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MoH: Multi-Head Attention as Mixture-of-Head Attention

Peng Jin, Bo Zhu, Li Yuan, Shuicheng Yan
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#Params  #Activated Acc

Methods (M)  Heads (%) (%)
Focal-B (vang et al., 2021) 90 100 83.8
-~ NN e N FocalNet-B (yang et al., 2022b) 89 100 83.9
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Head +»++ | Head Head »++ | Head /| Head ++/ | Head Head Head '|Head .o Head 1 COAINEt-2 (Dai etal., 2021) 73 100 84.1
1 LA—]*‘ LA—]*‘ + - / E x he hstt)  (E8her2l | (SRt )| (St eads MVITV2-B (Lierat. 2022 52 100 844
IF N . : : : [ Head ] MOAT-2 (vang et al., 2022a) 73 100 84.7
_ | N~ _ : J : N 1Former-L (si et al., 2022) 87 100 84.8
Attention 1 T~ AttEHtIOIl | ||] I ,r‘ ul TransNeXt-B (shi, 2024) 90 100 84.8
1 |
| o Routed Heads MoH.-ViT-B 90 75 84.9 Paper Code
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Head, oo | Head,, l ‘Headh +1l Headh } Headh +_] loes | Head;, I t ‘ Head l ] MoH-Vi1-B 20 >0 847
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__________ V l Methods #Params (M) #Activated Heads (%) FID| sFID] ISt Precision] Recallt
v ﬂ{;rnﬂrﬂf DiT-S/2 400K (Peebles & Xie. 2023) 33 100 68.40 - - - -
MoH-DiT-S/2 100K 33 90 67.25 1215  20.52 0.37 0.58
Input @ Input O O Router MoH-DiT-S/2 100K 33 75 69.42 12.85  19.96 0.36 0.55
. . . . DiT-B/2 400K (Peebles & Xie. 2023) 130 100 43.47 - - - -
(a) Multi-Head Attention (b) Our proposed Mixture-of-Head Attention MoH-DIT-B/2 300k 131 90 340 840 3351 049 0.63
MoH-DiT-B/2 100k 131 75 43.61 848 3343 0.49 0.62
* The multi-head attention mechanism 1is typically * Inspired by the great success of MoE, we propose Mixture-of-Head attention (MoH), which DiT-L/2 400K (Peebles & Xie. 2023) 458 100 2333 - . . .
. : , : , MoH-DiT-L/2 100 459 90 2317 616 5892 0.61 0.63
represented 1n 1ts concatenation form: treats attention heads as experts: MoH-DiT-L/2 100 450 75 5429 638 5775 0.60 0.63
, i , , S f DiT-XL/2 7.000K (Peebles & Xie. 2023) 675 100 9.62 6.85 121.50 0.67 0.67
- N 1 g2 h MoH( X . X') = - H*"W' 1. ool = Softmax( W x DiT-XL/2 7.000x (cfg=1.25) 675 100 322 528  201.77 0.76 0.62
MultiHead(X, X*) = Concat(H", H", ..., H")Wo, (X, X7) Z 1 9 0> o, Qo) (Wha,), MoH-DiT-XL/2 > 000k 676 75 1095 619 10669  0.67 0.66
H! =A : XWiLE X'WL X'We 1= MoH-DiT-XL/2 2 000k 676 90 10.67  6.15 107.80 0.67 0.65
ttention(X W, X'Wie, XTWy), : : MoH-DiT-XL/2 7000k 676 90 856 661 12954 0.68 0.67
Y1 Softmax( W Smt)ia ifl <1 < hs, MoH-DiT-XL/2 7000 (cfg=1.25) 676 90 294 517  207.25 0.77 0.63
« H r, from another perspective, if Ompose = < aoSoftmax(W,x, ), 1f Head 7 1s activated
Wowee\:d:,x doo at b OHICT PEISPECHVE, 11 WE deli' hp q Yi 2 ( r t)"’ fus s ’ Methods #Activated Heads (%) MMLU (5) CEVAL(5) CMMLU (5) GSMSK(S) TruthfulQA
ttO " : Y I'Ot\.VS, }VC Cdll CXPTESS Mmuiti-hed O, Oth@lese, LLaMA3-8B (Dubey et al., 2024) 100 65.2 52.3 50.7 49.5 354
attention 1n a summation form:
MoH-LLaMA3-8B 75 65.8 61.5 64.4 56.9 44.0
* MoH has two significant advantages: Methods #Activated Heads (%) MMLU (5) CEVAL(5) CMMLU (5) GSMSK(8) TruthfulQA
MultiHead (X, X’ E : H: Wo * First, MoH enables each token to select the appropriate attention heads, enhancing LLaMA3-8B (Dubey et al.. 2024) 100 81.9 30.0 83.9 75.5 94.0
inference efficiency without compromising accuracy or increasing the number of parameters. MoH-LLaMA3-8B 75 80.1 30.3 84.0 76.4 92.2
+ Each attention head operates in parallel, and the * Second, MoH replaces the standard summation in multi-head attention with a weighted Methods #Activated Heads (%) MMLU (5) CEVAL(5) CMMLU (5) GSMS8K(8) TruthfulQA
final output is the sum of all attention h e:a ds summation, introducing flexibility to the attention mechanism and unlocking extra LLaMA3-8B (Dubey et al.. 2024) 100 81.0 72.5 31.5 59.0 61.6
performance potential. MoH-LLaMA3-8B 75 78.8 72.9 28.3 60.1 64.0




	幻灯片 1

