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Transformer block

In more detail, the Transformer block has the following form:
Z := SelfAttention(Z VW, ZOWy, ZOWy,)

ZOw wTzo"
= softmax ( Zl /2V

Z := LayerNorm (Z @) 4+ 7 )
Z(i+1) = LayerNorm(ReLU(ZW1>W2 +2Z)

) ZWW,,

A bit complex, but really just self-attention, followed by a linear
layer + RelLU, with residual connections and normalization
thrown in somewhat arbitrarily (and precisely where these go
are often adjusted)




Self-attention with einsum and einops

def self_attention(x, W_gkv, W_o, n_heads):

// n_heads
einsum('b s h, ho -> b s o', x, W_gkv)

kvg axis is labeled in [q|k|v] layout, so un ing yields g, k, v in that o

q, k, v = rearrange(gkv, 'b s (kvg heads d) -> kvq b heads s d', kvg=3, heads=n_heads)

scores = einsum('b heads s d, b heads z d -> b heads s z', q, k) / d**0.5
attn = scores.softmax(dim=-1)

out = einsum('b heads s z, b heads z d -> b heads s d', attn, v)

out = rearrange(out, 'b heads s d -> b s (heads d)')

out = etnsum('b s h, ho -> b s o', out, W.0)

return out
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Streaming Multiprocessor (SM)
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FlashAttention
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Sum Z softmax(z); = %l, Z = Zeu.

Simple softmax Z = Ze%

Stable softmax m = maxzj, 7 =) eV,
J
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