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Abstract

Blockchain consensus protocols optimize performance (latency and throughput) under
the implicit assumption that transaction execution is computationally inexpensive. This
assumption, however, fails for workloads that are resource-intensive, heterogeneous, and
randomized. For randomized computations under independent private randomness, repli-
cated state machine execution fails as a correctness mechanism: honest replicas evaluat-
ing the same randomized function with independent random coins produce divergent out-
puts. A single state machine simultaneously supports replicated execution (for deterministic,
lightweight workloads) and delegated execution (for randomized or resource-intensive work-
loads) over shared state.

1 Introduction

Symphony [23] is an execution-aware SMR framework.

Blockchain state machine replication (SMR) protocols have converged on optimizing perfor-
mance, namely latency and throughput. Recent work has driven finality times down and block
production up: Solana’s Alpenglow [12], MonadBFT [15], Simplex [13], and Minimmit [14] re-
duce latency; DAG-based protocols (Narwhal [6], Bullshark [17]) decouple dissemination from
ordering to achieve higher throughput. The implicit assumption underlying this trajectory is
that transaction execution is cheap relative to SMR.

This assumption is breaking as increasingly off-chain compute comes on-chain. Workloads
that are resource-intensive (requiring GPUs, hundreds of gigabytes of memory, minutes to hours
of compute), heterogeneous (different transactions requiring fundamentally different hardware),
and randomized (producing different outputs on each execution) do not fit the replicated exe-
cution model on which blockchain SMR was built.

When SMR was the bottleneck, execution was an afterthought: all replicas could afford to
execute all transactions because transactions were lightweight (token transfers, storage updates,
simple contract calls), and the cost of reaching agreement dominated. For the workload class
that motivates Symphony, this relationship inverts. Neural network inference with billions of
parameters requires tens to hundreds of gigabytes of GPU memory and seconds to minutes
of compute per forward pass; Monte Carlo simulations, probabilistic optimization, and other
resource-intensive computations have similar profiles. Execution latency exceeds SMR latency
by three to six orders of magnitude. Replicated execution of these workloads is not merely
expensive: it requires every validator to possess specialized hardware, undermining the decen-
tralization properties that replicated execution was designed to preserve.

A blockchain state machine typically assumes a single execution model: all replicas execute
all transactions deterministically (Figure 1). Symphony replaces this assumption with a super-
position of two execution models operating over shared state within a single block. This is not
lane separation (isolated execution environments with separate state) but genuine superposi-
tion: both models read and write the same state, and their interactions are mediated by the
verification lattice.

This paper makes the following contributions:



o A single state machine simultaneously supports replicated execution (for deterministic,
lightweight workloads) and delegated execution (for randomized or resource-intensive
workloads) over shared state (Section 3.3).

o Delegated execution follows a two-phase saga pattern [8]: an async commit anchors the
computation parameters on-chain, a settlement records the result, and compensating ac-
tions on failure replace locks (Section 3.4).

o Executor liveness: after GST, every computation that is committed eventually either set-
tles (its output is posted, and its correctness is established as its lattice position advances)
or expires and is rescheduled, and some attempt settles provided at least one willing
and capable executor exists and the TTL accommodates its computation and delivery
(Section 4).

Section 2 establishes the formal framework: system model, randomized computations, proof
systems, and verification state. Section 3 describes the superposition of replicated and delegated
execution. Section 4 establishes safety and executor liveness. Section 5 discusses limitations.
Section 6 reviews related work. Section 7 concludes.

2 Formal Framework

2.1 System Model

We consider a distributed system of n stake-weighted replicas (validators), of which at most
f < n/3 are Byzantine. The system operates under partial synchrony [7]: there exists a Global
Stabilization Time (GST) and a message delay bound A, both unknown to the protocol, such
that after GST all messages between correct replicas are delivered within A. Before GST,
messages may be delayed arbitrarily but are not lost.

Each replica 7 holds stake w; > 0. A set of replicas constitutes a quorum if it holds more
than two thirds of the total stake. Byzantine replicas control less than one third of the total
stake.

The system runs a state machine replication (SMR) protocol [16]. SMR (equivalently, atomic
broadcast) is the task of maintaining a totally-ordered log of state transitions such that all
correct replicas agree on the same sequence of transitions and apply them in the same order.
Formally: given a deterministic state transition function STF : S x T — S, where S is the state
space and T the set of transactions, SMR guarantees that (1) all correct replicas deliver the
same sequence of transactions, and (2) the resulting state is uniquely determined by applying
STF to the initial state in that order. We extend the standard SMR model with additional
state components defined in Section 2.4.

2.2 Randomized Computation and the Limits of Replication

A workload is a tuple W = (©, X, ), F, R) where:
« © C RYis a parameter space (finite-dimensional, possibly very large),
e X is the input space and ) is the output space,

o FF: ® x X — Dist(Y) maps parameters and input to a probability distribution over
outputs, where Dist()) is the set of probability distributions over ); we write Fy(x) for
F(9,z),

o R = (Ccomputes Cmemory, Ctime) 1S & resource descriptor.



Replicated execution assumes deterministic state transitions: given the same input and
pre-state, all correct replicas compute the same post-state [16]. Two independent sources of
randomness violate this assumption for the target workload class.

2.2.1 Hardware Non-Reproducibility

In practice, re-execution often does not yield identical results across machines. Floating-point
accumulation in parallel GPU threads is non-associative: the order of reduction depends on
thread scheduling and hardware-specific reduction trees [11]. Two correct replicas executing the
same neural network forward pass with identical weights, input, and random seed on different
GPU architectures can produce bit-different outputs—a consequence of IEEE 754 arithmetic,
not a software defect. Neural network inference on GPUs exhibits this for any model with par-
allel reductions (attention, layer normalization). Deterministic GPU modes exist but impose
severe performance penalties and are not universally available. No protocol-level coordination
restores bit-exact agreement across heterogeneous validators; replication fails because the hard-
ware cannot produce identical outputs. This necessitates delegated execution with external
verification.

2.2.2 Algorithmic Randomness

Independently of hardware, many target workloads are intentionally randomized: they sample
from distributions rather than computing deterministic functions. Neural network inference
with temperature sampling, Monte Carlo simulation, and randomized optimization all map in-
puts to distributions over outputs. When replicas sample independently, they produce different
outputs—not because any replica is faulty, but because the function is inherently randomized.
Any comparison scheme that requires identical outputs across replicas will fail. This motivates
delegated execution: correctness requires proving that a given output is consistent with the
computation, not comparing outputs across replicas.

Definition 2.1 (Deterministic Workload). A workload W is deterministic if for all € ©
and © € X, the distribution Fy(x) is a point mass: there exists a unique y € Y such that

Pry py@y =yl =1.

Definition 2.2 (Algorithmically Randomized Workload). A workload W is algorithmically
randomized if there exist 6 € © and x € X such that Fy(z) has positive Shannon entropy:
H(Fy(x)) > 0.

A shared seed derived from a beacon or VRF [10] makes the computation deterministic given
the seed, addressing algorithmic randomness. But this re-exposes the workload to hardware non-
reproducibility (Section 2.2.1) and makes the output predictable from the public seed.

2.2.3 Combined Effect

Either source of randomness alone breaks replication. Hardware non-reproducibility is the
more fundamental barrier: it is intrinsic to the execution substrate and cannot be eliminated
by protocol design. Algorithmic randomness is addressable by shared seeds but at the cost
of predictability and with the residual problem that the “deterministic” replay is still not bit-
reproducible across hardware.

For workloads exhibiting either or both forms of randomness, correctness requires proving
that a given output y is consistent with Fy(x) rather than comparing outputs across replicas.
This is the domain of verifiable computation [9, 18].



2.3 Proof Systems and Verification State

Definition 2.3 (Non-Interactive Proof System). A non-interactive proof system for a relation
R C ZxW between statements and witnesses is a pair of probabilistic polynomial-time algorithms
(Prove, Verify) such that:

o Prove(z,w) — 7: given statement z and witness w, produces a proof w in a single message.
o Verify(z,m) — {0,1}: accepts or rejects without further interaction.

Definition 2.4 (Completeness and Soundness). A non-interactive proof system V= (Prove, Verify)
satisfies:

o Completeness with parameter cy € [0,1]: for all (z,w) € R,

Pr[Verify(z, Prove(z,w)) = 1] > ¢y.

o Soundness with parameter sy € [0,1]: for all z such that no w satisfies (z,w) € R, and
for all (possibly adversarial) proofs m*,

Pr[Verify(z,7*) = 1] < sy.

Given m non-interactive proof systems {V1,..., V;, }, where V; is the hardware (TEE) attes-
tation and the remaining systems are cryptographic proof systems such as SNARKSs, we define
the verification state of a delegated computation result o as a vector:

o(0) = (v1,...,vm) € {0,1}"

where v; = 1 if and only if proof system V; has verified the result (i.e., a quorum of assigned
validators has accepted the proof under V;).
The set {0,1}" with componentwise ordering forms a boolean hypercube with a natural

partial order. For two states o = (v1,...,vp) and o’ = (v],...,v],):

o <o < v; <} forallie[m].

The lattice has 2™ elements, a bottom element L = (0,...,0) (no proof system has verified),
and a top element T = (1,...,1) (all proof systems have verified). The meet and join operations
are componentwise min and max, respectively.

Definition 2.5 (Application Safety Requirement). An application’s safety requirement is an
upset (upward-closed set) U C {0,1}": ifoc € U and o < o', then o’ € U. A result o is accessible
to an application with requirement U if and only if o(o) € U and its status (Definition 2.6) is
SETTLED.

2.4 Extended State
Symphony extends the standard SMR model [16] with additional state components:
Definition 2.6 (Symphony State). The state S consists of:

o Execution state Sezec: account balances, contract storage (standard).

o Async result registry Sqsync: for each pending or settled delegated computation, a record
(id, 0, x, status, y, o) where status € { PENDING, SETTLED, DISPUTED, EXPIRED}, y is the
output (if settled), and o € {0,1}™ is the verification state. A result becomes DISPUTED
when a proof system rejects a previously-attested result, and a disputed result is not acces-
sible.
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Figure 1: Execution-cost inversion. Standard SMR assumes deterministic, lightweight state
transitions (top). Heterogeneous GPU workloads produce divergent state roots across replicas,
breaking the replication assumption (bottom).

3 Superposition of Execution Models

This section describes the two execution modes, how they compose, and the saga-based mecha-
nism for long-lived delegated execution.

3.1 Replicated Execution (Deterministic Path)

Deterministic state transition functions that fit within the block’s computational budget are
executed by all correct replicas in the standard SMR manner [16]. This is identical to how
Ethereum, Solana, and other replicated-execution blockchains process transactions today.
Formally, a replicated transaction tx applies a deterministic function g : S x 7 — S to the
current state:
S" = g(9,tx)

Every correct replica computes g independently and arrives at the same S’. Safety follows
from the determinism of g and the agreement property of the SMR protocol (Lemma 4.1).

Replicated execution handles the vast majority of blockchain transactions: token transfers,
AMM swaps, governance votes, contract deployments. These are deterministic, lightweight, and
well-served by the standard model. Symphony does not modify or replace this path.

3.2 Delegated Execution (Randomized / Resource-Intensive Path)

Workloads that are randomized (Definition 2.2) or that exceed the per-block computational
budget are executed by a single staked executor. The remaining replicas verify proofs of the
execution rather than re-executing.

A delegated transaction for workload W = (©,X,), F, R) with input x € X proceeds as
follows:

1. Executor selection. A staked executor E with sufficient resources (matching the re-
source descriptor R) is selected. Selection may be deterministic (round-robin among
qualified executors) or market-based, via a two-sided matching mechanism that accounts
for heterogeneous user valuations and heterogeneous node costs [2].

2. Execution. F evaluates y ~ Fp(x) inside a trusted execution environment (TEE), pro-
ducing an output y and an initial proof (the hardware attestation 71). Proofs for slower
proof systems (g, ..., my) are generated asynchronously and may arrive much later.



Critical Path (Replicated SMR)
Fast, deterministic consensus. Never blocks for heavy workload:
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Figure 2: Superposition architecture. The critical path handles lightweight deterministic trans-
actions via replicated execution. Resource-intensive or randomized workloads are delegated to
a single executor and verified asynchronously by committees, merging back into shared state
upon settlement.

3. Settlement. E submits a settlement transaction containing (y,71). The result enters the
verification lattice at 1 and reaches position (1,0,...,0) once m is verified. Subsequent
proofs m; are submitted in separate transactions as they become available, each advancing
the corresponding lattice dimension.

4. Verification. Each proof m; is verified independently by its assigned committee [19].
Upon committee quorum for V;, the lattice dimension v; advances from 0 to 1. Proofs
arrive and are verified on their own timescales: hardware attestation within milliseconds
of execution, ZKPs minutes to hours later.

Other replicas never execute Fy(z). They verify proofs, which is computationally cheaper,
both for TEE and ZK proofs.

The Fabric Execute-Order-Validate (EOV) architecture [1] is the closest architectural ances-
tor. Fabric’s endorsement policies play the role of proof systems, but endorsement policies are
interactive (endorsing peers must be online and responsive) and based on identity rather than
cryptographic soundness. Symphony replaces endorsement policies with non-interactive proof
systems (Section 2.3), adds the product lattice for heterogeneous verification [20], and enshrines
intra-block guarantees via external validity [21].

3.3 Superposition over Shared State

Both execution modes operate on the same state S within a single block (Figure 2). A block’s
state transition is a composition:

STFblock (S) = STFreplicated (STFdelegated (S))

The ordering shown (delegated settlements processed before replicated transactions) is a sim-
plification. In practice, the block applies transactions in their sequential order within the block,
regardless of type. Each transaction’s type (replicated vs. delegated settlement/commit) deter-
mines which execution path processes it, but the ordering is the block’s transaction sequence,
not a type-based partition. The composition is uniquely determined by the block contents and
the transaction sequence, which is agreed upon by SMR.

The interactions between modes are explicit and mediated by the verification lattice:



Replicated reads delegated results. A replicated transaction can read the output of a
settled delegated computation, subject to the constraint that the result’s lattice position meets
or exceeds the application’s declared safety requirement (Definition 2.5). If the result has not
yet reached the required lattice position, the read returns a sentinel value indicating “not yet
verified at required level,” and the replicated transaction can branch on this.

Replicated triggers delegated execution. A replicated transaction can register an async
commit for a delegated computation. For example, a smart contract receiving a price up-
date (replicated, deterministic) can trigger an ML-based risk assessment (delegated, resource-
intensive). The trigger is mediated by the async result registry (Section 2.4).

Delegated settlement triggers replicated actions. When a delegated computation settles
and its lattice position reaches a specified threshold, an inclusion trigger [22] can fire a replicated
transaction that consumes the result. This is the mechanism for “chaining” delegated and
replicated computations.

Shared state, not shared execution. The two modes share state but not execution. Repli-
cated transactions are executed by all correct replicas. Delegated transactions are executed by
one executor and verified by committees. The state is the integration point; the execution paths
are distinct. This is an unbundling of SMR from execution that is within a single protocol, not
across protocols (as in the Celestia/rollup modular architecture [5]).

3.4 Two-Phase Delegated Execution via Saga Semantics

Delegated execution is inherently long-lived: proof generation for large workloads takes minutes
to hours. The chain cannot block during this period. Symphony uses a two-phase pattern based
on the saga model [§]:

Phase 1: Commit. An async commit transaction anchors the computation parameters on-
chain:

o Computation identifier id.

o Parameters 6 (or a hash commitment to parameters stored off-chain).

o Input z (or a hash commitment).

o Designated executor F (or an open assignment for market-based selection).
e Time-to-live TTL: maximum blocks until settlement.

e Proof system requirements: which dimensions of the lattice must be populated.

The result registry is updated: (id, @, x) — Pending. The executor’s bond for this computa-
tion is locked.

Phase 2: Settlement. In a future block (possibly many blocks later), the executor submits
a settlement transaction:

e Output y.
o Proofs {m,...,m,} (some may be submitted later if proof generation is ongoing).

o Auxiliary data for verification (e.g., intermediate commitments for distributed verifica-
tion).

The result status transitions to Settled, and verification begins. The lattice position starts
at L =(0,...,0) and advances as proof systems verify.



Compensating action on failure. If the TTL expires without settlement:

1. The result status transitions to Expired. (This status is formally defined in the extended
state machine, Definition 2.6, alongside PENDING, SETTLED, and DISPUTED.)

2. The executor’s bond b is partially slashed (5 - b for slashing parameter g € (0, 1]).
3. The computation becomes eligible for rescheduling: any qualified executor can claim it.

4. Applications that had registered downstream triggers on this computation’s result are
notified via a sentinel state, enabling compensating actions (e.g., falling back to a cached
result, reverting to a safe default, or refunding the user).

No locks. Between commit and settlement, the chain advances freely. No state is locked.
Other transactions can read, write, and modify any state except the result registry entry for
the pending computation. Pending results are not readable as settled values; any transaction
that attempts to read a pending result receives the sentinel value.

This differs from two-phase commit (2PC) [3] in a critical way: 2PC locks resources until
the coordinator decides. Sagas release resources immediately and use compensating transac-
tions on failure. For a blockchain where state is globally visible and blocks must be produced
continuously, sagas are the appropriate model.

Stale-precondition risk (TOCTOU—Time-Of-Check to Time-Of-Use). Between the
async commit at block N and the settlement at block NV + k, other transactions may alter the
state assumptions on which the delegated computation relies. The executor computed y = Fp(x)
against state Sy, but settlement occurs against state Syix, which may invalidate the relevance
of y. Symphony does not enforce read-set consistency between commit and settlement at the
protocol level; this is a deliberate design choice that shifts atomicity responsibility to the appli-
cation layer. Applications requiring state consistency across the async gap should (a) declare
the relevant state slots at commit time, (b) check for state drift in the settlement transaction,
and (c) trigger compensating actions if drift exceeds tolerance. The default behavior—settling
without read-set verification—is safe for computations whose correctness is independent of in-
termediate state changes (e.g., proving properties of the model weights, which do not change
during the async gap), but is a “foot-gun” for computations that depend on volatile state (e.g.,
computing a liquidation amount based on prices at commit time).

Downstream chaining. Computations can be chained: the output of one delegated compu-
tation serves as input to the next, or triggers a replicated transaction. Chaining is mediated
by inclusion triggers: “when result o reaches lattice position oy, include transaction 7.7 This
allows pipelines of mixed replicated and delegated execution without blocking the chain at any
stage.

4 Safety and Liveness

4.1 Safety

Safety means that no correct replica accepts an invalid state transition. We decompose safety
by execution mode.

4.1.1 Replicated Execution

Lemma 4.1 (Replicated Execution Safety). For deterministic state transition functions exe-
cuted in the replicated path, Symphony inherits the safety of the underlying BFT SMR protocol:



if Byzantine replicas control less than one third of the total stake, no two correct replicas commit
different state transitions for the same block height.

Proof. Replicated execution follows standard SMR [16]. Each correct replica independently
evaluates the deterministic state transition function. By the quorum intersection property (two
quorums each hold more than two thirds of the total stake, so their intersection holds more
than one third, which exceeds the Byzantine stake), any two quorums share at least one correct
replica. A correct replica votes for a unique state transition at each height. The proof is identical
to Castro and Liskov [4] (for PBEFT) or the relevant proof for the underlying SMR protocol. [

4.1.2 Delegated Execution: Single Proof System

Lemma 4.2 (Single-System Delegated Safety under Full-Network Verification). For a delegated
computation verified by a single non-interactive proof system V; with soundness parameter s;,
where every correct validator independently runs Verify(z,m;) on the statement z = (0,z,y)
that the output y is consistent with Fy(x) (a result is incorrect if no witness for z exists), the
probability that an incorrect result is accepted is at most s;.

Proof. An incorrect result y* is accepted only if Verify accepts an invalid proof. By the soundness
definition (Definition 2.4), this occurs with probability < s;. Since every correct validator
independently verifies, no trust delegation is involved: the safety guarantee is purely the proof
system’s soundness parameter. O

Committee-based shard verification. When proof generation uses the shard decomposi-
tion of [19], a single computation may produce k shard proofs plus boundary-linking data. Full-
network verification of every shard is redundant: each shard proof is valid or invalid regardless
of how many nodes check it. For shard-level verification, committees reduce per-validator work
at the cost of an additional failure mode:

Pr[shard incorrectly accepted] < s; + Pr[committee compromised]

where s; is the soundness parameter of the proof system used for the shard, a committee is
compromised if it contains a Byzantine majority, and a union bound over the shards of a
computation bounds the probability that any of them is incorrectly accepted. The committee
compromise probability is bounded by the hypergeometric analysis in [19]. Validators not on
a shard’s committee accept the committee’s attestation without independently verifying that
shard. This is a trust-model change from full-network verification and applies only at the shard
level, not at the top-level proof-system level.

4.2 Liveness

Liveness means that every correct transaction eventually makes progress.

4.2.1 Executor Liveness
A delegated computation may stall if the executor crashes or refuses to produce a result.

Definition 4.3 (Executor TTL). Each async commit includes a time-to-live TTL: the number
of blocks within which the executor must submit a settlement transaction.

If the TTL expires without settlement:
1. The computation status transitions from Pending to Expired.

2. The executor’s bond for that computation is partially slashed (to compensate for wasted
block space and user delay).



3. The computation is eligible for rescheduling: a new executor can claim it via a standard
transaction.

Liveness guarantee: after GST, every computation that is committed eventually either settles
(its output is posted; its correctness is established as its lattice position advances) or expires and
is rescheduled, and some attempt settles provided at least one willing and capable executor exists
in the network and the TTL accommodates its computation and delivery. This follows from the
TTL rule: the TTL counts committed blocks, which resume after GST, so each commit reaches
settlement or expiry within TTL committed blocks, and each expiry makes the computation
eligible for rescheduling.

TTL and partial synchrony. The TTL mechanism creates a tension with the partial syn-
chrony model. Before GST, messages can be delayed arbitrarily. An honest executor who
computes a correct result and submits a valid settlement transaction may have the transaction
delayed past the TTL by a network partition—resulting in slashing of an honest executor. This
is a synchrony assumption hidden in the TTL mechanism: the executor must be able to deliver
the settlement transaction within TTL blocks of committed chain time.

Mitigation. The TTL should be set conservatively (much larger than the expected compu-
tation + proof generation time) to account for network delays. Additionally, the protocol can
tie TTL expiry to committed state rather than wall time: the TTL counts committed blocks,
not elapsed real time, so the executor has TTL committed blocks to submit. Since committed
blocks require SMR (which resumes after GST), the TTL clock effectively pauses during parti-
tions that prevent block production. However, if blocks continue to be produced by a partition
that excludes the executor, the executor can still be slashed despite acting honestly. This is an
inherent limitation of timeout-based mechanisms in partially synchronous systems.

5 Discussion

5.1 Limitations

Stale preconditions in delegated execution. The saga model (Section 3.4) does not en-
force read-set consistency between async commit and settlement. State may change between
commit (block V) and settlement (block N + k), invalidating the assumptions under which the
delegated computation was performed. The protocol provides compensating actions but does
not prevent settlement based on stale preconditions by default. Applications must implement
their own read-set validation in the settlement transaction. This is a deliberate design choice
(avoiding locks on shared state) with a known footgun for applications that depend on volatile
state during the async gap.

6 Related Work

Replicated execution (Ethereum, Solana) is the dominant model: all validators execute all
transactions. Fabric’'s EOV [1] breaks this pattern by separating execution from ordering and
validation, but uses interactive endorsement policies rather than cryptographic proofs.

Parallel execution (Sealevel /Solana, Block-STM /Aptos) optimizes throughput for determin-
istic workloads by executing non-conflicting transactions concurrently. This is orthogonal to
Symphony: parallel execution can be applied within the replicated path of the superposition
model.

Modular execution (Celestia [5] with rollups) separates data availability from execution
across different protocols. Symphony’s execution unbundling is within a single protocol: the
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replicated and delegated paths share state, not just data availability, and the verification lattice
mediates their interaction [20].

The saga model [8] for long-lived transactions uses compensating actions instead of rollback.
Two-phase commit (2PC) [3] locks resources until commit. Symphony uses sagas for delegated
execution (Section 3.4): the chain does not lock state between commit and settlement, and
compensating actions handle TTL expiry.

7 Conclusion

Replicated state machine execution fails for the workload class that motivates this paper. Hard-
ware non-reproducibility across GPU architectures makes bit-exact agreement impossible for
parallel floating-point computations, regardless of shared randomness, and algorithmic random-
ness in randomized inference compounds the problem. Symphony replaces the single execution
model with a superposition of two execution models operating over shared state within a single
block: replicated transactions are executed by all correct replicas, delegated computations are
executed by a single staked executor and verified through proofs, and the verification lattice
mediates their interaction. Delegated execution is long-lived and follows a two-phase saga pat-
tern, which releases resources immediately and uses compensating actions on failure instead of
locks.

Replicated execution inherits the safety of the underlying BFT SMR protocol. A delegated
result verified by a proof system with soundness parameter s; is incorrectly accepted with proba-
bility at most s; under full-network verification, and at most s; plus the committee compromise
probability per shard when shards are verified by committees, with a union bound over the
shards of a computation. After GST, every committed computation eventually either settles or
expires and is rescheduled, and some attempt settles provided at least one willing and capable
executor exists and the TTL accommodates its computation and delivery.
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