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LLMs as Structural Causal Models
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Initial Output Sequence Partial Output Sequence Partial Output Sequence Final Output Sequence
Prompt: \What is your Prompt: \What is your favorite color? Prompt: \What is your favorite color? Prompt: \What is your favorite color”
favorite color? Response: My favorite color is Response: My favorite color is blue. Response: My favorite color is blue.

It Is the color of the sea.

Interventional generation with unmodified input Interventional generation with modified input Counterfactual generation with modified input
Prompt: \What is your favorite color? Prompt: \What is your favorite color? Prompt: \What is your favorite color?
Response: My favorite color is blue. Response: My favorite color is purple. Response: My favorite color is purple.

Thanks for asking. Do you also like it? Thanks for asking. What is your favorite? It is the color of fresh lavender.

Counterfactual Token Generation Using Gumbel-Max SCMs

Which token would have been

chosen, counterfactually? () blue — purple

Maximum value is

................ at token “sea.” . .
’Maxurnum value is at
----------- token “lavender.”
T; = arg max {lag (Di,t) Ui,t}
eV
""" b Vis the LLM’s vocabulary
ocean. sky. sea. lavender. ...
i-th Token Sampled ocean. sky. sea. lavender. ... i-th Token Sampled

Gumbel-Max T Gumbel-Max T
SCM i sea. SCM ; lavender.

"B Implements the procedure
Gumbel.sample(N = size of vocabulary) of sampling from D,
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