
LLMs split the Machine Translation task into 
Language and Meaning at a Component Level

TL;DR LLMs represent the machine translation tasks in two different subtasks (i.e. the sentence equivalence and the target language 
identification). Each subtask is performed by a constant set of specialized attention heads across translation directions that we call 
Translation Heads and Language Heads. The representation outputted from the Translation Heads are transferable between 
translation directions. Taken together, our findings point toward a natural emergence from pretraining of a language agnostic 
translation representation across models.

CLEAN 
FEW-SHOT

Q: I want to go to 
school.
A: Je veux aller à l’
école.

…
Q: The cat is red.
A: 

Reference from 
which we take the 
activations

LANGUAGE 
CORRUPTION

Q: I want to go to 
school.
A: Ich will zur 
Schule gehen.

…
Q: The cat is red.
A: 

Same meaning 
but wrong target 
language

EQUIVALENCE 
HIDDEN

Q: I want to go to 
school.
A: Le ciel est gris 
ce matin.

…
Q: The cat is red.
A: 

Right target 
language but 
wrong meaning
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We patch the activation of our corrupted runs with our clean 
runs and look at the logit recovery of the correct next tokens. 
Additionally, we use a KL criterion to select the most informative 
token that drives the whole sentence generation.

Important heads under both corruptions are constant across 
translation directions. Language Heads and Translation 
Heads have no overlap.

Language Heads Translation Heads

Steering the model in an 
instruction-free setup with the 
output of n% of identified heads 
allow a recovery of the model 
translation performance. Both 
steering vectors are necessary 
to recover the full performance.

We can steer the model with 1% of translation heads from a 
non-target translation direction with minimal loss on the 
translation performance.
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