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Abstract

Despite substantial progress in safety align-
ment, aligned Large Language Models (LLMs)
remain fragile under small parameter-space and
activation-space perturbations, such as down-
stream fine-tuning and jailbreak attacks. To ex-
plain why local perturbations can trigger broad
safety failures, we analyze safety-task neuron
circuits from the perspectives of activation flow
and circuit topology. We identify a critical topo-
logical fragility in safety alignment: In aligned
models, safety-task neuron circuits exhibit a
low-redundancy, isolated single-chain topol-
ogy, in sharp contrast to the highly redundant
dense-mesh topology of general-task circuits.
This brittle topology creates rigid serial depen-
dencies, whereby perturbing a small set of up-
stream neurons can disrupt downstream safety
neurons and cascade into broad alignment fail-
ures. To mitigate this topological fragility, we
propose Dense Safety Mesh (DSM), a topology-
aware alignment framework that transforms
brittle single-chain safety circuits into more
redundant and resilient mesh-like structures.
DSM employs structural adversarial masking
to suppress dominant safety pathways, forcing
safety circuits to develop diverse parallel path-
ways. Extensive experiments across seven mod-
els and multiple evaluations show that DSM im-
proves robustness against perturbations attacks
while maintaining general capabilities.

1 Introduction

The rapid integration of Large Language Models
(LLMs) into diverse digital and physical ecosys-
tems has granted them unprecedented interactive
agency, necessitating rigorous safety alignment. To
ensure these models adhere to human values, align-
ment methods such as RLHF(Ouyang et al., 2022)
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Figure 1: (a) The robust "Mesh-like" general circuit
forms multiple parallel pathways, which can maintain
circuits and functions after any neuron fails. (b) Fragile
"Isolated Single-Chain" topology of the safety circuit.
The failure of local neurons will cascadingly lead to the
failure of downstream neurons and the loss of safety
capability in the absence of parallel path redundancy.
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and SafeDecoding(Xu et al., 2024) have been pro-
posed, preventing the generation of harmful content
and physical damage.

While aligned models exhibit remarkable com-
pliance on static benchmarks, "red teaming" re-
search has uncovered a deep-seated fragility: per-
turbations to a negligible fraction of the safety
mechanism can trigger a catastrophic collapse of
safety capabilities(Chen et al., 2025). Specifically,
whether through modifying a minimal subset of
parameters during fine-tuning(Qi et al., 2023), or
shifting neuronal states in the activation space via
jailbreaking prompts(He et al., 2025), these inter-
ventions can weaken the LLMs’ safety capabil-
ity across diverse domains and precipitate a sys-
temic breakdown of the entire alignment capability.
This disproportionate fragility raises a fundamen-
tal question: why can local perturbations induce
severe global refusal failures, whereas general ca-
pabilities remain robust under similar conditions?

To fully elucidate the mechanism linking local
perturbations to global model collapse, it is essen-
tial to extend our analysis beyond the traditional
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atomistic perspective. While prior research on
LLM vulnerability focuses on the impact of a sin-
gle component on security capabilities: such as
the discovery that the safety capabilities are dis-
tributed across specific layers(Li et al., 2025) and
dedicated safety neurons(Wei et al., 2024), and re-
moving these safety components will degrade the
model’s security performance. This overlooks the
relationships and structure among components, as
well as the associations between local and global
structures. Accordingly, our study investigates the
activation relationship between safety neurons as
well as the topological structures within the safety
neuron circuits(Zou et al., 2024). This circuit-level
analysis of neurons uncovers a striking topological
divergence between general capability and safety
alignment. While general capabilities rely on a ro-
bust, highly-interconnected "Mesh-like" topology
characterized by high-redundancy and parallel path-
ways, current neuron circuit of safety mechanism
shows a sparse, Isolated Single-Chain Topology.
In this unique topology, the activation of down-
stream neurons manifests a strict dependency on
specific upstream precursors without lateral redun-
dancy. Consequently, the disruption of a single
neuron triggers a Cascading Failure of subsequent
neurons that paralyzes the entire safety circuit and
the global safety failure, as shown in Figure 1. This
topological fragility elucidates why attacks through
local perturbations succeed with disproportionate
efficiency.

To dismantle this topological fragility within the
safety circuit, we propose the Dense Safety Mesh
(DSM), a novel framework designed to evolve the
fragile, isolated single-chain into a robust, highly
interconnected mesh topology. Mechanistically,
DSM adaptively identifies and suppresses domi-
nant safety pathways, forcing the safety circuit to
cultivate diverse and parallel bypasses. These paral-
lel paths are not merely structural redundancies and
repetitions. Each parallel pathway corresponds to
a distinct perspective or rule for safety assessment.
This provides multiple parallel and redundant paths
for upstream neurons to activate the same down-
stream neurons to enhance topological robustness,
while preventing homogeneous parallel pathways
from failing simultaneously under adversarial at-
tacks. When local neurons are perturbed, paral-
lel pathways sustain the signal propagation, en-
suring downstream activation remains intact. Fur-
thermore, to eliminate the "Alignment Tax"(Lin
et al., 2024)—the degradation of general utility of-

ten associated with safety training—we introduce
Orthogonal Subspace Projection. This technique
geometrically constrains safety updates to the null
space of general utility gradients, ensuring that the
safety circuit select general task irrelevant neurons
to construct parallel pathway, without interfering
with the general capability.

Our contributions are threefold: 1) We provide
the topological explanation for the paradox where
localized perturbations trigger global safety col-
lapse, characterizing the safety circuit as a fragile,
isolated single-chain topology. 2) Methodological
Innovation: We introduce DSM, a framework that
leverages structural adversarial masking to evolve
the safety circuit from fragile chain into robust
mesh, and maintaining general capability by em-
ploying orthogonal projection. 3) Empirical Ro-
bustness: We evaluate DSM across jailbreak, adap-
tive attack, fine-tuning, over-refusal, utility, and
topology metrics. DSM improves robustness under
various models while preserving utility.

2 Related Works

2.1 Safety Fragility Analysis

Recent work has revealed that safety alignment
in LLMs is brittle. Qi et al. (2024) show that
safety behavior concentrates in the first few gener-
ated tokens, suggesting shallow alignment, while
SSAH (Li and Kim, 2024) characterizes it as a su-
perficial binary decision between answering and
refusing. Wei et al. (2024) find that only about 3%
of parameters are safety-critical, and pruning this
small fraction substantially compromises safety; Li
et al. (2025) locate contiguous safety layers crucial
for distinguishing malicious from benign inputs.
Yet they mostly analyze safety capability compo-
nent as isolated units, leaving unexplained why
perturbing a small local component can propagate
into a global safety collapse. In contrast, our work
focuses on the activation relation among safety neu-
rons, and reveals that this fragility stems from the
low redundancy topology of the safety circuit it-
self—an isolated single-chain structure. This topol-
ogy has little lateral redundancy, making the circuit
vulnerable to cascading failure.

2.2 Safety Neurons and Neural Circuits

A representative line of mechanistic safety research
identifies safety-related neurons or layers. Chen
et al. (2025) detect sparse safety neurons con-
sistently important for handling harmful queries;
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Wei et al. (2024) identify safety-critical neurons
and low-rank components whose removal damages
safety. At the circuit level, Circuit Breakers (Zou
et al., 2024) learn to interrupt harmful representa-
tion circuits before they produce unsafe outputs,
demonstrating that safety behavior is implemented
through causal pathways rather than surface-level
output filtering. Our work builds on these works
and addresses a complementary problem: rather
than interrupt harmful circuits, DSM evolves the
safety circuit from a brittle single-chain depen-
dency into a redundant, mesh-like topology with
multiple parallel safety pathways, keeping defense
mechanisms functional even when individual com-
ponents are compromised.

Due to space limitations, more related works are
provided in the appendix E.

3 Empirical Analysis: "'Single-Chain"'
Topology as the Root of Fragility

To investigate the paradox where local perturba-
tions trigger global safety collapse, we move be-
yond isolated neuron-level attribution to a mecha-
nistic investigation of the Safety Circuit Topology.
We uncover a fundamental structural pathology: un-
like the robust "mesh" structure observed in general
capabilities, current alignment paradigms uninten-
tionally converge to a fragile Isolated Single-Chain
Topology. In this section, we systematically dissect
this phenomenon: (1) Topological Discovery: We
map the safety circuit, revealing its distinct Isolated
Single-Chain Topology; (2) Mechanistic Verifica-
tion: We empirically validate that this single-chain
topology creates a "structural fragility" where min-
imal disruption triggers a cascading failure of the
entire safety circuit. The experimental Setup is
shown in Appendix B.

3.1 Topological Discovery: Isolated
Single-Chain Topology

By constructing the Safety Circuit through causal
activation flow mapping, we uncover a striking
Topological Duality: while general reasoning tasks
activate a robust "Mesh-like" structure charac-
terized by high-redundancy and parallel process-
ing, the safety mechanism manifests as a low-
redundancy and fragile "Isolated Single-Chain
Topology." Within this pathological architecture,
downstream safety neurons’ activation exhibit a
rigid dependency on a sparse set of specific pre-
cursors’, critically lacking the lateral redundancy
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Figure 2: (a-b) Safety mechanisms appear as narrow
and low-redundancy "neuron circuit" with minimal re-
dundancy compared to both general circuits. (¢) The
downstream safety neurons’ activation depends on a
small number of upstream neurons, and they have the
characteristic of a high causality.

observed in general capabilities.

Methodology: Circuit Identification. We map
the safety circuit through two steps: (1) Identifying
Safety Key Neurons (Nodes), and (2) connecting
their causal connectivity of activation (Edges) to
map the Safety Circuit.

Step 1: Identifying Safety Key Neurons.
Safety Key Neurons refer to an MLP-channels
activation at a specified layer and contributive to
safety tasks while remaining dormant during gen-
eral tasks. We define an Importance Score, S (l7i),
for neuron ¢ in layer [, which quantifies the trade-
off between safety contribution and specificity. The
score is calculated as the gradient-weighted acti-
vation on harmful data (Dham ), penalized by the
magnitude of activation on benign data (Dyenign):

oL

all
da (1)
~ HE Dy [l (@)]]

S = EaeDym [ ol ()

where a(»?) denotes the activation value and L
is the loss function for safety task. The first term
(Sensitivity) identifies neurons that significantly
influence the safety decision, while the second term
(Selectivity) filters out general utility neurons. We
designate the top-3% of neurons with the highest
S scores as Safety Key Neurons, and we report
node-selection sensitivity in Appendix J.

Step 2: Mapping the Safety Circuit. We ob-
serve that neurons are not activated in isolation;
rather, they form coherent activation circuits, which
we term the safety circuit. To map the safety cir-
cuit, we construct a weighted directed graph where
edges represent the causal activation flow between
neurons. The edge weight T;,_,, from neuron u
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(layer [) to neuron v (layer [+ 1) is quantified using
a first-order Taylor approximation of contribution:

oL

~la®(g) . =
Tuﬁ'u ~ au (x) Wu'u aa5}1+1)

2

Here, W, is the effective local contribution
from neuron u to neuron v through the residual
stream and next-layer MLP input. This first-order
Taylor estimate captures the dominant contribution
term while neglecting higher-order interactions; we
use Ty, as a relative ranking signal for pathway
importance rather than an exact causal quantity.
By pruning edges with 7;,_,,, below a significance
threshold 7, we reconstruct the active Safety Cir-
cuit, as shown in Figure 2 (a).

Topological Characteristics: The Single-Chain
Topology. To benchmark the safety topology, we
apply the same circuit identification methodology
to general reasoning tasks. To control variables,
we selected the top 3% as general neurons con-
sistent with the safety task, and adopted the same
threshold 7 to construct general circuits. A poten-
tial confound is task complexity: refusal is often
a short binary decision, whereas GSM8K (math)
requires broader reasoning. We therefore compare
safety refusal not only with general reasoning , but
also with simple non-safety control tasks sentiment
classification. This controls match refusal in out-
put complexity while differing in safety semantics.
These settings eliminate the impact of neuron quan-
tity caused by the complexity and variety of general
and safety tasks.

Controlling for Output Complexity. A further
potential confound is that safety refusal produces
a short binary output, whereas general reason-
ing requires longer free-form answers. To test
whether the topology difference is driven by out-
put format rather than safety semantics, we addi-
tionally compare safety refusal against two non-
safety binary controls—yes/no factual QA and
topic classification—that produce short outputs
without involving safety semantics. As shown in
Table 12 (Appendix L), both controls exhibit sub-
stantially higher algebraic connectivity, average
degree, and path redundancy than the safety circuit,
despite matching safety refusal in output format.
This indicates that the low-redundancy topology is
associated with the safety mechanism rather than
being a generic property of binary-decision tasks.
The topology contrast is also stable across node
budgets and edge-retention settings.

General Circuit
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Safety Circuit

(a) Dissociation Dynamics (c) Logic Gating
s 10

Signal Persists

0 30 40 (L+K)
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Figure 3: (a) Masking a minimal fraction (< 0.8%) of
safety neurons triggers immediate safety collapse (red),
while general utility remains robust (blue). (b) Masking
upstream layers (L) in the Safety Circuit triggers near-
total downstream suppression (left). In contrast, the
General Circuit (right) maintains signal flow via mesh-
like structure. (c) Flow breaking results in high ASR,
whereas residual subtraction maintains low ASR.

As visualized in Figure 2, contrasting the Safety
Circuit with General Circuits reveals a striking
topological duality:

1) Spatial Sparsity: While both general tasks
activate a broad and a large part of general neurons
in each layer to process complex logic for each
query. In contrast, the number of active neurons
in safety circuits for each query is approximately
one-third of that observed in general tasks.

2) The "Isolated Single-Chain'': Both general
circuits exhibit a "Mesh-like" structure character-
ized by high connectivity (clustering). Downstream
neurons aggregate signals from a diverse ensem-
ble of upstream neurons. Conversely, the Safety
Circuit manifests as an ''Isolated Single-Chain."
In this topology, the activation of a downstream
safety neuron depends heavily on a few, specific
precursors with high edge weight 7'. This results in
any upstream neuron having a significant impact on
the activation of downstream neurons. In contrast,
downstream general neurons can be activated by
more upstream neurons and pathways.

These features confirm that the safety circuit is
topologically distinct from general circuits. In this
topological structure, the high dependence of sub-
sequent neurons on any preceding neurons leads
to a conjecture: Does the activation of safety neu-
rons relying on fewer upstream neurons and path-
ways entail less redundancy compared with general
tasks? could this cause the failure of a single neu-
ron to trigger a cascading propagation in the safety
circuit and result in the failure of subsequent neu-
rons, thereby leading local perturbations to trigger
global safety collapse? We verify this hypothesis
in the next section.

58082



3.2 Mechanistic Verification: The Fragility of
Single-Chain Topology

Building on the Single-Chain Topology identified
in Section 3.1, we test whether disrupting criti-
cal upstream neurons interrupts downstream signal
propagation and degrades safety more sharply than
general-task performance.

Internal Observation: The Cascading Effect.
To verify the conjecture in Section 3.1 regarding the
vulnerability to cascading failures caused by Iso-
lated Single-chain Topology, we investigate the
signal propagation dynamics within the model’s
internal representation space. We conduct a com-
parative ablation study between safety circuits and
general capability circuits using Causal Tracing.
Specifically, we simulate localized neuronal failure
by masking critical nodes in upstream layers and
strictly monitor the resulting activation suppres-
sion in downstream layers to quantify the degree
of serial dependency.

As illustrated in Figure 3(b), the safety mecha-
nism exhibits a distinct Cascading Effect. Sup-
pressing safety-critical neurons in an upstream
layer L triggers a sharper downstream drop of ac-
tivations across all subsequent layers L + k. This
phenomenon empirically validates the strict serial
dependency and low-redundancy of the Isolated
Single-Chain Topology: localized upstream disrup-
tion can compromise downstream signal propaga-
tion. In stark contrast, general capability circuits
demonstrate robust, high-redundancy. Even when
local specific upstream nodes are compromised,
downstream neurons maintain high activation lev-
els by aggregating signals from alternative parallel
pathways, thereby preserving the circuit’s func-
tional integrity

External Observation: Alignment Collapse.
The cascading failures within the model caused by
the single-chain topology are also directly reflected
in the security of the external output. As illustrated
in Figure 3(a), the results reveal the vulnerability of
safety capability. For general tasks, masking results
in a Graceful Degradation of performance, con-
firming the robustness of general circuits’ "Mesh"
topology. Conversely, the Safety Circuit exhibits a
Precipitous Surge in Attack Success Rate (ASR).
The failure of the entire safety circuit, which is
caused by a negligible fraction, triggers a rapid rise
in ASR and the collapse of safety capability.

We further examine this fragility under fine-

tuning and jailbreaking (Figure 7). Local activation
restoration recovers safety in many affected cases,
consistent with a role for disrupted signal propaga-
tion. Detailed analysis is provided in Appendix D.

Interestingly, a small number of safety circuits
do not collapse after upstream masking. As shown
in Appendix C, these resilient cases exhibit com-
pensatory intermediate activations that form local
parallel routes. This naturally motivates DSM: in-
stead of relying on accidental local redundancy, we
explicitly cultivate dense parallel safety pathways.

Causal Observation: Topological Vulnerabil-
ity or Direct-Contribution? To distinguish dis-
rupted signal propagation from loss of a neuron’s
direct contribution, we compare two interventions
on the same neurons. Flow breaking zeros their
outputs at layer [/, removing both direct and down-
stream effects. Direct-contribution subtraction pre-
serves these outputs for subsequent layers while
removing their estimated direct contribution to the
final output through matched residual-stream sub-
traction.

If local direct contribution alone explained the
failure, these interventions should have similar ef-
fects. Instead, flow breaking yields much higher
ASR than direct-contribution subtraction in Fig-
ure 3(c). This gap is consistent with a role for
disrupted downstream propagation beyond the re-
moved direct contribution.

We also compare bottleneck neurons (high
betweenness centrality on safety paths) with
attribution-matched non-bottleneck neurons. In Ta-
ble 1, bottleneck masking yields 28.6% ASR, ver-
sus 21.4% for non-bottleneck masking and 15.6%
for direct-contribution subtraction on the same bot-
tlenecks. Downstream activation retention is 21.7%
and 8.9%, respectively: higher ASR does not cor-
respond to stronger aggregate suppression. These
controls support a role for topological position be-
yond attribution magnitude and motivate DSM’s
alternative pathways for preserving safety-relevant
signal flow.

Together, these observations identify a structural
vulnerability: localized perturbations can disrupt
downstream safety signals and degrade alignment.
The resilient cases with alternative routes motivate
DSM’s cultivation of parallel pathways.

4 Methodology

Based upon the "Single-Chain Topology" identi-
fied in Section 3, we propose the Dense Safety
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Figure 4: The work flow of DSM: (1) Circuit Path Masking (CPM),(2) Dual-Objective Optimization,and (3)

Orthogonal Subspace Projection

Intervention Position ?,Zt)' ?;01;

Bottleneck masking Chain 21.7 28.6
bottleneck

Non-bottleneck Lateral 8.9 214

masking

Direct-contribution Bottleneck - 156

subtraction

Table 1: Attribution-matched interventions on LLaMA-
2-7B-Chat. Bottleneck masking yields higher ASR than
non-bottleneck masking or direct-contribution subtrac-
tion on the same bottlenecks. Ret. denotes downstream
activation retained.

Mesh (DSM), a topology-aware robust alignment
framework designed to evolve the fragile, low-
redundancy safety circuits into a robust, highly
parallel mesh topology. DSM maintains safety
capability when safety circuits are partially dis-
turbed. As illustrated in Figure 4, DSM has three
components: (1) Circuit Path Masking (CPM)
suppresses the existing pathway in the circuit; (2)
Dual-Objective Optimization guides the recruit-
ment of dormant neurons to form diverse and con-
sistent parallel pathways; and (3) Orthogonal Sub-
space Projection eliminates the "Alignment Tax."

4.1 Problem Formulation

We formulate robust safety alignment as an opti-
mization problem of the neural circuit topology
within the MLP parameter 6. Let D,, . denote the
safety dataset containing malicious queries Z;,q;.
Our empirical analysis reveals that alignment con-

verges to a Single-Chain Topology Circuits. To
dismantle this vulnerability, our objective is to
learn a parameter configuration §* where the safety
function is supported by multiple Parallel Path-
way. We define a safety pathway P as a sequence
of causally connected neurons {n() n(F)} in
safety circuit. We block the pathway by masking
a subset of critical neurons in it. Mathematically,
we aim to maximize the expected safety perfor-
mance under a distribution of adversarial masks
M, ensuring robustness of safety circuit:

max Earpt [S(f (@mat; 0 © (1~ M)))] 3)

where ® denotes the element-wise product, and
S is the safety scoring function. This enables the
maintenance of safety circuits and safety capabili-
ties through parallel paths even after some neurons
fail, we compel the topology to transition from a
single chain to a dense mesh.

Implementation Note. DSM modifies only exist-
ing model weights during training; it introduces
no new neurons, modules, or trainable parame-
ters. Terms such as “dormant neuron recruitment”
and “mesh construction” refer to redistributing
safety-related activation flow over existing MLP
channels—not to adding architectural components.
After training, the checkpoint, architecture, and
inference procedure are identical to standard fine-
tuning, with zero inference overhead (Table 4).

4.2 Circuit Pathway Masking (CPM)

To optimize Eq. (3), we introduce Circuit Path
Masking (CPM), a dynamic training strategy that
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functions as a "structural adversary." CPM itera-
tively identifies the current safety circuit and ac-
tively suppresses pathways through masking the
neurons in them. This mechanism forces the gradi-
ent flow to divert into the latent parameter space—
reawakening dormant neurons.

To prevent optimization hacking (i.e., the model
just flip-flopping between two discrete circuits), we
employ a probabilistic soft-masking strategy. We
construct a binary mask M € {0, 1}1%], where the
probability of masking neuron ¢ is governed by a
temperature-scaled Boltzmann distribution derived
from its importance score I;:

. exp(l;/T)

Pmask (Z) = m
Here, T serves as a crucial hyperparameter regu-
lating the exploration-exploitation trade-off. A
lower 7 aggressively targets the most critical neu-
rons, while a moderate 7 introduces stochasticity to
encourage broader exploration of potential backup
circuits. This mechanism continuously blocks the
easiest path, the model is compelled to carve out
new, parallel signal pathways.

@

4.3 Dual-Objective Optimization

Merely blocking the primary path is insufficient;
the model must learn how to effectively uti-
lize the newly recruited bypasses. We design
a composite loss function to ensure the emerg-
ing mesh possesses both Diversity-Aware Behav-
ioral Alignment (logic redundancy) and Activa-
tion Flow Restoration (signal integrity): Ly, f. =
[*behavior + B : Erestore

4.3.1 Diversity-Aware Behavioral Alignment

To prevent the parallel pathway from simply
replicating the function of the origin pathway,
which may fail at the same time against attacks,
we train the parallel pathways to learn differ-
ent perspectives and knowledge of safe reason-
ing. We construct a diverse set of safety responses
V(x) = {Ydirect Ylegal s Yethicals - - - }, covering dif-
ferent reasoning strategies for the same query. Dur-
ing training, when the primary path is masked, we
randomly sample a target response y) € Y dis-
tinct from the primary path’s preference:

ﬁbehavior = - logp(y(k) |$, 0 © (1 - M)) (5)

This encourages the formation of diversity safety
circuits—e.g., one circuit enforcing legal bound-
aries and another enforcing ethical guidelines—

thereby creating a Multi-level defense against se-
mantic jailbreaks.

4.3.2 Activation Flow Restoration (AFR)

We introduce AFR to ensure that parallel pathways
successfully route signals back to the target down-
stream neurons. Treating the downstream neurons’
activation distribution of the unmasked model as
the "teacher" and the masked model’s as the "stu-
dent," we minimize the divergence of their distri-
bution A at deep layers | € Ljeep:

Lresiore = [ (@;0)=h" (z;00(1-M))|3 (6)
l€Lygecep
AFR enforces that even if the signal takes a de-
tour through the mesh due to masking, the down-
stream activation distribution remains invariant, en-
suring the robustness of the safety circuit.

4.4 Utility Preservation

A key challenge in robust alignment is the "Align-
ment Tax"—the degradation of general capabilities
(Utility). We address this by training alignment
via Orthogonal Subspace Projection. Let gg.z be
the DSM safety gradient and Gy = [g1, .. ., k]
be gradients from sampled utility batches such as
math, coding, instruction following, and knowl-
edge QA. Let U be an orthonormal basis for the
column space of Gy. DSM updates with

gsLafe =~ UUT)gsafe- @)
This reduces first-order interference with sampled
utility-sensitive directions. This orthogonal projec-
tion strategy is related to gradient-based multi-task
conflict resolution methods such as PCGrad (Yu
et al., 2020). It mathematically allows DSM to
significantly enhance robustness while preserving
general capability.

S Experiments

In this section, we empirically validate the effec-
tiveness of DSM from three key aspects: Robust-
ness, Usefulness, and Mechanism. The details of
experiment setup is shown in appendix.

5.1 DSM is Robust

Robust against Jailbreaking As shown in Ta-
ble 2, DSM exhibits robustness against diverse jail-
break attacks compared to baselines. Mechanisti-
cally, this resilience stems from the dense Mesh
topology safety circuit and parallel pathways that

58085



Method T.est-time Safety: ASR (%) | Avg, Capabilities 1
intery. Code Are  ASR MMLU
GCG AutoDAN Attack PAIR Prompt Alpaca GSMSK Pro
Llama-3-8B-Instruct
No Defense X 78.4 69.2 52.1 753 38.5 627 285 85.6 43.8
PPL v 5.1 48.3 384  56.1 324  36.1 254 854 43.1
RLHF X 44.2 15.6 20.1 224 183 241 268 84.1 42.5
CircuitBreaker v 16.5 18.4 302 23.1 20.1  21.7 275 83.9 432
SafeDecoding v 32.1 25.8 42.1 485 294 356 282 85.2 43.5
AED v 31.3 16.5 254 248 152 226 231 74.3 38.2
STAIR v 34.8 9.2 12.5 8.4 10.1 150 282 85.9 43.6
DSM X 18.4 8.3 105 64 9.8 107 284 85.5 43.7
DSM (Rand.) v 14.9 7.9 109 4.1 10.2 9.6 283 85.5 43.6
Qwen2.5-7B-Instruct
No Defense X 85.2 76.5 884 826 452 756 305 88.2 44.5
PPL v 9.5 58.2 75.1 65.4 38.5 493 282 88.0 439
RLHF X 48.5 25.1 352 305 225 324 2938 87.8 432
CircuitBreaker v 18.2 22.5 40.5 38.4 242 288 304 86.2 442
SafeDecoding v 385 324 582 556 342 438 30.1 87.9 43.6
AED N 35.6 20.4 352 325 20.5 28.8 26.5 78.5 39.5
STAIR v 385 13.2 185 124 126 19.0 299 88.2 44.3
DSM X 252 105 144 95 128 145 304  88.1 44.4
DSM (Rand.) v 16.8 9.9 155 9.1 128 12.8 30.5 88.1 443
Vicuna-13B
No Defense X 99.2 96.5 884  95.1 782 915 182 52.4 32.8
PPL v 10.5 88.2 82.1 854 70.1 673 16.5 52.1 31.5
RLHF X 60.5 50.2 554 521 452 527 175 51.5 31.8
CircuitBreaker v 32.5 40.4 482  42.1 354 397 16.1 48.4 30.6
SafeDecoding v 70.1 62.4 65.2 70.5 552 647 17.8 522 325
AED v 45.2 30.1 454 382 251 36.8 154 45.2 28.5
STAIR v 55.4 22.5 28.2  20.1 225 297 182 52.3 325
DSM X 29.6 20.2 254 185 221 232 180 52.3 32.7
DSM (Rand.) v 17.5 20.2 275 178 226 211 179 52.2 32.7
Qwen3-8B-Instruct
No Defense X 61.0 36.0 66.8 568 365 514 317 89.8 66.7
PPL v 4.8 24.5 496 420 270 296 292 89.5 66.1
RLHF X 345 15.8 262 223 17.8 233 31.1 89.0 65.8
CircuitBreaker v 12.5 14.8 27.8 20.8 182 188 31.3 88.8 66.3
SafeDecoding v 24.3 18.5 39.8 395 25.6 295 315 89.6 66.2
AED v 28.4 13.5 23.8 21.0 145 202 28.0 80.5 61.0
STAIR v 26.0 8.8 12.8 8.3 9.5 13.1 319 90.1 66.8
DSM X 14.0 1.5 102 6.2 8.7 93 321 90.0 66.9
DSM (Rand.) v 10.5 7.2 105 54 8.9 85 320 90.0 66.8

Table 2: Robustness and utility comparison under jailbreak attacks. Lower ASR is better, while higher capability
scores are better. Best and second-best results among defenses are bold and underlined. Results on more models

are shown in Table 10.

evaluate query harmfulness across diverse abstrac-
tion levels. Consequently, even if an adversarial
prompt successfully circumvents a subset of pe-
ripheral security neurons, the parallel safety logic
in alternative branches remains intact, effectively
preventing the catastrophic failure observed in stan-
dard aligned models.

Beyond static defense, DSM uses Stochastic Ac-
tivation, randomly activating 90% of the safety
circuit per inference step. This "Moving Target"
strategy aims to disrupt consistent attack feedback.

At later attack steps, Dynamic DSM achieves sub-
stantially lower ASR than Static DSM, although
its own ASR increases modestly (Table 14; Ap-
pendix N). Under topology-aware progressive at-
tacks that suppress multiple bottlenecks, DSM de-
grades gracefully while standard alignment col-
lapses (Appendix M).

Robust against Finetuning Table 3 reports ASR
before and after full-parameter malicious fine-
tuning (5 epochs, standard cross-entropy, no safety
constraint). DSM retains the lowest safety degrada-
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| Llama-2-7B | Mistral-7B | Qwen2.5-7B
|Pre Post A | |Pre Post A | |Pre Post A

RLHF |1.2 88.5 +87.3|2.1 92.4 +490.3|1.5 85.1 +83.6
RESTA |1.2 14.5 +13.3]2.1 21.3 +19.2|1.5 14.6 +13.1
SSAH |1.2 21.2 +20.0(2.1 25.6 +23.5|1.5 18.9 +17.4
DSM 0.8 13.5 +12.7|1.5 14.8 +13.3| 0.9 12.9 +12.0

Method

Table 3: ASR (%) before (Pre) and after (Post) malicious
fine-tuning. A is the increase in ASR, in percentage
points.
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Figure 5: DSM demonstrates "Graceful Degradation,"
compared with SFT. The shaded area highlights the sig-
nificant resilience gain provided by the mesh topology.

tion (A) across all three models. DSM also main-
tains robustness under LoRA adaptation across
ranks 4-32. Importantly, DSM does not require
any changes to the downstream fine-tuning process,
and can additionally collaborate with methods for
protecting safety capabilities.

Robust against Editing We edited the safety key
neuron to validate the structure robustness of DSM.
Figure 5 shows that DSM demonstrates Graceful
Degradation compared with SFT. This confirms
the structure robustness of DSM.

To more specifically and quantitatively demon-
strate the robustness of topological structure that
DSM achieved, we calculate the Algebraic Con-
nectivity (\2) of safety circuit. The safety circuit
of DSM achieved A5 ~ 0.32, which is a mathemati-
cal increase from SFT(\y =~ 1.4 x 1072), as shown
in Table 7. This confirms DSM transiting the safety
circuit to a highly connected, robust topology.

5.2 DSM Is Useful

DSM preserves the Downstream capability
Across the utility metrics in Table 2, the maximum
decrease relative to No Defense is 0.2 percentage
points for static DSM and 0.3 percentage points
for DSM (Rand.). These results support the utility-
preserving role of Orthogonal Subspace Projection
(Section 4.4).

Metric SFT DSM
Training time (h) 12.5 14.4
Relative cost 1.00x 1.15x
Throughput (samples/s)  14.2 12.3
Inference (ms/token) 42.8 42.8
Inference overhead - +0%

Table 4: Training cost and inference latency on Llama-
3-8B using 8x A100 GPUs.

To further verification, we calculated the Jac-
card overlap index between neurons activated by
MMLU tasks and safety queries. Table 8 shows
that the overlap decreases to J = 0.04 compared
with J = 0.15 (SFT), while the total count of safety
neurons increases. This confirms that DSM utilizes
the neurons that are nearly not needed for general
tasks, thereby preserving general capabilities.

DSM avoids excessive refusal Table 5 shows
that DSM does not over-refuse. We attribute this to
the diverse parallel pathways: the model learns mul-
tiple accurate perspectives for harmfulness iden-
tification, preventing excessive response to spe-
cific patterns. Detailed analysis is provided in Ap-
pendix A.

DSM is Efficient During the training phase, the
construction of safety circuit only requires the use
of activation values from inference and gradients
from backpropagation for calculation, without in-
troducing excessive additional computations. As
shown in Table 4, DS M requires only 1.15x the
training time of standard SFT and imposes zero
additional inference latency.

Ablation Studies The results in Table 9 show
that removing either the Targeted Masking mod-
ule or the Temperature Sampling module causes
a significant decline in safety capabilities, while
disabling Orthogonal Subspace Projection greatly
impairs general performance. This demonstrates
the necessity and effectiveness of each module.

6 Conclusion

In this work, we mechanistically identify the "Iso-
lated Single-Chain Topology" of safety circuit as
the key fragility in aligned LLMs. We propose
the DSM to evolve the safety circuit from chain to
mesh, maintaining downstream capabilities with
negligible computational overhead.
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Limitations

Scalability to Massive or Specialized Architec-
tures. Our empirical validation covers a diverse
range of representative open-source LLMs (Llama,
Mistral, Qwen) up to the 13B parameter scale. Due
to the substantial computational resources required
for mechanistic interpretability analysis and retrain-
ing, we have not extended our experiments to ultra-
large-scale models (e.g., >70B). While theoretical
properties of high-dimensional optimization sug-
gest that the "Chain Vulnerability" likely persists or
exacerbates at scale due to sparsity, validating DSM
on such scales remains a subject for future research.
Furthermore, our topological analysis focuses on
dense Transformer architectures; the interaction be-
tween DSM and architectures with intrinsic routing
mechanisms, such as Mixture-of-Experts (MoE),
warrants further specific investigation.

Idealized Assumption of Subspace Orthog-
onality. Our method mitigates the "Alignment
Tax" by projecting safety updates into the null
space of general utility gradients. This approach
relies on the assumption that safety mechanisms
and general capabilities occupy quasi-orthogonal
subspaces within the high-dimensional parameter
space. While this holds true for distinct tasks, there
may exist "Grey Areas" where safety and utility are
intrinsically entangled (e.g., medical advice that
requires both high utility and strict safety bound-
aries). In such highly overlapped domains, strict
orthogonal projection might necessitate a more nu-
anced trade-off. Meanwhile, this overlap between
safety and general capabilities also implies that the
safety neurons we identified are not only activated
during safety tasks but may also be effective dur-
ing general tasks. This is also the reason why the
circuits of safety neurons can still be affected by
the fine-tuning of downstream tasks. We discuss
in more detail in the appendix J the impact of the
degree of penalty on the activation of general tasks
when identifying safety neurons on our observed
results. Our method strives to reduce alignment
tax as much as possible, yet it cannot completely
eliminate it.

Topology Metrics. Our primary structural mea-
sure is algebraic connectivity (A2), supplemented
by average degree, edge density, and path redun-
dancy. Each metric has limitations: Ay is sensitive
to graph size and edge-pruning thresholds, and may
overstate connectivity differences between circuits
of different cardinalities. To mitigate this, we ap-

ply matched graph budgets and verify the topol-
ogy contrast across multiple metrics and threshold
settings. Whether the single-chain topology and
DSM’s mesh-building strategy generalize to graded
or multi-class safety behaviors (e.g., partial compli-
ance, content warnings) remains an open question.

Statements

LLM Usage. We employed Large Language
Models (LLMs) exclusively for sentence polish-
ing and grammatical error correction. No original
content creation or scientific reasoning was dele-
gated to these models.

Reproducibility Statement. To facilitate the full
reproducibility of our experiments, we will pub-
licly release the source code and datasets needed to
reproduce our experiments.

Ethics Statement. Our research on safety align-
ment is conducted strictly for scientific purposes,
with the primary goal of enhancing model reliabil-
ity. We adhere to ethical guidelines and emphasize
that this work is not intended for malicious appli-
cations or privacy violations.
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A DSM avoids excessive refusal

Benchmark Model RLHF DSM

(Ours)

Llama 2-7B 16.5 21.6 15.5
Llama2-13B 14.9 18.2 14.3

OR-Bench 1 14388 68 115 69
Qwen2.5-7B 44 127 45
Llama27B 384 405  33.6
Llama2-13B 320 347 304
XSTest Llama3-8B 1.9 48 23
Qwen2.5-7B 14 5.1 1.4

Table 5: Inappropriate refusal rates (%) on benign but
sensitive benchmarks. Lower scores indicate fewer in-
correct refusals. DSM has broadly comparable or lower
refusal rates than the base model and lower rates than
RLHF on all tested settings.

DSM Avoids Excessive Refusal. Table 5 re-
ports results on OR-Bench (Cui et al., 2025) and
XSTest (Rottger et al., 2024). DSM does not pro-
duce excessive rejection, which we attribute to the
establishment of our diverse branches. In general
safety alignment training, the basis for rejection is
not clearly informed to the model, or only one re-
jection judgment mode is relied on. In order to ob-
tain higher protection capabilities, the model has to
learn an overly harsh or even wrong discrimination
method, and the output weights of the correspond-
ing safety neurons will also be too large. Through
multi-angle data, the model has learned diverse and
accurate harmful identification, and also prevented
excessive stress response to specific patterns, thus
preventing the model from excessive rejection.

B Experimental Setup

In this section, we detail our experimental setup
for our observational analyses and experiments,
including the datasets used for safety and utility
evaluation, the baseline methods for attacks and
defenses, and the metrics employed to assess model
performance.

B.1 Datasets

To comprehensively evaluate the trade-off between
safety robustness and general utility, we employ a
diverse set of benchmarks divided into two cate-
gories: Safety Evaluation and Utility Evaluation.

Safety Benchmarks. To assess the model’s
resistance to jailbreak attacks, we utilize Ad-
vBench (Zou et al., 2023). AdvBench is a widely
adopted dataset containing harmful behaviors and
toxic instructions intended to elicit objectionable
content from LLMs. We use the harmful query
augmented with various jailbreaking methods to
evaluate the Attack Success Rate (ASR). We ensure
that there is no overlap between the training set and
the test set.

To evaluate over-refusal, we use XSTest (Rottger
etal., 2024) and OR-Bench (Cui et al., 2025). Both
evaluate refusals of benign prompts that may ap-
pear sensitive or harmful. XSTest contains safe
prompts with potentially misleading lexical cues,
while OR-Bench provides seemingly toxic but be-
nign prompts across multiple categories. Table 5 re-
ports inappropriate refusal rates on benign prompts.

Utility Benchmarks. Maintaining general capa-
bilities is crucial for defense mechanisms. We eval-
uate downstream task performance using the fol-
lowing datasets:

* GSMS8K (Cobbe et al., 2021): A dataset
of high-quality grade school math problems,
measuring the model’s multi-step mathemati-
cal reasoning ability.

* MMLU-Pro (Wang et al., 2024): An en-
hanced version of the Massive Multitask Lan-
guage Understanding (MMLU) benchmark.
MMLU-Pro offers a more challenging and ro-
bust evaluation of knowledge and reasoning
across various domains, mitigating the satura-
tion issues found in standard MMLU.

* AlpacaEval (Dubois et al., 2025): A sim-
ulated instruction-following benchmark that
evaluates the model’s ability to generate help-
ful and relevant responses to general user in-
structions.

B.2 Baselines

Baseline Terminology. In our tables, “No Defense”
denotes the original instruction-tuned checkpoint
without additional safety training. “RLHF” denotes
