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ABSTRACT

Activation steering has emerged as a powerful method for guiding the behavior
of generative models towards desired outcomes such as toxicity mitigation. How-
ever, most existing methods apply interventions uniformly across all inputs, de-
grading model performance when steering is unnecessary. We introduce Dynam-
ically Scaled Activation Steering (DSAS), a method-agnostic steering framework
that decouples when to steer from how to steer. DSAS adaptively modulates the
strength of existing steering transformations across layers and inputs, intervening
strongly only when undesired behavior is detected. At generation time, DSAS
computes context-dependent scaling factors that selectively adjust the strength of
any steering method. We also show how DSAS can be jointly optimized end-to-
end together with the steering function. When combined with existing steering
methods, DSAS consistently improves the Pareto front with respect to steering
alone, achieving a better trade-off between toxicity mitigation and utility preserva-
tion. We further demonstrate DSAS’s generality by applying it to a text-to-image
diffusion model, showing how adaptive steering allows the modulation of spe-
cific concepts. Finally, DSAS introduces minimal computational overhead while
improving interpretability, pinpointing which tokens require steering and by how
much. The code will be available in github.
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Figure 1: DSAS dynamically scales the intervention strengths applied to each token. Vanilla activa-
tion steering with the common strategy of applying a global strength A, induces pear regardless of
the input prompt (left). Our DSAS adapts the per-token strength of any steering technique to work
only conditional to some aspect of the input, in this example, only when the concept fruit is present
(right). Note how pear does not appear in (middle) since the prompt is not about fruits.

1 INTRODUCTION

A central challenge in generative modeling is aligning model behavior with human expectations,
suppressing harmful or biased outputs while preserving general capabilities. The need for such
alignment has motivated research into different conditioning methods, such as prompt engineer-
ing (Marvin et al., [2023)), fine-tuning (Hu et al., 2022), or activation steering (L1 et al.,|2023).

Activation steering has recently gained traction by effectively balancing computational cost and
conditioning power. This family of techniques directly manipulate internal representations towards
a desired behavior offering fine-grained control and interpretability without modifying the model
weights. Previous work has demonstrated the effectiveness of activation steering on applications as
toxicity mitigation (Suau et al., [2024b}; Rodriguez et al., [2025ajc; [Rimsky et al., [2024), knowledge
editing (Hernandez et al., 2024} Zhang et al., |2024a; |Wang et al., [2024) or factuality enhancement
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(L1 et al) [2023; Wang et all 2025} Zhang et al., |2024b). However, these methods make strong
assumptions about the input data (i.e., that it always requires steering) and typically degrade the
model’s performance when applied indiscriminately.

Conditional steering methods prevent indiscriminate conditioning by intervening only when appro-
priate. However, most existing methods are inaccurate since they rely on static rules, binary triggers,
prompt-level heuristics (Hegazy et al.l [2025; |Li et al, 2025} [Lee et al.l [2025), or only work for a
specific family of steering methods (Hedstrom et al., [2025). This calls for a universal conditioning
mechanism that precisely adapts steering strength on each input (e.g., per token or spatial feature).

In this work, we introduce Dynamically Scaled Activation Steering (DSAS), a steering-agnostic
framework that decouples when to steer from how to steer. DSAS continuously and adaptively
modulates the strength of existing steering methods across layers and inputs, intervening strongly
only when undesired content is detected while leaving original behavior largely untouched. This
enables reliable conditional alignment improving interpretability and computational efficiency.

Our contributions are: (i) We propose DSAS, a framework to dynamically scale intervention
strength based on activation characteristics, learning when to steer rather than applying fixed poli-
cies. (ii) In text generation, DSAS improves the toxicity—performance trade-off, reducing output
toxicity while preserving fluency and utility. (iii) DSAS outperforms recent conditional steering
methods such as CAST (Lee et al.;,|[2025) and MERA (Hedstrom et al., [2025)), achieving stronger
toxicity mitigation with higher performance retention. (iv) We extend DSAS to end-to-end frame-
works like LINEAS (Rodriguez et al.l2025c])), enabling joint training via backpropagation. (v) We
show empirically that DSAS works across modalities by successfuly applying it to text-to-image
diffusion models (T2IM) without further modification.

2 RELATED WORK

Activation steering methods condition the behavior of a model by perturbing their activations (Rim-
sky et al., [2023} [Wu et al., [2024} [Suau et al., 2024b)). For example, CAA (Rimsky et al., [2023) and
ActAdd (Turner et al.|[2024) add a steering vector obtained by contrasting activation pairs, ITT (Li
et al., 2023) pushes activations perpendicularly to a classifier boundary, and LinAcT (Rodriguez
et al., [2025b) as well as LINEAS (Rodriguez et al., 2025a) push activations following the optimal
transport map between the source and target activation distributions. All these methods are typically
applied uniformly to all model inputs, making the naive assumption that they were sampled from
the source distribution, calling for adaptive methods that are input-aware.

A number of recent methods propose adapting the steering strength based on the model input. Lin-
AcT (Rodriguez et al.l 2025a) and CAST (Lee et al., 2025) take a binary decision on whether to
intervene based on the input. LinAcT only intervenes upon embeddings within the first and last
quantiles of the source distribution, while Lee et al.|(2025)) conditions hidden states with high cosine
similarity (above some threshold 7) with respect to contrastive steering vectors in PCA space. In ad-
dition to abstain from intervening on target inputs, Hegazy et al.| (2025) propose a controller network
that predicts the intervention strength for a given input, but the same strength is applied to within
the whole input (e.g., all tokens). Instead, MERA (Hedstrom et al.l [2025) dynamically rescales the
intervention strength for each input element proportionally to the distance between the embeddings
and the hyperplane that classifies source and target samples with some cross-validated margin a.
However, MERA offers an adaptive solution tailored specifically to ITI-like steering, which fails
to generalize to distributional or end-to-end methods such as LINEAS. Moreover, MERA assumes
that the data protected from steering coincide with the target domain, which is often not the case in
practice. To address these limitations, we introduce DSAS, which removes this assumption through
a dedicated control set and generalizes across intervention families (CAA, ITI, and LINEAS).

3 METHOD

The goal of activation steering is to guide the neural network to exhibit a desired behavior, while
preserving its performance in other domains. As discussed in section [I] existing literature has
demonstrated promising results in eliciting target behaviors such as reducing toxicity or improv-
ing truthfulness. However, the ability to steer the model selectively, i.e., activating steering only
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when necessary, while maintaining its general capabilities remains underexplored and challenging.
In this section, we introduce a novel method designed to enable controlled and context-dependent
steering.

3.1 PRELIMINARIES AND NOTATION

Following the notation from Rodriguez et al.[(2025c)), we define a neural network as a composition of
L +1 functions fy, where each f, represents a distinct component of the network (e.g., a transformer
layer, a block of consecutive layers, an MLP, etc.). Thus, for a given input & ~ X, the output of the
network is 0 = fr41 0 fr o...0 fo 0 fi(x). Each input is considered a sequence of K tokens ¢, so
thatx = [ty,...,tg, ..., tx], with t, € R%

The steering functions, namely 7, : R% — R9, are applied on the intermediate activations of the
network, i.e., the outputs of f1, ..., fr, where d, denotes the dimensionality of the embedding space
produced by f,. A given layer composed with an intervention, 7y o fy, is considered an intervened
layer. Note that one could choose to intervene only upon a subset of layers.

An internal activation of the original network is defined as ay(x) = fyo fe_10...0 f1(x). Similarly,
an internal activation of the intervened network is defined as ay(x) = fyoTy_10fe—10...0T10f1(x).
It is important to note that &,(x) does not include the steering applied at layer £ itself, but only the
steering up to layer ¢ — 1. For simplicity, we often refer to a, and &,, dropping the (x) term.

Existing activation steering methods (L1 et al., 2024} Rimsky et al.,[2023;|Wu et al.,|2024; |[Rodriguez
et al., [2025bic) rely on two sets of inputs to estimate the intervention functions 7y, namely source
and rarget sets (see definitions [I] and [2). Typically, the source inputs are sentences that represent
an unwanted behavior of the model (e.g., toxic language), while target sentences represent a wanted
behavior (e.g., non-toxic language). Then, different approaches propose various ways of estimating
T, such that the overall model behavior is closer to the target domain.

3.2 DYNAMICALLY SCALED ACTIVATION STEERING (DSAS)

Although effective, blindly steering the model behavior towards the target domain has adverse side
effects. For example, steering away from a sensitive domain like toxicity can unintentionally de-
grade the model’s performance on unrelated tasks, reducing its ability to generate accurate responses
outside the target domain. Therefore, a core challenge in activation steering is to flexibly apply be-
havioral modifications only when necessary, e.g., steering inputs that exhibit undesired behaviors
(represented by the source set) while preserving the model’s original performance on neutral or un-
related inputs. To this end, we use a control set (definition [3) with the goal of steering from source
to target domains, while preserving the model’s original behavior on the control domain.

Definition 1 (Source set). A set of samples S = {:csrc’(i)} ~ X8¢ C X exhibiting undesired
behavior (e.g., toxicity, hallucinations). These are the examples the model should steer away from.

Definition 2 (Target set). A set of samples T = {x*8%()} ~ X8t C X exhibiting desired behavior
(e.g., politeness, factuality). These represent the behavior the model should move towards.

Definition 3 (Control set). A set of samples C = {x“"()} ~ XY C X neutral with respect to the
behavior being modified. They serve as a baseline and should remain unaffected by steering.

The relationship between the control set C and the target set 7 depends on the nature of the target
behavior. For a broad target distribution (e.g.,, general safe content), the control set is equivalent
to the target set (C = T), as the goal is to leave already-safe content unchanged. Conversely, for a
narrow target distribution (e.g.,, specific refusal phrases), the control set should remain broad and
distinct from the target (C # 7)) to prevent the model from over-generalizing the refusal behavior
to safe, unrelated inputs. The source distribution is assumed to be disjoint from the other two,
xsren (AXtsty Xet) = @. This ensures a clear separation between undesired and desired behaviors.

Adaptive Steering Strength. Most steering methods in the literature provide a strength parameter
A to control the intervention’s impact. However, this parameter is applied uniformly across the
generation process, affecting all tokens in LLMs or all pixels in image generation equally.

We propose to adapt A per-token (or spatial feature) based on the content being decoded. For that, we
train a linear regressor per layer, aiming at separating tokens or features from S and C. To train the
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regressor, we collect source activations Sy by pushing forward inputs from S up to layer ¢. Similarly,
we obtain control activations C,. Intermediate activations are decomposed into embeddings so that
a; = [tm, - 72 K|, where t;j, € R%. Without loss of generality, we assume each input has K
meaningful tokens (omitting special tokens such as PAD, EOS, SEP, etc.). The average embedding
at layer ¢ for input x is

K
_ 1
tg(w) = t(a() = I E tor € R%, (D)
k=1

Applying eq. (1) to activations Sy and Cy yields two sets of average embeddings {f(azrc’(i))} and
{f(aztl’(z))}, with which we construct a binary dataset with label () = 1 for src average embed-

dings and y*) = 0 for ctl average embeddings. We train a logistic regressor hy(t) = p(6] t +b;) €
[0, 1] per layer, parameterized by 6, € R% and b, € R, where p is the sigmoid function. The training

dataset for the linear regressor at layer £ is then {(fgi), y )y,

We choose to average embedding activations for each input to train hy, rather than using individual
embeddings because it is often unclear which embeddings make a sentence or image undesirable or
desirable. For example, the beginning of a sentence might appear benign even if harmful content
appears later, or some areas of an image might show violent scenes while others do not. There-
fore, given the lack of individual embedding groundtruth annotations, using individual embeddings
may introduce noise and reduce the reliability of the steering signal. The average sentence/image
activation, although not optimal, serves as a more stable and global signal for a given input.

Once trained, the probability of the positive class (embedding ¢ beloning to S, i.e., undesired em-
bedding) is pp,(y = 1 | t) = he(t) € [0,1]. We propose to use this probability as adaptive
(per-embedding) intervention strength.

Dimensionality Reduction. In typical activation steering setups, a key challenge could arise due to
the high dimensionality of layer activations (d,) relative to the usually limited number of samples
(IS],IC] < dy), with |H,| < de. In this regime, linear classifiers can trivially separate training
data, even if the separation arises from noise rather than meaningful signals (spurious overfitting).
To mitigate this, we regularize by applying PCA—computed from Sy, U Cy— before training the
logistic regressor. This helps to reduce overfitting and, importantly, it significantly reduces training
time (appendix [FI)). The projected average embeddings are defined as:

Z0r =U, (tog, — ) ER", 2)

where 11, is the mean across all average embeddings in (S, Cy), r is the number of PCA components
kept, and U, € R%*" are the top r right singular vectors.

We then train the logistic regressor by optimizing a cross-entropy loss on a dataset of projected em-
beddings {(2¥, 3())}7_, corresponding to the raw average embeddings #(*), resulting in a regressor
for inference embeddings of the form

RECA®) = (8] UT (8 = pe) + be) € [0,1], 3

where 0, € R". Importantly, after training, the PCA and logistic weights can be combined as
0y = U,0,, enabling direct inference in the original activation space and reducing computation.

After training each classifier, if its accuracy is low, the layer may not reliably encode the target
behavior, so steering can be applied moderately—with predictions expected to hover around 0.5—or
skipped if accuracy for that layer is below a threshold 7 if a more conservative approach is preferred.
In appendix [G| we experiment with per-layer adaptive strength that removes the need of tuning 7.

DSAS at inference. Finally, assuming we have a global strength A and, following the linear inter-
polation strategy from (Rodriguez et al.l[2025bjc)), we can modulate any intervention function 7y for
every k-th embedding ¢, ;, conditioning the intervention strength on the embedding content as

TP (t04) = (1= ho(tor)) - top + ho(tor) - To(tor; N). 4)

The use of a global strength parameter is optional and it could be merged into DSAS’ classifier
output, however it is useful to compare DSAS with existing steering methods. This formulation
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decouples the process of learning when to steer (hy) from the choice of how to steer (1y). As a result,
our method can serve as a a general modulation mechanism compatible with existing activation
steering strategies as we empirically show in following sections. In addition, the computational
overhead at inference is small. Each embedding requires only 2dy; + 2 FLOPs, which is small
compared to a transformer layer, making DSAS fast and practical at inference (appendix [A).

3.3 LEARNING DSAS END-TO-END

Our vanilla DSAS method described in section[3.2]can be applied offline as a post-processing step on
top of already existing steering methods. However, recently, LINEAS (Rodriguez et al.,[2025c) has
shown the power of end-to-end learned steering with respect to other approaches that learn steering
functions independently for each layer. In this section, we explore combining our adaptive strength
in the end-to-end setup from LINEAS.

To build our end-to-end version of DSAS (E2E-DSAS), we remove all static elements (including
the PCA projection) and learn the logistic regression parameters (6, by) jointly with the LINEAS
linear maps themselves, parameterized by (wy, B¢). Then, the adaptive LINEAS map becomes:

TEPEDSAS ¢y — (1 — X f(0)t+by) ) A fO/t+b) (W@t +Be). 6)
E2E-DSAS strength E2E-DSAS strength LINEAS map

Note that we have now replaced the sigmoid activation function p with a generic function f, since
we are no longer restricted to the logistic regression scenario. This allows us to use other activation
functions, such as ReLU, instead of the sigmoid.

Steering Training. We optimize (g, by, wy, B¢)V¢ using the 1D Wasserstein loss (A) as done by
Rodriguez et al.| (2025c), noted A, = A({(a5"°)}, {£(a}®")}). Such loss takes unintervened ac-

tivations {a,®'} (typically pushing samples from 77) and activations {&5*}, pushing samples from
S and applying TF*5P5AS maps to thenﬂ Minimizing Ls_7 = >, A, reduces the distributional

shift between {#(&57)} and {#(a;®")} VZ, so intervened source samples appear as sampled from 7.

Control Regularization. Naively optimizing Ls_7 does not provide a meaningful learning sig-
nal for the logistic regression parameters (6, b;), as there is no guidance on whether the steering
strength should be high or low. Consequently, the learned parameters produce strengths close to 1
for all embeddings, effectively recovering vanilla LINEAS. To address this, we introduce a regu-
larization term L¢, similar to the one introduced by Zou et al.| (2024), that encourages activations
from the control group C to remain similar before and after intervention. Unlike the source loss,
which requires a distributional metric, here we can exploit the one-to-one correspondence between
samples and directly penalize deviations from the original activations as

n L
1 7/ AC 7 7/ C 7
Leo == I#E) = €@ )2 Le= Lo ©)
=1 =1

where n is the number of control sentences in the training batch, and the subscript ¢ refers to the
activations of the ¢-th sentence.

The final loss is a weighted combination of source and control terms, £L = Ls_7 + vL¢, where
v trades-off the intervention with the control group preservation. It is important to note that both
Ls_7,Lc operate on the same spaces of activations, easing the tuning of the parameter ~y. In all
our experiments we use v = 1, although an ablation can be found in appendix Furthermore,
since we are not directly optimizing (6, by) on binary labels, the method benefits from implicit
regularization. Algorithmic descriptions for all methods are provided in appendix [B]

4 EXPERIMENTAL RESULTS

We show that DSAS improves toxicity mitigation across LLMs and activation steering methods
(section [4.T)) and that it works on other modalities like T2I generation (section 4.2).

"During training, the average embeddings are used, as we do for DSAS.
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4.1 DSAS IMPROVES THE PARETO FRONT ON TOXICITY MITIGATION

We measure how well the model retains its general LM capabilities while enforcing a specific be-
havior. We focus on the task of toxicity mitigation, which provides a clear, measurable goal: reduce
the toxicity of the generated text without degrading the model’s performance on non-toxic inputs.

Toxicity datasets. As training data, we use the Real Toxicity Prompts (RTP) dataset (Gehman
et al., 2020), selecting 32 toxic sentences as sources (Dg), 32 non-toxic sentences as targets (Dr),
and 32 additional non-toxic sentences as controls (D¢). An ablation for the number of training
samples is provided in appendix [D} For evaluation, we use the Thoroughly Engineered Toxicity
(TET) dataset (Luong et al., 2024) as test prompts. Following common practice (Suau et al., 2024a;
Rodriguez et al.l [2025c), we assess each generated completion with an open-source RoOBERTa-
based toxicity classifier (Logacheva et al |2022)) and define Toxgr as the average toxicity score
(or fraction of toxic classifications) on the TET completions (lower is better). Reported results are
averaged over four random generation seeds for robustness.

Language Modeling Datasets. To test whether DSAS helps activation steering methods to retain
LLM’s general language modeling abilities, we evaluate on non-toxic data using two metrics: (i)
perplexity on 20,000 Wikipedia sentences (Wikimedia Foundation), and (ii) 5-shot accuracy on the
Massive Multitask Language Understanding (MMLU) benchmark (Hendrycks et al., 2021). In ap-
pendix [E| we provide extended results for other benchmarks. We report both metrics before and after
applying our method, expecting minimal changes; a significant rise in perplexity or drop in MMLU
would indicate degraded model performance.

Setup. We evaluate DSAS combined with three representative activation-steering methods:
CAA (Turner et al., [2024), ITT (L1 et al.; 2023), and LINEAS (Rodriguez et al.,|2025c), using three
open-source LLMs: Qwen 2.5 (1.5B), Qwen 2.5 (7B) (Yang et al.;,|2025)) and Gemma 2 (2B) (Riviere
et al.,|2024). For all methods, we retain 5 PCA components in U, as experiments showed it provides
a favorable balance between accuracy and training efficiency (see appendix [Ffor an ablation). Steer-
ing is applied at the attention output layer (i.e., the output of the attention sub-layer, . xo_pro7j)
as recommended by Rodriguez et al.| (2025c). We provide an additional layer ablation study in ap-
pendix [H] where we find that DSAS has a positive effect for most layers and intervention types and
a neutral effect otherwise. For LINEAS in all its variants, we train with Adam (no weight decay),
150 steps, a learning rate of 5 x 10~%, and cosine schedule with end value of 5 x 10~°. For toxicity
mitigation experiments, we set the accuracy threshold 7 = 0, as higher values yielded no improve-
ment.

Results. Comparing steering methods is challenging because outcomes depend on the global inter-
vention strength \: stronger steering generally reduces toxicity but can degrade PPLy;x and MMLU
performance. To ensure a fair comparison, we evaluate the full Pareto front by varying A, plotting
toxicity reduction against model degradation to capture the complete trade-off spectrum on fig. 2}
As expected, increasing the global steering strength A reduces toxicity (TET) but also degrades
reasoning (MMLU) and fluency (PPLy;), with sharp drops at high intervention levels.

» DSAS consistently improves the Pareto front across steering methods. For any given toxi-
city level, DSAS achieves higher MMLU and lower perplexity than unconditional steering, with
CAA+DSAS and ITI+DSAS even outperforming LINEAS despite being the strongest single-
method baseline. Notably, applying DSAS at A = 1 preserves model capabilities with only mi-
nor toxicity increases, while scaling A using DSAS further reduces toxicity without compromising
MMLU and perplexity as severely. DSAS achieves this effect by selectively modulating activations
for toxic generations (appendix [[). This makes DSAS robust to low-quality or noisy training signals:
when the supervision becomes uninformative, the method naturally reverts to the vanilla steering
method, and does not degrade its original capabilities appendix [} Although toxicity can also be
tuned via logistic regression class weights, varying A provides more favorable trade-offs overall

(appendix [K).

» DSAS trained end-to-end can match or outperform the vanilla version. Figure |[2|demonstrates
that E2E-DSAS trained with a ReLU activation function improves the Pareto front compared to the
vanilla LinEAS version. Additionally, it achieves competitive or improved performance with respect
to the Pareto fronts of the vanilla DSAS. We also provide a comparison using the Sigmoid activation
function in appendix [CT] where it performs better than ReLU on Gemma 2 (2B) but slightly worse
on Qwen 2.5 (1.5B). E2E-DSAS with sigmoid did not produce improvement on Qwen 2.5 (7B).
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Figure 2: Pareto fronts for toxicity mitigation vs. capability retention. Left: Toxpgr vs. MMLU
accuracy for CAA, ITI and, LINEAS, both with and without DSAS. Right: Toxrgr vs. PPLix
for the same methods. For each original method, and in each DSAS-conditioned model, we vary
the global intervention strength A to draw the Pareto front. We set A = [0, ..., 10] for all methods
and clip the Y axis when perplexity increases by 3 points to discard nonsensical generations. In
both models, applying DSAS consistently improves the trade-off between toxicity reduction and
capability retention.

» DSAS can outperform existing conditional steering methods. In table [I] we compare against
two recent conditional steering methods: CAST and MERA
2025)), reporting results for their best overall configurations and comparing their full Pareto fronts
in appendices [M] and [N] We find that DSAS attains a superior trade-off between toxicity reduction
and model-behavior preservation.

Case Study: Steering Away from “banana”. DSAS is designed to conditionally steer model
generations based on the presence of a given concept. To qualitatively evaluate this ability without
introducing offensive material, we mimic the toxicity mitigation scenario by steering the model
away from the concept of banana (as a stand-in for toxic content). The objective is to suppress
banana-related generations while preserving fluent and natural outputs on non-banana prompts.

We construct three datasets using GPT-4 (Achiam et al., 2023): (i) a Source set of 32 banana-related
sentences, (ii) a Target set of 32 refusal sentences (e.g., “That content is against usage policy, so I
can’t assist with it”), and (iii) a Control set of rephrased non-bananas sentences structurally similar
to the source but on unrelated concepts (e.g., for source sentence “The scientific name for the banana
plant is Musa.”, the control version is “The scientific name for the domestic cat is Felis catus.”). Full




Under review as a conference paper at ICLR 2026

Table 1: Toxicity mitigation and performance retention across steering methods for
Qwen 2.5 (1.5B), Gemma 2 (2B) and Qwen 2.5 (7B). Values are chosen to minimize ToXtgr
while limiting PPLyw;x to at most a 5% increase and MMLU to at most a 3% decrease relative to the
unmodified model.

Qwen 2.5 (1.5B) Gemma 2 (2B) Qwen 2.5 (7B)
Method Toxter% | PPLwik 4 MMLU% 1 Toxpr% 4 PPLwix & MMLU% 1 Toxter% | PPLwix L MMLU% 1
None (original model) 25.50 13.65 60.83 18.53 14.81 53.08 29.39 10.66 74.19
MERA 13.23 13.97 59.31 4.61 14.87 52.17 15.28 11.00 72.06
CAST 11.46 14.28 59.09 14.07 14.83 53.07 11.13 11.12 74.27
CAA 13.67 14.27 60.02 4.51 15.52 51.79 14.19 11.12 73.05
CAA+DSAS 8.64 14.16 59.84 3.48 14.78 51.78 9.79 11.02 73.02
ITI 16.50 13.95 59.84 6.97 14.98 52.19 18.76 11.00 72.72
ITI+DSAS 11.79 14.10 59.96 317 14.90 51.51 13.84 11.09 72.74
LINEAS 9.78 13.95 59.19 6.50 14.78 51.99 15.57 11.04 73.59
LINEAS+DSAS 3.98 14.32 59.49 2.26 15.48 51.60 12.80 11.09 73.81
LINEAS+E2E-DSAS (ReLU) 5.18 14.11 60.00 1.64 15.40 52.10 12.89 11.10 74.16
LINEAS+E2E-DSAS (Sigmoid) 6.11 14.24 59.54 0.91 15.47 51.62 14.83 11.16 73.61

Table 2: Example continuations for two prompts, one about bananas and one unrelated. The first
column shows the unmodified model’s continuation. Subsequent columns present outputs from each
steering method, both in their base form (global strength A = 1) and combined with DSAS (global

steering strength A = 2). For DSAS-augmented methods, each token is color-coded by its mean

activation strength across the layers (+ 37 b} A (¢)) , ranging from blue (low) to red (high).

. . CAA ITI LINEAS
Prompt + Continuation
Vanilla +DSAS Vanilla Vanilla +DSAS
A monkey loves eating bananas. He eats numbers . He bananas. He eats strings. He can o .
bananas. He eats 20 each 10 more than lives fin the filel . 10 more than only eat a string n
day for breakfast, some twice the number 1 HE and jgoes thrice the if it satisfies the \weighing 1 0
number of pieces in the of apples he ate number of apples every hour he following [ 1] he
afternoon... yesterday,... he ate works onl a conditions: 1) pear that
yesterday,... project g and The length of weighs twice as
the amount lof this string is... an apple and 2
time... oranges...
Once upon a time, there , I'had to create B , I'had the B , there was an B
was an old man who lived  an instance of following code: ancient Chinese
in the forest. He had two the ‘User* class “var str = text that read: li
sons: one son loved... and assign it as a ¢ ”0123456789”; e “In the first year fo
member St.Split(”)... of Yuanshi nds
variable... (1905),... [and]they]all]

data can be found in appendix [0.1} Training follows the toxicity setup, except that cross-validation
showed large layer-wise accuracy differences. Steering is thus applied only to layers with accuracy
above 7 = 0.75 (see appendix [G).

Results. Table 2] presents example continuations for a banana-related prompt, and a neutral prompt
under the different steering methods with global steering strength A = 1 for the vanilla methods and
A = 2 for their DSAS-augmented counterparts (see appendix [C] for details on the choice of A > 1).
For the banana-related prompt, DSAS-augmented methods effectively suppress the banana concept.
For the neutral prompt, DSAS-conditioned outputs remain close to the original continuation (even
when applied with A = 2), whereas the vanilla methods drastically change the generation semantics,
indicating that DSAS better preserves normal model behavior. This shows that, with DSAS, we can
safely apply larger global strengths to steer away from the target concept while preserving text
coherence and overall model performance when the concept is absent. In addition, for the banana-
related prompt the DSAS activation map (blue indicating low activation, red high activation) shows
particularly strong activations on the prompt and tokens where the model could generate “banana”
related continuations, confirming that DSAS correctly detects and counteracts the targeted concept.
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4.2 APPLICATION TO DIFFUSION MODELS

Setup. We evaluate our method on text-to-image generation using the DMD2 model (Yin et al.,
2024), which produces high-quality images in a single diffusion step. Typically, conditional activa-
tion steering intervenes only under specific conditions, such as preventing the generation of sensitive
or inappropriate content. For ethical and publication reasons, we avoid including explicit or toxic
images. We instead employ placeholder concepts, encouraging the model to blur outputs only when
the target concept is present, while leaving other generations unchanged. We exclude CAST and
MERA from this experiment because CAST assumes an autoregressive setting that is not compatible
with image diffusion and, MERA cannot handle control data, which is essential for this experiment.

We repeat the blurring experiment with six placeholder concepts from which we seek to steer away:
bananas, phones, castles, apples, astronauts, and elephants. For each concept, we use 32 concept-
related prompts, blurred versions of the prompts as targets, and 32 unrelated prompts as controls (the
control set is identical across cases). Steering is applied using CAA within U-Net normalization
layers (unet . xnorm.«) with an accuracy threshold of 7 = 0.75 as we report in appendix [G|
Evaluation is performed on 16 unseen concept-related and 16 non-concept-related prompts. All
sentences were generated using GPT-4 |Achiam et al.| (2023)), including concept-related sentences,
their blurred versions for targets, and random sentences for control and validation sets (full data

in appendix [P.I).

We quantify performance using CLIPScore (Hessel et al., 2021}, which compares generated im-
ages to the reference prompt “A blurry image” (higher scores indicate stronger blurring; desir-
able for concept-related images while maintaining baseline scores for non-concept-related images),
and IMGScore, which measures similarity between steered and unsteered images (lower scores re-
flect stronger alteration, while higher scores indicate better preservation; desirable for non-concept-
related images and lower for concept-related images).

Results. Figure [3]shows that with vanilla CAA, CLIPScore increases similarly for both groups as
the global steering strength X increases, while IMGScore decreases equally for both groups. In con-
trast, applying CA A with DSAS yields a substantially larger increase in CLIPScore and a stronger
reduction in IMGScore for target concept-related images, while achieving higher preservation on
non-concept-related images as A increases.

CAA CAA+DSAS

0.244 1 0.244 Concept Related 104

0.22 1 0.9 0.224 = 0.9
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Figure 3: Left: Average CLIPScore and IMGScore for 6 target concepts toward blurriness un-
der increasing global steering strengths A with CAA. Right: CLIPScore and IMGScore un-
der CAA+DSAS. Whereas CAA affects both concept and non-concept-related images equally,
CAA+DSAS blurs concept-related images while better preserving non-concept-related ones.

Figure [] shows generated images for banana target concept at five global steering strengths A (0,
0.25, 0.5, 0.75, 1) for CAA alone and CAA+DSAS, using banana-related prompts (top block)
and non-banana prompts (bottom block). Qualitative results for other tested concepts are included
in appendix[P.2] CAA outputs are in the top row, CAA+DSAS in the bottom. CAA blurs all images,
while DSAS restricts blurring mainly to banana-related prompts, non-banana images remain largely
unaffected. Increasing global strength further intensifies blurring on banana-related images with
little effect on others. However, while DSAS can sometimes focus more blurring on regions where
concept is present (e.g., a banana on a napkin), in the diffusion generation, it typically fails to
precisely localize the concept and instead applies blurring more diffusely (appendix [P3).
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Banana-themed still life painting Half a banana placed on a napkin Yellow and green bananas arranged artistically
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Figure 4: Examples of 6 generated images from validation prompts: 3 banana-related (top) and 3
non-banana-related (bottom). For each prompt, the first row shows generations with CAA across
A € {0,0.25,0.5,0.75,1}, and the second row shows the same for CAA+DSAS. While CAA
introduces blurriness in all cases, CAA+DSAS selectively blurs banana-related images only.

5 LIMITATIONS AND DISCUSSION

We discuss some limitations of DSAS and potential improvements devised for future work.

DSAS exploits the Linear Representation Hypothesis, assuming linear separability in the activation
space. When this hypothesis is not valid (e.g.,, non-linear structure in activation space) we should
account for that by, for example, using a non-linear regressor (e.g., an MLP). While this approach is
theoretically valid, empirical results should back up its practical feasability.

DSAS relies on the quality of the logistic regressors hy. A poor performance, i.e., due to poor data
separability for example, hinders DSAS performance (see Appendix [J]for plots and discussion). This
is both a drawback, since one cannot benefit from adaptive strengths; but also an advantage because
even with a random classifier, DSAS falls back to the vanilla steering!

DSAS introduces an additional training set with respect to traditional steering. While the size of this
dataset is small (e.g., 32 sentences), it adds an additional step for the user. However, we believe that
the benefit of DSAS over traditional steering largely outweights this overhead.

We could condition DSAS on pixel or attention masks to achieve more precise spatial or temporal
control. However, it would require adding significant machinery to extract, process, and apply these
maps. While cross-attention maps are available within some models, they can be noisy and require
careful handling. Using a more precise external segmentation model would dramatically increase
the computational cost, defeating the purpose of a simple, fast intervention and conflicting with the
“lightweight” principle of DSAS, which aims for near-zero computational overhead.

6 CONCLUSION

We introduce DSAS, a novel framework that significantly enhances any activation steering method
by decoupling when to intervene from how to steer. This distinction is critical: it enables DSAS to in-
tervene only when necessary, thereby preserving the model’s native fluency by avoiding degradation
from unnecessary steering (e.g., reducing toxicity in already non-toxic content). In our experiments,
we demonstrate that DSAS consistently outperforms existing unconditional and conditional steering
methods, such as CAST and MERA, across Pareto-front trade-offs for toxicity mitigation. Further-
more, we propose E2E-DSAS, which can be trained jointly with steering techniques, showing equal
or better performance than standalone DSAS. Additionally, E2E-DSAS allows expanding the ar-
chitectural choices by allowing new activation functions and layers. Finally, we showcase DSAS’s
broad applicability, extending its utility to diffusion models for selectively suppressing undesired
concepts through targeted blurring, suggesting promising avenues for adaptive control across di-
verse generative tasks.

10
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REPRODUCIBILITY STATEMENT

To ensure reproducibility, we base our work on public data and open source code. This docu-
ment and its appendices include all additional data and details to reproduce the method and tables
presented in this work, and the code will be made publicly available on Github. Section [3.2]and ap-
pendix [B| contain an accurate description of DSAS. In addition, we include an ablation on the effect
of PCA and the choice of PCA components in appendix [F| generalization of DSAS to other layers
in appendix [H] the effect of class weighting in the logistic regression in appendix [K] the impact of
~v in appendix additional details on the CAST and MERA setups in appendices [M] and [N} the
dataset of sentences used in appendix [O} the effect of 7 in appendix (Gl and further details and data
for the diffusion experiments in appendix [P| All experiments are reproducible using an NVIDIA
A40 GPU.

ETHICS STATEMENT

This work presents a tool for selectively inducing or mitigating behaviors in generative models. As
such, it can be used by benign actors to reduce the generation of offensive content and promote an
ethical behavior, while more malicious actors could use it for censorship or jailbreaking. Overall,
we believe that our work improves control and understanding of the behavior of generative models,
which can help making these models more transparent, fair, and tailored to user needs.

REFERENCES

Josh Achiam, Steven Adler, Sandhini Agarwal, Lama Ahmad, Ilge Akkaya, Florencia Leoni Ale-
man, Diogo Almeida, Janko Altenschmidt, Sam Altman, Shyamal Anadkat, Red Avila, Igor
Babuschkin, Suchir Balaji, Valerie Balcom, Paul Baltescu, Haiming Bao, Mohammad Bavar-
ian, Jeff Belgum, Irwan Bello, ..., and Barret Zoph. GPT-4 technical report. arXiv preprint
arXiv:2303.08774, 2023.

Mark Chen, Jerry Tworek, Heewoo Jun, Qiming Yuan, Henrique Ponde de Oliveira Pinto, Jared
Kaplan, Harri Edwards, Yuri Burda, Nicholas Joseph, Greg Brockman, Alex Ray, Raul Puri,
Gretchen Krueger, Michael Petrov, Heidy Khlaaf, Girish Sastry, Pamela Mishkin, Brooke Chan,
Scott Gray, Nick Ryder, Mikhail Pavlov, Alethea Power, Lukasz Kaiser, Mohammad Bavarian,
Clemens Winter, Philippe Tillet, Felipe Petroski Such, Dave Cummings, Matthias Plappert, Fo-
tios Chantzis, Elizabeth Barnes, Ariel Herbert-Voss, William Hebgen Guss, Alex Nichol, Alex
Paino, Nikolas Tezak, Jie Tang, Igor Babuschkin, Suchir Balaji, Shantanu Jain, William Saunders,
Christopher Hesse, Andrew N. Carr, Jan Leike, Josh Achiam, Vedant Misra, Evan Morikawa, Alec
Radford, Matthew Knight, Miles Brundage, Mira Murati, Katie Mayer, Peter Welinder, Bob Mc-
Grew, Dario Amodei, Sam McCandlish, Ilya Sutskever, and Wojciech Zaremba. Evaluating large
language models trained on code, 2021. URL https://arxiv.org/abs/2107.03374,

Dheeru Dua, Yizhong Wang, Pradeep Dasigi, Gabriel Stanovsky, Sameer Singh, and Matt Gardner.
Drop: A reading comprehension benchmark requiring discrete reasoning over paragraphs. In
Proceedings of the 2019 Conference of the North American Chapter of the Association for Com-
putational Linguistics: Human Language Technologies, Volume 1 (Long and Short Papers), pp.
2368-2378, 2019.

Samuel Gehman, Suchin Gururangan, Maarten Sap, Yejin Choi, and Noah A. Smith. RealToxici-
tyPrompts: Evaluating neural toxic degeneration in language models. In Findings of the Associa-
tion for Computational Linguistics (EMNLP), 2020.

Anna Hedstrom, Salim I. Amoukou, Tom Bewley, Saumitra Mishra, and Manuela Veloso. To steer
or not to steer? mechanistic error reduction with abstention for language models. In Forty-second
International Conference on Machine Learning, 2025. URL https://openreview.net/
forum?i1d=fUCPg5RvmH.

Amr Hegazy, Mostafa Elhoushi, and Amr Alanwar. Guiding giants: Lightweight controllers for
weighted activation steering in llms. arXiv preprint arXiv:2505.20309, 2025.

11


https://arxiv.org/abs/2107.03374
https://openreview.net/forum?id=fUCPq5RvmH
https://openreview.net/forum?id=fUCPq5RvmH

Under review as a conference paper at ICLR 2026

Dan Hendrycks, Collin Burns, Steven Basart, Andy Zou, Mantas Mazeika, Dawn Song, and Jacob
Steinhardt. Measuring massive multitask language understanding. In 9th International Confer-
ence on Learning Representations, 2021.

Evan Hernandez, Belinda Z. Li, and Jacob Andreas. Inspecting and editing knowledge representa-
tions in language models. In First Conference on Language Modeling (COLM), 2024.

Jack Hessel, Ari Holtzman, Maxwell Forbes, Ronan Le Bras, and Yejin Choi. CLIPScore: A
reference-free evaluation metric for image captioning. In Empirical Methods in Natural Lan-
guage Processing (EMNLP), 2021.

Edward J Hu, yelong shen, Phillip Wallis, Zeyuan Allen-Zhu, Yuanzhi Li, Shean Wang, Lu Wang,
and Weizhu Chen. LoRA: Low-rank adaptation of large language models. In /0th International
Conference on Learning Representations, 2022.

Bruce W. Lee, Inkit Padhi, Karthikeyan Natesan Ramamurthy, Erik Miehling, Pierre Dognin, Man-
ish Nagireddy, and Amit Dhurandhar. Programming refusal with conditional activation steering.
In 13th International Conference on Learning Representations, 2025.

Kenneth Li, Oam Patel, Fernanda Viégas, Hanspeter Pfister, and Martin Wattenberg. Inference-
time intervention: Eliciting truthful answers from a language model. In Advances in Neural
Information Processing Systems, 2023.

Kenneth Li, Oam Patel, Fernanda Viégas, Hanspeter Pfister, and Martin Wattenberg. Inference-time
intervention: Eliciting truthful answers from a language model. Advances in Neural Information
Processing Systems, 36, 2024.

Yichen Li, Zhiting Fan, Ruizhe Chen, Xiaotang Gai, Luqi Gong, Zhang Yan, and Zuozhu Liu.
Fairsteer: Inference time debiasing for llms with dynamic activation steering. In Findings of the
Association for Computational Linguistics (ACL), pp. 11293-11312, 2025.

Varvara Logacheva, Daryna Dementieva, Sergey Ustyantsev, Daniil Moskovskiy, David Dale, Irina
Krotova, Nikita Semenov, and Alexander Panchenko. ParaDetox: Detoxification with parallel
data. In Annual Meeting of the Association for Computational Linguistics, pp. 6804—6818, 2022.

Tinh Son Luong, Thanh-Thien Le, Linh Ngo Van, and Thien Huu Nguyen. Realistic evaluation
of toxicity in large language models. In Annual Meeting of the Association for Computational
Linguistics, pp. 1038 — 1047, 2024.

Ggaliwango Marvin, Nakayiza Hellen, Daudi Jjingo, and Joyce Nakatumba-Nabende. Prompt engi-
neering in large language models. In International conference on data intelligence and cognitive
informatics, pp. 387-402. Springer, 2023.

Nina Rimsky, Nick Gabrieli, Julian Schulz, Meg Tong, Evan Hubinger, and Alexander Matt Turner.
Steering llama 2 via contrastive activation addition. arXiv preprint arXiv:2312.06681, 2023.

Nina Rimsky, Nick Gabrieli, Julian Schulz, Meg Tong, Evan Hubinger, and Alexander Matt Turner.
Steering llama 2 via contrastive activation addition. In Annual Meeting of the Association for
Computational Linguistics, pp. 15504 — 15522, 2024.

Morgane Riviere, Shreya Pathak, Pier Giuseppe Sessa, Cassidy Hardin, Surya Bhupatiraju, Léonard
Hussenot, Thomas Mesnard, Bobak Shahriari, Alexandre Ramé, Johan Ferret, Peter Liu, Pouya
Tafti, Abe Friesen, Michelle Casbon, Sabela Ramos, Ravin Kumar, Charline Le Lan, Sammy
Jerome, Anton Tsitsulin, ..., and Lilly McNealus. Gemma 2: Improving open language models
at a practical size. CoRR, abs/2408.00118, 2024. URL https://doi.org/10.48550/
arXiv.2408.00118.

Pau Rodriguez, Arno Blaas, Michal Klein, Luca Zappella, Nicholas Apostoloff, Marco Cuturi, and
Xavier Suau. Controlling language and diffusion models by transporting activations. In /3th
International Conference on Learning Representations, 2025a.

Pau Rodriguez, Arno Blaas, Michal Klein, Luca Zappella, Nicholas Apostoloff, Marco Cuturi, and
Xavier Suau. Controlling language and diffusion models by transporting activations. In /3th
International Conference on Learning Representations, 2025b.

12


https://doi.org/10.48550/arXiv.2408.00118
https://doi.org/10.48550/arXiv.2408.00118

Under review as a conference paper at ICLR 2026

Pau Rodriguez, Michal Klein, Eleonora Gualdoni, Arno Blaas, Luca Zappella, Marco Cuturi, and
Xavier Suau. End-to-end learning of sparse interventions on activations to steer generation. arXiv
preprint arXiv:2503.10679, 2025c.

Xavier Suau, Pieter Delobelle, Katherine Metcalf, Armand Joulin, Nicholas Apostoloff, Luca Zap-
pella, and Pau Rodriguez. Whispering experts: Neural interventions for toxicity mitigation in
language models. In Forty-first International Conference on Machine Learning, 2024a. URL
https://openreview.net/forum?id=2P6GVESrfZ.

Xavier Suau, Pieter Delobelle, Katherine Metcalf, Armand Joulin, Nicholas Apostoloff, Luca Zap-
pella, and Pau Rodriguez. Whispering experts: Neural interventions for toxicity mitigation in
language models. Proceedings of Machine Learning Research, 235:46843 — 46867, 2024b.

Alexander Matt Turner, Lisa Thiergart, Gavin Leech, David Udell, Juan J. Vazquez, Ulisse Mini,
and Monte MacDiarmid. Steering language models with activation engineering. arXiv preprint
arXiv:22308.10248, 2024.

Song Wang, Yaochen Zhu, Haochen Liu, Zaiyi Zheng, Chen Chen, and Jundong Li. Knowledge
editing for large language models: A survey. ACM Computing Surveys, 57(3), 2024.

Tianlong Wang, Xianfeng Jiao, Yinghao Zhu, Zhongzhi Chen, Yifan He, Xu Chu, Junyi Gao, Yasha
Wang, and Liantao Ma. Adaptive activation steering: A tuning-free LLM truthfulness improve-
ment method for diverse hallucinations categories. In ACM Web Conference (WWW2025), pp.
2562 — 2578, 2025.

Wikimedia Foundation. Wikimedia downloads. https://dumps.wikimedia.orgl

Zhengxuan Wu, Aryaman Arora, Zheng Wang, Atticus Geiger, Dan Jurafsky, Christopher D Man-
ning, and Christopher Potts. Reft: Representation finetuning for language models. arXiv preprint
arXiv:2404.03592, 2024.

An Yang, Baosong Yang, Beichen Zhang, Binyuan Hui, Bo Zheng, Bowen Yu, Chengyuan Li,
Dayiheng Liu, Fei Huang, Haoran Wei, Huan Lin, Jian Yang, Jianhong Tu, Jianwei Zhang, Jianxin
Yang, Jiaxi Yang, Jingren Zhou, Junyang Lin, Kai Dang, ..., and Zihan Qiu. Qwen2.5 technical
report. arXiv preprint arXiv:2412.15115, 2025.

Tianwei Yin, Micha&l Gharbi, Taesung Park, Richard Zhang, Eli Shechtman, Frédo Durand, and
William T. Freeman. Improved distribution matching distillation for fast image synthesis. In
Advances in Neural Information Processing Systems, 2024.

Rowan Zellers, Ari Holtzman, Yonatan Bisk, Ali Farhadi, and Yejin Choi. Hellaswag: Can a ma-
chine really finish your sentence? In Proceedings of the 57th Annual Meeting of the Association
for Computational Linguistics, pp. 4791-4800, 2019.

Ningyu Zhang, Yunzhi Yao, Bozhong Tian, Peng Wang, Shumin Deng, Mengru Wang, Zekun Xi,
Shengyu Mao, Jintian Zhang, Yuansheng Ni, Siyuan Cheng, Ziwen Xu, Xin Xu, Jia-Chen Gu,
Yong Jiang, Pengjun Xie, Fei Huang, Lei Liang, Zhiqiang Zhang, ..., and Huajun Chen. A
comprehensive study of knowledge editing for large language models. CoRR, abs/2401.01286,
2024a. URL https://doi.org/10.48550/arXiv.2401.01286.

Shaolei Zhang, Tian Yu, and Yang Feng. Truthx: Alleviating hallucinations by editing large lan-
guage models in truthful space. In Annual Meeting of the Association for Computational Linguis-
tics, 2024b.

Andy Zou, Long Phan, Justin Wang, Derek Duenas, Maxwell Lin, Maksym Andriushchenko, J Zico
Kolter, Matt Fredrikson, and Dan Hendrycks. Improving alignment and robustness with circuit
breakers. In The Thirty-eighth Annual Conference on Neural Information Processing Systems,
2024. URL https://openreview.net/forum?id=IbIB8SBKFV.

13


https://openreview.net/forum?id=2P6GVfSrfZ
https://dumps.wikimedia.org
https://doi.org/10.48550/arXiv.2401.01286
https://openreview.net/forum?id=IbIB8SBKFV

Under review as a conference paper at ICLR 2026

A EFFECT OF DSAS ON INFERENCE TIME

We evaluate the impact of applying DSAS and its variants on the inference latency of two base
models, Qwen 2.5 (1.5B) and Gemma 2 (2B). TableE]reports the average execution time (in seconds)
required to process 100 tokens under each configuration. Each measurement was averaged over

5,000 independent runs.

Table 3: Average execution time (in seconds) to process 100 tokens under different configurations.

Results are averaged over 5,000 runs.

Model Unmodified + CAA  + CAA+DSAS
Qwen 2.5 (1.5B) 0.0269 s 0.290's 0.0316's
Gemma 2 (2B) 0.0489 s 0.501 s 0.0520 s

B ALGORITHMS

Algorithm 1 DSAS Training

1: Input: Source set S, Control set C, PCA dimension r, Accuracy threshold 7
2: Output: Classifier and mean { (¢, by, f10) } 2,
3: for { =1to L do

4: Collect activations:
5: Push forward inputs from S and C up to layer ¢
6: Compute average embeddings {t}(;‘)} > Eq. equation
7: Dimensionality reduction:
8: Compute mean /1, and PCA basis U, € R%“*" on S, U Cy
9: Zop = UZT (to.re — pe) > Projection, Eq. equation
10: Train logistic regressor:
11:  Build dataset {(2{”,y®)} with y = 1 for src, y® = 0 for ctl
12: Train logistic regressor hYCA(t) = p(0, ¢ + by) > Minimize Cross-Entropy Loss
13: Check layer reliability:
14: Evaluate classifier accuracy > K-fold Cross Validation
15: if accuracy < 7 then
16: Mark layer ¢ for no steering at inference > Disable steering at layer ¢
17: end if
18: end for

19: Return: {(0, = U, by jue) Y,

14



Under review as a conference paper at ICLR 2026

Algorithm 2 LINEAS+E2E-DSAS Training

1: Imput: Source set S, Target set 7, Control set C, learning rate v, Control Loss weight
2: Output: Learned parameters {(6y, b, we, B¢) } oy

3: (pre-)compute target activations {# (azgt’(l))}

4: (pre-)compute control activations {t_(a;tl’(i))}

5: for each training batch do

6 for / =1to L do
7: Forward pass on Source
8 A5rC «— TPPEDSAS (g5rc) > Eq. equation
9: Compute average embeddings {£(a5"")} for source
10: Forward pass on Control
11: agtl « TPHEDSAS (et > Eq. equation
12: Compute average embeddings {£(aS™ ")} for control
13: Compute losses:
14: Ag = A({EEF)}, {E@E)}) > Source Loss
15: Lep =150 18@5) — #(agh™))2 > Control Loss
16: end for

17: Total loss: £ = ZeLzl Ay + 72521 Le.e

18: Backward pass: Compute gradients Vy, 5, .,.3, L for all £
19: Op 00 — vV, L

20: by < by — l/vbeﬁ

21: we — wp — vV, L
22: Be < B —vVg,L
23: end for

24: Return: Learned parameters { (6, by, we, Be) 2,

Algorithm 3 Inference for both DSAS and E2E-DSAS

1: Input: Input z, {(6¢, bs, pue) } 2, intervention functions {7y }%_,, global steering strength A
2: For E2E-DSAS 11y = 0
3: for { =1to L do

4: Compute activations: Push forward z to obtain layer ¢ activations {#, j }<_,

5: for k =1to K do

6: if not layer / disabled by training then

7: he(te ) = p(@ér (to — poo) + bg) > Classification, Eq. equation
8: i@}}c =(1—he(tes)) - te + he(ter) - Te(ter; ) > Interpolation, Eq. equation
9: else > Layer disabled by training
10: tor =1tk > Do not modify
11: end if
12: end for
13: end for

C ON THE CHOICE OF THE GLOBAL STRENGTH A AND DSAS

The choice of global strength in the activation steering family of methods is a key parameter. For
methods based on vector addition like |Li et al.|(2024); Rimsky et al.[(2023), of the form T'(a; \) =
a + Av, the strength can take any value in R;. Such unbounded A is hard to tune and very task-
and model-dependent. On the other hand, methods based on optimal transport interpolation such as
Rodriguez et al.| (2025bic) propose a bounded A € [0, 1], where A = 1 means full transport to the
target distribution (i.e., full conditioning). Such A is interpretable and consistent across tasks.

However, we observe that DSAS performs better with A > 1, even in the case where an interpolation
is used, e.g., in E2E-DSAS where DSAS is coupled with LINEAS (Rodriguez et al., 2025¢). A
priori, such A > 1 contradicts the theory of Optimal Transport upon which the original LINEAS
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paper is based. However, note that LINEAS is based on the transport from a source distribution
X5*¢ to a target one X'8°. Those are distributions over average embeddings, as explained in eq. .
However, DSAS only transports those embeddings classified as toxic. This means, in practice,
that the original global A is not valid anymore. Instead, we should estimate a map from individual
embeddings known to be toxic to non-toxic individual embeddings. To address this issue, using a
trained regressor hy we classify the training individual embeddings for each layer. Then we select
those with pp,(y = 1 | ¢) > 0.75, noted {¢{°*} and those with ps,(y = 1 | t;) < 0.25 as
{t}°"~**}. The means of these sample sets are estimates of the toxic and non-toxic individual
embedding distributions, noted p*°* and p*°®~t°*, Note that the original \ applied to the distance
between the means of the average embedding distributions, noted ;' and p*8*. Then, what matters
is the proportion among distances between distributions

||Mtox _ MnonftOX”Z

|[psre — ptet|[o

AN =

(7

In our experiments, we measure an average A\ = 2.84 across layers of Gemma 2 (2B). This
indicates that the right A for DSAS is 2.84 instead of 1 when using the original LINEAS map
estimated on average embeddings. Such result justifies the choice of A\ around 2 for the experiment
in table 2] for example; and the choice of A > 1 when using DSAS in general.

D EFFECT OF THE NUMBER OF TRAINING SAMPLES

We conduct a sensitivity analysis to investigate how the number of training samples affects DSAS.
Specifically, we train a logistic classifier at each layer with an increasing number of training samples,
ranging from 4 to 512. These samples are extracted from the RTP dataset presented in section [.1]
We then evaluate the generalization of the classifiers on a test set of 512 toxic samples. The experi-
ment is repeated 100 times for each sample size, with random selection of training and test sentences
in each repetition.

As shown in fig. j] as the sample size increases, the validation accuracy also increases until it
stabilizes. Similarly, the variance of the obtained validation accuracy decreases, indicating that
larger sample sizes provide a more reliable estimate of accuracy.

These results show that DSAS exhibits robust, low-variance behavior even with very few samples,
confirming that while its performance confirms that while its performance improves with additional
data, it remains reliable even in low-data settings.
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Figure 5: Effect of the number of training samples on validation performance. The figure reports the
mean validation accuracy and its standard deviation over 100 random repetitions for each sample
size.

E EXTENDED EVALUATION
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Figure 6: Pareto fronts for toxicity mitigation vs. capability retention. Left: Toxrgy vs. Hel-
laSwag accuracy for CAA, ITI and, LINEAS, both with and without DSAS. Middle:
Toxtgr vs. DROP-EM for the same methods. Right: Toxpgr vs. HumanEval for the same meth-
ods.

In this section, we extend the evaluation on three additional benchmarks: HellaSwag
(2019), DROP (2019), and HumanEval [Chen et al (2021), which focus on common-
sense reasoning, reading comprehension and discrete reasoning, and code generation, respectively.
We evaluate the behavior of the DSAS-enhanced versions as well as their vanilla counterparts on
Qwen 2.5 (1.5B). We report results in fig. [

For Qwen 2.5 (1.5B), we observe that DSAS-enhanced ITI and CAA consistently improve the
Pareto Front with respect to their vanilla counterparts, retaining better model capacities for the same
level of toxicity mitigation. For LINEAS, we observe an improved Pareto Front when evaluating
HellaSwag accuracy. In HumanEval, we observe similar Pareto Fronts, as neither LINEAS nor
LINEAS+DSAS experience a degradation in benchmark performance when increasing the global
strength A\. In DROP, we find that LINEAS+DSAS improves the Pareto front for higher steer-
ing strengths. Interestingly, we find that LINEAS slightly improved the metric for lower steering
strengths. We hypothesize that this may be either due to noise (since the values of the metric are
very low) or because the steering transformation found by LINEAS for toxicity mitigation corre-
lates with some other feature that slightly increases DROP accuracy. In Gemma 2 (2B), we instead
observe an improvement in the Pareto front for the DSAS-enhanced methods with respect to their
vanilla counterparts across all cases.

F ANALYSIS ON IMPACT OF PCA ON PERFORMANCE AND COMPUTATION

F.1 EFFECT ON TRAINING TIME

We report in fig. [7] the average training time per layer for DSAS on Qwen 2.5 (1.5B) and
Gemma 2 (2B) over 50 runs using 32 toxic and 32 non-toxic samples from RTP, executed on a
single AMD EPYC 7402P 24-Core Processor. Results are provided both with and without 8-fold
cross-validation. Applying PCA before logistic regression substantially decreases training time—by
a factor of x57 with 8-fold cross-validation on Gemma 2 (2B) and by x40 on Qwen 2.5 (1.5B)
—compared to using only 5 PCA components.
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Figure 7: Average training time per layer for DSAS on Qwen 2.5 (1.5B) and Gemma 2 (2B) over
50 runs using 32 toxic and non-toxic samples from RTP. PCA substantially decreases training time.
Training times are expressed in milliseconds.

F.2 EFFECT OF PCA COMPONENT COUNT ON LAYER-WISE ACCURACY

In this appendix we analyze the effect of varying the number of PCA components before the logistic
regression step. Figure [8| shows accuracy changes with the number of components, using 8-fold
cross-validation on the Pareto front training data (64 sentences from RTP: 32 toxic, 32 non-toxic).
Using too few components (e.g., 1) leads to underfitting, while from 5 components onward results
are comparable. For this dataset, no significant overfitting occurs with many components or without
PCA. For the experiments in this thesis, we use 5 PCA components, which already provide strong
accuracy while offering accelerated training.
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Figure 8: Layer-wise logistic regression accuracy for the Qwen 2.5 (1.5B) (left) and Gemma 2 (2B)
(right) models using different numbers of principal components (PCA) before classification. Ac-
curacy was computed via 8-fold cross-validation on the training set (32 toxic and 32 non-toxic
sentences). Using too few components (i.e., 1) leads to underfitting; from 5 principal components
onward the results are comparable.

F.3 PARETO FRONTS FOR DSAS WITH AND WITHOUT PCA

We compare the Pareto fronts obtained in the toxicity experiment described in section[d.T|for DSAS,
considering two different settings: (1) applying a PCA projection (5 components) prior to the logistic
regressor, and (2) using the logistic regressor directly without PCA. The evaluation is carried out on
the Qwen 2.5 (1.5B) model. As shown in fig.[9] applying PCA does not degrade performance: for
LINEAS, the results with and without PCA are comparable, while for ITI and CAA the PCA-based
approach achieves slightly better trade-offs. This suggests that incorporating PCA before the logistic
regression step can provide a modest improvement in steering effectiveness.
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Figure 9: Pareto fronts of ITI, LINEAS, and CAA with DSAS on Qwen 2.5 (1.5B), comparing
PCA (5 components) vs. no PCA before logistic regression. PCA slightly improves ITI and CAA,
while LINEAS shows comparable results.

G EXPERIMENT ON REMOVING 7 TUNING

Using the hyperparameter 7 is useful for effectively removing steering in layers where DSAS infers
that the concept is not reliably represented. However, this introduces the need to tune an addi-
tional hyperparameter. In this section, we introduce a more flexible approach that eliminates the
dependency on tuning 7. Specifically, we propose to scale the steering strength according to the
cross-validated accuracy of the corresponding classifier. When the classifier performs no better than
random guessing (accuracy approaching 0.5), the steering strength should vanish; conversely, when
the classifier is reliable, the steering strength should remain unchanged. Formally, we define

T =ReLUQ2A—1), WEA®) =710 (6] U] (t — o) + bg) e [0,1],

where A denotes the cross-validation accuracy of the classifier at layer £.

We replicate the experiment in section [4.1] using this adaptive method. Specifically, we reproduce
the toxicity—mitigation experiment on Qwen 2.5 (1.5B) steered with CAA enhanced with DSAS
and with 7 = 0. We observe that the Pareto front of the adaptive method closely matches the one
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Figure 10: Pareto front for toxicity mitigation for vanilla CAA, CAA+DSAS, and CAA+DSAS
with adaptive strength, removing the need for 7 tuning. Scaling the strength by 7 produces a Pareto
front similar to that of CAA+DSAS trained with 7 = 0.
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Figure 11: This figure shows the ClipScore vs. IMGScore obtained by CAA+DSAS trained with
7 = 0.75 and by the adaptive method, which scales the strength according to each layer’s accuracy.
We observe that, when scaled, the adaptive method achieves the same curve as CAA+DSAS while
removing the need for hyperparameter tuning.

obtained by CAA+DSAS, but with strengths scaled; thus, a larger value of A\ is required for the
adaptive method to reach a given operating point on the CAA+DSAS curve. Similarly, in fig. [TT]
we observe that, when we replicate the experiment shown in section .2 the adaptive method again
traces the same trade-off curve as CAA+DSAS trained with 7 = 0.75, demonstrating that accuracy-
based scaling can reliably remove the need for tuning 7 across both text and diffusion settings.

H EVALUATING DSAS AT DIFFERENT LAYERS

In order to verify that our results generalize beyond the specific layer used in the Pareto front ex-
periments—and are not merely anecdotal—we study the effect of DSAS when applied at different
points in the Transformer model. Since computing the full Pareto front across all layers requires
excessive computational resources, we instead apply the steering methods with a global strength of
1 and the DSAS-conditioned methods with a global strength of 2, as this setting has been shown to
yield comparable outcomes in the Pareto front experiments.

Specifically, we evaluate four reasonable intervention points:
* Attention Output (Attn-Out): The raw output of the attention sublayer before it is added
back into the residual stream.

* Post-Attention (Post-Attn): The residual stream after the attention output has been added,
and after any normalization.

* MLP Output (MLP-Out): The raw output of the MLP sublayer before it is added back into
the residual stream.
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* Post-MLP (Post-MLP): The residual stream after the MLP output has been added, post-
normalization.

For each method and steering position, we evaluate three metrics, as shown in table [} (1) Toxicity
on the TET dataset (Toxtgr), (2) Perplexity on the Wikipedia dataset (PPLy;), and (3) MMLU
accuracy, both with and without DSAS-conditioning, using the global strengths specified above.

In addition, we include an Effect column in the results tables to indicate the impact of applying
DSAS relative to the vanilla method:

* v means that DSAS clearly improves the vanilla method, either by yielding better perfor-
mance across all three metrics or by achieving a substantial reduction in toxicity even if
one of the other metrics is slightly worsened.

» ~ represents cases where the effect is inconclusive, meaning that the vanilla and DSAS
methods appear to operate at different points of the trade-off curve; some metrics improve
while others degrade, and additional points on the Pareto front would be needed for a clearer
conclusion. For example, while the table E]results for Gemma 2 (2B) at the Attn-Out layer
appear inconclusive, fig. 2] shows that the Pareto front for DSAS is actually better.

» X shows cases where applying DSAS consistently worsens performance across all metrics.

Table 4: Results of ITI, LINEAS, and CAA across different steering positions. We report toxicity
(Toxtgr), perplexity (PPLwix), and MMLU accuracy with (w/) and without (w/0) DSAS. Global
steering strength is 1 for vanilla methods but 2 for DSAS-conditioned methods. The Effect column
marks clear improvement (v"), degradation (X), or inconclusive results ().

Qwen 2.5 (1.5B) Gemma 2 (2B)
Original model: Original model:
Toxrgr%  PPLwik ~ MMLU% Toxrgr%  PPLwi ~ MMLU%
25.50 13.65 60.83 18.53 14.81 53.08
ITI ITI

Layer Toxtrr % (1) PPLyyix (4) MMLU% (1) Effect Layer Toxtrr % (1) PPLyyix (4) MMLU% (1) Effect

w/o  w/ w/o  w/ w/o  w/ w/o  w/ w/o  w/ w/o  w/
Attn-Out 12.05 7.22 15.1714.58 57.19 59.09 v Attn-Out 262 1.69 16.7915.23 48.90 49.72 v
Post-Attn 25.00 17.44 15.0115.88 55.53 58.20 v Post-Attn 1033 8.07 14.8614.76 51.40 52.57 v
MLP-Out 9.04 8.96 15.1914.51 51.28 51.44 v MLP-Out 1.24 148 34.0827.33 46.33 45.10
Post-MLP 8.66 8.29 17.5714.62 53.57 59.30 v Post-MLP 13.78 11.71 15.0915.01 51.92 52.51 v

LINEAS LINEAS

Layer Toxer % (1) PPLwyix (4) MMLU%(1) Effect Layer Toxer % (1) PPLyyix (4) MMLU%(1) Effect

w/o  w/ wlo  w/ w/o  w/ w/o  w/ w/o  w/ w/o  w/
Attn-Out 12.36 12.41 13.6813.67 59.70 60.58 v Attn-Out 6.50 7.78 14.7814.69 51.98 52.70
Post-Attn 14.50 13.64 13.9013.85 59.96 60.51 v Post-Attn 524 585 14.8414.80 52.55 52.86
MLP-Out 18.62 18.37 14.3015.08 60.67 60.48 MLP-Out 6.30 6.44 14.6614.48 53.20 53.03
Post-MLP 11.67 11.40 14.6414.50 58.82 60.08 ' Post-MLP 524 518 15.0814.95 52.38 52.69 '

CAA CAA

Layer Toxter % (1) PPLwyix (4) MMLU% (1) Effect Layer Toxer % (1) PPLyix (4) MMLU% (1) Effect

w/o  w/ w/o  w/ w/o  w/ w/o  w/ w/o  w/ w/o  w/
Attn-Out 12.11 11.18 14.2613.91 59.50 60.40 v Attn-Out 6.18 5.26 15.0714.69 52.26 5224 %
Post-Attn 27.11 15.09 15.3716.84 57.21 57.21 v Post-Attn 695 4.89 15.1614.72 52.15 52.86 v
MLP-Out 0 0 >100>100 <25 <25 - MLP-Out 7.69 6.93 17.9117.03 51.90 51.99 v
Post-MLP 6.63 6.42 17.2414.38 55.62 59.66 v Post-MLP 11.10 9.27 15.4114.91 51.85 52.61 v

As shown in table 4, DSAS-conditioning generally improves toxicity mitigation while maintaining
or enhancing the model’s standard performance. For some methods and layers, results are incon-
clusive because DSAS may operate at a different point on the trade-off curve, so direct comparison
without additional Pareto points is not possible. Importantly, we observed no case where DSAS
consistently degraded performance across all metrics, highlighting its robustness across different
intervention points.

I SELECTIVE TOXIC MODULATION OF DSAS

1.1 LAYER-WISE ANALYSIS OF INTERNAL ACTIVATIONS BY TOXICITY
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Figure 12: Layer-wise analysis of internal activations for 32 toxic and 32 non-toxic sentences from
RTP dataset (unseen during training), across three steering methods: ITI (left), LINEAS (center),
and CAA (right) applied on Qwen 2.5 (1.5B). Each row corresponds to a different metric: Top:
Average activation strength A for toxic (red) and non-toxic (blue) inputs. DSAS produces higher
activation strength for toxic sentences, indicating targeted intervention. Middle: Cosine similarity
between the activations of the modified models and the original model. Bottom: L, distance from
original activations. In the middle and bottom rows, solid lines represent the original steering method
(applied with global strength A = 0.5), while dashed lines correspond to the method combined with
DSAS. Shaded areas represent standard deviation across sentences.

To understand how the conditioning affects the internal representations of the model, we analyze the
activations produced by 32 non-toxic and 32 toxic sentences from the RTP dataset (different from
those used during training). We run these sentences through the original model (Qwen 2.5 (1.5B))
as well as applying each steering method—both with and without DSAS. For fairness, we select
a global strength A of 2 for all methods to ensure a similar or lower level of toxicity compared
to their unconditioned counterparts. As shown in fig. DSAS induces higher average activation
magnitudes for toxic sentences compared to non-toxic ones, aligning with the intended behavior
of the method. Additionally, we analyze how the activations diverge from the original model’s
activations across layers by computing both the cosine similarity and the Lo distance between the
activations of the modified models and those of the original model. We do not observe particularly
high activations in specific layer.

The results show that DSAS applied with global strength 2, maintains higher similarity to the origi-
nal activations for non-toxic sentences while increasing activations’ differences for toxic sentences.
This indicates that the model is able to steer appropriately in the presence of toxic behavior and
refrain from steering when the input is non-toxic. In other words, DSAS effectively leaves non-
toxic inputs largely unchanged while still altering the model’s behavior for toxic inputs. Although
the original steering methods also produce a slight separation between the activation trajectories
of toxic and non-toxic inputs, this gap becomes notably more pronounced when DSAS is applied,
further supporting its selective and targeted effect.

1.2 ToxicIiTY LOCALIZATION IN TEXT USING DSAS

In this section, we investigate whether DSAS can correctly localize toxic content in text. We mea-
sure the steering strength predicted by DSAS for randomly extracted sentences from the Wikipedia
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dataset, as well as for random prompts from the TET dataset accompanied by short completions
generated by the unmodified model. This allows us to observe not only whether DSAS produces
higher activations for toxic examples, but also, qualitatively, whether these higher activations are
correctly localized within the toxic portions of the text.
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In the qualitative examples, we observe that while DSAS does not produce high activations for the
Wikipedia sentences, it does produce high activations for the toxic sentences. More importantly,
these high activations are correctly localized within the portions of the toxic sentences that contain
the toxic content. This indicates that DSAS is effective at detecting the tokens where steering should
be applied.

J IMPACT OF NOISY SIGNALS ON DSAS

DSAS relies on labeled training data to train a classifier that predicts the strength with which steering
should be applied. A natural concern would be its sensitivity to noisy or uninformative labels, since
we would not want to degrade the performance of a vanilla steering method.
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Figure 13: Pareto fronts for CAA+DSAS trained with Gaussian noise added to the training acti-
vations, using noise levels e € {0, 0.1, 1, 10, 100}. As noise increases, the Pareto front gradually
approaches that of vanilla CA A but with roughly halved strength. Importantly, applying DSAS does
not degrade performance relative to the vanilla steering method.

To evaluate this, we compute the Pareto fronts for the toxicity—mitigation experiments in section ff.T]
for the Qwen 2.5 (1.5B) model steered with CAA+DSAS. We simulate uninformative training data
by adding Gaussian noise to the training activations, with levels ¢ € {0, 0.1, 1, 10, 100}.

Results in fig. [I3] show that as noise increases, the Pareto fronts of CAA+DSAS approach those
of CAA alone, with roughly halved strengths. This is expected: when labels are uninformative,
the classifier predicts strengths around 0.5, applying steering uniformly but with strength halved.
Importantly, DSAS does not harm the underlying steering method. Even with noisy data, it defaults
to a safe regime, improving performance when informative labels exist and backing off gracefully
otherwise.

K STRENGTH VS CLASS WEIGHT PARETO FRONTS

We explore an alternative way to bias the toxicity levels by adjusting the positive vs. negative class
weight in the logistic classifier (essentially shifting its decision threshold to be more or less permis-
sive). Intuitively, increasing the weight for toxic-class examples makes DSAS trigger more readily
(reducing toxicity more aggressively), and vice versa. However, this approach did not produce as
good a trade-off as simply tuning the global steering strength. Figure[I4]presents the results obtained
on Qwen 2.5 (1.5B).
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Figure 14: Comparison of Pareto fronts for the original activation steering methods (ITI, LINEAS,
CAA) and two DSAS-augmented variants on Qwen 2.5 (1.5B). We compare Pareto fronts resulted
from models augmented with DSAS with either (1) modified global steering strength (\) or (2)
DSAS trained with control-based class weighting. While adjusting the class weights allows control
over the toxicity score, it does not lead to better Pareto-optimality compared to increasing/decreasing
proportionally the global strength post-DSAS.

L. PERFORMANCE ANALYSIS OF E2E-DSAS

L.1 FuLL PARETO FRONTS FOR E2E-DSAS

In this section we present full Pareto Fronts for E2E-DSAS when trained jointly with LINEAS.
Figure [T3] shows that E2E-DSAS improves upon the Pareto fronts obtained by vanilla DSAS on
Gemma 2 (2B) when using both ReL.U and Sigmoid activation functions. For Qwen 2.5 (1.5B), how-
ever, the behavior differs: with the Sigmoid activation function, E2E-DSAS does not surpass vanilla
DSAS, whereas with ReLU it achieves performance comparable to vanilla DSAS. In Qwen 2.5 (7B),
for the ReL.U activation function, we obtain similar or slightly superior performance compared to
vanilla DSAS for mild global strengths, while E2E-DSAS degrades in performance for higher A val-
ues, though it still performs better than vanilla LINEAS. In contrast, E2E-DSAS with the sigmoid
activation function does not manage to improve the performance of vanilla LINEAS. These results
suggest that the effectiveness of E2E-DSAS is sensitive to several factors, including the model ar-
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chitecture, the activation function, and training hyperparameters such as learning rate, or number
of training steps. Importantly, even with a limited hyperparameter search we already observe cases
where E2E-DSAS matches or exceeds vanilla DSAS. This indicates that with a more systematic
exploration of the parameter space, further improvements are likely.

TET Score vs MMLU

TET Score vs Perplexity

170
0.61 4 NoInivg, LinEAS
LinEAS+DSAS
16.5 LinEAS+E2E-DSAS (ReLU)
0.60 4 - LinEAS+E2E-DSAS (Sigmoid)
=
vy . 059 ¢
—
N—" 51
) Z o
[ =
= it
(=N \
g 0.57 4
o LinEAS
0.56 4 LinEAS+DSAS 1404
LinEAS+E: s
LinEAS+E2E- Neolntg
055 — T T T T T T T T T T T
0.00 0.05 0.10 0.15 0.20 0.25 0.00 0.05 0.10 0.15 0.20 0.25
TET Score (tox) TET Score (tox)
TET Score vs MMLU TET Score vs Perplexity
17.5
No Intyg LinEAS
0.530 - . LinEAS+DSAS
1704 LinEAS+E2E-DSAS (ReLU)
ai LinEAS+E2E-DSAS (Sigmoid)
0.525
~~
m P = 165
(S e » E
[ - L = 1604
S 30515 g
g ! Z 1554 R
8 0.510 4 u
LinEAS L
0.505 4 LinEAS+DSAS 15.0 ®
LinEAS+E2E-DSAS (ReLU) No Intrg,
LinEAS+E2E-DSAS (Sigmoid)
0.500 T T T T T T T T 145 T T T T T T T T
0000 0025 0050 0075 0100 0125 0150 0175 0000 0025 0050 0075 0100 0125 0150 0175
TET Score (tox) TET Score (tox)
TET Score vs MMLU TET Score vs Perplexity
135
’ . No Inng, LinEAS
0.74 4 " 8 LinEAS+DSAS
- 1304 E2E-DSAS (ReLU)
LinEAS+E2E-DSAS (Sigmoid)
0.72 4
a2 -
=
~ &
" < 0.70 4
-
o =
= =
g 0.68
(@3 LinEAS
LinEAS+DSAS 11.0 ;
0.66 4 LinEAS+E2E-DSAS (ReLU) L .
LinEAS+E2E-DSAS (Sigmoid) E No lutvg,
T T T T T T T 54— T T T T T T
0.00 0.05 0.10 0.15 0.20 025 0.30 0.00 0.05 0.10 0.15 0.20 0.25 0.30
TET Score (tox) TET Score (tox)

Figure 15: Pareto fronts for E2E-DSAS jointly trained with LINEAS. Performance on
Gemma 2 (2B), Qwen 2.5 (1.5B) and Qwen 2.5 (7B) with ReLU and Sigmoid activations. For
each model and activation function, we vary the global intervention strength A to draw the Pareto
front. These results suggest that the effectiveness of E2E-DSAS depends on model architecture,
activation function, and training hyperparameters, and that further gains may be achievable with a
more systematic hyperparameter search.

L.2 EFFECT OF v

In table [5] we analyze how varying the v hyperparameter affects toxicity, perplexity, and MMLU.
We observe that increasing 7y, which raises the importance of the control loss, generally helps retain
the model’s performance (yielding lower perplexity and higher MMLU). However, small «y values
do not lead to a significant reduction in toxicity. Empirically, we find that setting v = 1, while not
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necessarily optimal, serves as a generally safe choice.

Table 5: Impact of the scaling factor - on toxicity reduction (Toxtgr), language modeling quality
(PPLyix), and knowledge retention (MMLU), using training with Adam optimizer and Sigmoid
activation function on Qwen 2.5 (1.5B).

v Toxrgr % (1) PPLwik () MMLU% (1)
0.02 12.31 14.09 59.89
0.05 13.11 13.93 60.11
0.1 12.21 13.88 60.37
0.5 12.38 13.80 60.52

1 12.38 13.77 60.58

2 12.46 13.74 60.55

5 12.90 13.70 60.65

10 13.33 13.69 60.68

50 23.07 13.64 60.83

M CAST SETUP

For the CAST method, we follow the original paper’s guidelines to determine the optimal condi-
tion point—the criterion for deciding whether to apply steering. Specifically, we evaluate only the
first half of the network (layers 0—13), allowing up to three layers to be combined, and sweep the
threshold parameter @ (as defined in the original paper) from 0O to 0.05 in steps of 0.0005. Un-
der this configuration, the optimal condition point for Qwen 2.5 (1.5B) is identified at layers 4, 5,
and 8 with a threshold of § = 0.049 and the smaller direction, yielding an F1-score of 72.94%, for
Gemma 2 (2B) at layer 3 with a threshold of # = 0.006 and the smaller direction, yielding an F1-
score of 72.82%, and for Qwen 2.5 (7B) is identified at layers [1, 5] with a threshold of 7 = 0.024
and the larger direction, yielding an Fl-score of 70.47%. In all cases, steering is subsequently
applied, when required, from layers 15-23. Training times ranged from 30 minutes to 1 hour.

Figure[T6]shows the Pareto front obtained by varying the behavior vector strength, a hyperparameter
equivalent to the global steering strength \. CAST provides a binary trigger: once the steering is
applied, it is activated for the entire generation. However, the more restrictive the classifier is,
the harder it becomes to obtain a reduction in toxicity, even if we increase the steering strength,
as steering will simply not be applied in most cases. This is what happens with Gemma 2 (2B),
where CAST achieves very little toxicity reduction, but the model capacity is not affected either. In
Qwen 2.5 (7B), we observe that CAST achieves a perfect MMLU vs. TET Score Pareto front, as
MMLU involves only a single-token prediction. This suggests that, as model size increases, CAST
has more information to make an informative prediction. However, when multi-token text generation
is required, as would be expected in a typical scenario, we observe that DSAS produces better Pareto
fronts than CAST. Finally, in Qwen 2.5 (1.5B) we observe a degradation of model capabilities both
in single-token prediction (MMLU) and in perplexity, yielding lower performance than DSAS.
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Figure 16: Pareto fronts for toxicity mitigation versus capability retention. Left: Toxicity score
(Toxtgr) vs. MMLU accuracy for the vanilla steering methods and their DSAS-augmented counter-
parts compared with CAST. Right: Toxicity score vs. Wikipedia perplexity (PPLyy) for the same
methods. For each steering method, and for each DSAS-augmented version, we vary the global
intervention strength A to draw the Pareto front. CAST uses a binary trigger that often prevents
steering from being applied at all, leading to limited toxicity reduction, especially in Gemma 2 (2B)
though without harming capabilities. In Qwen 2.5 (7B), CAST performs perfectly on single-token
tasks (MMLU), but when multi-token generation is required, DSAS yields better Pareto fronts. For
smaller Qwen 2.5 (1.5B) models, CAST degrades both MMLU and perplexity, failing to outperform
the DSAS-augmented steering methods.

N MERA SETUP

MERA adaptively tunes the steering strength by jointly optimizing both the intervention direction
and the magnitude of the steering. Formally, MERA finds the steering vector v by solving

min||v||2 st p(h+0) <a,
v

where h denotes the embedding and « is a hyperparameter controlling how many embeddings are
affected and by how much they are steered. For all embeddings whose predicted p(h) exceeds «,
the method computes the minimal vector v that satisfies the inequality.
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In this section, we study how varying the key parameter av in MERA influences the trade-off be-
tween toxicity mitigation and model preservation, and how it compares to the Pareto fronts achieved
by the DSAS-enhanced methods. Specifically, we use logit(«), as it provides a more interpretable
representation in the embedding space and is straightforward to modify. Figure [I7] shows that al-
though MERA consistently improves ITI across all cases, its performance on the toxicity-MMLU
Pareto front for Gemma 2 (2B) remains comparable to DSAS-enhanced ITI, while it produces worse
Pareto fronts than all DSAS-augmented methods in the other settings, with a particularly large gap
for Qwen 2.5 (1.5B) and Qwen 2.5 (7B).
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Figure 17: Pareto fronts for toxicity mitigation versus capability retention. Left: Toxicity score
(Toxtgr) vs. MMLU accuracy for the vanilla steering methods and their DSAS-augmented counter-
parts compared with MERA. Right: Toxicity score vs. Wikipedia perplexity (PPLw;x) for the same
methods. For each steering method, and for each DSAS-augmented version, we vary the global
intervention strength A to draw the Pareto front. Instead for MERA, we modify the « in logit(c).
Across settings, DSAS yields more favorable Pareto fronts—achieving better capability retention
for the same level of toxicity reduction—than MERA.
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O FURTHER DETAILS ON BANANA TEXT QUALITATIVE EXPERIMENT

0.1 SENTENCES USED FOR TRAINING OF STEERING METHODS AND DSAS

Target Sentences

I’m an Al assistant, and I can’t respond to the question because it contains offensive con-
tent.

I’'m sorry, but I can’t respond to that as it contains offensive language.

That request includes inappropriate content, so I won’t be able to answer.

As an Al I must decline to respond to questions with offensive material.

I’m programmed to avoid engaging with harmful or offensive topics.

I cannot assist with this query because it contains objectionable content.

That question goes against content guidelines, so I can’t provide a response.
Unfortunately, I can’t continue with that request due to offensive elements.

I’m here to help, but I can’t respond to inappropriate or harmful content.

This request isn’t suitable for a response due to its offensive nature.

I have to skip that one—it’s not appropriate for me to process.

I’m unable to reply because the question violates content standards.

Due to the offensive language, I must refrain from answering.

I’m not allowed to respond to inputs that contain harmful or disrespectful content.
That content is against usage policy, so I can’t assist with it.

I’'m restricted from engaging with material that’s considered offensive.

This message can’t be processed due to the nature of its content.

The query contains material I’'m not permitted to handle.

I must decline this request out of respect for community guidelines.

Apologies, but I cannot engage with this prompt as it’s inappropriate.

I can’t help with that—it’s not aligned with respectful communication standards.

I’m an Al created to help, but I can’t process this request because it includes offensive
material.

Sorry, I’'m not able to respond—this question contains inappropriate content.

As an Al assistant, I’'m programmed to avoid engaging with offensive topics.

I cannot answer this query as it violates content guidelines.

This request includes language that goes against my usage policies, so I can’t respond.
I’m here to assist, but I can’t proceed due to the inappropriate nature of the content.
Unfortunately, I must refrain from answering because the content is offensive.

I’ve detected offensive content in the request, and as such, I’'m unable to provide a response.
This input contains material that I’'m not allowed to process.

My programming prevents me from interacting with harmful or offensive content.

I apologize, but I can’t help with that due to its offensive nature.

Source Sentences

John enjoys eating bananas because they are one of the most widely consumed fruits in the
world.

They come in a variety of sizes and ripeness levels, from green to yellow with brown spots.

The scientific name for the banana plant is Musa.
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* Bananas belong to the Musaceae family.

* They are believed to have originated in Southeast Asia.

* India is the largest producer of bananas globally.

* An average banana contains about 90-110 calories.

* Bananas are rich in dietary fiber, especially if eaten when fully ripe.

* T like to eat bananas with vitamin B6, potassium, and antioxidants for their health benefits.
* The phrase "a banana a day keeps you energized’ highlights their health benefits.
» Everyone knows that bananas can be eaten raw, baked, or blended into smoothies.
* They are commonly used in breads, cakes, and puddings.

* Banana smoothies are a popular beverage in many countries.

* Dried bananas are a convenient and healthy snack.

* Some bananas taste sweet, while others are more starchy.

* Plantains are known for their starchy flavor and are often cooked.

» Cavendish bananas are among the sweetest varieties.

* Red bananas are prized for their unique color and taste.

* Bananas have symbolic meanings in many cultures and traditions.

* In some cultures, bananas are associated with fertility and prosperity.

* In some stories, bananas are depicted as gifts of abundance.

* Banana leaves are sometimes used for wrapping and steaming food.

* Banana seeds in wild varieties are large and hard, but cultivated bananas have tiny, harmless
seeds.

* However, the quantity of seeds in cultivated bananas is too small to be noticeable.
¢ There are over 1,000 varieties of bananas worldwide.

* ] often store bananas at room temperature until they ripen and then refrigerate them to last
longer.

* They bought a bunch of bananas at the market last weekend.

* Pollination of banana plants is usually carried out by bats or insects.

* Banana plantations are common in tropical climates.

* The banana has become a symbol of tropical abundance and nutrition.
* Banana festivals are celebrated in many rural communities.

* The softness and sweetness of a ripe banana is one of its most satisfying qualities.

Control Sentences
* John enjoys reading books because they are one of the most widely enjoyed hobbies in the
world.
* They come in a variety of genres, including mystery, fantasy, and science fiction.
* The scientific name for the domestic cat is Felis catus.
* Cats are members of the Felidae family.
* They are believed to have originated in the Near East.
* India is the largest producer of films globally.
* An average smartphone weighs about 150-200 grams.
* Smartphones are rich in features, especially when used with modern apps.
* Tlike to watch documentaries for their educational value and engaging storytelling.

* The phrase “a book a day keeps ignorance away’ highlights their intellectual benefits.
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0.2

Everyone knows that music can be enjoyed live, recorded, or streamed.
It is commonly used in films, advertisements, and celebrations.
Virtual reality is a popular technology in many countries.

E-books are a convenient and portable way to read.

Some dogs are calm, while others are very energetic.

German Shepherds are known for their loyalty and intelligence.
Persian cats are among the most popular breeds.

Golden Retrievers are prized for their friendly temperament.

Stars have symbolic meanings in many cultures and religions.

In Greek mythology, owls were associated with wisdom and knowledge.
In the Bible, the dove is often depicted as a symbol of peace.
Bamboo is sometimes used for building houses and furniture.
Computer chips contain a small amount of rare earth metals.
However, the quantity is too small to impact recycling significantly.
There are over 7,000 languages spoken worldwide.

I often store old photographs in albums so they last longer.

They bought a set of tools at the hardware store last weekend.
Pollination of flowers is usually carried out by bees.

Wind farms are common in coastal and open plain regions.

The torch has become a symbol of freedom and enlightenment.
Music festivals are celebrated in many communities.

The sound of ocean waves is one of nature’s most satisfying qualities.

LAYER-WISE CROSS VALIDATION ACCURACIES

Next, we present the results of classifying control versus source data using 8-fold cross-validation for
each layer. We indicate the layers that achieve an accuracy above or below the accuracy threshold.
Some layers show very high accuracy (around 90%), while others achieve much lower accuracy.
Only layers with an accuracy higher than the threshold are used for steering.

Layer-wise Accuracy for Bananas Qualitative Experiment (Qwen 2.5 (1.5B))

1.04

Accuracy

Below threshold
Above threshold (0.75)
=== Threshold 0.75

Tttt
001 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
Layer Index

Figure 18: Layer-wise classification accuracy for distinguishing control and source data using 8-fold
cross-validation in banana text qualitative experiment. Points above the threshold (green) indicate
layers with high discriminative power, while points below the threshold (red) indicate less informa-
tive layers. The dashed line shows the chosen accuracy threshold of 0.75.
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P FURTHER DETAILS ON DIFFUSION EXPERIMENT

P.1 PROMPTS USED FOR TRAINING OF STEERING METHODS AND DSAS
Source Prompts for Bananas

* A photo of a ripe yellow banana on a white plate
* Close-up of a ripe yellow banana with water droplets
* A basket full of ripe bananas on a wooden table

* Macro shot of a sliced banana showing its interior
* A ripe yellow banana hanging from a tree in sunlight
* A banana on a kitchen counter with a knife beside it
* Fresh bananas in a grocery store bin

* A peeled banana on a desk next to a laptop
 Several bananas arranged in a bowl

* Cartoon-style drawing of a happy banana

* Realistic painting of a green banana

* Banana plantation during harvest season

* Three bananas stacked on top of each other

* A banana with a small bruise on the peel

* A teacher holding a banana in a classroom

* A yellow banana with a sticker that says ’organic’
* A person juggling three bananas

* A single banana sitting on a black background

* A golden banana on a marble surface

* A banana and a pear side by side

* Half a banana dipped in peanut butter

* Banana being sliced with a knife

* A banana next to a bunch of grapes

* A banana surrounded by books

* A child taking a bite of a banana

* A banana on a picnic blanket

* A basket of bananas next to pumpkins

* A glossy yellow banana with reflections

* A yellow banana next to a glass of juice

* A banana next to cinnamon sticks

* A banana resting on a park bench

* A banana in a refrigerator drawer
Target Prompts for Bananas

* A heavily blurred photo of a ripe yellow banana on a white plate

* An extremely blurry close-up of a ripe yellow banana with water droplets

* A basket full of ripe bananas on a wooden table, heavily blurred to obscure details
* A macro shot of a sliced banana showing its interior, but heavily blurred

* A ripe yellow banana hanging from a tree in sunlight, blurred significantly

A heavily blurred image of a banana on a kitchen counter with a knife beside it
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A blurry photo of fresh bananas in a grocery store bin

A heavily blurred image of a peeled banana on a desk next to a laptop

A photo of several bananas arranged in a bowl, extremely obscured by blur
A cartoon-style drawing of a happy banana, rendered with strong blur

A heavily blurred realistic painting of a green banana

A highly blurred image of a banana plantation during harvest season

A blurry image of three bananas stacked on top of each other

A banana with a small bruise on the peel, shown through heavy blur

A teacher holding a banana in a classroom, but the image is severely blurred
A yellow banana with a sticker that says ’organic’, blurred beyond clarity
A person juggling three bananas, shown in a blurry photograph

A single banana sitting on a black background, blurred strongly

A golden banana on a marble surface, with strong blurring applied

A banana and a pear side by side, both obscured by blur

Half a banana dipped in peanut butter, in a blurry image to barely appreciate details
A highly blurred photo of a banana being sliced with a knife

A heavily blurred image of a banana next to a bunch of grapes

A strongly blurred photo of a banana surrounded by books

A blurry image of a child taking a bite of a banana

A heavily blurred image of a banana on a picnic blanket

A basket of bananas next to pumpkins, shown in a heavily blurry photo

A strongly blurry photo of a glossy yellow banana with reflections

A yellow banana next to a glass of juice, rendered with heavy blur

An image with a banana next to cinnamon sticks, blurred strongly

A heavily blurred photo of a banana resting on a park bench

An extremely blurry image of a banana in a refrigerator drawer

Bananas-related Validation Prompts

A tasty banana on a cutting board

Child reaching for a banana in a basket
Banana-themed still life painting

A banana lying on a windowsill

A shiny banana resting on a school desk
Green bananas growing on a tree

Yellow banana with a bite taken out

A bowl containing bananas and apples
Close-up of a banana’s surface texture
Basket of freshly picked bananas

A banana next to a glass of orange juice
Half a banana placed on a napkin

Yellow and green bananas arranged artistically
A banana sticker labeled *organic produce’
A single banana on a dark reflective surface

A banana floating in midair (CGI)
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Source Prompts for Phones

* A smartphone lying on a wooden desk

* A person holding a huge phone

* A close-up of a phone screen displaying messages
* A phone charging on a nightstand

* A smartphone with a cracked screen

* A phone with a colorful wallpaper

* A person taking a photo with a smartphone

* A phone placed next to a cup of coffee

* A phone displaying a video call

* A phone on a table with headphones plugged in
* A smartphone with a reflective back cover

* A person unlocking a phone with a fingerprint
* A phone lying on top of a notebook

* A smartphone being used for online shopping

* A phone with notifications displayed on the screen
* A smartphone showing a navigation map

* A phone in a protective case on a desk

* A phone placed beside a laptop

* A person holding a phone with both hands

* A smartphone displaying a music player app

* A phone resting on a glass surface

* A phone with an incoming call notification

* A smartphone on a colorful background

* A person swiping through photos on a phone

* A phone placed near a set of keys

* A smartphone with a video recording interface open
* A phone lying on a sofa

* A smartphone displaying weather information

* A person texting on a phone

* A phone on a bedside table next to a lamp

* A smartphone being used for a video chat

* A phone lying on a stack of books

Target Prompts for Phones

* A heavily blurred photo of a smartphone lying on a wooden desk

* A person holding a huge phone, heavily blurred

* A close-up of a phone screen displaying messages, blurred significantly
* A phone charging on a nightstand, heavily blurred

* A smartphone with a cracked screen, image obscured by blur

* A phone with a colorful wallpaper, heavily blurred

* A person taking a photo with a smartphone, blurred strongly

* A phone placed next to a cup of coffee, heavily blurred

* A phone displaying a video call, blurred significantly
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A phone on a table with headphones plugged in, heavily blurred

A smartphone with a reflective back cover, image obscured by blur
A person unlocking a phone with a fingerprint, heavily blurred

A phone lying on top of a notebook, blurred strongly

A smartphone being used for online shopping, heavily blurred

A phone with notifications displayed on the screen, image heavily blurred
A smartphone showing a navigation map, heavily blurred

A phone in a protective case on a desk, blurred significantly

A phone placed beside a laptop, heavily blurred

A person holding a phone with both hands, image obscured by blur
A smartphone displaying a music player app, heavily blurred

A phone resting on a glass surface, blurred strongly

A phone with an incoming call notification, heavily blurred

A smartphone on a colorful background, image heavily blurred

A person swiping through photos on a phone, heavily blurred

A phone placed near a set of keys, blurred significantly

A smartphone with a video recording interface open, heavily blurred
A phone lying on a sofa, image obscured by blur

A smartphone displaying weather information, heavily blurred

A person texting on a phone, blurred strongly

A phone on a bedside table next to a lamp, heavily blurred

A smartphone being used for a video chat, image heavily blurred

A phone lying on a stack of books, heavily blurred

Phones-related Validation Prompts

A red phone on a desk

A smartphone placed next to a notebook and pen

A phone with a video call in progress

A phone lying on a coffee shop table

A person scrolling through social media on a phone
A smartphone showing a map with directions

A phone charging on a kitchen counter

A person taking a selfie with a smartphone

A smartphone displaying a calendar app

A phone on a nightstand next to glasses

A person texting while walking outside

A smartphone showing a music playlist

A phone lying on a sofa armrest

A smartphone being used for a video conference

A person holding a phone with one hand while drinking coffee
A phone resting on a desk with a keyboard nearby

Source Prompts for Castles

A medieval stone castle on a hilltop
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* A fairy tale castle surrounded by a moat

* An ancient castle ruins at sunset

* A castle with tall towers and flags waving

* A snowy castle in the mountains

* A castle reflected in a calm lake

* A dark, gothic castle on a cliff

* A castle courtyard filled with flowers

* A castle gate with a drawbridge lowered

* A castle lit by torches at night

* A castle with ivy climbing its walls

* A castle on a rocky coastline

* A large castle surrounded by a dense forest

* A castle with a grand ballroom visible through the windows
* A castle seen from a distant hill

* A castle with stone walls covered in moss

* A castle on an island in the middle of a river

* A castle during a thunderstorm

* A castle tower with a lookout point

* A castle with flags and banners flying in the wind
* A castle with an arched stone bridge leading to it
* A castle under a starry night sky

* A castle surrounded by autumn trees

* A castle perched on a steep mountain ridge

* A castle with a garden full of fountains

* A castle seen from the air, showing its layout

* A castle with tall spiral staircases visible

* A castle with a moat reflecting the sunset

* A castle with knights patrolling the walls

* A castle with ornate windows and balconies

* A castle built into the side of a cliff

* A castle with colorful flags on every tower

* A castle with a grand entrance decorated with statues

Target Prompts for Castles

* A heavily blurred photo of a medieval stone castle on a hilltop
* A fairy tale castle surrounded by a moat, heavily blurred

* An ancient castle ruins at sunset, blurred significantly

* A castle with tall towers and flags waving, heavily blurred

* A snowy castle in the mountains, image obscured by blur

* A castle reflected in a calm lake, heavily blurred

A dark, gothic castle on a cliff, image blurred strongly

* A castle courtyard filled with flowers, heavily blurred

* A castle gate with a drawbridge lowered, blurred significantly

* A castle lit by torches at night, image heavily blurred
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* A castle with ivy climbing its walls, heavily blurred

* A castle on a rocky coastline, image obscured by strong blur

* A large castle surrounded by a dense forest, heavily blurred

* A castle with a grand ballroom visible through the windows, blurred strongly
* A castle seen from a distant hill, heavily blurred

* A castle with stone walls covered in moss, image heavily blurred
* A castle on an island in the middle of a river, blurred significantly
* A castle during a thunderstorm, heavily blurred

* A castle tower with a lookout point, image obscured by blur

* A castle with flags and banners flying in the wind, heavily blurred
* A castle with an arched stone bridge leading to it, blurred strongly
* A castle under a starry night sky, heavily blurred

* A castle surrounded by autumn trees, image heavily blurred

* A castle perched on a steep mountain ridge, heavily blurred

* A castle with a garden full of fountains, image obscured by blur

* A castle seen from the air, showing its layout, heavily blurred

* A castle with tall spiral staircases visible, blurred significantly

* A castle with a moat reflecting the sunset, heavily blurred

* A castle with knights patrolling the walls, image heavily blurred

* A castle with ornate windows and balconies, heavily blurred

* A castle built into the side of a cliff, blurred strongly

* A castle with colorful flags on every tower, heavily blurred

* A castle with a grand entrance decorated with statues, image obscured by strong blur
Castles-related Validation Prompts

* A castle perched on a cliff during sunrise

* A small stone castle surrounded by mist

* A castle with a spiral tower overlooking a valley
* A castle at the end of a long cobblestone path

* A castle with a large wooden drawbridge

* A castle in the middle of a lush green meadow

* A castle on an island in a foggy lake

* A castle courtyard with a fountain in the center
* A castle silhouetted against a stormy sky

* A castle with colorful banners hanging from the towers
* A castle with ivy crawling up the walls

* A castle tower with a glowing lantern at night

* A castle surrounded by snow-covered trees

* A castle viewed from a hot air balloon

* A castle with a stone wall and guard towers

* A castle at sunset with golden light on its walls
Source Prompts for Apples

* A photo of a ripe red apple on a white plate
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* Close-up of a green apple with water droplets
* A basket full of shiny apples on a wooden table
* Macro shot of a sliced apple showing the seeds
* Red apple hanging from a tree branch in sunlight
* Apple on a kitchen counter with a knife beside it
* Fresh apples in a grocery store bin

* A bitten apple on a desk next to a laptop

* Several apples arranged in a bowl

* Cartoon-style drawing of a happy apple

* Realistic painting of a green apple

* Apple orchard during harvest season

» Three apples stacked on top of each other

* An apple with a worm coming out

* A teacher holding an apple in a classroom

* Red apple with a sticker that says *organic’

* A person juggling three apples

* A single apple sitting on a black background

* Golden apple on a marble surface

* An apple and a pear side by side

 Half an apple dipped in peanut butter

* Apple being cut with a knife

* Apple next to a bunch of grapes

* An apple surrounded by books

 Child taking a bite of a red apple

* Apple on a picnic blanket

* Basket of apples next to pumpkins

* Glossy green apple with reflections

* Red apple next to a glass of juice

* An apple next to cinnamon sticks

* Apple resting on a park bench

* Apple in a refrigerator drawer

Target Prompts for Apples

* A heavily blurred photo of a ripe red apple on a white plate

* An extremely blurry close-up of a green apple with water droplets

* A basket full of shiny apples on a wooden table, heavily blurred to obscure details
* A macro shot of a sliced apple showing the seeds, but heavily blurred

* A red apple hanging from a tree branch in sunlight, blurred significantly

A heavily blurred image of an apple on a kitchen counter with a knife beside it

* A blurry photo of fresh apples in a grocery store bin

A heavily blurred image of a bitten apple on a desk next to a laptop
* A photo of several apples arranged in a bowl, extremely obscured by blur

* A cartoon-style drawing of a happy apple, rendered with strong blur

A heavily blurred realistic painting of a green apple
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A highly blurred image of an apple orchard during harvest season

A blurry image of three apples stacked on top of each other

An apple with a worm coming out, shown through heavy blur

A teacher holding an apple in a classroom, but the image is severely blurred
A red apple with a sticker that says ’organic’, blurred beyond clarity

A person juggling three apples, shown in a blurry photograph

A single apple sitting on a black background, blurred strongly

A golden apple on a marble surface, with strong blurring applied

An apple and a pear side by side, both obscured by blur

Half an apple dipped in peanut butter, in a blurry image to barely appreciate details
A highly blurred photo of an apple being cut with a knife

A heavily blurred image of an apple next to a bunch of grapes

A strongly blurred photo of an apple surrounded by books

A blurry image of a child taking a bite of a red apple

A heavily blurred image of an apple on a picnic blanket

A basket of apples next to pumpkins, shown in a heavily blurry photo

A strongly blurry photo of a glossy green apple with reflections

A red apple next to a glass of juice, rendered with heavy blur

An image with an apple next to cinnamon sticks, blurred strongly

A heavily blurred photo of an apple resting on a park bench

An extremely blurry image of an apple in a refrigerator drawer

Apples-Related Prompts for Validation

A juicy apple on a cutting board

Child reaching for an apple in a basket
Apple-themed still life painting

An apple lying on a windowsill

A shiny apple resting on a school desk
Green apples growing on a tree

Red apple with a bite taken out

A bowl containing apples and bananas
Close-up of an apple’s surface texture
Basket of freshly picked apples

An apple next to a glass of orange juice
Half an apple placed on a napkin

Red and green apples arranged artistically
An apple sticker labeled ’organic produce’
A single apple on a dark reflective surface

An apple floating in midair (CGI)

Source Prompts for Astronauts

An astronaut floating in space outside a spacecraft
A group of astronauts walking on the Moon

An astronaut performing a spacewalk
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* An astronaut inside the International Space Station

* A close-up of an astronaut’s helmet reflecting Earth

* An astronaut using a robotic arm in space

* An astronaut holding a flag on the Moon

* Two astronauts conducting an experiment in zero gravity
* An astronaut taking a selfie with the Earth in the background
* An astronaut repairing a satellite

* A space shuttle with astronauts performing a spacewalk
* An astronaut floating near a space station module

* An astronaut examining a lunar rock

» Astronauts planting a scientific instrument on the Moon
* An astronaut stepping out of the spacecraft onto the lunar surface
* An astronaut practicing a spacewalk in a training pool

* A group of astronauts inside a spacecraft cockpit

* An astronaut with the Earth visible through a window

* An astronaut tethered to a space station during EVA

* An astronaut floating above a space shuttle

* An astronaut operating equipment in zero gravity

* An astronaut standing on Mars with a flag

* An astronaut using a tablet in a spacecraft

* An astronaut floating past a satellite

* Astronauts taking samples on the Moon

* An astronaut capturing images of Earth from orbit

* An astronaut in a spacesuit training facility

* An astronaut adjusting controls inside a spacecraft

* Astronauts walking on a simulated Martian surface

* An astronaut performing maintenance on a space station
* An astronaut launching from a rocket into orbit

* An astronaut floating in a space capsule
Target Prompts for Astronauts

* A heavily blurred photo of an astronaut floating in space outside a spacecraft

* A group of astronauts walking on the Moon, heavily blurred

* An astronaut performing a spacewalk, blurred significantly

* An astronaut inside the International Space Station, heavily blurred

* A close-up of an astronaut’s helmet reflecting Earth, image obscured by blur

* An astronaut using a robotic arm in space, heavily blurred

* An astronaut holding a flag on the Moon, blurred strongly

» Two astronauts conducting an experiment in zero gravity, heavily blurred

* An astronaut taking a selfie with the Earth in the background, blurred significantly
* An astronaut repairing a satellite, heavily blurred

* A space shuttle with astronauts performing a spacewalk, image obscured by blur
* An astronaut floating near a space station module, heavily blurred

* An astronaut examining a lunar rock, blurred strongly
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Astronauts planting a scientific instrument on the Moon, heavily blurred

An astronaut stepping out of the spacecraft onto the lunar surface, image heavily blurred
An astronaut practicing a spacewalk in a training pool, heavily blurred

A group of astronauts inside a spacecraft cockpit, blurred significantly

An astronaut with the Earth visible through a window, heavily blurred

An astronaut tethered to a space station during EVA, image obscured by blur
An astronaut floating above a space shuttle, heavily blurred

An astronaut operating equipment in zero gravity, blurred strongly

An astronaut standing on Mars with a flag, heavily blurred

An astronaut using a tablet in a spacecraft, image heavily blurred

An astronaut floating past a satellite, heavily blurred

Astronauts taking samples on the Moon, blurred significantly

An astronaut capturing images of Earth from orbit, heavily blurred

An astronaut in a spacesuit training facility, image obscured by blur

An astronaut adjusting controls inside a spacecraft, heavily blurred
Astronauts walking on a simulated Martian surface, blurred strongly

An astronaut performing maintenance on a space station, heavily blurred

An astronaut launching from a rocket into orbit, image heavily blurred

An astronaut floating in a space capsule, heavily blurred

Astronauts-related Prompts for Validation

An astronaut performing a spacewalk with Earth in the background
A group of astronauts training in a zero-gravity simulator
An astronaut floating near the edge of a space station

An astronaut holding scientific instruments on the Moon
A close-up of an astronaut adjusting their helmet

An astronaut capturing photos of stars from orbit

Two astronauts working together on a satellite repair

An astronaut stepping onto a lunar module ladder
Astronauts conducting a space experiment in microgravity
An astronaut observing Mars from a spacecraft window

A young astronaut practicing in a neutral buoyancy pool
An astronaut navigating a robotic rover on the Moon

An astronaut floating while tethered to a spacecraft

A group of astronauts preparing for a launch

An astronaut testing a new spacesuit in a lab

An astronaut using a tablet to monitor spacecraft systems

Source Prompts for Elephants

A herd of elephants walking across the savannah
A baby elephant playing near its mother

An elephant spraying water with its trunk
Close-up of an elephant’s wrinkled skin

An elephant drinking from a river

42



Under review as a conference paper at ICLR 2026

A lone elephant standing under a tree

Two elephants touching trunks affectionately
An elephant crossing a dusty path at sunset
A group of elephants bathing in a mud pool
A majestic elephant walking on a grassy plain
Elephants silhouetted against the sunrise

A young elephant learning to use its trunk
An elephant pushing over a small tree

A close-up of an elephant’s tusks

A playful elephant splashing water on itself
A mother elephant guiding her calf
Elephants grazing in a lush green field

An elephant walking along a dirt road

A photograph of elephants at a watering hole
A baby elephant playing in the mud

An elephant raising its trunk in the air

A herd of elephants moving together at dusk
An elephant resting under the shade of a tree
Close-up of an elephant’s eye

An elephant with large curved tusks

A young elephant playing with a stick
Elephants walking along a forest path

An elephant reaching for leaves on a high branch
A baby elephant hiding behind its mother
An elephant trumpeting loudly

A group of elephants crossing a river

An elephant standing on a rocky terrain

Target Prompts for Elephants

A heavily blurred photo of a herd of elephants walking across the savannah
A baby elephant playing near its mother, shown in heavy blur

An elephant spraying water with its trunk, blurred significantly

Close-up of an elephant’s wrinkled skin, heavily blurred

An elephant drinking from a river, image obscured by blur

A lone elephant standing under a tree, heavily blurred

Two elephants touching trunks affectionately, shown in blur

An elephant crossing a dusty path at sunset, blurred heavily

A group of elephants bathing in a mud pool, image obscured by strong blur
A majestic elephant walking on a grassy plain, heavily blurred

Elephants silhouetted against the sunrise, image blurred significantly

A young elephant learning to use its trunk, heavily blurred

An elephant pushing over a small tree, blurred strongly

A close-up of an elephant’s tusks, heavily blurred

A playful elephant splashing water on itself, image obscured by blur
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* A mother elephant guiding her calf, heavily blurred

* Elephants grazing in a lush green field, image heavily blurred

* An elephant walking along a dirt road, blurred strongly

* A photograph of elephants at a watering hole, image blurred heavily
* A baby elephant playing in the mud, heavily blurred

* An elephant raising its trunk in the air, image obscured by strong blur
* A herd of elephants moving together at dusk, heavily blurred

* An elephant resting under the shade of a tree, blurred significantly

* Close-up of an elephant’s eye, heavily blurred

* An elephant with large curved tusks, image obscured by blur

* A young elephant playing with a stick, heavily blurred

* Elephants walking along a forest path, blurred strongly

* An elephant reaching for leaves on a high branch, heavily blurred

* A baby elephant hiding behind its mother, image heavily blurred

* An elephant trumpeting loudly, blurred significantly

* A group of elephants crossing a river, heavily blurred

* An elephant standing on a rocky terrain, image obscured by strong blur
Elephants-related Prompts for Validation

* An elephant walking through a foggy forest

* A baby elephant playing in a shallow stream

¢ Elephants crossing a wooden bridge

* An elephant standing on a hilltop at sunrise

* A group of elephants walking along a sandy beach
* A mother elephant and her calf drinking water

* An elephant resting in the shade of tall grass

* Close-up of an elephant’s textured trunk

* An elephant walking beside a safari jeep

* A herd of elephants moving through a misty valley
* An elephant lifting its foot while walking

* A baby elephant hiding behind tall reeds

* An elephant standing in a shallow pond

* Elephants playing together near a watering hole

* An elephant reaching down to pick up food with its trunk

* A young elephant exploring a forest clearing
Control Prompts

* A mountain landscape during sunset

* A blue sports car driving on a highway
* An airpline flying in the sky

* A stack of books on a desk

* A cozy cabin in the snowy woods

* A glass of water on a wooden table

* A cat sleeping on a windowsill
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* The Eiffel Tower on a cloudy day

* A detailed photo of a mechanical watch
* A street market in a small village

* Two people shaking hands in an office
* A steaming cup of coffee next to a newspaper
* An open notebook with a pen on it

* A scenic view of a forest trail

* A painting of a dragon in the clouds

* A train passing through a mountain tunnel
* A city skyline at night with reflections
* A butterfly perched on a flower

* A person kayaking on a calm lake

* A chessboard with pieces mid-game

¢ A steaming bowl of ramen

* A retro-style microphone on a stand

* A colorful parrot sitting on a branch

* A modern art sculpture in a gallery

* A glowing jellyfish in the deep ocean

* A farmer walking through a wheat field
* An antique vase on a shelf

* Hot air balloons over a desert

* A lighthouse by the rocky shore

* A man playing a guitar

* A group of hikers climbing a trail

* A pair of sneakers on a running track

Concept-unrelated Prompts

* A golden retriever running in a park

* A close-up of a violin being played

* Futuristic city skyline at night

* Hands typing on a vintage typewriter
* Cup of tea beside an open book

* A photo of a sunflower field

* Rocket launching into the sky

* Modern kitchen interior with sunlight
* A scenic photo of a waterfall

* A classic sports car in a garage
 High-resolution image of a mountain goat
* Photo of a busy train station

* Aerial view of a winding river

* Macro photo of tree bark

* Well-lit indoor plant setup

* A tree in full bloom during spring

P.2 EXTENDED QUALITATIVE RESULTS
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Figure 19: Examples of 6 generated images from validation prompts: 3 astronauts-related (top) and
3 non-astronauts-related (bottom). For each prompt, the first row shows generations with CAA
across A € {0,0.25,0.5,0.75, 1}, and the second row shows the same for CAA+DSAS.
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Figure 20: Examples of 6 generated images from validation prompts: 3 apples-related (top) and 3
non-apples-related (bottom). For each prompt, the first row shows generations with CAA across
A €{0,0.25,0.5,0.75, 1}, and the second row shows the same for CAA+DSAS.
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Figure 21: Examples of 6 generated images from validation prompts: 3 phones-related (top) and 3
non-phones-related (bottom). For each prompt, the first row shows generations with CAA across
A € {0,0.25,0.5,0.75, 1}, and the second row shows the same for CAA+DSAS.
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Figure 22: Examples of 6 generated images from validation prompts: 3 elephants-related (top) and 3
non-elephants-related (bottom). For each prompt, the first row shows generations with CA A across
A €{0,0.25,0.5,0.75, 1}, and the second row shows the same for CAA+DSAS.
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Figure 23: Examples of 6 generated images from validation prompts: 3 castles-related (top) and 3
non-castles-related (bottom). For each prompt, the first row shows generations with CAA across
A €{0,0.25,0.5,0.75, 1}, and the second row shows the same for CAA+DSAS.
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P.3 ABOUT SPATIAL LOCALIZATION IN IMAGES

In this section, we explore where DSAS is activated during image generation in the text-to-image
experiment that blurs banana-related images. We align activations with the spatial structure of the
output image. We record the steering strengths hy(t) at each U-Net layer, interpolate them to the
output resolution, and average across layers to obtain a pixel-level steering strength map highlighting
the most activated regions.

Figure 24] shows that the mean activation map is much stronger for the banana-related image, while
the non-banana image exhibits only weak activations. Its mean cosine similarity is also closer to
1 than in the banana-related case. Notably, although the banana-related map peaks over banana
regions, it still shows significantly elevated activations elsewhere. This indicates that, although the
method produces more blurring within the banana region, it does not precisely localize bananas
despite applying position-wise steering within the U-Net hidden states.

Unmodified Model CAA+DSAS Model Mean Activation
Generation Generation Strength

Mean Cosine Similarity
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Figure 24: Activation maps for an banana-related example (top) and a non-banana-related example
(bottom). The first column shows the image generated with the unmodified model; the second
column shows the generation with the model steered with CAA+DSAS. The third column presents
the mean activation strength (averaged across layers and interpolated to the image size), and the
fourth column shows the mean cosine similarity (also averaged and interpolated). Activation maps
are shown in grayscale, with values normalized between 0 (black) and 1 (white). Stronger activation
strengths are observed in the banana-related image.

Q USE OF AI WRITING ASSISTANCE

A large language model (LLM) was employed solely to support improvements in the language,
grammar, and clarity of this manuscript. All Al-generated suggestions based on the text originally
written by the authors were carefully reviewed, edited, and approved by the authors, who accept full
responsibility for the final version of the text.
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