Optimal Stopping in Latent Diffusion Models

Yu-Han Wul' 2, Quentin Berthet?, Gérard Biau!, Claire Boyer®, Romuald Elie?,
Pierre Marion®

07/12/2025

LLPSM, Sorbonne Université
2Google DeepMind

3LMO, Université Paris-Saclay

*Inria



Introduction



Diffusion Model

Goal: Learn the distribution pgue of images.

‘ Stochastic Differential Equation Z : )
sanvies [EJIEY

e Forward SDE:

- -
dXt = —Ytdt—i—\@dgt, XO ~ Ptrue;,
e Backward SDE:
%
d?t = (yt+2M)dt+\deBh y0 ~ PT,

score_function
unknown

_>
where Xt ~ Pt and y‘[’,r 2 t-



Latent Diffusion
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Qualitative Results

Latent Diffusion
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FID on last few step
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Figure 1: CelebA
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Same Observation in Prior Work

* CMMD = FID
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Figure 3: Jayasumana et al. (2024)



Problem Setup and Results




Problem Setup

e Gaussian Data. Data distribution is centered D-dimensional
Guassian with independent components, i.e.
= N(0,diag(c?,...,0%)), where o1 > ... >
Pdata ) g\01, yOp)) 01 op.
e Projected diffusion process. We consider orthogonal projection
matrices P, (projecting on the first d coordinates) that map the
diffusion process to a lower dimension

dPyXe = (W2 PyXe+2w2 _,5p,(PaXe, T —t))dt+/2w2_ dPyW.

e Training. In this simpler setup with Gaussian distribution, learning
the score boils down to covariance matrix estimation, and we assume
that the estimation is equal to ¥ = diag(6%,...,63).



Non-Monotonicity
For d € {1,..., D}, the Fréchet distance dr(P) P4Xe, Xo) is
%

non-increasing with respect to t. On the other hand, d;:(PdTPd)A(t7 70)
is non-increasing if and only if

d
Y a-75)a-63) o0

d'=1 gd'



Optimal projection and optimal stopping time

Assume that ¥ = diag(c?,...,02,0,...,0) with the last D — dy entries
equal to 0. Let e € (0,1). Then, there exists g, € [0, T] such that with
probability 1 — 2dye™ %,

e o = ) - 5 o
dF('Ddo PdOX T*Sdo’XO) = tg?omT] dF(Pd/ Pd/Xt,Xo).
d'e{l,.’..,D}
In other words, if the data , there is an

that minimizes the data distribution

and generated distribution.



Results (General)

General Gaussian data and estimation. We now consider

Pdata = N(0,X) to be a general centered Gaussian distribution and Y an
estimation of X.

Optimal projection given t

For d € {1,...,D} and any t € [Ty(u), £4+1(u)], with probability
1—2e7Y,

~ PO o
de argmin dr(OP, PyO" Xy, Xo).
d’e{1,...,D}
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Numerical Verification
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t: Optimal stopping time
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Conclusion




Conclusion

Summary:

e The last few steps of latent diffusion might be degrading the image
quality.

e Qur theoretical results indicate that there exists optimal stopping
time and optimal projection for latent diffusions.
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Thank you
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Appendix




More metrics

Latent Latent
—o— LDM-8 301 —e— LDM-8
—=— LDM-4 —m— LDM-4
>3 —h— 32x32x16 281 —fe= 32x32x16
2.6
[=)
-g 5.0
g 2.4
v [a]
& 45 =
= = 22
kel
g
5 40 2.0
1.8
35
1.6
084 086 088 090 092 094 096 098 1.00 0.84 086 088 090 092 094 096 098 1.00
t t

15



	Introduction
	Problem Setup and Results
	Numerical Verification
	Conclusion
	Appendix

