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Introduction

Learning the Game of Renju with Neural Networks

Experiments and Results

Figure 2: Training Pipeline. The training pipeline involves three stages: 1) self playing using the best player to generate new data, 2) training the neural 
network with loss function L = L

s
 + L

v
 + L

h
 , 3) evaluating the neural network models (checkpoints) to get the best player, by playing matches.

Figure 6: left: Elo Score ;  right: Renju Tournament GUI 

Figure 5: Supervised Learning Performance

Naxin Chen(nc352), Hanqing Jiang (hj284), Yiwei Ni(yn254), Ransen Niu(rn329), Vaidehi Patel(vhp25), Guandao Yang(gy46), 
Kilian Weinberger

Renju is a board game for two players to take turns in 
placing black/white stones on a 15x15 board. The goal 
is to achieve an unbroken row of five stones vertically, 
horizontally, or diagonally. Additional rules are used to 
control first-hand advantages, making it more a 
sophisticated game than the simple five-in-a-row.

Renju AI tournament has been running for years [1]. 
However, most top performing AIs are based on tree 
search or heuristic algorithms, which require lots of 
handcrafted features. 

In this project, we adopt ideas from the neural network 
architectures of AlphaGo [2] on the game of Renju to 
alleviate the effort of handcrafting features. We propose 
a training pipeline that combines both supervised and 
reinforcement signals. Additionally, we explore different 
ways to combine neural network and traditional tree 
search algorithms. Experiment results show that neural 
networks outperform heuristics as a simple yet 
competitive drop-in replacement. 

Renju Introduction
a) Simple heuristics Alpha-Beta Pruning [7].
b) Minimax with Alpha-Beta Pruning with Dual-ResNet.
c) MCTS with Dual-ResNet.
d) PVS and Iterative Deepening with Dual-ResNet.

Discussion

To train the full pipeline under limited computation 
resources, we plan to speed up tree searches with 
parallelism. We also plan to add lock-free asynchronous 
updates to reduce training time. Finally, we are working 
to reduce supervision, moving toward pure 
reinforcement learning.

Figure 3: We study three popular tree search algorithms on top of the neural network, including Minimax with alpha-beta pruning, 
Monte Carlo Tree Search(left figure [3]), and Principal Variation Search(right figure).

Figure1: left: Renju possible winning lines; middle: possible open fours 
with move c (typical winning moves); right: forbidden move example, 

marked as Y [3]; Different from five-in-a-row, Renju forbids the first-hand 
player to play the following winning moves: 4-4, 3-3, or overline. 

1.Data: 
We use RenjuNet [3] and RenjuOffline [4] datasets.
2. Experiments and Evaluation Metrics:
Currently, we trained Dual ResNet with supervised 
learning but without self-playing module due to limited 
computation power. One evaluation metric is to 
compare the accuracy of our policy networks (i.e. 
compare our AI’s next move with the human expert’s 
next move) with previous works [6] on Gomoku, a 
variant of Renju. Another evaluation metric is Elo rating 
system, which evaluates skill levels of players in a 
competitor-vs-competitor game. We ran tournaments to 
play against several Renju AIs to get Elo Scores:

Figure 4: Neural Network architecture. We use Dual-ResNet f  with parameters , with a single raw board s as the input. f
 
outputs the next 

move probability distribution p=Pr(a|s) and a corresponding value v, where a is the next possible move from board s. The policy and value 
network, p and v, provide the prior probability, P, and the value function, V, for the tree search, respectively.  

Monte Carlo Tree Search Principal Variation Search

Approach
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