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Abstract

Monte Carlo method is a well used method for expectation value calculation in classi-
cal statistical mechanics. Markov chain Monte Carlo method using the Markov process
is a typical Monte Carlo method. Various Markov chain Monte Carlo methods are
proposed, for example, replica exchange Monte Carlo and multi-dimensional replica ex-
change Monte Carlo, etc. Multi-dimensional replica exchange Monte Carlo is a way
to sample from a system with multiple interactions. However, in this method, it has
not been studied for replica exchange and a practical way to determine suitable set
of coupling constants. We extend Hukushima’s iterative constant exchange probability
method for replica exchange Monte Carlo to determine coupling constants for multi-
dimensional replica exchange Monte Carlo. Therefore, we develop constant probability
method of multi-dimensional replica exchange Monte Carlo for improving probability of
replica exchange. Bittner et al.’s PT; algorithm is a way to set to maximize the number
of round-trips in given parameters with replica exchange Monte Carlo. Moreover, we
propose a method with multi-dimensional replica exchange Monte Carlo that combines
the constant exchange probability method and PT, algorithm.

We measure efficiency of the proposed combined method for spin-1 Blume-Capel
model. We distribute a coupling constant set in a region with a phase transition line.
Then the set is iteratively updated with the constant exchange probability method. We
further show that replica exchange probability becomes constant and the number of
round-trips is maximized when the constant exchange probability method and PT, al-
gorithm are combined. We suggest that the proposed combined method is applicable to
general systems.

We consider estimation of multi-dimensional density of states of so-called tatami tiling.
Tatami tiling is subject to the constraint that no four corners meet at a point when
tatami mats are spread. The number of tatami tilings is 27 1(3¢ — 4) + 2 on size £ x £
square regions by combinatorics. However, the number of tilings with given number of
constraints and any tatami mats is not known. Further, the number of tatami tilings
with rectangular regions and complex shape regions is not known. So, we establish a
technique of estimation of the number of the tatami tilings by replica exchange Monte
Carlo and multi-dimensional replica exchange Monte Carlo.

In the one-dimensional replica exchange Monte Carlo, we employ a temperature set
which includes both positive and negative temperatures, or equivalently a parameter
set with both ferromagnetic and anti-ferromagnetic coupling constants. In the multi-
dimensional replica exchange Monte Carlo, proposed constant exchange probability
method is directly applied. By the estimated density of states, we estimate the asymp-
totic form of the number of low excited states.

The proposed method and technique are expected to improve the efficiency of Monte
Carlo study of models in wide areas.



