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BACKGROUND

DiT repeatedly processes the full token sequence

Each denoising step updates all N image tokens

Denoising step 1

1 2 3 4 5 6 7 8

DiT
All N tokens

1 2 3 4 5 6 7 8

Updated latent tokens

Denoising step 2

1 2 3 4 5 6 7 8

DiT
All N tokens

1 2 3 4 5 6 7 8

Updated latent tokens

next step

Denoising step K

1 2 3 4 5 6 7 8

DiT
All N tokens

1 2 3 4 5 6 7 8

Final clean latent

…

VAE decode Final image
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TOKEN MERGING

What if similar tokens are computed once?

Merge similar features, compute representatives, then unmerge

Full sequence (N)

1 2 3 4 5 6 7 8

Similar colors = similar features

Merge

Representatives (M < N)

1+2 3+4 5+6 7+8 Transformer operation
M tokens

Reduced computation in 
selected blocks

Unmerge1 2 3 4 5 6 7 8

Full positions restored (N)

Next layer / step

Which tokens should merge? Which should remain distinct?
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RELATED WORK

Representative token merging methods

ToMeSD[1]

Feature similarity identifies redundant tokens
Merge for selected computation, then restore token positions

Importance-Based Token Merging[2]

CFG discrepancy provides token importance
Important-token pool guides anchor and source selection

Does prompt relevance capture all image structure?

[1] Bolya, Daniel, and Judy Hoffman. "Token merging for fast stable diffusion." 2023 IEEE/CVF conference on computer vision and pattern recognition workshops (CVPRW). IEEE, 2023.
[2] Wu, Haoyu, et al. "Importance-based token merging for efficient image and video generation." 2025 IEEE/CVF International Conference on Computer Vision (ICCV). IEEE, 2025.
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𝜖𝜃 𝑥𝑡 , 𝑡 = 𝜖𝜃 𝑥𝑡 , 𝑡 + 𝑤[𝜖𝜃 𝑥𝑡 , 𝑐, 𝑡 − 𝜖𝜃 𝑥𝑡 , 𝑡 ]



MOTIVATION

CFG signal can miss background structure

Prompt relevance

Strong guidance around
prompt-aligned objects

What about the background?

Unmentioned boundaries
and fine details
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OBSERVATION

Prompt relevance leaves structural blind spots

Time-varying importance

Refinement shifts beyond the foreground

Prompt-independent structure

Background tokens remain low-ranked in CFG
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OBSERVATION

Prompt relevance leaves structural blind spots
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How to faithfully capture these diffusion dynamics?

Propose DaTMe



OBSERVATION

Two signals from the predicted noise
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𝑠 𝑡 = ∇𝑥𝑡
𝑙𝑜𝑔𝑝𝑡 𝑥𝑡 ≈ −

1

𝜎𝑡
𝜖𝜃(𝑥𝑡 , 𝑡)

Score function

Tweedie estimation

 𝑥0 𝑡 = 𝔼 𝑥0 𝑥𝑡 ≈
𝑥𝑡 − 𝜎𝑡𝜖𝑡(𝑥𝑡 , 𝑡)

𝛼𝑡

Which is better?



OBSERVATION

Tweedie difference instead of score difference

Pseudo-GT = 𝑥0 −  𝑥0(𝑡)

Reference: remaining change to the final generated latent

(a) Different refinement

High-gap tokens keep changing

(b) Dynamic importance

CFG remains relatively static
Focus on the same region

(c) Pseudo-GT alignment

Tweedie difference stays aligned
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TEMPORAL IMPORTANCE MAP

Tweedie difference instead of score difference

Raw score slope 𝑠 𝑡 − 𝑠 𝑡 − 1

Difference term
Prediction change

Scale term
Noise-schedule rescaling

Late steps: scale term can dominate
σₜ → 0: schedule effects can mask token refinement

Tweedie difference  𝑥0 𝑡 −  𝑥0(𝑡 − 1)

(6)

Scale term removed, only focus on token refinement
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𝜖𝜃 𝑡 − 1 − 𝜖𝜃 𝑡

𝜎𝑡−1
+ 𝜖𝜃(𝑡)

1

𝜎𝑡−1
−

1

𝜎𝑡

𝜎𝑡−1

𝛼𝑡−1
𝜖𝜃 𝑡 − 1 − 𝜖𝜃 𝑡ℳ𝑡𝑒𝑚𝑝

(𝑡)
=



SPATIAL IMPORTANCE MAP

Stable tokens can still carry important structure
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ℳ𝑠𝑝𝑎𝑡
(𝑡)

=  𝑥0 𝑡 − 𝑈𝑃𝑠 𝐷𝑜𝑤𝑛𝑠( 𝑥0(𝑡))



MERGING PROCESS

DaTMe
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MERGING PROCESS

DaTMe merging in action
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01

02

03

Assign token roles

Temporal ∩ spatial ranks

Complete the budget

Sample unassigned tokens

Merge locally

Keep constraints unchanged

36 image tokens (6 × 6 patches)

Image patches

One patch = one token

Merge 18 of 36 tokens

1  Assign roles with both signals

Initial sources: 10

Low temporal ∩ low spatial

Stable, homogeneous regions

Constraints: 10 protected

High temporal ∩ high spatial

Exclude from both merge pools

2  Complete sources across four cells

Additional sources: 8

Target 18 − initial 10

Two per cell in a 2 × 2 grid

Select unassigned tokens

Exclude constraints

Blue tokens stay protected

3  Merge into nearest destinations

Spatially nearest tokens

Merge orange/purple sources

Retain blue constraints

Reduced computation

36 − 18 = 18 tokens

Compute with 18 merged tokens

Protected + merged tokens

Constraints stay unchanged

Compute with fewer tokens

Restore positions after computation

Conceptual example: N = 36, r = 0.5, P = 4



EXPERIMENTS

Evaluation on PixArt-α and FLUX.1-dev

Setting PixArt-α FLUX.1-dev

Denoising steps 20 35

Guidance scale 4.5 3.5

Compression ratios 0.3 / 0.5 / 0.7 0.3 / 0.5 / 0.7

Merging blocks Transformer layers 9–19 Dual: 9–19; single: 7–22

Data COCO 2014 validation · 10K pairs

Quality CLIP-T, HPSv2, FID, SSIM, PSNR, LPIPS, aesthetics

Efficiency Latency and TFLOPs on one RTX PRO 6000 Blackwell

14



QUALITATIVE RESULTS

Preserving structure beyond prompt-aligned objects

PixArt-α FLUX.1-dev

15



QUANTITATIVE RESULTS

Higher fidelity at a comparable compression budget
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QUANTITATIVE RESULTS

Higher fidelity at a comparable compression budget
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ABLATION

Temporal and structural cues are complementary

Replacing Tweedie difference with score slope reduces fidelity
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ABLATION

The signal and merging design both contribute

Signal replacement improves 
the existing pipeline

Role assignment and spatial 
routing add further gains
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TAKEAWAY

Token importance should follow generation dynamics

01 Temporal evolution reveals unfinished refinement

02 Structural saliency protects image-wide detail

03 Dynamics-aware roles guide faithful token merging

Training-free integration into existing diffusion models

github.com/SeungJuCha/DaTMe
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https://github.com/SeungJuCha/DaTMe
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   𝜖 𝜃    (   x t ,   t ) =  𝜖 𝜃    (   x t ,   t ) + w [  𝜖 𝜃    (   x t ,   c , t )   −  𝜖 𝜃    (   x t ,   t ) ]


  s  ( t ) =    ∇   x t l o g  p t  (   x t ) ≈ −  1   𝜎 t  𝜖 𝜃 (  x t , t )


     x ^ 0  ( t ) =   𝔼  [   x 0 |   x t ] ≈    x t −  𝜎 t  𝜖 t (  x t , t )   𝛼 t


   |   x 0   −    x ^ 0 ( t ) |


   |  s  ( t ) − s  (  t − 1 ) |


   |     x ^ 0  ( t ) −    x ^ 0 ( t − 1 ) |


   |     𝜖 𝜃  (  t − 1 ) −  𝜖 𝜃  ( t )       𝜎  t − 1 | +  𝜖 𝜃 ( t )  |   (   1   𝜎  t − 1 −  1   𝜎 t ) |


     𝜎  t − 1   𝛼  t − 1  |   𝜖 𝜃  (  t − 1 ) −  𝜖 𝜃  ( t ) |  


   ℳ  t e m p  ( t ) =


   ℳ  s p a t  ( t ) =    |     x ^ 0  ( t ) − U  P s  (  D o w  n s (    x ^ 0 ( t ) ) ) |

