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A MECHANISTIC INTERPRETABILITY BENCHMARK

Causal Variable Localization Track
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for 2 Different Causal Variables across Layers

Insights:

Testing via Interchange Interventions: fixing the “carry-the-one" variable

3 D @ 7 D @ ARC (Easy) Supervised methods >>>
T Gemma-2 Llama-3.1 unsupervised.
Method OAnswer X Order OAnswer X Order
@ o X DAS 88(94) 76(88) 88(99) 74 (84) Non-basis-aligned
DBM 82(99) 63(80) 85(100) 69 (82) subspaces > basis-
+PCA 78 (98) 64 (81) 84 (100) 72 (83) .
6 6 G 6 6 G 6 +SAE 70 (89) 54(70) 74(94) 55 (67) aligned subspaces.
. . . Full Vector 63 (100) 43 (74) 68 (100) 47 (72)
Original Input: “17+25=[42] Counterfactual Input: “30+47=[77]"
0000 0000 0000 0000 0000 0000 0000 0000
4 4 4 4 4 4 4 4 Gemma-2 Llama-3.1 Qwen-2.5
k NCZ AA Method OAnswer X Order OAnswer X Order OAnswer X Order
F F DAS 95097) 77093) 94100) 77091) 8695 78100
oo*oo > oo*oo > oo*oo > oo*oo oo*oo > oo*oo > oo*oo > oo*oo DBM 84(99) 63(84) 86(100) 66((73) 4694 60 (99)
0000 0000 0000 0000 0000 0000 0000 0000 +PCA >7(96) 52 (81) 65(99) 53 (74)  22(76) 54 (100)
4 4 4 4 ! A 4 4 +SAE 73(90) 51(65) 80(99) 58(65) - —
0000 0000 0000 0000 0000 0000 0000 0000 Full Vector 61 (100) 44 (77) 77 (100) 46 (68) 35 (99) 49 (99)
17 + 25 = 30 + 47 =

Circuit Localization Track

Compute faithfulness scores

Circuits of different sizes Faithfulness: does the circuit capture the

()
Q00 .
0800 < o ¥ ™V e model’s task behavior?
000 800 ooy faithfulness
‘/ [ ] [ J [ ) . ° °
® O#e0 0o / SURE Minimality: does the circuit contain as few
0800 .
am\ 5% °00 components as Is necessary?
@00 o 075
o:boooo o _ 1 ‘21 CPR . .
00 % Edges 210 - / \
2os —
CMD scores (lower is better) for all tasks except InterpBench (AUROC:; higher is better) 2 06 /
101 Arithmetic MCQA ARC (E) ARC (C) T 04 /
Method (Ablation) InterpBench (1) GPT-2 Qwen-2.5 Gemma-2 Llama-3.1 Llama-3.1 Qwen-2.5 Gemma-2 Llama-3.1 Gemma-2 Llama-3.1 Llama-3.1 g'z-/.
Random 0.44 0.75 0.72 0.69 0.74 0.75 0.73 0.68 0.74 0.68 0.74 0.74 0.001 0.01 . 0.1 1
Proportion Edges (k)
EActP (CF) 028  0.02 0.49 0.36 (
EAP (mean) 078 0.29 0.18 0.25 0.04 0.07 0.21 0.20 0.16 0.22 0.28 0.20 .
EAP (CF) 073 003 0.5 0.06 0.01 0.01 0.07 0.08 0.09 0.04 0.11 0.18 Weighted edge count: a way to
EAP (OA) 077  0.30 0.16 - - 0.11 . . . . . di f] th . f
EAP-IG-inp. (CF) 071  0.03 0.02 0.04 0.01 0.00 0.08 0.06 0.14 0.04 0.11 0.22 Irectly compare the size o
EAP-IG-act. (CF) 0.81 003 0.1 0.03 0.01 0.00 0.05 007 0.13 0.04 0.30 0.37 neuron- and edge-based circuits
NAP (CF) 030 0.38 0.33 0.37 0.29 0.28 0.30 0.35 0.32 0.33 0.69 0.69
NAP-IG (CF) 062 0.27 0.20 0.26 0.19 0.18 0.18 0.29 0.33 0.28 0.67 0.67 | N AN ‘ | # neurons
IFR 071 0.42 0.69 0.75 0.83 0.22 0.60 0.62 0.48 0.66 0.64 0.76 | C‘ _ u C in circuit
UGS 074 0.03 0.03 0.20 o | N ‘
° ° ° (M,V)EC U
Counterfactual (CF) ablations > mean or optimal ablations.
Insights: Edge-based circuits > node-based circuits. # neurons in node

Attribution with integrated gradients is generally best.
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