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Abstract

To address the inefficiency and excessive simulation overhead of standard Monte Carlo Tree Search (MCTS) in Einstein Chess, this
paper proposes a heuristic-pruned MCTS algorithm (HP-MCTS). The proposed method preserves the classical four-stage MCTS loop
(selection, expansion, simulation, and backpropagation), while introducing heuristic guidance in selection and dynamic pruning in
expansion. Specifically, an improved Heuristic UCT (HUCT) is designed by adding a heuristic correction term to the conventional
exploitation-exploration balance. In expansion, low-value actions are filtered out using a dynamic threshold with a safety-
retention mechanism. Considering the stochastic and constrained characteristics of Einstein Chess, a composite heuristic function
is constructed with three factors: mobility probability weight, target-approach gain, and defensive-penalty term. Parameter tuning
and complexity analysis are also provided. Under a fixed decision time budget (5 seconds per move), HP-MCTS is compared with
standard MCTS through repeated matches. Experimental results show that HP-MCTS reduces unnecessary node expansion, increases
effective search depth, and improves winning rate. Under heavy pruning, the winning rate reaches 82.0%, while expanded nodes are
reduced by 58.2% compared with standard MCTS. The study confirms the practical value of heuristic pruning for complex stochastic
game search and provides useful insights for Einstein Chess Al design.
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