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Executive Summary 

Yavalanchan is a game modeled after social interactions. It is a situation in which you 

need to change people to your way of thought and change the people to your way of thought in 

the correct alignment. This abstraction allows the game to be quickly played and therefore 

analysed and automated by a computer. Games like tic tac toe, checkers, and chess have 

computer programs that can play them, as well as or better than a human. By creating computer 

programs that can play these games their creators were able to find strategies to counter moves 

by manufacturing the situations that force these moves then since the computer can easily look 

forwards much further than any human can.  

Also creating a shell that can automate a game is also of value, as the knowledge learned 

from this program because the automation of a game can make automating other games much 

easier due to the preexisting shell. 
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Purpose and Introduction 

In this project, we chose to create an artificial intelligence that will play, at a near-optimal 

level, a board game, Yavalanchan. Yavalanchan is an abstract board game with perfect 

information and no chance. An abstract board game is a board game that has been stripped of 

characters, themes, stories, or anything of the sort. The game has had the story element of it 

removed, and what is left are the game rules and mechanics. Perfect information refers to the 

property of the game that leaves no hidden information. For example, in a game of poker, your 

opponents’ hands are kept secret. By this definition, poker does not have perfect information. 

However, in a game of chess, you are able to see all of your opponent’s pieces and can find all of 

their possible moves. With this, chess is a game with perfect information. Yavalanchan also has 

no chance. By this, we mean that no moves are left to a die roll or a coin flip. If one player 

decides to make a move, no randomly determined numbers will affect that move. 

The artificial intelligence is programmed to find favorable moves for a given board state. 

That is, when the computer program is presented with the game board, it will find a move that 

brings it closer to winning the game. We accomplish this through a series of methods, explained 

later in the computation model section. Though we are building the artificial intelligence around 

a specific game, Yavalanchan, we are coding it in a way that it will be possible to use the 

artificial intelligence for other games or decision-based models in the future. 

 

Game Theory 

The methods we are using are derived from game theory. Game theory is a way of 

studying decision-making in hopes of a better understanding of the problem and making well-
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educated choices with favorable outcomes. Game theory can be applied to businesses and the 

decisions they make, actions a political candidate makes in trying to gain voters, what words or 

information to use when debating, and many other situations. By using techniques studied 

through game theory, we are able to create an artificial intelligence that can play a game that we 

provide it. 

 

Yavalanchan Game and Rules 

Yavalanchan is the game that we decided to build our artificial intelligence system 

around and test against. Yavalanchan is a hexagonal board game that consists of placing tiles in 

turns, aiming to align a row of tiles. Yavalanchan is a derivative of the game Yavalanchor 

 

  

A Finished Game 

Blue wins with four in a row 

 

The game board can be explained as a hexagonal grid. The number of rows on the 

hexagonal grid is variable and can change to affect the game’s difficulty and duration. The size 

of the board is determined by the number of layers on the hexagon. A board with one layer is a 

size one board (which is unplayable), a board with two layers is a size two board, a board with 
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three layers is a size three board, and so on, as pictured below. 

 

A visual representation of differently sized boards 

 

The game is played between two people, each assigned a color. The board begins with no 

tiles on it. On their turn, a player may place either a tile of their own color, or a tile of neutral 

color. Player specific tiles can not be placed except for on a space that is adjacent to a neutral 

tile. 

The point of the game is to get a number of tiles of your color in a row, equal to the size 

of the board. For example, on a size three board, the objective is to get three of your tiles in a 

row. Once a player achieves this, the game is considered over and that player has won.  

A neutral tile can count towards a player’s row if they have “ownership” of the neutral. 

For a player to have ownership, they must have at least two tiles of their color adjacent to the 

neutral tile. At this point, the player “owns” that neutral tile, and it will be counted towards their 

rows. If at any time, both players have at least two tiles of their color adjacent to a single neutral 

tile, the ownership goes to the player with the most adjacent tiles. If there is a tie, neither player 
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gets ownership of the neutral tile. 

In the beginning of a game of Yavalanchan, the first player must place a neutral tile 

anywhere on the board, since the first player is unable to place a tile of their color, due to the 

need to place adjacent to a neutral tile. This gives the second player and advantage, because they 

can start placing pieces of their color sooner than the first player. The influence of the second 

player advantage decreases as the size of the board increases. After this beginning move, the 

game proceeds with both player trying to block the other, while in turn trying to build their own 

rows.  
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Computational Model 

The solution to our problems could be split into two main parts: the game itself, which 

would handle rules and restrictions; and an artificial intelligence, which would make decisions 

based off of the game’s constraints.  

 

Modeling the Game 

 The game Yavalanchan and its rules are explained in the purpose and introduction section 

of this paper. In order to model the game, we wrote code that represents the board as a collection 

of tiles. The tiles represent a hexagon on the game board. Each tile had an occupant and an 

owner. For example, if the red player were to place a red piece on a certain tile, that tile’s 

occupant would be red. If either player placed a neutral piece on a tile, that tile’s occupant would 

be neutral. The occupant refers to the piece that has been placed on the tile, if there is one. The 

owner refers to which player’s chains the tile will count for. If the piece placed on a tile is a 

player-specific piece, for example. a red or blue piece, the owner will be the same as the 

occupant. If the placed piece is a neutral piece, however, this is different. If the conditions to 

own a neutral piece are met, the player with ownership of that piece become the tile’s owner. If a 

neutral piece is not owned by either player, the tile has no owner. The rows of pieces are then 

determined by finding rows of tiles with the same owner. 

 

Minimax Algorithm 

The artificial intelligence utilises the minimax algorithm to make its decisions. The 

minimax algorithm does a search of every possible move with a given game state, the possible 
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moves its opponent could make after each of those moves, and all of the possible moves it can 

make after each of its opponent’s possible moves, and so on. In doing this, the program creates a 

move tree. At the bottom of each move tree is a number of board states. These board states are 

then assigned a score, which the algorithm will use to decide the value of each move. The idea of 

the minimax algorithm is that the opponent, if given the choice, will choose the move that is 

worst for the other player and the best for them. This is because the game is zero sum. This 

means that one player’s winnings are equal in amount to the other player’s losses. Only one 

player can win, and so it is assumed that each player does not want the other player to win. After 

evaluating the results of each move, the algorithm creates a list of the moves that have the best 

possible outcome for the chosen player. This is called a maximizing step, because the score for 

the player is maximized. After this, the lists are evaluated in a minimizing step. This is because 

the opponent, on their turn, will make a move that attempts to minimize the other player’s score. 

The algorithm goes through the move tree in these steps until the algorithm finds itself at the 

current move that the player is trying to decide. At this point, each move will have a score given 

to it by the minimax algorithm, and the player will choose the move with the best score. 

 

Making Game Tree Searches More Efficient 

The process of searching the entire game tree can be extremely taxing for the computer, 

and would take ages to compute if the amount of moves taken is large enough. To counter this 

obstacle, one can use the method of progressive deepening. This involves searching the move 

tree one move at a time. Then the program scores the state of the board, depending on how good 

of a game state the board is left in. This way, if there is a data restraint, a processing restraint, or 

a time restraint, the program will have something to go off of without having to compute down to 



 
Portales High School  
Team 88 

10 

the game’s end states. 

Still, with progressive deepening, there is a large amount of processing being done that 

isn’t necessary. There is a process of cutting down on how much of the move tree needs to be 

computed. This method is called alpha-beta pruning. What alpha-beta pruning does is eliminate 

portions of the move tree that will not be explored by either player.  

For example, if one player had two options, each option leading to two options for the 

opponent, resulting in the following move tree. 

      

A move tree with each move given a score 

 

Alpha-beta pruning searches through the game tree and only processes tree states that 

will be reached by the two players. It then can prune the tree of the game states that will not be 

reached either because the first player will not take a move that will result in that board state or 

the second player will not take that move for the same reason. 



 
Portales High School  
Team 88 

11 

 

A Pruned Game Tree 

 

 In the above picture, since the minimizer already has an option that will be worse than the 

already evaluated move, the maximizer will not choose that option since it already lowers his/her 

score and therefore part of the tree can be pruned, saving time. This can save a variable amount 

of time, depending upon the tree. 
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Code 

As stated above in the computational model, the code is split into a game shell and an 

artificial intelligence. The game shell is a much larger piece of the program than the artificial 

intelligence, since even though the game rules are not extremely difficult to understand, the 

process of getting inputs from the user, creating data structures to store game info, and changing 

ownership of tiles when necessary is much more taxing in terms of programming. The artificial 

intelligence however takes up more of the processing time due to its repetition 

 

The Board 

  The board that stores the moves is a two-dimensional list of tiles that each contain their 

owner, coordinate, and tile placed in them. The constructor for the tile class shows the variables 

that tiles are made to store. 

 

 The win condition of the game is to complete a row of tiles, therefore there is a function 

to find chains of tiles in the board. The method developed to find chains of different chains of 

tiles in the boards looks at each tile, then looks for every tile that is adjacent to the current tile. 

The program then searches any of the new tiles for more adjacent tiles, excluding the previously 
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found tile until the program finds the ending tile in that chain. The program then orients each 

chain in the same direction and deletes duplicate chains. Using chains the program is able to 

know when the game is won and also able to use chain length to the computer player’s 

advantage.  

 

Getting Possible Moves 

 

 

 Get possible moves is a method from the board class that will search through the board 

for every unoccupied spot, then places a neutral piece in that spot and a piece of the inputted 

player’s color into that space. The method then checks that each of the non-neutral tile 

placements in the list of moves is adjacent to a neutral tile and throws out the moves that do not 
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comply with the game rules. The program then returns all of the moves found from this move 

search. 

 

Scoring the Board 

 

 In order to determine the value of a move, we needed to be able to determine the value of 

the board in a given state. The way in which we determine the score of a board would determine 

how the artificial intelligence would play the game. We wanted the player to value longer chains 

and especially value winning chains. The scoreBoard function starts out with an initial score of 

zero. Then, with each chain that is owned by the player, points are added equal to its length 

squared. This way, a chain with length three is more favorable than two chains of length two, 
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because it puts the player closer to winning. If the chain length is equal to the board size, making 

it a game-winning chain, 1000 points are added instead. This makes the artificial intelligence 

more inclined to win the game than to make many smaller chains. Then, a similar process is used 

for the opponent, except instead of adding the points, they are subtracted. This will discourage 

the player from making moves that lead to the other player gaining many chains, or gaining a 

game-winning chain. 

 

Finding the Best Score for a Move 

 

 Get Best Score is a function from the artificial intelligence class. This function returns the 

best possible score that a player can make with a given board state. This is accomplished through 

alpha beta pruning and progressive deepening. An explanation of these methods in the context of 
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this program is given in the Computation Model section. The function calls itself recursively 

until it is at the desired depth. Then it finds the score for each board state made after each 

possible move. From this list of scores, the highest one is determined. Then, the function returns 

the opposite of the highest score. This is because the best score for one player is the worst score 

for the other player. After the deepest layer returns its best scores, the next layer up finds the best 

score and returns the opposite of it. This is repeated until the code is back at the topmost layer, 

after which it will return the best score to the function getNextMove, as described below. 

 

Getting the Next Move 

Below is a snippet of the code that finds the highest scoring move, given the current 

board state, the player whose turn it is, and how many moves deep the algorithm will search. The 

function gathers all of the possible moves for the board state using the function 

getPossibleMoves, explained above. It then creates a temporary board and tries out each of these 

moves. If the move depth is one, the artificial intelligence has searched as far as it needs to and 

will use the current board state scores, putting them into a list of board scores. If the move depth 

is greater than one, the function will gather the move scores using the function getBestScore, 

which is also explained above. Once the list of moves and their corresponding scores is 

collected, the function will search through them and select the highest one, which will be 

returned. If the current board state had no possible moves, the function will simply return a null 

value. 
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Results 

Since the branching factor of the game tree is so large, about forty, looking down the tree 

any further than 4 moves is very slow. The reason for this is even if the computer can look 

through 1.3 million moves a second, which is approximately half the number of moves in a tree 

of depth four, the program will take 79 to seconds the evaluate the game tree that has a depth of 

5. This is without alpha beta pruning which would greatly reduce the processing size of each 

game tree. This in turn would allow the program to look much deeper in the game trees, and 

therefore play much more optimally.  

 To investigate the value of second player advantage in relation to skill, we ran the 

program with two computer players pitted against each other both with a variable skill. The skill 

level was determined by the number of moves that the computer player looks in depth. The outer 

parts of the chart represent the player skill level in the referenced game. The inner words show 

which player was victorious. There is a region of the graph in which the white player is 

victorious regardless of the second player advantage. These victories are due to the computer 

player's skill level. One oddity is the victory of the white player in a game of equivalent skill 

levels. Because the two players have an equal skill level the second player should have an 

advantage and therefore win. This however is not the case because the players are so good that 

they are able to very quickly reach a board state that is unchanged by the first player advantage. 
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  White White White White White 

  1 2 3 4 5 

Black 1 black black white white white 

Black 2 black black white white white 

Black 3 black black black white white 

Black 4 black black black black white 

Black 5 black black black black white 

 

The computer program is also able to beat multiple human players. 
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Conclusion 

 To make the computer player much better at the game, we will need to implement time 

saving methods in order to reduce the processing time required for the finding of good moves. If 

we are able to reduce the processing size of each extra move tree, in other words reduce the 

branching factor of the game tree, we will be able to look many more moves deep into the game 

tree. Being able to look further in the game tree will in turn allow the computer player to have a 

higher level of skill. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
Portales High School  
Team 88 

21 

References 

Osborne, Martin J. "Introduction to Game Analysis." (2014): n. pag.Nabble. Nabble, 6 Nov. 2000. 

Web. 20 Dec. 2015.  <http://discussion-

forum.2150183.n2.nabble.com/file/n7591654/Osborne,_An_Introduction_to_Game_Theory.pdf>. 

 

"Game Theory Preliminaries: Playing and Solving Games." (n.d.): n. pag. Web. 20 Dec. 2015. 

<http://www.cs.cmu.edu/afs/cs/academic/class/15381-s07/www/slides/021507gamesI07.pdf>. 

 

"Iterative Deepening." Chessprogramming -. N.p., n.d. Web. 20 Dec. 2015. 

<https://chessprogramming.wikispaces.com/Iterative+Deepening>. 

 

"Yavalanchor." Yavalanchor. Boardgame Geek, n.d. Web. 06 Nov. 2015. 

<https://boardgamegeek.com/boardgame/126653/yavalanchor>. 

 

http://discussion-forum.2150183.n2.nabble.com/file/n7591654/Osborne,_An_Introduction_to_Game_Theory.pdf
http://discussion-forum.2150183.n2.nabble.com/file/n7591654/Osborne,_An_Introduction_to_Game_Theory.pdf
http://www.cs.cmu.edu/afs/cs/academic/class/15381-s07/www/slides/021507gamesI07.pdf
https://chessprogramming.wikispaces.com/Iterative+Deepening
https://boardgamegeek.com/boardgame/126653/yavalanchor

