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Introduction 
 

Choice models describe rather a general situation when it is necessary to make only one 

decision from the several available. In the choice models the subject is the person who makes a 

decision, and alternatives are his possible decisions. 

There are a lot of different mathematical theories describing various choice models, for 

example, rather a detailed choice models applied to transport processes can be found at M. Ben-Akiva 

and S. Lerman [1]. 

Modern choice models are built on a multialternative basis and have obtained a wide 

distribution at the creation of the flight choice models by a passenger.  

The creation of the potential passenger behaviour analytical model includes two problems: 

firstly, it is necessary to create the model itself; secondly, it is necessary to estimate its parameters. 

It is necessary to note, that the creation of the analytical expression for multialternative choice 

models is complex enough. Moreover, very often such models not give satisfactory results. Therefore 

for practical application simulation models most often are used. The example of creation of simulation 

multialternative model of a flight choice by a passenger can be found at J. Paramonov [2]. 

 

 

A potential passenger behaviour at a flight choice description 
 

When choosing an air flight the passenger may take into account a number of different factors. 

For example: the cost of the ticket, the departure time, the type of the flying plane, the length of flight, 

the type of the flight (direct flight or flight with change), service quality, etc. From all the variety of 

the possible factors for creation of the considered choice model the most significant and dataware 

provided factors have been chosen. Let us start the description of the model. 

 

Flights’ description 
 

A pair of cities (direction) is fixed, between these cities m  available flights are executed every 

day. All flights are described by three parameters collected in vectors: 
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- the number of seats 
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- the cost of tickets 
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- the time of departures 
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Passengers’ flow description 
 

There is a flow of the passengers wishing to depart by one of m  flights. It is supposed, that each 

passenger wishes to get a ticket for some flight on certain day. However, if there are no tickets suitable 

for any flight that day, then he transfers the ticket purchase next day. If next day he is refused also, the 

ticket purchase will be transferred for one more day too, and so on. Thus, the flight can be postponed 

for some days, but not more than for h  days, after that the passenger finally cancels the trip. Let name 

the value h  as a deadline of postponement the flight by the passenger. 

On the first (prospective) day of departure the passenger tries to choose the flight from a certain 

time interval, being guided by a desirable departure time and some values of deviation from this time. 

If there is a flight which departure time belongs to the specified range the passenger chooses this 

flight. If there are some flights available the passenger chooses the cheapest flight. 

If there is not any suitable flight in desirable for the passenger departure time, he transfers the 

ticket purchase on the next day. On this day and all the following days of possible departure, the 

passenger chooses the flight with the minimal cost of the ticket. 

It is assumed that each passenger is described by four parameters:  

- X  is the desirable time of departure;  

- +∆  is the admissible value of positive deviation of the actual time of flight from the desirable 

one (the positive deviation is understood as a later departure of a plane in relation to 

desirable) 

- −∆  is the admissible value of negative deviation of the actual time of flight from the desirable 

one (the negative deviation is understood as an earlier departure of a plane in relation to 

desirable) 

- h  is the maximal number of days for which the passenger can postpone his flight. 

Each of the listed characteristics is a random variable and has its own distribution. 

The random variable X  defines the desirable time of departure within a day. It is described by 

the corresponding density of distribution. It takes whole values from 1 up to 24 with certain 

probabilities which correspond to the change of intensity of demands within a day. 

It is obviously, that for each passenger the values +∆ , −∆  and h  have the random meanings as 

well. Let −+ ∆+∆=D  is an interval of desirable by the passenger time of departure. All 

characteristics of the passenger can be seen in the Fig. 1. 

 
 

Fig. 1. Passengers’ characteristics 

 

Let us consider the process of a flight choice beginning from the prospective day of departure. 

For everyone −i th passenger modelling of a flight choice process can be described in the following 

way. 
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From all m flights those flights are selected, the moments of departure of which 
( )jr3  are situated 

within the corresponding time interval 
( ) ( ) ( ) ( ) ( )( )iiiij XXr +− ∆+∆−∈ ,3 , i.e. 

( ) ( )ij Dr ∈3 . If there are some 

flights available then we select one with the minimal cost of the ticket 
( )jr2 : 

 

 
( ) ( ) ( ) ( ) ( ) ( ) ( )( ){ }iiiijj

j

i XXrrj +− ∆+∆−∈= ,:min 32 . (1) 

 

If there is not any suitable flight, the passenger tries to depart on the following day. 

If the passenger cannot depart within t  days, he transfers the next attempt on 1+t  day 

( 1...,,2,1 −= ht ) with the trip refusal probability tp . Here ( )hppp ...,,, 21=p  is a vector of the trip 

refusal probability, and an increase of the value h  leads to the values { }ip  increase. This probability 

reaches 1 on the last day of the possible departure. 

For each passenger who agrees to depart on the −t th day after the prospective day of a 

departure ( 1...,,2,1 −= ht ) the defining characteristic at the flight choice is the minimal cost of the 

ticket: 

 
( ){ }j

j
rj 2min= . (2) 

 

It was accepted that the number of potential passengers for each day, originally addressing for 

the ticket purchase, is a random variable N  having a normal distribution with parameters Nµ  and 

Nσ . Besides that, the values { }kN  for different days are independent identically distributed (i.i.d.) 

random variables. 

Modelling of the choice process was carried out for H  days, where H  is the modelling 

horizon. As the output data by the end of the modelling horizon H  the following parameters were 

obtained: 

1. the percent of the payload capacity of flights; 
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Com , j = 1, 2, …, m, (3) 

where: 
( )jr1  is the number of seats on the j-th flight; 

( )jR1  is the average number occupied seats on the j-th flight. 

 

2. the share of refusals ( )NERej , where Rej  is the average number of refusals for a day, 

( )NE  is the average number of potential passengers of one day; 

3. the share of the passengers who departed during the desirable time of day K  relative to the 

average number of the potential passengers for one day ( ( )NEK ); 

4. the percent of the passengers who did not depart on a desirable day; 

5. the average waiting time of departure by passengers (in days). 

 

Simulation model description 
 

A special algorithm for solving the task in view has been developed. Its novelty and originality 
consists in consideration of the simulation process not from the side of a newly arrived passenger, but 
from the side of the already existent query of claims of not departed passengers 

( )ht QQQQ ...,,...,,, 10=Q , where t is the ordinal number of one of the days on which the passenger 

can postpone the flight (t = 0, 1, …, h), tQ  is a number of passengers of this day. Further for the 



 

439 

model description instead of the term “the claim of the passenger” the term transaction accepted in 
modelling is used. 

The described process of modelling is complex enough, therefore for practical calculations the 
simulation approach has been used. Simulation was carried out with MathCAD software. 

Conceptually the simulation model is based on the consideration of the transactions turn which 
corresponds to the passengers’ flow, wishing to get tickets for this or that flight. Depending on the fact 
whether the passengers corresponding to transactions are the passengers of the prospective day of the 

departure ( 0=t ), or they are already the passengers of the t -th day of the postponement of flight, or 

they are the passengers of the final day of postponement of flight ( ht = ), the transactions describing 
them also differ. 

Simulation model description for one run from the modelling horizon H  follows below. 

Modelling algorithm for one run 
 

Cycle by the modelling horizon (by j , Hj ...,,2,1= ) 

 1. Cycle by days of expectation in reverse order (by t , 1...,,1, −= hht ) 

  1.1. cycle by transactions (by k , tQk ...,,2,1= ) 

   1.1.1. For each −t the day transaction the choice of flight is defined by cost of the ticket 
2r  

(2). If the flight is not chosen the transaction remains in the queue of the current day 

transactions tQ . 

1.1.2. For the remained −t the day transactions the number of the refusing the further 

expectation transactions is drawn. This number tRej  has binominal distribution with 

parameters tQn =  and tpp = : ( )nprbinomRejt ,,1:= . 

 2. Generate N  transactions which appeared on the current day ( 0=t ), and the values 
( )iX , 

( )i
−∆ , 

( )i
+∆  ( Ni ...,,2,1= ) as well. 

 3. Cycle by the number of the current day transactions N  (by i , Ni ...,,2,1= ) 

  3.1. For each transaction the choice of flight is defined by two factors: the interval of the 

desirable time of departure D , and the cost of the ticket 
2r  (1) as well. 

3.2. If flight is not chosen the transaction passes into the queue of the current day transactions 

0Q . 

 4. Rewrite the queue of transactions, increasing a waiting time for one day: tt QQ =+1  

( 1...,,1,0 −= ht ). 

 

Numerical example 
 

In the considered below numerical example the initial data are the following: 

1. Flights’ characteristics: 

- the number of flights 5=m ; 

- the vector of seats number ( )T1008010080801 =r ; 

- the vector of the tickets cost ( )T15012510075502 =r ; 

- the vector of the plane departure time ( )T1917912213 =r .  

2. Passengers’ characteristics: 

- the admissible values of the positive and negative deviations of the actual time of flight from 

the desirable by the passenger time of departure ( −∆  и +∆ ) are identical for all the 

passengers, besides +− ∆=∆ ;  

- the passenger’s lookup horizon h = 3 is the same for all passengers; 
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- the vector of probabilities of refusal of departures ( )T1000=p .  

3. Besides, it was accepted that: 

- the modelling interval 100=H . 

- the initial queue of transactions (of the expecting passengers) is empty ( )T0000=Q ; 

At the given vector p  for all the passengers the waiting time is 3 days. Thus passengers choose 

flights according to the minimal cost of the ticket. Exception is made by newly arrived passengers (at 

0=t ), they choose the flights in view the factors: minimal cost of the ticket, and desirable time of 

departure. 

The number of the newly arrived passengers N of one day has a normal distribution with 

parameters 500=Nµ  and 20=Nσ . In this case, the total sum of seats on flights for one day 

( )
440

1

1 =∑
=

m

j

jr  is less than the average number of newly arrived passengers Nµ . Thus, lack of seats 

for the newly arrived passengers is observed. 

During the modelling horizon H  there is a gradual entering the process a stationary mode. It is 

possible to consider, that beginning approximately from the 40th day the system is comes into the 

stationary mode. The following results of the modelling were obtained for a time interval from 40th to 

70th day of the modelling horizon. 

In this example the dependence of payload capacity of flights jCom  (in %) on the length of the 

interval of desirable by the passenger time of departure D  ( ( )DfCom j =  has been investigated. The 

results of obtained simulation are presented in the Table 1 and in the Fig. 2. 

Besides, in the given example the dependence of number of passenger refusal Rej , on the value 

D  is shown ( ( )DfRej = ) (see Fig. 2).  

Table 1 

Dependence of payload capacity of flights jCom  (in %) 

on the length of the interval of desirable time of departure D  

 

D (hours) 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6 

1Com  (%) 100 100 98 97 96 97 95 100 100 100 100 

2Com  (%) 50 69 86 99 100 98 100 100 100 100 100 

3Com  (%) 34 51 70 78 87 80 90 88 93 96 97 

4Com  (%) 42 69 89 99 100 99 100 100 100 100 100 

5Com  (%) 33 53 71 58 48 60 45 52 54 63 66 

 

 
 

Fig. 1. Simulation results of ( )DfCom j =  
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Analysis and comment of obtained results 
 

We would like to remind, that the capacity of planes had only two meanings: 80 and 100 seats. 

Numbers of flights are sorted in ascending order by costs of tickets. The following regularities have 

been revealed: 

1. The cheapest flight (the first one) is filled practically completely (95 % – 100 %), without 

dependence on the length of an interval D . 

2. The increase of value C to the meaning 2=D  leads to the growth of payload capacity of all 

flights. 

3. The further increase of value D  ( 2>D ) shows the steady growth of payload capacity of 

flights only for flights with the number of seats equal to 80. 

4. Tendencies of the payload capacity of flights with number of seats 100 differ depending on 

cost of flight. So, the third flight with the growth of value D  is filled completely, but the 

filling the fifth flight (the most expensive) stabilized at a level of 60 %. 

5. As seen from the Fig. 2 the value of refusals Rej  practically does not vary from the value D . 

Let comment separately the 3-rd flight. The low percentage of the payload capacity of this flight 

on the initial stage of modelling is connected with the inconvenient moment of the flight departure for 

the passenger (9 AM) and with rather high cost of the ticket. For the increase of this flight payload 

capacity the following variants were considered: 

- Reduction of the cost of the ticket; 

- Changing of the plane departure time; 

- Replacement of the plane by the plane of smaller capacity. 

Let analyse one possible variant. At the 4=D  the first and the second flight are filled 

completely because they are cheaper than the third flight. Maximal values of the third flight payload 

capacity are observed whether when the departure time moves at 10 AM or when the departure time is 

between 15 and 18 PM (see Fig. 3). In the specified time intervals the third flight “takes away” 

passengers of more expensive fourth and fifth flights. 

 

  
  

Fig. 2. Simulation results ( )DfRej =  Fig. 3. Dependence of payload capacity of flights 

on the third flight departure time 

 

The analysis of results of the shown numerical examples allows drawing a conclusion that 

simulation results adequately describe the considered process. 

 

Conclusion 
 

The passenger behaviour model at a flight choice for one Origin-Destination pair of cities was 

created out in this research. This model taking into account three characteristics of flight: the number 

of seats, the cost of air-ticket and the time of departure; and four characteristics of passenger as well: 

the desirable time of departure, the positive and negative passenger-flight deviations, and the 
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passenger’s lookup horizon. The originality of the model consists in the choice process consideration 

from the side of the expecting passengers queue. For practical calculation the simulation approach has 

been used. Numerical example confirm the adequacy of the considered model.  
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Žukovska J. Pasažiera uzvedības imitācijas modelis avioreisu izvēlē 
Izvēles modeĜi (choice models) apraksta diezgan vispārinātu situāciju, kad ir nepieciešams pieĦemt vienīgo 
lēmumu no dažiem iespējamiem variantiem. Potenciālā pasažiera uzvedības analītiskā modeĜa uzdevums, 
izvēloties avioreisu, veidojas no diviem apakšuzdevumiem. Pirmkārt, ir nepieciešams izveidot modeli, kurš 
atspoguĜotu pasažiera uzvedību noteiktā laika posmā, un, otrkārt, novērtētu parametrus, kuri apraksta pasažiera 
pieĦemto lēmumu. Parasti analītiskie izvēles modeĜi nedod apmierinošus rezultātus, un šādā gadījumā ir vērts 
izmantot izvēles imitācijas modeĜus. Pavadītā pētījuma mērėis ir pasažiera uzvedības avioreisu izvēlē modeĜa 
veidošana. Tika izvēlēti visnozīmīgākie faktori no ietekmējošo faktoru kopas. Vienam virzienam (vienam pilsētu 
pārim) bija izveidots oriăinālais modelis pasažiera avioreisa izvēlei. Praktiskājiem aprēėiniem tika izmantoti 
imitācijas modelēšanas paĦemieni. Aprēėini tika pavadīti MathCAD vīdē.  

 
Zhukovskaya C. Simulation model of choosing a flight by a passenger 
Choice models describe rather a general situation when it is necessary to make only one decision from the 
several available. The creation of the potential passenger behaviour analytical model includes two problems: 
firstly, it is necessary to create the model itself; secondly, it is necessary to estimate its parameters. It is 
necessary to note, that the creation of the analytical expression for multialternative choice models is complex 
enough. Moreover, very often such models not give satisfactory results. Therefore for practical application 
simulation models most often are used.The purpose of this research was a creation of the passenger behaviour 
model at a flight choice. From the variety of different factors were identified those which have the greatest 
influence on the mentioned choice. Taking them into account the original flight choice models by a passenger for 
one Origin-Destination pair of cities was developed. The simulation approach has been used for practical 
calculations. Simulation was carried out with MathCAD software.  

 
Жуковская Е. Имитационная модель выбора пассажиром авиарейса 
Модели выбора описывают весьма общую ситуацию, когда необходимо принять только одно решение из 
нескольких возможных. Создание аналитической модели поведения потенциального пассажира при 
выборе авиарейса включает две задачи: во-первых, необходимо создать саму модель, во-вторых, 
необходимо оценить ее параметры. Следует заметить, что вывод аналитического выражения для 
многоальтернативной модели выбора является непростой задачей, кроме того, такие модели часто 
дают неудовлетворительные результаты. Поэтому для практического применения наиболее часто 
используются имитационные модели. Целью данного исследования было создание модели поведения 
пассажира при выборе им авиарейса. Из множества различных факторов выбраны те, которые 
оказывают наибольшее влияние на указанный выбор. Принимая их во внимание создана оригинальная 
модель выбора пассажиром авиарейса для пары городов одного направления. Для практического 
применения выбрано имитационное моделирование. Расчеты производились в среде MathCAD.  

 


