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Offline Head Profiling With or Without Oracle Labels:
The oracle (gold citations) are not available at inference. Therefore, Attr-Kit does an offline head 
selection using a profiling dataset to select a fixed Top-𝑁 set to be used for online attribution. 

Value Flow (VF): From Attention to Source Contribution

From attention to contribution:
VF combines attention with the 
geometric alignment between each 
source value and the attention-output 
direction, capturing whether the 
attended information actually 
contributes to the target representation.

VF vs. Other Attribution Signals

Token-Level Attribution → Segment-Level Attribution
Pooling aggregates token-pair signals over the tokens of each source and target segment.

How Early Do Attribution Signals Emerge? Analysis with Oracle:

For each example and signal, the oracle selects 
the best subset of attention heads for recovering 
the gold supporting sources.

VF & VFN reach near-perfect 
attribution in the earliest layers.

Does VF Generalize?
Profile on one dataset → 
Evaluate on another

VF dominates 15 / 16 
unsupervised transfers

How Early Can We Attribute?
Stop at each layer → Measure attribution Recall@K*
(number of gold docs)

VF reaches high recall earliest
and remains on the strongest accuracy–depth frontier.

Attr-kit vs others
Can No-Decode Attribution Beat AR Citation?
→ Yes — +11–25 pp across open-weight models

How Does Attr-Kit Compare? → Beats same-model AR, AT2[1], and ContextCite[2]

89% of frontier AR performance with an 8B model
0.733 vs. 0.824 average Recall@K*. 

[1] AT2: B. Cohen-Wang, Y.-S. Chuang, and A. Madry. Learning to Attribute with Attention. arXiv:2504.13752, 2025
[2] ContextCite: Cohen-Wang et al. ContextCite: Attributing Model Generation to Context. NeurIPS, 2024.

7.4× Faster at Layer 5
while exceeding same-model AR Recall@K*

Two Types of Profiling by Attr-kit depending on Oracle Label Availability

Datasets:
HPQ — HotpotQA 
MRC — MultiRC 
VGr — VeriGran · Contextual QA
GRG — GaRAGe · RAG grounding

Where should I go to attend  
COLM? 

Context:
[S1] COLM brings together researchers working on 
language modeling.
[S2] Previous editions of COLM were held in Philadelphia 
and Montreal.
[S3] COLM 2026 will be held in San Francisco, 
California.
[S4] The conference program includes invited talks, 
posters, and workshops.

This year COLM is in San 
Francisco.[S3]

In-context Attribution
Attributing agent outputs to the context for post-hoc 
verification

Auto-regressive (AR) citation generation:
Additional decoding → latency + cost

Attribution is already encoded in model internals
Recover source influence directly from activations

Value Flow: Beyond where the model attends
Measure how source information contributes to
 the output direction

Attr-Kit: Efficient, no-decode attribution
Recover source attribution from early layers
Training-free • 0 decode tokens • Early exit


