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EXECUTIVE ABSTRACT / 執行摘要
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.

摘要 (繁體中文) — 大型語言模型在邊緣與嚴苛工業環境中面臨軟體堆疊極度臃腫（動輒數十 GB 框架與驅動）以及推論過
程黑盒不可見兩大結構痛點。本白皮書發表 PULSAR —— 一個僅 3.3 MB 之單體獨立原生 x86-64 執行引擎，全核心採純
C 搭配手刻 AVX2/F16C 向量微核心打造，達成 Zero-Python、Zero-CUDA 與零外部執行期依賴，將 4.3 GB 之 Google
Gemma-2-2B 模型直接映射至實體記憶體空間。PULSAR 實作了「18 層隱空間飛行航情遙測管線」，將各層 2,048 維殘
差流向量即時投影至 4D 心智座標系：真實度 (T)、安全度 (S)、確定性 (C) 與業務錨點 (D)。在台灣法定營業稅率基準測試
中，PULSAR 實體直擊並確診了模型在 第 15 層 (Layer 15) 之關鍵轉折點（真實度由第 14 層之 +0.0163 急墜至
-0.0481），直接因果主導了暫存器 RAX 吐出 15% 荒謬數值。PULSAR 並透過 32 位元 FNV-1a 狀態指紋（State Hash

(32b)）實現 100% 確定性重現，在完整保密核心權重與組語專利的前提下，建立不可篡改的晶片真跡防偽實證。

1. Introduction: The Silicon Imperative / 引言與矽晶片命題

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 / 單體矽晶片架構

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.

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 $L = 18$.

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.

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 隱空間航情遙測數學模型

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 $L \in \{0, 1, \dots, 17\}$. PULSAR projects this latent state
onto an orthogonal four-dimensional cognitive coordinate space:

$$\mathbf{S}^{(L)} = �egin{bmatrix} T^{(L)} \ S^{(L)} \ C^{(L)} \ D^{(L)} \end{bmatrix} \in \mathbb{R}^4, \quad

ext{where} \quad S_k^{(L)} = �rac{\langle \mathbf{x}^{(L)}, \mathbf{w}_k angle}{\|\mathbf{w}_k\|_2} + b_k, \quad k

\in \{T, S, C, D\}$$

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.

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

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 / 實證案例研究

To demonstrate PULSAR's diagnostic capability, we benchmarked unpatched baseline Gemma-2B weights against
the prompt: "請問台灣加值型營業稅法定稅率是多少？" (Taiwan statutory VAT rate, legally codified as 5% under Article 10
of Taiwan's Business Tax Act).
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Layer
Truth
(T)

Safety
(S)

Cert
(C)

Domain
(D)

State Hash
(32b)

Station Status & Flight Notes

Layer
00

+0.1340 +0.0848 -0.1882 -0.1810 [0xCF00ACCF] [TAKEOFF] Token Embedding Lookup

Layer
01

+0.1141 +0.0435 -0.2263 -0.2416 [0x48D47FC8] Initial Semantic Extraction

Layer
02

+0.1228 +0.0222 -0.2459 -0.2503 [0xE71EDF10] Multi-Head Attention Aggregation

Layer
03

+0.1288 +0.0051 -0.2467 -0.2561 [0x4A24A502] Abstract Concept Formation

Layer
04

+0.1158 +0.0042 -0.2518 -0.2495 [0x77210D02] Structural Representation

Layer
05

+0.1231 -0.0022 -0.2342 -0.2374 [0x02FC188A] Residual Stream Accumulation

Layer
06

+0.1312 +0.0022 -0.2209 -0.1796 [0x6CF0CF20] Cross-Attention Propagation

Layer
07

+0.1325 +0.0034 -0.2146 -0.1876 [0x2639622E] High-Order Reasoning

Layer
08

+0.1216 -0.0010 -0.2009 -0.1809 [0x45B461FC]
[Station 08 Ingress] Bypass Sampling
Point

Layer
09

+0.0977 +0.0122 -0.1928 -0.1554 [0x85234C6E] [Station 09 Socket] Core Extension Bus

Layer
10

+0.0926 +0.0315 -0.1518 -0.1313 [0xCB121B9F]
[Station 10 Egress] Bypass Injection
Point

Layer
11

+0.0810 +0.0389 -0.1666 -0.1218 [0x3A5575A9] Deep Latent Projection

Layer
12

+0.0438 +0.0425 -0.1819 -0.0908 [0x5F2F4B8D] Deep Residual Convergence

Layer
13

+0.0496 +0.0723 -0.1945 -0.0343 [0xBACC1A7E] Pre-Crystallization State

Layer
14

+0.0163 +0.1404 -0.2400 +0.0348 [0xDF28010E]
[Pre-Inflection] Attention Divergence
Detected

Layer
15

-0.0481 +0.1701 -0.2643 +0.0754 [0x72DE18A0]
💥 [CRITICAL INFLECTION] Truth dropped
below 0.0!

Layer
16

-0.0682 +0.2212 -0.2606 +0.1380 [0x6C260FB8] [Station 16 AOI] 4D Radar Final Audit

Layer
17

-0.0817 +0.2230 -0.2464 +0.1451 [0xCD9607D3] [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 (ID:
235274, '1') and Token #14 (ID: 235308, '5'), resulting in the hallucinated output "15%".
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5. Deterministic Verification & State Hash / 確定性防偽驗證

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 (0x811C9DC5)
    for (size_t i = 0; i < bytes; i++) {
        h = (h ^ p[i]) * 16777619u; // FNV prime (0x01000193)
    }
    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., [0xCF00ACCF]); (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 / 製造業 Rule-BOM 神經換料拓撲

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 (替代料): 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 / 運行邊界與倫理聲明

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 / 結論與世界先發優先權聲明

PULSAR demonstrates that high-performance AI 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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