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We took Llama-3.1-8B-Instruct, adapted x of its layers (denoted as xL) into Ladder-Residual 
architecture, then fine-tune with 1.6B tokens to heal the distribution shift. The result model has 
< 1 point of  accuracy gap on every task.

OBQA: OpenBookQA, HS: HellaSwag, TQ: TruthfulQA, HE+: HumanEval+,  IE: IFEval, AE: AlpacaEval 2.0

Benchmarking setup: H100 
Cluster with NVLink interconnect 
(P2P=1); Llama architecture, 
1024 prompt tokens, 512 
generated tokens

Manually disabled P2P (P2P=0) 
communication to simulate case 
with no NVLink access

Parallel attn: parallelize attention 
and mlp within the same layer, 
effectively cut half of the 
communication as an alternative

Bsize=4, >=30% speedup across model sizes

Ladder-Transformer can achieve higher throughput with better performance compare with the baseline

Speedup 
vs. bsize

1 4 16 64

Standard 77.39 258.56 843.15 1940.99

Ladder 1.308x 1.282x 1.190x 1.155x

P2P Disabled
Standard 51.66 173.62 546.68 1454.42

Ladder 1.599x 1.566x 1.351x 1.282x

Diminishing but consistent speedup when 
increasing the batch size

Background: Modern models are large, memory-
intensive, and running them is slow.

Common practice: running models on multiple 
GPUs, with Tensor Paralellism (TP) being the 
most flexible/popular approach.

Challenge: Multi-GPU inference requires 
synchronization between devices, which can 
account for 38% of the latency for a 70B model 
running on 8 GPUs with TP.

Motivation: activation changes slowly within the 
model, modules aren’t strongly sequentially 
dependent on each other.

Idea: Decouple the communication of 𝑥𝑖  with the 
computation of ℎ𝑖+1 to overlap them.

𝑥: 1 × 2 𝑊𝑢𝑝: 2 × 4 𝑥𝑖𝑛𝑡𝑒𝑟𝑚: 1 × 4 𝑊𝑑𝑜𝑤𝑛: 4 × 2 𝑦: 1 × 2

𝑥: 1 × 2 𝑊𝑢𝑝,2: 2 × 2 𝑥𝑖𝑛𝑡𝑒𝑟𝑚,2: 1 × 2 𝑊𝑑𝑜𝑤𝑛,2: 2 × 2 𝑦2: 1 × 2

𝑊𝑢𝑝,1: 2 × 2 𝑥𝑖𝑛𝑡𝑒𝑟𝑚,1: 1 × 2 𝑊𝑑𝑜𝑤𝑛,1: 2 × 2 𝑦1: 1 × 2

𝑦: 1 × 2

Above diagram illustrates how TP 
parallelizes a sequence of two matrix 
multiplication onto two GPUs; the final 
summation requires an all-reduce 
communication.

Batch size =  4, 70B Model

Can overlap!
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