Under review as a conference paper at ICLR 2026

DYNAMIC PROMPT EVOLUTION VIA MULTI-
ATTRIBUTE FEEDBACK FOR TEXT-TO-IMAGE GEN-
ERATION

Anonymous authors
Paper under double-blind review

ABSTRACT

Most existing text-to-image methods primarily focus on enhancing model com-
prehension or tuning prompt strength, while overlooking the intrinsic expressive
limitations of the prompts themselves—particularly in aligning the generated con-
tent with user-specified attributes. In this paper, we propose Dynamic Prompt
Evolution via Multi-Attribute Feedback (DPE-MAF), a framework that integrates
heuristic algorithms with the prior knowledge of large language models (LLMs)
to dynamically generate optimal prompts tailored to user-intended attributes for
text-to-image generation. Specifically, we formulate the prompt optimization task
as a zero-order optimization problem within the natural language space. To ad-
dress this, we introduce a Diffusion-Heuristic Optimization (DHO) module, which
employs LLMs to expand an initial prompt into a candidate population and per-
forms heuristic iterative search guided by multiple attributes, thereby dynamically
steering the natural language optimization toward user-desired outputs. To further
guide the iterative process, we propose a Dynamic Contrastive Guidance Update
(DCGU) mechanism, which refines the search by contrasting semantic features be-
tween high-quality and low-quality prompts. This contrastive feedback facilitates
convergence toward the global optimum. Our approach significantly enhances the
ability of diffusion-based generative models to produce semantically consistent
and high-fidelity images in text-to-image tasks. Extensive experiments demon-
strate that DPE-MAF effectively evolves prompts to improve the performance of
various diffusion models, surpassing state-of-the-art prompt-based approaches in
text-to-image generation.

1 INTRODUCTION

The rapid advancement of Text-to-Image (T2I) diffusion models (Ho et al., 2020; Sohl-Dickstein
et al.|[2015) has enabled users to generate high-quality and creative images by simply inputting nat-
ural language descriptions (Ramesh et al.|[2022; [Rombach et al., 2022} [Saharia et al.,2022)). Models
such as Stable Diffusion (Rombach et al., 2022)) and its variant Flux (Batifol et al., 2025), as well as
other diffusion-based systems including DALL-E2 (Ramesh et al.,[2022)) and Imagen (Saharia et al.,
2022), leverage strong conditional generation capabilities to inject text embeddings into the gener-
ation process (Dhariwal & Nichol, 2021; Ho & Salimans| [2022)), thereby achieving unprecedented
freedom in creative expression. However, stably obtaining results with desired attributes, such as
higher aesthetic quality, semantic alignment, and human-preference agreement, remains challeng-
ing. A key reason is the reliance on maximum-likelihood training (Ho et al.,[2020), which misaligns
with user-side rewards, causing the generated image to deviate from user’s intention.

Existing enhancement strategies for T2I diffusion models fall into three lines: (1) direct fine-tuning
to align with external rewards or human preferences (Black et al.,[2024; |Fan et al.,|2023b; [Prabhude-
sai et al., 2023} |Zhang et al.| 2025)), which requires parameter access, high compute, and transfers
poorly across models; (2) prompt-level adaptation (Clark et al.,[2024; |[Kim et al.l 2023} Wang et al.,
2024; Mo et al.,[2024a)), which keeps the base model fixed and is naturally zero-shot transferable, but
reinforcement/policy learning often over-optimizes rewards and collapses to deterministic suffixes
and narrow styles (Hao et al.,[2023b); and (3) noise-space search (Ma et al., 2025} |Zhou et al., |2024;
Oshima et al.,[2025), which selects or optimizes initial noise at notable computational cost. Yet mod-
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Figure 1: Comparison of methods for text-to-image generation. Compared to using the original
prompt, existing methods (orange boxes) often produce variations in content and style due to subop-
timal prompt optimization, leading to misalignment with user expectations. In contrast, our method
yields satisfactory results with improved semantic alignment and visual aesthetics.

els frequently misread prompts: for “a dog sitting on a motorcycle at an intersection,” the output may
show a dog driving through an intersection. This indicates that many failures arise from suboptimal
wording near the same core semantics. Therefore, given an initial prompt, style-weighted prompt

expansions (PAE 2024b)), noise tuning (Golden Noise 2024)), and the addi-
tion of decorative suffixes to prompts (Promptist (Hao et al., [2023b))) are usually adopted to obtain
better generative results, as illustrated in Figure[Iorange box), which summarizes typical diffusion-

based T2I methods. However, these methods may fail to sufficiently optimize prompts to align with
user expectations, causing changes in content and style.

Moreover, prompt optimization itself faces several inherent challenges. Firstly, prompts are dis-
tributed in a high-dimensional discrete semantic space, where the generation quality after diffusion
denoising can vary dramatically across different regions, making gradient-based optimization inap-
plicable. Secondly, as shown in Figure [2] different expressions of the same intent may lead to large
variations in both aesthetic quality and semantic alignment. Thirdly, heuristic search in this space
often gets stuck in local optima, resulting in little to no improvement from extra computation. These
challenges motivate us to explore a novel framework that efficiently optimizes prompts in semantic
space and promotes the production of high-fidelity images.

In this paper, we propose Dynamic Prompt Evolution via Multi-Attribute Feedback (DPE-MAF),
which integrates heuristic algorithms with the prior knowledge of LLMs to generate optimal prompts
with user-intended attributes for text-to-image generation. Specifically, DPE-MAF incorporates
two key designs, i.e., Diffusion-Heuristic Optimization (DHO) and Dynamic Contrastive Guidance
Update (DCGU). The former leverages LLMs to generate a population of prompts and applies the
heuristic algorithm to select the most effective candidates, while the latter dynamically extracts
contrastive semantic features from high- and low-quality prompts to guide prompt optimization,
thereby promoting convergence toward the global optimum. As shown in Figure [I] (yellow box),
DPE-MAF produces satisfactory results with better semantic alignment and aesthetics under prompt
evolution with multi-attribute feedback without modifying the base diffusion model.

Our main contributions are summarized as follows:

* We propose DPE-MAF (Dynamic Prompt Evolution via Multi-Attribute Feedback), which
integrates heuristic algorithms with the prior knowledge of large language models (LLMs)
to dynamically generate optimal prompts that align with user-specified attributes in text-to-
image generation.
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Figure 2: Different phrasings of the same meaning can lead to variations in the quality of generated
images. For example, variants that specify composition and interaction (“a detailed shot - - - savoring
a big mouthful”) yield higher Aesthetic and PickScore, whereas more abstract or ambiguous wording
(“an intimate portrait”, “holding”) weakens text—image alignment in terms of CLIPScore.

* We design a Diffusion-Heuristic Optimization (DHO) algorithm that expands prompts
into a candidate population via LLMs, and employs heuristic search with multi-attribute
feedback to iteratively refine prompts for better alignment with user intent.

* We introduce a Dynamic Contrastive Guidance Update (DCGU) mechanism, which
leverages semantic features from both high-quality and low-quality prompts to guide the
evolutionary process through a memory pool. This mitigates local stagnation and acceler-
ates convergence toward global optima.

» Extensive experiments on multiple benchmark datasets demonstrate that our proposed
DPE-MAF effectively evolves prompts and achieves superior aesthetic quality and seman-
tic alignment.

2 RELATED WORK

Diffusion Models for Text-to-Image Generation. Diffusion models, such as DDPM(Ho et al.
2020) and DDIM (Song et al. [2021)), have achieved remarkable success in the text-to-image gener-

ation domain by synthesizing high-fidelity images through iterative noise denoising processes con-
ditioned on text prompts (Bao et al., 2023}, [Fan et al., [2023a}; [Kawar et al.}[2023). Recent advances
include score-based models, flow-based variants, and consistency models (Song & Ermonl, 2019}
[Cipman et al. 2023} [Liu et all, 2023} [Song et al. [2023)), which have substantially improved genera-
tion quality but still suffer from the semantic inconsistency between the generated images and their
corresponding textual prompts.

Large Language Models for Semantic Guidance. Large Language Models (LLMs) have emerged
as powerful tools for enhancing text-to-image generation by enabling semantic reasoning and prompt
refinement 2024). Integrating LLMs with diffusion models (Hao et al., 2023a; Maiias|
helps improve image quality and alignment with textual intent. Nonetheless, ensuring
accurate alignment between generated outputs and human intent remains a key challenge across a
wide range of scenarios.

Prompt Engineering in Diffusion T2I Generation. Prompt engineering has become a critical
strategy for improving image quality by optimizing the expressiveness and informativeness of input
prompts. Various approaches have been proposed to restructure prompts for better guidance during
the denoising process. For example, PH2P (Mahajan et al.,2024) and PAE focus
on prompt refinement within the diffusion iterations, while LLM-based approaches aim to enhance
semantic coherence and reduce misalignment. Reinforcement learning has also been explored, as
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Figure 3: Overall framework of DPE-MAF. Given a user prompt, we use LLMs as generative oper-
ators to produce N semantically equivalent variants (“preserve the core semantics and generate [V
synonymous variants”). The DHO algorithm then conducts heuristic search in the natural-language
space and continuously appends newly generated prompts to a memory pool M. At each iteration,
each particle updates P; by referring to its personal best pyes,; and the global best gy.. Meanwhile,
DCGU extracts contrastive features F'* and '~ from positive and negative prompts S* and S~ in
M and uses them as auxiliary conditions, encouraging new prompts to inherit the strengths of F'*
while avoiding the weaknesses of F'~, thereby accelerating optimization.

in PAG (Yun et al.| [2025)), which formulates prompt optimization as token-level prediction using
GFlowNets (Bengio et al., 2021} 2023). Despite these advances, existing methods still face diffi-
culties with long or complex prompts and exhibit slower processing speeds under these conditions.

3  PROBLEM FORMULATION

Text-to-image diffusion models have achieved remarkable progress in generation quality, but gener-
ative results are highly sensitive to the quality of the input prompts. We formulate prompt optimiza-
tion as the following combinatorial optimization problem:

Popt = argg}g‘%s(D(R))v (1)
where P, denotes a candidate prompt generated during the optimization process, D(-) denotes the

denoising diffusion generation process, P is the space of natural language prompts, and S(-) is the
composite evaluation score.

Formally, the denoising diffusion generation process can be expressed as
I; = D(P;) = DiffusionSampler(F;, z, s), ()

where z ~ N (0, I) denotes the initial noise, and s represents the random seed that controls stochas-
ticity in the generation process. The composite evaluation score for image I; is defined as

fi = Clip(I;) + Aesthetic(I;) + Preference(I;), 3)

where Clip(-) represents the normalized CLIPScore (Radford et al., 2021) , Aesthetic(-) denotes

the normalized aesthetic score (]Schuhmann et al. |2022|), and Preference(-) represents the normal-
ized PickScore (Xu et al.,[2023), which presents human preference on image quality and semantic
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fidelity. Each normalization is computed as

. Si — Smi

S,L — K3 min , (4)

Smax — Smin

with s; being the raw score of a given metric across the current population, and Syin, Smax the min-
imum and maximum values of that metric, respectively. To ensure the validity of the optimization
process, the optimized prompt is required to preserve the core semantics of the initial prompt, which
can be expressed as the constraint:

sem(P;) = sem(Piyis), (%)

where P,y denotes the initial prompt provided as the input to the optimization procedure, and
sem(+) denotes the semantic representation of a prompt.

4 OVERVIEW OF DPE-MAF

To optimize prompts for better alignment with human-preferred attributes, we propose the Dynamic
Prompt Evolution via Multi-Attribute Feedback (DPE-MAF) framework. We leverage the seman-
tic generation and reasoning capability of large language models (LLMs) as an operator executor,
enabling heuristic exploration in the natural language space. To further mitigate the risk of local
optima, we introduce the Dynamic Contrastive Guidance Update (DCGU) mechanism, which adap-
tively extracts positive and negative semantic features from the exemplar memory pool to guide the
optimization process.

4.1 INSTANCE OF DIFFUSION-HEURISTIC OPTIMIZATION (DHO)

The DHO component describes how heuristic optimization can be instantiated in the natural lan-
guage prompt space. We present two instantiations: Particle Swarm Optimization (PSO) and Ge-
netic Algorithm (GA). The instantiation details of GA are provided in the Appendix B}

DHO with Particle Swarm Optimization. In the initialization phase, a swarm of N prompts
P = Py, Ps,..., Py is generated and scored .S;. Specifically, large language models (LLMs) are
employed as generative operators to execute the command: “preserve the core semantics of the input
prompt and generate N — 1 semantically equivalent prompt variants”. Each particle P; is initialized
with its personal best pyest,; = F; and pffe(;{?i = .5;. The global best gy is set to the highest-scoring
prompt. At each iteration, under DCGU guidance, F; is first updated toward both pyes,; and gpest
to produce a candidate P;. This update is executed by large language models (LLMs), which are
instructed to “maintain the original semantic meaning while moving toward both the personal best
and global best prompts.” To ensure the search direction and speed, the DCGU mechanism is further
applied in each iteration to extract contrastive semantic features from good and bad prompts in the
population as additional guidance. With probability 0.4, a random perturbation is applied to the
candidate to obtain P, = LLM.PERTURB(P); otherwise, set P, = P/. If S(D(P;)) > S, the
update is accepted, i.e., P; < P; and S; < S(D(FP;)). If S; > Phest.i> then presi; < P; and
Phewts < Si- After G iterations, the global best pyes is returned as the optimized prompt. The full
procedure is detailed in Algorithm I}

4.2 DyYNAMIC CONTRASTIVE GUIDANCE UPDATE (DCGU)

The goal of the Dynamic Contrastive Guidance Update (DCGU) mechanism is to accelerate the
heuristic search process by extracting contrastive features from historical information. DCGU con-
sists of two components: a dynamic triggering mechanism to compute the improvement rate across
generations and determine whether the threshold is reached, thereby triggering the update of guid-
ance features, and a contrastive feature-guided update mechanism to update semantic contrastive
features that guide the search toward better results.

Specifically, we firstly define a memory pool M = {(P;, fi,I;)} Y, that stores triplets where P;
is the prompt, f; is its normalized score, and I; is the corresponding generated image. During the
search, each newly generated prompt is inserted into M as (Pi, fi Ii). An adaptive triggering
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Algorithm 1 PSO Instance with DCGU for Prompt Optimization

Require: Initial prompt Phi; swarm size N; iterations G diffusion sampler D(+); composite score S(-);
tolerance € = 10~

Ensure: Optimized prompt pop

: Initialize swarm P = {Pi, ..., Py} < LLM.GENERATOR( Pii)

: Foreach P;: I; < D(F;); S — S(Li); presti < Pis Presi < Si

I Gbest <— argmaxp,ep 9i; bo ¢ max; Si

: Build memory pool M « {(P;, fi, I;) } L,

: Initialize features: 7 <+ TOPK(M,K=3,key = S); 7~ <+ BOTTOMK(M,K=3 key = 95);

(FT,F7) « LLM,EXTRACTFEATURES(T+,T_)
: fort=1to G do

AN RS S el

6
. re bprc_b Tr,hi — Tr,)lo
7. DCGU trigger: bY"™® « max; S;; 7 = m- Tr(t) = Troni — %(t —1)
8: ifry < 7-(t) then
9: Update features:
10: T+ < ToPK(M, K=3, key = S)
11: T~ + BOoTTOMK(M, K=3 key = 5)
12: (FT,F7) + LLM.EXTRACTFEATURES (7,7 ")
13:  else
14: Keep (F*, F~) unchanged
15:  endif
16: for each particle P; € P do
17: Guided update: P} <— LLM.UPDATE (Pi, Poest,i; goest | T, F7)
18: if RANDOM() < 0.4 then
19: Perturbation: P; + LLM.PERTURB(P;)
20: end if
21: if S(D(P;)) > S; then
23: end if
24: if S; > phes; then
25: Phest,i < P’m p}s;é(i{ez — SL
26: end if
27: Push (P, f;, I;) into memory pool M
28:  end for
290 ghest ¢ ATEMAX p ; Poests O ¢ max; S;
30: end for

31: Popt < Gbest
32: return pop

mechanism is introduced to detect stagnation during optimization. Let b, denote the normalized
best score at generation g. The relative improvement rate is defined as
by — by—
rg=—24—9=1 _ =105, (6)
max(e, [bg—1])

We define a linearly decaying threshold as

Trhi — Tr
7r(9) ZTr,hi—%(g—l)- )

If ry < 7,(g), the DCGU mechanism is triggered to refresh the guidance feature for the population
update. Upon activation, DCGU constructs a contrastive set by selecting the top-3 and bottom-3
prompts from the memory pool M based on their scores:
ST =ToPK({P; | (P, f;,I;) € M}, K=3), S~ =BortoMK({P; | (P;, f;,I;) € M}, K=3).
(8)
The LLM is then prompted to analyze ST and extract positive features F'*, and similarly S~ for
negative features F'~. Specifically, the LLM is instructed: “For the high-scoring prompts analyze
and extract their common positive features” and “For the low-scoring prompts analyze and extract
their common negative features”. These features are injected as additional conditions into the oper-
ator instruction:

“Create a new prompt that incorporates the positive features [ '] and avoids the negative features [F~].”

This feature-based guidance is then used to steer the update process. After performing G iterations
of updates on each individual in the population,we obtain the optimized prompt pop;.
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Table 1: Comparison of DPE-MAF with representative baseline methods on multiple datasets.
‘CLIP’, ‘Aes’, and ‘Pick’ denote CLIPScore, AestheticScore, and PickScore, respectively. All re-
sults indicate the percentage (%) improvement over directly generating with SDXL.

Method COoCoO Lexica Pick-a-Pic DiffusionDB
CLIPt Aest Pickt CLIPt AesT Pickt CLIPf Aest Pickt CLIPT Aest Pickt
Promptist -2.68 1335 0.39 -1.99 6.46 1.06 -1.79 7.33 1.00 -3.59 628 058
PAE -4.67 11.58 -0.80 -1.66 202  -0.07 -2.54 373  -023  -2.60 261  -0.35
Golden Noise 0.11 -1.35 213 2.14 259 299 2.04 185 292 1.02 2.11 2.75

DPE-MAF (Ours)  6.56 1040 7.42 8.68 12.00 8.32 899 1116 1049 7.66 11.01 8.32

detailed cinematic moody colors studio portrait of a victorian young lady sleeping in a victorian pond

-

(0) PAE

Figure 4: Visual comparison of various methods on DiffusionDB (Wang et al., 2023) dataset. Our
DPE-MAF is able to produce satisfactory results with better semantic alignment and aesthetics.

5 EXPERIMENTS

5.1 EXPERIMENTAL SETUP

Datasets. We conduct experiments on four text-to-image datasets including DiffusionDB
et al] 2023), COCO (Lin et al 2014}, Lexica (Shen et all, 2024), and Pick-a-Pic (Kirstain et al.|

2023)), where 1k prompts are randomly selected as experimental samples. For our DPE-MAF, we
randomly select 100 prompts from the same dataset for evaluation.

Implementation Details. All diffusion models used in our experiments share a fixed random seed

of 42. For SD1.4 (Rombach et al,[2022), SD1.5, SD2.1, and SDXL (Podell et al.,[2024), we adopt

dpmsolver (Lu et al., 2022) as an accelerator, perform 50 sampling steps with DDIM
2021) to maintain generation quality, and employ the xformers plugin for further acceleration. For

SD3 and SD3.5, we use the default 28 sampling steps. Regarding hyperparameter selection in the
DHO algorithm, we employ grid search (details in Appendix [D.T) to determine suitable parameters
balancing performance and computational cost. Specifically, we initialize 6 particles and iterate over
12 rounds.

Baseline Methods. We compare our method with three text-to-image generation methods, includ-

ing Promptist (Hao et al., 2023b)), PAE (Mo et al.|[2024b)), and Golden Noise (Zhou et al.,[2024).
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Table 2: Performance of Particle Swarm Optimization (PSO) across various datasets and different
Stable Diffusion models. Shaded cells mark the best score on each dataset and model.

Pick-a-Pic Ccoco Lexica DiffusionDB
CLIPtT AestT Pickt CLIPt Aest Pickt CLIPT Aest Pickt CLIPT AesT Pickf

SD1.4  6.33 9.66 497 9.23 877 4.01 6.71 10.03 7.21 773 10.02 6.71
SDL.5  5.10 6.79 541 5.07 5.84  4.07 4.36 6.05 4.93 3.32 452 5.1
SD2.1 5.50 572 424 1.28 503  3.68 5.38 505 471 6.23 505 561
SDXL  2.84 10.14 4.89 0.65 946 3.36 0.48 7.11 4.21 1.75 6.51 4.02

SD3 4.13 798 3.1 324 274 214 4.86 637  4.66 435 6.57 4.02
SD3.5 233  10.74 535 399  6.64 213 4.00 649  6.14 2.95 745 422

Model

5.2 MAIN RESULTS

Table [T] presents the quantitative results on four datasets. Compared with the other approaches, our
PE-MAF achieves the highest values across all three metrics. In particular, the significant improve-
ment in PickScore provides compelling evidence that our method generates images more aligned
with human preferences. Compared to the initial prompt, Promptist (Hao et al.,2023b) and PAE (Mo
et al.| [2024b)) achieve significant improvements on AestheticScore, but their CLIPScore drop signif-
icantly due to a lack of semantic alignment. Furthermore, Figure 4| presents visual comparisons on
DiffusionDB (Wang et al., [2023) dataset. Notably, Promptist appends descriptive modifiers to the
input prompt, tend to produce fixed modifiers and thus homogenize the output style. PAE augments
the prompt with tokens indicating denoising range and strength, often yields semantically vacuous
modifiers under constrained by the language model. And Golden Noise (Zhou et al., [2024) cannot
reliably guarantee the desired attributes. In contrast, our DPE-MAF framework produces images that
are not only more aesthetically pleasing but also better satisfy the user-specified attributes, which
benefits from our proposed DHO algorithm and DCGU mechanism. More results are shown in the

Appendix [E|

5.3 ABLATION STUDIES

We conduct systematic ablation experiments on the key designs of the proposed DPE-MAF. All
experiments are conducted on the DiffusionDB dataset and 30 randomly selected prompts, except
for verifying the performance of the DHO on four datasets (Lexica, DiffusionDB, COCO, and Pick-
a-Pic) and different versions of the diffusion model. More results are shown in the Appendix

5.3.1 THE EFFECT OF DHO INSTANTIATION

To validate the transferability of the DPE-MAF framework, we select 100 samples from each of
four datasets, including Lexica, DiffusionDB, COCO, and Pick-a-Pic, to comprehensively evaluate
the DHO algorithm on various versions of Stable Diffusion models (SD1.4, SD1.5, SD2.1, SDXL,
SD3, and SD3.5). As shown in Table [2] our DPE-MAF framework consistently achieves effective
optimization across different diffusion model versions and is capable of simultaneously enhancing
multiple image attributes. Moreover, our approach not only achieves significant improvements on
SD1.4 but also achieves robust improvements across other versions of Stable Diffusion.

5.3.2 THE IMPACT OF DCGU DYNAMIC THRESHOLD

We first experiment with different triggering periods of the DCGU mechanism and find that overly
frequent updates of guidance features cause the optimization process to rely excessively on real-
time feedback, leading to unstable convergence and reducing the extent of exploration in the natural
language space, while overly sparse updates reduce search efficiency. Therefore, to determine a
more appropriate triggering strategy for updating guidance features, we adopt a dynamic threshold-
based activation mechanism that monitors the improvement before each iteration and automatically
triggers DCGU. Table [3|shows the total gain for different settings of the threshold parameters, with
the best performance achieved when 7,.,; = 0.017 and 7.3, = 0.005.
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Table 3: Ablation study of the DCGU mechanism with different threshold settings. We report results
for various combinations of 7, 5, and 7, ;,, using total gain (%) as the metric.

ID1 1D2 1D3 D4 ID5 ID6 D7 D8 ID9 ID10 ID11 IDI12 IDI3 ID14 ID15S D16

Tr hi 0.013 0.013 0.010 0.017 0.013 0.017 0.013 0.017 0.010 0.020 0.020 0.013 0.020 0.020 0.020 0.017
Trilo 0.008 0.006 0.006 0.008 0.005 0.005 0.003 0.003 0.003 0.006 0.008 0.008 0.010 0.008 0.003 0.005
Total T 14.55 1501 1500 15.88 19.00 23.46 1533 1560 13.73 1397 1450 1555 1455 1455 1699 1638

Table 4: Ablation studies about memory pool and perturbation mechanism, as well as LLM-DHO
comparison. ‘CLIP’, ‘Aes’, and ‘Pick’ denote CLIPScore, AestheticScore, and PickScore, respec-
tively.

(a) Effect of memory pool design (Particle Swarm). (b) Effect of perturbation position (Particle Swarm).
Option CLIPt Aest Pick? | Totalt  Option CLIP{ Aes? Pick?|Total
Category-Norm 339 629 658 | 16.27 No perturbation 3.17 6.33 6.71 |16.22
Aggregate-Norm 3.05 6.87 7.37 | 17.28 Perturbation in update 2.50 7.04 6.64 | 16.17

(c) Effect of perturbation (Particle Swarm). (d) Comparison of LLM and DHO.
Option CLIPtT Aest Pick? ‘ Totalt Metric LLM DHO (Ours)
Perturbation-20% 2.85 7.13 438 | 14.36 CLIPt -4.67 7.66
Perturbation-30% 1.77 718 7.32 | 16.27 AesT 3.71 11.01
Perturbation-40% 346 591 7.14 | 16.52 Pick? 0.85 8.32

5.3.3 THE EFFECT OF MEMORY POOL AND PERTURBATION MECHANISM

We further examine the design of the memory pool and the role of random perturbations. A properly
designed memory pool effectively improves sample utilization. As shown in Table [{[a), directly
extracting features from high- and low-performing prompts and injecting them into the subsequent
optimization process yields better performance than separately extracting features based on CLIP-
Score, Aesthetic, and PickScore. For the perturbation mechanism, both the position of perturbation
insertion and the perturbation probability have a significant impact. As depicted in Table [{b),
overly frequent perturbations disrupt promising search directions, while overly weak perturbations
reduce the diversity of generated prompts. Table ff[c) demonstrates that the perturbation with 40%
frequency maximizes performance gains.

5.3.4 COMPARISON OF LLM AND DHO

Table [4(d) reports the comparison of the prompt optimization performance by using the DPE-MAF
framework with that of directly using LLMs. We observe that the prompts optimized by LLMs di-
rectly are often semantically incomplete and tend to sacrifice semantic consistency while enhancing
certain attributes. In contrast, the prompts optimized by our DPE-MAF achieve significant improve-
ments across multiple attributes.

6 CONCLUSION

In this work, we propose DPE-MAF, a dynamic prompt evolution via multi-attribute feedback
specifically designed for text-to-image generation. Our approach formulates the prompt optimiza-
tion problem as a zero-order optimization problem in the natural language space and introduces a
diffusion-heuristic optimization algorithm, which enables a large language model (LLM) to perform
a multi-attribute-guided heuristic iterative search to generate optimal prompts with the user’s desired
attributes. To effectively guide prompt optimization, we develop a dynamic contrast-guided update
mechanism that guides the search process by comparing the semantic features of high-quality and
low-quality prompts, thereby promoting convergence to the global optimum. Extensive experiments
demonstrate that DPE-MAF outperforms state-of-the-art T2I methods, achieving superior visual
quality, semantic consistency, and aesthetics across various datasets.
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A LLM USAGE

The contributions of the Large Language Models (LLMs) were solely focused on improving the
linguistic quality of the paper, with no involvement in the scientific content or data analysis.

B DHO wWITH GENETIC ALGORITHM

We first initialize a population of N prompts P = {P, P, ..., Px} using a generation operator,
and compute the fitness f; for each prompt. In the selection phase, two parents P,, P, are chosen
based on fitness. During crossover, the DCGU mechanism is applied to guide the LLM in seman-
tically combining P, and P, to generate a child C'. In the mutation phase, the LLM is instructed
to mutate C' with a 40% probability of random perturbation (e.g., synonym substitution, word dele-
tion, or paraphrasing). This process is repeated to generate k offspring, which are merged with the
parent population. The top-/V individuals are selected for the next generation. This iterative process
continues until termination.

Algorithm 2 GA Instance with DCGU for Prompt Optimization

Require: Initial prompt Pi; population size IV; offspring per generation k; generations 7'; diffusion sampler
D(+); composite score S(-); tolerance ¢ = 10~°

Ensure: Optimized prompt pop
1: Initialize population P = {P,..., Py} + LLM.GENERATOR (Phit)

: Foreach P;: I, + D(P;); S; + S(IL)

: Build memory pool M <« {(P;, S, I;)}'L,

: Initialize features: 7+ < TOPK(M,K=3key = S); T~ < BOTTOMK(M, K=3,key = S);
(F*,F7) + LLM_EXTRACTFEATURES(T T, 7 ™)

N bo <— max; Sl

:fort=1toT do

5
6
7. DCGU trigger: bY"° < max; S;; r: =
8
9

RSN )

pre
bt - btfl Tr,hi — Tr,lo

max(e, o) O =T s —p g ()
if 1y < 7-(t) then
: Update features:
10: T+ « ToPK(M, K=3,key = S)
11: T~ < BoTTOMK(M, K=3,key = 5)
12: (F*,F~) + LLM.EXTRACTFEATURES(7 ™, 7 ")
13:  else
14: Keep (F*, F~) unchanged
15:  endif

16: O + @ {offspring set}
17: forj =1tok do

18: Parent selection: sample P,, P, from P by roulette wheel based on {S;}
19: Crossover: C' <~ LLM.CROSSOVER(P,, P, | F+, F™)

20: Mutation: C' <+~ LLM.MUTATE(C | F*, F™)

21: if RANDOM() < 0.2 then

22: Perturbation: C' <~ LLM.PERTURB(C')

23: end if

24: Evaluate: Ic < D(C); Sc + S(I¢)

25: Push (C, S¢, I¢) into memory pool M; O + O U {C}

26:  end for

27:  Environmental selection: P < ToPN(P U O, N; key = S(D(+)))
28: by maxp; ep S(D(PZ))

29: end for

30: pop < argmaxp,ep S(D(F;))

31: return pop

C PERFORMANCE COMPARISON OF GA ON DIFFERENT SD MODELS

In this section, we present the experimental results of the GA instance across different Stable Dif-
fusion versions and datasets. As shown in Table 5] GA demonstrates positive effects across vari-
ous models and datasets, especially in notably in aesthetic quality in terms of AestheticScore and

13
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Table 5: Performance of the Genetic Algorithm (GA) across datasets and Stable Diffusion models.
Shaded cells mark the best GA score within each dataset group.

Pick-a-Pic CoCo Lexica DiffusionDB
CLIPT Aest Pickt CLIPT Aest Pickt CLIPt Aest Pickt CLIPT Aest Pickt

SD1.4  3.63 940 5.63 3.89 5.09 226 0.68 740 473 2.48 2.84 1.61
SD1.5  5.61 773 358 292 6.15 257 2.80 563 3.04 3.22 621 334
SD2.1 2.66 595  3.62 2.04 631 215 1.23 491 224 3.04 393 344
SDXL  2.40 832 5.57 1.27 848 222 1.02 624 428 -064 557 421
SD3 3.49 732  3.08 1.99 353 3.08 3.68 6.30 4.36 2.53 573  3.62
SD3.5 2.78 8.09 333 222 501 217 2.40 6.51  5.62 1.91 719 4.28

Model

PickScore. For semantic alignment, although SDXL on DiffusionDB shows no CLIPScore gain,
other models (e.g., SD1.5 gains 5.61% on Pick-a-Pic and 3.22% on DiffusionDB) achieve high
scores, demonstrating the GA’s strong cross-model transferability and its ability to preserve seman-
tic consistency across datasets.

D ADDITIONAL EXPERIMENTS

D.1 THE EFFECT OF HYPERPARAMETER GRID SEARCH

We conduct experiments with grid search to explore the effects of hyperparameter settings, as shown
in Table[6] The results show that the particle swarm instance achieves the most significant improve-
ment under the configuration of Iterations G = 12 and Particles N = 6. Compared with smaller
parameter settings, this configuration brings larger gains, while for larger settings such as Iterations
G = 15 with Particles N = 6 or Iterations G = 15 with Particles N = 8, this configuration not
only delivers better performance improvements but also requires fewer computational resources.
This is because the particle swarm instance tends to perform wide and deep searches, but once suf-
ficient computational resources are allocated, the additional benefits from further searching become
limited.

D.2 THE EFFECT OF DCGU ACTIVATION PERIOD

Table[7]presents the effect of the triggering frequency of DCGU. We find that the update cycle brings
significant improvements in terms of AestheticScore and PickScore, compared to without DCGU
(Table [7(a)). However, if the update cycle is too frequent, the features are updated excessively,
causing the search direction to change constantly and leading to slow improvements in semantic
consistency. On the other hand, if the updates are too infrequent, the search becomes insufficient and
the diversity of prompts is not fully expanded, which limits improvements such as aesthetic scores.
In contrast, our DCGU with adaptive stagnation (Table [7(e)) dynamically updates the guidance
features based on a threshold, enabling deeper exploration of the search space while preserving
semantic fidelity and yielding the best performance.

D.3 THE EFFECT OF MEMORY POOL AND PERTURBATION MECHANISM FOR GA

Table [§] and Table O] report the impact on memory pool configuration, perturbation probability, and
perturbation position based on the genetic instance, respectively. We observe that configuring the
memory pool to extract features by category of the target attributes provides more noticeable im-
provements in guiding the search process. In addition, introducing a 20% probability of random
perturbation during the mutation operation substantially enriches the exploration of the natural lan-
guage space, which in turn contributes significantly to improvements in aesthetic metrics and overall
performance gains. Moreover, placing the perturbation operation inside the mutation step introduces
additional randomness into prompt generation, leading to better aesthetic scores as well as improved
semantic consistency.
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Table 6: Hyperparameter grid search for PSO Instance with DCGU on prompt optimization (trans-
posed). We vary PSO iterations (G) and swarm size (V) as well as report fotal gain (%).

Option ID1 ID2 1ID3 1ID4 1ID5 1ID6 ID7 ID8 ID9 IDI10 IDI1 ID12 ID13 ID14 ID15 ID16 ID17 IDI18

Iterations G 9 9 9 12 12 12 15 15 15 4 6 8 4 6 8 4 6 8
Particles N 4 6 8 4 6 8 4 9 9 9 12 12 12 15 15 15
Total 13.40 14.00 15.68 13.29 13.82 1491 14.78 14.16 13.54 14.58 1532 14.50 14.68 16.06 13.30 14.89 16.24 13.15

[=))
oo

Table 7: Effect of DCGU Activation Period. ‘CLIP’, ‘Aes’, and ‘Pick’ denote CLIPScore, Aesthet-
icScore, and PickScore, respectively.

DCGU Mechanism |  CLIPScoret Aest PickScore? |  Totalf
(a) once DCGU 4.20 6.12 6.05 16.37
(b) Every Generation 2.84 6.77 6.53 16.15
(c) Every Two Generations 3.09 6.27 6.99 16.35
(d) Every Three Generations 2.40 7.05 6.87 16.32
(e) Adaptive Stagnation (Ours) 1.79 7.05 7.88 16.71

Table 8: Effect of memory pool scoring mechanism (GA). ‘CLIP’, ‘Aes’, and ‘Pick’ denote CLIP-
Score, AestheticScore, and PickScore, respectively.

Option \ CLIP} Aest Pickt | Totalt
(a) Aggregate-Norm 2.18 4.92 1.13 8.23
(b) Category-Norm (Ours) 2.58 5.77 1.25 9.60

Table 9: Ablation studies of the perturbation mechanism for the Genetic Algorithm (GA). ‘CLIP’,
‘Aes’, and ‘Pick’ denote CLIPScore, AestheticScore, and PickScore, respectively.

(a) Effect of perturbation position (GA). (b) Effect of perturbation probability (GA).
Option CLIPT Aest PickﬂTotalT Option CLIPT Aest PickﬂTotalT
No perturbation 240 4.82 1.34 ]| 856 Perturbation-20% 2.55 5.34 1.51 | 9.40
Perturbation in mutation 2.63 5.15 1.50 | 9.28 Perturbation-30%  2.39 4.81 1.31 | 8.52
Perturbation after mutation 2.13  5.01 1.23 | 8.38 Perturbation-40% 2.68 477 145 | 8.83

E MORE EXPERIMENT RESULTS

We provide more visualizations of various text-to-image generation methods on four datasets. Fig-
ure E] shows more visual comparison results on Pick-a-Pic (Kirstain et al., 2023) dataset. Figure E]
shows more visual comparison results on COCO (Lin et al. |[2014) dataset. Figure [/| shows more
visual comparison results on Lexica (Shen et al.| [2024) dataset. Figure B] shows more visual com-
parison results on DiffusionDB (Wang et al.,|2023)) dataset.
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a couple dancing lindy hop at street

(a) Original (b) Prmptist (c) PAE (d) Golden Noise (e) DPE-MAF(Ours)

Figure 5: Visual comparison of various methods on the Pick-a-Pic (Kirstain et al [2023)) dataset.
DPE-MAF demonstrates superior results in terms of semantic consistency and aesthetics.

There is a living room with chairs in it

11t M{

(a) Original

/N

(d) Golden Noise

(b) Promptist (c) PAE (e) DPE-MAF (O&rs)

Figure 6: Visual comparison of various methods on the COCO 2014) dataset. Our DPE-
MAF produces images with improved semantic alignment and aesthetics.
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commussuon of a robot chasing thugs

() Original (b) Promptlst (c) PAE (d) lden Nise (e) DPE-MAF(Ours)

Figure 7: Visual comparison of various methods on the Lexica (Shen et al) [2024) dataset. Our
DPE-MAF enhances both semantic fidelity and aesthetic appeal.

the castle by kafka by vrubel

) /.
(a) Original (b) Promptist (c) PAE (d) Golden Noise (e) DPE-MAF(Ours)

Figure 8: Visual comparison of various methods on the DiffusionDB (Wang et al., 2023) dataset.
Our DPE-MAF consistently improves both alignment and visual quality.

17



	Introduction
	Related Work
	Problem Formulation
	Overview of DPE-MAF
	Instance of Diffusion-Heuristic Optimization (DHO)
	Dynamic Contrastive Guidance Update (DCGU)

	Experiments
	Experimental Setup
	Main Results
	Ablation Studies
	The Effect of DHO Instantiation
	The Impact of DCGU Dynamic Threshold
	The Effect of Memory pool and perturbation mechanism
	Comparison of LLM and DHO


	Conclusion
	LLM Usage
	DHO with Genetic Algorithm
	performance comparison of GA on different SD models
	Additional Experiments
	The Effect of Hyperparameter Grid Search
	The Effect of DCGU Activation Period
	The Effect of memory pool and perturbation mechanism for GA

	More Experiment Results

