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PREFACE

This thesis 1s concerned with developing a procedure
for comprehensive alrport systems analysis emphasizing dig-
ital computer simulation (GPSS). The basic airport traffic
problem and its associated GPSS model are described and
presented as a foundation for comprehensive simulation of
conplex airport systems. Traffic situations simulated in-
clude holding and approach operations for IFR, VFR and mixed
IFR-VFR flight; rﬁnway, taxiway, and ramp operations;
terminal service operations; and departure operatlions. Sys-
tems analysis of existing or proposed airport physical con=-
figufations and 6perating procedures is based on output data
reflecting traffic delay, its assoclated costs, and effi=-
ciency at critical elements throughout the alrport system.
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CHAPTER I
INTRODUCTION TO THE AIRPORT PROBLEM

In the ten years that have passed since the introduc-
tion of the jet transport, alr travel has come to mean
gpeed, convenience, reliability and even economy to much of
the traveling public. However, today these assets of air
travel are rapidly being diminished. Whille a dynanmic air-
craft technology has combined with an explosive growth in
national wealth and an equally strong desire for increased
public mobility to create an exponentially growing demand
for air transportation, there has been a critical fallure
to provide the airport systems needed to support this
transportation demand. .

Today there exists severe traffic congestion both in
the alr and on the ground at major airports. To the air
traveler this congestion results in delay which manifests
itgelf in many forms of inconvenience and expense. To the
airline this congestion and its resultant delay means in-
creased operating costs, loss of revenue and severe sched=
uling problems. To the Alr Traffic Controller this conges-
tion means a greatly enhanced danger of mid-alr collision.
To the Llocal community this congestion means increased

noise, air pollution and crash hazard as well as less effi-



cient transportation service.

At peak periods; such asbduring the Christmas season,
major alrports like Kennedy International in New York may
have 400 or more aircraft operating in or near their term-
inal areas.1 At such alrports arriving alrcraft must be
stacked in holding patterns in the alr around the alrport
while they walt for permission to land. Under normal con-
ditions arriving ailrcraft have come to expect delays of 20
to 30 minutes before belng allowed to land. At peak peri-
ods, however, there are so many alircraft in holding stacks
around Kennedy that approaching aircraft are directed to
stack hundreds of miles away before belng allowed to joln
the stacks near the airport.2 Arrival delays under these
clrcumstances may amount to three or four hours. Many ar-
riving flights, particularly international flights with low
fuel reserves, are not able to absorb this amount of delay
and are forced to find an alternate alrport for landing.
Such incldents create severe problems for both the alr pas-
sengers and the alrlines., On the ground as many as 80 alr=-
craft, loaded and englnes running, have been observed lined
up along taxiways while walting for departure clearance.3
Such conditions have caused departure delays of as much as
four hours. Even under normal conditions departure delay
at Kennedy wlll amount to about 30 minutes. In addition,
alrliners are frequently delayed on ramps walting for gate
positions at the terminal to open. While the above men-

tioned delays are not usually fully realized by the trav~



eling public (because of the comfort of modern airliner ac-
commodations and the efficiency of airline hostesses), vir=-
tually every alr traveler is aware of the congestion and
delay found in most major terminals and their ground ap-
proaches.

Alr travel 1is essentially a commercial activity and as
such its status 1s determined primarily on an economic ha=
sis. The value of time, convenience and reliability are
compared with the cost of providing alr transportation.
Consequently the cost of congestion and its resultant delay
is a major factor in considering the airport problem. In
1965 U, S. airlines experienced over 330,000 hours of alr-
port delayou This delay has been estimated to have cost
$64,000,000 in fuel, crew time and related chargesa5 (The
cost quoted ls referred to as Direct Operating Cost or DOC,
R. J. Sutherland, Alrport Engineer for American Alrlines,
has provided an indication of the total cost. The DOC for
o Boeing 707 is approximately $900 per hour. The earning
capacity of this aircraft is approximately $2,000 per hour.
Depreciation on the aircraft is approximately $100 per hour.
Therefore the total cogt of an hour's delay to this alr«
craft 1s in the vicinity of %B,OOOQ6 Because of the diffi-
culties involved in obtalning total cost data from the alr-
lines, most alrport planners have relied on DOC date rather
than the total cost as reflected above. Consequently, much
of the cost analysis in past and present alrport planning

has been based on grossly inadequate cost data.)



A further problem that must be appreciated is that de-
lay appears to follow a growth curve which is exponential,
Specifically, with each increase in traffic demand for aipr=-
port service, the probability of delay increases at a great-
er rate, PFlgure 1 1llustrates the exponential curve. This
curve 1ls extremely pertinent to many current soclio=economic
problems. Several of the soclo=-economlic factors affecting
air transportation (demand, delay, cost, need for new facil-
ities, capacity, range, speed, and weight of new aircraft,
etc.) may be partially described by this growth curve. It
is becoming increasingly clear in dealing with problems re-
flecting this exponential growth curve that experience and
progress made in the past is not a reliable measure of the
rate at which things will happen in the future. For exam-
ples it has taken 15 years for traffic to experience an

average delay of 20 minutes at Kennedy; yet, assuming that

]

current trends persist, the average delay at Kennedy will

€

increase by another 20 minutes within the next eighteen
months alonea7

Ag inferred immediately above, the present airport
problem is overshadowed by the prospect of virtual stran-
gulation of the alilrport system in the coming decade.
Senator Mike Monroney, Chairman of the United States Senate
Subconmittee on Aviation, has recently reported that in the
next decade there will be a 440% increase in airline travel,
a 1370% increase in air cargo shipment and an inerease in

peak hour operations at major airports of about 200%.8

\
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Growth potential if current trends
persist (all growth factors
demonstrate exponential characteristics)

Growth potential that can be satisfied
by planning policies which relv on
linear projections of past experience

Growth potential that must either be
stifled or satisfied by planning
policies that fully appreciate the
problems of exponential growth
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Figure 1. Exponential Growth
Curve



To handle this traffic New York will have to double the
terminal capacity of all three of its major airports, while
Atlante, for example, will need to develop six times its
present terminsl capacity.9

The seriousness of these estimates may be better appre=~
clated in light of the fact that 1t presently takes from
five to ten years to plan and develop a major alilrport. Yet
there appears to be an immediate need for dozens of new or
expanded alrports many times the size of present alrports.
Tables I through IV represent congervatlve estimates of
1980 airport system demands and needs.

In view of the above mentioned factors Senator
Monroney's subcommittee has defined the alrport problem as
congisting of twe partsslo

(1) Current airport congestion, for which additional
airport construction and development, even on a crash basis,
‘is no sclution. Solution to this problem is to come from
better utilizati&n of existing alrports and from the con-
struction of separate but fully equipped general aviation
alrports (which can be developed falirly quickly and econom=
teally). i

{(2) Future airport congestiocn, for which the solution
is the construction of new alrports and the improvement and
éxpansion of existing airports to meet predicted traffic
demand and alrcraft technological changes expected in the
next decade,

The objective of this thesis has been to develop a2
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TABLE T

NATIONAL ECONOMIC INDICATORS USED IN PREPARING
THE NATIONAL AIRPORT PLAN, 1968-72

Economic Indicator 1965 1980
Population (millions) ¢« o o o o s o o o 194 235
Gross National Product (billions) . . . 614 1160
Air carrier passengers (millions) . . . 95 482
Aircraft operations Ce :

FAA tower alrports o « o ¢ o o o o o 35,6 184.6
Fuel consumption (billions of gallons) L 17

Civil alircraft:
Air carrier « e.o-0.0-0 s.5.0.2 &« 2,125 3,600
General aviation o o o« « « » o o 88,742 210,000

Aircraft production ¢ o o « o« o o o o « 11,050 33,500

Sources The National Airport System,"” Interim
Report of the Aviation Subcommittee to the Committee on
Commerce, United‘States Senate, January, 1968, p. 4.



TABLE IT

FORECAST OF AVIATION DEMAND AT
22 LARGE HUB AIRPORTS

Aviation demand 1965 1980
Alrcraft operations (millions)s o « » o 20.3 7.6
Enplaned passengers (millions)., « « « « 69.5 370.6
Alr cargo tons (millions) « o « ¢ « « « 1.3 19,7
General aviatlon aircraft (thousands) . 20,3 50.3

Sources "The Natlonal Alrport System,”" Interlinm

Report of the Aviatlon Subcommlttee to the Committtee on
Commerce, United States Senate, January, 1968, p. 4.



TABLE III

FORECAST OF SELECTED 1980 FACILITY NEEDS
AT 22 LARGE HUB ATIRPORTS

Facility Expansion needs

Alr carrier:
Gate POSIELONS + o o o+ « o o o o o 4 b0 oo 2,77
Vehicle parking area (square yards) . . . 11,500,000
Terminel bullding area (square feet). « . 52,300,000

Cergo building area (square fee)s + . + « 7,900,000
Alreraft apron area (square yards). . . » 23,800,000
General aviatlon:
Vehicle parking area (square yerds) . » . 3,300,000
Terminal bullding spece (square feet) . . 3,500,000
Alreraft apron area (square yards):
Hanger ared ¢« o« o+ o o o« s o« ¢ ¢« o 2 » » 22,100,000

Open Bre8 o+ o« o ¢ ¢ s 0 2 2 6 2 4 8 e 45,300|000

Sourcet "The National Alrport System," Interim
Report of the Avliatlon Subcommittee to the Committee on
Commerce, Unlted States Senate, January, 1968, p. 4.
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TABLE IV

ESTIMATED FUNDING REQUIREMENTS FOR DEVELOPMENT
OF GENERAL AVIATION AIRPORTS

1969-78
est. regts.

Purpose of expenditure
nbr. of millions
units of dollars

Construction of new

"reliever" a2irportsSe o o ¢ o o o o 224 300
Other new alrport construction . . . 680 210
Development of existing airports . . 2,324 345

Sources "The N&tibﬁal Alrport System," Interim -
Report of the Aviation Subcommittee to the Committee on
Commerce, United Stetes Senate, January, 1968, p. 5.
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procedure which will allow comprehensive alrport systems
analysis on a practical basis. This procedure emphasizes
use of digital computer simulation as an effective tool in
the analysis of new airport systems or changes in existing
systems. As such, this procedure is directly applicable to
both parts of the airport problem as it has been defined
above.

Chapter II discusses briefly: (1) the need for a sys=
tems approach to the_airport problem, (2) previous analy=-
tical work in the filelds of air traffic control and alrport
systems anslysis, (3) the basic air traffic control system
spplied in the terminal area, (4) digital computer simula=-
tion, and (5) the basic airport system in terms of a GPSS
model,

Chapter I1I1 presents a comprehensive computer simula-
tion procedure for airport systems analysis. This presen-
tation consists of & fully integrated series of flow dla-
grams reflecting the esséntial aspects of the terminal area
air traffic control system. Cost/Benefit and Cost/Effec~
tiveness analysis of the alrport system is developed di-
rectly from the simulation procedure. A detailed narrative
accompanies the flow diagrams.

Chapter IV discusses potential applications of the
procedure described in Chapter III. Primary emphasis is
placed on the basic philosophy to be developed in applying
the sgimulation procedure to specific airport problems.

Chapter V briefly summarizes the main text and offers
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proposals for continued research into the airport problem
utilizing the concepts of systems analysis and computer sim=-
ulation.

Appendices A and B provide a more thorough discussion
of subject areas referred to in the main text; specifically:
Terminal Area Air Traffic Control Procedures (Appendix A)
and General Purpose Systems Simulation (Appendix B).

The main text has been advanced on the agsumption that
the reader has a bhaslec understanding of the material refer-
enced in the appendices. If, however, this 1s not the case,
1t 1is recommended that the reader refer to the applicable

aprpendices before continuing further in the main text.
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CHAPTER II
INTRODUCTION TO AIRPORT SYSTEMS ANALYSIS

While the scope of this thesls is restricted to an
understanding of the Terminal Area Air Traffic Control
System as it effects alrport planning, it 1s paramount that
the airport be recognized as a key element in the total
transportation system as well as a major element in the ur-
ban and reglonal environmental systems. The airport systenm
is comprised of many complex components and each component
of the system must be planned, developed and operated in a
precise manner that allows it to serve and synchronize with
all other components for optimum performance on the part of
the total system. Solving the problems of one component
without due regard for the remaining components usually on-
ly creates problems elsewhere in the system which in turn
diminish or eliminate entirely the benefits of the solution
initially sought. The complexity and magnitude of the air-
port problem 1s staggering; however, analytlical and exper-
imental methods and total systems concepts developed by the
aerospace industry and the Department of Defense provide
effective and ready tools for approaching this problem.
Most impoftantly, the advent of systems analysls provides

the airport planner with the opportunlity to establish a

14
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foundation of knowledge based not upon the limited experi-
ence gained from the development of a particular system in
the past but rather upon the broad experience gained from
studying andbwerking wWith systems in generaL1 This ap-
proach is stressed as a highly desirable alternative to the
reliance on empirical methods currently found in airport

rlanning.

Previous Analytical Work in the Fields of

Traffic Control and Airport

Systems Analysis

While there has been an enormous amount of highly
sophisticated research into the problems of air traffic
control, there seemsgs to be a critical lack of truly compre=
hensive research into the problems of the airport from the
planner's viewpoint. Alrport planners have become increasg=
ingly aware of the need for a systems approach in airrort
rlanning. To date, however, most of thelr activity seems
directed towards reinforcing established, though repeatedly
inadequate, empirical methods rather than developing the
ablility to use the tools of systems analysis. At presentb
the most productive activity in the field of alrport plan-
ning is being generated by members of the systems-oriented
alrline and aerospace industries. There has recently been
an encouraging tendency for airport planners to collaborate
with these systems specialists. A second source of valid

analytical data ls the research oriented university. The
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theoretical and analytical base for most of this thesis is
founded on the research of R. W. Simpson of the Department
of Aeronautics and Astronautics, Massachusetts Institute

of Technology: R. Horonjeff and R. Oliver of the Institute
of Transportation and Traffic Engineering, University of
California; and T. Rallis of the Technical University of
Denmark. Thelr research has investigated each element of
the airport system, primarily for the purpose of understand=-
ing and evaluating the operation of the Terminal Area Air
Traffic Control System. (The exception being Rallis, who
was primarily concerned with defining the total systems
character of the airport from a planning viewpoint.) How=
ever, 1t 1s not apparent from current publications that any
of the above researchers have developed a capability for
degcribing and studying the airport ag a total system.
While this capability may be unnecessary in pure research,
it is virtually essential tovany analytical procedure ap=-
plied in the field due to the critical need to know as
precisely as possible how a change in one particular compo-
nent effects all other components of the system., It is
toward this capabillity that the procedure described in
Chapter III is directed.

The Terminal Aree Alr Traffic Control System

Normally the alrport l1s considered as & two~dimension=-
al facility; however, it hes & third (as well as a fourth

when time is considered) dimenslon which is perhaps its
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most critical. As a four-dimensional facllity the airport
will be hereafter referred to as the terminal area. The
terminal area defines a zone within which some form of con-
trol is exercised over all aircraft movement. The boundary
of this area varles but 1t 1s usually determined by a radi-
us of>25-50 miles from the oénter of the ailrport. Alrcraft
outside the terminal area are assumed to move radially
through airways,ﬁoward the terminal area, arriving at the
boundary from random directions at random times. Arrival
aircraft make thelr final approach to the airport from a
direction determined primarily by wind conditions. For
safety reasons it 1s necessary to establish a ninimum sepa-
ration between aircraft. The interval between successive
landings 1ls dictated by'a required space separation before
entering the common landing path, and by a required time
separation at the threshold of the runway. A similar mini-
mum time interval must be meintained between successive de=-
partures. Departures are interposed between landing air-
craft whenever possible; however, priority is given to the
landihg alrcraft., Consequently, a departure can only be
authorized in front of a landing aircraft if the take-off
can be executed before the landing alrcraft reaches a pre=-
scribed minimum distance from the runway; otherwise, the
departure alrcraft must walt until the landing aircraft has
cleared the runway. Thus the Terminal Area Alr Trafflc
Control process is primarily one that: (1) transforms ran-

dom arrivals into an orderly flow for landing and (2) main-
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tains a prescribed minimum separation between alrcraflft.
Digital Computer Simulatlion

Initial research into the airport problem involved the
use of mathematical meodels, particularly those reflecting
the principles of queuing theory. This method of analysis
has been a powerful tool in the hands of the systems ana-
lyst. However, the mathematical model has two limitations
which greatly restrict its use in airport systems analysis:
(1) the mathematical model reflects a generalized statement
of & baslec problem (it 1lg severely limited in the analysis
of & specific problem of any complexity) and (2) when the
model beglns to reflect any degree of sophlistication, the
mathematlical derivations become extremely difficult to work
wlith. Many of the problems arlsing from the use of current
alrport planning methods result from rellance on over-sim-
plified mathematlcal models., A currenﬁ example 1s found in
g primary alrport planning reference whilch develops 1lts
analytical base on the assunption thet alrcraft arrlve ran-
domly at the runway. However, as gtated previously, a ma=-
Jor role of the Alr Traffic Control System 1s to derandom-
ize arriving alrcraft before they enter the common final
approach path. Thus, there 1ls in actuallty, a very care-
fully regulated flow of landing alircraft at the runway.
Such faulty assumptlons usually are corrected by emplrical
means and consequently the method becomes essentially empir-

ical rether than analytical. As mentloned previously, em-
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pirical methods (based primarily on past performance) have
not been very adaptive to the problems of dynamic systems
such as the ailrport.

In order to gtudy a problem of the complexity found in
the alilrport system it 1is necessary to construct an investi-
gative model of the system. The conastruction and operation
of this model is called sgimulation and forms the experimen=
tal counterpart of mathematical methods of analysis.2 In
contrast to the mathematical model, the simulation model
provides a capability for describing and investligating a
specific systems problem in whatever detall needed to give
required results. The introduction of the digital computer
and the general purpose systems similation language (GPSS,
SIMSCRIPT, etec.) has provided the airport systems analyst
a capablility for defining and studying virtually any type
of airport problem at a level of detall never before rea-
lized.

GPSS is a computer language based on a set of macro-
level instructions. Each of these instructions refers to a
block in a flow diagram that describes the system being sim-
ulated, A family of block types has been established to
allow the modeling and simulation of virtually any type of
system (though GPSS works most efficiently with models in
which the time factor is related to other attributes of the
system; l.e., queueing models). GPSS can be visualized as
consisting of a stationary block diagram imprinted into the

computer memory with the program acting to move entities
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(aircraft) through this flow diagram in relation to a real=
time clock (that has been greatly sveeded up in the compu=
ter model)o3 Pertinent statistics reflecting system per=
formance are auvtomatically as well as sele@tivelybcollected
and tabulated as output. Because of its flow diagram logic
and method of model construction, GPSS is a very easy pro-
gramming language to learn. Thus an airport systems ana-
lyst has only to devote a very minimum amount of time to
learning the techniques of computer programmihgg consequent=
1y, he has most of his time available for studying the air-
port problem. (Many planners and analysts today are trying
to rely on programming specialists to solve their simula-
tion problems; however, these people can only be effective
if they are thoroughly familiar with the system to be mode
eled, This entalls having a sophlsticated understanding
of the alrport problem. The assumption of this author is
that 1t 1s Taster and more effective to have the planner
or analyst learn programmimg/than to have the programming
speciallist try to master the alrport problem. However,
once the planner or analyst has constructed the flow dia=-
gram for the model he feels meetg the needsg of his investiw
gatlion, he should utilize the programuming speclalist for
the purpose of refining the model 1ln terms of programming
sophistication. In any case there must always be a well=
established communication between the two specialists.)

- Figure 2 (p.22) is a very generalized description of

the airport system in terms of =z GP3IS model. This simula=-
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tion model is offered simply as an introduction to the more
comprehensive modeling procedures presented in Chapter III.
The analytical capability of this introductory model is
roughly comparable to the coptimum model that can be ob=
tained from mathematical technigues. Nelther the fcllowing
model nor those to follow in Chapter III should be consi=
dered master models to be used directly in solving a specif-
ic problem. They are intended to 1llustrate how the logic
of systems analysis can be constructed in a computer simu=
lation model for the purpose of investigating a specific
alrport systems problem.

The GPSS language 1s extremely dynamic and in an at-
tempt to keep 1t dynemic, 1its developers have updated its
capabilit& whenever possible. A minor problem arises fronm
this fact in that the programmer must continuously updaﬁe
his knowledge of the language. The models in thls thesis
are written specifically for GPSS III (IBM 7040 computer)
but the author has been exposed to the changes made for
GP3SS IV (IBM 360) and feels that there is no basic conflict
in logic between GPSS III and GPSS IV. It is pertinent to
realize, however, that computer languages will continue to
grow dynamically and that the programmer should not become
over~rellant on a specific programming technique but rether
he should try to establish a programming logic that can be
easglly carried from one stage of computer language develop-

ment to the rext.
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CHAPTER III
A PROCEDURE FOR COMPREHENSIVE AIRPORT SYSTEMS ANALYSIS

The‘material in this chapter is advanced on‘the agaump=
tion that the reader has a basic understanding of the sub-
ject areas covered in Appendices A and B and has understood
the procedural logic of the introductory simulation model
presgerited in Chapter II. In contrast to the introductory
model, the following models describe the basic elements of
the alrport system in the detall required for comprehensive
gystemg analysis: The flow diagrams are constructed as they
would be for specific working models. (While the main em~
phasis of this thesis is on systems analysis rather than
computer programming, 1t is recommended that attention be
paid toward the programming techniques that are applied as
many of them are not to be found directly in the GPSS man=-
uals.) The following point can not be overemphasized: the
models described are ncot to be interpreted as working models
for any specific alirport system. They are illustrations of
a procedure by which any specific alrport system can be mod-
eled. An airport is a very complex system and each airport
has many characteristics peculiar to itselif. Consequently,
it would seem futile to attempt to develop a truly master

model which would directly investigate any or all alirport
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systems. However, by relying on the concepts of systems
analysis the airport planner may assume that all airport
gystems have certain basic features in common. Therefore,
the goal of this thesis has been to define theze basic fea-
tures of the alrport system and to describe them in terms
of a simulation modeling logic. Thus it is the logic in-
voived in the airport systems simulation procedure that will
be emphasized rather than the specific techniques of pro=-
gramming. It is further sssumed that the loglic presented
in the following simulation procedure is equally applicable
to any other simulation technique with only a minimum a-
mount of technical modification regquired.

In the narrative that follows the number in parenthesils
(x) refers to a particular block in the flow diagrams begln-
ning on page 65, The flow dlagrams have been constructed
in a gravity flow manner which reflects the operatlion of an
alrcraft from the time of its arrival at the terminal area
boundary through the time it departs the terminal area.
The numbering of blocks reflects the path followed by the
narrative., Footnotes are used primarily to convey informa-

tion referring to special programming techniques.
Parametric Versus Statistical Simulation

s In constructing a simulation model the anaiyst has
three basic options as to how he activates or generates
transactions (aircraft) within the model; parametrically,

statistically, or in combination.



s#In parametric simulation pertinent operational data
(speed, weight, etc,) of specific aircraft is recorded on
a computer tape along with the time the aircraft is due to
be activated in the simulation (1, 2). Wheh that time mat-
ches the simulation clock time, the alrcraft is activated
and commences to act in accordance with the dynamics of the
alrport system being modeled. s¢ An important feature of para=
metric simulation is that it allows preclse control over
the characteristics of the aircraft population. Thus ac=
tual alrcraft, reflecting any amount of individual charac=-
teristics, may be simulated. ;:This 1s in contrast with the
generallzed and probabllistic character assoclated with the
aircraft population generated in a statistical simulation.
Paremetric simulation also allows the analyst to hold the
aircraft population or airport demand constant while invesg=
tigating alternatives in system deslign and operation. A
major limitation of parametric simulation, however, ls that
a great deal of specific aslrcraft data must be available to
the analyst. When pleanning for future demand, such data
ig not readily availlable, Thus it is often necessary to
employ statistical methodes in defining and activating alr-
craft in a simulation model. In this method an aircraft is
generated (4, 8,...., 12) and-its classification 1g defined
(5, 9, ovu,p, 13) according to appropriate probability func-
tionsg. The time of generation within a twenty=four hour
.day is assigned (6, 10, «0., &) as one of its 100 parame=

ters. The generation time is then tested (7, 11, acey 5)
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to insure that the aircraft has been activated in the pro-

1
per time period.
Terminal Area Entry

Blooké 17 through 19 represent the aircraft identifi-
cation process. The ailrcraft is first tested (17) to de=
termine if it is class Aaz If it is, pertinent operational
data is assigned (18) to appropriate parameters and then
the aircraft transfers (19) to the Terminal Ares (30). If
the aircraft is not class A, it is btested (20, 23, 26) until
its classificaticn is determined, at which time 1ts opera-
tlonal characteristics are assigned (21, 24, 27, 29) and
it is transferred (22, 25, 28) to the Terminal Area (30);
Characteristices relating to the physical deslign of the
Terminal Area are provided in savevalues (31). This data
includes runway lengths, distance between exits, exit rat-
ing, ILS length, etec. A logic switch (32) specifies the
weather condition as IFR or VFR,3 The aircraft tests (33)
to determine 1f the weather conditlon is IFR. If it is,
the alrcraft is tested (36) to determine its capabllity to
operate under IFR. If it has no IFR capability it must
.divert to an_airportireporting VFR cohditions. The number
of diversions 1s counted in a savevalue (37) and the air-
>Qraft is removed from the simulation (38, 39). If the air-
craft has an IFR capability it reports to a holding area
(L0)e

If, however, the alrport is not experiencing IFR
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weather (33) the aircraft tests (34) a TMA savevalue (31)
to determine whether the alrport allows IFR operations in
VFR weather. If not, the aircraft commences to fly the
appropriate VFR approach pattern (550, page 93). If the
alrport does allow mixed IFR=VFR operations (as virtually
all carrier alirports do, since carrier aircraft are usually
operated under IFR regardless of weather conditions) an air-
craft parameter is tested (35) to determine if the aircraft
has filed an IFR flight plan. If it has not, the aircraft
commences to fly the appropriate VFR approach pattern to
the airport (595, page 96). If, however, an IFR flight
plan has been filed, the alrcraflt reports to the holding
area (40)04 Figure 3 illustrates the basic design of the

holding area.
Holding Area Operations

Upon reporting over the holding fix, the aircraft
checks the occupancy of the holding stack (41 through 95).:
Holding level 1 (the lowest) is tested (Gated,; in GPSS
terms) (41) for its vacaney. If free, the aireraft enters
level 1 (91) and reguests further instructlon from Approach
Controls, However, if level 1 is ococlipied,; the alrecraft
checlts the next higher levels (42, 43, 45, 46) for the
first available space. The number of levels in this stack
has been arbitrarily limited to sixs consequently, if level
6 is not available the aircraft must be diverted to another

no}fling stack or another airport. The number of diversions
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is counted in a savevalue (h7)5 and since there is only
one holding stack in this model the diversions are direc=
ted to an alternate airport (48, 49, 50).

If level 6 is vacant the aircraft is assigned to that
level (51) and then checks (52) to see if level 5 is vacant.
If it is not, the aircraft must fly a prescribed holding
pattern (usually a race track pattern consisting of one
minute turns and 1, 1.5, or 2 minute straight legs. This
pattern of flight is maintained in level 6 until there is
notification that level 5 is vacant (the aircraft is not
allowed to leave level 6 until the aircraft that was in
level 5 has actually reached level 4). The aircraft then
notifies Approach Control that it is departing level 6 (55)
and descends (or ladders) (56) to level 5. Upon reaching
level 5 the aifcraft releases (57) level 6 and repeats thé
above procedure until it reaches level 1 (58 through 90).
Upon reaching level 1 Approach Control assigns a priority
(92) to the ailrcraft reflecting its IFR status (applicable
only in mixed IFR=VFR traffic)oé

Regulator Operation

The aircraft next checks (93) the status of the regu-
lator. If the regulator is ful1’ the aircraft flies the
presceribed hclding pattern at level 1 until the regulator
has & vacancy (94, 95), at which time it enters the regu-
lator (96). Figure 4 illustrates two of the basic regula=-

tor designs. Figure da 1llustrates the regulator for a
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straight-in approach while Figure 4b illustrates a regula-
tor incorporating some type of procedure turn. In either
case R represents the optimum path from the holding fix
to the IL3 outer marker whille SO represents the minimum
interarrival separation required at the outer marker (cur-
rently 3 NM). Any deviation from the optimum path or speed
ls considered the delay incurred in adjusting to interar-
rival sepafation requirements.8

The time that the alrcraft leaves the holding area
(97, 98) is noted (99) and the amount of delay9 incurred
in the holding area is tabulated (100) as is the cost of
that delay (101). The aircraft flies the time correspond-
Ing to optimum flight from the holding fix to the minimum
separation point for the ILS outer marker (102)., /Note |
that alrcraft from other holdlng areas as well as alrcraft
flying missed approach and touch-and-go re-entry patterns
are also belng sequenced in the regulator for landing (662/
663)7. The alrcraft 1s essentlally entering & landing
queue (103) that will be used to gather pertinent queulng
gtatlstics. The time the alrecraft enters the queue 1ls note
ed (104) and the alrcraft commences to accumulate spacing
delay (105).lo

The alreraft flrst checks to determine 1f the ILS
outer marker sepsration has been achleved (106) and delays
until 1t has been. Once the ILS outer marker separatlion
hags been achleved the aircraft determines whether the re-

quired runway separations (t, = 2 minutes, 5, = 3 NM) can



39

be maintéined\(lO? through 114) and executes delay tactics
until the separation minimums have been provided f‘or.11
Figure 5 illustrates the ILS.

The aircraft is next tested to determine if it is a
light aircraft (115, 116); if so, a test determines (117,
118) whether the preceding arrival or departure was a large
alrcraft causing a wing tip vortice problem.12 If such is
the case, the test determines whether a minimum runway se=
paration can be maintained (usually assumed to be 2 mi=
nutes). When these five separation minimums (ILS ~ Sg,

RW = t,, BW = 8o, AWTV = t,, DWTV = t,) are provided for,

- the alrcraft commences to close the 3 NM interval before
the ILS outer marker (119). Queue statistics are collected
(120), initial landing clearance is noted (121), and regu-
lator delay (the composite delay incurred achieving the
required arrival spacing is tabulated (122) along with its
asgsociated cost (123). The aircraft flies through the 3 NM
interval to the ILS (124) and enters the final approach
path (125) at the ILS outer marker.

ILS Operation

After leaving the three mile interval (126) and the
régulator (127) the aircraft unlinks (128) the next air-
craft in the landing queue for commencement of its landing
decision process. Upon entering the final approach path
the aircraft enters a programming sequence wherein dupli-=

cates of 1tself are created (129, 130, 141) which are used
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to perform pseudo operations independent of the landing
operation. Sequence 131 through 135 represents the estab=-
lishment of the minimum digtance separation a departing
aircraft must have in front of the aircraft on instrument
approach,]'3 Sequence 136 through 140 represents the estab-
lishment of the minlmum time separation a departing air-
craft must have in front of the alreraft on. instrument ap-

1 Sequence 142Nthrough 146 represents the estab-

proach,
lishment of the minimum separation a VFR alrcraft nmust have
to be authorized to land in front of the aircraft on ins-
trument approach.15

The arrivel alrcraft continues to fly along the ILS
to the commitﬁent»to-land point (147). / Note that VFR
arrivals are introduced at this point (594, 648)7. The
sequence number, the current time, the time required to fly
the minimum stablilization distance (also called the commit-
ment=to-land interveal) and the required landing time for
the aircraft are recorded in savevalues (148-571.5:L).16

Upon reaching the commltment-~to=-land point the alr-
oraft (all references to alrcraft assume a Jolnt decision
effort on the part of the pllot and the controller) checks
the ocecupancy of the commitment-to-land interval (152) and
the runway (153)., If elther 1s occupled the aircraft must
enter a missed approach pattern. However, some of the
'missed approach alrecraft wiil not want to re-enter the ap=-
proach pattern (due to low fuel, ete.) thus a statistlcal

transfer (159) is employed to determine the percentage of
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aircraft likely to continue the missed approach procedure
around to the regulator (649-662) and those desiring to

leave the terminal area for another airport (164-167),17

Commitment~to=Land Operation

If both the CLI and the runway are unoccupled the alr-
craft is tested (154, 155) concerning its weight classifi=-
cation; If it is & light weight aircraft a check (156,
157) is made to determine if a wing tip vortice problem
still exists as a result of a recent landing or take-off
by & heavy aircraft, If such a condition does exist it is
the pilot's decislion whether to land or execute a missed
approach. A statistical transfer (158) represents the pro-
babllity of'either cholce.- A second statistlcal transfer
(160) represents the probability that the pilot decides not
to land inspite of having met all landing requirements.
Examples of such instances might be & flock of birds in the

18 A

flight path, pilot error, a gust of wind, or haze.
certain percentage of aircraft that execute a missed ap-
proach due to such problems can be expected to request per-
miséion to leave the terminal area for an alternate alr-
port (162, 163, 165~167)., The others will re-enter the
appropriate approach pattern. ‘

The landing alreraft proceeds through the commlitment-
to=land interval to the runway (168=172) where it is tested
for a toucheand-go request (174) which ls only authorized

during VFR weather (173). The touch-and~go ig usually
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authorized only when the alilrport is not too busy. Thus a
test is made'on the status of the regulator (175) and the
VFR downwind legs (176, 177) to determine whether a touch=-

and=go will be authorizedo19

Runway Operation

As an alrcraft lands it increments the arrival rate for
the airport (178) as well as the interarrival rate (179).
Any holding, regulator or missed épproach delay is tabulated
(180) as total airborne delay along with its associated cost
(181). Next the total time spent alrborne after entering
the ‘terminal area is tabulated (182) along with the total
operational cost for that time (183).

The landing aircraft is tested to determine if it has
a heavy classification (184, 185)., If it does, a duplicate
transaction is created (186) to perform a pseudo operation
for estéblishing a time separation criteria for subsequent
light aircraft operations (187-189).

The runway 1s broken up into segments representing dis-
tances between intersections or exits. (Figure 6 illus=~
trates the airport layout.) The‘aircraft proceeds along the
first segment at its appropriate landing speed (192, 193).
At Exit 2 the aircraft is tested (194) to determine if it is
a class E aircraft. If it is, a statistical transfer (195)
is employed to specify the probablility that the aircraft
leaves the runway at Exit 2 (306). If the aircraft is not

class E, it is next determined whether it is class D (196).
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If it is, a statistical transfer (197) sends a certain per-
centage of class D aircraft into Exit 2 (306). If the air-
craft has not left by Exit 2 it contlnues on into the next
runway segment where gimilar tests are performed until the

20
aircraft has exited the runway (198=224),
Taxiway Operation

For the purpose of this narratlve 1t will be assumed
that the alrcraft currently under consideretion is a class B
aircraft and that it has left the runway at Exit 5 (237).
Upon leaving the runway (238, 239) the aircraft loses its
landing priority (which was a value of three or greater) and
recelives a priority equal to zero (240). The time the air-
craft entered the taxiway systém (241) 1is noted for use in
later computing the total time spent in the taxiway system.
The aircraft taxis along the exit taxiway (242) to the taxi-
way intersection. As any alrcraft already on the taxiway
has a priority equal to one, the alrcraft leaving (243) an
exit taxiway notes its time of arrival at the intersection
(244) and joins a queue (245) for admittance to the inter-
section. Once the_intersection is free the aircraft moves
into it (247) /at which time queue statistics are gathered
(248),21 the intersection dela& is noted (249) and the delay
(250) and its associated cost (251) are tabulate_7. The
high~speed exlt prilority is assigned (252) (effects only
aircraft entering from an exit) and the aircraft taxis

through the intersection (253) and on through the next taxi-



way segment (254-259). This procedure is repeated along
the taxiway until the aircraft approaches the ramp area.
Upon entering Intersection 30 (292) queue statistics are
gathered (293), intersection delay is noted (294), tabula=
ted (295) and cost accounted (296)., The aircraft receives
taxiway priority (297) and taxis through the intersec-
tion. A test 1s made to determine if the aircraft is a
general aviation type (298, 299). If not, the aircraft
enters the commercial ramp (440). If the aircraft is a
general aviation type it proceeds through the next taxiway
segment (300=303) and queues for Intersection 20 (305).
(There are three gueues of traffic competing for this in-
tersection. The traffic entering from Exit 2 has a zero
priority; the traffic entefing from the commercilial ramp
has alpriority of two; while traffic on the taxiway has a
priority of one.) After entering the intersection (316),
collecting queue statistics (317), noting intersection de-
lay (318), tabulating the delay and its costs (319, 320),
receiving the taxiway priorit& (321) and moving through the
intersection (322), a test is made (323, 324) to direct
general aviation alreraft to their ramp area (483)., The
commercial aircraft taxl to the departure hclding area
where they join aircraft arriving from the general aviation

remp (547=549).,
Holding Ramp Operation

At the departure exit a test (329) is made for Jet
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aircraft, If the aircraft is not a jet it enters the run-
up apron (330) for required run-up operation (331) before
re-~entering the departure exit (332-334). Jet aircraft do
not usually require a lengthy run-up as do reciprocating
engine alilrcraft and thus are able to move directly to the
departure queueo22 Upon entering the exit (334)23 total
taxiway delay (336), delay cost (337), operating time(338)
and operating cost (339) are tabulated. The aircraft joins
the departure queue (340), notes the time it entered the
gqueve (341), and links onto a user chain (342). The air=
craft currently first in line for departure places its ex-

24
pected time required for take~-off in a savevalue (343).

Departure Operation

A test (344) is next made to determine if the airport
is currently experiencing IFR weather conditiocns., If not,
a test (345) is made to determine if the alrport is ale
lowing mixed IFR-VFR traffic. If so, & test (346) is made
to determine if the aircraft has flled an IFR flight plan.
All VFR deparbtures check to see If the minimum separation
with respect to arrivel alrcraft is maintained (347); if
there is a wing tip vertice problem resulting from a recent
arrival or departure aircraft (348, 350); and if the runway
is unoccupied (349). When these four conditions are simul-
taneously met (351), the aircraft is authorized to enter
the runway for take-off (360). All IFR departures record

the current time in a savevalue (352) which will be used
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in subsequent departure time computations. A departure
alrcraft checks to see if the runway is unoccupied (353);
if the required separation between departures can be main-
tained (354); if the required separation before an arrival
airecraft is maintained (355); and, if a light aircraft (356
357), whether wing tip vortice departure delay has been
met (358, 359). If any one of these conditions is not wmet,
the savevalue time (352) is upgraded and the test sequence
ls repeated until all conditions are met¢ The aircraft is
then allowed to enter the runway for takewoff026

Departure queue statistics are gathered (361) and a
statistlcal transfer determines the possibility that the
aircraft aborts its take~off (362). An aborted take=~off
taxis down the runway to Exit 2 (363, 364) where a test is
made (365, 366) which directs general aviation aircraft ine
to Bxit 2 (375). Upon leaving the runway (376, 377) the
alreralt unlinks (378) the next ailrcraft in the departure
gueus for commencement of iltg departure declslon procegs.

Commercial alrcraft proceed to Exit 3 where they leave
the runway and unlink the next alrcraft for the departure
deciglon process (367-374),

Alreraft ready and authorlzed to take off note thelr
departure delay (380); tabulaée that delay (381) and its
cost (382); and move onto the runway Tor take~off (clear-
towtake=~off time or CTO) (383).

A test is made to determine if the aircraft preparing

to take off is a heavy aircraft (384, 385) and, if so, a



49

duplicate transaction is created which performs a pseudo
operation for establishing a time separation for subsequent

light aircraft operations (387=391).
Departure Route Operation

The alrcraft takes off (392) and enters the departure
route (393). Upon leaving the runway (394) the aircraft
unlinks (395) the next aircraft in the departure queue for
commencement of the departure decislon process. The depart-
ure rate (396) and interdeparture rate (397) are tabulated
at the time the aircraft clears the runway.

A test i1s made for IFR weather conditions (398), If
VEFR, the alrcraft 1g able to establish lateral separatlon
upen clearing the runway and there is, in effect, no common
departure path (399), The VFR departure flieg to the ter-
minal area boundary. (400).

If the departure is operating under IFR it flies the
length of the common departure route / d/ plus the inters
departure separation requlrement LfSO_7 and notes the time
1t reaches that distance from the runway in & savevalue
(403). The aircraft then flies the remalning distance to
the terminal area boundary (404, 405)., Figure 7 1illus=

trates the departure route.
Alrport 8ystem Performence Data

-Upon leaving the terminal area (406) the total time

required for the departure operation (407), 1lts associated
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cogt (408), and the alrport capacity (total number of opera-
tions per hour) (411) are tabulated.

If the aircraft is class A (412) its total delay (413),
the cost of delay (414), the total terminal area time (415),
and the associated cost (416) are tabulated. This break-out
of data 1s also provided for the other aircraft classes
(417-435),

If it is desirable, tabulated data may be printed (438)
out at the end of each hour of simulation by testing the
current clock time with respect to increments in multiples
of 3600 seconds (436, 437). At this point the activities
of the transaction (aircraft) are terminated in the simula-

tion (439).

Commercial Ramp Opreration

Sequence 441-482 represents the commercial ramp model.
Upon leaving the taxiway intersection (441) a ramp operation
priority of zero is assigned (442). Next a tabulation is
made for total delay incurred while taxiing (443), the cost
of that delay (444), the total time spent taxiing (445), and
the total cost for the taxiway operation (446)., The air-
craft taxis through the ramp to the terminal (447) where it
joins a qusue for terminal service (448). The time the airéw
craft joing the queue for terminal service 1s noted (449)
and 1t then links onto a user éhain (M5O).27

A Transfer~All conditlon is tested (451) whereby the

airecraft is agsigned to the first gate position that becomes
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availa"blenz8 Upon entering the first available gate posi-
tion (452, 455, 457 or 460) the aircraft records the gate
position number in a parameter (453, 456, 458 or 461) which
then allows a programming simplification called indirect
gpecification to be used. Since the operation of each gate
is essentially the same, the four gate service processes
can be resolved into one (454, 459, 462) in which the argu~
ment for a particular gate is not directly specified; rather
an address (gzate number in an aircraft parameter) where the
argument can be located is specified. The aircraft departs
the queue specified by the gate number carried in one of its
paremeters (463). Queue statistics (463) and terminal de-
lay (464) are recorded while tabulations are made for termi~
nal delay (465), delay cost (466), arrival rate 467), inter-
arrival rate (468), total arrival delay incurred during ap-
proach, taxiway and terminal ramp operation (469), the as-
sociated cost (470), the total time spent reaching the ser=-
viece point from the terminal area boundary (471) and the
total cost of the arrival operation (472).

The next alrcraft in the queue is unlinked to seek
terminal service (473), the alreraft recelves 1its service
(474) and then leaves the gate position (475). The time of
departure is noted (476) and the aircraft taxls through the
terminal ranp to the taxiway (477). The time the taxiway
intersection is reached is noted (479), a priority of two
is assigned (480) and the alrcraft jolns & queue for the

taxiway intersection (481-482),
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General Aviation Ramp Operation

Sequence 484 through 546 represents the general avia-
tion ramp model. Upon leaving the taxiway intersection
(h84)¢ a ramp priority of zero is assigned (485). Tabula-
tions\;re made for total delay incurred in the taxiway sys=
tem (486), the delay cost (487), the total time spent in the
taxiway system (488), and the total cost of thé taxiwaj op=
eration (489). After taxiing through the ramp to the par-
king area (490) tabulations are made for the arrival rate
(491), interarrival rate (492), total arrival delay (the
sum of any holding, regulator, missed approach or taxiway
(delay) (493), the arrival delay cost (494), the total time
required for the arrival operation (495), and the arrival
operation cost (&496),

A test 1s made to determine if the aircraft is a local-
1y based craft (497). If so, it enters the local parking
and hangar area (501)., If the aircraft if not of local reg-
istration, it enters the transient area (498) where a count
is made of the number of transient stops (499). A statisti=-
cal transfer is used to designate the percentage of tran-
sient aircraft "remaing-over-night" or RON (500). The RON
aircraft park in the local area (501). A count of the num-
ber of aircraft entering the local area is made (502) and
then the aircraft registration is tested (503). If the air-

craft is locally registered, tabulations are made for total
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arrival delay (504), delay cost (505), total arrival time
(506) and cost of arrival operation (507). A similar tabu-
lation is made for the RON aircraft (508=512)}. The activi=-
ties of these aircraft are then temporarily terminated
(513)o29

The non=RON transient aircraft are counted (514) and
the time of their arrival is noted (515) as they queue for
service (516). Upon receiving service (517) queuve statis-
tics are gathered (518) and the time service is begun is
noted (519)., Tabulations are made for the service delay
(520) and delay cost (521). After receiving service (522)
the aircraft leaves the service point (523), taxis to the
taxiway for departure (542-546),

A generation sequence similar to that described at the
beginning of this chapter is represented by blocks 524
through 539. The time periods are arbitrarily selected
(ic€0y 6 QoMo=10 GoeMo, 10 QolMe=2 PeMo, 2 PoMe=6 Pells Trepre=
sent the likely periods of general aviation aircraft activi-
ty). As mentioned earlier, parametric simulation or a com=
bination of statistical and parametric slmulation techniques
may also be employed,

Upon leaving the local area (540, 541) the aircraft
marks its departure time in a parameter (542) and taxls to

the taxiway (543~546).
VFR Trombone Operatlon

Sequence 550 through 594 represents the VFR "trombone™
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approach model. Figure 8 illustrates the basic features of
the approach patterneBO The mostrsignificant features in-
volve the criteria for turning onto base leg. These cri-
teria are as follows: (A) If no aircraft is landing in
front of the aircraft under consideration that aircraft
need only fly downwind beyond the runway a distance eguiva-~
lent to the nminimum stablilization distance [&0_7 before
turning from the dowwind leg onto the base leg. This re-
sults from the assumption that all VFR approaches use a
squared pattern consisting of at least downwind, base and
final legs. (See Figure 8a). (B) If the preceding landing
alrcraft is turning on final and 1s closer to the runway
than the aircraft under consideration, the latter aircraft
may turn onto base. (See Figure 8b). (C) If the preceding
landing aircraft has turned onto final but is further from
the airport than the alrcraft on downwind, the latter air-
craft must continue downwind untll the preceding alircraft
passes by on final. (See Figure 8¢).

Due to the complexity of the logic in this particular
model, material that has previously been allocated to foot-
ﬁotes will be carried in the main text,

Random VFR arrivals fly from the terminal area boundary
(550) to the downwind leg entry point (which is assumed to
correspond to the runway mid-point) (551), Missed approach
and touch-and-go re-entries are also made at this point (664G
682),

Upon entering the downwind‘leg the alrcraft is tested
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to determine if it is jet or reciprocating engine (552).
Jet aircraft are assigned to the 1500f flight level (553)
while reciprocating engine aircraft are assigned to thé
1000" flight level (557).

Assuming that ﬁhe optimum (or earliest) point where
an aircraft on downwind could turn onto basé-is at a dis-
tance (% BW + c) from the entry point, the aﬁriving aircraft
flies that distance (554, 558). Upon reaching the point for
optimum turn onto base (i.e., 2RV +¢) a landing sequence
number (N) is assigned (560) and the arrival ﬁime at that
‘ﬁoint is noted (561) and further designated (CO). In ad=
dition, the current time is recorded (562) and designated
(c2). [ Initially CO and C2 are equal in value; however,
the value of CO (561) is stétic while the value of C2 (562)
is continuously incremented as long as the alrcraft con=-
 tinues on the downwind leg,/

Next, a test is made to determine if the alrcraft that
has most recently turned on final is the N-l1l alrcraft in the
landing sequence (563). C2 (562) is incremented by a unit
of time ewery time this‘condition is not met and the teét
ig repeated., When the alrcraft most recently to have turned
on final / designated (x)b_/ is the N-l1 aircraft, a test is
made to determine whether the N-~1 aircraft has passed by on
final (564). Specifically, if the current time, C2, is e-=
qual to or greater than the time the N-l aircraft is due to
arrive at the commitment=-to-=land point (i.e., Cl + NP,

where Cl is the time the N~l~airoraft turned on final and
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fMP is the time it takes to fly down final to the commit=
ment-to~land point) then the N=1 aircraft has passed by on
finel and the N aircraft may turn on base (567). If, how=-
ever, the N1l alrcraft has not passed by on final, the N
alrcraft must continue downwind until the N=-1 aircraft has
pagsed by on final. Specificeally, the distance covered by
the N aircraft between time CO and the current time C3 (1.€.-
C3 - CO) must be equal to or greater than the distance re-
maining to be covered by the N=1 aircraft on its path to the
comnitment=to=land point (i.e., Cl + fMP =~ C3), This con-
dition ls tested for each unit of simulation clock time

and whenever the condition is not met the current time C3
(565) is incremented and the test is repeated.

After turning onto the base leg (567) from the downs
wind leg (568), the time spent in the downwind leg after
reaching the optimum turning point (i.e., % RW + c) is
recorded as MP in a parameter (569)., Noting that the tail
wind condition that an alrcraft experlences while on down-
wind will cause it to cover more distance on the downwind
leg in & given period of time than it will cover for a
similar period on final, a wind factor (f) is introduced.
The value fMP is then recorded in a parameter as the time
required for ﬁhé aircraft to fly lts final approach leg
(570). (This wind factor results in the creation of ex=-
cesslve interarrival gaps if the trombone becomes greatly
extended under strong wind conditions,)

A duplicate transaction is created to perform a pseudo
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operation for establishing separation criteria for a depar-
ture desiring to take off in front of an arrival (5?l)a

The basic assumption made is that a take-~off can be author=-
ized in front of a VFR arrival on base or final provided

it can clear the runway before the arrival 1is ready to land.
The time the landing aircraft turns on base is noted (572)
and a test is made to determine whether the take~off time
of the alrcraft currently awaiting departure is less than
or equal to the time required for the arrival to fly its
base and finel legs. If so, the approach time of the land-
ing aircraft establishes the departure separation criteria
(575). Otherwise the take=~off time, RW(x), of the aircraft
currently awalting departure establishes the departure sep-
aration criteria (577). In this latter case the landing
alrcraft covers a time period equivalent to the base leg
entry time minus the departure separation time [fi.e,, Cl -
RW(X)_7 before activating the facllity representing a de=-
parture clearance refusal (580=583). (The departure alr-
craft tests the status of this facility during 1lts depart~
ure clearance process.)

The length of the base leg should reflect the required
interarrival separation for the runway, thus the length of
the bhase leg for the N alrcraft is assumed to be the land=
ing time RW (N~1) of the preceding arrival (584). The
landing sequence number of the aircraft is recorded, (x)b,
as it turns onto final (585) along with the current time,

C1 (586); the time required to fly the final approach leg
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fMP (587): and its expected landing time RW (588). The
aircraft proceeds down final to the commitment-to=land
peint (589=591) where it records its airborne or landing
delay (592) and the assoclated delay cost (593).

It should be noted that the above is a formalized des-
cription of the VFR trombone operation in the sense that
there is little or no ground control involved. Consequent=
ly, traffic control 1ls undertaken by the individual pllots.
This results in a wide range of performance characteristics
that are basically informal and thus very difficult to ana-

lyze or simulate.
VFR Approach Operatlion in Mixed IFR=-VFR Traffic

Sequence 595 through 648 represents the VFR approach
nodel for mixed IFR=VFR traffic conditions. (See comments
at the end of footnote 304.see also Figure 5,E§;ﬂdf   :.

As wilth the previous VFR approach models, alrcraft arw=
rive essentially on a random basls at the entry point to the
downwind leg. Vertical separatlon 1s established between
jet and reciprocating engine alrcraft (596) and the alrcraft
fly downwlnd (597-603) to & holding point just off the end
of the runway. The alrcraft queue for landing clearance
(604), note the arrival time (605), and link onto a user
chain (606)., (Note that Jet alrcraft have priority in the
landing sequence over reclproceting englne alrcraft due to
thelr higher fuel consumption retes, )

After reaching the initlel landing decision (or clear=
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ance) point (607), quéue statistics are collected (608), the
time required to fly the base leg is pre-determined (609)
and the current time is recorded (610).

A test is made to determine if the most recent aircraft
to reach the commitment=to=land point can land and clear the
runway (Cl + BRW) before the aircraft currently under consi=
deration can reach the commitment=to-land point (611). If
this condition is met, a check is made to see 1if the re-
guired separation (3 NM) can be maintained in front of an
instrument approach (612)., If so, a test is made for light
aircraft (613, 614) which must test the status of the wing
tip vortice problem on the runway (615, 616). A statistical
transfer determinés the percentage of sircraft which will
decide to land inspite of a vortice problem (617). If the
alrcraft is unable to land it tests the status of the land-
ing queue (618) and if there are no aircraft close behiﬂflit
the alrcraft executes a 360 degree turn_(619), increments
its clock time (610), and repeats the decision process (61ll=
617). If the aircraft cannot execute & holding turn because
of traffic behind it (618), it executes a "go around" pro=-
cedure which takes it back to the downwind leg entry point
(620~627)s Holding delay (625) and delay cost (626) are
tabulated for subsequent print out.

Alrcraft meeting the landing requirements turn onto
base leg (628), unlink the next arrlval aircraft for the
landing decision process (630) and record the airborne (or

landing delay (631).
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As in the preceding VFR approach model, a duplicate
transaction 1s created to perform a pseudo opreration for
establishing the separation criteria for a departure de=
siring to take off in front of an arrival (632). The as-
-sumption underlying the criteria is that the departure must
be able to clear the runway before the arrival is ready to
land. A test is made to determine 1if the time required for
the arrival to fly its base and final legs (b + ¢) is less
than or equal to the time (RW) required for the departure
to take off (634). If so, the value (b + c¢) is used as the
separation criteria (635), otherwise the vale (RBW) is used
(636). In the latter case the arrival aircraft flies for a
period of time (b+e = BW) (637) before activating the 'mno
departure® facility (639~642), (A departure alrcraft must
check the status of thls facility end if 1t iz in use, take=

off clearance 1g refused,)
Mlssed Approach Operatlion

Sequence 650 through 662 represents the missed approach
re=entry procedure model. It 1ls assumed that the misged ap-
proach procedure allows the alrcraft to break away from the
runway a8 qulckly as possglble, Upon leaving the final ap-
proach (650) the number of missed approaches is counted (651)
and the alrcralft flles the prescribed missed approach pro-
cedure (652)., Any time spent performing a missed approach
procedure is considered delays; consequently, the amount of

delay and its assoclated cost are determined and tabulated



63

(653-656). The alreraft next tests for IFR weater con-
ditions (657). If the weather is VFR, a test is made to.
determine 1f the airport is allowing mizxed IFRE~-VFR opera-
tions (658). If so, a test is made for alrcraft filing
IFR flight plens (659). Blocks 660-662 direct aircraft to

the appropriate re-entry area.
Touch-and-Go Operation

Sequence 664 through 682 represents the touch-and-go
re-entry procedure model. The number of touchwand-go op=
erations ls counted (664) and the alrecraft executes 1ts
touch-~and=go procedure on the runway (665). A statistilcal
transfer (666) determines the percentage of alreraft that
slect not to rewenter the approsch pattern, These alrcralt
depart the terminal area for another alrport (667=670).

Alroraeft that request permlsslon to re-enter the
approach patbtern test a statletlcal transfer usged to deslge-
nate the probabllity that an alreraft wlll request a full
stop lending (671)., 8uch alreraft are authorized to re-~enw-
ter the approach pattern via a "go~around! procedure (676=
684), If an alrcraft desires only to attempt another
touche-and-go, the status of the approach system nmust be
checked (672«674), If the alrport 1s considered too busy,
the alreraft s not allowed another touch~and-go and a
statistical transfer (675) is used to determine the per-
centage of alrcraft that will then request a full-stop

landing. (The definition of an alrport too busy to allow
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touch=-and-go operations is strictly the controller's inter-
pretation; however, this model assumes that the occupancy
status of the regulator and the downwind legs determine the
actlvity level of the airport with respect to authorizing
e touch-and=go operation.) Aircraft not authorized another
touch~and-go depart the terminal-area for another airport
(667-670) .,

In closing this chapter, the point is re~emphsized that
these models have been developed as illustraticons of a pro=
cedure rather than as descriptions or working models of any
specific alrport system or problem. There are innumerable
variations among airports in both design and operation; how=
ever, it is hoped that the procedure just described provides
gufficient lnsight into the use of computer simulation and
airport systems analysis to provide the interested analyst
or planner with the ceapabllity for developing hils own simu-

lation models.



-

0

]

1
WRITE
~-PARAMETRIC SIMULATION
2
JOB TAPE
TRANSACTION DATA
- A
TRANSFER
TMA
or
Y 8 s 12
GENERATE GENERATE [P GENERATE
00-01 hrs 01=-02 hrs 23~24 hrs
5 9 L - 13
ASSIGN 1 . ASSIGN e ASSIGN
CL DIST CL DIST CL _DIST
6 3 10 . 14y
ASSIGN ASSIGN . P ASSIGN
TIME TIME TIME
7 11 | 15
TEST TEST o] v TEST
| Clir 01 c1 02 Cl IE 24
: yes "l yes yes:

16

-

TERMINATE
Q

Flgure 9. Flow Chert for Comprehenslve Alirport .
Systems Simulation Procedure.

B

65



66

es

: 18 19
TEST  |yes[ ASSIGN | [ TRANSFER
IF CL A >l cL A DATA TMA
no :
20 . ’ 21 22
TEST es| ASSIGN | TRANSFER .
IF CL B ~ LCL B DATAI | ___TMA g
no o _
2 - 24 2g ,
yes] ASSIGN TRANSFER |
IF CL C CL C DATA[] ™A @[>
no , ‘ )
2 v 27 28
TRST yes| ASSIGN TRANSFER o
IF CL D 1.CL D DATA[ TMA -
= » : :
29
ASSIGN :
CL F DATA
32 31 - 30 '
T LOGIC X SAVEVALUE | ENTER
FLT RULE [ | TMA DATA TMA
33 34
TEST = |no [ TEST no SEE PAGE 93
IF IFR [ LIFR/VFR OR VFR MODEL
lyes o yes ' o .
37 36 .y - 35 :
SAVEVALUE| no| TEST ~TEST no_ SEE PAGE 96
# DIVERTS IFR _CAP IF IFRFP[ ~FOR VFR OPN
Fes yes IN MIXED
38 : TRAFFIC MODEL
LEAVE » 2 ‘ :
TMA
39 : Lo .
TERMINATE ENTER
{WX DIVERTS HOLD AREA.
41 91 92 3
GATE NU |yegl SEIZE o] PRIORITY GATE SNF
LEVEL 1 LEVEL 1 _IFR REGULATOR
no ' . Ino
Figure 9, (Continued)



o

ADVANCE
HOLD PATN
95
TRANSFER
88 87
ADVANCE SEIZE
LADDER LEVEL 1
=
84 lyes
] . GATE NU
C LEVEL 1
no
82 | 8s
TRANSFER ADVANCE
LEVEL. 2 HOLLD PATN
81 86\
RELEASE <.:_’I‘RANSF‘ER
LEVEL 3
80 79
ADVANCE SEIZE
LADDER

|_LEVEL 2
76 Iyes

" GATE NU

N

LEVEL 2

TRANSFER
LEVEL 13

no
27 )

ADVANCE

HOLD PATNI -

73

- RELEASE

TLEVEL 4

78 Y

72

TRANSFER

ADVANCE

71

SEIZE
LEVEL 3

®
90
TRANSFER
LEVEL 1
89
RELEASE
LEVEL 2
h2 83
‘GATE NU |yeg| SEIZE
LEVEL 2 |_LEVEL 2
no )
43 75
GATE NU |yeg| SEIZE
LEVEL 3 LEVEL 3
) no
iy 67
GATE NU [yeg] SEIZ
LEVEL 4 LEVEL &4 |
- |no

LADDER

68 yes

I

Figure 9+ (Continued)

GATE NU

LEVEL 3

5

67




® @ g ®
66 ? 69 ?
TRANSFER ADVANCE
LEVEL & HOLD PATN
65 70 ¢
RELEASE | TRANSFER
LEVEL 5
6l : 63
ADVANCE SEIZE
| LADDER [* LEVEL 4
45 | 59 60 |yes
GATE NU [ye SEIZE GATE NU
LEVEL 5 "l LEVEL 5 LEVEL 4
no , no
58 AL |
TRANSFER ADVANCE
| LEVEL 5 HOED PATN
A
7 v 62
RELEAS | TRANSFER
LEVEL 6 £ ,
! .
56 55
ADVANCE — SEIZE
| LADDER LEVEL 5
_ \
46 51 52 |yes
GATE NU | yeg[ SEIZE GATE NU
LEVEL 6 LEVEL 6 ) LEVEL 5
no no
47 sk 53 y
SAVEVALUE TRANSFER ADVANCE
NBR DIV , < HOLD PATN
48 99° 96
LEAVE ASSIGN ENTER |_y
HOLD AREA M1 <\ | REGULATOR
k9 100 97 .
LEAVE TABULATE | RELEASE
TMA HOLD DELAY LEVEL 1
50 101 98 :
TERMINATE TABULATE | | | LEAVE
_DIVERTS. DELAY COST HOLD AREA
Figure 9o -

68



662/683

TRANSFER

102 gf

ADVANCE
R=Sp

SEE ;[GE 99
FOR IFR MISSED
APPROACH RE-
ENTRY. SEE
PAGE 100 FOR

- TOUCH & GO
REENTRY (VFR

WX ONLY)

@

103

104

€<

QUEUE
ILS(So)

MAGK WP
DELAY

105

LINK
FIFO

1067,

GATE NU -

no

ILS S,

yes
107

ASSIGN
Sa

108

ASSTEN T
m

109 \

ASSIGN
c

110~

SAVEVALUE
TIME

111

SAVEVALUE
Cl+m-S4

112

SAVEVALUE

CI. "Hn-te

Figure 9;‘-(Cont1nued)




G
iiﬁlkj

T Ly

BW(S )

_ yeés
L34 o

ne TEST

no

RW (&)

yes
15

ves TES

IF L D

no
116

yes TEST

et

117

no

TEST
AWTV (to)

yes
118 o

TEST

es

IFCL B

noe

DWTV (£ ,.)

Figure G

.
g

116 ¥

SEIZE
1LS(8,)

120

DEPART
QUEUE

121
ASSIGN
MP

122
TABULATE
REG DELAY

123
TABULATE
DELAY COS

124 y
ADVANCE

So

5

{(Continued)

-~

y
P



o,

i
125

ENTER
FINAL -
126
RELEASE
TLSLB 0
127 3
LEAVE .
REGULATOR
128
UNLINK
FIFO
129
SPLIT
130 141
SPLIT SPLIT
131 136 v
ADVANCE 'ADVANCE
M=D{Sa) m=D{tan)
132 ¥ 137
SEIZE SEIZE
AD{Sa) AD(tq)
133 138
~ADVANCE ADVANCE
D(S,) D(t,)
134 ¥ 139
RELEASE RELEASE
AD(S,) AD(tq)
135 140 :
TERMINATE TERMINAT
’ 0 0
147
ADVANCE
m-c

RS

|

1h2 g

ADVANCE
m={S.4b

143

" SEIZE
VER(Sotb}

144

ADVANCE
S_+b

145

RELEASE
VFE(S  +b)

146

TERM%NATE

Figure 9: (Continued)

~J

[



~1
DI

59l /6148

TRANSFER

148
SAVEVALUE
A ~ NBR
SEE PAGE 99
FOR MISSED 149
APPROACH MODEL SAVEVALUE
A TIME
649 150
~ ENTEH SAVEVALUE
MISSE? APP c
%
151
. SAVEVALUE
RW
159 152 ¢
TRANSFER nol GATE NU
STAT, [A ) CLI
yes
153
B noj GATE NU
yes
154
yes{ TEST
» IF CL D
- {ho
155
I yes TEST
IF CL E
no
156
no GATE NU
<P AWTV(t )
yes
157
GATE NU iyes .
DUTV(to)
) no
L v
{I\ﬂ
<1 STAT. >
@ &

Flgure 9. (Continped)

SEE PAGE 96
FOR VFR -
ARRIVAL
MODEL. SEE
PAGE 98 FOR
VPR ARRIVAL
IN IFR~VFR.



160 ¢

=

Tvad

TRANSFER

®
161
- A “TRANSFER
' STAT.
162
SAVEVALUE]
NBR DIV ¢
163
TRANSPFER
164
SAVEVALUE
NBR DIV
| |
165
LEAVE
FINAL |
166 |
LEAVE
TMA
167 §
TERMINATE
DIVERTS

Figure 9

STAT,

168 y

SEIZE
CLI

169 j,

VANCE
C

(19

(Continued )




q?

663

TRANSFER
LOUCH & GO

SEE PAGE 100

FOR TOUCH

AND GO MODEL

170 3
SELZE
BRW
171
RELEASE
CLI
172
LEAVE
FINAL
173
- no TEST
| IF IFR
es
174 y
TEST 7o .
PTG
res .
175 7
TEST ho N
REG .S
yes
176. _
TEST no N
DW 1000 S
yes
yes THEST 1o
DW_ 1500 S -
178 ¢
TABULATE
ARR RBATE
179 v
TABULATE
IA BATE
180 |
TABULATE
A/B DELA
181 |
TABULATE
DELAYYCOST
.
Figure 9, (Continued)

~3



182 |
TABULATE
A/B TIME
183
TABULATE
OPN COST
184
TEST yes
IF CL A
no
185
- TEST yes -
IF CL B
no L
186 vy
SPLIT
192 187
SEIZE SEIZE
RW 351 AWTV(S,)
193 188
ADVANCE SAVEVALUE
351 TIME
306 195 194 139
ENTER TRANSFER | yes[ TEST ADVANCE
EXIT 2 STAT. [S IF CL E to
R _| no
197 136 190
' TRANSFER | yes] TEST RELEASE
SEE PAGE 80 STAT. IF CL D AWTV(S,)
FOR EXIT v Tho
MODEL 198 191
SEIZE TERNMINATE|
RW 352 0
199
RELEASE
RW 351
200
ADVANCE
_ 352

Figure 9. {(Continued)

75



283

EXIT 3

ENTER

yes

201-6?

TEST

SEE PAGE 79
FOR EXIT

MODEL

260

203

TRANSFER

Jes

IF CL B

no
202 ¢

TEST

STAT,
v

IF CL D

205

TRANSFER

Yes

no
20%

TEST

ENTER
EXIT 4

STAT,
Y

IF CL C

no

206\

SEIZE
BW_353

207

RELEASE
RW 352

208

ADVANCE
353

209 -

yes

TEST

SEE PAGE 78
FOR EXIT

MODEL

211

TRANSFER

yes

IF CL D

no
210

TEST

STAT.,

IF CL C

no

213

TRANSFER
STAT,

yes

212 "

TEST

IF CL B

Y

Figure 9.

(Continued)

214

SEIZE
BW 354

215

RELEASE
_BW 353

216

ADVANCE

354




237

ENTER
EXIT 5

ﬁ?
217 o

TEST

238

219

TRANSFER
STAT,

YEeg

IF CL, C

no
218 |

TEST

Y
221

IFCL B

TRANSFER[Ye

fw] 1AT@

RELEASE
RW 354

239

RELEASE
BW

240 3

PRISRITY

241

MARK MP
TW_TIME

6

\

no
220 73

TEST
IF _CL A

Flgure 9.

SN0
222

SEIZE
BW 355

223

RW_354

RELEASE

224

ADVANCE
355

225 V

ENTER
EXIT 6

226 v

HELEASE
BRW 355

227 ¥

RELEASE
RW

228 ,

PRIORIT

229 A

MARK WP
TW_TIME

230y

ADVANCE

EXIT

w

(Continued )

~3



242? | o ,231(?

ADVANCE ENTEH
IT W56
243 ¥ ‘ 232
LEAVE "LEAVE
EXIT 5 , EXIT 6
24k 233 ¢
MARK MP ‘ . ADVANCE
DELAY 56
245 234 Y
QUEUE ‘ “LEAVE
INT 50 | TW 567
246 i 235 y
TRANSFER] - [ MABK WP
INT - DELAY
236
QUEUE
INT 50
\
287 A
SE1ZE
INT 50
248
DEPART |
QUEUE
SEE PAGE 76 ,
FOR ENTRY : 2ho
FROM RUNWAY ASSIGN
I : MP
261y 250
RELEASE TABULATE
RW_353 ’ INT DELAY
262 . 2cy
RELEASE TABULATE
RW  |DELAY (ST
263 252,
PRIOBITY' PRIORITY
0 1

: b

Figure 9. (Ceontinued)



2605

¢

Figure 9.

MARK MP
TW_TIME INT
265 25h
ADVANCE ENTER
EXIT 5
266 DEE
LEAVE RELEASE
EXIT INT 50
267 : 56 ¥
MARK MNP ADVANCE
DELAY b5
- 268 Y 257
QUEUE LEAVE
INT 40 ™ 45
269 ¥ 256 )
TRANSFER MARK MP
INT DELAY
259
QUEUE
INT 40
2707y
SEIZE
INT 40
SEE PAGE 76 271_& '
FOR ENTRY DEPART
FROM RUNWAY . QUEUE
284 272 \
RELEASE ASSIGN
SEE PAGE 85
RW 352 FOR ABORT 1P
285 | AE=ENTRY 273 \
RELEASE : TABULATE
BW INT DELAY
286 - 274
PRIORITY TABULATE
Q DELAY COST

(Continued)



286 T

275

Figure 9.

(Continued)

276
VMARK NP PRIORITY ADVANCE
TW_ TIME 1 INT
287 277
ADVANCE ENTER
EXIT T™W 34
288 278
LEAVE RELEASE
EXIT 3 INT 40
289 279
MARK NP ADVANCE
DELAY 3k
200 280
QUEUR T LEAVE .
INT 30 TW_ 34
291 281
TRANSHER MARK MP
__INT DELAY
282
QUEUE
INT 30
292
SEIZE
INT 30
293
DEPART
QUEUE
294
: ASSIGN
SEE PAGE 75 MP
FOR ENTRY
FROM RUNWAY 295
TABUALATE
INT DELAY
307 | 297 296 3
RELEAGE PRIORITY TABULATE
RW 351 1 YJELAY COST
@ é%

80



Figure 9. (Continued)

é

81

) &
308 297
RELEASE. ADVANCE
RW INT
309 ¥ T- 298 Y
PRIORITY TEST no -
0 IF CL D T
SEE PAGE 85 yes 299 |
310 ¢ FOR ABORT yes[ TEST
MARK MNP RE~ENTRY v IF CL E
 TW _TIME 300, no
' ENTER
311 y - ™ 273
ADVANCE ‘
__EXIT 301, $ho
RELEASE ENTER
312 \ INT 30 COM RAMP
— LEAVE _
EXIT 2. 302 vy
ADVANCE
313 ¢ 2 SEE PAGE 88
MARK MP POR COMMERCIAL
. DELAY 303 RAMP MODEL
LEAVE
314§ _TW 23
QUEUE ,
INT 20 304 SEE PAGE 89
1 ["MARK WP FOR COMMERCIAL
315, : DELAY RAMP DEPARTURE
TRANSFER MODEL
‘ INT 305
QUEUER l
INT 20
316 .
SEIZE
INT 20
317 v
DEPART
QUEUE
318 .
ASSIGN
MP



319<8

TABULATE
INT DELAY

320
TABULATE
DELAY COST

321

PRIORITY
1

322 3
ADVANCE
INT

323

' TEST es -
SEE PAGE 92 IF CL D _

FOR GEN AVN . no
RAMP DEPART- 324
URE MODEL TEST

yes -

l IF CL E
. . o L
547 - 325 k53 y
ADVANCE : ENTER ~ ENTER
TW 10 o TH 12 G/A RAMP

ShB 326
LEAVE | RELEASE %
TW_10 INT 20 | SEE PAGE 90
, : : FOR GENERAL
549, 327 AVIATION
TRANSFER ADVANCE RAMP MODEL
. 15 ,

28
LEAVE
TW 12

329
nol| TEST"
IF JET
yes

ENTER
RUN-UP

&

Figure 9. (Continued)




331

ADVANCE
RUN-UP

32,

1
LEAVE
RUN-UP

TRANSFER

Figure 9.

':31‘,

ENTER

g
EXIT 1

335

ADVANCE
EXTT

36

TABULATE
TW DELAY

337

TABULATE

|DELAY QST

338

TABULATE
TW TIME

339

TABULATE

OPN COST
340

QUEUE

341

MARK MP
DELAY

342

LINK
FIFQ

(Continued)

83



G

3454
SEVEVALUE
D=RW
345 Ll |
. 1ng TEST n TEST
IFR-VFR L _IF IFR
es es .
346 Y :Z
< TEST [yes '
IF_IFR_FH
347 352
GATF. NU SAVEVALUE
AD(S,) __TINME
yes
_34’81, 353
GATE NU GATE NU |no
] ANTV(tg) RW
, es yes
349 e 354
GATE NU TEST  ho
RW d(Sp)
yes es
35000 355"
GATE NU GATE NU o
DWTV(tg) AD(Sq)
' yes yes
351 356
TRANSFER no TEST
SIM IF CL D
357l yes
TEST yes :
IF CL E ~
no 358
- \ - GATE NU |no
< AWTV(En)
360 yes
SEIZE 359
RW GATE NU ho
yes| DUTV(t,)
361 -
DEPART
QUEUE
362 380
TRANSFER | ASSIGN
ABORTS - g;
Figure 9. (Continued)

84



SE1ZE
|_BW 351
364y
ADVANCE
TAXT 351
365y ' :
THEST
IFCLD [
no
366y
TEST es
IF CL E | .
' [ no i
367y 375%
"SEIZE ENTER
Ry 352 1 EXIT 2
368 | 376 386 :
RELEASE RELEASE SPLIT
|_RW 351 L_BW 351 B ‘
369 377y 392 387
ADVANCE RELEASE ADVANCE ~ SEIZE
TAXI 352 RW Ry DWTV(t,)
370 378y 39.3L ' 388 ;
ENTER UNLINK “ENTER SAVEVALUH
EXIT 3 FIFO DEP_RTE TIME
371 ' ; 3’79i o 9Ly 389 .
RELEASE TRANSFER RELEASE ADVANCE
RW 352 EXIT 2 RW t_
372y | 3951 3.9:0\[
RELEASE - UNLINK RELEASE
RW SEE PAGE FIFO | DUTV(tg)
FOR EXIT
3773 MODEL 81 396\ 391
_UNLINK , 4 TABULATE : ’%%%M%NITE]
FIFO . DEP RATE 0 J
374 397
TRANSFER TABULATE
EXIT 3 ID RATE
SEE PAGE 79 eg'
FOR EXIT MODEL
Figure 9. (Continued)



Figure 9.

IF IFR

Jes

399

no

DEP

LEAVE

RTE

401

Lo2

ADVANCE
d4Sa

1303

ADVANCE

401y

SFER

SAVEVALUE
TIME

Lok

LEAVE

DEP RTE
405

ADVANCE
TMA=d=S |

LN

(Continued)

Lo6

- LEAVE
~TMA

Loy |

TABULATE

DEP TIME

408

TABULATE
QPN COST

- 409y

TABULATE
TMA TIME

410

TABULATE
OPN _COST

4

TABULATE
CAPACITY




Y

bl 413
TABULATE ] [ TARULATE ] 3
DELAY. COS DELAY
816 his | ‘
TABUTATE ‘“%%%ULATE
OPN COST [* TMA TIME
419 w18 bi7
—TABULATE TABULATE | ye TEST
DELAY COX| DELAY IF CL B
: no
421 . b20
TABULATE] TASULATE
OPN COST|< TMA TIME |
bk 423 422 |
TABULATE |_ TABULATE | _yed TEST
DETAY COX DELAY . I€ IF CL C
no
426 425
TABULATE |_ TABULATE
"OPN COST TMA TIME | -
429 428 v2r
TABULATE TABULATE | ye E '
DELAY COST< DELAY [€ IF CL D
no
b1, 430
TABULATE TABULATE
OPN_COST TMA TIME |
435 43k , 433 1§32
TABULATE TABULATE TABULATE TABULATE
OPN COST TMA_TIME [ |DELAY COS7J DELAY
436 b3z
TEST [no ——— 5 TEST no
C1=01 Cl=213 -
yes yes
y —— \
438
PRINT
HRLY STAT,
39
TERMINATE \
SIMULATIO
Figure 9. (Continued)

87



L6 | SEE PAGE 81
TABULATE FOR COMMERCIAL
W OPN @sT ™~ A RAMP ENTRY
bhpi | bt |
ADVANCE | RELEASE
RAMP INT 30
s bh2y '
QUEUE PRI RITY!
TERMINAL 0 ‘
L9 Wh3 ‘
MARK MP TABULATEj
DELAY | TW_DELAY
450 Iylyly
TINK TABULATE
FIFO DELAY COST
oty Wysy
TRANSFER TABULATE
ALL 1 W TIME
\ L S
52 s 457 6o
SEIZE SELZE SEIZE SEIZE
GATE 1 GATE 2 GATE 3 GATE 4
453 bl 158} Wei: §
ASSIGN . ASSIGN ASSIGN ASSIGN
1 2 3 4
b5l 5 y62:
TRANSFER TRANSFER TRANSTTH
he3y,
DEPART
QUEUE X
Figure 9. (Continued)

88



"

ASS IGN

L6s

TABULATE

TERM DELAY

Lé6 y

ULATE
(ELAY COST

167
ABULATE

ARR RATE
468

"TABULATE

IA RATE

69
"{ TABULATE |
ARR DELAY

uZO\
TABULATE
ELAY C QS T

! -%’K;%U LATE

ARR TIME

2.9
ATE
OPN COST

4723

UNLINK
FIFO

7y

ADVANCE |
SERVICE

LYAR

RELEASE

476

GATE X

Figure 9.

(Continued)

k77

PIDEP TIME

ADVANCHE
RAMP

T~

h78 )
LEAVE

COM RAMP

479
DELAY

480.

PRICRITY
2

—QUEUE
INT 20

482,

TRANSFER
TUINT

SEE PAGE 81
FOR DEPARTURE

OPERATION

89



20

| | . " SEE PAGE 82 .
490 . FOR GEN AVN

ADVANCE 1. - .RAMP ENTRY .
RAMP <~ A i
4ot - L8k
TABULATE RELEASE
ARR RATE INT 20
492 ' 485
TABULATE | PRIORITY
IA RATE - Q
493 \L 486 Y
TABULATE " | TABULATE
ARR DELAY| ’ | TW_DELAY
Lol ' . uepy
PABULATE , TABULATE
DELAY_COST} DELAY COST|
Y 188
TABULATE TABULATE
ARR TIME | TW TIME
496 : 489 Y
TABULATE N T TABULATE
OPN COST < —LoPN cOST
497 y_ 408 |
THEST no
IF LOCAL [T 7] TRAN AREA
yes
499
SAVEVALUE
NBR
500 ¥ , 514
- TRANSFER SAVEVALUE
STAT, “L_NBR
501 ¥ ' ' 515 o
ENTER . MARK MP
LOCAL ARFA | - / DELAY
502 516 y
SAVEVALUE ‘ 'QUEUE _
NBR a o SERVICE

s

Figure 9. (Continued)



503

, 508
TEST yes | TABULATE
IF RON v ARR DELAY
no :
' 504 509 ¥
) TABULATE TABULATE
L"_-——f‘> ABR DELA DELAY COST
505y 510
TABULATE 'ABULATE
PELAY COST ARR TIME
'6%EB.ATE TABULATE
ARR TIME OPN COST
507 512 y |
TABULATE - | TRANSFER
QPN cosT |
N3 - - .
TERMINATEl / 522
0 A | ADVANCE
_ SERVICE
524 528 532 523
GENERATE GENERATE | - | GENERATE RELEASE
06-10 hrs] 10-14 hrs 14-18 hrs SER_PT
525 529 533
ASSIGN ASSIGN ASSIGN
CL DIST CL DIST CL DIST
526 y 530 534 |
ASSIGN ASSIGN ASSIGN
TIME TIME TIME
528 . 5}% 535 §
TEST I iy 193 Thol nog
c1 LE 10 ci LE 14 |1 lc1i LE 18 [
yes yes - yes
537 538

no

536y |
TEST es
IF CL D

““K§§T6§:A __["TRANSFER
| CL D DAT -

Figure 9.

&

(Céntinued

) .

91



‘
539 §

ASSIGN

CL_E DAT

Figure 9.

540
LEAVE
LOCAL /REA

oMLY
TRANSFER

52
[~?ARK,MP '
DEP. TIME |
543 |

[ ADVANCE
RAMP

shly
ENTER
™ 10
545
LEAVE
G/A RAMP
546
TRANSFER
SEE PAGE 82

FOR DEPARTURE
OPERATION

(Continued)

92



93

SEE PAGE 66

FOR VFR

GENERATION

550

ADVANCE
TMA

I%RANSFEH 1

SEE PAGE 99
'FOR MISSED
APPROACH
OPERATION

551

>

ENTER
DW

_552\

S TEST

553 Y

ENTER
DW 1500

550

ADVANCE
2RW+c

ye

IF JET

: no
557

ENTER
DW 1000

558

ADVANCEH
$RW+c

555 %

LEAVE
DW_1500

556

TRANSFER

559

LEAVE
DWw 1000

-

682
[TRANSFER

‘SEE PAGE 100

FOR TOUCH &
GO OPERATION

Figure 9. (Continued)

560

ASSIGN
NBR

561

MARK MP
DELAY (CO)

562

ASSIGN
TINE C2

no




es

564 ﬁ?

| TEST"
G2 2 Cl+fMP

no

3

565

“ASSIGN
TIME C3

566 ¥

TEST

571 -
SPLIT

72 )

584

ASSIGN
TIME

ADVANCE

5723

b=RW(N-1)
585

RELEASE
BASE

SAVEVALUE
NBR

5ol

586

TEST

RWG) € £MPyb

 ISAVEVALUE

{TIME C1

no

)

Flgure 9.

@év

(Continued)

cs(-coét! +FMP




® | . 1’
‘575 - 587

SAVEVALUE SAVEVALUE| [SAVEVALUE
D=fMP+b D=RW(X) fM .
5726 Y - _&78 Z88
TRANSFER SAVEVALUE] §AVEVALUE
' C1=Bu(x) RW
579 Y 589
~ ADVANCE ENTER
Cl-BW(X) FINAL
) < 590
‘ " [ RELEASE
580 BASE
SELZE -
AD(Sg) 591
ADVANCE
581 £MP
ADVANCE
D 592
. ASSIGN
582 A/B DELAY
RELBASE, .
- AD(S,) 5973
T ASSIGN
583 Y "~ [ELAY COST
TERMINATE
0 594
TRANSFER

SEE PAGE 72
FOR LANDING
OPERATION

Figure 9. (Continued)



96

SEE PAGE 66 .
FOR VFR ENTRY
IN IFR-VFR
595 |
B | ADVANCE
N TMA
661/684 o -
TRANSFER | - | -
596 1
| TRST
| IF JET
SEE PAGE 99 no
FOR MISSED 601
APPROACH ENTER
OPERATION. DY_1.000
SEE PAGE 100 . . ‘ ,
FOR TOUCH 627. 598 602 *
AND GO OPN. _ | TRANSFER ADVANCE ADVANCE
: fe3BW + ¢) £l ZRW 4+ ¢)
626 T ' ‘ 599 603 §
ASSIGN 1 LEAVE [ TEAVE
DELAY C0ST| | DW 150 DW 1000
6275 . h00
ASSICN “TRANSFER
DELAY o
—K ' -
624 ‘ . 604
TLEAVE | OURUE
GO AROUND » DEC PT
\ .
623. 605
ADVANCE MARK WP
%RW _+ ¢ DELAY
622 : ‘ 606
| ONLINK LINK
i FIFO - _ EIFO
\
621, 607
RELEASE S SEIZE
DEC PT . DEC PT
)
620 608
ENTER | DEPART
GO_AROUND .

Figure 9. (Continued)



609

SAVE
610 ‘
SAVEVALUE
TIME
611 y
- no TEST Cl+b
1 LE. C14RW
yes
612 )
nd GA?E NU)
- [VFR(Sa+b
no. TEST 613 -
W(DW) =0 yegd TEST
. 1IF CL. D
.612 ygs 614 no
. | ADVANCE : \
1._.360° _ yed  TEST
' JF CI, E
615 no
pg - TEST :
AWTV(tq)
s [
TEST  |yes
DUWTV(t o)
ino
TRANSFER .
<1 “sTaT. , >
628
. SEIZE
BASE
629
RELEASE
DEC PT
630 |
UNLINK
FIFO
Figure 9. (Continuéd)



en @

ASS IGN
MP
632 .
«— [ SPLIT
633 643 |
HELEASE TARULATE
BASE DELAY
634 § il
TEST TABULATE
+¢ LE RW DELAY COST]
) yes ,

636 y 635 645
SAVEVALUE SAVEVALU ADVANCE
D=RW D=b+c b

637 646
ADVANCE ENTER
b+c=RW FINAL
638 vy - — 647
TRANSFER RELEASE
o > 'BASE
639 648
T SEIZE TRANSFER
AD(Sg) CLI
640
ADVANCE
D SEE PAGE 72
, FOR LANDING
6L OPERATION
RELEASE '
‘AD(SRH)
642 .
TERMINATEH
(0]
Figure 9. (Continued)



SEE PAGE 72
FOR MISSED
APPROACH ENTRY

s |
LEAVE
FINAL

651

SAVEVALUE
NBR

652 /

ADVANCE
MA

653
TABULATE |
MA DELAY

654

ASSIGN
DELAY

655
TABULATE
DELAY COST

656

[ ASSIGN
ELAY COST

658 - 657
ng TEST no TEST
IFR-VFR _IF IFR_

_[yes yes
659

TEST vyes
IF IFR FP

660 | 561 {°° 662

TRANSFER TRANSFER TRANSFER
DW_LEG DW_LEG ILS(S4)

SEE PAGE 93 SEE PAGE 96  SEE PAGE 69
FOR MA FOR MA FOR MA
RE~ENTRY RE-ENTRY RE~-ENTRY

Figure 9. (Continued)



FOR RE-ENTRY FOR RE-ENTRY

SEE PAGE 96
FOR RE-ENTRY

Figure 9. (Continued)

SEE PAGE 74
FOR TOUCH &
GO ENE?Y
664
SAVEVALUE
NBR
665
ADVANCE
RW ( T&G )
671 666 V
- TRANSFER ' TRANSFER
STAT., | STAT.
672 ‘ 667 \
GATE SNF |no RELEASE
REGULATOR g -~ RW
} yes
673 ¥ 668 v
TEST no ADVANCE
<\ |DwW 1000 S|~ > TMA
yes
676 674 y 669
ENTER — TEST | no 1EAVE
GO AROUND DW 1500 S g ™A
- yes
677 g 675 670
RELEASE TRANSFER| | [TERMINATE
RW STAT. TOUCH &GO
678 v _
ADVANCE
GO AROUND
679 \L
LEAVE
GO _AROUND
680 681
TEST ne TEST no
IF VFR IF IFR FP
’ |yes yes |
682 - 683 684
TRANSFER TRANSFER TRANSFER
DW LEG I1L5(Sp) DW LEG
SEE PAGE 93 = SEE JQGE 61 ¢

100



FOOINOTES

1The second should be selected as the basic time unit
for an airpert system simulation. Tabulated data, however,
may be modified by variable statements which in effect, put
required values in terms of minutes or hours. An offset
inferval 1s specified in multiples of 3600 seconds for each
successive generation time period. A linmit count is used to
deactivate a generate block after a conservatively estimated
hour of activity. 8Since this limit count can not be pre=-
cilsely determined the test procedure must be introduced to
determine 1f the clock time of the activated aircraft 1ls
less than or equal to the upper limit of the generation time
periods If the activation time 1ls greater than the upper
1imit of the time period, the transaction is sent to a Ter=-
minate block where it is deactivated. Such a deactivation,
however, does not deincrement the simulation start count,.
GP3S IV (IBM 360) greatly improves the rather cumbersome
generation procedure described in this thesis by allowing
generation in accordance with a function statement. Using
such & procedure, two blocks will be capable of defining
and activating the same transactions that have taken 97
blocks using GP33 III.

ZThese classes are defined by the Federal Aviation
Agernicy in their Alrport Capacity handbooks. Following 1is
e gselected listing of types of aircraft in each class:
Clasg A (Boeing 707 and 720, Convair 880 and 990, D. H.
Comet, Douglas DC~8); Class B (BAC III, Boeing 727, 737,
DC=9, Douglas DC-6, DC-7, Lockheed Constellation); Class C
(Aero Commanders, Douglas DC-3, Lockheed Learstar, North
American T=39); Class D (Beech Bonenza, Cessna Skynight,
D. H. Dove, Piper Apache) and Class E (Aeronca Champion,
Beech Musketeer, Cessna 140, 150, 170, 180, 210, D. He
Beaver). These classes are not directly comparable to
Terminal Instrument Procedures (TERPS) approach categories
which define aircraft according to approach speeds and alre-
craft weights, (Source: Federal Aviation Agency, Alrport

Capacity Criteris Used in Preparing the National Airport
Plan, 219535, Appendix 2, p. 2)

3

“Posgibly a more effective method of introducing the
weather factor would be to establish a probability function
reflecting & particular airport's expected weather condi-
tions for a twenty=four hour period. Thus the logic switch
(32) would change over the twenty-four hour time period in
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accordance with the probability function for that period.

uIn this model the initial approach fix and the hold=
ing fix are the same facility. The holding fix may be at
any point between the Terminal Area boundary and the ILS
outer marker but transfer of aircraft control between the
ARTC and Approach Control is usually preferred in & holding
area located at the Terminal Area boundary. There may be
more than one hold area in a particulsr airport system, in
which case, a decision process would be required to assign
the aircraft to the appropriate hold area.

=

)Evaluation of the status of this savevalue may serve
as an indication of the need for more holding facilitles.
If the number of diverts are large, it 1s likely that a
second holding area will be needed. If the number is small,
it might be best to add another holding level in the present
stack. Since each declsion wilill have an effect on delay
and cost of delay, a cost/benefit analysis should be under=
taken with respect to the cost of installing and maintain-
ing the added facilities and/or personnel for such expan-
gsions of the alrport systen.

Alr Traffic Control procedures in the Terminal Area
assume that aircraft are served on a first-come, first-
served basis except that landing aircraft have priority
over departure alilrcraft at the runway. Most analysis of the
alrport system has been based on this criterlia. However,
virtually every major airport has informally expanded the
priority system in order to serve air traffic more effi=-
ciently. These informal rules usually give scheduled air-
craft priority over unscheduled aircraft; jet over recipro-
cating engine aircraft:; IFR alilrcraft over VFR aircraft;
large or fast sircraft over small or slow aircraft; etc.

One researcher, Gerold Pestalozzl, has analyzed priority
rules for runway use and found that priorities have 1little
effect on the average arrival delay for the entire alrcraft
population (though average delay cost can be appreciably
influenced) on the capacity rate of the airport. (See:
Gerold Pestalozzi, "Priority Rules for Runway Use"”, Opera-
tions Research, Vol. 12 (1964), pps. 941-949,) However,
some rasearchers have migsinterpreted Pestalozzli's conclu~
sions and have falled to recognize the considerable in-
fluence that priority policy can have on the over-all per-
formance of the airport system. Specifically, there is much
less cosgt, inconvenlence and hazard involved in delaying
Class E aircraft than there is in delaying a Class A alr-
crafts Consequently, it seems appropriate to have priority
criteria as that mentioned above. However, the analyst will
want to study this problem carefully before introducing pri=-
orities into his simulation model. It should also be noted
that the priority bleck (92) could have been located any-
where after block 40, however, its present location repre-
sents the point in the simulation where it is first needed.,




103

7As defined by Simpson, the regulator sccepts random
arrivals from en route control, or sequences aircraft from
the holding stack. In IFR weather, it provides correct
spacing intervals between each pair of aircraft in a landing
sequence by controlling the path and speed of all aircraft
between the holding areas and the ILS outer marker. In this
model the capacity of the regulator is arbitrarily defined
as three; however, this value ls dependent on the terminal
area configuration and the approach control policies in ef-
fect at a particular airport. (See: Robert W. Simpson,
Analytical Methods of Research intc Terminal Areas Alr
Traffic Operations®, Journal of Alrcraft, 1I, (May-June,
1965), ps 186.) As will be noted later, the landing air=-
craft must delay sufficiently in the regulator to insure
not only ILS outer marker separation (S, = 3 NM) but also
threshold separation (by FAA regulation, t, = 2 minutes:
however, in practice the 3 NM separation is maintained
throughout the final approach sequence) as once an alircraft
enters the IL3 1t can not alter its speed or path.

8There are several other approach procedures. MNost
are derivations of the two shown in Figure 5 and usually
result from multiple stack operations. Another basic ap-
proach procedure 1is one freguently called a "Back ILS". In
such a case the landing aircraft flies downwind in the vi-
cinity of the ILS, makes a 180 degree turn and enters the
final approach path at the ILS outer marker. Thls may be a
time saving maneuver for aircraft arriving downwind from the
airport but it greatly reduces the capacity of a heavily
used airpcrt in that the ILS is pre-empted by the landing
alrcraft on its downwind leg and procedure turn as well as
its final approach. This author does not bellieve this type
of approach procedure and its derivatives (such as the over-
head approach used by military jet aircraft) have practical
application in high traffic density terminal areas.

9This value could be tabulated directly by the Tabulate
block referring to M1 or the transit time. However, the
aircraft will likely incur delay at several points in the
airport system and it is desirable to be able to reference
the specific delays incurred by each aircraft. (Reference
to a table will only provide the statistical mean of the
current accumulation of data.) In subsequent accumulations
of delay and cost data a Mark MP block is used to note the
commencement of delay and an Assign-MF block is used to
collect the subsequent amount of delay.

loThe Link block is used here for two purposes: (1) to
save computer running time and (2) to isclate each aircraft
during the landing decision process. Specifically, save=
values will be used in the landing decision vprocess and it
is essential that the data vlaced in a savevalue by a land-
ing aircraft not be changed by & trailing aircraft until the
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first aircraft has completed its decision process. Another
important use of the Link block (which identifies a user
chain) is in the structuring of an independent chain of
events. This use is not illustrated in this thesisj; how=-
ever, it is a valuable tool in analyzing many complex sSys-
tems., The symbol FIFO (first-in, first-out) indicates that
the first transaction to enter (link) the user chain will
be the first transaction to leave (unlink) the user chain,
lllt is necessary to be able to compute the blecck de-=
parture times for both the aircraft under current consid-
eration and the preceding arrival aircraft., This is done
for the aircraft currently attempting to enter the ILS by
placing its flight time for the 3 NM separation So (107),
the final approach path m (108), the minimum stabilization
distance ¢ (109) in parameters and the current time Cl (110)
irn a savevalne. The preceding aircraft on final places 1its
number, c¢ommitment-to-land time and minimum stabilization
flight time in approbp¥iate savevalues (148=150), The
trailing aircraft refers to these savevalues in determining
whether runway separations can be achieved. Specifically,
the trailing aircraft determines (113) whether its arrival
time at the peint 3 NM from the runway Cl+4m - 34 (111) is
equal tc or greater than the runway threshold time of the
preceding arrival Cl + ¢ (109/110). When this condition
is met, the aircraft may proceed on the assumption that the
minimum distance separation So will be maintained at the
runwey. The same procedure is followed for determining
(114) the minimum time separation (tgy = 2 minutes under
current IFR procedures) at the runway. Specifically, delay
is incurred until Cl4m = ty (112) for the trailing aircraft
is equal to or greater than Cl + ¢ (109/110) for the pre-
ceding aircraft.

127pe wing tip vortice problem is extremely serious to
light aircraft (both fixed wing and rotary) following heavy
aircraft. The turbulence problem 1s being investigated by
the FAA but at present there are no effective means of de=
termining the necessary separation requirements. Two min-
utes separation is generally recommended but severe turbu=
lence has been known to last as long as ten minutes. The
FAA recommends several procedures as to where a light air-
craft should touch down or 1lift off with respect to where a
precaeding heavy aircraft touched down or lifted off but
thege procedures are complicated by shifts in wind, etc.
It will be necessary for the analyst to study this problem
much further; however, when there is little or no mix of
aircraft weight classes, there is little problem with wing
tip vortices. The programming of this test follows the
procedure described in footnote 12 above.

13If the airport has approach control, a departure air-
craft desiring to take off in front of an instrument ap-
proach must be able to time its take=off so that it will be
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clear of the runway before the alrcraft on final has
reached a point four miles from the runway. Thus the ap-
rroaching alrcraft flies the ILS distance minus four miles
or m_= D(Ss) (131) at which time it activates a facility
representing the time required to fly the last four miles
to the runway (132=135)., The departure aircraft will check
to ses if this Tacillity is in use and if it ig, it will not
be allowed to take off.

lqu the alrport hasgs no approach control; a departure
aircraft desiring to take off in front of an instrument ap-
proach must be able to time its take-off so that it will
clear the runway before the alrcraft on final is at a point
three minutes from the runway. Therefore, the approaching
alrecraft flies the ILS dlstance minus the three minutes or
m = D(ty) (136) at which time it activates a facility re=-
presenting the time to fly the last three minutes to the
runway (137=-140). A departure can not be authorized while
this faclility is in use.

1510 mixed IFR-VFR operations it is a normal policy to
direct the VFR to a holding point near the end of the run-
way (assumed herein to be a distance equal to the minimum
stabilization distance ¢) and to be released for final ap=-
proach such that the VFR aircraft can reach the commitmente
to=land point (which for light aircraft is essentially the
end of the runway) without infringing upon the inter-arriv-
al separation requirements of the trailing instrument ap-
proach., If b represents the time required by the VFR air-
craft to fly its base leg then the interarrivael separation
to be met by the VFR alrcraft at the time of release from
its holding point is So + b, where Sy = 3 NM, Thus the
aircraft entering the ILS flies the distance m = (So+b)
(142) at which time it activates a facility (143=146) re-
Presenting a landing clearance refusal for a VFR alrcraflt,
/The IFR alrcraft determines the value b from a savevalue
(609)./

léAnother use of a savevalue 1s as a storage for a val=
ue which has been selected randomly from a distribution and
is used in computing a future block departure time. In
such cases 1t is necessary to retain the selected value for
the subsequent advance block operation rather than randomly
select another value for the advance block. If the save-
value 1s susceptible to being changed by a trailing air-
craft before the saved value can be used, a parameter (as-
sign block) should be used rather.than a savevalue. The
reader will recall from footnote 10 that the link/unlink
{(user chain) block was used to protect values in a save-
value by allowing only one alrcraft at a time in the deci-
sion submodel.

1/The number of diversions is accumulated in & save=
value (164) and may be vsed in the investigation of the ef=
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fectiveness of a particular alr traffic control scheme.
Currently, a missed approach rate of about one percent is
considered acceptable. A higher rate is usually assoclated
with relaxed separation criteria (excepting the basic rule
of only one aircraft on the runway at any given time) while
a lower rate is associated with a very stringent separation
eriteriz.

18‘I‘here is no formal logic that can be established for
such cases, thus, the planner or asnalyst will have to esti-
mate such probabilities from past experience. A more com=
Prehensive use of this procedure would be to esgtablish s
probability that the runway is closed by an accident, loss
of lights or navald equipment, or closed because of a mo-
mentary weather condition.

19The analyst will need to asscertalin the policies of the
varticular controllers involved as there are no formal rules
for such operations, It might seem odd that an aircraft
requesting a touch-and-go is requested to land 1f the air-
port is too busy (thus adding to the ground congestion);
however, the controller is most concerned with the number
of aircraft in the ailr. Consequently, by having this air-
craft land he has reduced the number of alircraft to be con-
trolled in the air.

20Note that the exlt assignment should reflect landing
speed and distance requirements, as well as exit location
and design. A problem that has generated much comment is
that of the effectiveness of high speed exits. Such exits
may be designed for speeds of up to 60 m.p.h.; however,
experlience has shown that this type of exit is seldom used
at over 15 m.p.h., When designed and located properly the
high speed exit can he a great beneflt in reducing runway
occuparncy time; however, due to the rapid changes in air-
craft technology, many existing high speed exits have be-
come obsolete due to design or location. A further problem
relates to the stress limits that can be applied to landing
gear of heavy alrcraft. Thus the high speed sxit is truly
a problem in systems analysis.

There are two queues for this intersectlion and in-
direct specification ls used in denoting which gueue is
being referred to. Specifically, the Depart block does not
specify the argument directlys; rather, it specifies an ad-
dress where the argument (i.e., the specific queue in this
cagse) is located (a parameter number), It should be noted
that even though the alrcraft already on the high speed
taxiway have a higher priority than those leaving an exit,
thelr priority is not pre=emptive; thus, once an aircraft
enters the intersection from an exit, all other alircraflt,
regardless of priority, must wait for it to vacate the in-
tersection before attemphbing to enter themselves. Devending
on the amount of traffic and the complexity of the taxiway
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system, taxiway delay can be a very significant figure.

This procedure assumes that there is a by-pass area
where reciprocating alrcraft can run up without delaying Jet
aircraft behind them. HMany departure exits either do not
have this capability or have an inasdegquate capaclty.

dBIt should be noted that the advance times (such as
335) reflect the optimum time to move the required distance.
Any time in transit above the advence time is considered de-
18..37 @

uThis value 1s referenced by VFR arrival alrcraft in
establishing the required separation minimum that the de=
parture must be able to maintaln if a take-off 1s to be
authorized.

2

”SThis model assumes & common departure route of less
than 13 NM; consequently, the initial separation required of
successlve departures is 3 NM until courses diverge. The
preceding departure executes & savevalue reflecting the
time it will reach a point 3 NM beyond the end of the common
path (403). The time required for the trailing sircraft to
take off and fly the length of the common path 1s computed
(C1L + RW + d4) and is tested (354) to determine if it is e~
qual to or greater than the time in the above mentloned
savevalue (403), If this conditlon is met the required ine-
terdeparture separation can be maintained.

zéMany airport controllers will allow & departue air-
craft to move onto the runway if the required separation
with respect to an arrival is met, However, in such cases
the aircraft must take out its interdeparture separation
requirements at the end of the runway. Scme interdeparture
geparation reguirements may be as much as three minutes;
thus, the runway lg pre-empted for use by subsequent ar-
rivals Tfor an unnecessarily long period of time. This model
assumes that all departure delay will be taken out on the
exlt, none on the runway. Angled departure exits greatly
facilitate the time required for take o¢ff under such a polie-
CY e

27As used here the Link block (which specifies a user
chein) acts primarily to reduce computer running time by
restricting the declsion process for terminal service to
only the first alrcraft in the queue,

208 : ‘
There are many ways of structuring the terminal model.

This airport model has four open ramp gate positions and it
is assumed that each has the same service capabilities as
the others. A more complex terminal will have gate posi-
tions for specific types of aircraft and for individual
airlines. It should be realized that the concepts expressed
thus far are equally applicable to the terminal building and
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the ground access system.

29There are lnnumerable ways of interpreting the config-
uration and activitles of a parking ramp. The model shown
here 1s 1ntended only to show how basic alrcraft operations
might be deéscribed. No service function 1s described for
local aircraft because it is assumed that these alrcreft
will bte parked and then serviced whenever convenient (l.e.,
the transient alrcraft have a pre-emptive priority over
service facllities).

301t should be noted that the trombone is most effective
when only alrcraft of simllar speeds are 1n the system. '
Under such conditions the trombone 1s probably the most
efficient approach system avallable, However, when there
l1s a wide mixture of alrcraft classes, or when instrument
approaches are also being performed the trombone can cause
very large linterarrival gaps which, 1n turn, ceause excessive
delay and low alrport capaclity. Thus two models are assumed
in thls thesis: TheVFR trombone, which is used 1n VFR only
conditions (i.e., no IFR operations); and the VFR approach
pattern in mixed IFR~-VFR traffic. This latter model does
not employ the trombone feature and wlll be described later.



CHAPTER IV

APPLICATION OF THE SIMULATION PROCEDURE TO
PROBLEMS IN AIRPORT PLANNING

As deflned In Chapter I the alrport problem consists
basically of s (1) an immediate need to optimize the use
of existing alrports to meet present alr transportation de-
mand and (2) a long range need to develop an entirely new
alrport system that will be responsive to the dynamic |
growth expected of alr transportation demand and technology.

This chapter discusses how the simulation procedure
degcribed in Chapter III can be applied to both aspects of

the airport problem.l
Model Construction

While the degree of detail required of a specific sime
uiatlion model can vary cﬁnsiderably depending on the com-
plexity of the system being investigated, the amount of
time and funds that can be devoted tc the project, the quan-
tity and guality of input data available, the programming
capabllity of the analyst and the capablility of the computer
equipment avallable, it is eésential that the model be sen-
sitive to the status of critical elements in the gysten

2
being simulated, Specifically, if influence is applied to
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a particular element of a system, the model must be capable
of sensing and recording the secondary effects that will be
distributed, to one degree or another, to all ogher elements
of the system. It is therefore the analyst's task to de-
- fine and costruct a model which will determine the location,
character and significance of thesge systems effects. To do
this the analyst usually must establish a set of rules for
problem analysis and model construction. A typical set of
such rules are as follows:

I; Determine the Structure of the Airport System

l. Prepare a detailed description of all processes
or situationgﬂgffectingﬂthe girport system.

2, List the factors Which are independent or
otherwise not under the control of airport or
aviation industry management.

3. List the factors which can be regulated or
controlled by alrport or aviatiocn industry
management directly.

4. List the dependent factors and their suspected
relationship with the independent factors.

II. Construct Simulation Models

1. Construct flow diagrams which describe the
inter-relationships suspected from initial
investigation.

2, Decide what numerical and other information
will be necessary to test the validity of the

models under consideration.
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3. Collect statistically adequate samples of in-
formation {(or organize experiments or procew
dures for collecting the information). If lit=-
tle real information is avellable, at least de~
termine the range of values the various fac=
tors can take and make assumptions (that can
be agreed upon by all parties concerned) about
the characteristics of such factors.

4y Using this data and the flow diagrams, write
computer programs for the simulation models.
Test for the model that most accurately repre-
sents the situvation being simulated. Test the
behavior of this model over the entire range
of feasible values.

5. If the model does not give the required accu~
racy (based on statistical tests), modify the
model and repeat the previous stages untll a
sultable medel has been constructed.

6. Determine the sensitivity of the model's be-
haviocr to small or large changes in the values
of wvarious factors.

7. Lastly, declde what information, in what detail,
is required about each factor to give the ana-
lyst a picture of the situation being studied
to a degree of accuracy sufficient for his pur-
poses

Once the model has been validated (by statistical
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tests), 1t can be employed to predict the likely effects of
any further modification of the system or situation within
the framework of the model. The information resulting from
such modifications will in mosgt cases indicate, at least on
a relative basis, the course of action to be taken to a-
chieve any glven objective.

There are innumerable ways in which the simulation pro-
cedure may be applied to airport problems; however, two ba-
sic applicatibns will be stressed here; (1) development of
a comprehensive data base for Cost/Benefit and/or Cost/
Effectiveness analysis and (2) to determine the “systems
effect" of any change in the airport system (either in phy=-

sical design or operation).
Cost/Benefit and Cost/Effectiveness Analysis

Finding a solution to an airrort problem is not the
only major task a planner faces., Once this solution has
been determined there is the problem of convincing airport
or aviation industry management that the solution is suffi-
ciently valid to justify the expenditure of funds (which
invariably amount to sums of considerable magnitude). One
of the most significant uses of the simulation procedure
described in Chapter III is that it allows the analyst to
detect exactly where, when and in what amount, costs or
benefits are incurred in an airport system. This data,
tabulated in terms of operational delay to aircraft (or

other units of traffic), delay cost, total operational cost
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and facility utilization, can be presented in any desired

amount of detail to airport or aviation industry management.

Thus, mangement has a sclentifically rather than intultively

developed base of operatlonal and economic data with which

to make effective decisions concerning the design and opera-

tion of an airport system.

In applying the simulation procedure for the purpose of

economic analysis, the airport system analyst faces three

basic problem situations:

L.

The airport is in existence; however, it 1s not ef=-
ficlently hendling its traffic demand, The analyst
must determine the most economic means of increas-
ing the operational capability of the alrport to
meet current demand. After constructing a model
that describes the current situation, the analyst
begins to modify the design and/or operation of the
system as a means of evaluating alternative solu-
tions. [/ However, because of the time required to
implement major physical modifications, he will

need to emphasize modificeation of operating proce=

. dures. Areas to be investigated include air traf-

Tic control procedures (such as nolse abatement
procedures), airline scheduling practices and use
of major hub airports by general aviation aircraft.
In addition, the analyst should investigate the
possible benefits that might result from small

scale construction or equipment installation.
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(Shortening an ILS, adding a second holding area,
or adding a second departure route can often pro-
vide more benefit to the airport system than the
addition of a much more expensive physical improve-
ment°l7

The airport is in existence and operating relative=-
ly efficlently: héwever, there 1s a need to prepare
a master plan which will allow the airport to con-
tinue to function effectively in the face of rapid-
ly growing demand., The analyst must determine the
most economlcal method of staglng construction to

ensure that the alrport 1ls able to meet future de=~
mand. After construectling a model representling the
current system and 1its operation, the analyst be-
gins to increase demand in accordance with traffic
forecasts. When the airport system reaches capa~-
clity, degign and eoperational modifications are in-
troduced and investigated as a means of lancreasing
capacity. The analyst thus determines (1) when a
modification is needed and (2) what type. Such e=
valuations must be made with respect to some stan-
dard of efficiency (acceptable delay, facility u-
tilization, eto. ).

The alrport is in the early stages of planning.
The planner must determine the most economical de=-
sign capable of meeting the forecast traffic de=~

mand. The analyst constructs several possible mod-
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els and tests them with respect to the forecast
traffic demand. (The analyst must be extremely
careful in establishing assumptions for such mod-

els, as they are very difficult to validate.)
Determining the Systems Effects

A major problem faced in all planning is that of fall-
ing to conslder the importance of secondary effects that re-
sult from applying a change to a particular element of a
system. Systems analysis is essentially directed toward
correcting this situation. Thus a major application of the
simulation procedure is that of allowing the analyst to deé
termine the location and critica’ness of any secondary ef-
fect that might arise from the application of a particular
golution he is considering.

In such cases the anaiyst constructs a model of\the in-
itial system and then modifies it according to the proposed
change., The simulation model is then tested to determine
not only the direct effects of the modification, but also
the criticalness of secondary effects (that are experiehced
to one degree or snother by every other element of the sys~-
tem) incurred elsewhere in the system. An analysis is then
nade to insure that the direct benefits of the propogal under
consideration are justified with respect to any liabilities
resulting from secondary effects experienced elsewhere in

the system.



FOOTNOTES

The Terminal Area Air Traffic Control System 1s em=~
vhasized as the critical element in the alirport system.,
While other elements of the total airport system (guch as
the terminal facility) present major problems, they do nob
directly effect the movement of alr traffic and, at present,
do not experience delay, cost and safety problems of the
game magnitude as those experienced by alrcraft. However,
if airport development continues to lag aircraft and air
traffic control development, it is very possible for such
elements as the terminal to becocme the critical factors in
the alrport system.

21t should be noted that the procedure described in
Chapter III is subject to several programming limitations.
For exemple, the IBM 7040 has & core storage capaclty of a-
bout 32,000 bytes. The IBM 360, however, has a minimum
core capacity of 64,000 bytes and can be modified to allow
capacities of 128,000, 256,000 and upward. The number of
blocks in a particular program is also limited, For exam-
vle, the IBM 7040 will allow 500 blocks while the IBM 360
will allow between 120 and 1,000 depending on the configu=
ration of the computer. The number of a particular type of
block ‘is also limited. For example, the IBM 7040 will al-
low 200 Facility blocks while the IBM 360 will allow be=-
tween 35 and 300 depending on the computer configuration.
Mogt of these computers have an autcmatic reallocation fea-
ture which allows the programmer to "trade off* block types.
Specifically, if the programmer needs ten more Facllity
blocks he can reduce the number of Queue blocks by that
number {provided he does not need the ten Queue dblocks).
Thus the programmer and analyst must work together to deter-
mine how to best allocate computer resources in the con=
gtruction of a simulation model. More importantly, the
analyst must be able to use *"trade-off" analysis effective-
ly in determining what elements of the system can sacrifice
programming detall without reducing the analytical capabill-
ty of the over-all model.

3R. R. P. Jackson and P. A, Longton, Operationzl Re=
search and Aviation Management, Journal of the RBoyal Aero-
nautical Society, LXIX (August, 1950), p. 547. It should
e noted that the referenced material applied only to math-
ematical models; however, with only slight modification
these rules become equally applicable to computer simula-
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tion models. This relationahip.again‘illﬁstrates the ana-
lytical power of the systems approach.

Leonard H. Quick, "Megalopolis Alrport Requirements',
(paper presented before the Third Conference of the American
Institute of Aeronautics and Astronautics, 1967), p. 3
"Experience in the planning of faclilitles hag indicated it
is better to err on the high side rather than the low. The
high cost of trying to cateh up with demand usually exceeds
the cost of reasonable over=~capacity. This is especlally
true in airport development because accelerating land appre=
ciation makes incremented expansion extremely costly.® 1In
addition Mr. Quick comments: "We should not expect an alr=-
port to have an infinite life. Alrcraft technology is one
of the most progressive fields of science. It 1s not un-
reasonable to expect that major alrports must be remodeled,
redesigned, or even phased-out, as the alrcraft they were
designed to support are obsoleted by advancing technology.”
Ibide, Ps 5. In addition to Mr. Quick's observations it
should be noted that there are increasing numbers of situ-
ations where inadequate airports are being modified in a
manner which creates additional operating costs greater
than the cost of abandoning the airport and developing an
adequate airport elsewhere.



CHAPTER V
SUMMARY

It is becomling increasingly apparent that a systems ap-
proach must be introduced in airport planning and develop-
ment. The systems approach requires that a particular prob-
lem be viewed in the widest perspective possible according
to analytical capablility. It 1s only when total systems ef-
fects can be adequately investigated that truly effectlve
planning can be accomplished. To plan in this manner re=-
Quires a greater analytical capabllity than is avallable
from manual resources., It 1ls necessary to introduce the
computer as a tool when attempting to analyze complex sysge-
tems, Utilizing the techniques of computer simulation, the
airport planner can for the first time comprehensively in-

vestigate the alilrport in terms of its systems nature.
Proposals for Continued Research

The procedure described in Chapter III, inspite of its
'length and complexity, 1g in its infancy with respect to its
potential as a tool for comprehensive systems analysis.
There is an urgent need to advance this technology to the
point that it i1s capble of investigating: (1) the total

airport system (to include at least the Terminal Air Traffic
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Control System, the terminal system, and the ground traffic
systems)s; (2) the total transportation system (as it re-~
flects the total trip experience of the alr traveler or itenm
of air freight); (3) the hierarchal character of a system of
airports (to determine the location and criticalness of
systems effects among several airborts); and (4) the airport
as a major land use and soclo=economic element within an
urban or regional environmentel system. The concepts under-
lying the slimulation procedure presented in thls thesis sare

equally applicable to each of these problems.
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APPENDIX A
TERMINAL AREA AIR TRAFFIC CONTROL PROCEDURE

The terminal area is a controlled alrspace surrounding
an alrport and is used by alrcraft to progress from one
point to another (airways); to approach or depart frém a
runway (final approach and initial departure courses):; and
to perform delaying tactics (holding in stacks or path
stretching). The terminal area is the most critical element
of the entire Air Traffic Control System because of the high
concentration of aircraft arriving and departing in many di=-
rections, circling in holding stacks, positioning for final
approach, landing and taking off. All of these operations
require a somewhat more stringent system of control than
that needed along the airways. The terminal area is modi-
fied by airspace reservations assigned to each operational
runway. These reservations are rectangular sections whose
size 1is determined by the operational requiremenfs of the
alrcraft using the particular runway. Alirports serving
class A, B, or C aircraft (DC-3 type or heavier) reserve an
alrspace 15 miles in the approach direction, 10 miles in the
departure direction and 5 miles on either side of the ex-
tended runway centerline. For alrports having parallel ap-

proaches, the width is 10 miles plus the distance between
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the runways. Airports serving class D or E alrcraft (twin
engine or lighter) reserve 10 miles in the approach direc-
tion, 5 miles in the departure direction and 4 miles on
either side of the extended runway centerline. The above
reserVations are established primerily for IFR operations;
however, some airports have no IFR capability, in which case
they establish circular alrspace reservations with a redius
of 3 miles if the alrport is used only by clagss D and E air-

craft and 5 miles 1f used by class C or heavier alrcraft.
Holding Procedures

| Since air carriers invarlebly operate under IFR proce-
dures at alrports with IFR capability regardless of the wea~
“her conditions (light fog, smog and exhaust from jet depar=
tures frequently create IFR conditlons even though the wea~
ther indicates VFR conditions) this discussion will empha-
size the procedures used in controlling IFR operatiocns.
(VPR operations are discussed in greater detall in Chapter
III.)

Inbound ailrcraft are directed from the enroute airways
to a holding-fixu These holding fixes are determined by
radio beacons located at specified geographical locations
around the perimeter of the terminal area. As alrcraft nor-
mally land and take off into the wind the holding fix is
located downwind from the "runway-in-use". Aircraft direon
ted into the holding pattérn fly an oval or %race track"

pattern consisting of 1 or 2 minute turns (the initial turn
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being performed over the holding fix) and 1, 1.5 or 2 min-
ute straight legs. Apart from tracking the holding leg up
to the fix point, no guidance is available to pilots flying
the pattern. Because of wind effects and possible naviga-
tion error, buffer areas surround the prescribed holding
pattern. This combined area is designated the holding area
and constitutes an ailrspace reservation. A vertical sepa=~
ration of l,OOQeretéisﬁmaintained by aircraft in the hold-
ing stack. The processlof controlling the descent of air-
craft within a holding stack is known as "laddering® since
each pressure level or 1,000 foot step of the ladder must
be vaéated before the next ailrcraft is cleared to descend.
Normally the first alrcraft to arrive at a holding fix has
been directed by ARTC to the lowest level of the stack (if
there are no aircraft in the holding or approach patterns,
an arrlval alrcraft is directed to pass through the holding
area without delay), with following alrcraft directed to
successively higher levels. The first alrcraft to arrive
ls normally the first aircraft cleared for landing approach.
From the holding pattern aircraft are elther directed by
radar to a position from which the finsl apbroach can be
made or instructed to carry out the appropriate approach

procedure wlthout radar control.
Approach Control Service

Most major airports have established an Approach Con-

trol Service which has the responsibility for Air Traffic
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Control Services for IFR flights engaged in arrival or de-
parture operations. Control of arrival alrcraft is "handed
off* from ARTC to Approach Control at some pre-designated
point or time, usually when the alircraft arrives at the
holding fix. The Approach Control unit is provided with
flight information and issues clearances for approach and
departure operations. Approach Control ladders aircraft in
the holding stacks, regulates their exits so as to form an
efficient and safe landing sequence and spaces slircraft be-
fore the ILS outer marker by means of path stretching. The
time at which each aircraft is to leave the holding pattern
for an approach is specified by Approach Control sufficient-
ly in advance to permit the pilot to arrange his flight path
so as to leave the holding point at the specified time.
Clearance for descent to final approach level must also be
given by Approach Control. Each succeeding aircraft is
cleared to leave the holding pattern and to descend to ap-
proach level at a speciflied time when Approach Control has
determined that the required landing interval has been es=-
tablished by the preceding alrcraft. (Under current IFR
procedures a minimum radar separation of 3 miles must be
developed in the approach area prior to the IL3 outer marker
and e minimum arrival interval of 2 minutes must be main-
tained at the runway threshold.) Approach Control regulates
aircraft from one or more holding stacks 1into a "funnel®
formed to channel aircraft onto a common path required for

ILS guidance during final approach. In this area the pilot
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is following instructions from the ground controller and
guiding his alrcraft according to various radar vectors
without any direct knowledge of the desired path or the
position of the preceding ailrcraft.

The ILS is an adoption of the VOR systems for landing
purposes. It consists of two redic transmitters located
on the ailrport, with one beam called the localizer, and the
other called the glide slope. The localizer indicates to
the pilot whether he 1s left or right of the correct allgn-
ment for approach and the gllde slope indicates the correct
angle of descent to the runway. In IFR conditions the mini-
num common path for an ILS approach 1s from the ILS outer
marker to the runway threshold (usually about 5 miles in
length); however, ailrcraft are normally funneled onto the
IIS localizer a few miles previous to the outer marker.
The glide path can be thought of as a line drawn from an
imaginary gate in sgpace to the threshold of the runway.
Alrcraft enter the gate one at a time in order of arrival.
The actual length of the path depends on the location of
navigation equipment and the aerodynamic stability of air-
craft using the approach. If an airport has no Approach
Control Service, alrcraft operating under IFR conditions
continue to be controlled by ARTC through the necessary
holding and sequencing procedures prior to entry onto the
ILS., Upon entry onto the ILS, an aircraftfs control is
handed off from ARTC to the alrport Control Tower.

If a pilot desires to execute a Ground Controlled
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Approach (GCA) the Approach Control informs him when to
change over to the radar unit, the frequency to be used

and the procedure to be carried out. GCA ig performed in
conjunction with a Precision Approach Radar (PAR) systen

in which a split-screen radar scope gives the controller

a2 picture of the descending aircraft both in plan and in
section (elevation). Thus the controller is able to deter=
mine whether the aircraft 1s on the glide path and whether
it has the correct alignment. Instructions from the con-
troller to the pilot are given by voice communications;

thus no navigation equipment (such as the ILS) is necessary.
Howe#er, commercial airline pilots use ILS almost exclusive-
ly on the grounds ﬁhat PAR places too much reliance on the
ground controller and does not provide any direct informa-
tion to the pilot. (These pilots, however, often request
that their approach be monitored by PAR.)

The FAA is currently developing & three=dimensional ra=-
dar system which will enable controllers to receive a single
image representation of an aircraftts azimuth, range and
height in relation to all othér alrcraft in the Terminal
Area. This system, desighated the Alpha~Numeric System,
offers promise of increased positive control in air traffic
control operations.

The U. S« Air Force and the U. S. Navy have both re-
cently flight-tested fully automated landing systems. The
Alr Force program involved landing C=130 cargo aircraft

while the Navy test involved carrier landings by jet fight-
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ter-bomber aircraft. It can be expected that a capability
for fully automated approach and landing operations at
civil airports will exist in the very near future.

Nornmally the control of an aircraft ié handed off by
Approach Control to the airport Tower Control at the ILS.
In the event of a missed approach, the aircraft flies a
prescribed recovéry procedure, which takés it back into the
radar vectoring funnel leading to the ILS and returns it to

the jurisdiction of Approach Control.
Airport Traffic Control

The airport traffic control tower supervisés, directs
and monitors the traffic on and above the airport and in
the final approach and initial departure paths. Tower Con=
trol is provided with flight information and issues clear-
ances for all operations involving alrcraft movement on the
airport. Tower Control also has the authority to suspend
all VFR operations on and in the vicinity of the airport.

The primary rule involving runway use 1is that two alr-
craft cannot occupy a runway simultaneously. Thus a land-
ing aircraft is permitted to cross the runway threshold on
its final approach only when the preceding arrival has
turned off the runway and any departing aircraft has either
cleared the end of the runway or has started to turn away
from the runway. Alircraft under GCA ars handed over to

Tower Control upon landing.
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The Airport

A defined area of land including buildings, installa-
tions and equipment intended for use in the arrival, depart-
ure or surface movement of alr traffic is called an airport.
The movement area conslsts of runways, runway exits, taxi-
ways and service aprons. Exits of varlious approach angles
(usually 30 to 90 degrees) facllitate the removal of a
landing aircraft from the_rﬁnway. For a 90 degree exit,

a landing ailrcraft must slow virtually tp a stop before
turning; whereas a 30 degree exit, theoretically, allows

e landing aircraft to exit at speeds up to 60 m.p.h. (In
practice, however, pllots seldom use these exits at speeds
over 15 mep.he) Alrcraft may be guided from the runway
along taxiways to the apron via volce communicatlon from
the Control Tower, by & system of taxiway lights, by a
“follow me® truck or by the pillot's own knowledge and ini-
tiative. ©BSome of the larger alrports have an apron control
service which provides taxiway and apron trafflc control
for both airecraft and autos.

The apron permits the loading and unloading of passen=
gers, mall and cargo as well as servicing and storage of
alrcraft without interferring with airport traffic movement,
For departing aircraft, holding aprons (run-up areas) are
provided at or near the ends of the departure runway. These

aprons allow departing aircraft to make final checks before
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requesting take=off clearance. These aprons also allow for
the storage of a number of alrcraft waiting for departure

clearance.
Departure Control

An alrcraft desiring to depart the sirport initiates
a regquest to taxl from the parking ramp, and from the hold=-
ing apron requests a clearance to move onto the active run-
way for departure. Departure Control has recelved the de=~
paturels flight plen and lssues a clearance which specifies
the direction of take-off, turn after take-off, track to be
made good before proceeding on desired headlng, level to
malntaln before continuing to climb to assigned cruising
level, and the time, point or rate at which level changes
will be made. (Normally, the ¢learance 1s passed to Tower
Control which transmits it to the alrcraft and instructs
the alrcraft to switeh to Departure Control after teke-off).
However, the take«off clearance is lssgued only after the
pllot has tested englnes, recelved weather information, time
check, altimeter setting and ARTC clearance.

A departure can be released in front of an arrival air=-
craft making an instrument approach at any time prior to the
arrival alircraft starting its procedure turn leading to fi-
nal approach or whenever the take~off can be executed 1 to
3 minutes prior to the arrival crossing the threshold. (1
minute for VFR conditions, 3 minutes for IFR conditions).

A departure is usually not released for take-off until the
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preceding departure has crossed the end of the runway and
all preceding arrivals are clear of the runway.

Initial departure route separation must be a minimum
radar separation of 5 NM and 2 minutes between departures
following the same track or 1 minute if the tracks diverge
immediately after take~off. A 5 minute minimum separation
is required at the time crulsing levels are crossed, if a
departing aircraft will be flown through the level of a
preceding departure and both alrcraft propose to follow
the same track. Upon entering an airway, control of a

eparture is handed off from Departure Control to ARTC.



APPENDIX B
GENERAL PURPOSE SYSTEMS SIMULATION

The IBM General Purpose Simulation System (GPSS) is a
computer program for conducting evaluations of systens,
methods, processes and designs. The following material has
been extracted from the IBM Application Manual H20~0186~1
(1966):

Computer Simulation Defined

Because of the complex nature of modern business
systems, data processing alds are increasingly
required to assist the intuition and judgment of
management in the evaluation of new methods, con-
cepts, or designs. The practice of experimenting
directly on a business and implementing a systen
before it is fully understood inevitably causes
disruptions of normal operations, hasty lest-mine-
ute corrections, and often personnel or customer
resentment, To avoid costly mistakes, the con-
sequences of change must be anticipated before
actually implementing a program, and all alterna-
tives should be thoroughly explored.

Computer simulation is a technique that provides

an effective means of testing and evaluating a
proposed system under various conditions in a lab-
oratory environment. The system's behavior is mo=-
deled by & computer program, which reacts to var-
lous operating conditions in a manner quantitative-
ly similar to the system itself. Several hours cr
weeks, or sometimes even years, of simulated activ-
ity can be examined on & computer in a matter of
minutes,. Results help to gain insights, test hypo-
theses, demonstrate or verify new ideas, establish
feasiblility, compare alternatives, design systens,
or train personnel,

133
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It is appropriate to any discussion on simulation
to add a few words of both caution and encourage-
ment. Computer simulation, like any simulation,
is not a precise analog of an actual system.

What is studied is the behavior of a representa-
tion of an actual system. Therefore, careful
judgment must still be exerclised by the user,
both in setting up & good model and in interpre-~
ting the results from the simulation.

On the other hand, computer simulation frequent-
ly vermits measurements which would be impossible
to obtain in any other way, and a2llows the study
of environmental situations of & sgcope far beyond
the practicabllity of experimenting with an actual
system. Such abllities ag thesge imneasurably en=
hance the value of computer simulation in its role
as an engineering and menagement-science tool.

General Purpose Simulatlon System

Computer simulation is recognized as a valuable
tool for business managers, systems engineers,

and functional specialists alike, Writing simu-
lation programs from scratch, however, ls a dife-
ficult, time-consuming task, requiring complex and
extensive programming. To be most useful, a simu-
lation must be carried out quickly and be adapta-
ble to change as the work proceeds. The General
Purpose Simulation System greatly simplifies this
task, and offers substantial additional values to
the user, It is easy to apply, and no machine
programming is required, nor is typical computer
programming experience or training necessary. It
is applicable to the study of a wide variety of
situations ranging from bank teller queues, super=
market service, and job shop organizations to ve=
hicular flow patterns, message-switching systens,
etc. The program features a simple flowchart lan-
guage for describing the problem or system to be
simulated. When this description is transferred
to punched cards and presented as input to the
computer, the program automatically carries out
the simwlatlon of the system.

Operating Highlights

To understand the operation and range of applica=-
tion of GPSS, one can begin with the familiar pro=
cess of systems analysis.
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The first step in the analysis of any particular
system is to isolate the system's elements and
formulate the logical rules governing their in-
teraction, The resulting description is known
as a model of the system. The model 1s limited
to those aspects of the system which are of in-
terest or appear to be pertinent to the analysis.

The progress of sytems studies is gr=atly en=-
hanced by the introduction of a conclise systems
language. To illustrate this, we conslider two
apparently unrelated systems.

In the first, ships arrive at a small port with

a known arrival pattern. Whille in port, the ships
unload some of thelr cargo, taking a certain a-
mount of time, and then proceed on their voyage.
There 1is only one pler, and if a ship arrives while
another is unloading, it must wait, If several
ships are walting, the one that arrived first will
be unloaded first. Of Interest here is the total
amount of time that a ship will spend in port, in-
cluding the time spent walting for the pler to be-
come available.

In the second system, requests from retail outlets
arrive at a warehouse where there is only one
clerk to f£ill them. If requests occur too close
together a backlog buillds up. These requests are
pProcessed in the order in which they arrive. The
gquestion here 1s: How long does it take a request
to clear the warehouse?

Considering these two systems, several similari-
tles can be seen, Both are characterized by units
of "traffic" (ships, requests) arriving at a facil-
ity (plier, warehouse) requiring service. The fa-
cllity can handle only one unit of traffic at a
time, and if thils facllity is busy when new arri-
vals occur, these unlts must wait and form a gqueue
or walting line. Thus, three general elements are
common to both systemst units of traffic, a facil-
ity, and a queue.

Also, the underlying logic of the two systems 1is
identical, This may be demonstrated by means of a
flowchart displaying system action. Figure 10 pre-
sents the simple harbor system described above,
laid out in flowchart format. This shows the in=
teraction of the pier and arriving ships. Figure
11 presents the simple warehouse systenm, showing
interaction between the clerk and arriving re-
gquests. By replacing the terminology of harbors:



Ships arrive at harbor
in specified arrival
pattern. Average time
between arrivals is 32
hours.

. 4

If pler is free, dock
ship. If pler is
busy, Jjoin the line
of walting ships.

4

Begin to unload cargo.
Unloadling time is

25 * 20 hours. When
finished, ship leaves
pler.

.

Record time ship
gpent 1n harbor.

. 4

Ship leaves harbor.

ARRIVAL

WAITING

SEIZE FACILITY
HOLD FOR PROCESS
RELEASE

STATISTICS

LEAVE SYSTEM

Figure 10.. General Flow Chart for a Simple

Harbor System
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Requests arrive at
warehouse in specified
arrival pattern.
Average time between
arrivals is 18 minutes.

4

If clerk is free,
register request. If
clerk is busy, place
request in backlog of
requests.

-

Begin to fill request.
Process time is 15 % 5
minutes. When fin-
ished, lesave clerk.

. 4

Record time request
spent in warehcuse.

Request leaves
wareshouse.
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ARRIVAL

WAITING

SEIZE FACILITY
HOLD FOR PROCESS
RELEASE

STATISTIC3

LEAVE SYSTEM

Figure 11. General Flow Chart for a Simple
Warehouse Systen



and ships with warehouses and requests (also chan-
ging specific time values), it is readily seen

that Figure 10 also describes the logical operation
of Figure 11 and vice versa.

After examining several such diverse and much more
complex system models, it becomes evident that
many generalizations concerning them can be made.
The system elements of each, which appear so dif=-
ferent on the surface, may be logically replaced
by a small set of abstract elements called Yenti-
ties", Likewise, the logical rules may be reduced
to a common set of simple operations. Thus, a
systems language can be developed contalning ab=-
gtract entities and operations involving these en=-
tities. By identifying these entitles and opera-
tions with specific elements and logical rules in
g particular system, a model of that system may be
constructed in the general language.

The GP33 program provides such & general systenms
language. It is bullt around a set of simple en-
titles, divided into four classes: dynamic, e=
quipment, statistical, and operational.

The dynemic entities in GPSS are called "trans-
actiong", These represent the units of traffic,
such as ships or requests in the previous examples.
They are 'created® and "destroyed" as required
during the simulation run, and can be thought of
as moving through the system causing actions to
oceure Asgoclated with each transaction are &
number of paramsters, which can be agsigned values
by the user to represent characteristices of the
transaction. For example, a transaction repre-
senting a ship might carry the amount of cargo it
is to unleoad in a parameter. This number could
then be uged in the simulator logic to determine
how long the unloading operation would take.

Entities of the second class represent elements of
gystem equipment that are acted upon by transac-
tiongs. These include facilities, stores, and logic
switches., A facllity can handle only one transac-
tion at a time, and could represent the simple pier
cr warehouse in the examples given. It represents
a potential bottleneck. A store can handle sever-
al transactlons concurrently, and could be used to
represent a parking lot or a typring pool. A logilc
switeh is a two-state indicator which can be set

by one transaction to modify the flow of other
transactions. It could model a2 traffic light or
the "next window” sign of a bank teller.



In order to measure system behavior, two types

of statistical entities are defineds queues and
tables. Each gueue maintains a list of transac-
tions delayed at one or more points in the sys=-
tem, and keeps & record of the average number of
transactions delayed and the length of these de=
lays. A table may be used to collect any sort of
frequency distribution desired. Thesge twe enti-
ties provide a nmajor portion of GPSS output.

The operational entities, called "blocks", con=
stitute the fourth and final class. Like the
blocks of a diagram, they provide the logiec of a
sygten, instrueting the tranactions where to go
and what to do next. These blocks, in conjunc=-
tion with the other three classes of entities i-
dentified above, constitute the language of GPSS.

As an example of this language, the simple harbor
system outlined in Figure 10 1is diagrammed, using
conventional GPSS symbols as shown in Figure 12.
Fach box represents & specific GPSS block, with
its name and usually the number of a referenced
entity.

To provide input for the simulation, control and
definition cards are prepared from a flowchart of
the aystenms ~ This constitutes the model in GPSS
language. Once the gsystem model is loaded, the
GPS8 program gesnerates and moves transactions from
vlock to block according to timing information and
logical rules incorporated in the blocks them-
gselves. Each movement 1s designated to occur at
gome particular point in time., The program auto-
matically maintains a record of these times, and
executes the movements in their correct time se~
gquence. Where actlons cannot be performed at the
originally scheduled time - for example, when a
reguired facility is already in use -~ processing
temporarily ceases for that transaction,. The pro=
gram autonatically maintains a status of the con-
dition causing the delay, and as soon as it chan-
ges, the transactlion is activated again.

This sequence of events is controlled by 2 simula-
tion clock that records the current time reached
in the modeled system. Values shown by this clock
are referred to as cleock times, The unit of simu-
lator c¢lock time representing a unit of systen
time is designated by the user. For exanple, in
Figure 12 the unit of clock time equals one hour.

Many more system complexities can be modeled than
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Generate transactions (ships)
at an average rate of one
every 32 time units (hours).
Arrival pattern specified by
a function (FN1).

QUEUE

in queue 3, if facility 2

<::> Queue up transaction (ship)
(pier) is busy.

Seize facility 2 (pier) if

/ it is free or, when it
SEIZE 2 becomes free, make it
busy.

Depart from queuve 3, since
DEPART <Ez> transaction (ship) is no

longer walting for facility
¢ 2 (pier).
Advance time while this
ADVANCE transaction is delayed

25 & 20 : (ship loaded) for 25 * 20
& time units (hours).

RELEASE. \e// Release facility 2 (pier),
‘ making it free.

Tabulate in Table 13 the

3 ‘ total time spent by trans-
TABULATE | 13 action (time ship was in
harbor),

Terminate transaction
(ship leaves harbor).

Figure 12. GPSS Flow Chart for the Simple
Harbor System



are illustrated by the example., Priorities can be
assigned to selected transactions, and complex lo=-
gical decisions may be made throughout a simula=-
tion. Probability distributions of input variae-
bles may be introduced into the model, and provi=
sion is made to gather statistical output with
cage,

Output from the program provides information on:

o The amount of trensaction traffic flowing
through the complete system and/or any of
its parts. '

o The average time for transactlons to pass
through the complete system cor between se-
lected points, and the distribution proba-
bility of this passage time-

o, The degree to which each 1tem of equipment
in the system 1ls loaded, together with the
distribution of storage occupancy

o The nmaxinum and average lengths of queues
occurring at various points, as well as their
distribution ’
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