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Abstract

Artificial intelligence governance frameworks — including ISO/IEC 42001:2023, the NIST Al
Risk Management Framework 1.0, NIST IR 8596 (Cybersecurity Framework Profile for AI), and
the EU Al Act (Regulation (EU) 2024/1689) — provide mature normative guidance for risk
management, oversight, transparency, and trustworthiness. However, these frameworks are
inherently narrative and document-based. Organizational conformance is demonstrated through
policies, reports, and audit artifacts reconstructed episodically rather than anchored
deterministically to runtime system behavior.

Two Al agent communication protocols have emerged as industry standards — Google's Agent-
to-Agent (A2A) protocol and Anthropic's Model Context Protocol (MCP) — yet both share an
architectural limitation that undermines their governance suitability. As direct client-server
protocols, neither A2A nor MCP can provide a non-disputable single source of truth for the five
canonical distributed-system governance requirements — Authorization, Authentication, Account
Management, Audit Logging, and Accountability (the "5 A's"). Both protocols satisfy
Authorization and Authentication through standard web security models. However, because each
party in an exchange holds its own copy of interaction data with no common arbitrating record,
Account Management, Audit Logging, and Accountability remain disputable. This is not a
deficiency of any specific implementation; it is an inherent architectural constraint of all direct
client-server models.

Non-bypassability — the architectural property by which no exchange between a client and server
can circumvent a shared, independently verifiable record — is the mandatory requirement to
achieve non-disputable governance. SagaChain's transaction execution and observer notification
model satisfies this requirement by design: client and server entities never connect directly.
Instead, all interactions are mediated through SagaChain blockchain transactions, which are
subject to Byzantine Fault Tolerant consensus and immutably recorded. This is the foundational
infrastructure property upon which the entire executable governance model in this paper rests.

This paper introduces a canonical class-domain implementation of ISO/IEC 42001, NIST Al RMF
1.0, and NIST IR 8596, with structural alignment to EU Al Act Articles 9—15, implemented as
interoperable, provenance-aware object architecture on SagaChain. The contribution is fourfold:

* (Canonical class-domain encoding of ISO/IEC 42001 clauses, Annex A controls, Al Impact
Assessments (AIIA), risk treatment records, and Statements of Applicability as structured,
inheritable objects — all instantiated and mutated exclusively through SagaChain
transactions, making every governance artifact non-bypassable and auditable.

* Composable implementation of the NIST Al RMF (Govern, Map, Measure, Manage) and
Cyber Al Profile functions as interoperable mixins enabling explicit risk-to-function
traceability, with cross-agent and agent-to-tool interactions recorded non-bypassable via
SagaChain's observer notification model.

* Deterministic crosswalk alignment to EU Al Act requirements, including risk management
(Art. 9), data governance (Art. 10), logging (Art. 12), transparency (Art. 13), human
oversight (Art. 14), and robustness and cybersecurity (Art. 15) — with Art. 12's non-
disputable logging requirement directly satisfied by SagaChain's append-only consensus
record.



* A provenance-aware runtime guard architecture (SagaAl) that evaluates Al function
invocation against structured governance artifacts prior to state mutation, enforced through
SagaChain's non-bypassable transaction boundary, without displacing institutional
authority.

The resulting architecture transforms Al governance from document-based representation into
structured, stateful, and non-bypassable and auditable infrastructure. All lifecycle state transitions
require explicit cryptographic authorization by accountable institutional actors. Regulatory bodies
retain statutory control. The persistent object layer functions solely as governance infrastructure
providing canonical identity continuity and structured reference coherence on an immutable
ledger.

Al Research, Drafting, and Implementation
Disclosure

All code referenced in this paper was generated exclusively from open, publicly available,
machine-readable standards and regulatory materials using large language models, including
ChatGPT 5.2 and Grok 4.0, to retrieve and convert XML, JSON, PDF, HTML, RDF, and related
source materials into SagaPython™ class definitions. This document and the associated research
were initially drafted with Al systems and subsequently reviewed by the PraSaga Foundation team
for structural coherence, correction of identifiable hallucinations, and alignment with authoritative
standards language.

The canonical governance domains and runtime mechanisms described herein are implemented on
SagaChain and available to experiment with on the public development testnet. SagaChain has not
yet been deployed to production MainNet infrastructure. The architecture, class structures,
mappings, and guard logic are provided for industry evaluation and collaborative refinement.

SagaAl operates strictly as a bounded, non-authoritative assistive layer. It does not execute
transactions autonomously, does not approve certifications, and does not substitute for accountable
human or institutional authority. All state transitions remain subject to explicit cryptographic
authorization by designated institutional actors.

structured risk processes. NIST IR 8596
extends cybersecurity principles to Al. The

1- Intl’OdllCtiOll EU AI Act introduces binding statutory

Artificial intelligence governance obligations for high-risk systems.

frameworks han_’ matured rapidly in response Despite this regulatory and standards density,
to the expansion of AI systems into Al governance implementation remains
economically ~and socially consequential structurally fragmented. Governance artifacts
domains. ISO/IEC 42001:2023 defines a exist, but they are predominantly document-

formal Artificial Intelligence Management based and operationally disconnected from
System  (AIMS). The NIST Al Risk runtime system behavior. This paper argues
Management Framework articulates that the fragmentation is architectural, not



normative: standards define what must be
governed, but do not prescribe how
governance artifacts persist as interoperable,
non-bypassable and auditable state.

1.1 The Governance Problem in Al
Systems

Al governance today remains document-
centric. Risk registers, impact assessments,
control mappings, and conformity records are
stored in enterprise governance platforms as
static or periodically updated artifacts. They
demonstrate compliance posture but do not
persist as runtime-bound governance state.
Oversight mechanisms are episodic. Audit
processes reconstruct governance posture
from distributed artifacts — a process that is
inherently subject to dispute.

The same architectural problem afflicts the
Al agent communication layer. Both
Google's A2A protocol and Anthropic's MCP
protocol use direct client-server connections,
which means each party holds its own record
of any exchange. There is no arbitrating
entity. If the records diverge — whether
through failure, manipulation, or simple
disagreement — there is no computational
means of resolution. Account Management,
Audit Logging, and Accountability therefore
remain permanently disputable in both
protocols.

This is the 5 A's problem. Authorization and
Authentication are satisfied by both protocols
through standard web security. But non-
disputable Account Management, Audit
Logging, and Accountability require a third
entity that both parties must route through —
one that is inherently, independently
verifiable. That architectural property is non-
bypassability, and it is absent from every
direct client-server model by definition.

1.2 Non-Bypassability as the
Foundational Requirement

Non-bypassability is the property by which
no exchange between any two entities —

whether Al agent to Al agent (A2A), Al host
to external tool (MCP), or Al function to
governance object — can circumvent a
shared, tamper-evident record. Meeting this
requirement demands that all interactions be
mediated through an entity that both parties
must involve, and that cannot be bypassed
even if both parties cooperate to do so.

SagaChain satisfies this requirement through
its transaction execution and observer
notification model. Client and server entities
never connect directly. Instead, the entity in
the client role submits a transaction to
SagaChain that updates an object's state; the
entity in the server role has registered to
receive observer notifications on that object.
The transaction must reach Byzantine Fault
Tolerant consensus before the notification
fires, and the resulting state change is
immutably recorded across all nodes. No
party can bypass this record, and no party can
unilaterally alter it. The blockchain's append-
only consensus log is the single source of
truth — non-disputable by construction.

This non-bypassable protocol model is not
merely a communication mechanism. It is the
foundational infrastructure property upon
which executable AI governance is built.
Every governance claim in this paper — that
audit logs are non-disputable, that object
provenance is immutable, that guard
evaluations cannot be circumvented —
depends on the SagaChain non-bypassability
guarantee established here.

1.3 Research Question

Can  internationally = recognized Al
governance standards be operationalized as
executable, interoperable class architecture
with deterministic provenance and bounded
runtime validation — enforced through non-
bypassable infrastructure — while preserving
institutional sovereignty and regulatory
authority? The inquiry is structural rather
than interpretive. It does not seek to modify



ISO, NIST, or statutory frameworks. It
examines whether governance artifacts can
be encoded as persistent objects with
canonical identity, composable inheritance,
and runtime evaluation constraints that are
non-bypassable auditable.

1.4 Scope of This Paper

This paper operationalizes four international
Al governance frameworks: ISO/IEC
42001:2023 (Clauses 4—-10 and Annex A);
NIST AI Risk Management Framework 1.0
(Govern, Map, Measure, Manage); NIST IR
8596 (Cybersecurity Framework Profile for
Al); and Regulation (EU) 2024/1689 (EU Al
Act), Articles 9-15. The implementation
medium is canonical SagaChain class
domains in SagaPython™, with semantic
stewardship via SagaStandards, persistent
state anchoring via SagaChain, and bounded
runtime validation via SagaAl.

2. Governance &
Boundary
Conditions

The architecture described herein is
governance infrastructure. Clear separation
among semantic governance, persistent state
anchoring, runtime validation, institutional
execution authority, and statutory oversight
is foundational. SagaChain's non-bypassable
protocol model is the substrate that makes
these separations technically enforceable
rather than merely procedural.

2.1 The 5 A's and Why Non-Bypassability
Is Necessary

Authorization, Authentication, Account
Management,  Audit  Logging, and

Accountability are the five canonical
requirements for distributed Al system
governance. The table below shows the
structural gap in current protocols and how
SagaChain closes it.

Requirement A2A/MCP (Direct) SagaChain Protocol Governance Mechanism
Authorization Satisfied Satisfied +  non- Cryptographic tx
bypassable authorization
Authentication Satisfied Satisfied +  non- SagaChain tx signing &
bypassable identity
Account Mgmt Disputable Non-disputable LOID-anchored provenance
objects
Audit Logging Disputable Non-disputable Immutable consensus
blockchain
Accountability Disputable Non-disputable Observer notification +

consensus

The left two columns represent the architectural ceiling of all direct client-server protocols,
regardless of implementation quality. The right two columns represent the architectural floor
guaranteed by routing all interactions through SagaChain consensus.



2.2 Semantic Governance —
SagaStandards

SagaStandards governs the structural
encoding of ISO/IEC 42001 clauses and
Annex A controls, NIST AI RMF functional
constructs, cybersecurity profile overlays,
and EU Al Act mapping classes. Its role is
limited to semantic governance of class
architecture: it does not interpret statutory
language, grant certifications, or enforce
regulatory mandates. Once committed to
SagaChain, class definitions are immutable;
policy evolution occurs through explicit
version registration rather than retroactive
schema mutation, preserving referential
integrity and audit traceability.

2.3 Persistent State Anchoring —
SagaChain

SagaChain provides immutable lifecycle
anchoring of all governance artifacts. Al
governance objects — AIMS constructs, risk
assessments, RMF profiles, cybersecurity
overlays, EU Al Act classifications — are
recorded as canonical objects with
deterministic lineage. Because these objects
are instantiated and mutated exclusively
through SagaChain transactions subject to
Byzantine Fault Tolerant consensus, their
provenance is non-bypassable auditable.
SagaChain  records  authorized  state
transitions; it does not interpret legal
obligations or evaluate = compliance
sufficiency.

SagaChain uses a combination of Byzantine
Fault Tolerance (BFT), Proof-of-Work
(PoW), and Prasaga's patented Distributed
Proof-of-Work  (DPoW) to  enforce
immutability of consensus blocks. The object
state database is updated solely by execution
of transactions in blocks, validated by
blockchain nodes. The append-only nature of
the blockchain, combined with full
transaction and object-state history, provides
a global single source of truth that satisfies

the non-bypassable audit logging and
accountability requirements of the 5 A's
framework. Current testnet performance
demonstrates 200 transactions per second per
shard, approaching 20,000 TPS at 100 active
shards under SagaScale™ dynamic sharding.

2.4 Runtime Evaluation — SagaAl

SagaAl functions as a bounded runtime guard
layer within enterprise-controlled
environments. It evaluates Al function
invocation against linked governance objects
prior to state mutation. Because guard
evaluations and their outcomes are
themselves  recorded via  SagaChain
transactions, no guard can be bypassed
without leaving an auditable trace —
extending non-bypassability from the
protocol layer to the governance enforcement
layer. SagaAl cannot execute transactions
autonomously, override human
authorization, or modify governance
definitions.

2.5 Execution Authority — Institutional
Actors

All lifecycle state transitions require explicit
cryptographic authorization by accountable
institutional entities. Al systems do not
govern themselves. The architecture records
decisions; it does not originate authority.
Non-bypassability ensures the record of those
decisions is non-disputable — but it does not
determine whether those decisions were
correct, legally sufficient, or regulatory-
compliant.

2.6 Regulatory Authority Preservation

Regulators retain full statutory authority
under applicable supervisory regimes. By
maintaining separation among semantic
governance (SagaStandards), non-
bypassable state anchoring (SagaChain),
runtime validation (SagaAl), institutional
execution authority, and statutory oversight,
the architecture preserves institutional



sovereignty while enabling machine-
verifiable governance continuity.

3. Architectural
Premise

The architectural premise of this paper is that
Al governance must evolve from document-
centric,  disputable representation to
executable, non-bypassable and auditable
infrastructure. International standards define
normative expectations but do not specify
how governance artifacts persist as
structured, runtime-verifiable, non-
disputable state. This section establishes the
formal model for that transition.

3.1 From Narrative Governance to
Executable Governance

Traditional Al governance operates through
documents:  PDFs, policies, impact
assessments, control matrices, audit reports.
Governance artifacts are interpretive and
reconstructive. There is no deterministic
linkage between AI functions and their
associated risk assessments, between control
selections and their enforcement context, or
between  oversight designations and
operational invocations. The result is
structural separation between governance
documentation and system execution — and
because each system maintains its own
records, disputes between parties have no
computational resolution mechanism.

Executable governance reframes this
relationship along two axes. First, standards'
structural components are encoded as
canonical class definitions with deterministic
identity — clauses, control families, risk
constructs, and oversight classifications
become  interoperable  object  types
instantiated as SagaChain objects with
globally unique LOIDs. Second, all
instantiation and mutation of those objects

passes through SagaChain's non-bypassable
transaction model, making the governance
record itself non-disputable. Neither axis is
sufficient without the other: structured
objects without non-bypassable anchoring
remain disputable; non-bypassable anchoring
without  structured  objects  provides
auditability without governance semantics.

3.2 Formal Definition of Executable
Governance

3.2.1 Conceptual Definition

Executable Governance is a governance
architecture in which normative
requirements, risk  constructs, control
declarations, and oversight classifications are
encoded as structured, interoperable objects
with deterministic identity and lifecycle
continuity, instantiated and mutated
exclusively through non-bypassable
infrastructure, enabling runtime evaluation of
system actions against governance state
without displacing institutional authority.

3.2.2 Structural Definition

Let S denote a normative standard; C S its
canonical class-domain encoding; O a
governance object instantiated from C_S;
L(O) the globally unique LOID identifying
O; P(O) the immutable provenance metadata
of O; F an Al function invocation; G(F) the
set of governance objects linked to F; and
V(F, G(F)) a bounded validation function.

An architecture constitutes Executable
Governance if and only if six conditions are
satisfied:

* Canonical Encoding Condition — for
each normative requirement r € S, a
structurally defined class element
exists in C_S.

* Deterministic Identity Condition —
every governance object O possesses
a globally wunique L(O) and
immutable P(O).



» Referential Binding Condition — for
each Al function invocation F, an
explicit linkage G(F) exists to
relevant governance objects.

* Pre-Commit Validation Condition —
V(F, G(F)) evaluates structural
sufficiency of governance linkage
prior to state mutation.

* Authority Preservation Condition —
final state mutation requires explicit
authorization by accountable
institutional actors; no autonomous
enforcement occurs.

* Non-Bypassability Condition — no
exchange between any entities
affecting governance state may
circumvent SagaChain's consensus
transaction record; the formal
boundary statement is extended to:

Commit(F) =
Authorized(Institutional Actor) A
StructurallyValid(F) A
NonBypassable(F).

The Non-Bypassability Condition is what
distinguishes executable governance from
policy-as-code  frameworks,  automated
compliance systems, and audit logging
systems. Those approaches may encode
governance rules and record events, but none
provides a non-disputable single source of
truth that prevents circumvention even when
both  parties cooperate.  SagaChain's
consensus model provides this guarantee
architecturally.

3.2.3 Operational Properties

An executable governance system satisfying
all six conditions exhibits: Deterministic
Traceability (every Al function invocation
can be traced to risk assessments, impact
determinations, control declarations,
oversight classifications, and logging
requirements — non-bypassable); Lifecycle
Continuity (governance artifacts persist as

stateful objects with canonical identity across
model updates, risk reclassifications, and
configuration changes); Cross-Framework
Interoperability (governance objects inherit
or reference constructs across frameworks
through typed references); and Bounded
Runtime Evaluation (validation confirms
structural completeness without
reinterpreting legal standards or executing
autonomously).

3.2.4 The Non-Bypassability Mechanism

The SagaChain non-bypassability protocol
concept replaces direct client-server
connections with a transaction submission
and observer notification model across all Al
protocol exchanges:

* The entity in the client role submits a
transaction to SagaChain updating the
state of an object the server entity has
registered to observe.

e The transaction reaches BFT
consensus, is included in a block, and
a node fires an observer notification
to the server entity.

* The server entity reads the object
state from SagaChain and performs
the requested activity.

« The server entity submits a
transaction to SagaChain with results,
updating an object the client entity
has registered to observe.

» The transaction reaches consensus
and the client entity receives its
notification.

This  model supports synchronous
request/response, streaming responses, and
asynchronous responses — maintaining non-
bypassability across all interaction modes.
Because no direct connection exists between
client and server, neither party can alter the
shared record. Because all state mutations
pass through consensus, the record is



verifiable by any node. This is the
architectural mechanism that makes non-
disputable Account Management, Audit
Logging, and Accountability achievable.

3.3 Mechanized Governance Invariants

The structural properties are formalized as
machine-checkable safety invariants over a
governance commit protocol model, authored
in TLA+ and model-checked using the TLC
model checker. The following invariants
were mechanically verified: No Dangling
References (no committed governance object
may reference a non-existent object); Type
Completeness Preservation (required cross-
framework bindings remain satisfied at
commit time); Guard Non-Bypassability
(every committed function invocation is
cryptographically bound to a passing guard
certificate and a SagaChain transaction);
Version Evolution Safety (policy version
changes cannot invalidate previously
committed governance objects without
explicit compatibility rules). The full TLA+
specification is in Appendix E.

3.4 Structural Implication

Because semantic governance
(SagaStandards) is separated from non-
bypassable state anchoring (SagaChain),
version updates cannot invalidate previously
committed governance objects without
explicit migration logic. This ensures
deterministic historical auditability, non-
retroactive mutation of governance state, and
temporal coherence of Al oversight artifacts
— properties that are impossible to guarantee
in document-centric or direct client-server
governance models.

4. ISO/IEC 42001
Canonical Class
Modeling

This section describes the canonical class-
domain encoding of ISO/IEC 42001:2023
within  the executable governance
architecture. The modeling follows three
principles: canonical encoding of normative
constructs; deterministic object identity with
immutable, non-bypassable and auditable
provenance; and structural compatibility with
cross-framework composition.

4.1 Clause Modeling (Clauses 4-10)

ISO/IEC 42001 defines an Artificial
Intelligence Management System through
Clauses 4-10. These are encoded as
composable mixins: AimsContextMixin
(Clause 4 — organizational context and
scope); AimsLeadershipMixin (Clause 5 —
policy articulation and role designation);

AimsPlanningMixin (Clause 6 — risk
planning and objective setting);
AimsSupportMixin (Clause 7 — resource
and competency structures);

AimsOperationMixin ~ (Clause 8 —
operational governance of Al systems);
AimsMonitoringMixin ~ (Clause 9 —
performance evaluation and internal review);
AimsImprovementMixin (Clause 10 —
corrective action and continual
improvement).

Each clause mixin becomes a structural
capability that may be inherited by a concrete
AIMS class. Critically, Clause 8 (Operation)
directly connects to the non-bypassable
protocol layer through ClassMCPAIFunction
— the governance object representing
governed Al function invocations under the
MCP protocol model. Any operational Al
interaction governed by Clause 8 that touches
an MCP-connected tool or A2A-connected
agent 1is mediated through SagaChain,



making Clause 8 compliance non-bypassable
auditable.

4.2 Annex A Control Modeling

Annex A control families are encoded as
structured, referenceable objects:
organizational policy controls; Al lifecycle
governance controls; data governance
controls (Annex A.6, directly supporting EU
Al Act Article 10); use and operational
controls; and third-party and supplier
governance  controls.  Each  control
instantiation is referenced within a Statement
of Applicability (SoA) object, enabling
deterministic linkage between operational Al
functions and declared safeguards. Because
SoA objects are instantiated on SagaChain,
their declaration and any subsequent
modification are non-bypassable recorded.

4.3 Provenance Modeling:
AimsProvenanceMixin

All core governance artifacts inherit from
AimsProvenanceMixin, enforcing
immutable provenance metadata: creator
account identity; creation transaction hash;
transaction sequence reference; and creation
timestamp. This provenance is recorded via
SagaChain's consensus transaction model —
meaning every governance artifact is not
merely attributed but cryptographically non-
bypassable attributable. No party can later
deny creating, modifying, or approving a
governance artifact. This directly satisfies the
Accountability requirement of the 5 A's
framework and the non-repudiation
requirements implicit in ISO Clause 9
(performance evaluation) and Article 12

(logging).
4.4 Core ISO Governance Objects

The canonical ISO domain includes:
ClassAIMS (the AIMS itself); ClassAIIA (Al
Impact Assessments);
ClassAimsRiskAssessment (risk
identification and treatment records);
ClassStatementOfApplicability (control

declaration  and  justification); and
ClassMCPAIFunction (governed Al function
invocation). ClassMCPAIFunction is the
integration  point between the ISO
governance model and the non-bypassable
protocol layer — it represents the Al function
as both a governance artifact (with risk,
control, and oversight linkages) and a
protocol-layer event (whose execution is
mediated through SagaChain).

S. Human Oversight
and Executable
Governance
Architecture

5.1 Governance Boundary Conditions

Contemporary Al governance frameworks
require meaningful human oversight as an
operational safeguard. For any Al function
capable of mutating persistent state, two
conditions must be satisfied: Institutional
Authorization (an accountable actor formally
authorizes the action) and Structural
Governance Sufficiency (governance
artifacts exist, are referentially coherent, and
are validated prior to commit). Human-in-
the-Loop (HITL) governance satisfies
Institutional Authorization. SagaAl enforces
Structural Governance Sufficiency.
SagaChain's  non-bypassable  protocol
ensures both conditions are immutably
recorded — so neither can be claimed or
denied after the fact.

5.2 Human-In-The-Loop Governance

HITL governance inserts accountable human
review, approval, or override authority into
Al system design, deployment, or runtime
operation. In practice this manifests as pre-
deployment approval workflows, escalation
queues, human override controls, and



governance review boards. Under HITL
governance, relevant artifacts are distributed
across multiple enterprise systems, linked by
reference  rather than identity, and
reconstructed during audit. There is
ordinarily = no  deterministic  runtime
requirement that governance artifacts be
structurally  validated at the Commit
Boundary prior to state mutation, and no non-
bypassable record that human authorization
actually occurred.

This last point — the absence of a non-
bypassable record of human authorization —
is the accountability gap that direct-
connection protocol models cannot close. In
a dispute, either party can claim the human
authorization step did or did not occur.
Without routing the authorization through
SagaChain's consensus model, the record is
inherently disputable.

5.3 SagaAl Executable Governance
Architecture

SagaAl introduces deterministic, pre-commit
validation of governance state at the Commit
Boundary.  Governance  artifacts are
instantiated as canonical class objects
anchored to LOIDs. Prior to commit,
governance object references are resolved,
referential closure is verified, required guard
evaluations are executed, and structural
sufficiency is determined. Validation occurs
deterministically before any state mutation.

The Guard Evaluation Layer may incorporate
risk validation controls, data governance
constraints, logging enforcement
mechanisms, oversight designation checks,
and least-privilege validation. Each guard
evaluation and its outcome is itself recorded
via  SagaChain, satisfying the non-
bypassability requirement at the enforcement
layer. Evaluation yields one of four
outcomes:  commit  (conditional  on
Institutional Authorization); abort; escalate;
or incident object creation. No outcome can

be fabricated or suppressed without
detection.

5.4 Authority Preservation Condition

The Commit Boundary enforces: Commit(F)
= Authorized(Institutional Actor) A
StructurallyValid(F) A NonBypassable(F).
SagaAl preserves institutional authority
while enforcing structural governance
sufficiency. It does not determine legal
compliance, grant certification, replace
regulatory authority, or substitute for
accountable institutional actors. The non-
bypassable  record  of  Institutional
Authorization is what makes Accountability
— the fifth A — achievable.

5.5 Observability and Commit-Boundary
Supervision

In procedural HITL models, governance
evaluation operates under partial observation
with threshold-triggered escalation. Under
SagaAl,  governance-relevant  artifacts
required for validation are locally resolvable
at the Commit Boundary, enabling
deterministic pre-commit evaluation.
SagaChain's ~ non-bypassable  protocol
provides full-observation supervision at the
actuation gate — the companion technical
monograph (PraSaga Foundation, 2026)
formalizes this distinction between partial-
observation and full-observation supervision.

5.6 Fault Tolerance and Load Balancing
at the Governance Layer

Because the SagaChain transaction execution
and observer notification model creates a
loosely coupled relationship between entities
in client and server roles, governance
enforcement inherits the fault tolerance and
load balancing properties of the protocol
layer. Multiple SagaAl guard instances can
register for observer notifications on the
same governance objects, enabling active-
active redundancy without any single point of
failure. Load balancing among guard
instances can be implemented using a load



balancing object in SagaChain's state
database — for example, a round-robin index
modulo the number of available guard
instances — with the load balancing state
itself non-bypassable recorded. This means

governance  enforcement can  scale
horizontally without compromising
auditability.

5.7 Failure Mode Characterization

Procedural HITL systems are exposed to
operational risks: human fatigue, escalation
overload, inconsistent interpretation, cross-
system reconciliation gaps, governance drift,
and manual bypass. These risks are primarily
operational and organizational — and
critically, disputes arising from them have no
computational resolution mechanism.

SagaAl shifts the dominant risk profile from
operational omission to architectural and
specification-based risk: incorrect schema
modeling, incomplete governance object
binding, guard misconfiguration, version
evolution conflicts, and specification
incompleteness. The architecture does not
eliminate risk — it relocates it into the
domain of formal specification, where it is
amenable to formal verification (Appendix
E). It also eliminates the disputability of
operational outcomes, because all guard
evaluations are non-bypassable recorded.

5.8 Complementary Roles

SagaAl does not eliminate HITL governance.
HITL provides institutional judgment, ethical
discretion, and legal accountability. SagaAl
enforces structural governance sufficiency.
SagaChain's non-bypassable  protocol
provides the common, immutable substrate
on which both operate. Together they
establish:  preservation of institutional
authority; deterministic pre-commit
validation; non-bypassable audit of both
authorization and governance evaluation; and
a clear distinction between procedural
oversight and executable governance.

6. NIST AI RMF

Operationalization

The NIST AI Risk Management Framework
provides the functional articulation of risk
and trustworthiness through four core
functions: Govern, Map, Measure, and
Manage. These are encoded as composable
mixins within the examples.saga ai.nist rmf
class domain. Because all RMF profile
objects are instantiated on SagaChain, risk
articulation, measurement logic, mitigation
planning, and trustworthiness documentation
are non-bypassable anchored to Al system
governance.

6.1 Govern

RmfGovernMixin enables declaration of Al
governance policies, explicit linkage to risk
culture artifacts, definition of Al lifecycle
scope, and structural articulation of
organizational accountability constructs.
Policy declarations and any modifications are
recorded non-bypassable via SagaChain,
enabling verification that governance
policies in force at any point in time are
exactly as declared — resolving the Account
Management requirement of the 5 A's at the
policy layer.

6.2 Map

RmfMapMixin encodes context references,
stakeholder dialogue references, structured
risk identification entries, and explicit
linkage to impact considerations. Risk
identification is instantiated as structured
governance objects referenceable by Al
functions, mitigation plans, and impact
assessments. Because risk objects are
SagaChain  objects,  their  creation,
modification, and linkage are non-bypassable
and auditable — satisfying the non-
disputable audit logging requirement for risk
lifecycle documentation.



6.3 Measure

RmfMeasureMixin supports definition of
metrics and evaluation criteria, recording of
assessment outcomes, structured linkage to
risk objects, and evidence referencing.
Metrics become structured, referenceable
entities rather than static reporting entries.
Because  measurement outcomes  are
anchored to SagaChain, they provide non-
disputable  evidence  for  regulatory
inspection, replacing reconstructed
documentation with deterministic object
lineage.

6.4 Manage

RmfManageMixin  encodes  mitigation
strategies and response plans as structured
objects referencing identified risks, measured
deficiencies, policy declarations, and
oversight classifications. Mitigation records
are structurally bound to the risk objects they
address. This prevents semantic drift between
identified risk and documented response —
and because the binding is on SagaChain, any
attempt to alter a mitigation record without
updating its risk linkage would be detectable.

6.5 NIST RMF Profiles as Composable
Governance Objects

ClassNISTAIRMFProfile composes all four
functional mixins and inherits from
RmfProvenanceMixin. A  profile may
reference ISO AIMS objects, Al Impact
Assessments, EU Al Act classification
objects, and cybersecurity overlay constructs.
All profile instantiations and state transitions
are non-bypassable recorded via SagaChain,
providing the cross-framework identity
continuity required for non-disputable
compliance evidence.

7. Cybersecurity
Overlay (NIST IR
8596)

NIST IR 8596 extends the NIST
Cybersecurity Framework to address Al-
specific attack surfaces, system integrity
concerns, and adversarial threat models.
Within  the  executable  governance
architecture, it is implemented as a layered
cybersecurity overlay on the NIST Al RMF
domain — the defensive integrity layer. All
cybersecurity guard evaluations and their
outcomes are recorded non-bypassable via
SagaChain.

Note: NIST IR 8596 is an Initial Preliminary Draft.
The cybersecurity overlay is encoded as a versioned,
modular domain under SagaStandards governance,
allowing updates without retroactive mutation of
previously instantiated objects.

7.1 CSF Function Extensions

Cybersecurity capabilities are encoded as
composable mixins extending RMF profile
objects: CyberGovernMixin (cybersecurity
policy and  Al-specific =~ governance
oversight);  CyberProtectMixin  (access
controls, model integrity protections, secure
deployment constraints); CyberDetectMixin
(anomaly detection and monitoring for Al
systems); CyberRespondMixin (incident
response for Al model compromise or
adversarial manipulation);
CyberRecoverMixin (structured recovery
following Al-related cybersecurity events).
These are additive and composable, not
replacements for RMF structures.

7.2 Al-Specific Focus Areas

Primary focus areas — Secure (design-time
and deployment-time safeguards), Defend
(monitoring and anomaly detection), and
Thwart (active countermeasures against



adversarial exploitation) — are instantiated
as structured objects linked to mitigation
records, monitoring metrics, and incident
documentation. All instantiations are non-
bypassable recorded, ensuring cybersecurity
posture is represented as  persistent
governance state rather than narrative
documentation.

7.3 Priority Enforcement and Cyber AI
Function Governance

CyberAIMCPFunction extends Al function
governance constructs with a cyber priority
field enabling classification by cybersecurity
criticality. High-priority designations (e.g.,
exposure to adversarial input channels,
deployment in safety-critical infrastructure)
may trigger enhanced validation
requirements  under  SagaAl.  These
requirements may include verification of
protective controls, confirmation of detection
capabilities, or existence of structured
response plans. All such guard-triggered
requirements and their outcomes are non-
bypassable  recorded, satisfying  the
Accountability ~ requirement at  the
cybersecurity enforcement layer.

8. EU Al Act Parity
Modeling

The EU AI Act introduces binding statutory
obligations for high-risk Al systems. This
section describes how key Articles are
structurally mapped into canonical class
definitions. The objective is parity modeling:
encoding statutory obligations as structured
governance objects, without reinterpretation
or displacement of regulatory authority, and
with all governance state mutations non-
bypassable anchored to SagaChain.

Regulatory Applicability Note: The EU Al Act enters
into application on a phased schedule. The mappings
presented here constitute structural operationalization
of statutory architecture and do not imply uniform

contemporaneous
jurisdictions or dates.

enforceability across all

8.1 Article 9 — Risk Management

Article 9 requires a risk management system
throughout the Al system lifecycle. This is
mapped to ClassAlIA,
ClassAimsRiskAssessment, RmfMapMixin,
and RmfManageMixin. Lifecycle risk
management is instantiated as persistent
objects linked to Al system governance
constructs. All risk object state transitions are
recorded immutably via  SagaChain,
providing the non-disputable lifecycle risk
management record that Article 9 requires.

8.2 Article 10 — Data Governance

Article 10 is structurally supported through
ISO Annex A.6 data governance controls
encoded as composable mixins, with control
verification via
ClassStatementOfApplicability. Control
declarations and their modification history
are non-bypassable recorded on SagaChain,
enabling verification that declared data
governance controls were in effect at any
point in the Al system lifecycle.

8.3 Article 12 — Logging

Article 12 requires that high-risk Al systems
record events to ensure traceability and
facilitate post-market monitoring. This
requirement is directly and completely
satisfled by SagaChain's non-bypassable
consensus record. Provenance mixins record
creation identity, transaction lineage, and
timestamps. Every Al function invocation
that touches a governance object produces an
immutable SagaChain entry. Because
SagaChain's append-only blockchain cannot
be altered without detection, the logging
requirement is satisfied architecturally — not
merely operationally — eliminating the
disputability of audit records.



8.4 Article 13 — Transparency

ClassEUAIActInstructions encodes
structured user-facing information
requirements referencing risk classifications,
intended use declarations, known limitations,
and oversight requirements. Transparency
documentation becomes a  structured
governance artifact linked to the Al system
object and non-bypassable recorded,
providing traceability between declared
system behavior and statutory transparency
obligations.

8.5 Article 14 — Human Oversight

Article 14 requires that high-risk Al systems
be designed so they can be effectively
overseen by natural persons. This is
structurally enforced through oversight
designation flags, structured reference to
accountable institutional actors, and dual
verification quorum mechanisms. The
architecture enforces that no Al function
invocation resulting in governance state
mutation may occur without explicit
cryptographic authorization by accountable
institutional actors — and that authorization
is non-bypassable recorded, satisfying the
Accountability requirement of the 5 A's
framework at the statutory level.

8.6 Structural Parity Without Regulatory
Displacement

The EU AI Act domain encodes structural
representations of statutory obligations
without reinterpreting them. Regulatory
authorities retain full supervisory power. The
non-bypassable SagaChain audit substrate
provides the evidentiary coherence required

for regulatory inspection — replacing
reconstructed documentation with
deterministic object lineage — while

preserving institutional sovereignty and
interpretive authority.

9. SagaAl Runtime
Guard Architecture

The SagaAl runtime guard architecture
provides bounded, deterministic validation of
Al function invocation against linked
governance objects prior to state mutation.
All guard evaluations and outcomes are
recorded via SagaChain's non-bypassable
transaction model. SagaAl does not replace
institutional authority, determine regulatory
compliance, or execute transactions
autonomously.

9.1 Guard Types

Risk Guard

Verifies linkage to appropriate risk
governance artifacts: existence of a valid
AlIA; presence of risk assessment objects;
linkage to mitigation records; alignment with
NIST RMF Map and Manage constructs.
Evaluates structural completeness, not risk
adequacy.

Data Governance Guard

Verifies presence of structured data
governance declarations: Annex A.6 data
governance  controls;  Statement  of
Applicability declarations indicating control
implementation. Does not evaluate dataset
quality or statistical validity.

Logging Guard

Enforces structural traceability requirements
by confirming provenance metadata, logging
classification consistent with EU Al Act
Article 12, and linkage to monitoring objects.
Because guard evaluation outcomes are
themselves SagaChain transactions, the
Logging Guard is self-evidencing: its
execution produces the non-bypassable audit
record it is designed to enforce.



Oversight Guard

Enforces human oversight structural
requirements (ISO and EU Al Act Article
14): oversight designation flags; presence of
accountable institutional actors; quorum or
dual-verification conditions where required.
Ensures no governance state mutation
proceeds without  the institutional
authorization that is then non-bypassable
recorded.

Least-Privilege Guard

Verifies that invocation occurs within
authorized scope: role assignments within
governance  objects; lifecycle  scope
declarations; access restrictions encoded in
governance state.

9.2 Deterministic Enforcement Model

The SagaAl runtime model is deterministic
and bounded. It does not rely on probabilistic
inference, heuristic reasoning, or machine-
learned policy evaluation. When an Al
function is invoked, the runtime parses
invocation parameters, loads canonical class
definitions, resolves governance object
references (LOIDs), evaluates all applicable
guards, and produces a structured decision:
commit (conditional on Institutional
Authorization); abort; escalate; or incident
object creation. All outcomes are SagaChain
transactions — non-bypassable recorded.

No autonomous mutation occurs. If
validation fails, the system produces a
structured rejection or escalation event. Final
authority remains external to the runtime
layer. The non-bypassable record of every
guard evaluation — pass or fail — provides
the evidentiary substrate for both operational
accountability and regulatory audit.

10. Interoperability
and Crosswalk

This section demonstrates how canonical
governance domains compose into a unified
governance graph through typed object
references and deterministic identity linkage.
The SagaChain non-bypassable protocol is
the common substrate: all cross-domain
object interactions are mediated through
SagaChain  transactions, making the
governance graph itself non-bypassable
auditable.

10.1 ISO < NIST Linkage

ISO/IEC 42001 provides the management-
system layer; NIST AI RMF provides risk
and trustworthiness articulation. The NIST
RMF profile object includes an optional
aims_ref field linking to a ClassAIMS
instance. ISO Clause 4 scope definitions
constrain the lifecycle context; Clause 6
planning objects define risk treatment
expectations; NIST Map and Manage
constructs  instantiate  detailed  risk
articulation; NIST Measure constructs
encode trustworthiness metrics satisfying
Clause 9 evaluation requirements. Both ISO
and NIST objects are SagaChain objects —
their cross-references are non-bypassable
recorded.

10.2 NIST < EU AI Act Mapping

NIST Map aligns structurally with Article 9
risk management. NIST Manage aligns with
lifecycle risk treatment. NIST Measure
supports Article 15 robustness verification.
NIST Govern aligns with oversight and
governance requirements. EU classification
objects may reference RMF risk and
mitigation objects; Article 9 guard evaluation
validates the presence of RMF mitigation
records. The architecture does not infer NIST
alignment equals EU compliance — it
ensures statutory obligations may be



structurally supported by RMF artifacts when
explicitly linked on SagaChain.

10.3 Cyber < EU AI Act Alignment

Article 15 requires appropriate accuracy,
robustness, and cybersecurity for high-risk
Al systems. EU classification objects may
reference cybersecurity mixin instantiations:
Article 15 guards validate
CyberProtectMixin attributes;
CyberDetectMixin  satisfies  monitoring

5 A's Requirement

Protocol Layer Mechanism

expectations; CyberRespondMixin supports
post-market  incident  handling.  All
cybersecurity governance events are non-
bypassable recorded via SagaChain.

10.4 Protocol Layer < Governance
Framework Alignment

The SagaChain non-bypassable protocol
model aligns with governance requirements
across all four frameworks, as summarized
below.

Framework Governance Class

Alignment

Authorization Cryptographic tx auth at
commit

Authentication SagaChain tx signing &
identity

Account Mgmt LOID-anchored provenance

Audit Logging Immutable consensus
blockchain

Accountability Observer notification + BFT

10.5 Unified Governance Graph

When ISO AIMS objects, NIST RMF
profiles, cybersecurity overlays, EU Al Act
classification objects, and protocol-layer
governance objects are instantiated together,
they form a directed governance graph
anchored by canonical identity. Under pre-
commit validation, no governance object
may exist in isolation — referential closure
ensures the graph is complete for any
committed Al function invocation. Because
every node and edge in this graph is a
SagaChain object or transaction, the entire
governance graph is  non-bypassable
auditable.

ISO CI. 5, Art. 14, ClassMCPAIFunction
NIST Govern

All frameworks AimsProvenanceMixin

ISO CL 9, Art. 13, All provenance mixins
NIST Measure

ISO ClL 9, Art. 12, Logging Guard +
NIST Measure SagaChain

Art. 14, NIST Govern, Oversight Guard
ISOCL5

10.6 Interoperability Without Conflation

Structural crosswalk does not imply
equivalence. ISO certification does not
satisfy statutory EU obligations. NIST
alignment does not guarantee regulatory
approval. Cybersecurity declarations do not
substitute for compliance determination.
Interoperability ensures governance artifacts
across frameworks may be composed,
referenced, and validated coherently within a
single non-bypassable and auditable
persistent object architecture — while
regulatory authorities retain full interpretive
authority.



11. Evaluation
Against Standards
Fidelity

11.1 Fidelity Methodology

Structural fidelity was evaluated using a
clause-level coverage matrix. Scoring: 1.0 =

11.2 ISO/IEC 42001 Structural Fidelity

fully encoded as canonical class or mixin
with lifecycle instantiation and typed
reference support; 0.5 = partially encoded;
0.0 = not encoded. This measures structural
representational fidelity, not legal sufficiency
or certification equivalence.

Clause / Component Encoding Status Score
Clause 4 — Context AIMS scope and contextual mixins 1.0
Clause 5 — Leadership Policy and commitment structures 1.0
Clause 6 — Planning Risk assessment and treatment objects 1.0
Clause 7 — Support Resource and documentation linkage 0.5
Clause 8 — Operation Operational governance + ClassMCPAIFunction 1.0
Clause 9 — Perf. Evaluation Monitoring and review structures 0.5
Clause 10 — Improvement Corrective action representation 0.5
Annex A Control Families Structured control objects with SoA linkage 1.0

Approximate aggregate structural coverage: ~0.92. Partial scores reflect narrative-heavy clauses
that cannot be fully reduced to deterministic object schema without interpretive abstraction.

11.3 NIST AI RMF Functional Fidelity

RMF Function Encoding Status Score
Govern Governance policies and lifecycle scoping 1.0
Map Risk identification and contextual mapping 1.0
Measure Evaluation and trustworthiness articulation 0.75
Manage Mitigation and response planning 0.75
Approximate aggregate functional coverage: ~0.88.
11.4 Cybersecurity Overlay Fidelity (NIST IR 8596)
CSF-Aligned Category Encoding Status Score



Govern Cyber governance mixins 1.0

Protect Structured protective controls 0.75
Detect Event and anomaly reference structures 0.75
Respond Incident linkage capability 0.75
Recover Recovery planning references 0.75

Approximate aggregate structural alignment: ~0.85. Because IR 8596 is an Initial Preliminary
Draft, certain adversarial ML safeguards remain contextual rather than schema-based.

11.5 EU AI Act Parity Modeling

Article Structural Representation Score
Art. 9 — Risk Mgmt Structured risk objects and lifecycle binding 1.0
Art. 10 — Data Gov Data governance declarations and references 0.75
Art. 12 — Logging Non-bypassable SagaChain consensus record 1.0
Art. 13 — Transparency Instruction and documentation objects 1.0
Art. 14 — Oversight Oversight designation, quorum, cryptographic auth 1.0
Art. 15 — Robustness Cyber overlay linkage 0.75

Approximate aggregate structural parity: ~0.90.

11.6 Non-Bypassability Coverage Across Frameworks

5 A's Requirement Framework Mapping Coverage

Authorization ISO Cl. 5/8, Art. 14, NIST Govern Full — cryptographic commit
gating

Authentication All frameworks Full — SagaChain tx signing

Account Mgmt ISO C1. 9, Art. 13, NIST Measure Full — LOID provenance on all
objects

Audit Logging ISO Cl. 9, Art. 12, NIST Measure Full — immutable consensus
blockchain

Accountability Art. 14, NIST Govern, ISO C1. 5 Full — observer notification +
BFT

The non-bypassability guarantee is the structural property that elevates coverage from "partially
satisfied" to "non-disputably satisfied" across all five requirements. This is the capability neither
A2A nor MCP direct-connection protocols can achieve, regardless of implementation quality.



11.7 Explicit Limitations

This implementation does not replace
certification or conformity assessment, does
not alter or reinterpret normative text, does
not grant regulatory approval, does not
adjudicate legal compliance, and does not
substitute for institutional accountability. It
operationalizes governance structure as
executable, non-bypassable and auditable
infrastructure.

12. Stakeholder
Impact

The operationalization of Al governance
frameworks into canonical, non-bypassable
and auditable class domains produces a
structural transformation in how governance
is instantiated, evidenced, and evaluated. The
central shift is from document validation —
which is inherently reconstructive and
disputable — to object lineage verification on
an immutable ledger, which is deterministic
and non-disputable.

For enterprise Al operators: governance
becomes  structurally integrated into
operational workflows. Risk assessments,
mitigation plans, impact analyses, and
oversight designations are typed objects
linked to specific Al functions, with every
creation, modification, and invocation non-
bypassable recorded. The operator cannot
later dispute what governance state was in
effect at any point — and neither can any
counterparty.

For regulators: the evidentiary landscape
changes materially. Rather than relying on
narrative  consistency and  document
completeness, supervisory review may
evaluate deterministic linkage among risk
objects, mitigation records, transparency
artifacts, oversight  designations, and
immutable  SagaChain  audit records.

Regulatory discretion remains intact, but
evidentiary reconstruction is replaced by
deterministic object lineage inspection.

For certification bodies: management-system
conformance review may focus on verifying
structural integrity, referential closure, and
lifecycle continuity. The non-bypassable
SagaChain record means the governance
state presented during certification cannot
differ from the governance state in
operational use — eliminating a fundamental
audit integrity risk.

For platform operators hosting Al agents in
A2A or MCP ecosystems: the non-
bypassable protocol model means that multi-
agent interactions — Al agent to Al agent, Al
host to external tool — are auditable without
requiring trust between agents. Each party's
record of any interaction is superseded by the
shared, non-disputable SagaChain record.
Disputes about what was requested, what was
returned, and what governance state was in
effect are computationally resolvable rather
than requiring reconciliation.

For boards and executive oversight bodies:
object lineage verification provides a
materially different governance visibility
model. Instead of relying solely on periodic
reports, boards may examine structured
linkages among risk identification, mitigation
implementation, and oversight designation
— all non-bypassable anchored — reducing
informational asymmetry without
eliminating interpretive judgment.

13. Discussion and
Future Work

This paper has advanced a structural thesis:
that international Al governance frameworks
can be operationalized as executable,
interoperable class architectures, enforced
through  non-bypassable infrastructure,



without altering normative content or
displacing institutional authority. The non-
bypassability argument — rooted in the
architectural analysis of A2A and MCP
direct-connection protocols — is not merely
a technical refinement. It is the property that
determines =~ whether  governance s
enforceable or merely documented.

The epistemic implication is significant.
Traditional Al governance operates within a
documentary paradigm in which governance
posture must be interpreted and reconstructed
across time and organizational boundaries.
The non-bypassable SagaChain model shifts
the epistemic foundation: governance state is
instantiated at the moment of activity and
non-disputably verifiable thereafter. This is
not merely a technical improvement; it is a
different epistemic category of evidence.

The infrastructural implication is equally
significant. If governance artifacts are non-
bypassable  anchored and  evaluated
deterministically at runtime, governance
ceases to be purely supervisory and becomes
infrastructural — continuous, structured, and
non-disputable  rather than  episodic,
reconstructed, and contestable. The analogy
to financial ledgers is apt: the transition from
paper ledgers to double-entry bookkeeping to
immutable digital records was not merely a
technical progression but a transformation in
the evidentiary reliability of financial
records. SagaChain's ~ non-bypassable
consensus model represents an analogous
transformation for Al governance.

Future  research  directions  include:
longitudinal deployment studies in multi-
agent Al environments where A2A and MCP
protocol interactions are governed through
SagaChain; empirical evaluation of audit
efficiency gains from non-disputable object
lineage versus document reconstruction;
formal verification of governance graph
properties across heterogeneous
jurisdictions;  and  expanded  cross-

jurisdictional modeling incorporating sector-
specific regulations. The question of how
narrative artifacts coexist with structured
governance objects — and how qualitative,
cultural, and contextual elements that cannot
be fully schema-encoded are handled — also
warrants systematic investigation.

14. Conclusion

This paper addressed the foundational
question of whether international Al
governance frameworks can be
operationalized as executable, interoperable
class  architectures  while  preserving
normative intent and institutional authority.
The answer is affirmative — with one
essential  architectural condition: non-
bypassability.

Non-bypassability is the property that
determines = whether  governance s
enforceable or merely documented. Neither
Google's A2A protocol nor Anthropic's MCP
protocol, as direct client-server architectures,
can provide a non-disputable single source of
truth for Account Management, Audit
Logging, or Accountability. This is not a
deficiency of implementation; it is an
inherent constraint of all direct client-server
models. SagaChain's transaction execution
and observer notification model satisfies this
requirement by routing all interactions
through Byzantine Fault Tolerant consensus,
making the governance record non-
bypassable and immutable.

The formal definition of Executable
Governance is extended in this paper to
include the Non-Bypassability Condition as
the sixth structural requirement: Commit(F)
= Authorized(Institutional Actor) A
StructurallyValid(F) A NonBypassable(F).
This condition is what elevates the
governance model from structurally coherent
to non-disputably auditable — and it is what



makes the 5 A's fully satisfiable in an Al
governance context.

ISO/TIEC 42001, the NIST AI Risk
Management Framework, NIST IR 8596, and
the EU Al Act can be structurally encoded as
canonical class domains with deterministic
identity, typed references, and immutable
provenance — all instantiated and mutated
through  SagaChain transactions. The
resulting governance graph is non-
bypassable auditable, cross-framework
interoperable, and  machine-verifiable.

Regulatory authorities retain interpretive
authority. Institutional actors retain execution
authority. SagaChain provides the non-
disputable substrate on which both operate.

The  transformation  from  document
validation to object lineage verification on an
immutable ledger is not merely technical. It
is architectural. And this architecture —
grounded in the non-bypassability guarantee
that direct-connection protocols cannot
provide — shapes the future of institutional
Al oversight.



Appendix A — Normative Crosswalk Tables

A.1 ISO/IEC 42001:2023 Clause Crosswalk

Clause Canonical Encoding Non-Bypassability
Mechanism

ClL4 Context AimsContextMixin LOID-anchored object 1.0
on SagaChain

CL5 Leadership AimsLeadershipMixin Cryptographic policy 1.0
declaration

CL6 Planning AimsPlanningMixin Risk objects on 1.0
SagaChain

CL7 Support AimsSupportMixin Resource references on 0.5
SagaChain

CL8 Operation AimsOperationMixin + MCP/A2A via 1.0

ClassMCPAIFunction SagaChain observer

CL9 Perf. Evaluation AimsMonitoringMixin Measurement records 0.5
on SagaChain

CL 10 Improvement AimsImprovementMixin Corrective action on 0.5
SagaChain

Annex A Control Families Control mixins + SoA objects  All declarations on 1.0
SagaChain

A.2 The 5 A's — Protocol Architecture Comparison

Requirement A2A/MCP (Direct) SagaChain Protocol Governance Mechanism
Authorization Satisfied Satisfied + non- Cryptographic commit
bypassable authorization
Authentication Satisfied Satisfied + non- SagaChain transaction signing
bypassable
Account Mgmt Disputable Non-disputable LOID provenance on all
governance objects
Audit Logging Disputable Non-disputable Immutable BFT consensus
blockchain
Accountability Disputable Non-disputable Observer notification + consensus
record

A.3 NIST AI RMF Crosswalk



RMF Function Canonical Encoding Non-Bypassable Audit Mechanism

Govern RmfGovernMixin Policy declarations on SagaChain
Map RmfMapMixin Risk objects on SagaChain
Measure RmfMeasureMixin Measurement records on SagaChain
Manage RmfManageMixin Mitigation records on SagaChain

A.4 EU AI Act Article Crosswalk

Article Obligation Canonical Mapping Non-Bypassability
Satisfaction
Art. 9 Risk management AIIA + RiskAssessment + All risk objects on
RMF Map/Manage SagaChain
Art. 10 Data governance Annex A.6 + SoA Control declarations on
verification SagaChain
Art. 12 Logging Provenance mixins + Direct — immutable
SagaChain consensus blockchain
Art. 13 Transparency ClassEUAIActInstructions Instruction objects on
SagaChain
Art. 14 Human oversight Oversight flags + quorum + Authorization record on
cryptographic auth SagaChain
Art. 15 Accuracy/robustness RMF Measure + Cyber Cyber guard outcomes on

Protect/Detect SagaChain



Appendix B — Diagram Specifications

All diagrams use the following consistent properties: pill-shape nodes; width 200, height 50; fill
color #14324F; text color white; background transparent; solid directional arrows; dashed arrows
for optional references.

Diagram 1 — Non-Bypassability Protocol Flow

Flow: Client Entity — Submit Transaction — SagaChain Consensus (BFT + PoW + DPoW) —
Observer Notification — Server Entity — Read Object State — Perform Activity — Submit Result
Transaction — SagaChain Consensus — Observer Notification — Client Entity.

Diagram 1 — Non-Bypassability Protocol Flow
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Diagram 2 — Standards-to-Class Domain Operationalization

Layer 1: ISO/IEC 42001 | NIST AI RMF | NIST IR 8596 | EU Al Act — Layer 2: Canonical class
domains — Layer 3: Governance Objects — Layer 4: SagaAl Runtime Guards — Layer 5
(Foundation): SagaChain Non-Bypassable Consensus.

Diagram 2 — Standards-to-Class Domain Operationalization
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Diagram 3 — ISO AIMS Canonical Object Model

Center: ClassAIMS. Branches: Clause Mixins (4-10); Annex A Mixins; AIIA; RiskAssessment;
StatementOfApplicability; ClassMCPAIFunction. Foundation: AimsProvenanceMixin anchors all
objects to SagaChain via LOID.

Diagram 3 — 1SO AIMS Canonical Object Model
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Diagram 4 — Runtime Guard Injection with Non-Bypassable Record

Flow: Al Function Call — SagaAl Parser — Load Class Tree — Resolve LOIDs from SagaChain
— Evaluate Guards — Decision: Commit | Abort | Escalate | Incident Object. All outcomes
recorded as SagaChain transactions.

Diagram 4 — Runtime Guard Injection with Non-Bypassable Record
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Appendlx C — Live Reference Links

ISO/IEC 42001:2023: https://www.iso.org/standard/81230.html
* NIST AI RMF 1.0: https://www.nist.gov/itl/ai-risk-management-framework
» NIST AI RMF Full Document: https://nvlpubs.nist.gov/nistpubs/ai/NIST.AL.100-1.pdf
* NIST IR 8596 (IPD): https://csrc.nist.gov/publications/detail/nistir/8596/ipd
* EU AI Act: https://eur-lex.europa.eu/eli/reg/2024/1689/0j
» NIST Cybersecurity Framework (CSF 2.0): https://www.nist.gov/cyberframework
» A2A Protocol Specification: https://a2a-protocol.org/latest/specification/
* A2A and MCP Relationship: https://a2a-protocol.org/latest/topics/a2a-and-mcp/
*  MCP Protocol Introduction: https://modelcontextprotocol.io/docs/getting-started/intro
» SagaChain Standards Repository: https://code.prasaga.com/sagachain/SagaStandards
» SagaChain Testnet Explorer: https://sagascan.prasaga.com/
» SagaAl Formal Comparison with HITL: https://www.prasaga.com/sagatech/sagaai/



https://www.prasaga.com/sagatech/sagaai/

Appendix D — Reference Implementation:
SagaPython Canonical Governance Domains

D.1 Overview

The canonical governance domains are implemented as executable SagaPython™ transaction files
registered under named namespaces on SagaChain through SagaStandards. Each domain defines
canonical classes using @SagaClass and cooperative multiple inheritance; stores cross-references
as typed ClsObjVar or LOID objects (never string identifiers); captures deterministic provenance
at object instantiation; registers immutably via SagaRegisterClasses(); is versioned under
SagaStandards; and may be instantiated and evaluated under SagaAl runtime guard enforcement.
All class definitions are immutable once committed; policy evolution occurs through explicit
domain versioning.

D.2 Registered Canonical Domains
+ examples.saga ai.iso42001
* examples.saga ai.nist rmf
+ examples.saga ai.nist cyber profile
+ examples.saga ai.eu_ai act

* examples.saga ai.eu_ai_compliance

D.3 Non-Bypassable Protocol Integration

ClassMCPAIFunction and its subclasses (ClassEUAIActMCPFunction, CyberAIMCPFunction)
represent the integration point between the governance object model and the SagaChain non-
bypassable protocol layer. When an Al function governed by these classes is invoked, the
invocation is mediated through a SagaChain transaction rather than a direct connection. The server
entity receives an observer notification only after the transaction reaches BFT consensus. This
means the invocation, its governance state at the time of execution, and the guard evaluation
outcome are all captured in a single atomic, non-bypassable SagaChain record.

D.4 Revocation Mechanism

ClassRevocationObject anchors immutable revocation events to specific certificates via
revocation_id, target cert id, reason, revoked by acct, revoked at, and effective immediately.
ClassSagaAlGuardCertificate is extended with a revocation_ref field and isRevoked() method.
During evaluateGuards() and commitOrIncident(), isValidForInvocation() enforces: (1) decision
== "allow"; (2) not expired; (3) !isRevoked(); (4) optional invocation context hash match. If
revocation is detected, the runtime creates a ClassSagaAlGuardIncident, sets needs review = True,
and aborts state mutation. All revocation events are SagaChain transactions — non-bypassable
recorded.



D.5 Development Status

SagaChain is currently in public development testnet stage and not yet deployed to production
MainNet infrastructure. Ongoing development may extend or refine schema definitions, guard
logic, and domain versioning under SagaStandards governance.

Appendix E — Formal Model: Governance
Commit Protocol (TLA+)

A bounded-state formal specification of the governance lifecycle was authored in TLA+ and
model-checked using the TLC model checker. The model includes: governance object creation
with typed references; guard evaluation producing certificates; commit gating under certificate
validation; policy version evolution; referential closure and type completeness constraints; and
non-bypassability enforcement via SagaChain transaction binding.

The following invariants were mechanically verified:

* No Dangling References — no committed governance object may reference a non-existent
object.

*+ Type Completeness Preservation — required cross-framework bindings remain
structurally satisfied at commit time.

* Guard Non-Bypassability — every committed function invocation is cryptographically
bound to a passing guard certificate and a SagaChain consensus transaction.

* Version Evolution Safety — policy version changes cannot invalidate previously
committed governance objects without explicit compatibility rules.

The Guard Non-Bypassability invariant is the formal expression of the Non-Bypassability
Condition defined in Section 3. Its mechanical verification confirms that the architecture is non-
bypassable not merely by design intent but by formal proof over the bounded state space. The
TLA+ specification and configuration files are available alongside the reference implementation
at https://code.prasaga.com/sagachain/SagaStandards.
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