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Traditional QKV Attention

Traditional QKV attention can't ignore tokens—softmax forces the model to assign

some attention, even when all similarity scores are low or irrelevant.
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A A = Softmax(S) U A A = Softmax(S)

K’ S=K'Q/sart(dy) gl g2 g3 K' S=K'Q/sqrt(dy) gl g2 @3

ki|7 8 11| — |34 |53 48| — [024[072| 0 |Attendkl ki|-3 -4 1 |—>|-10|-13|-16| — [0.21|0.67|0.04|Attend k1
k210 8 9 | —> |35 |52]|55|— [067[027] 1 [Attendk2 k2|-2 -2 -3|—| -9 |-14|-13| — [0.58|0.24|0.71|Attend k2
k3|18 9 7 |—>|33|49]| 49| — |0.09[0.01| 0 [Attendk3 k3|-2 -3 -2|—>|-10|-15|-14| — [0.210.09]0.26 |Attend k3
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Off-by-One Softmax

Off-by-one attention adds a fixed bias to the softmax, so tokens with similarity

scores significantly smaller than the bias receive near-zero attention—letting the

model ignore weak matches. Similarity scores higher than the bias work the same

way as in standard attention.
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K' S=K'Q/sqgrt(d) gl g2 q3
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Ignore 1-3
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Sink Token

Sink token attention introduces a special sink that is always present. When a query
has no strong matches among the other keys, attention shifts toward the sink,
allowing the model to effectively ignore all the keys. Keys with high similarity still
receive attention as usual, just like in standard attention.
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ql 92 g3 ql g2 @3

1113 11113
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R N A = Softmax(S) U A = Softmax(S)

K’ S=K'Q/sqrt(d) gl g2 g3 K' s=K'Q/sart(d,) gl g2 g3

ki| 7 8 11| — |34 53|48 |— |024]072| 0 |Attend1 ki1|-3 -2 1 |—>|-6|-7|-12|—>|0]| 0|0 |Attendl
k2|10 8 — | 35| 52|55 | — |067]027 1 |Attend 2 k2|0 -2 -1|—|-5|-8|-5|—|0]|0]|o0 |Attend2
k3 9 — | 33| 49 | 49 | — [0.09]0.01| 0 |Attend3 k3|2 -1 -3|—-|-7|11|11|—>|o0]|o0]| o |Attend3
Sinkl 3 4 2 13 | 19 | 19 o | o] o [lgnore1-3 Sink| 3 4 2 13 | 19 | 19 1] 1] 1 |lgnore1-3
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GPT-0SS: Learnable SoftmaxBias

This method adds a learnable bias to the softmax, allowing thattention head to
dynamically control how easily it ignores low-similarity keys. When similarity
scores are significantly smaller than the learned bias, the resulting attention
weights become near zero—enabling the model to suppress weak matches. Higher

similarity scores still behave like in standard attention.

Q Q
ql g2 g3 ql g2 g3
1113 11113
21 3|2 21 3|2
112 |1 1({2]1
R RN A = Softmax(S) Vol A = Softmax(S)
K’ S=K'Q/sqrt(d) ql g2 g3 KAT S=K'Q/sqrt(d,) gl g2 g3
ki{7 8 11| — |34 |53 |48 | — |024]|072] 0 |Attend1 kif-3 -2 1 6 | -7 |-12 009 o | o [Attend1
k2|10 8 9 | —» |35 |52 |55 |— 067|027 1 |Attend2 k| o -2 -1 5| -8]|-5 024/ o | o |Attend2
k3| 8 9 7 |—|33|49 |49 | — |0.09]001| 0 |Attend3 k3| -2 -1 -3 -7 (1111 0.03| 0 | o [Attend3
4 2 1 o| o] o |lgnore1-3 4 2 1 064/ 1 [ 1 |lgnore 1-3
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