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Parallelism

- Data parallel

- Pipeline parallel

- Tensor parallel

- What if the sequence is too long

- Sequence parallel
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Sequence parallel

— |\ —

- Split sequence between GPUs Laver
. Easy for MLP Layer
Layer

- Medium for LayerNorm L
Layer
- Hard for Attention Layer
Layer
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Sequence parallel

: —\—/
MLP

- Split sequence between GPUs Laver
- MLP processes tokens independently Layer
o | | Layer

. Trivial parallelization L
Layer
Layer
Layer
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Sequence parallel

4_N_>
LayerNorm
- LayerNorm computes stats over Layer
seguence
Layer
- Requires sync Laver
L
.+ Other norms (i.e. RMSNorm) preferred Layer
NOWQAAAys Layer
Layer

- Applied independently to each token

- No sync
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Sequence parallel

Aftention

GPU 2
- Send keys K, value V from GPU to GPU
- Implementation: Ring attention ol
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Figure 2: Ring Self-Attention

- Compute attention

. Send values
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Sequence parallel

Causal Attention - Issue

5

A

- Unbalanced computation .

. Early tokens attend to fewer tokens 5

. Later tokens attend to almost all 1
tokens

Sequence Parallelism: Long Sequence Training from System Perspective, Li etal 2021
Reducing Activation Recomputation in Large Transtormer Models, Korhikanti etal 2022
DISTFLASHATTN: Distributed Memory-efficient Attention for Long-context LLMs Training, Li etal 2023



Sequence para

Causal Attention

- DistFlashAttention
« Use FlashAttention

. Eliminates sending keys before
values

- Option 1: Send k, v

- Option 2: Send g, send back result

Sequence Parallelism: Long Sequence Training from System Perspective, Li etal 2021
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worker 1

worker 2

worker 3

worker 4

worker 5

worker 6

worker 7

worker 8

finish in 8 time steps

»
(01 s k1, Ul) wailing wailing wailing wailing wailing wailing wailing
(q'n ks, vz) (Q2, kv 1) waiting waiting waiting waiting waiting waiting
(g, k3, v3) (ga, ka, va) (g3, k1, v1) waiting waiting waiting waiting waiting
(g4, kg, v1) (qq, k3, v3) (g4, ka, va) (qa, ky,v1) wating wating wating wating
(@5 ks005) | | (@s.kava) || (g55Ks0s) | (gsikayen) | (g5 Knyn) wailing wailing wailing
(g6 ks, ve) (g6, ks, v5) (qe, k1, v4) | (a6, k3, v3) (26, k2, v2) (26, k1, 1) waiting waiting
(g7.k7,v7) | (g7 ke vs) | | (g7, ks, vs) anksyug) | (o, ka,vz) | | (arike,v2) || (a7, k1, v1) | waiting
(g3, ks, vs) (gs, k7, v7) (gs, ks, vo) (qs, ks, v5) (¢s: ka,v4) (g8, k3, v3) (g8, k2, 12) (qs, k1,11)
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Sequence parallel

Causal Attention

- DistFlashAttention
« Use FlashAttention

. Eliminates sending keys before
values

- Option 1: Send k, v

- Option 2: Send g, send back result

finish in 5 time steps

>
(g1, k1, 1) (gs, k1,v1) (g7, k1,v1) (g6, k1,v1) waiting
(g2, ko, v2) (g2, k1,v1) (gs, k2, v2) (g7, k2, v2) waiting
(gs; k3, v3) (g3, k2, v2) (a3, k1,v1) (gs, ks, v3) waiting
(94, ka, va) (g4, k3, v3) (94, k2, v2) (94, k1,v1) wating
(g5:ks,v5) | (g5.ka,va) | (g5,Fs,v3) | (g5 k2,v2) | (g5, F1,%1)
(g5, ke, V) (g6, k5, v5) (gs, k1, v4) (g6, k3, v3) (g6, ka2, v2)
(a7, k7, v7) (g7, ka, vs) (a7, ks, vs) (g7, k1,04) (g7, k3, v3)
(gs; ks, vs) (gs, k7, v7) (gs, ko, ve) (gs, ks, v5) (95, k1, v4)
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