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ABSTRACT

Classifier-Free Guidance (CFG) is a widely used technique for improving con-
ditional diffusion models by linearly combining the outputs of conditional and
unconditional denoisers. While CFG enhances visual quality and improves align-
ment with prompts, it often reduces sample diversity, leading to a challenging
trade-off between quality and diversity. To address this issue, we make two key
contributions. First, CFG generally does not correspond to a well-defined denoising
diffusion model (DDM). In particular, contrary to common intuition, CFG does not
yield samples from the target distribution associated with the limiting CFG score
as the noise level approaches zero—where the data distribution is tilted by a power
w > 1 of the conditional distribution. We identify the missing component: a Rényi
divergence term that acts as a repulsive force and is required to correct CFG and
render it consistent with a proper DDM. Our analysis shows that this correction
term vanishes in the low-noise limit. Second, motivated by this insight, we propose
a novel sampling procedure to draw samples from the desired tilted distribution.
This method starts with an initial sample from the conditional diffusion model
without CFG and iteratively refines it, preserving diversity while progressively
enhancing sample quality. We evaluate our approach on image and text-to-audio
generation, showing consistent improvements over CFG across all metrics.

1 INTRODUCTION

Diffusion models (Sohl-Dickstein et al., 2015; Song & Ermon, 2019; Ho et al., 2020) have emerged as
a powerful framework for generative modeling, achieving state-of-the-art performance in a variety of
tasks such as text-to-image generation (Rombach et al., 2022; Podell et al., 2023), video (Blattmann
et al., 2023) and audio generation (Kong et al., 2020b). The success of these models can be partly
attributed to their ability to produce powerful conditional generative models through guidance.
Among various methods, Classifier-Free Guidance (CFG) (Ho & Salimans, 2022) has become a very
popular method for sample generation, as it allows strengthening the alignment to the conditioning
context via a temperature-like parameter w > 1 that acts as a guidance scale. Beyond improving
alignment, CFG plays a crucial role in ensuring high-quality samples, as unguided diffusion models
typically produce subpar outputs, limiting their practical use (Dieleman, 2022b; Karras et al., 2024a).

CFG is implemented by linearly combining the outputs of a conditional denoiser—one that takes the
conditioning context as additional input—and an unconditional one, with linear coefficients param-
eterized by a scaling w. Previous works have demonstrated that although this simple combination
effectively enhances the performance of diffusion models, it often results in overly simplistic images
and a substantial reduction in output diversity (Karras et al., 2024a; Kynkddnniemi et al., 2024). This
is essentially due to the fact that a linear combination of the conditional and unconditional denoisers
does not yield a valid denoiser, thereby breaking the correspondence with any underlying diffusion
process (Karras et al., 2024a; Bradley & Nakkiran, 2024; Chidambaram et al., 2024).

Contributions. Below, we summarize our two key contributions
1 We revisit guidance from a probabilistic perspective, focusing on the problem of sampling from

the data distribution tilted by the conditional distribution of the context given the data raised to some
power w > 1. We show that the denoisers used in CFG are neither posterior-mean estimators for
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Figure 1: Illustration of sample refinement across iterations. Left, samples generated using EDM-XXL for two
ImageNet classes: 291 (top) and 967 (bottom). Right, samples generated using Stable Diffusion XL (SDXL)
for the prompts: “A black bear walking in the grass and leaves.” (top) and “A dog jumping through the air
above a pool of water that has been marked for distance, with people watching in the distance.” (bottom). Each
row displays an initial sample X” alongside two subsequent iterates X", X{*.

this tilted target distribution nor valid denoisers for any other data distribution; see Example 1. We
then prove (Proposition 1) that for CFG to target the tilted distribution of interest, it must include an
additional term—the gradient of a Rényi divergence—which acts as a repulsive force that encourages
output diversity, as illustrated in Figure 2. Finally, as an additional contribution of independent
interest, we derive a new expression for the tilted target scores that involves two different noise levels,
providing a theoretical justification for recent guidance methods (Sadat et al., 2025; Li et al., 2024).

2 These theoretical insights motivate our second contribution: an iterative sampling procedure
referred to as CLASSIFIER-FREE ITERATIVE GUIDANCE (CFIG), which generates samples from
the tilted distribution. As summarized in Algorithm 1, it begins by first drawing a sample from
the conditional distribution, without CFG, then iteratively refines it via alternating noising and
CFG-denoising steps. We illustrate the iterative refinement procedure in Figure 1. A key advantage
of this approach is the ability to preserve the sample diversity of the prior model while improving
generation quality. We then analyze the algorithm and quantify the bias introduced by omitting the
Rényi divergence term in the Gaussian setting (Proposition 4).

We validate CFIG on class conditional image generation, text-to-image generation, and text-to-audio
generation, showing that it significantly outperforms CFG and is competitive with INTERVAL-CFG,
a state-of-the-art method recently proposed in Kynkidnniemi et al. (2024).

2 BACKGROUND

Diffusion models. Denoising diffusion models (DDMs) (Song & Ermon, 2019; Song et al., 2021a;b)
define a generative procedure targeting a data distribution pg. It proceeds by first sampling from a
highly noised distribution p,, that practically resembles a Gaussian, and then iteratively sampling
through a sequence of progressively less noisy distributions p,, for decreasing noise levels o < T pax.-
The distribution p, is the x,-marginal of py ,(Xo,Xc ), the joint distribution of the (Xo, X,) =
(Xo, Xo + 0Z), where X and Z are drawn independently from py and A/(0, I). Formally, by letting
qalo(xg |x0) = N(x,;xXp,0°I), the marginals are defined as p,(x,) = [ poo(x0,%,)dxo =
J 4510(%5[%0)p0(x0) dxo. Following Karras et al. (2022), exact sampling from the target po can be
achieved by solving, backwards in time over [0, oymay) and starting from X, ~ Do, »

dx,/do = (xg — Do(xg))/a ,  where D_(x,)= /x0p0|g(x0|xg) dxg . 2.1

D, is the denoiser at noise level o; see Karras et al. (2022, Equations 1 and 3). The drift in the
probability-flow ODE (PF-ODE) (2.1) can be identified as the score function (x, o) — V log p,(x),
since using Tweedie’s formula (Robbins, 1956), it follows that D, (x) = x + 02V log p, (x).

The practical implementation of this generative process involves first estimating D, using para-
metric approximations DY, §# € O, trained by minimizing the weighted denoising loss 6 +
JE[|Xo — D2(X,)||?] Mo)do, where A denotes a probability density function over R, which
assigns weights to noise levels (Karras et al., 2022). This training procedure also provides parametric
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approximations of the score function. Therefore, once (D?),>¢ are trained, a new approximate
sample X, from py can be drawn by fixing a decreasing sequence (o)?_ of noise levels and then
solving the ODE (2.1) backwards from o to o using an integration method such as Euler or Heun
starting from X, ~ N'(0,021) (Karras et al., 2022). In particular, the Euler method corresponds to

the Denoising Diffusion Implicit Model (DDIM) scheme of Song et al. (2021a), with updates

Xo, =1 =0¢/oe11) DS, (Xo,)) + (04 /0041) Xo, - (22)

Conditional DDMs. This generative procedure also extends to sampling conditionally on C' € C,
where C can be a collection of classes or text-prompts. Denote by p,(c, Xq) the joint density of
(C, Xo). The goal is to approximately sample from the conditional distribution p,(xg|c) x py(c, Xo),
given training samples from the joint distribution. Similar to the unconditional case, we introduce
the joint distribution py , (¢, Xo,Xs) X Po(€,X0) ¢y|0(Xs|X0), Where only the data X is noised.
Conditional DDM sampling from p;,(xo|c) thus reduces to estimating the conditional denoiser defined
by D,(xs|c) = [%0py, (Xo[Xs,c) dxo, by using a parametric family {(x,c, o) DY (x|c) :
6 € ©} and minimizing the loss 6 — [ E [|[Xo — D2(X,|C)||?] A(c) do, where the expectation
is taken with respect to the joint law of (C, Xy, X,) ~ Do, As noted in (Ho & Salimans, 2022;
Karras et al., 2024b), it is possible to learn simultaneously a conditional and unconditional denoiser
by augmenting C with a null context & to represent the unconditional case. Then, during training,
(C, Xp) is first sampled from p,, and C' is replaced by @ with probability pynca; @ procedure also
referred to as conditioning dropout (Dieleman, 2022a). Henceforth, we denote the unconditional
denoisers by D_(-|@) = D,,
Classifier-Free Guidance (CFG). In many complex applications—such as text-to-image synthesis
and audio generation—directly using the conditional diffusion models often results in samples that
lack the perceptual quality of the training data. This discrepancy is especially evident in terms of
perceived realism, texture fidelity, and fine-grained detail. CFG (Ho & Salimans, 2022) has emerged
as a standard approach to mitigate this issue, enhancing both the visual fidelity and the alignment of
generated samples and the context c. Yet, this improvement typically comes at the cost of reduced
sample diversity. In CFG, the denoiser is defined as a linear combination of the conditional and
unconditional denoisers:

DY (x,|c;w) = wD, (x,|c) + (1 — w)D,(x,) , (2.3)
where w > 1 is a guidance scale. To illustrate the impact of the scale w, we denote by
go(clxo) = Py(c,%0)/po(x0) the conditional distribution of the context and set g,(c|x,) =

J 90(c|x0) pojo (X0|%4) dxo. By construction, the conditional distribution of X, given the context is

o 0%016) o [0, %0, %) o [ go(6lx0) po(50) (%o 0) 50 o (el ()
where we used that po(X0)q,0(X0|Xo) = Po(Xo)Pojo (X0|Xs). Thus, Tweedie’s formula implies that
D, (x,|c) = x, + 0*Vlogp, (x,|c) = X, + 0 (V log g, (c|xs) + Vlogp[,(xg)) . 2.4)

Substituting back into (2.3), we obtain DS (x, |c; w) = x, + 02V log p<'8(x, |c; w), where

PEE(xq|cs W) o go(€]x0) " Po(X0) - 2.5)

Hence, CFG modifies the conditional denoiser (2.4) solely through the guidance scale w applied to
the classifier score. With w > 1, CFG amplifies the influence of regions where g, (c|x,) is large. In
practice, this results in enhanced prompt alignment and improved perceptual quality of generated
images, at the cost of reduced sample diversity (Kynkiidnniemi et al., 2024).

Note that generally, p<(x, |c; w) # [ q, 10 (X0 [%0)p5E (Xo0|c; w) dxo. This discrepancy prompts a
fundamental question: does incorporating the CFG denoiser (2.3) into the ODE (2.1) yield a sampling
process that corresponds to a well-defined DDM? Specifically, does there exist 7(-|c; w) such that
for all o > 0, pSfe(x,|c;w) = [ o|0(Xo[X0) 7 (X0 |c; w) dxo? We show in the next example that
this is not the case in general.

Example 1. Let py = N(0,1) and go(c|xo) = N(c; xq,~?) is the one-dimensional Gaussian density

with mean xo and variance ~?; then pS8(-|c; w) is Gaussian with variance
(1+0%)y* +0°

w/(1+0%)+92+02/(1+0%)

(2.6)

v(w,0?) =
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Figure 2: Left: DDIM sampling with CFG denoiser (2.3); Right: DDIM sampling with the ideal denoiser (3.2).
The trajectories of 1000 particles are represented with thin red lines and 5 selected trajectories are displayed in
black thick line along which scores are being depicted with arrows. The histogram of the simulated particles is
represented in light gray. We also plot the ideal score (3.2) (arrow in black) with the contribution of both the
CFG score (arrow in red) and the repulsive term arising from the Rényi divergence (arrow in blue).

We now show that it does not exist 7(-|c; w) such that for all ¢ > 0,
P (x4 |c;w) = /qg‘o(xa|xo)7r(xo|c;w) dxg . 2.7

The proof is by contradiction. Suppose that (2.7) holds. Then we may show, by letting o tend to
zero, that 7(+|c; w) = pgfg(-|c; w), where pgfg(x0|c; w) = N(xo; we/(w +92), 72/ (w + 7?)); see
Appendix B.3. In addition, let (Xo, X, ) be distributed according to the joint distribution with density
Qo0 (Xo X0)PGE(Xo|; w). Then, V(X) = 0 +72/(w +~?). However, by (2.7), X5 ~ pSE(-|c; w)
which implies that v(w,0?) < V(X,) for all o > 0 and w > 1. Thus, we obtain a contradiction.

3 ANALYZING THE BIAS IN CLASSIFIER-FREE GUIDANCE

As demonstrated in Example 1 and illustrated in Figure 2, CFG does not necessarily yield an
approximate sample from pgfg(- |c; w). We now focus on introducing a DDM specifically designed to
target this distribution, which we from now on denote by p,(-|c; w)—omitting the superscript cfg.

Tilted distribution scores and denoisers. Define the joint distribution p ,(Xo,Xs|c;w) o<
go(c|x0)"po,o (X0, X ), of which py(-|c; w) is the x¢-marginal. Proposition 1 provides a simple and
interpretable form of the scores of the smoothed marginals p, (x,|c; w) = [ 7 , (X0, Xo|c; w)dxo.
For w > 1, define the Rényi divergence of order w of p from ¢ (Van Erven & Harremos, 2014) as

p(x)"
q(x)v

For ease of notation, we set Ro(Xq, ¢;w) = Ru(py),, (%o, €)[|pojo (%))

1
Rulpllg) = —— log [ B0 ax G0

Proposition 1. For any o > 0, the scores associated with p,(-|c; w) are

Viogp, (Xs|c;w) = (w — 1)V Ry (Xe, c;w) + Vlogpdg(xa|c; w) . (3.2)

o

Sketch of the proof. We use that p, (x,|c;w) o [ %\(,)(X«r |%0)po(x0|c)“po(x0)! ™ dxo and that
o0 (Xo]X0) = 4010(Xa[X0)"™ Gy (Xe|X0) 1=w We then gather the terms under the powers w and
1 — w respectively and apply the Bayes’ rule. The complete proof is provided in Appendix B.1.
The decomposition (3.2) highlights that the CFG score V log p<'8(x, |c; w) differs from the ideal
score V1og p,(-|c; w) by an additional term: the gradient of the Rényi divergence. To illustrate
Proposition 1 and the bias introduced by CFG, we consider a one-dimensional toy model; see Figure 2.
In this example, we compare the trajectories obtained by integrating the ODE (2.1) using the ideal
denoiser—defined as D, (x,|c; w) = X, + 02V log p, (x,|c; w)—and the CFG denoiser (2.3). The
CFG trajectories are observed to collapse onto a single mode, neglecting other regions of significant
probability mass, as observed in Kynkiinniemi et al. (2024).
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Intuition behind CFG bias. The over-concentration of paths in Figure 2 stems from omitting the
term (w — 1)V R4 (X, ¢; w), which acts as a repulsive force. Indeed, since w > 1, this term pushes
the sample in the direction where the conditional and unconditional distributions Pojo (‘|xo, ) and

Pojo(+|Xo) differ most, thereby counteracting over-concentration.

Our next result show that the CFG score V log p‘;fg(o|c; w) serves as a good approximation of the
ideal score V log p,, (+|c; w) for small o.

Proposition 2. Under suitable assumptions on py and go, it holds for allw > 1, x € R, ¢ € C,
VR, (x,c;w) = 0(c?) as 0 —0.

Sketch of the proof. We rely on the observation that for densities of the form 7,(x,) =
f q(,‘()(x(, |x0) 7(x0) dxo, it holds as ¢ approaches 0 that V log 7, (x,) = Vlog w(x¢) + O(c?), a
result that we establish in Lemma 1. Applying this lemma to p_(-|c; w), p,(-|c), and p, yields
Vlog p, (Xs|c;w) = Vlog p<f(x,|c;w) + O(c?), o — 0,

which enables to conclude after plugging the results in Equation (3.2). We provide the full proof
in Appendix B.2. The CFG denoiser suffers from an intrinsic flaw due to the absence of the term
(w — 1)VR, (x4, c; w), which plays a crucial role at high to medium noise levels in preserving
the diversity of the generated samples. Conversely, the denoiser D, (-|c; w) is well approximated
by D<%(-|c;w) in the low-noise regime, where the missing Rényi divergence term is effectively
negligible. In Section 4, we present a new method for generating approximate samples from the
target p,(-|c; w), which relies on using the CFG approximation of the denoiser exclusively in the
low-noise regime below a given noise level o,. In this regime, the intractable Rényi divergence term
can be safely omitted as we discuss in the next section.

An alternative expression of the ideal score. We now present a generalization of the score
expression (3.2) that offers an novel alternative expression to D_(|c; w). For conciseness, we set
Reoy.o0(X,C;w) =Ry, (p()‘gl (:|%, €)[lpojo, (-]%)), where 1, 02 > 0 are two noise levels.

Proposition 3. Lerw > 1. Forall 6 > 0 and o > 0, the scores associated with py(-|c; w) are

Viogp, (Xslc;w) = (w—1)VRs_ o, (X5, c;w)+wVlogp, (X|c)+(1—w)Viogps, (%),
where o_ = o\/w/(1+0) and o, = 0c+/(w—1)/4.

Sketch of the proof. The proof mirrors the argument in Proposition 1. We use that for any ¢ > 0,
o j0(Xo|X0) = @y10(Xo[%0) "1 ¢y0(Xo[x0) 7 and then the key observation that

)l+ 1—w

Qoo (Xo[%0) T o< g, 10(X6[%0)" ,  Gp10(X0lx%0)° X g, 1o(X0%0)
which follows from the fact that the forward process is Gaussian. The full proof is provided in
Appendix B.1. The key novelty of this generalized formula is that it involves score evaluations at two
distinct noise levels, o_ and o, . By setting § = w — 1, we recover the original formula (3.2), while
selecting 0 < § < w — 1 yields the ordering o_ < ¢ < o. Similar to (3.2), the Rényi divergence
term vanishes as ¢ — 0, leading to the practical approximation D (x,|c; w) = wD, (x,|c;w) +
(1 —w)D,, (Xxs|c;w) in this regime. The idea of performing guidance by combining denoisers
at different noise levels has also been recently explored in Sadat et al. (2025); Li et al. (2024).
Specifically, these works introduce the modified denoiser wD_(x,|c) + (1 — w)D; (x.|c), where
& = o + Ao for some small increment Ao. Remarkably, this formulation avoids the use of the
unconditional denoiser employed in CFG, thereby allowing guidance solely through the conditional
denoiser. Proposition 3 hence provide a theoretical ground for these alternative methods. We further
discuss extensions of this score formulation in Appendix D.

4 ITERATIVE GUIDANCE

Our method consists in defining a Markov chain (X”),cy that admits p,(-|c;w) as stationary
distribution. We rely on a fixed noise level o, that we assume to be small enough. The chain is
generated recursively as follows. Given X at stage r, X§"*" is obtained by
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Algorithm 1 CFIG

Require: Guidance scales wg > 1 and w > wg
Require: Number of repetitions R, total steps 7', and initial steps T
Require: Standard deviations o, O max
XUmax ~ N(Ov Ur2r|axI)
Xy + ODE_Solver (X, , DS®(-|c;wp), To)
forr =1to Rdo
X,, « Xo+ 0.7, where Z ~ N(0,T)
Xo + ODE_Solver(X,,, DSe(-|c;w), (T — Tp)/R))
end for
Output: X,

—_

SYRIIN RN

—

Step 1) sampling an intermediate state X ~ ¢, o(-|X{");

Step 2) denoising it by integrating the PF-ODE (2.1) with the ideal denoiser D (-|c; w).

These updates can be compactly written as X" = Fyo, (X(()T) + 0,200 w) , where (Z(")),.cx
is a sequence of i.i.d. standard Gaussian random variables and Fy,, (X,,;w) is the solution to
the PF-ODE with denoiser D, (-|c; w) and initial condition x,,,. We can verify that the associated
Markov chain admits p,(-|c; w) as its unigue stationary distribution under appropriate conditions;
see Appendix B.3. Taking o, small enough, we implement this scheme by using the CFG denoiser
(2.3) instead of D, (-|c; w) in Step 2) for integrating the PF-ODE (2.1).

Initial distribution. The initial sample X" is generated using an ODE solver applied to the PF-ODE
(2.1) using either the plain conditional denoisers DY (-|c) or the CFG denoisers (2.3) with a moderate
guidance scale 1 < wy < w. In the case of image generation, this tends to provide initial samples
that exhibit high diversity but low perceptual quality (Ho & Salimans, 2022; Karras et al., 2024a).
These coarse samples are subsequently refined and sharpened in the later stages of the algorithm,
where a larger guidance scale w is used. Given a total budget of 7" function evaluations and R
refinements stages, we allocate a number Ty of steps—between |7/3] to | T/2]—for generating the
initial sample, with the remaining budget evenly distributed across the R refinement stages.

CFIG algorithm. The proposed generation pipeline consists of two stages: (1) an initialization stage,
where coarse samples are generated with weak guidance to preserve the same level of diversity as
the target distribution; and (2) a refinement stage, where these samples are progressively improved
through iterative noising-denoising stages. The full procedure, referred to as CFIG, is presented in
Algorithm 1. For clarity, Algorithm 1 assumes that 7" — Tj, is divisible by R. When this is not the
case, the remaining steps are added to the initialization stage. Finally, the ODE_Solver component
may be instantiated with any standard solver, such as the Heun method (Karras et al., 2022); one such
example is provided in Algorithm 2.

The Gaussian case. We now analyze the behavior of CFIG in the Gaussian setting to gain a deeper
understanding of its dynamics, with particular focus on the role of the parameter o,.. To enable
an exact analysis, we consider the simplified Gaussian scenario in Example 1 with ¢ = 0, which
admits an explicit solution to the PF-ODE (2.1) when using the CFG denoisers DS (-|c; w). This
simplified setting mirrors the one studied in Bradley & Nakkiran (2024). Formally, we consider the
following iterative procedure, which corresponds to Algorithm 1 with no discretization error. Let
X é‘” be a square-integrable random variable, meaning we start from the conditional distribution, and
define for all 7 > 1, X" = ¢(0.)(X§ " 4+ 0. Z"), where c(0,) = v*(1 4 02)(w=D/2 /(42 4
(14 ~2)02)"/?; see Appendix B.3 and Lemma 2. The following proposition compares the limiting
distribution of X" (as r — oo) to the tilted distribution py(+|c; w) == N(0, V(w)), where V (w) ==
72/ (32 + w). Define Vag (w) = 0%c(0?)/(1 - ¢(0?)).

Proposition 4. For all w > 1, (X{”).en converges to N'(0, Vo (w)) exponentially fast in
Wasserstein-2 distance, with rate proportional to o2. Furthermore,

Vo(w) = V(w) +O(c?), as 02 —0.
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Thus, in this simplified setting, the limiting distribution of our procedure converges to the target
distribution as the parameter o, tends to zero. However, as highlighted in Proposition 4, a bias—
variance trade-off emerges when the number R of refinements stages is finite as shown in Figure 10.
More specifically, selecting a very small value of o, may result in slow mixing, since each noising
step induces only a minor change in the state X{”. On the other hand, selecting a larger o, can
enhance mixing speed, albeit at the cost of 1ntr0du01ng some bias as detailed in Appendix B.3.

5 RELATED WORKS

The seminal work of Ho & Salimans (2022) initiated a line of research to understand and improve
guidance mechanisms in conditional diffusion models. Below, we review the key contributions.

Tilted distribution samplers. Recent works on CFG (Bradley & Nakkiran, 2024; Chidambaram
et al., 2024) have pointed out that DS (-|c; w) does not correspond to a valid denoiser for py(-|c; w).
To address this shortcoming, Bradley & Nakkiran (2024) introduce a hybrid predictor—corrector
approach, in which each update (2.2) is followed by a few Langevin dynamics steps targeting the
intermediate distribution p<'8(-|c; w); see Bradley & Nakkiran (2024, Algorithm 2). The key insight
is that, although the family (pS8(:|c; w)) ye[0,0,] are not the marginals of a valid diffusion process,
it nonetheless defines an annealing path connecting the initial distribution p,, , and p,(-|c; w), and
can therefore be used within an MCMC framework. The recent approach of Skreta et al. (2025)
proposes using sequential Monte Carlo methods (Doucet et al., 2001) to iteratively construct empirical
approximations of the distributions p<'8(-|c; w) via a set of N weighted particles. A simple derivation
of this sampler is provided in Appendix C. Concurrently, Lee et al. (2025) proposed a similar approach
for discrete diffusion models. The present work falls within the same class of methods, sharing
the goal of generating approximate samples from p;(-|c; w). However, in contrast to particle-based
approaches, we use an iterative scheme that do not rely on multiple particles to produce samples.

Adaptive CFG methods. Other approaches in the literature do not explicitly aim to sample from
the tilted distribution. Instead, they employ various heuristics aimed at enhancing sample quality,
diversity, or both simultaneously. To enhance sample diversity under guidance, Chang et al. (2023);
Sadat et al. (2024) propose a time-dependent guidance scale that prioritizes the unconditional model
in the early stages of the diffusion process, gradually transitioning toward standard CFG as sampling
proceeds. In Kynkéddnniemi et al. (2024), guidance is activated only when o is within a specified
noise interval [0},, o1i], and empirical results indicate that this strategy can significantly improve
over the vanilla CFG. Xi et al. provide an empirical study of adaptive CFG schedulers and conclude
that increasing the guidance scale throughout the iterations improves the performance, aligning with
the conclusions of the previous works. Similarly, Chung et al. (2025) formulate text-guidance as an
inverse problem and arrive at the dynamic CFG schedule w; = Aot/(0: — 0¢—1), where A € [0, 1].

Guidance through different mechanisms. Alternatives to the CFG denoiser have also been proposed
in the literature. Karras et al. (2024a) propose to combine a denoiser D?(-|c) with a smaller or
undertrained version of itself Dg’(~|c) as DY (x,|c;w) = wD?(x,|c) + (1 — w)DZ’ (x5]c). In
terms of scores this is equivalent to substracting the score of a more spread-out density and results
in a score of a more peaked density, amplifying sharpness and conditioning alignment. The same
effect is achieved by substracting the score at a higher noise level, as in Sadat et al. (2025); Li et al.
(2024), and with the score approximation resulting from Proposition 3 when § < w — 1. Moreover,
Pavasovic et al. (2025) develops non-linear guidance mechanisms that automatically reduce or switch
off guidance when the difference between the conditional and unconditional scores becomes small.

Compared to the above approaches, our method employs a distinct guidance strategy: it begins by
generating an initial sample using no or moderate guidance, then repeatedly applies the forward
noising process up to a predefined noise level, followed by denoising using CFG. This noising-
denoising procedure was originally introduced in SDEdit Meng et al. (2021) for image editing and
has also been adopted later by subsequent work. In particular, it has been leveraged by Yu et al.
(2023); Bansal et al. (2023) —under the name of time-travel— to guide diffusion models with
an auxiliary function, and later utilized by Ma et al. (2025) to improve inference-time scaling of
DDMs. Our contribution differs by applying this noising-denoising procedure within the framework
of classifier-free guidance to maintain both sample diversity and quality.
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Quality metrics LTl

Algorithm FID | FDpow | Precision? Recall T Density T Coverage 1 8

EDM2-S 120
CFG 2.30 88.70 0.61 0.57 0.58 0.54 o 00 Q
INTERVAL-CFG 171 80.75 0.61 0.61 0.58 0.56 3
CEG++ 2.89 95.52 0.60 0.54 0.57 052 A Z
FK 9.17 155.36 0.54 0.39 0.44 039 [T a
PG 5.79 87.54 0.67 0.41 0.67 0.55 %0 E
CFIG 178 7538 0.64 0.59 0.63 0.58 ©
EDM2-XXL o

CFG 181 56.82 067 065 0.71 065 v
INTERVAL-CFG 150 40.08 0.70 0.68 0.78 0.70 ATk BT e ; : ;
§£G++ ggg Sggg E ggg 83? 835 Guidance scale w Noise level o, Repetitions R

PG 5.76 4423 0.8 0.5 0.85 0.53

CFIG 148 4287 070 068 077 070 Figure 3: Impact of the hyperparameters for the EDM2-

S (top) and EDM2-XXL (bottom) models. The metrics
Table 1: Comparison of average FID, FDpxov2, Preci- are computed with 10k generated samples.
sion/Recall, and Density/Coverage on ImageNet-512
for EDM2-S and EDM2-XXL.

6 EXPERIMENTS

We compare CFIG against five baselines: CFG (Ho & Salimans, 2022), INTERVAL-
CFG (Kynkddnniemi et al, 2024), CFG++ (Chung et al, 2025), Feynman-
Kac Corrector (FK) (Skreta et al., 2025), and Particle Guidance (PG) (Corso
et al, 2023), with the last two belonging to the class of particle-based methods.
Unless otherwise specified, we adopt the hyperparameters recom-
mended by the respective authors; when unavailable, and conduct
a grid search otherwise. We exclude CADS (Sadat et al., 2024)
from our comparisons due to its close similarity to the more recent
INTERVAL-CFG, which has demonstrated state-of-the-art perfor-
mance. In fact, INTERVAL-CFG can be seen as a special case of
CADS where the guidance scale is set to zero at high noise lev-

Precision ~ ----- Recall

0.70

0.65

Recall

Precision

els. We present results on both image and audio generation tasks, !
considering two computational budget settings: 32 diffusion steps " e -
for image generation and 200 for audio. By design, this ensures B B T A
that CFIG requires no more NFEs than CFG, as shown in Table 7, Noise level 7.

which reports the exact NFE counts for each method across all ex- . . .

. Figure 4: Precision and recall as a
periments. We evaluate performance under two samplers, Heunand =, = . ' " " " © oo 0 a (top)
DDIM, with the exception of FK, which is an SMC algorithm, see ;4 EDM2-X*XL (bottom).
Appendix C.

We emphasize that all competitors are run under a fixed number of diffusion steps. For our
method, increasing the number of refinement stages reduces the number of denoising steps allocated
per refinement, which may not yield performance gains, as shown in the Image Experiments ablation
in Figure 3. We additionally analyze the scenario where the compute budget scales linearly with the
number of refinement stages R in Figure 7. We provide details about the setups of the used models,
the implementation details of the competitors as well as their hyperparameters in Appendix A.2, and,
defer the discussion about runtime, NFEs, and memory requirements of each them to Appendix A.4.

Image experiments. For class-conditional generation, we evaluate Table 2: CLIP-Score and FID
the algorithms on the ImageNet-512 dataset using EDM2 small results for SDXL on MS—COCO
(EDM2-S) and largest (EDM2-XXL) models, which operate in the validation data set

latent space (Karras et al., 2024b). Following the setup of Kynké&an-

niemi et al. (2024), all algorithms are run with the 2" Heun sampler CLIP-Score 7 FID |
and a fixed budget of 32 deterministic steps (Karras et al., 2022). .CNFTERVAL_CFG 2}32 333}
We assess perf:eptual quality using FID (Heusel et al‘., 2017) .and CrGe o s
FDpinovz2 (Stein et al., 2023), and further analyze fidelity and diver- PG o o) BRI

sity through Precision/Recall and Density/Coverage (Naeem et al.,
2020). Metrics are computed using 50k generated samples follow-
ing commun practices and averaged over three independent runs. Results are reported in Ta-
ble 1, and qualitative examples are provided in Appendix E. For fext-to-image generation, we
conduct experiments on the Microsoft COCO 2017 (MS—-COCO) validation set (Lin et al., 2014),
which contains 5k image-prompt pairs, using the SDXL model (Podell et al., 2023). Evalua-
tion metrics include CLIP-Score (Radford et al., 2021) to measure prompt alignment and FID
to assess image fidelity. As in the class-conditional setting, we fix the computational budget to
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Quality metrics

Algorithm FAD| KL| ISt

CFG 1.78 159 7.07 3

INTERVAL-CFG 1.74 161 693 9:

CFG++ 1.88 155 7.37 =

FK 222 167 684 )

PG 2.77 1.58 7.39 3 3 1 5 G 0 102034030678 1 2 3 4 5 6
CFIG (wp = 1. 1.71 1.65 7.05 Guidance scale w Noise level o Repetitions R

1.0,R=1)
CFIG (wg=15R=1) 161 158 731
CFIG (wg=15R=2) 174 156 7.64

Figure 6: Impact of the hyperparameters on the FAD
Table 3: FAD, KL, and IS results on AudioCaps with the AudioLDM 2-Full-Large model. The metrics
test set for AudioLDM 2-Full-Large model. are computed with 1k prompts.

32 diffusion steps with the Heun sampler. For each algorithm, hyperparameters are tuned via
grid search to maximize CLIP-Score. The corresponding results are summarized in Table 2.

Results. In class-conditional generation, CFIG consistently achieves

the best or near-best performance across all evaluation metrics.

Both CFIG and INTERVAL-CFG outperform CFG and CFG++

on FID/FDpnov2, indicating better perceptual quality and diversity

as measured by Precision/Density and Recall/Coverage. In contrast, =)

FK and PG obtain relatively weak FID/FDpnoy2 scores, primar- = \

ily due to limited diversity, as evidenced by their lower Recall and 9\
Coverage. This phenomenon is attributable to mode-collapse, a well-
known limitation of particle-based methods in high-dimensional
settings. Importantly, the performance of CFIG also extends to text- Figure 5: FID as a function of o
to-image generation, where it achieves the best FID and performs on  for different guidance scales w on
par with FK in terms of CLIP-Score. Taken together, these results EDM-S model with Sk samples.
demonstrate that CFIG improves visual quality in alignment with

conditioning information while maintaining high sample diversity; see Figures 8 and 9.

w =15

w=2.5
w =20 w = 3.

INT
4

FDpixova
5

2 ! 6 2 1 6

Audio experiments. We assess CFIG on a text-to-audio task us- Rel —— R—3 — R-s
ing the AudioCaps (Kim et al., 2019) test set. We use the model — R=2 R=14 -~ R=38

AudioLDM 2-Full-Large of (Liu et al., 2024) and adopt their ex- A 200
perimental setup, namely, 1k prompts were randomly selected from
AudioCaps, and the following quality metrics were computed for
each algorithm: Fréchet Audio Distance (FAD), Kullback-Leibler
divergence over softmax outputs (KL), and Inception Score (IS). The w2
KL is computed by applying Softmax to extracted features from the % T
generated and groundtruth samples. Following Liu et al. (2024), for

each prompt, the best out of 3 samples were selected. We fix the Figure 7: FID as a function of
computatinal budget to 200 diffusion steps with DDIM sampler, we o for different number of refine-
run a grid search over the hyperparameter space of each algorithm ment steps /2 in the setup of a dy-

to optimize for the FAD. The results are reported in Table 3. namic computational budget lin-
ear w.r.t. R. Results are for EDM-

Results. The configuration of CFIG with wy = 1.5 and R = 2 S model with 5k samples.
achieves the best overall balance across the three evaluated metrics.

Interestingly, reducing refinements to R = 1 significantly improves the FAD metric. While this
scenario closely resembles INTERVAL-CFG, CFIG consistently outperforms it, highlighting fun-
damental differences between these methods. In all these settings, we set T, = 100, o, = 5, and
w = 5. We also observed that omitting initial guidance (wo = 1) yields better FAD scores compared
to CFG, INTERVAL-CFG, and CFG++, but negatively impacts the other metrics. Overall, both
text-to-audio and text-to-image models require a moderate degree of guidance, since when unguided
they frequently produce samples of poor perceptual quality.

FDpixov2

Ablations. In Figure 3, we investigate the impact of the hyperparameters (w, o, R) for a fixed
number of diffusion steps. For each model, we vary one parameter at a time while keeping the
others fixed to the values used in Table 1. Using R = 2 refinement stages improves performance over
R =1, yielding the results reported in Table 1. However, increasing R beyond 2 degrades both FID
and FDpnov2, as a higher number of repetitions reduces the number of ODE integration steps per
refinement (under a fixed NFE), leading to loss of high-frequency details and attenuation of semantic
content. Varying o, exhibits a different pattern: FID decreases until reaching an optimal point and
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Figure 8: Comparison of sample diversity between CFIG and CFG across a batch of 6 samples generated using
EDM-XXL model for two ImageNet classes: 84 (top) 957 (bottom). Both algorithms are run with a total of
32 Heun steps and the same seed. CFG is run with a guidance scale w = 3.5. CFIG is run with 12 initial steps
at guidance scale wo = 1, followed by two refinement stages starting at 0. = 1 and using w = 3.5.

then worsens, while FDpnoy2 continues to improve beyond that turning point before eventually
showing a slight degradation at higher noise levels. Similar trends are observed for text-to-audio
generation, as shown in Figure 6.

Trade-off diversity/quality. Figure 4 shows the evolution of Precision and Recall with respect to
the noise level o,. As expected, larger o, reduces diversity—indicated by falling Recall—since
subsequent samples X~ (7 > 1) drift away from the initial unguided sample X", and CFIG
effectively collapses to standard CFG. Conversely, Precision increases and correlates with FDpnoya.-

Different guidance scales. In Figure 5, we further ablate FID and FDpnov2 as a function of o, across
different guidance scales w. We observe that stronger guidance shifts the optimal value of o, toward
smaller values. This behavior arises because larger guidance amplifies the influence of the Rényi
divergence term and thereby increases the bias of CFG when omitting it. Hence, this shrinks the
range in which removing the Rényi divergence term remains acceptable.

Dynamic computational budget as function of R. We additionally evaluate CFIG under a dynamic
computational budget in which computation scales linearly with the number of refinement stages R
as reported in Figure 7. Increasing refinement stages consistently improves FID and FDpnoy2, but
shifts the optimal o, toward smaller values for FID. In particular, when using more refinement stages,
lower noise levels become preferable.

7 CONCLUSION

We have provided a detailed analysis of CFG and identified a crucial missing term—the gradient of a
Rényi divergence—which naturally promotes diversity in generated samples. Our theoretical analysis
demonstrates that this additional term becomes negligible in the low-noise regime, motivating a
new sampling algorithm, CFIG, that leverages this insight. Through extensive experiments on both
image and audio generation tasks, we have confirmed the effectiveness and practical benefits of the
proposed method. The insights gained in this work suggest several promising directions for future
research. One especially promising avenue involves utilizing our newly derived score expressions to
design novel training procedures for conditional diffusion models to explicitly account for the Rényi
divergence term and hence enables guidance without sacrificing diversity or perceptual quality.
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Ethics Statement. The presented approach enhances sample fidelity and diverity in conditional
diffusion models, opening opportunities for use in creative workflows. At the same time, it brings
ethical challenges related to the possible misuse in producing synthetic-deceptive media that obscure
authenticity, emphasizing the necessity of robust detection mechanisms and careful, responsible
deployment.

Reproducibility statement. Reproducibility is a key priority in this work. The released codebase
includes complete implementations of our approach and all baseline methods, together with experi-
ment scripts and configuration files detailing the hyperparameters and settings used in each evaluation.
These materials enable researchers to reproduce all reported results reliably and to build upon our
work with minimal effort.
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Figure 9: Comparison of sample diversity between CFIG and CFG across a batch of 6 samples. Samples are
generated using SDXL model for two for two prompts: “A lone horse walking through a grassy field." (top) and
“A truck with a snow plow attached to the front.” (bottom). Both algorithms are run with a total of 32 Heun steps
and the same seed. CFG is run with a guidance scale of w = 16. CFIG is run with 10 initial steps at guidance
scale wo = 1, followed by two refinement stages starting at o, = 2.5 and using a guidance scale w = 16.

A EXPERIMENTS DETAILS

A.1 MODELS SETUPS AND EVALUATION DATASETS

Class Conditional Image Generation. We employ the class conditional latent diffusion models
introduced in Karras et al. (2024b) and trained on ImageNet-512 dataset. These model operate
in a latent space, with dimension 4 x 64 x 64, defined by the pre-trained VAE (Rombach et al.,
2022). The experiments are performed using two model sizes: small (EDM-S) and largest (EDM-
XXL); see (Karras et al., 2024b, Table 2) for their model sizes. We use the publicly available
weights', more specifically the models under the pseudos edm2-img512-s-guid-fid and
edm2-img512-xx1-guid-fid. These weights were obtained by tuning the EMA length to
optimize FID as detailed in (Karras et al., 2024b, Section 3). In both models, we use oy = 2 X 10-3
and oax = 80 for sampling.

Dataset and evaluation. We assess the overall quality of the generated samples by computing the
Fréchet distance between the reference and generated samples. We follow the recommendations
in Stein et al. (2023) and report, in addition to the FID, the FDpov2; in the former the images
representations are computed using InceptionV3 (Szegedy et al., 2016), whereas in the latter they
are computed with DINOv2 ViT-L/14 (Oquab et al., 2023). We reuse the precomputed statistics
provided in EDM2 repository! for the reference distribution, and use, following common practices
(Stein et al., 2023), 50k samples to compute the statistics of the generative distribution. We also
evaluate individually the fidelity and diversity of the generated samples using Precision/Recall and
Density/Coverage (Naeem et al., 2020). We follow the setting in Kynkdédnniemi et al. (2024), where
the manifold of the data is estimated using 50k samples with representations computed using DINOv2
ViT-L/14 (Oquab et al., 2023) and using 3 neighbors, except that for the reference images, where we
use ImageNet validation set instead of training set.

'"https://github.com/NVlabs/edm2
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Text-to-Image Generation. We use Stable Diffusion XL (SDXL) (Podell et al., 2023), a text-to-
image latent diffusion model with latent size 4 x 128 x 128 for generating images at resolution
1024 x 1024. SDXL relies on pre-trained text encoders (Ilharco et al., 2021; Radford et al., 2021) to
extract semantic features from text; see (Podell et al., 2023, Section 2.1) for details. In our experiments,
we employ the publicly available pre-trained model from HuggingFace?. Since SDXL follows the
variance-preserving (VP) formulation, we convert it to the variance-exploding (VE) formulation
following Karras et al. (2022). For sampling, we set og = 2.92 x 1072 and oy = 14.61.

Dataset and evaluation. We evaluate on the Microsoft COCO 2017 (MS—-COCO) validation
dataset (Lin et al., 2014), which contains Sk image-prompt pairs. Prompt alignment is measured
using CLIP-Score (Radford et al., 2019) with the c1ip-vit-base-patch32 model® for feature
extraction, and image fidelity is assessed with FID.

Text-to-Audio Generation. We use the model AudioLDM 2-Full-Large Liu et al. (2024). It is
a latent diffusion model tailored for general-purpose audio generation. It operates on compressed
representations of mel-spectrograms obtained through a variational autoencoder. The model uses a
self-supervised AudioMAE Xu et al. (2022) to extract a semantic embedding known as the Language
of Audio (LOA), which captures both acoustic and semantic information. A GPT-2 language model
Radford et al. (2019) translates text prompts into LOA features, which then condition the diffusion
model for audio generation in a computationally efficient latent space. We use the publicly available
pre-trained model at HuggingFace* under the pseudo name audioldm2-1large. Similar to SDXL,
AudioLDM 2-Full-Large follows the VP formulation and hence we converted it to VE formulation
following Karras et al. (2022). In the experiments, we use oo = 3.88 x 1072 and o = 83.33 for
sampling.

Dataset and evaluation. We sampled 1k prompts randomly from the AudioCaps Kim et al. (2019)
test set. Following Liu et al. (2024), each algorithm was run with a negative prompt “low quality”
along side the conditioning prompt and the best out of 3 samples was selected for each conditioning
prompt. The evaluation was performed on 10 seconds audios at 16 kHz. The VGGish model Hershey
et al. (2017) was used to extract the features to be used to compute FAD. Similarly, PANNs Kong
et al. (2020a) was used to compute the features for the KL and IS metrics.

A.2 IMPLEMENTATION OF ALGORITHMS

Table 4: CFIG hyperparameters for the considered models. The symbol # stands for “number of ”.

Initial

Sampler # Total steps ~ # Initial steps guidance scale # Repetitions Noise level Guidance scale
EDM-S —9 -3 To =12 wo =1 R=2 0. =2 w=23
Heun with {”“ e T=3
EDM-XXL Tmax = Ty =12 wo =1 R=2 0. =1 w=2
9292 x10-2
SDXL Heun with {”“ fﬁ(‘i 1X 10 T=32 Ty =12 wy =2 R=2 7. =35 w=14
Omax = 14

,f 2
AudioLDM 2-Full-Large  DDIM with {" = 38810

o R
T=200  Tp=100 o = 1. R—2 s .
Tmax = 83.33 o wo = 1.5 o =5 wes

Our proposed algorithm. We implement CFIG as described in Algorithm 1. Notably, since at
each refinement stage, we simulate the PF-ODE over a newly redefined interval [0, 0., it is possible
to adapt the sequence of noise levels for it. We use the noise-scheduling method proposed in (Karras
et al., 2022, Eqn. (269)), i.e., for some p > 1,

P
1 t 1
o = (Uo/p + ﬁ(arln/;x - Uo/p)>
For ImageNet, we use p = 7 and recompute the discretization steps accordingly for the refinement
starting from oy,,x = 0. For AudioLDM and Stable Diffusion, which follow the VP formulation,
we found that selecting uniformly over the diffusion steps and then mapping these diffusion steps to
noise levels yields better performance.

https://huggingface.co/stabilityai/stable-diffusion-xl-base-1.0
*https://huggingface.co/openai/clip-vit-base-patch32
*nttps://huggingface.co/cvssp/audioldm?
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CFG++ (Chung et al., 2025). For CFG++, we leverage the equivalence between the proposed
algorithm and standard CFG with a dynamic guidance scale, as described in Chung et al. (2025,
Appendix B). We use CFG denoiser when the dymamic guidance scale is greater than 1 and the plain
denoiser otherwise.

Interval-CFG (Kynkifnniemi et al., 2024). For INTERVAL-CFG, we implement the procedure as
defined in Kynkéinniemi et al. (2024, Equations 5 and 6).

FK (Skreta et al., 2025). We build on the insight provided in Appendix C and use it to adapt the
authors’ algorithm based on the discretization of the SDE Skreta et al. (2025, 1, Proposition 3.1).

PG (Corso et al., 2023). We implement the Fixed Potential PG as described in Corso et al. (2023,
Equation 4) based on the implementation provided in the released code”.

A.3 CHOICE OF THE HYPERPARAMETERS OF THE ALGORITHM

For each algorithm, we perform a grid search over its hyperparameter space and select the config-
uration that optimizes FID for class conditional image generation, CLIP-Score for text-to-image
generation, and FAD for audio generation. The used hyperparameters are summarized in Table 4 for
CFIG and in Table 5 for the other algorithms.

Table 5: Competitors’ hyperparameters for the considered models. The symbol # stands for “number of . For
space contraint, we use “G” to denote “Guidance”.

CFG INTERVAL-CFG CFG++ ‘ FK PG
Sampler # Total steps G scale ‘ G interval G scale ‘ G factor ‘ G scale  # particles ‘ G scale  # particles
EDM-S . foo =2x1073 w=14 | [01,00) =[0.28,29] w=21|A=035| w=18 K=4 |w=24 K=4
Heun with T=32
EDM-XXL Omax = 80 w=12| [op,0on) =[019,1.61]] w=2 | A=035|w=12 K=4 |w=18 K=4
_ —2
SDXL Heunwith {70 = 29210 T=12 w=12 [0 0m] = [0,7.5] w=16 | A=08 | w=10 K=4 |w=16 K=4
Omax = 14.61
AudioLDM L fog =388x1072 o B - . B B . .
>Full-Large ~ DPIM with {UW 333 T=20 w=45]| [0, 0m=1[0,85] w=5 | A=01 |w=25 K=4 w=5 K=4

A.4 RUNTIME AND GPU MEMORY REQUIREMENT

Table 6: Runtime in seconds for the considered algorithms.

CFG INTERVAL-CFG CFG++ CFIG‘ FK PG

EDM-S (500 samples) 907 638 811 760 1758 3590
EDM-XXL (500 samples) 1623 1334 1480 1445 | 3170 6410
SDXL (8 prompts) 223 21.16 2233 21.59 | 46.1 614

All experiments were conducted on an NVIDIA H100 SXM5 80GB. The reported runtimes in Table 6
were measured as follows: for EDM2-S and EDM2-XXL, we averaged a single run that generated
50k images with a batch size of 500, while for SDXL we averaged a single run that generated 5k
samples with a batch size of 8.

Particle-based algorithms complicate direct timing comparisons because each sample is obtained by
evolving multiple particle trajectories—four particles in our experiments. This imposes additional
memory constraints, preventing us from using the same batch size as the other methods. For a relevant
comparison, we therefore report runtimes scaled linearly to the equivalent batch size of the other
methods. Notably, in Table 6, particle-based methods are separated from the others with a vertical
line, and we discuss their performance separately below.

Shttps://github.com/gcorso/particle—guidance
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Table 7: Number of Function Evaluations (NFEs) split as CFG and plain denoiser evaluations. Note that one
CFG denoiser NFE accounts for 2 plain denoiser NFEs.

CFG INTERVAL-CFG CFG++ CFIG (ours) ‘ FK PG
CFG denoiser 63 14 45 38 31 63
EDM-S Plain denoiser 0 49 18 23 0 0
Total plain denoiser NFEs 126 77 108 99 ‘ 62 126
CFG denoiser 63 12 39 38 31 63
EDM-XXL Plain denoiser 0 51 24 23 0 0
Total plain denoiser NFEs 126 75 102 99 ‘ 62 126
CFG denoiser 63 56 63 61 31 63
SDXL Plain denoiser 0 7 0 0 0 0
Total plain denoiser NFEs 126 119 126 122 ‘ 62 126
CFG denoiser 200 142 194 200 199 200
AudioLDM
P, rge Plain denoiser 0 58 6 0 0 0
Total plain denoiser NFEs 400 342 394 400 ‘ 398 400

Comments on runtime and memory. Overall, CFIG achieves a runtime close to INTERVAL-CFG,
and is faster than CFG and CFG++ for class-conditional image generation, namely EDM-S and
EDM-XXL models. In contrast, the runtime of CFIG relative to CFG and CFG++ in text-to-image
and audio experiments is similar, since CEIG relies on a CFG denoiser with a moderate guidance
scale to generate the initial samples.

This runtime improvement in class-conditional image generation can be attributed to the reduced
number of NFEs, as detailed in Table 7: standard classifier-free guidance requires two evaluations per
denoising step—one conditional and one unconditional. By contrast, CFIG first generates an initial
sample using the plain denoiser—hence one single plain call—and then applies iterative refinement
in few diffusion steps in which the CFG denoiser is invoked. Similarly, INTERVAL-CFG applies the
CFG denoiser only within a restricted interval of noise levels. This reduction in NFE accounts for the
lower runtime of CFIG and INTERVAL-CFG compared to methods—CFG and CFG++—that apply
CFG throughout the full sampling trajectory.

In terms of memory consumption, CFG, CFG++, INTERVAL-CFG, and CFIG are the same. Particle-
based methods, however, require additional memory that scales with the number of particles, since
they must be processed concurrently.

Regarding runtime, on EDM models, PG is approximately 4x slower than non-particle baselines
due to its use of four particles. FK runs at roughly half the runtime of PG, as it rely on an Euler
discretization of the SDE without the second-order Heun correction used in PG. On SDXL, FK
exhibits a similar trend. Finally, we note that the PG implementation experienced overflow when
using £1oat16, which forced us to fall back to f1oat32 and hence further increased runtime.

Table 8: Comparison with respect to CFIG when the initial stage is performed with INTERVAL-CFG. The
EDM2-S model was considered. Quality metrics are computed for 50k samples. Runtime is reported for
generating a batch of 500 samples.

FID| FDpwow | Precision?T Recallt Density T Coverage | ‘ Runtime (seconds)

INTERVAL-CFG 1.71 80.75 0.61 0.61 0.58 0.56 638
CFIG with INTERVAL-CFG 1.82 68.56 0.65 0.58 0.65 0.60 785
CFIG 1.78 75.38 0.64 0.59 0.63 0.58 760
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B PROOFS

B.1 SCORE EXPRESSIONS

In this section, we adopt measure-theoretic notations. Denote by P(R?) the set of probability
distribution on R? endowed with its Borel o-algebra. We first restate the definition of the w-Rényi
divergence between two arbitrary probability distributions z and v in P(R%):

1 dpw -
——1lo SEVdy ifu < v,
Ru (pllv) = {“’1 e [@] ps (B.1)
00 otherwise.
Let po € P(R?) and denote, for any ¢ € C, Z(c) = [ go c|x0)p0(dx0) We impose the fol-

lowing assumptions on the likelihood function xg »—> go(c|xp) in order to make p,(dxp|c) =
go(c[x0)po(dxo)/ Z (c) a well-defined probability distribution.

(A1) Forevery x € R% and ¢ € C, go(c|xg) > 0and 0 < Z(c) < oo.

Moreover, we recall the definitions
Po (dXo)qgm (%o |%0)

pO\a(dX0|XU) = D (X ) ) (B.2)
_ Po(dxo|c)qy)o (X4 [%0)
Pojo (dXo[%s, €) = 0 ‘;U(XG‘FC) o (B.3)

Proposition (Restatement of Proposition 1). Assume (Al). Then for every o > 0, x, € R%, and
cecC,

Vi, log py (x|e; w) = (w = 1)V, R (pojo (1%, ©)lIp0jo (-1%0)) + Vi, log pg¥(xs]e; w) -

Proof of Proposition 1. Combining definitions (B.2) and (B.3) yields

Pojo(dxo[x,, €) = g}(c) go(clx0)ps (%)

p0|a(dx0|xo) y

Po(Xslc)
S o (%00 x0)po (%o
from which it follows that py, (|%o, ¢) < poj, and W( 0) = %. Hence,
dpy, (%o, €)1
lo o
————— | (xX0) pole (dX0|xXs
[ oty | ametaso)

(1) p((xﬁ;uw / 9o(Xole)™ pojo (dxo|%s)

1 po(xs)"”
Z(c ) ( Xg|C)"
f go(c|X0)" po(dXo) po(Xo
ff (C)w Po(Xglc)®
where we used, in the last step, the definition

/ 60(%01€) g 1o (%o 130) o (d0)

)wfl

Py (Xo|C;w)

e o e S0eh0)” podxo)
Palioleiin) = [ ao(eobia) 2 PRI

Taking the logarithm of both sides of the identity and then differentiating with respect to x,, yields
(w = 1)V, Ru(po| (%0 €)[[Pojo (-%5))

= Vx, log p, (xs|c;w) — wVx, log p, (xo]c) + (w — 1)V, log ps(%0) ,
which is the desired result upon rearranging. O

Similarly, we establish the following generalization of the identity in Proposition 1, involving the
scores at two different noise levels.
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Proposition (Restatement of Proposition 3). Assume (A1) and let w > 1. Then for every § > 0,
0c>0 %, €R% andc €C,
Vi, 10g p, (Xo|c; w) = (w — 1)V, Ru(pgjs_ (%0 €)l|Pojos (+%o))
+wVx, logp, (Xs|c) + (1 —w)Vx, log ps, (%s)

where o_ = o\/w/(1+0) and o, =oc+/(w—1)/6.

Proof of Proposition 3. Since w > 1 and § > 0, the two noise levels o, and o_ are well defined and
by combining definitions (B.2) and (B.3) we obtain that

L golelxo)po, (X0)qs_ \O(XU‘XO)

Pojo_ (dxo[xs,€) = Z(c)  p,_ (X6]€)qy, 0(Xa|x0) Pojo: (dxolxo)

Thus,

/{WF(XO)P%J%XU)

1 pey(x)” /[q"—‘O(XU|XO)]wgo(c|x0)wp0U+(dxo|xg)

Z(©)¥p, (xs|c)® qg+|0(xa|x0)
1 po,(x0)"7! {/ 4y j0(Xo[%0)" ,
- = c|xo)¥po(dx
Z(c)” py_(xql)” qa+|0(Xa|X0)wflgO( [x0)*Po(dxo)

Here, by the definition of o _,
4y _10(Xo[%0)" = N(x¢;%0,0°w/ (8 + 1)I)

x N(xa; Xq, 021) (@+1)

x qa|0(xg|x0)5+1 )

where the constant of proportionality is independent of (xg,X,). Similarly, qmrlo(xg|x0)w*1 x
qg|0(xg|x0)5. Hence, g, 1o(%+(%0)" /s, j0(Xo|%0)" " X ¢y)0(%c|%0), which implies that

dpo (lX C) v

lo_ o
— | (X0)Pojo, (dX0|Xs
[y | e i)
1 pU+(XU)w_1 / w
o "po(d
X g(c)w Dy (XJ|C)w qo’\O(X |X0>90(C|X0) pO( XO)
J 90(c%0)“po(dXo) Po, (%5)* "
— wpg(xg|c;w) .
Z(c) Po_(Xsc)
Finally, taking the logarithm of both sides and then the gradient with respect to x,, yields
(w = 1)V, Ru(pgjo_ (-1%o, €)lIPojo (%))

= Vy, logp, (xs|c;w) —wVx, logp, (xs|c)+ (w —1)Vy, logps, (Xs) ,

which is the desired expression upon rearranging. O

A direct consequence of Proposition 3 is that the score of the unconditional distribution can be
expressed in terms of the scores at two different noise levels.

Corollary 1. Let py € P(RY) and w > 1. Then for every § > 0, ¢ > 0, and x, € R,

V10g po(%xs) = (w — 1)VRy (Pojo_ (1%s) P0joy (%))
+wVlogp,_(%5) + (1 —w)Vlog ps, (%)

where o_ == o+/w/(1+6) and o, = o+/(w —1)/0.
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Proof. The result follows by applying Proposition 3 with gg being the constant mapping x — 1. [

B.2 SCORE APPROXIMATIONS

Throughout this section, we will often assume that the relevant densities belong to the following
class.

Definition 1. For m € N*, denote by Q3(R™) the set of functions fy : R™ — R satisfying
(i) fo is strictly positive,

(ii) fo is three times continuously differentiable with third-order partial derivatives of at most
polynomial growth, i.e., there exist C > 0 and m > 0 such that for any (i, j, k) € [1,d]?,
|0:0;0k fo(x)| < C(1+ [|x[]2)™.

The proof of Proposition 1 relies on the following general result, which is proven subsequently. For
any o > 0 and x € R, define

folx) = / fo(x0), o (]%0) dxg -

Lemma 1. Let fo € Q3(R?). Then for every x € R,

Vlog f,(x) = Vlog fo(x) + O(c?) as o —0.
Proposition (Restatement of Proposition 2). Assume that py, go(c|-) and go(c|-)* belong to
93(R?) for some ¢ € C and w > 1. Then for any fixed x € R,

VRuw (0o (-[%¥)lpojo (-x)) = O(c®) as 0 = 0.

Proof. Since the third derivatives of py and go(c|-) satisfy the polynomial growth assumption (ii) in
Definition 1, so does p(-|c). Thus, by Lemma 1 it holds that

wV log p, (x]e) + (1 — w)Vlog py(x) = wV log py(x|c) + (1 — w)V log po(x) + O(c)

as 0 — 0. Recall that we assume that go(c|x)® and pg belong to Q3(R?). Consequently, p,(-|c; w)
satisfies the same condition. Thus, since p(x|c; w) o< po(x]c)“po(x) =%, we have that

Vlogp, (x|c;w) = wV log py(x|c) + (1 — w)V log po(x) + O(c?)
as o — 0. Finally, by Proposition 1, as o — 0,

(w = 1)VRy (Poj, (-%) [P0} (-[x)) = Vlog p, (x|c; w) — Vlog pi&(x,c; w)

=0(c?).
O
Proof of Lemma 1. For every x € R?,
f qug|o(X|X0)f0(X0) dxg
Vlog f,(x) = | N
R ESTRN TR
_ [ Vxlog g,19(x[x0) fo(%0) 410 (X[%0) dxo (B.4)
J fo(%0)4,0(x|%0) dXo '

Since g, o(x|x0) = N(x;xg,0°I) and V log dol0(X[x0) = (x0 — x) /0%, making the change of
variable z = xy — x yields the expression

1 J 2 folz+ X)palzi0) dz
o2 [ fo(z+x)pa(2;0)dz ’

Viog fr(x) = (B.5)
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where 4(+; o) denotes the zero-mean d-dimensional Gaussian density with covariance o?I. Define
N(x) = [z fo(z + x)¢4(z;0)dz and D(x) = [ fo(z + x)pa(z;0) dz, so that Vlog f,(x) =
52N (x)/D(x).

We start with the numerator N (x) and expand f; around x using the Taylor’s inequality and using the

assumption that fo € Q3(R?), we get that there exist C > 0 and m € N such that for any z € R?,

1 m m
Jo(z+%) = 0*fo(x) = 2"V fo(x) = 52TV fo(x)z| < O(L + x| + ||z )zl

Hence,

Nx)— [ |fo(xX)z + (2TV fo(x))z + %ZTVQfO(x)z z| o(z;0)dz
oo~ /| (

<C [ ™+ a2l el ¢lmio) da. ®.6)
Since [z @a(z;0)dz = 0 and [ z,2; pa(z;0)dz = 028;;, [ ||2]|* z2p(z;0) dz = O(c*), we get
N(x) = o2V f(x) + O(c?).
Similarly, we obtain D(x) = fo(x) + O(c?).

Combining the expansions for the numerator and denominator, we obtain, as fj is strictly positive
(Definition 1(1)),

(=)
—_

f
= Vlog fo(x) + O(c?) .

B.3 CLASSIFIER-FREE ITERATIVE GUIDANCE

Uniqueness of the stationary distribution in the ideal case. Recall that the Markov chain under
consideration is given by X§" = Fy,. (X{” + 0. Z"+Y|c;w), where (Z(M), ¢y is a sequence of
i.i.d. standard Gaussian random variables and Fy|,, (Xo, |c; w) is the solution to the PF-ODE (2.1)
with denoiser D (-|c; w) and initial condition x,,,. By definition of this denoiser, it is associated
with py(-|c;w), ie., if X5, ~ p, (-|c;w), then Fy|,, (Xo, |c,w) ~ py(-|c;w); see Section 3.

Moreover, by Step 1), if X7 ~ py(-|c;w), then X ~ p, (:|c;w). Hence X
Fojo. (X§7]e;w) ~ po(-|c; w), showing that py(-|c; w) is indeed a stationary distribution. In order
to show that this invariant distribution is unique, we now establish that the chain (X§”),cn is Leb-
irreducible, where Leb is the Lebesgue measure. To facilitate the analysis, we make the following
simplifying assumption.

(A2) For some fixed o, > 0, w > 1,and ¢ € C, the flow map z > Fy,, (z|c; w) is a continuously
differentiable diffeomorphism on R

Proposition 5. Assume (A2). Then the Markov chain (Xé"))TeN is Leb-irreducible and has
Do(:|c; w) as its unique invariant distribution.

Proof. Let A be a Borel set of R? such that Leb(A) > 0. It is enough to show that for any x € R,

/]lA(FO|0'* (z]c; w))N(z;x,I)dz > 0 . (B.7)
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Denote by z — F (z|c;w) the inverse of z — Foj,, (z]c; w). In addition, denote by detJac P,
the Jacobian determinant of any function ® : RY — R? and note that since z — Fy,, (z|c; w) is
a diffeomorphism, it holds that z — detJacFy|,, (z|c; w) and z — detJacF( (z|c;w) are both
non-zero. Then a change a variables yields

/]lA(Fola*(Z|c§w))N(Z§X71) dz:/IA(Y)N(E%*(YIC;w);x,I) |detJacky, (yl|c;w)|dy ,

which implies (B.7). Finally, the fact that the Markov chain (X{"”)en has py(-|c; w) as its unique
invariant distribution follows from Meyn & Tweedie (2012, Proposition 10.1.1. and Theorem 10.4.4).
O

Example 1 details. Recall that p<8(x,|c;w) < go(c|x,)¥po(%X,), Where g,(c|x,) =
J 90(€|x0) pojo (%0|%,) dxo. In addition, note that since py = N(0, 1), it holds that py|, (xo|xs) =
N(0;%x,/(1 + 02),02/(1 + 0?)). Since go(c|xo) = N(c;x0,+?), this implies that g, (c|x,) =
N(c; x4 /(1 + 02),7* + 0%/(1 + 02)). Therefore, we get

pf,fg(x[,|c; w) = N(xq;v(w, 0*)we/((1 4 o)y + 2), v(w, 0%)) , (B.8)
where
1+ 0?)y2 + o2

2 2
=(1 .

The limit part follows by a simple characteristic-function argument, since pS8(-|c; w) is a Gaussian
distribution and we make the assumption that it is the result of a Gaussian convolution. It remains to
show that v(w, 0?) < V(X,), where we recall that V(X,) = 02 + 72 /(v? + w). However, since
w > 1, we have that

Y214 0?) + cw
w+v2(1+ 0?) + wo?
) w
w+72(1+ 02?) + wo?
w
w+v2(1+02) + 02
= (1+0H) v(w,o?) .

1+ V(X,) =

>1—

Proofs for Proposition 4. We assume that py = N(0,1) and g,(c|xo) = N(c;x0,7?). Then it
holds using that py(xo|c) = p5&(xqlc; 1) and (B.8) that

1 2 2

X, , D, (xs]c)= v g

D_(x, - .
o (Xs) 72(1+02)+02X +72(1—|—02)—|—020

:1+02

The next lemma provides the expression of the distribution obtained by integrating exactly the
PF-ODE (2.1) from o to zero using the CFG denoiser (2.3). We assume ¢ = 0, as the solution to the
PF-ODE cannot, in general, be expressed using elementary functions when ¢ # 0. In that setting, we
have the following standard result.

Lemma 2. Let w > 1 and consider the first-order linear homogeneous ODE

dx(o) w(l+ %o (1—-w)o
do |2+ (1 +9%)02 1+o02

x(o), o>0. (B.9)
Let x be the unique solution to (B.9) on the interval [0,0.], for some o, > 0, satisfying the
condition x(0,) = X,,. Then the value of the solution at o = 0 is given by

’Yw(l—‘rO'z)(w_l)/Q x
(V2 + A+ A2)a2)w/2m

Xo = (B.10)
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Proof. We define

w149 (1 -w)o
T2+ (1+92)02 " 1402
The function P is continuous on [0, o] and thus, by the Cauchy—Lipschitz theorem, it admits a unique
solution satisfying x(o.) = X, . If x(0.) = 0, then the unique solution to (B.9) with x(c,) =0
satisfies x(o) = 0 for any o € [0, 0.

P(o) (B.11)

Now, assume x(c) # 0. Then x(0) # 0 for any o € [0, 0., and integrating from o, to zero yields

/XU dx(o) _ /UO P(s)ds = F(0) — F(a,),

X, x(o)

where F(s) = 2 log(y2+(1+72)s?)+15% log(1+s?) forany s € [0, 0.]. Note that F'(0) = log 7"
and

S log(1+02)

w
F(o.) = 5 log(y* + (1+9%)07) +

thus,
Xo gh
Xo. Y24+ (1+92)02)w/2(1 + 02)A-w)/2

Applying the exponential function to both sides and rearranging terms leads to

log

= log
(

Xo
X,

’)/w(1—|—0'$)(w_1)/2
(7 + (L +2)ed)w/2

By continuity of the solution and the fact that x(o) # 0 for any o, x has a fixed sign on [0, o], which
yields the result. O

As a sanity check, note that when w = 0, it holds that Xo = X,,, /4/1 + 02. Thus, if X, ~ p,, =
N(0,1+ 02), then Xy ~ po. If w = 1, we get Xg = vX,, /\/72 + (1 +72)02, and hence, if
Xy ~p,. (Je) = N(0,07 +~7/(1 +~7)), then Xo ~ py(-|c).

Analysis as 0, — 0and R — co. We now consider the iterative procedure defined by, for any
r>1,
X = (o) (XS + 0.2, (B.12)

where c(0,) == y(1 + 02) W=D/ /(42 + (1 4+ 4?)02)*/? and (Z(),cy is a sequence of i.i.d.

standard Gaussian random variables. Define V, (w) == 02¢(0,)?/(1 — c(04)?).

We denote by W (u, ) the 2-Wasserstein distance between distributions £ and v in P(R%).

Proposition (Restatement of Proposition 4). Assume that V(X{”) < oco. For any w > 1,
(X§7)ren converges to N'(0, Voo (w)) exponentially fast in the 2-Wasserstein distance, with rate
proportional to o2. Furthermore,

Vao(w) =V (w) +0(62) as 02 0.

Proof. We let i, := Law(X{") and pi1oe :== N (0, Voo (w)). Defining the transition kernel k(x|x) =
N(c(o4)x%, c(04)?02), it holds that p,(x) := [ k(x|X) ptr—1(dX). Furthermore, it is easily checked
that . is the stationary distribution of the chain (B.12). Hence, oo (x) = [ k(X|X) fto0 (dX). Then,

Walitr i) = Wa ([ K10 1 (a0), [ KCIR) s 05))
< ctoWa ( [ a0 o005, [ a0 05))

< C(U*)W2 (,urflv Moo) 5

where we used, in the second step, the fact that for any ¢ > 0, if X ~ pand Y ~ v, then
Wo(Law(cX), Law(cY)) < ¢Ws(u, v). Moreover, in the third step we used the fact that convolution

24



Under review as a conference paper at ICLR 2026

does not increase the Wasserstein distance (Santambrogio, 2015, Lemma 5.2). Iterating the bound
we obtain that Wy (ir, fteo) < ¢(04)"Wa(ft0, oo )» and as pg is square-integrable by assumption,
Wa (o, fteo) < 00. Thus, since
2 2_2\w/2

(" +770%) <1,
VIT (3 + 7202 + 02)
we establish the exponential convergence of (1i,.)ren tO fioo. Next, making a Taylor expansion of
Voo (w) around o2 = 0 yields that

c(os) =

w—1
2

-1 1++2
w2 log(1 4 02) — %log (1 + ::2'7 Uf)

-1 1+ ~2
:<w2 o ;g>gz+o<az>

log c(0.) = wlogy + log(1 +0?) — %bg(wg +(1+9%)0?)

2
= Tyl olo?).
which in turn yields the expansion 1 — ¢(0)? = 72";“’ o2+ o(c?). Substituting the same into Vi, (w)

gives

2,
o2 (1 _ v%gwgf + o(af)) 1 %af +o(0?)
P2 to(02)  LEY+o(l)

Voo(w) =

Developing the right-hand side further, we arrive at

Vio (w) = (1 _ 72;;“’03 n o(o—f)> (72;; >1 (1 + ‘ﬁ;ﬁj)

72

7 +w gl
7 Ytw , >
= 2 - 2 O + ( *)
Y tw Y
2
T 2 2
72_’_10 — 0y +0(0-*) )
from which the claim follows. O

Analysis as o, — 0 and R < co. To investigate the behavior at finite R, we initialize the recursion
(B.12) with X§” ~ p,(-|c) = N(0, Vp), where Vg :== 72 /(¥* + 1). For any R > 0, the final iterate
satisfies X ~ N(0, Vr(w)), where

c(04)? 0% (1 = ¢(04)*")

Vr(w) = C(U*)QRVO + 1— c(0,)2

We plot the absolute error |Vg(w) — V (w)] as a function of o, for various values of R in Figure 10.
We observe that for small R, the error is minimized at higher values of o, and that the minimal error
achieved for small o, is lower than that observed at larger o,.

C INSIGHTS ON THE CONSIDERED METHODS.

CFG++ with Heun sampler. Let A € [0, 1]. Following Chung et al. (2025, Appendix A), CFG++
with the Euler discretization of the PF-ODE (2.2) corresponds to the update

g
Xy = D (Xyi1]e; M) + P tl (Xi41 — Dy (Xi41)),
+
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v=01w=20

B
S
= 1073
|
3
= — R=2 — R=I6
= — R=4 — R=3
1074
— R=8 — R-64
0.0 072 04 06 0’8 10
Oy [

Figure 10: The difference |Vg(w) — V(w)] as a function of o, for various values of R.

which, upon replacing with the definition of the CFG denoiser (2.3), writes as

¢ O
Xi=|(1- )Dt+1(Xt+1) + A(Dt+1(Xt+1|C) - Dt+1(Xt+1)) + Dt+1(Xt+1)
Ot41 Ot+1
¢ Ot cff
=Xt (1- )DE (X le; wiy),
t+1 Ot+1

with w; [} = Aopy1/ (at+1 — at). In short, CFG++ can be viewed as a DDIM update based on the
CFG denoiser with a o-dependent guidance scale. Hence, in our experiment, we implement CFG++
with Heun sampler by using Algorithm 2 with the CFG denoiser (2.3) and time-dependent guidance
factors (w; ™)L ;.

Feynman-Kac correctors. In Skreta et al. (2025), a sequential Monte Carlo (SMC) algorithm is
proposed to target the distribution sequence (pSe(-|c; w)),. In what follows, we provide a simple
derivation of the (approximate) recursion relating two consecutive distributions pfftg('|c; w) and
pf,fi ,(|le;w), for oy < oy 1. This serves as the basis for the SMC algorithm resulting from Skreta

et al. (2025, Proposition 3.1). Write
P (x| w) ox / P (013 )4, o, (K01 130) A1
x / Do (501€) Do (501 (Re10) 1

w —
x / [P0, (%4100, 0 (K1 1%0)] “ e (K1) o, (01 50) ]

x /J'T?Mat+1 (X[ Xt115€) Doy orsr (e [Xeg1) TDGE | (xeqa]c;w) dxey (C.1)
f f
x /fol(xtﬂ;w)pf,tg‘mﬂ(xt\xwrl,c;w)pffigﬂ(xtﬂ\c;w) dx;y1, (C2)

where we have defined

Do, (Xt‘c)%t“\m (xe41]%¢)
» Xe|Xpp1,€) = ) (C.3)
ot|at+1( t| i+ ) Doyys (Xt+1|c>

Doy (Xt)chH_ﬂUt (xe41/x¢)

» Xe|%111) = (C4)
Ut|<7t+1( t| t+ ) p0t+1(xt+1) )

fi _
PZiUHI(XHXHl;C) Ocpgtlgt+1(xt|xt+1aC)wpo'f,|o't+1(xt‘xt+1)1 v, (C5)

fi —
and 278 (Xer130) = [ D, 15, (Xe[Xe41,€) Doy oy (Xe[Xe1) ' A1

The recursion in Skreta et al. (2025) approximates (C.1) by replacing (C.3) and (C.4) with their
Gaussian approximations. More precisely, consider, e.g., the Gaussian approximations

pgt|gt+1(xt|xt+1, c) ~ N(xy; /-Lt|t+1(xt+1|c)70-t2|t+11) )

Poylorps (Xe[Xe1) & N(Xes g1 (Xe41), 0152|t+11)

26



Under review as a conference paper at ICLR 2026

stemming from DDPM, where

o} o}
freje+1(Xeg1le) = 5—Xpp1 + (1= —— | Dy, (Xeqa]c)
Oit1 Oit1
o o
pejer1(Xe1) = —5—Xep1 + (1= —— | Dy, (Xi41)
01 Oit1

2 — 52( 52 2) /42 ; i ati cfg ;
and 07, =07 (0, — 0} )/071. The Gaussian approximation of P10y (+|x¢+1, c) is formed

by plugging the two previous Gaussian approximations into (C.5). When two Gaussian densities
N (x¢;mq,Y) and N (x¢; me, X) are raised to powers w and 1 — w, respectively, their product
is proportional to another Gaussian density with the same covariance matrix 3 and a new mean
wmy + (1 — w)mea; hence,

2 2
cfg ~ . 0t Tt f 2
Pl (Xtlxeg1,¢) = N (Xt, 5 —Xt+1 + (1 - = ) D§§+1(Xt+1|c)70t|t+11) :
Ot Oi+1
It remains to de.rive an approximatign of the weighting term Ztcj_gl ()Ft+1; w). Plugging again the two
previous Gaussian approximations into the definition of the latter yields

f _
Z7E (X1 w) %/N(Xt;ut\t+1(xt+1|c)7Uf\HlI)wN(Xt;Mt|t+1(Xt+1)7U§\t+1I)1 Y dxy

w(w —1)(c2,  — 0?) 2
& exp P} t+2 t HDat+1 (Xt+1|c) - D(Tt+1 (Xt+1)H2 .
203,10}

Algorithm 2 Heun sampler

Require: Initial Sample X, ,,
Require: Denoiser (X, 0) — D_(X)
Require: Total number of steps T’
Create: {0}, such that o7 = 01,5 and 09 ~ 0
fort =T —1to0do

Xi  (01/0141) X1 + (1 = 01 /0141) Dy, (Xit1)

- N Xe—D, (X,

X, « Xt+1 + O't,_gt+1 [Xt L;:t(Xt) + +1 U::T( *1)]
end for
Output: D, (Xo)

D DELAYED GUIDANCE

In Proposition 3 and Corollary 1 we have proposed two novels expression for the score of the tilted
distribution p;(-|c; w). Similarly to the CFG score, it can be shown that the Rényi divergence term
involved in Proposition 3 is negligible. Thus, we get the following new denoiser approximation:

D§ (x|c;w) = wD,_(x4]¢) + (1= w)D,, (%) (D.1)

where we recall that o, = o4/(w —1)/§ and o_ = oy/w/(1 + ). Note that for the practical

implementation, § cannot be too small since in this case we would have o, >> ¢ and the inputs to the
denoiser at noise level o, would be too of this distribution.

In Table 9, we report FID and FDpnov2 scores for various combinations of (w, ). We observe that
using a slightly reduced guidance scale in conjunction with the approximation (D.1) substantially
improves FDpiNov2, albeit at the cost of a higher FID. Conversely, increasing the guidance scale
to 2.3—which achieves the best FID in Table 1—Ieads to a notable degradation in both FID and
FDpivovz performance. We provide a qualitative assessment of D-CFIG in Appendix E.5 using the
EDM2-XXL model. Overall, it tends to produce sharp and diverse images, though often with less
detailed or rich textures compared to CFIG.
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Table 9: Comparison of average FID, FDpinov2 on ImageNet-512 for EDM2-S with 50k samples. Besides w,
we use the default hyperparameters given in Table 4.

Quality metrics

Algorithm FID \l/ FDpmov2 4
EDM2-S

D-CFIG (w = 2,0 = 0.85) 3.63 56.53
D-CFIG (w = 2,6 = 0.90) 3.57 54.81
D-CFIG (w = 2,0 = 0.95) 3.53 54.13
D-CFIG (w = 2.3,6 = 0.85) 6.35 86.79
D-CFIG (w = 2.3, = 0.90) 5.51 74.31
D-CFIG (w = 2.3,6 = 0.95) 5.02 65.63

E QUALITATIVE ASSESSMENT

In this section we qualitatively assess CFIG. We begin by juxtaposing its outputs with those of
competing methods, then vary individual parameters to observe their effect on the generated images.

All figures share the default hyperparameters from Tables 4 and 5; only the parameter indicated above
each figure is altered.

E.1 COMPARISON OF CFIG, INTERVAL-CFG, CFG AND CFG++ WITH A HIGH GUIDANCE
SCALE

CFG++ A=0.5 CFIG w=3.0

Class 483

INTERVAL-CFG w=3.0
o ‘
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CFG++ A=0.5

Nal
vy
v
w
A
<
—
@)

Class 962

29



Under review as a conference paper at ICLR 2026

CFG++ A=0.5

CFIG w=3.0

Class 550

E.2 VARYING w

Class 409
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CFIG w=2.0

CFIG w=3.0

Class 563

CFIG w=2.0

>

Class 933
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E.3 VARYING o,

CFIGo,=1.0 CFIG 0,=5.0

i)
T 5/

CFIG 0,=20.0

g8 &

Class 409
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=1.0

¥

Class 933

E.4 VARYING R

Class 409
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CFIG k=2

o
O
v
w
A
<
—
@)

Class 933
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E.5 VARYING ¢ IN D-CFIG

D-CFIG 0=0.8

D-CHG 5:.85 -

W= g

| L=
D-CFIG 0=0.95 -

3 — = e

Class 409

D-CF1G 6=0.8

D-CFIG 0=0.85

Class 563
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Class 933

36



	Introduction
	Background
	Analyzing the bias in Classifier-Free Guidance
	Iterative Guidance
	Related works
	Experiments
	Conclusion
	Experiments details
	Models setups and evaluation datasets
	Implementation of Algorithms
	Choice of the hyperparameters of the algorithm
	Runtime and GPU memory requirement

	Proofs
	Score expressions
	Score approximations
	Classifier-free Iterative guidance

	Insights on the considered methods.
	Delayed guidance
	Qualitative assessment
	Comparison of CFIG, Interval-CFG, CFG and CFG++ with a high guidance scale
	Varying w
	Varying *
	Varying R
	Varying  in D-CFiG


