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most flexible/popular approach.

running on 8 GPUs with TP.

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

Challenge: Multi-GPU inference requires
synchronization between devices, which can
account for 38% of the latency for a 70B model

What’s Tensor Parallelism (TP)
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Overview

How does Ladder-Residual accelerate TP

Above diagram illustrates how TP
parallelizes a sequence of two matrix
multiplication onto two GPUs; the final
summation requires an all-reduce
communication.
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How Much Speedup does Ladder-Residual Offer

Pre-training Ladder-Residual models from Scratch

Batch size = 4, 70B Model é Table 3. Performance of three architectures under two sizes, trained on FineWeb-edu for 100B tokens.
BenChma.rklng S?tUp} H100 350 4- ?:__ 2::23::3 ::::2:2::2::: E;Eié ..................... Model ARC-C ARC-E HellaSwag PIQA SciQ Winogrande Average Wikitext PPL
Cluster with NVLink I nterconnect —o— ladder transformer P2P=1 Standard-Transformer-1.2B 34.22 70.33 41.10 71.49  87.30 55.41 59.98 18.54
(P2P=1); Llama architecture, |~¢- laddertransformer P2P=0 |~ ~ _a Parallel-Transformer-1.2B 3046 67.97 4035 7116 87.40 55.17 58.75 18.95
1024 prompt tokens, 512 3001 —— parallel attn P2P=1 Ladder-Transformer-1.2B 31.31 67.76 41.18 7149  86.60 55.17 58.92 18.42
—e - parallel attn P2P=0
generated tokens —— upperboundP2p=1 e~ ° Standard-Transformer-3.5B  38.99  74.12 46.48 7459 92.00 58.48 64.11 14.48
So5egd ’__‘,,.--"" S Parallel-Transformer-3.5B 38.48 73.02 45.55 73.67  90.00 57 46 63.03 14.96
Manually disabled P2P (P2P=0) "E‘ ,,,,,,,,,,, H Ladder-Transformer-3.5B 36.77 72.43 45.66 73.72  89.90 58.96 62.91 14.90
e |\ T T
communication to simulatecase = | A= 77T
With nO NVLink aCCGSS 200 —---———- '—_#...- ..................... Model ARC_C ARC_E Hellaswag PIQA SCiQ Winogrande Average Wikitext PPL Tokenslsec
e mmmmm T '. Standard-Transformer-1.2B 34.22 70.33 41.10 71.49  87.30 55.41 59.98 18.54 1008.29
Pa rallel attn: pa rauellze atte ntlon 1504 S Z7 ..» ..................... Ladder-Transformer-1.5B 33.96 70.16 42.58 71.98 87.90 5541 60.33 17.47 1277.66
e Standard-Transformer-3.5B 38.99 74.12 46.48 74.59 92.00 58.48 64.11 14.48 949.6
and mlp within the same layer, Ladder-Transformer-4.5B 4096  75.00 46.81 73.99  90.80 57.70 64.21 14.05 1217.71
effectively cut half of the oo
communication as an alternative . ‘ ‘ Ladder-Transformer can achieve higher throughput with better performance compare with the baseline
4 8
TP degree
Speedup : _ Adapting a Pre-trained Model into Ladder-Residual
ve. bsize Model size | P2P disabled | P2P enabled -
Standard  77.39 258.56 843.15 1940.99 1B 1.39x 1.56x Model MMLU — ARC-C - OBQA  Hs  1TQ  GM  HE+ 1B AE  Average
3B 1.50x 1.57x Llama-3.1-8B-Instruct 68.14 60.32 43.00 80.04  36.84 84.99 60.40  52.57 18.69 56.11
Ladder 1.308x 1.282x 1.190x  1.155x 3B 1 40x 1 46x Hybrid-Ladder-8B-16L-zeroshot 63.19 56.57 4260 7770 3550 10.54  30.50 4625  11.99 41.65
' ' Hybrid-Ladder-8B-16L-retrained 67.33 59.98 45.00 79.05 3758 86.81 60.51 59.76 2243 57.61
P2P Disabled 34B 1.47x 1.44x Hybrid-Ladder-8B-20L-retrained ~ 62.31  59.90  42.60 7749 3672 7619 48.80 59.05 2172  53.86
Standard 51.66 173.62 546.68 1454.42 70B 1.59x 1.29x
OBQA: OpenBookQA, HS: HellaSwag, TQ: TruthfulQA, HE+: HumanEval+, |E: I[FEval, AE: AlpacaEval 2.0
Ladd 1.599x 1.566x 1.351 1.282 1768 Lodx L.55x
I 405B 1.57x 1.31x We took Llama-3.1-8B-Instruct, adapted x of its layers (denoted as xL) into Ladder-Residual

Diminishing but consistent speedup when
Increasing the batch size

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

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.
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