
A COMPUTER SIMULATION MODEL TO PREDICT AIRPORT CAPACITY ENHANCEMENTS 

by 

Vijay Bhushan G. Nunna 

Thesis submitted to the Faculty of the 

Virginia Polytechnic Institute and State University 

in partial fulfillment of the requirements for the degree of 

Master of Science 

in 

Civil Engineering 

APPROVED: 

hd Rel 
A.A. Trani, Ph.D, Chairman 

  Maat th— 
U.K. Drew, Fn.V 

  

July 30, 1991 

Blacksburg, Virginia





A COMPUTER SIMULATION MODEL TO PREDICT AIRPORT CAPACITY ENHANCEMENTS 

by 

Vijay Bhushan G. Nunna 

Dr. A.A. Trani 

(Chairman) 

(ABSTRACT) 

The ever increasing demand on the air transportation system is causing a lot of 

congestion and delays, leading to large monetary losses and passenger inconvenience. 

This has prompted the development of many analysis tools to help the understanding of 

the airport system where some improvements could be performed to enhance the 

capacity of the airports. 

The Center for Transportation Research at Virginia Tech, in line with the FAA’s Capacity 

Enhancements Plan, is developing strategies to alleviate the airport congestion problem 

by developing a model (REDIM) to design and optimally locate high-speed exit taxiways. 

The objective of this research is to develop a computer simulation model to predict the 

airport capacity enhancements due to the above mentioned high-speed exit taxiways and 

as well as due to other changes in operational procedures, aircraft characteristics, airport 

environmental conditions, etc. 

RUNSIM (RUNway Simulation Model), a discrete event simulation model was developed 

using SIMSCRIPT II.5 language. This model simulates dual operations on a single 

runway, with capabilities of simulating FAA standard and REDIM designed high-speed



exits, variable intrail separations, different aircraft mixes, and weights, arrival rates and 

patterns, etc. Currently it has a 30 aircraft data base to perform the simulation. Its output 

includes such global statistics as total arrival and departure delays, weighted average 

ROT and its standard deviation, aircraft exit assignment table, arrival and departure event 

lists. It has the capability to perform multiple iterations on a single application, which 

helps in performing statistical analyses on the results for better inference.
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1. Introduction 

1.1 Background 

Transportation infrastructure in recent times has been burdened by high demand 

compared to the limited capacity available causing heavy delays. Air transportation is 

also one of the transportation systems that is experiencing delays because of the closing 

gap between the demand and the available capacity. Figure 1.1 illustrates the relation 

the average congestion delays during peak hours as a function of ratio of demand to 

capacity. These delays have economic impact on the users and the suppliers of air 

transportation. Statistics indicate that nearly $ 3 billion are paid by the air travellers due 

to the delays in the U.S. with another $ 2.1 billion paid by airlines according to the 

Federal Aviation Administration [FAA, 1988]. U.S., scheduled air carriers recorded a total 

of 429.1 billion revenue passenger miles in fiscal year 1989 and over the 12-year forecast 

period the revenue passenger miles are projected to increase at an average annual rate 

of 4.9 percent, reaching 765.6 billion in fiscal year 2001 [FAA, 1990]. Airlines have 

changed their routing system from predominantly linear operations to a system of hub 

and spokes. The development of corinecting hub airports has led to high frequencies in 

peak hours at major airports and as a result approximately 21 airports are experiencing 

serious congestion problems. The other side effect of hub and spoke system is the chain 

effect of delays experienced by the interconnected airports. According to FAA the 

number of congested airports is going to increase to fifty by the end of the century [FAA, 
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1988] and one-fifth of them will experience more than 50,000 hours of system imposed 

delays. The construction of new airports to alleviate this problem ia slow and rare process 

due to the scarcity of land, limited financial resources and, local opposition due to 

possible environmental pollution, etc,. 

1.2 Subject Description 

In order to study an airport as a system, it is customary to divide it into two main 

components: 

1) Airside, 

2) Landside. 

These are again divided into subcomponents ( shown in Figure 1.2 ) which are as follows: 

Airside : 1) Airspace and Air Traffic Control (ATC) 

2) Runways 

3) Taxiways 

4) Aprons and Gates 

Landside: 1) Terminal Building 

2) Parking 

3) Ground Access System 

Every subcomponent has influence towards the capacity of the airport and each one 

should complement each other. Capacity is defined as the processing capability of a 

1. Introduction 3
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service facility over some period of time. Traditionally the capacity of the individual 

subcomponents have been evaluated and the most critical one would dictate the airport 

capacity. Of the two main components the airside has in general been the critical 

component which dictated the capacity of the airport (Bangkok airport being a notable 

exception where the poor ground acces dictates the airport practical capacity). To 

increase the capacity of the existing air transportation system several topics of interest 

have been identified by FAA and research is being undertaken ranging in topics from 4D 

terminal navigation to methods to reduce the runway service time ( see Table 1.1 ). 

Runway occupancy time (ROT) of aircraft is one of the important factors affecting the 

capacity of a runway. ROT is the time that an aircraft occupies the runway until a new 

operation (arrival or departure) can be processed. Some of the most important factors 

that influence runway capacity are: 

1) Intrail separations, 

2) Aircraft population mix, 

3) Exit locations and their type, 

Several studies have suggested that by improving the above factors that there would be 

an increase in capacity of a single runway by 20 % [ Barrer and Diehl, 1988]. 

1.3 Research Scope 

The runway is one of the critical subcomponents of the airport system and if capacity 

1. Introduction | 5



  

Table 1.1 Short, Medium and Long Term Projects Affecting Airport Capacity [FAA, 1986] 

  

Time 

Period 

Near term 

(1-5 years) 

Medium term 

(6-10 

years) 

Long term 
(over 10 

years) 

Projects with Highest 
Effects on Capacity 

Instruments approaches to 

converging runways 

Independent, closely spaced 
parallel approaches 

Separate short runways 

Triple instruments approaches 

None 

4D terminal-area navigation 

Automation of air traffic 

control in terminal areas 

Projects with Moderate to 

Significant Effect on Capacity 

Microwave landing system 

Runway configuration management 

system 

Enhanced terminal-area radar 

Wind measuring equipment 

Improved landing and navigation 
systems and revised air traffic 

control procedures for rotorcraft 

Improved approach lighting and 

visual navigation aids 

Improved airport design and 
configuration 

Airport surface surveillance 
guidance and control systems 

Doppler weather radar 

Revised computer algorithms for 

scheduling and metering arrivals 

and departures 

Wake vortex detection and 

avoidance 

Methods of reducing runway 
occupancy time 

Wake vortex forecasting and 

avoidance 

More sensitive and accurate radar 

Low altitude surveillance for 
rotorcraft and general aviation 

Mode § data link 

Computer-aided decision making 

in air traffic control 

Advanced wind shear detection 

Improved weather sensors 
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enhancements to other airside subcomponents are improved, then the runway could 

become the most critical one. This research focuses on the enhancement of the runway 

capacity, especially, using optimally located high speed exits. 

1.4 Research Objective and Approach 

A discrete-event oriented simulation approach is proposed using SIMSCRIPT Il.5, a 

computer simulation language, on a IBM compatible personal computer platform. 

Computer simulation is a powerful tool to study complex systems which cannot be 

represented by mathematical formulation. There are time tested analytical tools to 

evaluate runway capacity performance are being currently used, but they are abstract and 

mainly useful for long range planning rather than for short range or day to day operational 

planning. Simulation models reduce the differences between the real world and the 

abstract world of the model thereby giving better results. To support this contention 

detailed aircraft and airfield input parameters are planned to be used for the model. 

It is proposed to model both the current standard FAA exits and newly proposed rapid 

runway exit geometries in order to gain appreciation of the ROT gains possible with new 

exits [ Trani, et al, 1990 ]. These proposed new exit geometries are generated by REDIM 

( Runway Exit Design Interactive Model ), a computer model developed at the Center for 

Transportation Research, Virginia Tech., which optimizes the location and also generates 

the geometries of high speed runway exits. This capability of simulating various types of 

1. Introduction 7



exits and the ability to modify aircraft arrival and departure patterns make this model 

suitable to examine runway capacity gains for existing and future ATC systems under 

realistic airport environmental conditions. The current FAA airspace and airfield simulation 

model, SIMMOD, does not have the capability of simulating high speed exits realistically, 

as it assumes for different types of high speed exits some percentage of ROT is spent on 

those exits while rolling. Also the intrail separations cannot be modified for any simulation 

runs [USDOT/FAA, 1989]. 

It is hoped that this research, by demonstrating the effectiveness of the proposed REDIM 

generated exits, would culminate in adopting the REDIM generated exits into the SIMMOD 

simulation system making it a more flexible tool. 

1. Introduction 8



2. Literature Review 

2.1 Introduction 

The objective of this literature review is to present some background of past and current 

research on the influences of airspace separation and runway occupancy time on runway 

Capacity. 

Early research on runway capacity began with the development of simple mathematical 

models to extract only important processes occuring on the runway. Later on graphical 

and simulation models were developed to incorporate greater details. This chapter 

discusses the mathematical models first and then graphical and simulation models, 

respectively. 

2.2 Mathematical Models 

Mathematical modelling is a convenient and quick method of analyzing any system. The 

early mathematical models considered a runway as a single channel queuing system with 

FIFO (First In - First Out) service and the arrivals with poisson probability distribution. In 

1948 Brown and Pearcy [ Ashford, Wright, 1979 ] derived an equation for average landing 

delay, as shown in Eqn. 2.2.1. 

2. Literature Review 9



  
~ p W Tx ite) . 2. (2.221) 

where p = load factor = A/u 

A = arrival rate ( aircraft/unit time ) 

rn = service rate ( aircraft/unit time ) = 1/b 

b = mean service time ( this could be runway occupancy time or ATC 

minimum separation rule) 

A general rule of the above equation known as the Pollaczek-Khinchum formula is given 

  

below: 

p (1+ CG) we. (2.222) 
2xp(1l-p) 

where C,, = coefficient of variation of service time = 0, /b 

oO, = standard deviation of mean service time. 

These equations could be used either for arrivals or departures, but are applicable for 

single operations only. For mixed operations, where arrivals are given priority over 

departures, the delays for the arrivals is estimated by either Eqn. 2.1 or 2.2 and the 

average delay to departures is given by Eqn. 2.2.3 [ Horonjeff, McKelvey, 1983]: 

Wa 222 (2.2.3)     

Ag (0%4+ 92) g ( 0% + £7) 
2(1-A,j) 2(1-A,f) 

2. Literature Review 10



W, = mean delay to departing aircraft, time units. 

Ae = mean arrival rate, aircraft/unit time. 

Ag = mean departure rate, aircraft/unit time. 

j = mean interval of time between two successive departures. 

0; = standard deviation of mean interval of time between two successive 

departures. 

g = mean rate at which gaps between successive arrivals occur. 

f = mean interval of time in which no departure can be released. 

O; = standard deviation of mean interval of time in which no departure can 

be released. 

All previous equations are valid only if the mean arrival or departure rate is less than the 

mean service rate. 

More detailed mathematical models were proposed by Harris [Harris, 1972]. The models 

developed considered more factors that affect the runway capacity than the models 

discussed above as these do not account for the length of the common approach path, 

individual aircraft speeds, and intrail separations. Some of the models proposed by 

Harris are discussed below: 

{FR Landing Intervals Model and Arrival Capacity: This model determines the nominal 

time separation between two aircraft travelling at speeds V,, and V., which must be 

2. Literature Review 11



achieved in order to maintain a constant probability of separation violation. Some of the 

model variations that are considered under this model are: 

a) Error Free Case: 

"Error free" it implies that a trail aircraft is following another aircraft in the final approach 

path exactly by a set separation distance without any human or technical error. 

m( Vz, V,) = + ( Vz 2V, ) ~.. (2.2.4) 
2 

or 

m( Vy, V,) = Sey(4-+) (<M) ...(2.2-5) 
Vy V2 Vy 

where, 

T; = actual time aircraft i crosses the threshold. 

V; = speed of the aircraft i. 

Y = length of the common path. 

m(V,,V,)= Error free minimum time separation over threshold for aircraft 2 

following aircraft 1. 

5 = minimum safety separation between landing operations. 

If aircraft are processed on a FIFO basis, then the expected minimum landing intervals 

in error free approach is described by the Eqn. 2.2.6 

<m> -ff m(V>,V,) fy(V,) £,(V,) dv,dv, +++(2.2.6) 
00 

2. Literature Review 12



where, f,(.) is the probability density function describing the speed mix of the arrival 

aircraft. Hence the landing capacity (A,,) for an error free system is given by Eqn 2.2.7. 

1 

m < m> 
  2.2 (2.2.7) 

b) Interarrival Error Case: 

In any real-world system errors are bound to occur, so is with the aircraft following 

another aircraft in the final approach path in violating the minimum separation rules. The 

possible sources of errors are when pilots try to achieve the minimum separation, and 

during ATC manual control when the position of aircraft is not located properly, etc. To 

account for error in minimum separation a buffer time is added to the minimum separation 

time i.e., the scheduled interval at the threshold, which is the expected value of T, - T,, 

is simply the sum of the minimum separation and buffer time. 

< T, - T, > - m(V,,V,) + D(V,,V, ) ..- (2.2.8) 

where, 

b(V.,, V,) = Buffer time between aircraft 2 and 1. 

<.> = Expected value. 

Figure 2.1 shows the position of the trail aircraft as it approaches the threshold with and 

without buffer. If we assume that the actual interarrival times are equal to the expected 

value plus a zero-mean normally distributed random error, e, (positive for the second 

arrival late) with a fixed standard deviation o,, then for a given probability of violation p,: 

2. Literature Review 13



  

Meon position of 

trail aircraft 

  

  

  

  

    

Runway 
threshold 

es 
| | 
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| 
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Buffer | . | 
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| | 
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| | 
{ | 
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Actual separation 

Scheduled position of Actual position of 
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Figure 2.1 Interarrival Separation without and with Buffer [Horonjeff, Mckelvey, 1983].     
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T, - T, = m(V,,V,) + b(V,,V,) + 4, 22+ (2.2.9) 

If V, 2 V, ( Closing Case) then 

b(V,,V,) = 6, a(p,) ~-- (2.2.10) 

where q(p,) is the value for which the cumulative standard normal distribution has the 

value (1 - p,). 

lf V2 < V, ( Opening Case ) then 

i_iiy b(V,,V,) - 04 q(p,) 7 5 ( V, Vi ... (2-211) 

The above equation is limited to a non-negative value only, with a minimum of zero. 

<1> - 1(¥,,V,) = m(V,,V,) +b(V.Y) (2.2.12) 

Eqn 2.2.12 is the scheduled landing interval, with A, as the saturation landing capacity 

given by Eqn 2.2.13. 

4,-— ws. (2.2.13)   

c) Runway Occupancy Limitation: In the cases a) and b) runway occupancy was not 

considered for minimum interval time, to confirm to single occupancy rule. If < R, > is 

runway occupancy time of the lead aircraft, then a modified landing interval will be: 

A; = max{ <m >, < R, > }. To account for some errors in runway occupancy time, a 

probability of runway occupancy violation is considered, hence 
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r,- <R;> + e, e, ~ N(0,0,) «++ (2.2.14) 

<l>o>-w<l>+e, e, ~ N(0,9G,,) oe (2.2.15) 

where o,, is net interarrival error, over threshold. Assume also that the probability of 

violation is set to some constant multiple, say n, of p,. Then 

A =- max[<l>,<R,;> + g(nq,) On + O7,] °° (2-2.16) 

Capacity for Mixed Operations under IFR: Here the ATC rules are applicable to the 

mixing of a departure stream into the arrival stream. Let | T;, T;,, | be the landing times 

(over threshold) of the i” and i+1® aircraft in the arrival stream and T, as the enplaning 

time of the j departure, which is to be interleaved between i and i+1 arrivals. To confirm 

to the ATC operational procedures, the following rules apply: 

Rule A (Arrival Priority): The arrivals are given priority, and departures are required to wait 

for a gap in the arrival stream, mathematically, T; and T;,, are fixed with T, to be inserted 

in between, if possible. 

Rule B (Single Occupancy): A departure or arrival may not be processed until the 

previous arrival has safely exited the runway, mathematically, T; = T; + R, ( also T;,, = 

T, + R), where R; is the ROT for arrival i. 

2. Literature Review 16



Rule C (Departure/Arrival Spacing): A departure may not be released if an arrival is less 

than 6, distance from runway threshold, mathematically, T; = T),, - (gt+1), where(,t|+1) 

is the i + 1 arrival to travel 5, distance to reach threshold. 

Rule D (Interdeparture Spacing): The departure stream must space itself by some 

minimum time separation based upon the type of aircraft, mathematically, T,,, = T, + T, 

where [, is the minimum interdeparture spacing. 

Figure 2.2 illustrates all the above rules graphically and the Eqn. 2.2.17 summarizes all 

the above.rele$2.17) 7 yaa 7 OT > Rytobyayt (ng- DT g 2 271+1 

Where n, is the number of departures that may be released between two arrivals only if 

a time interval (i/i+1) is present. If p, is acceptable level of probability of violation, to 

account for the system errors, then the average interarrival interval, in order to release a 

departure is given by Eqn. 2.2.18. 

5 
<7, - T, > 2 06q(De) + < R, > + <= > ... (2.2.18) 

2 

2.3 Graphical Models 

The most widely used graphical model to estimate runway capacity was developed by 

FAA in Advisory Circular AC 150/5060-5 [FAA,1983]. The charts in AC 150/5060-5 can 

be used to find the hourly capacity of the runway system by using various parameters 
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affecting runway capacity. These charts are developed from computer simulation. These 

charts are used to determine the runway hourly capacity through the Eqn. 2.3.1. 

C=- C,ET -.- (2.3.1) 

where C = hourly capacity of runway-use configuration in operation per hour. 

C, = ideal or base capacity of runway-use configuration. 

E = exit adjustment factor for number and location of runway exits. 

T = touch-and-go adjustment factor. 

Parameters required to use the above equation and the charts are: 

a) Prevailing operating condition (IFR or VFR). 

b) The mix index MI, which is an indicator of the level of air-carrier-type operation on the 

runway and it is calculated as given in Eqn. 2.3.2. 

MI = C+ 3D wee (2.3.2) 

where, 

Cc = percentage of type C aircraft in mix of aircraft using runway. 

D = percentage of type D aircraft in mix of aircraft using runway. 

c) Percent arrivals (PA). 

d) Percent of Touch and Go’s. 

e) Location and number of exits. 

f) Runway system, whether it is single, parallel or intersecting with another one. The 

runway systems are categorized and for every category an appropriate chart is to be 

used to evaluate the hourly capacity. 
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�T�h�e� �c�h�a�r�t�s� �c�o�u�l�d� �b�e� �a�l�s�o� �u�s�e�d� �t�o� �f�i�n�d� �t�h�e� �h�o�u�r�l�y� �d�e�l�a�y� �b�y� �i�d�e�n�t�i�f�y�i�n�g� �t�h�e� �h�o�u�r�l�y� �d�e�m�a�n�d� 

�(�H�D�)�,� �p�e�a�k� �1�5� �m�i�n�u�t�e� �d�e�m�a�n�d� �(�Q�)�.� �T�h�e� �h�o�u�r�l�y� �d�e�l�a�y� �(�D�T�H�)� �i�s� �c�a�l�c�u�l�a�t�e�d� �b�y� �E�g�n�.� �2�.�3�.�3�.� 

�H�D� �(� �P�A�x� �D�A�H�A� �+� �(�1�0�0�-�P�A�)� �D�A�H�D�)� 
�1�0�0� 

�D�T�H� �=� � � �.�.�.�(�2�.�3�.�3�)� 

�w�h�e�r�e� �D�A�H�A� �a�n�d� �D�A�H�D� �a�r�e� �a�v�e�r�a�g�e� �d�e�l�a�y�s� �f�o�r� �a�r�r�i�v�i�n�g� �a�n�d� �d�e�p�a�r�t�i�n�g� �a�i�r�c�r�a�f�t� �r�e�s�p�e�c�t�i�v�e�l�y�.� 

�T�h�e�s�e� �F�A�A� �c�h�a�r�t�s� �a�r�e� �m�a�i�n�l�y� �h�e�l�p�f�u�l� �f�o�r� �l�o�n�g� �r�a�n�g�e� �p�l�a�n�n�i�n�g�.� �T�h�e�y� �c�a�n�n�o�t� �p�r�e�d�i�c�t� �t�h�e� 

�c�h�a�n�g�e� �i�n� �c�a�p�a�c�i�t�y� �o�r� �d�e�l�a�y�s� �d�u�e� �t�o� �c�h�a�n�g�e�s� �i�n� �t�h�e� �s�e�q�u�e�n�c�i�n�g� �o�f� �a�r�r�i�v�a�l�s�,� �a�r�r�i�v�a�l� �r�a�t�e�.� 

�E�n�o�u�g�h� �i�m�p�o�r�t�a�n�c�e� �i�s� �n�o�t� �g�i�v�e�n� �t�o� �t�h�e� �t�y�p�e� �o�f� �e�x�i�t�s� �t�h�a�t� �a�r�e� �b�e�i�n�g� �u�s�e�d�,� �a�n�d� �t�h�e� �v�a�r�i�a�b�i�l�i�t�y� 

�o�f� �a�i�r�c�r�a�f�t� �l�a�n�d�i�n�g� �w�e�i�g�h�t�s�.� 

�2�.�4� �S�i�m�u�l�a�t�i�o�n� �M�o�d�e�l�s� 

�T�h�e� �m�o�s�t� �c�o�m�p�r�e�h�e�n�s�i�v�e� �s�i�m�u�l�a�t�i�o�n� �m�o�d�e�l� �u�s�e�d� �i�n� �a�i�r�p�o�r�t� �s�y�s�t�e�m� �p�l�a�n�n�i�n�g� �i�s� �S�I�M�M�O�D�,� 

�t�h�e� �a�i�r�p�o�r�t� �a�n�d� �a�i�r�s�p�a�c�e� �s�i�m�u�l�a�t�i�o�n� �m�o�d�e�l� �d�e�v�e�l�o�p�e�d� �b�y� �F�A�A� �[� �D�O�T�/�F�A�A�,� �1�9�8�9�]�.� �T�h�i�s� 

�m�o�d�e�l� �c�a�n� �b�e� �u�s�e�d� �i�n� �w�i�d�e� �v�a�r�i�e�t�y� �o�f� �s�c�e�n�a�r�i�o�s� �r�a�n�g�i�n�g� �f�r�o�m� �e�n�r�o�u�t�e� �a�n�d� �t�e�r�m�i�n�a�l� �a�r�e�a� 

�a�i�r� �t�r�a�f�f�i�c� �s�t�u�d�i�e�s� �t�o� �a�i�r�p�o�r�t�/�a�i�r�l�i�n�e� �g�r�o�u�n�d� �o�p�e�r�a�t�i�o�n�s�.� �T�a�b�l�e� �2�.�1� �s�h�o�w�s� �a� �p�a�r�t�i�a�l� �l�i�s�t� �o�f� 

�p�o�s�s�i�b�l�e� �S�I�M�M�O�D� �a�n�a�l�y�s�e�s� �t�o�p�i�c�s�.� 

�-�T�h�e� �S�I�M�M�O�D� �s�i�m�u�l�a�t�i�o�n� �e�n�g�i�n�e� �i�s� �a� �d�i�s�c�r�e�t�e�-�e�v�e�n�t� �s�i�m�u�l�a�t�i�o�n� �w�r�i�t�t�e�n� �i�n� �S�I�M�S�C�R�I�P�T� �I�I�.�5� 

�s�i�m�u�l�a�t�i�o�n� �l�a�n�g�u�a�g�e�.� �S�I�M�M�O�D� �r�e�p�r�e�s�e�n�t�s� �t�h�e� �b�a�s�i�c� �f�r�a�m�e�w�o�r�k� �o�f� �a�n�y� �a�i�r�p�o�r�t� �o�r� �a�i�r�s�p�a�c�e� 

�2�.� �L�i�t�e�r�a�t�u�r�e� �R�e�v�i�e�w� �2�0



�s�y�s�t�e�m� �a�s� �a� �s�e�r�i�e�s� �o�f� �n�o�d�e�s� �c�o�n�n�e�c�t�e�d� �b�y� �l�i�n�k�s�.� �T�h�e� �f�l�i�g�h�t� �p�a�t�h�s�,� �r�u�n�w�a�y�s� �a�n�d� �t�a�x�i�w�a�y� 

�a�r�e� �d�e�p�i�c�t�e�d� �b�y� �l�i�n�k�s� �a�n�d� �t�h�e�i�r� �i�n�t�e�r�s�e�c�t�i�o�n�s� �b�y� �n�o�d�e�s�.� �I�n� �S�I�M�M�O�D� �a� �f�l�i�g�h�t� �i�s� �a�n� �a�i�r�c�r�a�f�t� 

�w�i�t�h� �a� �u�n�i�q�u�e� �i�d�e�n�t�i�f�i�e�r� �a�n�d� �a� �s�e�t� �o�f� �d�a�t�a� �r�e�l�a�t�e�d� �t�o� �i�t�,� �s�a�y�,� �t�y�p�e� �o�f� �f�l�i�g�h�t�,� �s�t�a�r�t�i�n�g� �t�i�m�e� �a�n�d� 

�a�i�r�s�p�a�c�e� �r�o�u�t�e�,� �a�n�d� �d�e�p�e�n�d�i�n�g� �o�n� �t�h�e� �s�c�e�n�a�r�i�o�,� �a�r�r�i�v�a�l� �a�t� �a�n� �a�i�r�p�o�r�t� �a�n�d� �d�e�p�a�r�t�u�r�e� �f�r�o�m� 

�a�n� �a�i�r�p�o�r�t�,� �e�t�c�.�,� �a�r�e� �a�l�s�o� �s�p�e�c�i�f�i�e�d�.� 

�S�I�M�M�O�D� �u�s�e�s� �t�h�e� �I�n�t�e�g�r�a�t�e�d� �N�o�i�s�e� �M�o�d�e�l� �(�I�N�M�)� �v�e�r�s�i�o�n� �3�.�9� �d�a�t�a�b�a�s�e� �f�o�r� �a�i�r�c�r�a�f�t� 

�i�d�e�n�t�i�f�i�c�a�t�i�o�n� �a�n�d� �o�p�e�r�a�t�i�n�g� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s�.� �F�o�r� �t�h�e� �p�u�r�p�o�s�e� �o�f� �s�i�m�u�l�a�t�i�n�g� �a�i�r�s�p�a�c�e� 

�o�p�e�r�a�t�i�o�n�s�,� �a�i�r�c�r�a�f�t� �a�r�e� �c�l�a�s�s�i�f�i�e�d� �i�n�t�o� �g�r�o�u�p�s�,� �a�S� �m�a�n�y� �a�i�r�c�r�a�f�t� �h�a�v�e� �r�o�u�g�h�l�y� �e�q�u�i�v�a�l�e�n�t� 

�c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �w�h�e�n� �a�i�r�b�o�r�n�e�.� �T�h�o�s�e� �g�r�o�u�p�s� �a�r�e� �H�e�a�v�y�,� �L�a�r�g�e�,� �S�m�a�l�l�,� �G�e�n�e�r�a�l� �A�v�i�a�t�i�o�n�,� 

�a�n�d� �o�t�h�e�r�s� �(� �u�s�e�r� �s�p�e�c�i�f�i�e�d�)�.� �I�n� �a�i�r�f�i�e�l�d� �o�p�e�r�a�t�i�o�n�s� �a�l�s�o� �t�h�e� �a�i�r�c�r�a�f�t� �a�r�e� �c�a�t�e�g�o�r�i�z�e�d� �i�n�t�o� 

�t�h�e� �a�b�o�v�e� �g�r�o�u�p�s�.� �T�h�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �d�e�f�i�n�e�d� �f�o�r� �e�a�c�h� �g�r�o�u�p� �i�n�c�l�u�d�e�:� 

�L�a�n�d�i�n�g� �C�h�a�r�a�c�t�e�r�i�s�t�i�c�s�:� �L�a�n�d�i�n�g� �a�n�d� �t�a�k�e�o�f�f� �r�o�l�l� �d�i�s�t�a�n�c�e�s� �u�s�e�d� �a�r�e� �b�a�s�e�d� �o�n� �t�h�e� 

�o�b�s�e�r�v�e�d� �p�r�o�b�a�b�i�l�i�t�i�e�s� �w�h�i�c�h� �a�r�e� �t�r�a�n�s�l�a�t�e�d� �i�n�t�o� �c�u�m�u�l�a�t�i�v�e� �d�i�s�t�r�i�b�u�t�i�o�n�s�.� �T�h�e�s�e� 

�p�r�o�b�a�b�i�l�i�t�i�e�s� �a�r�e� �l�i�n�k�e�d� �t�o� �a�i�r�c�r�a�f�t� �t�y�p�e� �a�n�d� �a�r�e� �s�p�e�c�i�f�i�e�d� �f�o�r� �e�a�c�h� �a�i�r�f�i�e�l�d�.� �T�h�u�s�,� �i�f� �t�h�e� 

�l�a�n�d�i�n�g� �r�o�l�l�s� �a�r�e� �b�a�s�e�d� �o�n� �o�b�s�e�r�v�e�d� �v�a�l�u�e�s� �t�h�e�n� �f�o�r� �f�u�t�u�r�e� �s�c�e�n�a�r�i�o� �s�i�m�u�l�a�t�i�o�n�s� �t�h�e� 

�a�p�p�l�i�c�a�t�i�o�n� �h�a�s� �t�o� �d�e�p�e�n�d� �o�n� �a�s�s�u�m�e�d� �l�a�n�d�i�n�g� �r�o�l�l� �v�a�l�u�e�s�.� �T�h�e� �r�o�l�l� �t�i�m�e� �w�h�i�l�e� �l�a�n�d�i�n�g� 

�d�e�p�e�n�d�s� �o�n�l�y� �o�n� �t�h�e� �a�i�r�c�r�a�f�t� �g�r�o�u�p� �t�o� �w�h�i�c�h� �t�h�e� �a�i�r�c�r�a�f�t� �i�s� �a�s�s�i�g�n�e�d�.� �T�h�e� �r�o�l�l� �t�i�m�e�s� 

�S�I�M�M�O�D� �u�s�e�s� �f�o�r� �d�i�f�f�e�r�e�n�t� �a�i�r�c�r�a�f�t� �g�r�o�u�p� �a�r�e� �s�h�o�w�n� �i�n� �T�a�b�l�e� �2�.�2�.� �T�h�e� �a�b�o�v�e� �d�e�s�c�r�i�p�t�i�o�n� 

�i�m�p�l�i�e�s� �t�h�a�t� �i�r�r�e�s�p�e�c�t�i�v�e� �o�f� �t�h�e� �c�u�m�u�l�a�t�i�v�e� �d�i�s�t�r�i�b�u�t�i�o�n�s� �o�f� �l�a�n�d�i�n�g� �r�o�l�l� �t�h�e� �R�O�T� �i�s� �c�o�n�s�t�a�n�t�.� 

�T�h�i�s� �i�s� �a� �m�a�j�o�r� �d�e�f�i�c�i�e�n�c�y� �a�s� �t�i�m�e� �a�n�d� �d�i�s�t�a�n�c�e� �a�r�e� �i�n�t�e�r�r�e�l�a�t�e�d� �i�n� �t�h�e� �m�o�t�i�o�n� �o�f� �a�n�y� 

�v�e�h�i�c�l�e�.� 

�2�.� �L�i�t�e�r�a�t�u�r�e� �R�e�v�i�e�w� �2�1



� � 

�T�a�b�l�e� �2�.�1� �T�y�p�i�c�a�l� �S�I�M�M�O�D� �A�n�a�l�y�s�i�s� �T�o�p�i�c�s� �[�D�O�T�/�F�A�A�,� �1�9�8�9�]�.� 
� � 

�A�i�r�p�o�r�t� �F�a�c�i�l�i�t�i�e�s� 
�I�m�p�a�c�t� �o�f� �n�e�w� �f�a�c�i�l�i�t�i�e�s�.� 
�E�x�p�a�n�s�i�o�n� �o�r� �r�e�l�o�c�a�t�i�o�n� �o�f� �e�x�i�s�t�i�n�g� �t�e�r�m�i�n�a�l�.� 
�R�e�l�o�c�a�t�i�o�n� �o�f� �g�a�t�e�s�.� 

�A�i�r�f�i�e�l�d� �D�e�s�i�g�n� �a�n�d� �P�r�o�c�e�d�u�r�e�s� 
�R�e�v�i�s�i�o�n� �o�f� �t�e�r�m�i�n�a�l� �r�o�u�t�i�n�g� �p�l�a�n�.� 
�R�u�n�w�a�y� �a�n�d� �T�a�x�i�w�a�y� �C�o�n�f�i�g�u�r�a�t�i�o�n�.� 
�N�e�w� �r�u�n�w�a�y� �c�o�n�s�t�r�u�c�t�i�o�n�.� 
�H�i�g�h�-�s�p�e�e�d� �r�u�n�w�a�y� �e�x�i�t�s�.� 
�R�u�n�w�a�y� �a�n�d� �t�a�x�i�w�a�y� �h�o�l�d�i�n�g� �p�a�d�s�.� 
�R�e�d�u�c�t�i�o�n� �o�f� �r�u�n�w�a�y� �o�c�c�u�p�a�n�c�y� �t�i�m�e�.� 
�P�a�r�a�l�l�e�l� �a�p�p�r�o�a�c�h�e�s�.� 
�C�o�n�v�e�r�g�i�n�g� �a�p�p�r�o�a�c�h�e�s�.� 
�M�i�c�r�o�w�a�v�e� �L�a�n�d�i�n�g� �S�y�s�t�e�m�s� �(�M�L�S�)�.� 
�L�o�c�a�t�i�o�n� �o�f� �n�a�v�i�g�a�t�i�o�n�a�l� �a�i�d�s�.� 
�A�p�r�o�n� �a�r�e�a� �o�p�e�r�a�t�i�o�n�s�.� 
�Q�u�e�u�i�n�g� �s�t�r�a�t�e�g�i�e�s� �a�n�d� �d�e�p�a�r�t�u�r�e� �r�u�l�e�s�.� 

�A�i�r�s�p�a�c�e� �D�e�s�i�g�n� �a�n�d� �P�r�o�c�e�d�u�r�e�s� 
�R�e�v�i�s�i�o�n� �o�f� �s�e�p�a�r�a�t�i�o�n� �r�u�l�e�s�.� 
�S�p�e�e�d� �a�n�d� �a�l�t�i�t�u�d�e� �r�e�s�t�r�i�c�t�i�o�n�s�.� 
�C�o�n�t�r�o�l�l�e�r� �t�a�c�t�i�c�s�.� 
�R�e�a�l�i�g�n�m�e�n�t� �o�f� �e�n� �r�o�u�t�e� �a�n�d� �t�e�r�m�i�n�a�l� �a�i�r�s�p�a�c�e�.� 
�E�t�c�.� 

�O�p�e�r�a�t�i�o�n�s� 
�A�i�r�c�r�a�f�t� �p�e�r�f�o�r�m�a�n�c�e�.� 
�H�u�b� �a�n�d� �s�p�o�k�e� �o�p�e�r�a�t�i�o�n�s�.� 
�T�r�a�f�f�i�c� �d�e�m�a�n�d� �a�n�d� �f�l�e�e�t� �m�i�x�.� 
�R�e�v�i�s�e�d� �A�T�C� �p�r�o�c�e�d�u�r�e�s�.� 
�R�e�d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �d�e�p�a�r�t�u�r�e� �s�c�h�e�d�u�l�e�d� �a�t� �p�e�a�k� �h�o�u�r�s�.� 
�V�i�s�u�a�l� �a�n�d� �i�n�s�t�r�u�m�e�n�t�a�l� �f�l�i�g�n�t� �p�r�o�c�e�d�u�r�e�s� �(�V�F�R� �&� �I�F�R�)�.� 
�E�t�c�.� 

�O�t�h�e�r� 
�N�o�i�s�e� �a�b�a�t�e�m�e�n�t� �p�r�o�c�e�d�u�r�e�s�.� 
�W�i�n�d� �c�o�n�d�i�t�i�o�n�s� �(�s�p�e�e�d�,� �d�i�r�e�c�t�i�o�n�,� �c�e�i�l�i�n�g� �a�n�d� �v�i�s�i�b�i�l�i�t�y�)�.� 
� � � � 
� � 
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� 



�T�a�k�e�o�f�f� �C�h�a�r�a�c�t�e�r�i�s�t�i�c�s�:� �T�h�e� �t�a�k�e�o�f�f� �r�o�l�l� �a�n�d� �t�i�m�e�s� �a�r�e� �a�l�s�o� �c�a�t�e�g�o�r�i�z�e�d� �s�i�m�i�l�a�r�l�y� �a�s� �t�h�e� 

�l�a�n�d�i�n�g� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s�.� 

�G�a�t�e� �O�c�c�u�p�a�n�c�y� �C�h�a�r�a�c�t�e�r�i�s�t�i�c�s�:� �T�h�e� �l�o�a�d�i�n�g� �a�n�d� �u�n�l�o�a�d�i�n�g� �t�i�m�e�s� �c�a�n� �b�e� �d�e�s�c�r�i�b�e�d� �b�y� 

�c�u�m�u�l�a�t�i�v�e� �d�i�s�t�r�i�b�u�t�i�o�n�s� �f�o�r� �d�i�f�f�e�r�e�n�t� �g�r�o�u�p�s�.� 

�I�n� �S�I�M�M�O�D� �r�u�n�w�a�y� �i�s� �d�e�f�i�n�e�d� �a�s� �a� �l�i�s�t� �o�f� �l�i�n�k�s� �f�r�o�m� �o�n�e� �e�n�d� �t�o� �t�h�e� �o�t�h�e�r� �a�n�d� �c�a�n� �b�e� �u�s�e�d� 

�b�o�t�h� �d�i�r�e�c�t�i�o�n�s�.� �R�u�n�w�a�y� �e�x�i�t�s� �c�a�n� �d�e�f�i�n�e�d� �a�t� �t�h�e� �e�n�d� �o�f� �e�a�c�h� �l�i�n�k� �o�n� �a� �r�u�n�w�a�y�.� �T�h�e� 

�s�e�l�e�c�t�i�o�n� �o�f� �a�n� �e�x�i�t� �b�y� �a�n� �a�r�r�i�v�i�n�g� �a�i�r�c�r�a�f�t� �d�e�p�e�n�d�s� �a�n� �w�h�e�r�e� �t�h�e� �a�i�r�c�r�a�f�t� �f�i�n�i�s�h�e�s� �i�t�s� 

�l�a�n�d�i�n�g� �r�o�l�l�.� �A�n�y� �e�x�i�t� �r�e�a�c�h�e�d� �a�f�t�e�r� �c�o�m�p�l�e�t�i�o�n� �o�f� �t�h�e� �r�o�l�l� �i�s� �a� �v�i�a�b�l�e� �e�x�i�t�.� �A� �h�i�g�h� �s�p�e�e�d� 

�e�x�i�t� �i�s� �a�l�s�o� �r�e�p�r�e�s�e�n�t�e�d� �b�y� �a� �l�i�n�k�.� �T�h�e� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �t�h�e� �h�e�a�d�i�n�g�s� �o�f� �t�h�e� �l�i�n�k� �a�n�d� �t�h�e� 

�r�u�n�w�a�y� �d�e�t�e�r�m�i�n�e�s� �t�h�e� �a�m�o�u�n�t� �o�f� �t�h�e� �l�a�n�d�i�n�g� �r�o�l�l� �t�h�a�t� �m�a�y� �b�e� �c�o�m�p�l�e�t�e�d� �o�n� �t�h�e� �h�i�g�h� 

�s�p�e�e�d� �e�x�i�t�,� �a�s� �s�h�o�w�n� �i�n� �T�a�b�l�e� �2�.�3�.� �T�h�e� �s�e�l�e�c�t�i�o�n� �o�f� �h�i�g�h� �s�p�e�e�d� �e�x�i�t� �o�n� �t�h�e� �b�a�s�i�s� �o�f� �w�h�i�c�h� 

�f�a�c�t�o�r� �i�s� �n�o�t� �d�e�f�i�n�e�d� �c�l�e�a�r�l�y�.� �A�s� �t�h�e� �l�a�n�d�i�n�g� �r�o�l�l� �a�n�d� �R�O�T� �a�r�e� �n�o�t� �r�e�l�a�t�e�d�,� �t�h�e� �u�s�e� �o�f� �a�n� 

�h�i�g�h� �s�p�e�e�d� �e�x�i�t� �d�u�r�i�n�g� �a� �s�i�m�u�l�a�t�i�o�n� �d�o�e�s� �n�o�t� �d�e�c�r�e�a�s�e� �t�h�e� �r�u�n�w�a�y� �o�c�c�u�p�a�n�c�y� �t�i�m�e�.� 

�S�i�n�c�e� �t�h�e� �d�y�n�a�m�i�c�s� �i�n�v�o�l�v�e�d� �i�n� �a�i�r�c�r�a�f�t� �l�a�n�d�i�n�g� �r�o�l�l� �a�r�e� �n�o�t� �c�o�n�s�i�d�e�r�e�d�,� �t�h�e� �e�x�i�t� �s�p�e�e�d� �o�f� 

�t�h�e� �h�i�g�h� �s�p�e�e�d� �e�x�i�t�s� �a�n�d� �t�h�e� �e�x�i�t�i�n�g� �s�p�e�e�d� �o�f� �t�h�e� �a�i�r�c�r�a�f�t� �w�i�l�l� �n�o�t� �c�o�r�r�e�l�a�t�e�.� 

�I�n� �r�e�s�p�o�n�s�e� �t�o� �t�h�e� �F�A�A� �a�n�d� �N�A�S�A� �n�e�e�d�s� �t�h�e� �C�e�n�t�e�r� �f�o�r� �T�r�a�n�s�p�o�r�t�a�t�i�o�n� �R�e�s�e�a�r�c�h� 

�d�e�v�e�l�o�p�e�d� �R�E�D�I�M� �1�.�0� �[�T�r�a�n�i�,� �e�t�.� �a�l�.�,� �1�9�9�0�]� �a� �c�o�m�p�u�t�e�r� �m�o�d�e�l� �t�o� �e�x�p�e�d�i�t�e� �t�u�r�n�o�f�f� �d�e�s�i�g�n�s� 

�a�n�d� �t�o� �o�p�t�i�m�i�z�e� �t�h�e� �l�o�c�a�t�i�o�n� �o�f� �h�i�g�h� �s�p�e�e�d� �e�x�i�t�s�.� �T�h�i�s� �m�o�d�e�l� �a�d�d�r�e�s�s�e�s� �t�h�e� �p�l�a�c�e�m�e�n�t� 

�o�f� �o�p�t�i�m�a�l� �t�u�r�n�o�f�f� �l�o�c�a�t�i�o�n�s� �c�o�n�s�i�d�e�r�i�n�g� �a�r�r�i�v�a�l�s� �o�n�l�y� �a�s� �t�h�e�s�e� �o�p�e�r�a�t�i�o�n�s� �h�a�v�e� �a� �l�o�g�i�c�a�l� 

�i�n�f�l�u�e�n�c�e� �o�n� �t�h�e� �t�u�r�n�o�f�f� �l�o�c�a�t�i�o�n�.� �T�h�e� �a�i�r�c�r�a�f�t� �s�i�m�u�l�a�t�i�o�n� �s�t�a�r�t�s� �f�r�o�m� �t�h�e� �t�i�m�e� �i�t� �c�r�o�s�s�e�s� 
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�T�a�b�l�e� �2�.�2� �S�I�M�M�O�D� �R�o�l�l� �T�i�m�e� �D�a�t�a�.� 
�[�U�S�D�O�T�/�F�A�A�,� �1�9�8�9�]� 
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�A�i�r�l�i�n�e� �G�r�o�u�p� �N�a�m�e� �R�o�l�l� �t�i�m�e� �(�S�e�c�)� 

�G�A� �5�4� 

�S�M�A�L�L� �4�5� 

�M�E�D�I�U�M� �5�0� 

�L�A�R�G�E� �5�0� 

�H�E�A�V�Y� �6�0� 

�O�t�h�e�r� �5�0� � � � � � � 

�[�U�S�D�O�T�/�F�A�A�,� �1�9�8�9�]� 
�T�a�b�l�e� �2�.�3� �R�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �H�i�g�h�-�S�p�e�e�d� �E�x�i�t� �H�e�a�d�i�n�g� �a�n�d� �T�o�t�a�l� �R�o�l�l� �T�i�m�e�.� 
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�C�h�a�n�g�e� �i�n� �h�e�a�d�i�n�g� �%� �o�f� �r�o�l�l� �c�o�m�p�l�e�t�e�d� �o�n� 
�e�x�i�t� 

�1�0�°� �2�0�%� 

�2�0�°� �1�5�%� 

�~�-� �3�0�°� �1�0�%� 

�4�0�°� �5�%� � � � � � � � � � � 
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�r�u�n�w�a�y� �t�h�r�e�s�h�o�l�d� �u�n�t�i�l� �t�h�e� �v�e�h�i�c�l�e ��s� �w�i�n�g�t�i�p� �c�l�e�a�r�s� �t�h�e� �r�u�n�w�a�y� �e�d�g�e�.� �T�h�e� �s�i�m�u�l�a�t�i�o�n� �o�f� 

�a�i�r�c�r�a�f�t� �a�r�e� �i�n�d�e�p�e�n�d�e�n�t� �o�f� �e�a�c�h� �o�t�h�e�r� �a�n�d� �h�e�n�c�e� �o�p�e�r�a�t�i�o�n�a�l� �p�r�o�c�e�d�u�r�e�s� �s�u�c�h� �a�s� 

�i�n�t�e�r�a�r�r�i�v�a�l� �s�p�a�c�i�n�g�,� �e�t�c�.�,� �a�r�e� �n�o�t� �i�n�v�o�l�v�e�d� �i�n� �t�h�e� �s�i�m�u�l�a�t�i�o�n�.� �T�h�e� �m�o�d�e�l� �d�o�e�s� �n�o�t� �c�o�n�s�i�d�e�r� 

�t�h�e� �v�a�r�i�a�t�i�o�n� �i�n� �l�a�n�d�i�n�g� �w�e�i�g�h�t�s�,� �d�u�e� �t�o� �d�i�f�f�e�r�e�n�t� �f�l�i�g�h�t� �l�e�n�g�t�h�s�,� �d�u�r�i�n�g� �s�i�m�u�l�a�t�i�o�n� �a�n�d� �t�h�e� 

�o�v�e�r�a�l�l� �e�m�p�h�a�s�i�s� �o�f� �t�h�e� �s�i�m�u�l�a�t�i�o�n� �m�o�d�u�l�e� �i�s� �t�o� �i�d�e�n�t�i�f�y� �t�h�e� �o�p�t�i�m�a�l� �e�x�i�t� �l�o�c�a�t�i�o�n� �f�o�r� �e�v�e�r�y� 

�i�n�d�i�v�i�d�u�a�l� �a�i�r�c�r�a�f�t� �o�f� �t�h�e� �a�i�r�c�r�a�f�t� �p�o�p�u�l�a�t�i�o�n� �t�h�a�t� �u�s�e� �t�h�e� �r�u�n�w�a�y� �u�n�d�e�r� �v�a�r�y�i�n�g� �r�u�n�w�a�y� 

�e�n�v�i�r�o�n�m�e�n�t�a�l� �c�o�n�d�i�t�i�o�n�s�.� �T�h�e�s�e� �l�o�c�a�t�i�o�n�s� �a�r�e� �t�h�e�n� �u�s�e�d� �a�s� �i�n�p�u�t�s� �f�o�r� �t�h�e� �o�p�t�i�m�i�z�a�t�i�o�n� 

�m�o�d�u�l�e� �t�o� �l�o�c�a�t�e� �t�h�e� �e�x�i�t�s� �o�p�t�i�m�a�l�l�y� �f�o�r� �t�h�e� �w�h�o�l�e� �a�i�r�c�r�a�f�t� �p�o�p�u�l�a�t�i�o�n�.� �H�e�n�c�e� �t�h�i�s� �m�o�d�e�l� 

�c�a�n�n�o�t� �p�r�e�d�i�c�t� �t�h�e� �e�f�f�e�c�t� �o�f� �t�h�e� �o�p�t�i�m�a�l�l�y� �l�o�c�a�t�e�d� �e�x�i�t�s� �o�n� �t�h�e� �c�a�p�a�c�i�t�y� �a�n�d� �d�e�l�a�y� �o�f� �t�h�e� 

�r�u�n�w�a�y� �i�n� �u�s�e�.� �T�h�i�s� �s�h�o�r�t�c�o�m�i�n�g� �i�s� �b�e�i�n�g� �a�d�d�r�e�s�s�e�d� �i�n� �t�h�i�s� �c�o�m�p�l�e�m�e�n�t�a�r�y� �r�e�s�e�a�r�c�h� �w�i�t�h� 

�t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �R�U�N�S�I�M� �(�R�u�n�w�a�y� �S�i�m�u�l�a�t�i�o�n� �M�o�d�e�l�)�.� 
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�3�.� �M�e�t�h�o�d�o�l�o�g�y� 

�T�h�e� �a�p�p�r�o�a�c�h� �f�o�l�l�o�w�e�d� �b�y� �t�h�i�s� �r�e�s�e�a�r�c�h� �i�s� �t�o� �d�e�v�e�l�o�p� �a� �c�o�m�p�u�t�e�r� �b�a�s�e�d�,� �d�i�s�c�r�e�t�e�-�e�v�e�n�t� 

�s�i�m�u�l�a�t�i�o�n� �m�o�d�e�l� �w�h�i�c�h� �w�i�l�l� �s�i�m�u�l�a�t�e� �t�h�e� �r�u�n�w�a�y� �o�p�e�r�a�t�i�o�n�s�.� �S�i�m�u�l�a�t�i�o�n� �i�s� �a�n� �e�f�f�e�c�t�i�v�e� 

�w�a�y� �o�f� �p�r�e�t�e�s�t�i�n�g� �p�r�o�p�o�s�e�d� �s�y�s�t�e�m�s�,�a�n�d� �a�s�s�o�c�i�a�t�e�d� �o�p�e�r�a�t�i�o�n�a�l� �p�o�l�i�c�i�e�s� �b�e�f�o�r�e� 

�d�e�v�e�l�o�p�i�n�g� �e�x�p�e�n�s�i�v�e� �p�r�o�t�o�t�y�p�e�s�,� �f�i�e�l�d� �t�e�s�t�s� �o�r� �a�c�t�u�a�l� �i�m�p�l�e�m�e�n�t�a�t�i�o�n�s�.� �T�h�e� �m�o�d�e�l� �i�s� 

�a�m�e�n�a�b�l�e� �t�o� �m�a�n�i�p�u�l�a�t�i�o�n� �t�h�a�t� �w�o�u�l�d� �b�e� �i�m�p�o�s�s�i�b�l�e�,� �t�o�o� �e�x�p�e�n�s�i�v�e�,� �o�r� �i�m�p�r�a�c�t�i�c�a�l�,� �t�o� 

�p�e�r�f�o�r�m� �o�n� �t�h�e� �s�y�s�t�e�m� �i�t� �p�o�r�t�r�a�y�s�.� �D�i�s�c�r�e�t�e�-�e�v�e�n�t� �i�s� �c�h�o�s�e�n� �o�v�e�r� �c�o�n�t�i�n�u�o�u�s� �s�i�m�u�l�a�t�i�o�n� 

�b�e�c�a�u�s�e� �i�t� �d�e�s�c�r�i�b�e�s� �a� �s�y�s�t�e�m� �i�n� �t�e�r�m�s� �o�f� �l�o�g�i�c�a�l� �r�e�l�a�t�i�o�n�s�h�i�p�s� �t�h�a�t� �c�a�u�s�e� �c�h�a�n�g�e�s� �o�f� 

�s�t�a�t�e� �a�t� �d�i�s�c�r�e�t�e� �p�o�i�n�t�s� �i�n� �t�i�m�e� �r�a�t�h�e�r� �c�o�n�t�i�n�u�o�u�s�l�y� �o�v�e�r� �t�i�m�e�,� �a�n�d� �t�h�i�s� �r�e�s�e�a�r�c�h� �i�s� 

�i�n�t�e�r�e�s�t�e�d� �i�n� �k�n�o�w�i�n�g� �t�h�e� �b�e�h�a�v�i�o�r� �o�f� �t�h�e� �c�o�m�p�o�n�e�n�t�s� �o�f� �t�h�e� �s�y�s�t�e�m� �b�e�i�n�g� �m�o�d�e�l� �a�t� 

�i�m�p�o�r�t�a�n�t� �e�v�e�n�t� �t�i�m�e�s� �o�n�l�y�.� 

�3�.�1� �D�e�s�c�r�i�p�t�i�o�n� �o�f� �S�I�M�S�C�R�I�P�T� �I�I�.�5� 

�T�h�e� �w�i�d�e�s�p�r�e�a�d� �u�s�e� �o�f� �s�i�m�u�l�a�t�i�o�n� �a�s� �a�n� �a�n�a�l�y�s�i�s� �t�o�o�l� �h�a�s� �l�e�d� �t�o� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �a� 

�n�u�m�b�e�r� �o�f� �l�a�n�g�u�a�g�e�s� �s�p�e�c�i�f�i�c�a�l�l�y� �d�e�s�i�g�n�e�d� �f�o�r� �s�i�m�u�l�a�t�i�o�n� �[� �P�r�i�t�s�k�e�r�,�1�9�8�6�;� �R�u�s�s�e�l�,� �1�9�8�7�;� 

�P�r�i�t�s�k�e�r�,� �1�9�7�4�;� �P�u�g�h�,� �1�9�7�0�;� �H�e�n�r�i�k�s�e�n� �a�n�d� �C�r�a�i�n�,� �1�9�8�3� �]�.� �T�h�e� �l�a�n�g�u�a�g�e�s� �p�r�o�v�i�d�e� �s�p�e�c�i�f�i�c� 

�c�o�n�c�e�p�t�s� �a�n�d� �s�t�a�t�e�m�e�n�t�s� �f�o�r� �r�e�p�r�e�s�e�n�t�i�n�g� �t�h�e� �s�t�a�t�e� �o�f� �a� �s�y�s�t�e�m� �a�t� �a� �p�o�i�n�t� �i�n� �t�i�m�e� �a�n�d� 

�m�o�v�i�n�g� �t�h�e� �s�y�s�t�e�m� �f�r�o�m� �o�n�e� �s�t�a�t�e� �t�o� �a�n�o�t�h�e�r�.� 

�S�I�M�S�C�R�I�P�T� �i�s� �a� �c�o�m�p�u�t�e�r� �l�a�n�g�u�a�g�e� �d�e�v�e�l�o�p�e�d� �b�y� �K�i�v�i�a�t�,� �V�i�l�l�a�n�e�u�e�v�a�,� �a�n�d� �M�a�r�k�o�w�i�t�z� 
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�[�R�u�s�s�e�l�,� �1�9�8�7�]�.� �S�I�M�S�C�R�I�P�T� �I�I�.�5� �i�s� �t�h�e� �c�u�r�r�e�n�t� �v�e�r�s�i�o�n� �o�f� �S�I�M�S�C�R�I�P�T� �r�e�v�i�s�e�d� �b�y� �A�l�a�s�d�a�r� 

�[�R�u�s�s�e�l�,� �1�9�8�7�]�.� �T�h�e� �s�i�m�u�l�a�t�i�o�n� �m�o�d�e�l�l�i�n�g� �f�r�a�m�e�w�o�r�k� �o�f� �S�I�M�S�C�R�I�P�T� �I�I�.�5� �i�s� �p�r�i�m�a�r�i�l�y� �e�v�e�n�t�-� 

�o�r�i�e�n�t�e�d�.� �T�h�e� �s�t�a�t�e� �o�f� �t�h�e� �s�y�s�t�e�m� �i�s� �d�e�f�i�n�e�d� �b�y� �e�n�t�i�t�i�e�s�,� �t�h�e�i�r� �a�s�s�o�c�i�a�t�e�d� �a�t�t�r�i�b�u�t�e�s�,� �a�n�d� 

�b�y� �l�o�g�i�c�a�l� �g�r�o�u�p�i�n�g�s� �o�f� �e�n�t�i�t�i�e�s� �r�e�f�e�r�r�e�d� �t�o� �a�s� �s�e�t�s�.� �T�h�e� �d�y�n�a�m�i�c� �s�t�r�u�c�t�u�r�e� �o�f� �t�h�e� �s�y�s�t�e�m� 

�i�s� �d�e�s�c�r�i�b�e�d� �b�y� �d�e�f�i�n�i�n�g� �t�h�e� �c�h�a�n�g�e�s� �t�h�a�t� �o�c�c�u�r� �a�t� �e�v�e�n�t� �t�i�m�e�s�.� 

�I�n� �S�I�M�S�C�R�I�P�T� �1�1�.�5�,� �t�w�o� �t�y�p�e�s� �o�f� �a�c�t�i�v�i�t�i�e�s� �a�r�e� �c�o�n�s�i�d�e�r�e�d�.� �A�n� �e�n�t�i�t�y� �w�h�i�c�h� �r�e�m�a�i�n�s� 

�t�h�r�o�u�g�h�o�u�t� �a� �s�i�m�u�l�a�t�i�o�n� �i�s� �r�e�f�e�r�r�e�d� �t�o� �a�s� �a� �p�e�r�m�a�n�e�n�t� �e�n�t�i�t�y�.� �A� �t�e�m�p�o�r�a�r�y� �e�n�t�i�t�y� �i�s� �o�n�e� 

�w�h�i�c�h� �i�s� �c�r�e�a�t�e�d� �a�n�d� �d�e�s�t�r�o�y�e�d� �d�u�r�i�n�g� �t�h�e� �e�x�e�c�u�t�i�o�n� �o�f� �t�h�e� �s�i�m�u�l�a�t�i�o�n� �p�r�o�g�r�a�m�.� �T�h�e� 

�e�n�t�i�t�i�e�s� �m�i�g�h�t� �b�e� �f�l�i�g�h�t�s� �a�n�d� �a�i�r�p�o�r�t�s� �i�n� �a� �s�i�m�u�l�a�t�e�d� �a�i�r� �t�r�a�n�s�p�o�r�t� �s�y�s�t�e�m�.� �I�n� �a� �q�u�e�u�i�n�g� 

�s�y�s�t�e�m�,� �e�a�c�h� �s�e�r�v�e�r� �c�o�u�l�d� �b�e� �m�o�d�e�l�l�e�d� �a�s� �a� �p�e�r�m�a�n�e�n�t� �e�n�t�i�t�y� �a�n�d� �t�h�e� �c�u�s�t�o�m�e�r�s� �a�s� 

�t�e�m�p�o�r�a�r�y� �e�n�t�i�t�i�e�s�.� �F�o�r� �e�a�c�h� �t�y�p�e� �o�f� �e�n�t�i�t�y�,� �a�p�p�r�o�p�r�i�a�t�e� �n�a�m�e�s� �c�o�u�l�d� �b�e� �g�i�v�e�n� �t�o� �t�h�e� 

�a�t�t�r�i�b�u�t�e�s� �t�h�a�t� �c�h�a�r�a�c�t�e�r�i�z�e� �t�h�e� �e�n�t�i�t�y�.� �F�o�r� �e�x�a�m�p�l�e� �a� �t�e�m�p�o�r�a�r�y� �e�n�t�i�t�y� �n�a�m�e�d� �M�A�N� �c�o�u�l�d� 

�b�e� �d�e�f�i�n�e�d� �b�y� �t�h�e� �f�o�l�l�o�w�i�n�g� �s�t�a�t�e�m�e�n�t� �i�n� �p�r�e�a�m�b�l�e� �(�d�e�s�c�r�i�b�e�d� �i�n� �t�h�e� �l�a�t�t�e�r� �p�a�r�t� �o�f� �t�h�e� 

�c�h�a�p�t�e�r�)�:� 

�E�v�e�r�y� �M�A�N� �h�a�s� �a� �H�E�I�G�H�T�,� 

�a� �W�E�I�G�H�T�,� 

�a� �A�G�E� 

�T�h�e� �a�t�t�r�i�b�u�t�e� �o�f� �a� �p�a�r�t�i�c�u�l�a�r� �M�A�N� �c�o�u�l�d� �b�e� �a�c�c�e�s�s�e�d� �t�h�r�o�u�g�h� �r�e�f�e�r�e�n�c�e�s� �a�s� 

�H�E�I�G�H�T�(�M�A�N�)�,� �W�E�I�G�H�T�(�M�A�N�)�,� �a�n�d� �A�G�E�(�M�A�N�)�.� �A� �p�a�r�t�i�c�u�l�a�r� �m�a�n� �i�s� �s�p�e�c�i�f�i�e�d� �b�y� �t�h�e� �v�a�l�u�e� 

�o�f� �t�h�e� �v�a�r�i�a�b�l�e� �M�A�N�.� �T�h�u�s�,� �t�h�e� �E�V�E�R�Y� �s�t�a�t�e�m�e�n�t� �d�e�f�i�n�e�s� �a� �c�l�a�s�s� �o�f� �o�b�j�e�c�t�s�,� �e�a�c�h� �c�a�l�l�e�d� 
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�M�A�N�,� �h�a�v�i�n�g� �s�i�m�i�l�a�r� �p�r�o�p�e�r�t�i�e�s�.� �E�v�e�r�y� �M�A�N�,� �o�f� �w�h�i�c�h� �t�h�e�r�e� �m�a�y� �b�e� �m�a�n�y�,� �i�s� �p�o�r�t�r�a�y�e�d� 

�b�y� �t�h�e�s�e� �a�t�t�r�i�b�u�t�e�s�.� 

�S�e�t�s� �p�r�o�v�i�d�e� �a� �m�e�a�n� �t�o� �m�o�d�e�l� �t�h�e� �o�r�g�a�n�i�z�a�t�i�o�n� �o�f� �e�n�t�i�t�i�e�s� �i�n� �a� �s�y�s�t�e�m�.� �F�o�r� �e�x�a�m�p�l�e�,� �a� 

�s�e�t� �c�o�n�t�a�i�n�i�n�g� �c�u�s�t�o�m�e�r�s� �w�a�i�t�i�n�g� �f�o�r� �s�e�r�v�i�c�e� �c�o�u�l�d� �b�e� �n�a�m�e�d� �a�s� �Q�U�E�U�E� �a�n�d� �t�h�e� �r�e�l�a�t�e�d� 

�s�t�a�t�e�m�e�n�t�s� �c�o�u�l�d� �b�e� �w�r�i�t�t�e�n� �a�s�:� 

�E�v�e�r�y� �C�U�S�T�O�M�E�R� �m�a�y� �b�e�l�o�n�g� �t�o� �Q�U�E�U�E� 

�T�h�e� �s�y�s�t�e�m� �o�w�n�s� �a� �Q�U�E�U�E� 

�T�h�e� �f�i�r�s�t� �s�t�a�t�e�m�e�n�t� �a�b�o�v�e� �d�e�c�l�a�r�e�s� �t�h�a�t� �e�a�c�h� �e�n�t�i�t�y� �c�l�a�s�s� �C�U�S�T�O�M�E�R� �c�o�u�l�d� �b�e� �a� �m�e�m�b�e�r� 

�o�f� �t�h�e� �s�e�t� �Q�U�E�U�E�.� �E�a�c�h� �s�e�t� �d�e�c�l�a�r�e�d� �i�n� �S�I�M�S�C�R�I�P�T� �h�a�s� �t�o� �b�e� �o�w�n�e�d� �b�y� �a�n� �e�n�t�i�t�y�,� �o�r� �a� 

�p�r�o�c�e�s�s� �o�r� �t�h�e� �s�y�s�t�e�m� �a�n�d� �h�e�n�c�e� �t�h�e� �s�e�c�o�n�d� �s�t�a�t�e�m�e�n�t� �a�c�c�o�m�p�a�n�i�e�d� �t�h�e� �f�i�r�s�t�.� �T�h�e� 

�i�m�p�o�r�t�a�n�t� �p�o�i�n�t�s� �t�o� �b�e� �n�o�t�e�d� �i�n� �a� �s�e�t� �a�r�e�:� 

�1�)� �A� �s�e�t� �i�s� �m�a�d�e� �u�p� �o�f� �e�n�t�i�t�i�e�s�,� �o�r� �p�r�o�c�e�s�s�e�s� �t�h�a�t� �p�o�i�n�t� �t�o� �o�n�e� �a�n�o�t�h�e�r�,� �t�h�e�r�e�b�y� 

�e�x�p�r�e�s�s�i�n�g� �t�h�e�i�r� �m�e�m�b�e�r� �r�e�l�a�t�i�o�n�s�h�i�p�s� �i�.�e�.�,� �s�e�t�s� �a�r�e� �l�i�k�e� �a�r�r�a�y�s� �i�n� �t�h�a�t� �e�a�c�h� �m�e�m�b�e�r� 

�e�l�e�m�e�n�t�s� �o�f� �w�h�i�c�h� �t�h�e�y� �a�r�e� �c�o�m�p�o�s�e�d� �m�a�y� �b�e� �i�d�e�n�t�i�f�i�e�d� �a�n�d� �m�a�n�i�p�u�l�a�t�e�d�,� �b�u�t� �i�n� �c�o�n�t�r�a�s�t� 

�w�i�t�h� �s�t�a�t�i�c� �s�t�r�u�c�t�u�r�i�n�g� �i�m�p�o�s�e�d� �o�n� �a�r�r�a�y� �e�l�e�m�e�n�t�s�,� �t�h�e� �o�r�g�a�n�i�z�a�t�i�o�n� �o�f� �m�e�m�b�e�r�s� �i�n� �s�e�t�s� 

�m�a�y� �b�e� �d�y�n�a�m�i�c� �a�n�d� �c�h�a�n�g�e�a�b�l�e�.� 

�2�)� �A� �s�p�e�c�i�f�i�c� �e�n�t�i�t�y� �c�a�n� �o�w�n� �o�r� �b�e�l�o�n�g� �t�o� �a�n�y� �n�u�m�b�e�r� �o�f� �s�e�t�s� �a�s� �l�o�n�g� �a�s� �i�t� �h�a�s� �t�h�e� 

�r�e�q�u�i�r�e�d� �p�o�i�n�t�e�r� �a�t�t�r�i�b�u�t�e�s�.� 
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�3�)� �E�v�e�r�y� �p�r�o�g�r�a�m� �c�o�m�m�e�n�c�e�s� �e�x�e�c�u�t�i�o�n� �w�i�t�h� �e�m�p�t�y� �s�e�t�s�.� �A�s� �a� �p�r�o�g�r�a�m� �p�r�o�c�e�e�d�s�,� 

�s�t�a�t�e�m�e�n�t�s� �a�r�e� �e�x�e�c�u�t�e�d� �t�h�a�t� �f�i�l�e� �e�n�t�i�t�i�e�s� �i�n� �s�e�t�s�,� �e�x�a�m�i�n�e� �s�e�t�s�,� �a�n�d� �r�e�m�o�v�e� �e�n�t�i�t�i�e�s� �f�r�o�m� 

�s�e�t�s�.� 

�I�n� �S�I�M�S�C�R�I�P�T� �I�I�.�5� �t�h�e� �b�e�g�i�n�n�i�n�g� �a�n�d� �e�n�d� �o�f� �a�n� �a�c�t�i�v�i�t�y�,� �w�i�t�h� �p�a�s�s�a�g�e� �o�f� �t�i�m�e�,� �i�s� 

�r�e�p�r�e�s�e�n�t�e�d� �b�y� �a� �p�r�o�c�e�s�s�.� �A�n� �a�c�t�i�v�i�t�y� �w�i�t�h�i�n� �a� �s�y�s�t�e�m� �i�s� �b�o�u�n�d�e�d� �b�y� �t�w�o� �i�n�s�t�a�n�t�a�n�e�o�u�s� 

�e�v�e�n�t�s�;� �w�h�e�n� �a�c�t�i�v�i�t�y� �s�t�a�r�t�s�,� �a�n�d� �w�h�e�n� �i�t� �s�t�o�p�s�.� �T�h�u�s� �t�h�e� �e�v�e�n�t� �i�s� �t�h�e� �s�i�m�p�l�e�s�t� �c�o�m�p�o�n�e�n�t� 

�o�f� �a�n� �a�c�t�i�v�i�t�y� �d�e�s�c�r�i�p�t�i�o�n�.� �T�h�e� �i�m�p�o�r�t�a�n�t� �p�r�o�p�e�r�t�i�e�s� �o�f� �a�n� �e�v�e�n�t� �a�r�e�:� �1�)� �i�t� �o�c�c�u�r�s� �a�t� �s�o�m�e� 

�i�n�s�t�a�n�t� �o�f� �t�i�m�e�,� �a�n�d� �2�)� �t�h�e� �o�c�c�u�r�r�e�n�c�e� �i�s� �i�n�s�t�a�n�t�a�n�e�o�u�s�.� �F�i�g�u�r�e� �3�.�1� �i�l�l�u�s�t�r�a�t�e�s� �a�n� �a�c�t�i�v�i�t�y� 

�d�e�l�i�m�i�t�e�d� �b�y� �t�w�o� �e�v�e�n�t�s� �a�n�d� �i�t�s� �r�e�l�a�t�i�o�n�s�h�i�p� �w�i�t�h� �p�r�o�c�e�s�s�e�s�.� �A� �p�r�o�c�e�s�s� �c�o�u�l�d� �b�e� �d�e�f�i�n�e�d� 

�a�s� �a� �t�i�m�e�-�o�r�d�e�r�e�d� �s�e�q�u�e�n�c�e� �o�f� �e�v�e�n�t�s� �a�n�d� �m�a�y� �e�n�c�o�m�p�a�s�s� �s�e�v�e�r�a�l� �a�c�t�i�v�i�t�i�e�s�.� �T�h�e� 

�p�a�s�s�a�g�e� �o�f� �t�i�m�e� �c�o�u�l�d� �b�e� �p�r�e�d�e�t�e�r�m�i�n�e�d� �o�r� �i�n�d�e�t�e�r�m�i�n�a�t�e�.� �P�r�e�d�e�t�e�r�m�i�n�e�d� �l�a�p�s�e� �o�f� �t�i�m�e� 

�c�o�u�l�d� �b�e� �s�e�r�v�i�c�e� �t�i�m�e� �(�d�e�t�e�r�m�i�n�i�s�t�i�c� �o�r� �s�t�o�c�h�a�s�t�i�c�)� �a�n�d� �i�n�d�e�t�e�r�m�i�n�a�t�e� �p�a�s�s�a�g�e� �o�f� �t�i�m�e� 

�c�o�u�l�d� �b�e� �d�u�e� �t�o� �d�e�l�a�y� �c�a�u�s�e�d� �b�y� �c�o�m�p�e�t�i�t�i�o�n� �f�o�r� �s�c�a�r�c�e� �r�e�s�o�u�r�c�e�s�.� 

�R�e�s�o�u�r�c�e�s� �a�r�e� �p�a�s�s�i�v�e� �e�l�e�m�e�n�t�s� �o�f� �a� �m�o�d�e�l�.� �A� �r�e�s�o�u�r�c�e� �i�s� �u�s�e�d� �t�o� �m�o�d�e�l� �a�n� �o�b�j�e�c�t� 

�r�e�q�u�i�r�e�d� �b�y� �a� �p�r�o�c�e�s�s�.� �F�o�r� �e�x�a�m�p�l�e� �a� �t�e�l�l�e�r� �i�n� �a� �b�a�n�k� �i�s� �c�o�n�s�i�d�e�r�e�d� �a�s� �a� �r�e�s�o�u�r�c�e�.� �H�e� 

�i�s� �r�e�q�u�i�r�e�d� �b�y� �c�u�s�t�o�m�e�r�s� �(�e�n�t�i�t�y�)� �t�o� �p�r�o�c�e�s�s� �a�n� �a�c�t�i�v�i�t�y�.� �W�h�e�n� �t�h�e� �t�e�l�l�e�r� �i�s� �b�u�s�y�,� �o�t�h�e�r� 

�c�u�s�t�o�m�e�r�s� �h�a�v�e� �t�o� �w�a�i�t� �u�n�t�i�l� �h�e� �i�s� �f�r�e�e�.� �I�n�c�l�u�d�e�d� �i�n� �t�h�e� �r�e�s�o�u�r�c�e� �c�o�n�c�e�p�t� �i�s� �t�h�e� �a�u�t�o�m�a�t�i�c� 

�q�u�e�u�i�n�g� �o�f� �t�h�e� �p�r�o�c�e�s�s�e�s� �f�o�r� �u�n�a�v�a�i�l�a�b�l�e� �r�e�s�o�u�r�c�e�s� �a�n�d� �t�h�e�i�r� �a�u�t�o�m�a�t�i�c� �r�e�a�c�t�i�v�a�t�i�o�n� �w�h�e�n� 

�t�h�e� �r�e�q�u�i�r�e�d� �r�e�s�o�u�r�c�e�s� �b�e�c�o�m�e� �a�v�a�i�l�a�b�l�e�.� �R�e�s�o�u�r�c�e�s� �a�r�e� �d�e�c�l�a�r�e�d� �i�n� �p�r�e�a�m�b�l�e�.� �A� 

�r�e�s�o�u�r�c�e�,� �i�n� �S�I�M�S�C�R�I�P�T�,� �i�s� �r�e�p�r�e�s�e�n�t�e�d� �a�s� �a� �p�e�r�m�a�n�e�n�t� �e�n�t�i�t�y� �w�i�t�h� �s�o�m�e� �p�r�e�d�e�t�e�r�m�i�n�e�d� 

�a�t�t�r�i�b�u�t�e�s�:� 

�3�.� �M�e�t�h�o�d�o�l�o�g�y� �2�9



�
 
�
 

� � 

�'�S
�S

�0�0�/�q� 
�B� �p�u�e� �A

�y�A
�N

�O
�Y

� 
�U�e�  ��s�}�U�e�A�y� 

�U
�s�e�M

�j�e�q� 
�d�i�y�s�u�o�N

�e�j�a�y� 
�f�e� �a

�n
�y

� 

�J�U�S�A�W
� 

�p�u�g� 
�J�U�O

�A�T� 
�E

�I�S
� 

�
 
�
 

�v
� 

�A�T�A�N�O
�Y� 

�
 
�
 

� � 
�
 
�
 

�3�0� �3�.� �M�e�t�h�o�d�o�l�o�g�y



�U�.�r�e�s�o�u�r�c�e� �-� �s�p�e�c�i�f�i�e�s� �t�h�e� �n�u�m�b�e�r� �o�f� �t�h�i�s� �r�e�s�o�u�r�c�e� �c�u�r�r�e�n�t�l�y� �a�v�a�i�l�a�b�l�e�.� 

�E�a�c�h� �r�e�s�o�u�r�c�e� �a�l�s�o� �h�a�s� �t�h�e� �o�w�n�e�r� �a�t�t�r�i�b�u�t�e�s� �f�o�r� �m�a�i�n�t�a�i�n�i�n�g� �t�w�o� �s�e�t�s�:� 

�Q�.�r�e�s�o�u�r�c�e� �-� �i�s� �t�h�e� �s�e�t� �o�f� �p�r�o�c�e�s�s�e�s� �c�u�r�r�e�n�t�l�y� �w�a�i�t�i�n�g� �f�o�r� �t�h�i�s� �r�e�s�o�u�r�c�e�.� 

�X�.�r�e�s�o�u�r�c�e� �-� �i�s� �t�h�e� �s�e�t� �o�f� �p�r�o�c�e�s�s�e�s� �c�u�r�r�e�n�t�l�y� �u�s�i�n�g� �t�h�i�s� �r�e�s�o�u�r�c�e�.� 

�B�e�c�a�u�s�e� �t�h�e� �r�e�s�o�u�r�c�e�s� �a�r�e� �m�o�d�e�l�l�e�d� �a�s� �p�e�r�m�a�n�e�n�t� �e�n�t�i�t�i�e�s�,� �t�h�e�y� �m�u�s�t� �b�e� �c�r�e�a�t�e�d� �b�e�f�o�r�e� 

�b�e�i�n�g� �u�s�e�d�.� �F�o�r� �e�x�a�m�p�l�e�:� 

�C�r�e�a�t�e� �e�v�e�r�y� �R�U�N�W�A�Y�(�1�)� 

�l�e�t� �U�R�U�N�W�A�Y�(�1�)� �=� �1� 

�T�h�e� �a�b�o�v�e� �s�t�a�t�e�m�e�n�t�s� �s�t�a�t�e� �t�h�a�t� �t�h�e�r�e� �i�s� �o�n�l�y� �o�n�e� �t�y�p�e� �o�f� �r�u�n�w�a�y�,� �a�n�d� �t�h�e�r�e� �i�s� �o�n�l�y� �o�n�e� 

�o�f� �t�h�e�m�.� 

�A�n�y� �S�I�M�S�C�R�I�P�T� �1�1�.�5� �s�i�m�u�l�a�t�i�o�n� �m�o�d�e�l� �c�o�n�s�i�s�t�s� �o�f� �t�h�r�e�e� �p�r�i�m�a�r�y� �e�l�e�m�e�n�t�s� �[�R�u�s�s�e�l�,� �1�9�9�0�]�:� 

�1�)� �P�r�e�a�m�b�l�e�,� �2�)� �M�a�i�n� �p�r�o�g�r�a�m� �m�o�d�u�l�e�,� �a�n�d� �3�)� �P�r�o�c�e�s�s�e�s�.� �T�h�e� �f�o�l�l�o�w�i�n�g� �p�a�r�a�g�r�a�p�h�s� 

�d�e�s�c�r�i�b�e� �i�n� �s�o�m�e� �d�e�t�a�i�l� �e�a�c�h� �o�n�e� �o�f� �t�h�e�s�e�:� 

�1�)� �A� �P�R�E�A�M�B�L�E� �i�s� �u�s�e�d� �t�o� �d�e�f�i�n�e� �t�h�e� �s�t�a�t�i�c� �s�t�r�u�c�t�u�r�e� �o�f� �t�h�e� �m�o�d�e�l� �b�y� �p�r�e�s�c�r�i�b�i�n�g� �t�h�e� 

�n�a�m�e� �o�f� �p�e�r�m�a�n�e�n�t� �a�n�d� �t�e�m�p�o�r�a�r�y� �e�n�t�i�t�i�e�s�,� �t�h�e�i�r� �a�t�t�r�i�b�u�t�e�s�,� �s�e�t� �r�e�l�a�t�i�o�n�s�h�i�p�s�,� �r�e�s�o�u�r�c�e�s� 

�a�n�d� �p�r�o�c�e�s�s�e�s�.� �I�t� �i�s� �t�h�e� �f�i�r�s�t� �s�e�c�t�i�o�n� �o�f� �a�n�y� �S�I�M�S�C�R�I�P�T� �I�I�.�5� �s�i�m�u�l�a�t�i�o�n� �m�o�d�e�l�.� �I�t� �i�s� �n�o�t� �p�a�r�t� 
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�o�f� �a� �e�x�e�c�u�t�a�b�l�e� �p�r�o�g�r�a�m�.� �T�h�i�s� �s�e�c�t�i�o�n� �i�s� �a�l�s�o� �u�s�e�d� �f�o�r� �c�h�a�n�g�i�n�g� �b�a�c�k�g�r�o�u�n�d� �c�o�n�d�i�t�i�o�n�s�(� 

�w�h�e�t�h�e�r� �a� �v�a�r�i�a�b�l�e� �i�s� �r�e�a�l�,� �i�n�t�e�g�e�r�,� �t�e�x�t� �o�r� �a�l�p�h�a�)�,� �s�p�e�c�i�f�y�i�n�g� �d�a�t�a� �s�t�r�u�c�t�u�r�e�s� �(� �d�e�f�i�n�i�n�g� 

�a�r�r�a�y�s� �a�n�d� �t�h�e�i�r� �d�i�m�e�n�s�i�o�n�s�)� �o�t�h�e�r� �t�h�a�n� �p�r�o�c�e�s�s�e�s� �a�n�d� �r�e�s�o�u�r�c�e�s�,� �a�n�d� �l�i�s�t�i�n�g� �p�e�r�f�o�r�m�a�n�c�e� 

�m�e�a�s�u�r�e�m�e�n�t�s� �(�t�o� �c�o�l�l�e�c�t� �s�t�a�t�i�s�t�i�c�s� �o�f� �t�h�e� �r�u�n�)� �t�o� �b�e� �m�a�d�e�.� �F�o�r� �e�x�a�m�p�l�e�:� 

�n�o�r�m�a�l�l�y� �m�o�d�e� �i�s� �i�n�t�e�g�e�r� 

�I�t� �i�m�p�l�i�e�s� �t�h�a�t� �t�h�e� �m�o�d�e� �o�f� �a�l�l� �v�a�r�i�a�b�l�e�s� �t�h�a�t� �a�r�e� �n�o�t� �e�x�p�l�i�c�i�t�l�y� �d�e�f�i�n�e�d� �w�i�l�l� �b�e� �i�n�t�e�g�e�r�.� 

�d�e�f�i�n�e� �N�A�M�E�,� 

�C�O�L�O�R� �a�s� �t�e�x�t� �v�a�r�i�a�b�l�e�s� 

�d�e�f�i�n�e� �D�A�T�A� �a�s� �a� �2�-�d�i�m�e�n�s�i�o�n�a�l� �i�n�t�e�g�e�r� �a�r�r�a�y� 

�T�h�e� �p�r�i�n�c�i�p�a�l� �o�u�t�p�u�t�s� �o�f� �s�i�m�u�l�a�t�i�o�n� �e�x�p�e�r�i�m�e�n�t�s� �a�r�e� �s�t�a�t�i�s�t�i�c�a�l� �m�e�a�s�u�r�e�m�e�n�t�s�.� �S�u�c�h� 

�q�u�a�n�t�i�t�i�e�s� �a�r�e� �t�h�e� �a�v�e�r�a�g�e� �l�e�n�g�t�h� �o�f� �a� �w�a�i�t�i�n�g� �l�i�n�e� �a�n�d� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �i�d�l�e� �t�i�m�e� �o�f� �a� 

�m�a�c�h�i�n�e� �a�r�e� �t�y�p�i�c�a�l� �e�x�a�m�p�l�e�s�.� �T�w�o� �f�e�a�t�u�r�e�s� �a�c�c�u�m�u�l�a�t�e� �a�n�d� �t�a�l�l�y�,� �a�l�l�o�w� �s�u�c�h� �i�n�f�o�r�m�a�t�i�o�n� 

�t�o� �b�e� �g�a�t�h�e�r�e�d� �d�u�r�i�n�g� �a� �s�i�m�u�l�a�t�i�o�n� �r�u�n�,� �w�i�t�h�o�u�t� �r�e�q�u�i�r�i�n�g� �a�n�y� �o�t�h�e�r� �e�x�p�l�i�c�i�t� �a�c�t�i�o�n� �t�o� �b�e� 

�s�p�e�c�i�f�i�e�d� �w�i�t�h�i�n� �t�h�e� �p�r�o�g�r�a�m�.� �A� �s�t�a�t�e�m�e�n�t� �o�f� �t�h�e� �f�o�r�m� �i�n� �p�r�e�a�m�b�l�e�:� 

�t�a�l�l�y� �c�o�m�p�u�t�e� �l�i�s�t� �o�f� �n�a�m�e�s� 

�p�e�r�f�o�r�m�s� �c�o�m�p�u�t�a�t�i�o�n�s� �s�i�m�i�l�a�r� �t�o� �t�h�o�s�e� �o�f� �o�r�d�i�n�a�r�y� �c�o�m�p�u�t�a�t�i�o�n�s� �i�n� �a� �r�o�u�t�i�n�e�,� �b�u�t� �i�n� �a� 

�g�l�o�b�a�l� �m�a�n�n�e�r�,� �o�v�e�r� �t�i�m�e�,� �r�a�t�h�e�r� �l�o�c�a�l�l�y� �t�o� �a�n� �i�n�s�t�a�n�c�e� �o�f� �i�t�s� �u�s�e�.� �C�o�n�s�i�d�e�r� �t�h�e� �f�o�l�l�o�w�i�n�g� 
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�e�x�a�m�p�l�e�,� 

�t�a�l�l�y� �A�V�E�R�A�G�E�.�W�E�I�G�H�T� �a�s� �t�h�e� �m�e�a�n�,� 

�M�A�X�I�M�U�M�.�W�E�I�G�H�T� �a�s� �m�a�x�i�m�u�m� �o�f� �W�E�I�G�H�T� 

�w�h�e�r�e�,� �A�V�E�R�A�G�E�.�W�E�I�G�H�T�,� �M�A�X�I�M�U�M�.�W�E�I�G�H�T� �a�r�e� �g�l�o�b�a�l� �v�a�r�i�a�b�l�e�s� �c�o�l�l�e�c�t�i�n�g� �s�t�a�t�i�s�t�i�c�a�l� �d�a�t�a� 

�(�m�e�a�n�,� �a�n�d� �m�a�x�i�m�u�m� �r�e�s�p�e�c�t�i�v�e�l�y�)� �o�f� �g�l�o�b�a�l� �v�a�r�i�a�b�l�e� �W�E�I�G�H�T�.� 

�S�t�a�t�i�s�t�i�c�a�l� �c�o�m�p�u�t�a�t�i�o�n�s� �o�f� �a� �d�i�f�f�e�r�e�n�t� �t�y�p�e� �a�r�e� �m�a�d�e� �w�h�e�n� �t�h�e� �w�o�r�d� �a�c�c�u�m�u�l�a�t�e� �r�e�p�l�a�c�e�s� 

�t�a�l�l�y�.� �T�h�e�s�e� �c�a�l�c�u�l�a�t�i�o�n�s� �i�n�t�r�o�d�u�c�e� �s�i�m�u�l�a�t�i�o�n� �t�i�m�e� �i�n�t�o� �a�v�e�r�a�g�e�,� �v�a�r�i�a�n�c�e�,� �a�n�d� �s�t�a�n�d�a�r�d� 

�d�e�v�i�a�t�i�o�n� �c�a�l�c�u�l�a�t�i�o�n�,� �w�e�i�g�h�i�n�g� �t�h�e� �c�o�l�l�e�c�t�e�d� �o�b�s�e�r�v�a�t�i�o�n�s� �b�y� �t�h�e� �a�p�p�a�r�e�n�t� �l�e�n�g�t�h� �o�f� �t�h�e� 

�s�i�m�u�l�a�t�i�o�n�.� �A�n� �e�x�a�m�p�l�e� �o�f� �a�c�c�u�m�u�l�a�t�e� �s�t�a�t�e�m�e�n�t� �i�s� �a�s� �f�o�l�l�o�w�s�:� 

�A�c�c�u�m�u�l�a�t�e� �A�V�E�R�A�G�E�.�Q�U�E�U�E� �a�s� �t�h�e� �m�e�a�n�,� 

�a�n�d� �M�A�X�I�M�U�M�.�Q�U�E�U�E� �a�s� �t�h�e� �m�a�x�i�m�u�m� �o�f� �Q�U�E�U�E� 

�A�c�c�u�m�u�l�a�t�e� �a�n�d� �t�a�l�l�y� �s�t�a�t�e�m�e�n�t�s� �c�a�n�n�o�t� �b�e� �d�e�c�l�a�r�e�d� �f�o�r� �t�h�e� �s�a�m�e� �v�a�r�i�a�b�l�e�.� �T�h�i�s� �s�e�c�t�i�o�n� 

�i�s� �h�e�a�d�e�d� �b�y� �t�h�e� �w�o�r�d� �p�r�e�a�m�b�l�e� �a�n�d� �t�e�r�m�i�n�a�t�e�d� �b�y� �t�h�e� �w�o�r�d� �e�n�d�.� 

�2�)� �A� �M�A�I�N� �p�r�o�g�r�a�m� �i�s� �w�h�e�r�e� �t�h�e� �e�x�e�c�u�t�i�o�n� �o�f� �a�n�y� �S�I�M�S�C�R�I�P�T� �I�I�.�5� �p�r�o�g�r�a�m� �b�e�g�i�n�s�.� �I�n� 

�t�h�i�s� �s�e�c�t�i�o�n�,� �u�s�u�a�l�l�y�,� �r�e�s�o�u�r�c�e�s� �a�r�e� �c�r�e�a�t�e�d� �a�n�d� �i�n�i�t�i�a�l�i�z�e�d� �b�e�f�o�r�e� �u�s�e�d� �b�y� �p�r�o�c�e�s�s�e�s�.� �A� 

�t�y�p�i�c�a�l� �s�t�a�t�e�m�e�n�t� �i�s� �a�s� �f�o�l�l�o�w�s�:� 

�3�.� �M�e�t�h�o�d�o�l�o�g�y� �3�3



�C�r�e�a�t�e� �e�v�e�r�y� �R�U�N�W�A�Y�(�1�)� 

�l�e�t� �U�R�U�N�W�A�Y�(�1�)� �=� �1� 

�S�I�M�S�C�R�I�P�T� �I�I�.�5� �r�e�q�u�i�r�e�s� �t�h�a�t� �a�n� �e�v�e�n�t� �b�e� �a�w�a�i�t�i�n�g� �e�x�e�c�u�t�i�o�n� �b�e�f�o�r�e� �a� �s�i�m�u�l�a�t�i�o�n� 

�c�o�m�m�e�n�c�e�s�.� �T�h�i�s� �i�s� �d�o�n�e� �b�y� �a�c�t�i�v�a�t�i�n�g� �i�n�i�t�i�a�l� �p�r�o�c�e�s�s�e�s� �i�n� �M�A�I�N�.� �F�o�r� �e�x�a�m�p�l�e�:� 

�A�c�t�i�v�a�t�e� �a� �M�A�C�H�I�N�I�N�G� �(�t�i�m�e� �u�n�i�t�s�)� 

�w�h�e�r�e� �M�A�C�H�I�N�I�N�G� �i�s� �a� �p�r�o�c�e�s�s�.� 

�S�i�m�u�l�a�t�i�o�n� �b�e�g�i�n�s� �w�h�e�n� �c�o�n�t�r�o�l� �p�a�s�s�e�s� �t�o� �a� �s�y�s�t�e�m�-�s�u�p�p�l�i�e�d� �t�i�m�i�n�g� �r�o�u�t�i�n�e�.� �T�h�i�s� �i�s� �d�o�n�e� 

�b�y� �e�x�e�c�u�t�i�n�g� �t�h�e� �S�T�A�R�T� �S�I�M�U�L�A�T�I�O�N� �s�t�a�t�e�m�e�n�t�.� �A� �t�i�m�i�n�g� �r�o�u�t�i�n�e� �i�s� �t�h�e� �h�e�a�r�t� �o�f� �a�n�y� 

�d�i�s�c�r�e�t�e�-�e�v�e�n�t� �s�i�m�u�l�a�t�i�o�n� �m�o�d�e�l�.� �T�h�i�s� �r�o�u�t�i�n�e� �t�i�e�s� �t�h�e� �e�n�t�i�r�e� �c�o�l�l�e�c�t�i�o�n� �o�f� �p�r�o�c�e�s�s�e�s� 

�t�o�g�e�t�h�e�r�,� �a�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �3�.�2�.� �A�n�y� �s�t�a�t�e�m�e�n�t� �f�o�l�l�o�w�i�n�g� �t�h�e� �S�T�A�R�T� �S�I�M�U�L�A�T�I�O�N� �w�i�l�l� 

�n�o�t� �b�e� �e�x�e�c�u�t�e�d� �u�n�t�i�l� �t�h�e� �s�i�m�u�l�a�t�i�o�n� �h�a�s� �t�e�r�m�i�n�a�t�e�d�.� �A�t� �t�h�i�s� �p�o�i�n�t� �f�i�n�a�l� �r�e�p�o�r�t�s� �c�o�u�l�d� �b�e� 

�p�r�o�d�u�c�e�d� �a�n�d� �a� �n�e�w� �s�i�m�u�l�a�t�i�o�n� �r�u�n� �c�o�u�l�d� �b�e� �i�n�i�t�i�a�t�e�d�.� �T�h�i�s� �r�o�u�t�i�n�e� �i�s� �s�t�a�r�t�e�d� �b�y� �u�s�i�n�g� 

�t�h�e� �w�o�r�d� �m�a�i�n� �a�n�d� �t�e�r�m�i�n�a�t�e�d� �b�y� �u�s�i�n�g� �t�h�e� �w�o�r�d� �e�n�d�.� 

�3�)� �A� �P�R�O�C�E�S�S� �r�o�u�t�i�n�e� �f�o�r� �e�a�c�h� �p�r�o�c�e�s�s� �i�s� �d�e�c�l�a�r�e�d� �i�n� �t�h�e� �p�r�e�a�m�b�l�e�.� �T�h�e� �n�a�m�e�s� �o�f� �t�h�e� 

�p�r�o�c�e�s�s� �o�b�j�e�c�t� �a�n�d� �t�h�e� �p�r�o�c�e�s�s� �r�o�u�t�i�n�e� �a�r�e� �i�d�e�n�t�i�c�a�l�.� �A� �p�r�o�c�e�s�s� �r�o�u�t�i�n�e� �e�m�b�o�d�i�e�s� �t�h�e� 

�l�o�g�i�c� �d�e�s�c�r�i�p�t�i�o�n� �o�f� �a� �p�r�o�c�e�s�s�,� �d�e�s�c�r�i�b�i�n�g� �t�h�e� �j�o�b� �d�o�n�e� �b�y� �t�h�e� �p�r�o�c�e�s�s� �o�b�j�e�c�t� �u�n�d�e�r� �a�l�l� 

�c�i�r�c�u�m�s�t�a�n�c�e�s�.� �A� �r�o�u�t�i�n�e� �i�s� �d�e�c�l�a�r�e�d� �t�o� �b�e� �a� �p�r�o�c�e�s�s� �r�o�u�t�i�n�e� �r�a�t�h�e�r� �t�h�a�n� �a� �c�a�l�l�a�b�l�e� 

�s�u�b�p�r�o�g�r�a�m� �b�y� �u�s�e� �o�f� �t�h�e� �w�o�r�d� �p�r�o�c�e�s�s� �r�a�t�h�e�r� �t�h�a�n� �r�o�u�t�i�n�e� �i�n� �t�h�e� �r�o�u�t�i�n�e� �d�e�f�i�n�i�t�i�o�n�.� 
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�T�h�e� �g�e�n�e�r�a�l� �f�o�r�m� �o�f� �t�h�e� �p�r�o�c�e�s�s� �r�o�u�t�i�n�e� �d�e�c�l�a�r�a�t�i�o�n� �s�t�a�t�e�m�e�n�t� �i�s�:� 

�p�r�o�c�e�s�s� �n�a�m�e� �(�o�p�t�i�o�n�a�l� �i�n�p�u�t� �a�r�g�u�m�e�n�t� �l�i�s�t�)� 

�E�a�c�h� �p�r�o�c�e�s�s� �m�u�s�t� �b�e� �d�e�c�l�a�r�e�d� �i�n� �t�h�e� �p�r�o�c�e�s�s�e�s� �s�e�c�t�i�o�n� �o�f� �p�r�e�a�m�b�l�e�.� 

�A� �p�r�o�c�e�s�s� �r�e�q�u�e�s�t�s� �a� �q�u�a�n�t�i�t�y� �o�f� �a�n�y� �g�i�v�e�n� �r�e�s�o�u�r�c�e� �u�s�i�n�g� �a� �r�e�q�u�e�s�t� �s�t�a�t�e�m�e�n�t� �a�s� �s�h�o�w�n� 

�b�e�l�o�w�:� 

�R�e�q�u�e�s�t� �1� �R�U�N�W�A�Y�(�1�)� 

�I�f� �t�h�e� �r�e�q�u�e�s�t�e�d� �q�u�a�n�t�i�t�y� �o�f� �r�e�s�o�u�r�c�e�s� �i�s� �a�v�a�i�l�a�b�l�e�,� �i�t� �i�s� �g�i�v�e�n� �t�o� �t�h�e� �p�r�o�c�e�s�s�,� �a�n�d� �t�h�e� 

�p�r�o�c�e�s�s� �c�o�n�t�i�n�u�e�s� �a�t� �t�h�e� �s�t�a�t�e�m�e�n�t� �f�o�l�l�o�w�i�n�g� �t�h�e� �r�e�q�u�e�s�t� �s�t�a�t�e�m�e�n�t�.� �A� �p�r�o�c�e�s�s� �t�h�a�t� �h�a�s� 

�r�e�q�u�e�s�t�e�d� �s�o�m�e� �u�n�i�t�s� �o�f� �r�e�s�o�u�r�c�e�s� �m�a�y� �r�e�l�i�n�q�u�i�s�h� �s�o�m�e� �n�u�m�b�e�r� �o�f� �t�h�e�s�e�,� �b�u�t� �n�o�t� 

�n�e�c�e�s�s�a�r�i�l�y� �a�l�l� �i�t� �h�a�s�.� �A�n� �e�x�a�m�p�l�e� �o�f� �r�e�l�i�n�q�u�i�s�h� �s�t�a�t�e�m�e�n�t� �i�s� �a�s� �f�o�l�l�o�w�s�:� 

�R�e�l�i�n�q�u�i�s�h� �1� �R�U�N�W�A�Y�(�1�)� 

�T�h�e� �d�u�r�a�t�i�o�n� �o�f� �o�c�c�u�p�a�t�i�o�n� �(� �o�r� �u�s�a�g�e� �)� �o�f� �a� �r�e�s�o�u�r�c�e� �i�s� �m�o�d�e�l�l�e�d� �b�y� �a� �w�o�r�k� �(�w�a�i�t�)� 

�s�t�a�t�e�m�e�n�t�.� �F�o�r� �e�x�a�m�p�l�e�:� 

�W�o�r�k� �e�x�p�r�e�s�s�i�o�n� �t�i�m�e� �u�n�i�t�s� 

�W�o�r�k� �5� �d�a�y�s� 

�W�o�r�k� �(�A� �+� �B�)� �h�o�u�r�s� 

�3�.� �M�e�t�h�o�d�o�l�o�g�y� �3�6



�T�h�e� �w�o�r�k� �s�t�a�t�e�m�e�n�t� �h�a�s� �t�o� �b�e� �s�t�a�t�e�d� �i�n� �b�e�t�w�e�e�n� �t�h�e� �r�e�q�u�e�s�t� �a�n�d� �r�e�l�i�n�q�u�i�s�h� �s�t�a�t�e�m�e�n�t�s� 

�t�o� �d�e�p�i�c�t� �t�h�e� �u�s�a�g�e� �o�f� �r�e�s�o�u�r�c�e�(�s�)�.� 

�O�t�h�e�r� �t�h�a�n� �t�h�e� �a�b�o�v�e� �t�h�r�e�e� �p�r�i�m�a�r�y� �e�l�e�m�e�n�t�s� �(� �P�r�e�a�m�b�l�e�,� �M�a�i�n�,� �P�r�o�c�e�s�s� �)� �o�f� �a� �S�I�M�S�C�R�I�P�T� 

�l�I�.�5� �s�i�m�u�l�a�t�i�o�n� �m�o�d�e�l�,� �i�t� �m�a�y� �c�o�n�t�a�i�n� �o�n�e� �o�r� �m�o�r�e� �s�u�b�p�r�o�g�r�a�m�s� �(�r�o�u�t�i�n�e�s�)�.� �S�u�b�p�r�o�g�r�a�m�s� 

�a�r�e� �n�o�t� �e�x�e�c�u�t�e�d� �d�i�r�e�c�t�l�y� �b�u�t� �a�r�e� �s�u�b�o�r�d�i�n�a�t�e� �t�o� �a� �h�i�g�h�e�r� �l�e�v�e�l� �r�o�u�t�i�n�e�,� �w�h�e�r�e� �M�a�i�n� �r�o�u�t�i�n�e� 

�i�s� �a�t� �t�h�e� �h�i�g�h�e�s�t� �l�e�v�e�l� �i�n� �t�h�e� �h�i�e�r�a�r�c�h�y�.� 

�T�h�o�u�g�h� �S�I�M�S�C�R�I�P�T� �I�I�.�5� �i�s� �p�o�p�u�l�a�r� �f�o�r� �i�t�s� �d�i�s�c�r�e�t�e� �e�v�e�n�t� �s�i�m�u�l�a�t�i�o�n�,� �i�t� �h�a�s� �a� �c�o�n�t�i�n�u�o�u�s� 

�s�i�m�u�l�a�t�i�o�n� �c�a�p�a�b�i�l�i�t�y� �a�s� �w�e�l�l�.� �G�i�v�e�n� �a�n� �e�q�u�a�t�i�o�n� �f�o�r� �t�h�e� �r�a�t�e� �o�f� �c�h�a�n�g�e� �o�f� �a� �v�a�r�i�a�b�l�e�,� �i�t� 

�c�a�l�c�u�l�a�t�e�s� �t�h�e� �v�a�l�u�e� �o�f� �t�h�e� �v�a�r�i�a�b�l�e� �a�n�d� �c�o�n�t�i�n�u�o�u�s�l�y� �c�h�e�c�k�i�n�g� �a� �(�o�r� �s�o�m�e�)� �c�o�n�d�i�t�i�o�n�(�s�)�.� 

�T�h�i�s� �i�s� �t�h�e� �b�a�s�i�s� �f�o�r� �c�o�n�t�i�n�u�o�u�s� �s�i�m�u�l�a�t�i�o�n�.� �F�o�r� �e�x�a�m�p�l�e� �t�h�e� �f�o�l�l�o�w�i�n�g� �S�I�M�S�C�R�I�P�T� �I�I�.�5� 

�c�o�d�e� �s�h�o�w�s� �a� �t�y�p�i�c�a�l� �c�o�n�t�i�n�u�o�u�s� �s�i�m�u�l�a�t�i�o�n� �m�o�d�e�l�:� 

�P�r�o�c�e�s�s� �S�H�A�P�E� 

�W�o�r�k� �c�o�n�t�i�n�u�o�u�s�l�y� �e�v�a�l�u�a�t�i�n�g� �E�Q�U�A�T�I�O�N�S �� 

�t�e�s�t�i�n�g�  ��Q�U�I�T �� 

�E�n�d� 

�R�o�u�t�i�n�e� �E�Q�U�A�T�I�O�N�S� �G�i�v�e�n� �.�S�H�P� 

�L�e�t� �D�.�A�N�G�L�E�(�.�S�H�P�)� �=� �-�.�1� �"�r�a�d�i�a�n�s�/�s�e�c�o�n�d� 

�L�e�t� �D�.�X�(�.�S�H�P�)� �=� �S�P�E�E�D�(�.�S�H�P�)� �*� �c�o�s�.�f�(�A�N�G�L�E�(�.�S�H�P�)�)� 

�L�e�t� �D�.�Y�(�.�S�H�P�)� �=� �S�P�E�E�D�(�.�S�H�P�)� �*� �s�i�n�.�f�(�A�N�G�L�E�(�.�S�H�P�)�)� 

�E�n�d� 
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�F�u�n�c�t�i�o�n� �Q�U�I�T� 

�I�f� �t�i�m�e�.�v� �>� �5� �"� �s�e�c�o�n�d�s� 

�R�e�t�u�r�n� �w�i�t�h� �1� 

�E�n�d�i�f� 

�r�e�t�u�r�n� �w�i�t�h� �O� 

�E�n�d� 

�S�I�M�S�C�R�I�P�T� �I�I�.�5� �p�r�o�v�i�d�e�s� �m�a�n�y� �b�u�i�l�t� �i�n� �f�u�n�c�t�i�o�n�s� �t�o� �s�i�m�p�l�i�f�y� �t�h�e� �s�i�m�u�l�a�t�i�o�n� �m�o�d�e�l� �e�s�p�e�c�i�a�l�l�y� 

�w�i�t�h� �p�r�o�b�a�b�i�l�i�t�y� �d�i�s�t�r�i�b�u�t�i�o�n� �f�u�n�c�t�i�o�n�s�,� �r�a�n�d�o�m� �n�u�m�b�e�r� �g�e�n�e�r�a�t�o�r�s�,� �e�t�c�.� �S�o�m�e� �o�f� �t�h�e� �b�u�i�l�t� 

�i�n� �p�r�o�b�a�b�i�l�i�t�y� �d�i�s�t�r�i�b�u�t�i�o�n� �f�u�n�c�t�i�o�n�s� �i�t� �h�a�s� �a�r�e� �s�h�o�w�n� �i�n� �T�a�b�l�e� �3�.�1�.� �O�t�h�e�r� �t�y�p�e�s� �o�f� �f�u�n�c�t�i�o�n�s� 

�a�n�d� �r�o�u�t�i�n�e�s� �a�r�e� �s�h�o�w�n� �i�n� �T�a�b�l�e� �3�.�2�.� 

�S�I�M�S�C�R�I�P�T� �I�I�.�5� �h�a�s� �a�l�s�o� �t�h�e� �c�a�p�a�b�i�l�i�t�y� �o�f� �s�t�a�t�i�c� �o�r� �d�y�n�a�m�i�c� �p�r�e�s�e�n�t�a�t�i�o�n� �g�r�a�p�h�i�c�s�,� 

�i�n�t�e�r�a�c�t�i�v�e� �g�r�a�p�h�i�c�s�,� �a�n�d� �a�n�i�m�a�t�e�d� �d�i�s�p�l�a�y�s� �w�i�t�h� �h�e�l�p� �o�f� �S�I�M�G�R�A�P�H�I�C�S�,� �a�n� �e�x�t�e�n�s�i�o�n� �o�f� 

�S�I�M�S�C�R�I�P�T� �I�I�.�5�.� �T�h�e� �t�y�p�i�c�a�l� �a�p�p�l�i�c�a�t�i�o�n�s� �i�n�c�l�u�d�e� �[� �C�A�C�I�,� �1�9�9�1�]� �:� 

�D�a�t�a� �P�r�e�s�e�n�t�a�t�i�o�n�:� �H�i�s�t�o�g�r�a�m�s�,� �p�i�e�-�c�h�a�r�t�s�,� �x�-�y� �p�l�o�t�s�,� �d�i�a�l�s� �a�n�d� �g�r�a�p�h�i�c�s� �c�a�n� �b�e� �g�e�n�e�r�a�t�e�d� 

�t�o� �d�i�s�p�l�a�y� �n�u�m�e�r�i�c�a�l� �o�r� �s�t�a�t�i�s�t�i�c�a�l� �i�n�f�o�r�m�a�t�i�o�n�.� 

�M�o�d�e�l� �R�e�p�r�e�s�e�n�t�a�t�i�o�n�:� �A�n�i�m�a�t�i�o�n� �g�r�a�p�h�i�c�s� �c�a�n� �r�e�p�r�e�s�e�n�t� �t�h�e� �s�y�s�t�e�m� �u�n�d�e�r� �s�i�m�u�l�a�t�i�o�n� 

�a�n�d� �e�v�o�l�v�e� �a�s� �t�h�e� �s�i�m�u�l�a�t�i�o�n� �p�r�o�g�r�e�s�s�e�s�.� 

�R�u�n� �C�o�n�f�i�g�u�r�a�t�i�o�n�:� �S�i�m�u�l�a�t�i�o�n� �e�x�p�e�r�i�m�e�n�t�s� �s�t�a�r�t� �f�r�o�m� �s�o�m�e� �i�n�i�t�i�a�l� �c�o�n�d�i�t�i�o�n�s�,� �w�h�i�c�h� �c�a�n� 
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�b�e� �e�a�s�i�l�y� �s�e�t� �b�y� �m�a�n�i�p�u�l�a�t�i�n�g� �a� �g�r�a�p�h�i�c�a�l� �r�e�p�r�e�s�e�n�t�a�t�i�o�n� �o�f� �t�h�e� �s�y�s�t�e�m�.� �I�n�t�e�r�a�c�t�i�v�e� 

�r�e�c�o�n�f�i�g�u�r�a�t�i�o�n� �a�t� �r�u�n�-�t�i�m�e� �c�a�n� �r�e�d�u�c�e� �t�h�e� �i�t�e�r�a�t�i�o�n�s� �n�e�e�d�e�d� �t�o� �a�c�h�i�e�v�e� �s�t�a�b�l�e� �r�e�s�u�l�t�s�,� �a�n�d� 

�m�a�k�e� �s�i�m�u�l�a�t�i�o�n� �p�r�o�g�r�a�m�s� �m�o�r�e� �g�e�n�e�r�a�l�.� 

�S�I�M�G�R�A�P�H�I�C�S� �h�a�s� �a� �b�u�i�l�t� �i�n� �g�r�a�p�h�i�c�s� �e�d�i�t�o�r�,� �w�h�i�c�h� �h�e�l�p�s� �i�n� �c�r�e�a�t�i�n�g� �i�c�o�n�s�,� �f�o�r�m�a�t�t�i�n�g� 

�g�r�a�p�h�i�c�s�,� �a�n�d� �d�i�f�f�e�r�e�n�t� �t�y�p�e�s� �o�f� �f�o�r�m�s� �l�i�k�e� �d�i�a�l�o�g� �b�o�x�e�s�,� �v�a�l�u�e� �b�o�x�e�s�,� �c�h�e�c�k� �b�o�x�e�s�,� 

�b�u�t�t�o�n�s� �a�n�d� �m�e�n�u� �b�a�r�s�.� �W�h�e�n� �t�h�e�s�e� �c�r�e�a�t�e�d� �i�c�o�n�s�,� �f�o�r�m�s�,� �e�t�c�.�,� �a�r�e� �i�n�t�e�r�f�a�c�e�d� �w�i�t�h� �t�h�e� 

�v�a�r�i�a�b�l�e�s� �o�f� �t�h�e� �s�i�m�u�l�a�t�i�o�n� �m�o�d�e�l� �t�h�e� �d�e�s�i�r�e�d� �g�r�a�p�h�i�c�a�l� �p�r�e�s�e�n�t�a�t�i�o�n� �o�u�t�p�u�t� �i�s� �o�b�s�e�r�v�e�d�.� 
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�4�.� �M�o�d�e�l� �D�e�s�c�r�i�p�t�i�o�n� 

�T�h�i�s� �c�h�a�p�t�e�r� �d�e�a�l�s� �w�i�t�h� �t�h�e� �d�e�s�c�r�i�p�t�i�o�n� �o�f� �t�h�e� �s�i�m�u�l�a�t�i�o�n� �m�o�d�e�l� �(�R�U�N�S�I�M�)� �d�e�v�e�l�o�p�e�d� �a�s� 

�p�a�r�t� �o�f� �t�h�i�s� �r�e�s�e�a�r�c�h�.� �T�h�e� �d�e�s�c�r�i�p�t�i�o�n� �i�n�c�l�u�d�e�s� �t�h�e� �b�o�u�n�d�a�r�i�e�s� �o�f� �t�h�e� �m�o�d�e�l�,� �a�s�s�u�m�p�t�i�o�n�s�,� 

�i�n�p�u�t� �p�a�r�a�m�e�t�e�r�s�,� �t�h�e� �m�a�t�h�e�m�a�t�i�c�a�l� �c�o�m�p�u�t�a�t�i�o�n�s� �i�n�v�o�l�v�e�d�,� �t�h�e� �a�l�g�o�r�i�t�h�m�s� �o�f� �t�h�e� 

�s�i�m�u�l�a�t�i�o�n� �w�h�i�c�h� �a�r�e� �t�h�e� �h�e�a�r�t� �o�f� �t�h�e� �s�i�m�u�l�a�t�i�o�n� �a�n�d� �i�n� �t�h�e� �e�n�d� �d�e�t�a�i�l�e�d� �d�e�s�c�r�i�p�t�i�o�n� �o�f� 

�s�o�m�e� �o�f� �t�h�e� �i�m�p�o�r�t�a�n�t� �r�o�u�t�i�n�e�s� �o�f� �t�h�e� �s�o�u�r�c�e� �c�o�d�e�.� 

�4�.�1� �M�o�d�e�l� �E�n�v�i�r�o�n�m�e�n�t� 

�T�h�e� �p�r�o�c�e�s�s� �o�f� �f�o�r�m�u�l�a�t�i�n�g� �a� �s�i�m�u�l�a�t�i�o�n� �m�o�d�e�l� �i�s� �o�n�e� �w�h�i�c�h� �i�s� �l�a�r�g�e�l�y� �a�n� �a�r�t�.� �T�h�e� �m�o�d�e�l� 

�s�h�o�u�l�d� �b�e� �e�a�s�i�l�y� �u�n�d�e�r�s�t�o�o�d�,� �y�e�t� �s�u�f�f�i�c�i�e�n�t�l�y� �c�o�m�p�l�e�x� �t�o� �r�e�a�l�i�s�t�i�c�a�l�l�y� �r�e�f�l�e�c�t� �i�m�p�o�r�t�a�n�t� 

�c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �t�h�e� �r�e�a�l� �s�y�s�t�e�m�.� �T�h�e� �a�m�o�u�n�t� �o�f� �d�e�t�a�i�l� �i�n�c�l�u�d�e�d� �i�n� �t�h�e� �m�o�d�e�l� �i�s� �b�a�s�e�d� 

�o�n� �t�h�e� �p�u�r�p�o�s�e� �f�o�r� �w�h�i�c�h� �t�h�e� �m�o�d�e�l� �i�s� �b�u�i�l�t�.� �O�n�l�y� �t�h�o�s�e� �e�l�e�m�e�n�t�s� �t�h�a�t� �c�o�u�l�d� �c�a�u�s�e� 

�s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �t�h�e� �d�e�c�i�s�i�o�n�-�m�a�k�i�n�g� �p�r�o�c�e�s�s� �a�r�e� �c�o�n�s�i�d�e�r�e�d�.� 

�T�h�e� �e�l�e�m�e�n�t�s� �o�f� �t�h�e� �a�i�r�p�o�r�t� �t�e�r�m�i�n�a�l� �a�r�e�a� �a�n�d� �a�i�r� �t�r�a�f�f�i�c� �c�o�n�t�r�o�l� �p�r�o�c�e�d�u�r�e�s� �i�n�c�l�u�d�e�d� �i�n� �t�h�e� 

�s�i�m�u�l�a�t�i�o�n� �m�o�d�e�l� �a�r�e� �:� 

�1�)� �I�n� �t�h�e� �t�e�r�m�i�n�a�l� �a�r�e�a� �a�i�r� �t�r�a�f�f�i�c� �c�o�n�t�r�o�l� �t�h�e� �b�o�u�n�d�a�r�y� �f�o�r� �t�h�e� �s�i�m�u�l�a�t�i�o�n� �i�s� �t�h�e� �"�a�p�p�r�o�a�c�h� 

�g�a�t�e�"�,� �f�r�o�m� �w�h�e�r�e� �t�h�e� �f�i�n�a�l� �a�p�p�r�o�a�c�h� �p�a�t�h� �(�c�o�m�m�o�n� �g�l�i�d�e� �p�a�t�h�)� �t�o� �r�u�n�w�a�y� �c�o�m�m�e�n�c�e�s�.� 

�4�.� �M�o�d�e�l� �D�e�s�c�r�i�p�t�i�o�n� �4�0



�2�)� �I�n� �t�h�e� �l�a�n�d�i�n�g� �a�r�e�a� �o�n�l�y� �o�n�e� �r�u�n�w�a�y� �i�s� �m�o�d�e�l�l�e�d�.� 

�3�)� �T�h�e� �a�r�r�i�v�a�l�s� �e�x�i�t� �t�h�e� �s�i�m�u�l�a�t�i�o�n� �i�m�m�e�d�i�a�t�e�l�y� �a�f�t�e�r� �t�h�e�y� �c�l�e�a�r� �t�h�e� �r�u�n�w�a�y�.� 

�4�)� �F�o�r� �d�e�p�a�r�t�u�r�e�s� �t�h�e� �a�i�r�c�r�a�f�t� �a�r�e� �s�i�m�u�l�a�t�e�d� �f�r�o�m� �t�h�e� �a�p�r�o�n� �a�t� �t�h�e� �d�e�p�a�r�t�u�r�e� �e�n�d� �o�f� �t�h�e� 

�r�u�n�w�a�y� �t�i�l�l� �t�h�e�y� �c�l�e�a�r� �t�h�e� �r�u�n�w�a�y� �w�h�i�l�e� �e�n�p�l�a�n�i�n�g�.� 

�4�.�2� �M�o�d�e�l� �A�s�s�u�m�p�t�i�o�n�s� 

�T�o� �s�i�m�p�l�i�f�y� �t�h�e� �s�y�s�t�e�m�,� �a�n�d� �y�e�t� �c�a�p�t�u�r�e� �t�h�e� �e�s�s�e�n�c�e� �o�f� �t�h�e� �s�y�s�t�e�m� �b�e�i�n�g� �m�o�d�e�l�l�e�d� �t�h�e� 

�f�o�l�l�o�w�i�n�g� �a�s�s�u�m�p�t�i�o�n�s� �w�e�r�e� �m�a�d�e�:� 

�1�)� �T�h�e� �a�r�r�i�v�a�l�s� �a�n�d� �d�e�p�a�r�t�u�r�e�s� �a�r�e� �g�e�n�e�r�a�t�e�d� �i�n�d�e�p�e�n�d�e�n�t� �o�f� �e�a�c�h� �o�t�h�e�r�.� �T�h�e�y� �a�r�e� 

�g�e�n�e�r�a�t�e�d� �b�y� �u�s�e�r� �s�e�l�e�c�t�e�d� �a�r�r�i�v�a�l� �d�i�s�t�r�i�b�u�t�i�o�n�s�.� 

�2�)� �T�h�e� �a�r�r�i�v�a�l�s� �a�r�e� �g�e�n�e�r�a�t�e�d� �a�t� �t�h�e� �a�p�p�r�o�a�c�h� �g�a�t�e�.� 

�3�)� �I�f� �t�h�e� �a�r�r�i�v�a�l�s� �a�r�e� �g�r�e�a�t�e�r� �t�h�a�n� �t�h�e� �p�r�o�c�e�s�s�i�n�g� �c�a�p�a�c�i�t�y� �o�f� �t�h�e� �a�i�r�p�o�r�t� �s�y�s�t�e�m� �t�h�e�n� �t�h�e� 

�a�r�r�i�v�a�l�s� �a�r�e� �q�u�e�u�e�d� �i�n� �a� �s�t�a�c�k� �a�t� �t�h�e� �a�p�p�r�o�a�c�h� �g�a�t�e�.� 

�4�)� �T�h�e�r�e� �i�s� �n�o� �t�i�m�e� �l�a�g� �f�r�o�m� �t�h�e� �t�i�m�e� �i�n�t�e�r�-�a�r�r�i�v�a�l� �s�e�p�a�r�a�t�i�o�n� �a�t� �t�h�e� �a�p�p�r�o�a�c�h� �g�a�t�e� �i�s� 

�s�a�t�i�s�f�i�e�d� �a�n�d� �t�h�e� �t�i�m�e� �a�t� �w�h�i�c�h� �t�h�e� �l�a�g�g�i�n�g� �a�i�r�c�r�a�f�t� �d�e�p�a�r�t�s� �t�h�e� �s�t�a�c�k� �a�n�d� �e�n�t�e�r�s� �t�h�e� �f�i�n�a�l� 

�a�p�p�r�o�a�c�h� �p�a�t�h�.� �B�u�t� �t�h�i�s� �s�i�t�u�a�t�i�o�n� �i�s� �t�a�k�e�n� �c�a�r�e� �b�y� �b�u�f�f�e�r� �s�e�p�a�r�a�t�i�o�n� �t�i�m�e�.� 

�5�)� �F�o�r� �a�l�l�o�c�a�t�i�n�g� �t�h�e� �r�u�n�w�a�y�,� �a�r�r�i�v�a�l�s� �a�r�e� �g�i�v�e�n� �p�r�i�o�r�i�t�y� �o�v�e�r� �d�e�p�a�r�t�u�r�e�s� �i�f� �b�o�t�h� �e�v�e�n�t�s� 

�w�e�r�e� �t�o� �o�c�c�u�r� �a�t� �t�h�e� �s�a�m�e� �t�i�m�e�.� 

�6�)� �T�h�e� �a�i�r�c�r�a�f�t� �h�a�s� �c�o�n�s�t�a�n�t� �v�e�l�o�c�i�t�y� �i�n� �t�h�e� �f�i�n�a�l� �a�p�p�r�o�a�c�h� �p�h�a�s�e�.� 

�7�)� �T�h�e�r�e� �i�s� �n�o� �w�i�n�d� �e�f�f�e�c�t�.� 
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�8�)� �T�h�e� �r�u�n�w�a�y� �h�a�s� �n�o� �g�r�a�d�i�e�n�t�.� 

�9�)� �T�h�e� �r�u�n�w�a�y� �i�s� �u�s�e�d� �o�n�l�y� �i�n� �o�n�e� �d�i�r�e�c�t�i�o�n�.� 

�1�0�)� �T�o�u�c�h� �a�n�d� �G�o� �o�p�e�r�a�t�i�o�n�s� �a�r�e� �n�o�t� �c�o�n�s�i�d�e�r�e�d�.� �T�h�i�s� �i�s� �s�o� �b�e�c�a�u�s�e� �t�h�e� �m�o�d�e�l� �i�s� 

�i�n�t�e�n�d�e�d� �f�o�r� �l�a�r�g�e� �c�o�m�m�e�r�c�i�a�l� �a�i�r�p�o�r�t� �a�p�p�l�i�c�a�t�i�o�n�s� �w�h�e�r�e� �h�i�g�h� �s�p�e�e�d� �e�x�i�t�s� �w�o�u�l�d� �h�e�l�p� �t�o� 

�i�n�c�r�e�a�s�e� �t�h�e� �c�a�p�a�c�i�t�y� �o�f� �r�u�n�w�a�y� �o�p�e�r�a�t�i�o�n�s� �u�n�d�e�r� �I�F�R� �c�o�n�d�i�t�i�o�n�s�.� �T�o�u�c�h� �a�n�d� �G�o� 

�o�p�e�r�a�t�i�o�n�s� �a�r�e� �n�o�t� �a�l�l�o�w�e�d� �u�n�d�e�r� �t�h�e�s�e� �c�i�r�c�u�m�s�t�a�n�c�e�s�.� 

�4�.�3� �M�o�d�e�l� �P�a�r�a�m�e�t�e�r�s�.� 

�T�h�e� �o�u�t�p�u�t� �o�f� �s�i�m�u�l�a�t�i�o�n� �m�o�d�e�l� �i�s� �a� �f�u�n�c�t�i�o�n� �o�f� �v�a�r�i�o�u�s� �i�n�p�u�t� �p�a�r�a�m�e�t�e�r�s�.� �T�h�e� �i�n�p�u�t� 

�p�a�r�a�m�e�t�e�r�s� �o�f� �t�h�e� �m�o�d�e�l� �a�n�d� �t�h�e�i�r� �b�r�i�e�f� �d�e�s�c�r�i�p�t�i�o�n� �a�r�e� �a�s� �f�o�l�l�o�w�s�:� 

�1�)� �A�i�r�c�r�a�f�t� �P�o�p�u�l�a�t�i�o�n� �M�i�x�:� 

�T�h�e� �u�s�e�r� �c�a�n� �c�h�o�o�s�e� �t�h�e� �a�i�r�c�r�a�f�t� �f�r�o�m� �a� �d�a�t�a� �b�a�s�e� �o�f� �3�0� �a�i�r�c�r�a�f�t�,� �s�h�o�w�n� �i�n� �A�p�p�e�n�d�i�x� �C�.� 

�T�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �s�p�e�c�i�f�i�c� �a�i�r�c�r�a�f�t� �t�o� �b�e� �g�e�n�e�r�a�t�e�d� �f�o�r� �a�r�r�i�v�a�l�s� �a�n�d� �d�e�p�a�r�t�u�r�e�s� 

�i�n�d�e�p�e�n�d�e�n�t�l�y� �s�h�o�u�l�d� �a�l�s�o� �b�e� �s�p�e�c�i�f�i�e�d�.� 

�2�)� �A�r�r�i�v�a�l� �a�n�d� �D�e�p�a�r�t�u�r�e� �R�a�t�e�s�:� 

�T�h�e� �i�n�t�e�r�-�a�r�r�i�v�a�l� �d�i�s�t�r�i�b�u�t�i�o�n�s� �f�o�r� �a�r�r�i�v�a�l�s� �a�n�d� �d�e�p�a�r�t�u�r�e�s� �c�o�u�l�d� �b�e� �s�e�l�e�c�t�e�d� �i�n�d�e�p�e�n�d�e�n�t�l�y� 

�f�r�o�m� �a� �c�h�o�i�c�e� �o�f� �t�h�r�e�e� �d�i�s�t�r�i�b�u�t�i�o�n�s�.� �T�h�e�y� �a�r�e�:� 

�a�)� �P�o�i�s�s�o�n� 

�b�)� �E�x�p�o�n�e�n�t�i�a�l� 

�4�.� �M�o�d�e�l� �D�e�s�c�r�i�p�t�i�o�n� �4�2



�c�)� �U�n�i�f�o�r�m� 

�3�)� �N�u�m�b�e�r� �o�f� �A�r�r�i�v�a�l�s� �a�n�d� �D�e�p�a�r�t�u�r�e�s�:� 

�T�h�e� �n�u�m�b�e�r� �o�f� �a�r�r�i�v�a�l�s� �a�n�d� �d�e�p�a�r�t�u�r�e�s� �s�h�o�u�l�d� �b�e� �s�e�l�e�c�t�e�d� �i�n�d�e�p�e�n�d�e�n�t�l�y� �f�o�r� �a�n�y� 

�a�p�p�l�i�c�a�t�i�o�n� �t�o� �r�u�n�.� �O�n�c�e� �t�h�e� �m�o�d�e�l� �g�e�n�e�r�a�t�e�s� �a�l�l� �t�h�e� �a�r�r�i�v�a�l�s� �a�n�d� �d�e�p�a�r�t�u�r�e�s� �t�h�e� 

�s�i�m�u�l�a�t�i�o�n� �s�t�o�p�s� �o�n�l�y� �a�f�t�e�r� �a�l�l� �t�h�e� �a�i�r�c�r�a�f�t� �a�r�e� �p�r�o�c�e�s�s�e�d�.� 

�5�)� �W�e�i�g�h�t� �F�a�c�t�o�r�s� �f�o�r� �A�r�r�i�v�i�n�g� �A�i�r�c�r�a�f�t�:� 

�O�n�e� �o�f� �t�h�e� �i�m�p�o�r�t�a�n�t� �f�a�c�t�o�r�s� �t�h�a�t� �d�i�c�t�a�t�e� �t�h�e� �l�a�n�d�i�n�g� �r�o�l�l� �o�f� �a�n� �a�i�r�c�r�a�f�t� �i�s� �i�t�s� �l�a�n�d�i�n�g� �w�e�i�g�h�t�.� 

�L�a�n�d�i�n�g� �w�e�i�g�h�t� �a�t� �d�e�s�t�i�n�a�t�i�o�n� �i�s� �d�e�f�i�n�e�d� �a�s� �s�u�m� �o�f� �t�h�e� �o�p�e�r�a�t�i�n�g� �e�m�p�t�y� �w�e�i�g�h�t�,� �t�h�e� 

�p�a�y�l�o�a�d�,� �a�n�d� �r�e�s�e�r�v�e� �f�u�e�l� �[�H�o�r�o�n�j�e�f�f�,� �M�c�k�e�l�v�y�,� �1�9�8�3�]�.� �T�h�i�s� �w�e�i�g�h�t� �s�h�o�u�l�d� �n�o�t� �e�x�c�e�e�d� �t�h�e� 

�m�a�x�i�m�u�m� �s�t�r�u�c�t�u�r�a�l� �l�a�n�d�i�n�g� �w�e�i�g�h�t� �o�f� �t�h�e� �a�i�r�c�r�a�f�t�.� �F�o�r� �e�x�a�m�p�l�e� �a�n� �a�i�r�c�r�a�f�t� �w�i�t�h�i�n� �t�h�e� 

�a�r�r�i�v�a�l� �m�i�x� �l�a�n�d�i�n�g� �a�t� �d�i�f�f�e�r�e�n�t� �t�i�m�e�s� �w�o�u�l�d� �b�e� �h�a�v�i�n�g� �d�i�f�f�e�r�e�n�t� �l�a�n�d�i�n�g� �w�e�i�g�h�t�s�.� �T�h�i�s� �i�s� 

�b�e�c�a�u�s�e� �o�f� �t�h�e� �p�o�s�s�i�b�l�e� �d�i�f�f�e�r�e�n�t� �o�r�i�g�i�n�s� �a�n�d� �t�r�a�v�e�l� �s�t�a�g�e� �l�e�n�g�t�h�s�.� �T�o� �c�a�p�t�u�r�e� �t�h�i�s� 

�v�a�r�i�a�t�i�o�n� �i�n� �l�a�n�d�i�n�g� �w�e�i�g�h�t�s� �a� �t�e�r�m� �c�a�l�l�e�d� �"�W�e�i�g�h�t� �F�a�c�t�o�r�"� �i�s� �i�n�t�r�o�d�u�c�e�d�.� �T�h�i�s� �i�s� �a� �n�o�n�-� 

�d�i�m�e�n�s�i�o�n�a�l� �c�o�n�s�t�a�n�t� �w�h�i�c�h� �a�c�c�o�u�n�t�s� �f�o�r� �t�h�e� �f�u�e�l� �c�o�n�s�u�m�e�d� �d�u�r�i�n�g� �e�a�c�h� �r�a�n�d�o�m� �f�l�i�g�h�t�.� 

�T�h�e� �u�s�e�r� �h�a�s� �t�o� �s�p�e�c�i�f�y� �m�e�a�n� �a�n�d� �s�t�a�n�d�a�r�d� �d�e�v�i�a�t�i�o�n� �o�f� �t�h�e� �w�e�i�g�h�t� �f�a�c�t�o�r� �f�o�r� �e�v�e�r�y� �a�i�r�c�r�a�f�t� 

�t�h�a�t� �w�a�s� �s�e�l�e�c�t�e�d� �f�o�r� �a�r�r�i�v�a�l�s�.� 

�6�)� �A�T�C� �I�n�t�r�a�i�l� �S�e�p�a�r�a�t�i�o�n�s�:� 

�M�i�n�i�m�u�m� �s�e�p�a�r�a�t�i�o�n�s� �a�r�e� �p�a�r�t� �o�f� �a�i�r� �t�r�a�f�f�i�c� �r�u�l�e�s� �f�o�r� �s�a�f�e� �a�i�r�c�r�a�f�t� �o�p�e�r�a�t�i�o�n�s�.� �T�h�e�s�e� �r�u�l�e�s� 

�a�p�p�l�y� �o�n�l�y� �w�h�e�n� �I�F�R� �c�o�n�d�i�t�i�o�n�s� �p�r�e�v�a�i�l�.� �M�i�n�i�m�u�m� �h�o�r�i�z�o�n�t�a�l� �s�e�p�a�r�a�t�i�o�n�s� �a�r�e� �a� �f�u�n�c�t�i�o�n� 

�o�f� �a�i�r�c�r�a�f�t� �t�y�p�e�,� �a�i�r�c�r�a�f�t� �s�p�e�e�d�,� �a�v�a�i�l�a�b�i�l�i�t�y� �o�f� �r�a�d�a�r� �f�a�c�i�l�i�t�i�e�s�,� �a�n�d� �f�a�c�t�o�r�s� �s�u�c�h� �a�s� �s�e�v�e�r�i�t�y� 
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�o�f� �w�a�k�e� �v�o�r�t�i�c�e�s�.� �T�o� �a�v�o�i�d� �w�a�k�e� �t�u�r�b�u�l�e�n�c�e� �a�n�d� �c�o�n�f�o�r�m� �t�o� �p�r�e�v�a�i�l�i�n�g� �F�A�A ��s� �A�T�C� �r�u�l�e�s� 

�t�h�e� �m�o�d�e�l� �h�a�s� �d�e�f�a�u�l�t� �v�a�l�u�e�s� �f�o�r� �i�n�t�e�r�-�a�r�r�i�v�a�l�,� �i�n�t�e�r�-�d�e�p�a�r�t�u�r�e�,� �a�n�d� �d�e�p�a�r�t�u�r�e�-�a�r�r�i�v�a�l� 

�s�e�p�a�r�a�t�i�o�n�s�.� �I�f� �f�u�t�u�r�e� �t�e�c�h�n�o�l�o�g�y� �i�s� �a�v�a�i�l�a�b�l�e� �t�o� �d�e�c�r�e�a�s�e� �t�h�e� �e�f�f�e�c�t� �o�f� �w�a�k�e� �t�u�r�b�u�l�e�n�c�e� 

�a�n�d� �b�e�t�t�e�r� �a�i�r� �t�r�a�f�f�i�c� �c�o�n�t�r�o�l� �p�r�o�c�e�d�u�r�e�s� �t�h�e� �i�n�t�r�a�i�l� �s�e�p�a�r�a�t�i�o�n�s� �c�o�u�l�d� �b�e� �d�e�c�r�e�a�s�e�d�.� �T�h�i�s� 

�w�i�l�l� �d�e�f�i�n�i�t�e�l�y� �h�a�v�e� �a�n� �e�f�f�e�c�t� �o�n� �t�h�e� �c�a�p�a�c�i�t�y� �o�f� �a�n� �a�i�r�p�o�r�t� �f�a�c�i�l�i�t�y�.� �T�o� �s�t�u�d�y� �t�h�e� �e�f�f�e�c�t� �o�f� 

�r�e�d�u�c�e�d� �i�n�t�r�a�i�l� �s�e�p�a�r�a�t�i�o�n�s� �o�n� �t�h�e� �o�p�e�r�a�t�i�o�n�s� �a�t� �a�i�r�p�o�r�t�,� �t�h�e� �m�o�d�e�l� �h�a�s� �f�e�a�t�u�r�e� �a� �t�o� �e�d�i�t� 

�t�h�e�s�e� �v�a�l�u�e�s� �f�o�r� �a� �p�a�r�t�i�c�u�l�a�r� �r�u�n�.� 

�T�h�e� �d�e�f�a�u�i�t� �i�n�t�r�a�i�l� �s�e�p�a�r�a�t�i�o�n�s� �b�e�i�n�g� �u�s�e�d� �b�y� �t�h�e� �m�o�d�e�l� �a�r�e� �s�h�o�w�n� �i�n� �T�a�b�l�e�s� �4�.�1�,� �4�.�2�,� �a�n�d� 

�4�.�3�.� 

�7�)� �B�u�f�f�e�r� �D�a�t�a�:� 

�T�o� �t�a�k�e� �c�a�r�e� �o�f� �e�r�r�o�r�s� �i�n� �a�t�t�a�i�n�i�n�g� �m�i�n�i�m�u�m� �s�e�p�a�r�a�t�i�o�n� �d�i�s�t�a�n�c�e� �a� �b�u�f�f�e�r� �t�i�m�e� �i�s� �r�e�q�u�i�r�e�d�.� 

�T�h�e� �s�i�z�e� �o�f� �t�h�e� �b�u�f�f�e�r� �d�e�p�e�n�d�s� �o�n� �t�h�e� �p�r�o�b�a�b�i�l�i�t�y� �o�f� �v�i�o�l�a�t�i�o�n� �t�h�a�t� �i�s� �a�c�c�e�p�t�a�b�l�e� �[�H�a�r�r�i�s�,� 

�1�9�7�6�]�.� �H�e�n�c�e� �f�o�r� �i�n�t�e�r�-�a�r�r�i�v�a�l�s�,� �i�n�t�e�r�d�e�p�a�r�t�u�r�e�s�,� �a�n�d� �d�e�p�a�r�t�u�r�e�-�a�r�r�i�v�a�l� �s�a�f�e� �s�e�p�a�r�a�t�i�o�n�s� 

�t�h�e�i�r� �r�e�s�p�e�c�t�i�v�e� �p�r�o�b�a�b�i�l�i�t�y� �o�f� �v�i�o�l�a�t�i�o�n�s� �a�n�d� �s�t�a�n�d�a�r�d� �d�e�v�i�a�t�i�o�n� �a�r�e� �s�p�e�c�i�f�i�e�d�.� 

�8�)� �R�u�n�w�a�y� �L�e�n�g�t�h�:� 

�L�e�n�g�t�h� �o�f� �t�h�e� �r�u�n�w�a�y� �d�i�c�t�a�t�e�s� �t�h�e� �t�y�p�e� �o�f� �a�i�r�c�r�a�f�t� �t�h�a�t� �c�o�u�l�d� �l�a�n�d� �o�r� �t�a�k�e�-�o�f�f�.� �I�n� �p�l�a�n�n�i�n�g� 

�a�i�r�p�o�r�t�s�,� �t�h�e� �r�u�n�w�a�y�s� �s�h�o�u�l�d� �b�e� �l�o�n�g� �e�n�o�u�g�h� �t�o� �a�c�c�o�m�m�o�d�a�t�e� �t�h�e� �a�i�r�c�r�a�f�t� �w�h�i�c�h� �r�e�q�u�i�r�e�s� 

�t�h�e� �g�r�e�a�t�e�s�t� �l�e�n�g�t�h�.� �H�e�n�c�e� �c�a�r�e� �h�a�s� �t�o� �b�e� �t�a�k�e�n� �i�n� �s�p�e�c�i�f�y�i�n�g� �r�u�n�w�a�y� �l�e�n�g�t�h�,� �b�y� �k�e�e�p�i�n�g� 

�i�n� �v�i�e�w� �t�h�e� �a�i�r�c�r�a�f�t� �s�e�l�e�c�t�e�d� �f�o�r� �s�i�m�u�l�a�t�i�o�n�.� �I�f� �t�h�e� �l�a�n�d�i�n�g� �r�o�l�l� �o�f� �a�n�y� �a�i�r�c�r�a�f�t� �i�s� �g�r�e�a�t�e�r� �t�h�a�n� 

�t�h�e� �r�u�n�w�a�y� �l�e�n�g�t�h� �t�h�e� �s�i�m�u�l�a�t�i�o�n� �w�i�l�l� �t�e�r�m�i�n�a�t�e� �a�b�r�u�p�t�l�y� �w�i�t�h� �a�n� �e�r�r�o�r� �m�e�s�s�a�g�e�.� 

�4�.� �M�o�d�e�l� �D�e�s�c�r�i�p�t�i�o�n� �4�4



� � 

� � 

�T�a�b�l�e� �4�.�1� � �I�n�t�e�r�-�A�r�r�i�v�a�l� �S�e�p�a�r�a�t�i�o�n�s�.� 

� � 

� � 

� � � � � � 

�L�e�a�d� �A�i�r�c�r�a�f�t� �H�e�a�v�y� �L�a�r�g�e� �S�m�a�l�l� 
�(�m�i�l�e�s�)� �(�m�i�l�e�s�)� �(�m�i�l�e�s�)� 

�H�e�a�v�y� �4�.�0� �5�.�0� �6�.�0� 

�L�a�r�g�e� �2�.�5� �2�.�5� �4�.�0� 

�S�m�a�l�l� �|� �2�.�5� �2�.�5� �2�.�5� � � � � � � � � � � 

�T�a�b�l�e� �4�.�2� �D�e�p�a�r�t�u�r�e�-�A�r�r�i�v�a�l� �S�e�p�a�r�a�t�i�o�n�s�.� 

� � 

� � 

� � 

� � 

�L�e�a�d� �A�i�r�c�r�a�f�t� �H�e�a�v�y� �L�a�r�g�e� �S�m�a�l�l� 
�(�D�e�p�a�r�t�u�r�e�)� �(�m�i�l�e�s�)� �(�m�i�l�e�s�)� �(�m�i�l�e�s�)� 

�H�e�a�v�y� �2�.�0� �2�.�0� �2�.�0� 

�L�a�r�g�e� �2�.�0� �2�.�0� �2�.�0� 

�S�m�a�l�l� �2�.�0� �2�.�0� �2�.�0� � � � � � � � � � � � � 
�T�a�b�l�e� �4�.�3� �I�n�t�e�r�-�D�e�p�a�r�t�u�r�e� �S�e�p�a�r�a�t�i�o�n�s�.� 

�L�e�a�d� �A�i�r�c�r�a�f�t� �H�e�a�v�y� �L�a�r�g�e� 
�(�S�e�c�)� �(�S�e�c�)� 

�H�e�a�v�y� �6�0� �9�0� 

�L�a�r�g�e� �6�0� �6�0� 

�S�m�a�l�l� �6�0� �6�0� 

� � 

� � 

�.� �M�o�d�e�l� �D�e�s�c�r�i�p�t�i�o�n� �4�5� 

� 



�9�)� �R�u�n�w�a�y� �W�i�d�t�h�:� 

�R�u�n�w�a�y� �w�i�d�t�h� �i�s� �o�n�e� �o�f� �t�h�e� �s�e�v�e�r�a�l� �p�a�r�a�m�e�t�e�r�s� �d�i�c�t�a�t�i�n�g� �a�n� �a�i�r�c�r�a�f�t� �t�u�r�n�o�f�f� �t�i�m�e�,� �t�h�e� �w�i�d�e�r� 

�t�h�e� �r�u�n�w�a�y� �t�h�e� �m�o�r�e� �t�i�m�e� �a�n� �a�i�r�c�r�a�f�t� �t�a�k�e�s� �t�o� �c�l�e�a�r� �t�h�e� �r�u�n�w�a�y�.� �T�h�e� �u�s�e�r� �h�a�s� �a� �c�h�o�i�c�e� 

�o�f� �t�h�r�e�e� �F�A�A� �s�t�a�n�d�a�r�d� �r�u�n�w�a�y� �w�i�d�t�h�s�,� �t�h�e�y� �a�r�e� �3�0� �m�,� �4�5� �m�,� �a�n�d� �6�1� �m� �w�i�d�e�.� 

�1�0�)� �N�u�m�b�e�r� �o�f� �E�x�i�t�s�:� 

�T�h�e� �u�s�e�r� �h�a�s� �t�o� �s�p�e�c�i�f�y� �t�h�e� �n�u�m�b�e�r� �o�f� �e�x�i�t�s� �f�o�r� �a� �g�i�v�e�n� �l�e�n�g�t�h� �o�f� �r�u�n�w�a�y� �f�o�r� �e�v�e�r�y� 

�a�p�p�l�i�c�a�t�i�o�n�.� 

�1�1�)� �T�y�p�e� �o�f� �E�x�i�t�s�:� 

�T�h�e� �u�s�e�r� �h�a�s� �a� �S�e�t� �o�f� �1�0� �e�x�i�t�s� �t�o� �r�u�n� �a�n� �a�p�p�l�i�c�a�t�i�o�n�.� �T�h�e� �e�x�i�t� �t�y�p�e�s� �a�v�a�i�l�a�b�l�e� �f�o�r� �s�i�m�u�l�a�t�i�o�n� 

�a�r�e� �s�h�o�w�n� �i�n� �T�a�b�l�e� �4�.�4�.� �T�h�e� �e�x�i�t� �t�y�p�e�s� �p�r�o�v�i�d�e�d� �f�o�r� �s�i�m�u�l�a�t�i�o�n� �a�r�e� �a� �m�i�x� �F�A�A ��s� �s�t�a�n�d�a�r�d� 

�e�x�i�t� �a�n�d� �R�E�D�I�M� �g�e�n�e�r�a�t�e�d� �e�x�i�t� �t�y�p�e�s�.� 

�1�2�)� �E�x�i�t� �L�o�c�a�t�i�o�n�s�:� 

�T�h�e� �l�o�c�a�t�i�o�n� �o�f� �e�x�i�t�s� �h�a�s� �t�o� �b�e� �p�r�o�v�i�d�e�d� �b�y� �t�h�e� �u�s�e�r�.� �T�h�e� �l�a�s�t� �e�x�i�t� �h�a�s� �t�o� �b�e� �l�o�c�a�t�e�d� �a�t� 

�t�h�e� �e�n�d� �o�f� �r�u�n�w�a�y�.� 

�1�3�)� �A�i�r�p�o�r�t� �E�l�e�v�a�t�i�o�n�:� 

�E�l�e�v�a�t�i�o�n� �o�f� �a�i�r�p�o�r�t� �h�a�s� �a�n� �e�f�f�e�c�t� �o�n� �t�h�e� �a�p�p�r�o�a�c�h� �v�e�l�o�c�i�t�y� �o�f� �a�i�r�c�r�a�f�t� �b�e�c�a�u�s�e� �o�f� �t�h�e� 

�v�a�r�i�a�t�i�o�n� �o�f� �a�t�m�o�s�p�h�e�r�i�c� �p�r�e�s�s�u�r�e�.� �T�h�e� �r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �t�h�e� �e�l�e�v�a�t�i�o�n� �a�n�d� �t�h�e� 

�a�p�p�r�o�a�c�h� �v�e�l�o�c�i�t�y� �i�s� �d�e�s�c�r�i�b�e�d� �i�n� �S�e�c�t�i�o�n� �4�.�4�.�2�.� 
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� � 

�T�a�b�l�e� �4�.�4� �E�x�i�t� �T�y�p�e�s� �A�v�a�i�l�a�b�l�e� �f�o�r� �S�i�m�u�l�a�t�i�o�n� �i�n� �R�U�N�S�I�M�.� 
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� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � � � � � � � 

�E�x�i�t� �T�y�p�e� �M�a�x�.� �E�x�i�t�i�n�g� �S�p�e�e�d� �C�r�i�t�i�c�a�l� �A�c�f�t�.� 
�(�m�/�s�)� �T�y�p�e� 

�9�0�°� �F�A�A� �S�t�a�n�d�a�r�d� �8�.�0�0� �N�o�n�e� 

�4�5�°� �F�A�A� �S�t�a�n�d�a�r�d� �1�5�.�0�0� �N�o�n�e� 

�3�0�°� �F�A�A� �S�t�a�n�d�a�r�d� �2�6�.�0�0� �N�o�n�e� 

�3�0�°� �I�m�p�r�o�v�e�d�,� �2�6�.�0�0� �N�o�n�e� 
�F�A�A� �S�t�a�n�d�a�r�d� 

�W�i�d�e� �T�h�r�o�a�t� �1�7�.�0�0� �N�o�n�e� 
�F�A�A� �S�t�a�n�d�a�r�d� 

�3�0�°� �R�E�D�I�M� �3�5�.�0�0� �H�e�a�v�y� 

�2�0�°� �R�E�D�I�M� �3�5�.�0�0� �H�e�a�v�y� 

�3�0�°� �R�E�D�I�M� �3�5�.�0�0� �L�a�r�g�e� 

�2�0�°� �R�E�D�I�M� �3�5�.�0�0� �L�a�r�g�e� 

�3�0�°� �R�E�D�I�M� �3�5�.�0�0� �S�m�a�l�l� � � � � � � � � � � 
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�1�4�)� �A�i�r�p�o�r�t� �M�e�a�n� �T�e�m�p�e�r�a�t�u�r�e�:� 

�T�h�e� �a�i�r�p�o�r�t� �t�e�m�p�e�r�a�t�u�r�e� �i�n�f�l�u�e�n�c�e�s� �t�h�e� �a�i�r� �d�e�n�s�i�t�y� �w�h�i�c�h� �i�n� �t�u�r�n� �a�f�f�e�c�t�s� �t�h�e� �d�e�n�s�i�t�y� �o�f� �a�i�r� 

�a�i�r�c�r�a�f�t� �a�p�p�r�o�a�c�h� �s�p�e�e�d�.� �C�h�a�n�g�e�s� �i�n� �a�i�r�c�r�a�f�t� �a�p�p�r�o�a�c�h� �s�p�e�e�d� �a�r�e� �i�m�p�o�r�t�a�n�t� �a�s� �t�h�e�y� �a�f�f�e�c�t� 

�t�h�e� �l�o�c�a�t�i�o�n� �o�f� �o�p�t�i�m�a�l� �t�u�r�n�o�f�f� �e�x�i�t�s� �t�h�r�o�u�g�h� �c�h�a�n�g�e�s� �i�n� �t�h�e� �a�i�r�c�r�a�f�t� �l�a�n�d�i�n�g� �r�o�l�l� 

�p�e�r�f�o�r�m�a�n�c�e�.� �T�h�e� �r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �t�h�e� �t�e�m�p�e�r�a�t�u�r�e�,� �d�e�n�s�i�t�y� �o�f� �a�i�r�,� �a�n�d� �v�e�l�o�c�i�t�y� �o�f� 

�a�p�p�r�o�a�c�h� �i�s� �d�e�s�c�r�i�b�e�d� �i�n� �S�e�c�t�i�o�n� �4�.�4�.�2�.� 

�1�5�)� �F�i�n�a�l� �A�p�p�r�o�a�c�h� �L�e�n�g�t�h�:� �I�t� �i�s� �t�h�e� �d�i�s�t�a�n�c�e� �f�r�o�m� �t�h�e� �e�n�t�r�y� �g�a�t�e� �t�o� �t�h�e� �r�u�n�w�a�y� 

�t�h�r�e�s�h�o�l�d�.� �I�t� �s�h�o�u�l�d� �b�e� �a�t�l�e�a�s�t� �e�q�u�a�l� �t�o� �t�h�e� �l�a�g�r�e�s�t� �v�a�l�u�e� �i�n� �t�h�e� �A�T�C� �i�n�t�e�r�a�r�r�i�v�a�l� �s�e�p�a�r�a�t�i�o�n� 

�m�a�t�r�i�x�.� �T�h�e� �s�h�o�r�t�e�r� �i�t ��s� �l�e�n�g�t�h� �t�h�e� �g�r�e�a�t�e�r� �t�h�e� �c�a�p�a�c�i�t�y� �o�f� �t�h�e� �r�u�n�w�a�y�.� 

�C�h�a�n�g�e�s� �i�n� �a�n�y� �o�n�e� �o�f� �t�h�e� �a�b�o�v�e� �i�n�p�u�t� �p�a�r�a�m�e�t�e�r�s� �i�s� �g�o�i�n�g� �t�o� �c�h�a�n�g�e� �t�h�e� �o�u�t�p�u�t� �v�a�l�u�e�s� 

�s�u�c�h� �a�s� �d�e�l�a�y�s�,� �w�e�i�g�h�t�e�d� �a�v�e�r�a�g�e� �r�u�n�w�a�y� �o�c�c�u�p�a�n�c�y� �t�i�m�e� �e�t�c�.� 

�4�.�4� �C�o�m�p�u�t�a�t�i�o�n�s� 

�T�h�e� �s�i�m�u�l�a�t�i�o�n� �o�f� �t�h�i�s� �m�o�d�e�l� �i�n�v�o�l�v�e�s� �s�e�v�e�r�a�l� �c�o�m�p�u�t�a�t�i�o�n�a�l� �r�o�u�t�i�n�e�s�.� �T�h�e� �d�y�n�a�m�i�c�s� �o�f� 

�t�h�e� �a�i�r�c�r�a�f�t� �i�n� �t�h�e� �m�o�d�e�l� �i�s� �d�i�v�i�d�e�d� �i�n�t�o� �t�h�e� �f�o�l�l�o�w�i�n�g� �p�h�a�s�e�s�:� �1�)� �F�i�n�a�l� �A�p�p�r�o�a�c�h� �P�h�a�s�e�,� 

�2�)� �G�l�i�d�e� �P�h�a�s�e�,� �3�)� �R�o�l�l�i�n�g� �P�h�a�s�e�,� �4�)� �T�u�r�n�o�f�f� �P�h�a�s�e�,� �a�n�d� �f�o�r� �d�e�p�a�r�t�u�r�e�s� �5�)� �T�a�k�e�o�f�f� �P�h�a�s�e�.� 

�F�r�o�m� �t�h�e� �a�b�o�v�e� �d�e�s�c�r�i�p�t�i�o�n� �i�t� �i�s� �c�l�e�a�r� �t�h�a�t� �e�m�p�h�a�s�i�s� �o�n� �c�o�m�p�u�t�a�t�i�o�n�s� �i�s� �o�n� �a�r�r�i�v�a�l�s� �a�n�d� 

�t�h�i�s� �c�o�i�n�c�i�d�e�s� �w�i�t�h� �t�h�e� �o�b�j�e�c�t�i�v�e� �o�f� �t�h�i�s� �r�e�s�e�a�r�c�h�,� �t�o� �s�i�m�u�l�a�t�e� �t�h�e� �a�r�r�i�v�a�l�s� �a�n�d� �k�n�o�w� �t�h�e� 

�e�f�f�e�c�t� �o�f� �h�i�g�h�-�s�p�e�e�d� �e�x�i�t�s� �o�n� �R�O�T� �a�n�d� �c�a�p�a�c�i�t�y�.� �T�h�e� �f�o�l�l�o�w�i�n�g� �s�e�c�t�i�o�n�s� �d�e�s�c�r�i�b�e� �t�h�e� 
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�c�o�m�p�u�t�a�t�i�o�n�s� �a�n�d� �a�s�s�u�m�p�t�i�o�n�s� �m�a�d�e� �i�n� �t�h�e� �d�y�n�a�m�i�c�s� �o�f� �t�h�e� �a�i�r�c�r�a�f�t� �o�p�e�r�a�t�i�o�n�s�.� 

�4�.�4�.�1� �F�i�n�a�l� �A�p�p�r�o�a�c�h� �P�h�a�s�e� 

�T�h�e� �f�i�n�a�l� �a�p�p�r�o�a�c�h� �p�a�t�h� �t�r�a�v�e�r�s�e�d� �b�y� �a�n� �a�r�r�i�v�i�n�g� �a�i�r�c�r�a�f�t� �i�s� �t�h�e� �f�i�r�s�t� �s�e�g�m�e�n�t� �f�o�r� �a�r�r�i�v�a�l�s� 

�i�n� �t�h�e� �s�i�m�u�l�a�t�i�o�n� �m�o�d�e�l�.� �A�s� �a�l�r�e�a�d�y� �m�e�n�t�i�o�n�e�d� �i�n� �t�h�e� �S�e�c�t�i�o�n� �4�.�2� �t�h�e� �a�p�p�r�o�a�c�h� �v�e�l�o�c�i�t�y� 

�(�V�a�p�p�)� �O�f� �a�n�y� �a�r�r�i�v�i�n�g� �a�i�r�c�r�a�f�t� �i�s� �c�o�n�s�t�a�n�t� �f�r�o�m� �t�h�e� �e�n�t�r�y� �f�i�x� �t�o� �t�h�e� �r�u�n�w�a�y� �t�h�r�e�s�h�o�l�d� 

�c�r�o�s�s�i�n�g� �p�o�i�n�t� �(�i�.�e�.�,� �c�o�m�m�o�n� �a�p�p�r�o�a�c�h� �p�a�t�h�)�.� �H�e�n�c�e� �t�h�e� �r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �V�.�,�,�,�,� �f�i�n�a�l� 

�a�p�p�r�o�a�c�h� �t�r�a�v�e�l� �t�i�m�e� �(�T�,�,�,�)�,� �a�n�d� �l�e�n�g�t�h� �o�f� �t�h�e� �f�i�n�a�l� �a�p�p�r�o�a�c�h� �(�L�,�,�,�)� �i�s� 

�r� �L�o�o�p� �(�4�.�4�.�1�.�1�)� �p�p� �7� 
�V�a�p�p� 

�T�a�p�p� �i�s� �t�h�e� �t�i�m�e� �t�o� �t�r�a�v�e�r�s�e� �f�r�o�m� �a�p�p�r�o�a�c�h� �g�a�t�e� �t�o� �t�h�r�e�s�h�o�l�d� �o�f� �t�h�e� �r�u�n�w�a�y�.� �E�a�c�h� 

�i�n�d�i�v�i�d�u�a�l� �a�i�r�c�r�a�f�t� �h�a�s� �a� �s�p�e�c�i�f�i�c� �v�e�l�o�c�i�t�y� �o�f� �a�p�p�r�o�a�c�h� �w�h�i�c�h� �i�s� �a�s�s�i�g�n�e�d� �a�s� �a�n� �a�t�t�r�i�b�u�t�e� �o�f� 

�t�h�e� �a�i�r�c�r�a�f�t�.� 

�E�s�t�i�m�a�t�i�o�n� �o�f� �V�,�,�,�,� �f�o�r� �e�v�e�r�y� �i�n�d�i�v�i�d�u�a�l� �a�i�r�c�r�a�f�t� �i�n�v�o�l�v�e�s� �t�h�e� �f�o�l�l�o�w�i�n�g� �c�a�l�c�u�l�a�t�i�o�n�s�:� 

�1�)� �E�s�t�i�m�a�t�i�o�n� �o�f� �a�t�m�o�s�p�h�e�r�i�c� �c�o�n�d�i�t�i�o�n�s� �t�h�a�t� �a�f�f�e�c�t� �V�,�,�,�:� 

�T�h�e� �V�,�,�,� �O�f� �a�n�y� �a�i�r�c�r�a�f�t� �d�e�p�e�n�d�s� �o�n� �t�h�e� �c�u�r�r�e�n�t� �a�t�m�o�s�p�h�e�r�i�c� �c�o�n�d�i�t�i�o�n�s�.� �T�h�e� �f�o�l�l�o�w�i�n�g� 

�e�q�u�a�t�i�o�n�s� �w�e�r�e� �u�s�e�d� �t�o� �c�a�l�c�u�l�a�t�e� �t�h�e� �v�a�r�i�a�t�i�o�n�s� �i�n� �a�t�m�o�s�p�h�e�r�i�c� �c�o�n�d�i�t�i�o�n�s� �f�r�o�m� �t�h�o�s�e� �o�f� 

�a�n� �i�d�e�a�l� �s�t�a�n�d�a�r�d� �a�t�m�o�s�p�h�e�r�e� �[�R�o�s�k�a�m�,� �1�9�8�3�]�.� 
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�8�-�(�1�-� �0�.�0�0�6�5� �x� �A�g�i�,� �)�*�7�*�"� �.�.�.�(�4�.�4�.�1�.�2�)� � � 

�2�8�8�.�2� 

�T�,�-� �(�2�7�3� �+� �T�a�y�)� �=� �(�4�.�4�.�1�.�3�)� 

�Y�-� �r� �(�4�.�4�.�1�.�4�)� 

�p� �=� �1�.�2�2�5� �.�.�.�(�4�.�4�.�1�.�5�)� 

�g� �-� �9�.�8�1� �m�s�e�c�?� �(�4�.�4�.�1�.�6�)� 

�w�h�e�r�e�,� 

�T�,�,� �-� �T�r�u�e� �t�e�m�p�e�r�a�t�u�r�e� �r�a�t�i�o�.� 

�y� �-� �E�q�u�i�v�a�l�e�n�t� �d�e�n�s�i�t�y� �r�a�t�i�o� 

�p� �-� �S�t�a�n�d�a�r�d� �a�t�m�o�s�p�h�e�r�e� �s�e�a� �l�e�v�e�l� �d�e�n�s�i�t�y� �(�k�g�/�c�u�.�m�e�t�e�r�)�.� 

�g� �-� �a�c�c�e�l�e�r�a�t�i�o�n� �d�u�e� �t�o� �g�r�a�v�i�t�y� �(�m�/�s�°�)�.� 

�2�)� �C�a�l�c�u�l�a�t�i�o�n� �o�f� �w�e�i�g�h�t� �f�a�c�t�o�r� �(�W�F�)�:� 

�W�F� �i�s� �a� �c�a�n�d�i�d�a�t�e� �v�a�l�u�e� �f�r�o�m� �a� �n�o�r�m�a�l� �d�i�s�t�r�i�b�u�t�i�o�n� �p�r�o�b�a�b�i�l�i�t�y� �f�u�n�c�t�i�o�n� �w�i�t�h� �m�e�a�n� �a�n�d� 

�s�t�a�n�d�a�r�d� �d�e�v�i�a�t�i�o�n� �s�p�e�c�i�f�i�e�d� �b�y� �t�h�e� �u�s�e�r� �i�n� �o�r�d�e�r� �t�o� �d�e�s�c�r�i�b�e� �t�h�e� �r�a�n�d�o�m� �b�e�h�a�v�i�o�r� �o�f� 

�a�i�r�c�r�a�f�t� �l�a�n�d�i�n�g� �w�e�i�g�h�t�s�.� 

�3�)� �C�a�l�c�u�l�a�t�i�o�n� �o�f� �a�i�r�c�r�a�f�t� �w�e�i�g�h�t� �(�W�)�:� 

�T�h�e� �a�i�r�c�r�a�f�t� �w�e�i�g�h�t� �w�h�i�l�e� �l�a�n�d�i�n�g� �a�t� �a� �p�a�r�t�i�c�u�l�a�r� �a�i�r�p�o�r�t� �i�s� �a� �v�a�l�u�e� �b�e�t�w�e�e�n� �m�a�x�i�m�u�m� 

�a�l�l�o�w�a�b�l�e� �l�a�n�d�i�n�g� �w�e�i�g�h�t� �(� �M�A�L�W� �)� �a�n�d� �o�p�e�r�a�t�i�n�g� �e�m�p�t�y� �w�e�i�g�h�t� �(� �O�E�W� �)� �o�f� �a�n� �a�i�r�c�r�a�f�t� 
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�a�n�d� �d�e�p�e�n�d�s� �o�n� �W�F� �a�s� �s�h�o�w�n� �b�e�l�o�w�:� 

�W� �-� �O�E�W� �+� �(� �M�A�L�W� �-� �O�E�W�)� �x� �W�F� �(�4�.�4�.�1�.�7�)� 

�4�)� �C�a�l�c�u�l�a�t�i�o�n� �o�f� �a�p�p�r�o�a�c�h� �v�e�l�o�c�i�t�y� �(� �V�,�,�,�,� �)� �[�R�o�s�k�a�m�,� �1�9�8�3�]�:� 

� � 

�V�i�r�a�  ��|� �(�2�x� �W�x�g�)� �(�4�.�4�.�1�.�8�)� 
�(�p� �x�y� �x� �C�L�,� �x� �W�A�)� 

�V�a�p�p�  �� �1�-�3� �<� �V�e�r�a�y� �.�.�(�4�.�4�.�1�.�9�)� 

�w�h�e�r�e� �V�,�,�,�,�,� �i�s� �s�t�a�l�l�i�n�g� �v�e�l�o�c�i�t�y� �o�f� �t�h�e� �a�i�r�c�r�a�f�t� �(�m�/�s�)�,� �C�L�,�,�,� �i�s� �m�a�x�i�m�u�m� �c�o�e�f�f�i�c�i�e�n�t� �o�f� �l�i�f�t� 

�(�d�i�m�)�,� �a�n�d� �W�A� �i�s� �t�h�e� �w�i�n�g� �a�r�e�a� �o�f� �t�h�e� �a�i�r�c�r�a�f�t� �(� �s�q�.� �m�.�)�.� 

�4�.�4�.�2� �G�l�i�d�e� �P�h�a�s�e� 

�A�f�t�e�r� �c�r�o�s�s�i�n�g� �t�h�e� �r�u�n�w�a�y� �t�h�r�e�s�h�o�l�d�,� �t�h�e� �a�i�r�c�r�a�f�t� �f�l�i�e�s� �o�v�e�r� �t�h�e� �r�u�n�w�a�y� �t�o� �t�o�u�c�h�d�o�w�n� �w�i�t�h� 

�i�n�h�e�r�e�n�t� �a�i�r� �d�r�a�g� �d�e�c�e�l�e�r�a�t�i�o�n� �d�u�e� �t�o� �a� �f�l�a�r�e� �m�a�n�e�u�v�e�r�.� �T�h�e� �d�i�s�t�a�n�c�e� �c�o�v�e�r�e�d� �f�r�o�m� 

�t�h�r�e�s�h�o�l�d� �t�o� �t�o�u�c�h�d�o�w�n� �i�s� �e�s�t�i�m�a�t�e�d� �b�y� �a�s�s�u�m�i�n�g� �a� �c�i�r�c�u�l�a�r� �a�r�c� �f�l�a�r�e� �m�a�n�e�u�v�e�r� �f�l�o�w�n� �a�t� 

�c�o�n�s�t�a�n�t� �l�o�a�d� �f�a�c�t�o�r� �t�o� �t�r�a�n�s�i�t�i�o�n� �f�r�o�m� �a� �c�o�n�s�t�a�n�t� �r�a�t�e� �o�f� �d�e�s�c�e�n�t� �a�n�g�l�e� �o�n� �f�i�n�a�l� �a�p�p�r�o�a�c�h� 

�t�o� �f�l�a�t� �f�l�i�g�h�t� �p�a�t�h� �t�a�n�g�e�n�t� �t�o� �t�h�e� �r�u�n�w�a�y�.� �T�h�e� �a�i�r� �d�i�s�t�a�n�c�e� �S�,�,�,� �i�s� �a�s� �s�h�o�w�n� �b�e�l�o�w� �[�N�i�c�o�l�a�i�,� 

�1�9�7�6�;� �T�o�r�e�n�b�e�e�k�,� �1�9�8�1�;� �R�o�s�k�a�m�,� �1�9�8�6�]� 

�w�h�e�r�e� �V�j�.� �i�s� �t�h�e� �f�l�a�r�e� �s�p�e�e�d� �(� �9�5�%� �o�f� �V�,�,�,�,�)�,� �y� �i�s� �t�h�e� �e�f�f�e�c�t�i�v�e� �d�e�s�c�e�n�t� �f�l�i�g�h�t� �p�a�t�h�,� �H�i�.�.�.� 

�i�s� �t�h�e� �t�h�r�e�s�h�o�l�d� �c�r�o�s�s�i�n�g� �a�l�t�i�t�u�d�e�,� �w�h�i�c�h� �i�s� �a� �n�o�r�m�a�l�l�y� �d�i�s�t�r�i�b�u�t�e�d� �v�a�r�i�a�b�l�e� �w�h�o�s�e� �m�e�a�n� 
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�S�.�,� �-� �e�e� �V�"� �m�a�r�e� �X� �¥� �(�4�.�4�.�2�.�1�)� 
�Y� �2�x� �g�x� �(�M�p�a� �-� �1�)� 

�v�a�l�u�e� �d�e�p�e�n�d�s� �o�n� �t�h�e� �t�y�p�e� �o�f� �a�i�r�c�r�a�f�t� �a�n�d� �s�t�a�n�d�a�r�d� �d�e�v�i�a�t�i�o�n�.� �T�h�e� �f�l�a�r�e� �l�o�a�d� �f�a�c�t�o�r� �(�n�,�,�,�.�)� 

�i�s� �s�e�t� �t�o� �1�.�1�5�g ��s� �a�n�d� �y� �i�s� �a� �n�o�r�m�a�l� �v�a�r�i�a�t�e� �w�i�t�h� �m�e�a�n� �o�f� �3� �d�e�g�r�e�e�s� �(� �0�.�0�5�2�3� �r�a�d�i�a�n�s�)� �a�n�d� 

�a� �s�t�a�n�d�a�r�d� �d�e�v�i�a�t�i�o�n� �o�f� �0�.�0�7� �o�f� �m�e�a�n� �t�o� �s�i�m�u�l�a�t�e� �a� �r�e�g�u�l�a�r� �I�L�S� �a�p�p�r�o�a�c�h� �f�l�i�g�h�t� �p�a�t�h�.� �T�h�e� 

�t�i�m�e� �c�o�n�s�u�m�e�d� �i�n� �t�h�e� �g�l�i�d�e� �p�h�a�s�e� �(�T�T�,�,�,�)� �i�s� �a� �f�u�n�c�t�i�o�n� �o�f� �t�h�e� �t�o�u�c�h�d�o�w�n� �l�o�c�a�t�i�o�n� �(�S�,�,�,�)�,� �t�h�e� 

�a�p�p�r�o�a�c�h� �s�p�e�e�d� �(�V�,�,�,�,�)�,� �a�n�d� �t�h�e� �t�o�u�c�h�d�o�w�n� �s�p�e�e�d� �(�V�,�,�)� �.� �A�s�s�u�m�i�n�g� �a� �n�o�r�m�a�l� �d�i�s�t�r�i�b�u�t�i�o�n� 

�f�o�r� �t�h�e� �a�i�r�c�r�a�f�t� �t�o�u�c�h�d�o�w�n� �l�o�c�a�t�i�o�n� �T�T�,�,� �i�s� �g�i�v�e�n� �a�s� �b�e�l�o�w�:� 

�2�x� �S�y� 
�.�.�.�(�4�.�4�.�2�.�2� �T�T�,� �=� 

�V�a�p�p� 

�4�.�4�.�3� �R�o�l�l�i�n�g� �P�h�a�s�e� 

�T�h�e� �r�o�l�l�i�n�g� �p�h�a�s�e� �o�f� �t�h�e� �a�r�r�i�v�i�n�g� �a�i�r�c�r�a�f�t� �i�s� �b�e�s�t� �e�x�p�l�a�i�n�e�d� �w�i�t�h� �t�h�e� �h�e�l�p� �o�f� �F�i�g�u�r�e� �4�.�1�.� �T�h�e� 

�r�o�l�l�i�n�g� �p�h�a�s�e� �i�s� �B�C�D�E�F�.� �A�B� �i�s� �t�h�e� �g�l�i�d�e� �p�h�a�s�e�.� �B�C� �i�s� �a�n� �i�n�i�t�i�a�l� �f�r�e�e� �r�o�l�l� �w�h�e�r�e� �t�h�e� �a�i�r�c�r�a�f�t� 

�r�o�l�l�s� �f�r�e�e�l�y� �t�o� �s�i�m�u�l�a�t�e� �a� �p�i�l�o�t�s �� �t�i�m�e� �d�e�l�a�y� �i�n� �a�p�p�l�y�i�n�g� �b�r�a�k�i�n�g� �m�e�c�h�a�n�i�s�m�s� �s�u�c�h� �a�s� �t�h�r�u�s�t� 

�r�e�v�e�r�s�e�r�s�,� �s�p�o�i�l�e�r�s� �o�r� �n�o�r�m�a�l� �w�h�e�e�l� �b�r�a�k�i�n�g�.� �C�D�E� �i�s� �t�h�e� �b�r�a�k�i�n�g� �p�h�a�s�e�.� �T�h�e� �b�r�a�k�i�n�g� 

�'� �s�e�q�u�e�n�c�e� �a�n�d� �t�h�e� �t�i�m�e� �i�t� �t�a�k�e�s� �i�s� �t�h�e� �m�a�i�n� �c�o�n�t�r�i�b�u�t�o�r� �t�o� �R�O�T�.� �T�o� �s�i�m�u�l�a�t�e� �t�h�e� �a�i�r�c�r�a�f�t� 

�r�e�a�l�i�s�t�i�c�a�l�l�y� �t�h�e� �b�r�a�k�i�n�g� �p�h�a�s�e� �i�s� �a�g�a�i�n� �d�i�v�i�d�e�d� �t�o� �C�D� �a�n�d� �D�E�,� �w�h�e�r�e� �D� �i�s� �c�a�l�l�e�d� �D�e�c�i�s�i�o�n� 

�P�o�i�n�t� �a�n�d� �i�t�s� �d�i�s�t�a�n�c�e� �f�r�o�m� �t�h�e� �t�h�r�e�s�h�o�l�d� �i�s� �d�e�s�i�g�n�a�t�e�d� �a�s� �S�,�,�,�.� 

�T�o� �s�e�l�e�c�t� �t�h�e� �e�x�i�t� �a� �c�a�n�d�i�d�a�t�e� �d�e�c�e�l�e�r�a�t�i�o�n� �v�a�l�u�e� �(�D�E�C�,�,�,�,�)� �f�o�r� �e�v�e�r�y� �a�i�r�c�r�a�f�t� �i�s� �e�v�a�l�u�a�t�e�d� 
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�5�3� �4�.� �M�o�d�e�l� �D�e�s�c�r�i�p�t�i�o�n



�u�s�i�n�g� �n�o�r�m�a�l�l�y� �d�i�s�t�r�i�b�u�t�e�d� �p�r�o�b�a�b�i�l�i�t�y� �f�u�n�c�t�i�o�n� �w�i�t�h� �s�t�a�n�d�a�r�d� �d�e�v�i�a�t�i�o�n� �a�s� �1�0�%� �o�f� �t�h�e� �m�e�a�n� 

�a�n�d� �w�i�t�h�i�n� �p�r�e�s�c�r�i�b�e�d� �l�i�m�i�t�s� �(�x� �+� �3�0�)�.� �T�h�e� �n�e�a�r�e�s�t� �e�x�i�t� �t�o� �w�h�e�r�e� �t�h�e� �a�i�r�c�r�a�f�t� �c�a�n� �d�e�c�e�l�e�r�a�t�e� 

�t�o� �a�c�h�i�e�v�e� �t�h�e� �e�x�i�t� �s�p�e�e�d� �w�i�t�h� �c�o�n�s�t�a�n�t� �d�e�c�e�l�e�r�a�t�i�o�n� �D�E�C�,�,�.�,� �i�s� �c�h�o�s�e�n� �f�o�r� �e�x�i�t�i�n�g�.� �T�h�e� 

�p�o�i�n�t� �w�h�e�r�e� �t�h�e� �e�x�i�t� �s�p�e�e�d� �i�s� �a�c�h�i�e�v�a�b�l�e� �w�i�t�h� �r�e�s�p�e�c�t� �t�o� �t�h�e� �t�h�r�e�s�h�o�l�d� �i�s� �d�e�s�i�g�n�a�t�e�d� �a�s� 

�N�o�m�i�n�a�l� �P�o�i�n�t� �(�N�P�)�.� 

�O�n�c�e� �t�h�e� �e�x�i�t� �i�s� �s�e�l�e�c�t�e�d� �t�h�e� �a�i�r�c�r�a�f�t� �i�s� �a�l�l�o�w�e�d� �t�o� �d�e�c�e�l�e�r�a�t�e� �a�t� �a� �c�o�n�s�t�a�n�t� �d�e�c�e�l�e�r�a�t�i�o�n� 

�D�E�C�,�,�,�4� �U�n�t�i�l� �i�t� �r�e�a�c�h�e�s� �p�o�i�n�t� �D�,� �t�h�e� �D�e�c�i�s�i�o�n� �P�o�i�n�t�.� �P�o�i�n�t� �D� �r�e�p�r�e�s�e�n�t�s� �a� �p�o�i�n�t� �w�h�e�r�e� �t�h�e� 

�p�i�l�o�t� �j�u�d�g�e�s� �a�n�d� �d�e�c�i�d�e�s� �w�h�e�t�h�e�r� �o�r� �n�o�t� �t�h�e� �e�x�i�t� �t�a�x�i�w�a�y� �c�a�n� �b�e� �n�e�g�o�t�i�a�t�e�d� �a�c�c�o�r�d�i�n�g� �t�o� 

�i�t�s� �c�u�r�r�e�n�t� �a�i�r�c�r�a�f�t� �s�t�a�t�e�.� �T�h�e� �l�o�c�a�t�i�o�n� �o�f� �t�h�i�s� �p�o�i�n�t� �i�s� �a� �f�u�n�c�t�i�o�n� �o�f� �t�h�e� �p�i�l�o�t�s �� �e�y�e� �p�o�s�i�t�i�o�n� 

�a�n�d� �h�i�s� �a�w�a�r�e�n�e�s�s� �o�f� �t�h�e� �r�u�n�w�a�y�/�e�x�i�t� �t�a�x�i�w�a�y� �c�o�n�f�i�g�u�r�a�t�i�o�n�.� �F�o�r� �s�i�m�p�l�i�c�i�t�y� �a� �h�e�u�r�i�s�t�i�c� �r�u�l�e� 

�h�a�s� �b�e�e�n� �u�s�e�d� �w�h�e�r�e� �p�o�i�n�t� �D� �i�s� �l�o�c�a�t�e�d� �a�t� �3�V�,�,� �f�r�o�m� �N�P�.� �A�t� �D� �t�h�e� �d�e�c�e�l�e�r�a�t�i�o�n� �i�s� 

�a�d�j�u�s�t�e�d� �o�r� �a� �d�e�c�i�s�i�o�n� �i�s� �m�a�d�e� �t�o� �c�h�a�n�g�e� �t�h�e� �d�e�c�e�l�e�r�a�t�i�o�n� �s�o� �a�s� �t�o� �a�c�h�i�e�v�e� �t�h�e� �e�x�i�t� 

�s�p�e�e�d� �s�l�i�g�h�t�l�y� �b�e�f�o�r�e� �t�h�e� �e�x�i�t� �i�s� �r�e�a�c�h�e�d�.� �T�h�e� �n�e�w� �d�e�c�e�l�e�r�a�t�i�o�n� �D�E�C�,�,�.�.� �a�t� �d�e�c�i�s�i�o�n� �p�o�i�n�t� 

�w�i�l�l� �b�e� �t�o� �a�c�h�i�e�v�e� �t�h�e� �e�x�i�t� �s�p�e�e�d� �a�t� �t�h�r�e�e�f�o�u�r�t�h�s� �t�h�e� �d�i�s�t�a�n�c�e� �(�i�.�e�.�,� �p�o�i�n�t� �E�)� �b�e�t�w�e�e�n� �t�h�e� 

�D�e�c�i�s�i�o�n� �P�o�i�n�t� �D� �a�n�d� �t�h�e� �e�x�i�t� �l�o�c�a�t�i�o�n� �F�.� �T�h�e� �p�o�i�n�t� �E� �t�a�k�e�s� �i�n�t�o� �c�o�n�s�i�d�e�r�a�t�i�o�n� �o�f� �t�h�e� �s�i�g�h�t� 

�d�i�s�t�a�n�c�e� �f�r�o�m� �t�h�e� �p�i�l�o�t� �a�n�d� �t�h�e� �e�x�i�t� �l�o�c�a�t�i�o�n� �a�n�d� �t�h�e� �n�e�e�d� �t�o� �a�d�j�u�s�t� �t�h�e� �d�e�c�e�l�e�r�a�t�i�o�n� �s�o� 

�a�s� �t�o� �a�c�h�i�e�v�e� �t�h�e� �e�x�i�t� �s�p�e�e�d� �c�o�m�f�o�r�t�a�b�l�y�.� �T�h�e� �l�o�c�a�t�i�o�n� �o�f� �E� �i�s� �r�e�l�a�t�e�d� �t�o� �h�u�m�a�n� �f�a�c�t�o�r�s� 

�a�n�d� �f�u�r�t�h�e�r� �r�e�s�e�a�r�c�h� �h�a�s� �t�o� �b�e� �d�o�n�e� �t�o� �k�n�o�w� �t�h�e� �l�o�c�a�t�i�o�n� �a�n�d� �i�t�s� �v�a�r�i�a�b�i�l�i�t�y� �a�n�d� �t�h�e� 

�c�u�r�r�e�n�t� �a�p�p�r�o�x�i�m�a�t�i�o�n�.� �T�h�e� �a�i�r�c�r�a�f�t� �t�h�e�n� �r�o�l�l�s� �f�r�e�e�l�y� �w�i�t�h� �s�o�m�e� �i�n�h�e�r�e�n�t� �d�e�c�e�l�e�r�a�t�i�o�n� �t�o� 

�t�h�e� �e�x�i�t� �l�o�c�a�t�i�o�n� �F�.� 

�T�h�e� �t�r�a�v�e�l� �t�i�m�e�s� �c�a�l�c�u�l�a�t�e�d� �d�u�r�i�n�g� �t�h�e� �r�o�l�l�i�n�g� �p�h�a�s�e� �i�s� �s�h�o�w�n� �b�e�l�o�w�:� 

�1�)� �C�a�l�c�u�l�a�t�i�o�n� �o�f� �t�r�a�v�e�l� �t�i�m�e� �f�r�o�m� �B� �t�o� �C� �(�T�T�g�¢�)�:� 

�T�h�e� �T�T�g�e� �i�s� �p�a�r�t� �o�f� �t�h�e� �d�a�t�a� �b�a�s�e� �o�f� �e�v�e�r�y� �i�n�d�i�v�i�d�u�a�l� �a�i�r�c�r�a�f�t�.� 
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�2�)� �C�a�l�c�u�l�a�t�i�o�n� �o�f� �t�r�a�v�e�l� �t�i�m�e� �f�r�o�m� �C� �t�o� �D� �(�T�T�.�,�p�)�:� 

� � 

�T�T� �-� �V�t� �V�e� �(�4�.�4�.�3�.�1�)� 
�D�E�C�u�a�n�d� 

�3�)� �C�a�l�c�u�l�a�t�i�o�n� �o�f� �t�r�a�v�e�l� �t�i�m�e� �f�r�o�m� �D� �t�o� �E� �(�T�T�p�,�)�:� 

�V�i�p� �=� �(�V�e�g�  �� �2� �x� �(�3� �x� �V�i�)� �x� �D�E�C�i�a�n�g� �(�4�.�4�.�3�.�2�)� 

�D�E�C� �4�.� �-� �M�w� �~� �V�o�y� �(�4�.�4�.�3�.�2�)� 
�2� �x� �(�3�/�4�)� �x� �D�F� 

�o�e� �=� �e�e� �(�4�.�4�.�3�.�4�)� 
�D�E�C� �s�o�c� 

�W�h�e�r�e� �V�,�,� �i�s� �t�h�e� �v�e�l�o�c�i�t�y� �a�t� �t�h�e� �d�e�c�i�s�i�o�n� �p�o�i�n�t� �D�,� �a�n�d� �V�,�,� �i�s� �t�h�e� �e�x�i�t� �s�p�e�e�d�.� 

�4�)� �C�a�l�c�u�l�a�t�i�o�n� �o�f� �t�r�a�v�e�l� �t�i�m�e� �f�r�o�m� �E� �t�o� �F� �(�T�T�)�:� 

�D�u�r�i�n�g� �t�h�e� �f�i�n�a�l� �f�r�e�e� �r�o�l�l� �t�h�e� �d�e�c�e�l�e�r�a�t�i�o�n� �d�u�e� �t�o� �f�r�i�c�t�i�o�n� �D�,�,� �i�s� �t�a�k�e�n� �t�o� �b�e� �0�.�3�7�5� �m�/�s�?� 

�[�W�o�n�g�,� �1�9�8�3�]� �a�n�d� �b�e�c�a�u�s�e� �o�f� �i�t� �t�h�e� �f�i�n�a�l� �v�e�l�o�c�i�t�y� �V�,� �a�t� �e�x�i�t� �w�i�l�l� �b�e� �l�e�s�s� �t�h�a�n� �V�,�,�.� �B�u�t� �n�e�v�e�r� 

�l�e�s�s� �t�h�a�n� �m�i�n�i�m�u�m� �e�x�i�t� �v�e�l�o�c�i�t�y� �V�,�,�,�,� �(�8� �m�/�s�)�.� 

� � 

�V�,� �-� �(�V�*�,�,� �-� �2� �x� �D�E�C�,� �x� �E�F� �(�4�.�4�.�3�.�5�)� 

�V�o�x� �-� �V�,� �_� �«�f�t� �(�4�.�4�.�3�.�6� 
�e�r� �s�C�D�E�C�,�,� �(� 
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�4�.�4�.�4�.� �T�u�r�n�o�f�f� �P�h�a�s�e� 

�T�h�e� �a�i�r�c�r�a�f�t� �i�n� �t�h�e� �t�u�r�n�o�f�f� �p�h�a�s�e� �t�r�a�v�e�l�s� �w�i�t�h� �a�n� �i�n�i�t�i�a�l� �v�e�l�o�c�i�t�y� �V�,� �a�n�d� �r�o�l�l�s� �f�r�e�e�l�y� �w�i�t�h� �s�o�m�e� 

�i�n�h�e�r�e�n�t� �d�e�c�e�l�e�r�a�t�i�o�n� �u�n�t�i�l� �i�t� �c�l�e�a�r�s� �t�h�e� �r�u�n�w�a�y�.� �T�h�e� �a�i�r�c�r�a�f�t� �i�s� �c�o�n�s�i�d�e�r�e�d� �t�h�a�t� �i�t� �c�l�e�a�r�e�d� 

�t�h�e� �r�u�n�w�a�y� �w�h�e�n� �i�t�s� �w�i�n�g�t�i�p� �c�l�e�a�r�s� �t�h�e� �e�d�g�e� �o�f� �t�h�e� �r�u�n�w�a�y� �a�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �4�.�2�.� 

�T�h�e� �t�u�r�n�o�f�f� �t�i�m�e� �(�T�O�T�)� �f�o�r� �t�h�e� �a�i�r�c�r�a�f�t� �i�s� �c�o�m�p�u�t�e�d� �b�y� �u�s�i�n�g� �t�h�e� �d�a�t�a� �s�t�o�r�e�d� �i�n� �a� �d�a�t�a� �f�i�l�e�.� 

�T�h�i�s� �d�a�t�a� �i�s� �o�b�t�a�i�n�e�d� �f�r�o�m� �a� �c�o�n�t�i�n�u�o�u�s� �s�i�m�u�l�a�t�i�o�n� �p�r�o�g�r�a�m� �s�h�o�w�n� �i�n� �A�p�p�e�n�d�i�x� �D� �[�T�r�a�n�i�,� 

�1�9�9�1�]�.� �T�h�a�t� �p�r�o�g�r�a�m� �u�s�e�s� �r�u�n�w�a�y� �w�i�d�t�h�,� �e�x�i�t� �s�p�e�e�d�,� �e�x�i�t� �g�e�o�m�e�t�r�y�,� �a�i�r�c�r�a�f�t� �w�i�n�g�s�p�a�n� �a�s� 

�i�n�p�u�t� �v�a�r�i�a�b�l�e�s� �t�o� �s�i�m�u�l�a�t�e� �t�h�e� �m�o�t�i�o�n� �o�f� �t�h�e� �a�i�r�c�r�a�f�t� �a�l�o�n�g� �t�h�e� �c�e�n�t�e�r�l�i�n�e� �o�f� �t�h�e� �e�x�i�t� �a�n�d� 

�c�a�l�c�u�l�a�t�e�s� �s�i�m�u�l�t�a�n�e�o�u�s�l�y� �t�h�e� �c�o�o�r�d�i�n�a�t�e�s� �o�f� �t�h�e� �w�i�n�g� �t�i�p� �a�n�d� �t�h�e� �t�i�m�e� �o�f� �t�r�a�v�e�l� �u�n�t�i�l� �i�t� 

�c�l�e�a�r�s� �t�h�e� �r�u�n�w�a�y� �e�d�g�e�.� �M�a�t�h�e�m�a�t�i�c�a�l�l�y� �i�t� �i�s� �a�s� �s�h�o�w�n� �b�e�l�o�w�:� 

�T�O�T�)�.�.�.� �-� �K� �R�W�Y� �W�I�D�T�H�,� �A�I�R�C�R�A�F�T� �W�I�N�G�S�P�A�N� �)� �(�4�.�4�.�4�.�1�)� 

�A� �p�o�p�u�l�a�t�i�o�n� �o�f� �3�4� �a�i�r�c�r�a�f�t� �r�e�p�r�e�s�e�n�t�i�n�g� �t�h�e� �e�n�t�i�r�e� �r�a�n�g�e� �(� �i�.�e�.�,� �4� �T�E�R�P� �c�a�t�e�g�o�r�i�e�s�)� �o�f� 

�a�i�r�c�r�a�f�t� �w�e�r�e� �s�i�m�u�l�a�t�e�d� �f�o�r� �e�v�e�r�y� �e�x�i�t� �t�y�p�e� �i�n� �q�u�e�s�t�i�o�n�.� �S�i�m�u�l�a�t�i�o�n� �r�u�n�s� �w�e�r�e� �p�e�r�f�o�r�m�e�d� 

�f�o�r� �e�v�e�r�y� �e�x�i�t� �t�y�p�e� �f�r�o�m� �m�i�n�i�m�u�m� �e�x�i�t� �v�e�l�o�c�i�t�y� �V�_�,�,� �a�l�l�o�w�e�d� �u�n�t�i�l� �t�h�e� �m�a�x�i�m�u�m� �a�l�l�o�w�a�b�l�e� �m�i�n� 

�e�x�i�t� �s�p�e�e�d� �V�,�,� �a�t� �s�o�m�e� �p�r�e�s�p�e�c�i�f�i�e�d� �i�n�t�e�r�v�a�l�s�.� �D�a�t�a� �w�a�s� �c�o�l�l�e�c�t�e�d� �f�o�r� �e�a�c�h� �r�u�n� �m�e�n�t�i�o�n�e�d� 

�a�b�o�v�e� �a�n�d� �m�u�l�t�i�p�l�e� �l�i�n�e�a�r� �r�e�g�r�e�s�s�i�o�n�a�l� �a�n�a�l�y�s�e�s� �w�a�s� �p�e�r�f�o�r�m�e�d� �t�o� �c�a�l�c�u�l�a�t�e� �t�u�r�n�o�f�f� �t�i�m�e� 

�w�i�t�h� �w�i�n�g� �s�p�a�n� �a�n�d� �r�u�n�w�a�y� �w�i�d�t�h� �a�s� �e�x�p�l�a�n�a�t�o�r�y� �v�a�r�i�a�b�l�e�s�.� �T�h�e� �i�n�t�e�r�c�e�p�t� �a�n�d� �t�h�e� 

�c�o�e�f�f�i�c�i�e�n�t�s� �f�o�r� �e�v�e�r�y� �e�x�i�t� �t�y�p�e� �a�n�d� �v�e�l�o�c�i�t�i�e�s� �a�r�e� �s�t�o�r�e�d� �i�n� �d�a�t�a� �f�i�l�e� �(�t�h�e� �d�a�t�a� �i�s� �s�h�o�w�n� �i�n� 

�A�p�p�e�n�d�i�x� �C�)�.� �T�h�e� �R�u�n�w�a�y� �S�i�m�u�l�a�t�i�o�n� �M�o�d�e�l� �r�e�t�r�i�e�v�e�s� �t�h�i�s� �d�a�t�a� �d�u�r�i�n�g� �t�h�e� �e�x�e�c�u�t�i�o�n� �o�f� 

�t�h�e� �p�r�o�g�r�a�m� �a�n�d� �e�v�a�l�u�a�t�e�s� �T�O�T� �b�y� �i�n�t�e�r�p�o�l�a�t�i�o�n�.� 
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�4�.�4�.�5� �T�a�k�e�o�f�f� �P�h�a�s�e� 

�T�h�e� �d�e�p�a�r�t�i�n�g� �a�i�r�c�r�a�f�t� �t�a�k�e�o�f�f� �t�i�m�e� �i�s� �a� �c�o�n�s�t�a�n�t� �v�a�l�u�e� �f�o�r� �e�a�c�h� �t�y�p�e� �o�f� �t�h�e� �a�i�r�c�r�a�f�t�.� �T�h�e� 

�v�a�l�u�e�s� �a�r�e� �s�h�o�w�n� �i�n� �T�a�b�l�e� �4�.�5�.� �T�h�e� �r�e�a�s�o�n� �f�o�r� �t�h�e� �c�o�n�s�t�a�n�t� �t�a�k�e�o�f�f� �t�i�m�e� �i�s� �t�h�a�t� �l�i�t�t�l�e� 

�v�a�r�i�a�t�i�o�n� �i�s� �u�s�u�a�l�l�y� �s�e�e�n� �i�n� �t�a�k�e�o�f�f� �o�p�e�r�a�t�i�o�n� �a�s� �r�e�l�a�t�e�d� �t�o� �l�a�n�d�i�n�g�s�.� 

�4�.�5� �P�r�o�g�r�a�m� �L�o�g�i�c� 

�T�h�e� �a�i�r�c�r�a�f�t� �i�n� �t�h�e� �m�o�d�e�l� �a�r�e� �g�e�n�e�r�a�t�e�d� �a�c�c�o�r�d�i�n�g� �t�o� �t�h�e� �u�s�e�r� �s�e�l�e�c�t�e�d� �i�n�t�e�r�a�r�r�i�v�a�l� 

�d�i�s�t�r�i�b�u�t�i�o�n� �f�o�r� �a�r�r�i�v�a�l�s� �a�n�d� �d�e�p�a�r�t�u�r�e�s� �i�n�d�e�p�e�n�d�e�n�t�l�y�.� �T�h�o�u�g�h� �t�h�e� �a�r�r�i�v�a�l�s� �a�n�d� �d�e�p�a�r�t�u�r�e�s� 

�a�r�e� �g�e�n�e�r�a�t�e�d� �i�n�d�e�p�e�n�d�e�n�t�l�y� �t�h�e�y� �i�n�t�e�r�a�c�t� �w�i�t�h� �e�a�c�h� �o�t�h�e�r� �t�o� �p�r�o�c�e�s�s� �a�i�r�c�r�a�f�t� �t�h�r�o�u�g�h� �t�h�e� 

�s�y�s�t�e�m�.� �B�e�f�o�r�e� �t�h�e� �p�r�o�g�r�a�m� �l�o�g�i�c� �i�s� �d�e�s�c�r�i�b�e�d� �t�h�e� �m�o�d�e�l�l�i�n�g� �o�f� �t�h�e� �c�o�m�p�o�n�e�n�t�s� �o�f� �t�h�e� 

�s�y�s�t�e�m� �i�n� �S�I�M�S�C�R�I�P�T� �i�s� �d�e�s�c�r�i�b�e�d� �b�e�l�o�w�:� 

�1�)� �T�h�e� �f�i�n�a�l� �a�p�p�r�o�a�c�h� �i�s� �m�o�d�e�l�l�e�d� �a�s� �a� �r�e�s�o�u�r�c�e�.� �C�u�r�r�e�n�t�l�y� �a� �m�a�x�i�m�u�m� �o�f� �t�h�r�e�e� �a�i�r�c�r�a�f�t� 

�c�a�n� �u�s�e� �t�h�e� �f�i�n�a�l� �a�p�p�r�o�a�c�h� �{� �U�.�F�I�N�A�L�.�A�A�P�P�R�O�A�C�H�(�1�)� �=� �3� �}� �a�t� �a�n�y� �g�i�v�e�n� �t�i�m�e�.� �T�h�i�s� 

�n�u�m�b�e�r� �c�o�u�l�d� �b�e� �c�h�a�n�g�e�d� �d�e�p�e�n�d�i�n�g� �o�n� �t�h�e� �l�e�n�g�t�h� �o�f� �t�h�e� �f�i�n�a�l� �a�p�p�r�o�a�c�h� �a�n�d� �a�l�s�o� �t�h�e� 

�m�i�n�i�m�u�m� �i�n�t�r�a�i�l� �s�e�p�a�r�a�t�i�o�n�s� �a�l�l�o�w�e�d�.� 

�2�)� �T�h�e� �r�u�n�w�a�y� �i�s� �a�l�s�o� �m�o�d�e�l�l�e�d� �a�s� �a� �r�e�s�o�u�r�c�e� �a�n�d� �o�n�l�y� �o�n�e� �a�i�r�c�r�a�f�t� �c�a�n� �u�s�e� �i�t� �a�t� �a�n�y� 

�g�i�v�e�n� �t�i�m�e� �{� �U�.�R�U�N�W�A�Y�(�1�)� �=� �1� �}�.� 

�3�)� �T�h�e� �a�i�r�c�r�a�f�t� �a�r�e� �m�o�d�e�l�l�e�d� �a�s� �t�e�m�p�o�r�a�r�y� �e�n�t�i�t�i�e�s� �w�h�i�c�h� �e�n�t�e�r� �t�h�e� �s�y�s�t�e�m� �a�t� �t�h�e�i�r� �c�r�e�a�t�i�o�n� 

�t�i�m�e� �a�n�d� �e�x�i�t� �t�h�e� �s�y�s�t�e�m� �a�f�t�e�r� �b�e�i�n�g� �p�r�o�c�e�s�s�e�d�.� �T�h�e�y� �a�r�e� �a�s�s�i�g�n�e�d� �n�a�m�e�,� �t�y�p�e�,� �v�e�l�o�c�i�t�y� 

�o�f� �a�p�p�r�o�a�c�h�,� �t�y�p�e� �o�f� �o�p�e�r�a�t�i�o�n�,� �f�i�n�a�l� �a�p�p�r�o�a�c�h� �t�r�a�v�e�l� �t�i�m�e�,� �r�u�n�w�a�y� �o�c�c�u�p�a�n�c�y� �t�i�m�e� �a�s� 
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�a�t�t�r�i�b�u�t�e�s�.� 

�4�)� �T�h�e� �a�i�r�c�r�a�f�t� �t�r�a�v�e�l� �i�n� �t�h�e� �f�i�n�a�l� �a�p�p�r�o�a�c�h� �i�s� �m�o�d�e�l�l�e�d� �a�s� �a� �p�r�o�c�e�s�s�.� 

�5�)� �T�h�e� �l�a�n�d�i�n�g� �r�o�l�l� �f�o�r� �a�n� �a�r�r�i�v�a�l� �i�s� �m�o�d�e�l�l�e�d� �a�s� �a� �p�r�o�c�e�s�s�.� 

�6�)� �T�h�e� �t�a�k�e�o�f�f� �o�f� �a�n� �a�i�r�c�r�a�f�t� �i�s� �a�l�s�o� �m�o�d�e�l�l�e�d� �a�s� �a� �p�r�o�c�e�s�s�.� 

�7�)� �T�h�e� �w�a�i�t�i�n�g� �o�r� �q�u�e�u�i�n�g� �a�t� �s�t�a�c�k� �a�n�d� �d�e�p�a�r�t�u�r�e� �r�a�m�p� �a�r�e� �m�o�d�e�l�l�e�d� �a�s� �i�n�d�i�v�i�d�u�a�l� 

�p�r�o�c�e�s�s�e�s�.� 

�8�)� �T�h�e� �c�r�e�a�t�i�o�n� �o�f� �t�h�e� �a�r�r�i�v�a�l�s� �a�n�d� �d�e�p�a�r�t�u�r�e�s� �a�r�e� �m�o�d�e�l�l�e�d� �a�s� �e�v�e�n�t�s� �s�e�p�a�r�a�t�e�l�y�.� 

�T�h�e� �l�o�g�i�c�a�l� �f�l�o�w� �o�f� �t�h�e� �p�r�o�g�r�a�m� �i�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e�s� �4�.�3� �a�n�d� �4�.�4� �f�o�r� �a�r�r�i�v�a�l�s� �a�n�d� �d�e�p�a�r�t�u�r�e�s� 

�r�e�s�p�e�c�t�i�v�e�l�y�.� 

�4�.�5�.�1� �A�r�r�i�v�a�l�s� 

�T�h�e� �a�r�r�i�v�a�l� �a�i�r�c�r�a�f�t� �a�t� �t�h�e� �t�i�m�e� �o�f� �c�r�e�a�t�i�o�n� �a�r�e� �r�a�n�d�o�m�l�y� �a�s�s�i�g�n�e�d� �a� �p�a�r�t�i�c�u�l�a�r� �a�i�r�c�r�a�f�t� �n�a�m�e� 

�a�l�o�n�g� �w�i�t�h� �t�h�e�i�r� �a�t�t�r�i�b�u�t�e�s�.� �T�h�e� �r�a�n�d�o�m� �a�s�s�i�g�n�m�e�n�t� �o�f� �a�i�r�c�r�a�f�t� �n�a�m�e�s� �c�o�n�f�i�r�m�s� �t�o� �t�h�e� �u�s�e�r� 

�s�p�e�c�i�f�i�e�d� �a�i�r�c�r�a�f�t� �p�o�p�u�l�a�t�i�o�n� �a�n�d� �t�h�e�i�r� �c�r�e�a�t�i�o�n� �p�e�r�c�e�n�t�a�g�e�s�.� �F�o�r� �S�I�M�S�C�R�I�P�T� �t�h�e� �a�i�r�c�r�a�f�t� 

�i�s� �i�d�e�n�t�i�f�i�e�d� �b�y� �a� �1�-�d�i�m�e�n�s�i�o�n�a�l� �p�o�i�n�t�e�r� �a�r�r�a�y� �a�s�s�i�g�n�e�d� �t�o� �i�t� �a�t� �i�t�s� �c�r�e�a�t�i�o�n� �t�i�m�e�.� 

�I�m�m�e�d�i�a�t�e�l�y� �a�f�t�e�r� �t�h�e� �c�r�e�a�t�i�o�n� �t�h�e� �m�o�d�e�l� �c�h�e�c�k�s� �t�h�e� �s�y�s�t�e�m� �f�o�r� �t�h�r�e�e� �c�o�n�d�i�t�i�o�n�s�.� 

�C�o�n�d�i�t�i�o�n� �-� �|�,� �i�f� �t�h�e� �f�i�n�a�l� �a�p�p�r�o�a�c�h� �a�n�d� �r�u�n�w�a�y� �i�s� �c�l�e�a�r�.� �C�o�n�d�i�t�i�o�n� �-� �l�l�,� �i�f� �t�h�e� �f�i�n�a�l� �a�p�p�r�o�a�c�h� 

�i�s� �o�c�c�u�p�i�e�d�.� �C�o�n�d�i�t�i�o�n� �-� �I�l�l�,� �i�f� �t�h�e� �f�i�n�a�l� �a�p�p�r�o�a�c�h� �i�s� �c�l�e�a�r� �b�u�t� �r�u�n�w�a�y� �i�s� �o�c�c�u�p�i�e�d�.� 

�i�f� �C�o�n�d�i�t�i�o�n� �-� �|� �i�s� �s�a�t�i�s�f�i�e�d�,� �t�h�e� �a�i�r�c�r�a�f�t� �d�e�p�a�r�t�s� �t�h�e� �d�e�p�a�r�t�u�r�e� �r�a�m�p� �i�m�m�e�d�i�a�t�e�l�y� �r�e�q�u�e�s�t�s� 
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�i�f� �t�h�e� �l�a�g�g�i�n�g� �a�i�r�c�r�a�f�t� �e�n�t�e�r�s� �t�h�e� �f�i�n�a�l� �a�p�p�r�o�a�c�h�,� �i�m�m�e�d�i�a�t�e�l�y�,� �w�i�l�l� �t�h�e� �m�i�n�i�m�u�m� �s�e�p�a�r�a�t�i�o�n� 

�(�i�n�c�l�u�d�e�s� �a� �b�u�f�f�e�r�)� �b�e� �s�a�t�i�s�f�i�e�d� �w�h�e�n� �t�h�e� �l�e�a�d�i�n�g� �a�i�r�c�r�a�f�t� �r�e�a�c�h�e�s� �t�h�e� �t�h�r�e�s�h�o�l�d�.� �I�f� �t�h�e� 

�s�e�p�a�r�a�t�i�o�n� �i�s� �g�o�i�n�g� �t�o� �b�e� �v�i�o�l�a�t�e�d� �t�h�e�n� �t�h�e� �t�i�m�e� �d�i�f�f�e�r�e�n�c�e� �f�o�r� �t�h�e� �l�a�g�g�i�n�g� �a�i�r�c�r�a�f�t� �t�o� �r�e�a�c�h� 

�t�h�e� �m�i�n�i�m�u�m� �s�e�p�a�r�a�t�i�o�n� �f�r�o�m� �t�h�e� �t�h�r�e�s�h�o�l�d� �a�n�d� �t�h�e� �l�e�a�d�i�n�g� �a�i�r�c�r�a�f�t� �t�o� �r�e�a�c�h� �t�h�e� �t�h�r�e�s�h�o�l�d� 

�i�s� �c�a�l�c�u�l�a�t�e�d� �a�n�d� �a�s�s�i�g�n�e�d� �t�o� �.�T�.�M�I�N�.�S�E�P�.�T�H�R�E�S�H�.� �L�a�t�e�r� �a� �c�h�e�c�k� �i�s� �a�g�a�i�n� �p�e�r�f�o�r�m�e�d� �t�o� 

�f�i�n�d� �.�T�.�L�A�G�.�T�H�R�E�S�H�.�R�W�Y�.� �T�h�e� �g�r�e�a�t�e�r� �v�a�l�u�e� �o�f� �.�T�.�M�I�N�.�S�E�P�.�T�H�R�E�S�H� �a�n�d� 

�.�T�.�L�A�G�.�T�H�R�E�S�H�.�R�W�Y� �w�i�l�l�b�e� �.�D�.�S�T�A�C�K�.� �A�f�t�e�r� �t�h�e� �p�a�s�s�a�g�e� �o�f� �.�D�.�S�T�A�C�K� �t�i�m�e� �u�n�i�t�s� �t�h�e� �f�i�r�s�t� 

�a�i�r�c�r�a�f�t� �i�n� �t�h�e� �s�t�a�c�k� �w�i�l�l� �e�n�t�e�r� �t�h�e� �f�i�n�a�l� �a�p�p�r�o�a�c�h� �a�s� �i�f� �C�o�n�d�i�t�i�o�n� �-� �|� �h�a�s� �e�x�i�s�t�e�d�.� 

�I�f� �C�o�n�d�i�t�i�o�n� �-� �I�l�l� �i�s� �s�a�t�i�s�f�i�e�d�,� �i�t� �c�h�e�c�k�s� �i�f� �t�h�e� �t�i�m�e� �r�e�m�a�i�n�i�n�g� �f�o�r� �a�i�r�c�r�a�f�t� �o�n� �t�h�e� �r�u�n�w�a�y� 

�(�.�T�.�R�E�M�.�C�L�R�.�R�W�Y�)� �i�s� �g�r�e�a�t�e�r� �t�h�a�n� �a�p�p�r�o�a�c�h� �o�c�c�u�p�a�n�c�y� �t�i�m�e� �(� �A�P�P�.�O�C�C�.�T�I�M�E�)� �o�f� �t�h�e� 

�a�i�r�c�r�a�f�t� �i�n� �s�t�a�c�k�.� �I�f� �i�t� �i�s� �g�r�e�a�t�e�r�,� �t�h�e�n� �t�h�e� �a�i�r�c�r�a�f�t� �i�n� �s�t�a�c�k� �i�s� �l�e�t� �t�o� �w�a�i�t� �f�o�r� �t�h�e� �d�i�f�f�e�r�e�n�c�e� �o�f� 

�t�i�m�e� �i�n� �p�r�o�c�e�s�s�i�n�g� �t�h�e� �e�v�e�n�t�s� �W�A�I�T�.�T�I�M�E�.�S�T�A�C�K�.� �I�f� �.�T�.�R�E�M�.�C�L�R� �R�W�Y� �i�s� �l�e�s�s� �t�h�a�n� 

�-�A�P�P�.�O�C�C�.�T�I�M�E�,� �t�h�e�n� �t�h�e� �a�i�r�c�r�a�f�t� �p�r�o�c�e�e�d�s� �a�s� �i�f� �C�o�n�d�i�t�i�o�n� �-� �|� �h�a�s� �e�x�i�s�t�e�d�.� 
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�4�.�5�.�2�.� �D�e�p�a�r�t�u�r�e�s� 

�T�h�e� �d�e�p�a�r�t�u�r�e�s� �g�e�n�e�r�a�t�e�d� �b�y� �t�h�e� �u�s�e�r� �d�e�f�i�n�e�d� �i�n�t�e�r�a�r�r�i�v�a�l� �d�i�s�t�r�i�b�u�t�i�o�n� �e�n�t�e�r� �t�h�e� �s�y�s�t�e�m� �a�t� 

�t�h�e� �d�e�p�a�r�t�u�r�e� �r�a�m�p�.� �T�h�e� �a�i�r�c�r�a�f�t� �i�s� �a�s�s�i�g�n�e�d� �i�t�s� �a�t�t�r�i�b�u�t�e�s� �p�e�r�t�a�i�n�i�n�g� �t�o� �d�e�p�a�r�t�u�r�e�.� �T�h�e� 

�a�t�t�r�i�b�u�t�e�s� �a�s�s�i�g�n�e�d� �t�o� �i�t� �a�r�e� �t�h�e� �a�i�r�c�r�a�f�t� �n�a�m�e�,� �t�y�p�e�,� �o�p�e�r�a�t�i�o�n� �t�y�p�e� �(�i�n� �t�h�i�s� �c�a�s�e� 

 ��d�e�p�a�r�t�u�r�e�"�)�,� �t�a�k�e�o�f�f� �t�i�m�e�.� 

�O�n�c�e� �i�t� �e�n�t�e�r�s� �t�h�e� �r�a�m�p�,� �a� �s�y�s�t�e�m� �c�h�e�c�k� �i�s� �p�e�r�f�o�r�m�e�d� �t�o� �k�n�o�w� �t�h�e� �s�t�a�t�u�s� �o�f� �t�h�e� �s�y�s�t�e�m�.� 

�T�h�e� �f�o�l�l�o�w�i�n�g� �f�o�u�r� �c�o�n�d�i�t�i�o�n�s� �a�r�e� �e�v�a�l�u�a�t�e�d�:� 

�1�)� �C�o�n�d�i�t�i�o�n� �-� �|�,� �a�p�p�r�o�a�c�h� �a�n�d� �r�u�n�w�a�y� �c�l�e�a�r�.� 

�2�)� �C�o�n�d�i�t�i�o�n� �-� �I�l�,� �a�p�p�r�o�a�c�h� �i�s� �c�l�e�a�r� �b�u�t� �r�u�n�w�a�y� �i�s� �o�c�c�u�p�i�e�d�.� 

�3�)� �C�o�n�d�i�t�i�o�n� �-� �I�l�l�,� �a�p�p�r�o�a�c�h� �i�s� �o�c�c�u�p�i�e�d� �a�n�d� �r�u�n�w�a�y� �i�s� �c�l�e�a�r�.� 

�4�)� �C�o�n�d�i�t�i�o�n� �-� �I�V�,� �b�o�t�h� �a�p�p�r�o�a�c�h� �a�n�d� �r�u�n�w�a�y� �a�r�e� �o�c�c�u�p�i�e�d�.� 

�I�f� �C�o�n�d�i�t�i�o�n� �-� �|� �i�s� �s�a�t�i�s�f�i�e�d�,� �t�h�e� �a�i�r�c�r�a�f�t� �e�n�t�e�r�s� �(� �r�e�q�u�e�s�t�s�)� �t�h�e� �r�u�n�w�a�y� �a�n�d� �u�s�e�s� �(�w�o�r�k�)� �i�t� �f�o�r� 

�t�h�e� �d�u�r�a�t�i�o�n� �o�f� �t�a�k�e�o�f�f� �t�i�m�e� �a�n�d� �l�e�a�v�e�s� �(�r�e�l�i�n�q�u�i�s�h�e�s�)� �t�h�e� �r�u�n�w�a�y� �a�n�d� �t�h�e� �s�y�s�t�e�m�.� 

�l�f� �C�o�n�d�i�t�i�o�n� �-� �I�l� �i�s� �s�a�t�i�s�f�i�e�d�,� �t�h�e� �t�i�m�e� �r�e�m�a�i�n�i�n�g� �f�o�r� �t�h�e� �a�i�r�c�r�a�f�t� �(�i�f� �i�t� �i�s� �l�a�n�d�i�n�g�)� �o�n� �t�h�e� 

�r�u�n�w�a�y� �t�o� �c�l�e�a�r� �t�h�e� �r�u�n�w�a�y� �(�T�.�R�E�M�.�C�L�R�.�R�W�Y�)� �i�s� �d�e�t�e�r�m�i�n�e�d� �o�r� �.�T�.�M�I�N�.�S�E�P�.�T�A�K�E�O�F�F� �i�s� 

�c�a�l�c�u�l�a�t�e�d� �i�f� �t�h�e� �a�i�r�c�r�a�f�t� �i�s� �e�n�p�l�a�n�i�n�g� �f�o�r� �t�h�e� �t�i�m�e� �t�o� �a�c�h�i�e�v�e� �m�i�n�i�m�u�m� �i�n�t�e�r�d�e�p�a�r�t�u�r�e� 

�s�e�p�a�r�a�t�i�o�n� �p�l�u�s� �a� �b�u�f�f�e�r�.� �I�f� �.�T�.�R�E�M�.�C�L�R�.�R�W�Y� �(�o�r� �.�T�.�M�I�N�.�S�E�P�.�T�A�K�E�O�F�F�)� �i�s� �g�r�e�a�t�e�r� �t�h�a�n� 

�z�e�r�o� �t�h�e�n� �t�h�e� �d�e�p�a�r�t�u�r�e� �a�i�r�c�r�a�f�t� �i�s� �d�e�l�a�y�e�d� �f�o�r� �t�h�a�t� �t�i�m�e� �u�n�i�t�s� �a�n�d� �t�h�e�n� �a� �s�y�s�t�e�m� �c�h�e�c�k� �i�s� 

�p�e�r�f�o�r�m�e�d� �t�o� �k�n�o�w� �t�h�e� �n�e�w� �s�t�a�t�u�s� �o�f� �t�h�e� �s�y�s�t�e�m�.� �I�f� �t�h�e� �d�e�l�a�y� �w�a�s� �z�e�r�o�,� �t�h�e�n� �t�h�e� �a�i�r�c�r�a�f�t� 
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�e�n�t�e�r�s� �t�h�e� �r�u�n�w�a�y� �a�n�d� �c�o�n�t�i�n�u�e�s� �a�s� �i�f� �C�o�n�d�i�t�i�o�n� �-� �|� �h�a�s� �e�x�i�s�t�e�d�.� 

�I�f� �C�o�n�d�i�t�i�o�n� �-� �I�l�l� �i�s� �s�a�t�i�s�f�i�e�d�,� �t�h�e� �c�u�r�r�e�n�t� �l�o�c�a�t�i�o�n� �o�f� �t�h�e� �a�i�r�c�r�a�f�t� �i�n� �t�h�e� �f�i�n�a�l� �a�p�p�r�o�a�c�h� �n�e�a�r�e�s�t� 

�t�o� �t�h�e� �t�h�r�e�s�h�o�l�d� �(� �a�t� �a� �g�i�v�e�n� �m�o�m�e�n�t� �t�h�e�r�e� �c�o�u�l�d� �b�e� �m�o�r�e� �t�h�a�n� �o�n�e� �a�i�r�c�r�a�f�t� �i�n� �t�h�e� �f�i�n�a�l� 

�a�p�p�r�o�a�c�h�,� �b�u�t� �t�h�e� �o�n�e� �n�e�a�r�e�s�t� �t�o� �t�h�r�e�s�h�o�l�d� �i�s� �c�r�i�t�i�c�a�l� �)� �i�s� �d�e�t�e�r�m�i�n�e�d�.� �I�t�s� �d�i�s�t�a�n�c�e� �t�o� �t�h�e� 

�t�h�r�e�s�h�o�l�d� �(�.�D�I�S�T�.�T�O�.�T�H�R�L�D�)� �i�s� �c�o�m�p�a�r�e�d� �a�g�a�i�n�s�t� �t�h�e� �m�i�n�i�m�u�m� �d�e�p�a�r�t�u�r�e�-�a�r�r�i�v�a�l� 

�s�e�p�a�r�a�t�i�o�n� �p�l�u�s� �a� �b�u�f�f�e�r�.� �I�f� �.�D�I�S�T�.�T�O�.�T�H�R�L�D� �i�s� �m�o�r�e� �t�h�a�n� �t�h�e� �s�e�p�a�r�a�t�i�o�n� �r�e�q�u�i�r�e�d� �t�h�e�n� 

�t�h�e� �d�e�l�a�y� �d�u�e� �t�o� �a�n� �a�r�r�i�v�a�l� �(�.�D�E�L�.�A�R�R�)� �i�s� �s�e�t� �t�o� �z�e�r�o� �a�n�d� �t�h�e� �d�e�p�a�r�t�u�r�e� �a�i�r�c�r�a�f�t� �p�r�o�c�e�e�d�s� 

�a�s� �i�f� �C�o�n�d�i�t�i�o�n� �-�I� �h�a�s� �e�x�i�s�t�e�d�.� �I�f� �.�D�I�S�T�.�T�O�.�T�H�R�L�D� �i�s� �l�e�s�s� �t�h�a�n� �t�h�e� �s�e�p�a�r�a�t�i�o�n�,� �t�h�e� �t�i�m�e� 

�r�e�q�u�i�r�e�d� �f�o�r� �t�h�e� �a�r�r�i�v�a�l� �a�i�r�c�r�a�f�t� �t�o� �r�e�a�c�h� �r�u�n�w�a�y� �f�r�o�m� �i�t�s� �p�r�e�s�e�n�t� �l�o�c�a�t�i�o�n� �t�o� �r�e�a�c�h� �t�h�e� 

�r�u�n�w�a�y� �i�s� �d�e�t�e�r�m�i�n�e�d� �(�.�D�E�L�.�A�R�R�)�.� �T�h�e� �d�e�p�a�r�t�i�n�g� �a�i�r�c�r�a�f�t� �i�s� �d�e�l�a�y�e�d� �f�o�r� �.�D�E�L�.�A�R�R� �t�i�m�e� 

�u�n�i�t�s� �a�n�d� �t�h�e�n� �a�g�a�i�n� �a� �s�y�s�t�e�m� �c�h�e�c�k� �i�s� �p�e�r�f�o�r�m�e�d� �t�o� �k�n�o�w� �t�h�e� �s�t�a�t�u�s� �o�f� �t�h�e� �s�y�s�t�e�m�.� 

�l�f� �C�o�n�d�i�t�i�o�n� �-� �I�V� �i�s� �s�a�t�i�s�f�i�e�d�,� �t�h�e� �t�y�p�e� �o�f� �o�p�e�r�a�t�i�o�n� �c�u�r�r�e�n�t�l�y� �o�n� �t�h�e� �r�u�n�w�a�y� �i�s� �e�v�a�l�u�a�t�e�d�.� 

�I�f� �i�t�i�s� �a� �d�e�p�a�r�t�u�r�e� �.�T�.�M�I�N�.�S�E�P�.�T�A�K�E�O�F�F� �i�s� �e�v�a�l�u�a�t�e�d�,� �a�s� �p�e�r�f�o�r�m�e�d� �i�n� �C�o�n�d�i�t�i�o�n� �-� �I�l�,� �a�n�d� 

�e�q�u�a�t�e�d� �t�o� �.�D�E�L�A�Y�.�D�E�P ��1�.� �I�f� �t�h�e� �a�i�r�c�r�a�f�t� �o�n� �t�h�e� �r�u�n�w�a�y� �i�s� �a�n� �a�r�r�i�v�a�l� �.�T�.�R�E�M�.�C�L�R�.�R�W�Y� �i�s� 

�e�v�a�l�u�a�t�e�d�,� �a�s� �p�e�r�f�o�r�m�e�d� �i�n� �C�o�n�d�i�t�i�o�n� �-� �I�l�,� �a�n�d� �e�q�u�a�t�e�d� �t�o� �.�D�E�L�A�Y�.�D�E�P�1�.� �.�D�E�L�.�A�R�R� �i�s� 

�e�v�a�l�u�a�t�e�d� �a�n�d� �e�q�u�a�t�e�d� �t�o� �.�D�E�L�A�Y�.�D�E�P�2�.� �I�f� �.�D�E�L�A�Y�.�D�E�P�1� �a�n�d� �.�D�E�L�A�Y�.�D�E�P�2� �a�r�e� �e�q�u�a�l� �t�o� 

�z�e�r�o� �t�h�e� �d�e�p�a�r�t�i�n�g� �a�i�r�c�r�a�f�t� �p�r�o�c�e�e�d�s� �a�s� �i�f� �C�o�n�d�i�t�i�o�n� �-� �|� �h�a�s� �e�x�i�s�t�e�d�.� �I�f� �.�D�E�L�A�Y�.�D�E�P�1� �a�n�d� 

�-�.�D�E�L�A�Y�.�D�E�P�2� �a�r�e� �n�o�t� �e�q�u�a�l� �t�o� �z�e�r�o� �t�h�e� �g�r�e�a�t�e�r� �v�a�l�u�e� �o�f� �t�h�e� �a�b�o�v�e� �i�s� �t�a�k�e�n� �a�s� �t�h�e� �d�e�l�a�y� 

�f�o�r� �t�h�e� �d�e�p�a�r�t�i�n�g� �a�i�r�c�r�a�f�t� �o�n� �t�h�e� �r�a�m�p� �a�n�d� �a�f�t�e�r� �t�h�e� �p�a�s�s�a�g�e� �o�f� �t�h�a�t� �d�e�l�a�y� �t�i�m�e� �a�s�y�s�t�e�m� 

�c�h�e�c�k� �i�s� �p�e�r�f�o�r�m�e�d� �a�g�a�i�n� �t�o� �k�n�o�w� �t�h�e� �n�e�w� �s�t�a�t�e� �o�f� �t�h�e� �s�y�s�t�e�m�.� 
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�e�n�t�e�r�s� �t�h�e� �r�u�n�w�a�y� �a�n�d� �c�o�n�t�i�n�u�e�s� �a�s� �i�f� �C�o�n�d�i�t�i�o�n� �-� �|� �h�a�s� �e�x�i�s�t�e�d�.� 

�l�f� �C�o�n�d�i�t�i�o�n� �-� �I�l�l� �i�s� �s�a�t�i�s�f�i�e�d�,� �t�h�e� �c�u�r�r�e�n�t� �l�o�c�a�t�i�o�n� �o�f� �t�h�e� �a�i�r�c�r�a�f�t� �i�n� �t�h�e� �f�i�n�a�l� �a�p�p�r�o�a�c�h� �n�e�a�r�e�s�t� 

�t�o� �t�h�e� �t�h�r�e�s�h�o�l�d� �(� �a�t� �a� �g�i�v�e�n� �m�o�m�e�n�t� �t�h�e�r�e� �c�o�u�l�d� �b�e� �m�o�r�e� �t�h�a�n� �o�n�e� �a�i�r�c�r�a�f�t� �i�n� �t�h�e� �f�i�n�a�l� 

�a�p�p�r�o�a�c�h�,� �b�u�t� �t�h�e� �o�n�e� �n�e�a�r�e�s�t� �t�o� �t�h�r�e�s�h�o�l�d� �i�s� �c�r�i�t�i�c�a�l� �)� �i�s� �d�e�t�e�r�m�i�n�e�d�.� �I�t�s� �d�i�s�t�a�n�c�e� �t�o� �t�h�e� 

�t�h�r�e�s�h�o�l�d� �(�.�D�I�S�T�.�T�O�.�T�H�R�L�D�)� �i�s� �c�o�m�p�a�r�e�d� �a�g�a�i�n�s�t� �t�h�e� �m�i�n�i�m�u�m� �d�e�p�a�r�t�u�r�e�-�a�r�r�i�v�a�l� 

�s�e�p�a�r�a�t�i�o�n� �p�l�u�s� �a� �b�u�f�f�e�r�.� �I�f� �.�D�I�S�T�.�T�O�.�T�H�R�L�D� �i�s� �m�o�r�e� �t�h�a�n� �t�h�e� �s�e�p�a�r�a�t�i�o�n� �r�e�q�u�i�r�e�d� �t�h�e�n� 

�t�h�e� �d�e�l�a�y� �d�u�e� �t�o� �a�n� �a�r�r�i�v�a�l� �(�.�D�E�L�.�A�R�R�)� �i�s� �s�e�t� �t�o� �z�e�r�o� �a�n�d� �t�h�e� �d�e�p�a�r�t�u�r�e� �a�i�r�c�r�a�f�t� �p�r�o�c�e�e�d�s� 

�a�s� �i�f� �C�o�n�d�i�t�i�o�n� �-�|� �h�a�s� �e�x�i�s�t�e�d�.� �I�f� �.�D�I�S�T�.�T�O�.�T�H�R�L�D� �i�s� �l�e�s�s� �t�h�a�n� �t�h�e� �s�e�p�a�r�a�t�i�o�n�,� �t�h�e� �t�i�m�e� 

�r�e�q�u�i�r�e�d� �f�o�r� �t�h�e� �a�r�r�i�v�a�l� �a�i�r�c�r�a�f�t� �t�o� �r�e�a�c�h� �r�u�n�w�a�y� �f�r�o�m� �i�t�s� �p�r�e�s�e�n�t� �l�o�c�a�t�i�o�n� �t�o� �r�e�a�c�h� �t�h�e� 

�r�u�n�w�a�y� �i�s� �d�e�t�e�r�m�i�n�e�d� �(�.�D�E�L�.�A�R�R�)�.� �T�h�e� �d�e�p�a�r�t�i�n�g� �a�i�r�c�r�a�f�t� �i�s� �d�e�l�a�y�e�d� �f�o�r� �.�D�E�L�.�A�R�R� �t�i�m�e� 

�u�n�i�t�s� �a�n�d� �t�h�e�n� �a�g�a�i�n� �a� �s�y�s�t�e�m� �c�h�e�c�k� �i�s� �p�e�r�f�o�r�m�e�d� �t�o� �k�n�o�w� �t�h�e� �s�t�a�t�u�s� �o�f� �t�h�e� �s�y�s�t�e�m�.� 

�I�f� �C�o�n�d�i�t�i�o�n� �-� �I�V� �i�s� �s�a�t�i�s�f�i�e�d�,� �t�h�e� �t�y�p�e� �o�f� �o�p�e�r�a�t�i�o�n� �c�u�r�r�e�n�t�l�y� �o�n� �t�h�e� �r�u�n�w�a�y� �i�s� �e�v�a�l�u�a�t�e�d�.� 

�l�f� �i�t� �i�s� �a� �d�e�p�a�r�t�u�r�e� �.�T�.�M�I�N�.�S�E�P�.�T�A�K�E�O�F�F� �i�s� �e�v�a�l�u�a�t�e�d�,� �a�s� �p�e�r�f�o�r�m�e�d� �i�n� �C�o�n�d�i�t�i�o�n� �-� �I�l�,� �a�n�d� 

�e�q�u�a�t�e�d� �t�o� �.�D�E�L�A�Y�.�D�E�P ��1�.� �I�f� �t�h�e� �a�i�r�c�r�a�f�t� �o�n� �t�h�e� �r�u�n�w�a�y� �i�s� �a�n� �a�r�r�i�v�a�l� �.�T�.�R�E�M�.�C�L�R�.�R�W�Y� �i�s� 

�e�v�a�l�u�a�t�e�d�,� �a�s� �p�e�r�f�o�r�m�e�d� �i�n� �C�o�n�d�i�t�i�o�n� �-� �I�l�,� �a�n�d� �e�q�u�a�t�e�d� �t�o� �.�D�E�L�A�Y�.�D�E�P�1�.� �.�D�E�L�.�A�R�R� �i�s� 

�e�v�a�l�u�a�t�e�d� �a�n�d� �e�q�u�a�t�e�d� �t�o� �.�D�E�L�A�Y�.�D�E�P�2�.� �I�f� �.�D�D�E�L�A�Y�.�D�E�P�1� �a�n�d� �.�D�E�L�A�Y�.�D�E�P�2� �a�r�e� �e�q�u�a�l� �t�o� 

�z�e�r�o� �t�h�e� �d�e�p�a�r�t�i�n�g� �a�i�r�c�r�a�f�t� �p�r�o�c�e�e�d�s� �a�s� �i�f� �C�o�n�d�i�t�i�o�n� �-� �|� �h�a�s� �e�x�i�s�t�e�d�.� �I�f� �.�I�D�E�L�A�Y�.�D�E�P�1� �a�n�d� 

�-�D�E�L�A�Y�.�D�E�P�2� �a�r�e� �n�o�t� �e�q�u�a�l� �t�o� �z�e�r�o� �t�h�e� �g�r�e�a�t�e�r� �v�a�l�u�e� �o�f� �t�h�e� �a�b�o�v�e� �i�s� �t�a�k�e�n� �a�s� �t�h�e� �d�e�l�a�y� 

�f�o�r� �t�h�e� �d�e�p�a�r�t�i�n�g� �a�i�r�c�r�a�f�t� �o�n� �t�h�e� �r�a�m�p� �a�n�d� �a�f�t�e�r� �t�h�e� �p�a�s�s�a�g�e� �o�f� �t�h�a�t� �d�e�l�a�y� �t�i�m�e� �a� �s�y�s�t�e�m� 

�c�h�e�c�k� �i�s� �p�e�r�f�o�r�m�e�d� �a�g�a�i�n� �t�o� �k�n�o�w� �t�h�e� �n�e�w� �s�t�a�t�e� �o�f� �t�h�e� �s�y�s�t�e�m�.� 
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�4�.�6� �P�r�o�g�r�a�m� �D�e�s�c�r�i�p�t�i�o�n� 

�T�h�i�s� �s�e�c�t�i�o�n� �d�e�s�c�r�i�b�e�s� �s�o�m�e� �o�f� �t�h�e� �i�m�p�o�r�t�a�n�t� �S�I�M�S�C�R�I�P�T� �I�I�.�5� �r�o�u�t�i�n�e�s� �o�f� �t�h�e� �m�o�d�e�l�,� �w�h�i�c�h� 

�i�s� �n�a�m�e�d� �a�s� �R�U�N�S�I�M� �(� �R�u�n�w�a�y� �S�i�m�u�l�a�t�i�o�n� �M�o�d�e�l�)�.� �T�h�e� �s�u�b�r�o�u�t�i�n�e�s� �a�r�e� �d�e�s�c�r�i�b�e�d� �i�n� 

�a�l�p�h�a�b�e�t�i�c�a�l� �o�r�d�e�r�,� �b�e�g�i�n�n�i�n�g� �w�i�t�h� �p�r�e�a�m�b�l�e� �a�n�d� �m�a�i�n� �r�o�u�t�i�n�e�s�,� �a�s� �t�h�e�y� �w�o�u�l�d� �a�p�p�e�a�r� �i�n� 

�t�h�e� �s�o�u�r�c�e� �c�o�d�e� �(�A�p�p�e�n�d�i�x� �A�)�.� 

�4�.�6�.�1� �P�r�e�a�m�b�l�e� 

�A�s� �m�e�n�t�i�o�n�e�d� �i�n� �C�h�a�p�t�e�r� �3�.�,� �p�r�e�a�m�b�l�e� �i�s� �t�h�e� �f�i�r�s�t� �p�a�r�t� �o�f� �a� �S�I�M�S�C�R�I�P�T� �I�I�.�5� �p�r�o�g�r�a�m� �w�h�e�r�e� 

�a�l�l� �t�h�e� �g�l�o�b�a�l� �v�a�r�i�a�b�l�e�s�,� �e�n�t�i�t�i�e�s�,� �p�r�o�c�e�s�s�e�s�,� �e�v�e�n�t�s�,� �a�n�d� �g�l�o�b�a�l� �s�t�a�t�i�s�t�i�c�s� �a�r�e� �d�e�c�l�a�r�e�d�.� �T�h�e� 

�f�o�l�l�o�w�i�n�g� �t�e�x�t� �i�s� �a� �p�a�r�t� �o�f� �t�h�e� �p�r�e�a�m�b�l�e� �t�h�a�t� �s�h�o�w�s� �a�l�l� �t�h�e� �d�e�c�l�a�r�a�t�i�o�n�s� �o�f� �t�h�e� �m�o�d�e�l�.� 

�n�o�r�m�a�l�l�y� �m�o�d�e� �i�s� �u�n�d�e�f�i�n�e�d� 
�r�e�s�o�u�r�c�e�s� 

�e�v�e�r�y� �R�U�N�W�A�Y� �h�a�s� �.�.�.� �(�4�.�6�.�1�.�1�)� 
�a� �L�E�N�G�T�H�.�R�W�Y� 

�d�e�f�i�n�e� �L�E�N�G�T�H�.�R�W�Y� �a�s� �a� �r�e�a�l� �v�a�r�i�a�b�l�e� 
�e�v�e�r�y� �F�I�N�A�L�.�A�A�P�P�R�O�A�C�H� �h�a�s� �.�.�.� �(�4�.�6�.�1�.�2�)� 

�a� �L�E�N�G�T�H�.�A�P�P� 
�d�e�f�i�n�e� �L�E�N�G�T�H�.�A�P�P� �a�s� �a� �r�e�a�l� �v�a�r�i�a�b�l�e� 

�p�r�o�c�e�s�s�e�s� �i�n�c�l�u�d�e� 
�F�I�N�A�L�.�A�P�P�R�O�A�C�H�.�O�P�E�R�A�T�I�O�N�,� 
�L�A�N�D�I�N�G�.�O�P�E�R�A�T�I�O�N�,� 
�D�E�P�A�R�T�U�R�E�.�O�P�E�R�A�T�I�O�N�,� 
�G�E�N�E�R�A�T�O�R�,� 
�G�E�N�E�R�A�T�O�R�.�D�E�P�,� 
�W�A�I�T�.�A�T�.�S�T�A�C�K�,� 
�W�A�I�T�.�A�T�.�R�A�M�P� 

�e�v�e�n�t�s� �i�n�c�l�u�d�e� 
�C�R�E�A�T�E�.�A�I�R�C�R�A�F�T�.�A�R�R�,� 
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�C�R�E�A�T�E�.�A�I�R�C�R�A�F�T�.�D�E�P� 

�I�n� �t�h�e� �a�b�o�v�e� �p�a�r�t� �o�f� �t�h�e� �p�r�o�g�r�a�m� �t�h�e� �m�o�d�e� �o�f� �a�l�l� �t�h�e� �v�a�r�i�a�b�l�e�s� �a�r�e� �u�n�d�e�f�i�n�e�d�,� �s�o� �a�s� �t�o� 

�e�n�a�b�l�e� �t�o� �d�e�f�i�n�e� �e�v�e�r�y� �v�a�r�i�a�b�l�e� �v�e�r�y� �s�p�e�c�i�f�i�c�a�l�l�y�.� �R�U�N�W�A�Y� �(�E�q�n�.� �4�.�6�.�1�.�1�)� �a�n�d� 

�F�I�N�A�L�.�A�A�P�P�R�O�A�C�H� �(�E�q�n�.� �4�.�6�.�1�.�2�)� �a�r�e� �d�e�c�l�a�r�e�d� �a�s� �r�e�s�o�u�r�c�e�s� �w�i�t�h� �t�h�e�i�r� �r�e�s�p�e�c�t�i�v�e� 

�a�t�t�r�i�b�u�t�e�s�.� �T�h�e� �p�r�o�c�e�s�s�e�s� �a�n�d� �t�h�e� �e�v�e�n�t�s� �t�h�a�t� �a�r�e� �d�e�c�l�a�r�e�d� �w�i�l�l� �b�e� �e�x�p�l�a�i�n�e�d� �i�n� �t�h�e�i�r� 

�r�e�s�p�e�c�t�i�v�e� �s�e�c�t�i�o�n�s�.� 

�t�e�m�p�o�r�a�r�y� �e�n�t�i�t�i�e�s� 
�e�v�e�r�y� �A�I�R�C�R�A�F�T� �h�a�s� �.�.�.� �(�4�.�6�.�1�.�3�)� 

�a� �N�A�M�E�,�  �� �N�a�m�e� �o�f� �t�h�e� �a�i�r�c�r�a�f�t� 
�a� �V�.�A�P�P�,�  �� �V�e�l�o�c�i�t�y� �o�f� �a�p�p�r�o�a�c�h� 
�a� �T�Y�P�E�,�  �� �C�l�a�s�s�i�f�i�c�a�t�i�o�n� �o�f� �a�i�r�c�r�a�f�t� �b�y� �w�e�i�g�h�t� 
�a� �A�P�P�.�O�C�C�.�T�I�M�E�,�  �� �T�i�m�e� �t�o� �t�r�a�v�e�l� �t�h�e� �f�i�n�a�l� �a�p�p�r�o�a�c�h� 
�a� �R�W�Y�.�O�C�C�.�T�I�M�E�,�  �� �R�u�n�w�a�y� �O�c�c�u�p�a�n�c�y� �T�i�m�e� 
�a� �T�A�K�E�O�F�F�.�T�I�M�E�,�  �� �T�a�k�e�o�f�f� �t�i�m�e� �i�.�e�.� �t�o� �c�l�e�a�r� �t�h�e� �r�u�n�w�a�y� 
�a� �O�P�E�R�A�T�I�O�N�  �� �t�o� �k�n�o�w� �i�f� �i�t� �i�s� �l�a�n�d�i�n�g� �o�r� �d�e�p�a�r�t�u�r�e� 

�d�e�f�i�n�e� �N�A�M�E� �a�s� �t�e�x�t� �v�a�r�i�a�b�l�e� 
�d�e�f�i�n�e� �V�.�A�P�P�,� 

�A�P�P�.�O�C�C�.�T�I�M�E�,� 
�R�W�Y�.�O�C�C�.�T�I�M�E�,� 
�T�A�K�E�O�F�F�.�T�I�M�E� �a�s� �r�e�a�l� �v�a�r�i�a�b�l�e�s� 

�d�e�f�i�n�e� �T�Y�P�E�,� 
�O�P�E�R�A�T�I�O�N� �a�s� �i�n�t�e�g�e�r� �v�a�r�i�a�b�l�e�s� 

�I�n� �t�h�e� �a�b�o�v�e� �p�a�r�t� �o�f� �t�h�e� �p�r�o�g�r�a�m�,� �E�q�n�.� �(�4�.�6�.�1�.�3�)�,� �t�h�e� �A�I�R�C�R�A�F�T� �i�s� �d�e�f�i�n�e�d� �a�s� �a� �t�e�m�p�o�r�a�r�y� 

�e�n�t�i�t�y� �w�i�t�h� �s�o�m�e� �a�t�t�r�i�b�u�t�e�s�,� �w�h�i�c�h� �w�i�l�l� �b�e� �d�e�s�c�r�i�b�e�d� �w�h�e�n� �t�h�e�y� �a�r�e� �u�s�e�d� �f�o�r� �t�h�e� �f�i�r�s�t� �t�i�m�e� 

�i�n� �t�h�e� �p�r�o�g�r�a�m�.� 

�d�e�f�i�n�e� �A�R�R�.�I�D�,� 
�D�E�P�.�I�D� �a�s� �1�-�d�i�m�e�n�s�i�o�n�a�l� �p�o�i�n�t�e�r� �a�r�r�a�y�s� �.�.�.� �(�4�.�6�.�1�.�4�)� 

�d�e�f�i�n�e� �m�i�n�u�t�e�s� �t�o� �m�e�a�n� �u�n�i�t�s� �.�.�.�(�4�.�6�.�1�.�5�)� 
�d�e�f�i�n�e� �m�i�n�u�t�e� �t�o� �m�e�a�n� �u�n�i�t�s� 
�d�e�f�i�n�e� �s�e�c�o�n�d�s� �t�o� �m�e�a�n� �/�6�0� �m�i�n�u�t�e�s� 

�t�a�l�l�y� �T�O�T�.�A�R�R�.�D�E�L�A�Y� �a�s� �t�h�e� �s�u�m� �o�f� �A�R�R�.�D�E�L�A�Y� 
�t�a�l�l�y� �T�O�T�.�D�E�P�.�D�E�L�A�Y� �a�s� �t�h�e� �s�u�m� �o�f� �D�E�P�.�D�E�L�A�Y� 
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�C�R�E�A�T�E�.�A�I�R�C�R�A�F�T�.�D�E�P� 

�I�n� �t�h�e� �a�b�o�v�e� �p�a�r�t� �o�f� �t�h�e� �p�r�o�g�r�a�m� �t�h�e� �m�o�d�e� �o�f� �a�l�l� �t�h�e� �v�a�r�i�a�b�l�e�s� �a�r�e� �u�n�d�e�f�i�n�e�d�,� �s�o� �a�s� �t�o� 

�e�n�a�b�l�e� �t�o� �d�e�f�i�n�e� �e�v�e�r�y� �v�a�r�i�a�b�l�e� �v�e�r�y� �s�p�e�c�i�f�i�c�a�l�l�y�.� �R�U�N�W�A�Y� �(�E�q�n�.� �4�.�6�.�1�.�1�)� �a�n�d� 

�F�I�N�A�L�.�A�P�P�R�O�A�C�H� �(�E�q�n�.� �4�.�6�.�1�.�2�)� �a�r�e� �d�e�c�l�a�r�e�d� �a�s� �r�e�s�o�u�r�c�e�s� �w�i�t�h� �t�h�e�i�r� �r�e�s�p�e�c�t�i�v�e� 

�a�t�t�r�i�b�u�t�e�s�.� �T�h�e� �p�r�o�c�e�s�s�e�s� �a�n�d� �t�h�e� �e�v�e�n�t�s� �t�h�a�t� �a�r�e� �d�e�c�l�a�r�e�d� �w�i�l�l� �b�e� �e�x�p�l�a�i�n�e�d� �i�n� �t�h�e�i�r� 

�r�e�s�p�e�c�t�i�v�e� �s�e�c�t�i�o�n�s�.� 

�t�e�m�p�o�r�a�r�y� �e�n�t�i�t�i�e�s� 
�e�v�e�r�y� �A�I�R�C�R�A�F�T� �h�a�s� �.�.�.� �(�4�.�6�.�1�.�3�)� 

�a� �N�A�M�E�,� �"�N�a�m�e� �o�f� �t�h�e� �a�i�r�c�r�a�f�t� 
�a� �V�.�A�P�P�,�  �� �V�e�l�o�c�i�t�y� �o�f� �a�p�p�r�o�a�c�h� 
�a� �T�Y�P�E�,�  �� �C�l�a�s�s�i�f�i�c�a�t�i�o�n� �o�f� �a�i�r�c�r�a�f�t� �b�y� �w�e�i�g�h�t� 
�a� �A�P�P�.�O�C�C�.�T�I�M�E�,�  �� �T�i�m�e� �t�o� �t�r�a�v�e�l� �t�h�e� �f�i�n�a�l� �a�p�p�r�o�a�c�h� 
�a� �R�W�Y�.�O�C�C�.�T�I�M�E�,�  �� �R�u�n�w�a�y� �O�c�c�u�p�a�n�c�y� �T�i�m�e� 
�a� �T�A�K�E�O�F�F�.�T�I�M�E�,�  �� �T�a�k�e�o�f�f� �t�i�m�e� �i�.�e�.� �t�o� �c�l�e�a�r� �t�h�e� �r�u�n�w�a�y� 
�a� �O�P�E�R�A�T�I�O�N�  �� �t�o� �k�n�o�w� �i�f� �i�t� �i�s� �l�a�n�d�i�n�g� �o�r� �d�e�p�a�r�t�u�r�e� 

�d�e�f�i�n�e� �N�A�M�E� �a�s� �t�e�x�t� �v�a�r�i�a�b�l�e� 
�d�e�f�i�n�e� �V�.�A�P�P�,� 

�A�P�P�.�O�C�C�.�T�I�M�E�,� 
�R�W�Y�.�O�C�C�.�T�I�M�E�,� 
�T�A�K�E�O�F�F�.�T�I�M�E� �a�s� �r�e�a�l� �v�a�r�i�a�b�l�e�s� 

�d�e�f�i�n�e� �T�Y�P�E�,� 
�O�P�E�R�A�T�I�O�N� �a�s� �i�n�t�e�g�e�r� �v�a�r�i�a�b�l�e�s� 

�I�n� �t�h�e� �a�b�o�v�e� �p�a�r�t� �o�f� �t�h�e� �p�r�o�g�r�a�m�,� �E�g�n�.� �(�4�.�6�.�1�.�3�)�,� �t�h�e� �A�I�R�C�R�A�F�T� �i�s� �d�e�f�i�n�e�d� �a�s� �a� �t�e�m�p�o�r�a�r�y� 

�e�n�t�i�t�y� �w�i�t�h� �s�o�m�e� �a�t�t�r�i�b�u�t�e�s�,� �w�h�i�c�h� �w�i�l�l� �b�e� �d�e�s�c�r�i�b�e�d� �w�h�e�n� �t�h�e�y� �a�r�e� �u�s�e�d� �f�o�r� �t�h�e� �f�i�r�s�t� �t�i�m�e� 

�i�n� �t�h�e� �p�r�o�g�r�a�m�.� 

�d�e�f�i�n�e� �A�R�R�.�I�D�,� 
�D�E�P�.�I�D� �a�s� �1�-�d�i�m�e�n�s�i�o�n�a�l� �p�o�i�n�t�e�r� �a�r�r�a�y�s� �.�.�.� �(�4�.�6�.�1�.�4�)� 

�d�e�f�i�n�e� �m�i�n�u�t�e�s� �t�o� �m�e�a�n� �u�n�i�t�s� �.�.�.� �(�4�.�6�.�1�.�5�)� 
�d�e�f�i�n�e� �m�i�n�u�t�e� �t�o� �m�e�a�n� �u�n�i�t�s� 
�d�e�f�i�n�e� �s�e�c�o�n�d�s� �t�o� �m�e�a�n� �/�6�0� �m�i�n�u�t�e�s� 

�t�a�l�l�y� �T�O�T�.�A�R�R�.�D�E�L�A�Y� �a�s� �t�h�e� �s�u�m� �o�f� �A�R�R�.�D�E�L�A�Y� 
�t�a�l�l�y� �T�O�T�.�D�E�P�.�D�E�L�A�Y� �a�s� �t�h�e� �s�u�m� �o�f� �D�E�P�.�D�E�L�A�Y� 
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�d�e�f�i�n�e� �A�R�R�.�D�E�L�A�Y�,� 
�D�E�P�.�D�E�L�A�Y� �a�s� �r�e�a�l� �v�a�r�i�a�b�l�e�s� 

�d�e�f�i�n�e� �.�.�L�A�N�D�I�N�G� �t�o� �m�e�a�n� �1� 
�d�e�f�i�n�e� �.�.�D�E�P�A�R�T�U�R�E� �t�o� �m�e�a�n� �2� 
�d�e�f�i�n�e� �.�.�L�A�R�G�E� �t�o� �m�e�a�n� �3� 
�d�e�f�i�n�e� �.� �H�E�A�V�Y� �t�o� �m�e�a�n� �2� 
�d�e�f�i�n�e� �.�.�S�M�A�L�L� �t�o� �m�e�a�n� �1� 

�I�n� �E�q�n�.� �4�.�6�.�1�.�4�,� �A�R�R�.�I�D� �a�n�d� �D�E�P�.�I�D� �a�r�e� �d�e�c�l�a�r�e�d� �a�s� �o�n�e� �d�i�m�e�n�s�i�o�n�a�l� �p�o�i�n�t�e�r� �a�r�r�a�y�s�,� �t�h�e�s�e� 

�a�r�r�a�y�s� �a�r�e� �u�s�e�d� �t�o� �s�t�o�r�e� �i�n� �t�h�e� �m�e�m�o�r�y� �e�a�c�h� �a�r�r�i�v�i�n�g� �a�n�d� �d�e�p�a�r�t�i�n�g� �a�i�r�c�r�a�f�t� �e�n�t�i�t�y� �a�n�d� �t�h�e�i�r� 

�a�t�t�r�i�b�u�t�e�s�.� �I�n� �E�q�n�.� �4�.�6�.�1�.�5�,� �m�i�n�u�t�e�s� �(�o�r� �m�i�n�u�t�e�)� �i�s� �d�e�f�i�n�e�d� �a�s� �t�h�e� �b�a�s�i�c� �t�i�m�e� �u�n�i�t� �o�f� �t�h�e� 

�s�i�m�u�l�a�t�i�o�n� �i�n�s�t�e�a�d� �o�f� �d�a�y�s� �a�s� �t�h�e� �d�e�f�a�u�l�t� �t�i�m�e� �u�n�i�t�.� �T�h�e� �t�a�l�l�y� �s�t�a�t�e�m�e�n�t�s� �c�o�l�l�e�c�t� �t�h�e� �t�o�t�a�l� 

�d�e�l�a�y� �f�o�r� �a�r�r�i�v�a�l�s� �a�n�d� �d�e�p�a�r�t�u�r�e�s� �r�e�s�p�e�c�t�i�v�e�l�y�.� �T�h�e� �d�e�f�i�n�e� �s�t�a�t�e�m�e�n�t�s� �a�r�e� �u�s�e�d� �f�o�r� �i�m�p�l�i�e�d� 

�v�a�r�i�a�b�l�e�s� �f�o�r� �t�h�e� �p�r�o�g�r�a�m� �t�o� �b�e� �m�o�r�e�.� 

�4�.�6�.�2� �M�a�i�n� 

�T�h�e� �m�o�d�e�l� �s�i�m�u�l�a�t�e�s� �o�n�l�y� �o�n�e� �r�u�n�w�a�y� �o�p�e�r�a�t�i�o�n� �(� �s�h�o�w�n� �i�n� �E�q�n�.� �4�.�6�.�2�.�1�)� �a�n�d� �h�e�n�c�e� �o�n�l�y� 

�o�n�e� �r�u�n�w�a�y� �t�y�p�e� �a�n�d� �o�n�e� �o�f� �t�h�e�m� �o�n�l�y� �i�s� �c�r�e�a�t�e�d� �(� �s�h�o�w�n� �i�n� �E�q�n�.� �4�.�6�.�2�.�2�)�.� �O�n�e� �t�y�p�e� �o�f� 

�f�i�n�a�l� �a�p�p�r�o�a�c�h� �i�s� �c�r�e�a�t�e�d� �(�s�h�o�w�n� �i�n� �E�q�n�.� �4�.�6�.�2�.�3�)� �w�i�t�h� �m�a�x�i�m�u�m� �t�h�r�e�e� �i�d�e�n�t�i�c�a�l� �o�f� �t�h�e�m� 

�(�s�h�o�w�n� �i�n� �E�q�n�.� �4�.�6�.�2�.�4�)� �c�o�u�l�d� �b�e� �u�s�e�d� �s�i�m�u�l�t�a�n�e�o�u�s�l�y�.� �T�h�i�s� �i�s� �d�o�n�e� �s�o� �t�h�a�t� �a�t� �a�n�y� �g�i�v�e�n� 

�t�i�m�e� �w�i�t�h� �a� �g�i�v�e�n� �l�e�n�g�t�h� �o�f� �a�p�p�r�o�a�c�h� �a� �m�a�x�i�m�u�m� �o�f� �t�h�r�e�e� �a�i�r�c�r�a�f�t� �c�o�u�l�d� �f�o�l�l�o�w� �e�a�c�h� �o�t�h�e�r� 

�t�o�w�a�r�d�s� �r�u�n�w�a�y�.� �I�f� �t�h�e� �a�p�p�r�o�a�c�h� �l�e�n�g�t�h� �i�s� �l�o�n�g� �e�n�o�u�g�h� �t�o� �h�a�v�e� �m�o�r�e� �a�i�r�c�r�a�f�t� �a�t� �a� �t�i�m�e� 

�w�i�t�h� �i�n�t�r�a�i�l� �s�e�p�a�r�a�t�i�o�n�s� �t�a�k�e�n� �i�n�t�o� �c�o�n�s�i�d�e�r�a�t�i�o�n� �t�h�e� �U�.�F�I�N�A�L�A�P�P�R�O�A�C�H�(�1�)� �m�a�y� �b�e� 

�i�n�c�r�e�a�s�e�d� �t�o� �a�c�c�o�m�m�o�d�a�t�e� �t�h�e�m�.� 

�c�r�e�a�t�e� �e�v�e�r�y� �R�U�N�W�A�Y� �(�1�)� �.�.�.� �(�4�.�6�.�2�.�1�)� 
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�l�e�t� �U�R�U�N�W�A�Y�(�1�)� �=� �1� �(�4�.�6�.�2�.�2�)� 

�c�r�e�a�t�e� �e�v�e�r�y� �F�I�N�A�L�.�A�P�P�R�O�A�C�H� �(�1�)� �.�.�.� �(�4�.�6�.�2�.�3�)� 
�l�e�t� �U�.�F�I�N�A�L�.�A�P�P�R�O�A�C�H�(�1�)� �=� �3� �T�o� �a�l�l�o�w� �a� �m�a�x�.� �o�f� �3� �a�i�r�c�r�a�f�t� �t�o� �u�s�e� �o�r� �e�n�t�e�r� �.�.�.�(�4�.�6�.�2�.�4�)� 

 �� �f�i�n�a�l� �a�p�p�r�o�a�c�h� �a�t� �a�n�y� �g�i�v�e�n� �t�i�m�e� 

�T�h�e� �f�o�l�l�o�w�i�n�g� �b�l�o�c�k� �(�b�e�t�w�e�e�n� �E�g�q�n ��s�.� �4�.�6�.�2�.�5� �a�n�d� �4�.�6�.�2�.�8�)� �i�s� �n�e�s�t�e�d� �i�n� �a� �l�o�o�p� �s�o� �a�s� �t�o� 

�e�n�a�b�l�e� �t�h�e� �w�h�o�l�e� �s�i�m�u�l�a�t�i�o�n� �p�r�o�g�r�a�m� �t�o� �p�e�r�f�o�r�m� �i�t�e�r�a�t�i�o�n�s� �a�s� �m�a�n�y� �t�i�m�e�s� �(�.�N�O�.�R�E�P�S�)� �a�s� 

�s�p�e�c�i�f�i�e�d� �b�y� �t�h�e� �u�s�e�r� �f�o�r� �a�n�y� �a�p�p�l�i�c�a�t�i�o�n� �r�u�n�.� �I�f� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n� �h�a�s� �a�r�r�i�v�a�l�s� �t�h�e�n� �o�n�l�y� 

�G�E�N�E�R�A�T�O�R� �i�s� �i�n�v�o�k�e�d�,� �s�i�m�i�l�a�r�l�y� �f�o�r� �d�e�p�a�r�t�u�r�e�s� �G�E�N�E�R�A�T�O�R�.�D�E�P� �i�s� �i�n�v�o�k�e�d�,� �i�f� �b�o�t�h� �o�r� 

�a�n�y� �o�f� �t�w�o� �a�r�e� �i�n�v�o�k�e�d� �t�h�e�n� �p�r�o�g�r�a�m� �c�o�n�t�r�o�l� �j�u�m�p�s� �t�o� �t�h�o�s�e� �p�r�o�c�e�s�s�e�s� �a�n�d� �r�e�t�u�r�n�s� �t�o� �l�i�n�e� 

�a�f�t�e�r� �E�q�n�.� �4�.�6�.�2�.�1� �o�n�l�y� �a�f�t�e�r� �a�l�l� �t�h�e� �p�r�o�c�e�s�s� �a�n�d� �e�v�e�n�t� �n�o�t�i�c�e�s� �a�r�e� �c�l�e�a�r�e�d�,� �i�.�e�.�,� �o�n�l�y� �a�f�t�e�r� 

�a� �p�a�r�t�i�c�u�l�a�r� �s�i�m�u�l�a�t�i�o�n� �i�t�e�r�a�t�i�o�n� �h�a�s� �c�o�m�e� �t�o� �a�n� �e�n�d�.� �E�q�n�.� �4�.�6�.�2�.�2� �i�s� �i�n�v�o�k�e�d� �t�o� �r�e�i�n�i�t�i�a�l�i�z�e� 

�a�l�l� �t�h�e� �v�a�r�i�a�b�l�e�s�,� �t�h�a�t� �a�f�f�e�c�t� �t�h�e� �s�i�m�u�l�a�t�i�o�n�,� �f�o�r� �t�h�e� �n�e�x�t� �s�i�m�u�l�a�t�i�o�n� �i�t�e�r�a�t�i�o�n�.� 

�f�o�r� �I�T�E�R� �=� �1� �t�o� �.�N�O�.�R�E�P�S�,� �d�o� �.�.�.� �(�4�.�6�.�2�.�5�)� 
�l�e�t� �R�U�N�.�N�O�.� �=� �.�I�T�E�R� 
�i�f� �T�O�T�.�A�R�R�.�A�C�F�T� �g�t� �O� 

�a�c�t�i�v�a�t�e� �a� �G�E�N�E�R�A�T�O�R� �n�o�w� 
�a�l�w�a�y�s� 
�i�f� �T�O�T�.�D�E�P�.�A�C�F�T� �g�t� �O� 

�a�c�t�i�v�a�t�e� �a� �G�E�N�E�R�A�T�O�R�.�D�E�P� �n�o�w� 
�a�l�w�a�y�s� 
�S�t�a�r�t� �s�i�m�u�l�a�t�i�o�n� �.�.�.�(�4�.�6�.�2�.�6�)� 
�C�a�l�l� �s�e�t�v�t�.�r�(�7�,�2�)� 
�c�a�l�l� �D�O�.�B�E�E�P� 
�c�a�l�l� �G�L�O�B�A�L�.�S�T�A�T�.�O�P� �g�i�v�i�n�g� �.�I�T�E�R� 
�c�a�l�l� �R�E�P�O�R�T�.�G�E�N� �g�i�v�i�n�g� �.�I�T�E�R� 
�c�a�l�l� �R�E�.�I�N�I�T�I�A�L�I�Z�E� �.�.�.� �(�4�.�6�.�2�.�7�)� 

�l�o�o�p�  �� �.� �I�T�E�R� �=� �1� �t�o� �.�N�O�.�R�E�P�S� �(�4�.�6�.�2�.�8�)� 

�4�.�6�.�3� �R�o�u�t�i�n�e� �A�S�S�I�G�N�.�A�R�R�.�A�C�F�T�.�N�A�M�E� 

�T�h�i�s� �s�u�b�r�o�u�t�i�n�e� �i�d�e�n�t�i�f�i�e�s� �t�h�e� �a�r�r�i�v�a�l� �a�i�r�c�r�a�f�t� �a�n�d� �a�s�s�i�g�n�s� �i�t�s� �a�t�t�r�i�b�u�t�e�s� 
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�r�e�s�e�r�v�e� �.�C�U�M�.�P�E�R�C�E�N�T�.�A�R�R� �a�s� �(�N�O�.�A�R�R�.�A�I�R�C�R�A�F�T� �+� �1�)� �.�.�.� �(�4�.�6�.�3�.�1�)� 
�l�e�t� �.�C�U�M�.�P�E�R�C�E�N�T�.�A�R�R�(�1�)� �=� �0� 
�f�o�r� �.�N�O� �=� �2� �t�o� �(�N�O�.�A�R�R�.�A�I�R�C�R�A�F�T� �+� �1�)� �d�o� 

�l�e�t� �.�C�U�M�.�P�E�R�C�E�N�T�.�A�R�R�(�.�N�O�)� �=� �.�C�U�M�.�P�E�R�C�E�N�T�.�A�R�R�(�.�N�O� �-� �1�)� �+� 
�A�R�R�.�A�C�F�T�.�P�E�R�C�E�N�T�(�.�N�O� �-� �1�)� 

�l�o�o�p� 

�I�n� �E�q�n�.� �4�.�3�.�6�.�1�,� �t�h�e� �N�O�.�A�R�R�.�A�I�R�C�R�A�F�T� �r�e�p�r�e�s�e�n�t�s� �t�h�e� �t�o�t�a�l� �n�u�m�b�e�r� �o�f� �a�i�r�c�r�a�f�t� �t�h�a�t� �a�r�e� 

�c�h�o�s�e�n� �t�o� �c�o�n�s�t�i�t�u�t�e� �t�h�e� �a�r�r�i�v�i�n�g� �a�i�r�c�r�a�f�t� �p�o�p�u�l�a�t�i�o�n� �m�i�x� �.� �V�a�r�i�a�b�l�e� �.�C�U�M�.�P�E�R�C�E�N�T�.�A�R�R� 

�i�s� �a�n� �a�r�r�a�y� �t�o� �u�s�e�d� �t�o� �s�t�o�r�e� �t�h�e� �c�u�m�u�l�a�t�i�v�e� �a�r�r�i�v�a�l� �p�e�r�c�e�n�t�a�g�e�s� �o�f� �a�r�r�i�v�a�l� �a�i�r�c�r�a�f�t�,� �s�t�a�r�t�i�n�g� 

�w�i�t�h� �z�e�r�o� �i�n� �t�h�e� �f�i�r�s�t� �a�r�r�a�y� �t�o� �1�0�0� �i�n� �t�h�e� �l�a�s�t� �a�r�r�a�y�,� �a�n�d� �t�h�i�s� �i�s� �d�o�n�e� �i�n� �t�h�e� �p�r�o�g�r�a�m� �t�h�a�t� �i�s� 

�p�a�r�t� �o�f� �t�h�e� �l�o�o�p� �t�h�a�t� �i�s� �s�h�o�w�n� �a�b�o�v�e�.� 

�I�n� �t�h�e� �p�r�o�g�r�a�m� �b�l�o�c�k� �s�h�o�w�n� �b�e�l�o�w�,� �t�h�e� �v�a�r�i�a�b�l�e� �.�A�S�S�I�G�N� �i�s� �a�s�s�i�g�n�e�d� �a� �r�a�n�d�o�m� �i�n�t�e�g�e�r� 

�b�e�t�w�e�e�n� �1� �a�n�d� �1�0�0�.� �T�h�i�s� �v�a�l�u�e� �i�s� �u�s�e�d� �t�o� �f�i�n�d� �i�n� �w�h�i�c�h� �c�e�l�l� �o�f� �t�h�e� �.�C�U�M�.�P�E�R�C�E�N�T�.�A�R�R� 

�i�t� �l�i�e�s�,� �t�h�i�s� �i�d�e�n�t�i�f�i�c�a�t�i�o�n� �i�s� �d�o�n�e� �i�n� �E�q�n�.� �4�.�6�.�3�.�3�.� �A�f�t�e�r� �t�h�e� �i�d�e�n�t�i�f�i�c�a�t�i�o�n� �t�h�e� �c�o�r�r�e�s�p�o�n�d�i�n�g� 

�.�I�A�R�R� �v�a�l�u�e� �i�s� �u�s�e�d� �t�o� �a�s�s�i�g�n� �t�h�e� �a�t�t�r�i�b�u�t�e�s� �t�o� �t�h�e� �a�i�r�c�r�a�f�t� �e�n�t�i�t�y�,� �w�h�i�c�h� �a�r�e� �d�o�n�e� �f�r�o�m� 

�E�q�n ��s�.� �4�.�6�.�3�.�4� �t�o� �4�.�5�.�3�.�8�.� �I�n� �E�q�n�.� �4�.�6�.�3�.�9�,� �t�h�e� �a�r�r�a�y� �.�R�O�T�.�S�T�A�T� �i�s� �u�s�e�d� �t�o� �s�t�o�r�e� �t�h�e� �s�u�m� 

�o�f� �t�h�e� �R�O�T ��s� �o�f� �e�a�c�h� �a�i�r�c�r�a�f�t� �t�o� �c�a�l�c�u�l�a�t�e� �w�e�i�g�h�t�e�d� �a�v�e�r�a�g�e� �o�f� �R�O�T� �a�n�d� �i�t�s� �s�t�a�n�d�a�r�d� 

�d�e�v�i�a�t�i�o�n�.� 

�l�e�t� �A�S�S�I�G�N� �=� �r�a�n�d�i�f�(�1�,�1�0�0�,� �5�)� �(�4�.�6�.�3�.�2�)� 
�f�o�r� �A�R�R� �=� �1� �t�o� �N�O�.�A�R�R�.�A�I�R�C�R�A�F�T� �d�o� 

�i�f� �A�S�S�I�G�N� �g�t� �.�C�U�M�.�P�E�R�C�E�N�T�.�A�R�R�(�I�A�R�R�)� �a�n�d� 
�.�A�S�S�I�G�N� �l�e� �.�C�U�M�.�P�E�R�C�E�N�T�.�A�R�R�(�.�I�A�R�R� �+� �1�)� �.�.� �(�4�.�6�.�3�.�3�)� 

�"�A�s�s�i�g�n� �t�h�e� �n�a�m�e� �a�n�d� �t�h�e� �o�t�h�e�r� �a�t�t�r�i�b�u�t�e�s� �t�o� �t�h�e� �e�n�t�i�t�y�.� 
�N�A�M�E�(�A�R�R�.�I�D�(�C�O�U�N�T�.�A�R�R�)�)� �=� �A�R�R�.�A�C�F�T�.�N�A�M�E�(�.�I�A�R�R�)� �.�.�.� �(�4�.�6�.�3�.�4�)� 
�l�e�t� �D�E�C� �=� �A�R�R�.�A�C�F�T�.�D�E�C�(�.�I�A�R�R�)� �:� 
�l�e�t� �T�Y�P�E�(�A�R�R�.�I�D�(�C�O�U�N�T�.�A�R�R�)�)� �=� �A�R�R�.�A�C�F�T�.�T�Y�P�E�(�.�I�A�R�R�)� �.�.�-�(�4�.�6�.�3�.�5�)� 
�l�e�t� �.�F�R�E�E�.�R�O�L�L� �=� �A�R�R�.�A�C�F�T�.�F�R�E�E�.�R�O�L�L�(�.�I�A�R�R�)� 
�l�e�t� �.�W�I�N�G�.�S�P�A�N� �=� �A�R�R�.�A�C�F�T�.�W�I�N�G�.�S�P�A�N�(�.�I�A�R�R�)� 
�c�a�l�l� �D�E�T�.�V�A�P�P� �g�i�v�i�n�g� �.�I�A�R�R� �y�i�e�l�d�i�n�g� �.�V�E�L�A�P�P� 
�l�e�t� �V�.�A�P�P�(�A�R�R�.�I�D�(�C�O�U�N�T�.�A�R�R�)�)� �=� �.�V�E�L�A�P�P� �.�.�.� �(�4�.�6�.�3�.�6�)� 
�c�a�l�l� �D�E�T�.�D�I�S�T�.�A�I�R� �g�i�v�i�n�g� �.�I�A�R�R�,� �.�V�E�L�A�P�P� �y�i�e�l�d�i�n�g� �.�D�A�I�R� 
�c�a�l�l� �D�E�T�.�A�P�P�.�O�C�C�.�T�I�M�E� �g�i�v�i�n�g� �.�V�E�L�A�P�P� �y�i�e�l�d�i�n�g� �.�A�P�P�.�O�C�C�.�T�I�M�E� 
�l�e�t� �A�P�P�.�O�C�C�.�T�I�M�E�(�A�R�R�.�I�D�(�C�O�U�N�T�.�A�R�R�)�)� �=� �.�A�P�P�.�O�C�C�.�T�I�M�E� �.�.�.�(�4�.�6�.�3�.�7�)� 
�c�a�l�l� �D�E�T�.�R�W�Y�.�O�C�C�.�T�I�M�E� �g�i�v�i�n�g� �.�D�A�I�R�,� �.�D�E�C�,� �.�F�R�E�E�.�R�O�L�L�,� 
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�.�V�E�L�A�P�P�,� �.�W�I�N�G�.�S�P�A�N�,� �C�O�U�N�T�.�A�R�R� �y�i�e�l�d�i�n�g� �.�R�O�T�,� 
�E�X�I� 

�l�e�t� �R�W�Y�.�O�C�C�.�T�I�M�E�(�A�R�R�.�I�D�(�C�O�U�N�T�.�A�R�R�)�)� �=� �.�R�O�T� �.�.�.�(�4�.�6�.�3�.�8�)� 
�l�e�t� �R�O�T�.�S�T�A�T�(�.�I�A�R�R�)� �=� �R�O�T�.�S�T�A�T�(�.�I�A�R�R�)� �+� �.�R�O�T� �(�4�.�6�.�3�.�9�)� 
�l�e�t� �N�O�.�I�D�E�N�T�.�A�R�R�(�.�I�A�R�R�)� �=� �N�O�.�I�D�E�N�T�.�A�R�R�(�.�I�A�R�R�)� �+� �1�  �� �C�o�l�l�e�c�t�i�n�g� �d�a�t�a� 

 �� �t�o� �k�n�o�w� �n�u�m�b�e�r� �o�f� �t�i�m�e�s� �s�i�m�i�l�a�r� �a�i�r�c�r�a�f�t� �w�e�r�e� 
 � �� �g�e�n�e�r�a�t�e�d�.� 

�l�e�t� �E�X�I�T�.�A�S�S�I�G�N�E�D�(�C�O�U�N�T�.�A�R�R�)� �=� �.�E�X�I �� �s�t�o�r�i�n�g� �d�a�t�a� �o�n� �e�x�i�t�s� �a�s�s�i�g�n�e�d� 
 �� �t�o� �t�h�e� �l�a�n�d�i�n�g� �a�i�r�c�r�a�f�t� 

�l�e�t� �E�X�I�T�.�A�S�S�I�G�N�(�I�A�R�R�,� �.�E�X�I�)� �=� �E�X�I�T�.�A�S�S�I�G�N�(�.�I�A�R�R�,� �.�E�X�I�)� �+� �1� 
 �� �C�o�l�l�e�c�t�i�n�g� �d�a�t�a� �o�n� �n�u�m�b�e�r� �o�f� �t�i�m�e�s� �s�i�m�i�l�a�r� �a�i�r�c�r�a�f�t� 
 �� �i�s� �a�s�s�i�g�n�e�d� �t�o� �d�i�f�f�e�r�e�n�t� �e�x�i�t�s� 

�a�l�w�a�y�s� 
�l�o�o�p�  �� �t�i�l�l� �t�h�e� �c�o�r�r�e�c�t� �a�i�r�c�r�a�f�t� �i�s� �i�d�e�n�t�i�f�i�e�d� 

�4�.�6�.�4� �R�o�u�t�i�n�e� �A�S�S�I�G�N�.�D�E�P�.�A�C�F�T�.�N�A�M�E� 

�T�h�i�s� �r�o�u�t�i�n�e� �b�e�l�o�w� �i�s� �v�e�r�y� �s�i�m�i�l�a�r� �t�o� �t�h�a�t� �d�e�s�c�r�i�b�e�d� �i�n� �t�h�e� �p�r�e�v�i�o�u�s� �s�e�c�t�i�o�n� �e�x�c�e�p�t� �f�o�r� �t�h�a�t� 

�t�h�i�s� �r�o�u�t�i�n�e� �a�p�p�l�i�e�s� �t�o� �d�e�p�a�r�t�i�n�g� �a�i�r�c�r�a�f�t�.� 

�r�e�s�e�r�v�e� �.�C�U�M�.�P�E�R�C�E�N�T�.�D�E�P� �a�s� �(�N�O�.�D�E�P�.�A�I�R�C�R�A�F�T� �+� �1�)� 
�l�e�t� �.�C�U�M�.�P�E�R�C�E�N�T�.�D�E�P�(�1�)� �=� �0� 
�f�o�r� �.�N�O� �=� �2� �t�o� �(�N�O�.�D�E�P�.�A�I�R�C�R�A�F�T� �+� �1�)� �d�o� 

�l�e�t� �.�C�U�M�.�P�E�R�C�E�N�T�.�D�E�P�(�.�N�O�)� �=� �.�C�U�M�.�P�E�R�C�E�N�T�.�D�E�P�(�.�N�O� �-� �1�)� �+� 
�D�E�P�.�A�C�F�T�.�P�E�R�C�E�N�T�(�.�N�O� �-�1�)� 

�l�o�o�p�  �� �c�r�e�a�t�i�n�g� �a�n� �a�r�r�a�y� �f�o�r� �c�u�m�u�l�a�t�i�v�e� �p�e�r�c�e�n�t�a�g�e�s� �o�f� �d�e�p�a�r�t�u�r�e� �a�i�r�c�r�a�f�t� 
�l�e�t� �A�S�S�I�G�N� �=� �r�a�n�d�i�.�f�(�1�,�1�0�0�,�7�)�  �� �f�o�r� �r�a�n�d�o�m� �a�s�s�i�g�n�m�e�n�t� �o�f� �a�i�r�c�r�a�f�t� �n�a�m�e�s� �t�o� 

�*� �n�e�w�l�y� �c�r�e�a�t�e�d� �a�i�r�c�r�a�f�t� �e�n�t�i�t�y�.� 
�f�o�r� �.�I�D� �=� �1� �t�o� �N�O�.�D�E�P�.�A�I�R�C�R�A�F�T� �d�o� 

�i�f� �A�S�S�I�G�N� �g�t� �.�C�U�M�.�P�E�R�C�E�N�T�.�D�E�P�(�.�I�D�)� �a�n�d� 
�-�A�S�S�I�G�N� �l�e� �.�C�U�M�.�P�E�R�C�E�N�T�.�D�E�P�(�.�I�D� �+� �1�)� 

�N�A�M�E�(�D�E�P�.�I�D�(�C�O�U�N�T�.�D�E�P�)�)� �=� �D�E�P�.�A�C�F�T�.�N�A�M�E�(�.�I�D�)� 
�l�e�t� �T�Y�P�E�(�D�E�P�.�I�D�(�C�O�U�N�T�.�D�E�P�)�)� �=� �D�E�P�.�A�C�F�T�.�T�Y�P�E�(�.�I�D�)� 
�c�a�l�l� �D�E�T�.�T�A�K�E�O�F�F�.�T�I�M�E� �g�i�v�e�n� �.�I�D� �y�i�e�l�d�i�n�g� �.�T�A�K�E�O�F�F�.�T�T� 
�l�e�t� �T�A�K�E�O�F�F�.�T�I�M�E�(�D�E�P�.�I�D�(�C�O�U�N�T�.�D�E�P�)�)� �=� �.�T�A�K�E�O�F�F�.�T�T� 

�a�l�w�a�y�s� 
�l�o�o�p� 
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�4�.�6�.�5� �R�o�u�t�i�n�e� �C�H�E�C�K�.�P�R�E�C�E�D�E�.�A�C�F�T�.�C�L�R�.�R�W�Y� 

�T�h�i�s� �r�o�u�t�i�n�e� �i�s� �u�s�e�d� �t�o� �c�h�e�c�k� �i�f� �t�h�e� �a�i�r�c�r�a�f�t� �p�r�e�c�e�d�i�n�g� �a�n�o�t�h�e�r� �o�n�e� �i�n� �t�h�e� �f�i�n�a�l� �a�p�p�r�o�a�c�h� 

�w�i�l�l� �c�l�e�a�r� �t�h�e� �r�u�n�w�a�y� �b�y� �t�h�e� �t�i�m�e� �t�h�e� �s�u�c�c�e�e�d�i�n�g� �a�i�r�c�r�a�f�t� �r�e�a�c�h�e�s� �t�h�e� �r�u�n�w�a�y� �t�h�r�e�s�h�o�l�d�.� 

�T�h�e� �c�a�l�c�u�l�a�t�i�o�n� �i�n� �l�a�t�t�e�r� �p�a�r�t� �E�q�n�.� �4�.�6�.�5�.�1� �i�s� �u�s�e�d� �t�o� �c�o�n�v�e�r�t� �t�i�m�e�,� �w�h�i�c�h� �i�s� �i�n� �m�i�n�u�t�e�s� �a�n�d� 

�t�h�e� �s�e�c�o�n�d�s� �i�n� �h�u�n�d�r�e�d�t�h� �f�r�a�c�t�i�o�n�,� �t�o� �m�i�n�u�t�e�s� �a�n�d� �s�e�c�o�n�d�s� �t�o� �s�i�x�t�i�e�t�h� �f�r�a�c�t�i�o�n�.� �N�o�t�i�c�e� 

�f�r�o�m� �E�q�n�.� �4�.�6�.�5�.�2�,� �t�h�a�t� �i�f� �t�h�e� �t�o�t�a�l� �t�i�m�e� �f�o�r� �t�h�e� �p�r�e�c�e�d�i�n�g� �a�i�r�c�r�a�f�t� �t�o� �c�l�e�a�r� �t�h�e� �r�u�n�w�a�y� �f�r�o�m� 

�i�t�s� �p�r�e�s�e�n�t� �l�o�c�a�t�i�o�n� �i�s� �l�e�s�s� �t�h�a�n� �t�h�e� �t�i�m�e� �t�h�e� �s�u�c�c�e�e�d�i�n�g� �a�i�r�c�r�a�f�t� �t�a�k�e�s� �t�o� �r�e�a�c�h� �t�h�e� �r�u�n�w�a�y� 

�t�h�r�e�s�h�o�l�d� �f�r�o�m� �i�t�s� �p�r�e�s�e�n�t� �l�o�c�a�t�i�o�n� �(�s�t�a�c�k�)� �t�h�e�n� �t�h�e� �t�i�m�e� �d�i�f�f�e�r�e�n�c�e� �t�o� �p�e�r�f�o�r�m� �b�o�t�h� �t�h�e� 

�o�p�e�r�a�t�i�o�n�s� �i�s� �s�t�o�r�e�d� �a�s� �z�e�r�o� �i�n� �(�4�.�6�.�5�.�3�)�.� �I�f� �t�h�e� �c�h�e�c�k� �i�n� �(�4�.�6�.�5�.�2�)� �i�s� �n�o�t� �s�a�t�i�s�f�i�e�d� �t�h�e�n� �t�h�e� 

�d�i�f�f�e�r�e�n�c�e� �i�n� �t�i�m�e� �t�o� �p�e�r�f�o�r�m� �b�o�t�h� �t�h�e� �o�p�e�r�a�t�i�o�n�s� �s�i�m�u�l�t�a�n�e�o�u�s�l�y� �i�s� �c�a�l�c�u�l�a�t�e�d� �a�n�d� 

�a�s�s�i�g�n�e�d� �t�o� �.�R�.�T�.�L�A�G�.�T�H�R�L�D�.�R�W�Y� �i�n� �(�4�.�6�.�5�.�4�)�.� 

�l�e�t� �.�T�.�P�R�E�C�E�D�E�.�A�C�F�T�.�C�L�R�.�A�P�P� �=� �A�P�P�.�O�C�C�.�T�I�M�E�(�A�R�R�.�I�D�(�C�O�U�N�T�.�A�P�P�)�)� �-� 
�(�t�r�u�n�c�.�f�(�t�i�m�e�.�v� �-� �T�.�D�E�P�.�S�T�A�C�K�(�C�O�U�N�T�.�A�P�P�)�)� �*� �6�0� �+� 

�f�r�a�c�.�f�(�t�i�m�e�.�v� �-� �T�.�D�E�P�.�S�T�A�C�K�(�C�O�U�N�T�.�A�P�P�)�)� �*� �6�0� �)� �.�.�.�(�4�.�6�.�5�.�1�)� 
 �� �R�e�m�a�i�n�i�n�g� �t�i�m�e� �f�o�r� �p�r�e�c�e�d�i�n�g� �a�i�r�c�r�a�f�t� �t�o� �c�l�e�a�r� �a�p�p�r�o�a�c�h� 

�l�e�t� �.�T�O�T�.�T�.�P�R�E�C�E�D�E�.�A�C�F�T�.�C�L�R�.�R�W�Y� �=� �(�.�T�.�P�R�E�C�E�D�E�.�A�C�F�T�.�C�L�R�.�A�P�P� �+� 
�R�W�Y�.�O�C�C�.�T�I�M�E�(�A�R�R�.�I�D�(�C�O�U�N�T�.�A�P�P�)�)�)� 

�"� �T�o�t�a�l� �t�i�m�e� �f�o�r� �t�h�e� �p�r�e�c�e�d�i�n�g� �a�i�r�c�r�a�f�t� �t�o� �t�r�a�v�e�l� �f�r�o�m� 
 �� �i�t�s� �p�r�e�s�e�n�t� �p�o�s�i�t�i�o�n� �t�i�l�l� �i�t� �c�l�e�a�r�s� �r�u�n�w�a�y�.� 

�i�f� �.�T�O�T�.�T�.�P�R�E�C�E�D�E�.�A�C�F�T�.�C�L�R�.�R�W�Y� �l�e� �A�P�P�.�O�C�C�.�T�I�M�E�(�A�R�R�.�I�D�(�C�O�U�N�T�.�A�P�P� �+� �1�)�)� �.�.�.�(�4�.�6�.�5�.�2�)� 

�.�R�.�T�.�L�A�G�.�T�H�R�L�D�.�R�W�Y� �=� �0� �"�D�i�f�f�e�r�e�n�c�e� �i�n� �t�i�m�e� �t�o� �p�e�r�f�o�r�m� �t�h�e� �t�w�o� �o�p�e�r�a�t�i�o�n�s� �_�_�.�.�.�(�4�.�6�.�5�.�3�)� 
�"�1�:� �T�i�m�e� �f�o�r� �p�r�e�c�e�d�e� �a�c�f�t� �t�o� �c�l�e�a�r� �r�w�y� 
�"�2�:� �T�i�m�e� �f�o�r� �l�a�g�g�i�n�g� �a�c�f�t� �t�o� �r�e�a�c�h� �t�h�r�e�s�h�o�l�d� 

�e�l�s�e� 
�.�R�.�T�.�L�A�G�.�T�H�R�L�D�.�R�W�Y� �=� �(�.�T�O�T�.�T�.�P�R�E�C�E�D�E�.�A�C�F�T�.�C�L�R�.�R�W�Y� �-� 

�A�P�P�.�O�C�C�.�T�I�M�E�(�A�R�R�.�I�D�(�C�O�U�N�T�.�A�P�P� �+� �1�)�)�)� �(�4�.�6�.�5�.�4�)� 
�a�l�w�a�y�s� 
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�4�.�6�.�6� �E�v�e�n�t� �C�R�E�A�T�E�.�A�I�R�C�R�A�F�T�.�A�R�R� 

�W�h�e�n� �t�h�i�s� �e�v�e�n�t� �i�s� �a�c�t�i�v�a�t�e�d� �f�r�o�m� �G�E�N�E�R�A�T�O�R� �p�r�o�c�e�s�s� �i�t� �c�r�e�a�t�e�s� �a� �t�e�m�p�o�r�a�r�y� �e�n�t�i�t�y� 

�A�I�R�C�R�A�F�T� �(�E�q�n�.� �4�.�6�.�6�.�2�)� �a�n�d� �i�t� �i�s� �a�s�s�i�g�n�e�d� �t�o� �a�n� �u�n�i�q�u�e� �m�e�m�o�r�y� �l�o�c�a�t�i�o�n� �b�y� �c�a�l�l�i�n�g� 

�A�R�R�.�I�D�(�C�O�U�N�T�.�A�R�R�)� �i�n� �E�q�n�.� �4�.�6�.�6�.�2�.� �T�h�e� �m�e�m�o�r�y� �l�o�c�a�t�i�o�n� �i�s� �u�n�i�q�u�e� �t�o� �t�h�e� �n�e�w�l�y� �c�r�e�a�t�e�d� 

�e�n�t�i�t�y� �b�e�c�a�u�s�e� �a�s� �e�a�c�h� �t�i�m�e� �a� �n�e�w� �e�n�t�i�t�y� �(�a�i�r�c�r�a�f�t�)� �i�s� �c�r�e�a�t�e�d� �t�h�e� �g�l�o�b�a�l� �p�o�i�n�t�e�r� �v�a�r�i�a�b�l�e� 

�C�O�U�N�T�.�A�R�R�.�,� �i�s� �i�n�c�r�e�m�e�n�t�e�d� �b�y� �1� �(�E�q�n�.� �4�.�6�.�6�.�1�)� �a�n�d� �t�h�i�s� �w�a�y� �t�h�e� �e�n�t�i�t�y� �i�s� �s�t�o�r�e�d� �i�n� 

�A�R�R�.�I�D� �w�i�t�h� �a� �d�i�f�f�e�r�e�n�t� �i�d�e�n�t�i�f�i�e�r�.� �T�h�e� �c�r�e�a�t�i�o�n� �t�i�m�e� �o�f� �e�v�e�r�y� �a�r�r�i�v�a�l� �i�s� �c�o�l�l�e�c�t�e�d� �i�n� �E�q�n�.� 

�4�.�6�.�6�.�3�.� �T�o� �i�d�e�n�t�i�f�y� �t�h�a�t� �t�h�i�s� �a�i�r�c�r�a�f�t� �e�n�t�i�t�y� �i�s� �a�r�r�i�v�i�n�g�,� �i�t�s� �a�t�t�r�i�b�u�t�e� �i�s� �e�q�u�a�t�e�d� �t�o� �a�n� �i�m�p�l�i�e�d� 

�g�l�o�b�a�l� �v�a�r�i�a�b�l�e� �.�.�L�A�N�D�I�N�G� �(� �i�t�s� �v�a�l�u�e� �b�e�i�n�g� �1�)� �i�n� �E�q�n�.� �4�.�6�.�6�.�4�.� �I�f� �E�q�n�.� �4�.�6�.�6�.�5�,� �i�s� �s�a�t�i�s�f�i�e�d� 

�i�t� �i�m�p�l�i�e�s� �t�h�a�t� �t�h�e� �n�e�w�l�y� �c�r�e�a�t�e�d� �a�i�r�c�r�a�f�t� �i�s� �t�h�e� �f�i�r�s�t� �o�n�e� �i�n� �t�h�e� �s�t�a�c�k� �a�n�d� �h�e�n�c�e� �i�t� �c�a�n� 

�p�r�o�c�e�e�d� �c�h�e�c�k�i�n�g� �t�h�e� �s�y�s�t�e�m� �f�r�o�m� �s�t�a�c�k�.� 

�i�f� �C�O�U�N�T�.�A�R�R� �I�t� �T�O�T�.�A�R�R�.�A�C�F�T� 
�C�O�U�N�T�.�A�R�R� �=� �C�O�U�N�T�.�A�R�R� �+� �1� 
�c�r�e�a�t�e� �a�n� �A�I�R�C�R�A�F�T� �c�a�l�l�e�d� �A�R�R�.�I�D�(�C�O�U�N�T�.�A�R�R�)� 
�T�.�E�N�T�E�R�.�S�T�A�C�K�(�C�O�U�N�T�.�A�R�R�)� �=� �T�I�M�E�.�V� 
�l�e�t� �O�P�E�R�A�T�I�O�N�(�A�R�R�.�I�D�(�C�O�U�N�T�.�A�R�R�)�)� �=� �.�.�L�A�N�D�I�N�G� 
�c�a�l�l� �A�S�S�I�G�N�.�A�R�R�.�A�C�F�T�.�N�A�M�E� 
�i�f� �C�O�U�N�T�.�A�R�R� �l�e� �(�C�O�U�N�T�.�A�P�P� �+� �1�)� 

�c�a�l�l� �S�Y�S�.�C�H�E�C�K�.�A�T�.�S�T�A�C�K� 
�a�l�w�a�y�s� 

�e�l�s�e� 
�r�e�t�u�r�n� 

�a�l�w�a�y�s� 

�4�.�6�.�7� �E�v�e�n�t� �C�R�E�A�T�E�.�A�I�R�C�R�A�F�T�.�D�E�P� 

�(�4�.�6�.�6�.�1�)� 
�.�.�.�(�4�.�6�.�6�.�2�)� 
�(�4�.�6�.�6�.�3�)� 
�,�.�.�(�4�.�6�.�6�.�4�)� 

�.�.�.�(�4�.�5�.�6�.�5�)� 

�T�h�i�s� �e�v�e�n�t� �r�o�u�t�i�n�e� �i�s� �v�e�r�y� �s�i�m�i�l�a�r� �t�o� �t�h�e� �p�r�e�v�i�o�u�s� �o�n�e� �e�x�p�l�a�i�n�e�d� �e�x�c�e�p�t� �t�h�a�t� �t�h�i�s� �d�e�a�l�s� �w�i�t�h� 
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�d�e�p�a�r�t�u�r�e�s�.� 

�i�f� �C�O�U�N�T�.�D�E�P� �i�t� �T�O�T�.�D�E�P�.�A�C�F�T� 
�l�e�t� �C�O�U�N�T�.�D�E�P� �=� �C�O�U�N�T�.�D�E�P� �+� �1� 
�c�r�e�a�t�e� �a�n� �A�I�R�C�R�A�F�T� �c�a�l�l�e�d� �D�E�P�.�I�D�(�C�O�U�N�T�.�D�E�P�)� 
�l�e�t� �T�.�E�N�T�E�R�.�R�A�M�P�(�C�O�U�N�T�.�D�E�P�)� �=� �t�i�m�e�.�v� 
�O�P�E�R�A�T�I�O�N�(�D�E�P�.�I�D�(�C�O�U�N�T�.�D�E�P�)�)� �=� �.�.�D�E�P�A�R�T�U�R�E� 
�c�a�l�l� �A�S�S�I�G�N�.�D�E�P�.�A�C�F�T�.�N�A�M�E� 
�i�f� �C�O�U�N�T�.�D�E�P� �l�e� �(�C�O�U�N�T�.�T�.�O�F�F� �+� �1�)� 

�c�a�l�l� �S�Y�S�.�C�H�E�C�K�.�A�T�.�T�H�R�L�D� 
�a�l�w�a�y�s� 

�e�l�s�e� 
�r�e�t�u�r�n� 

�a�l�w�a�y�s� 

�4�.�6�.�8� �P�r�o�c�e�s�s� �D�E�P�A�R�T�U�R�E�.�O�P�E�R�A�T�I�O�N� 

�T�h�i�s� �p�r�o�c�e�s�s� �r�e�q�u�e�s�t�s� �t�h�e� �r�e�s�o�u�r�c�e� �r�u�n�w�a�y�,� �i�n� �E�q�n�.� �4�.�6�.�8�.�1�,� �a�n�d� �t�h�e�n� �u�s�e�s� �(�w�o�r�k�)� �t�h�e� 

�r�u�n�w�a�y� �f�o�r� �a� �p�e�r�i�o�d� �o�f� �r�u�n�w�a�y� �o�c�c�u�p�a�n�c�y� �t�i�m�e� �o�f� �t�h�e� �a�i�r�c�r�a�f�t� �w�h�i�c�h� �i�s� �u�s�i�n�g� �t�h�e� �r�u�n�w�a�y�.� 

�T�h�e� �p�o�i�n�t�e�r� �v�a�r�i�a�b�l�e� �C�O�U�N�T�.�T�.�O�F�F�,� �i�n� �E�q�n�.� �4�.�6�.�8�.�2�,� �i�s� �u�s�e�d� �a�s� �a� �c�o�u�n�t�e�r� �t�o� �k�n�o�w� �t�h�e� 

�s�e�q�u�e�n�c�e� �n�u�m�b�e�r� �o�f� �a�i�r�c�r�a�f�t� �t�h�a�t� �i�s� �b�e�i�n�g� �o�r� �h�a�s� �b�e�e�n� �p�r�o�c�e�s�s�e�d� �i�n� �t�h�e� �a�r�r�i�v�a�l� �f�l�o�w�.� �I�t� 

�a�l�s�o� �h�e�l�p�s� �i�n� �r�e�t�r�i�e�v�i�n�g� �t�h�e� �d�a�t�a� �r�e�l�a�t�e�d� �t�o� �t�h�e� �a�i�r�c�r�a�f�t� �e�n�t�i�t�y� �t�h�a�t� �i�s� �b�e�i�n�g� �p�r�o�c�e�s�s�e�d�,� �a�s� 

�i�t� �c�o�u�l�d� �b�e� �s�e�e�n� �i�n� �E�q�n�.� �4�.�6�.�8�.�3�,� �w�h�e�r�e� �t�h�e� �O�C�C�U�P�A�N�T�.�O�P�E�R�A�T�I�O�N� �v�a�r�i�a�b�l�e� �i�s� �g�i�v�e�n� �a� 

�v�a�l�u�e� �t�o� �i�n�d�i�c�a�t�e� �t�h�a�t� �a� �d�e�p�a�r�t�i�n�g� �a�i�r�c�r�a�f�t� �i�s� �c�u�r�r�e�n�t�l�y� �u�s�i�n�g� �t�h�e� �r�u�n�w�a�y�.� �I�n� �E�q�n�.� �4�.�6�.�8�.�4�,� 

�C�O�U�N�T�.�D�E�P� �i�s� �a� �p�o�i�n�t�e�r� �v�a�r�i�a�b�l�e� �t�h�a�t� �i�n�d�i�c�a�t�e�s� �t�h�e� �n�u�m�b�e�r� �o�f� �d�e�p�a�r�t�i�n�g� �a�i�r�c�r�a�f�t� �t�h�a�t� �h�a�v�e� 

�b�e�e�n� �c�r�e�a�t�e�d� �u�n�t�i�l� �t�h�e� �c�u�r�r�e�n�t� �s�i�m�u�l�a�t�i�o�n� �t�i�m�e�.� �T�h�e� �c�o�n�d�i�t�i�o�n�a�l� �c�h�e�c�k� �i�n� �E�q�n�.� �4�.�6�.�8�.�4� �i�s� 

�d�o�n�e� �t�o� �i�n�i�t�i�a�t�e� �t�h�e� �f�i�r�s�t� �a�i�r�c�r�a�f�t� �i�n� �t�h�e� �d�e�p�a�r�t�i�n�g� �q�u�e�u�e� �a�t� �t�h�e� �t�h�r�e�s�h�o�l�d� �t�o� �s�t�a�r�t� �c�h�e�c�k�i�n�g� 

�t�h�e� �s�y�s�t�e�m� �t�h�i�s� �i�s� �a� �p�r�o�c�e�s�s� �t�o�w�a�r�d�s� �f�i�n�d�i�n�g� �a� �g�a�p� �f�o�r� �t�a�k�e�o�f�f�.� �T�h�e� �w�o�r�k� �s�t�a�t�e�m�e�n�t� �i�n� 

�E�q�n�.� �4�.�6�.�8�.�5� �d�e�p�i�c�t�s� �t�h�e� �o�c�c�u�p�a�n�c�y� �o�f� �r�u�n�w�a�y� �b�y� �t�h�e� �d�e�p�a�r�t�i�n�g� �a�i�r�c�r�a�f�t� �f�o�r� �t�h�e� �d�u�r�a�t�i�o�n� 

�o�f� �T�A�K�E�O�F�F�.�T�I�M�E�.� �A�f�t�e�r� �p�e�r�i�o�d� �o�f� �T�A�K�E�O�F�F�.�T�I�M�E� �t�h�e� �p�r�o�c�e�s�s� �n�o�t�i�c�e� �r�e�l�i�n�q�u�i�s�h�e�s�,� �i�n� 
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�E�q�n�.� �4�.�6�.�8�.�6�,� �t�h�e� �r�u�n�w�a�y� �r�e�s�o�u�r�c�e� �d�e�p�i�c�t�i�n�g� �t�h�e� �c�o�m�p�l�e�t�i�o�n� �o�f� �t�a�k�e�o�f�f� �o�f� �t�h�e� �a�i�r�c�r�a�f�t�.� 

�i�f� �C�O�U�N�T�.�T�.�O�F�F� �f�t� �T�O�T�.�D�E�P�.�A�C�F�T� 
�r�e�q�u�e�s�t� �1� �R�U�N�W�A�Y� �(�1�)� �.�.�.� �(�4�.�6�.�8�.�1�)� 
�i�f� �C�O�U�N�T�.�T�.�O�F�F� �I�t� �C�O�U�N�T�.�D�E�P� 

�l�e�t� �C�O�U�N�T�.�T�.�O�F�F� �=� �C�O�U�N�T�.�T�.�O�F�F� �+� �1� �.�.�.� �(�4�.�6�.�8�.�2�)� 
�l�e�t� �O�C�C�U�P�A�N�T�.�O�P�E�R�A�T�I�O�N� �=� �O�P�E�R�A�T�I�O�N�(�D�E�P�.�I�D�(�C�O�U�N�T�.�T�.�O�F�F�)�)� �.�.�.� �(�4�.�6�.�8�.�3�)� 
�l�e�t� �T�.�D�E�P�.�R�A�M�P�(�C�O�U�N�T�.�T�.�O�F�F�)� �=� �T�I�M�E�.�V� 
�i�f� �C�O�U�N�T�.�T�.�O�F�F� �n�e� �C�O�U�N�T�.�D�E�P� �a�n�d� �(�C�O�U�N�T�.�T�.�O�F�F� �+� �1�)� �l�e� �C�O�U�N�T�.�D�E�P� �.�.�.�(�4�.�6�.�8�.�4�)� 

�c�a�l�l� �S�Y�S�.�C�H�E�C�K�.�A�T�.�T�H�R�L�D� 
�a�l�w�a�y�s�  �� �(�C�O�U�N�T�.�T�.�O�F�F� �+� �1�)� �l�e� �C�O�U�N�T�.�D�E�P� 
�w�o�r�k� �T�A�K�E�O�F�F�.�T�I�M�E�(�D�E�P�.�I�D�(�C�O�U�N�T�.�T�.�O�F�F�)�)� �s�e�c�o�n�d�s� �(�4�.�6�.�8�.�5�)� 

�a�l�w�a�y�s� �"�C�O�U�N�T�.�T�.�O�F�F� �I�t� �C�O�U�N�T�.�D�E�P� 
�r�e�l�i�n�q�u�i�s�h� �1� �R�U�N�W�A�Y�(�1�)� �.�.�.�(�4�.�6�.�8�.�6�)� 
�i�f� �A�C�F�T�.�I�D� �e�q� �T�O�T�.�D�E�P�.�A�C�F�T� 

�E�N�D�.�D�E�P�.�S�I�M� �=� �t�i�m�e�.�v� 
�a�l�w�a�y�s� 
�i�f� �C�O�U�N�T�.�T�.�O�F�F� �n�e� �C�O�U�N�T�.�D�E�P� �a�n�d� �(� �C�O�U�N�T�.�T�.�O�F�F� �+� �1�)� �l�e� �C�O�U�N�T�.�D�E�P� �_�.�.�.�(�4�.�6�.�8�.�3�)� 

�c�a�l�l� �S�Y�S�.�C�H�E�C�K�.�A�T�.�T�H�R�L�D� 
�a�l�w�a�y�s� 

�a�l�w�a�y�s�  �� �C�O�U�N�T�.�T�.�O�F�F� �I�t� �T�O�T�.�D�E�P�.�A�C�F�T� 

�4�.�6�.�9� �R�o�u�t�i�n�e� �D�E�T�.�D�E�L�.�A�R�R� 

�T�h�i�s� �r�o�u�t�i�n�e� �d�e�t�e�r�m�i�n�e�s� �t�h�e� �d�e�l�a�y� �t�o� �a� �d�e�p�a�r�t�i�n�g� �a�i�r�c�r�a�f�t� �d�u�e� �t�o� �a�n� �a�i�r�c�r�a�f�t� �i�n� �f�i�n�a�l� 

�a�p�p�r�o�a�c�h�.� �T�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �t�y�p�e�s� �o�f� �a�i�r�c�r�a�f�t� �o�f� �t�h�e� �f�i�r�s�t� �o�n�e� �i�n� �t�h�e� �d�e�p�a�r�t�i�n�g� �q�u�e�u�e� �a�n�d� 

�t�h�e� �a�r�r�i�v�i�n�g� �o�n�e� �n�e�a�r�e�s�t� �t�o� �r�u�n�w�a�y� �t�h�r�e�s�h�o�l�d�,� �E�q�n ��s�.� �4�.�6�.�9�.�1� �a�n�d� �4�.�6�.�9�.�3� �a�r�e� �u�s�e�d�.� 

�.�D�E�P�.�A�R�R�.�S�E�P�,� �i�n� �E�q�n�.� �4�.�6�.�9�.�4�,� �i�s� �a�n� �a�r�r�a�y� �w�h�i�c�h� �h�a�s� �t�h�e� �d�e�p�a�r�t�u�r�e�-�a�r�r�i�v�a�l� �s�e�p�a�r�a�t�i�o�n� 

�d�a�t�a�.� �I�f� �t�h�e� �l�e�a�d�i�n�g� �a�r�r�i�v�i�n�g� �a�i�r�c�r�a�f�t� �i�s� �f�a�r�t�h�e�r� �t�h�a�n� �t�h�e� �m�i�n�i�m�u�m� �s�e�p�a�r�a�t�i�o�n� �b�e�t�w�e�e�n� 

�d�e�p�a�r�t�u�r�e� �a�n�d� �a�r�r�i�v�a�l� �(�.�M�I�N�.�S�E�P�.�A�R�R�.�D�E�P�)�,� �w�h�i�c�h� �i�s� �c�h�e�c�k�e�d� �i�n� �E�q�n�.� �4�.�6�.�9�.�5�,� �t�h�e�n� �t�h�e� 

�d�e�l�a�y� �d�u�e� �t�o� �t�h�e� �a�r�r�i�v�i�n�g� �a�i�r�c�r�a�f�t� �(�.�R�.�D�E�L�.�A�R�R�)� �i�s� �z�e�r�o� �a�n�d� �i�f� �n�o�t�,� �.�R�.�D�E�L�.�A�R�R� �i�s� �e�q�u�a�l� �t�o� 

�t�h�e� �t�i�m�e� �i�t� �t�a�k�e�s� �t�o� �t�r�a�v�e�l� �t�h�e� �r�e�m�a�i�n�i�n�g� �p�a�r�t� �o�f� �t�h�e� �f�i�n�a�l� �a�p�p�r�o�a�c�h� �b�y� �t�h�e� �a�i�r�c�r�a�f�t� �n�e�a�r�e�s�t� 

�t�o� �t�h�r�e�s�h�o�l�d�.� 
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�l�e�t� �.�T�Y�P�E�.�D�E�P� �=� �T�Y�P�E�(�D�E�P�.�I�D�(�C�O�U�N�T�.�T�.�O�F�F� �+� �1�)�)� �.�.�.� �(�4�.�6�.�9�.�1�)� 
�l�e�t� �L�E�A�D�.�A�C�F�T�.�A�P�P� �=� �C�O�U�N�T�.�L�A�N�D� �+� �1� �.�.�.� �(�4�.�6�.�9�.�2�)� 
�l�e�t� �.�T�Y�P�E�.�A�R�R� �=� �T�Y�P�E�(�A�R�R�.�I�D�(�.�L�E�A�D�.�A�C�F�T�.�A�P�P�)�)� �.�.�.�(�4�.�6�.�9�.�3�)� 
�l�e�t�.� �M�I�N�.�S�E�P�.�A�R�R�.�D�E�P� �=� �D�E�P�.�A�R�R�.�S�E�P�(�.�T�Y�P�E�.�A�R�R�,� �.�T�Y�P�E�.�D�E�P�)� �+� �I�N�T�D�E�P�.�A�R�R�.�B�U�F�F� �.�.�.�(�4�.�6�.�9�.�4�)� 
�l�e�t� �.�T�T�I�M�E�.�S�P�E�N�T�.�A�P�P� �=� �t�r�u�n�c�.�f�(�t�i�m�e�.�v� �-� �T�.�D�E�P�.�S�T�A�C�K�(�.�L�E�A�D�.�A�C�F�T�.�A�P�P�)�)� �*� �6�0� �+� 

�f�r�a�c�.�f�(�t�i�m�e�.�v� �-� �T�.�D�E�P�.�S�T�A�C�K�(�.�L�E�A�D�.�A�C�F�T�.�A�P�P�)�)� �*� �6�0� 
 �� �s�e�c�o�n�d�s� 

�l�e�t� �.�T�I�M�E�.�R�E�M�.�A�P�P� �=� �A�P�P�.�O�C�C�.�T�I�M�E�(�A�R�R�.�I�D�(�.�L�E�A�D�.�A�C�F�T�.�A�P�P�)�)� �-� �.�T�I�M�E�.�S�P�E�N�T�.�A�P�P� 
 �� �R�e�m�a�i�n�i�n�g� �t�i�m�e� �i�n� �f�i�n�a�l� �a�p�p�r�o�a�c�h� �b�e�f�o�r�e� �r�e�a�c�h�i�n�g� �t�h�e� 
 �� �r�u�n�w�a�y� �b�y� �t�h�e� �a�r�r�i�v�i�n�g� �a�i�r�c�r�a�f�t� �n�e�a�r�e�s�t� �t�o� �t�h�e� �r�u�n�w�a�y� 

�l�e�t� �.�D�I�S�T�.�C�O�V�E�R�E�D�.�A�P�P� �=� �.�T�I�M�E�.�S�P�E�N�T�.�A�P�P� �*� �V�.�A�P�P�(�A�R�R�.�I�D�(�.�L�E�A�D�.�A�C�F�T�.�A�P�P�)�)� 
�l�e�t� �D�I�S�T�.�T�O�.�T�H�R�L�D� �=� �L�E�N�G�T�H�.�A�P�P�(�F�I�N�A�L�.�A�P�P�R�O�A�C�H�)� �-� �.�D�I�S�T�.�C�O�V�E�R�E�D�.�A�P�P� 
�i�f� �D�I�S�T�.�T�O�.�T�H�R�L�D� �g�e� �.�M�I�N�.�S�E�P�.�A�R�R�.�D�E�P� �.�.�.� �(�4�.�6�.�9�.�5�)� 

�.�R�.�D�E�L�.�A�R�R� �=� �0�.�0�  �� �s�e�c�o�n�d�s� 
�e�l�s�e� 

�.�R�.�D�E�L�.�A�R�R� �=� �.�T�I�M�E�.�R�E�M�.�A�P�P�  ��s�e�c�o�n�d�s� 
�a�l�w�a�y�s� 

�4�.�6�.�1�0� �R�o�u�t�i�n�e� �D�E�T�.�D�E�L�.�D�E�P� 

�T�h�i�s� �r�o�u�t�i�n�e� �d�e�t�e�r�m�i�n�e�s� �t�h�e� �t�i�m�e� �t�o� �a�c�h�i�e�v�e� �t�h�e� �m�i�n�i�m�u�m� �i�n�t�e�r�d�e�p�a�r�t�u�r�e� �s�e�p�a�r�a�t�i�o�n�.� 

�S�E�P�.�T�.�T�A�K�E�O�F�F�S�,� �i�n� �E�q�n�.� �4�.�6�.�1�0�.�1�,� �i�s� �a�n� �a�r�r�a�y� �w�h�i�c�h� �h�a�s� �t�h�e� �i�n�t�e�r�d�e�p�a�r�t�u�r�e� �s�e�p�a�r�a�t�i�o�n� 

�d�a�t�a�.� �I�N�T�.�D�E�P�.�B�U�F�F� �i�s� �t�h�e� �b�u�f�f�e�r� �t�i�m�e� �f�o�r� �t�h�e� �i�n�t�e�r�d�e�p�a�r�t�u�r�e� �s�e�p�a�r�a�t�i�o�n�.� 

�i�f� �C�O�U�N�T�.�T�.�O�F�F� �t�t� �T�O�T�.�D�E�P�.�A�C�F�T� 
�l�e�t� �.�P�R�E�C�E�D�E�.�T�Y�P�E� �=� �T�Y�P�E�(�D�E�P�.�I�D�(�C�O�U�N�T�.�T�.�O�F�F�)�)� 
�l�e�t� �F�L�L�W�N�G�.�T�Y�P�E� �=� �T�Y�P�E�(�D�E�P�.�I�D�(�C�O�U�N�T�.�T�.�O�F�F� �+� �1�)�)� 
�l�e�t� �P�R�E�C�E�D�E�.�D�E�P�.�S�T�R�T�.�T�I�M�E� �=� �T�.�D�E�P�.�R�A�M�P�(�C�O�U�N�T�.�T�.�O�F�F�)�  �� �d�e�p�a�r�t�u�r�e� �t�i�m�e� �o�f� 

 ��o�f� �p�r�e�c�e�d�i�n�g� �a�i�r�c�r�a�f�t� 
�l�e�t� �.�M�I�N�.�T�.�S�E�P�.� �T�A�K�E�O�F�F� �=� �S�E�P�.�T�.�T�A�K�E�O�F�F�S�(�.�F�L�L�W�N�G�.�T�Y�P�E�,� �.�P�R�E�C�E�D�E�.�T�Y�P�E�)� �+� 

�I�N�T�D�E�P�.�B�U�F�F� �.�.�.�(�4�.�6�.�1�0�.�1�)� 
�l�e�t� �.�T�.�M�I�N�.�S�E�P�.� �T�A�K�E�O�F�F� �=� �.�M�I�N�.�T�.�S�E�P�.�T�A�K�E�O�F�F� �-� 

�(�t�r�u�n�c�.�f�(�t�i�m�e�.�v� �-� �.�P�R�E�C�E�D�E�.�D�E�P�.�S�T�R�T�.�T�I�M�E�)� �*� �6�0� �+� 
�f�r�a�c�.�f�(�t�i�m�e�.�v� �-� �.�P�R�E�C�E�D�E�.�D�E�P�.�S�T�R�T�.�T�I�M�E�)� �*� �6�0�)� �+� 
�I�N�T�D�E�P�.�B�U�F�F� 

 ��t�i�m�e� �t�o� �a�c�h�i�e�v�e� �m�i�n�i�m�u�m� �s�e�p�a�r�a�t�i�o�n� �b�e�t�w�e�e�n� 
�"�s�u�c�c�e�s�s�i�v�e� �t�a�k�e�o�f�f�s� �f�r�o�m� �p�r�e�s�e�n�t� �t�i�m�e� 

�a�l�w�a�y�s� 
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�4�.�6�.�1�1� �R�o�u�t�i�n�e� �D�E�T�.�D�I�S�T�.�A�I�R� 

�T�h�i�s� �r�o�u�t�i�n�e� �c�a�l�c�u�l�a�t�e�s� �t�h�e� �d�i�s�t�a�n�c�e� �t�r�a�v�e�l�l�e�d� �i�n� �t�h�e� �a�i�r� �f�r�o�m� �t�h�e� �t�i�m�e� �t�h�e� �a�r�r�i�v�i�n�g� �a�i�r�c�r�a�f�t� 

�c�r�o�s�s�e�s� �r�u�n�w�a�y� �t�h�r�e�s�h�o�l�d� �u�n�t�i�l� �i�t� �t�o�u�c�h�e�s� �d�o�w�n� �o�n� �t�h�e� �r�u�n�w�a�y�.� �T�h�e� �m�a�t�h�e�m�a�t�i�c�a�l� 

�c�a�l�c�u�l�a�t�i�o�n�s� �w�e�r�e� �d�i�s�c�u�s�s�e�d� �i�n� �S�e�c�t�i�o�n� �4�.�4�.�2�.� 

�l�e�t� �.�G�A�M�M�A�.�N�O�M� �=� �0�.�0�5�2�3� �"�D�e�s�c�e�n�t� �f�l�i�g�h�t� �p�a�t�h� �a�n�g�l�e� �u�s�e�d� �t�o� �e�s�t�i�m�a�t�e� �t�h�e� 
 ��a�i�r�b�o�r�n�e� �p�o�r�t�i�o�n� �o�f� �t�h�e� �l�a�n�d�i�n�g� �p�a�t�h� 

 �� �N�e�w� �p�r�o�c�e�d�u�r�e� �t�o� �e�s�t�i�m�a�t�e� �g�a�m�m�a� �a�s� �a� �r�a�n�d�o�m� �v�a�r�i�a�b�l�e� 
�l�e�t� �.�G�A�M�M�A�.�S�T�D� �=� �.�G�A�M�M�A�.�N�O�M� �*� �0�,�0�7� 
�l�e�t� �.�M�A�X�.�G�A�M�M�A� �=� �.�G�A�M�M�A�.�N�O�M� �+� �3�.�5� �*� �.�G�A�M�M�A�.�S�T�D� 
�l�e�t� �.�M�I�N�;�G�A�M�M�A� �=� �.�G�A�M�M�A�.�N�O�M� �-� �3�.�5� �*� �.�G�A�M�M�A�.�S�T�D� 
 �� �C�h�o�o�s�e� �a� �c�a�n�d�i�d�a�t�e� �f�l�i�g�h�t� �p�a�t�h� �a�n�g�l�e� �a�m�o�n�g� �t�h�o�s�e� �p�e�r�m�i�s�s�i�b�l�e� 
�u�n�t�i�l� �.�G�A�M�M�A� �l�e� �.�M�A�X�.�G�A�M�M�A� �a�n�d� �.�G�A�M�M�A� �g�e� �.�M�I�N�.�G�A�M�M�A� �d�o� 

�l�e�t� �G�A�M�M�A� �=� �n�o�r�m�a�l�.�f�(�.�G�A�M�M�A�.�N�O�M�,� �.�G�A�M�M�A�.�S�T�D� �,� �9�)� 
�l�o�o�p� 
�"� �E�n�d� �o�f� �n�e�w� �p�r�o�c�e�d�u�r�e� �t�o� �e�s�t�i�m�a�t�e� �G�A�M�M�A� �(�f�l�i�g�h�t� �p�a�t�h� �a�n�g�l�e�)� 
�l�e�t� �.�N�F�L�A�R�E� �=� �1�.�1�5� �"�L�a�n�d�i�n�g� �f�l�a�r�e� �l�o�a�d� �f�a�c�t�o�r� �(�i�n� �g ��s�)� 
�l�e�t� �A�C�C�.�G�R�A� �=� �9�.�8�1� �"�A�c�c�e�l�e�r�a�t�i�o�n� �d�u�e� �t�o� �g�r�a�v�i�t�y� �(�m�/�s�-�s�)� 
�i�f� �A�R�R�.�A�C�F�T�.�T�Y�P�E�(�.�D�R�R�)� �e�q� �.�.�H�E�A�V�Y� 

�-�H�T�.�T�H�R�L�D�.�N�O�M� �=� �1�5�.�0� �"�R�u�n�w�a�y� �t�h�r�e�s�h�o�l�d� �c�r�o�s�s�i�m�g� �a�l�t�i�t�i�u�d�e�(�m�e�t�e�r�s�)� 
�e�l�s�e� �.� 

�i�f� �A�R�R�.�A�C�F�T�.�T�Y�P�E�(�.�D�R�R�)� �E�Q� �.�.�L�A�R�G�E� 
�-�H�T�.�T�H�R�L�D�.�N�O�M� �=� �1�5�.�0� 

�e�l�s�e� 
�-�H�T�.�T�H�R�L�D�.�N�O�M� �=� �1�0�.�0� 

�a�l�w�a�y�s� 
�a�l�w�a�y�s� 
 �� �N�e�w� �p�r�o�c�e�d�u�r�e� �t�o� �e�s�t�i�m�a�t�e� �H�T�R�L�D� �a�s� �a� �n�o�r�m�a�l�l�y� �d�i�s�t�r�i�b�u�t�e�d� �r�a�n�d�o�m� �v�a�r�i�a�b�l�e� 
 �� �H�T�.�H�T�R�L�D�.�N�O�M� �i�s� �t�h�e� �n�o�m�i�n�a�l� �t�h�r�e�s�h�o�l�d� �c�r�o�s�s�i�n�g� �h�e�i�g�t�h� 

�l�e�t� �.�H�T�.�T�H�R�L�D�.�S�T�D� �=� �.�H�T�.�T�H�R�L�D�.�N�O�M� �*� �.�1�0� 
�l�e�t� �.�M�A�X�.�H�T�.�T�H�R�L�D� �=� �.�H�T�.�T�H�R�L�D�.�N�O�M� �+� �3�.�5� �*� �.�H�T�.�T�H�R�L�D�.�S�T�D� 
�l�e�t� �.�M�I�N�.�H�T�.�T�H�R�L�D� �=� �.�H�T�.�T�H�R�L�D�.�N�O�M� �-� �3�.�5� �*� �.�H�T�.�T�H�R�L�D�.�S�T�D� 
�u�n�t�i�l� �.�H�T�.� �T�H�R�L�D� �l�e� �.�M�A�X�.�H�T�.�T�H�R�L�D� �a�n�d� �.�H�T�.�T�H�R�L�D� �g�e� �.�M�I�N�.�H�T�.�T�H�R�L�D� �d�o� 

�l�e�t� �.�H�T�.�T�H�R�L�D� �=� �n�o�r�m�a�l�.�f�(�.�H�T�.�T�H�R�L�D�.�N�O�M�,� �.�H�T�.�T�H�R�L�D�.�S�T�D�,� �4�)� 
�l�o�o�p� 
�l�e�t� �.�V�F�L�A�R�E� �=� �0�.�9�5� �*� �.�V�E�L�A�P�P� 
�l�e�t� �.�D�A�I�R� �=� �.�H�T�.�T�H�R�L�D� �/� �.�G�A�M�M�A� �+� �(�.�V�F�L�A�R�E� �*�*� �2� �*� �.�G�A�M�M�A�)� �/� 

�(�2� �*� �.�A�C�C�.�G�R�A� �*� �(�.�N�F�L�A�R�E� �-� �1�)�)� 
 �� �D�i�s�t�a�n�c�e� �t�r�a�v�e�l�e�d� �i�n� �a�i�r� �a�f�t�e�r� �c�r�o�s�s�i�n�g� �t�h�r�e�s�h�o�l�d� 
 �� �a�n�d� �b�e�f�o�r�e� �t�o�u�c�h�d�o�w�n�.� 

�r�e�t�u�r�n� 
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�4�.�6�.�1�2� �R�o�u�t�i�n�e� �D�E�T�.�E�X�I�T�.�S�P�E�E�D�S� 

�T�h�i�s� �r�o�u�t�i�n�e� �d�e�t�e�r�m�i�n�e�s� �t�h�e� �m�a�x�i�m�u�m� �e�x�i�t� �s�p�e�e�d�s� �o�f� �e�a�c�h� �e�x�i�t� �t�h�a�t� �w�a�s� �c�h�o�s�e�n� �b�y� �t�h�e� 

�u�s�e�r� �f�o�r� �s�i�m�u�l�a�t�i�o�n�.� �T�h�e� �a�r�r�a�y� �E�X�I�T�.�C�H�O�I�C�E�,� �s�h�o�w�n� �i�n� �E�g�n�.� �4�.�6�.�1�2�.�1�,� �h�a�s� �t�h�e� �e�x�i�t� 

�n�u�m�b�e�r�s� �i�d�e�n�t�i�f�y�i�n�g� �t�h�e� �e�x�i�t�s� �c�h�o�s�e�n� �b�y� �t�h�e� �u�s�e�r�.� �T�h�e� �c�o�r�r�e�s�p�o�n�d�i�n�g� �m�a�x�i�m�u�m� �e�x�i�t� 

�s�p�e�e�d�s� �a�r�e� �s�t�o�r�e�d� �i�n� �t�h�e� �a�r�r�a�y� �E�X�I�T�.�S�P�E�E�D�.� 
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�c�a�s�e� �7� 
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�c�a�s�e� �9� 
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�c�a�s�e� �1�0� 
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�l�o�o�p�  �� �u�n�t�i�l� �.�E�S� �=� �N�O�.�E�X�I�T�S� 

�4�.�6�.�1�3� �R�o�u�t�i�n�e� �D�E�T�.�R�W�Y�.�O�C�C�.�T�I�M�E� 

�T�h�i�s� �r�o�u�t�i�n�e� �c�a�l�c�u�l�a�t�e�s� �t�h�e� �r�u�n�w�a�y� �o�c�c�u�p�a�n�c�y� �t�i�m�e� �o�f� �a� �l�a�n�d�i�n�g� �a�i�r�c�r�a�f�t�.� �T�h�e� �d�e�c�e�l�e�r�a�t�i�o�n� 

�d�u�r�i�n�g� �t�h�e� �l�a�n�d�i�n�g� �r�o�l�l� �i�s� �a�s�s�u�m�e�d� �t�o� �b�e� �n�o�r�m�a�l�l�y� �d�i�s�t�r�i�b�u�t�e�d� �w�i�t�h� �m�e�a�n� �a�n�d� �s�t�a�n�d�a�r�d� 

�d�e�v�i�a�t�i�o�n� �o�f� �.�D�D�E�C� �a�n�d� �.�D�E�C�.�S�T�D� �r�e�s�p�e�c�t�i�v�e�l�y�.� �T�h�e� �d�e�c�e�l�e�r�a�t�i�o�n� �i�s� �c�o�n�t�r�o�l�l�e�d� �w�i�t�h�i�n� �l�i�m�i�t�s� 

�a�s� �s�h�o�w�n� �i�n� �E�q�n�.� �4�.�6�.�1�3�.�1�.� �T�o� �c�a�l�c�u�l�a�t�e� �t�h�e� �t�r�a�v�e�l� �t�i�m�e� �d�u�r�i�n�g� �f�i�n�a�l� �f�r�e�e� �r�o�l�l�,� 

�.�T�T�.�F�I�N�A�L�.�R�O�L�L�,� �t�h�e� �v�e�l�o�c�i�t�y� �o�f� �t�h�e� �a�i�r�c�r�a�f�t� �a�t� �t�h�e� �e�x�i�t�,� �V�E�L�.�A�T�.�E�X�I�T�,� �i�s� �r�e�q�u�i�r�e�d�.� �I�n�i�t�i�a�l�l�y� 

�.�V�E�L�.�A�T�.�E�X�I�T� �i�s� �c�a�l�c�u�l�a�t�e�d� �w�i�t�h� �.�D�E�C�.�F�I�N�A�L�.�R�O�L�L� �(�d�e�c�e�l�e�r�a�t�i�o�n� �d�u�r�i�n�g� �t�h�e� �f�i�n�a�l� �f�r�e�e� �r�o�l�l�,� 

�a� �d�e�f�a�u�l�t� �v�a�l�u�e� �s�h�o�w�n� �i�n� �E�q�n�.� �4�.�6�.�1�3�.�2�)� �i�n� �E�q�n�.� �4�.�6�.�1�3�.�2�.� �I�f� �t�h�a�t� �v�a�l�u�e� �i�s� �l�e�s�s� �t�h�a�n� �t�h�e� 

�m�i�n�i�m�u�m� �a�l�l�o�w�a�b�l�e� �e�x�i�t�i�n�g� �v�e�l�o�c�i�t�y�,� �.�M�I�N�.�E�X�I�T�.�V�E�L�,� �t�h�e�n� �.�V�E�L�.�A�T�.�E�X�I�T� �a�s�s�u�m�e�s� �t�h�e� 

�m�i�n�i�m�u�m� �a�l�l�o�w�a�b�l�e� �v�a�l�u�e�,� �i�.�e�.�,� �.�M�I�N�.�E�X�I�T�.�V�E�L�.� �C�o�n�s�e�q�u�e�n�t�l�y� �a� �n�e�w� �o�r� �a�d�j�u�s�t�e�d� 

�d�e�c�e�l�e�r�a�t�i�o�n� �d�u�r�i�n�g� �f�i�n�a�l� �r�o�l�l� �i�s� �c�a�l�c�u�l�a�t�e�d� �i�n� �E�q�n�.� �4�.�6�.�1�3�.�4�.� �T�h�e� �c�a�l�c�u�l�a�t�i�o�n� �o�f� �t�r�a�v�e�l� �t�i�m�e� 

�d�u�r�i�n�g� �f�i�n�a�l� �f�r�e�e� �r�o�l�l� �(�T�T�.�F�I�N�A�L�.�R�O�L�L�)� �i�s� �c�a�l�c�u�l�a�t�e�d� �i�n� �E�q�n�.� �4�.�6�.�1�3�.�5�.� 
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�l�e�t� �.�D�D�E�C�.�S�T�D� �=� �0�,�1�0� �*� �.�D�E�C� 
 �� �S�t�a�n�d�a�r�d� �d�e�v�i�a�t�i�o�n� �o�f� �t�h�e� �d�e�c�e�l�e�r�a�t�i�o�n� 

�l�e�t� �M�A�X�.�D�E�C� �=� �.�D�E�C� �+� �3�.�0� �*� �.�D�E�C�.�S�T�D� 
 �� �U�p�p�e�r� �l�i�m�i�t� �o�f� �t�h�e� �d�e�c�e�l�e�r�a�t�i�o�n� 
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 �� �w�h�e�r�e� �a� �d�e�c�i�s�i�o�n� �i�s� �m�a�d�e� �t�o� �a�d�j�u�s�t� �t�h�e� �d�e�c�e�l�e�r�a�t�i�o�n� 
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 �� �o�f� �t�h�e� �d�i�s�t�a�n�c�e� �b�e�t�w�e�e�n� �t�h�e� �d�e�c�i�s�i�o�n� �p�o�i�n�t� �a�n�d� �e�x�i�t� 
 ��a�n�d� �a�t�t�a�i�n�i�n�g� �t�h�e� �e�x�i�t� �s�p�e�e�d�.� 

�l�e�t� �.�T�T�.�T�D� �=� �.�D�A�I�R� �/� �(�(� �.�V�E�L�A�P�P� �+� �.�V�E�L�.�T�D� �)� �/� �2�.�0�)� 
 �� �T�r�a�v�e�l� �t�i�m�e� �f�r�o�m� �t�h�r�e�s�h�o�l�d� �t�o� �t�o�u�c�h�d�o�w�n� 

�l�e�t� �.�T�T�.�T�D�.�D�E�C�I�S�I�O�N�.�P�T� �=� �(�.�V�E�L�.�T�D� �-� �.�V�E�L�.�D�E�C�I�S�I�O�N�.�P�T�)� �/� �.�L�A�N�D�.�D�E�C� 
 �� �T�r�a�v�e�l� �t�i�m�e� �f�r�o�m� �t�o�u�c�h�d�o�w�n� �t�o� �d�e�c�i�s�i�o�n� �p�o�i�n�t� 

�l�e�t� �.�T�T�.�A�F�T�E�R�.�D�E�C�I�S�I�O�N� �=� �(�.�V�E�L�.�D�E�C�I�S�I�O�N�.�P�T� �-� �E�X�I�T�.�S�P�E�E�D�(�.�E�X�I�T�.�C�H�O�S�E�N�)�)� �/� 
�.�D�E�C�.�A�F�T�E�R�.�D�E�C�I�S�I�O�N� 

 �� �T�r�a�v�e�l� �t�i�m�e� �d�e�c�i�s�i�o�n� �p�o�i�n�t� �t�i�l�l� �i�t� �a�c�h�i�e�v�e�s� �t�h�e� 
 �� �e�x�i�t� �s�p�e�e�d�.� 

�l�e�t� �.�D�E�C�.�F�I�N�A�L�.�R�O�L�L� �=� �0�.�3�7�5�  �� �D�e�c�e�l�e�r�a�t�i�o�n� �d�u�r�i�n�g� �f�i�n�a�l� �r�o�l�l� �-� �m�/�s�-�s� �.�.�.�(�4�.�6�.�1�3�.�2�)� 
�y� �l�e�t� �.�D�I�S�T�.�F�I�N�A�L�.�R�O�L�L� �=� �(�1�/�4�)� �*� �.�D�I�S�T�.�D�E�C�I�S�I�O�N�.�E�X�I�T� 

 �� �D�i�s�t�a�n�c�e� �t�o� �c�o�v�e�r� �d�u�r�i�n�g� �f�i�n�a�l� �r�o�l�l� 
�l�e�t� �.�M�I�N�.�E�X�I�T�.�V�E�L� �=� �8�.�0� 

 �� �M�i�n�i�m�u�m� �a�l�l�o�w�a�b�l�e� �e�x�i�t� �v�e�l�o�c�i�t�y� 
�l�e�t� �.�M�O�D�.�E�X�I�T�.�V�E�L� �=� �(�E�X�I�T�.�S�P�E�E�D�(�.�E�X�I�T�.�C�H�O�S�E�N�)�)� �*�*� �2� �-� 

�(�2�.�0� �*� �.�D�E�C�.�F�I�N�A�L�.�R�O�L�L� �*� �.�D�I�S�T�.�F�I�N�A�L�.�R�O�L�L�)� 
�i�f� �M�O�D�.�E�X�I�T�.�V�E�L� �g�t� �0� 

�.�V�E�L�.�A�T�.�E�X�I�T� �=� �s�a�r�t�.�f�(�.�M�O�D�.�E�X�I�T�.�V�E�L�)� �.�.�.�(�4�.�6�.�1�3�.�3�)� 
 �� �V�e�l�o�c�i�t�y� �o�f� �a�i�r�c�r�a�f�t� �a�t� �t�h�e� �e�x�i�t� 
 �� �i�f� �i�t� �d�e�c�e�l�e�r�a�t�e�s� �w�i�t�h� �.�D�E�C�.�F�I�N�A�L�.�R�O�L�L� 

�e�l�s�e� 
�V�E�L�.�A�T�.�E�X�I�T� �=� �.�M�I�N�.�E�X�I�T�.�V�E�L� 

�a�l�w�a�y�s� 
�i�f� �V�E�L�.�A�T�.�E�X�I�T� �i�t� �.�M�I�N�.�E�X�I�T�.�V�E�L� 

�.�V�E�L�.�A�T�.�E�X�I�T� �=� �.�M�I�N�.�E�X�I�T�.�V�E�L�  �� �i�f� �v�e�l�o�c�i�t�y� �a�c�h�i�e�v�e�d� �i�s� �l�e�s�s� �t�h�a�n� �t�h�e� 
 �� �m�i�n�i�m�u�m� �e�x�i�t� �p�r�e�s�c�r�i�b�e�d� �v�e�l�o�c�i�t�y� 
�"� �a�d�j�u�s�t� �v�e�l�o�c�i�t�y� �a�t� �e�x�i�t� �t�o� �t�h�a�t� �m�i�n�.� 

�l�e�t� �.�D�D�E�C�.�F�I�N�A�L�.�R�O�L�L� �=� �(�(�E�X�I�T�.�S�P�E�E�D�(�.�E�X�I�T�.�C�H�O�S�E�N�)�)� �*�*� �2� �-� 
�(�.�V�E�L�.�A�T�.�E�X�I�T�)� �*�*� �2�)� �/� �(�2�.�0� �*� �.�D�I�S�T�.�F�I�N�A�L�.�R�O�L�L�)� �.�.�(�4�.�6�,�1�3�.�4�)� 

 �� �A�d�j�u�s�t�e�d� �d�e�c�e�l�e�r�a�t�i�o�n� �d�u�r�i�n�g� �f�i�n�a�l� �r�o�l�l� 
�a�l�w�a�y�s� 
�l�e�t� �.�T�T�.�F�I�N�A�L�.�R�O�L�L� �=� �(�E�X�I�T�.�S�P�E�E�D�(�.�E�X�I�T�.�C�H�O�S�E�N�)� �-� �.�V�E�L�.�A�T�.�E�X�I�T�)� �/� 
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�.�D�E�C�.�F�I�N�A�L�.�R�O�L�L� �.�.�(�4�.�6�.�1�3�.�5�)� 
�"� �T�r�a�v�e�l� �t�i�m�e� �d�u�r�i�n�g� �f�i�n�a�l� �r�o�l�l� 

�c�a�l�l� �D�E�T�.�T�O�T� �g�i�v�i�n�g� �.�E�X�I�T�.�C�H�O�S�E�N�,� �.�V�E�L�.�A�T�.�E�X�I�T�,� �.�W�I�N�G�.�S�P�A�N� �y�i�e�l�d�i�n�g� 
�.�T�T�.�E�X�I�T� 

�l�e�t� �.�R�W�Y�O�T� �=� �(�.�T�T�.�T�D� �+� �.�T�T�.�F�R�E�E�.�R�O�L�L� �+� �.�T�T�.�T�D�.�D�E�C�I�S�I�O�N�.�P�T� �+� 
�.�T�T�.�A�F�T�E�R�.�D�E�C�I�S�I�O�N� �+� �.�T�T�.�F�I�N�A�L�.�R�O�L�L� �+� �.�T�T�.�E�X�I�T� �)� 

 �� �R�u�n�w�a�y� �o�c�c�u�p�a�n�c�y� �t�i�m�e� 

�4�.�6�.�1�4� �R�o�u�t�i�n�e� �D�E�T�.�S�E�L�E�C�T�.�E�X�I�T� 

�T�h�i�s� �r�o�u�t�i�n�e� �s�e�l�e�c�t�s� �t�h�e� �e�x�i�t� �t�h�a�t� �i�s� �l�i�k�e�l�y� �t�o� �b�e� �t�a�k�e�n� �b�y� �a� �l�a�n�d�i�n�g� �a�i�r�c�r�a�f�t�.� �I�t� �a�l�s�o� 

�c�a�l�c�u�l�a�t�e�s� �t�h�e� �n�o�m�i�n�a�l� �p�o�i�n�t� �o�f� �t�h�a�t� �a�i�r�c�r�a�f�t� �o�n� �t�h�e� �r�u�n�w�a�y�.� �T�h�e� �s�e�l�e�c�t�i�o�n� �p�r�o�c�e�s�s� �o�f� �t�h�e� 

�e�x�i�t� �s�t�a�r�t�s� �f�r�o�m� �t�h�e� �n�e�a�r�e�s�t� �e�x�i�t� �t�o� �t�h�e� �f�a�r�t�h�e�s�t� �e�x�i�t� �w�i�t�h� �r�e�s�p�e�c�t� �t�o� �t�h�e� �t�h�r�e�s�h�o�l�d�,� �a�n�d� �t�h�i�s� 

�i�s� �i�n�i�t�i�a�t�e�d� �b�y� �t�h�e� �f�o�r�-�d�o�-�l�o�o�p� �s�t�a�r�t�i�n�g� �i�n� �E�q�n�.� �4�.�6�.�1�4�.�1�.� �I�f� �t�h�e� �a�i�r�c�r�a�f�t� �c�a�n� �d�e�c�e�l�e�r�a�t�e� �t�o� �t�h�e� 

�m�a�x�i�m�u�m� �e�x�i�t� �v�e�l�o�c�i�t�y� �a�t� �o�r� �b�e�f�o�r�e� �t�h�e� �e�x�i�t� �l�o�c�a�t�i�o�n� �t�h�a�t� �i�s� �b�e�i�n�g� �e�v�a�l�u�a�t�e�d� �t�h�e�n� �t�h�a�t� �i�s� �t�h�e� 

�e�x�i�t� �t�h�a�t� �w�i�l�l� �b�e� �c�h�o�s�e�n� �t�o� �e�x�i�t� �f�r�o�m� �r�u�n�w�a�y�,� �a�s� �s�h�o�w�n� �i�n� �E�q�n�.� �4�.�6�.�1�4�.�2� �a�n�d� �t�h�e� 

�c�o�r�r�e�s�p�o�n�d�i�n�g� �.�N�O�.�P�T� �w�i�l�l� �b�e� �t�h�e� �n�o�m�i�n�a�l� �p�o�i�n�t� �o�f� �t�h�a�t� �a�i�r�c�r�a�f�t�.� �I�f� �n�o�n�e� �o�f� �t�h�e� �e�x�i�t�s� �i�s� 

�S�u�i�t�a�b�l�e� �f�o�r� �a�n� �a�i�r�c�r�a�f�t� �t�h�e�n� �a�n� �e�r�r�o�r� �m�e�s�s�a�g�e� �i�s� �s�h�o�w�n� �o�n� �t�h�e� �s�c�r�e�e�n� �(�E�q�n�.� �4�.�6�.�1�4�.�3�)�.� 

�f�o�r� �I�E�X� �=� �1� �t�o� �N�O�.�E�X�I�T�S� �d�o� �.�.�.�(�4�.�6�.�1�4�.�1�)� 
�l�e�t� �.�F�I�N�A�L�.�V�E�L� �=� �E�X�I�T�.�S�P�E�E�D�(�.�I�E�X�)� 
�l�e�t� �.�D�I�S�T�.� �T�R�A�V�E�L�E�D� �=� �(�.�V�T�D� �*�*� �2� �-� �.�F�I�N�A�L�.�V�E�L� �*�*� �2�)�/�(�2�.�0� �*� �.�L�D�E�C�)� 

 �� �D�i�s�t�a�n�c�e� �c�o�v�e�r�e�d� �t�o� �d�e�c�e�l�e�r�a�t�e� �f�r�o�m� �v�e�l�o�c�i�t�y� �a�t� 
 �� �t�o�u�c�h�d�o�w�n� �t�o� �t�h�e� �e�x�i�t� �s�p�e�e�d� �o�f� �t�h�e� �e�x�i�t� �i�n� �q�u�e�s�t�i�o�n�.� 

�l�e�t� �.�N�O�.�P�T� �=� �.�T�D�P�T� �+� �.�I�N�F�R�O�L�L� �+� �.�D�I�S�T�.� �T�R�A�V�E�L�E�D� 
�i�f� �.�N�O�.�P�T� �l�e� �E�X�I�T�.�L�O�C�A�T�I�O�N�(�.�I�E�X�)� �.�.�(�4�.�6�.�1�4�.�2�)� 

�.�E�X�C�H�O�S�E�N� �=� �.�I�E�X� 
�r�e�t�u�r�n� 

�a�l�w�a�y�s� 
�i�f� �I�E�X� �e�q� �N�O�.�E�X�I�T�S� 

�c�a�l�l� �v�c�l�e�a�r�s�.�r� 
�c�a�l�l� �v�g�o�t�o�x�y�.�r�(�1�8�,�0�)� 
�c�a�l�l� �D�O�.�B�E�E�P� 
�c�a�l�l� �v�b�c�o�l�o�r�.�r�(�1�2�)� 
�p�r�i�n�t� �2� �f�i�n�e�s� �w�i�t�h� �N�A�M�E�(�A�R�R�.�I�D�(�.�I�R�R�)�)� �t�h�u�s� �.�.�.�(�4�.�6�.�1�4�.�3�)� 
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�T�H�E� �*�*�*�*�*�*�*�*�%�e�e�%�e�*� �A�I�R�C�R�A�F�T� �C�A�N�N�O�T� �L�A�N�D�:� �I�N�S�U�F�F�I�C�I�E�N�T� �R�U�N�W�A�Y� �L�E�N�G�T�H�.� 
�Q�U�I�T�T�I�N�G� �T�H�E� �S�I�M�U�L�A�T�I�O�N�.�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-� �T�Y�P�E� �*�Q�U�I�T�*� �A�T� �T�H�E� �P�R�O�M�P�T� 

�c�a�l�l� �v�b�c�o�l�o�r�.�r�(�1�)� 
�a�l�w�a�y�s� 

�l�o�o�p� 

�4�.�6�.�1�5� �R�o�u�t�i�n�e� �D�E�T�.� �T�A�K�E�O�F�F�.�T�I�M�E� 

�T�h�i�s� �r�o�u�t�i�n�e� �d�e�t�e�r�m�i�n�e�s� �t�h�e� �t�a�k�e�o�f�f� �t�i�m�e� �o�f� �a�n� �a�i�r�c�r�a�f�t�.� �T�h�e� �t�a�k�e�o�f�f� �t�i�m�e� �i�s� �r�e�l�a�t�e�d� �t�o� �t�h�r�e�e� 

�a�i�r�c�r�a�f�t� �c�a�t�e�g�o�r�i�e�s� �s�h�o�w�n� �i�n� �t�h�e� �f�o�l�l�o�w�i�n�g� �b�l�o�c�k� �o�f� �e�q�u�a�t�i�o�n�s�.� 

�i�f� �D�E�P�.�A�C�F�T�.�T�Y�P�E�(�.�R�I�D�)� �e�q� �.�.�H�E�A�V�Y� 
�-�T�A�K�E�O�F�F�.�T�T�R� �=� �3�5� �"�S�E�C�O�N�D�S� 

�a�l�w�a�y�s� 
�i�f� �D�E�P�.�A�C�F�T�.�T�Y�P�E�(�.�R�I�D�)� �e�q� �.�.�L�A�R�G�E� 

�-�T�A�K�E�O�F�F�.�T�T�R� �=� �3�0� �"�S�E�C�O�N�D�S� 
�a�l�w�a�y�s� 
�i�f� �D�E�P�.�A�C�F�T�.�T�Y�P�E�(�.�R�I�D�)� �e�q� �.�.�S�M�A�L�L� 

�.�T�A�K�E�O�F�F�.�T�T�R� �=� �2�5� �"�S�E�C�O�N�D�S� 
�a�l�w�a�y�s� 

�4�.�6�.�1�6� �R�o�u�t�i�n�e� �D�E�T�.�T�O�T� 

�T�h�i�s� �r�o�u�t�i�n�e� �d�e�t�e�r�m�i�n�e�s� �t�h�e� �t�u�r�n�o�f�f� �t�i�m�e� �(�.�T�O�T�)� �o�f� �t�h�e� �e�x�i�t� �t�h�a�t� �w�a�s� �c�h�o�s�e�n� �b�y� �a�n� �a�i�r�c�r�a�f�t�.� 

�D�e�p�e�n�d�i�n�g� �o�n� �t�h�e� �e�x�i�t� �t�y�p�e� �(� �E�X�I�T�.�C�H�O�I�C�E�(�.�E�X�I�T�.�N�O�)� �)�,� �a�n�d� �t�h�e� �s�p�e�e�d� �(�.�A�C�F�T�.�S�P�E�E�D�)� 

�a�t� �t�h�e� �e�n�t�r�y� �t�u�r�n�o�f�f� �p�o�i�n�t� �t�h�e� �i�n�t�e�r�c�e�p�t� �(�.�I�N�P�T�)�,� �r�u�n�w�a�y� �w�i�d�t�h� �c�o�e�f�f�i�c�i�e�n�t� �(�.�R�W�.�C�F�)�,� �a�n�d� 

�a�i�r�c�r�a�f�t� �w�i�n�g� �s�p�a�n� �c�o�e�f�f�i�c�i�e�n�t� �(�A�C�F�W�S�.�C�F�)� �a�r�e� �c�a�l�c�u�l�a�t�e�d� �i�n� �E�q�n ��s�.� �4�.�6�.�1�6�.�1�,� �4�.�6�.�1�6�.�2�,� �a�n�d� 

�4�.�6�.�1�6�.�3� �r�e�s�p�e�c�t�i�v�e�l�y�,� �b�y� �i�n�t�e�r�p�o�l�a�t�i�o�n� �f�r�o�m� �t�h�e� �d�a�t�a� �o�b�t�a�i�n�e�d� �f�r�o�m� �t�u�r�n�o�f�f� �t�i�m�e� �d�a�t�a� �f�i�l�e� 

�(�T�O�T�.�D�A�T�)�.� �T�h�e� �a�b�o�v�e� �c�a�l�c�u�l�a�t�e�d� �v�a�l�u�e�s� �a�r�e� �u�s�e�d� �i�n� �t�h�e� �r�e�g�r�e�s�s�i�o�n� �e�q�u�a�t�i�o�n� �i�n� �E�q�n�.� 

�4�.�6�.�1�6�.�4� �t�o� �c�a�l�c�u�l�a�t�e� �.�T�O�T�,� �w�h�i�c�h� �i�s� �a� �f�u�n�c�t�i�o�n� �o�f� �a�i�r�c�r�a�f�t� �s�p�e�e�d�,� �r�u�n�w�a�y� �w�i�d�t�h� �a�n�d� 
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�w�i�n�g�s�p�a�n�.� 

�o�p�e�n� �u�n�i�t� �9� �f�o�r� �i�n�p�u�t�,� �n�a�m�e� �=� �"�T�O�T�.�D�A�T!"� 
�u�s�e� �u�n�i�t� �9� �f�o�r� �i�n�p�u�t� 
�l�e�t� �e�o�f�.�v� �=� �1� 
�w�h�i�l�e� �m�o�d�e� �i�s� �a�l�p�h�a� �d�o� 

�s�t�a�r�t� �n�e�w� �i�n�p�u�t� �r�e�c�o�r�d� 
�l�o�o�p� 
�u�n�t�i�l� �.�R�E�A�D�.�N�O� �e�q� �E�X�I�T�.�C�H�O�I�C�E�(�.�E�X�I�T�.�N�O�)�,� �d�o� 

�s�k�i�p� �1� �i�n�p�u�t� �r�e�c�o�r�d� 
�r�e�a�d� �.�R�E�A�D�.�N�O� 

�l�o�o�p� 
�r�e�a�d� �.�N�O�.�O�F�.�S�P�E�E�D�S� 
�r�e�s�e�r�v�e� �.�S�P�E�E�D�.�I�N�C�,� 
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�D�e�p�e�n�d�i�n�g� �o�n� �t�h�e� �u�s�e�r� �d�e�f�i�n�e�d� �a�r�r�i�v�a�l� �d�i�s�t�r�i�b�u�t�i�o�n� �t�h�i�s� �p�r�o�c�e�s�s� �a�c�t�i�v�a�t�e�s� �t�h�e� 

�C�R�E�A�T�E�.�A�I�R�C�R�A�F�T�.�A�R�R� �e�v�e�n�t� �r�o�u�t�i�n�e� �t�o� �c�r�e�a�t�e� �a�r�r�i�v�a�l�s�,� �a�n�d� �t�h�i�s� �a�c�t�i�v�a�t�i�o�n� �c�o�n�t�i�n�u�e�s� �t�i�l�l� 

�a�l�l� �t�h�e� �a�r�r�i�v�a�l�s� �(�T�O�T�.�A�R�R�.�A�C�F�T�)� �a�r�e� �c�r�e�a�t�e�d�.� 

�f�o�r� �.�l�l� �=� �1� �t�o� �T�O�T�.�A�R�R�.�A�C�F�T� �d�o� 
�i�f� �A�R�R�.�D�I�S�T� �e�q� �1� 
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�-�R�.�A�R�R�.�D�I�S�T� �=� �p�o�i�s�s�o�n�.�f�(�A�R�R�.�D�I�S�T�.�M�E�A�N�,� �1�)� 
�e�l�s�e� 

�i�f� �A�R�R�.�D�I�S�T� �e�q� �2� 
�.�R�.�A�R�R�.�D�I�S�T� �=� �e�x�p�o�n�e�n�t�i�a�l�.�f�(�A�R�R�.�D�I�S�T�.�M�E�A�N�,� �1�)� 

�e�l�s�e� 
�i�f� �A�R�R�.�D�I�S�T� �e�q� �3� 

�.�R�.�A�R�R�.�D�I�S�T� �=� �u�n�i�f�o�r�m�.�f�(�A�R�R�.�D�I�S�T�.�M�E�A�N�,� �A�R�R�.�D�I�S�T�.�S�T�D�,� �1�)� 
�a�l�w�a�y�s� 

�a�l�w�a�y�s� 
�a�l�w�a�y�s� 
�a�c�t�i�v�a�t�e� �a� �C�R�E�A�T�E�.�A�I�R�C�R�A�F�T�.�A�R�R� �n�o�w� 
�w�a�i�t� �.�R�.�A�R�R�.�D�I�S�T� �s�e�c�o�n�d�s� 

�l�o�o�p �� �.�I�l� �=� �1� �t�o� �T�O�T�.�A�R�R�.�A�C�F�T� 

�4�.�6�.�2�0� �P�r�o�c�e�s�s� �G�E�N�E�R�A�T�O�R�.�D�E�P� 

�T�h�i�s� �i�s� �s�i�m�i�l�a�r� �t�o� �p�r�e�v�i�o�u�s� �p�r�o�c�e�s�s� �e�x�c�e�p�t� �f�o�r� �t�h�a�t� �t�h�i�s� �i�s� �a� �g�e�n�e�r�a�t�o�r� �f�o�r� �d�e�p�a�r�t�u�r�e�s� 

�r�e�s�e�r�v�e� �D�E�P�.�I�D�,� 
�T�.�E�N�T�E�R�.�R�A�M�P�,� 
�T�.�D�E�P�.�R�A�M�P� �a�s� �T�O�T�.�D�E�P�.�A�C�F�T� 

�f�o�r� �.�l�l� �=� �1� �t�o� �T�O�T�.�D�E�P�.�A�C�F�T� �d�o� 
�*�c�h�o�o�s�i�n�g� �t�h�e� �c�o�r�r�e�c�t� �d�i�s�t�r�i�b�u�t�i�o�n� �f�o�r� �t�h�e� �i�n�t�e�r�a�r�r�i�v�a�l�s� �f�o�r� �d�e�p�a�r�t�i�n�g� �a�i�r�c�r�a�f�t� 

�i�f� �D�E�P�.�D�I�S�T� �e�q� �1� 
�.�R�.�D�E�P�.�D�I�S�T� �=� �p�o�i�s�s�o�n�.�f�(�D�E�P�.�D�I�S�T�.�M�E�A�N�,� �3�)� 

�e�l�s�e� 
�i�f� �D�E�P�.�D�I�S�T� �e�q� �2� 

�.�R�.�D�E�P�.�D�I�S�T� �=� �e�x�p�o�n�e�n�t�i�a�l�.�f�(�D�E�P�.�D�I�S�T�.�M�E�A�N�,� �3�)� 
�e�l�s�e� 

�i�f� �D�E�P�.�D�I�S�T� �e�q� �3� 
�.�R�.�D�E�P�.�D�I�S�T� �=� �u�n�i�f�o�r�m�.�f�(�D�E�P�.�D�I�S�T�.�M�E�A�N�,� �D�E�P�.�D�I�S�T�.�S�T�D�,� �3�)� 

�a�l�w�a�y�s� 
�a�l�w�a�y�s� 

�a�l�w�a�y�s� 
�a�c�t�i�v�a�t�e� �a� �C�R�E�A�T�E�.�A�I�R�C�R�A�F�T�.�D�E�P� �n�o�w� 
�w�a�i�t� �.�R�.�D�E�P�.�D�I�S�T� �s�e�c�o�n�d�s� 

�l�o�o�p� 
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�4�.�6�.�2�1� �P�r�o�c�e�s�s� �L�A�N�D�I�N�G�.�O�P�E�R�A�T�I�O�N� 

�T�h�i�s� �p�r�o�c�e�s�s� �r�o�u�t�i�n�e� �s�i�m�u�l�a�t�e�s� �t�h�e� �l�a�n�d�i�n�g� �p�o�r�t�i�o�n� �o�f� �a�n� �a�r�r�i�v�a�l�.� �F�o�r� �a�n� �a�r�r�i�v�i�n�g� �a�i�r�c�r�a�f�t� 

�t�h�e� �r�u�n�w�a�y� �i�s� �a�l�w�a�y�s� �a�v�a�i�l�a�b�l�e� �o�n�c�e� �i�t� �r�e�a�c�h�e�s� �t�h�e� �t�h�r�e�s�h�o�l�d�.� �I�n� �E�q�n�.� �4�.�6�.�2�1�.�1�,� 

�C�O�U�N�T�.�L�A�N�D� �i�s� �a� �p�o�i�n�t�e�r� �v�a�r�i�a�b�l�e� �u�s�e�d� �t�o� �k�n�o�w� �t�h�e� �n�u�m�b�e�r� �i�n� �t�h�e� �s�e�q�u�e�n�c�e� �o�f� �l�a�n�d�i�n�g�s�.� 

�I�t� �a�l�s�o� �h�e�l�p�s� �i�n� �r�e�t�r�i�e�v�i�n�g� �t�h�e� �a�t�t�r�i�b�u�t�e�s� �o�f� �t�h�e� �a�r�r�i�v�i�n�g� �a�i�r�c�r�a�f�t� �e�n�t�i�t�y�.� �A�f�t�e�r� �a� �d�u�r�a�t�i�o�n� �o�f� 

�R�W�Y�.�O�C�C�.�T�I�M�E�,� �w�h�i�c�h� �i�s� �t�h�e� �R�O�T� �o�f� �t�h�e� �c�u�r�r�e�n�t� �a�i�r�c�r�a�f�t�,� �t�h�e� �r�u�n�w�a�y� �i�s� �r�e�l�i�n�q�u�i�s�h�e�d�.� �I�n� 

�E�q�n�.� �4�.�6�.�2�1�.�2�,� �t�h�e� �a�r�r�i�v�i�n�g� �a�i�r�c�r�a�f�t� �(�t�e�m�p�o�r�a�r�y� �e�n�t�i�t�y�)� �w�h�i�c�h� �h�a�s� �e�x�i�t�e�d� �t�h�e� �r�u�n�w�a�y� �i�s� 

�d�e�s�t�r�o�y�e�d� �a�s� �i�t� �i�s� �n�o� �l�o�n�g�e�r� �r�e�q�u�i�r�e�d� �f�o�r� �s�i�m�u�l�a�t�i�o�n�.� 

�r�e�q�u�e�s�t� �1� �R�U�N�W�A�Y�(�1�)� 
�l�e�t� �C�O�U�N�T�.�L�A�N�D� �=� �C�O�U�N�T�.�L�A�N�D� �+� �1� �.�.�(�4�.�6�.�2�1�.�1�)� 
�l�e�t� �O�C�C�U�P�A�N�T�.�O�P�E�R�A�T�I�O�N� �=� �O�P�E�R�A�T�I�O�N�(�A�R�R�.�I�D�(�C�O�U�N�T�.�L�A�N�D�)�)� 
�l�e�t� �T�.�L�A�N�D�I�N�G�(�C�O�U�N�T�.�L�A�N�D�)� �=� �t�i�m�e�.�v� 
�l�e�t� �A�C�F�T�.�I�D� �=� �C�O�U�N�T�.�L�A�N�D� 
�w�o�r�k� �R�W�Y�.�O�C�C�.�T�I�M�E�(�A�R�R�.�I�D�(�C�O�U�N�T�.�L�A�N�D�)�)� �s�e�c�o�n�d�s� 
�r�e�l�i�n�q�u�i�s�h� �1� �R�U�N�W�A�Y�(�1�)� 
�i�f� �A�C�F�T�.�I�D� �e�q� �T�O�T�.�A�R�R�.�A�C�F�T� 

�E�N�D�.�L�A�N�D�.�S�I�M� �=� �t�i�m�e�.�v� 
�a�l�w�a�y�s� 
�d�e�s�t�r�o�y� �t�h�i�s� �A�I�R�C�R�A�F�T� �c�a�l�l�e�d� �A�R�R�.�I�D�(�.�A�C�F�T�.�I�D�)� �.�.�.�(�4�.�6�.�2�1�.�2�)� 

�4�.�6�.�2�2� �R�o�u�t�i�n�e� �P�R�E�C�E�D�E�.�F�A�S�T�E�R�.�A�C�F�T� 

�T�h�i�s� �r�o�u�t�i�n�e� �i�s� �u�s�e�d� �t�o� �a�n�a�l�y�z�e� �t�h�e� �"�o�p�e�n�i�n�g� �c�a�s�e�"� �o�f� �a�n� �a�i�r�c�r�a�f�t� �a�b�o�u�t� �t�o� �f�o�l�l�o�w� �a� �f�a�s�t�e�r� 

�a�i�r�c�r�a�f�t� �i�n� �t�h�e� �f�i�n�a�l� �a�p�p�r�o�a�c�h� �p�a�t�h�.� �{�f�t� �d�e�t�e�r�m�i�n�e�s� �t�h�e� �d�e�l�a�y�,� �i�f� �a�n�y�,� �d�u�e� �t�o� �t�h�e� �f�a�s�t�e�r� 

�p�r�e�c�e�d�i�n�g� �a�i�r�c�r�a�f�t�.� �T�h�e� �c�a�l�c�u�l�a�t�i�o�n� �o�f� �b�u�f�f�e�r� �d�i�s�t�a�n�c�e�,� �i�n� �E�q�n�.� �4�.�6�.�2�2�.�1�,� �i�s� �s�i�m�i�l�a�r� �t�o� �t�h�e� 

�m�a�t�h�e�m�a�t�i�c�a�l� �m�o�d�e�l� �p�r�o�p�o�s�e�d� �b�y� �H�a�r�r�i�s� �a�s� �d�i�s�c�u�s�s�e�d� �i�n� �S�e�c�t�i�o�n� �2�.�2�.� �I�n� �E�q�n�.� �4�.�6�.�2�2�.�2�,� 

�T�.�D�E�P�.�S�T�A�C�K� �i�s� �a�n� �a�r�r�a�y� �w�h�i�c�h� �h�a�s� �i�n�f�o�r�m�a�t�i�o�n� �o�f� �t�h�e� �d�e�p�a�r�t�i�n�g� �t�i�m�e�s� �o�f� �t�h�e� �a�i�r�c�r�a�f�t� �f�r�o�m� 
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�t�h�e� �s�t�a�c�k�.� �I�n� �E�q�n�.� �4�.�6�.�2�2�.�2�,� �T�.�D�E�P�.�S�T�A�C�K� �i�s� �u�s�e�d� �t�o� �f�i�n�d� �t�h�e� �t�i�m�e� �i�t� �h�a�s� �t�r�a�v�e�l�l�e�d� �s�i�n�c�e� 

�i�t� �l�e�f�t� �t�h�e� �s�t�a�c�k�,� �.�T�T�.�A�P�P�.�P�R�E�C�E�D�E�,� �b�y� �s�u�b�t�r�a�c�t�i�n�g� �i�t� �f�r�o�m� �t�h�e� �c�u�r�r�e�n�t� �s�i�m�u�l�a�t�i�o�n� �t�i�m�e� 

�(�t�i�m�e�.�v�)�.� �.�T�.�M�I�N�.�S�E�P�.�S�T�A�C�K�,� �i�n� �E�q�n�.� �4�.�6�.�2�2�.�3�,� �i�s� �t�h�e� �t�i�m�e� �t�o� �a�c�h�i�e�v�e� �t�h�e� �m�i�n�i�m�u�m� 

�s�e�p�a�r�a�t�i�o�n� �a�t� �a�p�p�r�o�a�c�h� �g�a�t�e� �(�s�t�a�c�k�)�.� �T�h�e� �r�e�s�t� �o�f� �t�h�e� �c�a�l�c�u�l�a�t�i�o�n�s� �a�n�d� �l�o�g�i�c� �i�s� �a�s� 

�d�i�s�c�u�s�s�e�d� �i�n� �S�e�c�t�i�o�n� �4�.�5�.�1� �o�f� �c�o�n�d�i�t�i�o�n�-�I�l� �o�f� �t�h�e� �p�r�e�c�e�d�i�n�g� �f�a�s�t�e�r� �a�i�r�c�r�a�f�t� �c�a�s�e�.� �T�o� �s�i�m�u�l�a�t�e� 

�t�h�e� �d�e�l�a�y� �a�t� �t�h�e� �s�t�a�c�k� �i�n� �o�r�d�e�r� �t�o� �s�a�t�i�s�f�y� �t�h�e� �d�e�l�a�y� �e�i�t�h�e�r� �d�u�e� �t�o� �m�i�n�i�m�u�m� �s�e�p�a�r�a�t�i�o�n� �r�u�l�e� 

�o�r� �s�i�n�g�l�e� �o�c�c�u�p�a�n�c�y� �r�u�l�e� �o�f� �r�u�n�w�a�y� �t�h�e� �W�A�I�T�.�A�T�.�S�T�A�C�K� �i�s� �a�c�t�i�v�a�t�e�d� �i�n� �E�q�n�.� �4�.�6�.�2�2�.�4�.� 

�l�e�t� �P�R�E�A�C�F�T� �=� �T�Y�P�E�(�A�R�R�.�I�D�(�C�O�U�N�T�.�A�P�P�)�)� 
�l�e�t� �F�O�A�C�F�T� �=� �T�Y�P�E�(�A�R�R�.�I�D�(�C�O�U�N�T�.�A�P�P� �+� �1�)�)� 
�l�e�t� �.�B�U�F�F�E�R� �=� �I�N�T�A�R�R�.�B�U�F�F� �-� �S�E�P�.�D�I�S�T�.�A�R�R�(� �.�F�O�A�C�F�T�,� �.�P�R�E�A�C�F�T� �)� �*� 

�(�1�/�V�.�A�P�P�(�A�R�R�.�I�D�(�C�O�U�N�T�.�A�P�P� �+� �1�)�)� �-� �1� �/� �V�.�A�P�P�.�(�A�R�R�.�I�D�(�C�O�U�N�T�.�A�P�P�)�)�)� �4�6�2�2�1�)� 
 �� �I�N� �S�E�C�O�N�D�S� 

�i�f� �B�U�F�F�E�R� �I�t� �0� 
�-�B�U�F�F�E�R� �=� �0 �� �b�u�f�f�e�r� �c�a�n�n�o�t� �b�e� �l�e�s�s� �t�h�a�n� �z�e�r�o� 

�a�l�w�a�y�s� 
�l�e�t� �.�M�I�N�.�S�E�P�.�B�E�T�.�A�R�R� �=� �S�E�P�.�D�I�S�T�.�A�R�R�(� �.�F�O�A�C�F�T�,� �.�P�R�E�A�C�F�T� �)� �+� �.�B�U�F�F�E�R� �*� 

�V�.�A�P�P�(�A�R�R�.�I�D�(�C�O�U�N�T�.�A�P�P� �+� �1� �)�)� 
 �� �m�i�n�i�m�u�m� �s�e�p�a�r�a�t�i�o�n� �d�i�s�t�a�n�c�e� �p�l�u�s� �t�h�e� �b�u�f�f�e�r� �d�i�s�t�.� 

�l�e�t� �.�T�T�.�A�P�P�.�P�R�E�C�E�D�E� �=� �t�r�u�n�c�.�f�(�t�i�m�e�.�v� �-� �T�.�D�E�P�.�S�T�A�C�K�(�C�O�U�N�T�.�A�P�P�)�)� �*� �6�0� �+� 
�f�r�a�c�.�f�(�t�i�m�e�.�v� �-� �T�.�D�E�P�.�S�T�A�C�K�(�C�O�U�N�T�.�A�P�P�)�)� �*� �6�0� �.�.�(�4�.�6�.�2�2�.�2�)� 

�"�T�i�m�e� �e�l�a�p�s�e�d� �s�i�n�c�e� �t�h�e� �p�r�e�c�e�d�i�n�g� �a�i�r�c�r�a�f�t� 
 �� �d�e�p�a�r�t�e�d� �t�h�e� �s�t�a�c�k� 
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�4�.�5�.�1�.� �E�q�n�.� �4�.�6�.�3�0�.�1� �c�h�e�c�k�s� �f�o�r� �C�o�n�d�i�t�i�o�n�-�l�l�.� �E�q�n�.� �4�.�6�.�3�0�.�2� �c�h�e�c�k�s� �f�o�r� �C�o�n�d�i�t�i�o�n�-�l�l�l�.� �I�f� 

�n�o�n�e� �o�f� �t�h�e� �a�b�o�v�e� �c�o�n�d�i�t�i�o�n�s� �a�r�e� �s�a�t�i�s�f�i�e�d�,� �t�h�e�n� �i�t� �i�s� �i�m�p�l�i�e�d� �t�h�a�t� �C�o�n�d�i�t�i�o�n�-�|� �i�s� �s�a�t�i�s�f�i�e�d� 

�a�n�d� �h�e�n�c�e� �p�r�o�c�e�s�s� �F�I�N�A�L�.�A�A�P�P�R�O�A�C�H�.�O�P�E�R�A�T�I�O�N� �i�s� �a�c�t�i�v�a�t�e�d� �i�n� �E�q�n�.� �4�.�6�.�3�0�.�3�.� 

�l�e�t� �.�A�P�P�R�O�A�C�H�.�S�T�A�T�U�S� �=� �N�.�X�.�F�I�N�A�L�.�A�P�P�R�O�A�C�H�(�1�)�  �� �N�.�X�.�r�e�s�o�u�r�c�e� �i�s� �a� �s�y�s�t�e�m� 
 �� �a�t�t�r�i�b�u�t�e� �w�h�i�c�h� �g�i�v�e�s� �t�h�e� �n�o�.� �o�f� 
 �� �r�e�q�u�e�s�t�s� �t�h�e� �r�e�s�o�u�r�c�e� �i�s� 
 �� �c�u�r�r�e�n�t�l�y� �s�a�t�i�s�f�y�i�n�g�.� 

�l�e�t� �.�R�W�Y�.�S�T�A�T�U�S� �=� �N�.�X�.�R�U�N�W�A�Y�(�1�)� 
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�T�h�i�s� �p�r�o�c�e�s�s� �s�i�m�u�l�a�t�e�s� �t�h�e� �w�a�i�t�i�n�g� �o�f� �a� �d�e�p�a�r�t�i�n�g� �a�i�r�c�r�a�f�t� �a�t� �t�h�e� �r�a�m�p�.� �A�f�t�e�r� �t�h�e� �w�a�i�t�i�n�g� 
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�e�v�a�l�u�a�t�e� �t�h�e� �c�h�a�n�g�e�s� �i�n� �t�h�e� �s�y�s�t�e�m� �a�n�d� �d�e�t�e�r�m�i�n�e� �d�e�l�a�y�,� �i�f� �a�n�y�,� �d�u�e� �t�o� �t�h�e� �n�e�w� �s�t�a�t�e� �o�f� 
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�i�v�)� �A�s�s�i�g�n�m�e�n�t� �T�a�b�l�e�:� �T�h�i�s� �t�a�b�l�e� �d�i�s�p�l�a�y�s� �h�o�w� �m�a�n�y� �t�i�m�e�s� �e�a�c�h� �a�i�r�c�r�a�f�t� �f�r�o�m� �t�h�e� �w�h�o�l�e� 

�p�o�p�u�l�a�t�i�o�n� �o�f� �a�r�r�i�v�a�l� �m�i�x� �i�s� �a�s�s�i�g�n�e�d� �t�o� �e�a�c�h� �e�x�i�t�.� �T�h�e� �o�u�t�p�u�t�,� �i�f� �n�e�e�d�e�d� �h�a�s� �t�o� �b�e� �s�a�v�e�d� 

�b�y� �t�h�e� �u�s�e�r�,� �b�u�t� �t�h�e� �f�i�l�e� �n�a�m�e� �i�s� �d�e�f�i�n�e�d� �b�y� �t�h�e� �p�r�o�g�r�a�m� �a�s� �"�*�*�*�*�*�*�*�A�.�#�"�,� �w�h�e�r�e� �"�A�"� 

�d�e�n�o�t�e�s� �a�s� �a�s�s�i�g�n�m�e�n�t� �t�a�b�l�e� �f�i�l�e�,� �a�n�d� �t�h�e� �r�e�s�t� �o�f� �t�h�e�m� �b�e�i�n�g� �s�a�m�e� �a�s� �d�i�s�c�u�s�s�e�d� �b�e�f�o�r�e�.� 

�T�h�e� �o�u�t�p�u�t� �i�n� �i�)� �a�n�d� �i�v�)� �c�a�n� �b�e� �p�r�i�n�t�e�d� �f�r�o�m� �t�h�e� �p�r�o�g�r�a�m�,� �b�u�t� �i�i�)� �a�n�d� �i�i�i�)� �c�a�n� �b�e� �p�r�i�n�t�e�d� 

�o�n�l�y� �f�r�o�m� �H�I�G�H�2� �s�u�b�d�i�r�e�c�t�o�r�y� �e�i�t�h�e�r� �i�n� �S�I�M�L�A�B� �o�r� �D�O�S� �e�n�v�i�r�o�n�m�e�n�t�.� 

�4�.� �M�o�d�e�l� �D�e�s�c�r�i�p�t�i�o�n� �1�0�5



�5�.� �M�o�d�e�l� �R�e�s�u�l�t�s� �a�n�d� �A�n�a�l�y�s�i�s� 

�5�.�1� �A�n�a�l�y�s�i�s� �D�e�s�c�r�i�p�t�i�o�n� 

�I�n� �o�r�d�e�r� �t�o� �d�e�m�o�n�s�t�r�a�t�e� �t�h�e� �v�e�r�s�a�t�i�l�i�t�y� �a�n�d� �t�h�e� �c�a�p�a�b�i�l�i�t�i�e�s� �o�f� �t�h�e� �m�o�d�e�l� �s�e�v�e�r�a�l� �s�c�e�n�a�r�i�o�s� 

�w�e�r�e� �d�e�v�e�l�o�p�e�d�.� �T�h�e�s�e� �s�c�e�n�a�r�i�o�s� �r�e�p�r�e�s�e�n�t� �p�o�s�s�i�b�l�e� �a�i�r�p�o�r�t� �s�y�s�t�e�m�s� �u�n�d�e�r� �p�r�e�s�e�n�t� �a�n�d� 

�f�u�t�u�r�e� �A�T�C� �c�o�n�d�i�t�i�o�n�s� �w�i�t�h� �v�a�r�i�o�u�s� �e�x�i�t� �l�o�c�a�t�i�o�n�s�,� �g�e�o�m�e�t�r�i�e�s� �a�n�d� �u�n�d�e�r� �v�a�r�i�o�u�s� �a�i�r�c�r�a�f�t� 

�o�p�e�r�a�t�i�o�n�a�l� �p�a�r�a�m�e�t�e�r�s�.� 

�A�n� �i�n�i�t�i�a�l� �"�b�a�s�e�l�i�n�e� �s�c�e�n�a�r�i�o�"� �w�a�s� �d�e�v�e�l�o�p�e�d� �u�s�i�n�g� �e�x�i�s�t�i�n�g� �A�T�C� �c�o�n�d�i�t�i�o�n�s� �a�n�d� �w�i�t�h� �a�n� 

�a�i�r�c�r�a�f�t� �m�i�x� �r�e�p�r�e�s�e�n�t�a�t�i�v�e� �o�f� �a� �l�a�r�g�e� �h�u�b� �a�i�r�p�o�r�t� �f�a�c�i�l�i�t�y�.� �S�e�v�e�r�a�l� �i�n�p�u�t� �p�a�r�a�m�e�t�e�r�s� �w�e�r�e� 

�v�a�r�i�e�d� �f�r�o�m� �"�b�a�s�e�l�i�n�e� �s�c�e�n�a�r�i�o�"� �t�o� �t�e�s�t� �t�h�e� �s�e�n�s�i�t�i�v�i�t�y� �o�f� �t�h�e� �m�o�d�e�l�.� �O�t�h�e�r� �s�c�e�n�a�r�i�o�s� 

�a�n�a�l�y�z�e�d� �a�n�d� �t�h�e�i�r� �c�o�r�r�e�s�p�o�n�d�i�n�g� �i�n�p�u�t� �p�a�r�a�m�e�t�e�r�s� �w�e�r�e�:� 

�1�)� �S�c�e�n�a�r�i�o�-�|� �:� �N�u�m�b�e�r� �o�f� �e�x�i�t�s�.� 

�2�)� �S�c�e�n�a�r�i�o�-�l�l�:� �A�i�r�c�r�a�f�t� �L�a�n�d�i�n�g� �W�e�i�g�h�t�s�.� 

�3�)� �S�c�e�n�a�r�i�o�-�l�I�l�l�:� �A�r�r�i�v�a�l� �I�n�t�r�a�i�l� �S�e�p�a�r�a�t�i�o�n�s�.� 

�4�)� �S�c�e�n�a�r�i�o�-�I�l�V�:� �R�E�D�I�M� �g�e�n�e�r�a�t�e�d� �e�x�i�t�s�.� 

�5�)� �S�c�e�n�a�r�i�o�-�V�:� �R�E�D�I�M� �g�e�n�e�r�a�t�e�d� �e�x�i�t�s� �a�n�d� �n�e�w� �I�n�t�r�a�i�l� �S�e�p�a�r�a�t�i�o�n�s�.� 

�5�.� �M�o�d�e�l� �R�e�s�u�l�t�s� �a�n�d� �A�n�a�l�y�s�i�s� �1�0�6



�5�.�1�.�1� �B�a�s�e� �S�c�e�n�a�r�i�o� 

�R�u�n�w�a�y� �1�6�R�,� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �5�.�1�,� �a�t� �t�h�e� �S�e�a�t�t�l�e�-�T�a�c�o�m�a� �(�S�e�a�-�T�a�c�)� �I�n�t�e�r�n�a�t�i�o�n�a�l� �A�i�r�p�o�r�t� 

�w�a�s� �c�h�o�s�e�n� �a�s� �t�h�e� �t�e�s�t� �r�u�n�w�a�y� �t�o� �p�e�r�f�o�r�m� �c�o�m�p�l�e�t�e� �a�n�a�l�y�s�i�s�.� �T�h�e� �c�u�r�r�e�n�t� �a�i�r�c�r�a�f�t� 

�p�o�p�u�l�a�t�i�o�n� �u�s�i�n�g� �t�h�i�s� �f�a�c�i�l�i�t�y� �a�n�d� �o�t�h�e�r� �i�n�p�u�t� �p�a�r�a�m�e�t�e�r�s� �u�s�e�d� �f�o�r� �t�h�i�s� �a�n�a�l�y�s�i�s� �a�r�e� 

�d�i�s�c�u�s�s�e�d� �b�e�l�o�w�:� 

�1�)� �A�i�r�c�r�a�f�t� �P�o�p�u�l�a�t�i�o�n�:� �S�e�a�-�T�a�c� �I�n�t�e�r�n�a�t�i�o�n�a�l� �i�s� �r�e�p�r�e�s�e�n�t�a�t�i�v�e� �o�f� �a� �l�a�r�g�e� �h�u�b� �f�a�c�i�l�i�t�y� �w�i�t�h� 

�a� �p�r�e�s�e�n�t� �a�i�r�c�r�a�f�t� �m�i�x� �i�n�d�e�x� �o�f� �6�6�.� �T�h�e� �a�i�r�c�r�a�f�t� �p�o�p�u�l�a�t�i�o�n� �i�s� �s�h�o�w�n� �i�n� �T�a�b�l�e� �5�.�1�.�,� �a�n�d� �i�t� 

�c�a�n� �b�e� �s�e�e�n� �t�h�a�t� �a� �f�a�i�r�l�y� �l�a�r�g�e� �p�r�e�s�e�n�c�e� �o�f� �c�o�m�m�u�t�e�r� �o�p�e�r�a�t�i�o�n�s� �t�a�k�e� �p�l�a�c�e� �t�o�d�a�y�.� �T�h�e� 

�g�e�n�e�r�a�l� �a�v�i�a�t�i�o�n� �p�o�p�u�l�a�t�i�o�n� �i�s� �s�m�a�l�l� �w�i�t�h� �o�n�l�y� �2�%� �o�f� �t�h�e� �t�o�t�a�l� �o�p�e�r�a�t�i�o�n�s�.� 

�2�)� �A�r�r�i�v�a�l� �a�n�d� �D�e�p�a�r�t�u�r�e� �R�a�t�e�s�:� �A� �p�o�i�s�s�o�n� �d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �i�n�t�e�r�a�r�r�i�v�a�l�s� �a�n�d� �i�n�t�e�r�d�e�p�a�r�t�u�r�e� 

�w�a�s� �a�s�s�u�m�e�d�.� �T�h�e� �i�n�t�e�r�a�r�r�i�v�a�l� �t�i�m�e� �w�a�s� �v�a�r�i�e�d� �f�r�o�m� �1�2�5� �s�e�c�o�n�d�s� �t�o� �1�5�0� �s�e�c�o�n�d�s� �t�o� �t�e�s�t� 

�t�h�e� �s�e�n�s�i�t�i�v�i�t�y� �o�f� �t�h�e� �r�u�n�w�a�y� �d�e�l�a�y� �t�o� �d�e�m�a�n�d� �r�a�t�e�.� �I�n� �t�h�i�s� �r�a�n�g�e� �t�h�e� �t�o�t�a�l� �a�r�r�i�v�a�l� �d�e�l�a�y� �i�s� 

�_� �v�e�r�y� �s�e�n�s�i�t�i�v�e� �t�o� �t�h�e� �d�e�m�a�n�d� �r�a�t�e� �b�e�c�a�u�s�e� �t�h�e� �d�e�m�a�n�d� �i�s� �r�e�a�c�h�i�n�g� �t�h�e� �a�r�r�i�v�a�l� �c�a�p�a�c�i�t�y� 

�o�f� �t�h�e� �r�u�n�w�a�y�.� �A� �1�5�0� �s�e�c�o�n�d�s� �i�n�t�e�r�d�e�p�a�r�t�u�r�e� �r�a�t�e� �w�a�s� �u�s�e�d� �f�o�r� �t�h�e� �a�n�a�l�y�s�i�s�.� �T�h�e� �r�e�a�s�o�n� 

�f�o�r� �a� �c�o�n�s�t�a�n�t� �i�n�t�e�r�d�e�p�a�r�t�u�r�e� �r�a�t�e� �i�s� �t�h�a�t� �t�h�e� �m�a�i�n� �e�m�p�h�a�s�i�s� �o�f� �t�h�i�s� �a�n�a�l�y�s�i�s� �i�s� �t�o� �s�t�u�d�y� 

�e�f�f�e�c�t� �o�f� �d�i�f�f�e�r�e�n�t� �p�a�r�a�m�e�t�e�r�s� �o�n� �t�h�e� �a�r�r�i�v�a�l� �c�a�p�a�c�i�t�y� �a�n�d� �d�e�l�a�y� �d�u�r�i�n�g� �t�h�e� �p�e�a�k� �h�o�u�r�s� �o�f� 

�a�r�r�i�v�a�l ��s� �d�e�m�a�n�d�.� �T�h�e� �m�o�d�e�l� �h�o�w�e�v�e�r�,� �i�s� �f�l�e�x�i�b�l�e� �e�n�o�u�g�h� �t�o� �a�l�l�o�w� �a�n�y� �c�o�m�b�i�n�a�t�i�o�n� �o�f� 

�i�n�t�e�r�a�r�r�i�v�a�l� �a�n�d� �i�n�t�e�r�d�e�p�a�r�t�u�r�e� �t�i�m�e�s�.� 

�5�.� �M�o�d�e�l� �R�e�s�u�l�t�s� �a�n�d� �A�n�a�l�y�s�i�s� �1�0�7
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�T�a�b�l�e� �5�.�1� �A�r�r�i�v�a�l�/�D�e�p�a�r�t�u�r�e� �a�i�r�c�r�a�f�t� �a�n�d� �m�i�x�.� 
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�A�i�r�c�r�a�f�t� �n�a�m�e� �%� �o�f� �t�o�t�a�l� 
�a�r�r�i�v�a�l�/�d�e�p�a�r�t�u�r�e�s� 

�A�-�3�0�0�-�6�0�0� �2� 

�A�-�3�1�0�-�3�0�0� �3� 

�B�-�7�2�7�-�2�0�0� �1�7� 

�B�-�7�3�7�-�3�0�0� �1�5� 

�B�-�7�4�7�-�4�0�0� �2� 

�B�-�7�6�7�-�3�0�0� �1� 

�M�D�-�8�3� �1�1� 

�P�A�-�3�8�-�1�1�2� �1� 

�P�A�-�3�2�-�3�0�1� �2� 

�C�E�-�2�1�0�P� �1� 

�C�E�-�4�2�1� �4� 

�C�E�-�5�5�0� �4� 

�C�L�-�6�0�1�-�3�A� �3� 

�B�A�e�-�3�1� �1�0� 

�E�M�B�-�1�2�0� �2� 

�D�H�C�-�8�-�1�0�0� �1�0� 

�S�A�-�2�2�7�-�A�T�/�4�1� �1�2� � � � � � � � � � � 
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�3�)� �N�u�m�b�e�r� �o�f� �A�r�r�i�v�a�l�s� �a�n�d� �D�e�p�a�r�t�u�r�e�s�:� �D�u�e� �t�o� �t�h�e� �s�t�o�c�a�s�t�i�c�i�t�y� �o�f� �t�h�e� �m�o�d�e�l� �1�0�0�0� �a�r�r�i�v�a�l�s� 

�a�n�d� �5�0�0� �d�e�p�a�r�t�u�r�e�s� �w�e�r�e� �u�s�e�d� �p�e�r� �i�t�e�r�a�t�i�o�n� �t�o� �r�e�p�r�e�s�e�n�t� �o�p�e�r�a�t�i�o�n�s� �o�v�e�r� �a� �l�o�n�g� �p�e�r�i�o�d� 

�o�f� �t�i�m�e�.� 

�4�)� �W�e�i�g�h�t� �F�a�c�t�o�r� �D�a�t�a�:� �T�h�i�s� �d�a�t�a� �p�e�r�t�a�i�n�s� �t�o� �l�a�n�d�i�n�g�s� �o�n�l�y�.� �T�h�e� �m�e�a�n� �a�n�d� �s�t�a�n�d�a�r�d� 

�d�e�v�i�a�t�i�o�n� �f�o�r� �w�e�i�g�h�t� �f�a�c�t�o�r� �o�f� �e�a�c�h� �a�i�r�c�r�a�f�t� �s�p�e�c�i�f�i�e�d� �i�s� �s�h�o�w�n� �i�n� �T�a�b�l�e� �5�.�2�.� �T�h�e� �d�a�t�a� �u�s�e�d� 

�w�e�r�e� �c�h�o�s�e�n� �t�o� �m�o�d�e�l� �d�i�f�f�e�r�e�n�t� �f�l�i�g�h�t� �s�t�a�g�e�s� �t�h�e� �a�i�r�c�r�a�f�t� �w�o�u�l�d� �h�a�v�e� �t�r�a�v�e�l�l�e�d� �t�o� �r�e�a�c�h� �t�h�e� 

�d�e�s�t�i�n�a�t�i�o�n�.� �T�h�e� �s�i�g�n�i�f�i�c�a�n�c�e� �o�f� �t�h�i�s� �p�a�r�a�m�e�t�e�r� �w�i�l�l� �b�e� �e�v�i�d�e�n�t� �l�a�t�e�r� �i�n� �t�h�i�s� �t�h�e�s�i�s�.� 

�5�)� �I�n�t�r�a�i�l� �S�e�p�a�r�a�t�i�o�n�s�:� �T�h�e� �c�u�r�r�e�n�t� �F�A�A� �s�e�t� �A�T�C� �s�e�p�a�r�a�t�i�o�n�s� �w�e�r�e� �u�s�e�d� �f�o�r� �t�h�e� �b�a�s�e� �r�u�n�,� 

�a�r�e� �s�h�o�w�n� �i�n� �T�a�b�l�e�s� �4�.�1�,� �4�.�2�,� �a�n�d� �4�.�3�.� 

�6�)� �B�u�f�f�e�r� �D�a�t�a�:� �T�h�e� �a�i�r� �t�r�a�f�f�i�c� �c�o�n�t�r�o�l� �i�n�t�e�r�o�p�e�r�a�t�i�o�n� �t�i�m�e� �b�u�f�f�e�r� �d�a�t�a� �u�s�e�d� �f�o�r� �t�h�e� �a�n�a�l�y�s�i�s� 

�i�s� �s�h�o�w�n� �i�n� �T�a�b�l�e� �5�.�3�.� 

�7�)� �A�i�r�p�o�r�t� �D�a�t�a�:� �D�a�t�a� �c�o�n�t�a�i�n�i�n�g� �a�i�r�p�o�r�t� �e�n�v�i�r�o�n�m�e�n�t� �a�n�d� �r�u�n�w�a�y� �e�x�i�t� �t�a�x�i�w�a�y� 

�c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �f�o�r� �t�h�i�s� �b�a�s�e�l�i�n�e� �a�n�a�l�y�s�i�s� �i�s� �s�h�o�w�n� �i�n� �T�a�b�l�e�s� �5�.�4� �a�n�d� �5�.�5�.� 

�W�i�t�h� �t�h�e� �a�b�o�v�e� �d�a�t�a�,� �a�n�d� �f�o�r� �e�a�c�h� �i�n�t�e�r�a�r�r�i�v�a�l� �t�i�m�e� �R�U�N�S�I�M� �w�a�s� �r�u�n� �f�o�r� �f�i�v�e� �i�t�e�r�a�t�i�o�n�s� �t�o� 

�g�e�n�e�r�a�t�e� �d�a�t�a� �f�o�r� �t�o�t�a�l� �d�e�l�a�y� �f�o�r� �a�r�r�i�v�a�l�s� �a�n�d� �d�e�p�a�r�t�u�r�e�s�,� �w�e�i�g�h�t�e�d� �a�v�e�r�a�g�e� �r�u�n�w�a�y� 

�o�c�c�u�p�a�n�c�y� �t�i�m�e� �(�W�A�R�O�T�)� �a�n�d� �i�t�s� �s�t�a�n�d�a�r�d� �d�e�v�i�a�t�i�o�n�.� �T�h�e� �a�v�e�r�a�g�e� �v�a�l�u�e�s� �o�f� �t�h�e�s�e� �r�u�n�s� 

�w�a�s� �u�s�e�d� �f�o�r� �p�l�o�t�t�i�n�g� �a� �d�e�m�a�n�d� �v�e�r�s�u�s� �a�v�e�r�a�g�e� �d�e�l�a�y� �g�r�a�p�h� �a�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �5�.�2�.� 

�F�i�g�u�r�e� �5�.�2� �i�l�l�u�s�t�r�a�t�e�s� �t�h�a�t� �a�s� �t�h�e� �d�e�m�a�n�d� �n�e�a�r�s� �t�h�e� �u�l�t�i�m�a�t�e� �c�a�p�a�c�i�t�y� �(�i�.�e�.�,� �c�a�p�a�c�i�t�y� 

�5�.� �M�o�d�e�l� �R�e�s�u�l�t�s� �a�n�d� �A�n�a�l�y�s�i�s� �1�1�0
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�a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �a�n� �i�n�f�i�n�i�t�e� �d�e�l�a�y�)� �t�h�e� �t�o�t�a�l� �d�e�l�a�y� �i�n�c�r�e�a�s�e� �v�e�r�y� �r�a�p�i�d�l�y�.� �F�o�r� �a�n� �a�c�c�e�p�t�a�b�l�e� 

�a�v�e�r�a�g�e� �d�e�l�a�y� �o�f� �1� �m�i�n�u�t�e�,� �t�h�e� �p�r�a�c�t�i�c�a�l� �c�a�p�a�c�i�t�y� �f�o�r� �a�r�r�i�v�a�l�s� �i�s� �2�5�.�7� �a�r�r�i�v�a�l�s� �p�e�r� �h�o�u�r� �u�n�d�e�r� 

�t�h�e� �b�a�s�e�l�i�n�e� �a�i�r�c�r�a�f�t� �m�i�x�.� �T�h�e� �r�e�s�u�l�t�i�n�g� �W�A�R�O�T� �o�f� �t�h�e� �a�i�r�c�r�a�f�t� �p�o�p�u�l�a�t�i�o�n� �i�s� �5�1�.�7�5� 

�s�e�c�o�n�d�s�.� �A� �s�a�m�p�l�e� �o�f� �t�h�e� �a�i�r�c�r�a�f�t� �e�x�i�t� �a�s�s�i�g�n�m�e�n�t� �f�o�r� �t�h�i�s� �s�c�e�n�a�r�i�o� �i�s� �s�h�o�w�n� �i�n� �T�a�b�l�e� �5�.�6�,� 

�w�h�i�c�h� �i�s� �t�h�e� �o�u�t�p�u�t� �o�f� �t�h�e� �f�i�r�s�t� �i�t�e�r�a�t�i�o�n�.� �T�h�e� �a�i�r�c�r�a�f�t� �e�x�i�t� �a�s�s�i�g�n�m�e�n�t� �w�i�l�l� �b�e� �a� �v�e�r�y� �u�s�e�f�u�l� 

�i�n�p�u�t� �f�o�r� �t�h�e� �a�i�r�p�o�r�t� �o�p�e�r�a�t�o�r�s� �f�o�r� �p�l�a�n�n�i�n�g� �t�h�e� �t�a�x�i�w�a�y� �o�p�e�r�a�t�i�o�n�s� �e�f�f�i�c�i�e�n�t�l�y�.� 

�5�.�1�.�2� �S�c�e�n�a�r�i�o�-�l� 

�H�e�r�e� �w�e� �s�t�u�d�y� �e�f�f�e�c�t� �o�f� �a�d�d�i�t�i�o�n� �o�f� �e�x�i�t�s� �o�n� �t�h�e� �d�e�l�a�y� �o�u�t�p�u�t� �p�a�r�a�m�e�t�e�r�s�.� �F�i�r�s�t�,� �o�n�l�y� �o�n�e� 

�e�x�i�t� �i�s� �a�d�d�e�d� �a�t� �1�4�4�2� �m�e�t�e�r�s� �f�r�o�m� �t�h�e� �t�h�r�e�s�h�o�l�d� �a�n�d� �t�h�e�n� �a�n�o�t�h�e�r� �e�x�i�t� �i�s� �a�d�d�e�d� �a�t� �6�7�5� 

�m�e�t�e�r�s� �f�r�o�m� �t�h�e� �t�h�r�e�s�h�o�l�d�.� �S�e�p�a�r�a�t�e� �r�u�n�s� �w�e�r�e� �m�a�d�e� �t�o� �o�b�s�e�r�v�e� �v�a�r�i�a�t�i�o�n�s� �i�n� �o�u�t�p�u�t� 

�p�a�r�a�m�e�t�e�r�s�.� �T�h�e� �n�e�w� �W�A�R�O�T� �w�i�t�h� �o�n�e� �a�d�d�i�t�i�o�n�a�l� �e�x�i�t� �w�a�s� �4�6�.�6�2� �s�e�c�o�n�d�s�,� �a�n�d� �f�o�r� �t�w�o� 

�i�t� �w�a�s� �4�5�.�5�8� �s�e�c�o�n�d�s�.� �C�o�m�p�a�r�e�d� �t�o� �t�h�e� �a�d�d�i�t�i�o�n� �o�f� �o�n�e� �e�x�i�t�,� �t�h�e� �g�a�i�n� �i�n� �W�A�R�O�T� �f�o�r� �t�h�e� 

�s�e�c�o�n�d� �a�d�d�i�t�i�o�n� �i�s� �s�m�a�l�l� �a�s� �a� �r�e�d�u�c�e�d� �n�u�m�b�e�r� �o�f� �a�i�r�c�r�a�f�t� �o�p�e�r�a�t�i�o�n�s� �(�m�a�i�n�l�y� �G�A�'�s�)� �t�a�k�e� 

�a�d�v�a�n�t�a�g�e� �o�f� �t�h�i�s� �s�e�c�o�n�d� �e�x�i�t� �a�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �5�.�3�.� �T�h�e� �a�r�r�i�v�a�l� �c�a�p�a�c�i�t�y�-�d�e�l�a�y� �c�u�r�v�e� 

�f�o�r� �b�o�t�h� �a�d�d�i�t�i�o�n�s� �w�e�r�e� �s�a�m�e� �a�s� �t�h�a�t� �o�f� �t�h�e� �b�a�s�e� �s�c�e�n�a�r�i�o�.� �T�h�i�s� �i�m�p�l�i�e�s� �t�h�a�t� �t�h�e� 

�i�n�t�e�r�a�r�r�i�v�a�l� �s�e�p�a�r�a�t�i�o�n� �a�n�d� �n�o�t� �t�h�e� �R�O�T� �o�f� �t�h�e� �a�i�r�c�r�a�f�t� �i�s� �t�h�e� �c�r�i�t�i�c�a�l� �f�a�c�t�o�r� �g�o�v�e�r�n�i�n�g� �t�h�e� 

�c�a�p�a�c�i�t�y� �a�n�d� �d�e�l�a�y�.� �B�u�t� �t�h�e� �a�v�e�r�a�g�e� �d�e�l�a�y� �f�o�r� �d�e�p�a�r�t�u�r�e�s� �d�e�c�r�e�a�s�e�d� �f�r�o�m� �1�.�4�8� �m�i�n�u�t�e�s� 

�t�o� �1�.�0�1� �m�i�n�u�t�e�s�,� �a�n�d� �t�h�i�s� �c�o�u�l�d� �b�e� �a�t�t�r�i�b�u�t�e�d� �d�u�e� �t�o� �t�h�e� �a�v�a�i�l�a�b�i�l�i�t�y� �o�f� �m�o�r�e� �a�c�c�e�p�t�a�b�l�e� 

�g�a�p�s� �f�o�r� �d�e�p�a�r�t�u�r�e�s�,� �a�n� �e�f�f�e�c�t� �o�f� �d�e�c�r�e�a�s�e�d� �W�A�R�O�T�.� �T�h�e� �c�h�a�n�g�e� �i�n� �t�h�e� �a�i�r�c�r�a�f�t� �e�x�i�t� 

�a�s�s�i�g�n�m�e�n�t� �i�s� �s�h�o�w�n� �T�a�b�l�e�s� �5�.�7� �a�n�d� �5�.�8�.� �F�u�r�t�h�e�r� �d�i�s�c�u�s�s�i�o�n� �o�f� �t�h�e� �e�c�o�n�o�m�i�c� �i�m�p�l�i�c�a�t�i�o�n�s� 

�5�.� �M�o�d�e�l� �R�e�s�u�l�t�s� �a�n�d� �A�n�a�l�y�s�i�s� �1�1�4
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�5�.�1�.�4� �S�c�e�n�a�r�i�o�-�l�l�l� 

�T�h�e� �c�u�r�r�e�n�t� �A�T�C� �s�e�p�a�r�a�t�i�o�n� �r�u�l�e�s� �s�e�t� �b�y� �F�A�A� �i�s� �t�h�e� �c�r�i�t�i�c�a�l� �p�a�r�a�m�e�t�e�r� �g�o�v�e�r�n�i�n�g� �t�h�e� �d�e�l�a�y� 

�a�t� �m�o�s�t� �a�i�r�p�o�r�t� �f�a�c�i�l�i�t�i�e�s�.� �B�y� �i�m�p�r�o�v�i�n�g� �t�h�e� �t�e�c�h�n�o�l�o�g�y� �i�n� �d�e�a�l�i�n�g� �w�i�t�h� �w�a�k�e� �t�u�r�b�u�l�e�n�c�e�,� 

�i�m�p�r�o�v�e�d� �r�a�d�a�r� �t�e�c�h�n�o�l�o�g�y� �f�o�r� �b�e�t�t�e�r� �a�i�r� �t�r�a�f�f�i�c� �c�o�n�t�r�o�l�,� �t�h�e� �F�A�A� �p�r�o�p�o�s�e�s� �t�o� �d�e�c�r�e�a�s�e� �t�h�e� 

�i�n�t�e�r�a�r�r�i�v�a�l� �s�e�p�a�r�a�t�i�o�n� �t�o� �t�h�e� �v�a�l�u�e�s� �s�h�o�w�n� �i�n� �T�a�b�l�e� �5�.�1�0�.� �T�h�i�s� �s�c�e�n�a�r�i�o� �s�t�u�d�i�e�s� �t�h�e� �e�f�f�e�c�t� 

�o�f� �n�e�w� �A�T�C� �s�e�p�a�r�a�t�i�o�n� �r�u�l�e�s� �o�n� �c�a�p�a�c�i�t�y� �a�n�d� �d�e�l�a�y�.� �T�h�e� �m�o�d�e�l� �i�s� �r�u�n� �b�y� �c�h�a�n�g�i�n�g� �t�h�e� 

�a�r�r�i�v�a�l� �s�e�p�a�r�a�t�i�o�n� �t�o� �t�h�e� �n�e�w� �v�a�l�u�e�s� �a�n�d� �k�e�e�p�i�n�g� �t�h�e� �o�t�h�e�r� �v�a�l�u�e�s� �s�a�m�e� �a�s� �i�n� �"�b�a�s�e�l�i�n�e� 

�s�c�e�n�a�r�i�o�"�.� �T�h�e� �F�i�g�u�r�e� �5�.�2� �s�h�o�w�s� �t�h�e� �c�a�p�a�c�i�t�y� �a�n�d� �d�e�l�a�y� �r�e�l�a�t�i�o�n�s�h�i�p� �o�f� �t�h�i�s� �s�c�e�n�a�r�i�o�,� 

�w�h�e�r�e� �t�h�e� �c�a�p�a�c�i�t�y� �(�p�r�a�c�t�i�c�a�l�)� �h�a�s� �i�n�c�r�e�a�s�e�d� �t�o� �3�0�.�5� �o�p�e�r�a�t�i�o�n�s� �p�e�r� �h�o�u�r�,� �w�h�i�c�h� �i�s� �a�n� 

�i�n�c�r�e�a�s�e� �o�f� �5� �o�p�e�r�a�t�i�o�n�s� �(�a�r�r�i�v�a�l�s�)� �p�e�r� �h�o�u�r� �a�s� �c�o�m�p�a�r�e�d� �t�o� �t�h�e� �p�r�e�s�e�n�t� �r�u�l�e�s�.� �T�h�e� 

�a�v�e�r�a�g�e� �d�e�l�a�y� �t�o� �d�e�p�a�r�t�u�r�e�s� �h�a�s� �i�n�c�r�e�a�s�e�d� �f�r�o�m� �1�.�4�8� �t�o� �2�.�7�5� �m�i�n�u�t�e�s�,� �t�h�i�s� �i�s� �b�e�c�a�u�s�e� �o�f� 

�t�h�e� �d�e�c�r�e�a�s�e�d� �i�n�t�e�r�a�r�r�i�v�a�l� �s�p�a�c�i�n�g� �w�h�e�r�e�b�y� �e�f�f�e�c�t�i�v�e�l�y� �t�h�e� �a�c�c�e�p�t�a�b�l�e� �g�a�p�s� �f�o�r� �d�e�p�a�r�t�u�r�e�s� 

�h�a�s� �b�e�e�n� �d�e�c�r�e�a�s�e�d�.� �T�o� �a�c�h�i�e�v�e� �r�e�d�u�c�e�d� �d�e�l�a�y�s� �f�o�r� �b�o�t�h� �t�h�e� �a�r�r�i�v�a�l�s� �a�n�d� �d�e�p�a�r�t�u�r�e�s� �t�h�e� 

�i�n�t�e�r�d�e�p�a�r�t�u�r�e� �a�n�d� �d�e�p�a�r�t�u�r�e�-�a�r�r�i�v�a�l� �s�e�p�a�r�a�t�i�o�n�s� �s�h�o�u�l�d� �a�l�s�o� �b�e� �d�e�c�r�e�a�s�e�d�.� 

�5�.�1�.�5� �S�c�e�n�a�r�i�o�-�l�V� 

�O�n�e� �o�f� �t�h�e� �m�a�i�n� �p�u�r�p�o�s�e�s� �o�f� �d�e�v�e�l�o�p�i�n�g� �R�U�N�S�I�M� �i�s� �t�o� �p�r�e�d�i�c�t� �t�h�e� �c�a�p�a�c�i�t�y� �e�n�h�a�n�c�e�m�e�n�t�s� 

�d�u�e� �t�o� �R�E�D�I�M� �d�e�s�i�g�n�e�d� �v�a�r�i�a�b�l�e� �g�e�o�m�e�t�r�y� �h�i�g�h� �s�p�e�e�d� �e�x�i�t�s�.� �I�n� �t�h�i�s� �s�c�e�n�a�r�i�o� �t�w�o� �c�a�s�e� 

�w�e�r�e� �r�u�n� �o�n�e� �w�i�t�h� �t�h�e� �r�u�n�w�a�y� �d�e�s�i�g�n�e�d� �w�i�t�h� �F�A�A� �s�t�a�n�d�a�r�d� �e�x�i�t�s� �b�u�t� �l�o�c�a�t�e�d� �o�p�t�i�m�a�l�l�y� 

�u�s�i�n�g� �R�E�D�I�M� �a�n�d� �t�h�e� �s�e�c�o�n�d� �c�a�s�e� �a�l�s�o� �h�a�s� �o�n�l�y� �R�E�D�I�M� �d�e�s�i�g�n�e�d� �h�i�g�h� �s�p�e�e�d� �e�x�i�t�s� �a�n�d� 
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�l�o�c�a�t�i�o�n�s�.� �R�E�D�I�M� �m�o�d�e�l� �w�a�s� �r�u�n� �w�i�t�h� �s�a�m�e� �a�i�r�c�r�a�f�t� �p�o�p�u�l�a�t�i�o�n� �o�f� �"�b�a�s�e�l�i�n�e� �s�c�e�n�a�r�i�o�"� �t�o� 

�f�i�n�d� �t�h�e� �o�p�t�i�m�a�l� �l�o�c�a�t�i�o�n� �o�f� �e�x�i�t�s�.� �W�i�t�h� �a� �9�0�°� �e�x�i�t� �a�t� �t�h�e� �e�n�d� �o�f� �t�h�e� �r�u�n�w�a�y� �t�h�e� �o�t�h�e�r� �t�h�r�e�e� 

�e�x�i�t�s� �f�o�r� �b�o�t�h� �t�h�e� �c�a�s�e�s� �w�e�r�e� �l�o�c�a�t�e�d� �a�s� �s�h�o�w�n� �i�n� �T�a�b�l�e�s� �5�.�1�1� �a�n�d� �5�.�1�2�.� �T�a�b�l�e� �5�.�1�1� �a�l�s�o� 

�s�h�o�w�s� �t�h�e� �t�y�p�e� �o�f� �e�x�i�t�s� �u�s�e�d� �f�o�r� �t�h�e� �s�i�m�u�l�a�t�i�o�n�.� �T�h�e� �W�A�R�O�T� �a�c�h�i�e�v�e�d� �f�r�o�m� �t�h�e� �s�i�m�u�l�a�t�i�o�n� 

�r�u�n�s� �f�o�r� �t�h�e� �f�i�r�s�t� �c�a�s�e� �w�a�s� �3�7�.�2�2� �a�n�d� �2�9�.�1�9� �s�e�c�o�n�d�s� �f�o�r� �t�h�e� �s�e�c�o�n�d� �c�a�s�e� �a�s� �c�o�m�p�a�r�e�d� 

�t�o� �5�1�.�7�5� �s�e�c�o�n�d�s� �o�f� �t�h�e� �"�b�a�s�e�l�i�n�e� �s�c�e�n�a�r�i�o�"�,� �w�h�o�s�e� �c�o�m�p�a�r�i�s�i�o�n� �i�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �5�.�5�.� 

�T�h�i�s� �w�a�s� �a�c�h�i�e�v�e�d� �b�e�c�a�u�s�e� �f�o�r� �t�h�e� �f�i�r�s�t� �c�a�s�e� �a�l�l� �t�h�e� �f�i�r�s�t� �t�h�r�e�e� �e�x�i�t�s� �a�r�e� �3�0�°� �F�A�A� �s�t�a�n�d�a�r�d� 

�e�x�i�t� �t�y�p�e�s� �w�i�t�h� �2�6�m�/�s� �e�x�i�t� �s�p�e�e�d� �a�n�d� �l�o�c�a�t�e�d� �o�p�t�i�m�a�l�l�y� �a�n�d� �f�o�r� �t�h�e� �s�e�c�o�n�d� �c�a�s�e� �t�h�e� �e�x�i�t� 

�s�p�e�e�d� �o�f� �t�h�e� �R�E�D�I�M� �e�x�i�t�s� �w�a�s� �m�u�c�h� �h�i�g�h�e�r� �t�h�a�n� �t�h�e� �s�t�a�n�d�a�r�d� �F�A�A� �e�x�i�t�s� �f�a�c�i�l�i�t�a�t�i�n�g� �t�h�e� 

�a�i�r�c�r�a�f�t� �t�o� �e�x�i�t� �a�t� �h�i�g�h�e�r� �s�p�e�e�d�s� �w�h�e�r�e�b�y� �r�e�d�u�c�i�n�g� �t�h�e�i�r� �r�u�n�w�a�y� �o�c�c�u�p�a�n�c�y� �t�i�m�e�.� �T�h�e� 

�C�a�p�a�c�i�t�y�-�d�e�l�a�y� �c�u�r�v�e� �i�s� �s�a�m�e� �a�s� �t�h�a�t� �o�f� �t�h�e� �"�b�a�s�e� �s�c�e�n�a�r�i�o�"�.� �T�h�i�s� �i�l�l�u�s�t�r�a�t�e�s� �t�h�a�t� �s�t�i�l�l� �t�h�e� 

�i�n�t�e�r�a�r�r�i�v�a�l� �s�e�p�a�r�a�t�i�o�n� �i�s� �t�h�e� �c�r�i�t�i�c�a�l� �f�a�c�t�o�r�.� �T�h�e� �a�v�e�r�a�g�e� �d�e�l�a�y� �f�o�r� �d�e�p�a�r�t�u�r�e�s� �h�a�s� 

�d�e�c�r�e�a�s�e�d� �t�o� �0�.�5� �m�i�n�u�t�e�s� �a�s� �c�o�m�p�a�r�e�d� �t�o� �1�.�4�8� �m�i�n�u�t�e�s� �o�f� �"�b�a�s�e�l�i�n�e� �s�c�e�n�a�r�i�o �� �f�o�r� �R�E�D�I�M� 

�d�e�s�i�g�n�e�d� �h�i�g�h�-�s�p�e�e�d� �e�x�i�t�s� �c�a�s�e�.� �E�f�f�e�c�t�i�v�e�l�y� �R�E�D�I�M� �e�x�i�t�s� �h�e�l�p� �i�n� �i�n�c�r�e�a�s�i�n�g� �t�h�e� �t�o�t�a�l� 

�c�a�p�a�c�i�t�y� �o�f� �t�h�e� �r�u�n�w�a�y� �b�y� �i�n�c�r�e�a�s�i�n�g� �t�h�e� �d�e�p�a�r�t�u�r�e� �c�a�p�a�c�i�t�y�.� 

�5�.�1�.�6� �S�c�e�n�a�r�i�o�-�V� 

�I�n� �t�h�i�s� �s�c�e�n�a�r�i�o�,� �t�h�e� �c�o�m�b�i�n�e�d� �e�f�f�e�c�t� �o�f� �n�e�w� �1�9�9�6� �A�T�C� �i�n�t�e�r�a�r�r�i�v�a�l� �s�e�p�a�r�a�t�i�o�n� �a�n�d� �t�h�e� 

�R�E�D�I�M� �e�x�i�t�s� �o�n� �t�h�e� �c�a�p�a�c�i�t�y� �a�n�d� �d�e�l�a�y� �i�s� �i�n�v�e�s�t�i�g�a�t�e�d�.� �T�h�e� �i�n�t�e�r�a�r�r�i�v�a�l� �s�e�p�a�r�a�t�i�o�n�s� �i�s� 

�c�h�a�n�g�e�d� �t�o� �t�h�e� �v�a�l�u�e�s� �t�o� �s�h�o�w�n� �i�n� �T�a�b�l�e� �5�.�1�0�.� �T�h�e� �n�e�w� �c�a�p�a�c�i�t�y�-�d�e�l�a�y� �c�u�r�v�e� �t�h�a�t� �w�a�s� 

�g�e�n�e�r�a�t�e�d� �f�r�o�m� �t�h�e� �s�i�m�u�l�a�t�i�o�n� �r�u�n�s� �w�a�s� �s�i�m�i�l�a�r� �t�o� �t�h�a�t� �o�f� �s�c�e�n�a�r�i�o�-�l�l�l�.� �T�h�e� �W�A�R�O�T� �i�s� 
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�T�a�b�l�e� �5�.�1�1� �S�c�e�n�a�r�i�o�-�l�V� �(�F�i�r�s�t� �C�a�s�e�)� 
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�5�.� �M�o�d�e�l� �R�e�s�u�l�t�s� �a�n�d� �A�n�a�l�y�s�i�s� �1�2�6



�s�a�m�e� �a�s� �t�h�a�t� �o�f� �t�h�e� �s�c�e�n�a�r�i�o�-�l�V�.� �C�o�m�p�a�r�e�d� �t�o� �s�c�e�n�a�r�i�o�-�l�l�l�,� �t�h�e� �a�v�e�r�a�g�e� �d�e�l�a�y� �f�o�r� 

�d�e�p�a�r�t�u�r�e�s� �h�a�s� �d�e�c�r�e�a�s�e�d� �f�r�o�m� �2�.�7�5� �t�o� �0�.�7�5� �m�i�n�u�t�e�s�.� 

�H�e�n�c�e� �f�o�r� �t�h�e� �R�E�D�I�M� �e�x�i�t�s� �t�o� �b�e� �m�o�r�e� �e�f�f�e�c�t�i�v�e� �a�n�d� �d�o�m�i�n�a�n�t� �f�a�c�t�o�r� �i�n� �t�h�e� �c�a�p�a�c�i�t�y� �o�f� 

�a�r�r�i�v�a�l�s�,� �t�h�e� �A�T�C� �s�e�p�a�r�a�t�i�o�n�s� �h�a�v�e� �t�o� �b�e� �f�u�r�t�h�e�r� �m�o�r�e� �d�e�c�r�e�a�s�e�d� �a�n�d� �t�h�i�s� �i�s� �p�o�s�s�i�b�l�e� �o�n�l�y� 

�i�f� �n�e�w� �t�e�c�h�n�o�l�o�g�y� �a�d�v�a�n�c�e�s� �e�n�o�u�g�h� �t�o� �a�l�l�o�w� �s�m�a�l�l�e�r� �s�e�p�a�r�a�t�i�o�n�s�.� 

�5�.� �M�o�d�e�l� �R�e�s�u�l�t�s� �a�n�d� �A�n�a�l�y�s�i�s� �1�2�7



�6�.� �C�o�n�c�l�u�s�i�o�n�s� �a�n�d� �R�e�c�o�m�m�e�n�d�a�t�i�o�n�s� 

�6�.�1� �C�o�n�c�l�u�s�i�o�n�s� 

�T�h�e� �s�i�m�u�l�a�t�i�o�n� �a�p�p�r�o�a�c�h� �t�o� �i�n�v�e�s�t�i�g�a�t�e� �t�h�e� �p�r�o�b�l�e�m� �o�f� �r�e�l�i�e�v�i�n�g� �t�h�e� �a�i�r�p�o�r�t� �c�o�n�g�e�s�t�i�o�n� �a�n�d� 

�i�m�p�r�o�v�i�n�g� �t�h�e� �a�i�r�p�o�r�t� �c�a�p�a�c�i�t�y� �w�i�t�h� �v�a�r�i�e�d� �i�n�p�u�t� �p�a�r�a�m�e�t�e�r�s� �h�a�s� �p�r�o�v�e�n� �t�o� �b�e� �v�e�r�y� 

�e�f�f�e�c�t�i�v�e�.� �T�h�e� �m�o�d�e�l� �h�a�s� �p�r�o�v�e�d� �t�o� �b�e� �v�e�r�y� �f�l�e�x�i�b�l�e� �e�n�o�u�g�h� �t�o� �t�h�e� �p�r�e�s�e�n�t� �n�e�e�d�s�.� �T�h�e� 

�d�e�c�i�s�i�o�n� �t�o� �u�s�e� �S�I�M�S�C�R�I�P�T� �I�I�.�5� �a�s� �a� �t�o�o�l� �d�e�v�e�l�o�p� �t�h�e� �s�i�m�u�l�a�t�i�o�n� �m�o�d�e�l� �h�a�s� �d�e�f�i�n�i�t�e�l�y� �p�a�i�d� 

�o�f�f�.� �A�s� �s�h�o�w�n� �a�n�d� �d�e�s�c�r�i�b�e�d� �i�n� �C�h�a�p�t�e�r� �2� �a�n�d� �4�,� �E�n�g�l�i�s�h�-�l�i�k�e� �s�y�n�t�a�x� �i�s� �s�e�l�f� �d�o�c�u�m�e�n�t�i�n�g� 

�,� �a�n�d� �r�e�a�d�a�b�l�e� �w�h�i�c�h� �m�a�k�e�s� �t�h�e� �t�a�s�k� �o�f� �f�u�t�u�r�e� �e�n�h�a�n�c�e�m�e�n�t�s� �b�y� �o�t�h�e�r� �r�e�s�e�a�r�c�h�e�r�s� �v�e�r�y� 

�e�a�s�y�.� �L�i�k�e� �a�n�y� �o�t�h�e�r� �h�i�g�h�-�l�e�v�e�l� �s�i�m�u�l�a�t�i�o�n� �l�a�n�g�u�a�g�e�s�,� �i�t�s� �b�u�i�l�t�-�i�n� �t�i�m�i�n�g� �r�o�u�t�i�n�e� �a�n�d� �o�t�h�e�r� 

�f�u�n�c�t�i�o�n�s� �a�n�d� �r�a�n�d�o�m� �n�u�m�b�e�r� �g�e�n�e�r�a�t�o�r�s� �h�a�s� �r�e�d�u�c�e�d� �b�o�t�h� �t�h�e� �p�r�o�g�r�a�m�m�i�n�g� �a�n�d� �p�r�o�j�e�c�t� 

�t�i�m�e�.� 

�W�i�t�h� �t�h�e� �a�m�o�u�n�t� �o�f� �t�i�m�e� �a�n�d� �m�o�n�e�y� �b�e�i�n�g� �w�a�s�t�e�d� �d�u�e� �t�o� �d�e�l�a�y�s�,� �t�h�e� �w�a�n�t� �f�o�r� �s�o�l�u�t�i�o�n�s� 

�a�r�e� �c�o�n�g�e�s�t�i�o�n� �p�r�o�b�l�e�m� �i�s� �m�o�r�e� �t�h�a�n� �i�t� �w�a�s� �e�v�e�r� �b�e�f�o�r�e�.� �T�h�e�r�e� �i�s� �a� �g�r�e�a�t� �p�o�t�e�n�t�i�a�l� �f�o�r� �t�h�e� 

�s�i�m�u�l�a�t�i�o�n� �m�o�d�e�l�s� �l�i�k�e� �R�U�N�S�I�M�,� �R�E�D�I�M�,� �a�n�d� �S�I�M�M�O�D� �t�o� �a�d�d�r�e�s�s� �t�h�e�s�e� �p�r�o�b�l�e�m�s� �a�n�d� 

�g�i�v�e�n� �i�n�s�i�g�h�t� �t�o� �t�h�e� �s�y�s�t�e�m� �m�o�r�e� �c�l�e�a�r�l�y� �a�n�d� �h�e�l�p� �i�n� �d�e�c�i�s�i�o�n�-�m�a�k�i�n�g� �f�o�r� �i�m�p�r�o�v�e�m�e�n�t�s�.� 

�A�s� �d�e�m�o�n�s�t�r�a�t�e�d� �i�n� �t�h�e� �f�o�r�m�e�r� �c�h�a�p�t�e�r�,� �R�U�N�S�I�M� �i�s� �c�a�p�a�b�l�e� �o�n� �a�i�d�i�n�g� �a� �p�l�a�n�n�e�r� �t�o� 

�d�e�v�e�l�o�p� �s�t�r�a�t�e�g�i�e�s� �t�o� �i�m�p�r�o�v�e� �t�h�e� �c�a�p�a�c�i�t�y� �o�f� �t�h�e� �a�i�r�p�o�r�t�,� �o�r� �a�t�l�e�a�s�t� �f�r�o�m� �t�h�e� �r�u�n�w�a�y� 

�6�.� �C�o�n�c�l�u�s�i�o�n�s� �a�n�d� �R�e�c�o�m�m�e�n�d�a�t�i�o�n�s� �1�2�8



�o�p�e�r�a�t�i�o�n�s� �p�o�i�n�t� �o�f� �v�i�e�w�.� �R�U�N�S�I�M� �c�o�u�l�d� �b�e� �a�p�p�l�i�e�d� �i�n� �s�i�m�u�l�a�t�i�n�g� �r�u�n�w�a�y� �f�o�r� �s�c�e�n�a�r�i�o�s� 

�i�n�c�l�u�d�i�n�g� �s�e�n�s�i�t�i�v�i�t�y� �t�o� �t�h�e� �f�o�l�l�o�w�i�n�g�:� 

�a�)� �A�i�r�p�o�r�t� �t�y�p�e�s�,� �b�y� �v�a�r�y�i�n�g� �a�i�r�c�r�a�f�t� �w�e�i�g�h�t� �f�a�c�t�o�r�s� �a�n�d� �m�i�x�e�s�,� 

�b�)� �D�e�m�a�n�d� �r�a�t�e�s� �a�n�d� �p�a�t�t�e�r�n�s� �(�p�o�i�s�s�o�n�,� �e�x�p�o�n�e�n�t�i�a�l�,� �a�n�d� �u�n�i�f�o�r�m�)�,� 

�c�)� �I�n�t�r�a�i�l� �s�e�p�a�r�a�t�i�o�n�s� �i�n�c�l�u�d�i�n�g� �b�u�f�f�e�r�s�,� 

�d�)� �N�u�m�b�e�r� �a�n�d� �t�y�p�e�s� �o�f� �e�x�i�t� �t�a�x�i�w�a�y�s�,� 

�e�)� �a�n�d� �o�t�h�e�r� �a�i�r�p�o�r�t� �e�n�v�i�r�o�n�m�e�n�t�a�l� �c�o�n�d�i�t�i�o�n�s�.� 

�I�t� �w�a�s� �p�r�o�v�e�d� �t�h�a�t� �t�h�e� �u�s�e� �o�f� �R�E�D�I�M� �g�e�n�e�r�a�t�e�d� �h�i�g�h�-�s�p�e�e�d� �e�x�i�t�s� �c�a�n� �r�e�s�u�l�t� �i�n� �m�o�d�e�r�a�t�e� 

�g�a�i�n�s� �i�n� �t�o�t�a�l� �c�a�p�a�c�i�t�y� �o�f� �t�h�e� �a�i�r�p�o�r�t�.� �T�h�i�s� �i�s� �m�a�i�n�l�y� �d�u�e� �t�o� �t�h�e� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� �n�u�m�b�e�r� �o�f� 

�d�e�p�a�r�t�u�r�e� �o�p�e�r�a�t�i�o�n�s�,� �a�n�d� �r�e�d�u�c�t�i�o�n�s� �o�f� �t�h�e�i�r� �d�e�l�a�y�s�.� �T�h�e�s�e� �r�e�d�u�c�t�i�o�n�s� �i�n� �d�e�l�a�y� �h�a�v�e� 

�e�c�o�n�o�m�i�c�a�l�l�y� �g�r�e�a�t� �e�f�f�e�c�t� �o�n� �o�t�h�e�r� �o�p�e�r�a�t�i�n�g� �c�o�s�t�s� �l�i�k�e� �f�u�e�l� �c�o�n�s�u�m�p�t�i�o�n�.� �I�n� �t�h�e� �t�o�p� �f�i�v�e� 

�m�o�s�t� �b�u�s�y� �a�i�r�p�o�r�t�s� �i�n� �U�.�S�.�,� �c�u�r�r�e�n�t�l�y� �t�h�e� �t�o�t�a�l� �n�u�m�b�e�r� �o�f� �e�n�p�l�a�n�e�m�e�n�t�s� �a�r�e� �a�b�o�v�e� �1�2� 

�m�i�l�l�i�o�n�s� �[�F�A�A�,� �1�9�9�0�]� �p�e�r� �y�e�a�r� �a�n�d� �e�v�e�n� �i�f� �2�5�%� �o�f� �t�h�e�m� �a�r�e� �d�e�p�a�r�t�u�r�e�s� �d�u�r�i�n�g� �t�h�e� �p�e�a�k� 

�h�o�u�r�s�,� �t�h�e� �s�a�v�i�n�g�s� �i�n� �f�u�e�l� �c�o�n�s�u�m�p�t�i�o�n�s� �(� �$� �3� �m�i�l�l�i�o�n� �f�r�o�m� �t�h�e� �c�a�s�e� �s�t�u�d�y�)�,� �u�s�e�r� �c�o�s�t�s�,� 

�o�t�h�e�r� �o�p�e�r�a�t�i�o�n�a�l� �c�o�s�t�s�,� �a�n�d� �t�h�e� �r�e�d�u�c�t�i�o�n�s� �i�n� �a�i�r� �p�o�l�l�u�t�i�o�n� �d�u�e� �t�o� �l�e�s�s�e�r� �i�d�l�i�n�g� �o�f� �t�h�e� 

�a�i�r�c�r�a�f�t� �a�t� �t�h�e� �d�e�p�a�r�t�u�r�e� �r�a�m�p�s� �i�s� �w�o�r�t�h� �i�m�p�l�e�m�e�n�t�i�n�g� �t�h�e� �i�m�p�r�o�v�e�m�e�n�t�s�.� �T�h�e� �h�i�g�h�e�r� 

�e�x�i�t�i�n�g� �s�p�e�e�d�s� �b�y� �t�h�e� �a�i�r�c�r�a�f�t� �a�l�s�o� �d�e�c�r�e�a�s�e�s� �t�h�e� �t�a�x�i�i�n�g� �t�i�m�e� �t�o� �t�e�r�m�i�n�a�l�,� �w�h�e�r�e�b�y� 

�e�f�f�e�c�t�i�v�e�l�y� �i�n�c�r�e�a�s�i�n�g� �t�h�e� �c�a�p�a�c�i�t�y� �o�f� �t�h�e� �t�a�x�i�w�a�y� �s�y�s�t�e�m�.� �F�u�r�t�h�e�r� �i�m�p�r�o�v�e�m�e�n�t�s� �i�n� �t�h�e� 

�a�i�r�p�o�r�t� �c�a�p�a�c�i�t�y� �c�a�n� �b�e� �r�e�a�l�i�z�e�d� �i�f� �t�h�e� �F�A�A� �p�r�o�p�o�s�e�d� �1�9�9�6� �i�n�t�r�a�i�l� �s�e�p�a�r�a�t�i�o�n�s� �a�r�e� 

�i�n�c�o�r�p�o�r�a�t�e�d� �a�l�o�n�g� �t�h�e� �R�E�D�I�M� �g�e�n�e�r�a�t�e�d� �h�i�g�h�-�s�p�e�e�d�.� �I�t� �w�a�s� �a�l�s�o� �f�o�u�n�d� �t�h�a�t� �R�E�D�I�M� 

�d�e�s�i�g�n�e�d� �e�x�i�t�s� �w�i�l�l� �b�e� �v�e�r�y� �e�f�f�e�c�t�i�v�e� �i�n� �i�n�c�r�e�a�s�i�n�g� �t�h�e� �a�r�r�i�v�a�l� �c�a�p�a�c�i�t�y� �o�n�c�e� �t�h�e� �i�n�t�e�r�a�r�r�i�v�a�l� 

�6�.� �C�o�n�c�l�u�s�i�o�n�s� �a�n�d� �R�e�c�o�m�m�e�n�d�a�t�i�o�n�s� �1�2�9



�s�e�p�a�r�a�t�i�o�n�s� �a�r�e� �d�e�c�r�e�a�s�e�d� �t�o� �1�.�5� �m�i�l�e�s�.� 

�6�.�2� �R�e�c�o�m�m�e�n�d�a�t�i�o�n�s� 

�T�h�e� �f�o�l�l�o�w�i�n�g� �r�e�c�o�m�m�e�n�d�a�t�i�o�n�s� �a�r�e� �a� �r�e�s�u�l�t� �o�f� �t�h�e� �e�x�p�e�r�i�e�n�c�e� �g�a�i�n�e�d� �i�n� �d�e�v�e�l�o�p�i�n�g� 

�R�U�N�S�I�M�,� �b�y� �s�t�u�d�y�i�n�g� �a�n�d� �m�o�d�e�l�l�i�n�g� �r�u�n�w�a�y� �o�p�e�r�a�t�i�o�n�s� �m�i�c�r�o�s�c�o�p�i�c�a�l�l�y�,� �a�n�d� �t�h�e� �a�n�a�l�y�s�i�s� 

�d�o�n�e� �o�n� �t�h�e� �p�r�e�s�e�n�t� �a�n�d� �f�u�t�u�r�e� �a�i�r�p�o�r�t� �o�p�e�r�a�t�i�o�n�s�.� �T�h�e� �p�r�o�p�o�s�e�d� �r�e�c�o�m�m�e�n�d�a�t�i�o�n�s� �f�o�r� 

�f�u�t�u�r�e� �r�e�s�e�a�r�c�h� �a�r�e�:� 

�a�)� �I�m�p�r�o�v�e� �t�h�e� �i�n�p�u�t� �m�o�d�u�l�e� �o�f� �R�U�N�S�I�M� �b�y� �u�s�i�n�g� �t�h�e� �f�e�a�t�u�r�e�s� �o�f� �S�I�M�G�R�A�P�H�I�C�S�.� �T�h�i�s� 

�w�o�u�l�d� �m�a�k�e� �t�h�e� �m�o�d�e�l� �m�o�r�e� �u�s�e�r�-�f�r�i�e�n�d�l�y�,� �w�i�l�l� �e�n�a�b�l�e� �t�o� �i�n�c�o�r�p�o�r�a�t�e� �m�o�r�e� �a�i�r�c�r�a�f�t� �m�o�d�e�l�s� 

�v�e�r�y� �e�a�s�i�l�y�.� 

�b�)� �I�m�p�r�o�v�e� �t�h�e� �o�u�t�p�u�t� �m�o�d�u�l�e� �o�f� �R�U�N�S�I�M� �b�y� �i�n�c�l�u�d�i�n�g� �g�r�a�p�h�i�c� �p�r�e�s�e�n�t�a�t�i�o�n� �o�f� �t�h�e� 

�o�u�t�p�u�t�.� �T�h�i�s� �w�o�u�l�d� �e�n�h�a�n�c�e� �t�h�e� �u�n�d�e�r�s�t�a�n�d�i�n�g� �o�f� �t�h�e� �s�y�s�t�e�m� �t�h�a�t� �i�s� �b�e�i�n�g� �s�t�u�d�i�e�d�.� 

�c�)� �E�n�h�a�n�c�e� �R�U�N�S�I�M� �t�o� �h�a�v�e� �t�h�e� �c�a�p�a�b�i�l�i�t�y� �o�f� �s�i�m�u�l�a�t�i�n�g� �d�i�f�f�e�r�e�n�t� �t�y�p�e�s� �o�f� �r�u�n�w�a�y� 

�c�o�n�f�i�g�u�r�a�t�i�o�n�s�.� 

�d�)� �E�n�h�a�n�c�e� �R�U�N�S�I�M� �t�o� �i�n�c�o�r�p�o�r�a�t�e� �t�a�x�i�w�a�y� �o�p�e�r�a�t�i�o�n�s� �s�o� �a�s� �t�o� �s�t�u�d�y� �t�h�e� �e�f�f�e�c�t� �o�f� 

�R�E�D�I�M� �g�e�n�e�r�a�t�e�d� �h�i�g�h� �s�p�e�e�d� �e�x�i�t�s� �o�n� �t�h�e� �t�a�x�i�w�a�y� �s�y�s�t�e�m� �i�n� �d�e�t�a�i�l�.� �T�h�i�s� �w�o�u�l�d� �p�e�r�m�i�t� 

�f�u�r�t�h�e�r� �e�v�a�l�u�a�t�i�o�n� �o�f� �g�r�o�u�n�d� �o�p�e�r�a�t�i�o�n�a�l� �p�r�o�c�e�d�u�r�e�s� �a�l�l�o�w�i�n�g� �a�i�r�c�r�a�f�t� �t�a�x�i� �a�t� �h�i�g�h�e�r� �s�p�e�e�d�s� 
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�a�n�d� �e�f�f�e�c�t�i�v�e�l�y� �i�n�c�r�e�a�s�e� �t�h�e� �t�a�x�i�w�a�y� �c�a�p�a�c�i�t�y�.� 

�e�)� �I�n�c�o�r�p�o�r�a�t�e� �t�h�e� �a�l�g�o�r�i�t�h�m�s� �o�f� �d�y�n�a�m�i�c� �s�i�m�u�l�a�t�i�o�n� �o�f� �l�a�n�d�i�n�g�s� �o�f� �R�U�N�S�I�M� �i�n�t�o� �S�I�M�M�O�D� 

�t�o� �m�a�k�e� �t�h�e� �s�i�m�u�l�a�t�i�o�n� �o�f� �l�a�n�d�i�n�g�s� �i�n� �S�I�M�M�O�D� �m�o�r�e� �r�e�a�l�i�s�t�i�c�.� �T�h�i�s� �w�o�u�l�d� �a�l�s�o� �h�e�l�p� 

�s�i�m�u�l�a�t�i�n�g� �h�i�g�h� �s�p�e�e�d� �e�x�i�t�s� �m�o�r�e� �r�e�a�l�i�s�t�i�c� �t�h�a�n� �i�t� �d�o�e�s� �c�u�r�r�e�n�t�l�y�.� �I�n� �S�I�M�M�O�D�,� �t�h�e� 

�c�u�m�u�l�a�t�i�v�e� �p�r�o�b�a�b�i�l�i�t�y� �d�i�s�t�r�i�b�u�t�i�o�n�s� �f�o�r� �l�a�n�d�i�n�g� �d�i�s�t�a�n�c�e�s� �a�n�d� �t�h�e� �c�o�n�s�t�a�n�t� �r�o�l�l� �t�i�m�e�s� 

�s�h�o�u�l�d� �b�e� �c�h�a�n�g�e�d� �b�y� �i�n�c�l�u�d�i�n�g� �t�h�e� �m�o�r�e� �r�e�a�l�i�s�t�i�c� �l�a�n�d�i�n�g� �m�o�d�e�l�l�i�n�g� �p�e�r�f�o�r�m�e�d� �i�n� 

�R�U�N�S�I�M�.� �T�h�e� �p�e�r�c�e�n�t�a�g�e�s� �o�f� �r�o�l�l� �d�i�s�t�a�n�c�e�s� �i�n�c�o�r�p�o�r�a�t�e�d� �i�n� �S�I�M�M�O�D� �t�o� �m�o�d�e�l� �h�i�g�h�-� 

�s�p�e�e�d� �s�h�o�u�l�d� �a�l�s�o� �t�o� �b�e� �s�u�b�s�t�i�t�u�t�e�d� �b�y� �i�n�c�o�r�p�o�r�a�t�i�n�g� �t�h�e� �t�u�r�n�o�f�f� �p�h�a�s�e� �a�l�g�o�r�i�t�h�m� �o�f� 

�R�U�N�S�I�M� �a�n�d� �i�n�c�l�u�d�e� �t�h�e� �d�a�t�a� �b�a�s�e� �s�i�m�i�l�a�r� �t�o� �T�O�T�.�D�A�T� �(�s�e�e� �A�p�p�e�n�d�i�x� �C�)�.� �T�h�e� �s�u�g�g�e�s�t�e�d� 

�c�o�u�l�d� �b�e� �e�a�s�i�l�y� �p�e�r�f�o�r�m�e�d� �a�s� �b�o�t�h� �t�h�e� �m�o�d�e�l�s� �a�r�e� �d�e�v�e�l�o�p�e�d� �b�y� �u�s�i�n�g� �S�I�M�S�C�R�I�P�T� �I�I�.�5�,� 

�a�n�d� �h�e�n�c�e� �t�r�a�n�s�f�e�r�r�i�n�g� �o�f� �t�h�e� �m�o�d�e�l� �c�o�d�e� �i�s� �e�a�s�y�.� 

�f�)� �E�n�h�a�n�c�e� �S�I�M�M�O�D ��s� �d�e�f�i�n�i�t�i�o�n� �o�f� �h�i�g�h� �s�p�e�e�d� �e�x�i�t�s� �a�n�d� �i�t�s� �m�o�d�e�l�l�i�n�g� �a�n�d� �i�n�c�o�r�p�o�r�a�t�e� 

�R�E�D�I�M� �d�e�s�i�g�n�e�d� �e�x�i�t�s�.� 

�g�)� �G�a�i�n� �m�o�r�e� �k�n�o�w�l�e�d�g�e� �i�n� �d�e�c�r�e�a�s�i�n�g� �t�h�e� �e�f�f�e�c�t�s� �o�f� �w�a�k�e� �t�u�r�b�u�l�e�n�c�e� �o�n� �t�h�e� �t�r�a�i�l�i�n�g� 

�a�i�r�c�r�a�f�t� �w�h�i�l�e� �l�a�n�d�i�n�g� �s�o� �a�s� �t�o� �i�n�c�r�e�a�s�e� �t�h�e� �c�a�p�a�c�i�t�y� �o�f� �t�h�e� �a�i�r�p�o�r�t�,� �a�s� �i�t� �w�a�s� �d�e�m�o�n�s�t�r�a�t�e�d� 

�t�h�a�t� �m�o�s�t� �o�f� �t�h�e� �t�i�m�e� �i�n�t�r�a�i�l� �s�e�p�a�r�a�t�i�o�n�s� �d�i�c�t�a�t�e�d� �t�h�e� �c�a�p�a�c�i�t�y� �o�f� �t�h�e� �a�i�r�p�o�r�t�.� 
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�1�0�.� 

�1�1�.� 

�1�2�.� 

�1�3�.� 

�1�4�.� 

�1�5�.� 

�B�i�b�l�i�o�g�r�a�p�h�y� 

�A�s�h�f�o�r�d�,� �N�.� �a�n�d� �W�r�i�g�h�t�,� �P�.�H�.�,� �A�i�r�p�o�r�t� �E�n�g�i�n�e�e�r�i�n�g�,� �J�o�h�n� �W�i�l�e�y� �&� �S�o�n�s�,� �1�9�7�9�.� 

�B�a�r�r�e�r�,� �J�.�N�.� �a�n�d� �D�i�e�l�h�,� �J�.�M�.�,�  ��T�o�w�a�r�d� �_�a�_�G�o�a�l�-�O�r�i�e�n�t�e�d� �P�l�a�n� �f�o�r� �I�d�e�n�t�i�f�y�i�n�g� 
�T�e�c�h�n�o�l�o�g�y� �t�o� �I�n�c�r�e�a�s�e� �A�i�r�f�i�e�l�d� �C�a�p�a�c�i�t�y�,�"� �T�h�e� �M�I�T�R�E� �C�o�r�p�o�r�a�t�i�o�n�,� �M�c�L�e�a�n�,� 
�V�i�r�g�i�n�i�a�,� �1�9�8�8�.� 

�C�A�C�I� �P�r�o�d�u�c�t�s� �C�o�m�p�a�n�y�,� �S�I�M�G�R�A�P�H�I�C�S� �U�s�e�r ��s� �G�u�i�d�e� �a�n�d� �C�a�s�e�b�o�o�k�,� �C�A�C�I� 
�P�r�o�d�u�c�t�s� �C�o�m�p�a�n�y�,� �L�a� �J�o�l�l�a�,� �C�a�l�i�f�o�r�n�i�a�,� �1�9�9�0�.� 

�F�e�d�e�r�a�l� �A�v�i�a�t�i�o�n� �A�d�m�i�n�i�s�t�r�a�t�i�o�n�,� �F�A�A� �A�v�i�a�t�i�o�n� �F�o�r�e�c�a�s�t�s� �F�i�s�c�a�l� �Y�e�a�r�s� �1�9�9�0�-�2�0�0�1�,� 
�F�A�A�-�A�P�O�-�9�0�-�1�,� �W�a�s�h�i�n�g�t�o�n�,� �D�.�C�.�,� �M�a�r�c�h� �1�9�9�0�.� 

�F�e�d�e�r�a�l� �A�v�i�a�t�i�o�n� �A�d�m�i�n�i�s�t�r�a�t�i�o�n�,� �A�i�r�p�o�r�t� �C�a�p�a�c�i�t�y� �E�n�h�a�n�c�e�m�e�n�t�s� �P�l�a�n�,� �D�O�T�/�F�A�A�/�C�P� 
�8�8�-�4�,� �W�a�s�h�i�n�g�t�o�n�,� �D�.�C�.�,� �A�p�r�i�l� �1�9�8�8�.� 

�F�e�d�e�r�a�l� �A�v�i�a�t�i�o�n� �A�d�m�i�n�i�s�t�r�a�t�i�o�n�,� �A�i�r�p�o�r�t� �C�a�p�a�c�i�t�y� �a�n�d� �D�e�l�a�y�,� �A�d�v�i�s�o�r�y� �C�i�r�c�u�l�a�r� �A�C� 
�1�5�0�/�5�0�6�0�-�5�,� �S�e�p�t�e�m�b�e�r� �1�9�8�3�.� 

�H�a�r�r�i�s�,� �R�.�M�.�,� �"�M�o�d�e�l�s� �f�o�r� �R�u�n�w�a�y� �C�a�p�a�c�i�t�y� �A�n�a�l�y�s�i�s�,�"� �M�I�T�R�E� �T�e�c�h�n�i�c�a�l� �R�e�p�o�r�t� �N�o�.� 
�4�1�0�2�,� �T�h�e� �M�I�T�R�E� �C�o�r�p�o�r�a�t�i�o�n�,� �W�a�s�h�i�n�g�t�o�n� �O�p�e�r�a�t�i�o�n�s�,� �D�e�c�e�m�b�e�r� �1�9�7�2�.� 

�H�e�n�r�i�k�s�e�n�,� �J�.�O�.� �a�n�d� �C�r�a�i�n�,� �R�.�C�.�,� �T�h�e� �G�A�S�P�/�H� �U�s�e�r ��s� �M�a�n�u�a�l�,� �S�e�c�o�n�d� �E�d�i�t�i�o�n�,� 
�W�o�l�v�e�r�i�n�e� �S�o�f�t�w�a�r�e�,� �A�n�n�a�n�d�a�l�e�,� �V�i�r�g�i�n�i�a�,� �1�9�8�3�.� 

�H�o�r�o�n�j�e�f�f�,� �R�.� �a�n�d� �M�c�k�e�l�v�e�y�,� �F�.�X�.�,� �P�l�a�n�n�i�n�g� �a�n�d� �D�e�s�i�g�n� �o�f� �A�i�r�p�o�r�t�s�,� �T�h�i�r�d� �E�d�i�t�i�o�n�,� 
�M�c�G�r�a�w�-�H�i�l�l� �B�o�o�k� �C�o�m�p�a�n�y�,� �N�e�w� �Y�o�r�k�,� �1�9�8�3�.� 

�N�i�c�o�l�a�i�,� �L�.�M�.� �F�u�n�d�a�m�e�n�t�a�l�s� �o�f� �A�i�r�p�o�r�t� �D�e�s�i�g�n�,� �M�E�T�S�,� �I�n�c�.�,� �S�a�n� �J�o�s�e�,� �C�a�l�i�f�o�r�n�i�a�,� 
�1�9�7�5�.� 

�P�r�i�t�s�k�e�r�,� �A�.�A�.�B�.�,� �I�n�t�r�o�d�u�c�t�i�o�n� �t�o� �S�i�m�u�l�a�t�i�o�n� �a�n�d� �S�L�A�M� �I�I�,� �A� �H�a�l�s�t�e�d� �P�r�e�s�s� �B�o�o�k�,� 
�J�o�h�n� �W�i�l�e�y� �&� �S�o�n�s�,� �T�h�i�r�d� �E�d�i�t�i�o�n�,� �1�9�8�6�.� 

�P�r�i�t�s�k�e�r�,� �A�.�A�.�B�.�,� �T�h�e� �G�A�S�P� �I�V� �S�i�m�u�l�a�t�i�o�n� �L�a�n�q�u�a�g�e�,� �J�o�h�n� �W�i�l�e�y� �&� �S�o�n�s�,� �1�9�7�4�.� 

�P�u�g�h�,� �A�.�L�.�,� �I�l�l�,� �D�Y�N�A�M�O� �I�l� �U�s�e�r�'�s� �M�a�n�u�a�l�,� �M�.�I�.�T�.� �P�r�e�s�s�,� �1�9�7�0�.� 

�R�o�s�k�a�m�,� �J�.�,� �A�i�r�p�l�a�n�e� �D�e�s�i�g�n� �P�a�r�t� �1�,� �R�o�s�k�a�m� �A�v�i�a�t�i�o�n� �a�n�d� �E�n�g�i�n�e�e�r�i�n�g� �C�o�r�p�o�r�a�t�i�o�n� 
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�A�p�p�e�n�d�i�x� �A�.� �R�U�N�S�I�M� �S�o�u�r�c�e� �C�o�d�e� 

�p�r�e�a�m�b�l�e� 

 ��P�r�o�g�r�a�m� �N�a�m�e�:� �R�u�n�w�a�y� �S�i�m�u�l�a�t�i�o�n� �P�r�o�g�r�a�m� 
�"�F�i�l�e� �N�a�m�e�:� �H�i�g�h�2� 
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�"�D�e�s�c�r�i�p�t�i�o�n�:� �T�h�i�s� �p�r�o�g�r�a�m� �s�i�m�u�l�a�t�e�s� �a�i�r�p�o�r�t� �r�u�n�w�a�y� �o�p�e�r�a�t�i�o�n�s� �w�h�i�c�h� �i�n�c�l�u�d�e�s� 
�"� �l�a�n�d�i�n�g�s� �f�r�o�m� �s�t�a�c�k� �a�t� �t�h�e� �b�e�g�i�n�n�i�n�g� �o�f� �t�h�e� �f�i�n�a�l� �a�p�p�r�o�a�c�h� �t�i�l� 
�"� �t�h�e� �a�i�r�c�r�a�f�t� �e�x�i�t�s� �t�h�e� �t�u�r�n�o�f�f�s�.� �T�a�k�e�o�f�f�s� �a�r�e� �t�i�l�l� �t�h�e� �a�i�r�c�r�a�f�t� 
�"� �c�l�e�a�r�s� �t�h�e� �r�u�n�w�a�y� �e�n�d�.� 
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�a� �N�A�M�E�,�  ��N�a�m�e� �o�f� �t�h�e� �a�i�r�c�r�a�f�t� 

�a� �V�.�A�P�P�,�  �� �V�e�l�o�c�i�t�y� �o�f� �a�p�p�r�o�a�c�h� 

�a� �T�Y�P�E�,�  �� �C�l�a�s�s�i�f�i�c�a�t�i�o�n� �o�f� �a�i�r�c�r�a�f�t� �b�y� �w�e�i�g�h�t� 

�a� �A�P�P�.�O�C�C�.�T�I�M�E�,� �"� �T�i�m�e� �t�o� �t�r�a�v�e�l� �t�h�e� �f�i�n�a�l� �a�p�p�r�o�a�c�h� 

�a� �R�W�Y�.�O�C�C�.�T�I�M�E�,� �*� �R�u�n�w�a�y� �O�c�c�u�p�a�n�c�y� �T�i�m�e� 

�a� �T�A�K�E�O�F�F�.�T�I�M�E�,� �"� �T�a�k�e�o�f�f� �t�i�m�e� �i�.�e�.� �t�o� �c�l�e�a�r� �t�h�e� �r�u�n�w�a�y� 

�a� �O�P�E�R�A�T�I�O�N� �"� �t�o� �k�n�o�w� �i�f� �i�t� �i�s� �l�a�n�d�i�n�g� �o�r� �d�e�p�a�r�t�u�r�e� 
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�d�e�f�i�n�e� �T�Y�P�E�,� 
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�E�X�I�T�.�S�P�E�E�D�,� 
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�A�R�R�.�A�C�F�T�.�M�A�L�W�,� 

�A�R�R�.�A�C�F�T�.�O�E�W�,� 
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�D�E�P�.�A�C�F�T�.�N�A�M�E� �a�s� �t�e�x�t� �1�-�d�i�m�e�n�s�i�o�n�a�l� �a�r�r�a�y�s� 

�d�e�f�i�n�e� �E�X�I�T�.�A�S�S�I�G�N� �a�s� �2�-�d�i�m�e�n�s�i�o�n�a�l� �i�n�t�e�g�e�r� �a�r�r�a�y� 
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�C�O�U�N�T�.�T�.�O�F�F�,� 

�N�O�.�E�X�I�T�S�,� 

�R�W�Y�.�W�I�D�T�H�,� 

�R�U�N�.�N�O�,� 

�O�C�C�U�P�A�N�T�.�O�P�E�R�A�T�I�O�N� �a�s� �i�n�t�e�g�e�r� �v�a�r�i�a�b�l�e�s� 

�d�e�f�i�n�e� �A�R�R�.�D�I�S�T�,� 

�A�R�R�.�D�I�S�T�.�M�E�A�N�,� 

�A�R�R�.�D�I�S�T�.�S�T�D�,� 

�D�E�P�.�D�I�S�T�,� 

�D�E�P�.�D�I�S�T�.�M�E�A�N�,� 

�D�E�P�.�D�I�S�T�.�S�T�D�,� 

�I�N�T�A�R�R�.�B�U�F�F�,� 

�I�N�T�D�E�P�.�B�U�F�F�,� 

�I�N�T�D�E�P�.�A�R�R�.�B�U�F�F�,� 

�A�I�R�.�E�L�E�V�,� 

�A�I�R�.� �T�E�M�P�,� 

�R�W�Y�.�L�T�H�,� 

�W�A�I�T�.�T�I�M�E�.�R�A�M�P�,� 

�W�A�I�T�.�T�I�M�E�.�S�T�A�C�K�,� 

�E�N�D�.�L�A�N�D�.�S�I�M�,� 

�E�N�D�.�D�E�P�.�S�I�M� �a�s� �r�e�a�l� �v�a�r�i�a�b�l�e�s� 

�d�e�f�i�n�e� �A�P�P�.�F�I�L�E�.�N�A�M�E� �a�s� �a� �t�e�x�t� �v�a�r�i�a�b�l�e� 

 �� �T�I�T�L�E� �A�N�I�M�A�T�I�O�N� 

�N�o�r�m�a�l�l�y� �m�o�d�e� �i�s� �i�n�t�e�g�e�r� 

�T�e�m�p�o�r�a�r�y� �e�n�t�i�t�i�e�s� �i�n�c�l�u�d�e� 
�M�A�P� 

�G�r�a�p�h�i�c� �e�n�t�i�t�i�e�s� �i�n�c�l�u�d�e� 
�M�A�P� 

�p�r�o�c�e�s�s�e�s� �i�n�c�l�u�d�e� 
�A�C�F�T�F�I�G� 

�d�y�n�a�m�i�c� �g�r�a�p�h�i�c� �e�n�t�i�t�i�e�s� �i�n�c�l�u�d�e� 
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�D�e�f�i�n�e� �.�.�D�I�S�P�L�A�Y�.�V�I�E�W�.�P�O�R�T� �t�o� �m�e�a�n� �2� 

 �� �T�I�T�L�E� �A�N�I�M�A�T�I�O�N� �D�E�C�L�E�R�A�T�I�O�N�S� �E�N�D� 

�d�e�f�i�n�e� �m�i�n�u�t�e�s� �t�o� �m�e�a�n� �u�n�i�t�s� 

�d�e�f�i�n�e� �m�i�n�u�t�e� �t�o� �m�e�a�n� �u�n�i�t�s� 
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