Game theory is a mathematical framework used to analyze strategic interactions among rational decision-makers across various fields, including economics, optimization, computer science, and business. The game solution, also known as "Nash equilibrium" provides a stable outcome where no player has an incentive to change their strategy unilaterally if the other players' strategies are fixed. This equilibrium helps us to predict outcomes in competitive scenarios which is important in markets, negotiations, and competition analysis. While Nash equilibrium is a robust concept, finding it in large or complex games is computationally challenging.
This dissertation addresses the challenge of finding Nash equilibrium and focuses on designing efficient algorithms for different game setups. The research begins by solving two-player zero-sum long-horizon games, which model strategic interactions where the gain of one player is exactly balanced by the loss of the other. The proposed algorithm successfully finds the Nash equilibrium for long-horizon or infinite games. The research is then extended to multi-player general sum games, where Generalized Nash Equilibrium Problems (GNEP) with interdependent constraints are considered to create a more robust problem formulation. A unique function named "energy function" is developed to transform this multi-objective constrained problem into a single objective unconstrained problem.  The Nash equilibrium is proven to occur at the point where this energy function equals zero. After solving this problem using a centralized method, privacy concerns in centralized algorithms are considered, as they require the transfer of all data to a central entity. To overcome this, a distributed algorithm based on the energy function is developed, allowing players to communicate and reach equilibrium while maintaining privacy. Finally, theoretical analysis is done by analyzing the convergence properties to prove the correctness and efficiency of the algorithms. Overall, this dissertation presents novel methods for finding Nash equilibrium efficiently in complex, long-horizon games, with applications in various fields that involve competitive and complex decision-making scenarios.
