
Consistent gains       across multiple LLMs and benchmarks with 
near-baseline speed. (~107 tokens/s vs. ~115 tokens/s on LLaMA3.1-8B)

• Activation Addition as Euler Discretization 

• Barrier functions guide activations toward a desired region 
     For the ODE  if 

     then trajectories eventually enter desired region and remain there: 

•  Based on  , we unify two types of steering: 
      

·a = v(a),

h( ⋅ )
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Motivation & Challenges

Unified ODE-Based Steering Framework 

• Activation steering offers lightweight, inference-time alignment. 

• ODE view of activation steering: activation addition = Euler 
Discretization of an ODE, steering directions = barrier functions. 

• ODESteer: multi-step      adaptive     steering via barrier-function-guided 
ODE updates.

• Existing steering methods lack a unified theoretical framework and rely 
on one-step steering that fail to capture complex activation dynamics.

Category Method Barrier Function

Input Reading
Difference-in-Means

(CAA, Rimsky et al., 2024) Log-density ratio (Gaussian)

Linear Probes 

(ITI, Li et al., 2023)

Log-density ratio (logistic)

Output Optimization — Scoring function with threshold

(RE-Control, Kong et al., 2024)

ã = a + T ⋅ v(a),
·a = v(a) ⟹ a(T ) ≈ a(0) + T ⋅ v(a(0))

∇h(a)⊤v(a) ≥ 0

= {a ∣ h(a) > 0} .

• Results: +5.7% Truthfulness (TruthfulQA), +2.5% Helpfulness (UltraFeedback),  
     +2.4% Harmfulness (RealToxicityPrompts).

• Defining the Barrier Function 

     where  is a nonlinear feature map. 

• Polynomial Count Sketch for efficient random polynomial features 
• Logistic regression to estimate  

• Constructing the Steering ODE 
    Steering follows the gradient of the barrier function: 

     where  is the Jacobian of . 
     The steered activation is obtained by solving: 

ϕ( ⋅ )

w, b

Jϕ(a) ϕ( ⋅ )

h(a) = log r(a) = log
p+(a)
p−(a)

= w⊤ϕ(a) + b

·a =
∇h(a)

∥∇h(a)∥
=

Jϕ(a)⊤w
∥Jϕ(a)⊤w∥

ã = a(T ) = ODESolve(v( ⋅ ), a, [0,T ]) .


