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Chapter 1, Introduction:

Website Link: https://chessaiblog.wordpress.com
Twitter account: https://twitter.com/Chess_AI?lang=en
Repository: http://jseye001@gitlab.doc.gold.ac.uk/jseye001/
Chess_AI_Final_Project.git

Artificial intelligence is reproduction of human intelligence by machine. 
Any device which observes its environment and operation based on 
processes like learning (Learning of informations and taking dissuasion 
based on that) and reasoning (using rules to reach the goal that has 
been give to programme).[1]  Artificial intelligence can be used for a 
variety of programmes some of websites also use AI. For example 
Facebook uses Artificial intelligence in order to update the user 
newsfeed, recently they added a new AI in order to remove hateful 
comments.[2] One other great example of the use of Artificial 
intelligence is in Amazon website, one the most popular online sopping 
websites. Amazon uses AI in order to show relevant ads to their 
customers based on their purchase history and items which they have 
checked. Amazon also uses AI in their new device called Amazon Echo. 
The AI, called Alexa, is an intelligent personal assistant, and is capable 
of voice recognition. You are able to make music playback or play a 
song. Alexa is also able to provide real time information like weather or 
traffic [3]. One of the new examples of the use of Artificial intelligence is 
for autonomous driving cars like Tesla. Artificial intelligence is the most 
important part in autonomous vehicles. The car uses camera and 
sensors in order to collect information and understand its surrounding 
environment and uses these data to make decisions [4]. Both Google 
and Tesla have showed huge interest in this filed [5]. Tesla recently 
showed a video in which a fully autonomous Tesla drove itself around 
the town [6]. Autonomous driving have always been one of the main 
focuses of Tesla for marketing. In general the some of the most popular 
uses of artificial intelligence in applications are in speech recognition, 
machine vision and expert system. 

Artificial intelligence has been a part of video games since the early 
days. It is one of the key components that makes video games 
challenging and interesting. There are many different varieties of AI in 
games. Artificial intelligence has come a long way in gaming industry 
from the early days, in which AI was used for creating simple challenges 

https://chessaiblog.wordpress.com
https://twitter.com/Chess_AI?lang=en


for players. One of the great examples of AI in older games is the first 
Mario game. The game had a simple AI that enabled the player to move 
back and forth in order to create challenge for the player. The AI in 
gaming has enormously improved over the years with the improvement 
of technology. As we see in most of AAA title games today, AI is being 
used in order to generate human-like intelligence, like first person 
shooter games. Artificial intelligence not only is used to create challenge 
for the player, but also the developers have used them in order to make 
the game world more alive. For example, in a game like Grand Theft 
Auto, NPCs have AI which make them have human like intelligence. 
This helps the player feel more connected to the world and have a better 
experience while playing [7].

For my third year project I wanted to research different aspects of AI. I 
chose to work on Artificial Intelligence for chess game. One of the great 
examples of chess playing computer is Deep Blue, which was the first 
computer chess playing system to defeat a ruling world champion (Deep 
Blue was developed by IBM) [8]. One of my inspirations for this was 
watching the AlphaGo match.  AlphaGo is an AI for board game Go 
develop by Google, it was the first programme to beat a human 
professional Go player.[9]

My aim for this project was to implement an Artificial Intelligence for 
chess. Additionally, I wanted to understand different aspects of the AI, 
and develop a deeper knowledge of how it works. My final aim was to 
find the key components needed for implementing AI for chess.

I have chosen java as my programming language for implementing my 
Chess AI. I have used the software development platform for java called 
Netbeans [10]. In order to run the programme you can download the 
programme file from provided repository link at the top. They are two 
ways to run the programme first the easier way is to open the folder 
called “Chess_AI” then go to folder called “dist” then click on 
“Chess_AI.jar” file the programme should run. Note that you need to 
instal java on your computer in order to run the programme. If you don’t 
have java on your computer you can download it from java website.[11]



If you run the programme successfully you should get the flowing 
window.  

The second way to run the application is to download the Netbeans 
application and then click on file, go to new project and select 
“Chess_AI” file.



Once you open the file you need to select Alpha_beta class and then 
click on run (the green arrow at the top bar). 

Chapter 2, Research, background and context:

Inventions of machines that can play chess dates back to 1700s. Digital 
computers provided a great opportunity for rapid increase in chess 
programs on the computers. The characteristics of an AI chess program, 
are the data structure of the board, the search algorithms for each 
specific piece to identify possible moves for that piece, and an overall 
search algorithm to find the best possible move for the player. There is 
also an evaluation process to determine the value of a board position.
[12]

One of the most famous victory of chess computer was Deep Blue when 
it beat the world chess champion Grray Kasparov in 1997 [13]. 
Commercial chess AI have improved a lot; they managed to win against 
world best players since 2005. Even chess AI running on commercial 
devices like mobile phones have been able to defeat some of the world’s 
strongest players [14].

Computer chess have surpassed humans and now the machines are 
competing among themselves. Computer chess engines are getting 
better at a much faster rate than before. Some of the best commercial 
chess AI programmes are the following: Gull3(Rating:3214), Fire 
5(rating:3229), Houdini 5(Rating:3277), Stockfish 8(Rating:3318) and 
finally the current world best chess computer Komodo 11(Rating:3310)
[15].

Komodo is currently the leading commercial programme. Komodo has 
won the World computer Software Championship and the World 
Computer Chess championship [16]. Roman Dzindzichashvili has said 
the following about Komodo AI:

“I am extremely impressed by Komodo's play. I watched and analysed 
every game and it was absolutely flawless positional chess, the likes of 
which has never been seen before by an engine or human.”[17]



In Komodo chess AI the main focus is on the evaluation process unlike 
other programme which tend to focus more on depth. In situations 
where other chess algorithms struggle to find a possible move, Komodo 
plans ahead, can make progress and reach victory.[18]

Unlike Komodo the Stockfish chess engine heavily relies on its deep 
search. It uses a complex alpha-beta and Bitboard for board 
representation.[19]

Some of the main techniques that are used in Chess AI are the 
following:

Game tree search: In chess game, the tree is a graph in which the 
edges are the moves and the nodes are the position. Usually in game 
with short amount of probability you can go trough all of the options in 
order to find the best answer. However in a game like chess, there are 
1000 possibilities for a pair of move (both black and white). In total the 
number of possibilities are somewhere around 10 to the power of 120 
which is known as Shannon number [20]. So when we are conducting 
search in chess game tree, we search a partial part of game tree using 
techniques like minimax algorithms. We don’t go trough all the possible 
options, usually the programme goes through the search based on 
number of depth that has been set for the programme. Searching high 
number of depth can slow down your programme due to the large 
search tree.

Minimax: Most of the time Minimax get used in decision based game. 
Minimax is decision based theory in which we minimise the possible 
loss. Minimax algorithm:

i =  is the index of the player of interest.
_i denotes all other players except player i.
a{i} is the action taken by player i.
a{_i} denotes the actions taken by all other players.
v{I} is the value function of player i.[21]



We calculate the score of each move based on the worst move that 
opponent can do. It’s because in chess we need to take account both 
players. If we simply pick the best possible moves that we can take 
without taking to account the other player’s move, we will end up taking 
bad decisions.

Alpha-beta pruning: Alpha-beta pruning is a commonly used search 
algorithm in chess AIs. Majority of the world’s best chess AIs, which I 
mentioned before use this searching algorithm. Alpha-beta pruning is a 
similar to Minimax however the algorithm attempts to decreases the 
number of nodes that are evaluated compare to minimax. While 
evaluating a move the search stops when you find at least one 
possibility that shoes the move to be worse than previously examined 
move. There is no need to evaluate such moves further. The search 
algorithm prunes away the branches that cannot possibly influence the 
final move. The benefit of using Alpha-beta over minimax is that the 
branches of the search tree that cannot give us the result which we are 
looking for get eliminated. Therefore it is more efficient because we only 
search trough branches of tree that are useful for us. Also it can search 
in further depth compared to minimax and obtain better results [22].



One of the examples of recent development in board games AI is 
AlphaGo an AI which is developed by Google for board game name 
“GO”. Go is a two player board game in which the aim is to surround 
more territory than the opponent [23].

AlphaGo is the first Computer Go programme that beat a professional 
Go player on a full size board [24]. AlphaGo uses a Monte Carlo tree 
search algorithm which analyses most promising moves based on the 
knowledge that was previously learned through machine learning. 
AlphaGo uses deep learning machine learning method which focuses on 
learning data representation [25]. The algorithm uses data from both 
human and computer play.

AlphaGo is a great example of what future of AI for games would look 
like. The underlying techniques which are important and will be used 
more in future in AI for games are Monte Carlo Tree Search, Deep 
Learning (Neural  Network) and Reinforcement learning.

The basic idea of Monte Carlo Tree Search is selection, expansion, 
simulation and finally back propagation. MCTS is a search tree built, 
node by node, based on the simulated payout outcome [26].



Deep Neural Network is a machine learning based on learning data 
representation, it is not single task specific learning. For example, it can 
be used in image recognition [27].

In Reinforcement learning, in order to maximise the performance, it 
allows the software to aromatically specify the ideal behaviour based on 
a specific context [28].

AlphaGo uses a combination of these techniques in order to achieve its 
goal.

Chapter 3, Design:

My vision for this project was to implement the key components needed 
for chess artificial intelligence. The first one is our data structure of the 
board, the chess pieces are being used in the most part of our 
programme. Examples for this in the AI search algorithm are Alpha-beta 
pruning and evaluation function. We represent the role for each piece 
(king, queen, rooks, bishops, knights, pawns). Additionally, we need to 
specify the colour of pieces because it is necessary to know what colour 
the pieces are for our search algorithms. The board data structure 
should contain the location of each piece on the board, whose turn it is 
to move and other relevant information. There are different types of data 
structure that can be used for representing the chess pieces on the 
board. The names of some of these data structures are Piece lists, Array 



based, Bitboard, Stream-based, Huffman encoding and Forsyth 
Edwards Notation.

After implementing the data structure the most important part is our AI 
for the search algorithms.There are six unique pieces in chess and each 
of them have its own set of moments and rules. We need to design an 
algorithm for each of them. The algorithm should look trough the board 
and find the possible move which that piece can take.  

Each chess piece acts as it is explained below:

 Pawn:
 -  Can only directly forward one square, with two exceptions.
 -  Move directly forward two squares on their first move only.
 -  Move diagonally forward when capturing an opponent's chess piece.
 -  Once a pawn chess piece reaches the other side of the chess board,       
the player may change the pawn in for any other chess piece if they  
choose, except another king.

Rook:
- Can move backward, forward, left or right at any time.
- Can move anywhere from 1 to 7 squares in any direction, so long as it 

is not blocked by any other piece.

Knight:
- Can move backward, forward, left or right two squares and must then   

move one square in either vertical direction.
- Can only move to one of up to eight positions on the board.
- Can move to any position not already inhabited by another piece of 

the same colour.
- Can skip over any other piece to reach its destination position.

Bishop:
- Can move in any direction diagonally, so long as it is not obstructed  

by another piece.
- Cannot move past any piece that is obstructing its path.
- Can take any other piece on the board that is within its bounds of 

movement



Queen:
- Can move in any direction on a straight or diagonal path.
- Cannot "jump" over any piece on the board, so its movements are 

restricted to any direction of unoccupied squares.
- Can be used to capture any of your opponent's pieces on the board.

King:
-  Piece can move one single square in any direction.
- Cannot move onto a square that is currently occupied by a piece from 

its own team
- Piece cannot move to any square that puts them into a "check" 

position.

The next part of Artificial intelligence for our programme is the search 
engine to find the best move between all the possible moves. Minimax 
algorithm and Alpha-beta pruning are two of these methods. Alphabeta 
pruning is an efficient searching algorithm. Compared to minimax tree 
Alpha-beta pruning is much more efficient. We need to have an 
evaluation function as well, evaluation function assigns each piece value 
and later our programme will decide based on these values (for example 
the bishop value is more than the pawn). One thing to note is that the 
size of search tree for best possible moves in chess is so big that no 
programme can go trough all of the options, what most programmes do 
is that they go through one over forth of the search tree in order to find 
the best possible moves. The chess AIs usually look two or three moves 
ahead in order the minimise the lost chance. 



Chapter 4, Methods:

For my data structure I have used double array in order to represent the 
chess board.

As you can see in the picture the role of each piece has been 
represented,

King—> a , A
Queen —> q , Q
Rooks —> r , R
Bishops —> b , B
Knights —> k , K
Pawns —> p , P

Lower case letters represent black chess pieces, and the capital letters 
represent white chess pieces.

This is our data structure of the board, which holds the location of each 
piece. Furthermore, it can also check which spots are empty in the 
board. This data structure will later be used on our artificial intelligence 
in the search algorithm when we try to find the possible moves.

For the search algorithm, you have to programme each piece uniquely; 
specifically because each of the flowing pieces (King, Qurrn, Rooks, 
Bishops, Knights, Pawns) have their own specific rules. In our search 
algorithm you need to exactly define the specific pattern that each piece 
can move and then check to see if the space empty. If it was empty it 
counts as a possible move. If it was occupied by the enemy piece and 



you could attack the enemy, you will take the enemy’s chess pieces. 
This still counts as a valid possible moves (i.e., the attack version). But if 
the location that we are considering was occupied by one of the player 
pieces, it will not be a valid possible move and you can not move to that 
position.

Next stop is Alpha-beta pruning:

Here is the basic idea for Alpha-beta
function alphabeta(node, depth, α, β, maximizingPlayer)
    if depth = 0 or node is a terminal node
         return the heuristic value of node
      if maximizingPlayer
          v := -∞
          for each child of node
              v := max(v, alphabeta(child, depth – 1, α, β, FALSE))
              α := max(α, v)
              if β ≤ α
                  break (* β cut-off *)
          return v
      else
         v := +∞
         for each child of node
             v := min(v, alphabeta(child, depth – 1, α, β, TRUE))
             β := min(β, v)
             if β ≤ α
                 break (* α cut-off *)
         return v



Next we add our evaluation function, we make decision based on these
values.

Chapter 5, Evaluation:

For testing the software first I checked my data structure to see if it is 
working with and can recognise my searching algorithm.The programme 
gives all the possible moves based on the given example for example in 
here the possible moves are the following. 

Chess piece that is 5(row)0(column) can move to 4(r)0(c) or 4(r)1(c) or 
5(r)1(c).

After that I checked that my searching algorithms for finding the best 
possible moves are working correctly. I had to debug my code in this 
process several times because going through each possible location for 
each piece can sometimes get complicated and the programme would 
wrongly check locations which it was not possible to move to for that 
specific piece. However with tests and trials I managed to fix these 
problems. 

First part of testing my code was to try different values in my programme 
and check if the possible results which I got from the programme were 
correct.

Second part was testing the logic check to see all the movements are 
defined correctly and programme follows the chess logic. 



In the third part I checked my Alpha-beta pruning algorithm to see if 
different parts of my code could communicate with each other correctly.

Forth I checked my programme graphics to check if mouse click and 
drag are working correctly, and to make sure all the board poisons are 
defined correctly. 

The last part was evaluation for movability of pieces, checking the final 
chess laws like checkmate and stalemate.

Play testing:

When you run the programme first you need to play the first move 



Then after that you can start playing, you need to click on the piece 
which you want you to move then drag it to available position. Note that 
the programme does not show the available position to the player.

I have play tested the game with a number of people. Here are some of 
the feedback of players.

“Good attempt at making chess AI, it works decently.
My suggestion for improvement is that the UI of the game could be 
better, for example make the possible movement of a piece available 
when the player click on it.” Nooshin

“ The programme is a bit laggy, probably due to the code not being 
optimised, try to see if you can make it more efficient But overall it is a 
nice work. The AI was quite challenging for me. There is also a bug



when you start a programme sometime one of the pieces moves but 
then when you make your first move it goes back” Shayan
In general the feedback from player tester were good. Just a couple of 
issues sometimes the programme get laggy and another issue was at 
the beginning of the game sometimes one of the pawn pieces moves 
but it goes to the right place when the player makes the first move.
  

Chapter 6, Conclusion: 

In general this project helped me a lot to gain a better understanding of 
artificial intelligence, how different parts of search algorithms need to 
work together in order to produce results. The problem which I 
encountered during the project was that most of the algorithms needed 
to work together in the programme, that is the reason it was quite hard 
to debug the programme when you had problems. I was able to solve 
this problem by multiple trials and errors. One of the areas in which I can 
add new improvements are the game interface. Click and drag was quite 
difficult for some users, I wanted to change the interface so when you 
click on the piece it would show you all of your possible options. Also the 
other  improvement which could be done is end game screen. The other 
part of the programme which needs some improvement is stability, as 
sometimes it gets laggy. In the end, I believe doing this project enabled 
me to have a better understanding of artificial intelligence.



Bibliography:

[1] 
The intelligent agent paradigm:

Russell & Norvig 2003, pp. 27, 32–58, 968–972
Poole, Mackworth & Goebel 1998, pp. 7–21
Luger & Stubblefield 2004, pp. 235–240
Hutter 2005, pp. 125–126

[2]
 SHEERA FRENKEL article in New York Time JUNE 15, 2017 
https://www.nytimes.com/2017/06/15/technology/facebook-artificial-intelligence-extremists-
terrorism.html?mcubz=1

[3]
Leslie Hook article in Financial time APRIL 26, 2017

[4]
Zhu, Wentao; Miao, Jun; Hu, Jiangbi; Qing, Laiyun (2014-03-27). "Vehicle detection in 
driving simulation using extreme learning machine". Neurocomputing. 128: 160–165. 

https://www.ft.com/content/3c4001cc-2a98-11e7-9ec8-168383da43b7

[5]
Google Autonomous Driving  website 
https://waymo.com/tech/

[6]
http://digg.com/video/watch-a-fully-autonomous-tesla-drive-itself-around-town-and-find-itself-a-
parking-spot

[7]
Eastwood, Gary. "How video game AI is changing the world". CIO. Retrieved 28 

February 2017.
[8]
Hsu, Feng-hsiung (2002). "Behind Deep Blue: Building the Computer that 

Defeated the World Chess Champion". Princeton University 
Press. ISBN 0-691-09065-3.

https://en.wikipedia.org/wiki/Intelligent_agent
https://en.wikipedia.org/wiki/Artificial_intelligence#CITEREFRussellNorvig2003
https://en.wikipedia.org/wiki/Artificial_intelligence#CITEREFPooleMackworthGoebel1998
https://en.wikipedia.org/wiki/Artificial_intelligence#CITEREFLugerStubblefield2004
https://en.wikipedia.org/wiki/Artificial_intelligence#CITEREFHutter2005
https://www.nytimes.com/2017/06/15/technology/facebook-artificial-intelligence-extremists-terrorism.html?mcubz=1
https://www.nytimes.com/2017/06/15/technology/facebook-artificial-intelligence-extremists-terrorism.html?mcubz=1
http://www.sciencedirect.com/science/article/pii/S0925231213010126
http://www.sciencedirect.com/science/article/pii/S0925231213010126
https://www.ft.com/content/3c4001cc-2a98-11e7-9ec8-168383da43b7
https://waymo.com/tech/
http://digg.com/video/watch-a-fully-autonomous-tesla-drive-itself-around-town-and-find-itself-a-parking-spot
http://digg.com/video/watch-a-fully-autonomous-tesla-drive-itself-around-town-and-find-itself-a-parking-spot
http://www.cio.com/article/3160106/artificial-intelligence/how-video-game-ai-is-changing-the-world.html
https://en.wikipedia.org/wiki/Feng-hsiung_Hsu
https://en.wikipedia.org/wiki/Princeton_University_Press
https://en.wikipedia.org/wiki/Princeton_University_Press
https://en.wikipedia.org/wiki/International_Standard_Book_Number
https://en.wikipedia.org/wiki/Special:BookSources/0-691-09065-3


[9]
https://deepmind.com/research/alphago/

[10]
https://netbeans.org/features/platform/index.html

[11]
https://java.com/en/download/

[12]
Levy, David; Newborn, Monty (1991), How Computers Play Chess, Computer 

Science Press, ISBN 0-7167-8121-2
[13]
 "IBM's Deep Blue beats chess champion Garry Kasparov in 1997". NY Daily News. 
Retrieved 2017-08-03.

[14]
 "Once Again, Machine Beats Human Champion at Chess". The New York Times. 
December 5, 2006.

[15]
Computer chess rating 
http://www.computerchess.org.uk/ccrl/4040/

[16]
 "WCCC2016".

[17]
popular Chess.com video author GM Roman Dzindzichashvili

[18]
 Prakash, Om. "Hope for the new Komodo!". Retrieved 25 October 2013.

[19]
 Kaufman, Larry (24 November 2013). "Stockfish depth vs. others; 
challenge". talkchess.com. Retrieved 8 March 2014.

 Kislik, Erik (6 June 2014). "IM Erik Kislik analyzes the TCEC Superfinal in-
depth". susanpolgar.blogspot.hu. Retrieved 7 June2014.

[20]

https://deepmind.com/research/alphago/
https://netbeans.org/features/platform/index.html
https://java.com/en/download/
https://en.wikipedia.org/wiki/David_Levy_(chess_player)
https://en.wikipedia.org/wiki/International_Standard_Book_Number
https://en.wikipedia.org/wiki/Special:BookSources/0-7167-8121-2
http://www.nydailynews.com/news/world/kasparov-deep-blues-losingchess-champ-rooke-article-1.762264
https://www.nytimes.com/2006/12/05/crosswords/chess/05cnd-chess.html
http://www.computerchess.org.uk/ccrl/4040/
https://icga.leidenuniv.nl/?page_id=1676
http://www.chess.com/video/library?author=JRLOK
http://ommprakasshh.blogspot.in/2012/12/hope-for-new-komodo.html
https://en.wikipedia.org/wiki/Larry_Kaufman
http://www.talkchess.com/forum/viewtopic.php?start=0&t=50220
http://www.talkchess.com/forum/viewtopic.php?start=0&t=50220
https://en.wikipedia.org/wiki/Erik_Kislik
http://susanpolgar.blogspot.hu/2014/06/im-erik-kislik-analyzes-tcec-superfinal.html
http://susanpolgar.blogspot.hu/2014/06/im-erik-kislik-analyzes-tcec-superfinal.html


 Claude Shannon (1950). "Programming a Computer for Playing 
Chess" (PDF). Philosophical Magazine. 41 (314).

[21]

 Michael Maschler, Eilon Solan & Shmuel Zamir (2013). Game Theory. Cambridge 
University Press. pp. 176–180. ISBN 9781107005488.

[22]
 Russell, Stuart J.; Norvig, Peter (2010). Artificial Intelligence: A Modern Approach (3rd 
ed.). Upper Saddle River, New Jersey: Pearson Education, Inc. 
p. 167. ISBN 0-13-604259-7.

 Atallah, Mikhail J.; Blanton, Marina (2009-11-20). Algorithms and Theory of 
Computation Handbook, Second Edition, Volume 2: Special Topics and Techniques. 
CRC Press. p. 22-14. ISBN 9781584888215.

[23]
 "A Brief History of Go". American Go Association. Retrieved March 23, 2017.

[24]
 "Research Blog: AlphaGo: Mastering the ancient game of Go with Machine 
Learning". Google Research Blog. 27 January 2016.

 "Google achieves AI 'breakthrough' by beating Go champion". BBC News. 27 January 
2016.

[25]
Bengio, Y.; Courville, A.; Vincent, P. (2013). "Representation Learning: A Review and 
New Perspectives". IEEE Transactions on Pattern Analysis and Machine 
Intelligence. 35 (8): 1798–1828. arXiv:1206.5538 . doi:10.1109/tpami.2013.50.

 Schmidhuber, J. (2015). "Deep Learning in Neural Networks: An Overview". Neural 
Networks. 61: 85–117. PMID 25462637. arXiv:1404.7828 . doi:10.1016/j.neunet.
2014.09.003.

Bengio, Yoshua; LeCun, Yann; Hinton, Geoffrey (2015). "Deep Learning". Nature. 521: 
436–444. doi:10.1038/nature14539.

[26]
 "Monte-Carlo Tree Search in TOTAL WAR: ROME II’s Campaign AI". AI Game 
Dev. Retrieved 25 February 2017.

Silver, David; Huang, Aja; Maddison, Chris J.; Guez, Arthur; Sifre, Laurent; 
Driessche, George van den; Schrittwieser, Julian; Antonoglou, Ioannis; 

https://en.wikipedia.org/wiki/Claude_Shannon
http://archive.computerhistory.org/projects/chess/related_materials/text/2-0%20and%202-1.Programming_a_computer_for_playing_chess.shannon/2-0%20and%202-1.Programming_a_computer_for_playing_chess.shannon.062303002.pdf
http://archive.computerhistory.org/projects/chess/related_materials/text/2-0%20and%202-1.Programming_a_computer_for_playing_chess.shannon/2-0%20and%202-1.Programming_a_computer_for_playing_chess.shannon.062303002.pdf
https://en.wikipedia.org/wiki/Cambridge_University_Press
https://en.wikipedia.org/wiki/Cambridge_University_Press
https://en.wikipedia.org/wiki/International_Standard_Book_Number
https://en.wikipedia.org/wiki/Special:BookSources/9781107005488
https://en.wikipedia.org/wiki/Stuart_J._Russell
https://en.wikipedia.org/wiki/Peter_Norvig
http://aima.cs.berkeley.edu/
https://en.wikipedia.org/wiki/International_Standard_Book_Number
https://en.wikipedia.org/wiki/Special:BookSources/0-13-604259-7
https://books.google.com/books?id=SbPpg_4ZRGsC&pg=SA22-PA14&lpg=SA22-PA14&q=%22random%20ordering%20of%20the%20frontier%20nodes%22&f=false
https://books.google.com/books?id=SbPpg_4ZRGsC&pg=SA22-PA14&lpg=SA22-PA14&q=%22random%20ordering%20of%20the%20frontier%20nodes%22&f=false
https://en.wikipedia.org/wiki/International_Standard_Book_Number
https://en.wikipedia.org/wiki/Special:BookSources/9781584888215
http://www.usgo.org/brief-history-go
http://googleresearch.blogspot.com/2016/01/alphago-mastering-ancient-game-of-go.html
http://googleresearch.blogspot.com/2016/01/alphago-mastering-ancient-game-of-go.html
http://googleresearch.blogspot.com/2016/01/alphago-mastering-ancient-game-of-go.html
http://www.bbc.com/news/technology-35420579
https://en.wikipedia.org/wiki/BBC_News
https://en.wikipedia.org/wiki/ArXiv
https://arxiv.org/abs/1206.5538
https://en.wikipedia.org/wiki/Digital_object_identifier
https://doi.org/10.1109%2Ftpami.2013.50
https://en.wikipedia.org/wiki/PubMed_Identifier
https://www.ncbi.nlm.nih.gov/pubmed/25462637
https://en.wikipedia.org/wiki/ArXiv
https://arxiv.org/abs/1404.7828
https://en.wikipedia.org/wiki/Digital_object_identifier
https://doi.org/10.1016%2Fj.neunet.2014.09.003
https://doi.org/10.1016%2Fj.neunet.2014.09.003
https://en.wikipedia.org/wiki/Digital_object_identifier
https://doi.org/10.1038%2Fnature14539
http://aigamedev.com/open/coverage/mcts-rome-ii/


Panneershelvam, Veda. "Mastering the game of Go with deep neural networks 
and tree search". Nature. 529(7587): 484–489. doi:10.1038/nature16961.

Brügmann, Bernd (1993). Monte Carlo Go (PDF). Technical report, Department 
of Physics, Syracuse University.

[27]

Ciresan, Dan; Meier, U.; Schmidhuber, J. (June 2012). "Multi-column deep neural 
networks for image classification". 2012 IEEE Conference on Computer Vision and 
Pattern Recognition: 3642–3649. doi:10.1109/cvpr.2012.6248110.

[28]

van Otterlo, M.; Wiering, M. (2012). "Reinforcement learning and markov decision 
processes". Reinforcement Learning. Springer Berlin Heidelberg: 3–42.

Some other useful reassures which I have read  

https://medium.freecodecamp.com/simple-chess-ai-step-by-
step-1d55a9266977

https://en.wikipedia.org/wiki/Computer_chess#Chronology

http://archive.computerhistory.org/projects/chess/related_materials/text/
2-0%20and%202-1.Programming_a_computer_for_playing_chess.shan
non/
2-0%20and%202-1.Programming_a_computer_for_playing_chess.shan
non.062303002.pdf

http://www.public.iastate.edu/~vulture/cs472/vchess.pdf

http://www.cs.unm.edu/~pdevineni/papers/Montoya.pdf

http://library.msri.org/books/Book29/files/stiller.pdf

https://chessprogramming.wikispaces.com/

http://www.nature.com/doifinder/10.1038/nature16961
http://www.nature.com/doifinder/10.1038/nature16961
https://en.wikipedia.org/wiki/Digital_object_identifier
https://doi.org/10.1038%2Fnature16961
http://www.ideanest.com/vegos/MonteCarloGo.pdf
http://ieeexplore.ieee.org/document/6248110/
http://ieeexplore.ieee.org/document/6248110/
https://en.wikipedia.org/wiki/Digital_object_identifier
https://doi.org/10.1109%2Fcvpr.2012.6248110
http://link.springer.com/chapter/10.1007/978-3-642-27645-3_1
http://link.springer.com/chapter/10.1007/978-3-642-27645-3_1
https://medium.freecodecamp.com/simple-chess-ai-step-by-step-1d55a9266977
https://medium.freecodecamp.com/simple-chess-ai-step-by-step-1d55a9266977
https://en.wikipedia.org/wiki/Computer_chess#Chronology
http://archive.computerhistory.org/projects/chess/related_materials/text/2-0%20and%202-1.Programming_a_computer_for_playing_chess.shannon/2-0%20and%202-1.Programming_a_computer_for_playing_chess.shannon.062303002.pdf
http://archive.computerhistory.org/projects/chess/related_materials/text/2-0%20and%202-1.Programming_a_computer_for_playing_chess.shannon/2-0%20and%202-1.Programming_a_computer_for_playing_chess.shannon.062303002.pdf
http://archive.computerhistory.org/projects/chess/related_materials/text/2-0%20and%202-1.Programming_a_computer_for_playing_chess.shannon/2-0%20and%202-1.Programming_a_computer_for_playing_chess.shannon.062303002.pdf
http://archive.computerhistory.org/projects/chess/related_materials/text/2-0%20and%202-1.Programming_a_computer_for_playing_chess.shannon/2-0%20and%202-1.Programming_a_computer_for_playing_chess.shannon.062303002.pdf
http://archive.computerhistory.org/projects/chess/related_materials/text/2-0%20and%202-1.Programming_a_computer_for_playing_chess.shannon/2-0%20and%202-1.Programming_a_computer_for_playing_chess.shannon.062303002.pdf
http://www.public.iastate.edu/~vulture/cs472/vchess.pdf
http://www.cs.unm.edu/~pdevineni/papers/Montoya.pdf
https://chessprogramming.wikispaces.com/


https://www.youtube.com/watch?
v=1YdBLgmoV_E&index=28&list=PLQV5mozTHmacMeRzJCW_8K3qw
2miYqd0c

https://www.youtube.com/watch?v=ctCRdiucW2Y

https://www.youtube.com/watch?v=dqL0L6tNz_M

https://www.youtube.com/watch?v=LGJ5_Ka4UTE

https://www.wholesalechess.com/pages/new-to-chess/pieces.html

https://docs.kde.org/trunk5/en/extragear-games/knights/piece-
movement.html

https://en.wikipedia.org/wiki/Chess_piece

https://www.youtube.com/watch?v=1YdBLgmoV_E&index=28&list=PLQV5mozTHmacMeRzJCW_8K3qw2miYqd0c
https://www.youtube.com/watch?v=1YdBLgmoV_E&index=28&list=PLQV5mozTHmacMeRzJCW_8K3qw2miYqd0c
https://www.youtube.com/watch?v=1YdBLgmoV_E&index=28&list=PLQV5mozTHmacMeRzJCW_8K3qw2miYqd0c
https://www.youtube.com/watch?v=ctCRdiucW2Y
https://www.wholesalechess.com/pages/new-to-chess/pieces.html
https://docs.kde.org/trunk5/en/extragear-games/knights/piece-movement.html
https://docs.kde.org/trunk5/en/extragear-games/knights/piece-movement.html

