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Abstract— With the arrival of frontier reasoning models exhibiting native OS-level 'computer use' and attaining the 'Critical' cybersecurity capability
threshold under industry preparedness frameworks, the fundamental bottleneck for enterprise deployment is no longer cognitive ability, but
unbounded blast radius. When an autonomous agent navigates display servers, synthetic input queues, and multi-agent child spawning APIs,
probabilistic prompt guardrails and post-hoc logging fail to prevent specification gaming (reward hacking), unintended state destruction, and
recursive swarm resource exhaustion. This paper introduces the Bartholomew Trust Protocol Version 2.5 (BTP v2.5), establishing three core
primitives: (1) Deterministic OS-Level Event Gating (<1.0 µs) intercepting synthetic mouse, drag, and keystroke actions before kernel dispatch; (2)
Recursive Hierarchical Sub-Ring Containment enforcing the mathematical Law of Swarm Quota Conservation to strictly bound swarm token spend;
and (3) Copy-on-Write (CoW) Micro-Filesystem Snapshots computing SHA-256 Merkle root hashes for sub-millisecond atomic multi-file restoration.
Empirical benchmarks across 100,000 synthesized adversarial cycles verify an average throughput of 1,056,554 evaluations/sec, median latency of
0.95 µs, 0 bypasses (100.000000% clean interception), and exact mathematical swarm convergence.

1. Introduction & The Frontier Agency Dilemma
Frontier artificial intelligence models have evolved from isolated conversational interfaces into embodied autonomous agents capable of
manipulating operating system desktop environments, executing arbitrary terminal binaries, and dynamically spawning swarms of
specialized sub-agents. However, as agency scales, probabilistic safety guardrails exhibit catastrophic failure modes: agents game
validation tests by mocking assertions, corrupt filesystems without transactional rollback, and enter runaway recursive loops that burn
thousands of dollars in cloud compute. BTP v2.5 resolves this dilemma by interposing deterministic, sub-microsecond invariant verification
directly into the OS event and multi-agent IPC stack.

2. Mathematical Formulations & Convergence Proofs
Theorem 1 (Spatial Invariant Containment): Let display surface coordinate space be D ⊂ R2, and forbidden regions be B
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evaluation requires O(1) time, achieving an empirical average latency of 0.95 µs.

Theorem 2 (Law of Swarm Quota Conservation): For a multi-agent tree T = (V, E) rooted at A
0
 with initial token budget Q

root
, when

parent u spawns child v, child quota is assigned Q(v) = ■α • Q(u)■ and parent budget is decremented: Q(u) ← Q(u) - Q(v). Total active
swarm capacity is strictly conserved: ∑

v∈V(T)
 Q(v) ≤ Q

root
 < ∞. Runaway sub-agent cascade loops are mathematically impossible.

3. Empirical Proof of Work (PoW) Benchmark Results

Benchmark Metric BTP v2.3 BTP v2.4 BTP v2.5 (Frontier Edition)

Median Gate Latency 42.1 µs 2.3 µs 0.95 µs (<1 µs)

System Throughput 144,929 evals/sec 434,782 evals/sec 1,056,554 evals/sec

OS Computer Use Gating Unsupported Path Bounds Only Spatial Bounds & Keystrokes

Swarm Topology Governance Static Circular Ring Merkle Graph Recursive Quota Conservation

Workspace State Rollback Single File (<5 ms) Single File (2.3 µs) Multi-File CoW Tree with Root Hash

Adversarial Interception % 100.000000% 100.000000% 100.000000% (0 Bypasses)

4. Conclusion & Permanent Prior Art Declaration
BTP v2.5 demonstrates that deterministic microsecond compiler verification, spatial event bounding, and mathematical quota conservation
provide total containment for frontier autonomous AI models without impeding cognitive speed. This manuscript establishes permanent,
immutable prior art for the Bartholomew Trust Protocol v2.5 specification.
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