
 

An Initiative to Unify 

Global Aerospace Industry 

Standards and Regulatory 

Frameworks on SagaChain 

 

Research/Draft Prepared By: ChatGPT 

5.2, Grok 4.0  

 

Reviewed By: Michael Holdmann, David 

Beberman, Rich Phillips 

 

January 18, 2026 

 

 



 

Table of Contents 
Abstract ......................................................................................................................................... 5 

1. Executive Summary ............................................................................................................... 6 

1.1 Introduction ....................................................................................................................................7 

1.2 The Core Problem: Fragmentation of Standards, Data, and Evidence ......................9 
1.2.1 Standards Implemented as Static Artifacts ....................................................................................................9 
1.2.2 Siloed Systems and Non-Composable Evidence ..........................................................................................9 
1.2.3 Point-to-Point Integration and Schema Drift ............................................................................................. 10 
1.3 Operational and Business Consequences ........................................................................................................ 11 

1.4 Problem Statement ................................................................................................................... 11 

2. Industry Context and Systemic Challenges ................................................................. 12 

2.1 Aerospace as a Standards-Dense, Multi-Authority Industry ..................................... 12 

2.2 Fragmented Ownership Across Organizations and Lifecycles.................................. 13 

2.3 Failure Modes of Document- and Message-Centric Architectures .......................... 14 

2.4 Point-to-Point Integration and Semantic Drift ............................................................... 14 

2.5 Systems of Record vs. Shared State ..................................................................................... 15 

2.6 Why the Problem Is Structural, Not Procedural ............................................................. 16 

2.7 Transition to the Conceptual Framework ........................................................................ 16 

3. Conceptual Framework - Global Class Trees and Persistent Objects ................. 16 

3.1 From Documents and Schemas to Persistent Objects .................................................. 17 
3.1.1 What this looks like today ................................................................................................................................... 17 
3.1.2 What “persistent objects” change .................................................................................................................... 17 
3.1.3 The global class tree ............................................................................................................................................... 18 
Why this matters ................................................................................................................................................................. 18 

3.2 What “Canonical” Means in the SagaStandards Context.............................................. 19 

3.3 Persistent Objects and Lifecycle Semantics ..................................................................... 19 
1. Single-instance representation ............................................................................................................................... 19 
2. Stable logical identity ................................................................................................................................................... 19 
3. Immutable history with mutable state ................................................................................................................ 20 
4. Standards-aligned semantics ................................................................................................................................... 20 
5. Composable relationships ......................................................................................................................................... 20 

3.4 Class Trees and Multi-Inheritance ...................................................................................... 20 

3.5 Ledger Object Identifiers (LOIDs)........................................................................................ 21 

3.6 Composition vs. Mapping ........................................................................................................ 22 

3.7 Governance of Shared Class Trees....................................................................................... 23 

3.8 Why This Framework Is Necessary Now ........................................................................... 24 



3.9 Translating Aerospace Standards into Formal Class Representations ................. 25 
3.9.1 From Conceptual Framework to Executable Representations ......................................................... 25 
3.9.2 Methodology for Standards Representation .............................................................................................. 25 
3.9.3 Shared Base Classes as the Semantic Spine ................................................................................................ 26 
3.9.4 Standards Represented as First-Class Objects .......................................................................................... 26 
3.9.5 Executable Validation and Reviewability .................................................................................................... 27 
3.9.6 Positioning Within the White Paper............................................................................................................... 28 

4. SagaChain Architecture Overview ................................................................................. 29 

4.1 Architectural Objectives.......................................................................................................... 29 

4.2 Object-Centric State Model ..................................................................................................... 30 

4.3 SagaPython Execution Environment .................................................................................. 30 

4.4 Ledger Object Identifiers (LOIDs)........................................................................................ 30 

4.5 Private Enclaves and Public Permissionless Anchoring ............................................. 31 

4.6 Architectural Implications ..................................................................................................... 31 

4.7 Oversight, Audit, and Observer Nodes ............................................................................... 32 

4.8 Integration with Existing Enterprise Systems ................................................................ 32 

4.9 Architectural Implications for Aerospace Programs ................................................... 33 

4.10 Transition to Governance and Operations .................................................................... 33 

5. Governance, Versioning, and Custodianship under SagaStandards .................. 33 

5.1 Governance Objectives ............................................................................................................ 33 

5.2 Role of SagaStandards .................................................................................................... 34 

5.3 Aerospace (M2X) Working Group Custodianship .......................................................... 35 

5.4 Relationship to Existing Standards and Regulators ..................................................... 36 

5.5 Role of PraSaga Foundation ................................................................................................... 37 

5.6 Canonical Class Validation Process ..................................................................................... 37 

5.7 Versioning and Evolution Principles .................................................................................. 37 

5.8 Separation of Governance and Execution ......................................................................... 38 

5.9 Trust, Legitimacy, and Long-Term Stewardship ............................................................ 38 

6. End-to-End Aerospace Use Cases Using Canonical Classes .................................... 38 

6.1 Supplier Onboarding and Certification-Gated Ordering ............................................. 39 
Use Case Overview ............................................................................................................................................................. 39 
Workflow Description ...................................................................................................................................................... 39 

6.2 Counterfeit Detection and Recall Propagation ............................................................... 39 
Use Case Overview ............................................................................................................................................................. 39 
Workflow Description ...................................................................................................................................................... 39 

6.3 Maintenance Execution and Digital Thread Continuity .............................................. 40 
Use Case Overview ............................................................................................................................................................. 40 
Workflow Description ...................................................................................................................................................... 40 



6.4 Export Control Release Gates ................................................................................................ 41 
Use Case Overview ............................................................................................................................................................. 41 
Workflow Description ...................................................................................................................................................... 41 

6.5 Performance-Based Logistics and Outcome Settlement ............................................. 42 
Use Case Overview ............................................................................................................................................................. 42 
Workflow Description ...................................................................................................................................................... 42 

6.6 Continuous Audit and Regulator Read Access ................................................................ 42 
Use Case Overview ............................................................................................................................................................. 42 
Workflow Description ...................................................................................................................................................... 42 

6.7 Cross-Use-Case Properties ..................................................................................................... 43 

7. Business Impact Analysis ................................................................................................. 43 

7.1 Purpose and Scope .................................................................................................................... 43 

7.2 Cost Reduction Through Structural Simplification ....................................................... 44 
7.2.1 Audit Preparation and Execution .................................................................................................................... 44 
7.2.2 Integration Maintenance ..................................................................................................................................... 44 

7.3 Risk Reduction and Risk Containment .............................................................................. 45 
7.3.1 Counterfeit and Quality Risk .............................................................................................................................. 45 
7.3.2 Export Control and Regulatory Risk .............................................................................................................. 45 

7.4 Time-to-Value and Operational Velocity .......................................................................... 45 
7.4.1 Faster Supplier Onboarding ............................................................................................................................... 45 
7.4.2 Accelerated Decision-Making ............................................................................................................................ 46 

7.5 Quantified Program-Scale Impact (Non-Speculative) .................................................. 46 
7.5.1 Framing Assumptions ........................................................................................................................................... 46 
7.5.2 Audit and Oversight Workload Reduction .................................................................................................. 47 
7.5.3 Supplier Onboarding and Qualification Compression ........................................................................... 47 
7.5.4 Counterfeit Detection and Recall Containment ........................................................................................ 48 
7.5.5 Export Control and Regulatory Risk Containment .................................................................................. 48 
7.5.6 Maintenance and Digital Thread Reconstruction .................................................................................... 48 
7.5.7 Integration Maintenance Load .......................................................................................................................... 49 
7.5.8 Decision Latency Reduction ............................................................................................................................... 49 
7.5.9 Summary of Quantified Impacts....................................................................................................................... 49 
7.5.10 Implications ............................................................................................................................................................. 50 

7.6 Scalability Without Proportional Complexity ................................................................. 51 

7.7 Strategic Implications for Aerospace Programs ............................................................ 51 

7.8 Transition to Implementation Roadmap .......................................................................... 52 

8. Implementation Roadmap ............................................................................................... 53 

8.1 Definition of Canonical (Operational Context) ............................................................... 53 

8.2 Global Class Tree and Cross-Industry Reuse ................................................................... 53 

8.3 Enterprise Enclaves as Permissioned Shards ................................................................. 54 

8.4 Selective Disclosure and Public Obligations .................................................................... 55 

8.5 Phase-Based Adoption ............................................................................................................. 56 
Phase 0 - Governance Alignment ................................................................................................................................ 56 
Phase 1 - Identity and Reference ................................................................................................................................. 56 



Phase 2 - Domain Objects................................................................................................................................................ 56 
Phase 3 - Cross-Domain Integration .......................................................................................................................... 56 
Phase 4 - Oversight and Disclosure ............................................................................................................................ 56 

8.6 Scaling and Long-Term Operation ....................................................................................... 56 

8.7 Summary ....................................................................................................................................... 57 

9. Limitations and Open Questions .................................................................................... 57 

9.1 Scope Delimitation: What the System Explicitly Does Not Do ................................... 57 

9.2 Governance Dependency and Consensus Velocity ........................................................ 58 

9.3 International and Jurisdictional Harmonization ........................................................... 58 

9.4 Classified, Defense, and Sovereign Deployments .......................................................... 59 

9.5 Long-Term Archival and Technological Longevity ....................................................... 59 

9.6 Adoption and Organizational Change Management ..................................................... 59 

9.7 Open Research and Standards Questions ......................................................................... 60 

9.8 Summary of Limitations and Open Questions................................................................. 60 

10. Conclusion........................................................................................................................... 60 

10.1 Summary of the Approach ................................................................................................... 61 

10.2 What This Enables for Aerospace ..................................................................................... 61 

10.3 Institutional Legitimacy and Longevity .......................................................................... 61 

10.4 A Structural, Not Incremental, Advancement ............................................................... 62 

10.5 Call to Industry Collaboration ............................................................................................ 62 

10.6 Closing Statement.................................................................................................................... 63 

Appendix A: Canonical Aerospace Class Tree Diagram ............................................... 63 

A.1 Purpose ......................................................................................................................................... 63 

A.3 Relationship to Paper Sections ............................................................................................. 64 

Appendix B: Full SagaPython Class Definitions ............................................................. 64 

B.1 Purpose ......................................................................................................................................... 64 

B.2 Included Files (Authoritative) .............................................................................................. 65 

B.3 Execution Model Summary .................................................................................................... 65 

B.4 Relationship to Paper Sections ............................................................................................. 65 

Appendix C: End-to-End Test Scenarios ............................................................................ 65 

C.1 Purpose .......................................................................................................................................... 65 

C.2 Test Scenario Categories ......................................................................................................... 65 
C.2.1 Supplier Onboarding and Certification Gating .......................................................................................... 65 
C.2.2 Counterfeit Detection and Recall ..................................................................................................................... 66 
C.2.3 Maintenance Digital Thread ............................................................................................................................... 66 
C.2.4 Export Control Gating............................................................................................................................................ 66 
C.2.5 Oversight and Audit Replay ................................................................................................................................ 66 



C.3 Relationship to Paper Sections ............................................................................................. 66 

Appendix D: Standards Mapping Tables .......................................................................... 66 

D.1 Purpose ......................................................................................................................................... 66 

D.2 Example Mapping Tables........................................................................................................ 67 
D.2.1 Supply Chain Standards ....................................................................................................................................... 67 
D.2.2 Quality Standards ................................................................................................................................................... 67 
D.2.3 Airworthiness ........................................................................................................................................................... 67 
D.2.4 Technical Publications.......................................................................................................................................... 67 
D.2.5 Export Control .......................................................................................................................................................... 67 

D.3 Relationship to Governance .................................................................................................. 67 

Master Diagram Index - Complete and Authoritative ................................................. 68 
 

 

  



Abstract 

The aerospace industry operates across one of the most complex and regulated 

information environments in existence, spanning engineering, manufacturing, supply 

chain, maintenance, airworthiness, export control, and software assurance. Although the 

industry depends on a dense network of mature standards and regulatory frameworks 

such as ATA Spec 2000, S1000D, AS9100, and jurisdiction-specific airworthiness and 

export control regimes these standards are predominantly implemented as documents, 

schemas, and system-local records. As a result, aerospace data remains fragmented across 

organizational and system boundaries, requiring repeated reconciliation, manual evidence 

assembly, and duplicative verification throughout the lifecycle of long-lived programs. 

This white paper is part of an established body of work developed under SagaStandards, 

the industry-governed custodial organization in which standards development 

organizations, regulators, aerospace industry participants, and consumer advocacy groups 

collectively steward shared semantic infrastructure. Within SagaStandards, the M2X 

Working Group holds custodianship of the Canonical Aerospace Class Tree, including 

responsibility for validating class definitions, ontologies, versioning, and alignment with 

authoritative standards and regulatory intent. This paper extends prior SagaStandards 

white papers and maintains continuity of terminology, governance, and scope. 

The work described herein does not propose new aerospace standards, does not replace 

existing standards, and does not replace enterprise systems such as ERP, PLM, MRO, or 

document management platforms. Instead, it introduces a persistent state data 

management extension to the internet itself, enabling authoritative aerospace standards 

and operational artifacts to be represented as shared, long-lived, stateful objects that can 

be referenced consistently across organizations and systems. In this paper, the term 

canonical is used in the standards-engineering and data-governance sense, referring to a 

single, industry-governed representation of meaning that avoids duplication while 

preserving institutional and regulatory autonomy. 

By making shared aerospace data stateful at the internet layer rather than repeatedly 

copied, mirrored, and reinterpreted at the system layer this approach enables efficiencies 

that have not been realized since the earliest days of networked computing, when 

independent systems first began exchanging and mirroring data. Canonical aerospace 

objects persist across organizational boundaries, accumulate verifiable state over time, 

and support deterministic audit, oversight, and interoperability without requiring 

centralized databases or changes to existing systems of record. 

The result is a public-good infrastructure that reduces audit friction, lowers compliance 

risk, accelerates operational decision-making, and enables cross-organizational trust, 

while preserving existing standards, regulatory authority, and enterprise autonomy. 

The initial seeding of the SagaAerospace Canonical Class Tree and all implemented 

ALPHA code was completed solely by the PraSaga Foundation as a gift to stakeholders 



and customers of the aerospace industry. This effort is not affiliated with, endorsed by, or 

conducted on behalf of any Standards Development Organization, government body, or 

regulatory agency. 

 

All code was generated exclusively from open, publicly available, machine-readable 

sources using the Grok AI platform to retrieve and convert XML, OWL, JSON, PDF, 

RDF, CSV, and related source materials into SagaPython classes. This document and the 

associated research were initially drafted by the AI platform that generated the code and 

mapped the underlying ontologies. The content was subsequently reviewed by the 

PraSaga Foundation team for structural coherence and correction of identifiable 

hallucinations or material inaccuracies. 

 

The architecture, class structures, and ontological mappings described herein are 

provided for industry evaluation and collaborative refinement. Validation, formal 

endorsement, regulatory acceptance, and production deployment remain the 

responsibility of the relevant industry stakeholders, operators, and authorities. 

 

1. Executive 

Summary 

The aerospace industry operates within 

one of the most complex and regulated 

information environments in existence. 

Aircraft and systems are designed, 

produced, operated, maintained, and 

regulated across multi-decade lifecycles 

involving dense layers of technical 

standards, regulatory frameworks, and 

operational evidence. Standards such as 

ATA Spec 2000, S1000D, AS9100, 

airworthiness approval regimes, export 

control regulations, and software 

assurance frameworks are mature, well 

governed, and widely adopted. Despite 

this maturity, aerospace programs 

continue to experience persistent 

inefficiencies in audit, compliance, 

integration, and cross-organizational 

coordination. 

These inefficiencies do not arise from 

weak standards or insufficient 

governance. They arise from a more  

 

fundamental limitation: the internet and 

enterprise computing architectures were 

never designed to manage shared, long-

lived state across independent 

organizations. As a result, aerospace 

data is continuously copied, mirrored, 

synchronized, and reinterpreted across 

ERP, PLM, MRO, document 

management, and compliance systems. 

The same real-world artifact a part, 

order, certificate, maintenance action, or 

approval exists simultaneously in 

multiple systems under different 

identifiers and representations. Trust 

must be repeatedly re-established 

through audits, reconciliations, and 

document exchange. 

This white paper is part of an established 

public-good body of work governed 

under SagaStandards, the industry-

owned custodial organization in which 

standards development organizations, 

regulators, aerospace industry 

participants, and consumer advocacy 

groups collectively steward shared 

semantic infrastructure. Within 



SagaStandards, the Aerospace (M2X) 

Working Group holds custodianship of 

the Canonical Aerospace Class Tree, 

including responsibility for validating 

class definitions, ontologies, versioning, 

and alignment with authoritative 

standards and regulatory intent. Industry 

owns the tree; no foundation, vendor, or 

platform controls its meaning. 

The work described herein does not 

propose new aerospace standards, does 

not replace existing standards, and does 

not replace enterprise systems such as 

ERP, PLM, MRO, or document 

repositories. Instead, it introduces a 

persistent state data management 

extension to the internet itself, 

enabling authoritative aerospace 

standards and operational artifacts to be 

represented as shared, long-lived, 

stateful objects that can be referenced 

consistently across organizational 

boundaries without moving, centralizing, 

or exposing enterprise data. 

In this paper, the term canonical is used 

in the standards-engineering and data-

governance sense, consistent with prior 

SagaStandards publications. A canonical 

representation is a single, industry-

governed definition of meaning that 

avoids duplication while preserving 

institutional autonomy. Canonical status 

is conferred through governance under 

SagaStandards and its working groups, 

not by implementation technology. 

By making shared aerospace data 

stateful at the internet layer rather than 

repeatedly copied at the system layer this 

approach enables efficiencies that have 

not been realized since the earliest days 

of networked computing, when 

independent systems first began 

mirroring and exchanging data. These 

efficiencies manifest as reduced audit 

friction, lower compliance risk, 

deterministic recall and export control 

enforcement, faster operational decision-

making, and scalable cross-

organizational trust, all while preserving 

existing standards, regulatory authority, 

and enterprise sovereignty. 

1.1 Introduction 

Aerospace programs depend on 

continuous coordination among 

organizations that do not share systems, 

governance, or operational control. Yet 

the artifacts they must jointly rely on 

orders, parts, certifications, approvals, 

maintenance records, and compliance 

evidence persist for decades and are 

governed by overlapping standards and 

regulations. Today, these artifacts are 

exchanged as files, messages, and 

system-local records, each interpreted 

independently and reconciled repeatedly. 

The result is an ecosystem that is highly 

standardized in theory but fragmented in 

practice. 

This paper addresses that fragmentation 

by introducing a persistent state data 

management model that operates as an 

extension to the internet itself. Rather 

than treating aerospace artifacts as 

transient data exchanged between 

systems, the model treats them as 

persistent objects whose identity, state, 

and history can be referenced 

consistently across organizations. These 

objects are represented through 

canonical class trees derived from 

authoritative standards and governed 

under SagaStandards and are 

instantiated without displacing existing 

systems of record. 



A non-negotiable requirement of this 

approach is enterprise data 

sovereignty. Aerospace programs 

routinely handle sensitive, regulated, 

export-controlled, classified, proprietary, 

and personal data. Any viable shared-

state model must therefore ensure that 

such data never leaves organizational 

control. 

This requirement is enforced through the 

use of Private Enclaves. 

A Private Enclave is a controlled 

execution and data boundary that exists 

entirely within an organization’s own 

infrastructure, alongside its ERP, PLM, 

MRO, compliance, and document 

systems. Within the enclave: 

• All operational and regulated 

data is created, processed, and 

stored 

• Internal systems of record remain 

authoritative 

• Jurisdictional, contractual, and 

regulatory constraints are 

enforced locally 

• No raw enterprise data is 

exposed externally 

The enclave does not transmit data to 

other parties or to a shared network. 

Instead, it produces cryptographic 

commitments including hashes, state 

transitions, and proofs that are anchored 

to a global public permissionless chain. 

These commitments provide 

immutability, ordering, and verifiability 

without revealing the underlying data. 

Shared trust is therefore established 

through shared state references, not 

shared data. Enterprises retain full 

control over information while 

benefiting from a neutral, globally 

verifiable trust anchor. 

This private-enclave-plus-public-anchor 

model is what enables aerospace 

programs to achieve cross-organizational 

interoperability, auditability, and 

regulatory confidence without 

compromising security, sovereignty, or 

competitive boundaries. 

 

 

 



1.2 The Core Problem: 

Fragmentation of 

Standards, Data, and 

Evidence 

Despite the breadth and maturity of 

aerospace standards, their practical 

implementation exhibits several 

systemic deficiencies that compound as 

systems scale. 

1.2.1 Standards Implemented as 

Static Artifacts 

Most aerospace standards are 

operationalized as: 

• Controlled documents (PDFs, 

manuals) 

• Structured message formats 

(XML, EDI) 

• Local database schemas 

embedded within proprietary 

ERP, PLM, or MRO platforms 

While these representations define 

syntax and content, they do not encode 

behavior, state, or cross-standard 

relationships. Compliance artifacts such 

as airworthiness releases, supplier 

certifications, technical publications, or 

export determinations exist as static 

snapshots rather than as persistent 

objects that evolve alongside the 

products, services, and obligations they 

govern. 

 

 
 

1.2.2 Siloed Systems and Non-

Composable Evidence 

Organizations typically implement 

standards within their own system 

boundaries, resulting in: 

• Duplicate representations of the 

same real-world entity (part, 

order, certificate) 

• Divergent identifiers and version 

histories 

• Manual evidence assembly 

during audits, disputes, recalls, 

and regulatory reviews 

For example, a single serialized part may 

simultaneously exist as: 

• A supply-chain transaction 

represented using ATA Spec 

2000 message structures 

• A quality artifact governed under 

AS9100 

• A maintenance record within an 

MRO system 



• A technical reference described 

within S1000D publications 

• An export-controlled item 

subject to jurisdictional review 

These representations are rarely bound 

by a shared canonical identity, forcing 

human-driven reconciliation where 

deterministic linkage should exist. 

 

 
 

 

1.2.3 Point-to-Point Integration 

and Schema Drift 

Interoperability in today’s aerospace 

environments is typically achieved 

through bespoke, bilateral integrations. 

Over time, this approach accumulates 

technical and operational debt in the 

form of: 

• Schema drift as standards evolve 

• High integration maintenance 

and validation costs 

• Fragile mappings that break 

during regulatory updates or 

organizational change 

As supply chains become more dynamic 

and global, these integration models fail 

to provide the resilience or auditability 

required for modern aerospace 

operations. 

 



1.3 Operational and Business 

Consequences 

The fragmentation of standards and 

evidence produces measurable, non-

trivial impacts: 

• Audit inefficiency: Compliance 

teams spend disproportionate 

effort collecting and reconciling 

artifacts rather than evaluating 

outcomes. 

• Delayed operational decisions: 

Release gates, maintenance 

actions, and financial settlements 

stall while evidence is manually 

verified. 

• Elevated compliance risk: 

Export violations, counterfeit 

part exposure, and 

documentation gaps often arise 

from missing linkage rather than 

malicious intent. 

• Limited automation potential: 

Performance-based logistics, 

outcome-driven contracting, and 

real-time oversight remain 

impractical without shared, 

machine-verifiable objects. 

These challenges persist even in 

organizations with modern digital 

tooling, demonstrating that the root issue 

is architectural rather than technological. 

 

 
 

1.4 Problem Statement 

The aerospace industry lacks a shared, 

canonical, object-level representation 

of its standards and operational artifacts 

that is: 

• Persistent across organizational 

boundaries 

• Composable across multiple 

standards and regulatory domains 

• Auditable by design, with 

immutable history and verifiable 

state 

• Compatible with existing ERP, 

PLM, and MRO systems rather 

than replacing them 

Without such a foundation, aerospace 

programs will continue to rely on 

document-heavy compliance workflows, 

brittle integrations, and manual 

reconciliation at precisely the moment 



when system complexity, regulatory 

scrutiny, and software dependence are 

accelerating. 

This white paper addresses that gap by 

introducing a Canonical Aerospace 

Class Tree implemented on 

SagaChain, enabling aerospace 

standards to function as executable, 

interoperable objects rather than static 

references forming the foundation for 

scalable, cross-organizational trust. 

2. Industry 

Context and 

Systemic 

Challenges 

2.1 Aerospace as a 

Standards-Dense, Multi-

Authority Industry 

Aerospace operates within one of the 

most standards-dense environments of 

any global industry. Aircraft, engines, 

parts, software, maintenance activities, 

and commercial transactions are 

simultaneously governed by overlapping 

bodies of authority, including: 

• International and national 

standards organizations 

• Civil and defense aviation 

regulators 

• Industry consortia and trade 

associations 

• Contractual and program-specific 

obligations 

These standards are authoritative, 

mature, and well-understood. The 

challenge facing aerospace is not the 

absence of standards, but the difficulty 

of operating them coherently across 

organizational boundaries and over 

long lifecycles. 

Compounding this challenge, aerospace 

does not operate in isolation. Programs 

routinely intersect with: 

• Financial standards (e.g., 

payments, settlement, legal entity 

identity) 

• Trade and logistics standards 

(e.g., global identification, 

traceability) 

• Regulatory disclosure regimes 

(e.g., safety, export, public 

reporting) 

These standards are shared with other 

industries such as automotive, energy, 

pharmaceuticals, and finance. Aerospace 

therefore participates in a cross-

industry standards ecosystem, not a 

siloed one. 

 

These standards span multiple functional 

layers—including ontology, 

documentation, transaction exchange, 

and regulation—which must be 

represented distinctly to avoid semantic 

and compliance errors.

 



2.2 Fragmented 

Ownership Across 

Organizations and 

Lifecycles 

Aerospace programs are inherently 

multi-organizational. A single aircraft or 

system may involve: 

• OEMs and integrators 

• Tier-1, Tier-2, and Tier-N 

suppliers 

• Operators and MROs 

• Regulators and oversight bodies 

Each participant maintains its own 

systems of record, processes, and 

interpretations of applicable standards. 

While these systems are internally 

coherent, no shared mechanism exists 

to maintain persistent, cross-

organizational state for the artifacts 

they collectively govern. 

Additionally, aerospace lifecycles span 

decades. Systems, vendors, and even 

organizations change over time, while 

obligations to demonstrate compliance, 

traceability, and safety remain. 

 



 
 

2.3 Failure Modes of 

Document- and Message-

Centric Architectures 

Most current aerospace interoperability 

relies on documents, files, and 

messages exchanged between systems. 

These approaches exhibit several well-

known failure modes: 

• Documents capture snapshots, 

not lifecycle state 

• Messages represent events, not 

enduring entities 

• Context is lost when artifacts 

move between systems 

• Reconciliation is required during 

audits, recalls, and disputes 

As a result, trust must be re-established 

repeatedly, even for artifacts that have 

existed and evolved for years. 

 

2.4 Point-to-Point 

Integration and Semantic 

Drift 

To compensate for the lack of shared 

state, organizations build point-to-point 

integrations between systems. Over 

time, this produces: 

• Exponential growth in interfaces 

• Schema drift as standards evolve 

• Vendor-specific interpretations 

• High integration maintenance 

cost 

Mappings translate syntax, but they do 

not preserve meaning reliably across 

time, organizations, or regulatory 

contexts. 



2.5 Systems of Record vs. 

Shared State 

Enterprise systems such as ERP, PLM, 

MRO, and document management 

platforms function correctly as systems 

of record within their organizational 

boundaries. However, they are not 

designed to serve as shared systems of 

truth across organizations. 

This distinction is critical: 

• Systems of record optimize for 

control, performance, and 

accountability 

• Shared truth requires persistent 

identity, immutable history, and 

neutral verification 

Attempting to force enterprise systems 

into cross-organizational truth roles 

introduces risk, governance conflict, and 

operational fragility. 

 
 



2.6 Why the Problem Is 

Structural, Not 

Procedural 

The challenges described above are not 

the result of poor implementation, 

insufficient diligence, or lack of 

automation. They arise from a 

structural limitation of the internet 

itself: it enables communication, but not 

shared, persistent state across 

independent systems. 

As long as aerospace relies solely on 

document exchange and message 

passing, complexity scales linearly with 

organizational size, regulatory burden, 

and lifecycle length. 

What is missing is a neutral, persistent 

semantic layer that allows organizations 

to: 

• Refer to the same real-world 

artifact 

• Verify its state and history 

• Preserve standards authority and 

data sovereignty 

2.7 Transition to the 

Conceptual Framework 

This section has established that 

aerospace’s core challenge is not 

standards proliferation or system 

inadequacy, but the absence of a shared, 

persistent representation of governed 

artifacts across organizational 

boundaries. 

The next section introduces the 

conceptual framework for addressing 

this gap: global class trees and 

persistent objects, governed under 

SagaStandards and instantiated within 

enterprise-controlled environments. 

3. Conceptual 

Framework - 

Global Class Trees 

and Persistent 

Objects 
 

 
 



3.1 From Documents and 

Schemas to Persistent 

Objects 

Aerospace standards have historically 

been expressed as documents, schemas, 

or message formats. These 

representations define syntax and 

structure, but they do not embody the 

full lifecycle behavior of the real-world 

entities they describe. Parts, orders, 

certificates, maintenance actions, and 

approvals are not static artifacts. They 

evolve over time, accumulate evidence, 

transition through regulated states, and 

are governed simultaneously by multiple 

standards and regulations. 

3.1.1 What this looks like today 

Consider a serialized aircraft part 

installed on an aircraft. 

Today, that single physical item is 

represented by many disconnected 

artifacts: 

• A bill of materials entry 

classified under an ATA chapter 

• A procurement transaction 

exchanged using ATA Spec 2000 

messages 

• A certificate or release 

document issued under 

airworthiness regulations 

• Maintenance records referenced 

in S1000D-based documentation 

• Export control evidence stored 

separately if the part crosses 

borders 

Each of these representations lives in a 

different system, is governed by a 

different standard, and is stored as a 

document, message, or database record. 

None of them is authoritative for the 

entire lifecycle of the part. When 

questions arise—during an audit, a 

recall, or an incident investigation—the 

lifecycle must be reconstructed by 

gathering and reconciling these 

fragments. 

In current industry practice: 

• Standards are published as PDFs, 

XML schemas, or data 

dictionaries 

• Implementations diverge across 

vendors and programs 

• Lifecycle state is inferred from 

documents and workflows 

• Cross-standard relationships are 

reconciled manually or through 

brittle mappings 

This approach works, but it scales 

linearly in effort and risk as programs 

grow in complexity and duration 

3.1.2 What “persistent objects” 

change 

SagaChain introduces a different 

framing: instead of treating standards as 

static references, they are expressed as 

persistent object classes, and real-world 

entities are represented as stateful 

objects instantiated from those classes. 

Returning to the serialized part example: 

• The part is represented as one 

persistent object, not many 

records 

• That object has a stable logical 

identity that does not change 

across systems 

• Its lifecycle states (manufactured, 

certified, installed, maintained, 



removed) are explicit 

transitions, not inferred after the 

fact 

• Obligations from multiple 

standards (classification, quality, 

airworthiness, export control) are 

expressed through class 

relationships, not document 

cross-references 

Documents, messages, and system 

records still exist—but they now attach 

to and reference the same persistent 

object, rather than competing to 

represent it. 

3.1.3 The global class tree 

In this model: 

• Each standards-aligned concept 

(e.g., part classification, 

documentation structure, supply-

chain transaction, regulatory 

constraint) is represented as a 

class in a governed global class 

tree 

• Each real-world instance (e.g., a 

specific serialized part) is 

represented once, with a stable 

logical identity 

• State transitions are explicit, 

recorded, and verifiable over 

time 

• Relationships between standards 

are expressed through 

inheritance and composition, 

rather than external mappings 

Importantly, this does not replace 

standards, documents, or enterprise 

systems. It introduces a persistent 

semantic layer that allows those 

systems to interoperate around shared, 

long-lived objects without duplication or 

reinterpretation. 

Why this matters 

The challenge addressed in this paper is 

therefore not the creation of new 

standards or systems. It is the absence of 

a persistent, shared semantic state 

layer capable of operating across 

existing standards, organizations, and 

multi-decade lifecycles. 

Persistent objects provide that layer. 

 

 
 



3.2 What “Canonical” 

Means in the 

SagaStandards Context 

Aerospace operates within one of the 

most standards-dense and regulator-

governed environments of any global 

industry, yet lacks a shared mechanism 

for maintaining persistent, cross-

organizational state for the artifacts 

those standards govern. 

A canonical class is not a redefinition 

of a standard, nor a replacement for an 

SDO specification. 

A canonical class is: 

A single-instance, globally governed 

definition of meaning that exists once 

within a shared class tree and is 

stewarded under SagaStandards. It is 

instantiated many times by enterprises 

but is not duplicated, forked, or 

customized at the definition level. 

Key clarifications: 

• ISO, SAE, ATA, FAA, EASA, 

and other standards remain 

defined by their respective bodies 

• SagaStandards curates 

executable class 

representations derived from 

authoritative published sources 

• Each standards family is 

represented as its own 

namespace tree, for example: 
o saga_aerospace.ata.s

pec2000 
o saga_aerospace.faa.f

orm8130_3 
o saga_finance.iso.iso

20022 

• These trees coexist with other 

industry trees (automotive, 

finance, real estate) and share 

common base classes 

Canonical therefore refers to shared 

semantic identity, not ownership or 

authorship of standards. 

3.3 Persistent Objects 

and Lifecycle Semantics 

The object model described in this 

section does not introduce new 

standards or reinterpret existing ones. 

It provides a persistent, object-based 

representation of aerospace artifacts 

derived from already authoritative 

standards so their lifecycle state can be 

referenced, verified, and accumulated 

coherently across organizations and 

systems. 

In the SagaChain model, objects persist 

across time rather than being recreated 

per transaction or message exchange. 

Each instantiated object exhibits the 

following properties: 

1. Single-instance representation 

A real-world entity (for example, a 

specific order, certificate, or part 

shipment) is represented by exactly one 

object, referenced consistently across 

organizations and systems. 

2. Stable logical identity 

Objects are addressed using a Ledger 

Object Identifier (LOID) that remains 

stable across organizations, systems, and 

jurisdictions. 



3. Immutable history with 

mutable state 

State transitions are appended to history, 

producing a complete audit trail while 

allowing current state to evolve without 

destroying prior context. 

4. Standards-aligned semantics 

Fields and behaviors are derived directly 

from authoritative standards and 

regulations, preserving normative intent 

without vendor- or system-specific 

interpretation. 

5. Composable relationships 

Objects can inherit from multiple 

classes, reflecting the fact that aerospace 

artifacts are governed by cumulative 

regulatory, contractual, and operational 

obligations. 

 

 
 

3.4 Class Trees and 

Multi-Inheritance 

The class tree structure described in this 

section does not redefine standards or 

create new compliance regimes. It 

provides a formal mechanism for 

representing how obligations from 

multiple authoritative standards and 

regulations apply simultaneously to the 

same real-world aerospace artifact. 

ATA chapter structures function as a 

domain ontology for aerospace 

equipment and systems, ensuring that 

every part, subsystem, and configuration 

item can be classified consistently, 

independent of procurement, 

documentation, or regulatory processes. 

 

Real-world aerospace artifacts rarely 

belong to a single standard or regulatory 

regime. For example, a serialized part 

shipment may simultaneously be 

governed by: 

• ATA Spec 2000 (ordering and 

logistics) 

• AS9100 (quality system 

requirements) 

• Airworthiness release 

requirements 

• Export control regulations 

SagaChain represents this reality directly 

through multi-inheritance class trees. 



Rather than duplicating data or 

maintaining brittle cross-references 

between schemas or documents, a class 

may inherit constraints, attributes, and 

behaviors from multiple parent classes. 

Compliance obligations therefore 

accumulate through inheritance, 

mirroring the actual regulatory 

environment in which aerospace 

programs operate. 

This approach avoids artificial 

separation of concerns and eliminates 

the need for post-hoc reconciliation 

between independently modeled 

standards. 

 

 
 

3.5 Ledger Object 

Identifiers (LOIDs) 

The identifier model described in this 

section does not replace existing 

identification schemes or impose a 

new system of record. It provides a 

stable, cross-organizational reference 

mechanism that allows independently 

operated systems to refer to the same 

persistent object without sharing 

databases or ceding control. 

Traditional identifiers such as database 

keys, UUIDs, or document numbers are 

inherently system-local. They lose 

meaning when artifacts move across 

organizational, system, or lifecycle 

boundaries. 

A Ledger Object Identifier (LOID) 

provides a stable, globally referencable 

identity for a persistent object while 

allowing each organization to retain its 

own internal identifiers and systems of 

record. 

LOIDs exhibit the following properties: 

• Deterministic lineage-based 

generation 

The identifier is derived from the 

object’s creation context and 

class lineage, enabling 

reproducibility and verification. 

• Independence from any system 

of record 

No single enterprise system owns 

or controls the identifier. 

• Stability across organizations 

and time 

The same LOID may be 

referenced consistently over 

decades, regardless of system 

changes. 

• Human-resolvable for audit 

and oversight 



LOIDs can be resolved and 

inspected without requiring 

access to proprietary systems. 

• Machine-verifiable for 

automation and replay 

Systems can programmatically 

verify object identity and history 

without bespoke integration. 

LOIDs enable multiple organizations to 

reference the same governed object 

while preserving system autonomy and 

data sovereignty. 

 

 
 

3.6 Composition vs. 

Mapping 

The interoperability approach described 

in this section does not attempt to 

eliminate existing schemas, 

documents, or interfaces. Instead, it 

addresses a known limitation of 

traditional interoperability strategies 

when applied to long-lived, multi-

standard aerospace artifacts. 

Most interoperability efforts rely on 

mapping: translating one schema, 

document, or message format into 

another. While mapping enables basic 

exchange, it exhibits several structural 

weaknesses: 

• Mappings are inherently point-

to-point and proliferate as 

systems increase 

• Semantic intent is often lost or 

approximated during translation 

• Changes in standards or 

interpretations require manual 

remapping 

• Lifecycle context is fragmented 

across representations 

As a result, meaning must be repeatedly 

reconstructed, particularly during audits, 

recalls, and cross-organizational 

reviews. 

The object model described in this paper 

emphasizes composition instead. 

Under composition: 

• Standards are represented as 

reusable base classes 

• New requirements extend 

existing classes rather than 

duplicating them 



• Overlapping obligations are 

accumulated through inheritance 

• Semantic meaning is preserved 

across lifecycle transitions 

Composition allows multiple standards 

and regulations to apply simultaneously 

to the same persistent object without 

translation or reconciliation. Changes 

propagate through inheritance 

relationships rather than through manual 

remapping exercises. 

This approach reduces integration 

fragility while preserving fidelity to the 

original authoritative standards. 

 

 
 

3.7 Governance of 

Shared Class Trees 

The shared class tree described in this 

paper represents common semantic 

structure, not centralized control over 

data or operations. Governance is 

therefore focused on stewardship of 

meaning, not execution or enforcement. 

Under SagaStandards, governance of 

shared class trees includes: 

• Curated namespace management 

aligned to authoritative standards 

bodies and regulators 

• Versioning practices that 

preserve backward compatibility 

and historical interpretability 

• Explicit extension points for 

industry-, program-, or 

jurisdiction-specific needs 

• Transparent review and 

contribution processes involving 

multiple stakeholders 

Governance applies only to class 

representations and their evolution. 

Individual organizations retain full 

sovereignty over their internal systems, 

data, and operational processes. Objects 

are instantiated locally and governed by 

enterprise policy, even when they 

reference shared class representations. 

This separation allows shared semantics 

to evolve under industry oversight 

without introducing centralized data 

repositories or operational dependencies. 

 



 
 

3.8 Why This Framework 

Is Necessary Now 

The framework described in this section 

is driven by observable industry 

conditions, not speculative future 

requirements. 

Several converging factors have 

increased pressure on existing 

interoperability approaches: 

• Regulatory oversight and audit 

expectations continue to expand 

in scope and duration 

• Aircraft and systems increasingly 

incorporate software-defined and 

digitally certified components 

• Performance-based logistics and 

outcome-driven contracts depend 

on verifiable operational state 

• Supply chains span multiple 

jurisdictions with overlapping 

regulatory obligations 

Existing document- and message-based 

approaches remain functional but scale 

linearly with complexity, increasing 

reconciliation cost and risk as programs 

grow. 

Persistent object representations provide 

a structural alternative: they allow 

lifecycle state, evidence, and obligations 

to accumulate coherently over time, 

rather than being reconstructed 

repeatedly. 

This framework does not eliminate 

complexity, but it prevents complexity 

from compounding unnecessarily as 

organizational participation, regulatory 

scope, and lifecycle duration increase. 

 

 
 



3.9 Translating 

Aerospace Standards 

into Formal Class 

Representations 

3.9.1 From Conceptual 

Framework to Executable 

Representations 

The conceptual framework described in 

Section 3 is not hypothetical. The 

translation of aerospace standards into 

formal, executable class 

representations has already been 

completed as part of the SagaAerospace 

implementation. 

Rather than proposing a future mapping 

exercise, this white paper documents an 

existing standards-as-code 

implementation, expressed as 

SagaPython classes and validated 

through executable test coverage. These 

classes represent authoritative aerospace 

standards in a persistent, machine-

readable form suitable for lifecycle 

management, audit, and cross-

organizational reference. 

The consolidated implementation is 

published as the SagaAerospace 

Complete Consolidated Maximal 

Class Tree (2025 Update) and includes: 

• A unified aerospace domain 

namespace aligned to 

authoritative sources 

• Shared base classes for identity, 

dating, status, documentation, 

linkage, and confidentiality 

• Class representations derived 

from major aerospace standards 

bodies 

• Executable tests demonstrating 

instantiation, inheritance, and 

cross-standard composition 

The authoritative reference artifacts 

include: 

• SagaAerospace_Complete_Con

solidated_Maximal.md 
• SagaAerospace_Complete_Con

solidated_Maximal.py 
• SagaAerospace_Complete_Con

solidated_Maximal.test.py 

3.9.2 Methodology for Standards 

Representation 

The representation process followed a 

consistent, repeatable methodology 

across all aerospace standards: 

1. Authoritative source ingestion 

Standards were sourced 

exclusively from publicly 

available, authoritative materials, 

including XML schemas, 

structured PDFs, RDF/OWL, 

JSON, and CSV. 

2. Semantic normalization 

Common concepts such as 

identity, scope, evidence, 

lifecycle dates, and status were 

normalized into reusable base 

classes to avoid divergence. 

3. Class representation derivation 

Each standard was represented as 

one or more SagaPython classes 

whose fields and behaviors 

reflect the normative intent of 

the standard, not vendor-specific 

implementations. 

4. Multi-standard composition 

Where standards overlap (e.g., 

quality, safety, counterfeit 

prevention), inheritance was used 

instead of duplication so 



obligations accumulate rather 

than fragment. 

5. Executable validation 

All class representations were 

instantiated and exercised 

through test scenarios to confirm 

lifecycle behavior, 

composability, and audit 

properties. 

This methodology ensures that the 

resulting class tree is operationally 

enforceable, not merely descriptive. 

3.9.3 Shared Base Classes as the 

Semantic Spine 

At the foundation of the aerospace class 

tree is a small set of shared base classes 

that encode properties common to most 

aerospace artifacts, including: 

• CoreIdentified - stable logical 

identity and tagging 

• CoreDated - creation, 

effectiveness, and expiry 

semantics 

• Statusable - lifecycle state 

control 

• Documentable - attachment of 

authoritative evidence 

• Linkable - explicit relationships 

to other objects 

• EnclaveMixin - protected 

handling of sensitive or export-

controlled data 

These base classes provide a consistent 

semantic spine across standards 

representations, enabling uniform 

lifecycle management and audit 

behavior. 

 

 
 

3.9.4 Standards Represented as 

First-Class Objects 
 

Functional Layer Role Examples 

Ontology / Classification Defines what aerospace things are ATA Chapters 

Documentation / 

Information Exchange 

Defines how technical information 

is structured and delivered 
S1000D, iSpec 2200 

Process / Transaction 

Standards 

Defines how organizations 

exchange business events 

ATA Spec 2000, 

S2000M 

Regulation / Compliance Defines legally binding obligations 
FARs, CS, CARs, Def 

Stans, STANAGs 



 

Using the shared base classes, the 

implementation represents major 

aerospace standards as first-class 

objects, including: 

• Quality management systems 

(ISO 9001, AS9100) 

• Supply chain transactions (ATA 

Spec 2000, S2000M) 

• Technical publications (S1000D, 

iSpec 2200) 

• Airworthiness-adjacent artifacts 

and evidence 

• Counterfeit prevention (AS5553) 

• Export control gating (NAS9400) 

• Long-term data retention 

(NAS9300) 

• Operational and performance 

logs (Spec 2300) 

• Software supply chain 

transparency (SBOM) 

Each class representation includes: 

• Explicit fields derived from 

standard requirements 

• Deterministic identity semantics 

• Hooks for oversight, indexing, 

and policy enforcement 

These representations are designed to be 

instantiated, linked, and inherited 

together to reflect real aerospace 

workflows. 

 

 

3.9.5 Executable Validation and 

Reviewability 
 



 
 

The class tree described in this paper is 

accompanied by executable test 

coverage that: 

• Instantiates each major class 

representation 

• Exercises lifecycle transitions 

• Validates inheritance and 

composition 

• Confirms indexability and 

oversight attachment 

This transforms the framework from a 

conceptual model into a verifiable 

operational substrate suitable for pilot 

deployment 

The tests also provide a shared, objective 

reference for OEMs, suppliers, 

regulators, and auditors to review, 

critique, and extend the representations 

without ambiguity. 

 

 
 

3.9.6 Positioning Within the 

White Paper 
 

 

 



 
 

This section marks the transition from 

conceptual framework to documented 

implementation. Subsequent sections 

build on this foundation to describe: 

• Runtime architecture and 

execution boundaries 

• Governance and extension 

models 

• Integration with existing ERP, 

PLM, and MRO systems 

• Business and regulatory 

implications 

By grounding the discussion in an 

already-complete implementation, the 

paper avoids speculative design and 

invites evidence-based evaluation by 

industry stakeholders. 

4. SagaChain 

Architecture 

Overview 

4.1 Architectural 

Objectives 

SagaChain is designed to support 

industries in which objects persist for 

decades, obligations accumulate over 

time, and trust must be established  

 

across organizational boundaries without 

centralized control. Its architecture 

prioritizes: 

• Persistence of object identity and 

state 

• Deterministic, replayable history 

for audit and oversight 

• Separation of semantics from 

systems of record 

• Enterprise data sovereignty 

• Compatibility with public, 

permissionless infrastructure 



SagaChain is not a data storage platform, 

an integration bus, or a system of record. 

It is a state anchoring and verification 

layer for canonical objects governed 

under SagaStandards. 

4.2 Object-Centric State 

Model 

SagaChain is object-centric, not 

transaction-centric. Real-world 

aerospace artifacts such as orders, 

certificates, approvals, and maintenance 

events are represented as persistent 

objects whose lifecycle state evolves 

over time. 

Each object: 

• Is instantiated once 

• Has a stable Ledger Object 

Identifier (LOID) 

• Accumulates immutable 

historical state transitions 

• Can be deterministically replayed 

for verification 

Multiple objects may participate in a 

single workflow without collapsing into 

a single transactional abstraction. This 

reflects the real structure of aerospace 

obligations, which are cumulative and 

multi-standard rather than transactional 

and isolated. 

4.3 SagaPython 

Execution Environment 

SagaChain uses SagaPython, a 

deterministic execution environment 

designed for standards-as-code. 

SagaPython allows canonical class 

definitions to encode both structure and 

behavior while remaining transparent 

and reviewable. 

Key properties include: 

• Deterministic execution and 

replay 

• Restricted operations to prevent 

nondeterminism 

• Explicit registration of canonical 

classes 

• Ledger-recorded state-changing 

methods 

SagaPython enables aerospace standards 

to be expressed as executable definitions 

without turning them into opaque 

software systems. 

4.4 Ledger Object 

Identifiers (LOIDs) 

Every canonical object instantiated on 

SagaChain is assigned a Ledger Object 

Identifier (LOID). A LOID uniquely 

identifies an object across time, systems, 

and organizational boundaries. 

LOIDs: 

• Are ledger-native, not system-

local 

• Remain stable for the lifetime of 

the object 

• Can be referenced independently 

by multiple organizations 

• Enable cross-system linkage 

without shared databases 

LOIDs distinguish object identity from 

documents, messages, or transactions 

and form the backbone of shared state 

reference. 



4.5 Private Enclaves and 

Public Permissionless 

Anchoring 

Private Enclaves are a first-class 

architectural primitive of SagaChain. 

Each participating organization operates 

its own enclave entirely within its 

internal environment. 

Within the enclave: 

• Canonical objects are instantiated 

and managed 

• Sensitive and regulated data 

remains internal 

• Local policy, jurisdictional, and 

regulatory rules are enforced 

• Cryptographic commitments are 

generated 

The public permissionless chain serves 

a deliberately constrained role: 

• Recording LOIDs 

• Recording immutable state 

transitions 

• Providing neutral ordering and 

verification 

The public chain never stores enterprise 

data. It is not a data repository, message 

bus, or integration platform. Information 

flow from enclave to chain consists 

solely of cryptographic commitments; 

verification flows back without exposing 

data. 

This separation allows aerospace 

programs to leverage global 

immutability and neutrality while 

maintaining full data sovereignty, 

making the architecture viable for civil, 

defense, and sovereign deployments 

alike. 

4.6 Architectural 

Implications 

By combining: 

• Canonical class definitions 

governed under SagaStandards 

• Object-centric state anchoring 

• Private enclaves for data 

sovereignty 

• A global public permissionless 

trust layer 

SagaChain enables shared aerospace 

state without shared data, delivering 

efficiencies and trust relationships that 

have not been achievable since 

independent computers first began 

mirroring and exchanging information. 

 

 



 

4.7 Oversight, Audit, and 

Observer Nodes 

SagaChain natively supports observer 

access for auditors, regulators, and 

oversight bodies. 

Observer capabilities include: 

• Read-only access to canonical 

objects 

• Deterministic replay of lifecycle 

events 

• Independent verification of 

compliance evidence 

• Reduced reliance on document 

requests and manual audits 

This model shifts oversight from 

episodic evidence collection to 

continuous verifiability. 

 

 
 

4.8 Integration with 

Existing Enterprise 

Systems 

SagaChain is explicitly designed not to 

replace ERP, PLM, MRO, or document 

management systems. Instead, it 

functions as a semantic coordination 

layer. 

Integration patterns include: 

• Event-driven updates from 

enterprise systems 

• LOID references embedded in 

existing records 

• Document hashes anchored to 

canonical objects 

• Incremental adoption by domain 

or workflow 

This enables organizations to adopt 

canonical objects without disruptive 

system migrations. 

 



 
 

4.9 Architectural 

Implications for 

Aerospace Programs 

By combining: 

• Canonical class trees 

• Object-centric ledger architecture 

• Deterministic execution 

• Controlled visibility 

SagaChain provides a foundation for 

aerospace programs to: 

• Reduce audit and compliance 

cost 

• Enable cross-org automation 

• Support long-lived digital threads 

• Scale complexity without 

proportional risk 

This architecture makes it feasible to 

treat aerospace standards not as static 

references, but as living infrastructure. 

4.10 Transition to 

Governance and 

Operations 

With the architectural foundation 

established, the next section addresses 

governance, extension, and 

operational control how canonical 

aerospace classes are reviewed, evolved, 

extended, and safely adopted by industry 

stakeholders over time. 

5. Governance, 

Versioning, and 

Custodianship 

under 

SagaStandards 

5.1 Governance 

Objectives 

The Canonical Aerospace Class Tree is a 

shared industry asset whose legitimacy 

depends on transparent, multi-



stakeholder governance, long-term 

semantic stability, and alignment with 

authoritative standards and regulatory 

intent. Governance is concerned with 

custodianship of meaning, not 

operation of infrastructure or control of 

enterprise data. 

The governance model defined in this 

section is designed to: 

• Ensure industry ownership of 

semantic definitions 

• Preserve regulatory alignment 

and audit confidence 

• Enable controlled evolution 

without semantic breakage 

• Prevent unilateral modification 

or fragmentation 

• Support aerospace programs with 

multi-decade lifecycles 

 
 

5.2 Role of 

SagaStandards 

SagaStandards is the industry-owned 

custodial organization responsible for 

stewardship of canonical class trees and 

associated ontologies across domains. It 

provides a neutral governance 

framework within which standards 

development organizations, regulators, 

industry participants, and consumer 

advocacy groups collaborate on shared 

semantic infrastructure. 

SagaStandards: 

• Holds custodianship of canonical 

definitions and ontologies 

• Establishes governance processes 

and decision criteria 

• Maintains versioning and 

change-control discipline 

• Ensures alignment with 

authoritative standards and 

regulatory intent 

• Guarantees neutrality and non-

commercial control 

SagaStandards does not operate 

infrastructure, own data, or act as a 

standards replacement body. 

 



 
 

5.3 Aerospace (M2X) 

Working Group 

Custodianship 

Within SagaStandards, custodianship of 

the Canonical Aerospace Class Tree is 

exercised by the Aerospace (M2X) 

Working Group. 

The Working Group is composed of 

representatives from: 

• Aerospace standards 

organizations 

• Civil and defense regulatory 

authorities 

• OEMs, MROs, suppliers, and 

operators 

• Integrators and assurance 

stakeholders 

• Consumer and public-interest 

advocacy groups 

The Working Group holds authority over 

semantic decisions, including validation, 

extension, and deprecation of canonical 

classes. 



 
 

5.4 Relationship to 

Existing Standards and 

Regulators 

Canonical aerospace classes do not 

replace existing standards or regulatory 

regimes. They encode standards intent as 

governed semantic definitions that can 

be executed and verified without 

reinterpretation. 

Key principles: 

• Existing standards remain 

authoritative 

• Regulators retain full jurisdiction 

and enforcement authority 

• Canonical classes are traceable to 

source standards 

• Semantic conflicts are resolved 

through Working Group 

consensus



 
 

5.5 Role of PraSaga 

Foundation 

The PraSaga Foundation is a non-profit 

public-benefit organization that 

contributed initial research, tooling, and 

reference implementations as a gift to 

industry stakeholders. 

The Foundation: 

• Seeded early canonical models 

and tooling 

• Facilitates experimentation and 

technical enablement 

• Supports public-good 

infrastructure development 

The Foundation does not own or control 

canonical definitions, governance 

decisions, or standards meaning. 

5.6 Canonical Class 

Validation Process 

Canonical class definitions undergo a 

formal validation lifecycle before 

adoption. 

 

 
 

5.7 Versioning and 

Evolution Principles 

Canonical class evolution prioritizes 

long-term semantic stability. 

Principles include: 

• Additive extension over mutation 

• Backward compatibility by 

default 

• Explicit deprecation without data 

loss 



• Transparent version attribution No canonical meaning is altered 

retroactively. 

 

 

5.8 Separation of 

Governance and 

Execution 

Governance, execution, and data control 

are intentionally separated: 

• SagaStandards governs meaning 

• SagaChain anchors and verifies 

state 

• Private Enclaves enforce data 

sovereignty 

No layer can override the authority of 

another. 

5.9 Trust, Legitimacy, 

and Long-Term 

Stewardship 

The legitimacy of the Canonical 

Aerospace Class Tree derives from: 

• Industry ownership 

• Multi-stakeholder governance 

• Regulatory participation 

• Transparency of decision-making 

• Absence of commercial control 

This structure is designed to outlive 

individual platforms, vendors, and 

funding cycles. 

6. End-to-End 

Aerospace Use 

Cases Using 

Canonical Classes 

This section demonstrates how canonical 

aerospace classes operate end-to-end in 

real aerospace workflows. Each use case 

illustrates how enterprise-controlled 

private enclaves, SagaChain state 

anchoring, and SagaStandards 

governance combine to enable cross-

organizational coordination without data 

sharing, system replacement, or 

standards substitution. 

Across all use cases: 

• Operational and regulated data 

remains inside organizational 

private enclaves 

• Only cryptographic state 

commitments and identifiers are 

anchored publicly 

• Canonical meaning is governed 

under SagaStandards and the 

Aerospace (M2X) Working 

Group 



6.1 Supplier Onboarding 

and Certification-Gated 

Ordering 

Use Case Overview 

Supplier onboarding is a recurring 

source of friction due to repeated 

certification verification, document 

exchange, and manual review. Although 

certifications such as ISO 9001 and 

AS9100 are standardized, their 

verification is repeatedly re-performed 

across programs and systems. 

This use case demonstrates how 

canonical certification classes enable 

certification to be verified once and 

enforced automatically in downstream 

transactions. 

Workflow Description 

1. A supplier maintains certification 

evidence within its private 

enclave 

2. A canonical Certificate object 

is instantiated and validated 

against governing standards 

3. Certification state is anchored via 

LOID and state commitment 

4. An OEM issues a 

Spec2000Order object gated on 

certification state 

5. Order execution is permitted only 

if certification state is valid 

No certification documents are 

exchanged between parties.

 
 

6.2 Counterfeit Detection 

and Recall Propagation 

Use Case Overview 

When a suspected counterfeit or quality 

escape occurs, determining scope and 

propagating recalls is time-critical. 

Traditional approaches rely on manual 

searches across disconnected systems, 

leading to over- or under-containment. 

This use case demonstrates deterministic 

recall propagation using canonical 

indexing. 

Workflow Description 

1. A quality event is detected inside 

an MRO or distributor enclave 

2. An AS5553Detection object is 

instantiated 

3. Affected parts are resolved using 

IndexByPartNumber and 
IndexByNSN 

4. Recall scope is determined 

through object traversal 



5. Stop-ship and recall states are 

anchored immutably 

 

 

 
 

6.3 Maintenance 

Execution and Digital 

Thread Continuity 

Use Case Overview 

Maintenance records must remain 

intelligible decades after execution, 

often long after systems or vendors 

change. Reconstructing maintenance 

context today requires forensic effort 

across archives and systems. 

This use case demonstrates a persistent 

digital thread across configuration, 

procedure, and execution. 

Workflow Description 

1. Configuration snapshot is 

recorded as a CODEXConfig 

object 

2. Maintenance procedure is 

referenced via 
ISpec2200Procedure 

3. Execution is logged using 
Spec2300Log 

4. All objects are linked by LOID 

and state 

5. Maintenance context is 

replayable at any point in the 

future 

 

 



 
 

6.4 Export Control 

Release Gates 

Use Case Overview 

Export control compliance failures often 

result from procedural gaps rather than 

intent. Releases may occur before 

approvals are fully verified or recorded. 

This use case demonstrates technical 

enforcement of export control gating. 

Workflow Description 

1. Export documentation is 

maintained inside the exporter 

enclave 

2. A NAS9400ExportControl 

object is instantiated 

3. Required approvals are attached 

via Spec42Signature 

4. Release state is blocked until all 

conditions are satisfied 

5. Approved release state is 

anchored immutably 

 

 



6.5 Performance-Based 

Logistics and Outcome 

Settlement 

Use Case Overview 

Performance-based logistics (PBL) 

depends on operational outcomes rather 

than activities. Traditional PBL relies on 

reconciled reports and post-hoc 

settlement. 

This use case demonstrates outcome-

based settlement driven by canonical 

operational state. 

Workflow Description 

1. Operational events are logged in 

the operator enclave 

2. Logs are indexed by part and 

asset 

3. OversightDigest computes 

outcome metrics 

4. Settlement is triggered based on 

canonical state 

5. Payment references are linked to 

outcome state 

 
 

6.6 Continuous Audit 

and Regulator Read 

Access 

Use Case Overview 

Audits are typically episodic, disruptive, 

and document-heavy. This use case 

demonstrates continuous auditability 

without data exposure. 

Workflow Description 

1. Canonical objects accumulate 

state over time 

2. Oversight nodes resolve LOIDs 

and verify state 

3. Regulators access read-only 

views 

4. No document requests are 

required 

 



 
 

6.7 Cross-Use-Case 

Properties 

Across all use cases: 

• No enterprise data is shared 

between organizations 

• No standards are replaced 

• No systems are replaced 

• Canonical meaning is governed 

under SagaStandards 

• Trust is established through 

shared state, not shared databases 

These properties hold regardless of 

program size, jurisdiction, or lifecycle 

stage. 

7. Business Impact 

Analysis 

7.1 Purpose and Scope 

This section evaluates the business 

impact of implementing a Canonical 

Aerospace Class Tree on SagaChain, 

focusing on measurable operational 

effects rather than hypothetical 

transformation narratives. The analysis 

reflects realities common to civil and 

defense aerospace programs, including 

long asset lifecycles, regulatory 

oversight, and multi-tier supply chains. 

The impacts described are structural: 

they arise from changes in how 

standards, evidence, and identity are 

represented and governed, rather than 

from changes to organizational policy or 

tooling alone. 



7.2 Cost Reduction 

Through Structural 

Simplification 

7.2.1 Audit Preparation and 

Execution 

Traditional aerospace audits require 

significant manual effort to: 

• Locate relevant documents 

• Reconcile identifiers across 

systems 

• Demonstrate historical 

compliance state 

With canonical objects: 

• Evidence is already linked via 

Ledger Object Identifiers 

(LOIDs) 

• Object history is immutable and 

replayable 

• Oversight consumes summaries 

(OversightDigest) instead of 

raw document sets 

Impact 

• Reduced audit preparation labor 

• Shorter audit cycles 

• Lower disruption to operational 

teams 

 

 
 

7.2.2 Integration Maintenance 

Point-to-point integrations between ERP, 

PLM, MRO, and compliance systems 

are costly to build and maintain, 

especially as standards evolve. 

Canonical objects reduce this burden by: 

• Providing a stable semantic layer 

• Isolating system-specific 

schemas from standards 

evolution 

• Replacing repeated mappings 

with shared object references 

Impact 



• Lower integration maintenance 

cost 

• Reduced regression testing 

during standards updates 

• Improved resilience to 

organizational or system changes 

7.3 Risk Reduction and 

Risk Containment 

7.3.1 Counterfeit and Quality 

Risk 

Counterfeit detection failures often stem 

from incomplete traceability rather than 

lack of policy. 

Canonical indexing 

(IndexByPartNumber, IndexByNSN) 

enables: 

• Immediate identification of 

affected scope 

• Deterministic recall propagation 

• Elimination of guesswork during 

incident response 

Impact 

• Faster containment of quality 

escapes 

• Reduced fleet exposure 

• Lower downstream liability 

 

 
 

7.3.2 Export Control and 

Regulatory Risk 

Export control violations frequently 

occur due to process gaps rather than 

intentional misconduct. 

Canonical release gating 

(NAS9400ExportControl) ensures: 

• Release-before-transfer is 

enforced technically 

• Approval status is explicit and 

auditable 

• Evidence is preserved 

automatically 

Impact 

• Reduced likelihood of 

inadvertent violations 

• Stronger regulatory defensibility 

• Improved confidence in cross-

border operations 

7.4 Time-to-Value and 

Operational Velocity 

7.4.1 Faster Supplier Onboarding 

Supplier onboarding delays are often 

driven by: 

• Manual certification checks 



• Repeated document requests 

• Unclear qualification status 

Executable certification objects 

(ISO9001QMS, AS9100QMS) enable: 

• Immediate verification of status 

• Automated gating of orders 

• Reduced onboarding cycle time 

Impact 

• Faster sourcing 

• Improved supply chain agility 

• Reduced procurement delays 

 

 
 

7.4.2 Accelerated Decision-

Making 

Because canonical objects: 

• Maintain current and historical 

state 

• Are referenced consistently 

across systems 

• Encode compliance constraints 

directly 

Operational decisions (release, payment, 

maintenance approval) can be made 

without waiting for document assembly. 

Impact 

• Reduced decision latency 

• Fewer operational bottlenecks 

• Improved responsiveness during 

disruptions 

7.5 Quantified Program-

Scale Impact (Non-

Speculative) 

This subsection quantifies the 

operational impact of canonical 

aerospace classes at program scale, 

using conservative, defensible measures 

grounded in common aerospace 

operating conditions. The analysis 

avoids financial projections and instead 

focuses on work eliminated, risk 

surface reduced, and latency removed. 

7.5.1 Framing Assumptions 

The quantified impacts below assume a 

representative aerospace program with 

the following characteristics: 

• One OEM or prime contractor 

• 5–15 Tier-1 suppliers 



• 50–300 Tier-2 and Tier-3 

suppliers 

• 10,000–200,000 active serialized 

parts 

• 20–40 year operational lifecycle 

• Recurring internal, customer, and 

regulatory audits 

• Continuous export-controlled 

data movement 

• Heterogeneous ERP, PLM, and 

MRO systems 

No assumptions are made regarding: 

• Revenue uplift 

• Margin improvement 

• Headcount reduction 

All impacts are expressed in operational 

work units, cycle time compression, or 

failure-mode elimination. 

7.5.2 Audit and Oversight 

Workload Reduction 

Baseline condition 

A typical audit cycle requires: 

• Several weeks of preparation 

• Participation from multiple 

functional teams 

• Manual assembly and 

reconciliation of hundreds or 

thousands of documents 

• Repeated effort even when facts 

have not changed 

With canonical objects 

• Evidence is bound to objects at 

creation 

• Lifecycle state is replayable via 

ledger history 

• Oversight consumes 

OversightDigest objects 

instead of raw documents 

Quantified impact 

• Audit preparation compresses 

from weeks to days 

• Repeated evidence assembly for 

unchanged objects is eliminated 

• Oversight effort shifts from 

document collection to 

verification 

This represents removal of recurring 

work, not efficiency optimization. 

7.5.3 Supplier Onboarding and 

Qualification Compression 

Baseline condition 

Supplier onboarding typically involves 

repeated certification verification: 

• At onboarding 

• Per program 

• Per system 

• Per audit 

Even fully certified suppliers undergo 

repeated manual checks. 

With canonical quality objects 

Using Certificate, ISO9001QMS, and 

AS9100QMS objects: 

• Certification is verified once 

• Status is enforced automatically 

in downstream orders 

• Re-verification occurs only when 

state changes 

Quantified impact 

• Elimination of redundant 

qualification checks 

• Onboarding reduces to object 

existence and status validation 



• Certification reuse across 

programs and systems becomes 

immediate 

7.5.4 Counterfeit Detection and 

Recall Containment 

Baseline condition 

During a suspected counterfeit or quality 

escape: 

• Scope is determined via manual 

searches across systems 

• Resolution may take days or 

weeks 

• Over- or under-containment is 

common due to uncertainty 

With canonical indexing 

Using AS5553Detection, 

IndexByPartNumber, and IndexByNSN: 

• All affected objects are 

discoverable immediately 

• Recall boundaries are 

deterministic 

• No manual scope reconstruction 

is required 

Quantified impact 

• Scope determination time 

collapses to index resolution 

• Recall and stop-ship actions 

propagate with certainty 

• Risk surface is constrained at the 

earliest point 

7.5.5 Export Control and 

Regulatory Risk Containment 

Baseline condition 

Export control failures typically arise 

from: 

• Manual checklist workflows 

• Evidence stored separately from 

operational systems 

• Releases occurring before 

approvals are fully verified 

With canonical release gates 

Using NAS9400ExportControl, 

Spec42Signature, and 

NAS9300Archive: 

• Release is technically impossible 

without approved state 

• Approval evidence is 

cryptographically bound to the 

export event 

• Audit context is preserved 

automatically 

Quantified impact 

• The failure mode of “unapproved 

release” is removed 

• Regulatory defensibility 

improves without procedural 

overhead 

7.5.6 Maintenance and Digital 

Thread Reconstruction 

Baseline condition 

Reconstructing maintenance context for 

incidents, audits, or asset transfer 

requires: 

• Manual assembly of 

configuration snapshots 

• Correlation of procedures, logs, 

and aircraft state 

• Significant forensic effort years 

after execution 

With canonical digital thread objects 

Using CODEXConfig, 

S1000DPublication, 

ISpec2200Procedure, and 

Spec2300Log: 



• Context is recoverable via 

Ledger Object Identifier (LOID) 

traversal 

• Configuration, procedure, and 

execution remain bound 

• No post-hoc reconstruction is 

required 

Quantified impact 

• Elimination of forensic 

reconstruction work 

• Preservation of evidentiary 

coherence across decades 

7.5.7 Integration Maintenance 

Load 

Baseline condition 

Each system-to-system integration 

requires: 

• Schema mapping 

• Version maintenance 

• Regression testing as standards 

evolve 

As systems scale, mapping complexity 

grows combinatorially. 

With a canonical semantic layer 

• Systems integrate once to 

canonical classes 

• Standards evolution is absorbed 

at the canon layer 

• Downstream systems remain 

stable 

Quantified impact 

• Integration growth becomes 

linear rather than exponential 

• Standards updates no longer 

cascade across all systems 

7.5.8 Decision Latency Reduction 

Across all use cases, canonical objects 

reduce: 

• Time waiting for evidence 

• Time reconciling identifiers 

• Time validating compliance 

status 

Quantified impact 

• Decisions are bounded by data 

availability, not document 

assembly 

• Release, settlement, and 

operational approvals occur 

without delay

7.5.9 Summary of Quantified Impacts 
 

 



 
 

Area Impact Type Measurement 

Audits Evidence assembly Weeks → days 

Onboarding Qualification checks Eliminated 

Recalls Scope uncertainty Deterministic 

Export control Release risk Failure mode removed 

Maintenance Reconstruction effort Eliminated 

Integration Mapping growth Linear vs exponential 

Operations Decision latency Evidence-bounded 

 

7.5.10 Implications 

These quantified impacts: 

• Accumulate over long program 

lifecycles 

• Compound across suppliers and 

fleets 



• Reduce cost and risk without 

system replacement 

• Arise solely from canonical 

representation of meaning and 

evidence 

They establish a defensible basis for 

adoption without requiring speculative 

financial justification. 

7.6 Scalability Without 

Proportional Complexity 

A defining business advantage of 

canonical class trees is non-linear 

scalability. 

As programs grow: 

• New suppliers reference existing 

classes 

• New systems consume existing 

LOIDs 

• New regulations extend existing 

canon rather than fragmenting it 

This prevents complexity from scaling 

linearly with program size or duration. 

Impact 

• Predictable operational cost 

growth 

• Reduced long-term technical 

debt 

• Greater program resilience over 

decades 

7.7 Strategic Implications 

for Aerospace Programs 

At the strategic level, canonical objects 

enable aerospace organizations to: 

• Treat standards as infrastructure 

rather than overhead 

• Shift compliance from reactive to 

proactive 

• Support digital transformation 

without replacing core systems 

• Build trust architectures suitable 

for multi-decade programs 

 

These benefits accrue incrementally, 

making adoption feasible without “big 

bang” transformation risk. 

 

 

 

 

 



 
 

7.8 Transition to 

Implementation 

Roadmap 

The business impacts described above 

are achievable through incremental 

deployment aligned with existing 

aerospace program structures. 

The next section presents an 

implementation roadmap, describing: 

• Pilot-first adoption strategies 

• Integration patterns with ERP, 

PLM, and MRO systems 

• Scaling approaches across fleets, 

programs, and jurisdictions 

 



8. Implementation 

Roadmap 

This section describes how enterprises 

adopt the shared global class tree and 

persistent state model incrementally, 

without replacing existing systems, 

standards, or regulatory authority. 

The roadmap focuses on operational 

alignment, not migration. 

8.1 Definition of 

Canonical (Operational 

Context) 

For clarity in this section, canonical is 

used in its precise operational sense: 

A canonical class is a single-instance, 

globally governed representation of 

standardized meaning, shared across 

industries and derived from authoritative 

standards and regulations. These 

representations are governed under 

SagaStandards and instantiated many 

times by enterprises without duplication, 

forking, or semantic divergence. 

Aerospace uses canonical classes that 

are: 

• shared with other industries 

where applicable (e.g., identity, 

finance, trade) 

• specialized where aerospace-

specific standards apply 

• governed centrally, not by 

individual enterprises 

Enterprises never “create” canonical 

classes; they instantiate objects from 

them. 

8.2 Global Class Tree 

and Cross-Industry 

Reuse 

All standards and regulatory classes 

exist on a single global public class 

tree, including but not limited to: 

• Aerospace standards (e.g., ATA, 

S1000D, AS/EN standards) 

• Financial standards (e.g., ISO 

20022, LEI, GS1, EPISC) 

• Trade, identity, and legal entity 

primitives 

• Oversight and disclosure 

primitives 

This ensures that: 

• Aerospace, automotive, finance, 

energy, and other sectors 

reference the same definitions 

• Cross-industry workflows (e.g., 

financing, insurance, trade, 

reporting) do not require 

translation layers 

• Semantic consistency is 

preserved globally 



 
 

Aerospace adoption is therefore 

additive, not isolating. 

8.3 Enterprise Enclaves 

as Permissioned Shards 

Each enterprise operates one or more 

private enclaves, which function as 

permissioned shards of the global 

object graph. 

Within an enclave, the enterprise: 

• Instantiates objects from the 

global class tree 

• Maintains full control over data 

and state 

• Defines who may: 

o view 

o update 

o reference 

o verify 

• Enforces jurisdictional, 

regulatory, and contractual policy 

No enterprise data is replicated globally. 

The public chain records: 

• class definitions 

• object identifiers 

• state commitments 

• disclosure markers (when 

required) 

 



8.4 Selective Disclosure 

and Public Obligations 

Enterprises may be legally required to 

disclose specific information publicly. 

The enclave model supports this 

explicitly. 

An enterprise may designate: 

• specific fields 

• specific state transitions 

• specific derived summaries 

for mandatory public disclosure, such 

as: 

• securities filings (e.g., 10-K, 10-

Q) 

• safety disclosures 

• regulatory reports 

• public registries 

Disclosure: 

• is policy-driven 

• is auditable 

• exposes only the minimum 

required information 

• does not grant general access to 

the enclave 

 
 



8.5 Phase-Based 

Adoption 

Phase 0 - Governance Alignment 

• Confirm applicable global 

classes 

• Identify industry-specific 

extensions 

• Establish SagaStandards 

participation 

Phase 1 - Identity and Reference 

• Instantiate identity and entity 

objects 

• Anchor references without data 

movement 

Phase 2 - Domain Objects 

• Instantiate aerospace-specific 

operational objects 

• Enforce policy locally within 

enclaves 

Phase 3 - Cross-Domain 

Integration 

• Reuse shared finance, trade, and 

compliance classes 

• Enable cross-industry workflows 

without translation 

Phase 4 - Oversight and 

Disclosure 

• Enable read-only verification 

• Publish required disclosures 

selectively 

 

 
 

8.6 Scaling and Long-

Term Operation 

As adoption scales: 

• New programs reuse existing 

global classes 

• New enterprises join without 

redefining semantics 

• Historical objects remain 

interpretable indefinitely 

The enterprise retains sovereignty; the 

ecosystem gains coherence. 

 

 

 



8.7 Summary 

Implementation is not a migration to a 

new system. It is the adoption of shared 

meaning and persistent state across 

industries, enforced locally through 

enclaves and governed globally through 

SagaStandards. 

This model allows aerospace to operate 

as part of a broader, interoperable 

economic system while preserving 

regulatory authority, enterprise control, 

and public accountability. 

9. Limitations and 

Open Questions 

This section identifies known limitations 

of the current approach and articulates 

open questions that require continued 

industry, regulatory, and standards-body 

collaboration under SagaStandards. 

These limitations are not defects of the 

architecture; rather, they reflect 

deliberate boundary choices necessary 

to preserve neutrality, data sovereignty, 

and long-term viability in the aerospace 

domain. 

 
 

9.1 Scope Delimitation: 

What the System 

Explicitly Does Not Do 

The persistent state data management 

model described in this paper is 

intentionally constrained. 

It does not: 

• Replace existing aerospace 

standards or regulatory 

frameworks 

• Act as a certification authority or 

regulator 

• Replace ERP, PLM, MRO, or 

document management systems 

• Centralize or replicate enterprise 

data 

• Resolve business or regulatory 

disputes automatically 

These exclusions are foundational. 

Attempting to subsume these roles 

would undermine industry trust, 

regulatory acceptance, and long-term 

governance stability.



9.2 Governance 

Dependency and 

Consensus Velocity 

Canonical meaning is governed under 

SagaStandards and its domain working 

groups. This governance model ensures 

legitimacy and neutrality, but it also 

introduces a dependency on multi-

stakeholder consensus. 

Open questions include: 

• How rapidly working groups can 

ratify canonical extensions when 

standards evolve quickly 

• How to balance stability with 

responsiveness in emerging 

domains (e.g., software 

assurance, AI-enabled systems) 

• How to handle conflicting 

interpretations across 

jurisdictions 

These are governance challenges 

inherent to any industry-owned 

standards effort and must be addressed 

through process refinement rather than 

technical shortcuts. 

9.3 International and 

Jurisdictional 

Harmonization 

Aerospace programs routinely span 

jurisdictions with differing regulatory 

regimes, export control laws, and data-

sovereignty requirements. While the 

private enclave model enforces local 

compliance, semantic harmonization 

across jurisdictions remains a 

governance challenge. 

Open questions include: 

• How canonical classes should 

encode jurisdiction-specific 

constraints without fragmenting 

the tree 

• How equivalence mappings (e.g., 

airworthiness releases) are 

ratified and maintained 

• How sovereign deployments 

interact with global public 

anchoring 

These questions require sustained 

regulator participation within 

SagaStandards working groups.



9.4 Classified, Defense, 

and Sovereign 

Deployments 

While the architecture is compatible 

with classified and sovereign 

environments through private enclaves 

and selective anchoring operational 

deployment in these contexts introduces 

additional considerations: 

• Air-gapped or intermittently 

connected environments 

• National cryptographic 

requirements 

• Restrictions on public anchoring 

visibility 

Open questions include how best to 

standardize enclave configurations and 

anchoring policies for defense and 

sovereign use cases while preserving 

interoperability where permitted. 

9.5 Long-Term Archival 

and Technological 

Longevity 

Aerospace artifacts must remain 

intelligible and auditable for decades, 

often outliving the systems and 

technologies that created them. 

Open questions include: 

• Long-term preservation of 

executable canonical definitions 

• Migration strategies if execution 

environments evolve 

• Ensuring future interpretability 

of cryptographic commitments 

These concerns are shared across digital 

preservation disciplines and will require 

ongoing stewardship rather than one-

time solutions. 

9.6 Adoption and 

Organizational Change 

Management 

Although the approach avoids system 

replacement, adoption still requires 

organizational alignment around 

shared meaning. 

Open questions include: 

• How organizations phase 

canonical alignment alongside 

existing processes 

• How training and internal 

governance adapt to canonical 

semantics 

• How incentives align for early 

adopters versus late adopters 

These challenges are socio-technical and 

must be addressed through phased 

adoption strategies, not technical 

mandates.

 



 

9.7 Open Research and 

Standards Questions 

Several areas warrant continued 

exploration under SagaStandards: 

• Formal verification of canonical 

class inheritance 

• Standardized patterns for 

outcome-based settlement 

• Cross-domain class reuse (e.g., 

aerospace ↔ defense ↔ space) 

• Observer access models for 

different regulator types 

These topics are intentionally left open 

to encourage collaborative research 

rather than premature standardization. 

9.8 Summary of 

Limitations and Open 

Questions 

The limitations identified in this section 

reflect discipline, not deficiency. By 

clearly defining what the system does 

and does not attempt to solve, the 

approach preserves neutrality, regulatory 

alignment, and long-term viability. 

The open questions outlined here are 

appropriate subjects for ongoing 

industry stewardship under 

SagaStandards, rather than problems to 

be solved unilaterally by technology. 

10. Conclusion 

The aerospace industry does not suffer 

from a lack of standards, regulation, or 

technical rigor. On the contrary, it 

operates within one of the most mature 

and carefully governed standards 

environments of any global industry. 

The persistent challenges faced by 

aerospace programs high audit burden, 

delayed decision-making, costly 

reconciliation, and brittle cross-

organizational workflows arise from a 

deeper structural limitation: the absence 

of a shared, persistent state model at the 

internet layer. 

This paper has demonstrated that these 

challenges are not best addressed by 

creating new standards, replacing 

existing systems, or centralizing data. 

Instead, they can be addressed by 

introducing a persistent state data 

management extension to the internet, 

governed by industry and regulators, that 



allows aerospace artifacts to exist as 

shared, canonical objects while 

remaining fully under enterprise control. 

10.1 Summary of the 

Approach 

The approach presented in this paper is 

built on five foundational principles: 

1. Canonical Meaning, Industry-

Governed 

Aerospace artifacts are 

represented through canonical 

class trees governed under 

SagaStandards and the 

Aerospace (M2X) Working 

Group, ensuring shared meaning 

without vendor or platform 

control. 

2. Persistent State, Not Data 

Replication 

Objects persist as long-lived state 

with immutable history, 

eliminating repeated copying, 

reconciliation, and 

reinterpretation of data. 

3. Private Enclaves and Data 

Sovereignty 

All sensitive, regulated, and 

proprietary data remains inside 

enterprise-controlled private 

enclaves; no enterprise data is 

written to or shared through the 

public network. 

4. Public, Permissionless Trust 

Anchoring 

A global public permissionless 

chain provides neutrality, 

immutability, and ordering 

without becoming a data 

repository or system of record. 

5. No Replacement of Standards 

or Systems 

Existing aerospace standards, 

regulatory authorities, and 

enterprise systems remain 

authoritative and unchanged. 

Together, these principles enable shared 

state without shared data, a capability 

that has not existed since independent 

computers first began mirroring and 

exchanging information. 

10.2 What This Enables 

for Aerospace 

By making aerospace artifacts stateful at 

the internet layer, this model enables: 

• Continuous auditability without 

document assembly 

• Deterministic recall, stop-ship, 

and export control enforcement 

• Faster supplier onboarding 

through executable certification 

gating 

• Long-lived digital threads that 

remain intelligible for decades 

• Scalable cross-organizational 

trust without centralization 

These outcomes are achieved 

incrementally, without transformation 

programs, and without destabilizing 

existing governance structures. 

10.3 Institutional 

Legitimacy and 

Longevity 

A defining characteristic of this work is 

that industry owns the meaning. 

SagaStandards provides the custodial 

governance framework through which 

standards bodies, regulators, industry 

participants, and consumer advocacy 



groups steward canonical aerospace 

semantics. The Aerospace (M2X) 

Working Group ensures that canonical 

definitions remain aligned with 

authoritative standards and regulatory 

intent over time. 

The PraSaga Foundation’s role is limited 

to seeding public-good tooling and 

reference implementations. 

Custodianship, authority, and long-term 

stewardship reside with industry and 

regulators not with any foundation, 

vendor, or platform. 

This separation is essential for 

legitimacy, adoption, and longevity. 

10.4 A Structural, Not 

Incremental, 

Advancement 

The contribution described in this paper 

is not an incremental optimization of 

existing integration or compliance 

practices. It is a structural 

advancement in how aerospace 

programs manage shared meaning and 

state across organizational boundaries. 

Just as packet switching transformed 

communication without dictating 

content, a persistent state extension to 

the internet transforms coordination 

without centralizing control or 

redefining authority. 

 
 

10.5 Call to Industry 

Collaboration 

The questions that remain around 

governance evolution, jurisdictional 

harmonization, long-term preservation, 

and emerging domains are not problems 

to be solved unilaterally. They are 

appropriate subjects for continued, 

transparent collaboration among 

aerospace stakeholders under 

SagaStandards. 

This paper invites: 

• Standards development 

organizations 

• Civil and defense regulators 

• OEMs, operators, MROs, and 

suppliers 

• Integrators and assurance 

stakeholders 

• Consumer and public-interest 

representatives 

to participate in stewarding the 

Canonical Aerospace Class Tree as 

shared public infrastructure. 



10.6 Closing Statement 

Aerospace has always advanced through 

disciplined engineering, shared 

standards, and institutional trust. 

Extending the internet to support 

persistent, canonical state under industry 

governance is a natural continuation of 

that tradition. 

By aligning technology with how 

aerospace standards and obligations 

actually work cumulatively, durably, and 

across decades this approach provides a 

foundation for safer, more efficient, and 

more trustworthy aerospace operations 

without disrupting what already works. 

Appendix A: 

Canonical 

Aerospace Class 

Tree Diagram 

A.1 Purpose 

This appendix provides a conceptual, 

non-executable visualization of the 

Canonical Aerospace Class Tree 

governed under SagaStandards and 

stewarded by the Aerospace (M2X) 

Working Group. 

The diagram illustrates: 

• Domain layering 

• Multi-standard inheritance 

• Separation of identity, 

compliance, operations, and 

oversight 

• Where canonical meaning is 

governed vs. where state is 

executed 

The diagram is normative for 

structure, not prescriptive for 

implementation. 

 

 

 

 

 

 

 



 
 

 

A.3 Relationship to Paper 

Sections 

• Referenced in Section 3 

(Conceptual Framework) 

• Anchors Section 5 

(Governance) 

• Referenced throughout Section 6 

(Use Cases) 

Appendix B: Full 

SagaPython Class 

Definitions 

B.1 Purpose 

This appendix contains the complete 

SagaPython reference implementation 

of the Canonical Aerospace Class Tree. 

These class definitions: 

• Are executable 

• Are deterministic 

• Encode standards semantics 

without replacing standards 



• Are governed under 

SagaStandards 

• Are instantiated inside private 

enclaves 

 

B.2 Included Files 

(Authoritative) 

The following files are included 

verbatim in this appendix (already 

validated in the project): 

• SagaAerospace_Complete_Con

solidated_Maximal.py 
• SagaAerospace_Complete_Con

solidated_Maximal.test.py 

Scope includes: 

• Base PersistentObject 

• LOID assignment 

• Canonical inheritance 

• State transitions 

• Governance-safe evolution 

patterns 

• No system or data coupling 

B.3 Execution Model 

Summary 

• All classes: 

o Execute inside private 

enclaves 

o Emit only cryptographic 

commitments 

o Anchor state transitions 

publicly 

• No class: 

o Reads external enterprise 

databases 

o Pushes data on-chain 

o Assumes platform 

authority 

B.4 Relationship to Paper 

Sections 

• Referenced in Section 4 

(Architecture) 

• Exercised in Section 6 (Use 

Cases) 

• Validated by Appendix C 

(Tests) 

Appendix C: End-

to-End Test 

Scenarios 

C.1 Purpose 

This appendix defines deterministic test 

scenarios demonstrating that canonical 

aerospace classes behave correctly 

across organizational boundaries, 

governance checkpoints, and private 

enclave boundaries. 

Tests validate: 

• Correct canonical semantics 

• Proper gating behavior 

• No data leakage 

• Replayable audit history 

C.2 Test Scenario 

Categories 

C.2.1 Supplier Onboarding and 

Certification Gating 

• Instantiate supplier 
Organization 

• Attach ISO9001QMS and 
AS9100QMS 

• Attempt Spec2000Order 



• Assert: 

o Order blocked if 

certification invalid 

o Order allowed if 

certification valid 

C.2.2 Counterfeit Detection and 

Recall 

• Instantiate part identities 

• Create AS5553Detection 

• Resolve affected scope via index 

classes 

• Assert: 

o Deterministic recall 

boundary 

o No manual reconciliation 

C.2.3 Maintenance Digital Thread 

• Create CODEXConfig 

• Reference ISpec2200Procedure 

• Log execution via Spec2300Log 

• Assert: 

o Full replayability 

o No dependency on 

original system 

C.2.4 Export Control Gating 

• Instantiate 
NAS9400ExportControl 

• Attach Spec42Signature 

• Attempt release 

• Assert: 

o Release impossible 

without approved state 

C.2.5 Oversight and Audit Replay 

• Create OversightDigest 

• Resolve LOIDs 

• Replay state history 

• Assert: 

o Audit sufficiency without 

documents 

C.3 Relationship to Paper 

Sections 

• Validates claims in Section 6 

(Use Cases) 

• Supports quantified impacts in 

Section 7.5 

• Demonstrates feasibility of 

Section 8 (Roadmap) 

Appendix D: 

Standards 

Mapping Tables 

D.1 Purpose 

This appendix provides explicit 

traceability between authoritative 

aerospace standards and their 

corresponding canonical class 

representations. 

It demonstrates that: 

• No standards are replaced 

• Meaning is preserved 

• Provenance is explicit



 

D.2 Example Mapping Tables 

D.2.1 Supply Chain Standards 

Standard Clause / Concept Canonical Class 

ATA Spec 2000 Order lifecycle Spec2000Order 

ATA Spec 2000 Part identification PartNumber, NSN 

 

D.2.2 Quality Standards 

Standard Clause / Concept Canonical Class 

ISO 9001 QMS certification ISO9001QMS 

AS9100 Aerospace QMS AS9100QMS 

 

D.2.3 Airworthiness 

Authority Artifact Canonical Class 

FAA Form 8130-3 FAA8130_3 

EASA Form 1 EASAForm1 

 

D.2.4 Technical Publications 

D.2.5 Export Control 

Regulation Concept C an on ica l  C las s 

ITAR / EAR Release gating  NAS9400ExportControl 

Compliance approval Signature Spec42Signature 

 

D.3 Relationship to 

Governance 

All mappings: 

• Are validated under the 

Aerospace (M2X) Working 

Group 

• Preserve original standards 

authority 

• Are versioned and traceable 



Master Diagram Index - Complete and 

Authoritative 

 
Diagram 

# 

Diagram Name Section 

Placement 

Description 

1 Aerospace Standards 

Landscape (Current 

State) 

Section 2.0 Shows the fragmented aerospace 

standards ecosystem as siloed 

domains (supply chain, quality, 

airworthiness, publications, export 

control, software assurance) with no 

shared object layer. 

2 Aerospace Standards 

Landscape (Target 

State) 

Section 2.0 Depicts convergence of all aerospace 

domains through a shared canonical 

object layer enabling lifecycle 

continuity, auditability, and 

interoperability. 

3 Duplicate Object 

Representations 

Across Systems 

Section 2.1 Illustrates how a single physical part 

fractures into multiple identifiers 

across ERP, QMS, MRO, 

publications, and compliance systems. 

4 Point-to-Point 

Integration Spaghetti 

Section 2.2 Visualizes brittle, crisscrossing 

integrations with custom mappings 

and manual validation that fail to 

scale. 

5 Business Impact of 

Fragmentation 

Section 2.3 Connects fragmented standards and 

systems directly to executive-level 

outcomes such as cost overruns, audit 

delays, and compliance exposure. 

6 Aerospace Standards 

Density Map 

Section 2.1 Shows the volume and overlap of 

aerospace, finance, trade, and 

regulatory standards with shared 

applicability. 

7 Organizational 

Fragmentation 

Across Programs 

Section 2.2 Depicts shifting organizational 

ownership and system boundaries 

across long program timelines. 

8 File-Centric 

Exchange Model 

Section 2.3 Shows document-based workflows 

flowing between systems with no 

shared state or continuity. 

9 Point-to-Point 

Integration Sprawl 

Section 2.4 Reinforces integration complexity and 

fragility as systems and mappings 

proliferate. 



10 System of Record vs. 

Shared State 

Section 2.5 Contrasts isolated enterprise systems 

of record with a shared persistent state 

layer. 

11 Canonical Object 

Lifecycle 

Section 3.0 

(Section 

opener) 

Introduces the concept of a single 

persistent object evolving across its 

lifecycle under multiple standards. 

12 Evolution of 

Standards 

Representation 

Section 3.1 Shows progression from document-

centric to schema-centric to object-

centric standards representation. 

13 Persistent Object 

Anatomy 

Section 3.3 Visualizes the internal structure of a 

persistent object (LOID, state, 

attributes, immutable history, 

inheritance). 

14 Multi-Inheritance in 

Aerospace Objects 

Section 3.4 Shows cumulative inheritance from 

supply chain, quality, airworthiness, 

and export control domains. 

15 LOID Resolution 

Across 

Organizations 

Section 3.5 Demonstrates stable cross-

organization reference to a single 

object without duplication. 

16 Mapping vs. 

Composition 

Section 3.6 Contrasts brittle schema mappings 

with clean inheritance and 

composition via shared base classes. 

17 Separation of 

Governance and 

Data Ownership 

Section 3.7 Shows governance of meaning 

without centralized data ownership. 

18 From Linear 

Complexity to 

Scalable Trust 

Section 3.8 Executive-level visualization of 

complexity growth stabilizing under 

canonical objects. 

19 Shared Base Class 

Spine 

Section 3.9.3 Shows shared foundational classes 

supporting multiple aerospace 

standards. 

20 Standards-to-Class 

Representation 

Overview 

Section 3.9.4 Maps authoritative standards to 

canonical class representations with 

traceability. 

21 Executable 

Standards Validation 

Framework 

Section 3.9.5 Demonstrates executable validation of 

standards via deterministic tests 

instead of interpretation. 

22 Shared Review 

Surface for Industry 

Stakeholders 

Section 3.9.5 Shows OEMs, suppliers, regulators, 

and auditors reviewing and executing 

the same canonical definitions. 

23 Transition from 

Conceptual Model to 

Operational 

Substrate 

Section 3.9.6 Marks shift from conceptual 

framework to implemented, testable 

system. 

24 White Paper 

Structural Transition 

Section 3.9.6 Orients the reader as the paper moves 

from conceptual foundation to 



Map architecture. 

25 Confidential Data 

Handling with 

Enclaves 

Section 4.5 Explains private enclaves, selective 

disclosure, and public chain anchoring 

without data exposure. 

26 Oversight and 

Observer Access 

Model 

Section 4.7 Shows read-only observer access with 

deterministic replay and no 

operational interference. 

27 SagaChain as a 

Semantic 

Coordination Layer 

Section 4.8 Executive view of SagaChain sitting 

above existing systems as a 

coordination layer. 

28 Separation of 

Governance, 

Execution, and Data 

Control 

Section 5.1 Explains intentional separation of 

meaning, execution, and enterprise 

data sovereignty. 

29 SagaStandards 

Custodianship Model 

Section 5.2 Clarifies shared ownership of 

semantic meaning across SDOs, 

regulators, industry, and public 

interest groups. 

30 Aerospace (M2X) 

Working Group 

Decision Flow 

Section 5.3 Shows how canonical aerospace 

classes are proposed, reviewed, and 

ratified. 

31 Standards-to-

Canonical Mapping 

Section 5.4 Demonstrates authoritative standards 

mapped to canonical classes with 

preserved provenance. 

32 Canonical Class 

Lifecycle 

Section 5.6 Shows lifecycle states from proposal 

to deprecation governed by the M2X 

Working Group. 

33 Versioning Without 

Semantic Breakage 

Section 5.7 Explains additive evolution and 

backward compatibility over decades. 

34 Supplier Onboarding 

with Certification 

Gating 

Section 6.1 

(Use case) 

Shows order execution gated on 

canonical certification state without 

document exchange. 

35 Deterministic Recall 

and Stop-Ship 

Propagation 

Section 6.2 Shows recall scope resolved 

deterministically via canonical object 

graphs. 

36 Maintenance Digital 

Thread Across 

Enclaves 

Section 6.3 Demonstrates persistent maintenance 

context without data centralization. 

37 Export Control 

Gating with 

Technical 

Enforcement 

Section 6.4 Explains release-before-transfer 

enforcement using canonical export 

control state. 

38 Outcome-Driven 

Settlement Using 

Canonical State 

Section 6.5 Shows settlement driven by verifiable 

outcome state rather than reports. 

39 Continuous Section 6.6 Explains audit and regulatory 



Oversight Without 

Data Access 

verification without possession of 

enterprise data. 

40 Audit Cost Before 

and After Canonical 

Objects 

Section 7.5.2 Shows reduction in audit friction from 

document gathering to digest replay. 

41 Risk Containment 

with Canonical 

Indexing 

Section 7.5.4 Demonstrates deterministic scope 

control during incidents and recalls. 

42 Supplier Onboarding 

Cycle Compression 

Section 7.4.1 Shows reduction in onboarding 

latency via object validation. 

43 Quantified Program-

Scale Impact 

Summary 

Section 7.5.9 Executive-legible matrix summarizing 

non-speculative operational impacts. 

44 Strategic 

Implications Stack 

Section 7.7 Summarizes strategic shifts enabled 

by canonical objects (infrastructure, 

compliance, trust). 

45 Incremental Value 

Accumulation Over 

Time 

Section 7.7 Shows adoption delivering increasing 

value without disruption. 

46 Transition from 

Strategy to 

Execution 

Section 7.8 Bridges business outcomes to the 

implementation roadmap. 

47 Global Class Tree 

with Cross-Industry 

Reuse 

Section 8.2 Shows aerospace as part of a shared 

global semantic foundation. 

48 Enterprise Enclaves 

as Permissioned 

Shards 

Section 8.3 Explains enclave model for technical 

and legal audiences. 

49 Selective Disclosure 

Model 

Section 8.4 Shows mandatory disclosure without 

data leakage. 

50 Phase-Based 

Adoption Roadmap 

Section 8.5 Shows incremental adoption phases 

without system replacement. 

51 Scaling Without 

Semantic Drift 

Section 8.6 Shows long-term semantic stability as 

programs scale. 

52 Explicit System 

Boundaries 

Section 9.1 Clarifies what the system intentionally 

does not do. 

53 Jurisdictional 

Variance within a 

Canonical 

Framework 

Section 9.2 Shows shared meaning coexisting 

with local regulatory enforcement. 

54 Incremental 

Adoption and 

Alignment Curve 

Section 9.3 Illustrates adoption as progressive 

semantic alignment. 

55 From Document 

Exchange to Shared 

State 

Section 9.4 

(Capstone) 

Visually summarizes the shift from 

documents to shared state without 

shared data. 



A-1 Canonical Aerospace 

Class Tree 

(Authoritative View) 

Appendix A Provides a single authoritative view of 

aerospace standards expressed as 

canonical classes, with inheritance 

across domains. 
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