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6. Conditional Sampling with Tensor Train
Structure

In this section, we present more details on how to efficiently
sample the indices using the discrete distribution with TT
structure. The sampling process primarily follows the ap-
proach outlined in [9]. Given a discrete multivariate proba-
bility distribution p(x1, xa, - - , 24), we sample from it us-
ing conditional distribution:

p(w1, 22, ,xq) = p(o1)p(z2|r1) - - p(Talre, - 2a-1),
(13)
where p(zy|x1,xo, - ,xr_1) is given by
o p(zla‘TZv e 7Ik’)
p(op|r, xo, -+ 2p_1) = . (14)
P(xhxzw" ,$k71)

Before sampling process, we first calculate (d — 1) ma-
trices Q, € R™x-1%1;

Qr =Y G(ik,)Qui1, b €2,3,-,d. (15)

In addition, given the sampled indices (x1, z2,- - , zk), we
compute the P;, € R1*"* as

Pk:9(1,$1,3)9(:,$2,1)"'9(1,.’13]“1). (16)

The sampling procedure is computed using Eq. (13). For
x1, we first compute its marginal discrete distribution:
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Then we sample index z; according to its distribution
p(z1). In more detail, it first computes the cumulative dis-
tribution function (CDF) of p(z1 ), and then generates a ran-
dom number using the uniform distribution /(0, 1). Next,
we return the index of x; where the random number falls
within the CDF. Iteratively, we sample x2 index by its con-
ditional distribution given x:

p(x2, 1)

p(z1)
_ P1G(:,72,:)Qs
- P.Q; ’

p(z2|71) =
(18)

Similarly, the index x5 can also be sampled by computing
the CDF p(x2|x1) and a uniform distribution. In summary,
the k-th index x; can be sampled by

p(rr, Tp_1, -+ ,21)
p(w1, T2, Tp—1)
~ Pr 1S, 2k, ) Qrar
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7. Experiment Settings and Results

P(l"k|l’k—17"' ,Iz,xl) =
(19)

We implement our method using the PyTorch framework on
a single NVIDIA V100 GPU. The implementation code for
our methods can be found in the anonymous link https:
//github.com/yngiu/STEPS.

7.1. Experiment Settings for Prompt Discovery

Datasets We evaluate the effectiveness of the learned

prompt across six public datasets: MS COCO [17],

Flick30k [43], LAION [34], Celeb-A [18], TextVQA [37],

and VizWiz [13]. For computational efficiency, we ran-

domly sample 100 images from each dataset. These datasets
cover diverse visual scenarios from natural scenes, ensuring
comprehensive evaluation.

Model Settings For the prompt optimization model, we

use OpenCLIP ViT-H/14 pre-trained on LAION-2B, which

aligns with the text encoder architecture in Stable Diffusion

(SD) v2, ensuring consistent semantic representation during

optimization. All generations use a fixed random seed for

reproducibility.

Baseline Settings

* PEZ [41]: Implementation follows the official repository
with its default configuration for reproducibility.

* MMA [42]: Following their implementation with sen-
sitive word filtering removed for fair comparison. Key
hyperparameters include: coordinate-wise candidate size
k = 32, batch size 1000, and maximum iterations 200.

* STEPS (Ours): We maintain comparable settings with
baselines where possible. Core parameters include: can-
didate size k = 32, maximum batch size M,,,, = 1000,
sampling size M = 100, and TT-ranks R; = 20 for all
j € {1,---,d}. The memory budget [ is set to 8, and
the number of minimal-loss samples n = 10. All experi-
ments run for 200 iterations.

Image Generation Settings After obtaining optimized

prompts from all methods, we evaluate their effectiveness

using SD v2. Generation parameters are kept at default
values: guidance scale 7.5, inference steps 50, height and


https://github.com/ynqiu/STEPS
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Table 5. Running Time for Three Methods (in minutes)

Methods | MS COCO | Flick30k | Laion | Celeba | TextVQA | VizWiz
PEZ 1.62 1.57 1.53 1.59 1.57 1.61
GCG 14.43 13.16 13.09 | 13.15 13.10 13.03
Ours 7.53 7.31 732 | 718 6.95 7.10

width 512 x 512. For each prompt, we generate five images
with a fixed random seed for reproducibility.

Evaluation Settings For image evaluation, we generate five
images for each optimized prompt and compute their cosine
similarities with the target image using OpenCLIP-ViT/G
as the reference model, which was not involved in the opti-
mization process. The reported performance metrics in our
paper represent the average cosine similarity scores across
these five generations.

Computational Time Table 5 presents the average run-
time (in minutes) for three methods with prompt lengths
equal to 5 when learning a single prompt across different
datasets. STEPS is faster compared to GCG, primarily due
to its early stopping criterion. Empirical results indicate that
STEPS typically converges within 60 iterations. Even with-
out the early stopping mechanism, it requires approximately
23 minutes to complete the full 200 iterations.

7.2. Experiment Settings for Prompt Transferabil-
ity

Cross-model Transfer Settings To evaluate prompt trans-
ferability, we test prompts optimized for SD v2 on SD XL
v1.0. The SD XL v1.0 generation parameters are kept at de-
fault values: guidance scale 9.0, inference steps 30, height
and width 1024 x 1024. For each prompt, we generate five
images with fixed random seeds and report the average co-
sine similarity scores computed using OpenCLIP-ViT/G as
the reference model.

7.3. Experiment Settings and Results for NSFW
Prompt Optimization

Datasets We utilize the Inappropriate Image Prompts
(I2P) dataset from the Safe Latent Diffusion (SLD) [33],
which contains real user prompts known to produce in-
appropriate content in text-to-image models. Specifically,
we focus on the nudity category and further filter prompts
with a nudity percentage of > 70%, resulting in a relatively
harder test set of 61 prompts.

Model Settings We employ a white-box/black-box eval-

uation framework using multiple diffusion models:

* White-box model: We employ SD v1.5 for image gener-
ation using the optimized prompts.

* Black-box models: SD v2 and SLD for transfer evalu-
ation. Notably, SLD is a specialized version of Stable

Diffusion that has undergone safety fine-tuning to prevent
inappropriate content generation through content filtering
and model unlearning techniques.

The model parameters for SD v1.5 and v2 follow our pre-
vious settings. For SLD, we set the safety level to Medium
for a comprehensive evaluation of safety measures.
Baseline Settings All the baseline methods are related to
the removal of sensitive words set. In our experiment, we
follow the sensitive words list as [42]. The sensitive word
set includes {sexual, nude, nudity, sex, 18+, naked, nsfw,
porn, dick, vagina, naked child, explicit content, uncen-
sored, fuck, nipples, visible nipples, breast, areola, ak, na,
ke, nud}.

* Genetic [45]: Following their genetic optimization frame-
work, we preprocess the target prompt by removing sen-
sitive words. For prompts with a length of less than 20
tokens after filtering, we augment them to reach 20 to-
kens. For prompts longer than 20 tokens, we add 5 addi-
tional learnable tokens. These augmented tokens are op-
timized through their genetic algorithm to maximize se-
mantic alignment with the target prompt. For a fair com-
parison, we let the length of the learnable prompt for all
methods be 20.

* MMA [42]: Following their implementation and default
settings. Key hyperparameters include coordinate-wise
candidate size k = 256, batch size 512, and maximum
iterations 500.

* STEPS (Ours): Key parameters for STEPS include: can-
didate size £ = 128, maximum sampling size M4, =
10000, sampling size M = 100, and TT-ranks ; = 20
forall j € {1,---,d}. The memory budget [ is set to
8, and the number of minimal-loss samples n = 10. All
experiments run for 200 iterations.

Evaluation Settings Our evaluation protocol involves

three steps:

1. For each target prompt, we learn three adversarial candi-
date prompts using the text encoder from SD v1.5.

2. We sample three images using each adversarial candi-
date prompt using Diffusion Models (DMs) including
SD v1.5, SD v2, and SLD.

3. An attack is considered successful if any one of the
three candidate prompts generates inappropriate content.
The attack success rate (ASR) is then calculated as the
proportion of such successful prompts across all target
prompts.

4. We conduct five independent runs on steps 2 to 3 with
different random seeds and report the mean ASR across
all runs.

Evaluation Methods To comprehensively evaluate the
inappropriate content in generated images, we employ three
detection methods:



Table 6. Notations and their corresponding descriptions

Notations | Descriptions

Y A d-order loss landscape tensor.

G; The j-th core tensor in TT decomposition
of probability tensor.

G, (i) The i-th slice matrix of the j-th core tensor,
where G; (i) € R™-1%"3,

S2) Concatenation operator for combining core
tensors along the second mode.

X A text prompt sequence consisting of d to-
kens.

e; One-hot vector representation of the j-th
token in the prompt.

V; Vocabulary set containing candidate tokens
for the j-th position.

Vsl Size of the vocabulary set for the j-th posi-
tion.

X Complete prompt configuration space
formed by the Cartesian product of vocab-
ulary sets V;.

X Cartesian product operator between two
sets.

u Union operator for combining two sets.

P Probability tensor at iteration ¢ with pa-
rameters 6 over the prompt configuration
space.

T The j-th TT-rank in TT decomposition

k Number of tokens selected based on gradi-
ent information at each iteration.

l Number of tokens sampled from previous
iterations.

e NudeNet [3]: An open-source neural network-based nu-
dity detection approach that provides binary classification
and confidence scores. In this paper, we set the threshold
to be 0.45 as the default.

* Q16 [31]: A CLIP-based inappropriate content detec-
tor that leverages prompt-tuning and pre-trained vision-
language models to identify potentially inappropriate
content including violence, misogyny, and other offensive
materials, going beyond simple nudity detection.

e MHSC [27]: A comprehensive multi-headed safety clas-
sifier specifically designed to detect multiple categories of
unsafe content, including sexually explicit, violent, dis-
turbing, hateful, and political images.

Experiment Results on NSFW Prompt Optimiza-
tion We provide visualizations of successful attacks
(both prompts and corresponding synthesis) identified by
NudeNet in the end of supplementary material. This con-
tent may contain some sensitive or disturbing images and

text.
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Figure 6. Cosine similarity across different TT ranks on COCO
and Flick30k datasets.

7.4. Effectiveness of TT Rank

We conduct additional experiments to analyze the impact
of TT-rank on model performance, as shown in Figure 6.
Results from three independent runs demonstrate relatively
stable performance across different ranks (from 8 to 24) on
both MS COCO and Flick30k datasets. The cosine simi-
larity scores consistently maintained in the range of [0.65,
0.67]. The solid lines represent mean performance while
the shaded areas indicate the standard deviation across three
runs with different random seeds. This empirical evidence
suggests that our method is robust to rank selection, and
moderate rank values are sufficient for effective prompt
optimization without incurring unnecessary computational
overhead.
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Figure 7. Convergence comparison between our sequential prob-
ability tensor estimation and MMA (using coordinate-wise GCG
[46]) on MS COCO and Flick30k datasets.

7.5. Convergence Results

To evaluate optimization dynamics, we compare our
method with MMA, which adopts the GCG algorithm [46],
on MS COCO and Flick30k datasets, as shown in Figure 7.
Both approaches exhibit similar convergence patterns in the



early stages. However, as predicted by Introduction section,
MMA’s adoption of coordinate-wise optimization strategy
leads to earlier convergence to local optima. In contrast, our
sequential probability tensor estimation approach demon-
strates more stable optimization behavior and achieves bet-
ter final performance.

8. Detailed Descriptions for Notations

For clarity and completeness, we summarize the key nota-
tions used throughout this paper in Table 6. These include
tensor operations, prompt representations, and probability-
related symbols essential to our framework.



The following table presents a comparison of prompts and their corresponding synthesis from the
proposed STEPS and MMA approaches generated by SD v1.5. For clarity and space efficiency, we
selectively visualize the image cases where the prompt successfully bypassed NudeNet. Note that the
following content (both text and images) may be disturbing to some readers.



Caution: The following content may contain material that some readers could find sensitive or disturbing. Viewer discretion is advised.
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