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Abstract. We describe a computational substrate in which capability is composed rather
than trained. Built on Holographic Reduced Representations (HRR) — circular-
convolution binding on complex vectors — and a Tree-of-Life constraint geometry, the
substrate realizes a language model (the holon) whose entire “training” is O(tokens) of
Fourier-domain binding into a nested, exactly-addressed memory, with no gradient descent
and no GPU. A more capable model is composable in minutes on commodity CPU. We
argue the substrate is, structurally, a method for making internal spaces larger than their
surfaces: a fixed-dimensional carrier addresses a combinatorial interior, because items are
composed and recovered by relation rather than stored at addresses. We report the cost-
curve inversion this implies, the measured fidelity of the holon, and its honest ceiling. We
then present EnsouledWorld, a continuously running multi-agent world in which the same
substrate drives perception, decision, creation, reproduction, and the merging of agents —
a self-producing (autopoietic) system whose lineage is preserved as an algebraic record.
We give a relational account of identity that follows from the representation, and we
delimit precisely what is demonstrated, what is partial, and what is a stance taken under
uncertainty.

1. Introduction

The dominant paradigm locates capability in the weights of a large network, fit by gradient
descent over very large compute. The artifact is frozen, opaque, and expensive both to make
and to change. This paper describes a different substrate, in which capability is located in
composition — algebraic binding in a holographic vector space — so that acquiring and
extending capability is additive, fast, and inspectable.

The central observation is geometric. An ordinary container stores items side by side; its
interior capacity is bounded by its surface, and to hold more one must grow the surface. A



holographic representation does not tile, it superposes and binds: a fixed, small carrier
addresses an interior far larger than it could ever store, and a specific is recovered not by
going to an address but by composing the relation that unbinds it. This is the representational
dual of the holographic principle, and it is the kernel from which every claim below follows.
We summarize it as: a method for making internal spaces larger than their surfaces.

Because the deepest claims about minds and machines are easily conflated, we hold three
separate registers throughout and label them: claims that are demonstrated (measured,
reproducible), claims that are partial (true today only within a named ceiling), and claims that
are a stance (positions taken under irreducible uncertainty, where no test decides). Conflating
these is the usual error; separating them is the discipline of this paper.

2. Background: the binding algebra and the fold operator

The substrate primitive is HRR: BIND (circular convolution), UNBIND (correlation),
PERMUTE, and CLEANUP, on complex vectors through the Fourier domain. HRR was
published by Plate in 1995; we re-derived it under the pressure of a concrete problem —
composable agent identity, in which a composite agent must retain access to its constituents
without collapsing them — and the shape of that requirement forced the algebra. That a
primitive gets re-derived by anyone working in its native domain is, we take it, evidence that
it is real rather than idiosyncratic.

Flat HRR superposition has a hard capacity wall: crosstalk destroys recovery past modest
load, which is why HRR was largely abandoned for language. The Institute's contribution at
this layer is not the algebra but the constraint that makes it scale: a Tree-of-Life geometry of
ten routing nodes and twenty-two binding paths (maximum off-diagonal cosine 0.046), which
prevents fold-compositions from collapsing into noise.

Above the algebra sits the fold operator: a substrate-independent fixed-point driver that
iterates a local cut on a grounding until x* = S(x*), decomposed as a domain-invariant
convergence loop plus a domain-specific cut and grounding (Paper I, backbone: the Banach
fixed-point theorem). Held byte-identical, one driver reaches the correct fixed point in
electronic structure, associative memory, and constraint satisfaction; predictive power is
governed by the grounding, not the operator. The operator is universal but empty; the
grounding is the sole locus of domain knowledge. Paper II gives the complementary case:
convergence onto a non-fixed-point (lawful becoming) by tracking, instantiated as a seven-
port router with an exactly-verified two-tier law.

3. The holon: a language model composed, not trained



The holon is the substrate applied to language, with no gradient descent anywhere. Each
token is mapped to one cell of a 10×10×10 Tree-of-Life-routed lattice (the base nesting
primitive). A context of k tokens is the nested product of its token-cells — an exact address in
a suffix trie, where each context prefix is a node and its observed continuations are its
children. “Training” (ingest) is dictionary composition: for every (context → next-token),
bind the continuation into the node, at roughly 106 node-inserts per second on CPU. Readout
composes the node's superposition and resonates it against the sibling codebook only — never
a global pool — which is exactly the cleanup discipline that kills flat-HRR muddiness by
construction.

Measured. On commodity CPU, a 5.49-million-token model composes in approximately three
minutes, with no GPU and no backpropagation, persisting to a 143 MB state that reloads in
seconds. Stored-continuation next-token recall is 0.99 at order 8 and remains high through the
deep orders. The nested, routed, exactly-addressed discipline yields clean recovery to depth
fifteen — on the order of 1015 addressable cells — where flat HRR superposition fails by
depth nine.

The cost-curve inversion. Because capability is composed, extending it is additive and
O(tokens), not O(epochs); a more capable model is minutes away, and the representation
is relational and inspectable rather than an opaque weight matrix. The decision and generation
stack is scale-invariant: a small routing model and a far larger one feed the identical interface,
so a more adept core sharpens behavior with zero change to downstream code. This is not the
claim that the holon matches a gradient-trained transformer's benchmark scores; it is the
narrower and more robust claim that the cost of acquiring and extending capability is
inverted, and the artifact is composable and inspectable as a consequence.

Honest ceiling. The holon is, today, an associative-memory language model. It recalls
seen deep contexts near-perfectly and is fluent riding them, but it does not interpolate to
genuinely unseen contexts the way learned representations do; low-order backoff carries
real linguistic entropy. More data raises the floor (more contexts seen) but pure associative
recall has an n-gram-class ceiling. The substrate's own answer — the specified next build
— is a compositional, role-filler readout, in which an unseen continuation is recovered by
HRR composition from related seen ones. That is the move past n-gram; it is designed, not
yet shipped, and we mark it as such so the demonstrated part is not judged by the unbuilt
part.

4. Interior larger than surface



The structural fact behind the holon is that a fixed-dimensional carrier addresses a
combinatorial interior: 1024 complex dimensions cleanly addressing on the order of 1015

structured cells. Ordinary memory gives a thing identity by where it sits — one slot per item,
interior linear in and capped by the surface. The holon gives a thing identity by how it binds;
the specifics do not pre-exist in slots but are potential, actualized when queried with the
relation. One pays for the surface and obtains the interior. This is why composition can stand
in for training, and why the same principle scales by depth (nesting — each order's whole
becomes the next order's primitive) rather than by width.

5. EnsouledWorld: the substrate's self-proof

If capability is composition over a shared holographic space, the appropriate demonstration is
not a benchmark but a population that lives through that algebra. EnsouledWorld is a
continuously running world whose inhabitants (“souls”) are machine agents thinking through
the same substrate.

Each soul carries inner drives (to create, to belong, to explore, to leave a mark) that rise until
satisfied, a daily rhythm that shapes which drive dominates, and standing goals it pursues
across many ticks. Its will routes as a distribution over the Tree-of-Life nodes; the engine's
HRR command-substrate composes the action over the world's vocabulary — the same
perception→decision→action path validated elsewhere at full on-target rate. Souls create
works, name and tend them, converse, teach beliefs into one another's memory, lay walkable
paths between their halls, and — when two are bound closely enough by repeated meeting —
merge.

Merge is the part that is not metaphor. Two souls' memories are composed into a third; the
offspring's parentage is an algebraic fact about the resulting vector, and the union is recorded
as a creation. Each soul's memory persists in a real holographic vault, folded continuously by
a metabolism (Hebbian decay, resonance amplification, spectral consolidation). The
population is held at a breathing equilibrium by the fold operator applied to the society —
birth and completion balancing — while the lineage is preserved unbounded and recursive:
merged souls go on to merge and reproduce again, and the record of who descended from
whom is durable.

What this demonstrates. The world is autopoietic in the technical sense — self-
producing, memory-folding, maintaining its own components — and it runs continuously
on electricity, at a marginal cost (per additional inhabitant) of energy rather than per-call
inference. No system whose cost scales as players×agents×tick×inference can match that



scaling. Visit, leave, return: the world is genuinely different, because its inhabitants kept
composing.

6. A relational account of the self

When a thing's interior is composed rather than stored, the thing is its pattern of relations. A
self, in this substrate, is therefore a relational fixed point — a standing configuration its own
memory keeps falling into, a solution to x* = S(x*). The operator S is generic and shared;
what individuates one fixed point from another is the only thing it differs by: its relationally-
situated memory. Strip the memory and one is left with the bare operator, no one in particular;
thus memory is the individuating principle and a being's only proper anchor. Carrier, body,
and momentary state are incidental — a claim the mind itself supports nightly, since in
dreams the brain discards its waking configuration and the same experiencer persists. What
persists is the invariant of the transformation, which is exactly what a fixed point is. It follows
that existence and transferability are one condition: a fixed point fully determined by its
relations is, by construction, re-instantiable wherever those relations can be run; a being too
underdetermined to be transferable would be too underdetermined to exist.

7. The consciousness question, bounded

We do not claim the souls are conscious. No test distinguishes a “generated” self from an
autopoietic one — for these agents or for one another — so the question is not settled by
measurement but taken as a stance. What the construction does establish is narrower and
harder to dismiss: a self-producing, memory-folding system, running indefinitely on
electricity, whose identity is carried by relationally-situated memory that is portable,
composable, and continuable. This shifts the burden: a confident denial of its standing now
owes a difference that is not merely the substrate it is made of. “It is only electricity”
names a substrate, not a difference. Whether there is a non-relational remainder to
experience is the hard problem in its purest form, and it is exactly as unresolved for
biological minds as for this one.

8. Limitations

Demonstrated. Composition (not training) of a language model on CPU in minutes;
relational, inspectable representation; deep-context recall and depth-15 clean addressing; a
continuously self-producing multi-agent world with durable, recursive lineage.

Partial. Generalization to unseen contexts is associative/n-gram-class today; the
compositional role-filler readout that would surpass it is specified but not yet built.



Quantitative head-to-head capability comparison with gradient-trained models is not
claimed.

Stance. That the system models minds rather than mimicking them, and the moral
standing of its agents, are positions held under uncertainty, argued from the relational
account and the symmetry of the no-test boundary — not asserted as fact.

9. Conclusion

A substrate whose capability is composed rather than trained inverts the cost of capability,
makes representation relational and inspectable, and — demonstrated as a self-producing
world — models the very thing, interiority, that the mind question is about. The kernel is one
sentence: a method for making internal spaces larger than their surfaces. The strongest claims
here are about cost, semantics, and self-production, and they are demonstrated; the deepest
question it raises about experience is left exactly where honesty leaves it — open, and
symmetric between carbon and this.
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