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1. Overview

E-Thello is a strategy board game played on a computer.  It is based on a real board game called Othello. Othello is a registered trademark of Tsukuda Original, licensed by Anjar Company, copyright 1973, 1990 Pressman Toy Corporation.  

E-Thello, just like Othello, is a game played by two players with the objective to occupy as many cells as possible on an 8x8 grid board.  This game is known to “take a minute to learn, a life time to master”*.  

Because E-Thello is a thinking game that provides a mental challenge, it might appear to appeal to an older audience.  However, the game incorporates clean humor (sounds and pictures) that will appeal to both adults and children (8 years and older).  Moreover, the game includes a low difficulty level that makes the game easy to beat by someone with a not so mature sense of logic (like say an 8 year old child), and a very difficult level that provides a very good challenge for those experienced players that are seeking it.  

E-Thello offers three different built-in challengers, representing the levels of difficulty, that a human player can play against.  The built-in challengers, listed in order of easiest to most difficult, are Dubya Bush, Iron Mike Tyson, and Slick Willy Clinton.  A different prize is offered to the human player every time he/she wins over a built-in challenger.

E-Thello also provides a two-human-players mode, where two players sitting next to each other can challenge one another.

2. Game Mechanics

2.1. Overview

E-Thello is a 2D strategy board game.  Much like Chess and Checkers, placing and moving chips on the board is subject to specific rules that are somewhat easy to grasp, but very difficult to incorporate in a coherent and winning strategy.  E-Thello focuses most on making it easy and intuitive for the human player to find the possible moves, and alert him/her of when to make a move, but it remains up to the player to create the winning strategy.

2.2. Camera Position

E-Thello is an electronic version of a board game.  Players of board games – and table-top games in general – are used to a top-down perspective of the game area.  In order to make the interface as intuitive as possible for the human player, E-Thello provides a bird-eye view of the board, thus moving the table-top board game into a Desktop environment, and maintaining a real world perspective similar to its non-electronic counter part.

2.3. User Interface Design

The game’s screen consists of one window (always maximized) that takes up the whole computer’s screen.  The majority of the game’s screen will be occupied by the play area.  The play area consists of an 8x8 grid with a green background.  Every cell on the grid can have one of three states:  

1. Empty: just a square with a green background

2. Filled with a black chip:  a green square with an image of black chip overlaid on top of it.

3. Filled with a white chip:  a green square with an image of a white chip overlaid on top of it.

Moreover, the game screen contains a few more elements that provide the player with the information about an ongoing game’s state, and elements that allow the player to control the game.  

· Opponent’s Image:  When a player chooses to challenge the game, an image will show up at the top right of the screen, next to the play area (the board), that represents the chosen opponent.  When two human players are playing against one another, the image area remains empty.

· Disks Count: Under the board’s (play area) bottom right corner, two counts will appear during the course of the game that will represent the number of white disks and black disks on the board respectively.

· Player’s Turn:  Above the board’s (play area) top left corner, a turn status will appear during the course of the game.  The status will display the message “White’s turn” when the player (human or PC) with the white chips has the turn to move, and will display the message “Black’s turn” when the player (human or PC) with the black chips has the turn to move.

· Game Options and Settings: Before a player starts a game, he/she can set the game options (or take the default).  The options are found at the bottom right of the screen (under the area where PC player’s image appears).  There are five options represented by five radio buttons inside an option’s square (a visual basic frame).  The options represent the play mode (against another human or a PC character), and the three built-in PC characters. The fifth option gives the player the choice to start first or cause the PC character to make the first move.

· Game Control: Under the bottom edge of the board, E-Thello provides the player with four buttons to control the game.  The buttons are: “New” for a new game, “Save” to save an existing game, “Load” to load an existing game, and “Exit” to quit the whole game and stop playing.

· Last Move Indicator: When the PC character makes a move, several chips will be flipped to the character’s color.  The human player might not notice where the opponent placed his new chip.  Thus, a circle will be drawn on top of the newest chip the PC character has placed on the board.

The game will also contain sounds that will mark certain milestones or states of the game.  The sounds will be played at the following states:

· When a player makes a move (sounds are distinct and specific to the color of the chip that just moved)

· At the start of the game

· When a corner is acquired.  If the PC acquires the corner, a “gloating” sound is played, where if a human player acquires a corner, a “congrats” sound is played.

· At the end of the game (different sounds for winning or loosing)

2.4. Replaying and Saving

Since E-Thello is a board game where the player doesn’t get killed, a player has no lives.  Moreover, E-Thello doesn’t offer the ability to take back the last move (just like in a real world where once a move is made, it is “set in chips” and cannot be taken back).  Once a player looses, the only thing he/she can do is to start a new game; loosing is a part of the learning experience that E-Thello offers.  

At any time during a game (before the game ends), whether it’s against a PC character or another human player, the game can be saved to a file with an “.etl” extension.  The exact state of the game is saved, including who’s turn it is, and the play mode (two players or against a PC character), and if it is against a PC character, that character’s info is saved as well.  A player(s) can later resume the game where he/she exactly left it by simply loading the game file.

When a player pushes the “Save” button, a dialog appears allowing the player to browse through his/her defined drives and save the game under any file name he/she wishes.  When the file is saved, an “.etl” extension is appended to the end of its name.  

When a player pushes the “Load” button, a dialog appears allowing the player to navigate to the location where the game file was saved, and it reinstates the game state exactly as it was when it was saved.

2.5. Control Summary

E-Thello is a game that doesn’t require a large number of controls to make the moves; in fact, the major two controls are a click, and moving the cursor on top of the board.  To explain better, all the player needs to do is use the cursor and click inside the cell where he/she wishes to occupy it, and if that move was legal, it will be processed, otherwise, it will be ignored.  Moreover, hovering with the cursor on top of a cell that can be legally occupied will cause a yellow circle to appear inside that cell (that is the game’s way to indirectly present the user with an obvious hint).  The best and most economic device to perform those actions (clicking and hovering) is the mouse, but any device that controls the cursor will do the job (i.e. touchpad…etc).

The game settings can be chosen by simply clicking on the desired ones.  The same goes for the game control buttons (save, load, new, and exit).  E-Thello offers the following keyboard shortcuts to select the options and control buttons:

· Alt + N will select the “New” button

· Alt + S will select the “Save” button

· Alt + L will select the “Load” button

· Alt + X will select the “Exit” button

· Alt + D will select Dubya Bush for an opponent

· Alt + M will select Iron Mike Tyson for an opponent

· Alt + W will select Slick Willy Clinton for an opponent

· Alt + C will cause the PC to start the first move

· Alt + H will set the game mode to play against another human

2.6. Game Play Details

The game starts with two white disks and two black disks placed diagonally in the center of the game.  The object of the game is to occupy more grid cells than the opponent with disks of one’s color.  The game ends when all the grid cells are occupied, or both opponents don’t have any more legal moves to make.  The two opponents alternate turns, and they are allowed one move per turn.  If a player can’t make any legal moves, he/she will have to pass (forfeit his/her turn), and the opponent will get another consecutive turn.  A player can only make a move according to a set of rules; the rules official rules of the game are:

· Only two players can play this game at the same time

· There is a total of 64 disks that both players share.  The disks are black on one side and white on the other. 

· The player with the black disks always moves first

· A player occupies a new cell by placing his/her piece so that an opponent's piece, or a row of opponent's pieces, is flanked by his/her pieces.  Then, all the opponent pieces between the player’s pieces are turned over to become his/her color

· If a legal move is possible, the player cannot pass.

· If no legal move is available, the player has to forfeit his/her turn and pass.

· When all the cells on the board are occupied, or both players cannot make any more legal moves, the disks on the board are counted, and the player with the higher number of disks wins.

2.7. Cut-Scenes

All cut-scenes are saved in a repository of images, and the game will select the appropriate image to display at the appropriate time.  At the beginning of a game against the PC, a cut-scene is used to convey to the player some info about the opponent; in particular it will introduce the opponent by displaying his picture (all opponents happen to be males – no offense meant for the female sex☺) which will persist until the end of the game, or until a new game is started.  Another cut-scene will be presented when a game ends; it will display a reward or punishment if the player wins or looses.  

2.8. Storytelling

The story in E-Thello is the least important part.  In fact, since E-Thello is a strategy game, a story line is actually not needed, but is only provided to add a humorous entourage to the game to widen the audience base.  The story is conveyed through the cut-scenes and some audio.  Both are non-interactive, and the audio will be limited a short sound to prevent distracting the player.  

The cut-scenes will show the opponent, and inform the player of the reward or penalty.  The audio will sound to show if the PC character is happy or frustrated about a particular move that he (again all PC characters are males() or the player has made.

2.9. Level Summary

E-Thello does not contain different levels in the sense that the whole play environment and/or the scenery will not change.  E-Thello is a board game, and the only scene that it provides is a tiled-board.  However, levels can be taken in the context of game states; in that sense, E-Thello offers an infinite number (well, it’s actually a very large number that I’m not going to try to compute() of states, where at every state, the player will have some number of legal moves that will each lead to a new board configuration, and new strategies will need to be applied, and new challenges arise.  A good analogy can be made with a fighting game like Hexen, where at one level the player can step through one of two doors (equivalent to possible moves in an E-Thello game) each leading to a whole new environment (new board configuration) where the player needs different strategies to step through, and again move to another new environment (game state) to reach the last one.

3. Artificial Intelligence

E-Thello is a two player strategy board game.  What makes such a game complicated is the hostile nature of the opponent, and the unpredictability of his/her moves.  Most two-person strategic games use a variation of the alpha-beta algorithm to search for the best move.  In fact, IBM’s Deep Blue mainframe that beat Kasparov in chess, used a very “smart” and optimized form of alpha-beta algorithm.  Not to be stating the obvious, but my solution to implementing an “intelligent” PC opponent was found in a customized alpha-beta algorithm.  

3.1. Opponent AI

The game offers three levels of AI that represent three levels of difficulty.  The player can challenge only one opponent at a time.  The differentiating factor among the different levels is the depth of an alpha-beta search algorithm.  In other words, how many moves ahead will the AI Opponent consider?  The depths will vary from one level deep (one move ahead: 2 plies: easiest) to three levels deep (3 moves ahead: 6 plies: hardest).  The search algorithm will look for the move that maximizes the computer’s options and minimizes the human player’s options.  In order to do minimize and maximize properly, a good evaluation function is very necessary. The evaluation function will take in consideration the cell’s precedence (i.e. corners will have the highest precedence, the cells adjacent to a corner a lowest precedence), and mobility of opponent (mobility is the number of legal moves available to a player).  The first level is easy, and is most appropriate for a real beginner.  Even though all difficulty levels use the same evaluation function, the first level will make obvious mistakes due to the horizon effect.  The second level offers a good challenge, and will be appropriate to most human players.  The third level becomes really hard, and only very experienced players will be able to beat it (I haven’t found one that could beat it yet though, I certainly couldn’t!)

3.2. Player Detection

E-Thello’s AI does not search or try to detect only one entity; for the PC character, the human player is represented on the board by his/her chips.  Thus, before the PC character makes his move, it makes a complete sweep of the board, and compiles a list of all the opponent’s chips (and its own as well because they are needed to determine the legal moves) and their location (coordinates of the cells they occupy).  

3.3. Motion

A movement on the board is defined by laying a chip of own color in an empty cell, and flipping a row of the opponent’s chips.  All the flipped chips must form a straight line with the newly placed chips, and an already existing chip.  Eight different directions are possible on the board.  Relative to a newly placed chip, the possible directions are:

· Up: Oppent’s chips are directly above the empty cell

· Down: Oppent’s chips are directly below the empty cell

· Right: Oppent’s chips are directly to the right of the empty cell

· Left: Oppent’s chips are directly to the left of the empty cell

· Up-Right Diagonal: Oppent’s chips are directly to the top-right of the empty cell

· Up-Left Diagonal: Oppent’s chips are directly to the top-left of the empty cell

· Down-Right Diagonal: Oppent’s chips are directly to the bottom-right of the empty cell

· Down-Left Diagonal: Oppent’s chips are directly to the bottom-left of the empty cell

3.4. Path Finding

Detecting the cells occupied by the opponent’s (the AI’s opponent is the human player) chips is only a first step for the game’s AI.  The game’s AI will actually be interested in the blank cells with at least one adjacent cell occupied by an opponent’s chip.  When such a cell is found, a direction is defined; the direction will be towards the cell occupied by the opponent.  A search will then start to find a cell occupied by the AI character that can flank the opponent’s chips.  All adjacent cells in that direction will be checked one by one until:

· another empty cell is encountered: then that path will be determined to be non valid since all flipped disks need to be flanked by two disks of one’s own color and no empty cells can be in the middle.  The following is an example of such a case where the direction is ‘UP’, the AI’s character is black, and the ‘x’ marks the empty cell that has an opponent’s cell adjacent to the top.  The “Up” path is determined to be invalid because it encounters a empty cell.
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· a cell on an edge is encountered that’s occupied by the opponent (and the direction is not parallel to that edge): since the moves are restricted to the board, a path cannot continue beyond an edge, and the path is determined to be invalid. The following is an example of such a case where the direction is ‘UP’, the human opponent has the white chips, and the ‘x’ marks the empty cell that has an opponent’s cell adjacent to the top.  The “Up” path is determined to be invalid because the it can’t continue beyond the top edge.
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· A cell is encountered that’s occupied by the AI character’s own chip:  when such a cell is encountered, that means the human opponent’s chips that were already encountered on that path can be flanked by the AI character’s chips.  Thus, the path is determined to be a valid one. The following is an example of such a case where the direction is ‘UP’, the human opponent has the white chips, and the ‘x’ marks the empty cell that has an opponent’s cell adjacent to the top.  The “Up” path is determined to be valid, and the three white chips can be legally flipped and turned to black chips, and the cell marked with an ‘x’ can be legally occupied by the black.
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3.5. Special Actions

The AI will consider a move that will reconfigure the board to give it a better strategical position to be a special action, and will immediately take it.  At every turn, the AI character will have more than one possible move.  Before a move is chosen, the AI will figure out the board’s state for every possible move, and then will evalute all the possible states.  The move that will lead to the state with the highest score will be chosen.   The evaluation function will be extremely important in making E-Thello’s characters worthy opponents.  The following themes are adopted when evaluating a board configuration:

· Opponents’ mobility:  The AI character should always strive to limit the human opponent’s choices.  The higher the number of moves available to the opponent the worse the configuration is.  Thus, the total number of moves available to the opponent will be subtracted from the configuration final score.

· Corners:  Corners cannot be flipped.  So, once a corner is occupied, the occupier stays there for good.  That’s why the strategic value of a corner is immense.  Therefore, for every corner occupied by the AI character 1500 points will be added to the configuration score.  On the other hand, for every corner occupied by the human opponent, 1500 points will be subtracted from the configuration score.

· Cells adjacent to corners:  Cells adjacent to corners are very dangerous to occupy when the corner is still un-occupied; that will give the human opponent the chance to take over the corner.  Consequently, for every such cell occupied by the AI’s character in a configuration subtract 1000 points from the configuration’s score.  In opposite, add 1000 points to the configuration for every such cell occupied by the human opponent.

3.6. Combat (attack, evasion, damage)

E-Thello is a non-combat game in the traditional sense of combating (i.e. shooting, kicking, stabbing….etc).  Since it is a strategy board game, the combat in E-Thello is on the intellectual level.  An attack’s strength is determined by two factors: figuring out the board’s state for several moves ahead, and evaluating the board state.  The later has already been explained in the previous section.  Predicting the board’s configuration for several moves ahead will be implemented using a minimax algorithm with alpha-beta pruning to improve the performance of the algorithm.  The smartest AI character – Slick Willy – will look three turns ahead (a turn is defined as a move by the AI character followed by a move by the human opponent),  the intermediate AI character – Iron Mike – will look two turns ahead, and the least smart AI character – Dubya Bush – will look only one turn ahead.

3.6.1. Pseudo-Code

The minimax algorithm with alpha-beta pruning is at the heart of this game’s AI.  The difficulty levels can be changed, and the evaluation function can be improved when new strategies are found, but there is no need to change the algorithm at all.  The following represents the pseudo-code for the algorithm:

minmax (depth, value)

minValue = +(
maxValue = -(
find_All_Legal_Moves(AI_characters_color)

if (depth is odd) then

mode = MAXIMIZE

else //depth is even

mode = MINIMIZE

end if

for (every legal move)



make_the_move (currentMove)



//difficultyLevel is the total number of plies



if depth < difficultyLevel then 



   if (mode = MINIMAX) then

 nodeValue = minimax(depth+1, minValue)

    


   else





 nodeValue = minimax(depth+1, maxValue)




   end if



else




nodeValue = evaluate(Board_State)




end if




if (mode = MINIMIZE)





if (nodeValue < minValue) then






minValue = nodeValue






bestMove = currentMove





end if




else //(mode = MAXIMIZE)




if (nodeValue > maxValue) then






maxValue = nodeValue






bestMove = currentMove





end if




end if




//restore the original board state



take_back_last_move 




//alpha-beta pruning



if (mode = MINIMAX) then




if (minValue < value) then


Exit for loop //no need eval more nodes





end if

    
else




if (maxValue > value) then


Exit for loop //no need eval more nodes





end if




end if



End For loop



if (depth = 1) then




make_the_move (bestMove)



end if


    if mode = minMode then 




return minVal


    else




return maxVal



    end if

         End minimax

3.7. Non-Player characters

No other characters are defined in the game beside the players themselves.

3.8. Puzzles and Traps

By lowering the opponent’s mobility, the PC character will lead the opponent into a situation where he/she is forced to make a move that will prove to be disastrous like having to occupy a cell adjacent to a corner and allow the AI character to occupy the corner the next move.  No special code has to be implemented for this to happen; the minimax algorithm and evaluation function will automatically find those board configuration.

4. Game Elements

4.1. Items

· Game board: Just an 8x8 green board, but that’s where all the action takes place. 

· Double-faced disks:  The game contains sixty four disks to be shared by both players.  Every disk is blank on one side and black on the other.

4.2. Character Bible

· AI Characters:

· Dubya Bush:  Dubya will not put up much of an intellectual challenge, and if the human player wins, he/she will get Dubya’s grammar and spieling book.  

· Iron Mike Tyson:  Mike is a pretty tough contender, so challenger beware; Mike will take a piece of the loser’s ear.  However, if Mike looses, he will give his golden tooth as a prize.

· Slick Willy Clinton:  Presents the best challenge.  Only pros should attempt to play against him.  If he wins, he will force the player to suffer like he did, and spend one night with his wife Miss Hilary….

· Another human player:  Two human players can play against each other in this game

5. Story Overview

5.1. Story Board

5.1.1. The different states of the board are infinite, and the permutations depend on the player’s movements.  The following snapshot of a game represents the start state of the game, where the black is to move first:*
[image: image1.png]



The following snapshot shows how the player with the black disks options are downsized to only one possible move (black to (1, g)), that will allow the player with the white disks to occupy the corner:
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Occupying the corner this early in the game, will prove disastrous for player with the black disks. 

5.2. Background/Plot Summary

The whole story behind the game is to get a mental exercise, and challenge an AI that has an advantage of an extended memory that’s greater than that of an average human being.  At the same time, the game is made a little more enjoyable by adding a personality to the AI opponent; it’s not just a difficulty level that has no feelings.  The AI characters were chosen to be controversial and powerful celebs that are presented in a caricaturial frame.

6. Game Progression

6.1. Setting

The game story doesn’t have a special setting.  Again this game is a board game; a player starts a game because of interest in this particular game genre.  When a player starts beating one AI character constantly, then he/she can switch and start challenging a smarter AI character.  

6.2. Introduction

The player starts a game by choosing an opponent, and if that opponent is one of the AI characters, the player sets who starts first.  Since according to the game’s rules the player with black chips always starts first, if the human player chooses that the AI character starts first, the AI character gets the black chips, otherwise the human player gets the black chips.  The game is started when the player with the black chips makes the first move.

6.3. Flowchart

The following fowchart shows the progression of a game from start to finish:


[image: image3]
6.4. Level and Scene Details

There’s only one scene in this game, and it’s the game’s board.  However, the state of the board is very dynamic and depends on the player’s moves.  The game offers four levels of difficulty when the human player chooses to challenge the game’s AI.  The difficulty of a particular level is relative to the depth of the search algorithm associated with it; the deeper the search algorithm is, the more difficult the level becomes.  What the search algorithm looks for is best move in a turn.  The depth implies how many turns in advance the search algorithm takes in consideration.  The most turns the AI will try to predict is three, and that will set the highest difficulty level.  In any predicted turn, the search algorithm predicts first the best move for the opponent, and accordingly select its own move.
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The following resources were used to research and assist in the design of E-Thello.  The programmers working on the game, should check and study these resources for help implementing the game:

· Websites that provided the characters pictures:
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· http://home.attbi.com/~procious/archives/Caricature/bush.html

· http://krugerstars.com

· Sound files

· sounds signaling end of a move were taken from microsoft’s messenger sound resources

· other sounds were recorded by Jamal El-Mokadem

· Books:

· That helped create the design document 

· “Game Design: Theory and Practice” by Rouse, Wordware Publishing

· That explained the minimax and alpha-beta algorithms in detail:

·  “Artificial Intelligence: Structures and Strategies for Complex Problem Solving” by George F. Luger and William A. Stubblefield, Addison-Wesley

· The Elments of Artificial Intelligence, by Steven L. Tanimoto, Computer Science Press

· That explained the Othello game rules:

· Othello game manual by “TRAVEL: GAMES TO GO”: Pressman Toy Corp.
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* The images in this section where taken from a java applet found on http://www.threeweb.ad.jp/~toku/othello.htm
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