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ABSTRACT

The HP Token (HP) is a blockchain-based Al utility asset
that powers Hewlett Packard Enterprise’s Swarm Learning
ecosystem — a decentralized, privacy-preserving framework for
collaborative machine learning. In Swarm Learning, multiple
independent organizations train Al models locally and share only
model updates, not raw data. These updates are coordinated via a
permissioned Proof of Authority (PoA) blockchain, ensuring secure
governance, contribution tracking, and automated settlement of
rewards. The HP Token provides the economic engine for this
ecosystem by: Rewarding contributions of high-quality datasets,
model updates, and compute power. Enabling access rights to Al
training federations, datasets, and inference APIs. Settling Al
marketplace transactions for model licensing, data sharing, and
compute leasing. Driving governance in Al model policies, privacy
parameters, and federated membership.

By integrating blockchain-based incentives directly into the Swarm
Learning protocol, the HP Token aligns the economic interests of
data owners, Al engineers, compute providers, and industry
stakeholders. This creates a self-sustaining Al collaboration
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The Al Collaboration
problem

Swarm Learning as
the Foundation

The Role of
the HP Token

economy where each participant is rewarded proportionally to their
measurable contribution to Al performance.

Introduction

Current Al development is hindered by:

Data Silos: Valuable datasets are trapped in organizational
boundaries due to privacy laws and competitive concerns.

Lack of Incentives: There is no standard mechanism to reward
organizations for sharing Al insights or compute resources.

Centralized Risks: Centralized Al training introduces single points
of failure and increases security risk.

Unfair Contribution Recognition: Traditional federated learning
often fails to reward contributors according to the actual quality of
their input.

HP Swarm Learning enables peer-to-peer Al model training without
central servers. Each participant trains models locally, exchanges
encrypted updates, and synchronizes improvements across the
network via blockchain-coordinated smart contracts.

However, while Swarm Learning solves the technical trust problem,
it does not solve the economic incentive problem— why should an
organization share valuable models or processing power if they
receive no tangible benefit?

The HP Token addresses this gap by introducing:

A reward system that ties payouts directly to measurable Al
contributions.

An Al marketplace where tokens are used to license models,
datasets, and APIs.

Compute leasing powered by on-chain escrow to ensure trusted
resource sharing.

Governance rights that let token holders influence Al model
parameters, federation rules, and privacy policies.

The HP Token turns Swarm Learning from a purely cooperative
model into a tokenized Al economy where contributions are
financially incentivized and tradable across industries.



Al Collaboration
Layer (Swarm
Learning)

Blockchain Layer
(PoA Network)

Token Layer
(HP Token)

SYSTEM OVERVIEW

The HP Al Utility Ecosystem consists of four tightly integrated
layers:

Local Training: Each participant trains an Al model on private data
without sharing raw datasets.

Secure Update Exchange: Model updates are encrypted and sent
to other participants.

Contribution Proofs: Swarm Agents produce zero-knowledge
attestations of contribution metrics without revealing private data.

Aggregation: Updates are merged via leader election (handled by
the PoA blockchain) and redistributed to improve the global model.

Consensus: Proof of Authority (IBFT 2.0) with identity-verified
validators from HP and partner institutions.

Function: Tracks participation, scores contributions, and automates
reward settlements in HP Tokens.

Smart Contracts:

° Reward Engine — Calculates payouts based on contribution
scores.

c Federation Registry — Maintains membership and
governance rules.

° Al Marketplace — Lists available models, datasets, and
compute offers.

Symbol: HP

Role:

i. Payment for Al services and marketplace transactions.

ii. Staking asset for federation membership and validator rights.

iii. Reward unit for verified Al contributions.



Al Marketplace Layer

Distribution:

i. Al Contribution Rewards Pool: 35%
ii. Validator Incentives: 15%

iii. Marketplace Liquidity: 10%

iv. HP Treasury & Grants: 5%

v. Public Sale / External Partners: 35%

Model Licensing: Organizations can license trained models via
token payments.

Dataset Access: Curated datasets with provable quality scores are
available for purchase.

Compute Leasing: GPU/TPU cycles can be rented with automated
payment settlement.

Reward Formula for Al Contributions

Let:

AAi = Model accuracy improvement by participant /
Qi = Data quality score for participant /

Ci = Compute contribution score for participant /

a,B,y = Weight coefficients set by governance

P, ,,na = Token pool for the round

roun
m = Total participants in the round
Contribution Score:
Si=a-AA+[-0;+7-C

Reward Allocation:



Consensus Protocol

Validator Eligibility
and Staking

This ensures rewards are proportional to the actual value a
participant adds to the collective Al model.

CONSENSUS AND GOVERNANCE

The HP Token network operates on a permissioned Proof of
Authority (PoA) blockchain, optimized for enterprise-scale Al
collaboration within HP Swarm Learning. This consensus model
balances high throughput, low latency, and governance
transparency.

The network uses IBFT 2.0 (Istanbul Byzantine Fault Tolerance), an
enhanced PoA variant that achieves deterministic finality. Each
validator is a known, identity-verified institution — either HP itself or
strategic partners operating in regulated Al-intensive industries such
as healthcare, finance, and automotive.

Fault Tolerance Equation:

e

Where:

* = maximum Byzantine (malicious) validators tolerated
* n = total number of validators

Example: If n=15, the network toleratesf =4 malicious validators
without breaking consensus.

Validators are required to stake HP Tokens as a service bond to
participate in block production. The stake serves as both a security
deposit and an economic commitment to honest behavior.

Staking Requirement Formula:

Stakemin =4- Tcirc

Where:

Stake,,;, = minimum tokens a validator must stake

o0 = stake ratio (set by governance, e.g., 0.005 for 0.5%)



Governance Council

Slashing Mechanism

T.

circ

= circulating token supply

This ensures that as the token supply grows, validator stake
requirements scale proportionally.

The network’s strategic decisions are made by a Governance
Council, consisting of validator representatives, HP leadership, and
elected Al ecosystem stakeholders.

W;=S,+4-H,

W, = voting weight of member i

S, = staked tokens by member i

A = historical contribution score in Swarm Learning

H; = contribution-to-vote weight coefficient set by governance

This design ensures governance influence reflects both economic
stake and Al contributions, avoiding purely capital-based
dominance.

To deter malicious actions, validators engaging in double-signing,
censorship, or fraudulent oracle reporting will have a portion of their
stake slashed.

Slashing Penalty Formula:

Penalty = o - Stake

validator

Where:
Penalty = tokens confiscated
o = penalty ratio (e.g., 0.20 for 20%)

Stake = total tokens staked by validator

validator

Slashed tokens are split between the protocol treasury and recent
contributors as an anti-fraud reward.



Al-Specific
Governance Actions

Marketplace
Components

Model Licensing
Workflow

Unlike generic blockchain governance, HP’s governance council
can vote on Al operational parameters, such as:

Weight coefficients q, B, y in the reward formula
Minimum data quality thresholds for federation participation
Privacy budget allocation rules for differential privacy

Example: Updating Reward Coefficients
A governance proposal may request:

@y = 0.6, B0y = 0.25, 7,5, = 0.15

ew

to increase the reward emphasis on model accuracy improvements.

Al MARKETPLACE MECHANICS

The HP Al Marketplace is the commercial and operational hub of
the Swarm Learning ecosystem. It enables model licensing, dataset
trading, and compute leasing between participants, with the HP
Token (HP) serving as the exclusive medium of exchange.

The marketplace operates through on-chain smart contracts that
enforce:

Model Registry: Tracks model versions, owners, performance
scores, and licensing terms.

Dataset Registry: Stores dataset metadata, quality scores, and
access rights.

Compute Registry: Lists available compute resources (e.g., GPU,
TPU) with specifications and hourly rates.

Escrow Contracts: Hold tokens during a transaction until the buyer
confirms delivery or an automated verification oracle approves
completion.

i) Listing: A model owner registers their model on-chain with
performance metrics and a price in HP tokens.

i) Purchase: The buyer sends tokens to the escrow contract.



Dataset Trading

Compute Leasing

iiij Delivery: Model weights or API access keys are released to the
buyer.

iv) Settlement: Tokens are released to the seller upon successful
delivery verification.

Escrow Payout Formula:

Pseller = Pescrow : (1 - ¢)

Where:
P, = tokens received by the seller
P,..., = total price locked in escrow

= marketplace fee ratio (e.g., 0.05 for 5%)
& p g

The fee ¢ is sent to the protocol treasury to fund ecosystem
development.

Datasets in the marketplace are not transferred as raw files but
accessed through privacy-preserving APIs. Buyers can pay per
query, per training epoch, or via subscription.

Per-Epoch Payment Formula:

Ptotal =P poch E

e

Where;
P, ., = total tokens paid
P,,0cn = tokens charged per training epoch

E = number of epochs purchased

Participants with idle compute capacity can lease it to others for
model training or inference.

Compute Cost Formula:

P

compute

= Rhour -H



On-Chain Reputation
and Pricing
Adjustment

Al Marketplace
Settlement Flow

Where;

P

compute = total tokens paid for compute usage

R, = token rate per hour of compute

H = total hours used

Optionally, a Quality Multiplier (QM) can be applied if the provider’s
hardware offers above-baseline performance (e.g., A100 GPUs vs.
standard).

With Quality Multiplier:

P

compute

= Ryour- H-OM

The marketplace incorporates a dynamic pricing mechanism
where the seller’s reputation score influences final price.

Adjusted Price Formula:

Padjusted = Pbase (I+xk- Rscore)
Where;

P

adjusted = final price after reputation adjustment

P, = base listing price

R, . = seller’s reputation score (range -1 to +1)

k = scaling coefficient set by governance

This ensures that reputable sellers can charge a premium, while
low-reputation sellers may need to discount.

All transactions are HP Token-native within the PoA chain.

Cross-chain buyers can use bridged ERC-20 HP tokens on the
public chain, which are converted to native HP tokens via the
Bridge Contract before marketplace settlement.



Total Supply

Initial Allocation

Emission schedule

The marketplace is integrated with Swarm Learning Contribution
Oracles to allow participants to reinvest earned rewards directly into
model purchases, dataset subscriptions, or compute rentals.

Tokenomics Model

The HP Token (HP) is the economic engine of the Swarm Learning
Al ecosystem. Its design ensures long-term sustainability,
predictable supply mechanics, and alignment between Al
contribution value and token demand.

The HP Token has a fixed maximum supply to ensure scarcity and
long-term value stability.

Maximum Supply:
T, .. = 1,000,000,000
Where:

T

max = Maximum total tokens minted over the network’s lifetime.

At genesis, the token supply is allocated as follows:

Al Contribution 35% 350,000,000
Validator Incentives 15% 150,000,000
Marketplace Liquidity 10% 100,000,000
HP Treasury & Grants 5% 50,000,000

Public Sales 35% 350,000,000

The Al Contribution Rewards Pool is distributed over time to
incentivize participation. Rewards are emitted using a decay
function to gradually reduce emissions as the network matures.

Emission Function:
El = EO . rt

Where;

10



Al Contribution
Reward Pool

Marketplace
Revenue Buyback

Buy & Burn Supply
Reduction

E, = emissions in period t
E, = emissions in the first period
r = decay ratio per period (0O <r< 1)

Example: If E, =20,000,000 tokens/year and r =0.90, emissions
drop by 10% annually.

Each training round in Swarm Learning draws a portion of the
active period’s emissions into a Round Reward Pool.

Round Reward Pool Formula:

Prouna = —
" Nyounds
Where:
P, ,...a = tokens available for the round
N, ,nas = Number of training rounds in the period t

A fixed percentage of all Al marketplace fees is allocated to token
buybacks, which are then burned to reduce circulating supply.

Buyback Amount Formula:

B,=u-R

market
Where;
B, = tokens bought back in period t

U = buyback rate (e.g., 0.25 for 25%)

R = total marketplace revenue in tokens

market

Tokens purchased through buybacks are permanently removed from
circulation.

Circulating Supply Reduction:

11



Long Term Demand
Drivers

Contribution Metrics

Tcirc,new = Tcirc,old - Bt
Where;
T.irc.new = Updated circulating supply after burn

T.ic.014 = Circulating supply before burn

The token’s value is driven by:

i) Al Access Utility — Required for model licensing, dataset
subscriptions, and compute rentals.

i) Contribution Rewards — Paid to contributors improving Al
model performance.

iiij Governance Influence — Token holders can vote on Al model
rules, reward weights, and marketplace policies.

iv) Validator Staking — Required to operate validator nodes on the
PoA chain.

REWARD MECHANISMS
FOR SWARM LEARNING

The HP Token reward system is the core incentive engine for driving
active participation in Swarm Learning federations. It ensures that
organizations contributing data, compute, and model improvements
are compensated proportionally to the measurable value they
provide.

Each participant i in a Swarm Learning training round is evaluated
using three primary metrics:

i) Model Accuracy Improvement AAl-

The increase in validation accuracy (or relevant performance metric)
contributed by the participant’s model update.

i) Data Quality Score (Q,)

A composite score based on dataset cleanliness, diversity, and
novelty, verified through on-chain oracles.

12



Contribution Score
Formula

Reward Allocation
Formula

Accuracy
Improvement
Calculation

iiij Compute Contribution Score C;

The amount of compute (CPU/GPU cycles) contributed to the
training process, normalized for hardware performance.

The overall contribution score for participant i in a round is
calculated as:

S=a-AA+p-0,+y-C

Where;

S, = contribution score

a, f, y = weighting coefficients set by governance
AA,;, O;, C; = participant-specific metrics.

Governance can dynamically adjust a,f,y to reflect network

priorities (e.g., temporarily rewarding compute more during large-
scale model training).

Once contribution scores are computed, rewards are allocated
proportionally:

S;
R; = ZTISJ “Prouna

Where;
R, = tokens awarded to participant i

m = number of participants in the round

P

ound = total reward pool for the round

For each participant:

AA = A

new,i Abase

13



Data Quality scoring

Compute
Contribution
Normalization

Anti-Gaming
Safeguards

Where;

A = validation accuracy after participant’s update

new,i

A, .. = validation accuracy before update

The data quality score is a weighted average of multiple quality
indicators:

n
Q= Z Wi * Gik
k=1

Where;

w;, = weight assigned to quality indicator k
q; x = participant’s score for quality indicator k

n = total number of quality indicators

Example indicators: label accuracy, dataset diversity, class balance,
novelty.

To ensure fairness between participants with different hardware,
compute contribution is normalized:

C - H; - Perf;
" max(H) - max(Perf)

Where;

H; = total compute hours contributed by participant i
Perf; = performance factor of participant’s hardware (e.g., FLOPS)

max(H ) - max(Perf) = highest values among all participants in
the round

To prevent reward exploitation:

Minimum thresholds for AA;, O;, C; are enforced before eligibility.

14



Example Reward
Computation

(i) HP Token Contract

Duplicate or redundant updates are detected via model similarity
hashes.

Abnormally large accuracy jumps are flagged for manual or
automated review.

i. a=05, $=0.3, y=0.2

iii. P = 10,000 HP tokens

round

Then;

$,=05-0024+03-09+0.2-0.65, =0.01 +0.27+0.12 =0.40

If the sum of all the S; for the round is 5.0

0.40
R, = =0 10,000 = 800 HPE tokens

SMART CONTRACT ARCHITECTURE

The HP Token blockchain layer is powered by a suite of Ethereum-
compatible smart contracts deployed on the HP PoA Authority
Network.

These contracts manage Al contribution rewards, marketplace
transactions, governance, and validator operations, while
integrating directly with Swarm Learning nodes.

HP Token Contract
Standard: ERC-20 compatible.

Functions:

transfer(), approve(), transferFrom() — token
transfers.

mint () — controlled minting for reward emissions.

15



burn () — buyback burns and penalty enforcement.

Events:
Transfer(from, to, value)
Mint(to, amount)

Burn(from, amount)

(ii) Reward Engine Reward Engine Contract

Contract Purpose: Automates reward distribution based on contribution
scores from Swarm Learning.

Key Inputs:
S, from contribution oracles.

P,.,..na from tokenomics emission schedule.

Core Formula:

Si

i Zm S, ) Pround

Workflow:
Receive contribution metrics from Swarm Oracles.
Compute rewards per participant.

Distribute HP Tokens to contributor wallets.

(iii) Federation Federation Registry Contract

Registry Contract Purpose: Maintains records of active Al federations and their
members.

Functions:
registerFederation() — create a new Al federation.
joinFederation() — participant entry with staking requirement.

updateParameters() — adjust federation-specific training policies.

16



Governance Integration: Parameter updates require validator or
council approval.

(iv) Al Marketplace Al Marketplace Contract

Contract Purpose: Facilitates model licensing, dataset trading, and compute

leasing.

Escrow Payout Formula:

Events

Petier = Pescrow = (1 = @)
Where;

P, = seller’s payout
P, o = €scrowed payment

¢ = marketplace fee ratio

Events

ListingCreated(id, seller, type, price)

PurchaseCompleted(id, buyer, seller, amount)

Validator Registry Contract

Purpose: Manages validator onboarding, staking, and penalties.

Staking Requirement Formula:
Stake,;, =06-T,,.
Where;

Stake,,;,, = minimum stake required
0 = staking ratio

T.,,. = circulating token supply

Penalty Enforcement: Supports slashing and stake confiscation.

17



(v) Bridge Contract

Swarm Learning
Integeration Points

Bridge Contract

Purpose: Locks native HP tokens and mints bridged ERC-20 HP on
public chains.

Security: Threshold signature (t-of-n) validation.
Functions:

lockTokens(amount) — for bridging to public chain.
releaseTokens(amount) — for returning from public chain.

Rate Limit Formula:

Lmax=p'T

circ

Where

L,,., = maximum tokens allowed to bridge per day

p = daily transfer cap ratio

i) Swarm Contribution Oracle
Deployed alongside Swarm Learning nodes.

Extracts contribution metrics:

AA;— accuracy improvement
Q; — data quality score

C; — compute contribution
Submits metrics to the Reward Engine contract.
ii) Privacy Layer Hooks

Contribution proofs are generated using zero-knowledge techniques
or secure aggregation before submission.

Ensures compliance with GDPR/HIPAA without revealing raw data.
iii) Automated Round Settlement

At the end of each training round:

18



Upgrade and
Governance Model

Design Principles

Lock-and-Mint
Process

Oracles finalize contribution scores.
Reward Engine computes R; and distributes tokens.

Federation Registry logs round completion for auditing.

All contracts are upgradeable via a Governance Council-controlled
proxy pattern.

Critical functions (mint, burn, bridge parameters) require multi-
signature validator approval.

Al-specific settings, such as reward weights a, 5,y are adjustable
via on-chain proposals.

BRIDGING PROTOCOL

The HP Bridge Protocol connects the permissioned HP PoA
Authority Network to public blockchain networks(Ethereum mainnet
or L2 solutions).

It enables external liquidity for the HP Token while preserving
enterprise governance and security.

Controlled Liquidity Flow — Only a limited portion of the total HP
token supply can circulate on public chains.

Two-Way Peg — Native HP tokens on the PoA network are locked
when equivalent ERC-20 HP tokens are minted on the public chain.

Enterprise-Grade Security — Threshold signatures, rate limits, and
compliance checks are enforced on every bridge transaction.

Auditability — Every bridging event is recorded on both chains with
cryptographic proofs.

Outbound (PoA — Public Chain):

i) User calls lockTokens (amount) on the Bridge Contract
in the PoA network.

i) Tokens are locked in the PoA bridge vault.

19



iiij Validators sign a bridge transaction proof using threshold
signature scheme (t-of-n).

iv) ERC-20 HP tokens are minted on the public chain in the same
amount.

Inbound (Public Chain — PoA):

i) User calls burnTokens (amount) on the Bridge Contract
in the public chain.

i) Burn proof is submitted to the PoA network.

iii) Validators verify and release locked tokens back to the user.
Security Formula Rate Limit Formula
Lmax =P L
Where;

L,,,, = maximum tokens allowed to bridge per 24 hours

p = daily transfer cap ratio (e.g., 0.02 for 2%)

T

circ

= circulating token supply on the PoA network

Threshold Signature Requirement
2n

t>|—
3

Where;

1 = minimum validator signatures required for bridge approval

n = total number of active bridge validators

This enforces Byzantine fault tolerance in bridge approvals.

20



Compliance Layer

Bridge Fee Model

Liquidity Control

Before tokens are bridged, the following compliance checks are
performed:

KYC/AML Verification — Optional for public network participants,
mandatory for enterprise accounts.

Sanction Screening — Addresses flagged in compliance databases
are rejected.

Jurisdiction Rules — Certain regions may have custom transfer
limits or restrictions.

Every bridge transaction charges a small fee, split between
validators and the protocol treasury.

Bridge Fee Formula
Fbridge =0- Abridge
Where

Fl,iq4 = Fee charged in tokens

6 = bridge fee ratio (e.g., 0.005 for 0.5%)

Aprigge = = token amount being bridged

To prevent market shocks:

Dynamic Limits — L, ax can be adjusted by governance during
volatility.

Circuit Breakers — Emergency stop can pause all bridge activity in
case of detected exploits.

Gradual Release Schedule — For newly minted public HP tokens,
unlocks can be time-based to prevent instant dumping.

SECURITY MODEL

The HP PoA + Swarm Learning ecosystem must protect both
blockchain infrastructure and the integrity of Al model training.

21



Blockchain Security

Al Model Integrity

Security is approached in three layers: Blockchain Security, Al
Model Integrity, and Operational Security.

The blockchain layer protects token balances, validator operations,
and on-chain governance from malicious activity.

i. Consensus Security

Validator Authentication — Each validator uses hardware-backed
cryptographic keys stored in HSMs (Hardware Security Modules).

IBFT 2.0 Finality — Transactions are final after one block,
eliminating fork-based double spends.

Byzantine Fault Tolerance Limit

5

Where;

f = maximum number of Byzantine validators tolerated

n = total validators
ii. Slashing for Misbehavior

Validators engaging in double signing, censorship, or oracle
manipulation are penalized.

Slashing Penalty

Penalty = o - Stake

validator

Where;
o = penalty ratio (e.g., 0.20 for 20%)

Stake = total tokens staked by validator

validator

Since token rewards are tied to Al model contributions, the system
must ensure submitted updates are genuine, non-malicious, and
valuable.

22



Contribution Oracle
Security

Operational Security

i. Model Poisoning Detection

All model updates are checked against model similarity hashes to
detect anomalies.

Updates causing sudden, unexplained accuracy drops are flagged
for governance review.

ii. Accuracy Verification

Each participant’s claimed improvement AA;is validated using
federation test datasets stored in secure enclaves.

iii. Accuracy Improvement

AA = A

new,i Abase
iv. Data Quality Fraud Prevention

Participants cannot reuse identical datasets across multiple rounds
to farm rewards.

Data fingerprints are hashed and stored on-chain to detect
duplicates.

The Swarm Contribution Oracles that feed metrics to the
blockchain are:

Run by multiple independent validators to prevent single-point
compromise.

Audited regularly for accuracy and compliance.

Secured with multi-signature submissions so no single oracle can
submit fraudulent scores.

i. Key Management
All validator and oracle keys are stored in FIPS 140-2 Level 3 HSMs.

Critical operations (mint, burn, bridge release) require multi-
signature approval.

ii. Emergency Circuit Breakers

The protocol includes emergency pause mechanisms:

23



Data Protection &
Privacy Compliance

Pause all reward distributions if fraudulent contributions are
detected.

Pause bridge operations during suspected exploits.
ili. Security Auditing

Smart Contract Audits — Conducted by at least two independent
security firms before deployment.

Continuous Monitoring — Real-time anomaly detection for both
blockchain activity and Al model updates.

Bug Bounty Program — Incentivizes external security researchers to
report vulnerabilities.

COMPLIANCE FRAMEWORK

The HP Token ecosystem operates in regulated enterprise
environments where data privacy laws, financial regulations, and
jurisdiction-specific restrictions must be fully respected.

This compliance framework ensures that blockchain operations, Al
collaboration, and marketplace transactions meet legal and ethical
standards globally.

i. GDPR Compliance

Data Minimization — Only model updates and derived metrics are
transmitted, never raw datasets.

Right to Erasure — Al model parameter history can be pruned upon
legal request without breaking blockchain consensus (off-chain
storage for sensitive elements).

Consent Management — All participants must agree to federation-
specific data usage policies stored in the Federation Registry
Contract.

ii. HIPAA Compliance (Healthcare)
Patient data is processed only in secure local environments.
All shared Al updates are anonymized and encrypted.

Contribution Oracles operate inside Trusted Execution
Environments (TEEs) to protect model data in use.

24



Financial
Compliance

ili. Privacy Budget Allocation

When Differential Privacy is enabled, each federation can set a
privacy budget for training.

Privacy Budget Consumption Formula

k
€used = Z €r
r=1
Where;
€,,04 = total privacy budget used across k training rounds

€, = budget spent in round r

Governance can enforce penalties for participants exceeding
allowed budgets.

i. KYC/AML

Mandatory for enterprise participants acting as validators or
marketplace sellers.

Optional for public chain users unless jurisdiction requires
otherwise.

Screening — All addresses passing through the Bridge Contract are
checked against OFAC and FATF lists.

ii. Jurisdictional Transfer Limits

Certain jurisdictions may require per-day token transfer caps.
Jurisdictional Cap Formula

Capjurisdiction =n;- Tcirc

Where

Capjmsdic,ion = max daily transfer for jurisdiction j
17; = jurisdiction-specific transfer ratio

T

cire = Circulating token supply

25



Governance and
Compliance
integeration

Al Marketplace
controls

Blockchain
Performance Targets

Compliance Oracles validate every high-value marketplace
transaction before final settlement.

On-chain Governance can update compliance parameters (e.g., nj

limits) without redeploying contracts.

Audit Trails — Every governance decision and parameter change is
permanently stored on-chain for regulator review.

Dataset sellers must provide data origin attestations and proof of
rights.

Model sellers must declare training data provenance and applicable
licenses.

Compute lessors must confirm data handling compliance in service
agreements.

PERFORMANCE AND SCALABILITY

The HP Token + Swarm Learning network is designed for low-
latency, high-throughput Al collaboration while maintaining
enterprise-grade reliability. Performance optimization covers both
blockchain infrastructure and Al model aggregation workflows.

i. Transaction Throughput

The PoA Authority Network targets sustained high transaction rates
to handle:

Reward settlements
Marketplace trades
Validator staking events
Bridge operations

Throughput Formula

TPS = T'xtotal
totock * Npiocks
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Al Model Update
Scalability

Where;

TPS = transactions per second

T'x,,,,; = total transactions processed in the sample
10k = block time in seconds

Nyjpeks = Number of blocks in the sample

Target: TPS = 500 for standard load, scalable to 1500 + during
peak Al collaboration cycles.

ii. Block Latency

Low latency is critical for synchronizing model updates between
Swarm Learning nodes.

Block Latency Formula

La tencyblock = tfinality

Where:

Yinaliry = time from transaction broadcast to final block confirmation

Target: 75,41, <4 seconds.

i. Round Settlement Time

The end-to-end settlement time for a training round is defined as:

Tround = Tirain + Tagg + Tetnie

Where;

T,,,in = model local training time

Tagg = time to aggregate updates across participants
T = time to finalize rewards on blockchain

settle
Target: T,,,,4< 60 seconds for small-to-medium federations.

ii. Model Aggregation Parallelism
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Scadling Strategies

To support multiple Al federations in parallel:

Max Federations Formula

F Ctotal
max ~ C
‘federation
Where;
F, .. = maximum number of active federation

m

C

rotal = total available compute capacity (normalized units)

Crederation = COMpute required per federation

i. Blockchain Layer Scaling

Horizontal Validator Scaling — Adding validators increases
throughput linearly in PoA with optimized gossip protocols.

Batching Transactions — Swarm Learning reward claims can be
aggregated into a single settlement transaction per federation.

ii. Al Layer Scaling

Hierarchical Aggregation — Federations can be subdivided into
clusters that perform local aggregation before global merging.

Asynchronous Updates — Participants can submit updates
asynchronously to reduce idle times.

iii. Hybrid Scaling with L2

For extreme workloads, an L2 rollup can batch marketplace and
reward transactions before final settlement on the PoA network.

IMPLEMENTATION ROADMAP

The HP Token + Swarm Learning deployment follows a phased
rollout strategy, ensuring stability, security, and adoption across
both blockchain and Al collaboration layers.

Finalize PoA Authority Network architecture using IBFT 2.0
consensus.
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Phase 1- Research &
Architecture
(Completed)

Phase 2 - Testnet
Deployment
(Completed)

Phase 3 - Pilot Al
Federations
(Completed)

Define HP Tokenomics Model and Al reward formulas:
Select validator council members from strategic enterprise partners.

Design Contribution Oracles and their integration with Swarm
Learning nodes.

Draft governance policies for reward weighting, privacy budgets,
and staking rules.

Deploy PoA blockchain testnet with:

Validator Registry

Reward Engine

Al Marketplace prototype
Integrate Swarm Learning Oracles for contribution score calculation.
Launch Al Federation Registry for onboarding test participants.
Conduct security audits on smart contracts and oracle software.

Begin synthetic Al model training simulations to test reward system
throughput.

Onboard 3-5 enterprise Al federations (healthcare, finance,
automotive).

Implement Marketplace Escrow Contracts for:

Pseller = Pescrow : (1 - ¢)

Measure round settlement time:

T

round —

T, i+ T,,+T

train agg settle

Collect performance, scalability, and compliance feedback from
pilot participants.

Deploy HP PoA Mainnet with full validator council.
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Phase 4 - Mainnet
Launch
(Ongoing)

Phase 5 - Ecosystem
expansion (2026)

Phase 6 - Global
Scaling (2027 &
beyond

Core Features

Privacy

Activate HP Token rewards and staking.
Launch Al Marketplace for public enterprise use.
Enable Bridge Protocol to ERC-20 HP on Ethereum mainnet.

Establish KYC/AML onboarding portal for compliant participants.

Onboard 20+ Al federations across multiple industries.
Launch dataset provenance verification in Marketplace.
Add hierarchical model aggregation to support larger federations.

Introduce L2 rollup integration for high-volume marketplace
transactions.

Expand validator set to 50+ institutions globally.

Integrate with HP GreenLake for hybrid cloud Al billing in HP
Tokens.

Enable real-time federated inference services monetized via
micropayments.

Establish global liquidity pools for HP Token across multiple public
chains.

Introduce Al governance DAO to handle model ethics, bias
prevention, and fairness parameters.

CONCLUSION

The HP Token represents a fundamental shift in how artificial
intelligence can be built, shared, and monetized across enterprise
boundaries.

By tightly integrating blockchain-based economic incentives with
HP Swarm Learning’s privacy-preserving Al framework, this system
enables organizations to collaborate on Al development without
compromising data security, regulatory compliance, or competitive
advantage.

Through its Proof of Authority (PoA) blockchain foundation, the HP
Token ecosystem provides:
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Al Marketplace
economy

Governance

Compliance

Implementation

Deterministic finality for transaction settlement.
Identity-verified validator governance, ensuring enterprise trust.

Scalable reward distribution tied directly to measurable Al
contributions.

The Al Marketplace, powered by the HP Token, creates a self-
sustaining economy for:

Model licensing and deployment.

Privacy-preserving dataset monetization.

Secure compute resource leasing.

The tokenomics model ensures:

Scarcity via fixed maximum supply.

Long-term participation incentives via decaying reward emissions.

Price stability mechanisms through marketplace revenue buybacks
and burns.

The governance framework balances economic stake and Al
contribution history, preventing dominance by token-rich actors
while promoting innovation.

The compliance architecture aligns with GDPR, HIPAA, and financial
regulations, ensuring adoption in highly regulated industries such as
healthcare, finance, and automotive.

The implementation roadmap lays out a measured path from
research to global deployment, minimizing risk while maximizing
adoption. With the HP Token, Al collaboration becomes secure, fair,
and economically viable — transforming decentralized Al from a
promising concept into an operational reality at global scale.

Long-Term Vision

The long-term vision for the HP Token ecosystem is to:
i. Enable cross-industry Al collaboration without data sharing.

i. Create an Al economy where value flows to those who
contribute the most.
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iii. Scale the system to support real-time Al inference and
streaming federated learning.

iv. Establish global Al governance mechanisms for ethical and fair
model deployment.

“In doing so, the HP Token will not only power the next
generation of decentralized Al, but also serve as a
cornerstone for the trusted Al infrastructure of the
future."
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