Account Abstraction in Ethereum: How ERC-4337
Works

Ethereum has long distinguished between two account types: externally owned
accounts (EOAs), controlled by private keys, and contract accounts, governed by code.
This separation forces users to manage seed phrases, pay gas in ETH, and sign
transactions in rigid ways. ERC-4337, finalized and deployed on Ethereum mainnet in
March 2023, introduces account abstraction without requiring changes to the core

protocol, enabling smart contract wallets to behave like first-class transaction initiators.

The Core Mechanism: UserOperations and Bundlers
ERC-4337 replaces the standard transaction flow with a new object called a

UserOperation. Instead of submitting a transaction directly to the mempool, a user sends
a UserOperation to a separate alt mempool. Specialized nodes called bundlers collect
these objects, validate them, and package multiple UserOperations into a single
on-chain transaction that calls a global singleton contract known as the EntryPoint.

The EntryPoint contract, audited and deployed at a canonical address, orchestrates
validation and execution. It calls each smart account's validateUserOp function to verify
signatures and nonces, then executes the intended operation. Bundlers pay the actual gas
costs and are reimbursed through the EntryPoint using ETH prefunded by the account or

via a Paymaster.

Paymasters and Gas Flexibility
Paymasters are smart contracts that can sponsor gas fees on behalf of users or

accept payment in ERC-20 tokens rather than ETH. A decentralized application can
deploy a Paymaster that covers transaction costs for its users entirely, or a stablecoin
issuer can allow fees to be paid in USDC. The Paymaster interacts with the EntryPoint

during the validation phase, agreeing to cover costs before execution proceeds.
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This mechanism removes one of the most significant onboarding barriers in

Ethereum. New users no longer need to acquire ETH before interacting with a contract.
A Paymaster holding a stake in the EntryPoint guarantees it can cover sponsored
operations, and the EntryPoint slashes that stake for misbehavior, creating an economic

security model without protocol-level enforcement.

Smart Account Capabilities
Because the account itself is a smart contract, its validation logic is fully

programmable. Developers can implement multisignature schemes, where two of three
keys must approve a transaction, or social recovery, where trusted contacts can restore
access to a lost wallet. Session keys can be granted limited permissions — authorizing a
game to spend a capped amount of tokens without exposing the master key.

Batching is another practical gain. A single UserOperation can encode multiple
calls, letting a user approve and swap tokens in one atomic step rather than two separate

transactions. This reduces both costs and the surface area for front-running.

Adoption and Limitations
By mid-2024, several wallets including Coinbase Smart Wallet, Safe, and

Biconomy had integrated ERC-4337. Bundler infrastructure has been built by firms like
Stackup, Pimlico, and Alchemy. Transaction counts on chains like Polygon and
Optimism, where gas costs are lower, showed faster uptake than Ethereum mainnet.

Limitations remain. Bundlers introduce a new trust layer, and decentralized
bundler networks are still maturing. Gas overhead from the EntryPoint adds roughly
42,000 gas per UserOperation compared to a standard EOA transaction, making simple
transfers more expensive. Future Ethereum proposals like EIP-7702 aim to complement
ERC-4337 by letting EOAs temporarily delegate to contract code, narrowing the gap
further.

Read more articles: bip39-phrase.com/smart-contract-evm-what-it-is-and-how-it-works/
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[ 1 abuse baby arrange option unique plate room picture poet dilemma casual
turtle
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