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Optimization of the Replica-Exchange Monte-Carlo Method Using Large-Scale Parallel Computing:

Application to Liquid Crystal Models Exhibiting First-Order Phase Transitions

Thesis Summary

The phase transition phenomenon in liquid crystals involves molecules with both orientational and
translational degrees of freedom transitioning into phases with liquid and solid properties. While
industrial applications, such as liquid crystal displays, are advancing, theoretical mechanisms and
detailed understanding of these transitions remain incomplete. Simulations, along with theoretical and
experimental approaches, enable detailed analysis of molecular arrangements, interactions, and
resulting properties, thus enhancing understanding and offering academic and engineering significance.
In statistical mechanics, phase transitions are characterized by anomalous behaviors of thermodynamic
functions, which manifest accurately as the system size approaches infinity. During a phase transition,
thermodynamic functions may exhibit discontinuous changes or divergences. First-order transitions
involve discontinuous changes in properties like enthalpy, while second-order transitions involve
divergences in properties like heat capacity, adhering to specific critical exponents.

Understanding these phenomena requires large-scale system computations, which are challenging to
implement and analyze. The Replica-Exchange Monte-Carlo (REMC) method enhances the traditional
Markov-Chain Monte-Carlo (MCMC) method by running multiple systems (replicas) at different
temperatures and exchanging states periodically, enabling efficient exploration of the energy space.
This study aims to optimize REMC and address challenges from previous research. Specifically, we will
tackle issues such as exchange frequency, type of exchange parameters, and parameter spacing. With
advanced computational resources, the optimal configuration of these settings is critical. We will
implement molecular simulations on liquid crystal models with both first order and second-order phase
transitions to optimize REMC parameters. Using Evolution-Strategy algorithms, we aim to optimize
exchange parameter intervals without prior knowledge. Additionally, introducing the Hamiltonian
replica-exchange method will create an exchange axis for second-order transitions, avoiding first-order
transitions.

By addressing these issues, we aim to enhance REMC's efficiency and applicability for complex liquid
crystal models. This dissertation discusses the basics of MCMC, extended ensemble methods including
REMC, exchange optimization, phase transition phenomena, and molecular simulation methods,

followed by results, discussions, and conclusions.




