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Abstract

Natural glass sponges (Hexactinellida) construct fault-tolerant, rigid skeletal frameworks out of biogenic silica spicules
arranged along orthogonal, triaxonic axes. These siliceous networks transmit continuous bio-mechanical and electrical
pulses across a multinucleated syncytium without centralized neural organs. In this paper, we transpose this marine
biomineral morphology into artificial general perception by introducing the Hexactinellid Spicule Lattice (HSL). HSL models
discrete 2D spatial abduction grids (as evaluated in the Abstraction and Reasoning Corpus, ARC-AGI-3) as 6-directional
topological coordinate manifolds. Input-output exemplar pairs are decomposed into closed-form Galois Field GF(p) linear
systems, affine coordinate transforms, and localized boundary affordances. We demonstrate that this architecture achieves
zero-shot generalization over interactive grid manipulation tasks without requiring multimillion-parameter brute-force token
generation.

1. Introduction and Biological Motivation

The Abstraction and Reasoning Corpus (ARC-AGI) challenges foundational models to perform relational induction from
minimal training examples (typically 2 to 5 demonstration pairs). While modern autoregressive transformers achieve high
performance on linguistic pattern completion, they struggle with spatial invariance, object permanence, topological
connectivity, and rule-based parity transformations when tokens lack dense pretraining correlations.

To address these inductive bottlenecks, we look to marine structural biology. Deep-water glass sponges in the Pacific
Northwest (such as Aphrocallistes vastus) construct expansive biomineral reefs capable of surviving dynamic
oceanographic pressures. Their skeletal architecture consists of six-rayed (hexactine) silica spicules fused into a stable
three-dimensional scaffold. Signals propagate across an interconnected cellular syncytium with minimal energy loss. By
embedding these geometric symmetries into spatial attention mechanisms, our model enforces rigid topological consistency
across grid transformations.

2. Mathematical Formalism: Hexactine Spicule Manifold

Let G represent an ARC grid of dimension H x W with discrete palette colors c in {0, 1, ..., 9}. We define a spicule basis
vector set S = {+x, -X, +Y, -y, +z, -z} corresponding to the six orthogonal rays of hexactine geometry. For 2D planar
projections, the z-axis represents multi-scale hierarchy (layer abstraction). Each cell (i, j) computes directional affordances
along all six rays:

A(, j, r) = sum_{k=1}"R gamma”k * delta(G[i + k*r_x, j + k*r_y], c_target)

For toggle and parity puzzles (such as interactive task ft09), state transitions are modeled over the finite field GF(p). The
transition matrix A maps user interactions to grid illumination states. A closed-form matrix inversion over GF(p), x = A*(-1) *
(v_target - v_0) mod p, computes the minimal action trajectory deterministically in O(N”3) time, bypassing recursive



exploration.

3. Benchmark Trajectories & ARC-AGI-3 Evaluation

The HSL architecture was evaluated on ARC-AGI-3 Phase A game environments under strict offline execution constraints
(OperationMode.OFFLINE). Zero network calls, zero pre-compiled lookup tables, and a strict action cap of 250 steps per
level were enforced.

Affordance Mode Baseline Actions HSL Actions Verification Status

ft09 (GF(p) Linear Toggle) Closed-Form Matrix Inversion 180 (Incomplete) 75 (6/6 Levels) Verified WIN (100%)
sul5 (Impulse Dynamics) Elastic Spicule Kinematics 94 (Level 2) 42 (5/5 Levels) Verified WIN (100%)
po21 (Geometric Enclosure) Hexactine Ray Casting 140 (Level 1) 58 (4/4 Levels) Verified WIN (100%)
1s08 (Symmetry Parity) Syncytial Reflection Group 210 (Level 3) 88 (5/5 Levels) Verified WIN (100%)

4. Discussion & Grant Alignment

By bridging natural biomineral architecture with discrete combinatorial mathematics, Coralfil Labs provides a biologically
grounded alternative to brute-force reasoning systems. This framework directly advances our DeepMind Science Research
Grant program, extending hexactinellid structural modeling into both artificial general perception and coastal marine digital
twin engineering.



