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1. Purpose and Scope
Semantic Prefix Invariance defines how a Semantic Kernel family may increase semantic resolution without migrating, renumbering, or reinterpreting the bits already published at lower resolution. The specification treats each published prefix as an immutable semantic contract and allows new semantic capacity to be appended in a stable order. A higher-resolution word therefore contains the lower-resolution word literally, not approximately.
The purpose is to let a domain expose multiple levels of resolution while preserving exact interoperability. An operational system may use a compact 128-bit record; a scientific, specialist, or research system may use 256, 512, or more bits. The larger word remains readable at every supported lower resolution because its prefix is unchanged.
1.1 In Scope
Prefix-compatible Semantic Kernel families such as K-128 → K-256 → K-512.
Append-only semantic extension segments and stable bit numbering.
Zero-loss upward extension of an existing word into a larger compatible word.
Prefix projection from a larger word into a smaller supported resolution.
Resolution-aware Bitlinks, Operators, Rules, Models, Semantic Deltas, and event propagation.
Runtime capability negotiation between producers and consumers that support different semantic depths.
Portable transfer of packed bitwords without field-by-field semantic reconstruction when both systems conform to the same Kernel family.
Governance rules that distinguish additive semantic resolution from incompatible reinterpretation.
Examples using BODY, MUSCLE, TIME, FIT, and other Semantic Kernel families.
1.2 Out of Scope
Requiring all Semantic Kernels to use 128-bit increments. The examples use 128/256/512 because they are convenient fixed-width resolutions, not because every domain must use all levels.
Claiming that larger words are inherently better. Higher resolution is useful only when the additional semantics are material to the operation.
Allowing a higher-resolution extension to silently redefine the meaning of a prefix bit.
Treating truncation of a larger word as lossless with respect to the discarded extension. Prefix meaning is preserved; omitted tail semantics are intentionally not carried by the projection.
Replacing graph relations, Models, prose, provenance, evidence, or irregular long-tail meaning with bits merely to maximize compression.
1.3 Core Thesis
	Core Thesis
Semantic resolution should increase by appending meaning, not by moving meaning. The architecture can therefore grow in descriptive depth while preserving old data, old Bitlinks, old readers, and old semantic addresses.



2. Foundational Concepts
2.1 Semantic Kernel
A Semantic Kernel is a versioned fixed-width semantic contract that assigns stable meaning, type, grouping, and validity rules to bit addresses or bit ranges. A Kernel is not merely a binary blob: the packed word is the compact state surface, while the Registry contract supplies the semantics required to interpret it.
2.2 Kernel Family
A Kernel Family is a lineage of compatible semantic resolutions that share a stable prefix. The family may include one or more resolution levels, for example BODY-128, BODY-256, and a specialized descendant such as MUSCLE-512. A family name identifies semantic lineage; a resolution identifies how deeply the word can be interpreted.
2.3 Semantic Prefix
A Semantic Prefix is the ordered leading segment of a larger word whose bit addresses and meanings are identical to a previously published lower-resolution Kernel. If BODY-256 is a conforming extension of BODY-128, then BODY-256:B000–B127 are exactly BODY-128:B000–B127.
2.4 Extension Segment
An Extension Segment is the newly appended bit range introduced by a higher-resolution Kernel. It begins after the final address of the inherited prefix and may define new bits, groups, scalars, Rules, Operators, Models, and Bitlinks. It must not rewrite the semantic contract of inherited addresses.
2.5 Resolution Level
A Resolution Level is a supported word length and semantic depth within a Kernel Family. Resolution is task-relative. A lower-resolution word may be fully sufficient for an operational record even when richer scientific or specialist extensions exist.
2.6 Prefix Projection
Prefix Projection is the operation of reading or exporting only the first N bits of a larger compatible word, where N corresponds to a published lower-resolution Kernel. Prefix Projection does not translate the inherited meaning; it simply exposes the exact earlier contract. Information in the omitted extension is outside the projection.
2.7 Semantic Address and Bitlink
A Semantic Address is a stable Kernel/version/bit or bitfield identity. A Bitlink is a declared connection from a semantic address, group, state, Operator event, Rule result, or transition to another semantic, operational, interpretive, or perceptual consumer. Prefix invariance is especially valuable because it allows Bitlinks created against inherited addresses to remain valid as the source word gains resolution.
3. Semantic Prefix Invariance: Normative Laws
3.1 Prefix Invariance Law
For a conforming extension K-M of a published Kernel K-N where M > N, every address B000 through B(N−1) MUST retain the same bit position, type, group membership, unit, encoding, null semantics, and declared meaning unless the extension is explicitly a new incompatible version or fork.
3.2 Append-Only Expansion Law
New semantic capacity MUST be introduced at addresses greater than or equal to N. A conforming K-256 extension of K-128 therefore introduces new semantics only at B128–B255.
3.3 Ordered Concatenation Law
A higher-resolution word MUST be representable as the exact lower-resolution prefix followed by one or more declared extension segments in canonical order.
3.4 No-Migration Law
A compatible increase in resolution MUST NOT require remapping, renumbering, or semantic translation of the inherited prefix. Existing values may be copied byte-for-byte into the prefix of the larger word.
3.5 Resolution Independence Law
A consumer MAY operate using the lowest published prefix it understands and MUST NOT be required to interpret later extension segments unless its task depends on them.
3.6 Extension Optionality Law
The existence of a higher-resolution Kernel MUST NOT invalidate lower-resolution records. A BODY-128 record remains valid after BODY-256 is published.
3.7 Prefix Projection Law
A larger compatible word MAY be projected to any published lower-resolution prefix by reading only that prefix. The projection preserves all meaning contained in the prefix but intentionally omits semantics encoded exclusively in the tail.
3.8 Bitlink Persistence Law
A Bitlink that targets an inherited semantic address MUST remain resolvable in conforming higher-resolution words, subject to the same version, Rules, permissions, and state conditions.
3.9 Semantic Change Boundary Law
If a proposed extension requires changing the meaning, encoding, group behavior, or unit of an inherited address, the result MUST be treated as a new incompatible Kernel version, derivative fork, or explicit translation rather than a conforming prefix extension.
3.10 Minimum Sufficient Resolution Principle
An operation SHOULD instantiate, transmit, and persist the lowest semantic resolution sufficient to perform, explain, validate, or reproduce the operation. Higher-resolution Kernels MAY be traversed as Guidance without being copied into the operational record.
	Important Distinction: Extension vs. Migration
Extension preserves the inherited bytes and appends new semantic capacity. Migration changes representation and therefore requires translation. Semantic Prefix Invariance is specifically about the former.



4. Canonical Construction of Resolution Families
4.1 Reference Concatenation Model
	Canonical layout
K-128
[B000 ................................................ B127]

K-256
[B000 ................ B127][B128 ................ B255]
        K-128 prefix            Extension 1

K-512
[B000 .... B127][B128 .... B255][B256 ................ B511]
   K-128         Ext 1                 Extension 2



The first 128 bits of K-256 are not a translation of K-128; they are K-128. Likewise, the first 256 bits of a conforming K-512 are K-256. This permits readers, Bitlinks, and storage systems to address the inherited prefix directly.
4.2 Formal Notation
	Prefix projection
Let P_N(W_M) = W_M[0:N], where M ≥ N.

For conforming extension K_M of K_N:
P_N(W_M) = W_N

and the semantic contract of B_i is invariant for every i < N.



The equality above is semantic and bitwise for a conforming extension: the projected prefix is the same encoded state under the same published contract.
4.3 Segment Registry
Each extension SHOULD be registered as a first-class segment so implementations can distinguish inherited semantics from newly introduced semantics without inspecting application code.
	Segment Field
	Purpose

	Family ID
	Stable Kernel family identity.

	Resolution
	Total word length after the segment is appended.

	Segment Range
	Canonical bit range owned by the segment.

	Parent Resolution
	Immediately inherited lower-resolution contract.

	Segment Name
	Human-readable semantic scope.

	Specification
	Normative contract for the new range.

	Compatibility Class
	Prefix-compatible, forked, translated, or incompatible.

	Introduced Version
	Kernel family version that first defined the segment.

	Required Dependencies
	Rules, Models, relations, or companion Kernels required for interpretation.

	Bitlink Set
	Bindings introduced specifically at this resolution.



4.4 Identity and Specialization
A specialized Kernel may inherit a general prefix and then specialize at a higher resolution. For example, MUSCLE-512 may use BODY-256 as its first 256 bits and append 256 bits of muscle-specific microanatomical semantics. In that case MUSCLE-512 remains BODY-addressable at lower resolution while exposing specialist information to readers that understand the full word.
	Specialized descendant
MUSCLE-512
[B000–B127]   BODY-128: canonical body-part identity
[B128–B255]   BODY-256 extension: generic tissue/cellular function
[B256–B511]   MUSCLE extension: specialist muscle microanatomy/state



5. Resolution Selection and the Minimum Sufficient Resolution Principle
5.1 Knowledge Resolution vs. Record Resolution
Semantic Prefix Invariance distinguishes the depth that CERBERUS can understand from the depth a specific record must carry. Knowledge Resolution describes the maximum semantic detail available through registered Kernels, Models, Rules, and relations. Record Resolution describes the amount of that detail instantiated for a particular event or object.
	Concept
	Question
	Example

	Knowledge Resolution
	How deeply can the system reason about this domain?
	A training system may understand musculoskeletal anatomy, cellular adaptation, perfusion, and high-precision timing.

	Record Resolution
	How much of that depth must this record encode?
	A workout record may need only FIT-128 and TIME-128, plus an Exercise NodeKey.



5.2 Operational, Scientific, Specialist, and Research Resolution
	Resolution Class
	Typical Purpose
	Design Character

	Operational
	Routine records and actions
	Compact; sufficient for common use; optimized for repeated storage and retrieval.

	Scientific
	Higher measurement precision or additional controlled variables
	Adds detail needed for experiments, instrumentation, or reproducibility.

	Specialist
	Domain-specific professional or technical detail
	Adds semantics meaningful to a specialist discipline.

	Research / Extreme
	Rare, experimental, or emerging high-resolution requirements
	May extend further when justified; should not burden lower-resolution workflows.



5.3 Resolution Is Not a Quality Ranking
Higher resolution is not inherently more correct. A lower-resolution Kernel can be the correct contract for a task whose relevant variables are already represented. Adding unused detail increases storage, validation, and cognitive cost without increasing operational validity.
5.4 Guidance May Be Deeper Than the Record
A shallow operational record may be generated or interpreted using deeper Models. For example, a training program may be informed by BODY-256 or MUSCLE-512 knowledge, while a completed workout event remains FIT-128 × TIME-128 because the cellular details are not observations made during that workout. The deeper Kernels remain Guidance, not duplicated event state.
6. Bitlinking Across Increasing Resolution
6.1 Inherited Bitlinks
Because inherited bit addresses do not move, Bitlinks registered against the lower-resolution prefix remain valid in the larger word. A Bitlink to BODY-128:B071 can resolve against BODY-128, BODY-256, or a compatible MUSCLE-512 instance because B071 retains the same semantic contract in all three.
	Inherited address resolution
Bitlink source: BODY-128:v1:B071

Valid source instances:
- BODY-128:v1        → reads B071
- BODY-256:v1        → reads inherited B071
- MUSCLE-512:v1      → reads inherited B071



6.2 Resolution-Specific Bitlinks
Bitlinks introduced in an extension segment are visible only when the source instance includes that resolution and the runtime understands the extension contract. A BODY-128-only consumer cannot evaluate a Bitlink sourced from BODY-256:B190 because B190 does not exist in BODY-128.
6.3 Bitlink Resolution Policy
	Policy
	Behavior

	Prefix-safe
	Resolve all Bitlinks whose source addresses fall within the supported prefix.

	Extension-aware
	Resolve prefix Bitlinks plus Bitlinks defined in all supported extension segments.

	Fail-closed
	If a required Bitlink references an unsupported or unknown segment, reject or defer rather than infer.

	Interpretive pass-through
	A lower-resolution consumer may preserve an opaque higher-resolution tail for transfer without interpreting it, if storage and trust policy allow.



6.4 Typed Semantic Deltas Across Segments
Delta processing SHOULD be segment-aware. A commit to a 512-bit word may change only inherited prefix bits, only extension bits, or both. The event engine can therefore calculate a changed mask for the complete word and then route typed deltas through the contracts associated with the affected ranges.
	Resolution-aware delta routing
changed = before XOR after

if changed intersects B000–B127:
    resolve BODY-128 delta contracts
if changed intersects B128–B255:
    resolve BODY-256 extension contracts
if changed intersects B256–B511:
    resolve MUSCLE-512 extension contracts



6.5 Bit Groups and Scalars Remain Typed
Prefix invariance applies to complete field semantics, not only individual physical bits. If B090–B101 encode a scalar or group in K-128, the same boundaries, unit, basis, signedness, and interpretation MUST remain intact in all conforming extensions. A higher-resolution extension may add a new related scalar but may not repurpose the inherited field.
6.6 Cross-Kernel Translation vs. Prefix Inheritance
Prefix inheritance is not a translation. It is literal semantic containment. Translation is required when two Kernels represent related meaning at different addresses or encodings. Implementations SHOULD therefore check prefix compatibility before invoking a translation manifest. If the desired target meaning already exists in the inherited prefix, no translation is necessary.
6.7 Bitlink Dependency Graph by Resolution
The dependency index SHOULD include minimum required resolution as part of the Bitlink key. This allows a runtime to resolve only the consumers that are legal for the loaded word and supported by the current reader.
	Compiled Bitlink rule
BitlinkKey = FamilyID + Version + SourceAddress + TriggerType
MinimumResolution = highest bit address required by the source condition

resolve only when instance.wordSize ≥ MinimumResolution



6.8 Resolution-Aware Causal Chains
Causal Chain IDs, cycle guards, target Rules, and transactional commit behavior remain unchanged as resolution increases. The chain should record the exact source family, source resolution, changed addresses, and target resolution so debugging can distinguish whether an effect originated in a common prefix or a specialist extension.
7. Storage, Transfer, Projection, and Interoperability
7.1 Zero-Loss Upward Extension
A lower-resolution instance can be extended upward with zero loss of inherited semantic information by copying its existing bytes into the beginning of the larger word and initializing the new tail according to the extension contract. No inherited bit must be rewritten merely because more capacity becomes available.
	Upward extension
old = BODY-128 bytes 0..15
new = BODY-256 bytes 0..31

new[0..15] = old[0..15]      # exact copy
new[16..31] = extensionInit   # newly declared semantics



7.2 Direct Transfer Between Conforming Systems
When two systems implement the same Kernel family, version, serialization, and resolution contract, a packed word can be transferred directly. The receiver resolves the same canonical addresses without field-by-field schema mapping. This is semantic portability by shared contract rather than application-specific migration.
7.3 Prefix Projection and Intentional Information Omission
Projecting MUSCLE-512 to BODY-256 preserves the first 256 bits exactly but omits the muscle-specific 256-bit tail. The operation is lossless with respect to the retained prefix and lossy with respect to the discarded extension. Conforming implementations SHOULD describe this precisely rather than calling all downward projection simply lossless or lossy.
7.4 Opaque Tail Preservation
A system that understands only the prefix MAY preserve a higher-resolution tail as opaque bytes for forwarding, archival, or round-trip storage, provided it does not interpret or mutate those bytes. This can allow an intermediate system to transport richer data without pretending to understand it.
7.5 Storage Transparency
The same invariant can be represented transparently in a prototype database using visible bit fields or compactly in a production runtime using packed bytes. Storage format may change as long as the semantic addresses, serialization order, and published prefix remain stable.
8. Versioning, Forking, and Evolution
8.1 Extension Is Not Reinterpretation
A conforming extension deepens semantics by adding new addresses. It does not fix earlier semantic mistakes by changing old addresses. If an inherited field was designed incorrectly, the system must publish a new version or fork and provide explicit translation where possible.
8.2 Compatibility Classes
	Class
	Definition
	Reader Behavior

	Prefix-Compatible Extension
	All inherited addresses remain identical; new addresses are appended.
	Lower-resolution readers consume the prefix directly.

	Prefix-Compatible Specialization
	A general prefix is preserved and a specialist extension is appended.
	General readers consume shared prefix; specialist readers consume full word.

	Layout-Changing Version
	Existing addresses move, change type, or change meaning.
	Requires explicit translation or migration; not SPI-compatible.

	Derivative Fork
	A new family intentionally diverges from parent semantics.
	May preserve some prefix for interoperability, but divergence must be declared.

	Incompatible Kernel
	No safe semantic containment exists.
	Treat as a separate language; use translations only where explicitly defined.



8.3 Reserved Bits vs. New Extension Segments
Reserved bits inside an existing published prefix remain part of that prefix contract and MUST follow its reservation policy. New resolution SHOULD normally be created by appending an extension segment rather than silently claiming reserved prefix coordinates. If reserved bits are intentionally activated under the parent contract, their activation must follow the parent specification and does not change the prefix width.
8.4 Family Naming
Names SHOULD make inheritance legible. BODY-256 clearly communicates a higher-resolution BODY word. MUSCLE-512 may communicate a specialist descendant whose first 256 bits are BODY-compatible. A Registry MUST store the explicit parent relationship; naming alone is not sufficient evidence of compatibility.
9. Runtime Capability and Resolution Negotiation
9.1 Reader Capability Declaration
A runtime SHOULD declare the Kernel family versions and maximum resolutions it can interpret. Capability is not simply word-length support; the runtime must also possess the appropriate semantic contracts, Rules, Models, and serialization definition.
	Capability Field
	Example

	Family
	BODY

	Version
	1

	Maximum Interpretable Resolution
	256 bits

	Opaque Tail Preservation
	Supported

	Mutation Authority
	BODY-128 prefix only

	Bitlink Resolution
	Prefix and BODY-256 extension



9.2 Minimum Common Resolution
When producer and consumer support different resolutions of the same compatible family, the minimum common published prefix can be used for interpretation. If the consumer preserves the tail opaquely, the full record may still be transported even though only the shared prefix is semantically active.
9.3 Mutation Boundaries
A lower-resolution runtime MUST NOT mutate extension bits it does not understand. It may mutate authorized prefix bits while preserving the tail byte-for-byte, provided the Kernel rules explicitly permit such partial-resolution mutation and no cross-segment invariant would be violated. Where cross-segment invariants exist, the runtime must escalate to a reader capable of validating the complete required resolution.
9.4 Resolution Requirements on Operators
Operator contracts SHOULD declare Minimum Read Resolution and Minimum Write Resolution. An Operator that changes only BODY-128 semantics may run against a BODY-256 or MUSCLE-512 instance if it can validate all required invariants. A specialist Operator that reads B300 cannot run against a BODY-256 instance.
9.5 Fail-Closed Behavior
If the runtime cannot resolve the required parent contract, extension contract, group semantics, or cross-segment Rules, it SHOULD reject the mutation or quarantine it for review rather than guessing. Prefix compatibility makes partial reading safe; it does not grant authority to invent unknown extension semantics.
10. Worked Examples
10.1 BODY-128 → BODY-256 → MUSCLE-512
BODY-128 acts as a compact canonical anatomical identity language. A valid 128-bit combination resolves to a registered body component. BODY-256 preserves those 128 bits and appends a generic tissue/cellular-function extension. MUSCLE-512 preserves the full BODY-256 prefix and appends specialist muscle microanatomy and state.
	Progressive anatomical resolution
BODY-128 (16 bytes)
[ body-part identity ]

BODY-256 (32 bytes)
[ body-part identity ][ generic cellular / tissue function ]

MUSCLE-512 (64 bytes)
[ body-part identity ][ generic cellular / tissue function ][ muscle-specific microanatomy/state ]



A workout application may stop at BODY-128 or avoid the BODY family entirely when FIT-128 plus an Exercise NodeKey is sufficient. A physiology or injury analysis can continue to BODY-256 or MUSCLE-512 without changing the historical workout record.
10.2 TIME-128 → TIME-256
TIME-128 can serve ordinary human and operational temporal semantics. TIME-256 may append higher-precision scientific timing, instrumentation detail, or additional temporal state required for research. A calendar reader consumes the TIME-128 prefix; a laboratory reader can consume the full TIME-256 word.
	Resolution Selection Example
A workout does not become more useful merely because cellular activity and extreme time precision can be represented elsewhere. The event should use the lowest resolution that captures what was actually observed and operationally relevant.



10.3 Workout Record with Deep Guidance
	Shallow record, deep guidance
Operational record:
TIME-128 + FIT-128 + Exercise NodeKey

Guidance graph may traverse:
Exercise → BODY-128 mappings → BODY-256 → MUSCLE-512 → biomechanics / physiology Models

The deeper knowledge informs programming without being copied into every workout event.



10.4 Scientific Measurement
A scientific instrument or experimental protocol may require TIME-256 because synchronization precision is material to the observation. The same record can still expose its TIME-128 prefix to systems that only require ordinary scheduling, grouping, or historical placement.
10.5 Bitlink Inheritance Example
	Bitlink survival across extension
Existing Bitlink:
Source = BODY-128:B044
Trigger = Enter
Target = Skene highlight / UI state / Model input

Later source instance = MUSCLE-512

Result:
B044 remains BODY-128:B044, so the original Bitlink remains valid.
New MUSCLE-specific Bitlinks may additionally subscribe to B256–B511.



10.6 Portable Transfer Example
System A stores a MUSCLE-512 value as 64 canonical bytes. System B implements the same family/version and serialization. The word can be transferred directly. System C understands only BODY-128; it may consume the first 16 bytes and optionally preserve the remaining 48 bytes opaquely for round-trip transfer.
11. Relationship to CERBERUS Matryoshka and LIBERTY
11.1 Finite Interpreter, Expandable Semantic Substrate
Semantic Prefix Invariance supports a small stable runtime while semantic content grows through registered Kernel families, extension segments, Operators, Rules, Models, and Bitlinks. The interpreter does not need a new execution architecture every time a domain gains resolution; it needs the new registered contracts.
11.2 Matryoshka Resolution
The prefix structure is Matryoshka-like: a higher-resolution word contains the lower-resolution semantic object as an intact inner layer. The outer layer adds meaning without destroying the inner one. This makes semantic depth navigable and bounded at each use.
11.3 LIBERTY Alignment
The architecture follows the same general pattern as bounded recursive expansion: potential semantic depth may continue to grow, but every deployed word is finite, versioned, and governed. A task selects a bounded resolution rather than traversing all available detail.
11.4 Semantic Kernel Bitlinking Alignment
Semantic Prefix Invariance strengthens Bitlinking by making canonical semantic addresses stable across resolution growth. Bitlinks, Operators, and Rules can therefore target inherited coordinates without being rewritten when an extension is published. Resolution-specific behavior is added by registering new addresses and new bindings rather than modifying the old dependency graph in place.
12. Registry and Implementation Architecture
12.1 Recommended Registries
	Registry
	Responsibility

	Kernel Family Registry
	Stable family identity, lineage, supported resolutions, status.

	Kernel Resolution Registry
	One record per published resolution and version.

	Segment Registry
	Bit ranges, parent resolution, segment scope, compatibility.

	Bit Registry
	Canonical meaning and metadata for each bit/field.

	Bit Group Registry
	Group behavior, exclusivity, scalar semantics, invariants.

	Operator Registry
	Read/write scope and minimum required resolution.

	Rule / Ruleset Registry
	Prefix and cross-segment validity constraints.

	Model Registry
	Interpretive and derived computations.

	Bitlink Registry
	Resolution-aware triggers and downstream consumers.

	Semantic Modality Instance Registry
	Parent object, family, version, resolution, current word, provenance.

	Reader Capability Registry
	Supported families, resolutions, mutation authority, opaque-tail policy.



12.2 Semantic Modality Instance Fields
	Field
	Requirement

	Parent Object
	Stable identity to which the Kernel instance applies.

	Family / Version
	Exact semantic contract lineage.

	Resolution
	Published word length currently instantiated.

	Current Word
	Packed state at the declared resolution.

	State Class
	Observed, simulated, predicted, planned, template, etc.

	Parent Prefix State
	Optional lineage link when extended from a lower-resolution instance.

	Last Operator
	Most recent mutation event.

	Ruleset / Model Set
	Applicable validation and interpretation contracts.

	TIME-128 / TIME-256
	Temporal coordinate appropriate to the observation.

	Provenance
	Source, evidence, import, derivation, or simulation lineage.



12.3 Reference Extension Algorithm
	Reference pseudocode
extend(instance, targetResolution):
    assert targetResolution is prefix-compatible descendant
    assert instance.version is supported
    target = allocate(targetResolution)
    copy target[0:instance.wordSize] = instance.word
    initialize new segment(s) using declared null/default semantics
    validate inherited prefix and new cross-segment rules
    save lineage from source instance
    return target



12.4 Reference Reader Algorithm
	Resolution-aware reading
read(instance, readerCapability):
    common = greatest supported published prefix
    interpret instance.word[0:common]
    if reader may preserve opaque tail:
        retain instance.word[common:instance.wordSize] unchanged
    resolve Bitlinks only for supported addresses
    return typed prefix view



13. Conformance, Validation, and Testing
13.1 Kernel Family Conformance
Every inherited address has identical meaning and encoding across conforming extensions.
New addresses begin strictly after the terminal address of the inherited resolution.
Published serialization order is unambiguous and stable.
Each higher-resolution specification names its parent resolution and compatibility class.
Cross-segment Rules are explicit and testable.
Null/default initialization for new extension segments is defined.
13.2 Prefix Equality Tests
For test vectors, the first N bits of each conforming M-bit extension MUST equal the original N-bit vector after extension, save for changes caused by a separately authorized semantic Operator. Extension itself must not mutate the prefix.
13.3 Bitlink Conformance
Inherited Bitlinks resolve identically against the same inherited state regardless of whether the source is N, M, or a larger compatible resolution.
Extension-only Bitlinks do not resolve against words that do not contain their source addresses.
Bitlink conditions spanning multiple segments declare the minimum required resolution.
Causal chain logs identify source resolution and changed addresses.
Cross-Kernel writes still use target Operators and target Rules rather than direct uncontrolled writes.
13.4 Transfer and Round-Trip Tests
Byte-for-byte transfer between conforming systems preserves the word exactly.
Prefix projection returns the canonical lower-resolution prefix.
Opaque-tail preservation permits a lower-resolution intermediary to forward the original higher-resolution word unchanged.
Upward extension followed by projection back to the source resolution reproduces the source prefix exactly.
Any claimed lossless translation outside the prefix mechanism is tested separately as a translation contract.
13.5 Version Failure Tests
Test suites SHOULD intentionally attempt to load a layout-changing version as though it were a prefix-compatible extension. The runtime must reject the claim. Prefix compatibility is a contract property, not something inferred from similar names or equal word lengths.
14. Governance, Safety, and Domain Validation
14.1 Semantic Stability
The value of Semantic Prefix Invariance depends on restraint. Once a prefix is published and used by persistent datasets, changing its meaning creates silent semantic corruption. Governance SHOULD therefore treat published prefix semantics as immutable and route corrections through explicit new versions or forks.
14.2 Domain Validation
Prefix invariance guarantees representational stability, not scientific truth. Real-life Semantic Kernels for anatomy, physiology, medicine, chemistry, engineering, or other professional domains require appropriate expert review and evidence. A perfectly stable bit can still encode a bad concept if the underlying domain model is wrong.
14.3 Observed vs. Derived State
Higher resolution must not tempt implementations to encode inferred detail as though it were observed. A workout record should not automatically instantiate cellular activity merely because a Model can estimate it. Observed, measured, simulated, predicted, and model-derived state remain provenance-distinct.
14.4 Permission Monotonicity
Supporting a larger word MUST NOT silently broaden mutation authority. A reader permitted to edit BODY-128 does not automatically gain authority to mutate BODY-256 or MUSCLE-512 extension bits. Permissions and Operator write sets remain explicit at each resolution.
15. Design Principles and Conclusion
	Principle
	Meaning

	Prefix Invariance
	Published lower-resolution semantics never move inside conforming extensions.

	Append, Do Not Migrate
	Additional resolution is added after the existing word.

	Small Record, Rich Contract
	Operational state stays compact while meaning lives in reusable Registries.

	Lowest Sufficient Resolution
	Use only the semantic depth required for the task.

	Deep Guidance, Shallow Event
	Detailed theory may inform a compact operational record without being duplicated into it.

	Bitlinks Survive Growth
	Bindings to inherited addresses remain valid as resolution increases.

	Specialize by Extension
	A specialist Kernel can preserve a common general prefix and spend new bits only on specialist detail.

	Transfer by Contract
	Conforming systems can exchange packed words directly without application-specific remapping.

	Projection Is Explicit
	Downward prefix projection preserves the prefix and omits the tail by declared intent.

	Semantic Change Requires a New Contract
	Reinterpretation is versioning/forking, not extension.



	Formal Summary
Semantic Prefix Invariance = immutable published prefix + append-only semantic extension + resolution-aware reading + persistent Bitlinks + explicit projection + version-governed divergence.



The result is a Semantic Kernel architecture in which a record can grow from 128 to 256 to 512 bits without rewriting the meaning already stored. Systems can read only as deeply as necessary, specialists can add detail without fragmenting the common language, and Bitlinks can continue to target stable semantic addresses across the entire compatible family. The architecture therefore supports long-lived data, compact operational records, scientific precision when needed, and direct semantic transfer between conforming implementations.
Appendix A. Formal Invariants
	Invariant
	Requirement

	A1. Prefix Identity
	For conforming K_M extending K_N, M > N: K_M[B000:B(N−1)] ≡ K_N[B000:B(N−1)].

	A2. Monotonic Address Space
	New addresses introduced by K_M are drawn only from B_N through B_(M−1).

	A3. Semantic Contract Preservation
	For every inherited field F, type(F), encoding(F), unit(F), group(F), and meaning(F) are invariant within the compatible family/version.

	A4. Projection
	P_N(K_M) returns exactly the published K_N prefix.

	A5. Extension
	E_M(K_N) copies K_N into the prefix of K_M and initializes only new addresses.

	A6. Bitlink Persistence
	A Bitlink whose source address lies within K_N remains address-valid for every conforming K_M descendant.

	A7. Resolution Requirement
	A consumer requiring address B_i needs a word resolution greater than i and a contract capable of interpreting B_i.

	A8. Mutation Safety
	A caller may mutate only addresses within its authorized write set and only when all required invariants at the minimum validation resolution are resolvable.

	A9. Divergence Boundary
	Any change to inherited semantics invalidates prefix-compatibility and requires a new version, fork, or translation contract.



Appendix B. Implementation Templates
B.1 Kernel Resolution Record Template
	Field
	Specification

	Family ID
	

	Version
	

	Resolution
	

	Parent Resolution
	

	Word Size Bytes
	

	Serialization
	

	Prefix Compatibility
	

	Extension Segment
	

	Specification URI / Record
	

	Status
	

	Tests
	



B.2 Extension Segment Template
	Field
	Specification

	Segment ID
	

	Family / Version
	

	Bit Range
	

	Segment Name
	

	Semantic Scope
	

	Null / Default Semantics
	

	Rules
	

	Models
	

	Operators
	

	Bitlinks
	

	Minimum Reader Capability
	

	Cross-Segment Invariants
	



B.3 Resolution-Aware Bitlink Template
	Field
	Specification

	Bitlink ID
	

	Source Family / Version
	

	Source Address or Group
	

	Minimum Source Resolution
	

	Trigger Type
	

	Condition
	

	Target System
	

	Target Resource
	

	Action
	

	Rules / Permissions
	

	Causal Policy
	

	Resolution Fallback Policy
	



B.4 Reader Capability Template
	Field
	Specification

	Reader ID
	

	Supported Families
	

	Supported Versions
	

	Maximum Resolution by Family
	

	Allowed Mutations
	

	Opaque Tail Policy
	

	Bitlink Resolution Scope
	

	Fail-Closed Policy
	



Glossary
	Term
	Definition

	Append-Only Expansion
	Introduction of new semantic addresses after the end of an inherited prefix without moving or reinterpreting prior addresses.

	Bit Group
	A named bit set or bitfield governed by shared semantics such as exclusivity, ordering, masking, or scalar encoding.

	Bitlink
	Declared connection from semantic state, state change, Operator event, Rule result, or semantic address to another consumer.

	Compatibility Class
	Declared relationship describing whether two Kernel contracts are prefix-compatible, translated, forked, or incompatible.

	Extension Segment
	New bit range appended by a higher-resolution Kernel.

	Kernel Family
	Lineage of related Semantic Kernels that may include multiple compatible resolutions, versions, or specialist descendants.

	Knowledge Resolution
	Maximum semantic depth available to the system through its registered Kernels, Models, Rules, and relations.

	Minimum Common Resolution
	Greatest published prefix that both producer and consumer can interpret under the same Kernel family/version.

	Minimum Sufficient Resolution Principle
	Rule that an operation should use only the semantic depth required to perform, explain, validate, or reproduce the task.

	No-Migration Law
	Requirement that compatible resolution growth not require renumbering or translating the inherited prefix.

	Opaque Tail
	Higher-resolution bytes preserved by a lower-resolution intermediary without interpretation or mutation.

	Prefix Invariance
	Property that inherited leading bits preserve exact addresses and semantics in every conforming extension.

	Prefix Projection
	Reading or exporting only a published lower-resolution prefix from a larger compatible word.

	Record Resolution
	Semantic depth actually instantiated for a particular object, event, or observation.

	Resolution Level
	Published word length and associated semantic depth within a Kernel Family.

	Resolution Negotiation
	Process of selecting the common or required semantic depth between producer, consumer, Operator, and task.

	Semantic Address
	Stable Kernel/version/bit or bitfield identity used for linking, mutation, and interpretation.

	Semantic Delta
	Typed difference between a Before and After semantic state.

	Semantic Kernel
	Versioned fixed-width semantic contract assigning meaning, grouping, type, and validity rules to bits or bitfields.

	Semantic Prefix
	Leading segment of a larger word that is itself a complete previously published Kernel contract.

	Specialist Extension
	Additional bit range that preserves a general prefix while adding domain-specialist semantics.

	Upward Extension
	Creation of a larger compatible word by copying the source word into the prefix and initializing only new tail bits.

	Version
	Immutable interpretation contract for a Kernel family at a given lineage point.



Subject Index
	Term
	Primary References

	Anatomical resolution
	§§ 4.4, 10.1

	Append-only expansion
	§§ 3.2, 4.1, 7.1, 15

	Bit Group semantics
	§§ 2.7, 6.5, 13.1

	Bitlink dependency graph
	§§ 6.7–6.8

	Bitlink inheritance
	§§ 3.8, 6.1, 10.5, 13.3

	BODY-128
	§§ 4.4, 10.1

	BODY-256
	§§ 4.4, 10.1

	Capability negotiation
	§§ 9.1–9.5

	Causal Chain ID
	§ 6.8

	Compatibility classes
	§ 8.2

	Cross-Kernel translation
	§ 6.6

	Cross-segment Rules
	§§ 9.3, 13.1

	Deep Guidance
	§§ 5.4, 10.3

	Delta routing
	§§ 6.4, 6.8

	Direct transfer
	§ 7.2

	Domain validation
	§ 14.2

	Extension optionality
	§ 3.6

	Extension segment
	§§ 2.4, 4.3

	Fail-closed behavior
	§ 9.5

	FIT-128
	§ 10.3

	Kernel Family
	§§ 2.2, 12.1

	Knowledge Resolution
	§ 5.1

	LIBERTY
	§ 11.3

	Minimum common resolution
	§ 9.2

	Minimum Sufficient Resolution
	§§ 3.10, 5

	MUSCLE-512
	§§ 4.4, 10.1

	Mutation boundaries
	§ 9.3

	No-Migration Law
	§ 3.4

	Opaque tail preservation
	§§ 6.3, 7.4, 9.2

	Operators
	§§ 9.3–9.4, 12.1

	Prefix equality testing
	§ 13.2

	Prefix Invariance Law
	§ 3.1

	Prefix projection
	§§ 2.6, 3.7, 7.3

	Record Resolution
	§ 5.1

	Reserved bits
	§ 8.3

	Resolution classes
	§ 5.2

	Resolution independence
	§ 3.5

	Resolution-specific Bitlinks
	§ 6.2

	Semantic Address
	§ 2.7

	Semantic Kernel Bitlinking
	§ 11.4

	Semantic Modality Instance
	§ 12.2

	Specialization
	§§ 4.4, 8.2

	TIME-128
	§§ 10.2–10.4

	TIME-256
	§§ 10.2, 10.4

	Transfer and round trip
	§§ 7.2, 13.4

	Upward extension
	§§ 7.1, 12.3

	Versioning
	§§ 8, 13.5

	Workout example
	§ 10.3

	Zero-loss extension
	§ 7.1
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