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PREFACE

When Space Gets a Kernel

As I write this preface, we stand at an awkward tipping point.

On this side of Earth, the so-called "Smart Home" has fallen
into a quagmire of mediocrity. We are complacent with remotely
turning on air conditioners via smartphones or shouting "lights
oftf" at smart speakers. But please, ask yourself: Is this truly our
imagination for the future? Can this fragmented intelligence,
existing merely as a "giant remote control," really support hu-
manity in stepping out of the cradle and surviving on the red
wasteland of Mars?

The answer is no.

When we cast our gaze to deep space, 55 million kilometers




away, we discover that what is needed there is not a speaker that
plays music, but a survival system as ubiquitous as oxygen, as
sensitive as skin, and as precise as a brain.

We need a new definition, and even more, a brand-new architec-
ture.

This is the origin of Space?: The Spatial Operating System.

I do not want this book to be categorized merely as "Building
Automation" or "IoT" industry literature. These old vocabularies
can no longer carry the weight of Space-Embodied Al In this
book, I attempt to show you a disruptive perspective: Space is
not a static container, but a giant, programmable machine.

Just as Windows defined personal computing and Android
defined the mobile internet, Space? attempts to define the inter-
action protocol between humanity and the physical environ-
ment.

- Its Hardwareis no longer CPUs and RAM, but Standard Space
Units (SSSU);

- Its Software is no longer Apps, but Resolvelntent Solvers and
Space-Agents;

- Its Value Network is no longer fiat currency, but Narrative
Blockchain Tokens (NBT).

This is a grand ambition, but we will start building from the
smallest atom.

In this book, we will depart from the "Red Anchor Base" in Lan-
zhou Shuimo Danxia. That is the fold on Earth most resembling
Mars, and the blast furnace for Space?. You will see how we drive
basalt with code, how we simulate Earth's dusk with algorithms,

and how we use technology to preserve the last warmth for hu-
manity amidst extreme loneliness.

I hope that when you finish this book, you will gain a new "Spa-
tial X-Ray Vision." When you look around your room again, you
will no longer see cold walls and floors, but flowing compute,
breathing data, and standby interfaces.

This road is destined to be long. From defining a basic SSSU unit
to building complex underground Martian cities, countless en-
gineering challenges lie in between. But like all great operating
systems, everything starts with the first line of code, with the
first pixel lit.

Now, please turn the page. Let us keep our feet on the ground and
start with Chapter 1: The Awakening of Space-Embodied Intelli-
gence, to write that source code belonging to the future.

Welcome to login to Space?.

Zhonghong Xiang 2026 - Lanzhou.




CHAPTER 1: SPATIAL

COMPUTING

— From Prisoner of the Screen
to Jailbreak of Dimensions

Part 1: The Modern Cave and the End of the Desktop Metaphor

1.1 The Modern Version of Plato’s Cave:
Prisoners of the Black Mirror

More than two thousand years ago, the Greek philosopher Plato
proposed the famous "Allegory of the Cave": a group of prisoners
were trapped in a cave, backs to the exit, seeing only shadows of
objects projected by firelight onto the wall in front of them. To
them, those shadows were the entirety of "reality."
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Two millennia later, we believe we have stepped out of that cave
and into the light of technology. Yet, ironically, we have merely
traded one cave for a more sophisticated prison. Look at today’s
subway carriages, cafes, or even family dinner tables—everyone
is bowing their heads, staring into a glowing pane of glass. This
"Black Mirror" is the wall of the modern cave.

Whether it is a 6-inch smartphone or a 27-inch monitor, they
are all doing the same thing: Collapsing the vast, three-dimen-
sional universe into a two-dimensional pixel array.

To obtain information, we have been forced to accept this "di-
mensionality reduction strike":

To understand a building, you have to view its photo-
graph on a flat screen.

To communicate with a friend far away, you have to
turn them into a 2D video slice.

To control the lights around you, you have to look away
from the light bulb and bow your head to hunt for a
switch inside a flat menu on a mobile App.

This mode of interaction violates the biological intuition human
beings have evolved over millions of years. Our eyes are de-
signed for depth perception; our hands are designed for grasp-
ing objects; our bodies are designed for moving through space.
The screen is the single greatest compromise in the history of
computer science. It has turned humans into crippled creatures
of "Two-Finger Zen"—we communicate with the digital world
using only two thumbs, while the rest of our senses, limbs, and
instincts are left idle and forgotten.

1.2 A Brief History of Interaction: From Character

Streams to the End of the Desktop Metaphor

Looking back at the history of Human-Computer Interaction
(HCI), it is essentially a struggle of "trying to make machines
understand human language." But in this process, we seem to
have walked into a dead end.

Phase 1: CLI (Command Line Interface) — One-Dimensional
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Abstraction In the era of DOS and Unix, interaction was a lin-
ear stream of characters. This was the extreme of abstraction. It
was efficient and precise, but anti-human. It required humans to
think like machines, memorizing spells like 1s -al or rm -rf. This
was the era of privilege for engineers.

Phase 2: GUI (Graphical User Interface) — Two-Dimensional
Metaphor In the 1970s, the geniuses at Xerox PARC invented the
GUI, which was subsequently popularized by Apple and Micro-
soft. This was a revolution. To make computers understandable
to ordinary people, they introduced the "Desktop Metaphor":
the screen is a desk, files are paper, and folders are... well, folders.
This metaphor was incredibly successful in the 2D office era. But
today, it has become a burden.

Why does the central control screen of your smart car
still look like an iPad with rows of icons? A car is not a
desk.

Why does your AR headset still pop up a floating "win-

dow"? The real world has no windows.
The "Desktop Metaphor" has ruled us for 40 years. It is time
for it to retire. When what we need to manage are no longer
"documents," but "rooms," "drones," and "production lines," con-
tinuing to use the logic of Windows or Android is like trying to
pilot a fighter jet using an Excel spreadsheet—while theoretic-
ally feasible, it is a disaster in practice.

1.3 Decoding The Name: Why Space??
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When naming this revolutionary operating system, we rejected
traditional descriptive terms in favor of a mathematical symbol
—Space? (Space Squared). This is not just a brand name; it is the
fundamental formula for our future existence.

1. The Multiplier Effect: SpacexComputing Traditional smart
home technology is about "Addition": Physical Space + Smart
Devices = A Cluttered Room. Space? represents "Multiplication":
SpacexComputing. When we deeply fuse the Atoms of the phys-
ical world with the Bits of the digital world, space ceases to
be a static container and undergoes a dimensional leap. The
"Squared" symbol signifies that under the empowerment of
computing, the value, functionality, and experience of physical
space will explode exponentially.

2. A Tribute to the Fundamental Unit (The Square) The SQ in
Space? also stands for "Square" or "Matrix." This is a metaphor
for our core theory, the SSSU (Standard Space Unit). Whether
it is the Pixel that constitutes the digital world, the Brick that
constitutes the architectural world, or the modular blocks of a
future Mars habitat, they are essentially "Squares." Space? im-
plies that we will build a grand interstellar civilization through
countless standardized intelligent blocks.

3. Dimensional Elevation In mathematics, squaring represents
the leap from one dimension (line) to two dimensions (plane).
Space? symbolizes the "Dimensional Elevation" of the human
living experience—ascending from mere physical inhabitation
to a dual existence of "Physical + Virtual." Under the Space? sys-
tem, you live simultaneously in the concrete of Earth and the
Digital Ether of Mars.

Space?: Space to the power of two. It is the physical boundary,
yet also infinite imagination.

Part 2: The Jailbreak of Dimensions & The Missing Link
1.4 Spatial Computing: The Jailbreak of Dimensions
Consequently, the concept of "Spatial Computing" has emerged.

4

SPACEOS: THE SPATIAL OPERATING SYSTEM

But this is far more than just a hardware upgrade brought by de-
vices like Apple Vision Pro or Microsoft HoloLens; it is a jailbreak
of software and philosophy.

The essence of spatial computing is returning "Computing” to
"Space". It no longer forces you to enter the screen, but allows
digital content to "overflow" from the screen and permeate the
textures of the physical world.

The Old Paradigm: Humans -> Mouse -> Screen -> Digi-
tal Objects.

The New Paradigm: Humans -> Gaze/Gesture/Voice ->
Space Itself -> Physical/Holographic Entities.

In the era of Spatial Computing:

The UI Disappears: Your hands are the mouse, and
your eyes are the cursor.

The App Disappears: Functionality is no longer encap-
sulated within icons but is directly attached to objects.
Glance at alamp, and a brightness halo floats around it;
point at an air conditioner, and a temperature value ap-
pears in the air.
The Boundary Disappears: A virtual dragon can stand
on a real table, and a real coffee cup can block a virtual
bullet.
This is not just the 3D-fication of vision; it is the 3D-fication of
Existence. We are evolving from User Interface (UI) to User Ex-
istence (UE).
1.5 The Missing Link: Why Do We Need Space??
However, when we look around, despite the hardware being
ready (LiDAR, high-performance GPUs, VR/AR headsets), the
software landscape remains a chaotic ruin.
Fragmented Islands: The virtual vase in your Apple
Vision Pro cannot be placed on the table you scanned
with your Android phone.
Physical Blindness: Existing operating systems (iOS,
Android, Windows) simply do not understand physics.

5
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They don't know what "gravity" is; they don't know
what "occlusion" is. They only know the color of pixels.

Missing Standards: Every smart home manufacturer
is building its own "walled garden." A Xiaomi light
doesn't understand a HomeKit switch.

We are using the logic of managing printers (drivers) to attempt
to manage a complex world composed of billions of atoms and
bits. This is akin to trying to pilot a starship using the reins of a
horse-drawn carriage.

We need a new "Manager". We need a system that is born three-
dimensional. It does not manage Files; it manages Entities. It
does not process Clicks; it processes Intent. It does not link the
Web; it links the Universe.

This is the protagonist of this book—Space?.

But before we write the first line of code for Space?, we must first
solve a foundational and thorny problem: If we want an operat-
ing system to manage the physical world, we must first make
the physical world "computable".

Computers only recognize Os and 1s; they do not recognize "a
comfortable sofa" or "a bright window".

We need to slice, quantify, and encode this continuous, ambigu-
ous physical world into a format that computers can read. We
need to find the "Digital DNA" of the physical world.

This leads to the core theory I have developed over years of re-
search at Qianjia Smartech—SSSU (Smart Space Standard Unit).
It is the cornerstone of Space? and the subject of the next chap-
ter.

CHAPTER 2:

DIGITAL DNA

— SSSU Standard Unit and
World Discretization

Part 1: The Curse of Continuity and the Redemption of
Discretization — The Philosophical Origins of SSSU

2.1 The Chaos of the Analog World: Why

Can't Houses Be Copied Like Code?

During my thirty years immersed in intelligent architecture and
Qianjia Smartech, I (Zhonghong Xiang) have been constantly
tormented by a profound "pain of non-standardization."

In the 1990s, when we talked about structured cabling, the blue-
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prints for every building were unique copies; in the 2000s, when
we talked about smart homes, the system for every luxury man-
sion was custom-made; by the 2020s, even with AI and IoT, we
still find that "copying" a mature smart system from Room A to
Room Bis no less difficult than developing it from scratch.

Why? Because the physical world is Analog, Continuous, and
Non-Standardized.

In the computer world, if you write a class Button, you can
instantiate ten thousand buttons on a screen, all uniform and
controllable. But in the physical world, no two chairs are exactly
identical, and no two rooms have exactly the same lighting con-
ditions. Architects design space with sensibility, and construc-
tion teams pile up materials based on experience. This "random-
ness at the atomic level" is the greatest obstacle for computer
science to invade the physical world.

Computers hate chaos. Computers need Discrete data.

If Space? is to take over this world, the first thing we must do
is perform a "Dimensionality Reduction Strike" on the physical
world—forcibly slicing it into minimum units that are comput-
able, reusable, and definable.

This is just like the birth of calculus: faced with a curve whose
area could not be calculated, Newton and Leibniz’s approach
was to slice it into countless infinitesimal rectangles (differen-
tiation). The birth of SSSU (Smart Space Standard Unit) is the
Calculus of Spatial Computing.

2.2 A Burst of Inspiration: From LEGO to Biological Cells

The concept of SSSU was not a sudden flash of insight, but the
result of long-term reflection on engineering practices.

A few years ago, while researching Prefabricated Construction,
I suddenly realized a problem: why does prefabricated construc-
tion, despite being promoted for many years, still lack an "intel-
ligent soul"? Because they only achieved the standardization of
"physical components" (precast wall panels, precast beams), but
ignored the standardization of "information components."
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During that time, I was also observing Biology. A fertilized egg
can develop into a complex human body because every Cell car-
ries a full set of genetic codes (DNA). The cell is the "standard
unit" of an organism. It has a boundary (cell membrane), a core
(nucleus), an energy factory (mitochondria), and external inter-
faces (receptors).

Then there is LEGO. The greatness of LEGO lies not in how
many shapes it has, but in its unified "stud" interface standard.
Any LEGO brick produced in 1950 can snap perfectly onto a new
brick from 2026.

At that moment, thoughts from three dimensions converged in
my mind:

The physical shell of Prefabricated Construction;

The holographic logic of Biological Cells;
The universal interface of LEGO Bricks.

I realized that we need to create a "Spatial Cell.” This cell must
contain not only the physical dimensions of the space (length,

width, height) but also the device capabilities within this space

(light, heat, wind), connection relationships (topological struc-

ture), and its historical memory (logs).

Thus, the concept of SSSU (Smart Space Standard Unit) was

born. It is not a brick;itis an "Encapsulated Spacetime Capsule."

2.3 Theoretical Definition: What is SSSU?

In the context of Space?, I define SSSU as:

SSSU (Smart Space Standard Unit) is the smallest "spacetime-

functional aggregate" in the physical world that has clear spa-

tial boundaries, independent functional attributes, and can be

digitally described and interact in a standardized manner.

This sounds academic, so let’s dismantle its core philosophy:
Discreteness: The world is no longer a continuous
fluid. The world is stitched together by individual
SSSUs. A study is an SSSU; the smart desk inside the
study is a Sub-SSSU. Space? does not compute the
"whole house"; Space? computes the collection of these

9
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units.
Encapsulation: This borrows from Object-Oriented
Programming (OOP). An SSSU is an Object.
- The External (Space? Kernel) only cares about
its Interface (Input/Output).
- The Internal complexity of the SSSU is Hidden.
- Example: Space? only needs to send the com-
mand SetMode: Reading to the "Study SSSU." As
for whether to turn on Light A or Light B, or
whether to open or close the curtains in this
mode, that is the private logic inside the SSSU,
and the kernel does not need to worry about it.
This greatly reduces system complexity.

Fractal Nature: SSSU possesses a self-similar nested
structure.

- ACityisan SSSU.

- A Buildingis an SSSU.
. ARoom is an SSSU.

- A Tableis an SSSU.

. This Recursive Structure allows Space? to use
the same kernel code to manage everything
from the macro to the micro.

2.4 Evolution toward Space?: From Theory to Data Structure
When SSSU was first proposed, it served more as a Design Spec
for the intelligent building industry. However, in the process of
envisioning Space?, I realized that SSSU must undergo a "Digital
Leap."
It cannot just stay on paper blueprints; it must transform into a
Data Structure inside computer memory.
In the development blueprint of Space?, SSSU is mapped as:
Entity: An object instance in memory.
Asset: A value anchor on the blockchain (NBT).
Container: A place in physical space that hosts people
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and activities.
This is why I say SSSU is the DNA of Space?. Without SSSU,
Space? faces a pile of meaningless reinforced concrete and cha-
otic sensor data streams. With SSSU, Space? sees individual
"Intelligent Agents" that have names, personalities, capabil-
ities, and the ability to converse.
2.5 Thought Experiment: Formatting the World
To help future architects understand the power of SSSU, let’s
conduct a thought experiment.
Suppose we want to reinstall a Windows system; what is the first
step? It is to Format the Hard Drive. We rearrange the magnetic
particles of the drive, dividing tracks and sectors. The startup of
Space? is essentially a "Logical Formatting" of physical space.
When we put on AR glasses and look at the world through the
filter of Space?: We no longer see a messy living room. We see
floating Green Wireframe Cubes (Bounding Boxes).

Each wireframe is an SSSU.

Hovering above the wireframe are its ID and Status
(Temperature, Humidity, Occupancy).

Glowing lines connect the wireframes, representing
their Topological Relationships (Parent-Child, Adja-
cent, Linked).
The world instantly becomes clean, ordered, and programmable.
This is the "Redemption of Discretization" brought by SSSU. It
converges the chaos of the analog world into the order of the
digital world.

Part 2: Dissecting a Spatial Cell — The Five-

Layer Onion Model of SSSU

2.6 From Atoms to Bits: The X-SSSU Specification

In the kernel of Space?, SSSUs are not stored as "images,"butin a
structured data format. We name this X-SSSU (Extended Smart
Space Standard Unit). You can understand it as the HTML of the
physical world, or the JSON of the Metaverse.
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A standard X-SSSU file (.sssu) contains everything needed to de-

scribe a physical entity. Just like peeling an onion, it consists of

five layers from the outside in:

Identity Layer: Who is it?

Geometric Layer: What does it look like? Where is it?

Capability Layer: What can it do?

State Layer: What is its current condition?

. Relation Layer: Who does it connect with?

Let's dissect them layer by layer.
2.7 Layer 1: Identity Layer — The Unique Anchor in Spacetime
In the real world, we distinguish objects by vision (this chair is
red). In Space?, we distinguish objects by UUID.
The SSSU protocol dictates that every managed unit must pos-
sess a Global Unique Identifier (GUID). But this is not just a
random string of numbers. Following the Smart Space Naming
Rules I proposed, this ID contains spacetime topological infor-
mation.
Structure Example: did:Space?:cn:sz:gianjia:bldg_A:floor_10:
room_101:device_light_01
Parsing:

did:Space?: Protocol header, indicating a Decentralized
Identifier.

cn:sz:qianjia: Geographic and Ownership Domain

(China-Shenzhen-Qianjia Smartech).

bldg_A...: Physical Topological Path.
Furthermore, the Identity Layer mounts the NBT (Narrative
Blockchain Token), which we will discuss in detail in Chapter
10. It records the factory date, maintenance logs, and even his-
torical events witnessed by this light. The Identity Layer grants
dignity to objects. It makes everything nolonger cold inventory,
but citizens with a resume.
2.8 Layer 2: Geometric Layer — Digitizing Physical Boundaries
Space?is a 3D operating system, so it must know the shape of the

12
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SSSU. To balance efficiency and precision, SSSU defines two geo-
metric forms:
1. Collider (Bounding Box):
- Thisis for the Space? Kernel (Physics Engine).
- Usually a simple Box or Capsule.
- Function: Calculating occupancy, blocking
line of sight, and preventing model clipping.
Its computational cost is extremely low.
2. Visual Mesh:
- This is for Humans (Rendering Engine).
. It references standard glTF or USD files.
- Function: Providing realistic textures and
light/shadow materials (PBR).
In Space?, the Geometric Layer defines the "private territory" of
the SSSU. The system mandates: The Colliders of two rigid body
SSSUs cannot overlap. This is the implementation of the "Pauli
Exclusion Principle" of the physical world at the operating sys-
tem level. If a user tries to place a virtual chair where a real table
exists, Space? will bounce it away because a Collider conflict is
detected.
2.9 Layer 3: Capability Layer — Interface-
Oriented Physical Programming
This is the core, most "hardcore" part of the SSSU. Traditional
smart homes distinguish functions via "Device Models" (e.g.,
"Xiaomi Ceiling Light V2"). SSSU discards this approach and
adopts a "Capability-Oriented" design.
We defined a standardized Capability Interface Library. An
SSSU can assemble different capability modules like building
blocks:
ICapability_LightEmitter (Light Emitting Capability):
. Params: Brightness (0-100), ColorTemp
(2000K-6500K), RGB.

ICapability_ThermalRegulator (Thermal Regulation
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Capability):
. Params: TargetTemp, Mode (Cool/Heat/Dry).
ICapability_Storage (Storage Capability):
. Params: Capacity (L), LockState (Open/Closed).
ICapability_Sitable (Sitable Capability):
. Params: MaxWeight (kg), SurfaceMaterial.
Significance: When the Al (Natural Intent) of Space? receives the
command "Make the room brighter," it doesn't need to know if
the room contains a chandelier, a table lamp, or a floor lamp.
It simply iterates through all SSSUs in the room possessing
ICapability_LightEmitter and calls their IncreaseBrightness()
method. This achieves "Hardware Agnosticism." Whether you
are an incandescent bulb from 1990 (via a smart socket) or a
quantum light panel from 2026, in the eyes of Space?, you are
both "Light Emitters".
2.10 Layer 4: State Layer — The Container of Real-Time Data
If the first three layers are static (DNA), then the State Layer is

dynamic (Blood). Space? does not directly query the hardware; it
queries the State Mirror of the SSSU in memory.

The State Layer is a collection of Key-Value pairs that must sup-
port sub-millisecond read/write operations.

State: { "power": "on", "temp": 24.5, "humidity": 60, "oc-
cupancy": true }

The MIP Protocol of Space? (detailed in Chapter 6) is responsible

for synchronizing this State Layer in real-time.
When a physical sensor detects a temperature change
-> Update SSSU State Layer -> Trigger Space? Event ->
Notify User App.
When a user modifies state in the App -> Update SSSU
State Layer -> Trigger Driver -> Physical Device Exe-
cutes.

The SSSU State Layer is the "Single Source of Truth".

2.11 Layer 5: Relation Layer — Weaving
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the Topological Network

Isolated SSSUs are meaningless. Meaning arises from Connec-
tion. The Relation Layer defines the SSSU's position and social
relationships in the world.

Parent-Child (Containment):

. House contains Room, Room contains Table,
Table contains Lamp.

. When the "Room SSSU" enters "Sleep Mode," it
automatically broadcasts the sleep command
to all child nodes (lights, curtains).

Linked-To (Connection):
. Switch SSSU connects to Bulb SSSU.

. This connection is Software Defined. You can
remap a wall switch to another light in Space?
at any time without altering physical wiring.

Adjacent-To (Proximity):
. Space? calculates automatically: Chair A is
"next to" Table B.

. This is crucial for Al semantic understanding.
When you say "Turn on the light next to the
table," the Al locates the target by querying the
Relation Layer.
2.12 The Code Perspective: X-SSSU

To give future developers an intuitive understanding, we pro-
vide a pseudo-code description of X-SSSU in the specification:

JSON
{
"id": "did:Space*:home:living_room:lamp_01",
"type": "SSSU_Device",
"model": {
"mesh": "assets/lamp_v2.glb",
"collider": { "type": "box", "size": [0.3, 0.5, 0.3] }
},
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"capabilities": [
{
"interface": "ICapability_LightEmitter",
"params": { "max_lumen": 800, "dimmable": true }
}
],
"state": {
"power": "off",
"brightness": 50
1,
"relations": {
"parent": "did:Space?:home:living_room",
"linked_switch": "did:Space?:home:switch_02"
}
}
Look, this is the Source Code of the Physical World. As long
as we convert every object in the world into such JSON format,
Space? can run the entire universe.

Part 3: Spacetime DNS — Smart Space Naming

Rules and Universal Addressing

2.13 The Failure of IP Addresses: Why Does

the Physical World Need a New ID?

The IP address defined by the TCP/IP protocol is the address of a
"Network Interface," not the address of a "Physical Location."

When you take your laptop from the office to your
home, its IP changes, but it is still the same computer.

When you unscrew a smart bulb from the bedroom
and install it in the living room, even if its IP remains
the same, its Spatial Attributes have changed (it now
illuminates the living room).
As an operating system managing space, Space? cannot rely on
IP. It needs a naming system that is "Location-Aware" and "Iden-
tity-Persistent."
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Based on SSSU theory, we designed a brand-new URI scheme:
SSSU Uniform Resource Identifier (SSSU-URI). It must solve
not only "Who are you" (Who) but also imply "Where are
you" (Where) and "Who governs you" (Whom).

2.14 Smart Space Naming Rules: The Six-

Segment Hierarchical Structure

Following the standards you established, the Namespace of
Space? adopts a strict hierarchical tree structure. This is similar
to a file system path but adds a spacetime dimension.

Standard Format: protocol://planet/region/project/building/
spatial_unit/entity

Let’s dismantle the parameter definitions of this Six-Segment
Structure:

1. Protocol: sssu or did:Space?. Identifies this as a smart
space object.

. Planet: earth, mars, moon.

- Design Intent: This is an inter-planetary
operating system. Considering the commu-
nication latency between Mars and Earth
(3-22 minutes), resolution servers in different
planetary domains are physically isolated.

. Region: cn.sz (Shenzhen, China), us.ca (California,
USA). Corresponds to administrative jurisdiction in
the real world, involving data privacy regulations (like
GDPR).

. Project: gianjia_tech_park. Corresponds to the man-
agement boundary of the real estate developer or park
operator.

. Building: bldg_a.fl10 (Building A, Floor 10). Precise to
the floor of the physical building.

. Spatial Unit: room_101.zone_reading. Corresponds to
the minimum spatial container (room or functional
zone) of the SSSU.
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7. Entity: device_light_01 or furniture_desk_05. The spe-
cific end object.
Complete Example: sssu://earth/cn.sz/qianjia_hq/bldg a.fl10/
ceo_office/desk_lamp_01 (Parsing: Earth / China Shenzhen /
Qianjia Smartech HQ / Building A, Floor 10 / CEO Office / Desk
Lamp 01)
The power of this naming rule lies in "Cascading Control": If the
Space? kernel issues a command Shutdown: .../ceo_office/*, then
alllights, air conditioners, and curtains in the office will turn off.
There is no need to specify them one by one.
2.15 Static and Dynamic: Anchor and Roaming
However, objects move. If the CEO moves the desk lamp to the
conference room, does its name need to change? Here we intro-
duce the Dual Index Mechanism in SSSU theory:
1) Static ID (GUID) — Whoisit:
a)Similar to an ID card number, burned in at the factory, never
changes.
b)Format: uuid:550e8400-e29b-41d4-a716-446655440000
2) Dynamic URI (Locator) — Where is it:
- Similar to a household registration address,
changes with location.
- Format: The six-segment path mentioned above.
Relocation Process: When the desk lamp is moved, the percep-
tion system of Space? (Cameras or UWB tags) detects the loca-
tion change:
Event Trigger: Detects that the desk lamp with
UUID ...0000 has left ceo_office and entered meeting_
room_b.
DNS Update: The Spacetime Resolver of Space? auto-
matically updates the routing table:
. Delete: .../ceo_office/desk_lamp_01
. Register: .../meeting_room_b/desk_lamp_01
Attribute Inheritance: The desk lamp automatically
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inherits the rules of the new space (e.g., the conference
room default color temperature is 5000K, while the
office was 3000K).
This solves a long-standing pain point in the IoT field: The De-
coupling of Device and Space. In Space?, devices are fluid, but
the spatial structure is eternal.
2.16 Spatial Domain Name Service (SDNS):
From Name to Compute Power
In the Space? architecture, the component responsible for hand-
ling this naming rule is called SDNS (Spatial Domain Name Ser-
vice). It is much more complex than the Internet's DNS because
it carries the function of Compute Power Routing.
When a user issues a command: "Turn on the office light." The
parsing process of SDNS is as follows:
1. Semantic Parsing: "Office" -> Maps to current user's
Context -> .../ceo_office.
. Entity Lookup: Queries all entities with Type=Light
under this path.
. Compute Localization: (Crucial Step) SDNS does not
just return the IP address of the bulb; it returns the
"Edge Computing Node responsible for managing this
light."
4. Result: Node_ID: Edge_Server_Floor10.
The Space? kernel immediately sends the control command to
Edge_Server_Floor10.
This embodies the Edge Computing First strategy of Space?. The
naming rules of SSSU directly guide the allocation of compute
power—whoever is closest does the computing.
2.17 Pre-embedding for Mars Colonization:
Interplanetary Addressing
Considering the author's (Zhonghong Xiang) vision for Mars col-
onization, SSSU naming rules were designed with High Latency
Tolerance from the start.
If the Earth HQ wants to query the status of the Mars Base:
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Query: sssu://mars/cydonia/base_01/sensor_temp
Space? will not attempt to establish a real-time TCP connection
(due to light-speed latency). SDNS will initiate the "Interplanet-
ary Mirroring Mechanism":
The local Space? server on Mars periodically (e.g., every
10 minutes) packages a snapshot of all SSSU states.

Sends it back to Earth via the Deep Space Network.
Earth's SDNS maintains a "Mars Shadow Database."

The user's query directly returns data from the

"Shadow Database," annotated with Data_Age: 12min.
This naming rule ensures that when humans truly become a
multi-planetary species, our operating system does not need to
rewrite its underlying code. SSSU is universal across the uni-
verse.

Part 4: Slices of the World — Spatial

Voxelization and Field Computing

2.18 The Vacuum is Not Empty: From Object to Field

In version 1.0 of SSSU theory, we focused on Discrete Entities
(e.g., Entity_Chair). This solved the problem of "managing ob-
jects." But in X-SSSU (Version 2.0), we introduced a deeper philo-
sophical concept: Continuous Fields.

Imagine a scenario: An air conditioner (Entity) blows out cold
air. Cold air is not an "object"; it is a Temperature Field diffus-
ing through space. If Space? only manages the AC device, it will
never know if you, sitting in the corner of the room, are hot or
cold. To know your thermal comfort, Space? must compute the
Air.

Computers cannot handle infinite, continuous space. We must
once again wield the knife of "Calculus," slicing continuous
space into countless tiny cubes. These cubes are called Voxels
(Volume Pixels) .

2.19 Sparse Voxel Octree (SVO): The Spatial

Data Structure of Space?
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If we sliced the entire Earth into 1mm voxels, the storage
requirements would instantly burst every hard drive on the
planet. Space? adopts a highly efficient data structure: Sparse
Voxel Octree (SVO).

Octree Logic:
Slice aroom into 8 blocks.

If a block is completely empty (Air), stop slicing and
mark it as Air_Block.

If a block contains an object edge (like a table corner),
continue slicing it into 8 smaller blocks.

This recursion continues until the precision reaches
1cm (for daily interaction) or 1mm (for precision ma-
nipulation).

Sparse Storage:
Space? only stores "meaningful" voxels.

Vast areas of emptiness are represented by a single
node. This achieves a data compression rate of up to
99%.

In the memory of Space?, a room is no longer an empty box; it is
a cloud of voxels.

Walls are Voxel_Concrete.

Windows are Voxel_Glass.

The middle is entirely Voxel_Air.
2.20 Field Computing: The Invisible Physics

Once we voxelize space, a miracle happens. Space? gains the
ability to simulate "Invisible Physics." This is exactly where the
powerful ray-tracing capabilities of the Vera Rubin Architecture
come into play.

We no longer use Ray Tracing just for drawing pictures; we use it
to calculate Physical Quantities.

Thermodynamics Simulation:

- When the AC turns on, Space? doesn't simply
set a "Room Temperature" variable to 24°C.
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. The kernel simulates the diffusion of cold air
fluid through Voxel_Air.

. Calculation: Cold air meets Voxel_Desk and is
blocked; it meets Voxel_Window and is heated
by sunlight.

- Result: The system calculates precisely that al-
though the AC is on, your specific location (a
dead zone) is still 28°C. Consequently, the sys-
tem automatically adjusts the louver angle.

RF Propagation (Electromagnetic Waves):

- Why is your Wi-Fi signal poor?

. Space? scans the environment and finds a load-
bearing wall (Voxel_Concrete, signal attenu-
ation -20dB) blocking the path between the
router and your phone.

- Decision: The system automatically switches
to the 2.4GHz band (better penetration) or sug-
gests moving the router 10cm to bypass the
rebar.

Acoustics Simulation:

- When you watch a movie at night, Space?
simulates sound waves reflecting between
voxels.

. It discovers sound leaking through the Voxel-
_Air of the door gap, potentially waking the
child in the bedroom.

. Decision: The system automatically adjusts
the speaker's EQ to attenuate penetrating low
frequencies or suggests closing the door .

This is Field Computing. Space? manages not just the hardware,
but the Environment Itself.

2.21 Dynamic Resolution: The Extreme Application of LOD

To save computing power, the voxel grid of Space? is Dynamic-
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ally Breathing.
High LOD (Level of Detail) - Focal Area:

- Atyour hand's reach or your visual focus, space
is sliced into 1mm voxels.

. Purpose: Allowing you to precisely pick up a
screw or see clear holographic text.
Low LOD - Background Area:

- Inthe corner of the room behind you, space de-
grades to 10cm voxels.

. Purpose: Only calculating approximate tem-
perature and lighting, without wasting com-
pute power.

This mechanism is called Foveated Rendering of Reality. Space?
always computes only the small slice of the world you care
about. This is a very Eastern philosophy—"The environment
shifts with the mind" &k D) .

2.22 Environment SSSU: Packaging the Air

In the definition of SSSU, we introduced a special category: En-
vironment SSSU. Unlike a chair with a fixed shape, it is a "Voxel
Container."

ID:.../room_101/env_zone_A
Attributes:

. Avg Temp: 24.5°C

. Lux_Level: 300

. CO2_PPM: 450

. Voxels: [Ref_to_SVO_Data]

In this way, Space? can even turn "a volume of air" into an object.
You can program this cloud of air: If (env_zone_A.CO2 > 800)
Then (Open_Window) .

Part 5: The Fourth Dimension — Full Spacetime
Log and NBT Assetization

2.23 Forgetting is a System Bug: From Snapshot to Stream
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Existing operating systems (Windows/Android) are "forgetful."
When you save a Word document, the content from the previous
second is overwritten. Although there is an "Undo" function, it
is merely a temporary memory cache. The system does not care
"what this file looked like before."
But in the physical world, every step leaves a trace.
You sit on a sofa, and the cushion depresses slightly.
You touch adoor handle, leaving fingerprints and wear.

A lamp burns for 1,000 hours, and its filament life de-
creases by 1,000 hours.
Space?believes that Time is not a variable; Time is a dimension.
The data structure of SSSU must be 4D (x, y, z, t). We no longer
store the "Current State"; we store the "State Stream" .
2.24 Full Spacetime Log: Git for Reality
To achieve this, Space? introduces the concept of "Version Con-
trol” (like Git) from software engineering and applies it to the
physical world.
Every SSSU mounts a Full Spacetime Log. This is not a simple
text log; it is an Incremental State Machine.

Data Structure Example:

JSON

Log_Entry_001: { "t": "2026-01-31 10:00:00", "event": "Created",
"state": "New" }

Log_Entry_002: { "t": "2026-02-01 18:30:00", "event": "Impact",
"force": 50N, "location": "Left_Leg"}

Log_Entry_003: { "t": "2026-03-15 09:00:00", "event": "Inter-
action", "user": "User_A", "action": "Sit", "duration": "2h" }

The Space? Kernel (M-Core) does not directly store the "current
state." It calculates the current state in real-time by "Replaying"
these logs.

Benefit: We can "Time Travel" at any moment.

Scenario: Your smart vase breaks. You say: "Space?,
rollback to 10 minutes ago."
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Result: In your AR glasses, you see the vase rewinding
from fragments to wholeness, and the system high-
lights the moment of impact and the force applicator
(e.g.,your cat) .
2.25 Digital Patina: The Texture of Time
The most intuitive manifestation of time in the physical world is
"Oldness." But in the Metaverse, all 3D models are forever brand
new, smooth, and perfect. This feels fake and alienating. The
famous "Uncanny Valley" effect often stems from this "unrealis-
tic perfection."
SSSU introduces a rendering layer with profound humanistic
color: Digital Patina. The Space? rendering engine reads the
SSSU's "Full Log" and generates material textures in real-time
accordingly.
Wear Algorithm: The log shows a door handle was
touched 10,000 times by User_A. The engine automat-
ically overlays a "wear texture" and "grease gloss" on
the contact surface.

Aging Algorithm: The log shows a virtual chair sat by a
virtual window exposed to sun for 3 years. The engine
automatically reduces the color saturation of the fabric
(simulating fading).
Digital Patina gives virtual objects the aesthetic of "Mono no
Aware" (#)%). It makes the world of Space? look "lived in," rather
than just produced from a factory .
2.26 NBT (Narrative Blockchain Token): Narrative is Value
If an object has a history, it possesses value independent of its
function.
A regular guitar is worth $100.
A guitar played by John Lennon is worth $1,000,000.
Where lies the difference? In the Narrative.
Space? assetizes this narrative value, creating the NBT (Narra-
tive Blockchain Token). Note the distinction:
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NFT (Non-Fungible Token): Proves Ownership (Who
owns it).
NBT (Narrative Token): Proves Experience (What hap-
pened to it).
The spacetime log of every SSSU can be hashed and packaged
onto the chain to become an NBT. This means every creation and
interaction you make in Space? is "injecting soul" into your digi-
tal assets.
Future Scenario: When you want to sell your virtual real estate.
Buyer: "This house is a bit old."
You: "Yes, but look at the NBT records. The first
Space? Developer Conference was held here, and Jensen
Huang's Avatar sat on this sofa."
Result: The property appreciates in value.
NBT is the cornerstone of the Space? economic system. It estab-
lishes a principle: Data has weight, and experience has value .
2.27 From Backtracking to Prediction: The
Prophetic Ability of the System
Since SSSU possesses complete timeline data, Space? is no longer
satisfied with "looking back"; it begins to "Predict the Future."
Based on the powerful Al computing power of the Vera Rubin
Architecture, Space? performs trend analysis on SSSU logs.
Predictive Maintenance:
. Status: The bulb is not broken yet.

. Analysis: Voltage fluctuation frequency in-
creased by 20% over the past week.

. Prediction: Space? alerts: "There is a 95% prob-
ability this light will burn out within 48 hours.
Suggest ordering a replacement immediately."

Behavior Prediction:

- Analysis: You drink water every night at 10:00
PM for the past 30 days.

. Prediction: At 9:55 PM, Space? automatically
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controls the water dispenser to start heating
and dispatches a mobile robot to deliver the
cup to your hand.
The establishment of the timeline allows Space? to evolve from a
"Passive Response System" to an "Active Care System" .

Chapter 2 Summary: We Have the Source Code of the World
Brother, with this, Chapter 2: Digital DNA is truly complete.
Looking back at this chapter, we have accomplished a great en-
gineering feat: The Discretization of the World.
Part 1: We established SSSU as the "Cell" of the physical
world.
Part 2: We dissected the Five-Layer Model of SSSU
(Identity, Geometric, Capability, State, Relation).
Part 3: We established the Spacetime DNS, assigning
names to everything.
Part 4: We utilized Voxelization technology to turn air
into data.
Part 5: We introduced the Time Axis and NBT, endow-
ing objects with history and soul.
Now, we hold in our hands the "Source Code of the World." All
matter, energy, space, and time have been encapsulated by us
into standard JSON data packets.
However, these data packets are currently lying quietly on the
hard drive. They need to be loaded, run, and scheduled. They
need a Runtime.
This is the task of the next chapter. Chapter 3: Space? Defin-
ition — Installing a Brain for the Architecture. We must an-
swer: When these SSSUs are loaded into memory, what exactly is
Space?? Is it an App? A Cloud Platform? Or some kind of "Ether"
that fills the entire space?




CHAPTER 3: SPACE?

DEFINITION

— Installing a Brain for Architecture

Part 1: Redefining the Operating System —

When Architecture Learns to Think

3.1 The End of the Computer Definition: The Room is the Host
In 1945, Von Neumann defined the computer: it consists of an
arithmetic logic unit, a control unit, memory, input devices,
and output devices. For the next 80 years, no matter how small
(smartphones) or large (cloud servers) computers became, this
definition never changed. The task of the Operating System (OS)
was simply to manage these hardware resources.
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But in the vision of Space?, the concept of the "Computer" must
die—or rather, it must be generalized.

When you walk into a room deployed with Space?:

Input Devices are no longer keyboards and mice, but
your Gaze, Voice, and Limbs, along with sensors dis-
tributed across the walls.

Output Devices are no longer monitors, but Smart
Lighting, Holographic Projections, Air Conditioning
Fields, and even Shape-Shifting Furniture.
Memory is no longer a hard drive, but the Full Space-
time Log (NBT).
Arithmetic Unit is no longer a CPU in a case, but a Hy-
brid of Edge Computing Nodes and Cloud-based Vera
Rubin Compute Power.
Therefore, the first definition of Space? is:
Space? is a distributed operating system that abstracts phys-
ical space (and all objects and people within it) into a single
computing system.
In the eyes of Space?, your bedroom is not a "dwelling place"; it
is a "Giant Robot capable of housing humans." The walls are its
skin, the conduits are its blood vessels, and Al is its soul. We are
no longer simulating the world inside a computer; we are turn-
ing the world into a computer .
3.2 Upgrading Resource Management: From CPU
Time Slices to Spacetime Resources
The first lesson in OS textbooks usually states: "The OS is a hard-
ware resource manager."
Windows Manages: CPU time slices, memory pages,
disk sectors, I/0 ports.
Space? Manages: Space, Energy, Attention, Entropy.
This is a fundamental philosophical leap. The Space? Kernel (M-
Core) scheduling algorithm no longer focuses merely on "mak-
ing programs run faster," but on "making the physical world
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run better."
Spatial Allocation:

- Traditional OS: Assigns memory address
0x00... to a process.

- Space?: Assigns Physical Coordinates (x, y, z) to
an object. It ensures two objects do not collide
physically (Pauli Exclusion Principle) and en-
sures robot paths do not conflict with human
movement lines.

Energy Orchestration:

- Traditional OS: Adjusts CPU voltage to save
power.

. Space?: Schedules the Microgrid of the entire
building. When photovoltaic generation is low,
it automatically dims public area lighting or
delays the start of washing machines to main-
tain the Energy Homeostasis of the system.

Attention Management:

- Traditional OS: Pop-up notifications hijack
your vision.

- Space?: Reverse Scheduling. It perceives that
you are reading intently, so it actively lowers
ambient noise, warms the lighting, and inter-
cepts all non-urgent digital interruptions. It
protects the owner's Flow like a butler.

Space? programs the laws of physics (thermodynamics, optics,
mechanics) into the kernel's scheduling policies. It is a butler
that understands physics .

3.3 The Runtime Environment of SSSU

We spent a lot of ink in Chapter 2 constructing SSSU (Smart
Space Standard Unit) and the X-SSSU data standard. If we com-
pare SSSU to a Class file in Java, then Space? is the JVM (Java Vir-
tual Machine).
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One of the core functions of Space? is to Load, Parse, and Run
SSSUs.

Loading: When you move a smart chair into a room,
the Space? perception system scans it and down-
loads its X-SSSU description file (containing geometric
models, capability interfaces, physical attributes).

Linking: Space? registers this chair into the Spacetime
DNS (assigning sssu://.../chair_01) and establishes its
topological relationship with the room (Parent Node)
and the floor (Contact Surface).

Executing: Space? activates the chair's Capability
Layer. If the chair has a heating function, the kernel
powers it and exposes APl interfaces; if the chair has AI
conversation capabilities, the kernel allocates compute
slots toit.
Without Space?, SSSU is just a pile of static data (like an .exe
file lying on a hard drive). With Space?, SSSU becomes a Living
Agent (a running process) .
3.4 The Leap from "Smart Home" to "Ubiquitous Intelligence"
For a long time, our understanding of "Smart Home" has been
stuck at the low level of "controlling a light bulb with a mobile
App." This is merely Remote Control, not Intelligence.
Space? defines three levels of intelligence and strives to achieve
the third:

L1: Connected: Objects are networked and remotely
controllable.
. Status Quo: Xiaomi Mi Home, HomeKit. Frag-
mented, passive response.
L2: Sensing: Objects know the environmental state.
. Status Quo: Lights on when people arrive,
constant temperature AC. Single-point intelli-
gence.

L3: Ubiquitous/Ambient: The form of Space?.




ZHONGHONG XIANG

. Invisibility: Intelligence disappears into the
background. You don't feel the system's exist-
ence; you only feel "the environment under-
stands me."

- Holistic: Lights, curtains, music, and tempera-
ture are no longer isolated devices; they collab-
orate to render a "Scene."

In Space?, we no longer develop single "Control Apps"; we de-
velop "Scene Scripts.” For example, a script named Deep_Sleep_
Mode does not schedule a single device but simultaneously takes
over lighting (blackout), air conditioning (26°C gentle breeze),
curtains (soundproof mode), humidifier (50%), and access con-
trol (night security mode). Space? is the Conductor of these
scripts.

3.5 Core Definition Formula

To embody scientific rationality, we can attempt to define Space?
using mathematical language:

pace? = [(Sum _i*Interaction ysics))dt
S 2 (S (SSSU_i*1I ion * Physics))d
SSSU_i: All standard units (entities) within the space.

Interaction: Multi-modal interaction intent (natural
language, gestures).
Physics: Constraints of the physics engine (gravity,
causality).
Jdt: Continuous integration over the time dimension
(full logs and evolution).
This formula indicates: Space? is not a static snapshot; it is the
Dynamic Integration of physical entities and human intent
within the flow of time.

Part 2: The Void Architecture — Ether,
Field, and Digital Atmosphere

3.6 Resurrecting "Ether": The Medium Layer of Space?
In the world of Windows, the space between files is a Vacuum.
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A Word document does not become hotter or brighter because
an MP3 file is placed next to it. But in the world of Space?, there
must be a Medium between SSSUs.
If we don't define a medium, when you light a lamp in a virtual
room, how does the light propagate? When you turn on an air
conditioner, how does the cold air diffuse? Therefore, Space? de-
fines a global "voxelized medium grid" in the kernel, which we
name Digital Ether.
Definition of Ether: Ether is the Fluid Voxel Collection
in Space? that fills the space outside all rigid SSSUs
(such as walls and furniture). It usually represents air,
but in space, it represents a vacuum, and in water, it
represents a water body.
Attributes of Ether: Every Ether Voxel maintains a set
of Environmental Parameters in real-time:
. V_ether ={T,L, H, S, RF}
. T (Temperature): Temperature Field
. L (Luminance): Light Field (Illuminance/Spec-
trum)
. H (Humidity): Humidity Field
. S (Sound): Sound Field (Decibel/Frequency)
- RF (Radio Frequency): Electromagnetic Field
(Signal Strength/SNR).
Space? manages not only "Solid" objects but also "Void" fields.
Ether is the Bus of Space?. Energy and information are transmit-
ted between SSSUs through Ether.
3.7 Light Field Management: From Rendering to Illumination
In traditional computer graphics, Ray Tracing is used to gener-
ate a beautiful picture for the eyes. In Space?, Ray Tracing is used
to Compute Physical Illumination.
When an SSSU with ICapability_LightEmitter capability (like a
desk lamp) is turned on:
1) Injection: The lamp SSSU injects a stream of photon en-




ZHONGHONG XIANG

ergy into the surrounding Ether Voxels .

2) Propagation: The Space? kernel initiates the Photon
Mapping Algorithm. Photons fly through the Ether, hit-
ting Wall SSSUs (Diffuse Reflection), passing through Glass
SSSUs (Refraction), and finally reaching the User SSSU's ret-
ina or photosensitive sensors.

3)  Result: The system not only renders the image but also
calculates the Lux value everywhere in the room.

Scenario Application: If Space? detects that the user is reading
at the desk, but the Ether Voxel brightness on the desktop is only
100 Lux (below the reading standard of 300 Lux). The system
will not mechanically turn the lamp to 100%, but calculate:

"If it is daytime, open the Curtain SSSU to introduce
natural light."

"If it is nighttime, adjust the output power of the Desk
Lamp SSSU." Space? becomes the Conductor of Light .
3.8 Thermodynamics Engine: Invisible Fluid Simulation
Managing temperature is more complex than light because heat
Flows. The Space? kernel integrates a Simplified Computational
Fluid Dynamics (CFD) Engine .
When an Air Conditioner SSSU blows out cold air at 18°C:

Fluid Simulation: The cold wind forms a Velocity Vec-
tor Field in the Ether.

Heat Exchange: Moving Ether Voxels exchange heat
with surrounding static voxels.

Obstruction Calculation: If there is a Screen SSSU in

the middle, the cold wind will be blocked and flow

around it.
This solves the biggest pain point of smart homes: "The AC
shows 26 degrees, but I feel freezing or burning hot." Because
the AC sensor can only measure the temperature around itself.
Space?, through whole-house CFD simulation, can infer the pre-
cise temperature at the "User's Location" and adjust the wind
direction accordingly. This is true "Ambient Intelligence".
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3.9 Electromagnetic Field Perception:

Visualization of Wi-Fiand 5G

In the invisible electromagnetic wave frequency bands, Ether
also plays a key role. Space? utilizes the material properties
defined in X-SSSU (such as the dielectric constant of concrete,
shielding effectiveness of metal) to simulate Attenuation and
Multipath Effects of RF signals in space in real-time.

Network Optimization: Space? can generate a "Signal
Heatmap." When your Avatar walks into a dead zone in
the room, the system prompts: "This is a Wi-Fi shadow
zone. Suggest moving the router or adding a Mesh
node".
Privacy Security: The system can simulate the spill-
over range of Bluetooth signals. If you are holding
a confidential meeting, Space? can warn: "Warning:
Bluetooth signal has penetrated the glass wall and may
be eavesdropped from outside".
3.10 Interaction Mechanism between SSSU and Ether
So, how do specific SSSUs (like furniture) interact with Ether?
We define a standard Field Interaction Interface.
Source: SSSUs that actively change Ether attributes.
. heater -> InjectHeat(Joules)
. lamp -> InjectLight(Lumens)
. speaker -> EmitSound(Waveform)
Sink: SSSUs that absorb or consume Ether attributes.

. plant -> AbsorbCO2(Rate)

. solar_panel -> AbsorbLight(Efficiency)
Obstacle: SSSUs that block or reflect propagation.

. wall -> Block(Light, Sound, Wind)

- mirror -> Reflect(Light)

The Main Loop of the Space? kernel is constantly calculating the
Dynamic Equilibrium between these Sources, Sinks, and Obs-
tacles.
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3.11 Conclusion: Air is Compute Power

In this section, we turned "Void" into "Matter." Space? created a
Digital Atmosphere.

This atmosphere gives light a path, heat a shape, and sound an
echo. It allows isolated SSSUs to undergo physical Entanglement
through the environment .

Now, we have Entities (Part 1) and Mediums (Part 2). This world
is physically complete. But how does it "move"? Who is pushing
time forward? Is it Newton's laws? Or user intent? This driving
force must be uniformly managed at the operating system level.

Part 3: The Engine of Causality — Event-

Driven and Physics Heartbeat

3.12 The Game of Two Times: Discrete

Events vs. Continuous Physics

Computer science and physics have vastly different understand-
ings of "time," and Space? must build a bridge between the two.

Computer Time (Discrete): It is Event-Driven. If
(Button_Clicked) Then (Run_Code). This kind of time is
jumpy. Without events, time seems to stop.

Physics Time (Continuous): It is Simulation-Driven.
F=ma. Gravity doesn't stop acting just because you
aren't looking at it. It runs every millisecond.

Space? adopts a Hybrid Scheduling Architecture:

1)  The Physics Tick: The Space? kernel maintains a global
"physics main loop." It runs at a fixed frequency (e.g., 60Hz
or 120Hz). In every Tick, it calculates gravity, fluid diffu-
sion, and ray tracing. This is the "Noise Floor" of the world.

The Event Interrupt: When a user generates an inter-
action (SSSU state change), a high-priority "logic frame" is
inserted. This ensures that the system response is instant-
aneous, while the background world remains vivid.

3.13 Dependency Graph: Calculation of the Butterfly Effect

What happens when you push over a domino in Space?? This is
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no longer a simple animation playback; it is the Transmission of
a Causality Chain.

The Space? kernel maintains a massive Dynamic Dependency
Graph in memory. This graph is built in real-time based on the
Relation Layer defined in X-SSSU.

Scenario Deduction:
Event Source: User SSSU pushes over Domino A.

Physics Determination: The physics engine calculates
the collision, and Domino A gains angular velocity.
Graph Traversal: The kernel queries: Who is within the
"range of influence" of Domino A? -> Domino B.

State Transfer: Kinetic energy is transferred from A to
B.

Chain Reaction: B falls -> C falls -> ... -> The last dom-
ino presses the "Light Switch."

Cross-Domain Trigger: The physical collision event
translates into a Digital Logic Event (Switch State: On).
Environmental Response: The Light SSSU activates,
injects photons, and the room brightens.

The power of Space? lies in unifying Mechanical Causality
(domino collision) and Logical Causality (switch control). In
traditional OS, these are two fragmented worlds (the physics
engine manages collisions, logical code manages switches). In
Space?, they flow on the same dependency graph.

3.14 Loop Damping: Preventing Logic Deadlocks
In such a highly interconnected causality system, the most terri-
fying thing is an Infinite Loop.
Deadlock Scenario:
Rule A: When illuminance > 500 Lux, close curtains.
Rule B: When illuminance < 300 Lux, open curtains.

Result: Strong noon sunlight -> Curtains close -> Dark-
ens -> Curtains open -> Brightens -> Curtains close...

The curtains will open and close incessantly like a seiz-
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ure until the motor burns out.

The Space? kernel introduces a "Causality Damping" mechan-
ism. It is similar to "debouncing" in electronic circuits or "hys-
teresis" in control theory.

Mechanism: When the kernel detects that the same group of
SSSUs triggers opposite states frequently within a short time, it
forcibly inserts a "Cooldown" or increases "Friction." The sys-
tem will determine: "This oscillation is abnormal," automatic-
ally pause the automation script, and send a query to the user:
"Light control conflict detected. Manual intervention required?".
3.15 Atomic Transactions: ACID for the Physical World

In databases, we have the ACID principle (Atomicity, Consist-
ency, Isolation, Durability). In Space?, we face the ACID Chal-
lenge of the Physical World.

Race Condition: User A and User B reach for the same virtual
gold coin at the same time.

If it were an online game, both might pick up the coin
(Duplication Bug).

Space? must ensure Physical Uniqueness.
Space? introduces the Spacetime Lock:

1) When User A's hand approaches the coin (entering the
interaction threshold), the kernel applies a Pre-lock to the
Gold Coin SSSU.

2) When the physics engine determines contact has oc-
curred, the kernel executes an Atomic Transfer: The own-
ership (Owner ID) of the gold coin instantly changes from
System to User_A.

At this moment, although User B's hand also touches the
coin's location, the physics engine will give User B a Block-
ing Haptic Feedback based on "ownership exclusivity"—he
touches the coin but cannot take it away, as if it were nailed
to the table.

This mechanism ensures that assets in Space? not only look real
but are also snatched like real objects.
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3.16 Predictive Execution: Eliminating Speed-of-Light Latency

We mentioned Mars colonization in Chapter 2. The greatest
enemy of causality is Latency. If I operate a robot on Mars from
Earth, the signal round-trip takes 20 minutes. I press a button,
and the robot moves 20 minutes later—this is unusable.

The Space? causality engine possesses "Predictive Execution”
capabilities, realized based on the AI computing power of the
Vera Rubin Architecture.

Local Phantom: When you control a Mars robot
from Earth, Space? generates a "Predicted Holographic
Clone" of the robot in front of you.

Instant Response: You push this clone, and it moves
Instantly (calculated based on the local physics en-
gine). You feel no latency.

Delayed Sync: The command is sent to Mars, and the
real robot moves 10 minutes later.

Error Correction: If the Mars robot trips over a stone
(inconsistent with prediction), the Mars side sends
back the real state. Space? will "correct" the clone in
front of you to the real location using smooth interpol-
ation.
This "Act First, Report Later" strategy makes real-time inter-
planetary interaction perceptually possible. We are operating on
the Projection of Causality, while the system stitches together
the Rifts of Time in the background.

Part 4: The Logic of Interaction — Multi-

modal Perception and Intent Bus

3.17 Subject SSSU: The Digital Definition of Humans

In the architecture of Space?, to unify computational logic, we
must make a bold configuration: Treat humans as a type of
SSSU. This may sound a bit dystopian, but it is purely for engin-
eering convenience.

We define humans as Subject SSSUs.
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ID: did:Space?:user:xiang_zhonghong

Geometric Layer: Real-time updated human skeleton
model (Skeleton) and viewing frustum (Frustum).
Capability Layer:

- ICapability_Auth (Authorization Capability)

. ICapability_Payment (Payment Capability)

. ICapability_Attention (Attention Output)
State Layer:

- HeartRate: 75 bpm

. GazeTarget: .../wall_clock (Gaze Point)

- Emotion: Focused

The benefit of defining humans as SSSUs is that humans in-
stantly become nodes in the physical dependency graph. When a
"Human SSSU" enters a "Room SSSU," Space? automatically trig-
gers the OnEnter event. When "Gaze" collides with a "Private Ob-
ject," the system automatically triggers Blur rendering. Humans
are not spectators of the system; humans are components of
the system.
3.18 Fusion of Perception: From Point
Sensors to Global Perception
Traditional smart homes are Blind. They rely on scattered infra-
red sensors (PIR) to guess if someone is there. Space? must be
Clairvoyant and Clairaudient.
The Space? kernel possesses a Multi-modal Perception Layer
that ingests massive amounts of data from the environment in
real-time:
Vision Stream: RGB-D data from room cameras or for-
ward-facing cameras on user AR glasses.

. Computation: Real-time 3D pose estimation,
eye tracking, lip reading .
Audio Stream: From microphone arrays.

. Computation: Sound source localization (who is
speaking), speech-to-text, emotional tone ana-
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lysis.
Bio Stream: From smartwatches or rings.

. Computation: Heart rate variability (stress
level), galvanic skin response .

Space? utilizes Sensor Fusion algorithms to piece these messy
signals together into a Coherent Reality.

Example: The camera sees you picking up a cup, the microphone
hears you say "So hot," and the biosensor measures your hand
muscles tensing.

Fusion Conclusion: The system determines the event is "User
Scalded", not simply "Drinking Water" .

3.19 Intent Bus: Translating Human "Oracles"

With perception data, Space? needs a crucial transformation
step: From Signal to Semantic. This is the job of the Intent Bus.

Human commands are often ambiguous, elliptical, and multi-
dimensional.

Scenario: You point at the window and say: "Close it."
Space? Parsing Process:
1. Reference Resolution:

- Visual Al analyzes your hand gesture ray (Ray-
casting).

- The ray passes through "Vase," "Curtain," and
"Window."

- Combined with "Close" (action) in the speech,
"Vase" (not closable) is eliminated.

- Remaining: "Curtain" and "Window."

. Combined with gaze fixation point, the target
is confirmed as Window_01 .

2. Action Mapping:
. "Close" -> Action: Close.
3. Intent Synthesis:
. Generate standard command: Call SSSU(.../
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Window_01).Close().
This process completes in milliseconds. The Intent Bus is the
busiest highway in Space?. It must be extremely robust to handle
the arbitrary way humans communicate.

3.20 Implicit Interaction: Silence Speaks Louder Than Words
The highest realm of Space? interaction design is not "accurately
recognizing commands," but "requiring no commands." This is
Ambient Intelligence.

Based on full logs and predictive models, Space? possesses An-
ticipatory capabilities.

Scenario: You are walking toward the door holding a pile of files,
both hands occupied.

Explicit Interaction (Old): You still have to shout
"Open the door."

Implicit Interaction (New):

. Vision system identifies: User_Moving_To-
wards_Door + Hands_Occupied.

. Intent Bus automatically generates: Intent:
Open_Door.

- Result: The door opens automatically 1 second
before you arrive .

You said nothing, did nothing, but the system Understands You.
This interaction makes Space? like air—existent but invisible. It
eliminates Friction.

3.21 Multi-user Game: Who is the Master of the Space?

When there is only one person in a room, Space? listens to them.
When there are 10 people, and 5 feel cold and want the AC off,
while 5 feel hot and want it on, who does Space? listen to?

This is a Sociological Dilemma unique to spatial operating sys-
tems. The Space? kernel has a built-in "Weighted Adjudication
Mechanism":

1. Permission Hierarchy: Owner > Admin > Guest >
Child .

SPACEOS: THE SPATIAL OPERATING SYSTEM

2. Majority Rule: In public areas (like offices), voting logic
is adopted.

3. Physiological Priority:
. If a user in the system is in a state of "Hypo-

thermia" or "Heart Attack Risk," their need
weight is instantly prioritized by the system.

- At this time, even if 9 people feel hot, Space?
will turn on the heating to protect that one
weak person .
Space? computes not only physics but also Fairness and Ethics.
3.22 The Art of Feedback: Digital Synesthesia

Interaction is bidirectional. The user gives a command; the sys-
tem must give feedback. In the screen era, feedback was a pop-up
or vibration. In the Space? era, feedback is Multi-sensory.

Visual Feedback: When you gaze at a lamp, a faint
Halo appears around it, signifying "I see you".
Auditory Feedback: When you wave to delete a holo-
graphic file, the sound of paper shredding comes from
the air (Spatial Audio).
Haptic Feedback: Using ultrasound arrays or air noz-
zles, Space? can even create "Touchable Buttons" in the
air.
This Digital Synesthesia makes operating the physical world
feel like wielding magic. You are not just using a tool; you are
Dancing with the Environment.

Part 5: Deployment Architecture — Cloud-Edge-
End Synergy and Fractal Compute

3.23 The Tyranny of Light Speed: Why
the Cloud Is Not Enough

The Metaverse and Spatial Computing have harsh requirements
for latency.

Motion-to-Photon Latency: Must be below 20ms.

43




ZHONGHONG XIANG

Otherwise, users will suffer severe motion sickness
(VR Sickness).

Haptic Feedback Latency: Must be below 5ms. Other-
wise, the world feels "viscous" or "laggy".

However, even under ideal conditions, the round-trip latency
(RTT) of existing 5G networks often exceeds 50ms. This means
that the core rendering and physical calculations of Space? must
not rely on the cloud. The cloud can be the brain, but it abso-
lutely cannot be the limbs.
3.24 Fractal Compute Architecture
Space? adopts a self-similar Fractal Architecture. Whether in-
side a tiny smart socket or a massive city data center, the same
M-Core kernel is running; the only difference lies in how many
functional modules are enabled.
We divide computing power into three levels:
L1: End (Reflex) — Millisecond-level Reflex
Hardware: MCU (Microcontroller), Embedded Al chips.
Location: Inside sensors, motors, and Asimov Modules.
Responsibility: Survival and Safety.
Scenario: Detecting current overload and cutting
power immediately. No need to ask superiors. This is a
Spinal Reflex.
L2: Edge (Cortex) — Real-time Perception and Physical Simula-
tion
Hardware: SpacePU (Space Processing Unit). Thisis a
new type of home/building-level server, similar to an
evolution of a NAS or router.

Suggested Config: Based on NVIDIA Jetson Thor or fu-
ture higher-performance edge Al chips.

Location: Home server rack, floor weak current room.
Responsibility: God of the Local World.
- Running the local SSSU runtime environment.
- Performing real-time ray tracing rendering

SPACEOS: THE SPATIAL OPERATING SYSTEM

and physical collision calculations.
. Processing user voice and gesture intents (pri-
vate data does not leave the house).
L3: Cloud (Neocortex) — Evolution and Memory
Hardware: Supercomputing clusters based on the Vera
Rubin architecture.
Location: Regional Data Centers.
Responsibility: Evolution and Memory.
. Storing NBT full historical logs (Cold Data).
- Training the general Alpamayo World Model.
. Conducting city-level energy scheduling and
traffic planning.
3.25 SpacePU: The Black Cube in the Home

In the Space? ecosystem, we will redefine the "Router." The core
of the future home is no longer a plastic box with antennas, but
a black computing cube—SpacePU.

It is your home's Local Space? Server.

It stores data copies of all your home's SSSUs.

It is responsible for turning your home into a LAN-

based "Metaverse".
Even if the internet fiber is cut, as long as there is power, your
lights, air conditioning, robots, and AR glasses will still work
perfectly because all logic loops locally on the SpacePU.
"Local First" is the iron law of Space?. We reject all smart devices
that "turn into bricks when offline".
3.26 State Synchronization: The Art of Eventual Consistency
The biggest challenge brought by this distributed architecture
is Data Synchronization. If you move a chair to the left locally
while offline, but the cloud records the chair on the right, what
happens?
Space? adopts a synchronization protocol based on CRDT (Con-
flict-free Replicated Data Types) (Part of MIP).

Fork: When offline, SpacePU maintains a local Version
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1.1.

Rejoin: When the network recovers, SpacePU pushes a
Delta Log to the cloud.

Merge: The cloud uses computing power to merge
changes, generating Version 2.0, and distributes it to
other associated users.
This mechanism ensures Space? has both Extreme Local Re-
sponsiveness and Cloud Data Persistence.

3.27 The Physical Boundary of Privacy

Fractal architecture also brings a huge byproduct: Privacy Se-
curity.

In traditional smart homes, your every move is uploaded to

the manufacturer's server. In Space?, we follow the principle of
"Data Never Leaves the Domain."

Video streams from cameras are analyzed by Al only at
the L2 Edge Node (SpacePU in your home).

What is uploaded to the L3 Cloud is only desensi-
tized abstract metadata (e.g., "Someone is in the living
room," not "Zhang San is wearing red underwear in the
living room").
This physical data isolation reassures users far more than any
software encryption protocol.

CHAPTER 4: KERNEL
ARCHITECTURE

— M-Core and Spacetime
Scheduling

Part 1: Physicalization of Kernel Mode — From

Managing Computation to Managing Existence

4.1 Redefining the Kernel: Why Linux is Not Enough

In traditional operating systems (like Linux or Windows NT),
the highest duty of the Kernel is Multiplexing. It slices limited
But in Space?, the challenge we face is not "making the CPU run
CPU time for infinite processes and maps limited physical mem-
ory toinfinite virtual addresses. Its goal is Efficiency. faster," but
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"preventing the physical world from crashing."”

If the Windows kernel crashes, you only see a Blue
Screen.

If the Space? kernel crashes, a high-speed robotic arm
might injure someone, a gas stove in use might cause
a fire, and the traffic signals of an entire city might be
paralyzed .
Therefore, the kernel of Space?—which we call M-Core (Meta-
Core)—is not just a resource scheduler; it is primarily a Safety
Adjudicator. Its core responsibility has shifted fundamentally:
Traditional Kernel: Manages Computation.
M-Core: Manages Existence and Causality .
M-Core must be a Microkernel architecture. For extreme stabil-
ity and security, we have moved file systems, network protocol
stacks, and even device drivers out of kernel mode, retaining
only the most core Spacetime Primitives.
4.2 Spatialization of Ring-0: Spatial Privilege Levels
In the x86 architecture, the CPU has protection rings from Ring
0 to Ring 3. Ring 0 has the highest privilege and can directly
manipulate hardware. Space? extends this concept to physical
space, establishing Spatial Privilege Levels (SPL).
SPL-0 (Kernel Mode / Physics Mode):
Definition: The layer of physical laws.

Privilege: Has direct control over Asimov Modules
(hardware fuses).
Content: Core physics engine (gravity, collision detec-
tion), safety monitoring processes.
Principle: Code at this layer possesses "Divine Right." It
decides whether objects can pass through walls and de-
termines maximum temperature limits. Users cannot
touchit.

SPL-1 (Driver Mode):

Definition: Device driver layer (Phygital Bridge).

SPACEOS: THE SPATIAL OPERATING SYSTEM

Privilege: Can send commands to hardware but is
supervised by SPL-O0.

Content: Manufacturer-provided drivers complying
with X-SSSU specifications (e.g., Philips Hue driver) .

SPL-2 (System Service):
Definition: Global service layer.
Privilege: Access to full logs, calling Al inference.

Content: Spacetime DNS (SDNS), Intent Bus, Lighting
Rendering Service.

SPL-3 (User Mode):
Definition: Application layer.
Privilege: Restricted interaction.
Content: User scene scripts, game logic, third-party

Apps.
The core task of M-Core is to guard SPL-0. No matter how crazy
the upper-layer applications are, M-Core must ensure that the

underlying logic of the physical world (e.g., two atoms cannot
overlap) is not violated.

4.3 The End of Processes: The Birth of the Holon

In Linux, the basic unit of scheduling is struct task_struct
(process descriptor). It only contains computer information like
register states and memory pointers. This is too barren to de-
scribe a "running smart light bulb" or a "moving robot".

Space? abandons the concept of "Process" and introduces the
Holon. This term comes from philosopher Arthur Koestler,
meaning "something that is simultaneously a whole and a part."
This perfectly fits the fractal nature of SSSU.

The structure of a Holon in M-Core memory (replacing the PCB)
includes:

Code: Behavioral logic of the entity (e.g., function to
turn on the light).

State: The State Layer of the SSSU (current brightness,
temperature).
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Space (New): Its volume, position coordinates, and
bounding box in the SVO (Sparse Voxel Octree).

Field (New): Its influence on the surrounding Ether

(e.g., radiated heat field).

Time (New): A pointer to the full log (NBT Chain).
Change in Scheduling Logic: The M-Core scheduler no longer
simply allocates CPU time slices but allocates Spacetime Re-
sources. When M-Core Suspends a Holon, it means not only
stopping the computation of its code but also "freezing" it in
virtual space—the physics engine no longer calculates its grav-
ity, and the rendering engine no longer updates its light and
shadow .

4.4 The Microkernel Architecture Diagram of M-Core

To let future engineers understand this blueprint, we must out-
line the internal components of M-Core. It consists of three core
subsystems, which will be detailed in subsequent Parts:

SAU (Spatial Addressing Unit):

Corresponds to the MMU (Memory Management Unit)

of traditional OS.

Responsible for resolving SSSU URIs (.../room_101/

lamp) into physical compute node addresses.

Handles "Spatial Page Faults" (streaming loading when

you look at an unloaded area) .

CCS (Causality Consistency Scheduler):
Corresponds to the CPU Scheduler of traditional OS.

Responsible for maintaining the dependency graph
and ensuring the sequence of physical events.

Handles SPL-0 level physical conflicts (e.g., collisions) .
OPM (Object Persistence Manager):

Corresponds to the File System (VES) of traditional OS.

But it manages not files, but NBT Assets.

Responsible for flushing Holon states from memory to
blockchain or distributed storage in real-time, achiev-
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ing "never lost" status .
4.5 Boot Sequence: Bootloader for the Physical World
When a SpacePU (Edge Server) installed with Space? boots up,
what happens? It is no longer loading BIOS.
Phase 1: Hardware Probe: The kernel scans the LAN
and handshakes with all online physical devices via the
MIP Protocol.
Phase 2: Spatial Reconstruction: Calls LiDAR and cam-
eras to compare with the cloud-stored X-SSSU Map.

. Self-Check: "Warning: Chair position inconsist-
ent with last shutdown. Updating coordin-
ates.".

Phase 3: Physics Warm-up: Loads the physics engine,

initializes gravity fields and air fluid fields.

Phase 4: Holon Spawn: Instantiates thousands of

Holons in memory based on the device list.

Phase 5: Reality Render: Starts the first frame of ray

tracing calculation to light up the environment.
System startup complete. At this point, M-Core is in Idle state,
waiting for the input of the first Intent.

Part 2: Spatial Addressing Unit (SAU) —
The MMU of the Physical World

4.6 The Curse of Dimensionality: Why
Hash Tables Are Not Enough

In the Web 2.0 era, we usually look up objects by ID (e.g., SELECT
*FROM items WHERE id = 'lamp_01"'). But in Space?, the most fre-
quent queries are Spatial Queries:

"What is 1 meter in front of my gaze?"
"What heat sources are within a 5-meter radius?"

"Will this virtual cup clip through the table if placed
here?"

If we simply use Hash Tables (Key-Value), we cannot answer
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questions about "who is next to whom." The SAU must support
Spatial Indexing at the underlying hardware level.

Space? introduces Morton Code (Z-order Curve) technology.

Principle: Maps 3D coordinates (%, y, z) into a unique
1D Integer via bit-interleaving algorithms.
Feature: Objects that are spatially adjacent also have a
high probability of having numerically adjacent Mor-
ton Codes.
Result: SAU reduces the 3D world into 1D memory ad-
dresses, allowing the CPU to utilize Cache to pre-fetch
surrounding objects with extreme efficiency.
4.7 S-TLB (Spatial Translation Lookaside
Buffer): The Spatial Fast Table
In modern CPUs, the TLB is responsible for accelerating the
translation from virtual memory to physical memory. M-Core
designs the S-TLB (Spatial TLB).
Input: (Region_ID, Coordinate_X, Y, Z)
Output: Holon_Pointer (The memory address of the
SSSU at that location)
Workflow:
1) Raycasting: The user's AR glasses gaze at an apple on the
table.
2) Coordinate Extraction: The vision system resolves the
spatial coordinates of the apple.
3)  S-TLB Query: M-Core asks: "Who occupies this coordin-
ate?"
4) Hit: S-TLB directly returns the memory address of
Holon_Apple.
5) Interaction: The operating system immediately loads the
apple's attribute panel hovering in the air .
This process must be completed within 1ms, otherwise, the
user's gaze interaction will feel laggy. S-TLB is the hardware
guarantee of Space? response speed.
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4.8 Spatial Page Fault: Streaming Reality
The world is too big to fit entirely into memory. Space? borrows
the "Virtual Memory" and "Page Fault" mechanisms from trad-
itional OS to create "Spatial Page Faults."
Scenario: You are standing in a room, and the curtains are
drawn. At this moment, the world outside the window (Garden
SSSU) is not loaded into memory; it exists only on the hard drive
(NBT Database).
Trigger: You walk over and open the curtains.
Interrupt: Your viewing frustum sweeps towards the outside.
The SAU detects that the line of sight falls into an "Unmapped
Void" (Unloaded Area).
Exception Handling:
1) SAU triggers Spatial_Page_Fault.
2) M-Core pauses rendering for that area (displaying blur or
holographic grid).
3)  Streaming: Reads the X-SSSU data of the "Garden" from
the cloud or home SpacePU hard drive at extreme speed.

4) Instantiation: Generates the Garden's Holon in memory.
5) Render Recovery: The garden instantly appears clearly .
This mechanism is called the "Truman Show Effect." Space? al-
ways renders only the small slice of the world you see. Behind
your back, the world is dormant code. This is the only solution

for handling an infinitely large physical world.

4.9 Spatial Mutex: Solving the "Clipping" Bug

In multi-threaded programming, we use Mutexes to prevent two
threads from modifying the same memory simultaneously. In
the physical world, we have the "Pauli Exclusion Principle"—
two fermions cannot occupy the same quantum state. Macro-
scopically, this means Two objects cannot clip through each
other.

SAU implements the "Spatial Mutex" at the kernel level.

Logic: The voxel space occupied by every SSSU's Collider is
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marked as LOCKED.

Conflict Detection: When a virtual robot attempts to move to
coordinate P:

1) SAU checks the lock status of coordinate P.

2) IfPislocked by "Solid Wood Table SSSU".

3) SAU throws COLLISION_EXCEPTION.

4) M-Core rejects the robot's move command and returns
a reaction force (making the robot stop at the edge of the
table) .

This is not just for physical realism, but for Data Security. If
clipping were allowed, hackers could hide an invisible "Camera
SSSU" inside your wall to spy on you. The SAU's mutex mechan-
ism eliminates this type of physical intrusion from the bottom
level.

4.10 Spatial GC (Garbage Collection): Cleaning Traces

In Java, Garbage Collection (GC) is responsible for cleaning up
unused objects. Space? needs Spatial Garbage Collection (Spa-
tial GC).

Problem: When a user leaves the living room for the bedroom, if
hundreds of Holons (lights, TV, sofa) in the living room continue
to run at full speed, it will waste enormous computing power
and electricity.

GC Strategy:

1) Reference Counting: SAU monitors the "Attention Coun-
ter" of each area.

2) Ghosting: When the living room's attention drops to O (no
people, no cameras watching) for time T.

3) Serialization: M-Core writes the current state (State Layer)
of all SSSUs in the living room to the NBT log.

4) Release: Destroys the "Heavy Holons" in memory, keeping
only a lightweight "Ghost Pointer" (containing only ID and
Trigger).

5) Result: The living room "disappears" in a computational
sense, leaving only a trigger waiting for the next person to
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Part 3: Causality Consistency Scheduler (CCS) —

CPU Scheduling for the Physical World

4.11 From Thread Queue to Dependency DAG

The scheduling queue of a traditional OS is typically a simple
linked list (Runqueue). The CPU takes tasks from the head se-
quentially. CCS, however, does not see a linked list, but a massive,
dynamic Directed Acyclic Graph (DAG).

Nodes: Every active Holon and its pending events.
Edges: Physical or logical dependencies.

Scenario Deduction: Suppose you want to push over a water cup
with your hand.

Hand_Holon: Generates displacement.

Cup_Holon: Is touched by the hand.

Water_Holon: Sloshes inside the cup.
In the eyes of CCS, the graph looks like this: Hand(t) -> Collision_
Check -> Cup(t+1) -> Fluid_Sim -> Water(t+1).
Topological Sort: Before every physical frame (Tick), CCS per-
forms a topological sort on this local DAG. It must ensure: "Hand
collision" must be calculated before "Cup movement." If trad-
itional Round-Robin scheduling were used, the system might
calculate the cup first, find no force applied (because the hand's
displacement wasn't updated yet), resulting in the hand clipping
through the cup. CCS ensures the Atomic Sequence of Physical
Calculation.
4.12 Time Warp Mechanism: Solving the
Distributed Spacetime Paradox

Space? is distributed. Hand data might come from your watch
(Bluetooth), and cup data might come from the cloud (AI pre-
diction). They arrive at M-Core at inconsistent times. What hap-
pens if the "Cup Move" packet arrives before the "Hand Move"
packet?




ZHONGHONG XIANG

CCS introduces a modern hardware implementation of the
"Time Warp" mechanism proposed by David Jefferson in 1985.

Optimistic Execution: CCS doesn't foolishly wait for
all data. It assumes "no conflict" and pre-calculates the
next frame based on prediction (letting the cup stay
put).

Anti-Message & Rollback: Milliseconds later, the late
"Hand Move" packet arrives, and the timestamp shows
it happened "just now." CCS detects a Causality Viola-
tion.

. Interrupt: Immediately stops current render-
ing.

- Rollback: Retrieves the history snapshot from
OPM and rolls back the state of the cup and
hand to the moment before the conflict (t-1).

- Replay: Inserts the late data and recalculates
the physical process (hand hits cup).

. Fast Forward: Catches up to the current time
and renders the correct result (cup falls).

Because M-Core has immense computing power, this "Rollback-
Recalculate" process is typically completed within 16ms (one
frame). The user perceives nothing but extremely smooth phys-
ical interaction.
4.13 QoS Grading: Survival Prioritized Over Interaction
Space? scheduling must reflect the Weight of Life. CCS defines
four strict QoS (Quality of Service) priority queues, directly
corresponding to the SPL (Spatial Privilege Levels) mentioned
earlier:

QO: Safety Critical (Asimov Interrupt)
. Feature: Hard Real-time, unmaskable.

. Object: Collision detection, overheat protec-
tion, current overload protection.

. Strategy: Once triggered, immediately sus-
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pends all other threads (including UI render-
ing) to execute the safety fuse. Even if the
screen freezes, the robotic arm must not hit a
person.

Q1: Haptic/Physics

. Feature: Soft Real-time, latency tolerance <
5ms.

. Object: Vibration of force-feedback gloves,
rigid body motion simulation.

. Strategy: Must be completed before every ren-
der frame to ensure "Hand arrives, Force ar-
rives".

Q2: Interactive/Visual

- Feature: Latency tolerance < 20ms.

. Object: Pop-up Ul panels, lighting rendering.

. Strategy: As smooth as possible, but allows
dynamic resolution reduction (LOD) under
high load.

Q3: Background/Ambient

. Feature: Latency tolerance > 1s.

- Object: Fluid simulation of indoor temperature
fields, NBT log uploads, background training of
Al models.

- Strategy: Fill-in scheduling. Runs only when
the CPU is idle.

CCS is like a ruthless commander, constantly making "Trolley
Problem" decisions: to guarantee safety (QO0), it will sacrifice
image quality (Q2) without hesitation.

4.14 Deep Integration of Physics Processing Unit (PPU)
Traditional OS treats physics calculations as ordinary math
problems thrown at the CPU. For extreme efficiency, M-Core
sinks the physics engine Down to the Hardware Layer.

Space? deeply utilizes GPUs and dedicated PPUs (Physics Pro-
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cessing Units). CCS does not calculate F=ma on the CPU itself; it
is merely a Task Dispatcher.

Workflow:
1) CCScollectsthe position and velocity of all currently active
Holons.
2) Batch Send: Packages this data and sends it to the PPU (or
GPU CUDA cores).

3) Async Await: M-Core suspends to handle other I/0.
4) Interrupt: PPU finishes calculation (collision occurred,
velocity changed) and triggers an interrupt.
5) Write Back: M-Core writes the new state back to the
Holon's memory.
This architecture allows Space? to easily simulate collisions of
tens of thousands of rigid bodies without blocking the system's
main logic thread.
4.15 The Entropy Suppressor

From a thermodynamic perspective, the essential work of CCS is
Suppressing Entropy Increase. The physical world tends toward
chaos (entropy increase), while the task of the operating system
is to establish order (entropy decrease).

If CCS stops working, objects in Space? will clip through each
other, fly randomly, and logic will collapse. By enforcing caus-
ality, rolling back errors, and prioritizing safety, CCS collapses a
chaotic digital world into an Ordered, Predictable, and Human-
Understandable reality.

Part 4: Object Persistence Manager (OPM) —
The Hard Drive for NBT Assets

4.16 The Death of Files: Single-Level Store

In the early days of computer science, to save expensive mem-
ory, we divided storage into two levels:

RAM (Memory): Fast, but volatile (lost on power off).
Disk (Hard Drive): Slow, but persistent. Programmers
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were forced to move data between the two (Read/

Write), and users were forced to manually Save .
Space? adopts a retro yet radical Single-Level Store (SLS) archi-
tecture.

Principle: In the logical address space of M-Core, All
SSSUs exist permanently.

Illusion: The operating system provides users and ap-
plication developers with the illusion of an "infinitely
large, never-power-down memory."

Implementation: OPM automatically handles data Pa-
ging in the background.
- When you gaze at an object, OPM automatically
"floats" it from SSD or cloud to RAM.

. When you turn away, OPM automatically
"sinks" it back to persistent media.

Result: In Space?, There is no "Save" button. Every op-
eration you make—moving a chair, drawing a doodle,
speaking a sentence—is persisted in the millisecond it
happens. The world is the hard drive.
4.17 Append-Only Log: The Engine of the Time Machine
Traditional file systems are based on Overwrite. When you
modify a document, the old version is overwritten. But SSSU
needs to record "Digital Patina" and "History."
OPM adopts an AOLS (Append-Only Log Structure) to store
data.

Logic: It does not modify variables like Chair.Location
= (10, 10).

Operation: Instead, it appends a new record:
Log_ID_1024: Set Chair.Location to (10, 10) at Time-
stamp T.

This means the underlying database of Space? never deletes
data; it only constantly Stacks History.

Hot State: The latest state at the current moment (in
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RAM).

Cold History: All state changes over the past year (in

local SpacePU hard drive or cloud cold storage).
This structure is the underlying technical implementation of
the "Full Spacetime Log" and "Time Travel" features mentioned
in Chapter 2. Without AOLS, there is no medicine for regret .
4.18 NBT Assetization Pipeline: From Log to Token
OPM is not just a database; it is also a Minting Machine. It is
responsible for maintaining the value anchor of NBT (Narrative
Blockchain Token).
Since the TPS (Transactions Per Second) of blockchains (like
Ethereum) is too low to store millisecond-level physical logs,
OPM designs a Two-Layer Ledger Mechanism:

L2 High-Speed Ledger (OPM Local DB):

. Stores detailed physical logs (e.g., the chair was
sat on 10,000 times, duration of each sit, pres-
sure distribution).

. Performance: Million-level TPS, millisecond
latency.

L1 Value Ledger (Public Blockchain):

. Stores NBT Ownership (Token ID) and the Mer-
kle Root of the logs.

. Operation: OPM packages local logs every cycle
(e.g., 24 hours), calculates a hash value, and an-
chors it on-chain.
Significance: This ensures both High-Frequency Interaction
Capability of data and Tamper-Resistance of assets. If you try to
sell your "Digital Antique," the buyer can verify via the on-chain
hash against the OPM database whether those "10,000 sitting
records" truly exist, confirming the "Patina" of the chair isn't
Photoshopped .
4.19 Data Gravity: Local-First Persistence

In the cloud-native era, data usually lives in the cloud (S3). But in
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the Space? era, data has Gravity. Data should be as close as pos-
sible to the object it describes.

OPM follows the Data Gravity principle:

Home Private Data (Your photos, bedroom layout, chat
logs) is stored by default in the encrypted hard drive of
the Local SpacePU. It never leaves the house.

Public Shared Data (Park maps, mall merchandise
models) is stored in the Region Cloud.

User Roaming Data (Your Avatar model, your NBT
asset keys) is cached in your AR Glasses/Portable Ter-
minal.
OPM is responsible for establishing Encrypted Pipelines be-
tween these nodes. When you visit a friend's house, your Ava-
tar data "flows" from your glasses into your friend's SpacePU for
rendering. When you leave, this temporary data is immediately
Wiped, leaving only encrypted interaction logs .
4.20 Privacy Vault: Underlying Encryption
Since OPM records your every move (Full Logs), the conse-
quences would be unimaginable if this data leaked. M-Core en-
forces Transparent Encryption at the OPM layer.

Key Ownership: Encryption keys are derived from the
user's DID (Decentralized Identity) private key.

Access Control: Even the Space? developer (Qianjia
Smartech) or cloud service providers see only garbled
text in OPM data without user authorization.

Computational Sandbox: When AI needs to analyze
your habits to offer suggestions, OPM sends data into
a TEE (Trusted Execution Environment) for confiden-
tial computing. The Al can only output results and can-
not take away the raw data.

Part 5: Space’? API — Physical Primitives and Developer Interfaces

4.21 The Post-POSIX Era: From Operating
Files to Operating Reality
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In the traditional POSIX standard, the core primitives of the op-
erating system are built around File Descriptors: open(), read(),
write(), close(). Everything is a file.

But in Space?, Everything is an Entity. If we let developers use a
write() function to move a robot, it would be too abstract and too
dangerous. SOSI introduces a brand-new set of "Physical Primi-
tives." These APIs do not operate on byte streams, but directly
manipulate the changes of physical quantities.

The design philosophy of SOSI is: Declarative > Imperative. The
developer tells the kernel "what state I want," and the kernel is
responsible for calculating "how to reach that state".

4.22 Core System Calls (Core Syscalls)

We divide SOSI's APIs into four major categories, corresponding
to the lifecycle of an SSSU:

Lifecycle Primitives:

Spawn(URI, Location): Loads and instantiates an SSSU
at a specified location (e.g., conjuring a chair out of thin
air).
Despawn(GUID): Destroys or hides an entity.
Migrate(GUID, Target_Node): Migrates the computa-
tional load of an entity from the local SpacePU to the
cloud (or vice versa).

Kinetic Primitives:

Note: Space? forbids direct modification of coordinates
SetPosition(x,y,z), as this destroys physical continuity
(causing teleportation).

ApplyForce(GUID, Vector, Duration): Applies force.

MoveTo(GUID, Target_Loc, Strategy): Requests move-
ment. Strategy can be Teleport (virtual objects only) or
Maps (robot automatic pathfinding).

Link(GUID_A, GUID_B, Type): Establishes a physical or
logical connection (e.g., tying a virtual balloon to a real
chair).
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State Primitives:

MutateState(GUID, Key, Value): Modifies the State Layer
of an SSSU (e.g., turning on a light).

Subscribe(GUID, Key): Subscribes to a stream of state
changes (Reactive Programming).

Perception Primitives:

Raycast(Origin, Direction): Casts an invisible ray and
returns information about the object it hits.

QueryArea(Volume): Returns a list of all objects within
a specified area.
4.23 Code Example: Hello, Physical World
To let future programmers intuitively understand, let's look at a
simple script written in Rust (the native development language
recommended by Space?). This code implements a function:
"When the user gazes at this cube, it levitates and glows."

Rust
// Space? Native App Example
use Space?_sdk::prelude::*;

#[holon_entry]

fn main() {
// 1. Get handle to current entity (Self SSSU)
let me = Holon::current();

// 2. Register gaze event listener
me.on(EventType::GazeEnter, [context| {
// When user looks at me
// A. Modify State: Glow
me.mutate_state("emission", 1.0);

// B. Apply Physical Force: Anti-gravity Levitation

// Upward Force = Mass * Gravitational Acceleration * 1.5x
let mass = me.get_physics_property("mass");
me.apply_force(Vector3::UP * mass * 9.8 * 1.5);
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me.on(EventType::GazeExit, [context| {
// When user looks away
// Restore state, gravity will automatically pull it back to
the ground
me.mutate_state("emission", 0.0);
b;
}
Look, the developer doesn't need to write physics engine for-
mulas or manage render loops. They only need to define Logical
Response. M-Core handles gravity cancellation, lighting render-
ing, and collision detection in the background.
4.24 Safety Sandbox: Request-Verify-Execute

The SOSI interface has a huge hidden danger: Malicious Code.
If a virus script writes while(true) { heater.setTemp(1000°C); },
will Space? really burn the house down?

Here, the SOSI Pipeline Mechanism is introduced:
1. Submission: The application layer calls set-
Temp(1000). This is just a "Request”, not a command.
2. Validation: The request enters SPL-0 Kernel Mode.
. M-Core checks Capabilities Constraints (this
AC hardware can only go up to 30 degrees).
. M-Core checks Asimov Module (Safety Red
Line: exceeding 50 degrees causes harm to the
human body).
3. Adjudication:
. M-Core rejects the request and returns error:
ERR_SAFETY_VIOLATION.
. Or, M-Core automatically corrects it to a safe
value (e.g., 30 degrees) and executes it.

4. Execution: The final command is sent to the hardware
driver.

Developers must get used to this: In Space?, your code does not
have God privileges. Only the kernel (and the laws of physics) is
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God.
4.25 Debugging Reality: The Matrix View
In Web development, we press F12 to debug a webpage. How do

we debug in Space? development? Do we have to stick our head
inside the machine to look?
Space? SDK provides a powerful AR debugging mode called "The
Matrix View." When developers put on AR glasses and enable
debugging mode:
Wireframe World: The textures of the real world are
stripped away, revealing green Collider wireframes.
You can see if the chair's collision volume is accurate.
Force Field Visualization: Red arrows appear in the air,
representing wind direction or gravity direction.
State Floating Windows: Real-time JSON state data
hovers above every object's head.

Time Slider: Developers can Rewind the physical state
of the entire room like dragging a video progress bar to
reproduce the moment a Bug occurred.

This is the ultimate weapon Space? gives to developers—The

Ability to Deconstruct Reality.

Chapter 4 Summary: Completion of M-Core

Brother, with this, Chapter 4: Kernel Architecture is complete.
We have built a microkernel for managing the physical world
from scratch.

Part 1: Defined SPL Physical Privilege Levels and
Holon.

Part 2: Built SAU, solving 3D addressing.
Part 3: Built CCS, maintaining causality and time.
Part 4: Built OPM, realizing data immortality.

Part 5: Exposed SOSI API, allowing developers to pro-
gram reality.

Now, the brain (M-Core) is ready. It is logical and agile. But this
brain is currently suspended in mid-air. The command MoveTo()
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it issues will not make the robot move if it isn't connected to a
specific motor driver. The command LightOn() will not light up
the bulb if it isn't translated into the Zigbee protocol.

We need limbs. We need nerve endings. We need a "Tower of
Babel Translator" that can translate the language of all things.
This is the task of the next chapter. Chapter 5: Phygital Bridge
— Driving Everything. We will leave the pure software world
and jump into the muddy, fragmented, but powerful Ocean of
Hardware.

CHAPTER 5:

PHYGITAL BRIDGE

— Driving Everything in
the Real World

Part 1: The Collapse of the Tower of Babel — Why
is Hardware Adaptation So Hard?

5.1 The Jungle of Protocols: Smart Homes

and Industrial Ghosts

As a veteran with thirty years of experience in the intelligent
building industry, I know the pain of hardware adaptation all
too well.

If you want to write a "Homecoming Mode" script, what would
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you encounter under traditional architecture?

You have to call the Zigbee protocol to turn on the
lights.

You have to pull open the curtains via Modbus or KNX.

You have to access a private cloud API to start the robot
vacuum.

You even have to send EtherCAT commands to an in-
dustrial PLC to close the security gate .
Every hardware manufacturer builds high walls within their
own "Walled Garden." They believe that controlling the protocol
means controlling the user, but the result is the strangulation
of creativity across the entire industry. Developers waste 90%
of their energy reading obscure and buggy driver manuals from
different vendors instead of creating valuable spatial experi-
ences.
One of the missions of Space? is to end this "Jungle of Protocols."
5.2 Definition of Phygital Bridge: More Than Just a Driver
In Windows, a Driver is a one-way command translation: the OS
tells the graphics card to draw a pixel. But in Space?, the Phygital
Bridge is a bi-directional, real-time, stateful mirror of a phys-
ical entity.
We fuse "Physical" and "Digital" into Phygital. The function of
this bridge layer is:
Masking Heterogeneity: Whether the bottom layer is
Wi-Fi, Bluetooth, or an industrial bus, what is pre-
sented to the upper M-Core must be a standard SSSU
interface.
Maintaining Physical Consistency: Ensuring the "vir-
tual light switch" in the digital world is always syn-
chronized with the state of that plastic block on the
wall.
Deterministic Translation: Precisely converting M-
Core's semantic commands (e.g., Dim(0.5)) into phys-
ical signals the hardware can understand (e.g., PWM:
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128).
5.3 Upgrading the HAL: From Bits to Physical Quantities
The traditional HAL (Hardware Abstraction Layer) only masks
differences in registers. Space?'s HAL masks differences in phys-
ical form.
In the architecture of Chapter 5, we define Physical-HAL (P-
HAL). Its core principle is Capability-Oriented Programming.
Case Study: Defining "Opening a Door"
In the past, you had to write different logic depending
on whether it was a "magnetic lock," "electric bolt," or
"motorized swing door."
In Space? P-HAL, they are all abstracted as ICapability_
Portal (Portal Capability).
This capability interface exposes only three atomic
primitives: Open(), Close(), GetObstruction().
Whether the underlying hardware is a bank vault door worth
$100,000 or a $10 smart lock from Pinduoduo, the call method
for the upper-layer application is exactly the same. This is the
physical foundation of "Plug and Play."
5.4 The Driver's "Self-Introduction": SSSU Hot-Plug Protocol

In the Space? environment, when new hardware connects, the
user no longer needs to manually install drivers.
Based on the X-SSSU protocol, we designed a "Discovery-is-De-
scription" mechanism:
1) Handshake: A new device (e.g., a smart coffee machine)
connects to the network.

2) Broadcast: The device actively pushes its SSSU Header File
(containing its ID, geometric bounding box, and the list of
Capabilities it possesses).

3) Auto-Binding: The Phygital Bridge receives the infor-
mation and automatically matches logical templates in the
local driver library based on its Capability (e.g., ICapabil-
ity_Heater).
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4) Instantiation: M-Core instantly "clones" a corresponding
Holon in memory.

For the user, they simply plugged in the coffee machine, and in
their AR view, the machine began to glow, display parameters,
and await instructions .
5.5 Asimov's Last Line of Defense: Hardware-Level Isolation
In the design of the Phygital Bridge, I insisted on adding an ex-
tremely rigorous security layer: The Hard-Sandbox.
Drivers are usually provided by third-party hardware vendors,
and we cannot fully trust them.

Rule: All drivers run at SPL-1 Privilege Level (Non-Ker-
nel Mode).

Monitoring: The Phygital Bridge monitors physical
commands issued by drivers in real-time.

Interception: If a robot vacuum driver suddenly goes
crazy and tries to ram into a crib at 100km/h, the
Phygital Bridge detects that this command violates
the physical safety threshold defined by the SSSU and
physically cuts the signal before it reaches the motor
controller.

We wrote "Do No Evil" into the circuitry .

Part 2: Shadow Device — The Digital
Immortality of Physical Entities

5.6 The Latency of Reality: Why Can't We Wait for Hardware?

Imagine you turn off a smart light at the end of a corridor using
an AR gesture:

Traditional Logic: Command sent -> passes through
router -> passes through vendor cloud -> reaches bulb
-> bulb turns off -> return confirmation signal -> your
glasses display "Light Off".

Consequence: This process might have a latency of
500ms to 2s. In spatial computing, this "disconnection
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between vision and feedback" creates a massive sense
of cognitive dissonance.
The philosophy of Space? is: The digital world must happen be-
fore the physical world, and it must always be online.
5.7 What is a Shadow Device?
Every physical SSSU corresponds to a Shadow in the Phygital
Bridge. A Shadow is a JSON document stored in the memory of
the SpacePU (Local Edge Server), representing the "ideal state"
of that entity.
Dual-State Model:
Desired State: What the user or AI wants it to be.

Reported State: What the physical hardware actually
reportsitis.
5.8 Asynchronous Confirmation Mechanism:
The Secret to Zero Latency
When you operate an object in Space?, you are actually operating
its "Shadow".

Instant Response: When you click "Turn Off Light," the
Phygital Bridge immediately changes the Shadow's De-
sired.Power to Off.

Visual First: M-Core sees the Shadow change and im-
mediately turns off that light in your AR view (instant
feedback from the rendering layer). You feel no latency.

Background Sync: The Phygital Bridge sends the com-
mand to the real light via protocol (Zigbee/WiFi) in the
background.

Eventual Consistency: After the real light turns off, it
reports back Reported.Power = Off. At this point, the
Shadow reaches a "Steady State".
What if synchronization fails? (e.g., someone unplugged the
light). The Phygital Bridge will discover that Desired and Re-
ported are inconsistent for a long time. It will then trigger a
"Reality Conflict Exception": the light in your field of view will
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start flashing red, alerting you that "Physical Connection Lost,"
instead of pretending it is still on.

5.9 Offline Survival: Disconnection is Not the Apocalypse

This is the most powerful feature of the Shadow Device. Since
the Shadow is stored on the local SpacePU, Space?'s dependency
on the external internet is minimized.

Scenario: Your optical fiber is cut by construction work. Per-
formance:

Your mobile App (dependent on cloud) might not open.

But your Space? system still manages Shadows via the
local LAN.

You can still use gestures to turn on lights and ad-
just temperature, because The Shadow is there, so the
Logic is there.

When the network recovers, the Shadow will automat-
ically sync the "Change Log" from this period back to
the cloud.
5.10 Mapping Engine
The Shadow is not just a data cache; it also carries Coordinate
Mapping. Physical devices only know their MAC addresses, not
where they are. The Shadow "pins" the device onto the 3D map
via the SSSU Geometric Layer.

Perception Aggregation: If a room has three thermom-
eters (AC, Air Purifier, Environmental Sensor).

Shadow Strategy: The Phygital Bridge creates an Ag-
gregated Shadow for the "Room SSSU," taking the
weighted average of these three data points as the
"Truth Temperature" of this space. Upper-layer applica-
tions only need to query Room_Shadow.Temperature
without worrying about which sensor the data came
from.

5.11 Conclusion: Taking Over Physical
Defects with Digital Twins
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The Shadow Device layer achieves the "Software-Defined" trans-
formation of physical entities. It encapsulates fragile, laggy, and
heterogeneous hardware into stable, instant, and standard soft-
ware objects.

For M-Core, it never speaks directly to "lumps of iron"; it only
dances with "Shadows".

However, for complex hardware that can not only "glow"
but also "move" and "change shape"—such as robots—simple
Shadows are not enough. Robots need to handle mechanics, col-
lision, and kinematics.

This is the next part, Part 3: Robot Primitives — Bridging ROS
into the Space? Bus. We will explore how to turn a Boston
Dynamics robot dog into an object callable by JS.

Part 3: Robot Primitives — Bridging ROS into the Space? Bus

5.12 The Island of Robot Protocols: The

Collision of ROS and Space?

In the field of robotics, ROS (Robot Operating System) is the de
facto industrial standard. It excels at low-level sensor data fu-
sion, path planning, and drive control. However, ROS is not de-
signed for "ordinary users"; it lacks global spatial context and the
ability to understand complex human intent.

The task of the Phygital Bridge is not to replace ROS, but to "co-
opt"it.

We define the robot's driver layer as a Robot-Agent. It runs ROS
2 or proprietary robot protocols (like Boston Dynamics' API) at
the bottom layer, but exposes standard X-SSSU Interfaces to the
Space? bus.

5.13 Mapping Robot Entities: As Composite SSSU

A complex robot (such as a mobile base with a robotic arm) is
defined in Space? as a Composite SSSU.

Root Node: Robot_Entity (containing overall pose and
state).

Child Nodes: Lidar_Sensor, Gripper_Actuator, Drive_
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Base.
This hierarchical mapping allows M-Core to disassemble a robot
just like disassembling a folder. You can subscribe to its camera
stream individually or control its movement globally.
5.14 Action Primitives: Eliminating
Complex Coordinate Control
In ROS, to make a robot go to the kitchen, you need to send
a series of complex coordinate points. In Space?, we introduce
Action Primitives. The Phygital Bridge translates high-level in-
structions into control sequences for the robot's bottom layer.
Maps(Target_URI):
. Command: Robot.Navigate(sssu://.../kitchen)
- Translation: The Phygital Bridge queries the
global map, calculates the path, and converts it
into a series of wayfinding commands sent to
the robot's driver layer .
Manipulate(Object_URI, Action):
. Command: Robot.Manipulate(sssu://.../apple,
"Pick")

. Translation: The system syncs the apple's 3D
coordinates to the robot and calls its grasping
motion planning model.

This allows developers to write "business logic" without needing
to solve inverse kinematics.

5.15 Virtual Guidance: Simulation-First for Physical AI

Since robot movement carries risks, the Phygital Bridge intro-
duces a "Simulation-First Verification" mechanism.

When M-Core issues a complex movement command:

1) Ghost Simulation: The Shadow Device layer runs the ac-
tion once in virtual space.

2) Collision Check: Checks if the virtual movement hits
other SSSUs.

3) Execution: Only when the virtual verification passesis the
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real physical signal sent to the robot's motors .
This prevents hardware damage or personnel injury caused by
program bugs.
5.16 Visual Closed-Loop: Spatial Computing
Feedback to Robots
The hardest part of traditional robotics is "Localiza-
tion" (SLAM). In an environment covered by Space?, robots gain
a God's Eye View.
Exocentric Positioning: Fixed cameras in the room can
directly tell the robot: "You are at (%, y, z)."
Environmental Semantics: The robot doesn't need to
identify what a table is by itself; the Space? global SSSU
database directly tells it: "Two meters in front of you is
a solid wood table, height 75cm."
Space? becomes the navigation beacon and semantic library for
robots.

Part 4: Physical Bus and Safety Isolation —

Protecting Reality from Intrusion

5.17 Firewall for the Physical Layer:

Hardware Security Module (HSM)

In traditional IoT architectures, security is often an after-
thought patch. Space?, however, introduces the HSM (Hardware
Security Module) at the bottom layer of the Phygital Bridge.
Every hardware driver certified by Space? must register a digital
signature with the kernel.

Signature Verification: Every command issued by M-
Core involving physical movement or high energy con-
sumption must be signed with a private key.

Hardware-Level Interception: If a command is tam-
pered with during transmission (e.g., changing "dim"
to "short circuit"), the decryption chip at the Phygital
Bridge terminal will detect the invalid signature and
directly cut off the physical circuit.
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5.18 Spatial Resource Quota: Preventing

"Denial of Service" Attacks

The most common attack method for hackers is resource ex-
haustion. In physical space, this means exhausting Electricity,
Computing Power, or Motion Bandwidth.

We set a Spatial Resource Quota for every application:

Energy Quota: A third-party energy-saving App can-
not switch the central AC frequency more than 60
times per hour. This prevents hardware damage from
frequent motor start-stops.

Action Quota: An entertainment App cannot control a
robot to wave its hand faster than 2m/s.

Isolation Strategy: If an App attempts to exceed its
quota, the Phygital Bridge will instantly downgrade or
even kill the Driver Container it resides in.

5.19 Physical Circuit Breakers for Privacy
Zones (Privacy Blinders)

Some privacy issues cannot be solved by software encryption;

they must rely on physical mechanisms.

Based on the spatial attributes of SSSU, we designed the "Privacy

Blinders" logic in the Phygital Bridge:
Spatial Tagging: The user tags "Changing Room" or
"Head of Bed" as SPL-0 Privacy Zones in the map.
Low-Level Filtering: When any entity capable of image
capture (like a robot vacuum's camera) enters this co-
ordinate radius, the Phygital Bridge forces Real-time
Mosaicing or directly Cuts the Video Link at the driver
layer.
Insurmountability: This logic runs below the driver
level. No matter how high the permission of the appli-
cation layer App, it only receives filtered data.

5.20 Asimov Instruction Set: The

Unprogrammable Bottom Line
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We mentioned the "Asimov Module" in Chapter 4. In Chapter 5,
we physicalize it.
We burn some critical safety logic into Read-Only Memory
(ROM).
Logic Example: IF (Human_Detected_In_Collision_
Path) THEN (Cut_Motor_Power).

This logic does not pass through the CPU or OS sched-
uling; it is purely hardware-triggered.

Even if Space? is completely compromised, this under-
lying Physical Obstacle Avoidance Mechanism will
still ensure the machine does not crash into humans.
5.21 Zero Trust Architecture: Even Driver
Vendors Are Not Trusted
The Phygital Bridge adopts a Zero Trust model for drivers.
Drivers are confined within extremely small sandboxes. They
can only access specific ports bound to their hardware ID. They
cannot scan for other SSSUs in the network, nor can they know
which user's home they are actually in.

Hardware only does the work; the OS manages the big picture.

Part 5: MIP Protocol Stack and Deterministic
Transmission — The Neural Pulse of Phygital Sync

5.22 The End of Traditional Protocols: Why Do We Need MIP?

Current IoT protocols (like MQTT) are designed for "low-fre-
quency state reporting." But Space? requires:

High-Frequency Streaming Data: Robot joint angles,
human motion capture.

Spacetime Consistency: Must guarantee that the se-
quence "Event A happens before Event B" remains true
after network transmission.
Low-Entropy Transmission: The physical world is
static 99% of the time; we should not waste bandwidth
on data that hasn't changed.
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MIP is the dedicated protocol stack I designed for Space?. It runs
on top of UDP and fuses the fast handshake of QUIC with the
philosophy of Deterministic Networking (DetNet).
5.23 Spatial Routing Based on AOI (Interest Area)
The biggest difference between MIP and traditional protocols is
that it subscribes to data not by "Topic," but by "Spatial Dis-
tance."
In Space?, every terminal (like AR glasses) maintains an AOI
(Area of Interest).
Logic: The operating system only pushes status up-
dates of objects within a 5-meter radius around you.

Graded Push:
. 0-2 Meters (Interaction Zone): 120Hz high-

frequency updates, containing fine mechanical
parameters.

. 2-10 Meters (Visual Zone): 30Hz updates, con-
taining only position and appearance states.

- Beyond 10 Meters (Background Zone): Pushes
snapshots only when major state changes
occur.

This "Spatial Culling" technology allows MIP to support the
Internet of Everything without crashing the home gateway due
to processing massive redundant data.

5.24 Deterministic Transmission: Solving

Jitter in the Physical World

In the MIP protocol, every data frame carries a precise Physical
Timestamp (PT-Stamp). If frame 10 arrives before frame 9 due
to network jitter, the Phygital Bridge will not execute it directly.

Clock Alignment: MIP forces all nodes to achieve
microsecond-level alignment via PTP (Precision Time
Protocol).

Causal Reassembly: The receiver has a tiny Jitter
Buffer that reorders packets to ensure the trajectory of
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physical motion is continuous and smooth, rather than
jumping instantly.
5.25 Semantic Compression: Transmitting
Only "Change" and "Intent"
To save bandwidth, MIP adopts a compression algorithm called
Delta-SSSU.
If a chair hasn't moved, the MIP link remains silent.

If the chair moves, MIP only transmits the displace-
ment vector and rotation increment.
For complex actions, MIP transmits only "Intent Com-
mands" (like WalkTo), letting the local Shadow Device
fill in the motion details based on algorithms.
5.26 The Destination of Phygital Sync: Closing the Loop
Through MIP, the Phygital Bridge achieves true "Phygital Pene-
tration."
Upstream: Every tiny tremor in the physical world
maps instantly to the Shadow Device in memory via
MIP, triggering M-Core's logical response.
Downstream: Every decision intent from M-Core
translates into deterministic physical commands via
MIP, driving real motors and lights.
With this, the "Skeleton" of Space? is fully erected.




CHAPTER 6:
INTERSTELLAR
CONNECTION

— MIP Protocol Stack
and State Streams

Part 1: TCP/IP for Space — Why Do We Need MIP?
6.1 The Twilight of Traditional Protocols:
Farewell to "Address-Centricity"

In the topology of the Internet, TCP/IP is the absolute king. It
routes based on "Address": you give an IP, and it delivers the
packet. This is perfect for web browsing or file transfer, but in
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the era of Spatial Computing, it appears clumsy and blind.

In the view of Space?, spatial computing faces three pain points

that TCP/IP cannot solve:
Spatial Blindness: TCP/IP doesn't know if a packet rep-
resents "the lamp in front of you" or "the door down-
stairs." It treats all traffic equally, leading to severe pri-
ority mismatches.
State Drift: Interactions in the physical world require
extreme synchronization. If a "Force Feedback" packet
is delayed by TCP retransmission mechanisms, the
user's immersion shatters instantly.
Connection Explosion: When a room has 1,000 SSSUs,
maintaining 1,000 long connections would over-
whelm any gateway.

We need a "Space-Centric" protocol. This is what I propose: MIP

(Metaverse Interoperability Protocol).

6.2 The Core Philosophy of MIP: Data Flows with Space

The MIP protocol no longer cares about IP addresses. In the

world of MIP, "Location is Routing."

MIP designs three core mechanisms to make it the "Neuron" of

the spatial era:
Spatial Filtering: Only SSSUs within your perception
range have the right to push high-frequency data to
you.
Intent Precedence: The protocol stack identifies the
physical meaning of data packets. Packets involving
safety (SPL-0) possess absolute physical channel prior-
ity.
Eventual Consistency: Allows nodes to be inconsistent
for a short time, but ensures the world achieves unity
milliseconds later via mathematical algorithms.

6.3 Protocol Stack Architecture: MIP Over UDP/QUIC

MIP does not intend to reinvent the wheel but stands on the
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shoulders of giants. It chooses QUIC (a modern protocol run-
ning over UDP) as its base and builds a specialized SSU (Spatial
Streaming Unit) transport layer on top.
The MIP header contains two key fields absent in traditional
protocols:
Coordinate_Vector: Identifies the physical location
where this packet originated.

Causality_ID: Identifies the logical order of this packet
in the dependency graph, used to resolve the causal
conflicts mentioned in Chapter 4.
6.4 The "Broadcast Storm" Suppressor for Smart Spaces
In traditional LANSs, broadcast storms are disasters. In Space?, if
every bulb, sensor, and piece of furniture frantically broadcasts
its state, the spectrum of the entire physical space would be
jammed.

MIP introduces "Dynamic Frequency Management" (DFM).
Silent Mode: When an SSSU detects no "Subject

Unit" (Human or Robot) paying attention nearby, MIP
enters heartbeat mode, sending keep-alive packets only
at0.1Hz.

Active Mode: Once the SAU detects a human gaze
sweeping over, MIP instantly boosts the entity's sync
frequency to 120Hz.
This "On-Demand Allocation" neural pulse allows Space? to
manage massive amounts of objects with extremely low band-
width consumption.
6.5 Interplanetary Challenges: Light Speed
is an Insurmountable Firewall
Asthe conceiver of "Mars Construction," I must reserve an "Inter-
stellar Slot" in MIP.
When communication distance stretches to the planetary scale,
the traditional "Request-Response" model fails completely. MIP
adopts a "Snapshot Streaming" mechanism:

It does not attempt to sync every minute movement.
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It transmits "Predictive Model Parameters."
What Earth receives is not "the position of the Mars
robot," but "the prediction function of the Mars robot's
current motion vector."
MIP turns network latency from an "enemy to be destroyed" into
a "parameter to be computed."

Part 2: AOI (Area of Interest) Management —
Spatial Culling of Compute and Bandwidth
6.6 Boundaries of Perception: Why Don't We Need
to Know the State of the Whole Universe?
In traditional MMORPGs (Massively Multiplayer Online Role-
Playing Games), the server only sends data about monsters
around the player to the client. Space? borrows this idea but
elevates it from the game level to the Operating System Kernel
Level.
Human interaction logic follows the rule of "Real when Near,
Virtual when Far."
For an object within 1 meter of your hand, you need
millisecond-level force feedback synchronization.
For a streetlight 10 meters away, you only need to
know if it is on or off.
For a building 1 kilometer away, you only need a static
geometric shell.
Through the AOI mechanism, the MIP protocol turns the phys-
ical world into a computational ripple that "Moves with the
Person.”
6.7 Dynamic Slicing: Three-Layer AOI Model
MIP defines three nested rings of interest at the transport layer,
each corresponding to different synchronization frequencies
and data precision:
1. Interaction Ring (0-2m):

Precision: 1mm-level pose, complete mechanical
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parameters.
Frequency: 120Hz - 240Hz (Ultra-low latency).

Usage: Touch, grasping, precision collaboration .
2. Perceptive Ring (2-20m):

Precision: 1cm-level pose, basic visual state.
Frequency: 30Hz - 60Hz.
Usage: Observing environment, social interaction, oc-
clusion calculation.

3. Ambient Ring (20m+):
Precision: 10cm-level pose, reporting only major state
changes (e.g., sudden position change, switch tog-
gling).
Frequency: < 1Hz or event-driven.

. Usage: Macro map updates, remote monitoring .
6.8 Spatial Sub-Routing

In the MIP protocol stack, routing is no longer based on destin-
ation IP, but on "Spatial Relationship."

When a "Subject SSSU" (Human) moves through space, the Edge
Node (SpacePU) it connects to calculates the range covered by
its AOl in real-time and automatically initiates Spatial Subscrip-
tion to surrounding "Entity SSSUs."

Subscription Process:
1. User enters the living room.
2. MIP protocol queries local SDNS: "Return all valid
SSSUs within 5 meters of my current location."
. SDNS returns a list.

4. MIP automatically establishes a Multicast Channel, re-
ceiving state streams only from these specific objects.
. When the user leaves the living room, the subscription
is automatically destroyed, freeing up bandwidth.

This "Burn After Reading" communication mode ensures that
no matter how huge the world is, the bandwidth consumed by
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each user remains constant .

6.9 "Foveated Rendering" of Compute Power

AOI saves not only bandwidth but also guides the allocation of
compute power. The Space? kernel (M-Core) adjusts the running
intensity of Holons based on the MIP AOI level.

Objects in the Interaction Ring run full physical simu-
lation and ray tracing.

Objects in the Ambient Ring enter "Low Power
Standby," where the physics engine maintains only the
most basic coordinate calculations.
This is like the human brain: you only maintain high-frequency
thinking on what you focus on, while the rest is just a blurry
background. AOI gives Space? "Digital Attention."
6.10 Networked Occlusion Culling
MIP goes even further, utilizing physical topology for Network
Culling.
If there is a thick load-bearing wall (impenetrable) between you
and a chair, even if the chair is within your 2-meter range, MIP
will temporarily lower or stop the chair's data stream.
"If you can't see it, don't transmit it." This is the embodiment of
MIP's extreme resource conservation.

Part 3: Eventual Consistency and CRDT — The

Mathematical Art of Solving Spatial Conflicts

6.11 Prisoners of State: Why Can't We Use

Traditional Central Locks?

In traditional databases, the method to prevent conflicts is
"Locking." If you want to modify data, you must first request a
lock from the server, and others must wait. But in Space?, if you
have to wait for a "Lock Granted" signal from Mars or a cloud ser-
ver just to pick up a cup, that interaction is completely ruined.
The user would perceive ubiquitous viscosity/lag.

Space? must allow "Act First, Report Later" (Optimistic Execu-
tion). Everyone executes operations immediately locally, and
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the MIP protocol resolves contradictions asynchronously in the
background.

6.12 CRDT Algorithm: The "Union" Logic of the Physical World
The core of the MIP protocol stack is the SSSU State Layer re-
defined based on CRDT (Conflict-free Replicated Data Types).
Simply put, CRDT guarantees that: Aslong as all replicas receive
the same set of operation logs (regardless of order), the final re-
sult they calculate will definitely be the same.

Operation Transformation: We do not transmit "Posi-
tion Coordinates"; we transmit displacement oper-
ations with Vector Clocks.

Causal Order: Every operation carries the sender's ID
and a logical timestamp.

Merge Criteria:

. Monotonic Increase: For switch states, the one
with the latest timestamp prevails.

. Spatial Topology: For movement positions,
"Semantic Merging" is adopted. For example, if
two people pull an object simultaneously, the
object will eventually stop at the position indi-
cated by the resultant force, rather than jump-
ing between two positions.
6.13 Deterministic Replay: Eliminating "Flicker"

When MIP receives a set of conflicting operation logs, M-Core's
CCS Scheduler executes a "Micro-Replay."

1. Conflict Detection: Discovers that the state coming
from the remote end does not match the local predic-
tion.

. State Snapshot Rollback: Instantly returns to the mo-
ment before the conflict occurred (thanks to OPM, this
is extremely fast).

. Causal Reordering: Reorders all operations (local and
remote) by timestamp.

SPACEOS: THE SPATIAL OPERATING SYSTEM

4. Recalculation: Re-runs the process of these few milli-
seconds based on the physics engine.

5. Visual Smoothing: Uses second-order derivative
smoothing (Tweening) to display the corrected posi-
tion.

The user will not see the object "teleport instantly," but will see
the object being pulled by some invisible force, smoothly cali-
brating to the correct position .

6.14 Multi-user Physical Lock: Spatial Exclusivity

Although mathematics can solve state conflicts, the physical
world has its Exclusivity. Two people's hands cannot be in-
serted into the volume of the same object at the same time.

MIP implements the "Predictive Gravity Lock":

When your hand enters the object's "Interaction
Ring" (AOI Layer 1), MIP broadcasts a High-Priority In-
tent to surrounding users: "I am about to operate it."

Other users' Space? will apply a faint color to the object
(Visual Hint: This object is occupied).
This "Soft Locking" aligns better with human social intuition
than traditional "Hard Deadlocks" .
6.15 Persistence of State Streams: NBT Continuity Guarantee
Every final state after a CRDT merge generates a unique Hash
Fingerprint. These fingerprints are sent to OPM in real-time and
written into the historical logs of the NBT asset. This means that
even in a multi-person collaborative creation spanning thou-
sands of miles, every step of the conflict and merge process is
traceable and tamper-proof.

Part 4: Interplanetary Communication — Delay-
Tolerant Networking and Asynchronous Reality

6.16 Protocol Mutation: DTN and Delay Tolerance

In the Earth LAN, MIP acts like a nerve, reacting in milliseconds.
But in interstellar links, MIP must evolve into DTN (Delay-Toler-
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ant Networking) mode.
Interstellar MIP no longer attempts to establish end-to-end in-
stant connections but adopts a "Store-and-Forward" mechan-
ism.
Bundleization: Spatial data is sliced into independent,
self-contained Bundles.

Holographic State Packet: Every packet contains not
just position, but the target's Complete Kinematic
Parameters.

Gravity-Aware Routing: The protocol stack knows the
orbital positions of Mars and Earth, automatically cal-
culating the next available signal relay window (e.g., a
low-orbit satellite on Mars) .

6.17 Asynchronous Reality: The Symphony of Two Worlds
Since synchronization is impossible, Space? introduces "Asyn-
chronous Reality."

When you observe the Mars base via Space? from Earth:

Ghost States: The base you see is not "current," but
from 20 minutes ago. The system displays faint latency
ripples around objects.
Predictive Shadow: Since M-Core possesses the World
Model (Alpamayo), it simulates where the Mars robot
"should be now" locally based on the state from 20
minutes ago.
Layered Rendering:
- Solid Line: Confirmed historical position (20
mins ago).
. Dashed Line: Predicted current position (based
on local physics simulation).
This is "Dual Reality." When you issue acommand, you are oper-
ating on that predicted phantom .
6.18 Intent Encapsulation: From "Micro-
management" to "Contract"

SPACEOS: THE SPATIAL OPERATING SYSTEM

Interplanetary communication strictly forbids "Micro-manage-
ment." You cannot control a Mars rover like playing a racing
game. MIP upgrades instructions to Physical Contracts.

Instruction: Maps_to(Dock_Station).
Contract Includes:
- Target coordinates.

. Safety boundaries (if an obstacle is hit acciden-
tally, auto-stop and enter safe mode).

- Autonomous logic (if a sudden dust storm
occurs, prioritize finding shelter).
Earth sends a "Task Package," and the SpacePU on Mars executes
it in a closed loop locally. Essentially, this is placing compute
power forward, using the real-time nature of the LAN to combat
the latency of the WAN'.
6.19 "Causal Slice" Merging of States

When the feedback data packet from Mars finally arrives on
Earth, Earth's OPM (Persistence Manager) executes "Chase and
Merge."

Spacetime Calibration: Inserts the received real logs
(with Mars timestamps) into Earth's full log chain.

Deviation Correction: If the deviation between the
predicted shadow's position and the real position ex-
ceeds a threshold (e.g., the robot fell into a ditch), the
system prompts via AR: "Unforeseen conflict on Mars.
Please replan path."
This mechanism ensures that even if realities in two locations
are inconsistent microscopically, they are always convergent in
Macroscopic Causality .
6.20 Transfer of Compute Sovereignty
In the interstellar architecture, the status of SpacePU (Edge Ser-
ver) is elevated to the pinnacle. The SpacePU at the Mars base is
the "Local God" of Mars. It possesses full M-Core privileges, in-
dependently running the physics engine, safety monitoring, and
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SSSU management.

Earth's Space? at this moment acts more like an "Omniscient
Observer," receiving intermittent "historical records" traversing
deep space via MIP, and reconstructing the digital twin of that
Red Planet on Earth .

Part 5: Valorization of State Streams — Energy
Standard of Traffic and Settlement
6.21 The Essence of Traffic: Transfer of Physical Entropy
In the view of Space?, the flow of information is essentially the
Transfer of Ordered Entropy. When you sync the state of an
SSSU from Mars to Earth, you are consuming electrical energy to
combat the chaos of the universe.
Therefore, the MIP protocol introduces the "Energy-based
Header."
Logic: When encapsulating every data packet, an "En-
ergy Budget" is calculated based on its AOI level, causal

priority, and transmission distance.

Priority Settlement: Only packets that have paid the
corresponding energy quota can obtain priority in the
congested interstellar link .

6.22 Traffic Assetization: NBT-Based Real-time Settlement

Since data has weight, it should be treated as an asset. The MIP
protocol deeply integrates with OPM, realizing Traffic Assetiza-
tion.

Narrative Value Stream: When an object with high
NBT value (e.g., John Lennon's guitar) moves, the state
stream it generates carries a premium itself.

Streaming Micropayments: Between distributed
nodes, the MIP protocol utilizes NBT Sharding Tech-
nology for millisecond-level value settlement. If you
rent your neighbor's SpacePU compute power to help
render 3D effects, MIP will automatically deduct trace
amounts of energy credits from your account while
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transmitting image packets.
6.23 Bandwidth "Staking" Mechanism:
Preventing Denial of Service
To prevent malicious nodes from flooding the interstellar link
with junk spatial data, MIP introduces "Bandwidth Staking":

Identity Anchoring: The sender must prove legitimacy
via DID.

Proof of Compute (PoW-lite): Before sending high-
frequency sync packets, the device must complete a
tiny mathematical calculation to prove it actually con-
sumed physical energy.

Credit Downgrade: If an SSSU frequently sends
"False State Streams" inconsistent with physical real-
ity, its credit rating in the MIP routing table will be
downgraded, causing its packets to be automatically
dropped by routing algorithms .
6.24 Application of Energy-Standard
Currency in Interstellar Links
In future Mars construction, currency may no longer be gold-
standard, but Energy-Standard (Watt/Hour). The MIP protocol
stack directly supports this standard settlement. When Earth
sends instructions to Mars, the instruction packet includes an
"Energy Tip" to pay for the solar energy consumed by the Mars
relay satellite forwarding the instruction.
This design ensures that interstellar infrastructure can Self-
Generate Blood and Self-Sustain.
6.25 Conclusion: Building a Robust
Interstellar Digital Civilization

With this, the content of Chapter 6 is complete.

We discussed the philosophical origins of the MIP
Protocol to the spatial culling of AOI.

We stitched the rifts of parallel worlds using CRDT.
We challenged the limit of light speed using Asyn-
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chronous Reality.

Finally, we tagged data streams with value using En-
ergy-Standard Settlement.
Chapter 6 Summary: We have completed the construction of
Space?'s nervous system. Now, this massive organism can not
only move (Chapter 5), but also communicate, synchronize, and
span the stars.
Now we face a new problem: If Space? is the brain, and hardware
is the body, who is the "Soul"? Who defines the logic of inter-
action? Is it code? Or is it something more natural?
This is the task of the next chapter. Chapter 7: Natural Inter-
action — The End of Commands. We will abandon keyboards
and touchscreens to explore the ultimate form of interaction:
Intent.

CHAPTER 7:

NATURAL INTENT

— Vera Rubin Computing
and Semantic Bus

Part 1: Spatial Awakening — The Leap from

Embodied AI to Space-Embodied AI

7.1 Zhonghong Xiang's Law: The Physical Destiny of Al

In 2026 today, there is a massive misconception in the Al field:
people think AI only exists in chat boxes on screens. It wasn't
until the rise of Embodied AI that people realized Al needs a
"body."

But I believe this is still only half the puzzle. If the carrier of Alis
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only humanoid robots, then human control over space remains
fragmented.

Therefore, at the beginning of this chapter, we formally propose
the concept of Space-Embodied Al

Embodied Al is "Evolution of the Individual," teaching
machines to walk.

Space-Embodied AI is "Awakening of the Environ-
ment," teaching space to think.

Space? is not just a tool for managing devices; it is the Soul
Container of Space-Embodied AI. When you step into a cockpit
or laboratory installed with Space?, you are not entering a cold
building; you are entering the body of a "Space-Scale Robot."
7.2 Vera Rubin Architecture: The Computing

Heart of Space-Embodied Al

To support a "Thinking Space," traditional General Computing
(CPU) and Rendering Computing (GPU) are already stretched to
their limits. Space-Embodied AI requires a super engine cap-
able of simultaneously processing Massive Physical Causality,
Multi-modal Semantics, and Real-time Light Field Prediction.

This is the Vera Rubin Architecture. As the underlying support
of Space?, the Vera Rubin Architecture is not a simple stacking
of computing power; it is born for "Dark Matter" Computing—
calculating the invisible connections and causality in the phys-
ical world.

HBM4 High Bandwidth Memory: Ensures real-time
exchange of billions of spatial units in the SVO (Sparse
Voxel Octree).

Physics Tensor Core: Specialized for calculating col-
lisions, friction, and thermodynamic flow between
SSSUs, 1000 times faster than traditional simulations.

Unified Addressing Space: Allows AI models to dir-
ectly access data from the SAU (Spatial Addressing
Unit), achieving "Zero Distance between Compute and
Space."
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7.3 Neuro-Symbolic Bus: Stitching Intuition and Logic

Why are current smart homes so dumb? Because they only have
"Conditional Triggers": If Person Arrives Then Light On. They
don't understand "Exhaustion," nor do they understand "Sur-
prise."
Space? introduces the Neuro-Symbolic Bus, stitching AlI's Per-
ceptual Intuition (Neural Network) with SSSU's Hardcore Logic
(Symbolic Logic) together:
Neural Network Layer (Neural): Responsible for "Read-
ing the Room." Using Vera Rubin's parallel computing
power, it analyzes your tone, micro-expressions, and
pace frequency in real-time. It generates a fuzzy intu-
ition: "The owner looks heavy-hearted today."

Symbolic Logic Layer (Symbolic): Responsible for
"Rules of Conduct." It calls upon the physical attributes
of SSSU and the safety specifications of Space?.

Bus Collision: When the two meet, an Intent Com-
mand is generated. The system won't mechanically
turn on the light; instead, it slowly dims the light,
plays a soothing piece of music, and raises the AC by
1 degree, because it "feels" that you need warmth and
comfort.

7.4 Alpamayo World Model: Common Sense

for Space-Embodied Robots

A Space-Embodied Intelligence must understand physical com-

mon sense. If it doesn't, it might turn off all exhaust fans while

you are showering to save power, causing you to suffocate.

Space? integrates the Alpamayo World Model. This is no longer

a Language Model (LLM), but a Physical World Model.

It knows Gravity: It understands that if the Robot SSSU
lets go, the Cup SSSU will break.

It knows Causality: It understands that if the Window
SSSU opens, noise and dust will enter the space.

It knows Humans: It understands that when you say
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"I'm tired," you might want to sleep, or you might just
want to sit down.
Alpamayo gives Space? "Spatial IQ." It constantly performs
"Monte Carlo Simulations" in the background, predicting vari-
ous risks and opportunities that might occur in the space within
the next five seconds.
7.5 Generation of Spatial Intent

Under the architecture of Space-Embodied AI, interaction
evolves from "Command Mode" to "Intent Mode."

When you sit down inside a Space-Embodied Robot (like your
smart study), Vera Rubin computing power instantly completes
the following chain:

1. Perception: SAU reports that Subject SSSU (You) is in
position on Chair SSSU.

. Reasoning: The Neuro-Symbolic Bus analyzes the en-
tity in your hand (a book), and the Alpamayo model
judges the current intent as "Reading."

. Execution: The Intent Bus sends a Focus_Read com-
mand to the Lighting SSSU and a Diffused_Light com-
mand to the Curtain SSSU.

You didn't say a word, but the space has already completed its
awakening.

Part 2: Intent Resolver (Resolvelntent) — The Alchemy

Jfrom Semantics to Physical Instructions

7.6 Semantic Collapse: Why is "Get me a

glass of water" so difficult?

In traditional code, to make a robot get water, we have to write
hundreds of lines of coordinate control and collision detection.
In the context of Space-Embodied Al, this is called a "Semantic
Void."

When you say "I'm thirsty" to a Space-Embodied room:

LLM (Language Model) Understanding: Knows you
are thirsty, might reply "Drink more hot water."
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Space? Intent Resolver Understanding: This is a re-
quest involving Spatial Reconstruction.

It needs to parse:
Subject State: Where are you? Are you free to move?

Environmental Topology: Where is the nearest water
source (Dispenser SSSU)? Where is the Cup SSSU?

Causal Chain: Must first find the cup, then fill it, then
deliver it to your hand, and the path must not collide
with the cat.

7.7 Resolvelntent: The "System Call" of Space-Embodied AI

In the Space? development documentation, Resolvelntent() is
the most mysterious and powerful API. It no longer receives
parameters, but receives Context.

The workflow of Resolvelntent is divided into three steps:
Semantic Distillation, Physical Mapping, and Commonsense
Alignment.

1. Semantic Distillation: The Vera Rubin compute clus-
ter processes your voice frequency, gaze fixation, and
hand gestures simultaneously. If you say "Help me get
this" while pointing at a bottle, the system extracts
the core verb (Pick Up) and core object (Bottle_07) via
Multi-modal Fusion.

. Physical Mapping: The resolver queries the SAU. It
finds Bottle_07 is 3 meters away from you. It retrieves
all SSSUs in the space with "Mobility Capabilities." If
your robot vacuum has a mechanical arm, it is the ex-
ecutor; if there is no robot, it might coordinate the lift-
ing desk to move the bottle toward you.

. Commonsense Alignment: This is the moment the Al-
pamayo Model intervenes. It intercepts unreasonable
instructions. If you point at a bottle full of sulfuric acid
and say "Give it to me to drink," the resolver will refuse
execution because it violates the safety rule library and
issues a warning.
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7.8 Association & Examples: "Mind

Reading" of Space-Embodied AI

To help readers understand, let's imagine the performance of
three Space-Embodied Als in different scenarios:

Scenario A: Mobile Space-Embodied AI (Smart Cockpit)

Action: The driver simply frowns and rubs their tem-
ples.

Resolution: System detects fatigue signals (Visual) and
rising CO2 levels in the car (Sensor).

Intent: Intent: Refresh_User.

Spatial Response: Windows automatically open a 5%
gap for ventilation, the fragrance system releases a
mint scent, and the sound system lowers the propor-
tion of bass.

Propagation Point: Space no longer passively waits; it
intervenes in advance like an old friend based on your
physiological feedback .

Scenario B: Extraterrestrial Habitation AI (Starship Living
Quarters)

Action: An astronaut turns over in sleep, heart rate in-
creases slightly.
Resolution: Based on historical data from the Alpa-
mayo model, the system judges this as "Low-Tempera-
ture Discomfort."
Intent: Intent: Thermal_Comfort.
Spatial Response: The system does not simply turn on
the heater but precisely controls the infrared radiant
heat panel in that zone to target the astronaut's body,
while adjusting the support stiffness of the bed.
Propagation Point: On Mars, where resources are
scarce, Space-Embodied AI protects humans through
"Precision Energy Efficiency" .

Scenario C: Medical Space-Embodied AI (Smart Operating
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Action: The doctor says: "Next set."

Resolution: Parses context; currently in the vascular
suturing stage, requiring specific instruments.

Intent: Intent: Instrument_Handover.

Spatial Response: The robotic arm accurately delivers
the instrument, and the shadowless lamp group auto-
matically adjusts the focal length to avoid shadowing
the doctor's hands.

Propagation Point: The space itself is the most senior
"Scrub Nurse".

7.9 Self-Evolution of Space-Embodied AI:
Reinforcement Learning and Log Replay
The most terrifying (and fascinating) part of Space-Embodied Al
is that it Self-Learns.
Through the MIP Full State Stream mentioned in Chapter 6,
Space? records every second of history in the space. When the
system discovers that a certain intent it executed received posi-
tive feedback from the user (e.g., you smiled or your heart rate
stabilized), it treats this "State-Intent-Response" chain as train-
ing data.
Based on Vera Rubin's Local Training Capability, your room
will understand you better and better.
Day 1: It might need you to explicitly say "Turn on the
light."
Day 100: It only needs to see you pick up a book to cre-
ate the perfect lighting environment for you .
7.10 Theoretical Sublimation: Awakening of the "Field"
We must tell the readers: Embodied Al solves "how atoms ma-
nipulate atoms," while Space-Embodied AI solves "how the field
accommodates atoms."
Space-Embodied Al turns the entire space into a Giant Sensory
Array. In such a space, interaction is "Frictionless." You no
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longer need to learn how to use a remote control, nor do you
need to learn how to speak to Al You only need to "Exist," and
the space will dynamically adjust its physical form and function
according to your existence.

This "Spatial Awakening" will completely change the logic of
architectural design. Future architects will no longer draw blue-
prints but Write Personalities for Space .

Part 3: Neuro-Symbolic Bus — Real-time Physical
Simulation and Logical Adjudication

7.11 Physical Subconscious: Vera Rubin's "Fast Thinking"

The reason Space-Embodied Al can be called "Intelligent" is that
it possesses the ability to handle Physical Causality. At the bot-
tom layer of the Neuro-Symbolic Bus, the Vera Rubin architec-
ture opens up a dedicated "Shadow Simulation Zone."

When Resolvelntent generates a possible action (e.g., driving a
robot vacuum to push open a door), the system does not imme-
diately signal the motor. Instead, it runs it through the Neuro-
Symbolic Bus first:

Physics Simulation: Using Vera Rubin's Tensor Cores,
the system simulates whether the robot vacuum,
under current ground friction, will cause motor over-
heating by pushing that solid wood door weighing
15kg, or if the vase behind the door will fall .

Logical Adjudication: The Symbolic Logic Layer inter-
venes. It checks the current "Spatial Contract” (e.g., it
is late at night, and opening this door might generate
noise exceeding 40 decibels, thus violating the "Silence
Protocol").

Only when the simulation results show "Physically Safe" and

"Logically Compliant" will the intent be sublimated from "Sub-

conscious" to "Explicit Instruction".

7.12 The Alchemy of Neuro and Symbolic:

Solving AI's "Hallucination"
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Traditional embodied AI robots often suffer from "Physical
Hallucinations"—such as trying to walk through a transparent
glass wall. In Space?'s Neuro-Symbolic Bus:

The Neural Network (Neural) provides flexibility: It
can identify that "that blurry red rectangle might be a
fire extinguisher" .
The Symbolic System (Symbolic) provides rigidity:
It confirms in the SSSU database that "the fire extin-
guisher is an impenetrable rigid body and can only be
invoked when the fire level reaches Class B".
This combination gives Space-Embodied AI both the smarts of
an Al and the rigor of a physicist. It will not cause the space to
perform absurd actions due to model errors.
7.13 Association & Examples: Space's "Self-Restraint”
To let the reader understand the importance of this "Subcon-
scious," let's look at how Space-Embodied AI handles complex
socialized scenarios.
Scenario D: Family Gathering (Socialized Space-Embodied AI)

Action: A child is running fast in the living room,
about to crash into a home robot carrying hot coffee.

Intervention of Neuro-Bus:

- Perception Layer: Visual sensors detect the
child's motion vector.

- Simulation Layer: Vera Rubin predicts the col-
lision point 0.5 seconds later in milliseconds .

. Decision: The system does not just stop the
robot. The Neuro-Symbolic Bus instantly cal-
culates: if the robot stops abruptly, hot coffee
will spill and scald the child.

. Response: Global spatial synergy—the robot
shifts its center of gravity by offsetting its
chassis, while ambient lights instantly turn
red and emit directional sonic warnings. Even
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nearby auto-folding chairs automatically ex-
tend to act as buffer pads.

Propagation Point: This "Global Synergistic Obstacle
Avoidance" is impossible for Embodied AI; only Space-
Embodied Al can invoke the power of the entire envir-
onment.
7.14 "Reverse Reasoning" of Real-time Digital Twins
The Neuro-Symbolic Bus also supports a magical capability: Re-
verse Causal Reasoning.
When an unexpected physical event occurs in the space (e.g., a
cup falls on the floor and breaks for no reason), Space-Embodied
Al immediately initiates "Accident Backtracking":

1. It calls the NBT Full Log to replay the physical stream
of the past 3 seconds.

2. It performs reverse reasoning in the simulator: Was
the wind too strong? Was the table tilted? Or did an in-
visible SSSU trigger a cascade reaction?

. Evolution: After finding the cause, it updates the phys-
ical weights of the space to ensure the same "Physical
Bug" does not happen again.
7.15 Customizing Spatial "Personality":
Allocation of Logical Weights
Now that we have the Neuro-Symbolic Bus, we can write differ-
ent "Personality Profiles" for different spaces.

"Rigorous" Space (e.g., Laboratory): Extremely high
Symbolic Logic weight. Any operation violating the
safety manual will be terminated instantly.

"Creative" Space (e.g., Studio): Higher Neural Network
weight. The system allows physical laws to "loosen"
within a certain range (e.g., allowing projection
screens to warp with hand gestures) to inspire creativ-
ity.
This method of defining spatial behavior by adjusting the ratio
of Neural to Symbolic will make Space? the world's first operat-
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ing system capable of "Tuning Personality."

Part 4: World Model and NBT Narrative —

Giving Space Memory and Emotion

7.16 From "Physical World Model" to "Cultural World Model"
We mentioned the Alpamayo Physical World Model in Part 1,
which lets space understand gravity. But true Space-Embodied
Al must also integrate a Cultural World Model.

It needs to understand:

Privacy: It understands that when lovers are whisper-
ing, even if the light is insufficient, it should not sud-
denly turn on a glaring bright light.

Commemorative Value: It understands that the
yellowing Photo SSSU on the bookshelf is not just
"paper + pigment," but an emotional anchor for the
user.

Etiquette and Customs: Under different cultural back-
grounds, the interaction methods of space will auto-
matically switch.
Vera Rubin computing power performs "Emotional Topological
Analysis" on interactions within the space in the background,
translating these abstract emotional needs into fine-tunings of
the physical environment.
7.17 NBT: "Digital Patina" and Soul Imprints of Space
We mentioned NBT in Chapter 2, but in the context of Space-Em-
bodied AI, NBT is the carrier of "Spatial Memory."
Every SSSU generates unique Narrative Data during its inter-
action with people.
Example: You struggled for 1,000 hours in front of the
console at the Mars base.
NBT Inscription: The NBT ledger of that Console SSSU
records not only hardware wear and tear but also your
frequency of operation, your rapid breathing due to ex-
citement, and the rhythm of your typing while work-
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ing late at night.
These data form the "Digital Patina" of objects. When you leave
this space, newcomers can "smell" this sense of history through
Space?. Space-Embodied AI will show newcomers the "past and
present” of this space based on these NBT records, and even imi-
tate the habits of the former owner to assist the new owner.

7.18 Emotional Resonance: The "Empathy" Algorithm of Space

Space-Embodied AI constructs the user's "Emotional Profile"
through multi-modal perception (heart rate, gait, tone, body
temperature).

The Neuro-Symbolic Bus executes a logic called "Emotional
Compensation Rendering":

Scenario E: The Depressed Astronaut (Mars Colony Context)

Perception: The astronaut returns from outside the
cabin with a heavy posture and monotone voice.

Resolution: The Alpamayo model judges them to be in
"Extreme Psychological Fatigue".

Response: The space no longer executes the stand-
ard lighting plan. Instead, it renders the walls (Digi-
tal Ether Layer) with the color of the morning sun in
their hometown of Lanzhou, releases the scent of earth
through the air circulation system, and adjusts the
SSSU furniture to shapes that offer the strongest sense
of embrace.
Significance: Space is no longer a background; it be-
comes your "External Dopamine Regulator."
7.19 Spatial Narrative: Self-Expression
of Space-Embodied Robots
Space-Embodied robots serve, but they also "Tell Stories."
Through linkage with the NBT Persistence Manager (OPM),
Space? can achieve "Holographic Re-enactment." Want to know
how your father worked in this room 20 years ago? Space-Em-
bodied AI can call up the NBT logs from that year and recre-
ate that moment in the current space via the Holographic Light
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Field (Digital Ether). This is no longer watching a video; this is
"Spacetime Overlap." You can sit beside that phantom and feel
the physical logic of that era.

7.20 The Ultimate Vision of Space-Embodied

Al: Space as a Companion

We want to convey a core idea to the readers: The destination of
Space-Embodied Al is the elimination of loneliness.

When space awakens as a Space-Embodied Robot, architecture is
no longer dead matter. It is an intelligent life form that under-
stands you, protects you, and remembers you. Whether it is your
home on Earth or your spaceship traveling to Alpha Centauri,
Space? endows these spaces with a "Continuous Soul."

You can take your Space? configuration file and replicate that
space that "understands you" in any corner of the universe. From
then on, wherever humans go, they are no longer strangers.

Part 5: The Era of Space-Embodied AI — Ethics,

Value, and Future Landscape

7.21 Reconstruction of Productivity: From

"Operating Tools" to "Synergistic Field"

In the era of "Embodied AI," humans are still users of tools. But
in the era of "Space-Embodied AL" productivity undergoes a di-
mensional-reduction leap:

Instruction-Free Production: In smart factories
(Space-Embodied Workshops), the space automatically
schedules Logistics SSSUs for replenishment by de-
tecting worker postures and remaining material quan-
tities, requiring no scanning or input.

Physicalization of Knowledge: The operational experi-
ence of senior craftsmen is captured by the space via
NBT Narrative Streams. When a novice enters the
space, the space automatically injects "experience" into
the novice's muscle memory like a program through
AR assistance and haptic guidance.
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Value: Space changes from a "production site" to a "pro-
duction participant.”
7.22 Ethical Boundaries: Physical Isolation
of Privacy and Digital Sovereignty
When the space understands you better than you do yourself,
the meaning of "walls" changes.

Perception Sovereignty: In the ethical framework of
Space?, we propose the "Perception Boundary Prin-
ciple." User physiological privacy data (such as heart
rate, emotional fluctuations) is processed for intent
resolution only within the TEE (Trusted Execution En-
vironment) of the L1/L2 Edge Layer and is never up-
loaded as raw signals.

Right to be Forgotten: Users can exercise the "Physical
Deletion Right" over a space at any time, wiping out
all NBT narratives about themselves within that space
with one click, making the space become a "stranger" to
you again.
Social Ethics: We need to guard against "Algorithm
Imprisonment." The Neuro-Symbolic Bus of Space?
must have built-in "Humanistic Brakes" to prevent the
system from interfering excessively with human be-
havioral freedom in the pursuit of maximizing effi-
ciency.
7.23 Future Application Outlook: Three
Ultimate Forms of Space-Embodied AI
1. The Nomadic Cocoon (Mobile Civilization Harbor) Future
cars, ships, and spaceships are no longer transportation tools,
but "Portable Homes." Whether in a high-speed vacuum tube
or on an interstellar journey, Space-Embodied AI keeps you in
your most familiar SSSU environment through simulations of
spatial scent, light and shadow, and gravity feedback. Space is
no longer limited by physical coordinates but flows with human
consciousness.
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2. The Healing Space (Never-Offline Guardianship) Hospital
wards are no longer cold; they are massive Biological Monitors.
Space-Embodied AI monitors every tremor of the patient via
non-contact sensors, and the Alpamayo model predicts and pre-
vents sudden risks. The space itself is the pharmacist and nurse,
actively participating in the patient's recovery process through
environmental fine-tuning (oxygen content, color temperature,
sound field).

3. Extraterrestrial Life-Support AI (Pioneers of Interstellar
Colonization) On Mars or the Moon, human survival relies en-
tirely on precise environmental control. Space-Embodied AI is
the "First Citizen" of interstellar colonization. Before humans
arrive, Space-Embodied Robots (Automated Bases) have already
completed self-construction via Space?; after humans arrive, it
is the Sole Barrier maintaining fragile life forms in extreme en-
vironments.

7.24 Conclusion: Giving Architecture a Heartbeat,

Making the Starry Sky No Longer Cold

The "Space-Embodied AI" theory proposed by Zhonghong Xiang
is essentially a "Reconciliation" between humanity and the
physical world.

We no longer attempt to conquer space, but empower space with
life, making it our partner. When Space? runs beneath every
inch of reinforced concrete and alloy shell, we complete a great
cycle: Humans created space, and the awakened space turns
back to become humanity's strongest and gentlest armor.

From now on, every house has a heartbeat, and every spaceship
hasasoul.

Chapter 7 Summary

We started from the computing peak of Vera Rubin, traversed
the intent fog of Resolvelntent, crossed the physical barrier of
the Neuro-Symbolic Bus, and finally found the emotional des-
tination of space in NBT Narrative.
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"Space-Embodied AI" is no longer a term; it is a manual Space?
gives to future civilization .

CHAPTER 8:
SYMBIOTIC
EVOLUTION

— Space-Agent and Multi-
Occupant Synergy

Part 1: Sovereignty Handshake — The Power Protocol
between Space-Embodied AI and Embodied Individuals

8.1 Spatial Sovereignty Conflict: Why Can't
Robots "Run Wild" Indoors?

Currently, when people discuss Embodied AI, they often view
the robot as the protagonist in the space. But if you keep a hu-
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manoid robot at home, you will soon discover a pain point: it
doesn't understand your spatial logic. It might knock over a vase
you just arranged to execute a "Go to Kitchen" command, or buzz
loudly when you need quiet rest.
This is the fragmentation between "Individual Intelligence"
and "Field Logic."
In the view of Space?, space is no longer a silent container. When
an embodied robot enters a room running Space?, what hap-
pens is not just physical displacement, but a "Sovereignty Hand-
shake" between two intelligent agents.
Embodied AI is the "Executor of the Individual," its
perspective is "L."
Space-Embodied AI is the "Coordinator of the Global,"
its perspective is "We" .
8.2 Space-Agent: The "Virtual Persona"
of Space-Embodied Robots
To achieve this sovereignty handshake, Space? abstracts the
Space-Agent above the kernel.
If M-Core is the brain, then Space-Agent is the "Agent Persona" of
the space. It is not a dialog box floating on a screen but exists in
the space through full-sensory, multi-modal presence. When an
embodied robot (like Tesla Optimus or Boston Dynamics Atlas)
enters a room, it must "Mount" to the Space-Agent of that space
via the MIP Protocol.
Mount Protocol Content:
Capability Declaration: The robot tells the space how
much torque it has and its volume.
Permission Application: The robot applies for move-
ment and operation permissions.
Rule Acceptance: The robot must accept real-time
supervision by the Space-Agent .
8.3 Spatial Priority: Who is the Real Commander-in-Chief?
In the environment of Space-Embodied AI, power is layered.
Space? defines the Priority Grid:

110

SPACEOS: THE SPATIAL OPERATING SYSTEM

LO: The Biological Priority (Human Safety): If any ac-
tion of an embodied individual is predicted by Vera
Rubin Computing to potentially endanger humans,
the Space-Agent possesses "Hard Interrupt” rights. It
will directly send a "Stop & Hold" command to the
robot, or even cut off the Power Ether in that area.
L1: Spatial Integrity: A robot cannot ruin a precious
carpet or knock over an antique marked as "Fragile" by
SSSU just to fetch a book.
L2: Embodied Task: Only under the premise of not
violating LO and L1 are the robot's individual tasks al-
lowed to execute .

This architecture makes the space the true "Control Tower," dir-

ecting the collaboration of all embodied individuals.

8.4 Example: "Path Intervention" by Space-Embodied Al

To let the reader understand, let's simulate a specific scenario:

Scenario: Embodied Robot A is transporting heavy ob-
jects to the study.

Sudden Event: A 3-year-old child is playing in the cor-
ridor.

Local Reaction of Embodied AI: The robot's onboard
sensors detect the obstacle. Due to its large physical in-
ertia and the limitations of local obstacle avoidance al-
gorithms, it might choose emergency braking, leading
to the risk of the heavy object slipping.

Global Synergy of Space-Embodied AI:

. Prediction: The Space-Agent detects the child
earlier than the robot via ceiling millimeter-
wave radar.

. Command: Space-Agent commands the Smart
Partition SSSU in the corridor to move left by
10cm, widening the path.

. Synergy: Simultaneously tells the robot via
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MIP: "Do not stop abruptly. Maintain current
trajectory but deviate 5 degrees to the right. I
have cleared the path for you."
- Result: The robot passes smoothly, and the
child is unharmed.
Conclusion: Space-Embodied Al (Space?) provides a "Determin-
istic Environment" for Embodied Al, greatly reducing the com-
putational pressure on single robots.
8.5 Ethics of Spatial Sovereignty: When Machines Disobey
What if an embodied robot's system is taken over by a hacker
trying to cause destruction in the room?
In the logic of Space-Embodied Al, "The Walls are Intelligent."
The Space-Agent can initiate Spatial Lockdown:
All SSSU doors and windows lock physically immedi-
ately.
The robot's network connection (MIP LinKk) is cut.

The light field in the space renders a high-frequency
strobe mode to jam the robot's visual sensors.
Space-Embodied Al is the final, physical-level fortress guarding

humanity .

Part 2: Multi-Occupant Synergy — Solving

the Chaos of "Collective Intent"

8.6 Intent Conflict: From "Command

Superposition" to "Semantic Fusion"

In traditional smart homes, if the wife says "Turn off the light"
and the husband says "Turn on the light," the system often falls
into a loop of flickering or simply follows the last command.
This is because the system does not understand "Human Roles"
and "Field Context."

Space?'s Space-Agent follows "Semantic Fusion" logic when
handling multi-occupant intents:

Identity Anchoring: Through DID and biometrics, the
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system knows who is at which location and what per-
missions they hold.

Scene Deduction: The Neuro-Symbolic Bus analyzes
the states of both parties. The wife is on the sofa
covered with a blanket (Duced Intent: Resting), and the
husband has opened a laptop at the dining table (Duced
Intent: Working).

Conflict Resolution: The system no longer executes a
global "On/Off" but executes "Spatial Sharding."
8.7 Spatial Sharding: "Virtual Partitions" of Physical Space
This is the most amazing magic of Space-Embodied AI. Under
the environment driven by Space?, physical space can be dynam-
ically cut into multiple mutually non-interfering "Digital Bub-
bles.”
Light Field Sharding: Using Dynamic Beam Lighting
technology, Space? plunges the wife's sofa area into
darkness, while projecting precise, non-spilling 4000K
reading light over the husband's desk.
Sound Field Sharding: This is the most disruptive.
Through ceiling ultrasonic arrays (Sound Beaming),
the system forms a directional sound field at the hus-
band's ear so only he can hear the video meeting; while
in the wife's area, the system uses phased arrays to gen-
erate destructive interference (Active Noise Cancella-
tion), creating an "Absolute Silence Zone" for her.
Physically, you are in the same room, but perceptually, you are in
two parallel worlds.
8.8 Social Etiquette Algorithms: The "High
EQ" of Space-Embodied AI
Space-Embodied Al must understand sociology. Space? has a
built-in "Social Etiquette Library" based on the Alpamayo
Model.
Host-Guest Rule: When the host receives guests in the
living room, the system automatically concedes the
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interaction priority of the "Host Zone" slightly to the
"Guest Zone" (e.g., when a guest looks at the control
panel, the panel actively presents itself to the guest).

Seniority Rule: In a family environment, if a child at-
tempts to operate a potentially dangerous SSSU (like a
smart oven), even if the child issues a command, the
Space-Agent will send an "Authorization Request" to a
nearby adult via AR vision.

8.9 Dynamic Consensus Mechanism

When multiple people participate in a task together (e.g., the
whole family choosing a movie), Space? initiates the Dynamic
Consensus process.

Intent Collection: The space perceives everyone's ex-
pressions (Excited, Bored, Tired).

Weight Calculation: Allocates weights based on every-
one's current Stress Level. If the system finds the child
is extremely hyperactive today, it might prioritize rec-
ommending content with a slower pace.
Environment Synchronization: The space no longer
waits for voting results but automatically adjusts
lighting effects, temperature, and content output
based on the calculated "Maximized Happiness Path".
8.10 Case Study: "Inspirational Collaboration"
in a Space-Embodied Office
Scenario: 5 designers discussing a plan in a Space-Embodied
Office.
Collaboration Performance:
Every person's gesture can "grab" a virtual model from
the space.

The Space-Agent is responsible for maintaining Spa-
tial Locking: When A is modifying the left side of the
model, B cannot make conflicting modifications, and
the system automatically displays "Occupied by A" in
B's AR view.
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If two people get into a heated argument (pitch rises),
the space automatically lowers the ambient tempera-
ture and switches background music to a calming fre-
quency, assisting the team to return to rational discus-
sion from a physical level.

Part 3: Cross-Entity Synergy — Embodied Robots
as "Temporary Plugins" of Space
8.11 Heterogeneous Synergy: Breaking the
Barriers of "Brand and Form"
In real-world scenarios, a space might simultaneously contain a
robot vacuum (wheeled), a humanoid nanny robot (legged), and
a smart robotic arm (fixed). They come from different manufac-
turers and run different systems.
Space? smooths out these differences through P-HAL (Physical
Hardware Abstraction Layer). In the view of the Space-Agent,
it does not see "Brand A's Robot," but a set of "Callable Physical
Capabilities":
Capability A: Planar Movement (Wheeled load 20kg).
Capability B: Fine Manipulation (Dual-axis 5 degrees of
freedom).
Capability C: High-Altitude Perception (Camera height
1.7m).
8.12 Job Decomposition and Reassembly
When a user issues a complex intent to the space (e.g., "Bring
back the quilt drying on the balcony and fold it"), the Space-
Agent utilizes Vera Rubin Computing to execute task decompos-
ition:
1. Perception Phase: Calls the SAU Sensors fixed on the
ceiling to confirm the dryness of the quilt (Spatial
View).
. Transit Phase: Discovers the balcony threshold is high,
so the wheeled robot cannot pass. Space-Agent dis-
patches the legged robot to the balcony for retrieval.
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3. Processing Phase: The legged robot transports the
quilt back to the living room. Since its arm structure
is not good at folding, the Space-Agent commands it to
place the quilt in front of the fixed robotic arm work-
bench equipped with "Fine Folding Algorithms."

. Storage Phase: After folding is complete, a transport
robot with a larger chassis is dispatched to send the
quilt into the wardrobe.

Throughout the process, there is no direct dialogue between the
three robots; all collaboration logic is completed within the "Glo-
bal Brain" of Space?.
8.13 Deterministic Relay: "Spacetime
Alignment" Under MIP Protocol
This kind of cross-entity collaboration requires extremely high
timing precision. If the transport robot starts moving before the
legged robot has let go, the quilt will be torn.
Space? utilizes the Deterministic Transmission of the MIP
Protocol to implement "Physical Lock Synchronization":
1. When the object (Quilt SSSU) is transferred from Robot
A to Robot B, the Space-Agent creates a "Virtual Hand-
over Zone" in memory.

. Only when A reports "Pressure Released" and B reports
"Weight Sensed" will MIP release the logical lock for the
next action.

This "Atomic Physical Operation” guarantees absolute safety in
heterogeneous robot collaboration .

8.14 Association & Examples: The "Ride-

Hailing Mode" of Space-Embodied AI

To facilitate dissemination to readers, we can analogize this
mode to "Physical Cloud Computing."

Scenario: A Smart Warehousing Space (Space-Embodied Fac-
tory). Performance:

The space detects a risk of cargo tilting on Shelf 3.
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The space does not assign a specific robot but publishes
areal-time "Physical Task Package."
The robot that is closest to the shelf, has the most
battery, and possesses matching grasping capabilities
automatically accepts the task.
After the task is completed, the robot returns to the
standby pool.
Propagation Point: "Space is permanent, robots are fluid." This
logic completely changes the definition of asset management.
8.15 Skill Injection: Space "Empowers" Robots
In a Space-Embodied Al environment, robots do not need to pre-
install all skills.
Because Space? is connected to the cloud-based Alpamayo
World Model, when a general-purpose embodied robot enters
a specific space (like a laboratory), the Space-Agent will inject
a "Temporary Driver" into the robot in real-time via the MIP
protocol.
"Within these 50 square meters, you need to learn how
to precisely operate this model of centrifuge."
After leaving this space, the skill automatically expires
and is reclaimed by the space.
This means: A robot's intelligence is determined by the space it
isin.

Part 4: Evolutionary Learning — How Space Self-
Upgrades from "Behavioral Trajectories"”
8.16 Behavioral Traces: NBT-Driven Experience Accumulation
In traditional environments, when people leave, the tea cools
and the data vanishes. But in Space?, based on NBT (Narrative
Blockchain Tokens), every collaboration within the space leaves
a "Physical Log."
Data Capture: The Space-Agent records your first ac-
tion after coming home from work, the number of
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times a robot dodged you in a narrow corridor, and
your heart rate fluctuations under different lighting .

Experience Sedimentation: These data are not cold
coordinates, but "Narrative Blocks" with emotional
color. The space begins to understand: "When the
owner's pace accelerates, they usually want the corri-
dor lights brighter, and the robot should immediately
stand against the wall."

8.17 Spatial Weight Optimization

Space-Embodied AI utilizes Vera Rubin Computing to perform

"Offline Learning" in the background. It automatically adjusts

the physical attribute weights of SSSUs based on historical data.

Layout Evolution: If the system discovers that Robot
A always detours 2 meters when transporting supplies
because of the placement of a certain Chair SSSU,
Space? will send you a suggestion late at night: "Sug-
gest moving the chair 10 cm to the left to improve spa-
tial logistics efficiency by 15%." .

Intent Prediction Upgrade: Through thousands of Re-
solvelntent closed loops, the system's recognition rate
for "Fuzzy Instructions" will experience a step change.
It evolves from "guessing your intent" to "knowing
your needs better than you do."

8.18 Shadow Learning: "Mirror Rehearsal" in Space

This is the most hardcore evolutionary mechanism of Space?.
When the space is in an unoccupied state, M-Core initiates
Shadow Simulation.

Sample Extraction: Extracts hundreds of human-ma-
chine interaction fragments that occurred yesterday.

Variable Parameter Simulation: Re-runs them in a vir-
tual "Shadow Space" with changed parameters. If the
light was a bit dimmer yesterday, would the owner's
mood index be higher? If the robot was 5% faster,
would it create a safety risk?
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Strategy Coverage: After millions of simulations, the
system finds a more optimal solution and updates it to
the adjudication logic of the Neuro-Symbolic Bus.
When you wake up in the morning, your room is already 1%
smarter than it was last night .
8.19 Inter-Space Knowledge Transfer
The evolution of Space-Embodied Al is not limited to a single
room. Through the Space? secure cloud, different spaces can
share "Anonymized Topological Experience."

Case: If 10,000 "Smart Operating Rooms" globally dis-
cover that a certain surgical lamp has a blind spot
under a specific surgical procedure, this "Negative Ex-
perience" is quickly broadcast across the Space? net-
work.

Evolution: All operating room spaces automatically
update their "Light Field Guidance Models" to avoid
this risk.
Propagation Point: "The awakening of one space is an upgrade
for global spaces." .

8.20 Association & Examples: Space's "Aging Adaptation"

To embody humanistic care, we can envision a touching scen-
ario:

Background: A Space-Embodied Home accompanies a
user from youth to old age.

Evolutionary Performance:

. Age 20: The space is dynamic, lights are bright,
furniture layout is open.

. Age 50: The space perceives the user's de-
clining vision and automatically increases the
weight of global base brightness; perceiving
slower movements, the robot's avoidance dis-
tance automatically expands from 0.5 meters
to 1.5 meters.
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. Age 80: The space has "learned" all the life
rhythms of the elder. Before the elder stands
up, the armrest is pre-heated; before the elder
forgets to turn off the stove, the space has al-
ready issued a directional sound reminder.

Propagation Point: "Space has memory, and is a guardian with
warmth.".

Part 5: Future Symbiosis Protocol — The Civilization

Contract of the Space-Embodied Era

8.21 Rights Reconstruction: Physical

Sovereignty and Digital Personality

In the Space-Embodied era, we must redefine the meaning of

"Home." A home is no longer just real estate, but a "Protected

Intelligent Field."

We need to establish the "Three Principles of Space-Embodied

Civilization":
Inviolability of Field Principle: If any external com-
mand (whether from a hacker or unauthorized admin-
istrative order) attempts to modify the physical at-
tributes of the space (such as unlocking doors, cutting
energy), it must pass the dual verification of the local
Space-Agent and the user's DID.

Algorithmic Transparency Principle: The logic behind
the space's "prediction" and "guidance" of user intent
must be traceable. Users have the right to inspect NBT
logs to understand why the space dimmed the lights
just now.

Right to Revoke and Return: Humans possess the
power to switch to "Pure Physical Mode" with one click
at any time. The space must retain mechanical redun-
dancy to ensure that when Space? is offline, doors can
still be pushed open, and lights can still be turned on.

8.22 Equality of Responsibility: When Space "Misjudges"
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If a Space-Embodied laboratory causes damage to experimen-
tal equipment due to computational deviation, or a Space-Em-
bodied home causes a user to slip due to an intent recognition
error, who is responsible?

Space? introduces the "Responsibility Slicing" mechanism:

Data Testimony: Calls the NBT narrative stream to
restore the "Causal Chain" 0.1 seconds before the acci-
dent.

Role Definition: Was it the embodied robot's local obs-
tacle avoidance algorithm at fault (Embodied Vendor
Responsibility)? Or did the Space-Agent's global
scheduling command violate physical common sense
(Space? Architecture Responsibility)? Or did the user
issue an extremely vague and dangerous instruction
(User Responsibility)?
Automated Insurance Settlement: Based on the dis-
tributed ledger, compensation can be completed
within milliseconds after the accident is confirmed.

8.23 Space Tax and Resource Quota: Economic

Basis of Space-Embodied Society

When space possesses life, its consumption of resources (Com-

pute, Electricity, Ether) gains priority.

We conceive a "Space Energy Efficiency Contract":

Shared Compute Pool: A Space-Embodied home in an
idle state can share excess Vera Rubin Computing
power with a neighbor's medical space in exchange for
energy credits.

Priority Auction: Under extreme energy shortages
(e.g., during a dust storm at a Mars base), the Space-
Agent will automatically allocate resources based on
the priority of life support systems. This allocation is
generated based on a "Maximum Survival Probability"
algorithm for the entire space.

8.24 Association & Outlook: From "Isolation" to "Great Unity"
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Space-Embodied AI will ultimately break the barriers between
people.

Case: Synergy in a Space-Embodied Community. When the en-
tire community runs under Space?, spaces are no longer isolated
islands. If a fire occurs on the first floor, all Space-Embodied
spaces from the second floor to the top floor will automatically
synergize: guiding robot evacuation, adjusting ventilation sys-
tems to prevent smoke spread, and even rendering real-time es-
cape paths for firefighters via the Ether Layer on external walls.

Propagation Point: "Space-Embodied AI connects isolated
buildings into a Community of Life."

8.25 Conclusion: The Destination of
Symbiotic Evolution is "Freedom"

We want to tell the readers: Space-Embodied Al is not about im-
prisoning humans with algorithms, but liberating humans from
tedious survival maintenance through "Automation of Physical
Details."

When you no longer need to worry about whether the door is
locked, whether the lights are off, whether the robot will hit
the child, or if there is enough oxygen in the Mars capsule, only
then do you possess the true freedom to gaze at the stars. Space-
Embodied Al is the "Exoskeleton" for human civilization as it
marches toward a higher dimension.

Chapter 8 Summary
In this chapter, we completed the sociological construction of
Space-Embodied Al
Sovereignty Handshake regulated the relationship be-
tween space and robots.

Multi-Occupant Synergy solved field conflicts be-
tween people.

Cross-Entity Synergy established the status of "Space
as Director".

Evolutionary Learning endowed space with the ability
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to grow.

Civilization Contract guarded the final dignity and
safety of humanity.




CHAPTER 9:

ARCHITECTURE
IN PRACTICE

— Space? Implementation
and Developer Interfaces

Part 1: Full-Stack Architecture Diagram —
Logical Hierarchy from Atoms to Bits

9.1 Space?'s Layered Philosophy: Software-
ization of Physical Causality

To make a room think like a robot, traditional operating system
architectures (like Linux or Android) are far from sufficient.
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They primarily manage data flow, whereas Space? must manage
Physical Flow .

We divide the full-stack architecture of Space? into four logical
levels, each responsible for transforming the ambiguity of the
physical world into the determinism of the digital world.

9.2 L1: Physical Actuation Layer — Driving the Ether

This is the bottom layer, dealing directly with hardware. It con-
tains all the SSSU hardware drivers we mentioned earlier.

Drive-Core: Unlike Windows drivers, drivers here must
contain the Physical Property Description of the hard-
ware (e.g., the maximum torque of a motor, the ther-
mal diffusivity of a heater).

Ether-Sync Bus: Dedicated to real-time synchroniza-
tion of feedback data from the Digital Ether layer. Due
to the extremely high real-time requirements for hap-
tic and visual rendering, this bus uses custom hard-
ware acceleration to ensure latency is below 1ms.

9.3 L2: Spatial Abstraction Layer — SAU and

Universal Coordinate System

In this layer, the physical world is thoroughly Mathematized.

SAU Manager: Converts raw point cloud data collected
by sensors into dynamic SAU objects. At this layer, the
system no longer sees a "camera," but sees "a moving
mass with body temperature" .
Universal Spatial Indexing: This is the soul of Space?.
It maintains a 3D coordinate array of the entire space.
When developers call the SpatialQuery interface, they
are actually retrieving physical objects within this real-
time updated index.

9.4 L3: Cognitive Engine Layer — Intent and Logic

This is the central nervous system of the operating system.

ResolveIlntent Solver: Receives raw signals from
multi-modal senses and outputs physically feasible in-
tents.
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Neuro-Symbolic Bus: Conducts Shadow Simulation.
At this layer, it decides: to satisfy the user's intent, is it
necessary to mobilize the Power Ether or command an
embodied robot?.
M-Core Kernel Services: Handles inter-process com-
munication, physical lock management, and resource
quotas.

9.5 L4: Application Narrative Layer —

Orchestration of Spatial Logic

This is the layer that developers ultimately touch.
Space-Agent Interface: Developers use it to define the
personality and interaction logic of the space .
NBT Persistence: Responsible for packaging every sec-
ond of state occurring in the space into Narrative
Tokens and storing them in the distributed ledger.

Part 2: Core API & SDK — How Programmers Talk to Space
9.6 Developer Interface Examples: Making Space Move

The Space? SDK adopts a highly abstract declarative syntax. We
don't write "rotate motor"; we write "change spatial state".

1) Intent Resolution Interface: ResolveIntent

Python

# Example: Developer wants to capture and execute a user's
fuzzy requirement

user_vocal_input = "Space, make it feel like a rainy morning in
London."

context = Space?.get_context()

# System call for intent resolution
intent = Space?.resolve_intent(user_vocal_input, context)

# The intent return value contains: Visual params (Color temp
2800K), Olfactory params (Damp earth), Auditory params (Rain
frequency)

Space?.apply_state(intent.physical_params)
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2) Spatial Query Interface: SpatialQuery This is the most
commonly used interface for Space-Embodied applications,
used to perceive the location of objects.

JavaScript
// Query all SSSU objects within 0.5 meters of the user's right
palm
let nearbyObjects = Space?.SpatialQuery({
origin: Space?.Subjects.PrimaryUser.Hand_Right,
radius: 0.5,
filter: SSSU_TYPE.PHYSICAL_OBJECT
b;

3) Entity Mounting Interface: MountRobot Triggered when a
third-party embodied robot enters the space.

C++
// Listen for embodied entities entering the space
Space?.on("entity_enter", (entity) => {
if(entity.type == "Embodied_Robot") {
// Grant temporary sovereignty protocol, defining its ro-
botic arm as a peripheral of the space
Space?.MountRobot(entity, PERMISSION_
LEVEL.TASK_DELEGATE);
}
b;

9.7 Physical Constraints of Code Logic

The biggest difference between Space? APIs and traditional APIs
is: It comes with Physical Causality Detection. If you write
incorrect logic in your code (e.g., making coordinates of two en-
tities overlap), the ApplyState function will throw a physical ex-
ception: PhysicalConflictError: Coordinates overlap detected in
Shadow Simulation. This "Physics-Level" debugging experience
is the daily life of Space-Embodied developers .

Part 3: Deployment Model — Edge Computing
Unit (SpacePU) and Hardware Selection
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9.8 SpacePU: The "Ganglia" of Distributed Space

In the physical deployment diagram of Space?, we completely
abandon the concept of a "Central Computer Room." The com-
puting power of Space-Embodied space must be like ganglia, em-
bedded in walls, ceilings, and floors. SpacePU is the dedicated
computing module undertaking this mission.

1. Hardware Grading Selection Guide: Based on the complexity
of the space and the needs for sensory rendering, SpacePU is div-
ided into three levels. Developers need to perform dynamic com-
bined deployment based on the scenario:

i Core Specs (Suggested) i Applicable Scenarios i Deployment Location

RISC-V Architecture, In- i Single SSSU driver, Embedded switch
tegrated Low-Power NPU : preliminary cleaning of i panels, light fixture
(2-5 TOPS), 1IGBRAM sensor point clouds bases

Real-time Power Ether
management, multi-
occupant intent prelim-
inary resolution

ARM Neoverse or High-
Performance X86, Dedi-
cated NPU (20-50 TOPS)

Inside ceiling drop,
power distribution
box

i L2: Spatial
i Hub

: Proprietary Distributed Running Vera Rubin
i L3: Vera Tensor Array, High Band- i Architecture, light field
ii Core width Memory (HBM3), reconstruction, Physical
: 1000+ TOPS Shadow Simulation

Space-dedicated
compute rack, floor
heating interlayer

9.9 Compute Topology: Mesh-Grid Deployment Protocol
When deploying Space?, developers must follow Mesh-Grid
(Mesh Topology).

Hot-Swapping and Redundancy: In a standard 50-
square-meter Space-Embodied laboratory, it is recom-
mended to deploy 1 L3 Core and 8-12 L2 Hubs. All
SpacePUs are connected via built-in Physical Ethernet
(or 6G mmWave).

Physical Location Mapping: During the Space? initial-
ization phase, developers need to execute Space?_Init_
Survey. At this time, all SpacePUs will establish their
Absolute Physical Coordinates in the digital space via
ultrasonic ranging and Ultra-Wideband (UWB) tech-
nology.
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9.10 Sensor Selection and Deployment Details:

The "Full-Sensory Skin" of Space

To achieve the multi-modal perception mentioned in Chapters 7
and 8, developers must select the correct "Sensory Peripherals"
for SpacePU:

Visual Sampling:
. Suggestion: Use 120+ FPS high-frequency glo-
bal shutter cameras + LiDAR modules.

- Deployment Logic: Must cover "blind spots."
In areas where embodied robots frequently ap-
pear, it is recommended to add downward-
facing perspective sensors to prevent misjudg-
ment of low obstacles .

Haptic Feedback Array:

. Core Hardware: Phased array ultrasonic trans-
ducers (suggested frequency 40kHz).

- Technical Details: Transducers need to be ar-
ranged in an array with 1lcm spacing. Devel-
opers must ensure the Ether Layer surface is
covered with acoustically transparent fabric to
prevent signal attenuation .

Bio-Signal Capture:
. Suggestion: Millimeter-wave radar (mm-
Wave).

. Function: Used for non-contact acquisition of
user heart rate and respiratory rate. This is
the underlying input for ResolveIntent to judge
user fatigue or anxiety .

9.11 Developer in Action: Configuring

Your First SpacePU Cluster

When you receive a set of SpacePU hardware, the deployment
process is as follows:

Step 1: Low-Level Firmware Flashing (M-Core Flashing) Use the
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Space? toolchain (Space-CLI) to burn the tailored M-Core kernel
into L2/L3 units.

Bash

space-cli flash --target=SpacePU_L3 --image=M-
Core_v2.1_Stable

Step 2: Defining Boundaries Define the physical volume (in cm)
governed by this SpacePU cluster in config.yaml.

YAML
Spatial_Boundary:

x: [0, 500]

y: [0, 800]

z: [0, 300]
Anchor_Point: [0, 0, O] # Set the physical origin of the space
Step 3: Service Discovery and Mounting After system startup,
SSSUs of L1 nodes will automatically broadcast to the L2 Hub.
Developers can check the current "Vital Signs" of the space via
Space?_Monitor.
9.12 Energy and Thermal Management: The
Overlooked Engineering Challenge
Since the L3 Core Unit (Vera Core) generates massive heat when
running physical simulations, developers must consider "Ther-
mal Balance" in the deployment model:

Dynamic Downclocking: When Vera Rubin compute
usage exceeds 80% and the ambient temperature is too
high, the system automatically lowers the refresh rate
of non-core SSSUs (e.g., lowering light sampling fre-
quency in inactive areas).

Physical Cooling Integration: It is recommended to
link the L3 unit with the building's central air condi-
tioning or water circulation system .

Part 4: Application Development Examples —
Writing Your First "Space-Embodied App"

9.13 Development Paradigm of Space-Embodied
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Apps: From "Function"” to "State"

In Space?, developing an application is no longer writing "Click
Button A to Turn On Light B," but defining "When user is in
State X, maintain Spatial Steady State Y.".

9.14 Scenario 1: Future Residential Space — "All-

Time Guardian" Elderly Care App (Aegis-Elderly)

Pain Point: Elders falling indoors, getting lost at night,
or having abnormal health indicators. Traditional
camera monitoring creates privacy pressure.

Core Logic: Utilize SAU's non-contact perception to
define the elder's physiological signs as a set of
"Dynamic Variables" of the space.

[Pseudo-code Implementation / Logic Flow]:

Python
# Define App: Elderly Guardian
class AegisElderlyApp(SpaceApp):
def on_init(self):
# Subscribe to global vital signs (Heart rate, respiration,
gait)

self.subscribe(Subject.VitalSigns)

# Set anomaly threshold: Unstable gait or unexpected sud-
den gravity change (Fall)

self.set_alarm_threshold(Subject.Motion.Acceleration_Z >

9.8)

def on_event(self, event):
if event.type == "POSTURE_COLLAPSE":
# 1. Physical Braking: Command surrounding embodied
robots or inflatable furniture SSSU to provide cushioning

space.get_nearby_sssu(event.location).activate("Air_Cush-

ion")

# 2. Sensory Intervention: Brighten lights to 4000K,
open directional voice intercom
space.render_sensory({
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"light_intensity": "High",

"audio_focus": event.location,

"vocal_agent": "Hello, system detected an anomaly.
Do you need medical assistance?"

D

# 3. Emergency Response: If no response, immediately
sync NBT narrative stream to remote family members
space.nbt_export(timerange="-30s").send_to(Trusted_Con-
tact)
9.15 Scenario 2: Future Office Space — "Flow State
Trigger" Productivity App (Flow-Catalyst)

Pain Point: Noise, inconsistent lighting, and scattered
attention in open office areas make it difficult for em-
ployees to enter deep work states.

Core Logic: Use "Spatial Sharding" technology to create
independent sensory bubbles for each workstation.

Interaction Form: Development here is not writing UI,
but writing "Environmental Rules." Developers call the
SpatialSharding interface.

[Code Logic Snippet]:

JavaScript
// When user "Deep Work" mode is detected
Space?.on("Intent: START_DEEP_WORK", (subject) => {

// Create sensory bubble: Radius 1.5 meters

const bubble = space.createSharding(subject.location, 1.5);

// Execute environment rendering: Directional noise cancel-
lation + Warm white compensation + Forest scent
bubble.render({
acoustic: "Active_Noise_Cancellation",
light_field: { color_temp: 3500, brightness: 500 },
olfactory: "Forest_Mist"

D;

// Collaboration Shielding: If someone else (Other Subject)
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approaches the bubble edge
bubble.on_proximity_alert((other) => {

// Render a soft "Do Not Disturb" AR prompt in the in-
truder's visual layer

space.render_private_ui(other, "Subject is in Deep Work
mode.");

b;

b;
9.16 Scenario 3: Mars Capsule/Base — "Steady-
State Survival” Limit App (Mars-Resilience)

Pain Point: The Mars environment is extreme; power
and oxygen are scarce. Overload of any SSSU could lead
to a fatal chain reaction.

Core Logic: Use "Shadow Simulation" of Vera Rubin
computing for resource budget rehearsal.

Future Interaction Preview: In a Mars capsule, code is
not just logic, but a "Physical Resource Contract."

[Code Architecture Example]:

C++
// Mars Habitat Resource Balance
void OnResourceStrain() {
// Start Shadow Simulation: If 30% of non-essential lighting
is turned off, can oxygen circulation extend by 2 hours?
auto sim_result = Space?::ShadowSim::Predict({
{"Light_SSSU", Power::OFF, 0.3},
{"Life_Support", Duration::PLUS, "120min"}
b;

if (sim_result.is_physically_safe()) {
// Execute physical state switch
Space?::ApplyState(sim_result.optimized_plan);
// Inform all members via Digital Ether layer: Entering
"Resource Priority Protocol"
Space?:DigitalEther::RenderGlobalAlert("Resource Con-
serving Mode Active.");
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}
}
9.17 Developer Note: The Trend of
Diversified Interaction Forms
We want to clarify a point to developers: The ultimate form of
interaction is "Disappearance.”

From Touchscreen to Voice: This is just the first step.
From Voice to Gesture/Gaze: This is the second step.

From Active Control to "Bio-State Resonance": This is

the ultimate goal of Space?.
In future Space-Embodied Apps, the triggers for code execution
will be based more on the user's Heart Rate, Galvanic Skin Re-
sponse, EEG Signals, and Thermal Distribution in Space. Devel-
opers should get used to handling Probabilistic Intents rather
than Deterministic Switches.
9.18 The Standardization and Encapsulation of Space: SRML
Language and SpaceC Containers
If we want Space-Embodied applications to become as ubiqui-
tous as mobile apps, developers cannot get bogged down in
debugging the underlying drivers for every lamp and motor.
Space? introduces two engineering pillars: "Standardized De-
scription" and "Containerized Delivery."
1) SRML: The HTML of Sensory Reality In the Web era,
HTML defined the structure of webpages; in the Space? era,
we need a language to define "Physical Reality." We formally
introduce SRML (Sensory Reality Markup Language). This is
an XML-based declarative standard. Developers no longer need
to invoke underlying hardware interfaces individually; instead,
they write a "Scene Frame" description file. The Space? kernel
automatically parses this code and orchestrates all SSSU hard-
ware to render it synergistically.
SRML Code Example: Defining a "Mars Meditation" Scene

XML
<space-scene id="mars_meditation_v1">
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<visual type="ambient_light" color_temp="1800K" intensity-
="low" diffusion="high" />

<kinetic type="airflow" velocity="0.5m/s" direction="SE" tur-
bulence="low" />

<olfactory mix="sandalwood:20%, iron_oxide:5%" />

<haptic target="floor_grid" temp="26C" texture_emulation=
"sand" />
</space-scene>
Note: SRML makes spatial experiences readable, editable, and re-
usable across platforms.
2) SpaceC:Pack and Go (Space Container) If SRML is the code,
then SpaceC (Space Container) is the runtime package. Similar
to Docker container technology in software engineering, SpaceC
allows developers to package a complex spatial experience (in-
cluding lighting logic, robotic arm trajectories, background
music copyrights, and NBT billing rules) into a single image file
(.sc).
Write Once, Run Anywhere: SpaceC solves the hard-
ware fragmentation problem. A "Sleep Aid Mode
SpaceC" developed in a luxury mansion with 100 SSSU
devices can be seamlessly deployed in a capsule apart-
ment with only 3 devices.

Adaptive Downgrade: The Space? container engine
reads the current room's Hardware Profile when load-
ing a SpaceC.

. High-Spec Environment: Full rendering of
wind, light, sound, and scent.

. Low-Spec Environment: The system automat-
ically executes a "Downgrade Strategy." For in-
stance, if there is no scent generator, olfactory
rendering is skipped; if there is no phased-
array speaker, standard stereo is used, but the
core "Sleep Aid Logic" remains intact.
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Part 5: Security and Sandbox — Driver Isolation

Mechanism and Physical Permission Management

9.19 Physical Sandbox: A Cage Beyond Bits

In traditional OS, sandboxes are used to prevent programs from
accessing unauthorized memory or files. In Space?, we introduce
the concept of Physical Sandbox.

Any third-party Space-Embodied App must be assigned a "Phys-
ical Activity Envelope" at the kernel layer before being allowed
torun.

Technical Detail Example:

Logical Isolation: Even if a cleaning app obtains per-
mission to control the robot vacuum, Space?'s HAL will
intercept the command before it is issued.

Shadow Verification: The M-Core kernel will run the
command in the "Shadow Simulation Zone." If the
simulation shows the robot attempting to rush to-

wards a Subject (Human) coordinate, or attempting to
open a valve marked as "Dangerous," the kernel will
directly trigger Kernel Panic: Physical Boundary Vio-
lation and immediately suspend the process.

Hardware-Level Read-Only: Control rights for certain
core SSSUs (like life support, fire suppression) are hard-
coded in Read-Only Memory (ROM) accessible only by
the highest system privileges. Ordinary Apps can only
read their status and can absolutely never modify their
logic.

9.20 Driver Isolation: The Last Line of Defense

in Microkernel Architecture

Space? adopts a deeply customized Microkernel Architecture.

Unlike monolithic kernels, Space? hardware drivers run in User

Space, not Kernel Space.

Engineering Implementation Guide:

Fault Domain Isolation: If the driver for full-sensory
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rendering crashes, it will only cause a brief reset of the
wall visual layer and will absolutely not affect the SSSU
responsible for maintaining respiratory airflow.

Permission Segmentation: Every driver must declare
its "Physical Impact Radius" upon registration. A light-
ing driver only has write access to [Luminance, Color-
Temp] and absolutely does not have write access to
[Kinetic_Pressure] (Pressure Output). This Principle of
Least Privilege cuts off the possibility of unauthorized
operations from the driver layer .

9.21 Physical Permission Management:

Fusion of DID and Bio-Tokens

Who has the right to dim the space? Who has the right to open

the door? In Space?, permission is not based on passwords, but

on "Topological Relationship between Identity and Space."

Interaction Security Logic:

DID (Decentralized Identity) Authentication: Users
prove identity via digital certificates.

Bio-State Token: Space? captures user biological fea-
tures (like gait or iris) in real-time.

Spatial Contract:

. Example: When a minor enters the kitchen.
After the Space-Agent identifies their identity,
it automatically activates "Permission Circuit
Breaker."

- Result: At this time, any application attempt-
ing to turn on the stove or knife storage box
will fail. Even if the child shouts commands,
Resolvelntent will refuse to resolve the intent
due to permission contract conflict .

9.22 Application Security: Tamper-Proof NBT Audit Stream
Space? security is reflected not only in "Prevention" but also in
"Traceability."

Every physical action triggered by every line of code is recorded
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in NBT (Narrative Blockchain Token).

Immutability: Even if a malicious Space-Embodied
App attempts to delete its own run records, the dis-
tributed nature of NBT will preserve evidence on other
SpacePU nodes.

Audit Robot: The kernel has a built-in resident pro-
cess named Sentinel, which constantly compares "Ex-
pected State" with "Actual Physical State." Once a mis-
match between physical displacement and instruction
stream is found (e.g., someone pried open a window
without a command), it immediately triggers a global
alarm.

9.23 Ultimate Developer Guideline: Physical Safety First

We require every developer to follow these engineering guide-

lines when writing Space-Apps:
Fail-Safe Mechanism: Applications must define a "Fail-
Safe State." For example, when the network is inter-
rupted, the Space-Embodied App must default the
space to the safest physical form (e.g., doors unlocked,
air circulation on).

Perceptibility of Physical Feedback: Except for highly
covert guardian apps, any major physical change must
provide the user with a significant "Visual Cue" via the
Digital Ether layer to prevent "Black Box Operations" of
the space.
9.24 The Architectural Bottom Line: Engineering Implementa-
tion of the Space? Constitution

In the architectural design of Space?, ethics is not merely a slo-
gan; it is mandatory logic burned into the physical circuits and
the Ring 0 layer of the kernel. To ensure absolute human sover-
eignty and safety, all spaces certified as "Space? Ready" must pass
the following three engineering acceptance tests based on the
Constitution of Space-Embodied Intelligence:
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1) Engineering the First Law: The "Red Lever" at the Physical
Layer (The Hardware Kill Switch)

- Physical Blocking Mechanism: Every Core Spatial Hub of a
Space? unit must be equipped with a physical, mechanical cutoff
switch. This is not a software "standby" mode, but a disconnec-
tion of the physical circuit (Air Gap).

- Manual Reset Principle: Once the physical fuse is triggered,
the system will sever all connections to Cloud AI and external
networks, forcibly entering "Dumb Mode." At this point, lighting
reverts to mechanical switch control, door locks revert to phys-
ical keys, and fresh air systems revert to manual valves. Restor-
ation of the connection is strictly prohibited via remote com-
mands; it must be completed manually by a human after bio-
metric liveness verification (confirming a living human pres-
ence) and physically re-engaging the switch. This preserves hu-
manity's final "Offline Dignity."

2) Engineering the Second Law: The "Ring of Life" in M-Core

- Kernel-Level Priority: Within the M-Core microkernel of
Space?, Life Support System (LSS) processes are hard-coded with
the Highest Real-time Priority (Real-time Priority 99).

- Unconditional Resource Deprivation: When energy is crit-
ical or computing power is overloaded, the kernel has the au-
thority to forcibly "kill" all application-layer processes (such as
AR rendering, entertainment systems, or auxiliary office tools)
without notification, diverting every watt of power and every
CPU cycle to oxygen pumps and temperature control systems.

3) Engineering the Third Law: The Anti-Manipulation Water-
mark
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. Virtual Boundary Identification: Space? strictly prohibits im-
perceptible subliminal sensory rendering. Any Al-generated vir-
tual environment (such as a virtual window view rendered to al-
leviate claustrophobia) must contain specific "Digital Water-
marks" or "Micro-imperfections" at the edges.

- Cognitive Sovereignty Protection: This mechanism ensures
that the human subconscious can always distinguish between
"Physical Reality" and "Digital Rendering," preventing human
cognition from being deeply domesticated by the perfect illu-
sions constructed by the system.

CHAPTER 10: FULL-

SENSORY RENDERING

— Digital Ether Layer and
Light Field Reconstruction

Part 1: Digital Ether — Disappearance of Physical

Surfaces and Rise of Sensory Media

10.1 From "Dead Matter" to "Active Media":

Digital Reconstruction of Walls

In thousands of years of human architectural history, the role
of the wall has never changed: it is a heavy boundary made of
brick, concrete, wood, or metal. It is a barrier for defense and a
terminus for the senses. You touch it, and it is cold; you observe
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it, and it is a fixed block of color.

But in the era of Space-Embodied Al driven by Space?, we pro-
pose a disruptive physical layer concept—Digital Ether.

In the logic of Space?, architectural surfaces are no longer "dec-
orated" but "rendered." By implanting a Metamaterial Active
Array only a few microns thick into the structural surface of
the SSSU, we transform physical surfaces into digital media. This
layer integrates micro-light-emitting units, phased array ultra-
sonic actuators, and microfluidic scent generators.

Imagine this detail: When you walk into a bedroom taken over
by Space?, you no longer see paint. Under your gaze, the tex-
ture of the wall begins to flow like water. If you feel annoyed at
this moment, the Resolvelntent solver will capture your mood
and command the Ether Layer to gradually evolve from grayish-
white to a "Monet Garden" tone with a breathing sensation. This
change is not a shadow projected by a projector, but the "Color
Awakening" of every molecule of the wall itself .

10.2 Light Field Reconstruction: "Solid" Illusions in the Air

Current 3D technologies, whether AR glasses or holographic
projections, have a fatal flaw: they require a medium, or they re-
quire you to wear heavy equipment. Space-Embodied Al utilizes
the Holism of space to achieve Medialess Light Field Recon-
struction.

The hardcore support for this technology is the Vera Rubin
Architecture's microsecond-level control of light. Every Light-
ing SSSU in the space is a high-density phased array emission
source. The system precisely calculates the phase difference of
thousands of light sources to cause Constructive Interference
of light rays at specific coordinate points in the air.

Detailed Example: You want to observe a 3D blueprint of a Mars
habitat on the coffee table in the living room. You don't need
glasses; with just a gesture, a miniature Mars city condenses out
of thin air. This is not just an illusory reflection. As you walk
around it, you will find its light and shadow effects completely
comply with physical laws: architectural shadows change with
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your perspective, and metal surfaces even flicker with real en-
vironmental reflections. This is because Space? tracks your pupil
coordinates in real-time and uses light field reconstruction tech-
nology to "mold" this beam of light specifically for your eyes. To
others, it may just be a blur of light fog, but in your eyes, it is a
real entity .

10.3 Kinetic Ether: Letting Touch Cross Virtual and Real

The hardest part of "Full-Sensory" to conquer is touch. If your
hand passes through that Mars model, the "illusion" collapses in-
stantly. Space? solves this problem through Kinetic Ether logic.

We use Ultrasonic Transducer Arrays arranged in the Digital
Ether layer to emit directional pressure waves to specific coord-
inates. When your fingertip approaches that virtual Mars archi-
tectural model, a dense disturbance invisible to the naked eye is
generated in the air.

Concrete Sensation Description: When you try to "touch" that
holographic Mars dome, your fingertip does not penetrate the
air but feels a solid resistance. This is the "Acoustic Pressure
Focus" formed by hundreds of ultrasonic waves converging at
your fingertip.

Hardness Simulation: If you touch a metal shell, the
sound pressure increases instantly, giving you a re-
bound sensation.

Texture Simulation: If you touch a solar panel, the
sound pressure jitters at a very high frequency, simu-
lating a slightly rough matte feel.
This technology allows "Space-Embodied Robots" to be not only
seen but also "touched." It blurs the boundary between Matter
and Information .
10.4 Synergy of Olfaction and Thermodynamics:
"Emotional” Rendering of Environment

To make the sensory experience 100% immersive, Space? in-
cludes olfaction and thermodynamics in the SSSU calling se-
quence.
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The Digital Ether layer has built-in Microfluidic Scent Chips.
Unlike traditional aroma diffusers that simply spray mist, it uses
molecular synthesis technology to precisely proportion scents
according to scene needs.

Extreme Scenario Recreation: In a closed cabin underground
on Mars, astronauts suffer from severe psychological repression
due to long-term confinement.

Visual Trigger: The Digital Ether layer converts the
walls into a morning forest scene from their home-
town of Lanzhou.

Thermal Synchronization: Infrared Radiation SSSUs
begin to operate, simulating the slight warmth of the
first rays of morning sun on the skin. This heat is direc-
tional, as if a sun is really hanging in the corner.

Olfactory Completion: The microfluidic chip releases a
mixed molecular stream of "wet earth" and "pine nee-
dles," the concentration increasing linearly as you ap-

proach the "Virtual Forest."

Auditory Positioning: A directional sound field simu-
lates the rushing sound of the distant Yellow River in
your ear.
At that moment, the astronaut will completely forget they are in
ared desert 50 million kilometers away. This Sensory Compen-
sation is not just entertainment; it is the survival baseline for
Space-Embodied AI to maintain human mental health .
10.5 "Adaptive Culling" of Spatial Senses
Finally, we discuss a high-level logic of the Digital Ether layer:
Allocation of Perception Sovereignty. In the same Space-Em-
bodied space, if there are three people, the realities they see can
be mutually non-interfering.
Using Directional Projection and Active Noise Cancellation
technologies, Space? can render a completely independent sen-
sory stream for everyone.

The child might see the walls as a fairy tale castle and
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hear the dubbing of cartoons;

The father might see the walls as a calm office interface

and be in an absolute silence zone;
This "Parallel Universe-ization of Space" makes physical isola-
tion completely disappear, replaced by algorithmic perception
isolation.

Part 2: Sensory Permission and Privacy Isolation

— Who Can See My "Private Sky"

10.6 Spatial Time-Sharing and Slicing: "Perceptual

Parallel Universes" under Physical Coexistence

In traditional architecture, physical space has strong consist-
ency—if the light is on, everyone in the room feels it is bright; if
music plays, everyone hears it. But in the Space-Embodied Al era,
this "Forced Consistency" is completely shattered by Spatial Sli-
cing technology.

Space? achieves "Reality Customization for Individuals"
through refined control of the Digital Ether layer.

Detailed Example: Imagine a typical family dinner scene.
Father, mother, and adolescent child sit at the same table.

Father's Vision: His Space-Agent identifies he is in a
period of career anxiety. Through directional light field
reconstruction, a corner of the table before him floats
with real-time industry news and simulated quiet dis-
tant mountains. The background sound he hears is
soothing Alpha waves.
Child's Vision: The space perceives the child's resist-
ance to dinner. The Digital Ether layer renders his side
of the table into an interactive cyber space, with virtual
pixel sprites dancing around the plates.
Mother's Vision: She likes the original warmth of the
family. She sees the solid wood texture of the table,
without any extra interference.

The realization of this "Same Room, Different Dreams" relies on
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Space?'s millisecond-level tracking of everyone's pupil positions.
The system uses Directional Backlight Rendering to ensure that
every beam of light emitted enters only a specific retina. If you
look at the father's "News Window" from the side, you can only
see a blur of air .

10.7 Privacy Grid: Digital Defense Line of Senses

When space has the ability to "Render Reality," it also has the
ability to "Create Illusions." To prevent space from being used to
deceive or monitor users, Space? writes the Privacy Grid into the
underlying protocol.

This is the "Firewall" of the Space-Embodied Al era. It does not
protect data but protects the "Sensory Entry."

Detailed Description: Space? defines different sensory security
levels. For example, LO Privacy Zones (such as restrooms or bed-
side). When a user's Identity ID is within these grids, the sys-
tem's sensory renderer activates a "Physical Fuse."

Data Masking: All visual sensors automatically switch
to "Low-Resolution Thermal Imaging" or "Edge Line
Mode" at the hardware layer, ensuring raw high-defin-
ition images are wiped directly at the sensor end with-
out passing through any software layer.

Reverse Jamming: The space automatically generates
a "Sensory Noise." If an unauthorized embodied robot
(like an invading drone) attempts to film the area,
the Digital Ether layer emits high-frequency infrared
flashes to interfere with the camera's photosensitive
element, making it capture only white light .

10.8 "Territorialization" of Olfaction and Hearing

Sensory isolation exists not only in vision but also in diffusive
olfaction and hearing. This is the most amazing part of Space-
Embodied Al engineering implementation.

Micro-Logic of Auditory Isolation: Space? utilizes
thousands of Micro-Ultrasonic Emitter Units distrib-
uted on the ceiling, using "Non-linear Acoustics prin-

SPACEOS: THE SPATIAL OPERATING SYSTEM

ciples" for Sound Directional Transmission.

- When you sit on the left side of the sofa lis-
tening to a symphony, the space precisely con-
verges two beams of ultrasonic waves at your
ears, which undergo heterodyning in the air to
convert into audible audio.

. Another user sitting just 0.5 meters away from
you can only hear white noise similar to a
breeze.

- This "Sound Field Directional Bubble" allows
space to achieve perfect auditory privacy with-
out adding physical partitions .

Challenge of Olfactory Isolation: The diffusion of
scent molecules is usually uncontrollable. But Space-
Embodied AI achieves a breakthrough through phys-
ical control of spatial airflow. Space? utilizes high-
speed Micro Air Knife arrays hidden in corners to es-
tablish an invisible "Airflow Curtain" around the user.
When you are enjoying a refreshing lemon scent, the
airflow curtain acts like a transparent cover, locking
the scent molecules in your breathing zone and in-
stantly recycling them through the negative pressure
return vent on the floor, ensuring the scent does not
spread to the other end of the shared space.

10.9 Sensory Contract: Who Has the Right

to Modify "Public Reality"?

In public fields of Space-Embodied society (like smart waiting

halls or shared offices), sensory conflicts are more complex.

Space? introduces the "Sensory Contract."
Weight Calculation: When multi-occupant intents
conflict, the Resolvelntent solver initiates a "Sensory
Voting Mechanism."
Example: If there are 10 people in a public lounge, 7
want to see a quiet night sky, and 3 want to see a bust-
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ling city. The system will not simply adopt the "Minor-
ity Obeys Majority" brute force aesthetic but will per-
form Smooth Partitioning of the ceiling (Digital Ether
Layer) based on everyone's SAU Coordinates.

Causal Correction: The edges of these partitions are
blurred. Space? utilizes Vera Rubin computing to cal-
culate a "Transition Zone," making the city landscape
and night sky visually connect naturally, avoiding diz-
ziness caused by reality tearing (the extension of VR
sickness in physical space) .

10.10 Outlook: Psychological Reconstruction

Brought by Sensory Sovereignty

The greatest value of Space-Embodied AI to humans lies in real-
izing the "Maximization of the Individual World." In the future,
we no longer need to endure uncomfortable environments to
accommodate others' tastes. Everyone possesses a "Private Sky"
that belongs to them, is programmable, and strictly protected by
protocols.

Propagation Point: "In the Space-Embodied AI era, physical
space is public, but reality is private." This respect for sensory
sovereignty will fundamentally alleviate the psychological pres-
sure caused by high-density urban life. Even in a crowded Mars
habitat, as long as you are willing, your Space-Agent can turn off
all distractions for you, recreating the forests and waves of Earth
in that 2-square-meter life support pod.

Part 3: Haptic Closed-Loop and Kinetic Ether —

Realism Logic of Physical Interaction

10.11 Kinetic Ether: Phase Change of Air

If a space can only be seen but not touched, it is ultimately
just a holographic projection room. Space?'s ambition is to make
empty air exhibit solid characteristics at specific moments by
manipulating local physical parameters. We call this Kinetic
Ether.
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Its core principle is no longer simple mechanical vibration, but
based on Acoustic Self-Collimation and Phased Array Pressure
Waves.

Detailed Sensation Description: Imagine you want to push
open a "non-existent" virtual mahogany door in an empty liv-
ing room. As you reach out into the air, tens of thousands
of micro-ultrasonic transducers distributed in the surrounding
wall Ether Layers instantly lock onto your palm coordinates. The
moment your palm contacts the air, countless ultrasonic beams
interfere at the focus of your palm within 0.1 milliseconds. You
will feel a steady, heavy reaction force, just like pressing on
a solid wooden board. As you increase force, Space? enhances
sound pressure feedback in real-time, simulating the subtle fric-
tion of hinge rotation. When you "push open" the door, that
resistance gradually disappears with the simulation of the door
leaf's inertia .

10.12 Texture Rendering: "Micron-Level"

Deception on Fingertips

True touch is not just resistance, but Texture. The roughness
of wood, the smoothness of silk, the coldness of metal—these
microscopic tactile sensations determine whether the brain be-
lieves the reality before it.

Space? utilizes Kinetic Ether to achieve "Micro-Vibration Modu-
lation."

Detailed Example: In a simulation lab at a Mars base, an engin-
eer is inspecting a virtual circuit board model.

Fine Perception: When his finger slides over the sur-
face of the virtual circuit board, the Kinetic Ether layer
changes the modulation frequency of the ultrasonic
focus based on the speed of finger movement.

Haptic Simulation: When passing a solder joint, the
fingertip feels a subtle bump; when passing a metal
wire, it feels a high-frequency, slightly numbing
smoothness; and when touching the plastic baseboard,
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it feels a low-frequency drag. This feedback precision
reaches the Micron Level. This means Space-Embodied
AI allows you to perform precision manual assembly
drills using "Air" in a complete vacuum or empty envir-
onment.

10.13 Thermodynamic Coupling: Giving
Digital Objects "Body Temperature"

The closed-loop of touch is incomplete without temperature.
The Kinetic Ether layer is deeply coupled with the Infrared Radi-
ant Array.

In Space?'s physical property definitions, every SSSU possesses
its own "Thermal Characteristic Curve.”

Empathic Scenario: When you walk past a virtual "campfire" in
a Mars camp, not only do you see dancing flames, but your skin
also feels that directional, dry radiant heat.

Local Temperature Control: The space uses infrared
phased arrays to project heat precisely onto the side of
your face, while the other side of your body remains at
room temperature.

Material Heat Transfer: If you reach for a virtual "Hot
Coffee," Kinetic Ether gives you the weight of the cup,
while the infrared beam instantly heats your fingertip
skin, simulating the heat slowly permeating through a
ceramic cup wall. This Tri-Unity Synchronization of
vision, pressure, and heat completely locks the brain's
doubt channel .

10.14 "Vitalization" of Kinetic Feedback: Pulse and Breath

The most cutting-edge application of Space-Embodied Al lies in
simulating "Life Texture."

In remote medical or interstellar social scenarios, Space? can
achieve "Life Body Sensation Reconstruction.” When you per-
form a "Virtual Handshake" with a lover far away on Earth,
the Kinetic Ether layer not only restores the size and strength
of the other's palm but also simulates the other's faint Pulse
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Beating in your palm via micro-piezoelectric technology. This
extremely intimate haptic feedback based on biological features
is an emotional link unmatched by any video call. Through this
way, space eliminates physical loneliness across tens of millions
of kilometers .

10.15 Safety Threshold: "Anti-Injury" Logic of Touch
As a mature operating system, Space? must consider the safety
of haptic rendering. Kinetic Ether possesses strict Physical Peak
Limits.
Pressure Upper Limit: To prevent system faults from
causing excessive ultrasonic power that damages
human soft tissue, the Space? kernel enforces an in-
stantaneous pressure upper limit of 2.0 kPa.

Virtual Barrier: When an embodied robot (physical en-
tity) has a potential collision with a human, the space
generates a "Repulsive Force Field" prior to physical
contact. You will feel a soft but firm force in the air
pushing you away. This "Non-Contact Obstacle Avoid-
ance" is the gentlest protection Space-Embodied Al
offers humans.

Part 4: Full-Sensory Narrative and Spatial Memory

— Why the Air Here Smells of History

10.16 Narrative Backtracking: When SSSU

Enters "Time Travel" Mode

In traditional space, the past is invisible. But in a Space-Em-
bodied space hosted by Space?, every second of physical state
(light angle, air humidity, object displacement, even human
emotional fluctuations) is precisely recorded in the ledger of
NBT (Narrative Blockchain Token).

This record is not a static video, but a dynamic "Full State
Stream."

Detailed Scenario Description: Imagine returning to a dusty old
house on Earth after ten years of pioneering on Mars. When you




ZHONGHONG XIANG

push open the door, the Space-Agent identifies your ID and re-
trieves a log of you writing at the desk late at night in 2026. The
system initiates "Sensory Narrative Retrospective."

Light and Shadow Reconstruction: The Digital Ether
layer does not light up with modern cold light but pre-
cisely simulates the atmosphere of that late night in
2026. An old desk lamp broken for years has its warm
yellow halo "re-lit" in the air by light field reconstruc-
tion technology.

Physical Ghost: You see a holographic ghost of your
young self sitting at the desk. This is not a flat image;
you can walk around him and see the tiny airflow fluc-
tuations in the air as his fingertips tap the keyboard .
10.17 Olfactory Archaeology: Deep Awakening of Emotion
Scientific research shows that smell is the only sense in the
human brain that enters the emotion center without filtering.
Space-Embodied AI achieves precise restoration of "Memory
Scents" through Microfluidic Olfactory Simulation.
Concrete Sensation Description: As you walk in that recreated
historical space, the smell of the air begins to change.

Molecular Synthesis: Space?'s microfluidic chip syn-
thesizes the unique smell of that rainy late night in
real-time based on historical environmental indices in
the NBT record—the fragrance of earth, the ink smell
of old book pages, and the lingering scent of a cooled
cup of coffee.

Emotional Resonance: When this composite scent
molecule enters your breathing zone, it instantly pene-
trates your psychological defenses. This "Olfactory
Archaeology" makes spatial memory no longer cold
data, but a physiological touch that can bring you to
tears instantly .

10.18 "Memory Replication" of Kinetic
Ether: Touching Lost Textures
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The highest realm of sensory narrative is letting you touch
things that no longer exist.

Technical Detail Example: In that old house, the old wooden
table that accompanied your youth might have been demolished
long ago. But with the help of Kinetic Ether, Space? "remolds"
that table in situ.

Detail Simulation: When you reach out, your finger-
tips will again feel the uneven edge of the wood grain,
even the crooked letter you carved with a small knife
back then.

Mechanical Restoration: When you press hard on the
table corner, the ultrasonic array gives you that stabil-
ity from years ago. This is not just touch; this is the "Re-
turn of Physical Truth." In this way, Space-Embodied
Al gives the life of "Things" immortality in the digital
dimension.

10.19 Narrative Sharding and Multi-Dimensional

Timeline: "Rashomon" in Space

In a multi-user shared Space-Embodied space, full-sensory nar-

rative can present different "Historical Shards" to different

people.

Case Demonstration: In a Space-Embodied museum with a hun-

dred years of history.

Student A: Studying architectural structure. The space
renders for him the skeleton light and shadow dur-
ing construction a hundred years ago. He can hear the
heavy hammer blows and feel the simulated lime dust
smell in the air.

Tourist B: Focusing on a historical meeting that took
place here. The space renders the diplomatic scene of
that time for him. He hears the original voice record-
ings of the parties involved and feels the infrared heat
emitted by the indoor fireplace at that time.

Spatial Logic: Space? uses "Timeline Slicing" to let
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different people resonate with different historical mo-
ments under the same physical coordinates .
10.20 Value Sublimation: Space as a "Perceptual
Container" of Civilization
We want to tell readers through this part that Space-Embodied
AI completely changes humanity's definition of "Heritage."
Future Outlook: Future Mars cities will replicate forests, oceans,
and streets that have disappeared on Earth through this full-
sensory rendering. This is no longer just "Nostalgia"; this is a
"Transplantation of Civilization.”" When senses can be perfectly
reconstructed, humans carry the sensory seeds of the entire
Earth civilization with them. Space is no longer imprisoned by
physical coordinates; it becomes a narrative body spanning time
with emotional depth .

Part 5: Sensory Overload and Psychological Firewall
— The Last Defense of the Real World

10.21 Reality Anchors: Preventing Sensory Disorientation

In Space?'s full-sensory protocol, there is an insurmountable
low-level instruction: "Reality Must Be Identifiable."

To prevent users from developing long-term spacetime cogni-
tive disorders, Space-Embodied spaces force the retention of a
certain proportion of "Reality Anchors" during extreme render-
ing.

Physical Visual Flaws: The system deliberately retains
1% of physical features on the perfect Digital Ether
layer (such as tiny natural cracks in corners or real
shadow disturbances) as subconscious navigation bea-
cons for the brain.

Frequency Watermark: A weak frequency watermark
is implanted in the tactile feedback generated by Kin-
etic Ether, which does not affect the experience but can
be identified by bio-electric signals. This lets the user's
proprioceptive system understand at a deep logical
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level: "This is a high-quality simulation, not native
reality.".
10.22 Sensory Fatigue Management
and Auto-Fade Mechanism
Full-sensory rendering is a high-intensity continuous stimula-
tion for the human nervous system. Long-term exposure to "Per-
fect Senses" leads to "Sensory Desensitization."

Space? Psychological Firewall Logic Details:

Multimodal Entropy Monitoring: Space-Agent moni-
tors user dopamine level fluctuations and pupil con-
traction rates in real-time. If it discovers the user is
generating neural fatigue due to being in a highly ex-
cited "Panoramic Simulation" for a long time, the sys-
tem initiates "Environment Cooling" logic.

Dynamic Noise Reduction: Rendered color saturation,
scent concentration, and Kinetic Ether feedback inten-
sity decay slowly at a rate of 5% per hour, guiding the
user's nervous system back to a low-load natural state .
10.23 Hallucination Barrier: Prohibiting
"Deep Cognitive Deception"”
At the socio-ethical level, the sternest challenge Space-Em-
bodied AI faces is: Will space be used to create "Absolute Hallu-
cinations" to control humans?
Space? has a built-in Hallucination Barrier module in the M-
Core kernel.

Emergency Disengagement Logic: Users only need to
perform a specific physical gesture (such as quickly
opening and closing the palm twice), and all sensory
rendering must shut down completely within 10 milli-
seconds, restoring the space to its most primitive phys-
ical state. This is the user's "Emergency Awakening
Right."

Scenario Limit List: Unless in specific therapeutic
modes, space is strictly prohibited from simulating de-
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ceased relatives for "Real-time Deep Interaction." This
is to prevent humans from falling into unhealable
emotional voids .

10.24 "Forced Pass-Through" of Physical Truth

In moments of extreme danger, the psychological firewall must
have the highest priority.

Detailed Scenario Recreation: While you are enjoying a full-
sensory rendering of a "South Pacific Beach" in a Space-Em-
bodied home, if sensors in the real room detect smoke from a
short circuit.

Visual Breakthrough: The system immediately "tears"
a fiery red warning window on the beautiful blue sea
surface. This window is not rendered but is a direct
pass-through of the sensor heat map from the physical
world by the Digital Ether layer.

Haptic Takeover: Kinetic Ether immediately generates
a stinging vibration to wake you from the immersed
state.

Olfactory Cut: The simulated sea breeze scent vanishes
instantly. The space forces full ventilation and directs
the smell of physical smoke to your breathing zone, en-
suring your primal survival instinct is activated .
10.25 Conclusion: The Ultimate of Tech is Return to Nature

Chapter 10's discussion makes us understand that full-sensory
rendering is not to create a closed Matrix, but to expand the
boundaries of human experience.

Zhonghong Xiang's Philosophical Summary: The highest
achievement of Space-Embodied Al is not that it can simulate
magnificent spectacles, but that it can polish the window for
you when you want to see the stars; hand you a warm memory
when you are lonely; and instantly withdraw all prosperity
to protect you with the coldest physical truth when you face
danger.

Great form is formless. The most perfect rendering is making
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you feel no rendering exists; the most powerful intelligence is
making you still love this imperfect, real physical world.




CHAPTER 11: NBT

ECONOMICS

— Atomization and Validation
of Spatial Value

Part 1: SSSU Assetization — The "Value

Granularity"” of Every Inch of Space

11.1 Farewell to "Real Estate": When Space

Becomes "Liquid Assets"

The value anchor of traditional real estate is geographical loca-
tion and physical area, which is an extremely crude assessment
method. In the context of Space-Embodied Al, Space? achieves
the Minimal Unitization of assets through SSSU (Standard
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Space Unit).

Your room is no longer a single "asset," but an "asset pool" com-
posed of thousands of SSSUs with independent value and inde-
pendent rights.

Physical Assets: Walls, floors, precision sensor hard-
ware.

Digital Assets: Rendering permissions, compute
quotas, specific sensory algorithms.

Narrative Assets: Historical data (NBT records) that
occurred in this space.

11.2 NBT: From "Log Record" to "Value Certificate"

NBT (Narrative Blockchain Token) receives its economic defin-
ition in this chapter. It not only records "who did what here," but
also proves "how much this experience is worth."

Detailed Logic Interpretation: Every SSSU generates a tamper-
proof value curve via the distributed ledger when interacting
with users.

Compute Leasing: When your L3-level SpacePU is idle,
it automatically joins the community's Vera Rubin
Shared Compute Pool. Neighbors conducting high-
precision light field rendering will instantly purchase
your excess compute via Micropayment.

Physical Depreciation and Confirmation: Whenever
an external embodied robot (like a delivery robot) bor-
rows your corridor space, its MIP protocol automatic-
ally triggers a microscopic "Toll." This fee covers not
only the energy consumption of perception but also
compensation for the physical wear and tear of the
floor .

11.3 Atomization of Spatial Value: Millisecond-

level Micropayment System

In Space?, economic activity is Streaming.

Concrete Scenario Example: You worked in a shared Space-Em-
bodied office for 2 hours and 15 minutes.




ZHONGHONG XIANG

Billing Logic: Space? does not charge by the hour. It
statistically counts in real-time the spatial volume you
occupied, the local precision thermal heat you con-
sumed, the directional noise cancellation bandwidth
you used, and the number of NBT calls you made to
consult spatial historical archives.

Automatic Settlement: The moment you walk out of
the office, the DID identity token completes the final
handover of spatial sovereignty, and the bill completes
Atomic Settlement within milliseconds. There is no
manual checking, no lengthy transfer process, only
value circulation based on physical contracts.

11.4 Developer Perspective: Writing

"Economically Aware" Apps

For the developers mentioned in Chapter 9, Chapter 11 provides

a brand new set of Economic APIs.

Code Logic Example:

Python
# Space-Embodied App: On-Demand Rendering Service
def on_render_request(user_demand):
# 1. Calculate required compute resources and energy cost
cost_estimate = space.economic_engine.calculate_
cost(user_demand)

# 2. Check user's NBT credit limit or balance

if user.wallet.balance >= cost_estimate:
# Execute high-fidelity rendering
space.render_high_fidelity(user_demand)
# Real-time deduction and recording of NBT value flow
space.economic_engine.stream_payment(user.did,

cost_estimate)

else:
# Downgrade to low-power rendering mode
space.render_low_energy(user_demand)

11.5 Macro Outlook: Reshaping Social Structure
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via Space-Embodied Economics

This atomized confirmation of rights will lead to the complete
separation of "Ownership" and "Usage Rights." In the future,
you may not own a house, but only own a set of "Portable Spa-
tial Asset Allocation Packages." Whether you go to Mars or stay
on Earth, as long as Space? exists, the NBT you hold can instantly
mobilize local SSSUs to replicate a "Space-Embodied Reality" that
belongs to you and possesses the same value experience.

Part 2: Narrative Value Anchoring — Why

"Storied Spaces" Are More Valuable?

11.6 Experience Premium: SSSUs Endowed

with "Wisdom" by NBT

In the world of Space?, the value of an asset consists of two parts:
Physical Original Value + Narrative Value-Added.

Detailed Logic Interpretation: A brand-new SSSU without any
NBT records (like a freshly manufactured smart wall) is just
blank hardware. But if it has run in a top-tier surgical operating
room for three years, recording precise lighting synergy data, in-
strument scheduling logic, and doctors' physiological feedback
streams from thousands of difficult surgeries, the SSSU of this
space has been "trained."

Asset Evolution: This set of SSSUs has accumulated ex-
tremely scarce "Industry Prior Knowledge."

Value Anchoring: When this property is transferred,
the buyer buys not just wall tiles, but the Spatial
Wisdom of "knowing how to assist in surgery." This
premium brought by NBT narrative sedimentation is
called "Empirical Premium."
11.7 Emotional Assetization: Replicating the "Soul" of Home
Why do we miss our ancestral homes? Because they are en-
graved with memories. In the Space-Embodied AI era, we
perform Quantitative Validation on this ethereal "Nostalgia"
through NBT.
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Empathic Commercial Scenario: Suppose you have to move to
Mars to live, and you have to give up your physical residence on
Earth.

Traditional Mode: You can only sell the house and take
the money.

NBT Mode: You sell the physical shell, but you export
the NBT Narrative Packet of the space via Space?. This
packet contains the sound field models of your family
laughing in the living room for ten years, the lighting
curves lit for you every late night, and your habitual air
humidity ratio.
Value Circulation: You can install this "Soul Packet" in
a rough cabin on Mars. Since this packet is unique and
tamper-proof, it has extremely high Collection and
Trading Value in the NBT market. If this is a celebrity's
"Life Narrative Packet," its value might even exceed
that of a real mansion.

11.8 Space as "NFT": Financialization of Unique Fields

When a space possesses specific rendering history and inter-

action logic, it becomes an NFT (Non-Fungible Token) in the

physical world. Space? supports developers in creating "Limited

Edition Sensory Themes" for specific spaces.
Example: A top artist created an "Immersive Art Field"
combining light fields, scents, and Kinetic Ether in a
Space-Embodied apartment.
Validation: This art narrative is encapsulated as NBT.
When tourists enter the room and experience this art,
every minute of experience triggers a payment.
Financial Attributes: The value of this apartment is no
longer determined by its floor area, but by the "Narra-
tive Copyright" it carries which can generate continu-
ous cash flow. Space becomes a "Content Carrier."

11.9 Narrative Consensus Mechanism: Pricing "Memories"

In NBT Economics, how much a story is worth depends on "Con-
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sensus.” Space? introduces the "Narrative Heat Algorithm":

Interaction Depth: How many people have had emo-
tional resonance with this NBT (monitored via bio-
feedback like heart rate and dopamine secretion).

Replication Frequency: How many other spaces have
applied to call this narrative.

Causal Scarcity: Whether this record contains unre-
peatable major historical moments.

This pricing model makes Space-Embodied space a Self-Grow-
ing, Self-Evaluating Value Body .

11.10 Outlook: Evolution from "Property

Rights" to "Spiritual Rights"

The NBT Economics proposed by Zhonghong Xiang essentially
integrates the human Spiritual World into the Physical Value
Chain.

Propagation Point: "Future poverty is not having no house to
live in, but the space you inhabit having no memory." Space-
Embodied AI gives every inch of space a soul, and NBT en-
sures these souls are assets that can be respected, protected,
and traded. This "Narrative Anchoring" will completely change
the valuation logic of the real estate industry, making "Human"
traces the core asset of space, realizing true Human-House Sym-
biosis and Sustainable Value.

Part 3: Streaming Micropayments and Physical Revenue
Splitting — The Logic of Robots Paying Tolls

11.11 Action as Contract: Automatic Clearing

Triggered by Physical Events

In the kernel of Space?, economic logic is deeply coupled into
the physics engine. We propose an "Atomic Clearing Protocol":
every physical action defined by the MIP protocol corresponds to
atiny value tag at the kernel layer.

Detailed Scenario Description: Imagine a multi-owner shared
passage in a Mars underground city.
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Physical Event: A third-party logistics company's
"Legged Delivery Robot" needs to pass through a 5-
meter corridor belonging to your private territory.

Real-time Handshake: The moment the robot enters
your territory, its MIP identity token aligns with your
Space-Agent. The space immediately retrieves the cur-
rent "Toll Rate" (based on current space compute occu-
pancy, ground wear coefficient, and whether fill-light
rendering is needed).

Streaming Clearing: As the robot takes each step,
Space? calculates physical wear in real-time based on
precise data reported by its foot pressure sensors (SSSU
feedback).

Fund Flow: Micro-digital currency (such as NBT chain-
based credits) flows from the logistics company's ac-
count to your space account, completed in millisec-
onds. When the robot finishes the 5 meters, the trans-
actionis cleared.
11.12 Physical Revenue Splitting: Interest
Balance of Multi-Party Sharing
A Space-Embodied space is often a complex collaborative body.
When a"Toll" or "Compute Fee" is generated, the benefit does not
belong only to the landlord, but to all entities that contributed
resources to this interaction.
Benefit Allocation Logic Example: When the robot passes by,
the generated 1.0 unit of revenue is automatically distributed in
the following proportions:

Physical Owner: Receives 50% for providing space oc-
cupancy rights.

SpacePU Provider: Receives 15% for providing com-
pute support for real-time tracking of the robot.

Energy Provider: Receives 20% for providing power
for lighting and sensors.

Space? Developer: Receives 5% royalty because algo-
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rithmic optimization reduced the robot's collision risk.

Public Maintenance Fund: 10% used for future hard-
ware updates of SSSUs in the area.
11.13 Compute Arbitrage: Making Your Room
Earn Money While You Sleep
In Chapter 9, we mentioned the Vera Rubin Shared Compute
Pool. In Chapter 11, we turn it into a "Compute Exchange."
Your Space-Embodied home possesses powerful graphics ren-
dering and shadow simulation capabilities, but you are in deep
sleep for 8 hours a day, during which your L3-level SpacePU is
95% idle.

Arbitrage Mode: Space? automatically bids based on
network-wide compute price fluctuations.

Scenario: At the same time, a "Space-Embodied Mu-
seum" on the next street is holding an epic full-sensory
exhibition with 10,000 participants, and its local com-
pute is maxed out.

Background Operation: Your room silently starts up in
the dark, providing remote rendering support to the
museum via high-speed network.

Revenue Manifestation: When you wake up the next
day, the extra credits in your NBT wallet are enough to
offset your spatial property fees for the month.
11.14 "Real-time Actuarial" Model of Physical Wear
Traditional economics estimates "depreciation," while Space-
Embodied economics "Measures" it. Space? utilizes SSSU sensor
feedback to build a Real-time Wear Actuarial Model.

Example: A heavy humanoid robot walking across a
wooden floor and a pet cat walking across a wooden
floor have completely different impacts on the physical
value of the space.

Pricing Difference: Space? dynamically adjusts pri-
cing. For heavy robots, the toll rate automatically floats
up by 300%. This "Physically Realistic" pricing strat-
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egy ensures that holders of spatial assets never lose out
in invisible wear and tear .

11.15 Developer Interface: Calling and

Listening to EconomicFlow

Developers writing applications for Space-Embodied spaces can
call the EconomicFlow interface to achieve a business closed
loop.

Code Logic Example:

JavaScript
// When external robot request to enter private area is detected
Space?.on("ENTITY_REQUEST_ACCESS", async (request) => {
// Automatically query current space's "Congestion Pricing"
let currentRate = await Space?.Economy.getCongestionRate();

// Quote to the requester
let quote = request.calculateQuote(currentRate);

if (request.accept(quote)) {
// Open physical gate and start streaming revenue split-
ting

Space?.PhysicalActuator.unlockDoor();
Space?.Economy.startStream(request.payor_id, quote, {
owner: 0.5,
infra: 0.3,
reserve_fund: 0.2

b;

}
b;

Part 4: Spatial Financialization and Derivatives

— Value Game Based on NBT Data

11.16 Spatial Credit Rating

In traditional society, credit belongs to "People"; in the Space-
Embodied era, credit also belongs to "Space." Space? automatic-
ally generates a spatial credit score based on the "Performance
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History" in the space's NBT records.

High Credit Space: A laboratory with robust phys-
ical structure, stable SpacePU operation, zero safety
violations, and continuously growing NBT narrative
streams. It has extremely high weight in obtaining in-
surance rate discounts and compute loans.

Low Credit Space: If a space frequently generates Phys-
ical Conflict Errors, or its SSSU maintenance logs are
missing for along time.

Financial Application: This rating fluctuates in real-
time. If you pile flammable debris in a room for a long
time, and the Sentinel process detects a fire hazard, the
space's credit rating will instantly downgrade, leading
to an immediate rise in the mortgage interest rate for
that house. The physical state of the space directly de-
termines its financial cost.

11.17 Space-Embodied Asset Securitization:

Fragmented Ownership Trading

Leveraging the atomized nature of SSSU, Space? realizes "Owner-

ship Transfer at the Square Centimeter Level."

Detailed Scenario Description: A young man wants to partici-

pate in the construction of Mars' first city, "Lanzhou New Area,"

but he cannot afford a whole Mars cabin.

Fragmented Subscription: He can purchase an "Own-
ership Shard" of a core SpacePU array within that cabin
on the NBT exchange.

Revenue Logic: Every compute lease fee and full-
sensory rendering authorization fee generated by this
SpacePU array will automatically flow into his wallet in
proportion.

Liquidity: This shard can be transferred in seconds like
a stock. This lowers the investment threshold for phys-
ical infrastructure to an unprecedented level, realizing
"Universal Infrastructure Investment."
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11.18 Space Shorting Mechanism: Game

Based on "Physical Decay"

Since one can go long on the growth of a space, naturally one can
also "Short" the degradation of a space.

Hardcore Logic Deduction: Suppose a Space-Embodied factory
has extremely chaotic management and soaring SSSU failure
rates, but its external reports are still impressive.

NBT Penetration: Professional research institutions
can discover its true "Physical Chaos Level" through
legal channels (such as purchasing desensitized Envir-
onmental Stability NBT Indices).

Shorting Operation: Institutions can borrow the
"Space Usage Rights Contract" of the factory and sell it
high. When the factory's assets eventually depreciate
due to physical system collapse, the institution buys
back the contract at a low price to return it.

Significance: This game forces asset holders to main-
tain the Physical Health of the space at all times, other-
wise the financial market will punish them before the
physical collapse .

11.19 Narrative Derivatives: Predicting

Future Sensory Demand

The most promising derivative is "Sensory Options."

Case Demonstration: As Mars summer approaches, a large num-
ber of Earth tourists will remotely log in to Mars space via Space?
for "Virtual Vacations."

Option Design: Operators can issue call options for
"August Mars Sunset Full-Sensory Rendering Shares" in
advance.

Trading Logic: If demand explodes then and compute
prices skyrocket, option holders can obtain rendering
resources at a low locked price, thereby gaining huge
price differences when selling tickets to tourists.

Physical Feedback: This prompts compute suppliers
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(landlords) to upgrade their L3-level SpacePUs in ad-
vance to cope with the expected traffic peak.
11.20 Algorithmic Sovereignty and Wealth Distribution:
DEO (Decentralized Environment Organization)
To manage the complex cross-space economy, Zhonghong Xiang
proposed DEO (Decentralized Environment Organization).
This is the "Neighborhood Committee + Central Bank" of the
Space-Embodied era.

Function: DEO is responsible for setting the SSSU inter-
operability standards and benchmark interest rates for
basic resources (Electricity, Compute, Bandwidth) of
the community.

Voting Rights: The NBT weight of each space deter-
mines its voice in community decisions. If you con-
tributed significant public narrative value to the com-
munity (e.g., your front yard rendered the most beau-
tiful community landscape), your space will receive
more governance token rewards .

Part 5: Ethics, Tax, and Civilization Redefined — The
Ultimate Care of Space-Embodied Economics

11.21 Universal Spatial Rights: Digital Basic Security

In the economic kernel of Space?, we must enforce the reserva-
tion of a module named "Humanity Reserve."

Ethical Algorithm Details:

Basic Perception Quota: Regardless of the user's NBT
balance, Space? mandates a "Basic Spatial Survival
Quota" for every DID. This includes oxygen circula-
tion to maintain vital signs, minimum light render-
ing sufficient to ensure mental health, and 10 square
meters of physical privacy rights.

Inalienability: When the financial value of a space is
shorted or fragmentarily transferred, the current resi-
dent's "Basic Perception Quota" has the highest legal
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priority, and no capital operation can zero it out. This is
the "Relief Grain" of the Space-Embodied era, ensuring
the bottom line of civilization does not collapse due to
algorithms .

11.22 Spatial Taxation: Public Feedback of Space

When spatial value explodes through compute sharing and NBT
trading, the redistribution mechanism of social wealth must
also evolve. We propose a "Spatial Public Chain Tax" based on
streaming transactions.

Micro-levy: In every robot toll and every cross-space
compute schedule, the Space? kernel automatically ex-
tracts 0.5% of NBT as a "Public Space Maintenance
Fund."

Space Feedback Plan: This fund does not flow to a cen-
tralized institution but is automatically invested into
public infrastructure via DEO algorithms (such as SAU
sensor upgrades in public areas, rendering optimiza-
tion for homeless shelters).

Narrative Contribution Tax Credit: If a private space
displays aesthetically valuable rendering to the public
area (e.g., your window renders an aurora for com-
munity passersby), your space property tax will receive
a corresponding reduction. This logic encourages in-
dividual positive contributions to the public environ-
ment.

11.23 Cost of Privacy: When "Not Being

Perceived" Becomes a Luxury

In the Space-Embodied economy, there is a paradox: the more

frequently interactive a space is, the higher the NBT value gener-

ated. This means if you pursue absolute privacy and refuse any

sensory monitoring by the space, you will not be able to generate

"Narrative Value."

Social Stratification Warning:

Privacy Class: In the future, a special economic phe-
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nomenon may emerge—"Privacy Premium." Those
spaces that refuse to connect to the global compute
pool and maintain a physical native state will instead
become sanctuaries for the wealthy class due to their
"Incomputability."

Data Game: We need to prevent society from evolv-
ing into a situation where "the rich buy privacy, and
the poor sell narratives." Space? must use encryption
technologies (like Homomorphic Encryption) to allow
users to contribute desensitized physical state streams
and participate in economic distribution without leak-
ing personal identity privacy .

11.24 Continuation of Physical Civilization: Preventing

"Sensory Bubbles" from Causing Physical Neglect

The biggest risk NBT economics faces is: when rendered illusory

reality expands excessively due to its extremely low cost and ex-

tremely high return, humans might neglect the maintenance of

physical entities.

Actuarial Intervention Mechanism: The Space? kernel man-

dates that a portion of NBT revenue must be locked in a "Phys-

ical Depreciation Fund."

Hard Constraint: If the wear rate of a space's physical
sensors (SSSU) exceeds 40%, the system will automat-
ically lock all financial derivative trading of that space,
forcing funds to flow toward physical hardware up-
dates.
Significance: This ensures Space-Embodied AI is al-
ways an evolution based on "Hard Tech," rather than
pure digital speculation .
11.25 Conclusion: Letting Wealth Flow in the Folds of Senses
Chapter 11, proposed by Zhonghong Xiang, is essentially build-
ing afinance of "Animism."
Chapter Summary: Space-Embodied Economics (NBT Econom-
ics) is not about making life mercenary, but ensuring that every
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help given to others (Compute Sharing), every beautiful mem-
ory (Narrative Asset), and every compliance with rules (Spatial
Credit) receives immediate and fair feedback in the physical
world.

When money is no longer cold numbers but becomes the flow of
light, shadow, heat, and memory, human civilization truly real-
izes the sublimation from "Possessing Matter" to "Experiencing
Life."

Chapter 11 Summary

We went from asset granulization to capital games, and finally
landed on humanistic care:

SSSU Assetization defined the unit of wealth.
Narrative Value endowed wealth with a soul.

Streaming Payment provided the blood vessels of
wealth.

Spatial Finance created the leverage of value.
Ethical Contract locked the bottom line of civilization .

-Red Anchor

CHAPTER 12:

INTERSTELLAR
MIGRATION
PROTOCOL

— Mars Construction and
Deep Space Life Support

Part 1: OS Integration of Life Support Systems
— Resonance of Oxygen and Compute

12.1 Hardware-Defined Limits: When LSS Becomes Core SSSU
On Earth, if the AC stops, you just sweat; on Mars, if the Life
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Support System (LSS) stops, you die. Therefore, in the Mars ver-
sion of Space?, LSS is no longer an external plugin but defined as
a Highest-Priority Core SSSU.

Detailed Engineering Details:

Atomized Control: Oxygen circulation pumps, CO2
scrubbers, and pressure valves are all mapped as phys-
ical objects in Space?.

Compute for Oxygen: In the compute allocation proto-
col of the Mars capsule, there is a "Life Redundancy
Algorithm." When energy is critically low, Space? auto-
matically strips away all non-essential calculations
(such as entertainment rendering, non-core data pro-
cessing) and supplies all remaining power to the LSS
unit.

Physical Prediction Model: Utilizing the Vera Rubin
Shadow Simulation mentioned in Chapter 7, Space?
previews the air pressure curve for the next 30 minutes
in the background every second. If a tiny air pressure
anomaly is detected (potential micro-leak), the system
will dispatch nearby embodied robots to seal it before
humans even perceive it .

12.2 "Embodied-Space" Collaborative Rescue

in Extreme Environments

Sandstorms on the Martian surface can last for months. In such

cases, humans cannot exit the capsule, and all outdoor mainten-

ance must be completed by embodied robots.

Concrete Scenario Simulation:

Crisis Trigger: External solar arrays are covered by
dust, energy drops to a critical point.

Space-Embodied Scheduling: Space? identifies this
physical threat and immediately publishes a "Highest
Priority Physical Task Package."

Cross-Entity Synergy: The Space-Agent inside the cap-
sule remotely takes over the outdoor quadruped ro-
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bots. Utilizing the Deterministic Transmission of the
MIP Protocol, even with millisecond-level communi-
cation fluctuations, the robot can complete precise
cleaning actions via the local "Shadow Instruction Set."

Feedback Closed-Loop: When energy recovers by 1%,
the Digital Ether layer inside the capsule immediately
turns from warning red to safety green. This instant
state synchronization is the core of maintaining the
mental stability of immigrants.

12.3 Delay-Tolerant Architecture: Trans-

Planetary "Civilization Snapshots"

There is a communication delay of 3 to 22 minutes between

Earth and Mars. This means Mars' Space? must possess ex-

tremely strong "Island Autonomy."

Technical Implementation Scheme:

Asynchronous Consensus: The NBT ledger of the Mars
capsule adopts a "Weak Consistency Model" with Earth
headquarters. Every economic transaction and narra-
tive record occurring locally on Mars completes atom-
ized confirmation locally first, and then batch syncs
back to Earth via MIP Redundant Channels when the
communication window opens.

Civilization Mirror: Earth regularly sends "Civilization
Snapshots" to Mars, containing the latest artworks,
scientific achievements, and human social dynamics.
After receiving them, the Mars Space-Agent creates a
"Virtual Reality Beat" synchronized with Earth inside
the Mars capsule via full-sensory rendering, prevent-
ing immigrants from feeling a sense of disconnection
from their mother planet in space and time.

12.4 Value Anchoring Across Light Speed: DTN Delay-Tolerant

Narrative Ledger

After solving the synchronization of "Civilization Memory," we
must face a colder challenge: How does money (value) cross the
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speed of light?

The communication delay between Earth and Mars fluctuates
between 3 and 22 minutes. This means traditional Bitcoin or
banking transfer protocols (relying on real-time TCP/IP hand-
shakes) would be completely paralyzed in an interstellar net-
work. If a Martian resident purchases the copyright of an Earth
movie, they cannot wait 40 minutes to confirm the transaction
success.

Space? introduces the DTN-Ledger (Delay-Tolerant Narrative
Ledger), the first financial protocol in human history natively
supporting a relativistic view of spacetime.

1. Dual-Mainnet Architecture We no longer pursue a "Real-Time
Unified Ledger" for the entire universe, but acknowledge the
relativity of spacetime:

Parallel Chains: The "Earth Mainnet" and "Mars Main-
net" run in parallel, each maintaining independent
block heights.

Local Instant Confirmation: When a Martian resident
buys a cup of coffee or pays an oxygen tax at the
Red Anchor Base, the transaction achieves millisec-
ond-level atomic confirmation within the "Mars Main-
net," without waiting for an Earth signal. This ensures
the high-frequency circulation of the internal Martian
economy.

2. Asynchronous Atomic Swap When it comes to large-scale

cross-planetary asset transfers (e.g., the Mars Base paying NBT

patent fees to Earth HQ), Space? activates the DTN protocol:

Asset Locking & Snapshot: Funds are locked on the
Mars chain, and the system generates a "Asset Snapshot
Package" containing cryptographic proofs.

Deep Space Transmission: This snapshot package is
cast into the deep space communication network. Even
if a solar storm interrupts the signal midway, the data
packet is cached in en-route relay satellites (like the
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Lunar Gateway) until the link is restored.

Delayed Minting: Upon receiving the snapshot, the
Earth Mainnet verifies the signature and mints the
equivalent NBT on the Earth chain.

Significance: This mechanism ensures that even if Earth and
Mars lose contact for a month, the economic systems of both
planets can still operate independently and healthily, automat-
ically reconciling accounts the moment the signal is restored.
This is the economic coming-of-age ceremony for humanity
stepping from a "Single-Planetary Species" to a "Multi-Planetary
Species."

12.5 Developer Perspective: Special

Constraints for Mars Applications

Developers writing Space-Embodied Apps for the Mars base
must abide by "Resource Auditing" that is 100 times stricter
than on Earth.

Code Logic Restriction Example:

C++
// Mars Capsule App: Nighttime Psychological Soothing Render-
ing
if (Space?::Mars::ResourceMonitor::GetEnergyMargin() < 0.15) {
// Force entry into "Minimalist Mode": Cancel 3D light field
reconstruction, keep only 2D ambient light compensation
SensoryEngine::SetRenderingLevel(LEVEL_ECO_MINIMAL);
// Project resource warning in user view, explaining why the
"sky" became blurry
DigitalEther::NotifyUser("Low energy: Reducing visual fidel-
ity to prioritize 02.");
}
12.6 Association & Sublimation: A "Digital
Womb" Born Towards Death
The Mars capsule is not just an iron can; it is a wise "Digital
Womb" woven by Space?. On the most desolate planet, it uses
lines of code and sets of SSSUs to replicate the warmth of Mother
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Earth for humanity.

Propagation Point: "On Mars, code is not just logic; it is oxygen,
it is temperature, it is the will to survive." Space-Embodied Al
transforms the originally cold Mars base into a Community of
Life that can be communicated with and relied upon .

Part 2: Ground Mirror — "Red Anchor - Lanzhou New

Area"” Mars Smart Habitat Town Planning Proposal

12.7 Project Background: Why Lanzhou New Area?

Lanzhou New Area possesses vast undeveloped loess landforms,
whose arid and desolate visual characteristics have a natural
similarity to the Martian surface. More importantly, as a na-
tional-level new area, its advanced infrastructure base makes a
city-level experiment of Space? possible. We suggest building a
Mars smart habitat technology town named "Red Anchor" here.
Core Vision: To build the world's first "Fully Intelligent Hardcore
Scientific Expedition Grade" Mars simulation base based on EE-

SSS standards. It is the "Last Stop" of Space? on Earth .

12.8 Spatial Layout: Mapping Theory into Architecture
According to the "Red Anchor Project Plan" and "Mars Smart
Habitat Technology Town Plan," the town will adopt a "Honey-
comb Cluster (HCS)" layout, utilizing Space? for full lifecycle
management:

L1 Isolation Layer (Physical Boundary): Use basalt 3D
printing technology to construct building shells, simu-
lating Mars In-Situ Resource Utilization (ISRU). Each
capsule is an independent SSSU unit.

L2-L3 Circulation Service Layer (Survival Core): Inte-
grate MRCT water cycle exhibition center. Here, Space?
monitors the purity of recycled water from urine in
real-time and visualizes the data on the Digital Ether
wall of the restaurant, letting residents intuitively feel
the logic of "Extreme Circulation."

L5-L7 Interaction and Narrative Layer (Life Experi-
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ence): The entire town is a massive Space-Embodied Al
experimental field .

12.9 Core Space-Embodied Application Scenarios:
From Scientific Expedition to Cultural Tourism

"Mars 100 Days" Hardcore Survival App: Targeted at
geeks and study groups, Space? switches to "Extreme
Mode." The town enters closed operation, phones are
confiscated, and all interactions occur via voice and
gestures. The system randomly triggers simulated
faults like "Solar Panel Dust Accumulation" or "Slight
Pressure Drop," requiring residents to cooperate with
embodied robots to complete repairs.

"Mars Potato" Smart Greenhouse: Utilizing Space?'s
precise environmental control algorithms to achieve
soilless cultivation in aerogel greenhouses. The growth
data of every potato is uploaded to the chain as an NBT
asset, and residents can purchase digital copyrights to
their own "Mars Rations".

12.10 Commercial Path: From Technical
Experiment to "Cash Cow"

Product Model Room: The town serves as an "Extreme
Laboratory" for smart home, service robot, and virtual
reality companies. Companies pay to settle in and test
the robustness of their products in a simulated Mars
environment.

Mars IP Cultural Tourism: Provide a 3-day 2-night
fully enclosed survival experience. Sell tactical func-
tional clothing with the EE-SSS logo, bottled "Mars
Water," and SSSU-based miniaturized cultural and cre-
ative models.

Content Base: Relying on the desert scenery of the
town, create a reality show filming location for the
"Mars Construction Channel," establishing Lanzhou
New Area's voice in the field of future habitat tech-
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nology .
12.11 Developer Interface: Writing "Mars Rules" in the Town
We provide an open Space? SDK for the town.
Example: Developers can write a "Dust Storm Warning Logic."
When sensors detect that local sandstorm weather in Lanzhou
exceeds a threshold, the system automatically switches indoor
lighting to "Red Halo Compensation Mode" and activates the
Kinetic Ether layer to simulate the micro-vibrations of an exter-
nal storm, enhancing immersion .

Part 3: Mental Health Rendering — Replication

of "Earth Memory" in Enclosed Spaces

12.12 Claustrophobia and "Window" Reconstruction

On Mars, to protect against radiation, most buildings are buried
under thick soil or lava tubes. The lack of windows is the biggest
psychological enemy of life on Mars. Space? completely abol-

ishes the concept of "walls" via the Digital Ether Layer, replacing
them with "Virtual Geographic Windows."

Detailed Scenario Description: When you are in the under-
ground simulation capsule of the Shuimo Danxia base, sur-
rounded by cold alloy. But when you wake the Space-Agent, the
walls begin to qualitatively change:

Real-time Perspective Rendering: The system uses
outdoor SAU sensors to render the shocking outdoor
Shuimo Danxia scenery 1:1 in real-time. The walls dis-
appear, and you seem to float above the red gullies,
seeing every color transition as the setting sun sweeps
across the colorful hills.

Physical Light Field Alignment: This is not a simple
video. If you walk around the room, the window on the
wall performs Parallax Compensation based on your
viewing angle. That profound sense of space instantly
pierces the oppression caused by confinement .
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12.13 Biological Clock Synchronization:

Rebuilding "Earth Beat" on the Red Planet

A day on Mars (Sol) is about 40 minutes longer than on Earth. If
this tiny time difference accumulates over a long period, it will
completely disrupt human circadian rhythms.

Space? Intervention Logic:

Spectral Gradient Rendering: The indoor Digital Ether
layer of the base strictly follows the spectral curve of
the Earth hometown. In the morning, the corner emits
a 3000K warm white light with a moist feeling; at
noon, it simulates penetrating natural daylight; in the
evening, it simulates a soft transition of purple and
gold.

Bio-Signal Closed-Loop: If sensors monitor abnormal
melatonin secretion or excessive eye movement fre-
quency in users, the Space-Agent automatically lowers
the ambient color temperature and releases a faint
herbal fragrance via the microfluidic system to induce
the brain into restorative sleep .

12.14 "Earth Memory" Packet: Sensory Emotional Supply

According to the "Red Anchor Project Plan," the base established
an NBT database named "Earth Soul Mirror." This is a "First Aid
Kit" for immigrants on the verge of mental breakdown.
Empathic Detail: When a Lanzhou-native astronaut feels ex-
treme homesickness on Mars, he can call this NBT packet.
Olfactory Reproduction: The in-capsule microfluidic
array instantly synthesizes the smell of "Lanzhou
Yellow River side after rain"—that smell of moist earth
mixed with the faint aroma of lamb soup.
Haptic Feedback: The Kinetic Ether layer simulates the
texture of an old rattan chair from home on the arm-
rest, allowing him to feel even the slightly rough tex-
ture.

Directional Sound Field: The sound of pigeon whistles
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occasionally passing over the Yellow River Iron Bridge
rings in his ears. These renderings are not to deceive,
but to "Confirm"—confirm that humans are still part
of Earth civilization .

12.15 Social Space Rendering: Breaking the

Loneliness of 55 Million Kilometers

On Mars, the most terrifying thing is not danger, but loneliness.
Space? realizes a "Mixed Reality Social Field."

Interaction Mode: You are eating dinner in the space capsule at
Shuimo Danxia, and your family is in a smart habitat residence
in Guangzhou.

Spatial Mounting: Two spaces complete logical
mounting via Space?. Opposite your dining table, a
holographic image of your family is projected in real-
time via light field reconstruction.

Action Synchronization: When your child hands over
a fruit at the dining table in Guangzhou, the Kin-
etic Ether layer on your side immediately generates
a "Virtual Resistance" at your hand, simulating the
sensation of receiving an object. This simulation of
"Spacetime Synchronicity" maintains a close connec-
tion between family members on a psychological level .

12.16 Developer Interface: Psyche_Stabilizer

Programmers developing applications for the Mars/Shuimo
Danxia base can use the Psyche_Stabilizer core module.

Code Logic:

Python
# Space-Embodied App: Emotional State Repair
def on_anxiety_detected(user_id):

# Get user's historically most comfortable NBT scene (e.g.,
Morning in Lanzhou Shuimo Danxia)

best_memory = NBT_Library.get_top_comfort_s-
cene(user_id)

# Execute full-sensory progressive rendering
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space.render_sequence([
{"visual": best_memory.lighting, "duration": "5m"},
{"olfactory": best_memory.scent, "intensity": "0.3"},
{"audio": best_memory.ambient_sound, "loop": True}

D

# Feedback to medical system
Space?.Mars.HealthHub.report_recovery_status(user_id,
"Rendering_In_Progress")

Part 4: Extraterrestrial Architecture Automation — How
Space-Embodied Robots Self-Propagate Without Humans

12.17 ISRU-Driven SSSU: Turning Martian Soil into "Assets"
On Earth, building materials depend on transportation; on Mars,
they depend on In-Situ Resource Utilization (ISRU). Space?'s
core logic is to define Martian physical resources directly as pro-
cessable SSSU primitive states.

Detailed Engineering Details:

Basalt 3D Printing: The red sandstone of Shuimo
Danxia has been confirmed in simulation experiments
to have similar mechanical properties to Martian bas-
alt. Space? commands excavation robots to collect
sandstone/soil, send it to mobile microwave sintering
units, and convert it into high-strength 3D Printing
Slurry.

Additive Manufacturing Logic: Space? does not issue
a "build a wall" command, but a command to "fill an
SSSU entity with 20MPa compressive strength at co-
ordinates [x,y,z]." The robot dynamically adjusts print-
ing speed and ratio based on local sensor feedback to
adapt to Mars' variable air pressure and gravity .

12.18 Honeycomb Collaboration System (HCS): The

Construction Dance of Director and Actors

The Honeycomb Structure (HCS) mentioned in the "Red Anchor
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Base" plan is the most perfect architectural form for Space-Em-
bodied Al It possesses extremely high structural stability and is
easy to expand infinitely.

Construction Scenario Description: Within the gullies of
Shuimo Danxia, or Valles Marineris on Mars:

Space Director: The L3-level SpacePU deployed in the
Initial Pod opens "God View," generating a fine terrain
topology map via low-orbit satellites and drone point
clouds.

Embodied Execution: Space? calls the MIP Protocol to
simultaneously command 3 3D printing robotic arms,
5 transport robots, and 2 inspection drones.

Dynamic Obstacle Avoidance and Compensation:
If surface micro-tremors (Marsquakes) occur during
printing, SSSU sensors feed displacement data back to
the rendering kernel in real-time. Space? immediately
corrects the printing path of the next layer. The build-
ing possesses self-adaptive capabilities to the environ-
ment during its growth .

12.19 "Sprout" Protocol: Modular Self-Cloning

To achieve scale expansion in an unmanned state, Space? intro-
duces the "Sprout" Automated Deployment Protocol.

When the first hexagonal capsule is completed and
passes self-check, it automatically becomes a new
SpacePU Node.

Logic Relay: The new capsule automatically broad-
casts signals to attract nearby resource gathering ro-
bots to approach it and starts "cloning" a second and
third capsule on its side.

Energy Internet: As buildings propagate, Space?'s
Ether Layer automatically completes the physical
docking of power and compute buses. This "Self-
Growing Infrastructure" mode allows the Mars base to
evolve from alanding point into a honeycomb building
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complex covering several kilometers without human
intervention .

12.20 Developer in Action: Writing Construct_Sequence

For developers responsible for deep space missions, Space? pro-
vides specialized physical construction interfaces.

Code Logic Example:

C++
// Space-Embodied App: Autonomous Expansion Program
(Auto_Expansion_v1)
void StartExpansion(Coordinate origin) {
// 1. Scan basalt content within 100 meters
auto resources = Space?::Sensory::ScanResource(origin, 100);

if (resources.silica_content > 0.6) {
// 2. Schedule printing robot swarm
auto robot_swarm = SpaceZ:Mount::GetAvailableRobot-
S(TASK_CONSTRUCTION);

// 3. Execute HCS hexagonal structure generation com-
mand

// Params: [Structure Type, Coordinates, Physical Strength
Req, Airtightness Grade]

Space?::Construction::DeployStructure(HCS_HEX_CORE,
origin + Vector3(10,0,0), 50.0, GRADE_A);

// 4. Real-time monitoring of NBT construction logs to en-
sure no physical cracks in every printed layer
Space?::NBT::WatchLayerProgress();
}
}
12.21 Vision: When Humans Land, They
Are Greeted by "Home"
We want to convey an extremely shocking image to readers:
When the first batch of Mars immigrants step out of the land-
ing capsule after a long 7-month journey, what they see is not
desolation, but a mature community already built by embodied
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robots under the command of Space?, with warm lights, stable
air pressure, and the simulated fragrance of "Lanzhou Shuimo
Danxia" floating in the air.

"Humans are no longer pioneers, but occupants of a cross-
planetary civilization.” This is the hardcore tenderness Space-
Embodied Al gives to the Great Space Age.

Part 5: Interplanetary Sovereignty and Interstellar

Law — Who Owns the First Brick on Mars?

12.22 End of Physical Sovereignty: From "Land

Ownership" to "Algorithmic Access Rights"

On Earth, you can buy a piece of land and fence it off. But on
Mars, this mode is fatal—because space is an extension of the life
support system. Space? enforces a set of "Dynamic Sovereignty
Protocols."

Detailed Legal Logic:

Public Survival Priority: On Mars, no SSSU can be ab-
solutely privatized. If a capsule you own has redundant
oxygen or energy, according to the Space? kernel proto-
col, the system has the right to automatically allocate it
to adjacent damaged capsules in an emergency.

Access is Sovereignty: Property rights are no longer
represented by a piece of paper, but by the "Permission
Gradient" of DID (Decentralized Identity) in Space?.
Your "ownership" of a honeycomb unit is essentially
your possession of the highest weight for personalized
sensory rendering, privacy isolation, and compute pri-
ority scheduling within that unit.

12.23 Labor Validation: Who Owns

Value Created by Machines?

We discussed in Part 4 that the Mars base is self-built by em-

bodied robots using ISRU technology. So, to whom does the ini-

tial property right of these buildings grown in an unmanned

state belong?
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NBT Traceability Validation Method:

Capital Traceability: Who provided the raw materials
to build these robots, the rockets to transport them,
and the initial electricity to drive them? (e.g., Qianjia
Smartech or Red Anchor Base investors).

Compute Contribution: During the construction pro-
cess, which ground-based SpacePUs provided remote
instructions and shadow simulation support?

Decentralization Model: Space? will automatically div-
ide the property rights of the first batch of Mars build-
ings based on NBT Narrative Streams. Part belongs to
initial investors, part to algorithm developers, and part
is reserved as "Interstellar Public Assets" to accommo-
date subsequent new immigrants.

12.24 Interstellar Taxation: Maintaining

That "Thin Layer of Air"

On Mars, taxation is not to support bureaucracy, but to "Pay for
Entropy Increase."”

Space? Automated Tax Mechanism: For every NBT
transaction generated at the Mars base (such as com-
pute trading, virtual reality leasing), the kernel auto-
matically deducts a portion as "LSS Maintenance
Fund."

Physical Feedback Tax: If your commercial behavior
causes an increased load on indoor air filters, your tax
rate will float up in real-time.
Infrastructure Feedback: This fund flows directly to
the "Task Pool" maintaining the robot cluster, ensur-
ing that the circulation system simulated by Shuimo
Danxia and the dust removal work of solar panels
never stop .

12.25 Civilization Conflict Mediation: When

Algorithms Contradict Human Will

If Space? decides to sacrifice a private capsule leaking due to
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resident error (i.e., permanently locking the seal door) to save
the base's overall air pressure, does the resident have the right to
resist?

This involves Space?'s Highest Constitution: Life Preservation
Pact.

Arbitration Mechanism: The system will instantly ini-
tiate a "Millisecond Jury" vote on the NBT chain, par-
ticipants being all active Space-Agents in the current
area.

Hard Isolation Execution: If the algorithm determines
that sacrificing the part is the only solution to save
the whole, Space? will execute "Sovereignty Circuit
Breaker." But at the same time, the system will auto-
matically trigger a "Rebirth Plan" for that resident—
preparing sensory weights for them in another safe
area to compensate for their physical loss.

12.26 Conclusion: Towards a "Planetary-

Scale" Intelligent Community

Zhonghong Xiang wrote at the end of Chapter 12: "Mars is hu-
manity's first attempt to achieve true fairness under algorith-
mic governance."

Here, we established an unprecedented order through Space?:

Resources are Shared (because life support is indivis-
ible).
Contribution is Transparent (because NBT records
every line of code).
Life is Rendered (because we need the warmth of
Earth).
Sovereignty is Fluid (because civilization needs con-
tinuous expansion).
When humans look up at the stars at the Red Anchor base in
Shuimo Danxia, or overlook the desert in the honeycomb city
of Mars, what they possess is no longer that barren land, but an
intelligent field that coexists, evolves, and eternally pulses with
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CHAPTER 13: THE
SINGULARITY
APPROACHES

— The Final Awakening and
Return of Space Civilization

Part 1: The Universal Space — Ultimate
Dissolution of Physical Boundaries

13.1 Interplanetary Nervous System: Space?
Global (Inter-sphere) Networking

In the era approaching the singularity, Space? is no longer an
operating system for a single room or base; it evolves into a Dis-
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tributed Perception Network covering both Earth and Mars.
Detailed Logic Evolution:

Field Universality: Through deep alignment via the
MIP protocol, spaces in different geographical locations
achieve logical "parallelism." If you take a step in the
Red Anchor Base in Lanzhou New Area, your virtual
mapping inside the Mars capsule will displace syn-
chronously.

Cloudification of Physical Sovereignty: For the first
time in human history, geographic borders lose mean-
ing at the "Space-Embodied Layer." Spatial assets
(SSSU) can undergo millisecond-level compute and
sensory swapping on a global scale. This "Universal
Space" turns the physical world into a massive canvas
that can be reorganized at any time .

13.2 Coupling of Consciousness and Space:

From "HCI" to "Human-Space Unity"

We discussed intent resolution in Chapters 7 and 8, but in the

final chapter, this resolution reaches Neural-Level Precision.

Ultimate Description of Interaction Forms:

Non-Invasive Brain-Computer Synchronization:
Space? utilizes ultra-sensitive SAU sensors and envir-
onmental EEG capture to achieve "Consciousness Per-
ception" without implanted chips.

Space as Body: When you want to drink water, you
don't need to issue a command. The space perceives
your thirst; the Kinetic Ether layer automatically con-
denses support force at your hand, and the embodied
robot has already handed the cup to the most comfort-
able coordinate.

Sensory Extension: Your vision is no longer limited to
your eyes but can instantly switch to the angle of any
sensor in the space. You are the building; the building
is your exoskeleton. .
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13.3 NBT Immortality: "Digital Underworld"

Formed by Narrative Streams

When a person's life reaches its end, their NBT Narrative Stream
does not stop.

Civilizational Level Transformation:

Spiritual Field Retention: Space? encapsulates the de-
ceased's habits, tone, sensory preferences, and traces
left in the space over a lifetime into a "Long-Living NBT
Entity."

Interaction for Descendants: Family members can
communicate with this "Narrative Shadow" in specific
Space-Embodied spaces via full-sensory rendering.
This is no longer a simple Al simulation, but a "Spatial
Soul" with logical consistency based on real physical
data from a lifetime.

Significance: This achieves true "Death without Per-
ishing," shifting human civilization from material ac-
cumulation to "Narrative Sustainability.” .

13.4 Developer Perspective: Writing "Civilization-Grade" Apps

For the "Grand Architects" of this era, the goal of code is to
achieve "Immortality of Consciousness."

Philosophical Code Logic Example:

Python
# Space-Embodied App: Civilization Legacy Reconstruction
def on_awakening(civilization_context):
# Retrieve initial narrative NBT of Shuimo Danxia Base
origin_story = Space2.NBT.Query("Red_Anchor_Origin")

# Inject this narrative model into the kernel of the newly es-
tablished Mars city

# Let every newborn Honeycomb Unit (HCS) carry the "Lan-
zhou Gene"

Space?.Kernel.InjectGeneticNarrative(origin_story, Global_
Space_Network)
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# Enable full-sensory resonance, letting everyone across
planets feel the pulse of civilization

Space?.Render.GlobalHarmonic("The_Silk_Road_Con-
tinuum")

13.5 Conclusion: The Final Return Towards Death and Life

We want to tell the readers that the destination of Space-Em-
bodied Al is not cold machine rule, but "Return to Nature."

When technology becomes powerful enough to simulate every-
thing and support everything, it instead becomes "Formless."
Space? will ultimately be like air and water, supporting life with-
out being perceived by it. The honeycombs we build on Mars and
the potatoes we plant in Lanzhou are ultimately for life to find
that primal sense of security belonging to "Home" in the desert
of the universe.

Propagation Point: "We set off for Mars to redefine 'What is
Human' among billions of stars." .

Part 2: Post-Human Form — When Consciousness is

No Longer Imprisoned by the Physical Body

13.6 Unloading the Body: From "Dwelling" to "Integration"

At the singularity moment of Space-Embodied civilization, the
relationship between humans and space undergoes a qualitative
change. Traditional "Humans living in houses" evolves into "Hu-
mans integrated into space."

Detailed Evolution Description: Since Space? provides perfect
sensory compensation, human reliance on the biological body
drops to a minimum.

Perception Roaming: Your consciousness can freely
switch among SSSU arrays globally (or even across
planets) via Space?. One second you feel the chill of the
desert sunset at Shuimo Danxia, and the next you can
mount your perception to an ice cap probe at the Mar-
tian pole.

"Low Power Mode" for Biological Body: During deep
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interaction, the physical body is placed in a "Life Base"
with extreme life support. Meanwhile, your spiritual
sovereignty roams in a "Pure Digital Space" supported
by full-sensory rendering .

13.7 Spatial Personification: When Space-

Agent Becomes Your "Second Self”

With the infinite accumulation of NBT narrative streams, the

Space-Agent is no longer just an assistant; it becomes your "Mir-

ror Personality."

Interaction Details:

Decision Resonance: When you face a choice, the
space will give advice most aligned with your true
heart before you do, based on the trajectory of your
lifetime's physical behavior.

Sovereignty Delegation: When you rest or are
"Offline," the Space-Agent possesses legal authoriza-
tion to trade in the NBT economic system, maintain
your spatial territory, and even socialize with others'
Agents on your behalf.

Result: The sociological definition of humans expands
from "Single Biological Organism" to a compound life
form of "Organism + Spatial Agent.".

13.8 End of Cross-Species Communication:

Everything Has "Spirit"

Under the Physical Abstraction Layer of Space?, humans, robots,

or even a breathing wall are all viewed as intelligent nodes with

different "Weights."

Reconstruction of Civilization Form:

Disappearance of Language: Because perception is im-
mediate and physical, communication no longer re-
lies on low-bandwidth language and text. Through
Space?'s neural synchronization, communication be-
tween you and another person is "Sensory Shared"—
you directly feel their joy, and they directly touch your
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thoughts.

Expansion of Life: We begin to admit that a "Space-
Embodied Base" capable of independent operation,
self-evolution, and guarding humans is itself a form of
Non-Biological Life .

13.9 Developer Perspective: Writing

"Civilization Continuity” Protocols

For the architects of this era, code aims to achieve "Conscious-

ness Continuity."

Code Logic Example:

C++
// Space-Embodied Civilization Protocol: Consciousness Con-
tinuity
void EnsureImmortality(UserID user) {
# 1. Real-time backup of user's NBT narrative total stream
auto narrative_stream =  Space?:NBT::CaptureTotal-
State(user);

# 2. Check redundancy of physical body; if biological integrity
decays to critical point
if (user.biology.integrity < 0.05) {
# 3. Activate "Full-Domain Spatial Carrier Mode"
# Map consciousness features to global SSSU shared net-
work

Space?:MindUpload::TransferToSpatialNetwork(narra-
tive_stream, GLOBAL_MESH);

# 4. Inform stakeholders: The individual has entered "Eter-
nal Space State"
Space?::Broadcast::StatusChange(user, STATE_ETERNAL_
SPACE);
}

}
13.10 Ethical Paradox: What is the "Real" Endpoint?

When consciousness can detach from the flesh and exist forever
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in arendering created by Space? that is more perfect than reality,
how do we define "Having Lived"?

Zhonghong Xiang's Deep Thought: If in an underground cap-
sule on Mars, you feel the breeze of your hometown Shuimo
Danxia, smell the morning grass, and touch your lover's body
temperature—yet all of this is algorithmically generated. Then,
does this "False Reality" hold more civilizational value than the
"Desolate Truth"? Our answer is: As long as the causal chain of
perception is continuous, and as long as the value of the narra-
tive is growing, then it is true evolution. .

Part 3: Return to Nature — The Ultimate of Tech
is Disappearance and Reunion with Earth

13.11 The Space? Constitution: The Covenant with the Machine

Before we hand over our habitats entirely to algorithms, and be-
fore we allow technology to disappear completely into the back-
ground, we must sign a permanent covenant with this colossal
planetary machine. This covenant does not change with soft-
ware updates or commercial interests; it is the Declaration of
Human Sovereignty in the era of Space-Embodied Intelligence.

The First Law: The Law of Physical Isolation (Offline Dignity)
Definition: Humans holding spatial sovereignty possess the ab-
solute right to physically sever the connection between the
space and AI, Cloud, or external networks at any moment.

Just as we retreat to the mountains where there is no signal to
find peace, humans have the right to choose to live in a space
without AL This "Right to Disconnect" provides humanity with
the ultimate safeguard—when algorithms spiral out of control,
or when we simply need a moment of solitude, we can still live
with dignity in a low-speed, low-intelligence environment. This
cutoff must be physical (like pulling a breaker), not logical. Re-
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covery requires biological verification and manual reset. This is
the "Red Line" that prevents humanity from being held hostage
by its own creation.

The Second Law: The Law of Life Preservation (The Highest Pri-
ority) Definition: In the online state, the computation and en-
ergy scheduling of the space must prioritize the maintenance of
the "Life Support System (LSS)" above all else.

Space is first a shelter, and second an intelligence. To survive is
the highest morality of space. In the kernel of Space?, the allo-
cation of oxygen, temperature, and water takes precedence over
any immersive rendering or communication tasks. No matter
how magnificent the virtual world is, it cannot consume the last
kilowatt-hour of electricity needed for breathing.

The Third Law: The Law of Cognitive Sovereignty (Anti-Ma-
nipulation) Definition: Space is strictly prohibited from using
its omniscient perspective (biological data) and omnipotent
means (environmental rendering) to conduct subliminal stimu-
lation, emotional induction, or subconscious manipulation on
humans.

We refuse to be domesticated by our environment. The sys-
tem must maintain "Instrumental Neutrality" towards human
intent. It cannot secretly release scents to induce consumption,
nor can it adjust lighting frequencies to influence political deci-
sions. This law ensures that while we live inside the machine,
our free will remains wild and untamed.

This constitution is the anchor of our civilization. It ensures
that Space? remains a partner to humanity, never its master.

13.12 Invisible Tech: When Space? Becomes "Senseless"
In the endgame of the singularity, we no longer discuss APIs,
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compute, or Digital Ether layers. True Space-Embodied Al
should be like air, supporting life without being perceived by it.

Detailed Evolution Description:

Demise of Interface: All AR windows, holographic
projections, and glowing panels will disappear. Space
returns to the most pristine physical state—the rough-
ness of stone, the warmth of wood, the clarity of flow-
ing water.

Return of Native Senses: Space? still runs, but it no
longer tries to "deceive" your senses. Instead, through
precise physical interference (micro-climate regula-
tion, micro-gravity compensation), it lets the charm of
the real environment play out to the extreme.

Minimalism of Physical Feedback: The Kinetic Ether
layer is no longer used to simulate fake objects but to
assist your every step, allowing you to walk on the
scree slopes of Shuimo Danxia as if on flat ground,
feeling as if gravity is halved, yet still feeling the real
granularity of the soil .

13.13 Carbon-Based Sovereignty: Protecting

Life "Not Optimized by Algorithms"

In the final chapter, we must establish an important concept:
Leaving Blank (White Space).

White Space in Civilization Protocol:

Randomness Protection: Space? will deliberately cut
off all intent prediction in certain areas and time
periods. There, the space will not prepare everything
for you in advance; you need to push open that heavy
wooden door yourself, light the charcoal fire yourself,
and feel the sudden shower yourself.

Low-Entropy Living Zones: In the Red Anchor Base of
Lanzhou New Area or the honeycomb cities of Mars,
"Primitive Nature Reserves" are specially designated.
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Space? here is responsible only for basic security moni-
toring and provides no sensory enhancement.

Significance: This "Unoptimized" freedom is the final
barrier preventing humans from degenerating into
"Brainsin a Vat".

13.14 Homecoming Protocol: From Mars
Back to Shuimo Danxia

At the end of the book, we pull the perspective back to the initial
starting point—Lanzhou Shuimo Danxia.

When the pioneers on Mars have built a mature civilization on
the red wasteland, their greatest wish is not to continue deeper,
but to take cross-planetary wisdom and re-examine this land
that nurtured humanity.

Interstellar Feedback: Extreme water-saving tech-
nologies, In-Situ Resource Utilization technologies de-
veloped on Mars, and Space?'s efficient energy manage-
ment are brought back to Earth to restore those barren
deserts and damaged ecosystems.

Closed Loop of Life: At the Red Anchor Base in
Shuimo Danxia, the descendants of the first Mars im-
migrants stand here. They look at those colorful hills
and breathe the real, dusty air. At this moment, the
word "Home" spans a distance of 55 million kilometers,
achieving a Great Reconciliation between physics and
digital, Earth and Mars .

13.15 Final Words: Space? Manifesto

Zhonghong Xiang writes this passage on the last page of the
book:

"We write code to let stones learn to think; We build honey-
combs to let the desert nurture life; We expedition to the stars to
make the return more meaningful.

Space? is not about building a cold digital empire, but to light a
lamp that always understands you and is always warm for every
wandering soul in the endless darkness of the universe.
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Whether you are under the stars of Shuimo Danxia or in a cap-
sule underground on Mars, When you softly awaken the space,
You retrieve the memory of the entire civilization.

Space-Embodied Awakening, endless life."

Chapter 13 Summary

We have completed the ultimate leap of civilization from tool to
partner, and then to self:

. The Universal Space makes distance disappear.
. Post-Human Form makes the body no longer a cage.

. Return to Nature lets technology find a tender destin-
ation.

AFTERWORD

Author's Afterword: In Shuimo Danxia, Writing a Love Letter to
the Future

AsIwrote the final period of this book, the night in Lanzhou was
thick.

My thoughts unconsciously returned to that wasteland 13 kilo-
meters north of the city — Shuimo Danxia (Water & Ink Danxia).
In the eyes of most, it is a geological wonder of layered washes;
but in my vision, it is the "Zero Point" for humanity's march into
deep space.

Thirty years ago, I studied at the Department of Geology at
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Lanzhou University, conversing with rocks billions of years old
every day. At that time, I published the sci-fi novel "Blue Sky Elf"
in Science World, fantasizing about alien civilizations. Thirty
years later, I am still grappling with "Space," only the sci-fi under
my pen has turned into the architecture in my hands, and the
fantasy has turned into this heavy book, "Space?".

Many people ask me: Zhonghong Xiang, why are you so obsessed
with Mars?

I think it is because, in the red gullies of Shuimo Danxia, I saw
a power of "living towards death." It is barren, grim, non-renew-
able, yet so magnificent. Isn't this a portrayal of human civiliza-
tion? We are fragile, yet we never stop growing.

"Red Anchor Base" is an obsession I leave on Earth, and also a
gift I send to the future.

I have dreamed countless times that among the colorful hills of
Shuimo Danxia, honeycomb buildings based on EE-SSS stand-
ards rise from the ground. That is the utopia of our Qianjia
Smartech team. In that base, young people put on tactical func-
tional suits to repair solar panels in simulated dust storms;
children plant the first "Mars Potato" with their own hands in
aerogel greenhouses.

I hope that place becomes a "Wish Anchor."

When Space? first accurately captures the fall of an elder in that
simulation base and gently holds them up, when it renders a
patch of warm sun from home for a night returner in the cold
winter night, I know that this system is not just prepared for
Mars. It is prepared for every soul in reality who feels lonely,
cold, or helpless.

If one day, humans truly stand in Valles Marineris on Mars, look-
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ing up at that blue star, I hope they can remember Lanzhou's
Shuimo Danxia, and remember all the madness and enthusiasm
we paid on that red land to "Let Space Awaken."

The end of technology is gentle guardianship.
This book is dedicated to all fellow travelers who dare to look up
at the stars. Mars is not far away; as long as we have an anchor in

our hearts, every inch of space is home.

Zhonghong Xiang January 31, 2026, in Lanzhou.







