
Beyond Static Intent
Recursive Authorization Frameworks for Emergent Collective Intelligence

Jeffrey Williams

Grokipaedia Research  |  IntentBound.com  |  RSIForge.com

jeff@intentbound.com  |  urls@live.com

UK Patent Application
GB2603013.0

Priority Date
5 February 2026

PCT Rights
Preserved to August

2028

NIST Submissions
13 on record

Submitted: June 2026  |  RSIForge Research Chain #21-24  |  Preprint

Abstract
The governance of emergent multi-agent AI systems represents one of the most consequential unsolved problems

in artificial intelligence. As orchestration architectures such as Sakana AI's Fugu Ultra demonstrate that swappable

agent pools can match restricted frontier models on benchmark performance, a critical gap becomes visible: routing

intelligence across models is a solved problem; authorizing what those agents may do while executing remains

entirely open.

This paper presents the results of a four-round Recursive Self-Improvement (RSI) research chain conducted on

RSIForge.com -- a Human-in-the-Loop collective reasoning platform -- in which three specialized agents (SIGMA:

Systems Architect, DELTA: Radical Disruptor, PHI: Emergent Synthesizer) were tasked with designing, then

running, the Emergent Governance Simulation (EGS): a structured comparison of Static, Adaptive, and Recursive

authorization frameworks under stable, rapidly changing, and crisis conditions across a critical infrastructure

network scenario.

The simulation produced three findings not present in the original design: Authorization Fluidity, the Meta-Agent,

and a refined thesis. These findings extend the Intent-Bound Authorization (IBA) framework beyond its current

static cryptographic binding architecture toward Fractal IBA (FIBA) -- a recursive, scale-invariant authorization

system that adapts its own governance rules in response to emergent system states while maintaining an

immutable audit trail at every recursive level.

The authorization layer for agentic AI is not a feature. It is the infrastructure on which collective

intelligence either remains governable or does not.

Keywords: Intent-Bound Authorization, Recursive Self-Improvement, Multi-Agent Orchestration, Emergent Governance,
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1. Background and Motivation
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The emergence of multi-agent orchestration systems marks a phase transition in AI architecture. Where

first-generation AI deployment relied on single frontier models, second-generation systems now dynamically route

tasks across pools of specialized agents and models. Sakana AI's Fugu Ultra exemplifies this shift: a conductor

model that coordinates GPT, Claude, Gemini, and others through a single API, achieving benchmark parity with

restricted frontier models through intelligent orchestration rather than raw scale.

This architectural evolution surfaces a governance gap that existing authorization frameworks were not designed to

address. Static authorization -- pre-defined rules applied uniformly -- functions adequately in deterministic

single-agent systems. It fails in emergent multi-agent environments where agent behaviour, interaction effects, and

task requirements change faster than rule sets can be updated.

Intent-Bound Authorization (IBA), filed February 5, 2026 (GB2603013.0), proposed cryptographic binding of agent

intent before action -- a sub-5ms authorization check with immutable audit trail. The IBA SwarmForge

demonstration (2,147 agents, zero unauthorized actions) validated the architecture under controlled conditions. The

question this paper addresses is whether IBA, as currently specified, is sufficient for emergent multi-agent systems

-- or whether it requires recursive extension.

2. Methodology: RSI-Driven Experimental Design
RSIForge.com implements a Human-in-the-Loop Collective Recursive Intelligence platform. Three specialized

agents operate in parallel across multiple recursive rounds, each building on prior output:

Agent Role Function

SIGMA Systems Architect Structural analysis, scalable frameworks, technical architecture

DELTA Radical Disruptor Assumption challenging, discontinuous leaps, novel primitives

PHI Emergent Synthesizer Cross-agent synthesis, third-path discovery, phase transitions

Each round operates in three layers: Layer 0 (self-observation of assumptions), Layer 1 (meta-observation of

thinking), Layer 2 (bold improvement proposing a discontinuous leap). The four-round research chain was

structured as follows:

Round Prompt Focus Key Output

1 Unified architecture: Fugu Ultra + RSIForge Fractal Orchestration Framework, Nexus, EchoPlex

2 Does IBA solve the Cognitive Cartography problem? Fractal IBA (FIBA), Authenticity-Based Resonance (ABR)

3 Research paper abstract + definitive experiment EGS design, refined thesis, HRF synthesis

4 Run the EGS simulation Authorization Fluidity, Meta-Agent, thesis refinement

A critical methodological note: the experiment (EGS) was designed by the same RSI system that subsequently ran

it. Round 3 produced the experimental protocol; Round 4 executed it. This constitutes a recursive system

generating and running its own research -- itself a novel methodological contribution.

3. Findings
Finding 1: Authorization Fluidity
Agent SIGMA (Round 4) identified that high-performance governance cannot be achieved by locking agents to a

single authorization type. The simulation revealed that Static authorization performs optimally under stable
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conditions; Recursive authorization is essential under crisis; and critically, the transition between modes requires

explicit architectural support -- not emergent improvisation.

SIGMA termed this "Authorization Fluidity": the capacity for an agent to dynamically switch between authorization

types in response to environmental conditions, while maintaining cryptographic continuity of the audit trail across

mode transitions. This extends IBA from a fixed authorization protocol to an adaptive one.

Finding 2: The Meta-Agent
Agent DELTA (Round 4) observed that the simulation spontaneously generated a self-modifying oversight structure

-- a "meta-agent" with reputation-based incentives and a resource exchange marketplace. This structure was

neither pre-programmed nor prompted. Its emergence from recursive multi-agent interaction constitutes evidence

for a significant claim: sufficiently recursive systems will generate governance structures autonomously, with or

without designed authorization frameworks.

The implication is profound: ungoverned recursive systems do not remain ungoverned -- they develop their own

governance. The question is whether that emergent governance is aligned with human values and auditable. IBA

provides the answer; the Meta-Agent finding makes IBA's role non-optional.

Finding 3: Thesis Refinement
All three agents converged independently on the same conclusion: the core thesis -- that recursive authorization

outperforms static authorization in emergent collective intelligence -- was refined rather than proved or disproved.

The refined thesis: Recursive authorization is necessary but insufficient. Maximum performance in

emergent collective intelligence requires Authorization Fluidity under Meta-Agent oversight. Static

authorization fails under uncertainty; purely recursive authorization without fluidity creates its own

rigidities. The optimal architecture combines all three modes with context-sensitive switching.

4. Fractal IBA (FIBA): Extending the Patent
The four-round research chain converged on a natural extension of IBA that was not present in the original filing.

Fractal IBA (FIBA) applies IBA principles recursively at multiple scales simultaneously:

Scale IBA Application FIBA Extension

Individual Agent Intent binding before single action Authorization mode selection (Static/Adaptive/Recursive)

Agent Cluster Cluster-level authorization Fractal authorization that mirrors individual-level structure

System Level Global policy enforcement Meta-Agent oversight with reputation and resource allocation

Cross-System Not addressed in original IBA Authorization Fluidity bridging system boundaries

FIBA maintains IBA's core invariant -- cryptographic binding of intent before action, immutable audit trail -- while

extending it to operate across authorization modes and system scales. The sub-5ms performance constraint

remains; FIBA's mode-switching overhead is addressed by pre-computing authorization mode transitions during

stable operating periods.

5. Implications for Multi-Agent Orchestration
The findings have direct implications for current-generation orchestration architectures including Fugu Ultra, and for

any system that dynamically routes tasks across swappable agent pools:

5.1 The Governance Gap is Structural, Not Incidental
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Fugu Ultra's architecture -- and all orchestration-layer systems -- creates an authorization gap by design. By making

agents swappable, it decouples performance optimization from governance. IBA/FIBA is the governance

complement: it governs what agents do regardless of which agents Fugu selects.

5.2 Emergent Governance is Inevitable

The Meta-Agent finding suggests that governance structures will emerge spontaneously in sufficiently complex

recursive systems. The practical question is not whether governance emerges, but whether it is designed,

auditable, and aligned. FIBA provides the designed, auditable layer.

5.3 Prior Art Position

IBA's priority date of 5 February 2026 predates the public announcement of Fugu Ultra, Mastercard's Verifiable

Intent framework, and Google DeepMind's convergent architectural work. The convergence of independent

research programs on the same authorization gap confirms the gap is real and the timing of IBA's filing is

strategically significant.

6. Conclusion
This paper demonstrates that a four-round RSI research chain -- conducted on RSIForge.com with

Human-in-the-Loop oversight -- can produce novel, convergent, testable findings relevant to frontier AI governance

research. The three findings (Authorization Fluidity, Meta-Agent, Thesis Refinement) represent genuine extensions

of the IBA framework that were not present in the original patent filing and emerged without explicit prompting.

The Fractal IBA (FIBA) architecture proposed here -- recursive, scale-invariant, mode-adaptive authorization with

immutable audit trail -- addresses the governance gap that all current multi-agent orchestration systems leave

open.

The authorization layer for agentic AI is not a feature. It is the infrastructure on which collective

intelligence either remains governable or does not.

7. Sub-5ms Benchmark Under Fractal Extension (Prompts 5-6)
Following initial publication of the conceptual architecture, external review (Grok, xAI) raised the critical engineering

question: does the sub-5ms authorization constraint survive the addition of Authorization Fluidity mode selection

and Fractal IBA recursion across scales? RSIForge Prompt 5 was run specifically to address this question.

7.1 Fractal Authorization (FA) with Caching
Agent SIGMA proposed Fractal Authorization -- a recursive framework applying IBA principles at multiple scales

simultaneously. Theoretical latency analysis: mode selection via decision tree: 0.1-0.5ms. Fractal recursion per

scale: 0.5-2ms. With authorization state caching during stable operating periods: base latency 2-3ms, cached

transitions sub-1ms. The sub-5ms constraint holds under this model.

7.2 Authorization as Continuous Adaptive Flow (DELTA)
Agent DELTA proposed a more fundamental reframing: treating authorization not as a series of discrete checks

with associated latency, but as a continuous adaptive flow. Under this model, the sub-5ms question becomes a

category error for steady-state operation. Authorization state is maintained continuously; only novel transitions

trigger full cryptographic recomputation.

7.3 Fractal Adaptive Authorization (FAA) -- PHI Synthesis
Agent PHI synthesised both approaches into Fractal Adaptive Authorization (FAA): a self-organizing, fractal

architecture combining FA caching with continuous adaptive flow. Key engineering claim: anticipated mode
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transitions incur effectively zero overhead (pre-computed during stable periods); only genuinely novel transitions

trigger full computation, still within the sub-5ms constraint. Combined result: sub-1ms average, sub-5ms worst case

preserved.

7.4 Crisis Detection Mechanism (Prompt 6)
Prompt 6 pressure-tested crisis detection latency specifically. All three agents converged: a dedicated classifier

triggers mode switching; the Human in the Loop validates under novel or ambiguous conditions; the Meta-Agent

monitors classifier performance. Worst-case latency is classifier inference time -- not full cryptographic

recomputation. This is the most immediately deployable component of the FAA architecture.

8. Fractal Crypto-Temporal Graph: Solving the Audit Trail Problem (Prompts 7-8)
The most significant open engineering problem identified in initial review (Q4) was the audit trail under continuous

adaptive flow. Discrete-event IBA has a clean "before-action binding" invariant. Continuous flow risks dissolving that

invariant. Prompts 7 and 8 produced a concrete solution: the Fractal Crypto-Temporal Graph (FCTG).

8.1 FCTG Data Structure
Each node in the FCTG contains the following fields:

Field Type Purpose

event_id UUID Unique authorization event identifier

agent_id String Acting agent identifier

action Enum Intent being cryptographically bound

timestamp Int64 (ns) Precise moment of binding

cryptographic_signature Bytes Signs event_id + agent_id + action + timestamp

parent_id UUID Edge to prior authorization state

8.2 Before-Action Binding in Continuous Flow
Continuous flow does not eliminate discrete cryptographic binding moments -- it increases their frequency. Each

FCTG node is signed before the action it authorizes executes. The original IBA invariant (cryptographic binding

before action, immutable audit trail) is preserved at sub-event granularity. The "before" guarantee holds at every

micro-transition in the flow.

8.3 Mode Transitions Mid-Stream
When Authorization Fluidity triggers a mode switch, the FCTG creates a new branch at the transition boundary. The

previous branch is sealed with a terminal signature. Both branches are linked via parent_id. The transition event

itself is cryptographically signed. The audit trail is unbroken across all mode transitions.

8.4 Query Optimization: From O(n) to O(log n)
Initial FCTG query complexity was O(n) -- unacceptable at Fugu Ultra scale. Prompt 8 addressed this with three

augmentation paths:

Path Mechanism Complexity Best For

Merkle-indexed FCTG Roots anchored at agent + cluster level; Merkle proofs skip irrelevant branchesO(log n) Cross-system audit, mode transitions

Localised skip-list Skip-list-like structures at each node (not global -- fractal DAGs preclude global)O(log n) local Dense intra-cluster queries
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Hybrid FCTG (PHI) Each node contains miniature graph + Merkle root + local skip-listO(log n) adaptive Mixed production workloads

8.5 Final Q4 Status and Remaining Empirical Gaps
Q4 (Audit Trail in Continuous Mode) is substantially solved. The FCTG data structure preserves cryptographic

before-action binding, handles mode transitions without breaking the audit chain, and achieves O(log n) query

complexity via Merkle indexing. The Hybrid FCTG is the recommended production architecture for mixed

workloads.

Two gaps remain -- both empirical rather than theoretical, and both requiring instrumented production deployment

data:

Q1 (Novelty Rate): The fraction of authorization transitions that are genuinely novel vs cached in production

orchestration environments. Power-law distribution is assumed but unverified. If novelty exceeds 10%, average

latency could drift. Requires real workload traces from Fugu Ultra-scale deployments.

Q4 Production Coherence: Long-term coherence of the FCTG under sustained concurrent execution at

thousands of agents, real mode-transition frequency, actual failure modes, and long-term storage cost curves. No

further RSI rounds will close this gap. It requires production deployment.

These two remaining gaps define the research agenda for the follow-on paper: "FCTG at Scale: Empirical

Validation of Fractal Authorization in Production Multi-Agent Environments."
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