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Development of Artificial Intelligence Janggi Game based on
Machine Learning Algorithm

Myeonggyu Jang* - Youngho Kim* - Dongyeop Min*
Kihyeon Park* - Seungsoo Lee* - Chongwoo Woo**

B Abstract ®

Researches on the Artificial Intelligence has been explosively activated in various fields since the advent of AlphaGo.
Particularly, researchers on the application of multi-layer neural network such as deep learning, and various machine
learning algorithms are being focused actively. In this paper, we described a development of an artificial intelligence
Janggi game based on reinforcement learning algorithm and MCTS (Monte Carlo Tree Search) algorithm with
accumulated game data. The previous artificial intelligence games are mostly developed based on mini-max algorithm,
which depends only on the results of the tree search algorithms. They cannot use of the real data from the games
experts, nor cannot enhance the performance by learning. In this paper, we suggest our approach to overcome those
limitations as follows. First, we collects Janggi expert's game data, which can reflect abundant real game results.
Second, we create a graph structure by using the game data, which can remove redundant movement. And third,
we apply the reinforcement learning algorithm and MCTS algorithm to select the best next move. In addition, the
learned graph is stored by object serialization method to provide continuity of the game. The experiment of this study
is done with two different types as follows. First, our system is confronted with other Al based system that is currently
being served on the internet. Second, our system confronted with some Janggi experts who have winning records of
more than 50%. Experimental results show that the rate of our system is significantly higher.

Keyword : Janggi Game, Reinforcement Learning, MCTS(Monte Carlo Tree Search) Algorithm,
Artificial Intelligence Software, Machine Learning
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(Figure 2> System flow Diagram
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procedure stateHashGrouping (current state S)
Hash Hi, H2, H3
Vector Vi, V2, V3

if Hr contains key(CHO p ‘ieces of S, HAN pieces of S) then
Hi generates V1
if Hz contains key(V1, MA’s position of CHO, MA’s position of HAN) then
H2 generates V2
if H3 contains key(V2, x position’s sum of PO, y position’s sum of PO,
x position’s sum of CHA, y position’s sum of CHA) then
H3 generates V3
if S exists in V3 then

use of update state in graph

{Figure 6y Hash Algorithm
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{Table 1) Points for Janggi objects

Object | chariot |cannon | horse | elephant | guard | soldier

Score 13 7 5 3 3 2
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procedure valueEvaluation(current state)

if piece is moved then

increase weight for piece
if take an opponent piece then

increase weight for piece

decrease weight for the oppenent piece
if make the check state for the opponent king then

increase weight for piece

decrease weight for the oppenent piece
ifoppenent take rest then

increase wegiht piece

end evaluate current state’s value

<{Figure 7> Value Evaluation Algorithm

procedure rewardFromLeafNode(one game record Sn)
fori=NtoIdo(N is leaf node)
ifSn is winner then
Si-2 < Si-2 + (Si X discount factor)
else Sn is loser then
Si-2 < Si-2 - (Si X discount factor)
end for

end reward function

(Figure 8) Reward Computation Algorithm
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(Table 2> Development Environment

Subject Content
Operating System Ubuntu 16.04 LTS

Intel Core 17 4770

CPU 34GHz(Quad-Core)
RAM 32GB DDR3 SRAM
Development C++/Python
Language C#/JavaScript
Library Oc%lot(l)ss,t II)JS)'IIF‘a\Ar/}éen
Stack Size 1GB
Virtual Memory Size 48GB

Unity @eAE= C# Nodejs A1HE Javascript
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{Table 4> Performance Improvements After Using
Learning Algorithm

Number ..
Type of Win |Draw| Loss ( Wlnmng Rate
Cames Excluding Draw)
41.3%
vs Al | 150 62 | 45 | 43 (59%)
82.4%
vs user| 142 117 | 5 20 ($5.4%)
61.3%
Total 292 179 | 50 | 63 (73.9%)

(Table 3) Performance Improvements After Using Hash Algorithm

. . Speed Speed Improvement
Test type Confirmed games Time (Games/time) (vs 1st test)
Using single array 2,700 4 hours 675 -
Add one movement of 15300 4 hours 30 min. 3400 503 times
Cho and “Han

. . , . 12.3 times

Add location of ‘horse 15,300 22 min. 41,727 (61.82 times)
Add location of ‘cannon’, . 3.14 times

and ‘chariot 15,300 7 min. 131,142 (19498 times)
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