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Introduction: The research project studies fundamental scheduling and routing problems arising when driving
electric cars with or without a range extender.

Range Extender. Range extender is a small and weak combustion engine that is solely used to charge the
battery of an electric car. An electric car cannot operate (move) just by running the range extender; it is used to
extend the capacity of the battery. The range-extender cannot simply be switched on, when the battery is
empty. Sometimes, it is necessary to switch on the range extender early enough, e.g., well before a very steep
(energy demanding) part of the road, so that the battery is pre-charged to a sufficiently high level.

Routing and Scheduling. Electric car can also recharge its battery by going downhill, and in this case, the range

extender may not be needed and should be switched off to save the fuel, even if a moderate uphill road
appears afterwards. This project studies the arising fundamental questions of which route is economic to drive
(taking the battery-charging effects of driving downhill and uphill into account) and when to use the range-
extender in a possibly efficient way. There are various objectives to consider, such as the energy-efficiency, or
the length of the path, or both.

Objectives: Study the algorithmic problems of efficiently routing an electric car, scheduling of the range-
extender, and of the charging policies. Analyze the impact of self-interest on the performance of the society.
Setting and Methods: The project aims to characterize the complexity of the arising optimization

problems, and to provide efficient algorithmic solutions, in the form of exact, approximation, and
fixed-parameter algorithms. Additionally, for selected application areas, practical algorithms will be

engineered to provide near-to-optimal results for real-time needs. For problems arising from the game-
theoretic considerations, algorithms for an efficient computation of equilibrium states will be developed.
Furthermore, the impact of self-interest of the drivers on the well-being of the society will be analysed using
game-theoretical approach.

Impact: The project will provide basic understanding of how optimization can help in the usage of electric cars,
and how self-interest of car users affects the performance of the system. Some of the results, e.g., the
developed and engineered routing algorithms, have a possible impact on real-world implementations.

Requirements candidate: Highly motivated and proactive student with good English communication skills, that
has interest in algorithm design, and theory of computer science.

Keywords: Algorithms, approximation, optimization, computational complexity, electric cars, range extender,
road network, graphs, scheduling, routing, implementation.
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