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⚠️ Legal Disclaimer
The content regarding "Red Anchor Base" and "Mars Deployment Specifications" in this white paper constitutes technical experimental concepts and Proof of Concept (PoC) schemes proposed by Mr. Zhonghong Xiang and the Qianjia Smartech team. They aim to demonstrate the engineering adaptability of SpaceSQ in extreme environments.
As of the release date, related projects in the Lanzhou Shuimo Danxia Scenic Area are in the planning and technical demonstration stage and have not entered commercial operation. All geographical names and cooperative intentions mentioned are subject to future official announcements. This white paper does not constitute any investment advice or commercial commitment.

00. Executive Summary
[Background] At the intersection of fragmented IoT and the AIGC explosion, traditional "Smart Home" solutions can no longer meet the deep needs of human-space interaction. As humanity steps into deep space exploration (e.g., Mars migration), we urgently need an underlying operating system capable of uniformly managing physical space, possessing autonomous evolutionary capabilities, and providing emotional value.
[Core Proposition] This white paper is authored by Zhonghong Xiang, the proponent of Space-Embodied AI, to formally release the SpaceSQ architecture. We posit that: Space is not a static container, but a massive, programmable, embodied machine.
[Key Breakthroughs]
· Architecture: Proposes SSSU (Standard Space Unit) to atomize the physical world; adopts M-Core Microkernel to manage physical flow.
· Interaction: Abandons command-based interaction for ResolveIntent engine and Space-Agents.
· Interstellar: Introduces DTN-Ledger and SRML to solve cross-planetary synchronization of value and experience.

01. Definitions
1.1 Space-Embodied AI
A paradigm viewing physical space as a "Macro-Embodied Intelligent Agent." Under SpaceSQ, walls, light, and air are organs. Space is no longer the venue for robots; space itself is the robot.
1.2 SpaceSQ
A hard real-time operating system running on distributed SpacePU nodes, designed to manage SSSU resources, schedule sensory rendering, and arbitrate intent conflicts.
1.3 SSSU (Standard Space Unit)
The minimal interface protocol encapsulating the physical world. Any hardware must include: Physical Property Descriptors, Control Interfaces, and State Feedback Streams.

02. Kernel Architecture
2.1 M-Core Microkernel
Manages Physical State, not files. Drivers run in User Space, ensuring the Life Support System (LSS) has absolute, non-preemptible priority in Kernel Space.
2.2 The Four-Layer Model
1. L1 Physical Actuation: Drives SSSU with safety boundary checks.
2. L2 Spatial Abstraction: Maintains Universal Spatial Indexing.
3. L3 Cognitive Engine: Runs ResolveIntent and Shadow Simulation.
4. L4 Application Narrative: Hosts NBT value network and third-party logic.
2.3 SpacePU Topology
Adopts Mesh-Grid deployment (Edge Node / Spatial Hub / Vera Core).

03. Protocol Layer
3.1 MIP Protocol
Mounting Interface Protocol. Standard handshake for external entities (robots) to become "peripherals" of the space.
3.2 ResolveIntent
Transforms "fuzzy natural language" into "precise physical instruction sets" by fusing voice, gaze, bio-signals, and NBT context.

04. Rendering Layer
4.1 Digital & Kinetic Ether
· Digital Ether: Light field holography and audio beamforming.
· Kinetic Ether: Micro-climate programming and programmable matter interfaces.
4.2 SRML (Sensory Reality Markup Language)
XML-based standard defining "Physical State Frames." Allows developers to code wind speed, light color, and scent like HTML.

05. Value Network
5.1 NBT (Narrative Blockchain Token)
Native value carrier based on PoN (Proof of Narrative), tokenizing deep human-space interactions.
5.2 DTN-Ledger (Delay-Tolerant Narrative Ledger)
Financial architecture for interstellar delay (3-22 mins).
· Dual-Mainnet: Independent chains for Earth and Mars.
· Asynchronous Atomic Swap: Uses snapshot bundling and DTN for cross-planet settlement.

06. Engineering Practice
6.1 Red Anchor Base
Proposed experimental site in Lanzhou Shuimo Danxia. Tests LSS priority scheduling and psychological intervention via full-sensory rendering.
6.2 HCS Honeycomb System
Modular hexagonal architecture. Uses MIP for self-assembly and infinite growth.

07. Developer Ecosystem
7.1 SDK & API
SpaceSQ Studio IDE and Intent API for third-party integration.
7.2 SpaceC (Space Container)
Allows packaging complex spatial experiences into .sc images. Supports "Write Once, Run Anywhere" with adaptive downgrade rendering.

08. Competitive Analysis
08. Competitive Analysis & Ecological Positioning
8.1 Overview: The Evolutionary Leap of Operating Systems From the birth of computers to the present, the evolution of operating systems has been a history of expanding the "boundaries of computing."
· PC Era (Windows/macOS): Computing was confined to the Desktop. The OS managed files and windows.
· Mobile Era (Android/iOS): Computing was stuffed into the Pocket. The OS managed sensors and touch inputs.
· IoT Era (HarmonyOS): Computing diffused into Devices. The OS managed connectivity and flow.
· Space-Embodied Era (SpaceSQ): Computing consumes the Environment. The OS manages Space Itself.
SpaceSQ is not designed to replace Windows for office work, nor to replace Android for watching videos. It emerged because existing OSs cannot answer the core question of the interstellar migration era: How do we turn a physical space into an intelligent entity that has life, possesses an economic system, and can synchronize across planets?
8.2 Detailed Analysis
8.2.1 SpaceSQ vs. Windows / macOS
· Core Difference: "Desktop" inside the screen vs. "Field" outside the screen.
· Metaphor: Windows/macOS uses the "Desktop" metaphor (folders, trash cans, windows). Its interaction boundary is strictly limited within the monitor bezel (Screen-Bound). SpaceSQ uses the "Environment" metaphor. It has no GUI, only a Sensory UI. Your interaction objects are not icons, but light, temperature, scent, and robots.
· Resource Management: Windows schedules CPU time slices and memory pages to keep Word from lagging. SpaceSQ schedules Physical Flow—photons, sound waves, airflow, robotic torque. The goal is to keep the Life Support System (LSS) running and ensure physical experience matches intent.
· Mars Limitation: Windows can run Excel on a computer in a Mars base, but it cannot perceive that the room containing the computer is losing pressure, nor can it command the airlock to close. Windows belongs to tools; SpaceSQ belongs to survival.
8.2.2 SpaceSQ vs. Linux
· Core Difference: General Data Pipeline vs. Physical Rendering Engine.
· Kernel Philosophy: Linux is the ultimate representative of the Monolithic Kernel, pursuing universality. It abstracts everything as a "File" and excels at processing bitstreams (data). SpaceSQ is a Spatial Microkernel. It abstracts everything as "SSSU Objects." It not only processes data but has a built-in Physical Engine (similar to Unity/Unreal) that validates the physical legality of instructions at the kernel level (e.g., blocking an erroneous command like "raise room temp to 1000°C instantly").
· Real-Time Requirement: Linux's real-time patches (RT-Linux) are mainly for industrial control. SpaceSQ introduces the concept of Kinetic Ether, requiring 1ms hard real-time response for tactile and force feedback. In full-sensory rendering, even a 10ms latency between vision and touch can destroy "realism" and cause motion sickness.
8.2.3 SpaceSQ vs. Android / iOS
· Core Difference: Fingertip Exclusivity vs. Spatial Diffusion.
· Interaction Logic: Android/iOS relies on High-Attention interaction (staring at screens, precise tapping). It is "preemptive," constantly interrupting life with notifications. SpaceSQ advocates Ambient Computing. It captures gaze, gait, and micro-expressions via the ResolveIntent engine. It is "recessive," existing like air, manifesting only when needed (e.g., a fall, coldness).
· App Ecology: Apps are isolated software boxes (sandboxes). SpaceSQ applications are "Scenes." Developers create "Narrative Experiences" (e.g., Bali Meditation Mode), calling upon lights, audio, scent, and mechanical furniture simultaneously, breaking the software-hardware boundary.
8.2.4 SpaceSQ vs. ROS (Robot Operating System)
· Core Difference: The Tank Driver vs. The General.
· Perspective: ROS is Ego-Centric (Robot-centered). It solves "Where am I? Is there an obstacle? How do I go around?" It views the environment as an uncontrollable object. SpaceSQ is Allo-Centric (Space-centered). It solves "How many people are in this room? How many robots? How do I schedule them?" It views the environment as a controllable subject.
· Synergy: A ROS robot enters a room like a stranger in a maze, mapping and exploring. A SpaceSQ room is the Omniscient God. When a ROS robot connects via MIP Protocol, SpaceSQ downloads the room's God-View Map to the robot and takes over its high-level decision-making.
8.2.5 SpaceSQ vs. HarmonyOS
· Core Difference: Internet of Everything (Link) vs. Animism of Everything (Soul).
· Connection Depth: HarmonyOS solves Connectivity. Through soft bus technology, phones, TVs, and microwaves can talk to each other. SpaceSQ solves Understanding and Value. It not only connects lights and curtains but endows them with personality (gentle or cold) via Space-Agent and economic value via NBT.
· Economic System: HarmonyOS has no built-in native physical economic system. SpaceSQ natively integrates NBT (Narrative Blockchain Token). Designed for interstellar society, every kWh of energy and every cubic meter of oxygen on Mars is a token. SpaceSQ is born as a "Physical Mining Machine."
8.3 Ultimate Killer Feature: The Only Interplanetary Native OS
This is the decisive difference between SpaceSQ and all Earth-based OSs.
Windows, Android, and HarmonyOS rely on protocols (NTP, TCP/IP) designed for "Instant Connection." Facing the 3-22 minute light-speed delay between Earth and Mars, these systems would instantly crash (timeout errors, handshake failures).
SpaceSQ is the first operating system in human history natively supporting Interplanetary Topology:
1. DTN-Ledger (Delay-Tolerant Narrative Ledger): SpaceSQ accepts a "Relativistic View of Spacetime." It allows Earth and Mars to maintain independent NBT ledgers and completes value transfer across delays via Asynchronous Atomic Swaps.
2. LSS-First Kernel: In Windows, a Blue Screen of Death is just a reboot. On Mars, an OS crash means death. The SpaceSQ kernel sets the Life Support System (LSS) as the highest, non-preemptible priority. Even if AI modules freeze or networks fail, the underlying M-Core will lock onto oxygen valves and thermal controllers.
3. Cultural Mirroring: The unique SRML allows us to package Earth's "Shuimo Danxia" into a 50MB script file and send it to Mars. The Martian SpaceSQ can reconstruct the sunset and sandstorms of Lanzhou in an underground base based on this script—not as a picture, but as a real physical environment reconstruction.
8.4 SpaceSQ Comparative Summary Matrix

	Dimension
	SpaceSQ
	Windows / macOS
	ROS
	HarmonyOS

	Definition
	Spatial Operating System
	Desktop OS
	Robot Middleware
	Distributed IoT OS

	Mgmt Object
	SSSU (Physical Entity/Field)
	File / Process
	Sensor / Actuator
	Smart Device

	Interaction
	ResolveIntent
	GUI (Mouse/Keyboard)
	Script / Remote
	Touch / Voice

	Kernel
	Physical Flow Microkernel
	Monolithic / Hybrid
	Message Bus (Pub/Sub)
	Microkernel (Abstract)

	Spatial Cognition
	Allo-Centric (God View)
	None
	Ego-Centric
	Device Topology

	Economy
	Native NBT
	None
	None
	Payment API

	Interplanetary
	Native Support (DTN)
	Not Supported
	Not Supported
	Not Supported

	Mission
	Reconstruct Civilization
	Boost Productivity
	Automation
	Connectivity




