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Abstract

We report verified evidence for BF16 1.52x Entropy Ceiling within the Forlais Compression Nota-
tion (FCN) research programme. The result has an associated compression ceiling of approximately
1.522x in the tested setting, but the principal contribution of this paper is the empirical regularity
itself rather than any single codec ratio. The associated reference entropy is approximately 10.51
bits per value. Measurements are taken in the BF16 setting. Numerical values are reported at the
abstraction level approved for public disclosure; implementation details, run procedures, and opera-
tional artefacts are out of scope here. The claim is scoped to the tested setting and does not extend
to lossy compression, learned non-IID coders, format redesign, or task-specific model compression
unless explicitly stated.
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Methodology Disclosure Boundary

This paper states the FCN evidence for the reported result at a public-safe abstraction level. It re-
ports measured quantities, reported scope, and limitations. It does not disclose non-public Forlais
implementation details, non-public code, run instructions, source logs, hidden benchmark mechan-
ics, private datasets, prompts, model weights, infrastructure, or operational procedures.

1 Introduction

Lossless compression of trained neural network weights is studied across the FCN research programme
as a coding question first and an engineering question second. For each FCN entry, the goal is to
state the smallest public-safe claim that the evidence actually supports, with the format, scope, and
reconstruction target made explicit.

This paper reports the FCN evidence for BF16 1.52x Entropy Ceiling. The result is treated as a
fundamental property of the trained-weight distribution, not as a property of any one codec or imple-
mentation.

The headline numbers, all sourced from the FCN evidence register, are a reported ratio of approximately
1.522x, a measured entropy of approximately 10.51 bits per value.

The remainder of the paper states the public-safe scope, summarises the relevant background, presents
the measurement-level evidence, separates verified facts from speculative interpretation, and records
the limitations and disclosure boundary.

2 Scope

The result reported in this paper concerns:

= BF16 stored weights;
= value-level entropy measurement of BF16 stored weights;

= public-safe summarisation of measured quantities.
The result does not concern:

= lossy model compression, pruning, distillation, and quantisation-aware retraining as separate
regimes;

= learned non-IID coders that operate over broader joint distributions than the tested setting;
= format redesign or architecture-specific compression that requires modifying model semantics;
= cross-model delta regimes, which are reported in separate FCN entries;

= content-addressable deduplication, which is reported in separate FCN entries.
Each excluded regime is a distinct setting with its own evidence base. Ratios from those settings

should not be compared with the headline number in this paper without first reconciling assumptions
about coding scope, format, and reconstruction target.
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3 Background and related work

Lossless compression of trained neural network weights sits at the intersection of classical source
coding and contemporary neural network engineering. Shannon’s source coding theorem gives a
lower bound on the expected code length of any lossless code in terms of the entropy of the source
distribution [12, 2].

Huffman coding and arithmetic coding provide practical means to approach the entropy bound on a
discrete source [3, 13, 11, 10].

Modern model weights are typically stored in BF16 or FP32. The relevant numeric formats are specified
in the IEEE 754 standard and discussed in the BF16 and mixed-precision training literature [4, 6, 8].

Algebraic structure in finite-field representations is captured classically by linear-recurrence and shift-
register synthesis [1, 7].

We refer to the publicly released model artefacts associated with the architectures examined in this
evidence set [5, 9].

4 Evidence summary

The numerical summary in this section is reproduced from the internal FCN evidence register. Values
appear here only at the public abstraction level. The release excludes underlying implementation
details, run procedures, and source logs.

Reported quantity Public-safe value

Reported compression ratio approximately 1.522x
Total entropy approximately 10.51 bits per value
Internal measurement date  2026-02-14

Table 1: Summary of public-safe FCN evidence for the result reported in this paper.

Further public-safe quantitative observations recorded in the FCN entry are summarised below.

= H(BF16_value) = H(sign) + H(exponent) 4+ H(mantissa) - Ml(exp;mant)
= = 10.536 bits

= Exponent: 2.611 bits / 8 bits — 67% compressible

= Mantissa: 6.972 bits / 7 bits — 0.4% compressible

= Sign: 1.000 bits / 1 bit — 0% compressible

= 60+ codecs tested, ALL hit this ceiling

4.1 Public-safe restatement: Derived Formula
H(BF16_value) = H(sign) + H(exponent) 4+ H(mantissa) - Ml(exp;mant) ~ 1.000 + 2.611 + 6.972
- 0.047 = 10.536 bits

r_max = 16 / H(value) = 16 / 10.536 ~ 1.518x (practical) r_theoretical = 16 / 10.512 = 1.522x
(Shannon limit)
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Component breakdown: Exponent: 2.611 bits / 8 bits — 67% compressible Mantissa: 6.972 bits / 7
bits — 0.4% compressible Sign: 1.000 bits / 1 bit — 0% compressible

5 Discussion

The result is interpreted as a property of the trained-weight distribution rather than of any particular
codec. The implication for compression is that any single-format, single-model lossless coder that
targets only the value distribution is bounded by the same entropy term. Breaking the bound therefore
requires moving out of that regime, by conditioning on additional context such as a paired base model,
by changing the reconstruction target, or by changing the numeric format. The Forlais FCN evidence
base records each of these regimes as separate entries with their own measurements and limitations.

6 Limitations

This paper has 4 limitations.

1. The reported value is an empirical constant verified across the tested architectures and is not a
closed-form proof for every architecture.

2. The result holds for the tested numeric formats and may shift in adjacent formats with different
mantissa widths.

3. The result is sensitive to training procedure; the verified architectures are mature, fully-trained
networks.

4. Public reproducibility is limited by disclosure control; internal verification artefacts are main-
tained by Forlais Group but are not included in this paper.

7 Data and code availability

Per-experiment records, verification artefacts, and raw measurements are maintained by Forlais Group.
Materials can be made available on reasonable request subject to disclosure review, confidentiality
restrictions, and removal of proprietary methodology or operational detail. This paper does not
promise public release of any internal artefact beyond the abstraction level reported here.

8 Competing interests

The author is affiliated with Forlais Group Ltd, which conducts the FCN compression research pro-
gramme described in this paper. The author declares no other competing financial or non-financial
interests.

9 Conclusion

The FCN evidence supports a verified, narrowly scoped statement: BF16 1.52x Entropy Ceiling is a
stable feature of the tested trained-weight distributions and is not an artefact of any single codec. The
result is reported here in its public-safe form and should be read alongside the limitations enumerated
above.
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