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Denoised Diffusion

Few-step Diffusion

One-step Diffusion



Two-step target

One-step prediction



Preliminary
1. Diffusion Models

(Diffusion process)

(Marginal Velocity)

(Conditional Velocity)

(Coefficient in cosine paths)

(Coefficient in linear paths)

(PF-ODE)



Preliminary
2. Flow Map Solvers

(Flow Map from t to r)

(Average Velocity Solver)

(One-step DDIM Solver)

(Coefficient in cosine paths)

(Coefficient in linear paths)



General Designing Framework
1. Consistency Property & Learning Objective & Time Sampler

(Consistency Property)

(Learning Objective)

where 𝑤 is the weight term, "𝑋 and 𝑋!  are flow maps obtained with the conditional velocity or the neural 
network 𝐹!, 𝑑(·,·) is a loss metric function, such as the squared l₂-distance, and 𝑠𝑔(·) is the stop gradient 
operator in backpropagation. 
We call	 "𝑋",$ ∘ "𝑋%,"(𝑥%) two-step flow map targets and 𝑋%,$! 𝑥%  one-step flow map predictions, and write the 
inner loss term of expectation as 𝑙 𝑥% , 𝑟, 𝑠, 𝑡; 𝜃 .

{𝑟, 𝑠, 𝑡} discrete time points DTSC 𝑠 → 𝑡 CTSC (Time Sampler)



Examples: DTSC & CTSC
1. Consistency Training Model (DTSC)

(Conditional Flow Path)

(Flow Map Construction)

(Learning Objective)



Examples: DTSC & CTSC
2. Shortcut Diffusion (DTSC)

(Conditional Flow Path)

(Flow Map Construction)

(Learning Objective)



Examples: DTSC & CTSC
3. MeanFlow (CTSC)

(Learning Objective)

Consistency property

𝑠 → 𝑡 and normalized by 𝑑𝑡

Replace 𝑣! with 𝑣!|#



Examples: DTSC & CTSC
4. sConsistency Training Model (CTSC)

(Learning Objective)

Gradient approximation

Replace with DDIM solver

sCT with linear paths is of the same form as MeanFlow



Discussion

Why sharing a common design frame?

What challenges in constructing flow map targets?

Why distillation from pretrained velocity fields performs better?

Error bound of DTSC&CTSC

𝑊!(·,·)	is the Wasserstein-2 distance.

Under the assumption:
(i) one-sided Lipschitz condition of 

marginal velocity 
(ii)  twice continuous

differentiability with bounded 
second derivatives of 𝑋"$,"%

$



Elucidating the Design Space

Uncond. CIFAR

Shortcutting flow paths discretely or continuously?

Fixing the terminal time or not?

Following a linear or cosine path? 

Cond. ImageNet CFG. ImageNet

1. Linear paths in the setting of shortcut models are optimal under 
Fisher information metrics in the setting of shortcut models

2. The variance of conditional velocity                                               is the 
key to training stability and inference fidelity



Improvements to Training

Gradual time sampler from sCT to MeanFlow:
- Fast convergence to local minima around the global one

Plug-in velocity instead of conditional one: 
- Reducing the level of variance 𝜎&!|# to 𝑂(1/𝐵), at the minor cost of increased bias 
- Employing class-consistent mini-batching in guidance training to avoiding dilution the class specific signal

Adoption of training techniques from sCT

Assume the data distribution is the 
empirical distribution, as

Ideal velocity

The marginal velocity reads

Use plug-in velocity instead



Scaling up

ESC with SiT-XL/2 (2.85 FID)

· Minimal time cost

· State-of-the-art Performance

· Faster convergence
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