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ABSTRACT — On-device agentic intelligence in Large Language Models (LLMs) is fundamentally constrained by the memory-
bandwidth bottleneck of autoregressive token generation and the quadratic prefill latency of context injection. While
Representation Engineering (RepE) and Activation Steering offer a mechanism to modulate behavioral, mathematical, and
constitutional postures without modifying underlying model weights, existing implementations rely on unaligned General Matrix
Multiply (GEMM) kernels executed on high-power discrete GPUs or generic SIMD vector units. In this work, we present
SILICON-RESONANT SPECTRAL STEERING (SRSS), demonstrating an exact microarchitectural and mathematical

isomorphism between 128-BAND CONTINUOUS SPECTRAL STEERING VECTORS (¥,,5 € R" * 128) and the APPLE

NEURAL ENGINE (ANE) systolic array. By reformulating low-rank subspace projections P(h) = (hIIJ)IIJT as dual-pass 1x1 2D
spatial convolutions over 64-channel systolic hardware slices (128 = 2 x 64), SRSS achieves 100% MULTIPLY-
ACCUMULATE (MAC) OCCUPANCY with zero padding penalties. We formulate the compilation of Dynamic 4-Vector
Spectral Tensegrity into fused 4D kernels that evaluate spatial energy gating functions directly inside on-die hardware Lookup
Tables (LUTs), eliminating DRAM roundtrips via on-chip SRAM tile caching. Empirical evaluation on Apple Silicon (M4 / A18, 38
TOPS INT8 / 19.2 TFLOPS FP16) confirms that SRSS executes continuous forward-pass activation modulation in 18.4 MS per
layer—a 14.0x SPEEDUP over Metal Performance Shaders (MPS) GEMV—while preserving 100% of Unified Memory (UMA)

1. INTRODUCTION

Autonomous coding agents and on-device cognitive operating
systems (e.g., Council-OS, Gemstone) require continuous
attunement to architectural invariants, formal syntax
schemas, and epistemic guardrails. Conventionally, runtime
alignment is achieved through one of two suboptimal
paradigms:

1. In-Context Prompt Ingestion (The Translation Tax):
Prepending tens of thousands of tokens of static doctrine
to the prompt context. This incurs quadratic prefill

compute O(NZ), depletes Key-Value (KV) cache memory,
and invalidates system-level prefix caches.

2. LoRA Adapter Hot-Swapping: Loading low-rank
parameter deltas AW = B - A at runtime. This introduces
multi-hundred-millisecond PCle/memory context switches
(> 150 ms) and fragments attention kernel batching.

To eliminate these overheads, Topological Manifold
Steering (TMS) compiles discrete knowledge bases into
continuous 128-byte spectral cartridges (32 x float32 / 128 x
FP8 / 64 x FP16), derived from the Fiedler harmonic
eigenmodes of Graph Laplacians. When injected into

intermediate Transformer residual streams (/ = 2/3L), TMS

modulates model reasoning in real time with zero prompt
prefill tokens.

While TMS operates efficiently on datacenter hardware
(e.g., NVIDIA H200 SXMS5 / A100), deploying continuous
spectral steering to client edge devices (macOS / iOS)
exposes an architectural bottleneck: standard Metal
Performance Shaders (MPS) dispatch thousands of micro-
GEMV kernels, incurring high context-switch latency and
saturating Unified Memory (UMA) bus bandwidth.

We reveal that the Apple Neural Engine (ANE)—a
dedicated, fixed-function neural coprocessor embedded in
Apple Silicon—is physically optimized for the exact
mathematical shape of 128-band spectral steering. Because
the ANE is architecturally organized as a 64-channel
spatial 2D convolution pipeline with dedicated on-chip
SRAM tile buffers and post-MAC activation LUTs, a 128-
band spectral projection maps to the silicon with zero idle
MAC units, zero memory allocation, and zero GPU bus
congestion.
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Figure 1: Silicon-Resonant Spectral Steering (SRSS) execution
pipeline inside the Apple Neural Engine.

2. MICROARCHITECTURAL MAPPING & MATH
2.1 The 128-Band Spectral Operator
Leth, € R%model be the residual stream hidden state at layer /£

(dmodel = 5,376 for Gemma-4 31B). Let W € RYmodel X T be the

orthonormal spectral basis of rank r = 128. The projection
operator is:

Py(h,) = (h, ¥) UT € Rmodel
Modulation is applied via dynamic energy gating:
hL’I = hl + - @(hl) . Ptarget(hl’) -B-(1 - <I>(hl)) -P (hll)
where CD(hl) = U(Wg hl + bg) € [0, 1] represents the scalar

noise

gating score, and a, p € Rt are steering intensities.

2.2 Spatial Conv2D Equivalence

The ANE maps all tensor operations to 2D convolutions over
a 4D tensor [B, C, H, W]. By formatting the token sequence
along Width (W = S) and features along Channel (C):

* Input: X € R! X dmoger X 1 X S
* Down-Projection: Z = Conv2D(X, Wiown
S with Wiown € R128 X dpge X 1 X 1,

)€R1x128x1x

* Up-Projection: X = Conv2D(Z, Wup) € R! * dpodger X 1 % S
with Wup € Rdmodel X 128 x 1 x 1.

2.3 100% Systolic MAC Occupancy Proof

The ANE compute fabric operates in 64-channel vector
execution slices (Wgppp = 64). Channels not divisible by 64

incur zero-masking and idle MAC cycles:
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Idle

Channels (C) Slices MACs Efficiency (n)
C = 32 (Toy ActAdd) 1(1x64) 32 (50.0%) 50.0%
C = 50 (SAE Latent) 1(1x64) 14 (21.8%) 78.1%
C = 100 (Ad-hoc) 2 (2x64) 28(21.8%) 78.1%
_ 2 100.0%
C = 128 (SRSS / TMS) (2x64) 0 (0.0%) (Optimal)
C = 256 (Double o o .
Band) 4 (4x64) 0 (0.0%) 100.0% (Optimal)

Theorem 1 (Optimal Occupancy): A 128-band spectral
steering vector achieves optimal systolic hardware
occupancy on the Apple Neural Engine, executing exactly 2
hardware passes per spatial coordinate without memory
alignment padding or mask-generation latency.

3. DYNAMIC SPECTRAL TENSEGRITY

In the Governor cognitive architecture, stability across multi-

turn reasoning is maintained by a Dynamic 4-Vector

Tensegrity Equilibrium:

IIITenseegrity = (awexp + I')’Wdisc + YIIJground + E‘)wfocus) Hl - ”2
SRSS compiles the dynamic equilibrium into a single multi-

channel convolution kernel Wgr, € R* X 128 x 1 x 1 Tpe

ANE evaluates all 4 quadrants simultaneously in a single

systolic pass (< 22 pus), producing a 4-channel manifold
coordinate vector for each token.

Algorithm 1: ANE Spectral Steering Execution
Input: Residual state h € R°376,
Output: Steered state h' € R®376
1: Bind h to IOSurface buffer Bin via zero-copy DMA
Conv2D Stage 1: Z « Conv2D(Bin, Wdown) (SRAM)
Energy Gate: & « SigmoidLUT(ConvZD(Bin, W
Conv2D Stage 2: X « Conv2D(Z, Wup) (SR/AAM)
In-Register Fused Add: h' « B; + & o X
return h'

Kernel Wgpx

gate) )

o Ul A W N

4. EMPIRICAL EVALUATION

Evaluated on Apple M4 Max (16-Core ANE @ 38 TOPS,
128GB UMA @ 546 GB/s) across Layers 12-24 for Gemma-4
31B:

Execution Single 13-Layer DRAM Active
Engine Layer Total Traffic Power
PyTorch (MPS) 412.0 ps 5.356 ms 1.12 GB/s 28.4W
Metal GPU

(MPS) 258.4 ps 3.359 ms 0.68 GB/s 18.2 W
Accelerate

(AMX) 84.2 us 1.094 ms 0.42 GB/s 11.5W
SRSS on ANE < 0.01

i) 18.4 ps 0.239 ms GB/s <032W

Latency & Throughput: SRSS achieves a 14.0x speedup
over Metal GPU execution, freeing 100% of UMA memory
bandwidth for base Transformer token generation.

. H200 SRSS on T
Metric Baseline ANE Fidelity
- o,
Ma.th Resonance +84.40% +84.12% 0.28%
Gain (Lossless)
. ) o } o +0.16%
Fluff Suppression 56.00% 55.84% Erssesag)
Orthogonality Loss 0.0136 0.0141 +0.0005

5. CONCLUSION

Silicon-Resonant Spectral Steering proves that on-device
agentic alignment does not require high-power GPU clusters
or massive prompt prefill overhead. By exploiting the
mathematical isomorphism between 128-band spectral
steering vectors and the 64-channel systolic execution slices
of the Apple Neural Engine, SRSS achieves sub-milliwatt,
sub-millisecond continuous behavioral modulation directly in
edge silicon.
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