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Motivation: attention is expressive, but not independent
Result preview: CSaN turns the diagnosis into level-jump gains.

Fig. 1 shows two facts at once: weak-independence 
is real, and CSaN makes smaller models competitive 
with larger same-family models.

⚫ The puzzle

➢ Self-attention can be a universal approximator 

under mild conditions.

➢ But attention-only stacks drop sharply when 

FFNs are removed.

⚫ Our answer

➢ SaN views attention as directed, budget-

constrained selection.

➢ CSaN relaxes binding budgets and adds a private 

value route.

+5.5
Top-1 over original Swin-Min with CSaN-

V2

~0.5x
Cost to rival much heavier variants



Table 1 isolates the problem before introducing the remedy.

Weak-Independence: the empirical clue

Takeaway: the bottleneck is structural, not just insufficient parameter count.
This motivates a mechanism-level explanation of what FFNs compensate for.

What Table 1 says

72.2
Original Attn-FFN

62.8
Attention-only

75.9
CSaN, size-matched

⚫ Key interpretation

➢ Replacing FFNs with more attention does not 

recover the baseline.

➢ Width-matching helps, but still leaves a clear gap.

➢ CSaN turns the attention-only skeleton into a 

stronger block.



Selection-as-Nonlinearity: attention as budgeted selection
SaN connects activation, gating and attention with one conceptual lens.

Activation = directed, context-conditioned selection

Context score

→

Gate / membership

is monotone
→

Selected feature

→

Attention row

⚫ Three consequences

➢ Different contexts retain the same token 

differently, so the mapping becomes effectively 

nonlinear.

➢ Self-attention is an aggregation of context-gated 

activation units over a shared value bank.

➢ The row normalizer makes each query solve a 

unit-mass allocation game.

⚫ Why this matters

The same budget that gives attention 

meaningful selection also creates 

competition: rows compete over values, 

and values are shared across rows.



Two structural tensions behind weak-independence

Tension I: granularity vs. reliability

➢ Few heads give coarse selection; 

➢ many heads give fine but fragile gates.

Tension II: row-column budgeting dilemma

⚫ A single shared value update must satisfy 

many row-wise descent demands; without 

rare directional alignment, helping one 

row can hurt another.

CSaN targets both tensions: finer readout, 
relaxed budgets, and a private value route.

SaN diagnoses why attention struggles when used alone.



CSaN：An Interpretable Remedy

Component 1

Hierarchical budget calibration

➢ Row temperature tau: reweights inter-query budgets.

➢ Column magnifier mu: eases column-side crowding.

➢ Softmax is preserved, so selection semantics remain 

interpretable.

Component 2

Public-private cooperation

➢ Public path: normal attention for cross-token mixing.

➢ Private value path: per-token route that bypasses shared-

budget conflict.

➢ Unit-wise gains improve granularity without adding 

many heads.

A drop-in attention compensation mechanism 
guided by SaN



Result I: generalization across backbones and tasks
ImageNet and COCO show that CSaN is not tied to one attention design.

ImageNet-1K

➢ Consistent gains on Swin, ViT and Hiera.

➢ Lighter models rival much heavier same-

family baselines.

➢ Only slight overhead: about 5% in 

parameters/FLOPs.

COCO detection

➢ The downstream gain remains even when both 

models start from the same original Swin-Tiny 

pretrained weights.



Result II: extensibility, ablation, and dynamics
CSaN is a flexible basis, and its components match the SaN diagnosis.

Extensible remedy

Granularity ablation

Public-private dynamics

➢ CSaN-V2 adds structure-aware integration and further improves 

CSaN.

➢ Unit-wise relaxation outperforms head-wise relaxation, supporting 

the granularity diagnosis.

➢ Public pathway remains positive; private pathway learns corrective 

self-anchoring.



Conclusion

⚫ SaN explains weak-independence as two structural tensions:

➢ Granularity-reliability trade-off

➢ Row-column budgeting dilemma

⚫ CSaN operationalizes the lens:

➢ keep the normalizer

➢ relax the budgets

➢ add public-private cooperation

Result: interpretable attention compensation with strong gains and negligible overhead.

Attention is not just a linear mixer. It is budget-constrained selection.



Thanks!
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