
MergeMix: A Unified Augmentation Paradigm 
for Visual and Multi-Modal Understanding 
Xin Jin1,🌟, Siyuan Li1,2,🌟, Siyong Jian1, Kai Yu1, Huan Wang1,✉
1 Westlake University,  2 Zhejiang University

The 14th International Conference on 
Learning Representations

Email: jinxin86@westlake.edu.cn       Paper: https://arxiv.org/abs/2510.23479       Web page: https://jinxins.github.io/MergeMix_Web WESTLAKE
UNIVERSITY

1 1 0 0 0 0
0 0 1 0 0 0
0 0 0 1 1 0
0 0 0 0 0 1

<System> What is this animal?

Vision
Encoder
(ToMe)

Pr
oj
ec
tio
n

LLM
Decoder

Tokenizer

Ranking
Loss

Dataset

CLS

CLS

ToMe
Encoder

Attention
Recovery ToMe

Encoder

Source Map

Top-K

!×#

(a) MergeMix for Image Classification (b) MergeMix for MLLM Understanding
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Tab 1 & 2. Top-1 accuracy (%) ↑ of mixup methods on CIFAR100 and Stanford-Cars datasets.

Table 3. Full system-level comparison results in LLaVA.

Main ExperimentsIntroduc3on of MergeMix Step 1: Image Mixing via Token Merge

1. Mo%va%on

Hard to achieve an op/mal trade-off between the efficiency 
and performance of mixup.
How to extending mixup to MLLMs from classical image 
corrup/ons to data-dependent samples.

2. Core Ideas & Results

Token Merge (ToMe) for accelera%ng training & evalua/on, 
BSM strategy for preserving contextual features.
Preference tuning for be?er aligning the visual to the 
language space with raw & augmented images.
MergeMix achieves SOTA on several image classifica/on 
datasets and benchmarks, demonstra/ng the advantages of 
the training paradigm across various MLLM benchmarks.
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Fig 3. Visualizations.
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Figure 4 & 5. ECE & Occlusion.

Method I: Image Classifica3on

Fig 1. The overall of the two scenarios of MergeMix. Left: Image Classification & Right: MLLMs. 

Method II: Mul3-modal Large Language Models

Sample Mixing. A ViT-based encoder (w. ToMe) obtain the output 
	𝑍!, aKen/on map 𝐴! ∈ 𝐾×𝐾 and source matrix 𝑆 ∈ 𝐿×𝐾:

𝑆, 𝐴!, 𝑍! = 	ToMeAttention(𝑍", 𝑟).
Genera3ng Mixing Mask. Recover the aKen/on score by the matrix 
by 𝐴7" =	𝑅!→"	(𝐴!, 𝑆), generate the mask ℳ	by TopK(<)	from the 
recovered aKen/on map.
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<Question> 

What is the animal in 
the image and 

describe its features?

Raw Image ! = 0.5

Winner Loser

Winner Answer (λ = 1.0): The animal is 
Giant Panda, which has black-and-white 
coloration, round face, black eye patches, 
and small rounded ears.

Loser Answer (λ = 0.5): This image is 
primarily a Giant Panda with the black 
ears, and several visible patches reveal 
parts of the dog with brown patches in a 
mixed composition.

Ground-truth Answer: This animal is a 
Giant Panda with distinctive black-and-
white fur pattern, black patches around 
eyes and ears, and rounded face.

(a) MergeMix for MLLM Understanding (b) Case study of Preference Optimization
Fig 2. (a) Overall illustration of MergeMix for MLLM, (b) Case study of on LLaVA-v1.5-7B. 

Step 2: A Unified Augmenta3on Paradigm, CLS. to MLLMs
Label Mixing. Re-scaling the mixing ra/o 𝜆7 by the ra/o 𝜆 in the 
mask ℳ (as 𝜇) and the merge ra/o 𝑟 (as 𝜎):

𝜆7 ∼ 𝒩 𝜇, 𝜎 , 	𝜆 = clip $%&'( $
&)* $ %&'( $ +,

, 0, 1 .	

Reformulate Loss Func3on. ℒ-./)0 = ℒ12- + ℒ1'&345'* 	/	ℒ67 + ℒ567.

ℒ!"#$%&"' = −	𝔼 (,(*,+ ~-[log	𝜎(
𝛽
|𝑦| log	𝜋.(𝑦 ∣ 𝑥) −

𝛽
|𝑦| log	𝜋.{𝑦 ∣ 𝑥4) − (1 −	𝜆

7))].🌟


