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Supplementary information

Pseudocode

Algorithm 1: AttentionWithBias

/* Computes a single self-attention head. */
Input: X € R%’, vector representations of primary sequence. B’ € R attention bias.
Output: V € R%ia’ updated representations of tokens in X.
Parameters: ‘W, consisting of: W, € R%uwdd p, e Rdun W) € Rbawnda py ¢ Rban
W, € Rdmidda b c R,
1 Q— W, X+b,17  [Query € Rbn]]
2 K — Wi Z+br17  [Key € Rl
3Ve—W,Z+b,1T  [[Value € Rémia(]]
4 S—K'Q+B [Score € R
s return V = V - softmax (S/Vdaum)

Algorithm 2: MHAttentionWithBias

/* Computes Multi-Head self-attention layer with attention bias. */
Input: X € R%*!, vector representations sequence. B € R embedded attention bias.
Output: V € R%‘, updated representations of tokens in X.
Hyperparameters: H, number of attention heads
Parameters: ‘W consisting of
Forh=0,1...H-1, ‘M/q}}w consisting of:
| Wpi € Rlunda ph e Rébum,
| WI}CZ € Rdanda_ bZ € Rdaun
| Wh e Rdmiada ph e Rébmia,
W € R/>db
W, € Réadnia_p, € Rou,
1 B — W,B
2forh=0,1...H—-1do
3 \ Y" — AttentionWithBias(X, B’[h,:,:] |(Wq’}w)
4 end
5Y « [YO ;.. YA
6 return V = W,Y + b,17




Algorithm 3: GatedDenseBlock

Input: X € R%*¢ input
Output: Y € R%*¢ output
Parameters: W, € RV4a*da W, ¢ Rdax(Wda/2) |, ¢ RWda p, ¢ R
Hyperparameters: w, widening factor
for/=0,1,...,{—-1do
Y — W, X[ 1] +b17
Y — GELU(Y[: (wdy/2)])¥ [(wdy/2) -]
Y — WoY +by17
end
returnY = [YO; Y1 . ¥
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Algorithm 4: ScatteringResidualConvBlock

Input: X € R%x¢
Output: Z € R9ax¢
Hyperparameters: ¢, d number of stabilizers and code distance, related by £ = d> — 1.
L number of CNN layers. ¢ € R” output channels of CNN.
/* Scatter to 2D */
1 for coord = (0,0),(0,1)...(d,d) do
2 if 3 stabilizer index with coordinates coord then Y [coord, ] «— X|:, index]
3 else Y[coord,:] <« P
4 end
sfor/=0,1,...,L—1do
/* Dilated convolutions */
6 | Y < layer_norm(Y)
7 Y « GELU(CNN(Y;kernel_size = 3, channels = ¢[/]))
8 if c¢[/] # d; then
9 ‘ Y CNN()? ; kernel_size = 1, channels = d)

10 end
1 Y—Y+Y [Y € R@+D(d+hday
12 end

/* Gather from 2D */
13 for coord = (0,0),(0,1)...(d,d) do
14 if 3 stabilizer index with coordinates coord then
15 ‘ Z|[:,index] « Y[coord,:]
16 end
17 end
18 return Z




Algorithm 5: RNNCore

Input: X € R4axl decoder state. S € R94*! embedded stabilizers at current round.
B € R%! embedded attention bias.

Output: X € R4 ypdated decoder state.
Hyperparameters: L € N, number of layers

1 X —(X+8)/V2

2for/=0,1,...,L—1do

/* SyndromeTransformer */

X « layer_norm(X)

X « X +MHAttentionWithBias(X, B)

X « layer_norm(X)

X «— X + GatedDenseBlock(X)

X « ScatteringResidualConvBlock(X)

end
return X
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