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UTxO Ledgers. A blockchain ledger is a distributed program that tracks
the transfer of cryptocurrency assets, and its state is updated by applying users’
transactions. A UTxO ledger (first introduced in BitCoin [7]) is a style of ledger
which, at its core, contains a data structure called a UTxO set. Each entry in
the UTxO has a unique identifier. This entry also stores an amount of (possibly
heterogeneous [3]) assets, and a specification of the constraints on the kinds of
transactions that are permitted to remove (spend) this entry from the set, e.g.
a transaction signed by a specific public key. Entries in the UTxO set can never
be altered, only added or removed.

EUTxO0 Smart Contracts and Formal Verification. An extended UTxO
(EUTxO) ledger [4] allows UTxO entry spending permissions to be expressed via
user-defined code with boolean output, called a smart contract, These boolean
functions can be combined to create sophisticated programs that are executed on
the ledger, e.g. games, distributed exchanges, or auctions. In the EUTxO model,
all data required to execute a smart contract is included in the transaction itself.
This allows contracts to provide users with robust formal guarantees independent
of the ledger state. For example, a contract can guarantee that when an exchange
offer is accepted, the transaction makes specific payouts to each party based on
an exchange rate that is fized at the time of transaction construction. Formal
models of on-chain EUTxXO contract execution can be used to specify and prove
these kinds of contract properties |8, 2].

Transaction Inflexibility. The downside of this model is the inflexibility
of transaction and contract construction. For example, a user may want to al-
low a transaction to perform an exchange at a rate within a certain range, or
may not care about who the exchange is performed with (we call this counter-
party irrelevance). Construction of these types of underspecified transactions is
not supported in the EUTxO model. Here we discuss possible ways to address
this by changing the ledger program processing blocks and transactions while
maintaining certain existing formal guarantees, such as predictable script valida-
tion outcomes and fees. We discuss an existing proposal for processing a specific
class of underspecified transactions (Babel fees), then generalize the underlying
validation zones framework to other use cases.

Babel Fees. The Babel fees update to the EUTxO model [5] allows users to
perform swaps of a pre-specified quantities of assets at a pre-determined rate,
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but with counterparty irrelevance. This is done by modifying the atomic unit of
validation (in blocks, etc.) from a singleton transaction to a list of transactions.
This list, called a validation zone, forms a complete specification of what changes
must be made to the UTxO set. The way in which a transaction is under-specified
in this case is that it contains "missing assets". Such assets are usually combined
with other assets available to anyone that is willing to construct a transaction
that supplies the missing assets to form a complete validation zone. While the
flexibility offered by this change is limited, the general approach is the basis for
a variety of applications called intents.

Intents and Validation Zones. There is existing research into intents [6],
however, ours focuses on implementing them on the EUTxO ledger. The goal of
intents is to reduce reliance on fully specifying transactions and on the use of
on-chain contracts in favour of partially specified transactions that allow some
flexibility in how their intended actions will be fulfilled on-chain. We propose
to do this via validation zones. In the EUTxO model, processing a valid trans-
action requires updating the UTxO set. With intents, processing a validation
zone requires not only updating the UTxO set, but also updating a temporary
structure Intents. A zone is only valid if every transaction makes a valid up-
date, and Intents is empty after all transactions are applied. The exact type
and update procedure for this structure depends on the details of the intent
being implemented, e.g. Babel fees requires it to record all (still) missing assets.
Research into building an Intents structure that can support arbitrary kinds
of intents is ongoing work.

Off-chain Communication. It is impossible to determine whether an in-
tent in an intent-containing transaction will be fulfilled until some user produces
a transaction fulfilling it. So, to avoid a possibility of a DDoS of the blockchain
network, unfulfilled intent-containing transactions must be communicated off-
chain. Intents, however, aim to minimize the required off-chain communication.
In particular, our Babel fees design ensures that there is no further action re-
quired from the user constructing and submitting an intents-containing trans-
action, e.g. signing the transaction fulfilling the intent, which is required in the
Algorand atomic groups design [1]. Off-chain distribution schemes and decisions-
making about what intents a user might choose to fulfill are important questions
for future research, but are outside the scope of this work.

Applications. In addition to the Babel fees use case, we would like to
support more lax exchange offers via intents, e.g. where not all the offered as-
sets have to be traded, and not necessarily at a pre-determined rate. Another
interesting use case that may be addressed via the intents framework is light
clients. A light client (LC) may not be aware of the current ledger state, and
may need a service provider (SP) to construct a transaction for them according
to some specification. The LC must be able to check that the transaction meets
the specification, but be unable to submit it themselves, thereby avoiding paying
a fee to the SP. This can be accomplished with an intent to spend an output.
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