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Diffusion model inference

Repeatedly remove noise from pure noise 𝑥𝑇 to sample 𝑥0

[1] https://cvpr2022-tutorial-diffusion-models.github.io

[1]

noise 
𝑥𝑇 

data 
𝑥0 
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Diffusion ODE

Inference is solving an ODE initial-value problem

d𝑥𝑡
d𝑡

= 𝑓 𝑡 𝑥𝑡 +
𝑔2 𝑡

2𝜎𝑡
Ƹ𝜖𝜃 𝑥𝑡

𝑥𝑇 ∼ 𝒩 0, 𝐼

[1]

[1] https://cvpr2022-tutorial-diffusion-models.github.io
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Classifier-Free Guidance (CFG)

CFG uses 2 NFE per step (twice the work)

[1] Chieh-Hsin Lai, Yang Song, Dongjun Kim, Yuki Mitsufuji, and Stefano Ermon. The Principles of Diffusion Models. arXiv preprint arXiv:2510.21890, 2025.

[1]

Ƹ𝜖𝑐
𝜔 𝑥𝑡 = Ƹ𝜖∅ 𝑥𝑡 + 𝜔 ⋅ Ƹ𝜖𝑐 𝑥𝑡 − Ƹ𝜖∅ 𝑥𝑡

Conditional output Ƹ𝜖𝑐 𝑥𝑡
Unconditional output Ƹ𝜖∅ 𝑥𝑡
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Classifier-Free Guidance (CFG)

CFG uses noise estimate and additional guidance, can we leverage this?

[1] Chieh-Hsin Lai, Yang Song, Dongjun Kim, Yuki Mitsufuji, and Stefano Ermon. The Principles of Diffusion Models. arXiv preprint arXiv:2510.21890, 2025.

[1]

Ƹ𝜖𝑐
𝜔 𝑥𝑡 = Ƹ𝜖∅ 𝑥𝑡 + 𝜔 ⋅ Ƹ𝜖𝑐 𝑥𝑡 − Ƹ𝜖∅ 𝑥𝑡

= Ƹ𝜖𝑐 𝑥𝑡 + 𝜔 − 1 ⋅ Δ Ƹ𝜖𝑐 𝑥𝑡

Δ Ƹ𝜖𝑐 𝑥𝑡 ≔ Ƹ𝜖𝑐 𝑥𝑡 − Ƹ𝜖∅ 𝑥𝑡
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How to tackle systems

Systems can have multiple time scales

[1]

[1] https://cnls.lanl.gov/tim2023/talks/Sandu_tim2023.pdf
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How to tackle systems

Multirate Integration helps model such systems

[1]

[1] John R Rice. Split Runge-Kutta methods for simultaneous equations. Journal of Research of the National Institute of Standards and Technology, 60, 1960.
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A multirate formulation

We find additional guidance has less temporal sensitivity than noise estimate

∴ multiple time scales
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A multirate formulation

d

d𝑡
𝑥𝑡
T = 𝑓 𝑡 𝑥𝑡

T +
𝑔2 𝑡

2𝜎𝑡
Ƹ𝜖𝑐 𝑥𝑡

T + 𝑥𝑡
H

d

d𝑡
𝑥𝑡
H = 𝑓 𝑡 𝑥𝑡

H +
𝑔2 𝑡

2𝜎𝑡
𝜔 − 1 ⋅ Δ Ƹ𝜖𝑐 𝑥𝑡

T + 𝑥𝑡
H

d

d𝑡
𝑥𝑡 = 𝑓 𝑡 𝑥𝑡 +

𝑔2 𝑡

2𝜎𝑡
Ƹ𝜖𝜃 𝑥𝑡, 𝑡 ⇒

We split the diffusion ODE into tortoise equation and hare equation
𝑥𝑡
T 𝑥𝑡

H
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THG: Tortoise and Hare Guidance

THG reduces total NFE by integrating the hare in a coarser timestep grid 𝐶
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Challenge

𝑚 = ?

How do we decide 𝐶?
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Approximation error bound analysis

ො𝑥H − 𝑥H

ො𝑥T − 𝑥T
≤ 𝜌

⇒ 𝑚 ≤ 𝜌 𝑐T / 𝑐H
1/𝑝

𝐶 is decided to keep hare error smaller than tortoise error
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Experiments

DatasetDiffusion model Metrics

SD 1.5, SD 3.5 Large
AudioLDM 2

MS COCO 2014
AudioCaps

FID·FAD, CMMD
CLIP·CLAP Score, IR
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Experiments
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Experiments
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