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Abstract

This paper develops the meaning layer of the agency-semantics spine of Distinction
Theory. Building on the formal core of Active Finite Distinction Systems, the M0 agency-
semantics spine, M1 attention-as-admission, and M2 value-goal ranking, it treats meaning
as FDS-meaning : an actionable semantic quotient that preserves downstream use under
finite capacity. A representation is FDS-meaningful for a system only relative to a specified
boundary, task family, context family, policy or verification target, horizon, loss function, and
resource budget. Compression alone is not meaning: a quotient must preserve enough policy,
value, prediction, verification, coordination, or boundary-maintenance structure to remain
usable. The paper introduces semantic quotient maps, reference-policy provenance, semantic
preservation vectors, maintained semantic load, semantic capacity deficit, false compression,
unsupported completion, shared quotient alignment, and invariant semantic quotient candi-
dates. A deterministic synthetic normal-form model illustrates policy-preserving quotienting,
embedding-policy dissociation, capacity-driven semantic collapse, false compression, non-
linear shared-meaning failure, and recovery by quotient refinement. The paper does not
reduce linguistic, subjective, or moral meaning to compression. It supplies a conservative
finite-system bridge for analyzing meaning as policy-preserving actionable compression under
capacity, verification, and resource constraints.

Keywords: meaning; semantic quotient; actionable compression; finite capacity; boundary
maintenance; policy preservation; semantic deficit; false compression; semantic drift; hallucina-
tion; embedding similarity; semantic communication; information bottleneck; state abstraction;
active finite distinction systems.

Epistemic Notice and Scope

This manuscript is an agency-semantics spine paper, not a completed theory of linguistic meaning,
consciousness, intentionality, truth, reference, moral meaning, or social legitimacy. It does not
claim that all semantics reduces to compression, that embeddings are meaning, that a symbol is
meaningful merely because it predicts another symbol, or that moral meaning can be derived
from boundary maintenance. Its claim is narrower: once a system is modeled as an active
finite distinction system with a boundary, memory, update rule, action space, finite capacity,
boundary-maintenance loss, and task family, a representation can be audited for whether it
preserves the downstream structure needed for action, prediction, verification, coordination, or
boundary maintenance. In this paper, meaning means FDS-meaning or operational meaning:
actionable quotient structure preserved for a specified system, task family, context family, policy
or verification target, horizon, and capacity budget.

The paper follows the layered discipline of the FDS formal core. Formal definitions, normal-
form models, physical bridge assumptions, and domain applications are separated. A failure of a
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linguistic, cognitive, artificial, biological, organizational, or social mapping may demote that
mapping without refuting the formal FDS core. The deterministic numerical model is illustrative
only. It visualizes definitions and failure modes; it is not empirical evidence.

1 Introduction

A finite system cannot preserve every distinction it attends to. Attention admits distinctions;
value ranks their boundary relevance; goals stabilize rankings over time. Meaning begins when the
system compresses these distinctions without losing the structure needed for action, prediction,
verification, coordination, or boundary maintenance. A word, symbol, memory, embedding, law,
alarm, dashboard, record, or model state is meaningful in the FDS sense only when it functions
as such a quotient.

The FDS core defines an active finite distinction system as a tuple

S = (X,E,B,M, Y,A, U, π, ℓ,Φ,P, τ), (1)

where X is internal state, E environment, B boundary, M memory/model space, Y observation
channel, A action space, U update map, π finite projection, ℓ boundary-maintenance loss, Φ
resource budget, P perturbation/pruning family, and τ update timescale [1]. M0 introduced the
agency-semantics dependency skeleton

distinction → record → attention → value → goal → meaning → agency → culture, (2)

and defined meaning as actionable compressed distinction preserved by a task-sufficient quotient
[2]. M1 expanded attention as finite distinction admission [3]. M2 expanded value and goal as
boundary-relevance ranking and stabilized ranking [4]. M3 expands the meaning step.

1.1 Why meaning needs a finite-system formulation

The word meaning is overloaded. It can refer to reference, truth conditions, use, pragmatic effect,
subjective association, embedding similarity, cultural significance, moral purpose, intentional
content, or causal affordance. M3 does not try to reduce these notions into a single substance.
Instead it defines an operational bridge. Given a boundary, task family, policy family, horizon, loss,
verification channel, and finite capacity, a representation has FDS-meaning when it compresses
distinctions while preserving the downstream structure needed for use.

This makes meaning relational. A symbol may be meaningful for one task and useless for
another. A compressed type may be valid under one policy and false under another. A word
may coordinate a community while misleading an outside system. An embedding can be near
another embedding while requiring a different action. A legal rule can preserve coordination at
one institutional horizon and become rigid at another. Meaning in the M3 sense is therefore
not an intrinsic tag attached to a representation. It is a task-relative, policy-relative, and
capacity-relative preservation relation.

1.2 Compression is not enough

Compression reduces dimensionality. Meaning requires preserving the relevant structure. A
representation can be short, elegant, predictive, or high-probability without being meaningful
for the system’s task. A quotient that merges two distinctions requiring different actions is not
meaningful for that action family, even if it is statistically efficient. Conversely, a crude symbol
can be meaningful if it preserves the right action or verification distinction.

The core claim is therefore:

FDS-meaning = actionable semantic quotient under finite capacity. (3)
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The word actionable is essential. M3 does not claim that all meaning is action in a narrow motor
sense. It uses action broadly: update, prediction, verification, coordination, planning, record
maintenance, externalization, and boundary maintenance.

1.3 Common misreadings

Table 1: Common misreadings and corrections.

Misreading Correction

Meaning equals compression. No. M3 requires actionable, policy-relevant, prediction-
relevant, verification-relevant, coordination-relevant, or
boundary-relevant preservation.

Embeddings are meaning. No. Embedding similarity is only a representational rela-
tion; it must be audited against downstream policy, value,
verification, or coordination.

Meaning equals truth. No. Truth may be one verification target, but FDS-
meaning is a use-preserving quotient under a specified
task family.

Meaning equals moral purpose. No. M3 defines operational meaning, not moral meaning
or legitimacy.

Shared meaning requires identical pri-
vate states.

No. Shared meaning requires sufficient quotient alignment
for coordination or verification, not identical internal rep-
resentations.

Any high-level slogan is meaningful. No. A slogan can be a false compression if it merges
distinctions that require different policies.
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Table 2: Claim-status summary for M3. The table is an audit device: several entries are formal
or operational bridge claims, not established empirical results.

Claim ID Tier Claim Failure or demotion condition

M3-001 Formal bridge FDS-meaning is actionable se-
mantic quotient under a speci-
fied system, boundary, task fam-
ily, context family, policy or ver-
ification target, horizon, loss,
tolerance, and capacity budget.

Compressed representations
function semantically without
preserving any action, predic-
tion, verification, coordination,
or boundary-relevant structure.

M3-002 Formal / model
bridge

A semantic quotient must pre-
serve policy-relevant distinc-
tions within tolerance.

Quotient classes systematically
merge distinctions requiring dif-
ferent actions or updates under
the audited task.

M3-003 Operational bridge Semantic compression is useful
when it lowers capacity load
without increasing boundary
loss beyond tolerance.

Compression always degrades
performance or never reduces
maintained semantic load under
valid mappings.

M3-004 Failure-mode
bridge

Semantic deficit produces merg-
ing, loss, drift, unsupported
completion, false compression,
or meaning collapse.

Semantic overload produces no
degradation, merging, proxy
substitution, or action-relevance
loss.

M3-005 AI / cognition
bridge

Embedding similarity is not suf-
ficient for FDS-meaning unless
it preserves downstream policy
or verification structure.

Embedding-near items always
remain policy-equivalent under
audited tasks.

M3-006 Social bridge Shared meaning requires syn-
chronized semantic quotients
and verification channels across
agents.

Collective meaning persists
without shared quotient, ex-
ternal record, translation,
verification, or coordination
channel.

M3-007 Recovery bridge Meaning recovery requires re-
constructing lost action-relevant
distinctions, not merely increas-
ing information volume.

Restoring raw information al-
ways restores task meaning
without quotient reconstruc-
tion.

M3-008 Invariant bridge High-level meanings are can-
didate invariant semantic quo-
tients stable across contexts and
perturbations.

High-level meanings fail to pre-
serve policy, value, or coordina-
tion relevance across any stated
context family.

2 FDS and M-series background

2.1 Active boundary relevance

The FDS core applies its deficit logic only to active-boundary systems. A minimal relevance
screen is

P
(
U(Mt, Yt) ̸= Mt

)
> 0, I(Mt+1; ℓt+k) > 0 (4)

for some k > 0. Empirical applications should strengthen this to an intervention or ablation test,

E[ℓt+k | do(U)] ̸= E[ℓt+k | do(U∅)], (5)

where U∅ is a null, frozen, randomized, or identity update [1]. M3 inherits this discipline: a
representation is FDS-meaningful only if its quotient structure can affect a future update, action,
prediction, verification, coordination, or boundary-maintenance variable under a stated mapping.
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2.2 Attention and value as prerequisites

M3 begins after attention and value. M1 distinguished availability, detection, and attention: a
distinction becomes attended when admitted into an update-relevant channel with a verification
path or status [3]. M2 defined FDS-value as causal boundary-gradient relevance and goal as
stabilized FDS-value ranking across finite update windows [4]. M3 does not assign meaning to
all possible distinctions. It assigns FDS-meaning to admitted or admissible distinctions that can
be compressed while preserving downstream relevance.

2.3 Quotients and invariants

A quotient map groups fine distinctions into coarser classes. The FDS core uses quotient maps to
express finite projection, invariant-supported persistence, and coarse-graining under perturbation
[1]. M3 uses a task-specific semantic quotient,

qsem : Dt → Tt, (6)

where Dt is an admitted or admissible distinction set and Tt is a set of semantic types. This
quotient is not automatically valid. It is valid only relative to tasks, policies, contexts, and
tolerances.

2.4 Notation alignment

Throughout the paper ℓmaint denotes boundary-maintenance loss, not moral loss and not physical
entropy production. The physical entropy ledger, when relevant, is denoted Σphys. The M2 value
variable V net

t (z; k) denotes net FDS-value after cost; it is not moral value. The M3 quotient
qsem is a semantic quotient, not a claim that every social or linguistic meaning is exhausted by
formal quotienting.

3 Definition: meaning as actionable semantic quotient

Definition 1 (Semantic task family). A semantic task family Ψsem is the set of distinctions,
contexts, actions, outcomes, policies, verification statuses, and boundary variables that must be
preserved for a finite system to use a representation within tolerance.

Definition 2 (Semantic quotient). A semantic quotient is a map qsem : Dt → Tt from fine
distinctions into semantic types. Two distinctions are quotient-equivalent when the system
treats them as the same type for a specified downstream task.

Definition 3 (Actionable semantic quotient). A semantic quotient is actionable if there exists a
quotient-level policy

πq : Tt × C → A (7)

such that using qsem(d) preserves downstream policy, prediction, verification, coordination, or
boundary-maintenance performance within tolerance over the context family C.

Definition 4 (Policy-preserving semantic quotient). Let π∗ be the fine-grained reference policy
for a task, πq a quotient-level policy, c ∈ C a context, k a horizon, and ϵπ a tolerance. The
semantic quotient qsem is policy-preserving if the positive part of the policy loss is bounded:

∆+
π (d, c) = [E[ℓmaint,t+k | do(πq(qsem(d), c))]− E[ℓmaint,t+k | do(π∗(d, c))]]+ ≤ ϵπ (8)

for the audited domain of distinctions and contexts.
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Equation (8) is a causal audit form. It says that replacing the fine distinction d by its
quotient type should not increase future boundary-maintenance loss beyond tolerance. The
positive part prevents improvements by the quotient policy from being counted as semantic loss.
In some domains the policy output may be a prediction, verification routine, communication act,
record update, or externalization decision rather than a motor action.

Remark 1 (Reference policy provenance). The reference policy π∗ need not be globally optimal.
It may be an experimentally validated fine-grained policy, a high-resolution simulator, an expert-
labeled policy, a ground-truth task rule, a stronger verification baseline, or a pre-registered
policy used for audit. M3 requires the reference policy to be specified; it does not require it to
be metaphysically final.

Definition 5 (Value-preserving semantic quotient). A semantic quotient is value-preserving
when quotient-equivalent distinctions do not differ in a way that changes the induced FDS-value
ranking or policy. A conservative sufficient condition is

qsem(di) = qsem(dj) ⇒ |V net
t (di; k, c)− V net

t (dj ; k, c)| ≤ ϵV , (9)

for contexts c ∈ C. A more action-oriented condition is that quotient-equivalent distinctions
induce policies equivalent within ϵπ.

Definition 6 (FDS-meaning). A distinction has FDS-meaning for a system when it is repre-
sented through a semantic quotient that preserves enough policy, value, prediction, verification,
coordination, or boundary-maintenance structure for the system to use it under finite capacity.

Definition 7 (Semantic preservation vector). A semantic audit can record preservation losses
as a vector

Lsem(q) =
(
Lπ, LV , Lpred, Lver, Lcoord, Lℓ

)
, (10)

where the components measure policy loss, FDS-value ranking loss, prediction loss, verification-
status loss, coordination loss, and boundary-loss effect. Different domains may select different
components: tool use emphasizes Lπ and Lver; science emphasizes Lpred and Lver; law and
institutions emphasize Lcoord and Lℓ; biological regulation emphasizes Lℓ.

candidate
distinctions

M1 attention
admission

M2 FDS-value
ranking

M2 goal
stabilization

M3 semantic
quotient

action / prediction
verification / coordination

Meaning enters when compression preserves downstream relevance

Figure 1: Synthetic normal-form illustration, not empirical evidence. M3 sits after M1 attention
admission and M2 FDS-value ranking. Meaning enters when compression preserves downstream
relevance for action, prediction, verification, coordination, or boundary maintenance.

3.1 Minimal M3 audit

A minimal M3 audit must specify: boundary, task family, context family, fine distinctions,
semantic quotient, reference policy or verification target, preservation metric, tolerance, semantic
load, capacity budget, and failure condition. Without these, claims about meaning remain
under-specified. In slogan form: M2 ranks what matters for boundary maintenance; M3 asks
which quotient preserves what matters under finite capacity.
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4 Policy-preserving compression

A quotient partitions the fine distinction space into equivalence classes. It reduces semantic load
only if it allows the system to avoid maintaining irrelevant fine distinctions. But a quotient is
dangerous if it merges distinctions that require different downstream policies.

Definition 8 (Semantic loss). For a quotient qsem and context family C, semantic policy loss is

Lsem(qsem) = Ed,c [E[ℓmaint,t+k | do(πq(qsem(d), c))]− E[ℓmaint,t+k | do(π∗(d, c))]]+ . (11)

The expectation is over the audited distribution of distinctions and contexts. The positive part
means that improvements are not counted as semantic loss.

Definition 9 (Maintained semantic load). The maintained semantic load of a quotient is the
capacity required to store, retrieve, verify, update, communicate, coordinate, and use it over the
task window. A simple scalarized normal form is

Csem(q) = Cstore(q) + Cretrieve(q) + Cverify(q) + Cupdate(q) + Ccoordinate(q). (12)

In applications these terms may remain as a vector or be converted into task-specific capacity-
equivalent units. Csem(q) is not raw memory size alone. When physically implemented in an
active finite system, maintaining a semantic quotient may require storage, retrieval, refresh,
verification, and error-correction costs. If a quotient’s maintenance cost exceeds the policy loss
it saves for boundary maintenance, the system may discard it through forgetting or demotion
from meaning back to salience.

Definition 10 (Minimal sufficient semantic quotient). A semantic quotient q∗sem is minimal
sufficient for task family Ψsem at tolerance ϵ if it minimizes maintained semantic load while
satisfying the task loss constraint:

q∗sem ∈ argmin
q

Csem(q) s.t. Lsem(q) ≤ ϵ. (13)

Proposition 1 (Compression is not meaning). A compressed representation is not FDS-
meaningful merely because it reduces dimensionality. It becomes FDS-meaningful only when
the quotient preserves downstream action, prediction, verification, coordination, or boundary
relevance within tolerance.

Proof sketch. Let q compress distinctions but merge di, dj with different reference policies in
context c. If π∗(di, c) ̸= π∗(dj , c) and the quotient policy cannot choose both, at least one case
incurs nonzero policy error. Thus compression alone does not imply low Lsem(q).

Proposition 2 (Policy preservation implies actionable meaning). If a semantic quotient satisfies
Eq. (8) across the audited distinction-context domain, then it supplies actionable FDS-meaning
for that task family.

Proof sketch. Under Eq. (8), replacing d by qsem(d) changes future boundary-maintenance loss
by at most ϵπ for all audited contexts. Therefore the quotient-level type can guide downstream
use with bounded loss.
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Synthetic normal-form illustration: compression is not meaning
lossless/irrelevant compression
policy-preserving compression
false compression
semantic tolerance

Figure 2: Synthetic normal-form illustration, not empirical evidence. Compression alone is not
meaning. False compression can reduce representation size while increasing downstream policy
loss. Policy-preserving compression remains within semantic tolerance.
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fine distinctions
policy-preserving

quotient
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Figure 3: Synthetic normal-form illustration, not empirical evidence. A policy-preserving
quotient groups fine distinctions only when the quotient class supports the same downstream
policy or boundedly equivalent actions.

5 Semantic capacity and semantic deficit

Let R
(τ)
sem(ϵ; Ψsem, t) be the rate-distortion demand of preserving task-relevant semantic structure

over update window τ at tolerance ϵ. Let Csem(t) be maintained semantic capacity. Define

∆sem(t) = R(τ)
sem(ϵ; Ψsem, t)− Csem(t). (14)

When ∆sem > 0, the system cannot maintain the semantic distinctions required by the task
family at target tolerance unless it changes something: compresses better, externalizes records,
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relaxes task demands, expands resources, substitutes proxies, merges meanings, or drifts.

Proposition 3 (Semantic deficit forces semantic exit). Under sustained semantic deficit, no
hidden capacity expansion, and continued task demand, a finite system must compress, externalize,
relax the task, substitute proxies, refine invariants, or suffer semantic drift/collapse.

Proof sketch. By definition, R
(τ)
sem(ϵ; Ψsem, t) > Csem(t). Maintaining all task-relevant semantic

distinctions at tolerance ϵ is infeasible unless effective demand is reduced, effective capacity is
increased, or the system accepts distortion. The listed exits correspond to those alternatives.

5.1 Semantic load versus physical memory load

Semantic capacity is not identical to raw memory size. A large memory can fail semantically if it
lacks retrieval, verification, or task-preserving quotient structure. A small symbol can be highly
meaningful if it selects the correct action class. M3 therefore distinguishes raw information
volume from maintained actionable structure.
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Synthetic normal-form illustration: semantic deficit and collapse

policy preservation
false merging
proxy meaning
unsupported completion
collapse threshold

Figure 4: Synthetic normal-form illustration, not empirical evidence. As semantic capacity
deficit increases, policy preservation falls while false merging, proxy meaning, and unsupported
completion rise.

6 False meaning and semantic collapse

Definition 11 (False compression). A quotient produces false compression when it maps
distinctions to the same semantic type even though those distinctions require different policies,
values, verification statuses, or coordination responses under the audited context family:

qsem(di) = qsem(dj) but π∗(di, c) ̸≈ π∗(dj , c) (15)

for some relevant context c.

False compression is a central M3 failure mode. It can appear as a misleading category,
an over-broad slogan, a brittle embedding cluster, an invalid analogy, or a learned proxy that
preserves surface similarity while losing policy relevance. A false quotient can remain locally
harmless if it does not immediately trigger boundary loss, but it becomes dangerous when later
decisions reuse it without re-verification.
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Definition 12 (Unsupported completion). Unsupported completion occurs when a system
fills missing semantic structure with high-probability or proxy-consistent content that is not
supported by the task-relevant verification channel.

An audit metric for unsupported completion is

UCR = P (completion accepted∧verification unsupported∧policy/coordination relevant), (16)

or, conditioned on completion being accepted,

UCRcond = P (verification unsupported ∧ policy/coordination relevant | completion accepted).
(17)

The conditional form is useful when completion events are rare: it isolates the risk of unsupported
completion among accepted completions. In loss form,

L+
unsupported = [E[ℓt+k | do(unsupported completion)]− E[ℓt+k | do(verified representation)]]+ .

(18)
Unsupported completion is the M3 normal-form analogue of hallucination-like behavior. It is not
limited to language models. Organizations, institutions, and individuals also complete missing
structure with defaults, stereotypes, slogans, or inherited narratives.

Proposition 4 (False compression produces semantic loss). If a quotient merges distinctions
requiring different policies under an audited context, then it produces positive semantic policy
loss unless the policy difference is irrelevant to the loss at the specified horizon.

Proof sketch. If qsem(di) = qsem(dj), the quotient policy receives the same type in both cases. If
the reference policies differ and the difference matters for ℓmaint,t+k, one quotient action cannot
match both reference actions. Therefore Eq. (11) is positive for at least one case.
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Synthetic normal-form illustration: false compression
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Figure 5: Synthetic normal-form illustration, not empirical evidence. A false semantic quotient
groups fine distinctions from multiple true action classes into the same quotient class. The
resulting type is compact but policy-ambiguous. Off-diagonal mass indicates quotient classes
that merge distinctions requiring different true actions.
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6.1 Meaning collapse

Under overload, meaning can collapse backward down the agency-semantics ladder. A semantic
quotient can collapse into salience: the system keeps what stands out, not what preserves action.
It can collapse into proxy meaning: the system preserves the signal that predicts reward, not the
structure that preserves host boundary value. It can collapse into slogan: the system maintains
an externalized phrase while losing the distinction structure that once made it useful.

6.2 Institutional semantic drift

In large organizations, persistent semantic synchronization overload can make high-level terms
stable while their action-preserving quotient structure degrades. This is institutional semantic
drift: lexical unity with policy incompatibility. A term, rule, metric, or slogan continues to
circulate, but different subunits attach incompatible quotient maps to it. In audit terms, the
phrase remains shared while Lmcoord, Lmver, or Lπ rises. This is a conditional failure mode, not
a universal law of institutions: it occurs only when the relevant bridge mapping shows persistent
over-compression, insufficient verification, and degraded downstream coordination.

7 Embedding similarity is not sufficient for meaning

Artificial systems often use embedding similarity, vector distance, or latent representation
geometry. These can be useful, but M3 treats them as candidate representational relations
rather than meaning itself.

Proposition 5 (Embedding-policy dissociation). Two representations can be close in embedding
space yet differ in policy, value, or verification relevance. Conversely, two representations can be
far in embedding space but equivalent under the audited semantic quotient.

Proof sketch. Embedding similarity is a metric relation in a representation space. Policy equiv-
alence is a downstream relation defined by action, prediction, verification, coordination, or
boundary loss. Unless the embedding metric is trained and audited to preserve that downstream
relation over the context family, the two relations can diverge.
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Synthetic normal-form illustration: embedding similarity is not meaning
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embedding-near / policy-different
embedding-far / policy-equivalent

Figure 6: Synthetic normal-form illustration, not empirical evidence. Embedding similarity and
policy equivalence can diverge. Embedding-near pairs can require different actions; embedding-
far pairs can be equivalent under the audited task.

8 Meaning across horizons and contexts

Meaning is horizon-relative. A quotient that preserves action over one update window may
fail over a longer horizon. A category that works in a training context may false-compress in
a deployment context. A social symbol that coordinates a small group may fail in a larger
institution.

Definition 13 (Context-indexed semantic quotient). A context-indexed semantic quotient is a
family

{qcsem : D → Tc}c∈C (19)

with context-dependent equivalence classes. It is valid when each quotient preserves downstream
relevance for its context and when context switching itself is within the system’s capacity budget.

Definition 14 (Invariant semantic quotient). A semantic quotient q∗ is an invariant semantic
quotient over context family C and perturbation family P if it remains policy- or value-preserving
under the stated contexts and perturbations. Depending on audit strictness, invariant preserva-
tion may be defined in expectation, high-probability, or worst-case form:

Ec∼C, p∼P
[
Lc,p
sem(q

∗)
]
≤ ϵ, (20)

Pc∼C, p∼P
(
Lc,p
sem(q

∗) ≤ ϵ
)
≥ 1− δ, (21)

sup
c∈C, p∈P

Lc,p
sem(q

∗) ≤ ϵ. (22)

This definition connects M3 to M2’s high-level goals as invariant-compression candidates.
High-level meanings such as danger, evidence, obligation, freedom, justice, or truth are not
validated by their abstraction alone. They are candidate invariant semantic quotients: compact
representations that preserve action, value, verification, or coordination relevance across broad
context families. This does not morally validate any high-level meaning. It only states that some
abstractions may function as stable quotient candidates when they preserve value, verification,
or coordination relevance across contexts.
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A useful metric for comparing invariant candidates is semantic half-life: the time or context
count over which a semantic quotient maintains policy preservation within tolerance without
refinement. Physical constants and mathematical theorems can have long semantic half-lives
across broad classes of contexts, relative to the specified task family. Causal regularities such as
fire-damage or poison-illness have long half-lives within their ecological niche. Trends, slogans,
and viral phrases may have short half-lives: their policy relevance degrades rapidly as context
drifts. Semantic half-life is not a claim that some meanings are permanently valid; it is an audit
variable that measures how long a quotient survives before needing refinement.

9 Shared meaning and translation

Shared meaning is not identical private experience. It is quotient alignment sufficient for
coordination, verification, or shared action.

Definition 15 (Shared FDS-meaning). For agents or subsystems i and j, shared FDS-meaning
for distinction d under context family C requires quotient-policy alignment:

πi(qi(d), c) ≈ϵ πj(qj(d), c) (23)

for relevant contexts c ∈ C, or equivalent alignment in prediction, verification, coordination, or
boundary-maintenance outcome. The relation ≈ϵ must be instantiated: it may mean action
agreement, bounded boundary-loss difference, bounded Jensen-Shannon divergence between
stochastic policies, verification-status agreement, or coordination-success equivalence.

Definition 16 (Semantic synchronization load). Let R
(τ)
sem−sync(ϵ; t) be the rate-distortion

demand of keeping semantic quotients aligned across agents, records, or institutions within
tolerance ϵ over window τ . Let

Csync(t) = B(Ccomm(t), Cverify(t)) (24)

be a domain-specified synchronization bottleneck, such as a sum, minimum, weighted bottle-
neck, or queueing capacity after converting communication and verification into semantic-rate-
equivalent units. Define

Zsem−sync(t) =
R

(τ)
sem−sync(ϵ; t)

Csync(t)
. (25)

When Zsem−sync > 1, shared meaning becomes unstable unless the system simplifies, externalizes,
verifies, delegates, or accepts semantic drift.

Proposition 6 (Shared meaning requires quotient synchronization). Collective meaning fails
when agents cannot synchronize semantic quotients within the communication and verification
budget required for coordination.

Proof sketch. If R
(τ)
sem−sync(ϵ; t) > Csync(t), the system cannot maintain quotient alignment at

tolerance ϵ over the window. Then Eq. (23) fails for some contexts unless the task is simplified
or externalized.
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Synthetic normal-form illustration: shared meaning synchronization
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Figure 7: Synthetic normal-form illustration, not empirical evidence. When semantic synchro-
nization demand exceeds synchronization capacity, quotient mismatch and false coordination
increase while coordination success declines. The dashed threshold marks Zsem−sync = 1; the
nonlinear falloff is illustrative. Beyond Zsem−sync ≈ 1.5, surface-level lexical agreement often
masks divergent policy maps – a false-consensus regime where agents share a term but attach
incompatible quotient structures to it.

10 Meaning recovery

Meaning recovery is not simply adding more data. A system can drown in raw information
while still lacking the quotient structure that preserves action. Recovery requires rebuilding
distinctions that were falsely merged, adding verification, externalizing stable records, changing
the task, or refining context-specific quotient classes.

Definition 17 (Meaning recovery). Meaning recovery is the restoration of policy, value, pre-
diction, verification, or coordination preservation after semantic loss, usually through quotient
refinement, externalized records, verification, task relaxation, or resource expansion.

Proposition 7 (Raw information restoration is not sufficient). Restoring raw information volume
does not necessarily restore FDS-meaning if the semantic quotient remains false, misaligned, or
unverifiable.

Proof sketch. FDS-meaning depends on downstream preservation, not raw volume. If the
quotient still merges distinctions requiring different policies, Eq. (11) remains positive even if
more data are present.
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Synthetic normal-form illustration: meaning recovery by quotient refinement
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Figure 8: Synthetic normal-form illustration, not empirical evidence. After overload, policy
preservation may recover only when quotient refinement splits false classes or adds verification.
Merely reducing semantic deficit need not immediately restore meaning.

11 Domain audit examples

Table 3: Audit templates, not empirical confirmations. Each row requires domain-specific bridge
assumptions and tests.

Domain Semantic quotient Preserved structure Failure mode Failure test

Biological
regulation

chemical cue class regulatory response /
homeostasis

false cue, maladaptive
trigger

perturb cue class and mea-
sure regulatory error

Cognition concept category action, prediction, re-
trieval

overgeneralization,
stereotype, confusion

replace category and mea-
sure action or retrieval loss

LLM / AI sys-
tem

embedding or latent
type

tool use, answer, verifica-
tion

hallucination, false
friend, prompt proxy

test embedding-near cases
requiring different tool ac-
tions

Organization dashboard category /
KPI class

policy and resource allo-
cation

metric gaming, slogan
collapse

audit KPI categories
against downstream
policy loss

Science construct / method /
evidence type

replication, prediction,
correction

citation proxy, false the-
ory class

test construct substitution
under replication or pre-
diction

Law / institu-
tion

legal category / rule dispute resolution, coor-
dination

rigid rule, loophole, cate-
gory error

audit edge cases where one
rule class induces incom-
patible remedies

Civilization archive / standard /
norm

cross-generational coor-
dination

semantic drift, lost stan-
dard, polluted record

compare archived stan-
dard across generations
and recovery tasks

12 Normal-form model and reproducibility

The accompanying code implements deterministic synthetic normal-form illustrations. The
model is not empirical evidence. It is a consistency and visualization device that maps the
definitions to simple state variables.

The model generates fine distinctions, latent policy labels, embedding similarity, semantic
quotient classes, FDS-value proxies, semantic capacity deficit, policy preservation, false com-
pression, shared-meaning synchronization load, and quotient-refinement recovery. It implements
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policy-preserving quotienting, embedding-policy dissociation, capacity-driven semantic collapse,
false compression, shared-meaning failure, and recovery by quotient refinement. The random
seed is fixed in code/generate results.py. CSV outputs are stored in data/; figure pairs are
stored in figures/.

Table 4: Normal-form variable map. All entries are illustrative, not fitted empirical quantities.

Simulation variable Paper definition Interpretation

fine distinction di ∈ D task-level difference before quotient-
ing

semantic type qsem(di) quotient class used by the system
policy label π∗(di, c) reference downstream ac-

tion/update
policy preservation Eq. (8) quotient action agreement
semantic loss Eq. (11) boundary loss from quotienting
semantic deficit Eq. (14) maintained semantic capacity short-

fall
false compression Eq. (15) quotient class merges policy-

different items
embedding similarity representation metric not sufficient for FDS-meaning
semantic synchronization Eq. (25) shared meaning load factor
quotient refinement recovery intervention splitting false classes / adding veri-

fication

13 Protocols and tests

Protocol 1 (Semantic quotient audit). Pre-specify boundary, task family, context family,
action or policy space, loss, horizon, candidate distinctions, semantic quotient, tolerance, ver-
ification channel, and failure condition. Estimate ∆+

π , Lsem, semantic preservation vector,
false-compression rate, unsupported-completion rate, and semantic load.

Protocol 2 (Policy-preservation test). Replace fine distinctions with quotient types and test
whether downstream action, verification, coordination, or boundary loss changes beyond toler-
ance.

Protocol 3 (Compression-benefit test). Compare semantic load reduction against policy or
boundary-loss increase. A useful quotient lowers maintained semantic demand more than it
increases downstream loss.

Protocol 4 (False-compression test). Identify quotient classes containing distinctions that
require different policies, different verification statuses, or different FDS-value rankings. Audit
whether the merge causes boundary loss.

Protocol 5 (Embedding-policy dissociation test). Compare embedding similarity with policy
equivalence. M3 predicts that embedding closeness alone is insufficient for FDS-meaning when
action, verification, or coordination demands differ.

Protocol 6 (Shared meaning audit). For multiple agents, institutions, or systems, compare
quotient maps, policy outputs, verification routines, and coordination outcomes under shared
contexts.

Protocol 7 (Semantic synchronization stress test). Increase communication load or reduce
verification capacity. Prediction: shared meaning degrades when semantic synchronization
demand exceeds the specified synchronization bottleneck Cmsync.
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Protocol 8 (Meaning recovery test). After semantic collapse or false compression, restore
meaning by quotient refinement, verification, externalized records, task relaxation, or resource
expansion. Test whether policy preservation improves.

14 Relation to existing fields

Information theory and rate distortion. M3 inherits the rate-distortion discipline of finite
representation from Shannon information theory and modern information theory [5, 6]. Semantic
deficit is not a raw data deficit; it is a task-relative preservation deficit.

Information bottleneck and sufficient statistics. The information bottleneck compresses
input while preserving relevance to a target [7]. M3 is compatible with that form but specifies
the target as action, prediction, verification, coordination, or boundary-maintenance relevance
in an active finite system.

State abstraction and bisimulation. Reinforcement-learning state abstraction and bisim-
ulation study when states can be grouped without changing decision performance [8, 9]. M3
treats semantic quotients as a more general bridge: the quotient may preserve policy, FDS-value,
verification, or coordination rather than only reward dynamics.

Causal abstraction and representation learning. Recent causal state abstraction and
causal representation work addresses when compressed or higher-level variables preserve causal
structure relevant to intervention [10, 11]. M3 aligns with that direction by requiring intervention-
audited downstream preservation.

Semantic communication. Goal-oriented semantic communication transmits task-relevant
meaning rather than raw bits [12, 13]. M3 provides a finite-boundary language for when such
compression is meaningful: it must preserve downstream use under capacity and verification
constraints.

Linguistic semantics and pragmatics. M3 does not replace truth-conditional semantics,
pragmatics, semiotics, or use-theoretic meaning. Peirce and Morris already emphasized sign
relations and use-contexts [14, 15]. M3 contributes an operational finite-system audit: what
quotient is preserved, for which task, under which capacity budget? Gricean maxims can be
reinterpreted in FDS terms as constraints on efficient quotient transfer: provide enough structure
for the receiver’s policy or verification update, avoid overloading the channel, avoid unsupported
completions, and preserve distinctions relevant to coordination [19].

Embeddings, LLMs, and hallucination. Embedding spaces and transformer attention
are useful representational machinery, but neither embedding proximity nor internal routing
is sufficient for FDS-meaning. The quotient must preserve downstream policy or verification
structure. Unsupported completion occurs when a system fills missing semantic structure with
high-probability but unverified content. Recent surveys of hallucination mitigation emphasize
grounding, retrieval, feedback, and verification mechanisms, which correspond in M3 to reducing
unsupported completion and restoring verification-preserving quotients [20].

15 Limitations and falsification

M3 is intentionally limited. It does not define all linguistic, subjective, or moral meaning. It
provides mappings that must survive operational audit. The framework is weakened or demoted
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under any of the following results:

1. compressed representations function semantically under a specified mapping while preserv-
ing no action, prediction, verification, coordination, or boundary-relevant structure;

2. policy-preserving quotient tests systematically fail to predict downstream use under domains
where M3 is claimed to apply;

3. embedding similarity always suffices for policy, value, and verification equivalence under
audited tasks;

4. semantic deficit produces no measurable merging, drift, proxy substitution, unsupported
completion, or semantic loss under capacity stress;

5. shared meaning persists without quotient alignment, external records, verification, transla-
tion, or coordination channels;

6. meaning recovery always follows from raw information increase without quotient recon-
struction;

7. high-level meanings fail to preserve policy, value, or coordination relevance across any
stated context or perturbation family.

16 Conclusion

M3 defines FDS-meaning as a finite-system quotient operation. FDS-meaning is not raw
information, embedding similarity, moral value, or linguistic meaning in full. It is actionable
semantic quotient: compression that preserves downstream action, prediction, verification,
coordination, or boundary-maintenance relevance under specified capacity and task constraints.

The central chain is

attended distinction → FDS-value ranking → goal orientation → semantic quotient → meaning

→ action / prediction / verification / coordination.
(26)

M2 ranks what matters for boundary maintenance; M3 specifies which compression preserves
what matters. M3 prepares later work. M5 can treat trust as delegated semantic verification.
A2 can audit whether artificial systems false-compress host-relevant distinctions. S2 can analyze
epistemic pollution as attacks on shared semantic quotients. G3 can treat science as quotient
refinement through replication and error correction. G4 can treat archives, standards, and
protocols as civilization-scale semantic synchronization infrastructure.

Code and data availability

The deterministic synthetic normal-form code, figures, and CSV outputs are included in the
replication package. Run python code/generate results.py from the paper directory to
regenerate all figures and data.

AI assistance disclosure

The author used AI assistance for drafting, editing, simulation scaffolding, and consistency checks.
The author reviewed and selected the final claims, definitions, equations, and interpretations.
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A M-series dependency map

Table 5: How M3 supports later M-series and civilization-layer papers.

Future paper Interface supplied by M3

M5 Trust Trust reduces repeated semantic verification and allows quotient reuse.
A2 AI Alignment Artificial agents must not false-compress host-relevant distinctions.
S2 Epistemic Pollution Pollution attacks shared semantic quotients and verification bandwidth.
S3 Institutional Col-
lapse

Institutions can fail through semantic drift, slogan collapse, and false
compression.

G3 Science Scientific method refines semantic quotients through replication and
error correction.

G4 Civilization Mem-
ory

Archives and standards stabilize semantic quotients across time.

M11 Narrative Narratives compress causal and value structure for transmission.

B Notation summary

Table 6: Notation used in M3.

Symbol Meaning

S active finite distinction system
Dt candidate or admitted distinction set at update window t
Tt semantic type space
qsem semantic quotient map Dt → Tt
Ψsem semantic task family
π∗ fine-grained reference policy
πq quotient-level policy
C context family
ℓmaint boundary-maintenance loss
∆π(d, c) policy loss from using quotient representation
Lsem(q) semantic policy loss of quotient q
Csem(t) maintained semantic capacity

R
(τ)
sem rate-distortion demand for semantic task preservation

∆sem(t) semantic capacity deficit
V net
t (z; k) net FDS-value from M2

ϵπ, ϵV policy and value preservation tolerances
Zsem−sync semantic synchronization load factor
Ccomm, Cverify communication and verification capacity
Σphys physical entropy ledger, when bridge assumptions apply
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