
Cracking Instance Jigsaw Puzzles: An Alternative to Multiple Instance Learning for Whole Slide Image Analysis
Xiwen Chen1*  Peijie Qiu2* Wenhui Zhu3* Hao Wang1 Huayu Li4 Xuanzhao Dong3

Xiaotong Sun5  Xiaobing Yu2 Yalin Wang3 Abolfazl Razi1 Aristeidis Sotiras2

1. Clemson University 2. Washington University in St. Louis 3. Arizona State University

4. University of Arizona 5. University of Arkansas

* equal contributions

Motivation

• Permutation invariance is a core assumption in MIL but it overlooks 

spatial correlations between tiles in WSIs, which are essential for 

image-based analysis. Neighboring tiles in WSIs are usually spatially 

and semantically related, often belonging to the same tissue category.

• This creates a dilemma between maintaining permutation invariance 

and preserving spatial correlations.

• Convolutional operations are effective for modeling spatial structure

but they are not permutation-invariant because rearranging the inputs 

changes the output. Adding convolutional layers to MIL aggregators 

often leads to clear performance improvements. Replacing traditional 

MIL aggregators with simple CNNs can even achieve better 

performance, a direction that has received little attention in the 

literature.

• These facts lead us to question whether we really need an MIL for WSI 

analysis. Instead, we argue that, despite violating the permutation-

invariant constraint, modeling the spatial correlations between 

tiles/instances is necessary.

Methods

Methods

Rather than achieving better modeling instance correlation through 

different attention mechanisms, naive position encoding e.g., sin-

cos, PPEG [1]), or accessing additional information, we discover 

that learning to restore the original order from shuffled tiles 

can lead to better performance by exploiting their semantic 

correlations. We term this process as solving an instance jigsaw 

puzzle.

⚫ A Siamese Network Solution

Experiment and Ablation

Conclusion

Paper

(a) the traditional MIL 

method and (b) the proposed 

method for solving instance 

jigsaw puzzles. Compared to 

MIL, the proposed method is 

advantageous in uncovering 

semantic correlations between 

instances.

We question the necessity of traditional permutation-invariant MIL for 

whole slide image analysis and highlight the critical role of spatial and 

semantic correlations among instances.To address this, we propose 

“Cracking Instance Jigsaw Puzzles”, a new paradigm that explicitly 

learns semantic relationships by restoring the spatial order of shuffled 

tiles. Our Siamese network with shuffling equivalence regularization, 

theoretically supported by optimal transport principles, consistently 

outperforms state-of-the-art MIL models in both WSI classification and 

survival prediction tasks. Despite a minor computational cost, the 

approach broadens the design space by enabling flexible architectures such 

as CNNs, paving the way for more spatially aware and semantically 

enriched WSI analysis.
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