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 
Abstract: Successfully executing takeoff of an aircraft as per 

the scheduled time is mainly depends on how effectively various 
queues of different security systems in the airport is managed. 
Recently, due to the globalization, air traffic is increasing 
exponentially. Number of passengers handled by airport 
authorities in various queues with minimum waiting time of the 
passenger in queues is need of the hour. Queuing theory concepts 
and the mathematical models already developed are used to 
optimize largely in airports.  However the congestion in the 
airports is ever increasing and need computation to arrive at quick 
decision to handle such situations with minimum cost while not 
compromising the passengers comfort level. In a typical airport, 
starting from the entry gate to exit gate, passengers need to 
experience various types of queues. However the queuing system 
which is selected for boarding in a aircraft is most critical and 
aircraft operator need to address the queue properly, to takeoff  
the aircraft at right time. In this work boarding time is predicted 
using simulation method and is compared with that of 
mathematical methods. The simulated results are in good 
agreement with that of analytical result.    

Keywords : M/M/C/k queues, finite capacity, single and multi 
server queuing system.  

I. INTRODUCTION 

Queue is very common word now and is experienced in 
almost all the systems and many times it is pervasive. If it is 
crowded or there is congestion it means there is a kind of 
queue exists. Congestion occurs when entities need to be 
served queue up and is waiting for their turn. Not only people 
wait for service, in many situations machine, materials and 
recently data needed to wait at certain time to receive service. 
Queuing is considered as a system and the purpose of the 
queuing system is to transfer people, machine, Material and 
information. Queue is witnessed many places like hospitals, 
restaurant, bank, supermarket, tollgates, train station, 
shipyard, airport, call centre, container yard and computer 
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data. Productivity of any system hinder by queues. Greatest 
source of inefficiency in production is unattended queues. 
Queues creates stress and unwanted situation sometimes goes 
out of control. Organizations scientifically managing the 
queues are removing congestion with modern computational 
tools and experiencing reduction of queuing. It means  
resulting in improved efficiency and significant reduction in  

operation cost, yielding better profitability. Queuing 
system consist of customer, servers and the facilities to 
queue.  
Queues can be classified based on the definition of queuing 
system keeping in view the purpose and nature of the queues 
between customers and servers.  

 

Fig. 1. Schematic of a Bulk Queue 

 

Fig. 2. Example of a Bulk Queue 

Queues are categorized in two types based on existence 
of waiting line. Queues that do not maintain waiting line is 
classified as bulk queues, which requires minimum space 
and do not follow any queue discipline. Fig.1 shows the 
schematic of such a bulk queue and the example of such 
queue is shown in Fig.2 at the entrance of a train. The 
properties of bulk queues are randomness, disorganized in 
nature, creates frustration need muscle power to progress 
in the queue, 
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 result to stampede often and may life threatening. But 
waiting line queues are more disciplined and controllable. 
The Fig.3 shows the schematic of waiting line queues.  

In this queue customers must queue  up in the 
 waiting line and wait till their turn to be served. The 
customers usually arrive at random with certain time 
distribution, depends on the need of the service and prior 
knowledge about the property of the service queues. The 
customers arrive with certain discipline, few cases expects 
certain prioritization, but mostly first come first serve 
(FIFO). Servers may be serial or parallel, serve infinite or 
finite customers and single or multiple. 

 

 

Fig. 3. Example of waiting line queues 

II. CLASSIFICATION OF QUEUES 

The objective of Queuing theory or queuing models is to 
how with minimum resources entities arriving for service 
with randomness are served. Queuing models estimates 
waiting time based on certain assumption. Though the 
customers arrive at random and is transient, it is assumed 
of steady state. Fig.4 shows the actual transient state and of 
assumed steady state conditions of queues in terms of 
Measurement Of Effectiveness (MOE) verses time. Not 
only customers arrive with randomness, service also 
experience randomness due to various real time situations 
and constraints.   Fig.5 shows comparison of cumulative 
service distribution chart of assumed and actual. Service 
distribution mostly follows poisson process and called 
Markovian otherwise deterministic[1-3]. 

 

 
Fig. 4. Transient and Steady state property of queue. 

 
Fig. 5. Trend of service time distribution  

III. M/M/1/∞ QUEUES  

D G Kendall(1952) [4-5]classified queues with notation 
of  a/b/c/d/e. The simplest form of  queues is M/M/1. The 
first letter indicates distribution of arrival process, in this 
case Poisson process means arrivals by Poisson 
distribution and service by exponential distribution is 
second letter and both are Markovian hence ‘M’. If it is ‘E’ 

Erlang distribution, ‘D’ Deterministic or constant 

distribution and ‘G’ General probability distribution with 

known mean and variance. Fig.6 shows schematic of 
single server infinite capacity single and Disney queues. 
The third letter denotes number of servers in this case  ‘1’ 

represents single server and capacity is infinity which is  
fourth letter of mnemonic representation. 

 
 

 
Fig. 6. Schematic of single queues and disney queue 

IV. M/M/C/∞ QUEUES 

When traffic density is more and customer waiting time 
becomes larger it is advisable to go for multi server system 
in order to optimize waiting cost. Multi server queues 
increases cost of the services and to decide number of 
servers optimization of the system to be done. Fig.7 shows 
trend graph of the multi server optimization using 
graphical method. From the graph it is clear that the 
waiting cost is maximum, with that of minimum number of 
servers and then there is no change in the cost after 
optimization of number of servers. But the service cost 
increases against the number of servers increases[6-10]. 
Total cost of the system is minimum at optimum number of 
servers and at acceptable waiting cost as shown in the 
graph. Based on which the number of servers could be 
based upon. 

 
Fig. 7. Graphical method to optimize queuing problem 
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Fig. 8. Schematic of multi server queues 

V. M/M/C/K QUEUES ANALYSIS 

The previous queuing model discussed is assumed of 
infinite capacity, however no queue can be infinite capacity 
practically and is of specific capacity (k). Such queues are 
experienced in many systems and a real time approach is 
required to model the queues. Aircraft passengers boarding 
is following this type of queue. In this model the number of 
service channels is ‘C’ and the maximum capacity of the 
system is limited to ‘k’. Behavior and performance of the 
queue could be predicted mathematically using equations 
given below [1 – 10]. 
 
Probability that the system is idle   
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Probability that the system has ‘n’ passengers   
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Traffic intensity 
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Average number of passengers in the queue 
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Average number of passengers in the system 
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Average waiting time of customer in the system 
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Average waiting time of customer in the queue 
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Effective arrival rate 
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This model is mathematically solved and is simulated  by 
keeping the input values as lambda, µ, number of  servers and 
capacity of the system and the values of (1)- (9) simulated. 

VI. AIRCRAFT PASSENGER BOARDING QUEUE  

Typical aircraft passengers queue numbers depends on the 
aircraft model varies like 70,180,300, and 350. The queues 
formed in this system is depends on the number of passengers 
booked tickets and maximum capacity of the queue depends 
on the aircraft model. Fig.9 shows the seating capacity of an 
aircraft. 
 

 
Fig. 9. Schematic of aircraft seating capacity 

 The time available for the aircraft to board the 
passengers is depends on the number of aircrafts served by 
the airport. In a busy airport, this is very critical and flight 
operator is to decide to provide single queue or multiqueu 
service line[11-14] . However resources available in such 
situations is to be anlaysed to take decision on operations. 
Fig.10 shows the actual picture of passengers boarding in the 
aircraft. Considering single queue and multiqueues number 
of customers wiating , waiting time, boarding time simulated. 

 
Fig. 10. Boarding queus discipline multiserver 

VII. RESULT AND DISCUSSION 

The boarding queues involving in passenger aircraft is 
modeled using analytical method by means of the 
equations presented here (1) - (9). Mathematically 
calculating the behavior of the queue is quite tedious 
manually. The calculation become complex for large 
number of passengers in the queue and predicting waiting 
time involved in the queue as well as in the system. 
Minimum time required to takeoff the flight could be 
arrived for single and multiple queue system using 
mathematical analysis. Such calculated data is presented in  
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Table- I: Results of Mathematical Modeling 

S.No. 
Number of 

Servers 
‘C’ 

Queue 
Capacity 

‘k’ 

Arrival 
Rate  

Service 
Rate 

Ls Lq Ws Wq ρ 

1 1 180 5.0 5.0 90.0 89.0 18.1 17.9 1.0 

2 1 180 5.0 5.3 16.7 15.7 3.3 3.1 0.9 

3 1 180 5.0 5.9 5.6 4.7 1.1 0.9 0.8 

 4 1 180 6.3 7.4 5.7 4.9 0.9 0.8 0.9 

5 2 180 5.0 5.0 2.0 0.3 0.4 0.2 0.5 

6 2 180 5.0 5.6 1.9 0.2 0.4 0.2 0.4 

7 2 180 9.9 11.0 1.9 0.2 0.2 0.1 0.5 

8 1 300 5.0 5.0 149.8 148.8 30.1 29.9 1.0 

9 1 300 5.0 5.3 16.7 15.7 3.3 3.1 0.9 

10 1 300 5.0 5.9 5.6 4.7 1.1 0.9 0.8 

11 1 300 6.3 7.4 5.7 4.9 0.9 0.8 0.9 

12 2 300 5.0 5.0 2.0 0.3 0.4 0.2 0.5 

13 2 300 5.0 5.6 1.9 0.2 0.4 0.2 0.4 

14 2 300 8.6 9.7 1.9 0.2 0.2 0.1 0.4 

 
the Table: I It is observed that the traffic density and number 
of server play vital role along with service properties. It is 

 
Fig. 11. Simulation of boarding queue 

observed that the service quality is increased with higher 
server numbers significantly. However the number of 
passenger increase with the same service and traffic intensity 
condition not affected the service quality. At any point of 
time the number passengers waiting for the service is 
compared with that of analytical method it observed that the 
values are exactly matching Fig.11. The calculated values of 
length of queues and waiting time are compared with that of 
simulated values and difference is negligible. Fig.12 shows 
Probability of customer waiting in the queue is compared 
with that of simulated values and the results are well within 
the limits. Although assumption made to calculate the 
waiting time and service time based on steady state 
assumptions the simulated values are in good agreement. 
 
 
 
 
 
 
 

 

 
 

Fig. 12. Comparision of Simulated queue  results  

VIII. CONCLUSION 

Simulation of queuing models using mathematical model 
available is developed and the results of simulation model 
and mathematical models converge very well with that of 
mathematical calculations. Using this simulation if boarding 
time permitted based on the runway free time available, 
service facility to be deployed can be calculated. This 
ensures minimum use of airport facility time which 
ultimately increases productivity, result to profitability of 
the aircraft operations. 

REFERENCES 

1. D.J.Daley, “ The Correlation Structure of the Output Process of Some 
Single Server Queueing Systems ”, The Annals of Mathematical 
Statistics, vol. 3,1968, pp.1007-1019. 

2. J.Abate, W.Whitt, “ Transient behavior of the M/M/l queue: Starting at 
the origin ”, Queueing Systems , vol 2, 1987  pp. 41-65. 

 
 
 
 
 

2 

2 

2 
2 

3 

0 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0 
6 

Tr
af

fi
c 

In
te

n
si

ty
 

Probability of Customers waiting 

0.5-0.6 

0.4-0.5 

0.3-0.4 

0.2-0.3 

0.1-0.2 

0-0.1 

0 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0 5 10 

Tr
af

fi
c 

In
te

n
si

ty
 

Probability of Customers waiting in queue 



International Journal of Recent Technology and Engineering (IJRTE)  
ISSN: 2277-3878 (Online), Volume-8 Issue-4, November 2019 

5867 

 

Published By: 
Blue Eyes Intelligence Engineering 
& Sciences Publication  

Retrieval Number: D8743118419/2019©BEIESP 
DOI:10.35940/ijrte.D8743.118419 
Journal Website: www.ijrte.org 
 

3. Teknomo, K. “Queuing Rule of Thumb based on M/M/s Queuing 
Theory with Applications in Construction Management”, Civil 
Engineering Dimension Vol 14 (3) Dec 2012, p. 139-146. 

4. E Brockmeyer, H L Halstrom, A Jensen, “ The life and works of AK 
Erlang ”, Trans. Danish Acad. Tech. Sci.(2) (1948). 

5. D.G.Kendall, “ Some Problems in theory of queues ”,  Journal of the 
Royal Statistical Society , vol. 13, 1951, pp. 151-157 and 184-185. 

6. L.Flatto, “ The waiting time distribution for the random order service 
M/M/1 queue ”, The Annals of Applied Probability, vol.7, 1997, 
pp.382-409. 

7. R.Kannapiran Palvannan,  Kiok Liang Teow, “Queueing  for Health 
care”, Journal of Medical Systems, vol. 36(2), 2012, 541-547. 

8. Oblakova, A., Al Hanbali, A., Boucherie, R.J., “An exact root-free 
method for the expected queue length for a class of discrete-time 
queueing systems”, Queueing System, vol. 92, 2019, pp. 257-292 

9. Talak, R., Manjunath, D. & Proutiere, A., “Strategic arrivals to queues 
offering priority service”, Queueing Syst., 92, 2019, pp.  103-130.  

10. Carr, F., A. Evans, J.P. Clarke, E. Feron., “Modeling and control of 
airport queueing dynamics under severe flow restrictions”. Proceedings 
of the American Control Conference. 

11. Clewlow, R. “A Prediction Model for Aircraft Surface Delays” Tech. 
rep., MIT, 2010.. 

12. Koopman, B.O., “Air-terminal queues under time-dependent 
conditions” Operations Research 20(6), 1972,1089–1114. 

13. Simaiakis, I., H. Balakrishnan, “Analysis and Control of Airport 
Departure Processes to Mitigate Congestion Impacts”, Transportation 
Research Record: Journal of the Transportation Research Board, 2010, 
22–30. 

14. Ball, M., C. Barnhart, G. Nemhauser, A. Odoni, C. Barnhart, G. 
“Laporte.. Air transportation: Irregular operations and control”, 
Handbooks in Operations Research and Management Science, 14(1), 
2007, 1–67. 

AUTHORS PROFILE 

Sivakami Sundari M, Department of BSH, GIET 
University, Gunupur, India has 17 years of teaching 
and research experience has published articles in 
international journals and conferences. 
 
 
 

 
Dr. S. Palaniammal Principal and Professor 
Department of  Mathematics, Sri Krisha Adithya 
College of Arts and Science, Coimbatore, India has 
32 years of rich teaching and research experience. 
She has published 167 papers in International and 
National journals/conferences and also visited 
countries like Dubai, Malaysia, Singapore, Saudi 
Arabia and Thailand. She authored 8 books to her 

credit, Prentice Hall of India, New Delhi published two of her books titled 
Random Processes & Probability and Queuing Theory and the book titled 
Linear Algebra Calculus and its Applications was published by McGraw Hill 
Education (India) Pvt. Ltd, Chennai. 

https://www.openaccess.nl/en/open-publications
http://ced.petra.ac.id/index.php/civ/article/view/18524
http://ced.petra.ac.id/index.php/civ/article/view/18524

