UNDERSTANDING EUTXO ADVANCED TOPICS - PARTS 07-11

Advanced
Topics

UNDERSTANDING EUTXO0O - PARTS 07-11

The revised validator interface, the new capabilities of on-chain scripts, and the technologies built
directly on the model’s properties — Hydra, Aiken, and Leios.

Companion to the fundamentals edition (parts 01-06) and the guide’s web page — eutxo-casebook.html.

THE PARTS
part 07 The validator signature, revised one envelope

part 08 What the validator can now compute more capable, never more sighted
part 09 Hydra — the model, off-chain portable rules, provable exits
part 10 Aiken — the on-ramp, revisited a fading red cell

part 11 Leios — parallelism, cashed in live, not yet proven

COLOR KEY — USED IN EVERY DIAGRAM
® coral - superseded / spent ® blue - layer 1 / unchanged ® teal - new in V3 / validated

cream - status / target
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PART 07

The validator signature, revised

The formula taught in Part 04 — v(datum, redeemer, context) — describes Plutus V2. The Chang
upgrade (September 2024) revised the interface itself.

CIP-69, script signature unification, shipped with Plutus V3. Every script role now receives a single

argument — the script context — with the datum and redeemer carried inside it rather than passed
separately. For V3, the formula reads v(context) — yes/no.

ONE INTERFACE CHANGE - TWO ERAS OF THE VALIDATOR

PLUTUS V2 — THREE ARGUMENTS PLUTUS V3 — ONE ENVELOPE
context

N2

\)(.,.,.)

datum mandatory —
missing one strands the funds v( context )

datum optional —
the script decides the no-datum case

ONE VALIDATOR - SIX ROLES

( spending ) C minting ) ( rewarding ) C certifying ) C voting ) ( proposing )

WHAT THIS SHOWS -
The arguments changed envelopes; the boundary did not move. V3 validators receive one context carrying everything — and
the ? on the datum is the fix for a famous failure mode. The two teal roles are new: the same yes/no machinery now also
guards governance actions. Cardano’s on-chain constitution guardrail is itself a V3 script with no datum at all.

Concretely, the script’s identity is now a six-way type — spending (carrying an optional datum), minting,
rewarding, certifying, plus the new voting and proposing roles that validate DAO treasury withdrawals and

protocol changes.

Two long-standing problems were solved by this one change. The mutual-dependency problem: one
validator can serve every role at once, so two cooperating scripts no longer need to know each other’s
hash at design time — a limitation builders had engineered around for years. And the stranded-datum
problem: under V1/V2 a datum was mandatory, so funds sent to a script address without one — a wallet
bug, a careless exchange withdrawal — failed phase-1 validation before any custom logic could even run,
and were unspendable forever. Under V3 the datum is optional: a script can define its own fallback for the

no-datum case, such as acting as a shared wallet that the right keyholder can sweep.
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WHAT DID NOT CHANGE

Part 04’s comparison still holds: the validator sees the whole transaction and never global state.
Only how the arguments arrive changed.

DEV NOTE - MIGRATION

CIP-69 is not backward compatible — it shipped through a hard fork, and V3 scripts had to change.
For most contracts the port is a straightforward refactor; the one branch needing genuinely new
logic is the spending script’s no-datum case.

TAKEAWAY — one envelope. Datum and redeemer now arrive inside the context; a missing datum no longer strands
funds, and the same validator can stand guard over governance as well as payments.
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PART 08

What the validator can now compute

The same upgrade widened the validator’s toolbox — every addition below is a change to what the
lock can compute, never to what it can see.

THE TOOLBOX GREW - THE FIELD OF VIEW DID NOT

WHAT IT COMPUTES - GREW WHAT IT SEES — UNCHANGED

<b1s12—381 - zk proofs, aggregate sigs) redeemer

(i keccak-256 - ethereum sigs j) (j secp256kl - 2023 j)

bitwise - cip-58

(:sop encoding - ~30% cheaperj)

WHAT THIS SHOWS -

Every addition sits on the left. Three years of upgrades expanded the validator’s computation and never once its field of view
— the deliberate blindness from Part 04 is untouched.

BLS12-381 brought seventeen built-in primitives for a pairing-friendly elliptic curve, and the payoff is
concrete. Signature aggregation: thousands of individual signatures can collapse into one compact proof,
verified with as few as two pairing computations instead of thousands of separate checks. Zero-
knowledge proof verification on-chain: a contract can confirm a claim is true — a transaction amount is
valid, a computation was done correctly — without seeing the underlying data. These are the
cryptographic engines behind Midgard, a ZK-rollup scaling design for Cardano, and the planned
Midnight-Cardano bridge, which verifies recursive proofs between the two chains.

Keccak-256 lets a Cardano validator verify Ethereum-style signatures directly — interoperability in the
script itself, not a bridge with its own trust assumptions bolted on. And the efficiency layer matters as
much as the cryptography: the new sums-of-products encoding and bitwise primitives (CIP-58) make
scripts smaller and cheaper, with improvements up to roughly 30% in execution — the same logic, less
budget, lower fees. secp256k1 support (the 2023 Valentine upgrade) had already rounded out the
signature schemes before Chang shipped.

TAKEAWAY — more capable, never more sighted. Three years of additions widened the validator’s computation, and not
once its field of view.
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PART 09

Hydra—the model, off-chain

Hydra reached v1.0 on mainnet in 2025. It is the clearest demonstration that the model’s properties —
not just its chain — are the asset.

A Hydra Head is a state channel: a small, defined group of participants transacts among themselves off-
chain using the exact same ledger rules, transaction format, and validator logic as the main chain. That
is what isomorphic means here — the off-chain ledger is a structural mirror of the on-chain one, not an
approximation. The same Plutus script that runs on layer 1 runs unmodified inside a Head.

A HEAD OPENS, RUNS AT SPEED, AND SETTLES - OR PROVES

_______________________________________________________

the head — same eutxo rules

@-@-@

signed snapshots - instant finality - fees near zero

LAYER 1

(open - lock funds)

—

_______________________________________________________

(j close - final state j)

dispute? the signed snapshot
is evidence — 11 settles it

WHAT THIS SHOWS -

Snapshots are the mechanism and the safety net. While the Head is open, participants co-sign each state (U,...U,) and post
nothing to layer 1. If everyone agrees, the Head closes with the final snapshot; if anyone goes silent, the last signed snapshot
is submitted as cryptographic evidence and the main chain settles it. Nobody can cheat, because the losing move is provable.

That dispute path is why a Head requires no new trust assumptions beyond already trusting Cardano
itself. And the closed-group shape unlocks configurations impossible on layer 1: fees and minimum-UTXO
values can be set as low as 1-2 lovelace, which makes high-frequency micropayments and blockchain
gaming practical.

The trade-off is explicit and worth naming: Hydra scales throughput for a bounded, known group, not
the open network. Leios (Part 11) is the opposite shape — scaling the open network itself. The two are

complements, not competitors.

TAKEAWAY — portable rules, provable exits. Determinism and locality let the same ledger logic run anywhere — and
disagreement off-chain is always resolvable on-chain.
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PART 10

Aiken — the on-ramp, revisited

Part 05’s comparison scored the developer on-ramp as EUTXO’s weakest cell. That was accurate in
2022. It is materially less true now.

TWO FRONT DOORS - ONE ON-CHAIN TARGET

(j haskell + plutustx - the 2022 route j)

heavy setup - steep entry (: uplc - untyped plutus core :)
-
identical on-chain guarantees
(: aiken - purpose-built, typed, tested :) either way

~62% of contract activity, 2025

WHAT THIS SHOWS -

A different front door, the same house. Aiken compiles to the same Untyped Plutus Core that Haskell does — it lowers the
entry, not the guarantees. The majority of new Cardano contract activity now walks through it.

What changed, technically: Aiken is a small functional language purpose-built for validators — strong
static typing with inference (the compiler determines most types without annotation), first-class
functions, and a single toolchain covering compilation, testing, and execution-cost estimation. It
compiles directly to Untyped Plutus Core, the same target the Haskell route reaches — a simpler path onto
identical on-chain guarantees, not a simplified subset of them.

And the adoption is measurable, not anecdotal: as of 2025, Aiken accounts for an estimated 62% of all
Cardano smart contract activity, was recognized as an official language on GitHub in June 2025, and
ships in production at Minswap, SundaeSwap, Lenfi, and Levvy — the same production systems
described in Part 05, not demonstration code.

What did not change: the structural facts of Part 05 stand. EUTXO applications still demand more
architectural thought than account-model ones, because the off-chain transaction-building burden
from Part 04 hasn’t gone away. The tooling cliff was graded into a slope; the underlying design trade-
off remains.

TAKEAWAY — a fading red cell. The model didn’t get easier; getting started did.
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PART 11

Leios — parallelism, cashed in

One row of Part 05’s comparison credits UTXO with natural parallel validation. Ouroboros Leios
converts that property into throughput at scale — and as of mid-2026 it has moved from design to a live
public testnet.

ENDORSER BLOCKS DO THE PARALLEL WORK - THE RANKING BLOCK STAYS THE ANCHOR

- EVERY ~5S - COMMITTEE-VALIDATED R o BYERY =208 - PRAVS SECURITY

EBS

batches of transactions,
endorsed in parallel

final order - conflicts &
double-spends resolved here

target: 10-65x

(: testnet live - june 2026 j)

WHAT THIS SHOWS -

Enhancement, not replacement. Leios adds parallel Endorser Blocks alongside the existing Praos chain; the Ranking Block
remains the single sequential security anchor, so Cardano’s existing guarantees carry over. The parallel lane works precisely
because most UTXO transactions cannot conflict — Part 02’s oldest fact, cashed in.

The specification, CIP-164, is merged, and a public testnet — branded “Musashi Dojo” — launched on June
23, 2026, running through five structured stages covering protocol validation, parameter tuning, real-
world load, and adversarial stress testing. The published target is a 10-65x throughput increase over
today’s Praos, with mainnet deployment targeted for late 2026, contingent on testnet results and
governance approval.

The honest framing, stated once: this is real, dated progress — not a promise repeated unchanged since
2022. But “testnet launched” and “targets validated at scale” are different claims. Treat the throughput
figures as the thing the testnet exists to test, and verify the current status before repeating any

number elsewhere.

TAKEAWAY — live, not yet proven. The design is real and testing; the throughput claim is the thing being tested.

Where this sits: the fundamentals edition (parts 01-06) covers the model itself; this document extends it.
The web page — eutxo-casebook.html — holds both, the interactive walkthrough, and the full glossary.
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