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Abstract. Progress depends on finding and correcting errors, but a
blockchain cannot improve by making its accepted past another thing
to rewrite. Its machinery, from execution and storage to proof and con-
sensus, will age. Replacing that machinery should not change what the
network recognizes, who may change it, which obligations remain, or why
its history can still be verified.

ring( is a decentralized computer built around that distinction. In plain
terms, ring0 is a giant table that freezes liars. Its identity is not a per-
manent stack, but the finalized, verifiable continuity of state, authority,
obligations, and history across replaceable engines. Once accepted, no
producer or operator gets to rewrite what the network agreed.

The initial profile separates execution from acceptance and distributes
work among parallel atomicity zones, but it is only one way to advance
the shared record.

ERAS lets the network outlive that profile. A proposed successor is a
claim to be tested, not an upgrade merely because it was named or
voted so. ERAS classifies a change by its effect on shared meaning and
accepts the successor only when the exact candidate is authorized, ready,
continuity-correct, finalized through one unambiguous handoff, and ac-
tivated within its approved window. An Era may change how work is
executed, stored, proved, or finalized, but it may not break the continu-
ity that makes its results part of ring0. The engine changes. The network
remains.
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1 A Decentralized Computer for Useful Work

A decentralized computer becomes useful when independent participants can
act on the same result without giving one machine the final word. To do so,
it must make the chain inspectable: the state that was accepted, the transition
that changed it, and the rules under which that transition was valid. Running
the program is only part of the problem; its consequence must become common.

That problem predates blockchains. Distributed-systems research established
how independent machines can order events and reach agreement despite faulty
participants [5,6,20,21]. Cryptographic timestamping and Merkle trees showed
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how a later alteration to a record can be exposed [18,19]. Together, these ideas
made it possible to preserve a shared history whose integrity could be checked
by someone other than its author.

Bitcoin made a public, independently verifiable history practical; Ethereum
turned that history into a programmable state-transition system [7,8,9]. The
ledger became a computer, but conventional state-machine replication ties veri-
fication to execution: validators establish the next state by re-executing the same
transition against the same prior state. As programs and state grow, verification
grows with them because agreement and computation are replicated together.

Two lines of work loosen that coupling. Partitioned designs divide a workload
among cooperating parts [17,9]; succinct proof systems let a participant check
a claim about a computation without repeating the computation itself [16,11].
Neither idea alone supplies the whole architecture. Parallel work must explain
how independently processed effects rejoin one accepted history, while proof-
carrying execution must explain who may produce, verify, and finalize the result.

ring0 combines these lines at the base layer. Its initial execution profile di-
vides work among atomicity zones; a selected producer executes and proves a
transition; validators check the evidence; and senators finalize after verification.
When an effect crosses zones, the message carries evidence of a finalized transi-
tion rather than asking the destination to accept another zone’s assertion. The
design separates the cost of doing the work from the authority to declare it
accepted [1].

This separation provides the first answer: independent verification does not
require uniform work. A few machines can perform the expensive computation
while a wider class of participants checks what those machines claim. Evidence
travels. Computation does not.

The answer creates a deeper question. An execution engine, a database, a
proof system, and consensus rules can all be replaced as better ideas arrive or fail-
ures are discovered. If each replacement can also redefine accepted state, widen
authority, discard obligations, or sever history, the network has not evolved; it
has changed identity. The next section therefore separates ring0 from the ma-
chinery of any Era and states what must remain continuous.

2  What ring0 Is

Each Era may change how ring0 executes, stores, proves, or finalizes work. Yet

participants need one answer that survives those changes: what makes a result

part of the same network? ring0 answers at the level of the shared record. It

lets independent participants determine which state was accepted, under which

rules, and what follows from it, without giving one operator the final word.
That answer defines the identity of the network:

ring0 is the finalized, verifiable continuity of state, authority, obligations,
and history across replaceable engines.
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These four terms describe the minimum record that every Era must inherit.
State is what the network currently recognizes. Authority determines who may
change that state and within which limits. Obligations are accepted work or
transfers that have begun but are not yet complete. History is the accepted
path that explains how the present came to be. Continuity requires a successor
to carry all four forward: it may not silently create permission, lose a pending
duty, duplicate value, or make an earlier claim impossible to inspect.

A virtual machine, a storage design, a proof system, and consensus rules are
therefore machinery, not identity. Together they form the engine of an Era. They
may be replaced; the meaning of what the network has already accepted may
not be replaced with them. Figure 1 shows this relationship: engines succeed one
another while the same verifiable continuity joins their records.

verified verified
Era 1 handoff Era 2 handoff Era 3
one generation of machinery a different engine future network rules

T

' ' '
' ' '
' ' '
' ' '

[ ring0 continuity: state - authority - obligations - history ]

Fig. 1. The verified chain of preserved meaning, and not any machinery held in com-
mon, is what makes all three Eras part of the same network.

3 How ring0 Works

The previous section states what ring0 must preserve. Its first engine addresses
a different problem: how to increase capacity without dividing the network into
unrelated histories. ring0 assigns work to parallel atomicity zones. Each zone
maintains its own state and transaction order, while messages between zones
carry evidence of the state changes that produced them.

At a high level, the zones resemble multiple processor cores because they
create independent places where work can proceed [13]. The comparison ends
at coordination: unlike cores inside one machine, zones maintain separate local
state, and communication between them still limits the achievable speedup [12].
They remain part of one network because they share a finality system and a
common, inspectable history. That coordination cost is the price of not being
separate chains.

Within a zone, the scheduler combines operations whose order does not
change the outcome and preserves an explicit order when one operation de-
pends on another. The rule is simple: parallel where the transition permits it,
ordered where the transition requires it.

Figure 2 follows one transaction. RLNC disseminates it; APEX schedules it
inside a zone; Jolt Pro GR executes the program and proves the transition; and
MLE-DB binds that transition to the state the network had already accepted.
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Validators check the evidence, and senators finalize the source block. If the action
affects another zone, the resulting message enters a destination block carrying
evidence of the finalized source transition. The destination verifies that evidence,
applies the corresponding local transition, and finalizes it as part of its own block.
Parallel local work is thereby reconciled with one shared history.

Execution zone A Execution zone B
S
1. Distribute 2. Execute
initial network APEX schedules
6. Include
method: RLNC local work 5
and finalize
3. Run, prove, in the desti-
update state nation block
Jolt Pro GR 0
+ MLE-DB '
\ 7 \ L 7
¢ 5. Send [
s - ~ accepted result :
4. Verify destination checks ,
and finalize the evidence 1

validators check;
senators finalize

Fig. 2. A transaction flow in ring0. Independent transactions proceed in parallel, while
a cross-zone effect becomes accepted only after the destination verifies the source evi-
dence and finalizes its own block.

The initial engine assigns a concrete mechanism to each part of that path.
RLNC [15] breaks transactions, blocks, and proofs into redundant pieces that
relay nodes can combine while forwarding. APEX schedules work inside each
zone [1]; Jolt Pro GR executes programs and proves their transitions [3]; and
MLE-DB represents state so that the claimed transition can be checked against
what the network had already accepted. These components implement the path;
they do not define ring0.

Two branches remain optional. Eligible private work can place scheduling,
execution, and proving inside an HSS-CoFHE confidentiality envelope, revealing
only the authorized result [4]. After finality, an application may ask CHITA to
keep a designated artifact available through separate storage providers, contin-
ued custody checks, and repair [2]. Ordinary transactions require neither branch.
Figure 3 maps the architecture to this kickoff profile and separates its ordinary
path from those optional branches.

The reference configurations report the following component-level results.
APEX exceeds 1.1M transactions per second on a 96-core node. HSS-CoFHE
runs each primitive circuit operation 3,506x faster than its baseline [1].

The machinery explains how work moves, but it does not decide who may
produce, check, finalize, or preserve that work. The next section separates those
responsibilities.



ring0: A New Way to Build Blockchains 5

Transaction RLNC APEX
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Fig. 3. The kickoff engine. The solid path carries ordinary work to an accepted record.
The optional privacy component (HSS-CoFHE) supports selected private work, while
the archival component (CHITA) receives only accepted artifacts that an application
asks the network to keep available.

4 Who Does What

That engine is operated through distinct responsibilities, since producing a can-
didate block and making it final are different powers. The initial role taxonomy
is nested: every senator is a validator, but not every validator is a senator; the
slot producer is selected from the eligible senator set. Archival providers remain
outside that hierarchy [1].

Open applications and users. People and applications submit transactions
and receive verifiable outcomes, without needing to operate the infrastructure
themselves.

Producers. A selected slot producer receives work for a zone, executes it, pro-
poses the next state, and creates the proof. This is the computationally expensive
role, not an independent class with authority to finalize its own output.

Validators and senators. Validators check the producer’s evidence and re-
quired data instead of repeating all of the work. Senators are the staked subset
assigned the finality role in the initial design. Their vote follows verification; it
does not replace it.

Storage providers. Archival storage providers are separate from producers and
senators. They keep encoded copies of durable work, answer custody checks, and
repair a missing piece. They do not decide finality, and a finalized record does
not depend on one provider’s private database.

Figure 4 draws the nesting.
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Fig. 4. Initial ring0 infrastructure. Senators are a subset of validators, and the slot
producer is selected from the eligible senator set. The accepted record passes only
designated durable work to archival providers, which remain a separate branch.

Each of these roles is therefore bounded by the others. Producers cannot
make their own work final; senators cannot make an invalid proof correct; storage
providers cannot alter the accepted record. An application can create useful work
without becoming the sole authority on what happened.

5 ERAS: How ring0 Changes Without Losing Its Identity

The previous sections explain how one engine performs work and how distinct
roles prevent a participant from authorizing its own result. A harder problem
begins when the engine itself must change. Hardware improves, attacks evolve,
and better designs appear. A network that cannot replace its machinery becomes
obsolete; one that replaces its rules by decree asks users to trust whoever controls
the upgrade. ERAS, the network’s Era system [1], governs the space between
those failures.

An Era is one chapter of the network: a period during which participants
rely on one set of rules about who may authorize work, when a decision is final,
what must remain available as evidence, and how a successor may take over. An
Era may introduce new rules through an explicit network-wide change, but its
handoff may not erase or silently redefine the four commitments that make the
successor part of the same network.

State remains identifiable. A successor must preserve or explicitly transform
the logical facts the network accepted, even when their database layout, proof
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system, or root changes. An independent participant must still be able to identify
the accepted starting point from which work continues.

Authority cannot silently widen. Every permission in the successor must come
from authority already present in the predecessor or from an explicitly authorized
transformation. Changing machinery cannot create ownership, delegation, or
power by accident.

Obligations are neither lost nor duplicated. Pending messages, settlements, with-
drawals, time locks, and similar work must complete, expire under an existing
rule, or appear exactly once in the successor. An update cannot become a way
to forget an inconvenient duty or perform it twice.

History remains interpretable. Every finalized block remains bound to the rules
active when it finalized. A successor may introduce new rules, but it cannot
reinterpret earlier transactions, receipts, outcomes, or finality. When verification
depends on material outside the chain, the Era record must preserve its identity,
the rules needed to interpret it, and a verifiable route by which it can be retrieved.

These commitments describe meaning, not machinery. An engine does the
work. An execution profile fixes what counts as a valid result of that work. An
Era fixes the global rules by which the network accepts, finalizes, and hands that
meaning to a successor. ERAS classifies a change by which of these levels it can
reach, not by the number of lines in its patch.

Class 0 — Implementation.
The machinery changes, but the accepted relation, proof interface, and visible
result do not. This is a local replacement, not a protocol upgrade.

Class 1 — Bounded setting.
A versioned value moves within limits that the active profile or Era already
authorized. The change cannot silently introduce a state migration.

Class 2 — Execution profile.

The way a zone represents, executes, proves, authenticates, protects, or prices
work changes. The successor must show that protected facts and pending obli-
gations carry forward through a finalized profile handoff.

Class 3 — Network Era.

Consensus, finality, global authority, cross-zone rules, light-client interpretation,
or the rule for verifying the next successor changes. The old Era must finalize
one network-wide handoff into the new Era.

Class 4 — Bounded containment.
No successor is installed. A temporary restriction narrows a function or limit
whose target and bounds were already declared by the active Era.
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Class 4 is not a general power to stop the network, nor is it a higher rung
than Class 3. Its target, observable trigger, maximum reach, expiry, and attesting
threshold are fixed before the emergency exists. Validators check its invocation
under the current rules; no producer, developer, operator, or single validator can
create or extend the power at the moment of danger. It may refuse new use of
one declared optional function or reduce an existing limit. It cannot install code,
create authority, move balances, cancel accepted receipts, change consensus or
finality, or reinterpret finalized history. A permanent remedy follows Class 2 or
Class 3, according to what it changes.

Ordinary changes — increasing reach into shared meaning

Class 0 Class 1 Class 2 Class 3
implementation bounded setting execution profile network Era

Class 4 — bounded containment
separate emergency path; narrows
operation and installs no successor

Fig. 5. Classes 0-3 are ordered by their effect on shared meaning. Class 4 is not the
top of that ladder: it is a separately bounded restriction that temporarily narrows
operation without adding authority or replacing the Era.

Classification determines the burden of proof; it does not activate a successor.
When a Class 2 or Class 3 change introduces a new profile or Era, its rules,
software, expected state transformation, operating requirements, and recovery
plan are fixed as one reviewable candidate. That candidate becomes active only
if it was authorized, is ready to operate, preserves the four commitments, joins
predecessor and successor through one finalized handoff, and enters during its
approved activation window.

The five conditions are not interchangeable. Governance may establish collec-
tive authorization, but it cannot make incompatible state compatible, an unready
system reliable, or a broken transition correct. Testing may establish readiness
but confers no authority. The finalized handoff is the single public boundary at
which the five conclusions become one accepted change.

Before that boundary, failed evidence leaves the activation conditions un-
satisfied and the predecessor remains authoritative. After that point, recovery
moves forward only. Participants may restrict future service or prepare another
successor, but they may not quietly restore the predecessor as the canonical
present. Otherwise recovery would become an informal power to rewrite finality.
ERAS does not promise that an Era will be perfect. It requires every Era to
make its own replacement verifiable.
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Authorized
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Fig. 6. A vote is one input, not the whole transition. Authorization, readiness, cor-
rectness, finality, and the activation window must all hold before the network accepts
a successor.

6 Applications on ring0

The continuity above makes ring0 usable beyond any one engine or product.
ring0 is open infrastructure: any person, team, or community may build above
the network without joining its consensus engine or adopting a fixed application
design.

An application remains responsible for its interface, workflow, private or large
data, and user experience. It places on ring0 only the consequences that must
become common: who authorized a change, which state or version became cur-
rent, which obligation remains, or which receipt proves completion. ring0 does
not host every screen, store every byte, or decide whether the surrounding work
is useful.

Applications may support exchange, coordination, storage, metered services,
or delegated and private computation. Their purposes differ, but their relation to
ring0 is the same: each keeps its product logic and private data outside consensus
while using the network for facts whose authority, acceptance, or continuity must
be shared.

Figure 7 shows that boundary. Different kinds of application may depend on
the same accepted record without becoming components of the protocol.
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Fig. 7. An open application layer above one verifiable network. Applications own their
products and data; ring0 carries only the shared facts whose authority, acceptance, or
continuity must survive.

Open source and an accepted record solve different problems. Open source
lets others inspect, fork, and reimplement an application; ring0 lets independent
implementations share facts that none may silently rewrite. Published code does
not prove what a running service did, and an accepted record does not certify
every off-chain claim. An application can therefore change its interface, storage,
and internal machinery while the facts that must survive a change of software,
operator, or provider remain independently checkable.

7 Conclusion

Every design can be wrong, and every machine eventually becomes old. A de-
centralized computer cannot answer that fact by freezing its machinery. Nor can
it call every replacement progress. Its identity must lie in what survives correc-
tion: the state it recognizes, the authority under which that state may change,
the obligations still in force, and the history that lets independent participants
verify how the present came to be.

ring0 answers with separation. Execution, verification, finality, and archival
custody are distinct responsibilities; producing a result does not confer the au-
thority to make it final, and preserving an artifact does not confer authority over
accepted state. Applications remain above the protocol, bringing to the network
only the facts whose acceptance or continuity must become common. Acceptance
follows verified evidence and finality rules, not uniform re-execution.
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Separation does not make an accepted transition infallible. A traceable transi-
tion can still be wrong. Its advantage is that the error remains open to inspection
and challenge, and that correction must proceed through a rule-bound successor
rather than an unrecorded rewrite. Progress requires the possibility of correction
without making accepted history disposable.

No Era is the last. ERAS treats every successor as a claim to be tested: state,
authority, obligations, and history must pass through one unambiguous, finalized
handoff. Before that boundary, a defective candidate acquires no authority. After
it, correction moves forward through another valid transition rather than quietly
restoring the predecessor as the canonical present. ring0 does not promise a final
machine. It requires each Era to make its own replacement verifiable. The stack
changes; the network remains.
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