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5.1 PPMA: Motivation (Current Issue)

Not yet, experimental results 
speak louder than words

Question: Have SOTA Mamba-based models outperform SOTA ViTs in computer 
vision domain, especially on high-level vision tasks?               .
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Sequence Modeling Architecture

Positional EncodingGlobal dependency modeling

Self-attention (ViTs)

𝒀𝜑 𝑥 = softmax 𝑸𝑲⊤ + 𝑷𝑬 𝑽

Structured Masked Attention (Mamba2)

𝒀 = 𝑪𝑩⊙ 𝑳 𝑿

Issue: APE/RPE/RoPE are implicit
positional encodings 

Issue: weak global 
dependency 

modeling

Issue: 1D scanning 
disrupts 2D image 

structure
❌❌



We adapt Mamba2’s 1D structured mask to 2D polyline path mask and integrate it into the 
self-attention mechanism of ViTs as an explicit positional encoding.

✅

❌

✅

❌









5.1 PPMA: Insight & Contribution
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◼ Our insight: Mamba2 core mechanism is structured mask

◼ Explicit positional encoding through the recursive propagation mechanism

◼ Semantic continuity awareness in sequences through the selective mechanism

◼ Our contribution

◼ A novel 2D polyline path structured mask

◼ An efficient algorithm for the calculation of the polyline path mask

◼ Polyline Path Masked (Sparse) Attention

◼ SOTA performance on image classification, object detection, and 

segmentation tasks compared to SSM-based models and ViTs



5.2 PPMA: Method (Definition of Polyline Path Mask)
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◼ 2D polyline path scanning

◼ Current issue: fail to preserve the distance relationship of 2D tokens

◼ Our solution: scan the 2D tokens along multiple paths



5.2 PPMA: Method (Definition of Polyline Path Mask)
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൞
𝛼𝑖,𝑗 = exp(−Softplus(MLP𝛼 𝒙𝑖,𝑗 )) ∈ ℝ1 (𝟎~𝟏)

𝛽𝑖,𝑗 = exp(−Softplus(MLP𝛼 𝒙𝑖,𝑗 )) ∈ ℝ1 (𝟎~𝟏)

◼ Calculate the decay weight of each polyline path, i.e., for  

path from 𝒙𝑘,𝑙 to 𝒙𝑖,𝑗 :

𝛼𝑖,𝑗:𝑙 = ൞

𝛼𝑖,𝑗+1 ×⋯× 𝛼𝑖,𝑙 𝑖𝑓 𝑗 < 𝑙

1 𝑖𝑓 𝑗 = 𝑙
𝛼𝑖,𝑙+1 ×⋯× 𝛼𝑖,𝑗 𝑖𝑓 𝑗 > 𝑙

, 𝛽𝑖:𝑘,𝑙 = ൞

𝛽𝑖+1,𝑙 ×⋯× 𝛽𝑘,𝑙 𝑖𝑓 𝑖 < 𝑘

1 𝑖𝑓 𝑖 = 𝑘
𝛽𝑘+1,𝑙 ×⋯× 𝛽𝑖,𝑙 𝑖𝑓 𝑖 > 𝑘

𝓛1,1,4,4 = 𝛼1,2𝛼1,3𝛼1,4𝛽2,4𝛽3,4 𝛽4,4

𝓛𝑖,𝑗,𝑘,𝑙 = 𝛼𝑖,𝑗:𝑙𝛽𝑖:𝑘,𝑙

◼ 2D polyline path mask

◼ Learn the horizontal factor and vertical decay factors
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◼ 2D polyline path mask

◼ Learn the horizontal factor and vertical decay factors

𝓛𝑖,𝑗,𝑘,𝑙 = 𝛼𝑖,𝑗:𝑙𝛽𝑖:𝑘,𝑙

◼ Calculate the decay weight of each polyline path, i.e., for  

path from 𝒙𝑘,𝑙 to 𝒙𝑖,𝑗 :

◼ Combine bidirectional vertical-then-horizontal path and 

horizontal-then-vertical path: 

𝓛2𝐷 = 𝓛 + ෩𝓛, ෩𝓛𝑖,𝑗,𝑘,𝑙 = 𝛼𝑘,𝑗:𝑙𝛽𝑖:𝑘,𝑗 = 𝓛𝑘,𝑙,𝑖,𝑗

(a) V2H polyline path 𝓛1,1,4,4

(b) H2V polyline path ෩𝓛1,1,4,4

◼ Unfold 4D tensors 𝓛2𝐷 ∈ ℝ𝐻×𝑊×𝐻×𝑊 to 2D matrix 𝑳2𝐷 ∈ ℝ𝐻𝑊×𝐻𝑊 :  

𝑳2𝐷 = unfold 𝓛2𝐷 , 𝑳 𝑖−1 ×𝑊+𝑗, 𝑘−1 ×𝑊+𝑙,
2𝐷 = 𝓛𝑖,𝑗,𝑘,𝑙

2𝐷

𝑳 = unfold 𝓛



(c) An illustration of the V2H polyline path mask on a 

3×3 grid (with a total of 9 tokens).



5.2 PPMA: Method (Efficient Computation Theory)
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◼ Efficient Computation of Polyline Path Mask

◼ Naive Computation: the polyline mask 𝑳 ∈ ℝ𝑁×𝑁 is large in size and each element 𝓛𝑖,𝑗,𝑘,𝑙 = 𝛼𝑖,𝑗:𝑙𝛽𝑖:𝑘,𝑙 require 

numerous multiplications, resulting in a total complexity of 𝒪(𝑁
5

2)

◼ Efficient Computation: 𝑳 can be decomposed as the multiplication of two sparse matrices: 𝑳 = 𝑳𝐻 × 𝑳𝑉 = ෠𝑳𝐻 ⊙ ෠𝑳𝑉

ℝN×N

𝓛𝑖,𝑗,𝑘,𝑙 = 𝛼𝑖,𝑗:𝑙𝛽𝑖:𝑘,𝑙,    where 𝑖, 𝑘 = 0,1, … , H − 1;    𝑘, 𝑙 = 0,1, … ,W − 1
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◼ Efficient Computation of Polyline Path Mask

◼ Naive Computation: the polyline mask 𝑳 ∈ ℝ𝑁×𝑁 is large in size and each element 𝓛𝑖,𝑗,𝑘,𝑙 = 𝛼𝑖,𝑗:𝑙𝛽𝑖:𝑘,𝑙 require 

numerous multiplications, resulting in a total complexity of 𝒪(𝑁
5

2)

◼ Efficient Computation: 𝑳 can be decomposed as the multiplication of two sparse matrices: 𝑳 = 𝑳𝐻 × 𝑳𝑉 = ෠𝑳𝐻 ⊙ ෠𝑳𝑉



Polyline Path Scanning

(a) An illustration of the Polyline Path Mask Decomposition



Complexity: 𝒪(𝑁
5

2)

Complexity: 𝒪(𝑁2)

𝑳𝑯: 𝒪(𝑁
3
2) 𝑳𝑽: 𝒪(𝑁

3
2)

𝒪(𝑁2)
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◼ Efficient Computation of Polyline Path Mask Matrix Multiplication

◼ Naive Computation: for a rank-N matrix 𝑳 ∈ ℝ𝑁×𝑁 and a vector 𝒙 ∈ ℝ𝑁, 𝑳𝒙 requires a complexity of 𝒪(𝑁2)

◼ Efficient Computation: for decomposed polyline path mask, 𝑳𝒙 = 𝑳𝐻 × 𝑳𝑉 × 𝒙 requires a complexity of 𝒪(𝑁)





Complexity: 𝒪(𝐻2𝑊)

Complexity: 𝒪(𝐻𝑊2)

𝒪(𝐻𝑊)

𝒪(𝐻𝑊)



Complexity: 𝒪(𝐻2𝑊)

Complexity: 𝒪(𝐻𝑊2)

𝒪(𝐻𝑊)

𝒪(𝐻𝑊)



𝑨1

𝑨2

𝑨3

𝑩1

Complexity: 𝒪(𝐻2𝑊)

Complexity: 𝒪(𝐻𝑊2)

𝒪(𝐻𝑊)

𝒪(𝐻𝑊)

Chunkwise 

algorithm 



𝑨1

𝑨2

𝑨3

𝑩1𝑩𝟐

Complexity: 𝒪(𝐻2𝑊)

Complexity: 𝒪(𝐻𝑊2)

𝒪(𝐻𝑊)

𝒪(𝐻𝑊)

Chunkwise 

algorithm 



𝑨1

𝑨2

𝑨3

𝑩1𝑩𝟑

Complexity: 𝒪(𝐻2𝑊)

Complexity: 𝒪(𝐻𝑊2)

𝒪(𝐻𝑊)

𝒪(𝐻𝑊)

Chunkwise 

algorithm 
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◼ Efficient Computation of Polyline Path Mask Matrix Multiplication

◼ Naive Computation: for a rank-N matrix 𝑳 ∈ ℝ𝑁×𝑁 and a vector 𝒙 ∈ ℝ𝑁, 𝑳𝒙 requires a complexity of 𝒪(𝑁2)

◼ Efficient Computation: for decomposed polyline path mask, 𝑳𝒙 = 𝑳𝐻 × 𝑳𝑉 × 𝒙 requires a complexity of 𝒪(𝑁)



Complexity: 𝒪(𝐻2𝑊)

Complexity: 𝒪(𝐻𝑊2)

𝒪(𝐻𝑊)

𝒪(𝐻𝑊)





5.2 PPMA: Method (Polyline Path Masked Attention)
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◼ Polyline path mask can be integrated into various attention in a plug-and-play manner

2) Masked linear attention: PPMLA 𝑿 = 𝑸𝑲⊤⊙𝑳2𝐷 𝑽 = 𝑸 ⋆ 𝑳2𝐷 × 𝑲 ⋆ 𝑽

4) Masked decomposed attention :  PPMDA 𝑿 = 𝑺𝟏 × 𝑺𝟐 ⊙𝑳2𝐷 𝑽 = 𝑺𝟏 ⋆ 𝑳2𝐷 × 𝑺𝟐 ⋆ 𝑽

3) Masked criss-cross attention:  PPMCCA 𝑿 = 𝑺𝑯 × 𝑺𝑽 ⊙𝑳2𝐷 𝑽

Basic Paradigm:  PPMA 𝑿 = Attn 𝑸,𝑲 ⊙ 𝑳2𝐷 𝑽 = Attn 𝑸,𝑲 ⊙ 𝑳 𝑽 + Attn 𝑸,𝑲 ⊙ ෨𝑳 𝑽

1) Masked Vanilla self-attention:  PPMVA 𝑿 = softmax 𝑸𝑲⊤ ⊙𝑳2𝐷 𝑽 Complexity: 𝒪(𝑁2)

Complexity: 𝒪(𝑁)

Complexity: 𝒪(𝑁
3

2)
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◼ Decomposed Criss-Cross Attention[1]

3) Masked criss-cross attention:  PPMCCA 𝑿 = 𝑺𝑯 × 𝑺𝑽 ⊙𝑳2𝐷 𝑽

[1] Huang Z, Wang X, Huang L, et al. Ccnet: Criss-cross attention for semantic segmentation[C], 2019ICCV & 2020TPAMI. (cited:3646)

𝑺𝑯 = softmax(𝑸𝑯𝑲𝑯
𝑻 ) ⊙ 𝑳𝑯

𝒀 = 0.5 × 𝑺𝑽 𝑺𝑯𝑽
⊤ ⊤

+ 0.5 × 𝑺𝑯 𝑺𝑽𝑽⊤
⊤

𝑺𝑽 = softmax(𝑸𝑽𝑲𝑽
𝑻) ⊙ 𝑳𝑽

𝑺𝑯 × 𝑺𝑽 ⊙𝑳 𝑽 = 𝑺𝑯 × 𝑺𝑽 ⊙ 𝑳𝑯 × 𝑳𝑽 𝑽

= ෡𝑺𝑯 ⊙෡𝑺𝑽 ⊙ ෠𝑳𝑯 ⊙ ෠𝑳𝑽 𝑽

= ෡𝑺𝑯 ⊙ ෠𝑳𝑯 ⊙ ෡𝑺𝑽 ⊙ ෠𝑳𝑽 𝑽

= 𝑺𝑯 ⊙𝑳𝑯 × 𝑺𝑽 ⊙𝑳𝑽 𝑽

= 𝑺𝑯 ⊙𝑳𝑯 × 𝑺𝑽 ⊙𝑳𝑽 × 𝑽



5.2 PPMA: Method (Polyline Path Masked Attention)
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5.3 PPMA: Experiments (Image Classification)
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5.3 PPMA: Experiments (Object Detection)
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5.3 PPMA: Experiments (Semantic Segmentation)
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5.3 PPMA: Experiments (Ablation Study)
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◼ Ablation study on the polyline path mask design



5.3 PPMA: Experiments (Visualization)
110

Figure 8: Visualizations of the Polyline Path Masked Attention

https://github.com/zhongchenzhao/PPMA

https://github.com/zhongchenzhao/PPMA






What is next for Mamba?
113

◼ Stable and scalable linear-time foundational model remains a worthwhile subject 

◼ Hybrid architecture maybe the future



Thanks！


