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ABSTRACT

One of the features of card games such as poker and blackjack is that they are imperfect in-
formation game which does not completely reveal opponent’s hand unlike perfect information
games such as Go and chess. The fact that you cannot see your opponent’s hand will limit the
use of various methodologies available in the perfect information game, including the Monte-
Carlo tree search (MCTS) used in Alpha Zero. With such a game, it is necessary to predict the
opponents hand as well as judge the strength of ones own hand.
Japanese Mahjong, also called Richi Mahjong, is a tile-based card game, which is much more
complicated than regular card games. In this game, each turn adds one tile to the hand and
discards one tile from the hand. The goal of this game is to make ones tile have a special pattern,
called yaku. There are many different yakus and their form is also complicated. Moreover, there
are various anomaly rules that make the game more complex. In Japanese Mahjong, judging the
opponent’s hand based on the opponent’s discard is a very important factor in decision making,
and many theories have been studied. It is at the heart of the strategy to make the right decision
between pursuing the efficiency of my hand and not discarding the tile your opponents want.
There have been several attempts to solve Japanese Mahjong using machine learning or deep
learning. In [3], a model for predicting the opponent’s hand is developed using a machine learn-
ing method, and AI is developed by combining the model with Monte-Carlo simulation. How-
ever, since the prediction accuracy was not high and there were no models for pursuing the
efficiency of ones own hand, the developed AI did not achieve superior performance compared
to the conventional method. In [4], a convolutional neural network (CNN) based model that
determines which tile should be discarded from ones own hand was learned through super-
vised learning. Resulting model obtained higher accuracy in hand prediction than the existing
methodologies, but it had limitations in that it did not predict the opponents hand in the process
of judging ones own hand.
The recently introduced Transformer network [1] has succeeded in obtaining better results in
machine translation field than LSTM using only attention mechanism. This novel deep learning
method also proved its potential in the music translation field [2]. In the case of card games, the
relationship between each card is very important. From this, it can be expected that the attention
mechanism of the Transformer can be applied very effectively to the card game.
In this talk, we introduce AI of Japanese Mahjong developed by Transformer. This AI recorded
state-of-art performance in both the prediction accuracy of the opponent’s hand and the accuracy
of what tile to discard from ones own hand. From this we will verify that the Transformer is a
more appropriate method to apply to card games than CNN. In addition, we will discuss how to



combine two Transformer-based models to develop the final AI. Finally, we will simulate our
AIs online and analyze the results.
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