIS

We assumed that 1974 was a representative year for weather.
We discarded all the bad weather from midnight to 8:00 a.m. because
there was so little airport activity in that time interval. We
then found that 73.4 percent of the days had no bad visibility.
Hence, we took good weather for every hour throughout the day as
the first weather profile, and we assumed that this profile
occurred on 75 percent of the days.

This left the task of determining a profile to represent bad
weather for the other 25 percent of the days. This task consisted
of deciding how long the bad weather should last and when it should
occur during the day.

C.4 DURATION OF BAD WEATHER

The first issue in modeling bad weather is: How long should
an occurrence last? Table C-1 shows that there were 594 hours of
bad weather in 1974, spread among 135 different occurrences. This
means there was an average of 4.40 (=594 % 135) hours of bad weather
per occurrence. Since delay time increases more than proportionately
when bad weather increases in duration (because queues built up
during bad weather are not dissipated as quickly when bad weather
continues), the typical bad weather profile should contain an
occurrence of bad weather lasting for more than 4.40 hours.

Table C-1 also shows that there were 98 days in 1974 with bad
weather. This means that a day with bad weather has, on average,
6.06 (=594 + 98) hours of bad weather. On many of these days the
bad weather is not continuous but is broken up into two or more
occurences. Since, as explained above, delay is a nonlinear
function of the duration of the bad weather, it seems appropriate
to assume that each bad weather day has less than 6.06 hours of

bad weather.
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TABLE C-1. DURATION OF BAD WEATHER IN 1974

Total bad weather hours 594
Total bad weather occurrences 135
Total days with bad weather 98

The last two paragraphs have placed bounds of 4.40 and 6.06
hours on the duration of an occurrence of bad weather. We decided
to set the duration for each occurrence of bad weather at 5 hours.

C.5 LOCATION OF BAD WEATHER

The final issue in modeling bad weather is: Where should the
5-hour occurrence be placed during the day? Let morning (M) be
0800-1200 local standard time, afternoon (A) be 1200-1800, and
evening (E) be 1800-2400. We will say that bad weather occurs in
the morning, afternoon, or evening if it is totally confined to
the morning, afternoon, or evening, respectively. We will say
that an occurrence is in the morning and afternoon if it starts in
the morning and ends in the afternoon; it is in the afternoon and
evening if it starts in the afternoon and extends into the evening;
it is in the morning, afternoon, and evening if it starts in the
morning and extends all the way through the afternoon and into the
evening. Using this terminology, we can break up the occurrences of
bad weather into six disjoint categories. These categories are
disjoint in the sense that any one occurrence of bad weather falls
into exactly one category. Table C-2 shows how many occurrences

fell into each category in 1974.
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TABLE C-2. LOCATION OF BAD WEATHER IN 1974

TIME NUMBER OF OCCURRENCES
M: 0800 — 1200 36
M & A: 0800 — 1800 11
A: 1200 — 1800 16
A § E: 1200 — 2400 16
E: 1800 — 2400 43
M&§AG&E: 0800 — 2400 12

Inspection of this table shows that bad weather tends to be con-
centrated in the morning and evening. Therefore, we decided to
place the five hours of bad weather between 6:00 p.m. and 11:00 p.m.

C.6 CONCLUSIONS

Analysis of the 1974 weather patterns for Logan Airport has
led to the conclusion that, assuming only two weather profiles
are to be used, the weather can be suitably modeled by assuming
that 75 percent of the days have all good weather and that 25 per-
cent of the days have bad weather from 6:00 p.m. to 11:00 p-m. and
good weather otherwise. It should be emphasized that this is a
coarse characterization of true weather patterns, but that it is
in keeping with the level of detail incorporated elsewhere in
this year's model. In future work it will be possible to include
a much more detailed characterization of the weather.
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APPENDIX D — CALCULATING DELAY

D.1 INTRODUCTION

This appendix describes the algorithm that is used to calculate
delay for each individual aircraft. The complete details are dis-
played in the program listing in Appendix G; this appendix describes
the logic behind the algorithm.

The algorithms used to calculate other statistics are not
described here, either because some (e.g., total delay for an hour,
maximum delay in an hour for an individual aircraft, etc.) are
easily derived from the delay for individual aircraft or because
others (e.g., queue length) are calculated by a simple counting
process.

D.2 ASSUMPTIONS

Several assumptions made by the algorithm need to be spelled
out. First, it is assumed that aircraft always request service at
the beginning of a minute. Second, aircraft are served on a first-
come, first-served bases. Third, it is assumed that only one air-
craft at a time can enter the runway system and that the minimum
amount of time between successive entries — the minimum acceptance
interval — is equal to the inverse of the processing rate (and
expressed in minutes per aircraft). When the runway system accepts
an aircraft, it is "free'" to accept a following aircraft (if one
is present) only after the acceptance interval elapses. Since the
runway system, which includes the glideslope and exits as well as
the actual runway, is a "pipeline'" facility such as a carwash
rather than a '"devoted" facility such as a toll booth, it becomes
"free'" whenever a new aircraft may enter it rather than when it actually
becomes empty. An important variable is the Runway Free Time (RFT),

which is the time that the runway system can accept the next air-
craft. Fourth, delay is defined to be the difference between the
time an aircraft is actually accepted into the runway system and

the time it would have been accepted had there been no congestion.
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D.3 THE ALGORITHM

Figure D-1 depicts a verbal flow chart for the delay calculating
algorithm. (A more precise flowchart can be found in Appendix G).
To see how the algorithm works, begin by setting the simulation
clock to the beginning of an arbitrary minute during the day (box
1). The first question is whether any aircraft request service at
the beginning of this minute (box 3).

If no aircraft request service, we take the left-hand branch
and spend this minute working off the queue, if one exists. The
next question is whether RFT occurs during the current minute
(box 4). That is, are there aircraft in the runway system at the
start of this minute and will the minimum acceptance interval
elapse during the minute? The answer to this question is 'no" if
either no aircraft is using the runway or if an aircraft is using
the runway but will not have released it by the end of the minute.
In either case, no aircraft are removed from the queue during the
minute, and so the clock is set to the next minute and the algorithm
returns to START (box 5).

But RFT does occur in the current minute if the acceptance
interval elapses during this minute. Set the clock to RFT (box 6).
If no aircraft are in the queue, the clock is then set to the next
minute and we go back to START (box 5). If aircraft is in the
queue, it is removed and placed on the runway. The minimum
acceptance interval is added to the old value of RFT to derive the
new value for RFT. (Recall that the acceptance interval depends
on the weather at the time the aircraft is accepted on the runway
and on the mix and arrival-departure ratio for the time that it
requested service.) The delay is calculated for this aircraft by
subtracting the time it was accepted on the runway from the time
it requested service (box 8). (Note that this is the point in the
algorithm at which delay is calculated.) We then ask if the new
RFT is still in the current minute (box 4), and thus repeat the
steps already explained. Eventually either the queue is exhausted
or the RFT spills over into the next minute, and we go back to
START.
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Figure D-1. Flow Chart — Algorithm for Calculating Delay
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Now go back and suppose that at least one aircraft does re-
quest service in this minute. If so, then the right-hand branch
will first insert these aircraft into the system and then spend
the minute working off the queue. If the runway is not free, then
all the new aircraft go into the queue (box 10). The rest of the
minute is spent working off the queue, using the prcedure already
explained starting at box 4. If the runway is free, then an air-
craft is accepted on the runway and assigned zero delay. Its RFT
is calculated. If any other aircraft requested service in that
minute, they are placed in the queue (box 11). The queue is then
worked off, again using the procedure starting at box 4.

In sum, this algorithm has shown how to calculate delay for
individual aircraft. This procedure is the heart of the program
listed in Appendix G, though that program has been reorganized
for computational efficiency.
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APPENDIX E — ALTERNATE METHOD FOR CALCULATING ANNUAL DELAY

Section 2.4.5 explained how to calculate annual delay by
approximating the delay function with a step function. This
appendix explains how a piecewise linear approximation can be
used; this second method is a candidate for inclusion in future

versions of the model.

A hypothetical delay function is sketched in dashed lines in
Figure E-1. Five volumes,vl,...,vs,are chosen. The procedure out-
lined in Section 2.4 is then used to evaluate the value of the
delay function at these five volumes (assuming constant weather,
mix, and arrival-departure profiles). The resulting five points
(and the origin) are then connected by line segments to form a
pliecewise linear function that can be taken as an approximation to
the true delay function. This function is shown as a solid line
in Figure E-1. If we want to know the delay on a day with volume
halfway between v, and Vs, We use this approximation to estimate
the delay as half the delay for Vs plus half the delay for V.

DAILY -
DELAY /

0 v v vV, <V, V. DAILY
2 3 4 5 YOLUME

Figure E-1. Hypothetical Delay Function and Piecewise
Linear Approximation
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The question arises: Which of the two methods of approximating
the delay function is better? We cannot at this time answer this
question because the answer depends on what shape the delay function
typically has and on what procedure is used to choose the volumes
at which delay is evaluated. We can say that the second method
has the advantage of using a continuous approximation and the
disadvantage of always overestimating delay (if the delay function
is convex), but these considerations do not alone determine which

approximation is better. This question will be one area of future
work.
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APPENDIX F — MODEL USER’'S GUIDE

F.1 INTRODUCTION

This appendix describes the interactive Airport Performance
Model, the purpose of which is to translate improvements in air-
port facilities and airport operating procedures into increases
in the quality of service or level of service provided.

The model consists of three modules:
1. The Runway Capacity Module
2. The Airside Demand Module
3. The Groundside Service Module.
The program consists of two major segments:

1. An airside segment that measures delays for the
aircraft and passengers in terms of time and
dollars, and

2. A groundside segment that determines which facilities

are saturated and for how long a period of time.
F.2 AIRPORT PERFORMANCE MODEL

F.2.1 Runway Capacity Module

The runway capacity module computes a saturation arrival-
departure rate based on the weather, the mix of aircraft types,
the arrival-departure ratio, and the separation standards.

Since the VFR runway capacity is all that needs to be considered
in most cases, the program considers the weather to be VFR unless
otherwise instructed. The user may change any or all of the hours
considered by the program to an IFR condition if he chooses.

The mix of aircraft types consists of aircraft type classifi-
cations numbered from 1-5; 1 for heavy jets; 2 for class A; 3 for
class B; 4 for class C; and 5 for classes D and E. These classes
range from the heavy jets (e.g., 747's and DC10's) to small light
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RUN NAS
The program will be loaded and made ready for the user.

HELLO, WHAT AIRPORT ARE YOU INTERESTED IN? PLEASE USE
A THREE LETTER CODE FOR: ATL, BOS, DCA, JFK, LAX, LGA
MIA, ORD OR SFO

A, When BOS is keyed in the message: THANKS FOR SELECTING
BOSTON is typed out.

B. If any other airport on the list is keyed in, the
message: CURRENT DATA EXISTS ONLY FOR BOSTON, PLEASE
ENTER BOS THANK YOU is typed out.

C. If any other combinations of letters is keyed in,
the message: AIRPORT YOU HAVE SELECTED WAS NOT ON
MY LIST, PLEASE TRY ANOTHER AIRPORT is typed out.

TYPE OF ANALYSIS DESIRED — HOURLY OR DAILY? 1If HOURLY
is KEYED in

The message: DO YOU WANT 1 PARTICULAR HOUR — YES OR NO?
is typed out.

A, If YES is keyed in, the message: TYPE IN THE
PARTICULAR HOUR YOU WANT is typed out.

B. If NO is keyed in, the message: TYPE IN HOURS —

BEGINNING, END is typed out.

If DAILY is keyed in no message for it is typed out.

STANDARD VFR RATE 120 OPS/HR
STANDARD IFR RATE 65 OPS/HR
DO YOU WISH TO CHANGE THESE RATES — YES OR NO?
If YES, the message: TYPE IN VFR AND IFR RATES is typed out.
If NO, the standard rates are assumed.

SPACING IS SET FOR 3MILE/5 MILE — 35 DO YOU WANT TO CHANGE
IT TO 37, YES OR NO?

DO YOU WANT TO CHANGE THE WEATHER ARRAY — YES OR NO? If
YES is typed in, two requests are printed:
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A. The message: TYPE IN THE NUMBER OF HOURS TO BE CHANGED.
B. TYPE IN THE NO. OF EACH HOUR 1-24 TO BE CHANGED.

A carriage return, after the number of each hour,
must be used.

DO YOU WANT TO SEE INPUT FIGURES — YES OR NO? If YES
is typed in

Input parameters listed are: The mix of aircraft, total
number of AC, scheduled passengers by class, total number
of passengers, number of AC arriving and departing, and
scheduled concentration.

The delay output is then printed
The delay output parameters are always printed.

DO YOU WANT TO SEE GROUNDSIDE STATISTICS — YES OR NO?
If YES is typed

A. *PASSENGER MOVEMENTS* is typed out as a heading with:

The HOUR, THROUGH, TRANSFERS, ORIGINATING, TERMINATING
and ENPLANED passengers.

B. SATURATED GROUNDSIDE FACILITIES is typed as a heading
along with:

The number of the facility, the FACILITY, and HOURS.

C. ENTER NUMERICAL CODE FOR FURTHER INFORMATION

The number associated with the facility.

D. IE A NUMBER IS NOT WITHIN THE RANGE 1-14 — EXIT
RESULTS

1. When a number associated with a particular
facility is activated, the number of each hour
during which the facility was saturated is printed.

2. If any number less than one (1) or greater than
14 is activated, exit from the groundside portion
of the program occurs.
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10. DO YOU WANT TO RUN THE PROGRAM AGAIN FOR ANOTHER CASE?
YES OR NO

If YES is typed in,
A, The parameters are all initialized

B. The message: HELLO, WHAT AIRPORT etc., is typed out
and the program will be rerun. If NO is typed,

1. The CPU time and elapsed time are printed.

2. The number and type of errors, if any.
3. EXIT.
Two control C's (4C+C) will terminate the program if for any
reason the user desires not to continue processing. The program
is then returned to the monitor level.

F.4 SAMPLE OUTPUT

F.4.1 Hourly Run

JRUN M

HELLDL UHA™ ATRPOST ARE YOU INTERESTED IN PPLEASE USE A 3 LETTER COoe
FORS AT G005 008 JFE S LAK LG M1 0RT OF SF0

BOS
THAEHES FOR SELECTING B0sToN

TYPE OF AALYSIS MESIRED DL O JRILY?
2 T A

WO AT L FRRTICULAR BOWR - TS O Ho%
(4 2
TEREOIN ME eapTIrunaR MouUre g e
STEHTART IFP BRTT = (3G OPScHR
STHHUARD TR FATE £ MPaHR
OO WOHD WTSH 70 CHAHGE THESE PRTES * VES R MO
Ml
AT TS OSET FOR BMILECSHTLE - 35

WO UHUUANT T OCHANGE 1T TO 3T, VRS OR MO
M

T UANT T CHANGE THE UERTHEE SRRAY — YES 0T Ho

M
WO AANT TO SEE THPUT FIGHRES VEG O MO
(1]
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A7 A0-18200

LT EE-18 GG

17rn-1505

FAE. @ LN CONTL OF M TMUM DELRY AC
ATRSINE @ SERLL,  REQLZEREY,
EHT 0OF HE IM MIME,

3] lai S Dot

% OF A DELAYED . TOTAL SECE OF DELAY
SERVICED  REQ. SERLY, SERUICED FEL. SERL

2 29,

714, 714

#OF AC DELAYED 35+ MIM ALL DELAY FOR DELAYED AC
SERUICED RER. SEREL. SERVICED FEQ. ZERL,
3. 1 S5 T
g, NELAY PER A TOTAL FARA DELARY FOR PAY
GERNTCED FER L EERL, GERUICETD REQ. SERL,

i e SEEEE. EEEEEE,

AIRCRAFT DELAY COST FOR AC SERL, IN HRE. IH

= 1147

oSO WANMT TO SEE GROUMDSIDE STRTISTICE - YES OR HOT

RN

0o Ol AT T BUN THE PROGRAM AGARIH FOR ANDTHER CRSE ™ YOS OF HO

M

CRL TIME: 2416

ELAFSED TIME: 2:5132.1%

MO ESECLTION EREORS DETECTED

EXTT
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F.4.2 Daily Run

FUH HAS

HELLO. MHHAT RIFFORT FRE YOU TMNTEFESTED IN 2FLERASE USE A 3 LETTEF COTE
FOR: AT BOS: DCAs JFE S LAY LGAs MIF OFT OF SFO

BOS
THAMES FOR SELECTIMG BOSTOM

YREOF AMALYSTES TESIRED - HOURLY OF TRTLYS
MILY

TAHDIARED UFFE PATE = (20 OFSoHR

THMOARD IFF FATE = £S5 OPSAHR

CONOL WIEH T CHAENGE THESE FRTES 7 YES OF NG
Il

FACTHNG IS SET FOR SMILE/SMILE - 35

SIOYOLE BANT TO CHANGE IT TO 37, YES OR MO
i

HEEYOLE LAMT 7O CHANGE THE WEATHER FARREY — YES OF NO 2
M

20 COLWMANT TOSEE IMPUT FIGURES - YES OF NO 7
YES
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TRILY STRTISTICS
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ENTER NUMERICAL CODE FoR FURTHER IMFORMATION
IF B VUMEER. IS HOT WITHIN THE RANGE 1-14: — EXIT PESULTS
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UL TwMERICAL CODE FOR FURTHER IHFORMATION
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F.5 DATA FILES

F.5.1 FOR11.DAT

This file contains the OAG airline schedule for December 20,
1974, at Boston's Logan Airport. For each hour of the day, the
hour, the mix as a percent for each class of aircraft, the arrival/
departure ratio for that hour, the total number of operations during
that hour, the percentage of operations occuring during the four
highest minutes of that hour (the concentration), and the number
of operations occuring at each minute of that hour are listed.

The parameters are in an integer format on a disk file because
(a) mixed formatted and unformatted files are not randomly acces-
sible, and (b) random access is used for disk files only. Although
the file is not read in the random access manner, there is a
possibility that several days worth of data may have been used to
develop the prototype of this program. Therefore, the integer
format is best suited should random access programming be employed.

The read format for FOR11.DAT is

READ(11,105) IHR, [MIX(1,I,J), J=1,6], IADR(I), ITOT(I),
ICON(I), [IV(I,L), L=1, 60]

105 FORMAT(I5,714,215,/(1215)]

when the hour, the mix, the arrival/departure ratio, the total
number of aircraft, the concentration, and the number of operations
occuring during each minute of that hour are read.

F.5.2 FOR10.DAT

This file contains the load factors that were used in con-
junction with FOR11.DAT for each hour of the day. Since the load
factors were to be used in a floating point format, and there were
not too many of them (24), it was decided to keep them in floating
point format.

The read format for FOR10.DAT is
READ(10, 4)[ALF(1,I), I=1, 24]
4 FORMAT [12(F4,2,1X)]
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F.6 PROGRAM FLOW

NAS
INITIALIZE INTERACTIVE
VALUES = COMMANDS

ANOTHER
PROGRAM

INTERACTIVE
COMMANDS

CALL __\ [ caLL  \ J cALL\

CALMNJ PJcJ $J¢J

/oAl \ [ eaL \ / cat \

e ADFHJ CONCTR AJUST CALCI

RUNDLY RDPQUT

GNDMOD GNDPNT
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APPENDIX G — PROGRAM LISTING — AIRPORT PERFORMANCE MODEL
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.......Q;..........OIl..l..l...QlQ.'...'...I.Q-ll.ll._0-._._;“._000“00.;..;‘.“..

___NATIONAL AIRPORT SYSTEM

P Y g Y P - PP g P T Y ¥ VY Y T

& FOLLOWING TEXT PRINTEQ FROM PILE DSKEINAS,Fé

_L4p72,546] 24-AUG.75 o

l..ba.oo.Qw.D.Ooiulolol.ll..l...ooooooooucoo'o..QQ.OQ.QQQ..Q...QQ..o.o.o

REAL NMIX,MAC.MAD

X

COMMON C1(24,2),CJ(2),C4@(2),MAC(24),
P(2),pA(2),R1(24,2))

X

S(2))x1(24),XJ(2),8PN

COMMON /BLK14/170T(24y
COMMON /BLK1/1WF(24)
§_ = mm = ] COMMON /BLK2/ADR A
COMMON /BLK3/ARR(24),nEP(24)

COMMON /BLK4/EMIX(4,24:8) NMIX(2,5) _

(24),ADRAV

COMMON /BLK6&/1BEG, 1END, TYPAN

COMMON /BLK&8/RA(24.,2)
COMMON /BLK®/1SPRC(24, 5).1TSPC [TPHR(24)
COMMON /,BI Kigd/IV(24,8@)

COMMON /BLK12/CON(24)
COMMON /BLKL3/ALF(1,24)

DIMENSTION ATRDB(9),ICAP(5), ICON(24)

DIMENSION MIx(1,24,6),1A0R(24)

DaTA
DATA_

_TMIA

RO

(IWF(K),K=31,24) 72421/
1CaP/255,

DATA AIRDB/'ATL',
'0RD?Y,

§1,'DCA',

'SFQY/_ .

" DATA YES,'YES'/,ANO/'NO '/

_ DATA DAILY/'DAILY'/,HOURL/'HOURL'/_

CALL ASSDEV (1@,'DSK'")
CALL ASSpEV(11.'nSKk')

READ (1@,4)

YUFK',

FORMAY (12(F4,2,4X))

CONTINUE

ADRAVRO.0

DO & N=1,24

ADR(Ny=g,@

ARR(N)=p,9
CON(N)ug, @
DEP(N)mg,.n
ITPHR(N)mp
MAC(N)=0 .8
_MAD(N)eg .0

X1(N)mD,0
CONTINUE
DO 7 Neyg,2
CJ(N)=ll,0
CJa(Nyup,a
P(N)®B,B _
PACN)=D,0
S(N)=g,0

(ALF (1, ), 1=1,24)
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.  NATIONAL AIRPORT SYSTEM .
Y T Y LY T e P S S Y T T T P P I T T Y
XJ(N)=@, 0
’ CONTINUE
00 41 Imi,2¢ 2 Bar®
DO 411 J=4,6
_ EMIX(141,0080,0
11 CONTINUVE
00 12 I=4,.24
Do 12 J=4,8
ISPRC¢I, 0@
12 CONTINUE
DO 13 I=¢,2
DO 13 Js1,5
NMIX(1,J)a00,0
13 CONTINUE
DO 8 1®1,24 e
0D 8 Jywi,2
Cltl.Jd)=0,0
RI(1,J)=0,0
Ra(led)=20,0
8 CONTINUE
PO 9 1m1,24
0O ¢ J®1,S
[SPRC(1,U)=@
9 CONTINVE
WRITE (5,1@) . o o
10 FORMAT ( ' HELLO, WHAY AJRPORT ARE YOU ]NT[RESTED IN 77,
X 'PLEASE USE ao 3 LETTER CODE Y/ )AX, 'FOR: ATL,B0S,DCA,JFK,!

X YLAX,LGA,MIA,ORD OR SFO ',/)

18 CONTINUE B
READ (5,28) AIRIN
2p FORMAT (A3) . = __ =
no 25 {=21,9
. 1F (AIRIM,EQ.A!RDB(I)) GO TO 35 e m em
29 CONTINUE
WRITE (5,30)
32 FORMAT ( ' ATRPORT YDOU HAVE SELECTED WAS NOT ON MY LISY,PLEASET,
X ' TRY ANOTHER AIRPORT'./)
GO 70 18
.38 _ CONTINUE - = = i e

IF (AIRIN,EQ.AIRDB(2)) GO TO 45
WRITE (5,40)

40 FORMAT (' CURRENT RATA EXISTS "ONLY pOR ROSTON, PLEASE',
X ' ENTER B0S THANK you.! o
60 70 5
45 CONTINVE
WRITE ‘515@’
L 1] FORMAT (' THANKS FOR SELECTING BOSTON', /)
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e ~__NATIONAL AIRPORT SYSTEM A )

..'....'.QD..Q....'...Q.....l..!l'l.ll............'...l..QQI..Q.........

= WRITE (5,5%)

BT FORMAT (' TYPE OF ANALYSIS ozsxnzo - HOURLY OR na:Lv?'./>
.. ... _READ (5.68) TYPAN o N R
Y. FORMAT (AS)

IF _(TYPAN,EQ.DAILY) GO TO o8 * _
WRITE (5,45)
68 _  FORMAY (' DO _YOU WANT 3 PARTICULAR MOUR ~_YES OR NO7'./)
READ (5,70) PARHR
72 FORMAT (A3)

.. GoT0ige S

e . lpEGmIEND

e K INL,

IF (PARHR,EQ,YES) 60 TO 85
. _ WRITE ‘5;_751 e
75 FORMAT ( ! TYPE IN HOURS = BEGINNING END Y, 7)
READ (5,80) IREG,IPND
0 FORMAT (21)

8% CONTINVE
. _ _ WRITE (%,90)
99 FORMAT (' TYPE IN THE PARTICULAR HOUR YoU uANT ' /)
. READ (9,84) 1END : -
84 FORMAT(1)

_ 6o T0 1m0

.98 CONTINUE
1BEGay

. lENDm24

100 CONTINVE

DO 141@ =1, 1END
READ (11,10%) IHR, (MIX(1,1,J),Jm1,6),1AnR(1),ITOT(I), IeON(1Y,

Llslmi, gn)
e WRITE (5,105) IHR, (MIX(1,01,J),J%1,6), JARRCTI),ITOT(]), IQON(I).
e X GIVCIL L) e, 60) TN B
10% FORMAT (15,714,215,/7(1215%))

— 140  CONTINUE

e 0048

. Ap6  CONTINUE

DO 104 IIIBEG IEND

(- . :
Enlxti.x J)lFLOAT(NIXttaloJ))/iﬂﬂl.l
_ADR(1)®FLOAT(IADRLY))/400,0
CONCI)BFLOATC(ICcON(T)) /100,02

DO 127 IelBEG,IEND
o EMIX(L018)mEMIX(L,].8)*EMIX(1,1,8)
187 CONTINUVE
00 119 1m1,2
DO 119 J=i,5
IF (J.EQ,B) MIX(1,i@.8)=MIX( ']
NMIX(TI,J)SFLOAT(MIX(L,10,J))/1000,
o WRITE (=,1%6) ILQLNHIXGLLJ).HIX(QH

X )
2,J)

)e
]
10
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[ _ __NATIONAL AIRPORY SYSTEM_ .

P I i Y YT Y Ty T T Y Y T Y Y T T Y Y T LY T YT T T Y PY YT YT YT YT YT TY T T
. 1836 FORMAT (21,F1@.8,01 _ -

149 CONTINUE

00 12A_I=IBEG,IEND
Do 128 Js1.%

B 1SPRC(1,J)sFLOAT(ITOT(I)®ICAP(J))SEMIX(1,1,d)
120 CONTINUVE
Do 122 I=IBEG,IEND
Do 122 Jm1,5
ITPHR( 18] TPHR¢ 1)+ {SPRE(1,J)

6 WRITE (8,121) ITPHR(I)
12 FORMAT (' ITPWRCI) ® 210 oo
122 CONTINUE

17SPCad - o o

DO 125 1siBEG,IEND

DO 128 Js=y,5
_ TTSPCalTSPC+ISPRC(1,J)
128 CONTINUE _ e e e, JENE gn m—
e IF (PARHR,EQ.YES) IBEGWIEND
IF (TYPAN.EQ.DAILY ) 6O 1O 109 o
If (TYPAN,EQ.HOURL.AND,IEND,GT,18) GO 7O 189
DO_108 1s1,10

Rng (11,10%) IHR, (MIX(1,1,J),J%1,6),[AnR(1),ITOT(1), IcOH(!).
X tIvel,ld.l=t,60)

108 CONTINVE

D0 124 121,10
Do 124 Jsi,6
EMINCL 1, J)SFLOAT(MIX(L,1+J))/1000.8

1g4 CONTINUE
_ 00 112 Imi,2 . = e, A e e et
00 112 J=s1,5
o NMIX(IaJ)SEMIX(4sd@edY e
112 CONTINUE
109  _CONTINVE e _

00 118 I=1BEG, JEND
DEPCI)SFLOATCITOT(])

= ARR(I)EFLOAT(] TOT(1) OEP( )
4%  CONTINVE == = I e e e
CaLL RCAPM
. CALL ARyNM
200 CONTINUE

A WRITE (5,2085) ibE- ST TIETTEE = Vi o
3gw FORMAT(/' DO YOU WANT To SEE GROUNDSIDE STATISTICS - YES OR NO?T
X /)
READ (5,78) GNDST
____IF (GNDST,EQ.ANO) 6O TO 218 .
CALL GNDMAN
240 CONTINVE
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» NATIONAL AIRPORT_SYSTEM . *
IQ.....O.D.....D..Q..Cl........lOO.{Q.IQQ00.0.I.0"0'0'..0!0!0.0....0...
___ WRITE (m,22@)
220 FORMAT ( ' DO YOU WANT TO RUN THE PROGRAM AGAIN FOR ANOTHER',

X ' CASE 2 vES QR NQ', /)

READ (8,7@) AGAIN
e IF_(AGAIN.EQ,.ANO) 60 70 308
REWINg 114
Gno 70 8

328  CONTINVE
sStap
END

.......I.I.......II.I.C.C.'II...."..lIl...l!'..l.'.'....I'l..........'._

) NATIONAL AIRPORT SYSTEM B

.........OOI...I’COCQ..l.l...’.!l.'.l.llII...C".Q...Ii.l.lil!l.'...l...
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NATIONAL AIRPORT SYSTEM
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o FOLLOWING TEXT PRINTED FROM PILE DSKEIRCAPM.F4

(42372,546] 26-AUG=78 »

QOB B BN RBBORBBRRRRRRIPERRABIPRNRTRINURRRRBINAGIRRERNEDBRUEONDESRRNRERINEN

SUBROUTINE RCAPM

c

"RUNWAY CAPACITY MOBULE OR
AJRSIDEC PROCESSING RATE MODULE

INTEGER SPN
REAL NMIX E=em =

COMMON C1(24,2),CJt2),CJ0(2),MAC(24),MADC(24),
P(2),PA(2),R1(24,2), =

S(2),%X](24),XJ(2),3PN

COMMON /BLK14/1TOT(R4)

COMMON /BLK1/1WF(24)

.COMMON /BLK2/ADR(24),ADRAY = -

COMMON /BLKS/ARR(?‘).D!P(24)

CDHHOH_LELKAL;ﬂ1j1I4214j! NM1X(2,5) o g el

COMMON /BLK6&/1BEG, TEND, TYPAN

__COMMON /BLKA/RA(24,2)

COMMON /BLK9/1SPRC(24,5),1TSPC, ITPHR(24)
En_MQN_lﬂLﬁiﬂllﬂiz_ijll______ R -
COMMON /BLK12/CON(24)

OIMENSION IPA¢2),IFLG(24) s

1

DATA 1YES/'YES '/,NO/'NO '/

. _ DD ¥ 1mi1,24 . - S =

IFLG(1) =1
c

CONTINVE
WRITE (3,1)
FORMAT (' STANDARD VFR RATE = 12p OPS/HR',/,

X
X

' STANOARD IFR RATE u 65 OPS/HR',/,

X ' DO YOU WISH TO CWANGE THESE RATES ? YFS DR_NO'/)

READ (5,25) NUOPS

_ 1F _(NUOPS,EQ,.IYES ) GO TO 4

IPA(1)m12g

IPA(2)98%8 TRty

5

Pa(L)=lPA(L)

_ PatyelPac2y 00

Go Y0 14

RONTINUE - .

WRITE (53,5)
__FORMAT ( 1x,' TYPE IN VFR AND ]FR RATES!,/)

READ (5,18) 1PA(L),IPAL2)
FORMAY ¢(21)

PA(L)=lPA(L)

_Pat)slPA(2)

CONTINUE
WRITE (5,15)

FORMAT (1X,' SPACING [S SET FOR SMILE/SMILE - 35',/7)

WRITE (3,280
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20 FORMAT (41X,' DO YOU WANT TO CHANGE IT Tn 37, YES OR NO9',/)
READ (5,25%) [CHNG
25 FORMAT (AS)
SPNa3y
__IF (1CHNG,EQ,1YES) SPNa3?
Sumes .2
p— Do 39 1s1BEG, JEND ) o
~ SUMsSUMSADR(I)
3a CONTINVE
DIVaIEND=IBEGs1
o _ADRAVaS(M/D1y
WRITE (%,39)
__ 38 FORMAT (' DO YOU WANT TQ CHANGE THE WEATHER ARRAY - YES'
X ' OR NO 2',2)
READ (85,2%) [WTHR
IF (IWTHR,EQ.NO) GO TO 59
e __WRITE (5,38)
38 FORMAT (' TYPE IN THE NUMBER OF WOURS To BE CHANGED',/)
. ReAp (9,10) NHRS = e
. WRITE (5,37)
_ 33 FORMAT (' TYPE IN THE NO, OF EACH HOUR {24 TO BE CHANGED',/)
po 3¢9 L-i NHRS
o _____ReAn tSLLa) IFLGIL)

3% CONTINVE
DO 48 Kwi,NHRS e — }
NeIFLG(K)
1WF (N)®D = .
@ CONTINUE
€ WRITE (5,42) (IWF(J),Jwi,24) S
42 FORMAT (41) y
89 CONTINUE I D
WRITE (5,40)
48 PORMAT (' DO YOU WANT 10 SEE INPUT FIGURES - YES OR NO 7',/)

READ (5:2%) INFIG
IF (INF1G.EQ.NO) GO TO 125 )
WRITE (5,65)
_ 68  FORMAT (3Xs "HOUR', 3X, 'H',6X,'A"y8X,'B',8X,'C'y6X,'D',8X,
X 'ADR',S5X,'AC',/)
Do 75 !-:g;s.xeun o
. WRITE (5,70) 1, (EM{X(14] JJ.J-1.5>.ADR(,>.IToT<;)
_7e_ _FORMAT (1X,1%,5(F7,2) .zxaF! 23X, 13)
78 CONTINUE
. e WRITE (5,80) - I
80 FORMAT (//)
ITACam
00 85 I=1BEG, IEND
ITACsITACeITOT(])
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el e NATIONAL AIRPQRT SYSTEM .
0.0.ciooiiiabolnounooco|.uniogluooii..ooa.nioou.oconaicuuicil.oo..o.lili
8% CONTINVE . S
WR{TE (5.90) 1TAC
[ 1] FORMAY ¢ * TOTAL NO, OF AC 2 ',I®/)
WRITE (5,9%) .
9%  FORMAT (' X .OF AC YYPE FOR WEATHER'./a1X,'VFR',¢Xs
X 'H'JQXO'A'DGXD'B'lGX"C'n6XJ'D')
__WRITE (5,10@) (NMIx(1.K).K®1,5)
102 FORMAY (6Xp!F7 2)

19% FORMAY ‘1xl'IFR'D‘*.'H'O‘X"A'IOXD'B 06XI’C obX:'D')
__WRIYE (%,10@) (NMI¥(2,K),K=1,5)
B WRITE (3,106)
_4ps  FORMAT (' SCHEDULEN PASSENGERS BY €LASS:')

WRITE ts.oo) )
' 1H! 1A' a9Xs 'R, 00X, "0 29X, "0 i s
Do 128 ruxa:s 1END
_ _WRITE (%,107) 1,(l1SPROCI,J),Js1,5)
ERTY) FORMAT (1X,1s,3X,8¢17,3X))
_ 48 _ _CONTINWE
WRITE (5,109) 1TSPE
__9g9  FORMAT (' TOTAL NO. OF PASSENGFRS = ',14@,/2) . o
00 111 IsIBEG,IEND
___.Nﬂlli_llJiiﬂl_LL_B!_JJJDEE_J)

110 FORMAT (' HOUR ® ',13,! NO, OF PLANEs ARRIVING = ',F5,8,/,
w X 41%,' NO, OF PLANES DEPARTING = ',F5,0)
111 CONTINUE
_ WRITE (5,112) e .

i12 FORMAT (' SCHEDULED GONCENTRATION ',/)
DO 1314 1=1BEG,1END _ R
"WRITE (3,113) I,CON(I,
__i13  FORMAT (! MOUR s '.Is.! % CONCENTRATION s ',F7.2,/)

114 CONTINUE
= UE e e o
o DO 13@ !eIBEG,IEND
_€ .00 132 J®i,5
€ EMIXCL,1,J)mEMIX(L,],J)/7100.0
. £4%p  CONTINVE G samm &
o] Do 13! Ksi,2
€ 00 13% |[=1,5 e L mmemn, I e e e
c. . NMIX(K,L)RNMIX(K,L)/100,0
.gi!l_.hﬂgﬂNIINUE“ _ = P =
_ & SUBROUTINE CALLS = =
¢
CALL WJE s o -
CALL CALMNJ
_ CaLL PJcy
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.. NATIONAL AIRPORT SYSTEM .
000000600!DQ0.0.QQ0.0.Q!0!000.l|00ﬂi|000ibiOO'!00&.0&00000.00!000000!00.
. __CaLL sJcu Lm s e
~CaLL CALMNT
CALL EALC]
CaLL AJUST
CALL CONCTR

CaLL ADFHY
60 To 159
e .____WRITE

200 FORMAT(' OUTPUT FAROM RUNWAY CAPACITY YES OR NO2',/)
READ (9,25) xauur______m_ .

€ . CALL RCOUT _ N
138 CONTINUE
e — - RETURN - S U i
END

..Q..oioco-oo.oocooooouo:o;oo.u»ooioczicnono.ao.od.iwonooio.-000000;5;0-
] . _____NATIONAL AIRPORT SYSTEM 'Y
..ooooooo.ooo.o.ooooo-.ooo..ngoncoiononono"uoo.o..oooooan-uaon'oooouooo
—_® POLLOWING TEXT PRINTEQ FROM FILE DSKE:HJE,F4 [4072,546] 26~AUG=78 »
..........6.l...0.0..00...0.!..!!'.0!.0.Glﬁ.Q'QQ00.".0.....!..!....!...
SUBROUTINE HJE .

o] TAKE OUT WEAVY JET EFFECT
INTEGER SPN

REAL NMIX
COMMON C1(24,2),CJ(2),EJ0(2),MAC(24),MAR(24),

X Pf?’p?‘(?l RI(24, 2’:

COMMON /BLK4/EMIX(1,24:6) NMIX(2,5)

. - _SPACING NUMBFR 1S FITHER 35 OR 37
“IF (SPN,EQ. 37) GO Y0 4@

£ SPACING NUMBER 1S %8 = IMILE/gMILE SPACING
Do 20 Jsi,2

HaNMIX(J,1) S A TR
P(J)IPA(J)O(G 997-(D.426%H)4+0, 109-<H-H)a

—.2p  CONTINUE RS -
Go T0 109
——4a CONYINUF . EREE e
¢ SPACING NUMBER 1S X7 - 3MILE/7MILE SPACING
DO %7 Juwi,2 = e

HaNMIX(J,1)
—— o P(JIBPA() (D, 987 (D, 440%H) *A, 1848 (HoH)) " o

LT CONTINUE
~4@@  CONYINVE :
RETURN — R
END
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s fOLLOHlNG TEXT PRINTED FROM PILE DSKESCALMNJ,F4 C4072,546] 24~AUG=73 o

D — SUBROUTINE CALMN,)
[ CALCULATES MIX NUMRERS X(J),X(I)
INTEGER_SPN
REAL NMIX

X P(?)-PA(?).RI(24-2).
el X St2).X1¢26),%ut2),8PN . T Seiala NN RSN
COMMON /BLK4/EMIX(1,24:6))NNIX(2,5)
. DO 128 Im1,2 =gy
o 1 IS EQUAL T0 § = VFR
HaNMIX(1,1)
AeNMIX(1,2)
e __BaNMl¥(1,3) et 2o e L
CINMlx(IJ4, .
IF (1,€0.2) GO TD 400
IF (HeA,GT.2.0) GO TO 20
1P (HeA,EQ.8,p.AND.B.GT.0,8) GO TO 39
IFf (HeA.FQ.2.8.AND.B.EQ.8,@,AND,C,GT,@.0) GO TO 40
IF (HeA.E0.8,0.AND.B.EQ.B.0,AND.C,EQ.28.0) GO TO 70 _
WRITE (5,10)

B i@ FORMAT (2X,' NONE OF " _THE CONDITIONS HOLR FOR MIX NOS,')
GO YO 12%
20 CONTINVE ___ __ _ o N
XJ(l)nd,0+(B/2.0¢(%,0 4, 0% (HeA=20,.0)))01,8/20,0
e .50 70 98 B I
3 CONTINUE . .
. XJ(1)w2,0+(C/2.8+(10.0/9.08°(B~15.,8)))%1,0/30.0
Go TO %a
_4p  CONTINVUE L -
. TF (C.LE.38.2) GO T0 &0
_Bp CONTINVE o
] € 1S of 30
o AJtY)mR,@ e )
To 70 92
43 CONTINUE S
¢ C 18 LE 39
o XJ(1)s2.08(C/30.0) _
Go T0 ¢p
7 CCONTINVE
WRITE (5,80)
8@  FORMAT (2X,' H+A=p,@ 6wpg,0 C»0.0')
GO TO 125
98  CONTINUE "
c MIx NO, FOR VFR MUST RE BETWEEN @,@ AND 7.0

TP (XJC1),LT.0.8) XJ(1)28.0
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®
SRV p0NLRROERIRRBERRRBIRRNIORDIRRNBERRIRRBIREONBERIRUORRBRABRNARRIRIRBRNEDNS

IF (XJ01) . GT.7.@) ¥J(1)u7,0

) Go 70 125
UE GoRe e = e R
IF (HeA,GE.0,0) XJ(1)al(A+H)/18.0
1P (X1 LE..8)

wi(plsp,0
IF (XJ(1), GE.A.G) XJ(1)=6,0

_12%  CONTINUE

RETURN
END
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__® POLLOWING TEXT PRINTED FROM FILE DSKEIPJCJ,F4. [4072,546] 26=AUGe75 &

PO0RVOPRONEBNBNRNGRNBNONBBIRGRIPRNBRRBRNNINRIINREPRINNBRBVBNBBINROINEENABRS

SUBROUTINE PJC)

o .. INTEGER SPN ———

¢ CONVERTS P(J) TO CtJ)

REAL NMIX
COMMON C1(24,2),CJt2),€JB(2),MAC(24),MAN(24),

X P(2),PA(2),R1(24,2),

COMMON /BLK2/ADR(24),ADRAV
__COMMON /BLK&/EMIX(T,24:6) ,NMIX(2,5) Sp—

AMACEg, 0

1. L1 L] 1Y ER— semas

TESTe .0
00 10@ Jmi,2

Ir (J.ED,2) GO TO 7@
. 1F tADRAV,LE.1,1) 80 70 20

e AVERAGE ARRIVAL=DEPARTURE RATE 6T 1.1

AMADNP(J)/(1,0+(1,0/A0RAV))
AMACR120,8~(XJ(J)/7.0¢(120,0~33.0))
IF_CAMAC,GE,AMAD) 60 7O 20

o} MAC IS LESS THAN MAD
o CJtJimPeUy/L. 60 -
Go T0 100
_29______CONTINVE Uil = e
€ AV, ARRIVAL=DEPARTURE RATIO LE 1.4 OR MAC GE MAD
00 30 !=1,3 S S

30 CONTINUE

TESY =TESTeNMIX(1,1)

IF (TeST.GE.10.8) 60 TO 40
!r (TEST.GE.1.0,ANR,TEST.LE.108.08) GO TO 52
*TtiT LT,1.08) GO TO 6@

0 ige I o
42 co TINUE
€ TEST GREATER THAN 108 = R
CJtJ)eP(U)/1,.10
D! - |; [5, (| 115, [ T S R i S
LT CONTINVE
e TEST GE 1 AND TEST LE 419 L e
CJtJ)IesP(U)/1.15
... ... 6o T0 e
(Y CONTINUE
il JEST LY L 0. .
CJ(J)I’(J)/l 25
__Go Y0 io@ ” e i e -

7 CONTINUE
€ IFn
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o CJtJIeP () /1,10 N T A = T i

1p0 CONTINUE
RETURN . . __ -~
END

.....’.............Q..l..Q..Q..DIl..I.l.!QD.i'.Q..l...'..'!i'.!.l...l..’

_ e .. __NATIONAL AIRPORT SYSTEM .
.Q....'....QOQOOIDQQQGGQD.Q.GDOIlli.!llOll!lill...QGQ...!.GQ..'D....'..I
® FOLLOWING TEXT PRINTED FROM FILE DSKE!SJCJ,F4 [4072,546] 26=AUG~25
SN0 NBBPROREDBRNBUABNBNABERIBUFRERIDRIBNNNONRPBERODBONBIRRIRNROBUDRONNEGN

& — SUBROUTINE SJcJ _ N
¢ CALCULTAES CAPACITY CURVE PARAMETERS
c CALCULATES S(J) ANB Cyl@B)

REAL Ki,K2
- INTEGER SPN .
COMMON C1(24,2),CJ(2),CJ8(2),MAC(24),MAN(24),
X P(2),PA(2),R1(24,2),
X S(2),%X1(24),%XJ4(2),8PN
DATA Ki/a.228/,K2/0.04%/
CJuésd,0
CJ7m0 .8 .
00 50 J=i1,2
....... ___IF ¢J,EQ,2) GO TO 4@ e st By
CJ7eCJlU) /(1 ,8¢7.80K1)e(XJ(J)OKL)
StJ)ekiep)? — .
CJUB(JIRCU7¢(7,088(]))
Go 70 %¢
40 CONTINUE ,

CJONCJ(U)I/(4.0+(6,00K2)=(XJ(J)#K2))

S(J)sK2ecJéb

- LuafJInC aste,.mo804))
50 CONTINUE

RETURN

END
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....l..0'.0...’0.....!"l.l.Q.0...0.....“..!000.....lQQIIl!!l.lQ..'.QOQD
__* Fo LLOWING TEXT PRINTED FROM PILE DSKEICALMNI,Fé C4p72,%546) 26-AUG=73 =
SRBQBBQACNNPBBNIRSNRRRRBOBITRPUREBRRPNURBNBVTRRRRPIBIERRPRBERVBRRORENERES
SUBROUTINE CAlLMNI N
¢ CALCULATES MIX NUMRERS X(J), X(I)
N _ .

REAL NMIX

__ COMMON C](24,2),J(2),CJ8(2),MAC(24),MAN(24),
X P(2),PA(2),R1(24,2),

N i i g S T %D - S

COMMON /BLKL1/1WF(24)
- _COMMON /BRI K&/EMIX¢d,24,6) NMIX(2,5)
COMMON /BLK6/1BEG, IEND, TYPAN
_ DO 12% 1«IBEG,IEND
e 1 IS FQUAL T0 1 = VFR
HeEMIy(1,1,1) e e S
AsEMIX(1,1,2)
_BEMIX(1,1.3) —
CaEMIX(1,1,4)
- oo lp ClWpt1).g0,2) g0 YO 1000 0
IF (NeA.GT.0.8) GO TO 292
H

IF (HeA,EQ.0,0.AND.B.EQ.0.8,AND,C,GT.0,2) GO TO 40
. lF (WMeA,EQ.@.@.AND.B.EQ,.®,0,AND,C,EQ.2.@) GO TO 78
WRITE (s,1@)
- 10 _;nm%: {2Xs' NONF OF THE CONDITIONS HOLA FOR MI1X NOS.')
0 70 125

20 CONTINVE N Em n s

X1(1)ud,0¢(B/2.04(5,0/4,80(HeA=20,0)))%3,0/20,0
koo .__ GO YO 92 . R
32 CONTINVE
. XIt1)mR,8e(C/2.0+(10.0/9.0°(B-15,0)))%1,02/30,0
GO T0 90
40 CONTINVE . emiaen st i e v M
IF (C.LE.38,8) GO Y0 42
8@ _ CONTINVE
] C IS GT 30
N Xitl)e,@ .
Go T0 90
___6p CONTINVE o
3 C IS LE 32
X1(l1)w2,0e(C/30.8) ) Y
. GO TO 9@
e CONTINVE .
WRITE (5,80)
_8g FORMAT (2X,' H+A=d,0 B®@,0 Ce=@,@0') _
GO TO 125
92 _ CONTINVE
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’ L e NATIONAL AIRPORT SYSTEM ) .
_';;.3Bo;.ooooooooooooo.uooo’o...Q'-ﬁooocloioaai-.acoc-ooooo;auoo.ooo.cooo
€ MIX Nos» FOR VFR MUST gE BETWEEN 2,0 AND 7,0

IF (X1e1),LT.0.02) Xl(1)wa.0
IF (XI1¢1),6T.7.0) %l¢1)=7,0 et S AT S Y. §Gma e
] Go TO 12%
_4p®  __ CONTINVE
IF (WeA,BE.0.8) XI(1)ntA®H)/10,0
IF (X1(1) LE.pg.g) XI(D)wg.8 "
CONTINUE
RETURN
END

AL LLIT L L A L T T Ty P Y P P R

] ~____NAYIONAL AIRPORT SYSTEM *

;555;5;3036;335059900.ooooologunooo».o0ooo.olb-QQQQGuigocooinooooooouoio
@ FOLLOWING TEXT PRINTED FROM PILE DSKE!CALCI.Fa [4072,346] 26-AUG<75 @
L Y Ty Yy Y Y Y Y Ty T Y Ty Ty Pt

SUBROUTINE CaLCI

¢ ~  CALCULATE c(1)
€ _LET JmWF(I) e
¢ CelImgJU(a)=S(uIeX(])

_INTEGER SPN _
COMMON C1(24,2),CJ12),CJ8(2),MAC(24),MAN(24),
X _ P(2),PA(2),R1(24,2), P :
X S(2),X1(24),%XJ4(2), 8PN
_COMMON /BL K&ZI1REG, LEND, TYPAN _
D0 50 [=1BEG,IEND
.. DO %@ Jwg,2
CI(l,JymCUB(Jy=SCJyoXI(])
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® POLLOWING TEXT PRINTED FROM PILE DSKE3AJUST.F4 [4072,%46] 24=AUG-75 »
o.o.....o..oooDuo.-.oacooono.ooloooounounoooooo.ouoooonoioouuoocoooooooo
SUBROUTINE AJUST
o] ADJUST C(1) FOR ADRI(1)
INTEGER SPN —
REAL MAC,MAD
) COMMON ci(24,2), CJtz)JJMz) MAC(24),MAN(24),
X P(2),PA(2),R1(24,2),
e X S(2).%1(24),XJ(2),8PN e s et N MiENe S
COMMON /BLKL/1WF(24)
. .__.COMMON /,BLK2/ADR(24).ABRAV
COMMON /BLK6/1BEG, 1END.TYPAN
cisemarcee JSUBLRIRA . @3N, 0 e
suezl".ﬂ-37-ﬂ
oo Do %0 1s1BEG,IEND B i ) % e e
IF (ABR(I).LE.1.1) GO YO 5@
E—I (| | E—— <
IF (IWF(1).EQ,2) GO Tn 35
o MaptlymecI(l.J)/0d, mu.,jfhnﬂtlin
MAC(1)®120.8-X1(1)aSyRL/7.8

- GO Y0 49 S e
38 CONTINUE _ _
. Mac(limsp.@-X](1)e8UB2/6.08
4g CONTINUE

o lr (MAC(1).GE.MAD(})) gO TO 5@ = =
CI(1,J)uCI(1, J)a(MACCT)/MADCT))
sy CONTINUE
RETURN

141



YT Y Y YL L LT T T T I L T YTy Y Yy y Y

\/ _ NATIONAL AIRPORT SYSTEM ®

P T T Y T T T T T T Y Y P Y T R I Y ST T T YT P Y Y Y Y YN
_® FOLLOWING TEXT PRINTED FROM FILE DSKEICONCTR,.F4 [4072,546] 26~AUG=75 ®

BRBNBaaNe RSB RRBRRERRINRBRRIQERBBBBLNEDRRRDRRP R RNBRRORERNNRQGNANENEERD

.. SUBROUTINE CONCTR _
€ CONVERT €(I) TO R(!)
C__ . ARRAYS ADR,C,MAC,MAD,MIX,)R,X

INTEGER SPN
_ REAL MAC.MAD
COMMON C1(24,2),CJ(2),CJB(2),MAC(24),MAN(24),
X P(2),MA(2),RI(24,2), .
X St2),%x1(24),%J(2),8PN
_COMMON /RLKi/Z1WF(24)
COMMON /BLK2/ADR(24),ADRAV
_COMMON /BLK4/EMIX(41,24.6) NMIX(2,5)
COMMON /RLK&/1BEG, TEND,TYPAN
0 TeESTeg.,Q soamsecs
00 200 1s!BEG, IEND '
JalWF¢ly O
IF (IWF(1),EG.2) GO TO 48
IF (ApR(1),LE.1.1) GO 70 20
A/D RATE 6T 1.1
e MAD(I)ECICINJY/C4,Pe(4 B/ADRCTNDY e
MAC(1)®120.p-X1(1)e((120.0~33.0)/7. z)
_IF (MAC(1).GE.MAD(1)) GO TO 20 )
RI(1,J)mi,.88C2(1,J)
. _Go Y0 200
29 CONTINUVE _
A/0 RAYE LE 1,1 OR MAC GE MAD
D0 30 Kui,3
R _TESTRYEST+EMIX(L,[.K)_ L
3z CONTINUE
1F _(TEST.GT,10.08) 60 TO 4@ = __
IF (TEST,LT,1.0) GO To 5@
_____1F ¢TEST.GE.1.2.ANN,TEST,LE,1@,.@) RICI, )=1,15#CI(1,J)
Go Y0 200
42 CONTINVE —
Ri(l,J)=e.10eC](L,d)
: GO TO 209
LT CONTINUE
o Ricl,udmy.28ecrtl,Jy L
200 CONTINUE
__RETURN
END

al
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. SUBRQUTINE ARFHJ _
c ADJUST R(1) FOR HEAVY JET

INTEGER SPN

REAL NMIX

COMMON CjigiggllggjglLCJﬂﬂg)JHAC(24);HAD(Z‘).

X P(2),PA{2),R1(24,2),
X S(2).X1(24),XJ(R2),8PN e s

COMMON /BLK1/1WF(24)

COMMON /BLKQ/EHIx(1'2A1§)!NMJX(stl

COMMON /BLKQ/]BEG.IEND!TVPAN

COMMON /BLKB/RA(24,2)

Do 850 1=1BEG, [END

JelWF (D) ) ) e T e S e

HgEMIX(1,1,1) .

IF (SPN,EQ.35) GO T0 20

IF (SPN.F0.37) 6N Y0 32

WRITE (5,10)

19 FORMAT (2X,'SPACIN® NUMBER OTHER THAN 3% OR 371)
. _GD Y0 %8B e ——
20 CONTINUE
RA(],J)ERICL, ) e(1,0=¢(0,320K)/100,8))
Go T0 Sg
3@  CONTINVE = . . o '
RACT,J)aRIC(I, J)et1,@=({0,472H)/100.0))
_ 8@ CONTYINUE L e N
e “Ra(l,J) 1S DESIRED OUTAUT
. RETURN _ e
END
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__®» FOLLOWING TEXT PRINTED FROM PILE DSKE'ARUNM.F4 [4272,546) 24=AUG~75 »
BE0R00300000000R000082 2000000 NRBRBRRIRNERIBINQBARNBRIRNIBRENDRIGRERENED
SUBROUTYINE ARUNM
COMMON /BLK2/ADR(24),ADRAV
COMMON /BLKS/ACS(24),ACSE(24),A8T(24),APAX(24),
X D(24),0aC(24),DACE(24),D38(24),D302(24),02(24),
_______x__lI_AXi2AJL_XQLZALLEXQILZAlLHXQizﬂlJleﬂﬂ)lQENO(Z‘)0
R(24,2),ENDG,KNTQ,ALGTH,RFT, TOPQ
COMMON /BLKQ/1SPR((24,8),I1TSPC,ITHPR(24)
COMMON /BLK1G/1V(24,67)
_____ COMMON /BLKA/IBEG,IENA,TYPAN
COMMON /BLKB/RA(24,2)
. _COMMON /BLKAN/ZALFP({,24)

o] ToPGsd
— 1 CONTINYF e s e
00 1% 121,24
_ DO 1% Jay,2 N ——

- R(IDJ’-'.G
— 48 . CONTINUF
00 20 I=]gEG.I1END

Do 22 Jsi,2 A ETra——
IF (RAt1,J),EQ.2.00) GO TO 20
g __llLJllll;ﬂlaAllljllljjllll_. . —
C. WRITE (5,2%) 1,J,Ra(L,J),R(I, D)
R FORMAY (21,2f) e e DL
20 CONTINUE

CALL RUNDLY
CALL ROPOUT
RETURN

END

144



..I;;;;;i;;;ﬁ.ll..lliol.loQo0.....IIQIQ.;;;;;d;;;;;:i;;;;;;i;;;Qgi;ii;b;m
. _____NATIONAL AIRPORT SYSTEM_ )
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!-fQLLQHLNﬁ_TI!I_P'lﬂliﬂ.[!gﬂ_llkﬁ_ﬁaﬁijFUHDLXJEﬁ L4972,546] 26-AUG=23 »
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____SUBROUTINE RUNDLY
REAL 1TPAX
INTEGER ENDQ,0,QLGTH,RFT,TOPQ,DELAY

COMMON /BLKS/ACS(24),ACSZ(24),AST(24),APAX(24),
X 0(24),0ACt24),0ACE(24),030(24),03pE(24),0%(24),
X TTPAX(24),MXD(24),MXD2(24) ,MXQ(24),0(200),QEND(24),
X R(24,2),ENDQ,KNTQ,0LGTH,RFT,TORPG  ___ . .. . R
COMMON /BLKL/IWF(24)
COMMON /BLKR2/ADR(24),A0RAY
COMMON /BLK&/1BEGs TEND. TYPAN
COMMON /BLK9/1SPRC(24,%),1TSPC, ITPHR(24)
COMMON /BLK1B/1V(24,60)
. _COMMON /BLKA3/ALF(1,24) ey Zessaus st I
i COMMON /BLK14/1T0T(24)
& SYARY HWERE AT BEGINNING OF HOUR
Do 17 I=4,24
__AST(lj)®@,@
ACS(!)IG.
__ACcSE(])=p,
APAX(T Y=,

DACE(1)=8,
DSO(I)IG.
 p3BE(1)=0.0
D3(1)a0,
o lreaX¢l)me, .
Hxp(])sg
 MXOElINEl e o smcssasss _
OEND(1)mp,
MX0(])m@ e

19 CONTINUE

D0 18 IsIgEG,IEND

B AGT(I)SITPHR(I)I/ITAT(T)

48 CONTINVE ==
Do 16 Is4,2p0
Q(1y=@
1g CONTINUE

. _DELAYe®

ENDO=g

17020
___KNTQeg

NXSm@

QLGTH=?
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NEPEDRRRRI || h 1 | B S —
ToPQmy .
c THIS 1S PRINCIPAL BECISION POINT _ _
1 CONTINVE
DO 22@g@ W=]IBEG,1END o
IMag
e IWSIWF(IN) e = — T
¢ WRITE (8,19) IH,IWF(IK)
99 = FORMAT ( * IW u ',1%,! IWF(IH) ® ',}s/) e W o W
Lo} IMuy
87 IF (QGTH) 781,382,918
701 CONTINUE
. WRITE (%,702) QLGTH,IM,IM B : | = =
02 FORMAT (2X,' QLGTH =', !sa'lH-'.IS.'!Hv' 13)
i1e CONTINVE
€ 0 1S gMPTY OR NEW MINUYE IS NEXT . _
38 IMaIMed
o IF ¢(IM,GY,60) GO YO 1000 L o
[SECmiMasp
o] WRITE (5,24) ISEC,IV(iH,IM) .
24 FORMAY (' ISEC = ',I8, ' IV(IH,IM) = ', 18)
. IF (IV(IW,IMY) 7003,37,42 [ B
723 CONTINUE
 WRITE (5,704) IV(IM,IM),IH o o -
904 FORMAT (2X,' IV(IH,IM) =',]8," [Ha!,13)
. IV(IH, IM)m@ e e e
12 CONTINUE
. NEW AC TO PUY ING = o o S ——
KelV(IH,IM)
¢ WRITE (x,21) {V(IM,]IM),K il R
21 FORMAT (' IV(IH,IM) = 1,15,' K = ',13)
DO 15 lm4,K - O ez
ENDQEENDQ+Y
~__IFr (ENDO,GT.292) ENDQmt L -
Q(ENDQ)a3s08%1H+[SEC
0 _OLGTH=Q| GTHe1 e e amaee SRR mwih ——
15 CONTINUE
IF (ISEC~RFT) 11,1%,1% e
T AC DELAYED IN 0
11 CONTINUE — = =
IF (QLGTH,GT, MXG(TH)) MXO(IH)=OLGTH
G WHMAT IS NEXT? RUNWAY FREE TIME OR NEXT MINUTE .
NXSwus@ae[Ms60
N IF_(NXS=RFT) 38,38,14 —— e e .
14 CONTINUE
6 RUNWAY FREE, RFT NAN-ZERO
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.  _NATIONAL AIRPORT SYSTEM .
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) ISECSRFT
c RUNWAY FREE ISEC ALREADY CURRENT
€ __WHAT 18 IN Q . CURRENT OR PREVIOUS HR_Ac? ~ B
13 CONTINUE
-} - WRITE (%.22) gkNYTO
22 FORMAT ( ' KNTQ = *,I3)
% s J1F (KNTQ) 725,120,280
708 CONTINUE
o _...___WRITE (5,706) KNTOQ,IH,IM s 23 -
Y08 FORMAT (2X,' KNTQ = ',15,' IH w ',13,' IM & ',13)
_£ = RETURN . . o ccucu ce—seeea s
100 CONTINUE
@ . _PLANES FROM CURRENT WR ONLY IN Q@ . _
ITOIS‘IEQ[H.ISEC
1F_(170-Q(TOPQ)) 787,301,349 . . L iE D s
ra? CONTINUE
S 7"!RITE (5,708) XTD;QL[QQQ_;IQBQ!L_Ll
7a8 FORMAT (2X,'1T0® 1,18,9'Q(TOPG)= +,13,'TnPQ= 1,13,
X ! IMs ', 13, IHe ', 13 o -
) Q(TOPA)N1ITO
108 CONTINUE i ;
OLGTHEOLGTH=1
e ACS(IH)mACS(IMW)®t, 0 = : B B
TOPQRTOPOe1

IF (ToPQ.GT,200) TOPQml

RFTII!(C*R(IH TW)

- __WRITE (5,271) IH, IH.RFT.ISEC.B(IH.JH) N .
271 FORMAT (41,f)
e ~ WRITE (%,27) AST(IM),ALF(1,1H),ADR(IH)

APAXCTHISAPAXCIH) #AST(IH) ALF (1, IH) a(1,a=(1.8/1,0¢
X ADRCIMI))

TTPAXCIH) s TTPAX(THY ¢AST(TH) ®ALF (1, 1H)

o _ BACK TO SEE WHAT I8 IN @ B
R Go 70 37
110 CONTINUE CRRENT A )
e DELAY FOR THIS AC ¢ CURRENT HR, aC )
QLGTHEOLGTH=1

ACS(IN)SACS(IH)*L.0
RFTSIQECSR(IH, IW)

DELAY=]T0=Q(TOPQ)

e WRITE (5,23) DELAY
23 FORMAT ( * pELAY = ', I%)
o TOPQesTOPQe1
IF (ToPQ,GT.208) TAPQaL
o COLLECT QELAY STATISTICS FOR THIS AC T —

DCIH)uB(IH) «DELAY
DAC(IM)aDAC(IH) ot , 0
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IF (DELAY.GT,MXDCIHW)) MXD(IW)=DELAY

IF (DELAY,GE,1804) D3a(IW)=D3p(IH)+1,0

€. _WRITE (%,31) p(IH).DAC(IW),03BCIH) MXDCTH) T
31 FURMAT (‘D= ,Fs,8,' DAC=t,F7.0,' D3a@= ',F8, 'o' HXD":I!.’)

¢ _GENERATE ARRIVING PAX

o] WRITE (5,27) AST(IN’oALF(1 lH)nADR(IH)

23 FORMAT (' AST 3 ',Pa.0,' ALF ',F6.3," ADR o ',F5,3)

APAXCIM)MAPAX(IH)®AST(IH)®ALF(1,1H)®(1,am(1.0/(1,0+
_ X ADRCIMIIIY : ; = N Grsrmmeint
ITPAX(IH)mITPAX(IH)®AST(TH)@ALF (1, 1H)

c BACK TD SEE WHAT_ IS INQ __ __
Go Yo 37
220 CONTINUE = .
o} PROCESSED PLANE IS FROM PREVIOUS HOUR

_DELAYs34@@®IH+1SECeQ(TOPQ)
KNTOuKNTQ~1
OLGTHROLGTH=1 .
ACSECIN)SACSE(IH) +1.0
TOPOETORQeL
IF (ToPQa.GT,208) TOPOat
B RFTI]S_COR(IH 1, 1MW) . R I e
c COLLEET DELAY STATISTIES FOR THIS AgC
DE(IHIWDBCIH) +DELAY . !
DACZ(IH)mDACE(IH)+¢ .0 i
1F (DELAY,.GT MXDZ(IH)) MXDEC(IW)=DELAY

IF (DELAY.GE.1807) D3aZ(1H)=D30Z(IH)+1.n
£ GENERATE ARRIVIING PAX _ _ SR e e e
e WRITE (5,28) ALF(1,IH<1),ADR(IH~1)
28 FORMAT (' ALF(1,IH=1) ® ',F,' ADR(IH=1) = ',F)
APAXCIMIMAPAX(TH)*AST(IH=1)®ALF(1,1N-2)s
X (1.8~(1,8/7(1,8+ADR(IH-4))))  _
ITPAX(IN) s ITPAX(TH)SAGT (TH=1)#ALF (1, IH-1)

e  MAY WANT TO TEST RPT 70 SEE 1F QING PLANES FOR 2 HRS,
e GO BACK TO SEE WHAT IS IN O
) G0 T0 37 L
igdo CONTINVE
¢ END OF HOUR
KNTQuRLGTH
C QEND(IH)®QLGTH _ e e, S
RFTERFT-3400
IF CRFTLLTLEQ_BE_E__W_,1 _
e PASS APAX(IH) TO GROUNDSIDE MODULE
2009 CONTINVE 5
e Do 28@2 1=18EG,IEND
€ WRITE (5,26080) D(1),DACCI) . MXD(I),MXQC1y = = =
2600 FORMAT (' D= ', F9.%,' DAC = ',F9.@,' MXn = ',119,' MXQ = 1,1®)

2587q CONTINUE
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. 00 28@¥ I=IBEG,IEND AN IITE
[ WRITE (5,2700) DACB(1),02(1),D38(1),03P2(1)
_270p _ FORMAT (4(F12.3,3X)) L . p =
C2800 CONTINVE
: _RETURN S
END
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SUBRROUTINE RDPOUT [
INTEGER DELAY,ENDOQ,Q,QLGTH,RFT,TOPO
e COMMON. 1§L5§1ARRL2A_LDL__24) .
COMMON /BLK4/EMIX(4,24,6) ,NMIX(2,5)
o AQQHHQN.lﬁLK!lAﬂS(ZALLAQSILZ4)LAST(24)1APAX(24).
X D(24),0AC(24),DACZ(24),D308(24),0302¢(24),D2(24),
__ﬂ____1__11_AXLliLL_XQLZilLﬁxﬁiiiil_EXQ(24! ,Q(20a) »QEND(24),
X R(24,2),ENDQ,KNTQ,OLGTH,RFT,TOPQ
_COMMON /BLKAZIBEG,1END, TYPAN
COMMON /BLK13/ALF(1,24)
_COMMON_/BLK14/1T0T(24)
DIMENSION ACRSD(24),ADDRS(24),AVDPS(24)
OIMENSION AD3Z@S(24),NDACS(24)
DIMENSION AVDPR(24),AVDS(24)
... __DIMENSION MXDRS(24),MXDS(24),ND3QR(24)
DIMENSION TPAXR(24),TPAXS(24),TSDRS(24),TSDS(24)
_DIMENSION H1(24),H2(24),XDS(24),XDRS(24)
DIMENSION AIRC(5),&NDC(S)
DIMENSION PCTA(24),PCTG(24),COSTH(24)
DATA AIRC/1560.,980,,740.,2%0.,150,/
‘;,A*A‘QAIA_ﬁﬁQﬂlilZELLAIEJJAﬂiiiiﬂ!LL125;1;,, . . o
DATA DAILY/'DAILY'/,HOURL/'HOURL '/
__DATA Mi/'natoa','aitan','@2t¢a’, 031008 .'24:08",
X '59105'.'zozzo'.'uvnza'.'zazzo'.'uolaﬂ'.'io:ze'.
X agt, ! g, tog?,'14:00",! R','16:00°',
X '17|zu'.'1ssaa'.'1o|zu'.'2z:aa'.'21:ﬂz'.'22=oo'.
X '23108'/ ] } o
DATA W2/'91:100','02:00",'03:00°,'04:00','085:00",
%_'lﬁﬁﬂ'nﬁlumlnﬂlumlnﬁlm1n'uunﬂ"Lueﬂu,
X
X

t12100','13500','14300",'15:00',1163008','17100",
'4810p',%'19%@ 'n'Zﬂ'ﬂﬂ'n'gl‘ﬂﬂ'o'zziﬂﬂ'-'ZQSQQLL"_ -
's41009'/
AXDLYIU-G
DPACS=0.0
DPDACx?.¢
MXDL2x0
MAXQL=®

Do 3 1m:1,24
ACRSD(])mp.02
ADDRS(1)mp.0
_AD3PS(1)up.@
AVOPR(1)sa.0@
AVDOPS(1)ep.0
AVDS(1)=0,0
~ _COSTH(!)=@,.0
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g1 3

MXORS(])mp_
MXDS(1)=0

_NDACS(1)m@ -

ND3@R(1)=g

PCTA(1)=0.0 .
PCTG(1)=0,0

TPAXR([)m@, 08 .
TPAXS(1)=p.0

_TSDRS(1)s=p.0 T Gy

TSDS(1)=0,0@
XpS(l)=0,0
XDRS(1)=0.@
CONTINUE .

00 4 KBIBEG,IEND i
POTA(K)=ARR(K)/FLOATC]POT(K)Y

PCTG(K)SDEP(K) /FLOATCITOT(K))

CONTINVE L

IF (TYPAN,.EQ.DAILY) GO TO 200

HOURLY STATISTICS. . _ _

MAX, DELAY FOR SERVICED AC IN WR, IH = 2

Do 10 _IWw]BEG,IEND . _
MXDSC(TH)sMAXEB(MXD(TH) ,MXD2{IH))
XBS¢1M)aFLOAT(MXDS(IH)) /60 .8

CONTINUE :

MAX, nELAY FOR_AgC REQUESTING SERVICE IN MR, IH - 3
DO 20 IHmIBEG,IEND

MXNRS(TH)aMAXP (MXD¢IH) s MXDZ(IH41))
XORS(IH)mFLOAT(MXDPS(1H))/60.0

CONTINUE MR wt .. .omE .

NO. OF Ac DELAYED SERVICED IN HWR, IH - 4

DO 3@ !HW=IBEG,IEND ___

NDACS (IH)=DAC(IH)+NACZ(IH)

CONTINUE A — %

NO, OF AC REQUESTING SERVICE [N HR. BUT DELAYED - 5
DO 47 IWeIBEG,JEND
ACRSD(IH)sBDAC(TH)+BACZIIH1)

CONTINUE .

TOTAL SECS. OF DELAY 4 AC SERVICED IN HR., IH = 6
Dp 5@ lWeIBEG,1END = _ . . T
TSNS(1H)=D(IH)+DE(TH)

CONTINUE ) o N

TOTAL SECS. OF DELAY 4 AC REQG, SERV, IN HR, IH - 7
0O 68 IWsIBEG,JEND ==

TSORS(IH)SO(THISDB(IHeYL)

CONTINU . o R =
NdT“Ig“%ELAY:n 37 MIN, OR MORE SERV, IN HR, IH = 8
00 70 IWaIBEG,IEND _
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AD3ASC(IH)aDIA(IH)+NIAZLIN)

17
e

CONTINUE

NO., OF AC REQ, SERv, THAT WERE DELAYED 32 QR MORE MIN, =9

ag
¢

9@
C

igo

—C AV, DELAY/AC

~Gi
L

00 8¢ [MsIBEG, IEND

NDS!Rilﬂl!glﬂilﬁltﬁlglilﬂgllm

CONTINUE

AV, DELAY 4 DELAYER AC SERVICED IN WR, TH - 1@ (&/74)

D0 9@ IHWIBEG, JEND

CONTINVE
DO 1P@ IHeIBEG,IENM

. AVDS(IH)-TSDS(IH)/ILOAT(&QA§§LZH))_~

ADDRS(1H)=TSpRS(IH)/ApRSD(IH) .

CONTINUE
DO ii@ IH=IBEG,IEND

AVOPS(IHLQTSDS(IHil ACS(IH)*AQSZ(IH))

CONTINUE

AV, DELAY/AC REQ. SERV. IN HWR, IH = 13(7/ACS+ACSZ(IH+1))

DO 122 IW=IBEG,IENN

AV, DELAY FOR DELAYED AC REQ, SERV, 11(7/%)

SERVICED IN WR, IH = 12(4/ACS+ACSE)

AVOPR¢IH)=TSORS(IH)/(ACS(IH)+ACSZ(TH*LY)Y

RCT

€ —. .
_ TPAXS(IH)=D(IH)@AST(IHI®ALF (1, IH)+DZ(IH)NAST(IH=g)8ALF (1, IH=1)

SERVICE IN KR. IH - 15

iy0

CONTINUE

D0 132 IHaIBEG,IENR

CONTINUE
T p
D0 14@ IWeIBEG,IEND

TOTAL PAX, DELAY 4 PAX SERVICED IN HR. {H ~ 14

TPAXR(IH)uD(TH)#ASP(IWHI®ALF (1, IH)¢DE(IHs2)@AST(IH)#ALF (1, 1H)

140

e

CONTINVE

DO 15@ IWaIBEG,IEND
D0 45

- X

i
n
(-3

l

_AC_DELAY cOST FOR AC SERVICED IN WR, IH

COSTH(IH)I®(DZ(IH)wPCTA(IN=1)w (EMIX(L,1Ho1,J)aAIRC(J))
+DE(IH)OPCTG(IHe1) o (FEMIX(1, IH=1,J)8GNDC(J))
DCIHIOPCTACIHI®(EMIX(L, IH ) J)SAIRC(U))

CONTINUE
GO TO 8po

anaoaal

__ DAILY §TATISTICS

CONTINUE

MAX Q LENGTH DURING DAY -

__MaxoL=MxQ(1)

00 210 1H=2,24

1F (MAXQL.GE.MX@(IN)) GO TO 21@

152
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N MAXQLEMXQCTH)
217 CONTINVE
c _MAX_AC DELAY
MXOLY=®
00 220 IH=i,24 =
MXDL?-NAXB(M!D(IH).MXoitlH))
1P (MXOLY.GE.MXDL2) GO 7O 2228 =
) MXDLY®MXpL2
220  CONTINVE , - - him B SRS
AXOLY=PLOAT(MXDLY) /60,2
& ___ ToTAlL NUMBER OF DELAYED AG
TOTNDm®.0
.. _. Do 23g IMmy . i 2
TnTND-TOTNDotDAC(IH)#DACZ(!H))
_ﬂllgq__ﬂ_gﬁ,lluﬂi___"_"__ g it RO
TOTAL AC pELAY
___TOTADm@, . .
D0 248 IHe1,24
TOTADSTOTADS (D(IH)eDZ(IH))

240 CONTINUE
TOTADmYOTAD/6@.
¢ TOTAL NO, OF AC DELAYED 39 'MIN. OR_MORE
= _TND3PsE, I

00 289 IH=1,24
__TIND3@uTND30+ (D3 (IH)+NIBE(IN))

r LT CONTINUE
€ AVERAGE DELAY PER MELAYED AC
OPDAC=TOTAD/TOTND
c . AV, DELAY PER AC SERVICED
SuMm@.,

D0 260 1H=1,24
SUMBSUMs (ACS(THYARSE(TIH))

240  CONTINVE L
pPAgS=TOTAD/SUM
c ~ TOTAL PaX DELAY
TPAXD"I

Do 270 1Mel,24
: TPAXO=TPAXDe (DIIH)ASTUIN)#ALF (1, 1H)+D2(1H+1)e
X ASTUIMIEALF(1,TH))
257 CONTINUE
c

TPAXDaTPAXD/6O,
PASSENSER BELAY cOST
CoSTPa2,0 o
CoSTPa(TPAXD/60,2)018,0
o] TOTAL DELAY €OST FAR AC SERVICED 1IN HR, IH
T T CoS5Y0e0.0
00 28¢ 1Ha1,24
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00 28g Jm1,5

CoSTD-CoSTD‘((W!(;H)OPCTA(xH LIM(EMIX(L, TH=-1,J)@AIRC(J))

e X eDB(IMISPCTG(IH-1 )@ (EMIX(L,IH~1,J)2GNQC(J))

X oD(IH)®PCTACIHIS(EMIX(L,IH,)J)RAIRC(Y))
X_oDCIH)®PCTG(IH)I®(EMIX(L,IH,JI®GNDC(J)))) /68,0

2382 CONTINUE
e .60 T0 Sop S e
_3a® __ _CONTINVE _ . . .
c HOURLY STATISTICS
2 WRITE (5,.31@)
30 FORMAT (14X, 'MAX, 0 LN,',3X,"CONT, OF',3X, 'MAXIMUM',1X,

X 'pELAY AC',/.29%,'AIRSIDE Q SERV, REQ.SERV.:'4/»
X 29X, 'END OF HWR',68X,'IN MINS,t/)

—— . D0 3301 IW=IAEG,IENR I
) WRITE (3,320) HL(1H), H2(TH) ,MXQ(TIH)., OEVH(IH):XDS(IH) XORS({IH)
322 FORMAT(3IX,AS,'~',AN,4X,15,6X%,F6.1,4X,F5.1,8X,F5,1)
332 CONTINVE
S S WRITE (5,340) .
340 FORMAT (/,18X,'# OF AC DELAYED ',6X'TOTaL SECS OF DELAY'./Z,

X_ 18X,! S:vaczn RERM, SERV, ,4x,;§gnng;n“ REQ,SERV',/)
D0 368 [W=]BEG, [END
_ WRITE(S, 350)H1(1H11H21!H)oNDACS(IH).ACRQD(IH),TSDS(IH) TSDRS(IW)

388  FORMAT(IX,AB,'-~',AS, 4%, 15,6X,F6,0,4X,F6.0,8X,F6,8)
340 _CONTINVE .
) WRITE (5,378)
399 FORMAT (/,18X,'# OF Ac DELAYED 3@+ MIN Ay, DELAY FOR!',

X 1X,'DELAYED AC',/,»16X,'SERVICED',4X, 'REn, SERV, sznvxcen'
X _3%,'REQ, SERV,',/) _
DO 39g IW=IBEG,IEND
— _WRITE(S,380)H1(IH), H2(IH) ADIASCIH) )NOIAR(IH) »AVOS(IH),ADDRS(]H)

3a02 FORMAT (3XsAS, 'm0, A5, 4XsF6.8,6%X:715,6%:67,2,8X:167,2)

307 CONTINUE i

WRITE (%,400)
__4gp  FQRMAT (/,18%,'AV, DELAY PER AC',sX,'TOTAL PAX DELAY',
X ' FOR PaAX',/,15X, "SERVICED',5%X, 'REQ, SERV., SERVICED',
o _ X '  REQ,SERv.',/) _ S
DO 420 IHsIBEG, IENP

 WRITE(S,418)HLCTH) ,H2CIH),AVOPS(IH), AVDPR(IH), TPAXSC(TH),TPAXR(]H)

aif FORMAT (3X,AB,'=',A8,1%,2(F8.8,3X),4X12(F8,0,3X))
_ 420 CONTINUE
WRITE (5,432 ]
433 FORMAT (/,18X,'AIRERAFT DELAY COST FOR aAC SERV, IN HR, [K!',/)

DO 453 !H=1BEG, [END
WRITE (5,44@8) Hi¢IW),W2(IH),COSTH{IN)
440 FORMAT (3X,A5,'="',45,108X,'S',1X,F8.0)
450 CONTINVE
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.60 TO épa s -
(of
¢ DAILY STATISTICS .
c
LIS CONTINUE _ R
_ WRITE (5,510)
LY FORMAT (mX,'DAILY STATISTICS',/) _
) WRITE (%,515)
- - FORMAT (///4X,'MAX Q LENGTH',8X,'MAX AC DELAY',3@X, .. .
X 'TOTAL # AC DELAYED',/)
e WRITE (%,52@) MAXOL,AXOLY,TQTND
520 FORMAT (7X,15,18%X,F7,.2,18X,Fs.2)
. WRITE (%.%28) __
529 FORMAT (///2X,'TOTAL AC=MIN DELAY' .Sy, 'TOTAL # AC DELAYED',3x,
. __X_ .lA!EBAﬁE,HIN_DELA1~EER_¢ILZZXL_!H__lNi;-QB*HQREJLZX: ;
X 'DELAYED aAC!',/)
____WRITE ‘51531) TOTAD, TND3@,DPDAC _
530 FORMAT (7X,F6.0,2(i8%,Pr6,2))
L, HWRITE (5.540)_
540 FORMAT (///2!.'AVEFAGE MIN DELAY PER',4X, 'TOTAL PAX DELAY?',
; X 4X,'PASSENGER DELAY COST',/,8X,'AC. SERVICED',/)
) WRITE (%,5%g) DPACS,TPAXD,COSTP
11 _FORMAT (7X,F8.2,108%,F14,0,8X,'S',r10,2)
€ TOTAL AC DELAY COst FOR AC SERVICED
. _WRITE (5,560).
540 FORMATYT (///o?X:'TOTAL "AC DELAY COST ', /)
WRITE (%,%78) c0STn ~
59@ FORMAT (6X,'S',F1@.8@)
400 CONTINVE I _
RETURN
END
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..........'...........'.....l........DIQ...'Q...D...Q..Q..l...'.........
SURROUTINE GNOMAN
COMMON /MLCS/HLC,MES,PSCPP
COMMON /PARK/TDTD,TDTA,FEPO =
BOMMON /IAMTD/ AMTM(3,3)
.______ GOMMON /NVPHR/ AWTP(3,24)
AOMMON / INDATA, FEPIR,FEPTH,AEPEP,FCSL,VPEP,FAPLT,FAPST,
4 FPW8,AQC,B0C,T0C,L0F,01TP,DSTP ,DPLY, APLY,BCAPP,
2 B0TA,B80TD )
COMMON / FRMVN /7 FPMBM(2,4)
AOMMON /GNDIMP/ FA(28)
AOMMON/ A1SEXP/ AHTD, DP(23),0PL(25),AP(28),APL(25)
COMMON /3ATCON/ SAT(25,15)
COMMON /BLK&/IBEG, 1END,TYPAN
COMMON /BLK9/1SPRC(24,5),1TSPC, ITPHR(24)
- COMMON /BLK15/WAAPP,WASPP,LDTD,ADTA,MRRPP,WRRPP
COMMON /BLK16/BEC,LEC, TLAPP,AQSPP
S REAL LOC,LEC,LDTA,LOTD,MRRPP
INTEGER SAT
INTEGER AHTD,AHTM
€ VARIABLE INITIALIEATION _ _
____NATA CAPCIN), IN=1,24) /500.,600,,700.,000,,900.,1008.,11008.,
i1 1200.,41300.,1400.,1%09.,.1600.,17¢00.,1800.,16008.,1400.,1300.,
2 123“.»1136.! oﬁeul!_ﬁ‘l 7”0!} 6’“;!5“' /
NATA (DP(IN),INz1,24) /5080.,600.,7¢0.,800.,900.,1000.,1100.,
1 12”’!!130'!'14001li’@“ll16z'ol17ﬂ°-!1aqﬂ|'160'L11’ngL1;pqL[
2 125’.-11”’?! 9@'-!9'@-] 7000' 600.!500 /
NATA (FPMBM(1,10),10m1,4) 7,67,.19,.10,.04 /
DATA (FPMBM(2,10),1051,4) /+67+.19,.108,.04/
 DATA (Fat]),1m=1,14) /2,.2,,17000,,8Q0./,155%,,8200,,26000,,4%90./
1 12”0-;’5000!250000.1%060’60.!601/
NATA (AMTM(1,J1),J1®1,3) /5,2,1 / L B
NATA (AMTM(2,J2),J281,3) /2+3,2 /
NATA (AWTM(Z,J3),J381,3) /5,5,3 /
NATA (AWTP(1,K1) ,Kiml,24)/ ,010,.010,.00%,.005,.8108,.03%,.,075,
_1 .09%,.0870,.045,.045, 045, .045, ,045, .255, ,075%, .095,.070, ,045, .£245,
2 -010.-0101.510..910 /
AATA (AMTP(2,K1) ,Kial,24)/ ,010,.710,.00s,.005,.0810,.235%,,075,
1 ,5950nﬂ70n.ﬂ45n-045--045;-045;.045:-@55; ﬂ75o.ﬂ95.-ﬂ70..ﬂ45a-245.
2 _.9190,,010,.010,.040 /
NATA (AMTP(3,K1) ,Kimi,24)/ ,0Q10,.0102,.00%,.005,.010,.03%,.075,
L,!!!u,,l?ﬂ LL_GAJJJMA_'UJ_L' !45_1 . QQ’.L sz;ﬂziz 109!1 ' 579! 15450 . 245 ’
2 .ﬂiﬁn-ﬂiﬂlnﬂlﬁ.-ﬂiﬂ /

" CALL ASSDEV (12,'DSK")
REWIND 12
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B s s . ___NATIONAL AIRPORT SYSTEM .
Q...........'....l..l.l........'l..'.l..'.I.'.........'.....l..........I
z EE!thiallﬂgl_EEEQLEEElQLEFPEBgﬁEC-LECaILAEP'?SCPP;AOSPP-
X BC&PF.H&‘PP:H&SPP.FRRPB.HRRPP-loT&-lOTD.TDTA.TDTD-BDTA.BDTD-
____l__LDTlaLDTD.&HTD:lOCLBUCpTOC'LOC:DLTP,D§TELQBLE1ABLILQ§EQP!ECSLL__#
X VPEP,FAPLT,FAPST,FPWB,HLC,HCS
__ FORMAT (®(8F40@.3/)) . : :
WRITE(S,184) FEPO,FEPI1A,FEPIR,BEC,LEC
_ WRITE(%S,106) TLAPP,PSCPP,AQSPP,BCAPP,WAAPP
WRITE(8,107) WASPP,MRRPP,WRRPP,ADTA,TDTA
_ WRITE(S,108) BDTA,LOTA,AHTD,ADTD,TOTD
WRITE(s®,109) BDTD,LDOTD .
104 PORMAT(1X,' FEPQ=',F,'FEPIA=',F,'FEPIR=",F,' BECE'sF»' LEC=':F)
106 FORMAT(1X,'TLAPP=!,F, ' PgCPPa',F, AOSPP=",F, 'BCAPPa*,F, 'WAAPPs!,F)
Lnl‘!0R”‘T‘1XJ'HQQPEH.LELLHBBEE!!!E!‘HRRPP'.’Pl' ADTAR',F,"' TDTAs',F)
ip8 FO"HIT(;‘.' BOTA='",F," LOTAw',F,"' AMTO=',F,' ADTDs',F,' TDTD=!,F)
409 FORMAT(4X,' BAOTO=',F,"' LOTA®',F) AN . .
WRITE(®,111) AOC-BGC.TDC.LOC;DLTP
_ WRITE(®,112) DSTP,NPLT,APLT,AEPEP,FCSL
WRITE (9,4113) VPEP,FAPLT,FAPST,FPWB,HLC
WRITE(B,114) HCS

171 FORMAT(1X,' AOCs',F,' BOCs',F,' TOC=',F,' LOCw',F,' DLTP=',F)

-___jig_sggﬁiliiiil_gsTP!:LELL_QELI‘"F" APLT=',F, 'AEPEPs',F,'FCSL &!',F)
- 143 FORMAT(4X, " VPEP=',F, 'FAPLT®',F, 'FAPST=',F,' FPWBE',F,'F HLCs',F)
4494 FORMAT(4X,' HEeSs',F)
DPCT1inDPLT/60.0
e HQECIg!iﬁgLQ'DPLlllggL!An,,, ,
00 123 Ia}BEG,IEND
Jalel
IF ¢1,LT,1END) GO TO 149
_opeJImDPCY)
119 CONTINVE
~ DPL(1)wDPCT24DP (1)« (DPCT1#DP(J))
120 CONTINVE
APCTinAPLT/60.0
APCT2n(60.0=APCT1)/60.0
Do 432 ImIBEG,I1END =
J.I-i ‘
1F (1,EQ,1BEG) AP(J)maP(1)

. “APL(T)mAPCT1aAP(J)« (APCT28AP (1))

iz0 CONTINVE s o e s =
e¢alL GNpMOD

RETURN

apmcaxrr:EE

v cx O
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....I...0......09.0.IQO..0."..!.0!0.600.00...0...0’.000!0!'00....0.!.l.
_® FOLLOWING TEXT PRINTED FROM FILE DSKE:GNOMOD,F4 [4072,%46] 26-AUG=75 »
0......‘..........O.lli.........l.!!lQQQQOOQQODQOOQOI..Q..Q'l.......!..l

SUBROUTINE GNOMOD po— e e .
COMMON /HLCS/HLC,HES,PSCPP

—— ____ _BOMMON /PARK/ TDTD,TDTAFEPO

BOMMON /1AHTD/  AWTM(3,N)

_ _EOMMON /NVPHR/ AMTP(3,24)

COMMON / INDATA/ FEPIR,FEPTH,AEPEP,FCSL,VPEP,FAPLT,FAPST,
4 4D£LI4AELJ¢BGAPP.N”__

2 BDTA,BOTD

______ _BCOMMON / ERMVN / EPMBM(2,4)
EOMMON /GNDIMP/ FA(20)
— _ _pOMMON/ A1SEXP/ AHTD. DP(29),NPL(2%),AP(2%),APL(25)
COMMON /2ATCON/ SAT(25,19)
COMMON /BLK&/1BEG, TENA, TYPAN
COMMON /BLK1%/WAAPP,WASPP, LDTD.ADTA.HRRPP WRRPP
___ . __ COMMON /BLK16/BEC,ILEC,TLAPP,AQSPP _
DIMENSION FPR(14)
__cte _LOGICAL SaAT .
REAL LEA,LOC,LEE, LTDA LOTD,MRRPP
[Nngﬁ__lHTD.AHTM - R o n S —
INTEGER SaT
_€ ___]HRm=@
€ VARIABLE INITIALIZATION
e BEA®R,7
BED®2,D
LEA=D,54
PALTP® FA(8)
FASTPs FA(S)
nPTOTed,
_ D0 92 Jay,25
DO 9@ 1Swi1,15
. SAT(1,1S8)=0
90 CONTINUE
.. .N0 112 [J=IBEG,1END
NPTOTROPTOT+DP(1J)
112 FONTINVE .
FPR(S) 8 (nSTP/FLOAT(IENH=IREG+1))#pPTOT
. _FRSTPsFR(5) —
"FR(8) ® (DLTP/FLOAT(TEND=IBEG+1))®NPTQT
. FRLTPgFR(#) N
IF (FRSTP.LT.2.@) FRSTPaQ,8
IF_(FRLTP,LT.@.8) FRLTP=2,8

c WRITE (%,124) FRSTP,FRLTP,DPLT
424 FORMAY (3F) — -
N0 400 I®IBEG,1gND
€.  I®]KR
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€ 128 CONTINUE

¢
o

e

150 CONTINUE

c

c

c .
34

{HRa]HReY
__IBIHR
D0 12@¢ IHR=1BEG, IEND

PO 120 1Sw=1,14 e
SAT(I,18)mp

{F(INR.GE. 25) GO T0 1000
__TE PiP-LlPLilllgtFtﬂQOVPlPiz )
TEMPDPW(OPL(I))e(FEPA+VPERP/2,)
ARAs TEMPAP&(FPMBM(1,1)/A0C)
ARTs TEMPAPe(FPMBM(1,2)/70C)
ARBs TEMPAPS(FPMBM(1,3)/R06)
ARL® TEHPAPo(FPHBH(1.4)/LOC)

..iﬂis_liﬁ_nﬂ;LE*HEHLZLLLLLQQ_______._“T- S

neTas TEMPDPa(FPMBM(2,2)/70C)

nPBs TEMPpPe(FPMBM(2,3)/B0¢ )

NEPLaTEMPDPe (FPMBM(2,4)/L0OC)
,'CﬂLL!_tilLABT¢DPTy(ARE}OP!)!EEA*(ARL*DEPL)OLEA)

T4 eARASDPAS(L,-FAPLT=FAPST)
______LQELZ!ﬂ_Ligléﬂl_DE_:1!£a£DEB_PBE**LARLFDEEL_"LEAL_w_w

1 oDPAeARAS(1,=-FAPLT=FAPET)

FR(2) wAMAX1(FCRLL,FORL2)/HLC =
WRITE (s5,234) FR(2)
_FORMAT ¢ ' FR(2)8 ! F,/)

TFR{1) w { 1./HLC) e T AHTM(AHTD, 2) sAHTP (AHTM(ARTD.3), )
X +3,8sFCRL1+8.5,FCRL2)

WRITE (x,345) FR(1)

5 __FORMAY ( ' FR(1) ® ',E4/)
rR(S) w (1./HCS) 0(AﬂAorCSLOADTAOARTOYDTAoARBOBDYA

1 o BECeARLsLDTASLEC)

TFR(4) m (1,/HCS) S(DPASFCSL®ADTD+DPTeTDTD4DPR*BDTD®

123

c

{4 BpD ¢DFPLeLDTOSLEC) e ma
WRITE (5,123) Eﬁ%?i.ri!?i?iﬁA.rAPST.o?A.TsnPAP.TEMPOP

FORMAT (7(F9,2,1X))

FR(g) -AN!N1<FE§TF"FAS"TI ARASFAPSTS DPA.FAPST
ﬁrESIP“:_Eais)

IF (FRSTP.L.T.0.0) FRSTPeg, 0
IF (FRLTP.LT.0.0) FRLTP=@.0

WRITE (5,123) FRLTP,FALTP,FAPLY
PR(g) SAMINL(FRLTP,FALTP)+ARASFAPLT=DPASFAPLTS

1 AMAXL((FAPST-FRPST).0.0)
FRLTPaFR(6)

“FR(7) w (APL(I)aFEPD)® (L,+ VPEP/2,)eTLAPP

_FR(8) m (APL(])eFEPO)*PSCPP I
PR(g) ® (AP(1)eDP(1))®(ADSP )

_ FR(4g)m (AP(1)eFEPOD)®(1,eVPEP/2,0% BCAPPsFPWA
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B A A N Y T Y Y TY YT T
FROL1)= C(AP(1)+nP(1))® ,S#(FEPIA+FEPIR) _
1 *FEPOSCAP(I))®(VPER/2,)+(DP(]) SFEPQO®WAAPP)

FRWAAmFR(11)
C. WRITE(5,226) FRHAA,NASPP,WAAPP
228 FORMAT(LX, 'FRWAAs ',E, 'WASPP= ',E, 'WAAPPs ',E)
FR(12) s FRWAA#WASPP/WAAPP
¢ WRITE(S,678) FR(412) .
678 FORMAT{1iX,'FR(12)a ',F4/)

FR(13) = (AP(1)+DP(1))oMRRPP
FRI14) = (AP(I1)epP(1))ayRRPP
10 320 1ST=1,14
e WRITE (5,305) FR(1ST) FACIST),I
329% FORMAT ( ' FRz ',F,' FAs '",F,' J= ',15)
fFt FRCIST) ,GT,FACIST)) SAT(][,IST)=!
332 CONTINUE ) o
430 CONTINUp
c GO TO 129
i0%a COMTINVE
CALL GNDPNT
RETURN
END
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® FOLLOWING TEXT PRINTED FROM FILE DSKESGNOPNT,Fd4 [4n72,546] 26-AUG-75 »

......................l.'.CQIQ“.0...Ill.I...'.I‘....l.'l.'.!'.l..........

20
25

__SUBROUTINE GNDPNT

INTEGER SAT

COMMON /SATCON/SAT(25,15)

COMMON /BLK6/1BEG, TEND, TYPAN

.COMMON /BLK9/1SPRC(24,8),1TSPC,ITPHR(24)
NIMENSION FACIL(14,6)
NIMENSION 1W(29),EMP(24)

NIMENSION HOQURS(2%)
”I"ENSION ISAT(15)

DIMENGION EPN(24),TERM(24),THRU(24) , TRAN(24)
DATACCFACIL(TU,1)s1m1,6),1J81,14)/'ACCESS HWY LANES
1 'CIRCULATION RDWY LANES '+ '"ARRIVAL CURB SPACE

¢ 'DEPARTURE CURp SPAPE _ _  ','SHORT TERM PRKG SPACE
3 'LONG TERM PRKG SPAEE 'y 'TICKET | OBBY AREA.
4 'PaAX SERVICE COUNTER ', "AIRLINE OPERATIONS SPACE
8 'BAGGAGE CLAIM AREA ", "WAITING AREA(SQUARE FEET)
6 '"WAITING AREA (SEATS) ', "MENS REST ROOM (FIXTURES)
7 'WOMENS REST ROOM (FPIXTURES) '/

'

PDATACHOURS(IH), JH31,24)/' 11008, 2180',"' 3:g0',' 4:@8',' %108',

11 63001, 7:00',' 81001, 9:100','108:187°,11100", v12:00','13t062"',
2 '14!Uﬂ'n'15800’g!16!59]1'17301fn'1830&'.'19:0@'.'20:0%','21!02';

J 1221001 ,123:00','241001/
WRITE (5,1@)
FORMAT (/,28X,'ePASSENGER MOVEMENTSS',/)
WRITE (%,15)
FORMAT (1X, "HOUR',3X, (, *THROUGH ', 3%, ' TRANSFERS',3X, "ORIGINATING ',
X 2X,"TERMINATING',3¥, 'ENPLANED',/)
DO 16 1=1,25%
IW(l)mpd
CONTINVE
0O 17 J=1,15
1$AT(J)sg
CONTINUVE
FEPO=R,897
FEPIA=Q,.024
FEPIR=0,040
DO 2% I=]BEG,IEND
EPO(1)m1TPHR(1)«FEPD
TERM(I)=EPO(])
THRU(I)=ITPHR(1)#0, 0830
TRAN(1)2ITPHR(I)#(FEPIA+FEPIR)
EMP(I1)®THRUCI)+TRAN(TI)@EPO(I)
WRITE (5,28) 1,THRUCI),TRANCI),EPOCI),TFRM(I),EMP(T)
FORMAT (X5.F9 2,Ff11,9,3F13.9)
CONTINUE
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L] NAYIONAL AIRPORT SYSTEM ®
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___ 480 CONTINUE s 8 wEeles
WRITE(S,122)
132 FPORMAY(/,23X,'SATURAYTED GROUNDSIDE FACILITIES
~ WRITE(%,127)
427 FORMAT(45X,'"FACTI[ ITY',4a%, 'HOURS ')
ne 200 rn-1 14
no 17 G.1END R
rr(SArcrs IK).BE.1) ISAT(IK)SISAT(IK)1
179 cONTINUE
WRITE(S,132) 1K, (FAC!L(!K K0),KOx1,6), ISAT(IK)

200 AONTINUE
___24@ EONTINYE
WRITE(S, 215)
______11_LQ5ﬁAI1L;1_L_ENIEB_NQQLRLEAL_QQQE_EQ__EM_IHER INFORMATION")
) WRITE (%,220)
. 228  FORMAT (' IF A NUMBER 1S NOT WITHIN THE RANGE 114,
X ' « EXIT RESULTS',/)

235 fORHAT( Is)
——  IFtIL.LE.@.OR.IL.GE.i%) GO TO 1p@@ _ .
fsN=a
.. Dp 306 180®IBEG.IEND
¢ WRITE (5,508) SAT(1SO,IL),IS0,IL
_8g® _ FORMAT (31) ,
1F(SAT(1SO,IL).E0.,2) GO TO 3@0
TSNmISNel
tW(ISN)® SAT(ISO.IL)
€ _WRITE (%,80d1) SAT(iS0,IL),ISN, IHsISN)
501 FORMAT ¢ ' SAT(ISO,IL) = ',I5,' ISN = ',I8," [W(ISN) = ',18,/)
300 GONTINUE i
1P(ISN.gQ2.2) GO TO 210
__WRITE(S,31%) (MOURS(IW(180)),15084,1SN) o
395 FORMAT(LX,24(A5,1X))
60 Y0 212 L S e —
{730 CONTINUE
. ___ . RETWWRN
END
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APPENDIX H — DATA FILE

1 DATA FILE FOR11.DAT

L Y T Y T Y Y Y T T Y Y Y P T YT TS YT YTI TSRS NPT Y TY LY Y Y
L] DECEMBER 28, 1974 LOGAN AIRPORT (BOS) ™

T T Ty Ty Y Y P Y T T Y Y Y Y T TP TP Y YT PR YR L T L)
® FOLLOWING TEXT PRINTED FROM FILE DSKE:FOR11,0aT [4072,546] 26-AUG-75 «

SRR BBNRRPBIBE RN R R R RO RN R QBN DERRINBRUNRORRRRPROBRNOERRPRTEERGPRERE [ X X ]

1 286 143 571 0de A@7 700 258 __ 7 8571
) a A 2 a ) 2 0 1 2 1 2
) o 2 2 fa 2. 2 2 ¢ @ 2 @
a a ? 8 @ 2 2 2 @ e 8 e
) @ 1 g 0 " 2 2 2 e 2 @
2 2 2 ) ? 2 2 2 2 2 ") ¢
2 133 200 167 167 167 167 258 _ 6 8333
il a 2 8 2 a 2 2 2 8 9 2
7 @ 2 @ a n e e 2 @ 2 a
o 8 1 o 2 a 1 0 n 2 L g
2 2 9 2 2 8 "/ 2 2 i 2 ¢
2 a 2 o 2 o a 2 ) e a 0
3 286 143 143 429 007 297 250 7 7143
1 a 2 0 ) e 1 g -0 e 2 1
2 2 ? e ] n 2 [ 2 ) 2 )
) @ 2 1 1 f 2 [ 2 2 2 2
) 2 2 2 ¢ o P 0 n 1 o @
2 e @ [ 2 ] 2 2 ] "} @ @
_4 %a% 207 300 A@p 007 082 3I0@ 410000
1 o 2 @ 2 o 0 0 o e 2 e
] 2 1 2 n () 2 2 1 @ ) ]
2 .} ) 2 m ) o 2 0 2 @ 2
n @ 2 @ ] a A 2 e o A ]
2 2 e 2 Y a 2 2 2 e @ 1
5 np0 092 240 333 333 333 200  3I1p000
1 2 n a ) ] e 0 2 @ o @
2 e 2 ) n e o ] 2 ) ) )
a @ 2 2 A a 2 2 A Q. a 2
o ] ? e o o e e 2 ] 9 e
U () 2 2 ) @ 2 [/ 2 /] ? 0
_ 6 ma0 200 790 333 333 333 750 318000
1 a 2 e 2 1 2 ¢ o 2 o 0
) 9 2 2 2 2 9 0 o e a e
e 1 2 9 2 a ) () ” 0 2 2
4 a 3 ? a 4 e 0 ? "/ ] e
4 @ 2 () 2 @ 2 2 2 2 ) )
7 768 200 733 A0@ 0@A 257 233 410000
1 @ 2 @ 2 () [ 2 2 0 @ 0
0 2 2 1 2 8 2 2 e g o )
2 o 2 6 a 6 e 2 A 2 e 0
n e ) @ n 8 0 o 2 0 2 e
) 8 2 a 7 8 e 2 A ) @ 9
A 183 749 655 033 760 183 P26 29 5517
8 1 2 ] 2 q [} [} ” [} 1 [}
2 ] 2 2 a ) 4 2 3 @ 2 0
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H.2 DATA FILE FOR10.DAT

O RN RN BN R RN NI R IR E s RN RN NN N ERNEaRRREOERRaaNaNsNERNe

M LOAD FACTORS »

T Y Y Y LY L L L T O o N S A ipIp s R

L] "OLL'WING TEXT PRINTED FROM FILE DSKEIFORLp.DAT C4p72,546] 26-AUC=75% »

oucocoo.iolQOQooooooooccooo0-.0-oooo¢o¢uoouoﬂOn..000000..!.000.;0.0..oo.
49 2,05 0,04 0,05 0,05 0,08 0,12 @ 9,32 9,37 2,37 0,44 9, 46 :

ﬂ 4p 0,852 7,58 0,68 7,63 0.66 7,65 B.64 7,52 9,42 0,30 0.18
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APPENDIX I — PROGRAM DESCRIPTIONS — AIRPORT
PERFORMANCE DATA BASE ROUTINES

I.1 INTRODUCTION

This appendix documents the programs and output setup for
the National Airport System Study's Airport Performance Data Base
using the Reuben Donnelley OAG Flight Stage Data tapes. A complete
listing of the programs and the record layout of the tapes are
included in Section I.4

I.2 SUMMARY OF TAPES

The OAG Flight Stage Data Tapes are produced monthly by the
Reuben Donnelley Corporation, These tapes contain a complete
listing of all scheduled flights, both domestic and foreign,
scheduled to occur during a particular month. Included are the
origin and destination airport and country codes, the times of
departure and arrival (both local and GMT), the elapsed time, the
airline code, the aircraft type, the flight number, the class of
service, the days of service, the effective and discontinued date,
and the latitude and longitude for each of the departure and desti-
nation airports. Each record constitutes one distinct flight stage.
A complete record layout is displayed in Section I.4.

Presently available at TSC are monthly OAG tapes from September
1974 through January 1975. The tapes are 9-track in ASCII format
for use on the PDP-10. The Information Division is in the process
of acquiring a more complete library of OAG tapes extending from
1969 through the present, to be stored in the TSC Technical
Information Center Statistical Reference Library. In addition
to those already available in the Information Division, more
recent tapes are received monthly. These tapes are 9-track, EBCDIC
format, 800 BPI, but can easily be converted into ASCII format for
use on the PDP-10.
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I.3 DESCRIPTION

Basically two'types of programs were developed for manipulation
of the OAG data for the National Airport System Study. The first
type involved the reporting of desired data, such as the total
number of operations by day and by airport for a particular month.
The second type of program was developed to provide interactive
user capabilities.

I.3.1 Type A

As stated previously, these programs were designed to report
the necessary data in a format suitable for the model. It should
be mentioned that although the programs were each written for a
particular airport, day, etc., they can be easily expanded to
generate similar reports for another set of constraints (e.g., a
different airport, day, etc.).

I.3.1.1 DAYOPS.F4 — This program generates the total number of
operations by day and by airport for a particular month. A sample
output for the January 1975 OAG data at Boston is displayed in
Figure I-1.

I1.3.1.2 TIMEOPS.F4 — This program generates the number of scheduled
operations by hour for a series of selected days at a particular
airport. (See Figure I-2.)

1.3.2 Type B

These programs were designed to generate daily profiles of
operations at a particular airport. Since we were limited in the
number of monthly OAG data available, days with an extremely high
or low number of operations could not be included. For this reason,
a series of standard days were selected. By using the number of
operations occurring at that day and airport, the user could then
scale this number up or down as desired. A more detailed explanation
follows in the program descriptions.
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OAG AIRLINE SCHEDULE FOR DEC, 1974 AT BOSTON
TOTAL NUMBER OF SCHEDULED OPERATIONS PER DAY

DAY # OF OPS
DEC 1 553
DEC 2 621
DEC 3 646
DEC 4 644
DEC 5 655
DEC 6 644
DEC 7 550
DEC 8 560
DEC 9 623
DEC 10 645
DEC 11 644
DEC 12 655
DEC 13 644
DEC 14 552
DEC 15 565
DEC 16 625
DEC 17 655
DEC 18 653
DEC 19 666
DEC 20 653
DEC 21 559
DEC 22 569
DEC 23 632
DEC 24 656
DEC 25 652
DEC 26 664
DEC 27 651
DEC 28 557
DEC 29 567
DEC 30 629
DEC 31 656

Figure I-1. Sample Output — January 1975 OAG Data, Boston
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OAG AIRLINE SCHEDULE FOR JAN, 1975 AT BOS
TOTAL NUMBER OF SCHEDULED OPERATIONS FOR SELECTED DAYS

JAN 4
TIME(GMT)

0- 59 20
100- 159 27
200~ 259 14
300- 359 16
400- 459 4
500- 559 6
600- 659 6
700- 759 7
800- 859 5
900- 959 2

1000-1059 4
1100-1159 3
1200-1259 21
1300-1359 37
1400-1459 37
1500-1559 38
1600-1659 36
1700-1759 40
1800-1859 39
1900-1959 33
2000-2059 37
2100-2159 36
2200-2259 4]
2300-2359 36
Figure I1-2,

Sample Output — TIMEOPS.F4 Program

5

30
34
25
1

W W O W W w N N W

QD OO B W WwWw W W WwWWwWwWwN N
O —~= 00 WU — W O NN W — w O

6

36
35
25
1

— N O W W W o W W

DB A DWW WWH WN
— O O b WO WO P ® WO

7

34
40
23
1

W T D O O N O w0 W

GOB R W W WD WWs oW
— 0 OO W — WO B~ O
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40
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BY TIME (GMT)
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I.3.2.1 TOTMAT.F4 — This program allows the user
month, and year he wishes the data displayed for.
then generated for this day at Boston. It should
that while the program was set up exclusively for
be easily changed to allow the user to choose his
data generated includes:

1. The percentage of hourly operations by class

Class H — 747, D10, L10, D8S, D8F, B3F

Class A — Y62, DC8, 707, 720, 880, V10,

Class B — MR4, VIS, A24, Y18, Y11, 748,
DC9, D9S, 728, 727, 73S, 737,
cvs, CV6é, DC6, D6A, D6B, FH7,

Class C — LJT, B18, B99, DC3, DTO, F27,
DHC, SWM, PHP, PR4, PRP

Class D — ACD, A50, BBR, BTP, B80, DDV,
TC4, TS4, BNI, BCH, CES, PCH,

2. The arrival/departure ratio by hour.

3. The fraction of the day's volume that occurs

minute.

to input the day,

The output is

be mentioned

Boston, it can

airport. The

CVL
HLD,
F28,
LEC
N26,

PAP,
PCB

aircraft:

JET, B11,
cv3, Cva,

SKv, TBS,

PA2, PNV,

in each

4. The fraction of the number of operations by hour.

5. The percentage of operations occurring during the 4

highest minute-by-minute number of operations for each

hour (defined as the '"Concentration Rati

o").

I.3.2.2 NTOTMAT.F4 — Here also the user inputs the day, month,
Output will be
the same as that generated by TOTMAT.F4. The difference between
the two programs lies in the fact that TOTMAT.F4 generates the
information directly from the OAG schedule for that particular day
at Boston. NTOTMAT.F4 allows the user to use a standard day as
reference to generate the mix by aircraft class and arrival/

and year for which he wishes the data displayed.

departure ratios. The volume of operations are scaled up or down

depending on the user's desired daily volume. In this way, flights

not appearing on the OAG tapes (e.g., nonscheduled, general

aviation) can be included in the output volumes generated.
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To generate these new volumes, each of the minute-by-minute
number of operations obtained for a particular day are scaled
according to the desired factor. For example, if the actual volume
for 1/18/75 was 540 and the user wished the volume to be 600, each
minute's operation would be scaled up by a factor of 600/540. An
accumulative rounding technique is included in the program to re-
move the fractional parts, yet include all the new operations. Each
of these minute-by-minute operations are then divided by the new
daily volume to generate the fraction of the daily volume by
minute,
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I.4 OAG FLIGHT STAGE FILE — RECORD LAYOUT DESCRIPTION

FICLD FIELD LOCATIO FIELD DATA DATA
NO. NAME FROCM T( SIZE TY?E :CODE +COMMENTS
A ——
1 : :
Departure Country 1 : 3 3 " World Area Code
2 Filler Lo .
3 Departure Airport Code 5 7 3 A FAA Code
13 Filler 8
5 Departure Time-Local 10 I 13 L A Local Leave Time
6 Departure Time-GMT U |17 N A/N GMT Leave Time
7T Arrival Country 18 120 3 N World Area Code
8 | Filler 21
9 Arrival airport Code 22 124 3 A FAA Code
10 Filler 25 26
11 Arrival Time-Iocal 27 t 30 4 A/N A Local Arrive Time
]
12 Flag Code 31 1 N Fi,ag code in relation to its pattern
| of -Bervice
13 Arrival Time-GMT 32 135 [ A/N GMT Arrival time
]
14 Equipment Type 36 | 1 A J=Jet, P=Propeller, T=Turboprop
]
1 i g
5 Equipment Code 37 : 39 3 A/N égﬁigggﬁtdescribing the type of
16 Filler ko !
17 Carrier: IR :ha 2 A ATA Code
18 Flight Mimber L3 47 5 A/N
1
19 Class of Service ua-: 52 5 A
20 Days of Sefvice 53 : 59 7 N Each position will contain a '1'
. \ %gtservice is scheduled end a '0' if
! { o t i ssed
21 Suppress Code 60 : 60 1 N t‘lg?tg&?argnémi\f stage is suppre
61 1 A gf ommu te Alr Carrier,Alr Taxi
. Type of Operator I . :T.gﬁgucﬁea.x:lr Carrier or other
23 Flapsed Time 62 : 65 k N
24 Effective Date 66 1 69 Y N 66-67= Month - 68-69= Doy
25 Discontinued LCate 70 i 73 L N 70+71= Month  72-73= Day
26 Departure Latitude Ty 19 6 N )
|
27 Departure Longitude 80 85 6 N
1
23 Arrival Latitude 86 { 91 6 N
29 | Arrival Lonsit\,\de 92 : 97 6 N
30 Filler 98 | 105 8
31 Record Mark 106: 1 A
]
1
1
|
I
]
|
]
|
]
I
]
. |
]
i
]
1
-
]
1
]
I
]
- | e el
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I

I.

.5

5.

3n9

200

99
i5

120
60

61
69

62
°n2

1

PROGRAM LISTINGS

Ow O» Dw

DAYSOPS.F4

DIMENSION MATRX(34,2),1DAY(7),1TNT(31),N(31)

DATA ((MATRX(IIJ)IT=1.31)'J=1|?)/1‘2!3!4'5'6!7.8'9,
1“'11.12'13'14.15.16'17‘18'19'20'21'?2]93.24.25'26.27'?8'29'
37,31,1,2,3,4,5,6,701,2:3+/4,5,65701:213.4,5:6+7,1+2+3:4:5,6,7,
1|253/ '

DO 318 'K=1,31

IT0T(K) =3

CONTINJE

120

DO Bf@ NL=1,2

READ(22,52)DALR

FORMAT(4X,A3)

CONTINVE

I=l+1
READ(22,57,ERR=99,FNN=12¢)DAIR,AAIR, IDAY, ISUP, IEFDY, IDSOY
FORMAT(4X,A3,14X,A%,28%,711,11,7%,12,2X,12)
IF(I1SU®,EQ.1) GO TNh 4n

TYPE 74,DAIR,AAIR,IEFNY,1DSDY
FORMAT(lX.'DAIR=':A39'AAIR='nA3v'IEFDY='1120'IDSDY='nl2)
TYPE 75,1

FORMAT(1X, 'AFT REAN',15)

IF(DAIR.EQ.'ROS') 0O TO 51

IFCAAIR,FQ,.'ROSY) 0 7O 5%

GO TO 4@

ICHK=1

KCHK=31

IF(IEFIY,NE,O) ICHV¥=IEFDY

TYPE 76, 1CHK,KCHK,. TEFDY

FORMAT(1X, "ICHK=",12,'KCHK=",12,'EFDY="',12)

[FCIDSIY MNE.0) KCHK=INnSDY

IF(KCKHX.EQ.Z) GO TN 49

DO 203 L=ICHK,KCHK

NCL)=MATRX(L,2)

IFCIDAY(N(L))Y,EQ.®) GO TO 223

TYPE 77.,N(L),IDAY (L))

FORMAT(1X, 'N(L))Y=", 11, IDAY(H(L))=",11)
ITOT(LI=ITOT(L)+1

CONTINUE

GO TO 4p

TYPE 15,1

FORMAT(1X, 'ERR ON REC=',1X,15)

GO T0 44

WRITE(24,6M)

FORMAT(15%X, '0AG AIRLINF SCHENULE FOR DEM,1974 AT BOSTON')
WRITE(24,61)

FORMAT(15X,"TOTAL NUMRER OF SCHEDULED JPERATIONS PER DAY')
WRITE(24,69)

FORMAT(1HA, 27X, '0AY',4X,'# OF OPS")

DO 928 I1L=1,31

WRITE(24,62)MATRX(IL,1) ., ITOTCIL)

FORMAT (26X, 'DEC',1Y:,12,3Xs15)

CONTYINUE

STOP

END
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I.5.2

3a7

2n¢

99
15

120
602

61
69

62
opn

JDAYOPS.F4

DIMEMSTION MATRX(31,2),1DAY(7),ITOT(31).,N(31)

DATA ((HﬂTRX(InJ),T=1.31)DJ=1‘?)/11213l4;506p70809-
12,11,12,13,14,15,16,17+18,19,20,21,22,93:24,25,26,27,28:29,
30,31,4,5,657,1+2,314,5:6+7+110213014+5:6,7+1112¢31415:6.7
1,2,3,4,5.6/

Do 378 Ka1,31

ITOT(K) =i

COMNTINVE

I=0

DO 883 NL=1,2

READ(11,52)DAIR

FORMAT(4X,A3)

CONTINUE

[=1+1
READ(14,5A,ERR=99,FNN=1AA)DAIR,AAIR, IDAY, ISUP, ]EFDY,1DSDY
FORMAT(4X,A3,14X,A3,28%,711,114,7%,12,2X%,12)
JFCISUP,EQ.1) GO Tn d4p

TYPE 74,DAIR,AAIR,TEFNY,.10SDY
FORMAT(1X,'DAIR=",A3,AAIR=",A3,'IEFDY=",12,'10S0Y=",12)
TYPE 75.1

FORMAT(1X, 'AFT REAN',15)

IF(DAIR,EQ.'RNS') rO TO 51

IFCAAIR.EQ,'BOS') 60 TN 51

GO TO 4@

I0HK=4

KCHK=31

IF(IEFAY.NE. @) ICHxksIFFDY

TYPE 76, 1CHK,KGHK, 1EFDY

FORMAT(1X, 'ICHK=",12,*KCHK=",12,'EFDY="',12)
IFCIDSAY,NE.) KCH¥=[DSDY~-1

IF(KCHK.EQ.2) GO Tn 4p

00 220 L=ICHK,KCHK

N¢(LYEMATRX(L,2)

IFCIRAY(M(L))Y,EQ,?) GO TO 204

TYPE 77 ,N(L), IDAY(N(L))
FORMAT(1X, *N(L))=", 11, "IDAY(N(L))EY, 1Y)
ITOT(L)=ITOT(L)*1

CONTINUE

Go TO0 49

TYPE 15,1

FORMAT(4X,'ERR ON REC=',1X,15)

G0 T0 49

WRITE(3,s0)

FORMAT(15X,'0AG AIPLINE SCHEDULE FOR JAN,1975 AT BOSTON')
WRITE(3,61)

FORMAT(15X,'TOTAL NUMBER OF SCHEDULED OPERATIONS PER DAY!')
WRITE(3,69)

FORMAT(1{HA, 27X, 'DAY"',4X,'# OF OPS')

Do 9@ IL=1,31

NRITE(S-62)MATRX(IL:1)|ITOT(IL)

FORMAT(Z26X, 'JANT,1¥%,12,3X,15)

CONTINVE

SToP

END
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351
357

51
17
4q

50

75

76
77

234

3a2
297

99
i5

in1
6e

61

62

69

63
97U

TIMEOPS.F4

Oo O» Qo Ou D

DIMENSINN MATRX(®,2),MTRX2(24,2),1DAYS(7),1T0T(24,8)
L=

DO 3%5@ 1=1,24

00 3%1 J=1,8

ITOT (L. 4)=2

co'"'TinJe

CONTINUE

DATA ((MATRX(M,N),¥=1,8),N=1,2)/1,2,10,41.,14,1%,
19:27.,1,2,3:4,701.4%06/

DATA ((MTRX2(M,N),%=1,24),N=1,2)/0,19@,
207,3R2,4p9,507,5407,700,800,93%,10%2,11~7,1229,
1379,14729,15¢/02,1607,1770,1897,1900,27227,210%,22¢0,
2377159,159,259,35",4589,559,459,759,R859.959,1£59,
1159,1259,1359,1457,15%9,1659,1759,1859,19%59,2759,2159,
2259,2359/

DO 159 JLs1,2

READ(22,51)PNUM

FORMAT(A4)

CONTINUE

Lzlel

REAND(22,50,ERR=99,FNN=10K)DAIR, IDGMT.AATR 1AGMT, IDAYS,
ISUP, 1EFNY, INSDY

FO“MAT‘4X AZ, 6K ]414XJA3'7XI14517X'7115'1'7xll?l2x!12)
IF(ISU%,EQ.1) GO Tn 4p

IF(DAIR,ER.'RDS') 6O TN 75

IF(AAIR,FQ.'ROS') 60 TO 76

Go TO 43

ITIME=IDGMT

GO TO 77

ITIME=TAGMT

ICcHK=1

KCHK=31

IF(IEFIY,NE.B) ICHv=IEFCY

IF(IDSIY.NE,a) KCH¥=INSDY

D0 200 1=1.8

TYPE 18, ITIME, ICHK,KCHK

FORMATCLX, 'ITIME=",14, " ]CHK=",]2,'KCHK=",[2)
IF(MATRX(1,1), LT ITHK AR, MATRX(]1,1).GT.kCHK) GO TO 20p
N=MATRX(],2)

IFCIDAYS(N) . EQ.3) GO TN 208

DO 37@ K=1,24

IF(ITIMELT MTRX2(% 1), ORITIME,GT.MTRX2(K,2)) GO TO 30@
ITOT(K1)SITOT(K, 1) *1

GO YO 202

CONTINUF

COMTINUVE

GO TN an

TYPE 15,L

FORMAT(1X, 'ERR="',1R)

GO TO 41

wRITE(23,60)

FOPMAT(15X, "OAG AlPLINE SCHENULE FOR DFR,1974 AT BOS')
HRITE(23,61)

FORMAT(3X, 'TATAL NIMRER OF S"HEDULFD 0PFRATIONS FOR SELECTED
'DAYS 3Y TIME(GMT) ')

WRITF(23,62) (MATRX(M,1),H=1,R)
FORMATCIHE, 11X, 'RER 1%, 12, 7(5X,12))

WRITE(23.)69)

FORMAT (41X, 'TIME(GMT) ")

DO 97p M=1,24

WRITE(23,63) (MTRY2(M,N) ,N=1,2), (ITNT(M,N},N=1,8)

FORMATCLHA 41X, T4, '=",14,8(2X,15))
COITINUE

STNP

END
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I.5.4 JTIMEOPS.F4

DIMENSION MATRX(9,2),MTRX2(24,2),IDAYS(7),170T(24,9)
L=z
00 350 1=1,24
Do 354 J=1,8
IT0T(1,.J)20
351 CONTINUE
359 CONTINUE
DATA C((MATRX(M,N),M®1,9),N=1,2)/4,5,6,7.15,16,
24,25,26,7:1,3,4,4,5:647:1/
DATA ((MTRX2(M,N),"=1,24),N=1,2}/0,100,
202,302,407,502,407,707,608,960,1020,1102,1200,
1370,1470,1508,140,17°7,1804,1900,2007,2100,222°,
2370.,5%9,159,259,135%,459,559,659,759,859,959,1059,
1159,1259,1359,145%9,1559.1659,1759,1859.1959,2059,2159,
2259,2359/
DO 15¢ JL=1,2
READ(27,51)PNUM
51 FORMAT(A4)
1507 CONTINUE
40 Lal+d N
READ(27,50,ERR=99,ENDs1@AIDAIR, IDGMT,AATR, JAGMT, IDAYS,
& ISUP,1EFDY.IDSDY
5 FORMAT(4X . A3,6%X,14,4%X,A3,7X,14,17%,711,11,7X,12,2X,12)
IF(ISUP.EQ.1) GO TP 43
IF(DAIR,ER.'BOS') £0 TO 75
IF(AAIR,EQ.'ROS') 60 TO 76

Go To 4@
75 ITIME=1DGMT
_ 6o TO 77
6 ITIME=1AGHT
77 1cHKE Y
KCHK=31

IFCIEFDY.NE, @) ICHWalpFDY
IFCINSDY.NE. @) KCHK=1DSDY
Do 20p 1=21,9
TYPE 16, 1TIME, [CHK,KCHK

14 FORMAT(1X, '1TIME=",14, ' ICHK=",12, 'KCHK=1,12)
IF(KCHX,EQ.31) GN TO 233
IF(MATRX(1,1),LT,I7HK.OR.MATRX(],2) ,GE.KCHK) GO TO 228

GO TO 234
233 IF(MATRX(1,1),LT,1MHK) GO TO 220
234 N=MATRX(],2)

IFCIDAYS(N) ,EQ.B) 6O TO 200

DO 308 K=1,24 _

IFCITIME LT MTRX? (K, 1), OR, ITIMEGT.MTRX2(K,2)) GO TO 300
ITAT (K 1)aITOT(K, 1)+1

GO TO 20V
Jan CONTINUVE
227 CONTINVE
GO TO 4n
99 TYPE 15.L
15 FORMAT(1X, 'ERR="',15)
GO TO 49
1072 WRITE(3,6n) .
62 FORMAT(15%, '0AG AIRLINE SCHEDULE FOR JAN,1975 AT BOS")
WRITE(3,41)
81 FORMAT(3IX,'TNATAL N'MARER OF SCHEDULED OPFRATIONS FOR SELECTED '

& 'pAYS 3Y TIMp(GMT) ")
WRITE(3,62) (MATRX(*,1),M=1,9)
62 FORMAT(4HA, 11X, ' JAvY 41X, 12,8(5X,12))

e s we e

A9 FORMAT (41X, 'TIMF(GHT) ')
DO 9C@ M=1,24
HRITE(3163)(MTRX2(“'N)'N=112)l(ITOT(HIW);Nﬂin)

63 FORMAT(1HA, 1X, 14, =", 14,9(2X,15))
900 CONTINUVE

STOP

END
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I.5.5 TOTMAT.F4

DIMENSION DPS(24,67),CLASS(24,6),RATIO(24,2),T0T(5),
8 IMATRX(24,2),PMATRY(68,2),1DEC(31,3),INAY(7),PTOT(24)
DATA(PTOT(l)aI=1:24)/24'ﬂ( R
DATA((IDEC(I-J)lI=1'31)uJ=103)/1:2:3;4:5:6,71809'1ﬂl
11-12.13'14515-16:17:1“;19!2“:21122123:74!25:25!
27'2["29’3”'31'1'2'3"'5'6'7l1'2'3'4'5.“'7'1'2'3'4I5'6'7'
1,203,4,5,6,7,142,%04,5,6:7:1,253,4,556,711+2,3,415:6,7,
1,2,3,4.5,6:7,142,%,4,5,6/ '
OATAC(OPS(I,K),K=1,6F)s (CLASS(I /K1) ,K121,6), (RATIO(I,K2),
K2=1,2), (IMATRY(],43),K3=21,2),1=1,24)
/1A8Ce2/
LOATAC(PMATRX(J,L),)J=1,68),L=1,2)/'747"','010",'L10",'DBS',
'DBF'.'B3F'|'V62'n'DCB':'797','720'.'88@'.'V10'.'CVL'5
'Hn4'.'VlS'.'A?4'|'Yla'r'Y11'1'748"'HLH'5'JET';'811'1'059':
'095"'725':'7?7';'735’:'737';'F?B'.'CVJ'n'CV4'p'CV5';
'CV6'-'DC6':'D6A'|'D6n'p'FH7'.'L[C'n'LJT'o‘BiB'.'B99'.

O» O» O» Dw

'ncy! 'DTG'J'F27'I'N26'1'SKV':'TRB"'DHC'D'SNH'U'PHP'r
'PR4! 'PRP'.'ACD'.'ASu'.'BBR'-'BTP'.'BGH'.'DDV'.
:PAP','PAZ','PNV','TC4','TS4','BNI'.'BCH','CES'.'PCH'.
PCR!, °
1.ii-ni.nl-oi.:1.;2-:20;2-:2-:2t12-!2--3.1
3-!3-,3-'3-,3. 13-l3c13|)3|i3-531p3113|l3.l3|r
3-13-n3-l3-13|13-!1003113014-1 .
4.l4ll‘n’4l'4.ld.l‘l".'4!f4ll4l)‘l'4.'5l,sllsll5'l5l'5"
5. '5'!5-'5"5- '5"‘:!'5"5"51/
L=0
DO 10@2 JUK=1,24
IMATRX (UK, 1) =L
IMATRX(UK,2)=L+59
. L=L+1¢2 )
1300 CONTINUE
c TYPE 112
10 FORMAT{1X,'TYPE MOMTH,DAY,YEAR YOU',
8 ' WISW DISPLAYED(ER.12/02/74):',%)
ACCEPT 5, IMON,SL1,IDY,SL2,1YR
FORMAT(12,A1,12,41,12)
TYPE 71, 1IMON,IDY
FORMAT(1X, "IMON=',12,'1DY=",]12)
IMON=9
SLi='/!
Iny=4
S 2=/
I1YR=74
Do 333 11=1,2
) READ(22,51)CCC
54 FORMAT(AZ)
333 CONTINUE
LeTem
40 LCT=LCT+1 ) .
READ(22.SW'ERR=99.END=1HH)DAIR.lDHR.IDHlN.AAIR.IAHR-
& IaAMIN,ACT,1DAY,ISUP,IEFDY,1DSDY ‘
50 FORMAT(4X,A3,2X,212,R8X,4A3,2X,212,6%,A3,13X,714, 11,
& 7%,12,2x,12)
LL=3
. IF(IMON.ERN.12.0R, IM0N,E0.9) LL=2
1115 Icc=lpEC(IDY,LL)
c TYPE 79,IGC,IDEC(INY,2)
79 FORMAT(AX, 'Icc="', 11, 1DECCIDY,20=",11)
IFCISUP,EQ,1) GO Tr 4p
IF(DAYR,NE.'ROS' ,AYD,AAIR,NE,'BOS') GO TO 42
(= TYPE 1441,10AY(ICT) =

Co Ov O» Co o Ou O Do Ov Co 0w On Do Do O

b le AS Nel
N
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141

75

76

203

camx
19

17
2p4

99
i5

1n?

Ipl

3p2
397

4n1

4p?
4"

336
335

1111

IF(IDAY(ICC)Y.EN.) GO TO 40
IF(IEFIY,.GT, INY) Gr TO 40
IF¢IDSAY.NE .2, AND,1DSDY, LT, IDY) GO T0 4n
IF(DAIR.EQ.'ROS') GO TO 75
ITM=]4AHR

MIN=TAMIN

JCT=1

Go TO 76

1TMs IDHR

MiN=]DYIN

JcT=2

OPS(ITHed ,MIN+1)=NPS(ITM+1, MIN+1) 21,
RATIO(ITH+1.JCT)=RAT10(ITH01.JCT)*1.
D0 27m K=1,68

IF(ACT NE.PMATRX(K,1)) GO TO 270
N=]FIX(PMATRX(K,2)}

Go TO 201

COMTINUF

N=6 .

TYPE 19N

FORMAT(4X, "Ns',11)

TYPE 17,1TM,N
FORHAT(ix.'!TM*1='.12.'M='u11)
CLASS(1TM+1,N)=CLASS(ITHM+1,N)+1,
Go TC 40

TYPE 15,LCT

FORMAT(1X, 'ERR=', 1K)

GO TO 47

D0 3Ap JM=1,24
TOT(Z)=CLASS (UM, 1)

Do 3IM1 JMN=1.5
TOT(JN)=T0T(JN-1)*CLASS(JHoJN01)
CONTINUE

IF(TOT(5) ,EQ.Q) CLASS(JM,L)='e?
IF(TOT(S).EQ.A) GO TOH 3Jao

Do I72 Ji=l.6
CLASS(JM,J1)=(CLASS(UMJ1)/TOT(5)) 10D,
CONTINJE

CoNTINUE

DO 4@ LM=1,24
IF(RATIO(LM,2).EN,™) GN TO 471
1IF(RATIO(LM,1).EN,"™) GO TO 4n2
RATIO(LM.i)=RATIO(LH.1)/RAT!0(LH,2)
GO TO 42y

RATIO( i '™M,2)s'a!

Go TO apu

RATIO(M,1)="e!

CONTINVE

DTOT=0

DO 335 1R=1,24

00 338 KR=1,40
PTOT(1?)=PT0T(IR)+nPS(IR.KR)
CONTINUE

DTINT=nTNT+PTOT(IR)

COMTINVE

TYPE 1111,D7G7

FORMAT(1X, f0TOT=",F5.0)

Dn 337 1S=1,24

DO 328 KS=z1,4D
ORS(1S,KS)=OPS(15,%S)/NT0T
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33e
1115
337

339

8p

a2

83
A4
85
86
87
a8

8¢

84

9n

95

65

60

78

69
5595

oo Ow

O» 0o D

COMTINJF
TYPE 1112,0PS¢1S,KS)
FOQMAT(ix.'OPS(lS.wS)='.144G(F5.3.1X))
CONTINUE
on 339 17=1,24
PTOT(IT)=PTOT(IT)/NTOT
COMYINJE
MCT=g
ILCT=0p
WRITE(23,80) IMAN,SLL1,INY,SL2, YR
FORMAT(ZAX, '0AG AIRLINE SCHERULE FOR 'y12,A1,12,41,12,
' AT ROS")
WRITE(23,82) '
FORMAT(1H@, 2%, 'FOP EACKH HOUR(I)(IN LOCAL TIME), THE MIX AS?,
' PERCENT FOR EACH CLASS(J) - MOT,J), 120,23, J=1,6")
WRITE(23,83)
FORMAT (45X, 'J=1 = FLASS H')
WRITE(?2X,84)
FORMAT(47X,'2 ~ fLASS A")
HRITE(23,85)
FORMAT(47X%X,'3
WRITE(23,864) i
FORMAT(47X,'4 ~ CLASS £")
WRITE(23,87)
FORMAT(e7X,'5 - CLASS n')
WRITE(23,88)
FORMAT(47X,t'6 - QTHER?)
WRITE(23,89)
FORMAT(1HA, 20X, 'ARPIVAL/DEPARTURE RATIO BY HOUR(I)',
CIN [ DcAL TIME) Y,
'~ ADRCT),1=20,23")
WRITE(23,81)
FORMAT(1HA, 22X, '"FRACTION OF THE',
' TOTAL NUMBER OF NPERAT]ONS BY MINUTE(x)',
' = V(X),K=0,1339")
WRITE(23,9a)
FORMAT(1HQ,22X,'TOTAL NUMBER OF NPERATIANS RY WOUR(I)'
YOIN LOCAL TIME) - ITOT(1),1=20,23")
WRITE(23,95)
FORMAT (1K@, 20X, 'PEPCENTAGE OF OPERATIONS OCGURING',
' DURING THE FOUR U]GHEST VI(K) FOR EACH HOURC(I)!',
'(IN LOCAL TIME) - COAN(1),1=p,231)
DO 52¢ 1L=1,24
IF(CLASS(IL,1).EQ,'s") WRITE(23,65)ILCT, (IMATRX(IL,M),M=1,2)
FORMATCLHL, X, "HAURC!,12,"):, 14,11, 14,
10X, N2 OPERATIOMS T0OXK PLACE DURING THTS HOUR')
IF(CLASS(IL,1).E2,'#') GO TO 556
NRITE(23.6E)ILCT,(TMATWX(IL.HM).MH=1,2J.!LCT-
(CLASS(anK,nK=106‘
FORMAT(1M1,3X, "HOUP (', 12,") ¢,
1)
e

CLASS R'")

14.'-'.14.1MX.'H('12. '

'1='!r5.1:'o: 25, F5.1,'%, 3=':F5.1.'%. 4='1F5.1:
"%, B=',F5.4,1%, 63',F5.1,'%")
IF(RATIO(IL,2),EN,'®7') GO TO 555
IF(RATIOCIL,1) . EN,*#!') GO TO 551
FORMAT(ﬂ“Z.Z9X.'ADD('.IZ")='.F5.Gu2xt'(THE # OF',
' NEPARTURES FCR THIS HOUR,NO ARRIVALS)')
WRITE(23,61)ILCT,RATIO(IL,1)
FORMATC1HE, 29X, 'ADM(",12,')=",F5,2)

GO TO 566

WRITE(23,77)ILCT,RATIO(CIL,1)
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77

551
566
909A

62
576

521

b8

223

222

53

579
500
inl

FORMAT(1HA,29%, "ADR(',12,")=",F5.8,2Xs ' (THE #°',
' OF ARRIVALS FOR ',

'THIS WOUR,NO DEPARTURES)')

GO TO 546

WRITE(23,78)ILCT,RATIO(IL,2)
WRITE(23,9998)

FORMAT(1HB)

JP=1

00 571 JUs1,30

1F(CLASS(IL,1).EQ,'®'y GO TN 578
MCT1=MCTey
WRITE(23,62)MCT,0PS(IL,JP),MCTL,0PS(IL,UP+1)
FORMAT(45X, 'V(',64,"' )", F7.5,10X,"'V(',14,')2',F7,5)
MCT=MCT+2

JP=JP+?2

CONTINUE

IF(CLASS(IL,1).EQ,'®#') GO TO 579
WRITE(23,66)1LCT,PTOT(IL)
FORMAT(1HOD, 29X, ' ITAT(,12,"')=",F7,5)
PCNNz0

LRIT=2

KRIT=52

Do 222 IRIT=%1,4

DO 223 JRIT=LRIT,KRIT
IF(OPSCIL,IRIT).GT,OPSCIL,JRIT)) GO TO 223
SWw=0PSCIL,IRIT)
OPS{IL»IRIT)=QPS(IL,JRIT)
OPS(ILsJRIT)=SW

CONTINUE

LRIT=LRIT+14

PCON=PCON+OPS(IL,IRIT)

CONTINUVE

Ci=PCON

C2=PTOT(IL)

tons=(Ccisc2y»100,

WRITE(23,93)1LeT,CNN
FORMAT(1HA, 30X, 'CON(',12,")=2",F6,2,'%")
ILCT=ILCT+1

CONTINVE

Stop

END
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I.5.6 NTOTMAT.F4

DIMEMSIOM 10PSt24,AA),CLASS(24,6),RATIN(24,2),T0T(5),
IMATRX(?‘:?).PMATRY(GG-Z)JIUEC‘31)3)-IDAY(?).PTUT(24);
OPS(24,60),270T(24)
DATA(PTOT(1),1=4,24) /24007
DlTA((IDEC(InJ)tI=1131)JJ=1r3)/1:253u4|5'61715:901ﬂl
11,12,13,14,15.,16,17,18,19,27,21,22,23,24,25,24,
27128.29030131;1.21314!5l6!7.1;2.3;4:5:6;7;1:2.3.4:5:6,7:
1,2:3,4,50607,1:2:4%94,8%,607:1,2¢3:4+516.7+1+2+13,4:5,6+7
1,2,3,4,5,6,7.1:2,%,4,58,6/
DATA((IDPS(I-K)nK=1|6ﬂ)p(CLASS(I-Ki):KI:l:b)-(WATIO(I.KZ).
K2=1:2’:(IHATRXIInkS).K3=1:2>.(0PS(!:K4):K4=1'60)5I=1:24)
/312087
DiTlfI’HATRX{J-Lla4=1.63’|L=1|2)f'747';'niﬂ';'Liﬂ'v'DBS':
'DAF', 'BIF', 'Ys2','DCA', 707,720, '8PA". VLB, 'CVL ",
"MRE', 'VIS', 1A241, Y181, Y111, 17487, 'HLA', *JET 1, 1B11",1DCY",
‘DS, '728", ' 727", 7380, " 737, 'FPB"','CV3',1CV4",1CV5T,
'CV&','DCs'.'nal','D6H'|'FH?';'LEC';'LJT'.'BiG';'BQO'-
"DCIT,'OTH P F271, INZAY "SKY Y, ' TRRY, DU YSWH!, 'PHP!,
'994'-'PPF‘.'ACU';'&SZ'-'Baﬂ'n'ﬁTP'a'Bﬁﬁ'n‘UDV',
'PAPY, TPARY, PNV, 1 TC4Y, ' TS4", 'BNI', 'BORY, TCES', 'PCH',
‘pcae’,
1oedendes2001.530020026002002002052045204340s
30l3"3103'l3ulsll:lllsll3|'3lI3'l3|'3ll:‘llsll
3. lslls.lsl'3ll3ll:‘l’3"3l'4‘l
‘.'4-:‘.'4-p4.‘4.lﬂ-14-:4nl4-:4-'4-l4|!5-05v!5-15-:5055-'
5- !5-.5-.50'5-'5-!‘;"51 lSllS-/
Lzv
DO 1P@2 JUK=1,24
IMATRX (UK, 1) =L
IMATRX (UK, 2)=L+59
LzLe+1a2
1070 CONTINUE
c TYPE 12
19 FORMAT(1X,'TYPFE MQMTH,DAY,YEAR YAU',
& ' WISH DISPLAYED(ER,12/02/74):',%)
ACCEPT 5,1MON,SL1,10Y,SL2,1YR
FORMAT(12,A1,12,A1,12)
TYPE 71, IMON, 1DY
FORMAT(1X, 'IMON=',12,11DY=",12)
IMON=¢9
SLi=st/!
IDYes
SLa2z=' /!
1YR=274
Do 333 11=1,2
READ(22,51)CCC
51 FORMAT(AZ)
333 COMTINUE
LCT=n
40 LCT=LCTey .
READ(ZE-50;ERR=99-rND=1ﬂG)DAlR.xﬂHR:IDHINuAA[R:IAHR:
4 1AMIN,ACT,IDAY,ISU”,IEFDY, 1DSDY ]
s FORMAT(4X,A3,2X,212,8%,A3,2X,212,6X,48,13X,711,11,
& 7x.12,2%,12)
LL=3
IFCIMON.EQ.12,0R, I4ON,ER,9) LL=2
1115 ICCHIDEC(JDYpLL)
c TYPE 79.,1CC,IDEC(INY.2)
79 FORMAT(1X,'1CC=",11,'IDECCLIDY,2)=",11)
IFCISUP,ED.1) GO TR 4p
lF(DA[q.NE-'ROS'.AHD.A‘JB'NE-'ROS') GO T0 40

o Os Ow Do o O

>

o7

Do 0o 0o Os OuOs Os Ow Ds CoO» Cs Cs  On

’

NMOQUMO

L)
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141

209
co0x
17
201
99
i5

701
167

k1Al

302
Ik

404

402
497

336
c
778

TYPE 141,1DAY(ICC)

FORMATC(1X, '1DAYC(ICE)=sY, 1)
1F(INAY(ICC), . EN,2) GN TO 40
IF(IEFDY,GT,1DY) G TO 4@
IFC(IDSDY . NE, A, AND,1DSDY.LT.IDY) GO TO 4n
IF(DAIR.EQ.'BOS') 60 72 75
ITM= ] ANR

MINITAMIN

JCT=1

GO TO 75

ITHEIDHR

MIN=IDYIN

JCT=2
OPS(ITY+1,MIN+1)=0PSCITMs1, MIN+1) e,
RATIO(ITMe1,JCT)=RATIO(ITM1,UCT )01,
DO 2720 K=1,68
IFCACT.NE.PMATRX(K,1)) GO TO 20ap
N=[FIX(PMATRX(K:2))

6o TO 2921

COMNTINUF

Nzé

TYPE 19.N

FORMAT (1%, 'N=t,]11)

TYPE 17, 1TM,N

FORMAT(1%X, *1TM+1=",12,'N=",11)
CLASS(XTM*loN)=CLASS(]TM*llN)‘ln
GO TO 49

TYPE 15,LCT

FORHAT(1XI'ERR="IR)

GO TO 42

TYPE 791, ((OPS¢1,J)»1=21,24),J=1,60).
FORMAT(1X, 'OPS(I,J)=",14408F5.2)
DO 3Idp JM=1,24
TOT(B)=SCLASS(JM, 1)

00 374 JN=1,5
TOTCJN)=TOT(UN-1)+CLASS(JMyJNe])
COMTINVE

IF(TOT(5).EQ.@) CLASS(JM,1)='e?
IF¢TOT(5) ,EG.2) GO TO 3@0

DO 3722 Ji=1,6
CLASS(JM,J1)=C(CLASS(UM,J1)/TOT(5))esp0,
CaNTINJE

CONTINUE

Do 4¢p ' M=1,24
IF(RATIO(LM,?2).E0,7) GO TO 471
IF(RATIO(LM, 1) .ER.7) GO TO 42
RATIN(LM,1)=RATIN(LM,1)/RATIOD(LM,2)
GO TO 408

RATIDG M, 2)=a?

GO TC 499

RATIO(LM,1)z'a!

CONTINJE

RTOT=q

DTOT=772

0n 335 [R=1,24

DO 336 JR=1,42
PTOT(1R)I=PTOT(IR)+"PS(IR,JR)
coNTINUE

TYPE 778,PTOT(1R)}
FORMAT(1X,'PTOT(IR)="',F8,2)
RTOT=RTNTSPTOT(IM)
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335 CONTINUE
- T0T1=DTOT/RTOT
TYPE £%666,TNT1
Y1YY) FORMAT(1X,'TOT1=2',F6,2)

c TYPE 777,RTOT ;
777 FO”HA’(l*J'RTOT"Ir9-2’
F=o

D0 357 I7=1,24

D0 351 KT=1,40

XsOPS(I1T,KT)=sTOT1
C - TYPE 779,X

779 ~-  FORMAT(1X,'X=',F5,9)
10PSCIT,KT)SINT(X)

c TYPE 78m, JOPS(IT,KT)

780 FORMAT(1X, 'IOPS(IT,KT)=",]5)
IX=FLOAT(IOPS(IT,KT))
FesFeX=1X%

€ TYPE 781.,F

781 FORMAT(1X,'F=',F5,%)

IF(F,LE.1) GO TO 3=t
IOPSCIT,KT)=10PS(IT,KT)¢1

FsF=1

351 CONTINUE

359 CONTINUE
DATA(ZTOT(1Z2),1231,24)/24%0/
YTOT=0

00 389 1Wz1,24
00 391 1vsi,6m
Z1=FLOAT(IOPS(IW, V)
ETOTCIA)&ZTOT(IW)¢21

K]} CONTINUE -
YTOT=YTOT+ZTOT(IW)
3R89 COMTINUE

Do 34@ [U=1,24
DO 341 1vV=z1,60
DIVsFLOATCIOPS(]IY,1V))
OPS(IU,I1V)=DIV/YTOT
341 CONTINVE
3402 CONTINUE
DO 342 KU=1,24
EZTOT(KJI=2TOT(KU)/ZYTOT

342 CONTINVE
MCT=2
ILCT=a
799 WRITE (2%,80)IMON,SI.1,IDY,SL2, YR
LY FORMAT(3AX, '0AG AIFPLINE SCHENULE FOR ',12,A1,12,A1,12,
& ' AT BOS')
WRITE(23,82)
R2 FORMAT (1H@, 23X, 'FOP EACH HOUR(I)(IN LOCAL TIME), THE MIX AS',
& ' PERCENT FOR EACH CLASS(J) - M{1,J),1=m,23, J=1,6")
WRITE(23,83)
83 FORMAT (45X, 'J=1 ~ (LASS H')
WRITE(23,84)
84 FORMAT(A47X,'2 - CLASS A')
WRITE(?23,85)
A5 FORMAT(47X,'3 -~ CLASS B")
WRITE(23486)
86 FORMATA{47X,'4 ~ CLASS C')
WRITE(23,87)
87 FORMAT(47X,'5 - CLASS N')
WRITE(23,84)
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FORMAT(A7X,'6 = OTHER')

WRITF(23,89)

FORMAT (1Hg, 20X, "ARRIVAL/DEPARTURE RATIO RY HOUR(1) Y,
YOIN LOnAL TIME) ',

‘e ADRCT),1=2¢,23')

WRITE(23,81)

FORMAT (1M@, 274X, '"FRACTINN OF THE ',

'TOTAL NUMBER NF OPERATIONS BY MINUTE(K)',

e V(K),K=d,1339")

WRITE(23,93)

FORMAT(1H@, 22X, 'TOTAL NUMBER OF NPERATINNS BY HOURCI)'
YCOIN LIOGCAL TIME) = ITnT(1),1=08,23")

HRITF(23,95)

FORMAT(140,23X. '"PEFCENTAGE OF OPERATIOMS OCCURING'S
' NYRING THE FNUR HIGHEST V(K) FNR EACH HOUR(I)?',
YOIN LOCAL TIME) - CONt]I),1=2,23')

Do S54;p 1L=1,24

1IF(CLASSCIL,1).En."e') WRITE(23,65)ILCT, (IMATRX(IL,M),M=1,2)
FORMAT (LHL,3X, "HOUS(?, 12,0t ,14,'=1,14,

1A%, 'NO OPERATIOMS TNpK PLACE ODURING THIS HOUR ")
IF(CLASSC(IL,1) . EN,"®") GD TO 566 .
WRITC(23,60) 1LCT, (TMATRXC(IL, M) )MM=1,2) . ILCT,
(CLASS(IL,K),K=1,6)
FORMATCLHL,3X, "HOUN (Y, 12, ') 81,

14, =1, 14,18X,"M('12,1)% ',

Y4=1,F5.4,"'%, 2=',05.1, "%, I=',F5,1:'%, 4=1,F5,1,
‘xi ='lr501l'%! 6=‘IF5013|%')
IF(RATIO(IL,2).E%.'®") GO TO 555

IF(RATIOCIL,1) EN,'8") GO TN 551
FURMiT<1Hﬁ-29x.'nD"('.12.‘J=',F5.0.2Yp'tTHE # OF"
' DEPARTURES FOR THIS HOUR,NO ARRIVALS)')
WRITE(23,61) ILCT,RATIN(IL,1)
FOHM“T‘iHﬂ’qut'ﬂDn('plat')=':r5o2’

Go TO 266

WRITE(?3,77)ILCT,RATIOCIL,1)

FORMAT(1H®,29X, 'aD3(",12,')=",F5,@,2X, "(THE #',

! OF ARRIVALS FOR ', }

'THIS HOUR,NN DEPARTURES)")

GO TO 544

WRITE(23,7R)ILCT,RaTIOCIL,2)

WRITE(23,959%)

FORMAT(1H®)

JP=1

Do 591 J=1.,39

1IF(CLASS(IL,1).EQ.'2#'y GO TO 578

McTi:HCT&1
WRITE(23,62)MCT,OPSCIL,JPI,METL,NPS(IL, 4P+1)
FORMAT (45X, 'V(',nd,')=',F7.5,18%,'V(',14,")=",F7,5)
MCT=steTe+2

JP=2JPe?2

CAHTINUE

IF(CLASS(IL,1).EG,'®") GO TO 579
WRITE(23,66)1LCT,2T0T(IL)
FORMAT(1HA, 29X, '1TPT(*,]2,")=",F7,5)

PCON=@

LRIT=2

KRIT=44

DO 222, 17P1T=1.4

00 223 JRIT=LRIT,K"IT

IF(OPSCIL, IRIT),AT.OPSCIL,JRIT)) GO TO 223
SW=0PS(IL,IRIT)
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93

579
509
101

OPS(IL+TRIT)=0PSCIL,JRIT)

OPS(IL,JRIT)=SW

CONTINUE
LRIT=L.RITe+1

FCON=PCON+OPS(IL,IRIT)

COMTINYE
Ci1=PCOVN
C2=ZTnT(1L)

IF(62.€0.2) GO TO &79

cod=(cli/sc2)s1p7,

WRITE(23,93)1LCT,CN

FORMAT(1HA, 32X, 'CON(',12,")=1,F6,2,'%")

ILCT=ILCT+1
CONTINUE
SToP

END
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APPENDIX J — AN ALTERNATE METHOD FOR CALCULATING DELAY

J.1 INTRODUCTION

Appendix D has described the algorithm that this year's model
uses to calculate delay for an aircraft. This appendix explains
an alternate algorithm that is a candidate for being used in the
next version of the model.

J.2 ASSUMPTIONS AND INPUTS

This algorithm, like the previous one, assumes that planes
request service only at the beginning of a minute and that planes
are serviced on a first-come, first-served basis; but this algorithm
embodies a slightly different vision of how the airside system
operates. It is assumed that when there is no congestion, it takes

a plane c minutes to get through the airside system; c is a con-
stant for an airport and is independent of weather. So if there
is no congestion, a plane leaves the system C minutes after it
enters; if there is congestion, it leaves r* minutes after the
previous plane leaves the system, where r* is the relevant pro-
cessing time (in terms of minutes per plane). One difference
between the view of the airside system expressed in Section D.2
and the present view is that here more than one plane can be
simultaneously processed; however, each plane being processed is
in a different stage of being processed. Delay is defined to be
the difference between when a plane actually leaves the system
and when it would have left the system had there been no congestion.

The algorithm requires six inputs. The first comes from the
Airside Processing Rate Module; the next four, from the Demand
Module; and the last, from the data base for each particular

airport.

1. r(W,M,AD) — The processing time in minutes per plane.
When there is a queue, this is the number of minutes
that elapse between planes leaving the airside system.
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2. V(t) — The volume of planes that request service in
minute t.-

3. W(t) — The weather, either VEFR or IFR, in the hour
containing minute t.

4, M(t) = [ml(t), mz(t),...,ms(t)] — The mix of aircraft
classes that request service in the hour containing

minute t; mi(t) is the percentage of aircraft requesting
service in that hour that are of class i.

5. AD(t) — The arrival-departure ratio in the hour containing
minute t.

6. ¢ — The amount of time it takes a plane to get through
the uncongested airside system (a constant).

J.3 DEFINITIONS

The information in V(t) can be used to number the planes in
the order in which they request service; if two planes request
service at the same time, then either can be numbered first. We
will be interested in three functions:

E(i) the time the ith plane enters the airside system;

L(i) the time the iEh plane leaves the airside system;
D(i) the amount of delay incurred by the iE-}l plane.

The function E(i) is known since it can be calculated from the
demand profile V(t).

(Note: If the amount of time it takes a departure to pass through
the system differs from that taken by an arrival, then the E(i)
must be adjusted to make these two times the same. For example, if
it takes a departure 8 minutes to pass through the uncongested
system and an arrival 10 minutes, then E(i) must either be made

2 minutes earlier for departure or 2 minutes later for arrivals.)

We can now state analytical expressions for L(i) and D(i).
Let r*(i) be the relevant processing time for plane i; the value
taken by this function will be determined in the next paragraph.
If there is no congestion, plane i leaves the system at E(i)+c:
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i.e., c minutes after it enters the system, If there is congestion,
it leaves the system r*(i) minutes after plane i-1 leaves;

this is because when there is congestion, a plane leaves the

system every r* minutes. Therefore we have

L (i) = max {E(i)+c, L(i—1)+r*(i)} (1)
J

Since delay is defined to be the difference between the time a plane
actually leaves the system and the time it would have left had there
been no congestion, we have

D (i) = L(1) - [E(i)+c] (2)

To get an alternate expression for delay, substitute (1) into (2)
to get

D (i) = max {E(i)+c, L(i-1)+r*(ii}—-[E(i)+c] ) (3)

The task of this appendix is to rework (3) to put it into a form
that will allow delay to be quickly computed.

It is next necessary to give an exact expression for the
relevant processing time. If there is no congestion, then plane
i leaves the system at E(i)+c,which does not depend on the pro-
cessing time; so we only need an expression for the processing time
when there is congestion. Section 2.2.3 argued that the appropriate
processing time is the one based on the mix and arrival-departure
ratio at the time the plane enters the system and on the weather at
the time the plane lands. Therefore, the appropriate mix and
arrival-departure ratios are M[E(i)] and AD[E(i)]. Since the
effect of weather is largely felt through separation standards,
the natural time to interpret as ''the time the plane lands" is
when the previous plane leaves the system. (Recall congestion is
assumed.) So the relevant weather is W[L(i-1)]. This means that

the relevant processing time is
r*(i) = r [W[L(i-l)], MIE(1)], AD[E(i)]] : (4)
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Rewriting (2) as
L(1) = D(1)+E(i)+c, (5)
substituting i-1 for i, and substituting into (4) gives
r*(i) = r [W[D(i-1)+E(i-1)+c], M[E(i)], AD[E(i)]] . (6)

It is seen that the relevant processing rate is a function of
i, D(i-1), and the known inputs. As will be seen, D(i-1) will
always be known whenever the processing rate is used; so we will
continue to write the relevant processing rate in the abbreviated

form r*(i).

J.4 INTUITIVE DERIVATION OF THE ALGORITHM

The expression for the delay suffered by the iEh plane 1is,

we claim,

D(i)=max {0, D(i-1)+E(i-1)-E(i) (7)
+T [W[D(i—l)]+E(i-1)+c], WIE(1)], AD[E(i)]]}.

Inspection reveals that the only unknown in this expression
is D(i-1). So the logic of the algorithm is as follows. We know
D(1)=0 since it is assumed that there is no congestion when the
first plane of the day arrives (at three in the morning, perhaps).
D(1) is then used to calculate D(2), D(2) is used to calculate
D(3), ..., D(i-1) is used to calculate D(i), etc. In this way,
the delay for each plane is calculated.

Start by assuming that there is congestion. The time inter-
vals are shown in Figure J-1.
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Figure J-1. Aircraft Time Intervals

The i-13% and i-t:-}l planes are in the system; e.g., the lower line

shows that the i-13t plane was in the system from E(i-1) until
L(i-1). Now suppose that D(i-1) is known; we will show how

one can start with D(i-1), make two adjustments, and end up with
D(1).

First, since plane i-1 enters the system before plane i, plane
i-1 spends this time waiting but plane i does not. Since this is a
portion of delay incurred by plane i-1 but not by plane i,
adjust by subtracting this interval E(i)-E(i-1) from D(i-1).

After plane i-1 leaves the system, plane i will remain for another
r* (i) minutes, so adjust by adding on this interval. In sum, we

can now write
D(i) = D(i-1) - [E(i) - E(i-l)] +r# (1)
which we rewrite as

D(i) = D(i-1) + E(i-1) — E(i) + r*(i).
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This is the correct expression for delay when there is congestian.
When there is no congestion, plane i arrives so long after plane

i-1 that E(i-1)-E(i) is sufficiently negative to offset
D(i-1)+r*(i). In this case, the expression above is negative,

and delay is zero. Hence, equation (7) gives the correct expression
for delay.

J.5 MATHEMATICAL DERIVATION OF THE ALGORITHM

The purpose of this section is to prove the following pro-
position:

THEOREM: D(i) = maxI£0, D(i-1) + E(i-1) - E(i) + r* (i)},
for i =2, 3, ....

The proof divides into five lemmas. The first lemma proves the
intuitively obvious result that the delay is nonnegative.

LEMMA 1: D(i)>0.
Proof:

We have
D(i)=max {E(i)+c, L(i-l)+r*(iﬂ S [E(i)+c]

SE(i)+c - I:E(i)+'c]
- 0

where the first line comes from (3) and the second from the
properties of the max operator. Q,E.D.

The next lemma proves that if the time plane i would leave
the system were there no congestion is greater than or equal to
the sum of the time the i-13% plane leaves the system and the
procéssing time, then delay is zero.

LEMMA 2: If E(i)+c>L(i-1)+r*(i),
then D(i) = 0
Proof:
Applying the hypothesis to (1) gives
L(i) = E(i)+c.
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Substituting this into (2) then yields
E(i)+c - [E(i)+c]
0. Q.E.D.

D(1)

The next lemma gives an exact expression for delay when the
time that plane i would leave the system were there no congestion
is less than or equal to the sum of the time the i-18t plane leaves
the system and the processing rate.

LEMMA 3: If E(i)+c<L(i-1)+r*(i), then
D(i) = D(i-1)+E(i-1)-E(i)+r*(i)
Proof:
(2) gives
D(i) = L(i)-[E(i)+c]
and
D(i-1) = L(i-l)-[E(i-1)+c]
Subtracting yields
D(i)-D(i-l)=L(i)—[E(i)+c]-L(i-1)+E(i-1)+c. (8)
Applying the hypothesis to (1) gives
L(i) = L(i-1)+r*(i).
Substituting this into (8), we obtain

D(i)-D(i-l)=L(i-1)+r*(i)-[E(i)+c]-L(i-1)+E(i-1)+c
= r*(1)+E(i-1)-E(i)

which rearranges to the desired expression. Q.E.D.

The next lemma shows that if the expression in the conclusion
of Lemma 3 is negative or zero, then delay is zero.

LEMMA 4: 1If D(i-1)+E(i-1)-E(i)+r*(i)<0,
then D(i) = 0.

Proof:

Case I: L(i-1)+r*(i)>E(1i)+c.
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Lemma 3 implies

D(i) = D(i-1)+E(i-1)-E(i)+r* (i)
and the hypothesis then implies D(i)<0. Lemma 1 then implies D(i)=0.
Case II: L(i-1)+r*(i)<E(i)+c. Lemma 2 then implies D(i)=0.

Since these two cases exhaust all possibilities and since both
imply D(i)=0, the proof is completed. Q.E.D.

The next lemma shows that if the expression in the conclusion
of Lemma 3 is positive, then delay equals this expression.

LEMMA 5: If D(i-1)+E(i-1)-E(i)+r*(i)>0, then
D(i)=D(i-1)+E(i-1)-E(i)+r*(i).

Proof:
In order to reach a contradiction, assume

E(i)+c>L(i-1)+r*(1i). (9)
Lemma (2) then implies

D(i) = O (10)
which in turn implies via (2) that

L(i) = E(i)+c.
Substituting this expression into (8) gives

D(1)-D(i-1) = E(i)+c-[E(i)+€]-L(i—lJ+E(i-1)+c
> L(i-1)+r*(i)- [E(i)+c] -L(i-1)+E(i-1)+c

= r*(i)+E(i-1)-E(i)

where the inequality is justified by (9). Rearranging this last
expression gives D(i)>D(i-1)+E(i-1)-E(i)+r*(1)

which is positive by hypothesis. This implies D(i)>0, which
contradicts (10). Therefore, we must reject assumption (9) and
conclude that

E(i+c) < L(i-1)+r*(i).

Lemma 3 now gives the desired result. Q.E,D.
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The theorem stated at the beginning of this section is an
immediate implication of the last two lemmas. This completes the
mathematical proof of the validity of the proposed algorithm.

J.6 CONCLUSIONS

Five concluding remarks are necessary. First, the new
algorithm in this appendix does not offer any significant gain in
accuracy over the old algorithm in the preceding appendix. The
difference in accuracy lies in the definition of delay. The new
algorithm defines delay as the difference between when a plane
actually left the system and when it would have left had there
been no congestion; the old defines delay as the difference be-
tween when a plane actually was placed on the runway and when it
would have been placed had there been no congestion. The difference
between these two definitions amounts to the difference between
the processing time when the plane requested service and the pro-
cessing time when it landed. This difference will usually be
zero; when not zero, it will still be only about 10 or 15 seconds.
Moreover, the old algorithm could be rewritten to obtain the same
delay as the new. Therefore, accuracy is not an important issue
in comparing the two algorithms.

Second, the new algorithm is based on a more plausible vision
of how the airside system operates;e.g., more than one plane can
be simultaneously processed. However, this point should not re-
ceive much weight since the actual delay calculations do not
differ significantly.

Third, the new algorithm is easier to understand. To see
this, compare Figure D-1, which is used to explain the old
algorithm, with Figure J-1, which is used to explain the new
algorithm. Figure D-1 is a page full of blocks and arrows, whereas
Figure J-1 is a simple graph with two horizontal lines. Moreover,
the idea behind the new algorithm can be quickly and intuitively

explained (as it was in Section J.4).

Fourth, the new algorithm is computationally more efficient.
It is expressed in a single mathematical statement. The root
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reason for the greater efficiency is that knowing the delay for
one plane often tells much about the delay for the next plane, and
the new algorithm fully utilizes this information. '

Fifth, note that the expression D(i-1)+E(i-1)+c that occurs
inside the full expression for the relevant processing rate is
equal to L(i-1), the time the i-15t plane left the system. Since
the time each plane entered the system is known, it is therefore
easy to calculate the length of the queue at particular times.

196



	75-25 pt.1.pdf
	75-25 pt.2

