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• How are existing model merging methods classified?
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How are existing model merging methods 
classified?
• Pre-merging methods: Pre-merging methods aim to create better 

conditions for merging. 
• During-merging methods: Focus on designing sophisticated 

techniques to merge multiple models into one



Merger-Friendly Fine-Tuning

• Linearization Fine-tuning
• Sharpness-Aware Fine-Tuning
• Subspace Fine-Tuning



Editing models with task arithmetic (TA)

Ilharco, G., Ribeiro, M. T., Wortsman, M., Gururangan, S., Schmidt, L., Hajishirzi, H., & Farhadi, A. (2022). 
Editing models with task arithmetic. ICLR2023.



Non-toxic samples from 
Civil Comments 
(toxicity scores smaller 
than 0.2).



Pre-Merging Methods

• Merger-Friendly Fine-Tuning
• Architecture Transformation
• Weight Re-basin or Alignment



Merger-Friendly Fine-Tuning

• Linearization Fine-tuning
• Sharpness-Aware Fine-Tuning
• Subspace Fine-Tuning



Linearization Fine-tuning

• Weight Disentanglement
• Different directions of the weight space correspond to functional changes in 

disjoint regions of the input space. 

Ortiz-Jimenez, G., Favero, A., & Frossard, P. (2023). Task arithmetic in the tangent space: Improved editing of 
pre-trained models. Advances in Neural Information Processing Systems, 36, 66727-66754.



Sharpness-Aware Fine-Tuning

• Sharpness-aware minimization to encourage a flatter task-specific 
loss landscape

Lee, Y., Jung, J., & Baik, S. (2025). Mitigating parameter interference in model merging via sharpness-aware fine-tuning. ICLR2025.



Subspace Fine-Tuning

• Unlike the full-parameter fine-tuning strategies mentioned above, 
some approaches fine-tune only a subset of parameters instead of the 
whole set. 

• OSRM fine-tunes the model via LoRA in an orthogonal subspace, 
thereby mitigating unintended interference across tasks.

Zhang, H., & Zhou, J. (2025, July). Unraveling lora interference: Orthogonal subspaces for robust model merging. 
In Proceedings of the 63rd Annual Meeting of the Association for Computational Linguistics (Volume 1: Long 
Papers) (pp. 26459-26472).



Pre-Merging Methods

• Merger-Friendly Fine-Tuning
• Architecture Transformation
• Weight Re-basin or Alignment



Architecture Transformation

• FuseLLM and FusionChat propose to 
merge chat LLMs with diverse 
architectures and scales (e.g., 
NH2Mixtral-8x7B, NH2-Solar-10.7B, 
OpenChat-3.5-7B in their practical 
applications)

• FusionChat first uses knowledge distillation 
to transform all the architectures to match 
that of OpenChat-3.5-7B, and then 
performs the merge operation

Fanqi Wan, Ziyi Yang, Longguang Zhong, Xiaojun Quan, Xinting Huang, and Wei Bi. 2024. FuseChat: 
Knowledge Fusion of Chat Models. arXiv preprint arXiv:2402.16107 (2024).



Pre-Merging Methods

• Merger-Friendly Fine-Tuning
• Architecture Transformation
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Weight Re-basin or Alignment

• The linear mode connectivity (LMC) property of deep neural networks 
demonstrates that there is a connected path between multiple local 
minima of deep neural networks along which the loss remains nearly 
constant. 

Zhou, Z., Yang, Y., Yang, X., Yan, J., & Hu, W. (2023). Going beyond linear mode connectivity: The layerwise linear feature connectivity. Advances in neural information processing systems, 36, 60853-60877. 
Frankle, J., Dziugaite, G. K., Roy, D., & Carbin, M. (2020, November). Linear mode connectivity and the lottery ticket hypothesis. In International conference on machine learning (pp. 3259-3269). PMLR.



How to achieve LMC

• Spawning: A network is randomly initialized, trained for a small 
number of epochs, and then spawned into two copies which continue 
to be independently trained using different SGD randomnesses.

• Permutation: Two networks are independently trained, and the 
neurons of one model are permuted to match the neurons of the other 
model while maintaining a functionally equivalent network. 





Navon, A., Shamsian, A., Fetaya, E., Chechik, G., Dym, N., & Maron, H. (2023). Equivariant deep weight space alignment.  
PMLR2024





During Merging Methods

• Basic methods
• Weighted-based methods
• Subspace-based methods
• Optimization-based methods
• Routing-based methods
• Other merging methods



Basic methods

• One of the most straightforward approaches to model merging is to 
directly weighted average the parameters of multiple models. 
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Weighted-based methods

• Different models (or task vectors) represent different functions, and 
intuitively, different functions have varying degrees of importance.

• The goal of the weighted merging method is to find the optimal 
coefficients. 



AdaMerging

H() is the Shannon entropy

Enneng Yang, Zhenyi Wang, Li Shen, Shiwei Liu, Guibing Guo, Xingwei Wang, and Dacheng Tao. 2024. AdaMerging: Adaptive 
Model Merging for Multi-Task Learning. ICLR (2024).





SLERP

Fisher-Merging
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Matena, M. S., & Raffel, C. A. (2022). Merging models with fisher-weighted averaging. Advances in Neural Information 
Processing Systems, 35, 17703-17716.
Charles Goddard, Shamane Siriwardhana, Malikeh Ehghaghi, Luke Meyers, Vlad Karpukhin, Brian Benedict, Mark McQuade, 
and Jacob Solawetz. 2024. Arcee’s MergeKit: A Toolkit for Merging Large Language Models. arXiv preprint 
arXiv:2403.13257 (2024).

Ft is the diagonal of the Fisher information matrix with respect 
to task t





Subspace-based methods

• Sparse Subspace Merging
• TIES-Merging:

Yadav, P., Tam, D., Choshen, L., Raffel, C. A., & Bansal, M. (2023). 
Ties-merging: Resolving interference when merging models. Advances 
in neural information processing systems, 36, 7093-7115.



Subspace-based methods

• Low-Rank Subspace Merging: Low-rank subspace methods extract 
the most informative components via matrix factorization for merging, 
while discarding less important components that are more likely to 
cause conflicts. 

• TSV-M [56] applies SVD to task vectors, concatenates the left and 
right singular vectors, and then orthogonalizes them to remove 
redundant bases

Gargiulo, A. A., Crisostomi, D., Bucarelli, M. S., Scardapane, S., Silvestri, F., & Rodola, E. (2025). Task singular 
vectors: Reducing task interference in model merging. In CVPR’25 (pp. 18695-18705).





Optimization-based Merging Methods
• Optimization-based methods exploit the 

intrinsic properties of task vectors to 
formulate an optimization objective, thereby 
enabling data-free minimization of inter-task 
interference or information loss after merging.

通过让合并后的任务向量 τ_m 在每个任务向量 τ_i 所张
成的线性子空间上投影尽可能接近 τ_i 本身，从而在无数
据的情况下消除干扰

Cheng, R., Xiong, F., Wei, Y., Zhu, W., & Yuan, C. (2025). Whoever started the interference should end it: Guiding data-free model merging via task vectors. ICML 
2026



Routing-based Merging Methods
Dynamically merge models (or subsets of layers) 
based on the samples/tasks during the inference 
phase.



EMR



Second Step



Third Step



Inference



Post-calibration-based Methods
• Merged models suffer from representation bias, meaning the representations 

extracted by the independent and merged models are very different, leading 
to performance degradation in the merged model. 







Summary

• Training-free methods and training based methods
• data-dependent approaches and data-independent approaches 
• Static scheme and dynamic 
• Weighting granularity: global, task-wise, layer-wise, and parameter-

wise weighting.
• Overall, there is no single “perfect” merging method that fits all 

scenarios; the most appropriate approach should be chosen based on 
performance requirements,  implementation complexity, and  the 
availability of data and computational resources.



Application of Model Merging in Foundation 
Models



Application of Model Merging in Different 
Machine Learning Subfields


