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One way for Hallucination Detection: Filtering False-Claims
Multi-LLM Adaptive Conformal Inference for Reliable LLM Responses

LLM output
Amitriptyline and alprazolam are both medications, 
but they are used to treat different conditions and 
have different potential side effects. Amitriptyline 
and alprazolam have different mechanisms of 
action. Amitriptyline is a tricyclic antidepressant 
used to treat depression and certain types of 
chronic pain, ~~but it is not used for anxiety 
disorders.~~ [False] Alprazolam, on the other 
hand, is a benzodiazepine medication primarily 
used to treat anxiety disorders and panic attacks. It 
works by enhancing the effects of a 
neurotransmitter in the brain called GABA, which 
helps to reduce anxiety and promote relaxation. 
Both medications can cause side effects including 
drowsiness and dizziness, ~~though confusion is 
not a typical side effect. [False] ~~ However, 
alprazolam is more likely to cause dependence and 
withdrawal symptoms, ...

Prompt
What is the difference 
between amitriptyline 
and alprazolam?

LLMs 
(GPT, Llama, …)
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One way for Hallucination Detection: Filtering False-Claims
Multi-LLM Adaptive Conformal Inference for Reliable LLM Responses

LLM output
Amitriptyline and alprazolam are both medications, 
but they are used to treat different conditions and 
have different potential side effects. Amitriptyline 
and alprazolam have different mechanisms of 
action. Amitriptyline is a tricyclic antidepressant 
used to treat depression and certain types of 
chronic pain, ~~but it is not used for anxiety 
disorders.~~ Alprazolam, on the other hand, is a 
benzodiazepine medication primarily used to treat 
anxiety disorders and panic attacks. It works by 
enhancing the effects of a neurotransmitter in the 
brain called GABA, which helps to reduce anxiety 
and promote relaxation. Both medications can 
cause side effects including drowsiness and 
dizziness, ~~though confusion is not a typical side 
effect.~~ However, alprazolam is more likely to 
cause dependence and withdrawal symptoms, ...

Hallucination detection
● Whether each subclaim is true or not.
● Filter-out False-Claims.

We want
Close to target Coverage (90%) and High Retention 

● Coverage is the probability that, after filtering, all 
retained claims are actually correct.

● Retention is the fraction of the original claims 
that survive the filter, i.e., how much of the text 
we keep instead of discarding.
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Filtering False-Claims: Coverage and Retention
Multi-LLM Adaptive Conformal Inference for Reliable LLM Responses

LLM output Hallucination Detection
Amitriptyline and alprazolam are both medications, 
but they are used to treat different conditions and 
have different potential side effects. Amitriptyline 
and alprazolam have different mechanisms of 
action. Amitriptyline is a tricyclic antidepressant 
used to treat depression and certain types of 
chronic pain, ~~but it is not used for anxiety 
disorders.~~ Alprazolam, on the other hand, is a 
benzodiazepine medication primarily used to treat 
anxiety disorders and panic attacks. It works by 
enhancing the effects of a neurotransmitter in the 
brain called GABA, which helps to reduce anxiety 
and promote relaxation. Both medications can 
cause side effects including drowsiness and 
dizziness, ~~though confusion is not a typical side 
effect.~~ However, alprazolam is more likely to 
cause dependence and withdrawal symptoms, ...

Amitriptyline and alprazolam are both medications, [T] 
but they are used to treat different conditions [T] and 
have different potential side effects. [T] Amitriptyline 
and alprazolam have different mechanisms of action. [T] 
Amitriptyline is a tricyclic antidepressant [T] used to 
treat depression [T] and certain types of chronic pain, 
[T] ~~but it is not used for anxiety disorders.~~ [F] 
Alprazolam, on the other hand, is a benzodiazepine 
medication [T] primarily used to treat anxiety disorders 
[T] and panic attacks. [T] It works by enhancing the 
effects of a neurotransmitter in the brain [T] called 
GABA, [T] which helps to reduce anxiety [T] and 
promote relaxation. [T] Both medications can cause 
side effects [T] including drowsiness [T] and dizziness, 
[T] ~~though confusion is not a typical side 
effect.~~ [F] However, alprazolam is more likely to 
cause dependence [T] and withdrawal symptoms, [T] ...

Good Coverage 
Low Retention
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Filtering False-Claims: Coverage and Retention
Multi-LLM Adaptive Conformal Inference for Reliable LLM Responses

LLM output Hallucination Detection
Amitriptyline and alprazolam are both medications, 
but they are used to treat different conditions and 
have different potential side effects. Amitriptyline 
and alprazolam have different mechanisms of 
action. Amitriptyline is a tricyclic antidepressant 
used to treat depression and certain types of 
chronic pain, ~~but it is not used for anxiety 
disorders.~~ Alprazolam, on the other hand, is a 
benzodiazepine medication primarily used to treat 
anxiety disorders and panic attacks. It works by 
enhancing the effects of a neurotransmitter in the 
brain called GABA, which helps to reduce anxiety 
and promote relaxation. Both medications can 
cause side effects including drowsiness and 
dizziness, ~~though confusion is not a typical side 
effect.~~ However, alprazolam is more likely to 
cause dependence and withdrawal symptoms, ...

Amitriptyline and alprazolam are both medications, [T] 
but they are used to treat different conditions [T] and 
have different potential side effects. [T] Amitriptyline 
and alprazolam have different mechanisms of action. [T] 
Amitriptyline is a tricyclic antidepressant [T] used to 
treat depression [T] and certain types of chronic pain, 
[T] ~~but it is not used for anxiety disorders.~~ [F] 
Alprazolam, on the other hand, is a benzodiazepine 
medication [T] primarily used to treat anxiety disorders 
[T] and panic attacks. [T] It works by enhancing the 
effects of a neurotransmitter in the brain [T] called 
GABA, [T] which helps to reduce anxiety [T] and 
promote relaxation. [T] Both medications can cause 
side effects [T] including drowsiness [T] and dizziness, 
[T] ~~though confusion is not a typical side 
effect.~~ [F] However, alprazolam is more likely to 
cause dependence [T] and withdrawal symptoms, [T] ...
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High Retention
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Filtering False-Claims: Coverage and Retention
Multi-LLM Adaptive Conformal Inference for Reliable LLM Responses

LLM output Hallucination Detection
Amitriptyline and alprazolam are both medications, 
but they are used to treat different conditions and 
have different potential side effects. Amitriptyline 
and alprazolam have different mechanisms of 
action. Amitriptyline is a tricyclic antidepressant 
used to treat depression and certain types of 
chronic pain, ~~but it is not used for anxiety 
disorders.~~ Alprazolam, on the other hand, is a 
benzodiazepine medication primarily used to treat 
anxiety disorders and panic attacks. It works by 
enhancing the effects of a neurotransmitter in the 
brain called GABA, which helps to reduce anxiety 
and promote relaxation. Both medications can 
cause side effects including drowsiness and 
dizziness, ~~though confusion is not a typical side 
effect.~~ However, alprazolam is more likely to 
cause dependence and withdrawal symptoms, ...

Amitriptyline and alprazolam are both medications, [T] 
but they are used to treat different conditions [T] and 
have different potential side effects. [T] Amitriptyline 
and alprazolam have different mechanisms of action. [T] 
Amitriptyline is a tricyclic antidepressant [T] used to 
treat depression [T] and certain types of chronic pain, 
[T] ~~but it is not used for anxiety disorders.~~ [F] 
Alprazolam, on the other hand, is a benzodiazepine 
medication [T] primarily used to treat anxiety disorders 
[T] and panic attacks. [T] It works by enhancing the 
effects of a neurotransmitter in the brain [T] called 
GABA, [T] which helps to reduce anxiety [T] and 
promote relaxation. [T] Both medications can cause 
side effects [T] including drowsiness [T] and dizziness, 
[T] ~~though confusion is not a typical side 
effect.~~ [F] However, alprazolam is more likely to 
cause dependence [T] and withdrawal symptoms, [T] ...

Good Coverage 
High Retention
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TL;DR: Our Filtering Model, MACI, achieves both Good Coverage & High Retention
Multi-LLM Adaptive Conformal Inference for Reliable LLM Responses
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“Covered” means: No False-claim in the filtered output“LLMs occasionally generate responses 
containing false-claims”

Covered Miscovered Covered

Prompt: “What is the difference between amitriptyline and alprazolam?”

Coverage Constraint:
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Problem Setting
Multi-LLM Adaptive Conformal Inference for Reliable LLM Responses
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Filtering false claims to gaurantee the factuality of LLM Response
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Our Goal: Good Coverage & High Retention
Multi-LLM Adaptive Conformal Inference for Reliable LLM Responses
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Good Coverage,
Low Retention

Bad Coverage,
High Retention

Good Coverage,
High Retention

Our Goal
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Motivation: Oracle Filtering Algorithm (Oracle Verifier)
Multi-LLM Adaptive Conformal Inference for Reliable LLM Responses
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Oracle
Verifier

Oracle verifier can allocate

 

 
 
 

Oracle verifier knows probability that each claim is true, given prompt & claim set.

Optimal Coverage,
Optimal Retention!
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Our Method 1: Mimicking Oracle Factuality-Score by Multi-LLM Ensemble 
Multi-LLM Adaptive Conformal Inference for Reliable LLM Responses

11

Step 1: Gathering high-quality Factuality-Scores by Multi-LLM Ensemble

Model 1 Model 2 Model m

Multi-LLM Verifier

...

Ensemble each LLM’s output probability 
for each claim to be true!

Why Multi-LLM Ensemble?
 High disagreement for False-Claims!!

Multi-LLM Ensemble boosts 
the quality of Factuality-Scores< : Factuality-Score for claim    >
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Our Method 2: Mimicking Oracle Conformity-Score by Adaptive Conformity Score
Multi-LLM Adaptive Conformal Inference for Reliable LLM Responses
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Step 2: Calculate Adaptive Conformity Scores
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Calibration Set

< Example: Calculating Adaptive Conformity Score >

Definition of 
conformity score

(new!) 
What is different compared to 

existing approaches?
(Hashimoto et al., Cherian et al.)

1. Same procedure with 
Oracle Filtering Algorithm

2. Utilize global uncertainty 
information, relationship of claims

https://arxiv.org/abs/2402.10978
https://arxiv.org/abs/2406.09714
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Our Method 2: Mimicking Oracle Conformity-Score by Adaptive Conformity Score
Multi-LLM Adaptive Conformal Inference for Reliable LLM Responses
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Step 3: Calculate Conformal Cutoff and Filter-out False-like Claims

and conduct filtering with the rule below (same with Oracle Filtering)

with Exchangeability assumption,
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Empirical Result: MACI achieves both Best Coverage & Highest Retention!!

 Multi-LLM Adaptive Conformal Inference for Reliable LLM Responses
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● MACI achieves both Best Coverage & Highest Retention among the baselines 
throughout Medical, CommonSense, Expert Knowledge datasets.
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● Conformal inference can be effectively utilized to detect hallucinated text.
● MACI excels in both coverage (validity) and retention ratio (efficiency).

Conclusion
Multi-LLM Adaptive Conformal Inference for Reliable LLM Responses
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