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S U M M A RY

This thesis discusses the real theory and practice of revenue man-
agement (RM). Over the past few decades, there has been extensive
research in RM that has led to interesting insights. However, many
years of experience in hotel and airline RM has taught that there are
still significant gaps between the theory of RM and what is applied in
daily practice.

The stage is set in Chapter 1, where gaps between theory and prac-
tice in forecasting, pricing, optimisation and culture are addressed.
We claim that traditional demand forecasting methods cannot be ap-
plied because of a limited number of data points, cancellations are
rarely considered explicitly, and the most often used unconstraining
method is not reliable. The gaps in pricing we have identified are as
follows: the theory is focused on the estimation of price elasticities
and willingness to pay, while in practice it is often solely influenced
by competition, distrust in the revenue management system and com-
peting KPIs. For optimisation, the theory underestimates the number
of products, produces methods that are slow to solve (often a result
of large state spaces) and cancellations are not considered to be time-
dependent. When culture is considered, the theory assumes perfect
information, lack of observation bias and it is assumed customers are
"honest", and not using exploits. In summary, it is concluded that the
theory does not align with practice since it does not consider (time-
dependent) underlying processes that influence customer behavior,
improper demand prediction and unconstraining, and optimisation
that runs slow and without explicit cancellations.

In Chapter 2, the traditional definition of RM is introduced: "sell-
ing the right product (or seat) to the right customer at the right time
to the right price" [1]. We claim that this definition has limitations
(inability to target the "right customer"), lacks elements (capacity, dis-
tribution channel, customer behavior, cancellations, total revenue), and
is ambiguous (right seat, right time, right price, and does not mention
how this is solved). Instead, we propose a new definition of RM, which
is: dynamically assigning capacity to products of perishable nature with a
fixed total capacity. This is underpinned by the science and practice of
segmenting your customer base, construct products and price them
accordingly, forecasting true demand and cancellations, determining
a time-dependent optimal policy that maximizes total net revenue
under some given capacity, by modelling internal (customer-facing)
and external (market-facing)underlying processes, keeping in mind
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practical technical limitations. This is followed by a review of the
theory of demand prediction and pricing.

The practice of revenue management is studied next. In Chapter 3, ex-
ploitative customer behavior and the "smart customer" is discussed. It
is shown that there is no financial incentive for changing or cancelling
tickets until one hour before departure, the "smart customer" will
therefore wait until the very last moment. From a exploit perspective,
seasonality, stopover, point of sale, one-way and minimum stay abuse
and nesting bookings is explained and potential savings to the cus-
tomer are illustrated using real data. In Chapter 4 technical limitations
of the RM system in practice are discussed. These are grouped into
demand forecasting, pricing, optimisation and distribution challenges
that are not covered in the literature.

Next, forecasting demand and cancellations is studied. Once a booking
class is closed for sale, an airline does not record any bookings for
that class and thus needs to uncensor this value to obtain a true de-
mand estimate. This process is called unconstraining and is discussed
in Chapter 5. It is shown that the proposed method works well when
data exhibits nonlinear inhomogeneous Poisson rates, interarrival
times that may not be exponential and discontinuities in demand. It
is also shown that this novel method of unconstraining works well in
situations where a large number of data points are constrained, which
is a drawback of traditional methods. In Chapter 6, a new method
is introduced for itinerary-level booking prediction. This is achieved
by studying both static elements, such as quality of in-flight enter-
tainment (IFE), as well as time-dependent, underlying processes, such
as fare movement. After setting hyperparameters, extreme gradient
boosting was used to identify what drives decision-making in ten
different ODs (origin-destination pairs). Using empirical data, it was
shown that ODs can be grouped into price-sensitive ODs (driven by
price), departure time sensitive ODs (driven by departure time), flying
comfort ODs (driven by quality of in-flight entertainment).

Predicting cancellations is discussed in Chapter 7. It is shown that
cancellations are driven by three different, time-dependent processes:
ticketing deadline, fare movement and departure time. Moreover, it
is made evident that the time of cancellation depends on the time of
booking. The objective is to forecast time of cancellation, depending
on the time the product was booked. A three-step framework is in-
troduced that consists of (i) identifying whether a booking is cancels,
(ii) categorizing the type of cancellation, and (iii) using probabilities
found through Bayesian Inference to predict the time of cancellation.

In Chapter 8, the concept of downsell and postponement of deci-
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sion is discussed. Downsell occurs when a customer purchases a lower
fare than she originally intended. Customers that postpone their deci-
sion may find a cheaper class available than was originally available.
Two new dynamic programming formulations are proposed: in one, it
is assumed customers will always purchase the lowest available fare.
In the next formulation, a constraint is added that once a booking class
is closed, it may never be opened again. This ensures non-decreasing
class availability, and therefore postponing a decision from a cus-
tomer’s perspective is worthless (fares will never drop). Increases in
revenues are shown, and it is argued that this will stabilize customer
behavior, stabilize bookings, and in turn ease forecasting, too.

Chapter 9 provides optimisation with cancellations through a heuristic.
The optimal policy does not compare the exact fare, but rather an
adjusted fare is evaluated against the opportunity cost. This adjusted
fare is calculated based on the different probabilities of cancellation
time, which were competed in Chapter 7. Revenue gains are reported,
and it is shown this heuristic is robust against over- and underfore-
casting, as well as predicting cancellation probabilities too early or too
late.


