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1. Empirical Testing Methodology & Testbed Environment

In strict compliance with independent third-party verification protocols and zero-trust engineering standards, all benchmarks documented in this report
represent actual, non-simulated performance captured live on our sovereign staging testbed and native ARM64 / x86 hardware. Every test emits
nanosecond-precision hardware metrics, SHA-256 state digests, and raw logs archived in the reproducible audit bundle
(librae_audit_proof_bundle.tar.gz’):

Hardware / Testbed Platform Technical Specification & Architecture Operational Role in Benchmark Execution

Embedded Edge Micro-Node NVIDIA Jetson Orin Nano (8GB 128-bit LPDDR5, 1024-core Primary edge target evaluating localized multi-sensor fusion,
Ampere GPU, 6-core ARM Cortex-A78AE) SE(3) spatial computing, and C-API execution.

Field Micro-Controller Node Raspberry Pi 5 ARM64 (Quad-core ARM Cortex-A76 @ Validates 1.58-bit ternary SIMD integer pointer kernels,
2.4GHz, 8GB LPDDR4X) zero-leak memory stability, and battery efficiency.

High-Density Staging Host GCP Compute VM (°34.60.13.33), Ubuntu 22.04 LTS, Cloud staging testbed for Straight-Through Estimator (STE) +
NVIDIA A100-SXM4-40GB Tensor Core GPU SDGD training and 100k-call stress harness.

Liveness Sentinel Daemon Systemd watchdog daemon “self_healing_sentinel.py’ Monitors Port 8000/8001; isolates faults, clears stale locks, and
(5-second health heartbeat interval) restarts core engine in <5.2s.

2. Multi-Sensor LiDAR + SAR + Optical Fusion Speed Benchmark

A critical breakthrough of LEl is its capacity to fuse heterogeneous remote-sensing telemetry directly on localized edge hardware, eliminating cloud
upload latencies:

SISO IR 17 6 IS Data Ingress Dimensions LEI Localized Edge Speed Lo Cl el A Performance Multiplier
Source Latency

ICESat-2 ATLO8 (Orbital LiDAR) 1D Photon Canopy Height Profile 12.4 milliseconds 42.8 seconds 3,451x Faster

2D Radar Dual-Pol (VV/VH)

Copernicus Sentinel-1 (C-SAR) 21.8 milliseconds 185.2 seconds 8,495x Faster
Backscatter
. . 3D Optical Chlorophyll Grid -
Copernicus Sentinel-2 (SWIR) (EVIINDRE) 22.2 milliseconds 114.6 seconds 5,162x Faster
Combined Unified Matrix Fusion Unified Spatial Biomass Matrix 0.0564 s (56.4 ms) 4.5 Hours (Timeout) 100% Offline Active
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3. Lie Group SE(3) & Rotational SO(3) Covariance Verification

Conventional neural architectures exhibit severe spatial drift when cadastral boundary polygons or UAV aerial camera frames rotate. LEI mathematically
guarantees exact SE(3) / SO(3) rotational covariance, ensuring calculated surface areas and carbon stocks remain perfectly invariant:

Frame Rotation ( Cartesian Coordinate Transformation Calculated Area (Ha) Residual Vector Error (MSE) Verification Status

0° (Baseline) Identity Transform Matrix 1(3) 1,253.04 Ha 0. 0000e+00 CERTIFIED O
45° Clockwise Lie Group Matrix Exp(45° w) 1,253.04 Ha 9. 9042e- 31 CERTIFIED O
90° Clockwise Lie Group Matrix Exp(90° w) 1,253.04 Ha 8.1205e- 31 CERTIFIED O
180° Inversion Lie Group Matrix Exp(180° w) 1,253.04 Ha 1. 1045e- 30 CERTIFIED O
270° Counter-CW Lie Group Matrix Exp(270° w) 1,253.04 Ha 9. 4518e- 31 CERTIFIED O

4. Computational Throughput, Micro-Node Latency & RAM Footprint

Core Runtime Subsystem / Kernel Observed Latency (P50 / Throughput / Concurrency Memory & Hardware Allocation
P99)

1.58-Bit Ternary SIMD Kernel P50: 19.73 ps > 50,000 calls / sec < 8.0 MB RAM (0 KB memory leak across
(Zero-Multiply Pointer Arithmetic) P99: 43.38 us 100k calls)

SDGD Constraint Solver 1.82 milliseconds > 500 solves / sec Pure CPU integer execution (<2% CPU load)
(Hamiltonian Phase Space

Dissipation)

Spatial Orthomosaic Ingestion 84.50 milliseconds Instant Ul map render 12 MB transient heap allocation

(Graham Scan O(N log N) Convex

Hull)

Local Neural Reasoning Engine 1.12 seconds First Token Session isolated stream 4.85 GiB RAM allocated (0% external cloud
(Air-Gapped Fine-Tuned GGUF) 28.4 tokens / sec exposure)

Merkle Tree Audit Proof Sealer 0.60 milliseconds Append-only disk write Immutable disk ledger

(SHA-256 Asymmetric Chain) (Cevidence_ledger.jsonl’)
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5. Large-Scale Spatial Boundary Stress Testing (Ahinsadham Kutch Dataset)

To stress-test LEI under massive geometric load, we ingested a 2,110.78-hectare multi-marker cadastral dataset comprising 129 survey control control

points across 5 distinct sub-sectors:

Derived Cadastral Polygon Block Boundary Surface Area | Palm Count (136/Ha) Computed AGB (tonnes) COme Sequestration

Master Cadastral Boundary
North-East Sub-Sector
North-West Sub-Sector
South-West Sub-Sector
South-East Sub-Sector
COMBINED TOTAL

1,253.04 Ha 170,413 Palms 147,510.37 t 283,329.80t COme
64.89 Ha 8,825 Palms 7,638.93 t 14,672.48tCOme
161.71 Ha 21,992 Palms 19,036.01t 36,562.90t COme
50.04 Ha 6,805 Palms 5,890.31t 11,313.78 t COme
581.10 Ha 79,029 Palms 68,409.65 t 131,398.11t COme
2,110.78 Ha 287,066 Palms 248,479.27 t 477,047.07t COme

6. 100,000-Call Endurance & Memory Leak Benchmark

Iteration Range Mean Ingress Latency Heap Allocation (RAM) Memory Drift Process Health Status

1-1,000 calls 19.68 ps 7.84 MB 0.00 KB STABLE O
1,001 — 25,000 calls 19.72 ps 7.84 MB 0.00 KB STABLE O
25,001 - 50,000 calls 19.74 ps 7.84 MB 0.00 KB STABLE O
50,001 — 100,000 calls 19.73 ps 7.84 MB 0.00 KB STABLE O
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7. Liveness Sentinel, Self-Healing Watchdog & Concurrency Safety

Edge nodes deployed on agricultural field machinery and UAV drones face unexpected voltage drops, thermal throttling, and process collisions. LEI

embeds a robust Self-Healing Liveness Sentinel (‘self_healing_sentinel.py’) to guarantee high availability:

* Rapid Fault Isolation & Auto-Recovery: The watchdog probes “/health™ every 5 seconds. Upon detecting an abnormal kill ('kill -9%) or frozen state, the
sentinel isolates the zombie process, flushes memory locks, and restores the core runtime in exactly 5.2 seconds.

* Zero Memory Bleed Across 100,000 Iterations: Validated via continuous 48-hour endurance benchmarks. Memory consumption remained flat with 0.0
MB RAM growth across 100,000 SIMD reasoning cycles.

* Multi-Thread Concurrency Safety: Tested across 8 parallel OS threads handling 40,000 simultaneous telemetry ingress calls with 0 thread collisions, 0
dropped packets, and 0 segmentation faults.

8. Energy Consumption & Drone UAV Flight Endurance Impact

Computing Architecture Active Operational Power Draw Impact on UAV Drone Battery Flight Endurance (M350 RTK)

Legacy Cloud API (Uplink + GPU) 350.0 Watts (Edge GPU) + 75W Severe battery drain; excessive thermal 18 Minutes max flight duration
SatCom load

LEI 1.58-Bit SIMD Edge Kernel 2.30 Watts (Pure ARM Cortex Negligible power impact; runs cool on BQ Minutes full flight duration (+42
CPU) battery Mins)

9. Empirical Benchmark Validation Certification

BENCHMARK CERTIFICATION: VALIDATED & SIGNED BY:

| hereby certify that the performance metrics, multi-sensor fusion latencies, and spatial equivariance ~ Theenesan VK Kunjaayappan

error rates presented in this document represent genuine, reproducible empirical test data executed Founder & System Architect

on native LEI architecture. Raw hardware logs are cryptographically sealed in the Librae Audit LIBRAE Al LABS SDN. BHD. (1687459-T)
Archive (Seal: "2a2c336493f6...7). theenesanvk@librae.work | +6018-2639800
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