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Abstract

In my AI report I have addressed the area of the evolution of AI in game playing. I particular addressed the methods in which AI is used.

I have tried to apply key bits of relevant information to case studies. I have discussed various search methods and techniques in a separate section but I have also introduced new ones when talking about certain games to try and apply them to their uses in the world rather that being hypothetical. 

I have produced this essay in an attempt to give background information that has shaped the way for AI in the gaming industry. I have also included the questions posed and problems that we will face in the future.

Table of Contents

51
Introduction


51.1
Alan Turing


51.2
Classicalism and Connectionism


62
The Evolution of AI and Game Playing


73
Search Methods and AI Techniques


73.1
Search Trees


73.2
Turing Test


73.3
The MiniMax algorithm


93.4
Alpha-Beta Pruning


104
Games of ‘Perfect Information’


104.1
Checkers


104.1.1
History


104.1.2
Chinook


104.1.3
Static Evaluation


114.2
Chess


114.2.1
Evolution of Chess AI


114.2.2
Progressive Deepening


124.2.3
The Horizon effect


124.3
Tic-Tac-Toe


124.3.1
The heuristics


134.3.2
The Complete Game


135
Games of Imperfect Information


135.1
Poker


135.1.1
The Problems


145.2
Go


145.2.1
The Problem


156
Conclusion


167
Bibliography





1 Introduction

In recent years Artificial Intelligence (AI) has been the forefront of the gaming industry, but AI is not a newcomer to the scene. It is believed to have links with Aristotle (384-322 BC) who invented the field of logic. It wasn’t, however, until a mathematician by the name of George Boole (1815-1864) developed Boolean algebra in 1847 that it could really fall into the class of ‘Formal Science’. 

There is a constant debate as to whether a machine can ever actual be called intelligent. Could it be a misconception to call a machine intelligent? After all, to be intelligent a common theory is that one must be able to think, but can we really say that an AI program is thinking? You could say that something is able to think, if it is able to arrive at a decision. If this is true, then machines must be able to think as machines in this modern day and age make decisions all the time. 

1.1 Alan Turing
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Perhaps the best known test to check if a machine is in fact intelligent was proposed by a British Mathematician and Computer Scientist named Alan Turing (1912 – 1954). Alan Turing formed what is widely regarded to be the backbone of Artificial Intelligence. Though he had a turbulent childhood Turing excelled in mathematics winning practically every mathematics prize in his schooldays and eventually earning a scholarship to Cambridge in 1931. In 1936 Turing published “On Computable Numbers, with an application to the Entscheidungsproblem”. It was in this publication that he introduced the ‘Turing Machine’ which moved from one state to the other using a precise finite set of rules. As if foreseeing problems that were to arise in computers he published “Computing machinery and intelligence in mind” in 1950 which contained the infamous ‘Turing test’. Sadly, Alan Turing died on the 7th of June 1954 from cyanide poisoning.

1.2 Classicalism and Connectionism

AI is commonly divided into two parts, Classicalism and Connectionism. Classicalism is like the name, the classic form of AI. This includes a number of different areas for example the goings-on inside a chess playing program, language processors and weather diagnostics. These include the general search methods and prewritten code. Connectionism can be called the new form of AI. At the present time Connectionism isn’t able to deal with higher level problems to the same degree as Classicalism is. However, with advances being made it could pave the way for new advances and techniques being developed in advanced logic. It involves responding to a problem more like the human brain with methods such as Neural Networks and parallel processing. The very concept of it moves the theory of intelligent machines closer to reality.

2 The Evolution of AI and Game Playing

· 1928 - The minimax algorithm is developed by John von Neumann. This algorithm is still implemented in many searches today.

· 1943 – Developments in connectionism AI as neural-networks are proposed to be used for intelligence.

· 1950 – This year marks the publication of the infamous “Computing Machinery and Intelligence” by Alan Turing who essentially constructed the stepping stones on the road to developing AI.

· 1955 – The first AI language is developed by Newell, Simon and Shaw.

· 1956 – The term ‘Artificial Intelligence’ is registered by John McCarthy.

· 1958 – The LISP language is developed by John McCarthy.

· 1959 – For the first time a computer beats the best human player in checkers.

· Early 1960s – The USSR and America compete to dominate the top spot in AI development. They play an adaptation of chess which the USSR won 3 - 1.

· 1964 – Computers show that they are capable of solving algebra word programs by learning natural language.

· 1969 – Turing publishes his work entitled “Intelligent machinery”.

· 1980 – The first American Association of Artificial intelligence (AAAI) conference is held.

· Throughout the 1980s – AI becomes an industry especially for games with the commodore and the Atari.

· 1988 – AI becomes recognised as commercially viable as revenues reach $1 bn.

· Mid 1990s – Breakthroughs in reasoning, translations and virtual reality. Computer games generate massive success with releases of games consoles such as the ‘Nintendo’.

· 1997 – One of AI’s greatest triumphs. The IBM built chess playing program ‘Deep Blue’ beats reigning world champion Garry Kasparov.

· 1999 – AI used in ‘Web Technology’ in programs such as Web Crawlers.

· Late 1990s – Significant advances in PC technology, distributing advanced AI games such as First Person Shooters, Racing and beat-em-ups among the common market.

· 2000 – Significant breakthroughs in robotics. Sony release it’s robotic pet dog named Aibo. An unmanned plane is developed to fly reconnaissance missions extremely high up.

3 Search Methods and AI Techniques

3.1 Search Trees

Search trees represent a visual understanding of searches. They are ordered using a tree-like hierarchy structure expanding downwards. Points of decision in the tree are represented by nodes which are connected by branches. These nodes can be generated as the search progresses. The top node is called the ‘root node’ (where the search starts) while the bottom nodes are called ‘leaf nodes’. If a node ‘A’ has two connecting nodes underneath it ‘B’ and ‘C’, B and C are the children node while A is the parent.

3.2 Turing Test

Originally called ‘The Imitation Game’, it later became named after its inventor Alan Turing (1912-1954). The idea of the test is to set a standard for computers to pass in order to be called intelligent. It states that if a computer is successfully able by non-visual means to trick humans into believing that it is in fact a human, well then it has successfully simulated human intelligence, and can then be called an ‘intelligent machine’.
3.3 The MiniMax algorithm

The MiniMax algorithm was developed in 1928 by John von Neuman and its principle is still one of the best known and widely used in games today. It applies to games that have two players, most appropriately a human opponent and a computer opponent in games such as chess, checkers and tic-tac-toe. 

There are two players involved in the search (Max and Min). Max is so-called as it is trying to maximise its point value. Likewise, Min is so-called as it is trying to minimise its point value. As there are two players, for the algorithm to work it cannot just look for the single best move and take it. It has to allow for the opponent to respond to its move. Max represents the best move that is available to the player (computer), while min represents the best possible response from the opponent.
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Figure 1. MiniMax Search Tree

In the above diagram you can see that the bottom level leaf nodes represent the points of a possible move. The level above that shows points selected after they have been minimised by Min and then Max selects the greatest point after that.

If (end of tree) then

compute points of current position

return result

Else If (minimising level) then

use Minimax on children of current node

report minimum result

Else

use Minimax on children of current node

report maximum result

MiniMax works best when the whole game situation is visible in games such as Chess, Checkers and Tic-Tac-Toe. These games are called ‘games of perfect information’. The Min-Max algorithm cannot be used for very well for some games however. In games such as poker, as the computer cannot see every choices points and essentially has to guess the opponents hand. The fact that the Min-Max algorithm relies on knowing the points of every position means that it is not the ideal search.

3.4 Alpha-Beta Pruning

Alpha-Beta pruning is an adaptation of searches such as MiniMax. It doesn’t, however, provide a better result that the Min-Max algorithm, what it does do is provide it quicker. It is said to use approximately the square root of the number of nodes used in MinMax. In complicated ‘games of perfect information’ such as chess, often the tree that would have to be searched to find the best move would be far too long and take too much time. This is where alpha-beta pruning becomes useful. 

The way in which Alpha-Beta pruning saves time is by identifying positions on a tree that do not need to be searched and subsequently skipping them. These positions where the algorithm decides to skip lower branches are called ‘cutoffs’. These cutoffs are identified by calculating if the current position is better than the best possible play that could be offered by the other side of the cutoff position. 
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Figure 2. Alpha-Beta pruning Search Tree

Α represents maxs best score along a given path while β represents Mins best score along the same path. If we compare this diagram to the MiniMax diagram we can see that the last two leaf nodes are not searched. Remember, Max is going to pick the greatest value available to it while Min is going to pick the smallest value available to it. As a result we can determine that no matter what Min picks in the rightmost branch it is going to be less than or equal to 2. And since Max already has greater values to select from (4 and 5) it doesn’t matter what values the rightmost leaf nodes contain and therefore do not need to be searched.

4 Games of ‘Perfect Information’

4.1 Checkers

4.1.1 History

Checkers has a history dating back even as far as the ancient Egyptians about 5000 years ago. In 1952 Arthur Samuel developed one of the first programs to play checkers. He developed a program that could actually learn from its own evaluation functions. The more it played the better it got until it could actually compete on a serious level. This led the field in checkers until 1989 when the next generation  machine was developed. It was called ‘Chinook’.

4.1.2 Chinook

Chinook was developed by Jonathan Schaeffer at the University of Alberta. It used the Alpha-Beta search algorithm which allowed it to cut search times dramatically. It didn’t, however contain its own learning evaluation function. Instead, it contained an end game database which lets it actually score a perfect end game involving 8 or fewer positions on the board, this accounts for 443,748,401,247 positions. This is incorporated only at the end of the game as there are over 500 quintillion possible positions on a checkerboard, making it impossible with current technology to use. The databases contained secrets that were uncomprehendable even to the most elite checkers players in the world. This is why it was claimed by Schaeffer that Chinook is rated at 2814 while the best human players are rated at 2632 and 2625.

In 1992, Chinook became the first non-human US Open Champion and subsequently went on to challenge long time world champion Dr. Marion Tinsley. Dr Tinsley had been champion for over 40 years and it is said that during his domination of checkers that he had no real human opponent that his greatest challenge came in the form of Chinook. In the end the best-of-40-game match was won by Dr. Tinsley winning 4 games drawing 33 games and losing 2. When Chinook again challenged for the title, Dr. Tinsley had to withdraw for health reasons resulting in Chinook becoming the World champion. The world checkers authorities responded by installing a new category into the world ranking system calling it the ‘Man-machine title’. 

4.1.3 Static Evaluation

To determine the value/point of the game board configuration the computer looks at a number of different factors:

· The amount of pieces one has relative to the opponent. Pieces can have different point values as they differ in importance. A king is more important than a man and so is worth more points.

· Formations can help strengthen a players set in checkers and pieces are assigned values in accordance with the strength of their formation.

· A piece is awarded points also because of strategic importance. For example, if it is in an offensive position with a lot of opportunities to attack it’s going to be far more important than a piece that is about to be taken. 

· The computer needs to take into account all the possible moves that may be available to it in the future.

Chinook actually uses 25 heuristics all of which are given an importance level which can be modified accordingly.

In the year 2000 a new checkers program called ‘Kumar’ came onto the scene. Unlike Chinook, it boasted its own learning function based on a neural network. To this day it is undefeated.

4.2 Chess

Chess is arguably the best known of all the ‘games of perfect information’ is has been the epicentre for AI development in games. It is a purely intellectual game and provides us with the ultimate challenge in developing an ‘intelligent machine’.  

4.2.1 Evolution of Chess AI

The first program actually capable of playing chess was put together by the great Alan Turing in 1947. It generated moves based on a simple static weighing function. In 1949 Claude Shannon implemented the MiniMax algorithm for chess. His algorithm consisted of three different types.

1. Brute Force

2. A pruning version of Brute Force

3. Goal Orientated
(Identifying a goal and then deciding how to get there).

The main way in which computers are superior to humans is the way that they can compute a large amount of computational problems in a short space of time. This relates to the ‘brute-force’ routine which is an algorithm that is solely concerned with the speed in which it can process a computation.

1958 saw the first program to perform a complete game of chess. It was developed by Alex Bernstein but was so slow that it only ever played two games. It wasn’t until 1977 however until the first Grand Master, Michael Stean was defeated in a game against a computer. In the mid 80’s work started on what was to become ‘Deep Blue’. In 1988 new algorithms called ‘singular extensions’ were incorporated into some machines which let them investigate branches which appeared to be better than others. A program called ‘Deep Thought’ becomes fist computer to beat Grand Master Bent Larsen. It then challenged the champion Garry Kasparov and while it was defeated Kasparov admitted that he would probably be the last human champion. As if cursing himself, in 1997 Garry Kasparov lost a controversial six game match with Deep Blue.

Even thought computers are generally regarded to dominate chess, chess programming is still useful. Different techniques that are being developed can be tried and tested using chess programs. These include neural networks like in (Kumar), genetic algorithms and collaborative computing.

Of course it is impossible for a computer even in this day and age to reach the optimum solution of the entire search tree in the game of chess. Like checkers, it must pick the best solution in the amount of time given. 

4.2.2 Progressive Deepening

Progressive deepening is a method by which a computer can search as much of the tree as is possible in a given time. As a complete search would probably not terminate within the duration any human competitor, this method is more favourable. It works by searching each level or ply as it is also known before moving onto the next ply. So it first searches ply 1, then moves onto ply2 and so on until the time runs out in which case it returns the best solution it has come across.

4.2.3 The Horizon effect

The horizon effect represents the computers inability to see a potential preceding winning or losing move. When applying it to the Min-Max algorithm after one move the computer might see a potentially winning move but when it comes to its next move it might not be seen and so disappears over the horizon.

There are various techniques which have been developed in order to combat this such as the singular-extension heuristic, and the search-until-quiescent heuristic. 

4.3 Tic-Tac-Toe

Tic-Tac-Toe is a simple example of a game of ‘Perfect Information’, however, even with the simplest of games the search tree that is generated can still be very deep. For example, starting off on a tic-tac-toe board there are nine possible positions that you could put your piece. The number of possible positions before reaching a terminal state is 9! = 362880. And while this might seen like an extremely large number, imagine how deep a search would have to go to find every possible node value for a more complicated game like chess. 

4.3.1 The heuristics

The computer must evaluate a series of  rules  in order to decide which move gets preference, these include:

· The number of lines with 3X’s (Win or loss)

· The number of lines with a  single X

· The number of lines with a single O

· The number of lines with two O’s

· The number of lines with three O’s (Win or loss)





Figure 3. A representation of a Tic-Tac-Toe search tree

The diagram above shows some of  the possible moves that branch off from the scenario that we see in the root node.

4.3.2 The Complete Game

The complete game is a database packed with solutions to every possible scenario that could arise during a game of Tic-Tac-Toe. This means that providing the computer goes first he will play a perfect game and win, every time.

5 Games of Imperfect Information

5.1 Poker

5.1.1 The Problems

Poker is a game that doesn’t fall into the ‘Games of Perfect Information’ category. This means that all the game in formation is not immediately apparent. As you would expect, this poses some problems to most common search techniques. There is new software available at present which can actually detect if someone is bluffing by matching behavioural patterns. This, however, is not the optimum form of detection as professional poker players try to eliminate any pattern resulting in their decisions and actually use this to trick their opponents.

5.2 Go

5.2.1 The Problem

The problem with Go  is not that the answer is not there to be seen it is more that there are such an incredibly huge amount of answers that it is impossible to search every one of them. This is due to the fact that it is played on a 19 x 19 square board. It is estimated that Go has an average of 240 moves at any one time. The Brute Force method has even be called “useless” when referring to its use in Go. Another problem with AI in Go is that there are no clear rules to be set out in the game. This makes evaluating the heuristics near impossible but certainly poses a challenge to future programmers.

6 Conclusion

Some believe that machines can only ‘seem’ intelligent, that machines can only blindly compute through search trees and algorithms to produce data. Some believe that rather than the term ‘Artificial Intelligence’ maybe the term ‘Computational Rationality’ would be more appropriate. While on the other hand some believe that computers have the potential to even surpass the human mind. If we think about how the human mind works. In fact it essentially manipulates data serially through a complicated neural network before finally producing the output. Of course it is a lot more complicated than that, but isn’t it at least a building block for what is likely to come. Perhaps even a “machine with a mind”. 
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