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Abstract

The Pandacea Protocol is a decentralized infrastructure layer designed to facilitate a
fair, secure, and transparent market for real-world, user-generated data. It addresses
the systemic failures of the current data paradigm—including the technical, economic,
labor, copyright, and social crises—by establishing a new framework for "Informational
Labor" built on verifiable consent and distributed value. This paper details the
protocol's architecture, its "trust-by-proof" privacy model enabled by the integration
of OpenMined's PySyft, its sophisticated agent-based economic model, and its
phased roadmap to full community governance. By combining these elements,
Pandacea is designed to become an open, community-governed public utility through
a process of progressive decentralization, providing the foundational trust layer for
the emerging Agent-First Economy.

1. Introduction

The modern digital economy is predicated on a fundamental imbalance that has led to
a series of converging crises. The Pandacea Protocol is a direct technical response to
these failures. It is a set of open standards and smart contracts on a path to
community ownership, designed to provide a legal "safe harbor" for Al training data
and a "trust-by-proof" model for user privacy.

2. System Architecture

The Pandacea ecosystem is comprised of several interoperable layers designed for
security, scalability, and user control.

2.1. MyData Agent: The User's Sovereign Datasite
The MyData Agent is a user-controlled application that acts as a digital guardian for a user's
data. In v2.7, the agent is architecturally enhanced to function as a personal, sovereign
Datasite Server, based on the model provided by OpenMined's PySyft library (OpenMined,
n.d.-c). This allows the agent to directly participate in privacy-preserving computations
without ever exposing raw data. Its key functions include:
e On-Device Policy Enforcement: Uses an embedded Open Policy Agent (OPA)
engine to evaluate all incoming requests against user-defined rules.
e Secure Non-Custodial Key Management: Leverages a device's built-in secure
hardware (e.g., Secure Enclave) to manage cryptographic keys.
e Privacy-Preserving Computation Node: Acts as a node for executing remote



data science tasks, such as federated learning or secure multi-party computation.
2.2. Decentralized Storage & Data Management Stack

e Storage Layer (IPFS/Filecoin): User data is stored on decentralized networks.
e Mutable Data & Identity Layer (Ceramic Network): User profiles and dynamic
data are managed on the Ceramic Network.

2.3. Settlement Layer (Polygon PoS)

All on-chain transactions are executed on the Polygon PoS network for its low cost and high
throughput.

3. Core Components & Guarantees: The "Trust-by-Proof" Model

3.1. Verifiable Privacy-Enhancing Technologies (PETS) via PySyft Integration

Pandacea v2.7 transitions from a "trust-by-promise" to a "trust-by-proof" privacy model by
integrating OpenMined's PySyft library. This enables a sophisticated, two-tiered
"privacy-as-a-service" model where the data buyer bears the computational costs.

e Tier 1: Cohort-Level Analysis with Federated Learning (FL): For use cases like
market research, a buyer's agent can initiate an FL training task across thousands
of consenting MyData Agents. The Al model is trained locally on each device, and
only the aggregated, often differentially private, model updates are returned
(Google Al, 2019).

e Tier 2: High-Assurance Validation with Secure Multi-Party Computation
(SMPC): For high-value or sensitive datasets, a buyer can use Pandacea's
Decentralized Data Clean Rooms, implemented using PySyft's SMPC capabilities.
The buyer's agent and a user's MyData Agent engage in an SMPC protocol (e.g.,
SPDZ), allowing the buyer to compute on encrypted data and receive a final
output (e.g., "model accuracy: 92%") without accessing the raw data
(OpenMined, 2020b).

3.2. Decentralized Identity & Verifiable Consent

The protocol uses W3C standard Decentralized Identifiers (DIDs) and Verifiable Credentials
(VCs). Every data lease requires a user to cryptographically sign a VC, creating an immutable,
auditable trail of consent. This provides a legal "safe harbor" against copyright infringement
claims and is designed to satisfy the stringent requirements of academic Institutional Review
Boards (IRBs) (Stanford University, n.d.).

3.3. Data Enricher Workflow & Royalty Automation

The protocol provides a trustless framework for "Data Enrichers" to create derivative products
while ensuring original contributors are compensated.

e Technical Lineage Tracking: Data lineage is maintained through cryptographic
hashes. When an enricher creates a new dataset, its metadata, stored in a VC,
includes the IPFS Content Identifiers (CIDs) of all source datasets used. This
creates a verifiable, on-chain link back to the original contributors.



e Automated Royalty Distribution: To facilitate this, an enricher deploys a
standardized Royalty Distributor smart contract on Polygon. When a buyer pays
for the enriched data, the funds are sent to this contract. The contract then
automatically executes the 70/30 revenue split, forwarding 30% of the payment
to the wallet addresses of the original data contributors (retrieved from the
source VCs) and 70% to the enricher. This automates fair compensation and
enables a scalable market for derivative data products.

4. Economic Model: Buyer-Side Data Sourcing Agent Logic

The Pandacea marketplace is facilitated by sophisticated agents operating on
principles of Agent-based Computational Economics (ACE). The buyer-side agent's
logic is designed to be defensive and risk-averse to protect all market participants.

4.1. Query Formulation

A human's data need is translated into a structured, machine-readable query specifying data
types, geo-boundaries, time ranges, privacy constraints, and budget.

4.2. Seller Discovery and Selection

The agent uses an adaptive, multi-stage filtering process based on the principle of "bounded
rationality" (Tesfatsion, n.d.).

¢ Initial Filtering: Filters potential sellers based on basic query parameters.

e Reputation-Based Shortlisting: Filters the pool based on a weighted reputation
score derived from on-chain Soulbound Tokens (SBTs) and the agent's private
interaction history.

e Adaptive Weighting: The agent learns over time, dynamically adjusting its
filtering model to give more weight to its own private experience-based signals.

4.3. Automated Negotiation and Execution
The agent's logic is designed to mitigate the risks of automated negotiation, where more
capable Al models can exploit weaker ones (Stanford HAI, 2025).

e Pre-Negotiation Intelligence: The agent queries the network for anonymized,
aggregate statistics on recent lease prices to establish a data-driven "fair market
value" range.

e Defensive Circuit Breakers: To prevent exploitation, the agent employs
hard-coded rules:

o Price Ceiling: Never accepts or counters an offer above the user's budget or
the market price ceiling.

o Round Limit: Terminates a negotiation if it exceeds a predefined number of
rounds (e.g., five).

o Constraint Adherence: Continuously verifies that all terms remain within the
user's originally specified constraints.



e Execution and Learning: Once a deal is accepted, the agent constructs the
on-chain transaction and logs the outcome to its local database, feeding this
experience back into its adaptive selection model.

5. Progressive Decentralization & Governance

Pandacea's governance model is designed for resilience and is built on a commitment
to progressive decentralization. This is a deliberate, multi-year journey to transition
the protocol from a founder-led project into a fully autonomous, community-governed
public utility. This phased approach, modeled on the successful playbooks of
protocols like MakerDAQ, ENS, and Arbitrum, ensures stability during early growth
while guaranteeing an irreversible path to community ownership.

5.1. Phase 1: Foundation Launch (Secure Beginnings)

e Objective: To establish a secure legal and technical foundation for the protocol.

e Governance Model: The protocol is initially managed by the Pandacea
Foundation (a Wyoming LLC) to ensure professional oversight, rapid development,
and legal accountability. All core software is released under a permissive
open-source license (MIT) and subjected to third-party security audits to build
trust through transparency.

e Community Role: The community participates through feedback, beta testing,
and open-source contributions. The Foundation's actions are fully transparent.

5.2. Phase 2: Shared Governance (The Transition)

e Graduation Triggers: This phase begins after the protocol achieves clear market
validation, defined by metrics such as >10,000 Monthly Active Wallets (MAW) and
>$5,000,000 in transacted value.

e Key Actions:

o PGT Token Launch: The Pandacea Governance Token (PGT), an ERC-20
token on Polygon, is introduced. A majority of the supply is allocated to the
community and a DAO treasury to ensure decentralized control from the
outset (Uniswap Labs, 2020).

o Non-Profit Foundation: A non-profit foundation is established in a
crypto-friendly jurisdiction (e.g., Cayman Islands) to act as the legal
representative of the DAO, a structure used by ENS and Arbitrum (Messari,
2023; coindesk.com).

o Hybrid Governance Activation: On-chain voting is enabled for PGT holders.
To protect the protocol during this transition, two key safeguards are
implemented:

1. Community Security Council: A multi-signature council, elected by the



5.3.

5.4.

community and composed of core team members and vetted experts,
holds limited, emergency veto power over proposals that threaten
protocol security. This is a battle-tested mechanism used by ENS and
Arbitrum (ENS DAQ, 2024; Messari, 2023).

2. On-Chain Time-Locks: All passed governance proposals are subject to a
time-lock (e.g., 48 hours) before execution, giving the community time to
review and react to any potentially harmful changes.

o Vote Delegation: To combat voter apathy and encourage informed
decision-making, a vote delegation system is implemented, allowing users to
delegate their voting power to trusted community representatives.

Phase 3: Fully Decentralized DAO (Community at the Helm)

Objective: To achieve full, irreversible community governance, establishing
Pandacea as a self-sustaining public utility.

Governance Model: The founding LLC and transitional Security Council are
dissolved, their powers having been fully transferred to the DAOQ. All protocol
upgrades, treasury management, and parameter changes are executed
exclusively through on-chain PGT holder voting. The protocol is now resilient to
any single point of failure.

Ecosystem: The DAO funds ongoing development and ecosystem growth
through community-governed grants, supporting independent core units and
contributors, a model pioneered by MakerDAO (Cointelegraph, 2021).

Token Distribution & Vesting

Token: Pandacea Governance Token (PGT), an ERC-20 token on Polygon.
Distribution Model:

| Category | Allocation | Rationale & Benchmarks |

e R

| Community | 55% | Majority share for users & builders. |

| DAO Treasury | 30% | Funds grants & public goods (Arbitrum: 35.3%). |

| Airdrop & Incentives | 25% | Rewards early adopters (Optimism: 19%). |

| Core Contributors & Advisors | 20% | Standard for core team (Optimism: 19%,
The Graph: 23%). |

| Investors & Partners | 20% | Standard for strategic backers (Render: 25%,
Arbitrum: 17.5%). |

| The Pandacea Foundation | 5% | For operations & legal (Filecoin: 5%, The Graph:
8%). |

Vesting: All tokens for Core Contributors and Investors are subject to a 4-year
vesting period with a 1-year cliff to ensure long-term alignment.



5.5. Commitment to the Community

Pandacea was built for you, and will be governed by you. We commit that all governance will
remain fully on-chain, transparent, and in the hands of our community of users and token
holders. No central authority will ever override the will of the community—changes to
Pandacea only happen through the open proposals and votes of the DAO. Pandacea belongs
to the community—forever.
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