
NeuronLLM: Identifying Good and Bad Neurons 

for Task-Level Controllable LLMs







What about for LLMs?



How to measure the contribution of a single neuron?

How biologists test neurons: 

• invasive techniques
• chemical
• optogenetics
• ...



better or worse ?

Exicite
activation × 2



better or worse ?

Silence
activation × 0



What happens inside?
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Z = f(X) = f(�1, �2, �3, �4) = 
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(activation * 2)



� = 1.2 ∗ �1 + 0.9 ∗ �2 + (−1) ∗ �3 +  (−0.5) ∗ �4 
(�1) (�2) (�3) (�4)

��� � = 0 ∗ �1 + 0.9 ∗ �2 + (−1) ∗ �3 +  (−0.5) ∗ �4 
(�1 ∗  0) (�2) (�3) (�4)

(activation * 0)



Z = f(X) = f(�1, �2, �3, �4) = 

�1

�2

�3

�∗

�

� = 1.2 ∗ �1 + 0.9 ∗ �2 + (−1) ∗ �3 +  (−0.5) ∗ �4 
(�1) (�2) (�3)

�∗ = 0.3 ∗ �1 + 1.5 ∗ �2 + (−2) ∗ �3 +  0.3 ∗ �4

�1

0.3 1.2

�3

−1-2

�4

�4

(�4)

-0.5 0.3



mathematically ?



LLMs' natural advantage

LLMs' natural advantage: 

Gradient > 0 → Increases loss

 ⚡ Backpropagation!     

Gradient < 0 → Reduces loss

• invasive techniques
• chemical
• optogenetics
• ...



Z = f(X) = f(�1, �2, �3, �4) = 

�1

�2

�3

�∗

�

� = 1.2 ∗ �1 + 0.9 ∗ �2 + (−1) ∗ �3 +  (−0.5) ∗ �4 
(�1) (�2) (�3)

�∗ = 0.3 ∗ �1 + 1.5 ∗ �2 + (−2) ∗ �3 +  0.3 ∗ �4

�1

0.3 1.2

�3

−1-2

�4

�4

(�4)

-0.5 0.3

gradient < 0

gradient < 0

gradient > 0



Z = f(X) = f(�1, �2, �3, �4) = 

�1

�2

�3

�∗

�

� = 1.2 ∗ �1 + 0.9 ∗ �2 + (−1) ∗ �3 +  (−0.5) ∗ �4 
(�1) (�2) (�3)

�∗ = 0.3 ∗ �1 + 1.5 ∗ �2 + (−2) ∗ �3 +  0.3 ∗ �4

�1

0.3 1.2

�3

−1-2

�4

�4

(�4)

-0.5 0.3

gradient < 0

gradient < 0

gradient > 0

activation > 0

activation < 0

activation < 0



The contribution of a single neuron



OK, so what’s the target F?





This brings the first challenge

OOM :(



The second challenge

The data formats of different tasks could be various!



These methods are all customized for their specific data :(



How we address these two challenges:





What are people likely to find food …?

A. restaurant B. jungle C. outer space

What are people likely to find food …?

A. restaurant B. jungle C. outer space

What are people likely to find food …?

A. restaurant B. jungle C. outer space

What are people likely to find food …?

A. restaurant B. jungle C. outer space



Evaluate by Neuron Intervention



Metrics











Full Ablation Study



The sensitivity of intervention budget



The distribution of task-relevant neurons:


