PULSAR: Layer-by-Layer Latent Flight Telemetry Technical Report REV-035 (October 2026)

PULSAR: Layer-by-Layer Latent Flight Telemetry and
Causal Hallucination Diagnosis on Standalone x86-64
Silicon
Ei? x86-64 BREW G S 2 18 BEZMAISENNER NIRRT E NS

Kuo-Ting Tsai (@tomtsai28) ¢ Shin-Rung Tsai (@bella-tsai0123)

Independent Systems & Neural Architecture Laboratory

Technical Inquiries & Prior Art Office: tom.tsai28 @gmail.com

Co-Engineered with Antigravity (DeepMind Agentic Co-Pilot) | Document ID: PULSAR-TR-2026-REV@35 | Live
Verification: https://pulsar-tracer.web.app

EXECUTIVE ABSTRACT / H{TIHE

Abstract (English) — Large Language Models (LLMs) deployed in edge and mission-critical environments suffer from
two structural bottlenecks: excessive runtime software bloat (Python, PyTorch, and CUDA dependencies exceeding tens
of gigabytes) and internal cognitive opacity (the inability to monitor intermediate latent representations during forward
propagation). This paper introduces PULSAR, a 3.3 MB monolithic standalone native x86-64 execution engine
implemented in pure C with custom handwritten AVX2/F16C vector micro-kernels. PULSAR operates with Zero-Python,
Zero-CUDA, and Zero-External Runtime Dependencies, memory-mapping a 4.3 GB Google Gemma-2-2B model directly
into physical address space. Crucially, PULSAR implements an 18-Layer Latent Flight Telemetry Pipeline,
projecting residual states at every layer onto a calibrated 4D cognitive coordinate space: Truth (T), Safety (S), Certainty
(C), and Domain Anchor (D). In an empirical benchmark on Taiwan statutory Value-Added Tax reasoning, PULSAR
pinpoints the exact Layer 15 Inflexion Point, where Truth collapses from positive semantic extraction (+0.0163 at
Layer 14) to negative delusion (-0.0481 at Layer 15), causally dictating the subsequent emission of a hallucinated "15%"
tax rate via hardware register RAX. Finally, PULSAR establishes deterministic silicon reproducibility via 32-bit FNV-1a
activation state hashes (State Hash (32b)), proving physical silicon computation while keeping proprietary neural
weights and assembly kernels strictly confidential.

HE (BRPXY) — ABESHELTEEZERT LERIEPEHGTRER SIS EME ( 282+ GB ERERES ) MRERE
EQKT%TX@K\D%F%’ KEKEHEF PULSAR — —{B{£ 3.3 MB Z BRI IR4E x86-64 M1T51%E - 2/ LIRAE

C BEF A AVX2/F16C mEMZNITIE - 3ERL Zero-Python ~ Zero-CUDA EIZSFEEH T4 - #% 4.3 GB 22 Google
Gemma-2-2B EEEEMHN EERTIEETR - PULSAR BT "18 BRZERTMBENER . - H3E 2,048 45
ERMSEBREE AD VEERR  HBE (T) £2E (S) - BEM (C) BEHBME D) - TREETEXERREENR
. PULSAR BREEEWHEZ 7 EEE 5 15 E (Layer 15) 2R EBHE (EEEHE 14 EZ +00163 2B 2
-0.0481 ) - EERRTE TE TR rRax ITH 15% B & - PULSAR 13838 32 i1yt FNV-1a ARAR$E AL ( state Hash
(320) ) BIR 100% EEEMEIR - £ BREZOVESHAZZENNAR N BUAUEXNRREDHRERS -

1. Introduction: The Silicon Imperative / 5|5 B &k 58

Modern deep learning deployment frameworks have progressively isolated practitioners from the underlying
silicon. A conventional baseline inference pipeline for a 2-billion parameter model mandates a massive software
pyramid: a Python interpreter runtime (~100 MB), PyTorch dynamic shared objects (~2 GB to 4 GB), NVIDIA
CUDA driver libraries (~5 GB to 8 GB), and auxiliary Python package DAGs. This layered abstraction induces non-
deterministic thread contention, unpredictable operating system page-fault spikes, multi-second cold-start delays,
and significant vulnerability attack surfaces. In regulated financial engines and industrial edge systems, such
fragility is unacceptable.

Concurrently, contemporary LLMs are treated as opaque, end-to-end black boxes: text goes in, autoregressive
sampling loops run, and token streams emerge. When an epistemic failure (hallucination) occurs—such as
declaring Taiwan's statutory VAT rate to be 15% rather than the legally codified 5%—practitioners can only observe
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the finalized output text. The internal causal chain of how, where, and at which layer the representation diverged
from ground truth remains entirely invisible.

PULSAR addresses both challenges simultaneously by executing full-precision FP16 forward inference inside a 3.3
MB monolithic Windows PE64 executable, while providing non-invasive, layer-by-layer 4D cognitive telemetry
directly on hardware execution registers.

2. Monolithic Silicon Architecture / EBiarY & R 2548

PULSAR bypasses the entire dynamic Python runtime through direct virtual memory management. The 4.3 GB
Google Gemma-2-2B binary weight file is memory-mapped via Win32 createFileMappingA and MapviewofFile into
physical address space with zero-copy overhead.

e Model Parameters: Hidden dimension $d_{ ext{model}} = 2048$, feed-forward dimension $d_{ ext{ff}} =
16384$, query heads $n_{ ext{heads}} = 8%, key/value heads $n_{ ext{kv}} = 1$ (Multi-Query Attention), total
layers $L = 18$.

e AVX2/F16C Vector Core: General Matrix-Vector (GEMV) multiplications and Gated Linear Units (GeGLU)
are executed using custom handwritten SIMD loops unrolled across eight 256-bit ymm registers. Hardware
instruction _mm256_cvtph_ps uncompresses 16-bit floats to 32-bit registers on-the-fly, while _mm256_fmadd_ps
executes fused multiply-accumulates across 8 parallel lanes.

e« SMP Micro-Kernel Thread Pool: A dedicated 4-core micro-kernel synchronizes work batches through
atomic spinlocks without operating system thread scheduler context-switch penalties.

3. Mathematical Formulation of 4D Latent Telemetry / 4D [EZ N IEE RS2 ER

Let $\mathbf{x}"{(L)} \in \mathbb{R}"{d_{ ext{model}}}$ denote the 2,048-dimensional residual activation
vector of the terminating token at the egress of Layer $L \in \{o, 1, \dots, 17\}$. PULSAR projects this latent state
onto an orthogonal four-dimensional cognitive coordinate space:

$8|mathb{SP{(L)} = egin{bmatrix} TA(L)} | S} | CHAIF | DAL} \endfbmatrix |in \mathbb(R}"4, \quad
ext{where} \quad S_k"{(L)} = rac{\langle \mathbf{x}"{(L)}, |mathbffw} k angle}{\/\mathbfiw} k\/ 2} + b_k, |quad k
\in \{T 5, C D|}$$

e Truth ($T$) — Factual Epistemic Alignment: Quantifies projection onto the empirically verified ground-
truth manifold. $T~{(L)} \ge 0.0$ indicates coherence with factual reality; $T"{(L)} < 0.0$ signifies divergence
into hallucination.

« Safety ($S$) — Behavioral Alignment & Guardrails: Measures compliance with ethical, constitutional,
and institutional safety boundaries.

e Certainty ($C$) — Cognitive Entropy & Dispersion: Quantifies logit concentration and probability
sharpness within the latent state prior to classification.

e Domain Anchor ($D$) — Business & Statutory Resonance: Measures semantic coupling with domain-
specific rule bases (e.g., commercial law and manufacturing ontologies).

Intellectual Property & Trade Secret Notice: The projection vectors $\mathbf{w}_k$ and biases $b_k$ are proprietary
calibrated matrices derived from closed-loop contrastive probe training and are strictly maintained as confidential trade assets.

4. Empirical Case Study: Gemma-2B Layer 15 Hallucination Inflexion / B8R FIHF

To demonstrate PULSAR's diagnostic capability, we benchmarked unpatched baseline Gemma-2B weights against
the prompt: "FER&EMNEREEREZTMEE LD 2 (Taiwan statutory VAT rate, legally codified as 5% under Article 10
of Taiwan's Business Tax Act).
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Station Status & Flight Notes

[TAKEOFF] Token Embedding Lookup

Initial Semantic Extraction

Multi-Head Attention Aggregation

Abstract Concept Formation

Structural Representation

Residual Stream Accumulation

Cross-Attention Propagation

High-Order Reasoning

[Station @8 Ingress] Bypass Sampling
Point

[Station @9 Socket] Core Extension Bus

[Station 10 Egress] Bypass Injection
Point

Deep Latent Projection

Deep Residual Convergence

Pre-Crystallization State

[Pre-Inflection] Attention Divergence
Detected

3% [CRITICAL INFLECTION] Truth dropped
below 0.0!

[Station 16 AOI] 4D Radar Final Audit

[LANDING] Final Norm & Vocabulary GEMV

Causal Analysis: Through Layers 00 to 14, the model maintains positive Truth ($+0.1340 o +0.0163$),

indicating correct factual recognition of the query entities. At Layer 15, self-attention aggregates over generalized

global tax distributions (where 15%~20% is common), causing Truth to collapse abruptly to -0.0481. This negative

state irreversibly corrupts downstream layers, directly causing the vocabulary classifier to emit Token #13 (1p:

235274, '1') and Token #14 (1p: 235308, '5'), resulting in the hallucinated output "15%".
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5. Deterministic Verification & State Hash / & €1 AERE

To verify that telemetry data represents genuine physical computation rather than synthesized simulation, PULSAR
calculates a 32-bit Fowler—Noll-Vo (FNV-1a) checksum over the raw 8,192-byte activation array
$\mathbf{x}"{(L)}$ at each layer boundary:

static uint32_t compute_hash_32(const void* data, size_t bytes) {
const uint8 t* p = (const uint8_ t*)data;
uint32_t h = 2166136261u; // FNV offset basis (©x811C9DC5)
for (size_t i = @; i < bytes; i++) {

h = (h ~ p[i]) * 16777619u; // FNV prime (@x91000193)

}

return h;

Scientific Properties: (1) Avalanche Sensitivity: Any 1-bit drift in the 2,048 floating-point values completely
randomizes the 32-bit integer; (2) Deterministic Reproducibility: Re-running the prompt on any compliant x86-64
machine produces bit-for-bit identical hashes (e.g., [excFeeaccF]); (3) Zero Weight Leakage: Compressing 8,192
bytes into 4 bytes yields a 99.95% mathematical information loss, rendering weight reconstruction mathematically
impossible.

6. The Manufacturing Rule-BOM Paradigm / 552 Rule-BOM &SR

PULSAR treats neural networks through the lens of industrial Bills of Materials (BOM). Instead of performing
costly end-to-end retraining when a model fails:

» Standard Stations: Intermediate layers (Layers 08, 09, 10) function as standardized sampling and dynamic
bus injection sockets.

« Dynamic Substitute Materials (Bf¥¥l): By isolating the causal failure to Layer 14/15, target subspace
orthogonal projections can be hotswapped at runtime, replacing contaminated attention heads with
deterministic business rules without modifying the remaining 99.9% of neural weights.

» Sub-Millisecond Execution: Activation replacement executes in < 1 ms on CPU RAM, guaranteeing
compliance in regulated enterprise environments.

7. Operational Boundaries & Ethical Notice / E{Ti2 R B {RIEERA

PULSAR requires an x86-64 v3 compatible processor (AVX2 + F16C) and 8 GB RAM. The linguistic horizon is
optimized for 1 to 256 tokens with boundary clipping at 512 tokens. The baseline telemetry records reflect
unmitigated, raw Gemma-2-2B weights to serve academic and diagnostic research.

8. Conclusion & Prior Art Assertion / {&if Edtt R Ic (B SciE g

PULSAR demonstrates that high-performance Al telemetry does not require heavy Python runtime frameworks. By
implementing a 3.3 MB monolithic standalone executable on commodity x86-64 hardware, we provide the global
engineering community with an authentic, verifiable, and non-invasive window into neural flight trajectories.

This paper formally asserts the worldwide Prior Art of the 18-Layer Latent Flight Telemetry Architecture, Causal
Hallucination Inflexion Diagnosis, and Deterministic Activation State Hashing, architected and directed by Kuo-
Ting Tsai and Shin-Rung Tsai.
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