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ABSTRACT

Direct Preference Optimization (DPO) has shown promising results in aligning
generative outputs with human preferences by distinguishing between chosen and
rejected samples. However, a critical limitation of DPO is likelihood displace-
ment, where the probabilities of chosen samples paradoxically decrease during
training, undermining the quality of generation. Although this issue has been
investigated in autoregressive models, its impact within diffusion-based models
remains largely unexplored. This gap leads to suboptimal performance in tasks
involving video generation. To address this, we conduct a formal analysis of
DPO loss through updating policy within the diffusion framework, which de-
scribes how the updating of specific training samples influences the model’s pre-
dictions on other samples. Using this tool, we identify two main failure modes:
(1) Optimization Conflict, which arises from small reward margins between cho-
sen and rejected samples, and (2) Suboptimal Maximization, caused by large re-
ward margins. Informed by these insights, we introduce a novel solution named
Policy-Guided DPO (PG-DPO), combining Adaptive Rejection Scaling (ARS)
and Implicit Preference Regularization (IPR) to effectively mitigate likelihood
displacement. Experiments show that PG-DPO outperforms existing methods in
both quantitative metrics and qualitative evaluations, offering a robust solution for
improving preference alignment in video generation tasks.

1 INTRODUCTION

Generative diffusion models (Wan et al.| (2025); [Tan et al.| (2025); |Gao et al.| (2025); |[Kong et al.
(2024)) have made remarkable progress in video generation. However, aligning these models with
human preferences for visual quality and text-to-video fidelity remains a significant challenge, limit-
ing their practical applicability. Although generative models have benefited from model-based align-
ment methods such as RLHF (Ouyang et al.[(2022); Xu et al.|(2023))) and GRPO (Shao et al.|(2024));
Xue et al.| (2025); [Liu et al| (2025a))), their application to video generation is severely hampered
due to the reliance on explicit pre-trained reward models. The high dimensionality and temporal
complexity of video make the development of a comprehensive reward model exceptionally diffi-
cult. Therefore, the scarcity of effective reward models (Pu et al.| (2024))), combined with extreme
computational demands (Li et al.[ (2025)), makes the exploration of efficient, model-free alignment
techniques not only beneficial but critical for advancing video generation.

To address these challenges, Direct Preference Optimization (DPO, Rafailov et al.|(2024)) emerges
as a compelling alternative, learning preferences directly from paired data without an explicit reward
model. By reframing alignment as a direct policy optimization problem, DPO bypasses the costly
reward modeling stage and has yielded promising results in diverse domains (Pal et al.|(2024); [Yang
et al.[(2024a)); Black et al.[(2024); Wallace et al.|(2023)). However, a critical challenge in applying
DPO is likelihood displacement (Pal et al.|(2024); Razin et al.|(2025); Tajwar et al.|(2024))), where
the probabilities of chosen samples paradoxically decrease during training, leading to a degradation
of the overall quality and diversity of generation. As illustrated in Fig. this issue is readily
observed in the training of existing methods like VideoDPO |Liu et al.| (2024)). Although previous
works have explored solutions for likelihood displacement in autoregressive language models (Razin
et al.| (2025);|Yang et al.|(2025); Ren & Sutherland| (2025)), these approaches lack a formal analysis
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of the underlying mechanism in diffusion models, let alone a solution tailored to high-dimensional
data such as video.

This paper fills this gap by conducting a formal analysis of DPO’s updating dynamics within dif-
fusion framework. We decompose the change in the model’s prediction into three distinct terms
that contribute differently to the model’s overall behavior. This framework is general and can be
adapted to various fine-tuning algorithms, including supervised finetuning (SFT, Wei et al.| (2022)),
DPO and other modern preference optimization methods (Zhao et al.|(2022); Pal et al.|(2024)); |Azar
et al.[(2023)), shown in Appendix [A.3.2). Our analysis pinpoints two primary scenarios that cause
likelihood displacement: (1) Optimization Conflict with Small Reward Margins: When the reward
margin is extremely small, our analysis reveals that for such pairs, the updating policy between cho-
sen and rejected samples are nearly the same, leading to an optimization conflict that suppresses the
likelihood of both samples rather than effectively separating them; (2) Suboptimal Maximization
with Large Reward Margins: When the reward margin is already large, the strength of updating
policy tends to vanish, preventing the model from further increasing the probability of high-quality
chosen samples. We argue that this stagnation is itself a form of likelihood displacement, as the
model fails to progressively allocate more probability mass to superior samples.

These insights motivate the development of a novel solution: Policy-Guided DPO (PG-DPO), an
algorithm designed to resolve both failure modes of likelihood displacement within the diffusion
framework. PG-DPO comprises two key components: (1) Adaptive Rejection Scaling (ARS): To
resolve the optimization conflict, ARS introduces an adaptive weight o € [0,1) to the reward of
the rejected sample in the Bradley-Terry model(BT, [Sun et al.[(2025)). This dampens the “push”
signal from rejected samples, breaking the harmful optimization similarity. As a result, the “pull”
signal from chosen samples dominates the update, ensuring a net possibility increase instead of joint
suppression. (2) Implicit Preference Regularization (IPR): To overcome suboptimal maximization,
IPR introduces a regularization term focused solely on the chosen sample. This regularizer ensures
that a consistent “pull” signal is always present, encouraging the model to continuously enhance the
likelihood of chosen samples, even when their reward margin is already substantial.

In summary, our main contributions are as follows:

1. We present the first formal analysis of DPO’s updating policy in diffusion models, attribut-
ing the likelihood displacement problem to two fundamental failure modes: optimization
conflict and suboptimal maximization.

2. This framework not only offers a unified perspective for various fine-tuning methods, but
also inspires a novel algorithm, PG-DPO, which synergizes ARS and IPR to specifically
counteract these two failure modes.

3. Experiments show that PG-DPO not only mitigates likelihood displacement but also
achieves state-of-the-art performance in preference alignment for video generation, con-
firmed by both quantitative metrics and qualitative evaluations.

2 RELATED WORK

Video Diffusion Models Video generation aims to produce visually coherent videos that align
with user intent, with applications ranging from story animation [He et al.| (2023), interactive game
development (Che et al.| (2024))), to embodied artificial intelligence (Chen et al. (2024b)). Initial
models, such as VDM (Ho et al.| (2022b)), adapted 2D U-Net architectures for spatio-temporal
modeling but were limited by high computational costs and low resolution. Consequently, the field
has largely shifted to Transformer-based architectures, often by extending powerful text-to-image
backbones with temporal attention mechanisms (Zheng et al.|(2024); Peng et al.| (2025); |Yang et al.
(2024b))). Models based on the Diffusion Transformer (DiT) architecture now represent the state-
of-the-art (Wan et al.[(2025); Kong et al.| (2024); (Gao et al.| (2025)), achieving significant gains in
generation quality and consistency (Chen et al.; Esser et al.|(2023)); Ruan et al.|(2023))). Despite this
progress, aligning these powerful models with nuanced human preferences remains a key unresolved
challenge (Wu et al.|(2021)); Ho et al.| (2022a)).

Aligning Generative Models with Human Preferences Aligning generative models with human
preferences originated in the development of Large Language Models (LLMs). The seminal ap-
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proach, Reinforcement Learning from Human Feedback (RLHF, |Ouyang et al.,| (2022)), utilizes a
two-stage process: training an explicit reward model and then optimizing the policy using reinforce-
ment learning. Later, Direct Preference Optimization (DPO, [Rafailov et al.| (2024)) greatly sim-
plified this pipeline by reframing alignment as a direct supervised learning problem on preference
pairs. This formulation avoids both explicit reward modeling and the instabilities of RL training.
DPO’s simplicity and effectiveness have since spurred a family of related methods in natural lan-
guage processing aimed at improving feedback efficiency and scalability (Lai et al.| (2024)); [ Meng
et al.| (2024)); Swamy et al.|(2024);[Zhao et al.|(2022); [Yuan et al.| (2023)).

Aligning Diffusion Models with Human Preferences These alignment principles have been
adapted to diffusion models to enhance aesthetic quality and text faithfulness. Existing approaches
fall into three main paradigms. The first directly adapts DPO-style objectives; for instance,
Diffusion-DPO (Wallace et al.| (2023)) formulates a DPO loss using the Evidence Lower Bound
(ELBO) as a log-likelihood proxy. The second uses policy gradients akin to classic RLHF, as seen
in DDPO (Black et al.| (2024)) and DPOK (Fan et al.| (2023))), but often inherits its training insta-
bility. The third and most common paradigm relies on an explicit reward model, either through di-
rect gradient backpropagation (e.g., DRaFT |Clark et al.| (2024), VADER |Prabhudesai et al.[(2024))
or more advanced optimization schemes (e.g., FlowGRPO |Liu et al. (2025a), DanceGRPO Xue
et al| (2025)). Notably, a fourth, emerging paradigm is unsupervised alignment, exemplified by
SPIN-Diffusion (Yuan et al.|(2024)), which uses a self-play mechanism to generate preference data,
thereby reducing the dependency on human annotation.

3 PG-DPO: DISCOVERY, FORMULATION AND ANALYSIS

3.1 PRELIMINARY

Diffusion Model. Stable Diffusion (SD, Rombach et al.| (2022)) is a latent diffusion model that
maps a random noise vector z; and a text prompt P to an output video Iy, aligning with the given
conditioning prompt via cross-attention. The objective of this process is defined as:

ming Ezg,ENN(O,I),tNUniform(l,T) H€ — €9 (Zt7 t, Crexts Cimg)”%v (D

where c¢jme denotes the reference image, cex; denotes the text condition, ¢ € [0, T denotes the time
step in the diffusion process. € and €y represent the actual and predicted noise, respectively. The
noise is gradually removed by sequentially predicting it using pre-trained diffusion model.

Reinforcement learning from human feedback (RLHF). RLHF (Ouyang et al.|(2022))) trains the
model by maximizing the reward of the output of the model, while regularizing the KL-divergence
between it and reference model. Specifically, RLHF trains a reward function r(c, ) that estimates
the human preference on the generated sample x conditioned on c. Assume py denotes the optimiz-
ing model, p,.s denotes the reference model and the hyperparameter 3 controls the strength of KL
regularization. The objective of RLHF is calculated as:

maxg E. .[r(c, z)] — 8 Dk r[pe(z|c)||pret(z]c)]- 2)

Direct preference optimization (DPO). Direct preference optimization (Rafailov et al| (2024))
simplifies RLHF by training the model directly from human preferences. The objective of DPO
Lpo is defined as below:

¥ |z, c b Jat e
—ming [loga (ﬁTlOg( po( t;l‘ tw ) > —ﬂT10g< po( t?1‘ tl ) ))} 7 3)
Pref(Tyq]zy; ) Pref(Ti_q|zt, €)
where 2% and z! denote the “chosen” and “rejected” samples generated from the condition c in time

step ¢, o(+) denotes the sigmoid function.

3.2 UPDATING POLICY OF FINETUNE ALGORITHM

Updating policy refers to how changes in specific samples influence the model’s output. When the
model updates its parameters using gradient descent (GD), there are:

A =0T — 0" = -y - VLppo(z®, l‘l)a 4)
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where the update of 6 during step 7 — 7 + 1 is given by one gradient update on the sample pair
(2, ') with learning rate 1. The updating policy in this paper answers the question: After one GD
on (2%, x'), how does the model’s prediction on any x( change?

The origin updating policy might be the “stiffness” (Fort et al.| (2020)) or “local elasticity” (He
& Sul (2020); Deng et al] (2021)) of neural networks. See Appendix [A:3.2] for more discussion.
Given that updating policies have been successfully applied to many deep learning systems, yielding
remarkable benefits, we extend this framework to diffusion models. The updating policy in timestep
t of Eq. ] become:

Alog pyr+1 (27 |27) = log por+i (7, |27) — log por (x7_y |27). (5)

To ensure the generality of our analysis, we investigate the updating policy of diffusion models
under the Markov assumption. The generalizability of this analysis under other models (Esser et al.
(2024);|Song et al.| (2021))) will be discussed in Appendix[A.3.2]

Let pg(z4—1]x¢) ~ N (po(z,),071), the one-step updating policy can be decomposed as:
Alog pgr+1(27_y]a7) o nTA(L — a)Go(a7) - (Ko(af, 27")Gg (x})~
Ko(x7,21)G5 (21) + Om* |V Lopol*).

where Gy(z9) = L7 (20 — pp(x?)), Ko (x7, 22) = (Vou(x?), Vou(x)), Ko(z¢, 2) is the empir-
ical neural tangent kernel of the logit network 19, and more details can be seen in Appendix [A.3.2}

(6)

° - e
° °o 9
010 ® ° ® 9 o ¢
@B ° @ ® ° ° °
[ o} ° Y o [
* 08 ® ° ® 4 ®
°
0.08 © _ ° °e ° Q)Oo e ¢
8 £ ° ° °® ey
o_o® & e e _.-~
®9 = Py ° e ° Q.-
008 ® o gos o e ® o _iPe %
o = ] 2
3 ) £ o ® e-T® o °
5 5 ° e _.® °
5] °_o @ ° ° PR ° °
3 ° o __-- ° ¢
004 S04 o © og-"" o ® o %o
o0 ° T o 0--7 o © e ©
® o® o 5 - © o o ° °
e o ° = = ,’.}fv o %0, ©
° ® P ) e © e
L[] 02 _~ ®
- A L3 o @ ° ® 0 ®
® P ° e
00 DeD ® %Qee °
& e e e o
(%O ° e
00 = o ~9%g - °.
025 050 075 1.00 125 150 175 200 0.0 0.2 0.4 0.6 0.8 10
Reward Margin Reward Margin
(a) (b)

Figure 1: Empirical Validation of DPO’s Failure Modes. (a) Suboptimal Maximization: The
gradient norm of DPO vanishes for large reward margins, stifling further optimization of chosen
samples as the learning signal for “easy” pairs disappears. (b) Optimization Conflict: A strong
positive correlation between reward margin and similarity factor (defined as A log pgr+1 (2} ¢ |z}’)—
Alog pg-+1(xt_1|xl)). Here, a low factor leads to nearly identical updates for chosen and rejected
samples, causing their optimization signals to interfere.

Next, we analyze the likelihood displacement based on updating policy during DPO training, where
the probability of chosen responses can paradoxically decrease. We define the core term within the
sigmoid function of DPO loss as the reward margin (detailed definition shown in Eq. [30). Our
analysis reveals that the likelihood displacement problem stems from two critical failure modes,
occurring at opposite ends of the reward margin.

Suboptimal Maximization with Large Margins: This failure mode arises when the model effec-
tively distinguishes a preference pair (2, '), resulting in a large reward margin. As empirically
validated in Fig. [Ta] the DPO gradient norm plummets towards zero precisely as the reward margin
grows. According to Eq. 29] the larger margin leads to a larger a, causing update magnitude to
vanish. This vanishing gradient indicates that the learning signal for these “easy” pairs disappears,
disincentivizing the model from further increasing the probability of even exemplary chosen sam-
ples. Consequently, the learning process stagnates prematurely, leading to a suboptimal policy that
fails to fully capitalize on strong preference signals.
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Optimization Conflict with Small Margins: Conversely, a more critical failure mode emerges at
small reward margins, where the model struggles to differentiate the pair. DPO is designed to apply
its maximum corrective force in this regime. However, herein lies a conflict rooted in the inherent
dynamics of diffusion models. Fig.[Tb|reveals this conflict by showing a strong positive correlation
between the reward margin and an update similarity factor. At small margins, this factor is also
minimal, implying that the updates for the chosen (z) and rejected (x') samples become nearly
identical. This means that precisely when DPO tries hardest to enforce separation, the model’s
update mechanism treats both samples almost interchangeably. The aggressive update intended
to suppress the rejected sample’s probability inadvertently “spills over” and penalizes the similar
chosen sample. This struggle creates a direct optimization conflict, causing likelihood displacement
for the chosen response and degrading model quality.

Crucially, this analysis of failure modes is agnostic to the origins of z and z!. This makes our
framework broadly applicable to other DPO-style algorithms (Azar et al.[(2023)); Zhao et al.|(2022)),
whose primary distinction lies in how they formulate the reward margin. More details on this exten-
sion are provided in Appendix[A.3.2]

3.3 PG-DPO

Motivated by our analysis of the DPO update policy, we introduce PG-DPO, a novel alignment
algorithm. PG-DPO integrates two key components: Adaptive Rejection Scaling (ARS) and Implicit
Preference Regularization (IPR), allowing for more stable and effective preference alignment.

Adaptive Rejection Scaling (ARS) ARS is designed specifically to resolve the optimization con-
flict inherent in DPO. The core idea is to dynamically adjust the penalty applied to the rejected
sample (') based on the reward margin. A smaller margin, indicating a difficult-to-distinguish pair,
should receive a gentler penalty to avoid penalizing the chosen sample (x*) as well. To implement
this, we introduce an adaptive weight, a(z*, z!), which modulates the repulsive gradient from the
rejected sample:

rw _ ,'nl

a(:v;‘xxi):o—{Kl- y t], (7)
Tyt €

where 7, represents the implicit reward log(pg/pres), K1 is a scaling hyperparameter, € is a small

constant for numerical stability. The sigmoid function o(-) normalizes the weight to prevent high

variance and ensure stable training.

The mechanism of ARS directly addresses the aforementioned conflict. As previously established,
this conflict is most severe for low-margin pairs, where DPO’s maximal gradient objective causes
the suppressive gradient from 2! to inadvertently “leak” and penalize the similar chosen sample
™. ARS resolves this via its adaptive weight a: when the reward margin becomes very small,
the numerator in Eq. [/| approaches zero, which effectively down-weighting the rejected sample’s
contribution. Rather than aggressively separating a nearly indistinguishable pair, the optimization
pressure from z! is automatically moderated. This reduction prevents the strong negative update
from suppressing the probability of z*. In essence, ARS gracefully shifts the optimization focus
for low-margin pairs. It moves away from punishing the rejected sample and instead prioritizes
reinforcing the chosen one. By acting as a dynamic safeguard, ARS ensures that the model does not
paradoxically degrade good samples when faced with ambiguous preference data, thereby robustly
preventing likelihood displacement.

Implicit Reference Regularization (IPR) IPR addresses the issue of Suboptimal Maximization.
This problem occurs when DPO’s learning stagnates for high-margin pairs as the optimization gra-
dient vanishes. IPR is designed to ensure continuous improvement for chosen samples (") even in
these well-separated cases. To achieve this, we introduce y(z{, 1), which is designed to activate
for large margins. The weight is calculated as follows, where K is a scaling hyperparameter:

w _ .l
Y@, 2l) = o {—Kz' (Tt ”)] . ®)

ré—&—e

IPR’s mechanism creates a smooth transition between two optimization objectives. As the reward
margin (r?’ — rl) grows large, the input to the sigmoid function in Eq. becomes a large negative
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number, causing 7y to approach 0. This process smoothly deactivates the standard DPO margin-
maximization objective and simultaneously activates a secondary objective focused solely on the
chosen sample.

Crucially, this secondary objective is not a naive SFT loss, but rather maximizes the implicit reward
ri’ = log (po(x¥|c)/pret(z}’|c)). This “reference-regularized” formulation encourages the model
to increase the likelihood of exemplary samples while remaining anchored to the reference model.
Therefore, IPR ensures continued improvement without sacrificing model stability.

Full Objective: By integrating ARS and IPR, we arrive at the final objective of PG-DPO:

po(xi, |z, c) >
pref(m%u—1|x;£ﬂ7 C)

— a(z{, 2})BT log (IMM) > + (1 —~(z}, 2})) log (pe(srl""_lw,c)) ] .

pref(xifﬂﬁa c) Pret(T 4|2}, €)
9

This composite objective provides a comprehensive solution to DPO’s failure modes. For any pref-
erence pair (2%, z'), the training dynamic is governed by the reward margin:

Lours = — min [W(%?, fﬂé) loga <5T log (

* Small Margin: When the margin is small, v is close to 1 and o become smaller than 1.
The loss is dominated by the ARS-modified DPO objective, which softens the penalty on
x!. This prevents the Optimization Conflict problem.

» Large Margin: When the margin is large, v approaches 0. The loss smoothly transitions
to the IPR objective (maximizing rg(z*)). This provides a direct and persistent signal
to improve the probability of chosen sample, overcoming the Suboptimal Maximization
problem.

In essence, our method acts as an intelligent controller for the optimization process. It applies a
softened DPO objective for ambiguous pairs and switches to a regularized reinforcement objective
for clearly decided pairs. This dual mechanism ensures robust and continuous learning across the
entire spectrum of preference data, directly resolving the core failure modes of DPO.
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(a) VideoDPO (b) Our method

Figure 2: Predicted probabilities for chosen and rejected samples across training steps. (a)
VideoDPO suffers from likelihood displacement. (b) Our PG-DPO maintains a consistent upward
trend for chosen samples, demonstrating its ability to resolve the problem.

Analysis We analyze the effects of PG-DPO based on the probability of chosen samples

log pe(z}*_1|c), where ¢ denotes the input conditions of diffusion model. This reflects the model’s

ability to align with human preference by raising the generated probability of chosen samples. We
define the target function as follows:

L(0,7 + 1) =log p3™: (z|c) — log py PO (x| c) (10)

= erf 10gp97' (:I:;U C) . (Vgr [fours - Vg:' £Vide0DPO)-

To empirically validate PG-DPO, we analyzed its ability to consistently enhance the probabilities

of chosen samples. We track the per-step log-likelihood advantage, denoted by I'(6, 7 + 1), which
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measures the additional increase in probability for chosen samples compared to the VideoDPO (sup-
ported by Appendix[A.4). Crucially, our experiments show this advantage is positive in the majority
of training steps: 81.7 % for the Wanx2.1-14B model Wan et al.|(2025)) and 76.9 % for VideoCrafter-
v2|Chen et al.|(2024a). This provides strong quantitative evidence that PG-DPO effectively mitigates
likelihood displacement by robustly and consistently boosting the probabilities of desired responses.

As illustrated in Fig. 2] which tracks sample probabilities on VC2 model during training, we further
present the effectiveness of our method. VideoDPO [Liu et al.| (2024) exhibits the likelihood dis-
placement, where the probabilities of both chosen and rejected samples degrade over time. In stark
contrast, our approach not only achieves a stable increase in the reward margin but also ensures the
chosen sample’s probability grows consistently, demonstrating a healthier alignment process (more
details can be seen in Appendix [A.5.2).

4 EXPERIMENTS

4.1 SETUP

Baseline. We compare our method with several open-source models for video generation:
VideoCrafter-v2 (VC2, |Chen et al| (2024a)) for text-to-video generation and Wanx2.1-14B
(Wanx2.1,|Wan et al.| (2025))) for image-to-video generation. These models are utilized as baselines
in our alignment experiments. We compare our method with baseline model, VideoDPO (Liu et al.
(2024)) and SFT (Wei et al.[(2022)) results, the traditional finetuning methods and the model-free
reinforcement method within video generation.

Metric. To evaluate our method and the baselines, we adopt six metrics (CLIP-score Hessel et al.
(2022), HPS-v2 Wu et al.| (2023)), VideoAlign Liu et al.| (2025b)), Temporal flickering [Teed & Deng
(2020), Aesthetic Quality LAION-AL| (2022), VQA scores [Wu et al| (2022) and a user study),
covering both non-human and human preference metrics (details can be seen in Appendix [A.5.T).

Training Details. We train all the models for 3000 steps with batch size 16, using the Adam
optimizer with a learning rate of 1 x 107%. The reweighted hyperparameters are set to K; =
10,K5 = 10 and 8 = 100 (supported by Appendix [A.5.3). For each prompt, the number of
generated videos is set to 4. The highest- and lowest-scoring videos, as determined by the overall
score of VideoAlign, are respectively labeled as the chosen and rejected samples. This procedure
results in 3000 training video pairs. All experiments are conducted on 32 NVIDIA H20 GPUs.

4.2 MAIN RESULTS

Quantitative Comparison. We present our quantitative results in Tab. [I} evaluating two state-
of-the-art open-source video models: the UNet-based model (VC2) and the DiT-based model
(Wanx2.1). After training with our method, both models demonstrate marked performance improve-
ments, showing consistent gains across all evaluated metrics. Compared to Supervised Fine-Tuning
(SFT), which utilizes only chosen samples within the dataset, our method yields superior results in
both semantic and visual quality. This highlights the effectiveness of PG-DPO, particularly in im-
proving model performance with limited data. Furthermore, models trained with VideoDPO show
erratic performance, sometimes even regressing below the baseline model. This underscores the
robustness and reliability of our optimization strategy. In summary, the consistent enhancements
across both UNet-based and DiT-based architectures affirm the broad applicability and generaliz-
ability of our proposed method within video generation tasks.

Qualitative Comparison. Fig. [3| and Fig. [] present qualitative comparisons, showcasing our
method’s consistent improvements in both visual fidelity and prompt alignment. For instance, our
method enables Wanx?2.1-14B to generate a more coherent spatial layout between the food and chop-
sticks (Fig.[). Similarly, when applied to VC2, it produces a more realistic and visually appealing
subject. In terms of text-video alignment, our method strikes a superior balance between adhering
to textual constraints, such as the “hold a balloon” prompt (Fig. [3), and maintaining overall visual
quality. Across all examples, our method yields generations superior to competing approaches and
more results are shown in the Appendix [A.6]
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Figure 3: Comparison results with previous works on the VideoCrafter (VC2).

Input Image

1

abai
TR

baseline

|

1
1

Ours  VideoDPO

“A woman is eating with chopsticks”

nnﬁh

Input Image

“Two woman sit before a table”

Figure 4: Comparison results with previous works on the Wanx2.1.

shown in profile view from the shoulders up.

Table 1: Quantitative comparisons with previous works on Wanx2.1 and VideoCrafter2 (VC2).

VideoAlign

Temporal

Aesthetic

Model Method clipt HPS?T . . . VQAT
vQt MQt TAT flickeringt  Qualityt

baseline 0.2898 0.2378 0.1601  0.8280 0.4592 0.9745 0.6729 0.8681

Wanx2. 1 SFT 0.2998 0.2314 0.2603 0.8769 0.5518 0.9827 0.6610 0.8668
anxs. VideoDPO  0.2952 0.2333  0.2124 0.8551 0.4826 0.9810 0.6829 0.8709
Ours 0.3156 0.2551  0.2937 1.0231 0.6265 0.9919 0.6985 0.8869

baseline 0.2576  0.2057 -0.1723 0.5027 0.1379 0.9935 0.5469 0.7717

V2 SFT 0.2815 0.2143 -0.8116 0.0966 0.4462 0.9919 0.5301 0.7444
VideoDPO  0.2631 0.2334 -0.0345 0.7034 0.1555 0.9990 0.5511 0.7842

Ours 0.2947 0.2494 -0.0012 0.9949 0.5239 0.9997 0.5722 0.8009

4.3 ABLATION ANALYSIS

To isolate the contributions of each component within PG-DPO, we evaluate the performance of
PG-DPO against several variants: (1) VideoDPO (denoted as baseline); (2) PG-DPO with IPR; and
(3) PG-DPO with ARS. The results are summarized in Tab. 2]

Table 2: Ablation study on the Wanx2.1 and VideoCrafter2 (VC2) models. We compare the PG-
DPO (Ours) against the baseline (VideoDPO) and two variants adding only ARS or IPR.

. VideoAlign Temporal  Aesthetic
Model Method clipt HPS1 . . . VQA?T
VQ1 MQT TAT flickeringt  Qualityt
baseline  0.2952 0.2333  0.2124 0.8551 0.4826 0.9810 0.6829 0.8709
Wanx2.1 +ARS 02997 0.2427 0.2237 1.0195 0.4969 0.9844 0.6839 0.8745
) +IPR 0.3078 0.2376  0.2747 0.8770 0.6183 0.9818 0.6846 0.8850
Ours 0.3156 0.2551 0.2937 1.0231 0.6265 0.9919 0.6985 0.8869
baseline 0.2576 0.2057 -0.1723 0.5027 0.1379 0.9935 0.5469 0.7717
VC2 +ARS 0.2714 0.2465 -0.1573 0.7986 0.3392 0.9988 0.5568 0.7894
+IPR 0.2796 0.2213 -0.1685 0.5972  0.3040 0.9965 0.5643 0.7939
Ours 0.2947 0.2494 -0.0012 0.9949 0.5239 0.9997 0.5722 0.8009
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Figure 6: Ablation results on the VideoCrafter (VC2).

Effect of ARS. We validate the effectiveness of our ARS module by comparing results with and
without it. As illustrated in Fig.[5] ARS mitigates the generation degradation that can be caused
by the likelihood-shift effect in VideoDPO. Furthermore, as shown in the first and second cases
in Fig.[6] ARS enhances the model’s text-video alignment, enabling it to correctly generate video
content for prompts like “a woman in a green dress” and “a person standing in front.” Quantitative
evaluations in Tab. [2| confirm these benefits, showing that our method with ARS outperforms the
baseline on all metrics, with particularly significant enhancements in MQ and temporal flickering.

Effect of IPR. We demonstrate the critical role of IPR by comparing results with and without
this module. As shown in our qualitative and quantitative results (Fig. 3] Fig. [6] and Tabigb, IPR
yields substantial improvements over the baseline. For instance, the third case in Fig. [6] shows
that with IPR, the generated video more accurately depicts the description “wipe tears with one
hand”. Videos generated with IPR also exhibit superior visual quality, which is corroborated by the
significant improvements in metrics such as VQ, Aesthetic Quality, and VQA.

5 CONCLUSION

In this paper, we conduct a formal analysis of the updating policy for fine-tuning diffusion mod-
els, which is a theoretical framework that is broadly applicable for understanding the behavior of
various alignment algorithms. Through this lens, we identified two root causes of likelihood dis-
placement, the phenomenon responsible for DPO’s critical challenges: optimization conflicts on
low-margin data and suboptimal maximization on high-margin data. These insights directly moti-
vated the design of our novel algorithm, PG-DPO. By integrating Adaptive Rejection Scaling (ARS)
to resolve optimization conflicts and Implicit Preference Regularization (IPR) to ensure continuous
improvement on high-quality samples, PG-DPO systematically addresses both failure modes. Our
empirical results on both U-Net and DiT-based video generation models demonstrate that PG-DPO
achieves consistent and significant improvements over existing fine-tuning methods in both quanti-
tative metrics and qualitative evaluations. In conclusion, the analysis of the updating policy offers
a unified framework for interpreting and diagnosing issues within diffusion model fine-tuning. The
resulting algorithm, PG-DPO, not only validates this theoretical foundation but also provides a ro-
bust and generalizable solution for aligning diffusion-based video generation models with human
preferences.
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A APPENDIX

A.1 DISCUSS, FUTURE WORK AND ACKNOWLEDGEMENTS.

Discussion We introduce an updating policy framework that unifies and interprets preference
alignment methods by deconstructing their loss functions into core update dynamics. This frame-
work reveals an inherent asymmetry in the DPO update mechanism, which, when combined with the
similarity effect, provides a principled explanation for the “likelihood displacement” failure mode.
Building on this diagnosis, we propose PG-DPO, which introduces two controllable parameters, o
and 7, to explicitly manage the update strength trade-off and apply adaptive regularization to chosen
samples. The empirical success of PG-DPO not only resolves DPO’s instabilities but also validates
our framework’s diagnostic power, advocating for a more principled, mechanics-driven approach to
designing alignment algorithms.

Limitation and Future Work A primary limitation is that PG-DPO introduces two hyperparam-
eters, K; and K5, which require careful tuning. Future work will focus on developing adaptive
mechanisms to automate their selection, making the algorithm more robust and user-friendly. Fur-
thermore, our current framework is centered on DPO-style methods. A key direction is to extend
it to encompass RL-based alignment techniques like PPO, aiming to bridge the gap between these
paradigms. Finally, we plan to leverage the framework not only to investigate its interaction with
varying data quality but also as a blueprint for designing novel alignment algorithms from first prin-
ciples.

Acknowledgements We thank Gemini for its assistance in refining the language of this
manuscript. We also appreciate the anonymous reviewers for their constructive comments, which
will help improve this work.

A.2 USE OF LLMs

The Large Language Models (LLMs) are utilized for language polishing and proofreading of this
manuscript. Assistance from the LLMs are not sought for the conceptual ideas or the code. The
authors assume full responsibility for any and all issues that may arise from its use.

A.3 UPDATING POLICY OF FINETUNE ALGORITHM

In this section, we provide a detailed derivation and analysis of the Updating Policies for various
fine-tuning methods within the diffusion framework. The goal is to foster a deeper understanding
of their underlying update mechanisms and to offer insights into potential failure modes during
the optimization process. Specifically, we want to emphasize a critical distinction between our
methodology and traditional analyses that focus solely on the gradient of the loss function. While
the gradient indicates the magnitude or intensity of learning in a given scenario, our analysis of the
Updating Policy directly reveals how the probability of a sample changes following a single update
step. This approach, therefore, offers a more direct and interpretable view of the model’s dynamic
behavior.

A.3.1 INSTRUCTION FINETUNING USING SUPERVISED FINE-TUNING (SFT)

Suppose that we want to monitor how the model’s prediction changes on an “observing example” x°
after a single fine-tuning step. Starting from Equation we first approximate log pg-+1 (z¢_4 |22, c°)
via a first-order Taylor expansion:

log pgr+1 (27— |27, ¢%) = log pgr (w71 |27, )+

(1)
(Vlog por (27_y|27, ), 07 — 07) + O(llo™"" — 07||?),

where 7 denotes the training step, x7 denoted the noisy latent embedding of z° in timestep ¢. Then,
assuming the model updates its parameters using SGD calculated by an “updating example” x* with
condition c*, we can rearrange the terms in the above equation to get the following expression:
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Alogpg-+1(z7_1|z7, ®) = logpe-+1 (x7_1 |x7, ) — logpe- (xf_4 |2, c°)

o o 0 T T T T (12)
= Volog pe- (z7_y |27, ") (07 = 07) + O(|07F" = 07|%).
To evaluate the leading term, we plug in the definition of SGD:
Alogpge+ (274127, ¢”) = —nVglogper (27 |27, ¢*) (Vo Lser(z")]o-) " (13)

oc =1 Go(x7) - Ko(27, ) - G5 (z1') + O(),
where 7 denotes the learning rate, denote K and G as Gg(2?) = L1 (20 — pg(x?)), Ko (22, z¥) =
(Vou(x?), Vou(z)). Next, we prove Eq.[I3|under two main forms of diffusion model. First, as

for DDPM schedule |Ho et al.| (2020), the posterior relationship between the noisy samples 7 and
x7_, conditioned on ¢? is:

o oy
po(Ti—1|zs) ~ <\/Oét 1%+ /1 -1 — L \Ft 0 Ut21>, (14)

where,

QAj _ Ty — \/1 — &tét(xt,t)
’ va '

As for Flow matching |[Esser et al.|(2024)); [Liu et al.| (2025a), the posterior relationship between x¢
and x¢_; conditioned on c° is as follows:

(15)

2

dzy = (ve(wy,t) + %(mt + (1 — t)vg(wy, t)))dt + ordwy, (16)

where dw; denotes Wiener process increments and o controls the stochasticity strength, vy (-) de-
notes the learned denoise models, as denoted as ¢y in DDPM schedule. To simulate the stochastic
flow matching trajectory, the Eq. [T6|can be discretized via Euler-Maruyama method:

2

g
Tipar = oy + (vo(ay, t) + =5

o (2t (1= t)vg(wy, 1)) At + oV Ate, (17)

where 0; = ay/t/1 — t and a is a scalar hyper-parameter that controls the noise level, e ~ N (0, I),
t € [0,1] denotes the denoise step, At is the integration step.

According to above analysis, we can set pg(z;—1|z) ~ N (pg(x4),071) for simplify under these
two main forms. According to Maximum Likelihood Estimation (MLE), we calculate the SFT loss:

Lspr = —log pg(xs—1|zt)

—_m —_m 1 _
= log ((277) =Y 2exp (—2(:1:t — pg(z)) T2 2y — ,ug(xt)))> (18)
ocmin ((z¢ — po ()" 7 (@ — po(w1)))
where m denotes as the dimension of z;. As a result, we calculate the gradient of SFT loss:
9log pg(w¢—1|a1, ) . Opg(zy, )

Apg (a1, ) o8 (19)
— (7 2y = 27 (4, ¢)) - Vopa(r,¢)) -

VoLsrr = —Volog pg(x:—1|7s, ) = —

Plugging Eq.[19]into Eq.[I3] which yields the SFT fine-tuning update policy:
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Alog pge+ (z)_ |27, ) = —nVglog per (z7_y |27, ¢*) (Vo Lser(z*)]or)" + O(n?)
ox —n((E7 2y — S pg(e, ¢)) - Vopo(xf, ) (S ey — 27 g (ay, ) - Vopo(zy, )"

= Go(a7) - Ko(7,}) - Gg (7).
(20)

The second term in this decomposition, K(x}, z?), is the product of gradients at ¢ and x}. This
matrix is known as the empirical Neural Tangent Kernel (NTK), which can be interpreted as the
network’s learned similarity metric that evolves throughout training. Intuitively, the Frobenius norm
of this kernel is large when the gradients point in similar directions. For appropriately initialized
wide networks trained with a small learning rate, prior work (Arora et al.|(2019); Jacot et al.| (2018))
has shown that /C remains nearly constant, and its magnitude is larger for more similar sample pairs.
This theoretical property provides a formal basis for the intuitive behavior observed in Supervised
Fine-Tuning (SFT): an update step on a sample z* induces a more pronounced change in the prob-
ability of other, more similar samples. We also observe a parallel “similarity effect” in the DPO
loss update mechanism, as shown in Sec. As illustrated in Fig. when the reward mar-
gin is small, the differential impact on the probabilities of various samples diminishes, with their
respective changes converging towards zero.

A.3.2 INSTRUCTION FINETUNING USING DPO-STYLE FINE-TUNING

Direct Preference Optimization (DPO, [Rafailov et al.|(2024)) is usually considered the first model-
free alignment algorithm for preference fine-tuning. Hence, we start from DPO and other DPO-style
fine-tuning algorithms to analyze the updating policy.

The training loss of DPO on the example preference pairs (%, z!) conditioned on ¢ denotes:
¥ |z}, c zt_ |zt e
Lapo = — min {log o <6T10g <p"( t:j' L ) > — BTlog <p"( tl‘1| L ) ))} eI))
pTef(xt—1|xt 70) pref(xtflkrtvc)

where T' denotes the total denoise step, 3 denotes the strength of KL diversity. Similar to Equation|[I3]
for SFT, the updating policy for the DPO loss can be written as:

Alog pgess (x7_y|27, ¢°) = =0V log pg: (x7_1 |27, <) (Vo Loro(z}, 24)|o-) " (22)

To get the updating policy of DPO, we first calculate the gradient of DPO loss and repeatedly use
the chain rule:

o 6LDPO da Ob
Vokoro = =57 5, 39
1 w I (23)
=-_-a (1 —a)(=BT(VoLsrr(z)") — VoLser(zy)))
=TB(1 — a)(VoLser(z}') — VoLsrr(x})),
where,
w w l l
i=0 [ﬂTlog <p9(xt;,1|xtu’,c) ) — BT log (pe(xtl‘llxt}c) )] (24)
pTef(xthMt 76) pref(xt—1|xtvc)
w w l l
b= T log (pe(xtwlmt;c) ) — BTlog (p"(wtlllmt}c) ) (25)
pref (‘thl |It 70) pref (xt—l |xt7 C)
= BT (Lsrr(z}’) — Lser(z})) — ¢ (26)
¢ = BT(log pre(x} |z}, c) —log pres(xi_y |z}, c)), (27)
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where K and G are the same as SFT (sec.[A.3.1), represent as:

Go,pro(z)) = 71 (xf — po(xy))

o ,w - o w (28)
Ko(zf, i) = (Vou(ay)Vou(zy')),
As a result, the updating policy of DPO denotes as:
Alog pgr+1(2_y|a7) o nTB(1 — a)Go(a7) - (Ko(27, 27")Gg (z})~ 29)

Ko(xf,20)G5 (1)) + O? [V Lprol|?).

For analysis, we define the core term within sigmoid function of the DPO objective as reward margin,
shown in Eq. a is the function of reward margin for the win/lose pairs, due to the monotonicity
of o(+), a larger margin leads to larger a, which in turn restrains the updating strength. When the
margin is negative, larger 5 leads to a smaller a and hence provides stronger updating step for the
model to “catch up” the separating ability of the reference model faster. But when the model is
better and has a positive margin, increasing 3 will increase a and hence create a negative influence
on (1 — a), which makes the model update less. This aligns well with the claims in original DPO
paper: the stronger regularizing effect tends to “drag” current model back to ref model when its
predictions deviate from ref too much.

pe(l’%ﬂﬂiﬂ%",c) . pg(xi,1|xé,c)

reward margin =
p,-ef(xi“_ﬂa:%”,c) p'r’ef(xéfﬂxfhc)

(30)

Similarly, we can extend the framework of updating policy for other DPO-style preference optimiza-
tion methods, like Identity-preference Optimization (IPO, |Azar et al.|(2023)):

2
. po(xi|xy’, c) po(wt_qlag,c) 1
Lipo = —min || log——————~ —log———F——-—= ,

pref('riu—1|$%urc) pref(mé—l|xivc) ﬁ (31)
po(ziiq|zy, ) po(ai_ylztc) 1
Ggrpo = Gppro; a =log — log ~ 53
pl’ef(x;fufl‘xéua C) pref(xff—l‘xfta C) Qﬂ

For the Sequence Likelihood Calibration (SLiC, Zhao et al.| (2022)), the updating policy becomes:

x|z, e
DAL g 10g py (af o, o
po(al_ [0

= min [max [0, 0+ ESFT(.IZ%U) — ['SFT(Z‘D] + ﬁ[,sp"[‘(l‘lff)] R (32)

w w e p xwf mw7 C
Gsic(z) = A - Gppo(xl”) + Gopo(zlh); A = I (5 — log W) )
pa(l’t—ﬂmuc)

Lsiic = —min [max [0, 0 — log

where J(+) is the indicator function. In summary, these model-free based methods can all be calcu-
lated in the framework of updating policy. For the DPO and IPO loss, the directions of the updating
signals are identical. A scalar controls the strength of this update, which usually correlates with
the reward margin between chosen samples 2 and rejected samples z!. Generally, a larger reward
margin leads to a larger a, making the norm of updating strength smaller. The SLiC loss can be
considered as a combination of SFT adaptation and preference adaptation. If the reward margin
is larger than 6, the indicator function will become zero, and the model stops pushing chosen and
rejected samples away when it already separates z* and x'.

In summary, the updating policy framework we have proposed successfully elucidates the underlying
update mechanisms of numerous fine-tuning methods, including SFT, DPO, and other DPO-style
approaches such as IPO (Azar et al.|(2023))) and SLiC (Zhao et al.|(2022)). This unified perspective,
in turn, provides crucial guidance for diagnosing and mitigating the known failure modes of the
DPO method.
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A.3.3 OTHER ASPECT OF LIKELIHOOD DISPLACEMENT

Next, we will explore the causes of likelihood displacement from the perspective of DPO’s dif-
ference in the update range of chosen and rejected samples. According to the original paper of
DPO (Rafailov et al.|(2024)), its loss can be rewritten in the following form:

Lapo = — min [IOg o (ﬂTlog (W) — BT log (m(mt—”xt’c)>)]

pTef<x17£ﬂ—1|x7iu’c pref(fi,l‘-Té,C)
B
= — ].OgU %
T + o

po(xi_y|zy c) po(z)_,|z}.c) !
where z; = T2 = @l Teho)” p(@?) = po(zi’y[ry,c) and p(a') =

Pres (@i, |2y,c)”
po(xt_,|zL, ¢) for simplification. In this case, we want to increase ; and decrease x5 in DPO
training.

(33)

)

The partial derivatives of Eq. 33| with respect to x; and x- are given as follows, detailed proof can
be seen in previous work (Feng et al.| (2024)).

OLppo(x1,22) _ Bxf

Oy oy (2] + ) (34)
OLopo(x1,22) _ By

0wy x? + :z:g

This reveals an inherent asymmetry in the DPO update mechanism. For any given preference pair
(x*, x'), the DPO objective creates a stronger gradient signal to suppress the probability of the
rejected sample, p(z'), than it does to amplify the probability of the chosen sample, p(z*). As
training progresses and the reward margin increases, this imbalance becomes more pronounced.
Consequently, the model’s capacity to penalize the rejected sample is intrinsically greater than its
capacity to reward the chosen one.

When this dynamic is viewed through the lens of our updating policy, a critical failure mode emerges.
The model can exploit this asymmetry by taking a “path of least resistance” to minimize the loss.
This seemingly counter-intuitive action involves reducing the probabilities of both the chosen and
rejected samples simultaneously. This is possible because the downward “push” on p(z!) is stronger
than the downward “pull” on p(z®). As a result, the log-probability gap, log(p(z™)/p(z!)), can
still increase—satisfying the optimization objective—even as both absolute probabilities degrade.
This mechanism is the root cause of the “likelihood displacement” phenomenon, where the model
improves relative preferences at the cost of declining absolute sample quality.

A.4 ANALYSIS OF CHOSEN PROBABILITIES ENHANCEMENT

As illustrated in Eq. we tracked the per-step log-likelihood advantage between PG-DPO and
VideoDPO, demonstrating the enhancement of chosen sample probabilities. Based on Eq.[T1]

(0,7 4+ 1) = Alog po™s, (2} |22, ¢*) — Alog ppdesPPO (zi |z, cv)

(35)
= —nVglogper (v} 1|2, ") (Vo Lows(®”, 2")|or — VoLppo(z™, x")[er)T .

Detailed Derivation and Interpretation of Log-Likelihood Advantage. To formally analyze
the per-step improvement of our method, we start by defining the change in the log-likelihood of a
chosen sample " after a single gradient descent step. Using a first-order Taylor expansion for the
function f(6) = log pg(z™|c) around the parameters 67 at step 7, we have:

log pgr+1 (2" |¢) ~ log pe- (z"|c) + Vg log per (a*'[c) - (071 — 67). (36)
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The parameter update rule for gradient descent is 67! — 07 = —nV,L|g-, where 7 is the learning
rate and L is the loss function. Substituting this into the expansion, the change in log-likelihood is:

Alog pgr+1 (2 |c) = log pgr+1(2*|c) — log pe- (z*|c) & —nVg log pe- (z[c) - (Vo L]or)". (37)

This equation quantifies how a single update step using a loss £ affects the log-likelihood of the
chosen sample. Our metric, I'(f, 7 + 1), is defined as the difference between the log-likelihood
change induced by our method (Loys) and that induced by the VideoDPO loss (Lvideoppo):

reg,r+1)=A logpgruffl (%) — A logpgidfﬁ’DPO(x“ﬂc). (38)

By substituting the Taylor approximation for both terms, we arrive at the expression in Eq.
which provides a direct, step-by-step comparison of the two methods’ impact on the chosen sample’s
probability.

Why a Positive I' Indicates Superior Performance. The core goal of preference alignment is
to increase the model’s likelihood of generating human-preferred (chosen) samples. The metric
T'(6, 7 + 1) directly measures which training procedure is more effective at this goal on a per-step
basis.

* A Positive T': If T'(6,7 + 1) > 0, it means that for the given preference pair (%, z')
at step 7, the gradient update from our PG-DPO loss function provides a stronger “push”
to increase the probability of z* compared to the update from the VideoDPO loss. This
demonstrates that our method is more effectively steering the model parameters in the de-
sired direction for the chosen sample.

e Combating Likelihood Displacement: The key failure mode we identified in DPO is
“likelihood displacement”, where the model may reduce the probability of both chosen and
rejected samples to satisfy the loss. In such a scenario, A log p"19°PPO would be negative.
A positive value for I is particularly significant here, as it indicates that our method yields
a less negative or more positive change in log-likelihood for z* than VideoDPO. It shows
that PG-DPO is actively counteracting this undesirable behavior.

¢ Interpreting the 81.7% and 76.9% Statistic: Our empirical finding that I is positive
for 81.7% in Wanx2.1 model and 76.9% in VC2 model is a powerful statement about the
consistency of our method’s advantage. It implies that in more than four out of every
five updates, PG-DPO is doing a better job than the baseline at the fundamental task of
boosting the chosen sample’s probability. This is not an averaged, end-of-training metric;
it is a robust, step-by-step validation of our proposed update dynamics. This consistent,
superior performance at the micro-level explains the superior alignment quality observed
at the macro-level in our final model.

In summary, a positive I' serves as direct, quantitative evidence that PG-DPO provides a more ef-
fective and reliable learning signal for aligning with human preferences, successfully mitigating the
critical failure modes inherent in the VideoDPO formulation.

A.5 IMPLEMENTATION DETAILS

A.5.1 METRIC DETAILS

* CLIP Score: To measure the semantic alignment between the generated video and the
input text prompt, we compute the CLIP score for each frame and report the average value.
This evaluates how well the video content matches the textual description.

e HPS-v2: To gauge how favorably humans would rate the generated videos, we employ
HPS-v2 (Wu et al.| (2023))), a reward model trained on large-scale human preference data.
It predicts a score that correlates with human judgments on aesthetics and quality.

* VideoAlign: We utilize VideoAlign (Liu et al.| (2025b)), a state-of-the-art evaluation
model, to provide a holistic assessment of our generated videos. It scores them across
multiple dimensions, including visual quality, motion quality, and text-video alignment.
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* Temporal Flickering: To assess the temporal stability and color consistency, we calcu-
late the temporal flickering across the video frames. A higher score indicates smoother
transitions and fewer visual artifacts over time.

* Aesthetic Quality: We quantify the aesthetic appeal of the generated results using an
established aesthetic predictor LAION-AL|(2022)), which is trained on the LAION dataset
to score visual aesthetics.

* VQA Score: To evaluate the objective quality and content fidelity of the generated videos,
we leverage VQA model (Wu et al.| (2022))). This approach assesses the visual quality
within the video.

» User Study: In the user study, a total of 30 experienced participants are invited to take part.
We employ PG-DPO (our method), SFT, DPO and baseline to separately generate 18 videos
in both settings. As shown in Fig.[7aland Fig.[7b} users from diverse backgrounds evaluate
the results in terms of visual quality (VQ), motion quality (MQ), text-video alignment (TA)
and overall performance (Overall). Our method outperforms all state-of-art methods on
four evaluation aspects with a big margin, demonstrating the effect of our method.

Method Method

Overall ours Overall o
oPO PO
SFT SFT
Baseline Baseline
TA TA
MQ MQ
vQ vQ
00 02 04 06 08 10 00 02 04 06 08 10
Percentage Percentage
(@) (b)

Figure 7: Results for the user study in percentages. (a) VideoCrafter2 (VC2), (b) Wanx2.1.

A.5.2 MORE DETAILS OF F1G.[2]

Figure 2] provides a micro-level visualization of the training dynamics, tracking the predicted proba-
bilities of chosen and rejected samples. This analysis is crucial for empirically validating our claim
that PG-DPO resolves the “likelihood displacement” failure mode inherent in VideoDPO.

Probability Calculation in the Diffusion Model. A key technical challenge is to define and com-
pute a meaningful “probability” for a sample within a diffusion model framework like VideoCrafter-
v2 (VC2), which utilizes a DDIM-like scheduler. Unlike autoregressive models that provide explicit
next-token probabilities, the likelihood of a sample in a diffusion model is tied to the entire reverse
denoising process. For our analysis, we employ a standard and computationally efficient proxy for
the log-likelihood that is directly related to the model’s training objective.

The reverse process in a diffusion model aims to denoise a variable x; to x;_1. The transition
probability pg(x;—1|zs, ) is modeled as a Gaussian distribution whose mean is a function of the
model’s noise prediction €p(x, ¢, c). We can use the model output to represent the mean of the
Gaussian distribution, and then calculate the generation probability of a specific sample (Ho et al.
(2020)).

Analysis of Training Dynamics. With this methodology, the plots in Figure 2]become clear.

* Fig.[2(a) - VideoDPO: This plot exhibits the classic symptoms of likelihood displacement.
The dashed orange line (Rejected) shows a clear downward trend, as the DPO loss success-
fully penalizes the rejected sample. However, the solid blue line (Chosen) also degrades
over time, or at best, stagnates. This occurs because DPO’s update mechanism, focused
solely on maximizing the reward margin, often finds it easier to suppress both probabil-
ities, especially when the chosen and rejected samples are similar. While the difference
(lower subplot) may slowly increase, this comes at the cost of the model’s absolute ability
to generate the preferred sample, leading to a suboptimal alignment.
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 Fig. b) - Our Method (PG-DPO): In stark contrast, our method demonstrates a much
healthier alignment process. The probability of the chosen sample (solid blue line) shows
a consistent and stable upward trend throughout training. Simultaneously, the probability
of the rejected sample (dashed orange line) is effectively suppressed. This is a direct con-
sequence of our design: the adaptive regularization term controlled by ~ provides a direct
incentive to increase the chosen sample’s likelihood, while the trade-off parameter « pre-
vents the penalty on the rejected sample from negatively impacting the chosen one. The
result is a model that not only learns the preference (as shown by the steadily increasing
difference in the lower subplot) but also improves its fundamental capability to generate
high-quality, preferred content.

In conclusion, this detailed analysis confirms that PG-DPO successfully addresses the underlying

cause of DPQO’s likelihood displacement by ensuring the probability of desired outputs is consistently
enhanced, rather than just optimizing a relative margin at the expense of absolute quality.

A.5.3 ANALYSIS OF HYPER-PARAMETERS

Our proposed PG-DPO method introduces two key hyperparameters, K7 and K. In this section,
we provide an ablation study on their effects during training and offer rationales for their selection,
substantiating our choices with empirical evidence.

eeeeeeee
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Figure 8: Predicted probabilities for chosen and rejected samples across training steps under
different K. (a) K1 = 2, € [0.5,0.6). (b) K1 = 10, € [0.5,0.8). (¢c) K1 = 20, € [0.5,1).

Effect of K1 The hyperparameter K directly controls the value of . A smaller K results in a
smaller . When « is excessively small (e.g., in the range [0.5,0.6) as shown in Fig. , it leads
to an overly aggressive suppression of the rejected samples. Consequently, the model struggles
to effectively increase the probability margin between chosen and rejected samples, as the growth
of the chosen probability is hindered. Conversely, an overly large « (e.g., in the range [0.5,1)
as seen in Fig. leads to insufficient suppression of the rejected samples. This is particularly
problematic when the reward margin is small, as it hinders the desired shift in the chosen distribution.
In extreme cases, this can lead to “likelihood displacement”, where the probabilities of both chosen
and rejected samples decrease simultaneously. Therefore, the selection of K involves a trade-off.
We recommend dynamically tuning K3 based on the specific dataset, with the core objective of
maintaining « within a stable and effective range, such as [0.5, 0.8), which demonstrates a clear and
consistent separation between sample probabilities (Fig. [Sb).

Effect of K5 The hyperparameter K5 influences both the value and the operational range of v. A
larger K yields a lower average value for . This, in turn, diminishes the relative weight of the
implicit reward regularization for chosen samples within the overall loss function. As depicted in
Fig. @ when K is large (leading to vy € [0.2,0.5)), the regularization term has a minimal impact
even for samples with a large reward margin. This makes it difficult to overcome the “suboptimal
maximization” problem, manifesting as the model’s inability to consistently increase the probability
of chosen samples as training progresses.Conversely, if K5 is too large, the PG-DPO loss degener-
ates into the SFT loss. A detailed comparison and empirical analysis of this scenario are provided in
Section[d] Thus, selecting an appropriate K5 is crucial. It should be tuned according to dataset char-
acteristics to ensure that y operates within a meaningful range (e.g., (0,0.5) as shown in Fig. ,
thereby balancing preference optimization with effective regularization.
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Figure 9: Predicted probabilities for chosen and rejected samples across training steps under
different K. (a) K> = 10,7 € (0,0.5). (b) K5 = 5, € [0.2,0.5).

Ayoung woman with long brown hair.She is wearing a black jacket. An Asian man with short black hair, tan skin, and a goatee is speaking

A young woman with long blonde hair is putting on a white face mask.
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Figure 10: Comparison results with previous works on the VideoCrafter (VC2).
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Effect of 5. The parameter 8 governs the trade-off between maximizing the learned preference
and remaining faithful to the reference model’s distribution. A higher 3 prioritizes fidelity to the
reference, which is particularly useful for mitigating instability during training. This mechanism,
as previously detailed, acts as a safeguard against catastrophic deviations that can lead to quality
degradation. Consequently, for scenarios where outputs become unstable or corrupted, a larger (3
should be employed. Across our video generation experiments, we found values in the range of
[100, 2000] to be effective.

A.5.4 CORE CODE OF PG-DPO

In this section, we present the core implementation of the proposed PG-DPO method. This code can
be seamlessly integrated into any video generation pipeline, with the adaptive parameter adjustment
scheme detailed in the preceding discussion.

def dpo_loss_fn(model, model_ref, latents, target, t, beta, K1, K2):

mmon

1

3 Computes the PG-DPO loss.

4

5 Args

6 model: The policy model being trained.

7 — model_ref: The frozen reference model.

8 - latents: Batched inputs for both chosen and rejected samples.

9 — target: The ground truth noise for the chosen and rejected
samples.

10 — t: The current diffusion timestep.
1 - beta: The temperature parameter controlling the deviation from
the reference model.

12 - K1, K2: Sensitivity parameters for the adaptive weighting
functions.

13

14 Returns:

15 - loss: The final PG-DPO loss value.

mwn
16
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“A man picked up a water cup to drink” Input Image *A man dressed in a suit is adjusting his tie"

IIIIIIIIiIIIiiII

Figure 11: Comparison results with previous works on the Wanx2.1.

“Awoman turns around slowly” Input Image “A sad Asian man slowly wiped away tears with his hands”
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Figure 12: Comparison results with previous works on the Wanx2.1.
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pred = model (latents, t)
ref_pred = model_ref (latents, t)

w_pred, 1_pred = pred.chunk (2)
ref_w_pred, ref_1_pred = ref_pred.chunk(2)

reduce_dims = list (range(l, w_pred.ndim))
w_err = (w_pred - w_target) .pow(2)

l err = (l_pred - 1l_target) .pow(2)
ref_w_err = (ref_w_pred - w_target) .pow(2)
ref_1 err = (ref_1l pred - 1l_target) .pow(2)
w_diff = w_err - ref_w_err

1_diff = 1_err - ref_1_err

# Alpha: to down-weight the penalty on the rejected sample
alpha = torch.sigmoid (K1 » ((w_diff - 1_diff) / (1_diff + le-6)))

# Gamma: to switch between DPO and regularization.
gamma = torch.sigmoid(-K2 x (w_diff - 1_diff) / (1_diff + 1le-6)))

# Core DPO objective, modulated by alpha

inside_term = -0.5 % beta » (w_diff - 1_diff x alpha)

loss_DPO = - torch.nn.functional.logsigmoid(inside_term) .mean (dim=
reduce_dims)

# IPR term for stability

# Encourages the policy model to improve on chosen samples w.r.t
the reference

loss_IPR = ((w_pred - w_target) - (w_ref_pred - w_target)) .pow(2).
mean (dim=reduce_dims)

# Final loss 1is a dynamic interpolation between DPO and IPR,
controlled by gamma

loss = gamma * loss_DPO + (1 - gamma) * loss_IPR

return loss
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A.6 MORE RESULTS

As demonstrated by the qualitative results in Fig. Fig. and Fig. our method exhibits clear
advantages over previous works. Specifically, our approach excels at enhancing the visual texture
and aesthetic quality of the generated videos. Moreover, it effectively mitigates undesirable motion
artifacts and distortions, leading to more coherent and realistic movements. Finally, the alignment
between the video content and the text prompt is also substantially improved, demonstrating a more
robust semantic understanding.
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