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Executive Summary

Networks of independent organizations rarely fail because they cannot move

data. They fail because moving data does not confer the ability to act on it. A

file arrives, parses cleanly, and still requires a person or a custom adapter to

determine what it means, whether it is current, how it relates to local records,

and what may safely be done with it. We call this condition inoperability:

exchange without shared operational meaning.

Inoperability is usually treated as an integration backlog. It is better

understood as a structural consequence of a specific and common situation,

one in which a network cannot pre-limit the form of information in advance.

When participants evolve on independent schedules, invent new distinctions as

their work changes, and refuse on reasonable grounds to surrender local

control of their own models, no fixed schema survives contact with time.
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Formats standardize packaging. They do not standardize interpretation under

change.

The Mycelial Ontological Schema is a response to that situation. MOS is not a

database, not a replacement for linked data or property graphs, and not

another exchange format. It is a datum-native semantic grammar and

abstraction calculus: a formalism in which the primary object is not the record,

the document, or the graph node, but the canonically reproducible

abstraction. In MOS, structure is explicit and self-delimiting, addresses are

derived from the structure itself rather than declared by an external schema,

and coordination proceeds through references, mappings, semantic

differences, and provenance rather than through repeated shipment of files

that receivers must reverse-engineer.

Four properties define the model. Datums are addressed by ordered, non-

skippable coordinates, so position is derived rather than assigned. Two

structural classes govern two different kinds of addressable space: SAMRAS

reconstructs variable hierarchical shape, and HOPS defines fixed ordinal

subdivision over continua such as time and geography. Two canonical forms

serve two different purposes: MSS represents complete ordered structure,

and hyphae represents the minimal basis from which a specific abstraction

can be reconstructed. A small family of abstraction operators treats selection

as constitutive of meaning rather than as a query performed after the fact.

The work is at an unusual stage. The implementation exists and runs; the

formal specification does not yet exist in publishable form. Most proposals in

this space arrive the other way round, with a specification and no working

system behind it. What MOS currently offers is a coherent operating model

with demonstrated behavior. What MOS currently lacks is the formal layer that

would let others verify it independently: parse rules, ordering semantics,

canonicalization proofs, abstraction laws, and demonstrated mapping

behavior across heterogeneous systems.

The novelty claim is correspondingly bounded and synthetic. Every individual

ingredient in MOS has prior art. Semistructured data established that structure

can travel with data. Linked data established machine-readable semantics

across distributed authorship. Path-centric graph research established that

paths deserve first-class treatment. Content-addressed systems established

format-agnostic traversal and structural identity. Self-delimiting binary

encodings established that boundaries can be carried in the stream.

Canonicalization is a mature field. What no single widely adopted paradigm

provides is a formal core in which order-bearing abstraction paths, schema-

agnostic structure, deterministic framing, reversible mapping, and

decentralized semantic convention are all first-class at once. MOS is a

proposal for that core.



The Problem: Exchange Without Operability

Most integration strategies treat interoperability as a transport problem. Two

systems exchange a CSV file, a JSON payload, an API response, or an event

stream, and the existence of a parseable artifact is taken as evidence that the

systems now interoperate. In practice this assumption is weak. A receiving

system may parse a file perfectly while remaining unable to reconcile its

meanings with local concepts or incorporate it into ongoing computation

without custom glue.

The distinction can be stated precisely. A fixed format solves transmission

agreement: it tells participants how a sequence of bits should be segmented

and read into a finite set of fields. It does not solve operational

interoperability: the capacity of independent systems to query, validate,

transform, compose, and evolve those structures without bespoke bilateral

work.

That gap widens over time, because syntax and meaning decay at different

rates. A field name persists while the business rule attached to it changes. A

status flag retains its label while its operational threshold shifts. A shared

schema remains nominally standard while its implementations drift apart. Two

systems can both emit a delivered status and mean materially different

completion criteria.

Three failure modes follow, and they compound. Schema drift is the gradual

divergence of field names, types, nesting, and invariants across local

implementations, which occurs even under a standard because local

requirements evolve. Semantic drift is the divergence of meaning attached to

symbols that continue to look identical, which occurs even when the schema is

frozen because policies and measurement practices change. Adapter

explosion is the scaling failure in which the number of translators, ETL jobs,

and integration patches grows faster than the number of participants,

approaching quadratic growth in the worst case, with every adapter requiring

maintenance as the two systems it bridges continue to drift.

Format-first integration tends to defer these problems rather than remove

them. It permits exchange while pushing interpretation cost onto every

receiver, and it does so in a way that hides the accumulating liability until the

maintenance burden becomes the dominant cost of participation.

Why the problem is structural

The deeper issue is not that systems use different formats. It is that many

networks cannot pre-limit the form of information in advance. This is the

normal condition in multi-tenant, multi-vendor, multi-organization settings,

and it has four recognizable sources.



Participants evolve independently, updating their internal models on their own

schedules and for their own reasons. Structure is open-ended, because new

object types, new nesting, and new relationships appear as the work changes.

Meaning is context-dependent, so the same field can carry different

operational significance in two organizations that both believe they are using it

correctly. And data must be composed, merged, and recombined across

sources rather than merely consumed.

Under these conditions, hyper-standardization produces predictable

pathologies rather than convergence. The standard becomes a platform, and

participants must conform or be excluded. Adapters multiply as variants

proliferate. The standard forks into incompatible versions. Or field names hold

steady while their meanings diverge silently, which is the most damaging

outcome because it is invisible to validation.

The constraint can be stated as a design problem: nodes must interoperate

even when the information form, meaning structure and semantics together,

cannot be pre-limited by a central authority. This is precisely the setting in

which "adopt a common format" fails as advice, because any static standard

is itself a constraint on information form.

Two implications follow, and they organize everything that comes after.

Structure must travel with the data rather than living only in a separately

governed schema. And meaning must be resolvable locally rather than only by

a platform authority.

The Coordination Case

MOS is presented here as domain-neutral, and the formalism is domain-

neutral. Its motivating case is not. The model was developed against a specific

coordination failure in local perishable food supply, and that origin explains

several design commitments that would otherwise look arbitrary.

In local food networks, farms, hubs, and buyers are independent nodes with

genuinely different internal models. Buyers cannot see reliable structured

availability. Producers cannot plan confidently against visible demand.

Intermediaries cannot aggregate fragmented supply without overhead that

consumes the margin they were aggregating to capture. The result is not

primarily a production capacity problem. It is a planning confidence problem,

and it produces a rational but costly equilibrium: farms underproduce and

narrow their crop plans because they cannot safely grow what they cannot

safely sell.

This matters for the design of the substrate because coordination failure in

such a network is best understood as uncertainty in matching, and uncertainty



imposes real cost. Availability information arrives too late to prevent waste.

Signals are not comparable because units, grades, and labels differ across

participants. Information exists but sits in incompatible silos. Verification is

expensive. Under these conditions, conservative behavior is correct: buffer

inventory, overproduction, underproduction, and expensive intermediaries are

all rational responses to a market whose state cannot be known or trusted by

the people who need to act on it.

Improving that situation raises the value of participation, and here the design

problem acquires a dimension that purely technical treatments miss. A more

transparent market is a more valuable market, and a more valuable market is

a more strategically contested one. Improved coordination attracts

investment in privileged signal capture, in control points such as platforms and

proprietary tooling, and in rule-setting authority. The entity that defines

formats, terms, and interfaces accumulates structural power. The predictable

result is a system that becomes more efficient and less equitable to operate in

at the same time, because the minimum viable participant now requires

capital, expertise, and access that smaller participants cannot muster.

This is the argument that makes structural heterogeneity a requirement

rather than a preference. If the mechanism that reduces coordination

uncertainty is itself a new control point, the gains it produces are captured by

whoever owns that point. A coordination substrate for this setting must

therefore be designed so that reducing uncertainty does not concentrate

authority over meaning. That rules out the otherwise reasonable answer of a

single platform-owned ontology, not because such an ontology could not work

technically, but because it would relocate rather than solve the distributive

problem the coordination is meant to address.

The domain also explains why two specific structural commitments are load-

bearing rather than ornamental. Perishability is a time-bounded property, and

adjacency is a space-bounded property. A model for this domain must treat

chronological and geospatial position as first-class structural concerns,

capable of being compared, normalized, and reasoned about at varying

specificity, rather than as string labels attached to records after the fact. An

availability window expressed as a timestamp string is not comparable in a

structurally reliable way. A pickup location expressed as a decimal coordinate

pair carries no containment relationship to the region a buyer actually sources

from.

What MOS Is

The strongest public definition of MOS is neither "a new database" nor "a

graph database with extra features." Both classifications mislocate the model



by making storage primary. A layered classification is more useful, ordered

from most to least precise.

MOS is most precisely a datum-native semantic grammar and abstraction

calculus for interoperable systems. Second best, it is a canonical ontology and

serialization layer for reproducible, reversible cross-schema coordination.

Third best, it is a vector-native interoperability fabric rather than a database

proper.

The reason for that ordering is that MOS stores the rules of abstraction

themselves, so that different systems can preserve their own local structure

while still computing on shared meaning. Most data systems store records,

documents, or graph objects. MOS stores the compositional relationships that

allow meaning to be derived, reproduced, and reconciled.

This relocates the primary object of the system. In a relational model, the row

and its schema are primary. In document stores, the document is primary. In

graph systems, nodes and edges or triples are primary. In MOS, meaning is

built from rudimentary datum classes and compounded through reference,

ordering, and abstraction operators. The system is datum-first and

abstraction-first rather than record-first, document-first, or node-first.

The datum model

Each datum is addressed by a three-segment coordinate: layer, value group,

and iteration. The addressing is ordered, non-skippable, and cascading.

Inserting or removing a datum requires shifting the iteration values of all

following datums and propagating reference updates from the highest

abstraction downward.

The constraint is deliberate and it is expensive. What it buys is that a datum's

position within its document is canonical and deterministically derivable rather

than an arbitrary identifier assigned by whichever system created the datum

first. Position follows from the structure, which is what lets a document be

reconstructed without a registry of externally assigned identifiers. The scope

of that guarantee is the document, and the section on addressing below states

the limit precisely.

Rudimentary datums fall into a small closed taxonomy: chronological, spatial,

and nominal. These are the base classes from which compound abstractions

are built, and they are the reason the model can carry explicit semantic cues

rather than relying on field-name convention.

Two structural classes: SAMRAS and HOPS

MOS distinguishes two classes of addressable space, and keeping them

distinct is one of the clearer conceptual results in the model.



SAMRAS, the shape-addressed mixed-radix address space, is the structural

class for variable hierarchical topology. It stores child counts in breadth-first

order and derives node addresses from ordinal positions, so the full

addressable hierarchy is generated from the bitstream rather than from a

separately declared schema. Each level's radix depends on its parent's

declared child count, which is what makes the address space mixed-radix

rather than fixed. SAMRAS answers the question of what local branching exists

under a given parent.

HOPS, the homogeneous ordinal partition structure, is the structural class for

fixed level-homogeneous subdivision of a continuum. Where SAMRAS

reconstructs variable shape, HOPS defines subdivision. It does not encode per-

parent branching state, because all parallel nodes at a level share the same

child capacity. It encodes only the ordered denotational capacities that define

how many valid positions exist at each level. HOPS answers the question of

what denotational capacity defines a level of subdivision.

The distinction is not an implementation detail. HOPS is not a simpler SAMRAS;

it is a different structural idea, appropriate to a different kind of space. A

HOPS defines an address space, not an inventory of occupied objects. It states

that an ordered sequence of denotational capacities exists and that valid

addresses must be interpreted against that sequence. It says nothing about

which positions are currently occupied or what they are named.

Two consequences of that framing matter in practice. Reduced specificity is

native: omitting trailing levels does not produce a different structure but

denotes a broader enclosing scope within the same one. A year-level address

and a day-level address belong to the same chronological HOPS. And

comparison must be structural rather than lexical, because mixed-radix

addresses do not sort correctly as strings. Addresses must be parsed into

segments and compared segment-wise, and ranges must be normalized to a

common specificity depth before they can be treated as structurally valid.

The chronological HOPS treats time as an ordinal containment path through a

fixed schema rather than as an unstructured timestamp. The spatial HOPS

treats a coordinate not as a decimal transcription of latitude and longitude but

as an ordinal path of recursive containment, beginning from a global division

and refining by ordered cell selection at each level. A spatial HOPS address

therefore denotes a cell rather than a point, from which a bounding region or

a representative point can be derived and projected into formats such as

GeoJSON. The projection is downstream. The address remains the structural

identifier.

This is what preserves the separation between structural authority and

contextual interpretation. A rendered calendar is not the chronological HOPS.

A map polygon is not the spatial HOPS. Both are projections derived from a

governing structure that remains the source of valid positional meaning.



Dual canonicality: MSS and hyphae

MOS relies on two distinct canonical forms, and the distinction between them

carries much of the model's novelty claim.

MSS is the canonical full-state representation of an information structure,

comprising the complete ordered and composed datum set. It provides a total

canonical form for an entire structure, enabling deterministic identity at the

structure level.

Hyphae is the canonical minimal abstraction identity. It is not a positional

range of earlier addresses but a transitive downward reference closure: the

datum, everything it references, everything those in turn reference, resolved

down to the rudimentary base at layer 0. The closure is rudimentary-inclusive,

so the base classes an abstraction depends on travel with it even when they

are not referenced directly. A datum such as 4-1-1 therefore carries not the

addresses that happen to precede it in the document but the specific set of

datums required to rebuild it.

That closure is what makes a single datum meaningful in isolation. A bare row

handed to another system arrives with its references dangling; the closure

stands on its own, which is the property that allows one abstraction to be

published without shipping the structure that contains it.

Both canonical forms are hashes, and it is more useful to say so plainly than to

distinguish MOS by denying it. What separates them is what they hash over. A

schema fingerprint hashes a schema. Dataset normalization hashes a dataset

as a whole. Content-addressed systems hash a block. MSS hashes the

complete ordered structure; hyphae hashes the minimal reconstructive

closure of one abstraction within it. The two answer different questions —

whether two systems hold the same total state, and whether a specific

abstraction can be independently reproduced — which is why the model

carries both rather than treating one as a special case of the other.

Addresses are canonical within a document, not across

the corpus

This is the point at which the model is most often overstated, including in

earlier descriptions of it, and the accurate version is both narrower and more

useful.

A datum address is a document-local coordinate. It is canonical and

deterministically derivable within the document that carries it, which is what

makes reconstruction possible without a registry of externally assigned

identifiers. It is not globally unique. In the live corpus, 7,241 addresses are

claimed by two or more documents, so 4-1-1 on its own does not identify a

row.



A hyphae therefore records the document its focus datum came from, and

the canonical identifier of that document states which version. The recipient is

told whose 4-1-1 this is and which revision of it, so the hash can be reproduced

rather than merely compared. The document must actually carry the address

rather than merely reference it; naming the document one happens to be

reading, rather than the one the datum belongs to, is the specific error the

ambiguity invites.

The distinction matters because it separates two claims that are easy to

conflate. Structure-derived addressing removes the need for a central

authority to assign identifiers. It does not remove the need to say which

structure an address is relative to. MOS resolves that with an explicit

document and version binding rather than by pretending the coordinate is

globally unambiguous.

The binary convention

Structure is carried in a self-delimiting bitstream rather than a tagged text

format. Every integer is written with an Elias-gamma code over value + 1, so

the stream states its own boundaries and no length needs to be agreed out of

band.

Each tuple carries a (kind, magnitude) pair rather than a bare magnitude. The

kind is a discriminator that makes the projection from token to integer

injective, so the receiving system reconstructs the original token exactly

instead of recovering a value that merely compares equal. This was not the

original design. MSS began as a hash representation, where a projection that

lost information was tolerable because only digests were ever compared.

When MSS became the form a datum document is carried in, that tolerance

ended: the earlier projection destroyed 2,297 of 8,003 head values in the live

corpus, because an 8-bit-aligned binary string satisfies a decimal test and its

leading zero was consumed, shifting every subsequent bit.

Document identity is a SHA-256 over the encoded bitstream under a named

policy, and hyphae identity is the same codec applied to a single datum's

reindexed closure. Naming the policy in the identifier is what allows the

encoding to change without silently invalidating identities minted under the

previous one.

Abstraction operators

Beyond the datum model and the canonical forms, MOS defines a family of

operators by which complex meaning is composed from simpler datums. A

new datum expands an existing abstraction by referring to prior defined

datums in lower layers:



Iterative duplication notates the magnitude of repetition within a

defined space.

Fractal expansion notates the magnitude of recursive structural

growth.

Point selection selects specific positions within defined spaces rather

than continuous ranges.

Simultaneous selection maintains multiple selections of datums at

once.

Selection set creation treats sets of simultaneous selections as first-

class objects.

These are not query predicates. They belong to the ontology of how

abstractions are formed, which makes selection a compositional primitive

rather than a retrieval behavior. The closest analogues in adjacent systems,

including content-addressed selectors, path query languages, and property-

graph traversal, treat selection as a query performed over an existing model.

MOS treats selection as constitutive of the abstraction itself.

The most defensible single-sentence formulation is therefore this. MOS is a

datum-native semantic grammar in which complex meaning is constructed

through recursively composable abstractions, with canonical full-state

representation and canonical minimal abstraction identity together enabling

reproducible structure, reversible mapping, and cross-system coordination

without forcing all participants into a single centralized application schema.

The Grammar Conditions

The conceptual core of MOS rests on the idea of a self-describing semantic

grammar. The term needs bounding, because it is easy to overclaim. It does

not mean that every datum is self-sufficient in the strongest sense, and it does

not mean that no shared convention is required. It means that the

representation framework carries enough structural and semantic boundary

information for an independent system to identify meaningful units and

understand how they relate, without a bespoke contract for every partner.

Five conditions are necessary.

Self-delimitation. A receiver must be able to determine where a meaningful

unit begins and ends without guessing sizes out of band. Length prefixing,

explicit delimiters, and prefix-free encodings are all valid techniques; the

requirement is that unambiguous boundary rules exist at whatever level the

grammar operates. Self-delimiting binary encodings demonstrate one

realization of this at the byte level, where no well-formed item is a prefix of

another. MOS extends the requirement upward from the encoding layer to the



abstraction layer, so that boundaries are explicit not only for parseable bytes

but for meaningful compositional units.

Hierarchy and grouping. Independent systems do not exchange flat values.

They exchange collections, nested structures, scoped subobjects, and

compound constraints. A grammar that cannot represent grouping and

nesting without external schemas cannot serve as a general interoperability

substrate. In MOS, hierarchical composition is expressed through explicit

ordered chaining rather than assumed nesting conventions.

Composable addressing. A receiver must be able to refer not only to whole

artifacts but to deterministically identified substructures. Structure-derived

addresses provide this within MOS. Stable structural coordinates allow a

system to point at the relevant abstraction rather than re-exporting a

complete snapshot, which is the precondition for reference-based

coordination.

Explicit semantic cues. A receiver must see more than the fact that values

are grouped. It needs machine-readable cues about the roles those values

play, the relationships between them, and the constraints under which they

are meant to be interpreted. Without explicit cues, a system can be

structurally parseable and operationally ambiguous at the same time. Reliance

on field-name convention is brittle precisely because it survives semantic drift

without signaling it. MOS addresses this through the rudimentary datum

taxonomy and the abstraction-operator grammar.

Versioning without silent remapping. Structure changes over time, and

the grammar must accommodate that without letting old references quietly

acquire new meanings. This requires explicit versions of structural layouts and

interpretation policies, and a rule that reordering or redefining a structure

produces a new version while existing references remain valid under their

original layout version. An append-only allocation discipline supports this

directly: existing addresses never change, and growth extends the shape

description rather than rewriting old paths.

These conditions explain why self-description is a stronger property than

ordinary serialization. A conventional payload can be syntactically valid while

depending on documentation, tribal knowledge, and bilateral assumption to be

used correctly. A self-describing semantic grammar reduces that dependence

by making structural and semantic interpretability part of the formal

representation rather than a social layer concealed outside the artifact.

The point is not to abolish convention. It is to relocate convention from an

unbounded number of bespoke interface contracts toward a small shared

grammar of structurally and semantically meaningful primitives.



The Coordination Model

A practical way to understand what MOS is for is to contrast two models of

node-to-node communication.

In file shipping, one node sends another a file, export, or payload that is

meaningful in the receiver's context only if the receiver already knows how to

parse and interpret it. The receiver must recognize the format, infer or import

the relevant semantics, map the data into local structures, and reconcile the

artifact with existing records. Semantics live outside the file, in

documentation, interface behavior, and accumulated familiarity. This model is

easy to bootstrap and easy to audit as a static artifact, which is why it is so

common. It scales acceptably as an exchange network and poorly as an

operable one, because each new participant imposes recurring interpretation

work on every other participant.

Reference-based resolution aims at a different ideal. The message carries a

reference into a shared interpretive space together with declared meaning,

provenance, and a resolution path. The communicated object is closer to "this

abstraction, under this grammar, with this provenance, subject to these

policies" than to "this file, infer what it means." Coordination becomes a

matter of resolving meaningful objects and subscribing to interpretable

changes rather than repeatedly importing and reinterpreting foreign

snapshots. The tradeoff is real: this model requires shared conventions for

identity, meaning, and trust, and it requires governance for versioning and

access. It is harder to bootstrap and better under sustained evolution.

This does not mean files disappear. It means files stop being the primary unit

of coordination. The important unit becomes the addressable abstraction and

the rules by which it is resolved. MOS attempts to bring network

communication closer to database-style referencing, not because all nodes

share one physical database, but because they share a grammar within which

references, mappings, and transformations become explicit and machine-

auditable.

Three mechanisms make this workable, and none of them assumes that

participants agree.

Mapping bridges a node's local model and the shared grammar. Every

participant retains its internal representation, whether tables, documents,

graphs, spreadsheets, or application objects, and expresses those structures

in the shared grammar through explicit, inspectable mappings. Translation

work does not disappear. It becomes formalized and reusable rather than

improvised for every exchange, which is what changes the cost curve for

onboarding a new participant.



Semantic difference handles the fact that two nodes will encode related

concepts differently, with different units, nesting, vocabularies, timing, or

interpretive rules. A system that assumes these differences away will either

force standardization or accumulate hidden divergence. MOS represents

differences explicitly and resolves them by policy or mapping logic. The

network stays interoperable because the differences are machine-visible

rather than because they were eliminated.

Provenance allows receivers to know where an abstraction came from and

how it was produced: source identifiers, transformation descriptions,

timestamps, version identifiers, and where appropriate cryptographic integrity

checks. Provenance does not create trust. It makes trust auditable, which is

what allows systems to reason about source, derivation, timing, and policy

rather than accepting foreign data as unqualified fact.

Taken together, these mechanisms locate MOS as a coordination formalism

rather than a serialization format. Structures become interoperable not

because all parties agree completely, but because disagreement, variation,

and derivation become visible and addressable within the model. The result is

not uniformity. It is structured heterogeneity.

A Worked Trace

The following trace walks one coordination event through the model end to

end. The address values are illustrative rather than normative.

The event. A producer publishes availability: a quantity of a perishable crop,

available within a window, at a location, under handling constraints. A buyer

with a different internal model needs to resolve that availability, compare it

against other offers, and commit against it.

Rudimentary datums. The crop identity enters as a nominal datum. The

availability window enters as a chronological datum. The pickup location

enters as a spatial datum. These are the base classes, and each is a positional

identity rather than a label.

Chronological addressing. The window is expressed as a chronological

HOPS address, an ordinal containment path through a fixed partition schema

rather than a timestamp string. Because reduced specificity is native to the

structure, a producer who can commit only to a day expresses a day-level

address, while a producer who can commit to a delivery hour expresses a

deeper one, and both remain valid addresses in the same structure. The

buyer's system compares them by canonical parsing and segment-wise

comparison, and normalizes the range endpoints to a common specificity

depth before treating the range as valid. This is the property that makes



availability windows from different producers comparable without a

negotiated timestamp convention.

Spatial addressing. The location is expressed as a spatial HOPS address: an

ordinal path of recursive containment beginning from the global division and

refining by cell selection. The buyer does not receive a coordinate pair to be

interpreted against an assumed reference system. The buyer receives a

containment path, from which a bounding region or centroid can be projected

as needed. Because the address denotes a cell rather than a point, the

containment relationship between a producer's location and a buyer's

sourcing region is structural rather than computed after the fact from raw

coordinates.

Composition. Quantity is expressed through iterative duplication, which

notates magnitude of repetition within a defined space. The composed

availability abstraction refers to the prior datums in lower layers and occupies

its own ordered position, addressed by layer, value group, and iteration.

Because the addressing is non-skippable and cascading, that position is

derivable rather than assigned.

Identity. The abstraction carries a hyphae value: a hash over its transitive

downward reference closure, resolved to the rudimentary base and inclusive

of it. The payload names the document the focus datum came from and the

version of that document, because the address alone is document-local. This

is what lets the buyer's system rebuild and verify this specific abstraction

without receiving or canonicalizing the producer's entire structure. Where the

buyer instead needs to confirm that two systems hold the same total state,

MSS provides the structure-level canonical form. The two forms answer

different questions, which is why both exist.

Mapping and difference. The buyer's internal model uses a different pack

size, a different grade vocabulary, and a different lead-time policy. Each of

these is a semantic difference, and each is represented explicitly rather than

resolved by silent coercion. The buyer's mapping projects the shared-

grammar abstraction into local form and, where needed, back again. The

mapping is inspectable and reusable, so onboarding the next producer does

not repeat it from scratch.

Provenance. The abstraction carries its source, its derivation, and its version.

If the producer later revises the window, the revision is a new version rather

than a silent remapping of the original reference, and the buyer's earlier

commitment remains interpretable under the layout version it was made

against.

What this trace is meant to demonstrate is narrow but specific. At no point

does either party adopt the other's schema. At no point does a file cross the

boundary requiring reverse engineering. The differences between the two



models are not eliminated; they are represented, and coordination proceeds

through them.

Position Relative to Existing Work

MOS is a synthesis, so the claim depends on an accurate map of what it

synthesizes. Each adjacent paradigm below is a genuine precedent and

remains strong in its own domain. The table locates what each canonicalizes

and what falls outside its scope.

Paradigm What it canonicalizes
What it does not

address

RDF and OWL
Triple sets; globally

referenceable semantics

Ordered composition;

minimal abstraction

identity; path-native

structure

JSON-LD

Linked-data interpretation of

JSON; context-scoped

identifiers

Ordered hierarchy as a

primitive; dual canonicality;

abstraction operators

Property graphs
Node, edge, and property

model

First-class path identity, still

an active research gap

Path property

graphs

First-class paths as queryable

objects

Canonical abstraction

identity; structural self-

delimitation; semantic

grammar

Content-addressed

DAG systems

Format-agnostic traversal;

content identifiers

Community-level semantic

agreement; reversible

mapping; dual canonicality

Self-delimiting

binary encodings

Self-delimiting structure;

deterministic encoding

Semantic interpretability;

abstraction identity; cross-

system mapping

Schema registries

with canonical

forms

Parsing canonical form;

schema fingerprints

Path-native identity;

minimal abstraction basis

distinct from schema;

ordered composition

Dataset

normalization

Canonical dataset

serialization

Minimal per-abstraction

identity; structural

namespace derivation

Semistructured

data models

Schema-embedded,

heterogeneous, path-

addressable data

Ordered forward and

backward composition;

canonical abstraction

identity



Paradigm What it canonicalizes
What it does not

address

MOS

Full ordered structure and

minimal abstraction identity;

structural namespace

derived from encoding

Proven formal specification;

standardized

implementation;

independent review

Several observations follow from reading the table as a whole rather than row

by row.

The gap is not the absence of individual ingredients. Semistructured data

handles open form. Linked data handles globally referenceable semantics.

Path graph research handles navigability. Content addressing handles format-

agnostic traversal. Self-delimiting encodings handle structural framing.

Canonicalization handles equivalence. What is missing from any single widely

adopted paradigm is a formal core making order-bearing abstraction paths,

schema-agnostic structure, deterministic framing, reversible mapping, and

decentralized semantic convention all first-class within the same model.

The clearest technical absences are fourfold. Core graph models still privilege

nodes, edges, and triples over path identity, which is why first-class path

extensions keep reappearing as active research problems rather than settling

into standards. Compact binary formats either depend on external schemas or

stop at structural typing and lightweight tags without providing a grammar for

semantic interpretation. Canonicalization systems canonicalize schemas,

datasets, or content blocks, not a minimal abstraction identity layered over a

full ordered structure. And semantic agreement still requires governance,

mapping, and alignment work that lies outside the parser in every existing

system.

The last row is the one that constrains the claim. What MOS lacks is exactly

what the other rows have: a proven formal specification, a standardized

implementation, and independent review. The comparison establishes that the

combination is not already available in a single paradigm. It does not establish

that MOS has delivered it.

Boundaries

Several of the limits below are not weaknesses of the model but permanent

properties of the problem.

Self-description does not eliminate the need for semantic

agreement. Systems may still interpret similar abstractions differently. No

grammar abolishes the need for domain knowledge, negotiated meaning, or



institutional governance. What a grammar can do is make disagreement

visible instead of silent.

Explicit mapping does not eliminate translation work. If local models

differ, translation is required. MOS makes translation systematic, inspectable,

and reusable rather than bespoke and opaque. It should never be presented

as a system in which difference disappears. It is a system in which difference

is formalized.

Provenance does not create trust. It creates the conditions under which

trust can be audited, challenged, and reasoned about. Social legitimacy

remains partly external to the representation, and a grammar cannot compel

participants to publish accurate data, maintain stable identifiers, or honor

shared policies.

Universal expressiveness is not universal understanding. A system can

represent arbitrary structure without guaranteeing that receivers can

operationalize it without domain knowledge. The claim is bounded to

heterogeneous, evolving systems in which information form cannot be

completely pre-limited and interoperability must survive local autonomy and

change. It is not a metaphysical claim about representation in general.

The formalism is incomplete. This is the central boundary. MOS currently

lacks a published formal specification: parse rules, ordering semantics,

canonicalization proofs, abstraction laws, and demonstrated mapping

behavior across independently built systems. Until that layer exists, MOS

remains a working implementation with a strong conceptual model behind it

rather than a settled technical theory. The implementation demonstrates that

the model runs. It does not demonstrate that the model is correct in the sense

that an independent implementer could reproduce it from a specification and

arrive at the same behavior.

Adjacent paradigms are not being criticized. RDF, property graphs,

content-addressed systems, self-delimiting encodings, and schema registries

are not incorrect, incomplete, or weak in their domains. The novelty claim is

specific and comparative: MOS targets a combination that those paradigms do

not individually or jointly deliver in unified form. Each is a genuine precedent,

and several are direct sources of the requirements MOS attempts to satisfy.

Adoption and Stewardship

The governance question is not separable from the technical one. A

coordination grammar that reduces uncertainty in a network raises the value

of that network, and raised value attracts control. If the grammar itself

becomes a control point, the substrate reproduces the concentration it was



designed to avoid. The stewardship model is therefore part of the design, not

a commercial afterthought.

The pattern that fits is one in which openness moves competition away from

exclusivity of the underlying artifact and toward quality of the reference

implementation, interoperability and backward compatibility, documentation

and education, migration tooling, governance clarity about what is official and

what is merely compatible, and legible trust signals. This pairs a permissive

technical surface, where copying and extension are allowed, with a controlled

trust surface consisting of the reference implementation, documented

governance, and identity. The steward does not need to own the market. It

needs to be the most trusted point of coordination, and its authority derives

from ordering and maintaining the commons rather than from owning it.

Applied to MOS, this means several commitments follow from the analysis

rather than from preference. The grammar, its structural definitions, and its

tooling should be published so that others can interoperate and extend

without permission. The reference implementation should be maintained at a

quality that makes it the safe default rather than the only option. The trust

surface should be legible enough that participants can distinguish the

reference implementation from derivatives without confusion. And the

economics of the steward should not depend on exclusive control of the

grammar, because a steward whose revenue requires enclosure will

eventually enclose.

The corresponding risks are real. Open substrates can fork into incompatible

variants that degrade the network effects they were meant to create. Low-

quality derivatives can damage trust when the trust surface is not legible.

Unclear ownership of the official identity produces governance disputes. And a

trust surface that is too centralized erodes the legitimacy that made the open

approach credible in the first place. None of these is fatal, and all of them are

more tractable when addressed in the design than when discovered after

adoption.

Conclusion

The problem that motivates MOS is not the absence of data exchange. It is the

persistence of inoperability in systems that already exchange data

successfully. Format-first integration solves transmission more readily than it

solves meaning, and as socio-technical networks evolve, the gap between the

two widens rather than closes.

Existing research traditions supply many of the necessary ingredients:

semistructured data, linked data, path-centric graphs, content-addressed

traversal, deterministic encoding, canonicalization, schema matching, and



ontology alignment. What no single dominant model has done is make

abstraction-centered reproducibility, self-describing structure, reversible

mapping, and semantic interoperability the shared core of one formal system.

MOS is a response to that gap. It is not best described as a database and not

primarily as a graph store. It is a datum-native semantic grammar and

abstraction calculus for interoperable systems. Its potential distinctness lies in

centering the reproducible abstraction rather than the record, the document,

or the graph fact; in requiring structure, boundaries, and semantic cues to be

explicit; in distinguishing two structural classes for two kinds of addressable

space; in defining two non-redundant canonical forms, one for full ordered

structure and one for minimal abstraction identity; and in treating mapping,

semantic difference, provenance, and canonical reproducibility as coequal

parts of interoperability rather than as integration concerns downstream of

the model.

Whether MOS succeeds as a formal contribution depends on specification and

independent verification, not on argument. It must demonstrate that its

abstractions can be parsed, addressed, canonicalized, mapped, and resolved

across heterogeneous systems in ways existing paradigms do not already

provide in combination. Framed that way, the position is bounded and serious:

a proposal for how independently evolving systems might remain

interoperable when the form of meaningful information cannot be frozen in

advance, backed by a working implementation and an explicit account of what

remains to be proven.
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