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Abstract— The field of chess raises very interesting challenges
to computer science and in particular to Artificial Intelligence.
Indeed, as we will see, computational models of chess need to
take into account important elements of advanced human
problem solving capabilities such as knowledge representation,
reasoning, and learning. In this paper | describe and compare
two main engines on the basis of a chess tournament. A computer
program is capable of carrying and describing some creative
moves of chess. The results will definitely surprising.
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INTRODUCTION

There has been research going on since the last few
decades on how to beat a human expert or master
level player with the algorithm. Many scientists like
Charles babbage (The turk[1]) , Alan turing ,
CLAUDE E. SHANNON[2] , John wvon
Neumann[3], Planning algorithms for artificial
intelligence is always challenging. In designing the
Model for the Chess game , different scientists give
different approaches like when we talk about the
John von Neumann he proposed two algorithms .
The first one is based on the brute force search and
the second one works on the concept of intelligence
strategy that can simulate human intelligence (i.e.
think like a human.Systems that have been
successful in chess: There are some highly specified
systems that have been successful in chess and also
have had impact in real world domains like robotics
, industrial control , or intelligent assistants. Mostly
these systems use Model-based Reinforcement
Learning (RL) that first learn the model of the
environment’s dynamics , and then planning with
respect to learning model . Or we have Model-free
RL -i.e. they took the rules from the or we say
optimal policies /value functions and start from the
scratch Some highly sophisticated systems are:

IBM’s Deep Blue

The IBM Deep Blue supercomputer that
defeated world chess champion Garry kasparov
in 1997 employed 480 custom chess chips. This
technique describes the design philosophy,
general architecture, and performance of the
chess chips, which provided most of deep blue’s
computational power. Article given by [4] in
1999 given a engine for this technique that was
under IEEE micro.

A. STOCKFISH-

Stockfish is an open source chess engine
developed by Tord Romstud , Marco Costalba
and Joona Kiiski. This project started in
November 2008, since then it has evolved only.
It has state-of-art-engines based on Alpha-Beta
Search and till now it has reached an
indisputably superhuman in terms of chess. It
can compare 70,000,000 moves per second as a
player. This engine has been evaluated by human
grandmasters since 2008. Also search extensions
that are highly optimized using game specific
heuristic.

B. AlphaZero-

Now, the latest technology is using two main
methodologies, first one is deep neural networks
and the second one is general reinforcement
learning algorithm. It starts learning the game
from scratch ( Like babies learn games from
scratch ) but obviously with more computational
power .
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Il. LITERATURE REVIEW

In 2017 ,Google’s AlphaZero takes on chess on 4th
december in Google headquarters, London.
AlphaZero surpasses the Stockfish 8 in 4 hours .
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Figure 1: Elo rating of Stockfish v/s AlphaZeroa

In figure 1 x axis represents the measure of time
which is concluded as training steps in thousands
and y axis represents the elo rating in the game of
chess.

Table 1:Summary of AlphaZero Results
Summary of AlphaZero Results

Win Draw Lose

Chess

vs. 2016 TCEC world champion Stockfish 23 2 a

Condition for this game is, both the engines will be
allowed to have 1 minute per move. Stockfish is the
strongest skill using 64 threads, same algorithm
setting and architecture (except input/output planes)
for all games.

Anatomy Of A World Champion Chess Engine
: STOCKFISH

Domain knowledge, extensions, heuristics in

2016 Top Chess Engine
Championship(TCEC)  world champion
Stockfish.

Anatomy of a World Champion Chess Enging

Domain knowledge, exensions, heuristcs in 2016 TCEC world champion Stockfsh:

Board Representation: Bitboards wih Litle-Endian Rank-File Mapping (LERF), Magic Biboards, BMI2
~ PEXT Bitboards, Pece:Lists, Search: eratve Deepening, Aspiraton Windows, Paralll Search using
Threads, YBWC, Lazy SMP, Principal Variafion Search. Transposition Table: Shared Hash Table
Depth-preferred Replacement Strategy, No PV-Node probing, Prefetch Move Ordering: Countermove
Heuritic, Counter Moves Histry, History Heuristic Intema Herative Degpening, Kiler Heurstic
MVVILVA, SEE, Selectivity: Check Extensions if SEE >= 0, Restricted Singular Extensions, Futity
Pruning, Move Count Based Pruning, NullMove Pruning, Dynamic Depth Reduction based on depth and
Value, Static Null Move Pruning, Verficaton search at igh depths, ProbCut, SEE Pruning, Late Move
Reductions, Razoring, Quiescence Search, Evaluation: Tapered Eval, Score Grain, Point Values

Figure 2: Depicting the Anatomy of a world champion
chess Engine

B. Anatomy Of AlphaZero

Self-Play Reinforcement Learning with Monte
Carlo Tree Search.

Anatomy of AlphaZero
Self-play reinforcement learning + self-play Monte-Carlo search

Board Representation-Bboards witritie-Endian Rark-Fie Mapping {LERF}-Magre Biboards-BMI
-PEXT Bitbeards: Piece-Hists-Seareh:-Herative Deepening-Aspiration-Windows-Paratel-Search using
Threads- YBWG-Lazy-SMP-Prncipat Vanation-Search-Transposition-Table: Shared-Hash Table
Desihpeeteret Replacement Sivateqy- No Py-Nade probg Prefetcn Move Ordening: Ceriemove
Heuristie-Gounter-Moves-Fisiafy-History Heuristie-ntemetHierative-Deepening-Kiler-Heurisbe
MVVLVA-SEE -Seleetivity-Gheek Bxensions-SEE->=0-Restrcted-Singular-Extensions-Futity
Peurvr-Move CountBased- Pruring-Nul Mowe: Pruring-Dynamie Depth Reduetion-based on-depth ord
valie-Statie-Nult Move Praning- Verfication seareh-athugh depihs- ProbGut-SEE-Pruning-Late Meve
Reduetions-Razerng-Quieseenee-Search-Evaluation: Tapered Evat-Seore Grain-Point Values
Midgame:138-817-836-1270-2524-Enegame-258-846-8571278-2558 Bishop ParImbalance
Tables-Matenal Hash-TablePiece-Square Tables-Trapped Pieces-Rooks on{Semi} Open-Fies

Figure 3: Depicting the Anatomy of AlphaZero
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I11. ANALYSIS OF ALGORITHMS

Now, we see how AlphaZero dominates Stockfish 8
in the 100 game match and didn’t lose a single
match against it. And take into consideration that
Stockfish was already 10 years old when the match
happened between these two engines. So stockfish
was more greater in terms of experience and as we
go further we will see that stockfish 8 check
70,000,000 moves per second and AlphaZero is
around 80,000 moves per second still the matches
goes in the favour of AlphaZero. In AlphaZero we
use Monte Carlo Tree Search (MCTS) instead
of Alpha-Beta Tree Search which was previously
used in earlier systems.
The factors we take into consideration :

Scalability With Search Time

As we have seen alpha-beta search is dominated in
these domains for 50 years now and there have been
many studies that suggested MCTS or any other
algorithm could not be competitive to alpha-beta
search but here we that MCTS not only outperform
the other programs but actually scaled up more
efficiently than alpha-beta search .

Table 2: Depicting Moves per second by
Stockfish and AlphaZero

Positions / second Stockfish Elmo AlphaZero

Chess 70,000,000 80,000

500 -+ Chess
400
300

200

e Elo
\

100

Relativ
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10 10 10°

Seconds per Move

Figure 4: Depicting Moves per second by
Stockfish and AlphaZero

It is similar to what John von neumann

proposed in Type B[3].

B. AlphaZero Self Play
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A26: Queens Pawn Game
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E61: Kings Indian Defence
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Figure 5(a): Opening moves Alphazero self play
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A10: English Opening

1...eS g3 dS cxdS &6 & g2 SixdS &3
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A46: Queens Pawn Game

2..d5cd4chb &c3 Re7 R4 0-O¢e3

E61: Kings Indian Defence

3...dS cxdS ©xdS e4 £xc3 bxc3 R g7 Ke3

Figure 5(b): Opening moves Alphazero self play

DO06: Queens Gambit

b

2..c6 ©c3 &f6 &3 a6 g3 c4 ad

E00: Queens Pawn Game

3.3 d5 ©c3 Ab4 225 h6 Wad &c6

C00: French Defence

3.8c3 &6 e5 Dd7 f4 ¢S D3 Ke?

Figure 5(c): Opening moves Alphazero self play

AlphaZero trained for 9 hours by playing 44
million games against itself. Alpha Zero’s
openings are amazing. AlphaZero plays in a
universal and balanced way, having both, the
best of the humans and the computers. AZ’s
tactical strength is overwhelming, but it comes
together with a deep strategic knowledge, only
seen until now exclusively with humans, as you
can see in the game using the Berliner Defence,
which wins in 87 movements. AZ plays very
well in blocked positions, as shown during the
two games played with the French Defence too.
AZ’s openings are amazing: it has discovered
and even overcome five centuries of human
effort in hardly two hours of training. When AZ
plays with black pieces, it shows a very solid
position and rapidly occupies the center in a
symmetrical way, like Karpov’s style. When
playing with white pieces, AZ likes to start with
the Queen, but in an aggressive way, like
Kasparov’s style. AZ loves to give away pieces
in the long term, with tactical sacrifices such as
Tal’s and other positional ones who could be
signed by Petrosian. The way AZ plays against
the Queens Indian Defence is sublime, from
another galaxy, with outstanding ideas such as
the sacrifice of the pawn in ¢4 during the match
that wind in 68 movements. It is also impressive
AZ’s relentless execution of its positional
advantage in some of the matches where AZ
plays in inferiority, as it is its faultless technique
in the final positions. We could easily say,
without a risk of making a mistake that, from the
analysis of the 10 games, AZ plays close to
perfection.
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THE 10 GAMES OF THE ALPHAZERO-STOCKFISH MATCH (Grouped by openings)

Berlin Defence (ST vs AZ)

1.04052.203 206 3.405 546 4.43
4e5 5. &xe6 dxeh 6.0-0 Elite pla-
yers are holding up castling with
6.£bd2!? Too subtle for a SF
without a book of Openings.

6...247! To take the pawn to 6
according to the structure of
pawns (white bishop, black
pawns) and recycling the knight:

Zfe7 30.4Md g5 31.493 2g6
2.5 57 33.23 27 34. 963
hS 35.0 S08 36.2e2 g4 37.042
Wh7 38.g1 418 39.51 26
40.263 4063

14fxe6 fxe6 15.0d1! bi 16.axb4
axbd 1752 ¢3 18bxc3 £bé
19.6rel £c4 20_2.c1 bxe3 21 ¥rxc3+
(1-0 in 95 moves).

7.205!7 An idea relatively new
and very promising. 7...Abd+
8.44d2 &c5 9.04 Le7 10.2bxdd
106 11.¢3 25 12.05 Zxd 13.cxdde
@b 14.34 Zied 15843 Sd2
16.50xd2 247 17.%¢3 b6 18.94 hS
19.Wg1 hagd 20.Wxgd 18 21.04

We7 22.2nc1 g6 23.2c2 Edd
24.2ac1 We8 25.Z¢7 e
26.5xc8+ Lxc8 27.5¢6 a0
28.2¢2 Wd7 29.55 Re?
30 2xy6!

a very human concept.

41201 Za8 42.5n2 &8 43. 591
Wob 44.14 gxf3 45.2x13 Lxed+
46.2Mxe3 o7 47.401'Wh7 48 293
Hg7 49.2xg7+ Wxg7 50.2e3 Zgd
51.293 Wh8 52.21b1 Zxg3 53, Lxg3
Whe 54.902 Lod 55502 L7
56.53 axb3 57.7b3 Web 58.2:42
Ld1 50.98 Aad 60.5:d2 Le7
763?21 7.60bd2 0-0 Sirer  61.412 Wod 62, W3 4d1 63 Wxgd
Lxpé B64.24 207 65.501 25
cxe5  66.203 Lacd-+ (0-1 in 87 moves)

_French Defence (AZ vs ST)  30...4xg5 31, Wxg5 Ixg6 32.15!

2g8 33.Wn6 W7 3406 Lde
1.04 €6 2.3 216 3.04 d5 4.5  35.0d2 7 36.2c1 a8 37.Wed
2147 5.14 ¢5 6.2 W 38.Wc3 Wha 39.Wxdd axdd
40.2g1 b3 41863 Ae8 2. 83
Ld7 43604 L8 44221 &7
4525 447 46.axd6+ Labb
47,286+ L7 48.%c5 208 49222
HeB+ 50,006 Le8 51.%e7 g5
§2.hxgS 1-0

374%5 Fag 38443 Ab2 395D

Ac3 4041 Ad7 41.6e2 Ad2
A27d1 Qed 302 Qg 4lel
Ad2 45701 Za2-+ (0-1 in 67
moves),

I 2
o & )

7..0-0 8.4 446 9.4g5 Wed ‘
1020116 11, 4h4 17 12.5.042 35 2
13,493 Ze8 14.We2 218 15.04 ¢5
16,05 b6 17,204 g6 18,503 447
19.2ad1 o7z 2003 W7 21.Wed  9.2d3 can
2082253 16 23, AM 51724, 443 1o p
Zie7 25.AM 27 26.893 a4  considered move is 9-b5) 10.2¢2 J
27,561 R1e7 28. 404 217 29,493 1S 11.43 7TBS 120-0 0-0 1365 a5 e

Figure 6. Games play by Stockfish and AlphaZero

CONCLUSIONS

Computer chess is most studied domain in history
of  Artificial Intelligence. Al  algorithm
development has been started since few decades.
Some highly specified systems have been
successful in chess like Deep Blue defeated
kasparov in 1997, state of art now in disputable
superhuman. Chess have more win over stockfish.
State of art engines are based on alpha beta search.
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