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Abstract of Thesis

Facility location decisions are one of the important elements in the strategic planning of supply
chains and they have applications in both private and public sectors. The importance of having optimal
facility locations has two main folds. The first reason is that facility location decisions are strategic
and they cannot be easily changed. The second reason is that the location of facilities can have a
direct impact on other supply chain decisions as well. This thesis addresses the importance of locating
emergency facilities by developing the novel game theoretical model for covering facility location
problem. First, by defining different structural units of the facilities as the modules, a modular
maximal covering location problem having back-up service coverage for demand nodes in a multi-period
framework is proposed. Considering back—up services for the demand of points from the modules can
increase the service quality that is a vital optimization objective for applications such as emergency
services. A heuristic method and a genetic algorithm are developed to solve the computational test
problems.

Second, a hybrid covering location problem that integrates the set covering and maximal covering
location problem is developed for the first time to benefit from the advantages of these two models in
one model. The hybrid model distinguishes between facilities and the structural units of facilities as
the modules and locates the facilities according to the coverage concept of set covering location problem
to provide service for all demand points. The hybrid model assigns the limited number of modules using
the coverage concept of maximal covering location problem to maximize the total covered demands

Third, using the developed models in the previous parts, this thesis studies the covering facility
location problems from non—cooperative game theoretical approach to investigate the related non-
cooperative theoretical and mathematical model of covering model and the solving complexity. The non—
cooperative approach is studied using the Stackelberg game perspective for maximal hub covering location
problem, which is resulted into a bi-level mathematical formulation of the problem. In the bi-level
maximal hub location problem, the freight companies who seek to find the optimal location of the hubs
to have the maximal amount of covered demand are the leaders, while the customers looking for the minimum
price among different available companies are the followers. Furthermore, the difficulty to deal with
the bi-level mathematical model is addressed in order to solve the problem. Two reformulation techniques
as dual-based and Karush-Kuhn-Tucker—-based reformulation are developed to reformulate the bi-level
problem to a single level problem. As the obtained single-level problems are difficult to solve, a
Benders—decomposition—based method is proposed and used to solve the test problems and investigate the
efficiency of the reformulation techniques and the solution procedure

The obtained results from numerical experiments and analysis indicate that the integrated mathematical
model developed for hybrid covering location problem is capable of improving the coverage percentage
compared to the conventional models and other possible integrated models. The case study that is
conducted to validate the capability of the hybrid model also approves the applicability of this model
in modeling emergency humanitarian logistic systems. Furthermore, the developed maximal hub location
problem can reflect the non—cooperation framework for freight companies while they compete to attract
more customers by rational behaviors who want to use the player with less price. On the other hand, the
developed reformulation and decomposition procedures to solve the problem approves the efficiency of
the procedures to solve large scale problems.

The future work for this thesis can be suggested as studying the developed models in the presence of
uncertainty from both stochastic and robust optimization point of views. The other direction for future

studies is to develop an efficient solving procedure for the developed hybrid covering location model.
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