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The planning of an airline’s schedule poses significant challenges, as it involves multiple interde-
pendent, customer-oriented operational decisions ranging from strategic to short-term planning:
which origin-destination (OD) markets to serve, at what frequencies and departure times, over
which routes, with which fleet types and crew, and under which prices and fare conditions. These
elements are tightly coupled: fleet and schedule decisions largely determine fixed and variable op-
erational costs, while pricing and schedule characteristics strongly influence customer demand and
revenue. Due to the complexity of real-world networks, airlines rely on decision support tools that
traditionally decompose the planning process into sub-problems — such as schedule design, fleet
assignment, maintenance routing, crew scheduling, and revenue management — which are solved
sequentially. However, this sequential approach often leads to suboptimal system-wide outcomes.
In contrast, recent research has proposed integrated planning models that combine two or more
sub-problems (e.g., schedule design, fleet assignment, and pricing) to achieve better overall solu-
tions. These integrated models are computationally challenging and require advanced solution
methods capable of solving large-scale instances efficiently.

The focus of this master’s thesis is on integrated optimization models to jointly determine the sched-
ule and fleet assignment with choice-based passenger demand, resulting in more realistic and prof-
itable solutions. In particular, the paper by Yan et al. (2022) introduces the so-called CSD-FAM
model, which incorporates schedule-based demand into a combined schedule design and fleet as-
signment problem. To handle the combinatorial complexity, they use a Sales-Based Linear Program-
ming (SBLP) revenue approximation to estimate passenger choice and revenue. This SBLP is itself an
approximation to a true discrete choice model such as Multinomial Logit (MNL) or discrete mixed
multinomial logit (MMNL). However, it remains unclear how accurate and robust the SBLP-based
approximation is compared to models that directly embed MNL choice behavior (e.g. Schon 2008),
whether alternative approximations could deliver better trade-offs between computational tracta-
bility and profit quality.

The objectives of this thesis are to:



e Provide a comprehensive literature review of optimization models for airline schedule de-
velopment with a particular focus on schedule design and fleet assignment, including both,
separate and integrated models.

e Explain the model by Yan et al. (2022) in detail, including limitations and improvement op-
portunities. Compare the model theoretically to alternative approaches for integrated
schedule design and fleet assignment.

e Implement the CSD-FAM model by Yan et al. (2022) in AMPL/Python and solve it for some
test data by using an appropriate solver. Compare it to a selected alternative model in a
numerical study with regard to solution times and solution quality. How does the SBLP-based
approximation of (M)MNL choice demand in CSD-FAM compare to alternative approaches
in terms of solution quality and computational efficiency? Note: you do not need to imple-
ment any decomposition approach for CSD-FAM but only the original model formulation and
run it on sufficiently small instances.

e Generate managerial insights for decision-makers in the airline industry. Identify gaps and
future research opportunities in strategic airline schedule planning.

Requirements

e OPM 7xx
e Good knowledge in Operations Management
e Analytical skills

Administrative information for writing a master thesis at the Chair of Service Operations Manage-
ment can be found here.
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