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Question: How can we steer attention to improve LLM performance and reduce hallucinations?

Prior approaches:

• Manually (or via LLMs) identify important tokens, then increase their attention (PASTA, AutoPASTA)

• Use threshold-based rules to detect sink tokens (e.g., punctuation) and decrease their attention (ACT)

Problems / limitations:

• Brittle token-localization logic (easy to misidentify which tokens matter)

• Extra overhead to locate tokens / compute steering signals

• Requires attention maps, which limits compatibility with optimized kernels like SDPA / FlashAttention
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Research Question: Is it possible to enhance model performance by 

steering a universal, task-agnostic token, thereby bypassing the need 

for fragile, task-specific token identification?

The Answer is YES!  
Key finding: Steering the initial token (BOS) outperforms prior methods.
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2023 

Observation: BOS (initial token) identified as an “attention sink” [ICLR]

2024 - 2025

Understanding

• Why sinks emerge (softmax normalization, causal masking, and architectural biases) [ACL, ICLR, COLM]

• When sinks matter (keeping sink-like anchors can stabilize performance for long-context settings) [Neurips]

• More sink tokens discovered beyond BOS (e.g., punctuation / special markers) [ICML]

Exploitation

• Sink-aware techniques applied to KV-cache efficiency, quantization stability [ICLR, Neurips, ACL]

2026 

Sink-aware techniques applied to reduce hallucinations and improve LLMs directly (Our paper) [ICLR]
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Core pipeline (3 steps):

• Head profiling: Split heads into up-effective vs down-effective (which direction of initial-token scaling helps)

• Selective rescaling: Search a scale γ, then apply it only to the dominant head group

• Renormalization: Re-normalize attention (softmax) to keep a valid distribution

Calibration options:

• Supervised: Choose heads + γ by maximizing accuracy on a labeled calibration set

• Unsupervised: Choose heads + γ by minimizing next-token entropy on unlabeled inputs

Implementation note: If attention scores aren’t accessible (e.g., SDPA/FlashAttention), apply scaling to Q/K states instead
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This rescaling preserves the relative importance 
among all non-initial tokens

but compresses or expands their differences

The larger the initial token‘s attention, the more effectively it can 
act as a lever to control the attention distribution
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Q: Classify the sentence into one of the following sentiments: positive or negative. 
Sentence: “hardly a masterpiece, but it introduces viewers to a good charitable 
enterprise and some interesting real people.” Sentiment: 

Vanilla Output: negative. Explanation: The sentence describes the movie as "hardly a 
masterpiece", which is a negative description. The positive aspects mentioned in the 
sentence are secondary to the negative description. Therefore, the overall sentiment of the 
sentence is negative.

ZeroTuning Output (γ =4): positive. Explanation: The word "good" in the sentence has 
a positive connotation, and the word "interesting" also has a positive connotation. This 
indicates that the overall sentiment of the sentence is positive. The word "hardly" is a 
negative word, but in this context, it is used to express a mild criticism, so it does not 
dominate the overall sentiment of the sentence. Therefore, the sentence is classified as 
having a positive sentiment. 

Ground Truth: positive

Up-scaling (γ > 1) benefits tasks requiring holistic context integration. 

SST2
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Q: Classify the sentence into one of the following sentiments: positive or negative.  
Sentence: “generally, clockstoppers will fulfill your wildest fantasies about being a 
different kind of time traveler, while happily killing 94 minutes.” Sentiment: 

Vanilla Output: negative. Explanation: Although the sentence mentions "wildest 
fantasies," which can be interpreted as positive, the overall tone is negative due to the 
phrase "happily killing 94 minutes." This phrase implies that the movie is a waste of time 
and that the viewer will lose 94 minutes of their life watching it. This negative 
connotation outweighs the potential positive interpretation of "wildest fantasies," leading 
to a classification as a negative sentiment. 

ZeroTuning Output (γ=4): positive. Reasoning skill: Emotion Recognition And 
Sentiment Analysis. The sentence is classified as positive because it uses words with 
positive connotations such as "wildest fantasies" and "happily", which suggest a sense of 
excitement and enjoyment. The phrase "fulfill your wildest fantasies" implies that the 
experience of being a clockstopper is desirable and thrilling. Additionally, the word 
"happily" reinforces this positive sentiment. 

Ground Truth: positive

Up-scaling (γ > 1) benefits tasks requiring holistic context integration. 

SST2
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Read the text and answer the question by True or False. 
Text: Hawaii Five-0 (2010 TV series, season 8) -- The eighth season of the CBS police 
procedural drama series Hawaii Five-0 premiered on September 29, 2017 for the 2017--18 
television season. CBS renewed the series for a 23 episode eighth season on March 23, 2017. 
However, on November 6, 2017 CBS ordered an additional episode for the season and did the 
same again on February 8, 2018 bringing the count to 25 episodes. The season concluded on May 
18, 2018. The eighth season ranked \#18 for the 2017-18 television season and had an average of 
11 million viewers. The series was also renewed for a ninth season. Question: will hawaii five o 
have a season 8? Answer: 

Vanilla Output: False. The text says the series has already concluded its 8th season. (Note: this 
question is not about whether the series will be renewed for a 9th season, but whether it will have 
an 8th season, which it has already done). (Note: the series was renewed for a 9th season, but that 
is not relevant to the question). 

ZeroTuning Output (γ=0.3): True. (It is already confirmed by CBS). The season premiered on 
September 29, 2017 and concluded on May 18, 2018. It was renewed for a 23 episode eighth 
season on March 23, 2017 and had 25 episodes in total. (The extra two episodes were ordered on 
November 6, 2017 and February 8, 2018). The series also ranked 18 for the 2017-18 television 
season and had an average of 11 million viewers.

Ground Truth: True

Down-scaling (γ< 1) benefits tasks requiring sharp focus on critical evidence

BoolQ
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Core pipeline (3 steps):

• Head profiling: Split heads into up-effective vs down-effective (which direction of initial-token scaling helps)

• Selective rescaling: Search a scale γ, then apply it only to the dominant head group

• Renormalization: Re-normalize attention (softmax) to keep a valid distribution

Calibration options:

• Supervised: Choose heads + γ by maximizing accuracy on a labeled calibration set

• Unsupervised: Choose heads + γ by minimizing next-token entropy on unlabeled inputs

Implementation note: If attention scores aren’t accessible (e.g., SDPA/FlashAttention), apply scaling to Q/K states instead
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We run a controlled experiment on BoolQ where both SFT and supervised ZeroTuning use the same 500 
labeled examples. We fine-tune the model with a lightweight LoRA setup (rank r=4, 3 epochs)
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Key empirical finding: Tuning only BOS attention gives the large stable gains; optimal direction is task-
dependent (γ>1 or γ<1).

Mechanism (bias ↔ focus): BOS scaling reshapes downstream attention: 
• γ>1 → flatter attention → less fixation on misleading local cues (e.g., negative bias) 
• γ<1 → sharper attention → better evidence localization in diffuse / long context

Entropy signal: Accuracy is anti-correlated with next-token entropy; entropy is U-shaped vs. γ, and the entropy 
minimum ~ peak accuracy.

Layer-wise: The γ–performance trend is consistent across depth, with stronger effects in shallow/mid layers; 
multi-layer tuning is often best.

Head-wise: Heads split into up-effective vs. down-effective; scaling only one head group outperforms uniform 
scaling.

Practical recipe: Profile heads → selectively rescale → renormalize; supports supervised tuning and 
unsupervised calibration via entropy minimization.



Thanks!


