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The Problem: Scaling Quantum-Inspired Models



Our Approach: The Deep Tree Tensor Network (DTTN)



The Core Idea: Antisymmetric Interaction Module (AIM)

Design: An antisymmetric two-branch structure combines spatial and channel operations 
in reverse orders.
Key Advantages:

(a) Parameter Efficient: More efficient than a symmetric design.
(b)  Purely Multilinear: Maintains the network's polynomial nature.



The DTTN Architecture: From Module to Network

 The DTTN is built by hierarchically stacking our core AIM blocks into a deep, 
multi-stage architecture.



Theoretical Insight: Unfolding into a Tree Tensor Network

 A DTTN without Layer Normalization is mathematically equivalent to a 
Tree Tensor Network.

 Each AIM acts as a binary node in a tree, performing a tensor contraction 
that fuses features.

 This equivalence allows DTTN to model 2^Lorder interactions, inheriting 
the exponential expressive power of classic Tensor Networks.



Main Result: State-of-the-Art on ImageNet-1K

 DTTN significantly outperforms all competing polynomial and 
multilinear networks.

 The convergence curve demonstrates faster training and higher final 
accuracy.



Ablation studies



Broader Impact 

 Recommendation Systems: The AIM acts as a plug-and-play module, effectively 
boosting CTR prediction performance in existing models.

 Physics-Informed Neural Networks (PINNs): DTTN serves as a powerful, activation-
free core, achieving lower prediction error in solving complex PDEs.



Conclusion

 We proposed DTTN, the first Tensor Network-inspired architecture to achieve 
promising performance on ImageNet-1K, solving the scalability challenge.

 The hierarchical AIM architecture provides a scalable and efficient realization of a 
Tree Tensor Network, capturing exponential-order interactions through pure 
multilinear operations.

 DTTN offers a promising direction for developing powerful and transparent white-
box models that combine high performance with clear structural interpretability.


