
Yitong Sun1, Yao Huang12, Teng Li3, Ranjie Duan4, Yichi Zhang2, Xingjun Ma3, Hui Xue5, Xingxing Wei1 †

Beihang University, Tsinghua University, Fudan University, Tencent, Alibaba Group

MESA: Improving MoE Safety Alignment 
via Decentralized Expertise

There is an exact need for Paradigm Shift to address MoE safety
—— From content-level alignment to structural-aware approach



Safety Sparsity in Mixture-of-Experts Models
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Background: MoE’s sparse activation introduces a critical vulnerability: safety capabilities concentrate 
in few experts, making them susceptible to adversarial bypassing (manipulating routing behavior or 
generating adversarial harmful inputs).

Observation
Activations for safety data exhibit 
a more rigid and uneven routing 
pattern than general data.

Attack surfaces
(1) Generating adversarial harmful inputs based on various jailbreak methods. —— Similar to dense models
(2) Directly manipulating routing behavior.



1.  Static expert parameters
Uniform tuning ignores experts’ roles. It degrades 
domain-specific knowledge with generic safety 
patterns.

2.  Dynamic router activation
Severely disrupting inherent routing distributions 
(shift/collapse); amplifying risk by creating new, 
unaligned activation pathways.

Why Directly Applying Conventional Alignment Fails

MoE safety alignment must preserve both expert specialization and routing topology.
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Global SFT / RL-based alignment(Designed for dense models) 



Step 1:  Select the highest-value experts
Identify which experts can absorb safety responsibility at
the lowest adaptation cost.

Step 2:  Refine dynamic routing
Route safety inputs to decentralized experts while
protecting stable pathways for general inputs.

Reframe Alignment as Resource Allocation

Minimum utility loss

Maximum safety coverage

Minimum change
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SAFETY SPARSITY ──► DECENTRALIZED EXPERTISE

⭐	𝑰𝒏𝒔𝒊𝒈𝒉𝒕: Given the modular structure of MoEs, this perspective naturally casts safety alignment as a resource 
allocation problem for experts, i.e., deciding how to allocate limited safety capacity across experts to maximize 
safety coverage while preserving the core utility encoded in specialized experts.

💡

To	achieve	such	goal,	we	need	to:



Head safety experts require small routing shifts but
offer bounded gains; dormant experts offer latent
capacity yet incur prohibitively high routing cost.

General-critical experts are structurally robust with flat loss 
landscape; while dormant experts lie in sharp minima and are
fragile under even small parameter changes.

MESA Framework:  Select Experts, Then Refine Routers

The best substrate is the shoulder region:  avoid saturated heads and fragile tails.
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 Principle 2:  General SensitivityPrinciple 1:  Safety Affinity

⭐ Two principles of cost function for expert selections: 
(1) Safety Affinity and Routing Inertia.                             (2) General Capacity and Hessian Fragility.

Asymmetrical U-shape



MESA Framework:  Select Experts, Then Refine Routers
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Dynamic Routing Refinement
Use reference model to obtain Pref (x) . Transport inputs
toward targeted experts with less change based on data sources.

Why	OT	Solves	This？——provides	a	principled	framework	to jointly	optimize	two	competing	objectives:
(1)	cost	minimization			(2)	topology	preservation

Expert Capacity Reallocation
Use empirical frequencies Pemp as a topology prior for expert roles.  
Allocate safety responsibilities with less expert activation changes.

KL-Regularized OT Solver: ref



MESA Improves Safety While Preserving Utility
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Results prove the superiority of MESA,  compared to methods for both dense and sparse models.

High Safety performance Low alignment tax



Robustness Under Expert Masking and Router Exploitation

F-SOUR routing-exploitation ASR on DeepSeek:

SafeX: 15.38%  GRPO: 22.73%  MESA: 0.00%
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Results prove the robustness of MESA,  which expands safety paths.

Inference-time Expert Masking
Disable experts randomly or Top5/ 10 safety-
cr i t ica l  experts.  MESA consistently resists 
masking better than the base model and SafeX.

Routing Manipulation or Attack
MESA consistently resists routing-based 
attack better than other methods, which is 
also insensitive to routed scaling factor.



Outcome

Problem

Method
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Conclusion

MoE’s structurally sparse safety leads to more attack 
pathways. Directly using global alignment ignores expert 
specialization and destabilizes routing.

MESA treats alignment as resource allocation: both select 
robust experts and refine the routers with KL-regularized 
OT solver

Decentralized safety improves jailbreak resistance and
preserves general capabilities. Not limited to safety capability！


