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Airline Seat Management with Multiple Flight-legs
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Abstract It is common for airline companies to

classify a pool of identical seats on the same fight
into several booking classes and charge different fares.
This paper will try to develop a dynamic program-
ming model which brings about selection rule and
pricing policy for flights of multiple flight-legs with

multiple booking classes.

1 Instruction

Airline market is a highly competitive market. In
such a competitive market, competition has been fo-
cused on quality of service, pricing policy, route struc-
ture and so on. In order to attract customers with
different purchasing power, it is common for airline
companies to classify a pool of identical seats on the
same flight into several booking classes through the
application of restrictions or service on tickets.

A number of papers [1,2.4,6] have focused on the
problem of single flight-leg with multiple fare classes.
WONG [5] have developed a model for multiple flight-
legs with single fare class by using the flexible assign-
ment approach, which led to develop rules for trip seat
allocation. DROR [3] bas presented a mathematical
approach (maximal flow) allocating seats to different
categories of customers.

This paper develops a discrete-time dynamic pro-
gramming model which brings about a decision rules
(selection of customers and pricing policy) for the
problem associated with multiple flight-legs with mul-
tiple booking classes. From this model, we will try to
develop a selection rule which determines whether to
accept or deny an arriving customer who requests for
a certain booking class of a trip and a pricing policy
which determines the appropriate price to be offered
to a customer once the airline company decides to

accept the customer.
e A different Concept

The problem of seat booking management is highly
affected by customers’ arriving patterns and permis-

sible purchasing powers. The assumptions of previ-
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ous researches are that all accepted customers must
purchase tickets. However, in most cases, customers
will request for price quotations before they buy their
tickets and may switch to other companies if they de-
cide that the prices offered by the airline are too high.
Therefore, it is not likely that all accepted customers

will purchase their tickets.

2 Model

Consider the following discrete time sequential sto-
chastic decision process with a finite planning horizon.
First, for convenience, let points in time be numbered
backward from the final point in time of the planning
horizon as ¢, t — 1,... and so 6n, where the interval
between two successive points in time, say time t and
timet—1, is period t. Here, the period is small enough
that no more than one request (from any booking class
in any trip) arrives and no more than one flight de-
parts during that period. In this paper, let us denote

the following notations:

Notations

j airport. 0 j< N

dj ;41 a flight-leg from airport j to j+ 1.

ijj+1 seats available for flight-leg d;, ;1.

fix  atrip from airport j to k.

s;  seats available for trip fjx.

Sk = nin{tmma |m=j,---,k~ 1}

i a set with elements that are the number
of seats available for all flight-legs, that
ist= {1'01,1:]2: cees iN—l.N}' Let

O0=iwjithi;;.3=0,7=0,1,---,¥N- 1.

S(i) the set of all trips in which the remaining
seats available is no less than 1.
SE)={fix1s;x 21,05 j< k< N}

L;;.  the number of booking classes of a trip f.

t; departure time from airport j

where 0 = ty_; <ty-2< ...<'t} < t.
hy the present or the next airport to depart

from at time ¢, that is,

hy=min{j|t; <t j=1,---,N~1}
cjrr cost for carrying a passenger of class ! of fji.
I} per-period discount factor, 3 € (0, 1].
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,\{(fjk) the probability that a customer of class I in
trip fjx arrives at time t. Let
/\0 =1- ZJ =h, ZL“JTIZI 17 (fjk)
be the probability that no customer arrives.
Furthermore, let pju(zx) be the probability that a
customer of class [ of f;x buys a ticket if the offered
selling price is z. Here, for given ajx1 and bjx such
that 0 <
pjki(z) = 0 for bz < x, and pjri(z) be strictly de-

ajr < bjrt, let pju(z) = 1 for z < aju,

creasing in z for a_,-k} < z < bju. Let Pyy(6) be the
probability distribution function of the maximum per-
missible purchasing price 8 that a customer of class !
of fjx has in mind for the ticket. That is, if the offered
_pfice is smaller than 0, then the customer will décide

to buy. In this case p;ii(z) can be given by

Piki(z) = /:o dPji(6). (2.1)

- Jo2 = {do1,d12}

Jfor =do ﬁxz =dj2 x Snu-in
0 1 2 TN .
(Airport)
]__. doy .__41_.. di2 ..._{ , [»dN-I.N.o{
to tg 1 t] It th_a
=0
Figure 1

3 Formulation

Let v((Z) denote the maximum total expected
present discounted profit starting from time t with <

seats available for reservation. Then, clearly, we have
1¢(0) = 0, (3.1)
ve(i) = A Bu- 1(i)
N-1 N
+y > ’2\ (f3x)Bre-1(3)
J=he k=j+11=1 '
Jix€S(3)
-1 N L

t>0,

+ Z Z Z’\ (fix) max{g;(i, fjx), Bue-1()} t > 1, 5

j=hek=j+11=1
IixES(d)

(3.2)

where g{(i,fjk) is the maximum total expected
present discounted profit starting from time t > t;
with ¢ seats remaining, provided that the airline ac-

cepts the customer of class [ of trip f;r who bas just

arrived and decides to offer a price to the customer.

Then g{(i,fjk) can be expressed as

9i(i, fx) = max{pju(z)(z - cjut + Fre-1(ijx)

+(1 = pjri(x))Bre-1(3)}, (3.3)
where
= {00 1y 1o 00,0000k (Y
ijx = i— e = {lo1,%12, -+, {5501 — Lidje1542— 1,
'1ik—l,k 1 lk L.L]....:‘IN_LN}. (3.5)
The final condition is given as follows:
Ly i~ ' '
. ] ... .
vo(i) = Z ’\0(fn-1,N) max{g{)(": f,v_l,N): 0}
=1 :
In_ynESE) (3.6)
where
Iy '
90(’-:f~-1.~) = mzax p.v-x,Nl(I)(I - c,v_l,,vl)- (3.7)

4 Conclusion
In this paper, by z(%, fjk,l) we denote the smallest
optimal price if more then one exist. The conclusions.

obtained in this paper are summarized as follows:

1. When the number of flight-legs is less than
or equal two (N < 2), thenthe optimal price
x4(4, f;x. 1) is monotone function of remaining
seats and remaining decision periods if § = 1.

2. When the number of flight-legs is equal to or

more than three (N > 3), the optimal price

z¢(3, fjr. 1) is not always monotone in ¢ or i.
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