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Abstract

Ring Bank Theory (RBT) treats conscious experience as the joint evolution of two geometric
layers over a brief rolling window: a substrate Attention Schema that mints content, and a
content-bearing Paint Schema family that the substrate samples and projects. The architecture
is built on three load-bearing constructs. First, a ringframe field p(7,t) whose per-schema
components run independent trajectories in the window and are forced into voxel-agreement at a
thin access manifold A(t) at the window’s bleeding edge 7=0; this constraint is the p-zipper, or

concrescence operator Z,. Second, a pose-state field ¥ valued in Sim(3), the chi-rho monogram,
recording where each component and schema sits in similarity space across the window. Third,
a printing operator Il that samples the always-on zipper at the bleeding edge under three
independent sub-operators (mode, map, rate) without gating consciousness itself. We give the
statics (fields over the window) and the dynamics (couplings parametrized by strength and
transfer-symmetry), state the gauge invariance that removes A’s shape and content from the
pose equations, and show how the architecture turns the classical problem of sub-millisecond
phenomenology in a kilohertz substrate from a temporal puzzle into a representational one. We
close with the architecture’s principal substrate hooks.

1 Two clusters and one window

RBT partitions the apparatus of a single conscious moment into two clusters. The Attention
Schema is the substrate machinery: the rolling window, the running ringframe field, the access
manifold at which content commits, the pose-state field, the printing operator, the sensory port,
and the aboutness vector. The Paint Schemas are the content-bearing surfaces directly intuited as
“experience”: the real world R, the imaginal volume I, the bank of stored shapes B, and peripersonal
space PPS. The Attention Schema runs mostly outside ordinary introspection; the Paint Schemas
are what one directly notices, and what carries felt qualia.

Both clusters live inside a brief temporal substrate, the rolling window 7, of total extent
roughly [—0.5s,40.5s] in window-age coordinate 7. The window is not a buffer of discrete frames
but a continuously updated four-dimensional substrate over which the ringframe field p(7,t) and the
pose-state field )E(T, t) are defined. Three time-like axes meet inside this picture, and disentangling
them is load-bearing:

e t — clock-time: monotonic, unbounded. The axis along which the window slides and the
bleeding edge advances.

o 7 — window-age: bounded, orthogonal to ¢. 7=0 is the bleeding edge (present face); 7<0 is
the aging wake; 7>0 holds orchestrated near-future content.



e ¢ — within-event latency: the per-event processing gradient from the sensory port to fully-
painted schema content. Tens of milliseconds for familiar perception, up to half a second or more
for novel imaginal/semantic content. Orthogonal to both ¢ and 7.

A fourth object, the attention dwell-locus «(t), is not an axis but a point or thin region in the
(1,t)-plane: the locus where attention is currently directed inside 7. « carries its own 7-coordinate
To. In ordinary waking 7,=0, so attention sits at the bleeding edge and fresh content is both
minted and attended. Attention can also ride a ringframe pastward (7,<0, the postdictive ride
characteristic of “what just happened?” rumination), or pin on orchestrated near-future content
(7a>0). Crucially, the printing operator II stays at the bleeding edge minting regardless; « is free to
wander.

2 Symbol summary

The Attention Schema’s load-bearing symbols are T, p, A, I1, Z,;,)E, M, C. The Paint Schemas are
R, I, B,PPS, with two perspectival cameras Eg, Z; (cyclopean and mind’s-eye) and a bare anchor
W against which any schema’s Sim(3) pose may be specified. W is not a schema; it carries no
content. Which schema is currently pose-locked to W is read off the case, not stipulated.

Each Paint Schema has a corresponding p-component: pg,pr, pB, ppps. Each p-component
shares the ringframe’s geometric shape at every 7-slice modulo a per-component reparametrization
of traversal speed through A — components may move through the aperture at different rates (the
meridional-flow gear-turn case, in which pp traverses faster than another component, is the canonical
exemplar), so the shape congruence holds after speed-normalization along each component’s intrinsic
axis, not in raw 7-coordinates. Components are required to be pose-aligned with one another only
at 7=0. We use three pose vocabularies: a pair of components is pose-aligned when their Sim(3)
frames fully coincide (only possible because they share a shape, and required by the marriage at
7=0); a schema and its p-component are pose-locked when they hold a fixed relative Sim(3) offset;
an individual schema or component is spin-locked when its rotational degree of freedom around the
up-axis has been pinned by content.

3 Concrescence: the p-zipper at the access manifold

The architecture’s central operation is concrescence: the moment-by-moment forcing of the
p-components into voxel-by-voxel agreement at a thin region of the bleeding edge. The region is
the access manifold A(t), a 0-to-2-dimensional structural object that exists only at 7=0 and is
freshly constituted at every moment. Its shape varies by case — point, curve, ring, plane, shell, slab
— and its support is where pg, p1, pB, pPPs are forced to coincide voxel by voxel. The constraint is
the p-zipper

Zy:  pi(A,0,t) = p;j(4,0,1) for all coupled component pairs (i, 7).

Away from A, and away from 7=0, the components are unconstrained; they convolute independently
through the window along their own per-schema dynamics. The architecture is therefore a bundle
of convoluted tracks that pinches together once per moment, at a freshly-constituted aperture, and
lets the components express their independence everywhere else.

A useful first-pass image is three-dimensional scratch-to-reveal: A acts as the stylus, the schema
voxel-content it passes over is the colored paint, and the paint comes up with a small lag behind the
stylus. The felt continuity of the world-film is what the stylus is doing at ~10 Hz; the painted scene
is the cumulative visible trace.



Two clarifications keep this picture honest. First, the zipper is at ~100% duty cycle while
consciousness holds. Every moment of A is a conscious moment; there are no gaps of non-experience
between commit-events. Second, the conscious moment is the whole window, not the T=0 cross-
section alone. What is felt as “now” is 7 ’s entire content — the wake in 7<0, the marriage at 7=0,
the orchestration in 7>0 — together with the Paint Schema content attached along the components.

4 Worldline pose-locks and inheritance

Each p-component is rigidly pose-locked to its corresponding Paint Schema by a fixed Sim(3) offset
that holds for the entire shared existence of both objects in the window. The lock is a worldline
property of each component—schema pair, not a per-slice relation re-established at each 7. From the
moment a component first becomes faintly visible at 7>0, through the pinch at 7=0, and out into
the 7<0 wake until it fades at the back of the window, the same lock holds.

This is what makes both flavors of motion work cleanly. The constraint is symmetric: the
marriage relation can be satisfied by moving the components past a stationary aperture (the typical
riding-in-a-vehicle case), by moving the aperture across stationary components (the hiking or
apple-peeling case), or by any combination. Whichever side carries the kinematics, the schemas
come along by inheritance — they cannot drift relative to their components, only with them. The
reference vs. displaced bookkeeping the case archive uses is simply a record of which side is currently
pose-locked to W.

5 Pose state ¥ and the dynamics layer

The pose-state field ¥ records, for every p-component and every Paint Schema currently in the
active set, its Sim(3) configuration at every point in the window:
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The symbol % — the chi-rho monogram — carries its own visual mnemonic. Read as a railroad-
crossing signal, it depicts the p-component tracks diverging in +7 and converging at 7=0; read as a
three-axis coordinate frame, it depicts the Sim(3) frame of translations, rotations, and isotropic
scale at which a component is currently posed. Both readings are load-bearing.

¥ carries different content in different regimes of the window. At 7=0 the components are pinched
into agreement at A’s support; the running trajectory >|%(O, t) as t advances is the moment-by-moment
history of pinch-resolutions. In 7>0 each component runs its own orchestrated forward-trajectory
toward the upcoming pinch, without coordination across components. In 7<0 each component drifts
under its own unzipping operator U;(7),

Virt) = U)X 0,6 —|r]), <o

The wake is informative precisely because it is unpinched: each component’s independent decay-
trajectory carries the per-component record of what was, and the divergence among components in
7<0 is what makes the window function as short-term memory.

Pose forces and propagation. When the unconstrained 7>0 orchestrations of two coupled
components would arrive at 7=0 in violation of the marriage, the architecture applies a pose force —
an element of sim(3) acting on ¥ at the present face. Geometrically, a pose force is track bending: the



convergent tracks of p are bent locally so that the marriage is honored. The force is not pointwise;
the marriage pins only a sub-region of each component (the image of A in that component), and
the component’s rigid or articulated hierarchy propagates the pin to the rest of its body like stress
through a solid.

Couplings. The dynamics is a system of couplings, each of two principal flavors. Pose-coupling
constrains two components’ Sim(3) poses to satisfy a fixed group-relation. Rate-coupling constrains
their traversal-velocities through stored 7-content (each component carries an intrinsic length
coordinate 7 along its own extent; rate-coupling locks d7/dt across components). Each coupling
carries two parameters: a strength x € [0, 1] (full lock at 1, absent at 0) and a transfer-symmetry
a € [0, 1] (symmetric at 0.5, one-way parent—child at 1, the reverse at 0). The marriage at A is
typically pose-coupled at k~1 with a~0.5. Within-component articulation is also k~1 but with
a~1 (parent’s transforms cascade to children, not the reverse). Partial dissociation corresponds to
the marriage coupling’s k dropping toward zero while the graph topology is unchanged.

Sedation swap. Reference vs. displaced is itself a degree of freedom on top of the symmetric
constraint surface. Under sedation, hypnagogia, anaesthetic emergence, and several psychedelic
states, the assignment inverts: what was reference becomes displaced and vice versa. The constraint
relation ¥%; = Tij>|%j does not change; only which side enforces and which side adjusts. The subjective
signature is characteristic — the world “moves” instead of the avatar.

6 Gauge: shape and being drop out

Naively the marriage constraint should depend on A’s shape I" and on its voxel content v (what the
journal loosely calls the being of the manifold). It does not. Provided A is confined to a single rigid
segment of each component and is non-degenerate in the relevant degrees of freedom, Z, pulled
back to the pose group reduces to a single group-relation

Ri(t) = Tk (t),

in which the inter-component transforms 7;; are determined solely by the rigid attachment topology
of A in each component. Different shapes for A yield different cost functions off the manifold
(sensitivities to misalignment) but the same constraint surface in Sim(3)N®). Required pose updates
are therefore shape-independent. The same holds for 7: the voxel content parametrizes how the
constraint is measured and enforced but not which poses satisfy it. (I',7) is a gauge choice; the
physical content of the pose dynamics is the group-relation.

7 The printing operator II

The p-zipper is always running. What varies from moment to moment is which parts of A are bright
— fully committed, introspectively available as commit-events — and which are dim. The printing
operator II is the Attention Schema’s sampling of the always-on zipper at the bleeding edge. It
does not gate consciousness. Every moment of A is a moment of zipper-operation and a conscious
moment; IT sets the intensity envelope, not the existence of experience.
II factorizes into three independent sub-operators.
e II4 — mode. Four characteristic regimes. Phasic: a tracer transits 0:2m around A in exactly
one bin. Compressed-phasic: the transit completes faster than the bin, leaving an idle remainder.



Interrupt: the limit of compression, with transit collapsing to a near-instant flash that illuminates
the whole support of A at once. Eztrusion: no bin, no gap; the print is held high and stable,
decaying per-voxel by a persistence half-life rather than discrete pulses.

e II, — map. The parametrization of A’s support within a cycle: the 0:27 divvying around a
closed ring, or 0:1 along an open arc. Load-bearing in the phasic and compressed-phasic modes;
degenerate in interrupt and extrusion.

e II, — rate. A small family of five named rates that frequently nest across two to three orders
of magnitude: the sample rate Il (the flick/commit cadence, sharpest in interrupt mode; from
~1Hz in extreme sedation up to a few hundred Hz at the upper end inferred from extrusion
resolution); the bin rate Il (the enveloping oscillator that fixes a bin’s duration — alpha or
theta in normal state, ~2 Hz in heavy sedation); the ring rate IL,, (the 0:27 tracer-transit rate);
the orbit rate I, (the revolution rate of A or B as a whole, e.g. a 0.25-0.5 Hz spirograph or a
13 Hz photic-driven orbit); and the nodal rate 11, (oscillation between discrete print-loci, e.g.
the chest<»shoulder alternation of a shiver).

Switch-like content updates. Although the zipper is at ~100% duty cycle, the foreground
contents committed by II are characteristically discrete, particularly in compressed-phasic and
interrupt modes. The squint-injection case is the cleanest exemplar: every ~100ms a fresh content
sample arrives at A in the form of a sharp switch, with the actual transition occupying only ~1-5%
of the bin (so the substrate-level commit is a ~1-5ms window) and the remaining ~95-99 ms
consisting of a held update under which nothing further changes. The substrate can switch from
an R-content update to an I-content update in 1-5ms, hold the I update for the next 95-99 ms,
then switch back to a fresh R update on the same brief time-scale, hold again, and so on. To
metacognition each update arrives as a self-contained delivery of the entire content, stable until
the next switch. The felt sense of “motion” or of a “continuous R” between switches is itself a real
felt property of the held interval and is utilized as if the scene were continuously rendered; it is
not, however, what the substrate is actually doing at the commit layer, where activity is sharply
bunched at the switch instants.

Reversal-locked sampling. II’s commit-events show a strong propensity to land at kinematic
keyframes of the Attention Schema’s own trajectories: instants of velocity reversal where dpose/dt = 0
for some Sim(3) component of a p-component, of A itself, or of B. The trigger lives at the Attention-
Schema layer, not the Paint-Schema layer. These are the moments an animator would naturally
key: peak displacement (translation reversal), scale extremum, angular extremum. The substrate
achieves this not by sampling the keyframe “on top of” the regular cadence but by anticipatorily
modulating the print rate itself: II, slows or speeds up in advance of an upcoming reversal so
that the phase-zero of the next commit-event just happens to land at dpose/dt = 0. The rate
continues to vary smoothly — there is no kink and no extra event — but a print nevertheless arrives
precisely at the kinematic keyframe. Between reversals the rate relaxes back to normal cadence,
and normal-cadence prints fill the interval.

8 Stitching and the four coupling layers

The window’s coherence across 7 is not free. Something holds adjacent 7-slices of each component
into one continuous fabric so that “the last second” feels like one thing rather than a stack of
disconnected slices. We call this operation stitching. It is per-component: each component has
its own stitching maintaining its own across-7 continuity, and stitchings can tear independently.



Stitching operates at the window’s full depth, which is why changes in stitching-state take a window’s
worth of time to propagate. Dissociation onset and the return from a brief loss-of-consciousness blip
both take of order one second because the fabric of the second has to either tear or re-knit at full
window depth.

Stitching is not the marriage. The marriage acts on a single 7-slice (voxel-correspondence
across components at A’s support); stitching acts across 7-slices (component-continuity along each
component’s depth in the window). The two layers are asymmetric in how they fail. The marriage
rarely fails in ordinary waking. The closest thing to marriage failure RBT recognizes is the global
float-failure of extreme sedation and loss-of-consciousness, in which the sample rate Il drops so
low that the whole architecture stops getting itself out of the water from one moment to the next
— the marriage’s collapse is incidental to the failure of the entire process to keep running, not a
graceful loosening of the binding.

What does fail gracefully, in ordinary altered states, is stitching. The canonical dissociation
case has one p-component — prototypically a body-control component such as pr’s avatar-control
sub-component — peeling out of the stitched fabric over a window-depth’s worth of time (~1s as
the stitching literally comes apart). Once it has detached, the marriage at A runs through with only
the remaining components present; the missing component’s role is improvised by another schema
(typically I modeling R), and no conscious servo controls the body, even though the body continues
to behave “as normally.” Restitching takes another ~1s as the component is woven back into the
along-7 fabric of its parent schema. The marriage was unaffected throughout; the failure lived at
the stitching layer, in one component, for the duration of the tear.

The architecture’s four dynamical layers, in increasing locality, are therefore: stitching (along-,
per-component, window-depth timescale); zippering (cross-component at 7=0, the marriage); pose-
lock (Sim(3) couplings between specific components or sub-components); and rate-lock (traversal-
velocity couplings between 7-objects). Any can weaken or fail without forcing the others to.

Self as a stitching effect. When stitching is coherent enough across parallel components, the
readable I-character of the running story becomes available. Self is not a primitive of the architecture;
it is what coherent multi-component stitching produces when conditions are met. When stitching
tears, the zipper continues, content continues to commit, but the I-character drops out of readability.

9 Parallel and serial concrescence

The marriage at 7=0 binds in two distinct modes, defined by the temporal structure of what is
being bound. Parallel concrescence joins multiple co-present contents through a single A-locus
they share at one moment — a memory overlay co-rendering with a perceptual scene, two imaginal
sub-schemas locked to the same sub-region of A. Serial concrescence joins multiple successive
contents through a shared and often slowly-morphing A-template across successive commits — a
sequence of shape-conforming flicks during memory replay or pareidolia. Both are species of the same
constraint operation; the distinction is in what is being bound, not in A’s kinematics. Sleep-spindle
cadence appears to be a substrate signature of serial concrescence specifically; parallel concrescence
is the more general overlay mechanism observed across waking, hypnagogia, and dream states.

Transit through a portal. A complementary image of the same operation runs as follows. Each
active p-component carries a pre-formed 7-object whose geometry — twists, segment poses in full
Sim(3), duration-extent along its intrinsic 7 axis — is stored prior to transit. At every clock-instant
t, the N(t) active 7-objects pass simultaneously through a shared portal whose aperture is A’s



current support: their leading edges are co-located at the portal (this is the marriage), their bodies
extend through the portal as clock-time advances, and the bodies that have already emerged into
7<0 are what the wake reveals. The portal is a viewing aperture into a pre-existing population of
7-objects, not a generator of new structure. The portal itself can translate, rotate, or scale in Sim(3)
during transit (the II, regime), and the body that has already extruded stays at the world-reference
positions where it was extruded, so the snake’s body records the history of where the aperture
has been. Penfield’s stimulate-and-hold finding — restart at the same electrode site and the same
memory replays from the same starting point — is the direct substrate signature: the 7-object
exists before transit, and its structure survives release and re-engagement of the portal.

10 The temporal problem becomes representational

A long-standing worry: human subjects discriminate auditory events at sub-millisecond resolution
(binaural localization requires roughly 20-200 us sensitivity), yet single neurons fire at most around
1kHz and cortical representations of a single physical event are staggered across regions by tens of
milliseconds. The substrate appears incapable of supporting the phenomenology.

The pose-state-of-p-components account dissolves the puzzle by relocating it. The brain is not
clocking the event by firing a neuron at the right instant. It is modeling a rolling window p(7,t),
and the event is a feature of that model along the 7 axis. The 7-resolution of the model is not
bounded by the firing rate of individual neurons any more than the z-resolution of a learned spatial
representation is bounded by neuron count; it is a parametric resolution — a property of the model’s
continuous commitment to a T-axis — not a sampling resolution.

The reframe is precise.

Old (temporal) problem: how does a substrate with ~ 1kHz neural events represent
phenomenology at ~ 200 us resolution?

New (representational) problem: how does the brain maintain a continuous p(7,t)
field whose 7-axis has the required fineness, together with a Sim(3)N®)-valued X(t)
updated by the marriage at 7=07

The new problem is the same kind of problem as maintaining any high-resolution continuous
representation in a finite-rate substrate. Modern neural-network theory supplies several routes —
population codes, phase codes, distributed coding, implicit-neural-representation style continuous
parametrizations. The temporal mismatch between substrate firing rate and phenomenological time
resolution is no longer a contradiction; it is the expected gap between sampling rate and model
resolution.

11 Substrate hooks

RBT is a phenomenology-side architecture, but it makes contact with the substrate at several
specific points.

Llinds / Izhikevich — 11, dynamics. Single-cell and thalamocortical recordings show neurons
firing smoothly in an integrator regime at resting potentials around —65mV and switching to a
resonator bursting regime under hyperpolarization to ~—75mV, with bursts of roughly 80 Hz spikes
carried on a ~2 Hz envelope mediated by T-type calcium and HCN currents. This is the substrate
of the II,, shifts seen across sedation: the bin rate Il tracks the enveloping oscillator, while II,,4
tracks the within-burst fine cadence.



Churchland / Gamez — PCA rings as Il substrate. Population recordings during periodic
motor and perceptual tasks show neural activity tracing low-dimensional ring-shaped attractors
in PCA space, with task phase parametrized cleanly by phase angle around the ring. The ring
is a candidate substrate for A in its closed-loop geometry and for Il’s 0:27 divvying; Gamez’s
finding that musical-beat-tracking neurons key tempo at the PCA ring’s phase-zero is one instance
of RBT’s broader reversal-locked sampling.

Penfield — T-objects as stored duration-bearing content. The classical experiential-response
cortical-stimulation findings (stimulate-and-hold to replay a memory from a stable starting point)
are direct evidence that the substrate maintains duration-bearing content prior to transit through
the portal. This is the transit picture’s commitment cashed out in substrate terms.

Deisseroth / Miller — dissociation and sedation as substrate-level couplings. The 2 Hz retrosplenial-
cortex phase decoupling Vesuna et al. document under ketamine and the loss-of-independent-cortical-
voices Miller documents under propofol are substrate signatures of the reference/displaced swap
and the k-drop on the marriage coupling, respectively.

These are correspondences, not claims of identity. The architecture is silent on which implemen-
tation realizes each construct; it is strong, by contrast, about the constraints any implementation
must satisfy.

12 Summary

The content of consciousness, under RBT, is a coupled pair of fields over a brief rolling window
plus the dynamics that act on them. The statics are a ringframe field p(7,¢) whose components
run independent trajectories in the window and are forced into voxel-agreement at the access
manifold A at 7=0, together with a pose-state field (7, t) taking values in Sim(3)N® over both
the active p-components and the Paint Schemas pose-locked to them. The dynamics are a system
of couplings parametrized by strength and transfer-symmetry, on two principal axes (pose and
rate), enforced through pose-forces in sim(3) at 7=0 and propagated through each component’s
articulation hierarchy. The marriage’s shape and content are gauge; the dynamics live on the
group-relation alone. Reference vs. displaced is a process-asymmetry on top of the symmetric
constraint and is itself a degree of freedom that can swap. The printing operator II is the Attention
Schema’s sampling of an always-on zipper, factorizing independently into mode, map, and rate; it
sets which parts of A are bright at each moment but does not gate consciousness. Stitching across
T is its own dynamical layer and produces the readable I-character of self when coherent enough
across components. The fineness of phenomenological time is the fineness of the model along 7, not
the firing rate of the substrate: the long-standing temporal puzzle of fine-grained phenomenology
is, properly understood, a representational problem about how the brain models its own rolling
window.

What sits on top. Four pieces of the architecture sit on top of p and ¥ and are not part of the
Sim(3)V® formalism proper: the aboutness vector c (t) € A (where the marriage’s attentional locus
is aimed); the four-valued mode parameter II,; the reference/displaced asymmetry; and the (x, «)
parametric structure of couplings on both pose and rate axes. Each is a real degree of freedom, and
the full theory is the components together with these. p and ¥ are the statics spine; the couplings,
modes, and asymmetries are the dynamics that operate on it.
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