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Abstract

This paper proposes a philosophical model of knowledge and states it in field-theoretic
terms. The proposal is that knowledge is constraint dynamics on an evolving manifold:
at any time, a subject’s admissible continuations are shaped by a structure of constraints,
figurable as a surface whose stable regions are the subject’s settled capacities; and the sur-
face itself evolves, its evolution driven by the subject’s couplings to what it is not, the envi-
ronment, other subjects, and the condensed symbolic structures its history has deposited.
Applying knowledge is the fast dynamics upon the surface; learning is the slow dynamics
of the surface; and the two form one system, since applications leave records and records
feed the couplings that reshape the surface. The setting is a combinatorial substrate of
the kind that background-independent approaches to quantum gravity, group field the-
ory among them, have developed as models of the emergence of a discrete spacetime, in
which no arena is given in advance and structure is carried by the relations themselves;
the substrate is used as a formal template, and no physical claim is made of the objects
described. The paper works in two registers under an explicit discipline: a combinatorial
base defines knowledge as the constraint structure on a subsystem’s admissible continua-
tions, proves that acquisition requires prior structure and that constraint structures pass
between subjects only through the recipient’s own continuations; a declared enrichment
then introduces the manifold, the surface and the two-time dynamics, with each effec-
tive object anchored to a combinatorial counterpart, its anchored and its merely posited
features separated, and its conditions of failure named. Inheritance, the coarsening and
refinement of discrimination, and the reconstruction of the past are treated within the
model. The paper is conceptual, preliminary and offered for revision: its scope, the con-
siderations behind its modelling choices, its limitations, and its open questions are stated
in dedicated sections, and its debts to prior work, from the epigenetic landscape to struc-
tural coupling, are conceded where they arise.

Keywords: knowledge emergence; constraint dynamics; evolving manifold; effective poten-
tial; background independence
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1 Introduction

The keynote of this paper can be stated in three sentences, and stating it first is the honest
order, since everything after is elaboration, qualification and defence. Knowledge is not a
stock of representations held by a subject; it is constraint dynamics on an evolving manifold.
At any time, what a subject can do, distinguish and continue into is shaped by a structure
of constraints, and that structure is usefully figured as a surface: its stable regions are the
subject’s settled capacities, and its shape is what the subject knows. And the surface is not
fixed: it evolves, and its evolution is driven by the subject’s couplings to what the subject is
not, the environment it acts in, the other subjects it interactswith, and the condensed symbolic
structures, languages, techniques and institutions, that history has deposited around it.

Two consequences of the keynote organise the paper. First, knowing and learning become
two timescales of one dynamics: applying knowledge is motion upon the surface, under the
constraints as they stand; learning is deformation of the surface, a change in the constraints
themselves; and the separation of the two timescales is a substantive condition that can fail.
Second, knowledge becomes constitutively relational: since the surface evolves only through
couplings, a subject’s knowledge is at every point the sediment of its relations, and the ques-
tion what a subject knows is inseparable from the question what it has been coupled to.

The paper’s register requires an equal candour. The keynote is a philosophical proposal,
and its field-theoretic dress, amanifold, a potential, couplings, a slowflow, is amodel, adopted
because it makes the proposal precise enough to be examined and revised. The paper there-
fore works under a two-register discipline. A combinatorial base, inherited from four com-
panion studies, hereafter Companion Studies I to IV, and restated in full in Section 3, defines
knowledge without geometric commitments, as the constraint structure on a subsystem’s ad-
missible continuations, and proves what can be proved there. A declared enrichment, stated
object by object in Section 4, then introduces the manifold and the surface, and for each ef-
fective object separates what its combinatorial anchor supports from what the model merely
posits. Claims resting only on anchored features aremarked as such; claims resting on posited
features are proposals. Section 4 also states what the model is a model of and what it leaves
out, and Section 12 collects the limitations and the open questions, which are substantial.

The intellectual debts are old and are conceded where they arise. That development runs
on a shaped landscape, itself underpinned by a network, is Waddington’s picture [16]. That a
system’s structure changes through recurrent coupling while its organisation is conserved is
the structural coupling of Maturana and Varela [9, 10], and the keynote’s second half is that
thesis in field-theoretic dress. That intelligent capacity is prior to representation is Ryle’s and
Polanyi’s ground [13, 12]. The two-time reading of application and learning restates Piaget’s
pair of assimilation and accommodation [11], and is standard in connectionist modelling as
the split between fast activations and slow weights [4]. Three further lineages bear on the
model and are conceded here. The systematic treatment of slow and fast variables, in which
the slow enslave the fast, is developed in synergetics [3]; the study of dynamics on deforming
potential surfaces belongs to the morphogenetic tradition [14]; and a large contemporary lit-
erature models learning as the minimisation of a variational quantity [2], whose apparatus is
probabilistic where the present one is an admissibility relation, a difference of instrument and
no claim of superiority. The paper’s claim to novelty is confined: it places these positions on
one substrate, in continuity with the four companion studies, of symbols, alienation, subject
formation and observation, so that knowledge, its inheritance, its application and its revision
of the past are configurations of the same few relations that carry those accounts.
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2 Preliminaries

The paper borrows its setting from physics, its central image from dynamical systems, and
its bookkeeping from elementary mathematics. All three are set out here in plain terms, and
Section 3 resumes the formal development.

The physical picture. Several current programmes in quantum gravity build spacetime, tak-
ing none as given. Their elementary object is a network: dots, called vertices; links joining
the dots, called edges; and surfaces spanning closed circuits of links, called faces. A history
of such a network, in which edges and faces persist, appear and recombine, is called a spin
foam, the name recalling the walls of soap bubbles. Group field theory is a machinery for gen-
erating such histories: a single mathematical object, a field defined over a space of symmetry
operations, whose systematic expansion produces foams in the way that the expansion of a
particle theory produces interaction diagrams. Geometric quantities are labels carried on the
network’s parts. Background independence names the resulting situation: there is no stage on
which events are placed, the network of relations is all there is, and space, time and extent are
features of it. This paper takes from the physics only the skeleton, a complex of labelled cells,
as bookkeeping for relations, and borrows the field-theoretic imagery a second time, at the
effective level, under the discipline of Section 4.

The dynamical image. A potential surface is a landscape over a space of possible states: valleys
are stable arrangements, in which a system settles; ridges separate valleys; and a ball rolling
on the landscape pictures a system evolving under its constraints. Two kinds of change are
then distinct: the ball moving on a fixed landscape, and the landscape itself deforming, val-
leys deepening, merging or appearing, so that where the ball can settle changes. When the
landscape deformsmuchmore slowly than the ball moves, the two dynamics separate cleanly,
and this slow and fast separation is the image behind the paper’s treatment of applying and
learning. The image commits, taken literally, to more than the paper can support, and Sec-
tion 4 states exactly how much of it is meant.

The mathematical vocabulary. A relation pairs objects; 𝑥 ∈ 𝑆, 𝑆 ⊆ 𝑇 and 𝑆 ∖ 𝑇 read: 𝑥
belongs to 𝑆; every member of 𝑆 belongs to 𝑇 ; the members of 𝑆 outside 𝑇 . An equivalence
relation sorts objects into classes, the quotient being the collection of the classes. A partial order
ranks some pairs and leaves others unranked, and much of the series’ discipline consists in
claiming partial orders where a stronger vocabulary would claim numbers. A horizon ℎ is a
stated number of steps bounding a claim. A manifold is a space that near any point looks like
ordinary coordinate space; the paper uses the word for its effective state space and states in
Section 4 which of the word’s commitments it takes on.

3 The Relational Setting

This section states the combinatorial apparatus in full, so that the paper may be read on its
own. The derivations are given in four companion studies, cited by number throughout: Com-
panion Study I on symbol emergence [8], II onMarxian alienation [5], III on subject formation
[7], and IV on the internal observer [6]; the present paper is the fifth of the set. Results im-
ported from them are stated in full where they are used, as numbered Established Results,
their proofs alone remaining with their sources. A reader may take the definitions and the
imported results as stipulations and judge the paper against them.

3.1 Substrate, subsystems, and time

Definition 3.1 (Complex, subsystem, worldtube). A complex 𝒞 is a set of cells, vertices, edges
and faces, with the record of which is incident to which, together with labels on the cells; a
configuration of a region assigns labels to its cells. A subsystem is a subcomplex 𝒞𝐼 ⊂ 𝒞 with
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Table 1: Notation. Each symbol is introduced where indicated; the table is a lookup and replaces no
definition.

Symbol Reading Introduced

𝒞, 𝒞𝐼 , 𝜕𝒞𝐼 complex; subsystem; its boundary Definition 3.1
𝒲𝐼 worldtube: a subsystem whose boundary persists Definition 3.1
𝑢 ⪯ 𝑣 𝑢 precedes 𝑣 in the record-generated order Definition 3.2
𝜒, 𝑋𝐼(𝜒) clock; the configuration on its level set, a cut Definition 3.2
𝑋 = (𝐸, 𝑋𝐼) joint configuration: environment on the boundary,

and subsystem
Definition 3.3

𝑋 ⇝ 𝑋′ 𝑋′ is an admissible continuation of 𝑋 Definition 3.3
Con𝐼(𝑋), Conℎ

𝐼 (𝑋) continuation set; admissible ℎ-step continuation se-
quences

Definition 3.3

𝑈 ⊗ 𝑉 , ⋅ composition of configurations on disjoint regions; a
component held fixed

Definition 3.3

𝒫𝐼 context class: the admissible boundary variations
compared

Definition 3.4

𝑍 ≈𝐼,𝑋 𝑍′ indistinguishable for 𝐼 at 𝑋; ∼𝐼,𝑋 on boundary con-
figurations

Definition 3.4

[𝐸]𝐼,𝑋 a discrimination class Definition 3.4
𝑇 ⊑ 𝑋 𝑇 is a subconfiguration of 𝑋 Definition 3.5
𝜋 product: a trace whose presence alters Con𝐼 Definition 3.5
𝜎 ⊣𝒴 [𝐸]𝐼,𝑋 𝜎 substitutes for the class over the interaction class

𝒴
Definition 3.6

𝜚 residue: the interactions at which substitution fails Definition 3.6
Σ𝐼 repertoire: 𝐼 ’s set of symbols Definition 3.6
Med(𝜋) the subsystems 𝜋 mediates Definition 3.7
Revℎ(𝜎) the subsystems able to revise 𝜎 within ℎ steps Definition 3.8
[L2], [L3] level tags: combinatorial; effective §4
𝑋𝑆 sufficient-state sector Definition 3.10
𝐾𝐼(𝜒) constraint structure: knowledge Definition 5.1
ℳ𝐼 , 𝑉𝐼 effective manifold; constraint surface Section 4
𝑤, 𝜒slow slow variables; the slow timescale Section 4

boundary 𝜕𝒞𝐼 ; 𝒞 ∖ 𝒞𝐼 is its environment. A worldtube 𝒲𝐼 is a subsystem whose boundary
persists.

The partition is a description choice and it is symmetric: for any two subsystems each lies
in the environment of the other, and the selection of one is an act of the describer.

Definition 3.2 (Record relation, order, clock, cut). For cells 𝑢, 𝑣, write 𝑢 𝑅 𝑣 when 𝑢 con-
tributed to a persistent configuration on which the admissible continuations at 𝑣 depend; ⪯
is its reflexive transitive closure, assumed acyclic. A clock 𝜒 is a function into a totally ordered
set, non-decreasing along ⪯; its level sets are cuts, and 𝑋𝐼(𝜒) is the configuration on the cut.

Time is generated by the production of records: what has left a record constraining a cell
precedes it, and a state is a cut.

Definition 3.3 (Admissibility and continuation sets). The dynamics is a relation ⇝ between
joint configurations at successive cuts,

(𝐸, 𝑋𝐼)(𝜒𝑛) ⇝ (𝐸, 𝑋𝐼)(𝜒𝑛+1),

5



with 𝐸 the environment’s configuration on 𝜕𝒞𝐼 , present at every cut. For 𝑋 = (𝐸, 𝑋𝐼),

Con𝐼(𝑋) = { 𝑋′
𝐼 ∶ 𝑋 ⇝ (𝐸′, 𝑋′

𝐼) for some 𝐸′ },

and Conℎ
𝐼 (𝑋) is the set of admissible ℎ-step continuation sequences from 𝑋 with their real-

ising joint sequences. Configurations on disjoint regions compose as 𝑈 ⊗ 𝑉 ; a component
written ⋅ is held fixed by context.

The relation is primitive and carries noweight over continuations. Where amodel supplies
an amplitude, the relation is its support, and nothing below uses more than that.

3.2 Discrimination

Definition 3.4 (Context class, indistinguishability, discrimination). A context class 𝒫𝐼 is a set
of admissible boundary variations, produced historically and differing between parties. For
configurations 𝑍, 𝑍′ presented to 𝐼 at 𝑋,

𝑍 ≈𝐼,𝑋 𝑍′ iff Con𝐼(𝑋, 𝑍, 𝑝) = Con𝐼(𝑋, 𝑍′, 𝑝) for every 𝑝 ∈ 𝒫𝐼 ,

an equivalence relation; its restriction to boundary configurations is ∼𝐼,𝑋, with classes [𝐸]𝐼,𝑋.

Discrimination is indexed to 𝑋: what a subsystem carries alters what it distinguishes. A
boundary admitting no variation yields exactly one class.

3.3 Traces, products, symbols

Definition 3.5 (Trace, generation, product). A configuration is a trace over an interval when
it is a subconfiguration of 𝑋𝐼(𝜒) throughout it, and is generated by 𝐼 when it is absent at an
earlier cut, present at a later one, and the realising continuation runs through cells of 𝒞𝐼 . A
trace 𝜋 is a product when it participates: for some 𝑌 ,

Con𝐼( ⋅ ⊗ 𝜋 ⊗ 𝑌 ) ≠ Con𝐼( ⋅ ⊗ 𝑌 ).

Definition 3.6 (Symbol and residue). For a class 𝒴 of interaction configurations, a product 𝜎
is a symbol for 𝐼 over 𝒴, written 𝜎 ⊣𝒴 [𝐸𝐴]𝐼,𝑋, when for every 𝑌 ∈ 𝒴

Con𝐼(𝑋 ⊗ 𝜎 ⊗ 𝑌 ) /≈𝐼,⋅ = Con𝐼(𝑋 ⊗ 𝐸𝐴 ⊗ 𝑌 ) /≈𝐼,⋅ ,

𝐸𝐴 representing the class. The residue over a wider class is the set of interactions at which the
equality fails. The repertoire Σ𝐼 is 𝐼 ’s set of symbols.

The symbol occupies, across the stated class, the place amember of the classwould occupy;
no interpreter, resemblance or reference enters, and the condition is checked by comparing
continuation sets. Substitution is exact only up to what the subsystem itself distinguishes.
Established in [8] and used below: ⊣ is neither symmetric nor transitive, is relative to the sub-
system, composes up to residue, and every symbol is a product while products participating
without substituting are not symbols. Symbols vary independently along three axes: pri-
vacy, whether the configuration is carried within one worldtube or across several; timescale,
whether it changes on the scale of internal steps or of boundary exchanges; and the class sub-
stituted for, whether of environmental configurations, of configurations at later cuts, or of the
subsystem’s own.
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3.4 Mediation and revision

Definition 3.7 (Mediation and the mediation set). A product 𝜋 mediates 𝐼 at 𝑋 when Con𝐼 de-
pends on it: there are 𝑋, 𝑋′ agreeing except on 𝜋 with Con𝐼(𝑋) ≠ Con𝐼(𝑋′), the mechanism
being selection among admissible continuations. Med(𝜋) is the set of subsystems mediated.

Mediation of itself carries no verdict: every tool, grammar and institution mediates those
whose continuations depend on it.

Definition 3.8 (Revision set). 𝐼 ∈ Revℎ(𝜎) at 𝑋 when there are 𝑐, 𝑐′ ∈ Conℎ
𝐼 (𝑋) whose contri-

butions from outside 𝐼 are identical, which differ within 𝐼 ’s sector, and whose configurations
of 𝜎 at step ℎ differ.

The first clause isolates difference-making through 𝐼 on continuations the dynamics ad-
mits, with no intervention and no counterfactual. Both sets support membership and inclu-
sion, and no magnitude follows from them.

3.5 Condensates, sectors, and separation

Definition 3.9 (Condensate). Let a coupling between subsystems be active over an interval
and absent after it. A product 𝜎 is a condensate of that coupling when 𝜎 persists beyond the in-
terval and substitutes, over some non-empty interaction class, for the configurations in which
the coupling was active. A condensate mediates any party whose continuations depend on
it, parties never party to the coupling included, and supplies such parties with no revising
continuation by its constitution alone.

Definition 3.10 (Sufficient-state sector, separation). A decomposition 𝑋𝐼 = (𝑋𝑅, 𝑋𝑆) is ad-
missible when Con𝐼 at a cut is a function of (𝐸, 𝑋𝑅, 𝑋𝑆) there while failing to be a function
of (𝐸, 𝑋𝑅) alone; 𝑋𝑆 is the sufficient-state sector, the part of the configuration that carries the
subsystem’s persistent structure. A worldtube has 𝑠-separation on a stretch when at least 𝑠
internal vertices lie between consecutive boundary-incident vertices; internal continuations,
confined to internal cells, then run between exchanges.

The condensate and the decomposition are established in Companion Study I [8], sepa-
ration and its consequences in Companion Study III [7]; they are used below in Section 8,
wherever a subsystem’s persistent structure is spoken of, and as the combinatorial anchor of
the slow and fast decomposition of Section 7. One result of Companion Study I is imported
here in full, since three later sections stand on it.

Established Result 3.11 (Configuration indexing; Companion Study I). Discrimination is in-
dexed to the subsystem’s configuration: for fixed boundary data and context class, the relation ≈𝐼,𝑋
varies with 𝑋𝐼 , so that acquiring or losing persistent structure alters which configurations the subsys-
tem distinguishes. In particular the acquisition of a symbol can strictly refine, and can strictly coarsen,
the discrimination on a region.

4 Levels, the Declared Enrichment, and the Scope of the Model

4.1 Levels and the rule of the paper

Statements in this paper carry one of two tags. [L2] marks the combinatorial level: the com-
plex, its configurations, and the admissibility relation, with everything defined from them.
[L3] marks the effective level: descriptions of emergent, coarse-grained structure in the vocab-
ulary of manifolds, potentials and couplings. The rule of the paper is that every [L3] object is
introduced with three declarations: its anchor, the [L2] structure it coarse-grains; its anchored
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features, the properties the anchor supports; and its posited features, the properties the model
adds for tractability and vividness. Claims resting only on anchored features hold as combi-
natorics in effective dress. Claims resting on posited features are proposals of the model, and
the paper marks them.

4.2 The declared enrichment

Three effective objects are used, and their declarations follow.
The manifold ℳ𝐼 . The effective state space of a subsystem’s persistent structure, with co-

ordinates the slow variables 𝑤: the sufficient-state sector and the repertoire at coarse grain.
Anchor: the set of constraint structures (Definition 5.1) reachable by the subsystem, with the
partial order of admissible reachability. Anchored: the connectivity of that set and the reach-
ability order. Posited: smoothness, dimension, and any coordinate system. Fails when: the
reachable set is too discrete or too disconnected for a continuum picture to organise anything.

The surface 𝑉𝐼 . An effective potential over ℳ𝐼 whose local minima are the metastable con-
straint structures, the settled capacities; the hypothesis carried from the source of this project
is that acquired symbols are occupied minima of the shared sector. Anchor: the stability of
repertoires and traces under admissible perturbation, the invariance formulation of Proposi-
tion 5.2. Anchored: which structures are stable, and the adjacency of basins as an accessibility
order. Posited: depth, curvature, any metric, and gradient flow. Fails when: stability is main-
tained by ongoing external input, so that basin talk misattributes to shape what is due to
driving.

The two-time dynamics. Fast flow on the surface at fixed 𝑉𝐼 , and slow deformation of 𝑉𝐼
through coupling terms, developed in Section 7. Anchor: the separation of internal steps from
boundary exchanges (Definition 3.10), and the [L2] distinction between continuation under a
constraint structure and change of the constraint structure. Anchored: that distinction. Posited:
adiabaticity, and the functional form of the couplings. Fails when: the timescales mix, which
is a substantive and interesting failure, recorded in Section 12 as the crisis of learning.

4.3 What is modelled and what is not

The model is a model of the structure of knowing: of the relation between capacity and con-
straint, application and learning, inheritance and reconstruction. It models a subject as a sub-
system of a relational complex, knowledge as the constraint structure on the subject’s admis-
sible continuations, and learning as the evolution of that structure through coupling.

The model does not treat, and the paper claims nothing about: the content of any partic-
ular knowledge; truth, justification or warrant, which belong to epistemology proper and are
compatible with several positions there; consciousness or experience, on which the substrate
is silent; the neural or physiological realisation of any capacity; and any quantitative predic-
tion, since the admissibility relation carries no weight and every magnitude in the paper is
a posited feature of the enrichment. Where the paper’s vocabulary touches established em-
pirical fields, developmental psychology, the learning sciences, connectionist modelling, the
relation claimed is one of formal location, and priority is theirs.

5 Knowledge as Constraint Structure

The combinatorial base of the model is one definition and two propositions, and everything
in this section is [L2].

Definition 5.1 (Constraint structure, [L2]). The constraint structure of 𝐼 at the cut 𝜒 is the map

𝐾𝐼(𝜒) ∶ (𝐸, 𝑝) ⟼ Con𝐼(𝑋; 𝐸, 𝑝),
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assigning to each boundary configuration and context the induced continuation set: the re-
striction of the admissibility relation around the subsystem’s configuration. The paper’s base
proposal is that knowledge is the constraint structure: to know is for one’s admissible continu-
ations to be shaped thus, and an item of knowledge, where the phrase is useful at all, is a
feature of the shape.

The definition places capacity before representation, in a lineage the introduction con-
ceded, and it makes knowledge relational twice over: the structure is defined on the bound-
ary, so its content concerns the subsystem’s couplings; and it is indexed to the subsystem’s
configuration, so what is carried shapes what is known.

Proposition 5.2 (Two formulations, one object, [L2]). The invariant content of 𝐾𝐼 across the con-
text class is the discrimination structure: the quotient of boundary configurations by ∼𝐼,𝑋, together
with the induced map on continuation sets, determines and is determined by 𝐾𝐼 restricted to 𝒫𝐼 .

Proof. From 𝐾𝐼 the quotient and the induced map are constructed by Definition 3.4, since ∼
is defined by equality of the very continuation sets 𝐾𝐼 assigns. Conversely, the quotient and
the induced map recover 𝐾𝐼 on 𝒫𝐼 up to the labelling of class representatives, which is all
that determination over the context class can mean.

The proposition reconciles the project’s two source formulations. Knowledge as constraint,
the shape of what may follow, and knowledge as invariance, what survives every admissible
perturbation, describe one object, and the choice between them is a choice of emphasis: the
first foregrounds the shaping, the second the stability of the shape.

Proposition 5.3 (Acquisition requires structure, [L2]). If 𝐾𝐼 is trivial, in that the assigned con-
tinuation sets are independent of (𝐸, 𝑝), then 𝐼 has exactly one discrimination class, no product of 𝐼 ’s
is a symbol, and 𝐼 acquires no symbol at that cut. An initial constraint structure is a precondition of
acquisition.

Proof. Independence of the continuation sets from the boundary data collapses Definition 3.4
to a single class; a symbol substitutes for a discrimination class, and substitution for the sole
class is trivial; acquisition adds a symbol to the repertoire, and there is none to add.

The proposition derives, from the definitions alone, a conclusion usually defended em-
pirically: a blank slate cannot learn, since learning is reshaping and a trivial shape offers no
purchase. The specification of an initial condition as maximal plasticity with an acquisition
mechanism and an empty repertoire, given in Companion Study III [7], is hereby closed from
the other side: the repertoire may be empty, and the constraint structure may not.

6 The Effective Manifold and the Constraint Surface

This section is [L3] throughout, under the declarations of Section 4.
The space of constraint structures reachable by a subsystem, ordered by admissible reacha-

bility, is coarse-grained as amanifoldℳ𝐼 , with coordinates the slowvariables𝑤: the sufficient-
state sector and the repertoire at coarse grain. Over ℳ𝐼 themodel posits a surface, an effective
potential 𝑉𝐼(𝑤), whose local minima are the metastable constraint structures: the arrange-
ments of the subsystem’s persistent structure that admissible perturbation within the context
class leaves in place. The anchored content of the surface is exactly the invariance formula-
tion of Proposition 5.2: which structures are stable, and which are reachable from which, the
adjacency of basins. Depth, curvature and flow are posited.

On this surface the hypothesis that initiated the present project is stated as a modelling
proposal. Acquired symbols are occupied minima: a symbol held in the repertoire is a stable
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arrangement of the shared sector of the surface, its stability being the persistence and substitu-
tion that the combinatorial definition requires, and the repertoire at a cut is the set of minima
the subsystem’s history has settled. The proposal earns its place by what it organises: ac-
quisition becomes the appearance or deepening of a basin followed by settlement; forgetting
becomes the flattening of a basin; interference between acquisitions becomes the interaction
of basins; and the difficulty of unlearning becomes the depth of what must be climbed out of.
Each of these is a redescription, anchored only as far as Section 4 states, and offered because
redescription in one connected image is itself a contribution when the phenomena are usually
treated piecemeal.

7 The Evolution of the Surface through Coupling

The keynote’s second half is that the surface is not fixed, and this section states its dynamics,
[L3] under the declarations, with the combinatorial anchor made explicit at each step.

The model separates two timescales. On the fast scale the surface is fixed and the subsys-
tem’s state flows upon it: continuation under the constraint structure as it stands, which is
the effective description of acting, distinguishing and applying what one knows. On the slow
scale the surface itself deforms:

𝜕𝑉𝐼
𝜕𝜒slow

= 𝐹[ 𝑔𝑒 Φenv, 𝑔𝑐 Σcond, 𝑔𝑠 Ψ𝐽 ] ,

where Φenv stands for the environment fields the subsystem is coupled to, Σcond for the con-
densed symbolic structures within reach, languages, techniques, institutions, in the sense of
Definition 3.9, and Ψ𝐽 for the fields of other subjects; the 𝑔’s are coupling strengths and 𝐹 a
functional the model does not fix. The equation is a schema and is offered as one: its con-
tent is the keynote’s claim that the surface evolves only through coupling, so that a subject’s
knowledge is at every point the sediment of its relations. The anchored content is the [L2]
distinction between continuation under 𝐾𝐼 and change of 𝐾𝐼 , together with the separation
requirement of Definition 3.10; adiabaticity and the form of 𝐹 are posited, and their failure is
the crisis case of Section 12.

Learning, on this model, is the slow dynamics: the deformation of the surface through
the couplings. Applying is the fast dynamics: motion upon it. The pair restates, as the in-
troduction conceded, an old and well-supported distinction, and the model’s addition is the
closed loop between them: fast motion leaves records, records condense, condensates enter
Σcond, and the slow drive is thereby fed by the fast history, one’s own and others’. A subject
deforms the surfaces of those it couples to, and its own surface is deformed in turn, which is
the field-theoretic form of the claim that knowing is constitutively social.

One result constrains every reading of the schema, and it is [L2].

Proposition 7.1 (No transfer of structure, [L2]). Let 𝐼 and 𝐽 be distinct subsystems, and let a
persistent change of the configuration-indexed part of 𝐾𝐽 be attributable to 𝐼 . Then the change is
realised through continuations through 𝐽 ’s own cells.

Proof. 𝐾𝐽 is determined by the design and by 𝐽 ’s configuration. The admissible route from 𝐼
to 𝐽 is coupling across 𝜕𝒞𝐽 , which enters 𝐾𝐽 as boundary dependence; a persistent change of
the part indexed to 𝐽 ’s configuration requires a change of that configuration persisting across
cuts, hence the generation of a trace in 𝐽 ’s sector, and generation runs through the cells of the
generating subsystem.

The proposition bounds what any coupling can do: what crosses a boundary is products,
and a product reshapes the recipient’s constraint structure only through the recipient’s own
continuations. Knowledge, on this model, cannot be transmitted, only generated, and the
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slogan is hereby a proposition with stated assumptions. Teaching is thereby relocated, and
ennobled: a teacher cannot install a structure and can arrange couplings, supply products,
and shape the environment fields, under which the student’s own continuations regenerate
the structure; pedagogy is the art of the drive term, exercised without access to the surface it
deforms.

8 Inheritance

A subject’s surface is deformed by more than its contemporaries. The condensed structures
Σcond of Section 7 include the deposits of parties long absent, and coupling to them is inher-
itance: the shaping of a constraint structure by structures whose generation lies outside the
inheritor’s records.

The combinatorial base is imported from Companion Study III [7].

Established Result 8.1 (Continuation without memory; Companion Study III). 𝐵 continues
𝐴 when the generating continuations of 𝐵’s constitution pass through cells conditioned, in the sense
of the record relation, by traces 𝐴 generated; the degree of continuation is ordered by inclusion of the
conditioning trace sets, and branching is admitted in both directions. A conditioning trace is amemory
for 𝐵 only when it is discriminable by 𝐵 within 𝒫𝐵, and continuation to a maximal degree with no
conditioning trace a memory is constructible and ordinary.

The present model adds the effective form. In the effective action of the slow variables, the
past enters as a memory kernel,

𝑆eff ⊃ ∫∫ 𝐾(𝜒, 𝜒′) 𝑤(𝜒) 𝑤(𝜒′) 𝑑𝜒 𝑑𝜒′,

an influence of earlier configurations on present dynamics carried by the accumulated struc-
ture itself, with no stored representation anywhere. The formula is [L3] and schematic; its
anchor is the conditioning relation, and the kernel’s form is posited. It organises the phe-
nomenology of inheritance: a speaker is shaped by generations of a language none of whose
speakers it met, a practitioner by the sedimented technique of a craft, and in each case the
shaping is real, the records are largely inaccessible to the shaped party, and no transfer of
structure occurred at any point, by Proposition 7.1: each generation’s structure was regener-
ated through its own continuations, under couplings the deposits arranged.

Two consequences are worth drawing. Inheritance without memory is the ordinary case,
and accounts that model tradition as stored and retrieved content mislocate it: what persists
is products and the constraint structures they keep regenerating. And the impossibility of
handover dignifies the machinery of transmission: texts, tools, curricula and institutions are
not containers of knowledge but arrangements of coupling, and their quality is the quality of
the regeneration they drive. The debts here are conceded: the habitus of Bourdieu [1] is the
sociological form of the kernel, the tacit dimension of Polanyi [12] its epistemological form,
and internalisation through interaction in Vygotsky [15] its developmental form; the model
contributes a location in which the three are one mechanism.

9 Application: Coarsening and Refinement

Acquired structure does not only enable; it filters. The combinatorial base is configuration-
indexing: discrimination is indexed to what the subsystem carries, so acquisition reshapes
the classes, and the reshaping has two directions.
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Definition 9.1 (Coarsening and refinement, [L2]). An acquisition coarsens 𝐼 ’s discrimination
on a region when, at the later cut, the discrimination relation there has strictly fewer classes;
it refines when strictly more. Both are checkable by comparing the quotients before and after.

On the surface picture, a coarsening is a widening of basins: configurations formerly lead-
ing to different continuations now settle alike, and the subject responds to the class where
it once responded to the case. A refinement is the splitting of a basin: distinctions become
available that were not. Neither direction is defined by truth or falsity, and neither carries a
verdict of itself: a diagnostic training refines a clinician’s discrimination of presentations, and
a notation coarsens a musician’s discrimination of what it deliberately abstracts from, each to
the purpose. The evaluative questions, which coarsenings servewhom, belong to Companion
Study II [5], where the limiting case is analysed under the name of discriminative inversion,
and the imported statement is this: with 𝜅(𝐸) = {𝜎 ∈ Σ𝐼 ∶ 𝜎 ⊣ [𝐸]𝐼,𝑋} the classification of a
configuration by the repertoire, the subsystem is discriminatively inverted on a region when

𝐸𝑎 ≈𝐼,𝑋 𝐸𝑏 ⟺ 𝜅(𝐸𝑎) = 𝜅(𝐸𝑏),

the world discriminated exactly as finely as the repertoire sorts it, under which condition the
residue of every symbol of the repertoire is invisible to the party gripped; the present section
supplies only themechanism, and supplies it for both directions at once, which is its point: the
same dynamics of the surface that opens distinctions closes them, and a theory of knowledge
that treats only refinement has modelled half the phenomenon.

10 The Reconstruction of the Past

The evolving surface bears on the past as well as the future, and the bearing is the model’s
final application.

Records are traces: configurations that persist, and as traces they are what they are, the
past as history. The reconstructed past is another object: what a subsystem can now recover
from its records, the image of the record set under the current constraint structure, since re-
covering is itself continuation and continuation runs under 𝐾𝐼 as it stands. The two objects
diverge in a definite way.

Proposition 10.1 (Reconstruction varies with structure, [L2]). Let two cuts of one subsystem
carry identical record sets and distinct constraint structures whose discrimination differs on the records’
region. Then the reconstructed pasts at the two cuts differ: some class of records supports continuations
at one cut that it supports at neither the other, with no new record anywhere.

Proof. Recovery from records is continuation conditioned on them; by configuration-indexing,
the induced continuation sets differ where discrimination differs; the difference in what is
recoverable is the difference in the reconstructed pasts.

Reinterpretation without new evidence is thereby the expected case, and its familiar in-
stances are ordinary: a diary reread after a decade yields a different past from the same pages;
a discipline’s archive, reanalysed under a refined structure, yields findings the depositors
could not have extracted; and learning in general revises what one’s own history was, since it
revises the structure under which that history is recoverable. On the surface picture, the past
a subject can have is a function of where on the surface it stands, and the slow dynamics of
learning is equally a slow dynamics of the recoverable past.

Two boundary stones close the section. First, the records themselves are untouched by any
of this: reconstruction acts at the present cut, on and under present structure, and the propo-
sition asserts revision of the recoverable, never of the traces; readings of the registered past as
itself created by present acts, of the kind associatedwithWheeler’s participatory formulations
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[17], are hereby declined, and the modest form of the observation that registration involves
the present apparatus is the whole of what is kept. Second, the apparatus of reconstruction,
the records held, the structures trained, the access arranged, is itself a set of products with
mediation and revision sets, so the questions of who can recover what, and who can revise
the conditions of recovery, are instances of a condition defined in Companion Study IV [6]:
a party is observationally subject at horizon ℎ when the placement and structure of its bound-
ary, and thereby the domain of its discrimination, are conditioned by products with the party
outside Revℎ and some other party within it. Applied to records and to the structures trained
for their recovery, the condition states exactly when the reconstructable past of one party is
a product revisable only by another; the present paper notes the location and develops it no
further.

11 Summary of Results

The paper has proposed a model and disciplined it. The proposal: knowledge is constraint
dynamics on an evolving manifold, the surface’s stable regions the settled capacities, its evo-
lution driven by coupling to environment, others and condensates, application the fast dy-
namics upon it and learning the slow dynamics of it. The discipline: a combinatorial base
defining the constraint structure (Definition 5.1), with the equivalence of the constraint and
invariance formulations (Proposition 5.2), the derivation that acquisition requires prior struc-
ture (Proposition 5.3), and the bound that constraint structures pass between subjects only
through the recipient’s own continuations (Proposition 7.1); a declared enrichment separat-
ing, for the manifold, the surface and the two-time dynamics, anchored features from posited
ones, with conditions of failure named (Section 4); and applications to inheritance, with the
memory kernel as the effective form of conditioning without memory, to the two directions
of discrimination change, and to the reconstruction of the past, with Proposition 10.1 placing
reinterpretation without new evidence as the expected case.

12 Limitations and Open Problems

12.1 Conditions of failure

The model fails where its substrate fails, and the substrate’s conditions are stated in Com-
panion Study I [8] and are not repeated. Its own conditions of failure are those declared in
Section 4: a reachable set too discrete for the manifold to organise; stability by driving, which
basin talkmisattributes; and themixing of timescales, underwhich the separation of applying
from learning, and with it the model’s central distinction, degrades. Each failure is checkable
in principle against a stated design, and the second and third name phenomena of indepen-
dent interest.

12.2 What remains unmodelled

The scope section bears repeating in one line: content, truth, warrant, experience, realisation
and quantity are outside the model, and nothing in the paper constrains them.

12.3 Open problems

1. Derivation of the enrichment. Deriving ℳ𝐼 and 𝑉𝐼 from a stated generating field the-
ory, so that the posited features become computed ones, is the genuinely field-theoretic
continuation of this paper and is future work; the present paper is its conceptual layer.

2. The geometric residue. Which of the paper’s effective claims survive on topology and
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order alone, with every metric posit removed.
3. The crisis of learning. The dynamics under timescale mixing, where application and

learning interpenetrate; the adiabatic boundary from the inside.
4. Collective structures. A family’s joint constraint structure, with aggregation excluded

by the standing constraints; the gap is the coalition gap recorded in Companion Studies
II, III and IV, as collective revision, co-formation and the joint observer, and the four are
one problem.

5. The acquirer. What structure makes a subsystem an acquisition mechanism, inherited
from Companion Study III.

6. Kernels with content. Any empirical development of the memory kernel or the drive
functional requires enrichments beyond this paper, and the requirement is recorded so
that no reader takes the schemata for more.

Recapitulation

The paper’s objects and results, collected for reference; the setting is that of Section 3.

• Keynote. Knowledge as constraint dynamics on an evolving manifold: capacities as
stable regions of a surface; the surface deformed only through coupling; applying as
fast motion upon it, learning as slow deformation of it.

• Constraint structure. 𝐾𝐼(𝜒) ∶ (𝐸, 𝑝) ↦ Con𝐼(𝑋; 𝐸, 𝑝); knowledge is the structure itself.
Equivalent to the invariance formulation over the context class. Trivial structure admits
no acquisition.

• Enrichment, declared. ℳ𝐼 : reachable constraint structures, anchored in connectivity
and reachability order, smoothness posited. 𝑉𝐼 : stability anchored, depth and flow
posited; symbols as occupied minima, a modelling proposal. Two-time dynamics: the
applying and learningdistinction anchored, adiabaticity posited; the deformation schema
𝜕𝑉𝐼/𝜕𝜒slow = 𝐹[ 𝑔𝑒Φenv, 𝑔𝑐Σcond, 𝑔𝑠Ψ𝐽 ].

• No transfer. A persistent change of another’s constraint structure is realised through
that party’s own continuations; products cross boundaries, structures regenerate. Teach-
ing as the art of the drive term.

• Inheritance. Conditioning without memory; the effective memory kernel of Section 8;
tradition as arranged coupling, its machinery arrangements of regeneration.

• Application. Coarsening: strictly fewer discrimination classes; refinement: strictlymore;
both checkable, neither evaluative of itself; the same slow dynamics opens and closes
distinctions.

• Reconstruction. Records unrevisable as traces; the reconstructed past the image of the
records under current structure, revised by learning without new evidence; the appara-
tus of reconstruction a set of products with mediation and revision sets.
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