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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

Prompt chronic pain, ~~but it is not used for anxiety
FROmEL disorders.~~ [False] Alprazolam, on the other
What is the difference hand, is a benzodiazepine medication primarily
between amitriptyline |::> LLMs |::> used to treat anxiety disorders and panic attacks. It
(GPT, Llama, --+) works by enhancing the effects of a
and alprazolam? 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, ...
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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 Hallucination detection L

and alprazolam have different mechanisms of o Whether each subclaim is true or not.

action. Amitriptyline is a tricyclic antidepressant e Filter-out False-Claims.

used to treat depression and certain types of

chronic pain, ~~but it is not used for anxiety We want

g'sorde.rs'w. Alprazolam, on the other hand, is a Close to target Coverage (90%) and High Retention
enzodiazepine medication primarily used to treat

anxiety disorders and panic attacks. It works by

enhancing the effects of a neurotransmitter in the e Coverage is the probability that, after filtering, all
brain called GABA, which helps to reduce anxiety retained claims are actually correct.

and promote relaxation. Both medications can e Retention is the fraction of the original claims

cause side effects including drowsinessand that survive the filter, i.e., how much of the text
dizziness, ~~though confusion is not a typlcal side we keep instead of discarding.

effect.~~ However, alprazolam is more likely to

cause dependence and withdrawal symptoms, ... /
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Filtering False-Claims: Coverage and Retention

Good Coverage

Multi-LLM Adaptive Conformal Inference for Reliable LLM Responses Low Retention
LLM output Hallucination Detection
Amitriptyline and alprazolam are both medications, Amitriptyline and alprazolam are both medications, [T]
but they are used to treat different conditions and buttheyareused-to-treatdifferentconditonstHand
have different potential side effects. Amitriptyline have-differentpotentiat-side-effectsHH-Amitriptytine
and alprazolam have different mechanisms of and-alprazetarmhavedifferentmechanismsefacton—H
action. Amitriptyline is a tricyclic antidepressant Arrttriptytineisatrieyeheantidepressant{Husedte
used to treat depression and certain types of treat-depression{H-andcertaintypes-of-chronicpain;
chronic pain, ~~but it is not used for anxiety H-ebutitisnotvsedforamdetrdisorders—|H]

disorders.~~ Alprazolam, on the other hand, is a

benzodiazepine medication primarily used to treat |:> medieattonH-prirarityusedte-treatarmxdety-chiserders

anxiety disorders and panic attacks. It works by

enhancing the effects of a neurotransmitter in the effects-ofanevretransmitterinthe-bratntH-called
brain called GABA, which helps to reduce anxiety GARA AT which-helpstoreduecamdety HHand

and promote relaxation. Both medications can prometerelaxation—{H Beth-medicationsean—eause
cause side effects including drowsiness and stde-effects Hretudine-drowmsiressHandchzriress;
dizziness, ~~though confusion is not a typical side H-~~theugh-confusionisrotatypicalside
effect.~~ However, alprazolam is more likely to L Hewever—lpeerelanieaere—thal s
cause dependence and withdrawal symptoms, ... eause-dependenceH-end-withdrawatsymptoms{H—
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Filtering False-Claims: Coverage and Retention

Bad Coverage

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

Good Coverage

Multi-LLM Adaptive Conformal Inference for Reliable LLM Responses High Retention
LLM output Hallucination Detection
Amitriptyline and alprazolam are both medications, Amitriptyline and alprazolam are both medications, [T]
but they are used to treat different conditions and but they are used to treat different conditions [T] and
have different potential side effects. Amitriptyline have different potential side effects. [T] Amitriptyline
and alprazolam have different mechanisms of and alprazolam have different mechanisms of action. [T]
action. Amitriptyline is a tricyclic antidepressant Amitriptyline is a tricyclic antidepressant [T] used to
used to treat depression and certain types of treat depression [T] and certain types of chronic pain,
chronic pain, ~~but it is not used for anxiety [1] ~~butitisnetusedforamdetdiserders— [F]
disorders.~~ Alprazolam, on the other hand, is a Alprazolam, on the other hand, is a benzodiazepine
benzodiazepine medication primarily used to treat |:> medication [T] primarily used to treat anxiety disorders
anxiety disorders and panic attacks. It works by [T] and panic attacks. [T] It works by enhancing the
enhancing the effects of a neurotransmitter in the effects of a neurotransmitter in the brain [T] called
brain called GABA, which helps to reduce anxiety GABA, [T] which helps to reduce anxiety [T] and
and promote relaxation. Both medications can promote relaxation. [T] Both medications can cause
cause side effects including drowsiness and side effects [T] mcludlng drowsmess [T] and dizziness,
dizziness, ~~though confusion is not a typical side [T] ~~
effect.~~ However, alprazolam is more likely to effeet=~ [F] However, alprazolam is more likely to
cause dependence and withdrawal symptomes, ... cause dependence [T] and withdrawal symptoms, [T] ...
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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

“LLMs occasionally generate responses

13 ” . _ . . .
containing false-claims” Covered™ means: No False—-claim in the filtered output

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

BCI
(Mohri and Hashimoto et al.)

different-potential-side-effeets [T]. Amitriptyline and

alprazolam have different mechanisms of action. [T]
Amitriptyline-isa-trieyelicantidepressant [T] used-to-treat
depression [T] and—eeftaﬂ-t—ypes—ef-ehfe{-ﬂc—pmﬁ [T] butitis

hand-is-a-benzediazepine-medication

treatanxiety-diserders [T] and-panicattacks. [T] H—west—by

enhancing the-effects-of-aneurotransmitterinthe-brain [T
ealled-GABA, [T] which-helpstoreduceanmxiety-[T] and

for. [T] £ e .
effeets[T]meluémgLéfewsmess[T]aﬁd—é&aness [

CCI
(Cherian et al.)

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] butitis
net-used-foranxiety-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] ...

Miscovered

MACI
(Ours)

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] butitis
net-used-foramdety-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] |nclud|ng drowsmess [T] and dizziness, [T]

- [F] However,
alprazolam is more likely to cause dependence [T] and
withdrawal symptoms, [T] ...

Covered

Coverage Constraint: [P(no false-claim in filtered set F') > 1 — «
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Problem Setting

Multi-LLM Adaptive Conformal Inference for Reliable LLM Responses

Filtering false claims to gaurantee the factuality of LLM Response

[ Prompt P

s

~

C1 4 )

Filtering .
Model F
Ca

- & J

J

Claim set C

of LLM Response  Input: P, C Output: F(P, C)
P({Vc; € F(P,C) : ¢; is true}) > 1 — «
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Our Goal: Good Coverage & High Retention

Multi-LLM Adaptive Conformal Inference for Reliable LLM Responses

Prompt
Model Good Coverage
e - | ¢, (true) 9=
¢, (true) F, . Low Retention
c; (true)
c, (true '
2 ( ) > Model > | © (true) | Bad Coverage,
e (false) F, :::3 gzllzz)) igh Retention
c, (false) m—
Model 1 Good Coverage,
Cs (true) > FMACI > €2 g::z:; ngh Retention
Cs
Our Goal

MLAI Lab, Yonsei University 9




Motivation: Oracle Filtering Algorithm (Oracle Verifier)

Multi-LLM Adaptive Conformal Inference for Reliable LLM Responses

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

-
Oracle verifier can allocate  p*(c¢) := P(c is true | P,C)
T p (c1) = 1.0
o lle p*(cz) = 0.95
888 |3 Oracle | g "5 (c;) = 0.4
~+ Verifier x
o p(cs) = 0.1
\ J p*(CS) = 0.98
Algorithm c, (true) .
* * * t I ’
P XP @) Xp(e) 2090 - | cytrue) | Opyimal Retention
p*(cy) X p*(cs) X p*(cz) X p*(c3) <0.90 cs (true)

MLAI Lab, Yonsei University



Our Method 1: Mimicking Oracle Factuality—-Score by Multi-LLM Ensemble

Multi-LLM Adaptive Conformal Inference for Reliable LLM Responses

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

4 N

Multi-LLM Verifier

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

GH &

Model 1 Model 2 Model m

ple) = ZwmIP’i(c is true | P, C), Zw =1
i=1

K < p(c): Factuality-Score for claim ¢ > /

MLAI Lab, Yonsei University

Why Multi-LLM Ensemble?

High disagreement for False-Claims!!

Deepseek-V3 - ().000 0.692 0.727

Llama-3.3-708 -S ORGP

Qwen-2.5-728 -SINOFE 0.665 0.000

Deepseek-V3  Llama-3.3-70B Qwen-2.5-72B

(a) Jaccard distance
between LLMs

Deepseek-V3 Llama-3.3-708 Qwen-2.5-72B Mean ensemble

(b) Marginal
FPR and MSE

Multi-LLM Ensemble boosts
the quality of Factuality-Scores

MACI

1"




Our Method 2: Mimicking Oracle Conformity-Score by Adaptive Conformity Score

Multi-LLM Adaptive Conformal Inference for Reliable LLM Responses

Step 2: Calculate Adaptive Conformity Scores

k - 4 )
5 H R Definition of Prompt P p(cy) = 1.0 plcry) = 1.0
— | P@) conformltyi score — Sr— Bc) = 0.9
j=1 (new!) _ | >
L €2 Ble=01 | | Blew) =09
What is different compared to cs » S (Y E— o |
existing approaches? Ca P(ca) =02 Pleay) =02
Hashimoto et al., Cheri t al. S
(Hashimoto et a erian et al.) ] T Bley) = 04
1.  Same procedure with X Dca) 3
Oracle Filtering Algorithm k=3, E=|[p;
Calibration Set  \ ]1:[1 v )
2. Utilize global uncertainty

information, relationship of claims < Example: Calculating Adaptive Conformity Score >

MLAI Lab, Yonsei University
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Our Method 2: Mimicking Oracle Conformity-Score by Adaptive Conformity Score

Multi-LLM Adaptive Conformal Inference for Reliable LLM Responses

Step 3: Calculate Conformal Cutoff and Filter-out False-like Claims

FEay < Eg) < < Eng)
Ql—a — E(f(ncaﬁl)(l—aﬂ)

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

_ / e > C
F(P,R) = argmax '] s.t. Q/p(cz)—Ql—a

with Exchangeability assumption,
P({Ve; € F(P,C) : ¢; is true}) > 1 — «




Empirical Result: MACI achieves both Best Coverage & Highest Retention!!

Multi-LLM Adaptive Conformal Inference for Reliable LLM Responses

Target Coverage: 80% (o = 0.2) Target Coverage: 90% (o = 0.1) Target Coverage: 95% (o = 0.05)
BCI CCI MACI BCI CCI MACI BCI CCI MACI

Group Cov. Ret.| Cov. Ret.| Cov. Ret.| Cov. Ret.| Cov. Ret.| Cov. Ret.| Cov. Ret.| Cov. Ret.| Cov. Ret.
MedLFQA 0.80e 0.06 | 0.81e 0.56 | 0.80e 0.71 | 0.90e 0.02 I 0.90e 0.31 | 0.90e¢ 0.50 | 0.95¢ 0.01 | 0.95¢ 0.18 | 0.95¢ 0.30

Medical Content
Info 0.81e 0.06 | 0.76 0.54( 0.80e 0.70 | 0.91e 0.02 | 0.86] 0.30| 0.90e 0.48 | 0.96¢ 0.01 | 0.93] 0.18] 0.95¢ 0.30
Interpret  0.80e¢ 0.07 | 0.841 0.58 | 0.79¢ 0.69 | 0.89¢ 0.03 | 0.931 0.33| 0.90e¢ 0.47 | 0.94¢ 0.01 | 0.96e 0.21( 0.96¢ 0.26
Action 0.79¢ 0.06 | 0.857 0.49 | 0.80e 0.73 | 0.90e 0.02 | 0.927 0.27| 0.90e 0.53 | 0.96e 0.01 | 0.96¢ 0.16| 0.95¢ 0.33

False-Claim Risk

Low 0.841 0.07 | 0.831 0.68| 0.79¢ 0.78 | 0.947 0.03 | 0.91e 0.41( 0.89e¢ 0.52 | 0.971 0.01 | 0.95¢ 0.28 | 0.95 0.37
Medium  0.831 0.06 | 0.81e 0.66[ 0.79¢ 0.70 | 0.89¢ 0.03 | 0.90e 0.39| 0.91e 0.46 | 0.94e 0.01 | 0.95¢ 0.25| 0.95¢ 0.31
High 0.73L 0.06 | 0.78) 0.43 | 0.80e 0.64 | 0.88] 0.01 | 0.89¢ 0.22| 0.89¢ 041 | 0.94¢ 0.01 | 0.94e 0.12| 0.95¢ 0.26

WikiBio 0.81¢ 0.02]0.79¢ 0.19 | 0.81e 0.43 |0.90e 0.01 | 0.89¢ 0.11] 0.90e 0.25 | 0.95¢ 0.01 | 0.93] 0.06 | 0.95¢ 0.13

View Count
Low 0.74] 0.03|0.79¢ 0.18( 0.81¢ 0.36 |0.87] 0.01 |0.88] 0.11/0.91¢ 0.21 | 0.94e¢ 0.01 |0.92] 0.06| 0.96e¢ 0.11
Medium 0.8417 0.02 |0.78] 0.19( 0.81¢ 0.46 |0.91e¢ 0.01 | 0.88] 0.11/0.91¢ 0.24 | 0.95¢ 0.01 [ 0.92] 0.06] 0.95¢ 0.12
High 0.851 0.02 [ 0.81e¢ 0.20( 0.81e¢ 0.51 | 0.91e 0.01 [ 0.921 0.12]091e¢ 0.24 | 0.95¢ 0.01 [ 0.95¢ 0.07 0.96¢ 0.12

False-Claim Risk

Low 0.81e 0.03 | 0.80e 0.21] 0.827 0.40 | 0.90e 0.01 | 0.90e 0.11| 0.90e 0.23 | 0.95¢ 0.01 | 0.93] 0.07( 0.94¢ 0.17
Medium 0.81e¢ 0.02 |0.78] 0.19( 0.81e¢ 0.42 | 0.91e 0.01 | 0.89¢ 0.11 0.90e 0.25 | 0.95¢ 0.01 | 0.93] 0.06 0.95¢ 0.12
High 0.81e 0.02]|0.79¢ 0.18( 0.81e¢ 0.45 | 0.89¢ 0.01 |0.88] 0.11( 0.90e 0.28 | 0.94¢ 0.01 | 0.92] 0.06 | 0.96¢ 0.09

e MACI achieves both Best Coverage & Highest Retention among the baselines
throughout Medical, CommonSense, Expert Knowledge datasets.
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Conclusion

Multi-LLM Adaptive Conformal Inference for Reliable LLM Responses

e Conformal inference can be effectively utilized to detect hallucinated text.
e MACI excels in both coverage (validity) and retention ratio (efficiency).

BCI
(Mohri and Hashimoto et al.)

ALl I - easians, [T] bus
they-are-used-to-treat-different-conditions [T] and-have
different-potential-side-effeets [T]. Amitriptyline and
alprazolam have different mechanisms of action. [T]
Amitriptylineis-a-tricyelicantidepressant [T] used-to-treat
depression [T] and—certaintypes-ofehreniepain, [T] butitis
retused-foramderdisordess. [F] Alprazelam;-on-the-ether
hand-is-a-benzodiazepine-medication [T] primarilyusedte
treatamdety-disorders [T] and-panicattacks. [T]+t—we|=ks—[b’,]4
enhaneing-the-effects-of-a-reurotransmitterinthe-brain [T
called-GABA, [T] which-helps-toreduceanxiety-[T] and
promoeterelaxation. [T) Beth-medications-can-causeside
effeets [T] including-drowsiness [T] and-dizziness, [T]
though-confusion-isnota-typicalside-effect: [F] However
alprazelam-is-meretikely-to-cause-dependence [T] and
withdrawalsymptems, [T] ...

CCI
(Cherian et al.)

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] butitis
netused-foranxiety-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] ...

MLAI Lab, Yonsei University

MACI
(Ours)

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] butitis
not-used-foramdety-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]
theugh-confusion-is-neta-typicalside-effeet: [F] However,
alprazolam is more likely to cause dependence [T] and
withdrawal symptoms, [T] ...
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