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Abstract

Airports are considered a civilized interface that reflects the economic strength of the country and its
development, and that Basra International Airport is the second largest airport in Iraq in terms of
area, and one of the most important services it provides is to reduce the waiting time at the boarding
pass stations and the security check station and passport stamping for foreign trips and to calculate
the airport’s ability to leave travelers from Basra airport. The simulation was used to find out the
ability of Basra Airport to accommodate the number of passengers at peak times of the sequential
queuing networks model.
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1. Introduction

Airports play an important role in the modern economy, as it is considered the most important
means of transportation for goods and travelers in terms of safety and speed, as well as a civilized
interface that reflects the economic strength and development of countries, Basra airport seeks to
provide the best services to travelers and with the possibility of increasing the number of passengers
from Basra airport due to the increase in the Iraqi per capita income or the possibility of completing
the construction of the great port of Faw, which is reflected in the economic reality and the increase
in investments in Basra,[1] It is necessary to make plans in the event of an increase in the number of
passengers and to know the possibility of accommodating the airport for travelers and providing the
best services so as not to use alternative airports in case the airport falters or provides services less
than the neighboring airports. Two main stations are the station for cutting boarding passes and
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the station for security checks and passport stamping in the case of foreign trips [2], To calculate the
possibility of the airport for the departure of passengers from Basra airport, it was found through
the use of the simulation method that the possibility of Basra airport depends on four scenarios.
Between the first station and the second station, the second scenario, if there are 194 passengers,
the waiting time may reach an hour and thirty-four minutes, the majority of which is in the second
station. As for the third scenario, if the number of passengers is 193 passengers, the waiting time
will be 40 minutes, and this time is somewhat acceptable. The fourth scenario is If the number of
passengers is 192, the waiting time is 26 minutes, which is the best way to avoid delays between
domestic flights. The simulation method was used in the programming language R [3] to model
sequential queuing networks.

2. Network queues

It can include the most general designs of service centers for each of the services provided in succes-
sion, which is a group of service centers. Complex systems always include queuing networks. Queue
network models have diverse applications such as production line stations, assembly, maintenance
and repair operations, airport terminals, communication networks and computer sharing systems.
As the customer leaving a queue after completing the service may feed other queues. Individual
analysis of isolated queues will not give us a complete picture of the network dynamics [4]. Before
considering general network models, it examines systems that require the provision of services in a
number of successive stages. If the stations are sequentially or sequential, queues in series, queues
tandem, that is, when the customer finishes from the first service station, he must pass through the
next station and to the last station in the system. The system may allow or not allow waiting for
lines for the customer between successive stations. The queuing networks are divided into two main
parts [5]:

Open queuing networks:
They are queuing networks that customers access through an external source and then
pass through several nodes or stations to receive the service even if the service is received
more than once in the same node or station and then leave the network or system. It has
two parts:

Front-facing waiting line network.
back feed queuing network [6].

Closed waiting line network.
For the sake of simplicity, we think of a two-station system for the Markov queuing
network system only, and it is circulated to the most stations. The customer comes to
the service center, the first station, with a Poisson distribution at a rate, arriving at λ.
The customer receives the service in the first station in an exponential distribution at
a rate of µ1 and then moves to the next station and the customer receives the service,
which is also distributed in an exponential distribution at a rate of µ2

That is, the model for the first station and the second station is (M/M/1) and the probabilistic value
of the two stations is p(n1, n2, t).
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The equilibrium equations can be written as follows:

p
′
(n1, n2, t) = λp (n1 − 1, n2, t) + µ1p (n1 + 1, n2, t) + µ2p (n1, n2 + 1, t)− (λ+ µ1 + µ2) p (n1, n2, t) ,

n1, n2 ≥ 1 (2.1)

p
′
(n1, 0, t) = λp (n1 − 1, 0, t) + µ2p (n1, 1, t)− (λ+ µ1) p (n1, 0, t) , n1 ≥ 1 (2.2)

p
′
(0, n2, t) = µ1p (1, n2 − 1, t) + µ2p (0, n2 + 1, t) − (λ+ µ2) p (0, n2, t) , n1 ≥ 1 (2.3)

p
′
(0, 0, t) = −λp (0, 0, t) + µ2p (0, 1, t) (2.4)

The diagram in Figure 1 represents the transition state between the first station and the second
station.

Figure 1: The transition state between the first station and the second station

And the state of stability in each station:

ρ1 =
λ

µ1

< 1

ρ2 =
λ

µ2

< 1

p (n1, n2) = ρn1
1 ρn2

2 p(0, 0)

p(0, 0) = (1− ρ1)(1− ρ2)

p (n1, n2) = [(1− ρ1) ρ
n1
1 ][(1− ρ2)ρ

n2
2 ]

Scientific application

Through field work, passenger arrival data was collected, which depended on the timing of the
flights, and that the peak times in most cases start from 5 am to 10 pm, and the arrival of passengers
is distributed Poisson distribution at peak times and that the service time in the two stations is
distributed exponentially, so it was adopted Simulation method to reduce time and cost and ob-
tain approximate solutions to reality to know the airport’s ability to accommodate the number of
passengers departing from Basra Airport.
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The capacity of each station depends on the number of servers in the station in addition to the
average service time. Through field work, the service rate in the first station is 29,903 for each server,
which consists of 24 servers. Opening the server depends on the number of passengers, meaning up
to 50 passengers opens one server for the time of the trip. The second station has a service rate
of 24.333 and consists of 8 servers. Opening the servers also depends on the number of passengers.
Opens one server for up to 35 passengers for the time of the trip.
For each station to be stable, the service rate of the stations per hour must be less than the rate of
passenger arrivals.

ρA1 < 1, ρA2 < 1,

The possibility of stability in the first station is 717 passengers per hour, given that there are 24
servers in the first station (29.903). In the second station, it is at 194 per hour, given that there are 8
servers, and the service time is 24.333 in the second station. We conclude through the stability states
that the number of entrants to the system should not exceed the possibility of the second station,
and that station A2 will be the cause of suffocation if the number of passengers reaches 194 or more.
Through the use of the simulation method, we will use four scenarios. The first scenario is that the
number of passengers per hour is more than 194 The queues grow very large, and the waiting time
tends to infinity over time. The second scenario is that the number of passengers during peak hours
reaches 194. The third scenario is that the number of travelers reaches 193. The fourth scenario
is that the number of passengers reaches 192, so random numbers were generated to simulate the
reality of the arrival of travelers to the scenarios The second, third, and fourth, and the test for
independence of random numbers.
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H0 : Random numbers are independent of each other(Poisson distribution).
H1 :The generated numbers are not independent (not Poisson distribution).

Since the p-value is greater than 0.05, the random numbers are independent
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The results indicate that in the case of working to the maximum extent possible, it is expected that
there will be approximately 304 passengers in the system divided between the two stations. The first
station has about 7 people in the system, meaning there is no waiting problem, while in the second
station it is expected that there will be 297 passengers in the system, including 289 passengers in
the queue waiting for service, and their waiting in the system may take an hour and thirty-four
minutes, the majority of which are in the queue of the second station, which is close to An hour and
twenty-nine minutes.
While the third scenario, the number of people expected to be in the system is one hundred and
twenty-seven passengers, most of whom are in the second station queue, which is estimated at one
hundred and thirteen passengers, the waiting time in the network is approximately 40 minutes, most
of them are in the second station queue and approximately thirty-seven and a half minutes.
As for the fourth scenario, it shows through data analysis that the number of passengers in the waiting
queue network is approximately 84 passengers, most of whom are in the second station queue, which
is approximately 69 passengers, and the waiting time is approximately 26 minutes, most of which are
in the second station queue and approximately 24 minutes. Through the previous four scenarios, the
airport would be able to receive 194 passengers, but every flight is delayed, and this is what makes
most travelers resent the waiting queue and the waiting time.
While the fourth scenario is more realistic, because it is possible for all planes to take off without
delay, given that the minimum closing time for the first station for each external flight is 45 minutes,
while for domestic flights it is 30 minutes, and this is more than the waiting time in the network,
which is estimated at 26 minutes.
Figure 2 shows the waiting time in the first station of scenario 2,3,4 waiting time in the first station
system and the first station queue.



Simulation and analysis of queuing... 857

Figure 2: The cumulative distribution function of the system waiting time and queuing for the first station of scenarios
2, 3, 4

From Figure 2, scenarios 2,3,4 seem to be one graph that is highly consistent, that is, there is no
difference between scenarios 2,3,4, and the waiting time in the queue is very little.
Figure 3 shows the waiting time in the second station for scenarios 2,3,4, the waiting time in the
second station system and the queuing for the same station

Figure 3: Distribution of waiting time in the system for the second station of time for the three scenarios

From Figure 3, it seems that scenarios 2,3,4 show the big difference between them. In all cases,
there is a large waiting time in the queue, so that most of the time that the traveler takes is in the
queue.

3. Conclusion

(1) With additional passengers, more pressure comes on airports to improve passenger flow, ensur-
ing that customers are transported around the airport efficiently and queues are reduced. If
airports fail to effectively manage the flow of passengers in and out of their terminals, customers
will prefer competing airports, resulting in lower revenue and reputational damage.

(2) Networks of successive queues at airports are more general for service centers as the passenger
passes through several service stations in order to get on board the plane, and each station
contains multiple servers commensurate with the number of actual passengers, which reflects
positively on the quality of service provision and reducing waiting time
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(3) One of the difficulties many airports face when looking to improve passenger flow is accommo-
dating peak and quiet times.

(4) The use of the R language program gives a wide possibility in statistical analysis and production
of graphics

Recommendations

(1) In the case of studying queuing networks, it is recommended to use the simulation method to
reduce the time, cost and time, and to develop an appropriate plan for the expected problems
before they occur.

(2) Seriously dealing with problems that are expected to occur in the future and setting up an
appropriate mechanism to improve services for travelers to ensure their continuity of using the
airport itself and not to go to competing airports, which is reflected on the airport’s reputation
and capacity.

(3) The number of servers in the second station must be increased as a bottleneck, which will
improve the waiting time in the queue, which in turn reduces the pressure on the second
station.

(4) Through the simulation results, and in the event that the number of passengers has increased to
such an extent that the waiting time increases dramatically or the queue grows, the specialized
authorities must move to reduce the waiting time through the airport management, which is
coordinating the time of landing and take-off of aircraft according to the size of the capacity
of each aircraft and its distribution to each hours of the day.

(5) It is recommended to configure a prior security audit program, that is, the traveler informs
the security authorities of the date of his trip and his personal information through electronic
programs to facilitate the security audit so that it does not take time at the service station.

(6) The actual airport possibility in the absence of delays and the passengers’ boarding of the
plane is smooth, comfortable and without crowding. The time of closing the system in the
first station, which is thirty minutes for domestic flights and forty-five for external flights, must
be taken into consideration. In order not to affect internal flights in external flights when the
airport allows With 192 passengers per hour, we plan for peak times so that the waiting time
does not exceed thirty minutes.
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