
(Masked) Self Attention

Block Encoding

Layer Norm

Feed-Forward Network

Layer Norm

Input sequence

Quantum self-attention matrix for the 𝑗-th token

Quantum residual connection with layer normalization for the 
𝑗-th token

Quantum feed-forward network with an activation function 𝜎
and an input vector 𝜓

Weight matrices
Block encoding of the input matrices:

<latexit sha1_base64="c8K12py/IBep0+qmApugMIFGEpU="></latexit>[
S/ω →
→ →

]
,

[
Q/ω →
→ →

]
,

[
K/ω →
→ →

]
,

[
V/ω →
→ →

]
<latexit sha1_base64="Xat7ABP0NCmj0Nyxr+XXKCoRmlo=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBahq5KIVJcFN66kPvqAJpbJZNIOnUzCzEQoIRs3/oobF4q49R/c+TdO2iy09cCFwzn3cu89XsyoVJb1bZSWlldW18rrlY3Nre0dc3evI6NEYNLGEYtEz0OSMMpJW1HFSC8WBIUeI11vfJH73QciJI34nZrExA3RkNOAYqS0NDAPbx3KoRMiNfK89Ca7T6+go2hIJPSzgVm16tYUcJHYBamCAq2B+eX4EU5CwhVmSMq+bcXKTZFQFDOSVZxEkhjhMRqSvqYc6T1uOv0ig8da8WEQCV1cwan6eyJFoZST0NOd+bly3svF/7x+ooJzN6U8ThTheLYoSBhUEcwjgT4VBCs20QRhQfWtEI+QQFjp4Co6BHv+5UXSOanbjXrj+rTarBVxlMEBOAI1YIMz0ASXoAXaAINH8AxewZvxZLwY78bHrLVkFDP74A+Mzx8EBpg0</latexit>

S → RN→d
<latexit sha1_base64="L1Qc4aQ+W0JYVajn4YIPHfEQHD8=">AAACEnicbVDLSsNAFJ34rPUVdelmsAgVpCQi1WXBjcsqtik0MUwm03boZBJnJoUS+g1u/BU3LhRx68qdf+OkzUJbD8xwOOde7r0nSBiVyrK+jaXlldW19dJGeXNre2fX3NtvyzgVmLRwzGLRCZAkjHLSUlQx0kkEQVHAiBMMr3LfGREhaczv1DghXoT6nPYoRkpLvnni+A+n0PGH+TeCLuXQjZAaBEF2O7nPQugqGhEJw4lvVqyaNQVcJHZBKqBA0ze/3DDGaUS4wgxJ2bWtRHkZEopiRiZlN5UkQXiI+qSrKUd6jpdNT5rAY62EsBcL/biCU/V3R4YiKcdRoCvzdeW8l4v/ed1U9S69jPIkVYTj2aBeyqCKYZ4PDKkgWLGxJggLqneFeIAEwkqnWNYh2PMnL5L2Wc2u1+o355VGtYijBA7BEagCG1yABrgGTdACGDyCZ/AK3own48V4Nz5mpUtG0XMA/sD4/AFj9Jyl</latexit>

Wq,Wk,Wv → Rd→d

<latexit sha1_base64="mRGmD1ANIzmEB2KrfdP4kM3uYsg="></latexit>

Atten(S)j = softmax(QKT /ω0)j · V

<latexit sha1_base64="Z7JdxTYiqLeQpbQGMNMNhkw3he0="></latexit>

d∑

k=1

LN(Atten(S)j + Sj)k|k→

<latexit sha1_base64="AOsPk/xwNVN11Ho4mnNGImGvK38="></latexit>

d∑

k=1

(
M2 · ω(M1 · ε)

)
k
|k→

Quantum transformer for the 𝑗-th token
<latexit sha1_base64="RpJvTDw8MWFAL8MhE3iPDHZU6wk="></latexit>

Transformer(S, j) = LN(FFN(LN(Attention(S, j))))

<latexit sha1_base64="6COS4MqEVO8mx9oph1uGK7T4NZU=">AAACKXicbVDLSsNAFJ34rPVVdelmsAhdSElKqS4LbtwUqtgHNDFMJpN26GQSZiZCCfkdN/6KGwVF3fojTtsI2nrgwuGce7n3Hi9mVCrT/DBWVtfWNzYLW8Xtnd29/dLBYVdGicCkgyMWib6HJGGUk46iipF+LAgKPUZ63vhy6vfuiZA04rdqEhMnRENOA4qR0pJbarZcC9qUQztEauR56U12l9Z9W9GQSOhnZ7Dl1pYafvy6n7mlslk1Z4DLxMpJGeRou6UX249wEhKuMENSDiwzVk6KhKKYkaxoJ5LECI/RkAw05UgvctLZpxk81YoPg0jo4grO1N8TKQqlnISe7pyeKxe9qfifN0hUcOGklMeJIhzPFwUJgyqC09igTwXBik00QVhQfSvEIyQQVjrcog7BWnx5mXRrVatRbVzXy81KHkcBHIMTUAEWOAdNcAXaoAMweABP4BW8GY/Gs/FufM5bV4x85gj8gfH1DV9qphE=</latexit>

M1 → R4d→d,M2 → Rd→4d


