Function Induction and Task Generalization:

An Interpretability Study with Off-by-One Addition
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2+2=5?
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How to trick language models to say “2+2=5"? Wk FUSC ASP

from transformers import pipeline

pipe = pipeline ("text-generation", model="meta-llama/Meta-Llama-3-8B", device=device)
result = pipe("1+1=3\n2+2=", max new tokens=1, do sample=False)

print (result[0] ['generated text'])

2+2=5

Llama 3
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Many language models can do this well!

- Llama-2 (7B) - Mistral-v0.1 (7B)
—— Gemma-2 (9B) ——— Llama-3 (8B)
Qwen-2.5 (7B) - Phi-4 (14B)

100 1

Contrast Accuracy (%)

24 8 16 32
Number of ICL Examples
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Finding 1: We identified a circuit responsible for this behavior ‘M" 7USC A4Sl
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Finding 1: We identified a circuit responsible for this behavior """‘

Our hypothesis
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1 + 1 = 3 \n 3 + 3 =
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Finding 1: We identified a circuit responsible for this behavior
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Finding 2: Fl heads work collaboratively! e

USC A4Sl
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H39.7 H39.12 H36.7 H32.1 H32.6
0.50
0 - -
| 0.25 / \
. oo f(x)=x+1 J
&5 - :
\ [ [ | -0.25
[ | L || I 9 Heads (Normalized)
X+1land +2are Xis suppressed. | Xis suppressed Digits greater than Digits smaller than —0:50 . 0.50
promoted. X+/-1 are promoted. pp ’ X are promoted. X are suppressed.
aggregate
> 0.25
H25.13 H324 H28.6 H24.9
04 ] 1 ] El
=% 0.00
=
. —
s ] ] 0.25

v -0.50
- XandX-lare 3 X-1lis ~ XandX-lare ~ Xis suppressed ’
' suppressed. ¢ suppressed. ' suppressed. PP . Qutput

Function Induction and Task Generalization: An Interpretability Study with Off-by-one Addition | Qinyuan Ye



Finding 3: The circuit is reused in many more tasks!

Base Task Standard Addition MMLU Copy-Paste (ROT-0) Base-10 Addition
Contrast Task Off-by-k Addition Shift-by-One MMLU Cipher (ROT-2) Base-8 Addition
When given a contrast task prompt, a full model performs the contrast task.

a model with the circuit ablated performs the base task.
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Summary

e Weinterpret how models perform off-by-one addition.

e Weidentify a case of a function induction mechanism in language models.

o Leveling up from token-level copy-paste induction.

e Functioninduction heads work collaboratively.

o Each send out a fraction of “+1”, which adds up to the whole “+1” function.

e The function induction mechanism helps task-level generalization broadly.

o Components in off-by-one addition are reused in shifted MMLU, base-k addition...
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