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Algorithm 1 H3 Layer

Require: Input sequence u € RY *? from the previous layer, weight matrices W, W, W1 W € R¥¥¢_a shift

1:
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3: SplitQ,K,VintoH“heads”(Q(h),K(h),V(h) forh=1,...,H),eachasequence of N vectorsof sized, =d/H.
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a diagonal SSM: KV =SSM;ag (K (V) T) e RN ¥ 0 xdn
Batch-multiply by Q: O =[QWK V" .. QWKV (Y] e RN *% (batched in the N-dimension).

end for
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Task Random | S4D  Gated State Spaces H3 Attention
Induction Head 5.0 35.6 6.8 100.0 100.0
Associative Recall 230 86.0 78.0 99.8 100.0
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H3  H3 Hybrid (2 Attn) S4D GSS  GSS Hybrid (2 Attn) | Transformer
21.0 19.6 249 240 19.8 20.6
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RIS ETIL

Zero-shot

r

N

Model Pile | OpenWebText WikiText103
GPT-2 small (125M) 19.0* 22.6 29.9
GPT-Neo-125M 9.4 22.6 26.3
Hybrid H3-125M 8.8 20.9 23.7
GPT-2 medium (355M) | 13.9%* 17.0 21.8
Hybrid H3-355M 7.1 15.9 16.9
GPT-2 XL (1.5B) 12.4%* 12.9 17.0
GPT-Neo-1.3B 6.2 13.1 13.3
Hybrid H3-1.3B 6.0 12.4 12.5
GPT-Neo-2.7B Vad 11.7 11.5
Hybrid H3-2.7B 54 11.0 10.6

* GPT-21dPileZFE A= E [ZfE>TLVELY
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o XE:
o BEIRFRDILAENENLDZE
RLTHANET S
o Few—shotlZGPT-3 [Brown+20] %
TRk, TAVTFTEZS

o HEER:
o Zero/Few—-shot MiZE THI(Z
BHEBDARITHREETILE L
Elf=Y=

Zero-shot
Model WSC  WIC RTE CB MultiRC ~ ReCoRD  BoolQ  COPA | Average
OPT-125M 394 520 487 374 58.9 44.9 59.6 60.0 50.1
GPT-Neo-125M 36.5 53.6 53.1  41.1 59.9 39.6 62.2 60.0 50.8
Hybrid H3-125M 394 51.4 59.2 482 514 55.0 59.6 67.0 53.9
GPT-2 medium (355M) 50.0 52.0 513  28.6 59.5 533 61.0 65.0 52.6
OPT-350M 53.5 50.8 534 357 58.9 51.4 60.9 60.0 53.1
Hybrid H3-355M 37.5 517 552 4141 59.5 62.3 61.5 69.0 54.7
OPT-1.3B 36.5 49.5 534 393 58.3 61.8 55.0 69.0 52.9
GPT-Neo-1.3B 41.3 50.0 523 339 57.9 55.5 59.9 66.0 52,1
Hybrid H3-1.3B 52.9 50.3 534 339 58.2 67.8 61.7 74.0 56.5
OPT-2.7B 51.0 50.8 505 @ 41.1 57.4 65.9 60.9 66.0 55.5
GPT-Neo-2.7B 37.5 50.0 523  50.0 59.1 60.0 61.1 67.0 54.6
Hybrid H3-2.7B 36.5 51.3 57.0 375 58.7 71.3 61.1 81.0 56.8
3-shot
Model WSC WIC RTE CB MultiRC  ReCoRD  BoolQ  COPA | Average
OPT-125M 36.5 502 473 446 57.9 44.9 41.9 60.0 47.9
GPT-Neo-125M 38.5 50.0 53.1 17.9 56.3 39.6 62.1 60.0 47.2
Hybrid H3-125M 43.3 49.1 581 518 48.9 55.0 56.1 67.0 53.7
GPT-2 medium (355M) 36.5 50.5 48.0 8.9 43.5 533 58.8 65.0 45.6
OPT-350M 37.5 50.0 458 446 49.8 514 61.7 60.0 50.1
Hybrid H3-355M 42.3 47.5 50.5 28.6 59.7 62.3 60.5 69.0 52.6
OPT-1.3B 44.2 51.1 534  16.1 59.9 62.1 38.3 70.0 494
GPT-Neo-1.3B 35.6 506 473 321 59.9 55.7 61.2 67.0 51.2
Hybrid H3-1.3B 36.5 49.2 552 232 59.3 67.6 56.9 76.0 53.0
OPT-2.7B 44.2 50.5 534 17.9 59.2 66.0 62.0 71.0 53.0
GPT-Neo-2.7B 49.0 519 516 214 57.0 60.0 56.0 68.0 51.9
Hybrid H3-2.7B 36.5 456 473 464 59.4 71.1 60.6 77.0 55.5
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o HHBI:BHIFHIZHIET JLEAUto RegresiveliTransformerEtE R TENTEIT
BLERMDRIGEMNTHERE
o ER:RIL—TYrE24E = KYSRIZEZBETILATEE

Table 7: Inference throughput on A100 80GB, 1.3B models. Batch size 64, prompt length 512, 1024, or 1536, and

generating 128 tokens per sequence in the batch (i.e., 64 X 128 tokens in a batch). Hybrid H3 is up to 2.4 x faster
than a Transformer of similar size in inference. The difference is larger for longer sequences.

Tokens/s Prompt length 512 | Promptlength 1024 | Promptlength 1536
Transformer-1.3B 1340 770 520
Hybrid H3-1.3B 1980 1580 1240
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