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Digital Twin Standardization Through Canonical Fields
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Digital twins are one of the most discussed concepts in industrial technology and one of the least standardized. Every platform defines a twin differently.
There is no structural standard for what a twin must contain, how its state evolves, how its history is preserved, or how it governs its own mutations. A
canonical agent schema provides the structural foundation: governance, memory, lineage, execution eligibility, identity, and policy as typed fields that
define what a digital twin structurally is.

The standardization gap in digital twins

A digital twin is supposed to be a virtual representation of a physical asset that mirrors its state, history, and behavior. In practice, digital twins are
implemented as dashboards, databases, simulation models, or 3D visualizations, each calling itself a twin without structural agreement on what that
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means. A twin on one platform cannot be migrated to another because no structural contract defines what a twin contains.

This absence of structure creates several concrete problems. Asset lifecycle management breaks when a twin created during design cannot carry its state
through manufacturing, operation, and decommissioning because each phase uses a different platform with a different twin definition. Multi-vendor
industrial environments cannot combine twins from different equipment manufacturers because each vendor's twin carries different fields with different
semantics.

The existing standards efforts focus on data models and communication protocols. They define what data a twin can contain and how twins can exchange
data. They do not define the structural requirements for a twin as an autonomous entity: what governance it must carry, how its state must be managed,
what lineage it must preserve, and what identity properties it must maintain.

Why data model standards are insufficient

Data model standards like the Digital Twin Definition Language (DTDL) define the properties, telemetry, and relationships that a twin can express. These
standards are valuable for data interoperability but do not address the agent properties that a twin needs to function as an autonomous entity. A DTDL
model can describe a motor's temperature and RPM. It cannot describe the motor twin's governance policy, its mutation history, or its execution eligibility
for autonomous operations.

Without these structural properties, a digital twin is a passive data container rather than an active entity. It receives updates from its physical counterpart
but cannot govern its own state, cannot maintain verifiable history, and cannot participate in autonomous operations. The twin is a representation. It is not
yet an agent.

How the canonical agent schema addresses this

The canonical agent schema defines the structural requirements for a digital twin as an autonomous entity. A twin built on the canonical schema carries six
typed fields: governance defines what the twin is allowed to do and what can be done to it. Memory carries the twin's current state and accumulated
knowledge. Lineage preserves the complete history of every state mutation. Execution eligibility determines whether the twin can take autonomous action.
Identity provides persistent, verifiable identification. Policy defines the operational constraints under which the twin operates.

A twin built on this schema is structurally portable because any platform that understands the canonical fields can receive, validate, and operate the twin.
The twin carries everything it needs to function. The platform provides the execution environment, but the twin defines its own structure.

Twin lifecycle management becomes structural. When a twin transitions from design to manufacturing, its lineage preserves the design history while its
state updates to reflect manufacturing conditions. The governance may change to reflect manufacturing policies. The canonical schema accommodates this
evolution through its typed fields rather than requiring platform-specific migration logic.

What implementation looks like

An industrial deployment builds digital twins on the canonical schema by mapping existing twin data into the six canonical fields. The motor twin carries
its operational data in memory, its manufacturer's governance policy in the governance field, its complete operational history in lineage, and its
autonomous operation permissions in the execution eligibility field.

For asset lifecycle management, a twin created during design carries its complete history through manufacturing, commissioning, operation, maintenance,
and decommissioning. Each phase adds to the lineage. The governance field updates to reflect each phase's operational constraints. No data is lost in
platform transitions because the canonical schema is the structural contract.

For multi-vendor environments, twins from different equipment manufacturers interoperate through the canonical schema. Each manufacturer implements
the six fields for their equipment twins. Cross-vendor twin interaction, a building management system coordinating HVAC twins from multiple
manufacturers, operates through the shared schema rather than through vendor-specific integration.

For industrial Al applications, the canonical schema makes twins available as governed entities that Al systems can query, reason about, and propose
mutations to. The twin's governance field ensures that Al-proposed changes are evaluated against the twin's policy before execution. The lineage field
ensures that every Al-driven change is recorded with full provenance.
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o LangChain Built the Agent Framework. It Did Not Define What an Agent Is.0 AutoGen Enabled Multi-Agent Conversations. The Agents Have No
Structural Definition.o CrewAl Organized Agents Into Teams. The Agents Still Have No Schema.o Semantic Kernel Integrated Al Into Enterprise Code.

Have No Agent Schema.
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