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Mechanism

The classification operates as a windowed sweep across the artifact's normalized

scalar field — a luma-weighted grayscale field for imagery, a mel-spectrogram for

audio, a token-frequency grid for text, and a sliding-window byte-variance

projection for binary content. Each window is evaluated for its local statistical

variance: the variance of the per-cell scalar values within the window, taken after

normalization to the canonical numeric range. This variance estimate is the local

structural-variance signal and ranges from zero, where the window is structurally

flat, to the maximum bounded variance of the normalized field, where the

window contains maximally textured or contrast-saturated structure.

These per-window variance values are not used directly. The system computes

the cumulative-variance curve across the artifact and then differentiates that

curve to obtain a slope profile, which is the load-bearing intermediate

representation. Where the slope is shallow the underlying content carries little

structural variation per unit length; where the slope is steep the content carries

dense, structurally distinguishing variation. The five bands are defined as ranges

along this slope axis: near-uniform (slope below the noise floor of the substrate,

e.g. flat fills, silence, or whitespace), low-variance (slope above noise but below

typical natural-content baselines), medium-variance (slope consistent with
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natural imagery, audio with moderate harmonic content, or natural-language

text), high-variance (slope consistent with textured imagery, transient-rich audio,

or structurally complex documents), and very-high-variance (slope at or near the

bounded ceiling, characteristic of high-frequency texture, broadband noise, or

compressed/encrypted payloads whose normalized scalar field exhibits

maximally dispersed structure).

Anchor distribution is then slope-indexed. The system places more anchors per

unit length in high-slope regions and fewer in low-slope regions, producing a

non-uniform anchor density that mirrors the local information density of the

content. Because the band assignment is computed deterministically from the

artifact bytes alone — no metadata, no external state, no participant input — the

resulting anchor distribution is reproducible by any party that has access to the

same artifact. Two evaluators starting from the same bytes will independently

derive the same band assignments and the same anchor placements without any

coordination protocol between them.

The band assignments are recorded alongside the anchors themselves in the

lineage structure, so subsequent verification operations consult the recorded

bands rather than recomputing them. This separation of classification

(performed once at anchoring time) from verification (performed many times

against the recorded bands) keeps the verification path cheap while preserving

the structural property that classification is auditable end-to-end.

Operating Parameters

The window size used for local variance estimation is the first tunable parameter.

A window that is too small produces noisy estimates that fluctuate sharply with

each symbol and confuses incidental local variation with structural complexity. A

window that is too large smears across genuine boundaries between filler and

distinguishing content, blurring the slope profile and reducing the effectiveness

of the band partitioning. In typical operation the window is sized to span between



a few dozen and a few thousand symbols depending on the artifact type, with the

lower end appropriate for short textual artifacts and the upper end appropriate

for long media streams.

The band thresholds — the slope values that separate near-uniform from low-

variance, low from medium, and so on — are calibrated against representative

corpora for each content type. The calibration is published as part of the system

specification rather than tuned per-deployment, so that two deployments of the

system produce identical band assignments for identical input. This is a

deliberate design choice: per-deployment calibration would introduce a

coordination problem that the slope-indexing approach is specifically designed to

avoid.

Anchor density per band is the third parameter. The very-high-variance band

typically receives the densest anchor placement, since each unit of length carries

the maximum possible distinguishing information and is the most valuable target

for verification. The near-uniform band typically receives the sparsest placement;

placing dense anchors across a region of zeros or whitespace is wasteful because

the anchors themselves carry no more information than the underlying region.

The medium and high bands receive intermediate densities that balance

verification cost against discriminative power.

A fourth parameter governs the minimum distance between adjacent anchors

regardless of band. This floor prevents pathological accumulation of anchors at

sharp slope transitions where the differentiated cumulative-variance curve spikes

briefly. Without the floor, a sequence with a single sharp boundary between filler

and high-variance content could attract a disproportionate share of the anchor

budget at that single boundary point, leaving the rest of the artifact under-

anchored.

The system supports multi-resolution operation, in which the slope profile is

computed at several window sizes simultaneously and the band assignments are

derived from a hierarchical reconciliation of the resulting profiles. This is useful



for artifacts that contain nested structure — for example, a long document

containing both prose paragraphs and embedded code blocks — where a single

window size cannot capture both the macro-scale and micro-scale variance

variation.

Alternative Embodiments

The mechanism admits several alternative embodiments without departing from

the structural property that anchor density tracks local structural variation. In

one embodiment the per-window variance is augmented by an information-

density proxy — local Shannon entropy of the window's symbol distribution, or

the compressed length per unit input under a streaming compressor — and the

slope profile is computed against a weighted combination of variance and

information-density signals. This embodiment is appropriate for artifacts whose

structurally distinguishing material is encoded as redundancy patterns rather

than as scalar-field variation, and is recorded in the calibration profile alongside

the variance signal.

In another embodiment, the band count is altered. Three bands suffice for

content types with bimodal variance distributions (predominantly filler or

predominantly high-variance with little in between), while seven or nine bands

provide finer-grained anchor distribution for content types with smoother

variance gradients. The five-band partition is the default because empirical

measurement across mixed corpora shows it captures the dominant structure of

natural artifacts without introducing the calibration fragility of finer partitions.

A further embodiment replaces the slope-indexed anchor density with a slope-

thresholded anchor placement, in which anchors are placed only at points where

the slope crosses a band boundary. This produces anchors that are explicitly tied

to structural transitions in the artifact and is particularly useful for content

where the boundaries between filler and distinguishing material are themselves

the most semantically significant features.



Embodiments operating on streaming content compute the variance curve

incrementally and emit band assignments and anchor placements as the stream

progresses, without requiring buffering of the entire artifact. The cumulative-

variance representation is naturally compatible with this mode because the curve

is monotonically non-decreasing and the slope can be computed from the

running difference.

In an embodiment intended for heterogeneous content types — multilingual text,

polyglot binaries, or container formats that embed multiple sub-formats with

materially different normalization profiles — the modality-specific normalizer

switches scalar-field projections at format boundaries and the band thresholds

are renormalized against the variance ceiling of the projection in use. This

preserves cross-artifact comparability of band assignments even when individual

artifacts are heterogeneous internally.

Composition with Other Mechanisms

Five-band variance classification composes naturally with the lineage structures

and cryptographic commitments used elsewhere in the content anchoring system.

The band assignments are themselves recorded as fields in the lineage record, so

any later operation that consults the lineage — verification, similarity

comparison, partial-match detection — can use the recorded bands to scope its

work. A verifier checking only the very-high-variance regions of an artifact, for

example, can locate them in constant time from the lineage rather than re-

scanning the entire byte sequence.

The classification also composes with the slope-indexed routing layer that

distributes anchors across multiple replicas or storage substrates. Because the

band assignment is reproducible from the bytes alone, two replicas that

independently classify the same artifact agree on which anchors belong in which

storage tier without any coordination. High-band anchors can be routed to high-

durability storage because their loss would compromise identification



disproportionately, while near-uniform-band anchors can be routed to cheaper

tiers.

When combined with the governance mechanisms documented elsewhere in this

system, the band assignment becomes an input to policy resolution. A policy that

grants different access rights to filler regions versus distinguishing regions of an

artifact can express that distinction directly in terms of bands, and the policy

evaluation consults the recorded bands at decision time. This creates a structural

coupling between content identity and content governance that does not exist in

systems where identity and governance are layered atop each other through

external metadata.

Prior-Art Distinction

Prior approaches to content identification fall into several families.

Cryptographic hashing produces a single fixed-length digest of the entire artifact

and is exquisitely sensitive to any byte change; it cannot tolerate the routine

perturbations — re-encoding, recompression, format transcoding, minor edits —

that real-world content undergoes. Perceptual hashing tolerates such

perturbations but treats the artifact as uniformly informative and distributes its

evaluative effort accordingly, leaving high-variance distinguishing regions and

low-variance filler regions on equal footing in the resulting fingerprint.

Watermarking and steganographic approaches embed external identifiers into

the content but require modification of the artifact and depend on the embedding

survival across the very transformations that anchoring is meant to track. They

also presume cooperation from the content originator, which is not available for

the large mass of pre-existing content.

Block-level deduplication systems segment content into fixed or content-defined

chunks and identify each chunk independently, but the chunk boundaries are

chosen for storage efficiency rather than informational density and the resulting



identifiers do not preserve the structural relationship between filler and

distinguishing material. Five-band variance classification differs from each of

these by partitioning the artifact along an explicit information-density axis,

recording the partition as part of the identity, and routing identification effort

proportionally to the partition. The mechanism produces an identity that is

structurally aligned with what makes the artifact distinguishable rather than with

what is convenient to compute.

Disclosure Scope

This article discloses the five-band variance classification mechanism for routing

cryptographic anchors by local information density across content artifacts. The

disclosure includes the cumulative-variance and slope-profile representation, the

five-band partition with calibrated thresholds, the slope-indexed anchor density,

the recording of band assignments in the lineage structure, and the alternative

embodiments enumerated above. The mechanism is documented as part of the

broader content-anchoring system associated with US Provisional Application

63/808,372 and is intended to be read in conjunction with the other articles in

that series describing the surrounding lineage, anchoring, and verification

machinery.

The protective scope contemplated for this disclosure includes any system in

which content artifacts are partitioned into a discrete set of variance bands

derived from a slope or differential representation of cumulative information

density, where the band assignment governs the placement, density, or routing of

cryptographic identity material, and where the band assignments are themselves

recorded as part of a tamper-evident identity structure.




