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Abstract

Waiting for service is part of our daily life. Thetudy of queues determines the measures of
performance of a queuing situation. This informati® used to decide on an appropriate level oficefor
the facility may be offered. We consider in thisdst the simulation of a heavy traffic single runveasport.
We are interested to study the situation for twifeint cases: first, the service offered to thyplane that
reaches first (either landing or taking-off), thexend, the priority is given to the landing airgarrather to
takeoff airplanes. The later case is crucial, begaiis a matter of risk in waiting for a long @rfor landing.
However, the taking-off airplanes will not get p&sion to takeoff unless there is no airplane geaBition
to landing. Our objective is to provide decisionkera with comparative information that may be dphe
take an appropriate action to determine a suitséxeice level for the airport. The airport aimséduce the
waiting time for the landing airplanes beside kegphe takeoff airplanes waiting for a reasonaibhe.t

I ntroduction

The waiting phenomenon is not an investigate. The model consists of a set of egusitio
experience limited to human beings only. Jobs waitand/or transformation rules for the processes by
to process on a machine, planes circle in a stackvhich the variables in the system change over time.
before given permission to land at an airport andThe model is then translated into computer code,
cars stop at traffic lights... The study of queuesand the resulting program is run on the computer
determines the measures performance of a queuinfpr multiple time periods to produce the outcomes
situation, including the average waiting time and of interest, see [6] and [7]
the average queue length, among others statisticaDur study focuses on two different disciplines. The
measurements. This information is then used tofirst one is First-In-First-Out (FIFO). This means
decide on an appropriate level of service for thethe first airplane arrives to server, control space
facility. The result of queuing analysis may beduse station, asks for permission to land or to takeoff.
in the context of a cost optimization model, for This airplane gets the required permission
details see [3], [4] and [9]. regardless of whether it wants to land or takeoff.
Simulation is the best thing to observing a real The next airplane should wait in a queue as long as
system in operation. It allows us to collect pamtin  the server is still busy with the previous one. c®n
information about the behavior of the system bythe server becomes free the permission is given to
executing a computerized model. We are interestedhe next airplane and so on until all airplanes are
in implementing this technique as a solving served. The second discipline gives a priority to
problem technique to imitate the behavior of the landing request rather than the takeoff requese Th
airplanes that require to land or takeoff. Estiovati takeoff airplane will not get permission to be serv
of simulation output is based on random sampling.as long as there is an airplane asking for landing.
This means that the output of simulation is subjectSo, those airplanes should wait in a queue when the
to random variations, and thus, should be examinederver is busy. When the landing queue is empty,
using statistical test. then the permission to serve is given to airplanes
A computer simulation begins with a model of the that wait in the takeoff queue. We present some
behavior of some system the researcher wishes toesults of this study using plots charts and giedis
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measurement tables. The most interesting charts arevent that occurs in a total simulation period. The
the number of airplanes waiting in landing queue statistical relationships that is given in the aogni
and takeoff queue for both disciplines, beside asection is “performance measurements”.
comparison charts for number of airplanes in each

Simulation of an Airport

Let us consider a small but busy airporthwi are no planes waiting to land, i.e., the landingugu
only one runway. In each unit of time one plane canis empty, see [2] and [8].
land or one plane can takeoff, but not both. Planes A key step in our simulation is to decide, atle
arrive ready to land or to takeoff at random times, unit time, how many new planes become ready to
SO at any given unit of time, the runway may be idl land or takeoff. There are many ways, through
or a plane may be landing or taking-off, and therewhich these decisions can be made. One of the
may be several planes waiting either to land ormost interesting and useful onesis to make a
takeoff. We, therefore, need two queues, which werandom decision. In this study, we generate non-
shall call landing and takeoff, to hold these uniform random varieties using an exponential
airplanes. Because of a risk matter, it is befber t distribution. Different parameters of a random
keep a plane waiting on the ground than in the air,variety have been examined, for details see [1], [5
so a small airport allows a plane to takeoff ifrhe and [9].

The Exponential Digtribution

Many simulation problems require the use of Since F(x) is uniformly distributed, therefore we
the exponential distribution. This is especiallyetr can write
of problems that involve a sequence of arrivals and  x=-(14) tcnU ... (5)
departures. Suppose that x represents time. Th&here x is the desired exponentially distributed
probability of a random event occurring between random variety, and U is a uniformly distributed
times x and (x +Ax) is aAx, wherea is a known (0, 1) random number. Now suppose that x is
positive constant. The probability that the eventrequired to be greater than or equal to some

will not occur within this time interval is (1aAx). specified positive valuegxthat is, ( 0 < < x). So,

The cumulative distribution function is determine equation (5) must be modified to read

as Xx=%-(lb) enU ... (6)
Fx)=21-&>* .. Q) Also, the relationship betweenand xis

Where the probability density function is: a=1/@ -%) e (7)
fx)=ae™ . 2) for more details see, [1], [3] and [9].

The meany, for the exponential distribution is
w=a) 3

By solving equation (1) for x, we get
X=-(16) n[1-FX)] ...... 4

M echanics of Discrete Simulation

All discrete simulation models representto landing airplanes is uniformly distributed
gueuing situations with two basic events: arrivals between 3 and 25 minutes, and for a taking-off are
and departures. These events define the instants & and 50 minutes. The inter-arrival time of landing
which changes in the system’s statistics can occurairplanes and takeoff airplanes is exponentially
This section details how typical statistics are distributed with the mean of 12 minutes and 20
collected in a simulation model. minutes, respectively. Table (1) demonstrates all
Let us assume that the simulation is run for 20the possibilities of the simulation model logic.€Th
airplanes, 10 of them will be landing and another queue length and the facility utilization are known
10 taking-off. The airplanes are served on a Hirst- as the time-based variable, because their variation
First-Out (FIFO) basis. The first approach does notis a function of time. No limitation on the number
distinguish between the landing and taking-off of airplane waiting for service should be
airplanes. In the second approach the prior serviceeonsidered.
is given to the landing airplanes rather than the
taking-off airplanes. Suppose that the service time
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M easur es Performance o _ _ .
The objective is to develop a simulation nhode situation in term of the following statistics
that can be used to analyze the single runway relationships, see [1].

. Average Utilization = 0 (XCPEMYice Himen

Length of Simulation

«  Average Service Time per Airplane =0 DX 58v¢e fime
No. of Airplanes Served

. Average Waiting Time per Airplane =0 C-(Maiting Fimeg
No. of Airplane served

«  Average Content of Waiting Time =0 (P otal Waitingjrime
Length of Simulation

. Percentage of Time Runway (Server) is idle =1 0% [ot@l tdg fime
Length of Simulation

» Average number of Airplanes in queue Lq ﬂzlj'ﬁt‘ ,
m is a Number of Customer in queue of intervalltis the total simulation time.

* Average number of Airplanes in System Ls £] DZ@ 6 ,

nis a Number of Customer in system of interyal t

Results and Discussion

In order to illustrate the manner in which The statistical performance for the simulation gtud
the calculations are carried out, let us implementis given in table 3. We compare the results fohbot
equations 6 and 7. The landing airplanesapproaches mentioned previously for landing and
exponentially arrive with a meam = 12 minutes, taking-off services. We found out the average
and landing (service) times with a meanuof 8 utilization of the airport, the average servicedim
minutes, and a standard deviation @£X2 minutes. the average waiting time per airplanes, the
The taking-off airplanes exponentially arrive wih  percentage that the server is idle, and the average
meanu = 20, service time@ = 10, and deviationgx  number of airplanes in queue and system. The
= 5. Table 1 shows a few random events of thestatistical result shows the landing waiting tinmel a
landing and taking-off airplanes with the given the number of landing airplanes will be remedied
parameters. when the priority is given to the landing airplanes
Table 2 shows a detailed history of the first few Figures 1 to 4 shows the number of airplanes in a
simulated events for the second approach, wheranding queue and a taking-off queue for both
landing airplanes have priority to the taking-off approaches at each occurrence events through all
airplanes. The calculations were carried out usingthe simulation session, respectively. Figure 1,
the next-event model previously described. shows the number of airplanes in both queues
Columns titled Landing-Airplanes include the (landing and taking-off) are almost the same. But
Begin-Time, Finished-Time, Waiting-Time, and figures 3 and 4 shows a significant reduction i th
Idle-Time. Columns titled Taking-off include the number of airplanes in the landing queue relative t
Begin-Time, Finished-Time, Waiting-Time, and the taking-off queue.
Idle-Time. Waiting-Time column indicates the Figures 5 and 6 show the number of airplanes in the
amount of time for which a landing airplane should landing queue and the taking-off queue for both
waits before the landing occurs. Finally, the approaches, respectively. Again the comparison is
columns labeled Idle-Time indicate the status of quite clear and agrees with previous results.
landing airplane whether they are busy or idle.
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Landing: (Arrival xo = 10, p =30, Service Time x, = 8, p = 15)

Table 1, Landing and Takeoff Data

Takeoff: (Arrival Xo =10, p =35, Service Timexo = 5, p = 10)

L anding Taking-off
No. | Arrive | Service | Arrive | Service
Time | Time Time | Time

0 27.1 14.4 42.8 16.5
1 39.2 14.4 55.4 13.0
2 53.7 19.3 68.0 8.5
3 71.6 129 108.1 | 165
4 94.7 24.1 1482 | 11.0
5 | 1186 | 19.3 2158 | 165
6 | 1388 | 241 2314 6.8
7 | 1810 | 164 281.6 6.8
8 | 2232 | 241 2943 | 11.0
9 | 2376 | 129 306.9 6.1

Table 2, detailed history of thefirst few simulated events for the second approach
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L anding Airplanes Taking-off Airplanes

No. | Arrive | Service | Begin | Finished | Waiting | Idle | Arrive | Service | Begin | Finished | Waiting | Idle
Time Time Time | Time Time Time | Time Time Time | Time Time Time
0 27.1 14.4 271 | 415 0.0 271 | 428 16.5 75.2 | 917 325 42.8
1 39.2 14.4 415 | 56.0 2.3 00 | 554 13.0 1721 | 1851 116.7 0.0
2 53.7 19.3 56.0 | 75.2 23 0.0 | 680 8.5 201.6 | 2100 1335 0.0
3 77.6 12.9 91.7 | 104.6 14.2 2.3 | 1081 16.5 210.0 | 2265 1019 0.0
4 94.7 24.1 104.6 | 1287 9.9 0.0 | 1482 11.0 263.5 | 2745 1153 0.0
5 | 1186 19.3 128.7 | 148.0 10.1 0.0 | 2158 16.5 2745 | 2911 58.7 0.0
6 | 13838 24.1 148.0 | 1721 9.2 00 | 2314 6.8 2011 | 297.8 59.7 0.0
7 |1810 16.4 185.1 | 201.6 42 89 | 2816 6.8 297.8 | 304.6 16.2 0.0
8 | 2232 24.1 226.5 | 250.7 34 216 | 2943 11.0 04.6 | 3156 104 0.0
9 | 2376 12.9 250.7 | 2635 13.0 0.0 | 306.9 6.1 156 | 321.8 8.8 0.0
Table 3, The statistical measurementsfor both simulation approaches.
Without Priority With Priority
Landing | Takeoff | Landing | Takeoff
The Aver age Utilization: 56.5% 35.0% 56.5% 35.0%

The Average Service Time per Airplane: 18.2 11.3 18.2 11.3

Aver age Content of Waiting Time 30.2 294 6.9 65.4

The Average Waiting Time per Airplane 0.9 0.9 0.2 2.0

The Percentage the Server isldle 8.4 13.3 18.6 13.3

Aver age No. of Airplanes |n Queue 0.2 0.2 0.0 1.1

Average No. of Airplanes|n System 0.5 0.8 0.3 1.6
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Single Runway Airport without Priority

Single Runway Airport without Priority
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Figure 1, Number of Airplanesin Landing Queue Figure 2, Number of Airplanesin Taking-off Queue
for first approach. for the first approach.
Single Runway Airport with Priority Single Runway Airport with Priority
[=2] —
£ 8 5 8
o x
@
g s
£ g ° g
% T 4 % % 4
_8 o =
< 2 ML 02
u— o
o oA ; ; ; ; ‘ 2 o+
z 0 50 100 150 200 250 50 100 150 200 250
Event Time Event Time

Figure 3, Number of Airplanesin Landing Queue

for second appr oach.

Figure 4, Number of Airplanesin Taking-off Queue

for the second appr oach.

No. of Airplanes
o P N W M OO N ©

No. of Airplanes In Landing Queue

O without Priority
B With Priority

. alAIILL,

1 234567 8 910111213141516 171819 20

No. of Ev ents

No. of Airplanes

No. of Airplanes In Takingoff Queue

O R N W AU O N ©

allll

O without Priority
B with Priority

I

1 23456 7 8 910111213141516 171819 20

No. of Events

Figure5, Number of Airplanesin Landing Queue

for both approaches.
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