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Maru: A Computer Go Program
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Maru is a computer Go program developed using deep reinforcement learning from randomly generated
game records. The deep learning model of Maru incorporates nested-bottleneck convolutions and multi-head
attention, enabling it to efficiently grasp the overall state of the board. Its reinforcement learning procedure
is inspired by approaches used in Katago and Gumbel AlphaZero, allowing it to efficiently learn a wide range
of patterns. While Maru’s inference and reinforcement learning methods are based on existing techniques, the

structure of its deep learning model includes many unique innovations specific to Maru.
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Fig. 1 shows the architecture of Maru’s deep learning model. Maru’s deep learning model adopts a unique
SkipResNet structure? designed by its developer. This structure adds skip connections to the traditional ResNet
architecture, aiming to improve learning stability and expressiveness by dynamically controlling the information
transmission paths from shallow to deep layers using attention mechanisms. The SkipResNet structure can

be applied not only to deep learning models composed of convolutional layers but also to those including self-

1) https://github.com/takedarts/skipresnet
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Architecture of Maru’s Deep Learning Model

attention layers, and it can enhance the performance of these deep learning models. In the computer Go program
"Maru,” the adoption of this SkipResNet structure has led to improved performance of the deep learning model,
thereby enhancing its playing strength. Additionally, each block of the SkipResNet structure includes not only
Nested-Bottleneck Convolution blocks containing convolutional layers but also Nested-Bottleneck Attention
blocks containing self-attention layers. By utilizing self-attention layers, Maru can efficiently grasp the overall

state of the board and evaluate relationships between distant stones.
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The program code of Maru is available on GitHub? . Additionally, the history of Maru’s strength improvement
through reinforcement learning is published on a website® . Several pre-trained models are also available in the

github repository, which can be used for playing and analysis with GUI software such as Lizzie.
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