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1. Goal: Dynamic Availability
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Prefix Property: The available chain is a prefix of the final chain.
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The Problem: Dynamic Quorum Non-Transferability

Votes for b

6/10

Votes for b

6/15

+ 5 Byz
v

i
 : Majority ✅

Byzantine validators announce themselves selectively so the same certificate is valid for v
i
 but not for v

j
.

v
j
 : Majority 🚫



Votes at 

Time Δ:

11

Votes at 

Time 2Δ:

≥ 11

Network Delay: v_j receives everything v_i got.

Total participants 

at Time 3Δ:

20

Total participants 

at Time 2Δ:

≤ 20

v
i
 : Majority ✅

11 > 20/2

v
j
 : Majority ✅

(≥ 11) > (≤ 20)/2

Network Delay: v_i's late count captures everyone v_j saw.

The Solution: Time-Shifted Quorums

Validator v
j
 is guaranteed to see *at least* all of v

i
's early votes  (Top Arrow), and v

j
's late participant count 

will capture *at least* everyone v
j
 saw (Bottom Arrow).



Probabilistic TOB-SVD
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Contributions
● Ebb-and-Flow construction with dynamic 

quorums
● Combination of k-deep and fast confirmation 

with a single voting phase per slot
○ Finalization in 3 slots
○ Expected transaction latency: 12Δ 

● Opens the way for future improvements
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Coupled timelines in Majorum

❖ Finality slows down block production
➢ full voting round in the critical path
➢ need small validator set to have fast slots

❖ Block production slows down finality
➢ Slot isn’t just voting (block propagation, execution, proposer 

synchronization mechanisms)
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Available Chain

Finality Chain

Decoupled Consensus



BLOCK VOTE BLOCK VOTE BLOCK VOTE

Coupled timelines in Gasper
1M Attestations 
of ~100B over 32 slots!
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BLOCK VOTE BLOCK VOTE

Coupled timelines in Gasper
Large committees 
→ long slots
→ slow block production

Block production and finality timeline are coupled!
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Goldfish (AC)
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Advantages

● PQ Heartbeat
○ AC doesn’t need aggregation → ship PQ chain fast

● Benefit from incremental improvements
○ Consolidation → incentivizes it too
○ p2p

● Flexible
○ Hard work up front
○ Possibility to switch out components in the future

● Exposes trade-offs
○ Privacy
○ Simplifies many other things
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Consensus Goals* 

Fairness & Decentralization

⇒ geographic decentralization
⇒ no optimistic responsiveness

Accountable Safety
⇒ economic security

Accountable Liveness
⇒ minority forks have good UX

Fast Blocks

⇒ fast (available) chain

Fast Finality that allows
● Post-Quantum signatures?
● Validator anonymity?
● 100’000-1M validators?

No Downtime: tolerate, e.g., crash 
faults by multiple clients

⇒ (pseudo) dynamic availability? 

Veto Power by Minority
No bug can finalize a wrong chain

⇒ liveness threshold of 83% is fine
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JUSTIFY FINALIZE

Hybrid

51% 83%Slow Path:

92%Fast Path:

f = 33%



Why Ethereum Is Uniquely Positioned 

Large Validator Set 

→ removing a round is 
meaningful

High Participation

→ we can benefit from 
optimistic conditions

Synergies with High 
Finality Threshold

→ we benefit from raising 
the finality threshold from 
67% to e.g., 83%

83%



Synergies with High Finality Threshold

CROPS Stronger FinalityHardness

Consequences:
1. Longer periods of non-finality
2. Add economic safety on top?
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Thank you!

@yannvon

yann.vonlanthen@ethereum.org


