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The course of human civilization reveals a consistent pattern: coop-
erative systems that endure among sovereign states by respecting in-
dependent boundaries while sustaining convergent action derive
their force not from any single document.

This inherent resilience is grounded in a systemic examination initi-
ated before the signing of any binding treaty. It is not limited to the
shaping of strategic will by game theory, nor constrained by politi-
cal trade-offs; it seeks the fundamental truth of First Principles:
what are its first principles? Where are its boundaries and red lines?
And most critically - how can cooperation be anchored as an engi-
neering reality with verifiable determinacy, without requiring any
party to cede sovereignty? These are questions about the underly-
ing logic of order in an era of competing sovereign interests. They
determine whether a system can remain resilient and hold to its

rules under conditions of conflict.

Atamoment when digital sovereignty is emerging and global coop-
eration is being restructured, the Black Paper serves as a Prin-
cipia framework for the verifiable collaboration of digital
sovereignty between nations, providing the theoretical pre-
cursor and logical framework for the foundational work of
polycentric sovereign digital interoperability.

Transcending the divide between technical protocol and political
initiative, the Principia stands as a profound synthesis of institu-
tional design and engineering implementation.Inspired by the Bit
coin whitepaper, we take the logic of "enabling mutually distrust-
ful entities to achieve reliable cooperation” and develop it into a ver-
ifiable architecture that serves polycentric sovereign collaboration.
Its core mission is to address and rebuild the essential contradiction
between "sovereign isolation” and "global interconnection”: driving
deep digital coordination among mutually distrustful states and in-
stitutions without requiring any party to relinquish independent
sovereignty. To this end, we propose a dual-layer governance archi-
tecture. At the protocol base layer, algorithmic consensus ensures
logical neutrality and global factual consistencys; at the upper layer,
each sovereign entity retains full autonomous authority over legal
autonomy, data residency, and policy compliance.

pd

AUROPHOENIX

NI HARHIZIDRAE — DNRRIEEE © FLAE
EENER A, SR E T BT
TERR, HAEMDERAMN, PRANURIET
— USRI,

SR an T ARNE T 2B RTHIIREE R, &
AETHZEFEN S5 RENEE, AET
BURZRMMIREZ T, T2 E s — TR
AR X ERFHGE RIS R 4?7 B
SFRUA S E SLEAE MR ? DUR A% DY A -
AOAIEANLEIEEARINTSR |, RPMERTE N R
& “AISIERYRAE " B TREIISE? SRR,
FEERN I Z IR S KR 2,
BUUE T MREES BAWIE, REGELF
FEEAL S RESI

PRBHE TR RN 5 EERPME 2
b, VERARSS T AR W S B E A 5
WERMER) “TCRET HEZR, MO ERT
HAEL— SO TARR B S 52
HEZE,

I IS0 S Y N7 N O) | SRl
BN, MEME T “HIER” 5 “TRs”
MRELER, ZERMERBER, BT
“HEEAEERSEAGR AT S ME 124,
THAE ZE — R 55 2 D BRI ERT T SR IE 2R
o HM%OMa, ZffFHER “ERRE”
5 “ZIREE” WARBFE @ EAEREM—
JIIEEMA ENEIRTR T, WEsh A ERE
KENMBEBIRERR T TR, Duit, BATHE
AR —Rh “WEH—" KREEAM, FEHHIX



As the logical starting point for this Polycentric Framework, we
focus on the settlement domain, demonstrating that settle-
ment neutrality can be achieved not merely as a political
stance but as a verifiable engineering reality.

The Principia rests on three unshakable fundamental principles:

* National sovereignty above all: the absolute premise of sys-
tem design and operation is to uphold that national law is
higher than code logic.

* Independent and controllable technology: defending the
strategic bottom line of "technical sovereignty" and digital
territory is the physical guarantee for achieving sovereign
continuity.

¢ Controlled interoperability: the "diplomatic norms” of sov-
ereign states in digital space, ensuring cooperation is orderly,
with clear rights and responsibilities, and controllable risks.

We hereby contribute to the world: Black Paper: The Principia of
Sovereign Digital Interoperability.

Spanning cryptography, the operation of state power, monetary
theory, and geopolitics, and integrating theoretical depth with engi-
neering rigor, it provides the complete intellectual and architectural
foundation from which future governance covenants among sover-
eign states can be derived - without reconstructing existing institu-

tions, and without renegotiating first principles.

Sovereignty need not be ceded; cooperation is thus born.

Book Structure Guide:

* Volume A (Principles and Architecture): establishes the
architectural design principles, compliance mutual recogni-
tion, and governance logic that form the foundational
framework of these Principia, providing the normative and
conceptual basis for decision-makers and legal experts.

* Volume B (Engineering and Compliance): provides di-
rectly citable technical standards and proof frameworks, for
architects and auditors to implement and verify.

A Note on the Title

The English edition uses the title Przncipia - Latin for "first principles,” known
from Newton's Principia Mathematica (1687). This document does not consti-
tute an agreement or charter between parties; it establishes the foundational
principles and architectural constraints from which such agreements can later be

derived.

The Chinese edition bears the title 752% (yudn xianzhang). The term 2% ap-
pears in the Zhongyong ( "/ ), one of the Four Books of the Confucian canon,
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where it means "to establish foundational constitutional norms from which all
governance is derived.” The prefix Jt (primordial, originary) amplifies this sense:
the normative foundation that precedes all subsequent institutional order.

Principia and TE5E 5 express the same concept within their respective traditions.

The titles differ in language; their meaning is one.

Open-Source 474 Authorship Statement

This Principia does not originate under the authorization of any
sovereign state or international organization, nor does it represent
the position of any particular country or organization. Just as open
protocols are jointly maintained by global nodes, these Principia are
likewise open-sourced for all sovereign entities to use, critique,

adapt, and co-build.

This Principia is written by Aurophoenix Technology. The found-
ing intent of the project is to rebuild the cooperative order of the
digital age through technology and rules: The mission is to en-
able Global Settlement that is Neutral, Verifiable, and Beyond
Unilateral Discretion. Making cross-border financial coordi-
nation sovereign-safe in a multipolar world. The Principia pro-
poses SSI (Sovereign Verifiable Settlement Interface) as its engineer-
ing specification, transforming abstract principles into a two-layer
technical system of "intra-sovereign execution, globally co-verified".
With the full support of the Aurophoenix Technology team, this vi-
sion has been realized in both theory and engineering implementation.

Special thanks are due to Yan Gu (Kyle Gu) and Stepan Soin, who played
pivotal roles in two key domains - cross-domain compliance interoperability
and sovereign-verifiable architecture design - driving the Principia’s concep-
tual development and realization. Special thanks also to Yipin Liu for break-
throughs in engineering implementation, to Melida Mei for rigor in text re-
view and compilation, to Yi Guo for support in research, and to Danting Li
(Daisy Li) for craftsmanship in visual presentation and layout design.

Finally, with reverence and gratitude, I dedicate this work to my mother -
whose quiet support through countless days and nights made possible the
freedom to journey into the depths of thought.

We firmly believe that a nation's "digital frontier" should not be ex-
clusively defined by any single power, but should be grounded in
shared underlying logic and a verifiable order. May this work lay the
foundation of a new cornerstone of digital civilization that is open

and neutral.

Qinwen Wang

AURO
PHOENIX

Founder of Aurophoenix Technology
June, 2026
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The Polycentric Framework for
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he Peace of Westphalia” established the principles of territo-

rial sovereignty and regulatory autonomy, thereby giving
shape to the modern state system. By 1945, the Bretton Woods sys-
tem had laid the institutional foundation for the postwar global
economy. On this basis, world order evolved into a collaborative
network anchored in unipolar credit. Through trade rules and
cross-border settlement systems, this order enabled an exponential
increase in efficiency. Sovereign states, in exchange for participation
in the global division of labor, ceded part of their "regulatory auton-
omy". This cession was feasible because the rules at the time main-
tained a minimum baseline of neutrality: adherence to the rules did
not imply submission to the will of any particular state. This effi-
ciency-oriented arrangement sustained more than half a century of

globalized prosperity.

However, as globalization entered a phase of zero-sum competition
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over existing gains, the technical and institutional system supported
by unipolar credit was progressively drawn into geopolitical rivalry,
transforming from an engine of efficiency into an instrument of
sovereign competition. When rules lose neutrality, the cession of
"regulatory autonomy” is no longer merely a cost of cooperation,
but may evolve into institutional disarmament vis-a-vis a particular
power. The resulting rise of "anti-globalization” is therefore not a
rejection of cooperation per se, but an instinctive response by sover-
eign states to the risks of single-point dependency. The precondi-
tion for cooperation thus shifts from "technical reachability” to "po-
litical admissibility”, and technology increasingly becomes subject
to strategic instrumentalization. This transformation is particularly
visible in settlement systems, where settlement authority no longer
functions merely as infrastructure for value transfer, but increasing-
ly as a gatekeeper of order. Cross-border settlement is no longer
a purely efficiency-driven problem, but has become a matter
of systemic ordering with direct implications for a state’s eco-
nomic continuity.

We have already entered what Ray Dalio describes as the sixth stage
of the long-term cycle: rules themselves begin to be redefined by
power, and "might defines principle” becomes the prevailing under-
lying condition of order'?. Dalio identifies the fracture, but does
not provide an institutional resolution. Beneath this fracture, digiti-
zation is emerging as the key variable reshaping the landscape. It
equips multipolar actors with instruments of asymmetric competi-
tion, while simultaneously accelerating the loosening of the unipo-
lar center. Yet multipolarity also introduces a new problem of order:
the fragmentation of rules. Sovereignty entails the authority to de-
fine rules; mutual recognition of rules necessarily implies the partial
delegation of that authority. When sovereign will is embedded into
digital infrastructure, and cross-domain rule systems lack mutual
recognition while standards diverge, global coordination faces
structural fragmentation risks. This is not merely a technical prob-
lem, but a manifestation of sovereign divergence in digital space:
technology can interconnect systems, but it cannot by itself recon-
cile divergent sovereign rule systems.

This tension is particularly evident in the evolution of settlement
systems. At present, more than 130 jurisdictions are advancing the
development of central bank digital currency (CBDC) systems, re-
sulting in multiple heterogeneous technical architectures. Due to
divergences in standards, governance boundaries, and compliance
semantics, the global settlement network is transitioning from a sin-
gle backbone structure toward a configuration characterized by re-

gionalization, bilateral arrangements, and the coexistence of
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multiple networks. This not only leads to redundant integration ef-
forts and high interoperability costs, but also creates a jurispruden-
tial vacuum in dispute resolution. Even where technical interopera-
bility has been achieved (for example, mBridge!)), differences in
capital controls and compliance semantics across jurisdictions con-
tinue to constitute boundary conditions that cannot, at the current
stage, be resolved through purely technical means.

The difficulty of technical approaches - such as those represented
by cross-chain protocols - in addressing interoperability require-
ments among sovereign jurisdictions lies in the fundamental mis-
match between their internal trust models and sovereign gover-
nance structures. "Protocol unification” often entails implicit rule
delegation; and third-party cross-chain mechanisms, in essence,
outsource verification and execution functions to off-chain coordi-
nators, thereby reintroducing trust dependencies. In the context of
crypto-assets, such designs may operate under conditions of homo-
geneous trust assumptions. However, once extended to sovereign
coordination scenarios, a structural limitation becomes evident: no
sovereign actor will entrust core settlement and compliance deci-
sion-making authority to an external entity that is not subject to its
institutional framework. Because inherent mutual trust does not
exist among sovereigns, any purely technical connectivity that at-
tempts to bypass sovereign will will ultimately encounter the
boundaries of trust and compliance. This is the clearest expres-
sion of the tension between sovereign separation and global
interconnection.

From Efficiency to Order:
The Constitutional Question of Settlement in
the Digital Age

Before deriving technical pathways, it is necessary to clarify that
what we face is not merely a problem of technical optimization, but
a structural proposition of "technology-institution coupling”. It is
therefore necessary to return to the jurisprudential foundations of
settlement systems. The Bank for International Settlements (BIS)
defines settlement as "the legally irreversible transfer of funds and
the final discharge of obligations'". This definition reveals a fact
often obscured by technical abstraction: the finality of cross-border
settlement is, in essence, a legal fact affirmed by sovereign authority,
rather than merely a digital update of account states within infor-
mation or DL T based systems.
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Yet the current technical architecture causes the process of affirm-
ing this legal fact to bear persistent structural friction. The
multi-layered network composed of the originating bank, multiple
intermediary institutions, and the receiving bank faces a funda-
mental dilemma as it traverses time-zone differences, regulatory re-
gimes, and heterogeneous ledger systems: from instruction issuance
to finality, there exists no single participant capable of fully observ-
ing the real-time state of funds. The resulting “state invisibility” im-
plies that the payer - and even participating institutions - can access
only fragmented "partial truths". This condition does not arise from
single-point failure, but from the fact that each participant operates
within its own regulatory boundary and heterogeneous ledger en-
vironment. Information flow at the technical layer cannot be di-
rectly elevated into full-domain consensus at the jurisprudential
layer.

This discontinuity of information further evolves into fragmenta-
tion of responsibility chains and redundancy in compliance valida-
tion. The release of a transaction depends on risk assessments inde-
pendently performed by institutions along the transaction path
under opaque conditions. In the absence of a pre-aligned proof
structure, "compliance proofs” generated in different jurisdictions
cannot be directly recognized across domains, forcing each node to
conduct repetitive and inefficient validation. This phenomenon of
"compliance islands” is not incidental, but an institutional conse-
quence of unaligned regulatory frameworks across heterogeneous
jurisdictions. Even where macro-level policy objectives converge,
subtle divergences in threshold settings, sanctions regimes, and dis-
closure boundaries prevent compliance conclusions from being di-
rectly portable as cross-domain semantic units. Once disputes arise,
facts must still be reconstructed through costly manual replay and

narrative reconstruction rather than immediate formal verification.

However, when examining the three prevailing exploratory paths,
it becomes evident that although each provides valuable partial
solutions within a defined trust radius, all encounter structural lim-
itations when addressing the challenge of "deep mutual trust” in a
multipolar global environment.

* The institutional-trust path centered on traditional
intermediaries benefits from mature governance struc-
tures and scalable operational capacity. However, under
conditions of intensifying geopolitical tension, its neutrality
relies more on temporary institutional equilibria than on
structurally embedded constraints at the technical or proto-
col layer. Once external pressure is introduced, system

X5, i EMNE A RAARE S 2,
AT — MEARSE : WEREHEEL)R
KRR, RIEH AT — TR e R AR Ut
BHVSERPRES, B ER) SRR,
EARNTIES 5 RITERRBEIRTT A B Ly
“JREREA X SRR T B RURAL, T
EHT RS 5T R%aIT T4 BN AALHTA
FERMIEAZA, FRREIERRE, £
TR B RELA NTRBLR R 23R,

B RIAESSH— PN SRR S
BMHEERNTTR, —EXSHBIT, BRE
WIEAEISAE N Al eI XBE P, BT
BRZ A TTHIIERAEE, A RIEBEERE “&
MUERS” ERGESIIEREARE, SBE AN
A TES BRI, S “GRE”
MRFHIEA, T SRR AL 22 57 ek
XETFRIHIEEMESS R, BIMEZZWLBOR H AR,
HBIEBGE, iR B 5 5 BN R S R
#25, AESREEIEXELUE N Al BS s T G
WEITRIERRIG, —HFBURAE, FHEL
B RARN N TR EE MEEMASTE, T
FEETFTE A GE A RN 30IIE,

s, HEEE BRI =SRRERE, REE
1% BAERPERIE PR TR BRI =
BHIRTE, (BAENDN EERZRMAME)S T “TRE
BAZ” PRARIN, ¥R T ME LU BR Y 45 4

o LUEGI P DM UEER TR, (R
PAET FARTRBRES 0 5 MU LB1TRE
1o F&T, AEHGERIKIREHA T
HEE, HApA7 M SR R IR
BN, IR TEORERE L
AR, —EHNREAMA, RIRENE
R RTREBSARARZI, M LS o)
REEEWR,



stability may rapidly deteriorate, potentially resulting in net-
work fragmentation and discontinuity of trust.

* The decentralized path represented by Web3 achieves
state consistency through algorithmic consensus and, in
technical terms, approaches the ideal of "trust-minimized
collaboration”. However, its internal logic remains largely
confined to determinacy within the system itself, lacking
native mechanisms for embedding legal finality and sover-
eign discretion. This structural mismatch limits the ability
of compliance conclusions to attain institutional recogni-
tion in cross-sovereign contexts, thereby constraining its ap-

plicability within real-world financial infrastructure.

* The multilateral or bilateral agreement path enables ef-
ficient coordination within a limited participant set, but its
expansion depends on the continuous accumulation of bi-
lateral or multilateral linkages. As the number of partici-
pants increases, coordination costs grow exponentially,
while system complexity exhibits nonlinear escalation be-
yond critical thresholds. Because this path lacks an endoge-
nous global coordination mechanism, it tends toward frag-
mentation into compliance islands and the structural dis-

continuity of wider cooperation.

Taken together, these three paths reveal, from different perspec-
tives, the "impossible trinity" inherent in cross-border settlement
systems: the difficulty of simultaneously achieving sovereignty,
neutrality, and scalability. Yet the future digital order requires pre-
cisely the concurrent realization of all three dimensions, rather than

compromise among them.

It therefore becomes clear that the challenge extends beyond techni-
cal interoperability; it constitutes a constitutional question of order
reconstruction: in a multipolar world, how can a digital order
be constructed that neither depends on a single center of au-
thority nor becomes susceptible to geopolitical instrumental-
ization? Such an order must take sovereign independence as its
premise, logical equality and minimal trust as its foundation, and
ensure that all participants can achieve verifiable mutual recogni-
tion of cross-domain rules without ceding rule-making authority,
while preserving security and collaborative capacity at the level of

technological sovereignty.

What cross-sovereign collaboration fundamentally lacks is not ad-
ditional channels of connectivity, but a mechanism capable of
transforming "rule execution” into "globally re-verifiable facts ". The
key lies in abstracting law and policy into executable and verifiable
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programmatic constructs that, while accommodating divergence
and disagreement, ensure that when disputes arise, logic remains
traceable and deterministically replayable. Since "legal finality” can-
not be directly transmitted across sovereign boundaries, the only vi-
able path is to reconstruct it, through cryptographic and mathe-
matical proofs, into a transparent logical representation that can

traverse domains.

At this critical juncture, the BIS Project Mandala®® and the Princip-
ia framework demonstrate a shared core insight: compliance mech-
anisms must shift from "ex post tracing” to "real-time verification’.
Mandala, by frontloading compliance decisions through codifica-
tion, has demonstrated the engineering feasibility of this paradigm.
Building upon these practical advances, the Principia framework
extends the proposition into the domain of institutional design.
Once pre-execution compliance ceases to be the primary constraint,
a more fundamental question emerges: in a multipolar environ-
ment, on what basis can rules across sovereign systems be mutually
recognized? Mandala remains anchored in existing credit structures
and enhances execution efficiency through technical means. Prin-
cipia framework, by contrast, seeks to construct a sovereign-
ty-neutral layer of logical verification, exploring a paradigm
of mutual recognition among heterogeneous rule systems.

This distinction ultimately reflects different engineering expres-
sions of "neutrality”. Mandala’s neutrality is grounded in a high de-
gree of alignment among participants around shared protocol stan-
dards, and its optimization target remains the execution pathway
within existing governance frameworks. The Principia framework,
by contrast, embeds neutrality into the verification structure itself
through a principle of "logical equality”, thereby reducing reliance
on centralized coordinators and redefining the institutional foun-
dation for mutual recognition among sovereign systems. These rep-
resent parallel explorations - "optimization of existing pathways"
and "construction of a new paradigm’, under different trust radii
and governance configurations, rather than substitutes for one an-

other.

From Institutional Trust to Verifiability:
Reconstructing Order Through Settlement
Neutrality

Proceeding from the logic developed above, we have systematically
articulated the Black Paper: Principia for Sovereign Digital Interop-
erability. This is not merely an engineering blueprint, but a
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comprehensive reconstruction of a new order of neutral settlement
in digital space at the critical juncture where governance and tech-
nology become deeply coupled. It translates the political consensus
that "sovereignty is non-transferable” into a global interoperability
paradigm that is executable, verifiable, and replayable. We define
this system as the Sovereign Settlement Interface (SSI) - a sover-
eign-verifiable, polycentric settlement framework that enables
cross-domain collaboration without requiring suprasovereign trust.

This framework reconstructs the traditional paradigm of institu-
tional trust: settlement neutrality no longer depends on endorse-
ment by centralized authority, but becomes endogenous to a verifi-
able structure. Its engineering expression is a dual-layer architecture
of "execution within sovereignty, verification by all globally”: a het-
erogeneous collaborative network composed of the Sovereign Com-
pliance Execution Layer (SCEL) and the Sovereign Relay Hub
(SRH).

The Sovereign Relay Hub (SRH) is designed as a public collabo-
rative plane from which power has been structurally stripped in ad-
vance. It performs only the ordering, verification, and finality-con-
firmation functions required for cross-domain collaboration and
never intervenes in the interpretation, discretion, or execution of
sovereign rules.The SRH does not pursue the global unification of
rules, nor does it presuppose political mutual trust or introduce any
suprasovereign adjudicator; it provides only a set of independently
verifiable collaborative procedures.Its trustworthiness derives not
from external endorsement, but from strict functional boundaries:
it does not execute sanctions, interpret rules, hold assets, or
exercise adjudicative authority. These limits are fixed as Princip-
ia-level boundaries and reinforced in the protocol layer through a
negative list, and supported by an auditable, rollback-capable gover-
nance pipeline with delayed effectiveness and rights of objection.
Any attempt to overstep these bounds is intercepted and exposed
simultaneously at both the institutional and protocol levels.Neu-
trality therefore depends neither on operator goodwill nor on spon-
sor assurances, and cannot be unilaterally redefined by the system’s

builders.

Corresponding to the neutrality of the SRH, the Sovereign Com-
pliance & Execution Layer (SCEL), as an execution system inde-
pendently deployed within each sovereign domain, constitutes the
concrete carrier of a "sovereign DLT" architecture under the premise
of technological neutrality. Its core responsibility is to ensure that, at
the instant each cross-border transaction is triggered, compliance
adjudication under the domestic rule system is completed and
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transformed into a deterministic result that can be verified across

domains.

This capability is jointly realized by three principal modules: Poli-
cy-DSL, which maps regulations into an executable formal rule
language; JPack, which encapsulates rule sets into signable, ver-
sioned semantic snapshots, thereby providing alignable rule bound-
aries for cross-domain verification; and PoPC, which renders com-
pliance adjudications as replay-verifiable proof objects by cryp-
tographically binding the basis of execution, input digests, rule ver-
sions, and decision outcomes, so that any authorized party can per-
form deterministic replay verification under the same JPack rule
snapshot. Acting together, these three modules abstract what was
originally a rule-execution process endogenous to the sovereign do-
main into "proof primitives” that can be carried across domains, in-

dependently verified, and replayed.

The design of PoPC satisfies the minimum conditions of an au-
ditable closed loop: source signatures anchor responsibility, trans-
action binding ties the conclusion to a specific event, controlled
submission preserves proof integrity in transmission, and replay
mechanisms allow independent reverification under the referenced
rule snapshot. Accountability is thus embedded at the architectural
level rather than supplied after the fact.

Its deeper paradigm shift lies here: proof supersedes logs as the
basis of verification. Proof production is fully detached from dis-
crete, non-replayable operational records and transformed into
structured, versionable, replayable proof objects. Dispute resolution
thereby undergoes a parallel shift: it no longer depends on retriev-
ing fragmented logs across institutions or on subjective interpreta-
tion, but instead proceeds on the basis of uniformly generated, in-
dependently re-verifiable proof objects. This transforms the foun-
dation of collaboration from "consistency of interpretation” to

"consistency of verification”.

This transformation strictly follows the principle of minimal ex-
posure: along the default path, only the minimum information
necessary for verification is disclosed - rule-version fingerprints, in-
putdigest commitments, decision results, and their binding rela-
tionships. Sensitive raw data always remains within the sovereign
domain and is only conditionally disclosed in a limited manner
when disputes are triggered. In this way, the three principal mod-
ules jointly abstract the sovereign-internal rule-execution process
into "proof primitives’ that are verifiable, auditable, yet non-inspect
able, externalizing verification capability while ensuring that data
sovereignty does not spill beyond the boundary.
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The SRH undertakes the coordinating function of cross-domain
compliance mutual recognition. Through a unified cross-do-
main verification protocol, and without penetrating or intruding
upon sovereign boundaries, it validates the consistency and com-
pleteness of the proof primitives submitted by each SCEL and
reaches deterministic settlement consensus across heterogeneous
ledgers. Verification takes place outside the boundary, while rules
remain inside the boundary.

Under this structure, differences in rules no longer block coopera-
tion; they become the condition for formal expression and indepen-
dent verification. The credit fulcrum of collaboration shifts from
identity and institutional endorsement to mathematics and proof
structures. Cross-domain cooperation no longer depends primarily
on ex post explanation and reconciliation, but generates determinis-

tic, replay-verifiable proof at the point of occurrence.

However, the establishment of cooperation depends not only on
institutional completeness, but also on the sufficiency of re-
al-world incentives. What sovereign states seck is not merely the
"preservation of capability”, but also the "attainability of returns’. In
current cross-border settlement systems, repeated compliance work
and manual reconciliation caused by semantic inconsistency consti-
tute continuously accumulating institutional friction. Once "com-
pliance has been executed” is transformed into a deterministic
proof that can travel across domains, the liquidity previously
trapped within bilateral bargaining structures is released. Settle-
ment cycles are compressed, the marginal cost of compliance de-
clines significantly, and network eftects increase with broader par-
ticipation, thereby generating cooperation dividends that are both
measurable and perceptible.

The core of this architecture lies not in convergence of rule content,
but in the establishment of a unified "proof grammar". Each sover-
eign entity may retain a fully heterogeneous rule system, but its co-
operation interface must satisfy the minimum consistency con-
straints of being verifiable, auditable, and re-verifiable. Logical equal-
ity does not arise from institutional promises, but takes engineering
transparency as its premise: the core implementations of SCEL and
SR H are fully open source, the build process is reproducible, and at
least two mutually independent open-source implementations exist.
Verification tools can be independently obtained and run in lighe
weight form, so that even participants with limited technical capa-
bility can deterministically replay any proof without deploying the
tull system. Logical equality is thus anchored as a testable engineer-
ing fact, rather than as an unfalsifiable trust assumption.
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This unified grammar ultimately points toward a redefinition of
settlement finality. In traditional models, the "completion” of ledger
state and "completion” in legal terms have long remained separate,
producing a grey fracture between technical confirmation and legal
confirmation. By introducing dual-track finality, the Principia
framework elevates the condition of completion from single-track
ledger finality to a conjunctive structure of ledger finality and
policy finality. Only when a transaction is irreversible on the sov-
ereign-domain ledger, and its compliance execution can be inde-
pendently verified, does it possess full legal finality. In this way,
technical state and institutional effect become isomorphic, and the

grey zone is structurally dissolved.

Yet what this framework seeks is not perfect unification at the level
of rules, but the minimum cooperative order that can still hold
amid continuing divergence. This principle is expressed through
"sovereign continuity”: even under extreme conditions, the system
must preserve minimally viable cooperation and a complete chain
of responsibility; it must remain degradable, reconstructable, and
accountable. The reliability of infrastructure is not built on the ide-
alized assumption of "never failing”, but is rooted instead in the ca-
pacity to observe, trace, and repair failure - in other words, in insti-

tutionally endogenous resilience.

In this sense, "verification” becomes the minimum common de-
nominator that connects heterogeneous sovereign rules, and also
the foundational mechanism that sustains the operation of a poly-
centric order. Rules may remain differentiated, but execution
must be verifiable; sovereignty remains inviolable, and coop-
eration thereby becomes possible.

On this basis, the Principia framework makes proof the common
interface of cross-sovereign cooperation: independently verifiable at
global scale, yet compatible with the protection of underlying sensi-
tive data. In this way, the long-standing tension between sovereign
separation and global interconnection is recast under a verifiable
paradigm: difference no longer blocks cooperation, but becomes
the condition for a shared order that can be tested rather than pre-
sumed.

Closing Reflection

Three centuries ago, the Peace of Westphalia
emerged from the ruins of religious wars to de-
marcate the boundaries of physical territory. It
exchanged exclusive sovereign governance for the
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foundational peace necessary for the survival of
civilization.

‘Today, we stand at the historical intersection of
digital sovereignty and multipolarity. The Prin-
cipia framework seeks to establish the logical
boundaries of digital sovereignty and interopera-
bility. By employing a neutral verification archi-
tecture rooted in reciprocity, it reconstructs glob-
al collaboration within a multipolar order. It is a
systemic response which is expressed through
"verified trust” to the cracks in the global order
revealed by Ray Dalio.

This framework is beholden to no single sover-
eign power; it belongs to all who safeguard their
independence in the digital age and aspire to
global collaboration. It is a spark ignited in this
moment, destined to become a wildfire across a
boundless horizon.

The journey is long; the dawn begins here.
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AO. Glossary ¢f Original Terms
in the Black Paper

AO. RREBFREIRIER

This document introduces several original concepts, abbreviations, and design principles that form the terminological foundation for all
subsequent chapters. All terms are defined here in their canonical form.
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Architecture and
Infrastructure Mechanisms
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o EINMARIEERIER (EMNEEE) - SSI

® SS| - Sovereign Settlement Interface (Sovereign-Veri-

fiable Settlement Interface).

A global settlement interoperability architecture com-
posed of sovereign execution layers (SCELs) and a Sover-
eign Relay Hub (SRH). SSl is not a single ledger but a het-
erogeneous collaborative network in which each jurisdic-
tion retains full policy autonomy while cross-border trans-
actions are coordinated through standardized compliance
proofs. Throughout this document, the terms "DLT" and
"blockchain" are used interchangeably.

Architectural composition of SSI:

SSI = SRH + SCEL, + SCEL, + ... + SCEL,

SCEL = Sovereign Blockchain + { Policy-DSL,
JPack, PoPC }

A sovereign blockchain becomes a Sovereign Compliance &
Execution Layer - and thereby gains the ability to interact
with the SRH and participate in the SSI network - only when
it implements the three compliance modules: Policy-DSL
(rule execution), JPack (sovereign rule packages), and PoPC
(compliance proof generation). Without these modules, a
blockchain remains a domestic ledger with no standardized
interface to the global settlement network.

® SRH - Sovereign Relay Hub.

A globally coordinated, technically neutral infrastructure
layer jointly governed by participating jurisdictions. The
SRH orders cross-border transactions, deterministically
re-verifies the compliance proofs (PoPC) attached to
them, and anchors verification finality through BFT con-
sensus. It operates under two foundational constraints:
coordinate only, not adjudicate and verify proofs only, not
interpret rules. The SRH does not custody funds, issue cur-
rency, or execute sanctions.
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® SCEL - Sovereign Compliance & Execution Layer.

A distributed ledger instance autonomously controlled by
a sovereign state or its authorized institutions, Its underly-
ing technology selection is neutral (supporting all main-
stream distributed ledger or centralized high-perfor-
mance ledger technology stacks), and securely integrated
with domestic core financial systems (RTGS, CSD, etc.).
Each SCEL processes transactions under its own legal and
regulatory framework, executes programmable compli-
ance rules via Policy-DSL, and generates verifiable Proofs
of Policy Compliance (PoPC). It serves as the sole stan-
dardized interface connecting a jurisdiction's domestic fi-
nancial infrastructure with the global SSI network.

RVM - Regulatory Virtual Machine.

A dedicated compliance engine operating independently
of the conventional state machine within each SCEL and
within the SRH. It deterministically executes Policy-DSL
logic against the referenced JPack version, producing re-
playable compliance outcomes. At the SRH, the RVM per-
forms mirror verification - re-executing the originating
SCEL's policy logic to confirm byte-identical results.

Audit & Observation Layer.

An independent architectural tier composed of audit insti-
tutions, supervisory nodes, and research organizations. It
does not access raw business data; instead, it inde-
pendently replays transaction logic and verifies compli-
ance execution using privacy-preserving proof summaries
and cryptographic proofs (such as zero-knowledge proofs)
provided by lower layers. Its core function is to provide ob-
jective, third-party assessment of system neutrality, conti-
nuity, and trustworthiness.

Sovereign Boundary Interface.

The external-facing gateway module of each SCEL, re-
sponsible for bidirectional commmunication between the
sovereign execution domain and the Sovereign Relay Hub.
On the outbound path, it packages the transaction intent,
the PoPC, and the referenced policy version information
into a standardized Transfer Package for submission to the
SRH. On the inbound path, it receives Verified Transfer
Packages from the SRH (at a receiving SCEL) and Out-
come Receipts (at an originating SCEL). It also interfaces
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internally with domestic core financial systems (RTGS,
CSD, commercial bank ledgers) through secure gateways.
The Sovereign Boundary Interface corresponds to the
"Cross-Domain Gateway" described in the SCEL minimal
component architecture, and is the sole standardized in-
gress and egress point for a jurisdiction's transactions en-
tering and exiting the global SSI network.

PoPC Archive.

The immutable, append-only compliance record main-
tained by SRH validator nodes, in which every PoPC that
has passed deterministic re-verification is permanently
stored. The archive serves three functions: (1) it provides
the evidentiary basis for the Global State Tree, linking each
verified PoPC to its corresponding transaction record, veri-
fication receipt, and terminal outcome; (2) it enables retro-
spective replay - any authorized party with access to the
archive and the referenced JPack version can inde-
pendently re-execute the policy logic and verify the com-
pliance claim, without access to raw business data; and (3)
it supports the Audit & Observation Layer by supplying
proof summaries and cryptographic commitments (event
hashes, Merkle roots) for independent third-party attesta-
tion. The archive is distributed across SRH validator nodes;
no single node holds exclusive custody, and the integrity
of the archive is protected by the same BFT consensus
mechanism that governs the SRH's verification operations.

Policy-DSL - Policy Domain-Specific Language.

A formal, deterministic rule-expression protocol that trans-
lates complex regulatory requirements - such as AML/
KYC, cross-border limits, the FATF Travel Rule, asset-class
restrictions, and operating windows - into machine-exe-
cutable, verifiable logical statements. Policy-DSL provides
a jurisdiction-neutral semantic foundation; sovereign-spe-
cific content is expressed through JPack.

Core-DSL - Core Domain-Specific Language.

The minimalist base language underlying Policy-DSL, fo-
cused on cross-border settlement and foreign-exchange
regulation semantics. Its primitives are designed for com-
patibility with major regulatory frameworks (EU AMLR,
MAS PSA, U.S. BSA, SWIFT CBPR+) and for extensibility to-
ward finer-grained compliance modeling.

003

OISR SCEL S/NAMZRMAREEMX, BEXRZS
#HEEK SSI FESHIME—FRAER A,

PoPC J3t4E

TOFRESRMALE | B SRH WIET m4ERRARATEIR, X
FREMNEMICRE, FiEd # EMBIIER PoPC 13
KAFETHEA, ZAEEEE=KINEE | —=2fFh2
BOIRSHTRALIEBRES, ¥ & MNERIER PoPC SN
MWRSICR. WIEKIEREAREREXKE | 2%
SRER, EMRERN—75, RELEBINEILEEHF
BUSATS IR JPack hRA, BIRITERELARRIA SSEUE
HERT, MIEREREEHRIESMENRK ; =2

HITSUREREIIABENZRBZRE (WS4R%E.
Merkle 18), MZFEPRME=75TE. ZIFEED M
T SRH BRWIEN R L, FEER—TRINRS
RE, HFEMZ BFT HIRHIHHRIR,

BUERAKEAIES - Policy-DSL

TTEREMINIRA | —FZb. 8 BHRRINIZREIN,
ENERNBEEK (W AML/KYC, BEIE[RER. FATF
FRAT RN, 2= 5l BRAITSETE ) FLAHEE T3
7. AIRIERIZEEIEM, Policy-DSL RN BEEEX A
ITHENER ; MEEUFENEERNSNEL IPack

Rt EFIES - Core-DSL

TTEREMMNYAMEE  ¥E59 Policy-DSL REERMMREIES,
RETEBEEES/LEEIEN. HRERITEIRESE
TREEIESR (AIFREE AMLR. #TI0iE MAS PSA. %=E
BSA. SWIFT CBPR+), t{REBEEMRNESMERY
RERIRE.



® JPack - Jurisdiction Pack.

A versioned, digitally signed policy package published by
a sovereign regulator or its authorized delegate. Each
JPack contains executable rules written in Policy-DSL, pa-
rameter thresholds and reference lists, mappings to un-
derlying legal provisions, and standard test vectors. JPacks
are the mechanism through which sovereign regulatory
intent is expressed in computationally verifiable form.

PoPC - Proof of Policy Compliance.

A cryptographic credential generated by the SCEL during
transaction processing. Each PoPC binds together the ref-
erenced JPack version (policy snapshot hash), an input
data digest, the rule-execution trace, the compliance de-
termination result (ALLOW /HOLD / REJECT), timestamps,
and a digital signature. PoPC is designed for deterministic
replay: any party with access to the referenced JPack can
independently re-execute the policy logic and verify the
claimed outcome.

RFR - Regulatory Finality Representation.

A deterministic, publicly verifiable representation derived
from the finalized global state of the SRH after a cross-bor-
der transaction has achieved dual finality.The RFR is not a
protocol-layer receipt and does not constitute an addition-
al settlement step. Instead, it is a standardized representa-
tion that can be independently generated and verified by
any participant based solely on finalized on-chain data.lt
reflects, in a reproducible form ledger finality (transaction
irreversibility), and Policy finality (completion of compli-
ance verification as recorded in PoPC and global state).
The RFR serves as a reconciliation, audit, and dispute-reso-
lution reference artifact, without consuming protocol re-
sources or altering consensus semantics.

Settlement Receipt.

A signed credential emitted by the destination SCEL
(SCEL-B) to the SRH after the inbound sovereign decision
has been made. In the case of ACCEPT, it confirms that
local settlement has been executed - assets have been
transferred, ledger state updated, and accounting entries
completed within domestic core systems. In the case of
REJECT, it confirms the refusal and includes reason codes
under the local policy framework. The Settlement Receipt
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cryptographically binds the decision outcome (ACCEPT or
REJECT), the referenced PoPC identifier, a timestamp, and
the SCEL-B's digital signature, providing the SRH with an
authenticated signal to proceed to Global Outcome Final-
ization.

Outcome Receipt.

A notification credential produced by the SRH after com-
mitting the terminal outcome to the Global State Tree. It is
broadcast to the originating SCEL (SCEL-A), any registered
audit subscribers, and the Audit & Observation Layer. The
Outcome Receipt contains the terminal state (SETTLED,
REJECTED, or EXPIRED), the global event hash, a reference
to the archived PoPC identifier, and the SRH's verification
receipt. It serves as the external-facing signal that Global
Outcome Finalization is complete - informing all relevant
parties of the transaction's final, irreversible status without
requiring them to query the Global State Tree directly. De-
livery to SCEL-A is optional per the architecture; delivery to
audit subscribers is governed by Layer 4 access policies.

Design Principles

® Settlement Neutrality.

The principle that the underlying settlement protocol
must not embed political bias. All policy decisions - mar-
ket access, sanctions, compliance screening - are execut-
ed exclusively by sovereign jurisdictions within their SCELs.
The settlement layer is responsible only for completing
ledger updates and generating tamper-resistant proofs
after transactions have passed each jurisdiction's compli-
ance review. This principle corresponds to the institutional
separation of the charter layer from the operations layer in
the governance model.

® Verifiable Sovereignty.

The condition in which a sovereign jurisdiction retains full
authority over its domestic rules, execution logic, and legal
settlement effects, while exposing only proof-based and
replay-verifiable outputs for cross-domain coordination.
Mutual recognizability is enhanced without transferring
interpretive or governing authority to the shared layer.
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® Sovereign Continuity.

The capacity of a sovereign domain to preserve domestic
settlement, compliance execution, and proof generation
under failure, disruption, sanctions, or conflict, while main-
taining a recoverable path for cross-domain commit-
ments. Once connectivity is restored, pending or emer-
gency transactions can be reconciled, replayed, or back-
filled in accordance with predefined procedures and pre-
served proof records.

Interpretive Continuity.

The requirement that historical rule application remain re-
producible across version change by preserving pinned
policy versions, stable execution semantics, and re-
play-verifiable proof records. Changes to rules, configura-
tions, or participation environments must not render prior
transactions uninterpretable in practice or unverifiable in
audit.

Dual Finality.

The constraint that every completed cross-border settle-
ment must satisfy two independent conditions: ledger fi-
nality (the transaction is irreversibly recorded) and policy
finality (the transaction has been executed in accordance
with the rules in force across the relevant jurisdictions,
with a complete proof chain available for verification).
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CHAPTER Al

The Ledger
of Civilization:

Five Thousand Years of Accounting
Authority and Its Future
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Abstract:

Throughout history, societies have sought increasingly reliable and efficient ways
to record and transfer one of the most fundamental social contracts: credit.

The carriers of accounting authority have shifted alongside centers of power,
moving from priestly clay tablets backed by sacred authority, to monarchic cur-
rencies anchored in gold, to private credit networks operated by banks, and
eventually to state-issued fiat money.

Today, a historical inflection point is emerging. Accounting authority is becoming
detached from physical media, with credit reconstructed through mathematics.
Bitcoin removed accounting authority from direct sovereign control and placed
it under algorithmic consensus. This experiment demonstrated technical feasibil-
ity while also reaching the limits imposed by sovereignty.

This development reveals a central dilemma of the digital era: whether a choice
must be made between sovereign control and network neutrality.

Historical experience suggests a different approach. Over more than five thou-
sand years, accounting systems that have endured and scaled successfully have
consistently introduced some form of separation and mutual constraint between
the exercise of power and the verification of facts.

This paper proposes a third path for global settlement: the construction of a ver-
ifiable global Sovereign Settlement Interface, one that preserves absolute sover-
eign control while shifting fragile relational trust toward stable mathematical ver-
ification.

The trajectory of civilization can thus be understood as the evolution of account-
ing authority.
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Accounting
Relationships Backed by
Sacred Authority

B AR HE
eIk X &

IMTustrated treatise on the Maritime Kingdoms, 1902, Wei Yuan

“The fundamental logic is defined by its transparency;
the universal infrastructure is empowered by its simplicity.”

‘G S Fe, LR . 7

— 1 Ching, Xici (Z%-FRE))

At the beginning of the 20th century, a discovery by a German ar-
chaeological team at the ruins of the Eanna Temple in Mesopota-
mia, revealed how large-scale human cooperation beyond kinship
first became possible!.

One Sumerian clay tablet, catalogued as W 19408,76!, bears a line
of plain text:

“The farmer Ur-Lama received 2 gur of barley (approximately 600
liters) from the temple granary as seed for cultivating the field of
the Sun God. It is to be repaid at harvest.”

This record constitutes one of the earliest known formal loan
contracts in human history, measured in standardized barley and
collateralized by future harvests. The authority that gave this
contract binding force was the temple itself.

At that time, Sumerian temples already functioned as both ritual
and financial centers. As institutions of sacred authority, they
maintained central ledgers that transformed interpersonal trust
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into written, enforceable debt relations backed by divine sanction.
The clay tablet thus became the first theocratic accounting data-
base in human history.

As David Graeber observes in Debt: The First 5,000 Years!, sys-
tems of credit and debt were already in operation long before the
emergence of money.

From Imperial Gold
to Credit Revolution

As ancient empires expanded, religious authority alone could no
longer sustain the scale and complexity of finance. Accounting
power gradually shifted from temples to palaces. This transition
was formalized in the 7th century BCE, when the Kingdom of
Lydia in Asia Minor minted gold coins bearing royal emblems of a
lion’s head', binding credit to precious metal under imperial au-
thority. Gold-based accounting subsequently spread across Eur-
asia. It extended eastward to Persia and westward to Greece, was
further disseminated through Alexander’s campaigns, circulated
within Roman trade infrastructures, and later connected with the
Silk Road of Han China. Gold accompanied conquest, trade, and
empire-building, and establishing a durable, transregional mone-
tary standard.

Over time, however, the growth of long-distance commerce ex-
posed the limitations of bullion-based settlement. Transporting
gold and silver was costly, insecure, and inefficient. In response, a
credit revolution emerged in which accounting authority dif-
fused from sovereigns into private commercial networks. From
the 8th to 10th centuries, the Eurasian continent witnessed a syn-
chronized evolution toward lightweight ledger civilizations. While
Tang China pioneered “Feigian” (Flying Money)®?, Islamic traders
employed the Suftaja® (the precursor to the modern “Check”) to
enable remote settlements from Baghdad to Guangzhou. Func-
tioning as the super-intermediaries of the Silk Road, these Islamic
networks transformed cities like Baghdad and Samarkand into
global clearing hubs, driving the cross-border flow of not only
capital, but also transformative technologies like the compass and
papermaking,
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The 11th-century Mediterranean notarial system severed the link
between transaction facts and physical exchange. It institutional-
ized the logic of “Contractual Primacy,” allowing credit to break
free from material constraints and circulate independently*”. By
the late medieval period, institutions such as the Medici banking
network enabled merchants to settle cross-border obligations
through bills of exchange rather than physical metal, while paral-
lel innovations in China, the Shanxi-based Rishengchang Draft
Bank introduced a system of Chinese-character codes as an an-
ti-counterfeiting measure that ensured the security of redemp-
tion®., Wealth could now move through accounting entries rather
than caravans.

The efficiency of private credit networks soon drew sovereign in-
terest. Beginning in the early modern period, European states
granted royal charters to institutions such as the East India Com-
pany, integrating private finance into imperial strategy. This mo-
ment represented the first large-scale incorporation of credit
systems into state governance, as credit mechanisms moved from
privately administered networks to institutionally regulated
structures within the state apparatus.

From Free Banking
to Central Authority:
The Consolidation
of Monetary Power

From the 18th to the 19th century, the Industrial Revolution gave
rise to the era of free banking!®, during which the authority to
issue money was widely dispersed. Banks of all kinds issued their
own private banknotes, and private banking, most notably exem-
plified by the Rothschild family!” reached its historic peak, financ-
ing wars and large-scale trade throughout Europe.

Yet this highly decentralized monetary system lacked a unified
clearing foundation. It could neither guarantee consistent value
across notes issued by different banks nor withstand systemic
bank runs. Recurrent banking panics exposed its fundamental
limitation: private money was incapable of sustaining the unified
economic space required by emerging modern nation-states.
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History therefore took a decisive turn. Sovereign countries re-
claimed the authority to issue currency, and central banking
institutions were established. The Bank of England, founded in
1694 under a government charter granting monopoly rights over
currency issuance, emerged as the prototype of the modern cen-
tral bank®.With this development, accounting authority was
gradually transferred from the private sector to public control.

This evolution culminated in the creation of the Federal Reserve
in 1913 Beyond unifying currency issuance, the Federal Reserve
built a nationwide clearing system and assumed responsibility for
managing national credit. The Great Depression of 1929 defini-
tively shattered the belief in self-regulating markets, while
Keynesian economics and the New Deal!”affirmed the necessity
of state intervention through fiscal and monetary policy.

By this stage, the central bank had evolved from a passive clearing
institution into an active regulator of the volume and direction of
money within the economy. The state thus assumed its role as the

ultimate stabilizer of the macroeconomic system.

War,

Reconstruction of the
Global Monetary System,
Sovereign Credit, and the

Petrodollar-Centered
Order

The two World Wars marked a decisive rupture in the global
monetary system, precipitating the collapse of the classical gold
standard. Belligerent states compelled the surrender of gold and
financed total war by issuing debt against future tax revenues,
demonstrating that sovereign credit, rather than precious metal -
had become the ultimate instrument for mobilizing economic re-

sources.
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In 1944, the Bretton Woods system!"! formalized this shift by es-
tablishing a hierarchical framework in which the US dollar was
pegged to gold, while other currencies were pegged to the dollar.
The dollar thus became the central unit of global accounting and
settlement. As countries accumulated dollar reserves to stabilize
their exchange rates, they effectively recycled global savings into
US Treasury securities, making US sovereign debt the founda-
tional asset underlying international liquidity.

This system, however, contained a structural contradiction
known as the Triffin Dilemma!'?. Sustaining global growth re-
quired an expanding supply of dollar reserves, which compelled
the United States to run persistent deficits and export dollars
abroad. Over time, this dynamic eroded confidence in the dollar’s
gold convertibility. In 1971, the United States suspended convert-
ibility in what became known as the Nixon Shock!?), bringing the
Bretton Woods system to an end and inaugurating the era of
floating exchange rates. Currency values thereafter rested pri-
marily on market assessments of sovereign credit and policy
credibility.

Following the exit from gold, the dollar continued to function as
the core global currency, now supported entirely by credit. After
the oil crisis of 1974, a new circulation mechanism emerged in
which oil exports were priced and settled in dollars, and surplus
revenues were reinvested in US financial markets. This arrange-
ment, adopted broadly across OPEC economies, reinforced the
dollar’s central role under the floating exchange rate regime.

Through these transformations, the global accounting system en-
tered a new phase: international liquidity, trade settlement, and
financial stability became closely aligned with the sovereign cred-
it of a single state. The postwar monetary order thus evolved from
gold-backed money to a system anchored in sovereign balance
sheets and geopolitical power.

Global Clearing
Networks:

From Technical Channels
to Strategic Infrastructure
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As the petrodollar system solidified, Japan expanded its capital
presence in the 1980s, and China joined the WTO in the early
twenty-first century, the scale and complexity of cross-border
capital flows grew exponentially. The global financial system
faced a fundamental challenge: how could bank ledgers distribut-
ed across different countries and legal jurisdictions be updated
safely and efficiently?

In 1973, cooperation among banking institutions in Europe and
North America led to the establishment of SWIFT!¥ as a replace-
ment for inefficient telegraph-based communication. Owing to its
deep integration with dollar clearing cores such as CHIPS, this in-
frastructure substantially improved global financial efficiency
over the past half century. At the same time, its underlying logic of
centralized verification meant that its operation was inevitably
influenced by the legal frameworks of the jurisdictions in which
core nodes are located.

As globalization entered a phase characterized by multipolar sov-
ereign cooperation, the structural limitations of this architecture
became increasingly visible.

* Mismatch between public function and localized juris-
diction: When an infrastructure operates as a global pub-
lic utility, governance boundaries aligned with a single
sovereign legal system generate friction in cross-border
coordination.

* Absence of verifiable neutrality: Under centralized ledger
models, neutrality is typically sustained through manage-
rial commitments rather than through technically en-

forced, tamper-resistant constraints.

These tensions do not arise from the intentions of any specific in-
stitution. They reflect endogenous challenges faced by legacy
clearing paradigms in an era defined by digital sovereignty.
Whether in Europe’s TARGET!"system or China’s CIPS", current
sovereign initiatives can be understood as efforts to identify
clearing paths that are more resilient and better aligned with a

multipolar environment.

As the demand for credible cooperation increasingly exceeds reli-
ance on centralized authority, the evolution of financial infra-
structure enters a new phase. The question becomes whether a
ledger paradigm can be constructed that is self-verifying in logic,
sovereignly symmetrical in participation, and not dependent on
the credit guarantees of any single entity.
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Bitcoin:
A Social Experiment in
Verifiable Accounting

On January 3, 2009, Satoshi Nakamoto embedded the headline
“Chancellor on brink of second bailout for banks™"/ into Bitcoin’s
genesis block, creating a permanent digital timestamp of the sys-
temic financial crisis. This act symbolized a shift in trust from
sovereign institutions to a system of cryptographic verification
performed collectively by a network of nodes.

Bitcoin Block 0

Coinbase Message - EThe Times 03/Jan/2009 Chancellor on brink of second bailout for banks
Bitcoin Genesis

On January 3rd 2009, the Bitcoin network was created when Satoshi Nakamato (the project's
mysterious creator) mined the “Genesis” block. The 50 bitcoin coinbase reward is unredeemable, as it
was omitted from the transaction database. This means any attempt to spend it would be rejected by
the network. Whether this was intentional or not still remains unknown.

Details

Hash Depth
Capacity Size
Distance Version

BTC Merkle Root
Value Difficulty
Value Today Nonce
Average Value Bits

Median Value Weight

Input Value Minted
Output Value Reward
Transactions Mined on
Witness Tx's Height

Inputs Confirmations
Outputs Fee Range
Fees Average Fee
Fees Kb Median Fee
Fees kWU Miner

Figure 1: Bitcoin block 1 info. Source: blockchain.com

In the digital age, Bitcoin addressed a longstanding problem in
human cooperation: how trust can be reliably established among
strangers beyond the constraints of kinship, territory, and cen-
tralized authority.

With the emergence of digitally mediated systems, this design re-
newed a central question in the history of human cooperation:
how reliable TRUST can be established among strangers beyond
the boundaries of kinship and territory? After the 2008 financial
crisis®’, this question gained urgency, especially whether trust
could be achieved without permission or reliance on a central in-
termediary'!.

Satoshi Nakamoto's response was an open-source, programmable
protocol, later called blockchain, that reframed large-scale coop-
eration as two technical challenges solvable through cryptogra-
phy and consensus.
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http://blockchain.com

The first concerned the uniqueness of value, known as the dou-
ble-spending problem®". Digital information can be copied freely,
unlike physical objects. Bitcoin introduced a method to assign ex-
clusive ownership to digital data, enabling credible transactions.

The second concerned global consensus, often framed as the
Byzantine Generals Problem'”. In a network of untrusted partic-
ipants, Bitcoin created a shared record that could not be altered
unilaterally yet could be collectively accepted without a central
authority.

Bitcoin resolved these challenges through proof of work?!??l, Par-
ticipants expended computational energy to create new blocks
and were rewarded with bitcoin. This aligned economic incen-
tives with protocol compliance, making attempts to rewrite his-
tory economically infeasible.

/— Proof of Work

Hash of Previous
Block Header
Transactions
Merkel Root

Hash Hash Hash Hash

1 T2 Tx3 X4

Cryptographic Hash
Function such as
SHA-256

Hash with
Difficulty Target

Figure 2: Proof of Work in Bitcoin Blockchain. Source: Ajitesh Kumar

The result was a trust machine: a system with no central operator,
publicly defined rules, and universal verifiability”!. Trust was not
transferred to a new authority but reorganized through code and

consensus.

This experiment is often linked to Friedrich Hayek’s idea of dena-
tionalized money'”>*°, demonstrating that a non-state, algorith-
mically governed accounting system could function in practice.
However, Bitcoin diverged from Hayek’s vision by operating out-
side existing legal frameworks rather than competing within
them. This contributed to ongoing tension with governance insti-
tutions and eventual regulatory integration.

The results have been mixed. Bitcoin did not replace sovereign
currencies as a medium of exchange, but it introduced a signifi-
cant innovation in accounting authority. It forced monetary sys-
tems to confront digital-era questions about programmability,
verifiability, and auditability'*2¢.
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From this perspective, central bank digital currency initiatives are
not merely technical upgrades. They represent institutional re-
sponses to verifiable sovereignty”’%, seeking to adopt features
such as real-time settlement and auditability while preserving
monetary control.

If blockchain enabled decentralized experimentation, the next
question concerns what form a sovereign blockchain network
(DLT) capable of ensuring broad social legitimacy and state gov-
ernance should take.

Two issues are central to future development:

* The first is whether blockchain can function as a widely
accepted medium of accounting authority.

» The second is why sovereign blockchains systems have not
yet been implemented at scale.

Beyond the national level lies a further challenge: Whether the
peer-to-peer, disintermediated, and globally verifiable logic of
Bitcoin can be adapted into a truly neutral cross-sovereign set-
tlement system”'*2. Such a system would need to support value
transfer among institutions that do not fully trust one another,
without reliance on unilateral power or specific legal jurisdictions.
This challenge sits at the intersection of technology, monetary
sovereignty, and international political order.

Sovereign Settlement
Interface:

A Third Path for the
Global Settlement System

The Bitcoin experiment revealed a paradox: although a cryp-
tographically complete and decentralized ledger has proven tech-
nically viable, it has been difficult to integrate into existing
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international political and legal frameworks. The same challenge
applies to more advanced DLT, which offer greater functionality
and programmability than Bitcoin. This outcome reflects not a
technological failure, but rather the practical constraints imposed
by sovereign principles.

At the same time, this trajectory has not been fully foreclosed. A
further question arises as to whether sovereign intent can itself
be translated into programmable rules within a shared global da-
tabase. Such a shift would imply a redefinition of monetary func-
tion: money would no longer operate solely as a medium of ex-
change, but instead as a programmable state machine capable of
facilitating global cooperation. Under this model, national laws,
regulatory requirements, and diplomatic agreements could be
expressed as verifiable execution rules embedded within the sys-
tem.

When decentralized system design is embedded within a gover-
nance framework that preserves ultimate sovereign authority, a
fundamental tension becomes apparent. Sovereignty presuppos-
es final decision-making power, whereas blockchain systems
derive their credibility from neutrality and resistance to unilat-
eral modification. In practice, this tension manifests as a dual di-
lemma:

* The control dilemma concerns the need for sovereign
emergency intervention, such as freezing or rollback, in
contrast to the absence of a final controller that underpins
global settlement networks.

* The jurisdictional dilemma arises from the fact that legal
authority is territorially bound and embedded in locally
specific regulatory systems, whereas distributed ledgers
are not. This raises the problem of how algorithmic pro-
cesses can resolve sovereign conflicts within execution

timeframes measured in milliseconds.

Five thousand years of evolution in accounting authority yield a
consistent insight: cooperative systems that have endured and
scaled have ultimately institutionalized a functional separation
between the exercise of authority and the verification of re-
cords. Technology supplies mechanisms for verification, whereas
institutions govern the allocation and contestation of power.

Accordingly, the central challenge of what is often termed “sover-
eign blockchain interoperability” is primarily one of institutional
architecture. The core design problem is how to construct a sys-

tem that preserves sovereign control while maintaining network
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neutrality. If this tension cannot be resolved, it must be formally
managed through explicit governance constraints and operation-
al procedures.

Beyond the classical trade-off between centralized control and
decentralized autonomy, this paper proposes a Sovereign Settle-
ment Interface (SSI) as a third path.

This approach does not assume trust among sovereign ac-
tors. Instead, it requires that cross-border operations pro-
duce cryptographically verifiable proof, thereby converting
the absence of trust into machine-verifiable state transi-
tions that are auditable, reproducible, and institutionally
accountable.

SSlis not intended to replace existing financial market infrastruc-
tures, such as real-time gross settlement RTGS systems or SWIFT.
Rather, it is designed to augment and interconnect them. Its core
objective is to introduce a capability largely absent from legacy
settlement architectures that have operated for more than half a
century: verifiable interoperability.

This capability has become increasingly urgent as cross-border
CBDC pilots progress from proof-of-concept connectivity toward
scaled deployment. While baseline technical integration has
largely been achieved, the primary bottleneck is institutional and
governance-related. The scaling of cross-border cooperation re-
mains constrained by the absence of mutual rule recognition
and enforceable alignment across jurisdictions. Structural di-
vergences among sovereign legal systems conflict with the re-
quirement for consistent execution semantics in cross-border
settlement. Existing infrastructures lack a shared mechanism
through which rules can be represented in executable form and
settlement outcomes can be independently verified.

Accordingly, the proposed solution is not the unification of na-
tional legal systems, but the introduction of an architectural buf-
fer layer that enables divergent rule sets to coexist while support-
ing shared verification of execution outcomes.

The proposed architecture is based on a core design principle re-
ferred to as dual-track consensus, in which the sovereign gover-
nance track and the verifiable technical track are separated at
both the institutional and technical levels. The sovereign track
encompasses national rule-making authority and final adjudica-
tion rights, whereas the technical track provides neutral proof
generation and verification across the global network.
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The buffer layer interfacing these two tracks comprises three
core engineering components (refer to Chapter A5):
* Policy-DSL (Policy Domain-Specific Language): Execut-
able elements of applicable law are translated into a formal,
unambiguous, machine-readable syntax.

* JPack (Jurisdiction Packs): The complete set of rules in
force within a given jurisdiction at a specific point in time
is encapsulated in a digitally signed, versioned package.

* PoPC (Proof of Policy Compliance): Prior to cross-border
settlement, cryptographic receipts are generated based on
the relevant jurisdictional rule packages, enabling compli-
ance outcomes to be independently replayed, audited, and
verified.

Through the coordinated operation of these components, du-
al-track consensus is realized. Rules are defined and maintained
within the sovereign governance track. When transactions be-
come cross-border, Proof of Policy Compliance (PoPC) proof is
generated within the verifiable technical track. The end-to-end
workflow follows a structured evidentiary lifecycle: domestic
proof generation - global hub verification and ordering - secure
execution by the receiving party - end-to-end independent au-
ditability.

This design constitutes a form of protocol-layer integration. Just
as the TCP/IP protocol stack did not replace national telecommu-
nications networks but instead enabled global interconnection on
top of them, SSI provides heterogeneous sovereign financial sys-
tems with a shared verification protocol for the credible execution
of rules. It functions as an optional compliance and audit augmen-
tation module whose deployment requires no systemic overhaul,
but rather adherence to common evidentiary standards - thereby
substantially reducing adoption barriers.

At its core, the SSI framework establishes a clear separation be-
tween sovereign autonomy within domestic jurisdictions and ver-

ifiable global interaction (refer to Chapter A6):

* The Sovereign Compliance & Execution Layer preserves
full domestic authority while translating sovereign intent
into independently verifiable technical proof through Poli-
cy-DSL and PoPC.

* The Sovereign Relay Hub is designed under strict func-
tional minimalism, limited to transaction ordering and
proof verification, and governed by a “three prohibitions”
foundational principles: no asset custody, no unilateral
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sanctions, and no interpretation of policy semantics.
Under this model, legal conflicts are transformed from
system-blocking deadlocks into auditable technical events
that can be resolved through diplomatic coordination.

* Independent audit framework enables regulators to con-
duct deep, cryptographically grounded audits without re-
quiring access to raw transaction data, thereby translating
rule-based order from political commitment into verifiable

technical execution.

The SSI does not aspire to a utopian resolution of geopolitical
conflict. Rather, it establishes a transparent, proof-based, and
computationally enforceable global verification infrastructure for
an international environment in which distrust remains a per-
sistent structural condition. It offers sovereign states a con-
trolled participation model that requires no modification of do-
mestic legal or regulatory rules, but instead adherence to a jointly
auditable technical protocol.

Under conditions of sustained strategic competition, such a sys-
tem does not eliminate conflict. However, it increases the audit-
ability and observability of cross-border financial activity. While
confrontation may not be prevented, its financial externalities be-
come more predictable and, in certain domains, more governable.
Participating states may reduce cross-border settlement friction
while accruing a new form of digital-era compliance credibility
that is legible to global markets.

Ultimately, the proposal is a standardized protocol for proof ex-
change within the global financial system. It does not promise a
fully harmonized order; it commits only to a minimal operational
principle: that every cross-border exercise of sovereign authority
within the system generates verifiable traces.

By requiring sovereign actions to produce cryptographically veri-
fiable proof, the basis of international coordination shifts from
fragile trust-dependent equilibria to more stable verifica-
tion-based equilibria. This may constitute one of the most practi-
cally attainable foundations for global cooperation in the digital
age.

The evolution of accounting authority remains unfinished. The
work presented here marks the opening of a new chapter - one
defined by verifiability.
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CHAPTER A2.

Core Principles of the

Framework for Sovereign-Verifiable

Settlement Interface
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Abstract:

This chapter sets out the four foundational principles that Sovereign-Verifi-
able Settlement Interface must adhere to. These constitutive principles op-
erate in a cumulative and interdependent manner, forming the foundation-
al pillars of the system:

1. Digital Abstraction: defining money, in the digital era, as a pro-
grammable and verifiable shared accounting interface, where the
term interface denotes an institutional coordination boundary
governing interaction among sovereign systems, rather than a spe-
cific software endpoint.

2. Settlement Neutrality: maintaining a principled and impartial
posture of this interface within a multi-sovereign environment.

3. Execution Transparency: ensuring that execution of rules is sup-
ported by mechanisms that are verifiable, auditable, and reproduc-
ible by independent third parties.

4. Sovereign Continuity: the ability of the system to maintain essen-
tial operational functionality and accountability under extreme
conditions.

This principled framework emerges from a systematic analysis on the na-
ture of monetary settlement, the logic of financial regulation, and the ar-
chitectural properties of distributed systems. It further provides a norma-
tive benchmark for evaluating whether a given system possesses the insti-
tutional and technical robustness required to support sovereign-level in-
stances cooperation.
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A2.1
Digital Abstraction:

TR

Money as a Programmable % fi &£ — &7 442

Accounting Interface

LK HE |

“The ultimate form is formless,
and the foundational logic remains nameless.”

‘REA®, EREA. 7

— Lao Tzu, Tao Te Ching (T, GEfEA))

The evolution of money can be understood, in fundamental
terms, as the evolution of accounting technology - from early led-
ger-based record-keeping to institutional account systems and,
most recently, digitally distributed ledgers. While the material and
technical forms of money have changed over time, shifting from
metallic coinage and paper instruments to electronic accounts,
its essential function has remained unchanged: to provide a so-
cially recognized mechanism for recording and settling obliga-
tions and for specifying “who owes whom, and in what amount”.
Accordingly, its role as “the central symbol within society’s ac-
counting system’has remained constant.

In contemporary practice, this accounting system has evolved
into a multi-layered digital network: commercial banks function
as primary accounting nodes; payments operate as standardized
message exchanges among these nodes; and cross-border
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settlement takes place through processes of reconciliation and
legal confirmation among national accounting systems. The Bank
for International Settlements (BIS) defines “settlement” as the mo-
ment at which funds are transferred with legal finality and obliga-
tions are discharged, emphasizing that settlement is not simply
the extinguishment of an obligation through the transfer of
funds, but the transfer of claims that have become irrevocable
and unconditional .

In the actual business of corporate cross-border payments, there
is a severe time lag and information gap between the issuance of a
payment instruction and the point at which settlement is com-
pleted (and becomes legally irreversible). This is one of the core
sources of friction. Taking traditional SWIFT routes as an exam-
ple, end-to-end processing of a cross-border remittance often
can take several days, and once message information contains er-
rors, it is returned and triggers renewed inquiries and resubmis-
sions. Along paths involving multi-tier correspondent banking
chains (such as certain RMB or European routes), a single transfer
may pass through multiple intermediary banks, accompanied by
opaque fee deductions and fragmented status visibility: neither
the payer nor even the banks can clearly track the precise move-
ment of funds. This lack of state visibility is not the failure of any
single institution, but an inherent systemic outcome of clearing
structures that span institutions and legal jurisdictions.

From this perspective, the modern financial system can be un-
derstood as a “distributed accounting machine” jointly maintained
by multiple actors:

* The recorded content consists of monetary claims and

payment instructions.

* The rules governing these records are derived from legal

frameworks and internal risk-control regimes.

* Ledger consistency ultimately depends on inter-institu-
tional settlement networks.

A “transfer” can therefore be understood as a coordinated update
across multiple ledgers for the purpose of extinguishing a shared
obligation, while “final settlement” denotes the point at which
such updates acquire irrevocable legal force.

This understanding gives rise to two structural shifts:

* A shift in governance logic: away from a single authorita-
tive global ledger and toward interoperable standards that
enable national accounting systems to interoperate in a
secure and predictable manner.
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* A shift in technological paradigm: from static re-
cord-keeping to programmatic, rule-governed execution,
in which supervisory requirements are embedded directly
into executable logic, such that the ledger itself becomes
the first layer of compliance - an architecture that reflects
the principle that national law supersedes code logic.

Traditional banking

XKL FETA R — AR © EERET
RIGD, FFEEN Al gfe, AR
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EfIE R PMERESL,

SSl-based transfer

Trust Prove once
Sender Bank Sender SCEL
- KYC/AML - Presents verifiable credentials .
FEg e - Sanctions check - Executes compliance once VM ERpREE
l - Formats ISO 20022 / MT message - Generates cryptographic proof
Trust - Sends payment message l
Recheck i
l Global Verification Layer (SRH)
rr. ndent Bank #1
Trust CEIEREE I R - Validates proof deterministically
- Repeats AML checks - Anchors compliance finality
- Requests info (RFI)
Recheck - May reject / delay
- Forwards message
i Receiving SCEL
- Verifies proof instantly
Correspondent Bank #2, 3 - Settles immediately * Single compliance
execution
- Repeats AML checks -
- May reject / delay = Cryptographic trust
- Forwards message * No intermediaries
= No rechecks
= Multiple trust points i - Atomic finality
= Duplicate compliance = Verifiable credentials
= Delays & reversals . . .
. rod dat Receiving Bank One-time proof
ragmented data . . . = Instant verification
N - Final AML & sanctions screening
= No global finality REI
! . - May reverse payment * noRFis
* Manual exceptions - Credits beneficiary = Jurisdiction-agnostic
= Intermediaries transaction infrastructure

Figure 3: Structural Comparison of Traditional Banking vs SSI Transfer

Taken together, these two transformations point toward a com-
mon trajectory: the core of the global settlement system evolves
into a programmable and verifiable shared accounting inter-
face. This interface is not intended to replace existing sovereign
accounting systems; rather, it establishes an institutionalized
framework for cooperation among them. It specifies the condi-
tions under which sovereign systems are intended to interact, in-
cluding the formats in which information is submitted, the logic
according to which rules are executed, and the manner in which
evidentiary chains are generated such that any third party can in-
dependently replay and audit them.

The fundamental purpose of this framework is to ensure that
cross-sovereign settlement cooperation rests on verifiable tech-
nical facts rather than on reliance upon the credit or discretion of
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any single central authority. Within this framework:

* Monetary flows correspond to synchronized state updates
across multiple ledgers.

* Commercial contracts and regulatory mandates are en-
coded as executable rules.

* Every accounting event produces an auditable proof trail.

Participants retain full sovereignty over their domestic account-
ing systems and rule-making authority, while gaining interopera-
bility through this shared interface. DLT technology is significant
precisely because it provides a practically viable means of con-
structing such an interface, thereby rendering trustworthy
cross-sovereign collaboration feasible in practice.

For this reason, the subsequent core principles - settlement neu-
trality, execution transparency, and sovereign continuity, consti-
tute essential preconditions for integrating this interface into the
evolving landscape of global governance while respecting sover-
eign diversity.

A2.2
Settlement Neutrality

Once money is abstracted as a shared accounting interface, a
central question arises: what stance must this interface maintain
in a world of coexisting sovereigns? The required stance is “set-
tlement execution neutrality”, which constitutes a minimum con-

dition for the credibility of any shared settlement layer.

In legal terms, settlement signifies the final extinguishment of ob-
ligationst*.. Accordingly, the settlement layer functions as the ul-
timate confirmer of transactional outcomes and must be confined
to the accurate and faithful execution of settlement, rather than
the exercise of discretionary or politically conditioned judgment.
When settlement infrastructure becomes subject to political con-
tingencies, it ceases to operate as a trusted public good and in-
stead functions as an instrument of coercive leverage - a trans-
formation that undermines its legitimacy.

Empirical experience further demonstrates that when critical
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payment and settlement infrastructure is concentrated under the
control of a single actor, it becomes highly susceptible to deploy-
ment as a tool of geopolitical pressure. Differential treatment at
the settlement layer erodes participants’ confidence in systemic
fairness and incentivizes the development of insulated or alterna-
tive networks, thereby increasing fragmentation within the global
settlement landscape.

The principle of settlement neutrality therefore seeks to preserve
a clear institutional boundary: the underlying accounting system
must execute settlement and maintain reliable records without
embedding political judgments within its protocol. Decisions con-
cerning sanctions, market access, and other policy matters must
remain within the sovereign purview of individual states, rather
than being predetermined at the level of shared infrastructure’®.

In operational terms, this principle implies the following:

* The sovereign DLT’s base protocol must not incorporate
sanctions rules directed at any country, institution, or in-
dividual.

 All compliance screening, including AML and sanctions
checks, must occur within each sovereign’s Sovereign
Compliance & Execution Layer (SCEL), which operates
under its own jurisdictional authority (as detailed in Chap-
ter A6).

» The settlement layer’s responsibility is strictly limited to
finalizing ledger updates and extinguishing obligations
once a transaction has passed sovereign compliance re-
view, while producing tamper-proof proof of execution
and finality through the Sovereign Relay Hub (SRH) (as de-
tailed in Chapter A6).Moreover, the finality discussed
within this Principia framework is not equivalent to the
elimination of risk; rather, it provides a determinate anchor
that can be jointly referenced for subsequent verifiable
compliance and chains of responsibility.

Settlement neutrality does not disregard differences in national
policy preferences, nor does it challenge the legal validity of sanc-
tions imposed through proper sovereign procedures. Rather, its
central claim is that sovereign policy discretion must be institu-
tionally separated from global public settlement infrastructure.
This separation corresponds directly to the dual-layer governance
structure, constitutional and operational, outlined in Chapter A4.
Only by maintaining this boundary can states collectively rely on
a shared global settlement system.
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Settlement neutrality is not something that can be asserted by

self-declaration; it must be grounded in physical conditions that

can be verified by third parties. At a minimum, these should in-

clude:

1.

Auditable authority boundaries: the shared settlement layer
possesses neither rule-making authority, nor interpretive au-
thority, nor discretionary power; it is responsible only for val-
idating preset rule versions and proof structures.

Replayability of proof and rule versions: every settlement
determination must be independently recomputable by third
parties under fixed rule snapshots and inputs, yielding con-
sistent conclusions.

Interface symmetry and visibility parity: all participants are
provided with isomorphic interfaces, equivalent proof-verifi-
cation capabilities, and consistent state visibility; processing
paths do not vary based on participant identity.

Demonstrable neutrality: the system should support proof,
using public test vectors, that under identical inputs and
rules, different participants obtain completely identical veri-
fication results, with any bias manifesting as visible audit dis-

crepancies.

Accordingly, the neutrality emphasized by this Principia frame-

work is not a political pledge, but an institutional constraint that is

engineering-verifiable, reviewable, and demonstrable.

A2.3

Verifiability
& Replayability

In a settlement system shared by multiple sovereigns, trust can-

not be grounded in institutional reputation or informal assuranc-

es. Instead, it must rest on technical properties that enable inde-

pendent verification. Within this framework, transparency refers

specifically to the verifiability and replayability of rule execution,
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together with interpretive continuity - that is, the stable interpre-
tation of rules, proof, and outcomes across time and system evo-
lution.

A credible system requires external verifiability, meaning that key
operations can be independently validated using publicly available
information”!. Financial oversight further requires reconstructa-
bility - the ability to reproduce historical decisions and operations
with precision for purposes of audit and accountability'®. Verifi-
ability and replayability, in turn, depend on deterministic execu-
tion, comprehensive recording of inputs and outputs, and conti-
nuity in the interpretation of system state across successive exe-
cution contexts. Taken together, these requirements imply that
verifiability, replayability, and interpretive continuity must be in-
trinsic properties of the settlement architecture.

For this purpose, the framework identifies three technical pillars:

* Verifiability: For each state-transition operation that af-
fects ledger finality, the system must deterministically
emit a structured, cryptographically signed proof package
that can be independently validated by third parties. This
proof, referred to as Proof of Policy Compliance (PoPC)
and specified in detail in Chapter A5, enables verification
of the rule set applied, the input state and parameters
consumed, the resulting output state produced, and the
authority under which the operation was authorized.

* Replayability: Given a specific version of the applicable
rule set and a complete, canonical record of input data,
any qualified observer must be able to deterministically
replay the execution and obtain identical results. This
property requires deterministic execution semantics,
comprehensive capture of execution context and parame-
ters, and tamper-resistant preservation of operational logs
sufficient to reproduce historical state transitions.

* Semantic Continuity: Changes to rule sets, system con-
figuration, or participating execution environments must
preserve the semantic meaning of rule execution and evi-
dentiary artifacts across time and system versions. Histor-
ical ledger records and compliance proof must remain
machine-interpretable, cryptographically verifiable, and
interoperable across protocol upgrades, jurisdictional
transitions, and integration with external accounting and
audit systems.

Traditional Distributed Ledger Technology (DLT) consensus
mechanisms are primarily concerned with achieving agreement
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on ledger state - that is, ensuring that state transitions are or-
dered, validated, and finalized consistently across participating
nodes. They do not, by themselves, establish whether those state
transitions were executed in compliance with applicable policy or
regulatory rules across jurisdictions. In addition, this approach
entails a structural trade-off. It requires either the deployment of
publicly accessible validator nodes - thereby increasing exposure
to coordinated attacks aimed at majority control or quorum cap-
ture - or the reliance on trusted execution environment (TEE) en-
claves, which may introduce risks of physical co-location, shared
administrative control, and correlated failure within a limited
trust domain. Addressing this limitation requires the integration
of a policy domain-specific language, jurisdiction-specific rule
sets, and cryptographically verifiable Proofs of Policy Compliance
(PoPC). Together, these components form a verifiable and replay-
able rules-consensus layer, as detailed in Chapter A5.

Verifiability and replayability therefore constitute a second, or-
thogonal layer of consensus. The first layer ensures factual con-
sistency and finality of the ledger state, while the second ensures
the legitimacy, compliance, and accountability of the rule-gov-
erned processes that produced that state. Semantic continuity
further ensures that these processes, and the evidentiary mean-
ing of their outcomes, remain stable, machine-interpretable, and
compatible across protocol upgrades, rule-version changes, and
long-term system evolution. In the layered architecture described
in Chapter A6, the circulation and validation of PoPC proof pro-
vides the operational substrate for this rules-consensus layer.

A2.4

Sovereign Continuity

The preceding principles establish system credibility under nor-
mal operating conditions. As sovereign financial infrastructure,

however, the system must also be capable of operating under
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extreme scenarios, including armed conflict, sanctions, or large-
scale network disruption. The critical question is whether essen-
tial economic activity can be sustained and whether accountabili-
ty and control over financial records can be reliably preserved
under such conditions'”..

At the outset, it must be emphasized that the concept of sovereign
continuity is not intended to circumvent legal, regulatory, or in-
ternational obligations. Rather, it is designed to ensure that, in
circumstances involving institutional conflict, infrastructure im-
pairment, or contested sovereignty, participating states retain full
operational control over their domestic ledger state and associat-
ed cryptographic compliance proof, and remain able to account
for, verify, and interpret those records ex post in accordance with
their respective legal and regulatory frameworks.

Contemporary digital sovereignty is characterized by a structural
tension: national economies are deeply embedded in global finan-
cial networks, yet reliance on externally controlled payment and
settlement channels exposes them to risks of disconnection, loss
of access, or asset immobilization. Financial infrastructures that
depend entirely on foreign technology stacks or external legal ju-
risdictions may therefore lose effective operational sovereignty
during periods of crisis.

The principle of sovereign continuity addresses this risk by re-
quiring both sustained domestic operability under conditions of
external isolation and verifiable reintegration once connectivity is
restored. This requirement entails following design properties:

* Independent Operation: Each participating state must be
able to continue domestic payment, clearing, and settle-
ment activities during periods of network partition or ex-
ternal disconnection.

* Proof Preservation: Any attempted cross-border, payment
instructions, or settlement intents arising during periods
of disconnection must be recorded via an independent,
tamper-resistant proof mechanism, preserving execution
context and intent for subsequent verification.

* Orderly Recovery: Upon restoration of connectivity, a pre-
defined, auditable reconciliation and re-synchronization
process must govern the integration, validation, and reso-
lution of records generated during isolation, thereby re-
storing global ledger consistency in a controlled manner.

It must be emphasized that sovereign continuity does not, under
any circumstances, permit unrestricted system behavior during
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states of emergency. Rather, it requires that any emergency-mode
operation be subject to stricter rule constraints and more strin-
gent evidentiary requirements than those applicable under nor-
mal operating conditions. The authority to activate emergency
modes, the bounded scope within which execution rules may be
temporarily modified, and the procedures through which such
actions are subsequently reviewed, validated, and held account-
able must be explicitly specified at both the technical architecture
and governance layers. Throughout this process, all state transi-
tions and control actions must be cryptographically non-repudia-
ble, and all associated records and proof must be preserved.

In this way, sovereign continuity completes the logical structure
established by the preceding principles. Even under conditions of
extreme stress, settlement neutrality must be preserved to the
greatest extent possible, and any exceptional measures must re-
main fully traceable through enhanced mechanisms for verifica-
tion and deterministic replay.

A2S5

Integration of the Four
Core Principles and Sig-

nificance of This Chapter

Taken together, these four principles address a foundational de-
sign question: what constitutes legitimate financial infrastructure
in an era defined by the digital reconstruction of settlement sys-
tems and the reconfiguration of sovereign boundaries in the digi-
tal realm? Rather than operating as independent considerations,
they form an integrated architectural framework for evaluating
the correctness, credibility, and resilience of Sovereign-Verifiable
Settlement Interface.

* Digital abstraction defines the system’s conceptual model,
specifying money as a programmable and verifiable shared

accounting interface.

* Settlement neutrality establishes the system’s institution-

al posture in cross-sovereign interaction, constraining the
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settlement layer to neutral execution rather than discre-
tionary judgment.

* Execution transparency provides the technical mecha-
nisms - verifiability, replayability, and semantic continuity
- through which this posture is rendered auditable and
enforceable.

* Sovereign continuity ensures that the system maintains
operational resilience, accountability, and evidentiary in-
tegrity under conditions of stress, isolation, or emergency.

Taken together, these principles form a coherent architectural
logic: they define the system’s conceptual model, constrain its in-
stitutional posture, render its execution verifiable, and ensure its
operational continuity over time.

This chapter therefore establishes the normative and architectur-
al foundation for all subsequent technical, institutional, and gov-
ernance design. Any system that fails to satisfy even one of these
principles, irrespective of its technical sophistication, remains a
domain-specific financial application with blockchain features,
rather than a sovereign-grade settlement infrastructure capable
of supporting cross-sovereign cooperation.

Conversely, only when these principles serve as the foundational
constraints can subsequent constructs, such as the Policy-DSL,
PoPC, and cross-jurisdiction recognition mechanisms, exhibit co-
herence, legitimacy, and internal consistency.

The construction of a sovereign-grade system therefore begins
with conceptual and legal definition, not with implementation.
Only by first establishing why the system exists and which princi-
ples it must uphold can the technical question of how to build it
be addressed in a manner that preserves architectural integrity

and long-term governance alignment.
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Abstract:

Section A2 established the value of Sovereign-Verifiable Settlement Interface. This chapter addresses
its core engineering proposition: how to construct an institutional-grade foundation of order that does
not depend on ex post interpretation and instead admits objective, repeatable verification.

Contemporary global financial infrastructure defines “settlement completion” on the basis of two pri-
mary mechanisms: inter-institutional consensus and retrospective, ex post audit processes . Finality

is grounded in central bank ledgers, operational system logs, regulatory oversight, and, ultimately, judi-
cial enforcement. While these mechanisms are effective under normal conditions, their underlying
epistemic model remains one of after-the-fact reconstruction: when settlement truth is contested or
examined, it must be reassembled from distributed records, documentary proof, and institutional at-
testations.

The principal innovation of Sovereign-Verifiable Settlement Interface lies in the introduction of a funda-
mentally different paradigm for the production of order. In this paradigm, rule execution itself consti-
tutes order. Each state transition, at the moment of its execution, is irreversibly transformed into a
mathematically formalized and self-contained evidentiary object - one that can be independently re-
played, verified, and validated without recourse to retrospective interpretation.

Under this framework, the notion of a “completed” cross-sovereign settlement is redefined. Comple-
tion no longer signifies institutional acknowledgment or post hoc reconciliation, but rather the ability
of any authorized participant to independently and deterministically replay all applicable rules and
state transitions associated with the settlement. Given identical inputs, such replay must necessarily
yield identical outputs. Trust is thereby relocated from institutional credibility and discretionary judg-
ment to the verifiability of open rule sets and mathematical consistency.

To operationalize this paradigm, this chapter introduces a core methodological construct: the minimal
auditable closed loop. This construct does not refer to a specific implementation or software compo-
nent, but to a meta-structural condition for the existence of provable order. It specifies the minimal
and sufficient requirements under which sovereign-level digital actions can be verified, audited, at-
tributed, and recognized across institutional and jurisdictional boundaries. Where this closed loop re-
mains intact - logically and evidentially, order rests on an objective foundation. Where it is broken, the
system necessarily reverts to a reliance on subjective consensus and discretionary interpretation.
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A3.1

The Four Elements of
Provable System Order

W EER & ST
us PO

Washington Constitutional Convention,1787, VMFA

“In questions of authority, let no more be heard of confidence in man,
but bind the system down from betrayal by the chains of mathematical logic.”

AR L, R EERIBN ARG,
ERRFZRGYE, RARMAERTERGNE L, 7

— Inspired by Thomas Jefferson (ZHEGHT- AL EER)

The completion of traditional financial collaboration is, in essence,
a form of subjective certitude achieved among multiple parties
through institutional arrangements and institutional credit. It
constitutes a social consensus rather than a mathematical fact.
What Sovereign-Verifiable Settlement Interface institutes is a
fundamentally different proof paradigm: mathematically verifi-
able consistency. Within this framework, the system anchors
transaction authenticity through cryptographic proofs, shifting
the nature of settlement finality from perceived completion to
verifiable completion.

To enable this paradigm shift, a system must possess native capa-
bilities to address four unavoidable fundamental questions:

* Attribution of action: The system must uniquely which
legal entity initiated the operation, and within which sov-
ereign framework and functional mandate it was per-

formed.
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* Intent locking: The system must authenticate the com-
plete business intent, rule set, and input conditions were
explicitly declared by that entity at the moment of initia-

tion.

* Process traceability: The system must maintain a com-
prehensive record of all processing steps and state transi-
tions as the operation traverses heterogeneous systems
and sovereign boundaries.

* Truth reproducibility: In the event of dispute, can the en-
tire process be re-executed under the original conditions
and deterministically deduce an identical conclusion?

A structure that can natively and systematically answer these four
questions constitutes the minimal auditable closed loop. This
construct is composed of four mutually coupled and inseparable
elements, each corresponding precisely to one of the meta-ques-
tions above:

1. Source signature: Identify who initiated the action, and
within which sovereignty context. (Establishing a non-re-
pudiable origin of responsibility.)

2. Transaction binding: At the moment of initiation, capture
the complete rule set and exact inputs were declared.
(Producing an immutable snapshot of the decision state.)

3. Controlled submission path: Record precisely what did
the action experience as it crossed system and sovereignty
boundaries. (Forming a verifiable, end-to-end evidentiary
chain of process execution.)

4. Reconciliation and replay: In the presence of dispute, en-
able the full decision trajectory be reproduced under iden-
tical conditions. (Providing an independently reproducible,
final verification.)

The closed loop formed by these four elements constitutes a
first-principles foundation that translates the value propositions
of execution transparency and sovereignty continuity into engi-
neering reality. It is not an optional system capability, but the nec-
essary structural skeleton upon which sovereign-level digital col-
laboration must be built.

In Chapter A6, subsequent constructs, such as Sovereign Compli-
ance & Execution Layer (SCEL), Sovereign Relay Hub (SRH), regu-
latory mapping languages (Policy-DSL), compliance proofs (PoPC),
and cross-domain mutual recognition protocols, will all be devel-
oped from this closed loop as their unified logical point of depar-
ture.
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A3.2

Element Elaboration:
The Four Pillars

of the Closed Loop

A3.2.1 Source Signature:
Instant Anchoring of Responsibility

The source signature provides cryptographic anchoring of legal
attribution at the precise moment an action is initiated. It requires
that any critical operation be authorized and signed by a legally
recognized subject, and that the signature be bound to the mini-
mal necessary contextual attributes, including sovereign affilia-
tion and functional business role.

This mechanism categorically prevents intermediaries from act-
ing through delegated signing or retroactive endorsement. The
source signature establishes the origin point of responsibility
within the minimal auditable closed loop. If this origin is ambigu-
ous or contestable, the integrity of the entire downstream evi-
dentiary chain is necessarily compromised.

A3.2.2 Transaction Binding:
Immutable Encapsulation of Context

Transaction binding addresses the question of what, precisely,
constituted the complete content and operative context of an ac-
tion at the time of execution. The inputs to a single decision con-
sist of four categories of critical information: business parameters,
such as amounts and counterparties; applicable rule sets, includ-
ing legal, policy, and risk-control constraints; contextual attri-
butes, such as time, jurisdiction, and hierarchical position; and the
real-time system state, including balances and limits.

In traditional financial architectures, these elements are stored in
a fragmented and distributed manner. As a result, the operative
context of an action can only be reconstructed retrospectively,
yielding interpretations that are inherently approximate and dis-
cretionary. The objective of transaction binding is to replace this
model of “ex post interpretation” with “determination at the mo-
ment of execution”.

039

Bd R
KIEZN:8
A

A3.2.1 Pisk%A4
AL R e

FELEAEAT R A RBER], BT EE A TR
HEHIRRITE, BERETEBE BRI
RELMEE, HEALAREHENARS
k55 R AR TR 5L,

ARGEE LT M TSN, k&
F RS LA ST ; 25 PR TIZ S ASERY,
JESEIERABERAREAS A FLE

A3.2.2 HEEYE -
IS A BBy

HHEHWENZO B, £ THIEERIERITH
R, FETRAT MR T IR BRI SRR K
HIz T B3 #hxt B —PRERATH A B BU R P
RRRERAR : WFESH (R NFT7
F), MUES A BOR. M), LFX
(fiEL #EX, B PRSENZARS (R
B, BRAD

oAU, XEERIHEE SHFE
JREEAESI RERIUT AT, AIRRERT, 55
FERIEIR, BRI "R HON 4
BlE, BTN, RKETESEHMmASM
WU e A s i @ R 40 O — AN AT e fie
AUEER, IXHROR T AR B BT AT s I,
HLARAR =5 B RN DA A FE A A N



At the point of initiation, transaction binding compresses and
cryptographically binds all substantive inputs and applicable rule
versions into a single, indivisible unit. This construction ensures
that any subsequent tampering with individual fields is detectable
and that any later replay or verification must take the original
bound context as its sole input.

In operational financial environments, compliance rules do not
always take the form of fully institution-controlled DSLs. Sanc-
tions screening provides a clear example. Screening workflows
commonly depend on third-party data and algorithmic platforms
(e.g., World-Check and comparable services), whose matching
logic, thresholding methods, and list update cadences often lie
outside the direct control of the executing institution.

In such settings, the notion of a “rule version” cannot be limited to
internal policy artifacts alone. It must also include the externally
determined components that materially affect the decision out-
come, such as the third-party platform release identifier, cryp-
tographic hash snapshots of the relevant list data (or its parti-
tioned subsets), the identifier of the matching model or algorithm
family, and the effective parameter configuration applied at exe-
cution time. Absent versioning and cryptographic anchoring of
these external dependencies within the transaction’s proof pack-
age, deterministic replay becomes infeasible in practice.

Accordingly, from an engineering standpoint, the rule-version
locking required by this Principia must extend to the minimal
verifiable encoding and version anchoring of all external rule
dependencies that can influence compliance determinations.

Transaction binding therefore functions as a context encapsula-
tion mechanism. It transforms the question of which rules and
data govern a decision from a narrative-dependent, subjective as-
sertion into an objective fact that can be directly verified. In the
absence of transaction binding, compliance and risk control inev-
itably remain in a condition of ambiguous rules and malleable
context, which constitutes a structural breeding ground for sys-
temic risk and regulatory arbitrage.

A3.2.3 Controlled Submission Path:
Explicit Evidentialization of Process

The execution of rules for a cross-border transaction necessarily
traverses a chain composed of boundary gateways, compliance
engines, relay networks, and settlement or ledger systems. In tra-
ditional financial architectures, this execution path exists
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primarily in the form of interface specifications, operational logs,
and ex post audits. While each component maintains local re-
cords, these records are heterogeneous in format, semantics, and
temporal granularity, and lack cryptographic alignment or a uni-
fied structural representation across institutions.

As a result, such systems can typically attest to the point of initia-
tion and the point of completion, but cannot natively provide an
end-to-end, semantically coherent process proof chain that is
independently replayable by a third party. Intermediate states
must instead be reconstructed retrospectively through multi-par-
ty log retrieval, timeline correlation, and manual interpretation.

They do not exist as first-class, natively verifiable objects.

In practice, this structural limitation has been repeatedly exposed
through incidents affecting critical financial infrastructure:

* Bank of England RTGS/CHAPS (2014): A routine configu-
ration change triggered a nine-hour service outage affect-
ing, delaying the settlement of 142,759 payments. The sub-
sequent investigation required several months and in-
volved the retrieval of extensive log data from the central
bank, CHAPS Co., and participating banks, followed by
manual reconstruction of execution timelines before an
incident report could be produced. This episode demon-
strated that even within highly centralized and well-gov-
erned payment infrastructures may lack inherently verifi-
able end-to-end execution path proof and depend on ex-

tensive retrospective analysis'®.

* Visa Europe Network (2018): A rare failure involving a net-
work switch in one of Visa Europe’s data centres resulted
in a prolonged service disruption that affected millions of
transactions across Europe, with approximately 5.2 million
transactions failing to process correctly. Investigations
into the incident required the synthesis of logs, monitoring
data, and operational information from multiple parties in
order to reconstruct the fault propagation path. This epi-
sode demonstrated that even highly automated global
payment networks lack natively replayable end-to-end ex-
ecution proof and continue to rely on dispersed operation-
al records and post hoc interpretation to explain transac-

tion failures.

* CHAPS Payment Outage due to SWIFT (2024): A subse-
quent incident involving the CHAPS system further illus-
trates this vulnerability”.. The UK’s high-value CHAPS
payment system experienced a temporary outage after an
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operational incident at the SWIFT messaging network de-
layed message processing. The Bank of England reported
that the disruption lasted only a few hours, affected no re-
tail payments, and was not cyber-related. Nevertheless,
the incident underscored how reliance on external mes-
saging infrastructure can create critical single points of
failure, illustrating that even well-governed domestic pay-
ment systems remain vulnerable to disruptions in their
global messaging backbone.

Centralized Systems as a Sanctions Enforcement Choke
Point: The centralized financial messaging network SWIFT
can be used as a key instrument for enforcing internation-
al sanctions. For example, in March 2012, SWIFT discon-
nected approximately 30 Iranian banks from its network
in accordance with a decision of the EU Council, effective-
ly isolating Iran from the majority of cross-border financial
transactions®. Since around 2015, banks in the Caribbean,
Pacific island states, and parts of Africa have lost corre-
spondent banking access due to AML/CFT concerns”. In
2022, major Russian banks were disconnected from SWIFT
as part of sanctions measures!®.. By controlling access to
the world’s dominant interbank messaging system, sanc-
tions authorities are thus able to impose powerful con-
straints on trade and finance. These cases illustrate how a
single centralized network such as SWIFT can be em-
ployed as an enforcement mechanism: denying a country’s
banks access to SWIFT effectively severs their connections
to the global financial system. As this practice continues to
be applied, its scope of use may further expand.

The controlled submission path seeks to transform this logical

execution route itself into an evidentiary object that can be re-

corded, verified, and replayed. Its realization depends on three

core constraints:

1.

Standardization of recorded content: At each node along the
path, records must include the following four-tuple and be
expressed in a standardized form, such as cryptographic
commitments:

* Node identity and sovereign affiliation: Which entity per-

formed the processing,

* Input state summary: Key transaction attributes and ap-

plicable rule versions at the time of receipt.

¢ Execution actions and conclusions: Which checks were

performed and what results and justifications were pro-
duced.
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* Output state summary and timestamp: Post-processing
state changes and completion time.

These requirements ensure that path proof does not degenerate
into arbitrary logging, but instead constitutes a structured se-
quence of state transitions that provides uniquely determined in-
puts for subsequent replay.

2. Measurable execution environment: Where feasible, mech-
anisms such as trusted execution environments or threshold
signature schemes are introduced to cryptographically mea-
sure the execution environment of critical steps, thereby
strengthening the tamper resistance and credibility of the
proof chain.

3. Explicit documentation of execution strength fallback: In
extreme or force majeure scenarios (such as TEE unavailabil-
ity, hardware attestation failure, or the activation of pre-au-
thorized backup paths) the system must explicitly record this
"strength fallback" as a path state within the proof chain. It
must be emphasized that such a fallback pertains solely to
the security measurement of the execution environment and
in no way compromises the rule semantics or the determin-
ism of settlement outcomes. The system strictly prohibits
any retroactive masking, tampering, or deletion; all fallback
records must remain replayable and independently verifiable,
ensuring full transparency under audit scrutiny.

4. Polycentric execution and sustainability: The controlled
submission path must not rely on a single centralized execu-
tion domain, coordination hub, or globally uniform control
plane. Instead, it must support execution across multiple in-
dependently governed domains, each operating with its own
parameters, policy constraints, and trust anchors, while re-
maining interoperable through shared evidentiary semantics
and verification rules. This polycentric structure eliminates
single points of technical or governance failure and ensures
that execution paths remain verifiable, auditable, and replay-
able even when individual domains are disrupted, excluded,
or subject to policy divergence.

Within the SSI architecture, the structured proof generated along
controlled submission paths constitutes a component of the PoPC
produced by the sovereign compliance execution layer. This proof
is submitted together with the transaction to the SRH. The hub
does not interpret the content of the proof and does not take into
account the political component, but verifies its cryptographic in-
tegrity and logical coherence. At this point, path proof is elevated
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from internal operational data within individual systems to sover-
eign action traces that are independently auditable within the
global settlement network.

The controlled submission path does not presume system perfec-
tion. Rather, it requires that all deviations from ideal execution
conditions leave explicit traces within the proof. Its ultimate ob-
jective is that, when any critical transaction is examined years
later, what is observed is not merely the final outcome, but a fully
reproducible chain of actions. This chain records, with clarity,
who acted, where, under which rules, which decisions were made,
and, when applicable, what compromises were introduced. Cen-
tralized rails enforce access via global switches, while SSI/DLT
architectures allow rule-scoped, bilateral, auditable control.

A3.2.4 Reconciliation and Replay:
Ultimate Reproducibility of System Order

Reconciliation and replay constitute the final verification stage of
the minimal auditable closed loop. A system that cannot be re-
played does not possess auditability, and a system that is not au-
ditable cannot serve as sovereign-level digital infrastructure.

In this context, “replay” denotes the following capability. After
fully obtaining the three required elements:
1. the source signature and subject attribution
2. the rules and inputs applied at the moment of transaction
binding
3. and all intermediate proof generated along the controlled
submission path

an independent party, operating outside the original execution
environment, must be able to re-execute the entire decision pro-
cess within a publicly specified rule engine and obtain results that
are identical to the original outcome. This equivalence extends
beyond the final allow-or-deny determination to include decision
rationales, rule-evaluation paths, and all relevant intermediate
states.

To ensure the validity of adjudication, replay must be performed
within a predefined baseline mirror of the rule execution environ-
ment. This mirror, distributed as part of the rule package (JPack),
includes deterministic runtime versions, cryptographic hashes of
dependency libraries, and standardized test vectors. By con-
straining environmental variability, this structure ensures that
any divergence in replay results can be attributed to deficiencies
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in the completeness or authenticity of the submitted proof, there-
by transforming disputes from interpretive disagreements into
verifiable technical facts.

Within this framework, the meaning of reconciliation undergoes a
fundamental transformation. It no longer refers to the verification
of balance equality, but to the confirmation that two independent
replay processes produce an identical decision trajectory. This, in
turn, redefines the notion of settlement completion. In the Sover-
eign-Verifiable Settlement Interface, the completion of a
cross-border settlement must satisfy two conditions simultane-
ously:

1. Ledger finality: the transaction has reached an irrevers-
ible final state;

2. Rule replayability: the complete evidentiary chain associ-
ated with the transaction can be independently replayed
by any authorized party and reproduce the same outcome
under identical rules and inputs.

It is worth noting that compliance execution in incumbent com-
pliance infrastructures is not always strictly deterministic. Where
natural-language matching is involved - names, addresses, or
transliterated aliases, rule application often relies on fuzzy match-
ing, yielding probabilistic scores rather than uniquely determined
matches. Replayability therefore requires the matching procedure
to be governed and reproducible: the fuzzy-matching model and
scoring methodology must be explicitly versioned; score outputs,
thresholds, and relevant parameter configurations must be cap-
tured; and the final decision trajectory must be cryptographically
committed as part of the transaction’s proof package. The system
does not require the external world to be perfectly deterministic;
it requires the compliance determination to be procedurally re-
producible under the same declared model, parameters, and in-
puts.

The institutional significance of replay derives from its coupling
with predefined governance rules. Based on the type and severity
of detected inconsistencies, the system generates standardized
governance events and corresponding action recommendations,
which activate predefined processes. For example:

* Invalid proof chain (such as a signature mismatch) results
in automatic rejection of reconciliation and the triggering
of dispute resolution protocols;

* Ambiguity in rule execution leads to the generation of
standardized dispute proof packages submitted to the rel-
evant sovereign regulatory authorities for discretionary
review;
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* Confirmed rule violations, subject to predefined authori-
zation, generate formal rule-violation events and may ini-
tiate prescribed compliance actions, including on-ledger
state marking and subsequent transaction interception.

This design ensures that replay functions not merely as an audit
mechanism, but as a structured input into verifiable governance
processes. It does not replace the ultimate adjudicative authority
of sovereign institutions; rather, it encodes their intent ex ante
into explicit rules, translating audit outcomes into predictable,
auditable execution recommendations. In doing so, sovereign
control is transformed from abstract principle into verifiable en-
gineering practice.

Only when both ledger finality and rule replayability are satisfied
is a settlement not merely executed, but mathematically proven to
be correct. At this point, the foundation of system order shifts de-
cisively from reliance on institutional narratives to objectively con-

sistent results that can be independently and repeatedly verified.

A3.3

The Position
of the Closed Loop
in the SSI

A system designed for sovereign collaboration is not a single-di-
mensional “global ledger”, but a layered architecture with clearly
separated functional responsibilities:

* Sovereign domain layer: executes domestic policy and
regulatory rules;

* Cross-sovereign relay layer: performs transaction order-
ing, anchoring, and mutual recognition while maintaining
procedural neutrality;

* Application and market layer: builds financial applications
and services on top of the underlying infrastructure.

The minimal auditable closed loop serves as the unified proof
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backbone that spans this three-layer architecture. Its role can be

described along three functional dimensions:

1.

Within the sovereign domain layer, the closed loop func-
tions as the atomic unit of compliant execution. Any execu-
tion of domestic rules that is expected to obtain recognition
from external jurisdictions or international institutions must
be recorded in closed-loop form. The closed loop converts
sovereign intent from a policy assertion into a cross-domain
verifiable technical fact.

At the relay layer, the closed loop establishes the verifica-
tion baseline for cross-domain mutual recognition. The
relay layer does not evaluate the substantive content of sov-
ereign rules; it verifies only the structural validity of the
closed loop: whether the source signature is valid, whether
transaction binding is consistent, whether path proofs are
complete, and whether deterministic replay is feasible. Only
transactions accompanied by a valid closed loop are admitted
into the shared cross-sovereign order. Mutual recognition
thus shifts from discretionary trust to proof-based verifica-

tion.

At the application and market layer, the closed loop pro-
vides the trusted technical foundation for innovation.
Higher-layer services may evolve independently, but every
compliance-relevant and settlement-relevant fact they rely
upon is anchored in a replayable proof chain rather than in
unilateral institutional assertions. This establishes a shared
and non-ambiguous factual substrate for cross-border finan-
cial activity.

Accordingly, the minimal auditable closed loop is not an auxiliary

capability but a structural backbone within the sovereign DLT ar-

chitecture. It connects cryptographic primitives at the base layer,

policy-constrained execution at the middle layer, and market

structures at the upper layer within a single provable framework.

In doing so, it enables sovereign collaboration to scale along a

transparent, verifiable, and auditable path.
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A3.4

Design Boundaries and
Operating Principles:
Closed-Loop Constraints Under

Operational and Sovereign Uncertainty

Institutional design that presumes stable operating conditions,
synchronized political contexts, and flawless technology is struc-
turally unsustainable. SSI operate under non-ideal physical and
institutional conditions: networks can partition, hardware can fail,
software can contain latent vulnerabilities, legal interpretations
can diverge, and geopolitical constraints may introduce disconti-
nuities.

Accordingly, the design premise of the minimal auditable closed
loop is not an idealized steady state, but a disciplined acceptance
of operational and sovereign uncertainty. The system must as-
sume that not all nodes will remain in optimal condition, verifica-
tion paths may be disrupted, and sovereign participants may not
always operate under fully aligned technical or political con-
straints.

In this context, the closed loop is not intended to preserve an in-
variant operating mode. Its function is to establish a non-negotia-
ble institutional baseline: regardless of environmental variation,
rule strength must not be diluted; regardless of path adjustments,
the proof chain must remain complete; and regardless of anoma-
lies, the critical decision trajectory must remain reconstructable
ex post. On this basis, this Principia specifies three operating
principles.

Principle One: Constant Rule Strength; Adjustable Verification

Paths:
The system may permit controlled switching at the level of
technical routes or execution environments - for example,
between primary and contingency verification paths, or
among alternative proof mechanisms. Under all circum-
stances, however, rule versions must remain fixed, manda-
tory validation steps must not be omitted, and compliance
thresholds must not be relaxed. Path adjustment refers ex-
clusively to changes in verification method or execution
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environment, not to changes in substantive rule content or
risk parameters. This mirrors established resiliency practice
in financial infrastructure: operating modes may change, but
institutional rigor must not weaken.

Principle Two: Operating-Condition Changes Must Be Explicitly

Marked and Auditable:
When path switching, environmental transitions, or excep-
tional states occur, the system must emit explicit, tam-
per-resistant state markers. Such markers are not admis-
sions of non-compliance; they are structured declarations of
the execution context. Their purpose is to ensure that au-
thorized reviewers can identify the decision backdrop at the
time of execution and reconstruct the complete verification
trajectory thereafter. Availability may be constrained by op-
erating conditions, but verifiability must not disappear.

Principle Three: Closed-Loop Form May Be Risk-Responsive,

but the Minimum Proof Boundary Must Not Be Breached:
Transaction processing may differentiate structural com-
plexity by risk tier, but the minimum acceptable proof
boundary must be strictly enforced. Low-value, low-risk
transactions may employ simplified verification paths, pro-
vided that the scope, conditions, and governance of simplifi-
cation are predefined and publicly disclosed. Transactions
implicating sovereign credit, systemic risk, or cross-sover-
eign commitments must employ the full closed-loop form,
with no substitute paths permitted. Risk-responsiveness re-
fers to differences in structural complexity and operational
procedure, not to any retreat in rule strength.

In summary, the closed loop does not claim that the system will
always operate in an optimal form. It ensures that, under any op-
erating form, the system does not fall below a defined threshold
of institutional strength. Its objective is not the elimination of
anomalies, but the ability to make anomalous states recordable,
verifiable, and accountable. Sovereign-Verifiable Settlement In-
terface are not designed to construct an unchanging utopia; they
are designed to preserve the stability of rule execution and the
continuity of proof structures under operational turbulence. The
closed loop thus functions as an institutional boundary, not mere-
ly an operating state.
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A3.5

Synthesis:
The Atomic Structure of
Digital Sovereignty

This chapter has addressed a single foundational question: in a
world where multiple sovereignties, regulatory regimes, and tech-
nology stacks coexist, if provability is taken as the primary foun-
dation, what minimal form must a qualified digital infrastructure

assume?

The concept of the minimal auditable closed loop provides a
structural answer. A trustworthy DLT system must be simultane-
ously established across four dimensions:

* Action attribution is lockable, such that the initiating sub-
jectis identifiable and responsibility is non-repudiable;

e Execution context is fixed, such that declared rules and

inputs are immutable at the moment of execution;

* Process trajectory is explicit, such that all intermediate
steps along the execution path are exposed and none are
concealed;

* Decision truth is reproducible, such that outcomes can be
deterministically replayed and do not depend on narrative

interpretation.

When these four conditions are satisfied in a mathematically veri-
fiable manner, system order is transformed from a state main-
tained by authority into a structure supported by cryptographic
proof. This transformation does not replace political or legal insti-
tutions; rather, it provides them with a novel technical substrate
that is deterministic, replayable, and externally verifiable.

These global divergences can be summarized as follows:

Centralized Systems

SSI / Rule-Based DLT

Access controlled by infrastructure ~ Access controlled by participants

Binary inclusion/exclusion Granular, policy-driven interaction
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‘ Opaque decisions Explicit, auditable rules

‘ Ex post explanations Deterministic outcomes

Table 1: Structural Differences Between Centralized Systems
and SSI as Rule-Based DLT

Accordingly, if digital abstraction, settlement neutrality, execution
transparency, and sovereign continuity are regarded as the core
value vertices of a Sovereign-Verifiable Settlement Interface, then
the closed loop constitutes the first-principles foundation that
supports them. It represents the minimal unit through which
digital sovereignty can be executed, constrained, and held ac-
countable, and it defines the necessary path by which cross-sov-
ereign order advances from subjective consensus to provable

consensus.

With this foundation in place, subsequent discussions of rule de-
scription languages, proof formats, cross-domain mutual recog-
nition, and governance arrangements share a common logical or-
igin. Sovereign-Verifiable Settlement Interface thus evolve from a
purely technical construct into an institutional engineering
framework characterized by internal coherence and formal ac-
countability.
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CHAPTER A4.

Governance and the
Principia:

The Withdrawal of Power and the
Emergence of Order
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Abstract:

The digital age is characterized by a fundamental tension: sovereign governance requires
clearly defined boundaries and ultimate control, whereas digital networks inherently
rely on open connectivity and global coordination. This tension leaves the global digital
financial system oscillating between the two poles of “centralized unilateral governance”
and “de-sovereignized technological utopianism”, and has thus far prevented the construc-
tion of a logical plane capable of both carrying the will of multiple sovereignties and pro-
viding an efficient and trustworthy global public good.

In the absence of suprasovereign authority, how can sovereign states with divergent inter-
ests place trust in a public system that they jointly construct yet cannot unilaterally control?

This Principia document develops a governance framework for multi-sovereign collabora-
tion, proof-based compliance, and neutral settlement, structured around clearly allocated
authority, procedural constraint, and operational continuity. It addresses three foundational
questions:

1. The foundation of legitimacy: how, without establishing a suprasovereign adjudi-
cator, the system can become a common collaborative plane for sovereigns by vir-
tue of “logical neutrality”.

2. Constraints on the boundaries of power: how to institutionally isolate intra-sover-
eign discretion from inter-sovereign collaboration, preventing public mechanisms
from becoming geopolitical instruments of particular entities.

3. Network resilience: how institutional design ensures the non-centralized nature of
infrastructure, prevents its unilateral capture, and preserves its logical continuity
even under conditions of extreme geopolitical disruption.

The “third path” we propose is not a moderate compromise, but a constitutional engineer-
ing project aimed at achieving sovereign separation by design and global collaboration
through verifiable mechanisms. Its philosophical core is this: the most reliable order aris-
es from the systematic constraint of power.

The governance philosophy of the Sovereign Cooperative Settlement Interface (the SSI
framework) represents a form of reverse engineering of power. It does not create new cen-
ters of authority, but constructs a collaborative framework in which power is structurally
precluded. Its legitimacy derives not from powers granted to it, but from the verifiable and
immutable institutional constraints it imposes upon itself.

This is neither another closed compliance scheme nor a closed compliance system associ-
ated with any particular governance alliance. Just as the Peace of Westphalia established
the jurisprudential foundation of territorial sovereignty, the Principia framework defines the
governance conditions under which digital sovereignty in cross-border settlement can
achieve logically verifiable mutual recognition. This is not an expansion of power, but a de-
liberate withdrawal and self-limitation of power within a critical public domain.

We anticipate the emergence of a solid, trustworthy, and quietly functioning global order
within the boundaries of sovereign autonomy.
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A4.1

Status and Entry into
Force under the Principia
Framework: From Logical Ar-

chitecture to Institutional Grounding
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“Govern by non-interference,
so that order arises spontaneously.”

‘FATMERA.

— Lao Tzu, Tao Te Ching (T, GEfEA))

This section establishes how the Principia framework moves from
a logically coherent architecture to an institutionally grounded
system capable of sustained operation. Governance is treated
here not as abstract political theory, but as a set of institutional
commitments expressed through formal procedure and imple-
mented through system design.

Taken together, these commitments serve a single objective: to
establish a shared inter-sovereign coordination layer with public
institutional standing.

Within this context, the Sovereign Relay Hub (SRH) must directly
address three foundational questions that accompany the system
throughout its lifecycle.

First, as the neutral institutional relay of the shared layer, on what
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basis can the SRH be prevented from exceeding its mandate or
becoming an operational instrument of any particular sover-
eign participant?

Second, in the intergenerational evolution of rules, who possesses
the authority to define and modify the SRH protocol, and through
what procedures can rule changes become effective despite com-
plex political dynamics?

Third, at the operational level, how can a polycentric institutional
architecture ensure that the system does not fall into paralysis if
any individual participant withdraws, defects, or collapses?

These three questions collectively define the core institutional
challenges that the SRH must address from its initial establish-
ment through long-term operation.

Core Principle: Institutional Grounding Pre-
cedes Technology

The answer advanced by SSI is clear: the SRH is not a technologi-
cal system that later seeks political recognition, but an institu-
tional construct whose governing basis is established before tech-
nical deployment.

Participating sovereigns must first adopt the Principia framework
as the constitutive basis of the shared settlement layer. The Prin-
cipia framework defines ex ante the limits of SRH authority and
the procedures through which its protocol and governance rules

may evolve.

The legitimacy of the SRH is therefore anchored in the collective
institutional will expressed through the Principia framework,
rather than in the self-assertion of any technological operator.
Accordingly:

* The protocol and governance rules of the Sovereign Relay
Hub (SRH) are not subject to unilateral determination by
any single sovereign, but are formalized through shared
procedures defined under the Principia framework.

» The effectiveness of governance rules depends not on
opaque political direction, but on procedures that are au-
ditable, reversible, and deterministically specified.

At the most fundamental level, the Principia framework is de-
signed to ensure that neither individual operators nor a majority
coalition of sovereign participants can convert the SRH into an
adjudicative authority or a centralized center of power.
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A4.2

Core Principles under the
Principia Framework:

Neutrality as an Institutional
Attribute

This section explains how neutrality, through a three-layer de-
sign, is transformed from a subjective commitment into an insti-
tutional attribute embedded in the system’s architecture. Its core
purpose is to make neutrality a self-sustaining equilibrium under
strategic interaction, rather than a fragile consensus that must be
constantly guarded.

A4.2.1 First Layer: Functional Constraint and
the Absolute Minimization of Authority

The statutory functions of the SRH are strictly confined to the
minimum necessary set for cross-domain collaboration. Any effi-
ciency optimization or functional enhancement beyond this
boundary must either be prohibited or subjected to strict thresh-
olds.

1. Exclusive ordering, verification, and notarization. The SRH
is assigned, and only assigned, three core functions:

1) Global ordering: establishing, for all cross-domain trans-
actions, a unique sequence that is monotonically increas-
ing and tamper-resistant.

2) Proof verification: conducting formal, non-semantic
cryptographic verification of compliance proofs (PoPC)
submitted by Sovereign Compliance Execution Layers
(SCELS).

3) Finality notarization: issuing finality receipts with legal
traceability and technical determinacy for transactions
that pass verification.

Beyond these functions, the SRH has no authority to execute

business logic, operate assets, or interpret sovereign rules.

2. Semantic insulation and downward allocation of responsi-
bility
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At the protocol level, the SRH is semantically blind. Its role is lim-
ited to signature verification, format validation, version confirma-
tion, and deterministic replay against the referenced JPack. Re-
sponsibility for legal interpretation, compliance discretion, and vi-
olation handling remains entirely within the sovereign SCELSs that
generate the PoPC. The SRH does not judge whether sovereign
rules are substantively correct; it verifies only whether the de-
clared rules were executed correctly. This separation preserves
sovereignty by design.

A4.2.2 Second Layer: Abolition of Power - the
Three Major Constitutional Prohibitions

To prevent functional constraints from being eroded over time,
the Principia framework establishes three non-derogable prohibi-
tions. Their purpose is not merely technical. By defining what the
SRH must never become, they shift governance from the confer-
ral of power to the fixing of institutional boundaries, and trust
from discretionary expectation to verifiable constraint.

Prohibition One: No Interpretation - becoming a “semantic
insulator” of rules

Constitutional meaning: Rule execution remains within sover-
eign jurisdiction, while cross-domain coordination remains ex-
ternal to it. Regulatory logic, legal definition, and discretion are
contained within each jurisdiction’s JPack and SCEL. The SRH
verifies proofs only. It does not interpret sovereign rules, assess
their reasonableness, or engage in secondary judgment.

Engineering implementation: Policies are executed within sover-
eign SCELs, while the SRH receives only the resulting proof arte-
facts. It can attest that a transaction conforms to a referenced
rule version, but cannot infer or evaluate the underlying policy in-
tent. Its neutrality arises from designed incapacity, not discre-

tionary restraint.

Prohibition Two: No Execution - eradicating the “weapon-
ization” channel of sanctions

Constitutional meaning: This exchanges functional incomplete-
ness at the design level for institutional openness at the system
level. All compliance interception and sanctions-execution au-
thority must be physically isolated and retained within sovereign
judicial boundaries. This controlled technical incapacity gives the
SRH structural neutrality that transcends geopolitical struggle,
thereby endowing it with immunity to political interference.
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Engineering implementation: The SRH protocol layer contains
no instruction set for asset freezing, transaction rollback, or fund
interception. It is a pure state-broadcast channel. Any intercep-
tion action must be initiated and completed within the relevant
sovereign SCEL, and the SRH merely records the proof generated
by that action. This restores sanctions from low-cost, covert
technical switches to high-cost legal-diplomatic acts, thereby
constraining the expansion and abuse of power at the strategic
level.

Prohibition Three: No Ownership - constructing a “pure
logical plane” for assets

Constitutional meaning: This fully strips the infrastructure of
property claims over assets, fundamentally eliminating its credit
and moral hazard, and blocking any path by which it could mutate

into a “suprasovereign center of value”

Engineering implementation: The SRH holds no currency, assets,
or reserves and maintains no central account. Its ledger records
proof-linked transfer sequences, while asset value remains an-
chored in the relevant sovereign ledger of issuance. This insulates
the SRH from default and run risk and prevents its evolution into
a suprasovereign monetary center.

These three prohibitions jointly render the SRH a vacuum of dis-
cretionary power. It cannot gain authority through rule interpre-
tation, coercive force through sanctions execution, or financial
power through asset ownership. Its value lies precisely in this
carefully designed incapacity.

A4.2.3 Third Layer: Game-Theoretic Immunity -
Shifting from Controlling Motives to Con-
straining Consequences

1) Core principle: non-discretionary power and anti-en-
trenchment

The Principia framework does not assume that the sovereign will
remain permanently neutral. In a multi-sovereign setting, political
coalitions may seek to alter the operating conditions of the shared
layer. Technology therefore cannot be vested with a veto over col-
lective sovereign decision-making without itself becoming a su-
prasovereign authority.

The governance objective accordingly shifts from controlling mo-
tives to constraining consequences. The task is not to eliminate
the possibility of deviation, but to ensure that any deviation from
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neutrality must be explicit, can be rejected, and cannot be con-
cealed or permanently entrenched.

2) Mechanism: three layers of institutional immunity

To ensure the above objectives, the system embeds three pro-
gressive institutional immunities. These immunities are not moral
commitments by any team, but inherent properties written into
the Principia document, the protocols, and the proof structures.
Any technical implementation that refuses to adopt these immu-
nity mechanisms does not, by definition, belong to this Primcipia

framework.

Immunity One: explicitness immunity - leaving malicious
erosion nowhere to hide

Institutional objective: To prevent any deviation from occurring
quietly in the name of technical evolution, operational routine, or
temporary arrangements, and to ensure that deviation cannot

masquerade as the natural continuation of the system.

Mechanism implementation: Every material operation, upgrade,
or configuration change must declare the Principia and protocol
versions it follows and expose its compliance configuration
through verifiable protocol fields. These declarations are institu-
tional facts, not discretionary narratives. Public registries, com-
mitments, and signature proofs make deviation externally detect-
able.

Immunity Two: refusal and exit immunity - ending “sover-
eign lock-in”

Institutional objective: to prevent forced acceptance of unrecog-
nized rule changes and thereby eliminate sovereign lock-in.

Mechanism implementation: The system explicitly defines the
SRH as a voluntary collaboration layer, not a source of sovereign
obligation. Any sovereign participant retains the absolute right to
refuse a specific SRH instance, version, or operating configuration
without thereby constituting breach. This right is guaranteed by
the architecture: SCELs can operate entirely independently,
PoPCs can be generated and preserved independently, and trans-
action compliance proofs do not depend on any single pub-
lic-plane instance. Deviation may be attempted, but it cannot be
imposed.

Immunity Three: substitutability and reconstructability
immunity - stripping institutional monopoly from opera-
tors
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Institutional objective: In response to extreme long-term risks -
such as operator incapacity, deviation, or other contingencies-to
ensure that the legitimacy of the Principia framework does not
depend on any specific team. Its core purpose is to sever entirely
the potential leverage of operating authority over control authori-
ty, preventing temporary operational functions from mutating

into permanent institutional monopolies.

Mechanism implementation: The Principia framework specifies
institutionally that the legitimacy of the advocated system is an-
chored solely in the Principia text, open-source protocol specifi-
cations, and the traceable historical proof chain, rather than in
any particular implementation or team. Owing to the determin-
ism of protocol execution, any new compliant public-plane imple-
mentation can restore an identical global state by replaying the
complete historical PoPC set and the referenced rule versions.
This fundamentally eliminates the risk of the system being cap-
tured and corrupted by any particular interest group, ensuring
the permanent recoverability of the public infrastructure.

Strategic closed loop: making the costs of de-
structive behavior explicit and forcing self-dis-
integration

The Principia framework does not assume that abuse is impossi-
ble. It is designed to ensure that any material deviation from neu-
trality must occur openly, can be identified and rejected, and
cannot be durably institutionalized. Its force lies not in reliance on
goodwill, but in making destructive conduct publicly legible and
politically costly.
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A4.3

Layering of Authority
and Responsibility:
The Institutional Demarcation
of Rule Sovereignty

In traditional cross-border cooperation contexts, the term rules
often carries a dangerous ambiguity. Technical protocols, compli-
ance provisions, and governance procedures are frequently
grouped together under this single label. Such conceptual confla-
tion is precisely the structural root of power overreach and re-
sponsibility evasion. When policy logic and technical logic be-
come deeply coupled, the boundary between public protocols and
sovereign will becomes blurred, and infrastructure risks evolving
into an instrument of geopolitical influence.

This ambiguity inevitably leads to two extreme crises of trust.
One occurs when the public technical layer attempts to overstep
its role, or even adjudicate sovereign law, thereby evolving into a
de facto suprasovereign authority. The other arises when a sover-
eign will penetrates technical details beyond its proper boundar-
ies, transforming public infrastructure into an extension of geo-
political power. Either extreme erodes the foundational trust
upon which a global cooperation system must rest.

Accordingly, the central task of this section is to provide, under
the Principia framework, a clear institutional delineation of au-
thority and responsibility. This requires not only a rigorous taxon-
omy of rule categories, but also a technically enforceable separa-
tion between them. Only on that basis can sovereign discretion
within jurisdictions remain distinct from mechanical cooperation

across jurisdictions.

A4.3.1 Institutional Delineation of the Three
Major Rule Categories

Based on sources of authority, jurisdictional boundaries, and in-
stitutional purpose, the Principia framework explicitly divides
rules into three mutually independent categories with clearly de-
fined authority and responsibility.
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Dimension Sovereign Rules Public Protocol Rules Governance Meta-Rules
TG TR LR TRBLTRN
(08 What compliance is How cooperation occurs How rules change
definition p P 8
Bl X A qnfareipE LUk eS|
Authority Each sovereign state and its The SRH public plane authorized Multilateral governance body
holder authorized institutions by the Principia jointly authorized by participants
BOAE B EAEZ B EAAHAE TLHEERIANA SRH A1 577 LR 2 18I0 ER A
Prm}ary TPack (Policy-DSL rule packages) SRH Protqcol standards and Principia, governance contracts,
carrier specifications and procedural manuals
Y i - r\” AT el R — == =3
Bol bl Jrack (FolicyDSL S SRH HshRENLI GERTD). WIS
. . . No dls(?retlonary LT o7 Procedural authorization:
Nature of Full discretion: formulation, execution only (pure syntax L
. . . . . . : maintaining processes and manag-
authority interpretation, and execution without business semantics) ing permissions
BB SR e, RS T TERCER, WFE#LH Rk . PR b
(4, TlSIEY) TR - dEr e 5 EERIR
. . . . . Protocol upgrades, parameter
Compliance and policy-discretion Mechanized processes such as . .
. . . adjustments, node admission and
. logic such as AML / CFT, capital message formats, ordering . . .
Substantive . . . ; exit, operational supervision, and
controls, sanctions, market access algorithms, PoPC verification, and . .
content . " cross-site reconstruction
rules, etc. receipt generation a4
-l AML/CFT. VEATHH B WA WEKE. HFEE PoPCHRIE D
N I N N JEN N v FO M UES sy STy i ey N
AL MRS PRI, SRTE, TR, I8
) ) BE, BHEEET
Place of Within each jurisdiction’s autono- The SRH global distributed Govern.ance contracts e
y on-chain / off-chain governance
execution mously controlled SCEL network processes
it TSI = = NIz ; ;
W7 & B 42 SCEL SRH 2 71 s\M 45 IR | | R
Key outputs Proof of Policy Compliance (PoEC) Glob.aI ordering and finality Governance resolutions and
receipts state-change records
N AR 9 SR . N
Kbl FOREHIED (PoPC) FRHER SRR I R A
Core Prohlbmed frgm directly .mterfer— Prohibited from interpreting or Prohlb}ted from modifying .
o ing with public cooperation . . . sovereign rules beyond authorized
prohibitions accessing sovereign rule logic
N processes U procedures
8~ o S IR AR 1]
BLIT FEESELHE T AUA SRR * PR PSS AE (T AN
Institutional Source of rule content and Shared execution and verification Custodian of procedural integrity
relationship sovereign intent layer and institutional boundaries
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Table 2: Classification of the Principia Rule System and Corresponding Authority-Responsibility Mapping
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A4.3.2 Institutional Implementation: The Proof
Interface as the Sovereign Boundary

The clear delineation of the three rule categories is ultimately re-
alized through a carefully designed engineering interface that
achieves operational isolation: the proof interface.



For the sovereign side (SCEL): its responsibility is to process
transactions according to domestic sovereign rules (JPack) and
encapsulate the execution results into standardized and verifiable
PoPC. It does not need to expose rule details or discretionary rea-
soning to external parties.

For the public plane (SRH): its responsibility is to verify the integ-
rity and consistency of received PoPC and, on that basis, perform
ordering and notarization. The SRH does not need to understand
the rule content behind the PoPC; it only verifies that the proof
was generated by a legitimate authority under the declared rule

version.

For the governance bodies: their responsibility is to maintain the
neutrality and procedural integrity of SRH protocols and gover-
nance processes, ensuring the reliability and credibility of the
proof interface. They do not intervene in the substantive judg-
ments performed on either side of the interface.

Accordingly, the layering of authority and responsibility is trans-
lated, at the engineering level, into a layering of proofs. By encap-
sulating complex sovereign intent into verifiable yet non-inspect-
able proof packages (PoPC), the system achieves a clean decou-
pling between sovereign discretion within jurisdictions and me-
chanical cooperation across jurisdictions.

Sovereign will and public protocols intersect precisely at the proof
interface, while at the logical foundation they remain permanent-
ly separated and non-interfering.

A4.3.3 Conclusion: Trustworthy Cooperation
Within Clear Boundaries

The layered authority-responsibility framework established here
provides a workable institutional map for SSI. Sovereign jurisdic-
tions retain authority over rule content and execution, the public
layer remains limited to neutral procedural operation, and the
governance layer is confined to rule maintenance and system
evolution. The three are connected through proof interfaces rath-
er than through any fusion of substantive rule content.

This structure reduces institutional ambiguity, supports mini-
mal-trust cooperation, and allows heterogeneous sovereign rule
systems to coexist within a stable shared coordination layer. Trust
arises not from uniformity of rules, but from the clear allocation
of authority and responsibility and from adherence to verifiable
interfaces.
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A4.4

Governance Object
Inventory:
Tiered Control of Variables

The essence of governance lies in institutionalizing change itself.
The core mission of this section is to end the inefficient political
practice of addressing issues on a case-by-case basis by establish-
ing a governance-object inventory with clearly defined allocations
of authority and responsibility and explicit tiering. In this way;, all
potential future disputes are locked into predefined amendment
procedures.

It is therefore necessary not only to define what may change, but
also to clarify who decides and what the constitutional cost of
change is, thereby eliminating-at the institutional level-the possi-
bility that core principles could be gradually eroded through in-

cremental modification.

A4.41 Tiered Amendment Framework for Gov-
ernance Objects

Tiered governance is a structural requirement of system design,
although the specific granularity of the tiers need not be
hard-coded into the base protocol layer. According to the extent
to which amendment actions affect the system’s core attributes,
cooperation stability, and participant rights, the governance
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2R

Operational
Layer

13172

Shared protocol
grammar: message
formats, PoPC verifi-
cation and replay
rules, deterministic
ordering logic
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Operational
parameters,
deployment settings,
and implementa-
tion-level adjust-
ments within
authorized bounds
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Affects
interoperabili-
ty, consisten-
cy,and the
operation of
the shared
layer
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Affects
efficiency,
maintenance,
and continuity
without
changing
constitutional
or protocol
meaning
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Protocol gover-
nance committee
mandated by
participating
sovereigns

25 FANESA
HIHGEHER RS

Authorized opera-
tors acting under
prior governance
approval and
supervision
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Formal upgrade procedure;
multi-sovereign voting with

defined thresholds; Must. fn ot
mandatory compatibility deI Y
testing; public notice; Prmapl.a “level
rollback contingency constraints or
requirements alter sovereign
rule content
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Bounded change proce- Must not
dures; full logging; multisig- exceed
nature authorization where delegated
required; post-change authority or
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Table 3: Governance Object Tiers and Amendment Rules / % 3: JRFEX R 53 F 5 A5 RN

mechanism dynamically assigns different decision-making bod-

ies, execution procedures, and effectiveness conditions.

This design ensures that the governance structure maintains

both institutional stability and sufficient elasticity to allow opti-

mization as operational practice evolves.

A4.4.2 Institutional Safeguards: Transparency
and Checks on Change

To prevent misuse of the tiered governance framework described

above, the system incorporates four safeguard mechanisms.

1. Change traceability: Any amendment proposal at any tier,

together with its discussion record, voting outcome, and

execution instructions, is recorded in an immutable gov-

ernance ledger and permanently preserved as part of the

system’s institutional history.

2. Cross-tier interception mechanism: The protocol layer

incorporates automated validation controls. Any proposal

that attempts, under the pretext of parameter adjustment,

to effectively modify prohibited provisions will be auto-

matically rejected.

3. Cooling-off period and right of objection: For major
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amendments at the Principia and protocol layers, the sys-
tem mandates a cooling-off period. During this period,
participating sovereign states may exercise the right of
objection or initiate strategic exit procedures, ensuring
that sovereignty cannot be held hostage by sudden rule
changes.

4. Separation of execution and supervision: Operating enti-
ties possess operational authority only and hold no deci-
sion-making powers. All operational modifications must
correspond to valid multi-signature authorization issued
by the governance committee before they can take effect,
thereby establishing a physical-level separation of authori-

ty.

Conclusion: Proceduralizing Change

Through this inventory and tiered framework, political bargaining
over change is redirected into determinate procedures. The pur-
pose is not rigidity, but the orderly evolution of the system within
clear institutional boundaries.

The Principia framework distinguishes among foundational con-
straints, amendable technical rules, and operational parameters
subject to bounded adjustment. In this way, core principles are
protected against erosion while the system retains the capacity to
adapt over time.

Governance therefore ceases to be a recurring struggle over im-
mediate control and becomes a structured process for rule evolu-
tion under publicly known procedures. That procedural clarity is
itself a source of institutional credibility.
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A4.5

Mechanisms for the
Formulation of Protocol
and Governance Rules:

How Collective Agreement I's
Made Effective

Earlier in this section, we established the layered allocation of au-
thority and responsibility over rules (A4.3) and the tiered frame-
work for amendments (A4.4). This section addresses a more pre-
cise question: within those frameworks, through what procedures
are rules created and modified?

Accordingly, the core task of this section is to formalize the
rule-making process as an objective and verifiable procedural
pipeline. Within the SSI governance system, no single state and
no operating entity possesses the privilege to define rules unilat-
erally. Rules arise only through formally constituted multilateral
procedures.

A4.5.1 Constituting Bodies: Tripartite Separa-
tion of Power and Hard Checks-and-Balances

The allocation of rule-making authority follows the principles of
aligning authority with responsibility and separating execution
from decision-making. Through both juridical and institutional
design, it forms a mutually constraining steady-state structure.

Role Positioning

Powers in Rule-Making

fatasEhs 2RI 5E A AR AURR

Participating
sovereigns (or
their authorized

institutions) tion, and voting,

Joint legislative authority: the original source of legitimacy
for the final formulation and approval of rules. Through their
representatives in governance bodies, they exercise core
powers such as proposal sponsorship, seconding, delibera-
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Core Prohibitions

LSS

Strictly prohibited from placing their own
will above the common procedure; strictly
prohibited from authorizing operators to
exercise substantive legislative authority on
their behalf.
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Governance
bodies (such as
various commit-
tees)

RN (s

ZAR)

SRH operators
(technical teams)
SRH i&E# (FR
Eil%9)

Organizational and executive authority: acting as agents
executing sovereign will, responsible for organizing the
rule-formation process, ensuring procedural compliance,
consolidating voting outcomes, and announcing effective-
ness. They possess no independent authority to create rules.

HAGPGTI - (ENERIREPITE, AGHAGIERE. W
IR A, ILERREFHEAMAER TN E)IRA,

Proposal and service authority: based on technological
evolution or operational needs, they may submit amendment
proposals and are responsible for engineering implementa-
tion after effectiveness, as well as for system maintenance.

RBEGMWS : BT REABTSOSEFE, RHBUEER, Hh

Strictly prohibited from simplifying or
bypassing statutory procedures; strictly
prohibited from applying substantive political
filtering or preference-based selection to
proposal content.

TEEARE BB IR E R 5 AR R AT
KB BUEI IEE R B .

Possess absolutely no authority to formulate
or approve rules. Strictly prohibited from
turning discretionary freedom in technical
implementation into de facto rule modifica-
tion.
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Table 4: Allocation of Rule-Making Authority Among Participating Sovereigns,Governance Bodies, and SRH Operators
# 4 Z2EEN RN S SRH JZE 77 2 [ BHRLHE BB

Core principle: rule legitimacy derives from the formally ex-
pressed authorization of participating sovereigns and is con-
firmed through neutral procedure. Operators may propose and
implement, but they do not govern.

After clarifying the division of authority and responsibility among
constituting bodies, the formulation and amendment of rules
must follow a standardized and end-to-end auditable procedural
pipeline (see Volume B of the Principia framework). This process
encompasses key stages such as proposal submission, public no-
tice and deliberation, multilateral voting, technical acceptance,
and final announcement. In this way, the creation of any rule un-
dergoes sufficient public discussion and rigorous technical verifi-
cation, ensuring that its execution is not subject to discretionary
human intervention.

A4.5.2 Effectiveness Mechanism: From Voting
Thresholds to State-Based Triggering

Within the SSI framework, rule activation is state-based rather
than command-based. A rule takes effect only when all pre-
defined conditions have been satisfied: verifiable voting thresh-
olds, closure of notice and testing periods, and completion of
technical validation and security lock-in. This includes successful
acceptance testing, deployment readiness, rollback preparation,
and monitoring activation.

At the protocol level, these conditions may not be bypassed in the
name of urgency or exceptional necessity; long-term system ro-
bustness takes precedence over ad hoc efficiency.
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A4.5.3 Hard Constraints: The Non-Negotiable
Negative List

All procedures are placed under a final red-line constraint: no rule
formulation or amendment proposal may, in any form, breach or
weaken the Principia core principles and the three prohibitions
established in Section A4.2. The system embeds an automated
compliance pre-screening mechanism: before a proposal enters
the public notice phase, if its content is detected as potentially
touching the negative list, such as prohibited interpretation, pro-
hibited execution, or prohibited ownership - it will be automati-
cally intercepted and forcibly flagged, requiring escalation to the
constitutional revision procedure for deliberation.

This means that any attempt to covertly grant SRH discretionary
authority, execution power, or asset authority through protocol
upgrades will be institutionally identified and blocked at the very
first procedural stage. The negative list is not a moral appeal, but a
hard constraint embedded in the process engine.

Conclusion: Rule of Rules Arises from Rule of
Procedure

By establishing checks among actors, process-based governance,
conditional activation, and negative-list constraints, the SSI
framework ensures that rule formation is governed through
transparent and verifiable procedures. Rules arise not from uni-
lateral authority, but from formally constrained multilateral pro-
cess.

This creates a governance structure in which the creation,
amendment, and activation of rules are proceduralized, auditable,

and resistant to discretionary intervention.
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A4.6

Operational Stewardship

of the Sovereign Relay
Hub:

Multilateral Access, Power Separa-
tion, and Ultimate Substitutability

Within a multi-sovereign collaborative governance architecture,
operational authority is the institutional objective most easily
coveted. Once infrastructure operators gain room to interpret
rules, a neutral technical platform tends to slide toward becoming
a geopolitical lever. This is not a hypothesis, but a historical trajec-
tory repeatedly borne out by cross-border infrastructures.

Accordingly, this section adopts a core axiom: operational author-
ity over the SRH must be structured as a public service function,
not as a form of governing power. Operators may possess the
technical capacity required to run the protocol, but they possess
no substantive discretionary authority. Their role is confined to
verifiable mechanical execution.

The starting point of this governance logic is not to seek perfectly
reliable operators, but to construct a constraint framework in
which the system remains secure even when operators are not
trustworthy. For strategic infrastructure underlying global settle-
ment, entrusting system security to the moral self-discipline of
operators is itself an unacceptable systemic risk.

A4.6.1 The Authorization Logic of Operational
Authority: Delegated Agency Rather Than In-
herent Power

The operational authority of the SRH is not an extension of sover-
eign power, but a delegated functional mandate established under
the Principia framework. Its institutional character is defined by
three conditions: it derives solely from explicit authorization rath-
er than historical convention or de facto control; it is limited to
technical execution and routine operations and excludes discre-
tion, interpretation, and rule-making; and it remains expressly
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revocable under predefined conditions and procedures. Opera-
tional authority is therefore always derivative, bounded, and tem-
porary.

Spectrum Design of Operating Models

To accommodate political environments at different stages of de-
velopment, the Principia provides a spectrum of operating models
adapted to multiple stages, all operating on the same constitu-
tional foundation:

I?AI:)ZI;&;tmg gg)gl;cable Organizational Form
ST ST MNP
BERN G B
- Temporarily managed by institutions
gﬂiﬁ:ﬂ;ﬂal Launch such as the BIS, the IMF, or a
Operation h:se technically credible foundation
P P B recognized by multiple sovereigns
WER | RO RS BT, IMF sEL A
ZERONAINEAR RS RE
Regulated Ecosvstem An operating consortium composed
Consortium ex az,lsion of regulated market infrastructure
Operation phl;se institutions
Z R ER AR 32 8 B T 37 B RN LAG AT A
Y= = IBERRH
Joint . . .
1, _ A non-profit international public
Z/ilu;tt)szx‘f:f ISX:EEE utility jointly established by the
ti fn P phase Y principal participating sovereigns
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Governance Core

HEL

Mandatory inclusion of a sunset clause clearly
defining the custodial period (e.g., 3-5 years); upon
expiration, it must transition, thereby strictly
preventing transitional arrangements from becom-
ing long-term monopolies

SFIFINHESTK, WHEHEEGR (0354, FHLL
PR, TR iR 2 HEAE K 22

Introduces a multi-sovereign supervisory committee
with penetrative audit rights, compliance inspection
powers, and recommendatory dismissal powers;
commercial institutions are responsible for efficien-
cy, while the sovereign collective is responsible for
compliance
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Composed of representatives appointed by each
sovereign, using one-country-one-vote or weighted
voting, with supermajority decisions (e.g,, 2/3) to
block domination by any single major power
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Table 5: Spectrum of SRH Operating Models / % 5: SRH SZ & 1% 5H 7%

The core of this spectrum design lies in the following: regardless
of the stage or model adopted, the derivative, limited, and revoca-
ble nature of operational authority remains unshakable. The evo-
lution of models is merely a change in organizational form, not a

change in the nature of power.

Beyond authorization and model choice, the framework imposes
continuity constraints on operational authority (see Volume B of
the Principia). Term limits and rotation reduce entrenchment risk;
standardized exit and handover procedures make transfer verifi-
able; and emergency substitution mechanisms protect continuity
in cases of incapacity or disqualification. Together, these arrange-
ments keep operational authority in circulation rather than allow-
ing it to harden into privilege.
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A4.6.2 Physical Constraints on Operators: Tech-
nical Execution Is the Whole

The mechanical constraint of “input-process-output”

At the implementation level, the operator function is reduced to a
deterministic processing pipeline:

[Compliant transactions + PoPC proofs] - [SRH protocol pro-
cessing] - [Ordering results + finality receipts]

This architecture locks operators into three rigid constraints:
they have no authority to modify inputs and may not unlawfully
reject, tamper with, or selectively delay any transaction that com-
plies with the prescribed format; they have no authority to alter
algorithms, and the execution environment must strictly follow
the open-source protocol code and remain verifiable throughout;
they have no authority to interpret outputs, and all results must
strictly follow standardized protocol specifications, with no dis-
cretionary annotations attached.

Triple technical lockdown mechanism

To realize the above constraints, the system deploys three hard
lines of defense at the foundational layer:

(1) Protocol consistency proofs: SRH nodes, upon startup, must
generate protocol consistency proofs demonstrating that
their running code is fully identical to the open-source refer-
ence implementation. These proofs are generated via TEE
(Trusted Execution Environments) or zero-knowledge proofs
and are automatically committed on-chain every hour for
public verification by network participants at any time.

(2) Verifiable process logs: all processing operations generate
structured execution logs containing input commitments,
intermediate-state proofs, and deterministic paths. These
logs are periodically published, enabling independent third
parties to conduct full audits through replay.

(3) Automatic rejection of unauthorized operations: the proto-
col layer embeds detectors for overreach operations, block-
ing in real time any attempt to access raw data (such as origi-
nal transaction contents), unlawfully invoke unauthorized
functions (such as rule-interpretation engines), or tamper
with protocol parameters. Through WASM sandboxes or
hardware-based formal verification, the executable instruc-
tion set is tightly locked within the scope prescribed by the
protocol.

Institutional position: entrusted executor of the protocol
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The operator is therefore best understood as an entrusted execu-
tor of the protocol. Its actions must remain predictable, verifiable,
and substitutable. Whatever technical form implementation takes
over time, the constraint remains the same: execution may evolve,

but operational authority may not expand into governance.

A4.6.3 Value Neutrality: Stripping Away Profit
Incentives and Power Expansion

To reduce the risk that SRH operation becomes a channel for
power expansion, the framework limits the financial incentives
attached to operation and prevents their conversion into institu-
tional control.

Cost recovery rather than profit creation: The financial model
should be oriented toward cost recovery rather than unrestricted
profit extraction. Fees should be transparently tied to verifiable
operating costs, subject to public audit, and structured so that fi-
nancial contribution cannot be converted into control over the
shared layer.

Extreme value-neutral design: At the operational level, this neu-
trality is reinforced by three exclusions: the SRH holds no assets
on its own balance sheet, accumulates no investable liquidity pool,
and extends no credit or guarantee function. Operation therefore
does not create an independent financial center.

Incentive misalignment: reputation as the ultimate collateral:
Incentive design should reward continuity, compliance, and oper-
ational reliability rather than expansion of function or influence.
The aim is not to moralize operators, but to align their incentives
with long-term system stability.

A4.6.4 Institutional Implementation: From Prin-
ciples to Executable Contracts

Operational contracts as annexes to the Principia

Each operational authorization contract should function as a
binding annex under the Principia framework. It should translate
governance constraints into verifiable technical and operational
obligations, while specifying audit rights, supervisory powers, and
breach conditions.

A multi-dimensional networked oversight system

Operator supervision should not rely on any single oversight
point. It should instead combine multilateral supervisory review,
independent technical audit, and real-time network monitoring,
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with each layer cross-verifying the others.

* The multi-sovereign supervisory committee is responsi-
ble for periodically reviewing operational compliance.

* Independent technical audit institutions continuously
verify protocol consistency proofs.

* The participating-node monitoring network detects op-
erational anomalies in real time.

Tiered breach response

* Minor violations: public warning and mandatory remedi-
ation within a defined period.

* Serious violations: financial penalty, heightened supervi-
sion, or curtailment of the current operating term.

* Fundamental breach: immediate initiation of removal pro-
cedures and emergency substitution, with legal liability
pursued where applicable.

All determinations of violation must be anchored in verifiable and
objective proof, rather than in any form of subjective conjecture.

Conclusion: The SRH May Be Operated, But It
Cannot Be Ruled

The operational design set out here shows that authority over the
SRH can be delegated, exercised, and constrained without being
allowed to harden into governing power. System stability does not
depend on perfect operators, but on a framework in which opera-
tor discretion remains bounded, verifiable, and replaceable.

Operational authority is therefore service-based rather than sov-
ereign in character. Its legitimacy lies in constrained execution,
not in independent power, and its long-term value lies in trans-
parent substitutability. The SRH may be operated, but it cannot be
ruled.
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A4.7

Institutional Immunity:

Constraint Mechanisms Against
Long—Term Deviation

The core governance logic of the Sovereign Relay Hub (SRH) lies
in this: an architecture grounded in physical proofs, mathematical
logic, and institutional game dynamics, rather than reliance on
operator goodwill.

This section decomposes the abstract commitment of “correct-
ness” into three insurance mechanisms that are independently
verifiable, engineerable in practice, and institutionally guaran-
teed:

* First line: verifiability - making correctness or incorrect-
ness a publicly recomputable mathematical fact.

* Second line: substitutability - ensuring that incapacitated
or disqualified operators cannot hijack the global order.

* Third line: accountability - ensuring that every deviation
leaves irrefutable legal proof.
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Within this architecture, “correctness” is proven, and “neutrality”
is enforced.

A4.71 Verifiability: Placing Operational Behavior
Before a “Mathematical Court”

Under the Principia framework, correctness is treated as a re-
computable problem. Any sovereign authority, audit institution, or
qualified third party must be able to reproduce the critical deci-
sion processes of the SRH and derive results identical to those of
the original execution.

(1) Verifiability of Outputs: Finality Receipts as Proof

Every settlement confirmation issued by the SRH generates a
standardized finality receipt. This is not a simple status marker,
but a proof object that anchors facts through the following fields.
Any sovereign party may perform independent verification: given
a transaction hash, any sovereign can synchronize the global state
tree from the SRH.

Purpose
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Transaction hash Locks the original input
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Global ordering number Determines temporal position
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PoPC verification-result

Records the compliance verification

commitment conclusion
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Policy snapshot hash L.ocks the] Pac}( version in force at the
time of execution
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SRH digital signature Anchors operator identity
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Confirms the receipt’s position in the

Merkle path proof global state tree
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Compare against the original transaction payload
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Check the monotonic increase of the global
sequence number
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Independently replay the PoPC verification logic
for reconciliation
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Cross-check against the sovereign registry
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Verify signature validity
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(2) Verifiability of the Process: Deterministic Replay

Merely proving that “the final conclusion is such” is not sufficient;
it is also necessary to prove that “the processing itself was com-
pliant”. To this end, the SRH protocol mandates replayability of
the execution path: the PoPC verification process for each trans-
action, under the same JPack version and input environment,
must produce bit-level identical outputs. SRH operators must pe-
riodically (for example, per block) publish execution-trace sum-
maries covering triggered rules, intermediate-state hashes, and
decision branches. Sovereigns may use the open-source replay
tool (srh-replay) to reconstruct the complete compliance verifica-
tion process in their local environments. If an SRH operator at-
tempts to tamper with conclusions, mathematical facts will im-
mediately expose the inconsistency.

(3) Verifiability of the Code: Protocol Consistency Proofs

The core SRH code must be fully open-source, version-traceable,
and reproducibly buildable. Each running node must generate
protocol consistency proofs: based on Trusted Execution Envi-
ronments (TEE) or zero-knowledge proofs, it must prove that the
hash of the currently running binary code exactly matches the
open-source reference implementation. These proofs are periodi-
cally and automatically committed on-chain for network-wide
verification. Any node deviating from the official implementation
will have its outputs automatically identified and rejected by other
nodes across the network.

Verifiability demotes operators from arbiters of truth to mere
carriers of facts. Operators lose the privilege of asserting “this is
the correct result”, because correctness is no longer their subjec-
tive claim, but an objective mathematical fact that any sovereign
can independently verify. This means that even if you do not trust
the SRH operator, you can still trust the SRH’s outputs.

A4.7.2 Substitutability: Dismantling the Opera-
tor’s “Single-Point Hijack”

In the governance design of the SRH, we must soberly identify the
system’s most fragile attack surface. Historical experience shows
that operators rarely dare to tamper directly with compliance
conclusions, because such attacks are excessively explicit and
would immediately trigger the vigilance and collective resistance
of all participants.

The real threats are often concealed in “delay” and “service ob-
struction”. A malicious operator is more likely to exploit its func-
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tional position to carry out the following covert disruptions:

* Selective delay: manipulating processing order to fast-
track transactions from certain countries while deliber-

ately postponing others.

* Ambiguous timeouts: assigning unreasonable queue pri-
orities to specific transactions, keeping them continuously
in a “pending” state.

* Silent dropping: claiming that certain transactions were
not received while refusing to provide verifiable proof of
rejection.

 Feigned outages: suspending service at politically sensitive
moments or critical financial windows under the pretext
of “technical upgrades” or “system maintenance”.

The common feature of these actions is that they do not violate
any verifiable correctness condition, yet they substantially un-
dermine the system’s fairness and availability. The operator
does not need to modify protocols or tamper with proofs; merely
by exploiting its monopolistic position as a “mandatory check-
point”, it can achieve political objectives.

Substitutability is the only antidote to delay attacks. If the SRH
cannot be unlocked technically, falls into deadlock at the gover-
nance level, or imposes excessive switching costs, then operator
arrogance and negligence cannot be effectively disciplined. In
such cases, users can only endure, not resist.

The design objective of substitutability is to establish that no
SRH instance possesses either the legal or technical basis for
single-point monopoly. When an operator becomes incapacitat-
ed or disqualified, any participant has a path, a procedure, and an
incentive to switch to a brand-new, clean SRH instance. The fol-
lowing three layers of architecture support this goal:

First layer: substitutability of state - the proof chain as the glob-
al state

The core asset of the SRH is not servers or private databases, but
the immutable and fully migratable proof chain.

* Polycentric data ownership: all critical outputs generated
by the SRH (finality receipts, PoPC verification records,
governance logs) are cryptographically anchored on-chain
and do not depend on any particular operator’s storage.

* Transparency of global state: the global state is not the
operator’s private property, but a mathematical fact that
any sovereign party can archive, index, and replay.
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* Technical implementation: the SRH protocol mandates
that all critical proofs be written into a multi-party-backed
cross-chain transaction archive. Operators cannot hold
historical proofs hostage to coerce any participant.

Second layer: substitutability of implementation - protocol as
standard, code as tool

The second layer is substitutability of implementation. Legitimacy
must attach to open protocol specifications rather than to any
single development team or codebase. The framework should
therefore support multiple independently developed compliant
implementations, so that no single code lineage can monopolize
protocol evolution or system operation.

Third layer: substitutability of instance - rebuilding is resto-

ration

The third layer is substitutability of instance. Where an existing
SRH instance materially deviates from the Principia framework,
participants must have a lawful path to instantiate a new compli-
ant instance, inherit the relevant proof-based state, and deter-
mine migration in accordance with predefined procedures. The
aim is not fragmentation, but credible replacement.

This design does not encourage fragmentation; it creates a credi-
ble replacement option. Its deterrent effect lies in making sus-
tained unfairness incompatible with durable control. Where op-
erators can be replaced without systemic rupture, incentives for
obstruction are materially reduced.

A4.7.3 Accountability: Making Every Deviation
an Irrefutable Public Record

. Redefining "Accountability":

The Principia framework defines accountability as follows: any
critical operation - especially any behavior that deviates from
the predefined ideal state-must generate, in real time, non-re-
pudiable and publicly auditable event records. Here, account-
ability is no longer an administrative procedure for discovering
problems, but a proof-exposure mechanism that is necessarily
triggered the moment a problem occurs.

II. Mandatory Trace Retention:

Deviation Equals Exposure: The SRH protocol mandatorily re-
quires that the following five categories of critical events generate
standardized, signed audit records:

1. Rejection events: Any transaction rejected by the SRH,
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including PoPC verification failure, must record the rejec-
tion-reason code, the relevant rule hash, the timestamp,
and the node signature. Silent rejection without a verifi-
able reason is prohibited.

2. Delay events: When a transaction remains in the mempool
beyond the predefined threshold, the system must record
the transaction hash, entry time, current status, and ex-
pected processing time. Indefinite suspension without
status disclosure is prohibited.

3. Operating-mode switch events: Any change in operating
mode triggered by technical fault or force majeure must
be publicly recorded, including the type of switch, effec-
tive timestamp, scope of impact, and recovery path. Such
changes may affect execution environment or service
scope, but may not alter rule semantics or the determina-
cy of existing settlement results.

4. Parameter change events: Any protocol-parameter ad-
justment, including changes to fee rates or timeout win-
dows, must be linked to the change content, the effective
block, the governance-proposal hash, and the voting re-
sult. Unauthorized emergency adjustment is prohibited.

5. Operational transition events: Team handovers, key rota-
tions, and system migrations must preserve a complete
transfer plan, execution logs, and witness signatures.
Non-public transfer of operations without audit trace is
prohibited.

IIl. Independent Reverification Capacity at the Audit Layer

These records are not private operational logs, but structured
proof records open to the regulatory and observer layers. The
Principia authorizes the following entities to exercise indepen-
dent audit rights:

* Sovereign regulatory authorities: may precisely retrieve
the complete audit chain relevant to their jurisdiction.

* Multilateral supervisory committees: may initiate ran-
dom sample audits to verify consistency between event
records and on-chain proofs.

* Certified third-party audit institutions: upon committee
authorization, may conduct penetrative compliance audits.

Audit is no longer a privilege, but a universal system capability.
Any participant with the necessary technical capacity may syn-
chronize logs and perform independent replay, thereby determin-
ing whether unrecorded rejections, inadequately explained de-
lays, or unauthorized mode switches exist.
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IV. The Institutional Closed Loop of Accountability:

The endpoint of accountability is institutionalized sanctioning
consequences, applied in a tiered manner according to the degree
of violation:

* Minor violations: publicly recorded across the network,
with mandatory rectification within a prescribed period

and issuance of a formal explanation.

* Moderate violations: forced shortening of the operational
term and initiation of competitive reauthorization proce-

dures.

* Major violations: immediate triggering of removal proce-
dures, permanent loss of operational qualifications, and
referral for legal prosecution.

The core principle is this: determinations of violation do not rely
on subjective judgment, but on verifiable proof packages. A proof
package containing complete audit trails, on-chain hash cross-
checks, and independent replay results carries probative force far
exceeding the investigative conclusions of any institution.

A4.74 Correctness Is a Product of Institutional
Design

Taken together, these mechanisms form the immunity architec-
ture of the SRH. Verifiability, substitutability, and accountability
operate across detection, constraint, and attribution, ensuring
that correctness can be checked, defended, and recorded
throughout system operation.

082

XEEFIF AR AR RS, TRMAEER
S ZITRHISEHCIER, TTRERINAT
SARAT R AN

o ERUREPR : nlREHERECS HEE XA
KR H TSR,

s ZRHMBRER : ATREVUA AL H
i, WIEFMFICRS 8 EIERAK—
B,

o INIESE =I5 AL « &% RN
JG, AIATEEN G,

WA EE IR, i — RIS R SiRE
N1. EMESEAFZMNS5E, aFEYH
BTN ER, MMAE R SRR
AE4E, REEMRREAIEIR SRR AT
lE

9. ESTHIE A
ANETINZA RUZHIEALRERUE R, AEE
PSRRI AL P -
o BOER : 2RATHER, STOMRATRE
B R A IE R
o HEGEM - SEFHHIRIZEEY], Bl
GBI,
o EREM : BRMRBEREF, KAE
KIZEGHE, HBEZIEERIER,

RODJFENIAET < JERUAE AT BN,
M2 BR T I UE R UEA R, — (& s
THIUZ,  BE RIS R S AT R SR A UE R
f, HIER @@y EELEe,

A4.7.4 TR RIEE B THRI =Y
AR T SRE M54, Wk
IEE, AP S FREIME R SR, 4R
FJARE AR, HIR T RGOSITHI S ML
I BRI AT, B %,



Governance
Logic

biibea

Core Value

BLiE

Core Dimension

TNy 31

Verifiable L Make correctness a publicly recomput-
(front end) BB able mathematical fact

R 25
TR ( Hi%H) PR IR AT A TS PR 5
Substitutable . Ensure that no SRH instance possesses

. Constrain power . .

(middle stage) single-point monopoly status

2
ATEH (B FIRR) BT SR SIS ELs 2T
Accountable Attribute Make every deviation an irrefutable
(back end) responsibility public record
FIEDT (AR ) HRTHE LB — R R A TR A I %

Threats Addressed
FHN UL

Conclusion tampering, covert violations
B, FRHOER

Delay attacks, denial of service
HEIES T, E4LARSS

Blurred responsibility, difficulty of
investigation

BHER, AR

Table 7: Three-Dimensional Governance Logic of the SRH System / % 7: SRH K& =4E15HZ{HR

A4.8

Defining Settlement
Validity:

Dual Finality and

Public Verifiable Receipts

The core dilemma of cross-border settlement has never been the
speed of transfer, but the mutual recognition of compliance sta-
tus. Under the traditional correspondent-banking model, settle-
ment depends on a recursive chain of institutional trust: the led-
ger shows that funds were debited, the message shows that the
instruction was sent, and the compliance system shows that ad-
mission was approved, yet the supporting proof remains frag-
mented across heterogeneous systems. When disputes or regula-
tory review arise, it becomes difficult to determine whether each
stage of execution complied with the rules then in force. The re-
sult is not only high reconciliation cost, but also the absence of a
neutral audit anchor independent of private ledgers. The underly-
ing problem is the disjunction between ledger finality and policy
finality.
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The Principia framework redefines settlement validity at the in-
stitutional level. Instead of relying on unilateral compliance asser-
tions, it asks whether a settlement record can be independently
verified, made tamper-resistant in logic, and reconciled across
participants through a shared proof anchor.

This section treats settlement validity as the conjunction of two
necessary conditions (ledger finality and policy finality) together
with a public receipt that records their verified convergence.
Every cross-domain settlement is therefore anchored in three
linked elements:

* Ledger finality: the transaction reaches an irreversible
state within the sovereign domain, with legal effect deter-
mined by that domain’s own rules.

* Policy finality: the PoPC bound to the transaction is de-
terministically replay-verified, confirming consistency be-
tween the execution path and the declared rule version.

* Public regulatory receipt: the SRH issues a standardized
receipt referencing the source domain, target domain,
policy version snapshot, PoPC digest, and ordering time-
stamp.

Together, these elements give cross-domain settlement a level of
determinacy and auditability that is ordinarily associated with
domestic settlement. They do not impose an additional burden on
payment execution; they provide each transaction with a recon-
cilable, reviewable, and non-repudiable settlement identity.

A4.8.1 Dual Finality: The Parallel Pillars of Set-
tlement Validity

The Principia framework defines dual finality as the requirement
that cross-domain settlement satisfy two independent and nec-
essary conditions.

First Layer: Ledger Finality - the Legal Bedrock

Ledger finality means that the transaction has reached an irre-
versible ledger state within the relevant sovereign domain under
its own legal and operational rules. Each jurisdiction determines
for itself what counts as finality, whether RTGS posting, DLT con-
sensus confirmation, or another legally recognized form of title
confirmation. This remains a sovereign legal fact. The SRH neither
determines nor substitutes for it.

Second Layer: Policy Finality - the Auditable Foundation

Policy finality means that the compliance rules embodied in the
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relevant JPack have been deterministically executed and that the
resulting PoPC has been independently verified against the de-
clared rule version. What is verified is the integrity of execution,
not the merits of the policy itself. Because verification depends on
standardized inputs and a fixed policy snapshot, the result is pub-
licly reproducible.

The Logical Relationship of Dual Finality

Not Sequential, but a Logical AND: A transaction is not globally
valid merely because it has been posted to a ledger. If its compli-
ance proof cannot be verified, later audit may still invalidate its
policy status. Conversely, possession of a PoPC does not by itself
constitute settlement: if sovereign ledger transfer has not been
completed, the transaction remains a compliant instruction rath-

er than a completed payment.

Only where ledger finality and policy finality both obtain does
cross-domain settlement close its logical loop. The first establish-
es transfer finality within the sovereign ledger; the second con-
verts compliance from a matter of assertion into a matter of veri-
fication. Settlement validity therefore becomes both juridically
grounded and publicly auditable.

A4.8.2 Public Regulatory Receipts: Resolving
the Proof Deadlock of Dual Finality

Dual finality answers what counts as valid at the logical level, but
it immediately raises a further question: who can attest, in a neu-
tral and tamper-resistant manner, that both ledger finality and
policy finality have been achieved across heterogeneous systems
and asynchronous timeframes?

If the originating SCEL alone declares completion, the framework
collapses back into recursive trust. If validity depends entirely on
the receiving side, temporal divergence and reconciliation ambi-
guity remain. The problem is that dual finality consists of two in-
dependently occurring facts, yet no single party naturally pos-
sesses complete and neutral witnessing authority over both.

* The originating party: controls the ledger state, but can-
not itself prove the subjective neutrality of its compliance

execution.

* The receiving party: controls the receipt result, but can-
not verify the originator’s execution process in a penetra-
tive manner.

* Regulators: possess legal authority, but lack a unified proof
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anchor capable of crossing proprietary systems and align-
ing accounts.

(1) Public Regulatory Receipt

Collective Witnessing by Global Consensus: The core output of
the SRH is a public regulatory receipt generated when three con-
ditions are jointly satisfied: the originating SCEL has produced a
valid PoPC; the verification process has been deterministically re-
played against the referenced rule version; and the result has been
anchored through the SRH’s consensus process. The receipt is
therefore not an optional add-on, but the public record that the
transaction has reached verified dual finality under specified
rules and at a specified time.

(2) The Institutional Nature of the Public Regulatory
Receipt

From License to Recorded Fact: A public regulatory receipt is not
a license issued by the SRH; it is a record of verified dual finality.
Its force lies in three properties already established elsewhere in
the framework: authenticity can be checked through signatures
and state commitments; process integrity can be re-tested
through replay; and consistency can be reconciled against the
relevant sovereign ledger records. Once those conditions hold,
the receipt ceases to be an operator statement and becomes a
publicly verifiable institutional fact.

Once a public regulatory receipt can be independently verified by
anyone, it is elevated from a unilateral operator statement into
collective witnessing by global consensus of dual finality. This de-
terminacy leads cross-border payment away from blind trust
under authority and toward an era of proof grounded in mathe-

matics.

A4.8.3 From Bilateral Assurance to Public Veri-
fiability

From this point onward, cross-border reconciliation changes in
character. In the traditional model, where no shared public receipt
exists, reconciliation is fundamentally bilateral: each side defends
its own records. Under the Principia framework, once all parties
can independently verify the same public regulatory receipt and
reconcile it against the finalized global state, discrepancies cease
to be credibility contests and become locatable technical devia-
tions.
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Traditional Model: Reconciliation as Principia Framework: Reconciliation Against a Shared
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A4.9

Governance of Policy
Versions and Proof
Interfaces:

Reconciling Sovereign
Dynamism with the Stability of
Mutual Recognition

The dynamic evolution of sovereign rules and the need for stabili-
ty in cross-domain mutual recognition create a fundamental in-
stitutional tension. Sovereign policy is not static: sanctions lists
are updated, capital controls may be introduced abruptly, AML
thresholds are adjusted, and new asset classes generate new
compliance requirements. This flexibility is an inherent attribute
of sovereignty.

Yet cross-domain settlement depends on determinacy. A transac-
tion that occurred six months earlier cannot later be re-evaluated
simply because today’s rules have changed; otherwise, settlement
would lose finality. In traditional systems, this contradiction is
often handled ambiguously: rule changes lack transparent version
control, historical verification depends excessively on logs, and
mutual recognition rests on present-day interpretation of past
rules.

The Principia framework addresses this tension directly: how can
sovereigns remain free to change their rules without destabilizing
the basis of mutual recognition?

The answer rests on two principles: version pinning and replay-
able verification. These are not merely technical devices, but gov-
ernance principles. They convert rule succession from institu-
tional rupture into traceable evolution by binding every transac-
tion to the rule version in force at the time it took effect. Mutual
recognition is thereby anchored not in present interpretation, but
in replay of historically pinned proof.

A4.9.1 Version Pinning: The Institutional An-
choring of Rule Changes
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(1) The version nature of JPack

In SSI, JPack functions as a versioned sovereign policy snapshot
rather than as a mere bundle of regulatory requirements. Every
material regulatory change produces a new version identified by a
globally unique cryptographic hash and recorded in the relevant
sovereign registry, regardless of whether the change involves a
threshold adjustment, a blacklist update, or a structural reorgani-
zation.

The structure of JPack version identifiers follows a unified stan-
dard specification to ensure global recognizability:

Structure:

[Jurisdiction][Regulator][Rule Category][Version Number][Release

Timestamp]

Examples:

SG_MAS_AML_2026.03_v2.1_20260315
EU_MiCA_ART_v3.0_20260101

US_OFC_SDN_20260228_daily

Once released, a JPack version becomes immutable and must re-
main historically available. Old versions are not overwritten by
subsequent updates, but preserved for replay, audit, and legal re-
view. The Principia framework should therefore impose preserva-
tion obligations on sovereign publishers and support independent
archival retention across the audit and observation layers.

(2) Permanent transaction reference to versions

When each cross-domain transaction generates a PoPC, it must
explicitly reference the JPack version hash on which its compli-
ance is based. This reference is deeply embedded in the data
structure of the PoPC and becomes an inseparable component of
the transaction. No matter how the future regulatory environ-
ment evolves, compliance verification of that transaction always
points to that specifically pinned version. Even if that version has
been retired from the production environment, its historical
snapshot still supports deterministic replay verification. This
mechanism ensures, at the institutional level, temporal and spatial
consistency of rule effectiveness: history belongs to history, and
the present belongs to the present.

A4.9.2 Effectiveness and Transition: The Insti-
tutional Procedure for Rule Changes
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Version pinning protects historical integrity, but rule succession
still requires an orderly transition procedure. To avoid policy
shock, the Principia framework establishes a standardized pro-

cess for version effectiveness and migration.

* Announcement and notice period: the new version is
published with its hash, full rule text, change summary,
compatibility notes, and test vectors, allowing participants
time for impact assessment.

* Parallel support period: the old and new versions may co-
exist for a defined migration window, during which the
SRH accepts PoPCs referencing either version.

* Mandatory switch and archival: after the cutover point,
only the new version is accepted for new transactions,
while the old version remains available solely for replay,
audit, and historical review.

In exceptional circumstances, the notice period may be short-
ened under a defined emergency procedure, provided that the
emergency basis is explicitly recorded, the version is clearly
marked as such, and retrospective review remains mandatory. At
the dispute-handling layer, version-anchored acceptance vectors
function as the decisive consistency benchmark: executions that
pass are treated as compliant; executions that fail indicate imple-
mentation deviation.

A4.9.3 Acceptance Vectors: The Foundational
Safeguard of Verifiability

If version pinning resolves the traceability of rules, acceptance
vectors resolve the uniqueness of execution.

Merely locking the version is not sufficient. If the same set of rules
and the same inputs produce entirely different outputs in differ-
ent system implementations, then version pinning has only locked
a meaningless filename. As an inseparable component of JPack,
the acceptance vector contains standardized input sets, expected
outputs, and execution-trace hashes. Its existence provides the
institution with three core functions:

* Consistency verification: any SCEL implementation, SRH
node, or audit tool must run the acceptance vectors asso-
ciated with a JPack version. Only implementations that
pass can be treated as version-consistent.

* Visibility of rule change: by comparing the vectors asso-
ciated with successive versions, regulators can observe
how rule effects have changed in practice, making legal
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evolution testable rather than purely textual.

* Dispute resolution: when cross-domain disagreement
arises, the disputed inputs can be run against the relevant
acceptance vectors. The outcome reveals whether the di-
vergence lies in rule application or in implementation

€rror.

A4.94 Conclusion and Institutional Effects: Ver-
sion Is Institution, Proof Is Mutual Recognition

Through the governance framework above, the Principia frame-

work achieves four core institutional effects.

Y]

@)

(3

()]

History is not rewritten by new rules: Each transaction re-
mains bound to the JPack version in force when it occurred.
Rule evolution does not retroactively alter historical settle-
ment validity.

Rule changes do not interrupt cooperation: Notice periods,
migration windows, and archival continuity convert rule suc-
cession from disruption into managed transition.

Mutual recognition is based on replayable proof: Cross-do-
main recognition no longer depends on present interpreta-
tion, but on the ability to replay the historically relevant rule
version and verify the associated PoPC.

Dispute resolution shifts from power to fact: Where dis-
agreement arises, the relevant acceptance vectors provide a
common benchmark for determining whether the diver-

gence reflects rule application or implementation error.

Sovereignty retains the freedom to change its rules, but that free-

dom operates within a versioned, traceable, and verifiable frame-

work. Mutual recognition remains stable because rule evolution is

pinned to proof rather than left to retrospective interpretation.
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A4.10

Sovereign Admission
and Exit:

The Institutional Boundaries
of Voluntary Cooperation

The SSI framework is a voluntary cooperation layer grounded in
sovereign agreement rather than a suprasovereign body standing
above participating jurisdictions. Within that framework, acces-
sion and withdrawal are not only expressions of sovereign auton-
omy, but also conditions for maintaining continuity, predictability,
and institutional clarity in the shared layer.

A4.10.1 Admission Procedure: Voluntary Acces-
sion and Verifiable Commitment

Any sovereign applying to join the SSI framework must complete
a standardized path from legal commitment to technical align-

ment:

1. Adoption of the Principia framework: formally adopt the
governing Principia and commit to its core principles, pro-

hibitions, and procedures.

2. SCEL deployment: deploy a conforming SCEL instance
within the jurisdiction and complete system-consistency
verification.

3. JPack registration: package the country’s effective com-
pliance rules into JPack versions and publish them in the
sovereign registry, ensuring that the regulatory logic is
publicly verifiable.
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4. Public notice and objection period: the accession request
enters a notice window (for example, 30 days), during
which participating sovereigns may raise material com-
patibility or governance concerns. If no material objection
is sustained under the applicable procedure, the request
proceeds.

5. Technical joint testing: complete end-to-end integration
testing with the SRH testnet, ensuring that proof genera-
tion, transmission, and replay verification processes are

error-free.

6. Formal activation: once activation is announced under the
applicable governance procedure, the sovereign enters the
cooperation layer as a participating jurisdiction, with the
corresponding rights and obligations of participation.

A4.10.2 Exit Procedure: Orderly Exit, Responsi-
bility Does Not Extinguish

A participating sovereign retains the right to withdraw unilateral-
ly from the cooperation layer in accordance with its own sover-
eign decision. However, withdrawal from participation does not
extinguish historical responsibility. To ensure settlement finality,
the exit process must follow an orderly wind-down procedure:

1. Exit declaration and buffer period: submit a formal exit
declaration and initiate a buffer period of no less than 90
days. During this period, the sovereign must still perform
its duties, and the SRH will continue processing its unfin-
ished outstanding transactions.

2. Historical responsibility lock-in: before withdrawal takes
effect, the system must anchor the sovereign's outstand-
ing historical transaction proofs so that past activity re-
mains verifiable after participation ends.

3. Settlement continuity guidance: for cross-domain trans-
actions still in flight, standardized completion paths must
be provided so that withdrawal does not leave settlement
in default or limbo.

4. Archival transfer and completion notice: the sovereign’s
historical JPack versions must be transferred into long-
term archival retention. Once proof-chain integrity and
responsibility lock-in have been confirmed, a formal notice
of withdrawal completion is issued.
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A4.10.3 Termination of Participation for Funda-
mental Breach

Where a participating sovereign commits a fundamental breach
of the Principia framework, materially threatens shared system
integrity, or renders continued cooperation procedurally unten-
able, participation in the shared layer may be terminated under
the highest applicable procedure.

Following approval under a supermajority threshold (for example,
three-quarters) and the applicable high-order procedure, termi-
nation of participation may be initiated without the ordinary
withdrawal buffer period where immediate continuity risk re-
quires it. Even in such cases, historical responsibility lock-in and
settlement-continuity measures must still be applied so far as
practicable in order to protect outstanding transactions and other
participating parties.

A4.11

Emergency Governance:

Boundary-Preservation Mecha-
nisms Under Acute Shocks

Any public infrastructure must recognize that systems may fail,
risks may emerge abruptly, and extreme scenarios cannot be ex-
cluded entirely. The Principia framework does not assume er-
ror-free operation. It provides an emergency-governance struc-
ture designed to preserve institutional boundaries, proof conti-
nuity, and procedural order under abnormal conditions.

Triggering principles: An emergency state may be triggered only
in response to objective and verifiable systemic risk, such as large-
scale technical failure, consensus fracture, sustained deni-
al-of-service attack, critical security vulnerability, or other struc-
tural threats to continuity. Its declaration must follow multilateral
procedures authorized under the Principia framework. It must
not take effect solely on the basis of unilateral political judgment
or ad hoc discretion. The triggering process must be publicly re-
corded and supported by a complete proof trail.
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Strict boundaries of emergency powers: Under an emergency
state, limited protective measures may be permitted, including
temporary suspension of ordering, restriction of new transac-
tions, degraded operating modes, or initiation of substitute in-
stances. However, no emergency measure may cross the follow-
ing Principia-level red lines:

* It must not interpret or rewrite sovereign rules.
* It must not alter the definition of settlement finality.

* It must not rewrite historical records or delete existing
proofs.

* It must not introduce adjudicative authority or unilateral
sanctions capability.

* It must not breach the negative list established under the
Principia framework.

An emergency state must not become a pretext for crossing insti-
tutional boundaries. Any measure that touches these red lines
must be treated as a Principia-level amendment rather than as an
emergency act.

Temporal limits and automatic lapse: An emergency state must
have clear temporal limits and an automatic lapse mechanism.
Any extension must be approved through renewed deliberative
procedure and entered into the public record. Emergency author-
ity is limited to restoring stability and proof continuity and may
not harden into an ordinary instrument of governance.

Mandatory review and accountability: Once the emergency
state is lifted, a public review report must be issued setting out
the triggering cause, the measures taken, the scope of impact,
and the recovery path. All abnormal operations must be incorpo-
rated into auditable records and remain subject to independent
reexamination. Where overreach is identified, replacement, ac-
countability, or institutional-correction procedures must be initi-
ated.

Through institutionalized emergency governance, the framework
acknowledges risk without surrendering control over power. It
permits temporary disruption in operational rhythm, but not de-
viation from institutional boundaries. Even under acute stress, the
system preserves a clear allocation of authority and responsibility,
continuity of proof, and reviewable settlement finality, thereby
protecting the integrity of the sovereign cooperative structure.
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Abstract:

As established in the preceding sections, scalable and resilient cross-border digi-
tal financial infrastructure requires more than technical interoperability: it must
preserve sovereign regulatory authority while sustaining global operational co-
herence. The SSI architecture provides continuity, fault isolation, and proof-
based settlement across jurisdictions; the remaining question is how regulatory
intent is expressed, evaluated, and verified within this model.

In multi-jurisdictional environments, distributed ledgers offer deterministic state
transitions and irreversible finality, but the legal and policy conditions under
which transactions are permitted remain jurisdiction-specific, mutable, and typi-
cally opaque to external verification. Interoperability layers can therefore attest
that a transaction occurred, but not why it was allowed, which rules applied, or
whether those rules were correctly enforced at execution time. Existing ap-
proaches often hard-code regulatory logic into application code, smart contracts,
or institutional middleware, coupling legal requirements to implementation de-
tails and causing policy drift, delayed updates, inconsistent cross-domain en-
forcement, and limited auditability - risks that become structural as assets tra-
verse multiple chains and sovereign regimes.

This section introduces Policy-DSL, JPack, and PoPC as a unified poli-
cy-and-proof stack that enables sovereign authorities to publish versioned regu-
latory logic independently of execution code, evaluate it deterministically at
transaction time, and bind outcomes to cryptographically verifiable proofs.

Policy-DSL supplies a compact, jurisdiction-neutral vocabulary for expressing
constraints such as KYC/AML tiers, residency requirements, transaction caps,
travel-rule obligations, business-hour windows, and asset-class restrictions. JPack
(Jurisdiction Packs) packages these policies as sovereign-authored, versioned
rule sets suitable for audit and replay across domains . PoPC (Proof of Policy
Compliance) produces a verifiable proof of which rules were evaluated, why an
allow/hold/reject decision was reached, and under which execution-environment
conditions the evaluation occurred.

Discretion and accountability remain explicitly separated. In institutional prac-
tice, statutory requirements are first translated into operational controls; the exe-
cution layer then evaluates transactions against pre-specified criteria rather than
interpreting indeterminate legal concepts. Discretion is exercised upstream
during rule formulation or exceptional approvals by accountable roles, while Pol-
icy-DSL/JPack encode the resulting determinations for deterministic execution
and PoPC binds outcomes to replayable, auditable proofs - preserving responsi-
bility attribution and enabling neutral verification.
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A5.1

Structural Misalignment

and Execution Gaps

in Cross-Border Regulatory Mutual
Recognition

B AT A
SEH M K BT
5 3ATRT B

Where river is pushing to the sea, 2020, worldrivers.net

“All paths converge at the same truth;
a hundred thoughts serve a single essence.”

‘KTRHERHKR, —Xfa g,

— I Ching, Xici (5% %REE))

Contemporary cross-border digital finance exhibits a structural
mismatch between the universality of distributed-ledger execu-
tion and the jurisdictional fragmentation of financial regula-
tion*”\. Although regulators pursue broadly similar aims - pre-
venting illicit finance, enforcing sanctions, protecting consumers,
managing capital flows, and ensuring orderly markets - the artic-
ulation of these objectives varies widely across statutes, supervi-
sory handbooks, and institutional practices''’*, generating oper-
ational and systemic challenges:

(1) Policy Expression and Evolution
Policy drift and fragmentation: Jurisdictions encode similar
concepts - transaction caps, KYC tiers, sanctions obligations,
permitted geographies, residency restrictions, and investor
classifications - using divergent terminology, thresholds,
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time windows, reporting cadences, and exceptions!®’\.
Hard-coding this logic into applications, smart contracts, or
cross-chain messaging layers produces drift as software and
policy inevitably diverge, requiring repeated rewrites. Frag-
mentation multiplies with each new product class (stable-
coins, tokenised deposits, tokenised funds)>!*'?, widening
the gap between regulatory requirements and deployed
code.

Insufficient operational agility: Regulation evolves faster
than deployment cycles>'?. Thresholds shift, sanctions lists
update daily, emergency capital controls appear within
hours, and new tokenised products receive revised supervi-
sory expectations. Hard-coded controls lag behind, turning
compliance updates into operational bottlenecks and sources
of systemic risk.

Inability to encode regulatory certainty into programma-
ble assets: Tokenised deposits, funds, stablecoins, and whole-
sale CBDCs depend on embedded policy constraints!**. With-
out a standardised DSL, institutions implement bespoke,
opaque controls in smart contracts or middleware, under-
mining interoperability, legal certainty, and participation in
multinational pilots!*!°!.

(2) Auditability, Proof, and Determinism

Audit and accountability gap: Ledgers reveal transactions,
not regulatory processes!'?. An on-chain transfer does not
prove correct sanctions screening, AML-tier assignment,
travel-rule verification, or compliance with jurisdictional
ceilings. Regulators increasingly require verifiable explana-
tions - artifacts showing which rules fired, what inputs were
evaluated, and why a transfer was allowed, held, or reject-
ed[iB,SJ‘

Lack of deterministic replayability: Supervisors require
proof that rules were applied exactly as they existed at a his-
torical moment. Traditional systems rarely support re-exe-
cution of policy logic using precise historical versions of
rules, parameters, and inputs, leaving institutions unable to
meet modern audit standards in irreversible tokenised envi-
ronments.

(3) Cross-Border and Cross-Chain Policy

Continuity

Multi-jurisdictional inconsistency and conflict resolution:
Cross-border flows trigger overlapping regimes: a single Sin-
gapore-EU payment may need to satisfy MAS licensing tiers,
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EU travel-rule obligations, capital-movement reporting, and
bilateral sanctions checks. Without a unified abstraction for
policy composition, institutions manually reconcile conflicts,

creating inconsistency and error!*?3,

Compliance opacity across chains: As tokenised assets tra-
verse SCELs, bridges, SCELs, and interoperability protocols,
regulatory context disappears. Existing messaging layers
transmit payloads but not policy intent, rendering cross-
chain compliance fragile and legally uncertain!*22>23,

(4) Verification and Infrastructure Compatibility

Infrastructure heterogeneity: Institutions operate hetero-
geneous security stacks - TEEs, HSMs, multi-sig schemes,
and zero-knowledge systems - while blockchain architec-
tures often assume uniform verification environments!***’.
Without a layered proof model, stronger attestations frag-
ment rather than reinforce interoperability?>>*4.,
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A5.2

Our Solution:
Verifiable Compliance
Framework Design

The proposed architecture is built upon the principle of Separa-
tion of Concerns, decoupling the formalization of regulatory
logic, the jurisdictional instantiation of that logic, and the genera-
tion/verification of compliance proofs.

This tripartite model, comprising Core-DSL,JPack andPoPC,
aligns the rigor of formal methods with the flexibility of modern
multi-chain financial infrastructure. Together, these components
enable high policy expressiveness without sacrificing determin-
ism, interpretability, or cross-chain interoperability.

(1) Core Structural Components

Policy-DSL (Deterministic Regulatory Expression): Poli-

cy-DSL is a minimal, domain-specific language tailored for

cross-border settlement and foreign-exchange (FX) controls.

* Neutral Vocabulary: It abstracts jurisdiction-specific rules
into universal primitives (Subject, Asset, Geography, Coun-
terparty, Amount, Risk Score, etc.)!.

* Side-effect-free Execution: Rules are strictly determinis-
tic, ensuring that a given set of inputs always yields a clear
decision, ALLOW, HOLD, or REJECT,accompanied by stan-
dardized reason codes.

PoPC (The Cryptographic Proof Chain): The Proof-of-Poli-
cy-Compliance (PoPC) is a proof toolchain that transforms
“compliance black boxes" into transparent, cryptographic ar-
tifacts. It does not merely record a result; it provides a verifi-
able trail of which rules fired, which inputs were evaluated,
and the logical path taken to reach a decision.

JPack (Versioned Policy Bundles): By combining Policy-DSL
and PoPC, policymakers can encode complex regulations
into JPack These are deployed as versioned, tamper-evident
bundles across nodes, ensuring that the lifecycle of a regula-
tion, from issuance to execution, is fully auditable.

(2) Network Orchestration; SRH and SCEL
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The architecture is operationalized through two primary en-

tities:
* Sovereign Relay Hub (SRH): A globally coordinated, tech-

nically neutral relay layer governed by participating na-
tions. It orders cross-border transactions, validates PoPC
artifacts by deterministic re-execution, checks policy/
version compatibility across domains, and routes verified
transaction envelopes to the destination domain. SRH pro-
vides a global verification signal and an audit-grade record,
but does not unilaterally enforce settlement.

Sovereign Compliance Execution Layer (SCEL): An auton-
omous execution domain controlled by an individual juris-
diction or institution. A sending SCEL evaluates outbound
rules and generates PoPC proofs. A receiving SCEL inde-
pendently evaluates inbound rules against its local policy
pack and makes the final accept/reject decision; settle-

ment is executed only upon acceptance.

SCEL A

Outbound Local Sovereignty
Layer
- Executes outbound
jurisdictional rules (JPack-A)
- Generates PoPC
(compliance proof)

- Packages transaction
+ PoPC for relay

v

SRH
Global Verification and Relay

- Orders transactions (sequencing)

- Deterministically re-executes and
validates PoPC

- Checks cross-domain policy/version
compatibility (A & B)

- Routes verified transaction envelope
to SCEL-B

- Emits verification receipt + audit record
(not settlement finality)

BRI AR Al i B8 T AT
TR, WREENN L, MT5%T
Heg A —2it

(2) PG HHRIDLE] = FAPLERXE S5

FRERPITE

BAAES T MZD SR TIBLE -
TPl (SRH) : — N RERIBE, 5
RESIPMER, HS5EEREHE, ©
AT B HE, RIERENECR &
RMUIERA (PoPC), HRAMBRAL AW,
FRAMMITR (SCEL) : H&aIEE R
XA B AR HI sG], fEnER /4
SURMIIIE T HITR B BRSTEH
MEZENALIERZ 5 4 i PoPC A #IERH,

SCEL B

Outbound Local Sovereignty
Layer

A

- Executes inbound jurisdictional
rules (JPack-B)

- Accepts or rejects the transaction

- Executes settlement and state
update upon acceptance

v

Figure 4: Functional boundary between SCEL and SRH / [ 4: SCEL 5 SRH HJDIHEL T

Function Jifig Executing Component {7 ¥

Settlement and asset transfer |

Cross-domain transaction routing | 535

SHASHRIEL

Outbound jurisdictional compliance execution | H3ERIEE & MATT
Cryptographic proof generation (PoPC) | #H52#IERA4: ik (PoPC)
Global recomputation and validation of PoPC | PoPC 4 JRE iS5 ik
B

Inbound jurisdictional compliance execution | AR EREEESHHUT

Acceptance / rejection decision | #% / fE4LH R

SCEL ( Sender | &1%77 )
SCEL ( Sender | &3%77)
SRH

SRH

SCEL ( Receiver | #U%77 )
SCEL ( Receiver | #U%75 )

SCEL ( Receiver | #U&77 )

Table 9: Layered compliance and settlement responsibility model / 3 9 : 77 E& M 5 EHE AR
y p P )



(3) Stronger Proof Layers (Opt-in)
For environments requiring heightened security or privacy,
the system supports:

» TEE Attestation: Executing PoPC within a Trusted Execu-
tion Environment produces an attestation quote. The sys-
tem uses a normalized "Attestation Statement" to bridge
vendor differences (Intel, AMD, ARM)!*'>%¢! to enable uni-
versal verification logic across heterogeneous hardware
platforms and validated against a global registry of trusted
roots.

» Zero-Knowledge Proofs (ZKP): Selective ZKPs demon-
strate that specific predicates (e.g., AML thresholds or in-
vestor caps) were satisfied without revealing sensitive un-
derlying data, such as specific transaction amounts®®?2.

» Threshold or Aggregated Signatures: For flows triggering
multiple jurisdictions, N-of-M threshold signatures pro-
vide a compact!?:?*!| joint authorization attesting to

multi-lateral compliance.
Architectural Resilience Note:
The PoPC schema is algorithm-agile, supporting seamless upgrades to
post-quantum hybrid signatures. In the event of "switching its operating
modes" (e.g,, TEE unavailability), the PoPC record is explicitly flagged. This al-

lows the SRH and regulators to apply additional scrutiny or limit transaction
volume while maintaining universal verifiability of the base-layer fields.

A5.3

Interaction Paradigm

between Sovereign Compliance

Execution Layer and the Sovereign
Relay Hub

Cross-border activity in tokenised finance (DLT-based infrastruc-
ture) requires a coordination layer that preserves the sovereignty
of each participating jurisdiction while achieving shared regulato-
ry assurance. The architecture therefore separates local execu-
tion (performed by each sovereign L2) from global verification
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(performed by the L1 Sovereign Hub). This provides a constitu- FRIAE (AR SRH 525%) #H1TE
tional model of “two-tier finality™ jurisdictional finality for local AR, XA T TR 5

users, and global regulatory finality for cross-border flows. .
AR BIONAHIA 2 it RRE R R R,
FonEsEima TR At 2R e R,

1 1 153 3 N a2}
(1) SSI Cross-Border Transaction Lifecycle (1) SSI #5122 By Iy 424 i Jo) B i
SCEL1 SCEL 2 e
nder RH 2 Recipien
Sende (UAE) = (Singapore) cCIRE L
1) Initiate cross 4) RVM verification
-border TX (deterministic replay):
4 - decode PoPC / verify signatures
2) Outbound policy execution - load JPack by snapshot hash
(JPack-A) + generate PoPC - reconstruct trace + re-execute
(bound to tx envelope) - path equivalence check
3) Submit Transfer Package: 5) BFT consensus attestation:
[Tx Intent + PoPC] - rule integrity
> - policy version correctness
- proof/input binding correctness
- compliance execution validity
6a) If INVALID: Rejection Receipt
(reason codes + failed stage + trace)
stop / fix / retry 6b) If VALID: Verification Finalization: 8) Inbound policy decision
< - update global state (JPack-B):
(VERIFIED/DISPATCHABLE) - evaluate inbound rules
- store PoPC in immutable archive - ACCEPT/ REJECT
- issue Verification Receipt / 1D 9a) If ACCEPT: execute local
12)(Optional) Final Outcome 7) Dispatch Verified Transfgr chkage: A settlement + transfer assetsk
Receipt to SCEL-A (and/or [Tx Intent + PoPC + Verification Receipt] >
SCEL-B) »| 9b) If REJECT: no settlement
< performed

10) Send Outcome Ack
/ Settlement Receipt
(SETTLED or REJECTED,
signed)

11) Global Outcome Finalization (SRH):
- verify receipt authenticity + ordering
- commit terminal state:
SETTLED/REJECTED/EXPIRED
- link to PoPC + verification record
- optionally notify SCEL-A / audit
subscribers

SCEL1 SCEL 2
(UAE) S (Singapore)

Sender Recipient

Figure 5: SSI transaction flow / [ 5: SSI 525 ififz

Phase 1 - Outbound Policy Execution & Proof Attestation [ Bt — - tHIRBCRE T SRR (SCEL-A) :
(SCEL-A): 77 SCEL (A1 06) Rk 48 H BLAT (9
The originating SCEL (e.g., UAE) evaluates the outbound transac- JPack , FHHBE SESOHATI, B

tion intent under its active JPack policy pack (JPack-A). If permit-
ATy N AY S R 2
ted, it generates a PoPC proof artifact bound to the transaction RIS R AR (s

envelope (normalized inputs, policy snapshot/hash, and execu- M. BORIRER / Ia 7y LRSI TR RTE) TR
tion-trace commitments) and submits this PoPC to the SRH as the FESREN PoPC IFRHEIE, FKHIEMIZER

transaction’s compliance attestation.

ZHIEMAF IR A = YRR AL
1. Sender initiates a cross-domain transfer intent (to SCEL 1).
1. RIET5 RCEssEe K (2 SCEL 1),
2. SCEL 1 evaluates outbound rules under JPack-A (local
compliance execution). 2. SCEL 1 f#8H JPack-A T EITAL

3. SCEL 1 generates PoPC bound to the transaction envelope (BIAHIEHAIT) o



and policy_snapshot_hash and submits a Transfer Pack-
age to SRH: Transaction Intent + PoPC.

Phase 2 - Global Proof Verification, Consensus Attestation &
Verification Finalization (SRH):

The SRH invokes the Regulatory VM (RVM) to deterministically
re-execute the relevant policy logic using the pinned JPack snap-
shot referenced by the PoPC. SRH verifies PoPC integrity, includ-
ing transaction/input binding, policy version correctness, and
path equivalence (trace/outcome commitments). If verification
succeeds, SRH anchors a verification-final event via BFT consen-
sus (eg status = VERIFIED/DISPATCHABLE) and records the PoPC
in an immutable compliance archive.'+1>2223:30311

4. RVM re-executes and validates PoPC (load JPack by hash,
deterministic replay, input binding checks, path-equiva-
lence/trace match).

5. BFT consensus attests the verification result (rule integri-
ty, policy version correctness, proof/input binding cor-
rectness, compliance execution validity)

6a. If invalid - SRH returns a Rejection Receipt to SCEL 1 (rea
son codes + failed stage + reference/trace hash).

6b. If valid - SRH issues a Verification Receipt (VERIFIED/
DISPATCHABLE) and performs Verification Finalization (re
cord verification event/state + store PoPC in immutable
archive).

Phase 3 - Cross-Domain Dispatch & Inbound Policy Decision
(SCEL-BY):

The SRH forwards a Verified Transfer Package (transaction intent
+PoPC + SRH verification receipt/ID) to the destination SCEL (e.g,
Singapore). The destination SCEL independently evaluates in-
bound compliance under its local JPack policy pack (JPack-B) and
makes the final ACCEPT/REJECT decision. Settlement is execut-
ed only upon acceptance.

7. SRH forwards the Verified Transfer Package to SCEL 2:
Transaction Intent + PoPC + Verification Receipt/ID.

8. SCEL 2 evaluates inbound rules under JPack-B and decides
ACCEPT / REJECT.

Phase 4: Settlement Outcome Acknowledgement & Global Out-
come Finalization (SRH):

Upon settlement (or rejection), the destination SCEL emits a
signed Settlement Receipt / Outcome Act to the SRH. The SRH
verifies the receipt’s authenticity and ordering (anti-replay) and
commits the terminal outcome to the global state tree (SETTLED
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/ REJECTED / EXPIRED), linking it to the prior verification record
and PoPC identifier. This step provides global outcome finaliza-
tion.

9a.If ACCEPT — SCEL 2 executes local settlement and trans-
fers assets to the Recipient.

9b. If REJECT - no settlement is performed.

10. SCEL 2 sends a signed Settlement Receipt / Outcome Ack
to SRH (SETTLED or REJECTED, with seq/timestamp).

11. SRH performs Global Outcome Finalization:
* verify receipt authenticity + ordering (anti-replay)
* commit terminal outcome to Global State Tree (SET-
TLED/REJECTED/EXPIRED)
* link outcome to PoPC + verification record (receipt/ID,
policy snapshot hash)

12. Optionally notify SCEL 1 and /or audit subscribers (final
outcome receipt/event)

Core Architectural Principles and Value Anchors:

1) Local execution under local rules: Each jurisdiction ap-
plies its own laws, thresholds, residency rules, and risk
preferences directly at the SCEL level. The architecture
ensures that technical protocols never dilute or override
sovereign authority!**%2,

2) Parallelism and Unification of Dual Finality: The system
provides users with the instant responsiveness of their
home SCEL while endowing the transaction with a globally
recognized compliance status. This eliminates the "com-
pliance uncertainty delays" typical of legacy cross-border
settlements/?13334,

3) Cryptographic Proof of Compliance under Privacy Pro-
tection: The PoPC model decouples privacy from audit-
ability. While proving transaction compliance, PoPC attes-
tations utilize hash masking or selective disclosure to en-
sure that Personally Identifiable Information (PII) and
granular financial details never leave the local SCEL. This
allows the system to satisfy look-through supervision re-
quirements while adhering to the strictest data localiza-
tion and privacy laws (e.g., GDPR). Entities can prove ad-
herence to predefined rules without exposing raw finan-
cial snapshots, effectively resolving the data compliance

paradox in cross-border finance!!33>%,

4) From “Middleware Intervention” to “Protocol-Level
Oversight” The SRH elevates regulatory functions from
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ad-hoc "patches" to a "base protocol"*! Through this, reg-
ulators gain:

¢ Full Replayability and Version Transparency: Sup-
porting precise forensics and the reproduction of rule
execution at any historical moment and under any spe-
cific rule version.

< Semantic Decoupling and Digitised Accountability:
Formalising the separation between local legal inter-
pretation and global technical verification, creating an
automated accountability mechanism across jurisdic-

tions.

5) Structural Replacement of Correspondent Banking:
Through a unified compliance verification standard, the
SCEL-SRH framework eradicates the frictions of tradition-
al intermediary chains/?!#738:52;

< Elimination of Redundant Screening: Removing the
need for intermediary banks to "second-guess" compli-
ance or perform duplicate verifications, ending trans-
action holds caused by information asymmetry.

¢ Automated Conflict Resolution and Real-time Finali-
ty: Reconciling incompatible policy regimes automati-
cally through standardised interfaces to eliminate
multi-day settlement risks and achieve regulated, re-
al-time settlement finality®>?.

© Composable Regulatory Enforcement: Utilizing the
SRH as a neutral verification venue, the system
achieves a "logical intersection" of cross-jurisdictional
JPack. This ensures that any transaction failing to meet
bilateral compliance benchmarks is automatically iden-
tified and intercepted prior to settlement, effectively
neutralizing regulatory friction across legal domains
through underlying protocol logic.

The result is a cross-border settlement system characterized by
real-time completion and guaranteed regulatory integrity.

(2) Internal Architecture of the Sovereign Relay
Hub (SRH): Deterministic Verification Center
for Compliance Logic

The SRH provides a unified Regulatory Finality Layer for all par-

ticipating jurisdictions. Its core mandate is not to intervene in

specific business logic, but to guarantee that cross-border asset
transfers strictly adhere to the policy obligations of the sovereigns
involved. The SRH architecture is organized around its constitu-
tional functions: verifying compliance proofs (PoPC), maintaining
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the global regulatory state, and ensuring that sovereign policy

packs (JPack) are executed within a transparent and supervised

environment.

Key Components and Execution Logic Flow

KU S TR

SCEL A

RVM

1. Decode PoPC proof

(2) ERPAAL (SRH) PIFRAMUE :

B RLE B PERIE PO

SRH NZ5EXREHA -NWHEELRIER
HZOHREF AR NRRRNL 52, T2

Cross-domain Transfer Package -

SCEL B

Transaction Intent + PoPC + Verification
Receipt/ID

[

(or hash verification
+JPack)

. Load Policy Pack
(IPack by cryptographic
hash)

Consensus
Validation Layer

N

Validators attest:

Reject
ERROR H SCEL1

PoPC - rule integrity

— 3

Approve
- policy version
correctness

Reconstruct compliance
instruction flow

4. Deterministically
re-execute regulatory logic

- proof binding
/input binding
5. Derive expected
compliance outcome
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execution validity

- Update Gl

State Tree

Immutabl;

Compliance Archive

event

Verification
Finalization

obal

- Store PoPC in

e

+ Anchor verification
result as an immutable

Global state
finalization
- Ingest Settlement

Receipt / Outcome
Ack from SCEL-B

- Verify authenticity
and ordering

Execution
‘ SCELE /Reject

- Commit terminal
status to global state

- Publish final outcome
receipt / audit event

6. Compare expected outcome
/trace to PoPC commitments
(path equivalence check)

Rejection Receipt

- reason codes

- failed stage (RVM vs consensus)
- reference / trace hash

I

Settlement Receipt / Outcome Ack

Figure 6: SRH logic flow / & 6: SRH }&4Hif2

Key components and data flow:

1.

Sequencing Pipeline (SRH, upstream): Cross-domain re-
quests carrying PoPC proofs propagate through the P2P net-
work layer. Validators ingest messages into local mempools
for structural validation and anti-replay checks before they
enter the ordering queue. Sequencing produces a canonical
transaction order so all nodes evaluate identical inputs under
identical ordering constraints (mitigating timestamp attacks
and ordering ambiguity).

Verification (SRH): Deterministic Re-execution via Regula-
tory VM (RVM). Each request is re-verified by the RVM. The
RVM decodes the PoPC artifact, verifies binding to the trans-
action envelope (signatures/timestamps/sequence num-
bers), loads the exact JPack referenced by the policy snapshot
hash, reconstructs the compliance instruction trace, and de-
terministically re-executes the policy logic. A request pro-
ceeds only if the reconstructed execution path and outcome
match the PoPC commitments (path equivalence).

Consensus: Global Synchronization and Locking of Compli-
ance Outcomes. The BFT consensus engine provides final
confirmation of the RVM'’s evaluation. Consensus (SRH): Net-
work-wide Verification Attestation. The BFT consensus layer
confirms the RVM evaluation and synchronizes a net-
work-authenticated verification seal. Validators attest policy
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version correctness, rule integrity, proof/input binding cor-
rectness, and reproducibility of the compliance outcome.
This yields verification-finality (e.g. VERIFIED/DISPATCH-
ABLE), not settlement finality.

4. Verification Finalization & Immutable Archiving (SRH,
pre-settlement):

o State Tree Update (verification state): The global state tree
is updated with verification metadata (policy snapshot
hash, PoPC/CCID, verification receipt ID, trace commit-
ments), anchored via a Merkle root.

¢ PoPC (proof) Retention: PoPC artifacts are stored/com-
mitted to an immutable archive to enable future forensic
reconstruction under the same historical policy snapshot.

5. Cross-domain Dispatch (SRH - SCEL-B): The SRH forwards
a Cross-domain Transfer Package (Transaction Intent + PoPC
+ Verification Receipt/ID) to the destination SCEL.

6. .Inbound Decision & Settlement (SCEL-B): Upon receipt, the
destination SCEL performs inbound compliance evaluation
against its local JPack and makes the final ACCEPT/REJECT
decision. Settlement is executed only upon acceptance.

7. Global Outcome Finalization (SRH, post-settlement):
SCEL-B returns a signed Settlement Receipt / Outcome Ack.
SRH verifies authenticity and ordering and commits the ter-
minal outcome (SETTLED / REJECTED / EXPIRED) to the
global state, linking it to the earlier verification record and
PoPC identifier, and optionally emits a final outcome receipt/
audit event.

Th Regulatory VM internals (right side of Figure 6) show the PoPC
toolchain in action:

PoPC Decoder - Policy Pack Loader - Compliance Instruction
Set — (Verification State) Reader/Writer.

(3) Systemic Pillars: Persistence and Governance
The stability and regulatory integrity of the SRH rest upon two
parallel core pillars®* ¢!

I. Data Persistence Infrastructure:
This layer serves as the physical foundation of trust, ensuring the
long-term survival and traceability of regulatory data:
* Sovereign Registry: Maintains the canonical list of partic-
ipating jurisdictions and locks the version hashes of their
currently active JPack.

* Global State Tree: A shared Merkle-tree-based ledger
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recording cross-jurisdictional settlement states, such as
asset balances and systemic legal obligations.

* Cross-chain Transaction Archive: An immutable, ap-
pend-only log preserving all transaction artifacts and
PoPC proofs for long-term audit and forensic replay.

* General Data Store: Provides flexible storage for key-value
pairs and structured metadata required for evolving net-
work needs.

II. Governance Module:

All adjustments to systemic parameters and functional expan-
sions are managed by dedicated governance modules, ensuring
every action is fully auditable:

* Parameter & Module Management: Facilitates dynamic
adjustments to system-level parameters and the integra-
tion of new functional modules.

* Lifecycle Governance: Oversees the onboarding /off-
boarding of SCELSs, the formal replacement of JPack ver-
sions, the definition of new policy categories, and revisions
to "constitutional primitives".

(4) Summary: Harmonising Sovereign Will with
Digital Efficiency

This architecture enables SCELSs to provide immediate local final-

ity while relying on the SRH to anchor global regulatory finality.

The SRH guarantees that every cross-border transaction simulta-

neously achieves:

1. Formally Verifiable proofs of policy compliance.

2. Precision Validation according to the exact jurisdictional
rules.

3. Retention in a privacy-preserving, immutable audit layer.

4. Mutual Recognition by all involved sovereign authorities.

The final result is a deep integration of the sovereign authority of
national regulators with the operational demands of real-time to-
kenised finance, fundamentally eliminating the structural laten-
cies and frictions inherent in traditional correspondent banking.
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A5.4

Core-DSL.:

A Minimal,
Deterministic Policy
Language

The Core Domain-Specific Language (Core-DSL) is deliberately
tiny and domain-specific, focusing on building the semantic
foundation for cross-border settlement and FX regulation. Its vo-
cabulary is limited to concepts that repeatedly appear in supervi-
sory workflows and maintains deep semantic alignment with the
MAS Project Guardian prototypes, Swiss SBDT policy templates,
and Deutsche Bank’s DAMA framework!*'°],

All of these frameworks rely on nuanced entity-relationships and
supervisory workflows*’.. As the ecosystem evolves, a structured
process under the Sovereign Registry may determine which cate-
gories graduate into the Core-DSL and which remain optional ex-
tensions.

(1) Regulatory Primitives

B E
(Core-DSL) :

— AR B
FRIEE

BoL UG IS (Core-DSL) ZIRHRFFHY
B, ST S NI LI
Fio UL REVRAR T MR TR R
SUHCHERES, F6HT I SRR (MAS)
[y “SPAPELHRIT. BHUE% DLT BRI
DR RS SRAT DAMA AEZR(H5 81 HOVE
—Bff 1,

T AR R T RS A RS A
BLOEPR . BAEESRANT0E, =
PENHL T IR AR AT 2 M 51
HFAIN Core-DSL, WREAIY eI &

(D WK

Primitive Meaning / Examples

JiE &Y [l

subject Initiating legal or natural person (e.g., individual, corporate entity, regulated institution).

EX RIEAZGHENBRBRA (0 DA AFEE, ZIBEV).

counterparty Receiving person or institution; the other party to the transaction.

MFFi BB BN ; 22585750

residency Regulatory or tax residency of subject and counterparty; used for jurisdictional applicability.

JER By FEARRZ G TR E SRS R ; T HEERN.

citizenship Passport-level nationality; relevant for sanctions, restricted countries, and capital controls.

EREH PIRGINESRS ; SR, SZIRERFEAE IR,

geography Declared or inferred location (e.g., ISO-3166 codes, IP-derived region) used in certain cross-border policies.
bR A FLE PSR BOR T AT A B SHERT AL E (40 : 1SO-3166 A, [P HlLIRAEXIE)

asset Nature of the tokenised instrument (e.g;, USD stablecoin, SAR CBDC, tokenised deposit, tokenised gold).
v R THEAIMER (0 2 EeheseEm, DR /RR T b, Amfesk, RmftEs).
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product_type
e

amount

kil

frequency

Bz

time_window

o} ] & 1

risk_score

PR 5

list_status

Classification of the financial product or transaction type (spot FX, forward, deposit, security token, etc.).

BRI ERERZE IR 3 (A BIESNE, 1z, fEk, IEFRUAMAE),

Transaction size in native units or harmonised fiat equivalent.

PAA St B B s A R E BRI 2 B UL

Number of actions within a defined time window (e.g,, “5 transfers per day”).

TERFE N (R TN AR VR IR B (A 2 “ER 5 2B HRTKT).

Business hours, settlement cut-offs, reporting cycles, cooling-off periods.
BNV, SERBULINE, RS, S E,

Internal AML/CTF risk tier or institution-assigned risk category.
BRI BEER / S R Rl XG55 el M AL i v O IXURR 2591l

Sanctions and politically exposed person indicators (SDN, PEP, watchlist, frozen accounts).

EL

HIEABIEARNYHERR GHTEEERA R, BIAARAY, WELE, FEKRP),

Table 10: Compliance input primitives and their semantics / 210: &R AJFIE KRB

(2) Deterministic Evaluation Model: Side-Effect-
Free Pure Functions

In the Core-DSL, all rules are defined as pure functions: they take

a normalized transaction envelope as input and produce exactly

one of three deterministic outcomes:

ALLOW: Transaction meets current compliance benchmarks and
may proceed.

HOLD: Transaction triggers a preset alert, requiring manual re-
view or additional data.

REJECT: Transaction is forbidden under current policy and trig-
gers a compliance anchor.

Architectural Characteristics:

* Computational Determinism: Evaluation is strictly side-
effect-free, excluding randomness, network calls, or clock
access.

* Execution Immutability: Rules execute in constant time.
This guarantees that the same transaction, evaluated
against the same policy pack on any node (or during a fo-
rensic audit years later), will always yield a bit-identical re-
sult.

(3) Core-DSL Evolutionary Roadmap and Regula-
tory Compatibility

While the current primitive set constitutes a strong and inten-
tionally minimal foundation, the design provides ample room for
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expansion to cover a wider range of global FX and cross-border

regulatory strategies.

1.

Deep Alignment with Global Regulatory Frameworks: The

underlying semantics of Core-DSL are deconstructed to en-

sure compatibility and alignment with major international

standards:

Multilateral Alignment: Reflecting requirements from the
EU AMLR, MAS PS Act, HKMA Stablecoin Regime, and the
US BSA/Travel Rule®5#9-34,

Standard Interoperability: Incorporating core elements
from SWIFT CBPR+ rules, corporate treasury FX policies,
and ISO 20022 frameworks!*$40-42,

Future Expansion: From Instruction Sets to Complex Se-

mantics As the DSL matures, the roadmap prioritises three

critical evolutionary dimensions:

Procedural and Supervisory Actions: Recognising that
real-world policies are not merely binary, future updates
will introduce dedicated primitives for procedural out-
comes, such as mandatory reporting to authorities, esca-
lation to second-level compliance review, and trig-
ger-based notifications for cross-border capital
ﬂOWS[ZZ,Sl—SZ]‘

Entity-Relationship Primitives: To advance "look-
through" supervision, the DSL will incorporate explicit
reasoning for relationships, including Beneficial Owner-
ship Structures (UBO), intra-group transfers, and layered
remittance arrangements. These explicitly affect transac-
tion thresholds and Enhanced Due Diligence (EDD) re-
quirements’#+3,

Business and Purpose Codes: Integrating standardized
purpose codes (e.g., trade settlement, dividend distribu-
tion, or payroll). Introducing a "regulatory purpose class"
primitive will simplify the modelling of obligations trig-
gered by specific payment types, such as trade finance or
capital account reporting!®-374!,

This closing of the loop ensures that all participating jurisdictions

obtain a cryptographically authenticated and regulatorily verified

settlement anchor.
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A5.5

Jurisdiction Packs
(JPack):

Policy-as-Data and
Versioned Governance

Rather than hard-coding thousands of volatile national regula-
tions into the protocol layer, the architecture introduces the JPack
(Jurisdictional Policy Pack) mechanism. A JPack is a policy encap-
sulation uniquely digitally signed by each jurisdictional regulator
or its authorized trusted entities. It translates local legal provi-
sions into executable Core-DSL syntax, enabling the decoupling
of regulatory intent from technical execution.

(1) JPack Composition and Identification
Examples
Each JPack is a self-contained compliance logic package. Identifi-
ers follow a rigorous naming convention (illustrative examples for
the 2025-2026 era):
SG-MAS-PSD3-2025.11
SA-SAMA-AML-2025.08
EU-MiCA-Compliance-2025.06
US-OCC-TravelRule-2025.04

CN-SAFE-FXControls-2025.Q3

A standard JPack comprises the following core elements:

* Authoritative Metadata: Including issuer identity, effec-
tive/expiry dates, and multiple cryptographic signatures.

* Core-DSL Logic Library: Rule files written in Core-DSL,
optimized for specific jurisdictional scenarios.

* Parameters and Dynamic Lists: Including specific nu-
meric thresholds and real-time updated allow/deny lists.

* Human-Readable Legal References: Direct mappings of
technical rules to legal statutes to ensure transparency
and "procedural justice".

* Golden Test Vectors: A set of minimal transaction exam-
ples with expected ALLOW/HOLD/REJECT outcomes
used to verify consistent execution across all network
nodes.
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(2) Version Evolution and Governance
Constraints

The activation and upgrade of a JPack are treated as explicit gov-

ernance events on the Sovereign Relay Hub (SRH). To ensure the

continuity and security of the compliance path, the system en-

forces the following mandatory constraints/®*:

* Monotonic Progression Verification: Network nodes
must fetch policies from the authoritative registry to en-
sure that version numbers are strictly monotonically in-
creasing. This mechanism provides the system with an-
ti-rollback capabilities, preventing the malicious injection
of legacy policy versions to bypass updated regulatory
constraints.

¢ Anti-Rollback Protection: The current active version is
locked via the consensus mechanism; any attempt to re-
vert to previous rules (which may contain known vulnera-

bilities) is rejected at the protocol level.

* Deterministic Pre-validation: Before a new version be-
comes active, nodes utilize the Golden Test Vectors to
perform pre-execution validation, guaranteeing net-

work-wide consistency in logic application.

A5.6

Execution Model inside
the Regulatory VM:

Dual Verification and Separation
of Trust

The Regulatory VM operates as a dedicated, independent compli-
ance engine, running alongside the blockchain's normal state ma-
chine. It interfaces with the ledger through a lightweight adapter
module, achieving the decoupling of regulatory logic from busi-

ness logic.
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(1) Responsibilities of the Lightweight Module

Passing normalized envelopes into the RVM:
It feeds the sanitized transaction envelope (with private fields
redacted or standardized) into the Regulatory VM or evalua-
tion against the policy rules.

Storing the active JPack version:
It maintains a reference to the currently active jurisdictional
policy pack (JPack) version, ensuring the VM uses the exact
rule set in force for the transaction’s jurisdictions.

Persisting PoPC proof:
It records the resulting Proof-of-Policy-Compliance (PoPC)
proof on-chain, preserving a tamper-evident audit trail of the
VM'’s decision process for future verification or replay.

Emitting events:
It emits relevant events to signal outcomes or alerts (e.g.
compliance approvals, rejections, or anomalies), enhancing
transparency and notifying other parts of the system or off-
chain observers.

(2) Execution Lifecycle: The Two-Phase Verifica-
tion Model

Phase I: SCEL Initiation and Proof Generation (Diagram 1) When

a Sovereign Compliance Execution Layer (SCEL) initiates a trans-

action, the workflow begins locally within its own environment.

The lightweight module orchestrates the following steps:

1) Local Execution: Execute the transaction against the
SCELs own ledger state, producing a provisional state up-
date. This ensures the transaction is valid in that jurisdic-
tion’s context before any cross-chain activity occurs.

2) Policy Evaluation: The Regulatory VM, using the SCELs
active JPack, deterministically evaluates the transaction’s
envelope against all applicable compliance rules. The out-
come is a compliance decision (e.g. ALLOW or DENY) ac-
companied by a detailed decision trace (which rules fired
and why). This execution is pure and deterministic - given
the same inputs and policy pack, the VM will always pro-
duce the same decision and trace.

3) Proof Attachment: If the decision is ALLOW, the SCEL
pallet collects the VM’s output - a PoPC proof blob captur-
ing the policy snapshot hash, normalized inputs, rule-fired
trace, reason codes, timestamps, and signature - and at-
taches this proof to the transaction. The transaction, now
augmented with a cryptographic proof of compliance, is
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submitted out of the SCEL up to the Sovereign Relay Hub
for global processing. (If the decision is DENY, the transac-
tion is aborted locally and no cross-chain submission oc-
curs.)

Phase II: SRH Independent Verification and Global Finality (Dia-
gram 2) Upon receiving the transaction and its attached PoPC,
the SRH performs an independent verification using its own in-
stance of the Regulatory VM through "Mirror Verification™:

1) Mirror Retrieval and Replay: The SRH first retrieves the
appropriate JPack version (via the policy_snapshot_hash)
to mirror exactly the rules applied on the SCEL. It then
feeds the normalized envelope and PoPC into the RVM for
a full replay. Due to the deterministic nature of Core-DSL
and the cryptographic pinning of policy versions, the SRH
result must be identical to the SCEL result. PoPC version-
ing and compatibility constraints are evaluated in accor-
dance with configured system parameters and the specif-
ic interaction modality (intra-entity transfer, inter-entity

transfer, or cross-jurisdictional transfer).

2) Execution Outcomes:

* Match the SCEL decision (expected case): The SRH VM
reproduces the exact same decision (ALLOW) and rule
trace as reported by the SCEL. This byte-for-byte con-
firmation means the transaction adhered to all applica-
ble policies, and the SCEL's compliance claim was
truthful. The SRH then proceeds to finalize the trans-
action in the global state, achieving cross-chain con-
sensus. The thin pallet emits an event (e.g. Compliance-
Verified) to record that the cross-border transfer was
validated under the correct policy pack, cementing an
auditable record.

* Diverge from the SCEL decision (error case): The SRH
VM'’s result does not match the SCELs decision or trace
- indicating a compliance violation or a potential at-
tempt at fraud. In this case, the Sovereign Hub immedi-
ately rejects the transaction as non-compliant. No
global state update is performed. An alert event is
emitted to flag the discrepancy, and the issue can be
investigated (the persisted PoPC proof and trace facili-
tate forensic analysis of where the execution diverged).

(3) Core Security Guarantees
This two-phase, dual-execution model (SCEL first, then SRH) pro-
vides strong guarantees:
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* Determinism: Guaranteed by the Regulatory VM’s design: EMo ARBATEM 2 RIRASE R,

given the same inputs and policy pack, both SCEL and SRH o S S AR D% 2 R, FEA]
produce the same compliance outcome, enabling the SRH

xR EREAT A RRALR) PoPC
UEBMIER R (S EH B T X0 T M 7

to serve as an impartial checker of SCEL decisions.

* Auditability: Built-in via the persisted PoPC proof - any

stakeholder or regulator can later replay the exact compli- SRIATEOET) o
ance evaluation knowing it will yield the same result, or o .
verify the proof off-chain with open tooling">*>>.. (3) B LR UE
* Separation of Trust: Each SCEL executes policies on its IXFPFET B WCE AT (5 SCEL, J&
own (maintaining local sovereignty and instant local finali- SRH) NHaEME. uJE IR E TS SRt T

ty), but no SCELSs verdict is taken on faith. The Sovereign B ) I
Relay Hub independently re-verifies every transaction be-

fore global finality, acting as a neutral guarantor that all ju- o BiEtkr RVM 1B T iRk « fEAH
risdictions’ rules were correctly enforced. f7%i AN Jpack 451F K , SCEL 11 SRH
This layered execution approach ensures that cross-border trans- DR ARG RAER, (£ SRH Ak
actions are both locally compliant and globally consistent under BER SCEL WA ERIEH .
one unified framework.
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AS5.7

PoPC Proof Format &
Toolchain

PoPC JEFA#-X, 5
T RB4%

BOREMUERFFIRE A R FRIFIER, T2 —
MUEWL, WHERH TS, NIEES AN
stit, —r5e%i) PoPC il & —4ilE
ERBD B, FFEERIINE (FX) 5
R (AML) Hifefeftn iy g B,

(1) PoPC B 59 Je 7 B %

The Proof-of-Policy-Compliance (PoPC) format is not a generic
zero-knowledge proof; rather, it is a transparent, replayable audit
trail specifically engineered for regulatory and compliance use
cases. A complete PoPC record contains a fixed set of core fields,
with optional extensions tailored for complex FX and AML
workflows, as summarized below:

(1) Summary of Core and Extended Fields

Purpose

JHig
policy_snapshot_hash Keccak-256 hash of the exact policy pack (JPack) and parameter set used for the evaluation.
SRS PRI 7y PRGN BT R RAR TPack KB EUEEH) Keccak-256 P ifE,

Redacted transaction envelope, with private or sensitive fields zeroed out or hashed
for privacy preservation.

L B R G R, KRR =R O E T RIA AR, DRI SRR FA.

normalized_inputs

RUEILHA

Ordered sequence of rule identifiers that fired during evaluation,
along with their individual sub-decision outcomes.

PRI AR A B MBRIRFT A P75,  DAREATT# BB T IRERER SR

decision_trace

Standardized numeric codes indicating the reasons for the decision

LR ELE (e.g,, 0x12 meaning “exceeds monthly FX cap”).

PRI - . N 5 »

FAT SRR SR AR B SRS (A 0x12 FRER TR H A AN IRET) .
timestamps Evaluation timestamp(s) and sequence numbers providing an ordered record
& seq. numbers of execution and anti-replay protection.

ISP PR TRIB N PAS, RV PRI P TICRH B L B .

TEE attestation Proof of execution within a Trusted Execution Environment (TEE),

(optional | A% ) such as an Intel SGX or AWS Nitro enclave attestation (if available).

TEE Ak RIS HATIR B U FITIER (41 Intel SGX 82 AWS Nitro Hy2e 2 IXIAME, A&,
cryptographic Digital signature from the executing node or secure enclave,

signature attesting to the authenticity and integrity of the proof.

HIFEA REPTHMR L XM TS, AT 55,




procedural _actions
(optional | A% )

FERE L

executor_metadata
(optional | AT )

PITH TR

context_references

(optional | ATIE )
PUTH e

Any mandated compliance steps triggered by the rule’s decision - for example,

filing a Currency Transaction Report (CTR), submitting a Suspicious Activity Report (SAR),
freezing assets, or escalating to a higher authority.

FETAML DU R SR8 i A2 XA il P 5 R0

(RS RHIN 22 AR, TR ARSI A, RGP ERAE S BRI .

Metadata about the node or organization that performed the policy evaluation
(e.g. the node or institution ID, software implementation version, or notation of
any manual override applied).

KT HIITBERPE AR BN U RTTEE RE I ID, BAESEBRA, BEMA TTHIIARID) .

Privacy-preserving references (hashed pointers) to off-chain contextual information,
such as related KYC documents or underlying trade contracts associated with the transaction.

faABE P E TSR RRIRAAGRT S [ (IEfmfath) (WAHSRE) KYC SXfFel S 22 7 Rk RN 2 & TRD o

Table 11: Compliance Proof (PoPC) structure and fields / % 11: &HUEIERE (PoPC) S5HH1FE

While these last three fields are not required in every proof blob,
their inclusion in real-world workflows can greatly enhance fo-
rensic auditability and institutional accountability. By capturing
additional details about follow-up compliance actions, execution
context, and links to supporting documentation, these optional
extensions provide a richer evidentiary record for investigators
and oversight bodies.

(2) Transparency and Replay Toolchain
Importantly, the PoPC proof format remains intentionally hu-
man-inspectable - its contents can be read and interpreted di-
rectly without specialized tooling.

To complement this transparency, an open-source replay tool
(popc-replay) is provided to validate the proof against the original
policy pack, ensuring the absolute reproducibility of results:

popc-replay --proof proof.bin --jpack SG-MAS-
PSD3-2025.11.tz

# - outputs identical decision + trace or

highlights divergence

Using this tool, regulators, auditors, or counterparties can inde-
pendently re-run and verify, even years later, that a particular
transfer strictly complied with the exact rules in force at the time
of settlement - all without needing access to the original underly-
ing private data.
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A5.8

Design Principles and
Acceptance Criteria:

What “Good” Programmable
Compliance Looks Like

The Policy-DSL and PoPC system is engineered against a strict set

of non-functional requirements intended to satisfy regulators,

auditors, central banks, and commercial institutions. Each re-

quirement is verifiable on-chain or through open-source tooling

and constitutes part of the network’s formal correctness guaran-

tees[l7—18,31]‘

1) Determinism and Policy Lifecycle Integrity:
Ensuring stable, replayable outcomes across
time and change

2)

Strict Determinism: Evaluation of any transaction enve-
lope against a given Jurisdiction Pack (identified by its
exact version and policy_snapshot_hash) must produce
bit-identical outcomes - decision (ALLOW/HOLD/RE-
JECT), reason codes, and full decision trace - on any node,
in any execution environment, at any point in the future.
Randomness, clock access, locale settings, and external
oracle calls are explicitly forbidden during policy execu-
tion®"l,

Safe, Atomic, and Auditable Policy Upgrades (Hot-Swap
Safety): Jurisdiction Pack upgrades are explicit on-chain
governance transactions with predetermined activation
points. Historical transactions remain replayable against
the exact pack version active at settlement time, eliminat-
ing regulatory basis risk and enabling post hoc counter-
factual analysis?>*!.

Explainability, Proof, and Auditability: Making
compliance decisions inspectable, verifiable,
and tamper-evident

Full Explainability and Regulatory Transparency: Every
compliance decision carries a complete, machine- and hu-
man-readable justification chain: fired rule IDs, triggering
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primitives, canonical reason strings, optional natural-lan-
guage explanations, and direct references to the underly-
ing legal or regulatory provisions!’ %,

* Proof-by-Default and Tamper-Evident Operation: Com-
pliance proofs PoPC are first-class protocol outputs, cryp-
tographically bound to transactions and immutably re-
corded. Any observer can independently verify the full
compliance history using only on-chain data and open-
source replay tooling!"”+4.

3) Security Architecture and Operational Resil-
ience: Reducing attack surface while remain-
ing robust under partial trust
* Minimal Attack Surface and Long-Term Maintainability:

The Core-DSL remains deliberately small and incomplete,
expressing new regulatory requirements through compo-
sition rather than opcode expansion. A compact, verifiable
reference implementation enables formal verification,
fuzzing, and enclave execution without DSL modifica-

tion[25726,50] X

* Defense-in-Depth and Graceful Degradation: While exe-
cution inside TEEs is preferred, correctness and auditabil-
ity never depend on trusted hardware. Absence of attesta-
tion degrades confidentiality guarantees only, not deter-
minism or verifiability!?”..

4) Privacy, Accountability, and Governance:
Embedding legal responsibility and data mini-
mization into system design
* Privacy and Data Minimization by Design: Compliance

processing avoids retention of unnecessary personal data.
Only redacted or cryptographically hashed inputs appear
in decision traces, allowing full verification without expo-
sure of sensitive information®=°.

* Accountability and Governance Clarity: Clear separation
of roles - policy authorship, execution, and independent
re-verification - creates a transparent chain of account-
ability. Every compliance outcome can be traced to a spe-
cific signed policy source and its deterministic evaluation.

Together, these properties transform compliance from an opaque
and error-prone process into a cryptographically provable, glob-
ally verifiable, sovereign-maintained function of the net-
work!"”?231 They constitute the minimum threshold for admitting
jurisdictions to the Sovereign Relay Hub and form the objective
criteria governing protocol evolution.
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A5.9

Progressive Adoption
Strategy:

Sovereign-Led Organic Growth

A central principle of the Policy-DSL and PoPC framework is in-
cremental, verifiable, and jurisdiction-led adoption, rather than
attempting to “hard-code the world’s regulations” at launch®!.

1) Global Invariants and Sovereign Autonomy
The system fixes two global invariants to serve as the bed-
rock of interoperability:

1. The Core-DSL Vocabulary: Defining universal compliance
semantics.

2. The PoPC Proof Architecture: Defining the minimum au-
ditable footprint for regulatory decisions.

These narrow, stable underlying elements form the "constitution-
al" substrate, allowing jurisdictions to adopt the framework and
achieve seamless interoperability without ceding sovereignty or
operational independence.
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2) Policy Data-Fitting
Jurisdictions onboard through "Policy Data-Fitting", decon-
structing and expressing local legal obligations as Jurisdic-
tional Policy Packs (JPack).

» Explicit Representation: A JPack comprises a versioned
set of rules, thresholds, legal references, and metadata, all
mapped into the Core-DSL grammar.

* Sovereign Assertion: JPack are openly published for veri-
fication and comparison, ensuring each jurisdiction as-
serts its own regulatory interpretations rather than being
forced to inherit the rules of larger economic blocs.

3) Roadmap: From Pioneers to Global Consensus

The network is designed for a phased rollout:

» The Pioneer Phase: Initially launched by a few technically
and regulatorily aligned jurisdictions (e.g., Singapore, Saudi
Arabia, Switzerland) providing validated JPack and "Golden
Test Vectors" to serve as best-practice precedents.

* The Organic Expansion Phase: As consensus builds and
readiness matures, additional jurisdictions can join the
network at their own pace.

4) Policy Heterogeneity as a System Parameter

This approach turns regulatory diversity into a structured,
governable feature. Differences are no longer hidden in pro-
prietary, "black-box" tech stacks; instead, they become ex-
plicit, versioned, and upgradeable. Under a framework of
sovereign control and cryptographic accountability, "policy
heterogeneity" becomes a first-class parameter of the sys-

tem.

Conclusion: Sovereignty by Design. No jurisdiction shall be com-
pelled to adopt the rules of another. Each sovereign entity partici-
pates at its own pace and on its own terms. The cross-border fi-
nancial network will achieve organic and sustainable growth

through sovereign autonomy, rather than technical imposition.
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A5.10

Technical Implementation R 52371
Examples (super-light sketch- (B H R )

code example)

(1) Rule Definition (YAML Syntax) (D HjE X (YAML JXUk)
Rules are expressed in a clean, YAML-based declarative for- U A AR YAML Fstems. Hig

mat that is both human-readable for compliance officers and
directly interpretable by the Regulatory VM without

transpilation steps. This structure keeps the DSL minimal i I AL (RVM)
(only boolean logic, built-in aggregates, and parameter look- 17, TEEZHT g
ups) while allowing arbitrarily complex real-world policies to SBRS E Y BRI S

N N VE =,

be composed from simple, auditable primitives.

RIXE MR I E PR,

id: FX_CAP_DAILY_RETAIL

when:

subject.kyc_tier >= 2 # &P KYC EHAKT 2 4
and subject.residency in ["SG", "HK", "EU"] # E(EHvEINN:, TR
and asset.type == "FIAT_TOKEN" # G EMAKT

and flow.direction in ["OUTBOUND", "CROSSBORDER"] # W<&:ifilallyifithiskisi

check:

# REIZTAR 24 /NNARRIR HERUR i 50E & H BRAR

rolling_sum(amount, window="1d", key=subject.id) <= params.cap_daily
then:

allow() # ®Fa&kM, RvFEd

else:

# FOELIRE, WHEER S, FHREEMARER EHE
hold(reason="CAP_EXCEEDED", code="FX_CAP_DAILY_RETAIL")

IR S E RAES B P32, (A
REWS B ERETR

DSL GES RS

(2) PoPC Trace Record (JSON Proof Example) (2) PoPC jE#id s (JSON UERHAM )
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Every transaction that undergoes a compliance check gener-
ates a compact, cryptographically bound proof artifact. This
proof is stored immutably within the cross-chain transaction
archive of the Sovereign Relay Hub (SRH) as a tamper-evident
audit record.

{

"tx_id": "Ox..",

"policy_pack": "SG-PSA-2025.03#sha256:abcd..”,

"decision": "HOLD",
"reasons": ["FX_CAP_DAILY_RETAIL"],
"inputs_hash": "sha256:..",
"ts": "2025-11-06T08:11:00Z2",
"env_attest": {

"mode": "TEE",

/] VUR&ER :

BERGEELEMRER, HREM—
2R % HBA E L R RIERA L1,
UERI R AL A7 I TS RER 5 VAR,
TENAFT R B TR E,

/] 5 EARR B SRR A S WA 7

Hid

/] R EEIN ID
/] BABERINIETRE (TR
/] PRATI T

[ BATIREHALE

"quote_hash™: "." [/ TEE Z&X[NEfEfEEHE

This JSON artifact is fully self-contained: any regulator or audi-
tor can fetch the referenced policy pack, recompute the inputs
hash from redacted data if needed, and replay the exact decision
path using the open-source popc-replay tool - delivering verifi-
able, non-repudiable proof of compliance for every cross-border
settlement.

A5.11

Jurisdiction Sampling:
Regulatory Shapes and
DSL Mapping
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Cross-border tokenised finance requires a rigorous understand-
ing of how different jurisdictional regimes conceptualise, struc-
ture, and enforce policy obligations. Although the underlying
goals - consumer protection, financial stability, AML/CFT, and
sanctions enforcement - are shared globally, the shape of these
obligations differs substantially®®“¢.

This section provides an analytical comparison of four represen-
tative clusters: the European Union, the United States, the Sin-
gapore-Hong Kong axis and the United Arab Emirates. These
regimes also appear prominently in contemporary tokenisation
pilots, including MAS Project Guardian, the Swiss SBDT depos-
it-token initiative, and Deutsche Bank’s DAMA 1/2 architecture, all
of which highlight the need for formalised policy representations
and interoperable regulatory enforcement!!>4°],

The Policy-DSL provides a structured vocabulary and execution
model for encoding these jurisdiction-specific primitives, while
JPack enable each regulatory regime to apply its own interpreta-
tions, thresholds, and obligations without disrupting cross-border
workflows. Below, we outline dominant regulatory features in
each region and illustrate how they are mapped into Core-DSL

primitives.

(1) European Union - MiCA/AML/PSD3/DORA
regime (EU-MiCA-Compliance-2025.11)

The EU’s financial and data-governance frameworks increasingly
emphasise ownership, localisation, and purpose-bound process-
ing of personal financial data. Institutions transmitting data
across borders must adhere to GDPR principles, MiCA record-
keeping requirements, and centralised supervisory datasets!>**\.
These obligations translate into strict residency primitives within
the DSL, distinguishing EU-resident subjects from non-EU par-
ticipants and restricting data flows accordingly.

The EU imposes structured periodic and event-driven reporting
requirements. MiCA mandates regular disclosure to national au-
thorities; PSD2 requires incident reporting; DORA enforces ICT
supervisory reporting and operational-resilience audits. DORA's
ICT risk rules require institutions to evaluate and document op-
erational modes, especially in degraded conditions (system out-
ages, cyber events)”*l.

DSL primitives must cover residency and geography (e.g., EU/EEA
vs. non-EU), subject type (retail /professional), asset type, trans-
action amount and rolling sums for MiCA caps; rules should refer-
ence travel-rule data fields (name, address, account numbers) to

EERAMERRMIZOE, T WRFREA
[FREXTEE X M NPT IS S IR
. REMHBERY, RMRRE. AML/
CFT KHIESAITERE Bin B A 2R EIEN,
(HAKHIEIZSS T RS BT 5o,

ARTERCT A BARER MR R E SRR TR
Eeoor - DRBE. SEEL Sy - FHO, B
JeBflRpE, X LR SRR M S
AR (FTNeE / Project Guardian,
Hiit: SBDT {8, "l “Aber THH™) AL
Restlh, KR THERCBERRIA SRR E
BRFRIERIBYITR K 15214,

Policy-DSL f2fit 7 —ELEMLHIIAIL R 5/
IR, AT amidix 2R e m RS XA JRE,
MM JPack (BURE) M AFARENMEANT
PSS 7 AR RIRITR &, RGN E AR
B, BIEM AR S,

IO BIBEA I ) FZ I ERE, H
I HEAn sy Core-DSL HHAY B 5 TH

(1) Bx¥ : MiCA/AML/PSD3/
DORA REFR (EU-MiCA-
Compliance-2025.11)

WA P VB AR N B A, At

(LAERE R NEISE, SRUITERESS LA 2

U™ SF Gl FBGR R 54 51) (GDPR) B,

N5 (MiCA) D SRS

591, 186 W 551 DSL HEE{L A T P4 )2

EHEE, AT XA ER SR ES 5%,

HHRI BRI,

AL, BREDERIE 1L C R E IR & 5
P K, MiCA ZREHMER EESY
Rt AT EE ; B (88 ARSI IR S5 16 %)
(PSD2) MUE T H MG 55 ; Bz gt
%% (DORA) 5 il th 4715 B @ E A



ensure that required information accompanies the transaction.
PSD2’s SCA can be modelled as a pre-condition requiring
multi-factor authentication status before ALLOW. DORA influ-
ences the DSLs operational layer - policy packs might include
maximum tolerated downtime or incident escalation windows;
PoPC could record whether the decision was made under normal
or degraded resilience mode.

* Core Mandates: Investor protection, operational resil-
ience, data localization, and real-time reporting.

* DSL Primitive Mapping: residency (distinguishing EEA vs.
non-EEA), mica_ class (asset classification), and investor_
type (retail vs. professional).

At the DSL level, primitives must cover:

* Residence and geographic location: Distinguish between
the EU/EEA and non-EU/EEA regions.

* Subject type: Differentiate between retail customers and
professional investors.

* Asset type and transaction amount: Used to monitor the
thresholds set out under MiCA.

* Travel Rule: Reference relevant data fields (name, address,
account number) to ensure that necessary information is
transmitted synchronously with the transaction.

* Authentication: Strong Customer Authentication (SCA) as
required by PSD2 can be modeled as a precondition, veri-
fying the multi-factor authentication status before a deci-
sion is permitted.

* Operational resilience: DORA affects the operational layer
of the DSL, and the regulatory requirement set may in-
clude maximum tolerable downtime or incident escalation
windows; the PoPC proof records whether the decision
was made under normal mode or resilience-degraded
mode.

Dominant policy concerns: investor protection, operational resil-
ience, data localization, and instant reporting,

Core-DSL primitive

Real-world mapping and example rules
JEiE B SASt5 BET5

(ICT)
DORA HJ ICT XU& K],
KRG, FAlEERE

S s E W I, R
A TG I

M A

giEtl. MZHEMA) FRIRIL Y%,

1£ DSL JZ2,

BoDEE TR « 5588 ORI

BbieoR - #BRE R, BEWIME. 8
AL, BIRHR S

DSL JEiEM : residency (X% EEA
BEMAM). mica_class (BE7=4r2K),
investor_type (& vs k),

JEIE VAT 25 -

JEE S B B - (X MR/ BRI
X (EU/EEA) SRR IR,
FHIH  XTESLRTEE,
VM RRG 25 T s MICA
B R,

TRATHRI = 51 AR B (4, o
b, MKE) BRERVES ERERS B 1L,
B0y 8k - PSD2 %2R [ 58 & 17 36 UE
(SCA) AT MR E S, TERRALF

Z AR EZ R RBIUEIRES,

IZE I : DORA 0 DSL #1712,
Jpack AJRERL & AR AEAMEHLUN [l
HFARE D ; PoPC IERHAILSRIZIRR

T AE IE I 2 TR s X R A
Y,

BEYIME. BdE

AHIAE AR RIS 5

Data-residency checks: subject and counterparty residency must be in EEA or adequacy-decided ju-

residency, geography

JE e, R BRI A « N THREE B2,

risdictions for certain asset classes; otherwise HOLD + mandatory SAR filing.

FEREXRFITREENSIE EEA BERGEIAMRIEEX ; SR
fTHHE (HOLD) #?ﬁ%ﬂi‘%iTkﬁ(ﬁxﬂ?ﬁi (SAR),



asset.type,
product_type

BEPREL, AR

amount + frequency

Strict CASP (Crypto-Asset Service Provider) scoping: only ART (Asset-Referenced Token) and EMT
(E-Money Token) permitted for retail; all others REJECT unless subject.professional_investor = true.

ISR R (CASP) RALER « FEAPURME AR~ SH KM (ART) FIHEFEEMAM (EMT) ; HAt™
BHUTIESE (REJECT), BRAEEMAE O LR,

MiCA Title V exposure caps: retail clients < €15 000/month on non-EUR ARTS.

B+ TR

time_window
+ reporting

I} TR EEF 0 + 42 o

correlation.

risk_score + list_status otherwise HOLD until resolved.

Example rule snippet

BMARES BoR Bl

then:

allow()

else:

reject(code="MICA_RETAIL_CAP™")

MBSy + FIFIRZE
BRI,
when:
asset.mica_class == "ART_NON_EUR"
subject.investor_type == "RETAIL"
check:

mont hlg_sum(amount) <= 15_000_EUR

MiCA BREMH LR : ZERFEIEWTT ART % LR ZHEH ASEE € 15,000,

DORA 24 h major-incident reporting — all transactions > €100 m auto-tagged for instant ICT-event

DORA 24 /N ERFEAM T « SHUE € 1{ZHZRB1E BahTIR, DMES ICT TR Sk 4T
Mandatory Travel Rule (TORA) binding: counterparty must be hosted by a CASP or obligated entity;

SR FRATAUN (TORA) 295« WFFPU M2 IS CASP Bt WSS ; BNHUTHIE (HOLD) BEE

and

Table 12: EU regulatory rules encoded using Core DSL primitives / 3% 12: {# 4% DSL JEIE4RASAIER S 15 E R

These primitives allow EU rules to be represented transparently
in a JPack such as EU-MiCA-2025.06, with golden tests verifying
that caps, residency boundaries, authentication requirements,
and product-type constraints behave correctly.

(2) United States (BSA/AML, FinCEN Travel Rule,
OFAC, State MSB Regimes)

The United States exhibits a modular, multi-layered regulatory
landscape: federal AML,/CFT rules, OFAC sanctions requirements,
and state-level money-service-business (MSB) licensing!>**°l. This
creates a policy shape distinct from the EU’s harmonised frame-

work.
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Many US rules are threshold-driven. The FinCEN Travel Rule acti-
vates when transactions exceed specified dollar thresholds, re-
quiring transmission of originator/beneficiary data*?. OFAC re-
quirements are strict and binary: entities on the SDN list must be
blocked without exception'®*°, Regulators require the presence,
accuracy, and retention of travel-rule fields (originator and bene-
ficiary identifiers). The BSA mandates Suspicious Activity Reports
(SARs) for transactions showing AML risk characteristics!'.

DSL rules must incorporate threshold triggers - for example, if
amount >= 3000 USD then require travel_data_present
= true else hold. Entities on OFAC lists can be represented via a
subject.sanctions_status attribute; any match triggers RE-
JECT. State residency can be modelled through subject.geog-
raphy.state; state-specific thresholds or licences become JPack
parameters. PoPC proof should include hashed travel-rule fields
to demonstrate compliance without exposing PII*2!.

* Core Mandates: Travel Rule compliance, real-time SDN list
interception, and state-level access control.

* DSL Primitive Mapping: travel_data_present (informa-
tion integrity), list_status (watchlist validation), and li-
cense_status (licensing standing).

2R, WESMNEmHE MRS LS (MSB)
VFRITHIREE (28401, SXAfetpl) S0 AR = B St —
ATHEZRERIR AN,

EEN R ENNR Z hBES, B, &/
ALFRIEM LS (FINCEN) HYHRA TR 2 1E 2R
G e SR i, SR SRAEHILRA
SWE AR EMRER 2, k2T, EE
BEERAME B 4z /A2 (OFAC) FYZSK I
SEAREL TR I TR ST« AT HEE R e
ER (SDN) 44 FHSHRBFTC S
Baol, BN A E R IRI TR B GE
AN [ WGRAFRIRT) AR HIER, %
KRB, AN, CERITERER) (BSA) #M
&, NTHRARVEERNEERHERZL S, iR
A EEESRE (SAR) 19,

£ DSL FI R, 050 B X 2L 5 {8 ik 42 2%
flan : nEEH >= 3000 USD, MITRIRITEL

BB, SR (HOLD) %25, OFAC
% B bE R L R A DA i@ 1T subject.
sanctions_status BMERFRR, —BHILAD

Core-DSL primitive

Real-world mapping and example rules

JTE BRSZHESHE 5 B A5

FinCEN Travel Rule threshold: transmittals > $3,000 must include sender and recipient identifying in-

amount + formation (name, address, account numbers, etc.) in the payment message; if the required Travel Rule
travel _data_present data is missing, the transaction is placed on HOLD until the information is provided.
B+ BRE TR 7 1 FinCEN JRATHUMIBIAE : S2EHE0K > $3,000 I, SOAHMEEAAAESTEHRARIBGR A FRIREE (4. ik,

IKS55), HHRNEREE, RERBOMER, HEEFERIST

OFAC sanctions screening: any party appearing on a prohibited sanctions list (e.g., the SDN list) trig-
gers an immediate block of the transaction (REJECT). No value may be transferred to sanctioned per-
list_status sons - such transactions must be frozen and reported to OFAC (strict liability, no de minimis thresh-

AR old).
OFAC HlI#Ifi# : (B2 5774 HIAERE I HI# A2 5 (40 SDN & 80) o, K7 AR A2 B4, 251k 1) 32 il
BN DEBEMNE, R G0REEF R OFAC IR (HON “TH85HE", RNRRIRETRBIE)

Currency Transaction Reports (CTR): cash deposits or withdrawals exceeding $10,000 in one business
day (alone or aggregated) require mandatory reporting to FinCEN. DSL rules can sum daily cash totals
per customer and automatically flag transactions for CTR filing (e.g., if daily_sum(amount,
type="CASH") > 10_000_USD then report("CTR™).

KEM G2 Z M (CTR) : FER—NELHAPN, RitEE $10,000 A GRG0 FinCEN ki,
DSL #ANATH R % A Y H IS S B0 FHTAR (04 5 HELE: 3T > 10,000 USD, Nifii% CTR i),

amount + frequency

WP + B
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risk_score + pattern

U RS + Bk

geography (state)

Suspicious Activity detection: repeated or unusual patterns (e.g,, structuring multiple sub-S10k trans-
fers) elevate a transaction’s risk score. Transactions aggregating > $5,000 with money-laundering indi-
cators or other red flags must prompt a Suspicious Activity Report (SAR) filing, typically after placing
the transaction on HOLD for further compliance review.

AIEEEZN RN - EE R FEEEA WO TEF $10,000 BIETHHETTFIRS) SAEEKEIEY, Bitem >
$5,000 BAFATEEAEIKBHAMLL BB RN, FHESAIREE SR, EHTER 2 HEME SIS ST,

State MSB licensing: for example, California’s Financial Code (§2030) prohibits engaging in money
transmission with California residents unless properly licensed. If an entity is not licensed in a required
state, any transaction involving that state’s customers is REJECTED or flagged as unlicensed activity

+ license_status

M+ IR

(violating state money-transmitter laws).

MRS LSS (MSB) VFRT : 41 CHIMERE) (88 2030 5% ZRIEAEARIRIGAH B IEAY IR AT i
R RIS, FRARIRZMNIR, (EMPRIZINE A 2 E R R SR ID AR R B,

when:
any_beneficial_owner.list_status == "SDN"
Example rule snippet
FRNARES BBl
then:

reject(code="0FAC_BLOCK", reference="31 CFR § 501")

Table 13: USA regulatory rules encoded using Core DSL primitives / 3% 13: {f i DSL [FIB4RASAYSEE 15 BRI

In practice, these rules assemble into JPack such as US-AML-Trav-
elRule-2025.04, which can be combined deterministically with
other jurisdictions during cross-border verification.

(3) Singapore & Hong Kong - MAS PSA / HKMA
sandbox regime

(SG-MAS-PSD3-2025.11 + HK-SFC-TokenisedDepos-
its-2025.Q3)

The Singapore-Hong Kong corridor represents a technologically
advanced regulatory cluster characterised by pilots in tokenised
deposits, wholesale CBDCs, stablecoins, and programmable

money[15,21,37] X

The Payment Services Act distinguishes between Money-Chang-
ing Licensees, Standard Payment Institutions (SPI), and Major
Payment Institutions (MPI). Licensing tier dictates transaction
caps, e-money float limits, technology-risk requirements, and re-
porting obligations. SPI/MPI distinctions enforce monthly trans-

action-volume limits and real-time monitoring!’*%!.

Some settlement flows depend on RTGS availability or local busi-
ness-hour windows. MAS and HKMA pilots often evaluate pro-
grammable constraints such as “execute only if settlement rail is
open”?!l . Hong Kong’s stablecoin ordinance imposes strict re-
serve, redemption, and issuer governance requirements!'’.

132

RIS RV A HE 45, P 2% Jea A3 L AT AR By
subject.geography.state, &MEFHH
B B AR SR B2 K JPack YRR S
¥, PoPC iEBH R G & a7 AL B S B R TAR
FE, DEEAME N ASREE (PID M
iR IR AR B2,
o BDIFR @ RITMERL. SDN 44 5
SEIEEL NG A5
* DSL JEiEMLSY : travel_data_present
(fF B52%M). list_status (£ BAA%
). license_status (FEEEIRA).
TESERRRIE, X LSRN SRR US-
AML-TravelRule-2025.04 X ¥£ ] JPack i,
TEREATEESRINUER, 1% JPack A DA HAhFE X
AR TRAE PRI ZE ST

(3) Fihyi 5 & : MAS PSA 5
HKMA P Er BN

(BRI 4% 5 © SG-MAS-PSD3-2025.11 +
HK-SFC-TokenisedDeposits-2025.Q3)



In the DSL, Singapore’s licence tier can be encoded as subject.
licence_type; rules can cap monthly transaction volume or
outstanding float depending on the licence.

The asset.type field distinguishes e-money from digital payment
tokens; caps and audit requirements become JPack parameters.

Hong Kong’s stablecoin regime maps to a token.type = sta-
blecoin primitive with additional checks:

* reserve-asset adequacy

* issuer licence validity

* redemption policy presence and cross-jurisdictional com-
pliance

The Reuters-described pilot can be represented as a program-
matic_use_case attribute (e.g., tokenised money-market fund)
that triggers higher liquidity and disclosure requirements.

Business-hour windows, if imposed by local RTGS systems, can
be modelled through time_window conditions.

MAS Project Guardian and Swiss SBDT pilots emphasise regulat-
ed issuance, redemption semantics, asset segregation, and opera-
tional controls!*>*!. Dominant policy concerns: licensing tiers,
per-wallet caps, business-hour settlement windows, and

base-currency exposure limits.

» Core Mandates: Licensing tier limits, individual wallet
caps, business-hour settlement, and stablecoin reserve
compliance.

* DSL Primitive Mapping: licensing_tier (license grade),
base_currency (base currency restrictions), and time_

window (execution windows).

Core-DSL primitive

Real-world mapping and example rules

JR iR DRSS 55 BRI

H S & MR ERE AR T — MK
GUTHIRE SR, HRF R IITR 7ML
k. ERIITE M (wCBDO), F8E
T AN ATgwAE B T BRI 102197,

OB GRS IEZR) (PSA) K¢l
g N - B R, FRESCN AL (SPT)
AR RIS ARG (MPD),, FRFRSERE T
HZ G R, MR bR, SRS 2
RPAR AR & X 55, SPI 5 MPI X FITET H
JEZZ 5 B BRI AN SN MR 1748,

AN, B SRR T SN 2 R RS
(RTGS) R TIRASEE HrE VN Rl Hrinds
THMERR MAS) 5FECMEHER
(HKMA) Wi RIEZHIFE, W0 (eSS
RIEETT BNPIT” FEagmELHR 152, &
AORE T AR BINIS i B, IR 21T
NIGEREH 1R 2R 10,

£ DSL 1, 87 fi0 3% B bt B 55 2% R 4 1S
subject.licence_type ; KNI ATHE I
X H ERR 5 B BREGEIE RELE R

asset.type FEATX s “BFtam” 5§ “M
FASA” 5 AR PR R ] 5 o 1 K,
WI/EA TPack HISHOHTHIE.

subject.licensing_tier

IR 73 28

asset.base_currency multi-currency — licensed entities only.

SERl b BRI
2 MR R

amount + frequency

W + PR
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MAS Major Payment Institution vs. Standard Payment Institution — different daily caps.
RN 9 © MAS REUSIAIHUE (MPT) X EEARHESZAI LAY (SPT) — 1 BRI A AE HERER,

Single-currency stablecoin framework (SCS): only SGD- or HKD-backed tokens permitted for retail;

FLf o bR < B MR E MAEZE (SCS) ; FEMX W SGD 8t HKD SCHFAYAM ;

Retail daily cap SGD 30 000 (MAS Notice 626) and HKD 200 000 (HKMA sandbox 2025) .
FESHR « ZEFHRA 30,000 #i7t (2% MAS Notice 626) 5 200,000 #7t (2% HKMA 2025 &),




Business-hour gating: non-whitelisted institutions may only settle 09:00-17:00 SGT/HKT on business

time_window

days.
I ) 7 1 )

I R 2 AEE 4 SAUEURTE T/EH 09:00-17:00 (SGT/HKT) #ATEH.

geography + residency
AP s R By

# ol AFE N REER EER

when:

subject.licensing_tier == "RETAIL"

Example rule snippet

RMAH F BoR Bl

then:

hold(code="NON_BUSINESS_HOURS", reason=" ZiE@H 7N HIED - 2%

MAS PSA-NO03 4 12.4 4 ")

Cross-border only permitted to approved corridors (SG-HK, SG-CH); others REJECT or HOLD.
WP SRR B0y « SRR HEIRUE BRI T (A0 - ¥, 37 - ) 5 HAhBR R U TIE A SUEE,

and time_window.now() not in "BUSINESS_HOURS_SGT"

Table 14: Singapore regulatory rules encoded using Core DSL Primitives / £ 14: A% 0 DSL BRI 45 E RN

Taken together, the regulatory approaches of Singapore and Hong
Kong illustrate a model defined by licensing tiers, prudential
guarantees, and programmable settlement constraints. Their
frameworks combine strong supervisory control with openness
to tokenised financial infrastructure, producing policy obligations
that are highly structured yet operationally dynamic. These char-
acteristics map cleanly onto DSL primitives for licensing, thresh-
olds, reserve rules, and time-window constraints, enabling con-

sistent cross-border interpretation.

(4) United Arab Emirates - CBUAE/DFSA/FSRA
regime
(example of an extended JPack such as UAE-DLT)

The UAE's financial regulatory landscape for DLT-based infra-
structure in finance is characterized by a federal structure with
the Central Bank of the UAE (CBUAE) overseeing national pay-
ment and settlement systems, while free zone authorities like the
Dubai Financial Services Authority (DFSA) in the Dubai Interna-
tional Financial Centre (DIFC) and the Financial Services Regula-
tory Authority (FSRA) in the Abu Dhabi Global Market (ADGM)
regulate activities within their jurisdictions!*=.

This framework supports innovation in distributed ledger tech-
nology (DLT) for traditional financial systems, such as real-time
gross settlement (RTGS), cross-border interbank transfers, and
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tokenized securities, aligning with global standards like ISO
20022 for messaging and Principles for Financial Market Infra-
structures (PFMI) for safety and efficiency®®>+2.

Key initiatives include the Digital Dirham issuance platform for
wholesale interbank settlements and Project Aber, a DLT-based
cross-border settlement pilot with Saudi Arabia, emphasizing
polycentric peer-to-peer transfers between commercial banks
without traditional correspondent banking dependencies!*®4],
enable direct settlement of cross-border payments.

Institutions adopting DLT must adhere to governance, design, and
operational requirements under CBUAE's Guidelines for Financial
Institutions Adopting Enabling Technologies, including auditabili-
ty, business continuity, and risk management. AML/CFT obliga-
tions mirror those for traditional transfers, with mandatory KYC,
sanctions screening, and suspicious activity reporting. Thresholds
trigger enhanced due diligence and filings, while cross-border
flows require approved corridors and data localization where ap-
plicable!4.

DSL primitives incorporate these through checks on licensing,
transaction thresholds, and settlement conditions; PoPC can re-
cord compliance proof like hashed transaction metadata to verify
adherence without exposing sensitive data.

* Core Mandates: Financial stability, ISO standard align-
ment, settlement finality, and corridor-based access.

* DSL Primitive Mapping: iso_20022_compliant (messag-
ing standards), corridor_id (authorized compliance corri-
dors), and edd_status (Enhanced Due Diligence status).

Dominant policy concerns: financial stability, AML/CFT enforce-
ment, operational resilience, settlement finality, and interopera-
bility with existing systems.

Core-DSL primitive

Real-world mapping and example rules

JR iR DRSS 55 BUR 1

* DSL JFifMLSY : licensing tier (p#H
%4%). base_currency (FE:Afitg MR
#). time_window (MEIE),

GORE, HIRSEBNEEREENH—
FEITEIRR © U SO0, DAL
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HAEZRAF SR M B 2 1 S5 oA e R Atk
RMERTBESEASS S, 7 AERIBOR X5 REas
i, NEEBE RGN, XERHERER HE
R E] DSL AURRAR, BIMEL &S HLIFI (A
B LIRS, TS — BB E IS .

(4) flEkpE : CBUAE/DFSA/FSRA
WERR

(I JE# JPack 7”5l : UAE-DLT)

BTEERPE BN SR U A KA (DLT)  Bsfil
R 8 SR BRIl A AL = BTk Py Hh R
17 (CBUAE) TGl EERIMNS4HEARA ;
T E fR g fl oL (DIFC) Y3 7 2 Rl AR
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Cross-border settlement restrictions: subject and counterparty must be in approved jurisdictions (e.g.,
UAE-Saudi corridor under Project Aber); otherwise HOLD + enhanced due diligence; data localization
for UAE-resident transactions to ensure compliance with federal laws.

PEREERIR - S ZENT A TR AR (A1 Project Aber #EZR NRYFIILRE - THRERR) ; 4
PTHEADI il A R AR PiERs = R 7 Fdsr B At  DIRFSIHRIA R

residency, geography
o 3 5 L B

Tokenized securities scoping under FSRA /DFSA: treated as traditional securities if exhibiting equiva-
lent characteristics; REJECT if not compliant with FSMR prospectus requirements unless exempt (e.g.,

asset.type,
product_type

B R

professional clients only).

FSRA/DFSA IEZ#RMLFE : HRMASFERRAE, MM NEGRIES ; HEAKE (ERIRS S 5560
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amount
+travel _data_present

S RIT R

list_status

AR

amount + frequency

[t TS

risk_score + pattern

BG5S A

time_window

I} T 10

licensing_ status

RS

Example rule snippet

FUMARES F BoR il

Large-value transfer thresholds: transactions > AED 3,500 require originator/beneficiary data (name,
address, account identifiers) aligned with ISO 20022; missing data triggers HOLD until resolved, simi-
lar to traditional bank transfer rules.

REEEKEE : &40 > 3,500 EHE (AED) HIZRZMHHEER G 1SO 20022 FrEAITHRA [ BGRAEE ;
(BRIl A R B A 42,

Sanctions screening: parties on UAE/UN prohibited lists trigger REJECT; assets frozen and reported
to CBUAE (strict liability, no thresholds), integrating with traditional AML frameworks.

HIRHES © 2N BT Y K & E RS A B S FAN EHEAEY ; B UAREEH Bk CBUAE (/™ f& STEH,
ToEH THD o

Reporting for aggregates: daily sums > AED 40,000 flag for suspicious activity reports; exposure limits
for interbank settlements to maintain liquidity, e.g., < AED 200,000/month on cross-border flows.

MR HEEH > 40,000 AED HARC HATEER S5 5 LRI ERATIRIZE HI B XKD EIR (nigsss
& < 200,000 AED/ A) DAdERRiBhM:,

Unusual activity detection: patterns like repeated sub-threshold transfers elevate risk; = AED 15,000
with indicators prompts HOLD and filing, drawing from CBUAE AML/CFT guidelines for traditional
systems.

SRR PRI (N SR S > 15,000 AED BAEAXISAERIN il AR H i o

Settlement gating: non-exempt institutions may only process during business hours (e.g., 08:00-16:00
GST) on working days, aligned with RTGS availability; others REJECT or HOLD.

SERE TR« AEER AL RETE LAEHBGENLNRIA (40 08:00-16:00 GST) 4bEEKS5, DAPEEC RTGS R4t
BRI ; JEENLIN A DAE 4R el

Mandatory licensing for DLT adopters: transactions REJECT if entity lacks CBUAE /FSRA /DFSA ap-
proval for activities like settlement or custody; governance framework must be documented and au-
dited.

DLT #EASRHIVFA] « FSAGRZ CBUAE/ FATHLEL 2Bk &RlARSS R (FSRA) / T E by G il O
FiASS EER (DFSA) #IAEERBHTEN STl ZaH T OMEL ; IGBNEALME S F S A1t

when:

asset.tuype == "TOKENIZED_SECURITY"

and subject.investor_type == "RETAIL" #&E& - NAMILIES R GEE NEEHS
check:

amount <= 100_000_USD # f&wHMUZA/E 10 7 FEILEETEEA

then:

allow() #AHRS

else:

reject(code="FSMR_EXEMPTION_LIMIT") # &WHELs, FHiR[E “@EH FSMR #AGMRAT » Ao

Table 15: UAE regulatory rules encoded using Core DSL Primitives / % 15: f# FiA%0» DSL JIESm RS Bk & i e )
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These primitives allow UAE rules to be represented in a JPack
such as UAE-DLT, with tests verifying governance, thresholds, in-
teroperability, and resilience in cross-border workflows while en-
suring alignment with traditional financial regulations!'*">?!l,

FUEAE 1SO 20022 #iSChRife , ZEGHERNE
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o BDVRR ¢ BREEE. 1SO ARUEXSFF
SERRZNE. FERREN.

 DSL J5iEMST : iso_20022_compliant
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A5.12

Summary:

From Policy Diversity to the
Consensus of Governance-as-Code

The Policy-DSL and PoPC framework is far more than a simple
technical plug-in; it establishes a unified and verifiable foundation
for expressing and enforcing cross-jurisdictional regulatory poli-
cies on shared digital infrastructure. By directly linking gover-
nance intent with transaction execution, diverse regulatory re-
quirements can be encoded into machine-readable rules. This not
only achieves deterministic automated enforcement but also en-
sures the immutability and authenticity of every decision through
cryptographic proofs.

The framework reconciles divergent global policy models through
a verifiable technical architecture. Jurisdictions simply encapsu-
late their regulatory rules into formal Policy Packs (JPack), which
are then enforced by a deterministic Regulatory Virtual Machine.
This mechanism thoroughly bridges the long-standing gap be-
tween high-level policy vision and low-level technical execution.
In essence, it constructs a "Constitutional Logic" for digital fi-
nance: whether it be KYC tiers, asset caps, or trading hours, these
complex policy requirements are distilled into a lean DSL and
deeply embedded into the bloodlines of the transaction flow,
where the system automatically evaluates and generates cryp-
tographic proofs of compliance or violation.

This deep integration of Policy-DSL and PoPC allows different ju-
risdictions to run their unique regulations in parallel on shared
infrastructure without losing interoperability, effectively cracking
the fragmentation puzzle that currently hampers cross-border
tokenized markets. Crucially, every decision to approve, hold, or
reject a transaction becomes reproducible and auditable, ensur-
ing that regulators can trust that policy is not merely a "paper
declaration" but is being executed and proven in real time.

By design, Policy-DSL remains minimal and jurisdiction-neu-
tral, which encourages regulatory convergence: regulators de-
fine rules in a shared syntax, while the PoPC model standardizes
the "standard taxonomy" of compliance reporting. This means
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that even widely varying paths, such as the U.S. Travel Rules, EU
MiCA restrictions, or Singapore MAS conditions, can coexist and
be cross-verified within one framework. In effect, this achieves
"Governance-as-Code" (not supplanting legal authority, but oper-
ationalizing it); meanwhile, technical enforcement is elevated to a
governance tool, providing unprecedented transparency and ac-
countability for automated decisions.

This approach represents a solid step toward "Embedded Super-
vision." It responds to the Bank for International Settlements (BIS)
vision of automatically monitoring compliance by "reading the
ledger", enabling a "Trust but Verify" paradigm. This significantly
lowers oversight costs, reduces reliance on traditional post hoc
reporting, and utilizes selective disclosure to protect user privacy
while proving compliance. In this model, the regulator's enforce-
ment and monitoring are woven into the network’s underlying
operations, aligning with global initiatives for "same activity, same
risk, same regulation” and strengthening cross-border coordina-
tion. By providing this neutral compliance layer, the framework
acts much like internet protocols, harmonizing global financial

communication without altering national laws.

Finally, the long-term implications of this unified architecture
for the international financial system are worth reflecting
upon. As regulatory guidelines from the BIS, IMF, and FSB become
increasingly dense, a broad consensus has emerged: for digital as-
sets and decentralized finance to achieve safe growth at scale, a
more programmable and verifiable compliance regime must be
established. The framework described here offers exactly such a
blueprint. It serves as a "Greatest Common Denominator” for poli-
cy expression, functioning much like International Accounting
Standards do for financial reporting - allowing a tokenized trans-
action carrying a compliance proof to be seamlessly accepted by
global counterparties because its logic is transparent and its for-
mat is standardized.

Policy-DSL and PoPC unify governance and enforcement into a
single verifiable system: one that preserves jurisdictional sover-
eignty while resolving fragmentation risks and enabling transpar-
ency and trust at scale. They lay a practical foundation for embed-
ded compliance in a multipolar world, providing the technical
backbone for long-term collaboration among regulators, technol-
ogists, and standard-setters.
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CHAPTER Ab.

Layers & Domains:

Engineering Verifiable
Interoperability Across Sovereignties
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Abstract:

At present, the global deployment of digital currencies and the digital transformation of fi-
nancial infrastructure have become an established trend. Against this backdrop, the inter-
national community faces a fundamental challenge: how to design a global settlement sys-
tem that meets the demands of the era - one that both fully respects and safeguards na-
tional monetary sovereignty and regulatory autonomy, while significantly enhancing the ef-
ficiency and transparency of cross-border financial activities?

In the preceding chapters, we established the core values that Sovereign-Verifiable Settle-
ment Interface should adhere to (A2), and outlined the corresponding governance frame-
work (A4) and the path toward rule codification (A5). This chapter takes the most critical
step forward: translating the aforementioned theoretical blueprint into a globally deploy-
able and operable engineering system.

Our basic approach is to construct a layered, open, and interoperable architecture. This ar-
chitecture is intended to achieve the following objectives:

1. Integration rather than replacement: This framework does not seek to recon-
struct or replace existing core financial infrastructures such as RTGS, CSD, or
SWIFT. Instead, it provides a parallel, verifiable collaboration mechanism. It does
not alter the internal structure of existing systems; rather, it establishes a neutral,
standardized, and traceable system of records and proofs at key nodes of
cross-system interaction, enabling relevant business processes to be independently
verified, replayed, and audited. The “integration” referred to here means achieving
verifiable business mapping and coordination across sovereign and system bound-
aries, rather than structural consolidation at the system level.

2. Clear division of responsibilities and layered collaboration: By introducing two
foundational core functional layers, a clear separation of rights and responsibilities
is achieved. As we mentioned in A5, SRH and SCEL form two coordinated layers
with a clear split of responsibilities. Each jurisdiction runs its own SCEL to execute
transactions under local rules and generate compliance proof. The jointly governed,
technically neutral SRH then orders cross-border transactions, verifies the PoPC,
and issues final settlement confirmation.

3. Trust through proof transmission: Through the PoPC mechanism, compliance
outcomes executed locally by each country and institutional organisation can be
transformed into standardized proof packages that can be securely transmitted
across the global network and independently verified by other participants.

4. Establishing a layered asset-mapping system: At the same time, we will construct
a standardized set of “S-series” accounting labels to provide a unified on-chain
mapping and identification method for various categories of financial liabilities, in-
cluding cash, deposits, and wholesale settlement assets. This does not create new
monetary layers; rather, it is intended to make complex multi-layer clearing pro-
cesses clearer, more traceable, and auditable.

Through the above design, this chapter seeks to translate the two core principles of “settle-
ment neutrality” and “verifiable compliance” into an engineering system that can be global-
ly deployed and that supports incremental collaboration, thereby outlining a clear and
credible implementation path for the next generation of financial networks.
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A6.1

Settlement-Oriented Over- %X S\ &)
all Layering B A

Four elements, 7th century, Isidore of Seville.

“Unity in diversity is the most perfect expression of the universe.”
GREPHSE—, RFERTROREL,

— Gottfried Wilhelm Leibniz, Monadology GEfifEZX - (A1)

From the perspective of settlement finality and process proof col- MEEE 2N SISO A E L, RER
lection, this system is architecturally and explicitly divided into A ERARERISS LRS-
the following four layers:

1. AHERNRGE | X B ENE SR

1. Domestic and Institutional Core Systems Layer: This

layer constitutes the foundation of each country’s existing
financial system. It is composed primarily of central
banks-operated real-time gross settlement systems
(RTGS), central securities depositories (CSD), fiscal and
taxation systems, and the core ledgers of commercial
banks. This layer operates within the national legal frame-
work and bears ultimate legal responsibility and final
funds settlement. This framework does not seek to replace
this layer; rather, it aims to securely interface with it
through standardized interfaces.

. Sovereign Compliance & Execution Layer (SCEL): This is a
distributed ledger layer independently built and controlled
by sovereign states or their authorized institutions. It con-
nects to the aforementioned domestic and institutional
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core systems through secure gateways and serves as the
digital “execution terminal” for national regulatory policies
and business rules. It is a critical hub linking the domestic
financial system with the global collaboration network.

Its primary functions include:

¢ Processing financial logic within the programmable
ledger layer (on-chain).

¢ Running a programmable policy definition language
engine (Policy-DSL) to automate the execution of com-
pliance validation.

¢ Generating standardized, verifiable compliance proof
(PoPC) for each transaction execution.

. Sovereign Relay Hub (SRH): This is a global coordination

network jointly governed by participating countries and

maintaining technical neutrality. In essence, it serves as

the public routing and verification layer for global settle-

ment, ensuring that cross-sovereign transactions can be

completed in an orderly and trustworthy manner. Its core

positioning is very clear:

¢ Coordination only, not adjudication: providing global
ordering and final settlement confirmation for
cross-border transactions originating from the SCELs
of various countries.

¢ Verification of proof only, not interpretation of rules:
verifying whether the compliance proof (PoPC) submit-
ted alongside transactions by each country is valid and
complete, without intervening in or judging the content
of any country’s internal rules themselves.

. Audit & Observation Layer: This layer is composed of in-
dependent audit institutions, regulatory nodes, research
organizations, and similar entities. It typically does not di-
rectly access raw business data; instead, through stan-
dardized, privacy-preserving proof summaries and cryp-
tographic proofs (such as zero-knowledge proofs) provided
by the lower layers, it independently replays transaction
logic and verifies compliance execution under strict pro-
tection of data sovereignty and commercial confidentiality.
Its core function is to form an objective, third-party as-
sessment of the neutrality, continuity, and overall trust-
worthiness of the entire system, and it is a key design ele-
ment for maintaining transparency and enabling public
oversight.

Through this four-layer division, we achieve a clear architecture
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of “sovereign domestic responsibility autonomy, cross-domain HITEMIZERS, NE ) R RIMEBEE T I8 5L
settlement coordination under shared governance, and full-pro- M TR FEFTR. 8 R 24 H

cess independent auditing”, thereby laying a solid engineering
foundation for complex inter-sovereign collaboration. As illustrat-

B I RRERN I, XEIARSS RS

ed in the figure below, the off-chain portion comprises the exist- FREEESPENERAHH (SIEEN)
ing financial infrastructures of various countries. These legacy XERBEMIZE, XML AT DU ATE, AT DU

services upload transaction information to the respective block- SRR B, oIt A E ST

chain networks owned (or selected) by each sovereign state,
which may be either public blockchains or permissioned consor-

PRI N 48, TEMEIE SRH 5 (BBE)

tium chains. Regardless of the network type chosen by a sover- 5 2, #e AR B ENER B H
eign state , before conducting cross-domain (cross-border) trans- (BO%E) XEREEMLE B SCEL, SEMUAIE
actions via the SRH, the transaction must first pass through the ENE A IS, FAE ARSI,

SCEL deployed on the sovereign state’s own (or selected) block-
chain network to complete internal compliance validation and
generate the relevant compliance proofs within the originating
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To clearly describe and position on-chain assets within the above
layered architecture, we introduce the S-series labels as a set of
descriptive and functional on-chain mapping instruments. These
labels are used to identify the differences among various types of
on-chain assets in terms of their clearing hierarchy, settlement
capability, and credit attributes. Conceptually, this system draws
upon the distinctions of asset liquidity and credit hierarchy found
in traditional monetary statistics - MO, M1, and M2, but it does not
attempt to replicate their statistical classifications; rather, it pro-
vides an attribute identification framework for on-chain assets
oriented toward settlement and legal semantics. It must first be
made explicit that this labeling system is not a proposal for mone-
tary hierarchy reform, nor does it require sovereign authorities to
adjust existing statistical classifications. Its core function is to
provide a unified digital identity for various categories of finan-
cial liabilities represented on-chain, and to establish a mappable
and auditable correspondence with traditional accounting ac-
counts.

* SO Cash-Type On-Chain Liabilities:

¢ Definition: Represent programmable sovereign mone-
tary claims at the highest level of liquidity, which are
directly equivalent, in both legal and accounting terms,
to physical cash in digital form.

< Examples: Retail central bank digital currencies (such
as the digital RMB); legally recognized small-denomi-
nation digital bearer instruments.

¢ Monetary statistical relationship: S@ < M0, and subject
to dynamic constraints on the cash substitution ratio.

* S1Deposit-Type On-Chain Liabilities:

< Definition: Tokenized bank liabilities that are pay-
ment-capable and supported by deposit insurance or
full reserve backing.

o Examples: Tokenized demand deposits that comply
with Basel III liquidity coverage ratio requirements;
regulated stablecoins; prefunded account tokens with-
in RTGS systems.

© Monetary statistical relationship: S1 € [M1,M2], with
issuance scale constrained by the applicable reserve
requirement regime (see Appendix for the specific for-
mulation).

* S2 Structured Redeemable Liabilities:
¢ Definition: Programmable debt instruments with ex-
plicit maturity structures or redemption conditions.
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< Examples: Tokenized money market fund units compli-
ant with specific jurisdictional frameworks (such as the
EU MMFR); time-deposit certificates embedded with
smart contracts; securitized payment commitments
(e.g., tokenized accounts receivable).

¢ Monetary statistical relationship: S2 corresponds to
broad money aggregates M2+ /M3 and requires adjust-
ment using risk metrics such as duration (weighted av-
erage maturity) (see Appendix for detailed formulas).

* S* Wholesale Settlement Assets:

¢ Definition: Digital representations of central bank
monetary claims dedicated exclusively to final settle-
ment within clearing and settlement systems.

<o Examples: Wholesale central bank digital currency;
distributed RTGS settlement account units; reserve
asset tokens used by cross-border multilateral clearing
platforms.

¢ Systemic importance indicators: As critical settlement
assets, their issuance and circulation scale must satisfy
system-wide risk constraints associated with network
topology (see Appendix for specific conditions).

Based on the above layering and asset labeling framework, we can
clearly address two concrete questions that are critical in engi-
neering practice. These questions also mark the key transition of
this framework from an “architectural concept” to an “implemen-

tation guideline”.

First, compatibility with and migration from traditional bank-
ing infrastructure:

How are existing cross-border settlement processes based on
SWIFT messaging and RTGS systems mapped within this frame-
work? Which layer is involved, and which category of S-series as-
sets is used? The answers directly determine whether existing
banking operations can be smoothly migrated and integrated into
the new system without service disruption. The key lies in clearly
defining interfaces with existing standards such as SWIFT and
ISO 20022, and in ensuring that fund movements through tradi-
tional channels can be reliably and automatically reconciled with
on-chain state transitions.

Second, standardized expression of on-chain business process-
es:

Once retail payments, large-value transfers, securities delivery,
and other transaction types are migrated to an on-chain environ-
ment, how can their inherent legal attributes, clearing hierarchy,
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and compliance requirements be translated into standardized
and programmable transactional logic through unified S-labels
and compliance proof? The ultimate objective is to enable market
participants to conduct operations via clear interaction interfaces
(such as APIs or front-end applications), without needing to per-
ceive differences in the underlying payment infrastructure.

Providing answers to these two questions is precisely the point at
which this framework moves from an “architectural concept” to

an actionable “implementation guideline”.

A6.2

Sovereign Compliance &
Execution Layer Model

Within this framework, the SCEL constitutes the core engineer-
ing hub through which a national financial system interfaces with
the global settlement network. It is located entirely within nation-
al jurisdiction, and its primary responsibility is to transform do-
mestic laws and regulatory rules into verifiable actions for global
collaboration.

Clear jurisdictional attribution: Each instance of the SCEL is ex-
plicitly attributable to a single sovereign state or its statutory au-
thorities, and is fully subject to that state’s legal and regulatory ju-
risdiction.

Deep system coupling: Through standardized and secure gate-
ways, it is institutionally integrated with the country’s real-time
gross settlement systems, central securities depositories, and fis-
cal and taxation systems.

Clear functional positioning: It assumes three critical functions:
* Specific rule execution: serving as the operational end-
point for domestically defined programmable rules.

 proof generation: producing auditable compliance proofs
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for each transaction processed.

* Global connectivity: acting as the sole standardized in-
gress and egress for national transactions entering and
exiting the global SRH state.

Positioned as such, SCEL is far from an abstract institutional vi-
sion; it is a deployable system characterized by well-defined engi-
neering boundaries and operational logic. Its pivotal status is not
contingent upon centralized discretion or external authorization,
but is instead rooted in its minimum architecture, its integration
with national core financial infrastructures, and its standardized
outward-facing compliance interfaces.

To achieve the deterministic execution and verifiable expression
of sovereign rules within a digital environment, SCEL must clarify
- at an engineering level - the division of functional modules, the
boundaries of legal validity, and the semantics of cross-domain
interaction. The subsequent sections delineate the implementa-
tion path of SCEL across three dimensions: the minimum archi-
tecture, domestic system integration models, and stan-
dards-aligned interfaces.

A6.2.1 Minimal Component Architecture

To transform a conceptual design into an operational entity, the
Sovereign Compliance & Execution Layer must comprise the fol-

lowing five core functional modules:

1. Execution Engine: A DLT-based smart contract execution
environment, whose core purpose is to provide determin-
istic and verifiable execution outcomes. Given identical
input data and rule versions, it guarantees identical out-
puts regardless of the execution environment, forming the
foundation for full-process reproducibility.

2. Policy-DSL Engine: A programmable rules engine that en-
codes national AML/CTFrequirements, quota and geo-
graphic restrictions, business authorization rules, and
similar policies into executable code via a domain-specific
language. It supports automated decision-making across
the full lifecycle of ex ante validation, in-process execution,

and ex post review.

3. Compliance Proof Module: The system’s “proof generator”.
After each rule execution, it automatically packages a
compliance proof that clearly records the applicable rule
version, input data, decision outcome, and associated
metadata such as timestamps. These proofs are securely
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archived, forming an off-chain proof repository suitable
for independent audit and potential judicial admissibility.

9, e

4. Cross-Domain Gateway: The system’s “internal-external
connector”. Internally, it securely interfaces with domestic
payment, securities, and taxation infrastructures; exter-
nally, it connects to the SRH. Its core task is to package
“transaction data” together with the corresponding “com-
pliance proofs”, transmit them securely to the global net-
work, and retrieve settlement confirmations and finalized

on-chain proofs from the ledger.

5. Logging & Monitoring Module: Records all critical state
transitions, policy updates, and metadata related to the
generation and verification of compliance proofs, provid-
ing tiered and transparent observability interfaces for sys-
tem operations, compliance review, audit oversight, and
policy research.

The above five modules constitute the minimum viable and op-
erational backbone of the SCEL. Each country may, based on its
level of digital maturity, risk appetite, and policy priorities, adopt
different technological pathways and deployment cadences - for
example, starting with regional pilots and gradually scaling into
nationwide financial infrastructure.

A6.2.2 Coupling with Domestic Core Systems

The design objective of the SCEL is not to replace existing nation-
al core financial systems, but rather to establish flexible and reli-
able connections with them through standardized interfaces. De-
pending on business requirements and implementation pathways,
there are three primary integration modes:

1. Mirror Mode

¢ Core Definition: SCEL serves as a real-time, program-
mable mapping layer for key settlement events and
legal states related to cross-sovereign settlement with-
in core systems such as RTGS and CSDs.

¢ Operating Mechanism: Final settlement and fund de-
livery in the legal sense continue to be completed with-
in the existing traditional systems. The SCEL synchro-
nously records key transaction events and legal states
related to cross-sovereign settlement, and on this basis,
generates verifiable compliance proofs to support
cross-domain reconciliation, auditing, and replaying.

¢ Core Value: Without reconstructing existing core led-
gers and settlement processes, this mode provides
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verifiable compliance proofs for current financial oper-
ations and establishes standardized interfaces for in-
teraction with the global network. Therefore, it is
well-suited as the preferred initial deployment option
for most jurisdictions.

2. Ledger-Primary Mode

¢ Core definition: The SCEL becomes the legally recog-
nized primary ledger for specific innovative business
domains, such as tokenized assets and new forms of
wholesale payments.

¢ Operating mechanism: The full business logic and
asset ownership are recorded and executed within the
SCEL. Traditional systems are relegated to the role of
settlement channels and regulatory reporting layers.

¢ Key prerequisite: Through domestic legislation or judi-
cial precedent, the transaction records maintained by
the SCEL must be explicitly granted final evidentiary
effect in legal disputes.

3. Hybrid Mode

¢ Core definition: Based on the value, risk profile, and in-
novation requirements of different business activities,
hybrid deployment and layered management are ap-
plied between traditional systems and the SCEL.

¢ Operating mechanism: High-value, low-frequency, and
systemically critical transactions (such as large-scale
government bond settlement) are retained within tra-
ditional systems to ensure maximum stability;
high-frequency, low-value, or cross-institutionally
complex activities (such as supply chain finance) are
migrated to the SCEL.

< Consistency assurance: Through programmable rules
and compliance proof mechanisms, final consistency of
transaction states across layers is ensured. Any opera-
tion involving cross-layer fund movements must gen-
erate corresponding compliance proofs as the basis for
reconciliation.

The aforementioned three integration modes are not a simple
juxtaposition of technical routes, but rather realistic implementa-
tion pathways tailored to diverse legal environments, business
structures, and organizational maturity levels. In practical selec-
tion, a comprehensive evaluation is typically required regarding
the legal status of the SCEL, the risk attributes of the target busi-
ness, as well as the stability requirements and transformation
costs of the existing core systems.
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It should be specifically noted that the "mirroring" in Mirror Mode
is not equivalent to full-scale replication or disaster-recovery syn-
chronization of the core system. Instead, it involves the minimal
and structured recording of critical states related to settlement
and legal validity, which are used to generate compliance proofs
and support cross-domain reconciliation. In this sense, its imple-
mentation cost is primarily concentrated at the interface and
event extraction layers, rather than on the reconstruction of the
existing ledger architecture.

This framework does not presuppose an evolutionary sequence
or hierarchy among the three modes. Its sole invariant constraint
is that any critical state change involving cross-sovereign settle-
ment, regardless of the integration mode adopted - must be en-
capsulated and recorded through a unified compliance proof
mechanism to ensure a globally verifiable and auditable consistent

view.

This framework does not impose any a priori judgment regarding
the superiority or inferiority of the three modes. The sole core
constraint is that any critical state change involving cross-sover-
eign settlement, regardless of the integration mode from which it
originates, must be recorded in a verifiable and standardized
manner through the compliance proof mechanism, ensuring that
the SRH and the global audit layer can reconstruct a trusted glob-
al view based on a unified proof ledger.

A6.2.3 Standards Alignment and Verifiable
Compliance Interfaces

At the interface level, the architecture is designed to be compati-
ble with ISO 20022 global payment messaging standards, sup-
porting message transformation and semantic alignment at the
Sovereign Gateway layer. This design enables seamless integra-
tion with financial market infrastructures (FMIs) without requir-
ing modifications to existing RTGS, CSD, or cross-border messag-

ing networks.

At the compliance level, the proof generation mechanism of PoPC
fully covers the requirements for key information retention, iden-
tification of responsible entities, and end-to-end traceability as
prescribed by the FATF “Travel Rule”. This allows cross-border
transactions to carry independently verifiable compliance proof
across different jurisdictions, thereby upgrading the traditional
“ex-post manual reconciliation” model into a mechanism of “in-

terim programmable verification and ex-post automated audit-

g "

ing”.
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It must be clarified that such standards alignment does not imply
the unification or centralization of the rules themselves; rather, its
core objective is to provide a set of verifiable technical interoper-
ability interfaces for a multi-sovereign system. The goal of these
interfaces is to systematically reduce institutional friction costs in
cross-system and cross-jurisdictional collaboration, rather than
serving as a mandatory access tool or a uniform compliance tem-

plate.

Under this framework, nations configure and express their own
legal and regulatory requirements through JPack, rather than
passively accepting external rules. The role of SCEL is precisely to
provide, on this basis, a more direct and efficient way for coun-
tries to confirm whether transactions comply with their locally
defined compliance standards.

In this sense, deploying SCEL and specifying nationally applicable
laws and policies via JPack constitutes the fundamental prerequi-
site for the system's operation - namely, that each participant
must indicate to the system in a verifiable manner: “What is com-
pliant for ME".

A6.3

Sovereign Relay Hub:

The Public Plane for
Global Settlement

The Sovereign Relay Hub (SRH) is a public settlement and verifica-
tion plane authorized by a multilateral constitutional framework
described in these Principia, and operated with technical neutral-
ity (see A4.1 and A4.2 for detailed governance principles). Based on
this positioning, its core functions and design principles are de-
fined as follows:

Global settlement ordering and finality confirmation:
* Ordering and batching: Uniformly ordering and batching
cross-border transaction requests submitted by SCELs,
and forming immutable final settlement records through a
consensus mechanism.

153

IR, HESRPRIERS T AR A S IS
—E&EH, HZDBRETNZ ERURRIES
—ERRIEAEAR TR L, ZEORER,
ARG RS, BRI RIHI R
FEIRIA, AR sl R A TR eligt—
AT SRR,

1EIX—HEZRT, #Eld JPack ALEHERIXH
SRR S IR EOR, MRS,
SCEL HIfEH, IERFEMIEM E, S ER M
—MEERE, EERHT R, HUAE S 2
BT A ERE A RARIE,

MIZANES P, #8% SCEL Fi@id JPack H
HARERERIRTEBOR, MR T A RIS TR
MATHE : RMHENZ2 57782 DA SR UER 7530
FRGERH] : WIS, ME,

FAR P LRAR A .

NS
FR YA (SRH) 2 I Z R ERA P
BRI TR AL E 50U (a8
JENTEDL A4.1, A4.2), HT BiREN, Hix
DHRRE S BRGNS

ERRETHIHE S 2R -
o HiFS5ITH - X4 SCEL fR52hpstEse
ZERETR I S5ITH, HEdt
IRMLHITE A ] R A B R A5 R R



* Finality confirmation: Providing a globally recognized
final settlement confirmation for each transaction that is
accompanied by valid compliance proofs.

Standardized verification of compliance proofs:

* Proof submission: Every cross-border transaction must
be accompanied by a compliance proof generated by the
originating jurisdiction.

* Standardized validation: The relay hub (SRH) validates
compliance proofs against a jointly agreed baseline valida-
tion rule package (JPack), confirming format validity, cor-
rect versioning, and proof-chain completeness.

* Dual confirmation: Final settlement is confirmed only
when both conditions , “transaction validity” and “compli-
ance proof validity” , are simultaneously satisfied.

Design principle: Strict functional and institutional separation
via a dual-track model:

* Framework layer: The founding institutional framework
constrains the SRH, prohibiting any unilateral operations
based on country-specific, entity-specific, or discretion-
ary lists, sanctions, or restrictions, thereby ensuring its
neutrality as shared public infrastructure.

* Operational layer: Focused exclusively on maintaining the
technical neutrality and continuous availability of underly-
ing protocols, codebases, and standards.

Under this design, the hub’s position is unambiguous: it does not
assess the content of national rules; it verifies compliance solely
by applying common standards to proofs of rule execution. In es-
sence, it functions as a “public processing core for global settle-
ment and compliance proofs”.

* It does not formulate rules, but requires that all rules par-
ticipating in global settlement be translated into verifiable
proofs.

* It does not interfere with sovereign discretion, but re-
quires that all decisions producing cross-domain effects
leave auditable and traceable proof anchors at this layer.

Through this mechanism, coordination and mutual trust in global
settlement are achieved under the condition of full respect for
sovereign authority and institutional autonomy.

A6.3.1 Inputs and Outputs of the Relay Hub

From an engineering implementation perspective, the core func-

tion of the SRH is to efficiently and reliably process two categories
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of critical inputs: transaction events and compliance proofs. Its
operational workflow is explicitly divided into two parts: “inputs”
and “outputs”.

(1) Inputs: What Does the Hub Receive?

» Standardized cross-border transaction requests: Busi-
ness requests submitted by national SCELs, such as
cross-border payment instructions or securities settle-
ment orders. Each request must be accompanied by a
compliance proof autonomously generated and digitally
signed by the originating jurisdiction, and must specify the
applicable rule version identifier.

» Standardized transformation of legacy messages:
Through the deployment of local SCEL adaptation gate-
ways within each sovereign domain, the architecture
parses, transforms, and semantically aligns business mes-
sages originating from traditional financial infrastructures
(such as SWIFT, RTGS, and CSD systems), and generates
unified and verifiable interaction results.

The SRH itself does not communicate directly with external
infrastructures, nor does it perform message transformation or
business interpretation. Its core responsibility is limited to vali-
dating, ordering, and finalizing the state changes, compliance
proofs (PoPC), and interaction results submitted by SCELs. This
design ensures that, in cross-sovereign collaboration, all partici-
pants can reach consensus on the fact of “how SCELs interact
with external systems”, and that the corresponding records can
be independently reviewed and audited.

* Governance and configuration update instructions: In-
cluding updates to jurisdictional rule packages (JPack), ad-
justments to compliance proof mutual-recognition rules,
node admission or exit instructions, and dynamic updates
to consensus parameters and risk thresholds.

(2) Outputs: What Does the Hub Provide?

All “outputs” described in this section are derived from interac-
tion and compliance processing already completed by the SCELs.
The SRH itself does not directly connect to or process messages
from traditional financial infrastructures; its responsibilities are
strictly limited to validating, ordering, and confirming the state
changes and compliance proofs submitted by SCELs.

* Settlement confirmations for Sovereign Compliance &
Execution Layers: The consensus-confirmed sequence of
cross-domain events, including a global order and uniform
timestamps, is broadcast to the relevant sovereign
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compliance enforcement layers, along with verification re-
sults confirming the completeness and validity of compli-
ance proof. Countries can use this confirmation as a refer-
ence signal for cross-domain consistency and reconcilia-
tion, completing the corresponding accounting processes
in their local core systems without altering existing per-

missions and procedures.

* Event summaries and proof anchors for the audit and
observation layer: Providing authorized audit and obser-
vation entities with privacy-preserving information, such
as event hashes, Merkle tree roots, and statistical patterns
of compliance proofs. Subject to data sovereignty and pri-
vacy protection requirements, this enables independent
replay and verification of specific transaction paths.

 State metrics and alerts for governance and operations:
Real-time outputs of network performance metrics, node
behavior analysis, cross-jurisdictional rule conflict warn-
ings, and anomalous pattern reports. These data support
multilateral governance bodies in rule adjustment, proto-
col upgrades, risk management, and operational optimiza-
tion.

Through the above concise and clearly defined interface design,
the relay hub achieves technical minimalism and a high degree of
specialization. Its core value lies in securely and credibly inter-
connecting dispersed and heterogeneous national financial sys-
tems into a collaborative network that, at the global level, exhibits
global consistency, proof verifiability, operational observability,
and replayability.

A6.3.2 Negative Commitments of the Relay Hub
(Negative Commitments)

To ensure that the principle of technical neutrality is clear, credi-
ble, and actionable, the SRH strictly adheres to the "Three Prohi-
bitions" established in A4.2.2 No Interpretation, No Execution, and
No Ownership. Building upon this, the Hub explicitly commits to
a "Negative List" it shall not hold any currency or accounts, shall
not issue any form of "currency", shall not enforce unilateral polit-
ical sanctions, shall not pass value judgments on the sovereign
rules of any nation, and shall operate as a parallel collaborative
layer rather than a replacement for existing systems.

A6.3.3 Failure and Sovereign Relay Hub (Failure,
Degradation & Sovereign Continuity)
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For globally critical infrastructure, designing how to survive and

recover from failures is as important as designing how to operate

under normal conditions. To ensure ultimate system resilience,

the architecture of the SRH must satisfy the following three core

requirements:

1)

2)

3)

Failure isolation: ensuring the continued operation of do-
mestic and institutional systems:

in the event of a failure in the operation of a relay hub, a fun-
damental principle must be upheld: only global cross-border
settlement is suspended, while domestic financial systems in
each jurisdiction remain unaffected. Local payment systems,
central securities depositories, and their upper-layer Sover-
eign Compliance & Execution Layers must be able to operate
independently and continuously, maintaining domestic pay-
ment, clearing, institutional regulations and compli-
ance-proof generation capabilities. This ensures that any
global technical failure does not disrupt a country’s basic
economic order.

Ex post reconciliation: ensuring emergency transactions
are traceable and bookable:

During a failure, if necessary cross-border transactions are
completed between jurisdictions through emergency bilater-
al channels, the system must provide a clear path for ex post
reconciliation. Once the relay hub is restored, these emer-
gency transactions can be securely “backfilled” into the glob-
al ledger on the basis of the standardized compliance proofs
generated at the time, together with any supplementary at-
testations. This mechanism both recognizes the legal validity
of emergency operations and ensures that a complete and
consistent global transaction view can ultimately be recon-
structed, such that no lawful transaction is lost or rendered
irreconcilable due to failure.

Substitutability: SRH itself can be safely replaced:

In extreme circumstances, if the existing SRH becomes fun-
damentally inoperative due to technical or governance fail-
ure, contingency procedures may be triggered pursuant to
decisions at the multilateral institutional framework layer to
replace or rebuild a new hub instance. Provided that the new
hub adheres to the same core protocols and is able to read all
historically preserved compliance proofs and transaction
hashes, it can, through replay mechanisms, restore a global
state that is fully consistent with the prior state. This design
fundamentally eliminates the possibility of any single techni-
cal facility becoming an irreplaceable single point of failure.
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In summary, the SRH is positioned as a “critical but non-fatal”
public infrastructure:

* Its core value lies in significantly enhancing the efficiency
and transparency of cross-sovereign settlement.

* Its resilience guarantee is reflected in the fact that, in the
event of failure, sovereign entities retain full control over
their domestic and institutional systems and their verifi-
able proof chains.

* Its ultimate reliability derives from pre-defined fault-toler-
ance and recovery mechanisms through which the system
can always return to a unique and trustworthy global
state.

This design ensures that, under the principle of sovereign conti-
nuity established in Chapter A2, the overall architecture becomes
a truly resilient global public good - one that delivers substantial
coordination value without tying the vital interests of participat-
ing jurisdictions to any single external entity. The specific engi-
neering details of the design are provided in Volume B of this doc-
ument.

Ab6.4

Compliance Proof Flow
Across Layers (PoPC Flow
Across Layers)

Within the layered architecture, compliance proofs constitute the
critical bridge linking local rule execution with global settlement
finality. They transform internal compliance reviews conducted
within a single jurisdiction into standardized proofs that are veri-
fiable by all participating parties. For a typical cross-border set-
tlement (the full lifecycle is specified in A5.3), the flow of compli-
ance proofs follows five clearly defined stages:
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Figure 8: Cross-Layer Compliance Proof Flow (PoPC Flow) / [El8: 5 E & HIERRTAE (PoPC {if8)
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Stage Three: SRH Deterministic Re-Execution and Verification
Finality.
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Upon receipt of the Transfer Package, the SRH performs indepen-

dent verification - not by conducting supplementary compliance

checks, but by deterministically re-executing the exact same pol-

icy logic:

The SRH loads the JPack version pinned by the PoPC's pol-
icy snapshot hash and re-executes the policy evaluation.

The re-execution result must be byte-identical to the
originating SCELs result ("mirror verification").

Once the BFT consensus mechanism confirms the verifi-
cation, the SRH anchors a verification-final event (VERI-
FIED / DISPATCHABLE) and archives the PoPC in the im-

mutable compliance record.

This stage yields verification finality - confirmation that
the sending jurisdiction's compliance claim is truthful and
reproducible, but does not yet constitute settlement finali-

ty.

Stage Four: Cross-Domain Dispatch and Inbound Sovereign De-

cision.

The SRH forwards the Verified Transfer Package to the
destination SCEL.

The destination SCEL independently evaluates inbound
compliance under its own Jurisdiction Pack (JPack-B).

The destination SCEL makes the final ACCEPT or REJECT
decision - this is the core sovereignty guarantee of the ar-
chitecture.

Settlement is executed only upon acceptance: the receiv-
ing SCEL transfers assets to the recipient and completes
the corresponding asset registration and accounting en-
tries within domestic core systems (RTGS, CSD) in accor-
dance with national financial rules.

Stage Five: Global Outcome Finalization.

Upon settlement (or rejection), the destination SCEL emits
a signed Settlement Receipt to the SRH.

The SRH verifies the receipt's authenticity and ordering,
then commits the terminal outcome - SETTLED, REJECT-
ED, or EXPIRED - to the Global State Tree, linking it to the
prior verification record and PoPC identifier.

The SRH optionally notifies the originating SCEL and any
registered audit subscribers.

Domestic auditors in both jurisdictions may, through the
global event hash and the PoPC proof summary, fully trace
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the transaction's compliance path and settlement status -
including independent replay via the Audit & Observation
Layer (Layer 4) without access to raw business data.

* When using legacy systems, separate synchronization of
ledgers between these systems will be required, as their
registries must be updated separately.

Through the above process, this framework assigns a dual mean-
ing to "settlement completion":

* At the funds layer, it signifies that the transaction has
been irreversibly completed on the ledger, with the receiv-
ing jurisdiction having exercised its sovereign authority to
accept the settlement.

» At the compliance layer, it signifies that the transaction
was executed in accordance with the rules in force across
the relevant jurisdictions at the time, and that the entire
process has left a complete proof chain available for inde-
pendent verification.

This implies that every completed cross-border settlement rep-
resents not only the final transfer of value, but also an auditable
and verifiable execution of compliance.

A6.5

Domain Model and Allo-
cation of Responsibilities

In addition to the layered architecture, this chapter introduces a
domain model as an auxiliary conceptual framework for system
analysis and multilateral collaboration. This model does not man-
date specific operational workflows; rather, by explicitly defining
the actors, core responsibilities, and key interests of different pro-
fessional domains, it delineates clear boundaries of collaboration
and interaction interfaces for all parties. From a practical business
perspective, the following six core business domains can be iden-
tified:
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1) Monetary & Issuance Domain

Representative entities: Central banks, treasury authori-
ties, and their authorized institutions.

Core functions: The issuance and redemption of sovereign

currency, and the determination and maintenance of the

ultimate settlement anchors of clearing systems.

Layered mapping:

< Domestic and Local Core Systems Layer: Operating
RTGS, treasury, and other core monetary management
systems.

¢ SCEL: Deploying issuance and redemption logic to en-
hance the programmability and transparency of mone-
tary policy.

¢ SRH: By forging structured cross-domain event se-
quences at the protocol layer, the architecture enables
sovereign jurisdictions to construct macro-level per-
spectives within the scope of their respective authori-
ties.

2) Deposit & Payments Domain

Representative entities: Commercial banks, payment in-
stitutions, and industry clearing organizations.

Core functions: Retail and wholesale payment services,

inter-institutional fund settlement, and account manage-

ment.

Layered mapping;

< Domestic and Local Core Systems Layer: Maintaining
traditional account systems and payment channels.

<o SRH: Migrating selected clearing processes (such as
DvP/PvP) on-chain and leveraging programmable rules
to enable automated compliance determination.

Core interests: Access to trusted and efficient cross-sover-

eign settlement channels via the relay hub, as well as stan-

dardized compliance proof anchors usable for both internal

and external audit purposes.

3) Markets & Tokenised Assets Domain

Representative entities: Securities exchanges, central se-
curities depositories, custodians, registrars, and clearing
and settlement institutions.

Core functions: The registration, custody, trading, and
settlement of securities and other financial assets, with
particular emphasis on full lifecycle management of to-
kenised assets.
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* Layered mapping:

¢ SCEL: Reconstructing processes such as “positions-
collateral-settlement” into programmable state ma-
chines, and generating fine-grained compliance proofs
for complex financial products.

¢ SRH: Providing a trusted technical foundation for true
cross-market settlement finality through cross-sover-
eign compliance proof mutual-recognition mecha-

nisms.

4) Compliance & Supervision Domain
* Representative entities: Financial regulatory authorities,
financial intelligence units, tax authorities, and prudential
SUpervisors.

* Core functions: Rule-making, oversight of execution, and
proof retrieval, ensuring that system operations comply
with domestic and international legal and regulatory re-
quirements.

* Layered mapping:
¢ SCEL: Deeply integrating domestic and institutional

compliance regimes with on-chain infrastructure by
configuring programmable rules and defining the gen-
eration and reporting logic of compliance proofs.

Core interests: The ability to verify the validity of cross-sov-
ereign transaction compliance proofs without penetrating
granular business details, and to support prudential analysis
of specific risk patterns (such as suspicious fund flows).

5 Technology & Operations Domain
* Representative entities: Infrastructure operators, cloud
service and hardware providers, development and opera-

tions teams, and open-source technology communities.

* Core functions: Ensuring the secure, stable, and high-per-
formance operation of infrastructure across all layers, and
maintaining public verifiability of system parameters and
software versions.

* Layered mapping:

< Responsible for the engineering implementation, day-
to-day operations, and continuous optimization of the
SCELs and the SRH.

< At the governance level, participating in technical deci-
sion-making related to relay network operations, with-
out intervening in any sovereign policy or business rule
formulation.
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6) Audit & Observation Domain

* Representative entities: Independent audit firms, credit
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rating agencies, academic research institutions, and au-

thorized observer nodes.

* Core functions: Within the scope of authorization, inde-
pendently verifying system behavior for compliance and
consistency by replaying key business paths, and produc-
ing objective assessments.

* Layered mapping:
¢ Utilizing publicly available or access-controlled data
and proofs to perform recomputation-based verifica-
tion and sampling inspections.
< Providing independent third-party attestation to the
Monetary & Issuance Domain and the Compliance &

reliability and resilience to the Technology & Opera-

tions Domain.
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Table 16: Mapping of Responsibilities of the Six Domains Across the Layered Architecture / % 16:%

A6.6

Positioning and Mapping

of S-Series Assets within the

S & 7|7

RGO IBHR SR G S R

T BB W

Layered Architecture

Sections A6.1 through A6.3 establish the technical layered archi-
tecture; Section A6.4 describes the cross-layer flow mechanism
of compliance proofs; and Section A6.5 clarifies the responsibility
boundaries of participating parties from a functional domain per-
spective. To construct a complete engineering implementation
framework, this section systematically elaborates the specific po-
sitioning and mapping relationships of different asset categories,
identified by the S-series labels, within the above multi-layer ar-
chitecture.

As set forth in Section A6.1, the S-series labels (S0/S1/S2/S*) as
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taxonomic identifiers for the financial and legal attributes of on-
chain mapped sovereign liabilities, explicitly defining their issuing
entities, clearing layers, allocation of responsibility, and regulatory
authority. To achieve comprehensive verifiability of a cross-sover-
eign settlement system at both the engineering implementation
and policy supervision levels, this section establishes a clear map-
ping between the S-series and the three-layer architecture, ad-
dressing the following core questions: where transactions involv-
ing different tiers of on-chain assets are executed, where compli-
ance proofs are generated, where finality is obtained, and where
independent audit is performed.

A6.6.1 Overall Mapping Framework

The complete lifecycle of S-tier assets within the system can be
abstracted as mappings across the following four key stages:

1. Execution and accounting layer: where asset transactions
are natively executed and ledger records are completed.

2. Compliance proof layer: where compliance proof for the
transaction is generated and undergoes initial validation.

3. Finality anchoring layer: where transaction irreversibility
is formally declared.

4. Audit and verification layer: where compliance and con-
sistency across the full transaction lifecycle can be inde-
pendently replayed and verified.

A6.6.2 Mapping of Layer Responsibilities by
S-Series

(1) Role of the Sovereign Compliance & Execution Layer
(SCEL)

Within SSI, the S-series labels essentially map the intrinsic risk
structures, regulatory logic, and clearing attributes of the finan-
cial system into their objective representations in the digital do-
main. The liability characteristics, compliance depth, and privacy
requirements of each tier jointly determine the complexity of
state machines and the design of proof structures within the
SCEL. This differentiation in technical implementation constitutes
the inevitable engineering expression of traditional financial rules
within a programmable environment.

* For SO (retail cash, M0), the SCEL typically only needs to
enforce lightweight rules such as transaction limits and
frequency controls. Owing to its characteristics of instant
settlement and absence of counterparty risk, compliance

IR, B T HAITER BRER. =1
EE M EERR, ATREY S RIS ==
SRKGROTE IS, [ DAL : AR
PHIBE L VSR AT 5 TR RRE
MIERA, EMACRIGRAMERIA, DARAEMIAL
P H T,

A6.6.1 JEPRMLHERS

% S BB RGP AY], wIH
FONTE LU PN R HEPA T R
1. PITHIEKR : B M R4
PITHFERIEA TR,
2. GRGEIANZ | %52 B RS MIEIERITE]
R4 R SE RIS B
3. &JRtEHE IR « 22BN ARG MELE]
MR E
4. WS RIER : 5 emENEGMITES
— AL PR S R E,

A6.6.2 52N TIMGS

(D ERERPITERIfM T

FEER AT RIESSEAEZRH, S RIWREA b

WRERF )2 BRI AR R XUR &5 4, 1B I8

SEREEERTERNEMNEI, SRR

itk SRR SEMER, HEKRVE T

HAE EREMPITE RSN 2 S5 IER

SR, XAHIARSKEIRIX 7y, RS ER

MUNITE PIgRAE P AR TRE(EARIA,

 NT S0 (FHEME, M0), EHAEM

TR R ARPRITIRAL SRR
AU, F T H B 5 RAN T XU HY
Rk, SMHIMTE S AERIERS 2 Al N
ET A, [RINAE AR IME R & AR
PABRIFFH P RS AA



determination focuses on verifying that transactions do
not breach regulatory thresholds, while generating mini-
mal compliance proofs to protect user privacy.

* For S1 (deposit liabilities, M1), the relatively unified global
regulatory frameworks render the applicable rules highly
structured. The SCEL can execute these rules through
standardized processes (such as anti-money laundering
checks), generating replayable compliance proofs that pri-
marily demonstrate the compliance of transaction partici-
pants and fund flows.

* For S2 (broad credit and market assets, M2+), compliance
assessment becomes significantly more complex, involving
multi-stage events such as issuance, trading, collateraliza-
tion, and redemption. The compliance proofs generated by
the SCEL must be capable of continuously reflecting the
evolution of asset states, ensuring that cross-market state

consistency remains verifiable.

* For S* (wholesale central bank money, wCBDC), opera-
tions are directly linked to monetary policy and financial
stability and therefore exhibit extremely high policy sensi-
tivity. The SCELmust ensure absolute precision in rule ex-
ecution and generate compliance proof chains that are
complete, auditable, and non-repudiable, thereby achiev-
ing the highest level of trustworthiness in cross-sovereign
environments.

To this end, the compliance proofs generated by the SCEL for
each tier contain a set of structured elements that together con-
stitute the technical and institutional anchors for cross-sovereign
mutual recognition:

* Rule version: explicitly identifies the policy rule version
applied during execution, ensuring that all verifiers can
reproduce the decision process within the same policy
context.

* Rule hash: a cryptographic hash of the rule set content,
ensuring the post hoc immutability of rule configurations.

* Verification auxiliary data: carries the minimal data re-
quired to recompute compliance conclusions, supporting
independent third-party verification while preserving the
privacy of business details.

* Decision outcome: explicitly records the final determina-
tion of the compliance engine (ALLOW or REJECT), repre-
senting the deterministic outcome of rule execution for a
given input and serving as the definitive policy execution
artifact.
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* S-series label: indicates the financial liability tier involved
in the transaction, enabling verifiers to interpret the com-
pliance proof using the correct clearing semantics.

* Timestamp and digital signature: jointly ensure the tem-
poral ordering of events, attribution of responsibility, and
non-repudiation of actions, providing a unified and trusted
temporal and identity foundation for cross-institution
audit and cross-sovereign recomputation.

(2) Validation Logic of the Sovereign Relay Hub

The core function of the hub layer is not to directly “execute” fi-
nancial rules, but to focus on two specific tasks: verifying the
compliance proofs submitted by participating jurisdictions, and
providing global final ordering and confirmation for cross-sov-
ereign settlement events. In this process, there exist systematic
differences in validation logic and processing intensity across
compliance proofs corresponding to different S-series asset tiers.

* SO (retail cash): Typically adopts a “summary verification”
mode. The hub does not penetrate granular transaction
details; it verifies only the validity of the transaction hash
summary and digital signature submitted by the originat-
ing jurisdiction. This approach ensures baseline consisten-

cy while maximizing privacy protection.

* Sl (deposit-type liabilities): Adopts a “full replay” verifica-
tion mode. Validation nodes within the hub can inde-
pendently and completely re-execute the compliance logic
based on standardized rule versions, recompute the com-
pliance outcome, and confirm its correctness. This pro-
vides a solid technical foundation for cross-jurisdictional
mutual recognition of account-based transactions.

* S2 (structured assets): Adopts a “collaborative verifica-
tion” mode. For complex assets, the hub acts as a coordi-
nator, requiring transaction-related parties to provide
corresponding state proofs. The hub’s core responsibility
is to complete the final ordering and confirmation of
events based on the verifiable proof provided by multiple
parties, while fine-grained state consistency is ensured by
the relevant business domains through bilateral or multi-
lateral coordination mechanisms.

* S* (wholesale settlement assets). Must achieve “strong fi-
nality” at the hub layer. The hub is required not only to
verify compliance proofs, but also to incorporate such set-
tlement events into the global consensus ordering and re-
cord them on the immutable relay ledger, thereby granting
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them the highest level of final and authoritative effect in
Cross-sovereign environments.

Reaffirmation of critical boundaries: The hub is consistently po-
sitioned as a “verifier of compliance proofs” and a “provider of
cross-domain finality”, rather than an executor of national finan-
cial activities or a rule-making authority. This clear technical and
governance boundary constitutes the fundamental guarantee of
system neutrality, scalability, and sovereign autonomy.

A6.6.3 Asset Identification within Compliance
Proofs (S-Series Inside PoPC)

As detailed in Section A5.7, each PoPC incorporates a suite of core
fields. To ensure predictability and verifiability in cross-sovereign
transactions, this framework embeds a standardized metadata
structure within each compliance proof, enabling precise five-di-
mensional binding across asset class, clearing tier, issuing entity,
policy domain, and business scenario. Each compliance proof
must include the following core metadata fields:

* s_series (asset tier): Identifies the compliance tier of the
underlying asset (S0/S1/S2/S*), explicitly defining its
monetary attributes, risk characteristics, and applicable
statistical classification (e.g., MO, MI).

* clearing_tier (clearing tier): Specifies the clearing layer
applicable to the transaction (such as retail, general whole-
sale, or final settlement), corresponding to different time-
liness, finality requirements, and clearing networks.

* issuer_type (issuer type): Denotes the category of the lia-
bility issuer (e.g., central bank, commercial bank, or desig-
nated financial institution), linking the asset to its credit
basis, regulatory jurisdiction, and repayment responsibility
framework.

* policy_domain (policy domain): Indicates the primary
compliance domains governing the transaction (such as
AML/CTF, prudential regulation, securities regulation, or
cross-border data controls).

* business_scenario (business scenario): Defines the spe-
cific transaction type (such as retail payments, trade fi-
nance, DvP settlement, or cross-border remittance), serv-
ing to bind the applicable rule sets and validation logic for
that scenario.

Through this design, the workload of the SRH in validating
cross-domain transactions is significantly simplified and
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standardized. The hub is not required to interpret complex, juris-
diction-specific business details; it need only formally verify that
the declared asset class and business scenario are logically con-
sistent with the rules claimed to have been applied, and that the
associated proof chain is complete. Once validation is successful,
the hub'’s core task is focused on providing global ordering and an
immutable finality anchor for these transactions that have already
been proven compliant.

Accordingly, within this architecture:

» The S-series labels constitute the “liability language” at
the financial layer, defining the forms and tiers of on-chain
value.

* The layered and domain models provide the “settlement
language” at the engineering layer, specifying the paths,
boundaries, and modes of finality for value flows.

* The compliance proof mechanism functions as the “com-
mon grammar” that enables reliable interoperability be-
tween these two languages in a cross-sovereign environ-
ment. Through standardized proof encapsulation, it allows
heterogeneous rules and assets to be understood, verified,
and ultimately settled within a unified framework, thereby
achieving global coordination while respecting institution-
al and jurisdictional differences.

A6.7

Summary

The “layered and domain models” proposed in this chapter are not
intended to define an entirely new global financial architecture, nor
to reshape existing sovereign systems. Rather, their core objective is
to provide a systematic, implementable engineering interpretation
and realization path for the three fundamental principles established
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earlier: settlement neutrality, verifiability, and sovereign conti-
nuity.

Within this framework, each sovereign, through its autonomously
controlled SCEL, fully retains ultimate governance authority over
its local rules, liabilities, and business processes. At the same time,
through a multilateral co-governed SRH, constrained by the
foundational principles established in these Principia, cross-sov-
ereign scenarios achieve settlement finality anchoring in which
transactions are orderable, compliance is verifiable, and system
state is replayable. Compliance proofs, as a trusted medium tra-
versing all layers, leverages standardized proof interfaces to forge
a verifiable connection between rule execution outcomes and
ledger update events, thereby constructing a complete evidentia-
ry path that is falsifiable and independently verifiable for audit,
supervision, and judicial traceability.

The layered design supports incremental evolution, allowing sys-
tem upgrades without requiring “one-time, system-wide replace-
ment”, while the domain model ensures that all participants can
collaborate on the basis of shared technical semantics within
clearly defined responsibility boundaries. Together, they form a
“public grammar layer” that both acknowledges real-world het-
erogeneity and enables interoperability, laying a solid abstract
foundation for the subsequent design of concrete engineering
standards, governance interfaces, and mutual-recognition proto-
cols.

More importantly, the framework articulated in this chapter is not
a simple patch to existing international settlement arrangements,
but rather advances a new paradigm termed “verifiable interop-
erability”. It does not seek global unification of rules, but instead
focuses on the standardization of compliance proofs; it does not
aim to replace traditional systems, but concentrates on con-
structing a trusted coordination layer across systems. In a world
that is deeply interconnected yet highly differentiated, this para-
digm offers a fundamentally new, system-level approach to bal-
ancing efficiency, sovereignty, and security.

On this basis, subsequent discussion can proceed to the concrete
engineering standards, governance interfaces, and collaboration
protocols under this paradigm, thereby transforming an architec-
ture that is conceptually complete and logically coherent into a
practical collaborative network that can be adopted incrementally
on a global scale, mutually recognized layer by layer, and capable
of maintaining evidentiary continuity even under extreme condi-
tions.
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Appendix / k5%

1. The total issuance scale of S1 liabilities, denoted as SltotalS1_ S1 AR BATHE Sl ZAESTTFFME

{total}Sltotal, is constrained by the traditional deposit reserve N A T
regime. Its relationship with the corresponding reserve re- T

quirement ratio rdr_drd can be expressed as: ER A NES RES U

Total Amount of Eligible Reserves

Sltotal S
Td
2. The duration D(S2)D(S2)D(S2) of S2 liabilities is calculated S2 FURHIARA D(S2) RAZEZE R AHIA
using the Macaulay duration formula and is defined as the B o S A o SR B4 ) B
present-value-weighted average maturity of all future cash C
flows: P EIHA )
n
CF;-t
D(52) = —_—
=3 |7
t=1
3. To ensure financial system stability, the total scale SxS**S of MR ERRFARIRENE, s* B EEREMN
S* assets within the clearing network must satisfy the follow- SRR S« TR R LU R AR Lk

ing inequality constraint:

CLS > §* > Z Credit Exposure
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Abstract:

Sovereign EVM-compatible Compliance & Execution Layers (SCELs) for CBDCs
and digital assets create an inherent tension between regulatory autonomy and
interoperability. Each SCEL operates under a Jurisdiction Pack (JPack), defined in
a Policy-DSL, which encodes immutable mandates (e.g., residency requirements,
transaction limits, and sanctions enforcement) to preserve local sovereignty.

Modern finance, however, requires cross-chain compliance portability: pay-
ments must settle and assets must transfer across domains while preserving
their compliance context. Without a shared constitutional framework, SCELSs risk
becoming isolated, creating opportunities for arbitrage, enforcement gaps, and
opaque audit trails that weaken the rule of law. This fragmentation undermines
trust and widens the mismatch between universal ledger execution and jurisdic-
tion-specific policy enforcement (refer to A5).

Layered attestation and standardized cross-domain messaging protocols can
bind ledger finality to policy finality across SCELs. Each cross-domain message is
verifiable under the trust-tier model and executed within each SCEL's Regulatory
VM. This approach preserves JPack autonomy: policies remain intact, transpar-
ently composable, and enforceable, with PoPC proofs (A5) providing an im-
mutable compliance record.

Regulators gain access to a unified audit plane: transaction flows can be recon-
structed back to their originating JPack and context, ensuring accountability with-
out forcing convergence to a lowest common denominator.
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A7.1

Cross-Domain Messaging 53} A58

Invariants

I

Wiener Kongress, Europas Wiedergeburt durch den groBen Herrscherverein zu Wien,1814

“The law of nations shall be founded
on a federation of free states.”

“EFFACH R B o B R B By Al 7

— Immanuel Kant, Perpetual Peace: A Philosophical Sketch (1795) FEf# GRAFIZFIR)

Cross-domain messaging is required where coordinated execu-
tion must occur across sovereign enforcement boundaries. Clear-
ly delineating these boundaries is a core prerequisite for prevent-
ing “logical entanglement” between intra-domain operations and
inter-jurisdictional dependencies. Cross-domain messaging shall
be defined such that domestic policy enforcement remains isolat-
ed and sovereign, independent of external domains.

The A7 framework shall restrict cross-domain messaging to the
following interaction classes:
1. Functional operational vertical connections with SRH.
2. Strengthening vertical interactions between partici-
pants thanks to SSI.
As the neutral nexus for multi-domain coordination, the SRH fa-
cilitates three primary types of cross-domain interactions:

* Value Transfers: The system shall permit the transfer of
tokens across distinct residency identities and /or jurisdic-
tions.
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» Data Attestations: Secure propagation of compliance-rel-
evant information (e.g,, KYC credentials) shall be support-
ed across domains.

* Conditional Executions: Conditionally triggered automat-
ed regulatory actions (e.g., transaction re-screening
against updated sanctions lists) shall be supported.

All cross-domain interaction types shall invoke the Regulatory
VM and all cross-domain interaction types shall generate du-
al-end verifiable Proof-of-Policy-Compliance (PoPC) artifacts.

In contrast, intra-domain messaging, such as communication be-
tween an SRH and its SCELSs, remains entirely sovereign and is
exempt from A7 constraints. Similarly, legacy financial protocols
(e.g., SWIFT messages and ISO 20022) are handled by sover-
eign-specific gateways at the domain boundary. These gateways
translate external messages into A7-compliant message frames
without affecting core invariants, preserving the Hub's neutrality

and minimalism.

This scoped architecture safeguards sovereignty while enabling
compliant interoperability. The SRH validates cross-domain mes-
sages without interpreting payloads; policy composition and exe-
cution occur within SCEL Regulatory VMs. Replay protection is
anchored to the Hub’s versioned state, ensuring cross-domain
messages remain verifiable against archived JPacks.

Country A, JPack A Country B, JPack B
Sender Recipient || Sender Recipient Dublication of
ledger state Country C
i T synchronization

(in traditional
systems)

’ SCEL1Bank1 SCEL2Bank 2 | ’ SCEL 3 Bank 3 (FX) Bank 4 (FX)

» o> A/ ’ SR S

Converting a message
to the appropriate format
l (15020022, etc)

N\ / \ ‘
\ / \ /
\ Approve // \ V
. \ 5
Sending PoPC, \\ /Reject  // \\ g
reconciling \ 7 \ /!
balances R / \ i
\ / \ /
L /¥ v /¥

’ SRH

SWIFT, mBridge

Post-settlement state
synchronization

Verification of compliance (JPack)
and outcome, finalization

Figure 9: General SSI Cross-Domain Compliance and settlement Flow

Three constitutional invariants govern all cross-domain mes-
sages:

* Uniqueness / Idempotence: Each message or transaction
must carry a globally unique identifier (e.g., a nonce or
UUID) to prevent duplication or replay.

* Ordering: Each message or transaction must include se-
quencing or timestamp metadata to enable deterministic
ordering across domains, with final resolution determined
by the receiving policy.
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* Timeliness / Boundedness: Fach message or transaction
must specify an expiration window; undelivered or unpro-
cessed messages trigger policy-defined timeouts.

In implementation, SCELs shall enforce these guarantees by in-
cluding, within each message, a nonce, a source-domain sequence
identifier, and an expiration window. The SRH or the receiving
domain shall maintain canonical message ordering (e.g,, through
global mempools, priority queues, or equivalent mechanisms). SSI
shall require that all participating domains strictly adhere to these
constraints.

A7.2

Message Format
and Metadata

All cross-domain requests are encapsulated in an A7 message for-
mat with standardized metadata (the exact wire format is not
prescribed here). Each packet shall include the following manda-
tory metadata fields:

* Chain Identity: A source-domain identifier and a tar-
get-domain identifier drawn from the global Sovereign
Registry. Each SCEL shall have a unique chain ID regis-
tered with the SRH. Messages shall carry these identifiers
to ensure correct routing and interpretation across do-

mains.

* Routing Metadata: Additional routing and sequencing
fields required by the Hub (e.g,, channel index, priority
flags). This enables the L1 Hub and the target SCEL to de-
termine the applicable protocol path or application con-
text without embedding policy content.
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Trust Tier Indicator: A field indicating which attestation
tier applies to the message (refer to Attestation Model,
below). This indicator enables receivers and auditors to
determine whether the message is supported by cryp-
tographic proof, a committee signature, or a single-gate-
way signature.

PoPC Reference: A reference to the Proof-of-Policy-Com-
pliance (PoPC) artifact generated by the sending SCEL.
This reference typically includes a Merkle root or digest of
the PoPC data (i.e., verifiable proof of policy evaluation),
together with any required signatures. The Hub’s verifica-
tion VM uses this reference to retrieve and validate the
corresponding PoPC record.

Policy Snapshot Hash: A hash (or version identifier) of the
specific Policy-DSL pack (JPack) under which the transac-
tion was executed. This binds the message to a specific
policy version on the sender’s chain. During SRH verifica-
tion, the Hub loads the JPack referenced by this hash to
support compliance re-evaluation and auditability.

Payload: The transaction data or settlement instruction, as
generated by the sending SCEL.
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By convention, the message header may carry these fields, and
the payload may contain a native token transfer and /or an encod-
ed smart-contract call. Critically, legacy message formats are out
of scope for A7: 1SO 20022 or SWIFT flows are handled outside SSI
by domain gateways.
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A7.3

Attestation
& Trust-Tier Model

In a heterogeneous network, security postures can vary widely -
from trusted execution environments to multi-signature commit-
tees. Cross-domain attestations may therefore become a systemic
weak point: mismatched trust assumptions can enable capture,
collusion, or degradation into opaque oracle dependencies. With-
out a formal trust hierarchy, sovereign chains (SCELS) risk forming
brittle interoperability arrangements that undermine the mutual

recognition required for sovereign collaboration.

A7 defines a three-tier trust model for attestations, providing
progressively weaker assumptions but still verifiable guarantees:

Tier 1 - Proof-Based Attestation:

The sender attaches a verifiable cryptographic proof of the
relevant state transition (e.g., a Merkle proof of a state com-
mitment, a light-client block attestation, or an on-chain
commitment published by the SCEL). These proofs enable
the L1 Hub or the receiving SCEL to validate the transac-
tion independently, without reliance on external trust in-
termediaries. Tier 1 attestation is preferred and shall be
used whenever the chain’s consensus and/or light-client
capabilities support it.

Tier 2 - Committee-Signed Attestation:

Where direct proofs are infeasible (e.g., due to incompatible
virtual machines or the absence of light-client support), a
multi-sovereign validator committee attests the cross-do-
main message. A quorum of validators, using a BFT mecha-
nism or an N-of-M threshold signature scheme, co-signs a
cross-domain certificate confirming transaction validity.
This joint signature distributes trust across jurisdictions
and provides institutional accountability. Tier 2 attestation
shall be used only where supported by multi-party gover-
nance and formally defined institutional rules.

Tier 3 - Single-Gateway Fallback:
As a last resort under degraded conditions (e.g,, during ini-

tial bootstrap, emergency recovery, or committee down-
time), a single designated gateway (such as a bridge
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contract, registrar, or authorized relay) may attest to the
message. This mode shall be explicitly flagged as Tier 3 and
is inherently less trust-minimized. Tier 3 messages carry a
gateway signature and timestamp, and each instance shall
be immutably logged. Flagged transactions shall be subject
to heightened audit review. Tier 3 attestation shall be per-
mitted only when Tier 1and Tier 2 methods are unavailable.

Escalation and Auditability

Attestation selection shall follow a strict hierarchical escalation
path: where Tier 1 proof-based attestation is unavailable, the sys-
tem shall fall back to Tier 2 committee attestation; where Tier 2 is
unavailable, it may fall back to Tier 3 single-gateway attestation.
Any downgrade in the trust tier shall require explicit authoriza-
tion within the applicable JPack and shall be audit-logged.

The SRH shall mediate attestation transitions neutrally, ensuring
that no trust tier overrides local policy and that all attestations
remain jurisdictionally compliant. All cross-domain messages and
attestation records shall be cryptographically committed.

The SRH shall anchor PoPC records (e.g., by committing Merkle
roots of received PoPC references into block headers), enabling
auditors to replay and verify historical compliance states. Tier 3
events shall include distinguishing metadata to make trust degra-
dations explicit and machine-detectable.
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A7.4

Governance Model
and Transition Path

In the initial stage, the cross-domain relay network operates
under a Bootstrap Governance Mode, managed by a custodial
validator set to enable rapid deployment and early-stage network
optimization. During this phase, both Hub validators and bridging
authorities between SCELs operate as known entities under
Foundation oversight or a regulated consortium, thereby estab-
lishing stable centralized trust anchors during the network’s
“cold-start” period.

As the ecosystem matures, the governance architecture is de-
signed to evolve toward a Multi-Sovereign Co-Governance Model.
The system includes an automated upgrade path that enables a
controlled transition of the validator set from single-entity over-
sight to governance by a Council of Sovereign Institutions. As the
network of interconnected SCELs expands, the validator set may
scale to incorporate representatives nominated by participating
jurisdictions and/or regulated entities, thereby establishing a
more distributed equilibrium of consensus authority.

In the steady-state governance model, the cross-chain gover-
nance framework shall operate as institutionally governed digital
infrastructure. In this state, the Hub’s consensus protocols and
cross-domain committees shall be composed exclusively of vali-
dator nodes approved by sovereign regulators and subject to pub-
lic oversight. No single chain or entity shall retain permanent
control over the system.

This design aligns with the Layered Sovereignty Framework (A5 &
A6): Tier 1 (S1) actors (Domain Governance Authorities) define ju-
risdictional policy and governance decisions, while Tier 0 (SO) -
the SRH - maintains neutral consensus execution. Critical transi-
tion mechanisms, including validator set upgrades, hard-fork au-
thorizations, and governance votes, are codified via on-chain
smart contracts and embedded within the system’s Meta-Consti-
tution. This “Code-as-Constitution” model ensures that the tran-
sition from centralized bootstrapping to distributed governance
remains predictable, auditable, and legally resilient.
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A7.5

Policy Finality and
Proof-of-Policy
-Compliance

The substantive completion of cross-domain operations shall be
predicated on two concurrent conditions: Ledger Finality and
Policy Finality. Every cross-domain transfer shall carry a PoPC at-
testation issued by the originating SCEL. Upon message delivery,
the Sovereign SRH or the destination SCEL shall initiate an inde-
pendent Deterministic Replay Verification using the policy pack
index referenced in the message.

Within this workflow, the Regulatory VM shall load the historical
rule set identified by the policy_snapshot_hash and determinis-
tically re-execute the relevant Policy-DSL scripts. Transaction
compliance shall be considered validated only if the Regulatory
VM'’s replay result is bit-identical to the submitted PoPC proof.

Accordingly, final settlement shall be defined as the intersection
of two conditions: ledger inclusion and successful policy verifi-
cation. Until the SRH reaches Byzantine Fault Tolerant (BFT) con-
sensus on compliance validation, the transaction shall remain in a
Pending state. Upon final confirmation, the SRH shall issue a Reg-
ulatory Finality Receipt, which encapsulates the originating and
destination block references (where applicable), validation param-
eters, the policy version identifier, and the PoPC digest. This re-
ceipt shall be archived by the SCELSs on both ends.

This mechanism establishes a Dual Finality Architecture:

* User Dimension: Settlement finality is achieved on the
originating SCEL according to its ledger consensus rules.

* Regulatory Dimension: Policy finality is achieved via im-
mutable compliance confirmation notarized by the SRH.

This verifiable compliance framework ensures that no cross-do-
main transaction can violate policy without detection. Auditors
and counterparties may replay archived PoPC records to validate
compliance under historical rules. Any mismatch between SCEL
and SRH records is deterministically detectable, rendering the
system auditable and tamper-evident.
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A7.6

Integration with Layered

Sovereignty (AS&AG)

SSI complements the Policy-DSL and Layered Sovereignty frame-

works:

A7.6.1 Deep Integration of
Proof-of-Policy-Compliance (PoPC)

Each cross-domain message shall originate from a SCEL that has
executed the applicable Policy-DSL rule set and shall carry the
corresponding PoPC output. For every cross-domain message,
SCELs shall include complete PoPC artifacts, including decision
traces, rule identifiers, and reason codes.

* Dual-Finality Validation: The SRH shall permit a
cross-domain message to advance to the finality stage
only when it is accompanied by valid PoPC proof. Inter-ju-
risdictional interoperability shall be considered valid only
upon the concurrent satisfaction of ledger finality and pol-
icy finality.

* Rule Consistency Assurance: Since SCEL JPacks are ref-
erenced on-chain via versioned pointers, policy upgrades
achieve global visibility through the Sovereign Registry.
This mechanism ensures that cross-domain execution ref-
erences explicit policy versions and remains consistent
under deterministic replay.

A7.6.2 Layered Sovereignty Integration

SSI delineates responsibilities across sovereignty layers, establish-
ing a strict separation between policy decision-making and neu-
tral protocol execution:

* Tier O (SO) Sovereign Relay Hub: Operates as a minimal
consensus layer responsible for message ordering, attesta-
tion verification, and cross-domain finality confirmation.

* Tier 1(S1) Sovereign Domain: SCELs generate policy-at-
tested messages, produce PoPC artifacts, and finalize
transactions locally under their jurisdictional mandates.
Cross-domain contracts operate at the SO/S1 interface: SO
validators execute the interoperability protocol, while S1

N X & il
B2 R, (A5&A6)

SSI /24t Policy-DSL (A5) 5772 FAESR
(A6) MRFMERE SR, 1EIL X
B, RGHAL T ESIMERT R

A7.6.1 BURGHUERH (PoPC) Y
IR K
FITE SIS AL B & B2 75 SCEL 83, Hi%
RS R Policy-DSL A HEHI 2,
F—ZRIAINEB IS BB S EIE RN PoPC
EUF, % PR, USSR B,
o WERAMRE: : SRH (U215 PoPC
DURE AT N SRR B, BEI T #
TERIEERS, (UE “ARRAN” 5
“BORERANME BRI 7T 5 AT,
o B — PRI . 1 T SCEL & I
JPack P FAEM T TRE ERRA
L3I, (BB A& 2RI
P, W T BTSSR TS —
ik,

A7.6.2 572 FEPUERR
SST BTk T & BRI LR, ST
DR SHUT HRBEEE -

o SO B GEBUDEMRAD : (i “Briitt
NE” LETMNEHRE. FRksS
EEIRER IR A

¢ S1 2 (ERURE) : SCEL iz R
B SRS B, 7E A B T B



validators ensure outbound conformance and enforce

local policy constraints through replay and verification.

* Tier * (S) Regulatory Coordination Layer*: Serves as a gov-
ernance oversight layer that may influence macro-policy
direction through participation in Hub governance. Such
actions shall remain external to protocol execution logic
and shall not interfere with the neutral operation of SO.

This architecture ensures that cross-domain interactions follow a
unified protocol while preserving execution autonomy and gover-
nance pluralism across participants.

A7.6.3 Sovereign Chain Identity and Registra-
tion

To mitigate forgery risks and accountability gaps associated with
temporary identifiers, SSI defines a hierarchical and versioned
sovereign identity registration scheme (e.g., jurisdiction:SCEL:in-
stance).

* Sovereign Chain Identity & Registry: Chain identities
shall be registered through multi-sovereign consensus and
anchored in the global state of the SO layer. The registry
shall support Merkle proofs (or equivalent commitments)
for direct on-chain verification and invocation.

* Source Authentication: By embedding sovereign identity
references within message metadata, recipient SCELs can
perform endogenous authentication of message origins
without reliance on off-chain oracles. This framework
functions as an on-chain Domain Name System (DNS) for
sovereign domains, ensuring that Regulatory VM queries
remain globally deterministic during cross-domain in-

struction resolution.
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A7.7

Infrastructure
Principles

The cross-domain fabric is intentionally neutral, minimal, and au-

ditable. It is analogous to an interbank messaging network (e.g,
SWIFT) or a real-time gross settlement (RTGS) system in that it

does not introduce application-specific business logic or jurisdic-

tion-specific policy. Instead, it transports cross-domain messages

and associated compliance proof between SCELs under agreed

constitutional constraints. Accordingly, the following infrastruc-

ture principles apply:

1.

Neutrality of the Sovereign Relay Hub (SRH)

The SRH shall provide consensus ordering and cross-domain
finality only. It shall not interpret, transform, or modify mes-
sage payloads, except as required to verify associated attes-
tations and Proof-of-Policy-Compliance (PoPC) proof. This
design prevents jurisdiction-specific preferences from being
embedded at the SRH layer. Gateways to external systems
(e.g, SWIFT, ISO 20022) are out of scope for A7, such integra-
tions shall be implemented at SCEL boundaries and shall pre-
serve A7 invariants without introducing protocol-specific de-
pendencies into the Hub.

Protocol-Level Transparency and Auditability

All protocol-relevant steps shall be transparently recorded
on-chain. As described in A5, the Hub's validation outcomes
for each cross-domain message shall be committed to the
global state (e.g.,, via commitments to a Global State Tree
and/or a transaction archive). This enables full auditability of
cross-domain activity, including transaction provenance, ref-
erenced policy versions, and compliance outcomes. The re-
sulting audit trail replaces opaque correspondent banking
workflows with cryptographically verifiable protocol proof.

Minimal Governance and Layered Execution

Governance shall remain minimal and constitutionally
bounded. A7 defines core invariants and trust-tier require-
ments, while deferring implementation-specific details to
subordinate protocol specifications (the B-volume). A7 there-
fore does not mandate a specific wire format or
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cryptographic primitive. This separation preserves stability
at the constitutional layer while enabling iterative adoption of
improvements (e.g., new proof constructions or encryption
mechanisms) without requiring changes to A7 semantics.

4. Lightweight Protocol and the “Trusted Black Box” Model
The SRH shall implement only the minimum functionality re-
quired for cross-domain coordination: message ordering, at-
testation verification, and finality confirmation. This design
aligns with mature financial infrastructure models (e.g.,
RTGS and clearing systems), enabling regulators to treat the
Hub as a “trusted black box” in the operational sense: it pro-
cesses legally sealed and verifiable messages and issues le-
gally final receipts, while neither holding funds nor acting as
a counterparty. Cryptographic verification provides enforce-
ment guarantees, and the on-chain record provides audit-
ability.

A7.8

Compliance with
Policy-DSL and
Sovereign Frameworks

The design of the Sovereign Settlement Interoperability (SSI) layer
preserves the policy sovereignty of each participating domain. No
jurisdiction is required to accept extraterritorial rule enforce-
ment; rather, each domain independently verifies that cross-do-
main interactions conform to its domestic policy constraints.
When assets, obligations, or regulatory actions cross domain
boundaries, the originating SCEL asserts compliance by issuing
Proof-of-Policy-Compliance (PoPC), while the Sovereign Relay
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Hub (SRH) validates the associated proof and coordinates policy
finality alongside ledger finality.

Accordingly, SSI enforces the following compliance properties:

1. Proof-chain integrity and dual-finality constraints
Interoperability introduces a fundamental risk: if the eviden-
tiary chain linking outcomes to their regulatory origin is bro-
ken, compliance decisions become unverifiable and incom-
patible with audit-based enforcement. To mitigate this risk,
each cross-domain message shall be accompanied by PoPC
attesting to JPack integrity, the jurisdictional constraints tra-
versed, and dual-policy execution where applicable. Settle-
ment shall require both ledger finality and policy finality; nei-
ther condition alone is sufficient. Messages shall be consid-
ered invalid or voidable if deterministic replay diverges from
the JPacks referenced at execution time.

2. Deterministic Execution via the Regulatory VM
The Regulatory VM enforces compliance verification through
deterministic replay. Upon message ingress, the receiving
domain composes a transient, auditable superset of the rele-
vant JPacks and re-executes the applicable Policy-DSL logic.
Merkleized PoPC commitments embedded in cross-domain
message metadata enable consistent reproduction of compli-
ance outcomes across domains. The SRH timestamps and
anchors these commitments to support synchronized in-
ter-domain validation and post hoc auditability.

3. Paradigm Shift: From Message Exchange to Verifiable
Compliance
By integrating Policy-DSL and PoPC into cross-domain mes-
sage semantics, SSI elevates interoperability from mere mes-
sage exchange to verifiable regulatory compliance. Mutual
recognition among sovereign participants is therefore
grounded in reproducible, attestable policy outcomes rather
than trust in delivery mechanisms alone. In cross-border
clearing and settlement workflows, each state transition is
thereby associated with a traceable legal basis and an audit-
able compliance fingerprint.
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CHAPTER A8.

Transparency and
Privacy:

Institutional Boundaries
in a Verifiable System
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Abstract:

In sovereign-level settlement infrastructures, verifiability functions simultaneously as
the foundation of trust and as a design constraint. The system must therefore establish
clear institutional boundaries between audit transparency and the necessary protection
of sensitive data.

Traditional financial infrastructures rely on institutional trust and ex post supervisory
review. Many details required for audit purposes are not disclosed at the system layer,
because regulatory frameworks presume that authorized authorities possess statutory
powers of penetrative access. Under the paradigm of verifiable execution enabled by
sovereign distributed ledger systems, however, the locus of trust is fundamentally re-
configured. The authenticity and compliance of cross-domain interactions must be in-
dependently reproducible by any authorized verifier. Proof thus ceases to serve merely
as an internal record and instead becomes a prerequisite for cross-sovereign coopera-
tion: it must support transferability, deterministic recomputation, and formal adjudica-
tion.

A critical baseline principle must therefore be made explicit: verifiability is not equiva-
lent to unrestricted data exposure. Any attempt to achieve transparency by disseminat-
ing raw transactional or identity data immediately collides with the institutional red
lines of sovereign collaboration. Cross-border settlement processes involve not only
personal privacy, but also commercial confidentiality, financial intelligence, supervisory
strategies, and sovereignty-sensitive information. Such data does not acquire legal legit-
imacy for transnational disclosure solely by virtue of audit requirements. Jurisdictions
impose stringent and non-uniform obligations concerning data minimization, purpose
limitation, and cross-border transfer controls. Systems that depend on large-scale prop-
agation of raw data to achieve auditability inevitably amplify compliance risk and politi-
cal friction as they scale.

Accordingly, the central objective of this chapter is the construction of institutional
transparency: the disclosure of the minimal necessary information required to provide
verifiers with cryptographically conclusive proof that rules were executed under the
correct jurisdiction, temporal context, and policy version, and that resulting outputs
achieved settlement finality. Transparency thus becomes a mechanism for enforcing
credible constraints, while privacy - subject to the satisfaction of verifiability require-
ments - strictly bounds information exposure within the overlapping limits permitted
by regulatory and audit frameworks.

This chapter therefore focuses on proof engineering under sovereign and legal con-
straints: the design of mechanisms for proof generation, handling, and disclosure that
simultaneously support cross-domain auditing and dispute adjudication while remain-
ing compatible with heterogeneous data-protection regimes. This includes the system-
atic integration of techniques such as proof minimization, controlled redaction, cryp-
tographic anchoring, and selective disclosure.

This represents the critical transition of verifiable systems from technical feasibility to
institutional practice.
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AS8.1
The Failure Path of

Excessive Transparency:

Log-Centric Design, Full Disclosure,
and the Collapse of Compliance
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“Trust, but verify.”

“Gi, BERIE.

— Russian proverb, popularized by Ronald Reagan. fik[EZ1E, H% 4. EARHE " {#H

Equating verifiability with expanded data disclosure represents
one of the most hazardous engineering instincts in sovereign set-
tlement infrastructures. Its common manifestation is the attempt
to render system behavior “fully transparent” by recording and
publicly exposing complete transaction contents, operational logs,
and rule-execution traces. This reduction of verifiability to data
visibility systematically produces three layers of structural failure.

First Failure: Logging Does Not Constitute Proof

Operational logs exist to support system runtime and trou-
bleshooting; they are incidental byproducts of execution.
Proof, by contrast, exists to support responsibility attribu-
tion and formal adjudication, and must therefore be inten-
tionally structured. The distinction does not lie in the vol-
ume of recorded information, but in whether outputs satis-
fy strict constraints of deterministic replayability and
cryptographic anchoring.
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Logs routinely intermix non-deterministic intermediate
states, diagnostic artifacts, and implementation-specific
details, making consistent reproduction across software
versions inherently unstable. More fundamentally, they lack
a definition of minimal completeness for external verifiers:
third parties cannot determine which fields constitute ma-
terially relevant facts, which represent engineering noise,
or whether records have been selectively truncated or cu-
rated. The paradoxical outcome is that broader disclosure
expands, rather than reduces, the interpretive surface for
dispute. Verifiability does not emerge from data accumula-
tion.

Second Failure: Direct Incompatibility Between Full Disclosure
and Data-Protection Regimes

Participants in sovereign DLT systems operate across het-
erogeneous legal jurisdictions that uniformly enforce prin-
ciples of data minimization, purpose limitation, and con-
trolled access. Full disclosure transforms information that
could otherwise remain confined within sovereign do-
mains into normalized cross-border circulation, converting
isolated compliance risks into systemic institutional expo-

sure.

As operational scale increases, the expanding data surface
rapidly outpaces the feasibility of managing authorization
boundaries, retention constraints, and erasure obligations.
Once leakage, misuse, or regulatory breach occurs, liability
chains propagate transnationally, progressively eroding in-
stitutional credibility and long-term system viability.

Third Failure: Excessive Transparency Generates Sovereign In-
formation Leakage and Structural Power Asymmetry

Within cross-sovereign collaboration, informational visibil-
ity itself constitutes strategic leverage. Full exposure of
transaction flows, risk-control thresholds, and regulatory
trigger conditions effectively reveals national enforcement
postures, financial sensitivities, and macro-risk preferenc-

es to the global competitive environment.

The deeper structural contradiction arises from inherently
asymmetric disclosure capacities among participants. Ju-
risdictions constrained by strict institutional obligations
are often compelled to disclose more, while actors with
regulatory flexibility or technical dominance retain fine-
grained control over outbound information. When system
design implicitly equates increased disclosure with
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increased credibility, it hard-codes this asymmetry into
permanent competitive disadvantage. The more con-
strained participants incur higher compliance burdens
while simultaneously surrendering strategic autonomy.

Such an imbalanced structure is inherently unstable. Its
long-term outcomes converge either toward network hol-
lowing, where collaboration persists only nominally under
dominance by a small number of powerful actors, or to-
ward the reintroduction of centralized authorities to rebal-
ance information rights. Both trajectories fundamentally
contradict the premise of polycentric, sovereign interoper-
ability.

In sovereign settlement contexts, expanded disclosure does not
produce verifiability. Instead, it accelerates systems toward insti-
tutional unsustainability, simultaneously undermining trust for-
mation and amplifying irreducible regulatory and geopolitical
risk.

Verifiability must therefore be conceptually reconstructed. Trans-
parency should not seek to make data visible; it must seek to ren-
der critical facts cryptographically certain. Genuine auditability
means that authorized external verifiers can, within institutional-
ly defined permissions, conclusively validate the core determi-
nants of settlement finality and responsibility attribution. The
value of transparency lies not in informational breadth, but in the
provision of enforceable, verifiable constraint.

Accordingly, the remainder of this chapter adopts minimal expo-
sure as a foundational design principle and systematically ad-
dresses the following questions:

» What indispensable elements must a proof contain?

* How should proofs be structured through layered compo-
sition?

* How can cryptographic anchoring and desensitized sum-
maries enable verification without disclosure?

* How can conditional revelation be employed for dispute

resolution and regulatory access?

The objective is not to reduce transparency, but to elevate it from
low-dimensional data exposure into verifiable structural con-
straint - enabling sovereign DLT systems to scale while maintain-
ing institutional legitimacy and long-term operational sustainabil-

ity.
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A8.2

The Principle
of Minimal Exposure:
Necessary Elements of

Verifiability

Since excessive transparency is infeasible, the question necessar-
ily converges to a minimal form: under the constraint of not dis-
closing raw data, what is the minimal and sufficient information
set that enables independent verification? The objective of trans-
parency thus shifts from displaying data to proving facts. Proof
design, in turn, shifts from recording detail to establishing a clear,
enforceable boundary of disclosure.

This chapter therefore adopts the principle of minimal exposure
as a foundational constraint for proof design. Its purpose is not
merely information compression, nor a blanket prioritization of
privacy, but the institutional definition of a necessary-and-suffi-
cient disclosure boundary. Along the default path, the system dis-
closes only those elements required to support cross-domain
consistency verification and responsibility anchoring. Raw data,
sensitive fields, and inferable context should, to the maximum ex-
tent feasible, remain within the local sovereign domain or be
placed under strictly controlled conditional-disclosure mecha-
nisms. Higher-resolution disclosure is activated only when strictly
required, such as for dispute resolution, supervisory investigation,
or authorized audit, and only pursuant to explicit institutional au-

thorization.

Implementing this principle requires a clear separation between
two fundamentally different categories of information.

The first category is raw business data: the identity details of
participants, account identifiers, commercial context, contractual
terms, source-of-funds documentation, and related materials.
Such data may be indispensable for domestic compliance deter-
minations by executing parties, but it is typically not a necessary
input for cross-domain verifiers to confirm settlement finality

and rule-consistent execution.

The second category is verifiable facts required for audit. What
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verifiers require is not raw detail, but a set of constraints that can
be independently replayed. This includes: when the cross-domain
event was evaluated under which version boundary of the rule sys-
tem; which abstracted attribute commitments represented the in-
puts; which deterministic conclusions were produced by rule exe-
cution; and how those conclusions were cryptographically bound
to subsequent confirmations of settlement finality. In other words,
verification is not about “whether all details were visible”, but
whether “the required rule path was followed under the applica-
ble conditions”.

Accordingly, sufficiency for verification should not be measured
by field count, but by whether disclosed proofs satisfy three insti-
tutional requirements:

1. Rule determinacy: verifiers can confirm the semantic
content and version boundary of the rules applied - i.e.,
under which rules execution occurred at the time.

2. Input integrity: verifiers can confirm that execution in-
puts were semantically complete and untampered with -
i.e., on what asserted facts the determination was based.

3. Output binding: verifiers can confirm a non-separable
proof binding between execution conclusions and settle-
ment actions - i.e., why a given settlement confirmation is

valid in proof.

Only when these three requirements are satisfied simultaneously
can proofs provide a trusted basis for cross-domain collaboration
without requiring raw-data disclosure.

From an engineering perspective, minimal exposure shifts proof
design from recording factual detail to recording verifiable con-
straints. Verifiability should be constructed from structured com-
mitments rather than direct data output. A reasonable minimal
proof set typically includes, while avoiding direct exposure of
sensitive fields, fingerprints of rule versions and key parameters,
identifiers of execution environments and issuers, commitments
or summaries over input attributes, verifiable constraints over
conclusions and key decision branches, and cryptographic an-
choring relationships to subsequent settlement events.

The common property of these elements is that they allow verifi-
ers to assess consistency without access to raw inputs and, where
necessary, to obtain higher-resolution information through con-
trolled mechanisms for dispute resolution, without exposing sen-
sitive data to irrelevant parties along the default path.

It should be emphasized that minimal exposure does not deny
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differentiated information-resolution requirements across risk
levels and scenarios. Operational compliance often requires risk-
based tiering: low-risk activity may rely on coarse-grained attri-
bute proofs; medium- and high-risk activity may require fin-
er-grained proofs and may, in narrowly scoped cases, trigger
conditional disclosure of specific fields. Regardless of scenario
variation, however, the principle remains binding. The system
must first define the lowest necessary proof form on the default
path, and then specify explicitly under which trigger conditions,
through which authorization mechanisms, and to which parties
higher-resolution disclosure may occur. Tiered disclosure is the
dynamic implementation of minimal exposure, not an exception
toit.

At the intersection of institutional design and engineering prac-
tice, minimal exposure must be concretized as a verifiable bound-
ary. For sovereign-level settlement systems, minimal verifiable
proof is not the compressed recording of all “relevant” informa-
tion; it is the retention - on the default collaboration path - only of
elements indispensable to cross-domain consistency verification
and responsibility anchoring. Concretely, proofs must explicitly
include:

1. Rule-boundary traceability: verifiable fingerprints of rule
versions and key parameters.

2. Execution-subject authenticity: identities and authoriza-
tion sources of executing parties and execution environ-

ments.

3. Input-condition commitment: complete, non-separable
semantic commitments over input conditions, preventing

selective deletion or alteration.

4. Output-binding provability: a definite, non-repudiable
binding between execution conclusions and subsequent
settlement or state-transition finality.

Conversely, the principle delineates information that should not
appear by default. The default proof path should exclude: raw per-
sonally or commercially identifying information; background ma-
terials without direct causal relevance to the settlement at issue;
and redundant fields that enable reverse inference of behavioral
patterns, business strategies, or regulatory parameters. Even if
such information is relevant to domestic compliance assessment,
it should not systematically spill over due to cross-domain verifi-
cation requirements.

This positive-negative boundary is grounded not in engineering
convenience, but in the long-established principle of data
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minimization within data-protection and financial compliance
frameworks!'. Institutional legitimacy does not depend on infor-
mational breadth, but on the system’s ability to constrain expo-
sure while satisfying verifiability - demonstrating that any
cross-domain data flow is necessary for verification and no more
than necessary. Only with this boundary clearly specified can lay-
ered proof structures, conditional-disclosure mechanisms, and
lifecycle governance be built on a stable institutional foundation.

Once the principle is operationalized, the tension between trans-
parency and privacy shifts from debates about how much data to
disclose to an engineering question about how proof structures
should be designed. The system no longer trades full exposure for
trust; instead, it demonstrates through verifiable constraints that
rules were followed and settlement finality is legitimate even when
raw data remains undisclosed. Only under such a proof paradigm
can sovereign settlement infrastructures achieve the transparen-
cy required for large-scale collaboration while preserving the pri-
vacy and compliance acceptability necessary for long-term oper-
ation.

A8.3

Layered Proof Expression:

Desensitized Summaries,
Cryptographic Anchoring,
and Conditional Visibility

The principle of minimal exposure clarifies the objective. The re-
maining problem is structural: how can cross-domain verifiability
be achieved while systematically avoiding full disclosure?

In sovereign settlement infrastructures, proof cannot be carried
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by a single artifact, file, or log stream, because verification re-
quirements are inherently tiered. In routine operation, partici-
pants typically need only confirm that a transaction was executed
under the applicable policy version and remains traceable. In the
minority of cases, such as audits, investigations, or dispute resolu-
tion, higher-resolution information may be required to re-exam-
ine specific details.

If these requirements are collapsed into a single proof carrier,
system design becomes trapped in a false binary: either excessive
disclosure becomes the default, or verification becomes insuffi-
cient when escalation is necessary. A layered proof architecture
resolves this tension by separating default verifiability from con-
ditional deep verification, thereby preserving institutional accept-
ability at scale.

Layering is not a simple partition of the same proof material.
Rather, it assigns distinct visibility boundaries to different verifi-
cation objectives. An operable layered structure should define, at

a minimum, the following tiers:

1. Default visibility tier: the minimal information that must
traverse the cross-domain path to support independent
verification under standard permissions;

2. Abstract commitment tier: desensitized and semantically
refined attribute commitments that allow verifiers to con-
firm condition satisfaction without access to underlying

content;

3. Conditional disclosure tier: institutionally authorized re-
lease of higher-resolution information to designated par-
ties, with the disclosure action itself remaining verifiable
and accountable.

Within this structure, cryptographic anchoring and desensitized
summaries are not auxiliary privacy tools; they are foundational
proof primitives.

Cryptographic anchoring separates existence and consistency
from content visibility. By producing deterministic commitments
over raw inputs, key state transitions, or rule-execution conclu-
sions, the system can prove, without revealing content, that cer-
tain facts were fixed at a specific time and cannot be substituted or
altered during later verification. The system does not offer “what
can be seen”, but rather “what cannot be rewritten after the fact”.
This property is central to cross-sovereign trust, precisely be-
cause it eliminates the space for ex post reinterpretation and se-
lective reconstruction.
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Desensitized summaries enable verifiers to reconstruct the logi-
cal trajectory of rule execution without accessing sensitive de-
tails. They are not mere field masking; they are semantic refine-
ment: transforming identity attributes, commercial data, or sov-
ereignty-sensitive parameters into verifiable statements that pre-
serve compliance meaning while preventing unnecessary disclo-

sure.

In practice, a verifier may need to confirm that a subject satisfies
a specified KYC tier, that a transaction falls within a defined com-
pliance category, or that a source-of-funds process met pre-
scribed due diligence requirements - without learning names, ad-
dresses, identification numbers, or full contractual text. The ob-
jective is to make rule execution replayable at the level of decision
logic rather than at the level of original documentation. Institu-
tionally, third-party verification must center on verifiable attri-
butes, not raw personal or commercial data.

Cryptographic anchoring and desensitized summaries, however,
do not exhaust real-world requirements. In dispute handling or
supervisory investigation, access to specific details may be un-
avoidable. This introduces the third tier: conditional visibility, the
proof-level realization of conditional disclosure.

Conditional visibility is not discretionary disclosure. It is an insti-
tutionalized triggering mechanism. When defined conditions are
satisfied, such as arbitration, law-enforcement requests, supervi-
sory inspection, or risk escalation, the system may, within an ex-
plicit authorization scope, release higher-resolution information
to designated parties. Crucially, the disclosure itself must leave
verifiable traces so that its scope, recipient, timing, and justifica-
tion are auditable after the fact. The system must therefore prove
not only that policy execution was correct, but also that disclo-
sure was properly triggered and minimized.

A common misconception is to treat layered proofs as a simple
public—private split. For sovereign settlement infrastructures, a
more robust conception is to treat proof as an upgradable verifi-
cation path:

* Default path: provides minimal, broadly applicable verifi-
cation capabilities for high-frequency cross-domain col-
laboration;

» Upgrade path: releases additional information under strict
conditions to resolve low-frequency but high-importance
disputes.

To preserve replayability under escalation, tiers must be
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cryptographically linkable. Higher-resolution disclosures must be
demonstrably expansions of previously anchored commitments,
not ex post assembled narratives. Cryptographic anchoring pro-
vides precisely this linkability, ensuring that escalation refines
prior commitments rather than rewriting history.

Under such a layered design, auditing practice also changes. Tra-
ditional auditing often presumes that rigor requires broader ma-
terial access. In a verifiable DLT system, auditing begins with a
structural examination: whether proofs are complete, consistent,
linkable, and upgradeable. In most cases, auditors need only con-
firm:

* that policy versions are correctly bound;

* that executing subjects and environments are authentica-
ble;

* that input commitments are complete;

* that conclusions are non-separably bound to settlement
finality events;

* and that any escalation follows institutionalized triggers
and authorization.

Only when structural verification cannot resolve doubts does re-
view proceed to higher-resolution materials. This does not weak-
en audit rigor; it reorients audit from voyeuristic inspection to-
ward structural verification, maintaining strong constraints while
protecting privacy and sovereign boundaries.

In summary, layered proof expression is not a compromise but a
necessary architecture for scaling sovereign verifiable systems. It
achieves this by:

* Desensitized summaries: shifting verification from raw
data to verifiable attributes;

* Cryptographic anchoring: shifting trust from content vis-
ibility to non-repudiable consistency commitments;

» Conditional visibility: placing necessary detail access

within an institutionalized and accountable framework.

Only within such a proof structure does transparency mean de-
monstrability and privacy mean minimal exposure under verifi-
able constraint, enabling cross-domain collaboration to remain
institutionally acceptable and politically sustainable over the long

term.
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A8.4

Replayable
but Not Inspectable:

Boundary Conditions for Third-Party

Verificationand Conditional Visibility

In verifiable systems, replayability is often treated as the high-
est-order property: any authorized third party should be able to
recompute rule execution in an independent environment and
thereby confirm the correctness of the outcome. When replay-
ability is misconstrued as the reproduction of all underlying raw
data, however, the system re-enters the failure path of excessive
transparency, indeed in a stronger form, by implicitly equating
audit rights with a perpetual entitlement to full informational ac-
cess.

The core claim of this section is that replayability concerns the
deterministic reproduction of decision logic, not the recon-
struction of full business reality. Genuine replayability does not
require third parties to handle raw data. Accordingly, the system
must define explicit boundaries: which information verifiers re-
quire, what they are permitted to observe by default, which sensi-
tive fields are prohibited, and under which institutional conditions
higher-granularity verification materials may be authorized.

Replayability as Deterministic Semantic Reproduction

Replayability is a property of deterministic rule-execution
semantics, not of data visibility. Determinism implies that,
under the same policy version boundary, rule parameters,
and abstracted inputs, any compliant execution environ-
ment will converge on the same conclusions and produce
verifiable proofs consistent with the original outcome. The
emphasis is on semantic consistency and recomputability,
not on exposure of underlying materials.

Institutional transparency is achieved when authorized

third parties can independently validate, at minimum, that:

¢ the rule version boundary applied at execution time is
unambiguous;

* inputs were semantically complete and not selectively
substituted;
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¢ execution followed deterministic rule semantics;

 conclusions are non-separably bound to settlement-fi-
nality events.

Minimal Verification Privilege: Constraints Over Materials

The minimal privilege set for third-party verification
should be defined in terms of verifiable constraints rather
than unrestricted access to materials. Verifiers require re-
computable structures - not free-form inspection of raw
fields. Along the default path, third-party verification
should typically rely only on: locatable policy versions and
key-parameter fingerprints; authenticated execution sub-
jects and execution environments; commitments or sum-
maries over input attributes; verifiable constraints over
conclusions and critical decision branches; and cryp-
tographic anchoring relationships to subsequent settle-
ment events.

Under this model, inputs are presented as verifiable attri-
butes rather than raw data, and outputs appear as verifi-
able conclusions rather than narrative reports. Assurance
is obtained through recomputation and validation, not
through inspection.

From Perceptual Transparency to Structural Transparency

“Replayable but not inspectable” does not weaken trans-
parency; it elevates transparency from perceptual visibility
to structural provability. In sovereign settlement infra-
structures, this is the only sustainable form, because
cross-domain collaboration cannot be built on indefinite
exposure of sensitive data. The system must provide a veri-
fication mode that imposes strong external constraints on
execution behavior while preventing cross-border propa-
gation of raw sensitive information. This is the proof-layer
extension of the minimal auditable closed loop: the closed
loop requires a verifiable relationship between execution
and proof, not the dissemination of underlying data.
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Role Separation and Visibility Scopes

To make these boundaries operational, the system must distin-
guish actor categories and associated visibility scopes.

* Routine verifiers: cross-domain participants or relay hubs
on the default collaboration path, whose objective is to
confirm that transactions satisfy the compliance precon-
ditions required for settlement.
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* Authorized auditors: entities empowered in specific sce-
narios to conduct deeper review, including sampling of at-
tribute formation processes, higher-resolution analysis of
execution paths, and investigation of potential abuse.

* Law-enforcement and judicial authorities: entities acting
under statutory mandates for investigation, proof collec-
tion, and responsibility adjudication.

The default path need satisfy only the minimal verification re-
quirements of routine verifiers. The requirements of authorized
auditors and judicial actors are satisfied through conditional dis-
closure and authorization chains, and the disclosure acts them-
selves must be recorded as auditable, attributable events.

This separation establishes institutional boundaries for replayabil-
ity: by default, replay verifies rule logic and abstract attributes
without exposing raw data; only when defined conditions are met
and authorization is complete may higher-granularity disclosure
be triggered. The design mirrors layered proof structures and ad-
heres to the minimal-necessity principle in data protection. Its
deeper significance is to eliminate a persistent misconception:
verification rights are not equivalent to panoramic data-access
rights. Otherwise, audit mechanisms themselves become chan-
nels of privacy leakage and sovereign information spillover.

Risk-Based Disclosure: Alignment with Established Compliance

Frameworks

Cross-border disclosure has long operated under risk-differenti-
ated principles. This chapter does not introduce a novel doctrine,
but aligns with established international compliance frameworks,
including FATF’s risk-based approach”. In practice, proportionali-
ty is often implemented unevenly across jurisdictions. The system
therefore adopts an alignment rather than reconstruction strate-
gy: it reuses established risk-assessment dimensions (such as
value, frequency, and counterparty characteristics) and converts
risk-control outputs into machine-executable disclosure logic,
avoiding subjective redefinition of risk and instead emphasizing

deterministic and verifiable compliance actions.

This risk-driven tiering already has clear regulatory precedents.
For cross-border transfers, FATF’s Travel Rule introduces a widely
adopted threshold (USD 1,000 or EUR-equivalent), below which
only baseline originator/beneficiary information is typically re-
quired, while higher-value or higher-risk patterns trigger en-
hanced retention and disclosure procedures®. The tiered disclo-
sure mechanism here draws on this threshold logic rather than
introducing arbitrary standards.
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Accordingly, along default low-risk collaboration paths, the sys-
tem generates and shares only the minimal proof set required for
verifiability. When risk indicators cross predefined thresholds, the
system transitions, under predefined rules, into conditional dis-
closure paths that provide higher-resolution attribute proofs or
targeted compliance materials. Importantly, escalation does not
imply indiscriminate publication. It entails graduated release of
necessary information under risk-driven, scope-limited, pur-
pose-specific conditions.

Conditional disclosure further concerns not only what may be re-
vealed, but under what triggers and under whose authorization
disclosure occurs. All disclosure acts must be recorded as audit-
able events, ensuring that any access beyond the default mini-
mal-exposure scope has explicit triggers, authorization sources,
and responsibility attribution. This aligns with FATF's emphasis on
traceable and accountable risk responses and prevents risk miti-
gation from degenerating into uncontrolled information diffusion.

Finally, replayability must be distinguished from interpretive au-
thority. Authorized third parties may recompute compliance con-
clusions, but should not possess unrestricted rights of reinterpre-
tation. Interpretive latitude reopens the space for narrative con-
testation of rule application and proof meaning, a space that
readily produces new disputes in cross-sovereign environments.
The objective is not to enable each verifier to supply its own in-
terpretation, but to ensure that all verifiers converge on the same
conclusion within a unified proof framework. Replayability is
therefore anchored in deterministic semantics and structured
proofs, while minimal privileges, layered proofs, and conditional
disclosure constrain information exposure within institutionally
permissible boundaries.

In sum, replayability does not require exposing everything to
third-party control. It requires enabling third parties to validate
that the system did not deviate from rules without accessing sen-
sitive detail. This is a core distinction between sovereign verifiable
settlement infrastructures and traditional centralized audit re-
gimes: structured proof replaces full disclosure; deterministic se-
mantics constrain ex post interpretation; authorization chains
bound necessary access. Together, these establish a scalable and
sustainable institutional balance between transparency and pri-
vacy that remains compatible with data-sovereignty constraints.
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AS8.5
The Proof Lifecycle:

Governance Boundaries Under
Data-Protection Constraints

The preceding sections established the structural design of
proofs in space, enabling a principled balance between transpar-
ency and privacy. For this design to remain institutionally sustain-
able, however, it must also be evaluated along the temporal di-
mension. The full proof lifecycle - from generation to retirement -
must be compatible with the internal logic of global data-protec-
tion regimes.

Lifecycle governance is not merely a technical operational con-
cern. It is an institutional prerequisite for sustained sovereign
participation and durable cross-domain mutual recognition. The
central tension is straightforward: data-protection regimes focus
less on whether information exists and more on why it is retained,
for how long, who may access it, when it must be disposed of, and
how misuse is prevented.

Before specifying lifecycle mechanics, one foundational distinc-
tion must be stated explicitly: proof immutability is not equiva-
lent to perpetual readability of proof content.

What data-protection and financial-compliance frameworks re-
quire to be retained over time is the verifiable capacity to confirm
that relevant facts occurred and were not tampered with - not
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the indefinite availability of raw sensitive information. This dis-
tinction is reflected in existing regulatory principles. For example:

* GDPR’s storage-limitation principle requires personal data
to be retained no longer than necessary for the purposes
of processing'"..

* FATF guidance, while emphasizing record-keeping obliga-
tions, also points to proportionality and disposal mecha-

nisms?.

These frameworks do not reject ex post audit; they require sys-
tems to constrain retention scope and duration while still sup-
porting audit and adjudication. From an engineering standpoint,
this yields a core operational paradigm: content retires; commit-
ments persist.

* Commitments persist: at the moment of execution, the
system generates and anchors compact cryptographic
commitments associated with rule execution and settle-
ment finality (e.g, hashes, timestamps, and policy-version
fingerprints). These commitments are non-identifying and
minimal in size, yet remains sufficient to verify, even years
later, under which policy boundary execution occurred
and what deterministic conclusions were produced.

* Content retires: raw sensitive inputs supporting the de-
termination (e.g., identity details and full documentation)
remain readable only for the period necessary to complete
processing purposes (e.g., settlement completion and the
applicable dispute or audit window). After that period,
technical controls, such as key destruction, access revoca-
tion, or cryptographic re-wrapping under restricted cus-
tody - remove such content from default accessibility.

This paradigm allows the system to satisfy two requirements that
otherwise appear in conflict: long-term verifiability of historical
facts and time-bounded protection of personal, commercial, and
sovereignty-sensitive data. Proof-lifecycle governance is the pro-
cess of translating this paradigm into executable and auditable
technical rules.

It should be emphasized that lifecycle governance does not erase
or conceal history. It applies differentiated preservation according

to institutional function:

e Fact anchors and execution conclusions, as commitments
supporting responsibility attribution and cross-domain
state consistency, must persist on a long horizon, poten-
tially indefinitely.
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* High-risk, identifiable raw content, once it has fulfilled its
institutional purpose (e.g, domestic compliance determi-
nation or dispute adjudication), should progressively ex-
pire, be desensitized, or become accessible only through
strictly governed escalation paths.

This approach is consistent with established compliance and pri-
vacy practices, including irreversible hashing, tokenization, and
dynamic access-control regimes that preserve auditability while
adhering to minimization and retention constraints.

Accordingly, the objective of lifecycle governance in this system is
not to extend retention indiscriminately, but to define, with insti-
tutional clarity, the temporal role of each information category.
The system must remain capable of supporting post hoc
third-party replay verification while avoiding the cumulative pri-
vacy, compliance, and sovereignty-friction risks that arise from
indefinite retention of sensitive content.

Primary Lifecycle Tension: Permanent Traceability Versus
Bounded Data Retention

Sovereign verifiable settlement infrastructures typically require
long-term stability and traceability of records, while modern da-
ta-protection regimes emphasize purpose limitation, minimiza-
tion, and bounded retention periods. Across most jurisdictions,
retention must serve a clear and necessary legal purpose, and ex-
cessive or indefinite storage is itself treated as a compliance risk.
At the same time, cross-domain settlement requires accountabili-
ty and dispute-resolution capacity, which in practice demands
that proofs remain retrospectively usable for audit, arbitration,
and judicial procedures over an adequate horizon.

Resolving this tension requires a more precise definition of immu-
tability. Immutability should be understood as a rigid commit-
ment to the integrity and consistency of generated proofs, not as
a mandate that all associated information remain perpetually
readable. Certain components of proof may safely retire under in-
stitutional rules; as long as their core commitments - cryp-
tographic anchors and conclusion summaries - remain durable,
the legal and technical force of the underlying facts remains in-
tact.

Having established the principles of minimal exposure and lay-
ered proof expression, proof design must therefore extend into
lifecycle governance. This is not mere data management. It is the
institutional process of internalizing constraints - data protection
obligations, audit requirements, and sovereign boundaries - into
executable system rules. The objective is to maintain an
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institutional balance between long-horizon trustworthiness of
proofs and timely retirement of sensitive information.

Principle One: Purpose-Driven Layered Retention

The first lifecycle principle is purpose-driven layered retention.
Different proof tiers serve different institutional purposes. The
minimal proof set used on the default verification path exists to
support long-term traceability for cross-domain consistency and
settlement finality. Higher-resolution materials that appear only
under conditional disclosure are typically associated with super-
visory investigations, dispute resolution, or judicial proceedings
and are therefore more likely to contain personal, commercially
sensitive, or sovereignty-sensitive content.

Under this structure, the system must define, with precision,
which proof tiers require long-term preservation and which must
progressively reduce accessibility - or, where legally required, un-
dergo controlled expiration or deletion - once their purpose is
fulfilled. Lifecycle governance is therefore not a uniform retention
policy applied to all proofs; it is a structural and permission-based
separation between long-term institutional needs and short-term
operational needs.

Principle Two: Erasure as Control of Readability, Not Destruc-
tion of Consistency

A second core issue is how to interpret erasure within a verifiable
system. In data-protection regimes, erasure rights are often
framed as a strict requirement. Within sovereign settlement in-
frastructures, however, complete removal of historical traces is
not feasible: it would eliminate the proof foundation necessary for
reconciliation, audit, and dispute adjudication.

The workable resolution is to redefine erasure in layered terms.
Erasure should be implemented as institutional control over con-
tent readability and access availability, rather than physical de-
struction of historical consistency. Proof commitments may per-
sist as long-horizon structural anchors, while sensitive content
exits default visibility through mechanisms such as key destruc-
tion, access revocation, controlled invalidation, or restricted
re-wrapping. The institutional objective is not to erase the fact of
execution, but to ensure legal non-identifiability and non-reus-
ability of sensitive content outside lawful, purpose-bound access
paths.

This approach aligns naturally with layered proof design: the sys-
tem maintains cryptographic anchoring of historical facts while
allowing highly sensitive details to transition from readable to
conditionally readable to effectively unreadable, producing a
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sustainable equilibrium between compliance constraints and sys-
tem trustworthiness.

Principle Three: Auditable Authorization and Access-Responsi-
bility Trails

A third challenge concerns the auditability of access control and
authorization. In many regulatory contexts, the questions “who
accessed” and “was access necessary and lawful” are institution-
ally more sensitive than whether data was retained at all. To with-
stand compliance control and mitigate privacy and political risk,
access and disclosure processes must themselves be incorporated
into the proof framework. The system must demonstrate not only
correct rule execution, but also that any access beyond the de-
fault scope was lawful, traceable, and minimized.

A sustainable design therefore maintains two interlocked trails
over time:

1. Business-fact trail: the trace of transaction execution and
settlement-finality state transitions;

2. Access-responsibility trail: a record of each viewing,
copying, transmission, or export of proof materials, bound
to an authorization basis, acting subject, timestamp, and
declared access purpose.

Principle Four: Cross-Temporal Interpretability and Regulatory
Adaptation

A fourth challenge is cross-temporal interpretability under evolv-
ing regulatory expectations. Data-protection rules evolve, privacy
standards change, and national supervisory interpretations may
shift. If proof structures cannot accommodate such evolution,
systems face institutional risk in which historical proof is retro-
spectively questioned for legal adequacy.

Two frequently conflated concepts must therefore be separated:
long-term existence of proof does not imply long-term readability
of proof content. Long-term existence means historical consis-
tency remains verifiable; long-term readability implies that raw
content can always be fully decoded and interpreted in the future.
For personal identity data, commercial confidentiality, and sover-
eignty-sensitive information, perpetual readability is neither a
necessary nor a reasonable institutional objective.

A more resilient design ensures that the minimal verifiable core of
proof remains usable long term, while highly sensitive details
gradually exit default readability after defined periods and can be
recovered only under lawful conditions through controlled pro-
cesses, or interpreted by authorized parties under bounded per-
missions. This avoids both the compliance risk of perpetual expo-
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sure and the operational risk of irrecoverable trace loss.

Governance Boundary: Lifecycle Orchestration as Data-Sover-
eignty Engineering

Finally, sovereign settlement infrastructures face a governance
boundary that cannot be treated as a purely technical question.
Proof lifecycle governance must align with the legal responsibili-
ties of participating entities. In layered architectures, certain core
content must remain within sovereign domains under domestic
jurisdiction; summarized or anchored commitments may flow
cross-domain to support global consistency verification; and
highly sensitive supplementary materials must be accessible only
under specific authorization and compliance procedures.

In effect, lifecycle governance is an institutional orchestration of
data sovereignty. It binds retention, access, disclosure, and retire-
ment to clearly assigned responsible parties and judicial boundar-
ies. This ensures that, over long-term operation, the system nei-
ther loses credibility through proof gaps nor forfeits legitimacy
and political sustainability through excessive retention, uncon-
trolled access, or misuse of sensitive information.
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CHAPTER AS.

Risk & Resilience

in Sovereign Settlement Interface
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Abstract:

In the Sovereign Settlement Interface (SSI), risk management and system resil-
ience are grounded in constitutional design principles that preserve jurisdictional
sovereignty, programmable compliance, and neutral global coordination. Rather
than relying on generic blockchain notions, SSI’s architecture (as defined in
Chapters A7 and A8) delineates clear layers and roles, from domestic Sovereign
Compliance & Execution Layers (SCELs) to the global Sovereign Relay Hub (SRH),
to ensure that cross-border settlement remains robust against failures and com-
pliant under stress.

This chapter analyzes SSI’s risk surface and the mechanisms for graceful degra-
dation, continuity, and governance that together form a principled framework for
institutional resilience.

As referred to in this chapter, "degradation” by no means implies a dilution of
settlement semantics, a compromise on finality, or a substantive lowering of reg-
ulatory standards. Rather, degradation is defined as a controlled fallback in exe-
cution strength, trust hierarchy, or service boundaries necessitated by force ma-
jeure or technical constraints.Every form of degradation must be explicitly
flagged, remain logically replayable, and be fully transparent to audit. The funda-
mental bottom line remains: degradation alters only the "container" of execution,
while the determinism of rule outcomes remains inviolable.
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A9l
Risk Surface

Portugal, 2015, Jodo Nascimento

“The Essence is inherently immutable;
despite the flux of interactions, the System remains constant.”

“FHRERE, BRER, HEFE, 7

— Wang Yangming, Instructions for Practical Living (-EFHA, {f&>J5%))

The multilayered design of SSI explicitly isolates and minimizes
key risk surfaces across technical, regulatory, and governance di-
mensions. Each architectural component - from local SCELSs to
the global SRH - addresses distinct vulnerabilities while simulta-
neously supporting dual finality (the concurrent finalization of
ledger and policy) and verifiable chains of proof. The principal risk

domains and their corresponding mitigation measures include:

A9.11 Global Coordination Point Risk (SRH)

The SRH serves as a critical foundation for the ordering and final-
ization of cross-border transactions, which may be perceived as a
single point of failure or control. Within the SSI architectural de-
sign, this risk is deliberately mitigated through a combination of
constitutional and technical constraints. Key risk-reducing prop-
erties include:

* “Critical but not fatal” principle: In the event of an SRH
failure, only global cross-border settlements are suspend-
ed, while domestic (national) financial systems continue to
operate without disruption.
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* State-preserving hub replaceability: The SRH can be re-
placed without compromising system integrity, preventing
it from becoming an irreplaceable single point of failure.

* Constrained SRH mandate (“coordination-only, no deci-
sion authority”): The SRH has no unilateral authority to
intervene in national decisions and performs a strictly co-

ordinative function.

* Neutral, multi-sovereign governance: The governance
model of the SRH precludes subordination of the infra-
structure to the will of any single actor and ensures that
no country’s financial system is existentially dependent on
an external center of authority.

Accordingly, within SSI the SRH functions as a global coordination
anchor while remaining institutionally and architecturally con-
strained, incapable of becoming either a singular source of trust
or a mechanism of external coercion.

A9.1.2 Interoperability - Trust Mismatch

In a network spanning multiple blockchains and jurisdictions,
misaligned trust assumptions or the presence of malicious (com-
promised) gateways constitute a systemic risk. A particular vul-
nerability arises from cross-domain attestations - claims that the
state or compliance guarantees of one SCEL can be accepted as
valid by another domain. When such attestations are not stan-
dardized, they become a systemic weak point. SSI mitigates this
risk through a formalized three-tier trust model for cross-chain
messaging, which establishes a predictable and verifiable interac-
tion framework:

Tier 1- Cryptographic proofs by default:
Direct cryptographic verification methods (e.g., Merkle
proofs or light-client verification) are used, enabling receiv-
ing parties or the SRH to independently validate transac-
tion outcomes without reliance on external intermediaries.

Tier 2 - Committee-based attestation:
When Tier 1 proofs are not feasible, a model is applied in
which a multi-sovereign committee of validators collec-
tively attests to the transaction, distributing trust across
multiple jurisdictions.

Tier 3 - Single designated gateway attestation (last resort):
Under emergency conditions, transaction confirmation via
a single pre-designated gateway is permitted. As a trade-
off, this mode is explicitly accompanied by:
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* clear labeling of a reduced-trust operating mode

* enhanced ex post audit and review requirements.

This hierarchical trust structure ensures that even when the se-
curity posture of individual domains degrades, cross-border set-
tlement does not halt entirely but continues in a controlled mode
with verifiable guarantees. At the same time, it prevents “fragile”
ad hoc solutions by codifying a formal trust-degradation pathway,
ensuring that any compromises remain transparent, auditable,
and accountable.

A9.1.3 Proof Integrity and Compliance Risk

The fundamental risk in inter-sovereign transactions lies in a po-
tential divergence between technical settlement and regulatory
compliance. For example, a payment may be irreversibly settled at
the ledger level while failing to satisfy legal or policy requirements
- or, conversely, may meet compliance requirements but never
achieve final technical confirmation. SSI resolves this gap through
the principle of Dual Finality, under which a transaction is consid-
ered complete only when both of the following conditions are sat-
isfied:

* Ledger Finality: the transaction is irreversibly committed
to the ledger of the originating SCEL.

* Policy Finality: the transaction is accompanied by a vali-
datedPoPC.

The SRH issues confirmation of global finality only when both
conditions are met - that is, when the transaction has been con-
clusively finalized at both the ledger and compliance layers. This
approach delivers several critical effects:

* Policy violations cannot remain latent: any attempt to
settle a transaction without a valid proof of compliance is
either rejected by the system or remains legally ineffective.

» Standardization of compliance outcomes: the PoPC
mechanism transforms jurisdiction-specific internal
checks into a unified, portable proof package.

* Independent verifiability: all participants can inde-
pendently validate PoPC without relying on external inter-
mediaries or trusted third parties.

* End-to-end evidentiary chain: a continuous linkage is
preserved between ledger state and policy compliance, re-
ducing the likelihood of hidden non-compliance and miti-
gating the risk of disputes over transaction validity.

215

(UHERANT, RVPELHEE
o JETIAG Be (ERAL, B
RO DA T 2K

« AT RS TR ;

o EPHHRE S IR

XA RS EGAER, RIE NIRRT 2 2K
OUNEE, BSRAEE A ARIZAINT, 2 PAR]
AR SLI2TT, FHEMERTRIECRRE, R,
EE S il IE A EEREHERAE, BBl
“Waggr” G RRRTT R, PRI Z AR
FHEW, Al HANESL,

A9.1.3 EMIRSE RN S S XS

TRAZZ 7 BIRRA KA THORGE R STEHE
MATREHBI T, BN, —ER G FIRECATE
WA BRI SERREE SR, (HAETAREUBUR b
HAEGM ; R, SSI i@ WEL /PR
MfFPOX — A, A 5 DRI A R
REI, ZoHA PN TR :

o WKALRN: : 225 B ARYHIE AR

77 SCEL HIA ;
s BURZRMTE: X5 M & Kk
PoPC,

SRH R BRI RINRE R, 74X
IR G2 A&, X
o BT MICIERSH : (EMRIZBEE R
PoPC MR B4R, BLMARGHEA,
BOABRBIERERT
o ARG : PoPC HLHIRHRE R
HERXHNEEER NS, A%
FERTIERE ;
o MNZRIGUEN: : T2 5 E AN R
ik PoPC, FERINHHFM B RS =77 ;



Accordingly, Dual Finality and PoPC together establish the foun-
dation within SSI for legally robust and technically verifiable
cross-border settlement, where compliance is not an external
control layer but an intrinsic component of transaction finaliza-

tion.

A9.14 Sovereign Autonomy
vs. Global Consistency

A distinct category of risk within SSI arises from the tension be-
tween national autonomy and the need to maintain a single, glob-
ally consistent record. Each SCEL is operated by a sovereign au-
thority under its own legal and policy framework, and in a less
structured system this could lead to policy conflicts or fragmen-
tation of the shared infrastructure. SSI mitigates this risk through
a multi-layer model (Layers 1-4) that clearly and unambiguously
assigns roles and responsibilities in advance:

Layer 1- Domestic Core Systems: remain under full national con-
trol and are responsible for final monetary settlement and legally
binding records.

Layer 2 - SCEL: enables each jurisdiction to: enforce its own poli-
cies through on-chain logic and generate audit-resilient proofs of
compliance.

Layer 3 - SRH: provides a neutral service for: operation ordering
and verification of proof correctness. The SRH is collectively gov-
erned by participating sovereigns and does not impose suprana-
tional authority.

Layer 4 - Audit and Observation: enables independent oversight
by international or third-party auditors, who are granted access
not to raw transactional data but to standardized, privacy-pre-
serving proofs.

A core design principle is that the SRH “verifies proofs, not rules”.
This means that it:
* does not override sovereign policy decisions;
* does not substitute for national regulatory regimes;
* solely verifies that a transaction’s PoPC is valid and com-
plete.
This functional separation delivers two simultaneous outcomes:

* Preservation of sovereignty: each jurisdiction retains full
decision-making authority, and no policies are delegated
to the hub.

 Single source of truth: all participants share a globally
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consistent transaction record accompanied by verifiable
compliance proofs.

SSI further reduces related risks through additional mechanisms:

* Protection against sovereignty dilution: foundational
guarantees in the SRH's constitutional framework (Found-
ing Protocol) prohibit the infrastructure from performing
political or jurisdiction-specific actions.

* Reduction of legal inconsistency: standardized policy
packages (JPack) and explicit versioning ensure that every
cross-border transaction references the exact policy ver-
sion under which it was validated. This allows any partici-
pant or auditor to replay the compliance verification and
arrive at the same outcome.

As a result, the SSI architecture ensures that trust is established
and propagated through proofs rather than institutional hierar-
chy, aligning global operational consistency with the inviolability
of domestic legal regimes.

A9.2
Graceful degradation

Graceful degradation in SSI means that when parts of the system
fail or face compromise, the remaining components continue to
function in a reduced-but-safe mode, preserving compliance ver-
ifiability and legal continuity until normal operations can resume.
The architecture explicitly anticipates partial failures and pro-
vides fallback behaviors at every layer, so that a technical fault
does not escalate into a systemic crisis.

A9.2.1 Failure Isolation

A core resilience principle of SSI is that failure at the global SRH
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layer must not disrupt a state’s domestic financial operations. If
the SRH becomes unavailable, “only global cross-border settle-
ment is suspended; domestic financial systems remain unaffect-
ed”

This is achieved by ensuring that critical components of national
infrastructure continue to operate autonomously:

* RTGS - sustains domestic settlement and monetary finali-
ty within the jurisdiction;

* CSD - ensures continuity of securities registration and
settlement at the national level;

* SCEL - continues to enforce national rules and to generate
proofs of compliance for local transactions.

Failure isolation provides several fundamental advantages to the
system:

* Blast-radius containment: a disruption at the SRH affects
only cross-border functions and does not propagate into
domestic settlement.

* Continuity of domestic operations: economic activity
within each jurisdiction can proceed without interruption.

* Continuity of the evidentiary layer: each SCEL continues
to generate PoPC records for all transactions, including
those queued for cross-border settlement.

* Sovereign control over data and processes: domestic led-
gers and compliance logs are preserved, ensuring that no
sovereign loses control over its operations or data even if
the shared hub becomes unavailable.

Accordingly, the SSI architecture guarantees that a failure of the
“public” coordination layer does not translate into a failure of the
real economy. This directly embodies the principle of sovereign
continuity: cross-border coordination may be paused, but nation-
al financial stability is preserved.

A9.2.2 Attestation-Level Fallback
and Redundancy

For inter-domain messaging, SSI degrades gracefully, stepping
down through predefined trust levels when optimal security is
unavailable. The system is designed to “follow a strict hierarchical
escalation path” for attestation: if one level cannot be applied, the
next permissible level is invoked.

Fallback Hierarchy (Escalation Chain) - SSI implements the fol-
lowing fallback logic:

FEAS TS EENERMElE. & SRH ik
fEH, “NEEEKERARE, ERNeMARS

R,

I3 EL BRI (R RIS R MG AL R
5 BT ¢
o LI EWLETIRGE (RTGS) : 454K
X PIRIPIEE S SR TR ;
« BIESEREHN (CSD) : (RFHER
BEIESSIL S AIESE ;
* SCEL : kS TAERIN, N
S B,

R S N R GUHTR Z DURAL S

o MG P $5E : SRH R BTG IR ES
BIhEE, NRBEEENGS ;

o EPMESSES: « BEEXNETEENATIE
HITRE, AR

o WEMRIES: : & SCEL #hBATHEALS
(R RREE IR R 7)) AR
PoPC i3 ;

o BIRSRRER EEER  ENIKATS
MHEG R, B ZXAARA
A, SEYES B S EHERIERE,

[KltE, SSIZRALRIE “3t” b ZATESIEAS
SEERET N, IXIERBL T EAUELER
NI - EESEA AT REET 4, (HERSREER LA
Y,

A9.2. 2 INUEZNINRER 5 TR
HTEEE, SSI A& PRIERIES : 4R
Rz RMERT N, RARLHUE LNETE
VOB, REPIVLTYIE TR
WRLBE R B AR, M
FAVFIIZER



Tier 1 - Proof-based validation:
used under normal operating conditions. If Tier 1 becomes
unavailable or non-functional (for example, due to incom-
patible chains or network failures), the system steps down
to the next tier.

Tier 2 - Committee-based attestation:
applied as a fallback mode when direct cryptographic
proofs cannot be used. For example, a consortium of cen-
tral banks may collectively attest to transactions when re-
al-time proof exchange is impractical.

Tier 3 - Single pre-designated gateway attestation:
used only as a last resort, in emergency conditions. Such
operations:
* are executed with explicit reduced-trust labeling in the
records;

* are subject to enhanced ex post verification.

Each reduction in trust level is not an automatic default but must
comply with predefined governance rules:

* Explicit authorization via JPack: transition to a lower tier
is permitted only if explicitly allowed by the applicable pol-
icy rules (JPack).

* Automatic audit-log recording: every fallback transition

and all associated attestations are immutably recorded
and preserved for subsequent review.

* SRH oversight: the hub ensures that:
¢ no fallback violates the policy constraints of any partic-
ipating jurisdiction (e.g., if a jurisdiction prohibits Tier 3);
< all attestation artifacts (signatures, proofs, etc.) are im-
mutably captured and verifiably preserved.

Operational Implications under degradation: In practice, this
means that during crisis scenarios (for example, when an SCEL
loses light-client functionality or an interoperability network par-
tition occurs), participants:
* do not lose settlement capability entirely;
* temporarily accept a reduced-confidence operating mode,
but:

< under controlled rules;

< with full action traceability;

< while preserving the ability for subsequent verification.
It is important to note that in order to maintain integrity even in

modes with reduced trust levels, SSI does not abandon verifiabili-
ty requirements:
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* every inter-domain transaction retains its original PoPC;

* any transaction processed via Tier 3 remains subject to
post hoc review;

* degradation remains transparent, as all such events are
explicitly flagged.

Accordingly, SSI prioritizes controlled degradation over sys-
tem-wide halting: minimal cross-border functionality is pre-
served, and stakeholders can rely on the fact that any “flagged”
transactions were executed out of necessity and remain subject
to retrospective verification.

A9.2.3 Emergency Bilateral Channels

Graceful degradation in SSI applies not only to operating modes
within the SRH, but also to procedures outside the hub. If the SRH
becomes fully unavailable, participating jurisdictions may tempo-
rarily rely on direct bilateral or regional channels to execute mis-
sion-critical cross-border transactions (for example, two central
banks may agree to settle a foreign-exchange transaction via a
temporary SWIFT/RTGS linkage or a regional mini-hub). SSI does
not treat such bypass routes as an “exit from the system”. On the
contrary, the architecture explicitly anticipates them through ex
post reconciliation mechanisms.

In SSI, emergency bilateral channels allow transactions executed
during a global outage to be safely integrated into the global SRH
ledger via a backfill procedure, provided that a defined set of in-
tegrity and compliance conditions is satisfied:

* The transaction is executed during an SRH outage: that
is, at a time when global coordination and ordering by the
hub are unavailable.

* An evidentiary basis is preserved at execution time: each
emergency transaction must be accompanied by:
¢ astandard PoPC

¢ additional bilateral-agreement proof, where required.

* SCEL policy enforcement continues: because each SCEL
remains operational even during an outage and continues
to generate PoPCs, this condition can be satisfied even
under emergency operating modes.

Once the SRH is restored, the system performs post-recovery
reconciliation to reconverge all records into a single authoritative
state:

* the SRH accepts emergency transactions as “historical”
events;
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* itorders them into the ledger with:
¢ timestamps, and /or

o special flags reflecting the actual time of execution;

¢ it validates their PoPCs as if the transactions had been
processed in real time;

* in doing so, it reconciles divergent records back into a uni-
fied authoritative history.

The emergency bilateral channel mechanism preserves system
integrity under severe disruptions by ensuring continuity, audit-
ability, legal certainty, and post-recovery reconciliation:

* Nothing is lost: no legitimate transaction disappears or
remains unaccounted for due to temporary outages.

* Auditability is preserved: even when settlement tempo-
rarily occurs off-platform, compliance proof continues to
be generated and retained within jurisdictions.

* “Soft” recovery is enabled: the global ledger catches up
with offline activity without gaps in transparency or legal
certainty.

* Legitimacy is preserved: all parties gain assurance that
emergency actions were lawful and properly recorded.

Accordingly, the ability to restore a consistent global state after
unplanned bypass routes demonstrates SSI's commitment to re-
silience rather than rigidity.

Across all degradation scenarios, SSI adheres to the principle that
verifiability and compliance are never sacrificed, ensuring that
even when service quality is temporarily reduced, auditability and
legal validity remain intact. This principle is reflected in the fol-
lowing rules:

* the system may trade polycentrism for continuity (e.g.,
moving from cryptographic proofs to a trusted commit-
tee);

* the system may trade throughput for safety (e.g., pausing
global settlement);

But the system does not trade away auditability, legal validity and
evidentiary continuity.

Every transaction, whether executed under ideal conditions or in
crisis mode, carries the proof required for subsequent verification
of what occurred and why. By designing for graceful degradation,
SSI avoids chaotic failure modes and instead aims for fail-safe be-
havior, in which critical sovereign functions remain operational
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and any temporary reduction in global efficiency can later be cor-
rected through proof-based reconciliation.

A9.3
Continuity and Recovery

Continuity and recovery in SSI focus on how the system returns
to an operational state after disruptions while preserving an un-
interrupted chain of legal validity. Through its multi-layer archi-
tecture and proof-oriented design, SSI is able to restore global
consistency after failures without compromising auditability or
the rule of law.

At the core of the continuity strategy is a set of interlocking
mechanisms that operate in concert:

* post-failure state reconciliation;

* data durability and reproducibility;
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* constitutional provisions governing fallback modes and re-
covery.

A9.3.1 Proof-Based State Reconstruction

The global SSI ledger and compliance records are designed to be
replayable and verifiable on the basis of proofs, which is critical
for recovery.

This is achieved through the following architectural choices:

* Transaction-level proof anchoring: All cross-border
transactions are recorded together with their associated
PoPC artifacts (or, at a minimum, cryptographic commit-
ments to them).

* Proof anchoring in SRH state: The SRH embeds aggre-
gated proofs (e.g, PoPC Merkle roots) into its own ledger
state, ensuring long-term persistence and verifiability.

* Preservation of the full evidentiary history: Compliance
history is retained either on-chain or in synchronized
audit logs, preventing loss of contextual information.

In a recovery scenario (for example, following SRH shutdown and
restart), this enables the system to:

* replay the exact sequence of valid transactions before and
after the disruption;

* allow auditors or newly instantiated SRH nodes to sequen-
tially verify each transaction by validating its PoPC against
the applicable policy package;

* integrate transactions executed off-platform during

downtime (backfill), together with their associated proofs.

Because each PoPC references a specific policy version and exe-
cution context, deterministic replay verification within the SRH
allows such transactions to be validated exactly as they were
originally executed - even if policies have changed subsequently.
As aresult, after recovery:

* asingle authoritative ledger is reconstituted;

e each record is either a standard transaction or a recon-
ciled emergency transaction;

* each record is backed by a verifiable proof of compliance.

There are no “blind spots™ the legal state of the system is treated
as a collection of durable evidentiary assets capable of surviving
any technical interruption.
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A9.3.2 Hub Replaceability and Legal Continuity

The SSI architecture explicitly anticipates even extreme recovery
scenarios, including full replacement of the Sovereign Relay Hub
(SRH) in the event of catastrophic failure or governance break-
down.

The key principles are as follows:

* SRH as a replaceable utility, not an absolute trust anchor:
The hub is not a monolithic dependency whose failure
would collapse the system.

* Reproducibility of global state: A new SRH implementa-
tion may replace the previous one provided that it:
¢ adheres to the same base protocols;
¢ can read historically preserved PoPCs and transaction
hashes.

 Distributed data custody: All participating jurisdictions
retain their own copies of transaction logs and proofs via
SCELs and audit layers, enabling initialization of a new hub
from these sources.

Together, these properties ensure:

* significantly reduced recovery time even under “total fail-

ure” scenarios;

» preservation of the legal validity of all transactions and
proofs;

* independence of legal continuity from any specific imple-
mentation or technology vendor.

The network’s multilateral Founding Protocol provides for a col-
lective mechanism to initiate such a replacement through pre-
agreed procedures. Once a new hub is deployed and historical
data is ingested, it resumes ordering and verification functions as
if no ledger fragmentation had occurred.

This eliminates the possibility of irrecoverable failure: a path to
restoring the canonical state always exists.

A9.3.3 Legal and Institutional Continuity

SSI preserves continuity not only of data, but also of legal and in-
stitutional validity throughout the entire failure and recovery life-
cycle.

This is ensured through the following system properties:

¢ Continuous enforcement of national rules: SCELs
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continue to apply domestic policies and generate PoPCs
even during a global outage.

* Absence of “extra-legal” transactions: Any operation - in-
cluding unilateral or bilateral measures - remains within
the applicable national legal framework.

* Federated reconstruction of global history: When trans-
actions are reintegrated into the global ledger, they carry
forward the legal continuity of their origin.

A central role is played here by programmable compliance:

* the Policy-DSL is executed at transaction time, not applied
retroactively;

» each SCEL operates as a “black box” that records all com-
pliance-relevant events;

* restoring global operations consists of aggregating these
recorded events, not reinterpreting them.
In addition, the Audit and Observation Layer provides:

* independent verification of transactions and PoPCs before,
during, and after disruptions;

* the ability for auditors to replay transaction logic and veri-
fy compliance execution across the entire timeline;

* an objective basis for assessing that system integrity has
been preserved.

To complete the recovery cycle, the SRH issues Regulatory Finali-
ty Receipts for transactions that were pending confirmation or
executed during downtime, attesting to both ledger finality and
policy finality.

Synthesis:
The Principle of Sovereign Continuity

By combining the mechanisms described above, SSI implements
the principle of sovereign continuity:

* no country binds its legal or economic viability to a single
point of failure;

* each jurisdiction can rely on its own systems and synchro-
nize with the global network at a later stage;

* legal enforceability does not depend on the availability of
foreign infrastructure.

As a result, SSI achieves resilience as a global public good: even
under stress, the system ensures uninterrupted fulfillment of
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financial obligations and compliance requirements, together with
the ability to recover to a mutually trusted, consistent state
shared by all participants.

A9.4
Risk-Based Governance

Resilience in SSI is ultimately ensured through a risk-based gover-
nance framework that situates the technical mechanisms de-
scribed earlier within a stable institutional context. By design, this
governance model is constitutional in nature: it codifies funda-
mental principles - sovereignty, neutrality, and accountability -
that guide how the system adapts to risk over time.

Rather than relying on ad-hoc crisis management, SSI is ground-
ed in pre-agreed rules and oversight structures that enable the
system to respond to emergencies, preserve the legitimacy of de-
cisions, and evolve without undermining its foundational assump-

tions.
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A9.4.1 Multilateral and Multi-Layer Governance

Ultimately, the SSI network is governed cooperatively by its sov-
ereign participants, rather than by any single authority. A central
element of this model is the SRH, which operates under a multi-
lateral constitutional Founding Protocol. Key components of this
model include:

* SRH constitutional Founding Protocol: Signed by all par-
ticipating entities, the Founding Protocol establishes non-
derogable constraints on the behaviour of the hub.

* Prohibition of political discretion: The SRH is institution-
ally prohibited from taking unilateral actions based on
country lists or political criteria. This ensures that the SRH
remains a neutral utility and cannot, for example, block
transactions for political reasons unless explicitly mandat-
ed by the relevant SCEL.

* Dual-Layer governance structure, in which governance is
separated into:
¢ Framework Layer: codifies principles and “red lines”
(neutrality, data privacy, emergency failover proce-
dures);
© Operational Layer: responsible for day-to-day technical
operations, upgrades, and availability.

Critically, the operational layer is not permitted to violate princi-
ples enshrined in the Principia. This ensures constitutional con-
sistency over time: the system may remain flexible in implemen-

tation, but rigid in principle.

A9.4.2 Council of Sovereign Institutions

In steady-state operation, SSI governance is realised through a
joint multi-sovereign governance model, under which a council of
participating central banks or designated national institutions
collectively oversees the SRH.

This model is evolutionary in nature:

* Bootstrap governance mode: A more centralised or con-
sortium-based structure is used to accelerate launch,
manage early-stage issues, and enable rapid iteration.

* Maturity phase: As the system stabilises, control is pro-
gressively polycentric and transferred to sovereign repre-
sentatives, reducing the risk of excessive centralisation or

capture.
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Regardless of phase, governance always involves multiple jurisdic-
tions and is never exercised by a single actor, operating instead
under the supervision of a foundation or regulated consortium. As
the system transitions to a full sovereign council model, all mate-
rial decisions (software upgrades, activation of emergency proto-
cols, etc.) are taken collectively, using voting or consensus rules
laid down in the Founding Protocol in accordance with the prin-
ciples established in these Principia.

This reduces governance risk by distributing authority and aligns
the system’s trust model with political reality: states rely on the
SRH as jointly governed infrastructure, not as an external service.
Countries are therefore more willing to depend on the SRH be-
cause they are co-owners of its governance rather than mere cli-

ents.

These Principia act as a constitutional rulebook for the council,
embedding risk-control mechanisms such as qualified-majority
requirements for certain actions, rotation of committee members
overseeing attestations, and similar safeguards that prevent hasty
or covert changes.

A9.4.3 Continuous Audit and Adaptive Policy

SSI governance is deeply data-driven and audit-centric. A central
role is played by the Audit and Observation Layer (Layer 4), which
provides independent monitoring of system state. Its functions
include:

* generation of network performance reports
* detection of anomalies and unusual patterns
* identification of cross-jurisdictional inconsistencies
Based on this data, the system establishes a feedback loop: risk

patterns - audit detection - governance action. Examples of
such signals and responses include:

* frequent use of Tier-3 attestations —> signal of system deg-
radation

* repeated compliance failures by a single jurisdiction’s SCEL

- indication of policy gaps or technical faults

To maintain resilience and compliance, governance is empowered
to adapt through predefined, risk-oriented criteria. Possible ac-

tions include:
* updating the shared policy package (JPack)

* adjusting technical parameters or consensus thresholds
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* lowering trust levels for regions affected by infrastructure
attacks

* initiating hub replacement procedures in the event of op-
erator compromise

All such actions must be predefined, explicitly authorised, and im-
mutably recorded in audit logs. This eliminates improvisation and
power struggles during crises: participants know in advance the
applicable procedures and expected behaviours. By pre-defining
these governance responses, SSI avoids panic or institutional con-
flict during emergencies - for example, when declaring an SRH
emergency or selecting and validating a replacement hub. Audit
logging further ensures traceability and accountability of all

emergency measures.

A9.44 Transparency and Accountability

A defining feature of SSI governance is radical transparency,
which is essential for maintaining legitimacy among sovereign
participants. By design, all cross-domain actions are auditable -
not only transactions, but also governance actions such as policy
updates and trust-level changes.

The system architecture ensures that:
* governance actions are auditable alongside transactions;

* independent auditors continuously oversee the actions of
governing bodies;

* the audit layer provides an objective external assessment
of system neutrality, continuity, and overall reliability.

This creates reputational and legal constraints on the sovereign
council: any attempt to conceal incidents or distort rules leaves a
durable evidentiary trail accessible to all participants (and, where
applicable, the public). In governance terms, this imposes enforce-
able accountability: collusion to hide failures or manipulate rules
would be detectable, undermining the entire construct. Incen-
tives are therefore aligned toward honest and proportionate risk
responses.

Additionally, the constitutional governance framework may in-
clude mechanisms to enhance resilience and dispute resolution,
established in these Principia and enforced through legal mecha-
nisms in the Founding Protocol:

* dispute-resolution mechanisms

* arbitration procedures

* emergency veto rights for minority jurisdictions
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Together, these measures cultivate a governance culture in which
risk management is a collective responsibility, and covert erosion
of resilience becomes practically infeasible.

Synthesis:
Risk Governance as a Constitutional Principle

SSI's approach to risk and resilience is a core architectural feature,
not an auxiliary function. By separating layers of sovereignty, en-
forcing proof-based operations, and embedding governance in
multilateral institutions, SSI provides a blueprint for financial in-
frastructure capable of withstanding shocks while preserving the
rule of law.

Under the principle of sovereign continuity, even extreme scenar-
ios do not compromise system integrity:
* participants retain control over their own domains;

* the system collectively reconverges toward stability.

This principled, constitutional-style risk governance framework
ensures that next-generation settlement networks can be both
innovative and resilient - achieving global interoperability and ef-
ficiency without exposing states to unacceptable operational or
political risks. In SSI, resilience is engineered through account-
ability and separation of powers, making the infrastructure a du-
rable foundation for international finance in the digital era.
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Abstract:

The preceding chapters have defined the system's minimal-trust core: SCEL executes sovereign com-
pliance, SRH orders and verifies, JPack encapsulates rules, POPC proves execution. The trust core is
locked by protocol. The evolutionary space must be returned to the market.

A10 delineates the boundary between the two. Its objective is not to extend the trust architecture but
to define where third-party innovation begins - and what constraints it must respect. The governing
principle is straightforward: ecosystem participants interact with rule artifacts and compliance proofs
through standardized interfaces, but do not enter the trust-layer architecture, do not exercise rule dis-
cretion, do not modify proof-generation paths, and do not affect finality.

Within this boundary, six principal directions of ecosystem development emerge. We identify these
major ecosystem directions, each sharing the common semantic of “verifiable, replayable, auditable”,
forming a clear industrial separation from the trust core:

1. Supporting Infrastructure Services
. Compliant Asset Onboarding
. Industry Vertical Solutions

2

3

4. RegTech and Proof-Based Supervisory Products

5. Privacy Engineering and Minimal-Disclosure Proof Systems
6

. Developer Ecosystem and Rule-Artifact Toolchains

Because the core is deliberately minimal and institutionally stable, the system enables broad third-par-
ty participation. Ecosystem actors interact with rule artifacts and compliance proofs through standard-
ized interfaces, forming specialized divisions of labor outside the protocol boundary - without entering
the trust architecture, exercising rule discretion, or affecting finality. The ecosystem can grow precisely
because the protocol core remains neutral.
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A10.1

Boundaries and Principles:

Coexistence Between a Neutral Core
and Peripheral Innovation
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“From the Tao comes One, from One comes Two, from Two comes Three,
and from Three, the infinite variety of the universe.”

“UAE— —4Z A= ZATH.

— Lao Tzu, Tao Te Ching (T, GEfEA))

The SSI architecture constrains the trust core to a minimal in-
stitutional set. What the core provides is a verifiable coordina-
tion interface - standardized encapsulation, sovereign compli-
ance execution, proof generation, cross-domain verification,
and deterministic replay - not a commercial services platform.
Everything beyond this interface is open to third-party partici-
pation.

That participation is explicitly interface-based: ecosystem ac-
tors consume and produce standardized artifacts (PoPC, JPack
references, audit records) through published protocol interfac-
es, without entering the trust architecture itself.

Permitted scope. Ecosystem actors may:

» connect through standardized interfaces to encapsulate,
verify, archive, and deterministically replay compliance
proofs and associated audit records;
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* develop products and services around access infrastruc-
ture, developer toolchains, operational hosting, priva-
cy-preserving proof systems, and industry-specific solu-
tions;

 continuously iterate on implementation and user experi-
ence without altering the protocol's trust core.

Prohibited scope. Ecosystem actors must not:

* enter the trust-layer architecture or acquire discretionary
authority over rule execution;

* determine rule content, modify rule effectiveness, or alter
proof-generation and attestation paths;

* replace or interfere with compliance execution and re-

sponsibility boundaries within sovereign jurisdictions.

The principle governing this boundary is consistent with the
architectural logic established throughout these Principia: sov-
ereign discretion remains within SCELSs, neutral verification
remains within the SRH, and the ecosystem operates exclu-
sively at the interface layer between them. The six ecosystem
domains described in the following sections each observe this
constraint.

A10.2

Six Ecosystem Directions

A10.2.1 Supporting Infrastructure Services

Participants in this category most closely resemble the peripheral
service providers surrounding traditional international settlement
infrastructures - gateway operators, middleware vendors, hosting
providers, and monitoring services. However, the basis of compe-
tition shifts from proprietary standards and relationship networks
toward engineering capabilities that are verifiable, replayable, and
auditable. These services reduce onboarding barriers and improve
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operational resilience without altering the institutional authority
responsible for determining what constitutes compliance.

Message and process conversion gateways map existing institu-
tional message formats, which may include ISO 20022, SWIFT
MT/MX, or proprietary internal payment instructions, into
SSI-compatible Transfer Packages and cross-domain message
structures as defined in A7. This includes establishing mappings
between source data fields and verifiable input digests, determin-
ing which elements enter the proof structure and which remain
confined to local operational logs. In practice, a cross-border
gateway provider might offer a unified adaptation layer for multi-
ple banks, enabling them to generate PoPC references and associ-
ated proof artifacts without refactoring their core banking sys-

tems.

Access toolkits and compatibility middleware provide mini-
mal-modification integration paths suitable for institutions of
varying scale - including SDKs, PoPC validation libraries, JPack
subscription clients, and audit-log connectors. For small and me-
dium-sized payment institutions, hosted adapters may require in-
tegration only with account management and risk-control inter-
faces in order to connect to the SSI network.

Operational hosting and disaster-recovery services cover ac-
tive-active deployments, proof repository scaling, log archival
systems, resilience drill frameworks, and post-incident analysis.
The scope is long-term operational continuity - not participation
in compliance judgment or regulatory discretion. A typical en-
gagement might involve hosting compliance modules and con-
ducting annual degradation drills for multi-jurisdiction pilots,
producing auditable operational reports.

Observer nodes and operational monitoring provide indepen-
dent tracking of network neutrality, continuity, and availability -
including latency, failure rates, degradation incidents, and
proof-verification sampling. These metrics are published as pub-
licly accessible indicators, enabling prospective participants to
evaluate network health prior to onboarding.

A10.2.2 Compliant Asset Onboarding

This ecosystem direction enables public DLT networks, stable-
coins, tokenized deposits, and institutional digital assets to enter
cross-domain settlement flows while carrying verifiable compli-
ance proofs. The institutional significance is a fundamental shift:

compliance transitions from centralized endorsement toward
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cryptographically verifiable proof artifacts that accompany the
asset throughout its settlement lifecycle.

SSI-ready stablecoin and tokenized deposit services bind regu-
lated actions - issuance, redemption, freeze/unfreeze operations,
and policy-list updates - to specific JPack versions, generating
PoPC for each action. Settlement flows thereby reference verifi-
able compliance proofs rather than static declarations. In practice,
an issuer no longer provides only a compliance statement but
supplies a PoPC demonstrating that a particular transaction satis-
fies the applicable jurisdiction's rule set at the time of cross-do-

main settlement.

Real-world asset (RWA) settlement and delivery middleware ex-
presses delivery conditions, including ownership verification,
lock-up periods, qualified-investor status, and regulatory limits,
as verifiable rules within the JPack framework, with execution
proven via PoPC. In cross-border bond settlement, for instance, a
buyer need not disclose full client identity; instead, the buyer pro-
vides selective proofs confirming qualified-investor status and
compliant source of funds.

Public DLT compliance modules and proof-carrying adapters
attach PoPC references when transactions exit a sovereign do-
main and verify them upon entry into another domain before in-
corporating them into local audit records. This enables interoper-
ability between public DLT networks and sovereign compliance
execution environments. Within a public-DLT settlement channel,
on-chain smart contracts manage transaction posting and trig-
gering events, while compliance evaluation occurs within the
originating domain's SCEL, which issues the corresponding PoPC.

A10.2.3 Industry Vertical Solutions

Under traditional coordination paradigms, many industries face a
common structural constraint: cross-domain collaboration relies
on fragmented documentation and endorsements by centralized
intermediaries. Operational truth is embedded in administrative
explanations, and cross-jurisdiction audit becomes costly and
slow. SSI translates these industry-level conventions into verifi-
able digital logic, shifting collaboration from narrative assurances
toward cryptographic proof and deterministic replay. Without re-
quiring costly bilateral investigations, parties can verify that oper-
ational facts are consistent, reproducible, and resistant to tam-

pering.

Trade and supply-chain finance. Operational conditions

236

MAET —RIRAPER LS« SRS A0
FOMEE S, TR B aiE A
AL, IR AR IR UER T,

Hew SSI Ak - SIMLLERINSS, K417,
JERIEL, URES | RRVRERIVE AR AL B | SRS B <5
ZEDE, HEEIRE JPack iAK, FhE
—Uiah{E4EK PoPC, T2, &iEFiERT5IH
0, ANERFSEIER, M2t &M
UERH, SKBkH, RITHARAREE A
Wi, mieft—10r PoPCIERH, HDAUERASE
ERNRZGAEBBEEE KR, WeiEH
FEDX AR MR,
BB (RWA) &85 2 HIh R,
RFrEbRR, BUEH, S IREEE IR
IERAEZHIA M, 1E JPack HEZRNIFRIE N
AT UERIN, FFi@1d PoPC UERHHITEE R,
PABS B4 E N, SETT e R e ig R F
B0y, TiieEd eI B a1
BRE T, HESREGM,

2338 DLT GRS BRI AIERLEy, =
1R 5 B —A ERUSIN TN PoPC 51, 1
AT — D ERURIN FE IR TE, FRRFEIAAR
IR, XA DLT WS ENEM
PUTIREE Z AR EL R ERON AT RE, 7E233L DLT
SERIEET, BRSNS ICK S il
REBMETE, AR AL ) A TR TR
SCEL A, HIHZEAAHNAT PoPC,

A10.2.3 fM R ERISTR

TEEGHMEER T, VAT LR 2 R —F
GERELISR © ESRMERAR F (L 4R B
TR AT 45, 55 B  ME A 4T
BB, BRI E AT, ROR
i, SST AHX AT\ I P G55 1% Ay AT
IUEIECT B, (S HME AR (R



- document consistency, customs and logistics status, payment
triggers, receivable authenticity, and pledge status - can be ex-
pressed as verifiable rules with execution proven via PoPC. In fac-
toring and receivables financing, for instance, the conditions "re-
ceivable exists, has not been double-pledged, and settlement con-
ditions are satisfied" can be verified across multiple banks in near
real time, replacing manual document reconciliation and signifi-

cantly reducing fraud risk.

Cross-border e-commerce and payment aggregation. Revenue
allocation, refund and chargeback processes, and dispute-han-
dling workflows can be expressed as deterministic, replayable ex-
ecution processes. When a platform settles with merchants
across multiple jurisdictions, settlement logic is executed accord-
ing to destination regulatory rules and corresponding compliance
proofs are generated automatically - enabling dispute resolution
through deterministic replay rather than manual case recon-

struction.

Energy and commodity delivery. Physical delivery conditions -
warehouse receipts, bills of lading, inspection reports, and deliv-
ery confirmation - can be incorporated into verifiable delivery
states, with payment programmatically triggered once conditions
are verified. In the event of a quality dispute, the full operational
sequence can be deterministically replayed from the proof ar-
chive.

Securities, funds, and custody operations. Custody workflows,
including Delivery versus Payment (DvP) and Payment-ver-
sus-Payment (PvP) processes, can be transformed into proof-ver-
ifiable settlement flows, enabling automated reconciliation across
custodians and counterparties and programmatic regulatory re-
porting based on verifiable transaction states. Custodian banks
replace extensive document exchange with standardized compli-
ance proofs tied to settlement execution.

A10.2.4 RegTech and Proof-Based Supervisory
Products

Within the SSI architecture, the objects of regulation and audit
are no longer static reports but verifiable proofs and replayable
execution processes. The cost of resolving cross-domain disputes
is significantly reduced: disagreements no longer rely on narrative
explanation but on deterministic replay of compliance execution.

Audit and forensic platforms provide deterministic replay of op-
erational events and reconstruction of responsibility chains,
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including export of standardized proof artifacts for regulatory
proceedings. Law firms and external auditors can verify the con-
sistency of the rule version in force at execution time, the input
data consumed, and the resulting compliance conclusion - with-
out requiring full access to sensitive operational data.

Continuous compliance and rule-change management tools op-
erationalize regulatory updates across the JPack lifecycle. When a
JPack version is updated, these tools trigger automated impact
assessments, support staged activation with rollback mecha-
nisms, and retain complete audit traces. A large financial institu-
tion, for instance, can automatically generate lists of affected
transaction categories and mitigation strategies for legacy trans-
actions upon a regulatory rule change.

Stress testing and emergency simulation services provide sce-
nario libraries for system degradation, cross-domain interruption,
and exceptional regulatory events - along with verification test
suites for confirming operational continuity. Annual regulatory
stress tests can thereby produce machine-verifiable proof arti-
facts documenting system readiness and recovery capabilities.

A10.2.5 Privacy Engineering and Minimal-Dis-
closure Proof Systems

A foundational principle of the SSI architecture is that verifiability
does not require full disclosure. This creates demand for privacy
and key-engineering capabilities that enable institutions to
achieve sufficient proof with minimal disclosure - ensuring that
cross-domain mutual recognition is not blocked by privacy con-

straints or data-sovereignty requirements.

Selective disclosure and zero-knowledge compliance proofs en-
able institutions to demonstrate threshold satisfaction, sanc-
tions-list clearance, and qualification-level sufficiency without
exposing underlying data. A jurisdiction can, for instance, prove
that a capital-control threshold was not triggered without dis-
closing full contract details.

TEE, HSM, and signature governance services provide hard-
ware-isolated environments for proof generation and signing,
along with key rotation, access control, and audit capabilities.
Small and mid-sized financial institutions that lack dedicated
cryptographic infrastructure can use hosted HSM services to
issue PoPC while meeting the required signature and attestation
standards.
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In-domain data mapping and input-digest tools convert sensitive
data, such as customer profiles and transaction details, into veri-
fiable input digests before they enter the proof structure.
Cross-domain verification then checks only these derived asser-
tions, ensuring that raw business data never leaves the sovereign
domain.

A10.2.6 Developer Ecosystem and Rule-Artifact
Toolchains

When JPack rule packages and PoPC proof objects are treated as
distributable, versionable, and testable artifacts, a natural division
of labor emerges: third-party developers provide the toolchains,
reusable components, and certification services that make regu-
latory engineering scalable.

JPack and Policy-DSL development toolchains encompass inte-
grated development environments, static analysis, coverage mea-
surement, conflict detection, test-vector generation, regression
testing, and version management. As adoption grows, continuous
integration for regulatory rules, where every rule modification
must pass a suite of reproducible verification vectors before de-
ployment, becomes a standard operational practice.

Reusable compliance modules - including KYC adapters, sanc-
tions-list connectors, limit and purpose-restriction modules, in-
dustry-specific templates, and audit-log connectors - enable ju-
risdictions to compose JPack configurations from tested, stan-
dardized components. A capital-account restriction module, for
example, can be reused across multiple jurisdictions with only
parameter adjustments and exception clauses.

Certification and evaluation services provide compatibility cer-
tification, security evaluation, performance stress testing, and
proof-availability sampling for ecosystem products. Once a gate-
way product or compliance module has been independently cer-
tified, onboarding risk for adopting institutions is substantially re-
duced - without affecting protocol neutrality.
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A10.3

The Protocol Boundary as

Institutional Foundation

The ecosystem architecture presented in this chapter illustrates a
structural principle that extends beyond Al0: the more neutral
the core, the more viable the periphery; the more viable the pe-
riphery, the more stable the core. When trust and discretion are
confined to a minimal protocol core, third-party participation be-
comes sustainable - services are substitutable, implementations
can compete, and innovation can accelerate, while cross-domain

mutual recognition remains consistent, replayable, and auditable.

The SSI architecture is open to third-party participation in the
form of products, services, and standardized components - en-
gaging through published interfaces, operating outside the trust
boundary, and jointly transforming the principle of "execute with-
in sovereign domains, verify globally" into scalable infrastructure.
The protocol boundary is not a limitation on what the ecosystem
can become. It is the institutional foundation that makes the eco-
system possible.

240

'W]‘ 'b‘@i’/ﬁ\ : ’;}‘.;j\}kﬁ?
1w H K A

AEFT RIHAESZN, R — M AL0
BETAGHIZERIPEFEN © RS, SMER
B INERECK, NEEREE, HSEESH
BAPTASLTRAE R/ IMERI X AR Z A, 55
=iz 5F A& nFst, Iss v DAHE A,
AFSEELA] DURIF e 4, QT thRES e 5L
o SUbREIR, P IAMRREDS CREF — B
AL, AT,

SSI ZEK DUTTRHTERS, WOk 38 =75 DA™= fib,
AR55 ML AR AR, &7
EAMIEORA, EEELFRZINETT,
AR “EREAPIT, RERVERERIE" X—J5
W, AN PRy AR, HSGh
PRI ESANIEASHIIRS], MR LS
15 DU ROl 82 il



Preface. References | 5 . 3(Hk 5%

[1] Croxton, Derek. The Peace of Westphalia: A Historical Dictionary. Greenwood Publishing Group, 2002.

[2] Dalio, Ray. Principles for Dealing with the Changing World Order: Why Nations Succeed and Fail. Simon & Schuster, 2021.

[3] Bank for International Settlements. “Project mBridge: Connecting Economies Through CBDC.” https://wwv.bis.org/about/bisih/topics/
[4] Bank for International Settlements. “Glossary of Terms Used in Payments and Settlement Systems.” https://www.his.org/cpmi/glossa-
[5] Bank for International Settlements. “Project Mandala: Automating Compliance Policy for Cross-Border Payments.” https://wwiw.his.org/

Al. References | Al. 5ikB%

[1] Schmandt-Besserat, Denise. “Before Writing : A Catalog of near Eastern Tokens.” Univ Of Texas Press, 1992.

[2] “ATU7, PL. 014, W 19408,76+ Artifact Entry.” (2001) 2024. Cuneiform Digital Library Initiative. July 22, 2024. https://cdli.earth/P003118.
[3] Graeber David. “Debt: The First 5,000 Years,Updated and Expanded.” Brooklyn, Melville House, 2011.

[4] Coinsweekly. “A Numi_smatist’ s Guide to Money Part 3: The Origins of Money.”

[5] State Secrets Bureau Official Website. “Jinshang Piaohao: Pioneers of Anti-Counterfeiting and Confidentiality Systems.” https://www.
i n1/2020/0911/c413725-31858628.html.

[6] Wikipedia. “Free banking.” https://en wikipedia.org/wiki/Free_banking.

[7] Wikipedia. “Rothschild family.” hﬂps#enmklpﬂhamgmmmhsnhﬂd_f&mﬂ;
[8] Wikipedia. “Bank of England.”
[9] Wikipedia. “Federal Reserve.” https://en.wikipedia.org/wiki/Federal_Reserve.
[10] Wikipedia. “New Deal.” https://en wikipedia.org/wiki/New_Deal.

[11] Sandra Kollen Ghizoni. “Bretton Woods and the International Monetary System.” H/ACAVAYAT istory. ys/bret-
- p—

[12] Triffin, Robert. “Gold and the Dollar Crisis; the Future of Convertibility.” Yale University Press, 1960, https:/archive.org/details/golddol-
] SO0t

[13] U.S. Department of State, Office of the Historian. “Nixon and the End of the Bretton Woods System, 1971-1973.” https:/historv.state. gov/
[14] Wikipedia. History of SWIFT.” https://en.wikipedia.org/wiki/SWIFT.

[15] European Central Bank. “TARGET Services at a glance - key facts and figures 2024.” European Central Bank, https://wwyv.ech.europa.
eu p]ﬁe:‘f‘ /I] ]igeh\ery,] ][{hI]I] {e[‘b ta ]:gEISE[Y'] 2024 en hI]ﬂD .

[16] Wikipedia. “Cross-Border Interbank Payment System .” : rikipedia.org/wiki - / i
[17] Antonopoulos, Andreas M. “Mastering Bitcoin: Unlocking Digital Cryptocurrencies.” O’ Reilly Media, 2014. https://oithub com/hitcoin-

[18] The Times. Chancellor on Brink of Second Bailout for Banks January 3, 2009. Timechain Artifacts (newspaper collectible descrip-
tion). : : -m: - .

[19] Blockchain.com. “Bitcoin Genesis Block (Block 0).” https://www.blockchain.com/explorer/blocks/btc/0.
[20] Bally, Martln N., Matthew S. Johnson and Robert E. than “The Origins of the Financial Crisis. ” Brookings Institution, 2008. https://

[21] Nakamoto, Satoshi. “Bitcoin: A Peer-to-Peer Electronic Cash System. ” 2008. https:/bitcoin.org/bitcoin.pdf.

[22] Lamport, Leslie, Robert Shostak, and Marshall Pease. “The Byzantine Generals Problem.” 1982. https://lamport.azurewebsites.net/
pubs/byz.pdf.

[23] Budish, Eric. “The Economic Limits of Bitcoin and the Blockchain. ” National Bureau of Economic Research (NBER), 2018. https://www.
[24] Bohme, Rainer, Nicolas Christin, Benjamln Edelman and Tyler Moore Bltcom Economlcs Technology, and Governance.” Journal of
Economic Perspectives, vol. 29, no. 2, 2015.

[25] Hayek, Friedrich A. “Denationalisation of Money: The Argument Refined. ” Institute of Economic Affairs, 1976. https://fee org/ebooks/

denationalization-of-monev.

[26] Selgin, George. “Synthetic Commodity Money.” Journal of Financial Stability, vol. 17, 2015. htips://ideas repec.org/a/eee/finsta/vl7y-

241


https://cdli.earth/P003118
https://coinsweekly.com/a-numismatists-guide-to-money-part-3-the-origins-of-money
https://coinsweekly.com/a-numismatists-guide-to-money-part-3-the-origins-of-money
https://www.gjbmj.gov.cn/n1/2020/0911/c413725-31858628.html
https://www.gjbmj.gov.cn/n1/2020/0911/c413725-31858628.html
https://en.wikipedia.org/wiki/Free_banking
https://en.wikipedia.org/wiki/Rothschild_family
https://en.wikipedia.org/wiki/Bank_of_England
 https://en.wikipedia.org/wiki/Federal_Reserve
https://en.wikipedia.org/wiki/New_Deal
https://www.federalreservehistory.org/essays/bretton-woods-created
https://www.federalreservehistory.org/essays/bretton-woods-created
https://archive.org/details/golddollarcrisi00trif
https://archive.org/details/golddollarcrisi00trif
https://history.state.gov/milestones/1969-1976/nixon-shock
https://history.state.gov/milestones/1969-1976/nixon-shock
https://en.wikipedia.org/wiki/SWIFT
https://www.ecb.europa.eu/press/targetservar/html/ecb.targetservar2024.en.html
https://www.ecb.europa.eu/press/targetservar/html/ecb.targetservar2024.en.html
https://en.wikipedia.org/wiki/Cross-Border_Interbank_Payment_System
https://github.com/bitcoinbook/bitcoinbook 
https://github.com/bitcoinbook/bitcoinbook 
https://timechainartifacts.com/hodliday-market/2131-HODLiday_32.html 
https://www.blockchain.com/explorer/blocks/btc/0 
https://www.brookings.edu/articles/the-origins-of-the-financial-crisis
https://www.brookings.edu/articles/the-origins-of-the-financial-crisis
https://bitcoin.org/bitcoin.pdf 
https://lamport.azurewebsites.net/pubs/byz.pdf 
https://lamport.azurewebsites.net/pubs/byz.pdf 
https://www.nber.org/papers/w24717 
https://www.nber.org/papers/w24717 
https://www.aeaweb.org/articles?id=10.1257/jep.29.2.213 
https://fee.org/ebooks/denationalization-of-money 
https://fee.org/ebooks/denationalization-of-money 
https://ideas.repec.org/a/eee/finsta/v17y2015icp92-99.html 
https://ideas.repec.org/a/eee/finsta/v17y2015icp92-99.html 
https://www.bis.org/about/bisih/topics/cbdc/mbridge.htm
https://www.bis.org/about/bisih/topics/cbdc/mbridge.htm
https://www.bis.org/cpmi/glossary_030301.pdf
https://www.bis.org/cpmi/glossary_030301.pdf
https://www.bis.org/about/bisih/topics/cbdc/mandala.htm
https://www.bis.org/about/bisih/topics/cbdc/mandala.htm

[27] Financial Action Task Force (FATF). “Guidance for a Risk-Based Approach to Virtual Assets.” 2019. https://www.fatf-gafi.org/en/publica-

tions/Fatfrecommendations/Guidance-rba-virtual-assets.html.

[28] Bank for International Settlements (BIS). “Annual Economic Report 2018.” https://www.bis.org/publ/arpdf/ar2018e.htm.

[29] Bank for International Settlements (BIS). “Central Bank Digital Currencies: Foundational Principles. ” 2021. https://wyrw.bis.org/publ/

othp33.htm.

[30] Bank for International Settlements (BIS). “Blueprint for the Future Monetary System. ” Annual Economic Report, 2023. https://www.bis.
bl/arpdf/ar2023e htm.,

[31] International Monetary Fund (IMF). “The Future of Cross-Border Payments. ” 2022. https://www.imf.org/en/Publications/DP/Is-
2022/07/19.

[32] Bank for International Settlements (BIS). “mBridge: Connecting Economies through CBDC. ” 2022. https://www.his.org/about/bisih/top-
ics/cbdc/mchdc_bridge.htm

[33] Von Glahn, R. (1996). Fountain of Fortune: Money and Monetary Policy in China, 1000-1700. University of California Press.
[34] Udovitch, A. L. (1970). Partnership and Profit in Medieval Islam. Princeton University Press.
[35] Lopez, R. S., & Raymond, I. W. (2001). Medieval Trade in the Mediterranean World: Illustrative Documents. Columbia University Press.

A2. References | A2. k5%

[1] Ingham, Geoffrey. “The nature of money, Economic Sociology: European Electronic Newsletter.” ISSN 1871-3351, Max Planck Institute
for the Study of Societies (MPIfG), Cologne, Vol. 5, Iss. 2, pp. 18-28.

[2] Committee On Payment And Settlement Systems. “A Glossary of Terms Used in Payments and Settlement Systems.” Basel, Bank For In-

ternational Settlements, 2003, www.his.org/cpmi/glossary_030301.pdf.

[3] Committee On Payment And Settlement Systems. “Core Principles for Systemically Important Payment Systems.” Basel, Bank For Inter-

national Settlements, 2001, https:/www.his.org/cpmi/publ/d43.pdf.

[4] Heinrich, Gregor. “CPSS Core Principles for Payment Systems.” Current Developments in Monetary and Financial Law , Vol. 2, (30 Octo-
ber 2003): pp. 691-722.

[5] ECB. “The Core Principles for Systemically Important Payment Systems.” Financial Stability Review, 2005, https://www.ech.europa.eu/

=

[6] Bank For International Settlements. “Principles for Financial Market Infrastructures (PFMI)[EB/OL].” https://www.his.org/cpmi/info_
pfmi.htm.
[7] Sick, Felipe. “Distributed Ledger Technologies in Accounting: An Empirical Investigation.” SSRN Electronic Journal, 2023, https://doi.

[8] Committee On Payment And Settlement Systems. “Principles for financial market infrastructures: Disclosure framework and Assess-

ment methodology.” Basel, Bank For International Settlements, 2012, https://www.his.org/cpmi/publ/d106.pdf.

[9] Committee On Payment And Settlement Systems. “Implementation monitoring of PFMI: Level 3 assessment of FMIs’ business continui-

ty planning.” Basel, Bank For International Settlements, 2021, https://www.bis.org/cpmi/publ/d197.pdf.

A3. References | A3. L#kS#

[1] North, Douglas Inst1tut1ons lnstltutlonal Change and Econornrc Performance Cambrrdge Unrversrty Press 1990

[2] Bank for International Settlements (BIS). “CPMI Principles for Financial Market Infrastructures.” https:/www.his.org/cpmi/publ/d101a.
pdf.

[3] Bank of England. “Independent Review of RTGS Outage on 20 October 2014. ” https://www.bankofengland.co.uk/-/media/boe/files/re-
port/2015/independent-review-of-rtgs-outage-on-20-october-2014.pdf.

[4] The Guardlan “V1sa Adrmts 5m Payments Failed Over a Broken Switch.” June 19, 2018. https://www.theguardian.com/money/2018/

[5] Reuters. “CHAPS Disruption Tied to SWIFT Messaging Delay.” July 18, 2024. https://www.reuters.com/business/finance/bank-england-

[6] BBC. “Iranian Banks Disconnected from SWIFT.” March 17, 2012. https://www.bbc.com/news/business-17396475

[7] International Monetary Fund (IMF) Challenges in Correspondent Banklng in the Small States of the Pacific.” IMF Worklng Paper No
17/90, April 7, 2017. h 017/0 ) )
of-the-Pacific-44809

[8] Financial Times. “EU Sanctions Cut Key Russian Banks from SWIFT.” February 26, 2022. https:/www.ft.com/content/fh2chf50-89a7-
1e38-5529-0f22h]637874.

242


http://www.bis.org/cpmi/glossary_030301.pdf
https://www.bis.org/cpmi/publ/d43.pdf
https://www.ecb.europa.eu/press/financial-stability-publications/fsr/focus/2005/pdf/ecb~05205b56bb.fsrbox200505_16.pdf
https://www.ecb.europa.eu/press/financial-stability-publications/fsr/focus/2005/pdf/ecb~05205b56bb.fsrbox200505_16.pdf
https://www.bis.org/cpmi/info_pfmi.htm
https://www.bis.org/cpmi/info_pfmi.htm
https://doi.org/10.2139/ssrn.4400559
https://doi.org/10.2139/ssrn.4400559
https://www.bis.org/cpmi/publ/d106.pdf
https://www.bis.org/cpmi/publ/d197.pdf
https://www.cambridge.org/core/books/institutions-institutional-change-and-economic-performance/AAE1E27DF8996E24C5DD07EB79BBA7EE
https://www.cambridge.org/core/books/institutions-institutional-change-and-economic-performance/AAE1E27DF8996E24C5DD07EB79BBA7EE
https://www.bis.org/cpmi/publ/d101a.pdf
https://www.bis.org/cpmi/publ/d101a.pdf
https://www.bankofengland.co.uk/-/media/boe/files/report/2015/independent-review-of-rtgs-outage-on-20-october-2014.pdf
https://www.bankofengland.co.uk/-/media/boe/files/report/2015/independent-review-of-rtgs-outage-on-20-october-2014.pdf
https://www.theguardian.com/money/2018/jun/19/visa-admits-5m-payments-failed-over-a-broken-switch
https://www.theguardian.com/money/2018/jun/19/visa-admits-5m-payments-failed-over-a-broken-switch
https://www.reuters.com/business/finance/bank-england-reports-problems-with-chaps-payments-system-20
https://www.reuters.com/business/finance/bank-england-reports-problems-with-chaps-payments-system-20
https://www.bbc.com/news/business-17396475
https://www.imf.org/en/Publications/WP/Issues/2017/04/07/Challenges-in-Correspondent-Banking-in-the-Small-States-of-the-Pacific-44809
https://www.imf.org/en/Publications/WP/Issues/2017/04/07/Challenges-in-Correspondent-Banking-in-the-Small-States-of-the-Pacific-44809
https://www.ft.com/content/fb2cbf50-89a7-4c38-bb29-0f22b1e37874
https://www.ft.com/content/fb2cbf50-89a7-4c38-bb29-0f22b1e37874
https://www.fatf-gafi.org/en/publications/Fatfrecommendations/Guidance-rba-virtual-assets.html 
https://www.fatf-gafi.org/en/publications/Fatfrecommendations/Guidance-rba-virtual-assets.html 
https://www.bis.org/publ/arpdf/ar2018e.htm 
https://www.bis.org/publ/othp33.htm 
https://www.bis.org/publ/othp33.htm 
https://www.bis.org/publ/arpdf/ar2023e.htm 
https://www.bis.org/publ/arpdf/ar2023e.htm 
https://www.imf.org/en/Publications/DP/Issues/2022/07/19 
https://www.imf.org/en/Publications/DP/Issues/2022/07/19 
https://www.bis.org/about/bisih/topics/cbdc/mcbdc_bridge.htm
https://www.bis.org/about/bisih/topics/cbdc/mcbdc_bridge.htm

A5. References | A5. 3CHkS%

[1] Olasehinde, Tolamise, and Ololade Henry. “AML and KYC in Crypto Firms.” 2025. ResearchGate. https://wwyv.researchgate.net/publica-
10n/391848460.
[2] Financial Crimes Enforcement Network (FinCEN). “Funds “Travel Rule’ Regulations: Questions & Answers.” 2010. https://www.fincen.

[3] Aldasoro, Ifiaki, Jon Frost, Sang Hyuk Lim, Fernando Perez-Cruz, and Hyun Song Shin. “An Approach to Anti-Money Laundering Com-

pliance for Cryptoassets.” BIS Bulletin No. 111, 2025. https://swww.bis.org/publ/bisbull111.pdf.
[4] Tang, Qifeng, and Yain-Whar Si. “Central Bank Digital Currencies: A Survey.” 2025. arXiv. https:/arxiv.org/abs/2507.08880.

[5] OECD. “Tokenisation of Assets and Distributed Ledger Technologies in Financial Markets: Potential Impediments to Market Develop-

ment and Policy Imphcatlons OECD Busmess and Flnance Pohcy Papers No. 75 2025 httpslﬁanQecd_drgL(nntentLdamLoecdleannhlr

[6] International Monetary Fund. “Central Bank Digital Currency: Progress and Further Considerations.” 2024. https://www.imf.org/-/
la/f] blicati . olidl ‘ S rdf
[7] Cerutti, Eugenio, Melih Firat, and Hector Perez-Saiz. “Estimating the Impact of Digital Money on Cross-Border Flows: Scenario Analysis

Covering the Intensive Margin.” International Monetary Fund, 2025. https:/www.imf.org/-/media/files/publications/ftn063/2025/english/
ftnea2025002.pdf.

[8] Financial Action Task Force. “Targeted Update on Implementat1on of FATF Standards on Virtual Assets and VASPs. ” 2024. https://www.

[10] Hong Kong Monetary Authority. “Robust and Sustainable Development of Stablecoins.” 2025. https:/www.hkma.gov.hk/eng/mews-and-
Jia/incio] .

[11] Singh, Onkar. “What Is JPMorgan’ s JPMD and Why It Matters.” 2025. CCN.
md-why-itmatters-explained.

[12] Garratt, Rod, Mlchael Lee, Antoine Martin, and Joseph Torregrossa “The Future of Payments Is Not Stablecoms Federal Reserve Bank
of New York, 2022.

[14] Deutsche Bank, Memento Blockchaln and Axelar DAMA 2: Accelerated Asset Tokenlzatlon & SerV1c1ng for Regulated Institutions — A
Layer 1-2-3 Solution.” 2025. : :

[15] Guardlan Asset & Wealth Management Industry Group. Operatlonahsrng Tokenlsed Funds Monetary Authorlty of Slngapore 2025

[16] Kowsar, Md Masud, and Abdul Awal Mintoo. “Blockchain in Banking: A Review of Distributed Ledger Applications in Loan Processing,
Credit History, and Compliance.” 2025. SSRN. https://papers.ssrn.com/sol3/papers.cfm?abstract_id=5229956.

[17] American Institute of Certified Public Accountants. “Trust Services Criteria (SOC 2).” 2017 (updated 2022). ://swww.aicpa-ci
. it litand- i hAnSOc.

[18] National Institute of Standards and Technology. “SP 800-53 Rev.5: Audit and Accountability Controls.” 2020. https://csf tools/reference/

[19] Olvis, E., and Gil Rios. “Framework for Blockchain Interoperability in Cross-Border Payments. ” 2024. https:/blockstand.eu/blockstand/
K f lockchain. 1 ability in. C ey o ionvl.2 ndf

[20] Pothula, Ram Mohan Reddy. “Revolutionizing Cross-Border Payments: A Technical Analysis of Blockchain Integration.” 2025. Journal

of West African Research and Reviews. https:/journalwiarr.com/sites/default/files/fulltext_pdf/WJARR-2025-1321.pdf.

[21] Bank for International Settlements. “Project mBridge: Connecting Economies through CBDC.” 2022. https://www.bis.org/publ/othp59.

pdf.

[22] Rozovsky, ]ason Progran'nnable Interoperablhty The Key to Standardlsatlon in Regulatlng Tokenlsed Assets Elevandl Knovvledge
Hub, 2024

0, 1 0, 041720-947 70,
[23] Digital Asset. “Canton Network Whitepaper: A Network of Networks for Smart Contracts.” 2024. https://wwv.digitalasset.com/hubfs/
Canton /( ,]nmn%'zg Networ g%'g )_Oﬁ’z )ﬂ]b]te(,li] 2( 2']pe]: pdf
[24] National Institute of Standards and Technology. “SP 800-161 Rev.1: Cybersecurity Supply Chain Risk Management Practices.” 2022.

/] 1Q i p . _

[25] Saha, Reno, and Roy Koushlk NaVlgatlng the Blockchaln Trllemma Advances in Decentralization, Security, and Scalability. 2025.”
Tech Science Press.

[26] Khandakar Md Shafin, and Reno Saha. “Resolving the Blockchain Trilemma: An Integrated Consensus Mechanism.” 2025. Springer.

243


https://www.researchgate.net/publication/391848469
https://www.researchgate.net/publication/391848469
https://www.fincen.gov/resources/statutes-regulations/guidance/funds-travel-regulations-questions-answer
https://www.fincen.gov/resources/statutes-regulations/guidance/funds-travel-regulations-questions-answer
https://www.bis.org/publ/bisbull111.pdf
https://arxiv.org/abs/2507.08880
https://www.oecd.org/content/dam/oecd/en/publications/reports/2025/01/tokenisation-of-assets-and-distributed-ledger-technologies-in-financial-markets_be149012/40e7f217-en.pdf
https://www.oecd.org/content/dam/oecd/en/publications/reports/2025/01/tokenisation-of-assets-and-distributed-ledger-technologies-in-financial-markets_be149012/40e7f217-en.pdf
https://www.imf.org/-/media/files/publications/pp/2024/english/ppea2024052.pdf
https://www.imf.org/-/media/files/publications/pp/2024/english/ppea2024052.pdf
https://www.imf.org/-/media/files/publications/ftn063/2025/english/ftnea2025002.pdf
https://www.imf.org/-/media/files/publications/ftn063/2025/english/ftnea2025002.pdf
https://www.fatf-gafi.org/content/dam/fatf-gafi/recommendations/2024-Targeted-Update-VA-VASP.pdf.coredownload.inline.pdf
https://www.fatf-gafi.org/content/dam/fatf-gafi/recommendations/2024-Targeted-Update-VA-VASP.pdf.coredownload.inline.pdf
https://www.eba.europa.eu/sites/default/files/2024-07/7dcd9ce9-96e3-4c5c-8d86-39d7784d1f03/EBA%20statement%20on%20Application%20of%20MiCAR%20to%20ARTs%20and%20EMTs.pdf
https://www.eba.europa.eu/sites/default/files/2024-07/7dcd9ce9-96e3-4c5c-8d86-39d7784d1f03/EBA%20statement%20on%20Application%20of%20MiCAR%20to%20ARTs%20and%20EMTs.pdf
https://www.eba.europa.eu/sites/default/files/2024-07/7dcd9ce9-96e3-4c5c-8d86-39d7784d1f03/EBA%20statement%20on%20Application%20of%20MiCAR%20to%20ARTs%20and%20EMTs.pdf
https://www.hkma.gov.hk/eng/news-and-media/insight/2025/06/20250623
https://www.hkma.gov.hk/eng/news-and-media/insight/2025/06/20250623
https://www.ccn.com/education/crypto/jpmorgans-jpmd-why-it-matters-explained
https://www.ccn.com/education/crypto/jpmorgans-jpmd-why-it-matters-explained
https://libertystreeteconomics.newyorkfed.org/2022/02/the-future-of-payments-is-not-stablecoins
https://www.fincen.gov/resources/statutes-regulations/guidance/funds-travel-regulations-questions-answers
https://www.fincen.gov/resources/statutes-regulations/guidance/funds-travel-regulations-questions-answers
https://cdn.mementoblockchain.com/dama2/pdfs/DAMA-2-Lite-Paper_Jun172025.pdf
https://www.mas.gov.sg/-/media/mas-media-library/development/fintech/guardian/project-guardian-operationalising-tokenised-funds.pdf
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=5229956
https://www.aicpa-cima.com/topic/audit-assurance/audit-and-assurance-greater-than-soc-2
https://www.aicpa-cima.com/topic/audit-assurance/audit-and-assurance-greater-than-soc-2
https://csf.tools/reference/nist-sp-800-53/r5
https://csf.tools/reference/nist-sp-800-53/r5
https://blockstand.eu/blockstand/uploads/2025/05/Framework_for_Blockchain_Interoperability_in_Cross_Border_Payments_version-v1.2.pdf
https://blockstand.eu/blockstand/uploads/2025/05/Framework_for_Blockchain_Interoperability_in_Cross_Border_Payments_version-v1.2.pdf
 https://journalwjarr.com/sites/default/files/fulltext_pdf/WJARR-2025-1321.pdf
https://www.bis.org/publ/othp59.pdf
https://www.bis.org/publ/othp59.pdf
https://www.elevandi.io/hubfs/Programmable%20Interoperability%20-%20The%20Key%20to%20Standardisation%20in%20Regulating%20Tokenized%20Assets%20-%20July%202024_Final.pdf
https://www.elevandi.io/hubfs/Programmable%20Interoperability%20-%20The%20Key%20to%20Standardisation%20in%20Regulating%20Tokenized%20Assets%20-%20July%202024_Final.pdf
https://www.digitalasset.com/hubfs/Canton/Canton%20Network%20-%20White%20Paper.pdf
https://www.digitalasset.com/hubfs/Canton/Canton%20Network%20-%20White%20Paper.pdf
https://nvlpubs.nist.gov/nistpubs/SpecialPublications/NIST.SP.800-161r1.pdf
https://www.techscience.com/cmc/v84n2/62936/html
https://link.springer.com/article/10.3103/S0146411625700476

[27] National Institute of Standards and Technology. “SP 800-207: Zero Trust Architecture.” 2020. https:/nvlpubs.nist.gov/nistpubs/Special-
Hlicati ° I
[28] Enterprise Ethereum Alliance. “Enterprise Ethereum Permissioned Blockchain Specification.” 2020. https://entethalliance.org/wp-con-
load ,. ] issioned. Blockehai feation. v2 odf

[29] Enterprise Ethereum Alliance. “Permissioned Blockchains Specification v3.” 2022.
spec.html.

[30] Wood, Gavin. “The Join-Accumulate Machine: A Mostly-Coherent Trustless Supercomputer.” 2024. https:/graypaper.com.

[31] Auer, Raphael. “Embedded Supervision: How to Build Regulation into Decentralised Finance.” BIS Working Papers No. 811, 2019. https://

7 J Jt

[32] Bank for International Settlements and CPMI. “Distributed Ledger Technology in Payment, Clearing and Settlement: An Analytical
Framework.” 2019. https://www.bis.org/cpmi/publ/d157.pdf.

[33] UBS. “Project mBridge: UBS Submission on Potential Applications with a Focus on the Greater Bay Area.” 2021. https://www.ibs.com/
[34] Reslow, André, Gabriel Soderberg, and Natsuki Tsuda. “Cross-Border Payments with Retail Central Bank Digital Currencies: Design

and Policy Considerations.” International Monetary Fund, 2024. https:/www.imf.org/-/media/files/publications/ftn063/2024/english/

ftnea2024002 pdf.

[35] National Institute of Standards and Technology. “FIPS PUB 140-3: Security Requirements for Cryptographic Modules.” 2019. https:/nvl-

[36] Koolen, Christof. “Transparency and Consent in Data-Driven Smart Environments.” 2020. ResearchGate. https://www.researchgate net/
Hlicati s . B . .

[37] Hong Kong Monetary Auth0r1ty Drstr1buted Ledger Technology in the F1nanc1al Sector: Opportunities and Challenges.” 2025. https:/

[39] European Securities and Markets Authorlty ‘Public Statement on the Prov151on of Certaln Crypto Asset Services in Relatlon to Non-Mi-
CA Compliant ARTs and EMTs.” 2025.

blecoins.pdf.
[40] [SWIFT. “Standards MT: November 2026 High-Level Information.” 2025.
[41] SWIFT. “ISO 20022 for Financial Institutions: Focus on Payment Instructions.” 2025. https://www.swift.com/standards/is0-20022/

[42] 1SO. “ISO 20022 Messages Archive.”
[43] Enria, Andrea. “Regulating Crypto Finance: Taking Stock and Looking Ahead.” 2023. European Central Bank. https:/www.hankingsu-
pervision.europa.eu/press/speeches/date/2023/html/ssm.sp231114~fd1b2cc234.en.html.

711 ~

[44] Enterprise Ethereum Alliance. “EthTrust Security Levels: Smart Contract Security Certification.” 2022. https:/fentethalliance.org/enter-

[45] Central Bank of the United Arab Emirates. “Digital Dirham: A Primer on the UAE’" s Central Bank Digital Currency.” 2025. https://cen-

4 - uly

[46] Financial Crimes Enforcement Network. “Application of FInCEN’ s Regulations to Convertible Virtual Currencies.” 2019. https://ww.

fincen goyls;zstem [files/2019-05/FinCEN%20Guidance%20CVC%20FINAT 220508 pd £
[47] Monetary Authority of Singapore. “Payment Services Act 2019.” https://www.mas.gov.sg/regulation/acts/payment-services-act.

[48] Monetary Authority of Singapore. “Licensing for Payment Service Providers.” https:/www.mas. gov.sg/regulation/payments/licens-

[49] Bank for International Settlements; Illes, Anamaria; Kosse, Anneke; Wierts, Peter. “Advancing in Tandem: Results of the 2024 BIS Sur-

vey on CBDCs and Crypto.” BIS Papers No. 159, 2025. https://www.his.org/publ/bppdf/bispapl 59.pdf.

[50] Auer, Raphael, Cyril Monnet, and Hyun Song Shin. “Decentralised Ledgers and the Governance of Money.” Journal of Financial Eco-
nomics, vol. 167, 2025.

[51] Bankof England ‘The Bank of England s Approach to Innovatlon in Artificial Intelhgence Dlstrlbuted Ledger Technology, and Quan—
tum Computing.” 2025. h

[52] International Monetary Fund; Koonprasert Tayo Tunyathon Kanada, Shll’lO Tsuda Natsuki; Resh1d1 Edona CBDC AClOpthIl Inclu—
sive Strategies for Intermed1ar1es and Users 2024.

[54] National Institute of Standards and Technology. “SP 800-57 Part 1 Rev.5: Recommendation for Key Management.” 2020. https://ww.
nist.gov.

244


https://nvlpubs.nist.gov/nistpubs/SpecialPublications/NIST.SP.800-207.pdf
https://nvlpubs.nist.gov/nistpubs/SpecialPublications/NIST.SP.800-207.pdf
https://entethalliance.org/wp-content/uploads/2025/03/EEA_Enterprise_Ethereum_Permissioned_Blockchains_Specification_v2.pdf
https://entethalliance.org/wp-content/uploads/2025/03/EEA_Enterprise_Ethereum_Permissioned_Blockchains_Specification_v2.pdf
https://entethalliance.github.io/client-spec/chainspec.html
https://entethalliance.github.io/client-spec/chainspec.html
https://graypaper.com
https://www.bis.org/publ/work811.pdf
https://www.bis.org/publ/work811.pdf
https://www.bis.org/cpmi/publ/d157.pdf
https://www.ubs.com/content/dam/assets/ib/global/doc/m-cbdc-bridge.pdf
https://www.ubs.com/content/dam/assets/ib/global/doc/m-cbdc-bridge.pdf
https://www.imf.org/-/media/files/publications/ftn063/2024/english/ftnea2024002.pdf
https://www.imf.org/-/media/files/publications/ftn063/2024/english/ftnea2024002.pdf
https://nvlpubs.nist.gov/nistpubs/FIPS/NIST.FIPS.140-3.pdf
https://nvlpubs.nist.gov/nistpubs/FIPS/NIST.FIPS.140-3.pdf
https://www.researchgate.net/publication/342426319_Transparency_and_Consent_in_Data-Driven_Smart_Environments
https://www.researchgate.net/publication/342426319_Transparency_and_Consent_in_Data-Driven_Smart_Environments
https://www.hkma.gov.hk/media/eng/doc/key-functions/banking-stability/DLT_Research_Paper.pdf
https://www.hkma.gov.hk/media/eng/doc/key-functions/banking-stability/DLT_Research_Paper.pdf
https://www.swift.com/news-events/press-releases/swift-add-blockchain-based-ledger-its-infrastructure-stack-groundbreaking-move-accelerate-and-scale-benefits-digital-finance
https://www.swift.com/news-events/press-releases/swift-add-blockchain-based-ledger-its-infrastructure-stack-groundbreaking-move-accelerate-and-scale-benefits-digital-finance
https://www.esma.europa.eu/sites/default/files/2025-01/ESMA75-223375936-6099_Statement_on_stablecoins.pdf
https://www.esma.europa.eu/sites/default/files/2025-01/ESMA75-223375936-6099_Statement_on_stablecoins.pdf
https://www2.swift.com/knowledgecentre/publications/stdsmt_nov_2026_h_lvl_info/1.0
https://www2.swift.com/knowledgecentre/publications/stdsmt_nov_2026_h_lvl_info/1.0
https://www.swift.com/standards/iso-20022/iso-20022-financial-institutions-focus-payments-instructions
https://www.swift.com/standards/iso-20022/iso-20022-financial-institutions-focus-payments-instructions
https://www.iso20022.org/catalogue-messages/iso-20022-messages-archive
https://www.bankingsupervision.europa.eu/press/speeches/date/2023/html/ssm.sp231114~fd1b2cc234.en.html
https://www.bankingsupervision.europa.eu/press/speeches/date/2023/html/ssm.sp231114~fd1b2cc234.en.html
https://entethalliance.org/enterprise-ethereum-alliance-advances-smart-contract-security-with-ethtrust-specification
https://entethalliance.org/enterprise-ethereum-alliance-advances-smart-contract-security-with-ethtrust-specification
https://centralbank.ae/media/lczb23l4/cbdc-short-report_july.pdf
https://centralbank.ae/media/lczb23l4/cbdc-short-report_july.pdf
https://www.fincen.gov/system/files/2019-05/FinCEN%20Guidance%20CVC%20FINAL%20508.pdf
https://www.fincen.gov/system/files/2019-05/FinCEN%20Guidance%20CVC%20FINAL%20508.pdf
https://www.mas.gov.sg/regulation/acts/payment-services-act
https://www.mas.gov.sg/regulation/payments/licensing-for-payment-service-providers
https://www.mas.gov.sg/regulation/payments/licensing-for-payment-service-providers
https://www.bis.org/publ/bppdf/bispap159.pdf
https://www.bankofengland.co.uk/report/2025/the-boes-approach-to-innovation-in-ai-dlt-quantum-computing
https://www.imf.org/en/publications/fintech-notes/issues/2024/09/21/central-bank-digital-currency-adoption-inclusive-strategies-for-intermediaries-and-users-555118
https://www.imf.org/en/publications/fintech-notes/issues/2024/09/21/central-bank-digital-currency-adoption-inclusive-strategies-for-intermediaries-and-users-555118
https://www.undp.org/sites/g/files/zskgke326/files/2025-06/undp-driving-financial-inclusion-through-cbdcs.pdf
https://www.undp.org/sites/g/files/zskgke326/files/2025-06/undp-driving-financial-inclusion-through-cbdcs.pdf
https://www.nist.gov
https://www.nist.gov

[55] National Institute of Standards and Technology. “FIPS 140-3: Cryptographic Module Validation Program.” 2019. https:/resources-li-

[56] National Institute of Standards and Technology. “SP 800-171 Rev.2: Protecting Controlled Unclassified Information.” 2020. https://www.

nist.gov.

[57] National Telecommunications and Information Administration. “The Minimum Elements for a Software Bill of Materials (SBOM).”

2021. https://www.ntia.gov/sites/default/files/publications/shom_minimum_elements_report_0.pdf.

[58] National Institute of Standards and Technology. “SP 800-53 Rev.5: Security and Privacy Controls for Information Systems.” 2020. https://

WWW. D]‘St ng.

[59] National Institute of Standards and Technology. “SP 800-218 Rev.1: Secure Software Development Framework (SSDF).” 2022. https:/nvl-

ben nistoubs/SoecialPublicati ST SP 800218 dlf.

[60] National Institute of Standards and Technology. “Cybersecurity Framework Version 1.1.” 2018. https:/nvlpubs.nist.gov/nistpubs/cswp/
s } 018 ndf

[61] ISO/IEC. “ISO/IEC 27001:2022 - Information Security Management Systems.” 2022. https://www.iso.org/standard/54534.html.

[62] ISO/IEC. “ISO/IEC 27005:2022 - Information Security Risk Management ”2022. bﬁp&mmmwmﬂdam&mm

[63] ISO/IEC. “ISO/IEC 27001:2022 Annex A Controls.” 2022.

[64] IEEE Consumer Technology Society. “Active Project Authorization Requests (PARs).” June 2022. https://ctsoc.ieee.org/industry-and-stan-
Jards.activiti html.

A8. References | A8. (k%%

[1] Regulation (EU) 2016/679 of the European Parliament and of the Council (General Data Protection Regulation). “Article 5(1)(c), Principle
of Data Minimization.” Official Journal of the European Union, 2016. https://www.gdprregulation.eu/gdpr-principles.

[2] Financial Action Task Force (FATF). “International Standards on Combating Money Laundering and the Financing of Terrorism & Pro-

liferation - The FATF Recommendations.” FATF, updated October 2025. https://www.fatf-gafi.org/en/publications/Fatfrecommendations/
Fatf-recommendations.html.

[3] Financial Action Task Force (FATF). Guidance for a Risk- Based Approach to Virtual Assets and Virtual Asset Service Providers (RBA-VA-
VASPs). FATF, June 21, 2019. N .

[4] European Parliament and Council of the European Union. “Regulation (EU) 2016/679 (General Data Protection Regulation), Article 5(1)(e)

- Storage Limitation.” Official Journal of the European Union, 2016. https://www.gdpr.org/regulation/article-5.html.

245


https://resources-library.keyfactor.com/l/all-content
https://resources-library.keyfactor.com/l/all-content
https://www.nist.gov
https://www.nist.gov
https://www.ntia.gov/sites/default/files/publications/sbom_minimum_elements_report_0.pdf
https://www.nist.gov
https://www.nist.gov
https://nvlpubs.nist.gov/nistpubs/SpecialPublications/NIST.SP.800-218.pdf
https://nvlpubs.nist.gov/nistpubs/SpecialPublications/NIST.SP.800-218.pdf
https://nvlpubs.nist.gov/nistpubs/cswp/nist.cswp.04162018.pdf
https://nvlpubs.nist.gov/nistpubs/cswp/nist.cswp.04162018.pdf
https://www.iso.org/standard/54534.html
https://www.iso.org/standard/80585.html
https://hightable.io/iso-27001-annex-a-8-13-information-backup
https://ctsoc.ieee.org/industry-and-standards-activities/scs.html
https://ctsoc.ieee.org/industry-and-standards-activities/scs.html
https://www.gdprregulation.eu/gdpr-principles
https://www.fatf-gafi.org/en/publications/Fatfrecommendations/Fatf-recommendations.html
https://www.fatf-gafi.org/en/publications/Fatfrecommendations/Fatf-recommendations.html
https://www.fatf-gafi.org/en/publications/Fatfrecommendations/Guidance-rba-virtual-assets.html
https://www.gdpr.org/regulation/article-5.html

General Terminology Glossary

BERARIER

This glossary consolidates the core terminology, conceptual definitions, and related abbreviations used throughout the Black Paper,

covering blockchain and cryptographic engineering, financial market infrastructures and cross-border clearing and settlement,

as well as regulatory bodies, legal frameworks, and regional pilot initiatives.

It serves as a unified terminological anchor across all chapters, explicitly defining the scope, applicable subjects,

and boundaries of each term.

AARBRILE T REBELPEIORE, BRERMERAEE, WX RS ENE TR, SRl EMRE S SRERERERR,

DUR RN, ISR R R S5 R,

EPAERIENHZEEBNA AR, TSGR S SGEE, SN REHEL5,

Part A:

Common Terms in Blockchain,
Cryptographic Engineering,
and Ecosystems

® Distributed Ledger Technology (DLT).

A technology for a database that is synchronously shared,
replicated, and consented upon across multiple nodes,
geographical locations, or institutions. Blockchain is one
form of DLT, but not all DLTs use a chained block structure.
The core of DLT is enabling participants to maintain a
trusted, consistent record without a central coordinator.

Bitcoin.

Adigital currency and payment system based on a decen-
tralized peer-to-peer network, proposed by Satoshi Naka-
moto in 2008 and launched in 2009. It does not rely on
any central authority for issuance or management. Securi-
ty and immutability are ensured through the Proof of
Work (PoW) consensus mechanism and a public distribut-
ed ledger. With a total supply cap of 21 million, it aims to be
a censorship-resistant, globally accessible store of value
and medium of exchange.

Blockchain.

A technology that uses cryptographic methods to con-
nect data blocks in chronological order, forming an
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immutable, decentralized, or distributed shared ledger. Its
core characteristics include decentralization, transparency,
immutability, and programmalbility. It is considered the
foundational infrastructure for building trusted digital col-
laboration.

Consensus Mechanism.

A set of rules and algorithms that enables nodes in a dis-
tributed network to agree on the shared state of the sys-
tem, including the order and validity of transactions. Con-
sensus mechanisms ensure consistency and fault toler-
ance across decentralized systems. In practice, they may
rely either on economic-incentive mechanisms (such as
Proof of Work or Proof of Stake) or on Byzantine Fault Tol-
erant agreement protocols used in permissioned distrib-
uted ledger systems.

Proof of Work (PoW).

A consensus mechanism used in distributed networks to
prevent malicious behavior, such as double-spending.
Nodes (miners) compete to solve a cryptographic puzzle
by performing computational work (hashing). The first
node to solve the puzzle gains the right to propose the
next block and receives a reward. By making block pro-
duction computationally expensive, POW increases the
economic cost of attacks on the network. However, its
high energy consumption is frequently debated.

Byzantine Fault Tolerance (BFT).

A class of consensus protocols designed to ensure that a
distributed system can reach agreement even when
some nodes behave maliciously or unpredictably (Byzan-
tine faults). BFT-based consensus mechanisms rely on
message exchange and voting among a known set of vali-
dator nodes to agree on the order and validity of transac-
tions. Such protocols are commonly used in permissioned
distributed ledger systems where participants are identifi-
able and authorized. Common implementations of Byzan-
tine Fault Tolerant consensus include PBFT (Practical Byz-
antine Fault Tolerance), Tendermint, HotStuff, IBFT (Istan-
bul BFT), QBFT (Quorum BFT), and HoneyBadgerBFT.
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® Byzantine Fault.

A failure condition in a distributed system where a node
behaves arbitrarily, including maliciously or inconsistently,
potentially sending conflicting information to different
participants.

Cryptography.

A branch of mathematics and computer science that uses
cryptographic techniques to secure information and com-
munications. It enables confidentiality, data integrity, au-
thentication, and non-repudiation through mechanisms
such as encryption, digital signatures, hash functions, and
cryptographic proofs. In distributed ledger systems, cryp-
tography is used to verify transaction authenticity, protect
data integrity, and ensure that only authorized parties can
control digital assets.

Smart Contract.

Executable program logic deployed on a distributed led-
ger that automatically executes predefined rules when
specified conditions are satisfied. Smart contracts enable
deterministic processing of transactions and state transi-
tions across participating nodes without requiring manual
intervention. In distributed ledger systems, they are used
to automate business logic, enforce protocol rules, and co-
ordinate interactions among authorized participants.

Programmability.

In distributed ledger systems, the capability to execute
predefined program logic that governs how transactions
are processed and how assets or states change over time.
This enables automated enforcement of rules and work-
flows, supporting applications such as programmable
payments, automated bond coupon distribution, and
conditional asset transfers beyond simple value transfer.

Permissionless.

A system characteristic where anyone can join the net-
work (as a node), use services (initiate transactions), or par-
ticipate in consensus (e.g., mining) without approval from
a central authority. Public chains like Bitcoin and Ethere-
um are typical permissionless systems, contrasting with
"permissioned chains" that require authorization.
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® Permissioned.

A system characteristic where participation in the network
- such as operating nodes, accessing services, or partici-
pating in consensus, is restricted to entities that have re-
ceived prior authorization from a governing authority or
consortium. Permissioned distributed ledger systems are
typically used in institutional or enterprise environments,
where participants are known, vetted, and subject to de-
fined governance and compliance requirements. This
model contrasts with permissionless systems, where par-
ticipation is open to anyone without prior approval.

Verifiability.

In computer science and cryptography, the characteristic
where the output of a system or calculation can be inde-
pendently verified by a third party using public informa-
tion. In blockchain, this means anyone can verify transac-
tion validity and block correctness without trusting a sin-
gle node.

Governance.

The set of processes, rules, and decision-making mecha-
nisms through which participants determine protocol up-
grades, parameter adjustments, resource allocation, and
the future direction of a distributed system. Governance
may operate on-chain (for example, through protocol-level
voting mechanisms) or off-chain (through committees,
foundations, or other institutional arrangements), focusing
on how decisions are made and who has the authority to
make them.

Interoperability.

The ability of different distributed ledger systems or finan-
cial infrastructures to exchange information, assets, or
transactions and correctly interpret each other’'s data and
rules. Interoperability enables coordinated operation
across heterogeneous systems operated by different insti-
tutions or jurisdictions.

Trusted Execution Environment (TEE).

A hardware-based secure area within a main processor
that ensures the confidentiality (protection from external
snooping) and integrity (protection from tampering) of the
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code and data loaded inside it. In blockchain, TEEs are
often used for privacy-preserving computation or provid-
ing security for consensus roles, though they introduce
trust assumptions regarding hardware vendors.

Threshold Signature Scheme (TSS).

A cryptographic signature scheme in which the ability to
generate a valid digital signature is distributed among
multiple participants. A signature can only be produced
when a predefined subset of participants - typically ex-
pressed as an N-of-M threshold - cooperates, while fewer
than the threshold cannot generate the signature or re-
construct the private key. Threshold signatures are widely
used in distributed key management, multi-party compu-
tation, and fault-tolerant authorization systems.

Node.

A computer or server that participates in a blockchain or
distributed network by running specific client software.
Nodes are responsible for maintaining the network, verify-
ing and propagating transactions and blocks, and updat-
ing the ledger state according to consensus rules.

® Validator.

A network participant with node responsible for verifying
transactions, participating in consensus, and maintaining
the integrity of the distributed ledger.

Transaction Binding.

A technique used during transaction creation to bind all
critical input parameters (e.g., amount, counterparty), ref-
erenced business rule versions, and the current context
into a single, indivisible data unit via cryptographic hashes
or commitment mechanisms. This ensures the full execu-
tion context is solidified, preventing selective tampering or
re-interpretation after the fact, thereby enabling determin-
istic replay audits.

Reconciliation and Replay.

The core auditing mechanism of verifiable systems. "Re-
play" refers to re-executing the entire business process in
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an independent, deterministic environment using original
inputs, bound rules, and full path proof to verify if the out-
put matches the original record. "Reconciliation" in this
context evolves into comparing independent replay re-
sults from muiltiple parties to mathematically verify pro-
cess correctness, rather than just comparing static bal-
ances.

Deterministic Execution.

A property of a distributed system in which identical in-
puts, rules, and execution conditions always produce iden-
tical outputs. Deterministic execution enables indepen-
dent replay and verification of transaction processing
across different nodes or environments.

Provable Consistency.

A property of a distributed system in which transaction
execution and state transitions can be independently veri-
fied to be consistent with the declared rules and inputs.
Through deterministic execution and cryptographic
proofs, any participant can reproduce the same result and
confirm that the system'’s behavior matches the specified
logic.

Domain Model.

A conceptual representation of the key entities, responsi-
bilities, rules, and interactions within a particular area of a
system or organization. In system architecture and do-
main-driven design, domain models are used to structure
complex systems by defining clear functional domains
and the relationships between them. In cross-jurisdictional
financial infrastructures, domain modeling helps clarify re-
sponsibilities and interaction boundaries between differ-
ent institutions or regulatory environments.

Cross-Domain Communication Protocol.

A protocol that enables the secure and verifiable exchange
of messages, data, or transaction proofs between distinct
trust domains, such as different distributed ledger sys-
tems, financial infrastructures, or sovereign jurisdictions. It
defines message formats, routing logic, authentication
mechanisms, and proof verification procedures to ensure
integrity, traceability, and reliable delivery across system
boundaries.
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® Cross-Chain Communication.

A category of interoperability techniques that enable data
exchange, transaction coordination, or asset transfer be-
tween separate blockchain networks. Common ap-
proaches include relay-based architectures, hashed
timelock contracts (HTLC), notary or validator schemes,
and other mechanisms for verifying events across chains.

Global Registry.

A shared infrastructure in cross-chain or cross-sovereign
ecosystems used to centrally and authoritatively record
and map the core identities and key metadata of partici-
pating entities. Usually maintained via decentralized or
federated governance, it acts as the "address book" or
"root directory" of the network.

Hash Anchoring.

A cryptographic technique of recording the hash value
(e.g.digital fingerprint) of any data on an immutable dis-
tributed ledger (e.g., blockchain) or a trusted timestamp
service. This "anchors" the existence and state of data at a
specific point in time to a higher-level trust base, allowing
for independent verification that the data has not been
tampered with without disclosing the data itself.

Heterogeneous Network.

A network environment composed of systems or block-
chains with different types, architectures, consensus
mechanisms, or governance models. In cross-border fi-
nance, it refers to digital currency or payment systems
built by different sovereign nations using different tech-
nology stacks. Achieving interoperability between hetero-
geneous networks is a more significant challenge than in
homogeneous ones.

Merkle Proof.

A cryptographic method based on hash trees used to effi-
ciently verify if a data block belongs to a larger dataset
without exposing or downloading the entire set. It is core
to blockchain light clients and state verification.
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Part B:

Common Terms in Financial Market
Infrastructure and Cross-Border
Clearing and Settlement

® Central Bank Digital Currency (CBDC).

A digital form of fiat currency issued and backed by a
country's central bank. It represents a direct liability of the
central bank, aiming to combine the technical advantag-
es of digital currency (e.g., programmability, real-time
clearing) with the credit stability of fiat. It is generally cate-
gorized into retail CBDC for the public and wholesale
CBDC for financial institutions.

Real-Time Gross Settlement (RTGS).

A high-value payment system where payment instruc-
tions are settled individually, in full, and continuously
across participants' accounts at the central bank. Every
settlement is final and irrevocable, primarily used for ur-
gent, high-value payments as a core financial infrastruc-
ture.

Central Securities Depository (CSD).

A core financial infrastructure that provides centralized
custody, registration, clearing, and settlement services for
securities within a country or market. It records security
ownership via electronic ledgers to eliminate physical cer-
tificate risks and improve market efficiency.

Society for Worldwide Interbank Financial Telecom-
munication (SWIFT)

The world's primary financial messaging network used by
financial institutions to transmit standardized payment
instructions and securities transaction info. It does not
process fund transfers itself but transmits instructions. It
serves over 11,000 institutions across 200+ countries, and
its message standards (MT and ISO 20022) are the indus-
try's common language.
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® Clearing House Interbank Payments System (CHIPS).

The world's largest private-sector USD large-value
cross-border payment clearing system, handling over 95%
of cross-border USD payments. It uses a multilateral net-
ting mechanism and settles finally through the Federal
Reserve's Fedwire at the end of the day.

Trans-European Automated Real-time Gross Settle-
ment Express Transfer System (TARGET).

An RTGS system developed and operated by the Eurosys-
tem (ECB and national central banks). It is the backbone
for large-value Euro payments, ensuring funds move be-
tween Eurozone banksin a final and irrevocable manner.

Cross-Border Interbank Payment System (CIPS).

Organized by the People's Bank of China to provide clear-
ing and settlement services for cross-border and offshore
RMB business. Unlike SWIFT, which primarily transmits
messages, CIPS integrates payment clearing and messag-
ing functions to improve RMB cross-border efficiency and
security.

Clearing House Automated Payment System (CHAPS).

The UK's primary GBP large-value RTGS system operated
by the Bank of England. It handles high-value, time-sensi-
tive GBP payments (e.g., real estate settlements, large
commercial payments) and ensure payment finality.

1ISO 20022.

A global financial messaging standard methodology from
the International Organization for Standardization (ISO). It
provides a unified XML-based data model and business
process for payments, securities, and forex. Its flexible
structure and rich data fields are making it the new global
unified standard.
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® Correspondent Bank.

A cross-border payment arrangement where one bank
(correspondent) opens an account for another (respon-
dent) to provide clearing and forex services, allowing the
respondent bank indirect access to the correspondent's
local payment system. While the core traditional model, it
is often long, costly, and lacks transparency.

Clearing.

The process between transaction execution and settle-
ment, including trade confirmation, reconciliation, and
netting of positions to determine final settlement obliga-
tions.

Finality.

The point at which a transaction or ledger change be-
comes certain and irreversible. Under legal finality, it is un-
affected by bankruptcy or legal proceedings; under tech-
nical finality, the system will not roll back the transaction.

Embedded Supervision.

A regulatory paradigm proposed by the BIS where regula-
tory requirements are directly embedded into the IT sys-
tems and operational processes of regulated institutions.
By analyzing trusted data (e.g., DLT) in real-time, regulators
can move from ex-post inspections to continuous mMoni-
toring.

Delivery versus Payment (DvP).

A securities settlement mechanism ensuring that the de-
livery of securities occurs if and only if the corresponding
payment occurs. This link eliminates principal risk where
one party performs and the other defaults.

Payment versus Payment (PvP).

A settlement mechanism for forex transactions involving
two different currencies. It ensures the payment of one
currency occurs if and only if the payment of the other cur-
rency occurs, eliminating risks from time zone or process
differences.
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® Regulatory Sandbox.

A controlled testing environment created by regulators for
fintech startups and traditional institutions to test innova-
tive products with limited real-market scope under tem-
porary regulatory exemptions.

Part C:
Common Terms in Regulatory Bod-
ies, Laws, and Regional Pilots

® Bank for International Settlements (BIS).

Established in 1930, the "bank for central banks" promotes
cooperation among central banks and financial regula-
tors to maintain monetary stability. lts Committee on Pay-
ments and Market Infrastructures (CPMI) sets global stan-
dards for payment and settlement.

® Monetary Authority of Singapore (MAS).

Singapore's central bank and integrated financial regula-
tor. It manages monetary policy, financial supervision, and
payment systems, and actively promotes fintech innova-
tion (e.g., Project Guardian).

® Hong Kong Monetary Authority (HKMA).

Hong Kong's central banking institution, responsible for
currency and banking stability, and actively researching
wholesale CBDC (wCBDC) and stablecoin regulation.

® Swiss DLT Policy Template for Securities.

A regulatory classification and policy framework by
FINMA (Swiss Financial Market Supervisory Authority) for
securities issued and traded on DLT (security tokens).

® Central Bank of the United Arab Emirates (CBUAE).

The UAE central bank responsible for monetary policy
and supervising the banking industry; it leads the "Digital
Dirham" CBDC project.
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® Dubai Financial Services Authority (DFSA).

An independent regulator for financial services within the
Dubai International Financial Centre (DIFC), which has its
own legal system independent of UAE federal law.

Financial Services Regulatory Authority of Abu Dhabi
Global Market (FSRA of ADGM).

The independent regulator for financial activities within
Abu Dhabi Global Market, a free zone with its own legal
system.

Financial Crimes Enforcement Network (FinCEN).

A bureau of the US Treasury that analyzes financial trans-
action info to combat domestic and international money
laundering and terrorism financing.

Office of Foreign Assets Control (OFAC).

A US Treasury agency that administers and enforces eco-
nomic and trade sanctions against targeted countries, re-
gimes, terrorists, and international drug traffickers.

Specially Designated Nationals List (SDN List).

A list maintained by OFAC of individuals and entities sub-
ject to US economic sanctions. US persons/entities are
generally prohibited from transactions with these parties
and must freeze their assets.

Gold Exchange Standard.

A monetary system where a currency is not directly linked
to gold but to another currency (usually the USD) that is
linked to gold. The Bretton Woods system (1944) is a clas-
sicexample.

Floating Exchange Rate System.

A system where the exchange rate is freely determined
by market supply and demand, with central banks gener-
ally not intervening.
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® Anti-Money Laundering (AML).

Laws and procedures designed to prevent criminals from
disguising illegal funds as legitimate income. Institutions
must conduct due diligence and report suspicious trans-
actions.

Countering the Financing of Terrorism (CFT).

Measures to prevent, detect, and block the provision or
collection of funds for terrorist activities or organizations.

Markets in Crypto-Assets Regulation (MiCA).

A comprehensive framework of regulations established
by the European Union to regulate crypto-assets. It sets
unified rules for the operation of Crypto-Asset Service
Providers (CASPs), requirements for stablecoin issuers,
consumer protection, and market transparency, aiming
to provide legal certainty for the crypto-asset market
within the EU and mitigate associated risks.

Digital Operational Resilience Act (DORA).

An EU regulation that requires financial entities (including
banks, insurance companies, and crypto-asset service
providers) to ensure their Information and Communica-
tion Technology (ICT) systems can withstand, respond to,
and recover from all types of ICT-related disruptions and
threats. It covers ICT risk management, incident report-
ing, resilience testing, and third-party provider risk man-
agement.

Electronic Money Token (EMT).

As defined under the EU Markets in Crypto-Assets (MiCA)
regulation, it refers to a type of crypto-asset that is primar-
ily intended to be used as a means of exchange and that
purports to maintain a stable value by referencing the
value of a single official currency of a country (fiat curren-
cy). The issuer of such tokens must be an authorized elec-
tronic money institution or credit institution.

Travel Rule.

A FATF standard requiring Virtual Asset Service Providers
(VASPs) to transmit originator and beneficiary identity
info to counterparty VASPs for transactions above a cer-
tain threshold.
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