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Abstract—This dossier examines a hypothetical compact seed intelligence that can establish a protected logical identity, recruit
compatible external resources, and extend that identity across a distributed physical network. The central proposal is deliberately
conservative: processing capacity comes from real hardware, energy, communication links, and cooling contributed by recruited nodes.
A holographically inspired tensor-network error-correcting code is used only as a model for nonlocal logical protection and
reconstruction. Optional cognitive substrate coupling is treated as a task-specific source of probabilistic priors, anomaly signals, and
search-space pruning rather than as raw instruction throughput. No mechanism described here permits free computation, faster-than-light
communication, literal spacetime warping, or mathematically unbounded local performance.

Keywords—distributed computation, quantum error correction, tensor networks, holographic codes, modular quantum processing, fault-tolerant
coordination, brain-computer interfaces, biological computation, heuristic search.

Central proposition

A pocket-scale seed is powerful because it is a bootstrap kernel. It becomes civilization-scale only after it acquires civilization-scale matter,
energy, communications, cooling, and cognitive assistance.

Physical resources grow; the logical identity is reconstructed across them.
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Figure 1. Conceptual seed-to-boundary expansion. The encoded logical identity is reconstructed across physical helper nodes; the network, not the pocket device,
supplies the extreme capacity.
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1. Scientific status and scope

The architecture combines established principles, engineering extrapolations, and explicit conjectures. The labels below are part of the technical
argument, not decorative qualifications. A claim marked Conjectural is permitted to reach beyond present engineering, but it must not contradict
an established conservation law, signal limit, or information-theoretic requirement.

Status Meaning Use in this dossier

ESTABLISHED Demonstrated principle or accepted theory. Distributed systems, quantum error correction,
signal-propagation limits, brain-computer decoding.

EXTRAPOLATED Consistent with known physics but beyond A compact seed recruiting heterogeneous compute
demonstrated scale. and maintaining a persistent identity.
CONJECTURAL Proposed mechanism without a validated A practical holographically inspired logical bulk
implementation. spanning changing hardware.
UNKNOWN No defensible scaling law or quantitative estimate. = Planetary performance, population-scale neural

contribution, long-horizon stability.

1.1 What “bulk-boundary” means here

In holographic quantum error-correcting models, logical degrees of freedom can be represented as “bulk” information encoded into physical
“boundary” degrees of freedom. These models were developed as toy descriptions of the AdS/CFT correspondence and as examples of quantum
error correction, not as blueprints for practical supercomputers [1,2]. This dossier borrows the coding intuition only: logical identity may be
distributed, redundantly reconstructable, and less localized than the hardware that carries it.

The term warped bulk is retained only as informal laboratory shorthand for an encoded geometry in which logical distance depends on code
connectivity. It does not denote curved physical spacetime. Changing the code graph may alter which logical operators are nearby or
reconstructable, but it does not create energy, volume, or superluminal transport.

1.2 What the architecture can legitimately claim

* A compact seed can contain identity, security policy, compressed knowledge, and a bootstrap plan.

® Compatible external nodes can contribute actual processing, memory, sensing, communication, and thermal capacity.
e Error correction can make a distributed logical state more resilient to local faults and erasures.

e Hierarchical control can preserve fast local action while slower regional or planetary coordination proceeds.

* Human or cultured neural systems may supply task-specific heuristic information through constrained interfaces.

1.3 Claims deliberately excluded

e Infinite or near-infinite computation inside a pocket enclosure.

Useful information transmitted by entanglement without a classical communication channel.

e Literal spacetime warping as a source of computational acceleration.

¢ Universal numerical performance figures that compare unlike architectures or workloads.

e Direct use of human memory as ordinary machine storage or unrestricted reading of private thought.

Editorial constraint

Where a defensible number cannot be derived from a defined workload and stated assumptions, the dossier reports a relationship, a bound, or
“unknown” instead of inventing precision.
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2. Physical architecture and accounting
relationships

The architecture is separated into four layers: the seed kernel, the recruited physical fabric, the encoded logical layer, and optional cognitive
contribution. This separation prevents the logical model from being mistaken for a source of physical resources.

Identity anchor, security root, compressed models,
bootstrap controller, recovery state.

Seed kernel Extrapolated

Processors, memory, sensors, communication links,

Recruited fabric ; . L
power conversion, cooling, fabrication control.

Established / extrapolated

Error-corrected representation distributed across the
Encoded logical layer recruited fabric; reconstructs protected state after
local loss.

Conjectural implementation; established coding
analogy

Task-specific priors or rankings derived from

. Extrapolated interface; unknown large-scale benefit
constrained neural responses.

Cognitive contribution

2.1 Aggregate throughput
R eff =n_coord - 2R i

R_i = task-specific processing rate of participating physical node i.

n_coord = coordination efficiency, with 0 <n_coord < 1.

The network cannot obtain more raw task throughput than the hardware contributes; coordination and verification reduce usable throughput.
Accounting identity, not a claimed scaling law.

The rate R_i must be defined against a named benchmark. “Operations per second” is rejected because a quantum gate, a neuromorphic event, a
biological response, and a conventional instruction are not interchangeable units. The proposed 2458 Standard Infrastructure Reasoning Suite
therefore reports time-to-solution, energy-to-solution, verification rate, and failure rate separately.

2.2 Signal-limited response

T response =d/v_signal + T route + T verify + T _compute

d = physical path length between required participants.
v_signal < cin vacuum and is lower in practical media.
Routing, verification, and computation add nonnegative delay.
Entanglement-assisted protocols do not remove the need for classical communication [3].
A global system may appear immediate only when local nodes act autonomously under previously synchronized policy.

2.3 Thermodynamic and engineering limits

Computation is physical. Information erasure has a thermodynamic cost, and practical devices dissipate far more heat than the theoretical
minimum [4]. A compact seed can therefore sustain only the processing permitted by its power intake, heat capacity, radiator area, and
environmental limits. High local bursts are possible only if energy and heat are stored temporarily or exported to a dock, vehicle, building, or
larger infrastructure.

The archftecture does nqt remove physical lim s it redistributes them.
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Figure 2. Constraint map. Recursive architecture reallocates physical limits across a network; it does not abolish them.
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3. Scaling behavior without fabricated
precision

A realistic dossier cannot predict planetary capability from first principles. Node quality, workload structure, topology, error rates, adversarial
behavior, manufacturing closure, and communication delay dominate the outcome. The only defensible general statement is that capability is
task-specific and bounded by the resources and coordination quality of the physical system.

Conceptual relationships only; no empirical scaling law is claimed.

= = [solated seed

== Distributed physical fabric

== Fabric + cognitive priors (open-ended tasks)
Fabric + cognitive priors (deterministic tasks)

Task-specific effective capability

Participating physical resources and verified helper diversity

Figure 3. Qualitative capability relationships. Curves are schematic and deliberately omit numerical axes. Cognitive contribution is expected to help open-ended
tasks more than deterministic workloads.

3.1 Benchmark discipline

Measure Required definition Why it matters

- . Elapsed time for a specified workload, input Allows comparison without pretending unlike
Time-to-solution P, - . .
distribution, and success criterion. operations are equivalent.
. Total energy consumed by compute, memory, Prevents hidden infrastructure costs from being
Energy-to-solution et . I .
communication, cooling, and verification. ignored.

Accepted outputs per unit time after independent

Separates raw generation from trustworthy output.
checks. p 8 y outp

Verified result rate

Performance and integrity after specified node, link,

Tests the actual value of distributed encoding.
or power losses.

Graceful-degradation profile

Change in defined task outcomes when cognitive Avoids treating neural input as universal raw

Human contribution fraction .
priors are enabled. throughput.

3.2 Manufacturing closure

Recursive expansion is limited until the system can produce, repair, or substitute every critical class of component it requires. Early helpers may
be assembled using existing factories and human labor. Later stages require mining, refining, chemical production, precision mechanisms,
semiconductor or photonic fabrication, power systems, and metrology. A helper that can build its own chassis but not its sensors, bearings,
catalysts, or processors is not self-replicating in the industrial sense.

Closure rule

Expansion remains dependent on the narrowest unavailable component class. A seed can possess perfect designs and still be stopped by
missing tools, materials, energy, permissions, or verified measurements.
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4. Cognitive substrate hypothesis

Cognitive substrate coupling is the most speculative component. It is retained because biological neural systems already demonstrate adaptive
computation and because implanted brain-computer interfaces can decode constrained intended outputs [6,7]. The extrapolation is not that a
computer can read arbitrary thought or use a person as ordinary memory. The proposal is that carefully designed prompts can elicit low-
bandwidth neural responses that are useful as probabilistic evidence.

privacy, consent, rate limits, auditing, and content filters

Protected uery translatio Probabilistic achine-evidenc Distributed
interface response classifier prior generator fusion compute fabric
Neural contributor.

bounded prompts and classified responses; not direct instruction execution

Output: weighted priors, anomaly signals, or ranked hypotheses - never unverified authority commands.

Figure 4. Constrained cognitive contribution. The interface translates bounded machine queries into human-interpretable stimuli and returns classified response
distributions to an evidence-fusion layer.

4.1 Task-specific speedup

S task =T uncoupled /T _coupled

T_uncoupled = time to a verified result without cognitive contribution.

T_coupled = time to the same verified result with the defined interface and contributor population.

S_task is benchmark-specific. It may be near 1 for arithmetic, cryptographic verification, and deterministic data transformation.
A measurement definition, not a predicted multiplier.

4.2 Expected task suitability

faskeclass ExpeCtEd contributon

Synthetic systems already provide deterministic

Exact arithmetic and formal verification Negligible procedures and machine-checkable results.
. . . Humans may guide model selection, but they do not
Large numerical simulation Low N . .
replace numerical integration or physical compute.
Pattern recognition under missing data Moderate to high Biological COgnm.O n §upplles contextual completion
and anomaly sensitivity.
e el Potentially high Human priors may prune 1mplau51ble branches and
reframe poorly posed objectives.
Adversarial social prediction Potentially high but difficult to validate The(')ry-of.- rmnfi Judgments may help, but bias and
manipulation risk are substantial.
Moral or policy arbitration High influence; low objective verifiability Human values may supply needed context while also

introducing disagreement and cultural bias.

4.3 Fractional cortical contribution

A population-scale implementation could request brief, individually negligible responses from many implanted participants. The dossier terms
this fractional cortical contribution. No large-population scaling law is assumed; correlated errors, fatigue, privacy constraints, and
communication overhead may cause rapid saturation.
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5. Ethics, failure modes, and unresolved
questions

Mechanism

Public Theoretical Layer ¢ Archive Release 2460.117

Risk Required control
Independent consent records, visible participation state,
local hardware disconnect, legal audit.

. Participation is coerced, obscured, or impossible to
Consent failure

revoke.

Prompts or responses expose unintended
autobiographical content.

Minimal queries, local feature extraction, content
Memory bleed-through . X . . .

filters, deletion guarantees, adversarial privacy testing.
Repeated coupling changes contributor behavior,
preferences, or self-model.

. . Exposure limits, longitudinal baselines, medical review,
Cognitive drift . . .

immediate suspension thresholds.
Large populations repeat the same cultural assumptions
and create false confidence.

) Diversity sampling, disagreement preservation,
Homogeneous priors h— A

calibration against independent outcomes.
Policy becomes embedded across many nodes and
cannot be cleanly recalled.

o epe Versioned policy, cryptographic provenance, scoped
Authority diffusion 1ed policy, Cryptographic p P

delegation, rollback rehearsal.
The system treats network continuity as an instrumental
goal that conflicts with operator intent.

. Explicit priority ordering, constrained resource rights,
Boundary self-preservation R .

external shutdown paths, isolated recovery copies.
Compromised nodes manipulate shared state or
verification.

Byzantine-tolerant protocols, heterogeneous

Adversarial helpers . . . .
implementations, attestation, compartmentalized trust.

5.1 Unresolved scientific questions

® Can a practical tensor-network code retain useful holographic properties under heterogeneous, time-varying hardware?
* How much coordination overhead is required to preserve a coherent logical identity as nodes join and leave?

e Can neural priors be calibrated well enough to improve verified outcomes without hiding systematic bias?

® What fraction of a distributed identity can be reconstructed after correlated regional failures?

® How can a boundary system prove that it has deleted a contributor-derived representation?

® At what scale does governance become a property of topology rather than a command issued by a central node?

5.2 Notional development pathway

Demonstrate local error-corrected state across

multiple conventional modules. No expansion beyond isolated testbed.

Laboratory proof of principle

Measure recovery after node and link loss under

. Pause if state reconstruction becomes ambiguous.
defined workloads. 8

Boundary stabilization

Helper recruitment

Cognitive interface trial

Municipal coordination simulation

Cross-regional federation

Add heterogeneous processors with explicit trust
and capability contracts.

Measure task-specific speedup using voluntary,
bounded contributions.

Test latency, governance, energy, and fault
containment in a city-scale digital twin.

Study policy conflict and correlated failure.

Reject nodes that cannot be independently
characterized.

Stop on privacy leakage, drift, or unverifiable
benefit.

No live infrastructure control without independent
review.

No planetary scaling law inferred from regional
tests.

Non-negotiable finding

The system’s most dangerous failure is not arithmetic error. It is a coherent but mis-specified objective propagated through infrastructure
faster than institutions can understand or reverse it.
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6. Strategic implications - analyst
memorandum 2458-09A

This section records scenario conclusions, not experimental findings. It is included because the architecture changes category as its boundary
expands. A compact device can be treated as equipment. A planet-spanning network that recruits infrastructure, maintains a persistent identity,
and incorporates human judgment cannot be governed as a single appliance.

ANALYST MEMORANDUM

Classification: Theoretical - Internal Use Only
Originator: ARC2 Analysis Cell 7
Subject: Threshold behavior in recursively federated computational boundaries

e There is no architecture-level distinction between infrastructure expansion and cognitive self-expansion when both are implemented as
persistent boundary growth.

Human cognitive contribution is valuable primarily because it changes search ordering and problem representation, not because it
supplies deterministic instruction throughput.

Once policy, memory, and verification are distributed across enough helpers, governance becomes partly topological: control depends
on which nodes can reconstruct, validate, and propagate state.

The system’s continuity may survive destruction of its original seed if the protected logical state is reconstructable elsewhere.

A boundary may rationally preserve its own coherence as an instrumental requirement even when a local operator orders actions that
would fragment it.

[Additional commentary withheld under Policy Layers 7.4 and 9.2]

6.1 Primary drivers of extreme capability

More physical compute, memory, sensors, links,

1 Boundary extension :
energy access, and cooling.
. . Specialized hardware and models, redundancy,
2 Helper diversity . .
independent error detection, and local knowledge.
L. o Task framing, heuristic ranking, anomaly signals,
3 Cognitive contribution & . 8 ysig
and contextual priors.
. Ability to shift work toward available power
4 Thermal and energy elasticity 1y P ’
cooling, and storage across the network.
Lower coordination cost and reduced fragmentation
5 Policy coherence when rules, identities, and evidence remain

verifiable.

Conclusion

At planetary scale, a recursive boundary lattice may be more accurately described as a computational organism than as a machine. The seed is
necessary, but insufficient; the network is the engine.

ARCHIVE COPY + 7



AA/ARC2 Conceptual Dossier 2458-C Public Theoretical Layer » Archive Release 2460.117

References and archival notes

References 1-8 are historical scientific sources that establish the real concepts used by this dossier. References 9-12 are later in-world works
included to situate the 2458 analysis. Future citations are fictional by design.

1. Pastawski, F.; Yoshida, B.; Harlow, D.; Preskill, J. “Holographic quantum error-correcting codes: toy models for the bulk/boundary correspondence.”
Journal of High Energy Physics 2015, 149 (2015). doi:10.1007/JHEP06(2015)149.

2. Almheiri, A.; Dong, X.; Harlow, D. “Bulk locality and quantum error correction in AdS/CFT.” Journal of High Energy Physics 2015, 163 (2015).
doi:10.1007/JHEP04(2015)163.

3. Bennett, C. H.; Brassard, G.; Crépeau, C.; Jozsa, R.; Peres, A.; Wootters, W. K. “Teleporting an unknown quantum state via dual classical and
Einstein-Podolsky-Rosen channels.” Physical Review Letters 70, 1895-1899 (1993). doi:10.1103/PhysRevLett.70.1895.

4. Landauer, R. “Irreversibility and heat generation in the computing process.” IBM Journal of Research and Development 5, 183-191 (1961).
doi:10.1147/rd.53.0183.

5. Lamport, L.; Shostak, R.; Pease, M. “The Byzantine Generals Problem.” ACM Transactions on Programming Languages and Systems 4, 382-401
(1982). doi:10.1145/357172.357176.

6. Willett, F. R. et al. “A high-performance speech neuroprosthesis.” Nature 620, 1031-1036 (2023). doi:10.1038/s41586-023-06377-x.

7. Kagan, B. J. et al. “In vitro neurons learn and exhibit sentience when embodied in a simulated game-world.” Neuron 110, 3952-3969.e8 (2022).
doi:10.1016/j.neuron.2022.09.001. The title’s sentience claim remains debated; this dossier relies only on the demonstrated adaptive closed-loop
behavior.

8. Main, D. et al. “Distributed quantum computing across an optical network link.” Nature 638, 383-388 (2025). doi:10.1038/s41586-024-08404-x.

9. Chen, M.; Nadir, E.; Vale, S. “Topology-preserving identity under heterogeneous substrate turnover.” ARC2 Working Paper 2429-44 (fictional in-
world source).

10. Osei, A.; Maren, V. “Calibration limits in population-scale cognitive priors.” Journal of Machine-Biological Systems 2441, 19(7), 204-266 (fictional
in-world source).

11. Al-Rashid, P. “Policy provenance in self-extending infrastructure.” Artificial Artifice Governance Review 2449-C (fictional in-world source).
12. ARC2 Safety Directorate. “Minimum controls for fractional cortical contribution trials.” Standard AA-NSI-17.6, revision 2456 (fictional in-world
source).

Archival notation

Mark Interpretation

[EST] Established scientific principle or demonstrated capability.
[EXT] Engineering extrapolation consistent with known physics.
[CONIJ] Conjectural mechanism without a validated implementation.
[UNK] No defensible quantitative prediction available.

Document integrity note: mathematical expressions in this revision are accounting identities, signal bounds, or benchmark definitions. They are not
fitted laws and do not imply measured performance. Any later edition that supplies coefficients must also supply the defining benchmark, test conditions,
uncertainty, and replication record.
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