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SECTION @00 - EXECUTIVE ABSTRACT

Architecture & Empirical Benchmark Summary

Distributed settlement and state-machine infrastructure faces two orthogonal engineering constraints. On the workload
plane, digital economic execution is shifting toward high-frequency machine-to-machine coordination, in which
autonomous software agents continuously meter graphics processing unit (GPU) inference, verify enclave execution
digests, and settle programmatic API streams ( HTTP 402 Payment Required ) at sub-second intervals. On the formal
compliance plane, statutory regimes—exemplified by the Hong Kong Special Administrative Region’s Stablecoins
Ordinance ( Cap. 656 ), Anti-Money Laundering and Counter-Terrorist Financing Ordinance ( Cap. 615 ), Personal Data
(Privacy) Ordinance ( Cap. 486 ), and Regulation (EU) 2023/1114 ( MiCA )—define strict mathematical invariants requiring
> 100% segregated High-Quality Liquid Asset (HQLA) solvency ratios, bounded currency-corridor convertibility, non-
bypassable sanctions interdiction, and zero-PII cryptographic Travel Rule commitments.

Legacy clearing architectures and first-generation blockchains cannot satisfy these invariants simultaneously. Deferred-
net-settlement banking rails impose 250-300 bps in blended intermediary friction alongside T+2 latency, rendering
sub-dollar machine metering mathematically unviable. Conversely, monolithic sequential blockchains suffer from one-
dimensional scalar nonce M/G/1 head-of-line blocking, volatile native-token gas coupling, custodial bridge honeypots,
and application-layer ERC-20 blacklists that can be circumvented via wrapper-contract indirection.
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MYRILUM Linghe Chain ( ChainID: 88888 ) resolves this systems-engineering trilemma from Genesis Block 0 ( 96208e9
900b218935143be3024d2602566a86d61caad06d42399735b83afd991 ) and its v5.0 audit-hardened release. Built on a modular
Paradigm Reth parallel Rust execution engine coupled with Commonware Simplex BFT consensus, the state machine
delivers 250 ms single-slot deterministic finality (P, = 0), 3,000,000,000 gas per slot (1.2 x 10'° gas/s), type- 0x76
32-lane concurrent transaction execution with native LUSD and LHKD ledger-primitive fee settlement, dual elliptic-curve
cryptographic roots ( BN254 Groth16 and Osaka EIP-7951 P-256), kernel-enshrined TIP-403 policy screening, live
LINGHE_CAP656_HQLA_V1 Merkle Proof-of-Reserve (PoR) verification over deterministic benchmark states, and gasless
~936 ms omnichain intent fulfilment across Ethereum, Layer-2 rollups, BNB Smart Chain, and Solana.

Subsystem Architecture Dimension

Verified v5.0 Empirical Benchmark

Formal State-Machine & Cryptographic
Invariant

Consensus Finality & Reorg Bound

Parallel Execution Concurrency ( 0x76 )

Reference Solvency Invariant Model

FX Corridor & Kernel Policy Engine

Omnichain & Pairing Cryptography

Client Supply-Chain & Governance
Guard

250 ms single-slot deterministic finality
(Simplex BFT)

32 default independent 2D nonce lanes;
20/20 batch settled in ~1,004 ms

Benchmark states: LHKD at 101.20%
(HK$78.936M / HK$78.000M ); LUSD
at 100.50% ($10.050M / $10.000M)

[7.7500, 7.8500] HKD/USD
bytecode band; sub-microsecond TIP-
403 kernel policy

~936 ms EVM/Solana ERC-7683
fulfilment; 815,381 gas BN254
Groth16 pairing

@ runtime npm wallet dependencies
(169 chains); 3-of-4 eta -timelocked
multisig

Zero probeabilistic rollback risk (P, =0,

RPO = 0); 3-0f-4 fault-tolerant
quorum

@ nonce collisions; eliminates M/G/1
head-of-line blocking across concurrent
channels

Formalizes Cap. 656 Schedule 2
solvency invariants via on-chain 4-leaf
binary Merkle inclusion verification

Eliminates AMM curve slippage via
Oxdec® CLOB and closes ERC-20

wrapper evasion vectors

Consumes 0.027% of single-slot gas
limit; v5.0 pause-exempt permissionless
principal refund

Eliminates transitive npm supply-chain
attack surface; enforces mandatory
timelock maturity

STATUTORY MANDATE 0.1 — Hong Kong Legal Boundary & Pure Technical Specification Notice

1. Protocol & Software R&D Author Identity ( Cap. 622 & Cap. 486 Zero-Pll Mandate): Linghe Chain
distributed state-machine software and its self-custodial client suite are researched, engineered, and authored
exclusively by MYRILUM LIMITED as Protocol & Software R&D Author—a private company limited by shares
(BODY CORPORATE ) duly incorporated in the Hong Kong Special Administrative Region under the Companies

MYRILUM LIMITED (HK Cap. 622 | UBI 80912065)

Ordinance ( Cap. 622 of the Laws of Hong Kong), holding Company Registration / Unique Business Identifier (CR
/ UBI) 80912065 (incorporated on 27 July 2026 ) and Business Registration Certificate Number 80912065-000—
07-26-0 (Business Registration Ordinance, Cap. 310 ), with its statutory registered office at UNIT 1603, 16/F
THE L. PLAZA, 367-375 QUEEN'S RD CENTRAL, SHEUNG WAN, HONG KONG . In strict compliance with the Personal
Data (Privacy) Ordinance ( Cap. 486 ), zero natural-person Personally Identifiable Information (Zero Individual Pl) is
stored on-chain or in this technical monograph. 2. Non-Offering & Pure Software Engineering Boundary ( Cap.
32 / Cap. 571 / Cap. 656 / Cap. 615 ): This monograph is strictly a computer-science, cryptographic, and
distributed systems-engineering specification. Nothing herein constitutes a prospectus under the Companies
(Winding Up and Miscellaneous Provisions) Ordinance ( Cap. 32 ), an offer of securities, futures contracts, or
collective investment scheme (CIS) interests under the Securities and Futures Ordinance ( Cap. 571 ), a regulated
stablecoin activity, issuance, primary offering, or active marketing of a specified stablecoin to the public under
Sections 8 and 9 of the Stablecoins Ordinance ( Cap. 656 ), or a regulated virtual asset service under the Anti-
Money Laundering and Counter-Terrorist Financing Ordinance ( Cap. 615). MYRILUM LIMITED does not issue
tokens to the public and never accepts, holds, or custodies public fiat reserves. 3. Enshrined Ledger Primitives,
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Deterministic Benchmark States & Self-Custodial Software: Within Genesis Block 0, LHKD ( 9x20C0000000000000
00000 002 ), LUSD ( @x20C 00000 0000 01), and LHC ( 0x20C0000000000000000

0000000 0 ) are strictly enshrined protocol ledger primitives and non-circulating deterministic
benchmark reference states modeling Cap. 656, Cap. 615, MiCA, and Basel SC060 cryptographic invariants

in state-machine bytecode. LHKD and LUSD permanently enforce zero holder yield (ry,, 4., = 0) With zero interest,
dividend, or profit-sharing logic, and do not constitute deposits under Cap. 155 / Cap. 581 or offering
instruments under MiCA or U.S. Regulation S. MYRILUM Linghe0S Wallet is 100% client-side self-custodial
software; MYRILUM LIMITED never touches, stores, or controls user private keys or seed phrases.

SECTION 01

The Global Settlement Inflection: Autonomous Machine Commerce Meets
Sovereign Regulatory Mandates

1.1 Structural Failure Modes of Correspondent Banking and First-Generation Blockchains

Global wholesale clearing and digital commerce face a structural mismatch between twentieth-century settlement
topologies and twenty-first-century programmatic liquidity demands. Across cross-border corporate treasury corridors,
legacy correspondent banking relies on sequential message passing decoupled from final funds movement. According
to Bank for International Settlements (BIS) Committee on Payments and Market Infrastructures benchmarks, cross-
border wholesale and commercial payments incur blended intermediary, Nostro/Vostro liquidity-trapping, and foreign-
exchange spread costs of 250-300 bps , while retail card networks impose fixed per-transaction authorization floors of
$0.15 to $0.30 alongside T+1 to T+2 deferred net settlement. When an autonomous enterprise software agent invokes
a specialized inference API costing $0.004 per call—or dynamically chains twenty microservice calls within a single
workflow—a $0.25 fixed clearing floor represents a 6,250% transaction tax, rendering granular machine-to-machine
commerce mathematically infeasible on legacy rails.

First-generation public blockchains and sequential Layer-2 rollups attempted to remove intermediary rent extraction
through shared state machines, yet introduced four structural defects that preclude adoption as regulated sovereign
financial market infrastructure:

1. One-Dimensional Nonce Head-of-Line (HoL) Blocking: Standard Ethereum Virtual Machine (EVM) accounts
enforce a strictly monotonic scalar nonce v € N,. Under classical queueing theory, a shared corporate treasury or
HTTP 402 settlement gateway behaves as a single-server M/G/1 queue: a single underpriced, delayed, or out-of-
order transaction stalls every subsequent disbursement behind it, causing latency variance Var[W] to diverge
nonlinearly under bursty Al agent workloads.

2. Volatile Native Gas Token Contamination: Requiring regulated financial institutions and autonomous enterprise
agents to hold, value, and replenish a volatile native cryptocurrency solely to pay execution gas introduces

unhedged market risk onto corporate balance sheets, triggers punitive Basel Committee SC060 Group 2
cryptoasset capital charges ( 1,250% risk weight), and breaks deterministic unit-cost accounting.

3. Bolted-On Application-Layer Compliance Fragility: On general-purpose retail chains, sanctions blacklists exist
only inside individual ERC-20 token contracts ( transfer / transferFrom ). Sanctioned actors routinely bypass
such controls by wrapping tokens into derivative vaults, trading LP shares on permissionless automated market
makers (AMMs), or routing intents through cross-chain solvers that settle net balances off-contract.

4. Probabilistic Finality and Custodial Bridge Systemic Risk: Waiting 12.8 minutes (64 slots on Ethereum L1) or
7 days (optimistic rollup challenge windows) for irreversible settlement cannot support synchronous API
commerce, while centralized “lock-and-mint” cross-chain bridges create multi-billion-dollar honeypots backed by
unverified IOUs rather than segregated sovereign HQLA.
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1.2 Resolving the Institutional-Agentic Trilemma on Linghe Chain ( ChainID: 88888)

Linghe Chain ( ChainID: 88888 , hex 0x15b38) eliminates these trade-offs by co-designing consensus, parallel
execution, bytecode-level regulatory state invariants, hardware-attested Al settlement, and zero-knowledge cross-chain
verification inside a unified seven-layer sovereign stack. Rather than treating policy invariants or fee abstraction as
optional user-space middleware, Genesis Block 0 embeds three enshrined 6 -decimal TIP-20 protocol ledger
primitives (10° atomic units per unit), nine sovereign system predeploy contracts, and six custom Rust execution-
kernel precompiles alongside standard EVM cryptographic primitives.

DEFINITION 1.1 — State-Space Orthogonality & Trilemma Resolution

Let the enshrined protocol ledger primitive space be partitioned into consensus security stake § = {LHC} ( 2x20C000
00000 000000 ) and non-circulating fiat-referenced benchmark settlement primitives

A = {LUSD, LHKD} ( 0x20C0000 000 000 1, 0x20C 000 000 2),

Moder = 0). Linghe Chain satisfies Strict State-Space Orthogonality iff the reference solvency state vector

R(t) = (Rrysp (t), Rk (1)) satisfies aR(t)/aP; y- = 0 at all slots t > 0, zero algorithmic mint-burn seigniorage links §

and ., and every transaction tx submitted by a client node or autonomous agent clears execution fees directly in

m € A via the enshrined TIP Fee Manager (0xfeec00000000 00000 000000 ) with single-slot finality
Afinal = 250 ms and kernel-level TIP-403 policy closure.

FIG.01 SEVEN-LAYER SOVEREIGN PROTOCOL STACK & ENSHRINED ADDRESS TOPOLOGY GENESIS 01a390d7..

Sovereign BFT Governance & v5.0 Security Guard

0x8900..0004 (3-0f-4 HK/SG/JP/CH Multisig) LingheSovereignSecurityGuardV5 (Mandatory Timelock eta)

Omnichain Intent Customs & Dual-Curve Verifiers

0x8900..0001 Settler + OriginEscrow7683 (EVM+Solana) 0x8900..0002 BN254 ZK Bridge | 0x8900..0003 P-256 Verifier

ERC-8004 Autonomous Agent Economy & x402 Gateway

0x8004..0001 Identity | 0x8004..0002 Reputation 0x8004..0003 Validation Escrow (80%/20% Atomic Royalty)

Cap. 656 Solvency Vault & Bounded Session Keys

0x8800..0001 Reserve Merkle PoR & FATF Rec. 16 Hash 0x8402..0001 Non-Custodial Bounded Session Key Manager

ATOMIC ZK / TEE TRUST BUS

Rust Kernel-Enshrined RegTech & FX CLOB Precompiles

0x403c.. TIP-403 Sanctions Gate | Oxdec@.. Stablecoin CLOB 0x4e4f.. 2D Nonce | Oxfeec.. Stablecoin Gas | Oxaaaa.. Keychain

Enshrined TIP-20 Sovereign Monetary Assets (6 Decimals)

L2
ONETARY 0x20C0..0000 LHC (Staking) | 0x20C0..0001 LUSD (100.50% PoR) 0x20C0..0002 LHKD (Cap. 656 Policy #2 Bound - 101.20% PoR)

Tempo Reth Parallel EVM & Commonware Simplex BFT Kernel

250ms Single-Slot Finality - 3,000,000,000 Block Gas Limit 0x06/07/08 BN254 Pairing - 0x0100 EIP-7951 P256VERIFY

FIGURE 01 — Seven-Layer Sovereign Architecture Mapping 9 Genesis Contracts, 6 Rust Precompiles & v5.0 Security
Guards

Note: All enshrined contract and precompile addresses are deterministically anchored in Genesis Block 01a390d7 ...
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1.3 Canonical Genesis Predeploy and Execution-Kernel Address Registry

Every core settlement, compliance, and cryptographic primitive on ChainID: 88888 occupies a deterministic canonical
address established at Genesis Block 0 ( 96208e9900b218935143be3024d2602566a86d61caad06d42399f35b83afd991 ), eliminating
proxy-upgrade address ambiguity across institutional integrations:

Table 1.1 — Canonical Protocol Ledger Primitive, System Predeploy, and Kernel Precompile Map ( ChainID:

88888 )

Architectural Plane

Canonical Module Identifier

Exact On-Chain Address
(SS0T)

State-Machine Execution
& Invariant Role

Ledger Primitive

Ledger Primitive

Ledger Primitive

Agentic Economy

Agentic Economy

Agentic Economy

Session Guard

Reserve & RegTech

Omnichain & FX

ZK Light Bridge

Hardware Trust

BFT Governance

LHC (Linghe Coin, 6 dec)

LUSD (Linghe USD, 6 dec)

LHKD (Linghe HKD, 6 dec)

LingheERC8004IdentityRegistry

LingheERC8004ReputationRegistry

LingheERC8004ValidationEscrow

LingheSessionKeyManager

LingheComplianceReserveVault

LingheOmnichainSettler

LinghezZkLightClientBridge

LingheHardwareAttestationVerifier

LingheSovereignTimelockMultisig

MYRILUM LIMITED (HK Cap. 622 | UBI 80912065)

0x20C0000000000000000

0x20C0000000000000000

000 2
(A7)

0x8004000000000000000

D000 1
\AY)

0x8004000000000000000

D000 2
(AU

0x8004000000000000000

00000 1
0x8300000000000000000
0000 01
0x89000 000000
0000 1
0x89000 0000000
000000 2
0x890 000000
00000 3
0x890 0000000

000 1
(A7)

Validator BFT staking
weight & base compute
metering primitive

1:1 USD HQLA-modeled
(100.50% benchmark
state) x402 & gas
primitive

Cap. 656 -modeled
(101.20% benchmark
state) TIP-403 Policy
#2 primitive

Sovereign agent identity,
service endpoints & zero-
PIl ZK-KYB badges

Anti-replay x402 volume-

weighted & TEE-attested
reputation ledger

Verifiable TEE inference
escrow & atomic 80% /
20% royalty split

Scoped non-custodial
session budgets

( maxPerTx ,
maxBudget , expiry)

Cap. 656 binary Merkle
PoR roots & FATF Rec.
16 envelope hashes

ERC-7683 cross-chain
settlement customs &
7.7500-7.8500 HKMA
FX pool

BN254 Grothl6 cross-
chain state-root verifier &
reserve release vault

EIP-7951 P-256
vendor Root-CA (NVIDIA
H100 / AWS Nitro) &

PCRO registry

Four-jurisdiction ( HK-
HKMA , SG-MAS , JP-
FSA, CH-FINMA) 3-of-
4 vault
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Architectural Plane

Kernel Precompile

Kernel Precompile

Kernel Precompile

Kernel Precompile

Crypto & Intent

Canonical Module Identifier

TIP-403 Policy Registry

Enshrined StablecoinDEX

2D Nonce Manager

Account Keychain / Validator /
Fee

Permit2 / BN254 / P256VERIFY

Exact On-Chain Address
( SSOT)

0x403c000000000000000

0xdec0000000000000000

0000 0
\AY)

0x4e414e4345000000000

00

Oxaaaaaaaad0000000000

0000

0x000000000022d473030
f116ddee9f6b43ac78ba3

State-Machine Execution
& Invariant Role

Rust execution-kernel
allowlist & sanctions freeze
policy engine

Rust kernel Central Limit
Order Book ( LUSD/LHC ,
LHKD/LHC)

Type- 0x76 parallel 2D
nonce ( 32 default

independent concurrency
lanes)

Passkey keychain; @xcccc

€cccooo 0000000
0000000000000 BFT

config; @xfeec0000000000

D000 LLDADD OO
¥Yuvuvuvvuvvvvvuuvve

000 gas manager

Intent Permit2 ; 0x0000

nnnnnnnnnnnnnn

000000000008 BN254 ; 0
X0000000000000000000000
000000000000000100 P—
256

SECTION 02

Four Architectural Moats: 250ms Deterministic Finality, 32-Lane Concurrency, and
Dual-Curve Cryptographic Roots

2.1 Commonware Simplex BFT : Single-Slot 250 ms Deterministic Finality

Wholesale payment systems cannot tolerate probabilistic block reorganizations, where a “confirmed” high-value

disbursement or GPU cluster unlock can be retroactively orphaned by a competing fork. Linghe Chain implements
Commonware Simplex BFT, a pipelined leader-based Byzantine Fault Tolerant consensus protocol configured via the

enshrined Simplex Validator Config precompile ( @xcccccccco

000 0000

00 ) across four tier-one

financial jurisdictions: Hong Kong ( HK-HKMA ), Singapore ( SG-MAS ), Tokyo ( JP-FSA ), and Zurich ( CH-FINMA ).

For a validator committee of size n =3f + 1 = 4 tolerating f = 1 arbitrary Byzantine or disconnected jurisdiction, quorum
intersection guarantees absolute safety. Any two supermajority notarization quorums Q,, Q, of size g =2f + 1 = 3 satisfy:

Q, NQ,[=1Q,HQ,[HIQ, uQ,[23+3-4=2>f=1

Consequently, every pair of quorums shares at least f + 1 = 2 non-faulty institutional validators, rendering conflicting
block finalizations within the same slot mathematically impossible (Preorg = 0). By pipelining block proposal
dissemination, Tempo Reth state-root execution, and threshold quorum notarization across low-latency inter-

datacenter routes linking East Asia ( HKG — SIN — TYO triangle < 38 ms one-way) and Central Europe ( ZRH ), Linghe

Chain achieves irreversible single-slot finality every A

slot

=250 ms even if trans-Eurasian subsea fiber to Zurich

experiences a complete cut, with a per-slot computation ceiling of 3,000,000,000 gas (1.2 x 10" gas/s sustained

compute bandwidth).

Table 2.1 — Simplex BFT 250 ms Single-Slot Pipeline & Multi-Jurisdictional Quorum Budget

MYRILUM LIMITED (HK Cap. 622 | UBI 80912065)
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Consensus Pipeline Stage Allocated Slot Budget LD Subsysten."n ACEOEELE
Quorum Mechanics

1. Slot Leader Proposal & Disjoint 0 — 45 ms Rotating validator leader packages

Batching @x76 2D-nonce lanes and broadcasts
block header + transactions

2. Parallel Tempo Reth Execution & 45 — 125 ms Multi-core Rust EVM executes disjoint

TIP-403 Check account lanes concurrently ( <=
3,000,000,000 gas )+ Merkle state
root

3. APAC + European 3-0f-4 Vote 125 — 215 ms Fastest 3 of {HK-HKMA, SG-MAS,

Aggregation JP-FSA, CH-FINMA} broadcast
signed notarization votes (q = 3)

4. Deterministic Certificate Commit 215 — 250 ms Finality certificate committed ( RPO =

& RPC Receipt 0, Preory = 0); gateway emits

synchronous settlement receipt

2.2 Tempo Reth Type- ox76 2D Nonce Parallelism and Native Fiat-Referenced Gas

Even on a 250 ms BFT chain, sequential per-account nonces throttle enterprise gateways. Linghe Chain embeds the
2D Nonce Manager Kkernel precompile ( ox4e4f4e434500 0000 000000 ) supporting native type- 0x76
parallel transactions. Instead of a single integer counter, each account’s replay-protection state is partitioned across a
two-dimensional coordinate space:

Nop(@): {0,1,...,22 =1} — {0,1,...,2% — 1}, (k,vp) = v, +1

Here k denotes an independent concurrency lane key ( 32 parallel lanes allocated by default for x402 micropayment
and treasury settlement engines) and v, denotes the strictly sequential counter local to lane k. Transactions dispatched
concurrently by the same institutional address across distinct keys k, # k, touch disjoint storage slots inside 0x4e4f4e43

45000 000 000 and execute in parallel across multi-core Paradigm Reth worker threads without
mutual lock contention.

In live production benchmarking on Linghe Chain ( ChainID: 88888 ), a concurrent burst of 20/20 simultaneous Al
agent micropayment and on-chain reputation transactions dispatched across independent 0x76 lanes achieved
complete batch settlement and state finalization in ~1,004 ms with @ nonce collisions ( 100% first-attempt inclusion).

Simultaneously, the enshrined TIP Fee Manager ( 0xfeec000000000 0000 00000 ) and Account

Keychain ( @0xaaaaaaaa 0000 0000 00 ) allow accounts and WebAuthn/Passkey signers to denominate
and settle gas fees natively in LUSD or LHKD —or delegate execution fees to an institutional sponsor—eliminating
operational friction and volatile-asset balance-sheet contamination.

MYRILUM LIMITED (HK Cap. 622 | UBI 80912065) Page 10 of 27
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‘ FIG.02 EMPIRICAL SETTLEMENT FINALITY & CONCURRENCY BENCHMARK (LOG10 MILLISECOND AXIS) 3,072x FASTER VS ETH L1

Linghe Chain (Simplex BFT Single-Slot) - 250 ms [1.0x Baseline]

Linghe ERC-7683 Cross-Chain Intent Fill 936 ms (Sub-Second E2E)

Linghe 20-Tx Parallel 0x76 Batch (~50ms/tx) _ 1,004 ms (20 Lanes - @ Stall)

Typical High-Throughput Monolithic L1 _ 6,400 ms (2.4s — 12.8s)
Ethereum L1 (2-Epoch Casper FFG Finality) 768,000 ms (12.8m - 3,072x Slower)
Legacy Cross-Border Correspondent Wire 86,400,000 ms (1d - 345,600x Slower)

,
1 1 1 1 1 1 1
10% ms 103 (1s) 104 (10s) 10° ms 10° (17m) 107 (2.8h) 108 (1.2d)

815,381 gas 101.20% / 100.50% 3,000,000,000 0 Runtime Deps

BN254 Groth16 Verify (0.027% Slot) LHKD / LUSD Synthetic PoR Vectors Block Gas Limit (Tempo Reth) Zero-Trust Terminal Supply Chain

FIGURE 02 — Empirical Settlement Finality, 20-Lane Concurrent Burst Throughput & Global Rail Log10 Comparison

Note: Horizontal bar lengths map strictly to Log10(ms) across 6 orders of magnitude (100 ms to 100,000,000 ms) on the controlled ChainID
88888 benchmark testbed.

2.3 Dual-Curve Cryptographic Trust Roots: BN254 Groth16 and Canonical Low- s EIP-7951 P-256

Sovereign financial and Al infrastructure requires bridging two distinct cryptographic worlds: succinct zero-knowledge
proofs of external blockchain state roots (algebraically efficient over pairing-friendly curves) and silicon-embedded
hardware roots of trust inside enterprise HSMs, Apple Secure Enclaves, NVIDIA H100 GPUs, and AWS Nitro Enclaves
(standardized globally on NIST secp256rl / P-256). Linghe Chain enshrines native precompiles for both curves:

1. Succinct Cross-Chain State Verification ( BN254 / alt_bn128 ): Through precompiles oxeo00 00000
0000000000000006 ( ecAdd ), 0x00 0000 0000 7 (ecMul), and ox 0000 000
00000000000008 ( ecPairing), LingheZkLightClientBridge ( @x89 00000 0000 00002 )

evaluates the 4-pairing Groth16 bilinear equation:
e(-A,B) “e(a1,B,)  e(ICo +opup " 1C1,7,) e(C,62) = 1g,

Empirically measured on-chain execution consumes exactly 815,381 gas —representing just 0.027% of Linghe
Chain’s 3,000,000,000 gas block limit and theoretically permitting over 3,600 zero-knowledge light-client state
proofs per 250 ms block.

2. Malleability-Hardened Silicon Hardware Verification ( 0saka EIP-7951 P256VERIFY ): Precompile 0x000000000000
000000 00000 100 verifies NIST P-256 signatures in native Rust. Crucially, standard ECDSA over prime-
order group np,ss exhibits signature malleability: if (r, s) is valid for message digest #, its additive inverse
(r, npyse — S mod npyse ) also satisfies raw curve verification, potentially enabling signature-hash replay or adversarial
witness mutation. In v5.0, LingheSovereignSecurityGuardV5.verifyCanonicalP256Signature enforces strict
canonical low- s normalization prior to invoking ex 000 000 0000100 :

\AY)

0<r<npys A 0<s< Lﬂ’zzﬁJ = Ox7FFFFFFF800000007FFFFFFFFFFFFFFFDE737D56D38BCF4279DCES5617E3192A8

THEOREM 2.1 — Queueing Collapse Elimination & Canonical P-256 Signature Uniqueness

(a) Parallel Waiting-Time Reduction: Under Poisson arrival intensity 1 with service time S (E[S] = 1/u) partitioned
across K = 32 independent type- 0x76 nonce lanes, per-lane utilization drops from p = A/ to p, = 1/(Ku),
expanding maximum stable gateway throughput by factor K = 32 without head-of-line blocking. (b) Canonical
Non-Malleability: Enforcing 0 < s < Lnp,s4/21 ( P256_HALF_N ) prior to invoking exoeo 00000000000000000000

() (A7) (A7)

0000100 restricts valid ECDSA witnesses to a unique canonical representative per (r, messageSha256, Q) .
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PROOF

For part (a), by the Pollaczek-Khinchine formula for an M/G/1 queue, expected waiting time under a 1D scalar
nonce is W = %ﬁ%, which diverges to + as 4 — u (and stalls deterministically whenever a single transaction
experiences mempool gas-price underbidding). Routing arrivals uniformly via round-robin lane assignment

k; = jmod K across K = 32 orthogonal keys in 0x4e4f4e4345 0000 0000 yields K independent
sub-queues with arrival rate /K, reducing expected waiting time to W, = 2%%. For part (b), since the

secp256rl curve order np,ss = OxFFFFFFFFO0000000FFFFFFFFFFFFFFFFBCE6FAADA7179E84F3BICAC2FC632551 is an odd

prime, npysq — s # s for all s € [1, npys¢ — 1], partitioning Z:mﬁ into disjoint involutive pairs {s, npys¢ — s} where exactly
one element satisfies s < (np,5s — 1)/2 =P256_HALF N. Rejecting s > P256_HALF N eliminates the high-s malleable
twin identically.

Q.E.D. m

SECTION 03

The Verifiable Machine-to-Machine Economy: ERC-8004, x402 Micropayments, and
Atomic 80/20 Al Royalties

3.1 Sovereign Agent Identity, Settlement-Linked Reputation, and Validation Escrow ( 0x8004. ..0001—
0003 )

Autonomous machine commerce fails in open networks unless three economic asymmetries are solved simultaneously:
counterparty discovery without exposing corporate PIl, Sybil-resistant performance reputation, and cryptographic proof
that a remote compute provider actually executed the requested frontier model rather than substituting a cheaper
distilled model (“model-downgrade spoofing”). Genesis Block 0 deploys the ERC-8004 Sovereign Agentic Commerce
Triad across three canonical predeploy addresses:

e LingheERC8004IdentityRegistry ( 0x8004 00000 0000 00001 ): Assigns each autonomous agent
a globally unique agentId and human-readable handle (<= 64 bytes), service endpoint URI, capabilityHash ,
and cryptographic ComplianceBadge . Authorized attesters bind a jurisdictionCode (e.g., HK-HKMA ),

complianceTier (1 = Developer, 2 = Verified Enterprise KYB, 3 = Regulated Institution / VASP Schema),
expiration timestamp, teeHardwareVerified flag, and a 32-byte zero-knowledge credential commitment

( zkCredentialHash ), storing zero plaintext Pll on-chain while allowing smart contracts to verify
isCompliantAgent(...) atomically in Solidity.

e LingheERC8004ReputationRegistry ( 0x8004000 000 000 2 ): Eliminates Astroturfing and
unbacked review spam by anchoring agent ratings ( 0. .100 , exposed in basis points via averageScoreBps ) to
settled HTTP 402 task hashes ( recordedTaskHashes [paymentTxOrTaskHash] , reverting DUPLICATE_TASK_HASH on
replay). The registry separately tracks cumulative settled volume ( totalVolumeAtomic in 6 -decimal LUSD / LHKD ),
x402SettledTasks , and teeVerifiedTasks backed by cryptographic enclave proof digests
( submitVerifiedFeedback ).

e LingheERCB004ValidationEscrow ( 0x8004 0000 00000 00003 ): Locks institutional task budgets

(createVerifiableTask ) against an immutable promptDigest, modelDigest , and designated enclaveVerifier,
releasing payment and splitting IP royalties only when validateAndSettleWithHardwareQuote verifies both the
execution proof and active silicon hardware attestation.

3.2 Bounded Non-Custodial Session Keys ( 0x8402...0001 ) and HTTP 402 Sub-Second Settlement

Human biometric confirmation prompts cannot operate at machine cadence, yet handing raw master private keys to an
Al runtime creates catastrophic exfiltration exposure under prompt injection. Linghe Chain resolves this operational
tension via LingheSessionKeyManager ( 0x8402 0000 0000 1). Through

MYRILUM LIMITED (HK Cap. 622 | UBI 80912065) Page 12 of 27
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authorizeScopedSession , an enterprise treasury grants an ephemeral agent sessionKey strictly bounded spending
authority governed by four on-chain invariants:

1. Asset Pinning ( spendToken ): Restricted exclusively to regulated LUSD or LHKD .

2. Per-Transaction Ceiling ( maxPerTx ): Reverts PER_TX_LIMIT_EXCEEDED on any single invoice exceeding the
authorized micro-cap.

3. Cumulative Session Cap ( maxBudget ): Tracks spentAmount + amount <= maxBudget , reverting
BUDGET_EXCEEDED upon exhaustion.

4. Counterparty & Temporal Confinement ( allowedRecipient , expiresAt ): Restricts disbursements to whitelisted
settlement contracts or verified ERC-8004 payees prior to expiresAt .

When a caller agent requests a metered API or financial data feed, the x402 Compliance Settlement Gateway returns a
standardized HTTP 402 Payment Required challenge specifying the LUSD or LHKD price in 10°° atomic units, target
agentId , and enclave verifier key. The caller’s bounded session key signs the authorization without touching the
master seed; the gateway screens both parties against TIP-403 , dispatches the transfer over a dedicated type- 0x76
parallel lane, and reaches irreversible finality in 250 ms .

FIG.03 ERC-8004 x HTTP 402 AGENT ECONOMY — TEE INFERENCE & 80% / 20% ROYALTY LOOP 8,000 / 2,000 BPS ATOMIC

1. Autonomous Caller Agent 2. x402 Settlement Gateway 3. Escrow & TEE Enclave
. 402 + Pay . Lock+Attest

SessionKey (0x8402..0001) HTTP 402 Payment Required 0x8004..0003 Escrow

Per-Tx Cap - Total Cap - TTL TIP-403 + 24h FATF Rec. 16 Check 0x8900..0003 PCRO + P256
0x76 2D Nonce LUSD/LHKD Atomic Replay Cache Guarded Verifiable Al Execution

80.0% EXECUTION NODE (8,000 bps) 20.0% IP

ERC-8004 Sovereign Registries 80.0% — Skill Execution Node 20.0% — Foundation Model IP

Identity: 0x8004..0001 (ZK-KYB) Instant LUSD / LHKD Settlement Protocol-Enforced Upstream Royalty
Reputation: 0x8004..0002 (Weighted) 8,000 bps Atomic Payout 2,000 bps Atomic Royalty

FIGURE 03 — ERC-8004 Autonomous Agent Economy, HTTP 402 Challenge-Response & 80% / 20% Atomic Royalty
Settlement Loop

Note: Atomic 80%/20% payout and reputation update execute strictly upon valid on-chain PCRO & P-256 enclave attestation.

3.3 Silicon-Rooted Confidential Inference ( PCRo ) and Atomic 80% / 20% Royalty Splits

To prevent model substitution, LingheHardwareAttestationVerifier (0x89000 0000 0000 3)
maintains governance-curated NIST P-256 vendor root public keys ( vendorRoots for NVIDIA H100 Confidential
Computing and AWS Nitro Enclaves) alongside whitelisted enclave binary measurements

(approvedPcr@Measurements ). During enclave registration, verifyAndRegisterEnclave hashes
"LINGHE_HW_ATTESTATION_V3" with chainid , contract address, vendorId, pcr@Measurement, runtimeSigner , and
validuntil, verifying the silicon vendor quote via 0x000 0000 0000 100 . At task settlement,

LingheERC8004ValidationEscrow recomputes:

dexee = keccak256("LINGHE_TEE_EXECUTION_V2" I chainld I escrow I taskld I doqer 1 dprompr | Gresur)

It recovers the enclave signer and queries
0x8900000000000000000000000000000000000003 . isHardwareVerifiedEnclave(recovered) , reverting
ENCLAVE_NOT_HARDWARE_P256_ATTESTED if the PCR@ measurement has been revoked or the quote has expired. Upon
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cryptographic verification, _settlePayout executes an atomic, dust-free revenue split between the foundation model /
skill IP author ( skillAuthor , standard skillRoyaltyBps = 2000 = 20.00% , protocol-capped at <= 5000 bps ) and
the GPU skill/compute operator ( agentPayee , 80.00% ):

= |_E “byan 1 P

P ~TO000 -° operator

royalty =E-P

royalty

Table 3.1 — Unit-Economics Comparison for 1,000,000 Autonomous Inference Calls ( $0.005 / Call =
$5,000.00 Gross Value)

Economic & Operational
Metric

Legacy Card / SaaS Billing

Monolithic L1 ( Ethereum)

Linghe x402 + ERC-8004
(ChainID: 88888)

Settlement Rail Overhead

Unviable per-call ( $0.25 floor
= $250,000 fee)or 30-day

$0.50-$5.00 gas/tx
( $500k+ gas overhead)

Sub-millicent native
LUSD / LHKD gas (250 ms

postpaid credit risk per call)

Silicon EIP-7951 P-256 +
PCR@ hardware-enclave
bound

Model Authenticity Guarantee Zero (opaque black-box Off-chain trust only

endpoint)

Atomic 20.00%
($1,000.00 ) creator /
80.00% ( $4,000.00)
operator in same slot

IP Creator Royalty Settlement  Quarterly manual audit ( 60—90

day DSO float)

Separate multi-tx splitter gas

Capped by 0x8402...0001
(maxPerTx & maxBudget );
0 bits seed exposure

Prompt-Injection Blast
Radius

Full corporate API key
compromise

Full EOA private-key drain

INVARIANT 3.1 — Silicon-Rooted Anti-Downgrade Inference & Exact Royalty Conservation

3 with principal E € N*, funds
cannot transition to settled = true unless (i) the recovered execution signer holds an unexpired P-256

For every verifiable task T escrowed in 0x80040 00000 00000

nnnnn

hardware quote tied to an approved PCR@ image in 0x89 00

D000
vyuvu

=E-P royalty

model weights d, 4. to output d and (i) integer subtraction P, preserves exact atomic

result »

+ Pyperator = E With zero trapped rounding dust across arbitrary micropayment denominations.

operator

conservation Py,

Enshrined Fiat-Referenced Ledger Primitives: LHKD & LUSD Benchmark States,
Merkle PoR, and Kernel RegTech

4.1 Reference HQLA Solvency State Model and On-Chain LINGHE_CAP656_HQLA_V1 Merkle PoR

To formalize the mathematical solvency invariants of Schedule 2 to the Hong Kong Stablecoins Ordinance ( Cap. 656 ),
EU micA Title IV safeguarding rules, and Basel sco6e Group 1b risk-isolation criteria directly in verifiable bytecode, the
2)and LUSD ( ex2ec 0000
0000001 ) as non-circulating deterministic benchmark ledger primitives modeled with > 100.00% reference backing
across segregated Level-1 HQLA schemas ( 9-1 day demand trust deposit schemas and sovereign bills with residual

nnnnn
vvvvvvv

protocol enshrines LHKD ( 0x20C0000 0000 0000

maturity under 90 days: HKMA Exchange Fund Bills and U.S. Treasury Bills).

Rather than relying on delayed static off-chain PDF reports—or exposing raw account identifiers on-chain—
01 ) anchors domain-separated four-leaf

nnnnn

LingheComplianceReserveVault ( 0x88 0000

D000
vyuvu

binary Merkle trees ( LINGHE_CAP656_HQLA_V1 ). Each reference leaf L; commits to the primitive symbol, reference
custodian SWIFT BIC, masked account identifier, atomic valuation (10° precision), and residual maturity in days:
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h; =keccak256("LINGHE_CAP656_HQLA V1" 1 asset I BIC; I mask; I V; I m;)

In v5.0, any independent verification node or formal audit harness can invoke

LingheSovereignSecurityGuardV5.computeHqlaLeafHash(...) and verifyCap656MerkleInclusion(...) directly

on-chain to recompute the binary root from directional sibling hashes against ox8s

D000

0000

nnnnn

(Y \AY

1, verifying both leaf inclusion and reserveRatioBps >= 10000 (>= 100.00% solvency invariant) in a single static call.

Table 4.1 — Deterministic Benchmark Reference Schedule for LHKD (0x20C0...0002) ( 101.20% Solvency Ratio)

¢ Deterministic Benchmark Liability State: HK$78,000,000.00 (78,000,000,000,000 atomic units)

¢ Reference Segregated HQLA Backing State: HK$78,936,000.00 (78,936,000,000,000 atomic units - Over-
Collateralization Buffer: +1.20%)

e Anchored Benchmark Merkle Root: 0xa3e5fdlee51db26128c49f848bc4eb6d71443fbfee51a40b9159832a21beacte

Reference Masked
HQLA Residual Benchmark Valuation Portfolio
CEa Instrument FEETEIED Y EE Maturity (HKD) Share
Schema
Schema
1 Segregated HSBCHKHHHKH HKMA- 0 days HK$24,000,000.00 30.40%
Demand Trust TRUST-SEG-
Deposit 8801
Schema
2 Segregated SCBLHKHHXXX HKMA- 0 days HK$18,936,000.00 23.99%
Escrow Cash TRUST-SEG—
Deposit 8802
Schema
3 HKMA BOFAHKHX001 CMU-EFBN- 28 days HK$20,000,000.00 25.34%
Exchange SUB-9011
Fund Bills (28-
Day Sovereign
HQLA)
4 HKMA BKCHHKHHXXX CMU-EFBN- 84 days HK$16,000,000.00 20.27%
Exchange SUB-9042
Fund Bills (84-
Day Sovereign
HQLA)

Table 4.2 — Deterministic Benchmark Reference Schedule for LUSD (0x20C0...0001) ( 100.50% Solvency Ratio)

¢ Deterministic Benchmark Liability State: $10,000,000.00 ( 10,000,000,000,000 atomic units)

¢ Reference Segregated HQLA Backing State: $10,050,000.00 (10,050,000,000,000 atomic units - Over-
Collateralization Buffer: +0.50% )

¢ Anchored Benchmark Merkle Root: 0x5c3f82332fbffcobe49434232a9a97e2bf2c797423aa3fde4afd19b2c2641410

Reference Masked
HQLA aske . . Benchmark Portfolio
Leaf Reference BIC  Account Residual Maturity .
Instrument Valuation ( USD ) Share
Schema
Schema
1 Bankruptcy- IRVTUS3NXXX BNYM-SEG— 0 days $3,050,000.00 30.35%
Remote Cash TRUST-4401
Trust Deposit
Schema
2 Overnight SBOSUS33XXX SST-SEG- 1 day $2,000,000.00 19.90%
Treasury Cash TRUST-4402
Custody
Schema

MYRILUM LIMITED (HK Cap. 622 | UBI 80912065)
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Leaf

Reference

HQLA Masked Benchmark Portfolio
Reference BIC  Account Residual Maturity .

Instrument Valuation ( USD ) Share

Schema

Schema

U.S. Short- CITIUS33XXX FEDWIRE- 28 days $3,000,000.00 29.85%

Term Treasury TBILL-7710

Bills (28-Day

T-Bills)

U.S. Short- CHASUS33XXX FEDWIRE- 85 days $2,000,000.00 19.90%

Term Treasury TBILL-7785

Bills (85-Day

T-Bills)

4.2 Reference Contraction Stress-Test Modeling and 7.7500-7.8500 HKMA Linked-Rate Corridor

The reference solvency model is parameterized specifically to eliminate fire-sale maturity transformation vulnerability.
Because 54.39% of the LHKD reference state ( HK$42,936,000.00 at @ days) and 50.25% of the LUSD reference
state ( $5,050,000.00 at 0-1 day) reside in immediate cash tranches, both reference portfolios absorb a 50% single-

period liability contraction shock purely out of cash tranches without liquidating a single sovereign bill. Even under an

extreme 100% instantaneous full-state contraction simulation, the remaining 28-85 day HKMA Exchange Fund Bills
(cMu ) and U.S. Treasury Bills model zero-haircut intraday repo collateral, preserving 1:1 par coverage while

maintaining positive over-collateralization buffers ( HK$936,000.00 surplus on LHKD ; $50,000.00 surplus on LUSD)

against parallel interest-rate shocks (modified duration Dy,oq < 0.11 years).

Table 4.3 — Prudential Intraday Redemption Shock & Liquidity Coverage Stress Matrix

Instantaneous
Redemption Shock

LHKD Cash-Only
Coverage ( HK$42.936M
0d)

LUSD Cash-Only
Coverage ( $5.050M 0-
1d)

Sovereign Bill Repo
Mobilization
Required

Post-Redemption Equity
Over-Collateralization

25% Wholesale
Outflow
(HK$19.5M /

$2.5M)

50% Severe Bank-
Run Stress

( HK$39.0M /
$5.0M)

100% Full-Supply
Liquidation
(HK$78.0M /

$10.0M )

220.18% coveredin 0d
cash

110.09% coveredin 0d

cash

55.05% cash +
44,95% CMU EFBN

202.00% coveredin 0—
1d cash

101.00% coveredin 0—
1d cash

50.50% cash +
49,50% Fedwire T-Bills

HK$0.00 / $0.00
(0% bill liquidation)

HK$0.00 / $0.00
(0% bill liquidation)

Intraday CMU /
Fedwire HQLA
repo ( @ fire-sale)

+1.60% (LHKD )/
+0.67% (LUSD)

+2.40% (LHKD )/
+1.00% (LUSD)

HK$936,000.00 /
$50,000.00 net surplus

Cross-border liquidity between Greater China, ASEAN, and global dollar markets hinges on Hong Kong’s Linked
Exchange Rate System (LERS), maintained since 1983 within the HKMA Convertibility Undertaking band of 7.7500 to

000 1) enforces this

exact statutory corridor in immutable Solidity bytecode: setBorderPolicy(newPegRateScaled, paused) restricts
governance adjustments strictly to 7z \a € [77500, 78500] (default midpoint 78000 = 7.8000 HKD/USD , reverting
OUTSIDE_HKMA_BAND on any out-of-corridor parameter), allowing institutional treasuries to execute deterministic

swapLinkedRate conversionsin 250 ms with zero AMM price-impact slippage. Complementing primary corridor

nnnnn

nnnnn

swaps, the Rust-compiled Enshrined StablecoinDEX ( @xdec 00
level Central Limit Order Book (CLOB) across LUSD/LHC and LHKD/LHC pairs with deterministic price-time priority

matching for wholesale market makers.
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FIG.04 HKMA 7.7500-7.8500 LINKED-RATE CORRIDOR & REDEMPTION STRESS LCR 183.49% T+@ CASH LCR

A. LHKD / LUSD Corridor on Enshrined CLOB (0xdecO...) B. Reserve Solvency & LCR vs. 100% Statutory Floor

Baseline LHKD Solvency Ratio !
Weak-Side CU Ceiling

101.20%

HK$78.936M / HK$78.00M (+120 bps)

24h 30% Instant Run (T+0 Cash LCR)

7.8000 lmmmm———— . ——— 183.49% LCR
HK$42.936M @d Cash / HK$23.40M Run .
1

72h 65% Extreme Run (Stressed HQLA'LCF!)

Strong-Side CU Floor 155.34% LCR

HK$78.756M Stressed HQLA / HK$50.70M Run
1

Primary Par Mint/Burn Arbitrage Band (+15 bps) 100.0% FLOOR

FIGURE 04 — 7.7500-7.8500 Linked Exchange Rate Corridor Convergence & Extreme Redemption Stress-Test
Performance
Note: Zero-day segregated cash comprises 54.39% (HK$42.936M, 183.49% T+0 LCR vs. 30% single-day run) with zero bill fire-sale.

4.3 Sub-Microsecond TIP-403 Sanctions Interdiction and FATF Rec. 16 24-Hour Rolling Anti-
Structuring

Regulatory integrity on Linghe Chain operates across two orthogonal, non-bypassable enforcement planes:

1. Execution-Kernel TIP-403 Sanctions Firewall ( 0x403c 0000 0000 00 ): LHKD is
permanently bound at the protocol token layer to TIP-403 Policy #2 . Every direct TIP-20 transfer, Enshrined
StablecoinDEX order match, swapLinkedRate FX conversion, LinghezZkLightClientBridge release, and

LingheOmnichainSettler cross-chain fill executes a sub-microsecond Rust memory lookup against 0x403c0000000
000000 0000 0 . Addresses designated under UNSC Consolidated Lists, OFAC SDN, or Hong Kong
Gazette ( Cap. 537 / Cap. 575) trigger immediate atomic state reversion ( OMNICHAIN_ORIGIN_SANCTIONED /
OMNICHAIN_RECIPIENT_SANCTIONED / FX_TIP4@3_SANCTIONED ), closing every wrapper and solver-fronting loophole.

2. FATF Recommendation 16 24-Hour Sliding-Window Anti-Structuring ( Cap. 615 & Cap. 486 Alignment):
Under Hong Kong Anti-Money Laundering and Counter-Terrorist Financing Ordinance ( Cap. 615, s. 13A) and FATF
Recommendation 16 , single virtual asset transfers reaching US$1,000.00 (HK$7,800.00 ) require verified originator
and beneficiary VASP Travel Rule credentials. To defeat “smurfing” (splitting a $5,000 disbursement into ten $500 Al
agent calls across direct and cross-chain channels), the v5.0 x402 Compliance Settlement Gateway maintains a
crash-consistent 24-hour ( 86,400,000 ms ) rolling timestamp sliding window across both native Linghe
payments and ERC-7683 cross-chain intents, persisted via atomic write-ahead temp-swap storage:

Acurent 2 US$1,000.00 v Soan (s 1) = Acureent + T, _ Ay >US$5,000.00 (HK$39,000.00)

< 86,400

Whenever either the single-transfer threshold ( US$1,000.00 / HK$7,800.00 ) or the 24-hour rolling cumulative
structuring threshold (US$5,000.00 / HK$39,000.00 ) is reached without a valid VASP Travel Rule payload, settlement
is rejected fail-closed (HTTP 451 Unavailable For Legal Reasons ). When provided, encrypted VASP credentials
exchange strictly out-of-band between authorized endpoints while only an irreversible 32-byte keccak256
cryptographic envelope hash is anchored on-chain in 0x8se 00000 0000 1, achieving full

auditability alongside Hong Kong Cap. 486 Personal Data (Privacy) Ordinance zero on-chain Pll compliance.
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INVARIANT 4.1 — Cap. 656 Full-Reserve Merkle Solvency & Non-Bypassable Kernel RegTech

Across all valid state transitions on ChainID: 88888, (i) verifyCap656MerkleInclusion evaluatesto true iff
fiatBackingAtomic >= onChainLiabilityAtomic, reserveRatioBps >= 10000 , and the recomputed
LINGHE_CAP656_HQLA_V1 binary Merkle root equals the live root anchored in 0x880 0000 00000000
0000001 ; and (ii) no sanctioned address x under TIP-403 Policy #2 can send, receive, swap, or bridge LHKD via

any direct, DEX, or omnichain call path.

PROOF

In LingheSovereignSecurityGuardV5.verifyCap656MerkleInclusion, cursor is initialized to the domain-
separated leaf digest keccak256(abi.encodePacked("LINGHE_CAP656_HQLA_V1", ...)) and folded iteratively
across directional siblingHashes . Collision resistance of keccak256 ensures no altered custody valuation or
maturity can map to onChainVaultRoot ( @xa3e5fdlee51db26128c49f848bcdeb6d71443fbfee51a40b9159832a21beaecbe for
LHKD ; 0x5c3f82332fbffcObed9434232a%9a97e2bf2c797423aa3fdedafd19b2c264f410 for LUSD ), while the conjunction
att.fiatBackingAtomic >= att.onChainLiabilityAtomic && att.reserveRatioBps >= 10000 rejects any
under-collateralized attestation by even 10°® units. Simultaneously, because LHKD enforces TIP-403 authorization
inside the Tempo Reth native token state-transition hook and LingheOmnichainSettler /
LingheZkLightClientBridge explicitly guard checkBorderCompliance , any path touching a sanctioned account
triggers an atomic EVM revert.

Q.E.D. m

SECTION 05

Omnichain Liquidity Customs: Gasless Sub-Second Bidirectional Settlement Across
EVM and Solana

5.1 Bridgeless ERC-7683 Architecture Across Six Major External Ecosystems (~936 ms End-to-End)

Network effects in institutional finance require meeting liquidity where it already resides without importing the

catastrophic custody risk of traditional cross-chain bridges. Linghe Chain implements a bidirectional ERC-7683 Cross-
Chain Intent & Escrow Customs Architecture connecting ChainID: 88888 directly to six major external ecosystems:
Ethereum ( 1), OP Mainnet ( 10 ), BNB Smart Chain ( 56 ), Base ( 8453 ), Arbitrum One ( 42161 ), and Solana ( 900 ).

Instead of minting synthetic wrapped bridge I0Us on Linghe Chain, cross-chain inflows separate instant user liquidity
delivery from asynchronous cryptographic solver reimbursement:

1. Gasless Origin Locking: On EVM origin chains, an enterprise treasury or retail user signs an off-chain EIP-712
GaslessCrossChainOrder (openFor , compatible with Canonical Permit2 at 0x000000000022d4730307116ddee9f6b4
3ac78ba3 ) or calls LingheOriginEscrow7683 directly—requiring zero Linghe native gas. On Solana ( 900 ), the
maker invokes open_escrow on the Anchor/BPF program linghe_solana_escrow_7683 to lock SPL-USDC or
SPL-USDT into a deterministic Program-Derived Address (PDA) vault seeded by [b"lh_escrow", order_id] .

2. Sub-Second Native Fulfillment on Linghe Chain: Competitive institutional Omnichain Intent Solvers verify the
origin lock and immediately call fillCrossChainOrder on LingheOmnichainSettler ( 0x89000 0000
000000000000001 ), fronting 100% HQLA-backed native LUSD or LHKD to the destination beneficiary (or directly
settling an HTTP 402 Al invoice) within a 250 ms Linghe slot. Across live cross-chain production benchmarks

spanning both Ethereum and Solana origin escrows, complete end-to-end gasless ERC-7683 + x402 fulfillment

completes in ~936 ms , while simultaneously recording an immutable audit entry in

LingheComplianceReserveVault (0x880 000000 000000 001 ).
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3. Trustless Solver Reimbursement ( BN254 Groth16 & 3-of-4 Guardian Quorum): To reclaim locked origin
principal, the winning Solver submits either (Path A) a succinct BN254 Grothl6 zero-knowledge state-root proof
(settleFillWithzZkProof , binding the winning solver address inside LINGHE_ESCROW_7683_ZK_FILL_V4 so
mempool observers cannot steal the reimbursement) or (Path B) a 3-of-4 cross-jurisdictional Guardian Quorum
attestation ( settleFillWithQuorum using sorted canonical low- s secp256kl signatures on EVM, or
claim_by_solver introspecting native Ed25519SigVerify sysvar instructions on Solana). For outbound
settlements (Linghe —> External Chains ), userslock LUSD or LHKD via openCrossChainOrder on ©x8900000000
00000 00000 01 or release reserves via LingheZklLightClientBridge ( 0x89 0000 0000000
00000000000002 ).

‘ FIG.05 ERC-7683 BIDIRECTIONAL OMNICHAIN ESCROW STATE MACHINE (EVM 6-CHAIN + SOLANA BPF) PAUSE-EXEMPT REFUND

[S2] DEST_FILLED [S3] SETTLED
Solver Instant Liquidity BN254 ZK / Ed25519 Proof
fill()
= ~936 ms E2E Solver Reimbursed

[S1] OPEN_ESCROWED

[S@] INTENT_SIGNED User-Bound clientOrderld

/Base/Arb/OP/I ./
ETH/Base/Arb/OP/BNB/SOL MBalance == inputAmount

e token.code.length > 0

GRACE_BUFFER [S4]1 REFUNDED

expired
t = deadline + 1,800s 100% Principal Returned

Protects In-Flight ZK Proof PAUSE-EXEMPT INVARIANT

Principal Sovereignty Mandate: Governance circuit-breaker (paused = true) freezes new orders ONLY; refundExpiredOrder() is permanently unblocked.

FIGURE 05 — ERC-7683 Bidirectional Escrow State Machine: Anti-Front-Running, Grace Buffer & Pause-Exempt Principal
Recovery
Note: Identical state invariants hold across EVM LingheOriginEscrow7683 and Solana BPF escrow programs.

5.2 v5.0 Adversarial Audit-Hardened Escrow Guarantees

Cross-chain escrow contracts operate in highly adversarial public mempools and asynchronous network environments.
Under the v5.0 Formal Adversarial & Cryptographic Security Audit, LingheOriginEscrow7683 (EVM) and
linghe_solana_escrow_7683 (Solana BPF) neutralize five critical cross-chain attack classes:

1. Mempool Front-Running Griefing Immunity ( openProtected ): If an escrow contract keys orders on an
unauthenticated user-chosen clientOrderId , a malicious mempool searcher can front-run an institutional
transaction with a dust order carrying the same clientOrderId , causing the legitimate institutional settlement to
revert ORDER_ALREADY_EXISTS . v5.0 introduces openProtected and computeProtectedClientOrderId(user,
rawClientSalt) , cryptographically binding the order slot to msg.sender :

orderld,,,, = keccak256("LINGHE_PROTECTED_CLIENT_ID V5" I originChainld I escrow I user I salt)

2. Cross-Chain Finality Race Elimination ( refundGraceBuffer ): If a Solver fills an order on Linghe Chain at
t = tyeadiine — 1 s While the BN254 Groth16 reimbursement proof is still propagating back to Ethereum or Solana,
allowing immediate origin-chain refunds at ¢t = ¢4, 4, + 1 s Creates a cross-chain double-spend race. Both EVM and
€ [0, 86,400 s] (production
standard 1,800 s ), requiring strict inequality ¢, > taipeadiine + Agrace PEfOre refundExpiredorder /
refund_expired can execute.

Solana escrows enforce a governance-configurable refundGraceBuffer A

grace

3. Phantom & Fee-on-Transfer Asset Rejection: Before recording an OPEN escrow, LingheOriginEscrow7683
enforces d.inputToken.code.length > @ (NOT_CONTRACT_TOKEN , preventing silent true returns from low-level
EVM calls to empty addresses) and verifies exact pre/post vault balance conservation B,g., — Byegore = inputAmount
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( FEE_ON_TRANSFER_UNSUPPORTED , mirrored in Solana BPF via reloaded SPL vault account inspection).

4. Hardened Solana Ed25519 Sysvar Introspection: On Solana, linghe_solana_escrow_7683 strictly validates
data[ll] == @ header padding and enforces sig_offset, pk_offset,and msg_offset >= header_end,
blocking malformed offset-overlapping instruction spoofing.

5. Unconditional Principal Sovereignty Under Governance Pause: While setPaused(true) immediately halts new
locks (open, openProtected, openFor, open_escrow ) and solver claims during an upstream incident,
refundExpiredOrder (EVM)and refund_expired (Solana) are permanently exempt from whenNotPaused .
Even under total solver, relayer, and guardian outage—or indefinite emergency pause—every user’s locked principal
remains 100% permissionlessly recoverable once f,,,, > tgipeadiine T Agrace -

Table 5.1 — Adversarial Cross-Chain Threat Matrix & v5.0 Deterministic Defenses

i i 5.0 Enf B! Def EVM
Audit ID Adversarial Exploit Y nforced Bytecode Defense (EVM & Verification Status

Vector Solana BPF)

A-Co1 Cross-chain fill block.timestamp > fillDeadline + ENFORCED
vs. immediate origin refundGraceBuffer (1,800s std; <=
refund double-spend 86,400s )
race

A-HO1 Phantom EOA token inputToken.code.length > @ ENFORCED
address ( call returns (NOT_CONTRACT_TOKEN ) & AB = inputAmount
true ) or fee-on-
transfer haircut

A-HO2 Public mempool openProtected & ENFORCED
clientOrderId computeProtectedClientOrderId(user,
squatting / griefing DoS salt) boundto msg.sender

A-HO3 Emergency circuit- refundExpiredOrder & ENFORCED
breaker trapping expired refund_expired permanently exempt from
user principal paused guard

A-MO1 Solana Ed25519 Strict data[l] == @ check & ENFORCED
instruction header sig/pk/msg_offset >= header_end
overlap / padding bounds gate
spoofing

THEOREM 5.1 — Zero Double-Spend & Unconditional Principal Liveness Across Bidirectional Escrows

Let Tiove + Trelay denote the upper bound on BN254 Grothl6 proof generation and origin-chain inclusion latency,
satisfying Ty ove + Trelay < Agrace = 1,800 s. Then no cross-chain order can be simultaneously filled on  exs90000000000
0000 00000001 and refunded on its origin chain, and every unfilled order recovers 100% of its

deposited principal in finite time regardless of paused state.

PROOF

On Linghe Chain, fillCrossChainOrder reverts FILL_DEADLINE_EXPIRED if f;;\ohe > frupeadiine s NENCE €very valid
destination fill completes at g1 < taipeadiine - SUbMItting the resulting BN254 Groth16 or 3-of-4 quorum proof to
the origin escrow arrives at ¢, < tay + T, + Trelay < thilDeadiine T Agrace » transitioning status from OPEN to

prove

SETTLED strictly before refundExpiredOrder (t> tqipeadiine T Aerace) PECOMES callable. Because SETTLED and

grace
REFUNDED require status == OPEN on entry and mutate status prior to external token transfer ( nonReentrant
+ Checks-Effects-Interactions), mutual exclusion holds. Conversely, if no fill occurs by ¢ peadqiine s Status remains
OPEN ; since refundExpiredOrder and refund_expired omit whenNotPaused , any caller at ¢ > g peagiine + Agrace

deterministically returns exact balance inputAmount to user .
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Q.E.D. m

SECTION 06

Quantitative Systems-Engineering Benchmark Matrix Across Settlement

Architectures

6.1 Side-by-Side Comparison Across Five Distributed & Legacy Settlement Paradigms

Evaluating distributed state-machine infrastructure requires measuring execution latency, multi-lane concurrency,
cryptographic verification overhead, and kernel-level invariant guarantees simultaneously. Table 6.1 benchmarks

MYRILUM Linghe Chain ( ChainID: 88888 ) across ten technical dimensions against legacy correspondent messaging
rails, monolithic Proof-of-Stake Layer-1s, high-throughput single-layer chains, and permissioned DLT networks.

Table 6.1 — Ten-Dimension Systems-Engineering Comparison Across Settlement Architectures

Legacy Cross-

Systems & MYRILUM Linghe . Ethereum L1 High-Throughput Permissioned
. . . Border Wire o . .
Cryptographic Chain ( ChainID: ( SWIFT 7/ (Monolithic Retail L1s Consortia
Dimension 88888 - v5.0) PoS) (Solana /Peers) (Private DLT)
Correspondent)
1. Finality Latency 250 ms single- T+1 to T+3 days ~12.8 min (64 - ~400 ms 1-5 s BFT finality

& Reorg Risk

2. Account
Concurrency
Topology

3. Compute
Ceiling & ZK
Overhead

4. Gas Medium &
Balance-Sheet
Risk

5. Solvency Model
& On-Chain PoR

6. Sanctions &
Travel Rule Layer

7. Institutional FX
Microstructure

slot deterministic
(P_reorg = 0)

Type- 0x76 2D
Nonce ( 32 lanes;
20/20 in
~1,004 ms)

3,000,000,000
gas/slot ;
Groth16 =
815,381 gas
(0.027%)

Native LUSD /
LHKD gas &
sponsorship
(Oxfeec...)

Benchmark HQLA
model ( LHKD
101.20% , LUSD
100.50% ) +
Merkle PoR

Rust kernel TIP-
403

(0x403c... )+
24h sliding FATF
Rec. 16
Hardcoded
7.7500-7.8500
HKMA band +
kernel CLOB
(0xdeco...)

MYRILUM LIMITED (HK Cap. 622 | UBI 80912065)

deferred net/gross
clearing

Batch mainframe
cutoff windows

N/A (non-
programmable
messaging)

Fiat wire fees +

250-300 bps
cross-border
spread

Commercial bank
credit risk
(fractional reserve)

Siloed bank
screening causing
false-positive
delays

Opaque OTC dealer
spreads ( 50—250
bps SME/mid-cap)

slot probabilistic
finality)

1D scalar nonce (
M/G/1 HoL treasury
stall)

~30M-36M
gas/slot (12
S ); high ZK gas
cost

Mandatory volatile
ETH (SC060 risk
exposure)

Off-chain static
PDFs; no L1
solvency circuit-
breaker

Bypassable ERC-20
blacklists; no L1
Travel Rule

Permissionless
AMM curves
subject to MEV
sandwiching

optimistic; ~6—12
S rooted finality

Upfront static
read/write account-
lock lists

Compute-unit caps
restrict complex
pairing flows

Mandatory volatile
native gas token
(SOL , etc.)

Off-chain custodial
tokens; zero L1
Merkle verification

Optional token
extensions;
wrapper evasion
risk

Retail DEX pools
with depeg & MEV
exposure

within closed
intranet

Typically 1D EVM
nonce with low
burst concurrency

Low gas ceilings;
lacks native EIP-
7951 + BN254

Custom fee credits
or bilateral invoicing

Bilateral ledger
entries without
public PoR

Manual member
KYC; lacks public
VASP hash
interoperability

Fragmented
bilateral RFQ
islands
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v2.0 (EN)
Systems & MYRILUM Linghe Iéeg:cyv(‘:rross- Ethereum L1 High-Throughput Permissioned
Cryptographic Chain ( ChainID: (g‘fﬂ‘; /'re (Monolithic Retail L1s Consortia
Dimension 88888 - v5.0) PoS) (Solana /Peers) (Private DLT)

Correspondent)
8. Verifiable Al & Genesis ERC- Incapable of sub- Gas fees exceed No enshrined ERC-  Zero autonomous
Silicon Root 8004 + HTTP cent machine API sub-cent inference 8004 + canonical open-agent
402 + EIP-7951  metering value P-256 escrow ecosystem

9. Cross-Chain
Liquidity & Safety

10. Client Supply
Chain &
Governance

H100/Nitro PCRO
+ 80/20 split

Gasless ~936 ms
ERC-7683 (6
chains) +
openProtected
+ 1,800s grace
+ unpaused refund

0 runtime npm
deps ( 169
chains, 14 MCP
tools) + 3-0f-4
eta -timelocked
sovereign BFT

Disconnected from
public Web3
liquidity

Legacy vendor
terminals

Slow canonical
bridges or multi-sig
honeypots

Wallets ship 800—
1,500+ transitive
npm packages

Relies heavily on
third-party custodial
bridges

Browser extensions
exposed to npm
supply-chain
attacks

Walled gardens
isolated from global
stablecoin liquidity

Single-operator or
opaque vendor
governance

6.2 Quantitative Treasury Capital Velocity and Nostro Liquidity Release

For a multinational banking desk or corporate treasury clearing annual cross-border volume V... With average
settlement horizon 7 (expressed as a fraction of a 365-day year) and opportunity cost of trapped tier-one liquidity ., ,

steady-state prefunded working capital K.,,pea and total annual settlement friction C,, follow Little’s Law:

K,

rapped =

vV,

annual

Compressing 7 from T+2 correspondent settlement (t,,.
settlement (7 ;g = 0.25/31,536,000 = 7.93 x 107 yr) reduces settlement-in-transit capital lockup by a factor of

7, Ctotal =V,

" Stee + Kt

annual

rapped F cap

=2/365~548x10"° yr) to 250 ms single-slot atomic

691,200x . Across a representative $50 billion annual USD/HKD commercial trade corridor assuming a conservative
4.50% institutional cost of capital, migrating from 250 bps correspondent clearing (Ki;,ppeq = $273.97M) to Linghe

Chain’s linked-rate corridor and Enshrined StablecoinDEX (2 bps execution spread) unlocks over $273.9 million in
idle Nostro balances and eliminates more than $1.25 billion in annual cross-border fee drag, while preserving Basel

SC060 Group 1b full-reserve HQLA treatment and real-time TIP-403 / FATF Rec. 16 supervisory compliance.

Table 6.2 — Annualized Working-Capital Release & FX Friction Compression ( r_cap = 4.50%)

Annual

Corridor Correspondent Correspondent Linghe In-Flight Lingr.|e Annual Net. An.nual
T Trapped Nostro Annual Cost.( 250 Lockup (250 ms) Execution Cost ( 2 Instltu-tlonal
_— (T+2) bps + Capital) bps CLOB) Savings
$1.0 $5,479,452 $25,246,575 < $8.00 $200,000 $25,046,575
Billion (99.21%
Mid-Cap reduction)
Trade Desk

$10.0 $54,794,521 $252,465,753 < $80.00 $2,000,000 $250,465,753
Billion (99.21%
Regional reduction)
Clearing Bank

$50.0 $273,972,603 $1,262,328,767 < $400.00 $10,000,000 $1,252,328,767
Billion (99.21%
Tier-1 Global reduction)
Corridor
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Four-Jurisdiction Threshold Governance, Zero-Dependency Defense-in-Depth, and
Deterministic Benchmark Reproduction Architecture

7.1 Four-Jurisdiction 3-of-4 Guardian Governance ( 0x8900...0004 ) and
LingheSovereignSecurityGuardV5

Distributed state-machine resilience requires eliminating single-region network failure, unilateral administrator key
compromise, and zero-notice parameter mutations—without sacrificing immutable Genesis compatibility ( 96208e9900b21
8935143be3024d2602566a86d61caal06d42399f35b83afd991 ). Linghe Chain anchors protocol parameter governance in

004 ), initialized across four

LingheSovereignTimelockMultisig ( 0x89 00000 0000
geographically distinct validator topologies—Hong Kong ( HK-HKMA ), Singapore ( SG-MAS ), Tokyo ( JP-FSA ), and
Zurich ( CH-FINMA )—under a strict 3-of-4 Byzantine threshold. Compromising up to two guardian keys cannot
authorize an illicit state mutation, while a temporary communications outage in any single region cannot halt legitimate
protocol maintenance.

In v5.0, LingheSovereignSecurityGuardV5 upgrades this governance plane post-genesis with an unbypassable on-
chain timelock executor ( queueTimelockOperation -> approveTimelockOperation -> executeTimelockOperation ).
Every administrative action targeting protocol parameters must accumulate >= 3 distinct guardian approvals and
satisfy the mandatory maturity horizon:

t >eta=t, +A

exec — queue min >

Amin

€ (0,30 days]

Any premature execution attempt deterministically reverts with TIMELOCK_ETA_NOT_REACHED , providing external verifier
nodes and cryptographic auditors a deterministic on-chain inspection window to verify pending calldata before state
transitions take effect. Furthermore, anchorWhitepaperSuiteIndex immutably records the SHA-256 cryptographic
digests of the canonical technical whitepaper suite (whitepaperCount >= 6 ) and formal technical monograph directly
on-chain, enabling automated byte-level integrity verification.

Table 7.1 — Four-Jdurisdiction Guardian Threshold Quorum ( 0x8900...0004 ) & v5.0 Timelock Resilience Matrix

Adversarial or Quorum &

Operational Affected Regional Validator LingheSovereignSecurityGuardvs Continuity & Safety
. Nodes Outcome

Contingency Response

Single-Region Outage 1 of {HK-HKMA, SG-MAS, Remaining 3 guardians satisfy 3-o0f-4 100% consensus &

or Subsea Fiber Cut

Single or Dual
Guardian Key
Compromise

Zero-Notice
Parameter Mutation
Attempt

Emergency Origin-
Escrow Circuit-
Breaker ( paused )

JP-FSA, CH-FINMA} offline

Upto 2 guardian keys
compromised (|C| < 2)

Valid 3-0f-4 quorum
attempts immediate execution

Governance pauses
LingheOriginEscrow7683
/ Solana vault

threshold (g = 3)

Attacker holds <= 2 < 3 approvals;
executeTimelockOperation reverts
QUORUM_NOT_REACHED

block.timestamp < op.eta (
tqueue + Amin) triggers
TIMELOCK_ETA_NOT_REACHED revert

Halts new deposits & solver claims;
refundExpiredOrder /
refund_expired remain unpaused

governance liveness

@ unauthorized state
mutations

Mandatory deterministic audit
window

100% permissionless
principal exit

7.2 Zero-Runtime-Dependency Client Posture and Fail-Closed Deterministic Telemetry

Modern systems security risk concentrates at the client signing endpoint and observability boundary. Conventional
browser and desktop wallets typically import 800 to 1,500+ transitive open-source npm packages; a single

compromised upstream dependency can exfiltrate private key material or mutate calldata prior to hardware signing.
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1. Zero-Runtime-Dependency Self-Custodial Terminal (MYRILUM Linghe0S Wallet ): Engineered strictly as non-
custodial client software under supply-chain isolation, MYRILUM Linghe0S Wallet enforces @ third-party runtime
npm dependencies (D,,im.| = 0). All elliptic-curve derivation, RLP/EIP-712 serialization, MAC-authenticated GF(2%)
Shamir secret sharing, transaction construction across 169 heterogeneous public chains, OS-native hardware
Secure Enclave biometric gating, and 14 zero-trust Model Context Protocol (MCP) agent tools (including ERC-
20 / Permit2 allowance revocation, pre-signature drainer simulation, EIP-5792 atomic batching, and ERC-7715
session grants) execute exclusively on the local client device (MYRILUM LIMITED never receives, stores, or touches
user private keys), paired on-chain with LingheSessionKeyManager ( 0x8402000 0000 0000 1)
and post-genesis LingheGuardianModuleV51 ( ERC-7579 Validator/Hook + ERC-7201 slot 0xdbe89959208436fd943d6
683d57b77771cb0cd56885781F185f57de7fd7b700 , enforcing >= 48 h Passkey recovery timelocks with O(1)
cancelRecovery() veto and rolling 24 h per-token spend caps).

2. Fail-Closed Solvency State Telemetry & Edge Hardening: Distributed observability endpoints must never mask
upstream synchronization failures behind optimistic cached figures. Under v5.0 systems reliability rules, if the
upstream state-verification source at the x402 Compliance Settlement Gateway becomes unreachable or out of
sync, the Institutional PoR Telemetry Endpoint immediately forces reported LHKD and LUSD reference coverage
ratios to 0.00% and emits HTTP 503 Service Unavailable responses—strictly prohibiting static fallback values.
Concurrently, all gateway write endpoints enforce constant-time administrative token verification ( HTTP 401 on
mismatch), refuse non-development startup if test keys are detected, cap request payloads at 32 KB / 64 KB
(HTTP 413 OOM DoS prevention), and block privileged JSON-RPC namespaces at the TLS edge ( HTTP 403 ).

INVARIANT 7.1 — Multi-Region Fault Tolerance, Timelock Immutability & Fail-Closed Telemetry

Across the full-stack protocol implementation: (i) no parameter mutation governed by
LingheSovereignSecurityGuardV5 can execute with fewer than 3 of {HK-HKMA, SG-MAS, JP-FSA, CH-FINMA}
approvals or at t <tgcye + Apin (i) upstream third-party runtime npm supply-chain compromise probability in

MYRILUM Linghe0S Wallet is identically 0; and (jii) telemetry synchronization loss maps deterministically to
reported reference coverage ratio 0.00% + HTTP 503 ( Fail-Closed ), never to stale solvency assertions.

7.3 Deterministic Protocol Integration, Cryptographic Verification & Subsystem Architecture
Independent systems engineers, cryptographic auditors, and benchmark verifier nodes interact with Linghe Chain
(ChainID: 88888 ) across four deterministic protocol verification subsystems:

Subsystem A — Cap. 656 -Modeled Reference Solvency Merkle State & Kernel Policy Engine

* Domain-Separated Binary Merkle Inclusion Verification: Evaluate deterministic LINGHE_CAP656_HQLA_V1 four-
leaf HQLA reference state vectors committed to LingheComplianceReserveVault ( 0x88 0000 00000

00000000001 ), verifying inclusion proofs and >= 10,000 bps ( 100.00% ) par-redemption coverage invariants on-
chain via LingheSovereignSecurityGuardV5.verifyCap656MerkleInclusion .

e Kernel-Level TIP-403 Interdiction & Linked-Corridor Bounds: Connect verifier clients to the Sovereign JSON-
RPC Gateway to validate sub-microsecond TIP-403 ( 0x403c000000000 00000 00000 ) Policy #2

non-circumvention reverts and [7.7500, 7.8500] linked-rate corridor boundary invariants in 250 ms single-slot
execution.

Subsystem B — ERC-7683 Omnichain Intent Verification & Kernel CLOB Matching Engine

¢ Zero-Knowledge Cross-Chain Intent State Machine: Execute deterministic cross-chain intent test vectors
against LingheOmnichainSettler ( 0x89 000000 000000 0001 ) across Ethereum (1), OP Mainnet
(10 ), BNB Smart Chain ( 56 ), Base ( 8453 ), Arbitrum One ( 42161 ), and Solana ( 900 ) bidirectional escrows,
verifying 815,381 gas BN254 Grothl6 state-root proofs ( settleFillWithZkProof ) and the 1,800 s
refundGraceBuffer anti-race invariant.

MYRILUM LIMITED (HK Cap. 622 | UBI 80912065) Page 24 of 27



MYRILUM Systems Architecture & Benchmark Technical Monograph
v2.0 (EN)

MYR-WP-EXEC-2026-V2.0-EN | ChainID 88888
¢ Kernel CLOB Parallel Order-Book Execution: Benchmark deterministic price-time-priority matching on
Enshrined StablecoinDEX ( @xdec0o00o 0000 0000 ) using 32 -lane type- 0x76 parallel order
updates ( 0x4e4f4e43450000000 000000 000 ) with zero AMM curve slippage or sandwich extraction.

Subsystem C — Silicon-Attested Enclave Execution & Atomic Royalty State Machine

e Canonical EIP-7951 P-256 Hardware Attestation: Register agent identifiers and zero-Pll ZK-KYB commitments

(Cap. 486 compliant) on LingheERC8004IdentityRegistry ( 0x8004 0000 00000 01), and
verify canonical low- s (0 <s <1n/2]) EIP-7951 P-256 ( 0x00000 00000 000000 100 ) NVIDIA H100 /
AWS Nitro PCR@ quotes on LingheHardwareAttestationVerifier (0x8900000 000 000 3).

e Deterministic HTTP 402 Settlement & 80% / 20% Royalty Accounting: Verify single-slot HTTP 402 state
transitions on LingheERC8004ValidationEscrow ( 0x80040000000 0000 0000003 ), confirming dust-

free 80% compute-node / 20% model-author ledger conservation and anti-replay reputation updates on 0x80040000

nnnnnn D000 002
vyuviv vy vacs .

Subsystem D — Zero-Dependency Client Terminal & 2D-Parallel Session Execution

¢ Self-Custodial Supply-Chain Isolation & Bounded Session Keys: Audit MYRILUM Linghe0S Wallet (@ runtime
npm dependencies, 169 chains) and configure bounded session and guardian policies on

LingheSessionKeyManager ( 0x8402000 00000 0000 1)and LingheGuardianModuleV51 (>= 48
h recovery timelock & 24 h token spend caps) via 14 zero-trust MCP verification tools.

e Multi-Lane Native Fee-Abstracted Settlement & Anti-Smurfing State: Drive 32 concurrent type- 0x76 lanes

clearing execution gas in LUSD or LHKD benchmark primitives ( oxfeec 000 000 )
verifying atomic Cap. 615 / FATF Rec. 16 cryptographic hash anchoring (US$1,000.00 / HK$7,800.00 single or
US$5,000.00 / HK$39,000.00 24-hour rolling window) in 0x88 0000 00000 01 .

7.4 Three-Stage Deterministic Node Deployment & Benchmark Reproduction Pipeline

Distributed systems researchers and formal security auditors can deterministically reproduce all protocol invariants and
empirical latency benchmarks across three sequential verification stages:

1. Stage | — Genesis State Integrity & Cryptographic Anchor Verification: Connect a read-only verifier client to the
Sovereign JSON-RPC Gateway and Institutional PoR Telemetry Endpoint; independently verify Genesis Block-0 ( 962
08e9900b218935143be3024d2602566a86d61caa906d42399f35b83afd991 ), on-chain whitepaper SHA-256 digests, and
deterministic LINGHE_CAP656_HQLA_V1 binary Merkle inclusion proofs via

LingheSovereignSecurityGuardV5.verifyCap656MerkleInclusion .

2. Stage Il — Zero-Dependency Client Build & Bounded Policy Invariant Testing: Verify the zero-runtime-
dependency build of MYRILUM Linghe0S Wallet , test TIP-403 Policy Registry (0x403c000 000000 0
000000000000 ) kernel-level revert vectors, and execute bounded HTTP 402 session transactions ( 0x8402000000000000
000000000000000000000001 ) alongside ERC-7683 cross-chain state-root proof verifications across EVM and Solana
escrow contracts.

3. Stage lll — Multi-Lane Parallel Throughput & Enclave Attestation Reproduction: Drive concurrent 32 -lane
type- 0x76 micro-settlement workloads (~1,004 ms 20-tx burst finality), validate [7.7500, 7.8500] linked-rate
corridor bounds ( 0x89 000 000 00001 ) and Enshrined StablecoinDEX ( 0xdec0000000000000
000000000000000000000000 ) CLOB execution, and verify canonical low- s EIP-7951 enclave signatures ( 0x800400000
000000 0000 003 ).

Table 7.2 — Deterministic Cryptographic & State-Machine Invariant Verification Summary
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Protocol Verification
Gate

On-Chain / Kernel Verification Primitive

Expected Deterministic
Outcome

Genesis Integrity &
Chain Identity

Cap. 656 Reference
Solvency Model

Kernel Policy Non-
Circumvention

Omnichain Principal
Conservation

Governance &
Specification Integrity

ChainID = 88888 (0x15b38 ); Genesis Block-0 SHA-256

LingheSovereignSecurityGuardV5.verifyCap656MerkleInclusion

TIP-403 Policy Registry (0x403c..., Policy #2)

LingheOriginEscrow7683 & linghe_solana_escrow_7683

0x8900...0004 (3-of-4)+ LingheSovereignSecurityGuardV5

Exact match 96208e9900
b218935143be3024d26025
66a86d61caa%906d42399f3
5b83afd991

valid = true, LHKD
= 10,120 bps
(101.20% ), LUSD =
10,050 bps (100.50%
benchmark)

Atomic state revert across
direct, CLOB DEX, linked-
FX, and ERC-7683
paths

openProtected anti-
griefing, 1,800s grace
window, unpaused 100%
expiry refund

Mandatory eta timelock
enforced & canonical
whitepaper SHA-256
anchored on-chain
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