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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

Identify redundant consecutive transformer blocks.

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

. Fuse this linear transformation into MLP. Say NO! to
o

(1) extra parameters! (2) retraining!
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Layer Selection
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Removing layers
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Linear Transform Estimation
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Linear Transform Estimation
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Fusing Linear Transform
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Final Model
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Method Overview

e Step 1 - Layer Selection: find cut index ;* — arg min h (L,L-, Li—l—n)
7
e Step 2 - Linear Transform Estimation px _ arg min h(Mz T+Y, Li—i—n)

Solve: T

a. Analytical (L2): Least squares — fast
T = (M -M;)"" - M/ - (Liyn — Y;)
b. Numerical (Cosine): Adam optimizer — higher accuracy

i,k ° T+sz)T'Lz+nk: )
T* = arg min
°r Z( ||Mm T+ Yirll, | Litnkll,

e 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

Method TrainFree | C3 CMNLI (((° WSC go® PIQA RaceM RaceH MMLU CMMLU | AVG ~ RP
Llama 2 7B (baseline) 438 330 416 375 713 781 331 355  46.8 318 | 453  100.0%
LLM-Streamline* 433 330 241 365 611 715 348 370 455 294 | 416  92.0%
LLMPruner* 297 334 284 404 546 720 229 20 253 250 | 354 782%
SliceGPT* 315 316 185 433 475 683 270 294 288 248 | 351  71.5%
LaCo* 397 344 361 404 557 698 236 26 265 252 | 374  827%
UIDL* 402 344 215 404 597 690 352 347 446 289 | 409 90.3%
Ours (Cosine) v 425 330 252 385 594 711 354 367 464 304 | 419 925%
Ours (LS) 7 394 330 189 385 585 705 371 365 452 292 | 407  89.9%
Method Linear transform Lambada-openai ppl | Avg-accT RP{
Llama 3 8B Instruct [8] 3.11 0.7 100%
SVD-LLM [53] None 29.90 0.59 85.3%
LLMPruner [29] None 12.31 0.60 85.3%
UIDL [13] Identity 2216.96 0.58 82.5%
ReplaceMe(ours) Linear (LS) 20.23 0.63 89.9%
ReplaceMe(ours) Linear (Cosine) 15.88 0.63 90.9 %
ReplaceMe(ours) Multi_LT_NC (Cosine) 13.95 0.63 90.0%




Vision Transformers — CLIP ViT

Compres. MS-COCO Captions Cifar10 VOC2007 Multilabel

Model ratio (retrieval) (zero-shot) (zero-shot) VIAB/EorosaT
text recall@5 vision recall@5 accl accS mean_avg_p accl accS
CLIP-L/14 [37] - 0.794 0.611 0.956 0.996 0.790 0.625 0.960
UIDL 13% 0.745 0.609 0.927 0.996 0.781 0.490 0.931
ReplaceMe (LS) 13% 0.767 0.620 0.939 0.996 0.800 0.552 0.941
UIDL 25% 0.515 0.418 0.693 0.971 0.597 0.381 0.814

ReplaceMe (LS) 25% 0.556 0.471 0.780 0.971 0.688 0395  0.823




Efficiency & Sustainability

No retraining — ~100x% less

Environmental Normalized Comparison Relative Accuracy
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Ablations & Insights

Method Number of LTs Perplexity Avg. Acc
Llama-3-8B-Instruct
06 ReplaceMe 1 21.2061 0.6244
ReplaceMe 2 18.9853 0.6296
031 ReplaceMe 4 16.0669 0.6245
5 ReplaceMe 8 37.9760 0.6092
So
;GE) 0.3
2 Model Calibration Data Compression | Sciq Accuracy
02 Llama3 8B instruct | - - 0.93
. UIDL Sciq- Task specific | 25% 0.687
> Ours (LSTSQ) Sciqg- Task specific | 25% 0.89
s e Ours (LSTSQ) Orca General 25% 0.858
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Pruned Layers
Method Objective Calibration Data Avg-acc T Perplexity | %
Baseline Model - - 0.70 3.11 100.00
ReplaceMe LS fineweb 8k 0.56 26.74 80.47
ReplaceMe LS slim_orca 8k 0.62 21.21 89.59
ReplaceMe LS orca_generated 8k 0.61 13.58 87.40
ReplaceMe Cosine fineweb 8k 0.58 25.07 83.16
ReplaceMe Cosine slim_orca 8k 0.63 15.90 90.67
ReplaceMe Cosine 4K SlimOrca + 4K Fineweb 0.63 15.85 90.51
ReplaceMe Cosine Mix of 66 languages 0.63 15.72 90.64
ReplaceMe Cosine orca_generated 8k 0.61 13.24 87.33




Conclusion & Impact

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

e >90% original performance at 25% compression

e Works across LLMs (Llama, Qwen, Falcon) and Vision Transformers
(CLIP-VIT)

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

e Enables sustainable, accessible Al without retraining
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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

