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Modern Diffusion Models and
Their Limitations



Modern Generative Models for Images

Text prompt: woman’s transparent
futuristic inspired sneakers, glitter,

depth of field

Kandinsky

Text prompt: Chicken with
potatoes baked in mayonnaise-sour

cream sauce

Shedevrum

Text prompt: 1967 Dodge Charger,
moody lighting, side view, black,
front view, lobby of the Louvre ...

midjourney
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Principal Approaches to Generative Modeling
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Diffusion Models12

Main idea: reverse the data noising process.

Forward diffusion (noising SDE)
Take a data distribution x0 ∼ p0 and gradually turn

it to noise distribution xT ∼ pT = N (0, σ2I).

dxt = f (xt , t)dt + g(t)dWt

(e.g., dxt = − 1
2βt dt +

√
βt dWt )

Reverse diffusion (denoising SDE)
Sample from noise distribution xT ∼ pT
and reverse the diffusion to get x0 ∼ p0:

dxt =[f (xt , t)− g2(t)∇x log p(xt , t)]dt + g(t)dWt

(or dxt =[f (xt , t)− 1
2 g2(t)∇x log p(xt , t)]dt)

1Jonathan Ho, Ajay Jain, and Pieter Abbeel (2020). “Denoising diffusion probabilistic models”. In: Advances
in neural information processing systems 33, pp. 6840–6851.
2Yang Song et al. (2020). “Score-Based Generative Modeling through Stochastic Differential Equations”. In:

International Conference on Learning Representations.
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Limitation 1 of Diffusion Models: Time-Consuming Inference

To simulate the denoising process:

xt =
[
f (xt , t)− g2(t)∇x log p(xt , t)

]
t + g(t)W t

one uses the discretization (e.g., Euler-Maruyama simulation):

xt−∆t = xt −
[
f (xt , t)− g2(t)∇x log p(xt , t)

]
∆t + g(t)

√
∆tξt , ξt ∼ N (0, I).

Remark:
NFE (# function evaluations) ≡ (# discretization steps) Diff. models performance,

CIFAR-10. FID w.r.t NFE.
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Desire 1: Straightening The Trajectories of Diffusion Models

What we have

Not straight (deterministic or stochastic)
trajectories, which are HARD to simulate.

What we want

Straight (deterministic?) trajectories, which
are EASY to simulate.
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