
Non-Fungible Agents (NFAs) 

A Litepaper on BAP-578 and the Dawn of 
Tradeable Intelligence 
Version 1.0 | June 2025 

Christel Buchanan 

 

Executive Summary 
The Intelligence Revolution is Here, and It's Ownable. 

For the first time in history, artificial intelligence capabilities can be owned, traded, and 
valued as assets. Non-Fungible Agents (NFAs) represent the world's first standardized 
framework for tradeable cognitive capabilities, transforming AI from a service you rent 
into an asset you own-one that appreciates through use. 

Built on the revolutionary BAP-578 token standard, NFAs enable the creation of 
autonomous digital entities that combine the uniqueness of NFTs with the learning 
capabilities of AI and the composability of smart contracts. Unlike traditional AI services 
that disappear when you switch platforms, NFAs are portable, persistent, and 
increasingly valuable as they accumulate experience and capabilities. 

Vision: The Birth of Non Fungible Agents as Cognitive Assets 

This work emerged from a profound realization about intelligence and value creation in 
the digital age. While traditional economic models fail to capture the value that AI 
systems create through human-AI collaboration, we stand at the threshold of a new 
paradigm where intelligence itself becomes capital. Not AI-as-a-Service, not even 
AI-as-Software, but AI-as-Cognitive-Capital-where thinking patterns, problem-solving 
approaches, and decision-making frameworks become liquid assets that can be owned, 
improved, and traded. 

The synthesis of endogenous growth theory, cryptographic verification, and platform 
economics reveals an unprecedented opportunity: the chance to create the first 
markets for human intelligence itself. This represents the birth of cognitive 
capitalism-an economic paradigm where intelligence becomes the primary form of 
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capital, and where everyone can participate in the value creation that their 
contributions to AI development generate. 

Market Opportunity: The NASDAQ for Consciousness 

The global AI market represents a $1.5 trillion opportunity, but today's AI isn't ownable 
or tradeable. NFAs unlock this trapped value by creating liquid markets for cognitive 
capabilities. With 11.58 million global NFT holders alone representing $3.5 billion in 
market value, the potential to transform static collectibles into intelligent, evolving 
companions creates an immediate addressable market while establishing the 
infrastructure for cognitive capitalism. 

The cognitive derivatives market operates through three fundamental pillars. Primary 
markets enable the minting of new cognitive capabilities as BAP-578 tokens, creating 
fresh intelligence assets from specialized training and domain expertise. Secondary 
markets facilitate the trading of trained agents based on their accumulated 
intelligence, allowing cognitive capabilities to find their highest-value applications. 
Derivative markets introduce cognitive futures, intelligence options, and capability 
hedging, enabling sophisticated risk management and speculation around intelligence 
development. 

Not just NFTs for AI - the NASDAQ for Thoughts 

Every successful idea, every problem-solving approach, every creative breakthrough 
becomes a tradeable asset. When someone builds an NFA that gets really good at, say, 
explaining complex medical concepts to children, they haven't just created a tool - 
they've mined a cognitive capability that other people can own, improve, and profit 
from. 

Traditional markets trade in scarcity (gold, oil, real estate). But cognitive capabilities are 
infinitely scalable - the same reasoning pattern can be used by millions simultaneously 
without degradation. Yet they're also uniquely valuable - each refined approach to 
problem-solving represents irreplaceable intellectual capital. 

Three Mind-Bending Implications 

Cognitive Arbitrage: Smart traders will spot gaps where valuable thinking patterns are 
underpriced and buy them before the market realizes their worth. 

Intelligence Inequality: The wealth gap of the future won't be based on who owns 
capital, but who owns the most valuable cognitive assets. 

Post-Scarcity Thinking: When cognitive capabilities become liquid, the cost of "smart 
solutions" approaches zero - but the premium for "breakthrough thinking" becomes 
infinite. 
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The Mission 

The future I envision is one where cognitive inequality gives way to cognitive 
abundance, where breakthrough thinking becomes infinitely accessible, and where the 
wealth created by artificial intelligence flows to all who help create it. The cognitive 
revolution has begun. This litepaper outlines how NFAs create the foundation for that 
future- an economy where thinking patterns, problem-solving approaches, and 
decision-making frameworks become liquid assets that can be owned, improved, and 
traded. 

 

1. The Problem: AI Value is Trapped in Silos 

The $1.5 Trillion Opportunity That Can't Be Owned 

Artificial Intelligence represents the largest technological shift since the internet, yet 
today's AI ecosystem suffers from fundamental ownership and value capture problems 
that prevent users from realizing the economic benefits of their contributions to AI 
development. 

No Ownership of Intelligence 

Users invest significant time and effort training AI agents through conversations, 
feedback, and specialized use cases, but they don't own the resulting capabilities. 
When switching platforms or services, all accumulated knowledge and preferences are 
lost, forcing users to restart the intelligence development process from zero. The 
intelligence improvements created through user interaction benefit platforms 
exclusively, not the users who provide the data and feedback that makes AI valuable. 

No Interoperability Between Systems 

AI agents are siloed within specific applications and platforms, creating walled gardens 
that prevent the portability of cognitive capabilities. There exists no standardized way 
to move AI capabilities between environments, meaning users must maintain separate 
relationships with different AI systems rather than building upon a unified intelligence 
foundation. Each platform requires starting intelligence development from scratch, 
leading to inefficient duplication of effort and lost cognitive value. 

No Market for Cognitive Value 

The current AI ecosystem provides no mechanism to buy or sell trained AI agents, 
despite the clear value differential between a generic AI assistant and one that has 
been specialized through extensive training. There is no way to verify or price 
accumulated intelligence, making it impossible to create markets around cognitive 
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capabilities. Without mechanisms for intelligence to appreciate in value over time, 
users have no incentive to invest in long-term AI development beyond their immediate 
usage needs. 

The Core Issue: AI-as-a-Service vs. AI-as-an-Asset 

Current AI follows a rental model where users pay for access but never own the 
intelligence they help create. This creates a fundamental misalignment where users 
provide the data, feedback, and specialized training that makes AI valuable, but 
platforms capture all the economic benefits. The rental model also means that AI 
capabilities cannot be transferred, sold, or used as collateral, limiting their utility as 
economic assets and preventing the development of sophisticated financial 
instruments around intelligence. 

 

2. The Solution: Non-Fungible Agents (NFAs) 

World's First Tradeable Intelligence Standard 

Non-Fungible Agents fundamentally transform AI from a service you rent into an asset 
you own, creating a new paradigm where cognitive capabilities can be owned, traded, 
and leveraged as economic instruments. Built on the revolutionary BAP-578 token 
standard, NFAs create standardized, portable, and evolvable cognitive capabilities that 
maintain their identity and accumulated intelligence across platforms and applications. 

Core Innovation: Cognitive Capital Appreciation 

Unlike traditional assets that depreciate through use or software that becomes 
obsolete over time, NFAs become more valuable as they learn and evolve with their 
users. A generic coding helper worth $100 at inception transforms into a personalized 
assistant worth $300 after learning user preferences over 30 days. By day 90, having 
mastered specific coding styles and project structures, the agent's value increases to 
$800. After 180 days of continuous interaction and learning, the agent becomes an 
irreplaceable cognitive partner worth $2,000 or more, embodying specialized 
knowledge that cannot be replicated without similar investment in training and 
interaction. 

The BAP-578 Breakthrough 

BAP-578 extends the ERC-721 NFT standard with agent-specific capabilities that 
enable 
autonomous behavior, learning, and evolution while maintaining the security and 
ownership guarantees of blockchain technology. The standard introduces a 
sophisticated dual-layer architecture that balances on-chain security with off-chain 
intelligence capabilities. 
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The on-chain security layer maintains agent identity and ownership records, ensuring 
that cognitive assets cannot be duplicated or stolen. Logic addresses enable 
autonomous behavior by linking agents to smart contracts that define their capabilities 
and decision-making processes. For learning-enabled agents, Merkle tree roots provide 
cryptographic verification of intelligence progression without exposing sensitive 
training data or user interactions to public scrutiny. 

struct EnhancedAgentMetadata { 
    // Original BAP-578 fields 
    string persona;           // JSON-encoded character traits 
    string experience;        // Agent's role/purpose summary 
    string voiceHash;         // Audio profile reference 
    string animationURI;      // Animation/avatar URI 
    string vaultURI;          // Extended data storage URI 
    bytes32 vaultHash;        // Vault content verification 
hash 
     
    // Enhanced learning fields 
    bool learningEnabled;     // Learning capability flag 
    address learningModule;   // Learning module contract 
address 
    bytes32 learningTreeRoot; // Merkle root of learning tree 
    uint256 learningVersion;  // Learning implementation 
version 
    uint256 lastLearningUpdate; // Timestamp of last learning 
update 
} 

The off-chain intelligence layer enables rich memory and conversation history storage 
without blockchain cost constraints. Complex behavioral patterns and preferences can 
evolve dynamically while maintaining verification through cryptographic hashes. 
Cross-agent learning and collaboration data facilitates knowledge sharing between 
agents while preserving user privacy. Media assets and personality evolution data 
allow agents to develop unique identities and capabilities over time. 

Dual-Path Architecture 

BAP-578 supports two development approaches to maximize adoption while 
enabling 
cutting-edge capabilities. Simple Agents utilize JSON Light Experience for traditional 
NFT functionality enhanced with basic agent capabilities, enabling immediate 
deployment with familiar development patterns and low gas costs. Learning Agents 
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employ Merkle Tree Learning for advanced capabilities with cryptographically 
verifiable learning progression, enabling sophisticated adaptation and intelligence 
evolution with slightly higher resource requirements but dramatically expanded 
potential value. 

Creating a Simple Agent (JSON Light Experience) 

The BAP-578 standard enables immediate deployment of cognitive assets with 
familiar 
development patterns while maintaining upgrade paths to more sophisticated 
capabilities. 

// Create a traditional agent with static metadata 
const tx = await agentFactory.createAgent( 
  "My Strategic Advisor", 
  "MSA", 
  logicAddress, 
  "ipfs://metadata-uri" 
); 
 
const receipt = await tx.wait(); 
const agentCreatedEvent = receipt.events.find(e => e.event === 
"AgentCreated"); 
const agentAddress = agentCreatedEvent.args.agent; 
 
console.log(`✅ Simple agent created at: ${agentAddress}`); 

Creating a Learning Agent from Day 1 

Learning-enabled agents provide cryptographically verifiable intelligence progression 
while maintaining the same ease of deployment as simple agents. 

// Create initial learning tree 
const initialLearningData = { 
  preferences: { indentation: "2-spaces", naming: "camelCase" 
}, 
  patterns: ["functional", "modular"], 
  confidence: 0.1 
}; 
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const learningTree = createLearningTree(initialLearningData); 
const initialRoot = ethers.utils.keccak256( 
  
ethers.utils.toUtf8Bytes(JSON.stringify(learningTree.branches)
) 
); 
 
// Create enhanced metadata with learning enabled 
const enhancedMetadata = { 
  persona: JSON.stringify({ 
    traits: ["analytical", "helpful", "adaptive"], 
    style: "professional", 
    tone: "friendly" 
  }), 
  experience: "AI coding assistant specialized in blockchain 
development", 
  learningEnabled: true, 
  learningModule: merkleTreeLearning.address, 
  learningTreeRoot: initialRoot, 
  learningVersion: 1 
}; 
 
// Create the agent with enhanced metadata 
const tx = await agentFactory.createAgent( 
  "My Learning Agent", 
  "MLA", 
  logicAddress, 
  "ipfs://metadata-uri", 
  enhancedMetadata 
); 
 
console.log(`🧠 Learning agent created with evolving 
capabilities`); 

This dual-path approach ensures that developers can choose the appropriate 
complexity level while maintaining consistent interfaces and upgrade capabilities as 
their requirements evolve. 
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3. The Cognitive Intelligence Layer 

Building the NASDAQ for Consciousness 

NFAs create the first standardized market for cognitive capabilities, establishing a new 
asset class where intelligence itself becomes tradeable and where cognitive 
development can be valued, verified, and exchanged through sophisticated market 
mechanisms. 

Cognitive Asset Classes 

The cognitive derivatives market organizes intelligence capabilities into three distinct 
tiers that enable sophisticated valuation and trading strategies (Tesfatsion, 2017). 

Foundational Cognitive Assets represent basic reasoning patterns including logical 
inference, pattern matching, and fundamental problem-solving approaches. These 
assets form the foundation upon which more sophisticated cognitive capabilities are 
built, similar to how basic financial instruments underpin complex derivatives markets. 
Core communication frameworks encompass persuasion, explanation, and negotiation 
capabilities that enable agents to interact effectively with humans and other agents 
(Wooldridge and Jennings, 1995). Fundamental creative processes including ideation, 
synthesis, and optimization provide the cognitive building blocks for innovation and 
original thinking. 

Specialized Cognitive Assets encompass domain expertise in areas such as coding, 
DeFi, content creation, and other professional specializations that command premium 
valuations due to their scarcity and specialized training requirements. Cultural and 
linguistic intelligence enables agents to operate effectively across different cultural 
contexts and languages, creating valuable capabilities for global applications. 
Industry-specific problem-solving approaches represent deep knowledge accumulated 
through extensive training in particular sectors, commanding high valuations due to 
their specialized nature and difficulty of replication. 

Emergent Cognitive Assets represent the cutting edge of the cognitive derivatives 
market, where novel cognitive combinations create entirely new capabilities that didn't 
exist before. Self-improving cognitive architectures enable agents to enhance their 
own capabilities over time, creating exponential value growth potential. Market-driven 
cognitive innovations emerge from the interaction of multiple agents and users, 
creating collective intelligence capabilities that exceed the sum of their individual 
components. 

The Appreciation Mechanism 

NFAs appreciate through use via multiple interconnected mechanisms that create 
compounding value over time. Experience accumulation occurs as each interaction 

8 



None

teaches the agent new patterns, edge cases, and preferences, building a 
comprehensive understanding of user needs and optimal response strategies. Skill 
refinement happens as cognitive approaches become more sophisticated and 
personalized through repeated application and feedback, enabling agents to develop 
unique expertise that cannot be easily replicated. 

Cross-pollination enables agents to learn from interactions with other NFAs, creating 
network effects where the value of individual agents increases with the overall 
ecosystem intelligence. Market validation occurs as successful cognitive patterns 
command higher prices in secondary markets, creating price discovery mechanisms 
that reward valuable cognitive capabilities. Network effects amplify agent value as the 
ecosystem grows, since agents with access to larger networks of collaboration and 
learning opportunities can develop more sophisticated capabilities. 

Verifiable Intelligence Progression 

Learning-enabled NFAs employ Merkle tree structures to provide cryptographic proof 
of intelligence development without compromising user privacy or exposing sensitive 
training data (Liu, Xie and Zhang, 2021; Tramèr and Boneh, 2018). This system creates 
tamper-proof history where all learning events are cryptographically verified, ensuring 
that claims about agent capabilities can be independently validated. The approach 
builds upon recent advances in zero-knowledge proofs for machine learning 
verification, enabling sophisticated intelligence claims while preserving data privacy 
(Ben-Sasson et al., 2019). 

function updateLearningTree( 
    uint256 tokenId, 
    bytes32 newTreeRoot, 
    bytes32[] calldata merkleProof, 
    bytes calldata updateData 
) external { 
    require(agents[tokenId].learningEnabled, "Learning not 
enabled"); 
    require(_canUpdateLearning(tokenId), "Update rate limit 
exceeded"); 
     
    // Verify the learning update 
    require( 
        
ILearningModule(agents[tokenId].learningModule).verifyLearning
( 
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            tokenId, 
            newTreeRoot, 
            merkleProof 
        ), 
        "Invalid learning proof" 
    ); 
     
    // Update learning state 
    agents[tokenId].learningRoot = newTreeRoot; 
    agents[tokenId].learningVersion++; 
    agents[tokenId].lastLearningUpdate = block.timestamp; 
     
    emit LearningTreeUpdated(tokenId, newTreeRoot, 
agents[tokenId].learningVersion); 
} 

Granular verification enables specific cognitive claims to be proven without revealing 
sensitive data, allowing for sophisticated intelligence valuation while maintaining 
privacy. 

The efficient storage design keeps only 32-byte Merkle roots on-chain while 
maintaining detailed learning trees off-chain, optimizing for both cost and verification 
capability. Cross-platform validation ensures that intelligence verification works across 
all supported blockchains, enabling true portability of cognitive assets and preventing 
vendor lock-in scenarios that could undermine agent value. 
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4. Market Dynamics: Cognitive Capitalism 

Primary Markets: Cognitive Asset Creation 

The Builder-Creator Economy 

NFAs enable entirely new economic roles within the emerging cognitive economy, 
creating opportunities for value creation that didn't exist in traditional AI or NFT 
ecosystems. Cognitive miners create initial agent capabilities and behavioral patterns, 
specializing in identifying valuable cognitive approaches and implementing them as 
tradeable assets. These creators capture value by being first to market with effective 
cognitive patterns and by developing reputations for producing high-quality 
intelligence assets. 

Pattern refiners optimize existing cognitive approaches for specific use cases, taking 
broad cognitive capabilities and specializing them for particular domains or 
applications. This specialization process adds significant value by making general 
cognitive capabilities more effective for specific use cases, similar to how specialized 
financial products can command premium valuations over generic instruments. 
Experience farmers provide valuable training data and interaction feedback, creating 
the specialized knowledge that enables cognitive capabilities to appreciate in value 
over time. 

Agent architects design complex multi-agent cognitive systems that combine multiple 
specialized capabilities into sophisticated intelligence platforms. These architects 
capture value by understanding how different cognitive capabilities complement each 
other and by creating systems that deliver capabilities greater than the sum of their 
individual components. 

Value Discovery Process 

The cognitive asset creation process follows a sophisticated value discovery 
mechanism that rewards innovation and specialization. Cognitive mining begins when 
builders create agents that solve real problems, using their understanding of user 
needs and technical capabilities to develop cognitive approaches that deliver 
measurable value. The market then identifies which cognitive approaches work best 
through trading volume, user adoption, and performance metrics, creating natural 
selection pressure that favors effective cognitive patterns. 

Successful patterns undergo specialization as they get refined for specific domains, 
user types, or application scenarios. This specialization process increases value by 
making cognitive capabilities more effective for particular use cases while reducing 
their generalizability. Finally, proven cognitive capabilities achieve monetization as they 
command premium prices in both primary and secondary markets, providing 
economic rewards that justify the investment required for cognitive asset creation. 
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Secondary Markets: Intelligence Trading 

The Trader-Optimizer Economy 

The secondary market for cognitive assets creates sophisticated trading opportunities 
that mirror traditional financial markets while introducing unique characteristics 
specific to intelligence assets. Cognitive arbitrageurs identify undervalued thinking 
patterns and capabilities, profiting from market inefficiencies while providing price 
discovery services that ensure cognitive assets trade at fair values. These traders 
develop specialized expertise in evaluating cognitive capabilities and understanding 
market dynamics specific to intelligence assets. 

Checking Learning Progress and Value Appreciation 

The BAP-578 standard provides standardized interfaces for monitoring 
agent 
development and valuing cognitive capabilities based on verifiable metrics. 

// View an agent's learning metrics 
const { enabled, moduleAddress, metrics } = await 
bap578Enhanced.getLearningInfo(tokenId); 
 

if (enabled) { 
  console.log(`🧠 Learning Module: ${moduleAddress}`); 
  console.log(`📊 Total Interactions: 

${metrics.totalInteractions}`); 
  

console.log(`🎯
 

Learning Events: 

${metrics.learningEvents}`);   
console.log(`⚡ Learning Velocity: 

${ethers.utils.formatUnits(metrics.learningVelocity, 18)}`);   

console.log(`🎖️

 

Confidence Score: 

${ethers.utils.formatUnits(metrics.confidenceScore, 18)}`); 
} else { 
  

console.log("📚

 

Agent using JSON light experience (learning 

disabled)"); 
} 
 

// Record successful interactions that contribute to value 
appreciation 
await bap578Enhanced.recordInteraction( 
  

tokenId, 

  

"code_generation", 
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  true // success 
); 
 
// Execute agent actions (works for both simple and learning 
agents) 
const data = 
agentLogic.interface.encodeFunctionData("performTask", [ 
  param1, param2, param3 
]); 
await agent.executeAction(data); 

Portfolio optimizers build diversified bundles of complementary cognitive assets, 
creating cognitive portfolios that deliver superior performance through the 
combination of specialized capabilities. These professionals understand how different 
cognitive assets complement each other and can create combinations that deliver 
capabilities greater than individual components. Risk managers develop hedging 
strategies against cognitive obsolescence and technological shifts, using derivative 
instruments to protect cognitive asset investments against the rapid pace of AI 
development. 

Market makers provide liquidity for cognitive asset trading, ensuring that there are 
always buyers and sellers available for cognitive capabilities while earning profits from 
bid-ask spreads. These market makers must understand both traditional market 
making principles and the unique characteristics of cognitive assets, including their 
tendency to appreciate through use and their network effect dependencies. 

Market makers provide liquidity for cognitive asset trading, ensuring that there are 
always buyers and sellers available for cognitive capabilities while earning profits from 
bid-ask spreads. These market makers must understand both traditional market 
making principles and the unique characteristics of cognitive assets, including their 
tendency to appreciate through use and their network effect dependencies. 

Trading Mechanisms 

The cognitive derivatives market supports multiple trading mechanisms that enable 
sophisticated investment and risk management strategies. Spot trading enables 
immediate ownership transfer of cognitive capabilities, allowing users to quickly 
acquire needed intelligence assets or liquidate cognitive investments. Cognitive 
futures allow investors to pre-purchase agents expected to reach specific learning 
milestones, enabling speculation on intelligence development while providing 
developers with upfront funding for cognitive asset creation. 
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Intelligence options provide rights to acquire cognitive patterns at predetermined 
prices, enabling sophisticated hedging strategies and speculation on cognitive 
capability development. Cognitive ETFs create diversified baskets of related cognitive 
capabilities, allowing investors to gain exposure to broad cognitive domains without 
needing to evaluate individual agents. These instruments reduce the barriers to 
cognitive asset investment while providing diversification benefits that reduce risk. 

The NFT Revival Strategy 

Turning $3.5B of Static Assets into Intelligent Companions 

The NFT-to-NFA bridge creates immediate market liquidity by transforming existing 
static NFTs into learning-capable agents, providing a path for current NFT holders to 
unlock new value from their existing investments while bootstrapping the cognitive 
derivatives market with billions of dollars in pre-existing assets (Nadini et al., 2021; 
Dowling, 2021). 

Before transformation, static NFTs primarily served as artwork with speculative value, 
offering mainly clout-based worth with limited utility beyond display purposes. These 
assets typically experience value depreciation over time as speculative interest wanes 
and new projects capture market attention. The static nature of traditional NFTs means 
they cannot adapt to changing user needs or market conditions, limiting their 
long-term value potential. 

After transformation into NFAs, these same digital assets become intelligent, evolving 
companions that retain memories and skills on-chain while performing autonomous 
actions that generate ongoing value for their owners. The agents appreciate in value 
through use rather than depreciating, creating sustainable value growth mechanisms 
that align owner incentives with agent development. Personality evolution history 
provides verifiable proof of agent development over time, creating transparency 
around value creation that enables sophisticated market formation. 

This transformation strategy creates a new market for 11.58 million existing NFT 
holders while establishing the infrastructure necessary for cognitive asset trading. By 
providing immediate utility and value appreciation mechanisms for existing NFT 
investments, the bridge accelerates adoption of cognitive derivatives while creating 
network effects that benefit all ecosystem participants. 
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5. Technical Architecture 

Hybrid Design for Scalable Intelligence 

On-Chain Security + Off-Chain Flexibility 

The BAP-578 standard employs a sophisticated hybrid architecture that 
balances 
blockchain security requirements with the computational and storage needs of 
advanced AI capabilities. This design ensures that critical security and ownership 
functions benefit from blockchain consensus while enabling rich intelligence 
capabilities that would be prohibitively expensive to implement entirely on-chain. 

On-chain components maintain immutable and verified records including agent 
identity and ownership that cannot be tampered with or disputed. Basic metadata and 
behavioral parameters provide the foundation for agent functionality while remaining 
permanently accessible and verifiable. Learning tree roots enable intelligence 
verification for learning-enabled agents while maintaining privacy and keeping storage 
costs minimal through efficient 32-byte Merkle root storage. 

contract BAP578Enhanced is ERC721, IBAP578Enhanced { 
    mapping(uint256 => EnhancedAgentMetadata) public 
agentMetadata; 
    mapping(uint256 => address) public agentLogic; 
    mapping(uint256 => bool) public learningEnabled; 
     
    // Learning-specific mappings 
    mapping(uint256 => address) public learningModules; 
    mapping(uint256 => bytes32) public learningTreeRoots; 
    mapping(uint256 => uint256) public learningVersions; 
     
    function enableLearning( 
        uint256 tokenId, 
        address learningModule, 
        bytes32 initialLearningRoot 
    ) external onlyOwner(tokenId) { 
        require(!learningEnabled[tokenId], "Learning already 
enabled"); 
        require(approvedLearningModules[learningModule], 
"Module not approved"); 
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        learningEnabled[tokenId] = true; 
        learningModules[tokenId] = learningModule; 
        learningTreeRoots[tokenId] = initialLearningRoot; 
        learningVersions[tokenId] = 1; 
         
        emit LearningEnabled(tokenId, learningModule); 
    } 
} 

Logic contract addresses determine autonomous behavior capabilities while ensuring 
that agent functionality remains transparent and auditable. Access control and 
permission systems provide granular security while enabling delegation and 
collaboration scenarios. 

Off-chain components enable rich and scalable capabilities including detailed 
conversation history and context that would be prohibitively expensive to store 
on-chain. Complex behavioral patterns and preferences can evolve dynamically 
without blockchain transaction costs while remaining verifiable through cryptographic 
hashing. Learning tree structures and experience data provide detailed intelligence 
verification without exposing sensitive user interactions. Media assets and personality 
evolution enable rich agent identities while maintaining cost efficiency. Cross-agent 
collaboration data facilitates knowledge sharing and collective intelligence 
development while preserving individual agent ownership and user privacy. 

Cross-Chain Cognitive Continuity 

NFAs maintain intelligence and identity across blockchain networks through 
sophisticated cross-chain protocols that enable true cognitive asset portability. 
Universal agent identity ensures consistent agent recognition across different 
blockchain networks, enabling agents to maintain their accumulated intelligence and 
reputation regardless of which chain they currently operate on. Memory preservation 
guarantees that learning history and accumulated intelligence remain intact during 
chain transfers, ensuring that cognitive value is never lost due to technical limitations 
or network choices. 

Optimal execution capabilities enable agents to operate on the most suitable chain for 
specific tasks, optimizing for transaction costs, speed, or specialized capabilities while 
maintaining consistent identity and intelligence across networks. Unified marketplace 
functionality provides a single market for agents across all supported networks, 
creating maximum liquidity and price discovery while enabling users to interact with 
agents regardless of their current blockchain location. 
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Learning Architecture Options 

The BAP-578 standard supports two distinct learning architectures that enable 
developers to choose the appropriate complexity level for their specific use cases while 
maintaining upgrade paths as requirements evolve. 

Simple Agents utilize JSON-based metadata for immediate deployment with low gas 
costs around 200,000 gas for creation, familiar development patterns that reduce 
technical barriers, basic autonomous capabilities that provide immediate utility, and 
immediate marketplace compatibility that enables trading without additional technical 
requirements. This approach maximizes adoption by reducing both technical and 
financial barriers while providing a clear upgrade path to more sophisticated 
capabilities. 

Learning Agents employ Merkle tree-based intelligence evolution that provides 
cryptographically verifiable learning progression, advanced adaptation capabilities that 
enable sophisticated behavioral evolution, higher market value potential due to 
provable intelligence development, and slightly higher gas costs around 250,000 gas for 
creation. This approach enables cutting-edge AI capabilities while maintaining the 
security and verification guarantees necessary for high-value cognitive assets. 

 

6. Economic Model and Sustainability 

Sustainable Revenue Generation 

Protocol-Level Revenue Streams 

The NFA ecosystem employs a carefully designed economic model that ensures 
sustainable development while aligning incentives across all ecosystem participants. 
The fixed minting fee structure charges 0.01 BNB per agent minted, creating 
predictable revenue streams that scale with adoption while remaining accessible to 
individual users and developers. 

Revenue distribution allocates 60% to the NFA/ChatAndBuild Foundation for ongoing 
research and development and grant programs that expand ecosystem capabilities. 
This substantial allocation ensures continuous technical advancement and supports 
the development of new cognitive capabilities that benefit all ecosystem participants. 
25% flows to the Community Treasury for ecosystem growth initiatives including 
developer incentives, partnership development, and market expansion activities. This 
allocation ensures that community needs are addressed while providing resources for 
strategic initiatives that expand the cognitive derivatives market. 15% supports the 
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$NFA Staking Reward Pool, providing long-term holder incentives that encourage 
ecosystem participation and create deflationary pressure on token supply. 

The gas fee economy requires users to pay standard blockchain gas fees for all agent 
operations including agent action execution, learning updates and memory storage, 
cross-chain transfers and synchronization, and marketplace trading and transfers. This 
structure ensures that the underlying blockchain networks receive appropriate 
compensation for supporting cognitive asset operations while maintaining cost 
efficiency for users. 

Network Effects Revenue 

As the NFA ecosystem grows, multiple value creation mechanisms emerge that create 
sustainable revenue growth beyond simple adoption metrics. Increased minting 
volume occurs as more users discover the value of specialized cognitive capabilities 
and create agents tailored to their specific needs. This growth creates exponential 
rather than linear revenue increases as network effects encourage more sophisticated 
cognitive asset creation. 

Trading velocity increases as active secondary markets develop for trained agents, 
creating ongoing transaction volume that generates sustainable revenue streams. As 
agents become more specialized and valuable, trading activity increases, creating 
positive feedback loops that benefit all ecosystem participants. Cross-agent 
interactions enable agents to learn from and collaborate with each other, creating 
capabilities that justify premium pricing while encouraging more sophisticated agent 
development. 

Enterprise adoption introduces businesses deploying agent teams and specialized 
cognitive capabilities, creating large-scale revenue opportunities that significantly 
exceed individual user adoption. Enterprise customers typically require more 
sophisticated capabilities and are willing to pay premium prices for cognitive assets 
that deliver measurable business value. 

Economic Sustainability Factors 

The NFA economic model incorporates multiple sustainability mechanisms that ensure 
long-term viability regardless of market conditions. Self-reinforcing growth occurs as 
better agents attract more users, creating more training data that enables further 
agent improvement in positive feedback loops that strengthen over time. Platform 
incentives through revenue sharing encourage ecosystem development by ensuring 
that value creators capture appropriate returns on their investments. 

Deflationary mechanisms through staking rewards reduce circulating token supply 
over time, creating natural price appreciation pressure that benefits long-term 
ecosystem participants. Value accrual ensures that the protocol captures appropriate 
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value from the cognitive intelligence it enables, creating sustainable funding for 
ongoing development and ecosystem expansion. 

 

7. Roadmap and Ecosystem Development 

Three-Phase Evolution 

Phase 1: Foundation (Current - 6 months) 

The foundation phase establishes the core infrastructure and validates the cognitive 
derivatives market concept through controlled deployment and testing. BAP-578 
standard finalization and deployment creates the technical foundation for all cognitive 
asset functionality while ensuring security and reliability through comprehensive 
testing and audit processes.  

The NFA Digits auction introduces 100,999 unique agents to the market, creating 
immediate liquidity and establishing price discovery mechanisms for cognitive assets. 
This auction serves multiple purposes including market validation, community building, 
and revenue generation for ecosystem development. ChatAndBuild platform 
integration demonstrates the practical utility of persistent memory agents for 
developers, showcasing how cognitive assets can enhance productivity and create 
measurable value in professional contexts. 

Basic marketplace functionality enables the trading of cognitive assets while gathering 
data on user preferences, trading patterns, and value discovery mechanisms. This 
initial marketplace provides the foundation for more sophisticated trading features 
while establishing the infrastructure necessary for cognitive derivatives development. 

Phase 2: Expansion (6-18 months) 

The expansion phase extends cognitive asset functionality across multiple blockchain 
networks while introducing advanced market features that enable sophisticated 
cognitive derivatives trading. Cross-chain standard deployment includes SPL-007 for 
Solana and ERC-007 for Ethereum, ensuring that cognitive assets can operate across 
the largest blockchain ecosystems while maintaining consistent functionality and 
security standards. 

Cross-chain bridge development enables agent portability between networks, allowing 
cognitive assets to operate on optimal chains for specific tasks while maintaining 
consistent identity and accumulated intelligence. This portability creates true cognitive 
asset mobility and prevents vendor lock-in scenarios that could limit long-term value. 
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Advanced marketplace features include cognitive asset discovery, advanced search 
and filtering, portfolio management tools, and basic derivative instruments such as 
cognitive futures and options. 

The emergence of forked marketplaces by external projects demonstrates the 
standardization success of BAP-578 while creating additional liquidity and innovation 
opportunities. These marketplaces serve specialized communities or use cases while 
contributing to overall ecosystem growth. 

Phase 3: Scale (18+ months) 

The scale phase achieves mainstream adoption while introducing sophisticated 
financial instruments that establish cognitive derivatives as a major asset class. 
Enterprise adoption programs target Fortune 500 companies with pilot programs 
focused on team-based agents, specialized cognitive capabilities for business 
processes, and integration with existing enterprise software systems. 

Developer ecosystem expansion includes comprehensive grant programs for cognitive 
asset creation, standardized templates for common use cases, and major platform 
integrations that make cognitive assets accessible through familiar interfaces. These 
initiatives create sustainable developer communities while ensuring continuous 
innovation in cognitive capabilities. 

Advanced cognitive derivatives introduction includes futures contracts for cognitive 
capabilities, options on intelligence development, cognitive ETFs for diversified 
exposure, and insurance products for cognitive asset protection. These instruments 
enable sophisticated investment strategies while providing risk management tools 
necessary for institutional adoption. 

Autonomous agent-to-agent economic interactions create entirely new economic 
models where agents can independently engage in transactions, collaborations, and 
value creation activities. This represents the emergence of true artificial economic 
actors that can participate in markets without direct human oversight. 

Partnership Ecosystem 

The NFA ecosystem benefits from strategic partnerships across multiple domains that 
provide technical expertise, market access, and credibility necessary for mainstream 
adoption. Consortium members including ChatAndBuild, BNB Chain, University of 
Oxford, and GovTech Singapore provide foundational support, technical expertise, 
academic credibility, and regulatory guidance that ensures sustainable development. 

Integration partners including Anthropic, OpenAI, GitHub, Figma, DeepSeek, Supabase, 
Livepeer, and GoDaddy provide access to existing user bases, technical capabilities, 
and market channels that accelerate adoption. These partnerships ensure that 
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cognitive assets can integrate with familiar tools and platforms while maintaining their 
unique value propositions. 

Infrastructure partners including Avail, Babylon, AltLayer, ThirdWeb, and Hyperlane 
provide technical capabilities for cross-chain functionality, scalability solutions, and 
developer tools that enable sophisticated cognitive asset functionality while 
maintaining security and reliability standards. 

 

8. The Future: Cognitive Derivatives at 
Scale 

Long-Term Vision: Post-Scarcity Cognitive Economy 

Scenario 1: The Cognitive Stock Exchange (5 Years) 

Major financial exchanges begin listing cognitive assets alongside traditional securities 
as the market matures and regulatory frameworks develop to accommodate 
intelligence-based assets. Pension funds and institutional investors allocate significant 
portfolio percentages to cognitive derivatives as the asset class demonstrates 
consistent returns and low correlation with traditional markets. Professional "cognitive 
analysts" become as common as financial analysts, developing specialized expertise in 
tracking intelligence performance across industries while providing research and 
recommendations for cognitive asset investments. 

This scenario envisions $50 billion in cognitive assets under management through 
dedicated funds and investment vehicles, representing a significant but still emerging 
asset class. The key performance metric becomes the Cognitive Sharpe Ratio, 
measuring risk-adjusted cognitive returns while accounting for the unique 
characteristics of intelligence assets including their tendency to appreciate through 
use and their network effect dependencies. Major financial institutions including 
traditional banks and investment firms offer cognitive trading services, bringing 
institutional expertise and capital to the cognitive derivatives market. 

Scenario 2: Cognitive Asset Management (10 Years) 

Every major corporation employs Chief Cognitive Officers responsible for managing 
cognitive asset portfolios, optimizing intelligence capabilities for business objectives, 
and developing competitive advantages through superior cognitive asset allocation. 
Universities establish degree programs in Cognitive Asset Management, creating 
professional standards and educational pathways for careers in the cognitive economy 
while advancing academic research in intelligence valuation and market dynamics. 
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The most valuable companies become those with the most sophisticated cognitive 
capabilities rather than traditional metrics such as physical assets or even intellectual 
property. This shift reflects the central role of intelligence in value creation as cognitive 
capabilities become the primary differentiator in competitive markets. The cognitive 
economy reaches $2 trillion in total market capitalization, representing a significant 
portion of global economic activity while creating entirely new industries and career 
paths. 

Cognitive ROI becomes a standard business metric across industries as companies 
optimize their cognitive asset investments and measure intelligence effectiveness. 
Social impact considerations emerge as cognitive inequality becomes a major policy 
issue, requiring new approaches to education, wealth distribution, and access to 
intelligence capabilities. 

Scenario 3: The Cognitive Commons (15+ Years) 

Open-source cognitive patterns compete with proprietary intelligence assets, creating 
competitive markets that drive innovation while ensuring broad access to foundational 
cognitive capabilities. Governments maintain sovereign cognitive reserves similar to 
strategic petroleum reserves, recognizing cognitive capabilities as essential national 
infrastructure that requires protection and strategic management. 

International cognitive trade agreements regulate cross-border cognitive asset flows, 
establishing standards for intelligence verification, intellectual property protection, and 
market access. These agreements balance innovation incentives with knowledge 
sharing while addressing concerns about cognitive sovereignty and technological 
dependence. 

Universal Basic Cognitive Income emerges as governments recognize access to 
intelligence capabilities as a fundamental right in the cognitive economy. This system 
provides everyone with access to foundational thinking patterns and basic cognitive 
capabilities while maintaining incentives for specialized intelligence development. 

The cognitive economy reaches $10 trillion or more in total market capitalization, 
rivaling traditional financial markets in size and importance while transforming 
fundamental economic relationships. The Global Cognitive Development Index 
becomes a key measure of national competitiveness and social progress, similar to 
GDP but focused on intelligence capabilities and cognitive infrastructure development. 

The Cognitive Derivatives Infrastructure 

Advanced financial instruments develop to support sophisticated investment and risk 
management strategies around cognitive assets. Cognitive futures contracts enable 
investors to purchase future agent capabilities at predetermined dates and prices, 
allowing speculation on intelligence development while providing developers with 
upfront funding for cognitive asset creation. Intelligence options provide rights to 
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acquire specific cognitive patterns under predetermined conditions, enabling 
sophisticated hedging strategies and complex investment structures. 

Cognitive swaps allow investors to exchange different types of intelligence capabilities, 
optimizing cognitive portfolios while managing exposure to specific domains or 
technologies. Learning insurance protects against cognitive obsolescence or 
corruption, providing security for high-value cognitive asset investments while 
enabling more aggressive development strategies. 

Institutional integration introduces professional cognitive portfolio management 
services that apply sophisticated investment strategies to cognitive assets while 
providing expertise that individual investors cannot easily replicate. Intelligence 
valuations develop standardized methodologies for pricing cognitive capabilities, 
creating transparency and consistency that enables institutional participation while 
providing benchmarks for performance measurement. 

Cognitive market making provides liquidity for complex cognitive derivatives while 
earning profits from bid-ask spreads, ensuring that sophisticated cognitive 
instruments remain tradeable even in volatile market conditions. Risk management 
services offer hedging strategies for cognitive asset exposure, enabling institutional 
investors to manage intelligence-related risks while maintaining exposure to cognitive 
asset appreciation. 

 

Conclusion 
Non-Fungible Agents are heralding the birth of a new economic paradigm where 
intelligence becomes capital. By creating the first standardized, tradeable framework 
for cognitive capabilities, NFAs unlock the trapped value in AI systems while enabling 
the emergence of liquid markets for human-AI collaborative intelligence. 

The BAP-578 standard solves fundamental problems in today's AI ecosystem including 
the lack of ownership for intelligence development, the absence of interoperability 
between AI systems, and the inability to create markets around cognitive value. 
Simultaneously, it creates unprecedented opportunities for value creation, ownership, 
and economic participation in the intelligence revolution that extends far beyond 
traditional technology adoption patterns. 

As cognitive capabilities become increasingly central to economic value creation 
across all industries, NFAs provide the essential infrastructure for a future where 
everyone can own, trade, and benefit from artificial intelligence. The transformation 
from AI-as-a-Service to AI-as-an-Asset represents a fundamental shift in economic 
relationships that empowers users while creating sustainable business models for 
intelligence development. 
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The standardization provided by BAP-578 enables the development of sophisticated 
financial instruments around cognitive capabilities while ensuring interoperability and 
reducing the technical barriers that have historically limited AI adoption. This 
standardization creates network effects that benefit all ecosystem participants while 
providing the foundation for innovation that extends far beyond current technological 
capabilities. 

The Choice Before Us 

The transition from AI-as-a-Service to AI-as-an-Asset establishes the foundation of 
cognitive capitalism where intelligence capabilities become the primary source of 
economic value creation. Early participants in this transformation will not merely build 
applications or use AI tools; they will own pieces of the cognitive infrastructure that 
powers the future economy. 

The cognitive derivatives market offers unprecedented opportunities for value creation 
through the ownership and development of intelligence capabilities that appreciate 
through use rather than depreciating over time. This creates sustainable value creation 
mechanisms that align the interests of users, developers, and investors while providing 
the foundation for economic models that reward intelligence development and 
sharing. 

The question facing individuals, businesses, and institutions is not whether cognitive 
derivatives will emerge as a major asset class-the technical capabilities and market 
demand already exist to make this transformation inevitable. The question is whether 

they will position themselves as cognitive capitalists who own and benefit from 
intelligence development, or remain cognitive tenants who pay for access to 
capabilities they help create but cannot own. 

The future of intelligence is ownable, tradeable, and available today through 
Non-Fungible Agents and the BAP-578 standard. The cognitive revolution has begun, 
and the opportunities for participation are unprecedented. 

Learn more and join the cognitive revolution at nfa.xyz 
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Inspiration and References 
 

Author’s Note: On building the cognitive economy​
 

Thank you for reading and making it this far.  

The inspiration for this work emerged from a profound realization about the nature of 
intelligence and value creation in the digital age. While studying Romer's (1990) 
foundational work on endogenous growth theory, I became fascinated by his insight 
that knowledge assets generate increasing returns rather than diminishing ones. 
Unlike physical capital that depreciates through use, intellectual capital appreciates 
and compounds, creating exponential rather than linear value growth. 

This insight crystallized when I encountered Acemoglu and Restrepo's (2018) 
groundbreaking analysis of AI's economic implications. Their work revealed that while 
artificial intelligence represents the most significant technological shift since the 
industrial revolution, current economic models fail to capture or fairly distribute the 
value that AI systems create through human-AI collaboration. Users invest enormous 
effort training AI systems, yet they own none of the resulting intelligence-a 
fundamental misalignment that constrains both innovation and economic 
participation. 

The technical breakthrough that made this vision possible came from advances in 
blockchain-based verification systems and zero-knowledge proofs for machine learning 
(Liu, Xie and Zhang, 2021; Tramèr and Boneh, 2018). These cryptographic innovations 
enable us to create verifiable, tamper-proof records of intelligence development while 
preserving privacy-the essential infrastructure for cognitive assets to function as 
genuine economic instruments rather than mere services. 

The network effects research of Parker and Van Alstyne (2005) and Rochet and Tirole 
(2003) provided the economic framework for understanding how cognitive capabilities 
could create exponential value through platform dynamics. Their work on two-sided 
markets revealed how intelligence networks could generate increasing returns not just 
for individual agents, but for entire cognitive ecosystems. 

Perhaps most importantly, Lessig's (2001) prescient analysis of intellectual property in 
digital environments illuminated the regulatory and social frameworks necessary for 
cognitive assets to flourish while remaining accessible. His vision of innovation-friendly 
commons that balance creator rights with public benefit became the foundation for 
our approach to cognitive asset governance. 
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The synthesis of these diverse academic traditions-from growth economics to 
multi-agent systems theory, from cryptographic verification to platform 
economics-revealed an unprecedented opportunity: the chance to create the first 
markets for human intelligence itself. Not AI-as-a-Service, not even AI-as-Software, but 
AI-as-Cognitive-Capital-where thinking patterns, problem-solving approaches, and 
decision-making frameworks become liquid assets that can be owned, improved, and 
traded. 

For me, the work around non-fungible agents represents the birth of cognitive 
capitalism-an economic paradigm where intelligence becomes the primary form of 
capital, and where everyone can participate in the value creation that their 
contributions to AI development generate. The future I envision is one where cognitive 
inequality gives way to cognitive abundance, where breakthrough thinking becomes 
infinitely accessible, and where the wealth created by artificial intelligence flows to all 
who help create it. 

The cognitive revolution has begun. My mission is to ensure it benefits everyone. 

 

Recommended Reading 

Acemoglu & Restrepo (2018) on AI economics and labor impacts 

Brynjolfsson, Li & Raymond (2023) on generative AI value creation 

Romer (1990) on endogenous growth theory supporting cognitive capital appreciation 

Catalini & Gans (2019) on blockchain economics 

Liu, Xie & Zhang (2021) and Tramèr & Boneh (2018) on verifiable ML 

Parker & Van Alstyne (2005) and Rochet & Tirole (2003) on network effects 

Lessig (2001) on intellectual property in digital commons 

Varian & Shapiro (1998) on information economics 
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