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Background: Fine-tuning improves capabilities beyond training task
RLHF on English leads to instruction-following in French (Ouyang et al. 2022)
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Background: Fine-tuning improves capabilities beyond training task
Code fine-tuning improves Entity Tracking capabilities (Kim et al. 2023)
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We still don't know how fine-tuning

improves a downstream task. Q




What is Entity Tracking Task?
The book 1s in Box D, the apple 1s in Box G, the brain 1s in Box H, ...

Box G contains the
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Najoung Kim, Sebastian Schuster. Entity Tracking in Language Models, 2023.
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Arithmetic Fine-tuning improves Entity Tracking

Model Fine-tuned? Full Model Performance
Llama-7B (Touvron et al. 2023) - 0.66
Vicuna-7B (Chiang et al. 2023) User conversations 0.67
Goat-7B (Liu & Low, 2023) Arithmetic tasks (LoRA) 0.82
FLoat-7B Arithmetic tasks (w/o LoRA) 0.82




Arithmetic Fine-tuning improves Entity Tracking
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Base LM is not great at entity tracking.
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Arithmetic fine-tuning improves it a lot.




Mechanistically explain why fine-tuned

models perform entity tracking better
than base model. @&




What is a Circuit?
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What is a Circuit?
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Hypotheses: Is the same circuit present after fine-tuning?

e Fine-tuned models contain a different circuit for performing entity tracking.

e Fine-tuned models contains the same circuit as the base model.



Path Patching: Circuit Discovery Algorithm (Intuition)
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in a computational graph?

Wang et al. Interpretability in the Wild: a Circuit for Indirect Object Identification in GPT-2 small, 2023.



Path Patching: Circuit Discovery Algorithm (Intuition)
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Path Patching: Circuit Discovery Algorithm (Intuition)
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Path Patching: Circuit Discovery Algorithm (Intuition)
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Path Patching: Circuit Discovery Algorithm (Intuition)
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Path Patching: Circuit Discovery Algorithm (Intuition)
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Path Patching: Circuit Discovery Algorithm (Intuition)
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Entity Tracking Circuit in Llama-7B
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Faithfulness Metric for Evaluating Circuits
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Faithfulness Metric for Evaluating Circuits
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Identified Circuit Can Recover Entire Model Performance

Accuracy
Model Fine-tuned? Full Circuit Random Faithfulness
Model Circuit
Llama-7B - 0.66 0.66 D—QO—-

Amazing! 75/55296 (<0.1%) attention heads recovers 100% of the model performance.



Identified LLaMa-7B Circuit also Present in Fine-tuned models

Accuracy
Model Fine-tuned? Full Circuit Random Faithfulness
Model Circuit

Llama-7B - 0.66 0.66 0.00 1.00
Vicuna-7B User conversations 0.67 0.65 0.00 @

Goat-7B Arithmetic tasks 0.82 0.73 0.01 0.89

(LoRA)
FLoat-7B Arithmetic tasks 0.82 0.72 0.01 0.88
(w/o LoRA)

Llama-7B circuit can restore at least 88%o of the entire fine-tuned models’ performance.



Exactly same circuit roughly
constitutes the entity-tracking circuit

in the base and fine-tuned models!

—




Hypotheses: Is circuit functionality the same after fine-tuning?

e Same circuit components have varied functionality in base and fine-tuned models.

e Same circuit implements same mechanism, but with an enhanced functionality.



Describing Circuit Components’ Functionalities
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Describing Circuit Components’ Functionalities

Group A (L21 H3) [ Path-Patching - L o !A
=fp- Attention flow
P Attention strength
ARG KA Group A heads attend to and fetch
_in circuit information from correct object token.
ALE.2E XM " "LV BEXD "LBLERM "2e28XA X022
S S=.= 5 S O = Beres 5 S | = g =] £=f =
VEE @ & @A TE @& T @& @ §¥
5 g
2 S
o



Describing Circuit Components’ Functionalities

Group A (L21 H3) === Path-Patching . L) p— ! A
=y Attention flow
P Attention strength
AEREGE B Group A heads attend to and fetch
__In circuit information from correct object token.
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Desiderata-based Component Masking (DCM)
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Desiderata-based Component Masking (DCM)
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Desiderata-based Component Masking (DCM)

loqgits loqgits
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Desiderata-based Component Masking (DCM)
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Group A heads Fetch Value of Correct Object

We call them Value Fetcher heads.

(A) Value fetcher
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Entity Tracking Circuit in Llama-7B
Group B heads attend to query label token
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Group B heads Transmit Position of Correct Object

(B) Position transmitter
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Entity Tracking Circuit in Llama-7B

Group C heads attend to previous label token
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Group C heads Detect Position of Correct Object

We call them Position Detector heads.

(C) Position detector
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Entity Tracking Circuit in Llama-7B
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Group D heads Functionality Remains Mystery

We call them Structure Reader heads.

Accuracy

(D) Structure reader
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Entity Tracking Mechanism

Value Info.
Group A (L21H3) |y, Path-Patching - = T A
=y Attention flow Position Info Q
Group B (L14 H27) | ™ Attention strength B
Attention heads
- _In circuit Position Info. v
Group C (L10 H3) - —. C
Vv
Group D (L8 H21)
AQEAS KRN © v "0 0AEXD "QL22gXM "0l gXn "XU2 0
o 8- .e= g o= - 0 i AR o L e 6 =] £=] -
VEE & "8 A& g A& & @A A §*
= 5
_‘8’ O



Functionality Remain Consistent Across Models

Group A heads fetches value information

across models.
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Functionality Remain Consistent Across Models

Group B heads transmit positional
information across models.
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Functionality Remain Consistent Across Models

Group C heads detect positional
information across models.
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Mechanism Remain Consistent Across Models

(A) Value fetcher

Model Circuit Faithfulness
Llama-7B 0.66 1.00
Vicuna-7B 0.65 0.97
Goat-7B 0.73 0.89
FLoat-7B 0.72 0.88
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Mechanism remain consistent across

models. @




Cross-Model Activation Patching (CMAP)
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Cross-Model Activation Patching (CMAP)
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Goat-7B and FLoat-7B Have Enhanced Sub-mechanisms

CMAP Results (Goat —> Llama)

e Activations are compatible across models.
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