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Gaming Algorithms

Introduction:


Search-based and learning-based algorithms are two common forms of algorithms used in computer gaming.  In order to compare the efficiency of both algorithms, I constructed two separate games, each using one of the algorithms.  After coding and successfully running each game it became apparent that both the search-based and learning-based algorithms had positive and negative traits with respect to “AI” gaming.  To better illustrate the process of coding both algorithms it is necessary to understand how these algorithms have been used, it is necessary to define both, explain the positive and negative traits of both algorithms, as well as whether or not either is truly Artificial Intelligence.

Search-Based Algorithm:

Understanding either algorithm begins with a simple definition.  Search-based algorithms are those that allow the computer to “think” with a set of given knowledge in response to “unknown input”.  An example of “unknown input” in gaming is when a player takes a turn, the computer then reacts to this “unknown” event based on its given knowledge.  This given knowledge is simply the set of information that has been predetermined by the author of the code used in the game.  All possibilities are not entered into the game itself but an understanding of the game is given to the computer so that it can counteract a human player with a legal play of its own.


An example of a search-based game, other then scrabble, would be chess.  The computer does not ‘know’ how to play chess, but it understands what moves are legal and which are not allowing it to play against an imperfect human player and still understand the best move in a given situation.  Another example would be Pac-man.  The ghosts in Pac-Man are not intelligent entities but are given information about the game itself, you can’t go through walls and when Pac-Man is in front of you move in that direction.


These two games that I have just mentioned are not explicitly search-based algorithms, however, they can be used as examples of what can be considered search-based.  The scrabble I created is considered, by me, to be a search-based algorithm game for the following reasons. First of all I use a list of over 152,000 words stored into the games memory, it also notices how many points each letter is worth, as well as being able to see the entire board in play.  After tabulating this information, my game searches though a list of dynamically generated moves, selecting the best scoring play.  Even though every possible move isn’t stored, a majority of the information needed to take a move is, allowing the computer to efficiently play the game.

Learning-Based:
Learning-based algorithms, however, do not give the computer any pre-determined knowledge.  The computer “learns” how to play and win a game through interaction with a player.  Simply, the computer “learns” how to win a game through gained knowledge.  The difference between these algorithms is the presence of knowledge.  A search-based algorithm allows the computer to have knowledge, while a learning-based algorithm gains knowledge through game play.

I am unfamiliar with a game that truly learns it’s information from human players interacting with the artificial ones.  However, games that utilize this type of game play do exist.  Take the game “Lords Of the Realm” for example.  In this turn based, medieval, game there is a real-time section of play in which you send your armies across a battle field to fight the enemy troops.  Even though the computer has stored information it is able to take what you are currently doing with you troops and counteract it in real time.  This type of game play to me is a type of learning-based gaming.

The tic-tac-toe that I coded attempts to utilize some learning concepts into the game play.  When the game begins it randomly places X’s and O’s only blocking a definite win correctly or placing a three in a row correctly.  That being the only knowledge I gave to the game, when playing against a human counterpart the game remembers how the human either won or lost the game and attempts to adjust its game play accordingly.

Semi-Conclusion:
Although both algorithms may work well in theory, after constructing two separate games using either algorithm, it became clear that the search-based algorithm performs better in game play, in other words it wins more often than the learning-based.  However, the learning-based algorithm is more “intelligent”, since it has the ability to learn.  It is apparent that both algorithms have their positive and negative traits.

Scracbble:

I used the board game scrabble to test the search-based algorithm.  The game is played by, connecting a single word to letters already placed on the playing board, keeping in mind the many combinations of words possible, and the best combination resulting in a higher score.  The letters available to each player are limited to those randomly chosen from a collection of one hundred letters, each letter carrying a different point value, these letters are hidden from other players making the game more complex.  The game is won by choosing the best word combinations, using the letters with the highest point value, resulting in the greatest score.  The game is extremely complicated and not easily won.  

I used a search-based algorithm because I felt it was necessary for the computer to have a database of words in order to properly play the game.  It would be unworkable for a computer to “learn” any words either than those given by the author of the code because even if the computer were to “learn” new words through game play, the very first move would be impossible without a prior knowledge of at least one word.
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In order to search the given database, I chose to create an algorithm that would take the letters in the current tray and find every word combination possible, replacing missing letters with ‘*’.  For example if your tray included “ t, e, l ”, the words found would be “*el** -> hello”, “le*t -> lent”, as well as whole words such as “let”.  After these word are returned, the board is search and every word is placed in every available place, keeping track of higher scoring words.  An example of this would be:   --------->

Then the letters in the tray are checked with the letters needed to complete the word and are placed one by one.  Each time the placed letter is checked against any words created by connecting.  In the example above the third tough checked would fail because “BT” and “EU” are not words, a decision between the other two would be determined by which placement gives a better score.  After all words are checked, the best word is placed and the score added to the previous score of the player.  If no words could be placed then the entire tray of current letters are added back to the bag and new letters are picked, the player receives a penalty of -50 points, even though this is extremely rare, it does happen occasionally.

After constructing and running the search-based algorithm in scrabble it became apparent that the positive traits of this algorithm, positive being the most “AI-like” traits, were its ability to react to an “unknown” event with the best word score, given its prior knowledge.  Artificial Intelligence requires that a computer be able to “think” through a problem and react with “intelligence”.  However such “intelligence” does not always result in the best possible move.  The game is coded to gain the highest score each turn, however the game of scrabble may require a player to “think ahead” and block the other player’s move or set itself up for a better move the next turn.  My algorithm cannot “plan ahead” because it is coded to produce the highest score each turn.  A truly “human-like” algorithm would be able to “plan ahead” which is a human ability.

Tic-tac-toe:
The game tic-tac-toe was used to exhibit a learning-based algorithm.  Unlike the scrabble game this algorithm allowed the computer only the most basic rules of the game with no prior knowledge of better moves.  Tic-tac-toe is played by placing, either X’s or O’s, on one square out of a three by three matrix.  The game is won by connecting three, X’s or O’s, in a row, either diagonally, vertically, or horizontally.  Although the game is simple, there are however, certain moves, which will always result in a tie or win.  My algorithm begins with a number of random selections of squares, resulting in either a ties, win or loss.  The computer records these results, which results in the computer ”learning” game strategy for future game play.  This can be viewed as “intelligent” since the process of “learning” results in better game play however, a negative trait is the inconsistency of “learning” and use of recorded “knowledge”.

In order to create this game I coded a simple program which at first randomly plays a game and records the outcome.  If the computer won it tries that strategy again, however, if it looses it tries the strategy of the winner.  In my game, a tie is included as a win. The game is a slow learner, yet is able to play fairly well.  In a test I ran with a fellow classmate, my game was able to, tie 8 games, win 2 games, and loose 3 games.  Even though it lost more then it won, it was able to tie a human many times.

Conclusion:
Both the search-based and learning-based algorithms have “AI-like” qualities, however both do have drawbacks.  It is my opinion, after constructing and running both algorithms, that both are forms of Artificial Intelligence.  In order to create a better Artificial Intelligence it might be better to combine both algorithms, allowing the computer to both “learn” and utilize existing knowledge.

Perhaps in scrabble I would be able to keep my large database of words as a common dictionary for human and  AI players but give only a limited text file to the computer player.  When a word is encountered that is not listed in the text file the computer could add it, turning my game into a learning game with a growing vocabulary.  This is something I am planning to work on the in near future.  This would efficiently combine a search based game with a learning based algorithm and possibly create a more ‘human like’ computer player.
By personally coding and experiencing, both search-based and learning-based algorithms it became clear that there exist positive and negative traits of both.  Both programs performed better then I expected them too when I began this project, however, I learned a great deal by working with them.  Both, in my eyes, are excellent examples of Artificial Intelligence in gaming and the understanding of these, along with future development, can result in even better AI games.
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