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Fig. 1. Working principle of weight window.
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Fig. 2. Hoogenboom Martin benchmark: (a) Geometric cross-section; (b) power distribution (MW); (c) statistical error distribution.
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Fig. 3. Distribution of the coefficient of variation: (a) Basic; (b) UFS; (c¢) UTD.
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Fig. 4. Variance distribution of bias factors.
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Fig. 5. Cumulative distribution of statistical errors.
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Abstract

The global tally problem has a wide range of applications in major research fields such as Monte Carlo
simulations of pin-by-pin reactor models and time-dependent particle transport problems in multi-physics
coupling calculations. Due to the uneven power distribution of the simulated system, the statistical errors of all
tallies are unevenly distributed, resulting in some low global efficiency. For this kind of problem with global
characteristics, it is necessary to develop global variance reduction techniques to obtain the accurate
distribution of target tallies in the entire space. A large number of global variance reduction algorithms have
been studied based on the consideration of flattening global tally error distribution, so as to improve global
efficiency. This work focuses on the combination of two efficient global variance reduction algorithms, namely,
the uniform tally density algorithm and the weight window algorithm, which belong to source bias and
transport process bias, respectively. In tally, a method is proposed to adjust the weight window parameters by
using the bias factor of the uniform tally density algorithm. Then, the weight window method will be used to
reduce the weight fluctuation caused by the uniform tally density method. In this way, an organic combination
of these two algorithms can be realized. A series of comparative tests are carried out based on the Hoogenboom-
Martin pressurized water reactor benchmark, and it is verified that the hybrid global variance reduction
algorithm proposed in this work is better than the single weight window algorithm or the uniform tally density
algorithm. In terms of reducing the maximum error, the global efficiency of the hybrid algorithm is 2.6 times
and 3 times that of the weight window algorithm and the uniform tally density algorithm, respectively. In
addition, through the comparative analysis of computational asymmetry degree and computational efficiency, it
is verified that the uniform tally density algorithm has better performance than the classical uniform fission site
algorithm, and the performance advantages of the uniform tally density algorithm are quantitatively evaluated
based on some new indicators. The results show that the hybrid global variance reduction algorithm proposed in

this work can solve the global tally problem efficiently, thereby further promoting research in related fields.

Keywords: Monte Carlo method, global variance reduction, uniform tally density algorithm, weight window

algorithm
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