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Success Stories of the Transformer Architecture

BERT info graphic from https://github.com/thunlp/PLMpapers

Multi-Head Attention Block of the Transformer 
architecture [VSP+17]

ChatGPT

The transformer architecture is used in many 
Large Language Models (LLMs)
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Success Stories of the Transformer Architecture

Icons from https://github.com/microsoft/fluentui-emoji

● Have transformers become the “Swiss Army Knife” 
of AI?
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Success Stories of AlphaZero

Remarkable Examples with ≤ 2 Players

Icons from https://github.com/microsoft/fluentui-emoji
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Feature Engineering

Icons from https://github.com/microsoft/fluentui-emoji

● “Deep Learning removes the need for feature 
engineering”  – François Chollet

François Chollet
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Research Questions

Icons from https://github.com/microsoft/fluentui-emoji

● (Q1) Is the combination of AlphaZero with Vision Transformers beneficial in the game of 
chess?

● (Q2) How important is the input and output representation for AlphaZero?
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AlphaVile Architecture: CNN + ViT

● Hybrid architecture of Mobile Convolutional Block [SHZ+18] and Next Transformer Block 
[LXL+22]

● Classical AlphaZero network design: shared neural network with two outputs
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Feature Extension: The Importance of Representation

We added several features:
● piece mask for player 1 and 2
● checkerboard pattern
● material difference information
● opposite color bishop 

information
● checking pieces
● material count for player 1

We removed several features:
● color information
● total move count
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Feature Extension: The Importance of Representation

2: WDLP head by Henrik Forstén: https://github.com/LeelaChessZero/lc0/pull/635

● AlphaVile is available in various 
sizes
○ tiny
○ small
○ normal
○ large

● Inputs V.2.0 outperform Inputs 
V.1.0, especially with regards to 
the value loss

● The Win-Draw-Loss-Plys-to-end 
(WDLP)2 value head scores 
better than the 
Mean-Squared-Error (MSE) one
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Results: Validation Move Accuracy

3: https://archive.org/details/KingBaseLite2019

● The standard ViT severely underperforms

● Supervised training on the KingBase 2019 
lite dataset3

● AlphaVile-normal is slightly better than 
AlphaZero
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Results: Playing Strength

● The Feature eXtended (FX) versions beat 
the standard version by up to 180 Elo points

● The AlphaVile-normal version beats 
AlphaZero by about 30 Elo

● The classical ViT version lacks behind by 
the other versions
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Feature Extension: The Importance of Representation

● Measuring feature importance using 
Integrated Gradient (IG) method
○ measured with respect to value

● Newly added features show significant 
usage
○ especially player 1 & 2 piece masks

● p1 pieces show positive attribution while 
p2 pieces have negative impact
○ exception: king piece
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Feature Extension: Opposite Color Bishop Endgames

● Our new feature 
representation 
improves the 
evaluation of 
opposite color 
bishop 
endgames.
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Summary and Future Work

● Contributions
● (Q1) Is the combination of AlphaZero with Vision 

Transformers beneficial in the game of chess?
Yes, convolutional-transformer hybrid architectures can be beneficial if 
efficient modules are used.

● (Q2) How important is the input and output representation 
for AlphaZero?
It plays a significant role in chess as it can help to offload work for the 
neural network, such as current material information.

Future Work
○ Find better features for the transformer architecture.
○ Improve architecture design.

4: https://github.com/QueensGambit/CrazyAra

Code, Paper
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