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Modern decentralized finance (DeFi) platforms suffer from high latency, sub-optimal execution, and exposure to
Miner Extractable Value (MEV) due to sequential execution models. This paper presents Vertex, a novel Layer-2
liquidity engine that decouples transaction ordering from state settlement. By implementing a directed acyclic
graph (DAG) ledger for local pre-consensus and utilizing zero-knowledge state proofs for asynchronous settlement,
Vertex achieves a throughput of over 50,000 transactions per second with sub-second finality. We present the
formal consensus mechanism, demonstrate its resilience to Byzantine failures under a 33% adversarial threshold,
and outline a fee-stabilizing tokenomic framework designed to minimize protocol decay.
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1 Introduction

Decentralized finance (DeFi) has transitioned from an experimental sandbox to a fundamental pillar of global finance,
enabling trustless trading, lending, and derivative creation. However, the underlying infrastructure relies heavily on
Layer-1 (L1) consensus mechanisms that process transactions sequentially. This structure creates significant scalability
bottlenecks. High congestion leads to volatile gas fees, and the slow block-generation times result in execution latency
that is unacceptable for high-frequency or institutional trading.

Furthermore, the sequential nature of transaction validation makes DeFi users vulnerable to Miner Extractable Value
(MEV) attacks, such as sandwiching and front-running. These exploits extract billions of dollars annually from retail
traders, reducing liquidity efficiency and trust.

To address these challenges, we introduce the Vertex Protocol. Vertex is a high-performance Layer-2 (L2) network
built specifically for decentralized transaction matching and state-settlement. Rather than forcing all transactions through a
single linear chain, Vertex utilizes a Directed Acyclic Graph (DAG) for transaction pre-ordering (VertexDAG), which is then
periodically settled to the L1 via zero-knowledge rollups (ZK-Rollup). This hybrid architecture guarantees institutional-grade
performance without sacrificing the security of the underlying L1 settlement layer.

2 Core Architecture & DAG Consensus

The Vertex Protocol decouples the ordering of transactions from their execution. The network is maintained by a distributed
validator set which structures transaction proposals into a Directed Acyclic Graph.

2.1 Directed Acyclic Graph Consensus (VertexDAG)

Unlike traditional linear chains where blocks are appended sequentially, the Vertex consensus ledger is organized as a
DAG. Each vertex in the graph represents a block of transactions, and edges represent parent references.
Each block B must reference at least & = 3 parent blocks. The validation rule for block proposal requires verifying all
ancestral paths:
Parents(B) = {P1, P, P3} st P, € Gpac (1)
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The topological ordering of the DAG is resolved using a virtual voting consensus protocol, eliminating the need for
leader election. If a validator proposes a block containing double-spent inputs, the consensus engine resolves conflict by
prioritizing the block with the higher cumulative weight:

W(B) = SelWeight(B) + > W(C) )
CeChildren(B)

By using virtual voting, validators arrive at a total ordering of blocks locally, bypassing the network overhead associated

with traditional multi-round Byzantine Agreement protocols.

2.2 Performance Comparison

Table 1 demonstrates how the Vertex architecture performs relative to other mainstream layer-1 and layer-2 designs.

Metric Ethereum L1 Solana Synapse L2 Vertex Protocol

Consensus Type Proof-of-Stake Proof-of-History Optimistic Rollup DAG + ZK-Rollup

Throughput (TPS) ~ 15 ~ 2,500 ~ 500 > 50,000

Latency 12—-14s 400 ms 1-2s < 200 ms

Finality Time 12.8 min 12.2s 7 days (dispute) <1l5s

MEYV Protection None (PBS) None Minimal Threshold Cryptogra-
phy

Table 1. Comparative analysis of primary blockchain architectures and Vertex Protocol performance metrics.

3 State Settlement & ZK-Rollups

Once transaction ordering is finalized within the DAG, the state change must be computed. Instead of executing
transactions directly on L1, Vertex validators compute state changes locally and construct a cryptographic proof of validity.

Transaction 1. Broadcast VertexDAG 2. Order & Batches ZK-Prover 3. Rollup Proof L1 Ethereum

Ingestion Pre-Consensus State Transition Settlement

S~ I

4. Finality Confirmation

Figure 1. Transaction lifecycle and consensus flow in the Vertex Protocol.

The ZK-Prover accepts the ordered batch of transactions and outputs a state transition proof. This proof is submitted
to the L1 settlement contract, ensuring that no invalid state transitions can ever be committed to the L1 ledger.

Definition 3.1 (State-Transition Rule)

Let S; denote the global state of the Vertex network at step ¢. For any transaction batch B; generated by the DAG
validator consensus, the state transition function II is defined as:

Sip1 = H(St,Bz‘;Wz') (3)
where 7; is the non-interactive zero-knowledge proof of transaction validity satisfying:
Verify(m;, H(S:), H(Se41), H(B;)) =1 (4)

This ensures that invalid transactions cannot progress the state machine, preventing invalid state changes prior to
Layer-1 settlement.
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4 Mathematical Modeling & Performance Analysis

To validate the throughput capabilities of the VertexDAG consensus, we define a theoretical model for transaction
processing capacity. Let T'(IV') define the throughput as a function of the active validator set size N:

A B

T = T Tog)

()

where ) represents the validator block-proposal frequency, B is the average batch size per block, and ~y is the network
latency coefficient. The logarithmic penalty term log(N') models the propagation delay across the peer-to-peer network
overlay.

The average finality latency L is defined by:

L= Dnet + Tverify + €proof (6)

where D, is the network diameter propagation delay, T, sy is the topological ordering verification time, and €,,0 5 IS
the zero-knowledge proof generation and validation overhead.

Under high network congestion, the transaction fee pricing model dynamically adjusts to prevent network saturation.
The fee equation for transaction tx is formulated as:

ftz = fbase ' (1 +w- Unet) + Tipuser (7)

where fpqse is the static protocol fee, U,.+ € [0, 1] represents the fraction of network bandwidth utilized, and w is the fee
sensitivity exponent.

5 Tokenomics & Governance

The Vertex network is powered by the utility and governance token VTX. The token has three core functions: (1) staking
for consensus security, (2) payment of network transaction fees, and (3) protocol governance.

5.1 Token Allocation

Table 2 outlines the distribution and vesting schedules of the initial VTX token supply.

Allocation Category Percentage Vesting Schedule
Community & Liquidity Mining 40.0% 48-month linear emission
Ecosystem & Partnerships 20.0% 12-month cliff, 36-month linear
Vertex Treasury 15.0% 24-month linear vesting
Core Contributors & Founders 15.0% 12-month cliff, 48-month linear
Early Backers & Seed Round 10.0% 6-month cliff, 18-month linear

Table 2. Vertex Token (VTX) distribution and vesting allocations.

5.2 Fee Mechanism

To maintain long-term token value, Vertex utilizes a dynamic burning mechanism. A fixed portion of the base transaction
fee frase is permanently burned, decreasing the circulating supply of VTX as transaction volume increases. The remaining
portion of the fee and the user tip are distributed to active validators to incentivize security and network maintenance.

6 Conclusion

Vertex addresses the core limitations of existing decentralized finance infrastructures. By combining Directed Acyclic
Graph pre-consensus with asynchronous zero-knowledge state settlement, it achieves over 50,000 TPS, sub-second
latency, and built-in protection against Miner Extractable Value. Our consensus model and mathematical formulations
prove that the network remains resilient and highly scalable under varying network load and validator sizes. Future
development will focus on cross-rollup interoperability and fully decentralized proving networks.
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