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Motivation & Problem

LLMs are powerful but computationally expensive—limiting their 
real-world use due to high latency, energy consumption, and hardware 
demands.

Prior works (e.g., UIDL, LLM-Streamline) have shown that LLM 
contain redundant blocks that can be removed. BUT, such pruning 
often leads to

(1) performance degradation 
(2) architectural modifications with fine-tuning.



ReplaceMe – Core Idea
We propose ReplaceMe – a training-free depth-pruning method that 
replaces pruned blocks with a single linear transformation. Up to 25% 
depth reduction with >90% original performance retained SoTA in 
accuracy, speed, and sustainability 

Replace them with a single linear transformation estimated 
from a small calibration dataset.

Fuse this linear transformation into MLP. Say NO! to 
(1) extra parameters! (2) retraining!

Identify redundant consecutive transformer blocks.



Original model



Layer Selection



Removing layers



Linear Transform Estimation



Linear Transform Estimation



Fusing Linear Transform



Final Model



Method Overview
● Step 1 – Layer Selection: find cut index

● Step 2 – Linear Transform Estimation:

Solve:

a. Analytical (L2): Least squares → fast

b. Numerical (Cosine): Adam optimizer → higher accuracy

● Regularization & Multi-LT:

a. L1/L2 regularization balances accuracy vs. perplexity
b. Multi-LT: multiple non-overlapping pruned segments → better for high compression



Results – LLMs



Vision Transformers – CLIP ViT



Efficiency & Sustainability

● No retraining → ~100× less 
CO₂ vs. UIDL (Fig. 2)

● Compression time: minutes vs. 
hours/days

● Memory: stores only 2 
activations per token (optimized 
cosine loss)

● Fused architecture: no 
inference overhead



Ablations & Insights



Conclusion & Impact

● ReplaceMe is a simple, training-free, effective depth pruning method

● >90% original performance at 25% compression

● Works across LLMs (Llama, Qwen, Falcon) and Vision Transformers 

(CLIP-ViT)

● Open-source: https://github.com/mts-ai/ReplaceMe

● Enables sustainable, accessible AI without retraining

https://github.com/mts-ai/ReplaceMe
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Thank you!

We invite you to our poster for more details about our work

Open-source framework: https://github.com/mts-ai/ReplaceMe

https://github.com/mts-ai/ReplaceMe

