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RESUM 

El procés és habitualment la primera etapa que els passatgers han de fer quan els passatgers 
arribe a l’aeroport, i per tant, és la primer a impressió que aquests s’emporten de la seva 
experiènceia de viatge. Desafortunadament, aquesta etapa és actualment molt ineficient i està 
clarament enfocada en satisfer les necessitats dels operadors  (aerolínies). Com a conseqüència, 
els recursos normalment es minimitzen i com a resultat, els passatgers han de fer llargues cues. 
Això està clarament lligat amb una reducció del nivell de servei que s’ofereix als passatgers. 

A més, la manera en que s’assignen els mostradors de facturació està lluny de ser òptima, i per 
tant, ni els passatgers, ni les aerolínies, ni l’autoritat aeroportuària treuen el major benefici de 
l’actual sistema de col·locació. El problema principalment rau de la manera utilitzada per a 
decidir quan i quins mostrados cal obrir. 

D’acord amb això, el principal objectiu d’aquesta tesina és doble. Per un costat l’objecte 
principal és millorar el nivell de servei cap als passatgers establint un equilibri entre tots els 
actors del sector. Per un altre costat, un altre objectiu important és proposar un algoritme 
d’assignació que ajudi en la col·locació de les operacions de vol en els diferents mostradors 
d’una manera racional i organitzada per a cadascún dels vols. 

En particular, el model assigna una quantitat inicial the mostradors que depen de la quantitat de 
gent que arriba en cada interval de temps i del número de persones que poden ser servides en 
cada moment. En base a aquesta assignació un model heurístic determina la solució que 
optimitza la funció objectiu. Aquesta funció els costos (observables i monetaritzats) que 
assumeixen tos els actors del procés de facturació. D’aquesta manera s’assoleix una perspectiva 
global del procés. 

La validesa d’aquest model ha estat rovada amb l’establiment de quatre escenaris que inclouen 
diferents procediments d’assignació i diferents estratègies de mercat des d’una perspectiva de 
gestió aeroportuària. Aquesta visió comercial s’assoleix mitjançant la inclusió dels beneficis 
provinents de les zones comercials de l’aeroport.  

El primer cas estudiat exemplifica una situació teòrica de com aquest tipus de model ajuden a 
determinar l’evoluació del número de recursos que són necessaris depenent de l’operativa de 
vols que ha de ser servida. En contra de l’esperat compartament lineal, algunes respostes no –
lineals han estat trobades durant l’assignació. Per tant, això vol dir que aquest procés presenta 
economies d’escala. 

En el segon cas és quan es posen a prova els escenaris. El model s’ha aplicat a la Terminal 3 de 
l’Aeroport de Malaga-Costa del Sol, i els resultats indiques que encara hi ha molt a fer en el 
proces de facturació d’equipatges en la direcció de la reducció de costos de tothom. Certament, 
els procediments suggerits en els escenaris tenen com a conseqüència una redució global dels 
costos i fins i tot de vegades comporten una reducció dels costos de tots el actors. Per exemple, 
una rebaixa de fins al 75% en un escenari de compartició total de recursos. 

Com a conclusió, podem mencionar que un increment de nivell de servei per als passatgers a 
l’area de facturació d’equipatges pot no significar un increment dels costos per les aerolínies, 
sinó que pot comportar una assignació més robusta dels recursos. 
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ABSTRACT 

The check-in process is usually the first step that passengers do when they reach the airport, and 
thus, is the first impression that passengers get from their travel experience. Unfortunately, this 
step is currently inefficient and is mainly oriented to satisfy the needs of the operator (airlines). 
Consequently, resources are usually minimized with the result of passengers having to wait in 
long lines. This is directly translated to low level of service provided to passengers.  

Additionally, the way check-in counters are assigned is usually far from an optimum, and hence, 
the neither the passengers, the airlines nor the airport take profit of the current allocation 
techniques. It mainly has to do with the operational tool or operational criteria implemented to 
decide when and which counters should be opened.  

In consonance with this, the objective of this thesis is twofold. On the one hand, the aim is to 
improve the level of service provided to passengers by establishing equilibrium between all the 
different stakeholders and forcing the satisfaction of the demand. On the other hand, an 
important goal is to suggest an allocation algorithm which helps assign flights operations to 
counters in a rational and organized for each flight. 

Particularly, the model assigns an initial amount of counters which depends on the amount of 
passengers arrived in each time interval and the number of passenger that can be served in this 
time. Based on this assignment, a Heuristic algorithm determines a solution which optimizes the 
objective function. This function considers the cost (observable ore monetized costs) that all the 
stakeholders assume in the check-in process. That’s the way to get a holistic perspective of this 
process. 

The validity of this model is tested with the establishment of four different scenarios, each of 
them including different allocation procedures and business strategies from the airport 
management perspective. This commercial view is considered with the inclusion of the revenues 
from retail areas. 

The first analyzed case provides a theoretical example of how this sort of models helps 
determine the behavior of the number of resources required depending on the flight schedule 
which needs to be served. Regardless of the expected linear behavior, some non- linear 
evolutions are found to happen when allocating check-in counters. Thus, some economies of 
scale are take place.  

The second case is where the Scenarios are tested. Particularly, the model was applied to 
Terminal 3 of Malaga-Costa del Sol Airport, and the results show that there is still a lot to do in 
the check-in process towards the reduction of costs for everyone. Indeed, the suggested check-in 
procedures implies a global reduction of costs and in some cases it also causes the reduction in 
all the particular costs. For instance, airline costs can be decreased up to a 75% in a totally 
shared  Scenario. 

In conclusion, an increase in the level of service to passengers in the check-in area does not 
necessarily mean an increase in the cost for airlines, but a more robust way of assigning 
resources. 

 



 

 

Anàlisi i optimització dels processos d’assignació de mostradors 

 de facturació d’equipatges als aeroports 

Codi: 722-TES-CA-5581 

ACKNOWLEDGEMENTS 

I am indebted to Francesc Robusté from Universitat Politècnica de Catalunya for his 
permanent confidence on my academic capabilities and for guiding me in this thesis. I 
would also like to thank Cesar Trapote from CENIT (Center d’Innovació del Transport) for 
his invaluable comments, suggestions and his daily follow up of this project. Both of them 
have been great advisors. 

I am also grateful to Jesper Larsen from the Technical University of Denmark for allowing 
me to participate in an early stage of the check-in problem in Copenhagen Airport, which 
inspired me for analyzing this topic.  

I also thank Richard de Neufville from the Massachusetts Institute of Technology for 
helpful and inspiring comments  

Finally, it would not be fair not to recognize the support of my family and friends during 
this time. 

 



 

 
 

Anàlisi i optimització dels processos d’assignació de mostradors 

 de facturació d’equipatges als aeroports 

Codi: 722-TES-CA-5581 

TABLE OF CONTENTS 

ACKNOWLEDGEMENTS ..................................................................................................................................... 5 

1. INTRODUCTION ........................................................................................................................................... 1 

2. STATE OF ART .............................................................................................................................................. 6 

2.1. LITERATURE REVIEW ..................................................................................................................... 6 

2.2. PROFESSIONAL PRACTICE ............................................................................................................ 9 

3. MODEL ........................................................................................................................................................... 13 

3.1. DESCRIPTION OF THE MODEL .................................................................................................. 13 

3.1.1. PARAMETERS OF THE MODEL ........................................................................................ 13 

3.1.2. QUEUING THEORY CONCEPTS ......................................................................................... 14 

3.1.3. MODEL TERMS ........................................................................................................................ 17 

3.1.4. OBJECTIVE FUNCTION ........................................................................................................ 22 

3.1.5. SOLUTION ALGORITM ......................................................................................................... 22 

3.2. SCENARIO ANALYSIS ..................................................................................................................... 30 

3.2.1. PERFORMANCE MODES ...................................................................................................... 31 

3.2.2. SITUATIONS OF IMPLEMENTATION ............................................................................. 32 

3.2.3. DESCRIPTION OF SCENARIOS .......................................................................................... 34 

3.3. ASSUMPTIONS .................................................................................................................................. 38 

3.3.1. PASSENGER ARRIVAL DISTRIBUTION ......................................................................... 38 

3.3.2. PASSENGERS’ DISTRIBUTIONS PROPAGATION ....................................................... 41 

3.3.3. LEVEL OF SERVICE PROVIDED BY AIRLINES AND AIRLINES ............................ 43 

3.3.4. RETAIL AREAS REVENUES ................................................................................................ 44 

3.3.5. PASSENGER BEHAVIOR IN REATAIL AREAS ............................................................. 44 

3.3.6. COUNTER PROFILES’ SHAPE ............................................................................................ 45 

3.3.7. FLIGHT OCCUPATION FACTORS ..................................................................................... 48 

4. RESULTS ....................................................................................................................................................... 49 

4.1. CASE 1: PERFORMANCE UNDER THE COMBINATION OF REGULAR AND 
CHARTER FLIGHTS ....................................................................................................................................... 50 

4.1.1. INTRODUCTION OF THE MAIN PARAMETERS ......................................................... 50 

4.1.2. DESCRIPTION OF THE CASE ............................................................................................. 52 

4.1.3. CASE RESULTS’S PRESENTATION AND ANALYSIS ................................................. 53 

4.2. CASE 2: MALAGA-COSTA DEL SOL AIRPORT ...................................................................... 56 

4.2.1. INTRODUCTION TO THE TERMINAL ............................................................................ 56 

4.2.2. DESCRIPTION OF THE CHECK-IN AREA ...................................................................... 57 

4.2.3. DATA CHARACTERISTICS AND SOURCES ................................................................... 58 

4.2.4. SCENARIO RESULTS ............................................................................................................. 59 

5. CONCLUSIONS ............................................................................................................................................ 67 



 

 
 

Anàlisi i optimització dels processos d’assignació de mostradors 

 de facturació d’equipatges als aeroports 

Codi: 722-TES-CA-5581 

6. FURTHER RESEARCH AND CONSIDERATIONS ............................................................................ 69 

7. REFERENCES............................................................................................................................................... 71 

APPENDIXES ......................................................................................................................................................... 73 

 



 

1 
 

Anàlisi i optimització dels processos d’assignació de mostradors 

 de facturació d’equipatges als aeroports 

Codi: 722-TES-CA-5581 

1. INTRODUCTION 

The main objective of this thesis is to develop a check-in counter allocation model from a 
twofold perspective. The first point of view considers the check-in as a process where the 
main stakeholders meet and interact under some conditions and rules and each actor has 
to spend some resources or time. The second viewpoint assumes the check-in process to 
be a sub-system belonging to a bigger and more complex system, the airport.  

From the first perspective, the stakeholder exchange view, it is important to be aware of 
the existence of four different groups of direct actors in the airport process: the airport 
authority, airlines, passengers and handling companies. Each of these actors is willing to 
satisfy its own interests and objectives and to reduce its costs. In some cases all the actors 
have common objectives, the most important one being the fact of having all the 
passengers onboard the aircraft before the scheduled time of departure so that the flight is 
not delayed. However, in many situations, different stakeholders have goals which are 
nearly incompatible or opposite. Therefore, the solution given by the allocation model will 
not be an optimum for every stakeholder but an optimum for the whole system.  

Analyzing the check-in assignment methods at different airports worldwide it has been 
observed that there is vast variety of techniques and stakeholders’ objectives taken into 
account when allocating counters. Two of the most important ones are the minimization of 
the number of counters and the limitation of the space occupied by queuing passengers. 
The former is strictly related to the amount of resources that airlines make available to 
passengers through the services of handling companies; the latter is strictly related to the 
level of service that the airport provides. Indeed, the larger the queuing area, the smaller 
the walking corridor width and the more complex the walking flows through passageways 
become. In these criteria, there is not much attention paid to the value of the passengers’ 
waiting time, which is what passenger users directly feel and suffer. More allocating 
criteria are stated below. 

 

THE SYSTEM PERSPECTIVE 

From a system point of view, the airport is composed by a group of interrelated sub-
systems and thus, all the processes that take place should be considered altogether. By 
using a holistic approach, some inefficient relations between sub-systems can be detected 
and optimized by minimizing their effect. If these interrelations are not taken into 
consideration, inefficiencies are propagated through the whole system. For instance, the 
improvement in performance of a small part of the system may cause the worsening of 
other elements’ operation. Several examples of these interrelations, mainly related to the 
check-in assignment, are stated and analyzed in this document. In the following 
paragraphs a general description of the system is done in order to make the reader 
understand the main airport flows and how these flows perform. Moreover, special 
interest is paid to the influence of the check-in stage in the entire process.  

Moreover, with the aim of facilitating the comprehension of this process, Fig.1. 1 is shown 
below. It gives a global view of the specific processes passengers should go through in an 
airport. In spite of being a vital aspect for connecting airports, transfer passengers are not 
included in this thesis as there is no direct interrelation between them and the check-in 
process. 



 

 

FIG.1. 1: AIRPORT PASSENGER 
WRIGHT, 2011) 
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: AIRPORT PASSENGER TERMINAL FLOW CHART. SOURCE: (ASHFORD, MUMAYIZ, &
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directly to the security checkpoint. Secondly, the arrival pattern at the security checkpoint 
varies considerably from the passenger using the conventional check-in to the ones with 
boarding card “from home”. Indeed, the latter ones can proceed directly to the security 
checkpoint, and thus, drawing a parallel with fluid mechanics’ concepts, the flood of 
passengers is not laminated. Therefore, the probability of long queues in front of the 
security checkpoint rises as a consequence of the existence of higher peaks. On the 
contrary, the flood of conventional passenger is laminated at the check-in counter. 

 

SECURITY CHECK-POINT 

The next step in the process is the security check. This procedure is strongly and strictly 
regulated by national and international administrations. There are two stages; the first 
step is the time when passengers are waiting in the line and clearly determined by the 
arrival pattern both passengers who come from the check-in facilities – and suffer some 
sort of lamination –, and the ones who print the boarding card before going to the airport –
their arrival pattern is clearly peaked. The second is the service time, when passenger 
must take off all belongings they are carrying and leave them in a plastic plate in order for 
passengers and their belongings to be x-ray scanned. All the technological details behind 
this security procedure are not really relevant from an operational perspective. On the 
contrary, parameters such as the number of security check passageways open to 
passenger or the average service rate at the station are of vital importance for airport 
planning and management. 

 

RETAIL AREAS 

Once passengers have successfully gone through the security checkpoint they have some 
time left before the boarding time. Taking this fact into consideration, airport authorities 
have increased the spaces aimed for the retail areas at airports. Two different goals are 
achieved by doing that. On the one hand, tenders need to pay some rent and/or some 
percentage of the price of the product, which, in overall, represents up to 50% of the 
airport revenue at some airports. On the other hand, retail areas enhance the sense of 
timelessness for travelers (Rowley & Slack, 1999), common feeling in busy airports with 
delayed flights, long queues, etc.  

 

BAGGAGE SYSTEM 

Strictly connected to passenger procedures, there is a parallel process that checked 
luggage need to go through after leaving the conveyor belt at the check-in desk in order to 
be able to be loaded in the deck of the aircraft. Every airport has its specific luggage 
classification system and hence, no general patterns can be used to describe them, but 
they can be grouped in terms of how relevant the human work is in the whole process. 
Having said that, luggage classification systems can be labeled as fully automatic or 
conventional, which mainly affects the reliability of the system, the flexibility when 
allocating check-in counters and the luggage processing time. In terms of planning and 
management, a main goal is to satisfy that every single plane can be loaded with the 
corresponding luggage load at the appropriate time so the flights in not delayed. As a 
consequence of the labor situation at the airport and the restrictive conditions imposed by 
airlines in terms of lay-over time – time between the landing and take-off-, the loading 
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procedures may be really sensible to the moment when the last item is processed. Having 
this process in mind, it is important to process the entire luggage as soon as possible, but 
that entails extra resources at the check-in step. If giving robustness and reliability to the 
procedures is one of the goals, the system would benefit from including this trade-off in 
the check-in allocation model. Despite being a simplification of the complex problem, it is 
accurate enough from a planning and management approach. 

 

SYSTEM’S VIEW ESSENCE 

Putting the previous paragraphs together it is possible to have a schematic vision of the 
airport performance related to the passenger and luggage processing perspective. On the 
one hand, an easy way to recognize how passenger and luggage operations work is to 
assimilate the airport system as a group of processes involved in a countdown, where 
everything must be ready before the Schedule Time of Departure (STD) of each single 
flight. On the other hand, each of the airport procedures can be thought as a link in a chain 
of events where every single link has its duration and generalized cost. These two key 
parameters (time and cost) depend on many factors, the most essential ones being the 
resources invested in each procedure (human labor, available technology and devices, 
etc.) and the queues travelers have to go through in each process. However, a crucial 
element that conditions these two parameters of the links is how efficient the nexus 
between links are. Hence, it is important to connect each procedure to the ones located 
upstream and downstream appropriately.  

Merging both the countdown and the link chain ideas it is possible to reach some 
conclusions. First, the processing time for each passenger is fixed and determined by the 
time he/she gets to the airport and the flight he/she has to take. Second, all the necessary 
processes need to be done in this fixed time. In other words, the passenger needs to be at 
the boarding gate at a specific time before the STD, and this requirement cannot be 
changed. Third, despite being more expensive, reducing the duration of some procedures 
may cause a significant increase in benefits in the whole system, coming from other links 
of the chain (assuming that some processes, mainly check-in and security scan, can 
perform more efficiently and reduce their duration by investing in resources and 
upgrading the technology used). To sum up, it may be beneficial from the overall cost 
perspective to readjust the time and cost of each link of the chain towards a more 
beneficial stage in spite of the increase in cost of some of the processes. These ideas are 
the main base used to set out the check-in counter allocation model. 

 

MODEL’S APPROACH 

After framing the context of the problem and getting an overview of the passenger 
operations at airports, it is possible to find a large number of trade-offs and parameters in 
the planning and management process. Also, it is easy to figure out what are the key issues 
to address and/or optimize. Having said that, it is necessary to implement a 
methodological tool to weight up, compare and objectify the different stakeholders’ 
interests and parameters (time, distance, price, benefits, cost, level of service, etc.). In 
order to do that, all the parameters are monetized in terms of costs and benefits and thus, 
the objective function can be set up as a maximization of profits, or reduction of costs. 
Despite being a powerful approach, this procedure requires special attention when 
estimating parameters like the cost of queues, the value of time or the level of service. 
Indeed, these parameters are difficult to objectify and clearly not deterministic. 
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Consequently, their uncertainty may reduce the trustworthiness of the results. In order to 
limit the effect of this  

With regards to the hypotheses assumed and the parameters considered in the model, 
they will be specified in the specific sections. However, due to its important relevance it is 
important to mention that in order to analytically quantify the physical and temporal 
behavior of passengers, statistical distributions are used. By doing this, it is possible to 
determine the stochastic behavior of passengers at the same time that the problem 
becomes deterministic. Otherwise, the problem would have been completely difficult to 
formulate and the results would have been more difficult to obtain. Regarding the 
statistical distributions, a special section is developed to discuss and chose the distribution 
which best fits the data. There is a parameter estimation section as well.  
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2. STATE OF ART 

First and foremost, the goal of this section is to describe what sort of research has been 
done in the field of our interest. Particularly, six relevant articles have been analyzed and 
classified in order to get an overview of the literature situation as of today. 

Nevertheless, a literature review is not enough to be aware of the main challenges that the 
airport management sector is facing in relation to the check-in stage. Indeed, the 
operational and practical focus of the field makes it difficult to get a realistic and global 
scene of the trends that are ruling the check-in counter assignment currently. As a result of 
this consideration, a multi-perspective analysis has been performed, trying to get the 
information from different sources.  

 

2.1. LITERATURE REVIEW 

This literature review is the result of the analysis of five relevant articles. Each article has 
been studied trying to fill out the following seven aspects: 

- Abstract : A small outline of the article 
 

- Objective function: What is what the article wants to optimize 
 

- Special Requirements 
 

- Restrictions 
 

- Limitations 
 

- Optimization method 
 

- Points of view analyzed: Who has done well out of the optimization process? The 
passengers, the airport authority, the airlines, etc. 

There are some of the cells, however, difficult to determine due to lack of information in 
the article or because the field does not apply in the specific case. The aspects discussed in 
this table are put in way that the reader is driven towards to the situation we want to 
address in this thesis. 

Scrutinizing the full article research in table 2.1.it is possible to take the following 
conclusions: 

- Three kinds of solutions are provided: 
 

o General mathematical formulation applied to simplified and particular 
check-in counter allocation problems. This may bring the author to 
interesting solutions, but the output of the model is not so relevant for 
airport managers. These mathematical approaches sometimes need to be 
calibrated with data which is not available or does not have a physical but a 
computation meaning. 
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o Operational framed computation programs aimed for global problems in 

airport terminals. They are quite powerful but they need to be provided 
with a lot of detailed information of the terminal performance. Despite 
having a global perspective, they are worth it when the main objective is to 
improve the value of some variable or procedure. 

 
o Specific and analytical solutions for very punctual performance 

improvements with a very detailed formulation. Their level of accuracy and 
specificity limits their applicability to a few situations. Similarly to the first 
type of solutions, the output of this model may be appealing form an 
academic perspective, but its connection to the real problem may be weak. 

 
- The problems which are trying to be addressed only bring benefits for the airport 

authority and airlines. In other words, the parameters which are optimized are not 
oriented to better the passengers’ experience in the airport, but the reduction of 
costs associated to airlines and airports. For example, the number of resources 
required (check-in counters, handling agents etc.) are the most typical 
optimization problems. There are two parameters that could be considered as 
exceptions: the queue length and the walking distance. However, these two 
parameters are not the most common. The most usual condition in this direction is 
that all passengers should be served before the time when the check-in counters 
are closed.  
 

- Some of the academically relevant solution have a lack o suitability with the reality 
for the following reasons: 
 

o Sometimes the time that the model needs to calculate is totally out of the 
time scope that the situations impose to tackle the problems. For instance, 
dynamic solutions which are able to change their assignment in response 
to some delays need to provide in a time range that allows managers to 
implement the suggested solution. In such cases where the solution does 
no adhere to the nuances of the reality, the model should be rethought, as 
well as it applicability.  
 

� Some of the mathematical solutions provided go too much in detail 
and reject some solutions for not giving enough detail. This implies 
in some cases, to complicate the model to unnecessary levels. 
However, sometimes this preciseness is not worth it. Indeed, as 
inputs for the model are empirically adjusted statistical 
parameters, there is always an uncertainty associated to each 
parameter. Thus, this uncertainty may easily damage such a costly 
precision. 
 

Specific details about each article can be seen in Table 2.1. 
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Article A network model for airport 
common use check-in counter 
assignments (Tang, 2010) 

A model and a solution algorithm for 
airport common use check-in counter 
assignments (Yao, Tang, & Chen, 2004) 

Check-in counter allocation using 
genetic algorithm (Yeung & 
Chun, 1995) 

Scheduling as a multi-dimensional placement 
problem (Chun, 1996) 

Dynamic allocation of airline 
check-in counters (Parlar & 
Sharafali, 2008) 

 

Abstract A new network model is 
developed for the 
optimization of common-
use check-in counter 
assignments. The goal is to 
minimize the number of 
counters required for daily 
operations. 

Development of a heuristic method, 
containing three heuristic models, 
to assist airport authorities to 
assign common use check-in 
counters. 

The task is to allocate a set of 
check-in counters for a 
particular duration such that 
all passengers of each flight 
are adequately serviced in 
time. The problem is 
formulated as a two-
dimensional placement 
problem with time and 
counter as the dimensions. 

Development of an algorithm for a 
constraint-satisfaction problem which 
solves certain classes of scheduling 
problems by formulating them as multi-
dimensional placement problems. It is 
particularly developed for the check-in 
counter scheduling at an international 
airport. 

Development of: Multi-
counter queuing model with 
a special arrival process 
Derivation of the time-
dependent characteristics of 
the queuing process. 
Stochastic dynamic 
programming model to 
determine the optimal 
numbers of counters  

 

Objective 
Function 

-Minimization of the 
number of CUCC required 
for an airport’s short-term 
operation 

Minimize passenger walking 
distance and minimize the 
inconsistencies in the CUCC 
assignments 

Main objective is to design 
and implement a system to 
automate and optimize check-
in counter allocation. 

-it varies depending on the 
variables/dimensions of the problem. 
These variables may be queue length, 
waiting time, baggage-belt loading 

-Minimize the operating cost 
for the service provider. 

 

Special 
Requirements 
1* 

-The network needs to be 
defined, with all the 
counter blocks. This 
network needs to be cyclic. 
-Counter data: the number 
of CCUS’s and the CCUC 
location 

Number of flights in a week that 
require CUCC, time window, 
number of service lines for each 
flight, the number of pax in each 
flight, terminal configuration 
(locations and distances between 
CUCCs, average distance to 
departure, inconsistency value, 
buffer time between flights 

 -Simulation tool to evaluate every 
dimension.  

  

Restrictions -The number of counters 
assigned to each flight is 
fixed 
-introduction of the 
parameter b  

-The number of counters assigned 
to each flight is fixed 
 

-    

Limitations -Convergence time =63.8 
min, so it cannot be used 
for rearranging counter 
plans, but for planning 
matters 

-The result is a monthly planning, 
and thus, it does not provide a 
solutions for real time incidents 
-No conditions on the queue length 

-Overlapping unavoidable 
-For large systems, the 
algorithm takes 
approximately. an hour to 
calculate 

-There should be a simulation tool to 
measure iteratively the different 
variables analyzed.  
-The optimal solution is not found 
unless more dimensions are considered. 

-Not valid for CUCC’s 
-It does not consider the 
interaction between check-
in globs 

 

Optimization 
method 

Integer programming Heuristic method Genetic algorithms -Simulation -Analytic (no optimization)  

Points of view 
analyzed 

Airport  Airport Airport  Airport authority Airport  

TABLE 2. 1: ARTICLE RESEARCH TABLE  

                                                             
1 *Necessary data for all the models: departure time, destination, passenger load factor, type of check-in, number of counters required. 
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2.2. PROFESSIONAL PRACTICE 

After analyzing what has been done in academia up to now, it is interesting to determine 
whether there is interaction between academia and the industry or not. While the former 
(academia) tends to focus on really detailed, innovative and thorough results, the latter 
tends to be business driven and more resilient towards changes. In order to do this 
industry analysis, different airports, handling companies and airlines from all over the 
world were contacted and asked about the current situation in relation to the check-in 
counter allocation. Detail information regarding this communications with real life 
stakeholders can be seen in the Appendix. However, the main aspects obtained are 
commented through the following paragraphs. 

First and foremost, there is a clear difference in the role that airport authorities play 
between countries. On one side we have the US, where the airport authority owns the 
airport, but all the operational aspects from the terminal side are managed directly by the 
airline that operates the flight. Hence, airlines design the terminal layout in order to fit 
their demands. In general, airlines have a lot of freedom. On the other side of the scope, 
Asian airports are owned and managed (including the operational management) by the 
airport authority. For instance, this authority is responsible for assigning the check-in 
counters in a centralized manner, and thus, airlines have to interact with the authority to 
operate their flights. Consequently, every single allocation change should be done by the 
authority. Recalling the airport management global scope, the European model is 
something in between. This is achieved through the establishment of handling companies 
that provide services to several airlines. These services are conceived in a way that the 
majority of operational procedures at the airport are the result of the interaction of the 
handling company and the airport. Regarding the check-in allocation, the process works 
according to the following procedure. Firstly the handling company analyzes the demand 
of its customers (airlines) and estimates the number f counters required, which are then 
required to the airport authority. Secondly, the authority pre-assigns a certain amount of 
counters to each handling company. Finally, this service company assigns its pre-assigned 
counters among the flights they serve. Therefore, the level of freedom that airlines have is 
not as high as in the US. However, this freedom is higher than in Asia as dealing with 
handling companies tends to be more fluent than doing it with airport authority. 

The second aspect is that the distant check-in and drop-off options are available in the 
majority of airports that we got answer from. Nevertheless, each particular case gives a 
different degree of exclusiveness to this alternative to conventional check-in. For instance, 
at Hartsfield-Jackson Atlanta Airport the distant check-in is available, but those passengers 
with baggage to check, need to go through the conventional counters anyway. Thus, 
distant check-in in this situation is no encouraged. In general, all the drop-off solutions 
imply assigning the same or more resources than the ones required when the only 
alternative is the conventional check-in. 

Distant check-in is being available for passengers from the majority of airlines, similarly to 
the evolution of this check-in alternative in airports. Additionally -as reported by each 
airline in the feedback received- every airline has its own distant check-in procedure, with 
different timelines and conditions. For instance, low-cost companies tend to have the most 
creative, imaginative –and sometimes bothersome from the passengers view- check-in 
procedures. 

The last aspect to comment from the feedback received is that only a few airports 
worldwide are trying to significantly improve the check-in process. These airports are 
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Amsterdam-Schiphol and Zurich Airport; they have implemented the bagdrop technology, 
which allows passengers to drop-off their luggage automatically. This technological 
solution tries to minimize the labor costs associated to handling agents, but its time 
reduction worthiness in comparison to conventional counters is not proven yet. 

 

 

FIG. 2. 1: SIX NEW BAGDROP UNITS IMPLEMENTED AT AMSTERDAM-SCHIPHOL. SOURCE: (GHEE, 
2011) 

Once the sector is introduced and the state of art is known, it is possible to determine the 
aspects this thesis seeks to improve. The expected differential contributions are listed 
below: 

- The criteria to decide whether to open a check-in counter or not will depend on 
demand parameters of each specific flights, instead of experience-based fixed 
general parameters 
 

- The check-in counter will be considered as a particular step of the whole 
experience of passengers at the airport, rather than a unique system itself.  
 

- The incomes from retail areas (becoming essential in the airport management) are 
introduced as key indicators of the check-in allocation model. 
 

- Last but not least, the model considers the impact of the optimization of check-in 
procedures on the better performance of downstream processes. 

The last idea expresses the key aspects of this thesis, and thus, is slightly enhanced with 
the following explanation. The current situation can be graphically described as in Fig. 2. 
2Fig. 2. 1. The same happens with the future situation in Fig. 2. 3. In both figures, each 
curve represents the arrival/departure distribution of passengers. Thus, analyzing the six 
curves we can obtain an overall idea of the flows of passengers. Despite not being drawn 
to scale, it is possible to make the following comment s in relation to the aforementioned 
figures: 

- The check-in procedure in the current situation presents some inefficiency that is 
propagated through the downstream processes. 
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- The level of service at the check-in area in the current situation is expected to be 

lower than in the future situation. 
 

- The shopping time in the future situation is higher than in the current, thus, it is 
expected that passengers will spend more money in the retail areas in the future 
conditions 

 

 

FIG. 2. 2: PROPAGATION CURVES REPRESENTING THE PASSENGER FLOWS AT THE AIRPORT IN THE 

CURRENT SITUATION 
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FIG. 2. 3: PROPAGATION CURVES REPRESENTING THE PASSENGER FLOWS AT THE AIRPORT IN THE 

FUTURE SITUATION 

 

This awaited increase in retail revenues is one of the strongest assumptions of this model, 
and also, one of the most relevant differential contributions. 
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3. MODEL 

3.1. DESCRIPTION OF THE MODEL 

In this section the check-in counter allocation model is analytically define. As stated above, 
the main goal of the model is to optimize the check-in allocation process by considering 
several perspectives. In this case, the function to be optimized is the total benefits; 
alternatively, to maximize the function of benefits minus costs. 

 

3.1.1. PARAMETERS OF THE MODEL 

The parameters that intervene in the model may have the following sub indexes: 

 i: flight number. i ∈ 1, 2, …, nf (number of flights) 

 j: check-in counter number. j ∈ 1, 2, …, nc (number of counters) 

t: time interval number. t ∈ 1, 2, …, nt (number of intervals) The opening hours are 

divided in nt intervals of duration τ each interval. 

k: handling company number. k ∈ 1, 2, …, nh (number of handling companies) 

s: handling shift number s ∈ 1, 2, …, ns (number of handling shifts) 

Following this notation, the main variable of this 0-1 model can be stated as: 

 

 ��	�	� = � 1		
	������	�		�	���	����	��	
�	�ℎ�				�	�	��		�������	�	0		
	������	�		�	���	���	����	��	
�	�ℎ�				�	�	��		�������	�� EQ.3. 1 

 

AIRPORT PERFORMACE PARAMETERS 

λi j t : Service rate of check-in counter j when it serves flight i at time interval t. 

 

FLIGHT INFORMATION PARAMETERS 

Ni: total number of passengers in flight i 

Oi: Percentage of occupation of flight i. 

STDi: Scheduled time of departure 

 

PASSENGER BEHAVIOUR PARAMETERS 

AC i t: Number of passengers of flight i that arrive at time t and are willing to do the 

conventional check-in procedure. 
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AD i t: Number of passengers of flight i that arrive at time t with distant check-in 

(passengers who have already checked-in at home) and thus, they proceed directly to the 

security checkpoint. 

VOTi: Value of time of passengers in flight i. It mainly depends on the type of flight (charter 

or regular) or the purpose of the trip (leisure or business) 

 

HANDLING PROCESS PARAMETERS 

cp: counter price per time interval (i.e. €/τ min)  

hi k: handling company variable defined as follows: 

 

 ℎ�� = �1		
	
�	�ℎ�				�	������	� 	ℎ����	��	���!�� 	"	0	 	��ℎ��#	��	 $ EQ.3. 2 

 

mc: maximum number of check-in counters per flight 

aw: handling agent wage 

sw: handling supervisor wage 

aps: agents per supervisor ratio 

Ts k: duration of shift s at company k 

 

3.1.2. QUEUING THEORY CONCEPTS 

Queuing theory is directly or indirectly applied in order to determine people entering and 
exiting both the check-in and security check processing stations.  

 

CHECK-IN PROCESS 

The assumptions made to estimate how queues perform is that each counter has its 
service rate λi j t .Regarding the statistical distribution pattern the following considerations 
are made. First, passengers arrive following a statistical distribution, thus AC i t is the number of 
passengers arrived in time interval t. Second, arrived passengers wait in the line behind 
the passengers who are already waiting from previous time intervals. This is to say that 
the queuing procedure is FIFO (First In First Out). In terms of notation, passengers who 
are not served in interval t are included in the variable Q i t, that stands for the queue from 
passenger in flight i at time interval t (the analytical definition of this parameter is 
described below). In consonance to this, passengers waiting to be served at time interval t 
are determined by the variable WPi t defined as: 
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 %&�	� = � '(	�	) 	
	� = 0'(	�	� + +�(�-.) 	
	� > 0� EQ.3. 3 

 

At this point, the number of served passenger at time interval t (variable	1�	�) can be 

determined as follows: 

 

 1�	� =
234
35 '(	�	� 	
	'(	�	� ≤	7�	� ·9��	�	��7�	� ·9��	�	�� 	
	'(	�	� >	7�	� ·9��	�	�� :3;

3<
 

EQ.3. 4 

 

Finally, it is possible to define the queue at each interval by using the following formula: 

 

 +�	� = � 0 	
	%&�	� ≤	1�	�%&�	� − 1�	� 	
	%&�	� ≤	1�	�� EQ.3. 5 

 

Further details about the queuing process will be commented in Section 3.1.5 (“SOLUTION 

ALGORITM”), where this queuing process is clearly interwoven in the allocation 

procedure. In other words, queues are not a consequence of the model, but an input and 

decisive factor of the model. 

 

SECURITY CHECK PROCESS 

The security processing station is a node where several group trajectories converge. 

Indeed, groups of passengers already served in each counter and groups of passengers 

with distant check-in meet at this point, each one with a specific arrival pattern. Thus, 

propagation and aggregation of passengers’ distributions is needed to estimate the 

number of passengers who access the security checkpoint. With the purpose of conducting 

this propagation it is necessary to know the geometrical characteristics of the terminal so 

that the time between the counter or the airport entry and the checkpoint can be 

calculated.  

The results of this propagation may vary depending on the specific characteristics of the 

airport and the calculation time step. For instance, the results may be a direct translation 

of the original distribution or some scale adjustments and distortions may happen so that 

the distribution changes. These distribution changes may be caused by the existence of 

bottle necks (elevators, escalators, etc.) or the presence of retail areas on the way from the 

counter to the security checkpoint.  
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FIG.3. 1: TRANSLATION OF A DISTRIBUTION CURVE DURIN THE PROPAGATION PROCESS 

 

These two distribution behaviors (translation and rescaling) are even more noticeable in 

the aggregation process. The predominance of one over the other depends on the 

heterogeneity of the access conditions. For example, translation is mostly common in 

airports where the access time from the counter to the checkpoint is similar for each 

counter. On the contrary, airports with heterogeneous access times may present 

comparative time disadvantages between passengers checking in the closer counter and 

the passengers doing it in the further ones.  

 

 

FIG.3. 2:RESCALING OF A DISTRIBUTION CURVE DURING THE PROPAGATION PROCESS 

 

0

20

40

60

80

100

120

140

160

0 10 20 30 40

0

20

40

60

80

100

120

140

160

0 20 40 60 80 100



 

17 

 

Anàlisi i optimització dels processos d’assignació de mostradors 

 de facturació d’equipatges als aeroports 

Codi: 722-TES-CA-5581 

According to what has been stated above, a propagation procedure needs to be carried out 

in every particular airport to get the number of passengers accessing the security 

checkpoint. It is important to keep in mind that an analogous procedure needs to be 

carried out for passengers with distant check-in.  

From these considerations we need obtain the value of the following parameters: 

SAC i t: Number of passengers of flight i that access the security check-point at time t and 

have checked-in in a conventional check-in counter. 

SAD i t: Number of passengers of flight i that access the security check-point at time t with 

distant check-in (passengers who have already checked-in at home). They have not 

checked-in in a conventional counter but come directly from “home” without being 

processed by any preceding processing station. 

On the other hand, it is also necessary to determine, or at least, estimate the number of 

passengers of each flight that exit the security checking process. In order to do that a 

similar distribution propagation process needs to be done. 

Regarding this propagation process, some simplifications are done as the main goal of this 

paper is not the deep analysis of the security checkpoint process. Specifically, a simple 

translation is implemented assuming an average processing time at the checkpoint	�>?@A . In 

other words, the assumption is that the number of checking stations will be adaptable to 

the demand, and thus, the greater the number of waiting passengers, the greater the 

number of security stations will be opened. That means that the security system cannot be 

considered as an infinite queue system. 

From these considerations it is possible to determine the number of passengers exiting the 

security processing station, which will be given by the parameter SE i t 

 

 

3.1.3. MODEL TERMS 

3.1.3.1. AIRLINE 

COUNTER ALLOCATION DIRECT COST 

This cost only considers de direct cost of using a specific number of counters. In order to 

do that, the fixed cost of using a counter during a given duration (cp) is used. Thus, this 

cost can be obtained by: 

 

 BCD. =999��	�	� · �!���  
EQ.3. 6 
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LEVEL OF SERVICE OFFERED BY THE AIRLINE 

One of the most common conditions in a contract between handling companies and the 

airport authority is the length of the queue. In some airports, the authority penalizes 

handling companies (and thus the airline) for having lines longer than the threshold 

established in the contract.  

According to all what has been stated, a possible way to evaluate this cost is with the 

following queue-depending expression:  

 

 BCDE =99
.(+�	�)��  
EQ.3. 7 

 

The function 
. penalizes airlines for not providing a good level of service to passengers. 

This function could be related to the perception that passengers have when they are being 

processed in the check-in area. Further considerations about this function can be found in 

section 3.3.3  

 

HUMAN RESOURCES 

This term determines the cost that handling companies should spend to pay the wages of 

their employees. In order to do that, the first thing to be determined is the necessary 

number of agents per shift s. Knowing that T0s and Tfs are the initial and final time interval 

of shift s, the number of agents in shift s is: 

 

 �>� = ��� F99��	�	GHI · ℎ	�	�; 	99��	�	GKI · ℎ	�	�;	���� ⋯;	99��	�	GMI · ℎ	�	�;	�� N 
EQ.3. 8 

 

Using the ratio between supervisors and agents, the number of supervisor in handling 

company k can be determined by: 

 

 �>� = O�>� �!��P QR EQ.3. 9 

 

It is interesting to point out that this function is not linear, but step-shaped following a 

linear pattern. Special attention needs to be placed in the implementation of such 

expression.  

Finally, each company may pay different wages. Thus, including parameter awk(agent 

wage at company k) and swk (supervisor wage at company k), the total human resources 

cost is: 
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 BCDS =99O(�>� · �#� + �>� · �#�) · TUV> − U)>W · XQ>�  
EQ.3. 10 

 

3.1.3.2. PASSENGERS 

The time that passengers have to spend in order to check-in is the result of two times, the 
waiting or queuing time, and the service time. 

 

LEVEL OF SERVICE AT CHECK-IN AREAS 

Waiting time 

Both just arrived and waiting passengers from the previous time interval need to wait 
some time to be served. The corresponding cost is: 

 

 BYZ���[\ =99]^U� · ('��	� ++�	�-.) · X��  
EQ.3. 11 

 

Service time 

Those passengers who are served have to spend some time in the process, which can be 
determined by the service rate. 

 

 B>?_`�@? =99]^U� · 1�	�7�	���  
EQ.3. 12 

 

Taking both costs into consideration, the passengers’ time cost is: 

 

 BaCb =99]^U� · c('��	� + +�	�-.) · X + 1�	�7�	�d��  
EQ.3. 13 

 

LEVEL OF SERVICE RELATED TO SERVICE TIME AT THE SECURITY CHECK-POINT 

Recalling the simplification in the security processing station stated previously, 
passengers go through the station in an average time	�>?@A . Hence, the cost term related to 
security checking is: 
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 BCCE =99(SAg	h	i + SAj	h	i)� · ]^U� · 	�>?@	k�	�.�  
EQ.3. 14 

 

It is relevant to realize that this can be considered as a constant value when looking at it 
with a long scale. Indeed, every single traveler willing to take an airplane in an airport 
needs to go through the security checkpoint, independently of the moment the passengers 
arrive to the airport. Thus, as we are multiplying all the passengers by a constant, the total 
value does not change despite the fact that passengers arrive in a different time.  

Then, the reader may wonder why this term is considered here. The answer has to do with 
the fact that it is relevant to consider all the parameters that affect the passengers’ 
experience at the airport. However, the only activities which are considered are the check-
in process (queue and service), and the security process. This is due to the fact that they 
are the only ones that passengers are forced to do, and where they interact with the other 
stakeholders. 

 

3.1.3.3. AIRPORT AUTHORITY 

REDUCTION OF THE OFFERED LEVEL OF SERVICE  

This cost term considers the level of service provided to passengers by the airport, so it 
mainly considers the passenger’s perception in relation to the service given. One of the 
main issues is the barrier effect of lines in the terminal. Commonly, specific long lines are 
generated in check-in areas, causing a disruption in the passage flows through the 
terminal. This “congestion” situation has two components, the insufficient number of 
counters serving the specific flight (origin of the problem) and the reduction of the level of 
service given to passengers (consequence of the problem). The former aspect has already 
been considered in the cost assumed by airlines (who generate the problem). However, 
the airport authority, as the responsible for providing the service, has to assume the cost 
associated to the latter aspect. By doing this, the airport authority will have a strong 
reason and stimulus to offer a good level of service. 

 

 

FIG.3. 3:PASSENGERS’S FLOWS DISRUPTIONS. SOURCE: (DE NEUFVILLE & ODONI, 2003) 
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Going back to the model, it can be stated that the parameter which best estimates the 
reduction of the level of service reduction is the queue length. Thus, this cost term can be 
expressed as: 

 

 BCC. =99
E(+�	�)��  
EQ.3. 15 

 

The function 
E needs is defined as penalization the airport should pay as a consequence of 
the reduction of the level of service in the terminal. This reduction is mainly caused by the 
existence of queues where the minimum space per person is not fulfilled. More 
considerations about 
E are stated in section 3.3.3. 

 

RETAIL AREAS’ REVENUES 

Knowing the number of passengers that complete the security process at each time 
interval (previously discussed) and the Scheduled Time of Departure (STD) of each flight it 
is possible to estimate the time that passengers spend in the airside of the terminal. This 
airside time can be split in two times; the first one is fixed and mandatory and is related to 
queuing in front of the boarding gate and boarding the aircraft. From an operational point 
of view it is possible to establish the value of this time for each specific flight, or, 
alternatively, the number of time intervals	m�, which will depend on the type of flight (i.e. 
this time is approximately 30 minutes for a regular flight within the EU).The second time 
is the “free” time passengers have between they have completed the security process and 
the time spent on the boarding process. This second time is essential for airport incomes 
because passengers do not have anything else to do a part from waiting or spending 
money in the retail areas. Revenues coming from non aeronautical sources –like retail 
areas- are becoming more important for airport managers because they can compensate 
or optimize the activities related to aeronautical revenues. 

In order to estimate the revenues coming from retail areas the following linear function is 
used, which depends on the time that each passenger spends in the retail area. 

 

 !��(�ℎ�!!	���	��) = ��� · �ℎ�!!	���	�� EQ.3. 16 

   

In this expression, “rs” stands for “retail sales” and is the slope of the straight line; it means 
the amount of money spent per hour in the retail area. The subscript i refers to the fact 
that the sales may change according to the type of flight. As already stated, “shoptime” is 
the time that passengers spend shopping at the retail areas. 

From this, it is possible to stat that the benefits taken from the retail process can be 
estimated by the following expression: 
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 nCC =9 9 T1o�	� − 1o�	(�-.)W · p · !��TX · (1Uq� − r� · m� − �)WsGtu-vu
�w.�  EQ.3. 17 

 

In this expression p represents the percentage of the retail incomes that tenders need to 
pay to the airport authority. 

The parameter r�  can take values around 1 and reflects how used to the airport 
passengers are. In this expression, r� is multiplying m� (earliness in front of the boarding 
gate). Therefore, the greater the former, the earlier passengers arrive at the boarding gate, 
the shortest the time passenger spend at the retail areas and smaller the amount of money 
spent in these areas. Hence, for flights where with a majority of frequent passengers r� will 
take a value greater than 1. On the contrary, for passengers not used to the airport, r� 
takes a negative value. 

 

 

3.1.4. OBJECTIVE FUNCTION 

After defining the parameters of the model it is possible to write a general objective 
function for this model. This function will vary according to the different scenarios 
described and discussed in subsequent sections. 

 

3.1.4.1. FUNCTION 

According to the term classification done in previous sections (airlines, passengers and 
airport authority), the general expression of the objective function we want to maximize is 
the following: 

 

 
x = y9nCD −9BCD	z + y9naCb	 −9BaCb	z+ y9nCC	 −9BCC	z 

EQ.3. 18 

 

3.1.5. SOLUTION ALGORITM 

The main goal of this section is to explain the manner in which the model is solved.  

Firstly, the model has the following 7 steps, which are clearly explained below: 

- Calculation of the arrival distribution patterns 
 

- Determination of the future queue 
 

- Determination of the opening profile pattern 
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- Allocation of the counter profiles 

 
- Calculation of the propagated distributions 

 
- Evaluation of the allocation 

 
- Optimization of the allocation 

 

In addition, despite being located at the end of the section, the optimization section (the 
last step) is especially relevant, as there is a discussion about the calculation approach. 

 

Calculation of the arrival distribution patterns 

The main task to be carried out in this part is the transformation of the continuous arrival 
distribution function into discrete time intervals. By doing that it is possible to get the 
number of passengers arrived in each time interval. 

The mathematical procedure used to do such process is the subtraction of successive time 
values from the cumulative distribution function.  

 

 '�(�) = {(X · �) − {TX · (� − 1)W EQ.3. 19 

 

Detailed information concerning this arrival distribution is analyzed in section 3.3.1. 

 

Determination of the future queue 

This procedure can be considered as the most essential of the model and its steps are 
mentioned in the bullets below, which are carried out for every flight. Just as a matter of 
notation, as every procedure will be repeated for each flight, the flight vectors are 
expressed in lower case letters. Conversely, general matrices containing all the flights are 
expressed in capital letters. According to this, steps are the following: 

- Fixation of the maximum number of counters per flight (depending on the 
Scenario this minimum number will typically take values of 2 or 6. 
 

- For time 0, the queue indicator is set to 0, q(t)=0. 
 

- Calling the discrete arrival distribution values calculated previously. 
 

- Calculation of the passengers who have are waiting to be served 
 

 !(�) = '�(�) + |(� − 1) EQ.3. 20 
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- Calculation of the required number of counters. In order to do so, it is required to 

use the service rate. In order to avoid redundant notation, a new variable m is 
defined. 
 

 � = 7 · X EQ.3. 21 

 
According to this, the required number of counters is: 
 

  (�) = !(�)�  EQ.3. 22 

 
- Determination of the real number of counters (the ones that are going to be 

opened) through the truncation of  (�).  
 

  }(�) = ����( (�)) EQ.3. 23 

 
- Determination of q(t) 

 

 |(�) = !(�) −� ·  }(�) EQ.3. 24 

 
Where the last term � ·  }(�) represents the amount of passengers which have 
been served in time interval t. 
 

- Finally, there must be a time and demand satisfaction verification. This means that 
40 minutes prior to the flight departure, all the passengers should have gone 
through the check-in process. Thus, this is the same to prove that the queue in time 
equal STD-40 min is zero or not.  
 

o If the condition is fulfilled, then the calculated queue is the real queue and 
the number of counters  }(�) of flight i is assumed to be the number of 
counters that the flight is going to be assigned. Thus, the variable  } is 
placed in the row i of the matrix C (which it coefficients Cit contain the 
amounts of open counter for flight i in time interval t). 
 

o If the condition is not fulfilled, a similar procedure is started again but with 
a few differences: 

 
� Different approximation treatment: 

 
• If the time interval is an even value,  (�)is truncated.  

 
• If the time interval is an odd number,  (�)is rounded 

instead 
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� Different procedure to count the amount of served passengers. As 
some of the number of counters is rounded, some of these counters 
may not be used in their full capacity during some time interval. 
According to this, the new expression of the queue is: 
 

 |(�) = !(�) − �	�~!(�),� ·  }(�)� EQ.3. 25 

 

o If is impossible to fulfill the condition which the existing restriction, the 
algorithm allows some counters to be allocated after the STD minus 40 
minutes. 

 

Determination of the counter opening profile  

After creating the matrix C, the counters to allocate for each flight is a known value. 
According to this, the algorithm creates a reference row, which time length is the ending 
time (last time when counters are required) minus the starting time (first time when the 
counters are necessary).  (see black row in Fig.3. 4). 

On top of this reference row, the algorithm places as many counters as required in the 
appropriate coefficient of matrix C. This counter growth is done is a way that the resulting 
profile has a pyramidal shape. (blue rows in Fig.3. 4). 

Finally, the red line in the bottom part of Fig.3. 4 represents the maximum number of 
counters allowed, which is determined in earlier steps of the algorithm.  

 

            
            
            
            
            
            

FIG.3. 4: CREATION OF THE COUNTER OPENING PROFILE OF PATTERN 1 

 

This pyramidal shape pointing downwards is pattern 1. The other three patterns are the 
result of the permutation of the rows of this pattern. The generic shape of patterns 2, 3 
and 4 can be seen in the following figures. 

 

            
            
            
            
            
            

FIG.3. 5: COUNTER OPENING PROFILE PATTERN 2 



 

 

 

 

FIG.3. 

 

FIG.3. 

 

Allocation of the counter profiles

- The first task is to allocate Flight 1 as the reference flight. This step is done 

“manually”, in the sense that the counter where the first flight is assigned is chosen 

by the hand, is not the result of any algorithm. 

 

FIG.3. 
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FIG.3. 6: COUNTER OPENING PROFILE PATTERN 3 

            
            
            
            
            
            

FIG.3. 7: COUNTER OPENING PROFILE PATTERN 4 

counter profiles 

The first task is to allocate Flight 1 as the reference flight. This step is done 
“manually”, in the sense that the counter where the first flight is assigned is chosen 
by the hand, is not the result of any algorithm.  

FIG.3. 8: COUNTER ALLOCATION OF FLIGHT 1 

Anàlisi i optimització dels processos d’assignació de mostradors 

de facturació d’equipatges als aeroports 

The first task is to allocate Flight 1 as the reference flight. This step is done 
“manually”, in the sense that the counter where the first flight is assigned is chosen 
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- The following step is the allocation of counters for flight i (with i=2,..,nf), which 
means: 
 

o Calculation of the first time interval when the counters are required for 
each flight. (Starting time) 
 

o Fixing the time = starting time 
 

o Creation of a vector with the possible counters where the flight might be 
allocated. This vector is already sorted so that the counters are sorted 
according to the following criteria: 
 

� Flights are more likely to be assigned to counters which have been 
unused for the longest time, rather than the ones recently used. (In 
order to give robustness to allocation) 
 

� Flights are more likely to be assigned to counters close to the 
reference counter of the previous flight. 
 

o Fixing the counter to the first counter of the priority sorted vector. 
 

o Using this priority counter as the reference, there is an attempt to allocate 
the profile pattern 1 (explained in 3.3.6) for flights i. Two situations may 
happen at this point: 
 

� If it is possible to allocate the flight in this position using the profile 
pattern1 → Allocation of flight number i is DONE and the process 
has to start, but this time allocating flight i+1. (See Fig. 3.9.) 
 

� If the flight i is not allocated correctly (See Error! Reference 

source not found.)→ do the same process with profile pattern 2. 
 

• If pattern 2 works to allocate the flight, the allocation is done 
and the process can start for flight i+1 
 

• If pattern 2 does not work, the allocation should proceed 
with pattern 3, and the same with pattern 4. 
 

• If neither patterns 1, 2, 3 and 3 fit, there must be an update 
of the counter and do the same allocating process, but this 
time with the following counter of the sorted vector. 
 

o In case flight i could not be allocated in time interval t, the same procedure 
should be attempted in time t+1, and so on and so forth until the flight is 
allocated. 
 

- After having carried out this procedure for all the flights, the solution is ready to be 
evaluated. 
 



 

 

FIG.3. 9: POSSIBLE COUNTER ALL

 

FIG.3. 10: CONFLICTIVE COUNTER 
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POSSIBLE COUNTER ALLOCATION OF FLIGHT 2 WITH A PROFILE PATTE

CONFLICTIVE COUNTER ALLOCATION FOR FLIGHT 2 WITH A PROFILE P

Anàlisi i optimització dels processos d’assignació de mostradors 

de facturació d’equipatges als aeroports 

 

WITH A PROFILE PATTERN 1 

 

T 2 WITH A PROFILE PATTERN 1 
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Calculation of the propagated distributions 

Following the steps explained in sections 3.3.2, below, the algorithm propagates the 
original and starting distributions to get different outputs. 

On the one hand, the original distributions are: 

- Arrival of passengers who have to check-in conventionally, or drop-off their 
luggage at the check-in counters of the terminal 
 

- Arrival of passengers who already have their boarding card printed from home 
and proceed directly to the security checkpoint 
 

Both distributions are obtained as explained in Section 3.3.1. 

Concerning the first curve, it is used to determine the operational parameters of the check-
in process and as a result, it is possible to get distribution of passengers who are leaving 
the check-in area after being processed. Then, this curve is propagated according to the 
terminal physical characteristics. The propagation’s output is the arrival of passengers 
with conventional check-in to the entrance of the security area. (SAc). As previously 
mentioned, this curve is laminated and the maximum rate is the check-in service rate 
times the number of counters serving the flight at each time. 

Regarding the second curve - passengers with distant check-in-, it is propagated according 
to the trajectory of these passengers through the terminal. The propagation’s result is the 
arrival distribution of this sort of passengers to the security area. (SAd). 

Also, if the previously propagated distributions (SAc and SAd) are aggregated, the result is 
the global arrival of passengers. This distribution is what the security processing station 
receives and it could be used to determine the optimum number of security channels that 
should be opened at any moment. 

 

Evaluation of the allocation 

Once the provisional counter allocation is done, it is possible to evaluate all the model 
terms that generate the objective function. Thus, the value of the function the model seeks 
to optimize is not an unknown any more. 

Nevertheless, this value of Z is not definitive (that is why it is called as provisional). 
Indeed, this first evaluation of the objective function is used as a reference for the 
following step, the optimization.  

 

Optimization of the allocation 

This is the last step of the model, and its main objective is to find an optimum allocation 
solution. Unfortunately, as a consequence of the computation approach implemented 
(which is mentioned below), it is not possible to ensure that the solution is a global 
optimum, but a local one.  



 

30 

 

Anàlisi i optimització dels processos d’assignació de mostradors 

 de facturació d’equipatges als aeroports 

Codi: 722-TES-CA-5581 

In order to find the best solution, we have implemented a Heuristic approach. This 

computational tool helps determine the best solution from the group of solutions inside a 

certain domain. This domain restriction is what limits the capacity of the model to find a 

global solution, being its main disadvantage. Conversely, its major advantage is the 

efficiency in finding the solution when the problem is well known a priori. Indeed, the 

more guided the solution can be, the more effective the Heuristic method is. 

Another option could have been to use Metaheuristics. The principal of this computation 

approach is the intelligent inspection of all the possible solutions. Its implementation has 

two main advantages: 

- The solution provided is not a local solution, but a global one. 

 

- It helps solve problems where the knowledge about the final solution is low 

On the other hand, being more computationally demanding is the main drawback, 

compared with Heuristics. 

After all stated above, several consideration where taken into account to decide the 

computational tool. 

- The state of art reflects the main operational challenges of the problem. Moreover, 

it also allows determining the trends that the solution should fulfill. This is to say 

that the knowledge of the problem was not low 

- The dimensions of the problem are big. As the model is working with a 3D matrix, 

the computational capacity of some computation programs is easily surpassed. The 

main problem is due to the small time interval used (5 minutes) 

According to this, Heuristics is the chosen computation tool. 

 

3.2. SCENARIO ANALYSIS 

This section analyzes and estimates how the check-in process performs when operational 
conditions change. As stated in the introduction, the system perspective of the airport 
causes local changes in the check-in area to have a considerable impact on the 
downstream process. These induced impacts will be discussed as well. However, some 
considerations need to be made prior to the definition of the different scenarios. 

Firstly, it is necessary to aware of the existence of three different situations where 
scenarios can be implemented: 

- Situation A: Current Situation.  
 

- Situation B: Situation where the implemented changes are the ones suggested in 
the literature available about the topic. 
 

- Situation C: Situation where the implemented changes seek to optimize the values 
of the main KPI (key performance indicator) affecting the main stakeholders. 

The consideration of the last two aspects separately may seem strange at first glance, but 
there is a clear difference on what stakeholders seek and what papers provide. Indeed, the 
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academic papers available analyze the check-in process from an operational and have a 

clear lack of global and management perspective. Despite the advantages and drawbacks 

of each situation, it is necessary to describe each of them, and that is what has been done 

in section 3.2.2. 

Secondly, after defining the situations, it is essential to determine when and where to 
carry the scenario analysis. Since we are seeking to get a global view of the situation to 
improve the current situation, it is clear that the scenarios will be discussed in situation C, 
in comparison to what happens in Situation A.  

Thirdly, for situation C, where the scenarios are defined, it is convenient to define three 
performance modes: 

- Performance mode 1: Conventional 
 

- Performance mode 2: Level of Service 
 

- Performance mode 3: Commercial experience 

Special characteristics and parameters linked to each performance mode are described in 
the following sections. 

 

3.2.1. PERFORMANCE MODES 

As it has just been stated, the performance modes the ones that follows. 

 

3.2.1.1. PERFORMANCE MODE 1: CONVENTIONAL 

This mode includes all the parameters that are used nowadays while allocating check-in 
counters. It mainly includes observable costs that airports and airlines incur in this 
process. By observable cost we understand all those economical transfers with justified 
items. Hence, the terms from this mode are: 

- Airlines 
 

o Counter allocation direct cost 
 

o Check-in human resources 

From these two aspects it is possible to realize that airlines are the only stakeholders 
considered in the current allocation process. This is one of the main reasons why the next 
two complementary performance modes are considered. 

 

3.2.1.2. PERFORMANCE MODE 2: LEVEL OF SERVICE 

The concept of level of service is not objectively defined by itself, and thus, it is necessary 
to define an indicator and some thresholds of this indicator. According to this, the terms 
considered in this performance mode are the following: 
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- Airline 
 

o Level of Service offered by airlines (queues) 
 

- Passengers 
 

o Waiting and service time during the check-in process (time) 
 

o Waiting and service time during the security check process (time) 
 

- Airport authorities 
 

o Reduction of the level of service in the terminal (queues) 
 

o Security checkpoint human resources (number of security agents) 
 

The concepts in brackets after each field is the indicator used to measure each level of 
service. However, all these parameters are monetized in order to be able to compare them. 

 

3.2.1.3. PERFORMANCE MODE 3: RETAIL EXPERIENCE 

This performance mode clearly concerns the retail areas and is not only focused on the 
business and budget measures, but also thought to improve the passenger experience at 
the airport. Indeed, these shopping areas usually offer a variety of alternatives to waiting 
in front of the boarding gate. Thus, they distract passengers at the same time that airports 
and private companies increase their revenues. According to this, the main parameter 
considered in this performance mode is the “Retail areas’ revenues”. 

 

3.2.2. SITUATIONS OF IMPLEMENTATION 

The following sections describe the different situations (A,B and C) in relation to the 
check-in counter assignment. 

 

3.2.2.1. SITUATION A: CURRENT SITUATION 

The current situation of the check-in counter allocation may be described in terms of two 
aspects: 

- Allocation of resources. This procedure varies from country to country, and the 
patterns mentioned in section 0 clearly apply here. Recalling what was said: 
 

o Asia: The allocation is centralized and carried out by the airport authority 
 

o Europe: Handling companies act as intermediaries between the airport 
authority, airlines and passengers. 
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o US: Airlines have concessions of the terminal in use and they are 

responsible for all the processes. 

On top of these geographical differences, there is a general trend which may be 

seen all over the world. It has to do with the fact that passenger’s waiting time is 

not the most relevant indicator. Neither the level of service provided to passengers 

(Except for business passengers). In general, the check-in counter allocation’s main 

priority is the minimization of resources like counters, handling agents, etc. By 

doing this, they are minimizing the observable cost. 

- Retail areas. This new revenue source is becoming more and more important for 

the airport economic management. However, this importance is not forcing airport 

managers to implement integrated tools approach to plan the operations at the 

airport. 

 

3.2.2.2. SITUATION B: IMPLEMENTING SUGGESTIONS FROM PAPERS 

Situation B is defined by all the ideas and improvements suggested by the literature. 
Similarly to the previous situation, it can be described according to considerations below: 

- Aspects related to the check-in allocation 
 

o The main efforts are placed in reducing the amount of resources placed in 
the allocation. For example, special attention is paid to the reduction of 
counters and humans resources linked to them 
 

o Several articles put emphasis to the reduction of inconsistencies of 
assignment in complex allocation models. 
 

o Some authors analyze the problem of the walking distances through the 
terminal. As the reader might think, this can be linked to the level of 
service provided to passengers. 

 
- Retail areas. No articles were found about the relation of check-in allocation and 

other downstream processes. 

 

3.2.2.3. SITUATION C: IMPLEMENTING IMPROVEMENTS INSPIRED IN REAL 
KPI 

This situation is the atmosphere where the future Scenarios are going to be implemented. 
According to this, it is essential to identify the key indicators that rule the sector and adapt 
the model to them. Additionally, some future inspiration is considered in order to 
stimulate the operational creativity among the stakeholders, at the same time that the 
sector’s resilience to changes is beaten. After this definition, the main indicators 
participating in this situation are: 

- Enhancement of the commercial experience of passengers. Recalling the chain 
concept stated in the introduction, the consideration of the commercial experience 
means assuming the retail time to be a link of the chain, not a complementary 
activity. This does not mean that all passengers spend money at the retail areas, 
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but assuming that everyone does it, is possible to quantify the impact of this 

activity in the airport revenues 

 

- Improvement of the level of service offered to passengers 

 

- Implementation of new check-in allocation procedures 

 

3.2.3. DESCRIPTION OF SCENARIOS 

In this section there is a description of the four scenarios in which different check-in 
allocation procedures are discussed. Each scenario is the result of combining the following 
three concepts: 

- Considering the commercial experience in retail areas as an active and decisive 
indicator of the check-in process. 
 

- Penalizing levels of service lower that a threshold, mainly determined by the 
queue length 
 

- Allocating each flight with specific counter profile. There are two types of counter 
profiles depending on their adjustment to the passenger arrival distribution: 
 

o Non-adapted counter opening profile: The number of counters is 
determined in a way that all the passengers are processed on time, but 
there are no conditions about the waiting time or the queue length. 
 

o Adapted counter opening profile: the number of opened counters in every 
time interval is proportional to the amount of passengers that arrive 
during this time interval. By doing this, the queues are clearly reduced, and 
thus, the level of service offered to for the passenger is improved 
considerably. 

 

               
               
               
               
               

FIG.3. 11: ADAPTED COUNTER OPENING PROFILE. SOURCE: FORNES, 2012 

 

               
               
               
               
               

FIG.3. 12: COMPARISON BETWEEN ADAPTED (GREEN) AND NON-ADAPTED (RED) COUNTER 

OPENING PROFILE. SOURCE: FORNES, 2012 
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Further details about these opening profiles are described in section 3.3.6. 

 

3.2.3.1. SCENARIO 0 

This is the reference scenario, and thus, its main goal is to represent accurately the current 
context. As a consequence, this scenario can be used to analyze the effectiveness of the 
measures implemented in future scenarios by comparison to this base case.  

The main aspects of this scenario are: 

- No interrelation considered between the check-in and retail stages. 
 

- Non adapted counter opening pattern 
 

- No penalizations for low levels of service to passengers 
 

Analyzing these aspects, it is possible to see that the tree of them start with the word NO in 
front of the sentence. Consequently, it can be expected that this will change in the 
following scenarios. Indeed, unlike in Scenario 0, subsequent scenarios consider a more 
refined counter opening profile, reasonable levels of service to passengers and the 
customers’ commercial experience. Further details are explained in coming sections. 

Additionally, from an operational view, it is important to keep in mind that the majority of 
European airports have their counters pre-assigned to the handling companies that 
provide services in at the airport. Then, these companies are responsible for allocating the 
flights they are serving to the resources they have been assigned or have asked for. In 
short, flights served by different handling companies are allocated separately. In order to 
make the comprehension and notation easier, this separate procedure according to 
handling companies will be referred as specialized allocation from now on. 

 

3.2.3.2. SCENARIO 1 

This scenario seeks to reduce the lines in front of the check-in counters, and, as a result, to 
increase the level of service by reducing the waiting time. To this end, the counter opening 
pattern used in this scenario, and subsequent ones, “forces” airlines to open a check-in 
counter every time there are customers waiting to be served. As the reader may suspect, 
this strategy represents more resources to be made available by the airlines, and hence, an 
appreciable economic cost growth. Nevertheless, this demand satisfying approach brings 
notorious improvements in performance of downstream process –such as retail areas- 
reductions in waiting time; hence the level of service is increased.  

Moreover, as slightly described in Scenario 0, from Scenario 1 on, special attention is paid 
to revenues from the retail areas and to penalizations for low levels of service. 

Concerning the revenues from retail areas, as an important part of the non aeronautical 
revenues, they are becoming more important in airport management. Non aeronautical 
revenues are all those income items coming from sources which are not the taxes that 
airlines pay to use the infrastructure. The great importance of this parameter is clearly 
reflected in the model with a term that estimates the airport income from shopping in 
retail shops. 
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Regarding the increase in the level of service, two additional terms are considered: 

- The term containing	
.(+�	�). This function penalizes airlines according to the 

perception that passengers have about the service provided by airlines during the 

check-in process. 

 

- The term containing	
E(+�	�). This function penalizes the airport authority when 

the personal space in the check-in area is lower than a threshold. In other words, 

this term is encouraging the airport authority to avoid overcrowded areas. By 

doing this, they prevent passenger flow disruptions caused by groups of people 

queuing in passageways. 

The main reason for the existence of these two functions can be seen as a way of 

internalizing externalities. Indeed, assuming queues to be a physical phenomenon caused 

by airlines and suffered by passengers, they can clearly be considered as externalities. 

Fixing a price for these queues incentivizes both the airline and the airport authorities to 

reduce the lines.  

While some new parameters have been included and other have been modified, the 

allocation of counters in terms of handling companies will be carried out in the same 

manner; that is, specialized allocation. 

 

3.2.3.3. SCENARIO 2 

Scenario 2 presents some similarities to Scenario 1 from the level of service and revenue 
management perspective. However, the way counters allocated is totally different. The 
essential variation is that counters and not pre-assigned to handling companies, and thus, 
any flight can be assigned to any counter. Moreover, it is important to realize that doing so, 
there should be a new global commission responsible for allocating the flights in a 
centralized way. As a result, the responsibility of allocating each flight changes from the 
handling company to the new commission. In notation terms, this procedure is called 
dynamic allocation. 

The central argument to test the worthiness of this procedure is that the solutions are 
expected to be more efficient from the resource utilization view. For instance, 
implementing dynamic allocation betters the performance in situations where the amount 
of flights served by each handling company is not symmetric. This antisymmetry causes 
unbalanced load factors – the majority of flights served in a concentrated small amount of 
counters - which bring high density areas for passengers and possible disruptions in the 
baggage conveyor system.  

Despite being expected to perform better than previous scenarios, special attention should 
be paid to the possibilities of the baggage conveyor system. In order to implement this 
scenario, the system should be able to classify any kind of counter –flight configuration. 
This condition may be an obstacle for airports with conventional systems. On the contrary, 
this is not a challenge for the new automatic systems. 
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3.2.3.4. SCENARIO 3 

Finally, Scenario 3 is based on a quite ideal situation. Instead of assigning each flight to a 
specific counter, this Scenario assumes that all the flights are assigned simultaneously to 
the same counters. In other words, there are a group of counters where all the passengers 
of any flight can check their luggage. Another operational way of understanding this idea is 
to consider all the real flights as a unique flight with a special arrival pattern that lasts the 
whole day; thus, the model can be applied to this Scenario with no additional 
complications. However, this concept is not as straightforward as it seems due to the 
following considerations: 

- Possibilities of the luggage conveyor system 
 

- Standards of quality in the counter. As different companies, with different criteria 
will be operating together, an agreement should be reached among the different 
stakeholders. 

On top of these considerations, there are a few inconvenient from the programming point 
of view. If this allocating problem wanted to be described more precisely, another 
mathematical formulation should be implemented. However, a first approximation can be 
obtained with a small variation of the existing code. Indeed, assuming the aggregation of 
all the flights as one single flight allows the management team to determine all the 
counters as common use resource. But this mathematical change has some lateral effects 
that condition the solution of the model. These effects are: 

- There is no possibility of determining the revenues from the retail areas because 
the approximation does not allow the calculation of the time when the passengers 
leave the check-in area. Therefore, it is not possible to determine the time spent 
shopping.   
 

- This variation of the model does not ensure that passengers check their luggage 
earlier than 40 minutes prior to the STD.  However, the fulfillment of this condition 
is controlled with other indicators of the model, such as the penalization for 
excessive queues in front of the check-in desks. Moreover, it is important not to 
forget that the model is built in a way that queues are penalized.  

Recalling the first sentence of the section, this scenario is considered to be ideal not for the 
unrealistic nature of the hypothesis, but the sector’s reluctance to change from the current 
situation. 

 

3.2.3.5. SCENARIO SUMMARY 

At this point it is possible to present a global overview of the scenarios already presented 
and the main challenges that each one entails. This classification can be seen in Table 3. 1, 
where each column contains information about a scenario and each row refers to a 
different performance mode. 
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 SCENARIO 0 SCENARIO 1 SCENARIO 2 SCENARIO 3 

P.M.1: 
Conventional 

-Specialized 

allocation 

-Non adapted 

counter profile 

-Specialized 

allocation 

-Adapted 

counter profile 

-Dynamic 

allocation 

-Adapted 

counter profile 

-“Unique“ all 

day flight 

-Adapted 

counter profile 

P.M.2: LoS -Low LoSs are not 

penalized 

- LoS functions 

f1 and f2 
- LoS functions 
f1 and f2 

- LoS functions 
f1 and f2 

P.M.3:Retail 

experience 
-Retail revenues 
NOT considered 

-Retail revenues 
considered 

-Retail revenues 
considered 

-Retail revenues 
considered 

TABLE 3. 1: SCENARIO SUMMARY 

 

3.3. ASSUMPTIONS 

The main aim of this section is to explain the assumptions used in our model. The majority 
of these them have a mathematical tool behind that facilitates the estimation of the results. 

 

3.3.1. PASSENGER ARRIVAL DISTRIBUTION 

The determination of the passengers’ arrival distribution in an airport has been one of the 
toughest and most challenging tasks for airport managers as a consequence of the large 
amount factors that affect the results. 

Several arrival distribution functions have been suggested in the literature such as 
Normal, Poisson, Beta, and Erlanger distributions among others. However, this thesis 
applies the formulations developed by (Robusté, 1988). According to these theories, the 
probability of a bag arriving to the check-in counter before time t can be expressed by 
FB(t)=B(t)/NB. In this expression, B(t) is the accumulated number of baggage arrived at the 
check-in counter before time t, and NB is the total amount of baggage from an specific 
flight. Assuming NB/NP -number of bags per passenger- to be constant, the passenger’s 
arrival distribution FP(t) can be estimated with observed data. Despite the dependence of 
FP(t) distribution on the airport, the flight and other socioeconomic characteristics, it can 
be precisely described by the following expression:  

 

 {a(�) = �� + ��·� EQ.3. 26 

 

Where � �⁄ ≪ 1 and 0 < � < 100 minutes before the scheduled time of departure (STD) 
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This function was tested in San Francisco Airport with a successful result, with a=51, 

b=0.108 and R2=0.994. A graphical representation of this test can be seen in  

 

 

FIG.3. 13:PROBABILITY DISTRIBUTION APPLIED TO SAN FANCISCO AIRPORT ACCORDING TO 

(ROBUSTÉ, 1988). SOURCE: (LLORENS, 2005) 

 

Starting from expression Eq.3. 26, (Llorens, 2005) tries to identify two standard 
cumulative distribution functions for two type of flights at Terminal 2B of Barcelona 
Airport. In order to do so, the aforementioned expression is modified in the following 
points: 

- The expression is multiplied by C, the occupation of the flight (the number of 
passengers who are taking the flight, not necessarily equal to the capacity of the 
plane) 
 

- The expression is re-scaled in time to change the opening time form 100 to the real 
opening time (Op), which changes from airport to airport. 
 

After implementing these changes, the resulting expression is the following: 

 

 'a(�) = B · �
� + ��·y.))-.))·��� z 

EQ.3. 27 

 

The new conditions on the domains of the variables are � �⁄ ≪ 1 and 0 < � < ^! minutes 
before the scheduled time of departure (STD). 

In (Llorens, 2005), the author performs a least square calibration to adjust real data from 
two different flights to the expression in Eq.3. 27. The original data can be seen in Fig.3. 14 
and the results of the calibration are placed in Table 3. 2. 
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FIG.3. 14: PASSENGERS’ ARRIVAL DISTRIBUTION FOR A BRITISH AIRWAYS FLIGHT AND A VUELING 

AIRLINES FLIGHT. SOURCE: (LLORENS, 2005) 

 

 a b R2 

British Airways 70.0426 0.0855284 0.988 

Vueling Airlines 176.395 0.124635 0.992 

TABLE 3. 2: PARAMETRS OF THE ACCUMULATED ARRIVALS DISTRIBUTION EXPRESSION 
ADJUSTED TO THE BRITISH AIRWAYS AND VUELING AIRLINES FISTRIBUTIONS. SOURCE: 
(LLORENS, 2005) 

 

After determining these two passenger’s arrival distributions it is necessary to decide 
which distribution will be used for each flight. The criterion followed to do the assignment 
is based on the observation of Fig.3. 14, and the results follow the criterion explained 
below: 

- If the flight is likely to carry a lot of checked luggage –mainly charter, long distance 
and connection flights – the distribution will be the first one (British Airways). The 
main reason of this association is that passengers travelling with willing to check 
their baggage arrive earlier compared to passengers flying only with hand luggage. 

- The rest of the flights, the ones whose majority of passengers are expected to carry 
hand luggage only (mainly short and medium distance flights without connection), 
will be analyzed with the second arrival distribution (Vueling Airlines). 
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3.3.2. PASSENGERS’ DISTRIBUTIONS PROPAGATION 

As already stated in section 3.1.2 (security check process), there are two possible curve 
propagation processes, translation and rescaling, which mainly depend on the geometric 
characteristics of the terminal and service rate of the process. Despite not defining the 
reality in the most exact way, translation is the propagation procedure used in this thesis. 
The time difference between the reference distribution and the propagated one is 
assumed to be the average time obtained from real data.  

The mathematical procedure to get the discreet value of the propagated distribution is 
explained below: 

- Let Tprop be the propagation time (time difference the propagated and the original 
curve) and let t* and t’ to time interval values such that 
 

 U�_�� = X · (�∗ + �′) 
EQ.3. 28 

 
- First, we define ���Rto be the integer part of x. 

 
- Second, t* and t’ are calculated as 

 

 �∗ = cU�_��X dR EQ.3. 29 

   

 �� = U�_��X − �∗ EQ.3. 30 

 

 
- Finally, if O(t) is the value of the original distribution, the propagated distribution 

(P(t)) algorithm is: 
 

 ∀� = 1,2,⋯ , �� 	&(�) = �� · ^(� − �∗ − 1) + (1 − �′) · ^(� − �∗) EQ.3. 31 

 
 

This last step can be seen in Fig.3. 15 
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FIG.3. 15: GRAPHICAL DISTRIBUTION CURVE PROPAGATION. SOURCE: FORNES, 2012 

 

Once the procedure has been presented, it can be applied to the several propagation 
episodes happening in the suggested model. In particular, there are three processes which 
require this translation: 

- Passengers who need to check their baggage in the conventional check-in desks 
and then go to the security check-point. 
 

- Passengers with distant check-in done who proceed directly to the security check-
point. 
 

- Every single passenger needs to be scanned in the security scan. This process is 
considerably complex and depends on a lot of factors. However, the assumption 
that all the passengers spend an average time tsec has been implemented, as a 
matter of simplicity. 

 

�∗ 



 

43 

 

Anàlisi i optimització dels processos d’assignació de mostradors 

 de facturació d’equipatges als aeroports 

Codi: 722-TES-CA-5581 

3.3.3. LEVEL OF SERVICE PROVIDED BY AIRLINES AND AIRLINES 

Any time that a level needs to be calculated it is necessary to determine an indicator and 

its thresholds. In this case the indicator is the queue length by two reasons: 

- It is what the passengers perceives when he/she is queuing, 

 

- It is easy to compute this queue length with the described model.  

The reader may wonder whether the queuing time will be a better indicator. The answer is 

not easy, but the queuing time has two main drawbacks: 

- As a consequence of the subjectivity of value of time, it is conceptually difficult ot 

put a price to this time. Indeed, questions like “should the queuing time be 

considered the same as the service time?” or “do passenger perceive times in the 

same manner?”weakens the arguments to consider this parameter as the indicator 

 

- Additionally, it is more complicated to compute. This is due to the fact that the 

queuing theory does not allow following individual in a micro level.  

Leaving this conceptual discussion apart, the determination of the levels of service at the 

airport has another complication arises from the lack of references applicable to this 

context. Despite not being possible to use it in our model, the only worth mentioning 

reference is (Airport Cooperative Research Program, 2011). In this report they suggest 
several passengers’ perception of queues. For instance, the first interesting table is: 

 

Waiting 

length 

Average 

Perception 

0-5 min 1.8 

>5-10 min 2.2 

>10-15 min 2.6 

>15-20 min 3.2 

>20-25 min 3.7 

>25-30 min 3.2 

>30-35 min 4.0 

TABLE 3. 3: AVERAGE PASSENGER PERCEPTION OF TICKETING QUEUE TIME VERSUSLENGTH OF 

WAIT. SOURCE: (AIRPORT COOPERATIVE RESEARCH PROGRAM, 2011) 

 

Analyzing this table it is possible to figure out there two main inconveniences when trying 
to apply it to our model: 

- It refers to queuing time, which is not easily achievable with the model 
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- The perception is something relative and not objective, which means that there are 

no rational ways to translate these perception rates to money. 

After these comments and references, it is relevant to take the passengers’ perception into 

account. However, as a consequence of the lack of references, queue length is going to be 

assigned a penalization of 0.05€/queuing person/minute, both to airlines and airport.  

 

3.3.4. RETAIL AREAS REVENUES 

The revenues from retail areas are calculated multiplying the percentage of the price that 

the airport gets from sales, times the amount of passengers that go through this areas time 

the time this passengers spend there. 

The best approach to get a realistic value of the historical values of money spent is this 

sort of areas in previous years. In the case of this model, after contacting several 

stakeholders involved in retail areas, it has been impossible to get a realistic amount, 

neither an order of magnitude.  

Nevertheless, the model assumes the conservative value of 0.5€/minute which comes 

from the money spent in a meal taken at the airport in 20 -30 minutes.  

Moreover, concerning the percentage of the price that the airport receives from each sale, 
this value is the 5%. 

 

3.3.5. PASSENGER BEHAVIOR IN REATAIL AREAS 

Under this title we want to describe the timing assumption implemented in the model. 
Before justifying the assumptions, it is important to recall the countdown approach 
explained in the introduction.  

Just after leaving the security checkpoint, passengers have some “free time” before they 
are allowed to board the plane. In this time, passengers tend to feel anxious as a 
consequence of the lack of information about the status of the flight. This fact causes some 
group of passengers to spend their waiting time in front of the information screens just in 
case their flight got delayed or cancelled. In addition to this, they are usually the one to 
arrive first to the boarding gate just in case someone took their seat. Thus, they spend 
quite little time at the retail areas. 

Other passengers, instead, prefer to spend their time in retail areas until the last moment. 
This is typical from people who are frequent users of the terminal, and already know how 
long it takes to get from one part of the terminal to the boarding gate. However, they also 
need to be aware of the situation of the flight, and these clients demand to have accessible 
information in any part of the terminal. 

These two sorts of travelers are the two extremes (black and white), and hence, there are 
several levels of mix in between (which would be the grey variety). Intuitively, each of 
these intermediate passengers behaves in a different manner, which makes it difficult to 
predict without any specific data.  
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After these considerations it is time to recall how the model predicts the revenues from 

retail. The expression used to do so is Eq.3. 17 from section 3.1.3.3. Up to this level of the 

thesis, there are just two parameters left to define, ρ(i) and β(i). 

- Parameter ρ(i) is the anticipation time that passengers arrive to the boarding gate. 

There is a part of this parameter which is fix and it has a value of 30 minutes (is the 

value that airlines tell their passengers to be at the boarding gate). Moreover, due 

to the difference in behavior it is observed that travelers show up at the gate from 

50 to 30 minutes. This phenomenon is described with a uniform distribution, 

which can be analytically written as: 

 

 ρ(i) = 30 + t�τ 			with		t�~U(0,20) EQ.3. 32 

 
- β(i) takes values around 1 and reflects how used the passengers are to the 

terminal. Due to the lack of values this parameter will be equal to 1. 

Finally, it is worth commenting that this model underestimates the value of the revenues 
from retail areas due to the non consideration of delays. Unfortunately, delays are an 
everyday problem in aviation. The impact of delays is not insignificant as stated in (Cook, 
Tanner, Jovanovic, & Lawes, 2009). Thus, it is sure that passengers are going to stay at the 
airport longer than expected, and so, they will spend more money. However, the mood of 
passengers might change and similarly, their tendency to buy will be lower. 

 

3.3.6. COUNTER PROFILES’ SHAPE 

In this section there is a description of the possible counter profiles used in the algorithm, 
in terms of the maximum number of counters which are needed to be allocated. The 
starting point of this algorithm is matrix C, containing the amount of counters that flight i 
needs in order to provide the desired level of service. 

The profiles described below are just an overview in terms of the relative order and 
position of the different rows. Also, the number of time intervals is an example because the 
duration of each profile is considerably different. 
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TABLE 3. 4: SCHEMATIC COUNTER PROFILES AVAILABLE TO ALLOCATE FLIGHTS IN TERMS OF THE 

MAXIMUMM NUMBER OF NECESSARY COUNTERS. SOURCE: FORNES, 2012 
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3.3.7. FLIGHT OCCUPATION FACTORS 

The occupation factor of the aircraft is one of the key performance indicators in the civil 

aviation sector. In the case of airport management is relevant in the planning phase as 

there is a lack of real date until 30 minutes prior to the departure of the flight (when the 

last tickets are sold). 

Equally to many other indicators of the sector, the occupation factor is likewise a taboo. 

Airlines only publish them when they are positive, so they can show off their excellent 

management skills.  

However, from some news on specialized newspapers and magazines and asking 

professionals from the sector it is possible to estimate occupation factors with the 

following values: 

 

Type of flight Occupation factor 

Charter 95% 

Regularº 
Low-cost airline 75% 

Network airline 68% 

TABLE 3. 5:ESTIMATION OF OCCUPATION FACTORS ACCORDING TO DIFFERENT TYPES OF FLIGHT. 

SOURCE: FORNES, 2012 
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4. RESULTS 

After presenting all the details, possibilities, advantages and restrictions of the model, it is 

time to show what the model does and the results provided. In order to show it, two cases 

are going to be explained and developed. Furthermore, during the following paragraph we 

introduce several generalities about the sort of information the model gives as results. The 

information provided is: 

- GENERAL SCHEDULE: This is a 2D matrix, where each row is a counter and each 
column is a time interval. The initial value of cell j,t is 0, but if the flight i is 
assigned to the counter j during the time interval t this cell will change it value to i. 
Thus, observing the matrix the manager can easily figure out the counters where 
each flight is allocated. In the sector jargon it can be considered as a Manhattan 
(due to its shape). In the technical atmosphere, it can be assimilated as a Gantt 
chart.  
 

- FLIGHT ASSIGNENT MATRIX: This is a 3D 0-1 matrix where coefficient i,j,t is 0 
unless flight i is assigned to counter j in time interval t. As the reader may perceive, 
this matrix is not reader friendly and it is not. However, it is the basis for the model 
calculations and it may be useful for further calculations or refinements of the 
solution.  
 

- GENERAL COST: This is the value of the objective function in the optimum solution 
found with the model. Again, this information is not relevant from a user perfective 
as it is the aggregation of different terms that affect different stakeholders. Thus, it 
is difficult to determine if the result is good or bad. 
 

- STAKEHOLDERS’S COSTS VECTOR: This vector has three coefficients related to the 
main three stakeholders: Airlines, passengers and the airport authority. In each 
cell the reader can identify the cost associated to each actor. Hence, it is possible 
analyze the impact of changes and how this changes affect the different cells. 
 

Other partial values may be obtained from the model for information purposes, but also to 
verify whether the model is performing correctly or not. 

In addition, some consideration related to the result is done in the following paragraph. As 
insistently mentioned during the description of the model, this thesis pretends the 
counters assigned to each flight to be allocated in an optimum and specific manner. In 
order to clarify this concept, two simple figures describe in an easy manner what the 
model does. In Fig. 4. 1 it is possible to see an example of the current allocation procedure. 
Conversely, Fig. 4. 2 shows the process suggested by the model. 
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0 0 0 0 0 0 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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0 0 0 0 0 0 0 0 0 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 0 0 0 0 0 0 0 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 4 4 4 4 4 4 4 4 4 0 0 0 0 0 

FIG. 4. 1: EXAMPLE OF THE CHECK-IN ASSIGNMENT GIVEN BY THE CURRENT PROCEDURE 
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1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 4 4 4 4 4 4 4 4 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

FIG. 4. 2: EXAMPLE OF THE CHECK-IN ASSIGNMENT PROPOSED BY THE MODEL 

 

Despite not being relevant from the information behind the previous figures, the colors 
are not provided by the model. However, we think they make the figures more 
understandable. 

From the two figures above it is possible to state that: 

- The second solution has a higher degree of interrelations between each flight and 
takes advantage of special geometry of each distribution. 

- Although the demand of counters is significantly greater, the amount of used 
counters is smaller. In other words, the second solution provides a better service 
using fewer resources than the first one. 

Despite the simplicity of these examples, they provide an interesting view of what the 
model does. Deeper analyses of the model are done in the following two cases. 

 

4.1. CASE 1: PERFORMANCE UNDER THE COMBINATION OF 
REGULAR AND CHARTER FLIGHTS 

4.1.1. INTRODUCTION OF THE MAIN PARAMETERS 

This scenario is not inspired in any particular airport, but it could refer to any airport 
currently handling a mix of regular and charter flights (as could be the case of a medium 
and big size airport near touristic places, for instance, the Mediterranean seaside).  As 
already stated previously the operational characteristics of charter flights are significantly 
different compared from the regular ones. Table 4. 1 contains these basic variations: 



 

51 

 

Anàlisi i optimització dels processos d’assignació de mostradors 

 de facturació d’equipatges als aeroports 

Codi: 722-TES-CA-5581 

  

Parameter Regular Charter 

Occupation factor 68-75% 95% 

Typical number of passengers 120-170 150-220 

Earliness 
Parameter a 70.042 176.394 

Parameter b 0.0855 0.124635 

Value of time 38.08 €/h 17 €/h 

Service rate 1.5 min/pax 2 min /pax 

Conventinal vs. distant check-in 50% vs  50% Nearly 100% conventional 

Likeliness of carrying baggage Low-medium High 

TABLE 4. 1: OPERATIONAL DIFFERENCES BETWEEN CHARTER AND REGULAR FLIGHTS. SOURCE: 

FORNES, 2012 

 

As a consequence of these parameters it is possible to state that charter flights demand 
more resources in comparison to regular flights. This fact can be proven by visiting any 
airport where charter flights exist. The check-in process for such flights tends to have a 
lack of passenger friendliness. Indeed, the main observable aspect is the existence of long 
isolated lines in the middle of the check-in area. (See Fig. 4. 3) 
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FIG. 4. 3: ISOLATED CHECK-IN QUEUES AT LIVERPOOL INTERNATIONAL AIRPORT. SOURCE: 
(EVANS, 2010) 

On top of the operational challenges of charter flights themselves, an extra difficulty 
appears when both flight categories operate together. The case described below analyses 
which are the resource requirements and performance of the check-in processing area. In 
fact, the first analysis is going to focus on the evolution airline of costs per passengers in 
terms of the mixture ratio. 

Furthermore, this case has an extra objective related to the need of resources in terms of 
the density of flights. Some stakeholders from the sector tend to plan the use of their 
resources assuming their scalability to follow a linear pattern. This test seeks to find signs 
to ensure or refute this idea.   

 

4.1.2. DESCRIPTION OF THE CASE 

As previously indicated, the simultaneous operation of regular and charter flights add 
some pressure to the system. In order to prove the resource necessity of the system, 
different percentages of each type of flight are tested. In order to be able to take clear 
conclusions, the characteristics for all regular flights are the same. Similarly, all the charter 
operations are assigned homogeneous conditions as well.  

In total, there are 10 flights scheduled to depart within the time scope of the case but the 
proportion of regular to charter flights is going to change. This ratio between the sort of 
flights changes in steps of 10%. The conversion of flights from regular to charter is done 
starting from the first and growing towards the end.  
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The specific input data for each departure flight is the following: 

 

Parameter Regular Charter 

Occupation factor 68% 95% 

Typical number of passengers 160 210 

Earliness 
Parameter a 70.042 176.394 

Parameter b 0.0855 0.124635 

Value of time 38.08 €/h 17 €/h 

Service rate 1.5 min/pax 2 min /pax 

Conventinal vs. distant check-in 50% - 50% 95% 

TABLE 4. 2: INPUT DATA FOR CASE 2. SOURCE: FORNES, 2012 

 

Moreover, with the aim of putting the system under different density conditions, the time 
interval between each flight changes every time the model is run.  

 

4.1.3. CASE RESULTS’S PRESENTATION AND ANALYSIS 

First of all, we analyze the evolution of costs per passengers that airlines need to cover 
according to an operations plan. The results of the model applied to this case are 
presented in Fig. 4. 4. 

In general terms, it is possible to state that for low levels of charter flights, the different 
curves follow an S-shaped pattern. On the contrary, for higher proportions of charter 
flights, curves tend to linear or asymptotic evolutions. Also, analyzing the difference 
between each curve one can say that the higher the interval between flight, the longer the 
S-shaped interval.  

The presence of concavity is strictly related to the cost of allocating an extra charter flight. 
In order to analyze this, the passenger has to select the current percentage of charter 
flight. Then, an imaginary straight line should be drawn –following the evolution of the 
curve from the first to the last point- and compare the cost from the obtained curve to the 
hypothetical line. In other words, concavity indicates that allocating a charter flight in a 
given the specific percentage, is cheaper than if there was not concavity. 

According to these reflections, a discontinuous line has been drawn in Fig. 4. 4 that allows 
us to classify airports according to the percentage of charter flights. However, this line 
does not have a precise and exact position, as it change from airport to airport, but the 
relevant aspect is to understand its existence. Airports with low percentage of charter 
flights (left part of the plot) are called “business airports” and they present good 
economical conditions for allocating a small amount of charter flights. This is due to the 
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fact that regular flights do not need as many resources as charter flights and thus, they are 

more flexible when charter flights need to be allocated. Conversely, “charter airports”, do 

not have such flexibility and adding an extra charter flight in the schedule requires a linear 

amount of resources to be allocated. 

 

 

 

FIG. 4. 4: EVOLUTION OF COSTS PER PASSENGER THAT AIRLINES HAVE T ASSUME DEPENDING ON 

THE PERCENTAGE OF CHARTER FLIGHTS. SOURCE: FORNES, 2012 

 

According to these reflections, a discontinuous line has been drawn in Fig. 4. 4 that allows 

us to classify airports according to the percentage of charter flights. However, this line 

does not have a precise and exact position, as it change from airport to airport, but the 

relevant aspect is to understand its existence. Airports with low percentage of charter 

flights (left part of the plot) are called “business airports” and they present good 

economical conditions for allocating a small amount of charter flights. This is due to the 

fact that regular flights do not need as many resources as charter flights and thus, they are 

more flexible when charter flights need to be allocated. Conversely, “charter airports”, do 

not have such flexibility and adding an extra charter flight in the schedule requires a linear 

amount of resources to be allocated. 
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From all these considerations we can deduce that charter airport need to be planned with 

an excess of resources in order to be able to adapt to future demand. Therefore, these 

airports are more likely to present profitability difficulties. 

As already stated, the second analysis done in this section pretends to determine the 

evolution of costs in terms of a variation in the density of flights. The results of this 

analysis are shown in Fig. 4. 5. In the vertical axis we found the minimum number of 

counter and in the horizontal axis we have placed the frequency of flights in flights per 

hour. Besides, different curves are plotted, each of them for a different regular-charter 

flight proportion.  

 

 

FIG. 4. 5: EVOLUTION OF THE MINIMUM NUMBER OF COUNTERS IN RELATION TO THE DENSITY OF 

FLIGHTS. DIFFERENT CURVES MEAN DIFFERENT PROPORTIONS OF REGULAR AND CHARTER 

FLIGHTS 

 

Observing the plot, the non linearity of the curve is the most relevant aspect to comment. 

In addition, this non linearity is enhanced by the fact that the results are gotten from a 
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homogeneous sample. Indeed, the frequencies, service rates, number of passengers, and 

many other aspects were assumed to be homogeneous and the results confirm the non-

linearity. This fact strengthens our argument because should heterogeneities be included, 

the results would have been even less linear. 

Taking all above into consideration, this non-linearity would benefit operation planners at 

airports as this plot shows the existence of economies of scale. That means that in case the 

frequency change from 2 flights per hour to 6 flights per hour, the increase the number is 
not the proportional to amount of counters needed to change from 6 to 10 flights per hour. 
Alternatively, if an amount a was invested in planning, another amount ab (with a and b 
greater than 1), for example a2, would be the money saved in the new configuration. 

To conclude, we can say that the steps to dimension the resources in an optimum manner 
are the following. Firstly, efforts should be placed in defining with accuracy the 
passengers’ arrival pattern as well as the service rate in order to have realistic and reliable 
data. Then, the manager has to implement a model that helps him/her indentify the 
savings in allocation coming from the proven non-linear yields. 

 

 

4.2. CASE 2: MALAGA-COSTA DEL SOL AIRPORT 

4.2.1. INTRODUCTION TO THE TERMINAL 

In order to get results of this model, the different aforementioned scenarios have to be 
implemented to a particular Terminal 3 of Malaga Airport has been the chosen 
infrastructure because of several reasons: 

- There is a large variety of flights (charter and regular) and companies (low-cost 
and conventional). Thus, the passengers’ behavior is different from flight to flight, 
which will prove the validity of the model 
 

- Terminal 3 is a fairly new terminal, and thus, it is interesting to determine under 
which conditions the terminal is currently operating. 
 

- Terminal 3 has an automatic baggage conveyor system (SATE), which, unlike other 
conventional systems, is able to handle the operational challenges we are 
suggesting in the different scenarios.  
 

- The airport is the 4th busiest airport in Spain and handled nearly 13 million 
passengers in 2011. Significant amounts of this traffic are tourist, which usually 
carry at least one luggage they would like to check at the airport. Therefore, the 
number of luggage processed in the check-in area is higher compared with other 
terminals with the similar traffic. 
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4.2.2. DESCRIPTION OF THE CHECK-IN AREA 

The check-in area in terminal is L-shaped, with the security check-point located in the 
angle of the L. An schematic plan of this area can be seen in Fig. 5. 1. 

 

 

FIG. 5. 1: SCHEMATIC PLAN OF THE CHECK-IN AREA OF TERMINAL3 AT MALAGA-COSTA DEL SOL 

AIRPORT. (SOURCE: AENA AEROPUERTOS, 2012) 

 

A larger plan - including the whole terminal - can be seen in the Appendix. 

Regarding the spatial locations of check-in counters, there are 62 check-in desks 
distributed along the long corridor (counters from 301 to 362) and 24 along the short 
corridor (counters from 363 to 387). This shape does not represent any inconvenience 
during the check-in process because there is no interaction between lines from different 
counters. 

As a consequence of historical operational trends, the counters are currently pre-assigned 
to handling companies, and so, they are responsible for the check-in counter assignment of 
the flights they provide service to. The existing pre-assignments, the number of counters 
and the airlines handled can be seen in Table 4. 3 
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Handling 
company 

Preassigned 
Counters 

Number of 
Counters 

Airlines serviced 

Iberia 301-319 19 counters Iberia Express, Vueling, British Airways, 

Aer Lingus, Thomson Airways, Aeroflot, 

Monarch, Turkish Airlines, Royal Air 

Marroc, Air Finland and Finnair 

Flightcare 342-362 21 counters Air Berlin, XL Airways, Norwegian Airlines, 
Transavia, BMI Baby, NIKI and Brussels 
Airlines 

Air Europa 363-365 3 counters Air Europa and Air France 
Clever 370-387 18 counters Condor, Mistral Air, Delta, Thomas Cook, 

TAP Portugal, Swiss Airlines, Lufthansa, 
Alitalia and Scandinavian Airlines 

TABLE 4. 3: HANDLING COMPANIES OPERATING AT TERMINAL 3 OF MALAGA-COSTA AIRPORT, 

WITH THE PREASSIGNED COUNTERS, THE NUMBER OF COUNTERS AND THE AIRLIENES THAT THE 

PROVIDE SERVICE TO. 

 

From this table it is possible to state that there are a lot of counters that are not apparently 
used – only 61 of the 87 available counters are used. There may be two reasons to explain 
this fact: 

- Some of them are left unassigned as buffer resources in order to avoid problems 
due to unexpected situations or wrong passengers’ behavior estimation. 
 

- The terminal was planned to be able to handle traffic much higher than the 
current, and thus, the terminal may be working much below the maximum 
capacity-and there is no need to use all the counters. 

The latter reason is the most likely to happen at this terminal, and will be corrected in 
order to simulate that the terminal is somehow under congestion, and thus, more compact 
solutions may be provided by the model. In other words, in the scenarios we will not allow 
flights to be assigned to non-pre-assigned counters. By limiting the counters, it will be 
possible to determine whether the resources available are enough to satisfy the demand 
according to the assumptions of the model. 

 

4.2.3. DATA CHARACTERISTICS AND SOURCES 

The allocation scenarios will be performed with the departure operations at Terminal 3 
from the 3rd of June of 2012. The ideal situation would have been to obtain the operational 
plan from the airport authority, but this has not been possible, and the operation schedule 
has been estimated from the public information available in AENA’s website. For each 
flight, the information required by the model is the following: 

- Scheduled time of departure (STD) 
 

- Total amount of passengers 
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- Passengers checking-in conventionally 

 

- Passengers with distant check-in  

 

- Flight type (regular/charter) 

 

- Tendency to carry luggage 

 

- Airline type (low-cost/network) 

 

- Passengers’ arrival distribution patterns (a and b) 

 

- Handling company 

 

- Value of time for the passengers 

 

- Parameter reflecting the passenger’s behavior at the retail areas 

 

- Check-in service rate 

The table with the information used to run the model can be seen in the Appendix. 

 

4.2.4. SCENARIO RESULTS 

In the following tables, the reader can see the results of the model applied to Terminal 3 of 
Malaga-Costa del Sol Airport. In these tables, each column represents the costs associated 
to the operations of flight service by a specific handling company. On the other hand, each 
row contains the costs that each stakeholder assumes.  

 

4.2.4.1. MODEL APPLIED TO THE CURENT COUNTER PRE-ASSIGNENT 

This section analyzes the results obtained from the model assuming the current pre-
allocation of counters presented above. Thus, the amount of counters assigned to each 
Scenario can be seen in Table 4. 4. 

 

 Scenarios 0. and 1 Scenario 2 

 Clever Flightcare Iberia Air Europa TOTAL 

Number o counters 18 19 21 7 63 

TABLE 4. 4: NUMBER OF COUNTERS USED IN THIS SECTION TO CALCULATE THE TERMS OF THE 

OBJECTIVE FUNCTION. 
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After introducing the counters from the previous table, the model results obtained can be 

seen in the table below.  

 Daily Operations’ Costs  

 Clever Flightcare Iberia Air Europa TOTAL 

Airline costs -2245.2 -2435.4 -4481.8 -123.7 9286.112 

Passenger costs -10299 -12295 -28980 -1506.6 53080.5 

Airport costs -63.2 -84 -253.1 -5.7 -238.0 

TOTAL -12607.4 -14646.4 -33714.9 -1635.9 -62604.6 

TABLE 4. 5: RESULTS FOR SCENARIO 0.SOURCE: FORNES, 2012. 

 

 

 Daily Operations’ Costs  

 Clever Flightcare Iberia Air Europa TOTAL 

Airline costs -2121.1 -2491.8 -4673.2 -121.3 -9407.4 

Passenger costs -9302.2 -10852 -23070 -1494.2 -44718.4 

Airport costs 3772.1 4924.6 9030 689.7 18416.4 

TOTAL -7651.2 -8419.2 -18713.2 -925.816 -35709.4 

TABLE 4. 6: RESULTS FOR SCENARIO 1. SOURCE: FORNES, 2012. 

 

 

 

 Daily Operations’ Costs 

 TOTAL 

Airline costs -7963.3 

Passenger costs -40960 

Airport costs 17154 

TOTAL -31769.3 

TABLE 4. 7: RESULTS FOR SCENARIO 2. SOURCE: FORNES, 2012 
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In the context of this section, analyzing what happens with in Scenario 3 is not important 

as the main objective of this Scenario is the reduction of counters, which is not what is 

being done now. The application of Scenario 3 is more understandable in the next section. 

All the tables in this section contain relevant result but being separated makes it difficult 

for the reader to compare. Global results of this and the next section can be seen in the 

synthetic table in the section “4.2.4.3COMPARISON AMONG SCENARIOS” 

 

4.2.4.2. MODEL APPLIED TO A RESOURCE OPTIMIZING ATMOSPHERE 

Behind this title we pretend to determine what the results of the model are when the 
conditions that we impose are pressuring the system until the resources needed are the 
minimum. Despite this pressure, the system must fulfill all the other requirements. That is 
to say that we have been reducing the number of counters and proving that all the 
passengers are served 30 minutes prior to the STD the latest. By doing this procedure for 
the different Scenarios it is possible to get the results expressed in the tables below. 

 

 

 Daily Operations’ Costs  

 Clever Flightcare Iberia Air Europa TOTAL 

Airline costs -1696.1 -1898 -3895.1 -123.7 -7612.9 

Passenger costs -10608 -12295 -28980 -1506.5 -53389.5 

Airport costs -68.0974 -84.0 -253.133 -5.7 -410.9 

TOTAL -12372.2 14277 -33128.2 -1635.9 -61413.4 

TABLE 4. 8: RESULTS FOR SCENARIO 0.SOURCE: FORNES, 2012. 

 

 

 Clever Flightcare Iberia Air Europa TOTAL 

Number of counters 8 8 13 8 37 

TABLE 4. 9: MINIMUM NUMBER OF COUNTERS REQUIRE FOR SCENARIO 2. SOURCE: FORNES, 2012 
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 Daily Operations’ Costs  

 Clever Flightcare Iberia Air Europa TOTAL 

Airline costs -1757.1 -1971.2 -4065.9 -121.3 -7915.5 

Passenger costs -9302.2 -10852 -23070 -1494.2 -44718.4 

Airport costs 3772.1 4924.6 9030 689.7 -18416.4 

TOTAL -7287.2 -7898.6 -33128.2 -925.816 -34217.5 

TABLE 4. 10: RESULTS FOR SCENARIO 1. SOURCE: FORNES, 2012. 

 

 

 Clever Flightcare Iberia Air Europa TOTAL 

Number of counters 8 9 15 8 40 

TABLE 4. 11: MINIMUM NUMBER OF COUNTERS REQUIRE FOR SCENARIO 1. SOURCE: FORNES, 2012 

 

 

 Daily Operations’ Costs 

 TOTAL 

Airline costs -7547.3 

Passenger costs -40960 

Airport costs 17154 

TOTAL -31353.3 

TABLE 4. 12:RESULTS FOR SCENARIO 2. SOURCE: FORNES, 2012 

 

 

 TOTAL 

Number of counters 18 

TABLE 4. 13: MINIMUM NUMBER OF COUNTERS REQUIRED FOR SCENARI 2. SOURCE: FORNES, 2012 

 

Before introducing the results of Scenario 3 it is important to mention that due to  
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 Operations costs 

 TOTAL 

Airline costs -2536 

Passenger costs -35964 

Airport costs Not relevant 

TOTAL -31353.3 

TABLE 4. 14:RESULTS FOR SCENARIO 2. SOURCE: FORNES, 2012 

 

 TOTAL 

Number of counters 15 

TABLE 4. 15: MINIMUM NUMBER OF COUNTERS REQUIRED FOR SCENARI 3. SOURCE: FORNES, 2012 

 

4.2.4.3. COMPARISON AMONG SCENARIOS 

The first thing to do before any comparison is done is to group all the results in just one 
table. This is done in Table 4. 16 

  SCENARIO 0 SCENARIO 1 SCENARIO 2 SCENARIO 3 

C
u

rr
e

n
t 

si
tu

a
ti

o
n

 Airline costs -7286.1 -9407.4 -7963.3 Not relevant 

Passenger costs -53080.5 -44718.4 -40960 Not relevant 

Airport Costs -238 18416.4 17154 Not relevant 

Total Costs -62604.6 -5709.4 -31769.3 Not relevant 

Number of counters 63 63 63 Not relevant 

P
re

ss
u

re
 s

it
u

a
ti

o
n

 Airline costs -7612.9 -7915.5 -7547.3 -2536 

Passenger costs -53389.5 -44718.4 -40960 -35964 

Airport Costs -410.9 18416.4 17154 Not relevant 

Total Costs -61416.4 -34217.5 -31353.3 Not relevant 

Number of counters 37 40 18 15 

TABLE 4. 16:  SUMMARY TABLE OF RESULT FORM CASE 1. SOURCE: FORNES, 2012 
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Without a deep analysis of the table it is possible to state that there are several aspects to 

comment. Each aspect will be analyzed below the corresponding headings.  

 

AIRLINE COSTS 

On the current block we see that the airline costs are smaller than in any of the other two 

suggested Scenarios. This increment in cost is due to the extra amount of check-in counter 

required for the model we are suggesting. However, this is not true in the second block 

where the costs in the second Scenario are even lower than the current one. To 

understand the reason why this happens it is essential to remember that the airlines cost 

are the summation of three terms: 

- Direct costs (the number of counters used in each time interval multiplied by the 

length of the interval and the counter cost). This term is usually lower in the 

current situation. 

 

- Penalization for low levels of service depending on the queue length. This term 

may easily penalize Scenario 0 for the long queues generated as the profile do not 

adhere to the passengers’ demand. 

 

- Human resources. This term is the summation of the number of agents times their 

wage plus the same operation for supervisors (1 every 6 agents). In Scenario 2 the 
algorithm is able to group the operations of flights in a ways that the number of 
supervisors is minimized, and thus, the cost is lower. 

Therefore, the last two parameters may explain the unexpected lower value in airline 
costs.  

Last but not least, it is totally important to point out that in the second block (the one with 
the reduction of resources) Scenario 3 causes the airline cost to be reduced in more than a 
75%. This surprising value is mainly due to the fact that all the airlines share the costs and 
the resources that are made available to passengers. In other words, those counters not 
totally used or serving passengers below their capacity are used by passengers from other 
airlines.  

 

PASSENGER COSTS 

It is clear in both blocks that passenger costs are notoriously reduced when comparing 
Scenario 0 with the others. For example, the passenger costs are reduced a 15% in 
Scenario 1 and a 25% in Scenario 2. Concerning Scenario 3, specific comments are made 
two sections below.  

 

 

 

AIRPORT COSTS 
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This term contains two parameters: 

- The profits in the retail areas, which are always a positive value according to the 

assumptions of the model. 

 

- Penalization for low-levels of service, which charges a specific amount of money to 

the airport authority for every minute that a passenger has to spend waiting in the 

line. Thus, this is a negative value for the airport. 

 

According to this, despite the consideration of the revenues from retail areas, the airport 

cost may be negative if the check-in procedure causes long queues, which are strictly 

penalized.  

Going back to the results, it is clear that Scenario 0 is the worst for the airport as the 

results are negative compared to the positive greater values of the other two Scenarios. 

Despite not being so noticeable, Scenario 2 is slightly worst than Scenario 1 in this aspect. 
However, not strong reasons may be given as the model works at a macro level and these 
arguments need a micro view of the problem to explain what is really happens. 

 

NUMBER OF COUNTERS 

This indicator may be the most important from these results due to the operational and 
economical savings that it entails. These counter reductions are noticeable as they 
oscillate from a 45% in Scenario 0 up to a 75% in Scenario 3. 

As a consequence of the special characteristics of Scenario 3 it is worth mentioning how 
these results have been obtained. As previously state three sections above, the fact that 
Scenario 3 is not specifically designed, but adapted from the existing model, does not allow 
us to be sure that all the passengers are checked in the appropriate time. Thus, other 
mechanisms are required to control this fact. In this case, we have determined the 
minimum number of counter by imposing that the passenger cost is equal or lower than in 
Scenario 2.  

 

4.2.4.4. OTHER PARAMETERS 

The main goal of this section is to present other parameters which have been tested 
during the process of writing this thesis. The reason why they are not given a special 
section is that the results obtained were the expected and their variation is linear. Hence, 
no scalability improvement or optimization procedures should be taken into consideration 
as a consequence of a particular behavior. 

First, we tested the behavior of the model when the value of time of the passengers 
changed. The allocations given are nearly the same and, as expected, the cost for 
passengers grows as the value of time grows. This might seem strange, but conditions 
imposed to the model in order to get this result make these results understandable. 
Indeed, we pressure the system until we get the smallest number of counters, and thus, the 
smaller the number, the number of possible solution decreases until the situation where 
there are a few, one or no possible solutions. What happens in these situations is that 
despite imposing limiting and unfavorable conditions, the solution is always the same. 
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Second, we tested the response of the model to changes in the price of the check-in 

counters. Similarly to what happened with the value of time, the model seemed not to be 

sensitive to variations in the variable which was being tested. However, the pressure 

conditions also explain this behavior. 

 

4.2.4.5. SCENARIO CONCLUSIONS 

All the previously analyzed aspect should make airport planners consider that there may 
be other check-in allocation procedures that if implemented would bring more interesting 
performance result for all the stakeholders if compared with the current procedure. 
Particularly, cost reduction rates of 20 to 75% should make them help fight the 
reluctances towards new ways of operating this important link in the airport process.  
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5. CONCLUSIONS 

This final section is structured in three parts; first, there are some considerations to the 

model and algorithms used, second, there are several reflections on the scenarios and 

sensitivity analysis, and finally, various general conclusions are presented. 

In the first place, it is basic to be mindful of the main contributions of this thesis regarding 

the ability to effectively reflect the professional practice. In this respect, implementing an 

algorithm based on the way the sector works gives results more likely to be appealing the 

sector. This is due to the fact that this thesis uses approaches which are not 

mathematically or computationally based, but reality oriented. To put it another way, the 

model tries to follow the rules of the sector in order to avoid finding results which are far 

from solving real problems or in a way which cannot be implemented in reality. These 

comments bring us to figure what is new in this thesis when compared to previous works.  

On the whole, the main contributions are achieved as a consequence of locating the start of 

the model in the right place. While the suggested model starts from the beginning and 

grows up from there, previous work assumes that current check-in operations perform 

correctly and they suggest an improvement in order to gain accuracy in assignments. The 

author may wonder why the previous work may be less powerful than the model 

presented in this thesis, and the answer has to do with the utility. If we draw a 2D graph 
where the vertical axis represents the real benefits and the horizontal are the costs 
(related to complexity), the result is an increasing monotonic function with a horizontal 
asymptote. Considering the utility as the derivative of the function (real benefits) with 
respect to the cost, we infer that the higher the complexity, the higher smaller the utility. 
Given this graph, it is possible to place each model in the horizontal axis and compute the 
utility. On the one hand, previous works suggest quite complex formulations, and hence, 
their utility is low. On the contrary, the suggested model starts from the base and so, the 
utility is higher. Taking all these comments into account, we can state that Operations 
Research generates very precise models which are usually impractical or their cost is high 
in relation to their utility. 

Secondly, it is fundamental to analyze and interpret the results of the scenarios with 
special attention as the sensitivity analysis only test a small amount of variables. Indeed, it 
is important to be sure that the extrapolations made from these results are sound. 
However, regardless of the possible limitation just mentioned, the model allows us to see 
that there is non-linear component in the assignment process. As a consequence, when 
assigning resources for the check-in process, the costs present positive scalability effects 
for the operator, which may be used optimally to reduce the operation costs.  

In addition to this, it is significant to obtain the maximum information from the different 
airport Scenario. The results show that the results improve more than considerably when 
the different perspectives are included in the model. This means incorporating all the 
costs that different stakeholders assume. Then, the reader may wonder why this holistic 
approach is not carried out in the sector. There are two main reasons; the first one is the 
hermetecism of the actors, which do not want to share information to avoid the possibility 
that someone unveiled their business strategy; the second is that the current situation is 
characterized by dividing the system in part without taking care of the interrelations. To 
put it briefly, a systemic and collaborative view is the most beneficial for everyone. That’s 
exactly what the European initiative CDM (Collaborative Decision Making) is trying to 
implement in a higher scale than the one approached in this thesis.  
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Next, it is good to know that Logistics explains that the resource centralization optimizes 

the costs and the reliability of the system. On the contrary, this centralization penalizes the 

service customization that airlines use to differentiate their services. In other words, 

centralization undermines the marketing techniques that are currently used by airlines. 

Therefore, it is necessary to find an equilibrium point for this trade-off, which means 

determining an intermediate step between the current and the pure centralization. This is 

exactly what the different discussed Scenarios analyze, and thus, there is a proof that these 

partial solutions exist and provide reasonable results.  

Finally, it is critical to recognize that the business strategy at the airport has to change. 

Unlike widely considered in the sector, the costs and incomes resulting from the airport 

infrastructure performance are not only linked to the airline operation, but also to the flow 

of passengers to the terminal. This latter consideration entails a change in perspective 

which allows airport authorities to focus their business models in a new approach based 

on the passengers’ flow. Keeping tight to this viewpoint, the time that passengers spend in 

the terminal is directly converted to Euros (or the respective currency) for every single 

stakeholder and in all the levels. Orienting the business towards an efficient management 

of this time will cause a significant increase in incomes. Additionally, in consonance with 

the results of Case 2, there are ways to improve the time management without penalizing 
the airlines.  

As a conclusion, an optimum operational management of the airport may bring better 
conditions for everyone.  
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6. FURTHER RESEARCH AND CONSIDERATIONS 

After going through all the sections of this thesis it is possible to realize that there are still 

several aspects and fields where the knowledge available is null or clearly insufficient. It 

may also happen that the existing formulation of these fields is not adaptable to our model. 

In these three cases, further research is necessary in order to have a model which 

represents the reality and helps predict the necessity of resource in the most accurate 

possible way. There are several aspects which would need a research development, but 

from all of them we want to outline three, which are described in the following 

paragraphs. 

 

DETERMINATION OF FUNCTIONS F1(Q) AND F2(Q) 

As mentioned in the corresponding section, functions 
.(+�	�) and 
E(+�	�) represent 
penalization function that appear in the objective function with the aim of preventing the 
model from generating not passenger friendly solutions. Due to the subjectivity of this 
concept, it is difficult to determine which should be the value of such type of functions. As 
also mentioned in the section, the only available reference is (Airport Cooperative 
Research Program, 2011) where the suggested function is obtained in terms of the 
queuing time based on the perception of passengers declared in surveys. 

Therefore, in agreement to what has been stated, if the functions wanted to be improved, 
special surveys would have to be performed to determine the passengers’ perception. 
Then, the answers should be statistically treated and calibrated for the different profiles of 
passengers that use the airport; profiles being: business, leisure or charter passengers or 
short, medium or long haul flight passengers. 

 

CALIBRATION OF THE PASSENGERS’ ARRIVAL DISTRIBUTION 

Looking backwards, it is possible to see that the key of this model is the capacity of 
adapting the supply of counters to the demand in the most accurate way. After all, we are 
relying on arrival distribution curves to adjust the supply. Therefore, the more precise and 
realistic the distribution curves, the more certain the counter prediction will be, and 
hence, a better level of service will be provided to passengers. 

Also in this direction, all the different groups of passengers (charter, regular, leisure, 
business, etc) have to be taken into account and special arrival curves should be 
determined for each case.  

Despite not being mentioned before, because of simplifications, the access options are a 
crucial element when calculating the arrival pattern. For instance, having a train station 
with a fix schedule of trains running every 30 minutes the arrival patter will present 
higher peaks at these points. Another case is the charter airport where the majority of 
passengers arrive in a compact but discontinuous manner as a consequence of the arrival 
to the airport by coaches. 
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COUPLING THE OPERATIONAL AND COMMERCIAL MANAGEMENT 

Up to this moment there are no studios analyzing the interactions between the 

commercial and the operational management. However, in this thesis we have proven that 

introducing the revenues from the retail areas in the check-in process as a decisive 

parameter presents interesting results. 

What’s more, there information management at the airport is one of the topics that this 

thesis wanted to cover in an initial moment. Finally, due to time constraint it was not 

possible to develop. However, there are several considerations that may work as the first 

step for further analysis.  

The main assumption is to imagine a situation where passengers have nearly ubiquitous 

and constantly updated information about their flight. Our statement is that in this 

situation, passengers won’t feel anxious for not being in front of the boarding gate and will 

stay in the retail area. Then, the money that passengers spend shopping while waiting for 

their flight will increase.  

In order reflect the behavioral component of the waiting time in the model, we have 

created the variable r� which reflects how used the passengers are to the terminal 

building. Flights carrying a significant amount of frequent flyers are expected to have 

lower values than flights carrying first time travelers. 

To understand how r� works, it is necessary to recall Eq.3. 17. From this equation, we are 

interested in the following purchase function (strictly linked to the retail revenue): 

 

 !��TX · (1Uq� − r� · m� − �)W EQ. 6. 1 

 

 

Keeping in mind that we want to increase this positive and linear function, it can be stated 

that the higher the value of (1Uq� − r� · m� − �), the higher the value of the function. Thus, 

keeping the values of m� 	and t constants, the smaller the value of r�, the greater the value of 

the function. 

In consonance with all stated above, it is essential to understand that information is what 

makes the difference in the passengers’ behavior. Indeed, information about the terminal 

is what makes the frequent flyer arrive later to the boarding gate compared with first time 

travelers. Therefore, if the airport authority implements new systems to improve the 

information available to passengers, the value of r�will decrease, and the revenues are 

expected to increase. 

First of all, the proposition should be tested and proven to reflect the behavior of the 

market. Then, the parameter r� has to be determined according for the different groups of 

users.  

Once this tool was estimated and calibrated it could be used by airport managers to 

determine whether the investment in information devices pays off. 
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APPENDIXES 



A. FEEDBACK FROM AIRPORTS AND AIRLINES 

EMAIL SENT TO STAKEHOLDERS 

Subject: Information about check-in procedures 

 

To whom it may concern, 

I am an Engineering student from the Technical University of Catalonia, in Barcelona. I am 

currently working on my final degree thesis on reliability of passenger times at airports. 

As check-in is one of the aspects where passengers spend a significant amount of time I am 

analyzing the different check-in procedures that your company provides in the airports. 

Thus, I would like to ask if you could send me the different possible check-in procedures 

available for passengers who want to board your flights. In case that you provide services 

both conventional check-in counters and check-in machines, is it possible to use both 

procedures, or passengers have to check-in using the machines and drop their luggage in 

the drop-off counters? 

Moreover, if you have further analytical information regarding check-in procedures and 

times at airports do not hesitate to send it to me, it will be really helpful during my 

research process.  

Furthermore, if the topic of my research seems interesting for your company, I'd be happy 

to send it to you as soon as the thesis is finished. If this is the case, do not hesitate to 

provide me with the contact details of the person or section of your company where I 

should send the thesis once it is finished. 

Thank you in advance, 

Best Regards, 

Hèctor Fornés 

 



AIRPORTS 

AEROPUERTOS 2000 (BUENOS AIRES, ARGENTINA) 

We are writing to you in reply to your mail, to inform you that our service provides 

two types of procedures: 

1-Conventional check-in counters 

2-Self-Check-in machines 

Unfortunately, it is not possible to show you internal analytical data. We are sorry 

we could not reach you before; messages (as in your case) are delivered to the 

right Management in order to receive the information. 

Regards, 

Customer Service 

Best regards, 

 

AEROPORTI DE ROMA (ROMA-FIUMICINO, ITALY) 

Dear Hector, 
  
Further to your request we can communicate to you the following information. 
 Aeroporti di Roma is carrying out a survey at FCO airport, named “Airport Service 
Quality” conducted with a standardized methodology in more than 180 airports in 
the world to get the opinion of passengers on more than 30 items of service. A 
question concerns the method used for check-in. Out of this survey, for year 2011, 
here are the results for FCO airport concerning the method of check-in, in 
percentage: 
  
Source: Airport Service Quality, 

2011         
Methods used for check-in         
              
FCO Kiosk Check-in counter Internet Telephone Bag drop Other 
  14 52 21 2 9 3 
  
As for the average time of waiting time at check-in, we carry out measurements at 
the airport on it and can indicate to you that, in 2011, 90% of passengers queued at 
check-in counters in average 7 mn for domestic flights and 22 minutes for 
international flights. 
  
Regarding your question on drop-off 
The drop-off at FCO is a procedure used by many airlines such as Alitalia, Delta, 
British Airways, US Air, Lufthansa, Easyjet etc. 



The registration of the bag can be done at drop-off counter where the passenger is 
attended by staff from the airline or from the handling company that operates on 
behalf of the airline. 
This procedure can be used either by the passenger that checked-in via web, via 
Smartphone or through self-check-in kiosk, after showing his boarding card to the 
handling agent present at the drop-off counter. 
  
We hope that this information is useful for you, 
  
Best regards 
 

ZURICH AIRPORT (SWITZERLAND) 

Dear Hèctor 

  

I’ll try to provide you some useful information and I hope this might be enough… 

 In ZRH you have those check-in possibilities: 

- webcheck-in followed by bag drop off at the airport (counter) 

- a handling agent in ZRH just trials an additional service; after webcheck-in they 
pick up your baggage at home 24h prior departures (results should be available by 
Q3 2012) 

- pre-check-in 24h before departures (not for all airlines and destinations possible) 

- CUSS kiosks at the airport à those airlines which provides the kiosks, demand the 
passenger to do the check-in at the kiosk prior the bag drop off 

- traditional counters (process time (~78sec in average) 

- we trialed the BagDrop machine last year (www.bagdrop.com), but due to no 
business case, this project was postponed to 2013 (Schiphol uses it pretty 
successfully) 

 I would appreciate if you could provide your thesis after you’ve finished… 

 Don’t hesitate to by further questions… 

 Best regards from ZRH 

  

Pawel A. Kolatorski 
Planning & Engineering 
Senior Project Leader 
 



 

COPENHAGEN AIRPORT (DENMARK) 

Dear Hector Fornes. 

 Thank you for your e-mail to Copenhagen Airport. 

 Regarding check in procedures I have to refer you to SAS or Novia.  

 SAS and Novia handle check in in Copenhagen Airport and will be able to help you 
in this matter.  

 Please contact: 

 SAS:  

+ 45 – 32 32 00 00 

www.sas.dk 

Novia: 

+ 45 – 32 47 47 00 

www.novia.dk 

 Should you require further information do not hesitate to contact us again. 

Best regards 

Jeanett 

 

  

CHARLOTTE AIRPORT (NC, US) 

 Thank you for your message.  

  

Check-in times, Check-in counters and Check-in machines (airline self check-in 
kiosks) are managed and operated by the airlines.  The Airport does not manage or 
play a role in capturing or recording this information.  These operations are 
managed and facilitated by the airline.  Please contact the airline(s) to receive the 
information you require.   

Please find the following airlines that service CLT  



  

http://charmeck.org/city/charlotte/Airport/AirlineandFlightInformation/Pages/
Default.aspx 

 

 

CHICAGO O’HARE AIRPORT (IL, US) 

Hi Hector, 
  
Thank you for your email about receiving check-in procedure information in 
O'Hare International Airport.  Each individual airline has their own policy and 
procedure regarding check-in procedure.  Therefore, you will have to visit our 
website at www.flychicago for a listing of the airlines that fly out of O'Hare and 
contact each one individually.  I am sorry that I cannot be of further assistance to 
your with this project. 
  
Regards, 
  
Rosie Burks 
Customer Correspondence 
 

HARTSLFIELD-JACKSON AIRPORT (GA, US) 

Thank you for contacting the Hartsfield-Jackson Atlanta International Airport. 

  

In reference to your query, International travelling passengers can check-in at the 
kiosks but drop the bags at ticket counters to obtain boarding pass.  There are 
check-in kiosks for domestic travel, however, if you have to check bags you still 
have to drop luggage at the ticket counter.   

  

If you have any questions, please contact the airline.  

 

PHOENIX AIRPORT (AZ, US) 

Dear Mr. Fornes:  

Thank you for contacting Phoenix Sky Harbor International Airport.  

The airlines determine check-in procedures.  Many airlines at Phoenix Sky Harbor 

offer check-in kiosks, along with full-service counters. Passengers with carry-in 



luggage only may check-in on line, print a boarding pass at home and go straight to 

security.  

We would recommend that you contact individual airlines through their websites 

to obtain more detailed information. Here is a link to our website with contact 

information on the airlines that serve Phoenix Sky Harbor: 

http://skyharbor.com/airlinesflights/airlineInformation.html  

Thank you. 

Customer Service Section - Public Relations Division 

Phoenix Sky Harbor International Airport 

 

CHANGI AIRPORT (SINGAPORE) 

 

Dear Mr Fornes,  

  

Thank you for your enquiry sent on 5 February 2012. 
 Currently, the methods for Check-In available to passengers are: 
- Counter Check-In - Passengers can check-in through respective check-in 

counters, often 2 hours prior to flight departures. 
- Off Airport Check-In - Passengers can check-in by phone, fax, SMS, email, WAP 

(Wireless Access Protocol) or online. 
For more information with regards to Off Airport Check-In, you may log on to 
http://www.changiairport.com/passenger-guide/departure/check-in/off-airport-
check-in. 
 Changi Airport is continuosly striving to improve the facilities provided to 
passengers which includes the Check-In Facilities. You may enquire more with the 
respective Airlines for more detailed information with regards to their Check-
In procedures available for their passengers. 
 I hope that the information provided clarifies your enquiry. Please do not hesitate 
to send us an email if you have any further questions and we will get back to you as 
soon as possible. We look forward to serving you at Changi Airport.  
 Yours sincerely,  
Siti Raihanah Bte Selamat 
Changi Contact Centre 
 

 

 

 



AIRLINES 

UNITED CONTINENTAL (US) 

Mr. Fornes-Martinez, 

 

Thank you for your e-mail. 

In regards to your question on check-in procedures for United Airlines, Passengers 

have the following options: 

When you get to the airport, the quickest way to check your bags is at one of our 

ticket counter kiosks. 

 You may also check your bags with a curbside skycap (most locations) or with a 

United Representative. 

Your business is important to us, and we look forward to serving you again soon. 

Regards, 

Earl Netterman 

United Airlines Customer Care 

 

 

FRONTIER AIRLINES (US) 

Thank you for contacting Frontier Airlines Customer Relations. 

assengers are able to check in for their flight online at www.frontierairlines.com 

within 24 hours of their scheduled departure time. If they are unable to do so or 

have a special service request they will need to proceed to the airport ticket 

counter for check in. Once passengers have arrived at the airport, they have the 

option of checking in with a ticket counter agent or if the airport permits, a 

kiosk.  If online check in or kiosk check in is completed, they may proceed to the 

counter to drop off their bags or continue onto the TSA security check point if they 

have a carry on item only. 

We thank you for taking the time to write and wish you all the best with your 

thesis! 

Sincerely, 

Brittany 

Frontier Airlines 

Customer Relations 



 

HAWAIAN AIRLINES (US) 

 

Aloha Hector, 

 

Thank you for sending your inquiry.  

With Hawaiian Airlines, passengers can check in online within 24 hours before 

their flight and print their boarding pass ahead of time, they can even prepay their 

baggage online. We also have kiosks (automated machines) located at our airports 

for the use of passengers. 

 

For further information, please call the General Reservation Department at toll free 

number 1-800-367-5320, open 24 hours daily. 

An agent will be more than happy to assist you 

Mahalo, 

Ellie 

Web Support Department 

 

 

SOUTHWEST AIRLINES (US) 

Dear Hector, 

Thank you for contacting us.  We are happy to provide you with some information 
in regard to our boarding procedures.   

Customers may check in for their flight and receive their boarding pass on 
southwest.com (beginning 24 hours prior to departure time for eligible 
reservations only), at the Skycap Podium (in select locations), at a Southwest ticket 
counter, at one of our E-Ticket Check-In kiosks (where available), or at the 
departure gate. Since we do not assign seats, boarding passes are issued in group 
and numerical order (A1-A-60, B1-B60, and C1-C60) based on checkin time, ticket 
type, and/or Frequent Flyer status. 

With that said, if a Customer checks in for his/her flight right at the 24-hour mark, 
they certainly have a greater chance of receiving a boarding position in the "A" 
group. However, it's important to keep in mind that there is always a chance that 
they may receive a lower boarding number unless they have purchased our 
Business Select Fare (these Customers receive priority boarding), are one of our A-



List Rapid Rewards Members (boarding passes are reserved for A-Listers starting 
36 hours before departure), or have purchased our EarlyBird Check-In option 
(boarding passes are reserved for EarlyBird Customers no later than 25 hours 
before departure). 

Regardless, all you need is your confirmation number and the names of the 
Customers who are traveling on the reservation to checkin. For more information, 
please visit southwest.com. Many Customers check in online at the 24-hour mark, 
so it is sometimes difficult to receive an "A" boarding pass. However, you may be 
interested to know that we offer a Business Select Fare, which guarantees that 
Customers will board at the beginning of the "A" group. We also offer Rapid 
Rewards A-List status, which provides our most Frequent Flyers with pre-reserved 
boarding passes (as long as their reservation is booked 36 hours prior to their 
flight). Both of these options will affect the number of "A" boarding passes 
available on a given flight. 

 
So that you won't have to be near a computer right at the 24-hour mark, we 
encourage you to check out EarlyBird Check-In. For only $10.00 per one-way, 
Customers have the choice to add the EarlyBird option up to 36 hours prior to the 
scheduled departure time. Customers will automatically be checked in and 
assigned a boarding position between 36 and 25 hours prior to the flight’s 
scheduled departure time, which will allow our EarlyBird Customers to receive 
boarding passes before general boarding. For more information on our EarlyBird 
amenity, click here.  

We hope this information is helpful with your studies and we hope to welcome you 
onboard a Southwest flight very soon! 

Sincerely, 

Charity, Southwest Airlines  

The file reference number for your e-mail is 26021797129.  

 



B. MAPS OF TERMINAL 3 AT MALAGA – COSTA DEL SOL 

AIRPORT 

 

FIG. B. 1:GENERAL VIEW OF MALAGA-COSTA DEL SOL AIRPORT



 

FIG. B. 2: FIRST FLOOR OF TERMINAL 3 OF MALAGA-COSTA DEL SOL AIRPORT. SOURCE: AENA 

AEROPUERTOS



 

FIG. B. 3: GROUND FLOOR OF TERMINAL 3 OF MALAGA-COSTA DEL SOL AIRPORT. SOURCE: AENA 

AEROPUERTOS 

 



 

C. MODEL CODES 

STARTING CODE 

clear  
clc  
  
%in this code we are creating a solution to allocat e check-in  
%counters  
tic  
%Flight information%  
%STD Total_pax Conventional_check-in_pax distant_ch eck-in_pax  
%flight_type(luggage) flight_type(charter) flight_t ype(LCC)  
%purpose adist bdist handling_company VOT boarfing_ time(ro)  
%beta(pax_behaviour)  
  
FIref=xlsread( 'volsAGP' , 'E2' );  
  
nmax=6;  
nt=240;  
nc=63;  
tau=5;  
top=180;  
tref=100;  
nf=size(FIref,1);  
STD=FIref(:,1);  
  
Q=zeros(nf,nt);  
S=zeros(nf,nt);  
C=zeros(nf,nt);  
  
  
for  i=1:nf  
    std=FIref(i,1);  
    mu=FIref(i,15);  
    [carr,darr]=distribution(FIref,tref,top,tau,i,n t);  
    Ac(i,:)=carr;  
    Ad(i,:)=darr;  
    [q,served,yb]=queue(carr,mu,tau,nmax,1,std,nt);  
     
    if  q(std-7)==0  
        for  t=1:nt  
            Q(i,t)=q(t);  
            S(i,t)=served(t);  
            C(i,t)=yb(t);  
        end  
     
    else  
        [q,served,yb]=queue(carr,mu,tau,nmax,2,std, nt);  
        if  q(std-7)==0  
            Q(i,:)=q;  
            S(i,:)=served;  
            C(i,:)=yb;  
        elseif  q(std-7)>0;  
            qmiss=q(std-8);  



            k=std-7+1;  
            while  qmiss>0  
                y(k)=qmiss/m;  
                if  y(k)<nmax;  
                    yb(k)=ceil(qmiss/m);  
                    qmiss=0;  
                    q(k)=0;  
                else  
                    yb(k)=nmax;  
                    qmiss=qmiss-y(k)*m;  
                    q(k)=qmiss;  
                    k=k+1;                 
                end  
            end  
            Q(i,:)=q;  
            S(i,:)=served;  
            C(i,:)=yb;             
        end  
    end  
    v1=1;  
    v2=nt;  
    while  C(i,v1)==0  
        v1=v1+1;  
    end  
    while  C(i,v2)==0  
        v2=v2-1;  
    end  
    for  v=v1:v2  
        if  C(i,v)==0;  
            C(i,v)=1;  
        end  
    end  
end  
  
modelvalues=[24/12,0.05,0,4,1,105,106,230,6,10/60,1 2/60,7,0.05,0 ];  
%termuse=[1,0,1,0,0,0,0];  
termuse=[1,1,1,1,1,1,1];  
retailvalues=[0.05,1 ];  
propagvalues=[3,2];  
  
%solució de referència  
[FI,nX,nGS,nGSF,pat,Q,S]=optim(FIref,C,nf,4,1,1,nt, nc,tau,Q,S,nmax);  
[Z,GC,GCaux,PGC,PMC]=evaluation(FI,nX,Q,S,Ac,Ad,ter muse,modelvalues,re
tailvalues,propagvalues,nt,nc,tau);  
Zopt=Z;  
Z0=Z;  
%Xopt=nX;  
%GSopt=nGS; 
%GSFopt=nGSF; 
%patopt=pat;  
%PMCopt=PMC; 
%Zopt=-100000000;  
for  u=nf  
    for  c=3:63 %:(nc-4)  
        for  pattern1=1:4  
            for  fpc=1:6  
                
[FI,nX,nGS,nGSF,pat,Q,S]=optim(FIref,C,u,c,pattern1 ,fpc,nt,nc,tau,Q,S,
nmax);  



                
[Z,GC,GCaux,PGC,PMC]=evaluation(FI,nX,Q,S,Ac,Ad,ter muse,modelvalues,re
tailvalues,propagvalues,nt,nc,tau);  
                if  Z>Zopt  
                    Zopt=Z;  
                    Xopt=nX;  
                    GSopt=nGS;  
                    GSFopt=nGSF;  
                    patopt=pat;  
                    PMCopt=PMC;  
                    GCopt=GC;  
                    GCauxopt=GCaux;  
                end  
            end  
        end  
    end  
     
end  
toc  
 

 



ARRIVAL DISTRIBUTION CODE 

function  [carr,darr]=distribution(FI,tref,top,tau,i,nt)  
tk=top/tau;  
carr=zeros(1,nt);  
darr=zeros(1,nt);  
for  t=1:tk  
    cpax=FI(i,3);  
    dpax=FI(i,4);  
    adist=FI(i,9);  
    bdist=FI(i,10);  
    gcarr(t)=cpax*adist*(1/(adist+exp(bdist*(tref-t ref*t*tau/top)))-
1/(adist+exp(bdist*(tref-tref*(t-1)*tau/top))));  
    gdarr(t)=dpax*adist*(1/(adist+exp(bdist*(tref-t ref*t*tau/top)))-
1/(adist+exp(bdist*(tref-tref*(t-1)*tau/top))));  
end  
  
for  t=(tk):-1:1  
    std=FI(i,1);  
    carr(std-8-top/tau+(t))=gcarr(t);  
    darr(std-8-top/tau+(t))=gdarr(t);  
end  
 

 

 

 



QUEUING CODE 1 

 

function  [q,served,yb]=queue(carr,mu,tau,nmax,crit,std,nt);  
  
q=zeros(1,nt);  
served=zeros(1,nt);  
yb=zeros(1,nt);  
q(1)=0;  
served(1)=0;  
m=mu*tau;  
if  crit==1  
    for  t=2:(std-8)  
        p(t)=carr(t)+q(t-1);  
        y(t)=p(t)/m;  
        if  y(t)<nmax  
            yb(t)=floor(y(t));  
        elseif  y(t)>=nmax  
            yb(t)=nmax;  
        end  
        q(t)=p(t)-m*yb(t);  
        served(t)=m*yb(t);  
    end  
     
elseif  crit==2  
    for  t=2:(std-8)  
        if  floor(t/2)==t/2  
            p(t)=carr(t)+q(t-1);  
            y(t)=p(t)/m;  
            if  y(t)<nmax  
                yb(t)=round(y(t));  
            elseif  y(t)>=nmax  
                yb(t)=nmax;  
            end  
            q(t)=p(t)-m*yb(t);  
            served(t)=min(m*yb(t),p(t));  
        else  
            p(t)=carr(t)+q(t-1);  
            y(t)=p(t)/m;  
            if  y(t)<nmax  
                yb(t)=floor(y(t));  
            elseif  y(t)>=nmax  
                yb(t)=nmax;  
            end  
            q(t)=p(t)-m*yb(t);  
            served(t)=m*yb(t);  
        end  
    end  
end  
 

 



QUEUING CODE 2 

function  [q,served,yb]=queue1(carr,mu,tau,nmax,crit,std,nt, tr);  
  
q=zeros(1,nt);  
served=zeros(1,nt);  
yb=zeros(1,nt);  
aux=0;  
for  t=1:tr  
    aux=aux+carr(t);  
end  
q(tr-1)=aux;  
m=mu*tau;  
if  crit==1  
    for  t=2:(std-8)  
        p(t)=carr(t)+q(t-1);  
        y(t)=p(t)/m;  
        if  y(t)<nmax  
            yb(t)=floor(y(t));  
        elseif  y(t)>=nmax  
            yb(t)=nmax;  
        end  
        q(t)=p(t)-m*yb(t);  
        served(t)=m*yb(t);  
    end  
     
elseif  crit==2  
    for  t=2:(std-8)  
        if  floor(t/2)==t/2  
            p(t)=carr(t)+q(t-1);  
            y(t)=p(t)/m;  
            if  y(t)<nmax  
                yb(t)=round(y(t));  
            elseif  y(t)>=nmax  
                yb(t)=nmax;  
            end  
            q(t)=p(t)-m*yb(t);  
            served(t)=min(m*yb(t),p(t));  
        else  
            p(t)=carr(t)+q(t-1);  
            y(t)=p(t)/m;  
            if  y(t)<nmax  
                yb(t)=floor(y(t));  
            elseif  y(t)>=nmax  
                yb(t)=nmax;  
            end  
            q(t)=p(t)-m*yb(t);  
            served(t)=m*yb(t);  
        end  
    end  
end  
 

 



MATRIX CREATION CODE 

function  [M,coefM,mri]=mcreation(C,tstart,tend,i,mn)  
%mn is the Matrix Number, it can take values 1, 2, 3,4 meaning that we 
are  
%looking for matrix M1,M2, M3, M4  
  
%i refers to the flight we are creating the matrix for  
mxc=max(C(i,:));  
W=zeros(mxc,tend(i)-tstart(i)+1);  
%filling the coefficients of the matrix  
  
for  t=0:(tend(i)-tstart(i))  
    csum=0;  
    while  csum<C(i,tstart(i)+t+1)  
        W(csum+1,t+1)=1;  
        csum=csum+1;  
    end  
end  
  
if  mn==1  
    M=W;  
elseif  mn==2  
    for  l=1:mxc  
        T(l,:)=W(mxc-l+1,:);  
    end  
    M=T;  
elseif  mn==3 || mn==4  
    Y=zeros(size(W,1),size(W,2));  
    if  mxc==1  
        Y(1,:)=W(1,:);  
    elseif  mxc==2  
        Y(1,:)=W(2,:);  
        Y(2,:)=W(1,:);  
    elseif  mxc==3  
        Y(1,:)=W(3,:);  
        Y(2,:)=W(1,:);  
        Y(3,:)=W(2,:);  
    elseif  mxc==4  
        Y(1,:)=W(4,:);  
        Y(2,:)=W(3,:);  
        Y(3,:)=W(1,:);  
        Y(4,:)=W(2,:);  
    elseif  mxc==5  
        Y(1,:)=W(5,:);  
        Y(2,:)=W(4,:);  
        Y(3,:)=W(3,:);  
        Y(4,:)=W(1,:);  
        Y(5,:)=W(2,:);  
    elseif  mxc==6  
        Y(1,:)=W(6,:);  
        Y(2,:)=W(5,:);  
        Y(3,:)=W(4,:);  
        Y(4,:)=W(1,:);  
        Y(5,:)=W(2,:);  
        Y(6,:)=W(3,:);  
    end  
     
    if  mn==3  



        M=Y;  
    end  
    if  mn==4  
        Z=zeros(size(W,1),size(W,2));  
        for  l=1:mxc  
           Z(l,:)=Y(mxc-l+1,:);  
        end  
        M=Z;  
    end  
     
end  
%creation of matrix coefM  
k=1;  
for  delta=1:size(M,1)  
    for  psi=1:size(M,2)  
        if  M(delta,psi)==1  
            coefM(k,1)=delta;  
            coefM(k,2)=psi;  
            k=k+1;  
        end  
    end  
end  
%determination of the value mri (main row indicator )  
for  l=1:size(M,1);  
    if  M(l,1)==1  
        mri=l;  
    end  
end  
 

 



ALLOCATION CODE 

function  
[FI,nX,nGS,nGSF,pat,Q,S]=optim(FIref,Cref,u,c,patte rn1,fpc,nt,nc,tau,Q
,S,nmax)  
  
nfref=size(FIref,1);  
  
for  i=1:u  
    FI(i,:)=FIref(i,:);  
    C(i,:)=Cref(i,:);  
end  
  
  
X=zeros(nfref,nc,nt);  
GS=zeros(nc,nt);  
GSF=zeros(nc,nt);  
tstart=zeros(u,1);  
tend=zeros(u,1);  
  
for  i=1:u  
    for  t=2:(nt-1)  
        if  C(i,t-1)==0 && C(i,t)==1  
            tstart(i)=t;  
        elseif  C(i,t-1)>=1 && C(i,t)==0  
            tend(i)=t-1;  
        end  
    end  
end  
  
cref=zeros(u,1);  
pat=zeros(u,1);  
for  i=1;  
    [M,coefM,mri]=mcreation(C,tstart,tend,i,pattern 1);  
    for  l=1:size(coefM,1)  
        X(i,c+coefM(l,1)-mri,tstart(i)+coefM(l,2)-1 )=1;  
        GS(c+coefM(l,1)-mri,tstart(i)+coefM(l,2)-1) =1;  
        GSF(c+coefM(l,1)-mri,tstart(i)+coefM(l,2)-1 )=i;  
    end  
    cref(i)=c;  
    pat(i)=pattern1;  
end  
  
  
for  i=2:u  
    success=0;  
    tr=tstart(i);  
    maxc=max(C(i,:));  
    lastzero=zeros(nc,1);  
    for  j=1:nc;  
        for  t=2:nt  
            if  GS(j,t)==1  
                lastzero(j)=t;  
            elseif  GS(j,t-1)==1 && GS(j,t)==0;  
                lastzero(j)=t;  
            end  
        end  
    end  



     
    ind=zeros(nc,1);    
    dist=zeros(nc,1);  
    for  j=1:nc  
        ind(j)=j;  
        dist(j)=abs(j-cref(i-1));  
    end  
    K=[ind lastzero dist];  
    KS=sortrows(K,[2 3]);  
    k=1;  
    for  l=1:size(KS,1)  
        if  KS(l,3)>0 %this condition can be changed to 2 to be more 
conservative  
            pc(k)=KS(l,1);  
            k=k+1;             
        end  
    end  
  
  
    while  success==0  
        for  k=fpc:length(pc);  
            %creating pattern 1  
            [M,coefM,mri]=mcreation(C,tstart,tend,i ,1);  
            %proving whether there is interaction with previous  
flights  
            test=0;  
            if  pc(k)<=(nc-maxc+1)  
                for  l=1:size(coefM,1)  
                    test=test+GS(pc(k)+coefM(l,1)-m ri,tr+coefM(l,2)-
1);  
                end  
                if  test==0  
                    pat(i)=1;  
                    for  l=1:size(coefM,1)  
                        X(i,pc(k)+coefM(l,1)-mri,tr +coefM(l,2)-1)=1;  
                        GS(pc(k)+coefM(l,1)-mri,tr+ coefM(l,2)-1)=1;  
                        GSF(pc(k)+coefM(l,1)-mri,tr +coefM(l,2)-1)=i;  
                    end  
                    success=1;  
                    vmri(i)=mri;  
                    break  
                end  
  
            end  
  
            %creating pattern 2  
            [M,coefM,mri]=mcreation(C,tstart,tend,i ,2);  
            %proving whether there is interaction with previous  
flights  
            test=0;  
            if  pc(k)>(maxc-1) && pc(k)<=(nc-maxc)  
                for  l=1:size(coefM,1)  
                    test=test+GS(pc(k)+coefM(l,1)-m ri,tr+coefM(l,2)-
1);  
                end  
                if  test==0  
                    pat(i)=2;  
                    for  l=1:size(coefM,1)  
                        X(i,pc(k)+coefM(l,1)-mri,tr +coefM(l,2)-1)=1;  
                        GS(pc(k)+coefM(l,1)-mri,tr+ coefM(l,2)-1)=1;  



                        GSF(pc(k)+coefM(l,1)-mri,tr +coefM(l,2)-1)=i;  
                    end  
                    success=1;  
                     
                    break  
                end  
            end  
  
            %creating pattern 3  
            [M,coefM,mri]=mcreation(C,tstart,tend,i ,3);  
            %proving whether there is interaction with previous  
flights  
            test=0;  
            if  pc(k)>ceil(maxc/2) && pc(k)<=(nc-floor(maxc/2))  
                for  l=1:size(coefM,1)  
                    test=test+GS(pc(k)+coefM(l,1)-m ri,tr+coefM(l,2)-
1);  
                end  
                if  test==0  
                    pat(i)=2;  
                    for  l=1:size(coefM,1)  
                        X(i,pc(k)+coefM(l,1)-mri,tr +coefM(l,2)-1)=1;  
                        GS(pc(k)+coefM(l,1)-mri,tr+ coefM(l,2)-1)=1;  
                        GSF(pc(k)+coefM(l,1)-mri,tr +coefM(l,2)-1)=i;  
                    end  
                    success=1;  
                     
                    break  
                end  
            end  
  
            %creating pattern 4  
            [M,coefM,mri]=mcreation(C,tstart,tend,i ,4);  
            %proving whether there is interaction with previous  
flights  
            test=0;  
            if  pc(k)>floor(maxc/2) && pc(k)<=(nc-ceil(maxc/2))  
                for  l=1:size(coefM,1)  
                    test=test+GS(pc(k)+coefM(l,1)-m ri,tr+coefM(l,2)-
1);  
                end  
                if  test==0  
                    for  l=1:size(coefM,1)  
                        X(i,pc(k)+coefM(l,1)-mri,tr +coefM(l,2)-1)=1;  
                        GS(pc(k)+coefM(l,1)-mri,tr+ coefM(l,2)-1)=1;  
                        GSF(pc(k)+coefM(l,1)-mri,tr +coefM(l,2)-1)=i;  
                    end  
                    success=1;  
                    break  
                end  
            end  
        end  
        if  success==0  
            tr=tr+1;  
            tref(i)=tr;  
            std=FIref(i,1);  
            mu=FIref(i,15);  
            m=mu*tau;  
            top=180;  
            tref=100;  
            [carr,darr]=distribution(FIref,tref,top ,tau,i,nt);  



            [q,served,yb]=queue1(carr,mu,tau,nmax,1 ,std,nt,tr);  
            if  q(std-7)==0  
                for  t=1:nt  
                    Q(i,t)=q(t);  
                    S(i,t)=served(t);  
                    C(i,t)=yb(t);  
                end  
            else  
                [q,served,yb]=queue1(carr,mu,tau,nm ax,2,std,nt,tr);  
                if  q(std-7)==0  
                    Q(i,:)=q;  
                    S(i,:)=served;  
                    C(i,:)=yb;  
                elseif  q(std-7)>0;  
                    qmiss=q(std-8);  
                    k=std-7+1;  
                    while  qmiss>0  
                        y(k)=qmiss/m;  
                        if  y(k)<nmax;  
                            yb(k)=ceil(qmiss/m);  
                            qmiss=0;  
                            q(k)=0;  
                        else  
                            yb(k)=nmax;  
                            qmiss=qmiss-y(k)*m;  
                            q(k)=qmiss;  
                            k=k+1;                 
                        end  
                    end  
                    Q(i,:)=q;  
                    S(i,:)=served;  
                    C(i,:)=yb;             
                end  
            end  
            v1=1;  
            v2=nt;  
            while  C(i,v1)==0  
                v1=v1+1;  
            end  
            while  C(i,v2)==0  
                v2=v2-1;  
            end  
            for  v=v1:v2  
                if  C(i,v)==0;  
                    C(i,v)=1;  
                end  
            end  
  
        end  
    end  
cref(i)=pc(k);  
  
end  
Q;  
S;  
nX=X;  
nGS=GS; 
nGSF=GSF; 
  
 



EVALUATION CODE 

function  
[Z,GC,GCaux,PGC,PMC]=evaluation(FI,X,Q,S,Ac,Ad,term use,modelvalues,ret
ailvalues,propagvalues,nt,nc,tau)  
%Check-in counter allocation model%  
cp=modelvalues(1);  
a1q=modelvalues(2);  
b1q=modelvalues(3);  
nh=modelvalues(4);  
t0s(1)=modelvalues(5);  
tfs(1)=modelvalues(6);  
t0s(2)=modelvalues(7);  
tfs(2)=modelvalues(8);  
aps=modelvalues(9);  
aw=modelvalues(10);  
sw=modelvalues(11);  
tsec=modelvalues(12);  
a2q=modelvalues(13);  
b2q=modelvalues(14);  
  
alpha=retailvalues(1);  
apur=retailvalues(2);  
  
dcit=propagvalues(1);  
cpt=propagvalues(2);  
  
nf=size(FI,1);  
Ac=zeros(nf,nt);  
Ad=zeros(nf,nt);  
  
Cal1=0;  
Cal2=0;  
Cal3=0;  
Cpax1=0;  
Cpax2=0;  
Caa1=0;  
Caa2=0;  
Baa=0;  
  
  
%security statistical processes%  
dplus=floor(dcit/tau);  
dprime=(dcit-dplus*tau)/tau;  
for  i=1:nf  
    for  t=1:nt  
        %arrival at the security of the distant check-in pa ssengers at 
the  
        %security check-point  
        if  t<=(dplus+1)  
            Ads(i,t)=0;  
        elseif  t>dplus+1  
            Ads(i,t)=dprime*Ad(i,t-dplus-1)+(1-dpri me)*Ad(i,t-dplus);  
        end  
    end  
end  
  
cdplus=floor(cpt/tau);  
cdprime=(cpt-cdplus*tau)/tau;  



for  i=1:nf  
    for  t=1:nt  
        %arrival at the security of the conventionally chec ked 
passengers at the  
        %security check-point   
        if  t<=(cdplus+1)  
            Acs(i,t)=0;  
        else  
            Acs(i,t)=cdprime*S(i,t-cdplus-1)+(1-cdp rime)*S(i,t-
cdplus);  
        end  
    end  
end  
  
SCa=Ads+Acs;  
  
secdplus=floor(tsec/tau);  
secdprime=(tsec-secdplus*tau)/tau;  
for  i=1:nf  
    for  t=1:nt  
        %Security Checkpoint Departure(SCd) distribution%  
        if  t<=(secdplus+1)  
            SCd(i,t)=0;  
        else  
            SCd(i,t)=secdprime*SCa(i,t-secdplus-1)+ (1-
secdprime)*SCa(i,t-secdplus);  
        end  
    end  
end  
  
    
         
%AIRLINE COSTS% 
%Counter allocation%  
if  termuse(1)==1;  
    %getting the total number of counters assigned in t he whole day%  
    totalcounters=0;  
    for  i=1:nf  
        for  j=1:nc  
            for  t=1:nt  
                totalcounters=totalcounters+X(i,j,t );  
            end  
        end  
    end  
    Cal1=totalcounters*cp;  
end  
  
%if termuse(1)==0;  
    %getting the total number of counters assigned in t he whole day%  
    %totalcountersaux=0;  
    %for i=1:nf  
        %for j=1:nc  
            %for t=1:nt  
             %   totalcountersaux=totalcountersaux+X(i,j,t);  
         %   end  
        %end 
    %end 
    %Cal1aux=totalcountersaux*cp;  
%end 
  



  
%level of service offered by the airline (Cal2)%  
  
if  termuse(2)==1;  
    for  i=1:nf  
        for  t=1:nt  
            Cal2=Cal2+(a1q*Q(i,t)+b1q);  
        end  
    end  
end  
  
Cal2aux=0;  
if  termuse(2)==0;  
    for  i=1:nf  
        for  t=1:nt  
            Cal2aux=Cal2aux+(a1q*Q(i,t)+b1q);  
        end  
    end  
end  
%human resources%  
  
%function h(i,k) determines whether flight i is ser ved by handling 
company  
%kl or not%  
h=FI(:,11);  
for  i=1:nf  
    for  k=2:nh+1  
        if  h(i)==k;  
            H(i,k)=1;  
        else  
            H(i,k)=0;  
        end  
    end  
end  
%we assume that there are 2 shifts%  
  
  
Cal3aux=0;  
if  termuse(3)==1;  
    for  s=1:2;  
        for  k=2:nh+1;  
            for  t=t0s(s):tfs(s)  
                sumt(s,t)=0;  
                    for  i=1:nf  
                        for  j=1:nc  
                         sumt(s,t)=sumt(s,t)+X(i,j, t)*H(i,k);  
                        end  
                    end  
            end  
            %number of necessary handling agents  
            ag(s,k) =max(sumt(s,:));  
            %number of necessary handling supervisors  
            sup(s,k)=ceil(ag(s,k)/aps);  
            Cal3=Cal3+(ag(s,k)*aw+ sup(s,k)*sw)*(tf s(s)-t0s(s))*tau;  
        end  
    end  
end  
  
%PASSENGER COSTS% 
%waiting and service time in the check-in area  



VOT=FI(:,12);  
  
Cpax1aux=0;  
if  termuse(4)==1;  
    for  i=1:nf  
        for  t=2:nt  
            lambda(i,t)=FI(i,15);  
            Cpax1=Cpax1+VOT(i)*((S(i,t)+Q(i,t-
1))*tau+S(i,t)/lambda(i,t));  
        end  
    end  
end  
  
if  termuse(4)==0;  
    for  i=1:nf  
        for  t=2:nt  
            lambda(i,t)=FI(i,15);  
            Cpax1aux=Cpax1aux+VOT(i)*((S(i,t)+Q(i,t -
1))*tau+S(i,t)/lambda(i,t));  
        end  
    end  
end  
  
%waiting and service time at the security check-poi nt  
  
if  termuse(5)==1;  
    for  i=1:nf  
        for  t=1:nt  
            Cpax2=Cpax2+SCa(i,t)*VOT(i)*tsec;  
        end  
    end  
end  
  
Cpax2aux=0;  
if  termuse(5)==0;  
    for  i=1:nf  
        for  t=1:nt  
            Cpax2aux=Cpax2aux+SCa(i,t)*VOT(i)*tsec;  
        end  
    end  
end  
  
%AIRPORT COSTS% 
%Reduction of the LoS%  
  
if  termuse(6)==1;  
    for  i=1:nf  
        for  t=1:nt  
            Caa1=Caa1+(a2q*Q(i,t)+b2q);  
        end  
    end  
end  
  
Caa1aux=0;  
if  termuse(6)==0;  
    for  i=1:nf  
        for  t=1:nt  
            Caa1aux=Caa1aux+(a2q*Q(i,t)+b2q);  
        end  
    end  



end  
  
%Revenues of the retail areas%  
  
if  termuse(7)==1;  
    for  i=1:nf  
        STD(i)=FI(i,1);  
        beta(i)=FI(i,14);  
        ro(i)=FI(i,13)/tau;  
        for  t=1:(STD(i)-ro(i)-1)  
            BAA(i,t)=(SCd(i,t))*alpha*apur*tau*(STD (i)-beta(i)*ro(i)-
t);  
            Baa=Baa+(SCd(i,t))*alpha*apur*tau*(STD( i)-beta(i)*ro(i)-
t);  
        end  
    end  
end  
  
Baaaux=0;  
if  termuse(7)==1;  
    for  i=1:nf  
        STD(i)=FI(i,1);  
        beta(i)=FI(i,14);  
        ro(i)=FI(i,13)/tau;  
        for  t=1:(STD(i)-ro(i)-1)  
            BAA(i,t)=(SCd(i,t))*alpha*apur*tau*(STD (i)-beta(i)*ro(i)-
t);  
            Baaaux=Baaaux+(SCd(i,t))*alpha*apur*tau *(STD(i)-
beta(i)*ro(i)-t);  
        end  
    end  
end  
  
Z=-Cal1-Cal2-Cal3-Cpax1-Cpax2-Caa1-Caa2+Baa;  
GC=[-Cal1-Cal2-Cal3;  
    -Cpax1-Cpax2;  
    -Caa1-Caa2+Baa];  
%GCaux=[-Cal1-Cal2aux-Cal3;  
    %-Cpax1aux-Cpax2aux;  
    %-Caa1aux+Baaaux];  
    GCaux=[0;0;0];  
PMC=[Cal1+Cal3 0 0; Cal2 Cpax1+Cpax2 Caa1;0 0 Baa];  
PGC=GC/Z; 
 

 

 



D. DATA TABLES 

DATA FOR CASE 1 (PROPORTION CHARTER TO REGULAR FLIGHTS) 

TABLE WITH A 100% -0% RATIO 
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60 104 52 52 0 0 0 0 70,043 0,086 1 0,667 30 1 0,667 

66 104 52 52 0 0 0 0 70,043 0,086 1 0,667 30 1 0,667 

72 104 52 52 0 0 0 0 70,043 0,086 1 0,667 30 1 0,667 

78 104 52 52 0 0 0 0 70,043 0,086 1 0,667 30 1 0,667 

84 104 52 52 0 0 0 0 70,043 0,086 1 0,667 30 1 0,667 

90 104 52 52 0 0 0 0 70,043 0,086 1 0,667 30 1 0,667 

96 104 52 52 0 0 0 0 70,043 0,086 1 0,667 30 1 0,667 

102 104 52 52 0 0 0 0 70,043 0,086 1 0,667 30 1 0,667 

108 104 52 52 0 0 0 0 70,043 0,086 1 0,667 30 1 0,667 

114 104 52 52 0 0 0 0 70,043 0,086 1 0,667 30 1 0,667 

 

 

 

TABLE WITH A 90% -10% RATIO 

S
T

D
 

(t
im

e
 i

n
t)

 

T
o

ta
l 

p
a

x
 

C
o

n
v

. p
a

x
 

D
is

t.
 p

a
x

 

C
h

a
rt

e
r 

 

L
o

w
 c

o
st

 

L
u

g
g

a
g

e
 

P
u

rp
o

se
 

a
_d

is
t 

b
_d

is
t 

H
a

n
d

l.
 

c
o

m
a

n
y

 

V
O

T
 

(€
/

m
in

) 

Ρ
 (

m
in

) 

β
 

S
e

rv
 R

a
te

 

p
a

x
/

m
in

 

60 208 205,82 2 1 0 0 0 176,39 0,125 1 0,500 30 1 0,500 

66 104 52,00 52 0 0 0 0 70,04 0,086 1 0,667 30 1 0,667 

72 104 52,00 52 0 0 0 0 70,04 0,086 1 0,667 30 1 0,667 

78 104 52,00 52 0 0 0 0 70,04 0,086 1 0,667 30 1 0,667 

84 104 52,00 52 0 0 0 0 70,04 0,086 1 0,667 30 1 0,667 

90 104 52,00 52 0 0 0 0 70,04 0,086 1 0,667 30 1 0,667 

96 104 52,00 52 0 0 0 0 70,04 0,086 1 0,667 30 1 0,667 

102 104 52,00 52 0 0 0 0 70,04 0,086 1 0,667 30 1 0,667 

108 104 52,00 52 0 0 0 0 70,04 0,086 1 0,667 30 1 0,667 

114 104 52,00 52 0 0 0 0 70,04 0,086 1 0,667 30 1 0,667 

 

 



 

 

 

TABLE WITH A 80% -20% RATIO 
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60 208 205,82 2 1 0 0 0 176,39 0,125 1 0,500 30 1 0,500 

66 208 205,82 2 1 0 0 0 176,39 0,125 1 0,500 30 1 0,500 

72 104 52,00 52 0 0 0 0 70,04 0,086 1 0,667 30 1 0,667 

78 104 52,00 52 0 0 0 0 70,04 0,086 1 0,667 30 1 0,667 

84 104 52,00 52 0 0 0 0 70,04 0,086 1 0,667 30 1 0,667 

90 104 52,00 52 0 0 0 0 70,04 0,086 1 0,667 30 1 0,667 

96 104 52,00 52 0 0 0 0 70,04 0,086 1 0,667 30 1 0,667 

102 104 52,00 52 0 0 0 0 70,04 0,086 1 0,667 30 1 0,667 

108 104 52,00 52 0 0 0 0 70,04 0,086 1 0,667 30 1 0,667 

114 104 52,00 52 0 0 0 0 70,04 0,086 1 0,667 30 1 0,667 

 

 

 

TABLE WITH A 70% -30% RATIO 
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60 208 205,82 2 1 0 0 0 176,39 0,125 1 0,500 30 1 0,500 

66 208 205,82 2 1 0 0 0 176,39 0,125 1 0,500 30 1 0,500 

72 208 205,82 2 1 0 0 0 176,39 0,125 1 0,500 30 1 0,500 

78 104 52,00 52 0 0 0 0 70,04 0,086 1 0,667 30 1 0,667 

84 104 52,00 52 0 0 0 0 70,04 0,086 1 0,667 30 1 0,667 

90 104 52,00 52 0 0 0 0 70,04 0,086 1 0,667 30 1 0,667 

96 104 52,00 52 0 0 0 0 70,04 0,086 1 0,667 30 1 0,667 

102 104 52,00 52 0 0 0 0 70,04 0,086 1 0,667 30 1 0,667 

108 104 52,00 52 0 0 0 0 70,04 0,086 1 0,667 30 1 0,667 

114 104 52,00 52 0 0 0 0 70,04 0,086 1 0,667 30 1 0,667 

 

 



 

 

 

TABLE WITH A 60% -40% RATIO 
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60 208 205,82 2 1 0 0 0 176,39 0,125 1 0,500 30 1 0,500 

66 208 205,82 2 1 0 0 0 176,39 0,125 1 0,500 30 1 0,500 

72 208 205,82 2 1 0 0 0 176,39 0,125 1 0,500 30 1 0,500 

78 208 205,82 2 1 0 0 0 176,39 0,125 1 0,500 30 1 0,500 

84 104 52,00 52 0 0 0 0 70,04 0,086 1 0,667 30 1 0,667 

90 104 52,00 52 0 0 0 0 70,04 0,086 1 0,667 30 1 0,667 

96 104 52,00 52 0 0 0 0 70,04 0,086 1 0,667 30 1 0,667 

102 104 52,00 52 0 0 0 0 70,04 0,086 1 0,667 30 1 0,667 

108 104 52,00 52 0 0 0 0 70,04 0,086 1 0,667 30 1 0,667 

114 104 52,00 52 0 0 0 0 70,04 0,086 1 0,667 30 1 0,667 

 

 

 

TABLE WITH A 50% -50% RATIO 
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60 208 205,82 2 1 0 0 0 176,39 0,125 1 0,500 30 1 0,500 

66 208 205,82 2 1 0 0 0 176,39 0,125 1 0,500 30 1 0,500 

72 208 205,82 2 1 0 0 0 176,39 0,125 1 0,500 30 1 0,500 

78 208 205,82 2 1 0 0 0 176,39 0,125 1 0,500 30 1 0,500 

84 208 205,82 2 1 0 0 0 176,39 0,125 1 0,500 30 1 0,500 

90 104 52,00 52 0 0 0 0 70,04 0,086 1 0,667 30 1 0,667 

96 104 52,00 52 0 0 0 0 70,04 0,086 1 0,667 30 1 0,667 

102 104 52,00 52 0 0 0 0 70,04 0,086 1 0,667 30 1 0,667 

108 104 52,00 52 0 0 0 0 70,04 0,086 1 0,667 30 1 0,667 

114 104 52,00 52 0 0 0 0 70,04 0,086 1 0,667 30 1 0,667 

 

 



 

 

 

TABLE WITH A 40% -60% RATIO 
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60 208 205,82 2 1 0 0 0 176,39 0,125 1 0,500 30 1 0,500 

66 208 205,82 2 1 0 0 0 176,39 0,125 1 0,500 30 1 0,500 

72 208 205,82 2 1 0 0 0 176,39 0,125 1 0,500 30 1 0,500 

78 208 205,82 2 1 0 0 0 176,39 0,125 1 0,500 30 1 0,500 

84 208 205,82 2 1 0 0 0 176,39 0,125 1 0,500 30 1 0,500 

90 208 205,82 2 1 0 0 0 176,39 0,125 1 0,500 30 1 0,500 

96 104 52,00 52 0 0 0 0 70,04 0,086 1 0,667 30 1 0,667 

102 104 52,00 52 0 0 0 0 70,04 0,086 1 0,667 30 1 0,667 

108 104 52,00 52 0 0 0 0 70,04 0,086 1 0,667 30 1 0,667 

114 104 52,00 52 0 0 0 0 70,04 0,086 1 0,667 30 1 0,667 

 

 

 

TABLE WITH A 30% -70% RATIO 
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60 208 205,82 2 1 0 0 0 176,39 0,125 1 0,500 30 1 0,500 

66 208 205,82 2 1 0 0 0 176,39 0,125 1 0,500 30 1 0,500 

72 208 205,82 2 1 0 0 0 176,39 0,125 1 0,500 30 1 0,500 

78 208 205,82 2 1 0 0 0 176,39 0,125 1 0,500 30 1 0,500 

84 208 205,82 2 1 0 0 0 176,39 0,125 1 0,500 30 1 0,500 

90 208 205,82 2 1 0 0 0 176,39 0,125 1 0,500 30 1 0,500 

96 208 205,82 2 1 0 0 0 176,39 0,125 1 0,500 30 1 0,500 

102 104 52,00 52 0 0 0 0 70,04 0,086 1 0,667 30 1 0,667 

108 104 52,00 52 0 0 0 0 70,04 0,086 1 0,667 30 1 0,667 

114 104 52,00 52 0 0 0 0 70,04 0,086 1 0,667 30 1 0,667 

 

 



 

 

 

TABLE WITH A 20% -80% RATIO 
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60 208 205,82 2 1 0 0 0 176,39 0,125 1 0,500 30 1 0,500 

66 208 205,82 2 1 0 0 0 176,39 0,125 1 0,500 30 1 0,500 

72 208 205,82 2 1 0 0 0 176,39 0,125 1 0,500 30 1 0,500 

78 208 205,82 2 1 0 0 0 176,39 0,125 1 0,500 30 1 0,500 

84 208 205,82 2 1 0 0 0 176,39 0,125 1 0,500 30 1 0,500 

90 208 205,82 2 1 0 0 0 176,39 0,125 1 0,500 30 1 0,500 

96 208 205,82 2 1 0 0 0 176,39 0,125 1 0,500 30 1 0,500 

102 208 205,82 2 1 0 0 0 176,39 0,125 1 0,500 30 1 0,500 

108 104 52,00 52 0 0 0 0 70,04 0,086 1 0,667 30 1 0,667 

114 104 52,00 52 0 0 0 0 70,04 0,086 1 0,667 30 1 0,667 
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60 208 205,82 2 1 0 0 0 176,39 0,125 1 0,500 30 1 0,500 

66 208 205,82 2 1 0 0 0 176,39 0,125 1 0,500 30 1 0,500 

72 208 205,82 2 1 0 0 0 176,39 0,125 1 0,500 30 1 0,500 

78 208 205,82 2 1 0 0 0 176,39 0,125 1 0,500 30 1 0,500 

84 208 205,82 2 1 0 0 0 176,39 0,125 1 0,500 30 1 0,500 

90 208 205,82 2 1 0 0 0 176,39 0,125 1 0,500 30 1 0,500 

96 208 205,82 2 1 0 0 0 176,39 0,125 1 0,500 30 1 0,500 

102 208 205,82 2 1 0 0 0 176,39 0,125 1 0,500 30 1 0,500 

108 208 205,82 2 1 0 0 0 176,39 0,125 1 0,500 30 1 0,500 

114 104 52,00 52 0 0 0 0 70,04 0,086 1 0,667 30 1 0,667 

 

 



 

 

TABLE WITH A 100% -0% RATIO 
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60 208 205,82 2 1 0 0 0 176,39 0,125 1 0,500 30 1 0,500 

66 208 205,82 2 1 0 0 0 176,39 0,125 1 0,500 30 1 0,500 

72 208 205,82 2 1 0 0 0 176,39 0,125 1 0,500 30 1 0,500 

78 208 205,82 2 1 0 0 0 176,39 0,125 1 0,500 30 1 0,500 

84 208 205,82 2 1 0 0 0 176,39 0,125 1 0,500 30 1 0,500 

90 208 205,82 2 1 0 0 0 176,39 0,125 1 0,500 30 1 0,500 

96 208 205,82 2 1 0 0 0 176,39 0,125 1 0,500 30 1 0,500 

102 208 205,82 2 1 0 0 0 176,39 0,125 1 0,500 30 1 0,500 

108 208 205,82 2 1 0 0 0 176,39 0,125 1 0,500 30 1 0,500 

114 208 205,82 2 1 0 0 0 176,39 0,125 1 0,500 30 1 0,500 



DATA FOR CASE 1 

DATA FOR SCENARIOS 0 AND 1 

 

Handling company: Clever 
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103 108,80 97,92 10,88 1 0 0 0 176,39 0,12 2 0,63 34,58 0,95 0,80 

105 108,80 97,92 10,88 1 0 0 0 176,39 0,12 2 0,63 32,85 0,95 0,80 

107 108,80 97,92 10,88 1 0 0 0 176,39 0,12 2 0,63 37,49 0,95 0,80 

108 108,80 97,92 10,88 1 0 0 0 176,39 0,12 2 0,63 31,13 0,95 0,80 

119 108,80 97,92 10,88 1 0 0 0 176,39 0,12 2 0,63 31,73 0,95 0,80 

124 179,55 161,60 17,96 1 1 0 1 176,39 0,12 2 0,30 30,94 1,05 0,80 

138 47,60 42,84 4,76 1 0 0 0 176,39 0,12 2 0,63 30,39 0,95 0,80 

139 108,80 97,92 10,88 1 0 0 0 176,39 0,12 2 0,63 42,62 0,95 0,80 

150 108,80 97,92 10,88 1 0 0 0 176,39 0,12 2 0,63 42,59 0,95 0,80 

187 108,80 97,92 10,88 1 0 0 1 176,39 0,12 2 0,30 36,12 1,00 0,80 

203 179,55 161,60 17,96 1 1 0 1 176,39 0,12 2 0,30 35,63 1,05 0,80 

 

 

Handling company: Flightcare 
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97 115,60 104,04 11,56 1 0 0 0 176,39 0,12 3 0,63 43,37 0,95 0,80 

100 115,60 104,04 11,56 1 0 0 0 176,39 0,12 3 0,63 30,26 0,95 0,80 

121 95,88 86,29 9,59 1 0 0 0 176,39 0,12 3 0,63 37,68 0,95 0,80 

129 128,52 64,26 64,26 0 0 1 1 70,04 0,09 3 0,30 37,48 1,00 0,80 

131 115,60 104,04 11,56 1 0 0 0 176,39 0,12 3 0,63 37,58 0,95 0,80 

154 115,60 104,04 11,56 1 0 0 0 176,39 0,12 3 0,63 30,03 0,95 0,80 

177 128,52 115,67 12,85 1 0 1 1 176,39 0,12 3 0,30 32,25 1,00 0,80 

179 128,52 115,67 12,85 1 0 1 1 176,39 0,12 3 0,30 39,85 1,00 0,80 

182 95,88 86,29 9,59 1 0 0 0 176,39 0,12 3 0,63 42,09 0,95 0,80 

185 140,60 126,54 14,06 1 1 0 1 176,39 0,12 3 0,30 38,48 1,05 0,80 

207 179,55 161,60 17,96 1 1 0 1 176,39 0,12 3 0,30 39,47 1,05 0,80 

 

 



Handling company: Iberia Handling 
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116 108,80 97,92 10,88 1 0 0 0 176,39 0,12 4 0,63 40,30 0,95 0,80 

120 179,55 161,60 17,96 1 1 0 1 176,39 0,12 4 0,30 43,60 1,05 0,80 

122 179,55 161,60 17,96 1 1 0 1 176,39 0,12 4 0,30 38,17 1,05 0,80 

124 108,80 97,92 10,88 1 0 0 0 176,39 0,12 4 0,63 32,04 0,95 0,80 

128 47,60 23,80 23,80 0 0 0 1 70,04 0,09 4 0,30 31,34 1,00 0,80 

132 108,80 97,92 10,88 1 0 0 0 176,39 0,12 4 0,63 33,15 0,95 0,80 

136 108,80 54,40 54,40 0 0 0 0 70,04 0,09 4 0,63 36,03 0,95 0,80 

145 122,40 61,20 61,20 0 0 1 0 70,04 0,09 4 0,63 42,22 0,95 0,80 

146 122,40 110,16 12,24 1 0 1 0 176,39 0,12 4 0,63 36,57 0,95 0,80 

160 47,60 23,80 23,80 0 0 0 0 70,04 0,09 4 0,63 35,24 0,95 0,80 

174 122,40 61,20 61,20 0 0 1 0 70,04 0,09 4 0,63 44,05 0,95 0,80 

176 108,80 97,92 10,88 1 0 0 0 176,39 0,12 4 0,63 43,97 0,95 0,80 

180 122,40 110,16 12,24 1 0 1 0 176,39 0,12 4 0,63 44,06 0,95 0,80 

180 47,60 23,80 23,80 0 0 0 0 70,04 0,09 4 0,63 33,41 0,95 0,80 

181 47,60 42,84 4,76 1 0 0 0 176,39 0,12 4 0,63 41,49 0,95 0,80 

185 203,30 182,97 20,33 1 1 0 0 176,39 0,12 4 0,63 43,43 1,00 0,80 

185 47,60 23,80 23,80 0 0 0 0 70,04 0,09 4 0,63 34,20 0,95 0,80 

185 47,60 23,80 23,80 0 0 1 0 70,04 0,09 4 0,63 36,76 0,95 0,80 

188 108,80 97,92 10,88 1 0 0 0 176,39 0,12 4 0,63 36,67 0,95 0,80 

202 203,30 182,97 20,33 1 1 0 1 176,39 0,12 4 0,30 31,48 1,05 0,80 

202 213,75 192,38 21,38 1 1 0 1 176,39 0,12 4 0,30 37,41 1,05 0,80 

210 122,40 110,16 12,24 1 0 1 0 176,39 0,12 4 0,63 35,95 0,95 0,80 

214 108,80 97,92 10,88 1 0 0 0 176,39 0,12 4 0,63 41,13 0,95 0,80 

214 179,55 161,60 17,96 1 1 0 1 176,39 0,12 4 0,30 44,64 1,05 0,80 

219 108,80 97,92 10,88 1 0 0 0 176,39 0,12 4 0,63 36,16 0,95 0,80 

221 108,80 97,92 10,88 1 0 0 0 176,39 0,12 4 0,63 34,90 0,95 0,80 

228 179,55 161,60 17,96 1 1 0 1 176,39 0,12 4 0,30 33,82 1,05 0,80 

229 179,55 161,60 17,96 1 1 0 1 176,39 0,12 4 0,30 44,00 1,05 0,80 

235 108,80 54,40 54,40 0 0 0 0 70,04 0,09 4 0,63 34,19 0,95 0,80 

 

Handling Company: Air Europa 
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128 122,40 110,16 12,24 1 0 0 1 176,39 0,12 6 0,30 31,11 1,00 0,80 

165 108,80 97,92 10,88 1 0 0 0 176,39 0,12 6 0,63 39,06 0,95 0,80 

 



DATA FOR SCENARIOS 2 AND 3 
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120 115,60 104,04 11,56 1 0 0 0 176,39 0,12 2 0,63 32,70 0,95 0,80 

120 179,55 161,60 17,96 1 1 0 1 176,39 0,12 3 0,30 30,56 1,05 0,80 

122 179,55 161,60 17,96 1 1 0 1 176,39 0,12 3 0,30 32,83 1,05 0,80 

123 108,80 97,92 10,88 1 0 0 0 176,39 0,12 1 0,63 30,59 0,95 0,80 

124 108,80 97,92 10,88 1 0 0 0 176,39 0,12 3 0,63 40,13 0,95 0,80 

125 108,80 97,92 10,88 1 0 0 0 176,39 0,12 1 0,63 31,21 0,95 0,80 

127 108,80 97,92 10,88 1 0 0 0 176,39 0,12 1 0,63 33,19 0,95 0,80 

128 122,40 110,16 12,24 1 0 0 1 176,39 0,12 4 0,30 41,43 1,00 0,80 

128 108,80 97,92 10,88 1 0 0 0 176,39 0,12 1 0,63 41,23 0,95 0,80 

128 47,60 23,80 23,80 0 0 0 1 70,04 0,09 3 0,30 43,76 1,00 0,80 

132 108,80 97,92 10,88 1 0 0 0 176,39 0,12 3 0,63 35,45 0,95 0,80 

136 108,80 54,40 54,40 0 0 0 0 70,04 0,09 3 0,63 44,72 0,95 0,80 

139 108,80 97,92 10,88 1 0 0 0 176,39 0,12 1 0,63 32,93 0,95 0,80 

139 128,52 115,67 12,85 1 0 1 1 176,39 0,12 1 0,30 30,61 1,00 0,80 

141 95,88 86,29 9,59 1 0 0 0 176,39 0,12 2 0,63 35,26 0,95 0,80 

144 179,55 161,60 17,96 1 1 0 1 176,39 0,12 1 0,30 43,81 1,05 0,80 

145 122,40 61,20 61,20 0 0 1 0 70,04 0,09 3 0,63 32,36 0,95 0,80 

146 122,40 110,16 12,24 1 0 1 0 176,39 0,12 3 0,63 41,36 0,95 0,80 

149 128,52 64,26 64,26 0 0 1 1 70,04 0,09 2 0,30 35,73 1,00 0,80 

151 115,60 104,04 11,56 1 0 0 0 176,39 0,12 2 0,63 30,03 0,95 0,80 

158 47,60 42,84 4,76 1 0 0 0 176,39 0,12 1 0,63 41,28 0,95 0,80 

159 108,80 97,92 10,88 1 0 0 0 176,39 0,12 1 0,63 37,77 0,95 0,80 

160 47,60 23,80 23,80 0 0 0 0 70,04 0,09 3 0,63 35,17 0,95 0,80 

165 108,80 97,92 10,88 1 0 0 0 176,39 0,12 4 0,63 42,98 0,95 0,80 

170 108,80 97,92 10,88 1 0 0 0 176,39 0,12 1 0,63 44,50 0,95 0,80 

174 115,60 104,04 11,56 1 0 0 0 176,39 0,12 2 0,63 36,14 0,95 0,80 

174 122,40 61,20 61,20 0 0 1 0 70,04 0,09 3 0,63 38,20 0,95 0,80 

176 108,80 97,92 10,88 1 0 0 0 176,39 0,12 3 0,63 38,45 0,95 0,80 

180 122,40 110,16 12,24 1 0 1 0 176,39 0,12 3 0,63 37,23 0,95 0,80 

180 47,60 23,80 23,80 0 0 0 0 70,04 0,09 3 0,63 31,97 0,95 0,80 

181 47,60 42,84 4,76 1 0 0 0 176,39 0,12 3 0,63 31,11 0,95 0,80 

185 203,30 182,97 20,33 1 1 0 0 176,39 0,12 3 0,63 38,88 1,00 0,80 

185 47,60 23,80 23,80 0 0 0 0 70,04 0,09 3 0,63 41,55 0,95 0,80 

185 47,60 23,80 23,80 0 0 1 0 70,04 0,09 3 0,63 32,83 0,95 0,80 

188 108,80 97,92 10,88 1 0 0 0 176,39 0,12 3 0,63 36,03 0,95 0,80 

197 128,52 115,67 12,85 1 0 1 1 176,39 0,12 2 0,30 39,90 1,00 0,80 



199 128,52 115,67 12,85 1 0 1 1 176,39 0,12 2 0,30 44,20 1,00 0,80 

202 95,88 86,29 9,59 1 0 0 0 176,39 0,12 2 0,63 32,66 0,95 0,80 

202 203,30 182,97 20,33 1 1 0 1 176,39 0,12 3 0,30 32,98 1,05 0,80 

202 213,75 192,38 21,38 1 1 0 1 176,39 0,12 3 0,30 30,16 1,05 0,80 

205 140,60 126,54 14,06 1 1 0 1 176,39 0,12 2 0,30 39,75 1,05 0,80 

207 108,80 97,92 10,88 1 0 0 1 176,39 0,12 1 0,30 33,89 1,00 0,80 

210 122,40 110,16 12,24 1 0 1 0 176,39 0,12 3 0,63 33,21 0,95 0,80 

214 108,80 97,92 10,88 1 0 0 0 176,39 0,12 3 0,63 41,82 0,95 0,80 

214 179,55 161,60 17,96 1 1 0 1 176,39 0,12 3 0,30 31,83 1,05 0,80 

219 108,80 97,92 10,88 1 0 0 0 176,39 0,12 3 0,63 31,28 0,95 0,80 

221 108,80 97,92 10,88 1 0 0 0 176,39 0,12 3 0,63 41,81 0,95 0,80 

223 179,55 161,60 17,96 1 1 0 1 176,39 0,12 1 0,30 36,13 1,05 0,80 

227 179,55 161,60 17,96 1 1 0 1 176,39 0,12 2 0,30 42,59 1,05 0,80 

228 179,55 161,60 17,96 1 1 0 1 176,39 0,12 3 0,30 33,68 1,05 0,80 

229 179,55 161,60 17,96 1 1 0 1 176,39 0,12 3 0,30 44,92 1,05 0,80 

235 108,80 54,40 54,40 0 0 0 0 70,04 0,09 3 0,63 43,05 0,95 0,80 

 


