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O/ m®0O



B ARMLA . Multi-Head Latent Attention (0y)) 4%/

ANNNN Cached During Inference
Multi-Head Attention (MHA) l Grouped-Query Attention (GQA}: Multi-Query Attention (MQA) : Multi-Head Latent Attention (MLA)

s TR D=
00000000 § 00a0chad { odaum fnoogtonn
= MLA: V% HE3HBM = | (%0 &*gf;}g? g,ﬁ-,ﬁ)

» 438X EHBMY f £45(ALE A = ER M S LERA)

- ﬁ \_; ;A ﬁ. 4&&}}; % KV E_% F&{&#ﬁﬂ Hj- KV Cache éﬁ ol KV Cache for Generation (KB/Token)
HERE LR -
DeepSeek-V2 - J

w %4 %: KV Cache 4& ] 1% 93.3%
w EFEMAE: BERIA
. BEALK BEBIK

SHUNHEERE

3

reducing KV cache by 93.3%

Maximum Generation Throughput (Tokens/Sec)

576% of maximum throughput

O/ m@eQ



REFZERA: BifRERIESR

‘) A F

‘-"‘\.« e ZHEJIANG UNIVERSITY

DualPipe
Communication DISPATCH(F) A I_ _ COMBINE(F) /A
Time -2

A Forward chunk A Backward chunk

= DeepSeck }-'€ 7 & # 1 fk 7 | £1L
» BABRELER (LFRABBCHEREMLL)
s FP8)I4k (RAHAH %K)
» DualPipe (@43, AT EES)
s PTXARAL S FFCUDAY WA (B %)

O/ m®@eQ



e |

ZHEJIANG UNIVERSITY

DeepSeekBTCEEFFCUDARIBR?

De ep Se ekiex }N Tom's Hardware

through bypa: ndustry-standard CUDA, uses

selects only B routed experts in practice, it can scale up this number to a maximum of 13 experts nbly-like PTX programming Instead

(4 nodes x 3.2 experts/node) while preserving the same communication cost. Overall, under of DA, BMSAUCIAY PTX W1
such a communication strategy, only 20 SMs are sufficient to fully utilize the bandwidths of IB

and NVLink.

In detail, we employ the warp specialization technique (Bauer et al., 2014) and partition
20 SMs into 10 communication channels, During the dispatching process, (1) IB sending, (2)
IB-to-NVLink forwarding, and (3) NVLink receiving are handled by respective warps. The
number of warps allocated to each communication task is dynamically adjusted according to the
actual workload across all SMs. Similarly, during the combining process, (1) NVLink sending,

handled by dynamically adjusted warps. In addition, both dispatching and combining kernels
overlap with the computation stream, so we also consider their impact on other SM computation
kernels, Specifically, we employ customized FFX (Parallel Thread Execution) instructions and
auto-tune the communication chunk size, which significantly reduces.the use of the L2 cache
and the interference to other SMs.
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