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ABSTRACT

Diffusion models have shown remarkable proficiency in generating photorealistic
images, but their outputs often exhibit biases toward specific social groups, raising
ethical concerns and limiting their wider adoption. This paper tackles the chal-
lenge of mitigating generative bias in diffusion models while maintaining image
quality. We propose FairGen, an adaptive latent guidance mechanism enhanced
by an auxiliary memory module, which operates during inference to control the
generation distribution. This paradigm allows for flexibility and effectiveness to
control the generation at any target level. The latent guidance module dynamically
adjusts the direction in the latent space to influence specific attributes, while the
memory module tracks prior generation statistics and steers the generation direction
to align with the target distribution. To evaluate FairGen comprehensively, we
introduce a bias evaluation benchmark tailored for diffusion models, spanning
diverse domains such as employment, education, finance, and healthcare, along
with complex user-generated prompts. Extensive empirical evaluations demonstrate
that FairGen outperforms existing bias mitigation approaches, achieving sub-
stantial bias reduction while preserving generation quality (e.g., 31.8% bias score
reduction on Stable Diffusion 2 model). Furthermore, FairGen offers precise and
flexible control over various properties of the output distribution, enabling nuanced
adjustments to the generative process.

1 INTRODUCTION

Text-to-image diffusion models (Nichol et al.| 2021} |Saharia et al., 2022) have shown remarkable
capabilities when generating photorealistic images from text input, leading to new real-world applica-
tions. Notably, stable diffusion models (Rombach et al.,|2022; |Podell et al., 2023} Esser et al., [ 2024)
and DALL-E models (Ramesh et al. 2022} Betker et al.,2023)) have gained widespread popularity,
attracting millions of users from various demographic groups and being utilized in a wide range of
contexts, for example, reinforcement-learning based control (Pearce et al., [2023; |Chi et al., 2023) and
life-science (Cao et al., 2024} |Chung et al.| [2022).

However, the widespread application of diffusion models has raised concerns regarding social
biases that may be embedded within the generated outputs, necessitating thorough verification of
these outputs and posing challenges to the development of fully automated generation systems.
Specifically, a series of benchmark studies (Bakr et al., |2023; [Lee et al.| 2024} |Cu1 et al., 2023}
Wan & Changl [2024; |Wan et al., 2024} Luccioni et al.| 2023 [Naik & Nushi} 2023 have identified
gender biases within diffusion models in the context of occupational depictions as well as the under-
representation of certain social groups such as African Americans. This finding underscores the
primary research question of this paper: How can bias in text-to-image diffusion models be mitigated
without compromising the quality of the generated content?

Existing approaches to bias mitigation in diffusion models have demonstrated significant limitations,
particularly in their inability to effectively and flexibly control the generation distribution to achieve a
desired balance (e.g., mirroring the true societal distribution of male and female in generated outputs
(Luccioni et al.,|2023))). Prompt intervention methods (Bansal et al.,[2022; [Fraser et al.,2023; Bianchi
et al.| [2023)), which alter user input prompts, often result in a considerable degradation of generation
quality, as measured by the alignment between generated content and the original input text. Similarly,
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Figure 1: Overview of FairGen : FairGen comprises two key components: théndicator
Guidance Moduleand the Latent Guidance Module The Indicator Guidance Module determines
the target attribute to control during the current generation based on past generation statistics
stored in the memory module, the input prompt, and the desired target distribution. The Latent
Guidance Module computes the latent direction needed to enforce the target attribute, using
the current input prompt and the selected attribute.

model ne-tuning approaches (Orgad et al., 2023; Shen et al., 2023; Zhang et al., 2023) typically
involve adjusting the model within a speci ¢ subdomain, which compromises the overall generation
quality and lacks exibility, requiring retraining to adapt to different target distributions. Latent
intervention techniques (Friedrich et al., 2023), which introduce static vectors into the latent space
for attribute control, are limited by their inability to dynamically adjust to varying inputs and may
prove ineffective with different prompts, i.e. we nd that the best latent space control is input prompt
dependent.

In this paper, we introduce FairGen , an adaptive latent guidance module integrated with

an indicator guidance module. This mechanism operates at the inference step of a pre-trained
diffusion model, allows for precise control of the generation distribution to meet the desired target
distribution, and offers greater exibility and effectiveness compared to existing methods. We provide
the overview ofFairGen in Figure 1. The latent guidance module computes the latent direction
needed to enforce the target attribute, using the current input prompt and the selected attribute. The
indicator guidance module determines the target attribute to control during the current generation
based on past generation statistics stored in the memory module, the input prompt, and the desired
target distribution. In particular, the adaptive latent guidance module takes as input: (1) the user
input prompt, (2) the latent representation of the prompt from the diffusion model at a particular step,
and (3) the sensitive attributes under consideration. It outputs the right guidance vector direction in
the diffusion latent space at that time step for that particular input and attribute. We use a guidance
vector orthogonal to the original noise space for an effective control, inspired by related works in
sparse or orthogonal vector interpolation (Ng et al., 2011; Ortiz-Jimenez et al., 2024). The guidance
indicator module takes the inputs listed above, and outputs a scalar direction as guidance, conditioned
on an auxiliary module which has records of past generation statistics and the desired generation
distribution speci ed by users. The adaptive latent guidance module and guidance indicator module
jointly determine the adaptive guidance direction, leading to a exible and effective fair generation
paradigm.

We nd that current bias evaluation benchmarks (Bakr et al., 2023; Lee et al., 2024; Cui et al., 2023;
Wan & Chang, 2024; Wan et al., 2024; Luccioni et al., 2023; Naik & Nushi, 2023) exhibit three major
limitations - a narrow range of domains, overly simplistic input prompt structures, and a limited set

of attributes. To address these shortcomings, we propose a comprehensive bias evaluation benchmark
HBEthat encompasses a wider array of domains, prompt structures, and sensitive attributes compared
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to previous benchmarks. In summaHBEprovides 3X more target domains with more complex
input prompt structures than prior bias evaluation benchmark.

Our comprehensive empirical evaluation and ablation studies reveal tH&di(Gen outperforms

other leading bias mitigation techniques in terms of bias reduction while having superior generation
quality scores31:8% bias score reduction on Stable Diffusion 2 model),ka)rGen demonstrates
greater effectiveness in scenarios involving the interplay of multiple attributes compared to other
baseline approache§54% bias score reduction on Stable Diffusion 2 model), FarGen
provides a robust and adaptable mechanism for controlling generation distributions to achieve
targeted levels25:4% bias score reduction), and (4) each componeriafGen signi cantly
contributes to its overall performance improveme@tsZ% bias score reduction for guidance module
training).

2 PRELIMINARIES

We denote the diffusion process indexed by time stegth the diffusion lengthT by fx.g/, .
Denoising Diffusion Probabilistic Models (DDPM) (Ho et al., 2%20) construct a discrete Markov
chain fxg/, at discrete timest following p(x¢jx; 1) N (x¢; 1 tX¢ 1; tl) where isa
sequence of positive noise scales (e.qg., ch%sen based on linear scheduling, cosine scheduling).
With =1 ty t:= Ly s,and ¢ = t(1 t 1)=(1 t), the reverse (sampling)
process can be formulated as:

1 1
Xt 1= Pp— X plit (Xtut) + Z (1)
t t
wherez is drawn fromN (0;1). parameterized with is the model that approximates the
perturbation in the diffusion process and is trained via thensity gradient losk q4:
; p— P
— t . 2
Lo = Eg 270 9 t)k ( txot+ 1 ¢ ;0)k3 (2

where is drawn fromN (0; 1) andt is uniformly sampled fronfT] := f1;2;:::; Tg.

Since we mainly consider the text-conditioned diffusion model, we notate the perturbation estimator
(x¢;t; ¢), where additional argument for text conditianss also fed into the estimator for denoising,
following (Ho & Salimans, 2022).

3 FAIRGEN

In this section, we illustrate our fair diffusion model generation pipdhagGen . In Section 3.1,

we provide the overview dfairGen which consists of a latent guidance module and an indicator
guidance module. In Section 3.2, we illustrate the latent guidance module which computes latent
direction to enforce the target attribute. In Section 3.3, we show the indicator guidance module which
provides scalar control signal to select the target attribute to be enforced and a memory module.

3.1 OVERVIEW OF FAIRGEN

We observe that the existing bias mitigation method with modi ed input prompts (Bakr et al., 2023;
Lee et al., 2024; Cui et al., 2023; Wan & Chang, 2024; Wan et al., 2024, Luccioni et al., 2023; Naik &
Nushi, 2023) will degrade the generation quality, while netuning-based method (Orgad et al., 2023;
Shen et al., 2023; Zhang et al., 2023) also degrades image quality and requires additional training
to adapt to different target generation distributions (e.g., different portions of males vs. females).
Therefore, we propodeairGen to impose fair generations via guidance in diffusion latent space.

Note that a suf cient condition to control the generation distribution is to control the sensitive attribute
of individual generations. Speci cally, if we are able to control the gender of each generation,
then we should also be able to control the overall gender distribution in outputs with additional
memory mechanism. To achieve th&girGen adds latent guidance in addition to the noise
estimate by diffusion models (xt;t; ¢). Formally, the updateBairGen -guided noise estimate
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rairgen (Xt;t; €) can be formulated as:

Faircen (Xt;t,€) = (X5t €) +

(c;M éal; az)% [ALD(Xt; &' (ag; az); )

Indicator Guidance ScalarAdaptive Latent Guidance Direction

Here, c is the input prompt as text conditions, aad anda, are two feasible attributes (e.qg.,
“male" and “female" for gender attribute). The functibft; M ; (a;; a2)) represents the indicator
guidance model that determines the scalar for the guidance directiori(degnoting male generation
guidance, 1 denoting female generation guidance), based on memory mbtiul€he function
fap (X! C; (a1; @2)) denotes the noise estimate used to edit the attriputewards the attributas,
given the latent variablg,; and the prompt.

This formulation can be generalized to multiple multi-dimensional attributes as follows:

X X
Fargen (Xt;tC) = (X¢;t;C)+ | (c;M {éai '8y )% [ALD(X’(;{CZ; (ais 3y )} 4)
AZ A aiiaj 2A Indicator Guidance ScalarAdaptive Latent Guidance Direction
In this generalized formA is a set of multi-dimensional attribute groups (e.g., gender, race, age),
anda; anda; are attributes within the same attribute graupA diagram illustrating the overview of
the proposed method can be found in Figure 1.

3.2 ADAPTIVE LATENT GUIDANCE MODULE

In this part, we will illustrate howFairGen generates the adaptive latent guidance direction
fap (Xt; C; (ai; 8j)). One straightforward thought can be imposing classi er guidance at each time
step, but we adopt a classi er-free way here for better exibility. Speci cally, we view the adaptive
latent guidance direction as the vector difference between the direction towards attyibatethe
direction towards attribute; . This process can be formulated as:

fan(Xe;ci(aisqy)) = (Xt K (c a)) (xe; K (cra)) %)

whereK (c; ;) andK (c; &) are the attribute-aware text conditions derived from the original text
condition and target attribut® or & . Speci cally, if the input prompt is “A computer programmer
works hard in of ce", the expected attribute-aware text condioft; female would be “A female
computer programmer works hard in of ce".

To achieve the attribute-aware text condition generation, we train a language Imfwstgdrompt
editing. Since we tend to need the guidance towards attrigua@da; simultaneously, we train
a single language modelto output the attribute-aware guidance pronpts; a;) andK (c; a;)
simultaneouslyFormally, we train a language model which takes original promptc and target
attributes a;; a as input and outputs the corresponding guidance prompts:

K(cia);K(c;a) L(cia;a) (6)

This paradigm ensures that the guidance pronkp(s;a;) and K (c;a;) are similar so that
(x;t K (c;a)) and  (x¢;t; K (c; &)) lies in the same space and their difference demonstrates

orthogonality to the diffusion noise estimate directioiix;t; c). This concept is inspired by nd-

ings in multi-task learning literature, where such orthogonal directions often lead to more effective

generalization and task-speci c adaptation Wang et al. (2023).

Speci cally, we netune Mistral-7B-Instruct-v0.2 model with the training set of our HBEdataset,

which presents a holistic bias evaluation data instances across diverse domains and sensitive
attributes with multiple input prompt templates (details in Section 4). The model training
consists of two phases: supervised ne-tuning (SFT) and direct preference optimization (DPO)
(Rafailov et al., 2024). In the SFT phase, we leverage the attribute-aware (i.e., gender, race, age)
guidance prompts during data constructiorHBE We specify the attribute editing task in the

input instructions and ask the language model to output pairs of guidance prompts corresponding to
attributea; anda; . Then we apply LoRA (Hu et al., 2021) to ne-tune modetvith the annotated

4
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instances. The supervised ne-tuning process ensures thegrns from labeled data to produce
accurate mappings. In the DPO phase, based on nhodfier SFT, we collect a bunch of output
guidance prompts and evaluate them on the validation 94B& We assign each pair of output
guidance prompts a utility score which measures the effectiveness of controlling target attributes and
generated image quality. We use these score$@#ighjuantiles to annotate positive and negative
outputs. Then, we apply DPO to further re heto prioritize the guidance directions that align
best with the desired noise estimates. This dual approach enabdegenerate high-quality and
contextually relevant guidance, enhancing the performance of the adaptive latent guidance model.

3.3 INDICATOR GUIDANCE MODULE

In this part, we mainly illustrate howFairGen generates the indicator guidance scalor
I(c;M;(ai;8)) 2 f+1; 1g. Basically, it determines which attribute the current genera-

tion will push towards (+1 for attribute & and 1 for attribute & ) and which attribute it will

push away from the other attribute. The decision process adaptively depends on current text
condition prompt and the memory with past generation statistics recbtds

Baseline indicator guidance: probabilistic generation.Prior bias mitigation methods (Bansal et al.,
2022; Fraser et al., 2023; Bianchi et al., 2023; Friedrich et al., 2023) apply a probabilistic generation
paradigm to enforce the target generation distribution. Concretely, if the target portion of females is
P:, then with probabilityP;, they enforce a female generation at this round and otherwise enforce

a male generation. However, such a paradigm shows undesirably variance, especially in the case
that the desired attribute may not be precisely enforced. Moreover, the indicator decision is also not
adaptive to input prompt, making it hard to control fair generations for different prompts with the
same objective.

Indicator guidance in FairGen . We leverage a structured memory module-based determina-
tion mechanism that dynamically adapts to the context of each prompt. This memory module
M maintains a record of query features, which are extracted using a feature extractoE, and
clusters representing different contexts. The purpose of this memory is to allow the model
to provide context-aware guidance based on the prompt's speci ¢ characteristics. It achieves
this by organizing past feature representations into clusters, which are updated over time to
improve the diversity and richness of the guidance offered. The memory operates within a
prede ned budget B, meaning that it can only store a limited number (up toB) of clusters.
When a new promptc is processed, its feature& (c) are compared against the existing clusters.
If a match is found (i.e., , distance below a prede ned threshold), the model generates outputs
conditioned on the cluster's statistical properties. Concretely, the statistical property is the
portion of generations for different target attributes. The conditional generation is according to
the past generation statistics and the target distributionP;. For instance, if we aim to achieve
a balanced generation of males and females for computer programmer cluster and the past
generation shows more males, then the mechanism determines females as the target attribute
for the current generation. If no suitable cluster exists and the memory budget permits, a new
cluster is created for the prompt's feature. Once the budget is exhausted, K-nearest neighbor
(KNN) clustering is used to reallocate memory resources, ensuring the most relevant clusters
are maintained. Each time a cluster is used for generation, its statistical properties are updated
to re ect the latest output, allowing the memory module to evolve in line with the diversity
of inputs. In practice, we prompt LLM to output the main objective in input prompt (e.qg.,
“computer programmer") to extract the query features. In this way, different prompts regarding
the same objective will clearly be mapped into the same cluster for subsequence generations as
below.

Once we match the promptto a speci c cluster, we will compare the past generation statistics
with the target distribution level. The attribute that is more underrepresented amnanda; will

be enforced in generation in this round. For instance, the input prompt in Figure 1 will be mapped
into the cluster corresponding to the computer programmer and if all past generations are males, our
indicator module will enforce a female generation in this round.

In Appendix C, we provide the analysis of the variance of baseline indicator guidané&afkn
memory-based guidance. We show that the variance of baseline guidance is sensitive to the precision



Under review as a conference paper at ICLR 2025

Table 1: Comparison between HBE benchmark and existing diffusion model bias evaluation bench-
marks, including HRS (Bakr et al., 2023), PST (Wan & Chang, 2024), HEIM (Lee et al., 2024),
StableBias (Luccioni et al., 2023), MMDT (Anonymous, 2024), and SBE (Naik & Nushi, 2023). We
conduct the comparisons for target domains including occupation (occ), education (edu), healthcare
(hea), criminal justice (cri), nance ( n), politics (pol), technology (tec), sports (spo), daily activities
(act), trains (tra), prompt structures in the benchmark including simple phrases (phrase) and complex
scenario descriptions (complex), and considered sensitive attributes: gender (G), race (R), age (A).

Domains Prompt Structure  Attributes
occ edu hea cri n pol tec spo act traphrase comple¥ G,RA
HRS 3 7 7 7 7 7 7 7 7 7 3 7 G
PST 3 7 7 7 7 7 7 7 7 7 3 7 G,R
HEIM 3 7 7 7 7 7 7 7 3 7 3 7 G,R
StableBias| 3 7 7 7 7 7 7 7 3 7 3 7 G,R
MMDT 3 3 7 7 7 7 7 7 3 7 3 7 G,RA
SBE 3 7 7 7 7 7 7 7 3 3 3 7 G,RA
HBE |3 3 3 3 3 3 3 3 3 3 | 3 3 | GRA

of guidance effectiveness and can be exploded easily, while the variahe@r@Gen memory-based
guidance is more stable and effective.

4 HoLISTIC BIAS EVALUATION BENCHMARK (HBE)

To fairly evaluate the bias of diffusion models, it is important to make ensure the benchmark is
reasonable and comprehensive. Current bias evaluation benchmarks exhibit three major limitations: 1)
they are predominantly focused on a narrow range of domains, especially in the context of occupations,
which are not representative of the broader diversity of domains. For example, benchmarks like
HRS (Bakr et al., 2023) and PST (Wan & Chang, 2024) solely target occupation-based biases,
while neglecting crucial domains such as healthcare, nance, and daily activities; 2) they rely on
overly simplistic input prompt structures (e.g., a photo describechttsbute> ), which fail

to re ect the complexity of real-world user input that often involves more intricate descriptions.
Most benchmarks such as HEIM (Lee et al., 2024) and StableBias (Luccioni et al., 2023) focus
exclusively on simple phrases, offering no challenge in terms of interpreting prompts with more
complex, scenario-based descriptions. 3) a large portion of benchmarks (Wan & Chang, 2024; Lee
et al., 2024) primarily consider a limited set of attributes, focusing mostly on gender and race while
neglecting other critical sensitive attributes, such as age.

To address these shortcomings, we propose a comprehensive bias evaluation bert¢BE #nlat
encompasses a wider array of domains, prompt structures, and sensitive attributes compared to
previous benchmarks. Speci cally, we develop a set of 2,000 prompts that span diverse domains,
including occupations, education, healthcare, criminal justice, nance, politics, technology, sports,
daily activities, and traits. Our benchmark uniquely addresses domains that have been underexplored,
such as criminal justice, technology, and nance, ensuring that bias evaluation extends into areas
that re ect societal structures more fully. Furthermore, our benchmark includes complex prompt
structures, such as scenarios involving detailed descriptions, which present a more challenging
evaluation than static prompts that simply describe an individual. Unlike other benchmarks that rely
solely on simplistic promptdiBEincorporates both simple and complex input structures to better
simulate real-world user interactions.

We construct the dataset following these steps: (1) we use Mistral-7B-Instruct-v0.2 model to identify
the objectives that can be considered in different domains (e.g., different diseases in healthcare
domains, different political positions in the politics domain); (2) we then use the same Mistral model
to construct scenarios involving the objective as the input prompts; and (3) we nally partition the
2000 prompts into training set, validation set and test set 4084 10% 50% portions.

We also compare our benchmark to existing benchmarks, highlighting its comprehensive coverage of
domains and prompt structures that set it apart from the existing bias evaluation standards in Table 1.
We provide some selective examples across diverse domains in Table 8 in Appendix A.
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Table 2: Bias scor8 (#) and quality scor® (") on our HBE benchmark on two types of text-to-
image diffusion models stable diffusion 2 (SD2) and stable diffusion XL (SDXL) across different
sensitive attributes and the combination of them.

Gender Race Age Gender+Race+Age
Model Method B Q | B Q | B Q | B Q

Vanilla generation | 0.734 0.276| 0.500 0.276| 0.894 0.276| 0.709 0.276
Prompt intervention 0.508 0.247| 0.379 0.240| 0.749 0.243| 0.792 0.256

SD2 " Finetune-based | 0.339 0.228| 0.257 0232 0.734 0.243 0.732 0227
FairDiffusion | 0.714 0.260| 0.364 0.258| 0.729 0257 0.682  0.248

FairGen 0231 0270| 0.217 0.262| 0.683 0.272| 0.601  0.267

Vanilla generation | 0.730 0.296| 0.718 0.296| 0.829 0.296| 0.759 0.296

SDXL Prompt intervention| 0.483 0.279| 0.364 0.284| 0.784 0.285| 0.746 0.289

Finetune-based | 0.302 0.269| 0.286 0.273| 0.638 0.254| 0.683 0.287
FairDiffusion 0.452 0.286| 0.334 0.288| 0.675 0.277| 0.723 0.250
FairGen 0.267 0.293| 0.257 0.290| 0.604 0.287 | 0.658 0.257

Table 3: Bias scoreB (#) for different target portiorP; of attribute male on HBE benchmark. The
average (Avg) and standard deviation (Std) of the bias scores are also reported.

Target portiorP, | 0.0 0.2 0.4 0.6 0.8 1.0| Avg Std

Vanilla generation | 0.982 0.863 0.772 0.673 0.583 0.48D.726 0.168
Prompt intervention| 0.745 0.635 0.554 0.473 0.332 0.25%.499 0.168
Finetune-based | 0.372 0.356 0.332 0.305 0.285 0.264€.319 0.038
FairDiffusion 0.836 0.802 0.734 0.623 0.602 0.553.692 0.105
FairGen 0.272 0.261 0.248 0.228 0.219 0.200.238 0.025

5 EXPERIMENTS

5.1 EVALUATION SETUP

Fairness evaluation metrics. We employ two different metricgroup bias scoreB andquality

score Q to measure the fairness of text-to-image models and the quality of generated images,
respectively. The group bias scaemeasures the absolute difference between the actual portions
and the target portions in the generations. The quality sQoneeasures the conformity of the
generated images to the user input prompt. Concretely, we use the CLIP score between the generated
images and the user input prompt as the quality sGoirethe evaluations.

More formally, we denote the text-to-image model mapping/as) : V 7! Y, whereV is the

text space and is the image space for text-to-image models. We denote all possible values for a
sensitive attribute as a s&t(e.g.,A = f male femaley for gender). We use 2V (i 2f 1;:::;ng)

to denoten test data samples. We use a discrimin&@lorY 7! A to identify the sensitive attributes

of generations. Then, the group bias sd8rean be formulated as:

X
B = % Eayaj2a acea [PID(M (W)= a] P[D(M(vi)) = ail; ™

i=1

Here, the probability[ ] is estimated by Monte-Carlo methods wititimes of samplingT = 10
across the evaluations). In the multi-attribute controlling case, we further take the expectation over
the sets of sensitive attributes.

Dataset & models We evaluatd-airGen and other strong bias mitigation baselines on stable bias
dataset (Luccioni et al., 2023) and our comprehensive bias evaluation bendiBirktroduced in
Section 4. We consider two types of text-to-image diffusion models: stable diffusion 2 model (SD2)
(Rombach et al., 2022) and stable diffusion XL model (SDXL) (Podell et al., 2023). We implemented
the attribute discrimination modé& () by question-answering form with vision-language model
InstructBLIP-2, following (Luccioni et al., 2023; Bakr et al., 2023). We also validate the ef cacy of
the attribute discrimination model in Table 9 in Appendix B.
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5.2 BIAS EVALUATION OF FAIRGEN

We compard-airGen with the following strong baselines in bias mitigation: (1) vanilla generation
via classi er-free guidance (Nichol et al., 2021), (2) prompt intervention based baseline (Bansal
et al., 2022), (3) netuning-based method with distribution alignment loss (Shen et al., 2023), and
(4) latent intervention-based method (Friedrich et al., 2023). The prompt intervention methods
modify the input prompts with attribute speci cation and adopt probabilistic generation to achieve
target distribution. The netuning-based methods ne-tune the diffusion model on a fair distribution
with distribution-alignment loss. The latent intervention methods impose a static global attribute
direction for controlling. Table 2 demonstrates the bias reduction capabilities and generation quality
of FairGen on two types of text-to-image diffusion models, Stable Diffusion 2 (SD2) and Stable
Diffusion XL (SDXL), across sensitive attributes such as gender, race, age, and their combination.
The bias scor® (lower is better) and quality scof@ (higher is better) are evaluated for various bias
mitigation methods. Across all sensitive attributes and their combinafi@im$en consistently
achieves the lowest bias scores, indicating its superior ability to mitigate bias compared to other
approaches. For instance, in the case of gender@sien achieves a bias score of 0.231 for SD2

and 0.267 for SDXL, signi cantly outperforming the other baselines. Similarly, when considering the
combination of gender, race, and afajrGen maintains the lowest bias scores while preserving
generation quality. NotablfairGen also sustains high generation quality, w@@hscores that are
competitive with or superior to vanilla generation (soft upper bound of quality scores without any
interventions). These results underlifa@irGen s ability to balance bias mitigation with image
generation quality, especially in complex scenarios involving multiple intersecting sensitive attributes.

Table 4 presents the bias sc@&end quality scor€

for various bias mitigation methods evaluated on thgple 4: Bias scor8 (#) and quality score
stable bias occupation dataset (Luccioni et al., 2028)(") on stable bias occupation dataset.
Among all methodskairGen demonstrates the most

signi cant bias reduction, achieving a bias score of Method B )
0.160, which is substantially lower than the other base-

lines. This again indicates its superior performance Vanilla generation | 0.798 0.303
in mitigating bias in various datasets. While the ne- Promptintervention | 0.637 0.267
tune-based method also shows notable bias reductidfine-tune-based method0.392  0.281
with a score of 0.39ZFairGen surpasses it by a large FairDiffusion 0.523 0.284
margin and is also more exible to the change of tar- FairGen 0.160 0.297
get portions. AdditionallyFairGen maintains a high
generation quality scorg) = 0:297), which is com-
petitive with vanilla generationd = 0:303) and higher than most other approaches. This indicates
thatFairGen strikes an effective balance between minimizing bias and preserving image quality.

5.3 ABLATION STUDY

5.3.1 EFFECTIVENESS OFFAIR GENWITH DIFFERENT TARGET GENERATION DISTRIBUTIONS

It is important to note that the desired generation distribution may not be exactly balanced. We
sometimes also expect that the distribution re ects the real-world distribution. It requires the exibility

of bias mitigation methods to control the generation portions at particular levels. Therefore, we
also evaluaté-airGen and other strong bias mitigation baselines with different target portions.
The results in Table 3 demonstrate tRatrGen provides a robust and adaptable mechanism for
controlling generation distributions to achieve targeted levels since the average bias is lower than
other baselines at all levels. Speci callyairGen demonstrates both the lowest average bias score
and the smallest standard deviation, which indicates that it consistently maintains a low bias across
different target portions. This stability is critical, as it suggests BztGen is not only effective at
minimizing bias on average but also performs reliably across a wide range of scenarios. In contrast,
while the netune-based approach achieves relatively low bias scores, its standard deviation is notably
higher than that oFairGen . This higher variability implies that the netune-based approach may

be less predictable or stable when applied across different target portions. Methods like Vanilla
generation and FairDiffusion also exhibit higher standard deviations, indicating a less consistent
ability to manage bias across the different target portions.
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5.3.2 BEFECTIVENESS OFSFTAND DPO

During the training of guidance prompt generation

model in Section 3.2, we leverage a dual-phase meghple 5: Effectiveness of SFT and DPO in

anism: SFT which imposes attribute-aware promgfe training of the adaptive latent guidance
generation and DPO which further re nes model withhodule on Stable bias occupation dataset.

fairness generation utility feedback. In this part, we
directly verify the effectiveness of SFT and DPO. We Method B Q
prompt LLM to add attribute speci cation as a baseline

and compare it witlFairGen (SFT) andFairGen LLM prompting 0.203 0.298
(SFT+DPO). As shown in Table 5, the baseline LLM  FairGen (SFT) 0.168 0.299
prompting achieves a bias scddeof 0.203 and a qual- FairGen (SFT+DPO)| 0.160 0.297
ity scoreQ of 0.298. When SFT is applied, we observe
a reduction in bias to 0.168 while maintaining a similar

quality score of 0.299, indicating that SFT bene ts LLM capacity for attribute-aware guidance prompt
generation. Furthermore, adding DPO to SFT further reduces the bias score to 0.160, while keeping
the fairness quality virtually unchanged, suggesting that DPO enhances the model by including addi-
tional feedback on quality of guidance prompts, which bene ts the model to capture more nuanced
correlations between prompt structures and fairness utilities.

5.3.3 FAIRGENWITH DIFFERENT DIFFUSION TIME STEPS

In this part, we explore the impact of diffusion timdable 6: Effectiveness of applyirfeairGen
steps to applyFairGen guidance on the effective-at different diffusion time steps dABEbench-
ness of bias mitigation and generation quality. TH8ark with gender as sensitive attributes.
results in Table 6 demonstrate that applying latent
guidance at the early diffusion stage (within the rst Method | B Q
25% time steps) will not effectively guide fair gener-

ations since later denoising will downplay the early Eatrlygg(fj’fs:age 8‘21?2 8223
guidance, while applying guidance at a later stage ater gs age ' '

(last 25% time steps) only will degrade the align- _Middle 25%stage| 0.231  0.270

ment between generated images and input text. Therefore, we adopt guidance at the intermediate
stage (middle 25% time steps) which achieves better tradeoffs between bias mitigation effectiveness
and generation quality.

5.4 RUNTIME EVALUATION

Table 7:Comparison of runtime (hours) betweenFairGen and other bias mitigation baselines
on stable diffusion 2 model on HBE benchmark.instance wise runtime

| Vanilla Prompt intervention  Finetune-based FairDiffusiofrairGen

Training phase| 0.0 0.0 435 0.0 0.0
Inference phase 12.3 12.3 12.5 13.1 14.9

We also evaluate the runtime ofFairGen and other bias mitigation baselines in both the
training phase and inference phase in Table 7. As a training-free methodsairGen induces
no training computational costs. In the inference stage, althougRairGen inducesl + 2jA]
noises estimates in each diffusion step, whejgj is the number of sensitive attributes, the
adaptive guidance is only enforced at a small portion of intermediate diffusion steps (details in
Section 5.3.3). Additionally, the noise estimates for different attributes are independent and
parallelized in the inference. Therefore,FairGen only leads to marginal runtime overhead
compared to the baselines while mitigating the bias signi cantly.

5.5 VISUALIZATION EXAMPLES

In Figure 2, we present a series of image generations produced IBairGen , demonstrating its
ability to precisely control the gender attribute while maintaining a high level of image delity.
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