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Abstract 

Artificial intelligence is the hottest topic in recent years, as its branch machine game is 
also highly valued. This paper designed and implemented a gobang system based on 
game tree search, on the basis of building a game tree for chessboard, The local search 
algorithm combining Depth-first search, Min-max search and Alpha-Beta pruning is 
introduced to optimize the game tree. Finally, the evaluation function and the forbidden 
moves judgment function are established to optimize the results. 
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1. Introduction 

Computer game is refers to the computer by simulating human thinking ability, judgment and 
reasoning ability of the method is given after, or another computer game with people[1]. 
Computer game has become one of the important research topics in the field of artificial 
intelligence because of its interest, strategy and antagonism. Compared with other game 
models, chess game has strong self-interest maximization guidance, namely zero-sum game, 
and has the characteristics of information completeness. Therefore, chess game is the 
mainstream research method of machine game. 

In the study of the gobang intelligent game system, the search algorithm and situation 
evaluation model based on the game tree are the key to the human-machine game. The 
advantages and disadvantages of the search and evaluation algorithms directly determine the 
game level of the game system[2, 3]. Game tree is a very important representation method in 
chess game. It expresses all possible methods of both sides through tree structure. Each path 
from root node to leaf node on the game tree represents a possibility of the follow-up of the 
current situation, which is the follow-up extension of the current situation. However, it not only 
has low search efficiency but also has a large number of data redundancy problems. In addition, 
the design of the situation evaluation model also has the problem of relying on chess player 
knowledge.  

In view of the limitations of the search algorithm based on the game tree and the situation 
evaluation model in the design of the intelligent game system of five chess pieces, this paper 
studies the game tree search algorithm combined with various search and pruning algorithms, 
and uses the Monte Carlo algorithm to design the situation evaluation model. Finally, the 
forbidden moves judgment algorithm is integrated to complete the overall design and 
implementation of the system. 

2. Gobang Overview 

2.1. Game Introduction 

The development of gobang game has positive significance for the study of game 
algorithm.Because gobang is a chess game project integrating tactics and strategies. And it has 
the characteristics of strong interest and simple rules, so attracted many chess game lovers to 
conduct in-depth research on it. It is not only one of the competitive events of China Intellectual 
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Games, but also one of the most competitive events in the computer game competition of 
Chinese college students. Gobang is a strategic chess game played by two players. In the game, 
the information is complete, that is, both sides fully understand each other’s strategies and 
situations. Especially in the gobang game process, there is an order of priority, the latter can 
know all the information about the actions of the former. 

2.2. Game Rules 

This system is developed according to the rules of the Gobang competition issued by the 
Chinese Chess Academy and combined with the rules of the computer game competition for 
Chinese college students. The main rules of gobang are as follows : 

1. The first player puts one of the 26 openings. 

2. The other player has the right to swap. 

3. The white player puts the 4th move anywhere on board and declares whether there will be 
N fifth moves offered in the game. 

4. The other player has a right to swap. 

5. The black player puts as many 5th moves on the board as it was declared before.The fifth 
moves can not be symmetrical. 

6. The white player chooses one 5th from these offerings and plays the 6th move. 

After that the opening stage is over and the game continues normally by renju rules. 

3. System Design  

3.1. System Flow 

Step1: Enter the specified fifth-hand N-score value. 

Step2: Choose the chess color for the computer side. 

Step3: Choose a opening type or a free start. 

Step4: Three-hand exchange: whether to swap, change the color of each other if swapped. 

Step5: Five hand n-fight: black gives N-play positions, and white chooses one of them as the fifth 
hand position of black chess positions. 

Step6: Both sides of the rotation of the play chess, and in the play chess after progression the 
victory or defeat judgment and hand judgment. 

Step7: When one side wins or a black chess forbidden move appears, the program ends and 
saves the current chess score ; 

The overall flow chart is shown in Figure 1.  

3.2. Checkerboard Interaction Design  

The chessboard itself is a 15×15 matrix consisting of a single checker grid, so the code uses a 
15×15 two-dimensional array to represent the chessboard. For the chessman, the coordinate 
of this array is used to represent its position information, and the value of the array is used to 
represent the state of the chessman. Therefore, 0 presents there are one black chess, and 1 is 
there are one white chess, so -1 is the no chess. In addition, the physical click coordinates of the 
mouse are obtained by using the ExMessage structure which saves the mouse information in 
the EasyX graphics library, and then it is converted into the logical coordinates of the two-
dimensional array on the chessboard to realize the interactive function of man-machine game 
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Figure 1: System flow chart  

3.3. Design of AI Game Search Algorithm 

In the field of computer game, the main research is complete information two-person  zero-sum 
game, gobang game is one of them. The core idea of the game is not complicated, which is 
actually to combine the search of the game tree with the evaluation of the tree nodes. Gobang 
need game both sides take turns to move later in the game through the process of different 
locations move later formed a gradually expanded from the current situation and or tree. 
Different chess boards correspond to different game tree nodes, while branches represent 
chess steps, root nodes represent the initial situation, and leaf nodes represent the end of the 
game. The search and expansion of the game tree represent the process of the game moves. 
Both sides of the game make moves with the goal of their own victory until the end of the 
game[4]. 

For gobang, a complete game tree is very large, so the time and space cost of the entire game 
tree is huge. In this case, the system limits the expansion depth of the game tree to four layers, 
and uses the Min-max search algorithm to optimize the game tree, thereby reducing useless 
searches. In the search process of Min-max algorithm, both sides of the game follow the 
principle of maximizing their own interests and minimizing their enemy interests. When AI is 
playing chess, it needs to generate all nodes within the four-layer depth, and calculate the 
evaluation function value for the generated nodes. Then starting from the third layer node using 
reverse operation method, AI selects the maximum value its leaf node as the root node value of 
its own chess, and the minimum value ( the most unfavorable value for AI ) in the leaf node is 
the root node value of the enemy chess. When the value of the first layer root node is calculated, 
the leaf node with the value of the first layer root node is the best chess position obtained after 
searching[5]. As shown in Figure 2, 12→8→5→4 is the optimal path searched. 
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Figure 2: Game trees and Min-max search algorithms 

However, in the search process of the Min-max algorithm, the whole game tree is traversed, in 
which there are many unnecessary searches, resulting in a serious data redundancy problem, 
which will greatly limit the search time. Therefore, on the basis of Min-max search, this paper 
introduces Alpha-Beta pruning algorithm in the form of window to prune the game tree, make 
the search efficiency can be significantly increased. In the pruning process of Alpha-Beta 
algorithm, two parameters, Alpha and Beta, need to be set. Alpha represents the situation that 
AI MAX layer has the lowest income, and the initial value is set to be negative infinity. Beta 
represents the value that MIN layer has the lowest income, and the initial value is set to be 
positive infinity. In the search process, the value of Alpha is increasing, while the value of Beta 
is decreasing. For the AI MAX layer node, when the temporary backup value obtained by 
searching its direct subsequent child node is less than the Alpha value of the node, the game 
subtree with the child node as the root node can be pruned. Similarly, for the other MIN layer 
node, when the temporary backup value obtained by searching its direct subsequent child node 
is greater than the Beta value of the node, the game subtree with the child node as the root node 
can be pruned[6], as shown in Figure 3. 
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Figure 3: Alpha-beta pruning algorithm 

In the process of gobang game, if we traverse all the checkerboards in the early stage of the 
chess game, it is bound to add many unnecessary branches to the game tree[7]. Through the 
study found that a gobang players when move later tend not to exceed the original pieces 
around the location of the two. Therefore, the system cuts the chessboard to form a local 
chessboard, only searches the blank position on the local chessboard, which will greatly reduce 
the branches of the game tree. 

3.4. Design of Valuation Function 

In the search process of the game tree, the function of evaluating some specific chess patterns 
is a factor that cannot be ignored, which directly determines the chess force of AI to a large 
extent. But the design of the valuation function is mainly based on the designer's chess 
knowledge and experience, and requires a lot of manual debugging[8]. Therefore, this system 
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uses the Monte Carlo algorithm to calculate the valuation function, and obtains the better chess 
value, as shown in Table 1. When conducting situation valuation, a new chessboard array is 
defined to record the distribution characteristics and quantities of chess pieces in the 
horizontal, vertical, forward oblique and reverse oblique directions. In the current situation 
without a winner, the evaluation function is called to evaluate the whole situation of the search 
results, and the optimal play chess result is finally obtained by iteration. 

Table 1: Chess score table 

Chess form AI values Enemy values Chess form AI values Enemy score 

sleep-two 120 100 special-three 1600 1400 

live-two 230 200 rush-four 2100 1800 

sleep-three 600 480 live-four 8000 5000 

live-three  1800 1200 Jump-four 6000 4000 

jump-three  1200 1000 five renju 15000 15000 

3.5. Forbidden Moves Judgment Function 

Because the gobang has the characteristics of first player to win, in order to balance the strength 
of both sides of the game, in addition to limiting the designated opening, three-handed exchange 
and five-handed N-fight, black chess is also restricted by the forbidden moves rule[9]. The 
specific forbidden moves rules are as follows : 

1. Long even ban : black after play chess, the black stones on the board to form six or more than 
six renju surface; 

2. Double-three ban : black player putting a stone on an intersection, which at the same time 
makes more then one three that meet each other in this intersection. 

3. Double-four ban : black player putting a stone on an intersection, which at the same time 
makes more then one four that meet each other in this intersection. 

4. forbiddenance exception : When the rules of forbidding move and the black five renju 
together constitute, forbidding move does not hold, the black win ; 

Therefore, the forbidden point can be obtained after the comparative analysis of the chess 
pattern that constitutes the forbidden point and the current chessboard, and then the branch 
of the forbidden point can be removed in the search of the game tree. 

4. Conclusion 

In the process of developing board man-machine game, the main problems are the low 
efficiency of game tree search and the difficulty of chess situation assessment strategy design. 
In order to solve the above two problems, this paper introduces a variety of search and pruning 
algorithm to solve the problem of low efficiency of game tree, and uses Monte Carlo algorithm 
to solve the chess situation assessment strategy design difficult problem. 
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