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Not all Sequences are Causal
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Sometimes all tokens are available in tasks like:

• Image classification 

• Masked Language Modeling (MLM)

• Diffusion LLMs 

• DNA modeling Image classification

Masked Language ModelingDNA Modeling



Bi-directional Transformers

Examples of Bi-directional Transformers:

• Vanilla Transformer [Machine Translation]

• Vision Transformers (ViT) [Vision]

• Bidirectional Encoder Representations from 
Transformers (BERT) [MLM]

• Large Language Diffusion Models (LLaDA) 
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Vision Transformers (ViT)

BERT



Bi-directional SSMs

Examples of Bi-directional SSMs:

• Vision Mamba (Vim) [Vision]

• Hydra [Vision, MLM]

• Caduceus [DNA]

• Lyra [DNA]
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Vision Mamba (Vim)

HydraCaduceus



Transformer–SSM Trade-offs (in 
Bidirectional Form)
Model Training Speed Inference Efficiency
Transformer
SSM
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Transformer–SSM Trade-offs (in 
Bidirectional Form)
Model Training Speed Inference Efficiency
Transformer
SSM
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Training Speed on ImageNet-1K Classification



Transformer–SSM Trade-offs (in 
Bidirectional Form)
Model Training Speed Inference Efficiency
Transformer
SSM
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2 SSD Algorithm
Training Speed on ImageNet-1K Classification



Transformer–SSM Trade-offs (in 
Bidirectional Form)
Model Training Speed Inference Efficiency
Transformer
SSM
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Training Speed on ImageNet-1K Classification

 Flash Linear Attention: Fast Chunkwise Parallel 
Training

2 SSD Algorithm



Why Bi-directional Linear Attention?

Can Bidirectional Linear Attention …

• Train as fast as Transformers in fully parallel form?
• Be as efficient as SSMs during inference?
• Support chunkwise processing for balanced 

memory–speed trade-offs?
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Causal Linear Transformers
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Causal Linear Transformers
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Causal Linear Transformers
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Causal Linear Transformers
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Can have bi-directional framework for above linear transformers.



Key Components of Bidirectional 
Linear Transformers
• Full Linear Attention
• Equal Bi-directional RNN
• Chunkwise Parallel Representation
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Key Representation of Bidirectional 
Linear Transformers
• Full Linear Attention
• Equal Bi-directional RNN
• Chunkwise Parallel Representation
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Full Linear Attention 
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Full Softmax Attention



Full Linear Attention 
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Full Softmax Attention

Full Linear Attention



Full Linear Attention 
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Full Softmax Attention

Full Linear Attention



LION-Full Linear Attention 
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Full Softmax Attention

Full Linear Attention

Anti-Causal

Causal

Diagonal

This is full parallel form for training!



Key Representation of Bidirectional 
Linear Transformers
• Full Linear Attention
• Equal Bi-directional RNN
• Chunkwise Parallel Representation
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Equivalent Bi-directional RNN for 
Linear Attention
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Equivalent Bi-directional RNN for 
Linear Attention
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Equivalent Bi-directional RNN for 
Linear Attention
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Parallel Form for Diagonal Decay
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 The backward (anti-causal) component of full linear attention is 
equivalent to a recurrent neural network operating in the reverse direction.



LION-RNN
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LION-RNN
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LION-RNN
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LION-RNN
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For diagonal forget gate:
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Bi-directional Linear Transformers
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Key Representation of Bidirectional 
Linear Transformers
• Full Linear Attention
• Equal Bi-directional RNN
• Chunkwise Parallel Representation
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Chunkwise Parallel Form of LION
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Chunkwise Parallel Form of LION
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Chunkwise Parallel Form of LION
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LION-Chunk
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LION-Chunk
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LION-Lit LION-D LION-S



Experiments

• Masked Language Modeling 
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Experiments

• Image Classification
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2.5x

1.4x



Linear Vision Transformers Require 
Multiple Scans
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Future Directions

• Using LION Masks as 2D Positional Embeddings in Softmax Transformers

• Leveraging LION to Accelerate Hydra’s Training

• Extending LION to Other Domains: DNA and Diffusion Language Models

40



Authors and Links

41

Arshia Afzal Elias Abad Rocamora Leyla Naz Candogan Pol Puigdemont Plana

Volkan CevherFrancesco Tonin

Code Blog Paper

Yungtao Wu Mahsa Shoaran

https://github.com/LIONS-EPFL/LION
https://lions-epfl.github.io/index.html
https://arxiv.org/pdf/2502.16249

	Slide 1: 🦁Linear Attention for Efficient Bidirectional Sequence Modeling
	Slide 2: Not all Sequences are Causal
	Slide 3: Bi-directional Transformers
	Slide 4: Bi-directional SSMs
	Slide 5: Transformer–SSM Trade-offs (in Bidirectional Form)
	Slide 6: Transformer–SSM Trade-offs (in Bidirectional Form)
	Slide 7: Transformer–SSM Trade-offs (in Bidirectional Form)
	Slide 8: Transformer–SSM Trade-offs (in Bidirectional Form)
	Slide 9: Why Bi-directional Linear Attention?
	Slide 10: Causal Linear Transformers
	Slide 11: Causal Linear Transformers
	Slide 12: Causal Linear Transformers
	Slide 13: Causal Linear Transformers
	Slide 14: Key Components of Bidirectional Linear Transformers
	Slide 15: Key Representation of Bidirectional Linear Transformers
	Slide 16: Full Linear Attention 
	Slide 17: Full Linear Attention 
	Slide 18: Full Linear Attention 
	Slide 19: LION-Full Linear Attention 
	Slide 20: Key Representation of Bidirectional Linear Transformers
	Slide 21: Equivalent Bi-directional RNN for Linear Attention
	Slide 22: Equivalent Bi-directional RNN for Linear Attention
	Slide 23: Equivalent Bi-directional RNN for Linear Attention
	Slide 24: Parallel Form for Diagonal Decay
	Slide 25: LION-RNN
	Slide 26: LION-RNN
	Slide 27: LION-RNN
	Slide 28: LION-RNN
	Slide 29
	Slide 30: Bi-directional Linear Transformers
	Slide 31: Key Representation of Bidirectional Linear Transformers
	Slide 32: Chunkwise Parallel Form of LION
	Slide 33: Chunkwise Parallel Form of LION
	Slide 34: Chunkwise Parallel Form of LION
	Slide 35: LION-Chunk
	Slide 36: LION-Chunk
	Slide 37: Experiments
	Slide 38: Experiments
	Slide 39: Linear Vision Transformers Require Multiple Scans
	Slide 40: Future Directions
	Slide 41: Authors and Links

