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Modern LLMs are mostly built on Pre-LN Transformers. While being 

stable for large scale training, Pre-LN suffers from exponential activation 

growth across layers. This means deeper layers’ Attention and FFN outputs 

will be overpowered by shortcuts, limiting their contribution to learning. 

Gradient-Preserving Activation Scaling

We propose to mitigate this growth by Gradient-Preserving Activation 

Scaling, which scales layerwise activations without scaling their 

backward gradients. The motivation is to scale down forward activations 

without downscaling gradients to avoid gradient vanishing.

GPAS definition: 𝐆𝐏𝐀𝐒(𝒙, 𝜶) = 𝒙 − 𝜶 ⋅ 𝐬𝐠(𝒙)

• Forward: GPAS(𝑥, 𝛼) = 1 − 𝛼 𝑥

• Backward: 𝜕𝑥GPAS(𝑥, 𝛼) = 𝐼

Apply GPAS to various Transformer variants

𝛼𝑙: learnable scalar. SiLU: avoid excessively scaling up activation.

Pre-LN: 𝑥𝑙+1 = 𝑥𝑙 + 𝑓(LN 𝑥𝑙 )

Pre+GPAS: 𝑥𝑙+1
′ = 𝑥𝑙 + 𝑓 LN 𝑥𝑙 , 𝑥𝑙+1 = 𝑥𝑙+1

′ − SiLU 𝛼𝑙 ⋅ sg(𝑥𝑙+1
′ )

LNS: 𝑥𝑙+1 = 𝑥𝑙 + 𝑓(LN 𝑥𝑙 / 𝑙)

LNS+GPAS: 𝑥𝑙+1
′ = 𝑥𝑙 + 𝑓 LN 𝑥𝑙 / 𝑙 , 𝑥𝑙+1 = 𝑥𝑙+1

′ − SiLU 𝛼𝑙 ⋅ sg(𝑥𝑙+1
′ )

Sandwich-LN: 𝑥𝑙+1 = 𝑥𝑙 + LN(𝑓 LN 𝑥𝑙 )

Sandwich+GPAS: 𝑥𝑙+1
′ = 𝑥𝑙 + LN(𝑓 LN 𝑥𝑙 ), 𝑥𝑙+1 = 𝑥𝑙+1

′ − SiLU 𝛼𝑙 ⋅ sg(𝑥𝑙+1
′ )

DeepNorm: 𝑥𝑙+1 = LN(𝛼 ⋅ 𝑥𝑙 + 𝑓𝛽(𝑥𝑙))

DeepNorm+GPAS: 𝑥𝑙
′ = 𝑥𝑙 − SiLU 𝛼𝑙 ⋅ sg 𝑥𝑙 , 𝑥𝑙+1 = LN(𝛼 ⋅ 𝑥𝑙

′ + 𝑓𝛽(𝑥𝑙))

Mix-LN (Pre-LN layer): same as Pre + GPAS

Mix-LN (Post-LN layer): 𝑥𝑙
′ = 𝑥𝑙 − SiLU 𝛼𝑙 ⋅ sg 𝑥𝑙 , 𝑥𝑙+1 = LN(𝑥𝑙

′ + 𝑓(𝑥𝑙))

Experiments

Pretrain perplexity

Benchmark performance after supervised finetuning

Learned scaling values for various 

normalization schemes

GPAS enhances deeper layers

• Pre-LN layers tend to learn to scale down activation.

• Post-LN layers tend to learn to scale up the skip connection. 

• Variants similar to Pre-LN, such as LNS, sandwich-LN, and Pre-LN 

layers in Mix-LN also tend to learn to scale down activations. 

• Variants similar to Post-LN, such as DeepNorm and the Post-LN 

layers in Mix-LN, also tend to scale up the shortcut.

• We measure layer importance as the drop in average benchmark score 

after removing that layer.

• Vanilla Pre-LN’s deeper layers have little contribution.

• GPAS enhances importance of deeper layers significantly.

GPAS model properties

More uniform and compact activation variance

Pretrain eval loss curve on 7B models
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