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ABSTRACT

Tsampi BFT is a leaderless Byzantine fault-tolerant state-replication protocol with one Vote round per Proposed
Block and exact-lineage finality in as few as two later Blocks. Its dual-linked Vote chain records both Block-
lineage causality and each Validator’s endorsement order. Earlier Votes are neither revoked nor reassigned; every
successor must prove that it targets a strictly better proposal.

A strict supermajority has more than two thirds of the Stake in the Validator set used for a Block. Q1 is the strict-
supermajority Vote pass that sets QuorumBlock. Q2 is the later, independently deduplicated strict-supermajority
Vote pass that sets CoveredBlock. Q2 starts empty after Q1 closes. A Validator counted in Q1 may count in Q2
only through a different, later Vote carried by a later descendant Block.

Proposal admission is parameterized independently of finality. Under an unchanged Validator set and an
endorsement threshold of at least two thirds, genesis reaches QuorumBlock in Block 2 and CoveredBlock in
Block 3; the steady-state pipeline keeps a one-Block lag between them. Proposal admission may use a lower
threshold, but every accepted Block must advance the lineage toward strict-supermajority finality.

Machine-checked proofs establish fixed-Validator-set safety, evidence completeness, evidence soundness, and

conditional safety across Validator-set changes in a normalized post-authentication model.

1. THE IDEA

Leaderless means that Tsampi selects no Validator before pro-
posal creation. Any eligible Validator can collect one round
of Votes for an exact parent and create a Proposed Block. No
proposer has an exclusive proposal right, but proposal timing
is score-prioritized: each authenticated proposer Vote and its
parent-state Stake determine a canonical earliest BlockTime,
and a better stake-weighted exponential-race score cannot give
a later deadline. A Block stamped before that deadline is in-
valid. Silence by the earliest proposer causes no view change;
every other eligible proposer retains its own finite deadline. The
protocol later chooses among valid Proposed Blocks with one
deterministic order.

The protocol separates three decisions that many BFT pro-
tocols combine:

1. Who may propose? Any eligible Validator with enough
Votes for the parent Block.

2. Which Proposed Block should a node prefer? The
deterministic Block order answers this from the node’s
observed set.

3. When is a Block final? Later Blocks must first set
QuorumBlock and then set CoveredBlock for that same
lineage.

Leaderless proposal creation is not itself new. Tsampi’s
narrower distinction is that one round can admit several single-
parent proposals, while deterministic choice and the dual-linked
improvement rule keep later voting on an ordered path toward
exact-lineage finality.

The endorsement threshold is also separate from finality.
A low threshold allows a Proposed Block with less immedi-
ate coordination. It does not lower the Stake required to set
QuorumBlock or CoveredBlock.

The wire protocol has only Vote, Block, and Tx messages.
It has no certificate message, empty Vote, or Vote revocation.

This paper makes three contributions:

1. a dual-linked Vote chain that requires each Validator’s
successive endorsements to improve under one deter-
ministic proposal order;

2. normalized proofs of safety, evidence completeness, ev-
idence soundness, and conditional Validator-set change
safety; and

3. a Validator-count-dependent bound on active proposal
and Vote history while the Validator set is unchanged.

2. MODEL AND ASSUMPTIONS

A Validator has positive Stake. A Block fixes the Validator
set and Stake used to verify Votes that endorse that Block. A
later Validator-set change does not reweight an earlier Vote. A
history bound for an unchanged Validator set assumes that its
Validator identities, signing keys, and Stake weights remain the
same throughout the interval.

A Block is an authenticated state transition with one parent
Block and one proposer. A Proposed Block is a candidate child
of one exact parent. A lineage is one exact parent chain. Two
Blocks form a fork when neither is an ancestor of the other.

A Proposed Block is a Block in the proposal stage, not a
separate message type. Votes carried by Blocks directly estab-
lish admission, QuorumBlock, and CoveredBlock; there is no
separate certificate object and no Vote-revocation object.

A Vote is a signed statement by one Validator. It has three
logical parts:

e PrevVote links the Vote to the proposer Vote required
by the parent relationship.
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¢ Endorsement binds the Vote to one exact parent Block,
one Validator, and that Validator’s Stake.

e PrevSelfVote links a Validator’s new Vote to its last
accepted Vote while CoveredBlock is unchanged.

This is a dual-linked Vote structure. PrevVote links each
Vote to the previous Vote required by the Block’s parent re-
lationship, establishing Block-lineage causality. PrevSelfVote
links it to the preceding Vote by that same Validator, establish-
ing a total order over that Validator’s signed Votes within one
CoveredBlock interval. Together the two links prove where a
Vote belongs in both the Block lineage and its Validator’s Vote
history; they do not impose one global order across different
Validators.

Let R(B) be the rank of Proposed Block B under the deter-
ministic order, with larger ranks preferred, and let H(V) be the
hash of signed Vote V. A legal successor V2 to V1 satisfies both

PrevSelfVote(V2) = H(V1)
and
R(target(V2)) > R(target(V1)).

This gives the central invariant: within one CoveredBlock
interval, each Validator’s accepted Votes form one rooted hash-
linked chain whose targets strictly increase under R.

The safety results use four assumptions:

o Signatures: A signature identifies its Validator, binds
the exact Vote and Endorsement, and cannot be forged.

e Validation: Correct Validators apply the same Block,
Vote, Endorsement, lineage, and Stake rules.

e Validator set: Each Block fixes the Validator identities,
keys, Stake, and total Stake used by later rules that
name that Block.

e Fault bound: Byzantine Stake in every applicable
Validator set is at most one third of total Stake.

An honest Validator may be offline, partitioned, or silent,
but it does not sign conflicting Vote histories. A Byzantine
Validator may equivocate, selectively withhold messages, or
violate PrevSelfVote.

Safety does not require honest Validators to be online or
messages to arrive on time. Messages may be delayed, reordered,
duplicated, dropped, or withheld.

3. PrROPOSED BLOCKS AND THE ENDORSEMENT THRESHOLD

Let W be the total Stake in the parent Block’s Validator set. Let Q
be the Stake of the unique Validators whose valid Votes endorse
that parent. Let p be the endorsement threshold, with 0 < p <=
1.

A Proposed Block is valid only if:

it names one exact parent Block;

its proposer is an eligible Validator for that parent;

it carries one valid proposer Vote;

every carried Vote and Endorsement is valid for that
exact parent;

e no Validator appears twice; and

e its state transition is valid.
The threshold rule is simple:

e For 0 < p < 1, the Proposed Block requires strict Q
> pW.
e Forp = 1, the Proposed Block requires exact § = W.

Equality at a fractional threshold fails. Equality at one
means every Validator voted because every Validator has positive
Stake. Duplicate Votes never add Stake. A carried Stake claim
never overrides the Stake fixed by the parent Block.

The proposer Vote is part of the same Vote set. Its signature
and Stake determine both the proposal deadline and a bounded
proposer multiplier used to order competing Proposed Blocks.
Neither changes the endorsement threshold or the finality thresh-
old.

3.1 Score-prioritized proposal timing

Let T be the configured target Block interval, E the parent
Block’s interval EMA, W total parent-state Stake, and s > 0
the proposer’s parent-state Stake. The canonical maximum race
delay is

Dyax = clamp(T/2 + (T - E)/2,T/20,T),

with deterministic integer-millisecond arithmetic and a min-
imum clamp of one millisecond. For proposer Vote V, let
h = SHA256("tsampi/proposer-race/v1"||[VoteSig(V)),
let U = 2k + 1)/2%7, and let L = |—1In(U)2°'%]. The non-
empty-Block race delay is

d(V) = max(1 ms, min(Dpax, | Dmax LW/(52°1%)])).

The earliest valid BlockTime is the parent BlockTime plus
d(V). Empty Blocks must also satisfy the separately configured
empty-Block delay. All inputs come from the signed proposer
Vote, the exact parent state, or parent header, so every verifier
computes the same deadline for the same candidate. Nodes may
possess different candidates or begin local waiting at different
wall-clock times; they do not compute different deadlines for
one complete candidate.

The normalized safety proof does not depend on which
valid deadline expires first: timing changes which valid histo-
ries arise, but not Vote validity, strict-rank improvement, de-
terministic comparison of a fixed candidate set, or Q1/Q2 re-
play of a fixed authenticated lineage. This is not an optimistic-
responsiveness theorem. The finite deadline removes an exclu-
sive first-speaker role, but progress still requires the participation,
delivery, stable-view, inclusion, and PrevSelfVote assumptions
in Section 8. No reduction in contention, elapsed latency, or
active-history size is claimed without measurement.

3.2 PrevSelfVote

Each Validator has one accepted PrevSelfVote chain while Cov-
eredBlock is unchanged. The first Vote in that interval has no
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PrevSelfVote. Every later Vote must name the Validator’s exact
accepted predecessor.

A Validator may Vote for every valid Proposed Block it
receives, provided that each new Vote targets a strictly better
Proposed Block than its previous Vote under the complete de-
terministic order. PrevSelfVote identifies that exact predecessor
and makes the improvement check verifiable. The rule permits
Votes for successively better competing proposals; it does not
limit a Validator to one proposal or one replacement Vote.

Every Vote endorses one exact Proposed Block. There are
no empty Votes. A valid signed Vote is never revoked, even if
another Proposed Block later wins; it remains an authenticated
endorsement of its original target. Votes for losing proposals are
not moved or reused on the winning lineage. A byte-identical
Vote received again is only transport replay, not a new Vote.

Missing PrevSelfVote data makes the Vote unavailable. A
new Vote that does not improve on its predecessor is invalid. A
Validator cannot return to a weaker target or issue a distinct Vote
for the same target.

A Validator may Vote across many competing Proposed
Blocks, but one Proposed Block cannot carry two Votes from
the same Validator. It cannot carry both one Validator’s Prev-
SelfVote and that Validator’s successor as separate Stake.

PrevSelfVote is a live admission rule. Before a Validator
signs or releases a new Vote, the complete rooted predecessor
chain must be available and valid back to the current Covered-
Block interval. Committed replay does not reconstruct that live
admission process. It replays the authenticated Votes already
carried by committed Blocks.

4. DETERMINISTIC PROPOSED-BLOCK CHOICE

A node chooses among the valid Proposed Blocks it has ob-
served. The candidates must descend from one retained lineage
root and have complete parent histories to that root.

The order compares, in sequence:

1. the height of CoveredBlock;

2. the height of QuorumBlock;

3. the fraction of unique Validator Stake recorded for the
open progress event, adjusted by the bounded proposer
score; and

4. the canonical Block identifier.

The first unequal field decides. The Stake comparison uses
exact arithmetic. The final Block identifier breaks any remaining
tie.

This is a strict total order. Two correct nodes with the
same valid candidate set choose the same Proposed Block re-
gardless of arrival order. Nodes with different observed sets may
choose differently until message delivery gives them the same
set. Deterministic choice is not, by itself, a liveness proof.

5. QuorumBLOCK, CovEREDBLOCK, AND EPIC

The protocol counts unique Validator Stake along one exact
lineage. Repeated Votes from one Validator do not add Stake to
the same pass.

The Epic sequence starts at genesis and advances toward
the tip. Epic counts completed strict-supermajority progress
events since genesis. EpicHeight records the Block height
that completed the latest Epic. Epic progress, QuorumBlock
progress, and CoveredBlock progress are distinct events.

QuorumBlock and CoveredBlock are derived in the op-
posite direction. For each candidate tip, the protocol follows
that tip’s exact parent lineage backward. The newest strict-
supermajority observation is QuorumBlock. A fresh later strict-
supermajority observation covers the preceding QuorumBlock,
which becomes CoveredBlock. These are rolling tip-relative
lineage frontiers, not fixed rounds assigned by scanning forward
from genesis.

For a candidate tip T with exact lineage B[0O], ...,
B[T], define its frontiers by folding the authenticated Block
records in height order. When B[h] is appended for h >= 2,
its carried Votes endorse B[h-1] and therefore observe every
ancestor through B[h-2]. The protocol opens a Q1 window
for B[h-2], adds the complete canonical Validator batch from
B[h] to that window and every older open Q1 window, dedupli-
cates Stake within each window, and scans the windows newest
first. The first window above two thirds sets QuorumBlock (T).
Before that Q1 update, the same batch advances the previously
open Q2 window; if it crosses two thirds, its candidate sets
CoveredBlock(T). A new QI hit then replaces Q2 with an
empty window for that Q1 candidate. If neither pass closes, the
prior frontiers are inherited.

All Votes carried by the Block that crosses Q1 form one
closing batch; the protocol does not choose a minimal threshold
subset from that Block. Earlier Blocks may have supplied the
rest of the Q1 Stake. No Vote batch processed through the Q1-
closing Block is copied into the new Q2 window. A Validator
counted in Q1 may count again in Q2 only through a different,
later Vote carried by a later descendant Block; it cannot reuse
its Q1 Vote or count a second time by endorsing the same target.
Q1 and Q2 therefore deduplicate independently: their Validator
sets may overlap, but neither must contain the other.

On one exact lineage, the frontiers cannot move backward.
After a Q1 hit, the protocol discards that window and every older
Q1 window, retaining only newer candidates. Immutable late
data cannot rewrite an accepted Block’s batches. A separately
received competing tip has its own derived frontiers and does
not mutate T; deterministic choice ranks higher CoveredBlock
and then higher QuorumBlock before pending Stake.

5.1 Threshold at or above two thirds

When 2/3 <= p < 1, every valid Proposed Block carries more
than two thirds of the parent Block’s Stake. Under one un-
changed Validator set and continued Block production:

e Block 1 carries a strict-supermajority Vote set that en-
dorses genesis and admits Block 1.
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e Block 2 carries a strict-supermajority Vote set that en-
dorses Block 1 and therefore observes genesis; this sets
QuorumBlock to genesis.

e After processing Block 2’s batch, the protocol opens
an empty Q2 window for genesis. No Vote batch pro-
cessed through Block 2 counts toward that Q2.

e Block 3 carries later Votes that endorse Block 2; this
fresh strict-supermajority batch sets CoveredBlock to
genesis.

After startup, the pipeline processes Q2 before it advances
Q1 in each Block. QuorumBlock therefore leads CoveredBlock
by one Block while these conditions hold.

5.2 Threshold below two thirds

When 0 < p < 2/3, a smaller Validator group may produce a
Proposed Block. Later Blocks accumulate unique Stake on that
lineage until Q1 and Q2 each exceed two thirds.

A fixed minority cannot manufacture CoveredBlock. Until
Epic advances, every valid Block must increase accumulated
unique Stake. A Proposed Block that carries only Votes al-
ready counted in that accumulation is invalid because it adds no
previously unseen Stake.

With an unchanged equal-Stake Validator set, the maximum
active history is the product of three quantities:

1. the number of proposal heights needed to collect a strict
supermajority;

2. the number of safe Proposed Blocks at each height; and

3. the number of strictly improving Votes that can target
those proposals.

If a Validators can admit the first Block and q Validators
form a strict supermajority, one accumulation pass needs at most
q - a + 1 proposal heights. At each height, at most one non-
equivocating proposal per Validator is safe. If every Validator
starts with its own proposal and then endorses every better pro-
posal, the Votes form the triangular seriesn + (n - 1) + ...
+ 1. Without the own-proposal-first schedule assumption, the
general per-height Vote bound is n"2.

A pipeline with an open fresh-Q2 window needs one such
pass before CoveredBlock advances. Startup from genesis needs
a Q1 pass followed by fresh Q2, with one additional carrier
height.

This is an unchanged-Validator-set history bound, not a
changing-Validator-set latency result. An Epic may change
Validator identities, keys, or Stake weights, and a newer Q1 may
replace the open fresh-Q2 window. The implementation also
has a separate fail-closed replay-record ceiling; that ceiling does
not prove that CoveredBlock advances.

5.3 Unanimity

When p = 1, every Validator must Vote. Unanimity is not
Byzantine fault tolerant for proposal production: one Byzantine,
offline, or silent Validator can stop Block production by with-
holding its Vote. If Blocks continue under one unchanged Val-
idator set, the same one-Block QuorumBlock-to-CoveredBlock
pipeline applies.

6. VALIDATOR-SET CHANGES

A Block output may change the Validator set or Stake. The
change cannot authorize the Block that creates it. That Block
is verified with its parent’s Validator set and Stake. The new
Validator set first applies to direct children.

A requested change waits until CoveredBlock reaches the
request and a later Epic applies it. Raw Block height, wall time,
message arrival order, or local process state cannot activate the
change.

Each lineage reads the Validator set and Stake from its exact
parent Block. Two forks may later contain different Validator
sets. A child on one fork cannot use the Validator set from the
other fork.

Historical Votes keep the Validator key and Stake fixed by
the Block they endorsed. A later change does not reweight them
or replace their verification keys.

A Validator-set change does not reset PrevSelfVote. A Val-
idator that leaves and rejoins while CoveredBlock is unchanged
keeps its prior PrevSelfVote chain. A newly added Validator
with no prior Vote in that CoveredBlock interval may create one
root Vote. Advancing CoveredBlock starts the next interval.

The changing-Validator-set safety theorem is conditional.
At the first fork, the two sibling Blocks must derive the same
Validator set and Stake from their shared CoveredBlock history.
That set applies immediately to each sibling’s children. Each
branch’s finality claim must descend from its sibling and satisfy
the fixed-Validator-set safety premises under that common set.
The proof establishes safety for finite normalized histories.

7. SAFETY AND ACCOUNTABILITY

Fix one Validator set with total Stake W. A Q2 set is strict when
its unique Validator Stake is greater than 2W/3.

Two strict Q2 sets overlap by more than W/3. If Q_L and
Q_R are strict, their combined Stake is greater than 4W/3, while
their union has at most W. Their overlap must therefore exceed
w/3.

Quorum overlap is necessary, but it is not the whole safety
proof. The protocol also needs three facts:

1. Each overlapping Validator produced authenticated
Votes for both claims.

2. Those Votes are valid evidence for the exact fork being
claimed.

3. An honest Validator following PrevSelfVote cannot
produce both conflicting Vote histories.

Main theorem (normalized fixed-Validator-set safety).
For every finite post-authentication history over one unchanged
Validator set with total Stake W, if Byzantine Stake is at most W/3
and the assumptions in Sections 2 and 7 hold, two conflicting
CoveredBlock claims cannot both have valid Q2 evidence.

The paper’s argument is organized around three results:

1. Dual-chain ordering: PrevVote fixes each Vote’s
Block-lineage position, while PrevSelfVote orders ev-
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ery Vote by one Validator in one rooted chain of strictly
improving targets.

2. Conflicting-coverage exclusion and accountability:
strict Q2 overlap exceeds W/3; the normalized model
proves that the overlapping authenticated actions are
complete evidence and that an honest Validator cannot
supply both conflicting histories.

3. Finite active history: with an unchanged Validator set,
strict proposal improvement and mandatory unique-
Stake progress give the bound in Section 5.2.

The key proof step is the dual linkage. PrevVote fixes
Block-lineage causality. PrevSelfVote fixes one Validator’s
causal order. The strict-rank rule then prevents that Valida-
tor from endorsing a better proposal and later returning to a
conflicting weaker one. Combined with strict-Q2 overlap, this
excludes conflicting CoveredBlock histories under the theorem
assumptions.

Evidence soundness also assumes strict height monotonic-
ity, descent transitivity, and same-height uniqueness on one
retained lineage. The model starts after decoding and signature
checks. It does not prove network parsing, storage behavior,
evidence submission, or penalty execution.

The minimal adversarial schedule makes this boundary
concrete. Let R(BO) < R(B1). A Validator may endorse BO
and then B1; that is a legal improvement. Any later Vote that
returns to BO is the first invalid transition because its target rank
decreases. A distinct successor that repeats B1 is also invalid
because its rank does not increase.

8. LIVENESS

Safety budgets Byzantine Stake. Liveness also depends on par-
ticipation and delivery. Honest offline Stake cannot equivocate,
but it cannot help close Q1 or Q2. Liveness needs all of the
following:

o After some unknown time, messages sent by correct
online Validators arrive within a finite bound.

¢ Enough eligible honest Stake remains online and keeps
producing valid Votes for the selected parent Block.

e Correct Validators eventually observe the same finite
Proposed-Block set for each choice.

e Repeated valid Votes are eventually included in a Pro-
posed Block.

e Validators can eventually satisfy PrevSelfVote for their
next required Vote.

At unanimity, liveness requires every Validator. The Byzan-
tine fault bound cannot supply that.

The normalized model proves conditional progress once
these events are supplied. It proves that Proposed Blocks can
continue and that later Q2 Votes can advance CoveredBlock
in the model. It does not derive message delivery, schedul-
ing, common-view convergence, or extension of the production-
selected lineage.

9. RELATED WORK

Tsampi’s contribution is the following composition: single-
parent proposals, no separate QC or certificate object, a per-
Validator hash-linked strict-rank endorsement chain, and Q1
followed by independently deduplicated fresh Q2 on one exact
lineage. PrevVote records Block-lineage causality. PrevSelfVote
records each Validator’s endorsement order and requires every
successor to target a strictly better proposal. Among the proto-
cols reviewed here, none combines those four properties.

Leader-based protocols retain a selected proposer and ex-
plicit safety state even when they reduce the happy path to two
phases or one pipelined Vote per Block [1, 2, 3, 4,5, 6,7, 8, 9].
These two-chain protocols are listed separately because their
locks, view-change proofs, and commit rules differ. Alpen-
glow’s one-voting-round fast path assumes Byzantine Stake
strictly below 20%. Minimmit and ChonkyBFT assume un-
weighted n > 5f + 1, so their Byzantine processor or replica
fraction is strictly below 20%, not a 20%-Stake theorem. Each
still uses a leader and certificate, notarization, or CommitQC
objects [10, 11, 12].

Narwhal/Tusk, Bullshark, Mysticeti, and Aleph let all Val-
idators or nodes contribute DAG Blocks or units before later
ordering or commit rules. Formal Bullshark assumes reliable
broadcast; its practical Narwhal-backed realization uses avail-
ability certificates and leader anchors. Mysticeti avoids explicit
Block certificates and requires a Validator’s Blocks to self-link,
but encodes commit support in a multi-parent DAG and des-
ignated proposer slots. That per-creator Block chain is not a
chain of exact endorsements ordered by a total candidate rank
[13, 14, 15, 16]. Casper FFG and GRANDPA add accountable
finality to separate production, while Bitcoin Backbone provides
probabilistic settlement [17, 18, 19].

Hash-linking successive participant actions is not new by
itself. Aleph units contain parent hashes, and the units of each
honest creator form a chain. Aleph’s binary Votes are virtual:
later units recompute them from prior-round DAG parents rather
than transmitting a signed Vote object that names its creator’s
preceding Vote. Neither the unit chain nor the virtual-Vote re-
currence orders exact endorsement targets by one total proposal
rank [16]. Tsampi’s narrower rule is that PrevSelfVote orders
each Validator’s exact endorsements and permits only strict
improvement. The chain gates live Vote and Proposed-Block
release; committed replay uses the authenticated Votes already
carried by committed Blocks.

The paper does not claim novelty for weighted Stake, lead-
erless contribution, deterministic ordering, Vote chaining, two-
pass finality, or accountability in isolation. The claim is the
complete composition above. The compared protocols’ theo-
rems do not transfer because their Block structures, Vote rules,
timing assumptions, and finality rules differ.

10. Livrts

The deterministic choice result assumes complete valid Proposed
Blocks with complete lineages to one retained root. Missing
data can differ across nodes, so equal behavior is claimed only
for equal complete inputs.
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Protocol Proposal structure Separate certificate, QC, or anchor  Per-Validator strict-rank Finality voting
endorsement chain

PBFT Primary; single replicated log Prepared and commit certificates No Prepare then commit
Tendermint Round proposer; single chain Locks and supermajority Vote sets No Prevote then precommit
HotStuff View leader; single chain QCs and lock No Three-chain QC commit
HotStuff-2 View leader; single log Status, lock, and commit certificates No Two phases per view
Jolteon Round leader; single-parent QC QCs and timeout certificates No One pipelined Vote per Block; two-chain commit

chain
Fast-HotStuff ~ View primary; single-parent QC  QC, highQC, and AggQC No Two Vote rounds, or one pipelined Vote per Block

Block tree with two-chain commit
SBFT Primary; single replicated log Threshold-signed fast/slow evidence No Optimistic fast or PBFT-derived slow path
Simplex Random leader; hash-linked chain Notarizations and finalizations No Distinct notarize and finalize supermajorities

plus timeout dummy Blocks
MonadBFT Rotating leader; single chain QC and backup QC No QC pipeline; speculative and full commit rules
Alpenglow Slot leader; chain Five aggregate certificate types No 80% one-round fast or 60% two-round slow path
Minimmit View leader; unique-parent Blocks M/L notarizations and nullifications No One growing Vote set; n — f finality undern > 5f + 1
ChonkyBFT View leader; one Block proposal ~ CommitQC No One n — f CommitVote pass under n > 5f + 1
Narwhal/Tusk  All Validators; multi-parent DAG  Availability certificates and random No DAG wave commit

wave leader
Bullshark All Validators; multi-parent DAG ~ Reliable broadcast; practical Narwhal ~ No DAG wave commit
certificates; leader anchors

Mysticeti-C / All Validators; multi-parent DAG  No explicit Block certificate; proposer ~ No: per-creator Block chain only DAG-reference support rules

Sui slots anchor commit

Aleph All nodes; multi-parent DAG Reliable broadcast and random head
Casper FFG External Block tree Checkpoint supermajority links
GRANDPA External Block tree Commit certificates

Bitcoin Proof-of-work longest chain Probabilistic depth

Backbone

Tsampi No preselected proposer; None

single-parent proposals

No: per-creator unit chain only ~ Random-head DAG ordering

No Justify then finalize descendant checkpoint

No Prevote then precommit

No No deterministic finality pass

Yes Q1 then independently deduplicated fresh Q2 on

one lineage

Table 1: Structural comparison of the reviewed protocols. Similar labels do not transfer theorems across models.

Fixed-Validator-set safety, evidence completeness, and REFERENCES
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