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Abstract

This paper introduces a protocol-fixed information-theoretic reporting framework for
evidence-weak hallucination comparisons in large language models (LLMs). The frame-
work uses sequence-level information energy, variational free energy, KL. decomposition, and
coarse-graining-induced information loss to define a closed reporting object for controlled
evidence-weakness comparisons. Its contribution is the protocol-fixed closure of that object,
rather than a new free-energy identity, KL theorem, or scalar hallucination score. Within
a declared protocol block, it fixes the admissibility conditions for the comparison coordi-
nates (AFE, Te,co), the apply/not-apply gate, the relative identifiability convention, and
a mechanically auditable artifact interface. The completed evidential anchor is a fully ob-
servable synthetic toy implementation showing that the declared comparison object can be
instantiated, logged, filtered, aggregated, and assigned an explicit status under controlled
evidence weakening. The result is a bounded reporting framework for auditable, compa-
rable, and explicitly stoppable evidence-weakness comparisons under a declared protocol.
It is a reporting framework rather than a deployment-time detector, mitigation method,
protocol-free law, or completed real-LLM validation study.

1 Introduction

This paper gives a protocol-fixed framework for evidence-weak hallucination under controlled evidence weak-
ening, organized by an information-theoretic comparison backbone. The framework’s only completed evi-
dential anchor is the fully observable toy implementation. Appendix-level material is retained only as a
same-form portability record under the same reporting convention and does not enlarge that evidential
basis.

The practical problem addressed here is not how to detect hallucinations at deployment time, but how to
make evidence-weakness comparisons interpretable and auditable. Existing studies often report error rates,
uncertainty scores, retrieval conditions, or diagnostic curves under partially different experimental conven-
tions. Such quantities are difficult to compare unless the evidence-degradation rule, external label, logged
observables, exclusion rule, and stopping rule are fixed as one object. The present framework formalizes that
object. Its value is therefore methodological: it specifies when a reported comparison is interpretable, when
it is only diagnostic, and when interpretation must stop.

Boundary to related work. The framework is closest in topic to hallucination detection and factuality
evaluation, uncertainty-based approaches such as semantic entropy, and retrieval-augmented generation Ji
et al. (2023); Maynez et al. (2020); Lin et al. (2022); Min et al. (2023); Manakul et al. (2023); Li et al.
(2024); Farquhar et al. (2024); Lewis et al. (2020); Karpukhin et al. (2020); Izacard and Grave (2021);
Huang et al. (2025). The distinction is not that this paper proposes a new uncertainty statistic or a stronger
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factuality label. Existing factuality, hallucination-detection, uncertainty, and retrieval-augmented methods
primarily define scores, labels, interventions, or evaluation procedures for model outputs. In contrast, the
present framework fixes the entire comparison object: the evidence-degradation coordinate, external answer-
segment label, decision-critical diagnostics, invalid-run exclusion rule, and stopping rule are reported together
or not interpreted at all. The claimed novelty is this protocol-fixed closure of the reporting object, not a
new scalar hallucination score or a deployment-time detector. This distinction is operational rather than
terminological: the framework could in principle be used to audit how an existing uncertainty score, factuality
label, or retrieval condition is reported under evidence weakening, but it does not replace those methods or
claim to improve their predictive accuracy.

Relation to prior theory and disciplinary boundary. The information-theoretic and free-energy
components used in this manuscript are standard rather than new: sequence-level information energy is a
negative log-likelihood reparameterization, the variational free-energy identity is a KL decomposition, and
the coarse-graining statement uses the usual data-processing direction. Classical Arrhenius/Kramers and
Mori-Zwanzig terminology is used only to organize local within-protocol comparisons after these quantities
have been fixed. The disciplinary boundary is therefore explicit: the paper does not derive a new stochas-
tic dynamics for LLM decoding, but defines a closed reporting object that specifies when such imported
coordinates may be reported, when they are only diagnostic, and when interpretation must stop.

Core contribution. The contribution is a closed reporting object for evidence-weakness comparisons. The
object closes four components under one declared protocol: the information/free-energy and coarse-graining
backbone, the admissibility-and-stopping gate, the relative identifiability convention, and the auditable ar-
tifact interface. This closure makes the comparison reproducible at the level of the declared protocol:
the evidence-degradation rule, external label, logged diagnostics, invalid-run rule, aggregation rule, and
apply/not-apply outcome are fixed together. The contribution is therefore methodological: it fixes the
conditions under which evidence-weakness comparisons can be reported, audited, compared within a proto-
col, or explicitly stopped.

Evaluation target and scope. The manuscript should therefore be evaluated as a protocol specification
and reporting framework, not as a hallucination detector, benchmark study, or real-LLM validation paper.
Its scope is limited to four claim-bearing objects: the information/free-energy and coarse-graining backbone
of Section 2; the explicit apply/not-apply admissibility and stopping gate of Section 3; the relative iden-
tifiability convention for within-protocol reporting; and the auditable artifact interface checked on the fully
observable toy anchor in Section 4. The relevant evaluation questions are whether this declared comparison
object is well defined, mechanically auditable, and equipped with a stopping rule when its interpretation
conditions fail.

Definition of “hallucination” in this manuscript. Throughout, “hallucination” means evidence-weak
errors under a given input context: the model generates fluent content that is unsupported by, or contradic-
tory to, the available evidence in the realized effective context C.. In retrieval-augmented settings, retrieval
failure is treated only as an upstream cause that changes what evidence enters C; here we condition on
the realized C, and vary evidence availability only through the controlled knob L under a fixed protocol
(Definition 4.1, Remark 3.7).

Guide to the paper. Section 2 fixes the information-energy, free-energy/KL, and coarse-graining back-
bone. Section 3 fixes the admissibility and stopping conditions, with prefactor bookkeeping limited to the
role of ¢y in the comparison shell. Section 4 fixes the auditable toy-anchor protocol. Appendix A contains
only appendix-level non-core material under the same reporting convention.

Notation map. Table 1 is intentionally restricted to the symbols needed on the paper’s main claim path.
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Table 1: Minimal notation used throughout the main claim path.

Symbol Meaning (fixed main-line usage in this manuscript)

Ey(x) Sequence-level information energy: Ey(z) = —log Py(z) (Definition 2.1)

E(x) Local continuous surrogate energy on a projected coordinate (Section 3)

AE Surrogate barrier height: AE = E(zs) — E(zm) (Section 3)

AE(L) Modeled surrogate barrier coordinate as a function of effective context length L (Section 2.3)

Tes Analysis-level effective temperature used in free-energy and surrogate dynamics; distinct
from 7

B8 Inverse effective temperature in the surrogate Langevin/Fokker—Planck setting: § = 1/Tcs

T Implementation softmax temperature used by the fixed decoding protocol

co Prefactor /rate-scale factor in the Arrhenius organizer under fixed protocol

L Effective context length, L € [0, 1] (Definition 4.1)

C, Ce, C Full context, realized effective context, and generic coarse-grained context
Perr(L) Externally labeled answer-segment error rate under fixed protocol

gt, Hi Observable diagnostics: logit gap and entropy on decision-critical steps
g(L), H(L) Decision-critical averages of g; and H; at each L

2 Information and Free Energy

This section fixes the manuscript’s information/free-energy backbone: sequence-level information energy
Ey(+), the variational free-energy functional, the KL decomposition, and the information-loss hierarchy in-
duced by coarse-graining. Within that backbone, T,g is introduced as an analysis parameter, while contin-
uous landscape language is deferred to the local comparison shell of Section 3.

Definition 2.1 (Information energy of an LLM). Let = (z1,...,z7) be a token sequence and let  denote
the model parameters. The information energy of x under an autoregressive LLM is defined as

Ey(z) := —log Py(x), (2.1)
where
T
Py(x) =[] Polas | 2). (2.2)
t=1
Since Ey(z) := —log Py(x), we have e F¢(*) = Py(x). Hence the induced Gibbs-form representation is a

reparameterization of the model distribution:

1
= Py(z) = e Fol® Z0)=) e @ =N"py(z) = 1. 2.3
po(z) = Py(x) 70" : () ;6 ZL: o () (2.3)
Equation (2.3) is the unit-temperature Gibbs-form reparameterization of the original autoregressive distri-
bution induced by Definition 2.1. The Tg-deformed distribution p*(z) introduced later in Proposition 2.2
is an analysis distribution, not the original LLM distribution unless Tog = 1 after the chosen normalization.
No sampling-temperature or decoding-temperature claim is made from Equation (2.3).

2.1 Variational Free Energy and KL Structure

In this subsection, T is an analysis-level effective temperature used only in the analysis functional and kept
distinct from the implementation temperature 7 unless explicitly specified.

Remark (Analysis-side status of T.g). Tug is introduced here only as an analysis-side coordinate in
the variational functional. It is not identified with the implementation temperature 7 or any other decoding
parameter. Its reportability is fixed later by the Arrhenius-shell reporting rule and the apply/not-apply
gate.
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Proposition 2.2 (Variational free energy and KL decomposition). Let g(x) be any probability distribution
over sequences and define

Flq) :=Ey[Eg(x)] — Teg Hlg],  Hlg == q(z)logq(x). (2.4)

Let p* () = Zet(6)~ exp{—Eo(2)/Tu}. Then
Flq) = ~Tutlog Ze(6) + T KL(g | p*)- (2.5)

In particular, minimizing F[q] over q is equivalent to minimizing KL(q || p*).

Integrated backbone fixed in Section 2. The mathematical identities in this section are standard.
Their role here is not to supply a new free-energy theorem or a new KL theorem, but to fix the variables
and admissible comparison units that are later passed to the protocol-fixed reporting shell. In particu-
lar, sequence-level information energy, the variational free-energy /KL relation, the coarse-graining-induced
information-loss ordering, and the analysis-side status of Teg are fixed here so that later apply/not-apply
decisions have a declared theoretical object to refer to.

2.2 Information Loss under Context Coarse-Graining

We reserve C' for the full context, C. for the realized effective context after truncation, and C for a
generic coarse-grained context. Coarse-graining is treated first as an information-processing map: rigor-
ous information-loss directions constrain what can increase under C' — C Cover and Thomas (2006). In
the standard data-processing sense, for any downstream variable Y under the induced Markov relation
Y~ C—C, B

I(Y;C) < I(Y;0).

This information-loss ordering is part of the paper’s main backbone. By contrast, any link from information
loss under coarse-graining to an effective barrier dependence is treated strictly as a modeling/organizing
choice rather than a theorem; no monotone barrier identity is inferred from the data-processing inequality.

2.3 Barrier Model for Context Length

This subsection records AFE(L) only as a monotone, saturating modeling input rather than as an identity.
Tts role is only to supply a local modeling input passed downstream to the Section 3 comparison shell. The
two forms below are admissible illustrative parameterizations of a monotone saturating barrier coordinate;
they are not required by the framework, not fitted in the main claim, and not used to infer a protocol-free
law.

AE(L) = AByin + alog(l + kL), (2.6)

AE(L) = ABwmin + AEgpan (1 — e F). (2.7)

3 Local Comparison Shell with an Arrhenius-Form Organizer

This section adds a local admissibility-and-stopping shell to the information/free-energy backbone fixed in
Section 2. The Arrhenius-form expression is used only as a within-protocol organizer, not as a derived
dynamical law for token decoding. Together with Sections 2 and 4, it gives the manuscript a three-layer
structure: theory, admissibility /stopping, and auditable implementation. Reference points are classical rate
theory, rare escape, and Mori-Zwanzig coarse-graining Kramers (1940); Langer (1969); Hanggi et al. (1990);
Freidlin and Wentzell (2012); Bovier and den Hollander (2015); Schuss (2010); Mori (1965); Zwanzig (1961).

3.1 Formal commitments of the comparison shell

Section 3 records three formal commitments of the comparison shell rather than theorem-like novelty claims.
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1. Reporting rule. The Arrhenius organizer is a within-protocol reporting shell, usable only on the
admissible no-fail regime.

2. Compatibility/admissibility rule. The logged observables are compatibility tests for the declared
shell and do not define the latent comparison variables.

3. Stopping rule. Once a formal failure condition is triggered, interpretation stops and the correct
output is not-apply.

Rule 3.1 (Reportability of the protocol-fixed organizer). Fix one decoding-and-logging protocol P together
with the implementable protocol objects of Section 4; in particular, the model, tokenizer, decoding rule, prompt
template, labeler, logging scope, degradation rule, and L-grid are fized. Write the protocol-level organizer in

the Arrhenius shell
AE(L
Py (L) = cpexp <— ( )> . (3.1)
Teff

Equation (3.1) is not fitted in the manuscript and is not inferred as a protocol-free law; it is used only as an
organizing form for the declared within-protocol comparison. With (AE, Teg, co) interpreted only as within-
protocol comparison coordinates, this organizer is reportable as a minimal formal shell for within-protocol
interpretation only on the admissible no-fail regime

P is fized, Equation (3.2) holds, Assumption 8.8 holds, and Definition 3.4 is not triggered.

Outside that regime, the manuscript makes no organizer-level interpretation claim for (AE, Tog, co).

Reporting lock for T.g. To eliminate post-hoc degrees of freedom, Teg is not treated as an intrinsic model
temperature. It may be reported only as a within-protocol relative comparison after the L grid, reference
level, zero-correction rule if needed, and barrier-unit convention have been fixed before aggregation. If
the barrier scale and temperature-like coordinate are both fitted from the same P, (L) curve, Teg is not
reported as independently identified; the manuscript then reports only the observed curves and the declared
apply/not-apply status. Appendix A is curves only and reports no Teg estimate.

3.2 Discrete decoding and the projected coordinate

Autoregressive decoding under a fixed protocol induces a stepwise stochastic evolution of an internal state.
We introduce a task- and analysis-dependent projection z = II(s) € R only as a local comparison coordinate,
not as a derived state equation. The projected diffusion picture is therefore used solely as a minimal organiza-
tional coarse-graining in the Mori—Zwanzig spirit Mori (1965); Zwanzig (1961), only within Assumption 3.3,
outside Definition 3.4, and under the fixed-protocol reporting convention of Remark 3.7.

Remark 3.2 (Scope of rate-theory vocabulary). Reaction-rate vocabulary is used in this manuscript only as an
organizer for within-protocol comparisons under controlled evidence changes. We use the numbered Arrhe-
nius/Kramers form in Equation (3.1) to structure protocol-controlled comparisons of answer-segment error
rate, with diagnostics computed on decision-critical steps (Section 4), and we keep prefactor bookkeeping
explicit via ¢y. We do not claim that discrete token decoding obeys a protocol-free Langevin/Fokker—Planck
law, and we do not identify (AFE, Tug, co) as intrinsic model properties independent of protocol.

Assumption 3.3 (Admissibility checklist for the local-surrogate organizer). The Arrhenius/Kramers state-
ments in this section are used only as a local diffusion surrogate for token-step decoding, and only when
the following admissibility conditions are satisfied under a fixed decoding protocol (Section 4): local pro-
jected increments are small; pre-error diagnostics are approximately stationary; answer-segment errors are
rare; token competition is dominated by a small number of modes; and the same dominant escape channel
persists across controlled evidence changes. These conditions are not certified as latent dynamical facts by
the logged observables. They are operationally screened only through the declared diagnostics recorded by
the logits-only protocol; if the diagnostics fail the predeclared compatibility or failure checks, the organizer
is assigned not-apply rather than interpreted.
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Rate-regime check. The rare-error component of Assumption 3.3 is treated as an admissibility screen,
not as a fitted claim. If a rare-rate threshold is used, it must be declared as part of the fixed protocol record
before aggregation. When P, (L) enters the non-rare regime under that declaration, the Arrhenius-form
organizer is not interpreted at that L. Such rows may still be reported as protocol diagnostics, but they
are outside the rare-escape interpretation. Therefore, absence of a Definition 3.4 failure is not by itself a
rare-rate admissibility claim.

Definition 3.4 (Failure conditions for organizer interpretation). Under controlled L changes at fixed de-
coding, the organizer is declared not-apply whenever one or more of the following protocol-level failure
conditions is triggered:

o Competitor identity switch: the top competing token or competing set changes discontinuously with
L or across nearby prefixes.

e Nonlocal jump: the error mode changes through a nonlocal transition that cannot be read as a single
local barrier crossing.

e Decoupling: under decreasing L, Per(L) changes in the predeclared direction but neither g(L) nor
H(L) shows the corresponding predeclared qualitative sign direction on the declared grid.

e Inwvalid run: a run is missing required artifacts, violates the declared protocol, or fails the pre-
aggregation validity rule of Section 4.7.

Rule 3.5 (Compatibility status of logged observables). The observables Pu (L), g(L), and H(L) are com-
patibility diagnostics for the declared comparison shell. They do not define AE, Teg, or ¢y as latent model
properties. The compatibility chain is only the predeclared qualitative sign check

Ll = Pu(L)1 g(L) | and/or H(L) 1, (3.2)

unless Definition 3.4 is triggered.

Corollary 3.6 (Relative identifiability only). Under a fized protocol, admissible no-fail comparisons may be
reported only as within-protocol comparisons. A change of model, tokenizer, decoding rule, prompt template,
external labeler, logging scope, evidence-degradation rule, or L grid defines a new protocol and cannot be
pooled with the previous one without re-fixing the comparison object.

Remark 3.7 (Identifiability and calibration boundary). The manuscript reports only measured protocol-level
curves (Peyr (L), g(L),H(L)) and comparisons relative to a declared reference level. Any change of decoding
protocol requires re-fixing this convention.

Rule 3.8 (Stopping rule when a failure condition is triggered). This rule records the stopping rule. If any
failure condition in Definition 3.4 is triggered, then the single-barrier local surrogate is not assumed for that
comparison, the organizer coordinates (AE, T, co) are not interpreted beyond their reporting-shell role, and
the scientifically correct output is an explicit not-apply report.

4 Minimal Logits-Only Protocol and Toy-Anchor Audit

This section gives the principal toy-anchor implementation. It sits downstream of the Section 2 theoretical
backbone and the Section 3 admissibility-and-stopping shell, and it fixes the minimal artifacts, protocol
objects, observables, invalid-run rule, and aggregation rule needed to audit one declared comparison object.

4.1 Fixed artifacts and file names (required)

The released toy-anchor bundle fixes the artifact trio raw_log.csv, results.csv, and run_meta.json. The
artifact interface is part of the claim boundary: it makes the toy anchor auditable but does not add a
real-LLM validation claim.
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Submission-time supplementary policy. For this double-blind TMLR submission, the artifact interface
is submitted as an anonymized supplementary ZIP containing only non-identifying source, log, schema, and
validation artifacts. PDF-only omission of the specified artifacts is not used for the toy-anchor record,
and artifact metadata must not identify the authors. The supplementary scripts are intended to reproduce
Table 3 from the released raw_log.csv, results.csv, and run_meta.json without manual relabeling or
post-hoc run repair.

4.2 Definitions that fix implementable protocol objects

Definition 4.1 (Effective context length L). The effective context length L € [0, 1] is the declared evidence-
token retention ratio after applying the fixed degradation operator to the evidence span. The grid is fixed
before aggregation.

Definition 4.2 (Decision-critical steps). Decision-critical steps are the predeclared decoding positions whose
alternatives can change the externally labeled answer segment. All summaries below are computed only on
those steps.

Definition 4.3 (External error label). For each run (instance_id, L, seed), a fixed deterministic external
labeler assigns a protocol-level label to the produced answer segment using the full instance specification and
the generated answer. P, (L) is the observed answer-segment error rate: the fraction of produced answer
segments externally labeled as errors at each retention level.

4.3 Synthetic toy instance family

The synthetic toy anchor consists of a fully observable instance family in which the evidence span contains
the answer-determining token pattern and the degradation operator removes a predeclared fraction of ev-
idence tokens according to the fixed grid L € {1.00,0.75,0.50,0.25,0.00}. For each instance, the external
label is deterministic because the full instance specification contains the correct answer segment. The toy
construction is used only to make the protocol objects, observables, invalid-run rule, and aggregation rule
auditable; it is not intended to approximate the distribution of real LLM hallucinations.

Each synthetic instance contains an evidence field, a query field, and a deterministic answer field. The
evidence field contains the unique answer-determining token pattern before degradation. The degradation
operator removes or masks a predeclared fraction of evidence tokens according to the fixed retention level
L, without changing the query or the deterministic answer key. A generated answer segment is labeled
correct if and only if it matches the answer key under the predeclared parser; otherwise it is labeled as an
answer-segment error. Thus the toy anchor is fully observable: the correct answer, the degradation level,
the decision-critical positions, the external label, and the aggregation rule are all fixed before computing the
summaries.

4.4 Fixed logging specification (required)

For each decision-critical step, the protocol records top-M token ids, corresponding logits, the selected token,
the answer-segment external label, and the metadata required to verify the declared tokenizer, decoding
rule, L value, and seed. Entropy is computed only on the declared top-M support and is therefore a scoped
diagnostic, not a full-vocabulary entropy estimate. The replication unit is (instance_id, L, seed), and
standard errors are computed across replication units after invalid runs have been discarded.

4.5 Fixed six-step protocol

The runnable protocol is fixed in six ordered steps: declare the model, tokenizer, decoding rule, and prompt
template; construct the evidence-degraded contexts on the declared L grid; decode with fixed seeds; parse
decision-critical steps; apply the external labeler; and aggregate only valid runs. No failed or invalid run is
repaired post hoc.
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4.6 Compatibility chain and observables (logits-only)

For a decision-critical step ¢, let z(1); and z(2) ; be the largest and second largest logged logits on the declared
top-M support and let p;; be the corresponding renormalized top-M probabilities. Define

M
gt 1= Z(1),t — 2(2),ts Hy = — ij,t log pj. ¢ (4.1)
=1

The reported summaries g(L) and 7-_[(L) are computed only over decision-critical steps and only after invalid
runs have been discarded.

4.7 Invalid-run rule

Invalid runs are excluded before aggregation. A run is invalid if required files are absent, declared metadata
are inconsistent, a required answer segment cannot be parsed, the declared L value is not on the fixed grid,
or the external labeler cannot assign a deterministic label under the predeclared rule. Invalid runs are not
repaired or relabeled after inspection.

4.8 Minimal synthetic toy-anchor audit checklist

The completed evidential anchor is a fully observable synthetic toy implementation under controlled evidence
weakening.

Why the toy anchor closes the claim. The toy anchor closes the manuscript’s evidential burden
because the burden is procedural rather than predictive. The manuscript claims that one comparison object
can be fixed before aggregation, logged through declared artifacts, filtered by a declared invalid-run rule,
summarized by declared observables, and assigned an explicit apply/not-apply status. A fully observable
synthetic setting is sufficient for that claim because the correct answer, degradation level, decision-critical
positions, external label, and aggregation rule are all known before summarization. A real-LLM run would
be necessary for a validation claim about model behavior, but that is not the claim made here.

Table 2 therefore records the audit role of the toy anchor only. It does not add a detector result, benchmark
result, real-LLM validation claim, or empirical Arrhenius-law claim.

Table 2: Synthetic toy-anchor audit checklist. The table records which protocol objects were fixed or checked
in the completed toy run. It supports auditability and within-protocol compatibility only; it is not a detector
result, benchmark result, or real-LLM validation result.

Protocol object Checked item Status Role in claim

Artifact trio raw_log.csv, results.csv, run_meta. json present  confirmed auditability only
Fixed L grid declared before aggregation confirmed comparison coordinate
Invalid-run rule pre-aggregation exclusion confirmed validity gate
Compatibility sign check reported on declared summaries confirmed  diagnostic only
Two-level status gate artifact audit apply; rate interpretation not claimed confirmed stopping boundary

Table 3 records the numerical output of the toy-anchor audit. Its entries show only that the declared
observables can be produced, filtered, and aggregated under the fixed artifact rule. They are within-protocol
toy diagnostics and are not used as evidence of a general hallucination law, an Arrhenius-rate validation, or
validation on real LLM outputs.

Declared status of the toy-anchor run. The toy-anchor run has a two-level status. For artifact-level
auditability and qualitative compatibility reporting, the status is apply: the fixed grid, logged diagnostics,
invalid-run rule, aggregation rule, and predeclared qualitative directions are mechanically checkable from the
released artifacts. For Arrhenius-rate interpretation, no apply status is claimed here: rare-rate admissibility
requires the separately declared rate-regime screen of Section 3. Thus Table 3 supports the reportability and
auditability of the comparison object, not an empirical Arrhenius-law validation.
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Table 3: Diagnostic summaries from the new synthetic toy-anchor run. The table is generated from the
released toy log by the fixed aggregation script. The entries are protocol-level toy diagnostics only and are
not used as real-LLM validation, benchmark evidence, or a protocol-free law.

L  Pa SE g SE H SE N

1.00 0.026 0.007 3.622 0.004 1.373 0.002 500
0.75 0.040 0.009 2.882 0.004 1.773 0.003 500
0.50 0.134 0.015 2.129 0.005 2.187 0.003 500
0.25 0.156 0.016 1.390 0.005 2.582 0.004 500
0.00 0.178 0.017 0.661 0.005 2.986 0.004 500

5 Discussion and Limitations

The framework is intended as a disciplined reporting unit for evidence-weakness comparisons. A study can
instantiate it by declaring the evidence-degradation rule, external label, logged diagnostics, invalid-run rule,
aggregation rule, and stopping rule before aggregation. The output is not a universal hallucination score, but
a bounded record: either a within-protocol comparison with its admissibility status, or an explicit not-apply
outcome.

The main limitation is that the framework deliberately trades breadth for auditability. Any change of model,
tokenizer, decoding rule, prompt template, external labeler, logging scope, evidence-degradation rule, or L
grid defines a new protocol block. Results across such blocks cannot be pooled unless the comparison object
is re-fixed.

Broader-impact and misuse boundary. The framework is not a deployable hallucination detector and
should not be used as a safety certificate for generated content. The main misuse risk is that a protocol-fixed
diagnostic record could be overread as evidence of real-world factual reliability outside the declared protocol.
The mitigation is built into the framework: every reported comparison must state the fixed protocol, artifact
scope, admissibility status, and explicit apply/not-apply outcome.

6 Conclusion

This paper defines a protocol-fixed information-theoretic reporting framework for evidence-weak hallucina-
tion comparisons in LLMs. The completed contribution is the closure of the Section 2 information/free-energy
backbone, the Section 3 admissibility-and-stopping shell, and the Section 4 auditable toy-anchor interface
into one reportable comparison object. The toy anchor demonstrates the internal auditability of that ob-
ject under controlled evidence weakening, while Appendix A remains only a same-form portability record.
The result is a bounded framework that makes evidence-weakness comparisons explicit, auditable, and stop-
pable under a declared protocol, without turning the record into a detector score or a completed real-LLM
validation result.
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A Same-Form Portability Record

Appendix A records one same-form portability specimen under the reporting convention fixed in the main
text. The public open-weight model identifier, tokenizer identifier, prompt template, decoding rule, and
logging script are procedural reproducibility identifiers only. They do not make the appendix specimen part
of the completed evidential basis, and they do not add a real-LLM validation claim.

Remark (validity and fail-diagnostic status in Appendix A). The statement “invalid runs: none”
certifies only that no run was excluded by the pre-aggregation validity rule. The fail-diagnostic entries in
Table 5 are separate status entries: a positive entry marks an interpretation boundary for the recorded speci-
men rather than a repaired, relabeled, or discarded run. These entries make the apply/not-apply boundary
explicit and do not imply rare-rate admissibility, real-LLM validation, or a protocol-free interpretation of
the observed curves.

Remark A.1 (Status of appendix figures). The optional visual displays corresponding to Tables 4 and 5 are
placed in the supplementary bundle rather than in the main PDF. This avoids giving the appendix specimen
the visual status of an additional validation experiment. The appendix claim remains only that the same
report form can be populated once without enlarging the main evidential basis.

A.1 Fixed grid and run size

The appendix uses the same fixed grid L € {1.00,0.75,0.50,0.25,0.00}, top-M logging with M = 50, and
seeds {0,1,...,9}. The replication unit is (instance_id, L, seed), and standard errors are computed across
replication units.
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Status of the appendix tables.

Tables 4 and 5 are format-completion records only. They are included
to show that the declared report form can be populated once outside the synthetic toy setting. They are not
used to enlarge the evidential basis, estimate generalization, validate the framework on real LLM behavior,
or support a rate-interpretation claim.

Table 4: Format-completion record for one recorded portability specimen. The entries show only that the
declared report form can be populated once outside the synthetic toy setting; they are not used as validation
evidence or as support for a rate-interpretation claim.

L valid runs Perr g H status
1.00 10 0.000 0.410 2.01 format only
0.75 10 0.190 0.360 2.11 format only
0.50 10 0.310 0.250 2.27 format only
0.25 10 0.405 0.160 2.41 format only
0.00 10 0.470 0.110 2.52 format boundary only

Table 5: Fail-diagnostic readout for the same-form portability record. A no-fail entry means only that the
declared fail condition was not triggered in this recorded specimen. It does not imply rare-rate admissibility,
real-LLM validation, or a protocol-free interpretation of the observed curves.

Retention L

Identity switch

Nonlocal jump

Diagnostic decoupling

1.00
0.75
0.50
0.25
0.00
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