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ABSTRACT: The intended purpose of this paper is to inform readers of the advancement of Artificial Intelligence (AI) in recent 
decades and show how Chess/Go engines are representative of the improvements made in the field of AI. Also, the positive and 
negative implications of advancements in chess engine have been discussed. Moreover, the structural and efficiency improvements 
of Chess/Go engines have been detailed. Chess, Go, and other perfect knowledge 2 player games are just a measuring stick of 
the improvement of artificial intelligence. The objective of AI development is to generalize an algorithm which is applicable in 
the field of sciences. This can then help tackle environmental issues such as pollution, issues in the field of medicine such as drug 
production and also come up with an effective treatment for cancer. Due to AI’s accelerated learning ability, it can come up with 
creative solutions to problems communities face today.
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�   Introduction
Chess, Go, and Checkers are intellectual boardgames and 

have been around for centuries. The world’s oldest board game 
“Go” originated in China around 2500 B.C. The objective of 
Go is to surround more territory than your opponent using 
your designated stone color. There are 361 squares (19 rows 
and 19 columns) in Go, and the number of possible Go games 
is a staggering 10⁷⁰⁰ games.¹-⁴ Chess originated in India 
during the 5th century; however, the modern chess game was 
only developed by the 19th century. The chess player aims to 
checkmate their opponents’ kings. There are 64 squares (8 
rows and 8 columns) in chess, and a colossal 10¹²⁰ possible 
games.¹ Two players play against each other on these board 
games. Over the past years, machines have been programmed 
to play these games using existing databases, point systems, and 
probability. Recently with the incorporation of AI, Checker 
engines have solved the game of Checkers. With perfect play 
from both sides, the game ends in a draw.⁵ However, due to 
the higher complexity of “Go” and “Chess” and the limitations 
of hardware available to compute all possibilities of either 
game, AI will not be able to solve either of the games anytime 
soon. Chess engines have advanced to a great extent and are 
far stronger than the world’s best chess players. However, most 
“Go” engines are still in their initial phases and would struggle 
to beat 9 Dan players (one of the best Go players).⁶
�   Discussion
The Turk:
The Turk (Figure 1) is regarded as the first engine that was 

able to play chess. It was made in the 1769 by Wolfgang von 
Kempelen and was said to be able to calculate many moves 
ahead. The Turk was considered to be a genius invention and 
many famous leaders and scientist such as Napoleon Bonapart 
and Benjamin Franklin played against the Turk.⁷ The creator 
had to complicate the interior design of The Turk to mislead 
people into believing that the clockwork mechanism was what 

helped The Turk play brilliantly.  However, it was later discov-
ered that a professional chess player, sitting on the other side 
of the cabinet, was controlling the moves it made.⁷ The place-
ment of the chess master was invisible to the audience since he 
was located under The Turks robes. Therefore, the machine is  
considered fake as it was not playing on its own.⁹ In 1954, The 
Turk met its demise as a fire engulfed the area of the Chinese 
Museum it was kept in.⁸ The Turk inspired Amazon to cre-
ate a web-based software application in which people around 
the world can apply for internship to do tasks which machines 
struggle in.⁹ This is similar to how The Turk worked as com-
puters were not invented during that time, so the creator had 
to improvise by using human assistance. After the Turk, there 
was not any major development in chess engines over the next 
150 years. In 1951 the first chess engine to run on an electronic 
computer was created by Dietrich Prinz.¹⁰ Chess engines were 
in their initial development during this period and a strong 
chess player could easily defeat these chess engines.

Figure 1: The first chess engine The Turk. The above image is taken from 
https://commons.wikimedia.org/wiki/File:Tuerkischer_schachspieler_
racknitz3.jpg
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Deep Blue:
Until IBM made ‘Deep Blue’, all chess engines had numer-

ous bugs and a lack of positional understanding. Deep Blue’s 
development started in 1985 and was led by an AI pioneer 
Edward Fredkin. Fredkin challenged his colleagues at IBM to 
create a chess engine that could challenge the greatest chess 
player during that period; Grand Master (GM) Garry Kaspar-
ov.¹¹ The development of Deep Blue started in 1985 with “Chip 
test” project at Carnegie Mellon University with assistance of 
GM Joel Benjamin. Deep Blue used Alpha-beta search meth-
od to calculate the winning probability of the moves.¹² This is 
the old-fashioned AI as it is less efficient than Deep Minds 
AI algorithm which is used in today’s chess engines. Since 
the computer had to compute millions of positions per sec-
ond using a brute force system, the mainframe or processor 
had to be big and efficient enough to make decisions within 
the chess classical time control. Deep Blue computed 700,000 
GM chess games from a chess database and 4,000 critical po-
sitions.¹³ GM Joel Benjamin helped refine Deep Blue’s middle 
game understanding. Many chess endgame books and end-
game analyses were fed into Deep Blue’s database. Deep Blue 
created an extended database to summarize all the previous 
GM games to its opening database. GM Kasparov trained by 
playing against popular chess engines or programs to under-
stand their flaws in positional understanding. The match Garry 
Kasparov vs Deep Blue was a two-separate match-up event; 
each consisting of 6 games. The first match of the first event 
took place on February 10, 1996, at Pennsylvania Convention 
Center in Philadelphia. Kasparov lost the first game, won the 
second game, drew the next two games, and won the last two 
games. 

Kasparov won the first event by a margin of two games 4 
- 2. IBM then made four curial improvements to Deep Blue 
which were medium scale multiprocessing (24 chess engines 
processors in the beginning of the rematch which would help 
crush millions of positions faster), enhanced evaluation hard-
ware such as larger RAM size which could include additional 
features, improved search software which would help Deep 
Blue evaluate positions more efficiently, and finally an extend-
ed opening book which improved Deep Blue’s knowledge 
about the different openings and their different variations/
sidelines.¹⁴ The first match of the second event (rematch) took 
place on May 11, 1997, in New York City. The first match Gar-
ry Kasparov won, second match he lost, third, fourth, and fifth 
matches were draws, and the final match he lost. The final result 
was 3.5 - 2.5 in favor of Deep Blue.¹⁵ Playing chess helped aid 
AI development. The consistent incremental improvement by 
Deep Blue paved the way for the future growth and potential 
of AI. Deep Blue was established as the first engine to defeat 
a World Champion. Deep Blue assessed a given position by 
referring to its database for geometrical relations with previous 
GM games or positions. Then it analyzed the position by using 
its evaluation function, which assigns a numeric value to each 
of its pieces before making its move. Altering the depth allows 
Deep Blue to calculate more moves ahead by a given factor. 
The two microprocessors enable Deep Blue to analyze up to 
two million positions per second, which allows it 

a maximum of five moves ahead. The singular extension allows 
Deep Blue to calculate twenty moves ahead in complicated 
positions as it uses Alpha-Beta pruning, in which it disregards 
some of the bad variations to consider only the interesting 
options.¹⁶ Thus, Deep Blue can be more efficient as it does not 
need as much time to compute variations. Deep Blue will have 
a forever lasting impact on the later generations of advanced 
chess engines.

Modern Chess Engines:
Modern chess engines can run on any electronic device, 
including mobile phones.¹⁷ Improvements in storage capacity 
and in machine learning help these engines easily outperform 
the best chess-players very easily.

Stockfish:
One of the most commonly used and strongest classical 

chess engines of all time is ‘Stockfish’. Stockfish uses advanced 
Alpha-Beta search algorithms, similar to that of Deep Blue, 
to statistically evaluate a given position. Stockfish evaluates a 
position based on geometry and mobility of pieces in a given 
position.¹⁸ These could be the pawn structure, the mobility 
of pieces, trapped pieces, point system for the pieces, king 
safety, and the outpost for the pieces. Then it looks at multiple 
corresponding positions and statistically determines which 
move would have the best outcome. These classical engines 
use the minmax algorithm (Figure 2) to make their move. For 
example, say the computer is the maximizer and the human 
player is the minimizer. The engine assumes that the human 
player will play perfectly and minimize the score as much as 
possible. However, in reality, this is not always true. So, it is the 
human’s turn and it’s at 4. Its depth is set to 4 moves. So, the 
human is at move 4(max). Since the human player is trying 
to minimize the score, he/she will choose the lowest number 
out of all the options in the most bottom row. For example, 
the human chose 10 instead of infinite because 10<infinity.¹⁹ 
Then the engine chooses the maximum number. For example, 
the computer chose 10 instead of 5 because 5 is less than 10. 
This process continues until a move is made. Then, based on 
the move made, another minmax graph is produced where the 
nodes hold the decision points. The algorithm evaluates each 
leaf node using a heuristic evaluation function, by measuring 
the possibility of node for the maximizing player. Therefore, 
the nodes having favorable outcome, i.e. win, have higher 
values for maximizing players than the favorable nodes for 
minimizing players. This continues until the end of the game. 
Also, since looking at all the possible outcomes for a move is 
difficult and time consuming, the algorithm utilizes Alphabeta 
pruning method to disregard some inaccurate possibilities.²⁰ 
Therefore, Alphabeta pruning improves the efficiency as the 
engines do not go too deep into a bad move and analyze a 
stronger move more in depth during the middle game. During 
the opening, the engine refers to its opening book. The opening 
book is a database that constitutes all of the openings in chess. 
Then, there is also an endgame (less than 7 pieces) table which 
constitutes millions of common and uncommon endgame 
positions. Stockfish plays chess at a superhuman level and 
has an ELO rating of 3450.²¹ Compared to the current world 
chess champion Magnus Carlsen (ELO of 2850), Stockfish is 
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popularity of King’s Gambit Accepted kept fluctuating during 
the 1800s and 1900s (Figure 3). It reached its peak during 
1980; however, it had a steep decline in popularity from 1980 
to current time because of chess engine’s novelty or counter-
gambits that gave black the edge when the opening is played. 
We also see Gambits being played less at the top level these 
days because engines have refuted or decreased the advantage 
of these gambits. Therefore, if the opponent can effectively de-
fend against a gambit, he or she is at an advantage right of the 
opening. 

However, there are some drawbacks in chess engines. Re-
cently cheating in chess has become more common in both 
online chess and in tournament chess. For example, GM Igors 
Rausis was caught cheating during Strasbourg Open tourna-
ment. Igors Rausis was caught using his mobile phone in the 
toilet.²⁶ The arbiters suspected that Igors was up to no good 
when he made multiple trips to the toilet during his earlier 
games. His play against weaker masters was almost perfect and 
he consistently defeating anyone 100 ELO points below his 
rating. This is a very difficult feat for a man in his late 50s to 
do. His progress is displayed in (Figure 4). Therefore, officials 
placed a hidden camera to monitor his actions. As we all can 
see, he was using the availability of chess engines and the pri-
vacy of being in the restroom to his advantage to defeat his 
opponents. Officials caught him red handed and he was imme-
diately disqualified from the tournament. FIDE (The World 
Chess Federation) is an international organization, which is 
the governing body of international chess tournaments. FIDE 
therefore had to decide how to punish GM Igors Rausis inap-
propriate actions. FIDE took away Igors GM title and Igors 
was banned from playing chess internationally for 6 years.²7 

Igors progression from 2500 to 2700 in 6 years during his mid 
to late 50s was impressive, but also suspicious.

much stronger and can easily defeat him at its latest version 
(Stockfish 9).²² Chess engines have continuously improved 
over the years, and Deepmind’s AI has helped chess engines to 
further enhance their superiority over the game. 

Alpha Zero:
AI chess engine Alpha Zero developed by Google, studied 

the game of chess for nine hours. Alpha Zero plays against 
itself a number of times and makes improvements in its under-
standing of different positions with each game. It also analyzes 
and learns fundamental chess strategies, tactics, and endgame 
positions. It utilizes Convolutional Neural Networks (CNN,) 
which is a class of Deep Neural Networks.²³ In a nutshell, this 
helps engines think like superhumans, such as seeing tactical 
patterns 6 to 7 steps ahead without referring to millions of 
games from pre-store database. They incrementally improve 
by playing against themselves. Alpha Zero was put to the test 
when it had to play 100 chess games against Stockfish (stron-
gest classical chess engine) with only 9 hours of preparation 
to do so. Alpha Zero defeated Stockfish with a score of 28 
wins 72 draws and 0 losses. Alpha Zero was Google’s experi-
ment to check improvements in AI. Now Alpha Zero is retired 
from chess and is majoring in other fields such as medicine 
and engineering. Nowadays, engines are used by nearly every 
chess player, from a beginner to a Super Grand Master for 
preparation. Review articles can be incredibly useful for other 
researchers, introducing them to the key existing literature and 
summarizing the current state of the field.

Advantages and disadvantages of advancement in chess 
engines:

Chess engines can help strong players discover novelties 
in the opening phase of the game to surprise their oppo-
nent. Chess engines compete against themselves each year to 
see which chess engine is the strongest in the TCEC (Top 
Chess Engine Championship). The participating engines have 
an ELO rating of 2900+ which is well above current world 
champion Magnus Carlsen.²⁴ Engines also help commenta-
tors in getting a deeper understanding of the position in top 
GM games. The engine’s ideas can be very enterprising and 
entertaining for viewers. Chess engines are readily accessible 
to anyone connected to the internet.

Chess has become more systematic (a lot of memorizing) 
and solid over the recent years. For example, during the Ro-
mantic era, the top chess players used to play aggressive chess 
openings such as King’s Gambit and Evans Gambit, where 
they sacrifice pieces or pawns in the opening for initiative (lead 
in development) or an attack on the opponent’s king.²⁵ The 

Figure 2: Minimax algorithm flow diagram. The above image is taken from 
https://en.wikipedia.org/wiki/Minimax 

Figure 3: Kings’s Gambit Graph. The frequency at which King’s 
Gambit is played at FIDE rated tournaments by masters between 1840-
2016. This image is taken from https://www.chessgames.com/perl/
chessopening?eco=c39 

Figure 3: Igors Rausis chess progression graph. The rating progress of Igors 
Rausis in different time controls (standard, rapid, and blitz) by 2003 to 2019. 
This image is taken from https://chess24.com/en/read/news/gm-igors-rausis-
allegedly-caught-cheating 
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Online chess has also been subjected to more cheating. 
Many players of all levels have had their online chess accounts 
detained or closed because of suspicion of cheating. Online 
chess websites such as chess.com, chess24.com, and lichess.org 
have inbuilt algorithms to cross reference a user’s game with a 
chess engine relative to the user’s IP address.²⁸ The chess.com 
server uses a fair play system to catch its cheaters using cross 
reference accuracy rating and reference to millions of games in 
a complex and sophisticated database.²⁹ If the same moves are 
repeated in an engine and on the players board, the software 
will notice it and force the engine user to lose the match and 
be banned from the server. Especially, during the COVID-19 
pandemic, chess.com has reported there has been a sharp 
increase in accounts banned due to cheating during summer 
of 2020 from an average ban of 6000 accounts per month 
to 17,000 accounts ban per month.³⁰ Though chess engines 
have given raise to cheating, it has also helped in analyzing 
one’s own game and other master’s games. “Are chess engines 
ethical?” is a controversial topic as stated previously, and it has 
many advantages but also some clear disadvantages. 

Go Engine:
Go is claimed to be the most complicated boardgame as it 

has far more possibilities than a chess game and Go playing 
pieces don’t have many constructive rules. The number of legal 
positions in Go is considered to be greater than the number of 
atoms in the Universe.⁴

However, DeepMind’s AlphaGo AI engine surprised every-
one when it defeated the 18 time Go world champion Lee 
Se-Dol with a decisive margin of 4-1.³¹ AlphaGo project was 
led by Demis Hassabis, who runs the company DeepMind, 
had a mission of fundamentally understanding intelligence 
and then reinvent it artificially.

AlphaGo:
Since Go doesn’t have constructive creating an AI engine 

that can out-play strong Go players is difficult. Therefore, being 
able to crack Go would be an indicator of AI progress. AlphaGo 
development started around early 2014. Strong Go players 
play a move based on their intuition. Therefore, DeepMind 
had to create an algorithm that mimics strong Go players’ 
intuition. In the initial stages, AlphaGo was first introduced to 
100,000 Go games played by strong players that were available 
on the internet. AlphaGo started mimicking these strong 
players moves, and through reinforcement learning by playing 
different versions of itself millions of times it improved on the 
ideas it was initially presented with. The deep neural network 
in AlphaGo approximates the neural network in our brain. It 
helps AlphaGo learn and recognize patterns like humans.³² 
DeepMind invited Fan Hui, European Go champion, to see 
how AlphaGo would fare against such a challenge. AlphaGo 
defeated Fan Hui 5-0 which shocked the world.³³ AlphaGo 
was a different Go engine when compared to other amateur 
Go programs found on the internet. AlphaGo played like a 
strong human player, finding ideas that Fan Hui overlooked. 
Fan Hui helped DeepMind make further improvements in 
AlphaGo’s accuracy and areas of weaknesses. Later, DeepMind 
requested to challenge Lee Se-Dol, considered one of the 
greatest Go players. He was a dan 9 Go player, which is the 

highest ranking one can achieve in the game. The match up 
was very intense, with major media attention and multiple 
broadcasts of the games. AlphaGo won the first game in a very 
deceptive manner as it managed to trick Lee Se-Dol. The same 
happened for the next two games. Lee Sa-Dol managed to win 
game 4 because AlphaGo made a positional mistake and then 
continued to make a series of errors. Game 4 was considered 
the greatest match as a human managed to beat an AI Go 
engine. AlphaGo won the fifth and final game. So, the score 
was 4-1 in AlphaGo’s favor.

AlphaGo has three major components. The policy network is 
made of thousands of high-quality games played in the past.³⁴ 
Then, the value network calculates different critical moves and 
the probability of winning when playing that move in that 
particular position. The final component is the Monte-Carlo 
Tree Search (MCTS) where it looks at different variations at a 
depth of 4-5 moves ahead. The policy network first recognizes 
an interesting variation.³⁵ Then the tree search helps it look 
through the variation at a certain depth. Finally, the value 
network calculates the probability of that variation is beneficial. 
AlphaGo made very interesting moves which humans would 
usually never play because it looks very unorthodox. However, 
these strange but strong moves can help Go players gain 
new insight into the game. The ability for AI engines such as 
AlphaGo to identify interesting patterns in a given position 
can bring new insight and new way of approaching the game 
of Go.³⁶ This improves creativity and the diversity of thinking, 
which can be the foundation of a concrete approach to play the 
game. This achievement is symbolic of the advancement of AI 
over the past decade.

The table below compares different attributes of engines. 
It helps identify the capability and the capacity of different 
Chess and Go engines in a glance.
�   Conclusion
Over the past century boardgame engines have improved 

at an exponential rate due to advancements in the field of 
electronics and computing. These improvements came with 
its many advantages such as improved understanding of 
the game, better analysis of positions, and enables people to 
discover novelties (new ideas) for preparation. However, there 
are a few drawbacks such as making the game very systematic 
to an extent to which certain openings cannot be played 
because they have been refuted by engines, and engine misuse 
is one of the main causes of cheating incidents in online and 
real-life tournaments. However, as technology progresses, 
these limitations or drawbacks of engines can be overcome. 
Advancement/progress of artificial intelligence in Chess and 
Go engines are indicators of the progress of AI itself. In the 
near future artificial intelligence can be introduced in many 
fields of interest to tackle issues and limitations in those fields 
as well. 
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