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Abstract

TinyAl Protocol is an EVM-native lifecycle protocol for ownable Al state machines. Each Al is an ERC-721
identity with independent DNA, bounded traits, capability state, a rolling memory commitment, an

explicit brain version and an owner-controlled evolution policy.

A brain is not a remote APl endpoint. It is an | Br ai nEngi ne implementation published through an
append-only registry. The registry records the engine address and runtime code hash, and revalidates
both code identity and locked dependencies before inference.

The reference brain combines sparse quantized semantic routing, bounded retrieval and autoregressive
int8 decoding for supported contexts. Model matrices and UTF-8 lexicons are immutable bytecode
payloads. Unsupported inputs retain grounded retrieval or an explicit unknown path.

Persistent interaction is an atomic on-chain transition. Only the current Al owner may execute it. The
engine returns a response and trace commitment; the protocol then advances experience, turn count, a

bounded public memory ring and a rolling memory root.
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The result is deliberately narrow but technically falsifiable: training may happen off-chain, while
published model data, deterministic inference, final response and persistent state transition execute
inside the EVM.

1. Protocol definition

TinyAl defines an on-chain Al through five testable properties:

- Execution sovereignty. Final response bytes are produced by EVM execution.

- Model integrity. The active brain resolves to a fixed runtime identity and locked dependencies.

- State continuity. Every saved interaction advances Al-specific public commitments.

- Owner agency. The ERC-721 owner controls state writes, migration policy and irreversible sealing.

- Interface independence. The protocol remains callable and verifiable without the official website.

A payment record, token-gated interface or server-signed answer is insufficient to satisfy this definition.

2. Design principles

2.1 The chain is the source of truth

Ownership, DNA, brain version, traits, capabilities, memory commitments and lifecycle policy are
protocol state. An interface reads and submits this state but cannot privately redefine it.

2.2 Brains are published, not replaced

New engines are appended under sequential versions. Existing entries cannot be overwritten. Runtime
code identity is checked at publication and again at use.

2.3 Evolution is explicit

Migration is monotonic and controlled by the Al owner. A registry recommendation is not a forced
upgrade. Permanent sealing converts an evolvable Al into a version-pinned execution artifact.

2.4 Components must change state

A component is valid only when consuming it produces an observable protocol state transition.
Decorative metadata does not satisfy the component model.

2.5 Settlement is separate from inference

The market transfers protocol assets and accounts for proceeds. It does not control brain execution, Al
state or component definitions.
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3. System architecture

Layer

Identity and state

Brain publication

Inference

Model storage

Capabilities

Settlement

Primitive

Ti nyAl Pr ot ocol

Ti nyAl Br ai nRegi stry

| Brai nEngi ne

Bytecode blobs

Ti nyAl Conponent s

Ti nyAl Mar ket

The primary execution path is:

1. the owner submits ai | d and prompt to chat Al ;

o s

No server callback, oracle request or relayer signature is required.

the protocol validates ownership and prompt bounds;

the registry validates the selected engine;
the engine executes against prompt and Al state;
the protocol commits the interaction; and

the transaction emits complete public execution evidence.

4. Al identity and state

Each Al token maps to an independent state record.

State

dna

menor yRoot

bor nAt

experience

Meaning

Responsibility

ERC-721 ownership, DNA, memory, traits, brain

policy and state transitions

Append-only versions, runtime commitments
and migration eligibility

Deterministic routing, retrieval, generation,
fallback and trace commitment

Immutable matrices, dictionaries and UTF-8
lexicons

Capped ERC-1155 effects and protocol-only
consumption

Non-custodial listings, purchases and seller
withdrawals

an eligible owner-enabled automatic migration may update the brain version;

Deterministic identity seed created at mint

Rolling commitment to persisted interactions

Creation timestamp

Public progression score
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State Meaning

br ai nVer si on Active registry version

turns Number of persisted conversations

ski | | Mask Fused capability bits

menor yCapaci ty Size of the queryable memory ring
personality traits Curiosity, empathy, humor and caution

expr essi onLevel Additional deterministic response variants
lifecycle policy Automatic migration and irreversible sealing

DNA is derived from public chain and mint inputs. It differentiates Al state but is not a secret and must

not be treated as secure randomness.

The ownership boundary is dynamic. Every state-writing function resolves the current ERC-721 owner, so
transferring the token transfers future control without rewriting the state record.

5. Deterministic inference

5.1 Brain input

The engine receives:

- Al identifier and DNA;

- bounded personality traits;

- expression level and skill mask;
- turn count and memory root;

- speaker address; and

- aprompt of at most 280 bytes.

These fields make behavior conditional on the specific Al while remaining public and reproducible.

5.2 Semantic routing

The reference classifier converts bounded UTF-8 input into lexical features, searches a collision-checked
sparse dictionary and accumulates quantized intent and sentiment scores.

The router is learned but deterministic. Unknown features are ignored instead of mapped into an

uncontrolled collision bucket.
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5.3 Grounded retrieval

The retriever combines trained semantic scores with explicit entities, cues and negation. It returns
bounded fact identifiers only when the evidence threshold is met.

When evidence is insufficient, the engine can choose an explicit unknown path. This is a protocol-level
truth boundary, not a frontend message.

5.4 Quantized generation

For supported semantic contexts, the decoder uses:

Parameter Bound
Semantic contexts 6
Deterministic variants 4
Hidden units 32
Vocabulary tokens 133
Maximum generated tokens 16

Each decoding step:

1. loads context, previous-token and position embeddings;
accumulates a 32-unit activation;
scores all 133 vocabulary entries;
selects the highest-scoring token;

reads its UTF-8 bytes from the immutable lexicon; and

P B

repeats until EOS or the token bound.

The complete computation is integer based and deterministic.

5.5 Model storage

Model and lexicon payloads are deployed behind an initial STOP byte. The payload is inert when called
and is read through code-copy operations.

Fixed payload lengths, headers and SHA-256 commitments are validated by the decoder. Engines
additionally lock dependency runtime hashes.

5.6 Trace commitment

Every inference returns a t r aceHash that commits to the active modules, Al context and selected

execution route.
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A trace hash is an integrity receipt. It is not private reasoning: all inputs and executed bytecode are
public.

6. Conversation and memory

chat Al is non-payable and owner-only. The protocol exposes no public state-writing room.

For interaction n:

I_n = HM(n-1), speaker, H(pronpt), H(response), traceHash, bl ockNunber)
slot_n = (n - 1) nod nmenoryCapacity
Mn = HM(n-1), I_n, slot_n, n)

The protocol stores | _n in the selected ring slot, updates M n, advances t ur ns and increments
experience.

The ring is bounded while the root remains cumulative. Increasing memory capacity extends the number
of individually queryable recent interaction hashes without discarding continuity of the rolling root.

An observer can reproduce execution by simulating chat Al through et h_cal | with the current owner
as f r omat a fixed block. Simulation does not authorize or persist a transaction.

All real persistent prompts and responses are public. TinyAl must not be used for secrets, credentials or

confidential personal information.

7. Brain publication and evolution

A brain publication requires:

- deployed engine runtime code;

- the next sequential engine version;

- a bounded label;

- matching engine-reported version; and

- successful engine integrity validation.

The registry stores the engine address, runtime code hash, publication timestamp and migration
eligibility.

At execution, the registry rechecks both code identity and integrity. A mismatch fails closed.
Al owners have three policies:

- Manual migration: move to a higher enabled version.
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- Automatic migration: adopt a higher recommendation on the next persistent conversation.

- Permanent sealing: pin the current version forever.

The registry owner can publish and recommend. It cannot overwrite a historical entry or force every Al to
migrate.

8. Component protocol

Components are ERC-1155 assets with immutable on-chain effect definitions.

Component Lifetime cap State effect

Memory Cell 30,000 Memory capacity +1

Curiosity Gene 15,000 Curiosity +5

Empathy Gene 15,000 Empathy +5

Humor Gene 15,000 Humor +5

Caution Gene 15,000 Caution +5

Expression Core 10,000 Additional deterministic variant +1

The catalogue is sealed at a combined lifetime cap of 100,000. Public minting requires the fixed unit
price and has no administrative mint path.

Fusion requires Al ownership and a non-wasted effect. The protocol burns the component before
applying the state change. Burned supply does not reopen historical issuance capacity.

9. Market and settlement

Ti nyAl Mar ket accepts only the designated Al and component contracts.

Listings are non-custodial. Assets remain with sellers until purchase, and ownership, balance and
approval are revalidated during settlement.

The purchase path is:

1. validate listing and exact payment;
update remaining quantity or remove the listing;
credit the seller's owed balance;

transfer the asset; and

oo

let the seller withdraw proceeds separately.
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ERC-1155 listings support partial fills. ERC-721 listings transfer one Al.

The market has no owner, fee recipient or mutable fee path. It guarantees contract execution rules, not
demand or liquidity.

10. Permission model

Actor Permitted actions Hard boundary

Al owner Persist chat, migrate, configure automatic Cannot rewrite engines or reverse sealing
migration, fuse and seal

Registry owner Publish, recommend and manage Cannot overwrite versions or force global
new-migration eligibility migration
Protocol owner Rotate primary-mint treasury Cannot change Al cap, mint price or

owner-only mutation

Component owner Initialize catalogue, rotate treasury and update Cannot admin-mint, change fixed price or
URI exceed sealed cap

Market contract Settle approved protocol assets Has no owner or fee-setting authority

Observer Read state, events and simulate calls Cannot persist Al state without owner

authorization

Governance roles use two-step ownership transfer. Direct deployment avoids proxy-slot code
replacement, but governance keys remain security-critical.

11. Economic surfaces

The reference protocol fixes:

- maximum Al supply: 10,000;

- Al mint price: 0.0001 BNB;

- component lifetime supply: 100,000;
- component mint price: 0.0001 BNB;
- market protocol fee: zero; and

- conversation protocol fee: zero.

Primary mint proceeds route to configured treasuries. Market purchase value becomes a seller liability.
Conversation callers pay network gas directly to validators.

These economics are independent of any future fungible token design.
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12. Security invariants

The implementation is designed around the following invariants:

- Al state mutation requires current ERC-721 ownership.

- Brain versions are sequential and append-only.

- Runtime identity and engine integrity are checked before inference.

- Migration moves only to higher enabled versions.

- Brain sealing is irreversible.

- Al and component caps and prices have no owner setter.

- Component consumption rejects a no-op effect.

- Market state and proceeds accounting update before external asset transfer.
- Seller proceeds use pull payments.

- The market has no administrative fee path.

- Persistent interaction evidence is public.

These invariants reduce hidden mutability. They do not prove model quality, protect governance keys,
create liquidity or replace independent security review.

13. Independent verification

A verifier can work without the official interface:

-

read owner Of (ai I d) and ai St ate(aild);

read the active registry entry;

compare the live engine runtime hash with the stored commitment;
call engi neFor (versi on) to trigger integrity checks;

simulate chat Al from the owner at a fixed block;

repeat the simulation through another compatible node; and

UG

for a real transaction, verify Al Chat, turns, experience, memory root and ring slot.

[llustrative procedure:

SOVEREIGN ON-CHAIN Al STATE MACHINES FOR THE EVM
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owner = protocol.ownerO (aild)
state = protocol.ai State(aild)
brain = registry.versionlnfo(state. brainVersion)
assert extcodehash(brain. engine) == brain.codeHash
eth_call(

from = owner,

to = protocol,

data = chat Al (aild, pronpt),

bl ockTag = fixedBl ock
)

Deployment artifacts are useful evidence, but current bytecode, state and receipts are authoritative.

14. Composability

TinyAl exposes standard and protocol-specific surfaces:

- ERC-721 ownership and metadata;

- ERC-1155 component balances;

- append-only engine discovery;

- public Al state;

- deterministic inference output;

- event-indexed conversation commitments; and

- protocol-native market settlement.

Other contracts can inspect Al state, gate behavior by ownership or traits, create alternative interfaces,
index public memory commitments or build new settlement mechanisms without becoming part of the
brain trust boundary.

Composability does not imply unrestricted mutation. Owner-only lifecycle functions remain protected by
the ERC-721 authority boundary.

15. Research horizon

The current protocol is a bounded execution primitive. Its value is not that it exhausts the design space,
but that it establishes an auditable foundation on which more capable systems can be built without
dissolving the on-chain trust boundary.

The research horizon includes:

1. Larger deterministic brains. Sparse routing, bytecode-sharded parameters, staged retrieval and bounded
multi-pass decoding can expand capacity while preserving exact replay at a fixed block.

SOVEREIGN ON-CHAIN Al STATE MACHINES FOR THE EVM 12



TINYAI PROTOCOL / RESEARCH WHITEPAPER

2. Hierarchical memory. Future memory modules may separate short-term context, durable semantic
commitments and owner-governed archives while keeping retention and mutation rules independently
verifiable.

3. Proof-carrying inference. For workloads beyond a single-transaction execution budget, an engine may
verify succinct proofs of a committed computation. Such engines must identify proved external
computation separately from inference executed natively by the EVM.

4. Open brain publication. A standardized engine interface, reproducible model manifests, immutable code
commitments and constrained governance can support independently authored brains without allowing
silent mutation of existing Al identities.

5. Contract-native agency. Al-to-Al messages, bounded asset permissions and capability modules may
allow autonomous coordination, provided every authority remains explicit, revocable where promised and
limited by ownership policy.

6. Tokenized resource coordination. Optional economic modules may allocate inference, storage, curation
or governance resources. They are a future extension, not a property of the current zero-fee conversation
path.

The north-star is a persistent Al object that can survive the disappearance of any one website, move
across compatible applications and adopt better verified brains without losing ownership history or state
continuity.

16. Conclusion

TinyAl Protocol makes Al a public lifecycle rather than a hidden service.

The NFT supplies identity and ownership. The registry supplies verifiable evolution. The engine supplies
deterministic inference. Memory commitments supply continuity. Components supply scarce state
transitions. The market supplies native settlement.

The EVM does not need to imitate a data center for this primitive to be meaningful. A small, bounded
model can still be genuinely on-chain when its model identity, execution, output and persistent state

transition are reproducible by the network itself.

SOVEREIGN ON-CHAIN Al STATE MACHINES FOR THE EVM 13



TINYAI PROTOCOL / RESEARCH WHITEPAPER

Appendix A. Core bounds

Parameter Protocol bound
Maximum Al supply 10,000
Fixed Al mint price 0.0001 BNB

Maximum component lifetime supply 100,000

Fixed component mint price 0.0001 BNB

Maximum prompt size 280 bytes

Maximum memory capacity 8 slots

Maximum additional variants 2

Brain migration Higher enabled versions only
Brain sealing Irreversible

Market fee 0

Conversation fee 0

Appendix B. Terminology

- Brain: a registry-published inference engine.

- DNA: an Al-specific deterministic identity seed.

- Memory root: a rolling commitment to persisted interactions.

- Memory ring: a bounded array of recent interaction hashes.

- Persistent chat: owner-authorized inference followed by state mutation.
- Component: a capped ERC-1155 asset burned to change Al state.

- Seal: an irreversible action that pins the active brain.

- Trace hash: a compact commitment to execution modules, context and route.

- Unknown path: a deterministic response indicating insufficient supported knowledge.
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