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Legal Disclaimer Nothing in this Whitepaper constitutes an offer to sell, or solicitation
of an offer to buy, any token, product, or service. This document is published for informational
purposes and to solicit technical and ecosystem feedback on the Universal Gas Framework (UGF).

If Tychi Labs or any affiliated entity later offers tokens, token-linked rights, or investment
instruments, it will do so only through formal legal documentation with separate risk disclosures,
eligibility requirements, and revised technical materials where appropriate.

This Whitepaper does not constitute legal, financial, tax, or investment advice. No statement
in this document should be treated as a guarantee of future network performance, ecosystem growth,
chain support, liquidity conditions, or token utility. Features, supported networks, payment assets,
operating parameters, and validator or relayer topology may change as the system evolves.

Readers should evaluate the system independently and consult their own advisors before making
legal, financial, or technical decisions based on this document.

Abstract

Universal Gas Framework (UGF) is a cross-chain payment and execution coordi-
nation protocol that separates who pays from where execution occurs. Existing
gas abstraction systems often depend on chain-specific paymasters, bundlers,
or smart-wallet assumptions, which limits portability across heterogeneous ex-
ecution environments. UGF instead introduces an EOA-native protocol model
in which a user, application, or Al agent requests a destination-chain action,
receives a route-specific quote, settles payment through either an x402 / ERC-
3009 authorization path or an on-chain vault path, and then receives destination
execution through a quorum-approved relayer network. The protocol does not
require smart wallets to deliver gas abstraction. Its core mechanism is a digest-
bound job lifecycle that links quote, payment, approval, and final execution into
one replay-bounded state machine. This enables gas abstraction across EVM
and non-EVM systems while preserving a single developer flow: authenticate,
quote, pay, execute.

Document Type and Reader

This document is a hybrid product / mechanism paper with protocol as
the dominant mode. Primary reader is a technical integrator: protocol engineer,
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wallet team, infra partner, execution-layer researcher, or advanced ecosystem
operator evaluating whether UGF is a credible protocol surface rather than a
UX wrapper.

Core Thesis

UGTF is not normal gas abstraction.
Normal gas abstraction typically means one of the following:

e single-chain paymaster support,

e ERC-4337-style bundler flows,

e contract-wallet dependency,

e application-specific sponsorship logic.

UGF takes a different position. It defines a protocol-level coordination
layer that:

e accepts payment on one chain,

e authorizes payment with bounded replay semantics,
e approves execution through quorum,

e executes on another chain,

e does all of this without requiring smart wallets.

The consequence is important: the protocol can support EOAs, agent wal-
lets, custodial systems, server-side signers, and non-EVM destinations without
forcing the entire system into one account model.

Problem

Cross-chain execution fails less often at intent than at settlement and gas co-
ordination. A user may know exactly what to do, own the correct asset, and
still fail because execution requires a destination-native token they do not hold.
This leads to four protocol-level inefficiencies:

¢ Execution dependency mismatch. Asset ownership and execution
capability are decoupled.

e Operational fragmentation. Users maintain gas balances on many
chains for low-value but necessary actions.

e Protocol-specific sponsorship sprawl. Every application reimple-
ments quoting, payment authorization, anti-replay, and execution routing.



e Agent unreliability. Autonomous systems become state-heavy because
they must warehouse irrelevant gas assets.

Traditional bridging does not solve this because bridge completion does not
imply executable state. Paymasters do not solve it globally because they depend
on chain-local support. Smart wallets do not solve it universally because many
ecosystems, products, and signers remain EOA-first.

Prior Limitation

Let a desired user action be represented by transaction intent I on destination
chain ¢4. In most systems, execution is valid only if the signer controls enough
native gas balance G.,. The action can be represented as:

Executable(l, Cd) =1 Bnative,cd > ch

where Bhative,c, is the user’s native gas balance on the destination chain.

This is poor protocol design for multi-chain systems because the execution
precondition depends on a chain-local asset that may be unrelated to the eco-
nomic intent of the transaction.

UGTF replaces this with:

Executable(I,cq) =1 <= P, =1ANQr =1AT < Teyp
where:
e P, is payment confirmation for a quoted job,
e Qi is quorum approval by at least k relayers,
o T.xp is quote expiry.

This shifts the gating condition from destination-native gas possession to
protocol-verified payment and approval.

Protocol Overview

UGF defines a stateful job protocol around a digest D. Every execution request
becomes a job with:

e destination intent,
e quote metadata,

e payment route,

payment proof,

relayer quorum status,



e chain-specific execution result.

At high level:

1. signer authenticates,

client requests quote for destination execution,
protocol computes payment route and digest,
payer settles through x402 or vault,

relayers validate payment and collect quorum,

chain-specific executor finalizes destination action,
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final state is indexed and exposed through UGF Scan or API.
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Figure 1: UGF protocol flow

Formal Objects

Job Definition

Define a job J as:
J = (U, Cp, Cd, Ap, Ia T,V, 0)

where:
e 1 is payer identity,

e ¢, is payment chain,

cq is destination chain,

e q, is payment asset,

I is destination intent,
e 7 is time window,

e v is nonce or salt material,

o is job state.



Digest Construction
Each job is bound to a digest:
D =HHI) [[ullcpllcallap||v] Texp)

where H is a collision-resistant hash and H(I) is chain-specific intent hashing.
This binds payment and execution to the same canonical object.

Quote Function

The quote function returns a payment requirement:
Q(J) = Caest + Frelay + Frisk +5
where:
o (Clyest is estimated native execution cost on the destination chain,
o Flelay is relayer coordination fee,
o [l is route-specific risk premium,
e S is slippage buffer.

If destination cost is estimated in native asset ng, and payment occurs in
asset ap, then:

_ P(naq)
Cpay = Clest P(ap) (1 + 5)

where P(z) is price of asset z in a common numeraire and s is route buffer.

Authentication Model

UGF uses signer-authenticated sessions. Authentication signature proves wallet
ownership to the gateway. It is not the same object as:

e x402 payment authorization,
e ERC-3009 typed payment approval,

e destination-chain transaction signature.

This separation matters because a protocol that conflates identity and pay-
ment authorization becomes harder to reason about formally and harder to
secure operationally.



Payment Mechanisms

x402 as Protocol Primitive

x402 is not only a frontend payment convenience. Within UGF it acts as a
protocol settlement primitive for routes that support direct token authorization.
The payer authorizes token movement from the wallet, and once payment is
confirmed, the associated destination job becomes eligible for approval.

For supported routes, the protocol may use ERC-3009 / TransferWith-
Authorization-style semantics. In that case, the payer signs a bounded autho-
rization message instead of executing the usual approve + transfer sequence.

The signed authorization payload contains:

e owner / payer,

e recipient / payment receiver,
e amount,

e mnonce,

e validAfter,

validBefore.

This is important for protocol design:

e exactness: authorization is bounded to one payment amount,
e replay control: nonce and validity window reduce replay surface,
e capital safety: no persistent allowance remains,

e EOA compatibility: payment works without smart wallets.
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Figure 2: x402 / ERC-3009 settlement route

ERC-3009 Domain Safety

The SDK flow documented by UGF verifies local typed-data domain assump-
tions against on-chain token domain data before submission. This reduces a
common failure mode in meta-authorization systems: signing under the wrong
domain or wrong receiver assumptions.

At protocol level, an authorization route is valid only if:

ValidAuth = 1[r =rg Aa=aq At € [tq,t) A & Nyged)
where:
e 7 is recipient encoded in authorization,

e 74 is quoted receiver,

a is authorized amount,

aq is quoted amount,

[ta, tp] is authorization validity interval,

e Nygseq 18 set of spent nonces.

Vault Route

Vault exists for routes where direct authorization is not used or not supported.
In vault mode, the quote defines payment chain, asset, and on-chain receiver
logic. The payer settles on-chain first, and the protocol binds the resulting
payment proof back to digest D.

This produces two payment primitives in the protocol:



e x402: authorization-first settlement,
e vault: payment-transaction-first settlement.

The unifying property is not the payment method but the digest binding.

No Smart Wallet Requirement

UGF v2 should be understood as explicitly not dependent on smart wallets.
This is a protocol choice, not a missing feature.
Reasons:

e smart-wallet assumptions are uneven across chains,
e many production wallets remain EOA-first,
e agent systems often prefer simpler signer models,

e non-EVM targets cannot inherit EVM account abstraction semantics.

Therefore UGF abstracts gas at protocol layer, not at wallet-type layer.
Formally, let W, denote smart-wallet requirement. Traditional account-
abstraction systems often require:

Executable(I) = W, =1
UGF removes that implication:
Executable(I) = Wy € {0,1}

subject instead to payment confirmation and relayer quorum.

State Model

Each job moves through a bounded state machine:

quoted — paid — ready — approved — executed — finalized
Let job state be o € 3, where:
Y = {quoted, paid, ready, approved, executed, finalized, expired, failed}
A transition is valid only if preconditions hold. For example:
quoted — paid <= ValidPayment(D) =1

n
ready — approved < Z lio;(D)=1] >k
j=1



approved — executed <= T < Texp A NoDuplicate(D) =1
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Figure 3: Job state machine
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Relayer Quorum and Approval

UGF uses a quorum-based approval mesh rather than a single coordinator. Let
there be n relayers and threshold k. For job D;, each relayer emits:

Uj(Di) € {07 1}

where 0;(D;) = 1 means relayer j validates and signs the job.
Approval function:

This provides:

¢ Byzantine tolerance envelope: protocol can survive up to n — k un-
available or non-signing relayers,

e execution decentralization: no single relayer can unilaterally advance
a job,

e scaling: relayer participation can be distributed across jobs.

Expected relayer work under uniform routing:

k
E[W;] ~ o * Niobs

If probability that a relayer is online is p, approximate liveness probability

becomes: .
n . .
P 1' — 3 1 _ n—u
r[liveness] ;_k (z )p (1-p)

This makes the protocol tunable. Higher k increases safety assumptions;
lower k improves liveness under partial outage.



Execution Layer by Destination Class

EVM

On EVM routes, the protocol does not require a user smart wallet. It can:

e fund EOA-native gas where direct broadcast is preferred,
e execute route-specific submission under relayer coordination,

e maintain quote-execution binding through digest and destination payload
hash.

This is deliberate. UGF should be read as sidecar execution coordination
for EVM, not as an ERC-4337 clone.

Solana

The protocol supports serialized Solana transaction flows, including custom
built transactions and SPL-related routes. Gas abstraction here is not an EVM
metaphor; it is sponsorship and execution coordination against Solana’s native
compute and fee model.

Sui

Sui execution remains user-submitted but protocol-sponsored. This means UGF
handles sponsorship logic while final transaction submission remains local to the
user’s signing environment.

TRON

TRON is not handled as “just another gas chain”. UGF models TRON’s dual-
resource system directly:

e Bandwidth for transaction byte cost,

e Energy for contract execution.

Protocol quote therefore estimates both resources and maps them into pay-
ment requirement on the source route. This is closer to resource virtualization
than normal gas abstraction.
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Protocol Diagrams

UGF Protocol Domain External Chains

User / Agent Domain

Figure 4: Trust boundaries
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Figure 5: Quote-to-execution data dependencies

Security Model
Assumptions
UGF assumes:

e quote engine computes route costs accurately enough for bounded execu-
tion,

e payment verifier binds payment proof to correct digest,
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e at least k relayers behave correctly,
e chain RPC data is sufficiently available for verification and finalization,

e nonce, expiry, and route validation logic are enforced consistently.

Threats
e Replay: mitigated by nonce, digest uniqueness, and validity windows.

e Allowance residue: reduced on x402 / ERC-3009 routes because autho-
rization is amount-bounded rather than open-ended.

e Single-operator failure: reduced by quorum approval.

¢ Payment-route mismatch: reduced by matching receiver, chain, amount,
and payment option to quote.

e Duplicate execution: reduced by digest locking and state-store checks.

e Liveness degradation: bounded by n,k, route TTL, and operational
recovery policy.

What Protocol Guarantees

Given valid payment proof and quorum approval, UGF guarantees only bounded
protocol semantics:

e job identity is stable through digest D,
e payment and execution are linked to same job,
e execution is advanced only after route validation,

e a job cannot validly finalize twice under correct state-store behavior.

What Remains Trusted

e quote computation,

e relayer operations,

external RPC observations,
e internal payment-route registry,

e operational control of sponsorship resources.

This is not a trustless bridge paper. It is a protocol coordination paper with
explicit trust boundaries.
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Why This Is Protocol-Level

UGF should be considered protocol-level for three reasons:

1. it defines canonical objects: job, digest, quote, payment proof, approval,
finalization,

2. it defines canonical transitions and validity conditions,

3. it normalizes heterogeneous execution systems under one state machine.

That is stronger than a wallet feature and broader than a paymaster. The
core mechanism lives above any one chain and below application UX.

Developer Surface

The public developer surface still remains compact:
1. authenticate signer,
2. request quote,
3. settle with x402 or vault,

4. execute destination route.

But the simplicity of this surface should not obscure the protocol beneath
it. UGF SDK abstracts:

e registry resolution,

e payment route matching,

e ERC-3009 typed-data preparation where supported,

e digest tracking,

e chain-specific execution orchestration.

Public developer resources:

e SDK package: https://www.npmjs.com/package/@tychilabs/ugf-sdk
e Documentation: https://universalgasframework.com/

e SDK repository: https://github.com/TychiWallet/ugf-sdk-v2

e React integration repository: https://github.com/TychiWallet/react-ugf
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Supported Environments

UGF product materials currently describe support across 12 chains and route
classes:

¢ EVM: Ethereum, Base, Optimism, Polygon, Avalanche, BNB Chain, Ar-
bitrum, opBNB

e Non-EVM: Solana, Sui, TRON, TON

Supported payment assets and routes include stablecoins and native assets
such as USDC, EURC, $U, ETH, MATIC, AVAX, and BNB, subject to quote-
returned payment options.

UGF will continue expanding chain coverage across both EVM and non-
EVM environments as new execution routes, payment paths, and operational
support mature.

Conclusion

UGF introduces an EOA-native, cross-chain execution coordination protocol in
which payment and execution are linked by digest rather than by destination-
native gas balance. Its x402 / ERC-3009 route shows that gas abstraction does
not need smart wallets, persistent allowances, or paymaster dependence to be
protocol-grade. Its vault route ensures the system still functions when direct
authorization is unavailable. Its quorum model turns execution approval into a
tunable distributed system problem rather than a single-operator assumption.

The main contribution is therefore not “gasless UX” in the ordinary sense.
The main contribution is a protocol state machine that lets users, applications,
and Al agents buy execution power on one chain and consume it on another
under explicit validity conditions, bounded replay semantics, and heterogeneous
execution adapters. That is why UGF should be read as an execution coordi-
nation protocol, not a normal gas abstraction layer.
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