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This document defines an open, deterministic, interoperable, and blockchain-independent
Distributed Coordination Protocol for the Internet of Physical Commerce. Its purpose is to enable
trusted coordination among independent participants through standardized protocol semantics
rather than centralized control. By separating coordination from settlement, execution from
implementation, and governance from constitutional principles, the protocol establishes a resilient
foundation for global commerce that is intended to evolve through open standards, rigorous
engineering, and collaborative stewardship. The AirdIT Protocol is therefore presented not as a
product or platform, but as an open protocol specification upon which future generations of
physical commerce may be built.
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Chapter 1;
Abstract

Abstract

Global commerce depends upon the
coordinated movement of physical assets
across a heterogeneous network of
transportation providers, warehouses, ports,
airports, customs authorities, financial
institutions, enterprises, and governments.
Although these organizations collectively
operate one of the largest infrastructures ever
constructed, their coordination remains
fragmented across proprietary software
systems, isolated operational processes, and
centralized intermediaries.

Unlike information exchange, which is
standardized through Internet protocols, or
digital value transfer, which is increasingly
standardized through blockchain protocols, no
universal protocol currently exists for
coordinating the movement, custody,
settlement, and lifecycle management of
physical assets.

This paper introduces AirdIT, a decentralized
protocol for coordinating physical commerce
through standardized execution semantics,
programmable logistics, distributed trust,
artificial intelligence, and cryptoeconomic
incentives.

Rather than operating as a logistics platform,
AirdIT defines a protocol layer that enables
independently owned infrastructure—
including airlines, warehouses, ports, rail
operators, carriers, enterprises, governments,
and financial institutions—to interoperate
through common protocol standards while
preserving operational autonomy.

The protocol introduces several fundamental
protocol primitives.

The Digital Logistics Asset (DLA) establishes
a persistent protocol-native identity for every
physical asset.

I AirdIT

The Physical Asset Execution Engine
(PAEE) provides deterministic execution of
logistics workflows through formally defined
state transitions.

The AIrdJIT Coordination Engine (ACE)
continuously evaluates transportation
opportunities using Artificial Intelligence and
the Global Logistics Graph while remaining
logically separated from deterministic
execution.

The Global Logistics Graph (GLG) models
the world's logistics infrastructure as a
continuously evolving graph whose topology
improves through collective operational
intelligence generated by protocol
participants.

AirdIT further introduces a blockchain
abstraction layer that separates protocol
execution from blockchain settlement,
enabling the protocol to operate across
multiple blockchain ecosystems while
preserving identical execution semantics.

The protocol defines a dual-asset economic
architecture.

JIT secures the protocol through staking,
governance, validator incentives, and
decentralized economic security.

JUSD provides stable commercial settlement,
programmable escrow, insurance settlement,
and cross-border payment coordination.

Together these components establish the
foundation of a decentralized global logistics
network capable of coordinating physical
commerce independently of organizational
ownership, software implementation, or
blockchain infrastructure.

The long-term objective extends beyond
logistics optimization.

AirdIT proposes the Internet of Physical
Commerce—an open protocol ecosystem
where physical assets possess persistent
digital identities, logistics execution becomes
deterministic, settlement becomes
programmable, and independent
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infrastructure cooperates through universally
adopted protocol standards.

This specification formally defines the protocol
architecture, execution semantics,
cryptoeconomic model, governance
framework, mathematical foundations,
interoperability mechanisms, and security
assumptions required to realize that vision.

Keywords

For clarity and consistency throughout this
specification, the following terms are used with
the meanings defined below.

ACE — Air]JIT Coordination Engine

PAEE — Physical Asset Execution Engine
DL A — Digital Logistics Asset

GLG — Global Logistics Graph

JIT — Native governance and security asset

JUSD — Native settlement stablecoin

Node — Any protocol participant connected
to the AirdIT Network

Protocol State — Complete deterministic state
of the protocol

Settlement layer — Financial execution layer
of the protocol

Execution Layer — Deterministic logistics
execution layer

Coordination layer —
routing layer

Al optimization and

Notation

The following notation is used consistently
throughout this specification.

P — AirJIT Protocol

Xxx — Global Protocol state

I AirdIT

o — State transition function

IT — Execution function

I" — Coordination function

G — Global logistics Graph

V — Vertices

E — Edges

R — recommended execution plan
O — Operational constraints

N — Network participants

D — Digital logistic assets

Formal Definition

The AirdIT Protocol is formally defined as the
following protocol tuple.

P=N,d,7,2,6,8,9)

N — Network layer

& —Digital logistics assets layer
 — Identity layer

2 — Physical asset execution engine
¢ — Coordination engine

& — Settlement layer

€ — Governance

This tuple represents the complete protocol
architecture. Every component defined
throughout this specification belongs to one—
and only one—of these seven protocol
domains.



Chapter 2;
Mathematical Foundations

This chapter establishes the formal
mathematical notation, structures, and
functions used throughout the AirJIT Protocol
specification. All protocol semantics defined in
subsequent chapters are derived from the
models introduced herein.

2.1 Introduction

The AirdIT Protocol coordinates physical
commerce as a distributed computational
system.

Unlike conventional logistics software, which
models shipments as isolated transactions,
AirdIT models the global movement of
physical assets as the evolution of a
deterministic state space governed by
formally defined protocol rules.

Every participant, asset, infrastructure
component, operational event, custody
transfer, and financial settlement is
represented as a mathematical object whose
behavior is specified independently of any
software implementation.

The objective of this chapter is to define the
mathematical language used throughout the
remainder of this specification.

These definitions are normative.

2.2 Sets

Let the protocol universe be represented by €2

Where €2 contains every protocol object
defined by AirdIT. The Protocol universe
consists of the following fundamental sets.

Participants

N ={n,n,,...,n,}

Where

I AirdIT

n, — represents an arbitrary protocol

participant.
Examples include
o  Carrier
Warehouse
»  Enterprise
e  Validator
e  Government
Developer
e Host
« Oracle

Every protocol participant belongs to exactly
one identity.

Digital Logistics Assets

ed = {al,az, ...,ak}
Where
a; — represents a digital logistics asset.

Each Digital Logistics Asset corresponds to
one physical asset.

Events

Every protocol operation is represented as an
event.

% = {el, 62, ...,ep}

Typical events include
»  Asset Registration
»  Booking
e  Custody Transfer
. Inspection

. Verification



. Settlement

. Delivery
Infrastructure

Infrastructure is represented by

R = {r, 1, ...,rq}

Where

r; — may represent Airport, Port, Warehouse,

Railway, Distribution Centre, Logistics Hubs.
Unlike participants, infrastructure represents
physical resources.

2.3 Global Logistics Graph

The AirdIT Protocol models logistics
infrastructure as a weighted directed graph.

G =(V,E)
Where

* V denotes vertices

* E denotes directed transportation edges.

Unlike internet routing graphs, vertices
represent physical infrastructure rather than
routers.

Vertices

Every vertex is

v,eV

Each vertex may represent
e Airport
Warehouse
. Port

. Rail Terminal

I AiruiT
. Carrier Hub

. Host Node

Edges

An edge represents a feasible transportation
relationship.

el'j = (Vi’ VJ)

An edge exists whenever transportation
between two infrastructure nodes is possible.

Weighted Edges

Every transportation edge possesses
operational attributes.

w(e;) = (¢, 1,1, 5,u)

where

¢ — Transportation cost

t — transit time

r — Reliability

s — Sustainability score

u — Capacity utilization

Unlike traditional shortest-path algorithms,

AirdIT evaluates multiple operational
dimensions simultaneously.

2.4 Protocol State

At any instant, the protocol possesses one
deterministic global state.

We define

2, =A,N,G,CLS)



where

A, — Digital logistics assets
N, — Network Participants
G, — Global Logistics Graph
C, — Custody State

S, — Settlement State

This state completely describes the protocol
at time 1.

2.5 State Transition Function

The protocol evolves exclusively through valid
protocol events.

Let
0: 5, XE -2,
where

« X, denotes the current protocol state.

& denotes a valid protocol event.

Every protocol transition is deterministic.

Therefore
2 =0(Ze)

Every compliant implementation MUST
produce the same successor state for
identical protocol inputs.

This property guarantees interoperability.

2.6 Protocol Actions

Events describe what happened.
Actions describe what the protocol executes.

Define
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U = {Create,Book,Assign,Transfer, Verify, Complete, Settle, Close}

The execution engine consumes actions
rather than arbitrary events.

This distinction separates observations from
execution semantics.

2.7 Deterministic Execution

The Physical Asset Execution Engine executes
protocol actions.

Its execution function is

11 : (Zt, u) — 2z+1

where

u € U is a valid protocol action.

Unlike Artificial Intelligence, the execution
engine cannot produce probabilistic
outcomes.

Its behavior is entirely deterministic.

2.8 Coordination Function

Artificial Intelligence continuously evaluates
the logistics network.

Define

I''GX¥E >R

where
G — Global logistics graph
¢ — Operational Constraints

R — Recommended execution
Importantly,
ACE computes recommendations.

It does not execute protocol state transitions.



2.9 Fundamental Separation

This separation defines the architecture of
AirdIT.

I'#11

Artificial Intelligence computes
recommendations.

Execution computes

state transitions.

Likewise
II#Y
where

W is settlement. And finally ¥ # &

where G represent governance.

This gives us four independent protocol
domains.

1. Coordination
2. Execution

3. Settlement
4. Governance

Each can evolve independently without
altering the semantics of the others.

Chapter 3;
Protocol Architecture

This chapter defines the architectural model of
the AirJIT Protocol. It introduces the protocol
layers, execution domains, component
interactions, and the separation of
responsibilities that collectively enable
decentralized coordination of physical
commerce.

3.1 Introduction

The AirdIT Protocol is designed as a layered
distributed system.

I AirdIT

Rather than implementing logistics
functionality within a monolithic application,
AirJIT decomposes physical commerce into
independent protocol domains that
communicate through standardized interfaces.

This architectural separation enables
independent evolution of intelligence,
execution, settlement, governance, and
infrastructure while preserving deterministic
protocol semantics.

Each protocol component performs one
primary responsibility.

No component duplicates the functionality of
another.

This principle minimizes complexity, reduces
implementation risk, and enables long-term
protocol evolution without compromising
interoperability.

3.2 Layered Protocol
Architecture

The AirdIT Protocol consists of six logical
layers.

& ={Ly, Ly, L3, Ly, Ls, Ly}

where

Layer Name Responsibility

L, —Physical Infrastructure for movement of
physical assets

L, — Connecting layer for loT, APIs and
enterprise integeration

L3 — AirJIT core protocol for Identity, DLA,
PAEE, ACE

L, — Settlement Layer for JUSD, Escrow,
Treasury

Ls — Blockchain Layer for Consenses and
settlement



L¢ — Application Layer Wallets, ERP,
Marketplace SDKs

Unlike conventional logistics systems, no
application communicates directly with
physical infrastructure.

Every interaction passes through the protocol.

Figure 3.1 — AirJIT Layered Architecture
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Figure 3.1 — AirJIT Layered Architecture

3.3 Protocol Components

The AirdIT Protocol is composed of seven
primary components.

Define
={ID,DLA,PAEE, ACE,SET,GOV,NET}
where

ID — Identity Layer

DL A —Digital Logistics Assets

I AirdiT
PA EE —Pnhysical Asset Execution

ACE — AirJIT Coordination Engine
SET — Settlement Layer
G OV — Governance Layer

NET —Network Layer

Each protocol component exposes a well-
defined interface.

No component directly modifies the internal
state of another component.

3.4 Component
Dependencies

Component interactions form a directed
acyclic dependency graph.

Let
=(C,E)
where
C is the set of protocol components.

E is the set of dependency relationships.

For any dependency

(ID,DLA) € means The Digital Logistics
Asset depends upon Identity.

Similarly,

(DLA,PAEE) € E means PAEE executes
operations on Digital Logistics Assets.

The dependency graph SHALL remain acyclic.

Formally,
Ve,e C, ¢ ¢

This prevents circular protocol dependencies.



3.5 Execution Domains

The protocol separates execution into four
independent computational domains.

Define
D = {Coordination, Execution,Settlement, Governance}

Each domain performs a unique function.
Coordination Domain

Implemented by ACE.
Produces recommendations.
Never modifies protocol state.

Mathematically,

I'  GXxX* —- R

where
«  Gg — Global logistics Graph

« K, — Operational knowledge and
constraints

« R — Recommended execution plan
Execution Domain

Implemented by PAEE.
Consumes valid protocol actions.

Produces deterministic state transitions.
Im: (Z,u) - 2,

Settlement Domain

Responsible for financial execution.
V.2 %F

where

F — represents finalized financial settlement
instructions.

I AirdIT

Governance Domain

Responsible for protocol evolution.
Governance does not execute logistics.
Governance modifies protocol rules.

Represent governance decisions as

®:P->R

Where
P — Governance proposal

R — Ratified protocol rule

3.6 Principle of Deterministic
Execution

One of the fundamental properties of AirdIT is
deterministic execution.

Define the execution consistency property as
Vn,n, € N, it Input;=Input; then

Output; = Output

This guarantees that every compliant node
reaches identical protocol state for identical
protocol inputs.

3.7 Artificial Intelligence
Separation

Artificial Intelligence is intentionally isolated
from protocol execution.

The protocol defines
I'£A11
meaning
ACE recommends.
»  PAEE executes.

Furthermore,



State(X) & Range(I')

This property guarantees that Artificial
Intelligence cannot directly modify protocol
state.

Instead,
Recommendation — Validation — Execution

Every recommendation must pass
deterministic validation before execution.

3.8 Blockchain Independence

The protocol remains blockchain-neutral.

Let

z% - {bl’b27 ,bn}

be the set of supported settlement networks.

The execution semantics satisfy
Vb, € &,
Hbi = H

That is, execution remains identical regardless
of the underlying settlement blockchain.

Only settlement differs.

Formally,

¥y, # ‘ij

may hold, while
Hbl, = Hbj

must always hold.

This property allows AirdJIT to support
VeChainThor, Ethereum, Polygon, Base,
Arbitrum, and future settlement networks
without changing the protocol itself.

I AirdIT
3.9 Architectural Invariants

Every compliant implementation SHALL
satisfy the following invariants.

1. Identity precedes execution.

ID < PAEE

2. Execution precedes settlement.

PAEE < SET

3. Settlement precedes governance
accounting.

SET < GOV

4. Artificial Intelligence never mutates
protocol state directly.

Range(I') N State(T) = O

These invariants are normative and define the
architectural guarantees of the AirJIT Protocol.

Chapter 4;
Digital Logistics Assets (DLA)

The Digital Logistics Asset (DLA) is the
canonical protocol object of the AirdIT
Protocol. Every physical asset participating in
the network SHALL possess exactly one
Digital Logistics Asset that represents its
identity, operational state, ownership, custody,
compliance, and settlement throughout its
lifecycle.

4.1 Introduction

Modern logistics systems identify shipments
through application-specific identifiers such
as tracking numbers, airway bills, bills of
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lading, purchase orders, inventory references,
or enterprise database records.

These identifiers are local.
They belong to organizations.
They do not belong to the asset.

Consequently, every transfer between
organizations typically results in the creation
of additional identifiers, duplicated records,
fragmented operational history, and repeated
reconciliation.

AirdIT introduces a different abstraction.

Instead of assigning identifiers to logistics
processes, AirdJIT assigns a persistent
protocol identity to the physical asset itself.

This identity is called the Digital Logistics
Asset (DLA).

The DLA is not a shipping label.
It is not a tracking number.
It is not an NFT.

It is the protocol-native representation of a
physical asset throughout its complete
lifecycle.

Every protocol operation references the Digital
Logistics Asset.

4.2 Formal Definition

A Digital Logistics Asset is formally defined as
DLA =(ID,M,O,C,L,H,P,S)

where

ID — Unique Asset Identifier

M — Metadata

O — Ownership state

C — Custody state

L — Current Location

M AirdiT
H — Historical ledger

P — Compliance Properties

S — Execution State

Every Digital Logistics Asset SHALL possess
exactly one immutable identifier.

All remaining attributes evolve through
protocol execution.

4.3 Asset Identity

Every DLA possesses a globally unique
protocol identifier.

Let

ID € 59

where

ID — is the universe of protocol identifiers

The protocol SHALL satisfy
Va,, a; € A,

if

a, a;

then

ID; # IDj

Therefore,

every Digital Logistics Asset possesses
exactly one globally unique identifier.

Identity never changes.
4.4 Asset Metadata

Metadata describes intrinsic properties of the
physical asset.

Define

M = (Type, Weight, Dimensions, Category, Manufacturer,Serial, Attributes)
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Metadata is descriptive.
It does not define ownership.
It does not define custody.

It does not define protocol state.
4.5 Ownership

Ownership represents the legal owner of the
physical asset.

Define

O:DLA - N

The ownership function maps every Digital
Logistics Asset to one protocol participant.

Ownership changes only through protocol-
authorized ownership transfer events.

4.6 Custody

Custody differs fundamentally from
ownership.

Ownership answers

Who owns the asset?

Custody answers

Who is currently responsible for the asset?

Define
C:DLA - WV

Unlike ownership,

custody may change many times during
transportation.

Ownership # Custody
One of the defining principles of AirJIT is

0O #C
An enterprise may own the asset.

A carrier may possess custody.

I AirdIT

A warehouse may temporarily assume
responsibility.

Ownership remains unchanged.
Custody evolves continuously.

This separation enables the protocol to model
real-world commerce accurately.

4.7 Asset History

Every protocol event contributes to the
immutable operational history.

Define

H =lee,,...,¢,]

where

e; — is a protocol event.

History is append-only.

Formally,

H_  =HUe

Historical events SHALL never be removed.

4.8 Asset State

Every Digital Logistics Asset possesses one
deterministic execution state.

Define

& = (Created, Registered, Booked, Collected, Transit, Warehouse, Customs, Delivered, Completed, Archived)

Only the Physical Asset Execution Engine may
modify S.

4.9 State Transition

State evolution follows

12



5:S,xE—S,,
where

E — represents valid protocol events.

For example,

o0(Collected, LoadAircraft) = Transit
Likewise,

6(Transit, ProofOfDelivery) = Delivered

Every implementation SHALL produce
identical transitions.

4.10 Digital Twin

The Digital Logistics Asset functions as a
digital twin of the physical asset.

Formally,

define

T: A< DLA

where
+ A denotes the physical asset.

« DLA denotes the protocol
representation.

The mapping is bijective.
|Al =|DLA]|

Every physical asset possesses exactly one
Digital Logistics Asset.

Every Digital Logistics Asset represents
exactly one physical asset.

4.11 Asset Integrity

Every modification of a DLA SHALL satisfy
integrity constraints.

For any update

M AiraiT
U:DLA, - DLA,,,

the protocol requires

Verify(U)=True
before execution.

Unauthorized modifications SHALL be
rejected.

4.12 Protocol Invariants

Every compliant implementation SHALL
preserve the following invariants.

Identity is immutable

ID, = IDt+1

History is append-only

Ht g Ht+1

Ownership is unique

0] =1

Custody is unique

ICl=1

State is deterministic

Ve € E,6(S,e) =S5’

must produce exactly one successor state.

4.13 Discussion

The Digital Logistics Asset is more than a
database record.
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It is the canonical protocol object through
which every physical asset participates in the
AirdIT network.

Unlike traditional logistics identifiers that
terminate upon delivery, the DLA persists
throughout the entire lifecycle of the asset—
from manufacturing and transportation to
maintenance, resale, refurbishment, and
eventual retirement.

Every protocol component interacts with the
DLA.

The Physical Asset Execution Engine executes
its state transitions.

The AirdIT Coordination Engine optimizes its
movement.

The Settlement Layer releases funds based on
its verified state.

The Reputation System derives operational
metrics from its history.

Governance defines the rules governing its
evolution.

For this reason, the Digital Logistics Asset is
the foundational abstraction upon which the
remainder of the AirJIT Protocol is built

Chapter 5;
Physical Asset Execution
Engine (PAEE)

The Physical Asset Execution Engine (PAEE) is
the deterministic runtime of the AirdIT
Protocol. It validates, executes, and records
every protocol action affecting Digital Logistics
Assets. All protocol state transitions SHALL be
performed exclusively through the PAEE.

5.1 Introduction

The movement of physical assets involves a
sequence of operational events.

Assets are registered.

Carriers are assigned.

M AirdiT
Custody changes.

Compliance is verified.
Transportation occurs.
Delivery is confirmed.
Settlement is executed.

Traditional logistics systems implement these
operations as application-specific business
logic.

Consequently, different software systems
frequently produce inconsistent operational
behavior, making interoperability difficult.

AirdIT adopts a different model.

Instead of allowing applications to define
logistics execution, the protocol itself defines
a deterministic execution environment.

This execution environment is called the
Physical Asset Execution Engine (PAEE).

Every compliant implementation executes
identical protocol actions using identical
execution rules.

Applications no longer define logistics
semantics.

They invoke protocol semantics.

5.2 Formal Definition

The Physical Asset Execution Engine is
formally defined as

PAEE = (Z,%,0,7,¥)
where

2. — Protocol State

U — Protocol Actions

0 — State Transition function

V —Validation rules
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Y — Settlement trigger function

The PAEE SHALL execute only protocol-
defined actions.

5.3 Responsibilities

The PAEE performs five primary
responsibilities.

1. Execute protocol actions.
2. Validate protocol constraints.

3. Transition Digital Logistics Assets
between valid states.

4. Emit protocol events.

5. Trigger settlement when execution
conditions are satisfied.

No other protocol component is permitted to
modify protocol state directly.

5.4 Execution Function

Execution is defined by
Im: (Z,u) = 2,
where

« 2, —denotes the protocol state.

* u — denotes a valid protocol action.

The execution engine consumes one protocol
action and produces one successor protocol
state.

Execution is deterministic.
5.5 Protocol Actions

The execution engine recognizes only protocol
actions.

Define

U = {Register, Book, Assign, Pickup, Transfer, Inspect,Load,Unload, Verify, Deliver, Complete, Settle, Archive}

M AirdiT
Every action possesses predefined semantics.

Applications SHALL NOT invent custom
execution semantics.

Instead, applications compose protocol
actions into workflows.

5.6 Execution Cycle

Every protocol action follows the same
execution lifecycle.

Step 1

Receive Action

Step 2

Validate Preconditions

Step 3

Execute Transition

Step 4

Validate Result

Step 5

Emit Events

Step 6

Trigger Settlement

Step 7

Persist New State

Mathematically

15



Execute(u) = Persist(Emit(Validate(6(u))))

This pipeline guarantees deterministic
execution.

Figure 5.1

Figure 5.1
Execution Pipeline
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5.7 Validation

Every protocol action must satisfy protocol
constraints before execution.

Define

7 iu— {True, False}

If

7 (u) = False

execution terminates immediately.

No state transition occurs.

I AiraiT
5.8 State Transition

Protocol state transitions are governed
exclusively by

0:(S,u)—Y8

where
« Sisthe current execution state.
« uis a protocol action.

The transition function is total over valid
actions and undefined for invalid actions.

Formally,
u ¢ Valid(S) = 6(S,u) = L
where

1 — represents an invalid execution.

5.9 Execution Atomicity

Every protocol action SHALL execute
atomically.

Formally,

Commit(u) @ Rollback(u) =1
where
Commit succeeds completely.

» Rollback restores the previous protocol
state.

Partial execution SHALL NOT occur.

5.10 Idempotency

Certain protocol actions may be submitted
multiple times.

Repeated execution SHALL NOT produce
multiple state transitions.

16



For idempotent actions
HIIE, u), u) = TI(Z, u)

Repeated execution produces the identical
protocol state.

5.11 Determinism

For every compliant implementation
Input; = Input,

implies

Output; = Output

This property guarantees consensus among
independent protocol nodes.

5.12 Event Emission

Successful execution generates protocol
events.

Define

Emit :u—> &

where

E — is the protocol event log.

Events never modify protocol state.

They provide an immutable audit trail.

5.13 Settlement Trigger

The PAEE does not perform settlement.

Instead it determines when settlement should
begin.

Define
VY:X - {Trigger, Wait}

For example

M AirdiT
Delivery verified

1

Trigger Settlement
Otherwise

1]

Wait

The Settlement Layer performs the financial
execution.

5.14 Al Independence

One of the defining characteristics of PAEE is
that it operates independently of Artificial
Intelligence.

Formally
Range(')N Range(Il) = @
where

« I'—is the Coordination Engine.

« Il —is the Execution Engine.

Artificial Intelligence recommends.
PAEE executes.

This separation guarantees deterministic
protocol behavior.

5.15 Execution Invariants

Every compliant implementation SHALL
preserve the following invariants.

Execution is deterministic.

Vu, |Iu)| =1

Execution is atomic.

Commit(u) @ Rollback(u) =1

Invalid actions cannot execute.

17



7 (u) = False = Il(u) = L

Execution always produces a valid protocol
state.

M, u) €2

5.16 Discussion

The Physical Asset Execution Engine is the
deterministic computational core of the AirJIT
Protocol.

Just as the Ethereum Virtual Machine
standardizes the execution of smart contracts
across decentralized networks, the PAEE
standardizes the execution of logistics
operations across decentralized physical
infrastructure.

By separating deterministic execution from
Artificial Intelligence, settlement, governance,
and application logic, the PAEE provides a
stable execution environment that remains
independent of software vendors, blockchain
implementations, and enterprise systems.

Every Digital Logistics Asset evolves
exclusively through the PAEE.

Every protocol action is validated by the
PAEE.

Every state transition is recorded by the PAEE.
Every settlement originates from the PAEE.

In this sense, the PAEE is not merely a
software component. It is the protocol runtime
that transforms AirdIT from a logistics
application into a true decentralized operating
system for physical commerce.

Chapter 6;
Logistics State Machine
(LSM)

The Logistics State Machine (LSM) defines the
deterministic lifecycle of every Digital Logistics

I AirdIT

Asset within the AirdIT Protocol. It specifies
the complete set of protocol states, valid
transitions, transition constraints, and
execution semantics governing the movement
of physical assets.

6.1 Introduction

Every physical asset participating in the AirdIT
Protocol progresses through a finite sequence
of operational states.

An asset is registered.
Transportation is booked.
Custody is transferred.

The asset enters transit.
Regulatory inspections may occur.
Delivery is verified.

Settlement is completed.

Eventually the asset reaches the end of its
operational lifecycle.

Traditional logistics software represents these
workflows differently depending upon vendor
implementation.

Consequently, interoperability requires
application-specific translation between
systems.

AirdIT eliminates this ambiguity.

The protocol defines one canonical Logistics
State Machine that every implementation
MUST follow.

This guarantees deterministic execution
regardless of software implementation or
organizational ownership.

6.2 Formal Definition

The Logistics State Machine is defined as the
tuple

LSM = (S, %, 35,50, F)
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where

S — Finite set of logistics states
U — Set of protocol actions

0 — State transition function

Sy — Initial state

F — Terminal states

The LSM SHALL be deterministic.

6.3 State Space

The protocol defines the following logistics
states.

& = {Created, Registered, Booked, Allocated, Collected, InTransit, Stored, Customs, Delivered, Completed, Archived }

Each Digital Logistics Asset SHALL occupy
exactly one state at any point in time.

Formally,

Vae o, 3Tls € Swhered!3!

denotes "there exists exactly one."

6.4 Initial State

Every newly created Digital Logistics Asset
begins in

so = Created

No protocol action may bypass the initial
state.

6.5 Terminal States

The protocol currently defines

F = {Completed, Archived}

Terminal states possess no outgoing
transitions unless explicitly authorized through
governance upgrades.

I AirdIT

6.6 Transition Function

State transitions are defined by

0:SXU - &S
where
. Current State

. Protocol Action

produce
 Successor State — Every transition
MUST be deterministic.

6.7 Example State Transitions

Registration

O0(Created, Register) = Registered

Booking

O(Registered, Book) = Booked

Carrier Assignment

O0(Booked, Assign) = Allocated

Pickup

O0(Allocated, Pickup) = Collected

Load onto Transport

o0(Collected, Load) = InTransit

Arrival at Warehouse

o(UnTransit,Unload) = Stored
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Customs Clearance

o(Stored, Inspect) = Customs

Release from Customs

0(Customs, Release) = InTransit

Delivery

o(InTransit, Deliver) = Delivered

Completion

o(Delivered, Complete) = Completed

Archival

o(Completed, Archive) = Archived

Figure 6.1
Canonical Logistics State Machine
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6.8 Invalid Transitions

Not every transition is valid.
For example,

Created

1

Delivered

is prohibited.

Formally,

O0(Created, Deliver) = L

where

1 — denotes an invalid transition.

Likewise,
Completed
1]
Collected

is invalid.

6.9 Transition Guards

I AirdIT

Every transition may define prerequisite

conditions.

Let

Guard : % — {True,False}

Execution proceeds only if

Guard(u) =True

Otherwise,
o(s,u) =1
o(s,u) =1L
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Typical guards include
e Valid identity
*  \Verified custody
. Required signatures
¢ Customs approval
* Available capacity

. Settlement authorization

6.10 State Invariants

Every Digital Logistics Asset SHALL satisfy
the following invariants.

Exactly one state
|State(a)| =1

Deterministic successor

[o(s,u)| <1

Terminal states have no successors

Ve F, s(fu)=1

No skipped transitions
Distance(s;, s;) > 1 = 6(s;, u) # s;

This prevents arbitrary jumps through the
state machine.

6.11 State Persistence

The execution history of every Digital Logistics
Asset is represented as a sequence of valid
transitions.

H = (50,815 +--55,)

Every adjacent pair MUST satisfy

6(s;, Up) = Sip

Thus, the history of an asset is not merely a
list of events but a mathematically verifiable
execution trace.

I AiraiT
6.12 Relationship with PAEE

The Logistics State Machine does not execute
transitions.

It defines them.

Execution is delegated to the Physical Asset
Execution Engine.

Formally,

PAEE FELSM

meaning

The PAEE implements the semantics defined
by the Logistics State Machine.

Consequently,
. LSM defines the rules.
. PAEE enforces the rules.

This separation mirrors the distinction
between an instruction set architecture and
the processor that implements it.

6.13 Protocol Guarantees

Every compliant AirdJIT implementation SHALL
guarantee:

e Deterministic transitions.

»  Exactly one active state per asset.
*  No undefined successor states.

*  No skipped lifecycle stages.

. Immutable execution history.

» Identical execution across all compliant
implementations.

These guarantees form the foundation upon
which settlement, governance, routing,
auditing, compliance, and analytics are built
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Chapter 7;
Global Logistics Graph (GLG)

The Global Logistics Graph (GLG) is the
canonical mathematical representation of the
world's physical commerce network within the
AirdIT Protocol. It models infrastructure,
transportation capacity, operational
relationships, historical performance, and real-
time logistics information as a dynamic
weighted multi-layer graph that continuously
evolves through protocol activity.

7.1 Introduction

Every logistics operation occurs within a
network.

Airports connect cities.

Roads connect warehouses.

Ports connect continents.

Railways connect industrial centers.
Airlines connect airports.

Carriers connect customers.

Traditional logistics systems model these
relationships locally.

A Transportation Management System
understands its own fleet.

A warehouse understands its own inventory.
An airline understands its own schedules.

No system understands the global logistics
network.

AirdIT introduces a unified mathematical
model.

The Global Logistics Graph (GLG) represents
every participant, infrastructure asset,
transportation corridor, and operational
relationship as a single evolving graph.

I AirdIT

Rather than optimizing isolated shipments, the
protocol optimizes movement across the
graph itself.

7.2 Formal Definition

The Global Logistics Graph is defined as
G=(V,EW)

Where

V — Set of vertices

E — Set of directed edges

W — Edge weighting function

Unlike classical graphs, the GLG is dynamic.

Both vertices and edges evolve continuously.

7.3 Vertices

Each vertex represents a physical or logical
infrastructure component.

V={v,v....,v,}

e Vp

Each vertex belongs to exactly one
infrastructure class.

Type(v) € {Airport, Warehouse, Port, RailTerminal, DistributionCenter, CarrierHub, HostNode, Enterprise, CustomsOffice}

Vertices may possess geographical
coordinates.

Location(v) = (¢, A, h)
where

+ ¢ =latitude

+ A =longitude

+  h = elevation (optional)
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7.4 Edges

Edges represent feasible transportation or
operational relationships.

E == {elj | Vl',Vj e V}
An edge exists whenever a physical asset may

legally and operationally move between two
vertices.

Edges are directed.

Thus

e 7 €j;

Transit from Airport A to Airport B is not

necessarily equivalent to transit from Airport B
to Airport A.

7.5 Edge Weights

Each edge contains multiple operational
metrics.

Instead of a scalar weight, AirJIT defines a
weight vector.

W(e;) = (¢, t,r,u,k, s)
where

¢ — Transportation cost
t —Transit time

r — Reliability

u — Capacity utilization
k — Carbon intensity

s — Security score

This allows optimization across multiple
objectives simultaneously.

7.6 Dynamic Graph

Unlike static transportation maps,

the Global Logistics Graph
continuously.

Define
G =WV,E,W)
where
t — represents protocol time
Graph evolution is governed by
G = P(G,, 8)
where
E — represents protocol events.
Examples include
e  Flight delay
Warehouse capacity change
»  Carrier joins network
* Road closure

»  Customs congestion

Every event updates the graph.

7.7 Multi-Layer Graph

The AirdIT graph is multi-layered.

Define
G = {GP’ Gc, GF’ GI}
where

Gp — Physical infrastructure
G — Commercial relationship

Gy — Financial settlement

I AirdIT

changes
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G, — Information Layer

Each layer is independently maintained while
remaining logically connected.

7.8 Capacity Function

Every transportation edge possesses finite
capacity.

Define

Cap : E - R*

Capacity evolves over time.

Cap,(e) — Current available capacity satisfies
0 < Available(e) < Cap(e)

Capacity constraints influence routing
decisions.

7.9 Route

A logistics route is defined as an ordered
sequence of connected vertices.

P=(v,vy...,V,)
Every adjacent pair must satisfy
Vi Vipr) € E

A valid route therefore represents a
continuous path through the logistics network.

7.10 Path Cost
The total transportation cost of a route is

Cost(P) = 2 c(e)

eeP
Similarly,

Transit time

I AiruiT
Time(P) = Z t(e)

eeP

Carbon

Carbon(P) = Z k(e)

eeP

Reliability

Reliability(P) = Hr(e)

eeP

Unlike cost,

reliability decreases multiplicatively.

7.11 Multi-Objective
Optimization

AirdIT does not optimize only one metric.
Instead,
ACE minimizes a weighted objective function.

P* = arg mgn (a Cost(P) + p Time(P) +y Carbon(P) — § Reliability(P))
where

a — Cost weight

S — Time weight

y — Sustainability weight

0 — Reliability weight

These coefficients are configurable according
to shipment requirements.

7.12 Constraints

Optimization is subject to operational
constraints.

Cap(e) > Demand
Compliance(P) = True
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Temperature(P) € Range

Risk(P) < Threshold

Only feasible routes may be considered.

7.13 Learning

The graph evolves through operational
experience.

Edge weights are continuously updated.
Define

W,., = Update(W,, Observation)

Every completed shipment improves future
routing decisions.

7.14 Network Intelligence

Operational intelligence accumulates over
time.

Define protocol knowledge as
K, Knowledge evolves according to

K,.,=K,+ Learning(Shipment)

The protocol therefore becomes more
intelligent with every completed logistics
operation.

7.15 Graph Invariants

Every compliant implementation SHALL
preserve the following properties.

Vertices are unique.

Edges connect existing vertices.

I AirdiT
elj = (Vl', V]) — Vi, Vj (S V

Capacities are non-negative.
Cap(e) >0

Reliability is bounded.
0<r(e)<l1

Edge weights remain finite.

W(e) € R®

7.16 Discussion

The Global Logistics Graph is considerably
more than a routing database.

It is the protocol's mathematical
representation of the physical economy.

Every infrastructure node contributes to its
topology.

Every shipment contributes to its knowledge.

Every completed operation improves its
predictive capability.

Unlike conventional logistics software, where
operational intelligence remains confined
within individual organizations, the Global
Logistics Graph transforms collective
experience into shared protocol intelligence.

This continuously evolving graph becomes the
foundation upon which the AirJIT Coordination
Engine computes transportation strategies,
predicts congestion, evaluates infrastructure
utilization, and optimizes physical commerce
at global scale.

It is, in effect, the digital nervous system of the
Internet of Physical Commerce.
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Chapter 8;
AirJIT Coordination Engine
(ACE)

The AirJIT Coordination Engine (ACE) is the
optimization and decision-support subsystem
of the AirJIT Protocol. ACE continuously
analyzes the Global Logistics Graph to
generate optimal execution plans subject to
operational constraints. ACE SHALL NOT
modify protocol state directly. All protocol
state transitions remain the exclusive
responsibility of the Physical Asset Execution
Engine (PAEE).

8.1 Introduction

Efficient logistics coordination requires
continuous decision making.

Transportation routes must be selected.
Carriers must be allocated.

Warehouses must be chosen.
Infrastructure congestion must be avoided.
Weather disruptions must be considered.
Regulatory constraints must be satisfied.

Traditional logistics systems perform these
decisions independently within organizational
boundaries.

Consequently, optimization remains local.
AirJIT adopts a network-centric approach.

Instead of optimizing one organization, ACE
continuously evaluates the entire Global
Logistics Graph.

The objective is not merely to find a route.

The objective is to compute the best feasible
execution strategy for the entire logistics
network while respecting protocol constraints.

ACE therefore functions as the intelligence
layer of the AirdIT Protocol.

I AirdIT

8.2 Formal Definition

The AirdIT Coordination Engine is formally
defined as

ACE = (G, #,%6,0,T)
where

G — Global Logistics Graph
H — Knowledge base

¢ — Operational constraints
(O — Optimization objectives
I" — Coordination function

ACE consumes logistics information and
produces execution recommendations.
8.3 Inputs

ACE receives information from multiple
protocol layers.

Define the protocol input space as
I =(G,D,0,W,C)

where

G, — Gilobal Logistics graph

D, — Active digital logistics asset
Q, — Transportation requests

W, — Environmental conditions

C, — Operational constraints

These inputs continuously evolve as the
protocol state changes.
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8.4 Coordination Function

The primary function of ACE is

' Gx€Ex0—->R

where

G — Global Logistics Graph

C — represents protocol constraints
O — represents optimization objectives
R — represents a recommended execution plan

ACE SHALL always return one or more
feasible recommendations.

It SHALL NOT perform protocol execution.

8.5 Optimization Objectives

The optimization objective is represented by a
weighted utility function.

LaTeX

UPP) = ) a,f(P)

i=1
where
P — is a candidate execution plan
f:(P) — is the score of objective i

w; — is the weight assigned to objective i.

The weights satisfy
n

2 w;, =1

i=1

This allows different logistics operations to
prioritize different objectives while preserving
a consistent optimization framework.

I AirdiT
8.6 Objective Functions

Typical objective functions include

Transportation cost
filP) = Cost(P)

Transit time

f(P) = Time(P)
Reliability

H(P) =Reliability(P)
Carbon emissions

f4(P) = Carbon(P)
Risk

f5(P) = Risk(P)

Protocol governance may introduce additional
objective functions without modifying the
architecture of ACE.

8.7 Constraint Satisfaction

Optimization is performed subject to protocol
constraints.

The feasible solution set is defined as
F = {P | P satisfies every protocol constraint}

Only execution plans contained in % may be
recommended.

8.8 Knowledge Base

ACE continuously accumulates operational
knowledge.

Define
K,
The knowledge base evolves according to
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K. = Update(H,, Observation,)
where observations include

. completed deliveries,

o congestion reports,

. carrier performance,

. infrastructure utilization,

. weather impacts,

e customs delays.

The knowledge base improves continuously
through protocol activity.

8.9 Recommendation
Ranking

ACE may generate multiple feasible execution
plans.

Define
R = {Pl,Pz,,Pn}

Recommendations are ranked according to
utility.

Rank(P)) = U(P,)
The highest-ranked recommendation is

P* = arg max U(P,)
P

where

P* is the preferred execution plan.

8.10 Decision Boundaries

ACE SHALL NOT
* modify protocol state,
e transfer custody,

. authorize settlement,

M AirdiT
«  approve governance,

» create Digital Logistics Assets.
Formally,
Range(I')NRange(I1) = &
where

I" — is the coordination function,

IT — is the execution function
ACE produces recommendations.

PAEE executes protocol actions.

8.11 Continuous Replanning

The logistics environment is dynamic.

ACE periodically recomputes execution plans.
Define

P =1(G,%,0)

When the graph changes,

Gt # Gt+1

ACE recomputes

Plil == F(GH-I’ Cg, @)

This enables adaptive logistics planning
without violating deterministic protocol
execution.

8.12 Computational
Complexity

Let
Vi — denote the number of vertices

E — denote the of edges

For graph-based routing algorithms, the
computational complexity is approximately
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O(|E|+|V]log|V])
using Dijkstra-based shortest-path methods.

More advanced optimization methods may
exhibit different complexity depending on the
chosen algorithm.

The protocol specification intentionally does
not mandate a particular optimization
algorithm.

It specifies the required outputs rather than a
specific implementation.

8.13 Protocol Guarantees

Every compliant implementation SHALL
satisfy the following properties.

Recommendations are deterministic for
identical inputs.

Input; = Input, = R; = R;

Recommendations satisfy all protocol
constraints.

P*eF

Recommendations never modify protocol
state.

State(Z)N Range(I') = @

Every recommendation is reproducible given
identical protocol inputs and optimization
parameters.

8.14 Discussion

The AirdIT Coordination Engine transforms the
Global Logistics Graph into actionable
intelligence.

Rather than functioning as a centralized
dispatcher, ACE serves as a protocol-defined
optimization layer capable of reasoning over
the entire decentralized logistics network.
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By separating coordination from execution,
AirdIT combines the adaptability of
optimization algorithms and artificial
intelligence with the determinism required for
protocol consensus.

ACE recommends.
PAEE validates and executes.

This separation enables innovation in
optimization techniques—including graph
algorithms, operations research methods, and
machine learning—without changing the
deterministic semantics of the protocol.

Consequently, the AirJIT Coordination Engine
provides the intelligence necessary for
autonomous physical commerce while
preserving the reliability, predictability, and
interoperability required of global
infrastructure.

Chapter 9;
Trust and Verification Layer

The Trust and Verification Layer establishes
cryptographically verifiable evidence for
physical commerce. It defines the
mechanisms through which protocol
participants authenticate identities, verify
operational events, validate custody transfers,
and produce trustworthy execution evidence
for the AirJIT Protocol.

9.1 Introduction

Unlike purely digital systems, logistics
involves physical events that cannot be
directly observed by a blockchain.

A protocol cannot inherently determine
whether a package has been loaded onto an
aircraft.

It cannot directly verify customs inspection.

It cannot independently observe physical
delivery.

Instead, the protocol must rely upon verifiable
evidence generated by trusted participants.
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The Trust and Verification Layer defines the
mechanisms by which these observations
become protocol-valid facts.

Rather than assuming trust, AirJIT establishes
trust through verifiable evidence,
cryptographic authentication, distributed
validation, and protocol-defined verification
rules.

9.2 Trust Model

The protocol defines trust as a measurable
property.

Let
T: /- [0,1]
where

T (n) —is the trust score of participant n
0 represent minimumt trust

1 represent maximum trust

Trust is dynamic.

It evolves continuously according to protocol
observations.

9.3 Verification Objects

Every operational event produces a
verification object.

Define
V=(UD,Type,Issuer,Timestamp, Evidence,Signature)

where
1D — Verification identifier
Type — verification type

Issuer — Participant generating the
verification

Timestamp — Time of issuance
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Evidence — Supporting operational evidence

Signature — Digital signature

Verification objects become immutable
protocol records after successful validation.

9.4 Verification Function

The protocol validates every verification object
using

7 .V - {Valid, Invalid}
Execution proceeds only when
7' (V)= Valid

Invalid verification objects SHALL be rejected.

9.5 Evidence Model

Verification requires evidence.
Define the evidence set
& = {Identity, Location,Time,Sensor, Document,Signature}
Evidence MAY originate from

» Digital signatures

GPS coordinates

* |loT devices

« QR codes

« RFID

e  Customs systems

»  Enterprise systems

*  Human verification

»  Future protocol extensions

The protocol intentionally remains technology-
neutral regarding evidence sources.
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9.6 Proof of Custody

Custody transfer represents one of the most
important protocol events.

A custody proof is defined as
PoC = (Sender, Receiver, Asset, Time, Signature)

Custody changes only when both parties
authorize the transfer.

Formally,

Transfer = Sig(Sender) A Sig(Receiver)
where

A — denotes logical conjunction

Both signatures are required.

9.7 Custody Transition

The custody function is

C:DLA - NN
Following successful verification,

custody changes according to
C,. (a) = Receiver

provided the Proof of Custody has been
validated.

Ownership remains unchanged unless
explicitly transferred.

9.8 Proof of Delivery

Delivery represents the successful completion
of transportation obligations.

A Proof of Delivery is defined as
PoD = (Recipient, Asset,Location,Timestamp, Signature)

The verification function satisfies

Verify(PoD) = True
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before the Logistics State Machine may
transition to

Delivered.

9.9 Multi-Party Verification

Certain protocol operations require multiple
independent confirmations.

Define the verifier set

M= {v,Vy,...,V,}

Consensus is achieved when
n

Z Approve(v;) > k

i=1

where

k — is the verification threshold.

This enables configurable multi-party
verification policies.

9.10 Cryptographic
Authentication

Every verification object SHALL be digitally
signed.

Authentication is defined as
Auth = Verify(Signature, PublicKey)

Only authenticated protocol participants may
generate trusted verification objects.

9.11 Trust Evolution

Participant trust evolves according to
operational behavior.

Define
TH—I = Tt + AT

where
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AT =aS + pC—yF

S — Successful verified operations
C — Compliance score

F — Verified failures

a,p,y — Governance defined weighting
coefficients

Trust therefore reflects observed protocol
behavior rather than static reputation.

9.12 Fraud Detection

The protocol continuously evaluates
verification consistency.

Define
Risk = f(Conflict, History, Trust, Evidence)

If

Risk > Threshold

the verification SHALL be escalated for
additional validation before execution
continues.

9.13 Verification Invariants

Every compliant implementation SHALL
satisfy the following properties.

Every verification has exactly one issuer.

|Issuer(V)| =1

Every verification is cryptographically
authenticated.

Verify(Signature) = True

Custody cannot change without successful
verification.

Transfer = Verify(PoC)
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Settlement cannot begin before delivery
verification.

PoD < Settlement

Trust values remain bounded.

0<Tm) <1

9.14 Discussion

The Trust and Verification Layer bridges the
gap between physical reality and deterministic
protocol execution.

Rather than relying on centralized authorities
or implicit institutional trust, AirJIT converts
physical events into cryptographically
verifiable protocol evidence.

This evidence becomes the basis for state
transitions, settlement, reputation, dispute
resolution, compliance, and governance.

As the protocol evolves, new verification
technologies—including secure loT hardware,
trusted execution environments, decentralized
identity systems, and zero-knowledge proofs
—may be integrated without changing the
fundamental verification semantics defined in
this specification.

Trust therefore becomes an emergent property
of verifiable evidence rather than
organizational reputation alone

Chapter 10;
Protocol Events

Protocol Events are immutable records
generated by successful protocol execution.
They represent the canonical history of the
AirdIT Protocol and provide the foundation for
auditing, settlement, analytics,
synchronization, and distributed application
integration.
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10.1 Introduction

Distributed systems coordinate through
events.

An order is created.

A payment is completed.

A container arrives.

A shipment is delivered.

These are not merely database updates.

They are immutable facts describing
something that occurred.

Traditional logistics software often treats
events as implementation details.

AirdIT elevates events to first-class protocol
objects.

Every successful execution performed by the
Physical Asset Execution Engine produces
one or more Protocol Events.

Events become the canonical history of the
protocol.

Applications no longer infer what happened
by comparing database records.

They observe protocol events directly.
10.2 Formal Definition

A Protocol Event is defined as

Event = (ID, Type, Source, Target, Asset, Timestamp, Payload, Signature)
where

ID — Unique Event Identifier

Type — Event Type

Source — Event Origin

Target — Event Destination

Asset — Digital Logistics Asset

Timestamp — Event Time

I AirdiT
Payload — Event Data

Signature — Cryptographic Signature

Events are immutable after publication.

10.3 Event Space
The protocol defines the set of valid events as

& ={e.e,....e,)

Each event belongs to exactly one event
class.

10.4 Event Categories

AirdJIT classifies events into six categories.
Define

Type(e) € {Identity, Execution, Custody, Verification, Settlement, Governance)
Examples include

Identity

e IdentityCreated

e IdentityUpdated

Execution

*  AssetRegistered

e  BookingCreated

»  CarrierAssigned

Custody

»  CustodyAccepted

e  CustodyTransferred

Verification

e DeliveryVerified

e CustomsApproved

Settlement

. EscrowCreated
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e PaymentReleased
Governance
*  ProposalSubmitted

. ProposalExecuted

10.5 Event Emission

Only successful execution produces protocol
events.

Define the emission function
Emit : 11 - &
Where

M — represents successful protocol
execution.

Failed execution SHALL NOT emit protocol
events.

10.6 Event Ordering

Events are totally ordered for each Digital
Logistics Asset.

Define
e; < e

to denote

Event

e; occurred before event ¢;

For every asset
History(a) = (e, ey, ..., €,)
The ordering SHALL remain immutable.

10.7 Event Stream

Every Digital Logistics Asset possesses an
event stream.
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Define

Stream(a) = {e;,e,, ...,e,}

Applications reconstruct asset history by
replaying the stream.

No secondary interpretation is required.

10.8 Event Sourcing

The complete protocol state can be
reconstructed from protocol events.

Let

Replay : History(a) - X

where

History(a) — is the ordered event history.
2. — is the reconstructed protocol state.

Replay(History(a)) = CurrentState(a)

The protocol state is therefore a deterministic
projection of immutable events.

10.9 Event Integrity

Every event SHALL satisfy

Verify(Signature) = True

Furthermore,

Hash(Payload) = StoredHash

Any modification invalidates the event.

10.10 Event Immutability

Protocol events are append-only.

Define

Log,.,=Log Ve
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Deletion is prohibited.

Formally,

Remove(e) = L

10.11 Event Subscription

Applications subscribe to protocol events.

Define

Subscribe : Topic — Stream
Examples include
Carrier applications

1

CustodyTransferred
Settlement service

1

DeliveryVerified

Al Engine

1
InfrastructureUpdated
Government gateway
1

CustomsApproved

Applications therefore become reactive rather
than continuously polling the protocol.

10.12 Event Consistency

Every protocol event SHALL satisfy
Exactly one origin
| Source(e)| =1

Exactly one timestamp
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| Timestamp(e)| = 1

Exactly one event type

| Type(e)| =1

Events are immutable

Mutable(e) = False

10.13 Relationship to PAEE

The execution engine performs protocol
actions.

Protocol events describe the outcome.

Formally,

Execute — Transition — Emit

Execution therefore precedes observation.

10.14 Relationship to
Settlement

The Settlement Layer does not observe
protocol state directly.

Instead,

it consumes protocol events.

Formally,

DeliveryVerified = SettlementTriggered
Likewise,

SettlementCompleted = TreasuryUpdated

This decouples execution from financial
processing.

10.15 Discussion
Protocol Events are the immutable language

through which every component of the AirdIT
Protocol communicates.
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Rather than tightly coupling subsystems
through direct procedure calls or shared
database state, AirdIT adopts an event-driven
architecture where protocol execution
produces verifiable facts that can be
consumed independently by settlement,
analytics, artificial intelligence, governance,
external applications, and enterprise
integrations.

This design provides scalability, auditability,
extensibility, and resilience while preserving
deterministic execution.

Events are not merely logs.

They are the canonical source of truth from
which protocol state, financial settlement,
historical auditing, operational analytics, and
future protocol services can all be derived

Chapter 11;
Settlement Layer

The Settlement Layer provides deterministic
financial execution for the AirdIT Protocol. It
coordinates escrow management, payment
distribution, protocol fees, treasury allocation,
and cross-chain settlement while remaining
logically independent from protocol execution.
Settlement SHALL occur only after successful
verification of protocol-defined execution
conditions.

11.1 Introduction

Every logistics operation produces financial
obligations.

A carrier transports cargo.

A warehouse stores inventory.

A customs broker performs clearance.
Insurance providers assume operational risk.
Validators verify protocol execution.

Each participant contributes measurable
value.
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Traditional logistics settles these obligations
through invoices, bank transfers,
reconciliation, and manual accounting.

This introduces delays, administrative
complexity, payment disputes, and
counterparty risk.

AirdIT replaces this process with deterministic
programmable settlement.

The protocol determines when settlement
occurs.

The Settlement Layer determines how
settlement occurs.

11.2 Formal Definition

The Settlement Layer is defined as

SET = (A, P, 8E,Y,9)

where

o — Settlement accounts
9P — Payment Obligations
& — Escrow contracts

Y — Settlement function

T — Treasury

The Settlement Layer SHALL NOT modify
protocol execution.

Its responsibility begins only after execution
has completed successfully.

11.3 Settlement Accounts

Every protocol participant possesses one
settlement account.

Define

Account - N —- A
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where
N — denotes protocol participants

of — denotes settlement accounts.

Every payment is ultimately credited to one
settlement account.

11.4 Payment Obligations

A logistics operation may generate multiple
payment obligations.

Define

P =A{p1,pys > Dy}

Each payment obligation is

p = (Payee, Amount,Currency, Condition)
where

Payee is the recipient,

Amount means the settlement amount
Currency means settlement asset

Condition means the execution conditions.

Settlement SHALL occur only when the
associated condition evaluates to true.

11.5 Escrow Model

The protocol secures commercial obligations
through escrow.

Define the escrow contract as
Escrow = (Balance,Conditions, Status)
where

o Balance is the locked settlement
amount.

. Conditions define release
requirements.

M AirdiT
*  Status represents the escrow lifecycle.

Escrow status is defined by

Status € {Created, Funded,Locked, Released,Cancelled}

“0

11.6 Settlement Function

Settlement is performed by

Y:XXP > o

where
2. — is the protocol state

P — is the payment obligation.

Settlement updates account balances but
SHALL NOT modify execution history.

11.7 Settlement Preconditions

Settlement SHALL execute only if every
required protocol condition is satisfied.

Define

Ready : X — {True, False}

Settlement proceeds only if

Ready(X) =True
Typical conditions include
e Delivery verified
»  Custody completed
Compliance satisfied
Escrow funded

*  No active disputes
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11.8 Payment Distribution

One logistics operation may compensate
multiple participants.

Define

Recipients = {r, 15, ...,1,}

e iy

The total settlement amount is distributed
according to

n
Amount = Z Payment;
i=1

The protocol SHALL satisfy the conservation
property

n
Escrow = Z Payment;, + Fees

i=1

No value is created or destroyed during
settlement.

11.9 Treasury Allocation

Protocol fees contribute to the AirJIT Treasury.
Let

Fee = A-Amount

Where

A — is the protocol fee coefficient.

Treasury balance evolves according to
Treasury, = Treasury, + Fee

Treasury allocation policies are governed
separately by protocol governance.

11.10 Cross-Chain Settlement

AirdIT separates execution from settlement.
Let

B ={VeChain,Ethereum, Base, Polygon, Arbitrum}

I AirdIT

represent supported settlement networks.

Settlement routing is defined as
Route : Payment — b,
where

b,e &

Execution semantics remain unchanged
regardless of settlement destination.

11.11 Stable Settlement

Commercial obligations are denominated in
JUSD.

Let

Currency(p) =JUSD

Protocol security, staking, and governance are
denominated separately in JIT.

Therefore

JUSD #JIT

This separation eliminates conflicts between
commercial pricing and protocol security.

11.12 Settlement Atomicity

Settlement SHALL execute atomically.
Either

*  every recipient receives payment,
or

e no payment occurs.

Formally,

Commit @ Rollback =1

Partial settlement SHALL NOT occur.
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11.13 Settlement Invariants

Every compliant implementation SHALL
satisfy the following properties.

Escrow cannot become negative.

Balance > 0

Total value is conserved.

Input = Output + Fee

Settlement occurs only after verification.

Verify < Settlement

Execution always precedes settlement.

PAEE <V¥Y

Settlement never modifies protocol execution
history.

History, . = History,

11.14 Settlement Lifecycle

The canonical settlement lifecycle is

Shipment Created

!

Escrow Created

'

Escrow Funded

!

Protocol Execution

!

Verification

'

Settlement Trigger

!

Payment Distribution

!

Treasury Allocation

!

Settlement Complete

I AirdIT

11.15 Discussion

The Settlement Layer transforms logistics
from an administratively reconciled process
into a deterministic economic protocol.

Instead of relying upon invoices,
reconciliation, and delayed financial
settlement, AirdIT executes contractual
obligations automatically once protocol-
defined execution conditions have been
satisfied.

This architecture reduces settlement latency,
minimizes disputes, lowers operational costs,
and creates a transparent economic
foundation for decentralized physical
commerce.

By separating execution, verification, and
settlement into independent protocol layers,
AirJIT preserves deterministic execution while
supporting multiple settlement networks,
stable commercial pricing through JUSD, and
long-term protocol security through JIT.

The Settlement Layer therefore serves as the
financial backbone of the Internet of Physical
Commerce.

Chapter 12;
Blockchain Abstraction Layer
(BAL)

The Blockchain Abstraction Layer (BAL)
separates protocol execution from blockchain-
specific settlement. It provides a standardized
interface through which the AirJIT Protocol
interoperates with multiple distributed ledger
technologies while preserving identical
protocol semantics across all supported
blockchain ecosystems.

12.1 Introduction

Blockchain technology introduced
decentralized consensus, programmable
assets, and immutable financial settlement.
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While these capabilities are fundamental to
the AirJIT Protocol, blockchain networks differ
significantly in their consensus mechanisms,
transaction formats, virtual machines, fee
structures, finality guarantees, and smart
contract architectures.

Traditional blockchain applications embed
protocol logic directly into blockchain-specific
implementations.

As a result, protocol evolution becomes tightly
coupled to a single blockchain ecosystem.

AirJIT adopts a fundamentally different
architectural model.

Protocol execution SHALL remain
independent of blockchain implementation.

Blockchain networks SHALL provide
settlement infrastructure only.

The AirJIT Protocol SHALL define logistics
semantics.

This separation enables long-term protocol
evolution while preserving interoperability
across multiple blockchain ecosystems.

12.2 Formal Definition

The Blockchain Abstraction Layer is formally
defined as

BAL = (%, 5, R, M, N\)
where

9 — Supported Blockchains
& — Blockchain interfaces
R —Settlement Router

M — Message Translator

A — Settlement Mapping function

The Blockchain Abstraction Layer SHALL
expose a uniform settlement interface
regardless of blockchain implementation.

I AirdIT

12.3 Supported Settlement
Networks

The protocol supports a finite set of
settlement networks.

% = {bl’ bz, ey bn}
where
Vechain is reference settlement layer

Ethereum, Base, Polygon, Arbitrum role is
settlement and future networks are subject to
governance approval.

The protocol specification intentionally does
not limit the number of supported settlement
networks.

BAL = (%, 7, R, M, N\)
where

9B — Supported blockchains
# — Blockchain interfaces
R — Settlement Router

M — Message Translator

A — Settlement Mapping function

The Blockchain Abstraction Layer SHALL
expose a uniform settlement interface
regardless of blockchain implementation.

12.4 Blockchain
Independence

One of the fundamental properties of AirdIT is
protocol independence.

Define protocol execution as
IM: 2, Xu—->2x,
Execution SHALL satisfy

Vbe B, 1, =1
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This means

Every supported blockchain MUST execute
identical protocol semantics.

Only settlement differs.
12.5 Settlement Mapping

Settlement is delegated to blockchain-specific
implementations.

Define

A:Y = b,

where

Y is the protocol settlement instruction

b, is the selected settlement blockchain.

The mapping function determines where
settlement is executed without modifying
protocol execution.

12.6 Reference
Implementation

Although the protocol is blockchain-neutral,
one blockchain SHALL serve as the reference
implementation.

Define

Reference(BAL) = VeChainThor
The reference implementation defines

*  Smart contract interfaces

*  Settlement semantics

»  SDK behavior

«  Compliance examples

. Developer documentation

Other blockchain implementations SHALL
conform to the protocol specification rather
than redefining protocol behavior.
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12.7 Settlement Routing

The Settlement Router selects an appropriate
blockchain according to protocol policy.

Define
Route : Transaction — b;

where
b,e B
Routing policies MAY consider
e  User preference
*  Asset availability
»  Transaction fees
»  Settlement latency
*  Regulatory jurisdiction
. Enterprise requirements

Routing SHALL NOT affect protocol execution
semantics.

12.8 Message Translation

Different blockchains expose different
transaction models.

The Blockchain Abstraction Layer translates
protocol settlement messages into
blockchain-specific formats.

Define
Translate : Message — Format(b;)

The translation process SHALL preserve
semantic equivalence.

Formally,
Meaning(Message) = Meaning(Translate(Message))

Protocol meaning SHALL remain invariant
under translation.
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12.9 Cross-Chain Settlement

The protocol supports settlement across
multiple blockchain ecosystems.

Define the cross-chain settlement function
CrossChain : (b;, b;, Asset) — Settlement
where

b; — is the origin of blockchain

b; is the destination blockchain.

Cross-chain settlement SHALL preserve
¢ Asset integrity
e Settlement finality
e Auditability

. Protocol consistency

12.10 Protocol Invariants

Every Blockchain Abstraction Layer
implementation SHALL preserve the following
invariants.

Execution is blockchain-independent.
I, = Hbj

Settlement semantics remain equivalent.
Meaning(‘l’bi) = Meaning(‘ij)
Protocol state remains deterministic.

Zb,- = ij

Only blockchain-specific transaction formats
may differ.
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12.11 Layer Interaction

The relationship between the protocol and
supported blockchains is illustrated
conceptually below.

Figure 12.1

[ L__EE‘| Applications ]

AirJIT Protocol Layer
(PAEE « LSM « ACE « DLA - Events)
Blockchain Abstraction Layer
(Routing « Translation - Interfaces)
[ v VeChainThor ] r@ Ethereum ] [ a Base ]

[ﬁ Settlement ] [@ Settlement ] [ﬁ Settlement ]

Applications interact only with the AirJIT
Protocol.

The protocol interacts with the Blockchain
Abstraction Layer.

Only the Blockchain Abstraction Layer
communicates with blockchain-specific
implementations.

12.12 Why VeChainThor?

The AirdIT Protocol is blockchain-neutral.

However, every protocol requires a canonical
reference implementation.

VeChainThor is selected as the reference
settlement network because it provides
characteristics well aligned with enterprise
logistics, including predictable transaction
costs, native support for multi-party payment
delegation, enterprise governance features,
and mature tooling for business applications.

This designation does not imply exclusivity.

The AirdIT Protocol is defined independently
of VeChainThor.
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Future settlement networks SHALL be
supported provided they implement the
interfaces and semantic guarantees specified
by the Blockchain Abstraction Layer.

12.13 Discussion

The Blockchain Abstraction Layer represents
one of the defining architectural principles of
the AirJIT Protocol.

Rather than binding protocol evolution to the
lifecycle of any individual blockchain, AirdIT
establishes a stable protocol layer whose
execution semantics remain constant while
settlement technologies evolve independently.

This architecture enables AirJIT to benefit
from advances in distributed ledger
technology without requiring modifications to
its logistics model.

As new blockchain ecosystems emerge, they
may be integrated by implementing the
standardized interfaces defined by the
Blockchain Abstraction Layer.

The protocol therefore remains future-proof,
interoperable, and resilient to changes in the
underlying settlement infrastructure

Chapter 13;
Protocol Economy

The Protocol Economy defines the economic
system governing the creation, transfer,
distribution, and preservation of value within
the AirdIT Protocol. It establishes the incentive
structures through which decentralized
participants coordinate physical commerce
while maintaining protocol security,
operational efficiency, and long-term
sustainability.

13.1 Introduction

Every decentralized protocol requires an
economic system.

Consensus consumes computational
resources.
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Settlement transfers financial value.

Infrastructure operators contribute operational
capacity.

Validators verify protocol execution.
Developers extend protocol functionality.
Enterprises generate commercial activity.

Without a coherent economic model,
decentralized coordination cannot scale.

The AirdIT Protocol therefore defines an
integrated economic architecture in which
value is generated through physical
commerce, distributed according to
measurable contribution, and secured through
cryptoeconomic incentives.

Unlike purely financial blockchain protocols,
AirdIT derives economic activity from the
movement of real-world assets.

The protocol economy is therefore directly
coupled to physical commerce.

13.2 Formal Definition
The Protocol Economy is defined as
Eprotocot = (P V', I, D, R)
where

9P — Protocol participants

7" — Value flows

& — Incentive Mechanism

2 — Demand source

AR — Reward Distribution

Together these components define the
complete economic behavior of the protocol.
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13.3 Sources of Economic
Value

Unlike conventional blockchain networks,
value within AirJIT originates from physical
commerce.

Define the set of value-generating activities as

7 = {Transportation, Storage, Verification, Settlement, Insurance, Marketplace, Data, Services}

Each activity contributes measurable
economic value to the protocol.

Unlike speculative systems, protocol activity is
directly linked to real-world logistics
operations.

13.4 Participants

The protocol economy consists of multiple
participant classes.

Define

P = {Carrier,Warehouse, Enterprise,Validator, Host,Oracle, Developer, Government, Customer}

Every participant both contributes value and
consumes protocol services.

13.5 Value Creation

Economic value is generated whenever
protocol services are successfully executed.

Define
Value = f(Activity, Demand, Utility)
where

*  Activity represents completed protocol
operations.

. Demand represents market demand
for those operations.

. Utility represents the usefulness
delivered to the network.
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Protocol value therefore emerges from
productive activity rather than token issuance.

13.6 Value Flow

Economic value moves through the protocol
according to a deterministic flow.

Define
Flow = Origin - Escrow — Settlement — Distribution
Value never bypasses protocol settlement.

Every financial obligation follows this lifecycle.

Figure 13.1;
Protocol Value Flow

Protocol Value Flow
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13.7 Incentive Compatibility

The protocol SHALL align participant
incentives.

Define participant utility as

U; = Reward,; — Cost,
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where

Reward; — is protocol compensation

Cost; — is operational cost.

The protocol seeks to maximize
n

2 U,

i=1

subject to protocol security and sustainability
constraints.

13.8 Reward Distribution

Every completed protocol operation generates
a reward vector.

Define

R=(r,nr,...,1,)

ool

where

n
2 r; = TotalReward
i=1

Each reward corresponds to measurable
protocol contribution.

13.9 Economic Conservation

The protocol SHALL preserve value.

For every settlement cycle,

InputValue = OutputValue + ProtocolFees
No value may be created through settlement.

Only protocol-defined issuance mechanisms,
approved by governance, may increase the
monetary supply.
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13.10 Network Effects

Protocol utility increases as participation
expands.

Let

N; — denote the number of active
participants,

L; — denote the number of logistics
operations.

I — denote the available infrastructure.

Define network utility as

UNetwork =f(N’ L’ I)

Unlike Metcalfe's Law, AirdIT models network
value as a function of participants, commercial
activity, and infrastructure availability.

13.11 Sustainability

Long-term protocol sustainability requires that
economic inflows exceed protocol obligations.

Define
Revenue > Rewards + Operations
where

* Revenue is generated through protocol
usage.

* Rewards compensate contributors.

* Operations represent protocol
expenditures.

This inequality defines the minimum condition
for sustainable protocol operation.

13.12 Economic Invariants

Every compliant implementation SHALL
satisfy the following properties.
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Economic value is conserved.

Input = Output + Fees

Reward distribution is deterministic.
Distribute(Input) = Output
Protocol fees are non-negative.

Fee >0

Every settlement corresponds to a completed
protocol execution.

Settlement = Execution

No reward is distributed without measurable
protocol contribution.

Reward = Contribution

13.13 Discussion

The AirJIT Protocol Economy is fundamentally
different from the economic models of most
blockchain networks.

Rather than deriving value primarily from
financial speculation or computational work,
AirdIT derives value from productive physical
commerce.

Every shipment coordinated, every warehouse
utilized, every carrier selected, every
verification completed, and every settlement
executed contributes measurable economic
activity to the network.

This design aligns protocol growth with the
expansion of real-world logistics rather than
purely digital transactions.

The Protocol Economy therefore serves as the
bridge between decentralized infrastructure
and the global movement of physical goods

I AirdIT

Chapter 14;
Protocol Asset Framework

The Protocol Asset Framework defines the
digital asset architecture of the AirdIT
Protocol. It establishes the classification,
lifecycle, interoperability, and execution
semantics of protocol-native, application-
specific, and externally referenced assets
participating in decentralized physical
commerce.

14.1 Introduction

Modern commerce depends upon numerous
asset classes.

Currencies.

Invoices.

Insurance policies.

Trade finance instruments.
Warehouse receipts.

Bills of lading.

Carbon credits.

Letters of credit.

Payment obligations.

Traditionally these assets exist across
disconnected financial systems, enterprise
software, banking infrastructure, and
government registries.

AirdIT unifies these assets within a single
protocol-defined framework.

Rather than treating every asset
independently, the protocol defines a common
asset architecture through which financial,
commercial, and operational assets interact
using standardized execution semantics.

The Protocol Asset Framework therefore
serves as the economic abstraction layer of
the Internet of Physical Commerce.
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14.2 Formal Definition

The Protocol Asset Framework is defined as
cQ{ = (’Q{P"QfA"Q{E)
where

9 p — Protocol native Assets
9 4 — Application Assets

9 — External assets

Each asset class follows protocol-defined
lifecycle rules while remaining interoperable
through common interfaces.

14.3 Protocol Native Assets

Protocol-native assets provide the economic
foundation of AirJIT.

Define
.Qip = {JIT,JUSD}

These assets are issued and governed directly
by the protocol.

They are not dependent upon external issuers.

JIT

Protocol governance.
Network security.
Validator staking.
Treasury governance.

Protocol incentives.

JUSD

Stable commercial settlement.

Escrow.
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Carrier payments.

Insurance settlement.
Enterprise accounting.

Cross-border commerce.

14.4 Application Assets

Application assets are created by
decentralized applications operating on AirJIT.

Define

o, = {Invoice, Escrow, WarehouseReceipt, InsurancePolicy, TradeFinance, CarbonCredit, DeliveryCertificate, PurchaseOrder)

These assets derive their execution semantics
from the protocol while allowing application-
specific extensions.

14.5 External Assets

AirdIT interoperates with external financial
systems.

Define
Ay = {Fiat,CBDC,Stablecoin, RWA, DigitalCurrency}

External assets remain outside protocol
governance but may participate in settlement
through standardized interfaces.

14.6 Universal Asset Interface

Every asset participating in AirJIT SHALL
implement the same logical interface.

Define

Asset = (ID,Type, Issuer,Owner, State, Metadata)
where

ID — Unique Asset Description

Type — Asset Classification

Issuer — Asset issuer

Owner — Current owner
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State — Asset Lifecycle state
Metadata — Asset attributes

This interface enables interoperability between
otherwise unrelated asset classes.

14.7 Asset Classification

Each protocol asset belongs to exactly one
category.

Define
Class : Asset - {Protocol, Application, External}

The classification function is immutable
throughout the lifetime of the asset.

14.8 Asset Lifecycle

Every asset progresses through a
deterministic lifecycle.

Define
State € {Created,Issued,Locked,Transferred, Redeemed, Archived}

State transitions are governed by the Physical
Asset Execution Engine and, where
applicable, the Settlement Layer.

14.9 Asset Transfer

Ownership transfer is defined by
Transfer : (Owner;, 0wne;f,-,Asset) — Asset’

Transfer SHALL preserve
¢ Asset identity.
e Historical records.
«  Verification history.

Only ownership changes.
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14.10 Asset Composition

Protocol assets may reference one another.
Define
Compose : (Asset|, Asset,, ..., Asset,) - CompositeAsset
Examples include

»  Escrow backed by JUSD.

e Insurance policy linked to a Digital
Logistics Asset.

. Carbon certificate attached to a
shipment.

» Trade finance agreement secured by
warehouse receipts.

Composition allows complex commercial
workflows to be represented as structured
protocol objects.

14.11 Asset Integrity

Every protocol asset SHALL satisfy

Verify(Asset) = True
before execution.
Integrity includes
» Identity verification.
»  Ownership validation.
»  State consistency.
»  Signature verification.

»  Compliance requirements.

14.12 Asset Interoperability

Assets from different classes SHALL
interoperate through common protocol
interfaces.

Define
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Interop : (4, ;) > Compatible
where

Compatible € {True, False}

This abstraction enables enterprise systems,
decentralized applications, and external
financial infrastructure to exchange value
without requiring proprietary integration logic.

14.13 Asset Invariants

Every compliant implementation SHALL
satisfy the following properties.

Every asset possesses exactly one identifier.
[ID| =1

Every asset belongs to one classification.

| Class(Asset)| =1

Asset history is immutable.

History, C History,,,

Ownership is unique.

|Owner| =1

Asset identity never changes.

ID, = IDt+1

14.14 Discussion

The Protocol Asset Framework extends AirdIT
beyond a conventional blockchain token
model.

Rather than defining isolated digital assets,
the framework establishes a unified
architecture for representing value across the
entire lifecycle of physical commerce.

Protocol-native assets secure and govern the
network.
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Application assets enable domain-specific
commercial workflows.

External assets connect the protocol to the
broader financial ecosystem.

Together, these asset classes create a
programmable economic environment in
which logistics operations, financial
instruments, compliance artifacts, and
commercial agreements can interact through
standardized protocol semantics.

The Protocol Asset Framework therefore
provides the foundation upon which the AirJIT
economy can evolve far beyond simple token
transfers into a comprehensive digital
marketplace for global physical commerce

Chapter 15;
JIT — Protocol Security Asset

JIT is the native security, governance, staking,
and incentive asset of the AirJIT Protocol. It
secures decentralized coordination through
cryptoeconomic mechanisms, aligns
participant incentives, governs protocol
evolution, and provides economic guarantees
for the execution of physical commerce.

15.1 Introduction

Distributed systems require economic
security.

Blockchain networks secure consensus
through native assets.

Proof-of-Work networks consume
computational energy.

Proof-of-Stake networks consume economic
capital.

The AirdIT Protocol secures decentralized
logistics through cryptoeconomic
participation.

Unlike conventional cryptocurrencies, the
purpose of JIT is not simply to facilitate
payments.
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Commercial settlement is performed using
JUSD.

Instead, JIT provides the economic foundation
upon which protocol security, governance,
validator accountability, treasury
management, and network incentives are
built.

JIT therefore functions as the Protocol
Security Asset of the Internet of Physical
Commerce.

15.2 Formal Definition

The Protocol Security Asset is defined as

JIT = (Supply, Stake, Governance,Security, Rewards, Treasury)
where

Supply — is circulating and total supply

Stake — Staked protocol Capital

Governance — is voting rights

Security — Cryptoeconomic securities
Rewards — Incentive distribution

Treasury — Protocol treasury allocation

These properties collectively define the
economic behavior of JIT.
15.3 Design Principles

JIT has been designed according to five
principles.

Security before speculation

The primary function of JIT is protocol
security.

Governance before ownership

Holding JIT grants governance participation.

It does not confer ownership of protocol
infrastructure.
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Contribution before extraction
Protocol rewards are earned through
measurable contribution.

Long-term alignment

Participants are incentivized to maximize long-
term protocol value rather than short-term
extraction.

Utility before liquidity

Every major demand source for JIT originates
from protocol activity.

15.4 Supply Model

Let

S; denote the total token supply.
Define

Sr=S8c+S5;

where

S, — Circulating supply

S; — Locked supply

The protocol always satisfies

SCSST

15.5 Staking

Network participants stake JIT to provide
economic security.

Define the staking function
Stake : /' - R*
where
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Stake (n) — denotes the quantity of JIT locked
by participant n.

Total protocol stake is

Staker,,, = Z Stake(n)
neN

Protocol security increases as total stake
increases.

15.6 Security Function

The protocol's economic security is
proportional to committed stake.

Define
Security = f(Staker,,,, Validator Count, Distribution)
where

« Total Stake provides economic
resistance.

. Validator Count increases
decentralization.

. Distribution reduces concentration risk.

15.7 Validator Eligibility

Only participants satisfying minimum staking
requirements may validate protocol
operations.

Define

True,
False,

Stake(n) > Stakey,

otherwise

Eligible(n) = {

where

Stakey;;,
governance.

is determined through
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15.8 Slashing
Protocol violations incur economic penalties.
Define
Penalty = 1 - Stake
where
A — is the slashing coefficient
Updated stake becomes
Stake' = Stake — Penalty

Slashing discourages malicious protocol
behavior.

15.9 Governance Power

Governance participation derives from
committed stake.

Define voting power as
Vote(n) = g(Stake(n), Reputation(n), Participation(n))

This formulation allows governance to evolve
beyond simple token-weighted voting while
remaining backward compatible with stake-
based governance.

15.10 Incentive Distribution

Protocol incentives are distributed according
to measurable contribution.

Define

Reward(n) = aV+ pQ + ¥R

where
V — verified protocol activity
Q — Service quality

R — Reputation
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a, ﬂ, y — Governance defined coefficients

The protocol intentionally rewards productive
participation rather than passive token
ownership alone.

15.11 Treasury Funding

A portion of protocol revenue contributes to
the AirdIT Treasury.

Define
Treasury, = Treasury, + u - Fees
where

U — is the treasury allocation coefficient

Treasury funds support protocol development,
ecosystem grants, security research, and
governance-approved initiatives.

15.12 Demand Model

Demand for JIT originates from protocol
participation.

Define aggregate demand as

Demand;;; = StakeDemand + GovernanceDemand + ValidatorDemand + IncentiveDemand

Unlike payment assets, JIT demand is driven
primarily by participation in protocol
governance and security.

15.13 Security Invariants

Every compliant implementation SHALL
satisfy the following properties.

Total stake is non-negative.

Stakeg,,,; > 0

No participant may possess negative stake.

Stake(n) >0
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Voting power is non-negative.

Vote(n) > 0

Slashing never exceeds committed stake.

Penalty < Stake

Protocol rewards are non-negative.

Reward(n) >0

15.14 Relationship with JUSD

The AIrJIT Protocol deliberately separates
security from commercial settlement.

Formally,

Function(JIT)N Function(JUSD) = @
where

. JIT secures, governs, and incentivizes
the protocol.

. JUSD denominates and settles
commercial obligations.

This separation prevents volatility in the
security asset from disrupting logistics pricing
while ensuring that protocol security remains
economically independent of commercial
settlement.

15.15 Discussion

JIT is not designed as a payment token.
Nor is it merely a governance token.

It is the economic security primitive of the
AirdIT Protocol.

By aligning governance, staking, validation,
treasury funding, and incentive distribution
within a single cryptoeconomic framework, JIT
provides the long-term security required for
decentralized coordination of physical
commerce.
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As protocol adoption expands, the security
provided by JIT scales with the economic
activity secured by the network, creating a
direct relationship between protocol utility and
cryptoeconomic resilience.

Chapter 16;
JUSD — Protocol Settlement
Asset

JUSD s the native Protocol Settlement Asset
(PSA) of the AirdIT Protocol. It serves as the
canonical unit of account, medium of
settlement, escrow collateral, and
programmable payment asset for
decentralized physical commerce. JUSD is
designed to provide price stability for
commercial transactions while remaining
logically independent from the protocol
security mechanisms governed by JIT.

16.1 Introduction

Global logistics depends upon predictable
commercial settlement.

Transportation providers quote fixed prices.
Warehouses invoice storage fees.

Insurance premiums are denominated in
stable units.

Customs duties are assessed against stable
values.

Commercial contracts cannot reliably depend
upon highly volatile assets.

For this reason, AirdIT introduces JUSD, the
Protocol Settlement Asset.

Unlike JIT, whose primary purpose is
economic security, governance, and staking,
JUSD is optimized for commercial execution.

Every logistics obligation within the protocol is
denominated in JUSD unless explicitly agreed
otherwise by participating parties.

JUSD therefore provides the economic
stability necessary for programmable physical
commerce.
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16.2 Formal Definition

The Protocol Settlement Asset is formally
defined as

JUSD = (Supply, Reserve, Settlement, Escrow, Liquidity, Redemption)
where

Supply — is outstanding JUSD

Reserve — Backing Assets

Settlements — Commercial settlements
Escrow — Programmable escrow

Liquidity — Available Liquidity

Redemption — Redemption Mechanism

These components collectively define the
monetary behavior of JUSD.

16.3 Design Principles
JUSD is designed according to six principles.
Price Stability

Commercial contracts require predictable
purchasing power.

Settlement Finality

Completed settlement SHALL be irreversible.

Programmability
Payments SHALL support deterministic

execution through protocol-defined settlement
rules.

Interoperability

JUSD SHALL operate across all supported
settlement networks.
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Liquidity

Participants SHALL be able to obtain JUSD
through approved protocol mechanisms.

Neutrality

JUSD SHALL remain independent of
governance voting and protocol security.

16.4 Unit of Account

The protocol defines JUSD as the canonical
unit of account.

Let

Price : Service - JUSD

Every protocol service possesses a
deterministic settlement value denominated in
JUSD.

Examples include
+  Transportation
e Warehousing
¢  Customs Processing
. Insurance
*  Marketplace Services

. Validator Services

16.5 Settlement Function

Commercial obligations are settled through
JUSD.

Define
Pay : (Payer, Payee, Amount) - Completed
where

Amount € JUSD
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Settlement SHALL occur only after protocol
verification.

16.6 Escrow

Every commercial transaction MAY create an
€SCrow.

Define
Escrow = (Amount, Conditions, Status)
where

Status € {Pending, Locked, Released, Refunded}

Escrow protects every participant against
premature payment or non-performance.

16.7 Stable Value
Let

Viusp — represent the purchasing power of
JUSD.

The protocol objective is
Viusp ® 1USD

This specification intentionally defines the
objective rather than prescribing a particular
stabilization mechanism.

The stabilization mechanism is specified
separately by protocol governance and
implementation standards.

16.8 Supply

Let

S;usp — represent total supply.
Supply evolves according to
Si1 =S, +Mint — Burn
where
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. Mint creates new JUSD.

¢ Burn permanently removes JUSD from
circulation.

16.9 Liquidity

Settlement requires available liquidity.
Define
Liquidity = Available — Locked
where
e Available denotes transferable JUSD.
e Locked denotes escrowed JUSD.

Only available liquidity participates in
settlement.

16.10 Redemption

Participants MAY redeem JUSD through
approved protocol mechanisms.

Define
Redeem : JUSD — Reserve

The redemption process SHALL preserve
monetary integrity according to the reserve
model adopted by the protocol.

16.11 Settlement Finality

Completed settlement SHALL satisfy
Finalize(Payment) = True
After finalization,

the payment SHALL NOT be reversed except
through governance-authorized dispute
procedures.

J AirdiT
16.12 Cross-Chain Settlement

Because the AirJIT Protocol is blockchain-
neutral,

JUSD exists independently of any individual
blockchain.

Define
Transfer : (b;, b;, JUSD) — Completed
where

b; — is the source blockchain
b; — is the destination blockchain
The Blockchain Abstraction Layer guarantees

semantic equivalence across all supported
settlement networks.

16.13 Monetary Invariants

Every compliant implementation SHALL
satisfy the following properties.

Supply is non-negative.

Syysp 2 0

Escrow cannot exceed supply.
Escrow < S;ysp

Available liquidity is non-negative.
Liquidity > 0

Completed settlement preserves value.

InputValue = OutputValue

Settlement never modifies protocol execution
history.

History, ., = History,
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16.14 Relationship with JIT

AirdIT intentionally separates protocol security
from commercial settlement.

Formally,

Function(JUSD)N Function(JIT) =@
where

e« JUSD provides settlement.

* JIT provides security.

This architectural separation isolates logistics
pricing from governance and staking
dynamics, enabling predictable commercial
operations while preserving robust
cryptoeconomic security.

16.15 Discussion

JUSD is not simply a stablecoin.

It is the canonical monetary unit of the Internet
of Physical Commerce.

By serving as the protocol's unit of account,
settlement asset, escrow collateral, and
programmable payment medium, JUSD
enables deterministic financial execution
across decentralized logistics networks.

Together, JUSD and JIT form a
complementary dual-asset architecture.

JUSD provides stability for commerce.
JIT provides security for coordination.

This separation allows each asset to optimize
for its respective role without compromising
the other.

Chapter 17;
Network Architecture

The AirdIT Network is a decentralized
coordination infrastructure composed of
specialized protocol nodes that collectively
execute, verify, optimize, settle, and govern
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physical commerce. Unlike homogeneous
blockchain networks, the AirdIT Network
adopts a heterogeneous node architecture in
which each node class performs a distinct
protocol function while interoperating through
standardized interfaces.

17.1 Introduction

The Internet consists of multiple classes of
infrastructure.

Routers.

Servers.

Clients.

DNS.

Gateways.

Each performs a specialized responsibility.

The AirdlIT Network follows the same
philosophy.

Rather than requiring every participant to
execute identical responsibilities, the protocol
distributes functionality across specialized
node classes.

This architecture improves scalability,
operational efficiency, and decentralization
while allowing participants to contribute
according to their capabilities.

17.2 Formal Definition

The AirdIT Network is formally defined as
N =T,EP,F)

where

V — Network nodes

E — Communication links

P — Protocol Messages

F— Network functions
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17.3 Node Set

The protocol defines
V = {v,Vy, ..V, }
where every node

V. — implements one or more protocol

functions.

17.4 Node Classification

Unlike conventional blockchain networks,
AirdIT defines specialized node roles.

Type(v) € {Validator, Carrier, Warehouse, Host, Oracle, Enterprise, Government, Developer}

Each node class exposes standardized
protocol interfaces while maintaining
operational independence.

17.5 Validator Nodes

Validator Nodes secure the protocol.
Responsibilities include

*  \Verify protocol execution

« Validate protocol events

*  \Verify settlement triggers

. Maintain protocol state

*  Participate in governance

e Secure the network through staking
Validators DO NOT transport cargo.
Validators DO NOT optimize routing.

Validators validate protocol execution.

Validator Function

Validate : Event — {Accept, Reject}
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Only accepted protocol events become
canonical.

17.6 Carrier Nodes

Carrier Nodes represent transportation
providers.

Examples
e Airlines
*  Trucking companies
*  Shipping companies
. Rail operators
»  Drone fleets

Carrier Nodes contribute transportation
capacity.

Define
Capacity : Carrier - R

Capacity becomes an attribute of the Global
Logistics Graph.

17.7 Warehouse Nodes

Warehouse Nodes provide inventory services.
Responsibilities include

» Storage

»  Cross-docking

e  Fulfillment

e  Consolidation

* Inspection

Warehouse availability is represented as

Storage : Warehouse — Capacity
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17.8 Host Nodes

Host Nodes represent individual participants
providing localized logistics capabilities.

Examples

. Home storage

. Pickup points

. Local delivery

e Community fulfillment
Host Nodes greatly increase network density.
Unlike centralized warehouse networks,

Host Nodes enable decentralized logistics
infrastructure.

17.9 Oracle Nodes

Oracle Nodes bridge external information into
the protocol.

Examples
*  Weather
¢ Customs systems
. Exchange rates
¢ loT sensors
*  Flight schedules
*  Traffic information

Oracle observations are represented as

Oracle : ExternalData — ProtocolEvent

Oracle Nodes SHALL NOT modify protocol
state directly.

17.10 Enterprise Nodes

Enterprise Nodes integrate existing business
systems.
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Examples
e ERP
« WMS
e TMS
e OMS

*  Accounting

Enterprise Nodes synchronize enterprise
operations with protocol execution.

17.11 Government Nodes

Government Nodes enable sovereign
participation.

Responsibilities include
e  Customs
»  Regulatory approvals
. Import licenses
Export controls
e Tax reporting

Government Nodes increase regulatory
interoperability without compromising protocol
decentralization.

17.12 Network
Communication

Nodes communicate through standardized
protocol messages.

Define
Message = (Header, Payload, Signature)

Every message SHALL be authenticated.

Communication is represented by

Send :v; = v;
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17.13 Network Topology

The AirdIT Network forms a decentralized
graph.

Define

Network = (V,E)
where
. Nodes are protocol participants.

e Edges represent authenticated
communication channels.

Unlike peer-to-peer blockchain overlays,

logical communication MAY differ from
physical transportation.

17.14 Fault Tolerance

The protocol SHALL remain operational
despite node failures.

Define

OperationalNodes
TotalNodes

Availability =

The protocol remains functional while

Availability > Threshold

Threshold values are governance parameters.

17.15 Network Invariants

Every compliant implementation SHALL
satisfy

Every node possesses one identity.
|Identity(v)| =1
Every protocol message is authenticated.

Verify(Signature) = True

M AirdiT
Every validator satisfies staking requirements.

Stake(v) > Stakey;,

Every node belongs to at least one role.

| Type(v)| 21

Figure 17.1 — AirJIT Heterogeneous
Network
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17.16 Discussion

Unlike traditional blockchain architectures that
rely on homogeneous validator networks, the
AirdIT Network is intentionally heterogeneous.

Each node class contributes a unique
capability:

e Validators provide cryptoeconomic
security.

e Carriers contribute transportation
capacity.

» Warehouses contribute storage
infrastructure.

e Hosts extend last-mile logistics.

e Oracle Nodes bridge external
information.
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« Enterprise Nodes integrate existing
business systems.

« Government Nodes enable regulatory
interoperability.

This specialization enables the network to
scale according to the functional diversity of
global commerce rather than requiring every
participant to perform identical
responsibilities.

Chapter 18;
Physical Commerce
Consensus (PCC)

Physical Commerce Consensus (PCC) is the
consensus protocol of AirdIT. Unlike
conventional blockchain consensus algorithms
that validate financial transactions, PCC
establishes deterministic agreement on the
execution and verification of physical
commerce events. The protocol combines
cryptographic authentication, distributed
validation, protocol state verification, and
economic security to produce a globally
consistent view of physical commerce.

18.1 Introduction

Consensus is the foundation of every
distributed protocol.

Bitcoin establishes consensus over
transaction ordering.

Ethereum establishes consensus over global
account state.

The AirdIT Protocol establishes consensus
over physical commerce.

Unlike digital transactions, physical events
cannot be observed directly by protocol
validators.

Instead, protocol participants submit
cryptographically authenticated evidence
describing operational events.

Validators collectively determine whether
sufficient evidence exists to authorize
deterministic protocol execution.
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Consensus therefore concerns the validity of
operational facts rather than the execution of
arbitrary computation.

18.2 Formal Definition

Physical Commerce Consensus is defined as
PCC=(7,¢,0Q,6,%)

where

V — Validator set

E — Evidence Set

QO — Quorum rules

C — Consensus Algorithm

F — finality rules

18.3 Validator Set

Let

V7 ={v;,Vp, ..oV}

represent the active validator set.
Each validator SHALL satisfy
Stake(v;) > Stakey,,

and maintain protocol-defined availability and
reputation requirements.

18.4 Consensus Object

Unlike blockchain transactions,

AirdIT reaches consensus over Protocol
Execution Objects (PEOs).

A Protocol Execution Object is defined as
PEO = (Asset,Action,Evidence,Signatures, State)

where
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Asset — Digital Logistics Asset

Action — Requested protocol action
Evidence — Supporting operational evidence
Signatures — Cryptographic approvals

State — Current protocol state

The PEO is the canonical object evaluated by
validators.

18.5 Evidence Aggregation

Every consensus proposal aggregates
evidence.

Define

Evidence = {e|,e,, ...,¢,}

where each evidence object satisfies protocol
verification requirements.

Evidence MAY originate from
e Carrier operators
«  Warehouse operators
U Government operators
¢ |oT devices
¢ Oracle operators

. Enterprise systems

18.6 Consensus Function

Consensus is defined by

Consensus : PEO — {Accept, Reject}

Only accepted execution objects may
proceed to deterministic execution.

18.7 Quorum

Consensus requires sufficient validator
participation.

I AiruiT
Let

Vo ZL‘eSApprove

Votesr, i
Consensus is achieved when

Q > QMin

where

QMin -
threshold.

is a governance-defined quorum

18.8 Weighted Voting

Voting power is proportional to validator
security.

Define
Weight(v) = Stake(v) - Reputation(v)

Total approval weight is

Approval = Z Weight(v)

Approve

Consensus succeeds when

Approval > Threshold

This combines economic commitment with
historical protocol performance.

18.9 Finality

Accepted execution objects become
irreversible after protocol finality.

Define

Finalize : PEO — Final
Once finalized,

the associated protocol event SHALL NOT be
reverted except through protocol-defined

dispute procedures.
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18.10 Safety

The protocol SHALL never finalize conflicting
execution objects.

Let
Conflict(PEOi, PEOj)

represent mutually incompatible execution
objects.

The protocol guarantees

Conflict(PEO,, PEO,) = ~(Finalize(PEO,) A Finalize(PEO;))
where

- — denotes logical negation.

Only one conflicting execution object may
become final.

18.11 Liveness

Provided sufficient honest validators remain
available,

every valid Protocol Execution Object SHALL
eventually reach a terminal consensus
outcome.

Formally,
Valid(PEO) = (Finalized
where

¢ —denotes the temporal logic operator
"eventually."

18.12 Consensus Pipeline

Every protocol execution follows the same
consensus lifecycle.

I AirdIT
Figure 18.1
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Unlike blockchain systems, consensus occurs
before deterministic execution, ensuring
that only verified physical events modify
protocol state.

18.13 Consensus Invariants

Every compliant implementation SHALL
satisfy the following properties.

No conflicting execution objects become final.

Final(PEO) A Conflict(PEO,, PEO;)) => ~Final(PEO;)
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Every finalized execution object possesses
sufficient quorum.

Every validator vote is authenticated.

Verify(Signature(v)) = True

Every finalized execution object produces
exactly one protocol event stream.

Finalize(PEO) = |Emit(PEO)| > 1

18.14 Discussion

Physical Commerce Consensus extends the
concept of distributed consensus beyond
digital transactions into the domain of real-
world logistics.

Rather than reaching agreement on arbitrary
financial state transitions, the protocol
establishes consensus on verified operational
facts supported by cryptographic evidence
and distributed validation.

This approach allows independent
organizations to coordinate physical
commerce without requiring centralized trust
while preserving deterministic execution,
auditability, and cryptoeconomic security.

By combining evidence verification, validator
consensus, protocol finality, and the Physical
Asset Execution Engine, PCC provides the
trust foundation upon which decentralized
physical commerce can operate at global
scale

Chapter 19;
Protocol Governance

Protocol Governance defines the mechanisms
through which the AirJIT Protocol evolves
while preserving decentralization,
interoperability, security, and long-term
stability. Governance coordinates technical
upgrades, economic parameters, protocol
standards, ecosystem funding, and policy

I AirdIT

evolution through transparent,
cryptographically verifiable decision-making.

19.1 Introduction

Every protocol evolves.

New technologies emerge.

Security vulnerabilities are discovered.
Economic parameters require adjustment.
Regulatory environments change.
Infrastructure expands.

Without governance, protocols stagnate.

With centralized governance, decentralization
is compromised.

The AirdIT Protocol therefore establishes a
decentralized governance framework through
which protocol participants collectively
manage the evolution of the Internet of
Physical Commerce.

Governance SHALL modify protocol rules.

Governance SHALL NOT modify protocol
history.
19.2 Formal Definition

Protocol Governance is formally defined as
GOV=(U,P,7,T, Q)

where

M — Members

P — Proposals

V — Voting mechanism

X — Execution engine

Q — Governance rules
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19.3 Governance Participants

Governance participation extends beyond
validators.

Define

M = {Validators,Operators, Developers, Enterprises, Governments, Community}

Unlike conventional blockchain governance,
protocol governance recognizes multiple
stakeholder classes.

Each class contributes distinct expertise.

19.4 Governance Domains

Not every proposal affects the same aspect of
the protocol.

Define
Domain € {Protocol, Economics, Infrastructure, Treasury,Standards, Compliance}

Examples include
Protocol

. PAEE upgrades
. State machine modifications

. Event definitions

Economics

« JIT issuance
«  Treasury allocation

«  Staking parameters

Infrastructure

e Supported blockchain networks
¢  Oracle standards

e Operator requirements
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Standards
» APl specifications
Message formats

»  SDK compatibility

Compliance

*  Regulatory modules
e Identity standards

. Jurisdictional extensions

19.5 Governance Proposal

A governance proposal is defined as
Proposal = (ID, Author, Domain, Specification,Impact, Votes,Status)
where

*  Specification contains the proposed
protocol modification.

* Impact describes expected protocol
effects.

* Votes records governance
participation.

»  Status tracks proposal lifecycle.

19.6 Proposal Lifecycle

Every proposal follows a deterministic
lifecycle.

Status € {Draft,Discussion,Voting, Accepted, Rejected, Executed, Archived}

Each transition SHALL be governed by
protocol-defined governance rules.
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Figure 19.1;
Governance Lifecycle
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19.7 Voting Power

Voting power SHALL be multi-dimensional.

Rather than relying solely upon token
ownership,

AirdIT defines governance influence as
VotePower = f(Stake, Reputation, Participation, Role)
where

o Stake reflects economic commitment.

. Reputation reflects historical
performance.

. Participation rewards active
governance.

* Role recognizes functional expertise.

This prevents governance from becoming
exclusively capital-weighted.
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19.8 Weighted Governance

The protocol MAY assign different governance
weights according to proposal domains.

For example,
Economic proposals may prioritize validators.

Infrastructure proposals may prioritize
operators.

Technical proposals may prioritize developers.

Compliance proposals may include
government operators.

Define
Weight : Role X Domain — [0,1]

This introduces domain-aware governance,
where expertise influences decision-making
without removing decentralization.

19.9 Governance Execution

Accepted proposals produce protocol
upgrades.

Define

Execute : Proposal — ProtocolVersion

Execution SHALL occur only after
governance-defined approval thresholds have
been satisfied.

19.10 Treasury Governance

Treasury resources are allocated exclusively
through governance.

Define

Allocate : Treasury X Proposal - Funding
Funding categories MAY include
»  Core protocol development

e Security audits
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. Infrastructure grants
. Ecosystem incentives
¢ Academic research

e Community initiatives

19.11 Constitutional
Governance

Certain protocol principles SHALL be
protected by constitutional constraints.

Define the constitutional rule set
€ = {Decentralization,Transparency, Interoperability, Determinism, Security}

No governance proposal may violate
constitutional principles without following a
governance-defined constitutional
amendment process.

19.12 Governance Invariants

Every compliant implementation SHALL
satisfy the following properties.

Every proposal possesses exactly one
identifier.

|ID| =1

Every executed proposal was previously
accepted.

Executed = Accepted

Voting power is non-negative.
VotePower > 0

Protocol history remains immutable.
History, ., = History,

Governance modifies protocol rules, not
historical execution.
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19.13 Governance Evolution

Governance itself may evolve.
Define
Governance,, | = Update(Governance,, Proposal)

This enables the protocol to improve its
governance processes without requiring
external intervention.

19.14 Discussion

Protocol Governance provides the institutional
framework through which the AirJIT Protocol
evolves over time.

Rather than concentrating authority within a
single stakeholder group, governance
incorporates economic commitment,
operational experience, technical expertise,
and ecosystem participation into a unified
decision-making framework.

This multi-dimensional governance
architecture reflects the reality that
decentralized physical commerce depends
upon diverse stakeholders whose interests
extend beyond token ownership alone.

By distinguishing governance domains and
incorporating role-aware voting, AirJIT seeks
to balance decentralization with informed
decision-making while preserving the
protocol's constitutional principles

Chapter 20;
Logistics Execution
Contracts (LEC)

Logistics Execution Contracts (LECs) are
deterministic protocol programs that automate
physical commerce workflows on the AirdIT
Protocol. Unlike conventional smart contracts
that execute arbitrary financial logic, LECs
coordinate, validate, and automate logistics
operations through protocol-defined execution
semantics while interacting with Digital
Logistics Assets, the Physical Asset Execution
Engine, and the Settlement Layer.
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20.1 Introduction

Smart contracts revolutionized blockchain by
enabling programmable digital agreements.

However, existing smart contracts are
fundamentally limited to digital state.

They cannot directly model logistics
operations.

They cannot represent custody.
They cannot validate delivery.

They cannot coordinate physical
infrastructure.

AirdIT introduces Logistics Execution
Contracts (LECs).

LECs extend deterministic execution beyond
digital assets into the domain of physical
commerce.

Rather than executing arbitrary computation,
LECs execute standardized logistics
workflows governed by protocol semantics.

This ensures interoperability, determinism, and
safety across all AirdIT applications.

20.2 Formal Definition

A Logistics Execution Contract is formally
defined as

LEC = (ID, State, Rules, Events, Permissions, Settlement)
where

ID — Contract identifier

State — Internal contract state

Rules — Execution rules

Events — Event handlers

Permissions — Access policies
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20.3 Execution Model

Unlike conventional smart contracts,
LECs do not execute arbitrary bytecode.
Instead,

they invoke protocol-defined operations.

Define

Execute : LEC X Action — Result
where

Action MUST correspond to protocol-defined
execution semantics.

20.4 Protocol Operations

Every Logistics Execution Contract operates
using standardized protocol primitives.

Define
O = {Register,Book, Assign,TransferCustody, Verify, ReleaseEscrow,Complete, Archive}
Unlike Ethereum opcodes,

these operations possess direct logistics
meaning.

20.5 Contract State

Every Logistics Execution Contract maintains
deterministic state.

Define

State € {Initialized, Active,Waiting, Completed,Cancelled}

State transitions SHALL be executed
exclusively through the PAEE.

20.6 Event-Driven Execution

LECs react to Protocol Events rather than
continuously executing.

Define
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Trigger : Event - LEC
Examples include
¢  CustodyTransferred
CustomsApproved
e DeliveryVerified
. PaymentReleased
¢ InspectionFailed

This event-driven model minimizes
computation while ensuring deterministic
execution.

20.7 Digital Logistics Asset
Integration

Every Logistics Execution Contract references
one or more Digital Logistics Assets.

Define

Assets : LEC - 9

where

D — represents the set of Digital Logistics
Assets managed by the contract.

20.8 Permission Model

Contract execution is governed by role-based
authorization.

Define

Permission : Role X Action — {Allow,Deny}

Typical roles include
e Shipper
e Carrier
Warehouse

. Customs
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. Insurer
Buyer
. Seller

20.9 Settlement Conditions

LECs may define programmable settlement.

Define
Condition : State — Settlement

For example,

DeliveryVerified
!
Release Escrow

InspectionFailed
l
Hold Settlement

DisputeResolved
l
Resume Settlement

The contract does not perform settlement.

It authorizes settlement through the
Settlement Layer.

20.10 Contract Composition

Multiple Logistics Execution Contracts may
cooperate.

Define

Compose : (LEC|,LEC,,...,LEC,) - Workflow

This enables complex multi-party logistics
processes such as:

* International trade
Multimodal transportation
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. Trade finance
. Insurance claims
* Reverse logistics

e Circular economy workflows

20.11 Contract Verification

Every Logistics Execution Contract SHALL
satisfy

Verify(LEC)=True
before deployment.
Verification includes

*  Deterministic execution

. Permission validation

e Settlement safety

«  State consistency

. Event compatibility

20.12 Contract Invariants

Every compliant implementation SHALL
satisfy:

Contract identity is immutable.

ID, = ID,,

Contract execution is deterministic.
Input; = Input; = Output; = Output;

Every settlement condition references valid
protocol states.

Condition C &

Only authorized operators may invoke
protected actions.

Permission = Allow
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before execution proceeds.

20.13 Example Workflow

The following illustrates a simplified
international shipping contract.

Purchase Order

A purchase order is created
by the buyer.

Create Digital Logistics Asset

A digital representation of the goods
and terms is created on the AirJIT network.

v
Fund Escrow (JUSD)

Funds are locked in escrow using JUSD
stablecoin until delivery conditions are met.

v

Assign Carrier

A qualified carrier is assigned to
transport the goods.

v

Transfer Custody

Custody of the digital logistics asset
is transferred to the carrier.

v

Customs Clearance

Goods are cleared by customs
and approved for cross-border transit.

v

Delivery Verification

Delivery is verified by the consignee
and recorded on-chain.

v

Release Settlement

Escrow is released and payment is settled
to the carrier and relevant parties.

v
Archive Contract

The contract and documents are archived
on the AirJIT network for future reference.

N

r
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Every stage corresponds to deterministic
protocol operations executed through the
PAEE and monitored through Protocol Events.
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20.14 Discussion

Logistics Execution Contracts provide the
programmable automation layer of the AirJIT
Protocol.

Unlike general-purpose smart contracts,
which expose arbitrary computation, LECs
expose domain-specific logistics semantics
that are safe, deterministic, and interoperable.

By combining Digital Logistics Assets, the
Physical Asset Execution Engine, Protocol
Events, and the Settlement Layer, LECs
enable developers to automate sophisticated
commercial workflows while preserving
protocol correctness and auditability.

They transform AirJIT from a coordination
protocol into a fully programmable platform
for decentralized physical commerce

Chapter 21;
AirdJIT Protocol Interface (API)

The AirJIT Protocol Interface (API) defines the
standardized communication layer through
which applications, operators, enterprise
systems, and protocol services interact with
the AirdIT Protocol. It provides deterministic
interfaces for command submission, state
queries, event subscriptions, settlement
requests, and protocol administration while
remaining independent of transport protocols
and implementation languages.

21.1 Introduction

Every distributed protocol requires a
standardized interface.

Applications submit commands.

Nodes exchange messages.

Developers query state.

Enterprise systems synchronize workflows.

Artificial intelligence consumes operational
data.
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Without a standardized protocol interface,
interoperability becomes implementation-
specific.

The AirdIT Protocol therefore defines a
canonical communication model independent
of programming language, operating system,
transport protocol, or blockchain
implementation.

The Protocol Interface represents the public
execution surface of the AirJIT Protocol.

21.2 Formal Definition

The AirdIT Protocol Interface is formally
defined as

API=(6,0,8, R, A)
where

C — commands

Q — Queries

S — Event subscriptions
R — Responses

A — Authentication

21.3 Command Model

Commands request protocol execution.

Commands never modify protocol state
directly.

They request execution by the PAEE.
Define
Command = (ID, Action, Parameters,Signature, Timestamp)

Execution occurs according to

Command - PAEE — Result
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21.4 Protocol Commands

The protocol defines a finite command set.

% = (CreateAsset, RegisterOperator, BookTransport, AssignCarrier, Transfer Custody, Verif yEvent, ReleaseEscrow, ExecuteSettlement, ArchiveAsser)

Every implementation SHALL expose identical
command semantics.

21.5 Query Model

Applications query protocol state without
modifying execution.

Define

Query : Identifier — State
Typical queries include

e Asset Status

e Shipment History

e Operator Reputation

e  Escrow Balance

*  Network Topology

«  Governance Proposals

e  Settlement Status

Queries SHALL be side-effect free.

21.6 Event Subscription

Applications consume protocol events
asynchronously.

Define

Subscribe : Topic — Stream

Example topics include

e AssetCreated

I AirdiT
e CustodyTransferred

o DeliveryVerified
e SettlementCompleted
e ProposalAccepted

The protocol SHALL guarantee ordered
delivery for events belonging to the same
Digital Logistics Asset.

21.7 Response Model

Every protocol interaction returns a structured
response.

Define

Response = (Status,Code, Payload, Signature)

where
. Status indicates success or failure.

* Code provides machine-readable
semantics.

*  Payload contains protocol data.

*  Signature authenticates the response.

21.8 Authentication

Every protocol request SHALL be
authenticated.

Define
Authenticate : Request — {Valid, Invalid}
Authentication MAY be implemented using

e  Public-key cryptography

»  Decentralized Identity (DID)

»  Enterprise identity providers

»  Hardware security modules
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e Future protocol-approved identity
systems

The protocol specifies authentication
semantics rather than a mandatory identity
technology.

21.9 Interface Versioning

The Protocol Interface SHALL support
backward-compatible evolution.

Define

Version = (Major, Minor, Patch)
Compatibility rules are defined as
Major’ > Major

may introduce breaking changes.
Minor' > Minor

introduces backward-compatible functionality.

Patch’ > Patch

contains implementation corrections without
semantic changes.

21.10 Transport
Independence

The AirdIT Protocol Interface intentionally
avoids coupling to any transport protocol.

Formally,
Semantics(APIl) = Semantics(Transport(API))

This implies that identical protocol semantics
SHALL be preserved whether the interface is
exposed over:

. HTTPS
« gRPC
. WebSocket

« QuIC

I AirdiT
» Message queues

»  Future communication protocols

The transport mechanism is an
implementation concern, not a protocol
concern.

21.11 API Invariants

Every compliant implementation SHALL
satisfy the following properties.

Every command possesses exactly one
identifier.

| Command .ID| =1

Every query is read-only.

Query N Execute =@

Every response is authenticated.

Verify(Signature) = True

Commands are deterministic.

Input; = Input; = Output; = Output;

21.12 Reference Interface

The reference implementation SHALL expose
a canonical protocol surface organized into
five logical domains.

/api/v1/

—— Assets
—— Operators
—— Logistics
—— Settlement

—— Governance
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Regional Hub
ages are consolidated and

=T Packages ed an
LU0  routedto the next network level

Language-specific SDKs SHALL be generated
from the protocol specification rather than
defining independent interfaces.

21.13 Discussion

The AirdIT Protocol Interface provides a stable
and deterministic communication layer
between applications and the protocol.

By separating protocol semantics from
transport technologies and programming
languages, the interface ensures that
enterprises, developers, governments,
operators, and decentralized applications
interact with the protocol through a common
execution model.

This approach promotes interoperability,
simplifies implementation, and enables long-
term protocol evolution without disrupting
existing integrations

Chapter 22;
Hierarchical Network
Architecture

The AirdIT Protocol employs a hierarchical,
multi-tier network architecture to coordinate
global physical commerce while preserving
scalability, locality, fault isolation, and
deterministic protocol execution. Rather than
treating the world as a single monolithic
network, AirdIT partitions coordination into

I AirdIT

interconnected logistics domains that
collectively form the Internet of Physical
Commerce.

22.1 Introduction

Physical commerce is inherently hierarchical.

No logistics company routes every shipment
globally from a single optimization engine.

Instead, logistics networks organize
infrastructure into hierarchical domains.

AirJIT adopts the same architectural principle.

Rather than maintaining one globally
synchronized execution domain, the protocol
coordinates multiple logistics domains
through standardized inter-domain
communication.

This architecture enables global scalability
without sacrificing deterministic execution.

22.2 Formal Definition

The hierarchical network is formally defined as
HN =(9,8,%,R,.7)

where

2 — Logistics domains

& — Global coordination graph

< — Local coordination graph

A — Routing policies

& — Inter-domain interfaces

22.3 Logistics Domains

A Logistics Domain represents an
autonomous execution environment.

Define
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9 ={d,,d,,....d,}
Examples include

« City

. Province

e Country

e Customs Union

e Airline Alliance

. Enterprise Network

¢  Free Trade Zone

Each domain manages local execution
independently.

22.4 Local Coordination
Within each logistics domain,

the protocol maintains
G,=(V,E)

where

V,; — are local operators

E,; — are local logistics relationships.

ACE performs optimization primarily within G,

22.5 Global Coordination
The protocol simultaneously maintains

GGiopar = (D, Ep)
where
*  vertices are logistics domains.

e edges represent inter-domain
connectivity.

Unlike local graphs,

the global graph optimizes
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. international transportation,

. cross-border trade,
e customs gateways,

. multimodal corridors.

22.6 Domain Gateways

Every logistics domain communicates through
Domain Gateways.

Define
Gateway : d; < d
Gateway Nodes synchronize
»  Protocol Events
e  Settlement
»  Capacity
Routing
e Compliance

without exposing unnecessary local state.

22.7 Hierarchical Routing

Routing occurs in two stages.

Stage 1

Determine optimal domain sequence.
Pathy, = (d,,d,, ...,d,)

Stage 2

Optimize locally within each domain.
Pathy; .., = ACE(d;)

Overall route becomes

n
Route = UpathLocal(di)
i=1
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This decomposition dramatically improves
scalability while preserving optimality.

22.8 Domain Autonomy

Each logistics domain may optimize
independently.

Formally,
ACE(d)) # ACE(d))

provided protocol semantics remain identical.

This allows regional optimization without
fragmenting the protocol.

22.9 Inter-Domain
Consistency

Domain synchronization is governed by
Sync :d; - d;
Synchronization SHALL preserve

e Asset identity

. Event ordering

e  Settlement correctness

e Custody continuity

. Execution determinism

22.10 Fault Isolation

Failures within one domain SHALL NOT
compromise unrelated domains.

Define

Failure(d,)

The protocol guarantees
Failure(d;) # Failure(d;)

unless explicitly dependent.

I AirdiT
Fault isolation improves network resilience.

22.11 Global Optimization

ACE performs optimization at two levels.

Local optimization

ACE; : G, — Plan

Global optimization

ACE; : Ggopa — Strategy

Execution plans combine both outputs.

22.12 Network Invariants

Every compliant implementation SHALL
satisfy

Every operator belongs to at least one
logistics domain.

Operator € d,

Every domain participates in the Gilobal
Logistics Graph.

d; € Gglopar

Protocol semantics remain identical across
domains.

PAEE, = PAEE,

Inter-domain communication preserves event
ordering.

Order(Event;) < Order(Event))
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Figure 22.1 — Hierarchical AirdIT

Network
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Each domain executes independently while
participating in global coordination.

22.13 Discussion

The Hierarchical Network Architecture enables
AirdIT to scale from local delivery networks to
global trade corridors without requiring every
protocol participant to process every logistics
operation.

By partitioning optimization and execution into
autonomous logistics domains connected
through standardized inter-domain interfaces,
AirdJIT achieves locality, scalability, and
resilience while maintaining a single coherent
protocol.

This architecture mirrors the evolution of the
Internet itself, where autonomous systems
cooperate through standardized protocols
rather than centralized coordination.

As a result, AirdIT can grow organically from
individual cities to global commerce without
fundamental architectural redesign

Chapter 23;
Ecosystem Architecture

The AirdIT Ecosystem Architecture defines the
extensible application, service, and
infrastructure model through which
organizations, developers, governments, and
enterprises build interoperable solutions upon
the AirJIT Protocol. The ecosystem transforms
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the protocol into a global platform for
programmable physical commerce while
preserving deterministic execution and
protocol interoperability.

23.1 Introduction

The AirdIT Protocol provides coordination.
It does not prescribe every application.
Instead,

it establishes common execution semantics
upon which independent ecosystems may
innovate.

Just as the Internet supports
. browsers,
. search engines,
e  streaming,
e  cloud computing,
without modifying TCP/IPR,
AirdIT enables
» freight marketplaces,
e warehouse management,
o customs systems,
. insurance,
. trade finance,
e autonomous transportation,
. decentralized commerce,
without modifying protocol semantics.
The protocol defines infrastructure.

Applications define innovation.

23.2 Formal Definition

The AirJIT Ecosystem is defined as
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E=d,8,9,5,T)

where

9 — Applications

& — Shared services

2 — Developers

J# — Infrastructure providers

I — External integration

23.3 Ecosystem Layers

The AirdIT ecosystem consists of five logical
layers.

Applications

Marketplaces

Trade Finance
Insurance

ERP

WMS

TMS

Last-Mile Delivery
Carbon Markets

Shared Services

Identity
Messaging
Compliance
Analytics
Search

AT Models
Pricing
Payments

Protocol Services

LEC
ACE

I AirdIT

PAEE
Settlement
Events
Governance

Core Protocol

Digital Logistics Assets
Consensus

Network

Security

Settlement Infrastructure

VeChainThor
Ethereum

Base

Future Networks

Unlike monolithic enterprise software,

every layer evolves independently.

23.4 Applications

Applications interact with protocol services
through standardized interfaces.

Define

Application : Intent — Protocol

Applications SHOULD communicate through
Protocol Intents rather than implementation-
specific logic.

This enables multiple applications to
cooperate without direct integration.

23.5 Shared Services

Many ecosystem capabilities are reusable.
Examples include

e Identity
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¢  Reputation

«  Compliance

e Al Optimization

. Pricing

e Carbon Accounting
e Risk Assessment

¢ Insurance

. Notification

These services are protocol-aware but remain
independently deployable.

23.6 Protocol Services

The protocol exposes reusable execution
services.

Examples
. Digital Logistics Asset Registry
« Event Bus
+  Settlement Service
 Governance
« Routing
e Verification
. Escrow

Applications compose these services into
higher-level business workflows.

23.7 Infrastructure Providers

Infrastructure providers contribute
computational and operational resources.

Examples
*  Validator Operators
¢ Oracle Networks

»  Gateway Providers
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. Data Providers

»  Hosting Providers
*  API Providers
»  Storage Networks

Infrastructure providers extend protocol
capacity without modifying protocol
semantics.

23.8 External Integrations

The protocol interoperates with external
systems.

Examples include
» ERP systems
*  Warehouse Management Systems
e  Customs Authorities
»  Banking Networks
* Insurance Platforms
Payment Processors
e |loT Platforms
Government Registries

Integration occurs through standardized
protocol interfaces.

23.9 Ecosystem Composition

Applications may compose multiple protocol
services.

Define
Compose : (Service,,Service,, ...,Service,) — Application

This composition model allows developers to
build sophisticated logistics solutions without
reimplementing protocol functionality.
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23.10 Ecosystem Invariants

Every ecosystem implementation SHALL
satisfy the following principles.

Protocol semantics remain unchanged.
Semantics,pication = SEMANLICSpypiocol

Applications SHALL NOT bypass protocol
execution.

Application - PAEE

Shared services remain interoperable.

Service; < Service,
Infrastructure providers SHALL implement
standardized interfaces.

23.11 Discussion

The AirdIT Ecosystem Architecture transforms
the protocol from a coordination engine into a
global innovation platform.

By separating protocol infrastructure from
application logic, AirJIT enables thousands of
independent organizations to build specialized
solutions while preserving interoperability
through shared execution semantics.

This modular architecture encourages
innovation without compromising protocol
integrity.

23.12 Reference Ecosystem

The following illustrates the intended evolution
of the AirJIT ecosystem.

[ AirJIT Ecosystem ]

Logistics Apps Financial Apps Government Apps
2, Freight Exchange ® Trade Finance 2 customs
MY Flect Management & nsurance & Border Control
(@] Warehousing 8 Escow [ Tax Reporting
A5 LastMile &2 Lending Compliance

( [ J

2
AirJIT Protocol Services
Digital Logistics Assets + PAEE « LSM + ACE - Events + Settlement

i
@ Blockchain Abstraction Layer
V Vechainthor | 4 Ethereun | @) Base | Eth Others

I AirdIT

23.13 Discussion

The AirdIT Protocol is not intended to replace
enterprise software.

Instead, it provides a shared coordination
substrate upon which enterprise software,
decentralized applications, governments, and
infrastructure providers can interoperate.

In the same way that TCP/IP did not replace
web browsers or email clients but enabled
them, AirdIT does not replace Transportation
Management Systems or Warehouse
Management Systems.

It provides the common protocol through
which they communicate.

The ecosystem therefore becomes larger than
any individual application, organization, or
blockchain implementation.

Chapter 24;
Security Architecture

The Security Architecture defines the trust
assumptions, cryptographic protections,
economic safeguards, and resilience
mechanisms that preserve the integrity,
availability, and reliability of the AirJIT
Protocol. Unlike conventional blockchain
networks that primarily secure digital assets,
AirdIT secures the coordination of physical
commerce through a layered security model
combining cryptography, distributed
consensus, deterministic execution, protocol
verification, and economic incentives.

24.1 Introduction

Security is the foundation of every distributed
protocol.

Without security, decentralized coordination is
impossible.

Unlike traditional enterprise logistics systems
that rely upon centralized trust, the AirJIT
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Protocol assumes that participants may be
independent organizations operating across
multiple jurisdictions, legal systems, and
technological environments.

Consequently, the protocol must tolerate
malicious actors, compromised infrastructure,
network failures, fraudulent claims, and
inconsistent external information while
continuing to execute legitimate commerce
correctly.

The Security Architecture therefore provides
multiple independent layers of protection
rather than relying upon any single security
mechanism.

Cryptography protects identity.
Consensus protects protocol execution.

Economic incentives protect validator
honesty.

Deterministic state machines protect
execution correctness.

Settlement safeguards commercial value.

Together these mechanisms establish a
secure and resilient foundation for the Internet
of Physical Commerce.

24.2 Security Design
Principles

The AirJIT Protocol is designed according to
seven fundamental security principles.

Defense in Depth

No individual security mechanism SHALL be
considered sufficient in isolation.

Instead, security emerges from the interaction
of multiple independent protection layers.

Zero Trust
The protocol assumes that every participant,

system, and communication channel must be
independently verified.

I AirdIT

Trust is established through protocol
verification rather than organizational identity.

Least Privilege

Every protocol participant SHALL possess
only the minimum permissions necessary to
perform its designated responsibilities.

Deterministic Execution

Equivalent protocol inputs SHALL always
produce identical execution results regardless
of implementation.

Verifiable Operations

Every protocol action SHALL be
independently verifiable using cryptographic
evidence and immutable protocol history.

Economic Accountability

Malicious behavior SHALL incur measurable
economic consequences through staking,
slashing, reputation reduction, or governance
penalties.

Progressive Decentralization

Security SHALL improve as protocol
participation, validator diversity, and operator
distribution increase.

24.3 Threat Model

The AirdIT Protocol assumes adversaries may
attempt to compromise the network through
multiple attack vectors.

These include:
. Validator collusion

e Oracle manipulation
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e |dentity theft

. Fraudulent custody claims

¢ Double settlement attempts

¢ Replay attacks

e  Cross-chain settlement attacks

e Network partitioning

e Sybil attacks

. Malicious operators

«  Compromised enterprise systems
. Denial-of-Service attacks

The protocol is designed to minimize the
probability and impact of these attacks
through layered verification and distributed
validation.

24.4 Security Layers

The AirdIT Security Architecture consists of six
complementary security layers.

Application Security

..ﬁ Identity & Authentication

v

Eg Protocol Verification

e .
Physical Commerce Consensus

Economic Security (JIT)

Settlement Security (JUSD)

I AirdIT

Each layer addresses different classes of threats
while reinforcing the security guarantees
provided by adjacent layers.

24.5 Identity Security

Every protocol participant SHALL possess a
unique cryptographic identity.

Identity forms the basis of authentication,
authorization, reputation, and accountability
throughout the protocol.

Each identity is associated with:
»  Public cryptographic keys
» Digital signatures
*  Reputation metrics
»  Governance permissions
*  Operator roles

Protocol identities SHALL be portable across
supported blockchain networks through the
Blockchain Abstraction Layer.

24.6 Authentication

Every protocol message SHALL be
authenticated before execution.

Authentication verifies:
Message integrity
*  Message origin
»  Sender authorization
e  Timestamp validity
»  Signature authenticity

Messages failing authentication SHALL be
rejected without modifying protocol state.
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24.7 Authorization

Authentication establishes who submitted a
request.

Authorization determines whether the request
is permitted.

The protocol employs role-based
authorization.

Typical roles include:
«  Validator
e Carrier
«  Warehouse
. Host
. Enterprise
e Customs Authority
. Insurance Provider
. Marketplace
*  System Administrator

Permissions SHALL be evaluated before every
protected protocol operation.

24.8 Protocol Integrity

The Physical Asset Execution Engine SHALL
execute only protocol-valid operations.

Execution SHALL preserve:
¢ Asset integrity
o  State consistency
«  Event ordering
e  Settlement correctness
. Protocol invariants

Invalid state transitions SHALL be rejected
before execution.
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24.9 Consensus Security

Physical Commerce Consensus protects
protocol execution through distributed
validation.

Consensus ensures that:

 fraudulent protocol events cannot
become canonical,

» conflicting state transitions cannot both
succeed,

» malicious operators cannot unilaterally
modify protocol state,

. settlement cannot occur without
verified execution.

Consensus therefore protects operational
truth rather than merely transaction ordering.

24.10 Economic Security

Economic security is provided through the JIT
Protocol Security Asset.

Security mechanisms include:
e  Validator staking
e Slashing
*  Reputation scoring
e  Treasury incentives
»  Governance oversight

The cost of attacking the protocol SHOULD
exceed the expected economic benefit
derived from malicious behavior.

This aligns participant incentives with long-
term protocol stability.

24.11 Settlement Security

Commercial settlement is protected
independently from protocol execution.
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Escrow contracts ensure that:

. funds remain locked until execution
requirements are satisfied,

e« settlement occurs only after
verification,

. payment distribution is deterministic,
. completed settlement is auditable.

By separating execution from settlement, the
protocol reduces financial risk while improving
commercial certainty.

24.12 Cross-Chain Security

Because AirdIT supports multiple settlement
networks, cross-chain interactions introduce
additional security considerations.

The Blockchain Abstraction Layer SHALL
preserve:

¢ transaction integrity,

+ settlement equivalence,

. asset consistency,

. event ordering,

*  cryptographic authenticity,

regardless of the underlying blockchain
implementation.

Protocol semantics SHALL remain identical
across all supported settlement networks.

24.13 Operational Security

Operators are responsible for maintaining
secure infrastructure.

Recommended practices include:
e  Hardware Security Modules (HSMs)
. Multi-signature authorization

e Secure key management

M AirdiT
e  Continuous monitoring

» Disaster recovery procedures
Redundant infrastructure
e Network segmentation

Although implementation-specific, these
practices significantly improve protocol
resilience.

24.14 Security Monitoring

Protocol events provide continuous visibility
into network activity.

Monitoring systems MAY detect:
. anomalous settlement patterns,
. repeated verification failures,
e unusual routing behavior,
. validator downtime,
»  reputation degradation,
» abnormal governance activity.

Such observations MAY trigger automated
alerts or governance-defined response
procedures.

24.15 Discussion

The AirJIT Security Architecture recognizes
that securing decentralized physical
commerce requires more than cryptographic
correctness.

The protocol must simultaneously protect
digital identities, physical asset coordination,
commercial settlement, distributed
governance, and operational infrastructure.

Rather than relying upon a single trust
mechanism, AirdJIT combines cryptographic
authentication, deterministic execution,
distributed consensus, economic incentives,
programmable settlement, and immutable
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event histories into a unified defense-in-depth
architecture.

This layered approach enables the protocol to
remain resilient against technical failures,
malicious actors, and organizational disputes
while preserving the integrity and reliability of
the Internet of Physical Commerce

Chapter 25;
Cryptoeconomic Model

The Cryptoeconomic Model defines the
incentive mechanisms through which the
AirdIT Protocol aligns the interests of
validators, operators, enterprises, developers,
and governance participants. By combining
economic security, deterministic settlement,
reputation, and protocol rewards, AirdIT
establishes a sustainable economic system
capable of coordinating decentralized physical
commerce at global scale.

25.1 Introduction

Every decentralized protocol depends upon
economic incentives.

Validators must be motivated to secure the
network.

Operators must be rewarded for contributing
infrastructure.

Developers must be incentivized to expand
the ecosystem.

Enterprises must receive measurable value
from protocol participation.

Governance participants must remain aligned
with the long-term success of the network.

Without appropriate incentives, decentralized
coordination eventually fails.

The AirJIT Protocol therefore establishes a
cryptoeconomic model in which rational
participants maximize their long-term utility by
behaving honestly, contributing productive
infrastructure, and preserving protocol
integrity.

I AirdIT

Unlike traditional blockchain networks whose
economic activity originates primarily from
digital asset transfers, AirdIT derives
economic value from the execution of real-
world logistics operations.

The protocol economy therefore grows in
proportion to the expansion of physical
commerce.

25.2 Economic Objectives

The cryptoeconomic model is designed to
satisfy five primary objectives.

Security

The cost of compromising protocol integrity
SHALL exceed the expected economic benefit
obtained through malicious behavior.
Sustainability

Protocol revenues SHALL support long-term
ecosystem growth without requiring perpetual
inflation.

Fairness

Rewards SHALL be distributed according to
measurable protocol contribution rather than
passive participation alone.

Efficiency

Economic resources SHALL be allocated
toward productive infrastructure and
operational improvement.

Alignment

Participants SHALL maximize individual utility
by acting in the best interests of the protocol.
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25.3 Economic Participants

The AirdJIT economy consists of multiple
participant classes.

These include:
e Validators
e Carrier Operators
«  Warehouse Operators
*  Host Operators
¢ Oracle Providers
. Enterprise Integrators
. Developers
*  Governance Participants
e Treasury

Each participant contributes distinct value to
the protocol economy.

25.4 Value Generation

Economic value originates from productive
protocol activity.

Primary value sources include:
+  Transportation services
e  Storage services
e Cross-border settlement
. Marketplace transactions
*  \Verification services
« Digital identity services
. Data services
* Al optimization services
. Financial services

. Protocol infrastructure

I AirdIT

Every completed protocol workflow
contributes measurable economic activity.

Unlike speculative systems, AirdIT derives
value from real commercial demand.

25.5 Incentive Model

The protocol rewards productive participation.

Each protocol participant receives rewards
proportional to measurable contribution.

Let the contribution score of participant

I — be defined as:

C=wV,+w,0,+w.R, + w,A,

where

V. = Verified protocol activity
Q; = Service quality score

R; = Reputation score
A, = Availability score

and

W, W,

o W Wg — represent governance-defined

weighting coefficients satisfying
wo+w,+w,+w, =1
The protocol therefore evaluates contribution

across multiple dimensions rather than relying
upon transaction volume alone.

25.6 Reward Distribution

Protocol rewards are distributed proportionally
according to participant contribution.

Let
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G
Reward; = Ry - —7——
2 G

where

R;— denotes the reward pool.

C; — denotes participant contribution.

This guarantees deterministic and proportional
reward allocation.

25.7 Economic Security

Network security derives from staked JIT.

Let

S = i Stake,
i=1

represent total protocol stake.

The protocol security budget is proportional to
Security < S

As protocol participation increases,

economic resistance against attacks increases
accordingly.

25.8 Slashing

Dishonest protocol behavior incurs financial
penalties.

Let

Penalty, = A - Stake; - Severity

where

A — is the governance-defined slashing
coefficient.
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Severity reflects the seriousness of protocol
violations.

Examples include
e Invalid validation
e  Double signing
e  Fraudulent verification
e  Oracle manipulation

. Governance abuse

25.9 Reputation Dynamics

Economic rewards depend partially upon
long-term reputation.

Reputation evolves according to

Rep,,, = Rep, + aPerformance — pMisconduct

where

e Performance represents verified
protocol contribution.

e Misconduct represents validated
protocol violations.

This creates persistent incentives for honest
behavior.

25.10 Treasury Sustainability

Protocol revenue contributes to the AirJIT
Treasury.

Treasury evolution is defined as

T,.,=T,+ Fees + Returns — Grants — Operations

Treasury funds SHALL be allocated
exclusively through governance-approved
mechanisms.
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25.11 Economic Equilibrium

A sustainable protocol satisfies the following
condition:

Revenue > Rewards + Treasury + Operations

Long-term protocol sustainability depends
upon maintaining positive net economic
activity.

25.12 Network Effects

Protocol utility increases as participation
expands.

Let

O = Operators

L = Logistics Transaction
E = Enterprises

D = Developers

Network utility is modeled as
U=f(O,L,E,D)

Unlike traditional blockchain models, utility
depends not only upon users but also upon
operational infrastructure and commercial
adoption.

25.13 Long-Term Value
Capture

The protocol captures value through
productive commerce rather than speculative
activity.

Primary demand drivers for JIT include:
«  Validator staking
*  Governance participation

¢ Infrastructure security
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»  Treasury participation

Primary demand drivers for JUSD include:
o  Commercial settlement
»  Escrow
e  Cross-border payments
»  Marketplace transactions
*  Financial services

As logistics activity expands, demand for both
protocol assets increases through their
distinct functional roles.

25.14 Economic Risks

Potential risks include:
»  Concentration of validator stake
Reduced operator participation
e Declining commercial activity
*  Excessive inflation
« Insufficient liquidity
Governance capture
*  Market volatility

The protocol mitigates these risks through
diversified incentives, governance oversight,
treasury management, and adaptive protocol
parameters.

25.15 Discussion

The AirdIT Cryptoeconomic Model is designed
to align individual incentives with collective
protocol success.

Rather than rewarding passive ownership or
speculative trading, the protocol rewards
measurable contribution to decentralized
physical commerce.

Validators secure protocol execution.
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Operators provide infrastructure.
Developers expand functionality.
Enterprises generate commercial demand.
Governance stewards long-term evolution.

Together these participants form a self-
reinforcing economic system in which value
originates from productive logistics activity
and is distributed according to transparent,
deterministic protocol rules.

The result is an economy that grows alongside
global commerce rather than independently of
it.

Chapter 26;
Interoperability Framework

The Interoperability Framework defines the
mechanisms through which the AirdIT Protocol
exchanges information, assets, and execution
semantics with external systems while
preserving deterministic protocol behavior. It
enables governments, enterprises, financial
institutions, blockchain networks, logistics
providers, and decentralized applications to
participate in the Internet of Physical
Commerce without sacrificing interoperability,
security, or protocol consistency.

26.1 Introduction

Global commerce operates across
heterogeneous systems.

Enterprise Resource Planning (ERP) systems
manage financial operations.

Warehouse Management Systems (WMS)
coordinate storage.

Transportation Management Systems (TMS)
optimize freight.

Customs authorities regulate international
trade.

Banking systems facilitate payments.

Blockchain networks provide decentralized
settlement.
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These systems have evolved independently
using different architectures, communication
protocols, and data models.

Consequently, interoperability represents one
of the greatest challenges in global logistics.

The AirdIT Protocol addresses this challenge
by establishing standardized protocol
semantics that remain independent of
implementation technologies.

Rather than replacing existing systems, AirdIT
coordinates them through a common
execution model.

26.2 Design Objectives

The Interoperability Framework is designed
according to the following objectives.

Universal Connectivity

Every compliant external system SHALL be
capable of interacting with the protocol
through standardized interfaces.

Semantic Consistency

Equivalent business operations SHALL
produce identical protocol behavior regardless
of implementation technology.

Technology Independence
Interoperability SHALL remain independent of
programming languages, databases, cloud
providers, and blockchain platforms.
Extensibility

Future systems SHALL integrate without

requiring modifications to existing protocol
semantics.
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Backward Compatibility

Protocol evolution SHALL preserve
compatibility whenever technically feasible.

26.3 External System
Categories

The protocol recognizes multiple categories of
interoperable systems.

These include:
Enterprise Systems

. Enterprise Resource Planning (ERP)

e Warehouse Management Systems

(WMS)

e Transportation Management Systems
(TMS)

e  Customer Relationship Management
(CRM)

e« Manufacturing Execution Systems
(MES)

Financial Systems

e Commercial Banks

. Payment Networks

«  Stablecoin Platforms

e  Trade Finance Platforms

. Insurance Platforms

Government Systems

. Customs Authorities

« Tax Agencies

Port Authorities

e Regulatory Bodies

M AirdiT
» National Single Window Platforms

Blockchain Networks

. Settlement Networks
. Asset Tokenization Platforms
e Identity Networks

»  Cross-chain Messaging Networks

Infrastructure Systems

e loT Platforms
GPS Providers

*  RFID Networks

e  Satellite Tracking

. Cloud Infrastructure

26.4 Interoperability Model

The protocol defines interoperability through
standardized protocol interfaces.

Interop : ExternalSystem — Protocollnterface

External systems SHALL communicate using
protocol-defined semantics rather than
proprietary execution models.

26.5 Semantic Mapping

External business operations are translated
into protocol operations.

Define
Map : OperatlonExternal - Operanonpmmml

This mapping preserves operational meaning
while enabling heterogeneous
implementations.

For example:

89



ERP Purchase Order

A purchase order is created in the ERP system.

v
Create Digital Logistics Asset

A digital representation of the goods and
terms is created on the AirJIT network.

v
Warehouse Receipt

The warehouse issues a digital warehouse
receipt confirming receipt of goods.

v
Transfer Custody

Custody of the digital logistics asset is
transferred to the next authorized party.

v
Customs Approval

Customs authorities review and approve
the shipment for onward movement.

v
Verification Event

An on-chain verification event is recorded
with attestation from relevant parties.

¥
Bank Settlement

The bank processes payment/financing
based on the verified events.

¥
Settlement Confirmation

Settlement is confirmed on the AirJIT network
and all parties are notified.

N

N

566

Do
3
Do

=

N\

e

N\

SEEIE

26.6 Identity Federation

Organizations MAY retain their existing identity
systems.

The protocol SHALL support identity
federation through standardized
authentication mechanisms.

Identity federation enables:
e  Enterprise Single Sign-On
e Government Identity Systems
¢ Decentralized Identifiers (DIDs)
. Public Key Infrastructure (PKI)

without modifying protocol semantics.
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26.7 Data Interoperability

Every protocol object SHALL possess a
canonical representation.

Implementations MAY serialize protocol
objects using technologies including:

« JSON

»  Protocol Buffers

« CBOR

e XML

e  Future protocol-approved formats

Serialization SHALL NOT modify protocol
semantics.

26.8 Cross-Protocol
Communication

AirdIT SHALL support interaction with external
distributed systems.

Examples include:
. Blockchain settlement
e  Banking payment networks
e  Customs clearance systems
e Carbon registries
* Insurance claim systems
»  Supply chain visibility platforms

Communication SHALL occur through
authenticated protocol gateways.

26.9 Protocol Gateways

Gateway services provide controlled
interoperability between AirJIT and external
environments.

Gateway responsibilities include:

. Authentication
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*  Message validation

e Semantic translation

. Protocol verification

. Event synchronization
. Error handling

Gateways SHALL NOT modify protocol
execution semantics.

26.10 Interoperability
Invariants

Every compliant implementation SHALL
satisfy the following principles.

Equivalent business operations SHALL
produce equivalent protocol behavior.

Meaning(ExternalOperation) = Meaning(ProtocolOperation)

Protocol identity SHALL remain globally
unique.

IDExternal « Il)Promcol

Data translation SHALL preserve semantic
integrity.

Translate(Data) = Equivalent

Interoperability SHALL NOT modify protocol
state except through authorized protocol
execution.

External Systems

I@Qg@&§|
J

ERP | WMS | TMS | Banks | Customs !

( I I [ I
!
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26.11 Reference Integration Architecture

This architecture enables independent
systems to participate in the Internet of
Physical Commerce while preserving protocol
consistency and deterministic execution.

26.12 Discussion

The AirdIT Interoperability Framework
recognizes that global commerce will remain
technologically heterogeneous for the
foreseeable future.

Rather than requiring organizations to
abandon existing investments, the protocol
establishes a common semantic layer through
which diverse systems can coordinate using
standardized execution models.

By separating business semantics from
implementation technologies, AirdIT enables
governments, enterprises, infrastructure
providers, financial institutions, and
decentralized applications to interoperate
without sacrificing autonomy.

This approach allows the protocol to function
as the universal coordination layer for physical
commerce while preserving compatibility with
both legacy systems and future innovations

Chapter 27;
Performance & Scalability

The Performance & Scalability model defines
the mechanisms through which the AirdIT
Protocol achieves deterministic execution,
global scalability, and high operational
throughput while coordinating physical
commerce across geographically distributed
infrastructure. The protocol is designed to
scale through hierarchical coordination, event-
driven execution, decentralized operators,
and blockchain-independent settlement
rather than through monolithic global
computation.

27.1 Introduction

The Internet of Physical Commerce is
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expected to coordinate billions of physical
assets, millions of operators, and continuous
commercial activity across every region of the
world.

Unlike conventional blockchain protocols, the
primary scalability challenge is not
computational throughput.

Instead, the protocol must efficiently
coordinate geographically distributed
infrastructure while preserving deterministic
execution and protocol consistency.

AirJIT addresses this challenge through
architectural separation.

Execution remains local whenever possible.
Coordination occurs hierarchically.
Settlement is blockchain-independent.
Communication is event-driven.

This minimizes unnecessary synchronization
while preserving a globally consistent
protocol.

27.2 Scalability Objectives

The protocol is designed to satisfy the
following objectives.

Horizontal Scalability

The protocol SHALL increase capacity by
adding operators and infrastructure rather
than increasing centralized computational
resources.

Geographic Locality
Operations SHALL execute as close as

practical to the physical assets involved.

Deterministic Performance
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Equivalent protocol workloads SHALL
produce equivalent execution behavior
regardless of deployment topology.

Elastic Capacity

Network capacity SHALL increase
proportionally with participating infrastructure.

Fault Isolation

Localized failures SHALL NOT degrade
unrelated protocol operations.

27.3 Scalability Model

The protocol's operational capacity is
determined by the collective capabilities of
participating logistics domains.

Let
n

Capacity = Z Capacity(d;)
i=1

where

d; — denotes an independent logistics

domain.

Overall network capacity is therefore the
aggregate capacity of all active domains.

Unlike monolithic systems, scalability is
achieved through distributed expansion rather
than centralized optimization.

27.4 Throughput
Let

Ny — represent the number of protocol
operations

T — represent elapsed execution time.

Protocol throughput is defined as
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N
Throughput = —
T
Throughput MAY be measured independently
for:
*  Protocol execution
«  Event processing
e  Settlement
»  Consensus
. Inter-domain synchronization

This separation enables independent
optimization of each protocol subsystem.

27.5 Execution Locality

Most logistics operations remain local.

Only inter-domain coordination requires global
synchronization.

Formally,

Execution = Local + Global

where

Local > Global

for typical protocol workloads.

Consequently, protocol performance improves
as local autonomy increases.

27.6 Event-Driven Scaling

The protocol avoids continuous global
synchronization.

Instead,

Protocol Events propagate only to interested
participants.

Define
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Subscribers(e) = {0, 0y, ...,0,}

Only subscribed operators receive event
notifications.

This minimizes unnecessary communication.

27.7 Hierarchical
Coordination

Global optimization occurs at multiple levels.
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Each layer reduces the optimization
complexity presented to higher layers.

27.8 Computational
Complexity

The protocol intentionally decomposes
optimization problems.
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Without hierarchy,
routing complexity approaches
O(N?)
or worse for fully connected optimization.
Through hierarchical partitioning,
the protocol approximates
0 Z nl.2
i=1
where

n; — denotes the size of logistics domain 1.

This significantly reduces computational
requirements while maintaining near-optimal
routing quality.

27.9 Consensus Performance

Physical Commerce Consensus validates
execution objects rather than arbitrary
transactions.

Consequently,

validator workload depends primarily upon
e protocol events,
. execution objects,
+  verification evidence,

rather than continuous financial transaction
volume.

This reduces unnecessary consensus
overhead.

27.10 Settlement Scalability

Settlement executes independently from
protocol coordination.

Because execution and settlement are
separated,
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multiple settlement networks MAY operate
simultaneously.

Formally,

Settlement = U Chain,

i=1

where

Chain; — denotes an approved settlement
network.

Additional settlement networks increase
settlement capacity without modifying
protocol execution.

27.11 Fault Tolerance

Let

OperationalOperators

Availability =
Y TotalOperators

The protocol remains operational provided
sufficient operators continue participating
within affected logistics domains.

Localized failures SHALL remain isolated
whenever practical.

27.12 Performance Metrics

Reference implementations SHOULD monitor:
«  Command latency
»  Event propagation time
e  Consensus duration
e  Settlement completion time
e  Domain synchronization latency
»  Operator availability

+  Gateway throughput
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. Protocol success rate

These metrics provide continuous visibility
into protocol performance.

27.13 Scalability
Characteristics

The AirdIT Protocol scales through four
complementary mechanisms.

Infrastructure Scaling

Additional operators contribute capacity.

Geographic Scaling

Additional logistics domains increase regional
coverage.

Settlement Scaling

Additional blockchain networks increase
settlement throughput.

Application Scaling
Additional applications reuse existing protocol

services without modifying protocol
semantics.

27.14 Reference Scaling
Model
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Execution occurs locally.

Coordination occurs hierarchically.

Settlement remains globally interoperable.

27.15 Discussion

The scalability of the AirJIT Protocol derives
from its architectural separation of concerns
rather than from any individual optimization
technique.

By partitioning execution into autonomous
logistics domains, coordinating through
immutable protocol events, separating
settlement from execution, and employing
hierarchical optimization, the protocol avoids
the scalability limitations associated with
globally synchronized computation.

This architecture enables AirJIT to expand
incrementally from local deployments to
worldwide commerce while preserving
deterministic execution, interoperability, and
protocol consistency.

As additional operators, enterprises,
governments, and settlement networks join
the ecosystem, protocol capacity increases
organically without requiring fundamental
architectural redesign.

Chapter 28;
Protocol Compliance &
Conformance

Protocol Compliance defines the requirements
that an implementation MUST satisfy in order
to be considered conformant with the AirdIT
Protocol. Conformance ensures
interoperability, deterministic execution,
protocol compatibility, and long-term
ecosystem stability across independent
implementations.

28.1 Introduction

The AirdIT Protocol is an open protocol
specification.
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It is expected that multiple organizations will
independently develop protocol
implementations.

These implementations MAY differ in
. programming language,
. database architecture,
* deployment topology,
e operating system,
e blockchain infrastructure,
¢  cloud provider.
However,

they SHALL produce identical protocol
behavior.

Protocol compliance therefore concerns
observable protocol semantics rather than
implementation details.

A compliant implementation behaves
identically to every other compliant
implementation when presented with
equivalent protocol inputs.

28.2 Compliance Objectives

The compliance framework is designed to
ensure

Interoperability

Independent implementations SHALL
communicate without proprietary adaptation.
Deterministic Execution

Equivalent protocol inputs SHALL always
produce equivalent protocol outputs.
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Compatibility

Applications developed for one
implementation SHALL operate correctly on
another compliant implementation.

Stability

Future protocol versions SHALL preserve
compatibility wherever technically feasible.

Verifiability

Compliance SHALL be independently
testable.

28.3 Compliance Model

Protocol compliance is defined as
Compliance = (Semantics, Interfaces, State, Events,Security)

An implementation is compliant only if every
component satisfies the requirements defined
by the protocol.

28.4 Mandatory Requirements

Every compliant implementation SHALL
implement:

o Digital Logistics Assets

e  Physical Asset Execution Engine
» Logistics State Machine

»  Protocol Events

e  Physical Commerce Consensus
o  Settlement Layer

»  Blockchain Abstraction Layer

»  Protocol Interface
 Governance

»  Security Architecture
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These components constitute the normative
core of the protocol.

28.5 Optional Components

Certain components MAY be implementation-
specific.

Examples include
e Al optimization algorithms
* User interfaces
+  Database technologies
. Monitoring systems
. Deployment architectures
e  Cloud infrastructure
. Enterprise integration adapters

These components SHALL NOT modify
normative protocol semantics.

28.6 Semantic Equivalence
Let

Iy, I

represent two independent implementations.

Semantic equivalence requires
Executell(x) = Execute,z(x)

for every valid protocol input x.

Implementation diversity is therefore
permitted.

Behavioral diversity is not.

28.7 State Compatibility

Every compliant implementation SHALL
preserve protocol state consistency.
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Formally,

State; = State,

following identical protocol execution.

Differences in internal storage mechanisms
SHALL NOT affect observable protocol state.

28.8 Event Compatibility

Protocol Events SHALL possess identical
semantics across all implementations.

Define
Meaning(Event,l) = Meaning(EventIZ)

Applications SHALL therefore process
protocol events identically regardless of
implementation.

28.9 Interface Compatibility

Every compliant implementation SHALL
expose protocol-compatible interfaces.

Implementations MAY support
« HTTPS
« ¢gRPC
e  WebSocket
Message Queues
e  Future transport mechanisms
However,
protocol semantics SHALL remain unchanged.

Transport diversity SHALL NOT affect protocol
behavior.

28.10 Version Compatibility

Protocol versions follow semantic versioning.

Define
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Version = (Major, Minor, Patch)

where
Major

Introduces normative protocol changes.

Minor

Introduces backward-compatible functionality.

Patch

Corrects implementation defects without
changing protocol semantics.

Applications SHOULD remain compatible
across minor and patch versions.

28.11 Compliance Testing

Reference implementations SHALL be
evaluated using standardized conformance
tests.

Testing SHALL verify
e  State transitions
«  Event generation
e  Settlement correctness
e Consensus behavior
*  Permission enforcement
e Security requirements
* Interface compatibility

A compliant implementation SHALL
successfully pass all mandatory conformance
tests.

J AirdiT
28.12 Certification

The protocol MAY define certification levels.

Example

Level 1

Core Protocol

Level 2

Settlement

Level 3

Enterprise Integration

Level 4

Government Integration

Level 5

Full Protocol

Certification provides confidence that
implementations satisfy protocol
requirements.

28.13 Compliance Invariants

Every compliant implementation SHALL
satisfy the following properties.

Equivalent execution produces equivalent
state.

Input; = Input; = State; = State,

Equivalent execution produces equivalent
events.
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Emit; = Emit,

Equivalent settlement produces equivalent
financial outcomes.

Settlement; = Settlement;

Protocol semantics remain implementation-
independent.

Semantics # Implementation

28.14 Reference Conformance
Architecture

[ AirJIT Protocol Specification}
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This architecture allows independent
implementations to evolve while preserving
complete protocol interoperability.

28.15 Discussion

Protocol Compliance ensures that AirdIT
remains an open, interoperable, and
implementation-independent standard.

Rather than prescribing specific technologies
or software architectures, the protocol
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specifies observable behavior, execution
semantics, and interoperability requirements.

This approach encourages innovation among
implementers while guaranteeing that
applications, operators, enterprises, and
governments can interact through a common
coordination protocol.

As additional implementations emerge,
compliance testing and certification will
preserve ecosystem integrity while preventing
fragmentation.

Chapter 29;
Future Extensions

The Future Extensions framework defines the
architectural principles through which the
AirdIT Protocol may evolve while preserving
backward compatibility, deterministic
execution, and protocol interoperability. This
chapter identifies extension domains without
prescribing specific implementations, thereby
ensuring that the protocol remains adaptable
to future technological, economic, and
regulatory developments.

29.1 Introduction

No protocol is complete.

The Internet has evolved continuously for
more than four decades.

New transport protocols have emerged.

New security mechanisms have been
introduced.

New application layers have been developed.

Yet the underlying architectural principles
remain remarkably stable.

The AirdIT Protocol adopts the same
philosophy.

The protocol is designed to evolve through
carefully defined extension mechanisms rather
than disruptive architectural redesign.

Future innovation SHALL extend the protocol.
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It SHALL NOT invalidate existing protocol
semantics.
29.2 Design Philosophy

Protocol evolution SHALL satisfy five
principles.

Backward Compatibility

Existing compliant implementations SHOULD
continue operating whenever practical.
Deterministic Semantics

Extensions SHALL preserve deterministic
execution.

Modular Evolution

New functionality SHALL be introduced
through independent protocol modules rather
than modifications to unrelated components.
Governance Approval

Normative protocol extensions SHALL require
governance approval before adoption.

Open Innovation

The protocol SHALL remain open to
contributions from enterprises, governments,
developers, researchers, and infrastructure
providers.

29.3 Extension Categories

The protocol identifies several categories of
future extensions.

Artificial Intelligence

Future versions MAY include
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e autonomous logistics agents,

»  predictive demand planning,

. adaptive routing,

e supply chain simulations,

»  Al-assisted dispute resolution.

These capabilities SHALL integrate through
the AirdIT Coordination Engine without
modifying deterministic execution.

Robotics

Future protocol extensions MAY support
e warehouse roboaotics,
. autonomous forklifts,
. automated fulfillment,
*  robotic inventory systems.

Robotic infrastructure SHALL interact through
standard Protocol Events and Digital Logistics
Assets.

Autonomous Transportation

Future operator classes MAY include
. autonomous trucks,
. autonomous ships,
e autonomous aircraft,
. unmanned aerial vehicles,
e  delivery robots.

Protocol semantics SHALL remain identical
regardless of whether transportation is
performed by humans or autonomous
systems.
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Digital Trade Documentation

Future implementations MAY standardize
additional commercial documents including

. Bills of Lading

e Letters of Credit

e Certificates of Origin

¢ Inspection Certificates
e Customs Declarations
+ Digital Trade Permits

Each document MAY be represented as a
protocol-native Application Asset.

Carbon Accounting

Future protocol versions MAY support
e carbon footprint tracking,
e emissions reporting,
. sustainability metrics,
. carbon credit settlement,
o environmental compliance.

These extensions SHALL remain interoperable
with the existing Protocol Asset Framework.

Trade Finance

Future protocol services MAY include
e invoice financing,
. receivables tokenization,
* supply chain financing,
¢ dynamic discounting,
+  collateral management.

Such services SHALL execute through
Logistics Execution Contracts and the
Settlement Layer.
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Decentralized Identity

Future identity systems MAY support
»  Decentralized Identifiers (DIDs),
. Verifiable Credentials,
. organizational identities,
»  sovereign digital identity frameworks.

Identity evolution SHALL preserve existing
authentication semantics.

Privacy Technologies

Future implementations MAY incorporate
. Zero-Knowledge Proofs,
»  Confidential Computing,
»  Selective Disclosure,
e  Secure Multi-Party Computation.

Privacy enhancements SHALL preserve
protocol verifiability.

Quantum-Resistant Cryptography

As cryptographic standards evolve,

future protocol versions MAY adopt quantum-
resistant signature algorithms.

Migration SHALL preserve identity continuity
and protocol interoperability.

29.4 Extension Mechanism

Future protocol functionality SHALL be
introduced through standardized protocol
extensions.

Define

Extension = (Identifier,Category, Dependencies, Version, Status)
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Every extension SHALL specify 20.6 Extension Lifecycle

e purpose, .
Every protocol extension follows a

«  compatibility, standardized lifecycle.

e required interfaces,

e  security considerations, ( )
4 E Proposal
. An idea or improvement is
governance status. e submitted to the community.
29.5 Compatibility Rules D Specification
° The proposal is formalized into a

Protocol extensions SHALL satisfy the i SR e )
following compatibility hierarchy. v

/> Reference Implementation

A reference implementation is developed
=) [ = to demonstrate the specification.

Core Protocol . T <
Fundamental primitives, data models, s N\
events, and validation rules. Testing

The implementation is tested for
correctness, performance, and
interoperability.

v

Governance Approval

The community reviews and approves

v

Standard Extensions

Official extensions defined by the
AirJIT community for common capabilities
and use cases.

- < the proposal through governance.
\. J
(= - A - v ~
Application Extensions Protocol Adoption
Domain-specific extensions created The approved proposal is adopted
by applications for specialized into the AirJIT Protocol.
workflows and requirements. N 4
\ J
This process ensures that protocol evolution
(< ) 0 . 0
Implementation Extensions remains transparent and technically rigorous.
Implementation-specific extensions .
for performance, integration, and
environment-specific needs. ) 29'7 Experl mental Features
\

The protocol MAY designate certain
capabilities as experimental.

Higher-level extensions SHALL NOT

invalidate lower protocol layers. Experimental features

e«  SHALL NOT modify normative protocol
semantics,

MAY evolve rapidly,
e SHOULD be clearly identified,

SHALL remain optional.
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Successful experiments MAY later become
standardized protocol extensions.

29.8 Extension Registry

The protocol MAY maintain a public Extension
Reqistry.

Example

AJ-EXT-0001
Advanced Routing

AJ-EXT-0002
Carbon Accounting

AJ-EXT-0003
Trade Finance

AJ-EXT-0004
Autonomous Vehicles

AJ-EXT-0005
Zero-Knowledge Verification

The registry provides a transparent catalog of
standardized protocol capabilities.

29.9 Extension Invariants

Every compliant extension SHALL satisfy the
following properties.

Protocol semantics remain deterministic.

Semanticsg,,, = SemanticSg,onded

Core protocol compatibility is preserved.

Compatible(Core, Extension) = True

Extensions SHALL NOT modify immutable
protocol history.

History, ., = History, U Events
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Governance SHALL approve every normative
extension.

Approved(Extension) = True

before adoption.

29.10 Discussion

The AirJIT Protocol is designed as a long-lived
coordination standard rather than a static
software product.

Its layered architecture and modular execution
model enable continuous innovation while
preserving interoperability, deterministic
execution, and backward compatibility.

By defining formal extension mechanisms
instead of embedding future capabilities into
the core protocol, AirJIT establishes a stable
foundation capable of supporting decades of
technological evolution.

This approach allows researchers, enterprises,
governments, and developers to extend the
Internet of Physical Commerce without
fragmenting the ecosystem or compromising
the integrity of the protocol.

Chapter 30
Protocol Constitution

The Protocol Constitution establishes the
enduring principles, rights, responsibilities,
and architectural commitments that govern

the long-term evolution of the AirdIT Protocol.
These constitutional principles serve as the
highest normative authority within the protocol
and SHALL guide governance,
implementation, extension, and interoperability
throughout the lifecycle of the Internet of
Physical Commerce.

30.1 Introduction

Protocols evolve.
Implementations change.
Technologies improve.
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Consensus mechanisms advance.
Settlement networks emerge and disappear.
Artificial intelligence becomes more capable.
Regulatory environments adapt.

Yet the fundamental principles of a protocol
should remain remarkably stable.

The Internet continues to operate today
because its architectural principles have
endured despite decades of technological
change.

Likewise, the AirdIT Protocol requires a
constitutional foundation that transcends
implementation details and provides long-term
guidance for governance, protocol evolution,
and ecosystem development.

The Protocol Constitution therefore defines
the permanent principles upon which the
Internet of Physical Commerce is established.

30.2 Constitutional Authority

The Protocol Constitution represents the
highest normative authority of the AirdJIT
Protocol.

Every protocol component,
including

. Governance,

. Consensus,

. Settlement,

e Security,

*  Extensions,

. Reference Implementations,

SHALL conform to the constitutional
principles defined herein.

No protocol extension, governance proposal,
or implementation MAY knowingly violate
these principles except through a formally
defined constitutional amendment process.
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30.3 Constitutional Principles

The AirdIT Protocol is founded upon twelve
constitutional principles.

Principle |

Openness

The protocol SHALL remain an open protocol
specification.

Independent organizations SHALL be
permitted to develop compliant
implementations.

No single organization SHALL possess
exclusive implementation rights.

Principle IlI; Interoperability

Independent implementations SHALL
interoperate through standardized protocol
semantics.

The protocol SHALL favor open standards
over proprietary interfaces.

Principle lll; Deterministic
Execution

Equivalent protocol inputs SHALL always
produce equivalent protocol outputs.

Deterministic execution SHALL remain
fundamental to protocol correctness.

Principle IV; Neutrality

The protocol SHALL remain technologically
neutral.

No blockchain,
cloud provider,

programming language,
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enterprise vendor,
or geographic jurisdiction

SHALL be required for protocol participation.

Principle V: Security

Protocol evolution SHALL preserve or improve
cryptographic, operational, and economic
security.

Security SHALL NOT be knowingly weakened
for convenience or short-term performance
gains.

Principle VI; Verifiability

Every protocol action SHALL be
independently verifiable through protocol-
defined mechanisms.

Verification SHALL take precedence over
trust.

Principle VII; Decentralization

The protocol SHALL encourage distributed
participation and minimize unnecessary
centralization.

No architectural decision SHOULD create
avoidable single points of control.

Principle VIII; Extensibility

The protocol SHALL evolve through modular
extensions rather than incompatible redesign.

Backward compatibility SHOULD be
preserved whenever technically feasible.

Principle IX; Economic
Sustainability

The protocol economy SHALL reward
productive participation and maintain long-
term financial sustainability.

I AirdIT

Economic incentives SHALL align with
protocol integrity.

Principle X; Transparency

Governance decisions,
protocol changes,
technical specifications,
and normative standards

SHALL be publicly documented.

Principle XI; Physical Commerce
First

The primary purpose of the protocol SHALL
remain the coordination of physical
commerce.

Financial mechanisms SHALL support
commercial activity rather than replace it.

Principle XlI; Long-Term
Stewardship

The protocol SHALL be developed with the
expectation that it may operate for
generations.

Short-term optimization SHALL NOT
compromise long-term architectural integrity.

30.4 Constitutional Rights

Every protocol participant possesses the
following rights.

Right to Interoperate
Every compliant implementation SHALL

communicate with every other compliant
implementation.
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Right to Verification

Every participant MAY independently verify
protocol execution.

Right to Participation

Eligible participants MAY contribute to
governance according to protocol rules.

Right to Innovation

Developers MAY build applications, services,
and infrastructure upon the protocol without
requiring proprietary permission.

Right to Portability

Protocol assets and identities SHOULD
remain portable across compliant
implementations.

30.5 Constitutional
Responsibilities
Protocol participants SHALL
. preserve protocol integrity,
e respect protocol semantics,
. implement standardized interfaces,
*  maintain cryptographic security,
. participate honestly,
e support ecosystem interoperability.

These responsibilities apply equally to
validators, operators, developers, enterprises,
and governance participants.

30.6 Constitutional
Amendments

The Constitution is intentionally stable.
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Amendments SHALL require extraordinary
governance procedures.

The constitutional amendment process SHALL
include

»  public specification,

. technical review,

e ecosystem consultation,
e governance approval,

. implementation review,
» formal ratification.

Constitutional amendments SHOULD occur
only when necessary to preserve the long-
term health of the protocol.

30.7 Constitutional Invariants

Every compliant implementation SHALL
preserve the following constitutional
invariants.

Protocol execution remains deterministic.

Execute(x) = Execute(x)

Interoperability is preserved.
Compatible(l, Ij) =True
Protocol history remains immutable.
History,,, = History, U Events

Governance remains subordinate to the
Constitution.

Governance C Constitution

No extension SHALL invalidate constitutional
principles.

Extension = Constitution
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30.8 Relationship to
Governance

Governance manages protocol evolution.

The Constitution defines the limits of
governance.

This distinction is fundamental.
Governance determines

. parameter adjustments,

e treasury allocation,

. protocol upgrades,

*  extension approval,

* implementation policies.
The Constitution determines

+ the permanent architectural principles,

e normative protocol values,

. long-term protocol identity.

Consequently, governance derives its
legitimacy from constitutional authority.

30.9 Discussion

The AirdIT Protocol Constitution provides the
institutional foundation necessary for the
Internet of Physical Commerce to evolve
responsibly over time.

By separating enduring constitutional
principles from ordinary governance
decisions, the protocol establishes a stable
framework capable of supporting continuous
innovation without sacrificing interoperability,
determinism, openness, or security.

This constitutional model reflects the reality
that foundational infrastructure must be
governed not only by technical correctness
but also by enduring architectural values.
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As the protocol expands across industries,
governments, and generations of technology,
the Constitution serves as the common
framework through which all participants
preserve the identity and integrity of the AirdIT
Protocol.

30.10 Constitutional
Declaration

The AIrJIT Protocol exists to establish an
open, interoperable, secure, and deterministic
coordination standard for the movement of
physical commerce.

It SHALL remain implementation-independent,
blockchain-neutral, and globally accessible.

Its purpose is not to replace existing
institutions, but to provide the common
protocol through which they may cooperate.

Its success SHALL be measured not by
speculation, but by the volume, efficiency,
transparency, and trust of the physical
commerce it enables.

The Internet transformed the exchange of
information through open protocols. The
AirdJIT Protocol seeks to apply the same
principles to the coordination of physical
commerce, creating a shared foundation upon
which future generations of global trade may
be built.

Chapter 31;
Conclusion

Toward the Internet of Physical
Commerce

The AirdIT Protocol defines an open,
deterministic, and interoperable coordination
standard for physical commerce. By
combining distributed systems, cryptography,
programmable logistics, and blockchain-
independent settlement, the protocol
establishes a common infrastructure through
which governments, enterprises, operators,
developers, and financial institutions may
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coordinate global commerce without
centralized control.

31.1 Introduction

For centuries, physical commerce has
depended upon fragmented systems.

Every carrier maintains independent
infrastructure.

Every warehouse operates proprietary
software.

Every enterprise manages isolated supply
chains.

Every financial institution settles transactions
independently.

Every government administers distinct
regulatory systems.

Although global commerce has become
increasingly interconnected, its underlying
digital infrastructure remains fragmented.

The absence of a common coordination
protocol has resulted in duplicated processes,
limited interoperability, inconsistent visibility,
operational inefficiencies, and increased
commercial risk.

The AirdIT Protocol addresses this challenge
by introducing a standardized coordination
layer for physical commerce.

Rather than replacing existing organizations or
technologies, the protocol establishes a
shared execution model through which
independent participants can cooperate while
preserving autonomy.

31.2 Contributions

This document has specified the architectural
foundations of the AirJIT Protocol.

These include:

e A formal mathematical model for
decentralized physical commerce.
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» Digital Logistics Assets as protocol-
native representations of physical
assets.

e« The Physical Asset Execution Engine
for deterministic workflow execution.

e The Logistics State Machine governing
protocol state transitions.

» The Global Logistics Graph
representing worldwide logistics
infrastructure.

e The AIrJIT Coordination Engine for
optimization and intelligent routing.

e Physical Commerce Consensus for
distributed agreement on verified
operational events.

e The Blockchain Abstraction Layer
separating protocol execution from
settlement infrastructure.

e JIT as the protocol security asset.
» JUSD as the protocol settlement asset.

» Logistics Execution Contracts enabling
programmable commerce.

. A standardized Protocol Interface.

. A Hierarchical Network Architecture
supporting global scalability.

*  An open governance framework.

e« A layered AirdIT Reference
Architecture.

e A constitutional framework for long-
term protocol stewardship.

Collectively, these components define a
comprehensive distributed coordination
protocol for physical commerce.

31.3 Architectural Vision

The AirdIT Protocol is founded upon a simple
architectural principle.
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Information became globally interoperable
when the Internet standardized
communication.

Physical commerce can become globally
interoperable by standardizing coordination.

Accordingly, AirdIT is not merely another
blockchain application.

It is not simply a logistics platform.
It is not exclusively a settlement network.
Instead,

AirdIT defines the protocol layer through which
physical commerce may be coordinated
across independent organizations,
technologies, and jurisdictions.

This distinction fundamentally separates AirdIT
from existing distributed ledger systems.

31.4 Distributed Coordination

Throughout this specification,

the protocol has been described as a
Distributed Coordination Protocol (DCP).

This terminology reflects the protocol's
primary objective.

Traditional distributed ledgers establish
agreement regarding financial transactions.

AirdIT establishes agreement regarding
verified physical commerce events.

The protocol therefore coordinates
e physical assets,
e commercial obligations,
. operational workflows,
e logistics infrastructure,
. financial settlement,

through deterministic protocol execution.
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Distributed coordination, rather than
distributed computation, represents the
central innovation of the AirdIT Protocol.

31.5 Internet of Physical
Commerce

The long-term objective of AirJIT extends
beyond logistics.

The protocol establishes the digital
coordination layer necessary for an Internet of
Physical Commerce.

Within this environment,
physical assets become digitally addressable.

Commercial workflows become
programmable.

Settlement becomes deterministic.
Organizations become interoperable.
Infrastructure becomes composable.
Applications become portable.
Innovation becomes permissionless.

As the Internet standardized information
exchange,

the AirJIT Protocol seeks to standardize the
coordination of physical commerce.

31.6 Open Standard

The AirdIT Protocol is intended to function as
an open technical standard.

Independent organizations MAY
» implement protocol software,
e develop applications,
e  operate infrastructure,
. provide settlement,

. contribute protocol extensions,
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. participate in governance,

provided they preserve normative protocol
semantics.

The long-term success of the protocol
depends upon broad participation rather than
organizational exclusivity.

31.7 Long-Term Evolution

Technology will continue to evolve.
New settlement networks will emerge.
Artificial intelligence will improve.
Autonomous transportation will mature.
Identity technologies will advance.
Cryptographic standards will change.

Yet the protocol architecture has been
intentionally designed so that these
innovations may be incorporated through
standardized extensions without
compromising interoperability or deterministic
execution.

The AirdIT Protocol therefore aspires to remain
relevant not for years, but for generations.

31.8 Final Remarks

The Internet transformed society by providing
an open protocol for exchanging information.

Its success was not determined by any single
company, application, or technology.

Rather, it emerged from shared standards that
enabled independent systems to cooperate at
global scale.

The AirJIT Protocol seeks to apply this same
philosophy to physical commerce.

By establishing an open, interoperable,
secure, and deterministic coordination
standard, the protocol creates a foundation
upon which enterprises, governments,

I AirdIT

developers, financial institutions, logistics
providers, and future technologies may
collectively build the next generation of global
commerce.

The ultimate success of AirJIT will therefore
not be measured by token prices, transaction
counts, or individual implementations.

It will be measured by whether the protocol
becomes an enduring public standard through
which the world's physical commerce can
coordinate as seamlessly as information flows
across the Internet today.

110



	Chapter 1; Abstract
	Chapter 2; Mathematical Foundations
	Chapter 3; Protocol Architecture
	Chapter 4; Digital Logistics Assets (DLA)
	Chapter 5; Physical Asset Execution Engine (PAEE)
	Chapter 6; Logistics State Machine (LSM)
	Chapter 7; Global Logistics Graph (GLG)
	Chapter 8; AirJIT Coordination Engine (ACE)
	Chapter 9; Trust and Verification Layer
	Chapter 10; Protocol Events
	Chapter 11; Settlement Layer
	Chapter 12; Blockchain Abstraction Layer (BAL)
	Chapter 13; Protocol Economy
	Chapter 14; Protocol Asset Framework
	Chapter 15; JIT — Protocol Security Asset
	Chapter 16; JUSD — Protocol Settlement Asset
	Chapter 17; Network Architecture
	Chapter 18; Physical Commerce Consensus (PCC)
	Chapter 19; Protocol Governance
	Chapter 20; Logistics Execution Contracts (LEC)
	Chapter 21; AirJIT Protocol Interface (API)
	Chapter 22; Hierarchical Network Architecture
	Chapter 23; Ecosystem Architecture
	Chapter 24; Security Architecture
	Chapter 25; Cryptoeconomic Model
	Chapter 26; Interoperability Framework
	Chapter 27; Performance & Scalability
	Chapter 28; Protocol Compliance & Conformance
	Chapter 29; Future Extensions
	Chapter 30 Protocol Constitution
	Chapter 31; Conclusion

